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ble to:

Recognize the demarcation of the Periodic Table into s-block, p-block, d-block, and f-block.
(Understanding)

Describe how physical properties like atomic radius, ionization energy, electronegativity,
electrical conductivity, melting and boiling point of elements change within a group and with in a
period in the Periodic Table. (Analyzing) -

Describe reactions of period 3 elements with water, oxygen and chlorine. (Applying)

Describe physical properties and acid-base behaviour of oxides, chlorides and hydroxides of
period 3 elements. (Applying)

Describe reactions of oxides and chlorides of period 3 elements with water. (Applying)

Explain the trends in physical properties and oxidation states in groups I, II, IV and VII of the
Periodic Table. (Analyzing)

Describe reactions of Group I elements with water, oxygen and chlorine. (Applying)

Explain effect of heat on nitrates, carbonates and hydrogen carbonates of Group-I elements.
(Applying)

Describe reactions of Group II elements with water, oxygen and nitrogen. (Applying)

Discuss the trend in solubility of the hydroxides, sulphates and carbonates of Group-II elements.
(Analyzing)

Discuss the -trends in thermal stability of the nitrates and carbonates of Group-II elements
(Analyzing) '
Differentiate beryllium from other members of its group. (Analyzing)

Describe reactions of Group IV elements with water. (Applying)

Discu_ss the chlorides and oxides of group IV elements. (Applying) .

Explain the relative behaviour of halo gens as oxidizing agents and reducing agents. (Applying)
C‘_""’_*pal'e the acidity ofhydrogen halides. (Analyzing) '
Dls_tmguish between an oxide and a peroxide. (Understanding)

Write representative equations for the formation of oxides and sulphides. (Applying)

Compal‘? the outer most s and p-orbital system of an element with its chemical properties.
(Analyzing) '
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Introduction

The periodic table S

blocks. The classification of elements 1ntO
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the valence shell.
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il The elements of group 13 to 18 ¢ _
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Their general electronic configuration 15 NS p
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i11)  The elements of

clectron enters into d-subshell, There are te d-b 2
: - shell. There are te _block 1 =
period because d-subshell can accommodaf. ten elements of helf

. y ; ) \ b e trons: ;
general electronic configuration is mmodate maximum of ten electror™  is

(0-1)d"™!% ng!2 The specific d-subs
one less (n—1) than the peri See s° °. The speci
transition elements. ?émod'numbﬁr . The d-block elements are also kno

we 13.1: Blocks of Elements in the Periodic Table

group 3 to 12 are d-block elements. In these elements .thee ch
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iv)  Lanthanides and actinides are f-block elements. In these elements the last
electron enters into f-subshell. There are fourteen f-block elements in each
period because f-subshell can hold up at the most fourteen electrons. Their
general electronic configuration is (n-2)f' ' (n—1)d” ™ ! ns®. The specific £-
subshell is two less (n-2) than the period number. In most of the periodic
tables, the f-block elements are placed below the periodic table to save the

space.
Groups and Periods of Elements in the Periodic Table
The vertical columns of elements in the periodic table are called groups or

families. There are two systems for numbering the groups: the older system and the
newer IUPAC system. According to latest IUPAC system, the modern periodic table
has 18 groups of the elements. Elements in the same group: of periodic table show
similar properties because they have same number of valence electrons.

The horizontal rows of elements in the periodicfable are called periods. The
modern periodic table has seven periods. The first period is the shortest period and
has only two elements: the hydrogen and helium. The second and third periods
contain 8 elements each and are called short periods. The fourth and fifth periods
contain 18 elements each and are called long periods. The sixth and seventh periods

contain 32 elements each and are called the longest periods.

13.1 Period 3 Elements (Na to Ar) :

Period 3 consists of ‘eight elements viz. sodium (Na), magnesium (Mg),
aluminium (Al), silicon (Si), phosphorus (P), sulphur (S), chlorine (Cl) and argon
(Ar).

13.1.1 Physical and Atomic Properties of the Elements

The properties of elements tend to change from left to right across a period or
from top to bottom down a group. The properties that change acrf;:ss a penqd or down
the groupywith the rise of atomic number are called periodic properties. These

properties are also known as atomic properties. These properties are based upon the

electronic configurations (valence shell electronic conﬁguranons? of |
elements. Some of the atomic properties are atomic radius, ionization energy,

electronegativity, electrical conductivity, melting and boiling pornts.

13.1.1.1 Electronic Structure e
Across the period 3 of the periodic table, from Na to Ar, each element has on

ing it.
more proton and one more electron than the one precedmg t |

b et ot -

e e

B i i —on L

ke 05
S
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Tible fv' [ Ilectromic ( 'tFH,.".'_*'!.rf'aff,lu,:.i'r'f Atoms f the | p,'-,u.J.! ] rr:._f.r.-f.,.h..l,..f'_

‘_“h,_. T i "'2;31-__.. 1rﬂ_‘}}-|h|;__“
: Atomic Complete Electronic e
Element Symbhal Kivietas 4| Configuration ; ,‘..“l'.‘,. "f'i
wni .',HP:'J' Innp
| T L
| | Sodium Na 11 15%252p%3s' 3
{ N2 2
Magnesium Mg 12 15" 25‘.22]:'lr 3s 3s
Aluminium Al 13 | s? 2522p(’3523p] 3523p'
3 2
Silicon Si 14 16> 2522p( 3:-;23]_‘)2 3s73p
Phosphorus P 15 . | 1s?2s%2p®3s%3p° 353p’
Sulphur S 16 1§ 2522p6 3523[)4 3523P4
Chlorine Cl 17 152 25%2p% 35%3p° 353p’
Argon Ar 18 1’ 25221:.«6 35°3p” 3523P6

Electronic configurations of atoms play an important role in knowing the
physical and chemical properties of the elements and their compounds.

13.1.1.2 Trends in Atomic Radius

The average distance between the“centre of nucleus and the outermost
electronic shell of an atom is called atomie radius. The units used to measure atomic

radiuszare nanometre (Inm = 10~ m), ‘angstrom (1A° = 100 m), and picometre (1pm
=107 m). s . ‘o
Lable 13.2: The Atomic Radius of Atoms of the Period 3 Elements

A Na | Mg | Al Si P g cl | Ar

Element

181 111 | 98 | gs | 79 | 7

13.1.1.3 "Trends in Ionization Energy

I C ]

ionization energy sh - T ion in jtg tata of
The high hgy OWS how tightly he Elecidfis o o= 0d state, The value
e higher the valye of Ionization ep 18 bound to the nucleus of an atonm:

electron. F(')I' cxample, 496 kJ/mol energyyi the more difficult it s to remove the
gaseous sodium atom, S required ¢ fémove an electron from 2

Na — Na*+ 1o~ i | |
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Table 13.3: First lonization Energy of Atoms of the Period 3 Elements

| Element Na Mg Al Si P S Gl Ar

IE (kJ/mol) 496 | 738 | 578 | 786 | 1012 | 1000 | 1251 | 1520

The minimum amount of energy needed to remove the first electron from an
isolated gaseous atom 1is called first ionization energy. For example, the first
ionization energy of magnesium is: -

+ =
Mg —> Mg +1le IE; =738 kJ/mol
The minimum amount of energy needed to remove the second most loosely

bound electron is called second ionization energy. For example, the second ionization
energy of magnesium is:

Mg" ——— Mg™ +1e” IE, = 1451kJ/ mol

The amount of energy needed to remove the third electron is‘the third ionization
energy and so on. For example, the third ionization energy of magnesium is:

Mg™ ——— Mg™ 4 le” IE; =7730k]/mol

Ionization energy values increase with the removal of each electron because
the repulsion among the remaining electrons decreases. As a result of this, the force of
attraction between nucleus and valence electron increases.

lonization energy values increase in the following order:
"IE<QZPIE < IE <.,

Ionization energy depends upon:

1) Atomic radius

11)  Nuclear charge

iii)  Shielding effect

iv)  Electronic configuration of Elements

The ionization energy generally increases from sodium (Na) to argon (Ar)
across the period. This is either due to increase in the nuclear charge or decrease in
ic'atomic radius along the period. The metals (Na, Mg and Al) have small values of
lonization energies while non-metals (P, S, Cl and Ar) have high values of ionization
energies. The high values of ionization energies of non-metals are due to their smaller
size. The high ionization energy of argon is due to its stable electronic configuration.

13.1.1.4 Trends in Electronegativity

Electronegativity is the relative tendency (ability or power) of an atom in a
molecule to attract a shared pair (bond pair) of eléctrons ftowards itself.
Electronegativity has no unit. Elements with low electronegativity values are metals
and have tendency to lose electrons. Elements with high electronegativity values are
ﬁ?n-metals and have tendency to gain electrons. :
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?—i'.'f‘."flf_: _|"l,'-l?.*rf.' .}_Jlr:"i" _.'F'.!'r.' CIroned

Element Na :
2105 2158 | 13.16

Elecironegativity 0.93 | 1.31

The electronegativity of argon is not included in the table because the

compounds of argon are rare.
Electronegativity increases
charge. The shielding effect remains const
13.1.1.5 Trends in Electrical Conductivity
Electrical Conductivity is the ability of a material to carry an electric current,
The electrical conductivity is due to loose electrons in a material. So_dium, magnesium
and aluminium are good conductors, silicon Is semiconductor while the rest of the

elements of period 3 are non-conductors.
Table 13.5: Electrical Conductivity of the Period 3 Blements

from sodium to chlorine due to increase in nuclear
ant along the period.

Element Na Mg Al Si P’ S Cl Ar
Electrical .
Conductivity Good | Good Good | Poor |‘None | None | None | None

Electrical conductivity increases from sodium to aluminium. This rise is due to
the increasing number of delocalized electrons in the metallic solid. Silicon has giant
covalent structure similar to that of diamond and has few delocalized electrons.
Because of this, it is a semiconductor. The elements from phosphorus to argon are
non-conductors because their electrons are tightly bound to the nucleus and are not

free to move.

13.1.1.6 Trends in Melting and Boiling Points

The_ {nelting and boiling points of period 3 elements increase from left to right
up to the silicon and then gradually decrease.

Tab@ 13.6: Mdﬁ”g and Boiling Points of the Period 3 Elements

"Element & [ Na | Mg [ Al | s p S el | At

Melting Point °C) | 98 | 650 | 660 | 1420 600 | 119 | -102 | -18°

Boiling Point (°C)
oilingPoint °C) | 883 | 1100 | 2400 | 2480 | 1000 | aas | 32 | 186
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The other elements of period 3 (P, S, Cl and Ar) are non-metals and have low
melting and boiling points. This is because, they form simple molecules and their
molecules are held together by London dispersion forces which are very weak
attractive forces. The small amount of energy is required to overcome these attractive
forces.

The melting and boiling points of sulphur are higher than other three non-
metals (P, Cl and Ar). This is because: the size of sulphur (Sg) molecule is larger than
other three non-metals (P,, Cl, and Ar). The strength of London forces depend upon
the size of molecules. The larger the size of molecules, the stronger is the London
forces. Consequently, the melting and boiling points decrease in the following order:

Sg>Py> Cl,>Ar
13.1.2 Reactions of Period 3 Elements with Water, Oxygen, and
Chlorine

13.1.2.1 Reactions of Period 3 Elements with Water
Reaction of Sodium with Water

Sodium reacts with cold water violently to produce hydrogen gas and a
colourless solution of sodium hydroxide. The reaction is exothermic.

2Na + 2H,O — 2NaOH + H,
Reaction of Magnesium with Water

Magnesium reacts with cold water gently to produce magnesium hydroxide.

Mg + 2H,O —— Mg(OH), + H,

Magnesium burns in steam with white flame to produce magnesium oxide and
hydrogen gas.

Mg + HO —— MgO + H,
Reaction of Aluminium with Water . _

Finely divided aluminium reacts with steam to give aluminium oxide and
hydrogen gas. This reaction is relatively slow due to the formation of aluminium
oxide layer on the surface of metal.

2Al + 3H,0 —— ALO; + 3H;
Reaction of Silicon with Water |

< Silicon does not react with water in its elemental form at room temperature. It

reacts with water at extremely high temperature producing silicon dioxide and
bydrogen gas. The inertness of silicon is due to a protective layer of silicon dioxide on
1ts surface.

Si+2H0 —» 810, + 2H,

Reactions of Phosphorus, Sulphur and Argon with Water
Phosphorus, sulphur and argon do not react with water.
P__-, + H;O0 ——— No Reaction
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S + H,O ———> No Reaction

Ar + H,O —— No Reaction

Reaction of Chlorine with Water
Chlorine reacts with water to produce mixture of hydrochloric acjq and

hypochlorous acid. This reaction is reversible.
Cl, + H,O —— HCI + HOCI

The HOC], in the presence of sunlight, is slowly decomposed into hydrochlgr
acid and oxygen gas.

2HOCl —— 2HCl + O,
The equation that shows the overall change is as:

2Cl, + 2H20 _'.(—_) 4HCI + O,

13.1.2.2 Reactions of Period 3 Elements with Oxygen

Reaction of Sodium with Oxygen
Sodium burns with a yellow flame to give a mixture of sodlum oxide and

sodium peroxide.

4Na + O, ——> 2Na,0

2Na + 0, —> Na,0;
Reaction of Magnesium with Oxygen

Magnesium burns in oxygen with a brilliant white flame to form magnesium
oxide.

2Mg + O, —> 2MgO
Reaction of Aluminium with Oxygen :

Finely divided aluminium burns in OXygen with a brilliant white flame t©
produce white alumina (aluminium oxide).

4Al + 30, —> 2Al1,04

Reaction of Silicon with Oxygen
Silicon burns in oxygen with a bri
produces silicon dioxide .
Si +0, —=00C

ght yellow flame at high temperatur® and

— Si0,

Reaction of Phosphorus with Oxygen
Phosphorus burns in oxygen with g

The smoke contains phosphorus (III) oxide

P; +30; — PsOg -
P4 + 502 ———a P4010

R e T O

Whlte ﬂamC and prOduceS whlte S[ﬂok
and phosphorus (V) oxide. ol
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Reaction of Sulphur with Oxygen

Sulphur burns in oxygen with a brilliant blue flame and gives sulphur dioxide
gas.

S+ 02 Serm—— SOQ
Reaction of Chlorine with Oxygen
Chlorine does not react with oxygen directly.
Cl, + O, — No Reaction
Reaction of Argon with Oxygen
Argon does not react with oxygen.
Ar + O, ———> No Reaction

13.1.2.3 Reactions of Period 3 Elements with Chlorine
Reaction of Sodium with Chlorine

Sodium burns in the presence of chlorine with bright yellow or orange flame
and forms sodium chloride.

2Na + Cl, —— 2NaCl

Reaction of Magnesium with Chlorine

Magnesium burns in chlorine with intense white flame and forms magnesium
chloride.

Mg +Cl, —— MgClz
Reaction of Aluminium with Chlorine

Aluminium readily combines with chlorine on heating to form aluminium
chloride.

2Al + 3Cl, ——> 2AICl3
Reaction of Silicon with®Chlorine
Silicon reacts-with chlorine on heating to form liquid silicon tetrachloride.

Si + 2Cl, ——> SiCl,

Reaction of Phosphorus with Chlorine

When dry chlorine gas is passed over molten white phosphorus, a mixture of
two chlorides (phosphorus trichloride and phosphorus pentachloride) is obtained. The
phosphorus gives phosphorus trichloride with limited supply of chlorine and
phosphorus pentachloride with excess chlorine.

Py + .6Clz — 4PCl;4
Limited

P; + 10Cl, —— 4PCl;

Excess

al
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| Reaction of Sulphur with Chlorine

| Sulphur reacts with chlorine on h
S Ch ——> SgClz

eating to form disulphur dichloride ligyjq

Reaction of Argon with Chlorine
Argon does not react with chlorine.

Ar+Cl, — No Reaction
13.1.3 Physical Properties of the Oxides of Period 3 Elements

Oxides are the binary compounds (compounds composed of only twg
clements) of oxygen with other elements. There may be oxides of all the elements
except fluorine. | :

The relationship between the physical properties of oxides of period 3 elements
and their structures is discussed here in this topic. Argon does not form an oxide
because it has complete outermost shell.
13.1.3.1 Structure of Oxides

The oxides of sodium, magnesium and aluminium consist of giant structure of
metal ions and oxide ions. Silicon dioxide has-giant covalent structure. The oxides of

phosphorus, sulphur and chlorine consist of molecules.
' Table 13.7: The Structure of Oxides of Period 3 Elements

_ P40s A CLO
NaO | MgO : AlO; Si0, 49" 28 :
_ ' P4Oio SO> CLO;
Giant | Giant | Giant ionic with Giant | Molecular | Molecular | Moleculi
jonic | ionic | covalent character | covalent Covalent | Covalent _‘C_(_)f_a_lfffr,

Na,0, MgO, ALO; and SiO, have strong attractive forces (Intra molect"
1?01'033) in all directions. Hence, they have regular arrangement of particles (atom® 9
ions) and havq ‘gi‘ant structures because the arrangement is repeated many times with
large number-of particles throughout the substance. The oxides of non-metals
(phosphorus, sulphur and chlorine) consist of molecules and have “¢

intermolecular forc:e's (London Forces). Hence, they have simple structures and (¢
arrangement of their atoms is not repeated

13.1.3.2 Nature of Oxides
Sodium and magnesium oxides are ionic. The aluminium oxide is mostly joni¢
and has a significant covalent character. Silicon dioxide has a covalent character:
oxides of silicon phosphorus, sulphur and chlorine have covalent characters: .4
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Table 13.8: The Ionic Character of Oxides of Period 3 Elements
P406 SO3 Clgo
Oxides Na,O | MgO AlLO; Si0; P:Oro SO, CLO-
Character | Jonic Tonic hiiggjléy Covalent Covalent Covalent Covalent
AEN 2.51 213 1.83 1.54 225 0.86 0.44

. t&f“m(ﬂten state because of the movement of ions.

The ionic character of period 3 elements decreases while covalent character
increases along the period due to decrease in the electronegativity difference. The
elements form ionic bonds when the electronegativity difference between two
clements is large. The elements form covalent bonds when the electronegativity
difference between two elements is small.
13.1.3.3 Melting and Boiling Points of Oxides -

The oxides of sodium, magnesium and aluminium have high melting and
boiling points because they are ionic and a lot of energy is required to break the strong
attractive forces between the ions (cations and anions),

The melting and boiling points of silicon dioxide are also high because a large
amount of energy is required to break very strong silicon-oxygen covalent bond. It is
concluded that the oxides of metals (Na,O; MgO and Al,0;) and silicon (SiO,) have
giant ionic and covalent structures, hence they have high melting and boiling points.

Table 13.9: Melting and Boiling Points of Oxides of Period 3 Elements
Oxides Na,0 | MgO | AL,O; |8i0; | PsOyo | P4Os | SO; | SO, CLO; | CLO

Melting ‘
Point (°C) 1275 | 2852 [°2040 | 1610 | 340 | 24 17 -72 | -92

-120.6 ;

Boiling AN
Point (°C) 1950 13600 | 2977 | 2230 | 360 | 173 | 45 | .10 | 82 22

The oxides of phosphorus (P;Os and P,O,), sulphur (SO, and SO,) and
chlorine (Cl,0 and Cl,0,) are simple molecular covalent. The melting and boiling
points of these oxides are much lower than those of metal oxides or silicon dioxide.
Because they consist of molecules and have intermolecular forces (dipole-dipole
forces or London dispersion forces). The strength of these forces depends either on
the polarity of molecules or on the size of molecules.

13.1.34 Electrical conductivity

The oxides of metals (Na,0, MgO and Al;0s) do not conduct electricity in the

Solid state due to absence of mobile electrons or free ions. They conduct electricity in

Rl SRR g e
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Silicon dioxide does not conduct electricity either as a liquid or solid. T i

due to absence of mobile electrons or ions in the Si0x.

Table 13.10: The Electrical Conductivity of Oxides of Period 3 Elements

1
POs | S0, | Ggl
. Y Si0; : -
Oxides Na,O MgO ALO; ; | P4Oyo SO, TES?
' S
I the sold None | None | None None None None None
State =
Inthe Molten | pioh | High | High | VeryLow | None None | Nope
State '

The oxides of non-metals (P4Qg, PsO1o, SOz, SOz, CLO and Cl,0,) do not
conduct electricity either as a gas, liquid or solid. Because they consist of molecules

and none of them have free electrons or 1ons.

13.1.4 Acid-Base Behaviour of the Oxides of Period 3 Elements

The ionic character of period 3 elements decreases while covalent character
increases along the period due to decrease in the electronegativity difference. The
elements form ionic bonds when the electronegativity difference between two
clements is large, while they form. covalent bonds when the electronegativity
difference between two elements is small. .

Sodium and magnesium oxides are ionic and contain O” ion. Omde ion i$ a
strongly basic ion that reacts with water to form hydromde ions.

0" +H,0 — 20H

Al,O; has both ionic and covalent characters
both acids and bases to form salts.

SiO, has a-covalent character. It do
It reacts with strong bases to form salts,

Oxides of non-metals have C
form acidic solutions when dissoly

and is amphoteric. It reacts With
€8 not contain oxide ion. It is weakly acidic.

0
valent characters and are acidic in nElllllTﬁ They
ed in water.

F Oxides | Te) WIT%%@S of Period 3 1‘.5‘1!91!1*16%1*5__|
——— = 0 0, | ChOr

S
Character : A - I 7 Vety
Basic Basi mphoteric| Weakly |
asic 'Ac-idicy Acidic | Strongly Smmgny

Acidic | ~acidi
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13.1.4.1 Trends in Acid-Base Behaviour
The basic character of oxides of period 3 elements decreases while acidic
character increases along the period due to decrease in the electronegativity difference

(AEN).
13.1.4.2 Reactions of Oxides with Water, Acids and Bases
Reactions of Oxides with Water

Sodium oxide reacts readily with water to form basic solution. The pH of
solution is around 14.

N2,0 + H,O —— 2NaOH

Magnesium oxide reacts with water to form basic solution. The reaction is

slow and some magnesium hydroxide is formed in the reaction. The pH of solution is
around 9.

MgO + H;0 ——— Mg(OH),
Aluminium oxide is insoluble in water and does not react with water.
AlLO; + H,O —— No Reaction

Silicon dioxide does not react with water because it has a giant covalent
structure and is completely insoluble in water.

Si0; + HHLO —— No Reaction

The oxides of non-metals (phosphorus, sulphur, and chlorine) react with watcr
to form acidic solutions.

P,Os + 6H,0 —— 4H;PO; (Phosphorous acid)

POy + 6H.0 —— 4H;PO;  (Phosphoric acid)

SO, +H,0 ——» H,S0O; (Sulphurous acid)

SO; +H,0 —— H,SO, (Sulphuric acid)

C,0 + H,0 —— 2HCIO (Hypochlorous acid)

ChO; +H,0 —— 2HCIO,  (Perchloric acid)
Reactions of Oxides with Acids

Sodium oxide reacts with dilute hydrochloric acid to form aQueous solution of
sodium chloride.

Na,O + 2HC] —— 2NaCl + H,0O

_ Magnesium oxide reacts with warm dilute hydrochloric acid to form aqueous
Solution of mg gnesium chloride

MgO +2HCT — MgCl, + H,0

solut; Aluminium oxide reacts with hot dilute hydrochloric acid to form aqueous
Olution of aluminium chloride, -

ALO, +6HCI —, 2AICL + 3H,0
= I thlsre&cuonalunumumwdeacts asabase
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Silicon dioxide is a stable compound and d(-)es npt react with most of the acjg,
at normal conditions. It reacts only with hydrofluoric acid (HF).

SiO, + 4HF —— SiF, + 2H;0

Tetrafluorosilane (SiF,) reacts further with HF to produce hexafluorosilicj
acid.

SiF; + 2HF —— H,[SiFg]
Reactions of Oxides with Bases ‘ ‘

Aluminium oxide reacts with hot concentrated sodium hydroxide to form :

colourless solution of sodium tetrahydroxoaluminate.
ALO; + 2NaOH + 3H,0 —— 2Na[Al(OH)4]

In this reaction aluminium oxide acts as an acid.

Silicon dioxide slowly reacts with hot concentrated sodium hydroxide to form
colourless solution of sodium silicate and water.

Si0; + 2NaOH —— NﬂzSi03 + H,O

~ Phosphorus trioxide reacts directly with sodium hydroxide to produce two
series of salts (sodium dihydrogenphosphite and sodium hydrogenphosphite).

4NaOH + P,05 + 2H,0 ——> 4NaH,PO;
8NaOH + P, —— 4Na,HPO, + 2H,0

Phosphorus pentaoxide reacts directly with sodj
series of salts (sodium dihydrogen phos
sodium phosphate).

um hydroxide to produce three
phate, sodium hydrogen phosphate and

4NaOH + PyOy + 2H,0 — 4NaH,PQ,
8NaOH + P,0O 10— 4N321{P04 + 2H20
12NaOH + P40m ——— 4N&3P04 + 6H20

Sulphur dioxide reacts direc ‘
tl ;
o e Y with sodiym hydroxide solution to product
50, + 2NaOH ——» NayS0, + 1,0 |
When SO, is in excess then sod

ium bj o
SO, + NaOH — NaHISO, M bisulphite formeq.

Sulphur trioxide reacts

solutior duce
SO; +2NaOH —— N32304+H20 olution to pro \

20 B
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sodium hypochlorite.,

Cl,0 + 2NaOH ——> 2NaClO + H,0

Dichlorine heptoxide reacts with solution of sodium hydroxide to produce
sodium perchlorate.

Cl,O; + 2NaOH ——— 2NaClO, + H,0

13.1.5 Chlorides of the Period 3 Elements
The binary compounds of chlorine with period 3 elements are called chlorides
of the period 3 elements. The formulae of the chlorides of period 3 elements are given

in the table.
Table 13.12: Chlorides of Period 3 Elements

‘ PCl

‘ Formula of Chloride NaCl MgCl, AlCk SiCly PC[; SCh
J Sl +3

| Oxidation Number +1 +2 +3 +4 +5 +2

The oxidation number of the element in its chloride is equal to the number of
chlorine atoms attached to the element.

13.1.5.1 Nature and Structure of Chlorides
NaCl and MgCl, are white ionic compeunds and consist of giant structures.

They composed of oppositely charged ions that held together by strong electrostatic

forces.
AlCl; is white covalent compdund". It has a layered lattice at room temperature.
It turns to dimeric gas (Al,Clg) on heating to about 180°C and then has a simple

molecular structure.
Tabled3.13: Chlorides of Period 3 Elements

; Formula of ' . PCl3
Chlorids NaCl MgCl, AlCL SiCly PCls SCh
ST e ) : Molecular | Molecular | Molecular
Structure Tonic [onic Covalent
covalent covalent covalent

SiCl, and PCl; are colourless covalent compounds. They are found in the liquid

States, They have simple molecular structures. Their molecules are held together by
Weak van der Waal’s forces.

PCls is a white ionic compound in the solid state and has an ionic lattice of

) [PCIG]‘[PChP However, it has a simple molecular structure in the gaseous state.

e
= gy b

B & (]

:

s

P g
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molecular structure.
13.1.5.2 Melting and Boiling Points of Chlorides

Sodium chloride and magnesium chloride have high melting and boiling points

t_cause they need a large amount of energy to break the strong electrostatic

attractions between their ions. ' -
Aluminium chloride and silicon tetrachloride have low melting and boiling

points because they need small amount of energy to break weak van der Waal’s forces

between their molecules.
Table 13.14: Melting and Boiling Points of Chlorides

:
F()rnlgla of NaCl | MeCl, | AICL | SiCl, PCls PCls SCh
Chloride
Meliing 801 | 714 | 1926 | —68.74 | —93:6 | 1605 | -121
Point (°C)

Lol 1413 | 1412 | 180 | 57.65:1 76.1 | 166.8 59
Point (°C)

Phosphorus trichloride (PCls;) has low melting and boiling points due to
presence of weak intermolecular forces between their molecules.

Phosphorus pentachloride (PCls) has higher melting and boiling points than
phosphorus trichloride because they have different structures. The forces of
attractions that hold solid lattice of PCl; together are weak van der Waal’s forces and
that hold solid lattice of PCls together are strong ionic bonds.

SCl; has low melting and boiling points because their molecules are held
together by weak intermolecular forces.

13.1.5.3 Electrical Conductivity of Chlorides
=3 The chlorides of the period .3 elements on the left such as NaCl and MgCl, are
ionic. They do not conduct electricity in the solid because their ions are locked in

place and not able to move. They can only conduct electricity when they are either
melted or dissolved in polar solvents such as water because in molten state or in

solution form their ions are free to move.
Note that aluminium chloride is covalent not ionic as would normally be

expected from a metal and a non-meta] b
RIS ; 5 : . 1n C
e]ectnC]ty eitherin solid state orin ]_'I_qll]d Sté_te ary ompound, [t does not Conduct

The chlorides of the elements on the o
PCls, and SCl, are covalent in nature, They do
molten state becaus_‘e:__t_ll_?}{ (_:_10_ not have any io
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13.1.5.4 Soln%‘ﬁ? 3It§yEHI0ridcs in Wm(.;-.-

NaCl does not react with water. It dissolves in walter to form a neutral solution
(pH =7) of metal cations and chloride ions.

NaCl —2%% _, Na*+CT

MgCl; also does not react with water. It dissolves in water to form slightly
acidic solution (pH = 6.5) of metal cations and chloride ions,

MgCl, —2%_, Mg** 4 201

The covalent chlorides (AL, Clg, SiCly, PCl; and PCls) are hydrolysed by water
to form acidic solutions.

ALCls + 6H,0 —™ 5 JAlOH), + 6HCI  (pH = 3)

SiCly + 2H,0 — , 0, + 4HC] (pH = 2)
PCl; +3H,0 —2< , H.PO, + 3HCI (pH'=2)
PCls +4H,0 —* 5 H.PO, + SHCI (pH = 2)

Keep in Mind

[onic chlorides generally give neutral solutions and covalent
acidic solutions in water.

chlorides generally gich

13.1.6 Hydroxides of Period 3 Elements

The hydroxides of sodium and magnesium viz. NaOH and Mg(OH), are basic.
They are white hygroscopic crystalline solids. Sodium hydroxide is highly soluble in
water and magnesium hydroxide is slightly soluble in water. Sodium hydroxide reacts
with dil. HCI to produce colourless solution of sodium chloride.

NaOH + HCl —— NaCl + H,0

Magnesium hydroxide reacts with dil. HCI to produce colourless solution of +
magnesium chloride.

Mg(OH), + 2HCl ——> MgCl, + 2H,0

The hydroxide of aluminium viz. AI(OH), is amphoteric. It can react both as an
acid and as a base. Aluminium hydroxide reacts with dil. HCI to produce colourless
solution of aluminium chloride.

Al(OH); + 3HCI —— AICL + 3H,0O
Aluminium hydroxide reacts with the solution of sodium hydroxide to produce
colourless solution of sodium tetrahydroxoaluminate (IIT).

AI(OH); + NaOH ——> NalAI(OH):]

TR e
£23:)
e el ¥

> I
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i(OH)s. HsPOs, HoSO,, and g
The hyd.Mﬂ@ATcB\sEuwRErﬁd&réfﬁss g%’r %}}ym% i Clo

(o 1 : 4
They are all acidic. Their acidity ranges from the 0 the Very
strong perchloric acid.

OH ﬂ
HO—Si—OH HO_’"T_'OH
e OH
Orthosilicic acid Phosphoric acid
i I
Ho—lsl, —OH 0—CI——0H
0 0
Sulphuric acid Perchloric acid

. The —OH groups of these hydroxides are covalently bonded to the atoms of
period 3 elements.

13.2 Group 1 Elements

- The eleme_nts of group 1 (IA) include lithium, sodium, potassium, rubidium,
cesium and fra.ncmm, and are known as alkali metals. The word alkali has been taken
from an Arabic word meaning “ashes”. Because many compounds of alkali metals

particularly sodium and potassium were

| 1solated from the ashes of wood by early
ChBIl‘lISt.S. These are the most acti ve.metals in the periodic table They have to be
;Eﬁred in oil 1(:1«:1'0(;,&16:) to prevent their reaction with oxygen ﬁn'd water in the ar.
Ihey are not found in the elemental state: they f : : '
metals are soft enough to be cut with 3 kn Y ound only in combined states }.\lkﬂll

L Configuration of Alkali Metals
Name Symbol | Atomic S Valence shell
s | number | FElectronic configuration electl‘ﬂﬂti!: -
ithium : = S nfigurati
= = a e W 25—
o SR - Ta
Rubidium Rb T s 25 2p° 33,6 4s"
' '__'__‘_‘—‘—-———-——3-—7_____ 152 2322p6 3823p64823d10. 6= 1 ’—r//
Cesium Cs 55 152 25,8 e 23dm4p655 s
S
rancium Fr $°28%9,62 2 R
i 53243?0213 S 3p°4573104.9 !
=Rl 6524f14561°6p67s‘ LI
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reducing agents. They form monovalent positive ions (M") by losing one valence

electron and attain the stable electronic configuration of noble gases. They show
oxidation state of +1,

13.2.1 Atomic and Physical Properties of the Group 1 Elements

The trends in some atomic and physical properties of the group 1 elements are
discussed below: _

13.2.1.1 Trends in Atomic Radius

The atomic radius of alkali metals increases as we move down the group. This
is due to increase in number of shells and shielding effect.

Table 13.16: Atomic Radius of Group | Elements

Element Li Na K Rb Cs Fr
Atomic 348
Radius (pm) 152 186 227 248 265 By (van der Waal’s)

Francium has the largest atomic radius of any other neutral element but it is an
extremely unstable element and little is known about its properties. The credit is,
therefore, goes to cesium.

13.2.1.2 Trends in First Ionization Energy

Alkali metals have one electron in the valence shell (ns'). This ns' electron is
loosely bound to the nucleus and this electron can be detached easily. They have,
therefore, the lowest first ionization energies of all the elements in the periodic table.
Thus, they are the powerful reducing agents.

Table 13.17: Ionization Energies of Group I Elements

F Element Li Na K Rb Cs
Ionization Energy :
(kJ/mol) 520.3 495.8 418.9 403.0 375.7

The ionization energy of alkali metals decreases down the group. This is due to
increase in atomic size.
13.2.1.3 Trends in Electronegativity
Alkali metals have greater tendency to lose their valence electrons and are
highly electropositive. Because of this, they have very low electronegativity values.
Table 13.18: Electronegativity Values of Group I Elements
Element Li Na ‘K Rb Cs

0.98 0.93 082 . | o082 0.79

The values of electronegativity decrease down the group due to increase in
_ atomic size, |

_ E[ectroncgativity Values
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weak metallic bonds of the alkali metals in the solid state.

Table 13.19: Melting and Boiling Points of Group 1 El cments

CE o

——

. K =
Element Li Na | G

Melting Point (°C) | 180.5 917.8 63.7 : 287
Boiling Point (°C) 1330 892 760 : 0

The melting and boiling points of alkali metals decrease
group. This is due to increase in atomic size. As the size of

attraction between the metal cations and the negatively char
becomes weaker and thus

— ]
a8 We 2o dowp the
atoms get larger, the

ged electronic cloug
the melting and boiling points decrease,

13.2.1.5 Trends in Density

Mass per unit volume (m/V) is ¢
substance has in a unit volume.
volumes.

alled density. It means how much mass 3
Alkali metals have low densities due to large atomic

Table 13.20- The Densitie

s and Atomic Volumes of Group 1 Elements
Element 51 Na K Rb Cs
Atomic Volumes
(cm’/mol) 12.97 23.68 45.36 55.80 69.95 |
0.54 0.97 0.86 1.53 1.90
Lithium, sodium and potassium

lim : :
_ﬂ 2LiOH 4 H, etals with water are:
2H,0 2 2NaOH 4+ H,
O e ——— 2KOH 4% HZ

ZR & 2H2
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T n {“f_iazo +2HCl —— 2NaCl + H,0

13.2.3 Reagiiens efyHkalRkptds orty fdgamer AHMAD)
Alkali metals react with oxygen or air quickly and thus becomes tarnished
(dull) due to the formation of a film of oxides on their surfaces. The alkali metals are,

therefore, stored in kerosene or paraffin oil to ensure safet

13.2.3.1 Formation of Oxides
Lithium reacts with oxygen to form mainly
normal oxide, Li,O (and some peroxide).

4oL +0,—— 2L1,0

2Li +0; —— Li0,  (Lithium peroxide)

Sodium reacts with oxygen to give mainly
peroxide, Na,0, (and some normal oxide).

4Na +0, ——2Na,O (Sodium monoxide)

2Na + 0, ——>Na,0, (Sodium peroxide)
Potassium, rubidium and cesium react with
oxygen to give KO,, RbO, and CsO, respectively.

K + O, —— KO, (Potassium super oxide)
Rb + O, —— RbO, (Rubidium super oxide)

(Lithium monoxide)

y and purity.

Keep in Mind

The binary compounds of
oxygen are called oxides.
They are mainly of three
types: normal oxides,
peroxides and superoxides.
The main difference between
normal oxide, ‘peroxide and
superoxide is that the
oxidation state of oxygen of]
normaloxide 1s—2, peroxide is
—1 and that of superoxide is—%k
Examples of normal oxides
are Na,O and CO,, peroxides
are Na,O, and K,0, while
those of superoxides are KO,

~ Cs + O, ——> CsO, (Cesium super oxide)
13.2.3.2 Reactions of Oxides with Water

@nd RbO,,. |

The normal oxides of alkali metals react with water to produce metal

hydroxides.
Li,0 + H,O —— 2LiOH
Na,O + H,O —— 2NaOH

The peroxides of alkali metals react with water to produce metal hydroxides

and hydrogen peroxides.
Na,0, + 2H,0 — 2NaOH + H,0,

The super oxides of alkali metals react with water to produce metal hydroxides
and hydrogen peroxides with the liberation of oxygen gas.

2K0,+ 2H,0 —— 2KOH + H,0-+ 0,
2RbO, + 2H,0 ——> 2RbOH + H;0, + O,

13.2.3.3 Reactions of Oxides with Dilute Acids
The normal oxides react with dilute acids to produce salt and water.

Li;O + 2HCl —— 2LiCl + H,0
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produce salt and hydrogen peroxide.

NﬂgOz + 2HCl —— 2NaCl + H,0,

The super oxides are also strong oxidizing agents. They combine with dilute
acids to produce salt, hydrogen peroxides and oxygen gas.

2KO; + 2HCl —— 2KCI + H,0, + O
13.2.4 Reactions of Alkali Metals with Halogens

Alkali metals react directly with halogens to produce their respective metal
halides.

2M + X; — 2MX
Where,

"M’ represents Li, Na, K, Rb or Cs and ‘X,’ represents F,, Cl,, Brz or L,. =
For example; when sodium reacts with chlorine, then sodium chloride is
formed.

2Na + Cl, —— 2NaCl

The halides of alkali metals are white crystalline solids and are readily soluble
in water. They are good conductors of electricity in the molten state or in solution
form.

13.2.5 Effect of Heat on Nitrates,

Carbonates and Bicarbonates
13.2.5.1 Effect of Heat on Nitrates
The nitrates of alkali metals are hi

| ot ghly stable toward heat. They decompose
| Into nitrites and oxygen gas on strong hea

n g ting except lithium nitrate. Lithium nitrate
decomposes more readily into oxide, nitrogen peroxide and OXygen gas.

4L1N03 ‘—'EE’L———) 2L1,0 + 4N02 +0,

2NaNO; —*%_—3 HNaNO, + 0,
' The thermal stability of nitrates increaseg down th
polarizing power of positive

: S€ even at hi €r tem
215,00, — = Cort 04200, gh perature.,
The thermal stability of carbonates incy : :
% ¥ ease e :
he polarizing power of positive ions. 590w me_group due to increase in
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13.2.5.3 Effect of Heat on Bicarbonates

Thz bicarbonates of alkali metals are stable toward heat but are not much
stable. However, they decompose on heating to produce carbonates, carbon dioxide
and water vapours.

2NaHCO; — 3 Na,CO; + CO, + H,0

The thermal stability of bicarbonates increases down the group due to increase
in the polarizing power of positive ions.

13.2.6 Flame Tests: Origin of the Flames

Various metals give very attractive coloured flames when burnt in air. The
colours of flames are the result of electrons moving from higher energy levels to
lower energy levels in metal atoms. The alkali metals give characteristic coloured
flames when a sample of an alkali metal or its salt is heated in the Bunsen burner. The
colour of the emitted light (flames) can be used to identify the alkali metals. This
process is known as flame test. Since the amount of energy released during the
returning of electron to the ground state is different in different atoms, hence,
different colours are imparted by the atoms to the flame.

Table 13.21: Alkali-metals and their Flame Colours

Elements Lithium Sodium Potassium Rubidium Cesium
Crimson Yellow ___Lilac Red-violet Blue
Flame -
Colour

133 Group 2 Elements

The elements of group 2 (ITA) are beryllium, magnesium, calcium, strontium,
and barium. They are all metals and are known as alkaline earth metals. They are
harder, denser and have high melting and boiling points than alkali metals. Alkaline
earth metals are always found in combined states with other elements. These are the
second most active metals in the periodic table. They must be stored in oil (kerosene)
to prevent their reaction with oxygen and water vapours in the air. They are not -found
as pure elements because of their high chemical reactivity. They are white or sikyeny

except beryllium which is grey in colour.

N7 = SR - e -
R o i s, Y S0 s oy S e T (B
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:f'/llkrn'fw Earth Metals

mfiguration ¢

Table 13.22: f-.‘mrﬂf_ff_‘_fr Al S Ezlmﬁﬂfﬁ?
— : o Woteaiti |
1 Atomlc Electronic configuration u:’i(i,it }:t:m[l( 5
Name Symbol aumber ;.,__:11121 |
P, 25
)
Beryllium Be 4 1s72s 2 ; —
s 2 /20 S
Magnesium Mg 12 1s*2s72p° 3s e
2 2? 6 23 6482 45" I
| Calcium Ca 4 Gt pe pﬁ 24 1104 6z 2 2 !
Strontium Sr 38 152 23221)635231) 4s°3d "4p 55 58 -
04,6 |
152 25%2p° 3s%3p%4s73d *4p o
Barium Ba 36 5524d1°5p6632
: > . 1s*25°2p° 3sz3p64S.zif'_a'_i_lm"fp6 72
Radlunl a : 5524d105p66524f]45d106p6782

They have two electrons in the valence shell. They form dipositive ions by
losing two valence electrons and attain the stable electronic configuration of noble

gases. They show oxidation state of +2. AlKaline earth metals are less reactive than
alkali metals. '

13.3.1 Atomic and Physical Properties of the Group 2 Elements

The trends in some atomic and physical properti ;
discussed as: ' = propertes of the group 2 elements ar

13.3.1.1 Trends in Atomic Radius
The atomic radius of alkaline
due to increase in number of shells an,

earth metals Increases
d shielding effect.

down the group. This s

Ra
283
(van der Waal’s)
gh charge dep; an those of alkali metals 1!
t
13.3.1.2 Trends in Ionizatiop Energis Y of alkaline eqpqp metals
Alkaline earth metgls have .
i two elecn-o . :
.l'q valence electrons are more tightly bound 4 thns I thejp il i (nsz). Their

They have, therefore, higher first i0nizatig € nucleyg than

: SlCIgies thyy alk al.those_ of alkali metals
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Table 13.24: lonization Energies of Group 2 Elements
El: ment Be Mg Ca Sr Ba Ra
First Ionization
Energy (kJ/mol)

899 737 590 549 503 509

Second Ionization
Energy (kJ/mol)

Their first and second ionization energies decrease down the group due to
increase in atomic radii. The ionization energy of radium is, however, higher than
barium.

Keep in Mind

The ionization energy of radium is higher than barium. This is because the radium has a
filled 4f subshell; the 4f electrons shield very poorly so that nuclear charge for radium is
32 units higher than barium. The higher nuclear charge availablé for the radium valence
electrons causes a contraction of the 7s orbital and an increase of the ionization energy.

1757 1450 1145 1064 965 979

13.3.1.3 Trends in Electronegativity Values
The electronegativity values of alkaline earth metals are small, but are higher
than values for the alkali metals.

Table 13.25: Electronegativity Values of Group 2 Elements

Element Be Mg Ca Sr Ba - Ra
Electronegativity 1357 1.31 1.00 0.95 0.89 0.89
The values of electronegativity decrease down the group due to increase in
atomic size.
13.3.1.4 Trends in Melting and Boiling Points
The melting and boiling points of these elements are higher than alkali metals.
Table13.26: Melting and Boiling Points of Group 2 Elements

Element Be Mg Ca Sr Ba Ra
Melting Point (°C) 1287 649 839 768 727 700
Boiling Point (°C) 2500 1105 1494 1381 1850 1700

Melting and boiling points of these metals do not show any regular trend
because they adopt different crystal structures.

1332 Trendsin Reactivity with Water -
- .. Although alkaline earth metals are less reactive than alkali metals, but they are
Still more reactive than the majority of other metals. Alkaline earth metals (except

z:;'yllium) react with water to produce hydroxides with the liberation of hydrogen

T T R

.. Ca+2H,0 — 5 Ca(OH) |
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etals increases down the group due to

: ; n at high temperature,
increase in atomic size. Beryllium does not react with Vv:aterreezfzeﬁoc) é%u[ e e,
Magnesium does not react with water at room temperatu e \;\,’hereas G aloiun
with steam to form magnesium hydroxide and hYdmget g1-<;;;luce hydroxides anci
strontium and barium react with water at room temperature {0 p

hydrogen gas.

1333 Reactions with Oxygen and Nitrogen .
13.3.3.1 Formation of Simple Oxides and Peroxnde-s |
Alkaline earth metals react with oxygen to form normal oxides except barium
and radium. Barium and radium, however, produce peroxides. Thc tendency of
alkaline earth metals to form peroxides increases from top to bottom in-a group.
The reactivity of alkaline earth metals with oxygen increases going from the
top of the group to the bottom. Beryllium is relatively inert because 1t has a strong

thin layer of oxide on its surface. It reacts with oxygen at 600°C. It is much reactive in
the powder form.

Formation of normal oxides:
. 2Be + 0, —> 2BeO

2Mg + O, —— 2MgO

2Ca+ Oy —— 2Ca0

Formation of peroxides: Keep in Mind

The reactivity of alkaline earth m

Ba+O, BaO, Berylliun:i nitride is a covalent

< ’ compound due to small size,

r+0h —> 5f02 A high charge density and low

13.3.3.2  Formation of Nitrides on Heating |ionization energy of
in Air

i lgeryllium. It has weak
All the alkaline earth metals react with nitrogen to | RterMolecular force of

produce nitrides of the general formula, M;N,, | :gll'agtiions, whicg leads to its
3Be+N; ——» B atlle nature. On the other

3M 1'; 2y hand. the nitrides of other

g+ N2—— Mg:N, alkaline earth metals are ionic

3Ca+ N, — Ca;N or electrovalent and are non-
1334 Trends in Soly Toate —
e S In Solubility of ¢ |
Carbonates he Hydroxides, Sulphates and

13.3.4.1 Solubility of Hydroxides
The solubility of hydroxides in water :
group. Be(OH), and Mg(OH), are a] €T Increases gradual]

LS gAY

ble in water.
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13.3.4.2 Solubility of the Sulphates
The solubility of sulphates in water gradually decrease down the group. Thus
BeSO; and MgSOy are fairly soluble, however CaSQ; is slightly soluble in water,
while the sulphates of strontium, barium and radium are almost water insoluble.

13.3.4.3 Solubility of Carbonates

The carbonates of alkaline earth metals are very slightly soluble in water. The
solubility decreases down the group.

13.3.5 Trends in Thermal Stability of Nitrates and Carbonates
13.3.5.1 Trends in Thermal Stability of Carbonates

The carbonates of alkaline earth metals decompose on heating to form metal
oxide and give off carbon dioxide gas.

CaCO; e a0 CO,

Thermal stabilities of carbonates of alkaline earth metals increase down the
group due to increase in ionic radii of cation moving down the group. This increase in
atomic radii of metal cations reduces their polarizing power, which results in less
polarization of the anion (CO3?) by the larger metal cations. Because of this the
decomposition of carbonates becomes more difficult:

13.3.5.2 Trends in Thermal Stability of Nitrates
The nitrates of alkaline earth metals decompose on heating to produce metal
oxide, nitrogen peroxide and oxygen gas.

2Ca(NO;), —2= 5 2Ca0 +4NO, + O,

The temperature at which thermal decomposition occurs increases moving
down the group.

13.3.6 Peculiar behaviour of Beryllium
Beryllium differs in many of its properties from other alkaline earth metals due
to its small atomic size and comparatively high electronegativity. The main points of
difference of beryllium from other family members are:
i) Beryllium is much harder than other family members.
i) The melting and boiling points of beryllium are much higher than other alkaline
earth metals.
ili) The compounds of beryllium are more covalent than other members of its
| family. This is due to high charge density of beryllium than the rest. The high
charge density of beryllium makes the removal of electron difficult.
Beryllium does not react with either cold water or steam. Other alkaline earth
metals react with water to form hydroxides and hydrogen gas.

s, Ca+2H,0 —— Ca(OH),+H,

e e et P
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v)  Beryllium reacts with alkalis to produce hydrogen gas BMAPR)sther elements of
its group do not react with alkalis.
Be + 2NaOH —— Na;BeO» + H-
Sodium beryllate
vi)  The oxides and hydroxides of beryllium are amphoteric. They:behave as acids
(owards strong bases and act as bases towards strong acids.
Be(OH), + 2NaOH —— Na,Be(OH),
| ' Sodium tetrahydroxoberyllate (1I)

Be(OH) + H,SOy — BeSO, + 2H,O

The oxides and hydroxides of other elements of group 2 are basic.
vii) Beryllium carbide forms methane gas while other alkaline carth metals form
acetylene gas on hydrolysis. '
Be.C + 4H,0' —> 2Be(OH), + CH,
CaC + 2H.0' ———> Cﬂ(OH}: + GC>H;

viii) The nitride of beryllium, Be;N> is volatile while the nitrides of other alkaline
earth metals are non-volatile. | :
ix) Beryllium forms a large number of stable complex compounds whereas the

R

| Mining and Extraction of Elements/Metals
'Mining of Elements/Metals . -
The earth crust is made up of various compounds and native elements such as
 gold, silver, copper and sulphur. The main elements in the earth crust are oxygen (46%)
‘and silicon (28%). The rest of the earth crust is predominantly made up of aluminium
(8%), iron (5%), calciom (4%), sodium (3%), magnesium (2%), and pdtas?:«.iilm’(ﬁ%) 5
Metals are important to society and support our modern standard of living. The nafu;'all
' occurring rocks that contain metals or metal compounds in sufficient amounts to make 1};
prpﬁtab]c to-extract them are called ores. The extraction of ores from the earth is called
- mining. Ores are natural resources that human beings have been mining for thousands
- of years, The ores are mined from the ground, either by surface or underground methods
Extraction of Elements/Metals from Their Ores '

The method of extraction of a metal from i '
: rom its ore depends on the reactivit
' metals. The most reactive metals are extracted hardly while the less reactive metalsya?'g

extracted easily from their ores. The un '
| . The unreactive metals such as und i
" and are found in un-combined states. Bl arcdguloand s ores

The reactive metals such as potassi i

b : ssium, sodium, calcium '

' aluminium are extracted by electmlysis while the less reac'tive metals,sgcl:?lg;es}um- fmd
' tin and Jead are extracted by reaction with carbon or carbon monoxide S

r i3 .“L“- : . e Bl

T N R e
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| Metal oxide + Carbon > Metal + Carbon dioxide
| The carbon removes the oxygen from the metal oxide and forms carbon dioxide,
; leaving the pure metal behind. Reactions which involve the removal of oxygen in this
way are called reduction reactions.

| The native metals such as copper, silver,
I chemically extracted ‘from their ores, but chemica
;\qt_;l}irclements that might contaminate the 1nct51]_s.___ ISt %

gold and platinum do not need to be
I reactions may be required to remove

13.4 Group 14 Elements

The group 14 (IVA) consists of carbon, silicon, germanium, tin and lead. They
have four electrons in the valence shell and can form four covalent bonds. Carbon is
an essential constituent of life. It is found in proteins, carbohydrates; fats, etc. Silicon
is the second most abundant element in the earth’s crust. It is a semiconductor and is
commonly used in solar cells. transistors and computer chips. Germanium, a
semiconductor, is used in computer industry. Lead, a metal, has been used for
plumbing and to block radiation. Nowadays it is mainly-used in the manufacture of
car batteries, protective shielding around nuclear reactors and containers used for
storing and transporting radioactive materials. Tin, a metal, is used to coat other
metals to prevent corrosion. It can also be used.in alloy formation such as solder,
bronze and pewter.

The elements of group IVA show intermediate properties. These elements are
present between strongly electropositive elements (Group IA, ITIA and IITA) and
strongly electronegative elements (Group VA, VIA and VIIA)

Table 13.27: Electianic Configurations of Group 14 Elements

e
Kol Valence shell
Name |Symbol| g;?l:l:l Electronic configuration electronic
nur configuration
-__-__-__‘—-—-—._____
“%f—bL E 6 15°25%2p? 25%2p?
EEL Si 14 [15°25%2p°35%3p> 35°3p?
M Ge 32 15°2s%2p® 35*3p%4s°3d %4p? 45°4p?
L Sn S0 115°25%2p° 35%3p%s3d " 4p®55%4 1052 5575P?
| e .
56
Lead 1s? 2572p S

; 3 2
. __F_I_hle_;r_valence shell electronic confi -

R e R e S e o

-t

. . 2
guration is ns
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' ents
13.4.1 Physical Properties of Group 14 (IVA) Elem

- iscussed below:
, : .Jements are discuss
The trends in physical properties of group 14 elem

13.4.1.1 Trends in Melting and Boiling Points
The melting and boiling points of group 14 e ter-atomic forces.
This is due to increase in atomic size and decrease m_lfl er v
Table 13.28: Meltine and Boiling Poinis of Group 14 Element.

lements decrease down the group.

Pb
l Element C Si Ge 2531?2 —
| Melting Point (°C) 3550 1420 945 =
\ Boiling Point(°C) 4830 2480 2850 2623 L]

- - - . Ld e auS
The melting and boiling points of carbon and silicon are very high because
they have tendencies to form macromolecules.

13.4.1.2 Trends from Non-metal to Metal

Metallic character increases down the group. Carbon-and silicon are non-
metals, germanium is semimetal, and tin and lead are metals. The electrical properties
of silicon are similar to that of a semimetal.

13.4.1.3 Oxidation State

The elements of group IVA have four electrons in their valence shells and they
have an oxidation state of +4. The first three elements may also have an oxidation

state of =4 when they are bonded to more electropositive elements. Tin (Sn) and lead
(Pb) also show an oxidation state of +2-that is the only oxidation state in which they
produce ionic compounds.

_ The stability of +4 oxidation state decreases and that of +2 oxidation state
mcg}eases on nggving down the group. ;E,Dr example, the compounds of Ge2* are less
22%23:2; Sxeldlg"l};eg z(;t;ﬁ;)‘unds of Ge™ act as strong reducing agents while those of

On the other hand. the compounds of Ph>+

4 2 (PbC1 are

Pb4:( PbCly). Therefore, the %ompounds of Pb** are ionic 2nd moli'f fsems‘iamble t£an

Pb_ : The compounds of Pb" act ag reducing agents while th 4+0n &
oxidizing agents. ose of Pb

Inert Pair'E
The ten
remain unsha

ffect and the Nature of Bond

dency of ns’ electrons of the va
red or unionized i

get closer to the nucleys 15 calle
maximum and it experiences s
the s-electrons fail to particip

lence shel] .
g of . =
S called inert pair effec metallic elements to

I effect. The abil; ‘

[ ;€ aoility of an electron to
ronger atacion 0 e L POVET o s-orbital i
3 O the nu 2
ate in I?ond formation So tlﬂ:eus. s 4 Il oF phich

1dation states of

r
and VIAYare o= elements (esp.

energy to remove. Hence, the ox T ns” electrons need e
elements of group IIIA, IVA, VA avie

the last two
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The nature of bond is also affected by oxidation state. The metal compounds in

their lower oxidation states are ionic in character while in their higher oxidation states
they are covalent. For example, stannous chloride (SnCl,) and plumbous chloride
(PbCl,) have +2 oxidation states and they are mainly ionic. Conversely the stannic
chloride (SnCly) and plumbic chloride (PbCly) have +4 oxidation states and they are
fairly covalent. This is because the size of Sn** and Pb** ions is smaller than Sn’" and
Pb** ions. The smaller the size of cation, the greater its tendency to form covalent
bond. The tendency of cations to form jonic bonds increases down the group.

13.4.2 Chlorides of Carbon, Silicon and Lead

The chlorides of carbon, silicon and lead have general formula MCl,. They are
simple covalent molecules that are held together by weak van der Waal’s forces.
Since, they have low melting and boiling points and are frequently volatile liquids.

Their melting points generally increase with increase in molecular mass. They have
tetrahedral geometries.

13.4.2.1 Preparation of Tetrachlorides
The tetrachlorides may be prepared either by heating the element with

appropriate halogen or by passing dry halogen over a highly heated mixture of
dioxide and carbon. :

M +2Cl, —— MCJ,

MO, +2C + 2Cl;, —— MCl, +2CO

Where, M represents C, Si and Pb.
13.4.2.2 Thermal Stability _ : -

The chlorides of carbon and silicon (CCl, and SiCly) are stable at high
temperature and does not decompose easily. Conversely, the chloride of lead

decomposes on heatin g. The thermal stability of tetrachlorides decreases from CCl4 to
PbCl,. Thus: CCl, > SiCly > PbCH

13.4.2.3 Reactions with Water (Hydrolysis)
Carbon tetrachloride does not react with water.
CCly + H,O0 —<& No reaction

Silicon tetrachloride (or tetrachlorosilane) and plumbic chloride react with
Water readily. :

SiCl, +2H,0 ——» Si0, + 4HCI

PbCl, + 2H,0 — PbO, + 4HCI

Some of the PbCI, decomposes into PbCl, due to the instability of PbCl,,
PbCl ,—— PbCl; + Cl,

i thClz 18 ionic in nature and slightly soluble in cold water and more soluble in
ater,
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. e VA) Elements :
1343 Oxides of Group 14 (1 il ahhey are:
es of group [VA oxides and t yCO 8465 and PbO.

There are two main types O T les are: ,
Monoxides: They have Sl 'tormulla 1\&% E)}{Eldxnz:rlzlplcs are: COy, Si0y, SnO, and
pametes Sl o oeneral formula MO2. :

Dioxides:  They have genet

PbO;g i

13.4.3.1 Structure o
The physical propertics

_ SRR Silicon Dioxide
¢ of Carbon Dioxide amfi S rent from silicon dioxide.

of carbon dioxide are . i b
-« commercially used 1n fire

TR -« and odourless gas. It 18 € j : .
Carbon dioxide 1s a colourless an 5 i B melting solid

inoul d to carbonate beverages. The silicon dioxide is a hig : g _
extinguishers an p are also exist as solid.

i i he rest of the grou '
t ordinary temperature. The oxides of t Ttest of :
%agguseag’; thislzﬁe structure of carbon dioxide 18 different from the rest of the oxides

of group IVA.
Structure of Carbon Dioxide
Carbon dioxide consists of simple molecu

is triatomic. The bond strengths and bond lengths show
oxygen double bonds in the carbon dioxide molecule.

0=C=
The molecule of carbon dioxide has two dipoles. They are equal and have
opposite directions. So they cancel the effect of ‘ach other. Therefore, the dipole
moment of carbon dioxide is zero. Thus the only intermolecular forces in pure carbon
dioxide are London dispersion forces. Hence, CO, is a gas. The solid CO, is called

dry ice and has a face centred cubic structure. It is used in carbonated drinks, freeze
meat, frozen foods and ice cream. ’

les. The molecule of carbon dioxide
that there are two carbon-

Structure of Silicon Dioxide S E
Silicon dioxide is commonly |

called silica. Most sands contain | O

paticle of silica and some i Qs e ~|
impurities like iron oxide. Silicon \Q’/ﬁ \Q/ | l\O/ ‘\0,/‘”\\

dioxide is very stable. The structure é 2 k

of silicon dioxide is very different (I)

|

29

= 1

from carbon: dioxide. It has no

' Si
discrete molecules. It has three \Q/ \0//,&1\0/-

dimensional polymeric structure, In © O
the crystal structure of silicon

~o

dioxide, each silicon atom is bonded
i

|

3

Si :

to four oxygen atoms and every \Of I\Q/’SH\Q/ T\ i -i\\
o]

oxygen atom 1s bonded to two
silicon atoms. Figure 13, .

e e
=g D

Sf‘f'u . . :
ciur, L s
"re of Silicon Dioxide
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There 1s a regular tetrahedral arrangement of four ox ygen atoms around each
silicon atom. This arrangement gives a giant structure of silicon and oxygen atoms,

All the bond angles around silicon atom are 109.5°, consequently it has
tetrahedral geometry. Silicon atom in silicon dioxide has no free electrons. Thus it
does not conduct electricity under normal conditions.

13.43.2  Acid-Base Behaviour of Group 14 (IVA) Oxides

The acidity of oxides of group 14 decreases down the group. The dioxides of
carbon and silicon are acidic while the dioxides of germanium, tin-and lead are
amphoteric. The monoxide of carbon (CO) is neutral while those of tin and lead are
amphoteric. .
Oxides of Carbon and Silicon

Carbon monoxide is often regarded as neutral oxide, but it is very slightly
acidic. It does not react with water to produce the expected formie acid, but it can

react with hot concentrated sodium hydroxide solution to produce solution of sodium

formate.
NaOH + CO —— HCOONa
Carbon dioxide is acidic and reacts slightly (about 0.1%) with water to
produce the carbonic acid. T AR ' '
11;(}1-(7‘(,}; m H;C‘@:

-

The carbonic acid then ionizes slightly to form hydrogen ion and bicarbonate

100. A
H:CO, &—= H'+HCO; ~
The bicarbonate ion can further ionize to give carbonate ion.
HCO; &= H' + CO;_
Carbon dioxide reacts with cold sodium hydroxide to produce solutions of

cither sodium carbonate or sodium bicarbonate, depending on the quantity of
reactants, -t

NaOH + CO, —= NaHCO;
INaOH + COy(=— Na,CO; + H,0
Silicon dioxide does not react with water because it has giant covalent

Stucture, It reacts with hot concentrated sodium hydroxide solution to produce
Sodium silicate.

2NaOH + 8i0, —— NaySi0; + H,O
The Oxides of Germanium, Tin and Lead

The monoxides of germanium, tin and lead (GeO, SnO and PbO) are amphoteric

S t_h.e}’ feact with both acids as well as bases.

o
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i) GeO +2HCI —— GeCl, + H,O
GeO + 2NaOH —— Na,GeO, + H,O

Sodium Germinate (II)
ii) SnO+2HCI —— SnCl,+ H,O
SnO + 2NaOH ——> Na,Sn0O, + H,0

Sodium Stannate (1D

iii) PbO+2HCI —— PbCl; + H,0
PbO + 2NaOH —— Na,Pb0O, + H,0

Sodium Plumbate (1)

The'dioxides of germanium, tin and lead such as GeO,, SnOs-and PbO, are
amphoteric as they react with both acids and bases to form salts.

i) GeO;+4HCI ——s GeCl; +2H,0
GeO; + 2NaOH ——» N32G303 + H,0
Sodium Germanate (V)
il)  SnO, + 4HCI —SnCl; + 2H,0
SHOg +2NaOH —— Nazsn03 %+ H20
Sodium Stannate ({\)
iii) PbO,+4HCI —p PbCl, + 2H,0
PbO, + 2NaOH —— NaszO:J. + H,0

Sodudst Plumbate (1V)

Molten NaOH is required for the reacti
plumbate (IV). ' caction of PbO, to produce sodium

g foods such as pj i
used metal and pottery at about the same tim:S ﬁgﬁg’ij Ams etc. but Durand, an English,

Today, canned foods are stored in steel. tin an T deas together gave ys the tip T
sealed, and retains the food’s nutritiona] value Ca AR
- -dnning

food preservation. Canned food can be stored
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13.5 Group 17 Elements

The group 17 (VIIA) elements consist of fluorine. chlorine. bromine. iodine
and astatine, and are collectively calle 2cns. The word ‘halogen’ comes from the
Greek ‘halos’ and ‘genes’ meaning ‘salt formers’. This is because all of these
elements react directly with metals produce salts. They are all poisonous and
corrosive. They are the most reactive nonmetals. Fluorine is the most reactive
nonmetal known. Because of high chemical reactivity, they cannot exist as free in
nature. They are found in combined form as minerals deposits in sea water, salt lakes
and in underground salt beds.

VIIA (i P ,‘l , 1Is
- ' T | Valence shell

Name |Symbol| o Electronic configuration electronic
= e, o B B | 2 uid 2 configuration
[Puoroe | B {50 e s 28 20
(Chlorine | C1 | 17 | 1s°25%2p"3s3p’ 3s°3p’
 Bromine | Br 35 | 15" 252p" 3s73p%4s*3d"Up’ 4s%4p’

. .' | 142262905
' lodine | I ' 53 | 2550 2e..5
| | 4 | 35"3p%4573d"°4p%55%4d"%5p’ 38'5p
| T | | 1292908824 6422 11046
| Astatine | At | 85 e 2“,2‘)‘&3{3” il 65%6p°
| | | | 55adPSpfesar'*sd"6p P

They have seven electrons dn, their outermost shells. Two electrons in the ns
orbital and five electrons in the'up orbital. The fluorine is the only halogen which
shows only - oxidation sate‘while other elements show —1 as well as +1, 43, 45, +6
and +7 oxidation states. i

The halogens exist as diatomic molecules and they are all coloured. Their
molecules are held together by weak van der Waal’s forces,

Table 13.30: Physical States and ( 'U!'-‘H-‘?"n"ﬂ_};ﬂu!ug(«”_,

-'_"‘—--—-.__________

< e LSS 2 B ;s

| Physical States Gas Gas Liquid - Solid

lf Pale yellow | Greenish yellow | Reddish brown | Lustrous violet
| black

| Colours

|
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The trends in some atomic and physical properties of the group V

are discussed below:

13.5.1.1 Trends in Atomic Radius
The atomic radii of group VIIA elements
is due to increase in the number of shells. -

HA elements

go on increasing as We move down

the group. This

Table 13.31: Atomic Radius of Halogens
F Cl Br’I"I’——\

Element
114 133

Atomic Radii(pm) 72 99 l

{3.5.1.2 Trends in Electronegativity
Halogens have very high values of electronegativity. These values decrease
from fluorine to iodine as the atomic number increases. The fluorine is the most

electronegative atom among all of the elements.

Table'13.32: Electronegativity Values of HalogeRs

Element F | Cl Br I
Electronegativity 3.98 3.00 N4 12.96 2.56

' 13.5.1.3 Trends in Electron Affinity
i Electron affinity values decrease from chlorine to iodine. The electron affinity

of fluorine is less than that of chlorine. This'is due to smaller size of fluorine. When
an extra electron is added to fluorine atom, the high electron density is produced
" round the fluoride ion. This high electron density increases the repulsion between the
electrons already present in the relatively compact 2p orbitals of fluorine and the
~ electron being added. Due to this electron-electron repulsion, the fluorine atom shows
lesser tendency to attract an electron towards itself to form fluoride ion and hence the
electron affinity of fluorine becomes less than that of chlorine. The order of electron

affinity values of halogens is: Cl < F> Br> L.
Tqbie 13.33: Electron Affinity of Halogens

| Element F Cl B = e
| Electron Affinity (ki/mol) | . 328 349 325 295

13.5.11'-{41' .-..__'lf_ri;nds in Melting and Boiling Points

alogens have low melting and boiling poi : : 1
G o : points. Their melting and boiling
polng gradually increase down the group. This is because the Londgon dispersion
forces become stronger as we move down the group. ok

i
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Ly Meltine an Hoilin [ J'rll'-'."ll’.'," ¥ o Halo e HLS

I'jt%.’l"l‘l\'lii_ 4 : n __FE_ 5 d {_‘_Fj- A _Br:-z ] ] E ]2
E]iiﬂg Points ( C) =290 ~101 _72 114
| Boiling Points ( C) ' =188 -35 50 184
= S—

13.5.1.5 Bond Enthalpies in Halogens
The amount of energy required to break all bonds in one mole of gaseous
substance 1s called bond enthalpy or bond energy.

Table 13.35: B mnd Enthe upies of Halogeis
| Element l F> Cl; Br; 1>
Bond Enthalpy (kJ/mol) 159 243 193 151

The bond enthalpies of the halogens decrease from chlorine to 1odine due to
increase in atomic size, but the bond enthalpy of fluorine does not.fit the pattern. The
expected value of bond enthalpy of F—F bond is about 290 kJ/mol. The actual value
of bond enthalpy of fluorine is 159 kJ/mol. The decrease in bond enthalpy of fluorine
is due to larger repulsion between the nonbonding electrons of small sized atoms of
the molecule.

13.5.1.6 Bond Enthalpies in Hydrogen Halides
The binary compounds of halogens with hydrogen are called hydrogen halides.
They are also known as hydrides of halogens or hydrohalic acids.

Table 13.36: Bond Enthalpies of Hydrogen Halides

Hydrogen Halide HF HCI HBr HI
Bond Enthalpy (kJj/mol) 565 432 366 299

- The bond enthalpies of hydrogen halides decrease as we move down the group.
_Thls i1 due to increase in thé size of halogen atoms. As the size of halogen atoms
iNcreases from fluorine to iodine, the hydrogen and halogen bond length in hydrogen
halides (HX) also increase from H—F to H—I. The increase in H—X bond length

me‘i‘{reaies the bond strength. Because of this the bond enthalpies decrease from H—F

13.52 Strength of Halogens as Oxidizing Agents

Halogens are strong oxidizing agents because they can casily accept one
1 10 complete their octet in chemical reactions. The strength of halogens as
N€ agents decreases as we move down the group. This is due to increase in
SII'ZE and decrease in electronegativity. The OXidiZiﬂg power of halogens
€S In the following order:

electrq
OXidizj
ﬂIOmjc
deCl‘Eas

F:>CL>Bn>1h |
' 43—
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o syl U ~mone the halogens because of
The oxidizing power of fluorine 15 maximum among

its small size and high electronegativity.
The oxidizing properties of halogens can b :
The fluorine has ability to oxidize the chloride,
chlorine, bromine and iodine respectively.
F, +2CI" —— 2F +Cl,
F, +2Br —— 2F +Bn
F +2IT —— 2F +1];

¢ explained as fo]lowsi S
bromide and iodide ions to

The chlorine has ability to oxidize the bromide and iodide ions to bromine and
iodine respectively.

Cl, + 2F- ——> No action

Cly + 2Br —— 2CI" + Br,

Cl +2IT —— 2CT +1,

The bromine has ability to oxidize the iodide ions to‘iodine.

Br, + 2FF —— No action
Br, + 2CI" - > No action
f Br;+2I" —— 2Br +1,
The iodine cannot oxidize any halide ion.
I, + 2F" —— No action
I + 2CI" ——> No action
[, + 2Br~ — No actica

13.5.3 The Acidity of Hydrogen Halides

All the halogens ¢ombine with hydrogen to produce hydrogen halides

HC . . i e : | & ¢ §

1C I‘.]Hh_ HI) and_ their aqueous solutions are commonly known as hydrohalicacids

s 1 he e Nl A as alicacids
or simply I1.1.lngt_n acids. The general formula of hydrogen halides ; HX

hydrogen halides are irritant. €s 1s HX. All the

(e.g. HE,
Hz + X2 —_— 2HX

they ionize to give hydrogen ions,

The hyd ;
to form hydronium ions, H ydrogen ion

‘. bine with water molecules
| 30" and hence hydrogen halide molecules aét as acids
HX + H,O —— H3O+ + X i

el
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The acidic strength (proton releasing power) of HX molecules increases from

HF to HI. The acidic strength of hydrogen halides is in the following order:
HF < HCI < HBr < HI. Thus HF is the weakest and HI is the strongest acid. HF
ionizes only slightly and is therefore a weak acid whereas HCI, HBr and HI ionize
almost completely and are therefore strong acids.

Table 13.37: Dissociation Energies of Hvdrogen Halides
J Hydrogen Halide e HF HCI HBr HI
’ Dissociation Energy (kJ/mol) 565 432 366 299

The weakest acidic nature of HF is due to (i) the high dissociation energy of
the H—F bond and (ii) the formation of weakest conjugate base (F°) during the

ionization of HF molecules. Its conjugate base has very little tendency to gain proton
from water.

13.5.4 Halide Ions as Reducing Agents and Trends in Reducing

Strength of Halide Ions

A substance that loses electrons during a chemical reaction is called reducing
agent while a substance that gains electrons during“a chemical reaction is called
oxidizing agent.

The reducing agent reduces other substances (decrease the oxidation states of
other substances) and is oxidized itself (its oxidation state is increased). The halide
ions (or hydrogen halides) reduce the oxidizing agents and are oxidized to X5
molecules. For example,

4HX + 0,——> 2H,0 +9X;

In the above reaction; the halide ion (or hydrogen halide) acts as a reducing
agent because it loses electrons.

The trend in the reducing ability of halide ions (or hydrogen halides) is
OPposite to the trend-in the oxidizing power of the halogens. The reducing properties
of halide jons (or hydrogen halides) increase from fluoride ion (or HF) to iodide jon
(or HI), Thisis due to increase in the ionic radii of halide ions down the group of
Periodic table, The reducing properties of halide ions or hydrogen halides are in the
following order: '

F <Cl'<Br<I” or HF<HCI<HBr<HI
: The fluoride ion or HF is the weakest reducin g agent while the iodide ion or HI
1§ the Strongest reducing agent. In reality, the fluoride ion or HF has no considerable
ducing Properties at all. The fluoride ion or HF is so weak that it does not reduce

L e T e
v

Scanned with CamScanner

e R i TN
e e e A R T e ey



MDCAT BY FUTURE DOCTORS EF. AHMAD)ble to reduce
even very strong oxidizing agents such as SO, "“ﬁ-ﬂlﬂq‘z gy

any of the halogens (Cly, Bry and 1) to its corresponding halide ions (or halogen

acids). For example:

2F + Cly »  No action
2F + Bn; » No action
2F + s » No action

The chloride ion (C17) or HCI molecule reduces only strong oxidizing agents
like F» and is itself oxidized to Cly. It can neither reduce Br; nor I.

2(11 4 Fg —p 2F-+Cl;1
2C1" 4+ Br, ——> No action
2CI" +1, — No action

The bromide ion (Br ) or HBr molecule reduces anr}ck@g but not L. |

N\ J

2Br + F, — 2F + Br,

2Br +Cl;, — 2Cl +Bn,

2Bt + I, —> No action

The iodide ion (I') or HI molecule, " eing the strongest reducing agent, can

reduce all of the other three halogens to.their corresponding halide ions (or halogen
acids). Q¥

2 +F, ——> 2F + L5
2]_+C12 p—— 2C(+12
o +Bry ——» XB1 il

We may say\{ﬁﬁt a given halide ion (or halogen acid) can reduce only that
halogen molecule which lies above it in the group 17 (VIIA) of the periodic table. The

halide ion (orhalogen acid) cannot reduce that halogen molecule which lies below it
in the groups

| Properties and Commercial Uses of the Halogens
' Properties and Uses of Fluorine
Fluorine is highly toxic colourless gas. It is the most electronegative and reactive
element, It reacts directly with all elements except helium (He), neon (I\g]c) and n (Ar).
It is used in the manufacture of chlorofluorocarbons, Comﬁ;erciaﬂy knoin ng(;?reoﬂs-
i : et e e

T
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Freons are used as refrigerant in refrigerators, cooling agent in air conditioners, aerosol
propellants and cleaning agents. Fluorine is also used in the manufacture of Teflon. Teﬂfjn
is a valuable plastic and is used for coating the electrical wiring. It provides a non-stick
surface for frymg pans and other cooking related products.

Properties and Uses of Chlorine
Chlorine (Clh) is a highly toxic gas with a pale yellow-green colour. Chlorine is
chemically less active than fluorine but more active than bromine and iodine. Some of the
uses of chlorine depend on its toxic effects. For example, chlorine is used as a disinfectant
in swimming pools and water treatment plants. Many organic compounds of chlorine are | ‘
used in the manufac ure of antiseptics, insecticides, weed killers and herbicides. Chlorine |
is a very strong oxidizing agent and is used commercially as a bleaching agent. Large
amounts of chlorine are used to make solvents such as carbon tetrachloride (CCly),
chloroform (CHCl), dichloroethylene (C:H5CL), and trichloroethylene (C,HCL).
| Properties and Uses of Bromine
| Bromine (Br») is a reddish-orange liquid with an unpleasant, choking odour. The
| vapours of bromine are irritating to the eyes and throat. The liquid is highly corrosive and
| can cause serious burns if spilled on the skin. Bromine is chemically less active than
| fluorine and chlorine but more active than iodiné, ‘Bromine is used to prepare flame
| retardants, fire-extinguishing agents, sedatives, germicides, pesticides. fungicides and
insecticides. Bromine can also be used as a disinfectant like chlorine.
Properties and Uses of Todine
! Iodine is an intensely coloured solid with an almost metallic lustre. Iodine vapours
! are irritating to the eyes and respiratory system. Iodine is chemically less active than other
- halogens (not counting astatine).Todine acts as an antioxidant in our blood. It is also used
45 a cough expectorant, and“is also helpful in treating allergies, dermatitis, bladder
infections, and moles. The human body uses iodine to make thyroxine, an important
' hormone (chemical messenger) produced by the thyroid gland. The thyroid is a gland
located in (he neck that plays an important role in metabolism. The deﬁciency of iodine in
' the human body(can lead to 'goiter', a swelling around the neck. lodine can be used as a
| Water purifying-agent. It is also used as a sterilizing agent. Todine can also be used for the

“PIparation of antiseptics such as iodex and tincture. _ o
' Properties and Uses of Bleaching Powder &

i

.l Bleaching powder is also known as calcium hypochlorite or sometimes calcium
! OXychloride and its chemical formula is CaOCl. It is a pale yellow powder and has a
| Strong sme|| of chlorine. It loses chlorine when it reacts with carbon dioxide as:

|
|
! CaOClL + CO, — CaCO; + Ch
: ‘\\\_ﬁ § e s,
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cotton, wool, linen i(n textile industries, ;u}d wood pulp. |
in various ¢

from germs. It is used in the |

in hospitals by doctors before |

d drains. It is used as |

It is mainly used to bleach
It is used as an oxidizing agent in many industries to ol?lu
is used in the sterilization of water and makes water Ilree.
manufacture of chloroform, which is used as anaesthetics
and germicide in sewers an

hemical products. It

surgery. It is used as a disinfectant
L\buthmmn cleanser. It makes wool L_l_;}sh_r_i__n}'_ab_lc._ e e

( Fluoride Toxicity and Deficiency i
Fluoride is a trace mineral, which means it is only needed in a small amount. This |
y some scientists. The main function of |
1.5 to 4.0 mg daily. An
g on how much they |
powder.and walnuts.

|
! trace mineral is currently considered essential b
' fluoride is to harden the bones and teeth. An adult male needs ’
" adult woman requires less and children require even less dependin
| weigh. It is found in grape products, dried fruits, dried beans, cocoa

The good dietary sources of fluoride are fluorinated water, sea food, seaweed and tea.

' Fluoride Deficiency |
l. The term fluoride deficiency means a condition where the concentration of |

| fluoride essential to human health is less than required limit: The reduced intake could
' lead to a fluoride deficiency and result in the development of dental caries (tooth decay).
Deficiency of fluoride can cause dental caries, brittle and weak bones, and fractured hips |
in the elderly. The dental carries in children is more, where the fluoride in drinking water
' is less than 0.5 mg/L. Normally water containing 0.5 to 1 mg/L is considered to be
 sufficient in most parts of the world.

' Fluoride Toxicity (Overdose)

- The term fluoride toxicity» means a condition where the concentration of
If fluoride essential to human health is high than required limit. Excess fluorine can
- accumulate in teeth and bones, causing fluorosis. Fluorosis is a cosmetic condition, not a
 disease. Often, it is so mild that only a dental professional can detect it. Teeth affected by
 mild fluorosis may show no changes or changes visible only to a dental professional. Mild
| to moderate fluorosis produces white lines, streaks or spots. In more severe ﬂuoros.is the

| teeth can become pitted and have brown, grey or black spots. Th
| ; i The
- an unusual shape: : SR B e
|| The massive doses of fluoride (20 to 80 ppm daily) can give rise to:
e Skeletal fluorosis, which is a hardenin ;
kel , g of the bones along wi iti I
| stiffness, nerve damage and finally paralysis. L
| o Gastrointestinal irritation and haemorrhage
it 2
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e There are four blocks of elements in the periodic table, namely s-, p-, d- and f-
block.

o The s-block elements are those elements in which last electron enters into s-
orbitals.

o The elements of group 1A are called alkali metals except hydrogen. They are soft,
silvery-white metals and good conductors of heat and electricity.

 The elements of group IIA are called alkaline earth metals. They are harder and
denser and have high melting and boiling points than the alkali metals,

¢ Alkali metals form 1+ ions by losing their one outer s-electron, while the alkaline
earth metal form 2+ ions by losin g their two outer s-electrons.

* The elements of second period from multiple (double or/and ftriple) bonds but are
generally unable to form more than four bonds.

* The ionization energy and clectronegativity generallyincrease, while atomic
radius and metallic character generally decrease from left to right in a period of
periodic table.

* The ionization energy and electronegativity cgenerally decrease, while atomic

radius and metallic character generally increase from top to bottom in a group of
periodic table.

* The electronic configuration of group IV'A show that they contain four electrons in
their outer most shells, two electrons’of which are in s-orbital and the remaining
two are in p-orbitals.

* The elements of group IVA/(C, Si, Ge, Sn and Pb) show the usual increase in
metallic character down the. group. They frequently adopt an oxidation state of +4,
but the +2 state becomes increasingly more stable from Ge to Sn to Pb. _

* Halogens (F, ClI, Briand I) are very reactive non-metals, Oxidizing power of
halogens decrease§ from F> to L.

* The acidic strength of hydrogen halides increases from HF to HI.

* The reducing properties of hydrogen halides increase from HF to HI.

e ———

Questions f

\..M“"iblc Choice

Select one answer from the given choices for each question:
1)

Which of the following give strong alkaline solution in water?
(a) Sodium (b) Potassium
(¢) Beryllium (d) Magnesium &=
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« . B, T Joelements varies
i) The total number of electrons in the valence she 1l of p-block elements varies
from:
l o O () .:'.U?
‘\ t'l.\\\\ [Lh l IUS

i) The atomic radii in s-block elements:
' Decrease down the group
Increase down the group
) Remains same in the group
. First decreases and then increases
V) '1 he ge mml electronic mmmu.\lmn of P -block elements is as:

() n\ ns’ (1) l‘I\ np
() s, np () ns’, np o _
V) ~\lkah and alkaline earth metals give flame tests when bumt_ in air. It is due to:

() Excitation of electrons

(h) De-excitation of electrons

(¢) Smaller ionic radius of these metals

() Smaller charge density of these metals %
vi)  Basic oxides react with acidic oxides to form

(a) Hydrdes (b) Halides

(¢) Hydrogen halides (d) Salts
vil)  The characteristic flame colour of cesium is:

(a) Green (h) Blue
(©) Yellow (d)_Violet
viii)  Which one of the following oxXides is acidic?
(a) CO, (b) GGO:
() San (Ln PbOz
ix)  Which one of the following elements only form dioxide?
(a) Carbon (b) Silicon
) Germanium (d) Tin
x)  The lowest melting points in carbon family (group IVA) is of:
Silicon (b) Germanium
(3 Tin (d) Lead
xi)  Which one of the following reacts with water in elemental fcnm at room
temperature?
(a) Argon

(b) Sulphur

(¢) Chlorine (d) Silicon

xii) ~ Which one of the following is liquid at room temperature?

(a) Fluorine (b) Chlorine
(¢) Bromine (d) IOdme
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Which one of the following is the strongest oxidizing agent?
Fluorine Chlorine l
Bromine - lodine
The bond enthalpy of fluoriie is:
[ess than chlorine More than chlorine
More than bromine Less than iodine
Which one of the following has giant structure?
S0, D) SIOZ
‘(.ilj(_)? (1) P.:;Om
Which h'ulngen of the following can oxidize all other halide ions?
lodine ) Fluorine .
Bromine 1) Chlorine
The HCI is unable to reduce:

Cl, (b) F,
1c) 12 i ' l HF
Which halogen acid cannot be stored in glass containers?

(a) HF (b)y HC1
HBr (d) HI

AA e — —

"""Why are the alkali metals so reactivel = L e e

f-||'

Q.10

V.11

Why are alkali metals stored in of1?" 5 s o i
xhy the reaction of caesium with water is very fast, violent and exothermjc?
hat are the general trends.i i il .
s.n melting and boiling points eoi i
ieors & points going down the alkalj

What i i i i

memls;s the effect of atomic radius on the chemical reactivity of the alkalj

Which are the most and the least reactive alkali metals?

\}’hat are the products of a reaction between:

() An alkali metal and water? (i) An alkaline earth metal ang water?

:Exmm_any electrm?s do alkaline earth metals have to |oge to atta;:-.the
hic configuration of noble gases?

¢ metals like sodium, potassium and aluminiu :
ey ; : * M not av, :
State in nature? ailable in free
Why i

o the ionization energy of radium higher than barium?
Yis

.].?:eclz covalent and not ionic?
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Q.12 Be(OH); Isampholenic; now/! < are less reactive than alkali metals?
Q.13. Can you explain why alkaline earth metals are IL.ﬁ.s‘luu,r s
Q.14. Writ;n an equation to show the thermal Llcc.()]11|)()5|t.|.t)|1 01 L.c; L e :N“h m.] .ﬂdd
Q.15. Write an equation to show the reaction of beryllium hydro i
and base. ‘ ‘s

Q.16. ;:.]In is molten sodium chloride a good conductor of electricity?

(.17. Why hydrogen and helium belong to s-hloc'k cleme.nl.s. :

Q.18. Stannous chloride is more stable than stannic chloride, why

Q.19. SiO, is a solid and CO, is a gas, why?

Q.20. Why Fluorine is the most reactive element in Group 177 e
Q.21. Explain why the electron affinity of fluorine is less than that of ehlorine’

).22. Why the bond energy of fluorine is less than that of chlorine?

Q.23. Why i1s HF a weak acid than other hydrohalic acids?

Q.24. Explain why the HCI molecule can reduce only F, to HF but neither Br, to HBr

nor [, to HI?
Q.25. Why the reactivity of halogens decreases down the group?
Q.26
Q.27

. Why are iodide ions stronger reducing agents than chloride ions?
- What makes one atom more electronegative than another?

B L ——

\ _I_,p'!lg An% (1§ Quest-i;iﬁis f

Q.1.  Write a short note on s-block, p-block, d-block and f-

Q.2. Discuss the atomic and physical properties of period
Q.3.  Explain the reactions of period 3 elements with:

block elements?
3 elements.

(i) water (i) oxygen (ii1) chlorine.
Q,Jn Describe physical properties of oxides of period 3 elements.
Q.5. What do you know about acid-b

ase behaviour of the 1 iod
0X1 erioa -
elements? s ;

Q.6. Describe reactions of the oxides of
(1) water (i1) acids

period 3 elements with:
Q.7. Write note on structure, electrical

(iii) bases.
conductivity, solubility, melting and boilin
ments.

ydroxides of
and alkaline earth

points of chlorides of period 3 ele
Q.8 Write down properties of h
Q.9. What are alkali

configurations?

period 3 elements.

metals and draw thejr electroni
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Q.10.
Q.11.

Q.12.
Q.13.

0.14.
Q.15.
Q.16.
Q.17.
0.18.

0.19.

Q.20.
Q.21.

Q.24
Q.25
Q.26.
Q27

(\)-EH.
Q.29.

Q.30.
Q31
Q.32
Q.33

MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)
Describe the atomic and physical pre perties of alkali metals.
Explain the trends in reactivity with water of alkali metals,
Explain the reactions of alkali metals with oxygen and halogens.
Describe the effect of heat on nitrates, carbonates and hydrogen carbonates of
alkali metals.
How are the colours produced in the flame tests?. Explain.
Explain atomic and physical properties of alkaline earth metals.
Discuss the trends in reactivity of alkaline carth metals with water.
Describe the reactions of alkaline earth metals with oxygen and nitrogen.
Discuss the trends in solubility of hydroxides, sulphates, and carbonates of
alkaline earth metals.
Explain the trends in thermal stability of the nitrates and carbonates of alkaline
earth metals.
How beryllium differs from other members of its group?
Write short note on group 14 (IVA) elements. What are the atomic and
physical properties of group IVA elements?

- Define the term inert pair effect. Explain inert pair effect in the formation of

ionic and covalent bonds.

. Write down preparation and thermal stability of chlorides of carbon, silicon

and lead.

Describe the reactions of group IVA elements with water.
Discuss the important oxides of group IVA elements,
Describe the acid-base behaviour of group IVA oxides.
What are halogens and draw their electronic configuration ?
Explain the atomic and physical properties of halogens.
Briefly discuss strength of halogens as oxidizing agents.
Write note on acidity of hydrogen halides.

Halide ions act as reducing agents. Explain,

Give the trends in reducing strength of halide ions.

Write a balance chemical equation for the reaction of:

1) Calcium with water

i) Sodium monoxide with water

i)  Aluminium with water

V) Sulphur trioxide with water

V) Chlorine(VII) oxide (Dichlorine heptaoxide) with water,
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. d-and f-Block Elements:
‘Transition Elements

Chapter |

= g -SSR S
s st e i

v i

‘Major Cimcep

14.1 Tmn.siti;n Elements
142  Coordination Compounds :
143  The Chemistry of Some Specific Transition Metals

o T T b T P i T -

earning Outcomes

Students will be able to:
e Describe electronic structures of elements and ions of d-block elements. (Applying)

e Explain why the electronic configuration for chromium and copper differ from those
assigned using the Aufbau principle. (Analyzing)

e Describe important reactions and uses of Vanadium; Chromium, Manganese, Iron and
Copper. (Understanding)

Explain shapes, origin of colors and nomenclature of coordination compounds.

(Applying)

Relate the coordination number of ions-to the crystal structure of the compound of which

they are a part. (Applying)

Define an alloy and describe some properties of an alloy that are different from the metals
that compose it. (Analyzing)

Describe the reactions of potassium dichromate with oxalic acid and Mohr's salt.
(Understanding)

Describe the reactions of potassium manganate VII with ferrous sulphate, oxalic acid and
Mohr's salt. (Understanding) ’

LUt
WA Uly filled d- or f-orbitals either in atomic states or
' tiion states are called transition elements.

‘The elements from group 3 to 12 are frequently called transition elements
because they are located in between s-block and p-block elements in the periodic

table. Their properties are intermediate between those of s-block and p-block
elements. P

Uon gliements
Series of d-Block Elements
The d-block elemer_tts make up four complete

series (rows) of ten elements i
e e
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the periodic table.

i)

ii)

iii)

iv)

3d Series: The first series (3d series) comprises the elements from scandium
(atomic number 21) to zinc (atomic number 30). These elements are present in
4™ period.

4d Series: The second series (4d series) comprises the elements from yttrium
(atomic number 39) to cadmium (atomic number 48). These elements are
present in 5" period.

5d Series: The third series (5d series) comprises the element lanthanum
(atomic number 57) and the elements from hafnium (atomic number 72) to
mercury (atomic number 80). These elements are present in 6" period.

6d Series: The fourth series (6d series) comprises the element actinium
(atomic number 89) and the elements from rutherfordium (atomic number 104)
to copernicium (atomic number 112). These elements are present in 7" period.
The outermost two shells (the valence shell and the penultimate shell) of d-

block elements are incomplete.

The elements of group 12 (Zn, Cd, Hg) have no partially filled d-orbitals and cannot
show the typical properties of transition elements. So these elements are not
considered as transition elements. Nowadays, transition elements are only those with

incompletely filled d-orbitals.
Series of f-Block Elements

The f-block elements make up two complete series (rows) of fourteen elements

fﬂ the periodic table.

1)

ii)

4f Series: The first series (4f series) comprises the elements from cerium
(atomic number 58) to lutetium (atomic number 71). These elements are
present in 6™ period.

Sf Series: The 'second series (5f series) comprises the elements from thorium
(atomic number 90) to lawrencium (atomic number 103). These elements are

Present in 7™ period.

{j'l General Features
; L1 General Features of Transition Elements

< are good conductors of heat and electric_ify. |

They are all metals.
They are hard, strong, ductile and malleable.
They have high melting and boiling points.

e T
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V) They form alloys with one another and also with
other metals.

vi)  They show variable oxidation states with few m

exceptions. Malleable means that the
vii) Most of their compound are coloured in the solid | metals can be bent, rolled

20O 1 ‘ » e
state or in solution form. For example: CuSQ, |and pressed into different

: ; ; shapes without breaking,
(blue) , NiSO, (green) , CoCl; (pink), etc. B thetotistihandsductile

means that they can be

viii) They usually form paramagnetic compounds due

to the presence of unpaired electrons. drawn out into thin wires,

ix)  Most of transition elements and their compounds | For example, copper is

' act as catalysts malleable and ductile, and
: s isused in wiring,

Xx)  Most of them have ability to form stable \ E J

complexes with many different ligands. This is

due to involvement of partially filled d- and f-
orbitals.

14.1.2 Electronic Structure
The general electronic configuration of d-block elements is (m—1)d""" ns'2,
The specific d-subshell is one less (n—1) than the period number,
But it is noted in the elements such as Cr and Mo o
get shifted to (n-1)d orbital and such elements, ther

Of‘bi.tal ins.tead of two. This type of shifting makes the (n—1)d orbitals half-filled
Similarly in the elements such as Cu, Ag and Au on .

. . e electron from ng orbitals get
-Shlfted to (n—1)d orbital ‘and hence such elements have one electron in ng orbigtal
instead of two. In case of Pd both of the electrons from ns orbital get shifted to (n—1)d
tead of two. Thig type of shifting
ason for shifting of electrons from

ne electron from ns orbitals
efore, have one electron in ns

orbital and hence'it has no electron in ng orbital ins
makes the (n=1)d orbitals completely filled, The re
ns orbital to (n—-1)d orbitals is that the half-

fil ;
more stable than partially filled orbitals led and completely filled orbitals are
It is also noted that the q] .
; eéments of
and actinium have one electron in o &roup 3 i.e. scandium yttrium, lanthanum

they form jons, they lose the
to give tripositive
are not considered

s and one 3¢ electron)
o, 0 the
as transition metals, clements of group 3
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Table 14.1: Electronic Confieurations of the Atoms of 3d and 4d Series of d-block Elements
3d Series Elements 4d Series Elements
. Atomic | Electronic o8 ‘ i
Element = | " Element Atomic Electronic
| Number | Configuration o Number Configuration
y ~ [ . o |
Se | 21 | [Ar]3d'4s? Y 39 [Kr]4d'5s’
| 2 [Ar]3d*4s? Zr 40 [Kr]4d’5s
V. | 23 | [Ar]3d%s? Nb 41 [Kr]4d*5s
Ce .| [Ar]3d°4s' Mo 42 [Kr]4d’5s!
Mn 25 [Ar]3d°4s> Te 43 [Kr]4d®5s
Fe 26 [Ar]3d%4s? Ru 44 [Kr}4d’5s>
Co 27 7462
: [Ar]3d’4s Rh 45 [Kr]4d®5s
Ni 28 [Ar]3d®4s? Pd 46 [Kr]4d'%5s°
Cu . 29 Ar]3d'%g!
- | ~ [Ar]3d™4s Ag 47 [Kr]4d'%5s!
n Al' 10 4 2
[ [Ar]3d 4s Cd 48 [Kr]4d'%5¢2

14.1.3 Binding Energy

P Bl?]dl]'lg energy 1s the amount of energy that would be required to disassemble
: dl.om into free electrons and a nuclens-Tt is also known as electron binding
This is more commonly known as iofization energy. sk
g mTl;e binding energy of most of the d-block elements lie in between those of 5.
3 p-block e]ements.‘ I-t shows that they are more electropositive than -block
Ments and less electropositive than s-block elements. -
Trends in Binding Energy
“Upaire?zl trend in b’inding- energy can be bfast explained on the basis of number of
clofirg g ef:trons !':hat are 1}1v01veq in bondlpg. The greater the number of unpaired
Wl lfIl\ olved in n}etall'lc bOI.ldII]g, tlfe higher will be the binding energy. When
iﬂcreases I;‘Drn left to right in a given series of d-block elements, the binding energy
clectrop P o group 5 (VB) or 6 (VIB) due to increase in the number of unpaired
S and then decreases across the period due to decrease or unavailabili 'f
I of unpaired electrons. Ve

141 .
‘4 Variable Oxidation States
Vatigh OSt of the transition elements show more than one oxidation state (i.e.
_ Oxidation state). This is due to the involvement of d electrons in addition to s

e e
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electrons in bond formation. In transition elements, the cnerg% d!ffﬂl cnsfaefei{wee‘n
(n—1)d and ns orbitals is very small and they have ul’nmsl the same e?jr?: r;,qa:m?
the electrons may ecasily shift from (n—1)d tons and vu‘:-e vcrm% Thjec:tuo ;11 :j(; ti;m :::a?e
many transition elements range from +2 to +7. But their most ireq _

is +2 and +3. _

The stability of +2 oxidation state mcre
decreases as we move from Scandium (,;S¢) to zinc ( |
oxidation state is more common at the start of the series
more common at the end of the series.

ases and that of +3 oxidation state
10Zn) in the series. Ht?nce the +3
and +2 oxidation state is

: f a4 Corine nfAd-block Elements
. oy 1 e Y § C g -Dlock BELemenis
e 14.2: The Variable Oxidation Startes of the ALQn of 2d DETICH '”[ =L :

T A tomic Electronic Stable ._lf(_?ﬂ"_mm{!
Elemenl | o ber Configuration Oxidation State (Oidation State

Sc 21 [Ar]3d'4s> +2, 43 +2

Ti 22 [Ar]3d*4s +2, 43, +4 +2

\Y 23 [Ar]3d’4s’ +2, +3, +4, +5 +2
Cr 24 [Ar]3d’°4s' +2, 437545 +2
Mn 25 [Ar]3d°4s +2,43, +4, 46, +7 +2

Fe 26 [Ar]3d%s® {42, +3 +3
Co 27 " [Ar]3d’4s’ +2, +3 +3
Ni 28 (Ar[3d%4s® | +2,+3, +4 =
G o 29 [Ar]3d'%s’ +1, +2 +3
Zn 30 [Ar]3d"%4s” | +2 43

The relative stability of different oxidation states of a particular element can be
explained on the basis of the stability of d°, d°, and d'° orbitals. For example: (1) Sc™*
(3d° 4s°) is more stable than Sc** (3d" 4s”) because of the presence of 3d° orbital in
Sc™* ion. (ii) Fe™ (3d’ 45°) is more stable than Fe** (3d° 4s”) due to the presence of 3d°
orbital in Fe’* ion. (iii) Ag® ion (3d'° 55°) is more stable than Ag* (3d° 55°) ion.
Because Ag" ion has 3d"° orbital. '

14.1.5 Catalytic Activity

Most of the transition elements (e.g. Fe, Ni, Pt etc.) and their compounds (€.&
V,0s, MnO,, CuCl; etc.) are used as a catalysts in many chemical reactions. Somé
well-known examples f catalysts are lis_ted in the table:

= T ] =Eu

M= e
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-, L. ar v dnRd tneir Uses

! LEh |,

= = 3 : : :
| Finely c_]mded iron is used in the Haber-Bosch process for making
| ammonia.

‘| = i| Rhaney nickel is used in the hydrogenation of vegetable oil to form
| ghee.

Cu Copper is used in the oxidation of alcohols to produce aldehydes.

[ ; s h ;
i ]I:].nmum is formerly used in the Contact process for making H,SO,
or converting SO, to SOx. ’

V205 is used in the oxidation of S0, to SO; needed for the

V,0s

production of H,SO, in the Contact process.

TiCly | TiClyis used for the manufacture of polythene.

MnO, | MnO,; is used for decomposition of KClO; to pr;:)duce 0O, gas.

CuCl, | CuCl, is used for the manufacture of Cls from HCI.

The f:ulalylic behavior of transition elements is due to variable oxidation states
They may form unstable intermediates that help in the formation of desired products
The catalytic behavior is also due to absorbance of gases on metal surfaces. .

14.1.6 Magnetic Behaviour
The substances show two different types of behaviours when they are placed in
4 magnetic field. These substanCes, on the basis of this behavior, have been classified
N0 two main types: (i) pafamagnetic substances (ii) diamagnetic substances. The
Sub.stances that are attracted by the magnetic field are called paramagnetic substa.nces
While the substances that are repelled by magnetic field are called diamagnetic, ’
Most of the transition elements and their compounds are paramagnetic. The
&ff;@agnetic !:)ehaviour of substances is fiug to the presence of unpaired electrons and
. 'aMmagnetic behaviour of substances is due to the al?sence of unpaired electrons in
orbitals. The paramagnetic behaviour of substances increases with the increase in

ny : ism 1 i
mber of unpalred electrons. The pa:amagnensm 18 cxpressed n terms of magnetic

Oment (u). Greater the number of unpaired electrons, greater is the magnetic

m ; y _
Oment and greater will be the paramagnetic behaviour. The magnetic moment can
Measured by magnetic balance (Guoy’s balance). The magnetic moment is related

to :
MUmber of unpaired electrons (n) by the equation:
S = \/_n(n +2)

-
-

L_ L ’T.
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The unit of magnetic moment is Bohr's magneton (BM). The llelée of
magnetic moment (p) for different number of unpaired electrons can be calculated as:

When, n=0,thenp = ﬁd +2) =0.0BM

Jid+2) =173BM
J22+2) =2.83BM
J33+2) =3.87BM
J4(4+2) =4.90BM
J5(5+2) =592BM

Table 14.4: Number of Unpaired Electrons of the lons of 3d Series of d-Bloek Elements

When,n=1,thenp =

When, n=2,thenp =

When, n= 3, then p
When, n=4, thenp =
When, n=5,thenp =

At No. of Electrons in d-orbitals The N.0. of Magnetic |
Se™ 21 0 0
n = J 1 1.78
L B el ol 2 12.83
£ e I A H) 3 3.87
Mt e A S o 4 4.90
Fd it T S s 5 5.92
= i el ol o il o o 4 4.90
2id 27 [ bt Tl 3 3.87
Ni%t 28 RV DA Al S 5 "
o 2> | Nt e ! 1'-73
£n2+ 30 _IlL_ EEY ) _{I‘_ e | _0
In 3d series (fi ! S . b
mammum3fu:;;isol(cﬁurs;;tzﬁ?]ezﬁr{c)il—lzlc;lcei :éetlllems, th.e, Mn2* T v
14.1.7  Alloy Formation ’ they are highly paramagnetic.

The mixture of tw '
3 0 0r more metals is c
transition metals, the atoms of 2ls is called alloy.

: : ne metal ¢
This replacement gives rise to the can be replac

illoys are brass, bronze and stain]ess stee]

“

Due to similar sizes of

: ed by the at ]
fi : oms of other metal.
Ormation of alloys. Some well-known examples of
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aple (4.5 (C

ompaosition of Different Allovs and Their Uses

| Alloy Percent L{)ir:gomtmn by Usks
Stainless steel [ron (Fe) = T74% Surgical instruments, Utensil,
Chromium (Cr) = 18% knives
Nickel (Ni) = 8%
Eterling silver Silver (Ag) =92.5% Jewellery (ornaments, such as
Copper (Cu) =7.5% necklaces, rings, or bracelets),
table ware
Pewter Tin (Sn) = 85% Ornaments
Copper (Cu) =7%
Bismuth (Bi) = 6%
Antimony (Sb) = 2%
Dental amalgam | Mercury (Hg) = 50% Dental fillings
Silver (Ag) =35%
- Tin (Sn) =15%
Bronze Copper (Cu) =80% ‘Statues, castings
Zinc (Zn) = 10%
Tin (Sn) = 10%
Brass Copper (Cu) ~=60-85% | Ormaments, plating
Zinc (Zn) . =15-40%

Alloys are usually hard, strong, have high melting points and are more resistant
0 corrosion than their parent metals.

g PR

& .

'Comparison of ‘fhe properties of brass, bronze and their constituent|
elements

Brass is a metal alloy consisting primarily of copper, usually with zinc as the main
dditive, but sometimes with other elements such as tin, iron, aluminium, manganese, or
Stlicon. Brass has higher malleability than zinc or copper. It has a low melting point (900°C)
‘and flows when melted making it easy to cast in moulds. Brass resists corrosion.

Bronze is a metal alloy consisting primarily of copper, usually with tin as the main

a.dfii{ive, but sometimes with other elements such as phosphorus, manganese, aluminium, or
silicon, [t s corrosion resistant, hard, and brittle. It is much harder than copper and has dull-
8old colour. Itis a better conductor of heat and electricity than most steels,

Brass is less strong as compared to bronze and {s usually corrodes faster than bronze. )

R SO S e s e i VS
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42 Coordination Compounds -
L ety | formed by d-block clements and arc also
These compounds are formed by the llinkmg of number of
tral metal atom or ion by coordinate covalenF bonds.
plex compounds retain their

3 1 . BRAE E * 2% B ]
Coordination compounds are genct ally

called complex compounds.
jons or neutral molecules to the cen
Examples are:[Ni(CO),1,ICoCL(NH,),] etc. The com o
' properties in the solid state as well as .whe:n dissolved in any pot: :
There are three main types of coordination
1) Cationic complexes
ii)  Anionic complexes
iii)  Neutral complexes
Cationic complexes carry positive charge, anionic comp
and neutral complexes carry no charge. Example are: .
[Cu(NH),]*" is a cationic complex, [Fe(CN)]"™ is an anionic complex and
[Ni(CO)4] is a neutral complex.
Cationic and anionic complexes are complex ions. The complex ion can be
defined as: an electrically charged specie in which central metal atom or ion is

surrounded by a suitable number of atoms, moleculesorions.

14.2.1 Components of Coordination Compounds
Components of coordination compounds are as follows:

Central Metal Atom or Ion
A metal atom or ion that is surrounded by a suitable number of atoms, molecules
or ions is called central metal atom or.jon. Examples are:
(1) In [Ni(CO)4], Ni is the central metal atom.
(ii) In [Ag(NH;),]", Ag" is the central metal ion.

Ligand |
The ions or molecules that are attached with the central metal atom or ion by

donating the electron‘pairs are called lj : :
Sy gands (from Latin, “t .
present inside the coordination sphere. Examples are: My ser pnd). They are

1) In[Ni(CO)}, the CO molec i

ii) In [NiCh]ﬁ)_, the CI” ions arelﬁgznaé:. i
The ligands are electron pa

atom or ion is electron pair acceptor and acts

%Eiii g:gtatt:’?' i on the basis of dono? sites (electr ' :

- igands (ii) poly-dentate 1 electron pair donor atoms):

Mono-dentate Ligands 3 s
The ligands which donate one elecir

mono-dentate or uni-dentate ligand. Ex

compounds:

lexes carry negative charge

On pair to centy A
| _ al atom called
pledhaasiin: S o_r_ ;pn are

R U T R AT S
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i) Neutral ligands: NH;. H.O, CO
ii) Anionic ligands: CI', Br, I', CN", OH", CH;COO~
Poly-dentate Ligands
e lieands which donate more than one L‘IL"-.'Ii't'IH [7£|i|."‘. to central atom or ion are

poly-dentate ligands or multi-dentate ligands. Examples are:

NH,

) Neutral ligands: H.N—NH,. H.N—CH,—CH,
i) Anionic ligands: CO3~, SO, C,03™, PO;"
Poly-dentate ligands are further divided into bi-dentate ligands, tri-dentate
ligands, tetra-dentate ligands, penta-dentate ligands and hexa-dentate ligands.
Bi-dentate ligands donate two electron pairs to central atom or ion. Examples are:

) =G 80, G0
li) Hzﬁ_ﬁHz, Hgi\i_—CHg—CHQ'—"Nﬁz

Hydrazine Ethylene diamine (en)

Tri-dentate ligands donate three electron pairs to central atom or ion. Examples are:

R 8
i BN N N o,

H, H,
Diethylene triamine (dien)

Tetra-dentate ligands donate four electron pairs to central atom or ion. Example is:

.-/C\ /I‘l\\ /C\../ Sl /]'1112
H,N C C N &
H, i, H Hj;

Triethylene tetraamine (trien)
Penta-dentate ligands donate five electron pairs to central atom or ion. Example is:

H, H H, gz H gz
e N Eal, . L
B Do s i e ¢ e
H.2 Hz H H2 20

Tetracthylene Pentamine (tetraen)
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Hexa-dentate ligands donate six electron pairs to central atom or 1on. Example 1s:

0 (@)
0 lCl c: - /ngC__(_)
—_—( — \\ . ‘_H S0 _____N P
e TN
1 l Hy 2 ‘ |

Ethylene diaminetetraacetate ion (EDTA*™ )
Coordination Number

The number of lone pair of electrons provided by the ligands to:the central
metal atom or ion is called coordination number (CN). For example, the coordination
number of Ag" ion in [Ag(NH3),]Cl is two and that of Cu* ion in [Cu(NH,)4]SO; is 4.

A metal atom may show more than one coordination number. in different complex

compounds. For example, the coordination number of Fe** jon'in [FeCl4]™ is 4 and in
[Fe(CN)¢]* is 6. ' |

Coordination Sphere

The central metal atom or ion along with-ligands is called coordination sphere.
It is usually placed in square brackets, I

| It may be anionic, cationic or neutral. For
exafnple, in Ky[Fe(CN)4], the coordination’ sphere consists of one Fe?t
CN ions and in [Cu(NH3)4]SO4, the coordination Sphere consistg of one
four NH, molecules.

Ionization Sphere

lonization sphere js th j inati
7 . 2 M€ part of coordination o
the  co-ordination S

sphére. For exam le, K* :
[Cu(NH;),]S0, are ionization spheres, : " KalFe(C),

ion and six
2%
Cu~ ion and

IS present outside

] and SO in

Central metg] :
atom or jon Ligand
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Charge on the Coordination Sphere
The sum of charges present on the central metal atom or ion and the total
charge on the ligands is termed as charge on the coordination sphere.
Example 1:
The charge on [Fe(CN)]*" can be calculated as:
Charge on coordination sphere = [charge on Fe(ID)] + 6(charge on CN'")
: =(24) + 6(1-)
= 4—
Example 2:
The charge on [Co(NH5)s]** can be calculated as:
Charge on coordination sphere = [charge on Co(III)] + 6(charge on NH;)
=(3+4) + 6(0)
=3+
When complex is neutral, the charge on the complex simply equals to oxidation
number of metal ion.

14.2.2 Nomenclature of Coordination Compounds
Coordination compounds are named according to the rules recommended by the

IUPAC (International Union of Pure and Applied Chemistry). The rules for naming

the coordination compounds are discussed as follows: 3

1) In naming the coordination complex, cations are always named before anions.
No matter whether the cation is simple or complex. This is just like naming an
ionic compound. There should be a Space between the name of cation and the
name of anion. For example, in naming K,[Fe(CN)g], the simple cation (K*) is
named first and then the complex anion is named. On the other hand, in naming
[Cu(NH3),]SO,, the complex cation is named first and then the simple anion,
SO; ™ is named.

ii) In naming the coordination sphere, the ligands are named first and then the
central metal atom or ion is named. The oxidation number of the central metal
atom or ion is written in Roman numerals in parenthesis Just after the name of
central metal atom or ion. For negative oxidation state a minus sign is used.

[ Name 0f] . [ Name of central meml] +[0xidution number of metal]

Ligands atom or ion in Roman numerals |

i) If there are two or more different types of ligands, the negative ligands are
named first, and then neutral ligands are named and lastly positive. According to
the latest report issued by IUPAC, the names of ligands around central metal
atom or ion is written in alphabetical order regardless of whether they are
negative or neutral or positive. In this book the recent IUPAC nomenclature

_ System has been followed.
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iv) Ligands are named in alphabetical order. Tl?c.|w|nc.rilculdpr'cl'lxc-‘i such as di, tri,
tetra, penta etc, are not considered in determining that order. e
v)  When there are two or more ligands of same lype.l the prehixed di, (r1, tetra,
: ca are used for 2, 3, 4, 5 and 6 respectively.
penta and hexa are used. y At : e
vi) When the name of the ligand already contains lch numcr.lcal Pfeﬁlszfﬁ :“UCh ‘db di,
tri, tetra, penta, etc. then the prefixes like bis, tris, tetraI(_IS, PCLAKLS; Arc used tlo
dicate their number. The ligand name is kept within parenthesis: to-avoid
ambiguity. : o ‘
vii) The names of negative ligands end in suffix o.
Table 14.6: The Names of Some Common Anionic Ligands
[ Formula Name Formula ~Name-
'. F Fluoro NH, Amido
T“ @3 Chloro CH,COO™ Acetato
l r Todo SOf” Sulphato
'ﬁ CN™ Cyano or cyno SO3 Sulphito
'} OH™ Hydroxo HCO; Bicarbonato
| - . . . - )
| NO; Nitro or nitrito C,0;3 Oxalato £
viii) The names of positive ligands end in ‘ium’.
Table 14.7: TheNames of Some Common Positive Ligands
| Formula Name Formula Name
| NH—NHg Hydrazinium NO* Nitrosylium
i) NO; Nitronium NHZ Ammonium
T i : : .
" q}l’:ieﬁiecs of neutral ligands have no special ending. Their names are not
! - l Table 14.8: The Names of Some Cémmon Neutral Lic “ds ¥
| 0
| ;JTIU a e Formula Name
| 3 .
r‘f Ammine CcO Carbonyl
H,0 Aqua G
Ji qua or aquo NO Nitr Osyl
N2 Dinitrogen R
| 0O, Dionge_flfﬂ_
| CsHsN Pyridine H,NNH, A
. . -—-—_—_-"_‘—'—-——n_._______
| HNCH.CH:NH; | Ethylenediamine
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<) When the complex is anionic, then suffix ‘ate’ is added to the name of metal.
The —ate tends to rep]acc —um, —ium, or —enum in the metal names if present.

Table 14.9: The Names r;f Metals in Anionic Com m’( Xes

Naiie ol Mistsl | Greek or Latin Name of | Name of Metal in an Anion

Metal Complex

[ron Ferrum Ferrate

B Copper Cuprum Cuprate
i Lead Plumbum Plumbate
Silver Argentum Argentate

Gold l Aurum Aurate

Tin Stannum Stannate

The rest of the metals simply have ‘-ate” added to the end as'shown in the table

below.
Table 14.10: The Names of Metals in Anionic Comp?exes
Y Name of Metal in N f Metal i
Name of Metal ey
an Anion Complex Name of Metal an Anion Complex
Aluminum | Aluminate Manganese Manganate
Antimony Antimonate Mercury Mercurate
Chromium Chromate Nickel Nickelate
Cadmium | Cadmate Platinum Platinate
Cobalt | Cobaltate Zinc - Zincate

X)) When the complex is cationic)or neutral, no suffix will come at the end of the
name of metal.

Examples for the sysitmanc names of complexes:

i} K [Fe(CN)q] \0 Potassium hexacynoferrate(I)

HJ K:[Fe(CN)¢] { Potassium hexacynoferrate(III)

) Na[Mn rco@ Sodium pentacarbonylmanganate(—T)
* 1y) dz[Nl(Cﬁ)d Sodium tetracynonickelate(II)
"r.) K[Ag(CN),] Potassium dicynoargentate(I)
1 “) Nay[Sn(OH),) Sodium hexahydroxostannate(II)
< " Nas[Fe(NO)(CN);]  Sodium pentacynonitrosylferrate(IIl)
, Vi) [Ni(CO),] Tetracarbonyl nickel(0) e
;,‘ x) [Pt(NH;),Cl,] Diamminetetrachloro platinum(IV)

%) [CoCl -

' L Hexach]orocobaltale(m) ion
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Xi) W [ZnCL]” Tetrachlorozincate(Il) ion

xii) [Cr(en)s]* Tris(ethylenediamine)chromium(III) ion
xiil) [Ag(NHs),|Cl Diamminesilver(l) chloride

xiv) [Co(NH;)s]Cls Hexaamminecobalt(IIT) chloride

xv) [Cu(NH;)4]SO,4 Tetraamminecopper(1I) sulphate

xvi) [Cr(H,0),CLINO;  Tetraaquadichlorochromium(III) nitrate
[

xvii) [Co(en);](NO3); Tris(ethylenediamine)cobalt(I1I) nitrate

According to Lhe }alest report issued by IUPAC, the names of ligands around central
metal atom or ion is written in alphabetical order regardless of whether they are negative

or neutral or positive. For example, in the complex [PtCI(NO,)(NH,),]SO,, the ligands
are named in the order ammine, chloro and nitro.

P,
Give systematic names for the following com pounds. :

f) K,[Ni(CN),] 1) Ca,[Fe(CN),] 1i1) K[Au(CN)4]

1v) H[Co(NH3)2(C204)2] V) NH4[Cr(NH3)2Br4] vi) [Fe(CO)S]

vii) [Ni(NH,),(NO,) ii) [C s '

Jix) [Co(en)zélg]Clb 2] vi) [Cr(NH,),(H,0), ] 1X) [Fe(H20)6]804

J

14.2.3 Shapes of Complesions

There are four typical shapes
etrahedral, square planar and octahedr
the number of ligands, Two ligands give linear shape, four

with Coordination Number 2,4, and 6

of complex jons. They are usually, linear,
al. The shape of complex ions depends upor
ligands give either
shape.

Examples  are: [Ag(NH;),)"

Hg(NH;),]** 0 d
[_ g(NH3),]™, [Hg(CN)z] - [CuC]z]'*, [AU(CN) 2]1- ete Figure 14,1; Structure of
Tetrahedral Complexes e [Ag(NH,),]'"
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angles are of 109.5° The ligands lie at corners of a tetrahedron. Examples are:

[Ni(C0)4]U- [MnCl,]*, [Zn(NH3),]™, [Cu(CN),]*, etc.
H

O

| p
e A )
H %ﬁ‘ : ;
"' \ ‘H
H_,J ™
.H;:_c_; —H} <=

Figure 14.2: Structure of [CA(NH ), ;I ﬁ\a /3
Square Planar Complexes e P

The coordination number of square planar @ Y 9
complexes is also four. In these complexes four D x‘ A
ligands are attached to central metal atom or ion. @qf G
All of the ligands lie in the same plane at the /! H}
corners of a square. Examples are: [Cu(NH;),]*, . K
[Ni(CN)a]™, [Cu(en)]”, [AuCL]", etc. g

Figure 14.3: Siructure of

Octahedral Complexes [CHH01]

The coordination number of —octahedral

- complexes is six. In these complexes six ligands are 8

:' flttached to central metal atom or ion. Four ligands lie :
i the same plane and the other two ligands lie above ‘e_\\ S
~ and below the plane. Examples are: [Co(NH3)6]™, SN

- [AIFg™, [Fe(H,0)¢]™, [PtCle]”, etc. ‘9 -

!
1424 Colour of Complexes |
Most of the compounds of s- and p-block 9
elements are colourless while those of transition ‘
5’ ?i:"r‘:hl};ﬁare coloured. ’[-‘he colour of confplexes Figitre ,-4 4 St cture of
on compounds) is due to the absorption of [FelCN) T
| Some radiation of a particular colour from visible light to promote an electron from
o1 of the d-orbitals to another.
The d-orbitals of isolated transition elements are degenerate (all the d-orbitals
1i'clve Same energy). However, when the transition atom or ion is sun_'ounded by
g?“ds ina complex ion, the five d-orbitals split up into two sets of d-orbitals (called

f

F = S L

o SR R R N
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t)g and e, Orbita“llzls?l?zﬁ:irng slightly different energies. QHL Loy O “hmﬁml’ly degenerate

orbitals) are d,y, dy, and dy, and the e, orbitals (equidegenerate orbitals) are d,? - dg
and d,2, ;

When white light falls on the transition elem_enls that have P“"'“ﬂ“y
flled d-orbitals, they absorb the radiation (colour) of Pﬂ"“_C“]ﬂ" WUVCIC”g‘h-‘*.iUI‘ the
promotion of electron from a lower energy d-orbital to a higher energy d-orbital anq
the remaining radiations (colours) are emitted. Colour of the complex is the colour of
emitted radiation. The process of promotion of electrons from lower energy d level (g
higher d energy level is called d-d transition. The energy difference of two sets
of d-orbitals varies from ion to ion. Thus absorption of light of various wavelengths
gives different colours to the ions.

In the [Ti(H,0)6]** ion, the central metal ion is titanium (Ti "/ The Ti** ion
has d' configuration and this electron is present in one of the t,, orbitals. When white
light falls on the aqueous solution of [Ti(H,0)]™ ions, then d"electron of Ti’* ion
absorbs yellow light and is promoted to €, orbital. Here most of the blue and red light

is transmitted. This transmitted light looks violet. Therefore, its solution has violet
colour.
AT e

o o dxl"yl d/; T

Kl o NS ;
Ti"; 3d' d

Figure 14.5:
The colours of some hydrat

&

d-d transition of [Ti(H,0),)*
ed transition me
Table 14.11: Colours of Some

ion

tal ions are given in the table.

Hydrated Transition Metal lons
Transition | No. of Electrons in | N o
) 0. i
T phsi of }analre(.i Electrong Colour of
= = n d-orbitals Hydrated Ions
e = * Colourless
= TXO\ Colourless
x 1 P
= = ]\ Purple o s
Blue
Green
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WW No. of Unpaired P:lectrongAl?M 3 CBiOE; (—)E' B
Metal Ton d-orbitals In d-orbitals | Hydrated Ions

v 3d* 3 e vigrer =ae? =

S 3d° | 3 [ Green |

B 3d* 4 =t Blue ___;

. Mn™ 3d* 4 Violet

_:LF Mn?* 3d° 5 Light pink i
Fe™* 3d° 5 Yellow _li
Fe’* 3d° 4 Light green |
Co™ 3d’ 3 Pink |
Ni** 3d* 2 Green |
Ey’’ 34’ 1 Blue |
Ca 3d" 0 Colourless
Zn>" 3d" 0 Colourless

From the-above table, it is cleared that the metal ions having vacant or
completely filled d-orbitals are colourless while those having partially filled d-orbitals
are coloured. In other words the metal ions having unpaired electrons in d-orbitals are
coloured and those having no unpaired electrons in d-orbitals are colourless.

_fiil of the five d-orbitals iﬂ‘é compléx ion are high@f_'_m'@n@f—gyihﬁﬂ the d—ﬂf—bi_iﬂﬂ inan
_Isolated transition metal ion.

—— ———a——

The s- and p-block elements have no partially filled d-orbitals so there is no
any d-d transition and thus their compounds are colourless.

Keep in Mind

The colour of transition metal complex ions depends on:

) The number of d elegirons present in the central metal atom of ion.

) The arrangement of ligands around the central metal ion,

) The nature of the ligands.

W) The number of ligands around the central metal ion.

Y)  The nature of the transition metal ion
. \Y)__The oxidation number of the metal

o
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14.3 Chemistry of Some Important lil':lllﬁllll)ll IClements

i4.3.1 Vanadium _
Vanadium is silver grey metallic element and is an zlhun41111l element which is
found in about 65 minerals. It generally occurs in low concentrations.

14.3.1.1 Oxidation States

Vanadium has the electronic configuration [Ar] 3d® 4s’. The {nost common
oxidation states of vanadium are +2, +3, +4 and +5 corresponding to d’, d*, d' and ¢°
electronic configurations. The vapadium shows highest oxidation states when it
combines with the highly electronegative element oxygen. The oxidation states from
+3 10 +5 can be maintained in aqueous solutions. The most stable state of vanadium in
acidic solution is +3. When a solution of vanadium(V) such as [VO,]" is mixed with
the solution of vanadium(Il), the +5 state oxidizes the +2 state to the most stable state

(1.e. +3 state) in acidic solution,
VOiq + 2V + AHG ey — IVis) + 2H;0,,

Table 14.12: Vanadium Oxides and Their Oxidation States

Oxides of Vanadium Formulae Oxidation States
Vanadium(II) oxide
L(V anadium monoxide) Vg +2
Vanadium(III) oxide
- (Vanadium trioxide) V200 +3
Vanadium(IV) oxide
| (Vanadium dioxide) : e +
' Vanadium(V) oxide
- (Vanadium pentoxide) V20; +5
The compounds of vanadium

in their lower oxidation

state) are reducing agents whereas in their higher oxidation

States (i.e. +2 oxidation
States (i.e. +5 oxidation

of i LR
Lhﬂhﬁm wﬂ MHMMMMWmmmuM
14.3.1.2 As a Catalyst in

Contact py

: ) ocess
The vanadium(V) oxide (j.e. Vanadium pentoxid
that is used widely in industrial 2
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production of sulph“{lquﬁcuﬁn the Contact Process. It oxidizes sulphur dioxide (SO;)

to sulphur trioxide (SO;).

SO: + V:O_q —— SO‘; + 2V02

In this reaction, the vanadium(V) oxide is reduced to vanadium(IV) oxide. The
vanadium pentoxide is produced again 'y the oxidation of air.

ZVO3 + 1/2 Og — VzOg |
14.3.2 Chromium

The name of chromium is taken from the Greek word ‘khroma’ that means
“colour’” because it lgives a large number of colourful compounds. Their compounds
have violet, blue, green, yellow and orange colours.

Chromium does not occur in free state. It occurs naturally as chromite (FeO.
Cr,0) ore. The 96% of the world’s reserves are found in southern Africa. In Pakistan,
it is found in Muslim Bagh (District Killa Saifullah) and Khanozai (Bistrict Pishin) of
Balochistan Province. It is used to make stainless steel and some other alloys.

14.3.2.1 Oxidation States

The electronic confi guration of chromium is [Ar]3d°4s'. The common
oxida(lion states of chromium in compounds are +2, +3 and 46 corresponding to d*, d?
J - : 2 . -
and d” configuration. The most common oxidation state of chromium is +3.

Table 14.13: Compounds of Chromium an their Oxidation States
Oxides of Chromium Formula Oxidation State Nature
Chromium(II) oxide CrO +2 Basic
Chromium(III) oxide Cr,04 +3 Amphoteric
Chromium(VT) oxide C s
(Chromium trioxide) O t adic

The compounds of chrémium in their lower oxidation state
state) are reducing agents whereas in their higher oxidation state

. vl : s (i.e. +6 oxidation
State) are oxidizing agents. The acidic character of oxides of chromium increases |
While basic char

acter decreases by increasing oxidation states. . |
The compounds of chromium in thei i |

: mthnrbmmuhinnmamionicmdhdﬁr

s (i.e. +2 oxidation

U322 The Chromate—Dichromate Equilibrium

- d‘Chromatcs (e.g. Na,CrO, and K,CrOy,) are the salt 6f chromic acid (H,CrO,)

= lChromates (e.g. Na,Cr,0; and K,Cr,0,) are the salts of dichromic acid

.L;ECTzQ?)_.__Spdium chromate(VI), Na,CrO, is a yellow crystalline solid
i
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dichromate is an orange-red crysta line hOIILB Sfﬁg?%§ .

; - jon is orange containin
dium dichromate is dissolved in water the resulting solution 1s g _ g
SOdiul 2=y ions. The yellow colour of solution ig
sodium (Nafq) ions and dichromate (Cr;07¢aq)) 100S. LRE ¥ B ition do
due to dichromate ions. The orange-red dichromate 10NS n aqlfeous are in
- - uation:
equilibrium with the yellow chromate 1ons as shown by the eq

= = +
Cfgo?j'(“q} o5 Hzo(n _<___") 2CI‘04{“q} o ZH(ﬂq)
Orange-red Yellow

The dichromate and chromate ions are in dynamic equilibrium. The
equilibrium is sensitive to pH changes. It means the equilibrium can be moved from
one side to the other by addition of acid or base. The decrease in pH fayours the
orange dichromate ions and increase in pH favours the yellow chromate ions. The
shifting of equilibrium is observed by colour change. .

Adding hydrochloric acid (an acid) to the solution will increase the
concentration of hydrogen ions and pushes the equilibrium to the left to increase the
concentration of CrZO%E,q) ions. Now the predominant colour will be orange. On the
other hand when an alkali (i.e. NaOH, KOH) is added to the solution, the
concentration of hydrogen ions decreases by neutralization and hence the reaction

proceeds in the forward direction to increase the concentration of CrOiE'aq) ions. Now
the yellow colour becomes more intense.

It is concluded that from the above discussion, the chromate(VI) is stable in
basic solution whereas the dichromate(VI) is stable in acidic solution.

" In both the chromate and th |! |; ||

a e dichromate ions, chromium has d° confi . We
n;lgl;i arf@peet nllI dt csnﬁgu[alﬂonf: te I;e Ielolourleau but the eolour of thesegzr;gopgundﬂ
comes from an eleetron transition from the to the ,

a filled ligand p-orbital through e s e

& 7 interaction into the empty I lon ?g:':ii teld &’1?’;
metal ion d-orbitals,
joglﬂo:;'uf the eomplexes of  given transition metal jon depend both on the metal ion and the
3y

14.3.2.3 ::;lductlon of Dichromate(VI) Ions with Zinc and an

: ul (VI) reacts with zinc j
chromium(III) ions. The colour of solution shift from :

szo‘zf- + 14H" + 3Zn — 20

The chromium(I1I) ions further reac
colour of solution shifts from green to blue

2Cr** +Zn — 207 +Zn*

n the acidic solution to fort
orange to green.
+ TH,0 + 3Zn?*

t with zinc to form chromium(IT) ions. T
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14.3.2.4  Potassium Dichromate(VI) as an Oxidizing Agent in
Organic Chemistry '

Dichromate(VI) ion is a very powerful oxidizing agent in acidic solution. It is
commonly used as an oxidizing agent in organic chemistry. It is commonly used to
oxidize alcohols.

i) Itis used to oxidize methanol tc formaldehyde and then to formic acid.

?H O
s L EOVSE B K:}CF:O'? L '
H (Ii H + S HS0, H—C—H™=}50)
H Methanol Formaldehyde
ﬁ' O
K,Cr,0, ” |
HomC oo H ot iU e, o H&oH |
Formaldehyde Formic Acid
i) It oxidizes primary alcohols first to aldehydes and then to carboxylic acids. :
OH 0
r
’ - O K-,Cl‘-,O Fi
HBC—?——H [O] ——"‘—"—L""stod H3€C——=C—H ="} |
|
H' Ethanol Acetaldehyde |
0 O
” K,Cr,0;
Hc—C—H | + [0] —fso, - HsC—C—OH
M@tﬂldﬂhj’d@ I Acetic Acid

iii)  Secondary.aleohols are oxidized to ketones. Ketones are not oxidized easily.

OH IO

KECIZO-‘, o, e Sy el
HC—C—H + [0} =g "HC=C=mCH 00

|

CH; 2-Propanol Acetone
1v) Tertiary alcohols are not oxidized by potassium dichromate under acidic
conditions. _

h—
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14:3.2.8, Potassinm dichromilltﬂ ﬂslﬂ“lgﬁifl: to uﬁl?:li: the gnccntratinn
% . o 5N i e x ! - 3
Potassium dichromate is used n redo Bkl idizing agent and is

»f iron(11) ions in solution. The dichromate(VI) 1on 15 a geod cxidiang ag :

reduced to chromium(I1I) ion. 1
Cr,0% + 14H* + 66~ — 2Cr " + THO

The iron(ID) ion is oxidized to iron(11I) ion.

Fe?* —— Fe* + ¢~
Hence. the K,Cr,0; reacts with FeSO4 in acidic medium to produce Fe;(504);
and Cry(SOy)3.

K,Cr;0; + TH;S0, + 6FeSO, — 3Fey(SO04); + Cry(SO4); + K380, + 7TH,0

In this reaction, the oxidation state of chromium changes _from +6 to +3 and
that of iron changes from +2 to +3. 4

The colour change of orange to green as the dichromate is reduce to the
chromium(IIT) ion is not sensitive enough. Thus a redox indicator such as barium
diphenylammine sulphonate must be used. This indicator gives a violet-blue colour
when all the iron(Il) ions have been converted to iron(IIl) ions. The indicator is
affected by the presence of free iron(III) ions in the solution and thus it is difficult to
get the accurate end point. Some phosphoric ‘acid is added to the solution before

starting the titration. The phosphoric acid gives a stable iron(IH) complex thus give:
rise to an accurate end point.

1433 Manganese

’ Manganese is a grey white, active metallic element. It is hard and brittle. Tt is
used in the production of steel and as a component of dry cells. It reacts with water

and dissolves in dilute acids. Manganese is the twelfth most abundant element in the
earth’s crust. Manganese' does not occur in nature

pyrolu:::,ite, MnO, (60-63%) and to a lesser exten
found in Australia, Brazil, Gabon, China

in free state. It occurs mainly as
t as rhodothrosite, MnCO;. It is

14.3.3.1 Oxidation Stateg

The electronic confi i : :
S guration of man : 5 29
oxidation states of mangdnese in compo ganese 1s [Ar] 3d° 4s>. The common

u ! 5
d® and d configuration, The P nds are +2, +4 and +7 corresponding to d,

oxidation g : :
compounds of manganese in +2 oxidation tate of manganese is +2. Various

sulphate (MnSOy) and manganese chloride (M
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manganese such as potassium manganate (K-MnO,) and potassium permanganate
(KMnO,: in their higher oxidation states (i.e. +6 and +7 oxidation states) are
oxidizing agents.

Table 14.14: Compounds of Manganese and Their Oxidation States
[Oxides of Vanadium Formula Oxidation State Nature
Manganese(II) oxide MnO +2 Basic
 Manganese(IV) oxide MnO, +4 Amphoteric
Manganese(VII) oxide Mn,0, 47 A

The acidic character of oxides of manganese increases while basic character
decreases by increasing oxidation states.

14.3.3.2 Potassium Manganate(VII) as an Oxidizing Agent in
Organic Chemistry

Potassium manganate(VII), KMnQ, is usually’“ known as potassium
permanganate is powerful oxidizing agent. It is probably the most useful of the
oxidizing agents in organic chemistry. It oxidizes a wide range of organic molecules.
KMnO; can be used in acidic. basic or neutral medium. The oxidation of KMnOy in
acidic medium gives manganese(II) ion while‘in alkaline (basic) or neutral media
MnQ, is formed. The man ganate(VII) is more stable in acidic solution than in alkaline
and is always prepared in an acidic medium.

Oxidizing Properties of KMnO, in'Alkaline Medium
When an alkene is passed through 1% alkaline solution of KMnO, (Baeyer’s
Ieagent) then vicinal diol called glycol is produced. In this reaction, the pink colour of

KMnO, is discharged and you will get dark brown solid (MnO,). This test is used for
the detection of unsaturation in a molecule and is known as Baeyer’s test.

3CH,=CH, +2KMnO, + 4 H,0 224, 3 ?Hz"" Ha+ 2KOH +2 MnO,
OH OH
In this reaction, the alkali (KOH) produced makes the medium alkaline even

W + : : i
; h‘:iﬂ e start with neutral solutions. Thus this reaction can also be done under neutral
“ONditiopg,

0 e .
Xidizing Properties of KMnO, in Acidic Medium
e When an alkene is passed through acidified solution of KMnO, then glycol is
uc ;

olo ¢d. In this reaction, the pink colour of KMnO, solution disappears because the
s f}fﬁ?_manganese(ll) ions are formed. |
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§H,C==CH, +2KMnO, +3H,50, +2H;0

SCHZ“*iHﬁJ MnSO, + K804

H H
14.3.3.3 Potassium Manganate(VII) as an Oxidizing Agent in

Titrations .
Potassium permanganate, KMnO; in the presence of H,SO4 1s a powerful

oxidizing agent and is used for various volumetric estimations. Titration i1s the most
commonly used method to determine the concentration of a substance that is
unknown. The titrations based upon the reactions between oxidizing agents such as
KMnO, and reducing agents such as FeSO, are called redox titrations. The redox
titration involving KMnO, are called KMnO, titrations. The eommon example is the
utration of standard solution of KMnO, against an analyte containing an unknown
concentration of iron(Il) ions. The balanced chemical equation for the reaction is as:

MnOj + 8H* + 5Fe** —— Mn** + SFe** + 4H,0

The use of KMnQ, as a titrant is useful here because it can act as self-indicator.
This is due the fact that the KMnO, solutionthas a deep violet colour that is highly
visible to the naked eye. When this solution is titrated against the iron (III) solution,
the colour of KMnO, solution becomes/pinkish.

Another example is the reduction of oxalates. It oxidizes oxalic acid to CO..
The equation for this reaction is aS-under:

ZKMnO; + 3H,50,4 + 5(COOH), — K,S0, + 2MnSO, + 8H,0 + 10CO,

14.3.4 1Iron

Iron is the fourth most abundant element in the earth crust. It is highly reactive
and corrodes much.more easily than many ciner metals, Tt does not occur in the free
state. It occurs-in’‘combined state. The most important ores of iron are magnetite
!PC_‘;Qq,L haematite (Fe,05) and limonite (2Fe;03. 3H,0). The lar est rodugers of
i]run 1.1: lht"{ .W(JI'M are china, Australia, Bruzil,klndia_, and Russi%x Tll:e impénunt

€posits ol mron ore are found in various plac i . :
Nokundi, and Chinot. Kalabagh iron d;;fg‘;:g 5::"[‘;56 Eiigzsfmtan Al e b

14.3.4.1 Oxidation States

[he electronic configuration of iron is [Ar] 3d° 4s%, Tron exists in a wide range
“oxidation states. —2 oo oA A= : g
of oxidation states, =2 to +6. The MOst common oxidation states of iron in compounds

are +2 and +3. The compounds of iron such as | 2 ;
as [Fe(H,0),)** Oy TH-0 i
, " . . . d elr
2 oxidation states are reducing agents. oI and Fes s THyO in th
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The Fe** has a 3d° electronic structure and the electronic structure of Fe** is 3d°.
The extra st.oility associated with a half-filled d-subshell makes the chanee from Fe>*
{0 Fe** very favourable. For example, the oxide of iron(III) known asbferric oxide
(Fe,0;) is more stable than the oxide of iron(Il) that is known as ferrous oxide (FeO).
The piece of apple turns brown in open air due to conversion of iron(Il) into iron(III).
It means that the +2 state of iron is easily oxidized to the +3 state in an open air.
14.3.4.2 Iron as Catalyst in Haber’s Process

Haber was a German research chemist. All of the ammonia that is produced
worldwide is synthesized by Haber's process. In the Haber's process, nitrogen reacts
with hydrogen to form ammonia. The major source of nitrogen is air and that of
hydrogen gas is methane from natural gas.

Fe

N, +3H,— 2NH,

This reaction is reversible and the equilibrium is reached very slowly. Hence it
is better to carry out the reaction in the presence of a suitableccatalyst to achieve the
equilibrium rapidly. The suitable catalyst for this reaction is magnetite (Fe;O4) mixed
with KOH, SiO, and Al,O:. The incoming gases are .purified before entering the
catalyst chamber so that avoid the poisoning of catalyst. Tron is a cheap catalyst and it
reduces the cost of the process.
14.3.4.3 Iron as Catalyst in Reaction between Persulphate and

Iodide Ions
Persulphate ions (8,05 ) are strong oxidizing agents. They oxidize iodide ions
easily. i 9 ~
$:050q) + Hagy— 2504(ag) + latsq
However this reaction proceeds very slowly at room temperature in an aqueous
solution. A catalyst such as iron(11) or iron(III) is used to speed up the reaction by

lowering the activation energy- o o :
In the first step, the Persulphate fons oxidize iron(ID) o iron(IID):

$,0%720y + 2Pty — 2502

In the second step, the Fe?* jons oxidizes I 10ns [0 I»:

2Fc?:q) + 2y — 2F¢f:q) + Dag)

The catalyst has been regenerated.
14.3.4.4 R:action of }]exaaquairon(ll) and Hexaaquairon(ITI)
with Water and Ammonia Bt
Reaction of Hexaaquairon(Il) and Hexaaquairone : ;)1 uairon(11I) ions are both
The pale green hexaaquaimn(”) and the y.ellow it:)enx‘;dtg water molecules in the
“idic. They both act as acids by donating hydroger 2
. Solution,

79
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In case of iron(Il) complex:
[Fe(H,0)]*'+ H;0 = [Fe(H;0)s(OH)]"+ H30

In case of iron(11l) complex: . :

(Fe(H,0)e] "+ HyO == [Fe(H,0)s(OH)]""+ H:0

The greater the charge density on central metal cati(m2 greater the ability of 4
substance to give proton (hydrogen ion) and the greater the acidity of a substance. For
example, hexaaquairon(III) is more acidic than hexaaquairon(II).
Reaction of Hexaaquairon(IT) and Hexaaquairon(LIT) with Ammuqia

Ammonia is a stronger base than water. It acts as a base by acceptlr}g proton
(hydrogen ion) from hexaaquairon(Il) and hexaaquairon(III) ions in the solution.

In case of iron(Il) complex:

[Fe(H,0)61**+ 2NH; == [Fe(H,0)s(OH),]*+ 2NH}zaq)
In case of iron(IIl) complex:
[Fe(H,0)s)*"+ 3NH; == [Fe(H,0);(OH);]"+ 3NH} 5

14.3.4.5 Reaction of iron(II) and iron(III) Ions with Carbonate

and Cyanate fons
Reaction of iron(Il) and iron(III) Ions with Carbonate
The less acidic iron(II) complex (green solution) reacts with weakly basic
carbonate ion to form the iron(II) carbonate (Green precipitate).

[Fe(H,0))** + CO;” —— FeCO; + 6H,0

The more acidic iron(III) complex reacts with weakly basic carbonate ion to form the
hydrated metal hydroxide ion complex and CO, effervescence.

2[Fe(H0)* +3C03 —— 2[Fe(H,0)(OH)s] + 3H,0 + 3CO,

(Brown solutior) (Brown ppt. and effervescence)
: P :
In the above equations the CO3(,q) ion is unable to deprotonate the

[Fe(H,0)q]°*; because of the lesser acidity of iron(Il). In contrast, the CO%E ) ion can
deprotonate the [Fe(H,0)s]** to form the hydrated metal hydroxide ion qCOmP]ex‘

because of the greater acidity of iron(III).

Reaction' o.f iron(IT) and iron(I1T) Tons with Thiocyanate Tons

This is an example of ligand exchange reaction. When we add thiocyanate 1005
(e.g. frf)m sodium Or potassium or ammonium thiocyanate solution) to a solution
containing hexaaquairon(IIl) ions, we get an intense blood red solution containing the

ligand is replaced by thiocyanat®

[FG(HZO)S(SCN)}2+ ion. In this reaction the aqua
ligand.
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[Fe(H20)6]™* + SCN™ —— [Fe (H,0)5(SCN)** + H,0
This reaction is NOT given by hexaaquairon(ﬁ) ions.

14.3.5 Copper

It is a reddish orange soft, malleable and ductile metal and has high thermal
and electrical conductivity. It tarnishes to a dull brownish colour when exposed to air.
It is often used in alloys, including brass and bronze. It is also used in electrical cables
and in electrical appliances.

Copper can be found as a pure native form but it mostly occurs in combination
with other elements. Copper is found in Chile, China, Peru, and USA. In Pakistan, it
is found in Reko Diq Balochistan. The major ores of copper are: (i) Cuprite, Cu,O
containing about 88% copper (ii) Chalcocite, Cu,S containing about 80% copper (iii)
Azurite (blue), 2CuCO,.Cu(OH), containing about 65% copper (iv) Malachite
(green), CuCO;.Cu(OH), containing about 57% of copper. (v) Chalcopyrite, CuFcS,
(Cu,S + Fe,Ss:) is the most common source of copper ore. It contains about 34%
copper. It accounts for about 50% of the world’s copper production.

14.3.5.1 Oxidation States

The electronic configuration of copper is [Ar] 3d" 4s'. The common oxidation
states of copper in compounds are +1 and +2 corresponding to d'® and d°
configuration. Copper(I) is often called cuprous and copper(Il) is often called cupric.
Copper is the only transition metal for which the oxidation state +1 is important. An

exgmple of +1 oxidation state is copper(I) oxide, Cu,0 and an example of +2
oxidation state is copper(IT) oxide, CiO.

Copper(II) is the most stable oxidation state in solution as well as the solid
State and it is the most abundant one. Copper(]) is often the more stable state in the

Solids at moderate temperatures. In "cols Solutions, Mehe fonperiiis g
oxidized to copper(II).

Cuiey —— Cufl + €~
The copper(I) ion is thus a reducing agent. The concentration of copper(Il) ions

tion can be determined by titration with oxidants.

14,35, The Reaction of Hexaaquacopper(II) Ions with
Hydroxide Ions, Ammonia and Carbonate ions
Hexaaquacopper(II) Tons with Hydroxide Ions

o The hydroxide ion reacts with hexaaquacopper(II) ion to produce the insoluble
€ blue copper(Il) hydroxide.

[Cu(H,0)¢1* + 201,

In soly

Reactinn of
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Reaction of Hexaaquacopper(1I) lons with Ammonia : : .
The reaction of aqueous copper(Il) ions with ammonia solution occurs in two

steps:

Step 1: When a small amount of ammonia is added to the _ solution of

hexaaquacopper(Il) ions, the ammonia molecules pulls out the hydrogen ions from the

water ligands. _

[Cu(H,0)s)* + 2NH; ——> [Cu(H,0)4(OH),] + 2NH;

Step 2: When ammonia is added to the above solution in excess, the light
blue ppt. of [Cu(H,0)s(OH),] dissolves to form a deep blue solution of
tetramminedihydroxocopper(1l) ions.

[Cu(H,0)4(OH),] + 4NH; —> [Cu(NH3),(H,0),]*" + 20H" + 2H,0

In this reaction the two aqua ligands and two hydroxo ligands are replaced by
four ammine ligands.

Reaction of Hexaaquacopper(II) Ions with Carbonate Ions
The hydroxide ion reacts with the hexaaquacopper(Il) ion to form the insoluble
compound, copper(Il) carbonate.

[Cu(H,0)]* + CO;” —— CuCO; +6H,0

Uses of Transition Metal Compounds in Paints

Pure transition metals are valued for many reasons, one being their ability to
form highly coloured compounds. The transition elements such as chromium, iron,
copper, cobalt, and titanium can form numerous coloured compounds with oxygen.
For example, red paint comes from the compounds of iron and oxygen while green

ar}d b.lue paints come from different compounds of copper, chromium and cobalt.
Titanium makes white paint with oxygen.

¢ The elements in Group 1B and Groups 3B-8B

;ruags];nﬁn e.l;met-lts or ﬂ?e transition metals. They have partially filled d or f-
S 1&:1 s1 eit er in atomic st.ates or in any other common oxidation states. The
s nera’ electronic configuration of d-block elements is (n—1) d!-'° pg!-2

e 'Most of the transition element :
s and their com ound
: ; : S Sts.
Catalytic behaviour is due to variabje oxidation stgtes 0 A
. E;mdlng Tk parl? magnetic behaviour and melting points of transitio?
elements increase with increasing numbe :
e L A rof u
e e e o o o2t 0L npaired electrons,

SR B
:‘vj- a7 “é-‘!l_ e e R .

LW

are collectively called the
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The substances that are attracted by the magnetic field are called paramagnetic

substances, while the substances that are repelled by magnetic field are called

diamagnetic.

o  The compounds having complex molecules or ions and can exist independently
are called complex compounds or coordination compounds. In coordination
compounds, a central metal atom (or ion) is attached to a group of ligands by
coordinate covalent bonds.

o The ions or molecules that are attached with the central metal atom or ion by
donating the electron pairs are called ligands. Ligands can be mono-dentate or
poly-dentate, depending on the number of ligand donor atoms attached to the
metal.

o  The number of lone pair of electrons provided by the ligands to the ¢entral metal
atom or ion is called coordination number. Common coordination numbers of
coordination complexes are 2, 4 and 6. The coordination number of linear
complexes is two, tetrahedral or Square planar complexes is four and that of
octahedral complexes is six.

¢ Most of the coordination compounds are coloured in the solid state or in solution
form. The coordination compounds with metal ions whose d atomic orbitals are
filled, like Zn>*, or have no d electrons, like Sc**;.are colourless.

e Que Gfif_msf

Select one answer from the given choices.for each question:
" Which of the following have completely filled d-subshell?

(a) Fe, Co, Ni (b) Cu, Ag, Au
_ (©) Ni,Pd, Pt (d) Zn,Cd,Hg
""" Which one of the following does not belong to transition elements?
(a) Lead , (b) Gold
i (c) ‘Tin (d) Arsenic .
Which one of the following belongs to first transition series?
(@) Silver (b) Gold
) (¢) Iron (d) Mercury

Substance that are repelled by a magnetic field are known as:

(@) Paramagnetic substances

(b) Diamagnetic substances

©) Ferromagnetic substances

(d) _. I_:’aramagnetic and Diamagnetic substances =
83
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MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)
Elemrts found in d-block of periodic table are termed as:
(a) Main group elements (b) Normal elements
(¢) Transition elements (d) Representative elements
The most common oxidation states of iron are:

(a) +1 and +2 (b) +1 and +3

(c) +2and+3 (d) +3 and +4

What is the correct electronic configuration for T i’ jon?
(a) [Ar)4s*3d’ (b) [Ar]4s"3d?

(c) [Ar]4s’3d° (d) [Ar]ds'3d’

The number of unpaired electrons in zinc atom is:

(a O (b) 1 (c) 2 (d) 3

Which of the following has the highest magnetic moment?
@) Cu** (b) Ni** (c) Co* (d) Mn*
In K4[Fe(CN);], coordination number of iron is:

(a) 2 (b) 4 (c) 6 (d) 8
Brass is a metal alloy that contains:

(a) Cuand Zn (b) Cuand Sn
(¢) Znand Sn (d)<Sn and Mn

Give the IUPAC name for K;[Fe(CN Ys):
(a) Potassium hexacyanoferrate (1 I)

(b) Potassium hexacyanoferrate (I1T)
(¢) Potassium hexacyanoiron (1I)

(d) Potassium hexacyanoiron (111)

The oxidation state of vanadium in V,0s is:
(a) +2 (b) +3 (c) +4

The coordination number of I (d') -|:5

i . ; s ( (zl)'letg atom o(rdl)on én a tetrahedral complex is:
Whlch one of the following oxides is moré acidic?

(a) ‘MnO (b) Mn,0, (¢) MnO, (d) Mn.O

thcllldperiod starts from scandium to zinc? =

(a) 2" period (b) 3% peri

(¢) 4" period ik

(d) 5" period

Scanned with CamScanner



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

xviil) Which one of the following act as a reducing agent?

(a) HN03 (h) K.M1104
(c) LiAlH, (d) K,Cr,0,
xix) In the reaction given below. the oxidation state of vanadiumchanges from:2
VO; + 1/2 O;——— V,0;
(a) +2to+3 (b) +3to +4
(c) +4to+5 (d) +5to+6
xx) Which is true for transition elements?
(a) They have low melting and boiling points
(b) They are insulators
(c) They are diamagnetic
(d) They show variable oxidation states
Short Answer Questions
Q.I.  Define the following terms:
(a) Central metal atom
(b) Coordination number
(¢) Coordination sphere
Q2. Why most of the transition ions are coloured?
Q3. Why majority of the transition metals are paramagnetic in nature?
Q4.

- De_ _.I.?n.in.e_the O)_(_idation state of c_obalt_i_n_[Cc_;(__‘l?IH@),;_(pHg)_(?l]C]__z. e

Why are the elements of group 12 (IIB) are excluded from the transition series
elements? :

elements, why?
Write down the electronic configuration of Fe** (Z = 26) and Zn** (7 = 30).
Why do transition elements show variable oxidation states?
Discuss catalytic behaviour of transition elements.
Y Ag" ion is more stable than Ag* ion?
What s binding energy? Explain the trends in binding energy,

- Melting points of d-block elements increase up to the middle of series anq

thereafter decrease, why?
atis the oxidation state of zinc in [Zn(NH3),]** ion?
Y Cu*™ ions are paramagnetic while Zn** ions are diamagnetic?
ich ion shows a lower magnetic moment: Fe** or Cr**?
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St e e ei———nay

Q.1. What are transition elements? Describe the general features of transition

elements? 0 ; : 'k and f-block elemente:
0.2. What do you know about the transition Scries of d-block and f-block elements?

S =

Explain concisely. oy e s

Q.3. What is binding energy? Discuss the trend in binding energy of transition
elements? :

Q.4. Discuss the electronic configuration of d-block elements.

Q.5. What is magnetic behaviour? Describe the magnetic behaviour of substances,

Q.6. What are alloys? Give composition and uses of some well-known alloys.

Q.7. Describe some properties of an alloy that are different from the metals thy
compose it.

Q8. What are coordination compounds? How transition elements from thes
‘compounds?

Q.9. What are the components of complex compounds?

Q.10. Explain different types of ligands with suitable examples.
.. Q.11. Describe the rules for naming coordination compounds’.
F Q.12. Give systematic names for the following compounds.

i) K;3[Fe(C,0,):] ~M i) Ka[PtCly]

iy H[AuCL] iv)  Nay[Fe(CN)sNO]
) (NHy),[PbCl]

| vi)  [Cr(NO),]
vii)  [Ag(CN),]'- viii) - [Zn(NHa),J**
ix) [Os(en)]Cl, ) [Co(SO-N
H;),INO
xi)  [Co(NH3),(OH,)CI]Cl, | ; ek

Q.13. Write chemical formulae of the following complexes:
i) Hexaarnminechrmnium(lll) nitrate it
ii) Hexaamminenickel(ll) bromide
iii) Hexaaquaferrate(II) ion
iv)  Tetrah ydroxoaly minate(IIT) jon
v) Tetraamminedip
vi)  Tetraamminech]

oromtrocobalt(III) nitr

i) | ate

vii) Tetramn}lnechloromtroplatmum(IV) sulph
viii) Am{nomum hexachlorotitanate(IV) ey

). Sodium hexafluorocobalfge(yyyy
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Tris(ethylenediamine)cobalt{11) sulphate

w1)
Q.14. Describe the chemistry of vanadium, manganese, iron and copper.
0.15. Explain the chemustry of chromium, cobalt and nickel.
Q.16. Find the charge on the central metal ion in:
[Cu(CN),]" [Co(NH:)g]™

111 N&z[COCh] - [CI‘(H;O)(,]CI;

Q.17. Describe shapes of coordination compounds.
Q.18. Describe origin of colours of complex compounds.
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Organic Compounds

15.1 Sources

15.1.1 Fossil remains: Coal, Petroleum, and Natural Gas
15.1.2 Plants and Natural Products

15.1.3  Partial and Total Synthesis

15.1.4 Biotechnology

Coal as a source of Organic Compounds
15.2.1 Destructive Distillation of Coal
15.2.2 Conversion of Coal to Petroleum
15.3  Characteristics of Organic Compounds

15.4 Uses of Organic Compounds

15.5 New Allotrope of Carbon: Bucky Ball

15.6  Functional Groups and Homologous Series
15.7 Detection of Elements in Organic Compounds

[
h
%]

Students will be able to:
4 e  Define organic chemistry and organic compounds. (Remembering)

e Explain why there is such a diversity and magnitude of organic compounds. (Analyzing)
e  C(lassify organic compounds on structural basis. (Analyzing)
L]

Explain the use of coal as a source of both aliphatic and aromatic hydrocarbons.
(Understanding)

*  Explain the use of plants as a source of organic compounds. (Understanding)
Explain that organic compounds are also synthesized in the lab. (Understanding)
¢ Define functional groups and homologous series. (Remembering)

Introduction

In thq late eighteen and the early nineteenth centuries, the chemists classified
compounds into two main classes, organic and inorganic. Compounds obtained from
plants or animals were called organic, whereas compounds obtained from non-living
sources were called inorganic. For example, the acetic acid (from vinegars) and
tartaric acid (from grapes) were called organic, whereas the marbles (from rocks) and
sodium chloride (from rocks) were called inorganic.

Today organic compounds are the chemical compounds containing carbon and
many other elements such as hydrogen, oxygen, nitrogen, sulphur, phosphorus and the
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halogens. A small number of carbon containing compounds not categorized as organic
include carbonates, bicarbonates, carbides, cyanides, cyanates, CO, CO, and CS..
Carbon is the major element in organic compounds. Carbon is highly essential to life.
All living things such as plants, animals, fungi and micro-organism on earth are made
of carbon compounds. Because of t! ¢ great variety of ways that carbon can link with
itself and other elements, there are more than 16 million carbon containing
compounds. Chemists make thousunds of new compounds every year, about more

0/ .
than 90% of them contain carbon. Much more than half of the world's chemists are
organic chemists.

. som?wh? t more useful definition of organic compounds is: the hydrocarbons
;mdb thcxrdd;n;dtwes are called organic compounds. The compounds <that contain
carbon anc iydrogen atoms are called hydrocarbons and the compounds that contain
oxygen, nitrogen, sulgllur, phosphorus and the halogens along with carbon and
hydrogen are called derivatives of hydrocarbons.

Definition of organic chemistry

The branch of chemistry i i :
s ; ry in which we study about hydrocarbons and thei
derivatives is called organic chemistry. - Y s

15.1 Sources of Organic Compounds

”There arf? two main sources of organic compounds: (i) natural sources
and (i) synthetic sources. Natural organic compounds are present in our earth
throughout our environment and they do not need to be made whereas the synthetic
Organic compounds are man-made and they do not occur naturally in the environment
The natural sources of organic compounds are: (i) fossil remains i.e. cogl etrol -
and natura] gas (ii) Plants (iii) animals. R

15.1.1 Fossil Remains: Coal, Petroleum, Natural Gas
. There are three major types of fossil remains: coal, petroleum and natural gas
Y are formed by-long ti i1li i .
e ed by-long time (over millions of years) decay of plants and animals.
e Coal is g major source of organic compounds. It is a black solid fuel found
i a"nf:ﬂ earth. It is formed by decay of plants which were buried under the surface
bhes for hundred millions (about 300 million) of years at high temperature and
re. It yields coke (mostly carbon) and coal tar (complex mixture of organic

COm 0
Pounds) on destructive distillation.
€re are three main types of coal on the basis of carbon content that are

ligni
f’-’_(_about 70% C), bituminous (about 80% C) and anthracite (92-98% €} The

k
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quality of coal mainly depends on carbon content. Higher the carbon content better i
the quality of coal. Older coal generally has higher carbon content than young ones,

Petroleum

Petroleum is the major sources of organic compounds. Petroleum (Latip-
petra= rock, oleum = oil) is formed by bacterial decomposition of plants and animg]s
buried deep under porous rocks due to pressure and heat. The deposits of petroleym
are comparatively younger than coal. It is a mixture of gaseous and liquid
hydrocarbons. Petroleum on fractional distillation yields gasoline, kerosene, diesel],
lubricating oil, paraffin waxes etc.

Natural Gas

Natural gas is also the major sources of organic compounds. It is a mixture of
low molecular mass hydrocarbons such as methane, ethane, propane and butane,
Methane is nearly 85% while other compounds are present in_very small amounts. It

is formed by decay of organic matter. It is found in porous' rocks near petroleum
deposits.

15.1.2  Plants and Natural Products Chemistry

Plants and animals are the major sources of organic compounds. Many organic
compounds are obtained directly from plants and animals by using suitable methods
of isolation. The compounds that are obtained from living organisms (plants and
animals) are called natural products and the study of such compounds is called natural

product chemistry. The important natural products that are obtained from animals are
proteins, hormones, animal fats, urea, insulin and the important natural products that
are obtained from plants are carboh

ydrates (cellulose, sugars, starches), vitamins,
alcohols, acetone, acids, esters, vegetable oil, dyes, drugs, perfumes and fibres
(cotton, jute).

.y

4 l—
nt d

Many plants are used to extract medicines. These medicines are useful in treating many |
diseases. Medicines obtained from plants are used in Ayurveda, Unani and Siddha
systems of medicines. The ancient Chinese, Egyptians and Native Americans all used
medicinal plants for the treatment of diseases.

ici : Some important medicinal plants, names of |
medicines and their uses are:
Medicine Use Medicinal Plants |
Caffeine CNS stimulant Lot ohifebeans, |
kola nuts, etc, o [l
Aspirin Ana.lgesm,. antipyretic Willow tree and bark
Quinine Antimalarial, antipyretic Cinchona bark
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i- [ Cocaine | Local anaesthetic S (”_f'_‘_l_pl_fﬂl e
Ephedrine hypotension, Ephedra :
| antihistamine |
|| Morphine Analgesic Opium Poppy |
'| Rutin Treatment for capillary Citrus fruits such as orange, |
| fragility grapefruit, etc. I
P : : - |
‘ Papain Proteolytic, mucolytic Papaya I
| Nicotine Neuroprotective, anti- Tobacco |
i inflammatory, insecticide |
Menthol Rubefacient Mint
Gossypol Male contraceptive Cotton
Camphor Rubefacient Camphor tree f.f
Bromelain Anti-inflammatory, Pineapple
proteolytic
Senna glycoside | Laxative Cinnamon i

——————————

15.1.3 Partial and Total Synthesis _
Many useful organic compounds inclading ether, glycol, drugs, rubber, fibres,

dyes, plastics etc. are synthesized in the laboratory. Now-a-days synthesis is the most

important source of organic compounds, The organic compounds that are synthesized

in the laboratory are called syntheti¢.compounds and the study of chemistry of such |

tOmpounds is called synthetic chemistry. |
Organic compounds can be synthesized either through partial synthesis or

through (otal synthesis. The difference between partial and tota] synthesis is the |

Starting material. In partial synthesis (semi-synthesis), the desired product is obtained

from ap intermediate product of reaction. For example, carboxylic acid is obtained by

the oxidation of aldehyde by passing the oxidation of alkane and alcohol.

KCn 0 i

Ethanal Ethanoic Acid

However, in total synthesis the starting material converts through various steps
Sired product. For example, carboxylic acid can be obtained by the oxidation of
_through various steps.

into e

&lkane
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Y H O CHy~OH
FHihano)
I
HC=—=CHy==0OH + [0] - "f‘;r‘»#f;'; ey [ 4 e (e

CHy=—CH4 + [0}
Ethane

#
Ethanol Fihanal

) ()
CHy—C—H + [0] S0, (.,u_-;f---:-vJ,ﬁ—uH
Fthanal g Fihanole Acid

15.1.4 Products of Biotechnology '

Biotechnology —involves the use  of  living organises’  especially
microorganisms or other biological systerms in the manufacturé of products or in
industrial, agricultural, medical and technological applications,”Ihe compounds that
are obtained by means of biotechnology are called produgliol biotechnology, Some
of the important products of biotechnology are ethylene glycol, ethyl alcohol,
hormones, acids, vitamins, vaccines, antibiotics, ete, <

15.2 Coal as a Source of Organic Compounds
Coal is a most important source of Organie compounds,

| 1521 Destructive Distillation of €pal
When coal is heated strongly 40500-1000°C, in the absence of air, it is
converted into various useful nr;_._{ss’uit;‘\ﬂf‘ld inorganic products, ‘This process is called
destructive distillation of coal. T '_cmajur products of coal are: coal gas, coal tar,
ammoniacal liquor, and coke, 0 _
Coal Gas 4

(?the{‘ gases, It ig an‘excellent fuel. In the past, it was used for domestic cooking and
lighting. Nowadags it is used as fuel in industries,

Coal Tar

ool a ]fg[liq prrr{l_uut of coal, It containg more than 215 organic compounds, On
fractional distillation, if vields many useful organic PRt m_ i O
toluene, xylene, phenol, cregol, naphthalene, ant '

€, anthiruac e 7 ; A S
used in the manufacture of explosives, pc;l.igi‘l‘éi’wb::; n’;ifgi uimaung;rzib
1phthalene balls, dyes and paints, Now i dayy '-h;:m Sy, l}{n e ’“,
wbtained from petroleum. ‘The residue fefy fg called piteh ap ispfxm : P giertcm 5;’
oads and as a binder for roof making, or metalling o

/
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Ammoniacal liquor

Am; onium compounds are obtained during the destructive distillation of coal.
When dissolved in water, they produce ammoniacal liquor. It is used for making
nitrogenous fertilizers such as ammonium sulphate, ammonium superphosphate etc.
Coke

It is a solid product. It is an almost pure form of carbon. It is an excellent fuel
and burns without smoke. It is used in the manufacture of steel, calcium carbide,
graphite, silicon carbide, and carbon disulphide as a reducing agent. It can also be
used for making fuel gases such as water gas (CO + H,) and producer gas (CO + 2N,).

15.2.2 Conversion of Coal to Petroleum

The coal can be converted into a liquid fuel such as gasoline: kerosene or
diesel through Fischer-Tropsch process. In this process, the coal gas that is obtained
during the destructive distillation of coal, is converted into high quality, ultraclean
liquid fuel products. The Fischer-Tropsch processis a collection of chemical
reactions that converts a water gas into liquid hydrocarbons, The water gas 1s mixed
with half of its volume of hydrogen. These reactions ‘occur at temperatures of
150-300°C and pressures of 1 to 10 atmosphere in the presence of certain metal
catalysts (cobalt, iron. nickel and ruthenium).

CO + H, —=%", Mixture of hydrocarbons + H,O
(Water Gas)

Liquid coal can become a petroleum substitute (gasoline, kerosene or diesel)
and can be used in the transportation industry. It is used in synthetic lubricants and
Synthetic waxes.

153 Characteristic of Organic Compounds

Organic compounds, in«the same way as Inorganic compounds, obey all the
fundamenta] laws of chemistry. There is no clear cut division in the properties among
Organic and inorganic compounds. It is, therefore, difficult to isolate the properties of
Organic Compounds from inorganic compounds. However, organic compounds are
SWdied as a separate branch of chemistry due to the following reasons:

Catenation
The self-linking property of an element by which an atom combines with the
Other atoms of the same element to form long chains and cyclic structures is called

gil;enation. Carbon has ability to form long chains, loops, sheets. and rings of carbon
ms,

[Sﬂlllerism

: Carbon atoms combine with other atoms in different ways to form different
°Mpounds, Such compounds have same molecular formula but different structural
Ormujag. This process is called isomerism. Organic compounds show the

Ph :
; ?I_],Omenon of isomerism.,
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Non-polar Character
Most of the organic compounds are non-polar and poor conductors of heat and
electricity.

Solubility
Most of the organic compounds do not dissolve in water (polar solvents) but

dissolve in non-polar solvents like ether, benzene, alcohol, acetone, etc.
Rate of Reactions : :
Organic compounds are generally covalent and hence their reactions are
usually slow. They usually need heating, thoroughly mixing and catalyst to speed up
the reaction.
Melting and Boiling Points
They generally have low melting and boiling points. This is due to the presence
of weak intermolecular forces.
Flammability
They are generally volatile and flammable. Thus, many-of fuel like natural gas,
coal, wood, oil are all flammable and provides energy to‘us‘in the form of heat and

light.
Stability

Most of the organic compounds are thermally unstable and decompose on
heating (above 500°C).

15.4 Uses of Organic Compounds

Organic compounds play an important role in our daily life. The food we eat,
the clothes we wear, the medicines we take for cure of disease, the paper we write on,
the cosmetic we use for makeup, the soaps we use for washing the clothes are all
organic compounds. The importance of organic compounds in our daily use is
illustrated by the following list:

i) Food: Proteins, Carbohydrates, Fats, etc.
ii)  Clothes: Cotton, Silk, Wool, Nylon, Rayon, etc.
i) Fuels: Wood, Coal, Natural gas, etc. |
iv)  Medicines and Drugs: Penicillin, Aspirin, Cocaine, Morphine, etc. |
V) Insecticides and Herbicides: DDT, Malathion, Treflan, etc.
vi)  Dyes: Indigo, Alizarin, Malachite green, etc. '
vii)  Explosives: Trinitrotoluene (TNT), Nitroglycerine, etc.
viii) Daily life Materials: Soaps, Detergents, Perfumes, Flavours. Cosmeticss
Plastics, Rubber, Resins, Paints, Varnishes, Inks, Leather, P’rcservativess
Fertilizers, etc.
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5.5 New Allotrope of Carbon: Bucky balls (Fullerenes)
" Unui the mid-1980s, the scientists thought %
hat the pure carbon exist in only two allotropic
forms 1. diamond and grz?phlte. In 1985, the new
Jllotropic form of carbon i.e. the buckminsterfull-
orene, commonly known as a “buckyball.” was
discovered by Richard Smalley, Robert Curl and
Harry Kroto. Chemists worked with various models
of carbon structures until they determined that 60
carbons were most stable when joined together in a
shape that resembles a soccer ball. They proposed
that the structure of the buckyball (Cs) was Figure 15.1: Buckyball C,,
identical to that of a soccer ball. with 3?2 faces, 12 of them  pentagons and 20
hexagons. Fullerenes (Bucky balls) consist of molecules composed entirely of carbon
atoms arranged in the form of hollow spheres, ellipsoids .or tubes. Each molecule
generally has both pentagonal and hexagonal faces. The 1996 Nobel Prize in
Chemistry was awarded to Robert Curl, Richard Smalley and Harold Kroto for their
discovery of a third allotropic form of carbon, buckminsterfullerene. The smallest
member of bucky ball has 20 carbon atoms (Cz). The fullerenes up to 100 carbon
dloms are commonly obtained. The largest member of fullerenes has more than 600
carbon atoms. The most common bucky ball is Cg. Fullerenes are rare in nature.
Small amounts of the fullerenes (bucky balls), in the form of Cg, Cyy, Coe,
Cirand Cg, molecules, are produced‘in nature, have been found in soot and in the
esidue of carbon arc lamp. They are also formed by lightning discharges in the
dmosphere, Bucky balls are a.new family of aromatic organic molecules. They are
it like graphite,

156 Functional Groups and Homologous Series
‘Inetional (}mup,s

: Carb.un forms millions of different organic compounds. It is difficult to study:
neﬁﬁﬂ;‘;t*emes of such a large number of orgaflic compoun-ds. Hence, a system is
cﬂmpouf}’d for grouping of these compqu?ds in an .orga.mzed way. The organic
Boups i?; S, are therefore, divided into different farmhes on Fhe basis of functional
o ;. order to make their study easy. A funcnonal. group 1s an atom or group of
m"lmu]e aDrnolecule that is mainly respons;ble for the chetmlcal behaviour of the

Ntaiy ﬂ:le ouble and triple bonds are functional gr?tlps. lefer‘ent compounds that
e $ame functional groups have similar chemical properties, regardless of the

il el —

e, AN
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compound of which it is a part. For example, the chemical properties of methang]

(CH30H), ethanol (CH3;CH,OH), and propanol (CH3;CH,CH,OH) are similar becayse
they contain the same functional group (—OH group). If one functional group is
replaced by another the properties of molecule will also change. For example, the
chemical properties of methanol (CH;OH) and methanoic acid (HCOOH) are
different because they have different functional groups. Functional group is the
reactive part of organic molecule; while the hydrocarbon portion is inert. A compound
that has two or more than two functional groups is called polyfunctional compound,
They may have complicated properties because the chemical behaviour of one

functional group may be influenced significantly by the presence of another
functional group.

Some common functional groups and classes of organic compounds are given
in the table. :

Table 15.1: Common Functional Groups in Organic Compounds

for Nomenclature
Class General Formula Examples IUPAC Name S;;fﬁ;xl |
e |
' Alkanes R—H CH;—CH, Ethane -ane |
Alkenes | RR'C——CR"R"’ H,C=CH, Ethene -ene
Alkynes RC==cCR CH==CH Ethyne (-yne)
Ar —
enes Ar H @ Benzene -ene
Alkyl 5 - : |
halides = CH; — CH,C1 Chloroethane halo-
Oxygen Containing Compounds -
Alcohols R—OH CH =
3CH,—OH Ethanol -ol
Phenols Ar— OH @..
OH Phenol -ol
Ethers R—O0O—R CH,—0 ——
=0 CH, Methoxymethane
Aldehydes R—CHO CH;—CHO
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g
T H,C
\ 2-Propanone -one
Ketones S L //C=
H, C
boxylic i
Cm:‘icidsy R— COOH CH;—COOH Ethanoic acid -gic acid
RS Carboxylic Acid Derivatives
| . 2 0 '
| Acyl halides I Ethanoyl chloride | -oyl halide
Re=C——X - H,C—C—q
| ﬁ 9
Esters [l | Methyl éthanoate -oate
R—C—OR H;C— C—OCH; '
{|:|) 0
Amides I Ethanamid -ami
R —C—NH, HiC— C—NH, anamide amide
Acid O O O © s :
e I l I Il | Ethanqlc -oic
R—C—0—C—R'| H;—C—0—C—CH, anhydride anhydride
Nitrogen Containing Compounds
Amines R—NH, H;C—NH, . Methanamine -amine
Homologous Series

A group of organic compounds‘in which each member differs from the next
ﬂ}ember by a methylene group (=CH,—) is called homologous series. The members
°f homologous series are called homologs. For example, butane (CH3CH2CH.2CH3)

“d pentane (CH,CH,CH,CH,CHs) are homologs.
e Table 15.2: The Homologous Series of Alkanes e
Name of Alkanes Number of C Molecular Condensed Structu ral
Atoms Formula Formula
Methane 1 CH, “CHY
C;Hs, CH;CH;
CsHg CH;CH,CH,
CsHjo CH;3(CH;),CH,4
CH;(CH,);,CH,
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—

[ Numberof C Molecular ('Ullilt‘l}-‘*t‘-d Structural
Name of Alkanes A Rormula Formula |
e CeHig CHy(CH)(CH:
Heptane 7 CsHy6 CH3(CH;)sCH3
Octane 8 CgHig CH;(CH2)sCH;
Nonane 9 CqHzo CH }(C H 2)7 CH}
Decane 10 CioH2 CH;(CH;)sCH3 o

General Characteristics of Homologous Series
i) All the members of homologous series have same structural formula.
ii)  All the members of homologous series have same functional groups.
i) They have similar chemical properties due to same functional groups.
iv) They have different physical properties because. ‘different members of
homologous series have different molecular masses.
v)  The molecular mass of the successive members of a-homologous series differ by
14 unit (CH, = 12 + 2 = 14).
vi)  The molecular formula of each successive homolog differs by a CH, group.
vii)  All compounds in the series have same type of elements.
viii)  All the members of homologous series are prepared by the same methods.
ix) All the members of homologous ‘series are represented by the same general
formula. For example: )
Alkane: C,H,, .,
Alkene: C,H,,
Alkyne: C,H,,_,
Alcohol: C,H,,.,OH
Alkyl Halide: C,H,,.,X
Where ‘n’ s number of carbon atoms,

compounds. In addition to carbon, hydrogen, and oxygen other elements which are

less commonly present in organic compounds
phosphorus. Some metals like sodium, calcium, i
; 3
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the presence of these two elements, There is no direct method for the detection of

oxygen. The presence of other elements which are less commonly present are usually
detected by Lassaigne’s Test.

Preparation of Lassaigne’s Solution for the detection of Nitrogen,
Halogens and Sulphur
Take a small piece of freshly cut sodium

metal (pea size) in a fusion tube. Heat
the tube with a flame until the sodium melts.

Then add a small amount of unknown

a china dish containing about 10-15 mL

‘ushed, boiled and then filtered: The filtrate

obtained is called Lassaigne’s solution or sodium extract. The fusion reactions are
shown by the following equations:

Na+C+N ——5 NaCN (Sodium cyanide)
Na+C+N+8S — NaCNS (Sodium sulphocyanide)
2Na+S — Na,§ (Sodium sulphide)
~ Na+X — 4 Nax (Sodium halide)
Caution

*  Never touch sodium metal with your fingers, use forceps.

| detection of nitrogen, sulphur and halogens (C, Br and D).
' Detection of Nitrogen

| W drops of ferric chibtide solution and excess of conc. hydroch

Sodium metal reacts violently with water and it cause serious burns,
' Carry out the fusion reaction in the hoad and wear safety googles.
_-_—_——___

The Lassaigne’s solution is divided into four portions and 1S

used for the

The sodium extract is boiled with freshly prepared ferrous

sulphate solution ip
© Presence of g little sodium hydroxide solution. The mixture ;

§ cooled and thep 2

e loric acid are added
"L The formatien of a green or Prussian blue colour confirms the presence of

Nitrooes - : i i

e:”’étn "l an ‘organic compound. The reactions are shown by the following
Uatiopg:

"¢, + 2NaOH —— Fe(OH), + Na,SO,
Fe(OH), 4+ 6NaCN —  Nay[Fe(CN),] + 2NaOH

(Green PpL) (From sod.extract) (Sod.ferrocyanide)

"Na[Fe(CN),] + 4FeCl, —— Fe,[Fe(CN)), + 12NaCl

(Ferric ferrocyanide)
(Prussian Blue)

T e o gy 2 = TP
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Keep in Mind

e —— S———

It 1: _n:ch lhn—t_ when sulphur is present along with nitrogen in the given organic compound, a |
blood red colouration of ferric sulphocyanide is obtained. |
l 3INaCNS + FeCl, —>. Fe(CNS);  + 3NaCl
{(Ferric :-'ulpimc_\.-smadc; '

L {Blood Red Colouration) _’j

Detection of Sulphur

Sodium Nitroprusside Test
Sodium nitroprusside solution is added to th : '
deep violet colour confirms the presence of sulphur in the given organic compound.

2Na+ S —— Na,S

(Deep violet colouration)

e sodium extract. The formation of

(Sodium nitroprusside)

Lead Acetate Test
Freshly prepared lead acetate solution is added to the sodium extract in the

presence of dilute acetic acid. The formation of black ppt. of lead sulphide confirms
the presence of sulphur in the given organic compound.

Na,$ + (CH,CO0),Pb —— PbS+2CH,COONa
(BiacKppt.)

Detection of Halogens
The sodium extract is boiled with concentrated nitric acid for some time (1o

expel the HCN or H,S if produced that would otherwise give a white ppt. of silver
cyanide or a black ppt. of ‘silver sulphide with silver nitrate that is needed for
identification of halogen)."Cool the mixture and add silver nitrate solution to it. The
formation of: (i) white precipitate, soluble in cold ammonium hydroxide, indicates the
presence of chlorine (ii) light yellow precipitate, sparingly soluble in cold ammonium
hydroxide and soluble in hot conc. ammonium hydroxide, indicates the presence ol
bromine while (iii) yellow precipitate, insoluble in ammonium hydroxide, indicatet
the presence of iodine in the given organic compound.
The reactions are shown by the following equations:

2Na + X, —— 2NaX
NaX + AgNO; —— AgX | +NaNO,

AgCl+2NH,OH —— [Ag(NH,),]Cl+2H,0
(Soluble)

AgBr+2NH,OH —— [Ag(NH;), ] Br+2H,0
[Spuringly Soluble)

=a e 100 8
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Organic chemistry is the sturdy of hydrocarbons and their derivatives.

Chemical compounds were generally classified as organic and inorganic on the
basis of their origin. The compounds obtained from living things were called
organic and those obtained from mineral sources were called inorganic.

The natural sources of organic compounds are: (i) fossil remains i.e. coal,
petroleum and natural gas (ii) Plants (iii) animals. .

The abundance of organic compounds is mainly due to unique behaviour of
carbon. _ _

Most of commercially important products such as carbohydrates, proteins, nylon,

natural gas, aspirin, penicillin, treflan, TNT, soaps, detergents, perfumes, flavours,

plastics, rubber, paper, paints, etc. are organic in nature.

Bucky ball is the allotropic form of carbon consisting of molecules composed
entirely of carbon atoms arranged in the form of hollow spheres, ellipsoids or
tubes. Each molecule generally has both pentagonal and hexagonal faces.

A functional group is an atom or group of atoms in a molecule that is mainly
responsible for the chemical behaviour of the molecule. Functional group is the

active part of organic compounds. Different compounds that contain the same

functional groups have similar chemical properties, regardless of the compound of
which it is a part.

A group of organic compounds in which each member differs from the next
member by a methylene group (—CH;—) is called homologous series. The
members of homologous series are called homologs. For example, ethane (C,Hg)

and propane (C;Hg) are homologs. -

Select one answer from the given choices for each question:

.

)

The conversion of coal into petroleum products is carried out by
a) Fischer-wood process
b)  Fischer-Tropsch process
€) Brikeland-Eyde’s process
d)  Landler process
Organic compounds that show weak attractive forces have;
a) High boiling points
b)  High melting points
¢)  Low melting points
d)  Low vapour pressure

= 10)] ®
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i) Bucky ball consist of commonly
Beso) Cyo, having 30 faces (20 hexagonal and 10 pentagonal)
b) Cgo, having 32 faces (20 hexagonal and 12 pentagonal)
C) Cyo, having 60 faces (40 hexagonal and 20 pentagonal)
d) Cyo. having 62 faces (40 hexagonal and 22 pentagonal)

vy All the members of homologous series have:

a) Different types of elements
b) Different physical properties
C) Different chemical properties
d) Different functional groups :
) Which type of functional group is present in the given compound

0O

a) Carboxylic acid

b) Aldehyde

c) . Ketone :

d) Acid amide _ :
vi)  Homologous compounds.differ from eachother by
a) Alkyl group

b) Methylene group
c) Methine group £
“d) Methyl group : Es
vii)  When hydrogen is removed from alkanes, the product obtained has general

- formula
a) - C,Hanez
b.} CHHZH—?.
c)  CHomy
d) CnHBn—l ]
viii) Which functional groups are present in the given amino acids:
ﬁ .
HN—CH-—C=—=0H
CH,4
a) Amino and hydroxyl group -
b) Amino and alcoholic group

o A"
BT IS s o n i p e G S

3 — L T Ak e e s TR "
R ; Y R

1N

AL

) 3
— __'_'_'_,_,..-—‘

Scanned with CamScanner



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)
c) Amino and carboxylic acid group
d) Amino, carboxylic acid and alkyl group :
ix)  When nitrogen containing compounds are treated with Lassai gne’ solution, the
solution obtained is of :
a) Red colour
b) Prussian blue colour
c) Mixture of blue and green colour
d) Black colour
X) Black colour solution is obtained when sulphur containing compounds are
treated with: -
a)  Sodium nitroprusside solution
b) Lead acetate solution
c) Tollens reagent
d) Both a and b

T 8 T T

“Short Ahéwér Questions

Q.I. Where natural gas is usually found? Give its (wo important uses.

Q2. What are the uses of coal tar?

Q3. What is coke? What are its uses? '

Q4. Who discovered the bucky ball? How many sides are there on a bucky ball?

Q.5. What is the geometrical shape of a bucky ball? =

Q6. Can a bucky ball conduct electricity?

Q7. Define synthetic compounds and synthetic chemistry.

Q8. What are the two main functional groups found in amino acids?

Q.9. Why sodium metal is stored in kerosene 0i]?

Q10. Why are organic _compounds fused with sodium meta] for preparing
Lassaigne’s solution? _ ' ; |

Q1. Why solution of ferrous sulphate is freshly Prepared during detection of

nitrogen?

Ry o e ——

Long Answer Questi'ons j

-

QL. dDe_{mf: organic chemistry. What is the importance of Organic chemistry in oy
aily life? '
e . | :
8. 3 Define organic.compounds, What are the uses of organic compounds?
04 at are the natural soyrces of organic compounds? Explain.

at are the commop varieties of coal? Which variety of coal has the highest
carbon conten(9 : '
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Q.5. Define natural product chemistry and describe the use of plants and animals ag
~ asource of organic compounds. s ' |

Q.6. Describe the synthesis of organic compounds in the lab. What is partial ang
total synthesis?

Q.7. What do you know about products of biotechr_lology? ‘

Q.8. What do you know about destructive distillation of coal? What are the various
products obtained from it? Discuss.

Q.9. How can coal be converted into petroleum? Discuss briefly.

Q.10. What are the important characteristics of organic compounds?

Q.11. Define and explain bucky ball.

Q.12. Define functional group. How does a functional group affect the properties of
an organic compound? Give common examples of functional groups.

Q.13. What is meant by homologous series of carbon compounds? Give homologous
series of alkanes. : : \

Q.14. What are the general features of homologous series?

i o it

b4 S .
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Hydrocarbons

16.1 Hydrocarbons

16.2 Alkanes and Cycloalkanes

16.3 Radical Substitution Reactions

16.4  Oxidation of Organic Compounds
16.5 Alkenes -

16.6 Isomerism

16.7  Alkynes _

16.8  Addition Reactions of Alkynes

16.9 Benzenes and Substituted Benzenes

e s — B T

& Learning Ou tcomes:,

Students will be able to:

® & © o o

: l_ydrpggnation, hydrohalogenation, hY@f‘%F.i.Eﬂi

Classify hydrocarbons as aliphatic and aromatic. (Understanding)

Describe nomenclature of alkanes and cycloalkanes. (Understanding)

Explain the shapes of alkanes and cycloalkanes exemplified by ethane and cyclopropane.
(Applying) ' o

Explain unreative nature of alkanes towards polar reagents. (Applying)

Define homolytic and heterolytic fission, free radical initiation, propagation and
termination. (Remembering) ' e

Describe the mechanism of free radical substitution in alkanes exemplified by methane and
ethane. (Understanding) i :
Identify organic redox reactions. (Understanding)

Explain what is meant by a chiral centre and show that such a centre gives rise to optical
1SOmerism, (Understanding)

Identify chiral centers in given structural formula of a molecule, (Analyzing)

Explain the nomenclature of alkenes. (Understanding)

Explain shape of ethene molecule in terms of sigmaand pi C—C bonds. (Understanding)
Describe the structure and reactivity of alkenes as exemplified by ethene. (Applying)
Define and explain with suitable examples the terms isomerism, stereoisomerism and
Structural isomerism. (Remembering)

Explain dehydration of alcohols and dehydrohalogenation of RX for the Preparation of
Cthene, (U nderstanding) |
Describe the chemistry ofalkenes by the following reactions of ethene:

ha}oentin, halohydration,
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epoxidation, ozonolysis, polymerization. (Understanding)

e Explain the concept of conjufation in alkenes having alternate double bonds
(Understanding)

e Usethe IUPAC naming system for alkenes. (Ap plying)

e Explain the shape of benzene molecule (molecular orbital aspect). (Understanding,)
Define resonance, resonance energy and relative stability. (Understanding)

Compare the reactivity of benzene with alkanes and alkenes. (Applying)

Describe what is meant by the term delocalized electrons in the context of the benzene ring,
(Understanding) ' ,

Describe addition reactions of benzene and methyl benzene. (Applying)

Describe the mechanism of electrophilic substitution in benzene. (Understanding)
Discuss chemistry of benzene and methyl benzene by nitration, sul phonation,
halogenation, Friedal Craft's alkylation and acylation. (Applying)

Apply the knowledge of positions of substituents in the electrophilic substitution of
benzene. (Applying)

Usethe [UPAC naming system for alkynes. (Applying)
Compare the reactivity of alkynes with alkanes, alkenes and arenes. (Analyzing)

Discuss the shape of a]kyues in terms of sigma and pi C-C bonds. (Applying)

Describe the preparation of alkynes using elimination reactions. (Applying)

Describe acidity of alkynes. (Understanding) :

Discqss, _chemistry of alkynes by hydrogenation, | hydrohalogenation, hydration,
bromination, ozonolysis, and reaction

: with metals. (U nderstanding)
Describe and differentiate between substitution an

Explain isomerism in alkanes, alkenes, alkynes an
¥

daddition reactions. (Understanding)

dsubstituted benzene.(Understanding)
Introduction

are bonded to each other bY

covalent bonds. Examples are: methar
- an )
benzene (CgHg) etc, Hydrocarhon:. - e (CHy), ethylene (CHy), acetylene (CHs

are fu . : A atiC
hydrocarbons depending on the rcie rther classified as aliphatic or arom

nce of benzene ring.
16.1 Types of Hydrocarbo |

ns
t['here are two types of hydrocarbons:
1) Aliphatic hydrocarbons and

__Aromatic hydrocarbons,
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Aliphatic |} o ATOFTAGE]
Hydrocarbons || . _hﬂ}'dl.:@?l?il,l_?ﬁon;;'

Figure 1 6.1: Classification of Hydrocarbons

Aliphatic Hydrocarbons : - .

Hydrocarbons that are straight chained, branched
Or non-aromatic are called aliphatic hydrocarbons:|Ina straight chain compound,
They may also be linear or cyclic. Most of the aliphatic |the carbon atom is never

hvd : . The: bonded to more than two
y r(?carbons. are volatile and flammable They may be carbon atoms. In branched
classified as saturated or unsaturated. | compound, the carbon atom

Saturated hydrocarbons contain only single |may be bonded to three or
bonds between carbon atoms. These hydrocarbons (fourcarbonatomsatatime. )
include alkanes and cycloalkanes. Unsaturated _
hydrocarbons have at least one-double or triple bond between two carbon atoms.

i These hydrocarbons include alkenes and alkynes. -

' Aromatic Hydrocarbons S
‘Hydrocarbons ‘which have at least one benzene ring in their structures are

Called aromatic hydrocarbons. '

/ 16.2 Alkanes and Cycloalkanes
¢ Alkanes -

(i Hydrocarbons that contain only single bonds between carbon atoms are called
{ alkaneg. They are also known as paraffins. The word paraffin is derived from the
Latin worgs “parum” meaning “little”, and. “affin”, meaning “affinity”. Thus the
““Mbination of words means “little affinity” or “the least reactive”. Petroleum and
"4lral gag are usually composed of alkanes. They have general formula CoH,

o hﬁ?‘?}_‘g_.i_sﬂ the numb atoms for each molecule. 45

e

Ciot - RS
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CE i ams =1 No..of H-atoms = :?j“ !’)
r 1 = Ol ro—a |
\ c . 2e242=6 |
( CiHs 3 I %3+2 =8 ___.:
I CaHig ] e ——
C}‘cloﬁlkaﬁes o aic linked by single

no are called loalkanes. They are also known as
cycloparaffins. Théy have general formula C,H,,, which s.hows that they have two
hydrogen atoms less than the corresponding alkanes due to ring structure.

16.2.1 Nomenclature

Svsient Gf

systems for na.lmng of orémic Campounds:
~ (i) Common System
(i) IUPAC System

O 40 W A Ay ]

In the early days, organic compounds were named
according to their plant or animal sources or name of
discoverer. These names are called common names. For
example, methane is called marsh gas because it is
found in marshy places. Acetic acid got its name from
the Latin word acetum, which means vinegar because
acetic acid is f

found in vinegar. The methyl alcohol s
known as wood g

pirit because it is obtaine
- destructive distillati & VL

stitlation of wood. Other compounds were
named by their discoverer for more personal reasons

ITTPAC Qo
FUFAL &y ST

- To avoid memorizing
_ commussion of 34 chemjsts
AL S P ;‘F.'E?.."::F,:ﬁcf'l_‘z-i;:.-E:-;_"T-'.‘-'_'-.'f.’"-"'-. S iy e

the names of
rom rine

countrj

ampounds is called nomenclature. There are two main

_Keep in Mind .

@ihydroxybutanedinic acid”./

P . ; I
mllhons of Drganic comp{)undi"! y
S met at Gepe

Common names are normally |
beneficial when the alternate
IUPAC names are lengthy and \
complicated. For example, it
is easy to say “fartaric acid |
than its TUPAC name “2%"

Cat AR |

he
1L

va (Switzerland)

- Y

N
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1892. They developed a system called the Geneva system for naming the organic
compounds. The group ultimately became known as International Union of Pure and
Applied Chemistry (abbreviated as IUPAC and pronounced as “eye-you-pack”). The
[UPAC rules have been continually revised and updated by the commission since that

time. The fundamental principle of the TUPAC system is: each different compound
should have a different and unambiguous name.

16.2.1.1 Nomenclature of Straight Chain Alkanes

The first four members of alkanes are known by their common names:
methane, ethane, propane and butane. The names of alkanes with more than four
carbon atoms are derived from the Latin or Greek prefix for the number of carbon
atoms per molecule followed by —ane. The names of the first ten straight-chain .

alkanes are given in the table below:

Iable {6

[UPAC Number of Molecular A e A
Name C-atoms Formula | Ormi

Methane 1 CH,4 CH,

Ethane 2 C->Hsg CH;CH; ——

Propane 3 C:Hy | CH6HCH; T\

Butane 4 C4H](j CH:(CE‘EZ}ECEL: /\\/ .
Pentane 5 CsHyp» CH;(CH,)sCH; /\/\

Hex_ane 6 CﬁH 14 CH5( CHj)a C Hj /\/\/

Heptane 7 C-H, | CHs(CH,)sCH; Ay
Octane 8 CgHis CH;(CH,)CH; /\/\/\/ _
NOE&HG e) C9H2{J CH 3 (C [‘ig}'}c H 3 M/\/\
Decane 10 @ ] oHa2 CH;(CH;)3CH3 N\AN

In the common system, all the isomeric alkanes have the same parent name. For
¢xample, the parent names of three isomeric CsH,o alkanes are pentanes. The prefixes
0, iS0 or neo are used to differentiate between the names of isomers. :

The prefix “n-“(or normal) is used for those alkane in which all carbon atoms

form a continuous, unbranched chain.
CH;CH,CH,CH,CH,CHj,4

CH;CH,CH,CH,CH;

_ n-Pentane

e =
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4s0-"" is used for those alkanes W%IC?lﬁ]aVéAyMéRM group bongeg

The prefix
tolthe secbnlzi carbon atom of the continuous chain.
CHj (|3H3
CH 3CHCH2CH3 CHSCHCHZCHZCHS
[sopentane Isohexane

is used for those alkanes which have two methyl groups

The prefix “neo-"
bon atom of the continuous chain.

bonded to the second car

CH  CH,
CH3(|3 CH,CH; : CH 3(|3 CH,CH,CH;s
CH,4 CH;
Neohexane : Neoheptane

In the IUPAC system, the name of every organic compound has three parts:
()root (ii) suffix and (ii1) preﬁx The root shows the number of carbon atoms in the
longest continuous chain in the compound. The suffix shows the family of the organic
compounds. The prefix shows the identity, posmon and number of substituents
attached to the carbonchain. O

Table 16.3: Parts of the Na&;e of Orgaﬂic Compounds

B Fex - =y |
Prefix | - Base or Root © - Suffix !
| What substituents? | How many carbon atoms? | = Which family? |

The names given in table 16.4 for the simple alkanes consist of the parent
name, which shows the number of carbon atoms in the longest continuous chain, and
the suffix ‘-ane’ shows that the compounds are alkanes. The root name for one carbor
is meth-, for two carbons is eth-, for three carbons is prop-, and so on.

Table 1 6 4: Parent Names for AIkCI?IE? :

No. of Base or Parent No.of .| 'Baseor W
C-atoms | Root name Name C-atoms | Root name Name

1 Meth | Methane s _ Pent Pentane

2 Eth Ethane 6 Hex Hexane

3 Prop Propane STt i Hept Heptane
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| No.of Base or Parent | [ No. of Base or Parent
| C-atoms Root name Name C-atoms | Root name Name
HQ_ Non Nonane 15 Pentadec | Pentadecane
; 10 Dec Decane 16 Hexadec Hexadecane
-H—HlT Undec Undecane 17 Heptadec Heptadecane
12 Dodec Dodecane 18 ‘Octadec Octadecane
13 Tridec Tridecane 19 Nonadec Nonadecane
14 Tetradec Tetradecane 20 Icos. Icosane |
Naming an Alkyl Group

The group that is formed by the removal of one hydrogen atom from an alkane
is called an alkyl group. The symbol R is used to indicate an alkyl group.

Re=—H —H —» R —
Alkane Alkyl
Alkyl groups are named by replacing the “‘ane” 'of the alkane with “yI”.
CH,—H —F —» CH,— -'
Methane Methyl
CH;—CH; ————>CH;—CH,—
Ethane Ethyl

The naming of three carbon alkyl group is more difficult because the parent
hydrocarbon has more than one kind of carbon atom. For example, propane has both
: ary carbon atoms, and removal of H-atoms from each of these

: d second . . '
primary and se kyl group with a different name, n-propyl or

carbon atoms gives a-'different al
iSDpr(]p}rl_ '

CH;—_CHZ-—CHg
Propane

Removal of H from [ carbon | Removal of H from 0% carbon

CH3;—CH,—CH,— | CH3—CH—CHj;-

~ Isopropyl _
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Keep in Mind . . e

\ s e by g R B
[ A primary carbon atom is directly bonded to only one other carbon atom.

A secondary carbon atom is directly bonded to two other carbon atoms.

A tertiary carbon atom is directly bonded to three other carbon atoms.

A quaternary carbon atom is directly bonded to four other carbon atoms.

Tertiary
Carbon
Quaternary
(le/?;/*( Carbon
CH3-CH2-<IZH—CH2-(I:—CH3_
Primary \l CH3 CH3
Carbon Secondary
k Carbon )

16.2.1.2 Nomenclature of Branched Chain Alkanes
Names of branched chain alkanes are obtained by using the following IUPAC
rules: ' ,
1) - Select the longest continuous chain of carbon atoms and name it. This is the
stem name or parent name. The longest continuous chain is not always in ¢

straight line; sometimes you must “turn a corner” to obtain the longes
continuous chain.

' e
CH, CH,CH,CH,CHCH,
CH,CH
CH & |2C1:H'3

The parent name of the compound is octane because there are eight carbof
atoms in the longest continuous chain. ]

ii) Indicate the position of substituent (branch) by the number of carbon atom ¥
- which it is bonded. : : '

EAN? 6 5 4

| CH,CH,CHj,
. Sk TR T Ny
The methyl branch is b

methyloctane.

iii) Number the longest chain from that end w’h"ichl is ﬁeare;r to the substituﬂﬂts'

__ Consider the two different structures for the same compound shown belo¥: .2

onded to carbon 4, hence -thé name of compound 1 ¢

2 B el —
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6 5 4 3 3

2 | | 2 3 q A
CH; éH;

Incorrect Correct
The compound on the right is numbered correctly because the methyl group is
located .at carbon 3 of the hexane chain; in the compound on the left, the methyl
group is located at carbon 4. Thus, the name of the compound is 3-

methylhexane, and not 4-methylhexane.

If two or more identical substituents are bonded to the parent hydrocarbon, then
” etc. are used to indicate how many

LR 3300

the prefixes “di”, “tri”, “tetra”, “penta
identical substituent the compound has.

[ S (S L
CH;CHCH,CHCH, i,
CH; CH; g

two identical methyl groups. One methyl is bonded to

The hydrocarbon has
s, 4

carbon 2 and the other one is bonded to carbon 4. The name of compound i

ook

dimethylpentane. | i
If the first substituent has the same distance from both ends, number the chain e
give the second substituent the lower number. Always look for the first point of
difference in numbering from each end of the longest chain.

g g g T ME NS 81 g 906 e Rl i B 5200
CH, CHCH,CH, CHCH,CHCHs CH;CHCH,CH, CHCH2(IZHCH3
CHj (l:H3 CH; CH; ¢, CH;
Incorrect Correct

The correct name Of compound 18 2,4,7—t1'imethyloctane and not 2,5,7-

trimethyloctane. ; '
are bonded to a parent chain, then they are

If two or more different substituents .
named in alphabetical order, as in 3-ethyl-5-methylheptane. The prefixes

“di ”“tl‘i,”“tetra,” “penta,” : usec,st and “tert” are lgilOI‘Bd n’ alp:habetiZing
substitucnts, but the prefixes “is0” and “cyclo” are not ignored in alphabetizing.

CH; CH,CHj3 CH; CH>CHj;
gl Gl enl i o 6l B i
CH; CH,CHCH,CHCH,CH; CH3CH;CHCH,CHCH,CH3
: Correct

Incorrect

T AT T S e S e r—
AR, S T .r_-,ﬁﬁ_,.__?_—.vgr\-;:_m-,-_._- gt s
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If the same set of numbers is obtained in bo . |
numbered from that end, which gives the first substituent (the substituent which

is listed first alphabetically) the lower number.
If a compound has two or more chains of the equal length, then select that chaj,

Vii)
" which has greater number of substituents.

Bl 3 4 A ol 3 4 o i
CH;CH,CHCH,CH,CH,CH;  CH3;CH,CHCH,CH,CH,CH;
CHCH; »CHCH;
- CHj ICH;
- I[_}CO!T&:CI Correct

The name of this compound is 3-ethyl-2-methylheptane but not 3.
isopropylheptane.

Keep in Mind

® Note that the branch name and the parent name are written as a single word, nd a
‘ hyphen follows the number. ‘

e .The numbers that show the positions of the identical substituents are separated from
each other by commas whilcmenumbaamlttwwordareseparatedbyahyphen, )

16;2'.1.3 - Nomenclature of Cycloalkanes
The IUPAC rules for naming cycloalkanes are as follows:

) They are named by prefixing cyclo to the n '
; ame of the co :
- having the same number of carbon atoms as the ring. S

Hz \ gz
/C\ Hz(':—_(':Hz H2/C-—-C\H2 Hied oy
H,C—CH, H,C—CH H,C I' .|
, B 2 CH, H '
Cyclopropane Cyclo :
| | ‘yclobutane Cyclopentane :
: Cyclohexane

Cyclopropane Cyclobutane

T amaaaio -
e S TR o e iz P
L
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i) In mono—substitute.d. cycloalkanes, it is not necessary to indicate the position
because all the positions are equivalent.
CH, _CH,CH,

Methylcyclopropane Ethyleyclobutane
If the ring has two or more substituents, the ring is numbered so as the carbon

atoms containing the substituents will have the lowest number. Substituents are
named in alphabetical order.

H;C CH;

iii)

1 2-Dimethylcy clopropane 1,3-Dimethylcyclopentane
e
CH
: H,C CH;
/CH 3
E,} H3C \

1 -Ethyl-2,5-dimethylcyclohexane
arbons than the ring, then the substituent is taken as
ed as a substituent.

i
HsC

|-Ethyl-2-methylcyclopentane

iv) If substituent has more carbons
parent hydrocarbon and the ring1s nar

2
I 2 3 4 \CH 3 4 5
CHzCHzCHZCH3 ‘“--.CHZCI_IZCH3
2-cyclobutylpentane
I-cyclopropylbutane CYCIOOtEyip

16.2.2 Physical Properties of Alkanes and Cycloalkanes

' 16.2.2.1 ~ Physical Properties of Alkanes
) First four alkanes (methane, ethane, propane and butane) are colourless and

m temperature and are used as fuels.

odourless gases at roo

i)  Alkanes having five to seventeen carbon atoms are colourless and odourless
liquids at room temperature. They are found in gasoline, kerosene, diesel and jet
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i) Alkanes WAL BRY drhbIRERBGT ARMETRY LB uAEWARKy solids o roon,

temperature. They are used as lubricants. Vaseline is a semisolid, made up of
mixture of alkanes with more than 25 carbon atoms.

iv) They are mostly non-polar in nature and are insoluble in polar solvents like
water. They are soluble in non-polar solvents like benzene, ether, carboy, |
tetrachloride, acetone etc.

v)  The boiling points and melting points of alkanes increase with the increase i,
the number of carbon atoms but the increase in melting point is not very regula,
The boiling point increases by 20 to 30°C for addition of each methylene group
(—CH,—) to the molecule.

vi) The boiling points of straight chain alkanes are higher than branched chaip

alkanes. For example, the boiling point of n-butane (55°C) is higher thay
isobutane (—10.2°C).

Straight chain alkanes have higher boiling points than their corresponding branched
chain alkanes. This is because straight chain alkanes have the larger surface area of
contact between the molecules as compared to branched chain alkanes. With increasing
surface area, the van der Waals forces between molecules increase; thereforé, more
energy is required to remove such molecules, As a result straight chain alkanes have
(higher boiling point than branched chain alkanes, N o

J
vii) The densities of alkanes increase gradually with increase in the number of
carbon atoms. They have densities from 0.62¢g/mL to about 0.79g/mL. They are
less dense than water (1.0g/mL) and therefore, float on the surface of water.
viii) The viscosity of alkanes increases with increasing molecular mass.

Table 16.5:.Physical Properties of Normal Chain Alkanes

No o O . | Melting Point | Boiling Point | Densiv
¥ Nal‘l‘le : O ; )

Atoms | il SHEE (°C) (g/ml) |
1 Methane ~182.5 s = |
2 Ethane ~183.5 —886 =
3 Propane = 187.7 —42.1 = __,,,-Al
4 Butane — 1383 el ossr

5 Pentane ~129.8 3611 0.5572
6 Hexane -95.3 68.7 0.6603 -
7 Heptane . [/ .0 =906, 98.4 0.6837
8 Octane ~56.8 0. |
G968 125.7 0.7026
9 Nonaie oS 150.8 DLEL
_0 _|Deeane [ NNl 0
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freshness

microbes

m:lkmws are used in waxy coatings
added to fruits (apples, plums, oranges.
pears, etc.) and vegetables (cucumber,
(urnips, green tomatoes ete. ) to:

prevent loss of water that helps to
maintain firmness and juiciness

e [mprove appearance and increase visual @

Slow down the natural degradation by §

Uncoated

Physical Properties of Cycloalkanes

16.2.2.2
i)  Cyclopropane and cyclobutane are gases at room temperature.
ii) - Cycloalkanes having five or more carbon atoms are liquids at room temperature.
iii) Cycloalkanes are soluble in non-polar solvents like benzene, ether etc. and are
insoluble in polar solvents. . |
1v) ‘The melting and boiling points of cycloalkanes show gradual increase with the
increase in molecular mass. *
y) They have low densities like alkanes. Alkanes and cycloalkanes are the least
dense of all groups of organic compounds.
vi) Liquid cycloalkanes aré soluble in one another.
Table 16.05 Physical Properties of Cycloalkanes
s ™ o s iR o = g
No. of Carbon /' N\ Melung Boiling Poiit Density
' o Name e e
Atoms ._ ‘l. 5 Pomat (L) ) g/mlL.)
3 Cyclopropane —126.6 —33 ot
4 Cyclobutane -90 13 A
5 Cyclopentane —94 49 0.751
6 Cyclohexane 6.5 81 0.779
-h-‘--_—_ T
7 Cycloheptane = 118.5 0.811
8 . Cyclooctane 13.5 149 0.834
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16.2.3 Structure of Alkanes and ( yf-]m(a Ranes ) o

16.2.3.1 Structure of Alkanes

The simplest member of alkane is methane (CHa).
The hydrogen atoms of methane are arranged around the
central carbon atom in order that each hydrogen atom is as
far apart from other hydrogen atoms as possible. Methane
gives tetrahedral geometry with an angle of 109.5°.

Although the three dimensional shapes of higher

_alkanes are more complex than that of methane, the four
bonds about each carbon are still arranged in a tetrahedral
manner, and all the bond angles are nearly 109.5°.

16.2.3.2 Structure of Cycloalkanes

The simplest member of cycloalkane is cyclopropane. When writing structural
formulas for cycloalkanes, chemists use line-angle formula to represent cycloalkane
ring. Each ring is represented by a regular polygon that has the same number of sides
as there are carbon atoms in the ring. For example, chemists represent cyclopropane
by a triangle, cyclobutane by a square, cyclopentane by a pentagon, and cyclohexane
by a hexagon. |

Figure 16.2: Methane Molecy],

H, IN '
C _ H,C—CH,
/ \ or I 'L or
H,C—CH, H,C—CH,
Cyclopropaiie Cyclobutane
Hj
e r (&
HIC. -%on, [ o 0r
2 2 '
> HC._ _CHy
H, fi,

Cyclopentane Cyclohexane

16.2.4 Relative Stability of Alkanes and Cycloalkanes

Alkanes are relatively stable. Branched chain alkanes are more stable tha!
straight chain (linear), unbranched alkanes. For example, 2-methlylpropane is mor°
stable than n-butane. On the other hand, the cycloalkanes are stable 63‘3?9 {
cyclopropane and cyclobutane. The inertness of alkanes is due to the followin®
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The carbon-hydrogen bond is the least polar.
The carbon-carbon bond is completely non-polar,
There is no unshared pair of electrons.

There is no unsaturation point.

There is no electrophilic and nucleophilic centre.

)
i)
ii1)
V)
V) ;
16.2.5 Reactivity of Alkanes and Cycloalkanes I
Alkanes have only strong sigma bonds. Furthermore, the clectroﬁs in the C—H

and C—C sigma bonds are shared equally by the bonding atoms,” so none of the °
bonding atoms in an alkane has significant charge. This means that they neither act as
electrophile nor nucleophile. Because of this they are the least reactive organic,
and they do not react with acids, bases, strong oxidizing agents or with.
some other reagents at room temperature. Most useful reactions of alkanes occur -
under drastic conditions. However alkanes show two types of reactions: (1)
substitution reactions (ii) thermal and catalytic reactions. The properties of
cycloalkanes are similar to those of alkanes except cyclopropanc and cyclobutane:
The reactivity of cyclopropane and cyclobutane is due to the largest ring strain.

16.3 Radical Substitution Reactions
A radical (free radical) is a highly reactive specie con
formed by homolysis of a covalent bond.

Y,
radicals. They are electrically neutral.

omplete octet. Radical process involves
d to show the movement of electrons. -

compounds

taining an atom with an
unpaired electron, .
The products A and B are called free

They are very reactive and unstable due to inc
single electron, SO half-headed arrows are use

One half-headed arrow is used for each electron.

16.3.1 Overview ) _ _
i) The reactions in'which an atom Of group of atoms in.a molecule is replaced by

| ms are called substitution reactions.

another atom or group of ato
i) Alkanes reéact with chlorine (
alkyl bromides. y _ :
iii) The reactivity order for alkanes 1s- tertiary > secondary > primary > methyl
iv)  The reactivity order for halogens is: F,>Ch >Br; > b ; _ .
less stable and bromination gives the most stable radical.

V) Chlorination gives the ; : : : : :
'vi) Reaction proceeds Via radical chain mechanism which involves radical

| intermediates.
¢ vil) The termination step

Cl,) or bromine (Br) to form alkyl chlorides and

s are of low probability due to the low concentration r;f the
ng that the chances of collisions are very low. ;

S e T D T i

AT T T
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Keep in Mind

When a bond breaks so that both of its electrons stay with one of the atoms. |h£:--
process is called heterolytic bond cleavage or heterolysis.

. N + R
i) W@ e TS

—B e Ay + B+ [

m 3 - |
When a bond breaks so that each of the atoms retains one of the bonding electrons,
the process is called homolytic bond cleavage, or homolysis.

k }‘3&\/) __CE ‘ A e B _ 5

16.3.2 Reaction Mechanism
The halogenation of alkanes occurs through the formation of free radical and is
called free radical mechanism. It takes place in three steps:

Initiation Step

In this step, the chlorine free radicals are formed by homolytic fission of Cl;
molecule in the presence of heat or light. Each atom takes one of the bonding
electrons and two highly reactive chlorine atoms are produced. This is called initiation
step because it produces radicals.

(\ ® Y
OIS ECl =™ S 1

Propagation Step

i)  The chlorine radical produced in the initiation step abstracts a- hydrogen ato™
from the methane, forming a molecule of HCI and a methyl radical.
cﬁl +CH;—H———> CH; + HCI
ii) The methyl radical abstracts a chlorine atom from a chlorine molecule (CL)
forming a molecule of methyl chloride and another chlorine radical, which cal
then abstracts a hydrogen atom from another molecule of methane.

CH; + Cl—Cl ——— " CH,Cl 7 Cl

‘These two steps (i) and (ii) are repeated again and again and a chain reactiol
starts. These steps are called propagation steps because they propagate the reaction:
2 L i R s e S SR S S s G s ——

Bl
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Termination Step
Free radicals of similar and dissimilar types combine together to give neutral
molecules.

CH; + CH; — CH;—CH;

a1 +Cl — Cl,

CH;+ Cl —— CH;—Cl

The combination of these radicals is called a termination step because it helps

to carry the reaction to an end by decreasing the number of radicals available to

propagate the reaction. ,
The reaction of methane with chlorine also produces the highly halogenated
products such as CH,Cl,, CHCl; and CCl, as well as additional HCI,

164 Oxidation of Organic Compounds
164.1 Complete Oxidation

Oxidation of organic molecule generally corresponds to increasing its oxygen
content and to decreasing its hydrogen content. The reverse of oxidation is reduction.
Oxidation and reduction take place simultaneously, therefore they are redox reactions.

Alkanes such as natural gas, gasoline, and diesel burn readily in the presence
of oxygen to produce carbon dioxide, water vapours, and energy.

Flame or Ignition. ¢ COyq + HZO{S) + Energy

Alkane(,) + O,

The burning of organic compounds in the presence of oxygen is called
combustion. Methane gas is found in natural gas and is used for cooking and heating.

The equation for the combustion of methane is written as: _

CH‘Kg) L 202{3} Flame or lgni!ion_}_ (-:.:)z(g;l iy ZHZO(g) AH = —891 ETinal

The amount of heat evolved when one mole of hydrocarbon is completely
burnt o give CO,.and H,0 is called heat of combustion.

1642 Incomplete Oxidation T
When there is an insufficient supply of oxygen or air, then hydrocarbons on

“ombustion produce carbon monoxide, water vapours and carbon black.

Flame or Ignition , 9CQ ., + 6H,0(;,) + C, + Energy

3CH4(’3) + 40y,

1643 Catalytic Oxidation |
When ‘lower alkanes are burnt in the presence of metallic catalyst at high
then they form many useful products.

e T —
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i)  The oxidation of methane at 400°C and 200atm in the presence of copper
catalyst forms methyl alcohol.
CH. x [O] 400°C and .‘_{}U;llm} CH10H
4 . %

Cu catalyst

ii)  The methyl alcohol is further oxidized to formaldehyde.
CHBOH 4 [O] 400°C and 2()03[[}1} HCHO + Hzo

Cu catalyst
iii) The formaldehyde is further oxidized to formic acid.
HCHO + [O] 400°C and EUUulm> HCOOH

Cu calalyst
16.5 Alkenes ..

The unsaturated hydrocarbons that contain one or more carbon-carbon double
bonds (C=C) are called alkenes. They are also known as olefins. The word olefin is
derived from French word “olefiant” which means oil forming because the lower
members of alkenes give oily products on treatment with chlorine or bromine.
Alkenes are present in natural gas, coal gas and gasoline in small amounts, They are
produced in large amounts by cracking of petroleum. Alkenes (monoenes) have

general formula C H,,, where n is the number of carbon atoms. Ethylene is the first
member of the series. ,

16.5.1 Nomenclature .
Alkenes are normally named using the JTUPAC

are still in common use. Ethene is often called e
propylene. N

The IUPAC name of an alkene is obtained by replacing the ending “ane” of the
corresponding alkane with “ene.” For example, CH — @) is called ethene and
CH;CH=—=CH, is called propene. When there are two or more possible locations for
the double bond in a molecule, ‘its position is shown by a number. The TUPAC rules

for .n-aming .of -alkenes are similar to those used for naming alkanes. with a few
additions to indicate the position and presence of double bonds ,

Step 1. Select the longest chaj ;
i 12 ain of carbon atom.s that contains the doubl e bond and

system, but many older names
thylene and propene is called

i
5 4
CHy~CH—CH=CH—{,
The parent name of the com
carbon atoms in the longest chain.

pound is_pentene.._lt means that there are five

Step 2. Number the longest chain of AtOmS Frr '
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step 3. Indicate the position of the double bond by the lower numbered carbon atom
pound by the double bond.

CH;
5 4 3 2 |

The double bond is present between carbon 2 and 3, so the name of compound
is 2-pentene. '
Step 4. Indicate the position of the substituent by the number of that carbon to which
it is attached and name it in a manner similar to alkanes. The name of substituent is
stated before the name of the longest continuous chain of carbon atoms that contains
the double bond, together with a number to designate the carbon to which the
substituent is bonded. Note that if a compound’s name contains both a double bond
suffix and a substituent, the double bond suffix gets the lowest possible number.

CH3 '

5 al 3 2 |

CH3—CH—CH:CH“—CH3 :

The methyl group is located at carbon 4 and the name of compound is 4-
methyl-2-pentene or 4-methylpent-2-ene. :

Step 5. If an alkene has two or more double bonds; the “ne” of the corresponding
alkane is replaced with “diene,” “triene,” “tetraene,” and so on depending upon the
number of double bonds present in the parent.alkene. '

4 3 2 1
CH,—=CH—CH=—=CH;
The compound has two double bonds and the name of compound is 1,3-
butadiene or buta-1,3-diene.

s S = ... . Practice Exercise - I-

'Give the IUPAC name for each of the following:
) CHs—CH=—CH,

| 1) CH/~—C=SEH,

1) CH;=CH—CH,—CH3 ‘ s >

1v) CH?.‘—:CH-—“(I?H-—CH3
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Il T _Tﬁ%

| |vi) CHy—CH,—C=—C—CHjs

CH;

i
vii) CH3—CH2—CH—(|3:CH2

Practice Exercise - 2

Draw the structure for each of the following: |
i)  2-Butene | |
ii)  2-Methyl-1-butene ‘
iy  3,4-Dimethyl-2-pentene

iv)  1,3-Butadiene :

V) 3-Ethyl-2-pentene -G |
vi)  3-Ethyl-4-methylhex-3-ene

vii)  1,3,5-Hexatriene ;

Lviii) 2,3-dimethyl-1,3,5-hexatriene

16.5.2 Relatlve Stablllty
There are three factors that influence the relatlve stability of alkene:

i) Degree of Substitution
The stability. of alkene increases as the number of R (alkyl) groups on
the C—C increases. The increasing order of stability of alkenes is as: |

CH, = CH,< RCH — CH,< RCH — CHR < R,C = CHR < R,C = CR:

ii) Stereochemistry

Trans-alkenes are usually more stable than the corresponding cis-alkenes. In 8
cis-isomer, there is more steric hindrance, because the bulky groups or atoms are Of
the same side of the double bond whereas in a trans-isomer, there is less Steric
hindrance, because the bulky groups or atoms are on the opposite side of the doubl¢
bond. =
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H H H-C H
S :

C:C\ /\c:c<

H’;C : CH3 H CPIS

Cis-2-butene (Less Stable) Trans-2-butene (More Stable)
iii) Conjugation

Conjugated alkenes are more stable than isolated alkenes.
pentadiene is more stable than 1,4-pentadiene.

CH,—~CH—CH,
1,4-Pentadiene

16.5.3 Structure

Ethene (an alkene) contain
carbon-carbon double bond. The
double bond of ethene consists of
one sigma bond and one pi bond.
The carbon atoms attached throu gh
pi bond are sp2 hybridized. Hence,
each doubly bonded carbon has
three sp® hybrid orbitals and one
pu;'e p-orbital. Each of these
5p" hybrid orbitals overlaps an :
orbital of another atom o Fsgum 16.2: C,H,; Molecules
sigma bond. The remaining p-orbital of one of the
femaining p-orbital of the other sp° carbon atom t
formed by head-to-head overlap of hybrid orbital

Side overlap of pure p-orbitals. All six atoms of the doublé-bond system are in the

Same plane. Hence, ethene has trigonal planar structure in which HCH and HCC bond
ingles are approximately equal to 120°. The carbon-carbon double bond length s

134pm ang carbon-hydrogen bond lengths are 109pm. -
1654  Preparation of Alkenes
Alkenes are generally prepared through B

e -elimination reactions, in which two
Or groups on adjacent carbon atoms are removed, resulting in the 1
soms oo | , g 1n the formation of g

For exarhple, 1,3-

CH=CH,  CH,==CH—CH=—CH—CH;,
1,3-Pentadiene .

A p-p overlap

sp’ carbon atoms overlap with the
o form a pi bond. Sigma bonds are
s and pi bond is formed by side-to-
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16.5.4.1 Dehydration of Alcohols _
The removal of H>O from adjacent carbon atoms of alcohols b

dehydrating agent is called dehydration of alcohol. Reagent that remove the H,0 frq,
alcohols are called dehydrating reagents. The best dehydrating reagents are: (i) Copc.
H,SO, (ii) Al,O5 (iii) P,O;. All the dehydrating reagents work at high temperatyre

The OH is removed from o-carbon and H is removed from B-carbon.

e
Dehydrating reagent
R '—BCH-—'(ICHz ehy raﬁl:zl_t reagent R CH=—CH, + H,0

The ease of dehydration of alcohols is: 3° alcohol > 2° alcohol > 1° alcohol.
It means, tertiary alcohols are dehydrated more readily than secondary alcohols
which in turn are more readily dehydrated than primary alcohols.
1)  Dehydration of primary alcohol (ethyl alcohol) needs concentrated sulphuric
acid and a temperature of 170-180°C. |

-
B Conc. H,SO,
y CH,—CH, 170“-123004 > CH—=CH, + H,0
ii)  Dehydration of secondary alcohol needs 75% H,SO, and a temperature of
100-140°C.
i
Ssed dapy el 5% bSO, .
SRR @c - RCH—CH "% yo
iii) Dehydrafi Cf:’ CHj
¢ tion of terti %
tem;’erature Ofso,bglar}’ alcohol (tert-butyl alcohol) needs 5% H,SO, and
(I)H
5% H,SO
CH;—C—CH A .
| 3 TR =+ H,0
CH, |
tert-Butyl alcohol CH;,
2-Methylpropene
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~ formed by parallel overlaping of p-orbitals. The n

. to them. This makes n-bond a weak bond
. breaks much more easily by the attack of e]

- reactions are those reactions in wh

¢ dlmosphere to give a saturated hydrocarbon (alkane)
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H X

. :
i‘| |

R—CH—CH, + KOH —Alsohol _ o

H Cl

l“‘cl‘H-l %‘Hﬁ KOH —ple CH,—CH, + KCI + H,0

16.5.5 Reactivity of Alkenes
Alkenes are more reactive than

CH==CH, + KX + H,0

alkanes due to presence of -bond. A 7T-bond is
-electrons of double bond are
and are thus less firmly bound

as compared to sigma bond. Therefore it
ectrophilic reagent.

therefore located much farther from the carbon nuclej

16.5.6 Reactions of Alkenes

The most important reactions of alkenes are the addition reactions. Additions

ich two molecules combine to form a single

molecule of product. During addition reactions, a double bond of alkene is changed to

a single bond.

N YA

C=—c¢ & > ZSC—C——
/ \ / \X

The common addition reactions of alkenes are given bej:Iow:
16.5.6.1 Catalytic Hydrogenation e

The reaction in which -hydrogen is added to an alkene in the presence of
catalyst such as platinum, nickel, or palladium and at moderate pressure of | to 5

is known as catalytic

hydrogenation of alkene.

Ni/ 1-5atm _
CHz——-—CI‘Iz nr H2 250-30&0(: = CH3 CH3

“H—BH==CH, + H, ~35r5pre¢* CH;~—CH,—CH,

The amount of heat evolved when one mole of an alkene

Called heat of hydrogenation. The heat of hydrogenation of most
Or €ach double bond present in a molecule. '

The process of catalytic hydro

is hydrogenated is
alkene is 120kJ/mol

; genation is used in industry for the manufacture
L vegetable ghee from vegetable oil. i
Vegetable il + H zsofm >  Vegetable ghee

R i [Pt et
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16.5.6.2 Hydrohalogenation

The addition of HX to alkenes is called Hydrohalogenation. The reaction of
alkenes with HX results in the formation of alkyl halides. The reaction is carried out
in a solvent such as acetic acid or by passing dry gaseous HX directly over an alkene,

Neiopd N/

=" + HX R /C Ci'_'
P .
Alkene b - Alkyl Halide
Ethene Ethyl bromide
The order of reactivity of HX is: HI > HBr > HCl #

Mechanism of Reaction
Consider the addition of HBr to ethene. It involves two steps:

H H H\ /Hf
_ N o , @® S
Step 1: —s + HBr o e e, I B
> X /C C o b
Ethene : Carbocation
H\ /H | H H
@ S :
Step2: H—C—C  \Br > H \C / -Br
TR BT
Carbocation ~ Nucleophile Ethyl bromide

Markovnikov’s-Rule
~ This rule-states that “when an unsymmetrical molecule (polar reagent) such as
HX is added to unsymmetrical alkene like propene, then the negative part of adding

molecule goes to that carbon atom, which has the least number of hydrogen atoms.
For example: ' ; :

CH;—CH=—/CH, + HBr = CHg‘_“CH"_CH:;
I
b : Br " H
Propene B 2-Bromopropane

16.5.6.3 Hydration

The addition of water molecule is called hydration. Alkenes react with H,O i
the presence of H,SO4 at 100°C to form alcohol. :

AT L SR L 2 =R e el S T A
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H\ /H H /H
?D:\i. \ SR = - \
;. step 1 /C—C\ + H—0SO;H — » H— c—Cc—080;H
H H
Ethene Sulphuric acid Ethyl hydrogensulphate
H H H H
Step 2 H—-/C—C\—-hOSO3H+I-I——OH——hH C—C—OH +HOSO:H
/
H H H \H
'Ethyl hydrogensulphate Ethyl alcohol

16.5.6.4 Halogenation

The addition of halogens such as chorine (Cl,) and bromine (Br) to alkenes is
called halogenation. Alkenes react readily with Cl, or Br,,in an inert solvent such as
CCly, in dark to form vicinal dihalides.

_ X
\ / N7/
== + X X = C==C
/o < i s
Alkene Dihaloalkane
Cl

CH,—CH—CH; +Cl-mz1 —* H,C—CH—CHj
| ;

Propene . Cl 1,2-Dichloropropane

Mechanism of Reaction :
The addition of X, to ethene occurs 1n two steps:

H //H\‘ ~ . donos0. E ik

Steply - N X —> CH,—CH, + X
v N @
H H X
Ethene

X

|
\ @ 1
Sﬁep 2: C%{Z ,CHZ 1 x —_—— CHz-——CH;g

|

\%’ X _
Ty
I—Iolom vion s CI dihalide
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Reaction of ethene with bromine 18 ver
of unsaturation in a compound.

5.6.5 Halohydration _ ol
16 acid to alkenes 18 called Halohydratio Aqueous

The addition of hypohalous ; 4
solutions of halogens such as Cl, and Br; react with alkenes to produce halohydripg

Halohydrins have adjacent halo and hydroxyl groups.

\ / \C C{—— + HX

L= X T HNO —F%

e &
X OH
Alkene ' Halohydnn
Cl

CH3‘—_CH:CH2 RELH0 ——— CH3‘——CH'_"‘CH2 + HCI
OH
Propene 1-Chloro-2-propanol

16.5.6.6 Epoxidation
The addition of oxygen (O,) to alkene is.called epoxidation. Alkenes react with

oxygen in the presence of silver catalyst under high pressure and temperature to give

epoxides.

(@)
= Ag A
2CH,—CH, + O, —3o0c 2CH2—_CH2
Ethene Ethylene oxide (Epoxide) -
. - /N
2CH;—CH=—=CH, + O, — 2CH;—CH—CH,
Propene Propylene oxide

16.5.6.7 Ozonolysis
The reaction of ozone (Os) with alkene to break carbon-carbon double bond

called ozonolysis of alkene. Ozone reacts readily with alkene in an inert solvent su¢/
as ether and forms an unstable molozonide which upon rearrangement changes i

ozonide.
0 O
| o /0
CH2: CHZ + 03 Ether | Rearrangement ._H2C CH2
CH2 ""‘CHz
O 0O
. ne i Ethylene molozonide Ethylene ozonide
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Thﬁ': .ozon}de 'belng Exp}osive in nature are not isolated. Ozonide upon
decomposition with zinc/water gives aldehyde and/or ketone.

75
HQC CH2 O (ﬁ ;
Cl)——(|) = o™ 2ZH—C—H + 7n0
Ethylene ozonide

Formaldehyde

Ozonolysis is used to locate the position of double bond in an alkene. The
molecules cleaves at the position of double bond.

16.5.6.8 Polymerization

; The process by ‘-ﬁ-’h]c:h small molecules ( called monomers) combine together to
form large molecules (called polymers) is known as polymerizatieni. Ethylene (an
alkene) undergoes polymerization in the presence of catalyst at high temperature and
pressure to form polythene or polyethylene.

n e 400°C and 100 atm _
CH,=—CH;, 0.01% O, 2 _[*CHZ_CHﬂT

Ethene Polythene

Polythene izf. a plastic and used for the manufacture of toys, bags, boxes,
purses, carpet backing, buckets, rain coats, dustbins, shoes soles and pipe.

165.7 Conjugation in Alkenes

The word "conjugation" is derived from a Latin word that means "to link
together". Tt is used in organic chemistry system to describe the situation that occurs
When conjugated (or pi) systems (e.g. double bonds) are "linked together". The focus
0.!: this topic is on dienes. Dienes are alkenes with two double bonds. There are three
different classes of dienes.that depends on closeness of the pi bonds. They are
“imulated, conjugated, or isolated.

C :
| Umulated Dienes (also called cumulenes or allenes) :
) The dienes jn which the two double bonds are adjacent are called cumulated

4 Qi :
/ enes, Example is 1,2-pentadiene.

é R IDte 4 5
Hy=—=C=—=CH—CH,—CH;

1.2-Pentadiene ; _
The compounds are relatively rare and will not be discussed here in this topic.
t?‘l Dienes (non-conjugated dienes) _
-'bﬂndg ‘ he dienes in which the double bonds are separated by more than o
1‘ ailed isolated dienes. Example is 1,4-pentadiene.

S S R SR

SR 5 SEELaT T T

A P

ne single
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CHQZCH—*CHz_CH —CH,
| 4-Pentadiene
Conjugated Dienes

ienes in which the
wated dienes. Example is 1,3-pentadiene.

hie bonds are separated by one single bond are

€H,—CGH —CH—cli™CH
1,3-Pentadiene

Conjugation

Conjugation takes place whenever p-orbitals overlap on three or more adjacent
atoms. The common conjugated system is 1,3-diens. The simplest example of
conjugated diene is 1,3-butadiene.

2 3 4

(lZHQZéH—CH:CHz

In 1,3-butadiene, all the four carbon atoms are sp2 hybridized. Each carbon has
pure p-orbital with unpaired electrons. The four pure p-orbitals on adjacent carbon
atoms make 1,3-butadiene a conjugated system.

A molecule which has three or more pure p-orbitals on adjacent atoms allows
p-orbitals to overlap and electrons to delocalize over the whole molecule. When p
orbitals overlap, the electron density in each of ‘the pi bonds is spread out over all the
four atoms of the molecule, thus lowering the energy of the molecule and making i
more stable. Conjugation makes 1,3-butadiene (conjugated diene) different from 1,4
pentadiene (an isolated diene). The pi bonds in 1,4-pentadiene are separated by mor
than one sigma bonds and are too far apart to be conjugated.

Isomerism
the compeunds having same molecular
tormulas are ¢alled isomers and the phenomenon is

butane and isobutane are isomers; they have s
different structures.

formula but different structur
called isomerism. For example, !

O, —CH,—CH,—CH;  CH,=—ch—qn,

n-Butane

Isomers have different physical, chemical and b
. N-umber of Isomers depend upon the number
1Somers increases with the increase of carbon atomsg

R s T S e iy 2 1
i t » Ly | A
1. i? A

Isobutane

iological properties.
of carbon atoms. The number ¢
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Table 16.7 : Number of Isomers of Alkanes
mmm? No. of Isomers - No. of C-atoms No. of [somers
S I 1 11 | 159
EErenty 1 e 355
3 1 13 802
Bt | 2 14 1858
AT 3 15 - 4347
B 4 16 10359
S 9 17 24894
8 18 18 60523
9 35 19 148284
10 75 20 366319
There are two main types of isomerism: constitutional isomerism and

stereoisomerism. :
16.6.1 Chiral Centres and Carbon based Chiral Centres

Tetrahedral atoms usually carbon atoms that have four different substitue{lts
are called chiral centres (or sometimes stereogenic centres). A mole(?ule tha.Lt contains
a chiral centre will be chiral and the molecules that does not contain a (_:hlral centre
will be ‘achiral. Molecules with a single chiral .centre are always chiral and the
molecules with two or more chiral centres, may or may nog be chiral. Ft}:r -cxal:lilplt.:,
alanine (an amino acid) contains a carbon atom with four different substituents; this

carbon atom is chiral centre, and the mo%g;lule itself is chiral.
| 2

CH;—C——COOH

H  (Chiral centre :
The four different groups bonded tO chiral centrel are: CH3;, H, COOH
aﬂd NHz. 3

The word chiral comes from the Greek word cheir,
Which means “hand.” Your leftand right hands m‘; olh'ljl;;}_

ie. they are not identical. The mirror image oi elf 5
object is not the same as an image of the abjeﬁltghtﬁmh 2
hand i chiral because when you look at yol{éhm  on T—
In & mitror, you see not a right hand l?utnle ; P

&nd right hands are mfmr imdges that do O%
Superimpose on eachother. ST

o
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Ordinary light consists of waves vibrating in many dlf. f erent pldne.s'. When it
sm or Polaroid lens), the light vibrates in one plane

larizer (Nicol pri ‘ ;
passed through polarizer ( p ane only is called plane polarized light.

only. This light which vibrates in one pl e ‘
The compounds having the ability to rotate the plane of polarized light in eithe

clockwise or anticlockwise direction are called optically active z-md_lllqe property of
rotating the plane of polarized light of compounds is called optical activity.
Optical activity in a compound is measured by means of Polarimeter.

™

Specific
rotation 30°

3 Observer
!
| B
Unpolarized Movable analyzer
light =
Sample tube containing

organic molecules

v larized light i -
Ilumber of degrees, either in clockwise or :apn;:)ticl(:lnclvEWi‘sgeh:lii‘sevxi-t:(i)gal;[f:‘{}F1111:—::I g :rihui Eiif':im
:}E‘[Z" i!‘h.?_p!ﬁ‘_“? of; polarization of plane-polarized light in clockwise dfrccuor is

: c;s;d;:}‘(i-:. irgg;z;ory. It can be indicated in the compound’s name by the prefix lower
e ["-.j . E Cl.oltznp.gund.that‘f*otates the plane of polarization of Plﬂne-polm‘izﬂd
cgmpound’ls:c Ockwise direction is called levorotatory. It can be indicated in the
The word u[?:;;.t:y the_ pre‘ﬁx 10we1:casg Lor (). Dextro and levo are Latin prefixes.

: - means “to the right” and the word “levo” means “to the left.”

The optically act;
: active compounds havine
formulas but differing : 2R nd:,.imw.ug Same mole
e ng i their interaction towards
Eplm 1Somers and the phenomenon is known as op
_1ave same physical and chemical properties,

cular formulas, structurdl
Plane polarized light are called

e tical isomerism. Optical isomers
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Optical Isomers of Lactic Acid
The two optically active forms of lactic acid (+) and (-) are similar in physical
and chemical properties but differ only in their behaviour toward plane polarized

light. The (+) lactic acid is dextrorotatory whereas (-) lactic acid is levorotatory. The
(+) lactic acid is the mirror image of the (=) lactic acid.

Mirror
COOH | (|:00H
/C """ C H3 ‘ H3C “h-- C\
OH HO
(+) Lactic Acid (=) Lactic Acid

The mixture of equal amounts of (+) lactic acid and (-) lactic acid i.e. (+) lactic
acid (called racemic mixture or racemate) rotate plane-polarized light to an equal
extent but in opposite directions, the rotations cancel, and no rotation is observed.

16.6.4 Stereoisomers (Configurational Isomers)

The compounds having same molecular and structural formulas but differ in
the arrangement of atoms or groups in space are called stereoisomers and the
phenomenon is called stereocisomerism. There are two types of stereoisomers:
geometric isomers and optical isomers. :
16.6.4.1 Geometrical Isomers (Cis-Trans Isomers)

Compounds having same melécular and structural formulas but restricted

- Iotation are called geometric 4somers and the phenomenon is called geometric

isomerism. Restricted rotation can be caused either by a carbon-carbon double bonds
or by a carbon-carbon single bonds in cyclic compounds. The cis isomer (Latin, cisoid

- = same side) has similar groups on the same side of carbon-carbon double bond and

tl‘ie trans isomer (Latin, transoid = opposite side) has the similar groups on opposite
Sides of the carbon-carbon double bond. For example, the cis isomer of 2-butene has
hydmgﬁn atoms on the same side of the double bond whereas the trans isomer has the
hydrogen atoms on opposite sides of the double bond.

CH; CH; CH; H
\ / \ /.
C=——o=C C=—¢
/ N /
H H = CH;

Cis-2-butene .
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Cis and trans isomers are two different compounds and have different physicg|
and chemical properties. It is found that trans isomers are more stab]c_ than the
corresponding cis isomers. This 1s because, in the cis isomer, the bulky (big) groups
are on the same side of the double bond. The repulsion of bulky groups makes the cjs

isomer less stable than trans isomer. . :
Cyclic compounds that have two substituents bonded to two different carboy |

atoms also have cis and trans isomers. Consider the example of 1,2-dimethyl.

cyclopropane.
CH; CH;
CH;
Cis-1,2-dimethyl - Trans-1,2-dimethyl
cyclopropane cyclopropane CH;

The cis isomer has its methyl groups on the same side of the ring, whereas the
trans isomer has its methyl groups on opposite sides of the ring.
Conditions for Geometric Isomers
1)  The geometric isomers must have a double bond.

ii) There must be two different atoms or groups bonded to each carbon atom of the
double bond.

16.6.5 Constitutional isomers (Structural Isomers)

The compounds having.‘same molecular formula but different structurdl
fommlfis are called constitutienal isomers and the phenomenon is called constitutiond!
isomerism. Structural isomers differ in the arrangement of atoms within the molecule.
_ Consti.n}tim}al isomers are further divided into five types namely, chain
10mers, position 1somers, functional group isomers, metamers and tautomers.

16.6.5.1 Chain Isomers (Skeleton Isomers)

T - 1 n - = -
a2y he compounds having same molecular formula but different carbon chains (O
5 e e On . b - . L
5) are called chain isomers and the phenomenon is called chain isomerisi:

For example, the chain isomers of
e pentane has the sam Hp)
but they have different chains of carbon atoms, Sfielesular formula (Gt

e . CH, CH,

3 44 aluE
CH;CH;CH,CH,CHy  CH,CH, CHCH, CH,CCH
| B

; P Isopentane N'mp(::t{;e
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Llh; The compound n-pentane has five carbon chain, isopentane has four carbon
MJ chain and neopentane has three carbon chain.
\ 16.6.5.2 Position Isomers
; The compounds having same molecular formula but different positions ol the
lil‘; same t‘unctinn;l_l group are called position isomers and the phenomenon is called
M position isomerism. Examples of position isomers are the following:
Cl Cl
4 TRy s :
CH;3CH,CH,CH, CH;CH,CHCH; |
1-Chlorobutane 2-Chlorobutane

The compounds, 1-chlorobutane and 2-chlorobutane, have same molecular
formula (C4HoCl) but different positions of chlorine atoms (functienal groups).

(IZHZIEH—CHZ—éH3 éH3—CHﬂéH~——éH3
1-Butene 2-Butene
The compounds, 1-butene and 2-butene, have same molecular formula (C4Hy)
but different positions of double bonds (functional group).
16.6.5.3 Functional Group Isomers (Functional Isomers)
:  The compounds having same molecular formula but differ in the nature of
functional groups are called functional group isomers and the phetwmenrm is known
as functional group isomerism. For example, ethyl alcohol and dimethyl ether have

same molecular formula (C,HO) but different functional groups.

CH;—CH,—OH CH;—O0—CH;

!: Ethyl alcohol Dimethyl ether

F]

Similarly, methyl-acetate and propionic acid have same molecular formula

(C3Hg0,) but different functional groups.

i i
CH;—C—0—CH; CH3;—— CHyCa=0—=H
;; Methy] acetate Propionic acid

16.6.5.4 Metamers

The compounds having same molecular formula and functional group but
differ in the distribution of carbon atoms on either side of the functional group are
called metamers and the phenomenon is called metamerism. For example, diethyl

Sther and methyl-n-propyl ether are metamers.

’ & s e——... ol
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——0—CH,—CH; Glly== 0~ CH,—Ch—CH,

- i . Methyl-n-propyl ether
Similarly, tﬁzzﬁl;ll;;?;e and ethylmethylamine are metamers.
CH, H‘
CH,—N—CH; CH3-—-—CHz———N'——C H,
Ethylmethylamine

Trimethylamine
Metamers belong to same homologous Series.

16.6.5.5 Tautomers . ;
The two forms of same compound, which differ in the p .
and electrons are called tautomers and the phenomenon is called tautomerism. The
two forms, that is, keto form and enol form are readily interconvertible anq ex.15t In
dynamic equilibrium with each other. For example, ethyl acetoacetate 1s in an
equilibrium mixture of the following two forms:
s
CH,—C¢—CH—C—0€HCH; @eHy—C—CH—C—0CH,CH;
Keto-Form (93% at 25°C) Enol-Form (7% at 25°C)
Usually the 'keto' form of the compound is more stable, but in some cases the
‘enol' form can be more stable. '

16.7 Alkynes

OSjtjUi‘! {'Ji. ?.‘._ protons

OH O

Alkynes are unsaturated’ hydrocarbons which contain one or more carbon- |

carbon triple bonds in their structures. The simplest member of the alkyne series is

ethyne, commonly called acetylene. The common name of alkynes is acetylenes, after |

the simplest member, acetylene. They have the general formula C.H,,—,, where n = 2,
3,4,5.... The structure for acetylene is:

H—C=C—H
Acetylene

Alkynes are less common in nature than alkenes, although more than thousand

different alkynes have been isolated from natural :
sources. Th
cracking of petroleum. es. They are produced durng

16.7.1 Nomenclature 2
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- are two or more possible location for the triple bond in a molecule, its position is
, it

shown by a number. The IUPAC rules for naming alkynes are similar to those used
for naming alkenes.

Step 1. Select the longest chain of carbon atoms that contains the triple bond and
pame it.

CH;—C==C—CH,

The parent name of the compound is butyne. It means that there are four
carbon atoms in the longest chain.

Step 2. Number the longest chain of carbon atoms from that end which is closer to
the triple bond. Alkynes with two or three carbon atoms do not need numbers.

6 5
CH;—CH,
el
CHy-—CH-——C=—C—CH,
Step 3. Indicate the position of the triple bond by the lower numbered carbon atom
bound by the triple bond. '

6 =5
CH3_CH2

4 3 2 1

CH;—CH——=C=—=—C—CHg _

The triple bond is present between carbon 2 and 3, so the name of compound is
2-hexyne. ' . '
Step 4. Indicate the position of the substituent by the number of that carbon to which
it is attached and name it in a manner similar to alkanes. The name of substituent is
stated before the name of the longest continuous chain of carbon atoms that contains
the triple bond, together with a number to designate the carbon to which the
substituent is attached. Note that if a compound’s name contains both a triple bond
suffix and a substituent, the triple bond suffix gets the lowest possible number.

6 s
CH;—CH,
4 A ]
CH;—CH =@—Cll

The methyl group is located at carbon 4 and the name of compound is 4-

Methyl-2-hexyne.
Step 5. If an alkyne has two or more triple bonds, the “ne” of the c?rrespondjng
 lkane g replaced with “diyne,” “triyne,” “tetrayne,” and so on depending upon the
the parent alkyne.

L
18

25_}_"29{@ triple bonds present

S BT

in ]
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4 3 2 ol
CH=C—C==CH
The compound has (WO triple bonds
butadiyne or buta-1,3-diyne.
Alkenyne |
\Ikenvnes are hydrocarbons which have
Nomenclature . g |
Step 1. If double and triple bonds are present ‘at different pOS{thI.IS from respectivye
ends, then preference in numbering will be given to that end which is closer to double

or triple bond.

2 et 4 5 5 L= TN e
CH==C—CH=—CH—CH; CH,—C=C—CH=—=CH,

3-Penten-1-yne I-Penten-3-yne
Step 2. If double and triple bonds are present at same positions, then preference in

numbering will be given to double bond.
5 4 3

2
CH=C—CH, f:H=éH2
1-Penten-4-yne _
Practice Exercise - 1
‘Give the IUPAC name for each of the following:
| ) CH=C——CH;

and the name of compound is |3

both double and triple bonds.

Q
o
I
Q
A

I
|
| b

V) H;C—CH—C—CHj |
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_Practice Exercise - 2

—

raw the structure for each of the following:

) 2-Butyne i) Pent-2-yne

i 1,3-Butadiyne V) 3-Methyl-1-butyne

v) 4-Methyl-2-pentyne vi)  Penta-1,3-diyne

vii) Hexa-2,4-diyne Vi) Octa-2,4,6-triyne

i) 3-Hexen-1-yne ) I-Hexend-yae J
l\-_ ; i

16.7.2 Relative Stability of Alkynes

Alkynes are more stable than alkenes because of

smaller bond length of triple
bond. The stability of alkynes also depend upon: ' |

i) The Position of Triple Bond
The internal alkynes (alkynes with triple bord Tocated elsewhere along the

chain, other than the end of the chain) are ‘more stable than terminal alkynes
(alkynes with triple bond located at thé ‘end of the chain). For example, 2-
pentyne is more stable than 1-pentyne:

ii) The Number of Substituents

_ Branched alkynes are more stable than unbranched alkynes. Foii’cxample, '2,5-
dimethyl-3-hexyne is more stable than 3-hexyne.

16.7.3 Structure of Alkynes

Acetylene (an alkyne) has carbon-carbon triple bond. The triple bond of
acetylene consists of ‘one sigma bond and two pi bonds. The two carbon atoms linked
through pi bondsare sp hybridized. Thus, each carbon has two sp hybrid orbitals and

WO pure p-orbitals. One of the two sp hybrid orbitals of each c

: arbon atom overlaps
With half-

filled s orbital of hydrogen atom to form C—H sigma bonds. The other sp
hybrid orbital of one carbon atom overlaps with sp hybrid orbital of the other carbon
atom to form C—C sigma bond. The remaining two pure p-orbitals form two pi bonds
be:‘Ween two carbon atoms through sidewise overlapping. Acetylene has linear shape
With bond angles of 180°. The carbon-carbon triple bond length’is 1
' __ od lengths are 106pm. '

20pm and carbon-
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" p-p everlap i
Aabsinssaveuzeaseaneytativasasasdesssatane sttt s ae)

g erlap | ; L
3 g

s-sp overlap

H—(={E=—H
Figure 16.4: Acetylene (C>H,) Molecule
16.7.4 Physical Properties -

1) The first three members of alkynes are gases, next eight members are liquids and

higher members are solids.
1) ~ Alkynes are colourless and odourless except
smell. - - %

1if) _They are generally 11011'[30131‘ and are soluble in non-polar solvents like ether,
benzene, CCly, etc. e

acetylene which has a garlic like

V). Their melting points, boiling points ‘and densities increase

gradually with the
increase in molecular masses.

16.7.5 Preparation of Al,kynes

Alkynes are prepared by the elimination of ato S
: ms (or grou -
adjacent carbon atoms. -k Eroup of atqms) from the

e b ips

‘ o H
H—_/C_—Ci—_H Alc. KOH -—--'i‘ii‘_t______ \ iy /
Br
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. | |
c:c\ + Ale.KOH — » H— C==C—H + KBr + H,0

/

Br H
Vinylbromide Acetylene

= This meth'_ad is useful for the preparation of alkynes because the vicinal
dihalides are readily prepared from alkenes by the addition of halogens.

16.7.5.2 Dehalogenation of Tetrahalides

Alkynes are orepared by heating vicinal tetrahalides with zinc dust in ethanol.
The reaction occurs in two steps. ' '

Br Br . H . Br
\ / Heat \ : . 2
H /C C\ H+Zn ———» =G + ZnBr,
Br Br Br/ ' H ==
1,1,2.2-Tetrabromoethane | 17 Domoethene.
H Br : '

C—C + Zn ———= H-LC==C—H + ZsBr,

Br o - : | ==
1,2-Dibromoethene ' ‘ Acetylene : -
This method is not used for the preparation of alkynes Becé;-l:Sﬁ‘the tetrahalides
are themselves prepared by the halogenation of alkynes. = =~ = =

16.7.6 Reactivity of Alkynes | : S

Alkynes contaifi a carbon-carbon triple bond. One of them is a sigma bond and
ﬂ}e other two are pi bonds. The electron density between the carbon atoms is very
high which draws atoms very close to each other. Hence, the electrons of the triple

| bond are Jess exposed than the electrons of the dot!_b]é bond. Thus a]kynesare less
| Teactive towards electrophilic reagents as compared to alkenes. |
1677 Acidity of Terminal Alkynes L=
In alkynes, the triply bonded carbon atom is sp hybridized. In terminal alkynes,
e sp hybridized carbon is highly electronegative and so it is strongly electron
WVithdrawing. This makes the attached hydrogen atom slightly acidic. e
o e s e e TR e
e o NS

A el sy _:-..-l%ii-l’l.l-l_- i i
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Therefore, the hydrogen atoms of alkyne(s can Eg re‘wa'éP)eadﬂy by meta

such as Na, Ag, or Cu to form ionic compounds.

16.7.8 Addition Reactions of Mkyl.lcs

. 8A1kynes u;dergo addition reactions like alkenes but alkynes add two moleculeg
of reagent instead of one. The reaction takes place in two steps. In first step, the triple
bond of alkyne is converted to double bond. In the second step, the double bond ig

converted to single bond.
16.7.8.1 Hydrogenation (Addition of H3) e

Alkynes react with hydrogen gas in the presence of ﬁnel_y divided metal
catalyst such as Ni, Pt or Pd at or above room temperature. The reaction occurs in two
steps. The initial product is an alkene and the final product is an alkane.

HC==CH + H, ——— CH,=—CH,
CH,=—CH, + H, ———> CH;—CH;

16.7.8.2 Dissolving Metal Reduction

Dissolving Metal Reduction is one of the most useful and oldest reduction
methods. Reduction of organic compounds <ising the solution of strongly
electropositive metal such as Na, K, or Zn in an inert solvent such as liquid ammonia
or tetrahydrofuran (THF) containing a protoh-Source is known as dissolving metal
reduction.

HC=—CH_+ Ng CH=—CNa + 1/2 H,

Acetylene Sodium acetylide
Sodium acetylides can be used to convert lower alkynes to higher alkynes.
HC=—CNa + CHiK 772 CH=C=—CH, &+ Nal

In the above two reactions, the 'H,' is added as 2¢ and 2H".

16.7.8.3 Hydrohalogenation

Alkynes react with halogen acids (HX) to produce dihaloalkanes. Addition of
halogen acids follows Markovnikov’s rule. Halogen atom adds to the carbon that hs
the lesser number of hydrogen atoms. The addition of HX occurs in two steps.

Lig. NH§

Br
CH;—C==CH + HBr —E = (II———_CH2
Br B
| Ir
CH3_C=CH2 + HBr e CH3__C_'_‘CH3

The order of reactivity for HX is: HI

i 144
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16.7.8.4 Hydration (Addition of H,0)

Alkynes react with water in the presence of mercuric sulphate and sulphuric
4cid to form unstable enols which rearranges to produce carbonyl compounds. The
roduct is an aldehyde in the case of acetylene and a ketone in the case of all other
alkynes. The addition of water follows Markovnikov’s rule.
OH

HgS0,

CH;—C==CH + H—0OH ——— » CH;— G=—CH,

o
H-S0,

Propen-2-ol (an enol)

(I)H O
CH3—C:CH2 e CH3'__C‘_CH3
Propen-2-ol (an enol) Propanone (Acetone)

16.7.8.5 Bromination (Addition of Br,)

Alkynes react with bromine to form dibromides or tetrabromides. If bromine is

in smaller amount, then dibromides are formed. If bromine is in larger' amount, then
tetrabromides are formed. .

B -Br :
CH=—C=—cH + Jir: » CH;—C=—CH ;
- Propyne 1,2-Dibromopropene
fl-ﬁs' S‘jr Br Br
CH;—C=—=CH + Br, ' > CH3—-(,:——-CH .
_ Br r
1,2-Dibromopropené '1,1.2,2-Tetrabromopropane

16‘7'8-6 Ozonolysis (Addition of O3)

“di h ;‘eafct_iun of ®zone (O,) with alkynes to break carbon-carbon triple bond 'is

- 970n0lysis 6f alkynes. The reaction of ozone with alkynes occurs in two steps:
“One adds to alkynes across the carbon-carbon m-bond to form molozonides
€ molozonides rearrange to form ozonides. :

0\

_ : o So o o

R'CECR+ QA.._C_E'IL,,, (I-;= (IZ\RRCnr;-angemcn_L "R"“-C{-—\C—-—R
gl

Call
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o form 1,2-dicarbonyl compounds which

rolysed by water ( HDony.«
form carboxylic acid mixture.

ii) The ozonides are hyd

undergo oxidative cleavage by H,O; to
L )
. i
RN syl
R'_.—C-—"C"—R + H20 —_— /C Mg 4 HZ()Z
e R’ R
0—0 |
Ozonide |.2-Diearbonyl compound
|| :
RI/C_—C\R+ H202—-——+ Rr__c___OH i R—'C-——OH

{,3-Dicarbonyl compound Mixture of carboxylic acids
Ozonolysis is used to locate the position of triple bond in an alkyne. The

molecules cleaves at the position of triple bond.
16.8 Benzene and Substituted Benzenes
Michael Faraday, an English scientist, in 1825 isolated benzene from the whale
oil. Twenty year later, in 1845, benzene was found in coal tar by Hoffman. Benzene is
the simplest aromatic hydrocarbon (or arene). Its molecular formula is CeHs. A
molecule of benzene consists of a ring of six carbon atoms with one hydrogen alor
bonded to each carbon. Benzene is represented by one of the following structures:

C G
[ I o
g ‘«\C/ it
| [!1 Benzene

The organic compounds that contain benzene ring are called aromat®
com'pounds. Because many compounds containing benzene had fragrant odours:
family of benzene compounds became known as aromatic compounds

Benzene has mainly three types of substituted derivatives tha!
monosubstituted, ~ disubstituted and  polysubstituted  benzene derivati'®
Monosubstituted derivatives are formed by the replacement of one disubstitu®
derivatives are formed by the replacement of two and polysubstituted derivatives .
formed by the ;‘?Qlacement of more than two hydrogen atoms by other gmup/groups-

f$

TR T e gl YRR
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168.1 Nomenclature
The nomenclature of aromatic hydrocarbons is complex than aliphatic
16.8.1.1 Monosuhstltuted Benzene Derivatives

The IUPAC rules for nalping monosubstituted benzene derivatives are:
) They are named by placing the name of the substituent in front of benzene. For

example:
Chlorobenzene Nitrobenzene Ethylbenzene

i)y Some monosubstituted benzene derivatives have common names that are
accepted by IUPAC. Such names have to be memorized.

UUU

Toluene Phenol _Anisole
Aniline Benzoic Acid Benzaldehyde
O

0 5 CH
I > Il |

=GR : C—C¢Hs O/CH

Acetuph enone Benzophenone i
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16.8.1.2 Disubstituted Benzene I)erivati.ves =k
There are three different isomers for disubstituted benzene derivatives. Their

structures have substitution at 1,2—; 1,3—; and 1,4~ positions. They are designated by
prefixes ortho, meta and para. 1,2—1s equivalent to ortho (Greek, correct or straight),

1.3 is equivalent to meta (Greek, between, in the middle), and 1,4-1is equivalent to
(Greek, beyond). Ortho, meta and para are also abbreviated as o—, m— and p-

respectively.
\

P N

V4 3{
/N . 7

6 2
5 3
f f b ¢ 2
1.2— ‘ oy ' v &
Ortho— . : Meta— " Para
o— nm— P—

~Notice that the disubstituted benzenes have two ortho positions, two meta
positions and one para position. |

X — Original Substituent
ortho ortho
meta meta
para '
The IUPAC rules for naming disubstituted benzene derivatives are-

1) The relative positions of substituents are either indi

ortho, metq and .
o para or by the use of locants i.e, 1.2

cated by the descriptors
for ortho. If benzene ring

| L%

o e
[)(1{1?;(ﬂ?xlbcnzme l ._ﬁDnnethylbenzenc : %
g oiZ: ol y ene) (7 Xylene) : 3%. 1.4 Dimethylbenzen®

S (RO

( _pr lene) s
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i) sl benzene Ing CU“'faif}S two different substituents, the position one is given to
the group of high priority. The order of the priority of the groups is as: “COOH,
—CN, —CHO, —COCH,, —OH, —NHQ, —OR, -R :

Examples are:
COOl
I
OH
CH;
2- Aminobenzaldehyde 3-Hydroxy benzoic acid ui-'Methy[an%SOlq
: (»-Methylanisole)

(- Hydroxybenzoic acid)
without priority order, then they are
ame substituent is assumed to be in

(o- Aminobenzaldehyde)

iii) If benzene has two different substituents
named in alphabetical order. The last n

position 1.

NO5

4
. . ' 4. Chloroiodcbenzene

= % Fluoronitrobenzene :
2_Bromo chlorobenzene (,?;,P];’ll?mmni I ne) (- Chloroiodobenzene)

(.- Bromo chlorobenzen¢)

iV) If one of the substituent is part of a common

derivative of that monosubstitutcd benzene.
OQH NO, :

root, name the compound as a

SO+H

; i 4. Chlorobenzenesulphonic acid
2-Bromophenol 3-N ',tmml'llli::) (i, ,Chlgmbemenesulphonic acid

Bromophenol)

]

R
Sr T o

Scanned with CamScanner



i

v) Some dislfidiled HENEHE BN aliVES IO Vel KHOMADhy their commgy

5 3

OH
Catechol Resorcinol Hyroquinone

16.8.1.3 Polysubstituted Benzene Derivatives
The IUPAC rules for naming polysubstituted benzene derivafives are:
i) When benzene ring has more than two identical substituents, the prefix tri is

used for three, tetra for four, penta for five and hexa for six before the name of
the substituents. Assign the lo

west possible numbers to the substituents.
2 :

Cl
2,4-Dichlore- 5. iodenitre
benzene

4-Bromo-3-chloroiodo

3-Bromo-5.
= fluoronitro
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b NO;
2.4.6-Trinitrophenol 2 4.6-Trinitrotoluene 2 4.6-Triiodo phenol
iv) Some polysubstituted benzene derivatives are better known by their common

names.

~ NOj
Pigris aeid :
'15-3-2 Physical Properties of Benzene
) Benzene is a colourless liquid and has peculiar smell.
1) Ithas burning taste. | .
1) Its melting point is 5.5°C and its boiling point is 80.1°C.
W) Itis insoluble in water. :
:f} it 1s highly inflammable and burns with luminous and smoky flame.
i It s miscible wi‘th alcohol and ether in all proportions.
Vi I:S_ specific gravity is 0.884 g/cm’ at 15°C. |

_ 8 good solvent for many organic and inorganic substances such as fats, resins
sulphur, phosphorus, and iodine. G e e
Its vapours are highly toxic which on inhalation produce loss of consciousness,
In Jong run, its vapours destroy the red and white blood cells. @~ = .

ix)
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16.8.3 Structure of Benzene (Molecular Orbital Aspects)

The hexagonal planar structure of benzene can be best ex?lained In terms of
molecular orbital theory. Each carbon in benzene has three sp™ hybrid orbitals apg
they are half filled hence used in bond formation. The two s.p2 hybrid orbitals are ugeg
to make sigma bonds with adjacent carbon atoms due to."s.‘pz—sp2 overlapping while the
third sp” hybrid orbital is used to make sigma bond with hydrogen atom due to Sp’~s
overlapping. All sigma bonds in benzene lie in the same plane and all the bond angles
are of 120°. This confirm the regular hexagonal structure of benzene.

MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) l

|

8 31 2
(L) AN {

Figure 16.5: Structure of Benzene

_ orE:ch carbon also ha:s a pure p orbital_, with an unpaired electron. In all, there are
SIX P 1t:afls. These p orbitals are perpendicular to the plane of sigma bonds. The six

TR , . 5
delocalization of six 7 electrons is shown by a circle in the ring faual.
16.8.4 Resonance, Re :

: » Resonance Energy and Stabilizati
16.8.4.1 Resonance SUOR

The resonance is another term that ic- :
which two or m L 15 used for delocalization. The process in

Ore structures are written for a com

o pound which differ only in the

ectrons is. called resonance. The different Structures obtained are
known as contributing structures Of
gave the correct description for the -
molecule is represented by two or more
al?le to explain the characteristics of the

callf;d_ resonance structures. They are also
canonical structures. The resonance theory
structure of benzene. It states that whenever a

Scanned with CamScanner



—

theory. These SU'UMQ%T&QYI]EPEURE OCTORS (TOUSEEF AHMAD)

| C 150lated. In writin
: . > r [
allowed to move electrons and not the atoms e et e

a double headed arrow («<—— ) between reso
structures for benzene are written as follows:

; |
{y -
' (4]
--—.___-_
| 3 3 &
d
4

(a)

The resonance is represented by placing
nance structures. The major contributing

: (b)

Each drawing alone is inadequate to describe. the structure of benzene. The
problem is that each carbon-carbon bond is neither a single bond nor.a double bond.
Each carbon-carbon bond is single in one resonance structure and double in other, so
the actual bond length (139 pm) is intermediate between a carbon-carbon single bond
(153 pm) and a carbon-carbon double bond (134 pm). The three alternate single and
double bonds in the structure of benzene are called conjugate bonds or resonating
bonds. The actual structure of benzene may be represented as a hybrid of the above

two (a and b) resonance structures.

(a) (b) (©)
The drawing ‘c’ is the resonance hybrid and it is more stable than resonance
structures ‘a’ and ‘b’. This is because in any one canonical form the m-electrons are
localized while in the hybrid the m-electrons are delocalized over six atoms of the

benzene ring.
16.8.4.2 Resonance Energy and Stability of Benzene

The differérice between the energy of the actual molecule (a resonance hybrid)
4nd the most stable resonance structure i called resonance energy. It is also known as
delocalization energy. Resonance energy can be used to explain unusual stab;l_lty and
lack of reactivity toward addition of benzene. Resonance energy can be detel_-nune;l by
the difference between the calculated and expcr}mental heats of hgldmgena:;mt ('?3 'ltihe
“Ompound. Consider the following thermochemical results to see the unusual stability

Of benzene. e
The heat of hydrogenation for cyclohexene, a SIX-

Sne double bond, is found to be "1201{_'] fmol B
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O " AH® =120 kJ/mol
N s

' 5 i S1X- bered rip
t of hydrogenation for 1,3 cyclohexadiene, a six-mem g
T e b%mds, should be (2 X —120kJ/mol) —240kJ/mol. The

is —232kJ/mol. This is slightly smaller than expected value
ted diene, and conjugated dienes are more

containing two double

observed value, however, : .
because 1,3-cyclohexadiene is a conjuga
stable than two isolated carbon-carbon double bonds.

2 Pt O AH° =-232 kJ/mol

The heat of hydrogenation of 1,3,5-cyclohexatriene (benzene), a six-membered
ring containing three double bonds, should be (3 X —120 kJ/mol) —360kJ/mol. The
observed heat of hydrogenation, however, is only —208 kJ/mol. The observed value is
152 kJ/mol less than expected value. This difference between the amount of observed
heat of hydrogenation and that of calculated heat of hydrogenation is called the
resonance energy of the compound (benzene).

+ 3H, — AH°® =—208 kJ/mol

Benzene is, therefore, said to be resonance stabilized by an amount of 152
kJ/mol, which is known as resonance energy. Now it becomes clear that the process of
resonance makes benzene more stable than the other unsaturated hydrocarbons.

16.8.5 Reactivity and Reactions of Benzene

Benzene is highly unsaturated and has six m-electrons delocalized in SiX 7
orbitals. But it does not undergo addition reactions as happily as other unsaturated
hydrocarbons such as alkenes and alkynes. This is because the loosely Tt-electrons in
alkenes andalkynes are localized but in benzene are delocalized. In alkenes and
alkynes the T-electrons are easily available for different addition reactions while, i
benzene, the 7-electrons are not easily available. Therefore, benzene is less reactive

than .alkenes and alkynes towards electrophilic addition reactions. The most commo”
reactions of benzene are electrophilic substitution reactions.

16.8.5.1 Addition Reactions

There are two types of addition reactions: addition of hydrogen and addition of
halogens.
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\ddition of Hydrogen (Catalytic Hydrogenation)

: Benzene reacts with hydrogen in the presence of catalyst like Pt, Pd and Ni at
high temperature and pressure to produce cyclohexane.

Ni. 200°C
L2 alm

Addition of Halogens

Benzene reacts with Cl, (or Bry) in the presence of sunlight to form benzene
hexachloride and is used as insecticide.

Cl
Cl Cl

+ 3C], —unlight

€l CIX

Cl

Reaction of F, with benzene is vigorous and reaction of I, with benzene is very
slow. .

The addition reactions of hydrogen and halogens indicate that benzene ié.
unsaturated and contains three double bonds.

168.5.2 Electrophilic Aromatic Substitution Reactions
168.5.2.1 General Introduction - |
The most important reactions of benzene are electrophilic substitution

®actions. In these reactions, one of the hydrogen atom (proton) of the benzene ring is
eplaced by an electrophile. The electrophilic substitution reactions carried out in the
fosence of Lewis acid catalyst such as FeX; or AlX, that help in generation of

€ctrophile. The electrophile will either be a positive ion, or the slightly positive end
%2 polar molecule,

Generq) Mechanism

The electrophilic aromatic substitution reaction generally involves two-steps:
P1: Formation of Arenium Ion :
With 0:(?6- electrophile attacks the m-electrons o'f the benzen'e ring to .ft.)rm a o-bond
: of the carbon atoms of the benzene ring, generating a positively charged

Dle e aLng :
Thzl IEEd]ate (cyclohexadienyl carbocation) known as Arenium ion or sigma complex.
.Elﬁctr:, ld complex is not aromatic because the carl:foz.l that forms a bond to the
becomes sp’hybridized and it has no p-orbital. Now only five carbon
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atoms of the ring are sp” hybridized and has p-orbitals. Hence, Sigma comple,

does not possess a continuous system of overlapping p-orbitals.

E
H
-

The positive charge is effectively distributed over three carbon atoms by
resonance which makes it partially stable.

E ' E et
. QH == OH e OH
; r +

Step 2: Regeneration of Catalyst and Formation of Product

The sigma complex intermediate is highly reactive and loses its proton
from sp’hybridized carbon to a Lewis base. The electrons that held the proton
(hydrogen) move into the ring to restore its aromaticity. Remember that the

proton is always removed from the carbon 'that has formed the new bond with the
electrophile. |

E %
E
. s

+

Keep in Mind

The l_irst step is rate determining step and is relatively slow. This step

consumes energy because an aromatic compound is being converted into a much
less stable ‘non-aromatic intermediate.

The second step is fast because the aromaticity of the benzene fing is
restored.

N ' e
The

five most useful electrophilic aromatic substitution reactions are

nitration, sulphonation, halogenation, Friedel-Craft’s alkylation and Friede!
Craft’s acylation.

»
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COR H NO,
4 BO0CI HNO,
A H,S0,
o )
v Ky
Tl LA 230
Ep SRCUIALES ‘.“:‘k\ /:Sc,’r Nitration
\\‘\|H1';ﬂ[‘. : = Q
3 = SO;H
X

Friedal-Craft's Sulphonation

Alkylation

Halogenation

16.8.5.2.2 Nitration

The replacement of hydrogen of an organic compound by a nitro group 1§
called nitration. Benzene reacts with a mixture of cone. HNO; and conc. H,SO4
at 50-55°C to produce nitrobenzene. ~

H NO,

=

¥ HONOzﬁCG“C' I'L_,SO%_ + H20
= 50-55°C

Conc. H,SO, acts a catalyst and.increases the rate of chemical reaction by
increasing the concentration of the electrophile, NOj (the nitronium jon).

Mechanism

The electrophile (NO3), is produced from the acid-base reaction that occurs
between HNO; and H,SO4. :
Step 1: Nitric acid acts as a base to accept a proton (pyd:ogen ion) from the stronger
acid, sulphuric acid and produce protonated nitric acid.

20 I-|I or
e Y BT B 2
HO:«SOQ-H + H—O— N ==t H——0 N. + HSO4
o, 2 | i
Step 2:Now protonated nitric acid dissociate to form a nitronium 1on.-
H O ; .
s & +! %

\ :
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Step 3: The electrophile attacks the benzene ring to form arenium ion.
NO»

H

Step 4: The intermediate arenium ion loses a proton to a Lewis base to produce

nitrobenzene.

- ~ +
©§H + Ho — U + H;0
+

16.8.5.2.3 Sulphonation

The 1'eplac§ment of hydrogen of an organic compounid by a sulphonic acid
(—SOsH) group is called sulphonation. Benzene reacts with fuming sulphuric acid
(H>SO4 + SO;5) at room temperature to give benzenesulphonic acid. '

H SO3H ;
Conc. :
+ 805 — 35?5504 ./

Mechanism -

Step 1: The sulphuric acid ionizes in’ oo % |

Sgeny p jom?gs -in wgter to pr_c)cj_lucc__ hyd;ogen s1'11phgte and .
H,80, + H,0—— HSOj; + H,0" '

Step 2: The electrophile attacks the benzene ring to -forin.— arenium ion,

Step3: A Lewis | b
as€ remov o
benzenesulphonate iop © proton from arepjum ion to produce
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gtep 4: The benzenesulphonate ion accepts a proton form hydronium ion to produce
penzene sulphonic acid.

(} .3—'. () LD “
l \\ \' —~+ Fast 2L l-\\
VB3 H0—H +=— 0 + H,0

H
16.8.5.2.4 Halogenation
The replacement of hydrogen of an organic compound by a halogen 1s called
halogenation. Benzene reacts with halogens (Cl, or Bry) in the presence of Lewis
acids such as ferric chloride or ferric bromide to produce halobenzene (chlorobenzene
or bromobenzene).

H Cl

+ O—C —z + HCI

H Br
FeBr:

+  Br Br |lcali - + HBr

The reactions of iodine and fluorine are not synthetically useful because the
reaction of iodine with benzene is too slow and that_of fluorine is too fast._

Mechanism S
Step 1: Chlorine reacts with FeCl; to produce a Lewis acid-base complex
(electrophile).

+

1 W VFeCl, =—= $Cl—Cl—FcCh

The complex has weak and polar chlorine-chlorine bond and acts as a source of
chloronium ion (CI).

Step 2: The benzene ring donates an electron pair to the terminal chlorine, forming a
New carbon-chlorine sigma bond and forms an arenium ion along with a base (FeCly).

- Jo)l: |
H $ >

- ('\ X s Slow i =
+ :Cl—_CI—'FGCh - . H FBCI4
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Step 3: A base (FeCl;) removes the proton from the arenium ion to frop
chlorobenzene and regenerate the catalyst. _
T ‘o
" {\.I I
= Fast

D H =R, + FeCl; + HC
e

16.8.5.2.5 Friedel-Crafts Alkylation |

Charles Friedel, a French chemist, and James Crafts, an American chemist,
discovered new methods for the preparation of alkylbenzenes and acylbenzenes in
1877. Because of this, these reactions are known as Friedel-Crafts alkylation and
acylation reactions. We are going to study the Friedel-Crafts alkylation here and
Friedel-Crafts acylation in the next section (16.8.5.2.6).

The replacement of hydrogen of benzene by an alkyl group (—R) is called
alkylation. Benzene reacts with alkyl halide in the presence of Lewis acids such as
aluminium chloride to produce alkylbenzenes.

V O/+ R—C] —ALh O+ HCI

Mechanism

Step 1: Lewis acid (AICL;) reacts with alkyl chloride to produce a Lewis acid-base

complex that serves as a source of an electrophile.
+

R—Cl: A, =——= R

e}——filcl3

Step 2: The bcnzene ring donates an electron pair to th :
P e alky he
arenium ion and a base (Al(:lq) . I group, forming t

e
R 01 AlCE3+——.___©<H A

Step 3: A base (AICI;) removes the
alkylbenzene and regenerate the catalyst.

proton from the arenium jon to from
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16.8.5.2.6 Friedel-Crafts Acylation

The replacement of hydrogen of benzene by an acyl group (—COR) is cail‘-?d
Leylation. Benzene reacts With‘ acyﬁl halides (also called acid halides) or acid
anhydride in the presence of Lewis acids to produce acylbenzene.

I
H (I;1) C=—=R
+ R—C—(] —Alth + HCl
Q I
I 0
H R—c, : G—R
- 0 = AlChis + R—COOH
S
O

Mechanism

Step 1: Lewis acid (AICI

3) reacts with acyl chloride ‘to produce a Lewis acid-base
complex that

SCrves as a source of an electrophile.

:(|)|: (IT:
. 5 =
R——C_(._?.l:/:r\‘AiCl;; =—= R—C CI AlCl,

Step 2: The benzene ring donates an electron

pair to the carbon of carbonyl group of
Lewis acid-bage complex, forming the arenium ion and a base (AICIY).
O
|
H :0: | s
-~ = Slow =
R Cl—AICL = H +AlCl,
+
Step 3. 3 e
P 3: A bage (EeCly ) removes the proton from the arenium ion to from acylbenzene
' generate the catalyst.
O o
I |
— C—R
X |
s S
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Tt i all the available sites of benzene rng are_eq'ugjtl ?:.e::lm l\lvhat
e T b'ecallse e to carry out a reaction on a benzgne rnng ; y H'S a
woulc_i happen if we :;:,rnt already present on the benzene ring can affegt t T} rf:actlon
substltuelg?s Aias)uzjltnlstituents affect the reactivity of the benzene ring (b) substituents
in two ways:

affect the orientation of the reaction.

A) The Effect of Substituent on Reacti‘ffity S o
| Some substituents activate the benzene ring (make the T1INg

i i zene ri
electrophilic aromatic substitution) and some substltue'nts de.actwate tl:)e; btc;:; e I;i
(make it less reactive). The substituents are div1lded into two types 0
reactivity: activating groups and deactivating groups.
Activating Group = =
A substituent that donates the electrons to the ring is«called an activating group.

It is also called activating substituent. Activating group ‘m‘akes thc.e benzene ring more
electron rich by donating electrons to the ring, then the ring will be more reactive
towards electrophilic aromatic substitution and the reaction will occur faste,r.' For
example, in aromatic nitration, the hydroxyl group (—OH) makes the ring 1000 times
more reactive than benzene. : ' .

: H : QH
' Phenol

Benzene
Deactivating Group
A substituent that withdraws the electrons from the ring is called deactivating
group. It is also-called deactivating substituent. The deactivating group makes th¢
benzene ring electron poor by withdrawing electrons from the ring, then the ring will
be less reactive towards electrophilic aromatic substitution and the reaction will 0cc¥!

slower. Fo’r example, in aromatic nitration, the nitro group (—NO,) makes the ring
more than 10 million times less reactive than benzene.

: H NOZ .
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Table 16.8: Activating and Deactivating Groups

/"‘,/__/'—r-_ N T Q b b -
.- Activating Groups Deactivating Groups
| W Moderate Weak 23| Strong Moderate Weak
E O — Neor. | .—R —NO, — COCl —X
| —"',_.:/__l_ b
_NR, —OCOR | —G¢Hs —NR, —COOH
r*—"__-_..:-_._ - e
—NH, — CH==CR; || —SO;H ——COOR
—OH —— (N —COR
#:@R =—CF, —CHO

Notices that the hydrogen atom is taken as a standard and is regarded as having
no effect.

Keep in Mind

Activating groups are alkyl groups, phenyl groups or they have‘an atom esp. N or O
atom with a lone pair of electrons attached directly to the benzene ring.

Deactivating groups are either halogens or they have an atom with full or partial
positive charge attached to the benzene ring_:

B) The Effect of Substituents on Orientation

The process of determining the position of second incoming substituent on the-
monqsubstituted benzene is called orientation. The position of second incoming
Substituent (electrophile) depends upon the nature of first substituent already present
O_ﬂ the benzene ring. Because the first'substituent activates or deactivates the benzene
g and provides a site for the second incoming substituent. Substituents can be

Aassified into two groups that are: ortho-para directing groups and meta directing
Eloups,

Ortho'l)ara Directing Groups
Substituents that' direct the incoming electrophile towards ortho and para
I}S are called ortho-para directing groups. They are electron releasing groups
0twates primarily the ortho and para positions. Hence, the attack of electrophile
- :a?ilr at ortho and para pOSitiOl:lS. All activating substituents and the weakly
: Hﬁxtureng:f halogens are ortho-para directors. For f:xample, when toluene reacts with
“ifmtolug :;e conc‘. HNO; and HZSO{, we get the mixture of three products that are 0-
i orﬂ-’l m—mtrotoluene' :fmd p-nitrotoluene. We find that most of the substitution
© and para positions. We may say that the methyl group of toluene is an

0
I.thODf:lra directing.

POsitig
aﬂd ac
may

T
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y TV H - CH,
CH, CH; CH; "
NO,
_HNO, it 4
H,S04
NO,
NO,
o-Nitrotoluene m-Nitrotoluene p-Nitrotoluene
(59%) (4%) (37%)

Meta Directing Groups

Substituents that direct the incoming electrophile towards meta positions are
called meta directing groups. They are electron withdrawing grOllpS.aIld deactivates
primarily the ortho and para positions. Hence, the attack of electrophile may occur a
metapositions. All moderately and strongly deactivating substituents are
metadirectors. For example, when benzoic acid reacts with a mixture of conc. HNO,
and H,S0, at 100°C, we get the mixture of about 80% of the m-nitrobenzoic acid,
18% o-nitrobenzoic acid and 2% p-nitrobenzoie. acid. We find that most of the

| substitution occurs at meta positions. We may say that the carboxyl group of benzoic
' acid 1s metadirecting.

OOH OOH OOH OOH
NO,
HNO,
H,SO, e +
NO,
' NO

o-Nitrobenzoic m-Nitrobenzoic

: p-Nitrobenzoic
acid acid acid
(18%) (80%) (2%)

Keep in Mind

Monosubstituted benzenes that give mainly ortho and para products

usually react faster than benzene. Monosubstituted benzenes that give ma
meta product always react more slowly than benzene.

el =g
16.8.5.2.8 Formation of Polysubstituted Benzenes

g = ed
The substitution pattern of electrophilic substitution reactions can be CO“UO“

: he
by the substituent group already present on the benzene ring other than hydroge™ L

3 the
activating group such as methyl, hydroxyl, and methoxy on a benzene ring directs 4
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lectrophile (O ortho and para positions of the ring whereas the deactivating groups
such as MItro, carb_oxyl and _ﬂ_lde}lyde except halogens directs the electrophile to meta
positions- If there 1s competition between ortho-para and meta directing groups, ortho-
para directing groups predominate.

pormation of Disubstituted Benzenes

The position of the second substituent depends upon the nature of the first *

substituents already bonded to the ring,

Consider the example of nitration of anisole. The methoxy group of phenol is

electron re.:leasing group and is ortho-para director. It sends the second substituent
(electrophile) mostly to the ortho and para positions.

OCH; OCH; OCH;

NO,
[‘1\() 3
3.
H,SO, +
NO,
o-Nitroanisole p-Nitroanisole
(Major Products) :

The ortho and para products can be separated by several methods because they
have different physical properties.

Formation of Trisubstituted Benzenes

The position of third substituent depends upon the nature of both the
Substituents that are already bonded to the benzene ring. '
Elf&mple L2 If the two substituents direct the new substituent to same positions, then
Ee”ther group will dominate. Consider the example of nitration of p-nitrotoluene. [t
% tWo substituents: -the methyl group and nitro group. The methyl group in p-

it ; : : :
f0oluene js ortho-para director and the nitro group 1s meta director.
CH; _ (Hs
_NO,
HINO; |
-
H, S0y

2.4-Dinitrotoluene

e e o L e e e e b e T R

~ p-Nitrotoluene ¥

T s g o
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| group directs the incoming substituent to the Otth,

positions only because the para position 18 already blocked and the anm 2roup diey,
the incoming substituent to the meta position to the nitro group. h.1 this example, bo,
55 and nitro eroup direct the incoming substituent to the Sa
the methyl group anc g | . L
positions. Since the two positions are identical and only one | , ed.

Example 2: If the two substituents direct thf? new substituent .t? dt'ffflreflt _positions,
the more powerful group predominates. Consider t'he ff:xam[?le 0' 1n:n|tr0c1n|§oic. Th°
methoxy group in m-hitroanisole is a stronger activating group as compared to njy,
group, and the substitution takes place ortho and para to the methoxy group.

In this example, the methy

OCH; OCH; OCH;
HO;S
SOy
__.__.—’- +
H,SOy
NO, NO, NO,
SO,H '

(Major Products)

The isomer with sulphonic acid group (—SO;H) between the —OCH; and
__NO, is a very minor product because of steric hindrance.

'Importance of Various Hydrocarbons as Fuels for the Future
' Energy Needs » |
Fuels are naturally Occurring combustible substances that act as a source of hea
' energy or raw materials for the chemical industry. Hydrocarbons (compounds of hydroge?
' and carbon) are mainly used as fuels. Fuels include from methane to higher hydrocarbons
' containing seventeen carbon atoms. Some of the important hydrocarbons that are use
fuels are LPG, natural gas, gasoline, kerosene oil, and diesel. The higher l1y(ilrocar13'0lts
' having more than seventeen carbon atoms are present in heavy oil fractions. They ¢&

' cracked to get gasoline and other hydrocarbons that can be used as fuel in yarious sectors:
Energy is obtained from fuels through combustion (burning) process.

Uses of Hydrocarbons as Fuels

LPG (liquefied petroleum gas) is a refined petroleum gas and is used as camp!
domestic fuel. Do
Natural Gas is a fossil fuel that exist in a gaseous state and is composed mainly
methane (CHa). It can be used as fuel in industries, electric power stations and homes: .
CNG (compressed natural gas) is a natural gas under pressure and can be used a5 cheab®

i e jcles:
greener and more efficient alternative to the traditional petrol and diesel fuels for vehl? =

S AT — - — -
“—- FE L e SR e e Sy e e
e NS PR
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m“f‘fd aijﬂlh‘el for cars, motorbikes, trucks, boats and other transport yehicles.
Kerosene Q“ ';u‘:‘;‘ lf‘f y used to power jet engines of aeroplanes and some rocket engines.
IH 15.usu:i to fuel lamps and la.nterns because it has low explosion hazard and burns
| elatively cleanly. It is also used in stoves for cooking.

Diesel 18 L,ISEd, as a fuql for trucks, buses, tractors, tanks and central heating systems. It is
also used in diesel engine generators to generate electricity.

Coal is not hydrocarbon. It is made up almost entirely of carbon. It is mainly used in
power ger_aeratlo-n. It is also used as household fuel for cooking and heating.

Fuel oil 1S cl_erwed from crude petroleum either as a distillate or a residue at the oil
refinery and 1s !:he most widely used liquid fuel for power generation and ships. Fuel oil
has more than sixteen carbon atoms.

Paraffin wax is an alkane with approximately 25 carbon atoms, and is used as fuel for

\candles.

Summary of Facts and Concepts,
arbon and hydrogen atoms only. They are
Hydrocarbons, are broadly classified as

« Hydrocarbons are the compounds of ¢
the major sources of petrochemicals.

aliphatic and aromatic. :
o Aliphatic hydrocarbons ar€ straight chained, branched or non-aromatic

compounds. They may be classified as saturated or unsaturated.
¢ Saturated hydrocarbons contain carbon-carbon singl.e bonds. They are also
known as alkanes or paraffins. They have no functional groups. They ‘have

general formula C.Hzn+2- Fa : _ -
*  Alkanes react with halogens by free radical mechanism to pr_oduce alkyl halides.
The mechanism occurs An three steps: (i) initiation (ii) propagation and
(iii)termination. ; i
*  Complete oxidation of alkanes g1Ve carbon d10X1
¢ Unsaturated hydrocarbons contain one or more

| ivi i d alkynes.
They are further divided 1nto alkenes an . | |
*  Alkenes are unsaturated hydrocarbons, which contain one or more carbon-

carbon double bonds. They are als-o knownou
formula C,H,, They are very reactive comp

. addition reactions very easily- al rﬁolecule (polar reagent) such as HX to
Addition of an unsymmelricd cordance with Markovnikov’s

unsymmetrical alkene like propene;

rule. I lar fo
The compounds having s n-pentane, 150
formula

are called isomers. FOT xamp = ¢ molecular

N s S

de, water vapours and energy.
carbon-carbon multiple bonds.

as olefins. They have general
nds and undergo electrophilic

occurs in ac

rmula but different structural formulas
pentane and neo-pentane are )
but different structures.

i e S F o s A L s LR L T

T e e [
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o  Alkynes are unsaturated hydrocarbons, which contain one or more carbgy,

carbon triple bonds. They have general formula C Hy,». They are produce
1 cking of petroleum.

%ﬁ;ﬁezrinderggo a[c)ifiition reactions like alkenes but alkynes add two molecy]eg

of reagent instead of one. They occur in two steps.

Terminal alkynes contain weakly acidic hydrogen, hence the hydrogen atomg (f

alkynes can be replaced readily by metals such as Na, Ag, or Cu to form jonj

compounds. _ |

Hydrocarbons which have at least one benzene ring in their structures are calleg

aromatic hydrocarbons. The term “aromatic” is derived from the Greek worg

“aroma” meaning fragrant.

The molecule of benzene consists of a ring of six carbon atoms with one

hydrogen atom bonded to each carbon. Benzene was discovered by Michael
Faraday in 1825.

Resonance is the process in which two or more structures are written for a

compound which differ only in the arrangement of electrons. The resonance is
represented by placing

a double headed arrow (¢<—>) between resonance
structures. ' :
The difference between the energy of the actual molecule (a resonance hybrid)
| and the most stable resonance structure is called resonance energy. The

resonance energy of benzene is 152 kJ/mol. The process of resonance makes
benzene more stable than the other unsaturated hydrocarbons.

Benzene is less reactive than alkenes and alkynes towards electrophilic addition
reactions. The most common reactions of

: benzene are electrophilic substitution
reactions. _

Some substituents activate the benzene ring while
benzene ring. On the basis of reactivity,

types: activating groups and deactivating

some others deactivate the

the substituents are divided into two
groups.

\_ﬂultil')le Choice Questionsf
-._._...__..J'
Select one answer from the given choices f

or each question:
The compounds of carbon and h

ydrogen in which all the four valencies Of
carbon are fully satisfied are termed as:

(a) Alkanes (b) Alkenes

(c) Alkynes (d) Alkanols
ii) Acetylene is the example of:

(a) Alkane (b) Alkene

_ Enyne

e e
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) The addition of unsymmetrical reagent to an unsymmertical alkene follows the

rule:
(2) Pauli’s exclusion principle  (b) Hund’s rule
(c) Auf bau principle (d) Markownikov’s rule
) The geometry of alkanes is:
(a) Linear (b) Triangular
(¢) Tetrahedral (d) Octahedral
v)  Alkanes are colourless and odourless liquids when they have:
(a) Less than five carbons (b) Five to seventeen carbons

(¢) One to seventeen carbons (d) More than seventeen carbons
vi)  The isomers of a compound have same:

(a) Physical properties (b) Chemical properties

(c) Structural formulas (d) Molecular masses
vii)  Which type of substitution reaction occurs in benzene easily?

(a) Electrophilic substitution reaction

(b) Nucleophilic substitution reaction

(¢) Both occurs simultaneously

(d) None of the reaction takes place
Vili) The substituent (—CHO) as shown attach to benzene ring is said to be:

O\\\C/H

(a) Activator to the ring
(b) Deactivator to the ring
5 (¢) It does nothing to the ring
(d) Ttis just a functional group
The given two compounds are ........---:

(@
I

IX) of each other

OH

3 —

( (b) Metameres Ik

_'4) Skeletal isomers

D

e T A _.L_-..@:ﬁi:-gég' —
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(¢) Tautomers (d) Positional isomers

Two optical isomers such as (+) lactic acid and (-) lactic acid, have:
(a) Same physical and chemical properties

(b) Same physical but different chemical properties

(¢) Different physical but same chemical properties

(d) Same behavior towards plane of polarized light

Q.1.
2
Q3.
Q.4.
Q5.
Q.6.
Q.7.
Q8.
Q.9.
Q.10.
Q.11.
Q.12.
Q.13.
Q.14.

" Short Answer 'l_lefio'n“.

Why alkanes are less reactive than alkenes?

Why alkenes are more reactive than alkynes?

Why benzene i1s less reactive than alkenes?

Explain why cis-alkenes are generally less stable than their trans-isomers
Why a substituent directs an incoming electrophile to a particular position?
Define radical, homolytic fission and heterolytic fission.

Give the order of reactivity of alkanes, alkenes, alkynes and benzene.
Why alkynes are acidic in nature?

What is electrophilic substitution of benzene?

Why benzene does undergo electrophilic substitution reaction?

Why benzene does not undergo electrophilic addition?

Why benzene acts as a nucleophile?

What are activating and deactivating groups?

Is nitro group activating or deactivating?

S ——

Q.1.
Q.2

Q.3.
Q.4.
Q.5.
Q.6.
Q.7.
Q.8.
Q9.

S AITY TN W 3 T e S T e, " -, i Py - "
e T S e L RIS e s T I T S T Y SRR e U ey

Long Answer Questions |

What are hydrocarbons? How are they classified? Give an example of each
type.

Define nomenclature. Give historical background of common and TUPAC
systems.

Explain nomenclature of straight chain and branched chain alkanes

Describe the nomenclature of cycloalkanes.

Explain structure, relative stability and reactivity of alkanes.

Explain structure, relative stability and reactivity of cycloalkanes.

Write down the physical properties of alkanes and cycloalkanes.

Give an overview of the radical substitution reactions.

Explain the reaction mechanism of free radical.
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10. Describe the oxidation of organic compounds.

'11_ What are alkenes‘.?_’ Explain the nomenclature of alkenes.

12. Describe the relative stability, structure and reactivity of alkenes.

~ Write down the methods for the preparation of alkenes in detail.

14. What are the physical and chemical properties of alkenes? Explain.

Q.15. Describe the concept of conjugation in alkenes. Your focus should be on
dienes.

Q.16. What is isomerism? Explain different types of isomerism.

Q.17. What are alkynes? Explain the nomenclature of alkynes.

0.18. Explain relative stability, structure and reactivity of alkynes.

Q.19. Give the general methods for the preparation of alkynes.

Q.20. Write down the physical properties of alkynes.

Q.21. What do you know about addition reactions of alkyne? Explain.

Q.22. Define benzene and give its classification.

Q.23. Explain the nomenclature of aromatic hydrocarbons.

Q.24. Explain the structure of benzene in terms of molecular orbital theory.

Q.25. What is resonance? Explain the important aspects of resonance with reference

to benzene.
0.26. Define the term resonance energy and discuss the stability of benzene.
Q27. Draw the structures for the following hydrocarbons:

1) 2-Methylhexane

ii)  3-Methylheptane

iii)  4-Ethyl-3-methylheptane

iv)  2,2,4-trimethylhexane

v)  4-Ethyl-2-methylhexane

vi)  3-Ethyl-3-methylhexane

vii)  2,3-dimethylbutane

viii)  2,3,4-trimethlylpentane

iX) 3—eﬂ1yl-2,2-dimethylpentanc

X)  5-ethyl-2,6-dimethyloctane

xi)  Methylcyclopentane

Xii)  Ethylcyclohexane

Xiii)  1-ethyl-2-methylcyclopentane

Xiv) 1,1,2- trimethylcyclopentan® . :
Q28 Write the structural fﬁrmyulaspeof the following compounds:

1) 3-hexene

) 2,3-heptadiene

lii)  Hepta-2,4-diyne

V) 1,3-dimethylcyclohexane
V) - INT
V1) Picric acid
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).29. Give the IUPAC names of the following compounds:

1) CH;CH,CHj3

i) CH;(CH,),CHj3

i)  CH3CH(CHs),

V) (CH53);CCH,CH;

v) CH;CH(CH;)CH,CHj

vi) CH;—CH=—CH,

viiy ~CH,=—CH—CH=—CH,

CH,—CH—C=—CH,
viii) |
CHj3

H,C—CH;
iX) ]
CH,—CH—CH—C CH—=CH,
X) CH;—C=—C—1CH;
Xi) CH;—C=C—CH,—Ca=C}l
Xii) CH==C CH—CH,
<l

Xii1)

Xiv)

Br
Cl

|
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\\1 @/

COOH

\\H
% o

SO;H

e
- O
. L

CI_!z___Cﬂz-——CH__‘CHj

Cr
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Chf% er Alkyl Halides and Amines

17.1 Alkyl Halides
17.2  Organometallic Compounds (Grignard's Reagents)

17.3 Amines :
Students will be able to: : :
e Namealkylhalides using [IUPAC system. (Applying)

e Discuss the structure and reactivity of RX. (Applying)

e Describe the preparation of RX by the reaction of alcohols with HX, SOCl, and PX, and by
radical halogenation of alkanes, (Applying)

e Describe the mechanism and types of nucleophilicsubstitution reactions.
(Understanding)

e Describe the mechanism and types of elimination reactions. (Understanding)

® Describe the preparation and reactivity of Grignard's Reagents. (Applying)

® Discuss chemistry of Grignard's reagent by the addition of aldehydes, ketones, esters and
carbon dioxide. (U nderstanding) -

¢ Discuss nomenclature, structure and basicity of amines. (Applying)

e Describe the preparation of amines by alkylation of ammonia to RX and reduction of
nitriles, nitro and amide functional groups. (Applying)

* Discussreactivity of amines. (Applying)

® Describe chemistry of amines by alkylation of amines with RX, reactions with aldehydes.
ketone:-s, Preparation of amides and diazonjum salts. (Understaliding)

® Describe isomerismin alkyl halides and amines. (Understanding)

Introduction

e e O

bonded Eo on of the saturated carbon atom;
: WEE e by T ECEEEITS oy
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b [UPAC system of nomenclature, haloalkanes. They are classified as primary (1°),
b ondary (2°) or tertiary (3°) alkyl halides depending upon whether the halogen atom
i cectly bonded to primary, secondary or tertiary carbon atom.

I_I;imary Carbon H Secondary Carbon R ?iary Carbon
R~—(|3—-X R-—-(|3—'X R—(|3—X
e R R
Primary Secondary Tertiary
Alkyl Halide Alkyl Halide Alkyl Halide

Their general formula is C,H;,41X, where X =F, Cl, Br, or L.

17.1.1 Nomenclature of Alkyl Halides
| There are two systems for naming alkyl halides that is common system and

[UPAC system.

171.1.1 Common System
. The common names of alkyl halides are two word names. Common names are

constructed by naming the alkyl group first and then the halide as ﬂuc.)ridc,, chloride,
bomide and iodide. These names are useful only for simple alkyl halides. Examples

dre:

CCly CHCL
Carbon tetrachloride Chloroform
CH2C12 CH3_'CI
Methylene chloride Methyl chloride
3 2 1
CHy— CH,—F &H,— CH,—CH,—1
Ethyl fluoride : n-Propyl iodide
Cl
3
CHa"—?(lZH——(le3 (CH3);CBr
Isopropyl chloride Tert.buty] bromide
17‘1 l
I.n2 tthUPAC Syste]mh lides are considered as halogen derivatives of
s system, alkyl ha O mes. The IUPAC names of alkyl

Sponding alkane and are named as

e haloalkanet Z08
\ . ides are:
des are one-word names. The rules for naming
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Step 1: Select the longest continuous chain of carbon atoms containing the haloge

atom.
Step 2: Number the carbon chain from that end which is nearer to halogen atom,

Step 3: Name the halogen atoms as fluoro, chloro, bromo or iodo and all othe

substituents.
Step 4: Indicate the position of halogen atoms and other substituents by the number
of carbon atoms to which they are bonded.
Step 5: When two or more different substituents are present, then they are named
alphabetically.
Examples are: :

CHy—Cl~ - CHy=—CH; —F

Chloromethane Fluoro ethane
]El’ar
3 2 ]
CH;—CH,—CH,—1 CHs—C'—Cﬂs
1-
Jodopropane CH,

2-Bromo -2-methylpropane

(3] Cl
I 1 2 3 | iy
cl ? ¢l H,C CH—CH CH,
Cl , Br
Tetrachloromethane 2-Bromo-3-chlorobutane
| ' Brt i :CH;
T 6 IR | 3|

5 4 3 > . CH3—CH——CH2—CH——-CH——-CH3

Cl
Br 24-Dibromopentane 3-Bromo -5-chloro-2-methylhexane
Tl
——CH—*CH;;

2-Chloropropane
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712 Phy sical Properties of Alkyl Halides

Lower alkyl halides such as CH;Cl, CH;Br. CH;F and CH;CH,C! are gases at

room temperature. The alkyl halides up to C,;5 are colourless ! liquids and those

further than C,3 are colourless solids.

They are practically insoluble in water because they do not form hydrogen

bonds with water. They are readily soluble in organic solvents.

i) For a given halogen atom, the boiling points of alkyl halides increase with
increase in the size (or mass) of the alkyl group.

) For a given alkyl group, the boiling points of alkyl halides are in the order: RI >
RBr > RCl] > RF

y) For a given halogen atom, the density of alkyl halides decrease withiincrease in
the size (or mass) of the alkyl group.

17.1.3 Structure of Alkyl Halides

Let us consider the example of simple al k}*] halide (i.e:{methyl chloride). The
carbon atom to which the halogen is bonded is sp’ hybridized. The halogen (chlorme)
atom has one half-filled p orbital. The carbon-halogen“G-bond is formed b by ‘head to
head overlap of one sp’ hybrid orbital of carboncand one half-filled p orbital of
halogen atom. The carbon-hydrogen 6-bond is formed by head to head overlap of one
sp’ hybrid orbital of carbon and half-filled s orbital of hydrogen atom.

]1

=i

The HCH and HCX bond angles are nearly 109.5°. The arrangement of
4oms o groups around the carbon atom is usually tetrahedral.

1114 Preparation of Alkyl Halides |
Alkyl halides are prepared by the methods given below:

.1.4.1 Reaction of Alcohols with Hydrogen Halides
Alkyl halides are prepared by the reaction of alcohol with hydrogen halides in
" Presence of dehydrating agent such as anhydrous ZnCly.

CHyCH,0H + HCl —Z2%2—+ CH;CHCl + H0
alides is: HI > HBr > HCI

The ivi drogen h
order of reactivity of hydrog 30 %2> |° IR

v,,ﬂThe order of reactivity of alcqh(Jl? 18!

Scanned with CamScanner



MDCAT BY FUTURE DOCTQRS (TOU AHM
17.1.4.2 Reaction of Alcohols W-[ﬁl ot(hcr ?FaEl'i)gen:f‘RLg Agent

(SOCl,, PXj3)
Reaction of Alcohols with Thionyl Halides
Alkyl halides are prepared by heating alcohols with thionyl halides in th,
presence of pyridine. =
IO o CHLCHCL - S0..4+ HCI

CH3CH,OH + SOCl,
This is the .best method for the preparation of alkyl halides because both the
products (SO, and HC]I) are in gaseous state and can be removed easily.

Reaction of Alcohols with Phosphorus Halides (PX3)

Alkyl halides are prepared by the reaction of alcohols with phosphorous
halides.

3 CH3;CH;0H + PCl;

3 CHyCH,Cl 4 ‘H;PO;

17.1.4.3 Radical Halogenation of Alkanes -
Alkyl halides are prepared by the reaction of alkanes with halogens in the

presence of diffused sun light or UV light.
UV Li
S . GHYCH,Cl + HCI

CH,CH; + Cl,

This is not a good method for the preparation of alkyl halides because the
halogen derivatives containing two or more halogen atoms are also formed along with
alkyl halides. .

17.1.5 Reactivity of Alkyl Halides

Alkyl halides are very reactive compounds. The extent of reactivity depends
upon two factors: (i) bond polarity of carbon-halogen bond (i) bond energy of
carbon-halogen bond. | - |

17.1.5.1 Bond Polarity of Carbon-Halogen Bond
The halogen 'atom in alkyl halides is more electronegative than carbo™ |
Because of this, the molecule of alkyl halide is polarized due to the greate’ |
electronegativity of halogens as compared to carbon. Greater the electronegativity |
difference (AEN) of carbon and halogen atoms, greater would be the polarity of c—X
bond. Greater the polarity, greater would be the bond strength and lesser would be the

reactivity of RX.
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g i e e T : =i :
lable 17.1: Dipole Moment of Halomethanes

Electronegativity of

EN Difference

Dipole moment

Halomethar Halperh |_between C and X (in Debye unit)
| ’aﬁ:”’( 3.98 3.98-2.50 = 1.48 1.85
CH:C) 3.00 3.00-2.50 = 0.50 1.87
CHBr 2.96 2.96-2.50 = 0.46 .81
| CHl 2.56 2.56-2.50 = 0.06 1.62

'171.5.2 Bond Energy of Carbon-Halogen Bond
" Bond energy is the measure of bond strength. Greater the bond erergy, greater
would be the bond strength and lesser would be the reactivity of C—X bond.

Table 17.2: Bond Energy of C—X Bonds
Bond Bond Energy (kJ/mob
{0—1% 467
cC—C 346
C—Br 290
=l 228

.16
17.1,6.1

| nUCIE(},

g
R o

Nu: + 'R;—CS* xs_
A“&king
Substrate
MWeleophile molecule

-

Substituted
product
i Mg In hucleophilic substitution reactions. the nucleophile is always Lewis base and
le NCutral or negatively charged. The substrate is frequently an alkyl halide
Caving group is a halide ion. The partial positive carbon atom of alkyl halides
e el?_‘:tmphi]e and has ability to accept _?_Pa_ir Of F£?¢&9n§: fr-om attacking

The order of reactivity of alkyl halidés is: RI > RBr > RCl > RF

Nucleophilic Substitution Reactions

General Introduction
Th.t‘- reactions in which an electron rich nucleophile replaces another
Phile (leaving group), to form a new molecule are called nucleophilic

“lion reactions or SN-rea(‘,giOllS-

R~—C=——Np + %=

Leaving
group
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nucleophile. In this way, a new bond 1s formecl%étweenl%ﬁe &n‘él‘é&%le and carbop of

e h?l"lll"ie'SN reactions occur by Sy1 mechanism or by Sn2 mechanism.
17.1.6.2 Important Concepts
Carbocations and Their Stability . .

Carbocations are very reactive unstable electron deﬁcwnt. species.. Anything
which donates electron density to the electron deficient centre will help to stabiliz
them. ; .

Alkyl groups are weak electron donating groups and thus stablllzr;.a nearby
carbocations. In general, more substituted carbocations are more_stab]e. This means
that tertiary carbocations are more stable than secondary which in turn-are more stable
than primary. In other words, tertiary carbocations are the most stable and the methyl
carbocation is the least stable. The overall order of stability is given below:

Gzt .. CHy - €H;e & CGH, -H.—+ 44, H, 4 H
e C T S C ot RS C DA > C
| > > i l
CH; H H e He
Tertiary Secondary - Primary Methyl
carbocation carbocation carbocation carbocation

Nucleophile and Base : :

Both nucleophiles and Lewis bases are electron pair donor species. Then whal
is the difference between a nucleophile and a base? :

Base is a specie that dondtes an electron pair to hydrogen (a proton) and
nucleophile is a specie that-donates an electron pair to an atom other than h_y_drogeﬂ
particularly carbon atom. A nucleophile can also be called a base when this donatio?
happens towards a hydrogen ion (a proton). For example, the hydroxide ion acts as 4
nucleophile in the substitution reaction because it donates electrons to carbon but !
acts as a base in the elimination reaction because it donates electrons to hydrogen-

Table 17.3: Some Common Nucleophiles and their Nucleophilicity |

Reactivity Class Nucleophile Relative R@
Very‘good nucleophile I,HS _ > li’_//
Good nucleophile Br ,HO,RO,CN" | :

Fair nuCIEOphile NH;, CI”,F By 1:;;;
Weak nucleophile H,0, ROH 1()0)’_’/,/
Very weak nucleophile RCOOH J

L TR = G Yy
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rate and Leaving Group
e substrate may .be defined as: the carbon containing compound on which
akes place.It 18 the reactant to which the nucleophile became bonded and
;ﬁ which the Jeaving groups departed.
# ;
The leaving groups may‘be defined as: the species that depart from substrate
electrons with them. Consider the reaction of alkyl halide with

guhﬁ

Jqake @ pair of

soxide 101
pydro ﬁ\? 1|{
e 54‘ 5.—.—
10 + " R=—C—X —C—0 X
HO ‘ W » R @ OH + ¢ X
H
Attacking Substrate Substituted Leaving
nucleophile molecule product group

In this reaction, the alkyl halide is a substrate molecule and halide ion is a
kving group. The bond between carbon and leaving group. is polar because the
gative than carbon. The leaving group has partial

kaving group is more electrone
al positive charge. Thus the carbon acts as an

wgative charge and the carbon has parti
dectrophile and is reactive towards nucleophile.

Table 17.4: Some Common Leaviitg Groups
[eaving Group

Class
Good leaving groups ~/Br ,Cl , H,O
Moderate leaving groups HS™,CN , NH;
Poor leaving groups F,HO ,RO"
NH;,H .R

—

The best leaving groups are those that become the most stable ions after they

ﬂe?;:-[l The best leaving groups are weakly basic molecules or ion,sé For exala.mpr,
¢ jons ar. refore good leaving groups: onversely, the
e weak bases and are the g 5 fter they depart. The

Ieayi stable i0
g groups are those that become the un !
' .Tle'avmg groups are strongly basic molecules or 10DS- For example, hydroxide and

10ns gre strong bases and are poor leaving groups-

Iy
. '6.3 S
x1 Mechanism - Ao f leophili
In : ; ; AN stands for nucteophiiic
4 « the designation Sy1, “S” stands for subsr:tunos ot ol 00 b S

 Very poor leaving groups

. i} g ; ' mean : : -
‘;;vnlved itsngf for un;molef,'u?ar. Ummlcﬁecﬂl:il:l-mechaﬂism’ . breakn?g oi_ Eil
R cen e rate-determining Stp- ; completed before bond making with the

car is f
arbon and the leaving group 15 f.u.]].
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nucleophile sturly.l Consider the reaction ol re B

reaction occurs in two steps.

75 RO e : e a planar carbocation and g leavin,
Step 1: The rerr-alkyl halide ionizes to produc I ing
aroup.
R
R |
\(13“‘ xﬁ- Slow step _C+ L e
Wit dalar Qalv S
R\\\\l LA Polar Solvent B \
R R R
Substrate Carbocation Leaving
molecule group

The tertiary carbocation is stable due to the presence of three electron don
alkyl groups. The order of stability of carbocation is as:
3° carbocation > 2° carbocation > 1° carbocation > CH3

ating

This step of reaction is
breakage of covalent bond so it

the rate determining step. Since this step involves the
is a slow step.

Step 2: The nucleo

phile attacks the planar carbocation to produce tert. alkyl product.

Since the second step involves the combination of ¢ations and anions, so it is fast.

R .
R
Nu:-/t!-\ _(|1+ T o Nu-——-C{
$ “y
N \R \ R

Kinetic Evidence

The rate law for the reaction is:
Rate = [R;CX]

Rate = k[R3CX]

Where k' is the rate constant.
The rate of.

verall,

Stereﬁchemical Evidence
Positively charged

One pure p orbita] with tw

‘ 0 lobes,
carbon gre m the sam

€ plane,
ular 1o the p]ane of m
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>

R R

In the second step of the Syl mechanism, the nucleophile can attack the
carbocation from either side of the plane, therefore some of the product has retained
configuration (the same configuration as the reacting alkyl halide) and some has

verted confi guration.

Nu:™
)
R
ol
,-C\
R R
Fast | Fast *
R Y R
N C/
LE—N n—=©C.,
R\\\\‘ l u \ a'//R
R R
Retention of Inversion of
configuration configuration

When complete inversion of configuration is observed in a substitution

reaction, we realize that the mechanism is Sx2 but not Sy1.
17.1.6.4 SN2 Mechanisin - s -

In the designation Sn2; “S” stands for substitution, “N” stands for nucleophilic
and “2” stands for bimolecular. Bimolecular means that two molecules (both the alkyl
halide and nucleophile) are involved in the rate-determining step. In this met-cha.ms_)m,
the breaking of bond between carbon and the leaving group as well as the tm:manon
% bond between a nucleophile and an electrophile occur simultaneously. Consider the

*action of primaryalkyl halide with nucleophile. The reaction occurs in one step.

% | /.
l : 5“‘ A (] -
Nuqh + \ 8"’ X 5- " SIOW 5‘1.{.:],7 gu -'___-c:____x e Nll ___C'q,'? + .x
: - Non-polar 3 2 : \H R
H l Solvent H R % -
Nuﬂe"phﬂc Sulb}snate Transition State Substitution  Leaving

product group
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cleophile is partially formed, and the bong

In transition state, the bond to the nu
ken. The transition state has very short-

‘o0 the leaving group (halide) is partially bro
lived existence.

This is slow step and r
involved in rate determining step,

ate determining or controlling step of reaction. Since twg
molecules are hence it is called bimolecular
g & [ ¢

reaction.

Kinetic Evidence
The rate law for the reaction 1S:

Rate o [RH,CX][Nu7]
Rate = {RH,CX][Nu:]

The rate of reaction depends on
halide) and the nucleophile, meaning that both reactants are invol
determining step. The changes in the concentrations of both the reactants affect the
Late of reaction. When the concentration of either reactants is doubled, the rate should

| be doubled. When the concentration of both the reactants is doubled, the rate should
be quadruples. The reaction is therefore first-order in each of the reactants and second

the concentrations of both the substrate (alkyl
ved in the rate

orders overall.

Stereochemical Evidence
In primary alkyl halides, the electrophilic carbon

is bonded with one alkyl group and two small hydrogen Keep in Mind

atoms. These two hydrogen atoms do not show steric [
- e Methyl halide and primary

hindr - si 1 i

indrance due to smal.lel size and -g}ve way to attacking alkyl halides undergo Sy2

nucleophile to attack on electrophilic carbon from back reactions only.

side of leaving group. The nucleophile cannot attack on |® Tertiary alkyl halides

electrophilic carbon atom from front side of the leaving |, ¢ ; o rﬁctlioﬂsm?;

; e al

group. We may say that the leaving group blocks th uuflg:lgoagtlfsjl and Sy

approach of the nucleophile to the front side of tHe reactions depending on th¢

molecule. When the nucleophile makes a bond and the REGGELLT the Jolver' - ps
; _ o __ and nature of alkyl grov

leaving group (halide) departs, the substrate carbon goes 3 bondedto.carbolg

through inversion. The configuration of the product
obtained is inverted comparative to the configuration of
the reactant alkyl halide.
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Table 17.5:C mparison of Syl and Sy2 Mechanisms

Sl Si2

/—‘-r--_-_-_ .

[tis two-step mechanism. It is one-step mechanism.

tis unimolecular reaction with first It is bimolecular reaction with second
order kinetics. order kinetics.

....—-""-—_-_._____ g -
Reaction proceeds through the formation | Reaction proceeds through the formation

| of carbocation. | of transition state.
| ,
| Rate of reaction depends on the Rate of reaction depends on the .
I concentration of substrate (alkyl halide) | concentration of substrate (alkyl halide)
| only. ’ and nucleophile.
Rate oc [RX] ' Rate oc [RX][Nu3]
3°>2° > 1° > methyl methyl > 1°>2° > 3°

Methyl and primary alkyl halides fail to | Tertiary alkyl halides fail to react.
react. -

Products have both the retained and Product has the inverted configuration
| inverted configurations relative to that of | relative to that of the reactant (alkyl

the reactant (alkyl halide). halide).
It is favoured by non-polar solvents.

|
Reactivity order for RX is: Reactivity order for RX is:
|
|
i

Itis favoured by polar solvents.

It is favoured by stronger nucleophiles.

LIEEEE}“TBCI by weaker nucleophiles.

1717 1,2-Elimination Reactions
7171  Overview

In addition to Sy reactions, alkyl halides also Mndeggo elimination. Fehctions.
elimination reaction is a type of organic reaction in which two substituents are
 Temgy e ~diacent saturated carbon atoms of a substrate molecule. For
f oy om two adjac - s an elimination reaction, the halogen atom is
ﬁ . ple, when an alkyl halide undergoe .« removed from B-carbon. As a result of .

Moved from d the hydrogen 15 . '
_ o-carbon and the ny

S, 2 double bond is formed between 0-carbon and B-':ar b?;l'd?:n::ig:; :ﬂrzd;:ltl; : .

a elimination reaction is an alkene. The removal of proton (hydrog e

- lon ¢ ; . b
R ey drohal OB e ————
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H H H H
||-y |<:< 8 | | ks
HO: + R—C—C—X »R—C—C—H+ X+ HOH
ae l I U
H H. ,
Base Substrate Elimination Leaving Water
molecule product group

The most common bases used in elimination reactions are HO , RO™ and

H,N ™. There are two important mechanisms for elimination reactions viz. E2 and E1
just like for Sy reactions.

17.1.7.2 E1 Mechanism (Unimolecular Elimination)

In the designation El1, “E” stands for elimination and “1” stands for
unimolecular. Unimolecular means that only one molecule is involved in the rate-
determining step. In this mechanism, the breaking of bontl between carbon and the
leaving group is fully completed before any reaction o@eurs with the base to lose a
hydrogen. Consider the reaction of fert.alkyl halide with base. The reaction occurs in
two steps.

Step 1: The tert-butyl halide undergoes ionization to produce a planar carbocation
and a leaving group. The bond breaks between halogen atom and o-carbon atom.

CHa = G CH,
H C—Cif—xa Slow step +/_ =
: (] Polar solvent - H;C—C i, €
CH;, CH,

This step of reaction is the rate determinin
breakage of covalent bond so it is a slow step.

Step 2: The bgse ('I-IO") removes a proton from one of the B-carbon and with the
removal of halide ion, a new n-bond is formed between o and B-carbons.

H CH,

H____:(:)? i H___cll:___é\ Fast step He—e—(c H_._.'é:

g step. Since this step involves the

CH,

_ H CH; CH |
Kinetic Evidence ' H : i
- The rate law for the reaction is:
Rate o« [(CH;;,),CX]

Bate=H(CH,),CX]

Tt L T Ty
i e o g b
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Where 'K’ is the rate constant.
The rate of reaction depends only on the concentration of the substrate, tert-

putyl halide but it does not depend on the concentration of the base. This rate equation
s first order overall. .

17.1.7.3 E2 Mech'anism (Bimolecular Elimination)

In the d651gnat1on E2, “E” stands for elimination and “2” stands for
pimolecular. B1.m_olecular means that both the alkyl halide and base are involved in
the rate—dett?rﬂﬂmﬂg step. In this mechanism, the breaking of bond between carbon
and the leaving group as well as the reaction with the base to lose a proton (hydrogen)
occurs simultaneously. Consider the reaction of primary alkyl halide with base. The
reaction occurs in one step.

H—0----- H H H

H H :
_/' | Y [ m Fast ': | Fast

[H—0: + CHy'—C—X —» + HCz=xC-—X B8y cH,=C + H—0: + X°

H H : H H
Base Primary alkyl halide Transition State FEthene (an alkene)
| In the transition state, the bond of base to one of the S-hydrogen and the bond
‘between o and B-carbon atoms are partially formed. On the other hand, the bond of £

hydrogen to carbon and the bond between a-carbon and leaving group is partially

broken.
This is slow step and rate determining or controlling step of reaction. Since two

Molecules are involved in rate determining step, hence it is called bimolecular
- Tedaction, |

Kinetic Evidence
The rate law for the reaction is:
Rate oc [RH,CX][OH]
Rate = K[RH,CX][OH]
Where 'k’ is the rate constant.
of The rate of reaction depends on the
; both the substrate (alkyl halide) and
ihﬂllges in the concentrations of both the

® rate of - centra
) reaction. When the con Whe
b 208 iS doubled, the rate should be doublec. R
I

®Oncentration of both the reactants is f!ouziﬂd' f;hl':
€ should e quadruples. The reaction is therel!
nd Ol'dE_‘,I_'._

concentrations Keep in Mind

the base. The e ary alkyl halides undergo
reactants affect | E2 reactionsonly.

tion of either e Secondary and Tertiary alkyl
halides undergo both El1 and
L E2 reactions. : 3
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mination . |
and all bases are possible nucleophileg
s and bases 1s an unshared electron paj

i tution reactions. T i
. ination reactions occul simultaneously wuh'su!)stltuu n : here s
= ween elimination and substitution reactions. For example, the

ompetition bet _ o example, |
al:;?;na zf ngcleophjle (base) with an alkyl halide produce mixture of eliminatiop
re

(alkene) and substitution products. b <

Nucleflph.ﬂic CH;;_""C'__NU + EX
H H Substitution I
e X e H
Nu: .+ CHZ—C_—X

bstitution versus Eli
are possible bases

f both nucleophile

17.1.8 Su
All nucleophiles

Hence, the reactive part O

H Elimination oy —<CH, +H—Nu +X

Substitution reaction occurs when nucleophile attacks on a-carbon. If

nucleophile attacks on B-hydrogen, elimination reaction occurs. The ratio of products
formed depends on the relative rates of the substitution and elimination reactions. The
relative rates of elimination and substitution reactions are affected by the following

factors: .

i) Nature of Solvent :
Polar solvents favour substitution reactions while non-polar solvents favour
will

ueous medium (more polar solvent), the main reaction

elimination reactions. In aq
polar

be substitution and elimination will be a side reaction. In alcoholic medium (less
solvent), the main reaction will be elimination and substitution will be a side reaction

ii) Nature of base :
the

Strong bases favour elimination reactions. In the presence of strong base,
main reaction will be elimination and substitution reaction will be a side reaction.

iii) Effect of Temperature

An increase in temperature will favour elimination than substitution.

iv) Nature of Substrate
Crowding within the substrate favours elimination over substitution.

v) Nature of Alkyl Halide _
Primary alkyl halides favour mainly substitution reactions while tertiary alkﬁi

halides mainly favour elimination reactions. Secondary alkyl halides favour |
nation.

and
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- Society ’l‘echnplﬁ,; gy and Scien
m Halides as Pr ecursors

A compound that participates in a chemical reaction and produces another compound is
called precursor. Alkyl halides are, therefore, act as precursors and produce many other
organic chemicals in the lab such as thiols, Grignard reagents and dialkyl disulphides.
i) Alkyl halides react with an excess of KOH and H5S to produce thiols.
el SRl D sty - R—SH + H,0 + KX
ii) Alkyl halides react with magnesium metal in the presence of pure diethyl ether
in the absence of moisture, CO», or O, to produce Grignard reagents.

R—X. b Mge = oS o mp b

Grignard’s reagents react with other chemicals to form a variety of valuable |
compounds. |

i)  Alkyl halides react with thiourea in the presence of carbon tetrachloride and J :
triethyl amine (Et;N) at 50°C in about 12 hours to produce dialkyl disulphides. '

R—X + NH l': NEy s e
21 % 50°C; 12h
l Dialkyl disulphide is used to make other chemicals.

S S+—R

17.2  Organometallic Compounds

Compound that has a metal-carbon bond are called organometallic compounds.
For example, alkyl magnesium halides (RMgX) are organometallic compounds
because they have metal carbon:bonds. Alkyl magnesium halides are also known as
Grignard reagents. They are named after French Chemist Victor Grignard, who
dxscovered them in 1900, and got Noble Prize in 1912. The Grignard reagents are
Used ‘in the preparations of alkanes, alkenes, alcohols, aldehydes, ketones and
carb(’”‘!ﬁ’h-:: acids. Their general formula is RMgX. Where ‘R’ is an alkyl or aryl group
ad X" is chlorine, bromine or iodine.

| 1721 Preparation of Grignard Reagents

| Grignard reagents are prepared in the laboratory by the reaction of an alky] or
“yl halides with magnesium metal in the presence of pure diethyl ether in the absence

*Mmoisture, CO,, or 0,.

R—X + Mg — > RMgX

__ CH;—cC1+ Mg £ » cH;—MgCl

st e T
—a s R TR TS0 e ol
s i sy P S e e S O q B
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1722 Reactivity of Grignard Reagents
Grignard reagents are highly reactive compo

polar carbon-mag _
electronegative than magnesium. Hence, carbo

magnesium has partial positive charge.

n has partial negative charge gp

5= it
R\—Nig-——X | ; |
The partial negative charge of carbon makes the alkyl group hlghly reactive
towards electrophile and acts as a source of nucleophile.

The order of reactivity for various halides with same alkyl group to magnesium

is as:

RI > RBr >RCl |

Alkyl iodide is more reactive than alkyl bromide which in turn is more reactive
than alkyl chloride. . ; ' :

The order of reactivity for the given halogen with various alkyl groups to
magnesium is as: :

CH:X >CHX >CH,X :

Methyl halide is more reactive than ethyl-halide which in turn is more reactive
than propyl halide. '

17.2.3 Reactions of Grignard Reagents

_ Grignard reagents react with organic and inorganic compounds to form &
variety of valuable compounds.

17.2.3.1 Reactions with Aldehydes and Ketones
Grignard reagents react with formaldehy

: de to produce additi ts. which
on acid hydrolysis form primary alcohols. Thj : ition products

length of carbon chain. . '
0O38% = + paois

||5+ - + | MgCl | OH

H—C—H + éH}""ﬁgCl e gl Hteit H,0/H s (L,-—-—H
.
l ~Mg(OH)Cl |

Formal dehyde CH, CH;
Addition Product Ethyl alcohol
(1° alcohol)

Grignard reagents react with aldehydes

A othe | it
ucts which on acid hydrolysis form < ke
S I N e T =SS R . . -
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- o
Col OMgCl OH
5+ 8 R +
—C—H + CH;—MgCl—» CH.——(—__ H,0/H il
CH; 3 T H wromer ™ CHs—C—H
CH; CH;
Acetal dehyde Addition Product Isopropyl alcohol

(2° alcohol)
Grignard reagents react with ketones to produce addition products which on
acid hydrolysis form tertiary alcohols.

- - +
08 OMgCl OH
CH— CE—CH, + CH;— MgCl HOMH
—C— T — s —_—
3 3= Iv1g CH3 C CH3 WCH3 C : CH3
CH, CH;
Acetone Addition Product tert.butyl alcohol
(3° alcohol)

17.2.3.2 Reactions with Esters

It involves two steps:
Step 1: Ethyl formate reacts with Grignard’s reagent to produce an unstable

intermediate that expels an alkoxide ion in the ester to produce an aldehyde.

2 4+ N '
(03 C(l)MgCl Ci,l

ot

r

0 (2]
H—C-—0C,H+ CH;—MgCl— H—C—0CH;s —yocmer H—C—CH;
CH;

Ethyl formate Unstable Aceta]dd:ydc
intermediate

St‘31-"2 :The acetaldehyde reacts with a second molecule of the Grignard’s reagent to
 Ploduce an unstable intermediate which on acid hydrolysis forms secondary alcohol.

(ﬁ“ <|)MgCl OH
N - H20/H+ Sl
g = H » CH;—C—
CH; CH;

A““aldehyde Unstable Isopropyl alcohol
intermediate (2° alcohol)

Keep in Mind
| The Ssters, other than ethyl formate, reacts in the same way with an excess of Grignard’s

R Eets to fc-rm tertiary alcohols

— R
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17.2.3.3 Reactions with CQz
Grignard’s reagent reacts with CO, to pro

on acid hydrolysis forms carboxylic acids. _

duce an unstable intermediate Whig}

OMgCl OH
5 | H,O/H" |

CE=0= oG TZO |

CHj; CH;
Carbon Methyl magnesium Unstable Acetic acid
Dioxide chloride intermediate

gy and Science

Organometallic Compounds in Medicines

Organometallic compounds play an important role in medicines, mainly in cancer thergpy.
Salvarsan, the first important organometallic medicine, was discovered in 1908 and used as
an anti-syphilis.

Cisplatin is a chemotherapy drug and is highly effective in treating several cancers such as |
ovarian and testicular cancers.
Carboplatinis used to treat ovarian cancer.

' Thimerosal has a trade name merthiolate and is used as preservative in vaccines, some

| cosmetics and eye drops as well as disinfectant in pharmaceuticals, -

| .
' Merbromin (marketed as mercurochrome) is used as a weak antiseptic for treating minor |
cuts, bedsores and abrasions. :

Ferroquine is the next generation drug and has a good antimalarial activity.
Vanadoceneacetylacetonate (VDacac) shows anti-HIV properties

Comparison between Haemoglobin and Chlorophyll !
* Haemoglobinand chlorophyll both are pigments found in the organisms
° : ”l:hey both have metallic element in the centre of molecule -
Dissimilarities between Haemoglobin and Chlorophyil
: g}l:lor(})lphy.ll hlasé magnlesiumat-the centre of the moleculewhereas haemo globin has iron-
¢ chemical formula of chlorophyll is C_H N,M in i
. lobin 18
CassaH 6Ny :0psrSFe, e
®  Chlorophyll is found in the chloroplast of i '
_ plant cells while h in i din the.
_blood of all vertebrates and some invertebrates. S |
@ ..Cl_.:tlk_).rophyl'l gj.ves green colour to the leéves,_seawéed, algae and vegetables where#*
- haemoglobin gives red colour to the blood i the form of RBC /

R e i T N M R B Ae e = o

R T T e T

Lary

F e e LT B =
3 i L g o R N - . - - v
R R T T AT e
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PR |

The main function f:r hae’moglob_in is to transport oxygen from the lungs to various parts of
the body Whe?f’c}stt e hmam‘ function of chlorophyll is to absorb light energy from the sun
and changes it mnto chemical energy by the process of photosynthesis. Chlorophyll is
considered as the factory of oxygen on earth

It is important to note that no life is possible on our planet without chlorophyll. Because of

—

inis chlorophyll is also known as the blood of plants just like haemoglobin is the blood of the

17.3

Amines

Amines are derivatives of ammonia in which one or more hydrogen atoms
have been replaced by alkyl or aryl groups. Amines are classified as primary,

secondary and tertiary, depending on the number of alkyl groups bonded to the
mtrogen atom. -

Primary amine has one alkyl group bonded to nitrogen atom. Secondary aniin'e :

s two alkyl groups bonded to the nitrogen atom. Tertiary amine has three alkyl
zroups bonded to the nitrogen atom. '

\ Ry
R : R
Ammonia Primary amine Secondary amine - Tertiary amine

173.1 Nomenclature

Common Names |

. Their common names are obtained by adding the suffix amine to the name of
kyl or aryl groups. The entire name is written as one word. If there are two or more

alky] op aryl groups, then the prefix di-, or tri- is used before the name of alkyl or aryl

E:Oup_ If there are two or more different alkyl or aryl groups, then the names of alkyl
aryl groups are arranged in alphabetical order. Examples are:

CH;—CH,—NH—CH,

CH;—CH,—NH, )
Ethylmethylamine '

Ethylamine

CH;—NH,
Methylamine

CH,—eH,— N——CH;.. .. CHi==NasnCls

CH | CH,
Ethyldimethylamine i ook e

Keep in Mind

In ¢, -

T
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IUPAC Names st
Amines are classified as primary, secondary or tertiary.

Primary Amines
The primary amines having more complex a_ﬂkyl or aryl groups are genery|

named as alkanamines. Main points for naming amines are: .

i)  Select the longest continuous chain of carbon_ atoms containing amino group gy
name it.

ii) Their names are obtained by replacing the endin_g —e of parent alkanes by adding
the suffix amine. '

iii) Number the parent chain from that end which is nearer to the functional grouy
that is amino group., |

iv) When another functional group is present in the compound, the amino group i
generally listed as a substituent.

Examples are: :

CH;—NH, CH;—€H,—NH,

1
|
‘

Methanamine . ; - Ethanamine
s NH, |
@ P Y
CH, 3| ) 1

4 2

'1 CH;—CH—CH—CHj
2 ' i
CH;—CH—NH,

. - OH:.
2-Propanamine ~ 3-Amino-2-butanol
| = '
CH; - ; NH,
7| o i = il 2| ' 71
| Jierieg | S B s
2-Methyl 2-butanamine 2 3-Dimethyl-2-pentanamine

Secondaryand Tertiary Amines -
Main points for naming secondary and tertiary amines are:

1)  They are named as derivatives of primary amines.

ii) The longest chain bonded to nitrogen atom is taken as parent chain. e
remaining alkyl groups are named as substituents. :

iii) The locant N is used to designate the location of substituents bonded © *

_nitrogen atom of amino group. | o

iv)  If the same alkyl groups appear more than once, then the prefix di or tri 18 B

If the amines have two or three different alkyl groups, then designate the gro”

individually in alphabetical order. g g <
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,) The secondary amines are generally named as N-alkyl:! "2 namines.

} ) The tertiary amines are generally named as N,N-dialkyl amines (when
both alkyl groups are the same) or as N-alkyl-N-alkyl+' /.2 namines (when both
alkyl groups are different).

Examples are:
H3'_"CH2_ N T__'CH3 CH;—CH,— "1l =—CH,—CHj3;
N-methylcihanamine N-ethylcthanamine
CH; | CHy * CH;—CH,— " ——CH—CH;,
CH3 CH3 CH3
N,N-dimethylmci hanamine N-ethyl-N-methyl-2<>rchanamine

17.3.2 Physical Properties of Amines
Physical State

Lower amines are gases while higher amines with three or more carbon atoms
are liquids and still higher ones are solids.

Odour _
Methyl amine and ethyl amine have ammoniacal smell but higher amines have

fishy smell.
Boiling Points
Amines are polar compounds. Polarity of amines is due to the presence of
Nitrogen atom. Both primary and secondary amines form intermolecular. hydrogen
bonds. The hydrogen bonds in‘alcohols are much stronger than amines as the oxygen
of alcohols is more electronegative than the nitrogen of amines. Amines have higher
boiling points than corresponding hydrocarbons and lower boiling points than those of
Corresponding alcohols or carboxylic acids. Tertiary amines do not form hydrogen
Onds with each other, therefore their boiling points are similar to those of the
“omesponding alkanes.
Solubiligy
LOWCI‘ amines are soluble in water due to fonnatlon of hydrogen bonds with
Water molecules. However, the solubility of amines decreases with increase in the size
of alky] group (hydrophobic part). Higher members of amines are predonnnanﬂy
¢ o Uble in water. Amines are more soluble in water than corresponding alcohols and

_Th‘S may be due to the mcrcased baswlty of the amines.

=
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Table 17.6: Physical Properfies
Molar Mass Boiling Point Solubility at 25°C
e (g/mol) ( O) in water

Methylamine 31.1 6 Miscible - fi]
Ethylamine 45.08 17 | Miscible
Propylamine = 59,11 48 Miscible
Butylamine 73.41 78 Miscible 1“
Dimethylamine 45.08 HEE 7 Miscible .
Diethylamine 73.14 56 Miscible
Trimethylamine 59.11 3 Miscible
Triethylamine 101.19 89 | Slightly soluble

- 17.3.3 Structure of Amines : .

‘The nitrogen atom present in amines is sp’ hybridized. The nitrogen atom has
five electrons in the valence shell. It has three unpaired electrons and one lone pair of
electrons. The three unpaired electrons form: sigma bonds with hydrogen atoms or
carbon atoms of alkyl groups. According to VSEPR theory, molecules having three
bond pairs and one lone pair give tri ggnal pyramidal shapes. Hence, the structure of
amines is trigonal pyramidal. The CN C angle in amines is less than 109.5°. The
angles in amines is approximately 108°. o .

17.3.4 Basicity of Amines
. Amines are basic 1n nature due to the presence of lone pair of electrons on the
n11trogen atom.. Alkanamines are more basic than ammonia due to the presence of
| e'f:tmn releasing alkyl groups. Alkyl groups concentrate the electron density of
ni ﬂ?ger}dand hence, make the lone pair of nitrogen more easily available for sharin
with acids. Thus, the expected order of basicity of amines is: > 3° alkylamines > )
alkylamines > 1° alkylamines, R '
The observed basicit | i e |
y of methylamine, dimeth i -tri lamin®
have been found to follow the expected i feme -an_d tﬂn:‘;?yy do no!

follow the expected trend of basicj i
_ SICIty order in aqueous solution ar d as:
(CH:-;)zNH(pr: 3.29) > CH, 4q olution and gets change

NH, (pK, = 3.36) > (CH,,N (oK, =4.28) _4
B 2 T S e L

e
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The larger the value of pKj, the smaller is the tendency to accept a proton from water.
The basic strength of amines in aqueous solutions not only depends on electron

eleasing effect .of alky! groups but also depends on steric effect and hydration effect.
Due to high steric effect 3° alkylamine cannot donate electron to proton.

(73.5 Preparation of Amines
Some of the methods for the preparation of amines are mentioned below:

7.3.5.1 Alkylation of Ammonia by Alkyl Halides

Alkyl halide reacts with aqueous or alcoholic solution of ammonia in a sealed
wbe on heating to produce primary, secondary and tertiary amines. This is a
micleophilic substitution reaction (Sy2 reaction).

The process of cleavage of the carbon-halogen bond by ammonia molecule is
known as ammonolysis.

NH; + CH3l ——» CH;NH, + HI

CH3NH2 + CH}I o= e (CH;)QNH + HI

(CH;),NH + CH3l ———— (CH;);N +HI

o
(CH;:3N + CH3l — [(CHy) NI
Primary amine is the major product when ammonia is present in excess.
Conversely, tertiary amine is the major product when alkyl halide is present in excess.
The resulting salt (methylammonium ' iodide) on treatment with a base
ftgenerates amines.

173,52 Reduction of Nitrogen containing Functional Groups
Amines are obtained by the reduction of nitrogen containing furfict]ona; groups
ch as nitriles, nitro compounds and amides.

13521 Reduction/of Nitriles _ :
Nitriles are reduced to primary amines S
LEAIH4 CH;CH,;NH;

AlH,4 or catalytic hydrogenation.

CH;CN + 4[H] —
CHCN + 2H, — CH3CH2,_NITI2
Methy] cyanide the length of carbon chain.

This method is used for increasing
2.2 Reduction of Nitro Compounl
Nitro compounds are reduced to prim
§ HE{Pt L e o e i S

17‘3‘5 dS :

ary amines by LiAlH; or Zn/HCl or

Hy;

Scanned with CamScanner



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

CH,NO, + 6[H] ————= CHjNH, *+ 2H,0
Nitromethane Methylamine

CH;NO,+ 3Hy ———*= CH;NH, + 2H;0

17.3.5.2.3 Reduction of An ndes
Amtdeq are reduced to primary amines by LiAlH,.
Q)

CH;—C—NH, + 4[H] —LAML o CHCH,NH; + H,0
Acetamide Ethylamine

17.3.6 Reactivity of Ammes

Amines can act both as bases and nucleophiles. The main reactions of amines
are due to the presence of a lone pair of electrons on nittogen atom. These electrons
attack the electron deficient centres (posmvc or shghtly positive parts) of other
molecules

17.3.7 Reaction of Amines _

17.3.7.1 Overview - ‘
The important organic reactions of amines as nucleophlles are:
i) Amines are alkylated by alkyl halides through nucleophilic substitution.
ii)  Amines reacts with alkyl halides through nucleophﬂlc substitution to form 2
mixture of products.
iii)  Amines reacts with acid hahdes (or acid anhydrides) through nucieophlhc acy!
substitution to form substituted amides.

iv)  Amines can also act as bases and react with nitrous acid to from diazonit”

salts.
R
0 a
kil OH &
~__Asa  R—C—H :
| e (I: Bt Rl.:euar::tiirn
| H
P || 0 R
| R—C—qi, I |

i R“"C'—-N—H + HCI
Asa HN02+HC] [R

Base
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| 73'7.2 Alkylation of Amines by Alkyl Halides
4 Amines react with primary alkyl halides to form alkylated ammonium halides.

CH;—NH; + CH;CH,Br ——» CH;—NH—CH,CH; + HBr

1° Amine . 2° Amine

CH,CHj

CH;—NH—CH,CH; + CH;CH,Br —» CH;—N——CH,CH; +HBr
2° Amine 3° Amine
CH,CH; CH,CH,

CH;—N——CH,CH; + CH3CH23T_+[CH3—N——-—CH2CH3]Br

3° Amine Quaternay

Salt CH4,CHj

RLi3.7.3 Reactioh of Amines with Aldehydes and Ketones
L Aldehydes react with primary amines to form carbinolamine that dehydrates to

produce aldimines (Schiff’s bases).

0 . H
' |

I
} CH3CH2NH2 + CH3C—'H —_— CH3CH2 | N ? H
i 1° Amine Aldehyde Carbinolamine L

H OH

CHaCHZ—N—-—-(‘: “H —=%—» CH;—CH;—N=C—H. + H,0

Aldimine

Carbinolamine CH, | CH3. |
Ketones re.;clct with primary amines to form carbinolamine that dehydrates to

| Poduce ketimines (Schiff’s bases)- ‘
' H OH
i i o

e CHLCH, —N——=C—=CH,
: Carbino_lanﬁ_ne

CH,CH,NH, + CH,C—CH3

1° Amine Ketone

CH R
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H OH

CH,CH,—N—C—CHj _Heat CH;—CH;—N=—C—CHj, + H,0

Ketimine
CH;, CH;

Carbinolamine

17.3.7.4 Preparation of Amides . J

Amines attack the. carbonyl group of an acid chloride such as an aldehyde
ketone and form amides. A base such as NaOH or pyridine is used to neutralize th,
HCI produced. :
ey

'CH;CH,NH, + CH;C—C] —NaOH o CH,C—NH=—CH,CH; + H(|
Ethylamine  Ethanoyl Chloride Ethylethanamide
NaOH + HCI NaCl + H,0

17.3.7.5 Preparation of Diazonium Salts
Amines react with nitrous acid to produce diazonium salts.

s + =
R—NH, + HNO, + HCI [R—N==N]cCl + 2H,0
The diazonium salts are highly unstable. They decompose spontaneously by

losing nitrogen to. give carbocations. The carbocations chan ge into mixtures of
alkenes, alcohols and alky] halides. ' :

: + = + o _ :
[R—N=N]JCl ——= R + ] + N,

Alkenes + H+'

+ H;O

Alcohols + F

——Cl—— Alk_yl Halides

ently
also
ary alkY

~®  Alkyl halides are org
bonded to one of the

known as haloal . : :
halider kanes. They are classified as primary, secondary qr tertl

e  Alkyl halides are : : : hilic
substitu Yo Tactive organic compounds. They undergo nucleopP

tion reactions and eliminati o ; jle o
_ ati : hi
. base st - On reactions in the presence of nucleop

anic compounds containing a 'halogen atom coval
saturated carbon atoms of an alkyl group. They &
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0 NUC]EOPh}hC SUbStltutlfDn reactions or Sy reactions are the reactions in which an
electron nci? ‘nucleophlie replaces another nucleophile to form a new molecule
.In nucleophilic substitution reactions, the nucleophile is always Lewis base anci
it may be neutral or negatively Charged. The substrate is frequently an alkyl
halide and the leaving group is a halide ion.

» Elimination reactions are type of organic reactions in which two substituents are
l’ef.ﬂo-"ed_ from t‘fVO adjacent saturated carbon atoms of a substrate molecule:
Elimination rgactlons occur simultaneously with substitution reactions.

- o Organometallic compounds are those compounds that contain metal-carbon
bonds. Alkyl magnesium halides (RMgX) are organometallic compounds and
are also' known as Grignard reagents. The Grignard reagents are used in the
prf:paratlons of alkanes, alkenes, alcohols, aldehydes, ketones and carboxylic
ac1(!s. Grignard reagents are highly reactive organic compounds. |

* Amines are derivatives of ammonia in which one or more hydrogen atoms have
been replaced by alkyl or aryl groups. Amines are classified as primary,
secondary and tertiary. Amines can act both as bases and nucleophiles. The main
reactions of amines are due to the presence of a lone pair of electrons on
nitrogen atom. :

* Amines react with primary alkyl halides to form alkylated ammonium halides.
They also react with aldehydes (or kefones) to form carbinolamine that
dehydrates to produce aldimines (or Ketimines). Primary amines react with

nitrous acid to produce diazonium salts. '

|

Select one answer from the given choices for each question:
1)  RCH,X is the general formula of: .
(a) Primary-alkyl halide - (b) Secondary alkyl halide
(¢c) Tertiary alkyl halide (d) Aryl'halide
if) . The formula of chloroform is:
(a)  CCly (b) CHCl;
i)  The boiling point of alkyl halides are in the following order:
(a) RI>RCIl>RBr>RF (b) RI>RBr>RF >RCl
(¢) RI>RBr>RCl>RF (d) RF >RCl > RBr>RI]

i) The alkyl halide on which a nucleophile attacks is known as:
(a) Reagent ' (b} Substrale | |
(¢) Electrophile (d)- Both reagent and substrate -

':"“'lu!tipie Choice Que-st'ibns,_,-‘.
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v)  Alkyl halides are considered to be very reactive compguﬁﬂm&se they have-

an electrophilic carbon

A nucleophilic carbon :
an electrophilic carbon and a good leaving group

a nucleophilic carbon and a good leaving group
vi)  Which statement is correct about carbocations? .
.} They are reactive species (b) They are stable spec_les

() They are electron rich species (d) They have filled orbitals
vii)  Which statement is true about bases? -

(1) They are electron pair acceptor species.

(h) They can accept electrons from hydrogen

(¢) Their strength is measured by rate constant .

() Their strength is measured by base dissociation constant
viii) In Syl reactions, the rate of reaction depends upon the concentration of:

(1) One reactant molecule (b) Two reactant molecules :

(¢) Nucleophile (d) Both nucleophile and electrophile
iX)  The SN2 reactions can be best performed with; ' :

(1) Primary alkyl halides - (b) Secondary alkyl halides

(c) Tertiary alkyl halides (d) Agylhalide -

x)  Primary alcohol is obtained by the reaction of Grignard’s reagent with:
(4) Aldehydes other than formaldehyde (b) Acetone |

(¢} Formaldehyde ¢ (d) Ethyl formate

Short Answer Questions |

f.,__J_ | What is the difference between a base and nucleophiie?
.2, Can a good nucleophile be a strong base?

.5 Is iodine more nucleophilic than chlorine?

(0.4, What is a poor leaving group?

(.5 The halogens are good leaving groups why?

(0.6 Why alkyl halides undergo nucleophilic
Q.7.  What is the carbocation intermediate?

Q.8 Do Sn2 reactions have carbocation intermediates?

().9.  Why is a tertiary carbocation more stable than a s:écondary‘? |
(2.10. Why are organometallic compounds important? =

Q.1'1. What is the. general formula of Gri oS o5 f
: _. : 1a1'd__" reagents. gn agent? Give two e_xamp

substitution reaction?
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) Write the general equation for the preparation of Gri gnard reagents.
2 What type of solvents can be used in Grignard reactions?

0. ; “Why is ether a good solvent for Grignard reactions?

- Why is a Grignard reagent so reactive?

Q.16. Is the carbon of Grignard’s reagent electrophlllc or nucleophilic?
017 Define secondary amine and give two examples.

Q.18 Why do amines act as bases?

0.19. Why aliphatic amines are more basic while aromatic amines are less basic than
ammonia? =

T ——— —— s S
e S ————

Long Answer Questlons =

(.. What are alkyl halides? Explain both the systems of nomenclature. of alkyl
' halides. .
Q.2. Draw structures for the following compounds.

1) Bromoethane

11) Dichlorodibromomethane

iii)  2-bromo-3-chloropentane

iv)  1,1,2,2-tetrachloro-3, 4—d1ﬂuorohexane

. V)  3-bromo-1-pentene
Q3. Give common and TUPAC names to the following compounds

i) CHIL,
ii) CHCl
iii) CH,l

iv)  (CH),CHCI

Ey) (CH,);CBr

4. . Explain the structure and reactivity of alkyl halldes

Q5. Write down three different methods for the preparation of alkyl hahdes Which -
one is the best method for the preparatlon of alkyl halides?

0, Write short note on the following: :
1)  Carbocations and their stablhty

_ i_i). Nucleophile and base

1 0 lii)  Substrate and leaving group . - : i

| o/ Whatis the difference between Sy1 and Sx2 mechanisms

o What are nucleophilic substitution reactions? Explain in detail the mechanism -

~ Of nuc] titution (Sn) reactions.
L Wha.l;c :roep hflih:hs:::;auOn rea:nons‘? Explam the types and_mechgnlsm of

: Elln reactions.
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Discuss the factors that influence nucleophilic substitution and eliminatiop
reactions of alkyl halides.

What are organometallic compounds? Discuss preparation and reactivity of
Grignard’s reagents. : '
Explain important reactions of Grignard’s reagent.

What are amines? Explain nomenclature of amines..

Draw structures for the following compounds.

1) 2-Methyl-2-propanamine

i)  3-Methyl-2-hexanamine

i)  N-Methylethanamine

iv) N-Ethyl-3-hexanamine

V) N-Ethyl-N-methyl-2-butanamine

Give common and JTUPAC names to the followin
. compounds:
i)  CH:NH, S

i)  CH;CH,NH,

i)  (CH;),NH

v)  (CH3);N

V). (CH'_:,);NCHQCH3

Dls'cuss the structure, basicity and reactivity of amineﬁ
Write .down methods for the preparation of amines ;
Describe physical and chemical properties of amin.es
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Alcohols, Phenols and Ethers

TR LSS

[ Major Concepts
18.1  Alcohols
182 Phenols
183 Ethers

e e A A e TN A G e i i bl

Learning Outcomes:

Students will be able to:

o Explain nomenclature, structure and acidity of alcohols as exemplified by ethanol.
(Understanding)

» Describe the preparation of alcohols by reduction of aldehydes, ketones, carboxylic acids
and esters. (Applying) ,

* Explainreactivity of alcohols. (Understanding) ; :

» Describe the chemistry of alcohols by preparation of ethers and esters, oxidative cleavage
of1,2-diols. (Applying) '

* Discuss thiols (RSH). (Understanding) : _

* Explain the nomenclature, structure and acidity of phenols. (Applying) - - |

henol from benzene sulphonic acid, chlorobenzene, acidic

lysis of diazonium salts. (Applying).

hemistry by electrophilic aromatic substitution

' Describe the preparation of p
oxidation of cumene and hydro

* Discuss the reactivity of phenol and their cher
reaction with Na metal and oxidation. (Applying)

* Differentiate between alcohol and phenol. (Understandin%)
* Describe isomerism in alcohols and phenols. (Understanding)

[dentify ethers from their formula. (_Understanding)
hitrodyetion '

| cus on those hydrocarbon derivatives whose
In this chapter, we will focu participating in two single bonds

al groups contain one OXYS 1s and ethers are organic compounds

alcoh 1 heno 2
e ols, phenols and ethers). Alcoho i;ellf_‘y close to each other in structures. They

dining hydroxyl eroups. They are : s
h:'i'ﬂe Smlcgtllrzs hl}:gr Wger.pBecause of this. thﬁy arei sff_[d to be dﬂﬂV&ElV?S of water.

2o | o /Q'\H | /O\R
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_ o g10
Alcohols and phenols both have hydroxy- S
Alcohols are hydroxyl derivatives of alkanes while phenols are hydroxyl derivatives
of benzene. They (alcohols, phenols and ethers) occur widely in nature. They have

many pharmaceutical, biological and industrial applications.

18.1 Alcohols
Alcohols are compounds 1 518
<iturated carbon atom. A saturated carbon atom is a carbon atom, which is bonded to

four other carbon atoms.

n’ which hydroxyl group (=OH) is bonded

Saturated Carbon

Hydroxy!
: aroup ¥ i

: On the basis of number of hydroxyl groups, alcohols are classified into two
major types: Monohydric alcohols and polyhydric alcohols. . &

. Mf:mohydnc alcohols have only one hydroxyl group in their molecules while
polyhydric alcol?ol have two or more hydroxyl groups in their molecules. Ethyl
alcohol and tertiary butyl alcohol are examples of monohydric alcohols whereas
glycol and glycerol are examples of polyhydric alcohols. ‘ et

. OH “OH  OH OH OH -
CH;CH,—OH ‘ CH;;"—CH;? cigeki CHQfCH;CHz C
(MOHE;?L alcohol Glycol . Giyceml
ydric alcohol) - (Polyhydric alcohol) ~ (Polyhydric aloohol)

Monohydric Alcohols are further classified as

(2°) alcoh P ¢ |

to : pri (‘:mo aoqlrs’s(;;:l?aag fot):l? ohols, depending on whether the OH group is bonded
directly bonded to pri’ ¢ fertiary carbon. In primary alcohols, the hydroxyl group i
mﬂy bondBy. fo sccionalndmy”ag:r)&, nIn hslecondary alcohols, the hydroxyl group is
dlIeCﬂy boﬂdCd to tema_ry carbon. : ... temary -_aICOhOIS, the hydr()xyl group 1S

y Primary Carbon
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g1.1 Nomenclature of Alcohols
Alcohols are named by two systems: common system and IUPAC system.

8.1.1.1 Common System

The comm@, names are obtained by adding the word alcohol after the name of
glkyl group- All of the C{lbeI} atoms are named as a single alkyl group of the
molecule. We can say that, in this system, they are named as alkyl alcohols.

3 1 1 66
Fyalniiesy
fxamj

CH;—OH CH3—CH,—OH . CH;—CH,—CH,—OH
Methyl alcohol Ethyl alcohol n-Propyl alcohol
OH

Isopropyl alcohol Tert.butyl alcohol P
Common names exist generally for those alcohols which have simple (C; to
Cy) alkyl groups.
18.1.1.2 IUPAC System

In this system, alcohols are considered as derivatives of alkanes in which one

of the hydrogen atoms has been replaced by hydoxyl group and are named' as
alkanols. The TUPAC names of alcohols are one-word names, The rules for naming

alcohols are:

Step 1: Select the longest continuous chain of carbon atoms containing the hydroxyl

group.
Step 2: Drop the final —e from th

Name, b :
Step 3: Number the carbon chain from that end which is nearer to hydroxyl group.

The hydroxy group takes precedence OVel alkyl groups, halogen atoms, double and

tflplt: bonds while numbering the parent

:;L'p 4: Indicate the position of hydrog}’d
: ed. . :

carbon atoms to which they are bon are present in a chain, then alcohols are

. ups
When two or more hydroxyl group hydroxyl groups), triols (for alcohols

Nam, : ining (WO s
cont:fniarllsg dtl‘t?; : (iord: li;llw; oi(;zgal?etriols (for alootiols containing four hydroxy]
€€ hydro Z !

Soups), ¢ - -

s E1C. _

Step 5. W:len hydroxy group is present in the StrnCFIII'ZS 01; :?i:ft:aosnytlh;comf;‘:nds su(?h
Adehydes, getonez,giMboxyﬁc 210 aln(l ot::HTh i | i S

R ering the chain is not given (0 WSO Sy

i 5 B T ey e e L T

» alkane name and add the suffix —ol to give the root

chain.

G

e
S, I3
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side group in the carbonyl compounds. Use the word hydroxy for “OH group anq

indicate the position of this group by the number of carbon to which it is bonded.
Examples are:

OH OH | TH
ey e o et
5 J{ ]
Methanol Ethanol ‘ 1-Propanol

CH; OH | SR Ol CH 0N
éHs_(I:H | ':CHz ICHg J'(IZHQ—-—SCH CH 1(|3H_2

3-Methyl-1-butanol 4-Bromo-3-Chloro-2-methyl-1 -butanol

CH;,
4| 8 6
OH CH; CH;

CH;—C~——CH,—CHj

B

CH3-_CH CH CH CH3

3.4-dimethyl-2-pentanol .

OH
! 2 3 4 5
CH;—CH—CH,— CH<CH,

OH 2.4-Pentinediol

&3 2 !
HO—CH—CH,—CH,
4,4-Dimethy]-3 -he;{anol- :

OH Br . CH.

I 2 3 4 :
CH;—CH—CH— CH— CH— CH;

Cl :
4-_Bi*0nm-2-chloro-s—methyl-3-hexan°l

OH
g S
2 3 4 l
CH.— =5 el et 5 4
4-Penten-
enten-2-ol 3-Hydroxybutanal
NH, O CH, H
ol e
CH;—CH—C CH“-—CHZ—-CH——-EJH:;,

VISR J}--":-':"‘i' -",: ghy]ng-heplam
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Iqﬂmeri.‘ii‘n in Alcohols
Alcohols with two or more carbon atoms can

show functional isomerism with
others. Thus alcohols and ethers h

ave same molecular formula but have different
fnctional groups. For example, dimethyl ether is the functional isomer of ethyl
alcohol.
Ethyl aleohol Dimethy| ether
Alcohols with three or more carbon atoms can show position isomerism due to
different position of hydroxyl groups. For example, 2-propanol is the position isomer
of 1-propanol.

OH OH
1-Propanel 2-Propanel

18.1.2 Physical Properties of Alcohols

i) Lower alcohols are colourless liquids. The higher members are colourless waxy
solids.

i) They have characteristic alcoholic smell and burning taste.

i) They are volatile and inflammable. '

Iv) They have hi gher boiling points thap-corresponding alkanes, ethers and
haloalkanes.

V) They are readily soluble in water dp to four carbon atoms. Higher alcohols, from
carbon five onwards, are insoluble in water. The solubility is due to the presence
of the intermolecular hydrogen bonding in the molecules of alcohol and water.
Solubility of alcohols in water decreases with increase in the size of the alkyl
groups and increases with increase in the branching of alkyl groups.

Vi) They (esp. monohydric alcohols) are ligh -1 than water. The density of methanol
1$ 0.792 g/mL an,d'that of ethanol is U.,  g/mL at 20°C. The density of water at
20°C is 0.998'¢/mL..

813 Structiire of Alcohols e

. The oxygen atom of an alcohol issp° hybridized and has four sp3 hybrid

Obitals. Two sp’ hybrid orbitals of oxygeu atom form G-bonds to atoms of carbon

el hydrogen, and the remaining two sp hybrid orbitals each contain a lone pair of
ectr()ns_
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The CO H bond anele in methanol is 108.9°. The carbon-oxygen bond length
is 142 pm and the oxygen-hydrogen bond length is 96 pm.

18.1.4 Acidity of Alcohols

Alcohols are acidic in nature due to presence of polar O—H bond. Greater the
polarity of —OH group, greater would be the acidity of alcohols. Primary alcohols are
more acidic than secondary alcohols which in turn are more acidic than tertiary
alcohols. The polarity of —OH group decreases by increase in the number of electron
releasing groups, namely alkyl groups bonded to o-carbon. For example, tert-butyl
alcohol is weaker acid than either methyl alcohol or ethyl alcohol.

Alcohols are less acidic than water except methanol, which is more acidic than
water. The acidity of ethanol is nearly equal to water. The alcohols having more than
two carbon atoms are slightly weaker acids than water.

18.1.5 Preparations of Alcohols
The alcohols can be prepared by the methods given below:
18.1.5.1 Hydration of Alkenes

| Alkenes react with water in the presence of cold concentrated sulphuric acid to

produce an alcohol. The predoniinant nroduct of alf‘ohol can be obtained by using
Markovnikov’s rule.

R—CH=—CH; + HOEISa 250 — - ot o

18.1.5.2 Hydrolysis of Alkyl Halides -
Alkyl halides react with aqueous NaOH or KOH to produce alcohols.

R H,0
CH.3 CH2 Br + KOH W CH3"_‘CH2_‘_OH + KBr

18.1.5.3 Reaction of RM
Formation of Primary Alcohol

The reaction of formaldehyde with Gri

gX with Aldehydes and Ketones

gnard reagent (RMgX) is followed by

protonation in aqueous acid forms a primary alcohol
6“ "
(ﬁ : . OMgCl , OH
H—ci g oq | MO/ |
3— MgCl — H—(C— H 2 —» H—C—H
~MgO1)Cl |
CH, CHj
Formaldehyde Addition Product .

Etisy i alcohol
(1°alcoboD) 3
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Formation of Secondary Alcohol
The reaction of aldehydes other th

~ an formaldehyde with Grignard r
(RMgX) followed by protonation in aqueou : 1 Snshardiceeen

$ acid forms a secondary alcohol.

08~ F i
H = OMgCl OH
[”*___(S;H C CQH;——— SEC] — CH ——C—— HEO/H+ . l
: C [ Msomar CHBH_T__H
Acetaldehyde ; CH; CH;
Addition Product Isopropyl alcohol

Formation of Tertiary Alcohol (2" alegh)

06~ =+
OMgCl OH
CHy—C2cH, + C§}i3~r§4}C| —= CH;—C——cH, ~B0ENY o
: | 3 “MgOn)Cl e i
CH
etz Addition Product tert buty| a1(330 hol

: (3° alcohol)
18.1.5.4 Reduction of Aldehydes and Ketones
Metal hydrides such as NaBH, (sodium borohydride) or LiAIH, (lithium

dluminiumhydric § B
o ydride) reduce aldehydes to primary dlCQhols and ketones to secondary

I
! NaBJ
Chy—eiiy ; OH‘ CH,—CH,—OH
Acetaldehyde ¥ Ethyl alcohol

I [
CH,—C—=CH, —%a—z%fi“—- CH,—CH—0H

Acetone Isopropyl alcohol
EﬂCOho]The reduction with_ NaBH, needs polar solvents such as water and ethyl
815
Fqnln's-js Reaction of RMgX with Esters
Ation of Secondary Alcohol :
fiy, . TOrMate esters react with Grignard’s reagent to form aldehydes which reacts

e .
in,, prr ‘:’;th another molecule of Grignard’s reagent to form secondary alcohols as a
b, Vduct, '
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Step 1:

(ﬁ C])M gCl ﬁ

He—2L oRt + CH;—MgCl —*> H—C—OR’

= H C—0
| = “Mg(OR'XC| CH,
CH;
Formate ester Unstable Aldehyde
intermediate

Step 2:

(OV EfﬁgCl (l)H
H—Ll‘?f—.cw, + CH—MgCl—= H C—CHj . c

> [
| “Mg(OH)C] | CH,

CH, CH;
Aldehyde Unstable Secondary alcohol

intermediate
Formation of Tertiary Alcohol _.
Esters other than formate esters react with Grignard’s reagent to form kciones

which reacts further with another molecule of Grignard’s reagent to form tertiary
alcohol as a final product.

Step 1:

7087 P Cbﬁé@] | 0
Gl o st i e n

o) :
R—C2—0OR' + CH;—MgCl— R—C—

=R » R—C—CH;3
s St o
o G,
Ester Unstabie Ketone
intermediate
Step 2: _ |
& : - + : !
it | P 55 st |
R—C=—CHj + éHs‘ﬁdgCl"—* R—C—CH, J%?iff__..R___c——-CHs
o= el ° Mg(OH)] |
CH;, CH;
R Unstable Tertiary alcohol

intermediate
18.1.5.6 Reduction of Carboxylie Acids and Esters

S Ra . n
Carboxylic Acids and Esters are easily reduced by sirong reducing age
as LiAlH,. Both carboxylic acids and esters are reduced to alcohols.

(s el

L SR
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0
LiAIH,
CH;—C—OH + 4[H] —(F~_ -~ CH;—CH,—OH + H0
Acetic Acid Ethyl alcohol
0O
: LiAIH,
CH;—C——O0CH; + 4[H] ——— CH,—CH,—O0H + CH,—OH
Methyl acetate Ethyl alcohol - Methyl alcohol

18.1.6 Reactivity of Alcohols

Alcohols are reactive compounds. They act both as electrophiles and

nucleophiles. They are attacked by polar or ionic reagents. This is for the reason that:

1)

1)

| 1)

\ o CHBOH > anary alcohols > Secondary aI

The carbon-oxygen (C—O) and hydrogen-oxygen (O—H) bonds are polar due
to presence of highly electronegative oxygen atom.

The oxygen atom of alcohols is an electron rich centre.. This is due to the
presence of two lone pairs of electrons. '

Ceme
st 5 |
I Polar | j
bonds |

Alcohols react with other reagents in two ways: |
When nucleophile attacks on an alcohol, then its C—O bond breaks.

Oy el ¢ a1

When an electrophile attacks on an alcohol, then its O—H bond breaks. . - -

R e e Elecyophile __(I}_-Oﬂ + H+_

The order of reactivity of alcohols when C—0 bond breaks: .L. = e
Tertiary alcohols > Secondary alcohols > Primary alcohols - CH;OH S o

oo d breaks T
Thi f alcohols when O—FH bon iy o
e order of reactivity o ols = Teruary alcohols _. e

L LT -“‘ i
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18.1.7 React?ons (ﬁ‘ ,{H'.o?m?s (

Alcohols undergo a wide variety of conversions. The most common reactiong
of alcohols are as follows:

18.1.7.1 Reaction with Halogen Acids .
Alcohols react with halogen acids to form alkyl halides.
R—OH + HX ——= R—X + H,0
For example:

ZnCl
G OH T By Bl CH,—Cl + 0

HBr and HI react in the same way but in the absence of catalyst. The reaction
of alcohols with HCl in the presence of ZnCl, is called Lucas test./This test is used (o

differentiate between primary, secondary and tertiary alcohols due to different speed
of reactions. The order of reactivity for halogen acids is:

HI > HBr > HCI

18.1.7.2 Reaction with SOCI; and PX,
Reaction with SOCl,

Alcohols react with thionyl chloride, SOCl, in the presence of pyridine catalyst
to form alkyl chloride. The hydroxyl group of alcohol is replaced by chlorine atom.

R—OH + socl, B o |4 4o, 4 o
For example:
CH;—CH,— OH + SOCly Sildine,_ vy
Reaction with PX,
Alcohols react with phosphorus trihalides (PX3) to form alkyl halides.
3R—OH + PXy—— JR—X + H, PO,
For example:
3'CH3""-CH2

—CH,— 1 + SO, + H(l

ﬁ L
» SO RC = =8O~ = H;PO,
18.1.7.3 . Dehydration of Alcohols |

o r he rf:lToval of \T@.ter mf)lecule from adjacent carbon atoms of alcohol in?
i CT;:;I ;‘; e(((i: Od;hYd;I auon of alcohol. Dehydration of alcohols in the presence U
temperatures. Th = 250, or H;PO,) gives different products at dil"’ft?-l":n_I

peratures. € nature of product depends upon the ¢ £ alcohol and the
concitions of reactoniting s temperature ang concentration gfp inoaciilc?l“hc hydro®)

group is removed from g-carbop and hydr : asC
of dehydration of alcohols follows he ofde:g;:] '8 removed from B-carbon. The ©

= 0 AR f the
ease of stability of carbocations. >2 :‘" 1°. This is also the order® |
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pehydration of Primary Alcohols
Dehydration of primary alcohols Is the most difficult. It requires high
temperature and strong acid.,

w2 = Cone. HESO_; = it \
Silmmel o i0-18°c . CH,=CH, + H,0
Ethyl alcohol Ethylene
The excess of primary alcoho] (ethyl alc

ohol) at low temperatire gives ether.
Cone. H,80
2CH;—CH,—OH —75%4 CH;—CH,—0—CH,—CH; + H,0
Ethyl alcohol

Diethyl cther
Dehydration of Secondary Alcohols

The secondary alcohols undergo dehy
(100-140°C).

dration at somewhat lower temperatures

CH,
75% H,S0, r
CH;—CH,—CH—OH 250, CH;—CH=CH—CH, + H,0
2-Butanol

2-Butene
Dehydration of Tertiary Alcohols .

Tertiary alcohols generally underge dehydratio
above room temperature (25-80°C).

OH

i at temperatures only sl ghtly

CH, (Ii CH, -5%5(}}1025-04 - CH3ECII-IE(I3____CH3 + H,0
CH, CH,
2-Methy1-2-Propanol 2-Methyl- I-propenc

18.1.7.4 Preparation of Esters
Alcohols react with carboxylic acids in the presence of conc, H,80, catalyst (o
%M esters. The reaction between an alcohol and an acid to form an ester i called
es%l‘iﬁcalinn. !
0 0]
[ s '
Carboxylic acid Aleohol o eﬂer.

o ol N s
e A L I g )
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For example:

O
H,80, H
CHy —C—0H = CyHs—OH a=——> CH;—C—0C;Hs +H,0
Acetie acid Ethyl Aleohel Ethyl acetate

This reaction is reversible. Its reversibility can be controlled by the addition of
conc. H.SO; toremove water from the product. In this way, nearly all of the mass of
the reactants is converted to products.

18.1.7.8 Oxlidation of Aleohols

The addition of oxygen to alcohol molecule in a reaction is called oxidation of
alcohol The oxidation of alcohols in the presence of oxidizing agents. gives different
products. The reagent most commonly used for the oxidation of aleohols to acids is
potassium dichromate dissolved in aqueous sulphuric acid. The nature of product
depends upon the type of alcohol and the conditions of reaction. Oxidation of alcohols
is used to differentiate between 1°, 2° and 3° alcohols.

Oxidation of Methyl Alcohol
Methyl alcohol is first oxidized to formaldehyde and then to formic acid.

ot I
—OH + [0] éf;z@% Sl H 11O
Methy! aleohel i Fommaldehyde
ﬁ' 4
D Cr,0; H
H——C=—H"R W) K;—-rgf—b -——_C___._OH
Formalfehydn Formic acid
The reaction can be stopped at aldehvyd g ing | the
oxidizing medium. ¢ = D ooving 1t OO

Oxidation of Primary Alcohols

Primary alcohols are first oxidized t - d
0 aldeh des dehyde an
then to carboxylic acids other than formic acid. ydes other than formaldeny

p Kolr0,

CH;—CH,—OH + [0 : H

: Sl Twses Gl u. + 5O
wm
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ﬁ O
i o L = K:(Ir-&{)? 3 | !
GHY —C Ho < T0] —Srgor. = CHe —C=—0H
Jhy g
Acetaldehyde Acetic Acid

Oxidation of Secondary Alcohols

Secondary alcohols are oxidized to ketones, which are not oxidized further
easily. Because they require breaking of carbon-carbon bond. They can be oxidized to
acids at drastic conditions.

OH )
CH;—CH—CH; + [O] ";fl‘e_f;'{'-_’-,‘-;’? > CHy;—C—CH;# H,0
Sec. propyl alcohol Acetone

O O

CH;—C——CHy+ 4[0] — 52 » CHy—Cr—OH + CO, + H,0

Acetone Aceetic Acid

Oxidation of Tertiary Alcohols =
Tertiary alcohols are not oxidized under acidic conditions because the carbon

bearing the —OH group is attached to three carbon atoms and, hence cannot form a

carbon-oxygen double bond.

OH
| KEQFEO;'
CH3—(|3“-CH3 + [0] —;,80,
CHa
Tert-butyl aleohol
18.1.7.6 Cleavage of 1,2-diols (Glycols)

- - i carbonyl compounds by the action of
The vicinal diols are cleaved into tWo ' =i
periodic acid, HIO, or lead teltraacetate, (CH3COO)4Pb* The carbonyl COMpORS

be either aldehydes or ketones.

No Reaction

(|)H (I)H
CHz'—CHz —‘__l:i'E)i__’

Ethylene glycol : g
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OH OH T)' ﬁ
| |
CH,— CH—CH, 2245 2CH;—C—H + H—C—H+ HIO; + H,0
1,2-Propanediol Acetaldehyde Formaldehyde

18.1.8 The Sulphur Analogous (Thiols, RSH)

Thiols are sulphur analogues of alcohols and are known as thioalcohols. They
have mercapto group (—SH) instead of hydroxyl group (—OH). Since they form

strong complexes with mercuric oxide that is they capture mercury hence, they are
also called mercaptans.

2CH;—CH,—SH + HgO
Thiol

(CH3CH,S);Hg + H,O

The word mercaptan is derived from the Latin mecurium captan (mecurium =
mercury; captans = capturing).

18.1.8.1 Nomenclature
.. Common Names

Thiols are named by adding the suffix mercaptan to the name of alkyl group
that is bonded to —SH group.

CH;—SH CH;—CH,—SH
Methyl mercaptan Ethyl mercaptan
CH, £
CH,4 I

CH,—CH—SH | (|3H
Isopropyl mercaptan Tert-butyl m:::rcaptan

SH

Phenyl mercaptan
IUPAC Names

Thiols are named by adding the suffix thio]
Thus they are named as alkanethiol. Thiols are g

1)

to the name of the parent alkan®:
! med by th i :
Select tlhe longest continuous carbon chain contaiuﬁifng ?J)r:ﬁsegé:;:ob;ﬁ; =

o

$iE2% o SRS T
oy e e |

R ey, s gl iR
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i Firgltﬁr '}}1111 j(LJlith]lT)nL?ﬂm:h rom that end which s nearer (0 mercapto group

halogens in numbering the Ptlrcn??h;ilnp.’up e prionly, averall ssoupsels

0 f:]:hi{é;; :r:;umd .funﬁ[jon“} group in the molecule with a higher priority, then
oiehix ‘mergamg’_"“}: igdé:i;dl y ETE prefix Sl:ﬁ"ﬁc’f!_}‘[. It may be indicated by the
GVer —SH (loverneie P ; the —OH (higher priority group) takes priority
priority gre ip) in both numbering and naming. Examples are:

CH;—SH CH;—CH,—SH
Methanethiol ‘Fth t;' |
Hthanethio
1
CH3 CH3
3
CHy— CH—SH H.— CH— G ¢
?3 . CH3“—'CH‘—CH2_CH2—SH
},)_—l ropimclhl_olt 3-Methyl-1-butanethiol
(Propane-2-thiol) (3-Methylbutane-1-thiol)
SH
SH OH

5 & 3 | 2 1
CH5—CH;— CH CH—CH;
3-Sulfanyl-2-pentanol
(B-Mercapto-2-Pentanol) Benzenethiol

18.1.8.2 Physical Properties

1)  Methanethiol is a gas whereas highér members are colourless volatile liquids.

ii) They have considerably lower boiling points than alcohols because they have
much weaker intermolecular attractive forces. For example, the boiling point of
methanethiol is 6°C, whereas the boiling point of methyl alcohol is 65°C.

i) Thiols are less soluble-in water than alcohols of similar molecular masses.

V) Lower members of thiols have strong repulsive odours. They smell like that of
garlic or rotten €gg. They (methanethiol and ethanethiol) are used as odorants to
assist in the detection of natural gas (which in pure form is odourless), and the
"smell of natural gas" is due to the smell of the thiol used as the odorant.

18,1.8.3 Structure - |
The functional group of thiol is —SH (mercapto) group bonded to

$p hybridized carbon. Their structures are similar to alcohols. The CSH bond angle
1 methanethiol is 100.3°.
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The electronegativity of sulphur and carbon are nearly equa! Wh"? S“IPhl'“i IS
ative than hydrogen. Hence, hydrogen attain partial positive
oative charge. The sulphur-hydrogen bond is less
i : is less electronegative than

slightly more electroneg
charge and sulphur attains slight ne
polar than oxygen-hydrogen bond because sulphur
oxygen.

18.1.8.4 Acidity

Thiols are stronger acids than alcohols. The pK, value of ethanethiol is 10.5

and that of ethanol is 15.9 in dilute aqueous solution.

18.2 Phenols |
Phenol is the combination of two words that is “phen” and “ol”. Phen is an old

name for benzene and the suffix “ol” is used for hydroxyl group (—OH). Phenols are
those organic compounds in which one or more —OH groups are directly bonded to
the carbon of benzene ring. The simplest member of this familyds phenol.

OH

Phenols may be monohydric or polyhydric. It depends on the number of
hydroxyl groups attached to the carbon of benzene ring. The phenols containing one
—OH are known as monohydric phenols and the phenols containing two or more
—OH groups are known as polyhydric phénols. '

The aromatic compounds in ‘which hydroxyl (—OH) group is not directly
bonded to the benzene ring are not phenols but are called aromatic alcohols. These
may be regarded as derivatives of aliphatic alcohols. For example:

CH,~OH

Phenylmethanol 2-Phenylethanol
18.2.1 Nomenclature of Phenols
; P‘henol 1s the specific name for hydroxybenzene, but the word phenol is also
Uf;e as the FfaI'CI.IE name when substituents are attached. We name substituted phenols
either as derivatives of phenol, as benzenols, or by common names. Common names

are given in parenthesis below TUPAC names. The retad
' t
phenols are as: IUPAC rules for substitute
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) Insubstituted phenols, the position 1 is given to that carbon which has hydroxyl
grour. For example:

CH,CH; O,N -
2-(5'110&!131‘16[1“[ 3-Ethyl phenol 4-Nitrophenol |
(ebibispn) (m-Efhyl phenol) (p-Nitrophenol)

OH

OH

1 NH, _
2-Aminophenol i.2-Benzenedio! 1,3-Benzenediol
(O-A ﬁﬂ ﬂgphcﬂ‘J ] ) (Catccho]) (Resa !-C_-Enol)

OF

1 4-Benzenediol 2 4,6 T nltrophenol
(Hydrogumone) - (Picric acid)

The methylphencls are called cresols.

D
4-Methylphenol
(m-Cresol) {r;-('_l_resnﬂ E

Z'Méﬁi_y!phcnnl 3-Methylphenol
_ (0Cresol)

\-‘rl_.
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Derivatives of phenols with two methyl groups are called xylenols.
OH OH

2 CH,
.;4 .
2.6-DimethyPhenol 2.5-DimethylPhenol
or  2,6-Xylenol or 2,5-Xylenol
OH
H,C '
3 \\)
,}I\/S
H;C i
2.3-DimethylPhenol 3.5-DimethyIPhenol
or  2.3-Xylenol or  3,5-Xylenol

‘i) If phenol has another functional group which is superior in priority order, then
phenols are named as hydroxyl derivatives.

CHO
COOH _ . ]
6" \2 5 3.
= ;
5 / : 9
7 OH OH

3-Hydroxybenzoic acid
(m-Hydroxybenzoic acid)

Isomerism in Phenols

4-Hydroxybenzaldehyde
{p-Hydroxybenzallehyde)

Phenols with two or more substituents can show position isomerism due t0

different position of substituents. For example, the methylphenol also called cresol
has three isomers i.e. o-cresol, m-cresol and p-cresol.

CH,
OH
3
4 [+
5 5 H,C
2-Methylphenol 3-Methylphenol 4—Meﬂ13ylphcn01

(n-Cresol) (-‘"""3"'1) (n-Crecal)
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Xylenol has one hydroxyl Eroup and two

T ethyl groups and contains six
{somers.

H,C

2,5—Dimc1hylPhr:1wl
OH

CH3 C:HJ
3.4-DiethylPhenol 3 5-DimethylPhenol |
182.2  Structure of Phenol |
5L dln phenols, the hydroxyl group is bonded fo aromatic ring. The OXygen atom of |
» ydroxyl group has two bond pairs and two lone pairs of electrons, hence, it has

Bt shape as water molecules. The COH bond angle in phenol is 1092 "¢ -—O-—-H

Eond angle is shightly less than the regular tetrahedral angle (109.5°). the
*ygen bond length in phenol is 136 pmn.

0% O'\
H
109°

Phenol

24-Dimethy!Phenol

carbon-

i Pheno] i 5 polar compound and has a dipole moment of 1.54 D.
i) - Physical Properties of Phenols

Tedrgj ﬁl{enols are generally colourless solia:.is é.lt room temperature but tyry
i) he Sh 1N colour on exposure to air due to oxidation. :
i) hey ave characteristic phenolic odour.

Y are generally insoluble in water but phenol itself and di- and tri-hydric

,_phi_‘anols are fairly soluble.
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iv) They usually have higher boiling points than uliphatic alcohols due to presence
of strong intermolecular hydrogen bonding and high molecular mass.

v)  Phenol Elwdmxybcnzenc) iself is a colourless, crystalline, hygroscopic solid. It
s low mciting solid (mp. = 43°C) and has a medicinal odour. It is less soluble in
water but more soluble in organic solvents such as alcohol and chloroform. 1t is
completely soluble in water above 68.5°. Its vapours are toxic. It produces

painful blisters in contact with skin. Its 5% aqueous solution is known as
carbolic acid.

18.2.4 Acidity of Phenol

Phenols are more acidic than alcohols and less acidic than carboxylic acids.
Carboxylic acid > Phenol > Alcohol

The acidic nature of phenol can be explained by the points given below:
i) It turns blue litmus red.

i) It produces hydrogen gas when reacts with sodium.
2C,HsOH + 2 Na = 2 CcHsONa &+ 1,
Phenol  Sodium Sod, phenoxide  Hydrogen

i) It has abiiity to produce hydrogen ions in water.
1v) It reacts with a strong base to produce salt and water.
CHsOH + NaOH —— < ‘¢¢H:ONa + H,0

Phenol  Sodium hydroxide ~'Sod. phenoxide

(Acid) (Base) =X {Salt) Water
It forms a stable phenoxide ion (phenolate ion) after loss of hydrogen ion. The
stability of phenoxide ion as compared to alkoxide ion is due to delocalization of

negative charge in the benzene ring. It is shown by the following resonating
structures.

L

S = sy
SO
Z e

18.2.5 Preparation of Phenol
Phenol can be prepared by the following methods:

16.2,5.1 From Benzene Sulphonie Acid |

Benzene sulphonic acid reacts with sodium hydroxide to produce sodiu™”

benzene sulphonate which on further reaction with NaOH at about 300°C Pr"duces
sodium phenoxide. '

V)
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SO3H SO3Na ON:
NS ,/” R D3I /\} a
NaOH . NaOH B
I\nn”l %{]”\L
temperature / /

Benzene sulphonic sodium benzene Sodium
acid sulphonate phenoxide

The sodium phenoxide on hydrolysis with HCI gives phenol.

:ONa
l[Cl

‘Ssxllum phenoxide Phenol
This is the oldest method and is not used for the preparation of phenol
nowadays.

18.2.5.2 From Chlorobenzene (Dow’s Method)
Chlorobenzene reacts with 10% NaOH solution at 350°C and 300 atm pressure
to produce sodium phenoxide which on acid hydrolysis gives phenol.

ONa.
NaOH
350°C + 300 atm

Chlorobenzen Sodium phemxide
ONa
H,0
Sodium phenoxide Phenol

This method has-limited application in the laboratory synthesis of simple
phenols.
18.2.5.3 From Acidic Oxidation of Cumene

Cumene is. readily oxidized by air to produce cumene hydroperoxide on
hydrolysis with HCI gives phenol.

CH3 : CH 3

{—~—C——c1+., HOO— C——CHa

OH
I
HCI I CH;'_C_CH:;
—— 3
HO
Phenol " Acetone

Cumene Lumchydrqmwxiic 2 II‘I
o e R A e T oY
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Most of the worldwide production of phenol is now based on this method.

i8,2.5.4 From Hydrolysis of Diazonium Salts
Benzenediazonium chloride on warming with water followed by acidification,
gives phenol.
N,Cl OH
H80; O AL
H0)

Benzenediazonium Phenol
ehloride

18.2.6 Reactivity of Phenol

The phenolic (—OH) group is electron donating group. and increases the
clectron density at ortho and para positions by donating its electron pair to the
benzene ring. This makes the benzene ring of phenol more reactive towards
clectrophilic  substitution reactions. Because of this reason, phenols behave as
nucleophiles in most of their reactions.

i8.2.7 Reactions of Phenols

Phenols generally show two types of reactions: (i) reactions due to —OH
v group (1i) reactions due to benzene ring,

[8.2.7.1 Electrophilic Aromatic Substitutions

In these reactions, an electrophile is penetrated into the ring and breaks the
electronic cloud of benzene. The —OH group is ortho-para director and most of the
substitutions occur at ortho and para positions only. Because of this, ortho and para

dcriv.alive are obtained in these reactions. Some of the electrophilic substitution
reactions of phenols are:

vitration
Phenol reacts with dilute nitric acid at roo

. m temperature to give a mixture of
ortho and para nitrophenols. P &

NO,

2 HNO, (20% )
2500 o= + + 2H,0

0N
Phenol o-Nitrophenol p-Nitrophenol
30-40% 20%
The nitration results in the formation of picric acid when phenoi ;. treated with
concentrated nitric acid. | - |
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NO,
r OH o
O/ 3 HNO, (('ﬂmﬂ‘
~- 3 ]71'10
O,N

NO,
Phenol 2.4 6-tini trophenol
(Pieric acid)

Halogenation

Phenols react with bromine water to produce white
tribromophenol.

Br
OH OH
3 Bry :
—"——h-l 0 =t =3 BT
Br Br

Phenol 2 4,6-Tribromophenol

18.2.7.2 Reaction with Sodium Metal

Phenol reacts with sodium metal on warming to form water soluble salt
(sodium phenoxide) with release of hydrogen gas.

precipitate -of 2.4,6-

OH ONa :
2 HL2Nn G ————— 0 © + H,
Phenol  Sodium metal ' Sod. phenoxide

18.2.7.3 Oxidation

Phenol is oxidized to p-benzoquinone in the presence of stronger oxidizing
“8ents. The oxidizing agents used are silver oxide, lead tetraacetate, dichromate, and
amospheric oxygen. Phenols are more easily oxidized than simple alcohols.

OH o
(- F
O

Phenol p-Benzoquinone
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18.3.8 Difference between Alcohols and Phenols

[T AW

The main difference between alcohols and phenols are given in the

table: o St s
’ "~ Alcohol Phenol
_ﬁ“:;:ﬂt ;ﬂ;ﬁ;_is_lionded to an alky! Hydroxyl group is bonded to an aryl
group. group.
| Hydroxyl derivatives of alkanes. Hydroxyl derivatives of benzene. A
General formula is R—OH. General formula is Ar—OH. J
| They are less acidic. They are more acidic. %
| The pK, value is nearly equal to 16- The pK, value is nearly equal to 10.
| 20.
| Lower alcohols are generally They are colourless crystalline solids.
| _colourless liquids. |
LIE};_huv; characteristic sweet smell. They have characteristic phenolic smell.
i.— _They have o action with Br, water. They give white ppt. with Br, water. ‘
- They do not react with NaOH. They'react with NaOH to form
= phenoxides.
"~ Sodiety, Technolog |

Antiseptics and Disinfectants |
_ Antiseptic and disinfectants ‘both are bacteria killer and are considered to be |
antimicrobial. It is hard to definitely point out the difference between these two. There is [
no real _d:ﬁerence between_ antiseptics and disinfectants. It is to be noted that the same [
;};F:§1Lal$ are used for__the one purpose as for the other. However, the differences
dii-:i?;f:;?[ L}éese twof c{llemlc_als'are very great and their applications (uses) are significantly
rent. Some of the most important differences iseptics
ke p between antiseptics and disinfectants
Sy o Anitideptics © -
They are mild chemicals that are applied
to the skin or body to kill germs,

e e | ——————

_ Disinfectants
They are strong chemicals that are applied
to the non-living surfaces, spots and places
_ to kill germs.

They are safe and do not harmful (o the They are haifrnful to the body of humans and

body of humans and animals, The '
¢ d y are | animals. Th : 3 |
used locally outside the body. due to their ggrra;:ivloiaﬁf;wd Gy |

et

| :Fhelﬁyd_are 1;(.‘?:6(1 on or il-'l. living tissue They are often used to sterilize operation
he dmg skin, oral cavities and open | theatres, to disinfectant utensils, doors,
woun : totrerqove, inhibit the growth of, | floors, ete. and to decontamiuats veusable
‘| or 1nactivate microorganisms. i '
| SRR : RrFals Instruments. :

T e ——

T —
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T —
- ——e

Antisepties oo T CDisinfectants L. o0
They are commonly used at heaithcare | They are commonly found at homes or
centres or hospitals. public places.

mes are surgical spirit (ethyl alcohol | Examples are phenol, dettol, formalin,
as 60-70% or isopropyl alcohol at least | sodium hypochlorite, DDT, etc.

170%), iodine, dettol, boric acid, listrine,

lime, hydrogen peroxide, etc.
The Role of Disinfectants in Hygiene

Hygiene is a practice or an activity of keeping yourself and your surrounding |
clean and healthy. Hygiene refers to conditions and practices that prevent illness or the :
spread of diseases. A good hygiene means to keep your body clean ‘and healthy.
Disinfectants are used to kill or inactive germs and other harmful substances. '

There are many different chemicals that are used as disinfectants and play key roles
in hygiene.

Alcohols

Alcohols such as ethyl alcohol and isopropyl alcohol are widely used as antiseptics and
disinfectants. They are used to kill bacteria and viruses.. '

Phenols o | -

Phenols are widely used as disinfectants in household products.

Sodium Hypochlorite ; S N S g

The 5% Solggon of sodium hypochlorite is.an effective disinfectant for smks, toilets, etc.
Calcium Hypochlorite : e ; :

Calcium hypﬂgmomc s used in hospitals as disinfectants for clothing and bedding.
Chlori Ozone e :

Chorin: ea:dngzouc gases are used as disinfectants in water treatment to Kkill \harrnfu-l
bacteria. | :

Todi i : : 5 .

: mm;fa:‘};ngfl;g clémental iodine in addition to Kl or Nal, dissolved in a mixture of

ethanol and water. Jodine tincture is typically used as an an-tisgélz.ir{:;:susuauy'used -
hospitals as a disinfectant because it can destroy both bacteria Ses.

183 Eth ‘
. ers z

. . tom is bonded to two alkyl (or

! ds in which an oxygen a : :
aryl) ;;};er;; d';?l;; nrf;yunbs regarded as dematw:,.js, 2 it th;]veboﬁm?ﬁ
hydmgen 1:a:fu':ur,ns. have been replaced by alkyl (or ) group.s- 1 e-:})'u s -Thi bond
. formula R—O_R’, where R and R’ may be alkyl or ary! ortrlmythgl; tP e
! : xtent greater than that o :

?& angle at the oxygen atom of an ether 15 t0 fOOIPe GASHYE

J

Hac/O‘CI-g
70°

T
= el
L

L
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There are two types of ethers: (i) symmetrical ethers (ii) unsymmetrical ethers,
In symmetrical ethers, the two alkyl (or aryl) groups are the same. They are alsg
known as simple ethers. Examples are:

(@)
Dimethyl ether

Diphenyl ether

In unsymmetrical ethers, the two alkyl (or aryl) groups are different. They are also
known as mixed ethers. Examples are: '

0
O
CH;—O0—CH,—CHj

Ethyl methyl ether
Methyl phenyl ether
183.1 Nemenclature of Ethers

There are two systems for naming ethers: (i) common system and (ii) JUPAC
system. Ethers are usually named by common system. [UPAC system is used for
those compounds which have more than one ether linkages.

183.1.1 Common System
Chemists almost use common names for simple ethers that is, low molecular
mass ethers. In .common system, the two alkyl (or aryl) groups bonded to oxygen
atom are named in alphabetical order and the word ether is added. If the two alkyl (or
aryl) groups are similar, then the prefix di- is used. Examples are:
CH3""'O'_'CH3

Dimethy! ether 2tHy

Ethyl methyl ether

SR e

Methyl phenyl ether Diphenyl
1phenyl ether

According to this system, ethers ar i
3 (S . 5 f
hydrocarbons. The IUPAC rules for naming Ether‘;ﬂ;::ered as alkoxy derivatives ©

1) The larger alkyl group is named as a parent alkane.
11) ‘The Ismz:l.l_ler alkyl group along with OXygen atom is taken as alkoxy group- 2
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iii) Number the carbon chain froin that end which is nearer to alkoxy group.
Examples are:

CI‘I3 '

Methoxymethane

CH;—0—CH,—CH;  CH;—O—CH—CHj

Methoxyethane 2-Methoxypropane

CH,

2-Ethoxybutane

18.3.2 Physical Properties of Ethers

R —

1)

i)

111)

Lower ethers such as dimethyl ether and ethyl methyl ether are gases while
higher ethers are colourless, volatile liquids.
They have pleasant odour.

They are highly infl ammable.

iv) They have low boiling points due to absence of hydrogen bonding.

v) They are slightly soluble in water because.they form hydrogen bonds with
water. Their solubility decreases with increase'in ‘thesize of alkyl groups. They
are readily soluble in organic solvents such asbenzeneilshloroform ete. .

vi) They are lighter than water. : S

vii) Ethers are used as a solvent.

18.3.3 Preparation of Ethers -I3H
They are prepared by the following methods:

18.3.3.1 Williamson’s Synthesis -
Alcohols react with sodium metal to give sodiam @J.koxlde Whlch on further

reaction with alkyl halide gives ether. = -

2 R—OH Tﬁ 2R—ONs — —™* R===.==R

ethers.

18.3.3.2 Resetion el‘ Aikyi Halides with Bff Siheiz @xide

Alkyl halides react with silver oxide on heating to produce: ether.,. 1

e ii I I
znmx 4 ASZO —_— R#Q' iR'L* 2Agx 2edzizE- t{ i 3“*“;‘“%
1835 Reactivity of Ethers o

31 lr;,; ;;L f,

tive s hlbohdlﬁ‘«*ﬁﬁf"‘
Ethers are stable compounds. They are less reac
conmderably re,acnve than alkanes They are less : reacuve becadsé bffh i*bsia'n? ce of
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active hydrogen bonded to oxygen as present in alcohols. They are reactive only whep
the oxygen is protonated in an acidic medium. They do not react with bases, dil.
Acids, metallic sodium, reducing agents and oxidizing agents in cold state. However,

they show some characteristic reactions.
18.3.5 Reactions of Ethers
18.3.5.1 Reaction with Cold Conc. Acids

Ethers react with cold conc. HCI or H,SO, to produce oxonium salts. For

example:
H

| ,

CH3CH2_—'O__CH2CH3 + HCl— |CH3CH2-_O_CH2CH3 i (—fl
Diethyl ether Diethyl oxonium chloride

q

CH3CH,——O—CH,CH;+ H,S0, —»| CH3CH2——_0-—CH2CH3|J-’ HSO,
Diethyl ether Diethyl oxonium hydrogen sulphate

18.3.5.2 Reaction with Hot Concentrated Acids

Ethers r i ,
Halide ets react with hot concentrated HClor HI to produce an alcohol and alkyl

C2H5_'0——C2H5 + HC] '——l"l C2H5_‘O_'—C2H5l+ (—:] = C2H50H i CZHSCI
Diethyl ether - Diethyl oxonium chloride Ethyl Ethyl

alcohol - chloride

If an excess of an acid is used. the e
; , the alcohol :
to give alkyl halides, SO obtained reacts further with HX

CH;CH,—OH + HC] ——» CH3CH,——(] + H,O
2
Ethy! alcohol Ethyl chloride

ﬁlse of Ether as Anthesia

- ’ al'ld hlgh]. ﬂ i i W 1 a C isti

Anesthetic is :
a substance that is used to cause loss of Sensation or consciousness in order |

c i : : ; esthetic i her, |
hloroform and nitrous oxide. Diethyl ether is safer anesthetic than ciljfggofits@
- |
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r—g;nc[-al anesthetic until the 1960s. Sj

f countries (Europe and America)

' has prolonged anesthesia recover

| less flammable and safer fluori
used as an anaesthetic these day
because of its cheapness.

\'_'_'—'_'_'_‘—_

1ce then, ether is no longer used in advanced

as an anesthetic because it is extremely flammable and |
y. In these countries, the use of ether was displaced by |
nated hydrocarbons such as haloethane. Ether is still ]

$ In some un-developed countries (third world countries)J

—OH groups are directly b
of alcohol is ROH and that of phenol is PhOH.,

into two major groups: “(i) Monohydric alcohols
only one hydroxyl group
ydroxyl groups in their structures,
while glycerine is the example of

while polyhydric alcoho] have two or more h
Ethyl alcohol is the example of monohydric
polyhydric alcohols.

95% pure ethyl alcohol is call

ed rectified alcohol and 100% pure ethyl alcohol is
called absolute alcohol.

Molecular mass. This is due to presence of hydrogen bo

Alcohols are acidic in nature due to presence of polar O—H bopg. Greater the
Polarity of —QH group, greater would be the acidity of alcohols,
alcohols are moreacidic than secondary alcohols whic
; than tertiary aleohols.
Alcoholg are. reactive organic compounds. They act both a
Nucleophies. They undergo a wide variety of conversion
. hich are ejther oxidation or reduction type reactions.
alcohol undergoes dehydration when it is heated with an acj
Product of alcohol dehydration is the more stable alkene. Tertiar
‘ . e easjegt 1 dehydrate, and primary alcohols are the hardest,
10ls are Sulphur analogues of alcohols and are known as thioalco

h in turn are more acidic

S electrophileg and
s—the majority of

d. The major
y alcohols are

hols. They
Ve mercapto group (—SH) instead of hydroxyl group (—OH). Thiols are
N .??QI}ger acids and have lower boiling points than QICOFQ!SZ B‘?‘_’f‘f.use the S—p |

233
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bond is almost nonpolar, the physical properties of thiols are more like those of
hydrocarbons of similar molecular mass. .

In an ether, an oxygen atom (—O—) 18 connected by smgl_c bonds to two alkyl
or aromatic groups. Ethers are formed by a condensation .react.u'm of two
molecules of alcohol. Ethers of low molecular mass .have l_ow boiling points,
while ethers with larger alkyl groups have higher boiling points due tcly London
dispersion forces between the alkyl groups. Ethers are often used as solvents for
organic reactions.

m Fruitiple Choice Questions |
Select one answer from the given choices for each question:

i)  The hydrogen bonding is present in:

(a) CeHs (b) C;HsOH

(¢) C,;HsBr (d) CH;—O—CH;
i1y  Which compound is more soluble in water?

(a) Phenol (b) Ethyl alcohol

(c) Dimethyl ether (d) .1-Hexanol
iii) Oxidation of ethyl alcohol gives:

(a) Formaldehyde (b) Acetaldehyde

(¢c) Acetone (d) Ether
iv) Methanol is also known as " Z

(a) Absolute alcohol (b) Rectified alcohol

(¢) Wood spirit (d) Methylated alcohol
v)  Rectified spirit contains about:

(a) 85% ethyl alcohol (b) 90% ethyl alcohol

(c) 95% ethyl alcohol (d) 100% ethyl alcohol
vi)  Alcohols are prepared by the:

(a) ~Hydration of alkenes. (b) Hydrogenation of alkenes.

(¢) Halogenation of alkenes. (d) Oxidation of alkenes.
vii) The protonated ether is called:

(a) Oxide ion (b) Carbon ion

(c) Hydronium ion (d) Oxonium ion
viii) Which statement is true about phenol?

(a) It is more acidic than acetic acid

(b) It is more acidic than ethyl alcohol.

(c) It turns red litmus blue.

(d) It does not react with sodium. e
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ix) Which one of the following is the isomer of dimethyl ether?
(a) CH,CH,OH (b) CHyCHO '
(c) CH;COOH (d) HCOOCH;
x)  Which statement is correct about ether? :
(a) Lower ethers are liquids 1t room temperature.
(b) They are crystalline solics at room temperature. |
(¢c) They are highly inflamraable.
(d) They are denser than water.

_ Short Answer Questions |

Why phenols are more acidic than alcohols?

Why the boiling point of alcohol is higher than ether?
Can ether form a hydrogen bond with water?

Why ethers are considered to be good solvents?
Ethers are less dense than liquid water, how?
Phenols are more reactive than benzene, why?
Explain why the boiling points of alcohols and phenols are much higher
than those of alkanes and ethers?

Why phenols have higher boiling points than alcohols?

Y. Which are more soluble in water, alcohols or phenols?

(Q.10. What is the difference between primary and secondary alcohols?

Q.11. What do you know about rectified and absolute alcohols?

OO0
O L s S

>

&)
\O 00

(&,

Q.1.  What are alcohols? How are they classified?
2. How will you distinguish between primary, secondary and tertiary alcohols?
Q.3. Describe the nomenclature of alcohols.
Q4. Draw structures for the following alcohols:
1) 1-propanol -
ii) 2-butanol
i) 1,3-butanediol
iv)  5-methyl-2-hexanol
V) 4-ethyl-3-heptanol
vi)  2.2.4.4-tetramethyl-3-pentanol
vii)  3-chloro-1,2-propanediol
viii)  2,3,4-pentanetriol
Q5. Draw structures for the following ethers:
1) Methoxymethane
ii)  Phenoxybenzene
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iii)  2-methoxypropane
iv)  1,2-diphenoxypropane
V) 1-ethoxy-4-methylbenzene
Q.6. Draw structures and then give [UPAC names to the following compounds.
i) Dimethyl ether
ii) Ethylmethyl ether
iii)  Methylphenyl ether
iv)  Ethyl alcohol
v)  Sec. propyl alcohol
vi)  Propylene glycol
Q.7. Explain the structure and acidity of alcohols.
Q.8. Describe the methods for the preparation of alcohols.
Q.9. What do you know about reactivity of alcohols?
Q.10. Give physical and chemical properties of alcohols.
Q.11. What are thiols? Describe the nomenclature of thiols.
Q.12. Give physical properties and explain structure and acidity of thiols.
Q.13. What are phenols? Explain nomenclature of phenols.
Q.14. Describe structure and acidity of phenel:
Q.15. Write down four different methods for the preparation of phenols.
Q.16. Explain reactivity of phenols.
Q.17. Give physical and chemical properties of phenols.
Q.18. What is the difference between alcohols and phenols?
Q.19. What are ethers? What do you know about simple and mixed ethers?
Q.20. Describe nomenclature of ethers.
Q.21. Describe the preparation of ethers by (i) Williamson’s Synthesis (ii) the
reaction of alkyl halides with dry silver oxide. |
Q.22. Explain reactivity of ethers.
Q.23. What are the physical and chemical properties of ethers?
Q.24. Give IUPAC names to the structures given below:
OH

)  CH;—CH—CH,—CHj

OH

i) CH—CH —2CH—2CIH
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OH

i) CHy—CH—CH—CH,

OH
OH CH; CH;

iv) CH;—CH—C——CH—CH,

CH;,
v)  CH;—CH,—O—CH,

Vi) CH;\‘_CHQ_—O"_CGHS

OCH;

vii)  CH3—CH—CH—CH,

OC,Hs OC,H;

Q.25. What are locants, prefixes, parent compound and suffixes in 3-methyl-2-

~ pentanol?
Q.26. Describe isomerism in alcohols'and phenols.
Q.27. How many isomers are possible for C4H;,O? Draw their structures.
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Céfboriyl Compounds 1:
Aldehydes and Ketones

19.1 Nomenclature

19.2 Physical Properties

19.3 Structure

19.4 Preparations of Aldehydes and Ketones
19.5 Reactivity

19.6 Reactions of Aldehydes and Ketones

w*nn_};.—-—-— gy Wﬂwﬁ

Learpmg Outcomes' :

Students will be able to:

Explain nomenclature and structure of aldehydes and ketones. (Applying)

Discuss the preparation of aldehydes and ketones by ozonolysis of alkenes, hydration of
alkynes, oxidation of alcohols and Friedal Craft'sacylation of aromatics. (Applying)

Describe reactivity of aldehydes and ketones and their comparison. (Analyzing)

Describe acid and base catalysed nucleopliilic addition reactions of aldehydes and ketones.
(Applying) ,

Discuss the chemistry of aldehydes and ketones by their reduction to hydrocarbons,
alcohols, by using carbon nucleophiles, nitrogen nucleophiles and oxygen nucleophiles.
(Applying) _

Describe oxidation reactions of aldehydes and ketones. (Applying)

Describe isomerism in aldehydes and ketones. (Understanding)

Introduction

Aldehydes and ketones are carbonyl compounds. They play an iﬁlpOlTant role

in chemistry, bielogy and biochemistry. They are responsible for many flavours and
odours. Vanillin, an aldehyde, gives vanilla flavour. Benzaldehyde, an aldehyde, gives
almond flavour. R-Carvone, a ketone, gives spearmint flavour. The male and female
sex hormones (testosterone and progesterone) also contain carbonyl groups.

An aldehyde has one alkyl (or aryl) group and one hydrogen atom bonded to

the carbon of carbonyl group. Formaldehyde is the exception because it has two
hydrogen atoms that are bonded to the carbon of carbonyl group. On the other hand, 2
ketone has two alkyl (or aryl) groups bonded to carbon of carbonyl group.

? i |
cl‘ El I
C
\ \\
Tege RE oy R
Formaldehyde An aldehyde A ketone
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19.1 Nomenclature

Both common and IUPAC names are used for aldehydes and ketones.

1 2 sJeatrpgsrns ~F Al I
19.1.1 Nomenclature of Aldehydes
19.1.1.1 Common System

The commo : s of ;
n names of aldehydes are derived from the names of the

corrcspo;dmg carb(?x‘yhc acids by replacing the ending —ic acid with the word
~aldehyde. Th; position of substituents on the chain, if any, is indicated by Greek
letters ¢, B, ¥, 6, etc. The a-carbon atom is one which is directly bonded to the carbon
of carbonyl group.

)

(X :

| CH,—C—H

o Y 3
CH;—CH,—CH,—CH,

The common names of some aldehydes are given below:

O O O
| ’ | | B O | |
H=——C—H CH;—C——H CH;—CH,—C—H
Formaldehyde Acetaldehyde Propionaldehyde
CH; O Cl CH; CH, @)
B| o. l ’ i a| [‘3' c1| | I
CH;—CH—CH,—C—H CHy—CH—=CH——CH C—H

B -Methylbutyraldehyde y-Chloro-a.,B-dimethylvaleraldehyde

19.1.1.2 1UPAC System

The IUPAC names of aldehydes are derived from the names of the
torresponding alkanes by replacing the ending —e with —al. Hence, the aldehydes are
Named as ‘A fkanals.’ For example, if there are three carbon atoms in the chain of
Aldehyde, it is derivative of propane and its name is propanal. If there are four carbon

Aoms iy the chain, then it is derivative of butane and its name is butanal and so on.

In case of higher aldehydes when substituents are present, find the longest

chaip containing aldehyde group and number it in such a way that the aldehyde group

Is assigned position number one. There is 00 need to indicate the position of aldehyde
ST0up because it must alv.;ays lie at the end of the carbon chain and it is given position
_ "Umber one, The [UPAC names of some aldeh)_'fies _arg_. given b“_ﬂ_"wz

A
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I I I
H———c\jl_‘——H CHy—¢ —H CH,—CH,—C—H
Methanal Ethanal Propanal
CH; O Br Cl CHy; O
4 3 l 2 1 \ _ 4‘ 3l 2 | 1 | I
CHy—C¢H—CH,—C—H CH=—0H—SCH C—H
3-Methylbutanal - 4-Bromo-3-Chloro-2-methylbutanal
Cl CHy CH; O CH;, @)
=) 4 l 3 l 2| 1 l 3 | 2 1 | |
CHy——=CH—CH—CH C——H CHE=E = —H
4 | 5 6
4-Chloro-2 3-dimethylpentanal i ——CH,—CH,

3.3-Dimethylhexanal
19.1.2 Nomenclature of Ketones
19.1.2.1 Common System _
The common names of ketones are obtained by simply naming the two alkyl
(or aryl) groups bonded to the carbon of carbonyl group and the word ketone is added

as a separate word. The two alkyl (or aryl) groups bonded to the carbon of carbonyl
group are named in alphabetical order. If the two alkyl or aryl groups are similar, than
the prefix di is used before the name of the alkyl or aryl groups. The position of
substituents on the chain is indicated by Greek letters (o, B, v, 6, etc.), starting with
the carbon next to the carbonyl group. The substituents on the chain are named in
alphabetical order. '

5 Y a | e
CH3———CH-2—-——BCH2—-—CH2——C—-—-CH3 & |
The common names of some ketones are given below:

ﬁ O
| |
CH;—C—CH CHy—=C—(H —
Dirmethyl ketone. éthyl me,hyickl;lfme cHy
CH, (|)| CH, NH

B o [

l ' al -
CH;— CH—C—CH, 8H3——CH———C———(|3H-——-CH3
Ethyl isoporpyl ketone ot -Aminoethyl isoporpyl ketone

(Ethyl-a-methylethyl ketone)
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ﬁ 0
C

Dipheyl ketone

Some ketones are also known by
always named acetone, diphenyl ketone is
ketone is known as acetophenone.

- 19.1.2.2 IUPAC System

The IUPAC names of ketones are derived from the names of the corresponding
alkanes by replacing the ending —e with —one. Hence, the ketones are named as
Alkanones.’ For example, if there are four carbon atoms in the chain of ketone, it is
derivative of butane and its name is butanone. If there are five carbon atoms in the
chain, then it is derivative of pentane and its name is pentanone and so on.

In case of open chain ketones, find the longest chain containing carbonyl group
and number it in such a way that the carbonyl group is assigned the lowest possible
number. The position of carbonyl carbon is indicated before the stem name of ketone.
If two or more ketonic groups are present in the ¢chain, then the prefixes di, tri, tetra
are used for two, three, four ketonic groups respectively as dione, trione, tetraone. The
position of substituents are indicated by the number of that carbon atom to which they
are attached. The IUPAC names of some ketones are given as:

Methyl phenyl ketone

their historical names. Dimethyl ketone is
called as benzophenone and methyl phenyl

5
0] O CH; O CH,
” I 2” 3 4t 1 2’ 3” 4|
Gl —C— €H, GH,—C—CH,—CH;  CH;—CH—C—CH,
2-Methyl-3-pentanone
-Butanone
e (qu_llt;at:l-}one) ~ (2-Methylpentan-3-one)

: H: O OH
By e
ol 5 b

2.4-Di : 4-Hydroxy-2-methyl-3-hexanone
#-Dimethy]-3-pentanone -Hydroxy-2-me xR 3 one)

(2,4-DimethyIpentan -3-one)
ClE s CH, & CH a0
3

'6| 5| 4 2

’ | :
‘H—cy—cn—CcH— C—CIh 2

6-Chloro-4,5-dimethy}-3-heptanone

e O R

Scanned with CamScanner



T L R R R e o e SRR
MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

19.2 Physical Properties of Aldehydes .'gz-,_&::ifs_i Ketones |

i)  The carbonyl group of aldehydes and ketones 1S polar because OXYygen 1s more
clectronegative than carbon. Due to polarity, they show dipole-dipole
‘nteractions which makes the boiling point of carbonyl compounds higher thay
those of corresponding alkanes of comparable molecular masses.

ii)  The carbonyl compounds cannot form hydrogen bonds with each other because
they have no O—H bond which makes them less polar than alcohols ang
carboxylic acids. They, therefore, have low boiling points than alcohols ang
carboxylic acids. :

iii) Aldehydes and ketones having five or less than five carbon atoms are soluble in
water because they can form hydrogen bond with water molecules.® . * ¢« -

iv) Aldehydes and ketenes having more than five carbon atoms: are insoluble in
water because the non-polar hydrocarbon portion is too large to dissolve in the
polar water.

v)  Methanal and cthanal are gases; the other lower aldehydes and ketones are
colourless liquids at room temperature. The higher aldehydes having more than
twenly carbon atoms and ketones having more-than thirty carbon atoms are
solids at room temperature. |

vi) _Lomjﬁ:z: aidehydes have pungent smells and hi gher aldehydes have pleasant smell.
Ya]tillm » an aldehyde, has pungent sméll ' while the camphor, a ketone, has sweet
SIiiei.

vil)  Density of aldchydes and ketones is Tess than that of water,

SN e c s T I P e - I
B s . P f IS ey = ” I
L S . v e A % “ - g = -

' Formaldehyde (S . ic e
| Formaldehyde}i/sd : gzg&;ifsggﬁeﬁgtl;: l:vs;t?lnd RECO?H_mfmda’{mﬂg) : :
aqueoug SOIU“OHS (Ff}ﬂl’iﬁllll). A” or . pungent'; lI'IltatIIlg OdOUI. It iS f()uﬂd mn

'k o _ ganisms (animals and h a .
vumans naturally produce formaldehyde as part of cell] metabpc’}lla;glt-;) uch- ez bactetia, ﬁslland

Sources

It jsicnmmon]y used as a preservative in medical I

| used as an ndustrial fungicide germicid i makin
_ i e, fumigant and disj i i '

P s g ) isinfectant. It is used in

: al resing, rubber products, paper products and cosmetics. [t § fi I maned : s

such as adhesives, S clad e

glues, varnishes, paints / e
 also presentin combustion products Spu on a.; EOU'S chold products, plywood and fibreboard. It is 1

L

boratories and mortuaries. It is also widely |

l . - F, 3 L]

| ehyde can cause irr "

| It can also cause coughing and s  hront e onprihe SRt
| trritate the lungs, causin

5

concentration is high.

e Long term exposure of formald
.- : : chyde makes all s . '
. rcsic_:t.mnf_«: of the skin ( dermatitis), the eyes and %]I;éptoms § s aincausc allclE

lungs ( thma). Prolon
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repeated contact can also cause numbness and a hardening of skin, It can cause cancer |
in the nose, throat, or lungs when formaldehyde concentration is hi gh,

|

|e Formaldehyde solution (formalin) is skin irritant. It can cause smarting, drying,
‘i cracking, and scaling.

e Formaldehyde can decrease fertility and increase the risk of spontaneous miscarriage
| in humans.

'Recommendations

' Students, teachers and workers who may be exposed to formaldehyde can inhale it as a 2as or
vapour or absorb it through the skin as a liquid. Wear safety googles, gloves, face shield and

;apron of appropriate materials to prevent the formaldehyde contacting the eyes, nose, mouth,
@Ends, arms and trunk of the body before entering the workplace. )

e s — o r o —— - — e

19.3 Structure of Aldehydes and Ketones

The; carbonyl group of aldehydes and ketones is composed.of one sigma bond
and one pi bond. Both carbon and oxygen of the carbonyl group are sp® hybridizcd.
The fourth p orbital of carbon remains unhybridized. The threé sp* hybrid orbitals of

carbon form three sigma bonds, one with oxygen and two with the other groups
bonded to it.

O

% 120°
/C:)\
R R’
_The fourth unhybridized p orbital of carbon forms pi bond with oxygen. The
three atoms or groups attached to carbon of carbonyl group lie in the same plane. The
bond angles between the bonded atoms or groups are around 120° .

19.4  Preparations of Aldehydes and Ketones
19.4.1 "Ozonolysis of Alkenes

Alkenes reacts with ozone to from an explosive compound ozonide, which on
subsequent reductive cleavage with zinc dust and water produce aldehydes or ketones
or both depending on the structure of alkene.

T)

R /0 R
NN ZwHo 2~ R—C—H
/C C\ 5 ) - -+
| Smo. cH& - SR e g

R H

S0l sp o e

! R O==0 I
| 0

N e
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[
O
R\ /R - R\ SN /R Zn/H,0 R=—€ =R
—_— 1 O — e C C - > +
/ ,__-C\ ST R/l I\R ._HEOE R
- : L I
O
Alkene - Ozonide - Ketone

19.4.2 Hydration of Alkynes

Alkyne undergo hydration according to Markovnikov’s rule in the mercuric
sulphate and sulphuric acid to form an unstable enol, which on rearrangement gives
aldehydes or ketones or both depending on the structure of alkyne. The acetylene
produces aldehyde and all other alkynes under same.' conditions produce
corresponding ketones. \

H OH H O
5 HaS0, B | ”
HC=—=CH + H,O —F—— HC=—CH —— HC—C—H
2~ " HgSO, |
_ Enol sl
Acetylene intermediate Acetaldehyde
e CVH H O
HC—=C—CH i Hgow HC:C_—CH3 — HC—C—=CH;
| . Enol I’i
Propyne SR Dimethyl ketone

19.4.3 Oxidation.of Alcohols

Controlled oxidation of primary alcohols in the presence of acidified solution

of potassium dichromate or potassium permanganate produce aldehydes whereas
secondary alcohels result in the formation of ketones. |

ﬁ
| K,C
Ethyl Alcohol H,80, Acetaldehyde :
OH
: K-Cr,0O ”
CH;—CH—CH, + [0] —2e=? =
3 "—I:I'z—sa—-—'- CH;—C—CH,; + H,0

Sec. propyl alcohol
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1944 Friedel-Crafts Acylation of Aromatic Compounds
An aromatic compound (benzene) reacts with acyl halide in the presence of
Lewis acid (AlCl3) to produce an aryl ketone (methyl phenyl ketone).

ﬁ)
H ﬁ : C—CH,
T GH = 0——( A€l O/ e B
Benzene Acetyl chloride Methyl phenyl ketone

19.5 Reactivity of Carbonyl Compounds

Aldehydes and ketones both contain a carbon-oxygen double bond. Ketone has
alkyl or aryl group on each side of the carbonyl and an aldehyde has a hydrogen on
one side and an alkyl or aryl group on the other side of the carbonyl. Oxygen of the
carbonyl is more electronegative than carbon. Therefore, the less tightly held pi ()
electrons are strongly attracted by oxygen atom. This attraction makes the carbonyl
group highly polar in nature. So partial negative charge develops on oxygen and
partial positive charge develops on carbon of carbonyl group.

06_ 05_ 05-
-l
NG R R R
Carbonyl group Aldehyde Ketone

Thus negatively charged oxygen atom acts as a nucleophile and positively
charged carbon atom acts as an electrophile. The most characteristic reaction of
aldehydes and ketones is nucleophilic addition to the carbon-oxygen double bond.
During addition of a reagent to the carbonyl, the negative part of reagent adds to the
carbon of carbonyl group and the positive part of the reagent adds to the oxygen of

carbonyl group.
08~
Cll,.

Nu: /C\

N

19.6 Reactions of Aldehydes #hd Ketones . i

Aldehydes and ketones react with nucleophiles and prodgt‘:e a wide vanetyl__qf
useful derivatives. Their most common reaction is the nucleophlh_c add1t10n reaction,
in which a nucleophile adds to the carbon of the carbonyl group.

AR R S

T sy S
=

B T S AR I P e SR
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19.6.1 Nucleophilic Addition Reactions '
Aldehydes and ketones undergo addition of h.ydrf:lgen_, carbon, I}I:Erogen and
oxygen nucleophiles. The carbon of carbonyl group is highly eleCtI'Op'h.]llC due to 3
partial positive charge. Hence the nucleophile adds to the electrophﬂlc' (‘:a[b.()n of
carbonyl group. As the nucleophile adds to the carbonyl group, the l'lybndlzatm{n of
carbon changes from sz to sp3 . The nucleophilic addition reactions can either
catalyzed in the presence of an acid or base.

Base Catalyzed Nucleophilic Addition Reactions _
These reactions occur in the presence of a strong nucleophile. A strong
nucleophile is produced by the reaction of the base with the reagent.

H—Nu +:0H —— Nu: + HOH
v

The nucleophile uses its pair of electrons to make a bond to the carbonyl
carbon, the electrons of the n-bond are forced out to the oxygen atom to produce an

alkoxide anion.
o) 02
<l ]

Nw: + C_ ———> -C

The alkoxide intermediate is protonated upoh treatment with water. Here the
base is regenerated. b

I + H==0H e l 4+ OH

Nu ' Nu |
Acid Catalyzed Nucleophilic Addition Reactions
These reactions occur in the presencgaof a weak nucleophile. A small amount
of acid is used to initiate the reaction. The proton of acid attacks the carbonyl oxy gen

atom to produce protonated carbonyl group. Protonation increases the electrophili©
character of the carbonyl carbon and makes it more reactive towards nucleophile.

mfor ek

edan R 1 W PRSI P TR, o N R ) A Y

T e
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- L .+,
25 /\ :OH
| _ |
/C\ = A o +
e
The nucleophile uses pair of its electrons to make a bond to the carbonyl

carbon, the electrons of the pi (m) bond is forced out to the oxygen atom to form the
addition product (an alcohol).

‘A

3
:0H :OH

Nu: +CQ : - rl*- -
Nu

19.6.2 Relative Reactivity of Aldehydes and Ketones

The aldehydes are more reactive than ketones)toward nucleophilic addition
reactions because an alkyl group is electron donating group so it makes the carbonyl
carbon less electrophilic. Hence the carbonyl carbon of ketones that has two alkyl
groups is less reactive towards nucleophiles as'compared to aldehydes which has only
one alkyl group. The order of reactivity of aldehydes and ketones is as:

0.-;_'7, = Oii N 06 =
H/ \H R/ \H R/ \'R

Steric effects are also important in the transition state. The aldehyde has only
one alkyl (or aryl) group, so the transition state is less crowded while ketone has two
alkyl (or aryl) groups, so the transition state is more crowded. As a result of the
greater steric crowding in the transition states, ketones are less reactive toward
nucleophilic attack as compared to aldehydes. '

19.6.3 Reduction of Aldehydes and Ketones

Aldehydes and ketones undergo reduction in the presence of different reducing
agents to produce hydrocarbons, alcohols or glycols.

19.6.3.1 Reduction to Hydrocarbon (Clemmensen Reduction)
Aldehydes and ketones produce hydrocarbons on reduction with zinc amalgam
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I
Im-Hg

== » CH,.—CH; + H,0
CHy ¢ = Conc. HCI S 3 2

Acetaldehyde Ethane

I
Zn-Hg

—C¢——CH » (CH,—CH,—CH; + H,0

e > Comc.HOI 3 2 2 g

Acetone Propane

The reduction of aldehydes and ketones in the presence of zinc amalgam and
conc. HCl is known as Clemmensen reduction.

19.6.3.2 Reduction to Alcohols (Reduction with NaBH,)

Metal hydrides such as NaBH; (sodium borohydride) or LiAlH, (lithium
aluminiumhydride) are reducing agents. They reduce aldehydes to primary alcohols
and ketones to secondary alcohols.

e
CH:—C H O — CH;—CH>—OH
Acetaldehyde - : Ethyl alcohol :

0 CH;,
Bl NaBE,

Acetone Isopropyl alcohol

The reduction with NaBH, needs' polar solvents such as water and ethyl
alcohol. ' '

19.6.33 Reduction with Carbon N

The carbon in HCN, organometallic compounds such as RLi, terminal zi.lkylléS

@d Grignard’s reagent acts as a nucleophile and can reduce aldehydes and ketones
Into various compounds. :

Reduction with HCN

. Hydrogen cyanide is a weak acid that adds to aldehydes and ketones to form
cyanohydrin.

ﬁ : OH
H—C—H + HCN —» H-——-([j——-—.H
Sa—— (le Formaldebyde

PUR

. e
= R e e e L A
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ﬁ OH
CH=C——H + HON .~ (i o=y
Acetaldehyde | e

CN y
cyanohydrin

I -
CH;—C—CH; + HC(N ———» CH,—C—CH,

Acetone | Acetone
CN' cyanohydrin
Mechanism

The conjugate base of HCN is the cyanide ion (:C=N:) which acts as strong

nucleophile and strong base. Cyanide ion adds to the carbonyl carbon, giving an
- alkoxide ion that protonates to produce the cyanohydrin.

Step 1:
06' :..:-
IC|—5>+ 4 :C=N' - é
e
‘\/ | (|3EN
Aldehyde or ketone Alkoxide ion
Step 2:
:.I.:. _ :.I. o
(|3 -+ H—(—EEN: o T S H g .
C==N ——1, I
Alkoxide ion Cyanohydrin

Reduction with RMgX

The reaction of aldehyde or ketone with Grignard's reagent (RMgX) followed

by protonation in aqueous acid forms a primary, secondary or tertiary alcohol
COntaining a new carbon-carbon bond.
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4 ]
C 0%~ (|}M gCl (I)H
54 5 ;4 H,0H
== s C=—=H
H——-C——H + CH, MgCI > H T H MOH)CI
CH, CH,
Formaldehyde Addition Product Ethyl alcohol
(1° alcohol)
2 - +
Cob (|)MgCl OH
. H,O/H " |
CH; -—C—H + CH;—MgCl — CH;—C—H ————— CH;—C—H
| I ~Mg(OH)CI
CH, CH;
Acetaldehyde Addition Product Isopropyl alcohol
(2° alcohol)
0d" ~
C OMgCl OH
“ b -8 H,O/H
CH ‘_'C_'CH3 + CH3——MgCl = CH3 C CH3 - H3_C“'_"CH3
] ~Mg(OH)Cl
s CH3 CH3
Acetone Addition Product . tert.butyl alcohol

(3° alcohol)

19.6.3.4 Reduction with Nitrogen Nucleophiles
The nitrogen in ammonia and it derivatives acts as nuclcophﬂe and can reduce
aldehydes and ketones into various compounds.

Addition of Ammonia
Ammonia adds to aldehydes to form imines,

(] 1

C + :N—H 5 | 2hi%e .
HC” A\"H /| 2
Acetaldehyde Imine

Mechanism

Ammonia adds to aldehydes to form addition product, which go through
ehmmatlon of water to produce umnes

TR R T
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Step 1
CO : E.Ii 'Or H
ﬂ + eN—w 8 \
== e———— O C N—H
H3C/ @ 1 : l |
H H H
Acetaldehyde Unstable }
addition protuct |
Step 2: |
AN |
:(‘): ]? '(IjH I
H,C C| }1§+ I ———— L e C I‘f H
H H }II H
Step 3
:OH
Gl
H,C & . N—H &) H;C—C=—N—H + H,0
A o5
H H H
Addition of Ammonia Derivatives

Ammonia derivatives such as alkyl amines, hydroxyl amine, hydrazine and
phenyl hydrazine reduce aldehydes and ketones to produce a variety of products.

Addition of Alkyl Amines
Primary amines add to aldehydes and ketones to form addition product, which
undergo elimination of water to produce imines.

el
G M R H.C—C=—N—R + H,0
TRokaE e | S 5
, H H
Acetaldehyde Imine

Addition of Hydroxyl Amine
_ Hydroxyl amine adds to aldehydes and ketones to form addition product,
e Whlch undergo elimination of water to produce oxime.

= e e B e i T ™ ot A T P A T

— Tk o == cra
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H

I | E
s, + N——-0H ~— HC——C—N—0H + H,0
e’ CHy |

H ' CH3

Propanone Hydroxyl amine Propanone oxime

Addition of Hydrazine
Hydrazine adds to aldehydes and ketones to form addition product, which

undergo elimination of water to produce hydrazone.

I |
C + :N=NH, — H;C——C=—=N—NH, + H,0
H3C/ \‘CH3 | ?
H CH;
Propanone Propanone hydmzone

(Acetone hydmzone)
19.6.3.5 Reduction with Oxygen Nucleophiles

The oxygen in water, alcohols etc. acts as nucleophile and can reduce
aldehydes and ketones into various products.

Addition of water (Hydration)
Water adds to aldehydes or ketones to produce germinal diol. The reaction is

catalyzed by an acid or a base.

| ] OH
C + :"—H Acid or base = R — OH
R/ \R |
H R
Aldehyde or ketone gem-diol
C + . O H Acid or base = I L=
T | > H——C—o0H
H H

Formaldehyde Fgfmﬂ]dehyde h}’ drate

A 37% solution of formaldehyde in water is known as formalm and is used to
preserve bm‘o glcal spemmens

Rt et G G i e
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O :
| OH
\ 2B Swd- Avideis :
i /‘;.\H | T e e T
: !
Acetaldehyde Acetaldehyde hydrate
(1,1-Ethandiol)
’0| OH
| C + :'d___H Acid orbase_._ CH C—OH
CH : |
H CH,
Acetone Acetone hydrate
: (2,2-Propandiol)
Addition of Alcohols

Alcohols adds to aldehydes (or ketones) in the presence of dry HCI to produce
acetals. This reaction occurs in two steps. Addition of alcohols to aldehydes (or
ketones) first produce hemiacetals, which are unstable. Therefore, hemiacetals react
with the second molecule of alcohol to produce acetals.

ﬁ OH OH

CH;—C—H + CH—CH, —"C = cy,— g

5 Hemiacetal
OH OH OCH,CH;
Dry HCI
CH;—C—H + CH3=—CH, —~ CHy—C—H + H,0
OCH,CH; OCH,CHj;
Hemiacetal | An acetal

(1,1-Diethoxyethane)
The acetal on hydrolysis converts back to original aldehyde.
OCH,CH, '

CHy—C—H + 2:0—H-2"%% CH;,—C—H + 2 CH,CH,0H
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Keep in Mind

An acetal obtained from a ketone is often called ketal. Ketone does not react with
alcohols readily to form the hemiketals or ketals because of the steric hindrance.
Acetals are the common compounds. Sucrose (table sugar), cotton fabric etc. are all

composed of acetals.

9.6.4 Oxidation Reactions of Aldehydes and Ketones

Aldehydes and ketones show generally similar behavior toward nucleophilic
ddition reactions but their behavior toward oxidizing agents is quite different.
\ldehydes are much more easily oxidized to carboxylic acids than ketones. Ketones
ire oxidized to carboxylic acids only on drastic conditions. :

19.6.4.1 = Oxidation of Aldehydes

Aldehydes can be oxidized by mild oxidizing agents such as silver oxide,
Ag,O (Tolien’s reagent), and cupric oxide, CuO (Fehling’ ‘solution or Benedict’s
solution). Aldehydes can also be oxidized by strong oxidizing agents such as
potassium permanganate or potassium dichromate in acidic medium. A

I | =
CH;—C—H + [0] X807 O ey — c—on
sto,4 :
Acetaldehyde : Acetic acid

e Tollen's reagent is a mixture of AgNO; and NH,OH.
Fehling’s solution is a mixture of CuSO4, NaOH and tartaric acid.
® Benedict’s solution is a mixture of CuSO4, NaOH and citric acid.

19.6.4.2 Oxidation of Ketones

Ketones cannot be oxidized by mild oxidizing agents. They can be oxidized
only by strong oxidizing agents such as potassium permanganate and potassium
dichromate at higher temperatures and higher concentrations of acid or base. The
oxidation of ketones produces mixture of two carboxylic acids, '

@) . | o) 0
|

. e :
CH;—C—CH, + 3[0] o, - CHi=—C—0OH+H—C—O0H

g Setic acid Formic acid

gt
P

e el
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~ Society, Technology and Science

| ) e ud . A
| Aldehydes and ketones (carbonyl compounds) are found extensively in nature. They play

important roles in living things. For example, monosaccharides, the simplest carbohydrates,

1] . A O |
iucoese and

are either alflehyfies or ketones, with one or more hydroxyl groups. The glucose, a
monosacchar?de,'is a six carbon aldehyde with five hydroxyl groups and fructose, a
monosaccharide, is a six carbon ketone with five hydroxyl groups. :
13 =
- Aldehyde Ketone ' fHZ-OH
H—C=—=0H < M55 o O ESEEEE
HO—C—H HO—C—H
H=—C—O0H H=—C=s0OH
H—(|:—0H H—C=—0H
CH,OH CH,OH
Gluesoe ] Fructose
The monosaccharide is an aldose when it has'an aldehyde (RCOH) group, but is a

kketﬁse when it has a ketone (RCO) group.

/

P e e |y
io ¥ lF gaf o
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Aldehydes and ketones are‘organic compounds containing carbonyl group as a
functional group. ' |

Oxidation of primary. alcohols produces aldehydes and that of secondary
alcohols produces ketones. .

Aldehydes and ketones are polar compounds and interact in the pure state by
dipole—dipole interactions.

Aldehydes-and ketones have higher boiling points and are more soluble in water
than nonpolar compounds of similar molecular masses.

They are very reactive compounds due to presence of polar carbonyl group.

The most characteristic reaction of aldehydes and ketones is nucleophilic
addition to the carbon—oxygen double bond. They undergo nucleophilic addition
of hydrogen, carbon, nitrogen and oxygen nucleophiles.

Ketones are less reactive toward nucleophilic attack as compared to aldehydes.
Hemiacetal is formed by the addition of a molecule of alcohol to the carbonyl

group of an aldehyde or a ketone. Hemiacetals can react further with alcohols to
___ give acetals and a molecule of water.
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e  Ammonia and amines (primary aliphatic and aromatic amines) react with the
carbonyl group of aldehydes and ketones in the presence of an acid catalyst to
produce imines. Imines have carbon-nitrogen double bonds. _

o  Aldehydes and ketones are reduced to alcohols with reducing agents such ag
sodium borohydride or lithium aluminium hydride.

e  Aldehydes and ketones undergo acid-catalyzed addition of water to give a
hydrate.

e  Aldehydes are oxidized to carboxylic acids by using oxidizing agents.

\ M ui ti ple' Chmce Questlon S [

Q.  Select one answer from the given choices for each question:
1) The carbon atom of the carbonyl group in aldehydes and ketones is:

(2) sp hybridized (b) sp’ hybridized
(c) sp’ hybridized (d) dsp’hybridized
i) The general formula of aldehyde is:
(a) RCHO (b) RCOH
(c) RCOR (d) RCOOH

i) Which one of the following is the example of mild oxidizing agents?
(a) Potassium permanganate (b). Potassium dichromate

(c) Silver oxide (d) Nitric acid
iv)  Which one of the following has an aldehyde group?
(a) Vanillin (b) R-carvone
(c) Testosterone (d) Progesterone
V) Which one of the following compounds show acidic properties?
(a) Aldehyde (b) Ketone
(c) Alcohol ' (d) Alkene

vi) Aldehydes are reduced to:

(a) Primary alcohols (b) Secondary alcohols

- (c) Tertiary alcohols (d) Dihydric alcohols
vil)  Ketones are reduced to:

(a) Primary alcohols (b) Secondary alcohols

(c) Tertiary alcohols (d) Dihydric alcohols
viii)  Aldehydes are obtained by the oxidation of:
(a) Primary alcohols (b) Secondary alcohols

(c,) _.T.ertim}_/_alccﬁ)lhq}_s e (d) Dihydric alcohols

s
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Indentify that reagent which reacts with both
(a) Water
(¢) Hydrogen cyanide

aldehydes and ketones.
(b) Grignard’s reagent

(d) Tollen’s reagent

Which one of the following reagents can oxidize ketones?

(a) Tollen’s reagent (b) Potassium dichromate

(¢) Fehling’ solution (d) Benedict’s solution

Q.1.

4

Q.3.
Q4.

Q.5.

Q.6.
Q.7.

Q.8.

‘Short Answer Questions

,.

Why ketones are less reactive toward nucleophilic attack as compared to
aldehydes?

What is the similarity between aldehydes and ketones?
What is the difference between an aldehyde and a ketone?

Why aldehydes and ketones have higher boiling points than those of
ethers and alkanes?

Aldehydes have lower boiling points than ketones, why?
Which compound has hydrogen bonding, an aldehyde or ketone?
What is the product of the following reaction?

I
CH;—C—H + (0] —Z2 9
What is the major product of the reaction given below? What type of

reaction is this?
(”)

Zn-H g ‘) oI H_-ZO

CH 35 C—_' H
Acetaldehyde

Conc. HCl

<

OO0
ok

G 03

(i1)

—
e e

What are aldehydes and ketones? Explain nomenclature of aldehydes and

ketones, | .

Discuss the structure and reactivity of aldehydes and ketones.

What are the physical properties of aldehydes and ketones?

Write down three methods for the preparation of ﬂld@h}’des‘a"d ketones?

Discuss base and acid catalysed nucleophilic addition reactions.

How can aldehyde reacts with the following reagents?

(i)  Hydrogen cyanide
Grignard’s reagent

——
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Q.8.
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Ammonia
Primary amines

What are the [UPAC names of the following compounds?

i)

ii)

1i1)

V)

V)

I
H—C—H
0
I
CH;—C—CH;
[
CH;—CH—C
1
CH, (IZH @
CH,
[=<]
CH;—CH—C

GH,

C,Hs

CH—CH,

Write structural formulas for the following compounds:

i)
i)
i1)
1V)
V)
Vi)
vii)
viii)
iX)
X)

Butanal

2-Methyl-2-hexanal

2-Chlorobutanal
2-Bromo-3-chloro—Z-methylheptanal

Butanone
2,3-Pentadione

2-Phenyl-3-pentanone

4-nitroacetophenone
- 3-Hydroxybutanal

3-methyl-3-phenylpentanal
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- Carboxylic Acids and their
 Functional Derivatives

oncepts

20.1 Nomenclature

20.2 Physical Properties

20.3  Structure

204 Acidity

20.5 Preparations of Carboxylic Acids
20.6 Reactivity

20.7  Reactions of Carboxylic Acids

Students will e ale to: |

* Describe preparation of carboxylic acids by carbonation of Gri gnard's Reagent, hydrolysis

of nitriles, oxidation of primary alcohols, oxidation of aldehydes and oxidation of aikyl
benzenes. (Applying)

* Discuss reactivity of carboxylic acids. (Applying)

Describc_: the chemistry of carboxylic acids by conversion to carboxylic acid derivatives:
acyl halides, acid anhydrides, esters, amides and reactions involving inter conversion of
these. (Analyzing)

Describe reactions of carboxylicacid derivatives. (Applying)

* Describe isomerism in carboxylic acids. (Understanding)

Introduction
Carboxylic Acids

_ Carboxylic_tacids are organic compounds contaiﬁing carboxyl group
(—COOH) in their’ structures. Their general formula is R—COOH, where R stands
for some aliphatic or aromatic group. The name carboxyl is obtained from carbonyl
and hydroxyl because these two groups are present in the carboxylic acids. ”I"he most
;Iéli%(i)tr;ant chemical property of carboxylic acids, as indicated by their names, is their
Carboxylic Acid Derivatives

Compounds that are obtained by replacing the hydroxyl group (—OH) of the
carboxyl group (—COOH) by halogen (—X), alkoxy (—OR), amino (—NH,) and
ca}‘boxy!ate (—OCOR) are called carboxylic acid derivatives. There are four types of
B ___a_c?(_i_ q:rlvg;iyﬁsl These are acyl halides, esters, amides, and acid anhydrides.
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Acyl halides are obtained by replacing the hydroxyl group (—OH) of the

i) : :
carboxyl group by halogen (—X). They are also known as acid halides.
I i
R—C—O} AR X
=(=OH) _
Carboxylic acid Acyl Halide
i)  Esters are obtained by replacing the hydroxyl group (—OH) of the carboxyl
group by alkoxy (—OR).
I I
+-OR")
Re— G —CH —Om) = B— (== 0R
Carboxylic acid Ester

i)  Amides are obtained by replacing the hydroxyl group (—OH) of the carboxyl
group by amino (—NH,). They are also known as acid amides.

O 0
]

R—-!—OH AT D

Carboxylic acid : Amide
iv)  Acid anhydrides are obtained by replaci
\ placing the hydroxyl —
carboxyl group by carboxylate (—OCOR). : A e

I v
B~ +(~OCOR)
Re==0C——CH ~Com) —*> R—C—0—C—~p
Carboxylic acid Acid anhydride

s .Lf:rboxyhc acids and their functional derivatives are the important classes of
organic compounds. They are the most abundant of all organic compounds

20.1 Nomenclature of Carboxvli :
xylic acids ; sate
Derivatives of S and Functional Group

Both common and TUPAC p: : - i
functional group derivatives, e RS Ee o acidsandiien
20.1.1 Nomenclature of Carboxylic acids
20.1.1.1 Common System

Carboxylic acids having s

g siX or less carbon ato i
Y ms are often known by their
common names. The common names of carboxylic acids usually derived F'rgm the

e ey

R R T

Eranlt

P Ly
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Latin or Greek word which indicates the original source of the acid. They do not
follow any rule except that all common names of acids end in —ic acid.

AR T ; Lot : _ ]
?f!bn’t _“. j. Common ﬁ‘ame’.ﬁ‘ afl(f De’f‘n-'{”“')ns Uf SO?”E’ Carboxyhc ACIdJI'

:—__' Structure Common Name Derivation
HCOOH Formic acid Latin; formica, ant

CH;COOH Acetic acid Latin: acetum, vinegar
CH;CH,COOH Propionic acid Greek: propion, first fat
CH,(CH,),COOH Butyric acid Latin: butyrum, butter
CH;(CH,);COOH Valeric acid Latin: valeriana, a flowering plant
CH;(CH,);,COOH Caproic acid Latin: caper, goat _

Substituted carboxylic acids are named by indicating the group and the
position where such group is bonded. The position of substituents on the chain is
indicated by Greek letters @, £, ¥, 8, etc. The a-carbon atom is one which is directly
bonded to the carbon of carboxyl group. The common names of some substituted
carboxylic acids are given below: '

NH, O CH; (@)

5 el -] y pliue=g—H]
CH,—CH C—0OH _ CH3=— CH=—CH,=——C —0OH

o-Aminopropionig agid B-Methylbutyrie acid

Cl  NH,\CH;

0
i)
CH;,—T('ZI-I 5(|31-I *CH— C—OH

B -Amino-y-chloro-a-methylvalerig agid

Keoep in Mind

Formie acid is found in ants, bees, and other stinging insects.
Acetie aeid is found in vinegar. i ; ik
Pﬁ)pigni@ acid (pro, “the first” and pion, “fat”) shows some characteristic.
properties of larger fatty acids.

Butyrie aeid is found in rancid butter. _ L3
Valerie aeid got its name from valerian, an herb that has been used as 5
sedative since Roman times. : |

¢ aeid is found in goat’s

milk. i Sh e

T M LA s e e,

I e e—— T L e (N L T e S A O SR e
e e

i) P e -
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20.1.1.2 1UPAC System
Nomenclature of Monocarboxylic acids

The TUPAC names of carboxylic acids are derived fr0{n the. names of the
corresponding alkanes by replacing the ending —e with —oic acm'_. Hence, the
carboxylic acids are named as ‘Alkanoic acids.’ For example, if there is one carbon
atom in the chain of carboxylic acid, it is derivative of methane and its name is
methanoic acid. If there are two carbon atoms in the chain, then it is derivative of
ethane and its name is ethanoic acid and so on. Since the carboxyl group lies at the
end of the carbon chain, hence there is no need to indicate its position.

In case of substituted carboxylic acids, find the longest chain containing
carboxyl group and number it in such a way that the carbon of carboxyl group is
assigned position number one. There is no need to indicate the position of carboxyl
group because it must always lie at the end of the carbon chain and it is given position
number one. The carboxyl group takes priority over any of the other functional groups
when naming them. The IUPAC names of some carboxylic acids are given below:

[ avann i
€

H—C—O0H - CH;—C—O0H CH;—CH, OH
Methanoic acid Ethianoie acid Propanoic acid
CH; O Cl O
y = s s |
CH;—CH——C—0H CH;—CH—CH,—C—QH
2-Methylpropanoic acid - 3-Chlorobutanoic acid
‘CH; NH, f) OH NH, CH; O
y , ) i | N 3| 2| 1“
CH,—CH——C—0OH CH,—CH—CH——C—OH

2-Aminobutanoie acid 3sAMno+hydmxy-2-methylbmmic acid
Nomenclature of Dicarboxylic acids '

Dicarboxylic acids are also known as
groups in their structures. Dicarboxylic acids
acid to the name of parent alkane. There j
carboxyl groups because they lie at the ends o

“diacids.” They have two carboxyl
are named by adding the suffix —dioic

$ no need to indicate the position of
f the parent chain.

HOOC——COOH HOOC —CH,—COOH
Ethanedioic acid ; Propanedioic acid
HOOC—CH,;—CH,—COOH
Butanedioic acid

. The above three diacids are most frequently knows ; yn names
R e o33 3 G ¥ T s g = Y known by their common
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that have accepted by IUPAC. The common names of ethanedioic acid. propanedioic
. ,cid and butanedioic acid are oxalic acid, malonic acid and succinic acid respectively.

20.1.2 Nomenclature of Carboxylic Acid Derivatives
20.1.2.1 Nomenclature of Acyl halides
Acyl halides are named by replacing the suffix “ic acid” of the name of the |
parent carboxylic acid (either the common name or [UPAC name) with *“yl halide.” Ij
| Common names of acyl halides are given in the parenthesis. l
|

; O 9) O
; ke = I |
H—C—€C1 €H:—(C—K1} CH;—CH,—C—DBr
Methanoyl chloride Ethanoyl chloride Propanoyl bromide
(Formyl chloride) (Acetyl chloride) (Propionyl bromide) __
0 CHj 0 |
4 3 2 1' l 5 4 3| 2 1 | |
CH3""’CH2_CH2_C"'—"BI' CH3_CH2—CHWCH2_C_CI
' Butanoyl bromide 3-Methylpentanoyl chloride
(Butyryl bromide) (B-Methylvaleryl chioride)
20.1.2.2 Nomenclature of Amides

Amides are named by replacing the suffix “ic acid” (in case of common
names) or “oic acid” (in case of IUPAC names) of the name of the parent carboxylic
acid with “amide.” Common names of amides are given in the parenthesis.

I Fail i
H—C—NH; CH3-'"'C_NH2 CH;—CH>—C —NH,
Methanamide Ethanamide : Propanamide
(Formamide) - (Acetamide) (Propionamide)
O ‘ (€3] O
4 3 2 ll l 5 4] 3 2 | |
CH3‘fCH2—CH2—C—‘NH2 CH3_CH'—_CH2_—CH2"_C'—“‘ NHZ
Butanmfde 4-Chloropentanamide
(Butyramide) : (y-Chlorovaleramide)

20.1.2.3 Nomenclature of Esters

Their names consist of two words. The first word is the name of the alkyl
group .bonded to oxygen atom. The second word is obtained by replacing the suffix
ic acid”of the name of the parent carboxylic acid (either the common name or
. n) with “ate.” Common names of esters are given in the parenthesis.

= e TSR
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i I ]

H—C—OCH;, CH;—C—OCH,;CH; CH;—CH,—C—0CH,

Methyl methanoate Ethyl ethanoate 'Mgt ?yli li:’l"{ :l?i“'::: 'ﬂlﬁ!‘
(Methyl Formate) (Ethyl acetate) G o s )

20.1.2.4 Nomenclature of Acid Anhydrides SSites

Symmetrical Anhydrides are named by replacing the suffix*acid”of the name
of the parent carboxylic acid (either the common name or [UPAC name) with
“anhydride.” Unsymmetrical Anhydrides (or mixed anhydrides) that are obtained
from two different carboxylicacids, are named by alphabetizing the names for both
acids and replacing the word “acid” by the word “anhydride.”Common names of
anhydrides are given in the parenthesis.

{resmyss s ] il
H & O0—C H H=—C 0O-~&C CH;
Methanoic anhydride : Ethanoicmethaneie anhydride
* (Formic anydride) (aceticformie anydride)

= 0

e

Ethanoic anhydride Ethanoiepropanoic anhydride
(Acetic anhydride) (Aeetiepropionic anh ydride)
20.2  Physical Characteristics of Carboxylic Acid
' The first six members of carbox
members are wax like solids.

i) The first three members have pungent smell, the nex

have a smell of rancid butter. The higher members h
i) The first four members are compl
bonding,

ylic acid are colourless liquids and higher

t six members, up to Co,

. ave almost no smell.
etely soluble in water dye to hydrogen

Srtiagt 5
“~H—0—c=0"
5+ :
H R g*
The solubility of carboxylic acids
chain increases,

iv) Melting points of carboxylic acids

& 6= . 8+ L
Hm?ﬂ-ﬂH——o—-c-————o@---Ha?
H R

in water decrease when the length of carbon

erease irregularly with the increase in
of carbon atoms have markedLy

molecular masses. The acids with even member
higher melting points than odd members.
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CH;CH,COOH,

(3-Carbons, mp = -21°()

CH;CH,CH,COOH,
(4-Carbons, mp = ~7°C)

CH;CH,CH,CH,COOH
(5-Carbons, mp = —35°C)

v)  The boiling po?nts of carboxylic acids are relatively high due to intermolecular
hydrogen bonding. They exist in the form of cyclic dimers.

g
7
Re—q ra
gt 57
Formula: HCOOH  CH,COOH CH,CH,COOH
Boiling point: 101°C 118°C 141°C

20.3 Structure of Carboxylic Acids and Théir Derivatives

The carbon atom of carboxylic acid and carboxylic acid derivatives is sp”
hybridized. The three sp” hybrid orbitals of carbon of carboxyl group forms three él
sigma bonds, one with carbonyl oxygen, one with oxygen of hydroxyl group and one ;
with hydrogen atom or other group bonded to it.

0 | |
lezuv |
R/ OH

sp? hybridized

The remaining fourth unhybridized p orbital of carboxyl carbon overlaps the
remaining p orbital of carbonyl oxygen to from a pi bond. The three atoms or groups
bonded to carbon of carboxyl group lie in the same plane, and the bond angles |
between the bonded atoms or groups are approximately 120°. Hence, the carboxyl
group shows trigonal planar geometry.

20.4 Acidity of carboxylic Acids
Carboxylic acids are the most acidic organic compounds. The acidic behaviour
of carboxylic acid can be explained by the points given below:
1)  The carboxylic acid has acidic behaviour because it has ability to give hydrogen
ion in water. As a result of this, a conjugate base, carboxylate ion is produced.

— . e -
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O
J e
R—10C - = R—C +
\ e
——H
Carboxylic acid Carboxylate ion

ii) The carboxylate ion is more stable in water than carboxylic acid. The stability_ of
~ carboxylate ion is due to the delocalization of negative charge. Carboxylate ion
is a resonance hybrid of two equivalent structures as shown below:

0) O

//

The conjugate base (carboxylate ion) of carboxylic acid most effectively

resonance stabilized than alcohol and phenol. The greater the stability of
resonance hybrid, the greater is the strength of acid.

The strength of an acid can also be determined by pK, values. The greater the
value of pK,, the weaker will be the acid. The pK, values of HCl, H,SO,,
CH;COOH, C¢HsOH, H,O and C2H50H are -7, =3, 4.75, 10, 14, and 16
respectively. Hence, carboxylic acids are much stronger acids than water,

alcohols and phenols but they are not as strong as mineral acids (HCl, H,SO;
etc.). ,

Mineral acids > carboxylic acids > phenol > water > alcohol
20.5 Preparations of Carboxylic Acids
Carboxylic acids are prepared by the following methods:

20.5.1 Carbonation of Grignard’s reagent

Grignard’s reagents reacts with CO, to iV i s
S e ad ;
hydrolysis gives carboxylic acids. > 10 ive addition product which on acid

0
|

i11)

O
CH,—MgCl+ 0=C=0—» CH.— C— HOH “
. 3~ C—O0OMgCl e CH,— C—0H + Mg(OH)C!

The carbonation of Grignard’s rea

. gent is a convenient w 1
or aryl halide to a carboxylic acid., ay to convert an alky

20.5.2 Hydrolysis of Nitriles
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()

R==CESN!+ 2HOH %l o p. O o1 NH,
()

CH;—C==N + 2HOH —%w CH,—C—0H + NH,
20.5.3 Oxidation of Primary Alcohols
Primary alcohols are oxidized to aldehydes which on further oxidation give

carboxylic acids. Aleohols undergo oxidation in the presence of K,Cr,07 and H,S0,,
KMnOj, can also be used instead of K,Cr,0,

0
| : s K,Cr, 04 “ _
R—CH,—OH +[0] —1a R— ¢ p& i 1o
- H,80, 2
0 0
. ! KACry0.
R——C—H # (O] el o ypase &9 00
1,50,
i . Ky Cr 0,
CH;—CH,—OH + [0] —-ﬁ)—ﬁ—"-—- CH;—C—H . + H,0
Ethyl aleohol ' Acetaldehyde
0 0
. K,Cr0)
CHy—C—H + [Qf——-l-—+» CH;—C—OH

l'lgf‘l(l{
Acetaldehyde Acetic Acid

2054 Oxidation of Aldehydes
Aldehydes can be oxidized by mild oxidizing agents such as silyer oxide,

Ag0. Aldehydes ean also be oxidized by strong oxidizing agents such as

82 ‘ : : ; a0 potassium
PErmanganate.or potassium dichromate in acidic medium,

O
R-——“—— ; Oxidizing ngent | )
C—H + [0] » R—C—OH
0O O

CH;—C—H + [0] o CH,—~C—OH
Acetaldehyde H,50,

Acetic acid
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108
henzene ring are oxidized into carboxylic

luene is oxidized by oxidizing agents

20.5.5 Oxidation of Alkyl Benzel
Alkvl eroups attached directly to the
acid eroup by oxidizing agents. For example, 10

' enzoic acid.
nto b COOH

h-LUT-0)- 4 Hzo

Benzoic aeid
uce the same product (benzoic acid) whether the
of the alkyl side

Toluene
The alky! benzenes will prod
alkyl side chain is methyl. ethyl or any other alkyl group. The rest
chain is converted into carbon dioxide and water.
20.6 Reactivity of Carboxyl Group
Carboxyl! group is made up of an alkyl group. a carbonyl group and a hydroxyl
group. Due to the presence of these groups, carboxylic acids show the following types

of reactions:
i)  The reactions in which hydrogen atom of carboxyl group is involved. Salts are

formed in these types of reactions.
ii)  The reaction in which an alkyl group is mvolved.
iii) The reactions in which carbonyl group is involved.
iv) The reactions in which hydroxyl group (—OH) is involved.
v)  The reactions in which carboxyl group (—COOH) as a whole is involved.

20.7 Reactions of Carboxylic Acids
The important chemical reactions of carboxylic acids are discussed as follows:

20.7.1 Reactions involving Replacement of —OH Group
Carboxylic acid derivatives are obtained by the replacement of hydroxyl group

(—OH) of the carboxyl group (—COOH) by halogen (—X), alkoxy (—OR), amino
(—NH,) and carboxylate (—OCOR).

20.7.1.1 Cm_wersmn to Acyl Halides (Acid halides)
Carboxylic acids react with phosphorus halide (PCls, PCls) or thionyl chloride

(SOCl,) to give acyl halides.
Reaction with Phosphorus Pentachloride
0O O

R—C—OH + PCls—— R—C—¢l + POCl; + HCI

Carboxylie Aeid Phosphorus ' Ayl ehloride
pentachloride
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O O

CH;—C—OH + PCl§ ——= CcH;—C—CI| + POCly + HCI

Acetie acid Phospherus Acety| chloride
pentachloride ‘

Reaction with Phosphorus Trichloride

ﬁ O
Carboxylie Acid Phosphorus Acyl chloride
trichloride
0] O

3CH—C—OH + PClj — = 3cH,—C—<CI + H;PO,

Agetic acid Phosphorus - Acetyl chlonde
trichloride
Reaction with Thionyl Chloride
| 1
R—C—OH + SOCl, - -» R—C—Cl + 8O, + HCI
Carboxylic Acid Thionyl Acyl chloride
chloride
O . ‘ﬁ
CH;,———L———OH ..80Cl, —> CH;—C—Cl + SO, + HCI
Acetic acid Thionyl Acetyl chloride
chloride

All of the reagents combines with carboxylic acids to form acid chloride in
good yield. The best reagent for conversion of carboxylic acids to acid chlorides 1s
thionyl chloride because it forms gaseous by-products that are easily removed.

20.7.1.2 Conversion to Acid Anhydrides ¥y |
Carboxylic acids react with acyl chlorides in the presence of pyridine to give

acid anhydrides.
i I

R—C—OH + R—C—cl 20, ¢ ‘c 0—C—R + HCl
Carboxylicacid ~ Acyl chloride Acid anhydride
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ﬁ ﬁ Pyridine “ O——(U‘——-—C i ok
CH;—C—OH + CH;—C—Cl ————= CH;—C ' 3 + HC]
Acetic acid Acetyl chloride ;

Acid anhydrides can also be prepared by strong heatin

the presence of dehydrating agent such as phosphorus pentoxide.

Acetic anhydride
g the carboxylic acid in

O « O O O
CH;—C—OH + CH;—C—O0H W €, —C—0—-C 3 + HOH
Acetic acid Acetic acid s Acetic anhydride

20.7.1.3 Conversion to Esters e
Carboxylic acids react with alcohols in the presence of strong acid like H,SO,

or HCI to form esters. This reaction is reversible and is known as esterification.
O O

e >4 |
CH,—C—OH + CH;CH,0H 2 0% e 2" € OCH,CH; + HOH
Acetic acid Ethyl alcohol Ethyl acetate
Esters can also be prepared by the reaction of acyl chlorides with alcohols.
(0] O

CH3'—C——C1 + CH3CH20H N\ CHg—'_C__'OCHz(:Hg. + HCI
Acetyl chloride Ethyl alcohol : Ethyl acetate
This is one of the best methods to prepare an ester and does not need an acid
catalyst. |
Esters have fruity smell and are used as artificial flavours.
Table 20.2: Esters and their Flavours

Ester | Flavour Ester Flavour

Amy] acetate Banana Ethyl butyrate Pine apple

Benzyl acetate Jasmine Octyl acetate Ofange e

Amy] butyrate Apricot - Isoamylvalerate Apple 2
| Isobutyl formate Raspberry ‘ =

20.7.1.4 Conversion to Amides

Carboxylic acids react with aqueous ammonia to form ammonium salts of

carboxylic acid, which on heating give amid o ,
preparation of amides. S mides. This is not a good method for the
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O O
CH3—-—C‘—OH + NHj CHi=—Co0ONHG
Acetic acid Ammonia Ammonium acetate

I I
CHy——=C==0NH; ————»-. CH;=—C—NH; + H;0
Acetamide

Amides can also be obtained by the reaction of acid anhydrides with ammonia
(or amines).

= I I
CH;—C—0—C—CHj; * 2NH; —* CH;—C—NHa X "CH3;—C=—-ONH,
Acetic anhydride Acetamide Ammonium acetatc
20.7.2 Summary of Reactions that Interconvert Carboxylic Acids
Derivatives

Carboxylic acid derivatives are compounds that can be converted to carboxylic
acids through simple acidic or basic hydrolysis..The most important acid derivatives
are esters, amides, acid halides and acid anhydrides. The carboxylic acid derivatives
are a family of closely related functional groups. They all (carboxylic acid and their
derivatives) contain carbonyl groups and many of these can be easily interconverted.
All of the acid derivatives are converted to carboxylic acids. An acid derivative can be
converted to a less reactive derivative and it cannot be converted to a more reactive
derivative. For example, esters can be converted to amides, but not into acid halides
or anhydrides. The order of reactivity for carboxylic acid and their derivatives is as:

(@) (@) O (0) ' (0] (@)
e e
/ Nl R e o \ / “OR R OH R N
Aeyl Acid Ester Carboxylie Amide

chloride anhydride acid

20.7.2.1 Interconversion of Acid Chloride
Conversion of Acid into Acid Chloride
I I
R—C——op, — 2k R—C—l

PCl
 cubosylicadd "
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O 0O

s0cl, |

GH.——C¢ —0DH W
Acetic acid ;

Conversion of Acid Chloride into Acid Anhydride

0 ﬂ (|3|.
l:| CH;,COOH el ok

R Cl e
P20¢ + Heat

Acyl Chloride Acid anhydride

I |0

CH,COOH
C B + HC
Acetyl Chloride : Acetic anhydride

Conversion of Acid Chloride into Ester
@)

| o8 R—C—OCH; + HCI

cH;—C—Cl
Acetyl chloride

+ HCl

R—C—Cl
" Acyl Chloride Ester

ﬁ

CH;0H j
CH;—C—Cl > CH;—C—OCH; + HCl
Acetyl chloride Methyl acetate

Conversion of Acid Chloride inte Acid
ﬁ @)

0 P

R—(—1] HQ R—C—0H"+= HCl
Acyl Chloride Carboxylic Acid
ﬁ 0O
HO I
CH;—C—C —— CH;—C—OH + HCl
Agetyl Chloride Acetic Acid

Conversion of Acid Chloride into Amide
(@)

0
|
Gl R—-(l;l-—-NHz + NH,Cl

R
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O
| o, |
CHy=—C—Cl) > CH3;—C—NH, + NH,(I
Acetyl Chloride Acetamide

20.7.2.2 Interconversion of Acid Anhydride
Conversion of Acids into Acid Anhydride

0 O
” ﬁ.’—(l%—m(n ﬁ ﬂ =
R—C—OH Pyridine » R {E O 0 R t+_HC]
Carboxylic Acid Acid anhydride
I g - s |
CHy—C—OH ———>= CH;—C—<9"—C—CH, + HCI
Acetic Acid Acetic anhydride

Conversion of Acid Anhydride into Ester

(@1 O
R H 0— l:|_ ([ il e R_—L'—OR + R’—-!—OH
Acid anhydride Ester Carboxylic Acid
ol e
CH;—C—0Q— Q—A—C}h GO, CH;—C—0CH; +* CH;—C—0H
Acetic anhydride Methyl acetate Aﬁcﬁcscid
Conversion of Acid Anhydride into Acid
I I i
R—C-—gur it o S HO R—C—oOH +. K—C—0H
Acid anhydride  Carboxylic acid Carbonylic acid

O (0] O ﬁ
|

CHa_—C"—O ‘c—-@}ag—“&— CHy—C—0H -+ Cly—C—oH
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Conversion of Acid Anhydride into Amide

o)

| I|
R——-ljl——o u‘ K NH:'—- R———|c|——NH2 + K—C—OH
Acid anhydride _ Acid amlde Carboxylie acid

0 O
I

CH; Ll 0 |cl CH3ﬂ?--CH3——c——NH2+CH3 —C—0H

Acetic anhydride Acetamide Acetic acid

20.7.2.3 Interconversion of Ester
Conversion of Acid into Ester

(ﬁ _ @)
R—C—OH ——jﬁoi- R—C—-—Ol( + HOH :
| Carboxylic Acid HC Ester '
CH;0H =
CH;—C—OH — 91, oy ¢ -X0CH, + HOH
Acetic acid HCl ~ Methyl acetate
Conversion of Ester into Acid @Y
O O
; HOH '
R—C—OR ———-d" R —c OH . Hou
Ester Carboxylic acid
I 0
HOH '
Hy—C—Qly — == O, —c = CH CH30H
Methyl acetate Acetlc acld
Conversion of Ester into Amide
O 0
_ NH,
R—C—OCH; R—C—NH
2 + ROH
Ester Acid amde
O
NH, |l

CH3——C———OCH3 = CH3-—-C—-NH3 + CH,0OH
Meﬂ:ylacel:le | Acetamide

Py e o
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20724 Interconversion of Amide
Conversion of Acid into Amide

0 O
| NH, | A I
Carboxyliec Agid Acetamide
] I I
CH_}'__C'_—OH _N-H_}“"‘ CH}'_"_C_ONHq_ A"" CH'%""_C_NHQ + HzO
Agstic asid Ammonium acetate Acetamide
Conversion of Amide into Acid
| I
R—C~——NH; }I_IIO[I{ R=—C—0H" + NHCI
Acid amide = Carboxylic acid
'O (9]
“ HOH ”

Ol N CH,—C—O0B.*¥ NH,Cl
Acetamide Acetic acid
Amides are the least reactive of all the acid derivatives, hence they cannot be
converted to more reactive derivatives such as ester, acid anhydride and acyl halides.

20.7.3 Reactions involving{Carboxyl Group
20731 Reduction to Alcohols

Alcohols can be produced by the reduction of carbonyl compounds. Two
reagents are most commonly used to reduce carbonyl compounds, LiAIH, (lithium
aluminum hydride), a stronger reducing agent, and NaBH, (sodium borohydride), a
weaker reducing agent. NaBH, is used to reduce aldehydes, ketones, alkenes and
alkynes but this reagent is not used to reduce carboxylic acids because the carboxyl
group is resistant to reduction. The most common reagent for the reduction of
carboxylic acids is the most powerful reducing agent, LiAIH,.

LiAlH; reduce carboxylic acids via aldehydes to primary alcohols. An
aldehyde is formed as an intermediate durin g this reduction, but it cannot be isolated

because it is reduced more easily than the original carboxylic acid.
O

l ' 1. LiAlH,, ether
CH3'_"L‘——OH > 5 = » CH;—CH,—OH + LiOH + Al(OH);
i, Acetie acid et Ethy! alcohol

o T
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Carboxvlic acids on complete reduction with HI in the presence of red
phosphorus give alkanes.
O

Agetie aeid Efhane
20.7.3.2 Decarbeoxylation Reaetions

The loss of carbon dioxide from the carboxyl group of a molecule is called
decarboxylation. Decarboxylation of carboxylic acids occur at high temperature in the

presence of soda lime (a mixture of lime, CaO and caustic soda, NaOH) to produce
alkanes.

(@) O
I |

CH,— C—opMOHC0_ ¢ ony MR o [ + Na,cO;

Acetic Acid ~ Sodium acetate Methane
A carboxylic acid can be decarboxylated<on moderate heating without using
soda lime if it contains a carbonyl group P to-the carboxyl group ( keto group). For
example, the decarboxylation of 3-oxobutanoic acid occurs at moderate temperature
in the absence of soda lime and producesacetone and carbon dioxide.

| ?I fﬁ | 0
T B
 3-Orobulanoic scid < T gt el
(Acetoscetic scid).

20.7.4  Reactionis of Carboxylic Acid Derivatives
20.7.4.1 Reactions of Aeyl Halides
Hydrolysis (Reaction with Water)

Acyl halides react spontaneously with water to produce carboxylic acids and
HCI. The reaction of low molecular mass acid halidcs with water is fast and that of
high molecular mass acid halides is slow. This is because the higher molecular mass
acid halides are less soluble in water.

0] O
CH;—C—@l' + HOH — > CH;—C—0H + H@l
- Acetyl chiloride Asstie aid
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Reduction ?
Acyl chlorides are reduced to produce primary alcohols when treated with |
LiAlH..
|| LlAIH
CH;—C—0Cl + 4[H] = > O H,—OH + Ll |
Acetyl ehioride Ethyl aleshol (1€ aisohel '}

Acid chlorides are more reactive than the other acid derivatives. Either lithium
aluminium hydride (stronger reducing agent) or sodium borohydride (weaker
reducing agent) converts acid chlorides to primary alcohols.

Friedel-Crafts Acylation

Acid halides react with aromatic hydrocarbons in the presence of aluminum .
chloride to form aromatic ketones. In this reaction the hydrogen of benzene is |
replaced by an acyl group and is known as Friedel-Crafts AcylatiCm

O

ICI5 —
CH—C —€I + O/ Al @/ + HC€I
Acoyl dhlonigle  Banzene Mathpishsiy kaone
20742 Resetions MM&W&M
Hydrolysis
Acid anhydrldes react with water to produce carboxylic acids.
L 4l I
CH; O CCHy S @OH 2CH;—C—0OH
ﬁé&‘i@;ﬂﬂ&%&lﬁi@ | - Adiie s
Reduction ' ‘
LiAIH, reduces anhydrides to primary alcohols.
O O
__H H LiAlH,
C—0—C—R t 8l 9R-—CH 2= OHI 1] &
A anhyaligle (¥ ksl
sl

CHy—C—0~—C—CH, + 8[H] 24 »CH,—CH,—OH + H,0
Rp“ﬁtt‘?éﬂﬂ}}'&hﬂ& LA lsisl
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20.7.43 Reactions of Esters

Hydrolysis T : e o
Esters react with water to produce carboxylic acids and water. This reaction is
catalyzed by strong mineral acids such as HCI or H,SO..
0 O
1 HCl SN ST ROH
R—C—0OR + HOH —*""H l R—C—OH +
ca
Ester Ca:boxyln@smd
0 T’
CHy;—C—0CH; + HOH — - CH;——C—OH:¥ CH;OH
Methyl acetate Acetic acid
Reduction P
LiAlH, reduces esters to primary alcohols.
)
LiAlH,
R—C=—=0R. +54{H] ~ Ehen 2R—CH,~—OH + ROH
I
LiAIH '
CH;—C—OCH; + 4[H] ———— 2CH;—CH,—OH + CH;0H
Methyl acetate Ethyl alcobol (1° alcohol)

Reaction with Grignard’s Reagent

Esters other than a formate react with Grignard’s reagent to form ketones

which reacts further with another molecule of Grignard’s reagent to form tertiary
alcohol as a final product.

Step 1:

— - R—(C—CH
| W mgor) :
CH3
Ester Unstable Ketone
., [ntermediate
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Step 2:
- — - _l.
C'ﬁ‘“ TM eCl Cl)H
| 5+ H,0/H™
+ CHy— MgCl— R—C—CH; —— =R ——E—CGH,
*\J | © —Mg(OH)C1 i
CHs er = OH;
Ketone Unstable intermediate Tertiary alcohol

The esters. namely formates reael m tha, same wgy wtth an @mega ul Gngmud 8
reagents to form secondary aleahels. =

20.7.4.4 Reactions of Amideis%_-

Hydrolysis: Amides are the most stable of acid derivatives, and considerably more
vigorous conditions are needed for their hydrolysis. Amides do not react with water at
normal conditions. Amides do, however, react with water if the reaction mixture is
heated in the presence of an acid or base.

R—C—NH, + HOH ——4%D¢__ R C—QH + NH;
Heat
0
CH;—C—NH, + HOH A"“I'{‘”'b"‘se ~ CH,—C—O0H + NH;
Acetamide L Aceticacid = Ammonia

Reduction: Lithium aluminum hydride reduces amides to primary, secondary or
tertiary amines, depending on the degree of substitution on the amide.

I LiAlH,
CH,—C—NH, + 2[H] ——— = CH;—CH,—NH,
Acetamide Ethyl amine (1° Amine)

e Lia
CH;—C—NHCH; + 2[H] = CHy ==CH,=—NH—=€H,
N-mahyl acetamide : Ethylmethy! amine (2° Amine)

| 3
| “ LiAlH, TH

| CH3—C—N(CH3), + 2[H] CH;~—CH= NG,
| N,N-dimethyl acetamide Ethyldimethyl amine (3° Amine)

e A e e e
LT e S T
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20.7.4.5 Reactions of Nitriles

Hydrolysis ]

Nitriles are stable compounds than amides and esters, hence they are hard
hydrolyze. They, however, require severe conditions for hydrolysis. Nitriles grq
hydrolyzed to carboxylic acids when heated with water in the presence of an acid o

alkali. They first produce an amides, which are then hydrolyzed to carboxylic acids,

° ]
R—C=N Acid or base R'—Q——NHZ ?;;d[_{oi?set R—CT—QH + NH,
Alkyl cyanide Acid amide ¢at  Carboxylic acid
| 0 ﬁ
g | dlprie b T siad
CH;—C=N Aodorbese, o C NH, %%% CH;—=E—OH + NH,
Methyl cyanide HOH + Heat Acetamide ¥ Acetic acid ~ Ammonia
Reduction . P _ |
Lithium aluminum hydride reduces nitriles to primary amines.
¥ _ LiAlH, = _
Re=C=N-=4dlH]= ——— R _—SCH, — NH»
Ether
LiAlH,

CH,— C=N Tl = > CH;—CH,—NH,
Methyl cyanide Eihyll amine (1° Amine)
Reaction with Grignard’s Reagent v
Nitriles react with Grignard’s reagent to form ketimines, which on acid

hydrolysis gives ketones. .~
3 ~ +

mo_ A ¥ ﬁmﬂ 0
O e e
Hs + CHy ﬁigcl‘—" CH; C"—'CH3 m CH3——C———CH3 o NH_;-

Mictlhy! cyanide K etimime '

- e = <3 e iR
' - = = = s
| Sources and Uses of Carboxylic Acids |
[ Most of the s,m.pler saturatecfl c_arboxy[ic acids are found in fruits vegetables and other natural '
products that give them a distinct flavour or a tinge. Carb e an 0 e

_ oxylic acids are primarily used 35

flavouring agents in foods and |
ds their taste may bland. |
_ ISused in food preservation. |
sed II{I___I"oo,t_:_l_ preservation. It is used in pickles 10

Rl

i) Fonmic acidis found in insect stin -
2 ne o ea L gs and nettles, It
! i)  Aceficacid is found in vinegar. It is y
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preserve fruits and vegetables. It stops the growth of bacteria.
Butyric acid is found in butter. It is responsi
odour of'sweat.,

Palmitic acid is found in palm oil.

Stearic acid is found in chocolate, waxes. soaps, animal fats and oils.

Oxalic actd is found in spinac! and some other plant foods including rhubarb. It is used
as acleaning agent for rust stai1s on fabric and porcelain.

Citricacid is found in citrus fr..its such as lemons. limes. oranges, grape fruits as well as
pineapple and tomatoes. It is also found in tea. cocoa and pepper. It is used as
preservative and flavouring agent in both foods and soft drinks.

ble for the smell of rancid butter and to the

viii) Malicacidis found in many unripe fruits such as green apples and pears. It is also found

| Xif)

' xiif) - Tammic acid is found in the bark of number of trees. It has been used for tanning. It is

Xiv)  Amino acids are the special form of carboxylic acids. Amino acids are very important

in plums, currants, etc.

Tartaric acid is found in grapes, bananas, potatoes and tamarinds. [ts.also found in

wine and molasses. The tartaric acid in the wine contributes to the tartness of the wine,
along with malic acid.

Lactic acid is found in sour milk such as laban, yougurt, kefirand koumiss. Lactic acid
is used as preservative to prevent microbial growth. |
Benzoic acid is found in berries, plums, prunes, etc.

Adipicacid is found in beets and sugar cane.

now used for the staining of wood and is also used when dyeing cotton.
because groupings of amino acids make up the proteins. The skin, hair and muscle is
composed of protein.

= ek L S RN | R bt b SN L

of Facts and Concepts,

Carboxylic acids are organic-compounds having carboxyl group (—COOH) as
furictional group. They are of two types: (i) aliphatic carboxylic acids and (ii)
aromatic carboxylic acids.

In aliphatic carboxylic acids, an alkyl group or hydrogen atom is directly
altached with the carbon of carboxyl group. In aromatic carboxylic acids, an aryl
group is direetly attached with the carbon of carboxyl group.

Carboxylic acids are prepared by oxidation aldehydes, alcohols and alkyl
benzenes, They can also be prepared by hydrolysis of nitriles.

They have higher boiling points than their corresponding alcohols. Boiling point
Increases with increase in the molecular mass.

The reaction of a carboxylic acid with excess alcohol and an acid catalyst is
called a Fischer esterification.

The derivatives of carboxylic acids are: (i) acid halides (ii) acid amides (iii)esters
(iv) acid anhydrides.

Lower members of carboxylic acids are

water soluble and have pungent smell.

Scanned with CamScanner



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)
CH;' 0

1) == Q OH

OH
O
I

v)  CH;—CH—C—OH

|

CoHs
e |
V) CH——CH—CH —¢—0H
Q.5. Write structural formulas for the following compounds:
1) Propionic acid

i) Valeric acid
1)  Lactic acid
V)  Phenylacetic acid
v)  2-Chloro-3-phenylpentanoic-acid
Q.6.  Describe structure, acidity, and reactivity of carboxylic acids.
Q.7.  Write down five physical properties of carboxylic acids.
Q.8.  Write down five different. methods for preparing carboxylic acids.
Q.9. Write short note on-the conversion of carboxylic acids to carboxylic acid

derivatives (acyl halides, acid anhydrides, esters and amides).
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Chopter | : ;
2] @ Biochemistry

| Major Concepts )

21.1 Carbohydrates
21.2 Proteins

21.3 Enzyme
214 Lipids
21.5 Nucleic acids

21.6 Minerals of Biological Significance

l Learning Outcomes:)

Students will be able to:

[ ]

Explain the basis of classification and structure-function relanonshlp of carbohydrates
(Understanding)

Explain the role of various carbohydrates in'health and diseases. (Understanding)
Identify the nutritional importance and their role as energy storage. (Applying)

Explain the basis of classification and structure- function relationship of proteins.
(Understanding)

Describe the role of various proteins in maintaining body functions and their nutritional
importance. (Applying) |
Describe the role of enzyme as biocatalyst and relate this role to various functions such as
digestion of food. (Applying)

Identify factors that affect enzyme activity such as effect of temperature and pH.

Explain the role ofinhibitors of enzyme catalyzed reactions. (Understanding) :
Describe the basis of classification and structure- function relationship of llplds
(Applying)

Identify the nutritional and biological importance of lipids. (Applying)

Identify the structural components of DNA and RNA. (Applying)

‘Recognize the structural differences between DNA polymer (double strand) and RNA

(single strand).

Relate DNA sequences to its function as storage of genetic information. (Applying)

Relate RNA sequence (transcript) to its role in transfer of information to protcm
(Translation). (Applying)

Identify the sources of minerals such as iron, calcium, phosphorous and zinc in nutntmn

S prplymg)
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Introduction : | S

Biochemistry is the study of chemical processes : |
- Iv of the structures, functions and interactions of
_ as carbohydrates, proteins, enzymes,
the chemistry of vitamins

es associated with living

organisms. Biochemustry is the stuc
biological molecules (or biomolecules) such )
lipids‘: and nucleic acids. the mechanisms of enzyme action,
and the energy transformations in the cell.

21.1 Carbohydrates

Carbohydrates are the most abundant naturally occurring comp_ounds. They are
widely distributed in plants and animals. Plants are the major sources of
carboiiydrates. About three-fourths of the dry weight of plants and less than 1% of the
body weight of animals is made up of carbohydrates. Carbohydrates such as gll-lcose:
glycogen and starch are the main sources of energy for our brains and bodies to
function properly. Cellulose, the complex carbohydrate, is also used in plants for
structural support.

The name carbohydrate means hydrate of carbon and comes from the general
formula C.(H,O),. The modemn definition of carbohydrates includes
polyhydroxyaldehydes or polyhydroxyketones . or compounds which give such
compounds on hydrolysis are called carbohydrates. For example, glucose, lactose,
sucrose, starch etc. They exist mainly  in their hemiacetal or acetal forms.
Carbohydrates are frequently referred to as saccharides (Sanskrit, Sarkara; Greek.
Sakcharon; Latin, Saccharum, sugar)-because of the sweet taste of low molecular
mass carbohydrates. They are synthesized by photosynthesis in green plants and
algae.

21.1,1 Ciassification of Carbohydrates

They are divided into three major classes:

(i) Monosaccharides (i1) Oligosaccharides

(111) Polysaccharides

21.1.1.1 Monosaccharides

These are also known as simple sugars or single sugars. The carbohydrates that
cannot be hydrolyzed into simpler carbohydrates are called monosaccharides.
CeH1204 + H,0 —H = No Reaction

Their general formula is C,(H,0),. For example, glucose, fructose etc. They
have three to six carbon atoms. They have sweet taste and are easily soluble in water.
Monosaccharides are of two types: aldoses and ketoses.

Aldoses

Monosaccharides which have aldehydic group are called aldoses. Examples are

glyceraldehyde and glucose.
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Glucose is also called dextrose. grape sugar or blood sugar. It is present both in
free and combined states. In free state, it is present in sweet fruits and honey. It is
present in human blood and urine in small amount. In combined state, it is present in

disaccharides and polysaccharides. It is the source of energy in our body. The open
chain and cyclic structures of glucose are:

H \C éf’o
CH,OH
He—0C=—S0]
H O H
HO—C—H H
OH H
H== ==k OH 1
il e OH H  OH
CH,OH a.= D-Glucose B - D-Glueose
Open chain structure Cyclic stfucttres -
Ketoses

Monosaccharides which have ketonic group are called ketoses. Examples are

dihydroxyacetone and fructose.
Fructose is found in free and combined states. It is used as sweetening agent in

confectionary and as a substitute for cane sugar. The open chain and cyclic structures
of fructose are:

CH,OH
e HOH,C CH,0OH HOH,C
2 0 0 2 0 OH
HO—CasH
HO HO
H—e—O0H H QM H CH,OH
i g HO H HO H
CH,0H a-D-fructose f-D-frugtoss
Open chain structure Cyclic structures

21.1.1.2  Oligosaccharides

The name is derived from Greek word “oligos” meaning “few.” These are
complex sugars. The carbohydrates which give 2 to 10 molecules of monosaccharides
~on hydrolyqls are called oligosaccharides. Sucrose rafﬁnose dnd scorodose are the

o - L s P T s, R ¢ sty ae
ey e A e T I T~ o e =L - ST Ty g R N T I ey
o
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\oosaccharides. On the basis of number of monosaccharide molecules,
5 trisaccharides. tetrasaccharides and so

because they yield two

examples of ol _
they are further divided into disaccharides, | s
forth. Sucrose, lactose and maltose are disacchariues
molecules of monosaccharides on hydrolysis.

H CH,05 + CeH 1204

SUCTOSE Glucose Fructose
Raffinose and rabinose are trisaccharides because they yield three molecules of

monosaccharides on hydrolysis.

+
Ci§H306 + 2H,0 — CeH1206 + CoH 1206 + Colh206
Raffinose Glucose Fructose Galactose
Scorodose and stachyose are tetrasaccharides because theycyield four
molecules of monosaccharides on hydrolysis.

C2sHs05; + 3H,O0 —— CcH 1,04 + CeH 206 +2CsH 1204
Stachyose Glucose  Fructose. ) Galactose

21.1.1.3 * Polysaccharides

In Greek “poly” means “many.” These” are complex carbohydrates. The
carbohydrates which give more than 10 molecules of monosaccharides on hydrolysis
are called polysaccharides. The most important polysaccharides are starch, glycogen
and cellulose. They are polymers of monosaccharides. They may have hundreds or
thousands of monosaccharide units. “They have relatively high molecular masses.
They are tasteless amorphous $olids and are called non-sugars. They are water
?nsoluble. The formula of starch-and cellulose is (C¢H;¢Os),. The plants store glucose
in thf,; form of starch whereas animals store in the form of glycogen in-the liver and
muscles.

21.1.2 Function of Carbohydrates
Main funetions of carbohydrates are:
i) They provide energy for the cell activities.
i) They are necessary for the regulation of nerve tissue.
iii)  They are used as substrate for respiration.

iv)  Some carbohydrates form a part of genetic materials like DNA and RNA in the
form of deoxyribose and ribose sugars,

V) The glucose (in excess) is converted into glycogen (stored in liver), fats (stored
in body) and non-essential amino acids (protein synthesis diet). They are used
in times of starvation.

vi)  The heart, brain, kidneys and muscles all need carbohydrates to function.

vii)  Carbohvdrates are constituents of many hormones, vitamins, and enzymes.
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viii) They form components of bio-molecules which h
clotting, immunity, fertilization etc.

ix)  Some carbohydrates help to clear the gut and

x)  Starch contains fibers which play an

ave a key role in blood

prevent constipation.

important role in the process of digestion. |

xi) They are constituents of all the cellular organelles like cell membrane,
| mitochondria, nucleus, endoplasmic reticulum etc. in one or other way to give

; structural integrity. . _ = |

xii) They (cellulose) provide structural support.to the plant cells.

xiii) ‘The exoskeleton (outer skeleten)'_ of arthropods (insects, lobsters,

crabs,crustaceans, and others) is made of the biological macromolecule chitin,
which is.a polysaccharide-containin g nitrogen. The -exoskeleton provides
support and protection to arthropods. | gl

2113 Nutritional Importance of Carbohydrates - =
Carbohydrates are found in foods such as fruits, grains, vegetables, breads and
dairy products. Your body uses these foods to make glucose. Glucose is your body’s

main energy source. They help to fuel your brain, kidneys, heart, muscles and central

mervous system. Your body stores excess glucose as glycogen in your muscles and

liver for later use. such as during exercise. e . -
~ Carbohydrates provide nutrients for the good bacteria in our intestines that help
us digest our food. They protect our muscles because carbohydrates -are the first
- source of energy for our body, without it; protein and fats from our body will be used.
Low blood sugar (hypoglycaemia) occurs when the glucose levels in the blood -
drop below normal. While hypoglycaemia is often associated with diabetes, it can be
caused by a lack of carbohydrates in healthy people. Symptoms of hypoglycaemia
include tiredness, weakness, light-headedness, confusion and hunger. ~ =~ .
~ High blood sugar (Hyperglycaemia) occurs when the glucose levels in the
blood rise above normal. Hyperglycaemia makes more serious complication to the -
body like heart disease, eyes damage and kidney failure. Make small changes in your .
daily habit and lifestyle surely moves you to get the normal of blood glucose level.
Complex carbohydrates should be encouraged than simpler carbohydfate like

fhonosaccharides and disaccharide to reduce the blood sugar level.

Fibre is an essential comp

b onent in our diet for cancer prevention and healthy
digestion. Fibrous ;

(whole grains etc.) foods also reduce the risk of constipation.

- Without some whole grains, one would need to consume a large amount of fruits,
Vegetables and legumes to meet daily fibre requirements.

= thosis occurs in the absence of _carbohydrates when glycogen is depléted.
W:_%ula?;‘fifﬂgk_gygmts, which contain carbohydratcs,land starchy .'Y?get_ablqs will
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prevent ketosis from occurring. Ketosis is the normal metabolic process occurs whep

vour body does not have enough carbohydrates from I‘nf'w:l for ytfl.ll' cc:lls.‘tf) _hum for
::ncrt_'\'. it burns fat in its place. As apart of this process, [t m_"‘ke“ ketones. If you ar
cating « balanced -diet, your body controls how much fat it burns, and you dopy
normally make or use ketones.

T A A A T

Muscular Activities and Glycogen Storage . ' _
Glucose is an important source for energy. Energy is required for all kinds Of bpdlly
processes. Glucose is stored in the human's body as glycogen. In humans the majority of
glycogen is stored in the cells of skeletal muscles (~500 g) and liver (~100 g).. Howev?r, smgll
amounts of glycogen are also present in the cells of heart, kidneys and brall?. _Th_e liver will
 store glycogen for a later time when the body requires it for physical activity. The more
| carbohydrate a person eats, the more glycogen muscles store (ultimate extent), and the longer
' the stores will last to support physical activity. &
The liver release its glucose into the blood stream to share with other bodily tissues while
| muscles do not release their glucose into the blood stream directly. During intense activities
| such as running(marathon race), the muscles glycogends-broken down and released as lactate
 into the blood. Lactate travels to the liver. The liver convert the lactate back into glucose.
| Glucose is then return to the muscles to fuel additional activity. The muscles glycogen i
 important for muscular activities such as running, cycling, weights lifting, climbing hills or
| stairs, dancing, yoga, football, hockey and push-ups.

Peoples who run out of muscle glyeogen during an intense activity such as running, they

' have to slow down to conserve energy. At this stage, their legs cannot go one in front of the

otherand they are unable to run anymore. If they continue, their glycogen stores will get so low
that their brain will shut down'their body down and even jogging will be almost impossible.

This can be prevented by eating sufficient quantities of simple carbohydrates both before and
' during intense activities,

Complex Carbohydrates that Provide Lubrication to Elbow and Knee
- Complex carbehydrates (starch and cellulose) are Very common in animals, plants, and
 bacteria, Th_e_-y arc constituents of cell membranes, as well as subcellular matef,ials of cells.
 They arc alsg found in ph ysiological fluids such as blood, tears, milk, and urine.

| Mgny other naturally occurring complex carbohydrates are covalently attached to other
 biological molecules, such as amino ac

| : . ids, proteins or lipids, by glycosidic linkages of the
 sugar residues at their reducing ends to form glycoconjugates. They provide lubrication t0

elbow and knee, '
Glucosamine

Clucosamine is an aminosaccaride. It helps in repairing and lubricating ;. ints (elbow, kne¢

‘and shoulder) and thus can improve flexibility and mobility of joints, =%

 Glucosaminoglycans (GAGs) .
Glycosaminoglycans such as chondroitin sulphate

(mos like] &
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md are found in cartilage, tendons and connective ll%t-l:sIE]]CI]‘)QIE&H-&(I;&-;}]‘_:
surfaces of joints. Other glycosaminoglycans such as hyaluronic acid are found in synovial |
fluid (a viscous and slippery fluid found in cavities of synovial joints) that lubricate the joints. |
The chondroitin sulphate and hyaluronic acid both reduce the friction between the cartilage |
| and other tissues of joints especially elbows and knees and help you to move about freely.

Proteoglycans (Mucoproteins)

Proteoglycans are proteins that are covalently bonded at multiple sites along the protein |

}chain to glycosaminoglycans. They are found in connective tissues and serve as joint |
\lubricants.

21.2 Proteins

The high molecular mass organic compounds which on complete hydrolysis
give amino acids are called proteins (Greek, Proteios = first). Proteins are present in
all the living organism. Life is impossible without protein. They. are present in skin,
hair, wool, feathers, nails, horns, hoofs, nerves etc. '

The %age of elements in proteins is:
C=51%, H=7%, O =23%, N = 16%, S=1-3%, B=< 1%
They may have copper, iodine, manganese and zinc.

21.2.1 Classification of Proteins
Proteins are classified into three types on the basis of physical and chemical
properties: Simple proteins, compound proteins and derived proteins.
Simple proteins
The proteins which give only amino acids or their derivatives on hydrolysis are
called simple proteins. Examples of such proteins are albumins, globulins, legumin,
glutelins, histones, collagen etc. They are the most abundant proteins in the animals
and form about 25-35% of body protein.
Albumins are found in blood, egg white, wheat, etc.
Globulins are found in blood, muscle, potatoes, etc.
Legumin and collagen are found in connective tissues of body.
Glutelins are found in wheat and rice.
Histones are found in thymus gland, pancreas and nucleoproteins.
Compound or Conjugated Proteins
The proteins which give an amino acid and non-protein group on hydrolysis
- are called compound proteins. They are also known as conjugated proteins. The non-
Protein group is called prosthetic group. For example, phosphoproteins are conjugated
(attached) with phosphoric acid and lipoproteins are conjugated with lipids such as
cholesterol, fatty agids’: ca
Derived Proteins™
The proteins which are derived from simple and conjugated proteins are called
derived prc:;eins. For example, poly-peptides and proteases enzymes.

=
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21.2.2 Structure of Proteins e :
Let us start by looking at the structure of amino acid:

S e e e

........

The amino acids are generally represented using three letters. They can also be
represented using one letter for easier convention as given in _the image below.

G | Glycine Gly = P | Proline | Pro
A | Alanine Ala V | Valine - Val
L | Leucine Leu I |Isoleucine Tle
M | Methionine Met C |Cysteine - EGys
F .Phenylalanine Phe Y ”_'Tyrosine = vy
W | Tryptophan Trp H |Histidine | His
K | Lysine Lys || R |Arginine | | Arg

1 Q | Glutamine Gln ' N |Asparagines Asn
‘E |'Glutamic acid ~Glu D |Aspartic acid | Asp
S | Serine Ser T |Threonine Thr

z There are four types of proteins on the basis of stnicture: ﬁrimary, secondary,
tertiary, and quaternary structures. | | |

Primary Structyre |
The sequence of the amino acids in the polypeptide ch::i:{l is called primm‘)’
stru-cture_,. The primary structure is held together by 'peptifdé' ‘bonds that are made
during the process of protein biosynthesis. The sequence is described by starting with
the first amino acid found at the amino terminal (N) and cﬁding with the last amino
acid found on the carbonyl terminal (C). o | |

vt 80— 5 — O — ) — QD — (I <+

. Ugderstanding the prim_ary structure of proteins is imporiaﬁt because many
genetic diseases result in proteins with abnormal amino acid sequences, wi.izh cause

o e B .
" i, A L 3 b TR R O e e e,
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jmproper folding _and loss or impairment of normal function. The best example of
primary structure 1s hemoglobin. '

Secondary Structure

The regular coiled or zigzag structures of polypeptide chains which are held by
hydrogen bonding between —NH group and —CO group are called secondary
structures. Myoglobin is the good example of secondary structure.

Tertiary Structure

The three-dimensional twisting and folding of the polypeptide chains results in
the tertiary structure. The best example of the tertiary structure of protein is

myoglobin. Insulin, like all other proteins, has primary, secondary and tertiary .

structures.
Quaternary Structure

The structure which is formed by the polymerization of two or more tertiary
structures is called quaternary structure. The polypeptides may-be similar or different
in them. Most proteins are made from only one peptide. chain so they have primary,
secondary and tertiary structures, but not quaternary structure. All those proteins have
quaternary structure, which are made from ‘more than one peptide chain.
Haemoglobin and collagen are among those  proteins which have quaternary
structures. Collagen consists of three polypcpﬁ‘dé chains while haemoglobin consists
of four polypeptide chains. :

(2) Primary Structuré€)~

(c) Tertiary Structure (d) Quaternary Structure
Figure 21.1: Structures of Proteins

Every protein in your body has a primary, secondary and tertiary structure, bi;t..
y proteins have a quaternary structure. e
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21.2.3 Properties of Frotel | |
. They contain carbon, hydrogen, oxygen and small amount O_f :]ulpfi_ufr. 5 i
4 The‘y are complex biological molecules and are composed of amino acids,
ii g ! |

) Amino acids are linked together by p()]ypcpudc' bonds. Sy
iii) They are biological catalysts and catalyse chemical reactions 1n living cells.
iv) They provide structural support to the cells.

v) They secrete hormones. ' '
vi) ) They are amphoteric in nature and react with both acids and bases.

vii) Proteins can be denatured. Denaturing of protein is ‘the dlsmPFIOUb of 1!16
structure (secondary, tertiary and quaternary struc'tures) of protein by hgd[,
change in pH or by using strong oxidizing and reducing agents. The coagulation
of the protein is the most common observation in the denaturing process. For
example, the coagulation of albumin (the major component of egg white) occurs
when egg is heated.

21.2.4 Importance of Protein

i)  Protein is essential for the formation of protoplasm. _

i)  Proteins play an important role in the contraction of muscles, digestion of food
and clotting of blood.

iii) Almost all enzymes are proteins and they acts as organic catalysts.

iv) Haemoglobin, a protein, transports O, from lungs to the cellular tissues.

v)  Insulin, a protein, regulates glucose metabolism.

vi) Myosin, a protein, present in muscles.

vii) Protamine, a strongly basic protein, present in nucleic acids (i.e. in sperm cells)

viii) Proteins have great importance in industry. For example, (a) manufacture of
leather by tanning of hides is done by the precipitation of proteins with tannic
acid, (b) casein, a protein found in milk, is used in the manufacture of buttons,
buckles and in the sizing of papers, and (c) gelatine is obtained by heating
bones, skins and tendons in water. It is used in jelly, glue and photography.

iX) Nuc!eoproteins (histones, protamine) act as the carriers of heredity from one
generation to the other.

Properties and function of Fibrous Proteins

Fibrous proteins are made u
_found in animals. They provide structural sy

\'\'-.-..:,. i R —

to its original position when it is poked or pinched.
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71.3 Enzymes

Enzymes are proteins that act as catalysts to increase the rate of chemical
reactions. These reactions include respiration, photosynthesis and forming new
proteins. Examples gf enzymes are lipase, zymase, glycosidase and isomerase. They
are produced by living cells only but they catalyse (speed up) chemical reactions
occurring inside and outside of living cells. Without enzymes, many chemical
processes happen at a very slow rate; at such a slow rate that existence of life is
practically not possible. An enzyme increase the rate of chemical reaction between
10* to 10% times. Enzymes are specific in their action. An enzyme catalyses only one
type of reaction not others. For example, sucrase will hydrolyse only sucrose and
glucokinase can catalyse only glucose. Enzymes have two parts, namely-the protein
component (part) and the non-protein component. The protein part of the enzyme is
known as apo-enzyme while the non-protein part of the enzyme is known as co-
enzyme or co-factor.

21.3.1 Role of Enzyme as a Biocatalyst

A natural substance especially an enzyme that initiates or increases the rate of
chemical reaction in a living body is called biocatalyst: Enzymes play an important
role in the metabolism, respiration, digestion of“food and other important life
processes. Our body produces two types of enzymes: the digestive enzymes and the
metabolic enzymes. The digestive enzymes are responsible for digestion of food and
metabolic enzymes are responsible for all biochemical reactions that occur in the cell
of our body. The digestive enzymes and their functions are given below:

21.3.1.1 Amylase

This enzyme is made in two places and are divided into salivary amylase and
pancreatic amylase.

Salivary Amylase s P .
It is found in the saliva. It converts 30% of carbohydrates such as starch and
sugar present in our food into simple sugars in the mouth. That is why you are advised

to chew food for a long time. If you chew food (bread) for a long time, it starts to taste

sweet bfacause the amylase present in the saliva breaks down the starch into simple
Sugars like glucose and fructose.

Pancreatic Amylase

It is present in the pancreatic juice. The pancreatic juice is produced by the
Pancreas. The pancreatic amylase has the same action as salivary amylase.

21.3.1.2 Lipase

s It is present in the pancreatic juiée. It is used to break down dietary fats into
.. Smaller molecules called fatty acids and glycerol.

L T ) T
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Dicestion of fat in the small intestine is helped by bile (bile acid), m_dde In the
liver. Bile is secreted into the intestine, where it breaks'do.wn the fat. INto  smalj
droplets that are easier for the lipase enzymes to work on. Bile is not an enzyme.

21.3.1.3 Protease : Keep in Mind
Protease is a general term used for three main B |

enzymes, namely pepsin, trypsin and chymo-trypsin. |e The SUbSlaﬂ?S like vitaming, |
Pepsin is present in the gastric juice of stomach. It 21_1““:‘;3 Zr::ca\:j;erthfe Mer
breaks proteins into peptides. The trypsin and allieasdy <mall el;ough ::Oa;:
chymotrypsin are produced in the pancreas. They et St hod stk
‘released into small intestine through the pancreatic beingbrokcn.down.
duct. When partially digested food moves from your |, The digestive enzymes cannot
stomach into your intestine, trypsin and chymotrypsin break down dictary fibre
complete protein digestion, producing simple amino | that is'why the body cannot
acids. (_ absorbit. J
21.3.2 Factors Affecting Enzyme Activity
The factors that affect the activity of enzyme are:
21.3.2.1 Concentration '
It can be explained in two ways:
Enzyme Concentration .
The rate of reaction increases with an increase in the concentration of enzyme.

For example, the rate of digestion increases by increasing the concentration of pepsin
(an enzyme). N
Substrate Concentration

The rate of enzymatic reaction is also directly proportional to the concentration
of substrate. : .

21.3.2.2 Temperature

The enzyme activity increases with rise in lemperature up to 45°C. The
- enzymes being protein in nature are denatured and bec

21.3.2.3 Effect of pH
- Changes in pH will gre:atly affect the activity of €nzymes. The pH at which

 enzyme activity is maximum is called optimum
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neutral and alkaline solutions. The optimum pH v
found above 10.

21.3.2.4 Effect of Other Substances

The enzyme action is increased or decreased by the presence of other
substances. These substances are: (') Co-enzymes, (ii) Activators, (iii) Inhibitors

alue of enzymes has never been

Co-enzymes
The non- proteinaceous part of the enzyme
proteinaceous part of enzyme is called apo-enzyme.
Enzyme = Coenzyme + Apoenzyme

Vitamins are the examples of co-enzymes. The certain enzymes. are unable to
function without co-enzymes.

Activators

is called co-enzyme and the

Inorganic substances which increase the activity of‘an enzyme are called
activators. For example, Mg2+and Zn** ions act as activators for the enzyme
phosphatase and carbonic anhydrase respectively.

Inhibitors

The substances which either reduce (inhibit).or destroy the enzyme activity are

called inhibitors. For example, sulpha drugs, penicillin and streptomycin act as
inhibitors and cure many infections.

21.3.2.5 Radiation : :
Enzymes are generally inactivated by UV light, B—, y—and X- rays.
21.3.3 Industrial Application of Enzymes

Enzymes are the most proficient catalysts. Enzymes have a wide variety of
applications in industries, They are used in food, beverages, cosmetics, detergents,
leather, agriculture and medicines. They are also used in biofuels and biopolymers.
Some of the important industrial applications of enzymes are as follows:

21.3.3.1 Food Industry

They are used to process carbohydrates, proteins and fats. The enzymes that
are used in food processing include amylase, lactases, cellulases and lipase. Amylase,

lactases, and cellulases are used to break complex sugars into simple sugars. Lipase is
used to break lipids into fatty acids and glycerol.

21.3.3.2 Beverage Industry |

They are used to increase Juice yield and decrease energy eonsumption. The
Pﬁ'ctinase, an enzyme, is used in fruit juice manufacture to break pectins and makes
Juice less viscous. The cellulases and hemicellulases are used to break the plant cell
_\_Vall for efficient liquefaction. The number of enzymes such as neutral proteases,

SRS = . —— = =
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alpha amylase, beta-glucanase, cellulases etc. are used in the industrial production of

alcoholic beverages like beer, wine, brandy, whiskey and rum.

21.3.3.3 Detergent Industry
Enzymes such as proteases, lipases, amylases and cellulases are added to some

detergents to break or remove the dirt and stains from the cloth fibres.

21.3.3.4 Leather Industry |
Enzymes can be applied during different steps of the leathft'-r produc_:tlon
process: soaking, dehairing, dying etc. Proteases are used to remove hair from hides,
These hides are then treated with pancreatic enzymes to increase the softness of
leather.
21.3.3.5 Paper Industry
The amylases, xylanases, cellulases, laccase, lipase and ligninases are the most
important enzymes that are used in the pulp and paper processes. They are used to
lower viscosity, coating paper, remove colour, smooth fibres, enhance water drainage,
and for softness of paper. 7

21.4 Lipids

The naturally occurring heterogeneous group of organic compounds of animals
and plants which are soluble in organic solvents (acetone, benzene, CCl; etc.) but
insoluble in water are called lipids. Examples are fats, oils, waxes etc. The word
‘lipid’ is derived from Greek word ‘Lipas’ which means fats. The fats and oils are the
most important lipids found in nature. Lipids which are solid at ambient temperatures
tend to be referred as “fats” while those which are liquid are called “oils”.

21.4.1 C(lassification of Lipids

They are classified into the following types:
Simple Lipids |

The esters of fatty acids with glycerol are called simple lipids. Examples are
common fats and oils. :
Compound Lipids

The i-ip'id's which have radicals in addition to fatty acids and alcohols are called
compound lipids. Examples are glycerol, phospholipids, lipoproteins etc.
Derived Lipids

The lipids which are obtained by the hydrolysis of simple or compound lipids

are called derived lipids (or associated lipid). For example, sterols, vitamin D,
terpenes etc. :

Edible Lipids
The lipids which have fats, oils and wa

— e e e Rl e Al ) i =
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xes are called edible lipids.
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Steroids

The lipids WhTCh have high molecular mass tetracyclic compounds are called
steroids. Cholesterol 1s the example of steroids.
21.4.2 Structure of Lipids (Fats and Oils)

Fats and oils are the triesters of glycerols with fatty acids. They are known as
5 - S i ’ . =
triglycerides or glycerides. Lipids have no single common structure. We will discuss

the structure of the most common lipid namely triglycerides. Triglycerides contain a
glycerol molecule attached to three fatty acid "tails".

Tﬂz—OH 0 CH,—O0==C0—R

CH—OH + 3R—C—OH — CH—0—CO R +3 HOH

|

CH,—OH CH,—O0——CO—%R
Glycerol Fatty acid Triglyceride

The common oils and fats are the mixture of saturated and unsaturated
triglycerides. The solids or semi-solids triesters of long chain saturated fatty acids
with glycerol at room temperature are known as fats.

CH—O—CO——CHy(CH,),¢CHjs

CHz_O—CO_CHz(CHﬂ”;CH:;

(Fat Molecule)
The liquid triesters of leng chain unsaturated fatty acids with glycerol at room
lemperature are known as oils. ~

CH—0~—CO—CH,—(CH,);—CH=—CH——(CH,);—CH;§

CH,—0—CO—CH,—(CH,);— CH=—=CH——(CH,),—CHj

(Ol Molecule)
2143 Properties of Lipids
F;hysical Properties
1

% Pure fats and oils are colourless, odourless and tasteless.
u) They may either be liquid or non-crystalline solids.
m) They are insoluble in water but are readily soluble in organic solvents.
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iv)  They form emulsions when shake with water in the presence of a base like
' NaOH.

v)  They are poor conductors of heat and electricity and act as excellent insulators
for the animal body.

Chemical Pr‘-operties
Hydrolysis : 20N o

The oils and fats give giycerol and fatty acid on hydrolysis in the presence of
enzyme lipase. | _ :

CH,—0—CO—R | CH,—OH

CH:—0—CO—R + 3HOH 2%~ CH—OH + 3R—C—OH

CH,—0—CO—R CH,—OH
Triglyceride Glycerol Fatty acid
Saponification : |

The reaction of fats or oils with NaOH to gwe soap and glycerol is called
sapomﬁcatlon :

H,—O—CO—R —OH _ S

CH—O0—CO—R +3 NaQH pese = CH———OH + 3R—-—-C-—0Na

CH—0—CO—R & o

. Triglyceride

Hardenmg of Oils B

When hydrogen is- passed through an unsaturated glyccnde (oil) in the

presence of a nickel catalyst, a saturated glyceride (fat) is produced. This process 18
called hardemng of oil or hydrogenation.

2 _O_CO-—Cnﬂss

CH,—0—CO

_ —Cy7Has
TH—'Q_—'CO——C”HEB + 3"H2 sl o CH—O0—CO

Cy7H3s
CH,—0—CO—C/H;; CH, -‘0—— C@-——-Cl,-;Hjs :
Glycerol trioleate (an oil) - Glycerol trioleate (a fat)
This reaction is used for the productton of ve
getable hee or mar arine-.
Hardened 01ls are also used for makmg soap and candles i g e e
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7144 Nutritional and Biological Importance of Lipids
Lipid -play an important role in living organisms.

i)  The main role of lipids in your body is to provide energy for muscles and body
processes. Fat contains 9 calories per gram, whereas protein and carbohydrate
contain only 4 calories per gram. : ;

i)  Lipids provide energy to digest and absorb food properly.

i)  The essential lipids (linoleic and alpha-linolenic) cannot be synthesized in your
body and must be obtained from diet. They are necessary for regulation of

blood pressure, blood clotting, liver- function, immune and inflammatory
responses. They are necessary for proper development and functioning of the
_ brain and nervous system. They support healthy skin and hair. :
iv)  Phospholipids, the second most common lipid, are the structural components of
cell membranes: Membranes in cells are barriers that prevent charged particles
and large molecules from moving across them. s = :
v)  Cholesterol, a steroid lipid, serves as the starting material for other important
molecules in the body, including vitamin D and bile acids, which aid in the
_digestion and absorption of fats from dietary sources.
vi) - Cholesterol is also used in the synthesis of sex hormones
vii) They are components of the nervous system.

vii)  Lipids act as carriers of natural fat-soluble vitamins such as vitamin A, D’-'—E
and K from your intestine to the blood stream. SO :

Hibernating' Animals (Pelar bear, reptiles and amphibians)
Accumulate Fat to Meet Energy Resources during Hibernation

The food (insects and green plants) is unavailable du'xjing.the.winter month_s, ﬂf:l(.i qnimaIS (?ither
* | need to migrate to warmer regions or hibernate. Hibernation is the state of inactivity of animals| ~ |
during winter, During hibernation, the animals will reduce their body temperature, heart rate,
| breathing rate and metabolic rate. All kinds of animals hibernate, from insects and amphibians |
to birds and primates. They get out of sight during winter. The hibernators go into a deep sleep | |
for a long period of time: This deep sleep allows them to conserve energy, and survive the
winterwith little ornofood. _ man e 1
Most hibernators prepare in some way for the winter. Some hibernators store fqod'ln their | |
burrows (tunnels used by small animals such as rabbit) or dens (caves used by wild animals
such as lion), to eat when they awake for short periods. Many eat extra food in the autumn
while it is abundant. The food in hibernating animals is stored as body fatto be consumed in the
winter for energy. The fat is rich and efficient source of energy and can store a lot of energy ina
small space. For example, one gram of fat contains 9 kcal while one gramcarbohydmte and i
Protein contain 4 kcal. The hibernating period of animals depends on different factors: species, |
time of the year and individual's body condition. Animals can put themselves into a deep sleep |
forfew days, weeksormonths, e

=
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21.5 Nucleic Acids
The high molecular m
They are present in the nucleus of all eukaryotic living cells as well as in viruses,
They are the carriers of necessary hereditary information. They were first isolateq
from the nuclei of puss cells (white blood corpuscles) in 1869 by Friedrich Miescher.
They were named nucleic acids because: (i) they are present in the nucleus (ii) they

are acidic in the nature.

21.5.1 Structural Components of DNA and RNA
The two main classes of nucleic acids are DNA and RNA. DNA is the master
blueprint for life and constitutes the genetic material in all free-living organisms and
~ most viruses. RNA is the genetic material of certain viruses, butiit is also found in all
living cells, where it plays an important role in certain processes such as the making
of proteins. The DNA and RNA are formed by large number of nucleotides.
Nucleotides contain nitrogenous bases, pentose sugars and phosphoric acids in ester
linkage.

ass biopolymers ol nucleotides are called nucleic acidsg

21.5.1.1 Nitrogenous bases
Nitrogenous  bases are purme and pyrimidine derivatives. Pyrlmzdme-

derivatives (bases) have single'rimgs. Pyrimidine has two nitrogen atoms at C1 and C3
of a six membered ring.

Pyrimidine

The pyrimidine derivatives consist of cytosine, thymine and uracil.

Y\j Yj t[

Cytosine Uracil Thymme

Purine derivatives (bases) have double rings.
mudazole rmg (C»:,H4N2)

bl = Gt R LF el R TR T

It has one pyrimidine ring and an
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The purine derivatives consist of adenine and guanine.

NH;
H
N
)
N

Adenme

H,N

Guanine

Keep in Mind

| The four different bases in DNA are cytosine (C), Thymine: ('T}, Adenine (A) and
@uanine (G), while in RNA, thymine is not present and its placc is taken by Uracil (U).

21.5.1.2 Pentose Sugar

Each nucleic acid has a different carbohydrate (sugar). The sugar in DNA
is D-2-deoxyribose while the sugar in RNA is D-ribose.

HO_ 5 %% “HO__ &,
CHZ 2
5 \ e \C ;
| \ ;[/ |\| 3' ‘)'l /I
OH H OH OH
Deoxyribose Ribose

By convention, the carbon atoms in the sugar are numbered from the original
carbonyl] posmon on the chain using a number plus the prime symbol (“). For
Cxample, in the deoxynbose sugar, the hydroxyl groups are boded to the 1’
(pronounced as “one prime), 3 (three prime) and 5 (five prime) carbon positions.

21.5.1.3 Phosphoric Acid
It forms phosphodiester bonds between nucleotides.
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Table 21.1 : Components of DNA and RNA

DNA RNA
Purines Adenine Adenine
Guanine Guanine
Pyrimidines Cytosine Cytosine
Thymine Uracil
Pentose - . . | D-2-deoxyribose . | D-ribose
Acid - Phosphoricacid . | Phosphoric acid B

21.5.2 Nucleic Acid Polymers - E S
The nucleic acids (DNA and RNA) are polymers of nucleotides. As you know,
~ components of each nucleotide are pentose sugar, phosphate group and nitrogenous
~ base. The pentose sugar is the central component of the nucleotide. The nitrogenous.
base is attached to the number 1 carbon (right point) of the sugar. The phosphate is
attached to the number 5 carbon (left point) of the sugar. e

Nucleotide = Nitrogenous base + Pentose sugar + Phosphate group

Phosrhﬁtc Group Fhﬂhite Group .
0 0

5 5
CH, CH,

Nitrogenous Base Nitrogenous Base

(A,C,G,T) _ R . (A,C,G,U)
* ! Pentose Sugar - . Pentose Sugar
(Deoxyribose) (Ribose)
DNA Nucleotide RNA Nucleotide

. Figure 21.2: Three Parts of a Nudeotide

| Nucleotides can link together by the formation of pHOSphate'esfer bdnds‘. The
hydroxyl group of a phosphate on one nucleotide undergoes a condensation reaction’
with the hydroxyl group on the carbohydrate ring of another nucléotide. The process
may continue, building up nucleic acid molecules. These are polymers
called polynucleotides. A covalent bond in RNA or DNA that holds a polynucleotide
chdin together by joining a phosphate group at position 5 in the pentose sugar of one
nucleotide to the hydroxyl group at position 3 in the pentose sugar of the next
nucleotide is called phosphodiester bond (or phosphodiester linkage). DNA 18

polydeoxyribonucleotide while RNA is polyribonucleotide.,

SR o\

S A T
= ORI ot a S T p e o oy £
— e En TR B, e 3
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RNA

(I) Ol .

Phospho-
diester
linkage

O—P=0 s

H

¥ End ¥V End
Figure 21.3: Phosphodiester linkages in the DNA and RNA

2153 Storage of Genetic Information

Nucleic acids are macromolecules that carry out two main functions in the
acid:’;omg'e .Of genetic inforrpation and s.ynthesis .of p.roteins. Two types of nucleic
i pecialize in these functions: deoxyribonucleic acid (DNA) and ribonucleic acid
ge A). DNA .13 the genetic Ina.teria1- that stores the.biologica] information i,

quences of four bases of nucleic acid that are, adenine, thymine, cytogine and

guanine. The se !
: quence of bases forms genes. Genes are located on chromo
. ~thread which : ' el

cell:
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Genes mainly provide instructions for making

osome. . :
ction of each cell in the body,

specific position on a chrom :
proteins. The proteins determine the structure and fun
ance.

Hence. genes are responsible for inherit
21.6 Minerals of Biological Importance
21.6.1 Sources of Important Minerals
Minerals are inorganic compounds that are €ss¢ '
maintenance of good health and the prevention of a number of diseases. e |
that are required I amounts of 100 milligrams or more per day are ';Célhl':d the major
minerals (or macro minerals). They include sodium, potassium, calcium, manganese

and the non-metals such as chlorine, sulphur, and phosphorus. T '
a few millierams per day are called thenrace minerals

er, zinc, selenium, iodine and several others.

ntial in small amounts for the

[he mineral

he minerals that are

required in amounts of only

(micro minerals). They include iron, copp :
The most important minerals include iron, calcium, phosphorus and zinc. The

minerals are not synthesized in your body. To meet your daily requirements, minerals
must be obtained through your diet. Daily requirements of minerals are often slightly
different for children, youngsters, and during pregnancy and breastfeeding. The main
sources of some minerals are: :

Sources of Calcium
Natural sources of calcium include dairy products, green leafy vegetables,

salmon, turnips. spinach, almond, broccoli, cabbage, kale, tofu, apricots, garlic, dates,
sardines and papaya.
Sources of Iron

Natural sources of iron include red meat, poultry, fish, liver, legumes, egg
yolk, dark green vegetables, dried fruits, and whole iron-enriched grains.

Sources of Phosphorus
| Phosphorus ,is found in foods that are high in protein. The best sources arc
dairy product, nuts, seeds, legumes, meat, and fish.
Sources of Zinc
Zinc is found in meats, mushrooms, live '
: : . , liver, poultry, ns,
soybeans, milk and other dairy products. e ol
Sources of Magnesium
The natural sources of magnesium are nuts, seeds
beans, green leafy vegetables, potatoes, banana, rml ,
found especially in plant foods.

whole grains, apricots:
K, and spinach. Magnesium

P gt o e e
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gources of Potassium

tassium is found in spinach. apple« s o e e -
f?O. _ p' . apples, tomatoes, bananas, strawberries, fresh
orange juice, papaya, apricots, pineapple, dried fruits, rice, cucumbers, garlic, ginger
and legumes.

11.6.2 Biological Significance of Iron, Calcium, Phosphorus and Zinc
iological Significance of Iron

Iron is an essential mineral. It plays an important role in the production of red
blood cells of your body. It helps red blood cells to carry oxygen from the lungs to all
parts of the body. It also plays an important role in immune system. It prevents you
from feeling tired. The lack of iron in red blood cells causes anaemia.. The symptoms
of anaemia include weakness, tiredness and.shortness of breath.

Biological Significance of Calcium

Calcium is essential for building strong bones and teeth in children and teens.
It helps muscles to contract and relax. It is important in blood clotting, blood pressure
regulation and immune system. It supports nerve transmission and blood pressure
regulation. Symptoms of calcium deficiency may include osteoporosis (a condition
that causes brittle bones in adults), rickets (softening of bones in children), poor

growth and mental depression.
Biological Significance of Phosphorus
Phosphorus is important for healthy bones and teeth. Above 80% phosphorus is
located in bones as calcium phosphate in the human body. It has a role in energy
production as components of ATP. ATP is readily used to fuel your body’s many
functions. It is a component of the complex nucleic acid structure of plants (DNA and
RNA), which regulates protein synthesis. It is a constituent of plant cells, essential for
cell division and development of new tissues. It is essential for repair of body cells
and tissues, Tt is required for acid-base balance (regulate pH level) in .the body. It has
410le in the working of the body's muscular system and is therefore important to the
beating of the heart. | | =
The deficiency of phosphorus is relatively uncommon. Phosphorus
deﬁciené}' may cause bone diseases such as rickets in children e.lnd osteomalacia
(softening of bones) in adults especially in pregnant women. An improper balance
of phosphorus and calcium may cause osieoporosis (a disease that causes t}?c bones to
““come weaker and easily broken). The symptoms of 'ph'ot.sphmjus deficiency may
.. "lude poor formation of teeth, irregular breathing pattern, JomtStlffness a.nd pain,

N . G 5
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3 F

. ance of Zine

Biological Significanc _ | . »
Zinc is an essential element. It is important for noi mal growth, wound ht..tlmg, |

: ity for defensive (immune) system. It is needed for |

the nervous system, and espectally o1 defensive ( 88 it |

tissue growth and repair. It plays a role In Fu. akdown of

of insulin. It is important for proper sense of

associated with skin problems, slow healing of

ity to taste food.

cell division,
carbohydrates. It enhances the action
taste and smell. A lack of zinc may be
wounds. loss of appetite, weight loss and decreased abil

i o
ah T =31 Ta

'Hormones and Their Functions : g -
' Hormones are chemical substances that act as a chemical messengers 1 the body. They are |

' secreted by specific organs and glands and are travel to their target organs in the bloodstream |
' or other body fluids. Hormones control and regulate various biological activities such as|
| growth, development, reproduction, energy use and storage; and water and electrolyte |
' balance. For example, insulin is a hormone that is secreted frem pancreas and helps to lower |
' glucose levels in the bloodstream and promote the storage of ghucose in liver, muscle and other |
 body tissues. Hormones can be classified into three groupsbased on their chemical structure: |
' cholesterol-derived hormones, amino acid-derived ‘hormones and peptide (or protein)
- hormones. o Xl
' The cholesterol derived hormones are stg;\é'iﬁ\hmmones. They are secreted by adrenal
cortex, male and female gonads and the placenta during pregnancy. '|
' The amino acids derived lmrmomzs_@é derived from the amino acids tyrosine and.
j tryptophan: Exam pfcs of amino acid{zﬁ er}ved hormones include epinephrine, norepinephrine
 and thyroxine. Epinephrine and narepinephrine are synthesized in the medulla of the adrenal|
- gIanc}s and thyroxine is produced'by the thyroid gland. :
Peptide or protein hormonesare made from amino acids by specialized endocrine glands.

. Examples of Pentic MORES aTe 1 : e 3
| p eptide hm;&o‘r\cs are insulin, glucagon, leptin, ADH and oxytocin.

Insulin as Protéi‘% Ho :

; 0t rmone whose deficiency iabetes
| Mellitus “{m},{y Yy leads to Diabetes
 Diabetes mellitus is disease in which insulin is either not produced by the pancreas (type |

' diabetes) or is in i i

| | $ produced in insufficient amounts typ '

| . _ (e o - t
 protein hormone that facilitates gl : i naa Lo

| protein synthesis and enhances free fatty ¢
5.; i “ke,y,” which unlocks the cell to allow sugar to enter th
|: msulin deficiency leaves too much sugar in the blood a
4 Smpt01ns of diabetes mellitus include frequent urinati
| thirst and hunger. Diabetes mellitus causes serious hea

¢ cell and be used for energy. Th.
nd causes diabetes mellitus (DM):

1L_ﬂmed1catlons, and in some cases, daily injections of insulin

Y -
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., Macromolecules are made up from small subunits, called monomers.

. Macromolecules are of two types (i) organic macromolecules (ii) inorganic
macromolecules.

» Organic macromolecules are also of two types: (i) biological macromolecules
(ii) non-biological macromolecules.

Biological macromolecules are called life molecules. They are also known as

biopolymers or natural macromolecules. Examples of biopolymers are:

carbohydrates, proteins, lipids, DNA, RNA, etc.

« Carbohydrates are the most abundant biopolymers found on earth.

o Carbohydrates are further classified into three major  classes:
(i) monosaccharides, (ii) oligosaccharides (iii) polysaccharides.

Glucose is an aldose and is known as dextrose. It is also knawn as grape sugar or

blood sugar. It is present in honey and sweet fruits.

Sucrose is oligosaccharides and is found in sugarcane; sugar beet and pineapple.

Starch is polysacchari@fes and is present in whéat, rice, maize, potatoes and
barley.

Proteins are the building blocks of amino acids and are essential components of
all living organisms. : =
Lipids are high molecular mass organic; compounds of animals and plants origin
that are soluble in organic solvents. - .

Steroids are lipids that have high molecular mass tetracyclic compounds. The
most important steroid in the body is cholestcml..

Oils and fats are the most important lipids found in nature. ‘

Enzymes are proteins that catalyse chemical reactions in living organisms. They
are also known as biological catalysts. ; ‘

Nucleic acids are the high molecular mass biopolymers of f}ucleondes. They are
present in the >icleus of all living cells as well as in viruses. They are the
carriers of necessary hereditary information. = ,

Minerals are inorganic compounds that are essential in small .amounts for the
maintenance of good health and the prevention of a number of diseases.

Select one answer from the given choices for e.ach q?les'tmn:

A large molecule that is made up of small repeating units is called:
(EIJ Isomer (b) Monomer

| R © Micromolecule
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1) Which one of the following is .. macromolecule?
Amino acids (b) Sugars
Lipids (d) Proteins
iii)  Cj,H»0y; is the chemical formula of:
Blood sugar (b) Glucose
() Fructose (d) Cane sugar
W) The most abundant biopolymer on the earth is:
Proteins (b) Lipids
(¢c) Carbohydrates (d) Nucleic acids
v) The reaction between fat and NaOH is known as:
(a) Hydration (b) Saponification
(c) Esterification (d) Fermentation
vi)  Which one of the following is the example of conjugated proteins?
(a) Albumins (b) Histones
(¢) Phosphoproteins (d) Poly-peptides
vii)  Proteins are essential for: | '
(1) Formation of protoplasm (b) Digestion of food
(¢) Manufacture of buttons (d) All of the these
vili) - Which one of the following transports oxygen from lungs to the cellular
tissues: AN
(a) Haemoglobin ) Nucleoprotein
(¢) Albumins ~ (d) Globulins
ix)  Which one of the following enzymes is present in the pancreas?
(2) Pepsin ; (b) Trypsin
(c) Zymase , (d) Isomerase
X) The mineral, which is essential for immune system:
(4) Iron : - (b) Zinc
(¢) Magnesium (d) Calcium

| Short

e
N
Pt

2.1. Why boiling points of
acid?
What do you mean by carbohydrate?

’.~ What happens when you eat too much protein?
ul Why do weightlifters take amino acids?
2.5, Where enzymes are found?

~ (.6.  Where are enzymes produced in the body?
LR Y, £ SRR SR e SST S s R e

saturated fatty acid is higher than unsaturated fatty

o )

B Faa
* i e
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0.7.  Whatare the three main functions of lipids?

'L:‘.F. Why are lipids a bettersource of energy?

0.9, Can lipids dissolve in polar solvents like water or not?
Q.10. What s the best solvent for lipids?

0.1 1. What are the two main types of nucleic acids?

e e e

.

Long Ans

wer Questions
Q.1.  What is biochemistry? Discuss in four to five lines.

Q.2.  What are carbohydrates? Explain briefly.

2.3 Explain various classes of carbohydrates.

Q4. Write down main functions of carbohydrates.

0.5, What is the Nutritional Importance of Carbohydrates?
Q.6.  What are proteins? Describe different classes of proteins.

Q.7. Write a short note on the properties of proteins. Discuss the importance of
protein.
Q.8.  What are enzymes? Explain the role of enzymes as a biocatalyst.
Q9. What are the factors that affect enzyme activity? Discuss.
Q.10. What are the commercial uses of enzymes,
Q.11. What are lipids? Describe the classification of lipids.
.12, Explain the structure of lipids.
13. Explain briefly the physical and chemical properties of lipids. :
(J.14. What is the nutritional and biological importance of lipids?
|5. What are nucleic acids? What are the structural components of DNA and
RNA?

Q.16. What are sources and biological significance of minerals? Describe briefly.
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L GRORTE A 5
| ._"*J”-g;i;m- Industrial Chemistry

AT S ————— — T

22.1 Introduction: Introduction to Chemical Process Industry and Raw Materials used.
22.2  Safety Considerations in Process Industries

22.3 Dyes

22.4 Pesticides

22.5 Petrochemicals

22.6  Synthetic Polymers (PVC and Nylon)
22.7 Cosmetics: Lipstick, Nail Varnish and Remover, Hair Dyes

Students will be able to:
* Discuss the importance of the chemical induStries in the economy of Pakistan.

(Analyzing) '

® Describe the raw materials available in“Pakistan for various chemical industries.
(Applying) ' N

® Describe the chemical processes ©f addition and condensation polymerization.
(Understanding) ' s

® Interpret difference between 'pfétrochcmical and chemicals derived from them.
(Understanding) -

® Describe the fractional distillation and refining of Petroleum. (Understanding)
® Listthe various raw materials for Petrochemical industry. (Analyzing)
* Identify the important fractions. (Analyzing) |

®* Describe the basic building block processes i - '
(Understanding) I in Petrochemical technology.

Describe the Petrochemical process technology. (U nderstanding)
e Listsome major petrochemicals, (Applying)

® Discuss types and applications of hair yes. (Applying)

© Describe the formation and uses of PVC and Nylon. (Applying)

Describe prepara_tion and applications of various cosmetics like nail
remover and lipsticks. (Understanding)

® Describe types and applications of synthetic adhesives. (Understanding)

varnish, nail polish
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IntroucCtion
Inaustiriatl cnemisirv is the |.ﬂ|'.'_'._."}l:i || e ‘,||I 1a ¢ ’f'l‘-.'!."i'l';;,'f! f,'IH].I ,E“;i].“f
d chemical processes fowarde (1 |

= st "
DY 1E 82 T, L)

rmafion of raw materials into
pseluband profitable products. These products are used both as consumer goods and
as intermediates for the manufacture of other, more complex products, such as
household appliances, automobiles etc. It plays an important role in our society. It has
increased the standard of living of people. Life at present without the benefits of
industrial chemistry would be problematic and of low quality. Industrial chemistry is
also helpful in bringing prosperity of the nation by increasing the exports, which helps
in bringing wealth and earning valuable foreign exchange for the country.

g | | o & : = s i 1L . T 3 — = © |
¥ [ itrotauect:namn tn the ' Thomateal Tonditctey amnd Paw\BiTatnriale
~«1 INUTOQUCHOND T0 Thne Chemical indusiry and RKawwiaterials
' 3
&
j-... LWLV |

22.1.1 Introduction to Chemical industry

I'he branch of economic activity that is concerned wighithe processing of raw

materiale and mann fFartiiee oy L e s P e LN LIS L T Lo O, S I R T e N et b
materials and manufacture ol goods in factories 1s knowpaS/industry. The industries
hat nradiina. ahemmamalcrararrna st chntnnal et nr :

that produce chemicals are called chemical industriesy They convert raw materials

such as oil, natural gas, air, water, metals, and minerals into thousands (more than

70,000) different products that we use in our day-to-day life. =%
The chemical industry has touched allour aspects of life like agriculture,

environment, food, hygiene, décor, transpertation etc. The chemical industry

provides: . :

i) The chemicals such as preservatives, taste enhancers and flavours play an
important role in our food. These chemicals help the food to be edible and
increase the shelf life (the period of time that a product can be stored and remain
fresh, useful or suitable for consumption).

i) Fertilizers and pesticides to the farmers, which are essential for the crop
production. .

i) Polymers and plastics, which are used in clothing, home décor, PVC piping,
water tanks and many other things. .

Medicines and drugs for saving life of peoples and animals.

Toiletries such as soaps, detergents, shampoos, body wash, face wash,

toothpaste, toothbrush, deodorant and many more products that we use every

day.

The chemical industry is a very important contributor to the wealth of a country.

Th{{ chemical industry has many challenges which must be overcome in order to help

Society to maintain and improve its standard and sustainable way of living.

In the Pakistan the average growth in chemical industry sector is recorded to
about 10.01% during 2014-15 and 2015-16 eras. The major chemical industries of the

1v)
v)

] ; y - e e e
Lt L - 2 e oy T
T — s ; i e
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country include sulphuric acid (the king of chemicals), soda ash, caustic soda, paingg.
varnish, petrochemicals, polymer and plastic products, fertilizers, cement, limestope,

gypsum, soaps and many more.
The table 22.1 shows some important chemical sector products (Source:

Economic Survey of Pakistan, 2015-16) so the reader can imagine the quantity of

their production.
Table 22.1: Production of Selected lems

S P Sulphuric/| Caustic |Chlorine | Plants & E’nliuhfra‘, Creams &|

Year S,.(tdd 5_.] Acid Soda (:as Varnishes Foolwear |
Lronnes) (Tonnes) | (Tonnes) [(Tonnes) | (Tonnes) (mlin. f;r:u_]_l_a_; '

.12014-15 | 325.6 50.5 27 13.4 33142 675.1 _j'
2015-16 | 345.6 63.5 161.9 12.2 40162 l 681.9 l

Mostly these products are used up inside the country and saves up the valuable
foreign exchange, but some amount is also exported and thus foreign exchange is

earned bringing up the prosperity of the country. ‘
22.1.2 Raw Materials used in Chemical Industries

All chemicals are derived from raw materials available in nature. The price of
chemicals depends on the availability of their raw materials. Major chemical
industries have therefore developed around the most plentiful raw materials. The
natural environment is the source of raw materials for the chemical industry.

Raw Materials from the Aftmosphere

The atmosphere is a useful source for raw materials, The six important
industrial gases that are mitrogen, oxygen, argon, neon, krypton and xenon are
separated from liquid air by fractional distillation. Nitrogen is the most abundant gas
and oxygen is the s@gﬁ‘rﬁi most abundant gas found in the atmosphere. The other gases
are found in ml{ghgs‘mallcr proportions. :
Raw Materials from the Hydrosphere

Seawater is also a useful source of raw materials, Several useful substances
such as sodium chloride, magnesium, bromine and sodium hydroxide are obtained
from seawater. Sodium chloride is an important raw material and is obtained by
evaporating it out from sea water. The electrolysis of aqueous solution of sodiu™
chloride (brine) produces three useful products that are hydrogen, chlorine and
sodium hydroxide. The electrolysis of molten sodium chloride prdduces two useful

products that are sodium and chlorine.

25 T

y
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Raw Materials from the Lithosphere

Lithosphere provides minerals. Minerals are natural compounds formed
through geological processes. Minerals are very important to us because many of the
elements such as gold, silver, copper, aluminium and iron are obtained from the
‘earth’s crust in the form of mineral ores. They are used to make automobiles,
airplanes, computer chips, windows and many more valuable things of our interest. In
addition to minerals and ores, the products obtained from lithosphere are coal, natural
gas and crude petroleum. They are important in meeting our energy needs.

Lithosphere is a source of many valuable gemstones such as diamond,
amethyst, etc. Gemstones are used in jewellery and other adornments.

Raw materials from the biosphere

Before industrialization. we got a majority of our materials from the biosphere.
Now it is estimated that we get 70% of all the materials from the lithosphere. The oils,

fats, waxes, resins, sugar, leather, cotton, wool, silk and other natural fibres are
examples of products obtained from biosphere.

22.2 Safety considerations in Process Ifidustries
Chemical industries during the manufacture of materials involve the processing

of reactive chemicals, flammable liquids, vapours, gases and powders. The safety
record of the chemical industry is good but uncontrolled fires, explosions and
chemical reactions can result in hazardous situations. A strategy is required that
ensures that the chemical manufacturing activities are carried out safely. The
objective of the strategy is to establish and maintain safe manufacturing practices in a
manner that is compatible with the plant design, the operating conditions,
demands, commercial requirements and economic factors, .

The following safety considerations will help you to ensure the health and safety
of workers and eliminating chances of damage to machinery and equipment in the
process industries.

1) The proper safety training should be given to all workers
them to go to work.

production

prior to permitting

i)  Government has to make number of legislations in order to ensure industrial
safety. ' '

iii)

The safety committee should be made that can help in creating safet'y
consciousness. . : Hore

Increase the communication in the workplace. This will encourage employees to
communicate about potential problems effectively with one another. This can
make the work place safer by reducing potential hazards.

o

g e R i,
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y)  Take regular breaks while working in industry. Taking regular breaks ftip you

stay fresh and able to stay more alert when \f»—'orkin g. A

vi) Use tools and machines properly and avoid shorlm_lts. Shortcuts may I‘Ldtl to

workplace injury. Furthermore, regularly clean and inspect tool and equipment

to ensure that it is safe. _

Keep clear access to equipment shutoffs in case you need to quickly Slt‘fP them

from functioning. In addition, place equipment in proper Storage areas after use.

It will help keep the work area and emergency exits clear.

viii) Wear the correct safety equipment such as safety googles, hard hats, gloves or
full-face mask for a task. Additionally, check that your safety equipment is safe.
It significantly reduces your chance of getting injured.

ix) Extra care should be made for the receipts, storage, handling and disposal of
chemicals and other hazardous materials.

x) Fire extinguishers and fire buckets should be provided at-all fire hazardous
locations. The extinguishers should be inspected, serviceéd and maintained.

xi) Inspection and maintenance of your equipment should be scheduled regularly so
that your equipment is not only safe to use, but its lifetime is also extended.

xii) Clear passageways and clean spills to prevent employees from tripping or
slipping. Likewise, check your workplaces to make sure there are no holes,
loose boards, or nails projecting from the floor.

xiii) Combustible materials should be stored away from sources of ignition.
Furthermore, store combustible waste in metal containers and discard it daily.

Industries that have increased risk of workplace accidents must be extra attentive

about potential workplace hazards, They have to implement key sﬂafety measures to

keep their workers happy, healthy-and productive.

22.3 Dyes
Dyes are organi@yompounds that are widely used for imparting colour to

114 - ar ) st N, Hes e RN e s PRt Ul e i e -
various substrates secN as pDdper, leather, fur, hi.l:l', f_tl“l.lg};_, “){'}d‘ cosmetics. waxes,

greases, plastics agd)extile materials,

vii)

Dyes are normally water-soluble or water dispersible organic compounds that
are capable of being absorbed into the substrate destroying the crystal
substance. The dye molecules are usually chemically bonded to t
F)ecm_r.le a part of the material on which it is applied. The dyes must have high colour
intensity. The colour intensity of the dye molecule depends on how strongly it absorbs

radiation in the visible region, which extends from 400 to 800 nm. The dye should be

resistant to the action of water. dilute acids and alkali
_ R 5 ! ies (all the deter S
are alkaline in nature). : e b

structure of the
he surface and
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3.1 Chemical Composition of Dye
A 'ye 1s made up of two kinds of parts: Chromophores and Auxochromes.
Chromophores

They are unsaturated groups. An organic compound looks coloured due to
presence of these groups. The important chromophores are: =

i) Nitroso group, —NO

1) Nitro group, —NO,

ii) Az group —N=N—
1v)  Ethylene group /C:C\

v)  Carbonyl group C=0

/

The intensity of colour increases with the number of chromophores or the degree
of conjugation. The compounds that have chrefophore groups are called chromogen.
Auxochromes

The groups that deepen or intensify the colour in the presence of chromophore
are called auxochromes (colour infensifying groups). Example of auxochromes are
hydroxyl group (—OH), carboxyl group (—COOH), sulphonic acid group (—SO;H),
amino group (—NH;), secondary amine group (—NHR) and tertiary amine group
(—NR.). These groups impart no colour in the absence of chromophore. A
chromogen without<an auxochrome can never act as a dye. For example, azobenzene
although red coloured yet is not a dye; on the other hand, p-amino azobenzene is a
yellow dye,

Azobenzme

prmmoazobenzene

TER, o T e PR T
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22.3.2 Classification of Dyes

There are several ways for classification of dyes. They are classified based on
their source, application, structure and nature of their respective chromophores.

Classification Based on Source of Dyes
There are two types of dyes on the basis of source: natural dyes and synthetic
dyes.

Natural Dyes
The d bark

TR 1 e Sl 1 e e { B pere i
IC GYES AETIVEQ ITom Dielogical sources sucn as plants (roots, ocCIrics,
lanavac coar cfemm A £ ~r1rorEe e LS srem T a o Pl §x Fase - g (SRS
leaves, seeds. stem. and flowers). insects (cochineal, lac and tyrian pUIPIC), 0Ol
nminerale Gron oxvide and } R\ ara eallad - sotneal . 1 vl
minerais {(iron oxide and oufl) are called natural dves. Other organic sources iclude

fungi and lichens. The prominent examples of natural dyes are alizarin (red dye) and
indigo (blue dye). Logwood is a natural dye obtained from giants. Tyrian purple is
obtained from animals and Prussian blue is an inorganic dye obtained from naturally
occurring minerals. The natural dyes have the limitations  that they have limited
shades and are not durable.

Synthetic Dves
The man-made dyes that are manufactured ifNhe Keep in Mind

"*'-l"."-' OrY or mdustrv are rallad contbhatcs T :

laboratory or industry are called synthetic dyes, “These Mordant dye, a colourant that
dyes are made from petroleum, someétimes in/cOmbines with dye and fibre.
combination with mineral-derived components. The They are available commonly
first man-made organic aniline dye, Dveing - ik in the form of salts from metals

_ b 1% such as chromium, ti
discovered by William Henry Perkin in’ 1856, Synthetic [aluminium andlilfoln. 'I;’hgonlilsgi

dyes are used everywhere in evergfth?ng from clothes to |ion acts as a bridge between the
paper and from food to wood/This is because they are [dy¢ and fibre. These dyes are
cheaper to produce, brighter, more colour-fast, and easy cconomical and are generally
to apply to fabric. Examples are acid dyes, azo dyes used to produce dark shadcs

basic dyes, mordant dgeletc such as dark blues, dark greens
s CIL, and blacks. They are most

22.4 Pestici dés readily used to dye the natural
protein fibres, particularly
fungus etc, They are :,?1?111;1? nd sometimes the
generally used on fruit, vegetable and horticulture crops -éﬁ;lﬁ (=

~ Although traditional pest - -
history, but with ;. increase in

food stuff increased manv g
¥ imes and a need to contro] t i ;
destroy a large part of vegetative crop the diseases and insects th:it

_ The peglieides are the certain chemicals used to
control pests, insects, weeds

s felt over the period. Hence newer chemica!

methods  were  devel
Oped for the purpose 1“ thi
R A A PR = - + s réspec fFamaor
e ’ i I;_J.....,.Hg,,_:;h:,:}_ = :?..:t - th.ﬁ 21&5
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Dichlorodiphenyltrichloroethane (DDT) was synthesized in 1943, which was found to
pe effectiv: against many insects like mosquitoes. Due to its hazardous nature DDT is
no longer used now a days, and other chemicals of similar nature but with more safety
nature were synthesized of which Aldrin, dieldrin, heptachlor, mirex, chlordane,
biphenanthrine, tetramethionineetc. are important which have targeted action rather

than global insecticidal nature, that is they control only desired species and do not
affect the good helping insects and pests.

Classification of Pesticides

The Pesticides are classified on the basis of their action on specific species that
spread disease or affect the crops. Thus some important types of pesticides are:
Insecticides: The insecticides are the substances that are used to control insects.
Fungicides: The fungicides are the substances that are used to control the fungus.
Herbicides: These are the chemicals that are used to control unwanted herbs in the
crops. ;
Miticides: The miticides are used to kill mites and ticks of the crops. |
Rodenticide: A large quantity of crop is damaged by the rodents like rats, mice, ]
raccoons. Moreover birds and big mammals also affect the crops adversely. These are
controlled by the use of chemicals called rodenticides.
Nematicides: These are the chemicals that control the action of harmful nematodes.
The nematodes are tiny hair like worms that live in earth and feed on plant roots and
the juices from plant roots.
Repellents: These are certain chemicals that repel the harmful pests, insects and
other mammalians. :

22.5 Petrochemicals _

The chemicals derived from petroleum products and used for a variety of
commercial purposes are‘ealled petrochemicals.

Petrochemicals can be converted into thousands of industrial and consumer
Products, including plastics, paints, rubber, pesticides, cosmetics, fertilizers,
detergents, dyes, textiles and solvents.

22.5.1 Raw Materials for Petrochemicals :

.Araw material, also known as afeedstock or most correctly unprocessed
Material, is a basic material that is used to produce goods, finished products,
;fgﬁgy, or intermediate materials which are feedstock for future finished

ucts, : :

Petrochemicals are derived mainly from two feedstocks that are natural &as
and oil refinery streams. ; |

liquj

e
.

ds
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Natural Gas Liquids (NGL) o
Natural gas liquids are obtained from natural gas processing plants. They yre

mainly ethane, propane and butanes. They are cracked at high tempemturt:fs to yield
the primary petrochemicals such as ethylene, propylene, butylenes and butadiene,
Oil Refinery Streams : et

Qil refinery streams are obtained from the fractional distillation of crude oj],
They include naphtha, kerosene oil or gas oil. They are cracked to produce higher
ratios of propylene, butylenes and butadiene plus the aromatic _products benzene,
toluene, xylenes along with other co-products. Primary petrochemicals are reacted to
form secondary petrochemicals, other chemical products, or polymtfn:]zed to form
synthetic resins. These in turn are incorporated into a great variety of industrial and
consumer products.

Feedstocks are the raw hydrocarbons obtained from crude oil refining by distillation, therma
and catalytic processes. Natural gas and refinery products are thesmajor source of feedstocks
for petrochemicals.

Primary raw materials are naturally occurring substances that have not been subjected to
chemical changes after being recovered. Examples. of primary raw materials for
petrochemicals include: olefins (ethylene, propylene and butadiene) aromatics (benzene,
toluene, and xylenes); and methanol. | ’

Secondary raw materials or intermediates are generally produced by chemical conversion of
primary raw materials to form more complicated derivative products. Example of secondary
raw materials for petrochemicals include ethylene glycol, polyvinyl acetate, polyvinyl
chloride, poiyethylene resins, phenol formaldéhyde resins, etc.

|
Final products are obtained from secondary raw materials, Examples are detergents, dyes.

S ———

cosmetics, solvents, polymers, fertilizers, etc. Final products satisfy our basic needs (clothing, |
shelter, food, health, etc.) and also provide luxury consumer items. i

@dstock = Primary petrocl}e;piéals = Secondary petrochemicals = Final products J

22.5.2 Classification of Petrochemical Feedstocks

_Petrochemiqa!‘: feedstocks can be classified into three general groups: olefins.
~ aromatics and synthesis gas. PPt

. wisr <
€ | | Butadiene |'Met_1fanol | M _
o ¥ v i

! Xylene L Toluene | Benzene i

e F fg_yre 22] 2 !ass_y‘fcq{ion of Petrochemical Feed Stocks
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Olefins

The major components of olefins are ethylene, propylene and butadiene.
Ethylene is used in the manufacture of antifreeze. detergents, plastics and synthetic
rubber. Propylene is used in the manufacture of resins, fibres and numerous other

chemical products. Butadiene is widely used in the production of synthetic rubbers
and polymer resins.

Aromatics

The major components .of aromatic hydrocarbons are benzene, toluene and
xylene. These aromatic petrochemicals are used in manufacturing -of" secondary
_products like synthetic detergents, polyurethanes, plastic and synthetic fibres.

Synthesis Gas (Synthetic Gas)

Synthesis gas comprises of mixture of carbon monoxide and hydrogen. This

mixture is used in the manufacture of ammonia and methyl alcohol. The ammonia is
further used in the production of urea fertilizer.

22.6 Synthetic Polymers

Polymers or so-called macromolecules are high molecular mass compounds
which are formed either by the addition of many smaller molecules (monomers), as
polyvinylchloride (PVC), or by the condensation of many smaller molecules
(monomers) with the removal of water or alcohol, as nylon. The process by which
monomers are converted into polymers is called polymerization. Polymers may be
divided into two types that are natural polymers and synthetic polymers.

Natural 'pulymers also _known as biopolymers are derived from natural »
Sources. Examples of natural polymers are silk, rubber
proteins, DNA, etc.

Synthetic polymers are man-made pol
Ieaction, often in .a lab. Examples of s
Synthetic rubber, nylon, etc.

22.6.1 Formation and Uses of PVC

Polyvinyl chloride commonly abbreviated as PVC is formed by the addition of

vinyl chloride monomer units at 52°C and 9 atmosphere pressure in the presence of
benzoyl peroxide catalyst.

Cl Cl

o< oyl peroxide [ i
A GH 52°Cand 9 atm | i CHiT ‘

Vinyl chloride

R

, cellulose, wool, starch.

ymers and are prepared by a chemical
ynthetic polymers are polyethylene, PVC,

o 5 b

Polyvinyl chloride |

B v
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PVC is the most widely used plastic after polyethylene. It is used in the
overings (tiles), bottles, electrical wiring and cables,

manufacture of pipes, floor ¢ : |
packaging, credit

window frames, blood storage bags, stationary, seat COVEIINES, |
cards, synthetic leather, rain coats, shower curtains and many other useful materials.

22.6.2 Formation and Uses of Nylon |
Nylons are high molecular mass polyamides. They are of various types such as

aylon 4,6; nylon 6; nylon 6,6; nylon 6.12: nylon 12; etc. They are the most popular
synthetic polymers. Nylon 6,6 (read as nylon six, six) is the well-known example of
nylon. It is prepared by the condensation reaction of adipic acid and hexamethylene

diamine at about 252°C.

(|)| 0
pHO—C——(CH,);—C—OH + nH;N——(CH,)s—NH;
Adipic acid 1 Hexamethylene diamine

0 0

[ | |
—C——(CH,);—C—NH(CH,);—NH ] +(2n-1)H,0

: n
Nylon'6, 6

~ Nylon 6,6 got its name from its.monomers, adipic acid and hexamethylene
diamine, each of them providing six carbon atoms.
Nylon has incredible properties. They have high strength, medium stiffness and
resistance to high temperature (+85°C), fuel and lubricants and most of the chemicals.
It is also used in collaboration of other materials (e.g. with cotton) for more strength
and durability of the product and is believed to be as strong as the steel metal.
Nylons are used:

i) In the manufacture of carpets, textile fibres and bristles of brushes

ii) In dress socks, swimwear, activewear, shorts, track pants, windbreakers and
bedspreads.

i:1) For making elastic hosiery .

iv) As a substitute for metals in bearings and gears

v)  For food packaging |

vi) For making rope.

vii) In tyre cord.

22.7 Cosmetics

We define cosmetics as: the substances used to enhance your natural beauty
and to promote good health. The cosmetics may also be defined as: any substance 0

= AR A TR SR G bl 4 2 e e
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he rubbed, poured, sprinkled, or sprayed on or introduced into or applied to any part
of the human body, for cleaning, beautifying, promoting- attractiveness or altering the
appearance. Cosmetics are useful for making the skin feel soft, healthy and flawless.
Colour cosmetics products are designed to add colour to the skin and thereby enhance
the appearance of good health and youth. The colours (pigments) make prominent the
cheeks, lips and eyes. These are the colours that make cheeks rosy, lips ruby and eyes
smoky. Colour cosmetics applied to the face to enhance its appearance are often
called make-up or makeup (For example, lipsticks, eye liners, nail varnish, powder,
etc.). Recent research has shown that makeup helps in protection from harmful rays of
the sun. The first known people who used cosmetics to enhance their beauty were the
Egyptians. Currently cosmetics play an important role for both' men and
women. Cosmetics are available in the form of creams, lipsticks, shampoos, hair dyes,

body wash, eye liners, eye shadows, perfumes, sunscreens, talcum powder,
toothpastes, nail varnish and remover, etc.

22.7.1 Lipsticks

Lipstick is one of the inexpensive cosmetic products and is most widely used
by women to give an attractive colour and appearance to lips. They are manufactured
as moulded sticks. They are made from waxes, oils, pigments and emollients. Gther
important additives are antioxidants, preservatives and fragrances. The waxes used
include beeswax, carnauba, candelilla wax,-and ozokerite. Qils used include castor oil,
coconut oil, mineral oil, vegetable oil or petrolatum (petroleum jelly). Some of the
important emollients that are used in lipsticks are cocoa butter, shea butter, vitamin E,
and aloe vera.

The wax gives lipstick its shape and ease of application. Oils are added to
reflect light and provide shine. Oils give lipstick the ability to be easily applied,
keeping the wax soft enough for it to be spread easily. Pigments are the colours. They
gve colour to the lipsti_cks and improve the appearance of the lips. Emollients are
used 10 soften and smooth the surface of lips.

Other important additives are antioxidants and preservatives. Antioxidants are
“sed 1o prevent the lipsticks from becoming rancid. Preservatives are used to exte:.d
ﬁTt"-‘-.sl'n:lf life of lipsticks. Many manufacturers add little fragrance (perfume) to give it
2 nice smell when it is being applied.

2272 Nail Varnish

| Nail varnish is applied to the fingernails or toenails to colour them or make
“em shiny. It is used mainly by women, Nail varnish protect and beautify the nail
Plates. The correct name of nail varnish is nail lacquer. However,”the terms nail
*amish, nail polish, nail enamel, nail paint and nail lacquer are used interchangeably.

e S T e S R drs AT £ |-'I:.'_"1:=; ey

Scanned with CamScanner



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

These products are sold in liquid form in small bottles and are applied b5f painting the
nail with a tiny brush. Nail varnish is a flexible lacquer that does not easily crack ang
flake with nail movement, People want brands of nail varnish that are easy to apply.
dry quickly. glossy looking and last a long time without chipping.

There is no single formula for nail varnish. Nail varnish is made up of Mmany
different chemicals. The four major ingredients in most nail varnish brands are resing,
plasticizers, organic solvents and colouring agents. _

Resins, types of polymers, are the thickening and hardening agents that serve
as colourless nail protector. There are two types of resins that are used in nail varnish,
which are hard glossy resins (e.g. nitrocellulose) and soft pliable resins (tosylamide /
formaldehyde resin).

Plasticizers (e.g. camphor, dibutyl phthalate, adipates) make the polish more
flexible after drying and increase its durability.

Solvents are used to dissolve the ingredients and make the polish spreadable.
Thé most common organic ‘solvents are ethyl acetate and<butyl acetate. It must dry
quickly to increase the ease of the nail polish application.

Colouring agents (pigments) are used to create the colour of each polish. A
combination of naturally occurring and synthetic’ pigments are mixed together to
create varying shades. .

Sometimes, nail polish also contains particles such as mica, bismuth, peal
essence (guanine) and aluminium powder as sparkling and reflective particles. These
particles are used to give shimmery look to the polish. '

22.7.3 Nail Varnish Remoyer

Nail varnish (or nail polish) remover is a powerful solvent that can quickly
remove polish from the nails; cuticles, and surrounding skin. Nail polish remover
works by moisturizing the dried nail polish and returns it to its liquid state. Nail polish
remover mainly consists of volatile organic solvents such as ethyl acetate (a commo?
solvent for nail varmish itself) or acetone. They may contain oils, scents and colouring
Acetone is one of the main components in nail polish remover. It is found naturally i?
the environment and is produced in the factories. It is a colourless, flammable liquid
thqt evaporates easily. The nail polish removers that contain acetone work ver!
qu1c.l-_dy and effectively. But acetone can be harmful to our nails and skins. Aceton
can irritate nose, eyes, throat, lungs and skin. It can cause our nails to become dry 2%
brittle. Acetone can also remove artificial nails made of acrylic or cured gel. It i8
therefore, necessary to find the mild non-acetone nail polish remover to make sure th
strongest, healthiest nails possible. The industry has formulzited many acetorf
alternatives for polish removers that contain a variety of diffc.ant solvents. EthY
acetate and butyl acetate are the two most commonly used solvents for nail polis
remover currently. Both solvents are colourless, volatile liquids. These solvents &'
less harsh and toxic than acetone. ' -
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17.7.4 Hair Dyes

f Hair dyes (also hair colours) are chemicals that are used to change the hair
colour. The preferred professional term for hair dye is hair colour.
The first safe commercial hair colour was created in 1909 by French chemist

Eugene Schuller, using the chemical paraphenylenediamine. This compound
present in all colouring products along with ammonia and peroxide in varyin
proportions. Most hair dyes, in general, contain dyes, modifiers, antioxidents,

. alkalizers, soaps, ammonia, wetting agents, fragrance, and a variety of other
chemicals used in small amounts that impart special qualities to hair (such as
softening the texture) or give a desired action to the dye (such as making it.more or
less permanent). The dye chemicals are usually amino compounds. Metalte¥xides. such
as titanium dioxide and iron oxide, are often used as pigments as well.

Types of Hair Dyes

Hair dyes are classified by the types of colour molecules‘used and the len gth of
time that they last. There are three main types of hair dyes and they are temporary hair
dyes, semi-permanent hair dyes and permanent hair dyes.
Temporary Hair Dyes

These dyes only coat the surface of the hair. They cannot penetrate into the
hair shaft. They are easily removed with one or two washings. Temporary hair dyes
do not contain ammonia, meaning the hair shaft is not opened up during processing
and the natural colour of hairs is retained once the product washes out.

g

Semi-permanent Hair Dyes

Semi-permanent hair dyes have smaller molecules than those of temporary hair
dyes and so can penetrate the surface of the hair into the cuticle layer. These dyes are
generally not formulated with'ammonia, so they should not require any development.

These dyes will last for five to ten washings and so last longer than temporary dyes.
Permanent Hair Dyes ‘ .

The most common hair colour is permanent hair colouring. These involve a
changf« in hair_colour that is “permanent” or at least until new hair grows. They
Ocnta‘l_n ammonia and hydrogen peroxide. Ammonia opens the cuticle and hydrogen
Peroxide used as developer. The dyes used are actually dye precursors. Their
m?lecules are monomers and are smaller than that of semi-permanent and permanent
Egjyes. They are able to penetrate into the hair al-l the way to the cortex. The shades

manent hair dyes are often more natural-looking. However, permanent hair dyes

Zsaﬂ be more damaging to your hair. The chemicals used are stronger and the mixture
Ually hES to be left on for a longer period of time.
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\ caccd with a develope
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ur dyes at Y | with the addition of ‘

Permanent hi .
most often [y

hottle. The developer 1% _
small amounts of othel chemicals.

Side Effects of Hair Dyes

The chemicals used 1in hi

wed on hydrogen peroxide,

at safe levels, However, some of the

ir dyes remain
parabens are suspected tg

ingredients found in hair dye such as resorcinol and

be endocrine-disrupting chemicals.

22.7.5 Adhesives _ :
An adhesive, also known as glue, i8 a substance that is applied to one surface,
or both surfaces, of two separate objects that binds them tr:gcth(:it and resists their
separation. You use an adhesive 1o pack gifts, re-join broken mat:f:rlals, connect parts
of toys, mend shoes, or paste a photograph into an album. Adhesives hz'we been used
successfully in a variety of applications for centuries. Currently,.adhesives are more
important than ever in our daily lives, and their usefulness is inereasing rapidly.

Types of Adhesives
There are two types of adhesives on the basis of origin: natural adhesives and
synthetic adhesives,
Natural Adhesives ~

Natural adhesives are those adhesiveés-that are produced or extracted from
natural resources such as plants or animals.-Examples of natural adhesives are starch,
dextrin, casein glues, blood albumin glue, natural gums, bees wax and resin (tree sap).
They are inexpensive, easy to apply and have a long shelf life. They develop tack
quickly but have low strength properties. Natural adhesives have been used since
carliest times. Ancient Egyptians used flour paste in the making of papyrus (paper
reed) and glue made from animal skin and bones for woodworking, Natural adhesives
d:;ij still popltlllar and useful but have been replaced for most applications by synthetic
adhesives, Natural adhesives are sti i
labels, bgok g:ifir;g:dl:f:tgﬁz ;ll:fm"ttti:‘ia uasf((l:i 1:111 SRt bOard: envelopes, bottk

: 8, , minated film and foils.

Synthetic Adhesives

g, Q{S:chgu; adﬂesiyeﬁ are those that are not fpund in nature and are designed and
S oy hy(3 cbsz?:st‘:f12htehltl:1il‘alforatory or factory. Synthetic adhesives can be
elastomeric or alloys .(h.ybrid) of 'th;;le, composition as thermosetting, thermoplast
Thermosetting adhesives I

resi%tarl];e}"]‘lﬁ:ecs: ﬁe?ti?uly Lnﬂlsib]e and insoluble. They show good heat and solvet!
s : atenals have good creep (flow-unc : ,
. mth’ eld'&“c d‘:'f“)rmation under load at clevzﬂe(d temszliizj;)ad) g

)
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Thermosetting adhesives e recommended for use at temperatures from
03=260"C, They are used tor high load assemblies and severe service conditions such
as heat, cold, radhation ete. Examples are epoxies, polyesters, polyamides and
phenolies, Most materials can be bonded with thermosetting  adhesives, but the
emphasis 18 on structural applications, These adhesives are usually available as
solvent-free hquids, pastes and solids, They are available as one-part and two-part
systems, The two part systems have longer shelf lives.
hermoplastic Adhesives

They are fusible and soluble, They can soften or melt when heated without
undergoing any chemical change, These material have poor creep resistance and fair
peel strength (measure of the bond strength of a material), They hardens-upon cooling
from a melt state, or by evaporation of a solvent. Wood glues age. thermoplastic
emulsions that are common house hold items, They harden by evaporation of water
from an emulsion,

Thermoplastic adhesives are not usually recommended for use at above 66°C,
although they can be used up to 90°C in some applications:They are normally used
for low load assemblies under mild service conditions, The materials most commonly
bonded are non-metallic materials, especially wood,
lf‘:ilhm'. plastics uml‘ paper. 'l‘l\}‘)’ are not Llﬂll:al]y- LE.HCI;I
for structural applications. Examples are polyvinyl
aleohol, polyvinyl acetates (PVA), cellulose acctate, |Peel strength is the measure of
polyamides, cyanoacrylates and polyacrylates, They are |the bond strength (adhesive

strength) of two bonded
materials such as tape, rubber,

available as one-part system,
plastic, textile, wood, paper,

Elastomeric Adhesives

also u

Elastomeric adhesives afe based on synthetic or
naturally — oceurring  polymers.  They have  great
toughness and elongation.-These adhesives are made
from polymeric resins-that are capable of high degrees
of extension and gompression, They return rapidly to
their initial dimensions and shape after the load is
removed, They ate generally used for their high degree
of flexibility and good peel strength, Their bond
strengths are relatively low, but flexibility is excellent,
These adhesives are used in unstressed joints on
lightweight materials, so they cannot be considered
structural  adhesives, Most of these adhesives are
modified with synthetic resins for bonding rubber,
fabric, foil, paper, leather and plastic films, They are
sed as tapes, Elastomeric adhesives may be

LSRN 5

|with different angles. Pee!

foil, plastic films and leather.
The strength of bond is
caleulated through a peel test.
Peel test is used to measure the

unit width to separate bonded
materials at a constant speed. |
Peel tests can be performed

tests at 90° and 180° are
commonly used. Special
cquipment such as force
measurement instruments and
materials testing machines are
used to perform these tests.
The peel tests can be done on

o =y

pockets, trays, cans, jars, and
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i ' SHFOrsensitive tapeg
supplied as stluticm.?(l:l{'\zl;rg%F&JI“REDQCT@RSI(‘-WSEFEF W?ehf}ig)' namralve ll:)dpcs
and single or multiple part solvent-free llqmq.‘s or pastes. Examples rubber,
nitrile rubber, neoprenc, polysulphide and silicones.

Hybrid Adhesives

Adhesive hybrids are made b
elastomeric resins into a single adhesive
its high strength is plasticised by the second
elastomer, thus making the alloy tougher, more
These adhesives are generally stronger over wider ran
adhesives. They are suitable as structural adhesives and are used where the highest

and strictest end-use conditions must be met (irrespective of cost), such as in military
applications. Materials bonded include metals, ceramics, glass and thermosetting
plastics. They also have a tendency to bond well to oily substrates: It is believed that
the oil on the substrate is adsorbed into the formulation and acts as another flexibilizer
in the adhesive system. Examples are epoxy-phenolics, epoxy-nylon, epoxy-
polysulphide and nitrile-phenolic.

y combining thermosetting, thermoplastic, or
formulation. The thermoset resin chosen for
resin which is usually a thermoplastic or
flexible and more resistant to impact.
ges of temperature than other

 Industries form the backbone of economy of a country and is directly related with
the prosperity of a nation. |
e An important point in establis.hing‘an industry is that the cost of the product must
be low so the consumers find it easy to use it. | '
e To keep the cost low, the raw_materials used in industries should be cheap and
available easily. :
o fI'he chemical industry provides the material and chemical for most of the other
industries.
¢ Many of the chemicals and materials (like cement. fertil;
/ e1 . » lertilizers, drugs, polymers
eAtc.)hzre needed in bulk and are provided by the chemical industry sec%or e
> chemical dye is a substance that is used to col i : I
. _ our the al
g.rhodu;:]ts which makes it attractive, so the buyers like them i EraL o
o ¢ chemical dye molecule consists of two :

: ] parts, one of the part i bstance
which produces the colour and is called the “Chromogen” andpthe lssec?orsllcll ]:aﬂ of
'rlnholecule‘ Vf’hlch regulates the solubility of the dye called “A’.uxo(-:hrome”

o : e pesticides are the chemicals which are used to control pests insect.s weeds,
ungus and' even the rodents to increase the yield of agriculture prc;ducts ,
. Petrochcm;cals are chemical derived from petroleum products Ex.am les of
pctrocfhemlcala are rubbers, plastics, fibres, detergents, solyents and pamts :

e
=t o . Sl bt
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« The prosperity of a nation is also determined by the use of its petroleum products.
o Fibres from the natural sources only cannot meet the needs of humans and
artificial fibres are prepared to meet their needs,

« Polymers are the compounds which are formed by the large number of smaller
repeating units called monomers.

VR S ———

S —— B e ai

Multiple Choice Questions

Q. Select one answer from the given choices for each question:
i) Which one of the following statements is true regarding chemical industries?
(a) Chemical industries provide medicines and drugs for saving life of peoples
(b) Chemical industries are located near automobile industries
(¢) Chemical industries provide fish and plants to the farmers
(d) Chemical industries provide infra structure for industries
i)  Which of the following statements is/are correct?
(a) Herbicides are used for killing unwanted plants
(b) Nylon was first introduced as an early substitute for silk
(¢) Excessive use of fertilizers is good for the fertility of soil
(d) Cotton is an artificial fibre of almost pure cellulose
ii) Adhesive that become soft on heating are:

(a) Thermosetting (b) Thermoplastic
(¢) Elastomeric (d) Hybrid
1v)  Natural adhesives are also known as:
(a) Bioadhesives (b)-Synthetic adhesives
(c) Spray adhesives (d) Fabric adhesives
V) Which one of the following is a synthetic fibre?
(a) Wool (b) Cotton
(c) Silk (d) Polyester
Vi)  What is the fuel that is mostly used to run the buses, trucks and trains?
(a) Petrol (b) Diesel
(c) Kerosene (d) Bitumen
Vi) Ethylene is used in the manufacture of:
(a) Fertilizers (b) Plastics
(c) Silks d) PVC
Vi) Nail polish remover contains: '
(a) Benzene (b) Acetone

T (c)HAceucaud _(d) Benzoic acid:si foaine S e

=
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Henna usually gives you a shade of:

i\} e YOO

(a) Golden yellow (b) Bluish green

(¢) Reddish brown (d) Light pnTk siiin.
<1 The term petrochemical refers to the chemicals derived 11

(a) Gasoline oil only
(b) Natural gas only

(¢) Crude petroleum only _
(d) Natural gas liquids and oil refinery stre

ams

Q.1. What do you know about chemical industry?
2. Where do colour dyes come from?

Q.3. How do pesticides affect human health?

Q.4. What are the most commonly used pesticides?

Q.5. What are the four major ingredients in nail varnish?
Q.6.  What are primary and secondary raw materials?
Q.7. Write down the name of three main fossil fuels?
Q.8. Give some of the important examples of synthetic and natural polymers.
Q.9. Name the four most commonly used cosmetic products.

Q.10. What type of nail polish remover works quickly and effectively”

Q.11. Define resins. What are the different types of resins used in nail varnish?
Q.12. Why is wax used in lipstick? :

Q.13. Is there any other name for nail polish?

Q.14. What chemicals make up nail polish?

Q.15. Give names of less harsh and toxic nail polish removers. ?

Q.16. Name the four different types of synthetic adhesives.
Q.17. What is the difference between glue and adhesive?

ERR A o = T

v'ii?m_;g Answer Questions ;
Q.1. What 1s industrial chemistry? Discuss the importance of industrial chemistry
Q.2. What is the role of chemical industries in the economy of a country?
» Q.3. DISCU:‘;S various raw materials that are used in chemical industries.
Q.4. Explain l?ow the lithosphere is an important source of natural raw materials for
the chemical industry? .
Q.5.  How chemical process safety can be managed in industries?
Q.6. Wha{t are dyes? What is the chemical composition "of dyes? How are the
, Classified on the basis of origin? -

S A R T
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Q..

Q.10.
Q.11.
Q.12.
Q.13.

Q.14.
Q.15.

Q.16.
Q.17.

MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)
What are pesticides? Describe its types.
What is meant by petrochemicals? Describe different types of petrochemicals
in detail.
What are polymers? What are natural and synthetic polymers?
Write down the formation and us=s of PVC and Nylon?
What are cosmetics? Explain the role and uses of cosmetics.
Describe preparation and applications of lipsticks.
Describe preparation and applications of nail varnish and nail varnish
remover.

What are hair dyes? What ingredients are most commonly used in hair
dyes?

Discuss types and applications of hair dyes.

What are adhesives? Explain different types of adhesives.

Explain types and applications of synthetic adhesives:

@
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Environmental Chemistry

23.1 Chemistry of the Troposphere
23.2 Chemistry of the Stratosphere
23.3 Water Pollution and Water Treatment

Students will be able to:
Recognize various chemical reactions occurring in the atmosphere. (Understanding)

Recognize that the release of COx, SOx, NOx, VOCs are associated with the
combustion of hydrocarbon based fuels. (Applying)

e Outline problems associated with release of pollutants including acid rain and the
formation by free radical reactions of hazardous inorganic and organic compounds

e.g., PAN. (Analyzing)
Describe causes and impacts of urban smog. (Analyzing)

L]

e Explain greenhouse effect and global warming as resulting in climate change. (Analyzing)

e Explain the build upto and recognize the adverse effects of ozone in the troposphere.
(Applying) |

e Describe the role of CFCs in destroying ozone in the stratosphere. (Applying)

e Describe the role of ozone in the stratosphere in reducing the intensity of harmful UV
radiation reaching the earth. (Understanding)

e Listpossible alternativesto the use of CFCs. (Applying)

e Recognize and describe various water pollutants. (Applying)

e Explain the various parameters of water analysis. (Applying)

e List some major products of the petrochemicals industry, together with their uses.

(Applying)
Introduction
Environmental chemistry is the study of various chemical phenomena that
occur in the natural places such as air, water and soil. Environmental chemistry can be
defined as: the study of sources, reactions, effects, transport and fate of chemical
substances in the air, water and soil as well as their effects on human health and

natural environment. Environmental chemist related with chemistry, p
s T L T T i gt g R e o S W ) T g d 332 i S £ 'r‘_- '_' e
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agriculture, life sciences, medical sciences, public health, sanitary engineering etc.
Enviro “ment and its Segments

Environment is everything that is around us. It belongs to all the living beings
and thus is, important for all. The environment consists of four segments: lithosphere
(from the Greek “lithos™ for stone), hydrosphere (from the Greek “hydor” for water),

biosphere (from the Greek “bios” for life, course or way of living) and atmosphere
(from the Greek “atmos™ for vapour and “sphaira” for globe).

r 4 &t
Fhermosphére
lonosphere

.+ Mesosphere -

.. Stratosphere = Omne‘I" '-

"

Ul e i

Flgir .‘, I e Layer (3 .'.-'rir:--‘;-..-';E'i-’:".-'
Lithosphere

The upper rigid #nd rocky layer of earth’s crust is called lithosphere. It
includes soil, earth, rocks and mountains. The soil is the most important part of
lithosphere. The soil ‘mainly consists of complex mixture of minerals, organic matter

and water. Soil isused as a medium for agricultural production of crops. It extends to
the depth of 100 km.

“}'dmsp“h"ere |
The water containing part of our carth is called hydrosphere. It includes
oceans, rivers, lakes, streams, polar icecaps, glaciers and groundwater reservoirs. The
earth is called blue planet because about 75% of the earth’s surface is covere diby
Water that appears blue from space. Oceans are large bodies of salt water and e
flbout _97.% of all water on earth. Salt water is unusable by most land animals,
including humans. About 2% of the earth’s water is stored in i sl ol ™
: __ owe, Only about 1% of the total earth’s water is available as a fresh water.
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It includes surface water, rivers, lakes, streams and ground water. Thc. fresh water ig
used for irrigation (30%), thermal power plants (50%), industry (12%) and for

domestic purposes (8%).

Biosphere = . 2
It consists of the region of earth where all living species exist above as well as

below sea level (about 10000 m below sea level to 6000 m above s:eailevel). _Thus, the
biosphere denotes the entire realm of living organisms and their interactions with
other three segments of the environment, Viz., lithosphere, hydrosphere and

atmosphere.

Atmosphere

Atmosphere is the protective layer of gases surrounding the earth. It helps in
sustaining life on the earth and protecting the earth from the dangerous cosmic rays
from outer space. It screens the dangerous ultraviolet radiations coming from the sun.
It plays an important role in maintaining the heat balance of the<earth by absorbing the.
infrared radiation emitted by the sun and re-emitted from the earth. The major
components of the atmosphere are nitrogen (78.08%) and oxygen (20.94%), whereas
the minor components are argon (0.93%), carbon dioxide (0.03%) and some trace
gases. The component gases of atmosphere are essential for life on earth. For
example, nitrogen is used by nitrogen fixing bacteria and ammonia manufacturing
plants (for the preparation of fertilizer), oxygen supports life on earth and carbon
dioxide is essential for photosynthesis of plants. Furthermore, it is a carrier of water
from oceans to land. Its thickness is about 500 km above the surface of the earth.

The atmosphere can be divided into four major regions: troposphere,
stratosphere, mesosphere and thermosphere. -

Table 23.1: Regions of Atmosphere

Region Altitude range (km) Temperature range (°C)
Troposphere Oto 11 ' 15 to =56
Stratosphere 11 to 50 —56 to -2
Mesosphere 50 to 85 -2 to -92 g
Thermosphere 85 to 500 e

23.1 Chemistry of the Troposphere . |

Troposphere is the nearest to the earth’s surface extending up to 11 km. It
accounts for about 70% of the atmospheric mass. In this region of atmosphere, the-
wmans live and most of the biological activities occur. In this region all the dramatic
vents of weather (breezes, winds, storms, clouds, lightning; rain, and sunny skies)
iccur. The jet aircrafts flying at an altitude of about 10 km is still in the troposphere,

P S T R o e R I G e R 0 i T A e e . . - - =
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although near upper limits of troposphere. The temperature in this region decreases
uniform'v. with increasing altitude, reaching a minimum of about —56°C at about
(1 km. The important chemical species in this region are nitrogen, oxygen, carbon
dioxide and water vapours. Due to the force of gravity, molecules making up the
atmosphere are most concentrated near earth’s surface. Atmospheric pressure
decreases with increasing altitude. The average value of pressure at sea level is
760 torr and at 100 km altitude is 0.0023 torr. The troposphere is the most easily

disturbed by human activities and has the 48
greatest effect on the earth’s surface conditions. &

Keep in Mind

Among those effects, air pollution, acid rain, anlermm!' pollutants are directly

global warming are particularly important.

23.1.1 Chemical Reactions in the
Atmosphere

The atmosphere contains various gases. The
numerous chemical and photochemical reactions
occur in the atmosphere. The chemical reactions
- initiated by sunlight are called photochemical
reactions. These reactions depend upon
composition, temperature, pressure, humidity and
intensity of sunlight. Evidently different processes
will be observed under variable atmospheric
conditions. Diatomic oxygen (0O,) plays an
important role in the troposphere and. 0zone (O;)
plays an important role in the stratosphere.

emitted from a source. Examples are
total suspended particulates (tiny
particles of smokesdiist, fumes, etc.)
and oxides of carbon, nitrogen and
sulphur. They' are emitted from
chimneys<of industrial units and
exhaust ofautomobiles. Secondary
pollutdnts are created in the
attaosphere as a result of chemical
teactions such as oxidation,
photochemical reactions, and
oxidation that involve primary
pollutants. Examples are: hydrogen
peroxide, ozone, peroxyacetyl
nitrate (PAN), sulphunt and nitric

@Eds and their salts.

/‘
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The important chemical reactions that occur in the atmosphere are:

23.1.1.1 Reaction of Oxygen

About 21% by volume of the gas in ‘the atmosphere is oxygen. Oxygen plays 4
key role in the atmosphere (troposphere) because it is very reactive and acts ag ,
strong oxidizing agent. The presence of large amount of oxygen makes the
atmosphere thermodynamically oxidizing. In the atmosphere, oxygen is produced by
photosynthesis and this oxygen is consumed by animals through respiration. The
important chemical reactions of oxygen in the atmosphere are:

Rusting of iron
Iron and steel rust when they come into contact with oxygen and water
vapours. b : '
Iron + Oxygen + Water —— Hydrated iron (III) oxide (rust)

Formation of ozone

Diatomic oxygen absorbs an ultraviolet photon and produces two free radicals
such as oxygen atoms. 5

Oz(g) = >% + O;g)

. These free radicals react with another molecule of diatomic oxygen to produce
tiatomic oxygen (0zone).

Ofg) + Oy + M(N, 0r 0,) — 05, + M

.Where, M is the third body that absorbs excess energy liberated by the ozone
formation, and thereby stabilize the ozone in the stratosphere. The third body may be
OXygen or nitrogen. ‘

23.1.1.2 Reaction of Nitrogen Oxides = | = e

, Tf.le important oxides of nitrogen present in the atmosphere are nitrous oxide
FNZO), nitric oxide (NO), and nitrogen dioxide (NO,). They undergo many reactions
in the atmosphere both in the presence and absence of sunlight. Nitrous oxide i
produced through the microbial activities while nitric oxide and nitrogen dioxide ar¢
produced from the combustion of coal, oil, natural gas and other human activities. The
NO and NO,, collectively designated as NO,. Due to photochemical reactions, NO
and NO, are converted to HNO;. This nitric acid is removed from air as acid rain:s. On
the other hand, the HNO; reacts with bases such as ammonia and particulate lime 0
gsr(;d:;g:tpam::ulate nitrates. The particulate nitrates comes down either by rain fall 0f
23.1.1'1.‘123 Rdeaction of Sulphur Oxides

e oxides of sulphur present in the atmosphere - dioxide ( d
sulphur trioxide (SOs). These are colourless gasel: and E:ﬁﬁ;ﬂfiﬁfﬁg%ﬁf

R
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the oxides of sulphur are originated from biological processes and from volcanoes

(67%). The oxides of sulphur are also produced by burning of fuels like coal and
petroleum.

8+ Uy ———* S0,

The SO, is then oxidized to SO in the atmosphere.

280; + Op —— 280,

The sulphur trioxide, in the presence of water vapours, is converted to
sulphuric acid (H,SO,).

503 + H0 H,S0,

The rate of photochemical oxidation of sulphur dioxide leading to the

formation of H,SO4 aerosol is greatly accelerated in the presence of olefins and oxides
of nitrogen which are present in photochemical smog.

23.1.1.4 Reaction of Organic Compounds _

Generally, organic compounds such as hydrocarbons, aldehydes and ketones
undergo redox and photochemical reactions. The reactions of organic compounds -
through a series of steps produce secondary pollutants in the atmosphere. The organic
compounds in the lower atmosphere produce photochemical smog.

23.1.2 Air Pollutants (COy, NO,, VOCs, SO,, O3, PANs) and their
- Harmful Effects
Pollutants can be defined as.-any substance in air that has harmful effect on
living organism or their environment. Some of the important air pollutants are:
(i) oxides of carbon (ii) oxides of nitrogen (iii) volatile organic compounds (VOCs)
(iv) oxides of sulphur (v) ozone.

23.1.2.1 Ogxides of Carbon (CO,)

The oxides of carbon present in the atmosphere are carbon monoxide (CO) and
carbon dioxide (CO,).

Carbon Monoxide

Carbon monoxide is a colourless, odourless and tasteless gas. It is lighter than
air and is insoluble in water. It is produced by:
(i)  Incomplete combustion of fuel, namely coal, gas, charcoal, oil etc.

2C + 0y —————= ¢

(i) Itis also produced by forest fires and incineration of biomass (burning of forest
debris, bushes, crop residue, weeds, and vegetation).
(iif) Industrial operations such as petroleum refining, paper industry, coal mining,
lectric and blast furnaces.

T e— T T T e S T e I
1
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‘ects of CO :
Harmful Effects o e suffocation if inhaled. ExpOSUTe of hlgh

It is extremely toxic and cat | : 2
concentration of CO causes headache, fatigue, unconsciousness an eventually death

mav occur if such exposure is experienced for a longer time.

Carbon Dioxide | 2 4
It is a colourless eas. It is odourless at low concentrations and has a sharp and

acidic odour at high concentrations. It is soluble in water. _It is adc'led to the
atmosphere through human activities such as the burning of fossil fuels, bloma'ss z.md
the production of cement. It is added to the atmosphere naturally through res%:nrat]on
system of plants and animal cells, forest fires and eruption of volcanoes. The high rate
of CO, emissions is because of the deforestation, increase of automobiles and high

population growth, etc.
Harmful Effects of CO,

It is usually considered nontoxic and harmless. But more than 65% of the
anthropogenic greenhouse effect is attributed to CO, gas.

23.1.2.2 Ogxides of Nitrogen (NO,)
There are eight possible oxides of nitrogen. Out of these only three oxides

namely, N>O, NO and NO, are the important components of atmosphere. N,O is high
in concentration in atmosphere but it is not generally considered a pollutant. NO and
NO, are more significant pollutants and they are usually represented together as NO,.
NO is a colourless, odourless gas, but- NO, has a reddish-brown colour and pungent
suffocation odour. The major man-made sources of oxides of nitrogen are combustion
of coal, oil, natural gas, gasoline and other organic matter. The oxides of nitrogen can
also be discharged by natural bacterial activity. The average residence time of NO is
about 4 days and that of NGy is 3 days in the atmosphere.

Harmful Effects of NO,

Nitric oxide (NO) and nitrogen dioxide (NO,) both gases are toxic but NO is
less toxic than NQ,, NO, gases cause irritation in the airways and lungs. Long term
exposure may. cause asthma. These gases also contribute to the formation of fine
pz.l‘rtxcles and ground level ozone, both of which are associated with adverse health
e?tects. Nitrogen dioxide, ozone and hydrocarbon in sunlight form peroxyacetyl
nitrate (PAN) responsible for photochemical Smog.

23.1.2.3 Volatile Organic Compounds

. Volatile organic compounds (VOCs) include a variety of chemical gases
emitted from certain liquids and solids. They are released from burning fuel, such as
diesel, gasoline, wood, coal, or natural gas. They are also released from ;olvents,

T R E e R e 1\ | e
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paints, glues, and other products that are used and stored at home and at work. They
also found in paint thinners, varnishes, air fresheners, cosmetics. Tobacco smoke,
flooring, carpet, wood preservatives, aerosol sprays and dry cleaning fluids. Some
common examples of VOCs that are present in our daily lives are benzene,
formaldehyde, toluene, xylene, styrene, tetrachloroethylene and ethylene glycol.
Harmful Effects of VOCs

Short-term exposure to high levels of some VOCs can cause headaches,
dizziness, light-headedness, drowsiness, nausea, and eye and respiratory

irritation. Long-term exposure to high levels of some VOCs has caused cancer and
affected the liver, kidney and nervous system.

23.1.2.4 Oxides of Sulphur (SO,)

Sulphur dioxide and small amounts of sulphur trioxide are formed during
combustion of sulphur-containing materials such as fossil fuels. The most important
and predominant form of sulphur oxides present in the lower atmosphere is SO,. It is
a colourless gas and has pungent odour. It is moderately soluble in water, forming
weakly acidic sulphurous acid and tends to form aerosols. It is heavier than air. SO; is
a colourless solid and has low melting and boiling peints. It reacts quickly with water
to form sulphuric acid tending to form aerosols. These acidic aerosols are eventually
precipitated as acid rain, snow, sleet or fog but only when they encounter the right
meteorological conditions.

Harmful Effects of Oxides of Sulphur
SO, causes irritation of the eyes, nose, and throat and premature mortality.

Sulphur dioxide also causes damage to vegetation, including forests and agricultural
Crops.

23.1.2.8 Ozone (03)

Ozone is an allotrope of oxygen. It is a pale yellow gas and is fairly soluble in
Water. It is sweetish in taste. It occurs both in the earth’s upper atmosphere and at
ground level. Ozone affects life on earth in either good or bad ways, depending on
Where it is found. It acts as pollutant in the biosphere and as protector in the
Stratosphere.
Harmful Effects of Ozone

Ozone is a familiar component of photochemical smog. It causes various health
Problems. It cause eye irritation, throat irritation, coughing and asthma, It is harmful
‘10 Plants. It reduces the durability and appearance of paint and fabrics.

- = T
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3.1.2.6 Peroxyacetyl Nitrate (PAN) | i - .
2 The peroxyacetyl nitrates (PANs) is a photochemical oxidant and is the major

component of photochemical smog. PANs are both toxic and irritating, as they

dissolve more readily in water than ozone.

Harmful Effects of PANs S | |
At lower concentration, they cause eye irritation and at higher concentration,

they cause extensive damage to vegetation.

23.1.3 Automobile Pollutants and the Catalytic Converter

The complete combustion in the petrol (or diesel) engine of automobile
produce carbon dioxide and water vapours. The incomplete combustion leads to
emissions of the poisonous carbon monoxide gas, and a wide range of various unburnt
volatile organic compounds (VOCs), including hydrocarbons, aromatics and
oxygenated species. Automobile also generate some oxides of nitrogen i.e. NO and
NO,. The nitric oxide is produced when atmospheric nitrogen and oxygen combine at
the high temperatures present in an automobile engine."The NO released into the
atmosphere further reacts with O, to form NO,. The unburnt hydrocarbons produce
photochemical smog and nitrogen dioxide form photochemical smog and acid rain.

The pollution that all the cars produced together can cause lung cancer,
respiratory problems, urban smog and acid tain. In order to reduce air pollution,
modern automobiles. are equipped with-a device called a catalytic converter that
reduces emissions of harmful compounds such as CO, NO, and VOCs. These
cgmpounds are converted into less harmful compounds such as carbon dioxide, water,
nitrogen, and oxygen before leaving the car’s exhaust system. Catalytic converters
;.Ha:;rilaslocl;; fl‘;)un.d in gex?eratprs., buses, trucks, an.d trains; almost everything with an
! ustion engine has a form of catalytic converter attached to its exhaust
Sysiei N,,H,0, CO,

s HC, CO, NOX
Figure 23.3: Catalytic Chamber

An efficient catalytic converter
functions: (i) it oxidizes CO and unby
NQ a.nd ISO; to Ng and O (iii) it oxidi

(three way catalytic converter), perform three
mt hydrocarbons to CO, and H,0 (ii) it reduces
zed hYE__b_nS‘ carbon dioxide and water: _
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200+ Oxy 2 COyg

INOy — " Nig + Oy Keep in M.i “._

b R i)
Catalytic converters are effective
at removing hydrocarbons,

. . : _ |carbon monoxide, and nitrous
Catalytic converters contain porous honeycomb | oxides from car exhaust. Bu they |

structures made of ceramic materials that are coated do not reduce emission of carbon |
with the catalysts. The catalyst used in a catalytic |dioxide(CO,), whichisoneofthe
converter is a combination of platinum (Pt), palladium {mest common gi'c_t:’m":‘nu:;c gases |
(Pd), and rhodium (Rh). Catalytic converter contains and contributes significantly to|
two different types of catalysts at work: (i) reduction \global warming. )
catalyst (ii) oxidation catalyst. The reduction catalyst uses platinum and rhodium to
reduce harmful pollutants such as nitrogen oxides in the exhaust whereas the
oxidation catalyst uses platinum and palladium to reduce harmful pollutants like the
carbon monoxide (CO) and VOCs in the exhaust of automobiles.

23.1.4 Industrial Smog

The word smog is a combination of smoke and fog. There are two types of
smog: the industrial smog and the photochemical smog. |

The industrial smog (sometimes known as London smog or gray smog) is
created when SO, (from combustion of coal and oil) and particulate matter (larger
solid particles such as metal oxides, soil particles, sea salts, fly ash, elemental carbon
and small metal particles in the atmosphere) combine with the moisture in fog at
suitable conditions. It produces ayellow-brown colour near ground level. It is a
mixture of fly ash, soot, SO,, smoke and some VOCs. One of the worst cases of
industrial smog was the Great Smog of 1952 in London, where the smog was so thick
it killed thousands of people (about 4000 people). This industrial smog is common in
many cities in the world where heavy industry and power plants are found. Examples
of such countries are India, China and psss -
European countries; This smog has serious &
€gative effects on people, plants, and
AMmals. Various human health problems S8
;“Ch as emphysema, asthma, chronic §
ronchitis, lung infections, and cancers are
caused by the effects of smog. It is formed
0 those cities where the weather is cold
and  wet, In many urban areas of

g‘?"doping countries, industrial smog is
till 2 major problem.

B —
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VOCs + Oy ——— QO + HO)
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*hotochemical Smog

Photochemical smog (sometimes known as Los Angeles smog or brown Smog)
is created when oxides of nitrogen reacts with volatile organig compounds (VOCs) iy
the presence of sunlight. This reaction produces a mixture of hundreds of dangergy
secondary pollutants, such as ozone, peroxyacetyl nitrate (PAN), aldehydes, ang
peroxybenzoyl nitrate (PBZN). It also appears (o be Y?“O“"hl’m}’ﬂ haze,
Photochemical smog is common in those cities that have a lot of automobiles along
with a sunny, warm and dry climate. Examples of such cities are Los Angeles
(California, USA), New York (USA), Sydney (Australia), Jakarta (Indonesia),
Shanghai (China), Bangkok (Thailand), Rome (Italy) and Vancouver (Canada),
Photochemical smog has serious negative effects on people, plants,-and animals a
well. It causes health hazards such as headache, eye irritation, asthma, lung tissue
damage, bronchial infections and pulmonary edema (collection of fluids in lungs).
23.1.6 Greenhouse Effect and Global Warming

The greenhouse effect is the process duringwhich radiation (thermal
infrared radiation) from the sun is trapped by the gases-such as carbon dioxide, water
vapours, methane, nitrous oxide, and ozone and prevent the heat from escaping back
into space. Although some of the energy passes back into space, most of it remains
trapped in the atmosphere, which causes the earth to heat up. This natural process of

maintaining the average temperature of our earth, and keeping it warm, is known as

the greenhouse effect.
5?_‘_&. - :__:__ —
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Figure 23.5: Greenhouse
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Global warming (Scientists often use the
term climate change instead of global warming) is
the gradual increase in the overall temperature of the
earth's atmosphere caused by gases that are
collecting in the air around the earth and stopping idinai
heat escaping into space. The gases that are o2 %
responsible for causing the greenhouse effect are £ Y Pl
known as greenhouse gases and they are carbon [l e il e ;.'f.,,..,fl?%mm
dioxide, water vapours, methane, nitrous oxide, and T i/
ozone. Average global temperatures are maintained
at about 15°C due to natural greenhouse effect.
Without  this phenomenon, average global
temperatures might have been around —17°C and at  Figure 236: Global Greenhouse
such low temperature life would not be able to exist. Gas Emissions
Actually, the greenhouse gases mainly carbon dioxide and water vapours are
responsible for keeping the earth warm and thus sustaining lifc on it.

Consequences of Global Warming

If the amount of energy from the sun and the amount of greenhouse gases in
the atmosphere remain the same, then the average temperature on earth will also be
constant. If the greenhouse gases are very less or totally absent, the earth would be far
colder and life on earth would not be possible. But, however, if the amounts of these
gases exceed a certain limit, then the earth would be hotter. If global warming
continues unchecked, by the turn of the century the temperature may rise by 5°C.
Scientists believe that this risen temperature will lead to deleterious changes in the
environment and resulting in rise in sea levels, increasing ocean acidification, extreme
weather events and other severe natural and societal impacts. Relative contribution of
various greenhouse gases to total global warming is as:

° CO, contributes 76%

" CH, contributes 16%

. N,O contributes 6%

o Fluorinated gases contributes 2%

The concentrations of methane and fluorinated gases are much lower than that
of carbon dioxide, but they absorb heat much more effectively than carbon dioxide.
Hence they make significant contributions to warming earth.

Carbon dioxide is the only greenhouse gas whose contribution is rising rapidly.
It can be removed from the atmosphere when it is absorbed by plants. Removal of

carbon dioxide from the atmosphere reduces the greenhouse effect and global
e Wal‘mmg
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Acid rain, or more accurately acid |
is created when SO, N(?z _;
ater molecules 1n

mild solutions of sulphuric acid, HySO4;

nitric acid, HNO; and carbonic acid,
H,CO;. It can also occur in the form of
snow, sleet, fog, dew, hail and tiny bits of ot
dry material that settle to earth. Normal
rain water is slightly acidic with a pH |
range of 5.3 to 6.0, because CO, and H,O

“

Figure 23.7: Acid Rain

present in the atmosphere combine together to produce carbonic acid, which is a weak
acid. When the pH level of rain water drops below this range, it becomes acidfc rain.

Harmful Effects of Acid Rain

i)

i1)

1ii)

Acid rain has negative effects on the environment and public health.

Acid rain can increase the acidity of rivers, dams, streams, lakes and oceans

and significantly- affect the aquatic life.

Acid rain can increase the acidity of the' soil, water and shallow groundwater

that results in killing of plants and animals. Acidity may cause death of fish

poPulations and other aquatic species including frogs, snails and cra);ﬁsh

Acid rain makes water acidic, and causes them to absorb the aluminiu;n that

makes its way from soil into lakes and streams. This combination makes

Xa-t:irs t.oxic to crayfish, clams, fish, and other aquatic animals

: ai-lk , raax?:i a:f:;:lcl::s tthr:;s. Acid rain can ma.ke them lose their leaves, damage their
1 st growth. Acid falling on a forest’s soil is also harmful

becauge 1t disrupts. soil nutrients, kills MiCroorganisms i e

lsqox:x:ienmcs cause a calcium deficiency. | ol

cid rain erodes buildin :
structures’ such as bridgfsi, :(I)l\‘::;;l? 2:1;8 ?tnd e oo o
plastics and paints. . Fomcondes £ fauics, fexules,

Acid rain adve{'sely affects human health by Creating particlés in the air that
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The harmful effects of acid rain may be minimized by minimizing the

emissions of nitrogen oxides, sulphur oxides and other harmful gases from power
plants, industries and automobile exhausts.

23.2 Chemistry of the Stratosphere

Stratosphere, is the region (second region) from 12 km to 50 km
(approximately) above the earth’s surfice. It consists of nitrogen, oxygen and ozone.
No weather takes place in the stratosphere. The stratosphere has over 15% of the total
mass of the atmosphere, and is where the ozone layer is located. This layer is about 38
kilometres thick.
' The ozone layer is present about 20-40 km above the earth’s surface. Ozone
(05) is a hazardous pollutant at low altitudes but is significantly important in the
upper atmosphere because it helps protect us from hazardous ultraviolet radiation
(UV) from the sun. The life on earth would not be possible without the protection of
this layer. At earth’s surface, it can cause various health problems such as skin cancer,
effect immune system and may cause blindness.

Air temperature slowly increases with height-in the stratosphere, in contrast
with the troposphere where the temperature quickly decreases with height. This
unusual temperature structure is caused by absorption of sunlight by ozone. .

Production and Destruction of Ozone

Ozone is produced by photochemical reactions in the stratosphere when the
rays of sun split oxygen molecules into single atoms. These atoms combine with
nearby oxygen to form a tri-oxygen molecule, called ozone.

UV (220nm :
Oggy — 2w Oy + Ogg
O2¢) + Oy Os)

The ozone molecules, in turn absorb ultraviolet rays between 220 to 330 nm,
and thus prevent these harmful radiations from entering the earth's atmosphere.

UV (220 to 330 nm
O3y L Oyp + Og

UV radiation at wavelength longer than 220 nm cannot be absorbed by O, and
it cannot break the oxygen molecule into two oxygen atoms.

UV (> 220 nm)
O2)

= No Action

: Thus, the total amount of ozone is maintained by this continuous process of
= l’35t1'uctu:.n and regcneratxon
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it B Kccpin Mind
The ozone layer protects the Earth from

hapmful. ultraviolet radiation by absorbing The chemicals that are prm!um

: influenced by human activities are know
e radiation. As the layer is reduced, the jninenced by anan aci known |
g < as anthropegenic (man-made) compounds,

amount of harmful ultraviolet radiation that | g, example, chlorofluorocarbons are
reaches the Earth increases. The ozone |anthropogenic compounds in the
depletion (reduction) in the stratosphere is | atmosphere that are produced by acrosol

. : llants, refrigerator coolants and air
depleting chemicals. | PrOPeHants, o |
Caused oy s oLolt P & conditioners. Many of the organic |

Examples of these ch::micals are CEC& ot (hat are produced by the buman |
halons, carbon tetrachloride, methyl bromide, | activities such as CO, and CH,, also occur |
hydrobromonfluorocarbons  (HCFCs), and | naturally, and in sufficient quantities. Some |
bromochloromethane (BCM). anthropogenic organic compounds such as |

Chloroflucrocarbons (CFCs) are | DP7T (insecticide) do not have a natural

3 g source. Anthropogenic compounds can |
anthropogenic compounds containing atoms of | . e harmful effects on human health and
carbon, chlorine and fluorine. CFCs are also  the environment.

called Freons. They can be readily converted
from a liquid to a gas and vice versa. Examples are trichlorofluoromethane
and dichlorodifluoromethane.

Halons are also anthropogenic compounds' containing atoms of carbon,
bromine, chlorine and/or fluorine. :

The CFCs and halons are very stable compounds, They . are inert. The
chlorofluorocarbons take 50 to 1700 years whereas halons take 65 years (0
breakdown. The CFCs are very.important compounds and prepared on large scale in
the world. These are non-toxic, non-flammable, and non-corrosive. CFCs are used as
coolants in refrigerators_and air-conditioners. They are also used as repellents 1n
aerosol sprays. The halons also used as fire extinguishing agents.

CFCs contain chlorine atoms while halons contain bromine atoms. Chlorine
and bromine atoms of these compounds cause chemical reactions that l:;reakdOW“
ozone molecules and in turn, reduce the ozone's -ultraviolet radiation-absorbing

capacity. Bromine is many times more effective at destroying ozone than chlorine.
These compounds have been banned since 1996 in advarniced countries

Substitutes of CFCs

Chlorofluorocarbons, halons and methyl bromide are ozone depleting
substances (ODS). When these gases are carried to the stratosphere layer of
atmosphere,. where ultraviolet radiations from the sun break them t0
releage chlorine (from CFCs) and bromine (from methyl bromide and halons). The
chlorine and bromine react with the oXygen atoms in ozone and rips 'ap

e e (R et . :
st g d s RN e N = g
B e e e e ey

Scanned with CamScanner

T et

it



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

the ozone molecule. The ozone layer acts as a filter for highly hazardous ultraviolet
radiation from the sun, protecting life on earth from its potentially harmful effects.

The protection of ozone layer is only possible by developing alternatives to
ozone depleting chemicals. The scientists developed three primary substitutes for
CFCs and these are: (i) HCFCs (ii) HFCs (iii) HCs.

Hydrochlorofiuorecarbons (HCFCs)

They contain hydrogen, chlorin: and fluorine atoms. They are just like CFCs,
except hydrogen atoms have replaced some chlorine atoms. They were the first
substances used as replacements for CFCs. HCFCs are less stable in the lower
atmosphere, enabling them to break down before reaching the ozone layer. However,
they still diffuse into the stratosphere and cause significant ozone destruction. They
have shorter lifetime (2-25 years) in the lower atmosphere than CFCs (more than 100
years). But the problem is that they still contain chlorine that can attack the ozone

layer. The HCFCs can contribute to global warming and are more expensive to make
than CFCs.

Hydrofiuorocarbons (HFCs)

They contain hydrogen and fluorine atoms. They are chlorine free. They are
like CFCs, except hydrogen atoms have replaced the chlorine atoms. Due to absence
of chlorine, they have no ozone depletion potential. They are now widely used as
replacements for CFCs. They have shorter lifetime (2-25 years) in the lower
atmosphere than CFCs (more than 100 years). But the problem is that the HFCs can
contribute to global warming and are more expensive to make than CFCs. :

The HCFCs and HFCs substitutes are six to fifteen times more expensive than
CFCs, It is better to use HFCs as compared to HCFCs because HFCs have no ozone
depletion potential.

Hydrocarbons (HCs)

They contain hydrogen and carbon atoms. They are free from halogens. They
(a propane/isobutane blend) replaced CFCs and are extensively used in mobile air
conditioning systems as refrigerants in many countries. They are also used in
domestic and .commercial refrigeration applications worldwide. They are used as
propellants in spray cans.

23.3 Water Pollution and Water Treatment

Any physical, chemical and biological change in the quality of water by the
addition of other substances that badly affect the living organisms is called water
pollution. Water is essential for life on earth. We use water for drinking, washing,
cooking, agriculture, industry, transport and recreation. Marine life is also impossible

without water. Hence it must free from deadly chemicals and bacteria in order to be
~ drinkable. |
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The method in which raw water 18 made fit for drinking and other thl!lll'hli('
m materials is called water (reatment. The goal of water
treatment is to remove contaminants and organisms thrm!gh a un.'nhin:n_.iml of
biological, chemical, and physical processes 0 ‘ma'kt{ |I. sale _iur drinking,
Contaminated water is the main source of |{1Iccl.|nus (|IS(:21IHCS. such
as amoebiasis, dysentery, cholera, typhoid, jaundice, malaria and paratyphoid fever.
23.3.1 Types of Water Pollutants

There are three major types of water pollutants:
Sediments, (ii) Dissolved Solids (iii) Thermal Pollution.

23.3.1.1 Suspended Solids and Sediments ‘

The small solid particles that remain suspended in water and act.as collide are
known as suspended solids. They include silt, coal dust, plankton and industrial
wastes. The loose sand, clay, silt and other soil particles that settle to the bottom of
liquid are called sediments.

The process of natural erosion of soil and the decomposition of plants and
animals gives rise to sediments and suspended solids-in water. Sediment is
subsequently transported by the action of winds, water or ice. Sediment is the most
common pollutant in rivers, lakes, streams and other water reservoirs. The suspended
particles and sediments produce turbidity in water and consequently reduce the
amount of sunlight available to the aquatic life, which is required for the
photosynthesis by bottom vegetation. They reduce the storage capacities of reserves.

23.3.1.2 Dissolved Solids

Dissolved solids are a mixture of different organic and inorganic compounds
contained in a water. These solids are mostly minerals, salts, organic matter, metals,
cations or anions dissolved in water. The major components of dissolved solids are
the cations such as calcium, magnesium, sodium and potassium, and the anions such
as bicarbonate, carbonate, sulphate and chloride. Dissolved solids may come from
organic sources such as leaves, silt, plankton and industrial waste and sewage. Other
sources come from runoff from urban areas, road salts and/or fertilizers and
pesticides. Dissolved solids may come from runoff rain water and inorganic materials
such as rocks.. A constant level of minerals is essential for aquatic life in the water.
Changes in the quantities of dissolved solids can be damaging, The amounts of

dissolved solids, which are too low or too high limit the growth and lead to the death
of aquatic life.

purposes by removing forei

(i) Suspended Solids and

23.3.1.3 Thermal Pollution

e =,

Thermal pollution is the increase or decrease in the temperature of a natural
body of water caused by human influence. The rates of biological and chemical
processes depend on temperature. Thermal power plants, nuclear power plants and
industries use large amounts of water for cooling purposes. They used coolant water,
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which is hot, 1s usually discharged directly into water bodies. As a result of this hot
water discharge, the temperature of water body increases, which reduces the dissolved
content of the water and adversely affects the aquatic life.

Various Parameters of Water Analysis Keep in Mind

e,

There are six major categories of parameters [Riolooical o
of water analysis:
i) Physical Tests

Colour, turbidity, total solids, dissolved
solids, suspended solids, odour and taste are
estimated.
ii) Chemical Tests

The pH, hardness, presence of a selected
group of chemical parameters, biocides, highly
toxic chemicals, and BOD are estimated.
ili) Toxic Element Tests

Toxic elements such asiron, calcium,
copper, chromium, manganese, magnesium,
mercury, cadmium, molybdenum, selenium,

arsenic, lead, zinc, aluminium, nickel, boron, etc.
are estimated.
iv) Bacteriological Tests

In these tests, the presence of harmful
bacteria such as E.coli bacteria and Total coliform
bacteria are checked.

V) Pesticides Tests
Here the pesticides suchas alachlor, atrazine,

Biological oxygen demand (BOD)
also known as biochemical oxygen
demand is a measure of the amount
of dissolved oxygen (DO) used by
microorganisms (c.g., aerobic
bacteria) in the oxidation of organic
matter when dissolved into a body
of water. BOD 41s 'measured
experimentally by calculating the
amount of oxygen at the beginning|
and at the end of five days period at|
20°C.

A small amount of oxygen up to 10
ppmis actually dissolved in water.
This, dissolved oxygen is required
by fish and other aquatic life to
survive. Dissolved oxygen is also
important for us because it is an
important indicator of quality of]
water. If water has 4ppm or less
dissolved oxygen, some fish and
other organisms may not be able to
survive. Dissolved oxygen is used
by bacteria when large amounts of
organic matter are present in the

water.
\Walicr, )

aldrin/dieldrin, alpha HCH; beta HCH, butachlor, chlorpyrifos, delta HCH, DDT,

endosulfan, etc. are estimated.
vi)

Volatile Organic Compounds (VOCs) Tests

Benzene, toluene, xylenes, bromobenzene, butylbenzense, chlorotoluenes,

dichlombenzenes‘, phenolic compounds, polyaromatic hydrocarbons etc.

estimated.

are

. The physical, biological, and chemical properties of drinking water have great
‘mportance because a minor variation in these parameters affects the human
:llfalth. The defined standards of drinking water in Pakistan have been developed by

¢ Pakistan Standards Quality Control Authority. The permissible limits, as laid

dCOWH by the World Health Organisation (WHO) and Pakistan Standards
ontrol Authority (PSQCA) are listed for comparison. A parametric value

count such as 500 E. coli per
Cnf:entration of copper is 2 mg/1.

Quality
may be a

litre or a statistical value such as the average
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Table 23.2:Parameters and National Standards for Water (,j.rr_r'n’.*'i_v

WHO S(mulurds

PSQCA Standards

Parameters A
Colour <15 TCU (true colour units) <15 TCU
Odour Odourless e
Taste Tasteless o i
Turbidity <5 NTU (Nephelometric <5 R
Turbidity Unit)
Hardness as CaCO; — <500mg/L
Total Dissolved Solids <1000 mg/L <1000 mg/L
pH 6.5-8.5 6.5-8.5
m mg/L
Aluminium O.ilL <0.2
Antimony 0.02 <0.005
Arsenic 0.01 <0.05
Barium 0.7 0.7
Boron 0.3 0.3
Cadmium 0.003 0.01
[C‘hloride ' 250 <50
Chromium 0.05
] o 5 <2_<O.05
Eyanide 0.07 <0.05
Eluoride M5 =
| Lead 0.01 g
ﬁ‘langanese 0.5 ;0'5
Mercury 0.001 ;0'001
Nickel 0.02 ';0‘02 =
Nitrate 50 — —
| Nitrite 3 <50 e
| Selenium 0.01 =3 =
T - <0.01 o
Phenols <0.002 ) e
PAH (Polyaromatic 2 — —
hydrocarbons) g
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133.2 Waste Water Treatment (or Sewage Treatment)

\vaste water (or sewage) is the mixture of wastes from the human body and
used water. It includes domestic waste water (or domestic sewage), industrial waste
water (or industrial sewage) and storm waste water (or storm sewage). The waste

. water come from sinks, showers, bathtubs, toilets, washing machines, kitchen, and
pathrooms is called domestic waste water. It is also called sanitary sewage. Industrial
waste water is produced from industrial activities such as manufacturing or chemical
processes. Storm waste water is rainfall runoff and other drainage that is collected in a
system of pipes or open channels. The sewage that is carried away from buildings by
pipes under the ground called a sewerage system. Waste water treatment (or Sewage
treatment) is the process of removing contaminants from wastewater. The major aim
of wastewater treatment is to remove the contaminants to acceptable levels to make
the water safe for discharge back into the environment. The wastewater that flows into
a treatment plant, basin, or reservoir is called influent.

Waste water treatment consists mainly of three steps: primary, secondary and

tertiary treatments. Primary treatment removes around-40-60% and secondary
treatment removes around 90% of suspended solids.

Primary Treatment

Primary treatment is also called physical treatment because it is a mechanical
process by which large suspended and floating material such as sand, silt and large
limp of organic matter are removed. Primary treatment removes around 40—-60%
suspended solids and about 35% BQOD (biochemical oxygen demand or biological

OXygen demand). We are unable to remove water dissolved substances and pathogens
by this process.

Secondary Treatment
Secondary treatment is also known as biological treatment because it involves
the use of bacteria and. other microbes. These process may be aerobic or anaerobic.
Aerobic Wastewater treatment is a process where bacteria utilize oxygen to degrade
Organic matter (generally quantified as BOD) and other pollutants involved in various
imbti‘gition systems. Apaerobic _treatmgnt 1S a process wl.lere wastewater or material
&naemtf'n down ‘by microorganisms without thf? aid of ('ilssolved. oxygen. However,
e« Stlc bacteria can and w1ll_us§ oxygen that 1§ found 1{1 the (.J)Cl.des introduced into
Haegob?m or they can oi_Jtam it .from organic mat.erlal }mth?n the wastewater.
e € Systems are used in many industrial systems including food production and
Clpal sewage treatment systems. The sludge left after decomposition of sewer by

&erg = T . . a . 5
'blc .ar_ld anaerobic bacteria is rich in phosphorus, nitrogen and minerals. After
- wlng, 1L1s used as manure.
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Secondary treatment may require a separation process (0 remove the
r prior to discharge or tertiary treatmeng

microorganisms from the treated wate
of suspended solids and BOD,

Secondary treatment removes around more than 85%

Tertiary Treatment
This is the third and last _
consists of advanced physical, chemical and biological processes. Tertiary wastewater

treatment is used when particular wastewater components which cannot be removeq
by secondary treatment must be removed. The major objectives of tertiary treatmen;
the removal of bacteria, dissolved inorganic solids, fine suspended solids and fina]

step of waste water treatment. Tertiary treatmen

are
traces of organic compounds if needed.
The water at this stage is almost free from harmful substances and chemicals,

The water is allowed to flow over a wall where it is filtered through a bed of sand to
remove any additional particles. The filtered water is then used for the irrigation of 3 |
golf course, green way or park, or released into the stream, river, bay, lagoon or

wetland.

Disinfection
There are still some microorganisms and pathogen contaminants in the

remaining treated wastewater. To kill them, the wastewater must be disinfected for at
least 20-25 minutes in tanks that contain a_mixture of chlorine and sodium

hypochlorite. Chlorination is done during tertiary treatment.

23.4 Green Chemistry

Green chemistry, also called sustainable chemistry, is the design of chemical

products and processes that reduce or eliminate the use and generation of hazardous |
substances. Green 'Chemistry is-based on a set of twelve principles that can be used t0 |
design or re-design molecules, materials and chemical transformations to be safer for |

human health and the environment.

Goal of Green Chemistry
The goal of green chemistry is: = |
i) To choose the most efficient ways to synthesize the chemicals.
ii) To make safe, sustainable and non-polluting chemicals that cOoNSumes
minimum amount of materials and energy while generating little or no Was®

material.
To prevent and minimize the production and use of hazardous chemicals.

iii)
Principles of Green Chemistry ,
In 1998, two US chemists, Paul Anastas and John Warner sketched Twel
Principles of Green Chemistry and these are:
or cled

i)  Prevention: It is better to prevent the generation of waste than to treat
up waste after it has been produced.
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Atom Econmomy: Synthetic methods should be
incorporation of all materials used in the
Design less Hazardous Chemical
designed to use and gener
humans or the environment.

Designing Safer Chemicals: Chemical products should be developed to affect
their desired function while considerably reducing their toxicity.

Safer Solvents and Auxiliaries: The use of auxiliary substances such as
solvents, separation agents, and others, should be avoided wherever possible. If
you must use these chemicals, use harmless auxiliaries.

Design for Energy Efficiency: Chemical synthesis should be performed at
ambient temperature and pressure, if possible.

Use Renewable Feedstocks: A raw material or feedstock should be renewable
rather than depleting whenever feasible in technological and economic terms.
Reduce Chemical Derivatives: Minimize or avoid unnecessary derivatization,
€.g. protection / deprotection, use of blocking groups, temporary modification of

physical/chemical processes) if possible, because such steps require additional
reagents and can generate waste.

Use Catalysts: Catalytic reagents are superior to stoichiometric reagents.
Catalysts are effective in small amounts:and can carry out a single reaction

planned to maximize the
synthesis into the desired product.

Syntheses: Synthetic methods should be
ate substances with little or no toxicity to either

~many times. Hence, minimize waste by using catalytic reactions.

Design for Degradation: Chemical products should be designed so that at the
end of their function they break down into harmless degradation products and do

not persist in the biosphere.

Real-time analysis for Pollution Prevention: Advanced analytical methods
have to be developed to-allow for real-time, in-line process monitoring and
control prior to the generation of hazardous substances.

Accident Prevention: Reagents and solvents used in a chemical process should
be chosen to minimize the risk for chemical accidents, including explosions,
fires and releases. .

-“'7.:-'--:;“.. 4

Environmental chemistry is the branch of chemistry in which study about the
Sources, reactions, transportations and effects of the pollutants on the
environment.

The environment consists of four components: (i) atmosphere (ii) hydrosphere

(iii) lithosphere (iv) biosphere.

The layers of gases surrounding the earth is called atmosphere. It consists of

nitrogen, oxygen, carbon dioxide and trace amounts of hydrogen, ozone,

methane, carbon monoxide, helium, neon, krypton, xenon, and water vapours.
R I S T g G v
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The water containing parts of our earth is called hydrospheres. It includes g

water resources like oceans, rivers, streams, lakes, po'IaI.' ice caps. |
Biospheres consists of the region of earth where all living species exist above 35

well as below sea level. : ' |
Lithosphere is the upper rigid and rocky layer of earth’s crust. It includes sojl,

earth, rocks and mountains. :
Troposphere is the nearest to the earth’s surface extending up to 11 km. [t

accounts for about 70% of the atmospheric mass. -
The substance in the environment that has adverse effects on human health,

- quality of life and natural functioning of ecosystem is called environmental

pollutant.
Global warming is the gradual increase in the overall temperature of the earth's

atmosphere caused by gases that are collecting in the air around the earth and
stopping heat escaping into space.

The rain having pH value less than 5.3 is termed as acid rain. It is due to
presence of carbon dioxide, sulphur dioxide and NO, which get mixed with rain
water in the presence of pollutants to form carbonic acid, nitric acid and

- sulphuric acid.

Ozone is the protective layer in the atmosphere which absorbs harmful
ultraviolet radiations and cosmic rays of the sun and thus blocks them to reach
on the earth.

The addition of any harmful substance in water is called water pollution. Water
is es;ential for all the living beings on the earth. The process of
removing contaminants from wastewater is called Waste water treatment. Waste
water (or sewage) is the mixture of wastes from the human body and used water.

T T he— T —— e T ————

Multiple Choice Questione

——————

Select one answer from the given choices for each question:
The segments of environments are

(a) One

(b) Two

(¢c)  Three

(d)  Four ' f

Polar icet caps, glaciers, rivers, racks, mountains, soils are the pafts of
(a)  Lithosphere

(b)  Hydrosphere
(c)  biosphere
(d)  Geosphere
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Most of mass of atmosphere is present in:
(a)  Troposphere
(b)  Stratosphere
(¢c)  Mesosphere
(d)  Thermosphere
iv)  Rustis:
(a) Iron (IIT) oxide
(b)  TIron (II) oxide
(¢)  Hydrated Iron (II) oxide
(d)  Hydrated Iron (II) oxide
v)  Acid rain is mainly caused in the atmosphere by the emission of:
(@) NOx and KNO,
(b) SOy and charcoal
(¢)  COx and sulphur
(d) SOX and NOX
vi)  Smog is derived from:
(a)  Smoke and water droplet
(b)  Fog and water droplet
(c)  Fog and smoke
(d)  Mist and water droplet
vii)  London smog or gray smog is caused by
(@) SO, + particulates + moisture of fog
(b)  NO, + particulates + moisture of fog
(c)  CO, + particulates + moisture of fog
(d)  PAN + particulates + moisture of fog
vii)  Brown smog results from the mixing of:
(@)  NO, + particulates.+ sun light
(b)  NO, + VOCS + sun light
(€)  CO,+ VOCS # sun light
(d)  PAN + particulates + sun light

iil)

") Which two gases of the following are the major contributors to global
warming:
(@)  Carbon dioxide and nitrous oxide
(b)  Methane and nitrous oxide
(¢)  Carbon dioxide and methane
4 (d)  Methane and water vapours

The ozone layer lies in which of the following layers of the atmosphere?
(a} Troposphere

(b)  Mesosphere

() Exosphere

_ @) Stratosphere
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Q.1
Q.2.
Q.3.
Q..
Q.5.
Q.6.
Q.7.
Q8.
Q..
Q.10.
Q.11.
Q.12.

Q.13.
Q.14.
Q.15.
Q.16.

Q.17.
Q.18.

Q.19.
Q.20.

Why Environmental Chemistry is important?

Why it is important to protect the environment?

Why is the environment important to us?

How do human activities affect the environment?
What are the effects of pollution in our environment?
Earth is called blue planet, why?

How does the hydrosphere affect us?

What is the importance of the hydrosphere?

How atmosphere is important for us?

What is the Earth's atmosphere made up of?

What are the main pollutants in the air?

How much do automobiles contribute to air pollution?
What is the role of the catalytic converter?

What is the importance of catalytic converter?

How is smog caused?

How is smog harmful to the environment?

What is the main cause of greenhouse gases?

How are greenhouse gases produced by humans?

How does acid rain affect humans?

Why is chlorine added to remaining treated waste water?

'. Long Answer Qubsliml*. [

What is environmental chemistry? Briefly ‘describe the segments of the |

environment. " |
Explain the chemical reactions of nitrogen oxides and sulphur oxides in the
atmosphere. ' -
I]—)IISCHSS the chemical reactions of OXygen in atmosphere

ow do the chemical reactions of organic ' : . the
atmosphere? g _ C compounds carried out 1
Define air pollutants. Describe the sour R e

: : sources and h xides ©

carbon, nitrogen and Sulphur, gigiul chiects of o

What are the sources of volatile organic compounds in the atmosphere? Wht

. are the adverse effects indicated by them?
. . Discuss the characteristic and undesir
_, nitrate (PAN).
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0.8.
Q.9.

Q.10.
Q.11.
Q.12.
Q.13.
Q.14.

Q.15.
Q.16.
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What do you know about automobile pollutants? What are the importance and
role of catalytic converters?

Define smog and explain industrial and photochemical smog.

What is the effect of smog on the health of peoples? How to prevent smog?
How does car exhaust produce the smog that hangs over our cities? =
What. is' greenhouse effect? What are greenhouse gases? Discuss their
contribution to global warming? What are the consequences of global
warming?

Wh.at is the acid rain? Discuss briefly. What are bad effects of acid rain on the
environment and public health? How can we minimize its bad effects?

Define water pollution and water pollutants? What are the different types of
water pollutants and how they are produced? What are their effects?

Explain the various parameters of water analysis.

Define waste water and write an informative note on waste water treatment.
What are the steps involved in waste water treatment?
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24.1 Classical Method of Analysis
24.2 Modern Methods

Students will be able to:

Analytical Chemistry

e Discuss the procedure of combustion analysis. (Understa nding)

(Applying)

Explain the origin of IR absorption of simple molecules. (Analyzing)

Predict whether a given molecule will absorbinthe UV/Vis region. (Analyzing)
Predict the colour of a transition metal complex from its UV/Vis spectrum. (Analyzing)
Outline in simple terms the principles of proton NMR spectroscopy. (Applying)
Explain how chemical environment of a Proton affects the magnetic field it experiences

and hence the absorption of energy at resonance frequency. (Applying)

e Describe standard scales usedin proton NMR. (Applying)

e Explain instrumentation and working of MS. (Applying)

(Applying)

Introduction

Analytical chemistry can be considered as one of the essential branche

Compare the classical method of analysis with modern methods. (Understanding)

Define spectroscopy and discuss its applications in analytical Chemistry. (Applying)
State the regions of electromagnetic spectrum used in IR and UV/Vis spectroscopy.

Outline the use of MS in determination of relative isotopic masses and isotopic abundance.

Define and explain atomic emission and atomic absorption spectrum. (Understanding)

s of

chemistry. It can be defined as the branch of chemistry in which we study about the
separation, identification and quantification of components of samples

Analytical chemist uses instruments
and quantify matter. Analytical chemistry pl

and methods to separate,
ays an important role not only in th°

of matter.
identify;

fields of chemistry such as organic, inorganic, physical, nuclear and environmentd
but also in the other fields of science such as physics, biology, archaeolog):
ese fields require analysis of materials.

agriculture and industries. Because all th

358 S
e
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Classification of Chemical Analysis

The process of estimation or determination of the components present in given
sample is known chemical analysis. Chemical analysis procedures are usually
classified in two ways:

i) In terms of the goal of analysis.
iiy  Interms of the nature of analysis.

Classification in terms of Goal of Analysis |
The chemical analysis can be classified into qualitative and quantitative |
analyses in terms of the goal of analysis.

Qualitative analysis |
Qualitative analysis means what constituents are present in the sample. It is the |
determination of the chemical composition of a sample of matter. It can tell you |
whether an atom, ion, functional group, or compound is present.or absent in a sample, ;
but it does not provide information about its quantity. |
There are two main types of qualitative analysis: organic compounds analysis |
and inorganic compounds analysis. j
Organic compounds analysis involves. the determination of atoms or
functional groups in the sample. Examples include: (i) combustion analysis
(i) detection of elements in an organic compound (iii) identification of functional h
groups in an organic compound and (1v) identification of organic pollutants in the air.
Inorganic compounds analysis finds elemental composition of inorganic
compounds. It is used to identify and separate cations and anions in a sample.
Example for inorganic compounds analysis is salt analysis. The common qualitative t
test, used in inorganic chemical analysis, is the flame test. Flame tests can be used to
identify the presence of a particular metal. Different metals give different colours to

the flame.
Quantitative Analysis .

Quantitative analysis means how much constituents is present in the sample. It !
is carried out when the identity of the components already known and when it is
necessary to also know the amounts of these components. It is the determination of
the amounts or concentrations of one or more components present in a sample. It is
done by either a classical or modern (instrumental) procedure. For quantitative
analyses, the amount of analyte (the material being analyzed) is determined by

gravimetric or by titrimetric measurement. : ; : _ :
In gravimetric analysis, the substance being determined is converted into an

___'nsoluble precipitate which is collected and weighed.
%"‘:“L—l-‘-’:{.’.;'_,__é.-_:,_:. R T R S T S TR R S T s e e e oo o Ve 0

e —————

R BT R ol
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known as volumetric analysis) the ‘substance to be

determined is allowed to react with suitable reagent added as a standard solution ang
T -of <olution needed for whole reaction is determined. The commop
titrimetric reactions are acid-base reactions, precipitation reactions and oxidation-

reduction reactions.

Classification in terms of the Method of Analysis Used

The chemical analysis can also be classified into classical and instrumental
methods in terms of the nature of method used.

24.1 Classical Method of Analysis

Classical methods are also known as wet chemical methods or earliest methods
of chemical analysis. They are the traditional methods of chemical analysis which are
still being used by chemists. The classical methods that were used to separate the
components of interest in a sample were distillation, crystallization, extraction or
precipitation. These methods usually involve the chemical reactions and/or classical
reaction stoichiometry, but no electronic instruments are used other than an analytical
balance or volumetric apparatuses such as pipette, burette etc. The instruments of
classical methods are not highly specialized.

Classical methods are cheaper and easily available for Iabs of schools, colleges
and industries. The classical methods consume more time than instrumental methods
of analysis. Classical methods are more useful for accurate and precise measurements
of analyte concentrations (at the 0.1% level or higher). |

The Combustion Analysis
Combustion analysis is one the most widely used method for determining
percentage composition and empirical formula of an unknown compound in the

laboratory. This method is commonly used for compounds containing carbon and

hydrogen. CO,, H,0, 0,
and other gases

In titrimetric analysis (also

Fumace

o — s :
! , (XXX " YT T T )
(.J'q - ’ > Agr——— ....". A‘.' —_P .“ & *‘ 0, and
: ] 9699999 XTI TrYT = other gases
:;50 ﬂbf'?rberp % CO, absorber
agnesium Perchlorat di ; 5
Solution) i i tydrixiee

Figure: 24.1: Combustion Apparatus

In this method, a known mass of compound is burnt in stream of oxygen gas-
n to produce volatilf’g;

Here each element in

S e BT e | ey

3,

oL O T

Shivcalls

¢ compound combines with oxyge

S e DN TR e %
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combustion products (CO, and H,0). The carbon is converted to carbon dioxide and
the hydrogen is converted to water vapours. Water vapours are absorbed in
magnesium perchlorate, Mg(ClOy), whereas carbon dioxide is absorbed in 50%
potassium hydroxide, KOH solution. The masses of CO, and H,0 are determined by
measuring the mass increase in the CO, and H,O absorbers. From the masses of CO,
and H;O we can calculate the percentage of carbon and hydrogen with the help of
following equations:

9/ aoe of carbon in ¢ i e > 12 100
70 age ol carbon in compound = Mass of CO, X — X :
- 44 Mass of compound

: ] 5 e
% age of hydrogen in compound = Mass of H,O X — X ..] Al
= 18 Mass of compound

If third element such as oxygen is present in the compound, its percentage can
be calculated by subtracting the percentages of carbon and hydrogen-as:

70 age of oxygen in compound = 100 — (% age of carbon X% age of hydrogen)
Combjustion analysis can be used to determine the empirical formula of an unknown
organic compound.

Example 24.1:

Combustion of 1.125 g of an organic compound produces 3.447¢g of CO; and
1.647 g of H,0. Calculate the % age of carbon and hydrogen.

Data:
Mass of organic compound = 1.125¢
Mass of CO, =3.447¢
Mass of H,O =1.647¢g
%0age of carbon =57
Yeage of hydrogen =7
Solution: 3

% age of carbon in organic compound

3 12 100
=M fCO
ass o 2T N of compound

= 12 . 100
= 3.447¢g x 44x1.125g

: =83.6 %
/0 age of hydrogen in organic compound

= Mass of H,0O X 2 X 100

18 Mass of compound

= 1.647g
= 16.3 %
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| Formula -
d to determine the empirical formula:
f each element to calculate the mole ratios.

Determination of Empirica
The following steps are use

i)  Divide the % by the atomic mass o
_ %age of an element

Mole raio === ic mass
Determine simple atomic ratio by dividing number of mole ratio of each elemep;

i1)
by the smallest one. :
iii) If atomic ratios are in fractions, change them into whole numbers by multiplying

‘with a suitable number. 2
Write atomic ratios as subscript with each element to get empirical formula.

1v)
Example 24.2: |
Caffeine, central nervous system stimulant, is found is tea and coffee, and has 49.48%

carbon, 5.19% hydrogen, 16.48% oxygen and 28.85% mnitrogen. Calculate its
empirical formula. '
Data:

%age of carbon =49.48%

%age of hydrogen =15.19%

%age of oxygen = 16.48%

%age of riitrogen = 28.85%

Empirical formula of caffeine =7
Solution:
i)  Calculate mole ratio of each element.
Mole ratio of carbo = _49.48% —
2 12.01amu
Mole ratio of hydr = 2.19% -
YO e 1.0lamu >
Mole ratio of oxyeen = _1648% =
y8 16.00amu .
Mole ratio of nitrogen = - 28.85% . 5"
g 14.0lamy 2

ii)  Determine simple atomic ratio

Atomic ratioof carbon =
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Atomic ratio of nitrogen =% =9
i) The empirical formula of caffeine is C;HsON,

petermination of Molecular Formula
Following steps are used to calcv!ate molecular formula:
i)  Divide the molecular formula mass by empirical formula mass to get value of n.
Molecular Formula Mass
Empirical Formula Mass

ii) Multiply number of atoms of each element with value of 'n' to get molecular
formula.

Value of n =

Example 24.3: The empirical formula of benzene is CH. It molecular mass is 78 amu.
Determine its molecular formula.

Data:
Empirical formula of benzene = CH
Empirical formula mass of benzene =13 amu
Molecular formula of benzene =2
Molecular formula mass of benzene = 78 amu
Solution:
i)  Value of n £ Ipa g
I3amu

ii) Molecular formula of benzene =.6.(CH) = C¢Hg
24.2 Modern Methods of Analysis

These are the newer methods of chemical analysis. These methods use modern
or highly specialized instruments to measure physical quantities of the analyte such as
light absorption or . emission, fluorescence, mass-to-charge ratio, or
conductivity. Highly efficient chromatographic and electrophoretic techniques are
used to replace the ¢lassical methods (distillation, extraction and precipitation) for the
Separation of components of complex mixtures. Examples of modern methods are
Spectroscopy, chromatography, microscopy, etc.

Modern methods are expensive because of the use of high specialized
machines for chemical analyses. Modern methods have certain advantages over
classical methods, which include the speed (they are fast), high sensitivity (they can
de_tﬁct very small amounts of a substance in a small amount of sample), versatility
(-‘i!rnultancuus detection capabilities), multi-element analysis and automated operation
of modern instruments. '

In the early years of chemistry, the unsaturation in a compound was determined
by the amount of hydrogen or halogen consumed. The presence of functional groups

363
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in organic compounds was determined by che:'nica] tests. The: haloger}s or sulphur in
organic compounds were detected by chemical tests (sodium fusion tests). The
aromaticity was determined by flame test. The molecular masses of compounds were
determined by using the colligative properties.
Today’s scientists have developed sophisticated instruments that enable
chemists to:
i) Determine the unsaturation in a compound by UV spectroscopy.
i1} Determine the presence of functional groups in organic compounds by IR
spectroscopy.
iii)  Detect the halogens or sulphur in organic compounds by mass spectroscopy.
iv)  Measure the aromaticity by NMR spectroscopy.
V) Determine molecular masses by mass spectroscopy.
Organic chemistry has been revolutionized by the invention of spectroscopic
methods. Spectroscopic methods are used for analysis and structure determination.
The spectrometric methods use electromagnetic radiations as the basic tool. It
is therefore necessary to understand the nature of electromagnetic radiations.

Faectromagnetic Radiations

Electromagnetic radiation (EMR) is a form of energy and consists of both
.' electric and magnetic fields. These fields are at right angles to each other and to the
direction in which the wave is moving. Electroma

gnetic radiation carries energy
through space, it is also called radiant energy.

Magnetic Field
Source

El{—.-;*Iri Field

Direction

Figure 24.2: Electroma gnetic Radiations

Electromagnetic radiations are all aro
(infrared radiations) from a burnin g fire, the

television, the X-rays used by doctors, the encrgy used to cook food in a microwave
and the radio waves that carry music to our radios are al| forms of electromagnetic
radiation. Electromagnetic radiation includes gamma ray, X-ray, ultra-violet (UV),
visible, infra-red (IR), microwave and radio wave. They seem

-y s

'ﬁnd us and take many forms. The heat
light that is emitted from the bulb, sun or
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another, but they all show wavelike properties. Their

waves are similar to those waves
that move through water,

All types of electromagnetic radiations move through a
vacuum with the velocity of light (2.998x10® m/s). All electromagnetic radiations
gravel in straight lines. They are not affected by electric or magnetic fields. All
electromagnetic waves can be reflected, refracted and diffracted just like light waves.
visible light (the light we see with our eyes) is only a small portion of the EM
spectrum, which contains a broad range of electromagnetic wavelengths.
Wavelength, Frequency and Energy

All electromagnetic radiations can be characterized by their wavelengths,
energy and frequency. The energy of radiation increases with increasing frequency
and decreases with increasing wavelength.
E = hy = hc/A

. Where, E is energy, h is Planck’s constant, v (nu) is frequency, c is velocity of
light and A (lambda) is wave length of radiations.

Wavelength

The distance between two adjacent crests or troughs of waye is called wavelength. It is shown by A
(lambda). Its units are m, nmor A°.

Frequency , ,
| The number of waves passing through a point in/one second is called frequency. It is shown by ‘v, Itsi
units are hertz or cycles/sec. padatl E
| vE T |
 Frequency (v) is inversely proportional to wavelength (). |
Wavenumber

‘;Thc number of waves present in-One centimetre distance is called Jvave number. It is the inverse of
\Wavelength. It is shown by V (nu bar). The unit of wavenumberiscm™.

A

Electr()magnetic Spectrum
In addition te visible region, there are seven other regions of the spectrum. The
ultraviolet, X-rays and y-rays are towards the lower wavelength end and infrared,
Microwave and radio waves are towards higher wavelength end. Visible light falls in
the range of the electromagnetic spectrum between infrared (IR) and ultraviolet (UV).
It hag Wavelengths of about 400 nanometers (nm) to 800 nm. When the different types
of electromagnctic radiations are arranged in order of their increasing wavelengths or
dECreasing frequencies, the complete arrangement is called electromag
Ahhmlgh almost all parts of the electromagnetic spectrum are u
Matter but ip organic chemistry we are mainly concerned with thre
;;{FEE}}__??_Q_ltraviolet-visible, infrared, microwave and liadiq_waye.

netic spectrum.
sed for studying
€ or four regions
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Wavelength (nm) X 7 3 ;
e i 10 400 800 10 110 10
I I ! - | : -
Gama X-rays uv Infrared Microwaves Radiowaves
i orays |
e
Visible Light e e

..-'"-‘ . L A
A1 S8 w 2 A “‘“ <l B\* i {1\‘

400 420 460 480 500 550 620 800
nm 0om nm nm nm nm nm nm
Low Energy

High Energy <
Fig. 24.3: Spectrum of Electromagnetic Radiations

The regions in increasing order of wavelength are:
Gamma Rays: the energy change involves the nuclear excitation.
X-rays: the energy changes involve the inner electrons of an atom or molecule.
UV-Visible: the energy changes involve valence electrons of molecules.
Infrared: the energy changes involve transitions between the vibrational levels of
molecules.
Microwave: the energy changes involve transitions to higher energy rotational levels
of molecules.
Radlo wave; the energy changes involve the reversal of spin of a nucleus or electron.

Table 24.1: Electromagnetic Radiations and their Sources

Electromagnetic | Wavelength
Radiations range (nm) aources Uses
Gamma rays 107 —10™ Sun, star, Unstable|Used to kill cancer cells_a:l:;
atomic nuclei may used for imaging.
X-rays 107" — 10! Heavy metal anode  |Used to image mtemalm
~ |and organs

UV-light 10—400  [Sunlight Tl 10 sirlne. f00d
medicine  and  surgical
equipments and cause the
body to produce vitamin D
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. T -___-_____-___'_—_-—-—-—-
Electromagnetic | Wavelength :
Radiations range (nm) Sources Uses
---""'_-_-_.-
yisible light 400 — 800 Sun, light bulb Enable us to see
; 6 >
IR light 800 — 10 Hot objects Warm objects and used in
night vision technology to
“see” in the dark
: 6
Microwave 10° — 10’ Oven, radar Used for radar and in
microwave oven to warm
food
Radio wave 16 ==4 Radio, TV AM and FM .radio, TV,
mobile phone

24.2.1 Spectroscopy

Spectroscopy is the branch of science which deals with:the study of interaction
of electromagnetic radiation with matter. It is one of thé important experimental
techniques used to determine the electronic structure of ‘atoms and molecules. It is
used to determine the structure and functional groups-in organic compounds and is
useful for studying the properties of molecules. It is used to monitor the progress of
chemical processes. It can also be used to measure the purity of products.
Spectroscopy is also used to determine the chemical composition and physical
properties of astronomical objects (such as their temperature and velocity).

24.2.2 Spectroscopic Methods

The spectroscopic methods most often used by organic chemists are: ultraviolet
(UV) and visible, infrared (IR), nuclear magnetic resonance (NMR) and mass
Spectroscopy (MS).

24.2.2.1 Ultraviolet-visible Spectroscopy i , :
The spectroscopy which deals with the study of interaction of electromagnetic

radiation with matter in the ultraviolet region (200-400nm) and visible region (400-
800nm) is called uilfraviolet-visible (UV/Vis) spectroscopy. The amount of energy
available in this radiation is sufficient to cause the promotion of loosely held electrons
(non-bonding electrons or the electrons involved in a m-bond) to higher energy levels.
As UV/Vis spectroscopy involves electronic transitions, hence it is also known as
electronic spectroscopy. Keep in mind that the energy levels of an atom are quantized,

only light with specific amount of energy can cause transitions from one level to
another, '

Principle of UV Spectroscopy ]
Molecules containing m-electrons or non-bonding electrons B absorb it
__in the form of UV-Visible light to stimulate these electrons to higher anti-bonding

wEHEE s T e
.
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lecular orbitals. The more easily excited the electrons SRV er ener gy leve] g
moie 5

g E] o ; -

certain wavelength, the greater is the extent of the absorption of light.

g i mpounds
Tvpes of Electrons Present in Cor _ : : =
Sl In UV/Vis spectroscopy, three types of electrons are involved in transitions:

Sigma electrons (o-electrons): these electrons are present in sigma orbitals,
o-Bonds are strong so that high energy 1s required for the promotion of these
electrons. These types of electrons are found in alkanes. —

iiy Pi-electrons (m-electrons): these electrons are present 1in n—orblFals. These
electrons are found in those molecules which have double or triple bonds.

Examples are alkenes, alkynes, aromatic compounds, etc.

iii) Non-bonding electrons (n-electrons): these electrons .are not involved in
bonding. Non-bonding electrons are found in those ¢ompounds, which have
heteroatoms (N, O, S, etc.). '

1)

Types of Electronic Transitions
Four types of electronic transitions are possible:

()o—o () n—>7n (i))n—>0c (iv)n>n
* G j‘$ Transition = ‘
-&-y ' Transition |

o ————

‘%' D=0 Pransitionsde Stk 5y

— izt

@ f &7 e nosn Transition

e

* € * =
. The 6 — " transition is not allowed by selection rules. The order of energy
for different transitions is as: n — 1*<% — n*<n - 6" << g -0

‘ 1 £ G’ (anti-bonding)
A
A ﬂ*(anti-bonding)
5 G > G"‘ s *
= TP»PT npo nd
) =
z 0
= n (non-bonding)
T (bonding)
G (bonding)

— f lg244 ﬁm’rgy l(v,e[ of electronic transitions
AT e e .o a2 .'.-J |'\’-_._;'_"'.-7_'-_"-(~|__-:_|'.;'_-Z‘-‘:_ 5_::-'-?;‘ _:_\'ﬁi_;__.:—j_:.:_. i —
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) Sigma to Sigma Star (6—6') Transitions

The promotion of electron from bonding sigma orbital to associated high
energy antibonding sigma orbital (c—c ) require higher amounts of energy a;d
ysually involve absorption of ultraviolet radiation below 150nm. This is due to
stronger sigma bonds. This is the only transition available in alkanes. For example,
methane has carbon-hydrogen bonds only and shows absorbance maximum at 125nm.
These transitions are not available in normal UV-Visible regions (200-800nm).
i) Pito PiStar (n—n") Transitions

The promotion of electron from bonding pi orbital to associated high energy
antibonding pi orbital (n—n") require lesser amounts of energy than n—G ', G—0"
transitions. The transitions in unconjugated alkenes usually involve abserption of
ultraviolet radiation around 170-190 nm and the non-conjugated carbonyl compounds
involve the absorption of visible radiation around 200-300nm. ‘This transition 1S
available in conjugated alkenes, alkynes, carbonyls, nitriles, aromatic componnds, etc.

i) ntoSigma Star (n =¢") Transitions

The promotion of electron from non-bonding ‘orbital to high energy
antibonding sigma orbital (n — 0 ) require lesser amounts of energy than 6—G"
transitions and usually involve absorption of 150-250nm. This type of transition is
shown by saturated compounds containing atoms with lone pairs of electrons like N,
0, S and halogens. For example, the maximum absorption for hydrogen monoxide ‘
(H,0) is 167nm and that of methyl alcohel (CH;0H) is 183nm.

I¥) nto PiStar (n =) Transitions
The promotion of electron from non-bonding orbital to high energy

antibonding pi orbital (n — ) require the least amounts of energy than all other
transitions and usually involve absorption at longer wavelengths around 300nm. This
kind of transition is shown by unsaturated molecules containing heteroatoms such as
N, O and S. Saturated aliphatic ketones show absorption around 280nm, For example,
dcelone shows absorption maximum at 279 nm.

Instrumentation and Working of UV/Visible Spectroscopy
The modern UV spectrometers (double beam spectrophotometer) consist of the
f‘3"0‘Wing parts:

i)  Light source ii) Monochromator
iii) Beam Chopper iv) Sample and reference cells
v) Detectors vi) Amplifier i
' _ vii) Recording device
R
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>

/ Tungsten lamp

> _ Beam g '_'"“R;E{';;d‘;‘r
S S Pmm Detector (= Amplifier  |-» J\
.\‘-;.—- -..._\_-'...._.' o l“"'.—-{‘ :
T~ ! 20
N ; il
A\ Deuterium lamp
=)
Reference
Fig. 24.5: Instrumentation of U V/Visible spectroscopy
Light Source - : |
Tungsten filament lamps and Hydrogen-Deuterium lamps._are most widely
used.
Monechremator

Electromagnetic radiation from the source of light enters the monochromator
through entrance slit. The monochromator is used to ‘disperse the radiation into
different wavelengths. Monochromators (also known as - wavelength selector)
generally composed of prisms and slits.

Beam Chopper (Beam Splitter) i

Chopper is device consisting of circular disc. It splits the monochromatic beam

of light into two beams of equal intensities.

Sample and reference cells

These cells are made of either silica or quartz. Sample under measurement and
the reference solution are placed in the cells. One of the two divided beams is passed
th.;ou_gh the sample solution -and second beam is passed through the reference
solution. :

Detectors

Detectors have photocells. One of the detector receives the beam from sample
cell and second detector receives the beam from the reference. Both the detectors
generate voltage proportional to the radiation energy that strikes them.
Amplifier

The voltage generated in the photocells is transferred to the amplifier.

Generally voltage generated in the cells is of very low intensity, the main function of

a.mpgﬁer is to amplify the signals many times to generate clear and recordable
signals.

Recording device .

Recording device is generally computer system. It automatically stores and
records all the data and generate the spectrum of sample under investigation as a plot
of wavelengths of absorbed radiations against absorbance.

. : i P RE AN [T 2 TR TR e T S A
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Fig. 24.6: UV/Vis Spectrum of Acetolie
Applications of UV-Visible Spectroscopy
UV-Visible spectroscopy is one of the most useful tools and is usually used in
analytical chemistry for qualitative and quantitative analyses. Some of the
applications of UV-Visible spectroscopy are:
1) It is used for the determination of équilibrium and dissociation constants.
i) It is useful for the determination of rate of chemical reaction.
iii) It is also useful to detect the Structure of organic compounds, the presence or
absence of unsaturation, the presence of heteroatoms and the impurities in the
samples of organic compounds. :

24.2.2.2 Infrared Spectroscopy _

The spectrosgepy which deals with the study of interaction of electromagnetic
radiation with ¢natter in the infrared region from 0.8um to 1000pm (m_» R00-
1000000nm) is*called infrared (IR) spectroscopy. IR spectroscopy is concerned with
the study of absorption of infrared radiation, which causes vibrational transition in the
Molecule. Hence, IR spectroscopy is also known as vibrational spectroscopy. Not all
the molecules can absorb IR radiation. Molecules absorb radiation when a bond ir the
Molecule vibrates at the same frequency as the incident radiant energy. After

absorbing energy, the molecules have more energy and vibrate at increased
L 2mplitude.

............
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e entire TR region can be divided into three regions: near IR, middle IR and fy

IR, 1hlee 1?:1?1:1 Tl-‘}:ij:;b().ﬁmn to 2.5um (800-2500nm or 12500-4000em ™) ls ,‘?“!"’d near
infrared and that from 2.5um to 25um (2500-25000nm ot 4000-400cm™) is called
middle infrared region. The region from 25um to lD()Upml(mf 250(}()-‘1 O(J{)U{)lmm or
400-10en™ "y is called far infrared. Pute vibrational trmisinqns oceur in the iqf‘rarfeﬁl
region 2.5-15pm (4000-667¢m"), hence most organic chemists are interested in this

region. Sad l
s [  Middle Far :
Visible Light = Aittraned Tight Infrared Light Microwaves
% . ' 7
Wavelength  400nm 800nm 2.51m 25um linm 10 nm
{0.8m) {10 nm)
G ) = | it
| Wayenumber 12500em 4008em 400em 10cm ;

Both wavelength and wavenumber units are used in describing IR spectra but
most chemist use wavenumber rather than wavelength in IR ‘spectroscopy. This is
because the wavenumber is directly proportional to energy, unlike the wavelength,
which is inversely proportional to energy. Thus, the wavenumber is more comparable

~When we sit in the sun or close to 4 heatet or fire, we are
rudintions (also caflled heat waves) of the spectrum. The energy provided by this type is

enough to vibrate our skin molecules, this vibration increases the kinetic energy of our
\__skin molecule, 8o we feel warmth, -

Principle of IR Spectroscopy

Molecules are made up of atoms linked By chemical bonds. The movement of
atoms and the chemical bonds is like spring and balls (vibration).This characteristic

vibration is called natural frequency vibration.If the bond is stretched or compressed
and then released, the atoms vibrate, |

Spring force '

Spring force i e ;

X s —— — — |
Stretched : , Compressed Equilibrium
bond length

Fig. 24.7: Molecular Vibrations

When energy in the form of IR radiation is applied then it causes the vibration

between the atoms of the molecules. As a result the absorption of IR radiation takes
place and a peak is observed.
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Molecular Vibrations (Vibrational Modes) of IR Spectroscopy
Atoms in a molecule do not remain at fixed positions with respeclvto each
other. but actually vibrate back and forth about an average value of the interatomic
distance. A molecular vibration occurs when atoms in a molecule are in periodic
motion while the molecule as a whole has constant translational and rotational
motion. The frequency of the periodic motion is known as vibration frequency.

Types of Molecular Vibrations (Vibrational Medes)
There are two main types: stretching and bending vibrations.
i) Stretching Vibrations
Stretching involves a change in bond lengthsresulting in a change in interatomic
distance.

Types of Stretching Vibration
There are two types of Stretching Vibrations:

Symmetric stretching: |
In symmetric stretching vibration, two or more bonds vibrate in and out

together.

Symmetric Stretching

Asymmetric stretching:
In asymmetric stretching,
getting longer at the same time with res

some bonds are getting shorter and the others are
pect to the central atom.

Asymmetric Stretching
iil) Bending vibrations
Bending vibrations involve the ch
of a group of atoms with respect to the rest 0
_ bending vibrations, remain constant.

]

ange in bond angles or change in the position
f the molecule. The bond lengths, in
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Types of Bending Vibrations

There arc four Lypes of bending vibrations:

Scissoring ; :
Scissoring is th nd away from each other

Jike the movement of scissors.

e movement of two atoms toward a

el
o0

Scissoring

Rocking
Rocking is the movement of atoms ‘1 the same direction within a plane. It 18

like the motion of pendulum on a clock, here an atom is a pendulum and there are two

instead of one.

' Rockin
Wagging ¢

Wagging is the simultaneous motion of two atoms that move up and down the
plane with respect to the central atom. It is like the motion in which you make a AT

sign with your fingers and bend them back and forth from your wrist.

e Wagging Vibrations
Twisting
Twisting involves when one atom moves up the plane and the other atom
moves down the plane with respect to the central atom.

el
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Q9
3o

Twisting Vibrations
Factors Affecting Vibrational Frequency
The frequency absorbed depends on:
(i) the masses of atoms in the bond (ii) the strength of the bond (iii) the geometry of
the molecule (iv) and several other factors.
Keep in mind that heavier the atoms, lower is the vibration frequency of the
bond between them. Stronger the bond, higher is the vibration frequency.

Instrumentation of IR Spectroscopy
Instrument that is used to determine the absorption-spectrum of compound is
called infrared spectrometer or, more accurately, infrared spectrophotometer. The
most common spectrophotometer is double beam spectrophotometer. It is similar to
that of UV spectrophotometer. Its main components are: ,
(1) radiation Source (ii) Fore optics(iii) monochromator (iv) sample cell (v)

detector (vi) recorder
Sample

IR

DOURCe . —

Rcuordcr‘

Reference

9 Fig. 24.8: IR Spectrophotometer
)  Radiation Source
The commonly used sources are Nernst glower and globar.
~ Nernst glower is ahollow rod of rare earth oxides (zirconium, thorium and
CE'-[‘]Um)_
Globar is a silicon carbide rod,

: Nernst glower is used for shorter wavelengths and globar filament is used for
_Onger wavelengths.

......
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% U(E‘);:i\:a consists of mirrors and a rolating Mmirror. Mirrolm dIVId:} lI:Jc light from,
the infrared source into two beams of equal intensity. One of lul, lW()[( Ivided beams jg
passed through the sample and second beam is passed through the reference (solvent),
Tie rotating mirrors alternately allows light from cach of the beams to enter the

monochromator.
iy Chopper
Chopper recombines the light before entering into monochromator. It passes
the two beams alternately to a prism (or diffraction grating).
tv)  Monochromator
Prisms and grating can be used as monochromator. Monochromator produces
single wavelength radiations.
v)  Detector
Detectors convert thermal energy into electrical energy.
vi) Amplifier
The signals obtained in the detector are amplified many times to generate clear
and recordable signals.
vii) Recorders
Recorder automatically records all the data on a computer and plots the IR

spectrum of the sample on a graph. It usually plots the transmittance or absorbance
against wavenumber. j

- i
3500 3000 2500 2000 1500 1000 500
Wavenumbe :
2rem
Flg. 24.9: Representation of IR Spectrum of a Sample

hee ;! irn Mingd
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Applications of IR Spectroscopy
It is widely used in both organic and inorganic chemistry. Some of the
applications of IR spectroscopy are:

i) Itis mainly used for structural determination of organic compounds.

i) Itis used to detect the presence ¢ - absence of a particular functional group in the
compound.

iii) Itis being used to help identify tae structure of complex molecules in space.

) It is very effective for the detection and measurement of even minute quantities
of the chemical compounds; hence it is widely applied in environment analysis,
forensic analysis, industries and research.

vi It has also been successfully utilized in the field . 6f semiconductor
microelectronics: for example, infrared spectroscopy ‘can be applied to

semiconductors such as silicon, gallium arsenide, gallium nitride, zinc selenide,
amorphous silicon, silicon nitride, etc.

24,2.2,3 Nuclear Magnetic Resonance (NMR) Spectroscopy

The spectroscopy which deals with the study of interaction of electromagnetic
radiation with matter in the radiofrequency~region 1s called nuclear magnetic
resonance (NMR) spectroscopy.

The range of NMR region is from 7.5 x 10'° nm to 4.0 x 10° nm (75m to 0.4m
or 4 MHz to 750 MHz).

Many nuclei may be studied by NMR techniques but hydrogen (proton i.e. 'H
NMR) and carbon (carbon — 13 i:€. BC NMR) are mostly available.

The proton NMR gives information about the number and type of hydrogen
atoms in a molecule. The.carbon — 13 NMR is an important tool in chemical structure
elucidation in organic.chemistry.

Theory of NMIR Spectroscopy

Atoms have nuclei, which have many of the same properties that electrons
have. A nucleus has a certain total charge (denoted by Z), and some of them also spin
about their axes in a manner that electrons spin about their axes. The spin quantum
number (spin) of a nucleus is denoted by £ . The spin quantum number of a nucleus is
determined by the number and pairing of the individual particles. The rules for
determining the net spin of a nucleus are as:
The nucleus has NO spin when the number of protons and the number of
neutrons are both even.

i)  The nucleus has a half-integer spin (i.e. 1/2, 3/2, 5/2) when the sum of the
number of protons and neutrons is odd.
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, 2, 3) when the sum of the number of

1s has an integer spin (i.c.
e oo : of protons and the number of neutrong

protons and neutrons is even. The numhu

are both odd in this case.
Table 24.2: The Spin Quantum Number of Some Atoms

2 No. of Protons No. of Mass Ewme Quantum Examples
(Atomic Number) Neutrons | Number Number
6
Even Even Even |Zero THe(0), (,C(O) '°0(0)
Even or odd Evenor  |odd Half-integer H(1/2), :
' odd 1Li(3/2),12€(1/2),'30(5/2)
0Odd Odd Even Integer SH(1), gLi( 1), 1gB (3)1IN(1)

The table shows that the nuclei with an odd mass number or odd atomic
number have nuclear spins. The nuclei that have nuclear spins such as 'H or °C are
said to be NMR active nuclei i.e. they have magnetic fields."When the nuclei have an
even number of protons and neutrons such as '°C and '°Q, their magnetic fields cancel
out and they have no overall magnetic fields. These nuclei are NMR inactive.

Principles of NMR Spectroscopy
All nuclei with non-zero spins have magnetic moments (). Thus the nucleus
can be considered to be a tiny bar magnet, The magnetic moment is generated by
charge and spin of nuclei.
Without an external applied magnetic field, the nuclear spins are random in
directions. But when an external magnetic field is applied, the nuclei ali gn themselves
either with or against the field of the external magnet.

o H %%

=
&=
£
|
In the absence of In the presence of
magnetic field magnetic field

Fig. 24.10: Nudeur Spin
It is possible to excite these nuclei into the higher level with electromagnetic
radiation. The frequency of radlatlon needed 1s detenmned by the dlfference in energ)’

R
i
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petween the energy levels.This is very important to know that the lower energy level
will contain slightly more nuclei than the higher level.

In the presence of an external magnetic field, two spin  states
exist, +1/2 and —1/2.

The magnetic moment of the lower energy +1/2 state is aligned with the
external field, but that of the higher eriergy —1/2 spin state is opposed to the external
field.

Spin=-1/2

Higher energy state i |
i (aligned against the
g applied magnetic field)
= 03499815886
LIKE
% SHARE E MDCAT BY FUTURE
POCTORS

1

w  Spin=F1/2
3 _(aligned with the applied
magnetic field)

Lower energy state

Fig. 24.11: Energy LevelJar a Nucleus

The stronger the magnetic field, the larger the energy difference between two
nuclear spin states and higher the energy (frequency, v) needed for the resonance.

The amount of energy absorbed is recorded as NMR Spectrum. In practice .
either the magnetic field can be held constant and the radio frequency varied or more
commonly the radio frequency can be held constant and the magnetic field varied.
The main purpose of NMR isnot to detect the presence of proton in a molecule. It can
be distinguish between protons in different chemical environments with in the
Molecule. The number of signals recorded on the NMR chart paper indicates the
Number of different types of protons in molecules. The position of the peak can give
Information about the molecule structure in the vicinity of the proton. Protons are of
WO types’ equivalent and non-equivalent protons. Equivalent protons are those in the
Molecule that are chemically indistinguishable while non-equivalent protons are
chemically distinguishable. 3
CH;

a b a b a
CH3—CH2‘—CI CH3""CH—CH3

a = Equivalent Protons
b = Non-equivalent Protons
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of NMR Spectrometer

MR spectra are usually named NMR
of electronic equipment. NMR
a small but measurable energy

ntation and Working
used to get N
complex collection
to create

Instrume
[nstruments that are
spectrometer. It contains a ¢ o
spectrometers use very pnwicrl'ul I'I'ill‘!_],ﬂ(.-lb
difference between two possible spin states.
Sample tube

g

Magnet

J :
Recorder J

o) }
T O

=
i d
!
£
4
L

12: NMR Spectrometet:

Working

The sample is dissolved in a solvent, usuaily CDCl; (deutero-chloroform), and
placed in a magnetic field. A radiofrequency generator then irradiates the sample with
a short pulse of radiation, causing resonance."When the nuclei fall back to their lower
energy state, the detector measures the enefgy released and a spectrum is recorded.

NMR Speectrum i
The NMR spectrum is a plot of intensity of NMR signals versus magnetic field

(fr_equency) in reference to TMS (tetramethylsilane). NMR signal is plotted on the y-
axis and frequency on the x-axis. The value of frequency increases from right to left
rather than left to right. Jn NMR spectrum we do not use unit Hertz (cycles per
second) but rather we use parts per million (ppm).

e,
g
s
' TMS
' . v 1 m
19 o 8. Tan 6 ni e e B TR S e b

- Frcqueﬁcy (ppm)
Fig. 24.13: A sample of NMR Spectrum
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Applications of NMR Spectroscopy
Nriclear magnetic resonance (NMR) spectroscopy is one of the most powerful
and widely used techniques in chemical research for investigating structure and
. dynamics of molecules. Some of the applications of NMR spectroscopy are:
; Advanced methods can even be utilized for structure determinations of
biopolymers, for example proteins or nucleic acids. NMR is also used in
medicine for magnetic resonance imaging (MRI).
NMR is used in biology to study the biofluids and biomacromolecules such as
Nucleic acids (DNA, RNA), carbohydrates, Proteins and peptides.
NMR is used in physics and physical chemistry to study high pressure
diffusion, liquid crystals, liquid crystal solutions, membranes and rigid solids.
iv) It has various applications in food industries, food science, chemieal analysis
of different products, pharmaceutical approach etc. To analyse the carbon-
hydrogen framework in the molecule is the basic work of NMR technique.

24.2.2.4 Atomic Absorption and Emission Spectra

Atoms in which no electrons are in the higher vacant level are said to be in the
ground state while atoms in which there is an electron in the higher level are said to
be in an excited state. The ground state is the most stable electronic state. The
movement of an electron from one energy level o another energy level within an
atom is known as electronic transition. It is noted that the light coming is must be
exactly equal to the energy difference between the two electronic energy levels,

otherwise the atom will not absorb it.
Atomic Absorption Spectrum

The absorption spectrum of-an atom is the spectrum .of wavelengths or
frequencies of photons that are absorbed by the atoms due to jumping of elt?ctron from
lower energy level to higher energy level. The wavelengths or fre,q_uencues that are
absorbed will appear as dark lines on a bright background. f}bsorpmn occurs upon
supplying radiation. The absorption spectrum of sodium gives two d.ark lines of
wavelength 589.0 nm and 589.6 nm and that of hydrogen gives four different dark
lines of wavelength 410 nm, 434 nm, 486 nm, and 656 nm.

i)

ii)

i)

Atomic Emission Spectrum

The emission spectrum of an atom is the spectrum of wavelengths or
are emitted by the atom due to falling of electron from
or frequencies that are
s even in the

ns of bright

frequencies of photons that
higher energy level to lower energy level. The wavelengths

emitted will appear as bright lines on a dark background. Emission oc:fl.!r
absence of a radiation source. It is interesting to know that, the positio :
lines in emission spectrum is exactly same as the position of dark lines in absorption
Spectrum, that is the energy of radiations emitted by excitgd_yxfirogel? are EKﬂCﬂ}'ﬂle
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same as energies absorbed by cold hydrogen. ﬁIC(CIﬂIhSJOH spectrum of sodium gives

two bright lines (golden yellow lines) of wavelength 589.0 nm and 589.6 nm ang that
of hydrogen gives four different bright lines of wavelength 410 nm (violet), 434 nm
(blue), 486 nm (bluish-green), and 656 nm (red).

nm nm

410 434 486 5 ~Y 656 800
nm nm nm nm nm

Fig. 24.15: Emission an@ébﬁzw ton Spectra of Hydrogen

. Interesting Infor
Strontium_gives red, barium gjyé::sjjfgreen,_ potassium gives violet and copper gives blue
coloured lines on heat?ng- These are the colours of the flame test of these elements. In the
dlslcharge tube, the helium gas-glows with pink colour while neon glows with an orange red
colour. o~

Elements can be identified b y their spectral lines because the spectral lines are different for
 every element. -

¢

, ey 5
Table 24.3: Difference between Emission and Absorption Spectra
S.No. Emission Spectrum Absorption Spectrum |
1 |Itis formed at high temperature. It is formed at low temperature.
2 _It is formed when the substance is |1t is formed when the substance is even
in the gaseous state (vapours). in the liquid or solution state.
3N Sahis specirum,  bright  |In this spectrum, dark lines are

(coloured) lines are present on present on bright background.
dark background. ¥
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S.No. Emission Spectrum Absorption Spectrum

4 | has bright (definite colour) lines. [Tt has dark black lines.

—

It is formed when an electron jumps

from lower energy level to higher
energy level.

5 |It is formed when an electron

jumps from higher energy level to
lower energy level.

L 6 |Energy is released. Energy is absorbed.

24.2.2.5 Mass Spectrometry (MS)

Mass spectroscopy is a technique that is used to measure molecular masses, to
analyze the composition of sample and to elucidate the structures of molecules and
other compounds by means of the separation of gaseous ions according to their mass-
to-charge ratio (m/z). Mass Spectroscopy is also known as mass spectrometry.

Mass spectroscopy is not a true spectroscopic technique because absorption of
electromagnetic radiation is not involved at all. Mass spectroscopy has very high

sensitivity, low detection limits and the possibility of ionizing very small

sample
volumes.

Principle of Mass Spectrometry

Mass spectrometry does not directly determine mass; it determined the mass-
to-charge ratio. Mass spectrometty. carry out three main functions that is: (i) the
lonization of molecules, (ii) the separation of these molecules according to their mass-
to-charge (m/z) ratio (iii) the determination of the respective abundance of each ion
Produced.
Instrumentation and Working of Mass Spectrometry

The simplest form of mass spectrometer has following components:
) Sample inlet system (vapourizer)
) Ton source (ionization chamber)
i)  Accelerating plates and slits
iv) Analyzer (ion separation system)
V) Detector (ion collector)
Vi) Amplifier
Vi) Recorder
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Fig. 24. 16: Mass Spectrometer

The sample (material to be analysed) is introduced into an inlet chamber and
converted into vapours state. These vapours are allowed to enter into ionization
chamber. ‘

The ion source is an essential component of all the mass spectrometers where
the sample molecules pass through.a beam of very high energy electrons emitted from
electrically heated filament (usually tungsten filament). The electron -molecule
collision gives considerable energy to the sample molecules that in turn emit electrons
and produce positively charged ions. These positively charged ions have different
masses depending upon the nature of isotopes of the element present i;l them

One essential component of all mass spectrometers is the vacuum s stem. It
produ:lzes the required vacuum conditions for ion generation and for se argtion E;ﬂd
detection of ions. The pressure of the system is kept at ve.ry low so thg ions Move
freely without any resistance from air molecules. l

A repeller plate, which carries a positive electrical potential, directs these
x}?wly created positive ions toward a series of accelerating plates. A ‘large potential
difference of 1 tv 10 kilovolts (kV) is applied across the acceleratiﬁg plates to produce

a bea.m of. fast moving positive ions. The positive ions pass through one or more
focusing slits to produce a uniform beam. - |
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Analyser (the ion separation system) separates the fast moving ions with
respect to their mass-to-charge (m/z) ratios. If all ions have sin gle positivg charge and
have the same velocity, then the amount of deflection is inversely proportional to the
mass of each ion. The lighter ions are deflected more than the heavier ions.

The ions ultimately reach an ion collector, where they are detected. An
electronic signal is generated by the collector and is amplified before it is recorded.
Frequently the data go directly into an on-line computer which generates the mass
spectrum 1n digital or bar graph form. The mass spectrum is the 2D representation of
ion intensity (relative abundance) against the mass-to-charge (m/z) ratio. In mass
spectrum. the highest peak, called the base peak, is the standard against which the
other peaks are measured. The base peak is arbitrary assigned a‘relative intensity
value of 100. The spectrum helps us in determining the relative atomic masses as well
as relative abundance (ion intensity) of isotopes of elements;. In mass spectrum, the
position of peaks shows relative atomic mass and the length of peaks shows the

relative abundance of the ion. Consider the example of mass spectrum of iron.

e g
Bl
£ 60
:j40=l.
20 et
Ja3 1t
i SR H
il Fe ©Sp TR
age fen o]
L L R e SR e R sy

Mass number

Graph 24.1: Mass Spectrum of Iron
: Here the horizontal axis shows the mass of each detected ion. The relative
abundance of each ion can be found from the height of each peak. It is seen that there
exist four isotopes of Iron, i.e. *Fe, *°Fe, °’Fe and 58Ff:, each with a relative
abundance 5.8%, 91.7%, 2.2% and 0.3% respectively. Thus *®°Fe is much more
abundant in nature than the other isotopes. From this data the relative atomic mass of
the ‘Fe’ is calculated as follows, i

Average mass of 100 atoms of Fe — (54x5.8) + (56x91.7) + (57x2.2) + (58x0.3) = 5591

. Average mass of 1 atom of Fe = 5591.2/100 = 55.91 amu
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Consider another example of mass spectrum of chlorine.
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Graph 24.2: Mass spectrum of chlorine
The two peaks in the above spectrum show that there are two isotopes of
chlorine with relative atomic masses of 35 and 37. The relative abundance of
chlorine-35 is 75.77% and that of chlorine-37 is 24.23%. The average atomic mass of
chlorine can be calculated as:
- Average mass of 100 atoms of chlorine = (35x75.77)+(37x24.23)=3548
Average mass of 1 atom of chlorine = 3548.46/100 = 35.48 amu

Applications of Mass Spectrometry -

Mass spectrometry is one of the most important analytical techniques that is
used in chemistry, biochemistry, medicine, pharmacy, agriculture, material science,
food science and many related fields of science. Some important applications of mass
spectroscopy are as: ' :

i) It is used to determine the molecular mass of compounds by separating
molecular ions on the basis of their mass-to-charge ratio.

i) It is also ‘used to determine molecular masses of peptides, proteins and
oligonucleotides. .

iti) - It is used for characterization and sequencing of different proteins.

iv) It is used in materials science to identify the precise chemical composition of
samples, which can help to explain why buildings or bridges collapse
unexpectedly or why engineering components have suddenly failed.

v) It is used in forensic science to identify unusual substances found at a crime
scene and match them precisely with similar substances found elsewhere.

vi) It is used to identify chemical, biological, radiological, nuclear, and explosive
threats.
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vii) It can help us to understand our environment.We can use t
quickly air and water pollution travels.

viii) Mass spectrometers are increasingly being used for things like

discovery, food contamination detection, virus and bacteri

pesticide residue analysis, isotope ratio determination, protein i
carbon dating.

hem to measure how

drug testing and
a 1dentification,
dentification, and

The analytical chemistry deals with the analysis of matter. The analysis means to
find out the chemical composition of the matter that is, what type. of atoms
constitutes the matter and how many atoms are forming that matter.

The traditional methods of analysis are called classical methods of chemical
analysis which are based on using the chemical reactions for analytical
procedures. The traditional methods are time consuming and needs a lot of
expertise.

The modern methods of analysis are based on the ‘use of different radiations.
These analytical procedures are termed as the Spectroscopy. '
The modern methods called spectroscopy -are fast, require less amount of
substance to be analyzed, and they use modern equipment like computers which
make the results more accurate,

The matter interact with the light or radiations and as result of this energy is
absorbed and subsequently emitted by the electrons in the atoms and molecules
of any substance under observation,

The table of all known radiations is called electromagnetic spectrum.

The Instrument that is used in spectroscopy is called the spectrometer.

Mostly used radiations of spectrum include infrared rays, visible light, ultraviolet
rays and the X-rays.

Stretching (symmetric or asymmetric) involves the change in bond lengths and
bending (scissoring, rocking, wagging, and twisting) involves the change in
bond angles. The most useful bands in an infrared spectrum correspond to
stretching frequencies. '

Compounds (organic or inorganic) having covalent bonds absorb
electromagnetic radiations in the infrared region. The main use of the technique
is to determine the functional groups in the molecule.

Our eyes also serve as a visible spectrometer for identifying different substances.
White light is made up of different colour radiations. _

The molecular formula of a substance is determined by the use of nuclear
Magnetic resonance (NMR) spectroscopy effectively.

T E N e e

2 AR TR

Scanned with CamScanner



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

1)

1)

1)

iv)

vi)

vii)

viil)

1X)

X)

\M ultipleChoice Questions

Four answers are given for each question. Select the correct answer,
Volumetric analysis method is aimed for:

(a) Analyzing solutions (b) Analyzing liquids only

(c) Analyzing solids only (d) Analyzing volume only

The combustion analysis methods are:

(a) Only limited to organic compounds

(b) Only limited to Inorganic compounds

(c) Covered both organic and inorganic compounds

(d) Covered only physical characters of a chemical compound;
The salt analysis covers:

(a) Analysis of organic compounds

(b) Analysis of Inorganic compounds

(c) Both organic and inorganic compounds

(d) Analysis the sodium chloride only.

Mass spectrometers separates ions on which of the following:

(a) Mass (b) Charge

(c) Mass-to-charge ratio (d). Molecular mass

The Ultraviolet light has energy:, | i

(a) More than red light _ (b) Less than red light |

(c) More than X-rays " (d) More than gamma rays
The red light has wave léngth from: '

(a) 400-450nm | (b) 450-550nm

(c) 550-620nm (d) 620-800nm

The portion of the fire that feels us warm is

(a) Ultraviolet rays (b) Infrared rays

(c) Visible radiations (d) Yellow light of fire .
The globar rod in IR spectrometer is made of:

(a) Oxides of zirconium (b) Silver carbide :
(c) Oxides of cerium (d) Silicon carbide |
The colour of a chemical compound results from

(a) Stretching of molecules (b) Bending of molecules
(c) Release of energy (d) Electronic transitons
Mass spectroscopy is used to determine :

(a) Molecular masses : (b) Functional group

(c) Type of atoms . % d) ‘_I_Jn{saturation
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Q.1. Define chemical analysis. What are the main types of chemical analysis?

Q.2. Whatis the importance of qualitative analysis and quantitative analyses?

Q.3.  What are the different types of spectroscopy?

Q.4.  What is the main use of IR spectroscopy?

Q.5. Why most chemist use wave number unit rather than wavelen gth in IR
spectroscopy?

Q.6. How UV-Vis spectroscopy differs from IR spectroscopy?

Q.7. How does the detector in NMR spectrometer work?

Q.8. What are the principles of mass spectrometer?

Q.9. Name the factors that affect vibrational frequency.

Q.10 Give three applications of mass spectroscopy.

L T A o T e S P P

e T

Long Answer Questions

m— pbiap i —

Q.I. What is chemical analysis? Explain qualitative and quantitative analysis with at
least one example.

Q2. What do you know about classical and modern methods? Compare classical
methods of analysis with modern methods.

Q3. What is the difference between volumetric' and gravimetric methods of
analysis?

Q4. What is combustion analysis? Discuss the procedure of combustion analysis.

Q.5. What are electromagnetic radiations? Describe the regions in electromagnetic
spectrum in detail?

Q.6. Define and explain atomic absorption and emission spectra.

Q7. Define spectroscopy. What are the applications of spectroscopy?

Q8. What is \UV-Vis spectroscopy? Explain the principle and applications of

UV-Vis spectroscopy.
Q.9

Explain the various electronic transitions possible on the absorption of
UV-Visible radiation.
Q.10,

Write a note on infrared spectroscopy? Describe the principle and applications
of IR spectroscopy.

Q.11.

Explain the various vibrations possible when a molecule absorbs infrared
radiation,
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When 2.203g of sample of an organic compound was burnt in a combustion

Q.1. _
tube, 4.401g of CO, and 1.802g of H,O were produced. Determine the % age
of carbon, hydrogen and oxygen atoms.

Q.2. An unknown compound contains 14.31% sodium, 9.97% sulphur, 6.229

hydrogen and 69.5% oxygen. Calculate the empirical formula of the

compound.
Q.3. The empirical formula of glucose is CH,0. It molecular mass is 180 amu.

Determine it molecular formula.
Q4. Calculate the average atomic mass of neon with the help of mass spectrum
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Introduction, 339
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Stereoisomers, 135-136
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Oxides of Period 3 Elements, 16
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Glossary
Acetals. Acetals are formed when hemiacetals react with second molecule of alcohol
Achiral: A molecule that is superimposable on its mirror image., ;
handedness.

Activating group: The electron donating groups that increase the reactivity of the
aromatic ring towards electrophilic substitution such as hydroxyl group (—OH)

Acylation: The replacement of hydrogen of benzene b
called alkylation.

Addition Reactions: The most important reactions of alkenes are the addition
reactions. :

It has a lack of

y an acyl group (—COR) is

Alcohols:  Alcohols are organic compounds in which hydroxyl group is attached to
alkyl group.

Alkanes: Alkanes are saturated hydrocarbons containing single bonds between
carbon atoms.

Alkene_es: Unsaturated hydrocarbons containing one or.more carbon-carbon double
bonds in their structures.

Alkylation: The replacement of hydrogen of beﬂzene by an alkyl group (—R) is
called alkylation. ;

Alkyl Group: Alkyl group is formed by the removal of one hydrogen atom from an
alkane,

Alkyl Halides: Organic compounds in which one or more hydrogen atom(s) of an
alkane are replaced by one or more halogen atom(s).

Alkynes: Unsaturated hydrocarbons containing one or more carbon-carbon triple
bonds in their structures. -

Amines: Organic compounds in which one or more hydrogen atom(s) of ammonia are
replaced by alkyl or aryl-groups.

Ammonolysis: The process of cleavage of the carbon-halogen bond by ammonia
molecule. :

Anomers: Similar molecules differing in the configuration at the hemiacetal
(anomeric) carbon (carbon—1 atom of an aldose or the carbon-2 atom of a 2—ketose).

Apoenzyme: The proteinaceous part of enzyme.

Bond angle: The angle formed between two adjacent bonds. .

Bond Enthalpy: Bond enthalpy, also known as bond energy, is the amount of energy
required to break one mole of covalent bonds in a gaseous substance.

Carbocation: Carbocations are carbon atoms in an organic molecule bearing positive
Charge.

R — R p— TR eap— e e e
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hyde or po!yhydroxylx'umnc:; or compounds which

They include sugars, starches, celluloses, and

animals.

Carbohydrate: Polyhydroxyalde
give such compounds on hydrolysis. . . .
oums and serves as a Major encrgy source in the diet of
%arho!ic Acid: The 5% aqueous solution of phcnul.‘
Carbonyl Group: A functional group composed ot
an oxygen atom (=0 :
Catenation: The self-linking property of atoms of
rings.

Catalytic Hydrogenation: The addition of hydr
an unsaturated hydrocarbon in the presence of catalyst. :
Chiral: A molecule that is not super imposable on its mirror image. It has
handedness. The objects that show handedness are golf clubs, scissors, shoes and a

corkscrew.
Chiral carbon atom: A carbon
Chiral centers: Tetrahedral atoms usually cai
substituents.

Cis-trans Isomers: Compound
restricted rotation about certain bonds.

Coenzyme: The non- proteinaceous part of the enzyme.

Complex Ton: An ion in which a central metalatom or ion is surrounded by ligands
(group of ions or molecules).

Deactivating group: The electron withdrawing groups that decrease the reactivity of
the aromatic ring towards electrophilic substitution such as nitro group (—NO,).
Decarboxylation: The loss of carbon dioxide from the carboxyl group of a molecule.
Dehydration: A chemical reaction that involves the loss of a water molecule from
the reacting molecule. The alcohols can be dehydrated to produce alkenes.
Delocalization: The distribution of electron density over more than two atoms that
are bonded together. ' ! -
Delocalization energy: See resonance energy.

Dextrorotatory: A substance that rotates plane polarized light in a clockwise
direction.

Diamagnetism: A form of magnetism whereby certain materials are slightly repelled
by an external magnetic field.

Electrophile: Positively charged or neutral specie that can accept an electron pair in
reaction.

Elimination Reaction: A chemical reaction that involves the removal of two atoms
or group of atoms from two adjacent carbon atoms of a substrate molecule.
Electromagnetic Spectrum: The entire range of wavelengths or frequencies of
electromagnetic radiation extending from the highest energy gamma rays to the
lowest energy radio waves.

a carbon atom doubly bonded to
an element to form chains and

ogen across a double or triple bond of

atom that is bonded to four different atoms Or groups.
bon atoms having four different

s having same molecular.and structural formulas but
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Empirical Formula: 1:The simplest formula that indicates the relative proportion of
atoms present in a compound It does not show actual number or arrangement of
atoms.

£nzymes: Biological molecules that act as catalysts within living cells.
ppovidationThe addition of oxygen (O,) to alkene is called epoxidation.

Fsterification:An equilibrium reaction in which an alcohol and an acid (carboxylic
amd) form an c: «r as the reaction product.

A class of organic compounds that consist of an oxygen atom bonded to two
alkyl or/and aryl groups.

“at: Triesters of glycerol and fatty acids. They are generally soluble.in organic
solvents and largely insoluble in water.

«: Thin threads of natural or artificial substances from which a vegetable tissue,
mineral substance, or textile i1s formed. Natural fibres include cotton, hair, fur, silk,
and wool. Natural fibres are of plant or animal origin. The most important synthetic
fibres are dacron nylon, orlon, and polypropylene.

F - A carboxylic acid with a long aliphatic chain, which is either saturated
or unsaturated

T -

FullerenesAn allotrope of carbon in the form of a hollow sphere, ellipsoid, tube, and
many othcr shapes

Functional Group:An atom or group of atoms within a molecule which confers
spemﬁc propertles ‘to a compound. It i§ the reactive part of the molecule. Each
functmnal group has its characteristic reactivity.

. Reacents:Alkyl magnesium halides (RMgX) are commonly known as
Gngnard Reagents

Crouns: Columns of elements in the periodic table.
1al :on The addition of hypohalous acid to alkenes.
Heat of HydrogenatingThe amount of heat evolved when one mole of an alkene is
hydrogenated
Hemiacetals: These compounds are formed by the addition of an alcohol molecule to

carbonyl group On the other hand, acetals are formed when hemiacetals react with

second molecule of alcohol.
FHomolosous Series: A series of compounds with the same functional group in which

each member dlffers from the next member by a methylene (—CH,—) group in their
fonnula

+The addition of water to an unsaturated compound particularly an alkene

or alkyne ;
Huvdrohalogenation The addition of HX to alkenes.
Hydracarbens: Compounds containing atoms of carbon and hydrogen only.
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The addition of hydrogen across a double or triple bond of an

ST

unsaturated hydrocarbon.
Compounds having same molecular formula but different structures.
. A substance that rotates plane polarized light in an anticlockwise

direction. | |
| inia. They include fatty acids, neutral fats, waxes and steroids (like cortisone).
'HI“Hé:y“ are soluble in organic solvents such as alcohol, ether and chloroform. They are
insoluble in water.

Moy vnibkov's o .. According to this rule, the negative part of the polar reagent
(unsymmetrical molecule) like HX adds to that carbon of double bond of an
unsymmetrical alkene which has minimum number of hydrogen(s). '
Miercants Groun A functional group containing a sulphur atom bonded to a
hydrogen atom. Its general formula is —SH. It is also known as thiol group or
sulthydryl group.

Monomere: Lhey are the building blocks from which polymers are made.
(izonclvsie: 1he reaction of ozone (O;) with alkene to break carbon-carbon double
bond. ° .

;ins. They are short chain of amino acids monomers linked by peptide bonds.

.
Fone
£r

Perigd: Rows of elements in the periodic table.
Periodic Table: A table of elements in which elements are arranged into groups and
periods in the increasing order of atomic numbers. .
Phgephediester Bopd: 4 covalent bond in RNA or DNA that holds a polynucleotide
chain together by joining a phosphate group at position 5 in the pentose sugar of one
nucleotide to the hydroxyl group at position 3 in the pentose sugar of the next
nucleotide.

Phosphodiester Linkage; S¢€ Phosphodiester bond. |
Polarimeter. AN Instrument used to measure the optical activity of a compound.
Polynerization: 1he chemical process of formation of large molecule by joining

together of two or-more small molecules by chemical bonds. i
Proteing: 1hey are composed of long chains of amino acids, They are essential part
of all living organisms. '

Hesonance Enerpy: [he resonance energy of a compound is a difference between the

energy of the actual molecule and the most stable resonance structure. It is also

known as delocalization energy. -

Resonance: The ProceSs in which two or more structures are written for a compound

which differ only in the arrangement of electrons is called resonance.

Hydrocarbons with only single covalent bonds.

o A

aetar T

saturated Hydrocarbons:
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Lol 1 it The period of time that a product can be stored
suitable for consumption.
diwnee: The prevention or retardation of chemical reaction because of the
blocking of the reactive site of a molecule by adjacent atoms or groups of atoms.
Storenisomericn: Compounds that have same connectivity but different arrangement

of atoms or group of atoms in space are called stereoisomers and the phenomenon is
known as stereoisomerism.

and remain fresh, useful or

Spectroscopy: The study of the interaction between matter and electromagnetic
radiation is called spectroscopy.
Subsirata: A substrate is a molecule undergoing a reaction. It may also be defined as:

the molecule that is attacked in a chemical reaction.

Sullydryl Group: See mercapto group. .

Tautomerism: The isomers of a compound which differ only in the position of
protons and electrons are called tautomers and the phenomenon is known as
tautomerism.

- sstturated Hydrocarhons: Hydrocarbons with multiple (double or triple) covalent
bonds.
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