MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

KHYBER PAKHTUNKHWA TEXTBOOK BOARD
PESHAWAR

Scanne d with CamScanner



Scanned with CamScanner




Scanned with CamScanner




MD(}AT BY FIITIIIIE DOCTORS (TOUSEEF AHMAI]]

States of Matter 1I: Liquids

States of Matter 111: Solids

Chemical Equilibrium

TEERE T W -

' - ﬁ|

Scanned with CamScanner



% Thermochemistry

Eleclroclwmistry

Index

Scanned with CamScanner



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

Scanned with CamScanner




Unit-1 = Stoichiometry

Introduction
Thousands of different reactions are going on in laboratorie facts
kitchens, car engines, the atmosphere, the earth beneath YOu and ";iti
body. These chemical reactions have a great effect on your lives. There a;: '
examples of such reactions like conversion of food to energy in the humant,
formation of ammonia (fertilizer) by combining nitrogen ang hydre.
preparation of starch by plants from carbon dioxide and water using energy
sunlight etc. The main purpose of chemistry is to understand chemical chang.
Chemist calculates the amount of product from the balanced chemica equatiy
A wrong calculation of amount would result many problems. Therefore i
required for a chemist to calculate the exact amount of reactants and products
: As you have learned in previous grades, chemistry involves in
measurements to find out what happens between atoms and molecules du
the chemical reaction. In this unit, you will learn how to interpret :
balanced chemical equation in terms of interacting with moles, representd
particles, masses and volumes of gases and their stoichiometric calculations
Stoichiometry, (Greek words 'Stoicheion

Tidbit
means elements' ‘and mgtron meafns _ An'alytica!-mem'msu
measurement).  Stoichiometry is quantitative the branch of chemisty
chemistry. It is the study of the relationship . whlchdeals‘”'“‘&'e

between relative amounts of substances involved stiidy of analysis of
ina chemical reaction. The formula of a | obtaining, processing
compound provides information about the relative "cﬁa;a-ctéﬁzing the
amount of each element present. : C,;,r'n[;u;;sitioh of md

Stoichiometry is essential when and structuré °f"-‘7“ '
fquantitative information about a chemical reaction both qualiﬁtw |
is required. quantitatively

It also tells how much of the matter is y - pﬂmﬁ
réquired to form a specific atteror it

amount of another form of the Mat™ ' "

gheunt of the matter s present, how much of the product <
formed under the given conditions.

units, has alre - - revious g
: ad our P
atomic mass | y been discussed in Yy

: t CO
S defined a5 the mass of one atom of an elemen
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the mass of —1*15 of carbon (C-12),

Ong gram- atom of any element is the relative atomic mass of the element
expre.ssed in grams. For example, the relative atomic mass of chlorine (Cl) is 35.5
atomic mass units (amu) and that of sulphur (S) is 32 amu. Therefore, one gram-
atom of chlorine would be 35.5g and one gram-atom of sulphur would be 32 g.

Mole can be defined as the atomic mass, molecular mass, formula mass
or ionic mass of a substance expressed in grams.

The concept of the gram - atom is useful because it is impossible to see or
weigh individual atoms or even a large number of atoms. We can actually weigh one
gram- atom of an element. '
| One gram-atom of any element contains the same number of atoms. This

quantity has been given the name “mole” (mol). It follows that one mole of any
element contains the same number of atoms.

Generally speaking, mole is a counting unit just like a dozen (12 similar
things) or a gross (144 similar things). Mole, however, is a very large counting
unit. It is equal to 6.023 x 10% similar things, i.e. atoms, molecules, ions, etc. This
constant number, present in one -
mole of a substance, was
experimentally determined by an
Italian scientist, Amadeo Avogadro sl
and is known as Avogadro's 1 mole =
number, represented by N The 6.023 x 10”
number of particles (atoms,  Avogadro’s bt
molecules, ions) in one mole of any | '

substance is called Avogadro’s ; S " 12 grams of carbon-12=1mole

number and is numerically equal to- ey s
6.023x 10%. ~ Figure 1.1 Mole and Avogadro’s number (N.)

For example, =

1 mol of 0 gen (O) = 16g of oxyg'en';—a. 6-.02.3X1023_ ,é_t_om_s of oxygen

1 mol of oxygen (Oz) = 32g of oxygen = 6.023x10% molecules of oxygen
1 mol of water (H;0) = 18g of H,0 = 6.023x10”” molecules of H,0
1 mol of sodium chloride (NaCl) = 58.5g of NaCl=6.023x10% formula units of NaCl

So mole can also be defined as, ”tﬁe}'mount (mass) of a substance, which
contains Avogadro’s number (6. 023x107) of particles (atoms, ions, molecules,

formula units).” It establishes a link between mass of substance and number of
particles. : y

Chemistry Grade Xl

i S

Scanned with CamScanner




Eintals

- =

Table 1.1 Names of the First 20 Elements

Element symbol | Atomic | Atomic Element Symbol A;r‘n“iz- e
Number | Mass | S Number Mmﬂk
Hydrogen H 1 1.008 | Helium He 25 I
Lithium Li 3 6.94 Beryllium | Be _ 4 00
Boron B 5 10.81 Carbon SiElee )
Nitrogen N 7 14.00 Oxygen O="|=8 159
Fluorine F 9 1899 | ~ Neon Ne 10“Fij‘*@
Sodium Na 11 2299 | Magnesium | Mg | 12| 4%
Aluminium A=l 213 26.98 Silicon si | .14 | 2808
Phosphorus P 15 30.97 Sulphur SSR 16_ | 3206
Chlorine Cl 17 ]735.45 ‘Argon N ey e 3994
Potassium K 19 39.09 Calcium Ca 20 | 4007

Science, Technology

T

may be broadly class'iﬁ.edas
lysis tells us \what'isinthe
mple. These ™0 WFﬁ
| chemistry-

Several methods are used to find the sample. These
qualitative analysis and quantitative analysis. Qualitative ana
sample, while quantitative analysis tell us 'how much' is in the sa
of analysis are often used togetherand are considered in analytica

v ysualll
Chemist® L,

Quantitative analysis is very important in chemistry: o 3 fewsam
determine the amount of substance present in the comPOU"d' Here &
results of quantitative analysis:
s The NaCl solution concentration is 0.1 M.
o The chemical reaction produces 5.50 moles. :
» Ore contains 64.88% silver by mass. . Medi"‘
| . _ 1 o] scieN<® =i
~ Beside this, quantitative analysis is very important I medicél ""medw
sciences use the result of chemical analysis for example, gIu° ? rr“i"'gd
bioed, and urine of diabetics. The cholesterol level in blood ¥
quantitative analysis,
1.2/Mole Calculation : i
Molar Mass - f b rﬂ"
0 e(atﬂ

molé

Molar mass is defined as the mass in gfafm of u
fany*

The term mo, .
olar mass s /s used to the mass of a mole ©

Chemist
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Stoichiometry

tmh:i:‘;:'ri?c f;r;::z l;r;ﬂ;s“ci; ions); it is the atomic mass of an atom or the sum of
e atoms in a molecule, an ion or a formula unit (in
grams).
You can find the molar mass (mass of one mole) of any substance using
the following steps.

.» Write down the formula of the substance; for‘example, formula of sulphuric
acid is H,SO,

e Work out its molecular mass; sulphuric acid contains two hydrogen atoms
(atomic mass 1 amu), one sulphur atom (atomic mass 32 amu) and four
oxygen atoms (atomic mass 16 amu). So, formula mass for sulphuric acid '

. (HzSO4) =2H +S + 40
=(2x1) +(1x32) + (4x16)
: =2+ 32+ 64 =98 amu
e Express this in grams per mole; the molar mass of sulphuric acid is 98 g/mol.
In experimental work, chemists work with varying masses. They cannot
always use one mole of a substance. The equation that links the mass of a

substance to the number of moles present is,
mass(in grams) -
U orane) (11)
molar mass(in grams per mol)
Using the above equation, you can convert any mass of a particular

Number of moles () =

substance into moles or vice versa. %
As one mole of any substance contains 6. 023)(102 (Avogadro’s number) of

‘atoms, molecules or formula units, one can also develop an equation between

the number of moles and the number of particles present. This will lead to the

* following relationship.
Number of partlcles(atoms molecules, formula units) (12)

Number of moles(n)= Particles per mole or Avogadro’s number (mol =
Or

% Number of parttcles(atoms molecules, formula units) (13)
Numberof moles(n)= ~ 6.023x10% (mol")

bove equations.

The following examples will iIIUStrate the a

les are there in 60g of sodium hydroxide (NaOH)?

How many mo

; i \ ' =Na+O+H

The relative formula mass of sodium hydroxide (NaOH)
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Unit-1 - Stoichiiedy
So, - .
Molar mass of NaOH = 23+ 16+ 1=40 g/mol w
Mass 1. Define relative
Number of moles(n)= (9) atomic mass
Molar mass of NaOH(g/mol) | i T E
number of moles(n)-—_——ﬂg—:l.Smol B s e
40g/mol
Practice Problem 1.1 FE=S : - A

I

1. Calculate the molecular masses (in amu) of the following compounds:
(a) Sulphur dioxide (SO,) and (b) Caffeine (CgH10N4O2).
(Atomic mass of C= 12, S = 32, N=14 H=1 0 =16)

> Calculate the No. of moles in 5.68g of iron. (Atomic mass of Fe=55.8)

Example 1.2

What is the mass of 0.5 moles of calcium carbonate (CaC03)?
Solution:
The relative formula mass of calcium carbonate (CaCOs)=Ca +C+30

Molar mass of CaCO3; =40 + 12 + (16 x 3) = 100g/mol
Mass(g)
Molar Massof CaCO,(g/mol)

or Mass = 0.5x100 =509

Number of moles(n)=

_ mass(g)

SSSEE05=
- ~ 100g/mol
In a certain experiment, 8.50x10”molecules of water were used. Calculat®

the number of moles of water.
Solution: '
Number of H,O molecules = 8.50x10%

o mo st ST

Number of moles(n): 8.50x10” =1.41x10’mol

6.023x10% e ot
2 me
Thus, 1.41x10° moles of water would have reacted in this particula” expe’!

Practice Problem 1.2 8 " iy

How many Cu atoms are present in 0.5 mol of copper?

-----
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_ MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

Unit=1:" > Stoichiometry

Example 1.4 e | o
How many formula unlts are present leSg of hydrated copper sulpahte

(CuS0O4.5H;0)?

Solution:

Mass of hydrated copper sulpahte (CuS04.5H;0) = 1259
The relative formula mass of hydrated copper sulphate is,
Formula mass of CuSO4.5H,0 = 64 + 32 + (4 x16) + [5%(2x1 + 16)]
: = 64+32+64+5(18)=250amu
Thus, Molar mass of CuSQ;.5H,0 = 250g/mol
So=

Number of moles(n)= Mass(g)
Molar Mass of CuSO,.5H,0 (g/mol)
Number of moles(n)= 1259 _g5mol
250g/mol

Calculate the number of formula units as,
number of formula units of CuSO,.5H,0

Avogadro's number
number of formula units of CuSO,.5H,0

0.5=
6.023x10%

Number of formula units of CuSO4.5H,0 = 0.5 x 6.023x10°
=3.011x10% formula units

Thus, there are 3 011x1023 formula units of CuSO4 5H,0 in 1259 of the salt.

Number of moles(n)=

*"'-—- —H‘ - i ! =S = = e i 1 . -
- re i e =

Practice Problem 1.3 5SS SS T =

— e —— .A._:..___ﬂ

What is the mass of 1.204 x 1022 atoms of lead? (Atomlc mass A 207)

1. What is the number of moles in eac’! o' t!e following?

a) 52g of silicon (atomic mass of Si =28 )
b) 142gof O, (oxygen gas)(atomic mass of O =16)
) 3.6x10% atoms of lithium ( atomic mass of Li = 7)
d) 4x10% formula units of potassium chloride (KCI). (atomic mass of K= 39,
Cl= 35.5)
2. Which of the following contains the greatest number of particles?
a) 4g of lithium (atomic mass of Li=7)
b) 4g of chlorine gas (Cl,). (atomic mass of CI=35.5)
¢) 4g of hydrogen gas (H,). (atomic mass of H=1)
d) 4g of water (atomic mass of H=1, atomic mass of O =16 )

Chemistry Grade XI
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*~ Stoichiometry

1.2.1 The Mole and Chemical Equations
When iron reacts with sulphur, it produces Iron sulphide (FeS), the
equation is,
Fe{s) + S{s) ;ﬁﬂ__y FES{S)
This indicates that equal number of atoms of iron and sulphur are needed
to react. We know that 1 mole of iron (56g) and 1 mole of sulphur (32g) contain
the same number of atoms. Reaction of these amounts would give 1 mole of iron

sulphide (88g).
Fe FrliGae = BLpCl e v FeS))
1mol 1mol 1mol
569 329 889

The mass of the product is equal to the total mass of the reactants. This is
in accordance with the law of conservation of mass (matter), which states that
matter (mass) can neither be created nor destroyed during a chemical reaction.

In chemistry calculations, we frequently need to calculate the relationship
between reactants or products in a chemical reaction. For example, if we know the

| mass of one reactant, we can find how much product will be formed if the reactant is
fully converted into products. At the same time,we can know how much of a second
reactant is required to fully react with the first reactant. A chemical equation must,
therefore, be balanced because it indicates the number of moles of reactants and
products involved in the reaction. There are various ways of doing these calculations
because quantities can be expressed eitherin moles or in mass units.

The stoichiometric calculation can be carried out by the following steps.
1. Write correct and balanced chemical equation.
2. Convert the mass of given substance into moles by dividing with
mass. : 4
3. Calculate the moles of required substance using their coefficient in
balanced chemical equation.
4. Convert the moles of required substance into mass. -
a. Mole — Mole Conversion
E If you are given the mole of one substance, you can calculate the moles ©
the other substances.

molar

the

Oxygen can be prepared by the decomposition of potassium chlorat®
(KCIOs3). How many moles of Oy can be formed by taking 10 moles of KCIOs

Chemistry Grade Xi
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Stoichiometry

according to the following equation? ,
2KC'O3(5] __.__.'".'ffl_.. 2KCI(5) 4 302[9}_

Solution:
We have the conversion factor from the balanced chemical equation as:

2mol of KCIO; = 3 mol of O,

1molofKCIO; = % mol of O,

10 mol of KCIO; = —3—>< 10 =15 moles of oxygen

Practice problem14' ,r_ By e
How many moles of carbon dloxlde will be produced by the complete

combustion of 2.0mol of glucose (Ce¢H1206) according to the following

equation?
C5H1205(5’+ 602@ —_— 6C02[g}+ 6H2 (@

Define molar mass.

What is Avogadro’s number?

What is balanced chemical equation?

What are stoichiometric calculations?

How many ways can you read the given equation?
4Al(s} + 302@ —_— 2A|203(s;

LA S

b. Mole = Mass Conversion
If you are given the mole of one substance you can calculate the mass of

the other sutgstances

Example]_‘e, , o
Y How many' grams,
8.8 moles of ZnCOsy)?

Solution

of CO; can be_produc‘ed by thermally decomposing

ZnG0s ——"Zn0y + Coztg)
First, we do a mole - mole ratio calculation and then convert the

- calculated moles into grams at the end. Thus from balanced equation:
1 mol of ZnCO3) = 1 mol of CO; :
So, " 5.8 mol of ZnCOs = %x 8.8 mol of CO,

— 8.8 mol of COz(g)
Now convert number of CO; into grams, using the formula
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— MDCATRY FUTURE DOCIOBS (TOUSEEEAHMAD), . .
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Unit- 1 Stoichiometry

Molar mass of Al = 27g/mol
mass(in grams)
Molar mass of Al (in grams per mol)
145g

27g/mol
Use conversion factor (equivalency) from the balance chemical equation:
' 4 mol of Al = 2 mol of Al,O5

Number of moles of Al=

Number of moles of Al= =0.54mol of Al

Therefore, 0.54 mol of Al z%x0.54 = 0.27 mol of Al,O3

Finally, we calculate the mass of Al,O3 produced, by converting 0.27 moles
of Al;O3 into grams. For this, we need molar mass of Al,O3 which is,
Molar mass of ALO; = 2Al + 30 = (2x 27)+(3x 16)= 54+48 1029/m0|
So, mass of Al,O; produced = mole x molar mass
= 0.27met x 102g/met = 27.54g

Practice problem 1.6 | :
he oxidation of glucose (C5H1205) to carbon dioxide (CO,) and

T
water (H,0O) occurs as:

CsHuOs + 602@—"_"’” 6COZ“ GHZO@ '

What is the mass of CO, produced, when 856g of CgH;06 are
decomposed?

1.2.2 Calculations Involving Gases :
Not all chemical reactions involve solids and liquids. For those reactions in

which gases are involved, it is more convenient to measure volumes than masses.
In gaseous reactions, weighing of gases as compared to solids and liquids is
relatively difficult. It is much easier to measure the volume of a gas as gases
weigh very little. But we need to know how the given volume of a gas is related
to the number of atoms or molecules present. For this, we take help from the
Avogadro’s law, which states that equal volumes of all gases, at the same
temperature and pressure, contain equal numbers of particles (atoms

or molecules). (You will study thlS law in more detail in _w

e, ~ Units of Volume
It has been found experimentally that one mole of 1 litre = 1 dm’
any gas at standard temperature (0°C or 273K) and 1 litre = 1000m|
pressure (1 atmosphere) or STP (standard temperature ' 1dm’ =1000cm’
- and pressure) ‘occupies a volume of 22.4dm’. This is ——
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Unit-1 ° Stoichiometry

called the molar volume (volume of one mole) of the gas at STp
Avogadro’s law applies to all gases. So making use of thjs fact, it i

to convert the volume of any gas into moles or moles into volum;‘t i

' : uﬂm

following relationship.

Tkpscale Volume(dm3)at STP
umber of Moles of gas (n) " molar volume(22.4 dm*/ mol)atstp (14

r Example 119" S0 s
According to the following equation solid sulphur burns in OXygen g
produces SO,. |
S+ O — SOz
If 15g of sulphur is burnt, what volume of SOz is produced, at STP?

Solution
Given equation for the reaction at STP

| Ses) + Oz —» SOy
i 1mol 1 mol 1 mol
| 329 22.4dm’ 22.4dm’

Number of moles of sulphur burnt mass(BORIL
umber of moles of sulphur burnt = - : |
: 3 p molar mass(in grams per ™)

. Atomic mass of S = 32
15¢g

32 g/mol

Number of moles of sulphur = 0.469 mol

From the equation 1 mol of S = 1 mol of SOzg)
Therefore, 0.469 of S = 0.469 of SOz

To calculate the volume of SOy produced, we have

Vo!ume(dm?’)at STR;
molar volume(22.4 dm?/ mol)

Volume(dm’)
| 22.4 dm’/ mol
Volume (dm?) = 0.469-mof x 22.4 dm®/met=1051d"
Thus, burning 15g of sulphur will produce 10.51drn30

Example 1.10
What volume of chlorine gas would be’ needed at STP
of hydrogen chloride (HCl) gas in preseﬁce of excess of Ha@r

Number of moles of sulphur burnt =

Number of Moles (n) =

0.469 mol =

Chemistr
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_i-r TDOCTORS [TIIIISEEFAMAI]] 225 g

- Stoichiometry
g + Oxg ——— 2H:00  BERTAR

A brief _inspettion of this balanced chemical
equation indicates that one mole of oxygen, (if it is
completely consumed) requires two moles of hydrogen |
to form 2moles of water. If one carefully measures
1 mole of oxygen and 2 moles of hydrogen, ignites them,
one would get 2 moles of water. When the
stoichiometric amounts (as given in the balanced
chemical equation) are reacted together, there will be
no reactants left at the end of the reaction.

In actual practice, however, due to one re
take the amount of the reactants in ctoichiometric ratios, as demanded by
balanced chemical equation. For example, one may take 5 moles of oxygen fﬂ_!
moles of hydrogen to form water. Since the above balanced chemical equat
indicates that, . |

2 moles of Hz = 1 mole of O; :

Therefore, 4 moles of H; = % x4 =2 moles of O;

les will react ""ﬂ‘E
I be left une”
s" and hyd! A

In the

ason or the other, one may

Thus, out of 5 moles of oxygen available, only 2 mo
moles of hydrogen and the remaining 3 moles of oxygen Wi
The unreacted oxygen is termed as “reactant (reagent) in exces _
which is consumed earlier, is termed as “limiting reagent”. In 2 chemica! reafﬁl
the maximum amount of the product formed is controlled by the 3“‘0”"2;’;5
“limiting reagent” because as soon as the limiting reagent s consu™
reaction stops and no more products are formed. ik

| |3 S

Excess reactant

Limiting reactant

Fi B e
'gure 1.3 Limiting and excess reagent

Chemistry Grade X!
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Stoichiometry

In many situations, it is inconvenient, or time consuming to weigh the
exact amounts of two or more reactants needed to produce a given amount of
the product. Thus, almost, all reactions that go to completion have a limiting
reagent. Sometimes, it is obvious while in other situation it needs calculation to
identify it. Following are the steps that help in identifying the limiting reagent.

1. The amounts of the reactants (if given in mass units) are first converted into
moles.

2. Using balanced chemical equations, the moles of the required product are
calculated from the available moles of each reactant.

3. The reactant, which gives the least number of moles of the required product,
will be the limiting reagent.
Alternatively, comparison of the moles of reactants with help of balanced
chemical equation also helps in identifying the limiting reagent.

Example 1.13

Carbonic acid (H2C03) can be prepared accordlng to the followmg
reaction.

COz{g)_ +H 20(}) > H2C03{aq)

If 120g of CO; is dissolved in 80g of water then, ' :
(a) Identify the limiting reagent
(b) Calculate the maximum amount (|n grams) of the product formed.

Solution ,
(a) Given the balanced chemical equation _ :
COyq + H20q »  HaCOsuq
First we convert the amounts of both the reactants into moles,
Mass of CO, = 120g
Molar mass of CO, = (1 x 12) +(2x16) = 12+32 =44g/mol
g ' L
Moles of COz--———Mg =
And mass of H;0 = 80g
Molar mass of H,O = (2x1) +(1x16) = 18g/mol
__80g
Moles of H,0= 18g/mol
_ Now calculate the number of moles of the product (H2CO3) from the
number of moles of each of the reactants.

=2.72 moles

=4 44 moles
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‘ . ‘ nt of product that is actually
proauced dun'ng a chemical reaction by performing an experiment. Other names,
used for actual yield, are experimental yield or practical yield,
The actual yield of a reaction is always less than the theoretical yield.
There are number of reasons. Few are given below.
e The reaction may have not gone to completion, i.e. all the amount of the
reactants may not have converted into products due to reversibility of the
reaction.

e Some of the amounts of the reactants may have converted into some other
products by a side reaction or chain reaction.

e It may be difficult to recover all of the products from the reaction medium and
some of the products might be lost during recovery. This is called mechanical
loss of the product (Human error). 4

e Reaction conditions (like temperature, pressure, pH etc) might have been

disturbed.

Example 1.14 e R SRR e
When 1.92 g Qf'magnesium was heated in excess of oxygen. Calculate the
theoretical yield of magnesium oxide (MgO). “

Solution: 3 '

2Mg -+ Oz =———> - 2MgOQy -
Molar mass of Mg = 24g/mol |
e e aiassofible= " B8R
) Number of mol'esﬁfiMQ- Mosccsoiio- 0 =0.08 mol
According to above equation, g
2 molofMg=-2molofMgo = =~~~ e E D
So, 0.08 moles of Mg = 0.08 mol of MgO 1 Eagd

Molar mass of MgO =24+ 16 = 40 g/mol

Theoretical yield of MgO = Number of moles of MgO x molar mass of MgO
- Theoretical yield of MgO =0.08 x40 =329
The efficiency of a chemical reaction is determined with the help of
percent yield, which is actually a comparison of actual yield and theoretical yield.
Percent yield can be calculated using the following expression:
Actuza.l Ylel‘:’j %100
Theoretical Yield

Percent Yield=

——

|
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foichiometry

KEY POINTS

Stoichiometry is quantitative chemistry, which deals with the calculations based
on balanced chemical equations.

Mole is the atomic mass, molecular mass or formula mass of an element,
molecule orionic compound, respectively, expressed in grams.

Avogadro's number is the number of particles in one mole of substance. It is a
constant number, equal to 6.023 x 10%.

The idea of mole can be applied to chemical equations, to calculate the amounts
of reactants consumed or that of the products formed.

Stoichiometric problems can be solved, using mole- mole, mole — mass and
mass —mass conversions.

When gases are involved, the concept of molar volume of the gas at STP
(22.4dm’) is helpful to calculate the number of moles and volumes.

Percentage composition of a compound is the number of grams of each
element per 100g of the compound.

Limiting reagent in a chemical reaction is the one which is consumed earlier or
which gives least amount of product froma balanced chemical equation.

Excess reagent is the one, which is left behind unreacted, after the reaction is

over. =4 _ i
Theoretical yield is the amount of the product calculated on the basis of

balanced chemical equation. : _ | |
Actual yield is the amount of product that is actually produced _e_xpenmentally
during a chemical reaction.

The percent yield of a reaction tells us wh
of product was actually obtained.
Chemists use percentage yield to expressthee

at percentage of the possible amount

fficiency of a chemical reaction.
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- 1. The mass of an atom(element) compared with the mass of one atom of C -

is called,
b. Gram atomic mass

a. One mole
c. Atomic number d. Relative atomic mass
ole?

5 Which of the following is not trué foram
a. Itisa counting unit
b. Itis the gram atomic or gra
c. It contains 6.023x10% particles
d. It contains different number of particles for d
3. What is the mass (in grams) of 5 moles of water (H20)?
a. 90g b. 369 c. 189 d. 1009
4. The number of molecules in 229 of CO,is
a. 6.023x10” b. 3.011 x10”
c. 6.023x10% d. 6.023x10%

‘5. What will be the values of temperature and pressure a

m formula mass of a substance

ifferent substances

t standard conditior

(STP),
a. 100°C, 1atm b. 298K, 1latm
c. 273K, 760mm Hg d. 0°C, 760cm Hg
6. The molar volume of SO, gas at STP is,

a. 64dm’ b 24dm® ¢ 224dm® d. 224cm’

7. The percentage of Ca in CaCOs is, : )

| a 12% b. 10% c. 48% d. 40%
8. Given the equation: COyq + Cy — 2C0O(q)
“Which of the following equivalences is not correct for the reaction

a. 1mol CO,= 2 mol CO b. 1mol C = 56g CO
c. 44g CO»= 289 CO d. 44g CO,=129C

9. A limiting reactant is one
a. thch.is_present in maximum amount
b. Wh!ch produces minimum No. of molés of product
;. \I;Vhlch produces maximum No. of moles of product
- Does not affect the amount of product
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10. Efficiency of chemical reaction can be checked by calculating
a. Actual yield b. Theoretical Yield
c. Percentage Yield d. Amount of the reactant unused
11. Adue?l y?eld will reach the ideal (theoretical) value if the % yield of the
reaction is,

a. 10% b. 50% c. 90% d. 100%
12. The maximum No. of moles are present in
a. 11.2 dm’ of H, gas at STP b. 44.8 dm’® of N, gas at STP
c. 67.2dm’of CO, d. 22.4 dm’® of O, gas at STP

STl e e o~ TR 2 ; o
.-‘:‘I"'_P-“-":l':._-‘-?x S 4?_-'.;. =t ettt

—

B ERG C SRe S SN0 O T T L
L What is gram atom? Why the concept of gram atom is useful in chemistry?
2 Explain why balanced chemical equations are used in stoichiometric
problems? ‘ : .
3. How will you identify the limiting reagent in a reaction and how it controls
the amount of product formed?
4, Why the actual yield is always less than the theoretical yield of a reaction?
5. Can you make the distinction between limiting and excess reagent?

T Sib T e e

Numerical Questions

1. The mass of 5 moles of an element X is 60g. Calculate the molar mass of this
element. Also, name the element. . . - Ans: 12, Carbon (C).
2. Calculate the molecular/formula masses of the following compounds.
(Atomic mass of C= 12, K = 39, Cr = 52, Al= 27, H = 1, O = 16)
(@) CHsOH  (b) Al203  (€) KeCr207 Ans: (a). 46, (b). 102, (c). 294
3. Calculate the mass in grams of (a) 7.75 moles of Al,O3, (b) 15 moles of H,SO,
(©) 1.0 x 10% molecules of H,O. (Atomic mass of S= 32, Al= 27, H = 1, O = 16)
. _ Ans: (a). 790.5g, (b). 994g, (c). 16.60g
4. How many moles are present in each of the following samples? (Atomic mass
of H= 1, C= 12, O =16, Na= 23, Mg= 24, S = 32, Cl = 35.5, Ca =40)

a. 30g of MgS b. 75g of Ca
c. 885kgofCO; ~d. 40 dm® of O; gas at STP
e. 7.5x 10%° molecules of CeHe f. 40g of NaCl

Ans.: (a) _9;.5_3'52m.c'9f!;\ (b) 1.875 mol (c)201.1363mol, (d) 1.7857 mol
(e) 1.2452 x10° mol (f) 0.6837 moles .
5. Calculate the mass of Mg metal required to consume 2560g of CO; in the
reaction. (Atomic mass of C =12, Mg = 24, 0=16)

- 2Mgy + COx9 ——— 2MgOy + Gy Ans: 2.79g
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1. (a) Define and explain mole and Avogadro’s number with examples,

(b) Given the eq uation,
CHig+ 2029 —— > COyq) + 2H20(g + Heat

How can this equation be read in terms of particles, moles and masses)
(c) Define molar volume of a gas. What will be the volume of 60g of NH, 3
STP? (Atomic mass of N= 14, H=1) Ans: 79,05 dr
2. (a) What do you mean by percentage composition of a compound? How the
percentage of an element is calculated in a compound.
(b) Calculate the percentage composition of each element in the following
compounds. (Atomic mass of Al= 27, K = 39, Mg=24, Mn=55, Na =23, 0=I5
S=32)
(i) MgSO4 (i) KMnO4 (i) NaAl(SO4)2
Ans:
(i) % Mg=20, % S=26.66, %0=53.33
(i) %K = 24.68, % Mn=34.81, %0 = 40.50
(iii) % Na=9.50, % Al=11.15, %5=2644 %0=528
3 When steam is passed through red-hot carbon (a mixture of H and CO 9
called water gas, is formed. -

Cy+HO9 ——— COg* Hag . ole

(a) Which is the limiting reagent if 24.5g of carbon i mixed with 189
of water vapours? ' ;
nreacte®

(b) Calculate the amount (in grams) of the excess reagent left U
(Atomic mass of C=12, 0=16, H= 1) 1 819
'. : Ans: (a) Water is the limiting "?agen;ﬁ?' whe
4. (a) Calculate the percentage yield if 6.53g of hydrogen gas s PO 653
5 mole of zinc is consumed in the reaction. (Atomic &
Cl= 355, H=1)
o 2ok ey

mass 0

(b) The percentage yield of the following reaction is 85%: y
H 2Rl + 3Chag ———— 2AICk rom 1009?4

I°W_'T‘3"Y grams of AlCly, will be actually obtain® 5:“20'1
aluminium metal? (Atomic mass of Al= 27, Cl= 35.3) :

)

_.-'( .
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(c) Given the equation,

NZ{Q} 2 3H2(9] e P ZNHg{g]

at STP. How many moles of NH; would be formed if 6.3dm® of N, gas
react with an excess of H,? (Atomic mass of N=14, H=1) Ans: 0.56 mol

5. Given the equation,

ZHZ(Q)"' 02(9) Teren o ar 2H9g

(a) How many moles of water will be obtained by burning 5.6 moles of O,
in an excess of H»? :

(b) How many moles of O; would be needed to react with 58.5g of H; to
form water?
(c) How many grams of H, would be needed to form 120g of H,0?

(Atomic mass of O= 16, H= 1)
- Ans: (a) 11.2 mol, (b) 14.625 mol, (c) 13.33g

Project

* Take a glass and add 250cm’ of water to it. Find out the number of water

molecules present in it. ‘ == :

* Take another glass and add 250cm’ of water to it. Then add 200g of sugar
into it. Now find out the number of sugar molecules in the given sample. Also,
find out the total number of molecules present in sugar solution (water +

sugar) in the glass.
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ents .will be able to:

(Applying) :
dii of orbits. (Understanding)
nergy of electron in a given orbit of

summarize Bohr's atomic theory.
Use Bohr's model for calculating ra
Use Bohr's atomic model for calculating €
hydrogen-atom.

) to frequency, wavelength and wave

Relate energy equation (for electron
f radiation emitted or absorbed by electron.

Explain production, properties, types and uses of X —rays. (Understanding)
Define photon as a unit of radiation energy. (Remem bering)

Describe the concept of orbitals. (Understanding) S

Explain the significance of quantized energies of electrons. (Applying)
Distinguish among principal energy levels, energy sub levels and atomic

orbitals. (Understanding)

Describe the general shapes of s, p and
Relate the discrete — line spectrum of hydrog
the hydrogen atom. (Applying)
Describe the hydrogen atom using the
Use the Aufbau principle, the Pauli Exclusion Princip
the electronic configuration of the elements. (Applying)

Describe the orbitals of hydrogen atom in order of increas

(Understanding)
Explain the sequence of filling of electrons in many electron atoms. (Applying)

Write electron configuration of atoms. (Applying)

numbero

d orbitals. (Understanding)
en to energy levels of electrons in

Quantum Theory. (Understanding)
le and Hund's rule to write

ing energy’

-

Teaching

Assessment |Weightage %
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Introduction

A Greek philosopher Democrit
suggested that all kinds of matter i

responsible for most of the volume occupied by the atom. The electron was the
first subatomic particle to be discovered, followed by discoveries of the proton
and the neutron. These sub-atomic particles are of much significance for a chemist,
since the arrangement of these particles within an atom determines its physical and
chemical properties. _ :

In the previous grades, you have learnt about the discoveries of the
nucleus, Rutherford’s atomic model, Bohr's atomic model and shell. In this unit,
you will be able to calculate the atomic radii, energy, W
wawfelength and frequency of radiations .absorbed or Neiatontie decked
emitted by electronic transitions. You will also learn FEIIS Grael wad
about the production, properties and types of X - rays, S ornas! meaning
hydrogen spectrum and quantum numbers which will | indivisible.
improve your existing understanding of the atom. ' '

2.1 Discharge Tube Experiments (The Discovery of Electron)

The development of John Dalton’s atomic theory led towards the
Invention of new instruments. For example, the Crookes tube or gas discharge
tube, developed by Sir William Crookes, opened the doF;r to-dlsic;ver :::
subatomic particles of an atom. The discovery of electron is attributed to
knowledge derived from discharge tube experiments. _

A gas discharge tube consists of a glass tube. Two metallic fﬁeﬁlﬁe;
acting as cathode and anode are sealed in the walls”of 3 glass tube. d:.-ction B
attached to a vacuum pump by means of asmalltube;, so that the; c;z:; e
electricity through a gas may be studied at any desired value o

Ahigh voltage source is connected to the electrodes.
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William Crookes conducted a series of experimfents in the late 19" Cent
using a gas discharge tube to study the passage of electric current through gases
apparatus was consisted of a glass tube with meal electrodes, anode and Cathode o,
the two ends of the tube. The tube can be connected to a vacuum pump so that
electrical conduction through the gas may be studies at any desired value of,,
pressure. A high voltage sources is connected to the electrodes.

It was observed by Crookes, that the gas inside the tube, at ordinary presg
did not conduct electricity, even when the electrodes were connected to a source
very high potential, of reduced by means of the vacuum pump and the electroge
were connected to a high voltage of 5000 — 10,000 volts, an electric discharge y
observed through the gas, producing a uniform glow inside the tube. This happene
at a pressure of about 0.1mm Hg. When the pressure inside the tube was furth
reduced to about 0.01mm Hg, the original uniform glow disappeared and the whot
tube was filled up by dark space and no luminous discharge was observed. At th
stage, the electrical resistance between the two electrodes became very high and
became difficult to maintain the discharge, unless the potential difference betwe¢
the electrodes was very high (approximately 10,000 volts). Under this conditi
some rays (faint fluorescent light) was produced which created fluorescence on
glass wall opposite to the cathode. When different gases were used in the disché'
tube, under similar conditions, with different metals used as electrodes, the samef

were produced. These rays were called cathode rays by Goldstein (1886), since
were originated from cathode.

Air at very
low pressure

To vacuum pump

~* High voltage sourcé

'{1...”. ; t '."
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Atomic Structure

Later JJ. Thomson and other scientists made further investigations on
cathode rays and its properties which ultimately lead to the discovery of electron
which were by then called cathode rays.

Note: Crookes used cold cathode at his time in this system. The gas particles
inside the tube were ionized at anode and became positively charged particles which
were attracted towards cathode due to its negative charge and collided with it with
high speed which resulted in emission of electrons from cathode. These electrons
then rushed towards anode. In modern cathode ray tube, hot cathode is used. Due to
high temperature the electrons are energized and expelled from the cathode due to
attraction of anode and move with high speed towards anode. However, in addition
to thermionic effect, the phenomenon of ionization of gas (as in the case of cold

cathode) cannot be ignored in this case.

2.1.1 Characteristics of Cathode Rays
Later on, a number of experiments, performed by various scientists, showed

* that the cathode rays have the following characteristics.
I. These rays travel in straight lines perpendicular to the cathode surface and

away from the cathode.
They produce a sharp shadow if an opaque object is placed

as shown in figure 2.2.
These rays produce fluorescence (a glow) when th
- discharge tube. :
iv.  These rays heat up the metal on w
V. These rays can move a small pin w
~ figure 2.3, as these rays are bunch of moving
and kinetic energy.
vi.  These rays produce X-rays when they strike heavy metal anode.
vii.  These rays can ionize the gases. ' |
These rays can cause a chemical change ina

they have reducing effect.
These rays can penetrate metallic sheets like Aluminum and Gold.

X. Cathode rays are negatively charged particles as when these rays are
through an electric field, they are deflected towards positively charge
plate/ electrode as shown in figure 2.4.

xi.  These rays are also deflected by magnetic field as shown in figure 2.5.

xii. The charge to mass ratio (e/m) of cathode rays (electron) is

1.7588x10"'C/kg.
xiii. Charge (e) on cathode rays (electron)

in their path

ey strike the wall of the

hich tHey'f_aII.
heel placed in their path as shown in
particles with definite mass

viii. material on which they fall, as

is 1.6022x10™°C. _

( hemistry Grade X
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Shadow of the
(Metal Cross) | Metal Cross

Fig 2.2 Cathode Rays Casting Shadows

Effect of Electric Field on Cathode Rays

Figure 2.5 Cathode rays, deflecting
field ' magnetic field

ed that !

Figure 2.4 Cathode rays, deflecting in an electric

On the basis of the above characteristics, it was conclud
cathode rays were in fact negatively charged particles. G. J. Stoney gave té

particles the name “electrons”.
2.1.2 Mass of the Electron

The e/m ratio of electron is 1.7588x 10'C/kg and the charge is 1.602
use of these two values the mass of electron “m” can be calculated as.

The charge to mass ratio, € _1.7588x10"C/kg
m

The charge on an eIef:tron, e = 1.6022x10™°C

Putting the value of ‘e’, in equation (2.1), you get,
16022x10%°C —M
= = 1.7588x10"C/kg . ha¥

2 X 10_19(:. Mah‘

(2.1)

et i
By cross multiplication, Wsai !;J:itg: e |
: tube!
m x 1.7588x10"C/kg = 1.6022xx10™°C | _onditions Z""’ k
_ 16022x10"C necessary fof ft:amad“ |
1,7588)g 1011Ckg-1 productlon 0 .
or  m=9.1069x10 kg rays.

or m= 91069)( 10-289
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2.1.3 Canal Rays or Positive Rays -

From a number of experiments, jt
(electrons) which carry negative charge, th
presentinan atom because atom as 3 whol

In 1886, Eugen Goldstein usedadis
cathode. He observed that while cathode
there were some other rays (streams of d

The Discovery of Proton

was concluded that beside cathode rays
ere are some Positively charged particles
eisan electrically neytral particle,

charge tube with holes (perforation) in the
rays were moving away from the cathode,
im luminous glow), produced at the same

because they were coming from perforations (canals). It was concluded that these
rays must be positively charged and hence named positive rays.

Air at Very

e p——— ‘:-J—;-_-;—‘--"'—ﬂ'!-—w‘nﬂ
% 1y -
L.

L 2 PP B
T, et A

High Voltage
source

Pump

Figure 2.6 Canal ray tube

214 Positive Rays Production e aciiles: of
When high-ipeed electrons:(caihigde s iO'Iieo?I:o:gilxrzs from
"€Maining gas in the discharge tube, they knock out o
them, Thus, positive ions (cation) are produced. .
M+ e i thode, some of
These ions are po'sitively charged and aﬁ:ﬁf::t?ietliﬂfg of the tube.
Which pass through the perforated cathode and str
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2 1.5 Characteristic of Canal Rays or Positive Rays
Some of the characteristics of canal rays or positive rays are,

i These rays travel in straight lines perpendicular to the anode surface,
’ ii. These rays have particle nature because these rays can move a smal| p,

wheel placed in their path. g
iil. These rays are deflected by electric and magnetic field in opposite directiony,

electron. :
iv. Their attraction towards cathode shows that they are positively charge

particles.
v. They produce fluorescence when strike with zinc sulphide (ZnS) layer.
vi. The charge-to-mass ratio (&/m) of positive rays is always less than cathode
rays. ,
vii. The e/m ratio changes with the nature of the gas placed in the discharge
tube. The maximum charge-to-mass ratio (&/m) is 9.54x10’C/kg for these rays
when hydrogen gas is used in the tube. These positive rays were named
proton. It was also found to be the sub-atomic particle of an atom.
viii. The magnitude of the positive charge of proton is 1.6022x10™C and the
mass of proton was found to be 1.6726x107’kg.
ix. The proton is 1836 times heavier than that of electron.
2.1.6 Discovery of Neutron (Artificial Radioactivity)
In 1932, James Chadwick performed some nuclear reactions ant
discovered an electrically neutral particle. He proved that these particles wer
present in the nucleus of an atom. These were given the name neutron; he w
awarded Nobel Prize for this discovery.

To Vacuum Pump Paraffin

Polonium Beryllium
(o-Particle Source)

Figure 2.7 James Chadwick Experiment
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He bombarded the nucleus of lighter atoms such as, Beryllium (Be) with
a- particles produced from Polonium (Po). He observed that some highly penetrating
radiations were produced. These radiations were neutral to the charge detector
and were called neutrons. Examples of nuclear reactions (artificial Radioactivity)
taking place are,
:Be+ He (a- particle) — 5 *2C + In (neutron)

i-;AI'F;HE (a' partiCIE) — igp +;n (neutron)
2.1.7 Characteristics of Neutron

Neutrons have the following characteristics.

i. Neutrons are highly penetrating particles. _W

ii.” These particles carry no charge and are not deflected by
electric or magnetic fields. Write an equation,
iii. These particles can knock out high-speed protons from which shows the
substances like paraffin, water, cellulose etc. production of
\v. Neutron has mass 1.6749x107kg and is 1842 times as | neutron from the
lighter atoms.

heavy as electron.
e
Table 2.1 Characteristics of the Three Fundamental Particles
3 Mass Charge Unit Relative Atomic
Particles (kg) (C_)_ Chayge Mass (amu)
Electron | 9.1069 x 103! | -16x10™ | -1 _0.00055
Proton 16726 x10%77 | +1.6x10™ | +1 | 1.0073
Newtron | ii6M9=02 | 0 | 0 | 10087

Bohr's Model of Hydrogen Atom

Rutherford atomic model set the foundation for the structure of an atom.

According to the classical laws of Physics, an electron revolving around the nucleus,
' | ~d will fall down into the nucleus. Thus, Rutherford

will lose energy continuously an
model failed to explain why electrons did not do so.

In 1913, Neils Bohr proposed a new model of an
theory of energy and rectified
model, he tried to explain why a revo

atom based on the Quantum

the defects in Rutherford atomic model. With his
lving electron did not fall downiinto the nucleus.

S N

T T

o A SN

Scanned with CamScanner



Scanned with CamScanner




pr— - LhTd

Atomic Structure

(TOUSEEFAHMAD}— ===~~~
i
|

which electron are revolving and 'h' is the Planck's constant
6.6262x 107" Js. ’
| Based on these assumptions, Bohr presented a model for hydrogen atom
i that can best explain the spectrum of hydrogen atom.
| 2.2 Application of Bohr’s Model

2.2.1 Derivation of Radius, Energy, Frequency, Wave Length and Wave
Number

its value is

1 Derivation of Radius

~Bohr had assumed that proton, being 1836 times heavier, remains
stationary with respect to electron, which revolves around the nucleus in the
hydrogen atom.

Consider an atom of hydrogen with atomic number ‘Z'. It has 'Z' number
of proton with nuclear charge ‘Ze'. An electron of charge ‘e’ is revolving around
the nucleus in circular path (orbit) of radius 'r, with velocity ‘v'. According to
Coulomb’s law, the electrostatic force of attraction between the electron and
the nucleus is given by,

F Coulombic € _9;?_2
F Coulombic = k 9_::'?& (2-2)
As, '

Charge on nucleus(proton), g = Ze
Charge on electron, q; = e

Ze.e
F coulombic = K oo

Figure 2.9: A hydrogen atom with atomic
Where the proportionality number ‘Z’

is the vacuum permittivity constant and is a measure

constant k: and g,

T, .
of how easy it is for electrostatic force to pass through the__ vacuum (free space)
and its value is 8.854 x 10 2C2N"'m2 Putting the value of k in equation (2.2), you

get .

e 2.3)
41igr?

F Coulombic =

Scanned with CamScanner



—y

=

This centripetal force, provided by the Columbic force of
2

mv
balanced by the centrifugal force, =t

ama‘:ﬂt:n l&

FCentﬂ'fugal= r (24)
As forces on both sides are equal, opposite and balance ea
equating equation (2.3) and (2.4) you get,

For a stable orbit,

ch othe, Q

F Centrifugal = F coulombic

mv? _ Ze?
r 4mie,r?
2

Or mv? = Ze (2.5)

4nier

ze
Rearrangin = —— 2.6)
e 41g, vim (

Equation (2.6) shows that radius is inversely proportional to the square df

the velocity of the electron. Thus, electron moves faster in an orbit of smalk
radius. :

According to the fifth postulate of Bohr's atomic model, you have

nh B i No- L
mvr = —

I On ) Looking into the
Taking square on both sides, you have, values of r,, r,, r, and r, and
mAvi? = ﬁ [o=ryr=randr-n ém_

L What do you conclude
Solving for 2 about the spacing betwee!
3 .
N il 27 the orbits?
4rmer? 7) e

Substituting th
solving for 'r' you get,
\ 1121'12 0
I =—_ "
- Zérm &
For hydrogen 7 = 1 sothee

e value of v* from equation (2.7) into equation (26) %

quation (2.8), for radius of hydrogen ato™
r = nz So-hz
ne’m| il2:9)
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Where the terms in brackets are constant quantities, and are equal to

=
——|=a%
me’m
a, = 0.5294
r = nz X o
r=n’ x0.529 A (2. 10)
For hydrogen the radius of 1% and 2™ Bohr's orbits will be,
When, n =1
rn=(1)?x0.529A = 1x 05294 = 05294
When, n = 2

n=(2?x0529A =4x0529A =2116A
Calculate the radius of 3™ and 4" orbits of hydrogen atoms.

Solution:
You have to calculate rs (for n=3) and r; (n=4), using equation (2.9),

n=3
rs= n? (0.5294)
= (32 x 0529A =9x05294 = 47614

n=4
ra= (472 x 0.529A =16x 0.5294 = 8.464 A

Practice Problem 2.1 !
Calculate the radius of 5" and 6 orbits of hydr

2. Derivation of Energy of the Electron in an Orbit
n an atom possesses kinetic energy (K.E.) due to its motion and
ctive force between protons and electrons.

lar orbit is the sum of its K.E. and P.E.,
(2.11)

ogen atom.

Electron i
potential energy (P.E.) due to the attra
The total energy of electron (E) in particu

E=KE +PE

Where KE= %mvz (@)

And P.E. is equal to the wor

(where there is no interaction with t
the nucleus (where interaction exists). In doing so work must

given by,

k done in bringing the electron from infinity

he nucleus) to a point at a distance 'r' from
be done, this is
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Thus, equation 2.15 becomes as,

E, = =218 x 107 [%J J/atom
n
Or '
23
B = 218 %10 (_1_] xr202elln o
: n? 1000 )
131236 :

B = = kJ/mol (2.17)

Equations (2.16) and (2.17) show that mw
energy of the electron in"an atom depends on
the value of 'n’, it is, therefore, called the principal ENeE (iyiaso t;y
quantum number. Further, the energy state fOI"Ez—EL.Es—Ez, E4h_ E
associated with, n = 1 is called the ground state - --ar:\d ES; Lo etc t‘: 2 ;:
energy and represents the lowest energy state. gﬁat apptans 3 = 4
All energy states higher than n=1 are called bl erencetwln energ.les
excited state for hydrogen atom. etw_eer; ' IO (su:;f:)s e

The energy associated with the electron =y Ve\lr:s‘ Ofr_ lm ﬂ?s
in various orbits (different ‘n’ values), can be yo;;‘m:f e
calculated using equation (2.17). £ BUDE

Whenn=1, E; = — 1312.36kJ/mol AR e ST

n=2, E, = — 328.32kJ/mol

n=3, E; = - 145.92kJ/mol ;= _

It is evident from the above calculations that the energy of electron
increases as the value of ‘n’ increases.
Practice Problem 2.2

Calculate the energy of 4:"’ and 5" levels of the hydrogen atom,

3. Energy Difference between Two = AN
Orbits _

You have the energy equation 214,

Ens e4m Z2

— — x —_—
i.'*‘..f:zh2 n’

b Let E; be the energy of orbit n; and :

2 e t - - o n=

A he energy of the orbit n; then the Fig 2.10 Energy Difference between
- OVE energy equation, for the two orbits . Two Orbits

Nucleus
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can be written as, e'm Zi
T
1 Ey 0 for lower energy level,
and e‘m x(}i
=T:2h? |\
E 8e,h 27 for higher energy level

Therefore, change in energy, AE = E2 - E;

Then,
Putting the values in the above eqx]ation, you get,
2.4
Af = Z€m (1 1
8sh  |n? ng
For hydrogen atom, Z = 1, so,
e‘m ) S |
AE = =i — 218
8ed P [nf n§] @18
As you have, :
me*

st 218 x 10%)/atom
Thus, equation (2.18) becomes,

8 (1
AE = 218 x 10 A [——2 - .lzj J/atom (219)
B
Or
AE =13 el
Using equation (2.19) or (2.0) o’ ferer
'on (2.19) or (2.20), di
t;etween any two orbits. (2.20), you can calculate the energy
. Derivati
e:::c:::irr‘\: : F;‘:quincy, Wavelength and Wave Number
0 Planc be u
At Quantum theory,
Wher\, Z= 1

As you have €Quation (2.18)
. 8sdh |7 = _n_f]
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00 o Sl 0 -y e
S (H]'I : —EJ (2.21)
I Frequency

For the calculation of frequency of radiation emitted or absorbed during ,

electronic transitions between the orbits, the equation (2.21) becomes,
4
D=_._._e.rn_ _?'_ - _1_ Hz
85X xh “nd =in?
- e'm 1
i [—2 ~ i) Hz (2.22)

8s2h® 2

n n;
il. Wave number
The wave number of radiation can be calculated as,
The equation for velocity of radiation is, |

C = VLA |

c |

My [

As wave number (D)is reciprocal of wavelength i.e, |
e S :

v =7 |

So, you can write, :

L = lXC =CcD

A
v = CD
or,
°Te _ |
Putting the value of v from equation (2.22), you get, :
=To Sl Eieme .1'_-—1—2Jm" (2.23) !
=77 ®Ahc \m. N @
As you have,
me®  _ R=1.09678 x 10'm" |
8e2h’c |

Where R is called Rydberg's constant Therefore, you can write the

€quation (2.23) as,

{ hermslry Ciade X1

Scanned with CamScanner



!
!
|
'
4

MOCAT RY FUTURE DOCTORS (TOUSEEF AHMAD)

gah @1 10

o & nd |
= 1 A oL
v=1.09678 x 10’ [iz = 7]’”] ......... (2.24)

Equation (2.23) and equation (2.24) give“thé = 2 x:?i:; 43 rtns
value for the wave number of the photon emitted or{ i :::ne_rgy :
absorbed, when electron jumps between any two = or the
orbits. B

Practice Problem 2.3

In a hydrogen atom, an electron jumps from 3% c__)rbli_t to 1% orbit. Find outt
frequency and wavelength of the i;pe_ctral ==t = ‘ =
2.2.2 Spectrum of Hydrogen Atom
Spectrum : : |

A band or series of radiations in order of increasing or decreasing order
wavelengths or frequencies when.light is.resolved into it constituent radiations:
called spectrum. ' :

For example, spectrum of sunlight, hydrogen, electric bulb light Tt
instrument used to study the spectra (pluraflf. of spectrum) is callé
spectrophotometer. The spectrum from an ordinary light or sunlight consists of i
main parts, visible and invisible. = - L

Spectrum is of two types.

a. Continuous spectrum
b. Line spectrum

a. Centinueus Spectrum
The spectrum,

clear boundary can
spectrum.

which ﬁ&s 1o dark or bright spaces between linés _m"f"”
be seen between the lines (colours) Is called contin
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w;velnngm (nanoma_t_g_a_m)___-.'-_, 3 '_-_ A

Figure 2.11 Continuous Spectrum of sun light
b. Line Spectrum ,

The spectrum, which consists of lines with dark or bright spaces between
them, is called line spectrum. In this type of spectrum, there is a clear-cut
boundary between the colour bands. Line spectrum is also called atomic
spectrum. Each element emits light of definite wavelength. Therefore, various
elements can be distinguished with the help of line spectrum as shown in the
figure 2.12. '

Fig.2.12 Line Spectrum

The line spectrum may be, _
. Line absorption spectrum
. Line emission spectrum
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i. Line Absorption Spectrum

The spectrum produced from the radiatigns from which the rays
particular wavelength are absorbed after gassing through the absory
substance. The spectrum obtained consists of a series of dark lines in a brgy

background, is called atomic absorption spectrum.

397 410.0 434.0 486.1 656.2 nm

Figure 2.13 Hydrogen Absorption Spectrum
ii. Line Emission Spectrum

The line spectrum produced from the radiations emitted by a substance i

called the emission spectrum. The spectrum of emitted radiations produce
bright lines with dark background.

F

656.2 n
Wavelength ——M —

Figure 2.14 Hydrogen Line Emission Spectrum
Spectrum of Hydrogen Atom

Bohr proposed that the energy, which is emitted or absorbed by an 2"
must have specific values, The change in energy when an electron moves

hlg:he)r or lower energy levels is not continuous, rather, it is discrete (€19
pulse). :

When a hydrogen atom is excited ndind
: . excite surrou
its electron is moved to higher d and abserbs energy from

UM of hydrogen as shown in figure 2.15: |0U’edh

'Ved that there were four promine”

In 1884, 1157 Balme tCo' .
. ek
€tand violet in the visible hydrogen ¥

lines i.e. red, blue—green blue

-viol

e
G F %
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Gas discharge tube
containing
hydrogen

Green Red

656.2 nm

gk
e
e o
o <
- m
T <

Figure 2.15 Atomic Spectrum of Hydrogen

486.1 nm

The above series of four lines in the visible spectrum of hydrogen was

named as the Balmer Series. In addition to Balmer Series, four other spectral
series were discovered in the infrared and ultraviolet regions of the hydrogen
spectrum. Thus, in all you have Five Spectral Series. in the atomic spectrum of

hydrogen and are named after the discoverer of these series. These are:

1

2" energy level, i.e. ny = 2 from higher energy

tothe 3 energy level, i.e. n = 3 from

the 5™ energy level, i.e. ny = 5 from hig

Lyman Series (Ultraviolet region), is obtained, when electron returns to
its ground state, i.e. m=1 from higher energy levels, such as, n,= 2,34,5.

etc.

is obtained, when electron returns to the

Balmer Series (Visible region),
levels, ny = 3,4,5,6 etc.

), is obtained, when electron returns

Paschen Series (Near Infrared region
| higher energy levels, nz = 4, 5, 6 etc.

), is obtained, when electron returns

Brackett Series (Mid Infrared region
; higher energy levels, nz = 5, 6, 7 etc.

to the 4™ e}lergy,levell,_ ie.m = 4 from
ébtained,-when electron returns to

Pfund Serie (Far Iﬁfrared.. reéion). is
S Ao B her energy levels, nz = 6, 7 etc.

{ .I.H{I' X

¢ hemistry
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L]

Nucleus

Balmer series
. (absorption)

Lymea daes |
| (emission) !
(UV region]
Balmer series F
: (emission)
T s (Visible region) ._
Pfund series .
{emission) lf
(Far IR region)
emission : (enmission) _-
{{Mid I8 f!‘)wﬁ} sl (Near IR region) |
|
 Spectral series | Emission Absorption Frequency |
Lyman series | Downton =1 | Up fromn =1 Ultraviolet
Balmer series | Downton =2 | Up fromn =2 | visible light
Paschen series | Downton =3 | Up from n =3 | Near infrared

Brackett series | Downton
Pfund series Down to n

1

4 | Up fromn =4 | Mid infrared
5| Upfromn =5 | Farinfrared

]

Figure 2.16 Hydrogen Spectral Series in Various Regions

2.2.3 Defects of Bohr's Model

The great success of Bohr's model of atom lies in its ability to pred g

In the hydrogen spectrum. It also explains spectra of other hydrogen like "
lons like He™, Li**, Be*** byt fails to

1.

explain the following. .4 amfﬂ‘
n the spectrum of more complicate

g

It is unsuccessful to explai
(multi electron system).

) ctu
It cannot explain the multiplicity of the spectral lines (fine s

observed under 3 high resolving power spectrometer. e
It cannot explaj e
Plain the effect of magnetic field (Zeeman effect]

field (Stark effect) on the' gl
e spect : :
Modern research Péctra of hydrogen atom s ot

No longer believe i _ defined el
assumed in Bohy's mode| % SvelerwelrTUetn

Chemistry Grade X1
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and charge to mass ratio.

2. Define spectrum and name its different types.

3. Write down the names and their regions of spectral series of hydrogen
atom.

4. What are the defects of Bohr's atomic model? .

2.3 Planck’s Quantum Theory

In 1900, a German physicist Max Planck studied the spectral lines obtained
from hot black body at different temperatures. He observed that light radiation
was produced discontinuously by the particles of the hot body, which were
vibrating with a specific frequency. These vibrations increased with an increase in
temperature. Thus, Planck proposed a new theory called Planck’s quantum
theory.

The main postulates of this Planck’s quantum theory are,

1. Energy emitted or absorbed by a hot body is not in a continuous form but
in small units of waves. These 'unit waves’ or ‘wave packets’ or ‘pulses of
energy’ are called quanta (singular Quantum). In case of light energy, the
quantum of energy is often called photon.

R VAVAVAVAVAVAVAVAWn
wave
| Photons of
AN VW VW=
indnacual _
_ Figure 2.17 Continuous Wave and Photons or Quanta
2. The energy, E, - associated with quantum or photon is directly
- proportional to frequency (v) of the radiation.
B Gy
D A E=Ehobrts 4 : - (223)

This s called Planck's equation. Where ‘0’ (nu) is the frequency of the emitted
radiation and 'h' is the Planck's constant andits value is 6.6262x 10 Js.

hemistry Grade N
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i - . Atomic Structure
| The frequency 'V’ is also related to wave_le‘ngth and speeg of g
the equation, ' b
¢c= VA . e (2.24)
Where ‘c’ is the speed of light and ‘A" is the waveleng
radiation. S H
3. A body can emit (or absorb) either one quantum (ho) or iy
number multiple of this unit.
E =nho
Where n = 1, 2, 3... etc. It means energy is quantized.
2.3.1 Postulates with Derivation of E = hco
Wavelength (1): 7he wavelength is defined as the distance betegy
adjacent crests or troughs of a wave. -
Wavelength is denoted by the Greek letter A (lambda). It is expre
centimeters or meters or in #7570/ units. One-angstrom, A, is equal to10*
| It is also expressed in nanometers (1nm = 10~ % m).
ke
. A
Crest e
/”.\
/ .
o

T X A
Figure 2.18 Disseai: 5. :
2 § Diagram of Wavelength (A) showing Crest and Troug"

F‘réquency (0): : o
: T s : = b
through a given pojyit ; e frequ €ncy is the number of waves wh
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Wave number (3): 7 is the number of waves per upit length. This is
reciprocal of the wavelength and is given the symbol © (nu bar). That is

o= L= or e
: A
The frequency of a photon is inversely proportional to its wavelength,

v —

We have also,
c=vA (where 'c’ is the velocity of light)
c
v=— - 25
1 - (2.25)
AsE=ho (2.26)
Putting the value of v in equation (2.26), you get,
he
=— 2.27
7 (2.27)
As you know 3] =%
Putting the value of 1/ A in equation (2.27), you get,
E= hco (2.28)

Thus, it can be concluded that the energy of photon is related to the
frequency, wave length and wave number. :

2.4.1 Production, Properties and Uses of X-Rays
In 1895, a German physicist, W. C. Roentgen discovered the X-rays

accidentally while he was studying the properties of cathode rays. He observed that,

when high energy electrons (cathode rays) strike the heavy metal usedasan ode,

some sort of radiations are produced. These radiations are called X=rays.

Production of X- Rays
X-Rays can be produc
methods are ;
1. Roentgen method ( Gas Tube)
2. Coolidge Method | : ﬁ'ne)
3. By using betatron (an electron accelerating machine).
Roentgen Methods of X-Rays Production
It consists of special type of discharge tu

ed by 2 number of ways. The most important

shown in the figure 2.19.
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tube is reduced to 0.001 mm of Hg, The Voltage,
30,000 to 50,000 volts. The cathode is a heated filament and due tq high | N,
! ) lectrons are emitted fr |
. tween the cathode and anode, e = Om cath
difference be trikes with high speed. Due to some ey

its
travel towards the anode where | LB ! o
transition, high energy X-ray photons are emitted from the anode. o

The cathode is concave shaped with its focus on the anode. The el
emitted from cathode are focused on small portion of anode and X - g

emitted from that small portion of anode.

The pressure inside the

P
i aE
source I
Target

f
\
Anode
)

X-rays
Figure 2.19 X - Rays Production by Roentgen Method

Properties of X-Rays - -
X-rays are electromagnetic radiations and have very
(shorter wavelengths). The wavelength of the radiations con

ranges from 107A to 10*?A (0.001 nm to 10nm). The following are e
properties of X —rays.
1. These rays travel in straight line.

These rays are not deflected by electric and magnetic field.

They are neutral in nature. it l,.-t,]epenfféﬁ'ﬂ

They have the ability to ionize the gases. The ionizing powe’

the intensity of the X - rays beam. 2 .

They can produce fluorescence in substances like NaC

These rays can be reflected and refracted. tﬂﬂ
o

high freque®
otituting X

B wWN

|, salts; gl

These rays can be diffracted by crystalline substances-
These rays can penetrate through many ‘substances:

® N o v

-

their P 4
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power is different in different substances.
9. These rays can blacken the photographic plate.
Uses of X-Rays
Following are the main uses of X-rays.
1. X-rays are used in the field of medicine due to different penetrating power -
through the flesh and bones of the body. |
2. X-rays are used in the XRD analysis (X-rays diffraction analysis) for B
measuring space between the ionic layers of a crystalline substance. E
3. X-rays are used for the ionization of gases. 2

4. X-rays were used by Watson and Crick to identify the double helix i
structure of DNA. '

24.2 Types of X-Rays °
There are two types of X-ray spectra v
i. Continuous 2. Characteristic ! o
1. Continuous X-rays
The continuous X-rays spectrum appears when an electron previously E
accelerated by a high potential difference is deflected by the nucleus of target
atom of anode. This deflection results in loss of energy of the incoming electrons, i
which is released as X-ray photons. Thus, the maximum X-rays frequency possible :
emitted is equal to the maximum energy of the incoming electrons.
2. Characteristic k-rays ' _

The second type of X-rays spectrum arises when an incoming electron has
e€nough energy to remove an electron of target atom from its inner shell. The
other electrons of atom will rearrange to fill the missing space and a set of X-rays
lines will be emitted corresponding to these electron transitions from outer shells
to inner shells, e

This X-rays spectrum has definite series named as K-series, L-series etc.

The production of these series is described as follow. = :
Supposes K-shell electron is knocked out from an atom creating a vacancy
in the K-shell. Thén-electron from either, L, M, or N shell will quickly jump down
in order to fill the vacancy in the K—shell, emi_tti_ng the excess energy in the form
of X-rays Photon. An-x-rays photon emitted due to transition of L-shell to the
Vacant space in the K-shell is called Ka characteristics X-rays. The transition from
and N-shells to K-shell gives rise to KB and Ky characteristics X-rays,
"espectively, These X-rays are of high energy. Similarly L, M, and N series
raCt‘-‘I‘istics.)(-r.-alys, relatively of low energy, are produced due to the ejection

AT

o

4 .
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of electrons from L, M and N = shells, respectively,
etc. characteristics X —rays. |
Inside the same group of lines, a denotes a transition pap..
consecutive levels, B denotes a transition skipping one level, etc. :
Every metal has its own characteristic X-rays line spectrum, Ty .
spectrum is the characteristic of target material used. This characteristic Yid
spectrum has discrete spectral lines. Lk

and produce L, 1, MV»'

Figure 2,20 Inner - shell transition

24,3 X -Rays and Atomic Number (z)

In 191 |
depends upo:::_ :en?: MOSEIE}_' observed that the frequency of emitted!” |
N the materi| used as target element (anodE)-.Gfef@

eo : |
frequency of the emit_tged ;the nuclei of the target element, greate*" )

Presence of pr
; Number of ...
W|I . - - unlt 1#i
Thl directly Indicate the nu EOS!tlve charge ‘ oy
Us, the atomic NUmber ¢ € of protons, | * Defi
number of protone Present ina-n e 2.
[

nucl-eLlsr the
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2.4.4 Moseley’s Experiment

Mos_ley used the discharge tube used by Roentgen for the discovery of
x ~rays. He performed a number of experiments and proved that positive chargr}; on
the nucleus wajs the fundamental Property of the element. Moseley used different
X-rays tubes with anodes of different materials and took spectrum of X - rays in
each case, by allowing them to fall on 3 photographic plate. It was observed that
thtle wavelength of X — rays depends on the element used as anode and excitation
voitage. :

Electron Beam
(Cathode Rays)

it

=
=i

Figure 2.21 Moseley's Experiment (X- Rays tube)
2.4.5 Moseley’s Law

“Moseley showed that the square root of the frequency (,/y;) of a spectral

line is directly related with the nuclear charge (Z), provided that the excitation
_ potential is kept constant. :

On the basis of results he suggested that “the square root of the

frequency (o) /s directly proportional to the atomic number (Z) of an element.”
Mathema_tically,_it can be written as,
AL i e |
In order to get the accurate results, Mosley
modified this relationshipas, . . .
. "\(l;oc(z—.b) ri¥s AR :
Where ‘b’ is a constant and is known as screening constant. For spectral
lines of K - series, b = 1. Thus, - : :
' r=a(ZE by (229 ‘ R re

H(‘.Hf,r”_:.- ( ];L‘l ln

Define Moseley's
law. '

Chemistry Grade X)
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, ionality constant, equation (229, eprs
“a’ is the proportion: . : ey |
M sele:?: l?: ltis used for the calculation of the atomic number Z, if the frequen.
0 :

of the spectral lines are known.

one. Before the nineteenth century, fireworks were limited to few Cheml
Orange and yellow colours came from the. presence of charc_oal:. and ron

filings. However, with the advancement in the field of chemistry,
compounds found their way into fireworks.

Small amounts of different chemicals are responsible for most of the
effects. To produce the sound and flashes, an oxidizer (an oxidizing agent)
(@ reducing agent) are used. A common mixture involves potassium
(KCIO,) as the oxidizer and aluminum and sulphur as the fuel. Tt
perchlorate (KCIO,) oxidizes the fuel in an exothermic reaction, whic

brilliant flash, due to the aluminum and a loud sound from th
gases. For a colour effect, an ele ' lot ission

_ ase this excess energy by e
ave i f.temnthevisible,region.- tT % 1
In ﬁrework;, the ener.

= ork 9y to excite the electro
between the oxidizer and fuel. Sodium imparts y G

s comes from the read®}
come from strontiym salts. Barium salts giveag

ellow colour in fireworks, red 0%

colourin fireworks. reen colour; copper salts gived

Quantum py,
; mbers are ;
the electronic configuration of MPortant Decause ¢

There are foy duantum nym 3N atom ang ¢,

hey can be used t0 de W

; € probable location of its €
math : |
are c:l’iniitlcal solf't'ﬂn of the g rs: t.hree of which have been derived "
¢d the principe quantumric::ng:r ®Quation for the hydrogen ato™
m

e" the azimythal quantum MU 4
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the magnetic quantum number. These quantum num
stomic orbitals and to label electrons that reside
aumber, called the spin quantum number was di
describes the behaviour of a specific electron and

electrons in atoms. These four quantum numbers ar
i. Principal quantum number (n)

i. Azimuthal quantum number (1)

iii. Magnetic quantum number (m)

iv. Spin quantum number (s)

bers will be used to describe
in them. A fourth quantum
scovered independently and
completes the description of

!

2.5.1 Principle Quantum Number (n)

This quantum number denotes the principal shell to which the electron
belongs. This quantum number represents the main energy level or shell in which
~ the electron is present. It represents the average distance of the electron ffom the
nucleus. The principal quantum number ‘n’ can have non-zero, positive, integral
valuesn=1, 2, 3... : : . .
* An electron with 17 = 1, has the lowest energy and is bound most firmly to
the nucleus. =
* Higher the value of ‘n” means that the size of the energy level is larger,
with a higher probability of finding an electron farther from the nucleus.‘ '
* Energy of the electron depends on the value of n, Iowef the value of ‘'n
lower will be the energy of the electron in that orbit and vice versa.
The letters K, L, M, N, O, P and Q are also used to designate ti"le energy
levels or shells of electrons with ‘n’ value of 1, 2: 3,:4,.5,6,7, I’eSPeC;'Vebf- T:l
Maximum number of electrons that is -possiblezl'n any energy level o p.rlnClp
antum number is calculated by the formula 2n’. . e
For example, if n = 1, maximum number of electrons possible = 2n" =
2 - ;
(1)< and so on.
252 Azimiieic e T
= AZimuthal Quantum Number () _ :
Chem; S : es for the second quantum number. They
T €Mists use a variety of names for e
Slerred - entum quantum number,
Umber. the : el U R he orbital-shape quantum number.

econdary quantum numlih‘E"_-c"'.'E ner
Regardless of its narrzfu::q the second quantum number refers to s eneed
Su . 4 g o

Ie"_9|5 Within each principal energy level/shell.
the “ZImuthal Quantum Number defines the s

°lon and the angular momentum of the e

hape of the orbital occupied by
lectron. It also shows the

Scanned with CamScanner



s ~——NBCAT-BY-TUTUREDOCTORS (TOUSEEF AHMAL "—'“'“"”"Wﬂﬁ

% Atomic Structure

umber of sub-shell in a given shellé It also shows us the shape of °fbitat,'
» er is represented by ‘".

QUantU:;r”L;:]; given Salue of the principal quantum number, 5, the o
quantum number £ may have all whole number values from 0 to n - L e}
which refers to an energy sublevel or sub-shell. 7he total number of such py
sublevels in each principal energy fevel is numgn’ca/{y equal to the Princnd §
quantum number of the level under copsideration. These sublevels e,
symbolized by letters s, p, d, f etc. The letters s, p, d and f have been taken
the old spectroscopic terms, sharp principal df}’fuseq a{?d fundamen
respectively. The values of ‘¢’ for ditfe(ent values of n are given in table 2

A
|

Table2.2 Principle Quantum Number and values of Azimuthal Quantum Number

nvalue tvalue Sub-shell Should be writtenas No. of sub shell ‘
2 [ G 25,2p
T e o U TR ST W [ e 3s,3p,3d
4 0123 | sp.d,f 4s,4p,4d Af

The value of ‘¢’ also determines the shape of the sub-shell. The shapest
sub-shell are due to revolution of electron around the nucleus, e.g. when &
then it is s-orbital (sub-shell) and is spherical, when £=1, the sub-shel!
dumbbell shaped and is called P-sub-shell, when £=2, the sub-shell is saus#
shaped (double dumbbell)and is called the d sub-shell, and when £=3, the ¢
shell is even more complicated and is called the f sub-shell.
2.5.3 Magnetic Quantum Number (m)

e This : :
; quantum number is also called Opentation Quantum M
€cause this quantum number indi itation Q

the space aroyng th
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(sub-shell is 's) when =1, m= -1, 0, +1 (sub-shell is p, which is oriented
in three directions X, y, z In space). That is to say, the sub-shell ‘p’ has

three degenerate orbitals py, py and p,, arranged in space along x, y and z

axes.

When'ﬁ =5 M s -2,-1,0, +1, +2 (sub-shell is ‘d’, which implies that it has
five space orientations due to five ‘m’ values and are designated as d, dy;, dz
d:z e )f2 ' d22

When £=3, m= -3, -2, -1, 0, +1, +2, +3 (sub-shell is ‘f, having orientations
in seven different directions in space.

The table 2.3 shows the possible magnetic quantum number values (m)
for the corresponding azimuthal quantum number (£).

Table 2.3 Relationships among Values of n, £ and m

Possible | Possible Number Total
il I ¢ No of Sub-shell calica ot of orbitals | number of
value | V2% O | sub-shell | designation ' insub- | orbitals in
£ m
shell shell
1 0 1=s 1s 0 1 1
0 2=s,p 2s 0 1 o
e 1 2p i50521 3 g
0 3=s, p, d 3s 0 1
3 1 3p . 1,0,-1 3 9
2 3d 2,1,0,-1,-2 5
4=s,p, | - = 1
: df S 101 X
4 ! : 4p 21,0,-1,-2 16
2 4d 5
- 3 = 4f : 3;2!1‘01"1:”21'3 7

2.5.4 Spin Quantum Number (m; oF s)
< the spin for a given electron on its
axis. An electron can have one of two possible spin values, either clockwise or

anti-clockwise direction. The direction of the spin can be found out by the
' .- ce an electron has equal probability

its own axis around the nucleus,

The spin quantum number describe
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parallel spins and are represent by (1) or (1)

have ; :
Jhile others are said to have anti-parallel or pair up m::)afe?qua-ntum
spins and aré represented by (1) or (1), . the na?:: ::: ;'te

X our

quantum numbers.

) 5.5 Shapes of s, p and d Orbitals '
e e )
Orbital have no physical existence. These are, in fact, regions of space around
the nucleus; where there is maximum probability of finding an electron, with a
definite amount of energy. These regions have no strict boundaries. An c;rbital is
sssociated with a size, a three-dimensional shape and an orientation around the
qucleus. Together, the size, shape and position of an orbital represent the probability
of finding a specific electron around the nucleus of an atom. The overall shape of an
atom is a combination of all its orbitals. Thus, the overall shape of an atom is

spherical.
The type and shape of the orbital depend on the value of the azimuthal

quantum number ‘€.
i.  s- Orbital -

An electron for which £ = 0 is located in an s orbital, regardless of the
value of its principal quantum number n. This orbital is spherical in shape as
shown in figure 2.23. It is found nearest to the nucleus. Its size increases with the

increase in the value of ‘n’. They are just like tennis ball.

S orbital
Figure 2.23 Shape of s orbital

" p-Orbital
th Electrons for which £ = 1, the value of ‘M’
des; ®¢ orbitals ie. p-orbitals have three p
Inated as p, Py, p. depending upon the axis

include -1, 0, +1, which consist
ossible orientations. They are
of orientation. Each p-orbitals

of

!
1

|
1
|
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has two lobes one on each side of the nuclet-ns. They are of gy
of which is perpendicular to the two others in three-dimens;

Mbbel|.

in figure 2.24. 5 = z :

Shap'e,'
€ 3¢ |

p, orbital p, orbital

P, orbital
Figure 2.24 Shape and orientation of p orbitals

iil. . d- Orbital | g __ |

When ¢ = 2, the values of ‘'m’ include 72,-1, 0, +1, and +2, which Conge

of five d orbitals, The d-orbitals have five possible orientations, The five d-ortief

i- are designated as d,y, d,, d,, d ¢+ d2’. These orbitals have complex geometid
| shapes as compared to p-orbi

tals. The three d- orbitals d,, dyz, dy have
lobes lying on the planes XY, ¥z, zx. The d, ; have somewhat similar structied|
Ay The shape of the d.? orbitals is differ

ent from others. The d,? resemblesi}

orbital with an additional doughnut shaped space in the centre.
Even though the d,2 appears to have a different shape than the ote]

is still mathematically €quivalent and exhibjts the same properties (such
energy) as the other d-orbitals as shown in figure 2.25.
z

de 2

d,2

igure _
225 Shape and orientation of d orbitals

{ ‘“-‘H‘.'u!!\ Girade X
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Atomic Structure

6 ;ectronic Configuration
2. ~he distribution or filling of electrons in the various sub
Jitals of an atom /s called electronic configuration,

" here are three rules used for the distribution of electrons in the sub —
chells and orbitals. Thfese rules are, =
261 Aufbau Principle (The building up Principle)

~ Aufbau is @ German word meaning building up or construction. Aufbau

principle states that electron fill orbitals that have the lowest-energy first. In other

words, electrons are filled in different orbitals in the order of their increasing

—~ shells and

energies. .
The energy of an orbital is determined by the sum of the principle

quantum number (n) and the azimuthal quantum number (£). This rule is also
called (n + £) rule. This rule consists of two parts. .
i The orbitals with the lower value (n + £) have lower energy than the
orbitals of higher (n + £) value. :
i, When two orbitals have the same (n + £) value, the orbitals with lower
value of 'n’ have lower energy and will be filled up first.

The notation for the electronic configuration includes the principal
quantum number (n), the letter designation for azimuthal quantum number (s, p,
dand f) and a superscript to indicate the number of electrons in the orbital or
sub-shell e.g.

=

Electrons
Principal Quantum | z‘/
Number \ls
\mm'

For
Oflexc‘nmme, let us compare the (n + £) value
™' and 4’ orbitals,

o

0
TN T

N

A

U

=
wun
S

TR

%)}

For 3d orbitals n= 3, ¢ = 2

s/
N+8=34+2=5 6s © 6
For 45 Orbitalsn=4, ¢=0 / :
n+£=‘-'4+0=4 78

Figure 2.26 Order of filling atomic

hemisiry Lirade Al

F Y -
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Atomic Structure

VL]

Therefore, '4s’ orbital is filled before 3d’ orbital.
Similarly, for '4p’ orbitals n =4, £ =1

n+{=4+1=5
and '5s' orbitals, n=5,0=0
n+f£=5+0=5

In this case, '4p' orbital has lesser value of 'n' and hence it has lower gn,
than 'Ss' orbital and is filled first. It is, therefore, clear that '4s' orbital Would beEIi
before '3d" orbitals (belonging to a lower shell i.e. third) are filled be L
have higher energy than the former. | i

Therefore, the order of filling various sub-shell
N+ ¢ rule would be, 152 2s% ZpG, 3%, 3p5, 4s?, 3d® 4ps,
2.6.2 Pauli's Exclusion Principle

Cause the

s(orbitals) according i
....... etc. |

orbital must have opposite spin.

For example, consider the hydrogen atom. Its electronic configuration

1s". Therefore, hydrogen atom
quantum numbers (n, ¢, m and ).

are,
n =i ,
£ =
m =0
S =t1Y2 .
o /2 (for one electron which may be indicated by an upél

|

- __1 - d
/2 (for other electron, which may be by a downward ar10"

0%

. e ons, j
+@re said to pe Paired :ar:utzlhe S

ite
aMe orbital, with their spiﬂs-"ppos’
3¢ represented by (41),

{ |N'In|'.||~ CoradeX
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COP_Per CU 5 o _29 =TT » === [&r.]!4_51a_3d1p{more stable) I
T g e B SRR 0L R A3 '
N s
s e T T e
AS | 5 (Ards?, 3d"°4p* ||
i e R A [Ar]4sz 3d"%4p*
| Br l— 35 o [Ar] 4s? 3d%4p° |
1 R SRR e AR A 3 0Ap° - ]
Rubuduum ' Rb ! 37 | LA | |
“Swontium St ‘ b R
Viterbium | Y B T R S
B e e R L T
| 1. Briefly write the Moseley expenment
! 2. Explain the magnetic guantum number in detail.
3, What are the shapes of s, p and d orbitals?
4. Define Pauli's exclusion principle and Hund's rule.
5. What is mean by Aufbau principle? |
¥
it
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Atomic Structure

- emitted X - ray radiation

KEY POINTS

Electron, proton and neutron are the fundamental particje of 4 g
;:ac:::crﬁarge tube experimer)t, cathgde rays aff:) in fact electrong
rays (when hydrogen gas is in the discharge tube) are protons.
Electron is 1836 times lighter than proton. _

According to Planck’s quantum theoryf energy emitted or Iabsorbed bya|
body does not propagate in continuous form but m form of ¢
units/packets of energy. The ‘unit wave' or 'pulse of energy’ is called quapy,
He proposed the equation E = Av, for the energy of quantum,

Bohr rectified the Rutherford atomic model and developed an atomic py
for hydrogen on the basis of quantum theory in 1913.

Bohr successfully gave equations for the calculation of radius and ens
of orbits of electron and frequency, wavelength and wave number of radi:
released or absorbed during electronic transition between shells.

Bohr explained the spectrum of hydrogen atom.

X - rays are high frequency radiations, discovered by Roentgen. Thest
are produced by hitting the metal surface by high-energy electron bean

According to Moseley, the number of positive charges in the nudets!
fundamental Property of an element.

. : |
Moseley's law states that, the square root of the frequency (Jalrd'
Is directly proportional to the atomic numbe"

and theQ

an element, \/y o« 7
Quantum numbers are 3 set of
atom. These

are four in Number
quantum numper (e),
number (m,, or 5)

An orbita| is

ol
; fon
Numbers, which designate an electr®

3 az'
.. principal quantum number (ni] q
Magnetic quantum number (m) and P!

. bab"w
3 region of space around the nucleus where the P/
i ONIs maximym, " A
au principle, payl , = : o0
the diStfibution'of auli's exclusion Principle, and Hund's rule ™ "

VTR at0
electrong In different orbitals of multi electro”
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hoose the Correct Option. ‘

1. The e/m ratio of cathode rays is,

a. 1.76x10% C/kg b. 1.76x10™ C/kg
c. 176x10 C/kg d. 176x10" C/kg
. The wave number ( & )of a radiation with A = 2 x108nm will be,
a. 0.5x10°® nm™ b. 10nm™
c. 5nm* d. 100nm™

. For an electron in K-shell, the correct four quantum numbers are
represented by,

a. n=1l 'E =01 m=0; S= +%
b. n=2,£ =0, m=0,s = +%

¢ n=Lt=1,m=0,s= ——;—

1
d. n=2, =2, m=+2§= +5

. All are electromagnetic in nature except,

a. IRrays b. X-Rays
¢. UV-rays d. cathode Rays _
. The energy associated with quantum of radiation is, _ |
- nh T
— c.2hv d. =hv
a. hv b. 7 : _ >
. Bohr's theory cannot be appliedon, =
a. H . b. H' cHe*  d.L*

. Which of the following sets of quantum numbers are not possible?
2
a. n=3,£_=2,m=0: S='E’
1
b. n=3,¢=3m=-3 S-""'E

¢ n=4,¢=3m=-3 5+

1
d n=3=1m=05+3

 hemistey Grade X1
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8. The frequency of a green light is 6x10"*Hz, its Wwavelength s,
a. 5nm b. 500nm C.5000nm  d. 100nm

9. Which of the following sub-shell do not exist? 1
a. 1p b. 5d c. 6f d. 1s

10. All quantum numbers are obtained from solution of Schrﬁdinge,e%_
except, -

a. Principal quantum number, n
b. Magnetic quantum number, m
c. Spin quantum number, s
d. Azimuthal quantum number, £
11. The maximum number of electrons in 3s orbital,
- b. 2 c.6 d. 10
12. The splitting of spectral lines in magnetic field is
a. Stark effect
b. Zeeman effect
c. Aufbau principle
d. Pauli exclusion principle
13.1f the mass of electron is reduced to half, the Rydberg’s constant,
a. Becomes half
b. Becomes double
C. Remains unchanged
d. Becomes one fourth

14. WI;ich 2s,'lemen*t has the electronic configuration of noble-gas note!
5s% 4d ;

a-i5er b. Sr c. Zr d. Mo
15. The mathematical form of Moseley's law is |

% J;=b(z—a)
b. \/1_J=a(z-b)-

C. a

Chemistry Grade X1
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Short Questions  ~—= == = T

1. Name any four properties of cathode rays.
~ How will you differentiate between a continuous and a line spectrum?

_ How did Moseley discover that the atomic number (2) is the fundamental
property of an element?

~ What are the shortcomings of Bohr's atomic model?
. Can you give the reason that 4s orbital are written first than the 3d orbital.

o

LV P -

Py oA

Numerial Questions = . ... -

s "’ 3 e WSy
1. Calculate the distance (3\) between the nucleus and an electron in the 5"

orbit of an excited hydrogen atom. Ans.: 13.225A
2. What will be the wave number () of the spectral line of an electron when it
jumps from n;=4ton; =2? Ans.: 20.58 x 10°'m"

3. What is frequency of a radiation with wave number (T) equal to 0.5 x 10°m™?
Ans.: 1.5 x 10"°Hz

4 Calculate the wavelength of an electron when it moves with the weh:ncity2 of

light. Ans.: 2424 x 10"m

5. What will be the energy (kJ/mol) of an electron residing in n=3 in hydrogen
atom? Ans.: —145.817kJ/mol

6. How much energy is lost when an electron in hydrogen atom jumps from
N2=3 to ;=17 Ans.: 1166.542kJ/mol

Descriptive Questions - - o h- .'

are the postulates of this theory‘.f

h= Planck’s constant, ¢ = velocity

L (a) What is Planck’s quantum theory? What
(b) Prove that E = AcG , where E = energy,
oflight, and & = wave number.

ion with A=2x10" :9.939 x10™)
(c) What will be energy of a radiation with A=2x10"m? Ans.: 9.939 X

2 (a) Write down the main postulates of Bohr's at?mic rr_lcl'-;d:';o e o
(b) How can Bohr's model of atom be afplmd s 7y-1 }?—9 72x10°m
calculate the radius of n™ shell? s =1 0281 o difference

3, N Sy : ' del, for the energy di
(8) Derive expression using Bohr's LS n atom
(AE), frequency (v) and wave number (D) I hydrogeectmm%

s (b How does Bohr's model explain the hydrogen sp :

(&) What are X-rays? How are these rays produced?
(b) Enlist some characteristics of X = rays.
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w Theories of Covalent Bonding

— MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

and Shapes of Molecules

molecules. (Applying)

« Describe the features of sigma and pi bonds. (Understanding) 3

. Describe the shapes of simple molecules using orbital hybridization. ‘
(Applying) &

« Determine the shapes of some molecules from the number of bonded |
pairs and lone pairs of electrons around the central atom. (Analysing)

» Definebond enérgies and explain how they can be used to compare bond

strengths of different chemical bonds. (Analysing)

« Predict the molecular polarity from the shapes of molecules. (Applying)

« Describe how knowledge of molecular polarity can be used to explain
some physical and chemical properties of molecules. _(Analysing)

* Describe the change in bond lengths of hetero-nuclear:m'qle'cules.due to
difference in electronegativity values of bonded atoms. (U nderstanding) |

« Describe the difference among molecular, network and metallic

solids. (Understanding) : |
* Explain what is meant by the term ionic ;haracter of a covalent
bond.(Understanding)' RO | '

R
2 9

|

l

‘Assessmen : = . nd i
¢ Slngle bon_d. . Triple bo j

o1 o |
|Wei9htage% 2 “ |

11! Double bond

Chemistry Grade X1
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Introduction tomic theory opened the ways for the scientists
Dalton's a

s together. Earlier the SCientists e
hat hold the atom
nature of forces t

Yy

ion between oppositely chargeq b
i It from attraction .
chelmtc?l 3?|<ZdNresHu and other organic compounds were discoveraq
ecule 2 Hpane :
- ?eoexplained on the basis of this concept.

: t the sharing of electron Was ra,.
In 1916, G.N. Le\.v\o'ls::j p':ﬁs::nt:qaolecules. He used electronic ¢op:
for the formations of bonds e.om thactherstbaioni el b He gm'.
to EXP|"=_‘i" that. h? ¥ ;,:221 sachording to this theory, In chemical bong .
th;cr:: n:;?:;i;y c;yvashan};g of electrons, bltc; atta::tefc:ilzo gasm _
' is theory was called doublet or theory. This fi
szzzig;;ﬁgs;::ng of Bllectron,and covalent bond fprmatl?n. TTs theay:
identified the single, double and triple covalent bc:ndS by Sha"’“9|° °“°*"t"’_
three pairs of electrons respectively. The electronic theory of valence te
the number of electrons present in the valence shell of the centrl &
However, this theory fails to explain geometry of molecules. _ .
You have studied in the previous grades about the chemical bondl
its different types. In this unit, you will learn about the shapes .of ..
Physical and chemical properties of molecules, molecular polarity 2
energies.
3.1 Shapes of Molecules

The shape of molecyles can be determined in the Iabora.t°rysbzll
methods such as X-rays diffraction and electron diffraction techniques ™

. |a{
shapes are important because they provide information about molecué

o
and symmetry, The shape of molecyle cannot be explained by the 0@~
etc. Varioys theories are

an
Used to understand the nature of bond
molecule. These theories are,

.

; The valence shell electron Pair repulsion theory (VSEPR)
- u The valence bond theo ;
i,

he molecular orbj o
| ry
311 Valence Shell | talthe

" 197 : ron Pajr Repulsion Theory (VSEPR) knowﬂ ﬁi
' R.G GI||FSPie and Nyholm proposed a theor’;ry is”ﬁ
electron pajy repulsio PaIr repulsion o VSEPR theory. This the fes

: sté
electron pajrg (both L €Nnce she|| of central atom. This theorﬁentraf -
"€ Pairs apy Shareq pairs) surrounding the & v

g
articg
Which ca

Scanned with CamScanner



W' _ . e "ncAT Bv F“T“nmmmmsnmm'”""“'”" ———— .

Theories of Covalent Bonding and Shapes of Molecules

pe arranged in space as far apart as possible to minimize the electrostatic
repulsion between them. This theory helps in determining the geometries of the
molecules. The main postulates are,

1. Pairs of electrons are arranged in space around the central atom in such a
way that the distance between them is maximum and electron pair
repulsion is minimum.

2. These electron pairs which form bonds are called bond pairs and those
electron pairs, which do not form bonds, are called lone - pairs.

3. A lone pair of electrons is capable of occupying more space on the central
atom than a bond pair. Hence, it will cause more repulsion as compared to
bond pair. The electron pairs repulsion decrease in the following order,

Lone pair - Lone pair > Lone pair - Bond pair > Bond pair - Bond pair
4. Forces of repulsion decrease with increasing bond angles.
‘5. As multiple covalent bonds and lone pair of electrons, occupy more space
than the bond pairs, therefore, the ideal bond angles are changed.

6. Multiple bonds behave as a single electron pair bond in structural

determination.

7. The effect of a bonding electron pair decreases with increasing
electronegativity of an atom bonded to central atom forming ina molecule.

8. Shapes of molecules depend upon the number and nature of the electron

pairs in space around the central atom. : __w__

Applications of VSEPR theory Write down at least
Covalent bond is directional in nature. It five postulates of

explains the geometry of the molecules and tells about | the VSEPR theory.
|
|
I

the possible structure of the molecule. Examples are, NS TR

L Shapes of Molecules Containing Two Electron Pairs

Beryllium chloride (BeCly) is a typical example of molecules, which contain

Wo electron pairs. It& Lewis structure is given below.

:Cl-xBex-Cl:

Figure 3.1 Lewis Gimmiure of BeCl,
e Two bond pairs are present in valence shell of the central beryllium atom,
& 'Chl are arranged in such a way that minimizes the repulsion between them.

4
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Theories or Covalent bonding and Shapes of Molecules

" Many boron compounds are electron-deficient, meaning that they lack an
octet of electrons (mostly have six electrons) around the central boron atom.

msdeﬁaencyofelectroms responsible for acidic nature of bor_n compounds.-

b. Two Bond Pairs and One Lone Pair

Example of the molecules having two bond pairs and one lone pair s,
stannous Chloride (SnCl,)

Stannom, Snso = [Kr] 4d™°5s?5p? has four valence electrons. Two electrons
present in 5s orbital remain non-bonding (lone pair) and two electrons of 5p orbitals
form two covalent bonds with chlorine atoms. The Lewis structure of SnCl, is,

Sn

[
X X
Cl :Cl
X X X X
XX XX
Figure 3.5 Lewis Structure of SnCl;

Molecules with two bond pair electrons and one lone pair shall have the non -
linear geometry. The lone pair occupies more space than the bond pair of electrons.

Therefore, it pushes the bond pairs of electrons. The lone pair present in the stannous
ngle and the other two aie occupied by two Cl

chloride occupies one corner of the tria
the bond angle is reduced than ideal angle of

atoms as shown in figure 3.6. Therefore,
120°. The effective molecular shape of SnCl,is angular (V-Shaped).

SN
ahe,
Ol El

Angular structure of SnCl,

VSEPR Model of SnCl;

Figure 3.6

T A T BT
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Theories of Covalent Bonding and Sh
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3. Sh
i

apes of Molecules Containing Four Electron Pairs
All the four are Bond Pairs
Example of molecules having four bond
‘ pairs in valence shell of central atom is,

Methane (CH,)

Carbon has four electrons (1s® 2s% 2p,,
2py", 2p.) in the valence shell, which share with
four electrons of four hydrogen atoms. All the four
pairs are bond pairs.

The electron pairs are arranged in such
a manner that the repulsion is minimum and

TR

Tetrahedral Structure of CHa : VSEPR Model of Ctl
- Figure 3.8
ii. Three Bond Pairs and One Lone Pair

Example of molecules hayi e air in¥*
- - ng three b one lone P
- shell of central atom is, 9 ond pairs and

Ammonia (NH,)

Scanned with CamScanner



e ‘Theories of Covalent Bonding and Shapes of Molecul
DT | cCuies

_.num and the distance is maximum.
mini

According to VSEPR the.fory, lone pair — bond pair repulsion is greater th
S pair - bond pa:r repulsion. The lone pair Occupies more space tht:rn t::
pond pair of electrons. Therefore, the thr.e.'e N -H bond pairs are pushed closer
andbond angle decreases. Therefore, the ideal bond angle is changed and reduced
10 1075" Moreover, due to absence of atom on lone pair, NH, does not show the
exp&CtEd tetrahedral arrangement but possesses a trigonal pyramidal structure
Jiththe observed angle 107.5%as shown in figure 3.10.

(X

N
107°
H H
H
Trigonal Pyramidal Structure of NH; VESPR Model of NH;
Figure 3.10 :

li.  Two Bond Pairs and Two Lone Pairs
Example of the molecules having two bond pairs and two lone pairs in the
lence shell of central atom is water. '
Water (0 |
The oxygen, Og= (1s3 25% 2ps> 2py" 2p) in water molecule has four

*'on pairs; two bond pairs and the two lone pairs.

c(,;;‘;':edpair - lone pair repulsion is maximum. as o ile
resUItine_ to bond pair -~ bond pair re_pulsuog, 'O'x
1450 E!”I]n the decrease of H - O — H bond angle to X .
")annerth:t electron pairs are arranged in such a H |
d the d;stathe repulsion between them is minimum

i PR | Fig: 3 11 Lewis Structureofl-lzo

e‘ectrOn e fOUI' COrners of a regular tetrahedron_ Haweve :

s _ - fore, they push
::ebon g ::;lslpy More space than the bond pair of electro:isbo":‘: :qgie is reduced.
8oye of electrons to greater extent. Thus, the ideal! le is bent at an

' "Y€ to absence of atoms on lone pair, the e .
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~ oxygen atoms have equal chances of having the double bond. These

. . oge 4
_ resonance is that it stabilizes the resonance hybrid. The energy of resonan®

MDCAT BY FUTURE Ii( -
T " »Theories of Covalent Bon

These tructures express some of the pro.perties of the COMpoye
none of these structures describing all the propert;.es of that compoypg
The basic conditions for writing tl?e resonating structures are

b, The position of the nuclei (atom) in 'a_II structure must be the sa,

" The structures differ only in the position of pi(m)electrons

The number of unpaired electrons in each structure must be the same
For example, many bonding situations can be better described yjj

than one valid Lewis structure for ozone (O3). In ozone (O3), the central gt
a single bond with one oxygen atom and a double bond with other oxygey

as,

(a) (b)
Figure 3.14 Resonance Structure of ozone (0;) Molecule

These Lewis structures cannot tell which atom has double bond. &

structures are called resonating structures. These structures differ from
another in the position of m-electrons (double bond) and not in the positf
atoms. The actual structure of ozone is weighted average of these two
Lewis structures. ,

The phenomenon of resonance explained a number of facts whid
not explained by the simple Lewis structures. The most important €

is lower than calculated value of resonating structures.

3 .2 Theories of Covalent Bonding cﬂ%
The following two theories are used to understand the natur® of
bond, in addition to VESPR and Resonance Theories.
1. The Valence Bond Theory (VBT) and Hybridization Theory
2. The Molecular Orbital Theory (MOT)
3.2.1 Valence Bond Theory (VBT) and Hybridization

. Foratheory to be
predict behaviour of 3 subs
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Theories of Covalent Bonding and Shapes of Molecules

different molecules. Hc?wever, VSEPR theory does not

chemical bonding (sharing of electrons between atoms).

valence bond theory is successful in explaining

between atoms, bond lengths and shapes of covalent m

developed by W. Heitlerand F. W. London in 1927.

The following are the assumptions of valence bond theory,

1. A covalent bond is formed by the overlap of half filled orbitals (have one
electrons only) of two atoms.

2. If two half filled orbitals overlap, a single covalent bond is formed. If more
than two half filled orbitals overlap, then multiple covalent bonds are
formed.

3. The orbitals, which overlap, must have electrons with opposite spin as
required by Pauli exclusion principle.

4. The shared electron pair must be localized between the atoms.

5. The electron pair is responsible for the repulsive force between atoms.

6. The orbitals having a pair of electrons (two) are unable to take part in the bond

formation.

Under valence bond theory, the mutual sharing of electrons between
atoms occur in two ways and as result, two types of bonds are formed. These
covalent bonds may be

.. Sigma (o) bond
ii.  Pi(m) bond
3 Sigma (o) Bond '

It is formed by the linear overlap of half filled atomic orbitals. This type of
overlap is maximum and hence forms a strong bond. In sigma bond, the
electronic density is maximum in between the two bonded nuclei. The shared pair
of electrons is attracted by two nuclei and, as a result, a decrease in energy
Oceurs, 746 bond, which is formed by the linear (head on) overlap. is called sigma
bond Al single covalent bonds are sigma bonds. =

The following types of overlapping result in sigma bond formation.

a) s-soverlap |
b) s-p overlap
R 9 p-poverlap
~ S overlap . .

In this overlap, the ‘s—orbital’ of one atom overlaps‘u‘wth the 's— orbital’ o

; .E Other atom, For example, hydrogen mole;ule- (Ho).

provide an explanation of

the sharing of electrons
olecules. This theory was

%

Chemistry Grade XI
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2p 2p p-p overlap
Figure 3.17 p - p Linear Overlapping in Fluorine Molecule
parallel overlap or Pi () Bond
The bond, which is formed by side wise or parallel overlap of the half filled
p - orbitals of two already bonded atoms (through sigma bond), is called pi(m)
Bond.

Pi — bond is always formed by the side wise or lateral overlap of half filled
p - orbitals only. The pi = bond is weak bond. It cannot exist without the sigma
bond. In pi () bond the orbital has two regions of electronic cloud density i.e.
above and below the bond axis; unlike in sigma bond where electronic density
has only one region around bond axis. Since this overlap is not maximum overlap
therefore, pi bond is weaker than sigma bond.

For example, in O, molecule, each oxygen atom has electronic
configuration 1s2, 252 2p,, 2py’ 2p;". There are two half-filled p orbitals on each
oxygen atom. The two oxygen atoms are joined by two bonds. One of them is
formed by linear overlap of p orbitals, forming a sigma bond, while the other p -
orbitals overlap side wise to form a Pi bond as shown in the figure 3.18.

; : z"' : a ' Sideways overlap

P,

7 ' Px
2 (P-orbitalg)

O (p-orbitals) = ~ side wise overlap

Figure 3.18 p-p Sidewise Overlap in Oxygen Molecule
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of Covalent Bonding and s,

IR S Theories
i |
= Hybridization
According to valence bond theory, only those
orbitals take part in bonding which are half filled, Byt
1 there are molecules in which the number of bonds
formed by an atom is more than their available half
filled orbitals. Carbon has six electrons, 1s? 2s? 2D Ip i .
configuration shows that there are only two half-filled orbitalzyi:( il
or_xiy two single bonds will be formed. However, carbon aton; f L §
with other atoms in most molecules such as in CH, mo,ecugms fou,w

It is assumed that one of the 2s electrons in gro '
empty p orbital. This new state of carbon is called thg exl;;:; tsEtl:i : promotedm
C(Groundsstate) = 1s’, 25 2p,", 2p ", 2p,’ =
C (Excited state) = 1s* 2s',2p,', 2p 3; 2p 3
As there are four half- st

an
call:: uhs V. these atomic orbitals are mixed togéf®’
ybrid orbitals, This phenomenon is knot

Hybridization ;
on is > . ]
214 shape mix togetheru;ar Process in which atomic orbitals of differen ™
*aMe energy ang shape, °Ming 2 new set of equal ».:mber of orbitdls fat

H_‘/bridiZati :
Orbitals of 3y on leads to ent; @wh
| AOM. It hojge i . TEY New shar antation of the
and geometry of 5 'hOlds Significance n g the'.-l;:'_e.and orientation o~
"aturq' SHitar o Set:uh:_-s_ DeDending uIE!{;&'rmlnlng the shape
P A a0, gk LIPAtING iy i DDer and |
phyb”dization _ € place, We wij| ,y fdization, different |
: SCuss only sp?, sp’and '

L - =3
ST N 8 F
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CH4 Moleucle
Figure 3.20 Tetrahedral CH,; Molecule

ii. sr.-2 hybridization
The mixing of one s and two p-orbitals to form three equivalent s
orbitals of the same energy and shape is known as sp-2 hybridization.Theuﬂ
of sp® hybridized orbital is observed in ethene.
The ethene molecule (C;H4) consists of two carbon atoms a
hydrogen atoms. There are four half-filled orbitals in each carbon
ethene. Three of them are hybridized, while the fourth one remains u
which forms pi— bond between two carbon atoms. In sp? hybridization ore:
two p orbitals of carbon mixed to form three sp? hybrid orbitals.
C (Ground state) = 15’, 25, 2p,’, 2p,", 2p° |
C (Excited state) = 1s?, 25", 2p ', 2p,, 2p,’

P i S T e
> B T

~ Hybridization
ridiza .
y : sp”’d

Ground tate 5
== e ExCited State /W
'Qure 3.21 sp? bridizati
: . Each sz orbital P Hybridization rblﬁli
taking part in the h?brid?as 33.33% 5, 66.67% p character. One p.o

orbitals haye s Zation and s called the un-hybridized orbita E’j
S has a single electro erefore, they occur in 0

€N carbon and h : 0 he C;Ha, O = :
d f
ydrogen react to form the CoHa OM g
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orbitals of one carbon overlaps with sp” orbital of the other carbon, forming a
¢ -C, covalent sigma (6) bond by sharing their unpaired electron. :

The remaining two sp” orbitals of each carbon overlap with two s orbitals
ofithe o hydrogen atoms forming two more covalent (C - H) sigma bonds by
the sharing of their unpaired electron.

As each carbon has one p un-hybridized, these orbitals also overlap
sidewise with each other forming a weaker covalent bond called pi(r) bond.

Figure 3.-22 Ethene Molecule Ethene (Ethylene)

The double bond consists of one sigma and one 1 - bond. The bond
length of C=C double bond is 1.34A . The C - H bond length is 1.10A. The bond
angle is 120°, Thus, the structure of ethene is planer. There are five sigma bonds

and one 1t - bond in ethene molecule.
iii. sp Hybridization

The mixing of one s and one p O
orbitals of the same energy and shape is
of sp hybridized :,orbifal is observed in ethyne.

The ethyne molecule (CzH2) consists of two .carbon atoms and two
hydrogen atoms. There are four half-filled orbitals in each f:arbon at.or.n in
ethyne, Two of them are hybridized, while the other two rem?ln'unhybrlduzed,

Which form pi — bond between two carbon atoms. In sp hybridization one s and B

one p orbitals of carbon mixed to form two sp hybrid orbitals. ;
€(Ground state) = 15255 2Ps: 2p, 2p.’ | [ ;
B L

C (Excited state) = 15, 2s, 2p. 2p, 2P: |

rbital to form two equivalent sp hybrid
known as sp hybridization. The example

Chemistry Grade XI
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moiecute IS

shortcorﬂiﬂg of
Though the valence bond theory explains the bonding and geometry of

many molecules and ions, but it failed to explain the, -

1. Formation of coordinate covalent bond.
2. The paramag netic nature of oxygen molecule, due to unpaired
electrons.
3. Formation of odd electrons molecules or ions s
pairing of electrons occurs.
| Discuss the structure of BFs, CHs and H,0 on the basis of VSEPR theory.
2 Define resonance? What are the basic conditions for resonance? Discuss the
resonance in ozone molecule.
3. Write down at least four postu
4. How sigma bond is different from pi-bo
Cl,and O,.
5, What is hybridization? Discus the sp’,
molecules in detail.
6. What are the shortcomings of VBT?

e of acetylene.
valence Bond Theory

uch as H,* ion where no

|ates of the valence bond theory.
nd. Explain bonding in the molecules of HCl,

sp? and sp hybridization in different

Science, Technolog

i Hair is composed of keratin,
nds and disulfide bonds are respons

Hydrogen bonds .
These bonds are the most flexible- Hydrogen bonds are easily broken in

the presence of water and heat. They are the primary bonds responsible for
bonding allows our hair to change

::::g‘;‘g our hair's overall shape. Hydrogen bo s .
e emporarily and produces a strong hold. When t.he hair is wet by either
Mpooing/conditioning or in the presence of humidity, the molecules enter
be.r"‘* break up the hair’s preset hydrogen bonds, and form néw bonds. For
€ hair is usually set in rollers while wet. The hair is then held in position

unti it gr; o
It dries, As the hair dries, hydrogen re-bonding Occir but in the new

a strong fibrous protein. The hydrogen
ible for straight and curly hairs.
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 Allthe molecular orbitals have definite energy. Their relative energi
rgies are,

115 <025 <0*25 <O2Py< 2Py = 2D, < T* 2py= T*2p, <0*2
. ¥ z <g* oF

gls <0
The arrangement of electrons in molecular orbitals occurs accordi
ing to the

"~ pauli's exclusion principle, Aufbau principle and Hund'’s rule

3, The sigma (0) and pi () notation are used in the same w.

ay as the :
te valence bond theory but here the bonding el (ﬁ;ec;s:d 3
and T, while the anti-bonding molecular orbitals (A.B.M.O) are ¢* at:Id ‘n* re o

beThefnulmclzzs_-r of !DOI'IdS in a molecule is one-half of the difference of the
;in; ro Ee rqns in .the bonding molecular orbital and the number of
rons in the anti-bonding molecular orbitals and is called bond order.

Mathematically,

No.of electrons in H No. of electrons in ]

" Bondord er:(bonding molecular orbitals anti-bonding molecular orbitals
2 :

ﬂdingc’n

Usually i - m
ly in practice, only molecular orbitals formed
Define bond order.

from
dmthF valence orbitals are considered for
ining bond order.

Applicati
. metmns of Molecular Orbital Theory
Hydrogen Molecule (H2) |

L:ZatOmi'c number of hydrogeh is
Orbitals of_f::vgen molecule (H2) is formed
h"“ding Mol o hydrogen atoms. They produce two
Obitals (AR ;CUIar Orbi';a] (B.M.O) o(1s) and the other
;nol&ﬁlllar Or‘b' ) c*(s). The molecule has two elect
r:othe ower itals. According to Aufbau princip
mo:ec'-l ar Orb?girgy bonding molecular orbitals - (B.

l& is rep s (A.B.M.O) remains vacant. The electronic €O

Presented by the equation:

2H (_151)
e H, [6(15°) o*(15°)]

one. Its electronic configuration is 1",
by the overlap of two 1s' atomic
molecular orbitals. One is
i< anti-bonding molecular
rons to be filled in these

le both these electrons will enter

M.0) and the anti-bonding
nfiguration of the

Not For Sale
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A Atomic orbital D
1 fo :

1s

Energy

s
LY
L)
LT
.
......
"
s
s
e
.

H H

2 N |
Figure 3.25 Molecular Orbital Diagram of Hydrogen Molecyle

The number of bonds in the molec
e .of g
Bond order=(No ZSed

[
fons in BMO's)-(No. of electrons inABMOS) |
2

Bond order = —(?—-Q-)=—?= 1

Thus, the two hydrogen atoms are bonded
molecule, _

i, Helium Molecuie (He,)

ule js,

through only one bondind

' orbity| (A.I.;. "-9) 5(15) and the other two electos.
. . - dais M. -
moleculeis '®Presente by the eqy, 5 o(1s). Th

on
- 'he electronic configuratio
ation :

He,[o (1 s%) o*(1sY)]
ese

6 Olecyla, Orbitals woylq accomm"d.atetw? |

CI"lemistry Grade XI
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S e Molecular Orbitals
‘ Atomic orbital 1L ------- Atomic orbital
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et 2 15 e ..nlbr
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: '..'o o ."‘
w . - gt

015

Figure 3.26 Molecular Orbital Diagram of Helium !’ lecule

The number of bonds in the molecule is,

Bondo der_(No.of electrons in BMO's)-(No.of electrons in ABMO's)
& 2

(2-2)

Bond order = ——=0
2

As bond order is zero so no bond is formed in He,. It means that this

molecule does not exist.
Il oxygen Molecule (02)

2 Eh‘-‘ atomic number of Oxygen is ei
"1 2.2p,!,2p,". Each oxygen atom con
?zm Its valence shell. The two participating oxyger.i
ele *2+1+ 1) = 12 valence electrons, There are €/g

rons are accommodated in them as shown in Fig. 3.29..
The molecule of oxygen is represented by the equation.

2 2 % 175
00525 202, 293, 2p%) —» Oslo(2s, 025, 2P n2p;=n2p; M 2P, =
* 2pt , T 2p;]

ght. Its electronic configuration is 1s%,
tributes six electrons to Oz molecule
atoms contribute a total of

ht molecular orbitals and 12

The ele v : bitals and presence of the
ctr he molecular orbi
onic configuration of t behaviour of oxygen

Molegy red electrons is responsible for the pararqagnﬁzc Al
theirSpin. The unpaired electrons create a magnetic field ar

e is the greatest

. fb molecul
P g d VBT fail to

The ey - Jraw
Wecqg Planation of paramagnetic behth B ey o

e"Dlaint}(: the Molecular Orbital Theory. Bot
e.pafamagnetic property of Oxygen mOIeCUie.

y Grade XI
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Theories of Covalent Bonding and Shapes of Molecules

energy. Similarly, the energy required to break one mole of chlorie
»43k) and 40.34x10kJ is required to break one bond or contribution of
towards bond energy is 20.17x10kJ.

hydrogen and chlorine react to form HCI the expected bond energy
« 102kJ/ bond but experimentally 72.39 x 10*%kJ/bond is

higher than calculated value, which shows that bond in HCl is

-polar bond. This shows that with unequal sharing

dditional binding energy. This means that greater

bonded atoms, the greater will be the

total bond
moleculesis
each Clatom

When
of HCl is 56.38
produced. This is
polar and is stronger than non
of electrons, there comes an a
the charge difference between the

additional bond energy.
Table 3.2 Comparison of Experimental and Calculated Bond Energy of Hetero Nuclear Molecules
Bond Bond energies (KJ mole™)
X=F | X=C{ | X=Br | X=I

H-X (calculated) 293 236 311 291

H-X (experimental) 567 436 366 299

Difference 274 200 55 O |

bon being in order of

The bond energies of carbon to car
(=C>C=C>C-C, the bond length is in reverse order
with higher bond energy values have shorter bond length.
3.3.2 Bond Length

Bond length is defined as the mean dis
gf‘“"’:‘-’"f/y bonded atoms in @ molecule.
: rt"étl";ment.:-llI},r using X-ray Qiffraction or the ana_
A 9th of a chemical bond is the result of an equi

Pusive forces of the bonded atoms.
e The bond length is measured in_angstrom (A), nanometer .(nm). or
atom éter (pm). The bond length of identical diatomic molecules having identical
S is the sum of the radii of these atoms. For example, the bond length of the

~Cis 154pm and bond length of Cl - Clis 198P™:
d length become shortened and

CLE>C=C3CEC, The bonds

tance between the nucler of two
Bond lengths are determined

lysis of molecular spectra. The
librium between attractive and

experimentally calculated bond length
e for atomic radii of H= 37pm and Cl =

gpm. The calculated values are always
This is due to the

1
n

o isc$2of electronegativity. For example,

7pm, whereas the calculated valu

Pm i
high. JVes H — €| bond length equals to 13

differg hap experimental values for heteronuclear molecules.
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Table 3.3 Comparison of Experimental

and Calculated Bond Lengths of HEtem“UCIEarM
Olegy.)

e Bond length in pm(picometer) — ——
Bond Experimental value | Differance

N Calculated value | EXp ifference
H-F 108 92 < gy

e 0136 127 O
H - Br 151 141 0
H-1 | 171 S 6 U p 2o

3.3.3 Ionic Character

The type of bond between any two atoms in a molecule ey
determined from the difference of electronegativities values of the two boy
atoms. A molecule composed of two identical atoms, its electronegaﬁq
difference is zero, and hence is always non-polar and does not have any iof
character.

On other hand, when a molecule is formed between two different atn
that have different electronegativity values, such a bond is polar in natuea!
has an ionic character. If the difference of electronegativity between two bond
atoms is less than 0.4, it is non-polar bond. If the difference of electronegati!
from 0.4 - 1.7, bond will be polar with some ionic character. If the differen

electron.egativity is greater than 1.7, the bond will be ionic in character.
3.3.4 Dipole Moment

A quantitative measyre of the o.lari ic ite dipole momert!
which is the product of il polarity of a bond is its dip

charges. 'ges 'q’ and the distance 'r' between the &

Mathematically it can be expressed as

Where 'q' | et 61 g

Negatively charged enq of the dipole. For example
+8 :
M -
-
For complicat Cl |

e (G ed Molec A i orSUm
the individual bond momentus'es, the net dipole moment is the Vet i ,atd

charges on both ends of : To keep the molecule electrically " itUde’
OPposite in sign Howe\,eth? diatomic molecule must be equal in mag” n’rl”d'
the . r‘ In u . ' 7 . ma
Chalg?:oaind it :2':} Ii:r;lgl)- q'refers only to th i
€ moments arq ays positive, q
us . it In= g
vally expresseq in Debye units Q. g
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Theories of Covalent Hﬂn(ling and Shapes of Molecules

are expressed in Coulombs (C) and distance in meters (m); thus, dipole

es _ :
:?;r:?ent is expressed in unit of coulomb meter (Cm) in SI system. The conversion
factoris 1D =3.336x10*°Cm
vieasurement of Dipole Moment ' eading heck
The dipole moment of a substance can be 1 What is bond
experimentally measured with the help of an electric energy?
condenser. - When condenser is charged by 2. Whatis dipole
connecting to battery, electric field is set up with field moment?
srength equal to the applied voltage divided by
distance between plates. Electric Fleld

. ol .7
Q ﬁ'a:j o P -

(a) . (b)
Figure 3,28 (a) Molecules are always randomily distributed in

m (b) When an electric field is applied,
e with the field direction %
When polar molecules are placed between charged plates these molecu

' i iti ard
2lgn themselves with negative end toward positive plate .3'}‘_1 Eﬂi‘i‘;:;‘:f?wm
"Gative plate, As a result, a decrease in strength of electric fié 8d. 58

' | ined.
Sdecrease in strength of electric field, the dipole momentis determi

"Plication of Dipole Moment

:tfutture.pme moment provides two typ

' Parcentage of ionie eharacter of bond ts the percentage of ionic

tha From experimentally determined dipole m°m°f:m:| 1

"cter of bong can be calculated by the followh_'lg

Pefcentageof ioniccharacter = Hovund 100
Fleo nt of the molecule and

H observeg is experimental value of dipole mome -

the absence of an electric
polar molecules fike HF will align to the

s of Information about the molecules

2

Chemistry Grade Xl
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»

B Sl B e
-‘-It',"'h'--v.
ha - -

0 B A Nl

|

p 3 . .
character of a molecule higher will be its polarity.

b. Determining the Geometry of the M_°'°°“'°

Dipole moment can provide important information about the geOmern
the molecules. If two or more geometrical shapes for a molecule arq Dol
then the correct structure can be identified from the study of its dipole & 4
For example, Water has two possible structures, linear and angular as sh '
figure 3.28.

The arrows show the shift of electron density from the less electroﬁeg e
hydrogen atoms to the more electronegative oxygen atom. )
Structure (a) of Water Molecule: The two bond moments of O - H bonds
equal in magnitude. But they point in opposite directions in a linear 0

molecule, the sum or resultant dipole moment will be zero, because they
cancel each other.

onic is dipole moment of molecule if it is 100% ionic. Greater the per‘?ent-.;:-

i

oWy

Bond dipoles Bond dipoles

moment

. (b) Angular structure
Structure (b) 42k Bond Dipoles in Water Molecule

re (b) of W, : s
bent, the two bond.tn:;: elecile: On the other hand, if the H0 moewk™
molecule would have 3 vdi[.:-::?lt5 i Partially reinforce each other, 50 tht t
184D dipole Moment, ~JSent Experimentally it is found that watel

Therefore w le
» We concly molecu
b) and not linear 3.315) de that the water

a(:eé not have any dip0|e moment as Sh:wg il

OPposite directj < has linear structure. It has two PO-MQ.

Other *actly, the mi?eiiﬁgfkiof;% dipoles in a maled” " '
= 1S polar, st

(a) Linear structure

i

cancel oyt ez

- -

_(--hvmi:s[r}- Grade XI
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Bond dipoles

+8
5 +5 25 50 : 5
Overall dipole moment = 0 OvrBr::LgirﬂOle
(a) Linear structure

(b) Bent structure
Figure 3.30 Bond Dipoles in Carbon dioxide (CO,) molesules

34 Effect of Bonding on Physical and Chemical Properties

The type of bonding present in substanc

es characterizes the properties in
them. Physical

properties of compounds depend on the strength of
intermolecular attractive forces (Van der Waals forces). On the other hand,

chemical properties mainly depend on the strength of intra-molecular forces
(bond strength). |

34.1 Solubility of Ionic and Covalent Compounds Y

Most of the ionic compounds are soluble in polar solvents like water but
insoluble in non-polar solvents. When an ionic substance is dissolved in wat.er.
the polar water molecules separate the cations and anions from the crystal lattice
by their electrostatic attraction. Thus, the ions are free from the crystal lattice and
ionic compound dissolve in water. Non-polar solvents, like Benzene, do not
dissolve ionic compounds because the attraction between solvent and solu.te
Molecules is negligible. '

ANon-polar compound (solute) dissolves ina non-polar SOIVEﬂtsi(Thtlts is cii'ux'-z
0 presence of weak Van der Waals forces are present in it. These wea 2 ra ;I:::
fortes of solvent overcome attractive forces among 50'“"9"“10'““'95- (o
*0ve discussion, you can conclude that “Like Dissolves Like".
4.2 Reactions of ionic and Covalent CO’I“P-""“_‘IS e
lonic conipounds usually do not react in solid st?tg _*::;: e
very tightly held together. When they are dissolved in water,

chemical
; ions : ' become ready for a
arged ions separate from one another and be

; is i as there is
2Pid reac i« formed. This is beca‘use, .
o ixing solutions, 1ons combined
silver nitrate (AgNOs) and

. : 1 1 5 m
breaking is involved in solutions, o'ning .
onds are formed, for example, MiX
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sodium chloride (NaCl) solution produces a white
f,“"“seC::::{ions between covalent compounds are slpw becayg, |
’ compounds involve the breaking o.f olfl bonds and format!?n of ney ¢
bonds. Covalent compounds react in different ways and thejr reaction gel
on the way a reaction proceeds.
| 3.4.3 Directional and Non-Directional
| Compounds

Precipitate of Silver it

al Nature of Ioni

are non-directional whereas cov.
covalent molecules have defini
are formed by overlapping o
Ccovalent bong formation, th
| Proper direction. This gives
; covalent bonds are directj

Fatomic orbitals, which have definite direction Dty
ese atomic orbitals overlap each

definite geo metric shape to the atomsin molem"'
onal, for €xample, the covalent bond in methane U

arbon make an
ehydrogen atom can only make bond with theseot
they approach at angle 109.5°q carbon atom,
344 Molecular, Network and Metallic a0olid
a. Molecular Solids
Molecylar solids are mad ' c i)
, € Up of molecules. Like atomic
Molecules that make up molecy| i T
CoOmposed of

W |
ar solids, sych as ice, sugar and 'wn-
g rlleutral molecules, Substances consisting of largef

. ave larger attractive forces and melt at higher temperatures

L ]
Figure 3

31 \ A \ lodine |
Olecyly, Soligs o Carbop, dioxide (C0,) and lodin® .

Chemistry Grade XI
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olids composed of molecules with permanent dipole moments

mo!etU'ES) melt at still higher temperatures. For example, the meltin

olar propfaqe (C3Hs) is =190°C. A molecule of polar formic acicgj
(HCOOH)J which has @ similar number of electrons and the same molar mass as
oropane melts at 8.4°C. The large difference in boiling point is due to the

pydrogen bonding and dipole-dipole forces in formic acid.

Network Solids (Macro Molecules)
Unlike the intramolecular covalent bonds that hold atoms together in

separate molecules, it is possible for atoms to bond covalently into continuous
two or three-dimensional arrays, called network solids. A wide range of
properties can be found among network solids. Diamond and graphite are

examples of network solids.
In diamond, each carbon atom forms single covalent bonds to four other

carbon atoms, which are at the corners of a tetrahedron. The four carbon atoms
are, in turn, covalently bonded to four other carbon atoms and so on. This

bonding exists throughout the entire crystal. When all the atoms in a crystal are
wvalently bonded to one another throughout the whole crystal, the solids are

termed network solids. :

Molecular $

olar
point of non-P

=~

Figure 3.32 piamond

Metallic Salids

Meta| amt.‘."'c solids such as crystals of copper: aluminiu
5. Metals are composed of a closely packed centers of metallic cations,

Within
tv: ;la';'"“de mobile valence electrons. The force of attraction between the |
themcgn,:itargw cations and the pool of valence electrons that moves among
e T ametallic bond. Not For Sale

m and iron are formed by j_
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Figure 3,33 Free-Electron Model ‘

90

NOoubh wn R

"
|
What are the main features of molecular orbjta| theory? '
Explain the molecules of Heliym and Oxygen on the basis of MOT.
What is the significance of MOT?

Define bond length ang ionic character of a molecule,
Write down the diff

erent application of dipole moment.
Explain the effect of bondi

: 29 O physical and chemical properties.
Explain the change in b nd |

_ o
; e engths of hetero-nuclear molecules due
in electronegatwnty Values of bondeq atoms,

Explain the difference between m

. ’d‘
Olecular, network ang metallic ﬂ//
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KEY POINTS

nds are forces that hold the atoms together in molecules.
ds are formed by the sharing of electrons.

, VSEPRtheory tries to explain the geometry of the molecules.
. Resonance structures are models that give the same relative position of atoms as

in Lewis structures but show different places for their bonding and lone pairs.
Invalance bond theory (VBT), the overlapping of atomic orbitals form a covalent

bond.
In molecular orbital theory (MOT), combination of atomic orbitals forms

molecular orbitals.

The intermixing of different atomic orbitals to form equivalent orbital.called
hybrid orbital is known as hybridization.

Bond energy is the energy required to break the bonds per mole to form
individual atoms.

Bond length is the mean distance between the nuclei of the two bonded atoms.
Dipole moment () is a product of charge and distance between the charges. It is
avector quantity.
Properties of substances are characterized by the type of bond presentin them.
InNetwork solids atoms are bonded covalently into continuous two-dimensional
orthree dimensional arrays with a wide range of properties.

Metallic solids such as crystals of copper, aluminium, and iron are formed by
metal atoms. Metals are composed of a closely packed centers of metallic
ations, within delocalized, mobile valence electrons. The force of attraction
between the positively charged cations and the pool of valence electrons that
Moves among them constitutes a metallic bond.
Molecular solids are made up of molecules. Like atomic solids, the molecules that
Make up molecular solids, such as ice, sugar and iodine are electrically neutral.
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| 1. The head on overlap of p-orbitals of two atoms give rise to hong clyg

a. Sigma bond b. Pi (m) t.>ond
- -lonicbond d. Metallic bonld
2. Which one of the following molecules has a pyramidal structyre?
a. CH4 b NH3
¢ H:0 d. CoHq
3. Specie in which the central atom uses sp” hybrid orbitals in its bondingi }
a. PH; b. NH;
€. CH3+ d. SbH3'
4. On the basis of VSEPR theory, a molecule with three bond pair an;
lone pair of electrons will have a structure
a. Linear b. Trigonal planar
C. Tetrahedral d. Trigonal pyramidal
5. Which of the following is an example of a network solid?
a. Sugar, C12H2,011¢ T iht Graphite , Cg

¢. Carbon dioxide, COy
6. Allare true for -bong except
a. m-bond is formed from sp hybrid orbitals
b. mt-bond is formed by the paralle| overlap of half filled p- orbi

;. n.-bond !s formed when a sigma bond is already present
. T-bond js weakerthan sigma bond

d. Magnesium fluoride, MgFa

7. Whi
:h :‘rLeaof the following Molecules has zero dipole moment
¢ B, : “b. NF,

8. The bong angle in H:0 is Ehio
a. 90° :

9 Whlc' 1800 b. 109.5°

3 ch On& of ¥ da 104-5°

- . K tha fO"OW'hg CompOUnds has thQ hlghQSt |°n|C Charad“
:' 2'“?‘!9netlc

l + Antimagne;. b. Paramagnetic

d. Ferromagnetic

Chemistry Grade XI
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MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

.nt Bonding and Shapes of Molecyles

Theories of € ovale

b 9. Give reason that why the structure of BF, is trigonal planar and NH, js trigey

pyramidal. .
. 10. Why the bond energies of polar molecules are higher than the ngp.
| molecules? _ L
= 7= T TV e v g s S - i
Descriptive Questions = = 0

1. (a) Draw a Lewis structure for AlCl3, PH3 and H;0. Use VSE‘IPR theory top

the molecular shape of these molecules. |
(b) What VSEPR notations correspond to molecules that have a bent shape!

(c) Discuss the different types of overlapping that lead to sigma

formation. . 3
2. (a) Explain how o and m bonds are similar and how they are different. :

(b) Define and explain resonance with suitable example. __
(c) Discuss the (i) Bond energies (i) Bond length and (iii) Ionic characte'rif-._,
suitable examples. . '
3. (a) Explain the HCl, H;O and N, molecules on the basis of valance bot
theory. . 2
(b) Define and explain hybridization with reference to sp mode?
hybridization.
(). Descrit?e how knowledge of molecular polarity can be used to *
some physical and chemical properties of molecules? '
4. (a) Write down the main points of molecular orbital theory. ok
(b) Draw the bonding in the molecule of o 2o | fecull
of mo
orbital theony ) xygen with the help .-
c) Explain wit .  of oygeh
o "y of the molecule can be determined by using the %"
|

(b) How could you measure the d

; ipole moment of lecule?
c) Write : A of a moleculée’ :
() down the difference among molecular, network and etallic solids

Project:
Use ball and stick m
front of your class.
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After reading this unit, the students will be_able to-_ _

List the postulates of Kinetic Molecular Theory. (Remembering)

Describe the motion of particles of a gas according to Kinetic Theory
(Applying)

State the values of standard temperature and pressure (STP). (Remembering)

Relate temperature to the average kinetic energy of the particles in a
substance. (Applying)

Use Kinetic Molecular Theory to explain gas pressure. (Applying)

Describe the effect of change in pressure on the volume of gas. (Applying)
Describe the effect of change in temperature on the volume of gas.
~ (Applying)

Explain the significance of absolute zero, giving its value in degree Celsius

- andKelvin. (Understanding)

State and explain the significance of Avogadro's law. (Understandmg)

Derive Ideal Gas Equation using Boyle's, Charles’ and Avogadro's law.
(Understanding)

Explain the significance and different units of ldeal gas constant.

(Understanding) . | |
Distinguish between real and ideal gases. (Understanding) :

l Teaching

i

Assessment

IWGigh_tage %

12
L

./,
e -
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Unit-04 ERet

b5 4
(\'—4}‘!"!.. T

.’_\‘"

a3) &L Y 1T

= Explain why real gases deviate from the gas laws. (Analyzing)

» Define and describe the properties of Plasma. (Applying)

= Derive new form of Gas Equation with volume and pressure CONMectiong
real gases. (Understanding)

= State and use Graham's Law of Diffusion. (Understanding)

= Stateand use Dalton's law of Partial Pressure. (U ndefstanding)

* Describe some of the implications of the Kinetic Molecular Theory, suh
the velocity of molecules and Graham's law. (Applying) -

* ExplainLinde's method for the liquefaction of gases. (Understanding)
= Define pressure and give its various units. (Remembering)
= Define and explain plasma formation. (Understanding)

Introduction

Gases, liquids and solids constitute the three principal states of matter. The|

GaSEOLs state is characterized by its simplicity and uniformity of behaviour. Ga
have no fixed shape or volume, because of the lack of particle intermolecué
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MDCAT Y
Unit-04

From the above equation, .the.
Charles’ law can be defined as, the ratio of
volume and absolute temperature of z‘hcj
given mass of a gas s constant at constant

pressure,

Graphical Representation of Charles law o,

If a graph is plotted between various +
temperature and the respective volumes of a 273,16 °¢: “‘_Fw
fixed mass of a gas at constant pressure a
straight line is obtained. It indicates that 'V' is Figure 4.3 Graphica

directly proportional to the absolute Representation of Charlesy
temperature 'T' as shown in figure 4.3.

4.2.2 Graphical Explanation of Absolute Zero

Cdecrea !Ume_change occurs if a gas is cooled .at Icz |
by 1/273. Art this rate of S€ In temperature will decreases the origind 73{

ould be decreaseq p, c;ecrease " volume, a gas cooled from 0°C i »*“’Il
® Nt actually possipye, 1, fact. o Mer Words, it would have zero VOIU™
reach that te

MPerature, jntq ' 93ses cannot pe cooled to - 273°C. BE™ (i
Molecy|a, forces exceed the kinetic enerd)

M liquids or solids.

molecules, and the Qases cond

€Nse to for
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S MBCATBY FUTUREDOCTORS (TOUSEEF ARMAD)
— et . -' ._ . - h
Unit - 04 States of Matter 1: Gases

__.. v uﬂmWa“’%E

i. Calculation of Value of “R” at STP |
According to the general gas equation (4.12), we have,

|
PV = nRT . |
| On rearrangement, the above equation becomes,
e
T

At 0°C (273.15 K) and 1 atm pressure, many real gases beha
gas. Experiments show that under these conditions, 1 mole of an ig
22414 dm>. At STP, it is known that:

Standard temperature (T) = 0°C
= 0°C + 273 = 273K

Ve like anie
ealgas o

Pressure (P) = 1 atm
Amount (n) = 1 mol
Volume (V) = 224 dm?3
Putting these values in equation (4.17), we get,

R = latmx22 4dm’

lmol x 273K
R = 0.0821 atm. dm?. mol', K1

ii. Calculation of Value of “R” in SI Units

If the pressure is expressed in Newton’s per meter square (N
Volume (V), in cubic meter (m3), so we have,

Amount (n) = 1 mol

Standard temperature (T) = 0°C =
Pressure (P)

0°C + 273 = 273K
= 1atm =101325Nm2

Ri] Volume (V) = 224 dms - g%—g—.%'f- = 0.024m? (As 1 dm?=10"m)

As we have €quation (4.1 7),
= i"}’f
n

Putting these values in €quation (4 17), we get

R = 1013257, X0.0224 '

1mol><273K

R=8313 m2 m3

r, We get, Bl g

EWton meter ('Nm) = Joule (ﬂ

Chemistry Grade XI
! s o .
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also know that, 7 calorie = 4.184 Joule

. We
#nen. the above values for R can be written as,
83143 :
_ 22 == -1987 calK". B
G
4.2 Practice problems = = %rf:; x@ 5, : *«w = g
hat pressure will be exerted by 0.400mol of a gas in a 5.00dm

1. W
containers at 17°C?
> Find the values of 'R"in dm?.mm Hg. mol” K’

3. Find the values of 'R’ in dm3.torr. mol™. K™
4 Find the values of 'R in cm®.torr. mol 'K’

Calculation of Value of Mass (m) of gas

The molecular mass of the gas can be determined with the help of ideal gas

equation.
According to the ideal gas equation (4.12), we have,
PV = nRT (4.18)
As we know that,
Mass of the gas m
Mole (n) = =M
(M = Nolecular mass of the gas M
Putting the value of n in equation (4.18), we get,
By cross multiplication,
. PVXxM = mRT
y rearranging, we get,
v PVM 4.19)
R
tures (T), pressure (P) and

If the molecular mass of the 9as (M), tempera _
T it gthe mass of the gas can be determined by

::.lu'“e (V) of the gas are known then
g the equation (4.19).

alculate the mass of 1dm

COnsider:
) slt_ienng that NH; is behaving ideally?
ulutI{)n

Mass of NH; (m) =?
Volume (v) = 1 dm?

- ‘__-
3

Chemistry Grade X1
; P

) ‘-’_‘(r "'_Q-(‘;-—'_'i“ .
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%i

Temperature (T) = 30°C
=30 + 273 = 303K

Pressure (P) = 1000 mm Hg

= ——----1000 = 1.316 atm
| 760

General gas constant (R) = 0. 0821dm?3.atm. mol' K"

Molecular mass of NHz (M) = 17 g.mol’ 2L

According to the equation(4.19)
LY,
RT
Putting the values in the above equation,
1.316atmx1dm’x17g.mol’
~0.0821dm’.atm.mol”.K'x 303K
m = 0.8993¢g

4.3 Practice Problem ' L 1

Calculate the molecular mass of butane gas if 3.69g occupy 1.53 dm? at 2004
1.00 atm.

iv. Calculation of Value of Density (d) of gas

The density of a gas can be determined with the help of ideal gas equétf

According to the general gas equation (4. 12), we have,

PV = nRT (4.20)

As we know that, :
Mole ()= Mass of the e gass

Molecualr mass of the gas

Putting the value of 'n’ in equation (4.20) we get,

i)l
M

m
-. PV = Vi RT (4.21)
By réarranging equation (4.21) becomes
PM=
"V RT (4.22)

Since we have

—

Density(d)=_Mass _m

Volurm'v
Puttin ,
g the valye of ' M "in equati
V 0N (4.22) we get,
PM =g« RT =
o« 1= « % Chemistry Grade XI ¢
N ‘ S = . ) ./ y

7
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=—RT (4.25
pES )

n
| | Putting the value of v we get,
|

: P= cRT (4.26)
On rearranging equation (4.26), we get,

. o

| | RT

The concentration of the gas can be determined
temperature (T), and universal gas constant (R) are known.
* Self-Assessment ™——
1. List the physical characteristics of gases.
2. What are standard temperature and pressure (STP)?
3. Derivethe ideal gas equation. Give its different units for each term in the
} equation.
| 4. Why the density of a gas is much lower than that of a liquid or solid?
: _ 5. What are the basic assumptions of the kinetic molecular theory of gases!

4.5 Deviation from Ideal Gas Behaviour

All the gas laws are based on the behaviour
of an ideal gas, that is, a gas with a behaviour that
is described exactly by the gas laws for all possible

values of Fresc/ e Volume, and Temperature. Most
real gases actually do beh

ideal gas over a wide ran

Pressures. However, when conditions are such that

if the pfessureg

4.5.1 Graphicaj Explanation

We will examin : |gafgi

e-t : : a
Measuring the Pressure V:‘I-‘UEXpenmema"y observed behaviour ‘I-"f rf; : g
noting how the quantity PV Perature, and number f

~p+ de foRT v
nRT pend‘s On pressure. Plots of o7

L
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—MBGAT-BY FUTURE DOCTORS (TOUSEEF AlthADIac
?ﬁ?‘f States of Matter 1 Gas#.%. e
WL

PV .
| how the effect of temperature,ﬁ 'S plotted Versus p¢
To sho
in fi t the b
| temperatures in figure 4.7. Note tha he eha
e nearly ideal as the temperature is increa
i ] to become more

3

Or nit

Viour of the G
sed. "y

200K

. o Chess

11000 K
/

Ideal gas
1 % Pt LLLLLLEEY FERTT T PN i

300 600 900

P (atm)
res
Figure 4.7 Plots of %\% versus Pfor Nitrogen Gas at Three Tompersi
| _ Conclusions

Ep———

: is thatd
The most important conclusion to be drawn from these figuresis
92s typically exhibits behaviour that

; Dfess
is closest to ideal behaviour at /ow
and high temperatyres

4.5.2 Causes for Deviation reorVel

The causes for deviations from ideal behaviour at high pres-s,:]etic
temperatyre May be due tg the following two assumptions of k
gases,

The volume OCCUpied by gas Molecules is negligibly small &
the volume OCcupieg by the Qas,
2. The forceg of

. aible.
< ction between 9as molecules are “eg“g;:h e

. e first assumption is valig only at low pressures and_ iple 3%
When the yg| me OcCcupied by the single gas molecule is neglig u|esd
to the tota| Volume of the 99 :

molec e
the | Wever, at high pressure, the h

n
reduceq, P9ether, ang the aMount of €Mmpty space betwee

-.
e 126

Gl ™
P .
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, States of Matter 1: Gases

Van der Waals Equation

An ideal gas would obey the gas laws strictly
s deviate from these

4.6

ases more or les Presg
but all real g fots) hg"

laws. The nature and extent of deviation depend

upon the conditions. For example, at high
temperature and very low pressure, gases obey the gas laws almog

whereas they do not do so at high pressure and low temperature,

Various attempts were made to derive an equation for non-ide| ;.
gases to describe their behaviour. In 1873, a Dutch scientist, J.D. Van der Wad
forward an equation for real gases, called Van der Waals equation.

The Van der Waals equation is an equation similar to the ideal gas
but includes two constants, ‘a’ and ‘b, to account for deviations froni
behaviour. The Van der Waals equation improves the ideal gas law by addig
terms, one for the correction of volume of the gas molecules and anotherfu!
attractive forces between them.

According to the ideal gas equation,

PV = nRT

Tl?is equation explains the behaviour of an ideal gas consisting of o
less entities that do not interact with each other. In contrast, a real gas O

atoms or molecules that have finite volumes. Therefore, the volume availabe

g::in|part::{e in areal gas is less than the volume of the container becaust™
particies themselves occupy some of the space. Van der Waals pointed

oth the pressure (A) and volume (V) factors in the ideal gas equatio""

correction in or ake |
rrection in order to make it applicable to rea| gases

4.6.1 -Volume__Correction :

When a : J_
furtherincrease aa_s s C°mpr:essed, the molecules become so close t"gethel:
Possible when thepressure wilbe opposed by the molecules themselVe® ltjin
the gas have 3 finite volume. The volu™

ideal gas equatjo . '
on, PV = i G

effectively free 1o "RT, Is the free volume, v in which the m"';;u
apP™ 4

Move about' s~ !
z;;t of the total volyme, v e cB:t When the molecules do occupy 2" i
erence between y ang : mr:'esslb'le volume V,, should b set®

Moleeuips OF ) , '

molecules of
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Unit - 04 r N
eal volume = \" Volume=V,_ + V | e
Id ‘ moleciiles V"m =V-b '|J j
e )
@ 2] ]
® e ©
) &
® 5 @ @ o ps Excluded volume (b)
@
@ eee®
@ ® e @ e (X X
e
Ideal Gas Real Gas -

Figure 4.9 Volume of a Real Gas {

For an ideal gas, b = 0 and Van der Waals, therefore; proposed that V in the
gasequation be cha nged to (V—b), where 'b’is the effective molar volume of the real

gasand approximately four times greaterthan V. ..

46.2 Pressure Correction
s come into play when the

The attractive forces between the molecule
g the gas and become slow |

molecules are brought closer together by compressin
down by decreasing temperature. Consider a molecule A in the interior of the gas,
which is completely surrounded by other gas molecules. The resultant attractive
force experienced by the molecules A due to all the other molecules is zero.
However, as this molecule approaches the wall of the container, it is subjected to an
inward pull due to unbalanced molecular attraction. Thus, when the molecule is
about to strike the wall and contribute its share to the total pressure of the gas, the
other molecules in the gas exert an attractive force tending to prevent it from doing
;‘I" The observed pressure P consequently will be less than the ideal pressure, Pi by

@ Molecular attraction

e‘_— % L ;l?“ced | ]

@ (a) 2 ' @ (b)

Figure 4.10
ut to strike the w
jor of gas

e Inward pull

i d pull;
a) A all has a net inwar ‘
il o has balanced attractions.

(b) A molecule in the inter

2= C'l'l'emist'r-y*GrAde'Xl
B e
r AU S
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Where N = No. of molecules of a gas

As for one mole,mass of agasIs

Nm =M H
So

v, % a0

Vo \M,

1

It is known that,

V. ook,

V,, o I
g r, = rate of diffusion of gas ‘a’ | ZI

.y = rate of diffusion of gas ‘b’
Putting the values of 'V, " and 'V, ' in equation (4.40), we get,

ro VM.
n M.
(s
I'b— da

This is Graham's law of diffusion, which is explained by the Kinetic Molecd
Theory.

Or

4.9 Liquefaction of Gases

The process in which the gases are co
temperature and increasing pressyre js
Increase in pressure on a

each other, while decrease in t
molecules. This results in deve
resulting in liquefaction of gase

It is observed that, it is i IR ' (i
required temperatyre ;5' 13 'mpo'-fSlble to liquefy a gas by pressure aloné ;
f

nverted to their liquid states byl
called liquefaction of gases. ’
9as causes the gas molecules to come oy
€Mperature decreases the kinetic e”ergylﬁ

'oPment of attractive forces between M
s.

. ~ Chemistry Grade X1 §F

2K .
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Unit - 04

Formation . o |
I:.IaSIm’On heating a solid, it is converted into liquid. On further heating, thef,

is converted into vapours. Now if vapours are further heated, some Of then ]
itive i formed.
electrons and positive ions areé _ Pl |
Plasma is a mixture of neutral particles, positive ions and free ole
Plasma is considered a unique fourth state of mattgr. The properties of gl
clearly distinguish it from an ordinary gas such as it conducts electricitya.
responds to magnetic fields.

Occurrence of Plasma

Plasma is found in the region around sun and stars. Since sun and star s
far more matter, therefore, it is said that more matter (about 99% of th

. Neon signs etc. when an electric current is passed throughna
gas; it produces both plasma and light.

Although it contains positive ions and negative electrons but their chag
are equal and hence plasma is neutral.

Applications

uses in different fields.

: ;afsl.ﬁr::::nr:;:?be c.onsiSts of long glass tube. It is filled with neon gas. Thered
orm : : _ g

e Is used for lightening. The colour of plasma depends /"

=22 spray s th
€ proces
Su S th a
face, sych as, At enables s 1o coat any material onto®" [
tal ontg
etal: T|t
n - lita
] R :‘ta o non‘m‘étal'ncom o steel, to Prevent corrosion \
on Za’?;ta Onto metg). AlE:fr oMo porcelain, used in capacitors
€ss ' ina . _ o3
n °"-me Steg| Onto Stalnless steel, to reduce w . |

0nt0 no
N-mety.
tal: Tef|0n Onto ceramics, to prevent cor”

,chemistry Grade XI

-
1

"
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The conditions 0°C and 1 atm are called standard temperature 44 e
| * The con
(abbreviated as STP). | |
» Compressibility factor shows the extent to which a real gas deviate froms,
ideal behaviour. Real gases are non-ideal gases. |
= Dalton's law states that the total pressure exerted by a mixture of Qases
container is equal to the sum of the partial pressures of all the gases Presns

the mixture provided that no chemical reaction occurs at constant tempery,
and volume.

Diffusion is the ability of two or more gases to mix spontaneously untj| they forf
a uniform mixture by random motion and collision (by virtue of thejr kinei
Properties). Lighter gases diffuse at higher rates than heavier gases.

Effusion is the process by which gas molecules escape from one compartmer

acontainer to another by passing through a small opening without collision

gases are inversely proportional to the squae
rmasses.

d to enter from region of high pressurein

- This sudden expansion causes cooling ™
-Thomson Eff

. . | ect.

Plasma is Considered a5

the fourth erceh
Made up of plasmg, State of matter. About 99% of the unv

Chem
R

istry Grade X

Yok G B
L 2 L
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Unit - 04 States of Matter 1: Gases

-

9. Which statement about the behaviour of the particles in a gag i
| a. They are able to move at great speeds | .
b. The forces of attraction between the particles are negligip|e

c. There is large space among the particles |
d. They are arranged in regular pattern's - .
10. At the! same temperature and pressure which of the following gages il
greatest density,

a. CO; b. SO
¢ Clz d. H.0
11. Weight of one dm? of O; at STP is
a. 14384 ¢ b. 1.5394 g
c 163849 d. 13384 g
- 12. The value of ideal gas constant in dm3.torr.k-".mol-’
a. 0.0821 b. 1.98722
C. 62.364 d. 8.3143
13.760 torr is equal to,
a. 760 Pascal b. 76 Pascal

c. 101325 Pascal

d. 1.01325 Pascal
14, At 50°C a gas has Tatm pressure, and

20dm? volume, its volume at STPW
be
a. 16.94dm? b. 10.92dm?
C. 3.66dm?3 d.42.2 grn?
15. Which of the following gases will have the fastest effusion rate?
a. CHes b. NH; CiCOs d. 0z
S'“”‘_‘Méaiiuc e " — s»*.xiqf-'iiﬁ-,ff —
1 JUStify that'l 3 T ———— T R st il T
cm? of hydrogen (H2) and 1em of methane (CHa) at sTP Wi .

. Same number of
heavier than tha

Do you think that ¢
0
are faulty? wyit Me of the post

molecules although one molecyles of methane (CH4*
t of hydrcngen (H,).

ulates of kinetic molecular theo”
i dpal?
ature make the gases non-ide? ?

» In ; |
XPansion of gases causes c00||'1 ega ief
can diffuse more rapidly than

k “OUt rapid ¢
"atlighter Qases

Chemistry Grade X1
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~motion of molecules, spaces be

States of Matter |
After studying .th-is. ur.lii_, ihe-:otode-nto Wl" be_.a-il}!o to =
Describe simple properties of |j

quids e.g,, diffusion, compression, expansion,
tween them, intermolecular forces and kinetic
ar Theory. (Understanding)

pole - dipole forces, hydrogen bonding and London

energy based on Kinetic Molecyl

Explain applications of di
forces. (Applying)
Explain physical properties of i

quids such as evaporation, vapour pressure,
boiling point, viscosity and surfac

e tension. (Understanding)

Use the concept of Hydrogen bonding to explain the following properties of
water: high surface tension, high specific heat, low vapour pressure, high heat of
vaporization and high boiling point. Anomalous behaviour of water when its
density shows maximum at 4 degree centigrade. (Applying)

Define molar heat of fusion and molar heat of vaporization. (Remembering)

Describe how heat of fusion and heat of vaporization affect the particles that
Make up matter. (Understanding)

Relate energy changes with changesin inte_rmole;ula'r foi'rcos. (Applyi og)
Define dynamic equilibrium between two physical states. (Refn'embeﬂng)
Describe liquid crystals and give their USeo.'ih-dai_ly "fel-..(Al.?PFY'"?) S
Differentiate liquid crystals from pure liquids and c_ryall_u-e ons_. pp ying

Chemistry Grade Xl
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Introduction : p
It is well known that there is a complete absence of orger i

complete regularity in the structure of perfectly crystalline solids, While ggp.
the properties of the liquids resemble those of the gases at one extrem ,.
solids at the other. |

Both gases and liquids are fluids and offer no resistance to deformstn.
They adopt the shape of the container. The similarities in density
compressibility of the liquids and solids suggest some sort of resemblgy,
arrangement of the molecules in the liquid and the solid states of the matte
the melting point. :

The cohesion in a liquid may be due to ionic forces in molten electroly
metallic forces in molten metal’s, hydrogen bonding in water or Van der Wi
forces in organic liquids and in some cases more than one of these forcesm
operate. Solid | Liquid Cas

Temperature increases

_Molecular mations inerease
VIOIecYIar inlerac ONS decrease
Figure 5.1 States of Matter

In this unit, you will stug the | the phﬂ'd
properties of liquid y the intermolecular forces, t€ *

S such as evaporation va boiling point Vi
and surface tensi ; ! Ppur pressure, bo '
heat of va :r'?s'?n' You will be able to define molar heat of fusion 2™
happeni porization. By the end of the unit, you will understa®
intzfmolr;guI:: :::em'alecular level; relate energy changes With ¢ : 0

S, : _ 3y ¢ :
states, and describe dynamic equilibrium between ™

|
The state of m

att ' % ite s
called liquid. &r. which has definite volume but no defi
5.1 Kineti
Importz:t‘ ::,‘S:::" "‘“’Pl’ttatlons of liquids
ates of kinetic molecular theory are,
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States of Matter Il : Liquids

these intermolecular attractive forces, th_ey have '95§ kipetic energy
kinetic energy of these liquid molecu_les Increases with increase in t{empErat
V.. Kinetic Energy Based on Kinetic Molecular Theory U
According to kinetic molecular theory, the molecyles
constant random motion. However, they have less free move
to gas molecules, due to strong intermolecular forces, This
molecules results minimum collisions.
Liquids have definite volume but no definite shape becays
forces are not so strong to stop the molecules from sliding over e
takes the shape of its container. A liquid has the ability to flow also
be poured from one container to another.,
Molecular forces
There are two types of molecular forces.
a. Intra-molecular and
b. Intermolecular

of the |Iqu|d$ "
ment 3¢ Comp,

less mg,.,el.ne
€ intermojy,
ch other 1
that is Why it

a. Imra—molecular Forces

(2). Co-ordinate covalent bénd etc.

b. Intermolecular Forces

. The attractive forces 9Mong the molecyles of a substance are @
rarerf?ofecc‘z/ar forces, The €Xxamples of intermolecular forces are hydt
bonding, dipole - dipole interactions and London dispersion forces. Col
C€S are named as v/ der Waal
. s forces.
e (\SIeneraIly, Intermolecylar forces are much weaker than intra-m"w

b(:gg?theeg s?al-l e eNergy is required to evaporate a liquid wnn

onds in the Molecules of the liquid. For example in equatio (>

require 40.7k) of ENergy to break _ ze 11
of water at s boiling Boirt butthii hydrogen bonding and to vapori "

i en
"equired to break the g, ®Quation (5.2), about 930k of €™
The intra-molecylay ¢ © 0 - H covalent bonds in 1 mole of water m"a i
times stronger thaé:' :)rces hold the 3oms in H,0 molecules toget®”
INtermoe
Hz0y CUlar forces between water molecules.

b Ha O AH = 40.7kJ/mol (5.1)

62

-

Scanned with CamScanner



ntermolecular Forces (Van der Waals Forces)
Water (Hz0) and hydrogen sulphide (HS) have the same bent molecular
chape. Both are S?Ola" molecules. However, water (H;0), with a molar mass of
18g/mol is a liquid at room temperature, while hydrogen sulphide (H25). with a
molar mass of 349'/‘mol is a gas. Water's boiling point is 100°C, while hydrogen
ulphide’s (H2S) boiling point is —61°C.
yarogen hydrogen sulfide water
S
o ) Yy
o, ® e ®
2N PASAN
H H H H

ular forces in Hz0 and H25
rties can be explained on the basis of

e interaction, (2) hydrogen
olecular forces aré called
n der Waals. These

Figure 5.2 Intermolec
The difference in such Pprope

intermolecular forces.
The intermolecular forces aré (1) dipole - dipol
bonding and (3) London dispersion forces. These interm
h physicist Johannes Va

Van der Waals forces, after the Dutc
tree forces follow the following order in strength.

Hydrogen Bonding > Dipole ~ Dipole Forces > Lond

S,
21 Dipole - Dipole Interaction
ttractive forces between polar molecules,

Dipole-dipole forces aré at:
e moments.

be
tWeen molecules that possess dipol
the positive pole

Negat The attractive forces betweell t! :
ve pole of other polar molecule aré called dipolé -
negativpofa" molecules have a parti charge on on
Cause e charge on the other side le and a S€p
S a dipole. Therefore, they are 2 e molecules.
Consider a polar mblecule-sd n chloride, HCl. In the HCI

' partial negative charge,

Moleqy|
Wh & the more: electronegative s
positive charge. An
ction between the

on Dispersion Forces

that is,

of one polar molecule and
dipole forces.

al positive e side and a partial
of the molecu aration of charge
so called dipol
as hydrogeé
has the
< the partial
attra

ch
®reas th Cl atom
racty, e less electronegative H atom ha "
V¢ force between HCI molecules results from the

Grade _Xl_ =

® »

V4 0
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ositive end of one HCl molecule and the negative end of another, This aty, 1
force is called a dipole-dipole attraction — the electrostatic force |, )
partially positive end of one polar molecule and the partially Negative Erni

‘ another, as shown in figure 5.4. _

AL T
......

Figure 5.3 Dipole - Dipole Interaction in HC| Molecules
Other example of molecules having dipole - dipole forces are HBr, HI, etc

0+ 8- 8+ - O+ 8- 8+ b=
.¥ () H—Br——H—Br (i)  He— o 1
/ +8 +d
H H
R R S+ lﬁ— o+ 18-
I (lll) H—— S ohoh e S (iV) H P H P
L-ﬁ l ]
S #

.‘ Figure 5.4 Dipole-pj
. As aresult of g

Pole Forces in HBr, HI, H,S and PH;
Pole-dipole force

y. stronger the d 1
lonand h dynamic Properties like melting P°
H:d?gen Bon ding €atof sublimation etc. |
Yarogen bongin,, o)
Particulariy stron ng IS the stron e ! | Cular fo[C .
Which hydrg ; f di 9est type of intermole ieﬁdd-

orm of g; : i
i - : . m y
OXygen or nitr, . Onde ttraction that exists " :

3 highly ele ; m, such &
draws the gl - The strop, Ctronegative atom, e
"IN fom gy O of atraction by these electron®® Ly

"°9enatom, leaving the hydrogen ator |

R R AR

faa.:. |
- _ 1 ¥
M s . b
y *  + s
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: their boiling points als.o increase..This is dye i
:Lenr:i‘z‘:\tiii;n;:;:;s forces (absence of polan‘cy)c.l The \?Ionlng po,ih_t.ofiv.:\fl
groups elements shows exactly the same 'fren s as VI group ff'ﬂems;
hydride of first elements of each group which are abnormally h'gh' This ¢
there must be some additional intertnolecu'lzfr fortfes of attractiop,
responsible for high boiling point. This additional Intermolecyar f°fce7k-
hydrogen bonding. : _

Table 5.1 Comparison of the relative strength of intermolecular forces and othe,

LIpE T Pond [k mof |
Tonic bonding in sodium chloride S
RCicovalent bond inwater = i
Hydrogen bonding

permanent dipolé-dipoleforce |- &
Van der Waals' forces .

i s = 1 . Flrih - .‘;*

A hydrogen bond is only about 5%
However, substances that contains many hyd
bonding becomes significant. For example,
occurs because of hydrogen bonds, as shown i

as strong as a single covalent

nFigure 5.8.
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'caioﬁ of Hydrogen Bonding
|

~f ACIOS
; ”{h o1 -
gref

S 3 weaker acid than H-Cl, H-gy ahd K

: =1 becaus
od between two highly electronegative atoms in H -thydrogen atom s
o5 , Aue to hydrogen
ading:
't:oﬁoiubil“}’ |

organic substances  which can form

x ydrogen BoAtE < wi
secules, are soluble in water, for example, eth with water
m !

yl alcohol (C2HsOR)

is miscible
ules can form hydro

en bonds
Jih molecules of water. g

q Biological Compounds

Larg cproteif) SmaiECale N living organisms are stabilized due to
yogen bondings. Fibers, hair, muscle proteins consist of long chains of amino
xds. These chains are coiled around each other and form a spiral helix
Hdrogen bonds stabilize this spiral helix.

i.DONA in Cells

DNA (Deoxyribonucleic acid) has two spiral strands which are coiled about
iommon axis. They form a double — helix ladder type structure. The steps of
ese ladders are formed by hydrogen bonds.
W Structure of Ice

In liquid water, molecules form hydrogen bonding with each other.
"ever, due to movement of molecules, bonds are broken and reformed.
fence, there s less regularity and less free space among them. However, when
“Mperature of water is lowered below 4°C, its molecules start to become
*Warly arranged and form permanent hydrogen bonds. Thus, empty spaces are
“oped in between the molecules. As a result, its volume increases and ice
“Wies more space than liquid water. Therefore, density of ice becomes less

"Water and it floats over water. -

f Besides thjs, hydrogen bonding also plays an important role in the
ﬁlbﬁing—

i

L]
Cleanin

' Agh g action of soaps and detergents.

ic;sive action of paints and dyes.

"9 action of glue and honey.

%3 Lo blzation of large food material such as carbohydrates etc.
~Mon Forceg

n - ; ! : . * .
®0le gases, like helium, neon, argon, etc at

In oms and molecules are

____
|.‘:."|
e A
MR TS T

TR e
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“iw £ Lot States of Matter I : Liquids
‘H{f:ﬁ i

non-polar and experience a weak intermolecular' attraction. In any
molecule, polar or non-polar, the electro;g are .In Constant Moty
motion of electrons of one atom affects the .rno.tlon. of electrop, 0 &:"
atom. As a result, at any instant the electron distribution may be Slighy, "
The momentary uneven distribution ot charge creates a pogitjyq Pole 3
of the atom or molecule and a negative pole in another. In othg, Wors . |

polar molecule becomes slightly polar for an instant This is Called INstapg,
dipole.

The formation of this temporary dipole affects the electr

0N distriy
a neighbouring molecule. An /nstants

neous dipole that occurs

This phenomenon leads to
weak and short-lived by
molecules, as shown in fi
between instantaneoys di
dipole interaction or Lond

an inter molecule—at_traction that is res
t that can be very significant especially for
gure 58. The momentary force of attraction g

Pole is called dipole -ints

Pole and the induced di
on force.

Electrostatic
attraction

= = d

: = rhe ':g.
attractive forces resulting from U o

fled!

¢ al TheSe"fo.
Named after Germ D YSic?:t k:OW"‘ as Dispersion forces. it

7 : L orCe
Stva rtz London, who studied this f 3 W,
Intermolecylar fo, - all atomg 4 Molecules. However, "% .
' c 99 noble.gas atOrtts and non-p®

; . . 3
€ Creation of Nstantaneous dipoles aré ¢

N dj
e endent on the

b
e
Pole — dipole interactions

[

= '-‘iigi:i?ﬁﬁ‘isﬁ_y Grade XI 1 e

® o
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LSS 05.:_ States of Matter 11 ; quui:ls {‘, \
« The number of electrons, and =l
« The shape of the molecule

jic

0 gffect of ihe n'm_n%;sm- of electrons (size of molecules) on the strength
of London disparsion forces ‘

The sizes of atoms increase down a group in the periodic table due to
ncrease in the electrons of valence shells. These create stronger temporary
dipoles increasing the strength of London dispersion forces e.g. in group VIIA,
Neon has smaller size than xenon. Thus, neon molecules have weaker London
dgispersion forces than xenon molecules. :

London forces usually increase with molar mass because molecules with
larger molar mass tend to have more electrons and dispersion forces increase in
strength with the number of electrons. As larger molecular mass often means
larger atoms, which are more polarisable (more easily distorted to give
instantaneous dipoles because the electrons are farther from the nuclei). The 1
telationship of London forces to molecular mass is only approximate i
() Effect of shape of molecules.on the strength of London dispersion
forces

A molecule with a spherical shape has a smaller surface area than a ;

straight chain molecule with the same number of electrons. The smaller surface
drea has less opportunity for the molecule to induce a charge on a nearby
Molecule, Therefore, for two substances that have a similar number of electrons,
:‘)i :Elbstance with molecules that have: a more
i fical shape will have weaker dispersion
® and has a lower boiling point. :
Shape of a molecule may be straight and

S

I?."r?f_”_{_]y ( !-!(_"f I" .

1. Define liquid and
kinetically interpret the

8 : : _ liquids.
St:;? Eham or branched and short chain. The 2 \;\?h;tzlre the different :
5 dgo ': ; long chain molecules have greater ' oroperties of liquids?
: IS i z — J el
sh _chainpersmn forces thar} the b;qnched 3. What is dipole— dipole
i molecules, even if they have the st
Eampl _'erqf_ E!ect'rp_ns, s ‘ | | 4. Explain the application
| < TS of hydrogen bonding.

C4 . - . —_ - ;
“om Mo s the molecular formula for two W - e S

Oun :
il x With same number of electrons..
tane
It , _ ] 5
PYS K ® straight ang long chain compound and having boiling

-

point of

¢ hemistry ¢ waile ‘(I
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n-Butane, C;H,,

s Figure 5.9

ii) 2-Methyipropane :

It is branched and short chain compound and having boilin
N n-butane.

g point of i
swhich is lower than the straight chai |

P 4.3

R gl
Isobutane (Z‘methylpropane). CiHyg

Figure 5:10
Quids k.
rise t0 a number of physical propé

5.3 Physical Properties of Li

Intermolecuylar forces give
liquids. '
i |7 Evaporation

|
The SPontaneoys change of 3 liquid into its vapours at any remw
called evaporation,

_ According to kinetic Molecular theory, the molecules of a liquid®,
IN motion. The €nergy is not equally distribu{'ed among the molecules.f?_
after each collision of 5 Molecule. The mmeculé; v?ith greater kinetic”
move faster and reach to the surface From the surface of liquid, the*
escape into vapours. : o i

ion coﬂﬂ
; » at constant temperature evaporat!
all the liqui

Id is conye i rs.
evapo rted into vapou
lecy

3 era .t

ratj ; temp

strength of intermc, Iart g:c;ate depends on the surface area j
S,
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’ 2 yapours pressure

The pressure exerted by the vapours of the liquid when the rate of
oration pecomes equal to rate of condensation,
erép Consider @ liquid in a closed container. The kinetic energy of all the
nolecules is not the same. The molecules of the liquid whose kinetic energy is
than the average come to surface of the liquid and convert into the
\apours: The vapours gather in the space above the surface of the liquid. Some
yapours molecules strike back at the surface of the liquid and becomes liquid
again by condensation. As the process of evaporation continues, the rate of
«ondensation also increases. In the beginning, rate of evaporation is greater than
ate of condensation, but after sometime both the rates become equal and a
dynamic equilibrium is established as shown in the figure 5.11.

Therefore, the vapour pressure can be defined as the pressure exerted by

the vapours in state of equilibrium, at a given temperature.

reater

I Molecules undergoing vaporization : Molecules undergoing condensation

&
w = @ < o
& = - W
s ) e Y
9 2 ¥ @ ]
° e o CHLIE el
@
< @ e 4 ] aw
@ .f o, . ®oa g
i A Y
0__" > ~ Pl L ] : \ \ -
it o 97 . *:e
f i - o ‘9 Q ! i w
E??i g | @ -
oe 2030 > T
5925 90050° 0. F.0l0 99
b duggoo @ @ T 2 O ¥ 5 g "
¥ qud“.& R g e -

ra

(b) Vaporization > condensation ~{e) Vapgmrl:ation = oonder:esatiOn
rate rate ; : |

AgureAlVapowrprmsie

ure. Barometer consists of long

(TR T e e
Y 1 o OMeter s used to measure vapour Press
| hile the othe

ﬁ'\ge, e, Qn'e Snd Brihe glass tube is close i
a dish of mercu |
rtain height “h* The force of

finge, ' e open end and invert the tube int
y o the mercury in the i

Wity g oo the mercury level falls up to-ce
i the atmospheric pressure exerts Press “

r is open. Hold a .l
ry. When the |

d

i————

o A
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Siates of Matter 1 Liguids

container, air pressure pushing up. Therefore, it
does not allow the mercury level fall down and

keep it on certain height. :
When these two forces balance each other,

the mercury in the tube stops falling. The greater
the air pressure, the higher the mercury stands in
the tube above the level of mercury in the dish.
At sea level at 273.15 K temperature, the
atmosphere can hold the mercury at a height of Fi
\

760 mmHg or 76cm Hg. It is considered as one =
atmospheric pressure. S

Bzl
f P W e
"':"-‘;li!’u\_'f ielel izl

At the boilin i e e
maximum., At this p%ipomt' kinetic energy of the molecules of liquid

nt, a . ; _
This heat will be used L e heating will not increase the '
Application of boili N the table 5

: 1281a = - as In 0 1 H
2Bl 52 p. o ur daily life,
mﬁw pt}it!*‘;’. of {q“‘ S CERY ‘unds :
“—""""'i'———-___‘ om OUnd bl R_C;mﬂij/
e s, | Boiling point (°C )at 760mm Ht

e

B S e snhns o e v a0
g ok

M\\_'_‘-

T ‘ 78.26
[ o, oW = e =
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( States of Matter 1l ; Liquids

a, Pressuré Cooker (An Example of Increased Pressure)

Cooking in pressure cooker is based on the fact [ 7/ 772 prem
hat increase in external pressure increases the boiling =~~~
ooint of 2 liquid. At higher altitudes, atmospheric = 2°ling point of a liquid

with stronger
intermolecular forces
will be higher than a
liquid with weaker
intermolecular forces

ressure is lower than normal (1atm) pressure. Thus,
water boils at lower temperature at high altitudes
where external pressure is lower. At these places, |
cooking takes more time. The boiling point of water
ised in a pressure cooker.
eI - . : . atthesame
Pressure cooker is a closed container, during :

: atmospheric pressure.
heating the vapours formed are not allowed to ' —— ~
escape from it. Therefore, they develop more pressure in the cooker and boiling
point of water increases. As more heat is absorbed in water, therefore, food is
cooked quickly under increased pressure.

T < 3 af Daces £ ihl= =& Ditffnrant i ] ey
ia"ﬁie E‘.E E_‘:ﬁé‘fi?":yl o3 Point O;-‘!,!:"nger gt ;)?:f&i‘;‘!:x :J!. s

Sea level ' 1 100
Murree Hills - 0.921 ; 98
Mount Everest 0.425 72

b. Vacuum distillation (an example of reduced pressure)

The distillation carried out under reduced pressure is called vacuum
distillation. For example, at 1 atm Pressure,water boils at 100°C but if the pressure is
reduced to 0.5 atm, water boils at only 82°C. :

There are a number of high boiling point liquids, which cannot be
purified by distillation at normal pressure i.e. 1 atm, because they decompose
fore their boiling points are reached. For example, the boiling point of
dlycerine is 290°C under normal atmospheric pressure. However, it decomposes
#this temperature. Hence, glycerine cannot be distilled at 290°C. In order to get
PUre glycerine, the pressure is reduced; the boiling point of glycerine is reduced
tﬁ_ 210°C at 50mm Hg. At reduced pressure, the glycerine is easily purified
*thout breaking. s |
time fThus, vacuum distillation has the following advantages. (a) It decreases the

el or distillation, (b) It also avoids the thermal decomposition of many
_~°Mpounds,
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Figure5.12 Intermolecular forces acting on a molecule in th.e surface layer of a liquid
and in the interior region of the liquid.

These intermolecular attractions, thus, tend to attract tl.'19 mO’ETU
towards interior of liquid and cause the surface tightened like an el

membrane due to net attraction inward, which Creates surface tension.

The surface tension is the amount of - & SN
energy required to stretch or increase the | Sas
surface of a liguid by a unit area It is
measured in units of Nm- or Jm=2, For 3

molecule to come to the surface, it must

overcome the attractions dj
interior of the liquid,
énergy and this e
surface tension,

it requires an input of

Nergy is called liquid S

3 e S hlestht
Surface tension eﬂ;": watet
liquid depends o | Water strider to “walk’

G o str_.
Liquids that have *

. f hyd®
AC@ tension, Thus because © :
rface tension than

€ases with the inc
Molecyles, decrea

Bec”™
rease in temperiiltufe;no
ses the effect of inter .

: ’
tension’ N ;"
hape due to surface o
' ehei e due 0 4
€ ratio, which it acquires due "~ 4

Uface 1q Volum
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~ Figure 5.13 Rain (water) drops are sphericalde;t.o’ sce tension

Reduction in surface tension |
o wat:' Einb(:::i:gen:, E ;ddid into water (liquid), it reduces the surface tension
et mte?mj ? ydrogen bonding. Detergents are the substances
e ey eclu ar attractive forces between water molecules. These
B ecular forces increase the ability of water to wet a solid
sily, thus, its cleaning action is increased. That is why detergents are

.' Used
in laundry to wet fabrics easily and remove dirt particles.

S —_—
. el

5 Viscosity B
. Ll u
o ._'C:}Sthhave the ability to flow because olecules of the liquids can slide
i isco er. The resistance of liquids to jts flow is called viscosity. In other
- 'tys:'tz of a liquid is a measure of its internal resistance to flow. Greater
_- sl tde more slowly the liquid will flow and vice versa. The viscosity of a
- fa fh Iy, ecreases as temperature increases; thus, hot honey ﬁows much
Lan cold honeY |
th'aqt”}:dS that have strong inter
My ogher I?Ve weak intermolecular forces. The vis
quids because of hydrogen bonding in
s series of layers of liquid. The
e layers of liquid at
internal friction
alls of the tube,

molecular forces have higher viscosities than
cosity of water is higher than

water molecules

C0n5|
ﬂ der the flow of the liquid in a tube a
be is less than th

f a liquid is due to
ich flow near the w

of tube, the

g fk,w e?:yteL:e The resistance tO ﬁow )
| 510 o of molecules. quwd layer. wh
e Ea'::’a'ns stationary. In the center
B 285 Shown in the fi f'gure 5.14.

C hemmistry Grade
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Figure 5.14 Viscosity of a Liquid

Liquids, which flow very slowly like honey or glycerine

as compared to ether and water, which have low viscosities.
Viscosities of liquids differ from each other
mainly due to molecular size, shape and intermolecular
attractions. Furthermore, shapes of the molecules also
contribute to the viscosity of the liquids, regular shape

, have high viscogs

Rf'('rf”}g; l h”- ‘.

|
Define and expl

surface tension. '1
and small molecules flow easily and irregular, large ' a
molecules offer more resistance and contribute to its
high viscosity. :
Concept of Hydrogen Bonding to Explain Properties of Water
Many of the

Physical properties of water can be explained in termst
hydrogen bonding, eg.

i. High Surface Tension

9 hydrogen bonding, so it-haSG-
- That is why surface of water atnl;
surface tension, there is @ te"d?ﬁs_f‘
_ as much as possible. This €% o
'© Nearly spherical, (The sphere has the smalles'*"|
of any geometric

al shape.
7 eat Ped 0
€ amount of heat : SE _ ne 9" 4
z:bsn?ncg by 1°C o reqwfr;drro raxse. the tpMip ryrure o: Ospedﬁc
pacity is usually Expfessed in Unit 9 Caf:'aary “M' ” X
_ Water has a relaﬁvel 1S of J.g-1 o1
f hydrogen bond-

. o] uew
It ic m{ld']gh.speaflc heat (about 4.2 Jg'ec ) dué ™

Nighe metals haffmd_'
i QS (usyaly | F than metals, as most ol
) | much heat tO raise L y

n U g

$58 than 1oty Imost 00"

he 9 °C), It takes alm an® A

"0 S et te";ffetr)atu,-e °f 19 of iron by 1°C. On the Other'hré
Y Wate i

: CLas
ater even 5 small drop in temPe”

. of other |j uids
stretched membrane As a result of Eigh
the surface area of water tq be reduced

R R ‘I '
=
(]
=
(7]
=]
'®
2.

=N
(2]
X

» - a3
- Che myistry Grade X1 Wﬁ;
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The water on the surface of earth acts like giant heat reservoir to moderate daily
temperature variations.
jii. Low Vapour Pressure

The hydrogen bonding in water makes it difficult for the water molecules
to escape into vapours. Therefore, the rate of conversion of water molecules into
vapours is very low, so the vapour pressure of water is low.

iv. High Heat of Vaporization
Heat of vaporization is the heat required to change one gram of liquid
to vapour at its boiling point.

High Heat of vaporization is the direct indication of the strong attraction
between molecules in water. The strong attractive forces between the liquid
molecules are due to hydrogen bonding. The hydrogen bonding in water
molecules effectively gives the high heat of vaporization. As water is heated and
energy is absorbed, hydrogen bonds are continually being broken until at 100°C,
with the absorption of an additional 2.26 klJ/g, water separates into individual
molecules, going into the gaseous state.

v. High Boiling Point ==

In water, there occurs stronger hydrogen bonding, so the vapour pressure
of water is low. Water has h'igh boiling point due to hydrogen bonding. Thus, the
boiling point of water is 100°C at 1atm (760mm Hg). '

It is clear from table 5.4, that boiling point is determined by the strength .
of hydrogen‘bonding. For example, methane (CH,) and diethyl ether (C;HsOC,Hs),
has low boiling points due to weak intermolecular forces. :

Both ethanol (C;HsOH) and water have strong hydrogen bonding, which

accounts for their high boiling points. :
Tabie 5.4 Boling Points of Some Compounds

Compounds | Boling point (°C) at 1 atm

Diethyl ether (C;HsOCz Hs) A 34.6

Ethyl Alcohol (C:HsOH) == aI7813

Methane (CHy) | ~ -164

Water(H,0) - ' Z 100

V. Anomalous Behaviour of Water

The maximum density of water is 1.000 g/cm?® at 4°C. Water has the

e’fpan;% Pfolpe.rty'of cqntracting in volume as it is cooled to 4°C and then

mlumeln_g when cooled from 4°C to 0°C. Therefore, 1 g of water occupies a
: Qfgg?e'r than 1 cm? at all temperatures except 4°C. Although, most liquids

Unusy

Chemistry Grade Xi |
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tract in volume when temperature is decreased. HOW?VG.F’ a targe ihcr
(c:;out 9%) in volume occurs when water changes Zrom .a liquid at 4°c toq ;
(ice) at 0°C. The density of ice at 0°C is 0.917 g/ cm? which means that

ice. ,_‘II
1 less dense than water, will float on the surface of water.

—  Self-Asses

What are the different properties of quuit:!s?
Explain the application of hydrogen bonding. ; -
Use the concept of hydrogen bonding to explain the high surface tensi
high specific heat. :

What is anomalous behaviour of water?

SIS S

5.3  Energetics of Phase Changes

During physical and chemical changes, energy is evolved or absorbed fi
change in energy at constant pressure, in a physical or chemical process is cal
enthalpy change. It is denoted as AH. It is expressed in kJ mol". Three typest

enthalpy changes are associated with physical changes at one atmosphet
pressure.

The state of matter is often ref

in water makes up two phases of water,
(water).

erred to as a phase. An ice cube float
the solid phase (ice) and the liquid pi&

Nges, transformations from one phase to anothe’ o
the form of heat) is =~ pr removed. When 3%
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Solidification or freezing
Figure 5.15 Phase Changes

As the temperature of the liquid increases, the particles move about more
vigorously. The increased motion allows some particles to escape into the gas phase.
As a result, the amount of vapours above the liquid surface increases with
temperature. These gas-phase particles exert a pressure called vapour pressure. The
vapour pressure increases with increasing temperature until it equals the external
pressure or atmospheric pressure. At this point the liquid starts boiling and bubbles
are formed within the liquid. The energy required to make the change of a given
quantity of the liquid to the vapour state is called the heat of vaporization, AH,,.. For

water, the heat of vaporization is 40.7 kJ.mol .

HzO(ﬂ —_ HzO(g) ﬂH/ap =40.7k).mol '
5.3.1 Molar Heat of Fusion, Molar Heat of Vaporization, Molar Heat of
Sublimation

. Molar Heat of Fusion (AHus) .
It is.defined as the amount of heat absorbed when one mole of a solid

Substance js converted into the liquid state at its melting point.

As an example, we can take the melting of 1 mole of ice at its melting

Point, 0°C or 273 K. The process can be represented as,
HZO{_ﬂ e —D HEOW} ﬂHﬁ,;s: r 602kJmol_1
Ici Water : :
Itis acc;mpanied by the absorption of 6.02 kJ.mol" of heg?. From t!we values
of heat of fusion of various substances, we can compare their magnitudes of
'"Nermolecylar forces. Greater the heat of fusion of a substance, higher will be the

ma‘-"“i'ﬂ.h:ie of intermolecular forces.

Chemistry Grade XI 160
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e F % - b2 = F i § !
. Molar Heat of Vaporization (A

The molar heat of vaporization is defined as
when one mole of a liquid is converted into vapour
point (AHL0)

For example, when one mole of water is converted into ste
373 K, the heat absorbed is 407 kJ.mol"! which is the molar
of water. The change can be represented as,

HZO{E) _— Hzo(g) ﬂHvap =+ 407 k_l.mol“
water

vapor
The values of heats of vaporization can also be used for th
the magnitude of intermolecular forces of attraction in liquids.

the amount of heat

: absoy
Or gaseous state at

Its bo ""‘ng _

am at 100%0;; ,'
heat of '“’aPOFizaﬁ?

€ Comparisop gf

For example, the heat of su

blimation of iodine is 60.2 kJ.mol". It can he
represented as,

5.3.2 Energy Changes arig Intermolecular Attractions

2 Whgn a liquid is heated, its temperatyre goes on increasing until
boiling point is reached. At boil

Ng point, the temperature becomes CO““"‘;N'
O convert the liquid into vapours by breakid

Now the heat supplied is ys

ed t
Intermolecular forces,
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Hence polar cubstances have higher values of AH.., AHsus e.9. H20, and NHz etc
e polar substances and have considerably higher values of AHyap. Thus, AHv, f;
Jctually 2 measure of the strength of intermolecular forces. ! :

Molar heat of fusion and molar heat of vaporization of some compounds

| are given below in the table 5.5.

Table 5.5 Molar Heat of Fusion and Molar Heat of Vaporization of Seme Compounds

o

[l o substance Molar heat cn‘1 fusion = molar heat of vaporization
kl.mol kJ.mol!

6.02 40.7
5.65 ' 23.35

It clearly indicates that the values of molar heat of vaporization are higher
than the molar heat of fusion. Beside this, the values of molar heat of

vaporization of halogens are given below in the table 5.6.

2 | NHs

:J Table 5.6 Molar Heat of Vaporization of Halogens

S.No Compound Molar heat of vaporization kJ.mol™
b L L 20.27

2 Brz 15.43

(e Cly 1021
i ___i___ F» 3.26

It is evident from AHup of iodine, which is highest due to strong

i
Ntermolecular forces, than the other halogens.

Non-polar molecules have weaker intermolecular forces, thus, their physical
¢| tatecan easily be changed. Hence, non polar substances have lower values of AH,,

ﬂHw AH,, .

|'.. s. 5 :
: 33 Change of State and Dynamic Equilibrium
The physical or chemical processes in which both ‘forward and reverse

e
| Processes can occur are called reversible processes. The ;tate of reversible
| to the rate of backward

Pro <
¥l ¢ ie;s at which rate of forward change becomes equa '
simu?e is called equilibrium state. Since both changes are occurring
j' Equ“_t;'_"QOUsly._at equal rate therefore, this equilibrium is called dynamic
| T ienum ' ;
[g - -
uch as solid to liquid or

are equal s
s reached a dynamic equilibriu

at 0°C solid ice exists in dynamic equilibrium with liquid water.

s0, I HO» | N

,. liquig ghen. rates of two opposite changés
] e*amh;é' solid, we say the system ha

m. For
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5.4 Liquid Crystals

W. Heintz reported in 1850 that stearin melted from true solig
at 52°C. It changed to an opaque liquid at 58°C and became a clear ang
62.5°C. It means that stearin from 52.1°C to 62.6°C behaves like a ligyjg st
1888, an Austrian botanist Friedrich Reinitzer also reported an organic com---:
‘Cholesteryl Benzoate' as a liquid crystal substance. He observed thyt "
cholesteryl benzoate was melted, it first became a cloudy liquid at 145 ggy..
cleared up as its temperature rose to 179 °C. Upon cooling, the liquid turnéﬂ,,
before finally crystallizing. This experiment showed the intermediate Propere
between those of liquid and solid that liquid crystal possessed. 3

turbig .-
true |iquid

The semisolid substances, which have properties in between the tnd
solids (crystalline solids) and true liquids (clear liquids), are called liquid crystals:

5.4.1 Brief Description |

Liquid crystals are organic materials, which have an additional state of mat
between the liquid state and the solid state. When a solid is melted, it is converted
liquid. However, many organic solids do not melt to give the liquid substit
directly. They, instead, pass through an intermediate turbid liquid state called
liquid crystal state, before finally converting into clear liquid. Thus, the liquida)#
state is intermediate between the liquid state and the solid state.

=

Solid »  Liquid | Liquid
state crystal ’ state

000000 Py
oo ) &
00080

Crystall : : T
rystalline solig Liquid crystal state Liquid

Figure 5.1¢ Liquid crystals
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These are either semi-solids or turbid i

: : quids. They show the optical
properties like crystalline solids and surface tension

orviscosity like liquids.

In a liquid, the molecules have a random arrangement and they are able

to move. In a solid crystal, the molecules have an ordered arrangement and are in |
fixed positions. In liquid crystals, however, molecules are arranged parallel to
each other and can flow like a liquid. Thus, the liquid crystals have the fluidity of
liquid and optical properties of solid crystals, |

| Science, Technology ;

Liquid crystals are used in a number of objects including liquid crystal display
(LCD). A liquid crystal display is a flat panel display. Liquid crystal displays have
replaced the old-fashioned heavy, bulky cathode ray tube (CRT) displays in nearly all
appliances. Today LCD screens are available in a wider range of screen sizes than
CRT. LCD screens are available in sizes ranging from small digital wrist watches to |
ery large television displays. |
Today liquid crystals objects are used in wide applications,
@including televisions, computer monitors, wrist watches, calculators, instrument
[BPanels, aircraft cockpit displays, thermometers. It is used in a number of medical
ginstruments which are used for diagnoses of patients such as ultrasound, endoscopy
AetC Tt is also used for indoor and outdoor signage.

"roperties of Liquid Crystals
Some properties of liquid crystals are, .
. They have some degree of order like crystalline solids.
ii.  They have fluidity like liquids. = &
' i They have properties such as surface tension, viscosity etc like liquids.
IBV.  They have optical properties like crystalline solids.
#-4-2 Uses from Daily Life
~ Earlier the liquid crystals were limited to
boratories but in modern days liquid crystals have
3Ny useful practical applications in daily life. Liquid
IBYStals are temperature sensors and have many other
/! pe ']-l"-a:p-fpiicati'qns;. so they are used:
f' I“ “Medical instruments such as clinical
'the'_'m_ometers. '

——

L}

Figure 5.17Clinical
Thermometer

To fing the poin't of potential failure in electrical
Circuits, s

. Chemistry Grade X7
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6.- As a solvent in liquid-solid chromatography.

To find the blockage.in veins and arties by skin —thermography.
For display in calculators, digital watches, computers, cell phones, stop
room thermometers, etc. d
For screen (LCD= liquid crystal display) in TV and Oscilloscope. (Oscmosc :
instrument for indicating and recording time-varying electrical quaﬂtitiesz L
current and voltage). » S,

Sk Caneer . Skin -Thermography

L
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Choose the Cor_rect_Op;ion. Fammaea

ey T

1.Y Forces of attraction which may be present between atoms of molecules are
a. Intramolecular b. Intermolecular
c¢. Van der Waal d. Dipole-induced dipole
2. When water freezes at 0°C its density decreases due to
a. Change of bond angles
b. Decrease in volume
c. Empty space present in the structure of ice
d. Change of bond length
3. Llondon dispersion forces are only forces present among which of the
following?
_a. Polar molecules of water at room temperature
b. Molecules of HF at room temperature
c. Molecules of solid iodine at room temperature
d. Molecules of hydrogen chloride gas at room temperature
4. Molar heat of vaporization of water is : :
a. 40.7 kJ/mole b. 40.7 J/mole c.40.7 cal/mole  d.40.7 kcal/mole
¢ 5. The S.I unit of viscosity is S
a. kgm''s b kgm.s*. : kgm'-S' red int;l .i: g\l\r.f‘l]w:zi; one of
. & Liquid gets the shape of the container when it is pou -
the following reasons justifies it?
a. Liquid is incompressible
b. Liquid does not has definite volume
c. Liquid is highly compressible -
d. Liquid molecules can slide over each other
T Hydrogen bonding is not involved in
a. DNA structure
5 o G Liquid HF .
- Which one is incorrect for evaporation
a. Surface phenomenon
C. Exothermic process
l:"-‘Ceptitm'all“y low acidic strength
a. strong polar bond
C. strong hydrogen bonding

b. The liquid properties of water
d. Liquid CHa

b. Continuous process
d. Causes cooling

of HF is due to -
b. small size of fluorine

d. Van der Waals forces

Chemistry Grade XI (77
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istillati nder very reduced pressure is = ﬂ

= DISt:.lat\l/Oar;tfum distirl}llation b. Steam dlst||!at!on- }{

c. Destructive Distillation d. Fractional d!S:tl||atlon i
11. Which one of the following is more temperat‘ure sensitive #,f

a. Ionic crystals b. Solid crystals !

¢. Liquid crystals d. Molecular.crystals I
12. Which of the following has weakest London dispersion forces

a F» b. Clz c. Br; d. I
13. What is the boiling point of water at a mountain,

a. Itis 100°C

b. Itis < 100°C, since the atmospheric pressure is greater
¢. Itis > 100°C, since the atmospheric pressure is greater
d. Itis < 100°C, since the atmospheric pressure is less.

e et e =]
B e Nk

- AT g e e bt
= T i et

| two of the effects on our lives if water had -weak-hydr' ;
bonding among its molecules. ' '
2. Give the reason that why HF is a i

gas quid at ordinary temperature while HClf

3. Why H,0 has high boilin : :
g point than : o
electronegativethanoxygen. AF, although flyorine is

9. Why eva
: |
10. Explain that why a |j - CQUses cooling?
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61i Simple Properties of Solids Describing Vibration of Moleg,

. im e

Intermolecular Forces, Kinetic Energy
i. Diffusion

Solid particles do not diffuse readily into ZTTEYSOIIaﬁé:EWEVEr, analys
two blocks of different solids, such as copper an :a ’ Viai‘ns Soave €en.pr
together for a period of years show that.each blf:ac : cobn : lme]att:ums. of
other element. This demonstrates that sohds' do diffuse, ou Vlec:y ShOW'y as sh
figure 6.1. The rate of diffusion is millions of tlmes.slower inso II_ st anin llqu'gd_g_‘
diffusion depends upon movement and velocity of particles. As in solids, {4

movement of the particles is very slow; therefore, the diffusion occurs to very sm
extentinvery large time.

Figure 6.1: A Representation of Diffusion in Solids
Compression (Effect of pressure)

Solids are generally less compressible than liquids.

ii.

For practical pu "_:f
solids can be considered incompressible. Some solids, such as wood and €%

may seem compressible, but they are not. They contain pores that aré filled *"
air. When subjected to intense pressure, the -

: O],
: pores are compressed, Not tre’y
matter in the wood or cork itself.
il E}:(pansiol‘l (Effect of Temperature) i
T ids e ir vol™
iru:reasese S:l'c::j 5 E‘(P;nd when temperature increases (heated) i.e- the" V: i
¥ ; €Cause the in decreas®
intermolecular attractive forces. —sase - of - tempereiiie J

ﬂ i
: . As e m0|
Increase hence volume increases a result, the spaces between th

The expansions of gl

q1
_ } 'ent
expansion (a). It is defineq a¢ C;L;ds. are expressed in terms of Co_efﬂ;gﬁ-
is increase by 1°C When 4 e € Increase per unit volume when the tefm il
| “

Id is hEated; its geometric shape changes u

r X1 St “

Scanned with CamScanner



Scanned with CamScanner




MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




only. Therefore, its conductivity in this direction s far p g |
ey G etter than Perpendicular to
6.3.8 Isomorphism
There are certain substances which are similar i
| ? nlar in shape. Ti
different crystalline substances having R ey

the same crystalline sha
: Pes are called
isomorphs of each other, and this phenomenon is caljed isomorphism,

' iIsomorphs have usually the same atomic
ratio. The example of some 'somorphs is given in the table 6.1

Table 6.1 Examples of Is

: omorphous Compounds
___ Isomorphs Atomic ratio Crystalline form
NaF and MgO 1:1 Cubic
_KNOsand NaNO; 1:1:3 Rhombohedral
ZnO and CdS 1:1 Hexagonal

It is to be noted that the
are quite different from each ot
different nature.

6.3.9 Polymorphism

The occurrence of the same crystalline substance in more than one
Clystalline forms under different conditions is known as Polymorphism.

The substance showing polymorphism is said to be polymorphic and the
different crystalline forms are called polymorphs of eacp oths:-r. Polymorpl?s have
 the same chemical properties but different physical properties due to different

arangement of particles in their structure. Examples of polymorphs are given in
table 6.2,

physical and chemical properties of isomorphs
her as they are totally different compounds of

Table 6.2 Examples of Polymorphic forms
| Substance | _ Crystalline Forms

Rhombohedral and Orthorhqmbif: e ———
| Trigonal and Orthorhombic e RO
Rhombohedral and Orthorhombic
The different crystalline forms are inter-convertible into each other under

€ent conditions of temperature.
63.10 Allotropy

e ' - e . These

The occurrence of an element in different forms:is called allotrcjixyS S

tJarious Physical forms are called allotropes or allotropic forms. For exampf 'rmspand
*found ip orthorhombic and monoclinic form and plastic (amorphous) fo
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Shipe They do not have definite  They haye characteristic
geometrical shape. geometrical shape.

Melting point Amorphous solids do not

They have sharp melting point.
have particular melting

point. They melt over a wide

range of temperature. _
Anisotropy Physical properties of Physical properties of
-amorphous solids are same crystalline solids are different
in different direction, i.e. in different directions. This
amorphous solids phenomenon is known as
are isotropic. _ Anisotropy. |
Symmetry_ Amorphous solids are Crystalline solids are
i unsymmetrical | symmetrical
Cleavage plane Amorphous solids do not Crystalline solids break along
break at fixed cleavage particular direction at fixed
planes. cleavage planes.
1. Differentiate between amorphous solids and crystalline solids.
2 Define symmetry. WHat are elements of symmetry?
3. Explain the terms polymorphism and allotropy.

4 Differentiate between habit of crystal and crystal growth, isotropy and |
anisotropy.
5.

>_Define allotropy. Use oxygen and sulphur as an example.

Science, Technology and Sociel o
Crystalline and aﬁmrphous solids have specific uses in daily life. Examples
“Ystalline solids are table salt (sodium chloride), sugar, gemstones including
"2and diamond. Some of the uses of crystals are, '
2 Diamond s used in jewelry. _
ium chloride (NaCl) has been used to flavor and preserve foods for
Usands of years, Doctors use an intravenous sodium chloride solution to
« - Pply water and salt to patients to decrease dehydration.
lum fluoride (NaF) is used in toothpastes to prevent cavities. It makes teeth
Onger,

ar (Sucrosej is used in daily life for sweet taste.
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- t of goiter. |
. iodine are used for treatmt‘an .
Saltz,:fr:‘zﬂ;s of amorphous solids are plas:tu:,, glass, Fubbey 3
fiberglass, cellophane, teflon, polyurethane, polyvinylchlorige Pve), SOH‘QI
f amorphous solids are, clne t .
EsesPlc;stics :re used in the construction, industry, electrica| 3
applications. It is also used in packaging goods,
drums, trays, boxes, cups and baby products etc. .
" Rubber is used in vehicles tyres, airbags, flooring,
erasers, adhesives and coatings, rubber gloves etc. '
" Fiberglass is durable, safe and offers high thermal Insulation, Fibey,
Widely used in industries such as beverage industry, chemical industy
towers, fountains and aquariums, etc.

* Glass is used in making drinking vessels, barometer, windows pan i
instruments etc, :

) : - ey
Including Container

natural Tubber g

_r 6.4 Crystal Lattice

The regular three-dimensional array of atoms, ions, or mok

crystal is expressed in terms of points is called the lattice that idef"
locations of the individual species,

~The crystal lattice of 3 5 bstance is represented by showing te¥
Particles (structural units) in space. - S

The location of

: Sy
particles in a crystallina solid can be feﬂf"’s“""’w
on a framework called crysta) lattice |

The Particles (atoms, jons or molecules) in crystals are high'?'s
is the Property of the crystal,'whlch'.

fic geometrica| shapes, smooth surfaces and &
Particles in crystal

for their speci
angles. The

'at‘tice, i 9ement of particles in a crystal IS @
particlessi'r?:ce I:ttllce o Simply lattice. These positions of y
3 lattice pq Htsa A€ represente by bold dots (or circles) 2"
Particles, Eacp or lattice sites Irrespective of the size bsw"’
To due . TEIN the latticg js Occupied by a particle of t° i !;i
made of 3 | SZ In e structure of a crystal it is convenient © "
€r of basjc units called
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Lattice Point
P _
,G-—-———-—O-——— ———9 2
7§ =1 8 |
o+ L gll | o
! _- .u. == [ B . __;__‘. ,l‘)——‘-—_{?
Crystal < e __p(’fl_ﬁ,” - —
Lattice 4+ & e
A ' | ! Sl S |
7 7é' —1 2 0~y ]
. ” E,/ e
y
.

Unit Cell

Figure 6.9 Crystal Lattice and Unit Cell
6.4.1 Unit cell

You can divide a crystal lattice into boxlike cells or unit cells. The unit cell
of a crystal is the smallest boxlike unit (each box having faces that are
Parallelograms) from which you can imagine constructing a crystal by stacking
the units in three dimensions.

The smallest portion of a crystal lattice that shows the three-dimensional
Pattern of the entire lattice is called a unit cell. On the other hand, you can say
that the pagic repeating structural unit of a crystalline solid is & unjt ce/l. A unit

el being the structural unit carries complete information about the given crystal. -
| A unit cell has the smallest arrangement of atoms in a crystal lattice that
h:as the same symmetry as the whole crystal. A unit cell is small, representative
Part of 5 larger whole. The unit cell can be thought of as a building block whose

| : e determines the shape of the crystal.
“fameters of the Unit Cell

B, The structures of all crystals can be classified according to the symmetry of

| hesemt cell's, There are in total seven groups, collectwely'called, crystal system.

- E-li:e trlt':linic, monoclinic, orthorhombic, tetr agonal, trigonal, hexagonal and
* '€ Unitcells are characterized by the following parameters:

(&) Relative lengths of the edges along the three axes (3, b, <),

() The three angles between the edges (a B, V).
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(b)

Figure 6.12(a) Structure of solid Nacl (b) In reality, the cations are in con
anions (c) Crystals of NaCl

As you can see in figure 6.12, one Na* ion in NaCl is associated mth |

tact with g,

one particular CI~ ion. In fact, each Na* ion is equally held by six surroundng

ions and each CI- ion is surrounded by six Na* ions. Thus co-ordination nunbs
of each ion is six,

NaCl has a face centered cubic ‘arrangement and in the o
structure, shown in figure 6.13 (a) and (b), CI ions may be regarded as
cubic closed packed (ccp) arrangement in which all octahedral holes are ¢
by Na* ions and same is the case with CI* jons, The distance between
adjacent ions of different kinds is 2.8154 1A =10"""m). Thus the two ions
toughing each other becayse the sum of their ionic radii is 2.76 A (0.95+181) ,

Octahedra] @ ot :
2 Arrangement of meft
i anger’”’
Cl" ions around Na* jon, _ O;tahedral :::'Ind o
(a) 6Na* ions a

(b)
Figure 6,13

Scanned with CamScanner



apwmeme==—"_NIDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)—""

.

’smtes of Matter Ill : Solids S - o 7
ors that Affect the Shape r?‘f an Ionic Solid S | l| ’M
" shere are Some factors which effect the shape of an ionic crystal. Few of them i I
jegiven DIV |
| i. Electrostatic Force of Attraction !

rystals are formed between cations and anions which are strongly held
- other due tO electrostatic forces. The strength with which these ions are held
known as lattice enecgy. Due to high lattice energy ions are strongly held

dacrystal acquires a definite shape.

Jonic €

 tougher is

fogether an
i Radius Ratio

In ionic Cry

gmaller in size than anio

 that they are at @ suita

' ynions. Thus, around a given catio

stals cations are surrounded by anions. Generally, cations are
ns. The anions around the cations are located in such a way
ble distance from each other to avoid repulsion between
ns only a certain number of anions can be
- xcommodated, this number is called Coordination number. The coordination

number is related with relative size of cation and anion, called as radius ratio whichis

the ratio of size of cation to that of anion. For example, for NaCl the radius ratio of
- Na' to CI" is 0.54 which has coordination number of 6 and acquire an octahedral

aystal structure.
Some examples of ra

Table 6.5 The structure and limiting radius ratio of certain ¢

dius ratio and crystal structure are given in table 6.5.

rystalline substance

_Radius ratio | Coordination number Structure Example
<0.155 2 (unstable) Linear i
0155-0.225 | 3 (unstable) Triangular planer | Non
0225-0414 | 4 (stable) Tetrahedral 7nS, CuClz
0414-0.732 | 6 (stable) _Qg_ajl,_—_eciff“_——w'—
07321 8 (stable) ~_|Cubic — | CsCl -

i
el iqui low rate
03 toA perfect crystal would require cooling of the I|q51|d .;:vhaaselaa'f:t a vuref:erly:1 i :'Ji i
’°P8rta"°w ions or particles to find their proper position I thet:, nsc ;
®Mperature has significant impact uponthe crystal formation:
Iv, |
from whi

f
‘“ nc:;etre are impurities in solution i1l have defects called crysta
-ty . % 00 be carried out, the resulting cryStT‘I;:v ClJf the crystal 1attice Ly
i

. ,def"tt.intﬁse impurity particles will fit into the ho
S Crystal structure. : i
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- 6.4.3 Lattice Energy

When ions combine to form an ionic solid there is
energy. The reaction is highly exothermic. The energy given out wh

. Aheh e fong |
opposite charges come together to form a crystalline lattice IS calleq the .
energy, AHLk.

a hUge ml@ase .

Lattice energy can be defined as /¢
mole of an ionic crystal is formed from g

expressed in kJ.mol™. For example,

amount of energy réleaseq Whey
aseous 1ons of Opposite Charge_q;j

Equations describing the
magnesium chloride are shown here.

Na‘g + Crig)

lattice energy of sodium chloride a

—— NaCly AH, . = -787mol"

Mg*g+2CHQE@ —0 MgCla) AH : =-2526 kI mor

_ gaseous ions. Higher the lattice ene
the stronger the ionic bonding in the lattice.
It is impossible to de

termine the lattice energ
direct experiment. We can

y of a compound by a s
. however,

calculate a value for AHie using se
rgy cycle called a Born-Haber cycle.

Lattice energy increases

with increase in charge and decrease in s
'ons, Lattice energy of Some ionic crystal js given in table 6.6.

SNaClEE 78
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6 States of Matter 11l : Solids

¢ 44 LowW pensity and High Heat of Fusion of Ice

Liquid water is readily convertible under conditions to the solid and gaseous
Water has several unusual properties that make it to distinguish from other

-~ forms. b =L
Forexample, its solid phase, ice is less dense than liquid water.

cubstances.
Low density of Ice

The most striking property of water is that its solid form is less dense than
its liquid form that is why ice floats onthe surface of liquid water. The density of
amost all other substances is greater in the solid state than in the liquid state as

shown in figure 6.14.

The unusual properties of water are largely linked to its ability to form
hydrogen bonds. For example, ice is less dense than liquid water because of
hydrogen bonding. When the temperature is decreased, the molecules come
dose to each other. Each oxygen atom in ice is surrounded tetrahedrally by four
hydrogen atoms, two by covalent bonds and two by hydrogen bonds. The
tetrahedral angles give rise to a three-dimensional structure that contains open
space. As a result, about 9% more space than liquid water is produced. As we
have d = m/v, that is, density is inversely proportional to volume, the increase in
Volume decreases the density of ice. That is why ice floats over water.

ii. High Heat of Fusion of Ice
Theenergy (usually in kJ) required to melt 1 mole of a solid at its melting point

Scélled the molar heat of fusion (AH,,). For example,
le ———— Liquidwater AHns =6.02 kimol™’ _
k As Table 6.7 shows, ice has a high heat of fusion. This is consistent with
'ﬂttlthat molecules in a liquid are fairly closely packed together, so that high
‘9 ls needed to bring about the rearrangement from solid to liquid.

e structure extends in three dime

nsions due to tetrahedral arrangement.
aﬂdﬂo'atgf:mw spaces in its stfu;jcg:;e_,; iﬁ?_‘ hes.,s:pa_lle_r,_dens:ty than liquid water

-

] "

9
W

0 1A LT S S0 e * ey R rarv o o

il
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Figure 6.14 Water and Benzene Fig. 6.15 Structure of Ics

Table 6.7 Molar Heats of Fusion for Selected Substances

BION AL & o ST TR -190 13
e Gt ol e 155 o ol
roietyl ether (GHIOGHI =15 =162 - - 60
ool (C:HsOH) BT
—Meﬁ'u __(ﬂg_)__ _____—":59"““”1“* ““2.5*4‘" |
Methane (CHy e
Waen (0] Ty e

6.5 Types of Crystalline solias ' |

Crystalline solids are : |
: classified int :
categor - o
Ae Tacotino the'types of particles jn | i. What s Crystal Lattice? ||
‘9INg or interactions | ii. Define unit cell. What &%

solids, (2) covalent solidcategories- are (1) jonic | the different parameters®| |

(4) molecular solids, : (3)_meta||ic solids, and the unit cell? : |

6.5.1 Ionic Solids

In an ionic crystal .
:th 1 : : 5
Eﬁ'd ‘ogether by jonjc bc:;::t '€ S made of positive and negative ions: T
tween Oppositely chargéd io.nsomc bonds are strong electrostatic attra

another i
N such a manner gq that the , ; esult, the cations and anions attf i
ra 4

ctive forces maximize, The structu®”

Scanned with CamScanner



Scanned with CamScanner




HMAD)
g T B TR TORS FOSHEEA

(o T
=3 £ i

Layer — —t
=g — ¢t slips ax )
- (- =) =
-t =+ — €= +

Figure 6.17 An Ionic Crystal is Brittle and Breaks by Hammering

6.5.2 Covalent Solids

In covalent solids (
held together entirely by
network. No separate mo
molecular solids. Covale
amount of energy is ne

sometimes called covalent network crystals), atomsz
covalent bonds in an extensive three-dimensiond i
lecules are present in covalent solids, as in the s
nt bond in these crystals, are very strong and &1

eded to break these bonds. Some examples of !
crystals are diamond, silicon carbide etc. '

- Well-known examples are the two allotropes of carbon: diamond #¢
graphite as shown in figure 6.18, '

_. Figure 6,18 Diamond and Graphite

Properties of Covalent Solids :
Properties of cov

Covalent solids 3

H =
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6.5.4 Molecular Solids

Molecular solids consist of atoms or molecules held together

by Van |
Waal's forces. |
Examples of molecular solids are I, P4 and Se. In genera), except nil
molecules in molecular solids are packed together as closely as their ™
shape allow. Because Van der Waals forces a!nd hydrogen bonding are geney
quite weak compared with covalent and ionic bonds, molecular. solids are
easily broken apart than ionic and covalent crystals. These solids are rasel
soft. Indeed, most molecular crystals melt below 200°C,
Molecular solids may be polar or non-polar. For example, the atom
solidified noble gases are non-polar. Polar molecular crystals have usualy f
melting points as compared to non-polar molecular crystals.
Examples of polar molecular crystal are ice and sugar while sup
phosphorous, iodine etc. represent example of non-polar molecular crystds

Properties of Molecular Solids

Some of the properties of molecular solids are, ol
1. The forces of attractions present in these solids are very weak; Van
forces are present.

2. The molecular solids are soft (due to the presence of Van der Waals 0%
They have low melting points.

. 0l
Polar molecular solids are soluble in polar solvents and non-poé’
solids are soluble in non-polar solvents,

w

; : : 4% = cryﬁa' s
- Explain the significance of the unit cell to the shape of the
NaCl as an example. |

truct
2. Name three types of Packing urrangements and draw of cons 1
of them,

Ors that affect the h f an ionic crySta" .

4, Differentiate o s. ape ot an | etalli¢
solids, betwee“ Ionic, covalent, molecular and M

5. Ex lai ) : : i

6. -De‘:inen::; :M d-e NSity and high heat of fusion of ice.
*Plain molecuylar ang metallic solids.
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h e
Choose , et
‘ * ¥ The crystal of ice in an example of -
| | a. Metallic solid -MO!ECWar solig
c. Covalent solid d. Ionic solig
2. KNO; and NaNO3 both have the atomic ratio of 1:1:3 i, their g
property is - '
a. Isotropy b. Anisotropy
c. Isomorphism d. Polymorphism
3. The number of center of symmetry of a cubic crystal is/are
a. One b. Two
b. Three d. Six
4. Apair of compounds, which are isomorphic in nature is,
a. NaCland KNO; b.MgO and Zn0O
| : ¢ NaNOsand Cds d. NaF and CaCO: k|
l - Crystals show vanation in physical properties depending upon the ¢
The property is called s | -
a. ISO.mOrphis_m S e b Polymorphism
6 = Hisotopy = d. Isotro
. The Parameters of unit cell js S - 2
1. Sodiuﬁ?-ch?o-ride (NaC 0.5 CG __ = a0t
b aCl) on crystallization form the .
e Centered cubic |att; Saobd i |attice
ody attice b. Orthorhombic 12
x entereqd Cubic lattje . bic lattie
Moleculeg of g o d. Simple cu
lonic Crystals Ty ice form the

Is
b. Covalent CfYSt‘?
d. Metallic cryst?
hite is '

* Molecy |
The Nature of bc.n'l:?r Crystals

S be
lonjc tWeen atome in grap
c,
10.The &Xam I;dqlecmar

b. Covalent
€ of Metallic solid i d. Metallic
the crystalsb' B. a5 ’ C_” o p"ﬁ‘
a ent Whlch are good conductor of heat a
b. ionic

d. Metallic
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©+ Defieandesplinsolubiityproduct (Understanding)

Cinil

Ly
' Explain industrial é'pplicatibn of Le-Chatelier's Principle using Hg =
~ example. (Analysing)

'+ Define and explaini common ion effect giving suitable exam ples. (App

Introduction

Itis a well-established fact that many reaction:f. do_not 90 to comp o
if favourable conditions are maintained. Such reactions Proceed to Certan
and then apparently stop. This is because the products rea,cj( themselvestg_ Qi
the original reactants and a time reaches when. the.re IS No further ¢ ang
composition of the reaction mixture occurs. The react.l?n .when reache;
where no more products are formed is said to be at equilibrium state. Suc
are called reversible reactions. . e

At the start of a reversible reaction, the reaction proceeds towards
formation of products. As soon as some product molecules are.formeq,.;_
process begins to take place and reactant molecules are formed ;from;_
molecules. At the beginning rate of forward reaction is fast since the

concentration is high and rate of reverse reaction is low since:tht_e cor?c_en: .
product is low. With the Passage of time, rate of forward reaction grad
becomes slow and rate of reverse reaction

becomes fast. Ultimately, a stage i
where both the rates become equal: this stage is called the equilibrium state
Atequilibrium state: '
* Rateofforward reacti
* The concentrations

Necessarily equal) ang
Although at molecul

onisequal to rate of reverse reaction. it
of reactants and products become c-onls oo
can be recognised by chemical and Phys"c.am e
ar level formation of product molecu_les f;:s
reactant molecules from product molecu

: quilibrium is called dynamic equilibrium e [
Chemical equilibrium May be defined as the state of a revers afio®

H -~ Cen I
0 opposmg reactions Occur at the same rate and the::n at u
Not change with time. It is observ : ot

; ay? " i
top or equilibrium is attained, i :Lt o
fequilibrium changes by changin9 Ty |
Will study about dynamic t‘.!'flu"'l:"r“il nd @
e-Chatelier's Principle, solubility F'md

oint or state o
! this unit, ye,
r ICati

ion effect. Plications of |
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wersible Reactions anc Dynamic Equilibrium
11._1 : and Explanation
=, he 1e. sctions that do not go 1o completion and the products formed react

oo the reactants are called reversibie reactions.
S reversible reaction can be represented by two arrows () between the

- actants and products. Let us consider a general reaction taking place in a close

sl A+B =—— C+D

al concentration of A and B be the same. As the_ forward
ts (A, B) decrease and those

Let the initi
reaction proceeds, the concentrations of the reactan
o the products (C, D) increase continuously.
Therefore, the rate of forward reaction goes on
 gereasing v.vhile that of backward reaction i
I leeps on increasing. Ultimately, a stage
aches when the rate of forward reaction e

ﬁbncomes equal to the rate of backward Products

| raction. At this stage the concentrations of :

II1EI’ea'iti!nts and products become constant. - Time =

L Thls is called the state of chemical Fig: 7.1 Reversible Reaction and

T equlbrium, = : : Equilibrium state
given below.

Some examples of reversible reactions in a closed vessel are

irward Reaction

ducts

Ve

N I:e;;:ofea_ction in which reactants | 1. 1t is a reaction in which pro
] b :ta f_°fm products. react to form reactants.

A1 given in'p:_'c‘{ffbm left to right as | 2. It takes place from right to left as
15 tiniti : ?m_!<;a| equation. : ~givenin the chemical equation.

¥ ‘ Tt 3l stage the rate of forward | 3. At the beginning rate of reverse
!

J‘. eaCHOn*
: d The rate_'s-fast reaction is very slow.

g, - of reaction slows down| 4. It speeds UP gradually and at
. equilibrium its.  rate becomes

1| Doy 20 2t equilrium its rate _
) f'cﬁ?'tand equalstothatof|  constant an
= = forward reaction.

d equals to that of
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The necessary conditions of equilibriurp are as fo!lows; |
1) The equilibrium state can only be reache.d if the reaction is taking place i
closed vessel wherein substances can n?rther [(.?ave nor enter. |
2) Catalyst helps to attain equilibrium earlier but it does not change the Posiﬂt
of equilibrium. 1'1
3) The state of equilibrium is maintained only as long as the reaction conditiop
such as temperature and pressure etc. do not change.

Once the equilibrium composition has been attained no further ch, 3
the quantities of the components will occur as long as the system remaing
disturbed, although microscopically, (at molecular level) reactants are converted
products and product molecules are reacting to give the reactants back: both'j."
forward and reverse reactions taking place at the same rate. Thus, there i
observable change in the concentration of both reactants and products, thisis calé
dynamic equilibrium. An equilibrium state can be recognized b [

concentration, pressure in the case of gaseous reactants or = T

= . 5_';:__;”_:‘_.:? _ : Ly

products, density and colour, etc. of the reaction mixture. B

- Define chemicl

Types of chemical eauilibsivmm ' T P !
T Mg S - equilibrium.
€r€ are two types of chemical equilibrium: : =

W Homogenecus  Eauillibrium: - In homogeneous equilibrium &l *
comp'or?ents of reaction occur only in one phase. For example, 2 5
containing only gases or totally miscible liquids e.g. |

Nag) + Oy _ 2NO,

L Pt 2IDbshH = o . ST CH3COOC2HS (l) + Hzo(” a{ﬂd
.- ~9-180US Eg Bibrium: In 1 the €&
components occyr i = heterogeneous equilibrium |

re phases, For example;
CaCO3 (s) _ CaO(s; ¥ C02(5)

: 1 H e I -tanf
This law - ' EXpression for Equilibrium €008
helps us to ﬁn\;astr:gs:;::nc'md by CM. Guldberg and P. Waage I" L |
: i0 : :
Products at equilibrium jn 5 = b_e'fWeen the concentrations of reactf |
sizbstar , Chemical Vil

e réacts je

S Bres= reaction, It states that |
g g (e A8 e aTs sy ;
Aeaction s ;_u‘r?;;wg.:,{MH’ R A 1T TR P e i e S
.‘;Ub.‘i‘[}lf”ﬂe_}r—” B the terr‘n e ..-,' e I_:; ICT f ‘_ active TaThe
concentration, or activ

It of < of U Big
reaction; Mber of moles 4 (or activity) w 3 e

=3 : : : der
M~ in a dilute solution. Consid

e Chemmry Grade XI

= e :‘-__.'l
i l!e +

\
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_ 'Che_m

reactants is equal to the number of . |
If the number of moles of the : leg

— aRT0 _ 1 .nd (P/N)® = 1, for
the products, then A !

_ ‘ reaction;

Kp=Kc=KX=K"

for the following reaction. PClso s PClag+ Clz(ﬂ)

Solution:
~ T=523K
R=0.082dm® atmK 'mol”
K=0.82
f An=(1+1)-1 = 1 mol
KzK (RT)"

| 0.82=K_ (0. 082x523)
K=0.82/0.082x523

| =1.91x10%mol.dm?
3 @ Practice Problem 7.2

e | =l
2.00 dm® container at some tem?

where it decomposes according to
| —_— :

ks 2N O 2N2{8}+ Oy :
At equilibrium, 2.20 moles of M,0 remain. Calculate the valué
reaction. - : . :

7.1.4 Importance of
he equilibriy

1. The direction in
equilibrium state.

: d
2. The extent to whi i< reache” i
will pr equilibri > the
To calculate equilibrium con Cigcces verele o if!

Sl L i
concentrations are known StlidnsiolreHcenls an@ P
equilibrium_

of kel

K, and Reaction Quotient _—
M constant can be u%ed to predict the following: acqui’ea“

which a chemical system would proceed
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ions, and un-dissolved AgCl is established.

AgCl % Ag'aq) +Clyg

Applying law of mass action, the equilibrium constant is

[Ag"] [CI]
" [AgCl]
Since the concentration of a pure solid [AgCI] is constant, therg
can write,

K. [AgCl] = [Ag'] [CT]
If K [AgCl) = Ksp
then Kg=[Ag" [CI7]

Ksp is called the solubility product. In general, e so/ubﬂftypmdw
substance is the product of molar concentrations of its ions in the s

solution each raised to an exponent equal to the coefficient of each o ”
balanced equation Ksp is usua |

lly very small quantity' at room temperatu®’

dependent. In general, for a sparing **
equilibrium equation is =5
Yo T XAl +yB'q,

K= [AY]* [B*)

value of Ksp is temperature
substance, AxBy the

Calculate the concentration of l:’t;"“2 |
water. The solubility product of PbSO,
: Pb

IS 1.6 x 1078,
4 S==——=> Pbh*?

&
@ T SO 4(aq)

Ko =[Pb?1[S02) =1 6418

J<(s07]

Then {sO?]=xmol dm’
Ko=Ilx=16x1¢® [ -4]

[Pb+2]=[x11 =16x10®

N | LB o
)

65000,

P
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7.5 Common Ion effect

It is a phenomenon in which the extent of dissociation (or Solubrig,)
any weak electrolyte is suppressed by the presence of small amount of ag
electrolyte having a common ion with the weak electrolyte. In other yopy,
shift of equilibrium towards left side, caused by the addition of an efecty |

having an ion in common with the dissolved electrolyte is called commgy i

effect. consider the following examples for explanation of common ion effect.

Exampe 7.7 Dissociation of Weak Acid i fin e :_,uﬁa

Ionization of weak electrolyte, acetic acid (CH;COQH), is.suppressedil
adding strong electrolyte such as sodium acetate (CH3COONa), containif,
common ion that is acetate ion (CH3COO"). Acetic acid in water dissociates-
an equilibrium exists as follows. i

CHSCOOH{aq) — CHBCOO Z (aq) + H+{aq) (i]

The acid dissociation constant, K,, for this dissociation is written as;

¢ _ [CH.COOJ[H"]
* [CH,COOH]

When a small amount of strong electrolyte, like sodium 2 i
(CHsCOONa), is added to the aqueous solution of CH;COOH, it gets diss%

as follows.

CH3COONay) — ™ | CH,CO0™ by + Na‘ea

) - ONd
 Here acetate ions (CH:COO") are common in CHsCOOH and CHC”
According to Le-Chatelier's principle equilibrium, (i), shifts towards left 10 7%

e
Fhe value of K, .constant: thus the concentration of CH;COOH mo{ec:dd"
increased. In this way Ionization

f ‘ essed bY
CH3COONa. of CH3COOH is suppr

Example 7.8 Dissociation

of Weak Base @

Ionization of weak ele
suppressed by adding stro
containing common ammo

ctrol s T ide '(NH"OH,I
rolyte such as ammonium hydroxid® - (NHE
g electrolyte, ie, ammonium chio" 1

follows: Nium ons (NH*). NH.OH dissociates "
NH,OH

(ag) T=——> NH:(aq) +O0H,_,
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EXERCISE

. -__:__.,?_-._ e

1 In which of the following values of K, the reaction goes to completion in the

forward direction:
a) 102 b) 10 c) 103 d) 1
) An appreciable amount of the product and reactants is present in a reaction if

its equilibrium constant value is:

a) Negative and large b) Negative and small
d) Neither large nor small.

c) Zero
3. Consider
Nz,( 9}+3H2{QI# 2NH3(g} AH=92.46kJ/mol

he production of ammonia is:
d) Constant temperature
en. The yield of SOz is increased

The optimum temperature for t
a)5000°C  b)450°C c) 0°C

4. In the production of SOz from SOz and oxyg

by

a) increasing temperature b) adding a catalyst.
¢) adding more SO d) removing (0}]
5. le-Chatelier's principle applies to
a) mechanical system b) physical system
¢) chemical system d) both b aqd c
b The unit of K. for the system pCls==PCls + Cl2 Is =
a) mol?/dm® b) dm?/mol
) mol/dmé d) mol/ dm? :
Forward reaction goes virtually to completion when Kc IS w_____
3) positive and small b) positive and large s
<) negative and large d) unity g | ikt
- “Ndothermic reactionsgare- favoured in the forward direction by 3y y
a) Cooling ~ p) freezing _ £ =
. C) heaﬁng d) adding a .catalys_f S chlorine ;,ﬁ =
- "olecules of chiorine decompose to a very small extent e
2 -Cj;‘ =, thisis because Ke of this reaction i d)1 ==
A very |5 rge b) {-}'éry- small c) zero e
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10. How much reaction is complete when Kc= 1 for the system
A+B=—— C+D

a) 10% b) 25%
11. HCl when added to H;S solution

a) suppresses the ionization of H2S
c) solution becomes coloured

b) enhances the I0nization

d) does not affect
12. The value of K; is greater than K. when the difference of the moles of

products and reactants is
a) zero

b) positive  ¢) negative d) one

Write answers for the given short questions. ~__“f¢,_}"it‘?m;,==«,.§‘ =
1. The change in temperature changes the equilibrium position of the
reaction Ny, +0y T———-“_—““ZNO(S) but change in pressure does not, why!

2 Give the units of K, for the following reversible reactions.
a) PClS(g} # PCl3 (g) + C12 (g)
D)  Nag+3Hyy T 2NHyy
©)  Hyp+COyy = COy + H0,
d)  ANHag+ 5025 = 4NO, + 6H, 0,
3 Why does the value of K. fall with the rise in temperature for the syntf
of SO3?
250,,+0, =—= 250,,  AH=-9458kimol’ _
4. There is a dynamic rather than static equilibrium present betweer 5
and vapour at constant temperature; explain. i
5. The‘change in concentration of reactants does not change th L
; egunibrium constant permanently, elaborate.
7 ._ [é;src‘i:;so :‘h?;q:flfllbnum of a sparingly soluble salt. - cubsta s
o €ct operates best in the purification of certain ®
g_ The ionization of cal

1 ; 5 CI tojtn . '
The solubility of ac'um oxalate is suppressed by adding 2“2 % .y

il sparingly solubl is calculate
solubility produyct data, explain e substance
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Acids, Bases and S

this unit, the students will be able to:

- fter reading
bases. (Remembering)

, Define sronsted and Lowery concepts foracids and
. pgﬁngsalts, conjugate acids and conjugate bases. ( Remembering)

. Identify conjugate acid-base pairs of Bro nsted-Lowery acid and base. (Analyzing)
ation constant of water and calculate pH and pOH in aqueous

K, values. (Applying)
zation and the acid dissociation ¢
d weak acids. (Applying)

and the base dissociation cons

d weak bases. (Applying)
s how a buffer system wdrk‘s._(Applying)

h a solution maintains a
f strong acid orstrong

Explain ioniz
~ mediumusing given
+ Use the extent of ioni
3 distinguish between strong an
_:1-.::U_$e the extent of ionization
~ distinguish between strong an
+ Define a buffer and show with equation
and explain how suc
ddition of small amounts O

onstant, K, to

tant, K, to

; ake 2 buffered solution
- Constant pH, even with the a
3 _baSE;-(Understanding)

f i :-USE th.e concept of hyd rolysi
3 i acidic or basic. (Applying)

% USe concept of hydrolysis to €X
: necessarily neutral- (Understanding)

g Define and explain leveling effect. (Unde

s to explain why aqueous solutions of some salts

plain why the solution of a salt is not

rstanding)
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Introduction _

Acids and bases play key roles in your bodies, homes and in indue
society. Proteins, enzymes, blood and other components of living matter chm&.
both acids and bases.

Acids were originally identified by their sour taste. Now they g6l
recognized by the colour changes of dyes called indicators and by their reacy,
with metal oxide, hydroxide and carbonates and also with metals themselves
of these reactions produce ionic compounds called salts.

Bases were originally identified by their slippery feel. Now they &
recognized by their effect on indicators and by the fact that they react witho
neutralize acids. If a base dissolves in water, it is called an alkali. |

You have already learnt about acids and bases in grade X. In this unit jo
will recall the Bronsted- Lowery concept and Lewis concept for acids and b :
You will also study in this unit about conjugate acid - base pairs, strength
acids and bases, pH and pOH, buffer solutions and their applications etc

8.1 Acidic, Basic and Amphoteric Substances ol

The word “acid” is derived from the Latin word “acidus”. mea“"“g :
Some of the characteristic properties commonly associated with acids &
following:

1. Sour taste
2. The ability to change the colour of litmus, from blue to red i
3. The ability to react with, ; 3
» Metals such as zinc and magnesium to produce hYdrogeng
= Hydroxide bases to produce water and an ionic compou”
= Carbonates to produce carbon dioxide gas. ,elea5ed |

; re
These properties are due to the hydrogen ions (H') that @
acids in a water solution e.g.

HCl,, —0 Hzaq)+Cl(—aq)
H,0 . 5 g
0 = NOB(:; iperat™®

Characteristically, a base is a substance capablé

lons (OH"), in water solution, Hydroxides of the alkall meta!
alkaline earth metals (Group TIA), such as LiOH, NaOH, KOH: £ a“ed
are the most common bases. Water soluti;ms of bases ° ;ies '
solutions or basic solutions. Some of the characteristic proP
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Acids, Bases and Salts

associated with bases are the following:

1. Bitter taste

5. Aslippery, soapy feeling

3. The ability to change litmus from red to blue
4 The ability to interact with acids

es are due to the hydroxide ions (OH), released by bases i-n

| Their properti
. awater solution. -
NaOH ———» Nag,* OH,,)
| H,0 o -
ca(OH),, —— Ciw) +20H,

|
The process of neutralization of an acid by a base is represented by the

! reaction of H* with OH to form water.

F Hio b OHpgy 5= H,0p)

f The substance, WhiEh Behaves as an acid In Baske solition and acts és @

I base in acidie selution is called amphoterie substanél For example, Water is the

" most common amphoteric substance. Water may either gain or lose a hydrogen ion
'(proton) under the appropriate conditions. A substance i< said to be amphoteric if it

" @nbehave both as an acid and asa base.

Forexample, water isan amphoteric substance, which

donates a hydrogen ion (proton) to @ base.

Water accepts a hydrogen ion (proton) and behaves as a base when reacts

With hydrochloric acid.
HCl(aq}

behaves as anacid and

SRR - %
+ H200 <"“"'"C'(aq)_ 4 H_30(aq>

so be seen clearly in the autoionization (self) of
ater IuI to

This phenomenon can al e
fromfone W
i

o
a:é;’;e:vtfhich involves the transfer of @ proton TReet IR
o produce a hydroxide ion and a hydronium:ion. cading (e
OH 2 Define acid,
iﬂ'fl{1}+ H20 %—__—__.-——-'—"---} H30+ + OH base and
= acid(@) base(?) g=sati, amphoteric
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n Donors and Acceptors
the acid gives up proton (H’) and a bése accept it i.e.

ton fromanacidtoa base occurs. In other words, a proton donor

@ dferof a pro -
daproton acceptoris a base. For example, hydrochloric acid (HCI) reacts
ia (NH,) to form solid ammonium chloride (NH,Cl). Hydrochloric acid

ton and ammonia accepts it

base reaction,

HCleg + NH3ag) —— NHug* Clag
Unlike the Arrhenius theory, however, the Bronsted-Lowery theory is not

| wticted to aqueous solutions.

#4122 Relative Strength of Acids a

" The Bronsted-Lowery concept considers an acid-base reaction as @

woton-transfer reaction. 7/he stronger acids are thosé which lose thew protons
/e those that hold on

B 0re easily than other acids. Similarly, the stro

Wprotons more strongly than other bases. _ .
_pase reactions, you can observe relative

A By comparing various acid
tngths of acids and bases in table 8.1.

- An acid is strong if it completely jonize
:'0" of hydro chloric acid with water.

nd Bases

s in water. For example, consider the

HClag + @ — Chag' * Hagi d[aq}
i Acid base Base r
3 se the
This : ; ely small extent. Becau
T 'Sreaction ' to an extremely :
: cion occurs nreverse o1 e HCl is a strong acid. The reason

65 et sl :
gy 085 Almost completely 1o the right;so the F-1® 7
| 'Wwoull;as%“g'add. as it loses its proton readily, more.
Udsay that HC| is a stronger acid th" HO -
%tef ® another example, look at the jonization of acetl

.- 9 CHSCOOH{ /)
T e —
El‘F’Er '

LORf o B R i
by tf-r‘a'b""“f’1%oft'he aceticacid

l_me-n_t_ Pva’e§ T 5'0,1M acetlc ac

b Zofimolecules have

IS reactio : AL is.a
s reaction, This shows that ! .S_C.QOH 1820

| LT '
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ek acids contain a mixture of unif:.-nized acid molecules, H3O* ions, aﬁd the m
onjugate base: Examples of weak acids are hydrofluoric acid (HF), acetic acid fl
The aqueous solution of a weak acid contains hydronium ions, anions, and !
gissolved acid molecules. Hydrocyanic acid is an example of a weak electrolyte. In
aqueous solution, both the ionization of HCN and the reverse reaction occur
simultaneous|y. Although hydronium and cyanide ions are present in solution, the
verse reaction is favoured. Most of the solution is composed of hydrogen
ganide and water.
HCN@g + H20) =—— H3O0%eg + CN (g

strength of Bases
““Most bases are ionic compounds containing metal cations and the

hydroxide anion, OH". Because these bases are ionic, they dissociate to some
extent when placed in solution. When a base completely dissociates in water 1o
Fl;l-pfoduce aqueous OH jons, the solution Is referred to as alkaline. Sodium
thdroxide, NaOH, is a common base.
r NaOHs £ 5 Na*(g + OH (a9

; Like acids, the strength of a base also depends on the extent to which the
base dissociates, or adds hydroxide ions to the solution. Like strong acids, strong

bases are afl strong electrolytes that ionizé completely in water. Hydroxides of
dkali metals and certain alkaline earth metals are strong bases e.g.

- KOHBa(OH), etc.

Weak Bases: Like weak acids, a weak base is one that jonizes only to a
Jytes are known as weak bases.

Ho

limj 2
Mited extent jn water. Bases that are weak electro

MMonia ionizes in water as follows:

" NHz(ag + H20g) —

form NI: ‘:‘his reaction, NH3 acts as a base by acceptin
+* and OH- ions. It is a weak base because on

€S Undergo this reaction
' = 3 i i into electricall
Chay Acids and bases when dissolved in water dissociate y

| i isti ' d bases.
i : stfﬂged '0ns. The degree of ionization 1S characteristic of the acids an

"9 aci : ‘ ases ionize to
‘Cqua-la'c'ds and bases are 100% ionized whereas,weak acids and b

NHs* @9 + OH7ea
g a proton from water to

ly a small amount of the

~ ng th:he strength of an acid‘is measured from the tendency 10 cizzaat;g ;ir:;tac;r;
4 4 _'Paif that. of a base is the tendency to accept it, 1t 1 noted from
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* Aweak acid has a strong conjugate base and vice versa.
A weak base has a strong conjugate acid and vice versa,

For example,
Since acetic acid is a weak acid and its conjugate base (CH3C00) s tron

CH3COOHaq) + H:O0wy = HO%a + CH3COO0,y

weak acid Weak base strong conjugate acid  strong conjugate

Similarly, ammonia is a weak base and its conjugate acid (NH,") is strong i

- =
NH3@q + HaOng <=—— NHs'(aq) o+ OHaq)
Weak base : Weak acid strong conjugate acid strong conjugate base

8.4.1 lonization Bwti@n of Water

Water, as you know, is a unique solvent. One of
its special properties is its ability to act either as an acid
or as a base.

“Careful electrical-conductivity experiments have =
shown that pure water is an extremely weak electrolyte. Water undergoes selt
ionization to a small extent, as shown in the model in figure 8.3.

- 41 the saiviohigation of water Hivo water molecules prﬁdUEE d h}’dm”’“m

jon and & tiydroxda ion by transfer of a proton. This reaction is sometimes a0
called the ;¢ 4/ smpfanof water.

* To describe the acid, base properties of water in the Bronsted Lowel
framework, you express its autoionization as follows.

v : Acid1 Base! Acid2 Base2

Def ne strngth of |
acids and bases.

¥
T Fery

P
¢ -

" Wigure 8.2 Self-lonizati : ld
on of Water W
You can observe the small amount to which the self-ionizatio" u"1

occurs by noting the use
use H* (ag) an dgH30 ?man value of its equilibrium constant K Becal toﬂtﬂ
equilibrium constant c:r?) a:”te;chang%bly to represent the hYdrate
30 be expressed more sim
ply as,

HO  — o

Chemistry Grade Xl
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Whenever [H*] = [OH] the aqueous solution is said tg pe ”el;;ra 1
acidic solution, there is an excess of H* ions and [H*] > [OH). In 5 = so.lln"
there is an excess of hydroxide ions, so [H*] < [OH]. In other worgs )
which contains H ions equal to 107 M, is said to be neutral i thJe
ions concentration is greater than 107 M, the solution is said to
whereas, if the concentration is less than 107 M, the solution is basic

3 soly|
h}'dl'
be aigg

Lo e e, = TR,

- CH =aifnent ————
1. Briefly explain amphoteric substance with examples.

2. Give examples of Bronsted-Lowery concept for acids and bases;

3. What is relative strength of acids and bases?

4. What are conjugate acid — base pairs? Give their examples.

5. Define ionization constant of water.

8.4.2 pH, pOH and pK,, ‘

The concentrations of H* and OH- ions in aqueous solutions are verysm
and, therefore, difficult to work with these small numbers like 10", The Dan
chemist Soren Sorensen in 1909, proposed a more practical measur®
expressing the concentration of H* and OH- ions in terms of pH. The acidit‘i?f-
aqueous solution depends on the concentration of hydrogen (hydronium
This scale of acidity provides a simple, convenient, numerical way to s’
acidity of a solution. Values on the pH scale are obtained by mathem™
conversion of H* ion concentrations to pH by the expression

PH = —log[H"] -

+ 1 Hﬂ
Where [H*] = H* or H30* ion concentration in moles per v ’Tﬁe{:
defined as the negative Jo

: . mole
garithm of the H* or H;0* concentration "™

dn?’.
PHi=—loglHi0*) ©  or PH = - log [H*]
A neutral solution at 25°C has 3 [H*] of 1 x107 M.
PH = —log[H*] (8.5)
PH = -log(1 x 107 .
PHE=E= (=)= 7
Therefore, the PH is 7.0.
pH

et _< ";.00 for an acidic solution  [H*] > 1.0 x 107 M
= 72?) for a neutral solution [H*] = 1.0 x 107 M
00 for a bagjc solution [H*] < 1.0 x 107 M
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| Acids, Bases and Sal
Example 8.3
Calculate the [H

pH of 4.
Solution

pH of solution = 4

IHE)i=2 [OH ]=7?

Since you have the equation (8.6)

[H*] =10-PH
Putting the values, you get,
[H*] =104
As you have,

H]OH] =104 o [OH‘]:DE'_]

;l sﬁ’-‘u\' 'y -3

9 T concentration of 3 sdlution, Whi_ch}'] |
&

Putting the values, you get,

10
Hijp—
PH g
Q= 0« - 190
Practice Problem g 1 e e s

i

Calculate the I-i ofdooz Kh*h;d—“-r-—a.%:@_.--
Practice Probjem 8.2 [ e oo

Find the pH of 0,082 M

Ochloric acid (Hcl) solution.

OH solution, e

k Monoprotic aciqg HA. Its ionization in watl
represented by
HA“"’..’L P H:0%ap + Avyg
The equilibriym €Xpression fo, this ionization s
01 [+
[H >0 [H A (8.9)
Kc-[HZO]"[H 30 ] [Aﬁ]
Wh [HA] 3
€re for aciq i uati0
[l‘j'l |Si e 0] - Ka: 50 you can write the above €4
O [A
K= [A]
 [FaT

(8.10)

Chemistry Grade Xl
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m A'.:Is, Bases and Salts

8.4.4 Leveling Effect

Strong acids, such as HCl, HBr, and HI, all show nearly sy
water. The water molecule is such a strong base compared tq ¢
bases CI-, Br, and I~ that ionization of these strong acids is essentially Com'
aqueous solutions. The phenomenen by which ?"7-@_ strength of differans g
acids having close villues of pK; is levelled (equalized) by a definjte o
called leveling effect, The acid strength depends upon the solvent chosen

They éppear to have nearly equal strengths because their strength z
due to that of hydronium ion (H30*). All the acids, which are comple

dissociated in aqueous solution, are expressed by H3O*
find the order of

lonized.

e STTEngth-- _
he conjig

ion. It is not possieg
increasing strengths of these acids because they are compltgf}

In solvents less basic than water, you will be able to find that HC| HBr, ]

HI differs clearly in' their tct’a\'pdgpc .toqgi_ve up a proton to the solvent
example, when dissolved i etha‘l‘éf ((a wfegker base than water), the exentd

lonization increases in the order HC| < HBr HI, and so HI is demonstrated o
the strongest of these acids. ==

The same effect s noticed i

N the case of solutions of bases. Watér®
exerts a leveling effect on

- 2 the strengths of strong bases. For example the'-
lon, ,Q',\Eﬂith&mide ion, NH;_T1 are such strong bases that thé) ™
P l.e tely with water. When Na,0 and NaNH; are dissolved in water, %%
following reactions, . g

-..2 A
= | ) ;

: | ' ; xide"- '_
| 9th in water: they boh . 9% yield of YA®
o 2SI STength of 02 an i E:VZIZTtgl:E a :2?19% ofoH o |
b : O the str '

ehave 35 equally strong bases in aquzous solution. '
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| 3 What is Kw?

| ® How the sum of pK, and pK, is equal to 14.
. SOCETY, TECHNOLOGY AND SCIENCE

by, "etajy

L N thy

by Bissq Nis value of pH for long time: T
pr ng tim

.tarl P

= Fggeeze==" MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

; ’ Acids, Bases and Salts
ALewi'S acid-base reaction, therefore, is one that involves the donation of
no

from one specie 10 another. Such a reaction does not prod
uce

Jof electron® : _

i g water and is not restricted to any particular solvent.

" Table 8.8 summary of Three Concepts of Acids and Bases
concept Definition of acid Definition of base
Arrhenius H* producer : OH- producer
sronsted — LOWETY H* donor H* acceptor
Lewis Electron pair acceptor  Electron pair donor

 —— —  Self-Assessment -

| Whatis pKa and pKe?
) Whatis meant by leveling effect?

?

L What are Lewis acids, explain it with examples
lain it with suitable examples.

5, What is the significance of Lewis concept? Exp

"’eprubtdeiil: i: mixture of different components. The major .componelnts of milk
iy coné at anc{ water. When you talk about the cur@lmg_ of milk, you are
_Caseierned wn.th one specific milk protein called casein. .

gmupim_ﬂ" groupings are spread evenly throughout the mxlk. Normally, casein
e, = Hoat around in the milk without bonding to anything. These grouping®

h!ps t;‘?twg. charge, which makes them repel other groupings of casein and
~ ® casein evenly dispersed in the milk. Casein has @ tendency to get

g
mtat:d and combined.
ing ci::; Ie"__"’" juice is added, it increases milk’s acidity becaus:e lemon
&‘C.isein s: acid. When milk becomes acidic, the negative charge which keep
;::"‘ It :’:ratei is neutralized. Now instead of pushing each other apacrjt,t:;
G ACtyg|| -CIU'“P together. Eventually large enough ¢
' Bugs ¥ see the separation, and then you have curdle
ey 2 -
e Solutions and their Application

Nog Water
Tetai has a pH value equal to 7, but e¥
e reas

dic charact

d milk.

S

en the P
onis that ¢
erort

urest form of water
arbon dioxide in
he silicatés from

e e : :
Nma N water and gives it a slight ac!

. y Change its pH.

Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




i
|

BY FUTURE DOCTORS (TOUSEEF ARMADF——==S=5s o=
w Acids, Bases and Salts

Addition of H \! I‘\» H

e ———————— . 20

| NH4C}'| e OH + NH:
e
NHC o NH, |+ Cr
Addition of OH- ——>NH,OH
Applications of Buffers |
.. The use of buffers Is important in some industri
be interrupted b

g

li. Buffer is important in biological Systems because biological reactions
both pllants and animals are often Very sensitive to pH changes. Hu
blood is buffereq 10 a pH of 74 by means of bicarbonates, phosphaff
_ and comple Protein systems. '

iv. Protei.n studies myst be Performed in buffered media because
Magnitude ang kind of electrica| charge carried by protein molecy

r -

I S¥Bonate {COEZ) or bicarbonate (HCO3)
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| KEY POINTS

X
Brontsed acid is a species (molecule or ion) which donates or tengs t0 don
o

|:.T.

1

a proton. : : |

= BrF;ntsed base is a species (molecule or ion) which accepts or tends tg g,
a proton. ;

" Stronger Brontsed acids are those that lose their protons more easily ttf

i

other acids. ,

® Stronger Brontsed bases are those that hold on to

protons more stro;.*"
than other bases. '

1
y

| ® A species formed from an acid by the loss of a proton is called the conjugf

; base of that acid and a specie formed from a base by gaining a protor’

| called the conjugate acid of that base. ]
a

/A strong acid is one that ionize

s completely in aqueous solution. .
m A weak acid is one that ionizes

only to a limited extent in water. :

m Acid-base reaction involves the transfer of a proton from an acid to a base’
weak acid has 3 strong conjugate base while a weak base has always a st
conjugate acid. '

1
lonic product of water, k., is 4 constant quantity equal to 1 x 10~ at 25°C. !
When 3 B l Wi [H-‘][OH‘] i 78 (i ;

ase completely dissociates in wat i OH- ions
solution is referreq as alkaline, €r to yield aqueous

S both as an acid and a basé

H or H3;O* concentration in mole‘d
™ POH is defingq 5. P\ Oreater is the acidity. |

a : ; o
mMoles per dm3 - S the negatwe Iogarithm of the OH" concentrau
" K the acig ioniz

of an acig.
Hx(acn

ation con , o
constant. IS the equi“brium constant for the jon

_

H*ag + X (aq)
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B jenical Kineties
_ o bré’”fh of chemistry wh;_c-;‘; Q’eaks with the speed or rate

reaction OCEUrs, _f‘?“ o ‘?f_féfU”Q the rate and the mecivr;n
- called Chemical Kinetics. The knowledge of chemical
#ptfor the industry, engineering, biological reactions, and other

e industrial chemi_sts are interested in speeding up of rea
' ing products in shorter period of time.
" |y this connection it is important to know some basic terminologies used
e study of chemical kinetics, for example, rate of the reaction, rate equation
. order of reaction etc.
47 Rate of Reaction

Rate of reaction is the change in the concentration of reactant or product
L unit time. Consider, for example, the reaction between carbon monoxide and
iirogen dioxide. The products are carbon dioxide, CO,, and nitric oxide, NO. The

temical equation for the reaction is;
CO[S,.+ NOZ(g) ——— COz(g)'*-NO(s) (9 1)

The rate of this reaction can be taken to be the change in concentration of
fidants or products per unit time, i.e.
| _ change in concentration of CO, _ A[CO,]

I}

at which a
ISm of the
kinetics is
fields. For
ction and

onicd!

Rate =
Time interval At
paes. Quantity of CO, produced (9.2)
Time interval

le. quantity of CO, produced per unit time. Alternatively, the rate could be

*din term of the disappearance of a reactant, i.e.
_-A[cO] (9.3)

b o A - formed one
e that, according to equation 9.1, for every mole of Cozivalem_ i
e, “O'iS consumed. Thus rate expressions 9.2 and 9.3 are eq

-3
e 2600 = : e by 002 mol dm
»‘w < 4, the concentration of CO, were to increas |dyhave o dacrease

by 100 : - wou
'-\\ega %2mol dm %), then the concentration of CO ion calculated from

Tescim. - PPN
3510 in order to make the rate a positive 3

~Y®quantity),

‘%.IﬁTEILamount-(ﬂ[COF-.0-.02mol.dm‘3)‘ The rate of r?ac Lt gathe

1}leatlﬂngz o193 wouldtbe +0.02 ol 5 - (iN:: is placed before

s Ot = e ¢ 3 [ T

L b?:e%n of reactant decreases, therefore, 2 l1¢99;,1tn.'t=:it i? o considered
g

e i

"7

o Chemistry Grade X!
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#rage rate which is measured between larger interval of time, &t however. if we

h use very small interval of time then we express the rate as _j_x and this rate is
: t

called the instantaneous rate i.e. rate at a particular instant.

[ mentary Reaction and Rate Determining Step

A chemical reaction is usually written in a single stoichiometric equation
chowing reactants, products, and other conditions of the reaction.

Most of the chemical reactions take place in a series of steps, called as
| Jementary steps. A complete sequence of these elementary reactions is called a
reaction mechanism. The overall reaction is the sum of these elementary steps. In
each step some chemical species, called as reaction intermediates are produced,
i,ihese reaction intermediates are consumed in subsequent steps. The overall
reaction equation is obtained by adding these elementary reactions; while adding
these reactions, the intermediate species are cancelled out and in the final
equation only reactants and products are left. Each of these elementary reactions
Wil have their own rate. The overall rate of the complete reaction will be
determined by the step which has the slowest rate, the slowest step will be the
Tate determining step.

Let us consider a reaction

A—> B, which is occurring in the following

| Elementary steps.

l i) Ave Sisa—rb iy x faSt
ii) X — Y slow (Rate determining step)
ey —=—— > B - fast

Overall reaction
o A+X+Yy—> X+Y+B =
~ The reaction intermediates X and Y are present on both sides, therefore,
e"““" be cancelled out and net reaction willbe A —* B. ; s
& The above sequence of reactions of elementary steps 'S_r‘—ffe"e OTh
R an'_sm of reaction. The slowest step is called the rate determl.nlng St:f’-h ;‘
a ..v_‘)f__ﬂvera" reaction depends on this step. It 1S also the step With the TInE
92 :tmn energy. |
| ?ite Expression or Rate Law (Rate Equation) Jeeihe rate of
:Téactionndthe example discussed in Section 9.2 it can be no.te f reactants, CO l
O p~ JeCreag TR A the concentration O s
"o, 4 es with time. This is becausé for a nurmber of chemical ”
ed more slowly as the q
y ®

'f@aq[(}ns_ec_reases_ This observation is generally va
We generally find that reactions Proceé

~ Chemistry Grade Xl
_ S . :'
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Increasing the concentration of regers.

concentrations of reactants decrease.
increases the reaction rate.

Justification i : i
In order to study the effect of concentration on reaction rate we

conduct a series of experiments in which we measure the initial rate of Co
reaction at different concentration of CO, holding the concentration of No,

constant. Data for three such series are presented in Table 9.1
CO(g) + NOy(g) —— COx(g) + NO(g) at 400°C

Table 9.1 Initial Rates of Reaction (mole dmsec™) (k =0.50litre mole™'sec™)

SERIES 1 SERIES 2 SERIES 3 i
[CO] [NO,] Rate [CO] [NO;] Rate [CO] [NOz] | Rate |
i=
F

0.10 0.10 0.005 | 0.10 0.20 0.010 0.10 0.30 0.015
0.20 0.10 0.010 |0.20 0.20 0.020 0.20 0.30 0.030
0.30 0.10 0.015 | 0.30 0.20 0.030 0.30 0.30 0.045
0.40 0.10 0.020 | 040 0.20 0.040 0.40 030 (.060

proportional to the concentration of CO. If, for example, the concentration of 08
dt::ublec_l3 (e.g.1 from 0.1 to 0.2 mol.dm™), the rate also doubles (from 0.005 to ¢!
mol.dm" sec” in series 1, from 0.01 to 0.02 mol. dm™ sec” in series 2, and 500

Thus we conclude that the rate of the reaction is directly proportional to 1
concentration of CO.

Thus we can write as, |
I = Rate o [CO] (94) . ..
examini: ; :Lrgt:r Way we can deduce the effect of NO; concentration Of ratﬂ
e onzpntal rows of data in Table 9.1. Notice, for 9xampi?’on§?

€ concentration of CO js held constant at 0.1 mol dm- (first horiZ

row) th i Sl i*
) the rate increases in direct proportion to the concentration of NO2 e |

i

\

Rate o< [NO,] 9.5) 8 P

Thus, we :
conclude that the rate of this reaction is directly ProP° M

the concentration of both co and N >

that Oz. Combining Eq. 9.4 and 9.5 we ¢

Rate o [CO} [NOZ]

Seh amins E:te =k[COJ[NO,) G8. e
€quation, or rate (g, The Q:yen A E‘? 9.6 is called the raté expf'ef e
ate equation gjves the dependence ©

P

¥ (\b

Chemistry Grade XI
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A + B —» Product.

At constant temperature, the rate of reaction depen

Is dependence can . {1
concentrations of the reactants A and B. This dep be Written ; | ,
form of the rate equation

dx
= — =k [A]"[B]"
Rate - [

Where'k'is the rate constant of the reaction, the power, m is th
respect to reactant A and n is the order with respect to reactant B and the ova -t.
order of the reaction is (m+n). Remember that the order is strictly an GXDerEmen'
parameter, it cannot be predicted from coefficients of the reactants in the bala ;‘
chemical equation or calculated theoretically. Some examples of the reactions of
different orders are giveninthe subsequent sections.

9.23.1 First Order Reactions

The reactions in which the ra
Power of the concentratj

te of reaction i rtional to the ﬁ#
ation of 5 single 9 s
i L

dat k[Brzl
()  Raze > Rn¥
dx
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AgNO3@q +NaCleg ——— Agcy, | NaNO,,
aq

 the other hand, reactions between covalent ¢

use they require energy for breaking of exist;
f new bonds, the molecules must come in
terification of acetic acid occurs slo

|
| sld!"ly heca

ation O
| gentations: eg. €s

rea'sons.
| CHyCOOH + GH;OH ——— CH,COOC,H, + H,0

OMpounds take place
Ng bonds and for the
contact at Particular
wly due to the given

The reaction of magnesium with oxygen in the presence of a flame
| eeds very rapidly to form magnesium oxide. However, under identical
E onditions, copper reacts slowly to form copper oxide. The rate of oxidation is

 gifferent for the two metals.

i Effect of Concentration on Rate of the Reaction

Reactions occurring in gaseous mixtures or in solutions are said to be
lomogeneous if they occur only in one phase. If the gaseous mixture or solution
s concentrated it contains more active particles per unit volume and reaction is
faster than in a dilute mixture, since in the former case more particles come in
Qntact with each other per unit time.

- The effect of concentration on reaction rate is observed’from the fa :
*Pece of wood burns much more rapidly in pure oxygen (high concentration,
'm-"wgen) than it does in ordinary air, in which the oxygen makes up only
. U21% of the mixture (low concentration). |

iy

ct that

The Particle Size of a Solid Reacting' in Heterogenaus_.neactions
n which the reactants aré in

o N the
case of hetero system, | i
geneous Sy ting substances will

H’"llence t.:ate;r the area of contact between the reac
— "€ reaction rate considerably.

LTS .
m'd'il_ ' Magnesiym powder will react much rapidly than

Ute g 4ly with acid to
® SUlfuric aeiq oo ; s more rapidly :
cid. Similarly, zinc powder reacts M | smaller the siz€ 0

5 fjroge_n gas th : . : In general, i :

ling e 1an lumps of zinc metal. In g ed for reaction

S-E-qu{an:lfdes" the greater is the total surface area expos
_-M'the faster the reaction.

magnesium ribbon

- Chemistry Grade XI |
A .

L AEAT Z S
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Only those particles represented by the area to the right (shaded wi

| have enough energy to react when they collide. With the izce Wl1:'h
he number of particles with energy equal to or greater than ac:?ass .
(total shaded area under the curve), thus the rate of reZit‘:;):

colours) Wi
energy increases

increases.
v,  The Presence or absence of Catalyst

A reaction rate generally increases by the presence of a substance called a
atalyst. A catalyst is a substance that increases the rate of a chemical reaction
but is left chemically unchanged at the end of the reaction. This substance is
certainly involved in the reaction but is not permanently changed by it. Often
only a very small quantity is needed to influence the reaction. In the laboratory
preparation of oxygen, a sample of potassium chlorate is heated as shown:

A
2 KClO; ——=> 2KCl4+30;

However, this thermal decomposition is very slow in the absenc
catalyst. By fldding a small amount of manganese dioxide (MnOy) the rea
rgaze can be increased. The detailed discussion on catalyst will appear in Se
- Vi) Light

e of a
ction
ction

ced by light are called photochemical reactions.
light sensitive reactions. The leaves
lorophyll. This can absorb sunlight

Phot Reactigns which are influen
] ofthosynthesns and photography both involve
and: plath contain a green pigment called ch
such :: this energy to transform carbon dioxide and water into oxygen and sugar
Tir g'”‘f"se- Thus, photosynthesis is very useful both for the plants and other
it wgo?jri?jar;:Sms.Without light, such an importantreaction could not take place and
e 1 S et s r
*OMmposition of h Eapess ' | m Name the factors affecting
2isysiggen peroxide, and the rate of reaction.

Saction
Such,eac?e“”een methane and chlorine etc. In | o £, 51ain the effect of
ions molecules of reactants getactivated | temperature on rate of

rption of Ij :
noflight and react rapidly. reaction with graph. '

3
. col [ =
fl .hs'°“ Theory, Transition State and Activation Energy

Kineti 5 :
Netic studies give us information about the effects of conce_ntratl.on,
of the goals of the chemical

kiney i r:, and catalyst on reaction rates. One
O explain these effects on a theoretical basis s that we can better

£ Chqm_iph*y-z-Grade Xl
f £ o e

it Lf_lft €
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Chemical Kinelics

4000 and nitrogen atoms come in contact with one another it is unli

i essary transfef.f'of an oxygen atom will take pla fl is unlikely that

" le. The PFObabII!tY of such transfer increases whpe - Lom Doy e
n carbon atom of CO

Wns 1o collide with one of the oxygen atoms of NO,. (Fig.9.6)

= No reaction :

Figure 9.6. Relative orienta

i effective collision and (b

pcence, Te

m\:_iiar\ﬂ;r;);and climbers use warm packs

at warm. These packs, when in us
at about 40°C for several hours.

__AWarm pack contains chemicals like, finely po

e absorbed on an inert powdered carbon catalyst, evenly
ned in a polythene

' porg
Porous bag, The whole pack is contai
The iron in the pack rusts,

. hene pag js :

E!“_ngxid 5 Fe§o3 opened, air enters the pack.

*‘*M\iqa, m::tmg process produces heat and the p

Y L  heat energy is produced depends UPOn the rate of r
“alysis

Ma
E?F’- ?1{ C::‘Ztions proceed quite slo
thg rsu Stances e made to take place muc
._ %eat_,c:. o cal'led catalysts. A catalyst is a su
r"f’a,fe.sfnl the emical reaction without itself be
B fate of a reaction through the use 0f 3 ©

tion of reacting molecules. (a) An
) An ineffective collision

in hilly area covered with snow t0
e become hot and maintain the

wdered iron, water, sodium
mixed together
bag. When the
forming

ack becomeés Warm. The rate

usting.

wly when the
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9.4.1 Characteristics of Ca}:alysts =
~ Catalysts have the following characteristics:

1) Catalyst generally increases the rate of reaction
2) They are not consumed in the reaction and are recovered chen |
unchanged at the end of the reaction. Gl
13) Very small amount of catalyst is needed for speeding up the reaction
A familiar example of a reaction is the decomposition of j

peroxide; Yiioge ..

B0 ———s U F %1 O,

This occurs slowly under ordinary conditions but takes place very rapidyi |

a small amount of manganese dioxide, MnO;, is added. All the MnO, can s
recovered when the reaction is over. : 1

A well-known industrial process is the catalytic cracking of crude ol in-
which large hycjlrocarbon molecules are broken down into simpler and .nw_re.:l
useful products in the presence of a catalyst 'Fe’. |

A catalyst works by chandina: = = ;
: ging the reactio |
activated complex requiri J N path via a. lower enefy

reactor | ng lower activation energy than the un-catalyel

E = activation energy for
uncatalyzed reaction

E = activation energy for

catalyzed reaction

--------
----------------

Energy

= ENergy barrier) thus making the reactio”
’
diff : there .
= €rent forms, accordingly. fcatahﬁs

shall discuss three main types ©
_—

& .'Mféttaf*ﬂ!ade Xi

o~ T -
‘AL’-'" Nt
f — = - ol -
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Unit 9 | Chemical Kinetics

EXERCISE

Ay s

- o

Choose the suitable option. o e e
. * Aclivated complex is a substance which is
a. stable b. unstable

'b. can be isolated d. can exist as prodyct
A reaction is first order with respe

ct to A and second order with respen
B, the rate equation is
a. rate = k [A][B]?
C. rate = k [A][B]
For a reaction A - Pro
the rate, The reaction is

oL
S

b. rate = k [A[g]
d. rate = k [A].
duct, doubling the c

(]

iii.

oncentration of A, Quadrps

T - ‘s W

- F -

a. first order b. second order
C. zero order d. third order _
V. With the increase in temperature the rate of reaction increases dueto
a. decrease in collisions | '
b. decrease in activation energy
C. increase in kinetic energy of the molecules
d. more number of molecyles attains activation energy.
V. You can Speed up 3 reaction by:
a. using less concentrateq solution
b. by lowering the temperatyre
C. using more Concentrateqd solution,
d. stopping stirring, el
Vi. i :
When the Catalyst ang reactants are in different physical phast =4
the Catalysis:
2.  Heter,
= o o sy
vii Increasing the te d. positive catalysis
e €Mperatyre INCreases the rate of reaction by
b. - wenn_g the activation enerqy.
+ NCreasing the activation energy
C. %owenng the requen ¢ ' : llisions betwee"
Molecyles Y of effective co isio
INCreasin =S tweer
molecy| : requency of effective_ collisions be 8
~ | ll:' ._ .I
BN o hemistry Grade XI | ;
‘f’s?' e, S Stry g

Scanned with CamScanner



Scanned with CamScanner
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Unit-9 Chemical Kinetics

v. Consider two gases, A and B, in a container at room temperatuyre. What y
would the following changes have on the rate of the reaction between ¢
gases?

a. The pressure is doubled.
b, The number of molecules of gas A is doubled.
c. The temperature is decreased by 10 °C
vi. The rate constant for the reaction
CO+NO,——CO,+NO
at 400 °C is 0.50 dm? mol ! sec”, and the reaction is first order with respect
both CO and NO..
a. What is the overall order of the reaction? |
b. What is the rate of the reaction at 400°C when the concentration
CO is 0.025 mol dm and that of NO2 is 0.040 mol dm?? |
(Ans: 5x10* mol dm°sec

vii. Explain briefly why all collisions between reactant molecules do not e

reaction? '

Descriptive Questions |

Q1. Define the following terms.

a. Rate of the reaction
b. Rate constant.
c. Order of the reaction.
d. Rate law or rate equation.
e. Catalyst - e
Q2: (a) Define the activation energy. What role does it play in Chemicawesef‘ﬁ
(b) Household gas (methane) burns in the presence of oxygen a"d, : a ot
for our daily use. If a mixture of methane and oxygen is keP! e
for indefinite period, no reaction takes place, explain? i Comp""
Q3. Explain how does a catalyst increase the rate of a reacﬁ‘oﬁgrﬂ, 1
catalyzed and un-catalyzed reaction on a potential enerdy diad" e

Q4. Explain the relationship between reactant concentration 2" #
reaction. : o) ;

. i ad‘
Q5. Discuss why, (according to collision theory of chemical g™

03 1 othe
molecular collisions result in a chemical reaction while ©"

and explain a reaction energy diagram (reaction profile) for
a. an exothermic reaction.

N h b. an endothermic reaction.

T 88,
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Unit-10 &8

Solutions a

e — T

7

n

= oy

- After studying this unit, the students wi

List the characteristics of colloids and

solutions. (Applying) R
Define hydrophilic and hydrophobic molecules. (Remembering) e
Explain the nature of solutions in liquid phase giving examples of'-'co'rnp’_ !
miscible, partially miscible and immiscible liquid-liquid solutions. (Applying,

Explain the effect of temperature on solubility and interpret the solubif,
graph. (Analysing) , :

Express solution concentration in terms of mass percent, molarity, molaf
Parts per million, billion and trillion and mole fraction. (Remembering_). 1
Define the term colligative Properties,

Describe on a particle basis why a solution has a lower vapour pfess'“re-'.-
the pure solvent. (Applying) _ '

'
(|

(Remembering)

1

Explain on a particle basis ho

: W the addition of a solute to a pure sol
causes an elevation of the bojling r

ing point and depression of the freezing P°

| Teaching

l Assessment

lWeighta_ge %

Scanned with CamScanner
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solutions and Collode =

0f peresultant solution. (Applying)
__otherole of solvationin the dissolving process. (Understanding)

[,;-'Deg'c_nb

-'  pefinethe term water of hydration. (Remembering) =
piplain concept of solubility and how it applies to solution S
' gration. (Applying) =
t Distinguish between the solvation of ionic species and molecular substances. e
(Understanding)

lstthree factors that accelerate the dissolution process. (Understanding)

_,;-' heat of solution and apply this conceptto the hydration of ammonium
—_mtratecrystals (Applying)

! Bplain how solute particles may alter the colligative properties. (Applying)

‘bplain osmotic pressure, reverse 0smosis and give their daily life

i'IJFﬁlicatinL}ns (Applying)
 Describe types of colloids and their properties. (Applying)
| h’tmme colligative propertles of liquids. (Understanding)

i S <% ation aboutsolutlon, "ke = g 2

ade IX, you have Iearnt thebasu: mform on, saturated and

nd heterogeneeus mlxture.- _tYpes ObeIOIu:nd factors affectlng
i

concentration and its units, solub! b sand suspension:

id
ces: and somemtroductgonto colloi e =
|ll develop more knowle g

;EQQ._C.ERIQ yo_u. w
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= Solutions and Colloids

10.1 General Properties of Solutions

A solution is a homogeneous mixture of two or more substances i“'Whi""
the ratio of the constituent substances remains the same throughout the solutiop
Generally a solution consists of two components, the solute and solvent. Tha
substance that is present in lesser amount is the solute while the one yjt, the
greater amount is called solvent. Solute may be solid, liquid or gas or combinatioﬁf ;
of these. The particles of solute may be at ionic or molecular level. The particlesjze'-} ,
ranges from 0.01 to 1 nm, which cannot be seen by naked eye. A solution s stableif
itis not separated on standing. Solute and solvent cannot be separated by filtratio
or by centrifugation. It is composed of one phase. At a given temperature and |
pressure, the composition of solution can be varied to a maximum value upto-ﬂ:;jej

saturation value. A solution does not allow a beam of light to scatter when passed |
through it. The mixture of salt or sugar in water is an example of solution.

Colloids, on the other hand, are heterogeneous mixture of larger particesor |
aggregate of particles of size ranging from 1 to 1000nm dispersed in solvent o
dispersion medium. They do not settle down on standing and cannot be separal®d *
by filtration. They scatter light when passed through them, a phenomena, Cﬂ_"em' f
Tyndal effect. Gum in water is an example of colloidal dispersion. Suspensions & ¢
also heterogeneous mixtures with size of the particles greater than 1000nm. artices {
are settled down on standing and can be separated by filtration. They can scattél

light or may be opaque, e.g,, finely ground clay mixed with water is an ex::li'l1P|e°'f
suspension.

sTs Science, Technology and Societ

When a bottle containing a carbonated beverage (soda water) is O '-*

bubbles <-)f <.:arbon dioxide rise to the liquid's surface. Sometimes violent €~ -
carbon dioxide gas can be stopped if the

<o hoverdde”
bottle's cap is retightened. Ifthe beve il
atroom temperature, an energetic evolyti Thi rvation®
; ! 10 cur. This obse
be explained as follows. n of gas may occur. This

bubbles burst.

ofl ""

When the container i pove’ |

S ; o s acaot

liguidandt closed, there is equilibrium between the 92> i1

he i i
9asdissolved in the solyen. Ifthe container is opened, t s

! En Chemistry Grade XI
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e e  ———

L] ™ ;
Splutions and Celloids

B s The reduced pressure on the liquid's surface allows additi

les to leave the solution. Beverages are packaged in sealed bottlelst'on;l gas
p;event the escape of carbon dioxide. The beverages can be kept inda:ﬁn?:erl]s
With® -|osing,their carbonation (CO,) until they are opened by the consumer. i

10.1.1 Solution, Suspension and Colloids
Colloids are mixtures of two substances which are intermediate between -
e solution and suspension. The particles in such a mixture are smaller than =
fose in a suspension but larger than those in a F—
e solution. A detailed discussion on colloids e e
sgven in section 10.5. The el o paten s
= A . dissolution can be stated as
The name colloid was coined by | .. . ficcolves like” that means
, ; s “like dissolves like” that means
Graham (Greek: kolla: glue, eidos, like) Colloids morgamc oot =
Isubstances cc{nsnstlng of a coptlnuca.us, Eodlu - ehic
omogenous  medium known as dispersion | oo
edium (or outer phase) and particles of a
'ntinuous medium termed as dispersed
jum (or inner phase). The milky dispersion
sulphur, starch, gum in water and blood

*Um are all examples of colloids.
]

Particle size (Solute)

. . greater than 1000nmM

Less than 1nm 1-1000nm

Suspension

. .

o True Solution  Colloidal Solution - o diate'stA08
--‘-S._mce-colloidal dispersion of a substance is a -so.mewha'tbr;t:;n;raw a line of
it IS |mp055' end and

" 3true solution and a course suspensior mpo; :
nce Between true solution and colloidal disperSloz ?t on
Ic:lbidal'dispefsion and suspension at the other enc:

Ggwe,?g' type of system to the other .
I of es which place them in a separate grovt”

Yrseq - Olloids depend chiefly on the size, Sh@ e
- Particles, some distinctive properties of collol

-

I"l O Weve I

(

Scanned with CamScanner



1 Solutions and Colloids —

I d with true solutions and coarse dispersion in Table (10.3)
compare : :
10.1.2 Hydrophilic and Hydrophobic Particles

The stability of colloids depends Epor the charg.e of d.'SPEI’Sed'
articles of dispersion medium. When water is used as 1SPErsion medi
zxist an attractive force between water mqleCUIES fmd d!sperfs.ed. P
colloidal particles are called hydrophilic particles which means “likin
hydrophilic particles containing colloids are mur:h stable. Whe.n su .
once precipitated they can be directly return into the colloidal form and g1 |
therefore, called reversible colloids.

Hydrophobic means “Fearing water”.
medium and no attractive force exists betw
particles, the particles to be dispersed, are called hydrophobic. iy

The colloids formed by hydrophobic particles are Jess stable. If, one |
Precipitated they cannot be directly converted into the colloidal form and are this
termed asirreversip|e colloids, : :

partid&s ang
UM ang thﬂf!-a
articles, thep
g water" The
ch CO"Olds !

When water is used as dispersigq-
een water molecules ang disperseq |

: -Solute 3 :
solid solytes cannot pe dissolveq in e
n

Unable tq S€Parate or dissolve the solid &0

: SOlutes ¢
attractive annot pe
molec OrCes arg i &
dissoh:izs' eg. naphthalene_in = &stablisheq ‘between solute and ol ¥
"N Non-polay SOlvents ecer. Howeyer non-polar solutes .canho e
S than the Attractjy Ause the attractive forces found in i 09
4 between solute-solvent mole!

e
dissolved in polar %"

—

| Orceg
n benzene,both bej

"9 non-polar,
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oS of Liquids in Liquids
e are three types of liquids in liquids systems:
(. completely miscible liquids. '
) partially miscible liquids.
3 Completely immiscible liquids.
pletely Miscible Liquids
Miscible liquids mix in any proportion. Immiscible liquids do not mix
~ completely; rather make two separate layers. Miscible liquids usually are similar in
teir chemical structures, e.g., alcohol and water when mixed they form
romogeneous solutions. Their molecules are both polar and contain OH- groups
 thatgiverise to hydrogen bonding among them.
' partially Miscible Liquids
There are a number of liquids which are not completely miscible but they
 are partially miscible and mix with each other up to a limited extent.

Ether dissolves water upto the extent of about 1.2% and water dissolves ether
upto the extent of about 6.5%. If you mix them in proportion greater than this you
would find that they will separate into two layers. Each layer is a saturated solution of
the other liquid. Such solutions are called conjugate solutions. The mutual solubility
ofthese conjugate solutions is affected by temperature changes. Typical_examples

 Ofsuch systems are phenol-water system, trimethylamine-water system, nicotine-
Water system.

Phenol-Water System
- If equal volumes of phenol and water are mixed together, they show

- Partia] miscibility. It has been observed that at around room temperature, phenol

'—f__“"']!-dissohe in a lot of water giving us the upper layer and water will dissolve in a

"% phenol giving us the lower layer. -
hyer At 25°C the upper layer is 5% solution of phenol in wat

; ' ! each
e Water in phenol. These two solutions are conjugate so/urmn: 'cc;1 =
ue to greater percentage O p i

ile phenol is 2 solute in the upper
system is increased, thes

Com

i er and the lower
. Other _
."If'_\"itérme lower layer has a greater density d
ayey s as a solute in the lower layer wh

lling from UpPPer to the

i%en the temperature of water-phenol
NS of both layers change. Water starts V€™ T/ Fiyhen the
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" solutions and Colloid

. ith effervescence:

remperature (Solubility curve) ‘ |
The solubility of most of the solid and liquid solutes increase with a rise in
ature. There is, however, no general rule to correlate temperature and
bility. For example: the solubility of KNOs3 and Alx(SO4); increases with the
‘-.foll{b’ ItY.in temperature but the solubility of certain solids like Cez(SOs)3 and
!"Fmasgecreases with the increase in temperature. The solubility of NaCl and KBr
'L'-':zglor:ost not affected by increase or decrease in temperature but rerr_la_ins
anstant. The solubility of sodium sulphate increases upto 3054 K and on raising .~

e temperature further, it decreases. Sodium sulphatej forms decahycéraj: .:;_*_"‘
'.[NazSO.i.IOHzO) in water. Below 3054 K the decahydrate Is presen't E.L'lit aisoat &
54K it adopts the anhydrous form (NazSO4). The maximum soiU ility —

054K,
|

100——
90 s
80 . .

70
60
50

'. ._ !
1

e .'_“"_'__‘_""‘.’"""'“ U

| i '

| | ;

40|
30|
20|

Solubility (g of salt in 100g H,0)

A
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Vv, Volume of solute 100

V °~ Volume of of solution

10.2.2. Molarity (M)

The molarity (M) of a solution is the number of moles of solute per g,

solution. : = Number of moles of solute
Molarity (%) = ¥ olume of solution (dm’)

1dm® =1000cm’ =1 litre
mass of solute in g
Mol. mass of solute

Number of moles of solute=

Therefore,

massofsolute in g | 1 :

Molarity (M) = '
Mol.massofsolute volume of solution (dma_)

For example, one molar solution (1M) of sugar, C12H22011, contains.1’; d
or 342 g of sugar per dm? of solution. It is prepared by adding 342 g of sugar|
one dm?® volumetric flask and then by adding water first to dissolve and the
dilute the solution until the level of the liquid reaches the etched mark ie whe
the volume of the solution becomes exactly one drf13. |

- 10.2.3 Molality (m) : =

Molality is another concentration unit of solution. Molality. is defined &

the number of moles of solute present in 1kg of so.lvé.n_t. In'36tﬁ'ér words

molality of a solution is equal to |
' th :
1000g of solvent. ; e number of moles of solute dissolv

Molality (m) = Number of moles of solute :
Number of kilogram of solvent |

Or
mass of solyte 1

mol.mass “Ki Ve
mgss of solute Kilogram of solvent
When 58 5grams (1 mole) .

< N?C' is dissolved in 1000 grams of wate!

Chemistry Grade XI
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1. In how many ways, percentage'bf"solution can be expresseq
2. Differentiate between molarity (M) arjd. Molahty (m).

T

10.3 Raoult's Law . _ .

When a solid solute dissolves in a solvent, it changes the Vapour p
of the solvent. Similar effect is observed for a liquid solute in 3 liquid
However, there is a major difference; a solid solute is usually non-volatile
liquid solute is volatile. For example, if we analyse the vapour aboye ;4
solution in water, we would find only water vapours, whereas, the vapous
a solution of ethanol and water always contain both water and ethanol

- This fact allows us to classify the solutions on the basis of solutesie

solution of volatile solute and solvent and (ii) the solution of non-volatilea
electrolyte solute in volatile solvent.

law states that the partial vapour pressure of any volatile compatet’
solution Is egual to the vapour pressure of fhe_ pure component {ny!rfplfed-ﬂ,
mole fraction of that component in solution Those solutions which obey
law are called ideal solutions. '

0 ° F
Mathematically, Raoult's law can be written as P =P X Wherepand .

the partial vapour pressure of the component and ,that__'of the P““’",'z0
respectively,and X is the mole fraction of the component in the solut®" '
1031 The solution of Volatile Solute and Solver!
components are volatile)

VT e ing 10
I Fonmder an ideal solution of two liquids A and B. Accordi?g
aw partial vapour pressyre of both cofnponents A and B is given by’
PA = PAXA
#’ is the B =PX, _

IS t an _ i _ jsV .
of pure zom - Y?pogr Préssure of pure component A and PBO po! ntse;#
solution is PPYIng Dalton's law. of partial pressures:

PTotaI' =P+ Pg

Scanned with CamScanner



Mll(} FUTURE DOCTORS (TOUSEEF AHMAD)

¥ T ———

e

gince X, +X;=1
Thereforé XA=(1 -XB)
The eq(101) becomes
E=Fy @" XB)"'P;XB
' P=P; —PoXg +PeXg
| on rearranging the above equation.
P = (P -F )X +P "
This equation shows that when Xs =0, Xa = 1 it means pure component A

tand Protas becomes equal to P and if Xa =0, then Xs = 1 then pure
qual to P%.

al pressure (solid line) and partial
ion with changes in

is presen
component B is present, then Protal becomes e

The graph in Fig. 10.3 shows variation of tot
(dotted lines) of solut

yapour pressures of components
wncentration of both A and B components. Atany concentration, the total pressure —
isthe sum of the partial pressures of the two components. ——
T = constant : = :
P .-~
| S S A2
A -~~§ ' _,/z’
Bt S S { i
"!-...-h -
) = ST S
I ’, ~ ‘.‘\ : v
"I/ : "N_."‘;_‘ ; *ﬁ .
: - S e Vi
IA__’-I- e = ,-: il = 0 }'J'?"I’;
. Yoiyn «— cgmpasﬁian—"" sl _ .
Figure 1 e ) ¢ solution with @ change In
10.2: Variation of vapour ressure © solu _
angjien poULE fAand B s : —

_ concentration © ; Z
ectrolyte solut.: :Ln_ Lolatile solute the
" the case of solution of non-electrolyt® 2 forrms-Suc :

' jiated) mc:gi:lraer e ffered by the =
our pr

W essure of the solvent. The vaP r
nt, ' of Raoult’s 12W- A is solvent of

-

3 1.0&_ ! : o e
L ZI Non-Volatile and Non-El

ey, pgmc'ﬁs‘remain in the (un-dissoc!

d B wheré
pe is the vapou’ press

an be Feadijly-',unde_rs't_ood in. terms

|5 5165 consider a solution of €OMPOTET
%" X3 and B is solute of mole fraction .
- ' . : ;rade Xl §

Chemistry C

-
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~ Solutions and Colloids -

pure solvent and P is the vapour pressure of solution. According to Raoults |
ressure P is given b
vapour pres : g PiPc’Xl (10.2)

Since X; in any solution is less than unity, P must always be |ess than ps
Consequently, a solute in a solvent tends to lower the vapour pressure of the |
pure solvent. Furthermore, if the solute is non—volati_le it does not contribyte fo |
the total vapour pressure, and hence Eq. (10.2) gives the total vapour pressye
above the solution, which in this case is due to solvent only and is always leg
than P°. The extent of the vapour pressure lowering A P is

a, |

AP =P°—P (10.3)
AP = P°—P°X, |
AP=P°(1-X,) _
AP=P°X, (104)

According to Eq.(10.4), the Jowering of vapour pressure of solution
depends both on vapour pressure of pure solvent and the mole fraction of soluté |
in_solution. In other words, it depends on the nature of solvent and the
concentration of solute, but not on the nature of solute. However, if we consde
the relative lowering of vapour pressure i.e. the ratio AP/P°, then from Eg. (104}

Db X,
5o =50 (10.5)
AP
PO =X,
= : (10.6) ol
shows that relative lowering of vapour pressure of the solution

vapour pres.sure. Is a colligative property.
g CO“I.ga‘FWe Properties of Dilute Solutions

only o:f o:ﬁga::fngz ;fc”g:f} £ on?ef'tfes are those properties Wf;":;e M |
particies. The study of colligati:e?mdes. but not on the naturé ©" " ' el |
termining
€ of a dj

the molecular weight of dissolved $
ute solution containing a non-vo

The colligative propert;
electrolyte solute are:
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2 Lowering of vapour pressure.
b.. levation of boiling point.

¢ Depression in freezing point.
4. Osmotic pressure.

04.1 Vapour Pressure lowering

| The lowering of vapour pressure can be used to calculate the molecular
mass ‘M’ of solute as follows.
n2

n,+n,

Since =

: AP
So Equation (10.6) becomes. Xzzﬁo"

P°-P, _AP _ n, | (107)
P P° n,+n,

| Eq. (10.7) represents another form of Raoult's law. If mass of pure
solvent = W, and molecular mass = M,, mass of pure solute = W, and molecular mass
*M, then Eq.(10.7) becomes ' =

P°-P

{3

Pl e, o 108

P°  n-n, W/M+W,/M,

AF)
5 = Thus = can
For a very dilute solution n2 << N1 - therefore, (N1 +n) = N1, M,

3 _
f Uiected from the denominator.

i Eq' (10.8) then can be written as

i P°-P. WM, ( 10.9)
| o |

it P V22432 . 4ss of the d:;;solved
| molecular ™ f solute

| t"bstarf: - (10.9) can be uﬁ;ed to calculate T s definite Mass o
ln"give ' relative lowering of vapour pressure an

SMount of solvent are known-

Chemistry Grade
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1042 Bolling Point Elevation and Freezing Point Pepressioy
: Point Elevation . |
0 ??::I::;gpﬂmf of a solution is the temperature at which jss Vapoyy

. (2lell
becomes equal to external pressure or atmospheric pressyre Since the ey,
of a noh-volatile solute lowers the vapour pressure F’f the solution. therefy:
boiling point must increase. This fact has been qualitatively expre

oy

Presg,

law.

ssed by RW
- ' | B
According to Raoult's law the / D
vapour pressure of solution containing _ | / /
non-volatile solutes is. always less than

that of pure solvent. As a result of
lowering of vapour pressure the solution
will boil at a temperature higher than the
boiling point of the pure solvent at the
atmospheric pressure. 7his difference in
the boiling points of selution and its pure
selvent s known as boiling  point
elevation

of the solution, 1t depends on
the nature of

Aty
—

solvent and the Il
concentration of solute, The boiling point Temperature —
eievation in dilyte solution is independent
of the nature of '

onstant. 1f 1 mole of a solute is dissolved "
e oxer the solution now bjlg at 100.52°C instead of 100°C. The d::ﬂﬁ:
= Eiste EbUHIQ'scopic constant, k,, of water, Elevation of boiling Pr"; o
ting a graph, of Vapour pressure verses temperat
us SO‘_UtiOﬂ. . =y ssuffd
tio V€ AB and CD represent vapou" fp Ir-tem
Q‘Ut‘on' 'Spectively, as a function © 2 solve”:gd ..
WE-:ABf,i_s__bo.ilin'g Point of pure solvent. Threpref"gﬂ y
e D iS-th.: eggmej €qual to the external Pressui 10w3r'm
¥ Curve Ag becaus_e; \.ral ol:: b?;-l ng, POint'.l.of- solution. CD curve ! e
'm“ Thus the Solution will b‘opi)l :

2 et of P2 o}
SUre of solution s less than t = |
at higher temperature I to eq:.

its

et

S -

lize

e

—T

- 1)
L

~ : '—h“‘-l.
oo Chemyjst:

S R
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Solutiohs and Colloids i

Putting values in the above equation.

0402K 50gx128gmol*
1000gkg®  0.5126g
=5.02Kkgmol™

(i) Freezing Point Depression

The freezing point of a liquid Is the temperature at which the solid o ":
begins to separate out from the liquid phase. At this temperature solid and fg

phases are in equilibrium and have equal vapour pressure. A solution
lower temperature as compared y

to its pure solvent. This lowering
of freezing point of solution as
compared to its pure solvent is
called depression of freezing
point. This lowering is due to
lowering in vapour pressure of
solution as a result of addition of
~small  amount of non-volatile C :

solute. The depression of freezing Freezing

: | AT, "‘Q ' perature
point of a substance depends on: e Eilsressitm _
I. The nature of solvent = :

ii. Concentration of solute
particles.

e

_’

Pure Solvent

ol Vapour Pressure

Solution

Tg T] T | al

Figure 10.4 Depressionin Free? E

- In order to understand the relationship between Iv£>\'|f\'e|"“fjl
point, AT¢ and concentration in terme of molality ‘m', consider Fig. " o]

shows the vapour i
ul pressure of s : : vent as
temperature, olution and pure sol |

€S at tempers
Pressure of freezip Pérature

g solvent ;
solvent. The Ui nt is po

5 DE fOI’ soluti
freezing point of solution T, luti

T, corresponding tO--thé -P‘?inct_ i fOrEﬁisl :
- The portion of the curve B = ¥ :

i -0 : Int £
On Intersects curve BC at P
Hence i -

\»— ATf-"_'r[‘1_Tz- o
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Counit- 10 S Sel

SOIUtiO\‘I:!eight of glucose = W2 =3.60g
Weight of water = W1 =100g

Freezing point depression = AT; = 0.372K

-1
Molal freezing point of water = k; = 1.86K kg mol
Molecular mass of glucose Mz = *

K, 1000W,
Aswe know M, = AT, W,

1.86° 1000° 360
M. = =3372" 100

Mz - 1809 / mol

K
> (hy

s e

ein171g of water : |
' K kg mor™
0.602°C. Calculate the molar mass of the solute. Ks of water is 1.86 Kkg
Osmosis

.—_'-_-. .: *::_:f\-_é’_;_'_:;%:i T |
A solution containing 1.66 g of nonionic solut

When a solution is separated from its pure solvent, by a 5:::
membrane, it is observed that solvent tends to pass through tne ™
Spontaneously into the solutio

0smosis. A membrane wh
the solute, through it is ¢
place when 3 dilute sol

solvent molecules from

: n_|5 Ly |
n and thereby dilute it. The phenomirl‘:s.,on'}f :
ich allows the passage of solvent'mdeco{s-is-aﬁﬁjf
alled a semi-permeable membrane. Osmd <ot
ution is separated from a Concentratzne"f
dilute solution pass through the membre" ﬂ! |
's a film of copper ferfocyanldeb;:is—“ﬁ
Weight solutes in organic solvents the mem '
are thin films of either cellulose or cellulose nitrate:
. Osmosis can easily b
Fig. 105, A S€Mi-permeap|
Ef a thistle'funnel. It is, t I p2
ﬁ?::::r::: (S;DIVent). Due to osmosis, W::i;::ydro ' t
- B 0 - ill rise until th& 2.
) .;pf tlhe “_?:'d column equaliz:: ?:; :)er:ig;: “:ils;:jfe ?;; the.solyltnﬁtmn .
§| Fhaniis US.thEﬂowof | P
‘;M‘ 2 higher “ONcentratigp reg

'so vent mMolecules from Io‘vh_fe_f c?s 17
0N is calleq Osmosis or endosmos™ g .
gt .
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Figure 10.6 Osmotic Pressure
Pfeffer, as a result of his experiments, proved that at co
temperature, the osmotic pressure is directly proportional to the concentratiot

solution as is shown in Table 10.2. This indicates that osmotic pressure!
colligative property.

fable:10.2: Variation of Osmotic Pressure with Concentration of Suct

1 30757 - =
0.411.5TApp|1cati9n of Osmosis in Daily Life |
1. The process s used in many industries, h
2. The victims of sh . ' e‘""

Ip wreckage purify seawater, which has ¥

concentration i '
N of salts, by reverse osmosis, to make it drinkab® ¢

3. By osmotic pressy

' t
provide s e the plant cell become turgid and thes®
4. Ascent of Sap in plants fParts__Of plant. e oSt
lan 3
and osmotic presgyy fOm roots to upper parts takes P
] ; o Isotonic g e . 10 Pfﬂ
R LT 2Me Osmotic pre . — repared™
‘ { Plasmolysis (shrini Pressure) solution have been preP < ciend
Ml |G blood cells), - 9¢ of Cytoplasm) and hemolysis (de
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- 10.5.1 Properties of colloids

Movement g e © THE highar th 00U
: tt € tem “more VIgY'
can be Observeq by l: 9 by the Mol 'Perature, the m i

{ ater. However, non-polar SIS ik NI o oy
solvents,T }:Ik:o r\:es in.vo|V9d in such case are predominantly Van der Waals f,
solvent, The

on : _
o wh'ce?:vt:rma’r:“aicid-base neutralization reaction takes place, sait a

are formed i.e. we get a salt solution. In order to get salt, walter is drieg f'
evaporation. In some types of salts some of the water molecules remanp insige
the salt crystals, that is just a physical presence gf water molecules and Calleg
water of hydration or water of crystallization. Some salts absorb water molecyg:
from the atmosphere if kept open and get hydrated. Examples of such salts re
Pentahydrate copper sulphate (CuSO4.5H:0), heptahydrate magnesium sulphate
(MgS0O..7H;0) or decahydrate sodium carbonate (Na,CO;.10H,0)

10.5 Colloids

A colloidal solution or colloidal dispersion is a heterogeneous mixuein,
which one substance is dispersed (called dispersed phase), as very fine partides -
another substance (called dispersion medium). The size of the dispersed partickis |

larger than that of tr n that of suspension, The sizerran}!ﬁg

TCes‘.l. |

rom i

. -
|

Some important

Properties of collpiga| dispersion are:
I Optical Properties

is f’“'d
A i
€s also move on zigzad zmba'd'd
The colloidal particles aré ; e

® of the medium and thus " o

e ! :

. eme"t of particles suspended in liquid or 92
N Movement
9 mol '

0 Movement ™ ecul

3 4 I Pa
. ViCules, A 4 : colloidd!
n UItram'CTOSCOpe A Zigzag motion of co e

Chﬂmm"ﬂ" Grade XI Ey/2
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a. On the basis of physical states of dispersed ph
medium
Based on the physical state of the dispersion medium
phase, collides can be classified into foam, solid foam, aeroso|,
solid aerosol, sols, and solid sols. Table 10.3 describes the types along"“'it'h: .q.l
examples. |

3 " T R PSS By e P91 s
Table. 103 Types of Colioids on the basis of Phye;

ase and dispé i
and digpg
eMulsion, o

S# - Dispersed Dispersion = Name of the
Phase . Medium = colloidal
' systemy

1 | Gas Liquid Foam e

2 | Gas Solid Solid foam Cake, bread, lava.

3 iguid=" [Gas "+ FAsrosql Mist, fog, clouds.

A= Liquid | Liquid - | Emulsion Milk, cream, butter, oil in

5 |lquid  ISold  |gel | Curd, chees, jellies, butt

= Sohd | Gas Solid aerosol Smoke, dust —~ = = =43
T Solid  |Tiquid  Tsg ——— Pantink

8 | Sefid" | sg1ig Solidsol | Alloys, coloured glass, gen ||

Phase and Dispersion medium sis of I_“teféc_t"?“'bmee“ IP".’:."-_E

e ®

Medium, such as ~OH group able t°f°’m|:ny:d“"°

tha e Precipitated they can be directly e il
er ea o Called reversible colloids. A gel ¥

- Lyophohjc u,"(',id _examples' are starch and r_ubbeﬁ solut'"_n_s' 4ispe”

Phase hag little or no aff; =3:_The colloide js called /yophobic if the y

olvant , ]tr-]'ty for the dispersion medium. Lyophobic M ¢f

NG I water i used as a solvent the"

-

such colloigs

form. and o
| are, th
mass of 5 lyophilic Y b erefor

| Ch{%n‘iisiw Grade X1
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i.l_hydmphabfr cof/m’f:fsis used. Hydrophobic means “Fearin ——
ractive force exist between water molecules and disg water". In t.h'S case no
,f;:eanoids formed by hydrophobic particles are less persed particles. The ol
 gable. If, onceé precipitated they cannot be directly A
weonverted into the colloidal form and are, thus, rl el -
sible colloids. They are difficult to ::;“I’:‘;Zf;ﬁ:);%philic —

IC :

termed as irrever
.,F{’.‘T‘P’Te. bg;a’gse- the dispersed phase does not readily colloid
colloide/ with the dispersion medium. They are | Wh:tl :}e the basi
. SIS
for the classification

stable and require stabilizing agent for their

| servation. Examples are sols of metals like silver of colloids?

and gold, sols of metal hydroxide such as Al(OH); etc. S . -aw--’
Moreover, homoggnlizfed milk and lassi (casein suspended in water) are the
eamples of hydrophilic and hydrophobic sols, respectively. '

10.6 Heat of Selution and its appli

| .

B The. formation of a solution is accompanied wit

! ﬁ:.o id so.dlum hydroxide (NaOH) is dissolved in water,
e.Thisis an exothermic process. On the other hand W

([
h::efthle_temperature of the water to en
tiseither absorbed or evolved duringt fdissolution-

) E:: d_issolution process is com Prised

: aking of solute-solute attraction

| ::3) 2::3“‘“9 of solvent-solvent éttr.action
sulting solute-solvent attraction

cation

h the change in temperature.
the temperaturé of. water will
hen NH4NO.,?'E5-di-ssolve'd.in
dothermic process. That is

decreases due
he process O

of three processes:
(endothermi; process, AH positive)

(end_othermic process, AH positive)
(exothermig process. AH negative)

g 'The value of heat of solution 1S the net offect of these three heats i€ the ‘
r:;c sum of these three heats. If heat evolved i higher than the heat S b
. V0ed the dj ; : hermic and vice versa B
- he dissolution process Will be exother ; yALH
ion pr unt of heat evolved or absorbed wihen o0 RGHE

in 1arge smount of solvent at LY

€ hea
Mo, t of solution s defined 35 am e
dissolve

Ole
t%fa?; a substance is completey
' l temperature and pressure.
.,we:kﬂ}zgaseous state, the at
- Slittlg o \us when gases are dis
-:.._.'..t};;e._':so'eq;_- So energy is alway®

-~ *Olute - solvent interactions 2

he gas molecules ar€
te-solute interaction
solved in solvent, as

petween t
the solu
is dis

solve

evolved W'
e'operative.

i . Chémistry Grade XJ
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Cai W

Therts S5

. _'inii -11

A&éi'.*-."""l’i  this unit, the st“deﬂ
_ .eﬁnethermodynamics. (Remembering)
+ Classify reactions as exothermic or endothermic. (Understanding)

. Define the terms system, surrounding, boundary, state function, heat, ==
heat capacity, internal energy, work done and enthalpy of a :
substance. (Remembering)

» Name and define the units of thermal energy. (Remembering)

' Relate a change in enthalpy to the heat of reaction or heat of combustion of a
reaction. (Applying) |

' Relate change in internal energy of a system with thermal e
temperature and constant pressure. (Applying)

* Define bond dissociation energy. (Remembering) . E - _eter
* Usethe experimental data to calculate the heat ?f reactloln ysl?g acalorimeter.
+ Specify conditions for the standard heat of reaction. (Applying

di
* Apply Hess's Law to construct simple energy cycles. (-Undlerst.an "Tg) e
* Describe how heat of combustion can be used to estimate the energy

1 from foods. (Analysing)

* Explain reaction pathway diagram
"eaction. (Born Haber's Cycle) (Applying)

nergy at constant

m in terms of enthalpy changes of the

# | Teaching
L} |

ASSeSsm ent

K oa

P i
¢ hemisiry Grade X1 3~|
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gnit - 11 Thermoc_:: s e ——
L it e
In this reaction, one mole of H, gas reacts with oﬁ | o e
emole of gase
ous, to form

rm,,-ﬂcﬂes'of Hiand 53.0k) of energy isevalved. 0 4 ¢, , / o
2 s QrfHe
A few examples gf exothermic and endothermic process
jiC and one atmospheric pressure are given as follows: e
() CHip+20:9—COp+2H:0q  AH=-89031J

() 2Hz) + O2g— 2ZH20 ) AH =-571.7kJ

(i) Cg+ 09— COzy AH =-393.5 kI

)" S+ 00— SO: 5 AH = -296.8 kJ
AH=-92.3k]

(V) N2 () + 3H2(5) —— 2NH3 @®
AH = +53.0kJ

(Vi H; @t Iz(g; —— 2HI ®

>y and Society
re: heat, electromagnetic radiations,

The most common forms of energy a
ergies. Albert Einstein in 1905
nergy are equivalent. A simple

m:;d k‘:?“ce pt?t'ential, and mechanical en

Nifonets is classic theory that matter and e |
>9"Pressi0rl,p that EXPrEsHes this equivalence is E=mc?. Accor.ding to this
B of"' the conversion of one gram of matter to energy yields 2.2x10"
W& T_his amount of heat could raise the temperature of 250,000 tons
vater from 0°C to 100 °C. |
Nens:t "’.h‘_’“:'d.b@ _YECQgr_iizéd__that the amount of this energy available in a
ﬂlechar:‘cﬂe Qf-matt?f -iﬁ-depﬁ.nd'egt only on the mass of the matter and not on
b I'Th'é "SthS ;Qf the matter itself. 2 o . _l =
%me‘ysamount of --en:e"__rgyézswl!e‘?!;-dﬂfi_“g an ordln.ary cherr_ncah reah r; i
; “ge Fmaljm Contrastto the jtot__-a__'l__, mass of matter involved in the ché :
arg, " INstance, during the combustion of 3000 tons of coal the amount 0
- o rav evolved:by:1.gram of matter in @ nu::;e:;'

MY evolvad ; g __
Ty VOlved is equal to the energy evol
fference cannot be detected by ro
ocess is usually ignored.

Pocg -'-l.resnf:‘“ this minute difference in Mass
1o > the loss in mass during the burning P

- mics _ == AT f energy
ics _ v other form of el
f heat or any o~ it is ‘essential 0

. The ¥ |
: G or Ourt'“‘-‘dynamics deals with the flow © =
& of a system. In the study of thermodynamic

Yoo 0d the v ; ik
'. 'SYStE_ atheIMe'anings of some terms em'ployed in it
. To N Surroundin : .t is important
BVt Y Malveay - T e seeafEreactions !
. Ne 3lyse energy changes involved in chemicaL r e e part of 1€
m --

t the system and surrounding. syste
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universe that is of interest to us for the purpose of sclentific obse
the surrounding Is rest of the universe outside the system where

Wﬁﬁoﬂi
; e we mgke
Mmeasurements, Both system and surroundings are SEPafated_by - rea[}.
Imaginary surface called beundary. For instance, if boiling water in 3 bea_kef-;'
under observation then, boiling water is the system, the beaker anq the hey
source is surroundings. Consider the reaction between sodium chlo '

ride and gy
nitrate solutions, which can be called a system under observation, The flak ,?-_'-;
the air are the surroundings. 1

Surroundings =

Energy out of systemiy
- surroundings: - si ‘;|

Energy intosystem
from surroundings: Sgn

Fig, 11.1 The system and
b) State and State Function - r
In thermodynamics, we study changes in the state of the S}'{S'Eem'The .j
of the system is defined by the values of macroscopic properties: 'sught'
temperature, Pressure, volume, energy, and composition. In other Wdrds‘the L{-
of a system is the condition of the system in terms of temperature. P,
volume and composition State functions or state variables are Tthe'pm:?
that are determined by the state of the system and dependent F’”_[y'_
current state of the system ang independent of the path by Which'ihatiwde_-;:
reached.- It means that when the state of 3 system changes, the -ma_gft‘e f
change in any state function depends only on the initial and fina ':ta i
change was carried out. If one mole © eoft
statebof V, at \tfemperature Ti is heated to the temperature T, the vtc::m s
gas becomes V,. Hence v/ T, specif Ritial Stato by Her™
of the gas, The < 1. 115pecifies the initial state while V, 12

hange in temperatyre changes the volum
e, -

surrounding

P

.

e of the 15°
in W.hiCh_ _the of

- |
¢ h;'nnniu Girade M

oAk
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A state function is that property of the system which depends on the
initial and final states and is independent of the path adopted to bring
about the change. For example, if we heat a sample of water from 0°C to
25°C, the change in temperature is equal to the difference of the final and
initial temperatures. The way the temperature change is brought about

has no effect on the result.

ot ifTﬁnafT;mr )
25°C - 0°C=25°C %

2. When a state of the system is specified by giving values to some of the
state functions, the values of all other state functions are fixed. For
example, if one mole of a gas occupies a volume of 5 dm? at 25°C, the

pressure must have some fixed value (governed by p; RT/V) |
g Rending Cher

e

There are some properties which are
path dependent and are not state functions, .
£9. heat and work. They are not the property endothermic processes.
f a system but simply represent mode of |u Explain the terms: _
tansfer of energy from the system to the [ (i) system and surrounding
'.__rrounding and vice versa. (i) state and state function.

. Define exothermic and

- The internal energy is the sum of the kinetic
"£3toms, jons, and molecules il the system. Intgg:a';
essed by a system. It is the sum of all possiie -
“ssed by all tsr:e..atoms, molecules or ions within a syste_m'h.l n?;rn,?e':::;? {he
® function, It is the prope“Y of the state of the e s "lndi_]:)eﬁdent of
5 in the interral nergy, between two,states 0f 3 System & FE-

M followed to achieve it. T

b The'energy St -.syste m changes becay.s.e-.-_energy e om the system 0
t-. - System. The two ways of transferring energ)'_s 'ou koo loter
'dings and vice versa are heat and work- M.O reoVe:; E:at').::ﬁange when the
temal energy -chan-ge--of. a reaction, AE; 'l.s th: : qv is heat supplied at
1S carried out at constant volume: e AE=qy where

e AENTS |

_ic-'_-and- potential energies of all
nergy is a definite energy
pes of energies that are

< transferred into of

£ lsmnir-fn lh'.-uh* X1 335 |

e B
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Som 3

M Unit - 11 Thermochemﬁh‘)’ =

| energy of a system cannot be determined, hOWEVer, chan
sy be measured and calcyl |
internal energy, denoted by AE, can bé m culated.

AE =E; - E;

State 1 \\_/ State 2

An increase in internal energy of a chemical system has three pog
consequences.

i. Increase in internal energy of a system can increase the temperature

the system by increasing the kinetic energy of the molecules.

Increase in internal energy of a system can result in phase change 0
system, e. g., melting or evaporation may occur. |
Increase in internal energy can result in a chemical reaction if e
supplied is sufficient to break the bonds.

First Law of Thermoedynamies
It was Josiah Willard Gibb

iil..
s who in 1873, on the basis of experimenfﬂl_

: - IS co +”. For example, an € |
converts electric €nergy into light en oo For man

. falling
converted into kinetic energy, - S Potnttener

E i ' .
heatan d“::gri'ie:c:anged between the system and surroundings " o of
but, at the s:ameystfem May lose energy to the surroundings in the ™ 1
. surroundin 'me, the same amount of energy is aPSO™" o
v amount of eper < the amount of energy lost b hgys em is €4’

. w:;‘effgy 9ained by the surn:)undirg\ly A

/. of e . gs.

(A internal energy (;gressmg the first law of thermodynamics is that 27 ¢
‘a h across its boundariesoan: Sil:StErn Is given by the sum of the heat..(qr) ; L |
; B the work (w) d the sur
‘ Ui one on the system by :

S —

(]

ny ch

- H

—ri

D lh“lnir;h\ Gvads X

i

& s e 8L
i = g jo ==
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1.1 says that the change in the internal energy of a system is the sum
d ‘q’ between the system and the surrounding and the work
e system. The sign convention for ‘q" and ‘W' are as follows.

Eq.1
heat exchange

e on (0r bY) th
Table 11.1: Sign Convention for Work and Heat

S ST

Work done by the system on the surroundmg w (neg-itiw-- ==
Work done on the system by the surrounding w (positive)

' Heat absorbed by the system from the surroundings q (ppsigiye)

Heat absorbed by the surroundings from the system g (negative)

Process

i
Energy Inputs and Outputs

% work done
" by system

& I -
| fos = =
- o et "
T e A e T ;
= f ;
- i, o
L
i

syswnt --';-‘- Heat glven:'off- ==
by system

ehe first law of thermodynamics states
“ange in internal energy for the Work has opposma signs iﬂ
is equal to the amount of heat |- physics and chemistfy W°’k

“‘0'1& 0 the system (q) minus the amount | done by system
done by the system (w). < negative (-w) in chemistry
0 s as'- posiﬂve {+w) in

Chemistry
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~ Unit-11 - Thermochemistry
The difference between the two
equations is that in the first one ‘W' is work done
by the system,whereas, in the second one, it is
the work done on the system.
Pressure-Volume Wark :
The only type of work in
thermodynamics is the work of expansion or
pressure-volume (PV) work. This is the work

done when a system expands against an
opposing pressure.

Consider a gas contained in a cylinder of
cross sectional area, A fitted with a weightless
and frictionless piston. The pressure on the

piston is P. Since, pressure is force per unit area

so P can be wntten as.
F4PxA
We know that, work= force x distance

If the piston moves throu
done will be,

P='K or

w=P x A X AI
Since, - AxAl =AV
Thus, W PAV (11 2) = '_

- Idblt ,_

product  of
displacement. s unit of wg

: Newton through a disp

| object or

Units 0fWork ¥ :._.
In - physics wy o
force

Joule (J), which is defineg asthe
work done by a force of o

(Nm). One Nm~is_equa_
Joule which is SI recomme
unit of work.

energy possessed w|tm-.,_-
system due L
movement of the __ s
within the object or the syt
- Amount of thermal energy 12t
~object is measured inJouls

gh a distance ol durmg expansaon. te ¥
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I B AT A

/ Ea—— R — 4-_“;-,;,.;_.. E TR gt 2o,
TS e
This is called pressure-volume work and is positive when it is done on the
lume in the case of expansion or contraction. In <

m. Heré: AV is change in Vo

g:tﬁgl;t of Equation 11.2 Equation 11.1 becomes
AE=q+PAV (11.3)
Whereas, work is negative (-PAV), when it is done by the system. 7 4
q=AE-P AV (114 s
f the volume of the system is kept constant then AV=0 and hence, :

W=0,50 Eq.11.3, at constant volume becomes : -
E AE =4, (15
rease the ==

heat absorbed at constant volume is utilized to inc

work is done.
t in SI system are,
Nm ™~ X m=Nm orJ oules (J)-

= = e

A P F‘,.,ﬂ_':;' g '{._ =45 S e
: ¢ ideal gas expands

- Hence,

iternal energy only and no
Units of work and hea

xample 11.1

b alculate the wo
020 dm* against a cons
Solution:

P=2atm

tant external pressuré

« What are the
of an increase

consequences
in internal

| av=v,v,=20dm’-15dmP=50m
=\/.-V. =20dm’-15dm =5dm SRl
 Since e energy of 2 chemical system- s
w=PAV . Define first law of S
amics. : B d
w=2atmx5dm?=10atm dm” themody8TE i
"5 Standard State and standard Enthalpy o cses carried out under g
4 First law of't’hermodynarriii:'s can be aPP""’f’_t_c’ prass which the processe’ 5 8o,
| ®rent conditions. There are two main.conditlons -nqer HalChE o most _,;;
| %nibccur;_ e, at C onstah Fvolume and at cons an I?;I‘-[e;sh e first law ,:_-:,_
| e, o0 Way of carrying out chemical reactions: =1~ at const nt volum S
’-_-_-m(id}'nami,:s_ It has also been shown that pes = ==
| OWth, : - e ——
- he equation AE=qy. : 20 | OCCUf”"g .proCE'SS —
Nl:’ W let'us establish equatio” for mOS: c;rgrst aw equation
‘ e L E rtin rofl
“- Place at constant pressu’™ .Sf_:a 5 (113) its pressure
| AE=q+PBY Pt externa
3 n

! hen we supply heat o 2
'_Wh_lch results in performing w
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pressure, thus, the equation takes thfe form, consi
AE=q-PAV. On rearranging this equation we get
Qe= AE+PAV (11-43)
| Here q, stands for heat supplied at constant pressure condition, Now
: introduce a new thermodynamic function of a system called enthalpy (H), or heyt
content of the system which is defined by the equation
H=E+PV

Thus, the total heat content of a system, 'H’, at constant pressure js equal
to the internal energy plus PV work

Change in enthalpy, 'AH’ at constant pressure is given by

AH = AE +pPAV (1.7
and(11.7)we can easily demonstrate that
Qp =AH (11.8)

Comparing Eq(11.4a)

Thus, from Eq.(11.8) heat suppli
in enthalpy.

Thus, we have proved
and heat supplied at ¢
Hence, heat evolved

that heat supplied at consta

nt volume, q,=AE
onstant pressure, Qe=AH

- Since E, P, and V are state functions sg according to Eq. (11.6), enthalpy s
also a state function,

AH is positive when the heat |

Processes involving solids ang
change in Volume (AV) is ve

liquids have their aH = A, since
PAV in Eq. (11.7)

term
¥ small and closed to zero hence the
can be neglected. '

T o e - '; .\_-_--—n;;-;"_ﬂ‘-:—'::’i‘._-:_. L
7 B ezl -Lﬁ—;}fﬁ:.éﬁaﬁa :éigw %iﬁ 2 here'
When 1 mole of : : tmosP
€ Ot ice melts at 0°C ang constant pressure of 13

: 1 wat
8%225 Jof heat js abs;orbed by the System. The molar volumes of ice and W2
920 and 0.018 gms. espectively, Calculate AH ang A,

(.',‘lu,*mislry Grade XI 349

dering the sign cOnvention, 4 |

ed at constant pressure is equal to change

eat
€at is absorbed and it is negative when the. hea
is released by the system, '

erar.e _

T =
N -
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! g}ﬁﬁm
a. AH:qp=6025.l
p=latm
PAV=Px(V,-V;)
-1atmx(0.018dm’-0.020dm’)
PAV=-0.002dm’ atm

e 1dm’=atm=101.25J
9
PAV=-0,002dr? atmx101.25)dr atm=-0.2025)

b. AH=AE+PAV
AE=AH-PAV
=6025J-(-0.2025))
ﬁl Stélﬁi‘:E=6025.20J
Th ard Enthalpy Change, AH°
?ﬂosph:.i:h:ge in enthalpy measured a
sy e:;’thssure when the reactant and pro
W Z standar.d enthalpy change.
e mentioned that there is no way

halpy of
iy of
| a substance; only values relative to an @

ﬁi-‘eﬂ'nlned
- Furthermore, it is important to state the conditions
reference PO

t room temperature (298K) and one
ducts arein their standard (natural)

to measure absolute value of

rbitrary reference can be
under which a
f conditions of
ressure, for

~on s
Mﬁm;ﬁ""md. Thus, arbitrary
! and pressure. These condition

Al -'hem'_
Mical measurements, are 298 K (25
hese conditions is described a
He.ge THIS implies

| AH® of A e
ir |and natura! state at .
L AH% fOr reaction

i Iy é'F::_:hange- measured under t
Yy, °"9e and given the symbo

g, Siny .
{ay, Pherg :i:?_edlnthe_reaction areint
By, Pondg ¢ is state is called the stal ard stat

b %st 10 gaseous hydrogen. oxygen and quUId water

St
IS fand normal state or stan
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5 e g TR A AN e T

SRt e
Gt G e e st

e

A Hor = ZAHDEPFOdUdS] — E A Ho(é'e-act ts]
. an
corexample,  2Hzg + Oz = 2H200 A Hoeaction =-572 kJ mol
=7\ mol”

) gtandard Enthalpy of Combustion (AHc")
fi:fs the dmmz‘ af heal proauced wihenh one mole of a compound in it
b standerd state 15 complelely burnt i excess of air or oxygen at 298K and if f-f
: W;u!?:A" the substances involved are in their standard states and the reacfig;‘
i carried out under standard conditions, i.e. 298 K (25°C) and one atmospheric
the enthalpy of combustion of CHa is -890 kJ mol.

 pressure. For example,
—»C0.-+27H0 AH, = -890kJ/mol

CHyg * 2029 200

= g
-74.85kJ) mol™, —393.50k/
at of combustion of the

il

The heats of formation of CHag) CO20) and szfg) ;ré:
" mol' and —285.81kJ mol”, respectively. Calculate the he

- following reaction. : ==
CHyg + 202 — COxp +2H:00 AH®, =7

Solution: :
Heat of the reaction = AH, = Z[AH; products] =2 [AH? ”“'“_'"S]
_[AH.,, +24H 0]

| : 5 ~
. ﬁHc =[AHfC02 +2AH{B;0] 1
AH? =[-393.50 +2 (-285.8D] ~[-7485* 2 x0] kJ mol =y
 AH, =[-965.12+74.85] Kl mol”’ = _890.27 kJ mol” £

: The potential energy stored in food stuff if%*E*Pe_f—!"’e“‘?"Y | determ;:zc;l:);
t‘_;':l.ltal_usticm analysis. Calculate ydu,r daily intake of food calories: theme S|
aﬁoh is given in a_n.-.exa_m.ple_.givgn;.DBIOW- TS e frams of
ooy culate energy > vailable from food, muliP 112 b the esit
o Nvdrate, protein, and fat by 4, 4, and 9, respectively ey o
%Example One slice of bread With a tablespo?
X 5 16 g carbohydrate, - _gg;..pﬁ_ojté;i;nﬁ and}/ e -

ed'" this intake. e e
5"-"‘_'."iofr;f:? :155..?§;.carbﬁhy.ﬂrate;-x-.zt.- kcallg = L ¢
‘ -7 g protein x4kc|/g FieR
~ 9gfat xokeallg kel

e e M T

\
o
."AI
©
S
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A=

(V)

ole of water. A strong acid and a strong base are completely jonjzeq in
::lztri:;n The reaction between such acid and a base is given below. The fo|
net reaction takes place in neutralization reaction,

" £ Nautralizati _&_.}E}r
Standard Enthalpy of Neutralization (AH%) e
It is the amount of heat evolved when one mole ydrogen ions,
f alzid react with one mole of hydroxide ions, (OH") from a base, to f
rom an acid,

(H*)

orm

Owing

OH +H"—— H0 AH° =-57.4kJmol™

Since, the same reaction occurs for neutralization of an

any strong base,
-57.4 k) mol™.

(vi) Bond Dissociation Energy

Bond dissociation energy (BDE) is a
measure of the bond strength, It is defined as the

enthalpy change taking place when a particulz
bond is broken at 298K, e.g. BDE of H, is

k)/mol, 0, is 499kJ/mol.
11.6 Heat Capacity

There are three different heat ca
heat capacity, and molar

for exam le, is ' Of the Substanc
Ple, is 4184 | o and hey

Capacity
209.2 j k-1

hence their heat of neutralization is approximately the same jg.

y strong acid with

Reading check
Define the following:
® Standard enthalpy change AH’
® Standard enth‘?lpy of
formation AH, :
" Standard enthalpy of reaction AH’

* Standard enthalpy of combustion
AH;

& in gram, The specific heat of waté’
of

=(50g) (4.184 g

(11.9)

30 g of water can be calculat

K1)
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If we know the specific hea o
t and amount
of s
B i s T o Stance, (e GraL G
been or released in a particular process. Th nt of heat (q) that has
ine heat change is given by - The €qulation:foricalcinting

q=msAt
or in the light of Eq.(11.9) and 1 (11.10)
N 1.10 may be writt
g = CAt ApE
(11.11)

(iii)y Molar Heat Capacity
In chemistry we com
e across another unit of :
Molar Heat Capaci ; : it of heat capacity that i
i ofpac’{V- It is defined as the amount of heat requfre;fy to f‘“!;'s zt;e
h snaone mole of a substance through 1°C or 1K The uni il
eat capacity is J mol"" K. /7K. The units of molar
11.7 Calerimetry |
The
are measureiin:::?rlizyaih:ngesp brought about by chemical or physical processes
pparatus called the calorimeter. 7; :
5 s _ . The process or method
change_:qremen t of X thalpy changes during chemical reactions or physical
Ly s ca{/ed calorimetry. Here we will discuss the use of simple constant
re calorimeter for the measurement of enthalpy changes. '

Meas% ement of Enthalpy Change 4 -
o me. enthalpy change?s qccurring in chemical processes may be measured
v ain methods. One is direct calorimetry and other is. indirect calorimetry.

+ Direct Calorimetry |
s In a calorimeter, heat changes (AH) of those rea
OIfIan completion without side reactions. For example,
cal .aq”‘EOUS solutions of a strong acid by a strong base, can be meas

Orimeter, s ,
°°nsist5A schematic diagram of
feactiq of an insulated container in which

.eatgen under investigation is carried out.

erm Nerated cause an increase in temperatu

Ometer. :
::'he heat given out by the
it rom the specific heat of
Usj of heat (Q) evolved or 2
€quation. 3
gy Q= n C AT where, n may be taken @ number of moles and Cis th

ctions are measured which

the heat of neutralization,
ured by a

meter is shown in Figure 11.3. It
ction vessel is placed, wherein the
exothermic reaction, the
which is measured with a

a simple calori
area
In case of an
re of water,

gained bf the water
he temperature change, the
action can be calculated by

actants = heat
the system, and t
bsorbed in the ré
e molar

e s ;
Pacity and AT is the change I" tem

perature.

=iy Gt aite Xl

B el
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Reaction
mixture

| Aty A R =
When 50 cm3 of 2 mol dm=3 Hcy is added to 50 ¢m3 of 2 mol dm*N
solution. The temper

ization
ature rise s 13 6 °C. Calculate the heat of neutralization pe
mole where the SPecific heat of water I$4.2 ) g g1,
Solution:

ity 0
. e denslw
dens; >0 We can Use the density of water instead th
ensny of Water = 1gm/cm3
ass of Sﬂlution -

on=p . t° x ¢
Heat neul:ralization :

=.100><13.6x4_2
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Y e

it 11 Thermochemlsm -

Initial

+Q p Final
State State
+q1 +Q3
C D
+q2 -

Fig. 11.5Two ways of changing A to B.

—

Following example of formation of Na2CO; with the reaction of NaOy
CQz illustrates the Hess's law

Single step process

ZNaOH  + CO,, —Na,CO, ., + H,0, AH=-8908k
Twe step process |

 NoOH, €O, UK NaHCO,,, Dy =-4806K
NaHco, *NaOH,, %%® Nagcom *+H,0,, DH, =-4102

Aceerding to Hess's Law DH = DH, +DH,
Putting the values e

DH=- 48.06 - 41,02
DH =-89 08k)

| | _ ions O
BY applying the Hesg's fay the heat of all those reacti™ "
calculated, which

_ : ications &
cannot be measyreq directly. Some of its applica
follows.

Heat of Formation
Carbon Monoxide, for
oxygen, but along with carbon

' eactind camonsa
example, is _prepafed by react’™ ed
determine the heat of reaction

05 7 form
Monoxide, carbon dioxide IS- als;hod is ”’ed .
for co formation, an indirect M
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1
cw-u-zoz@%%@ O,  DH=?
) Cy*Oup %% CO,,, DH°, = -393.5k) mol”’

! 1
i) COG* EOZ@ % CO,,  DH°,=-2857kimol’

gbstracting equation (ii) from (i) and similarly subtracting DH, from DH, We get

o
Co*30u %0 CO, DI =-10888K mol’

The lattice energy can be calculated from the available thermodynamic

data by a cyclic process known as Born-Haber Cycle, which is based on Hess's

!
[aw.
119 Born Haber Cycle

The Born-Haber Cycle /s
thanges which occur in @ closed cycle from
zero, This principle involves the law of conserva
the first law of thermodynamics.

based on the principlé, that the sum of energy
the same initial and final states, Is -
tion of energy in accordance with

| The Born Haber cycle may be considered for NaCl as an .example. The
 Standard heat of formation AH' Of NaCl is the amount of heat given out w/?en
| one mole of NaCl is formed from /s elements, solid Na and gaseous cf:i/om:e.
attice energy cannot be measured directly, but it can be dgtermmed indirectly.

e measure AH? for NaCl as follows:

Direct s | S, AH°‘=—411.kJm0"
| NES LG ENE ) e s et
StEpWiS(':*.‘ : | AH;’U,,=109Uf"°|_1

) Na(s) >N s AHgE.—_496'kJ mol”

Na’ . +€

i) Na@ — Na |
lowing two Steps:

* Similarly cl is formed in the 0 i
ol M, =242kJmol
iii) Clz(g)—-) ZCI(?_) AH'EOA::_348k_JmOI-1
W a.+& ~Cg e i
@ S AEE NaCl(s) AH, U

v) N‘az;) + Clg)
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Unit - 11 Thermochemistry

summarized as follows

The various energies involved in Born Haber Cycle for NaCl cap

AH%
Nay +%2Cly, — Nacl,
: AHO =3
%AHOD'SS DEA = e
I P Clm % Cl 8)
f (0]
AHOS b &H IE +
. > Nag — Na

.+ According to Hess's law the sum
formation of NaCle). '

D =— o o 1 o
AR’y =AH s TAH LE +§AH Dige! AHOEA + AHﬂun

Ay, =AM Ak, A -]

2

= ~411kJ/mol-109k}/mol-496k)/mol-121k)/mol(~348k/ma)

AH,, of NaCl,,=—789kJ/mol

Example 11.5

5 AHoDiss —AH®

0
— AH= —405 gk;

of all the five steps lead to the heat o

EA

AHsup=

e -

AHou=-—334.7 kJ/mol

rts) —

— Br,, 7]

K, AHi: =414K1/mol

+
5 K

Chemistry Grade X! 350
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Thermochemistry

KEY POINTS

hemistry is the branch of chemistry which deals With the heat
Thermochemistry - d physical processes Mg
involved in chemical reactions and physical p

The reactions are exothermic if internal energy of the reactants i reater g, y
[ . : ;
that of the products. ; _

The difference of internal energy is released as heat energy.
The reactions in which th
the reactants, heat is ab
endothermic reactions.

e internal energ
sorbed from the

y of the products is greater than that of
surroundings such reactions are ¢z

Standarq €nthal

Py Change, AN |
Préssure when, allthe feactants arlwsder:th; P change at 298K and 1 atmosphe
Standarq enth B

Uctsare in their standard states.
ange ¢ 2

0N (AHe)
its gla

T
€at absorheg by a system, in raislr gg
S RDIS of heat capacity is Joules P¢

fro : % gato?
Haber cm ul available thermodyna

1 a .
k y S
. “ycle, Which is based on Hess
prln(j "

® that the total enthalpy Chf:ss e
"9€s of al| the individual $

=
>

d
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.11 » Thermochemistry

Choose the correct Optlcm

mole is expressed fn' the units of

$ ! AH per
F akJ b) °F c) °C d) K
l 7 Which one of the following is NOT a state function?
a) enthalpy b) heat ¢) temperature d) pressure
3. For solids and liquids
a) AH=AE b) AH>AE c) AH < AE d) AE=0
4 1kcalis equal to
t a)41.8x10° ) b) 418x10° )  ¢) 4.18X10°) d) 0.418X10%
| 5. Standard enthalpy (AH®) for 1 mole of a substance, which exists in its natural
state, at 1 atm. pressure is measured at

‘ a) 0K b) 298 K ) 273K d)0°C
6. AH can be measured indirectly by applying

a) Avogadro's law b) Gas laws
d) Faradays law

c) Hess’s law
| 7. Enthalpy means _, e
a) Disorder b) Transition state .
’ d) Heat content

¢) Rate constant

& No work is done at 2 — e
one at constant - s
g a) Pressure  b) Volume 0 Temperature ~d) Mass
Heat capacity de d g '
pends on T
a) Pressure  b) Volume ~ ¢) Composition. d) Mass
is spontaneous?

10. Which
one of the following reactlons
~ a) Endothermic  b) Exothermic ¢) Reversible d) Irrevers:ble |
The en terinadamis |
S10) poeseases by £ _ b) Kinetic Energy

3) Pote t == Too =
i ] ntial Energy = : _ d) Heat Energy
12 ectric Energy the process is
hen heat is absorbed from the surroundmg,
b AR | b ‘Mechanical
eversible :
| Q) Exothermi d) d) Endothermic. ; 2
3, I : s lecules or atoms of @ substance is
€ sum of all the energtes of all e oS
| I ed |tS kS i - = -
)Spec £ f= : b) Heat capacity
ecific heat d) Inter_nal energy

9 Latent heat
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14. Which one of the following processes has AH positive

a) lonization energy b) Electron alffmlty .
¢) Combustion d) Exothermic reaction
ShortQuestlons =

1. Explain the following short questions with reasons.

(i) Total energy of the system and its surroundings remains constant
(ii) Ionic reactions are very fast.

(i) The work done has positive and negative values.

(V) Heat of combustion is always negative.

(V) Enthalpy change is a state function but heat is not.

(vi) AH for solids and liquids becomes equal to AE.
(vii) Enthalpy of neutralization of strong acids and 'strong bases has always
the same valuye. 2 -

Numerical

1. Apply Hess's |aw

iodine from the fol
) Hag) + 1y
i) Mgy + 1y,

_ AHE for-the s blimara toeasnde ]
= 2Hly AWe - 5 |

= 1-8"‘(,] mOI-]
= ZHI(Q) _&Ho

2. Calculate h =-105kJ mol™ (A5 623 K mol”) |
followi matof 1:C’ff'f'tati'::-n of an = n g m,thq
(E; AL N aqueous solution of NHiC! fro™:
| NH3{9} +a = 2
b q . | ]
(".). HClg + NH3(aq) AH® = -35.16 k) mol”
(iii) L SEHERS

; =
HCl -9 AH° = -72.41 k) mol
(agq)—> NH4CI(aq) AHO'-'»- -S|.48 kJ mol-‘l

o |
(Ans. -159.08 km 4
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~ Liquid ethanol 1when burnt in oxygen at 25°C liberates heat i.e. AH°= |
1402.14 kJ moll1' . The hgats of formation of CO, and H,0 are -395 50 and_-
28581 kJImol , respectively, at the same temperature. Calculate the heat
of formation of ethanol at 25°C. (Ans.-242.37 k) mol™)

A chemical reaction takes place in a container of cross sectional area of
001 m? fitted with a weightless and frictionless piston. The piston is
moved up through 0.01m against an external pressure of 101325 Pa as a B
result of the reaction. Calculate the work done by the system. (Ans. 101.3 J) .

5. Determine AHC for the following reaction with the help of given data.
2Cs) + 2Hag — CoHag) - Al = A

) Cy+Og  —> COxg) AH®; = -393.5 kJ mol”

|
: 1
i) Hag + 5 Ozg — H200) AH®, = -285.7 kJ mol” e
iii) CoHag) + 302iq) = 2C029) * 2H20) AH°; = -1430.9 k) mol” J_._.;
' . (Ans728kmol”) i 7]

—

fic heat capacity of iron. = 3
ermine the weight of the bolt and —

water in it and leave for a while so =

omes to an equilibrium and record

| Determination of speci
Take two beakers and an iron bolt. Det
record it. Place the bolt in a beaker containing

3 the temperature of the water and the bolt ¢ _ _
I the temperature of the water by a thermometer, this corresponds to the

temperature of the bolt. Now, take another dry beaker and record its weight. Add
- 100 mL water in this beaker and weigh again. Find thtl'-_.'__- weight of the wa'ter by
difference. Heat the water up 1O 70 to 80°C and trans-fer.the water into a
Glorimeter. Record the temperatu f the water T1 in calorimeter and transfer i 2

re O
the bolt from cold water to the calorimeter and record' tr:e temperature of water ;
M Calorimeter carefully. The temperaturé will fall to a minimum value. Record ;‘t as v
2 Calculate AT=T;-T; heat delivered t the bolt by water qu=Tw X Sw> AThwt tel:e rin
™ and s,, are the mass and specific heat of the water.‘respectwely. Note Ff.ah i
Qfme amount of heat, (Qp=aw) has been absorbed by the bolt. Thus,specific hea
o bolt, s, can be calculated as sp=qb/Mb. 3 =
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= Give the characteristics of a Redox reaction. (U nde_rstanding)

* Determine the oxidation number of an atom of any element i, 3 F"Ufe;;;.
substance. (Applying) = : 3

* Define oxidation and reduction in terms of a change in omdat]on
 number. (Applying) ' 34
* Use the oxidation-number change method to ldentlfy atoms belng ox|d|zed E
orreduced in redox reactions. (Applying) | :E
* Use the oxidation- -number change method to balance rede‘g
equations. (Applying) ' - ;3

" Balance redox reactions that take place in acnd so!ut|ons Break a redox:

|'

to _bala_r_;:_ce_. j-._a n ;;q-r_];ba_l_-an(;ed_'_ a redox
DEﬁne cathode anode, electrode potentlal and S H E (Standard Hydrogen
Electrode). (Remembering)

Identify the Substance oxldlzed and the SUbstance reduced m a d
cell, (Applylng) = | |

il
ol
Sl

S TS TNl

I an_t_:hin_g
10
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12 Electrochemisiry

, Use the activity series of metals to predict thé products of single
replacementreactions. (Applying)

Define cell potential and describe how it is determined. (Understanding)
Describe the reaction that occurs when a lead storage battery is
recharged. (Applying)

» Explain how a fuel cell produces electrical energy. (Applying)

. Define the standard electrode potential of an electrode. (Remembering)

» Distinguish between electrical terms such as coulomb, ampere and

volt. (Understanding)
* Stateand explain Faraday's laws. (Understanding)
+ Describe how dry cell supplies electricity. (Understanding)
* Explain how a lead storage battery produces electricity. (Understanding) -
« Define corrosion and describe simple methods like _electrgplatlf_*g. an

galvanizing forits prevention. (Applying)

- ction
. deals wlth the chemlca!

ch

Ch Of Chemlﬂc?; ;:c':tnc current and conversion
< The passage  of electricity
ompanled by a chemical
through them in

3 E'lectio'chem:IStfy IS t'He bran
th Anges that take place in the matter by Paszaa - versa
energy into eiectncal energy an .
he solutions of acids, eiectﬂl
-‘ﬁ-$uch substances which allol;r;d electr0| yte ; certam =
rin moltenform are fEl . your i owledge abou
= efre i
, you WIII 1 f;,h emis ry s

hrough them are known
Ag etc. is due to

&
ild“Ctt:nrs :
¥eq, Substances which allow hefion etallic con¢ .Udﬂsijczl'%l':an;]e, while passage

“on tin meta’
“\e duCtors The flow of curren etaIWithOUtan
Vement of electrons inthe ™ of acids

leqnc'ty through the solutions €

e
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Eledmwges bstance which in solution or in molten state conducts gf
The su

or weak d '
called an electrolyte. Electrolytes may be strong epending
extent of ionization.

Electrolytes e <
Strong The substance which is completely converted into its ions i the g
or in the molten state is called a strong electrolyte e.g. NaCl, NaOH angd y
Weak Electrolytes | : i

The substance which is partially dissociated into its ions is calleg 3 weak]
electrolyte e. g. NH4OH and H.CO:s. .

Electrolytic Conduction or Electrolysis .

Electrolysis is a phenomenon in which chemical change takes place att
surface of electrodes due to the passage of the electric current. On passing th
current through an electrolytic solution, ions migrate to the opposite electrod

where the gain and loss of electrons take place which bring about the chemi
change.

Ectriciy i
Upon the

Olutigy
2504.

Application of Redox Reactions and Electrolysis
Some important 3

pplications of electrolysis on industrial scale ar 35;
follows: -4
1) Batteries use oxidation and reduction reactions to produce direct CUM
(DC).
2)

3) Many metals ar

4) Production of h

ydrogen gas by electrolysis of water

o) Manufacture of heavy water, p,0 f fus
6) T:m metals, like Na K. Mg, Al etc are obtained by electrolysis ©

- E ectrolytes containing these metals, thesi‘d

OMmpounds, fike NaOH, kon Na,COs, KCIOs KMnOs etc. are SyN
by EIeCtrOIySis_ £ 3, 3,

g ing i ool

) f:;:?spf:;:ig 'S the process of Coating an object made Of inferi0

or 9

9) Purification of m;:atL:)y electrolysis is known as electroplating e

re (V

deposited at cay, electrolysis. In this method P7° g
etc., where anog ?de fr_°m a solution containing metal 10"
= 152 piece of impure metal,
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12,1 oxidation-Reduction Concepts

1.1 Oxidation and Reduction
Oxidation and reduction can be d

s, The Classical Concept
According to this concept, oxidation and r
. The addition of oxygen is oxidation

reduction. e.g. SO; is oxidized to SO;3
C by removal of O, ‘

efined in different ways,

eduction are defined as

wh.ile the removal of oxygen is
by gaining O while €O, is reduced to

#

BN =y, 2503 (oxidation)
CO; =) (reduction)
The removal of H,is oxidation while its addition leads to reduction

reaction. e.g. NH, is oxidized to N, while Cl, is reduced to HCl. —

2NH; ~ —— N+ 3H; (oxidation) ==
: H, + Cl; ——— 2HCl  (reduction) =
+ Hectron Transfer Concept ) s

This concept is about the transfer of electrons from one element to

2
"other. The concept is explained below. et oaiel

The atom which loses electrons is said to be oxidized and this process Is ==
lleq oxidation. The atom which gains electrons is reduced and the -

2 ®"omenon is called the reduction. In terms of oxidation number an '”Cfeasi;': =
E:'dat‘f-"n number is oxidation and decrease in oxidation number is reduction. =

Mple | "
ation number;

3+ = increase in oxid B
A':sr-—————rAlm, + 3¢ (Electron loss and increas

oxidation) '\ oxidation
2 = and decrease In O
ulacn+ 2e‘———»CUm (Addltlon of e'.edron g
number: reductlon)
+3Cu,, (Net reaction)

3+
fagis ZA!(aql

R 12AI“’+3CU »

| 2Xidati°n State or Quidation Nul_l/';:;fe positive o negative, which 21
3tog, € oxidation state is the apﬁé‘feﬁt i‘s: = f'fe;e nt from

' "’iie

|

the valency becat{se
ve or negative

its oxidation

tes the pOSiti
described by !

W?“fd have in a molecule ot 107

Ny : indica
thy Vi . i tate IN
.’t-h&rg S only a number while oxidation > - atom is

e
";}“mberof the atom. The oxidation state - llowing rules.
R ¢ “hich is assigned according tO the:;r ion num
!Th, . assigning the Oxidation m'm{ is zero, €9: oxidation
B8 Nidation e lemen '

Q, . dation number of a free € -
R AN |

per of Hz
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Unit -I -’- ¥ Electrochemistn

dation number of hydrogen in its compounds is +1 but in metal]
ii. The oxiaatio

Bt e _NaH and MgH.. . . s
?ﬁdnd?;al:i!c?n L'uerfberaof oxygen in the compounds is -2 but in peroxides itis
jii. The oxi

-1 and in OFz is +2. :
\Y TL: rc.:»cilclation numbers of the elements of groups I, Il and Il in the compouyngs
are +1, +2 and +3 respectively. . =
v. The oxidation number of the halogens of group VIL in the binary compounds
Is=15 e
vi. The algebraic sum of the oxidation numbers of all the atoms in a molecule s
Zero. - : .
vii. The algebraic sum of the oxidation numbers of all the atoms in an ion is equal
to the charge on the ion.

e

Example 12.1: r PP L T e

Calculate the oxidation number of Cr in KoCr07.
Oxidation Number of K = +1 Oxidation Number of O =-2
Oxidation Number of Cr = X ' '

Putting these values in the formula KoCr,05

2(+) 42X+ 72 = 0
2+42X-14=0 2X=12
| Practice Problem: 1210 ==

X=6-=

Calculate the oxidation number of § in HZSO,, =

12.13 R_ecognizin_g oxidation and reduction rea T

Oxidation reduction reactio e S sy an
: NS are reactions in whi | ns are lost by
~ atom or ion in one rea Sheleeng

chemical reaction.

In any redox reaction
by noting the change i ¥

i 9€ In their oxidas:
oxidation number ic cat Xidation

' = - aaniC
ncept of addit: ® Tom the following example. In _"Irf:'_;: ',
| of oxygen or hydrogen can 2= |
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a) Zn+2H* — Zn*¥ + H;
b) 2Al +3Cu®* — 2AP* +3Cu

golution:
5. Zn is OXi

+1 —0).
b, Alis oxidized

dized (oxidation number: 0—+2); H* is reduced (CxidStoRTIBEr

(oxidation number: 0 —+3); Cu?* is reduced (+2—0).

Thus when oxidation occurs, an element loses electrons and its oxidation
number increases (become more positive). When reduction occurs, an
element gains electrons and it oxidation number decreases or is reduced

(becomes more negative).
(i) Oxidizing Agent
. The substance which oxidize
d”.""g this process is called oxidizing agent. The ©
oridizing agent is decreased in the reaction e.g. the oxi
{Pﬂve reaction is decreased from 0 to -1, therefore, Clz is an 0
(i) Reducing Agent
i Thg substance which redu
9 this process is called reducing agen
i’:f;;'ng agent is increased e.g. the o.xidation num
Bﬂlanz?d frorn. Oto+1soitisa reducmgcagent-
ing Oxidation Reduction Equation® | -
= A large variety of chemical reactions involve oxida'fiqn- and reduction
Ocesses which are expressed in the form of chemical equations. There él:e two

Ystemati :
ematic ways for balancing these equations.

2.14“‘ i d'
4 Balancing Redox Equations b Oxidation Number Method
Oxidatigg and red:ction are syimultaneous processes; collectively called

i idi it ns an
: X process. If one substance in 2 reaction 15 oxudlz.ed. itloses |elei§trg:iuced

ding on gained and
lo ®lectrons and acts as oxidizing agent. The num :

s other substances and itself gets reduced
xidation number of the

dation number of Cl2 in
xidizing agent. :

and_ itself gets oxidized |
dation number of the
bove reaction is

ces other substances
t. The oxi
ber of Na in a

per of electron S
s the basis of ba the redox

Must : il e g : lancing ™=~
Yeatioy, TT,Z é?.iﬂ}n;h':teﬁ?'lffﬁﬁiﬂi n balancing equatior” Pl
i Method. 3 ' |

i, Wr!te down the skeleton of the unbalan;ed redox_ q
ke .:’flte .fhe oxidation numbers over 1 sgm . il |
k. Xidation numbers cha‘nge-duriﬂg the reaction: B 3 i J
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. : ts, which undergo change in thei
i idizi d reducing agents,
Identify the oxidizing an
idation number. ‘
v Ionxdicate the change in oxidation number by means of arrows which sho
- ined or lost.
the number of electrons gaine DS '
v.  Multiply the formula of the oxidizing and the redumr)g f:lgents by a
' number such that the number of electrons lost during oxidation becomes
equal to the gain of electrons during reduc_tlon. |
vi.  Balance the rest of the equation by simple mspectlo?. —
Let us balance the fdi!ow_ing equation by oxidation number method, by
using the above mentioned steps. -

(i) Zn + HNO; ——» Zn(NO3); + NO+ H>0
(i) Oxidation number of Znis 0, o

Oxidation numbers of Zn increa

Nge in oxidation numpers by means of arrows
educed
Zn+ HNO.. — Zn(N03)2+ NO+ H.0O
Oxidized -
Hence, the SPecies reduced anq oxidized can be written as follows
a 0
) il e 2e (Zn oxidized)
() b) HN"503 RS Qs N2+
\'

Multiply €quation (5

: b) by 2

game.d. becomes €qual to the Number ofy |' SO that
coefficients of different SPecies appeq, €lectrons |
takesthefollowing form Rhare

(N reduced)

the number of eIeC"-"':i
! ost. By this way we gch
din €Quation given in part (i) above whi

)by 3 ang (

3Zn(N03)2 + 2NO +02
of HNQ

_ (0]}
ucts g; 310 the Féactant’s side, to balance 6N
37 de. Also by, ;

N +2HNQ; , 6HNQ Nce H

. and O atom by inspection-
RN o 4H,0
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| Now the fi

nal balanced equation is:
37n + 8HNO3  —* 3Zn(NO3)z+ 2NO+ 4H20

e Redox Equations by the Half Reaction Method
he /on electron method. No.

method. It applies to redox reactions

(2.1.5. Balancing th
This method of balancing is also called t

numbers are assigned in this

oxidation

1aking place 1N aqueous medium. The following steps aré used for balancing
edox equation by this method.

i one for oxidation and the other for

to two half reactions,

ly the oxidizing and reducing agents.
both sides of the two half reactions

e added on either side.
gen and

Split the equation in
reduction showing on
i Balance number of atoms on
independently. In neutral medium H20 and

In acidic medium the H* ion may be used
H,0 can be added to the other side.
v Balance the charge by adding electrons

charge.

v, Multiply each half reaction by a number chosen sO that the total number of
electrons lost by the reducing agent equals the number of the electrons
gained by the oxidizing agent. - e =
: he multiplications. Cancel anything

Vi, Add the two half reactions resulting from t
appearing to both sides in the net equation e
ot i he number of atoms and the net

i, Check the final equation
charge on either side.

H* canb
i for greater number of oxy
(e) to the side deficient in negative

: Balance the
Medium by ion electron m_et-hod.
i I_+NOZ s IZ 7 No -
t) Split the reaction into two half reactions,
reduction
| . idation T ho
B | ein oxidation number s
Z)) Pjo Nlé' L "+ vion number of N's
[ p —
) Balance the number of
excess side) and H20 t© ot

he other for

e for oxidation and t

on
WS oxidation)

hows reduction)
ding H” (oxygen

a)21Il” — i
+ + H
BNO. 20— o?hc')si de: of each half reaction b

i
_tBa]a_”Ce the charges o" |
- O either side.
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Unit-12 Electrochemistry

a2l —a- w26
b) NO; + 2H* +2e- —— NO+HO _

iv) The total number of electrons lost and gained i the t‘WO half reactions are the
same: So adding the two half reactions after canselm_g the electrons Jaineg
with the lost, we get a balanced net equation. I

s SR
b) NO, + 2H* +2¢ —— NO + H,0 |
Balanced equation 2H" +NO, +2I" — NO + I, +H,0
* 12.1.6 Chemistry of Some Important Oxidizing and Reducing Agents
a) Reaction of Oxidizing Agents : |
Potassium dichromate (KyCr,0;) and KMnOy (potassium Permanganate)
~arestrong oxidizing agents.

1. Potassium dichromate (K,Cr,0,) is a strong oxidizing agent. In presence oiJI

dilute sulphuric acid it acts as a strong oxidizing agent and oxidizes a number of

compounds. In all these reactions chromium ion is reduced from-_+6 to +3
oxidation state.

) It oxidiggs iodide to iodine i
 KaCr07 +6KI + 7H,50, ——» Cra(SOy)
ii) It oxidizes ferrous salts to ferric salts.
KeCTa0r +6FeSO4+7H,S0, —

2. Potassium permanganate (KMnoO,
of dilute sulphuric acid it acts as a str

3+ 4KQSO4 +_3I;+ 7H2_O

74 : 3
CrZ(SO4)3+3|;92(SO4)3+ K2SO4+ 7H.0
) is a strong oxidizing agent. In presence

Ong oxidizing agent and oxidizesa number
of compounds,
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! sulphur dioxide (SO;) is reducing agent in

i. SO reacts witﬂ KIO3 and reduces it to
2KIO3 +5S0; +4H,0 — 2*12
ii. SO reduces KMnOyx in acidic medium

3 7 1 1 -
i# 2KMnQO4 + 5S0; + 2H,;0 —— K25604 + 2K/|2I'1564 + 2H2§64

2 Electrodes, Electrode Potential and Electrochemical Series

An electrolytic cell is composed of two electrodes suspended in an
dectrolytic solution. They are connected to a battery. The electrode, by which
dectrons enter the solution, are connected to the negative terminal of the battery
. and serves as a cathode, while anode is

| onnected to the positive terminal of the
" battery where the electrons leave the cell.
The electrodes are metallic plates, wires, or Anode
¢ 00 through which the current enters or
; leaves the electrolyte in a cell. The positive
dectrode is called anode and the negative
Yectrode is called cathode in electrolytic
. The electrolytic solution contains ions
Produced by the spontaneous. dissociati-on
f the dissolved electrolyte. The POSit':e S
5, called cations move towards the — '
"Gative electrode (cathode), whereas, the mdm. _u"".
*9ative ions which are called anions move Figure 12.1 Electrolytic Cell
MWards the positive electrode (anode).
When the current passes throu'g!'l t
' " 3ode, They get discharged by gving
I

the acidic medium
12.‘

+

*& a
S04 + 3H2$04 +15

e e — S — . LT A8

he solution, the anions Move towaTr::
their electrons to the e_Is_'ctr-ode.tend

n. On the other hand, the cations :
t.le electrons from the electrode a

10 - -
*f electrons at anode is called 0xidatio "
ccurs at cathode. The two half-ce

, &
: “‘éumove towards the cathode. They gain

s taking place at the two electrode — 26 (oxidati_on)
At anode 2x~! M (reduction)
_ s _

: +2 ]
At cathode M*“+2e : %, + M | e
< : n and LIS
Net Reaction ~2X""+ ¥ ¢ are gained by the metaie

n ns are lost in
o il e s eledrgame' aumber of el‘?::g in reduction is
ai
electrons 9 :
mber of

' u@
Po
uxidai!tecj on cathode whereas the
E " The net result is that the nu
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Unit - 12 " Hectrochemistry

equal to the number of electrons lost in oxidation.
Electrode Potential

When a metal strip is placed in a solution of its own ions, there are .
possible tendencies. _
(1) The metal atoms may dissolve as positive ions.

M— M +e (PR == = L

In this way, the electrons are deposited on the metal strip and jt _aciquira
negative charge, let us call it as an electrode. g i
(2) Another possibility is that the metal ions- present in solution n{ay.take_'
electrons from the metal and get discharged as atoms on the metal-surfzg

It imparts a positive charge to the metal plate. ' ’

M'+e-— M (12:2) | 2 |

In either of these cases a separation of negative and positive charge
takes place between the metal plate and the solution immediately close to
metal surface, and hence a potential difference is set up between the metal i
(e_|ectr0'de).and the nearby solution surrounding the metal plate. This pote
?/;ﬁers/:nce is called sin_gle electrode potential or simply electrode potentiai.ﬂ@

e electrode potential of an element is the potential difference between?

jg;ﬁ?q; solution of its ions and the element when it is. in equilibrium with !
o Such arrangement of an electrode dipping into a solution of "
called a half-cel/ g %

It is impossible to measyr

e the potential di an elec®
and the solution makin potential difference between 2

. 5 T 5 4
cell creating its own electrode potentsal.- Ths =

voltmeter will reaq the d
fference in i od® o
Potential between the two elect’® n

.

For this Purpose, hyg

: rogen : tr00€ "
Eo;entsal has arbitrarnygb lectrode is used as a standard /e il
Varogen electrode ( €en as

: A
SHE) signed a zero value, This is caflled -isu[ed
reference to SHE. * "€ potential of all other electrodes i m,? -
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Electrochemistry

The potential created when an electrode is in contact wi

solution of its own ions at 298 K at one el r:SC Wlth one molar

standard electrode potential of the element with refer;)ncesl:re : known as
hydrogen electrode. It is represented as E°. Now, wheneverotf:ee S,tandard B
potential of an element is to be measured its half-cell is connected withese:;rsr?j =
2 voltmeter, connected between them, reads directly the potential of the =X
electrode under investigation since the potential of the SHE is chosen to be zero. =
A rod of zinc, for example, will bear an accumulation of negative charges.

This is due to the ionization of some of its atoms. The negative charge on the Zn-

rod will attract an atmosphere of positively charged zinc ions around the rod to . o,
form an electrical double layer as shown in Fig. 12.2. The equilibrium can, 7 04

therefore, be represented as: i

el : -
Ing =———— Zn**ag+ 2 € _
AN T

The potential of Zn electrode can be measured by connecting this half-cell
with the SHE. |

s Differentiate between
oxidising agent and
reducing agent with ]

~ examples. =

s Define electrodes,
_electrode potential and
oxidation number.

=« Name the two types of

electrodes and the ions

discharged on them.

Fi - 2 4 - 2 3
9.12,2. Equilibrium between zinc and its ions in:solution

Cajf R : _ S
€action a I Voltage _ ,

Tabie 12:dc§: e useg to predict the reaction and voltag-e of any cgll

- MSisting of an, e s net reaction undergoing in a cell is

i '?he a 9ebraic :ny _tw: t;f:w:rhalf re i pla'ce at the two electrodes. For

iy um o - :
NCe, the H,/Cu2* cell reaction €@ _
| G e e 2H % CY

C hemistry Grade XI

L3
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The cell voltage rec _ )
potentials, one for oxidation and the other for reduction. Hence, the cg|| Dotentil
can be written as;

Ecell = E%Red+E ox
or Ecell= Eocamide - _F-fagfdg Se=a s
,E_xari}ple 125 '

Calculate E°cen from the following half-cell reactions.

Zn — Zn®* + 2e° Eoeg = -076V  of  E= +076V

Cu**+2ec —> Cu E°red = +0.34V '

Bl = E°Red + E%

B = 0344076 =110V s e
Example 12.6 T

Calculate cell potential of a galvanic cell composed of the following ti
half cells. Write their half-cell reactions.

Pb%*/ Pb E'Rea = -0.13V

C'lz/ Gl Enged = +1 .36V

Pb — Pb® +2e E req= -0.13 or E°ox= +0.13
Cl + 2e- — 2CI" E'red = +1.36V

Eocell = E%req + EOOX

E°cell =1.36V+ 013V =149V
Standard Hydrogen Electrode, SHE with@

A standard hydrogen electrode consists of a platinum foil, coat! 38 !
layer of finely divided platinum for the purpose to increase its surface % g

: in IMF
hence, to increase the rate of reaction. This electrode is susp“’“de':1 ¢
solution at 25°C '

a®
Pure hydrogen gas is bubbled over the platinum e‘edro?:ctmd“ ':f
atmospheric pressure. The standard electrode potential of &V v

Zf:f;r'f:e by combining the electrode with SHE. Since £ ©f T:t g
'S Zero in either case je. reduction as well as Ox‘datl. f

below), so the measured sial of ™
' ured potential i de poten ol
electrode. When SHE a¢ P is the standard electrode P lac

tsas a idati as ta
surface of the electrode ac. nade, oxidation of hydrogend

% as follows,

2

Helg] EO"'““'v-—-—-—'-—-._&__ 2H* .2 e Eo e 0 VO't wfifteﬂ
€, £ stands for > g - mbO“Ca 5

E°t2/24") and when SHE actsstandard oxidation potential, Y™™ tak

: en!
at the surfgce of the SHE a f;i'oi:l:hode, reduction of hydrod

¥
{ hermictry €4 atls
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M o +267 = Hagaam E°peg = 0.volt

In this case Ered shows the standard reduction potential represented as

| f(zH*/H .In both of these cases the electrode potential of SHE is arbitrarily given
3

| e value as : 3

rd hydrogen elects

hich has positive

ectrdde w :
anode. e.g. E%ed

e standa |
Fig. 123 p|ed with the €

‘ hen cou s the _
... Hydrogen electrode s < cathode and SHE a = Spomaneously
P value, the electrode will act @ .on of Ha/Cu cell WiL3
Nalye fc' S (+ 0.34V). the reaction. | ==
e of Cu is positive ‘s 26 (oxidatio_n) =
! “ur as follows. : H _——»2H duction)
; e (re : o reduction will take
fe = 29—-'I d with Z0 e'e‘-'trodet-tv: 25 compared t0 SHE-=
Plage t“;t'Ereas, if SHEh isv;Tt:J:jf Eped fOr ZN 15 negatl | {
528 at SHE, se the ' =
R two half r::ci?:ns are as under- 7 2+ -2e% (oxtdatfon) \ :
| e : | (reduction)
e e Ry
oH' + 26 — des. For the
-'ﬂ%“rement of Electrode P"tenual-the potentials of otger;jﬁg electrically
o measure electro®® " stablished. The

3 s i t ned € .
gy, Ve can use the SHE' 5 galvanic cell 5

et
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two soluticns are separated by a porous partition or a salt bridge containing '_
concentrated solution of potassium chloride: The salt bridge is used to proyide E
highly conducting path between the two electrolytic solutions. The pOtential
difference between the two electrodes is measured by a voltmeter which gives
the potential of the electrode under investigation directly as the potential of SHE
is zero. Oxidation or reduction may take place at SHE depending upon the
nature of the electrode which is coupled with it. To measure the «lactrode
potential of zinc, for example, a galvanic cell is established between zinc

electrode dipped in 1M solution of its ions (as ZnSO.) and standard hydrogen
electrode at 25 °C as shown in Fig. 12.4 (a).

Voltmeter

@ e

Salt bridge

Zn Anode

¢
deflection of the voltm 3 voltmeter reads 076 volts and t:c
has a greater tendenc .10 such a direction as to indicate that® ¢

y to g
half reaction ©-alve off electrons than hydrogen. In other words th

eter ne

t hrn“,_h.'r Cirade X
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Voltmeter

(v

{ e

B
Cu Cathode — i :
: Salt brid
: o __ge ; *_Hz Anode
H,
lM Cuso“:aq) E ]M H*
EIE Platinum
Fig. 12.4 (b) Measurement of electrode potential of Cu
e measured using the same

f copper can also b
ution of its

The electrode potential 0

ype of galvanic cell in which copper is an electrode dipped in 1M sol
nder standard conditions, the voltm

s (say CuSO4) Fig. 12.4 (b). U irection.a
134 volts and the deflection f the needle of the voltm irection-as
electrons than

0 indicate that hydrogen has a greater tendency to_give off
reaction Hz@ o LE has a
olt. So the

pper has. In other words, the half
— CU2+(a,q]+29- by 0.34 v
otential of

if:a;ﬂ tendency to occur than Cugs)- :

C ndard electrode potential of Cu is 0.34 volts. It is called reduction P

“ When the sign is reversed, then the -0.34 V is called oxidation potential of Cu
hown as follows.

:

cctiode, The reactions taking place at the rwo electrodes aré s

At anode e 2 H g * 26 (oxidation)
(reduction)

Hloct AMathade Cu?*(aq) +2€

I .roEChemiCal Series

. Every element has

& \ i

pﬂt(:en,cy has been represented in SO on of r?:;:?i?

"emgtlals‘ respectively. The standard electrode potenttals of a large NU

"Efei.::ts have been n';eaSU'red using sta olectrode (SHE) 2 the

:'_requcti;e electrode. These elements €2

o o0 potential. The arrangemen of element
rochemical s

U .
2 crg'on potential values is called €€
o 9 to the recommendations o) UPAC thesé
Oy ._afde'dUC‘tfoh beenz‘;afs (aned)in_ able .1.The s.tanda e - Standard
r‘du;i:ther hand, can be determine jt t by re\{erslng Si 2
'-by‘~cglr..90t¢ﬂtial without changind numer ical va
.Is actually the difference een the '

eter reads

Cu)

:ve or take electrons. This

its own tendency . o
ms of their oxidati
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Unit - 12

half reactions. ' : ‘

Table 12.1 shows the standard reduction potentials of different elemen
acting as a cathode. However, when the electrode acts as the anode and
undergoes oxidation, the reaction and the sign of the value of the potentia| Which

is mentioned in the table would be reversed.
Table 12.1:Standarad

Redhuction Potentials (E',.) of Bt
Li lif+e- = Li 30
KETphve s 292
s i ol -2.90
Ca Ca®* +2e = C(Ca 276
e Na 271
e M e Mg 238
Al AB*43e- = Al =
Mn Mn*2+2e- — Mn =
n_ In*+2e = 7n 076
Cr C*+3e- = (r ._0_.7,4_.. =,
Fg ! Fez++ % =\ Fe < -644

. Ni 'N|2*+IZE‘ i ==l __0.25__ e

| Pb Pb224 e~ -2 Pb o =
Hz 2H* +2e~ — R

T P o

R T o

R e

LA g e S
Hg ﬁg'zt'+ Sy 9 = | +q-$_____,,..

B s e Hg +0,__(F)g_ | |
Ry o

Cod 2 = 5 ™

Au A ane _Au' PRIl T "”1_35;
: F2 |:2+'2e_ S ot _;_+ S
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_Features of the Electrochemical series (ECS)

The following examples show the application of ECS.

[ Any metal can .be replaceq fron'w salt solution by another metal. Element,
aing higher reduction potential will gain electron and that having lower

bl 1

fi )

reduction potential will lose electron. The same statement can be given in
another way as the element placed higher in the series can give electron to the ==
slement below it in the ECS and replace it from its salt solution. For example, Zn =

(E°=-0.76V) is placed higher in the series
(E°=+0.34V) is placed lower in the
y displace Cu from its

displaces Cu from CuSOs because Zn
and has lower reduction potential, while Cu
series with higher reduction potential. Hence,Zn can easil

solution.
Zn[S] + CUSO4[aq] —p Zn504(3q] + Cug
Zn®*@g + Cue
r as Cu is higher in ECS (lower

in the series (higher reduction

Or  Zng + Cu* (g
Similarly, Cu metal is oxidized by silve

reduction potential) and silver (E°=+0.80V) is lower

potential) £
Cug + 2AQa) Cul*eg + 2AJH > ".‘?':-f-l
Moreover, if two metals are made the electrodes a Galvanic cell, the ',T‘Etal

with lower reduction potential will act as anode and the oné with the higher

eduction potential as cathode

123 T ! I
3 Types of Electrochemical Cells _ % :

A device in which interconversion of electrical and chemical energies
takes place, is called an electrochémical cell. Electrochemical cells are of two

Ypes.
- Bectralytic Co

In electrolytic cells, the €

xternal source is used to

y from an €
urification of metals, o

lectrical energ

iNg about a chemical change within the cell. l::leCFFO'Yt'C Rl wtic cells e
gect’°Plating and charging of batteries aré application of electroic €5 Sh4/ 1
el ar Gatuamic Cel energy is converted into electrical energy- : ,3

It is a device in which chemical

Ore £ alvanic cells. 2
Xample, dry cells and lead storage Hletins 70

batteries aré
ction is carried out ‘

3.1 Elect
-1 Electrolytic Cell - ical rea
: 22 : : eous chemic _
0 e RS nont:ir;zﬂ?:e electrolytic cell consists of a vessel Los

Passing :

o - 238ing electric current from ou { < electrodes, are
Szntai"ing electrolyte in which two metallic plates actIHQC:; through these g
-SpéndEd’ The electric current enters and leaves the | |
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electrodes. The electrode connected to the negative terminal of the battery s r
called cathode while the other one connected to the positive terminal is anode,

DC Source

Cathode

Electrolyte

Figure 12.5: Electrolytic cell
When electric current is passed through the electrolytic solution, its ions
move towards the respective electrodes. The anions liberate electrons at the
anode and are oxidized. These electrons pass through the outer circuit to the
cathode. The cations which surround the cathode, consume those electrons, 9!

reduced and deposited or liberated at the cathode. Remember that the numbe’
of electrons lost at the anode is alwa

ys equal to th S ained
at the cathode. q e number of electrons g

. nd reduction potential wi example-
2. How reduction potential value potential with an p!
electrochemical series.

12.3.2 Electrolysis of Aqueous NacCl

Caustic soda, NaOH is ve
on a large scale by the electrolys;
carried out in a cel| called 'Nel

_ _ d
Y Important industrial chemical, -manu'fadu‘rseis
s of aqueous solution of NaCl. The electroly® n
sons cell (Fig. 12.6). 1t is an oblong steel 2

e i
hen

_ aqueo
suspended in the solution, ¢ s

solution of N graphite an
athode is made  NaGl, The OBk

of a sheet of perforated steel. o
taking place at the electr odes 2

v Ciradle X1
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Electrochemistry
alows: |
ol 2NaClyy —— 2Na“aq + 2Cl g
At anode e ——=—%Cl; +2¢" (oxidation) .
At cathode 2H ;0 + 260 — Ha ¢+ 20H (reduction) -

overall reaction INaCle + 2H20 —— 2Na*+ Ha + Cls + 20H"
INa* + 20H ——— 2NaOH
Cl, is released at anode and H: at cathode. NaOH is collected at the

wottom of the cell.

Anode

Figure 12.6 Nelson's Cell

passing the

-don-e--electrolytically by
versed and

the reactions aré re

?dvantages of the Electrolytic Cell

+ Charging of the lead storage batt

:ﬁ rent through the discharged ba

. Vaer‘battery is recharged. : |

m lous types of electrolytic cells aré =er.nployed 0

manufactu're/extraction of industrially important
H:gtufact}jre of NaOH, Na, Mg, Al, Clz eu‘:.-

. rolytic cells can be used forthe purificat

etc.

;prer, silver, chrome, nickel and tin plgting is

R 3c\:r01ytic cells, for the purposé of protectron, beau

= Voltaic Cell |

eries is
ttery so that
n industrial scale for the
metals and gases €9

ion of someé important metal like

s of

done by various type
etal.

ty and repair of the m

ous Oxidation-reduction reaction occurs and

: ﬁtalln the voltaic cell a spontane : Wik
) Current is produced. It consists of two half cells externa yc .
Il one half of the total cell reaction

"cw'reading as a conductor: At each half-ce

( ,r‘,)ffl' x|

=

¢ hermistry

¥
34 - e '! l-’lf.
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takes place. At one electrode electrons e?ntef resulting in reductiqn reaction whila an.
the other they leave the solution and oxidation takes place. A typical example of th
voltaic cellisthatefaDaniell cell.

Daniell Cell: . |
As you have studied in your ninth grade,'this cell h.as a Zn elec'trode_
dipped into 1M ZnSOx solution and a Cu electrode immersed in a 1M 'Splu‘.aon of

Cu?* ions. These two half cells are externally connected through a metallic wire
while internally they are connected by a salt bridge. The salt bridge contains an

aqueous KCl solution in a gel and allows electric connectivity between the two
compartments i.e. anode and cathode compartments. ]

|

Fig: 12.7 Daniell Cell

: e t0 the
1 Zn tends to lose electrons more readily than Cu giving its electrons = :
electro

_ Jetotf®
de at the anode and get oxidized. Electrons flow from the Zn emrod;e pick
ctrode through external circuit. The Cy?* ions, surrounding the c_aﬂj? \;Jhefe
up the electrons and get deposited as neutra

e
. o | metal at the copper e
reduction of Cu*? takes place. The following ha

jectr0d®®
At anode

Cu ele

- T e
If reactions occuratthe€

2l 202t de. Eoox= +0.76Y
At CathOde CU2++ 2e" == . CU . E°Red = +0.34V /
Net reaction Zn + 2+ Theth, o Eocg =10V

The cell is represented ac follows,
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'some Electrical Terms |

A Coulomb is the SI unit for quantity of electricity, it is defined as the
ty of electric charge carried by a current of on ampere flowing through a
one second. 1 Coulomb =1 ampere x1 sec or 1C=1Ax1s.

A.mpera It is basic SI unit used for measuring the rate of electron flow |
Lor electric current in an electric conductor. One ampere of current represents |

quanti
wire for

rried by 6.24x10' electrons) moving
1 Ampere= 1Coulomb/second. &
ly an electric current is sent around

ial or electromotive force. A
m when a current of

lone coulomb of electric charge (ca
through a specific point in one second.

Volt:1t is the measure of how strong
an electric circuit. It is unit of electric potent
\potential of one volt appears across a resistance of g;_ne oh

-
-

—

oone ampere flows through that resistance.
% Faraday's Laws of Electrolysis
Michael Faraday (1813) gave a relatio
electricity passed and the amount of substances
Faraday's First Law:
(W) deposited or liberated at an electrode is

The amount of any substance
f electricity (Q) passed.

directly proportional to the quantity ©
W Q

Or W=2Q
Where, W is the mass in grarm Q
the proportionality constant. Zis ca
Q=1C then Eq.(12.3) becomes
wW=Z (12.4)

Here with the help of EG: (12.4) we can now defi
®quivalent as the mass of substance [iberated when one
Passed through the electrolyte solution. '

Moreover. amount of chargé _ [ t where, I is curr
, ite Eq.(12.3)as

nship between the quantity of
deposited at the electrode. |

(12.3) - -
harge in Coulombs and Z is

is amount of €
chemical - equivalent When

lled the electro

ne the electrochemical
Coulomb electricity is

ent in amperes and tis

ime in seconds. Thus, we can also Wr
w=ZIt (12.5)
Faraday’
a
y's Second Law e amount of electricity is passed through the
posited

< of different substances de
Or the masses of different

f electric charge during the

Sofys: It states that, 'if the sam
8 Utions of different electrolytes the amo.unt
"®in the ratio of their chemical equivalents.

s FE
 Ustances [iberated for the same quantity ©

( hemistry Grade X1 37
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electrolysis are proportional to their equivalent m
amount of current passing through the dil. CuSO,

asses. Sy

- >4PPose ..a .‘
. 2 and dil. AgNO, .Saluﬁc%
the same interval of time, then, we will find that the rat '

: . Ong
liberated silver and copper is 107.88/31.54 because €Qquivalent Mass of ¢ q
107.88 and that of copper is 31.548. er
Thus W o« Equivalent mass (e)

Also from the Faradays first law

W xQ or W Tt

Combining above two equations we get W < [te

Introducing the proportionality constant |/F, we get.

1
W =— [te

c (12.6)
Where “F"

is called Faraday's constant which is equal to %50
Coulomb/mol. '

%

Faraday's second law can also be derived mathe'mati_taliyf'-f?fq_m_._eﬂ}’aﬁ?ﬁf
(12.6).1t can be concluded from this equation that for a fixed amount of elecic

passed for a fixed time the term It/F assumes a fixed value and un B2
condition W e which, as the la

PRty wl
W states that theamgunt€0f substantﬁ
liberated, is directly proportional to the equivalent mass..,__e,__g

fort®
to e
hours. The net amount of Ag de

posited was found to-ﬁlb,e:::.fé_@iﬁf'gife@:
current when gram equivalents (e) of Ag is 107.8. =
Solution

= it "r‘:”.

Time (t)=3 hours = 3x60x60s

W (@amount of Ag)= 60.8g
Gram equivalent mass of Ag (

¢)=107.8g, F=96500Cmol’
W = ! Ite et
1 WE | e
te

= 908996500
: W@%% =B
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12.3.4 Batteries
There are four major types of batteries

{ Primary batteries: .
These batteries are not reversible

recharged, e.g. dry cell.

) Secondary batteries:

| They are reversible and can be recha
sciar batteries:

and once discharged cannot

rged, e.g. Lead storage battery.

Tfjey are photoelectrical cells and generate energy.
Fuel batteries:

(i) P’imghriry;aritg:.?e?per batteries and have high charge density.
Dty Cell

As you have studied in your previous class, the container of the cell is
i Made of Zn, which acts as an anode. The container is lined with a porous paper,
- Which separates anode from inside material. A graphite rod in the centre of the
} ce‘” acts as cathode. Electrolyte is a moist
| Mixture of NH4Cl, MnO; ZnCl; and powdered
- @bon. The dry cell is sealed to prevent the

®Vaporat; : cell #  Ancce

de“D ation of moisture. When t?e'dry e
Vers current, Zn oxidizes to Zn?* ions and

faves elect tainer. The % e

cla ectrons on the Zn cont Lk (Graphite Rod)

gr;tmns move through outer circuit to tl:le E'emw:{pg?w =

| = i ~MnO, of NH,

Phite cathode, where NH4" ions pick up the ::Loé:fmn

; |
Fllre “rons and release NHs at the cathode. N 4

Oduced at the cathode reacts with Zn?%* ions
0 for

taki M a complex ion. The redox reactions Fig. 12.8: The Dry Cell

fol| S place at the two_electrocles_ are as
g | | Zn —> Zn?*t+ 2e°

Sy sMn203 + 2NH3 + H20

At anode (Oxidation)
2+4 Mnz03 + 2NHz+ Hz0

At cathode (Reduction) 2N
Net reaction Zn + 2Mn

u‘ge Zn and N
a8 d "ack to

+ 2NH*
e it
H*4 are consumed during the p'roc‘ess
. Woi'l;r‘hts s itreversible vees their initial states by the application
Ofy, NG and cannot be reverse

§ external electrical pOte“t'al'
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(i) Secondary Battfri;es '
mm::eﬁzaaftir::zztery commonly used in automobﬂes.and generators_
It is a combination of six voltaic cells of the same kind, arranged in serjes with the
anode of one cell connected to the cathode-of- the other. The anodes are Py
plates while the cathodes are made of lead dioxide (PpOz;. .Both 'Fhe anode and
cathode are immersed in an aqueous solution of sulfuric acid. whic

electrolyte (Fig.12.9). When the anodes and cathodes are connected, the Current.
flows and the following reactions take place.

At Anode Pb(s) + HSOus(aq) —— PbSOu(s) + 2H* + 2e-
At Cathode  PbQO,(s) + H2504(aq) + 2H* + 26— PbSO4(s) + 2H;0()

Net Reaction Pby(s) + PbOy(s) + 2H,50, — 2PbS04(s) + 2H,0())
When

electrodes, H,

h acts as the

the cell works insoluble p

bSOs goes on depositing on both the
S04 is consumed and water is formed.

tt el
O flow ip :I?; i; 7P ging, the current from‘ ag erﬁnges'
are féversed ang COMVerts feng Pposite direction g| the above chemical ¢ ;
SPective electrogeg . 20 Sulphat

. s oN
- Ourin e back to |ead and lead d|o><Ide;
the Negative terming| r g _rechargmg the ne gative electrode is coMne

... tro
ent (DQ) source and positive elec
Ce. The reactions are;

> Pby) + 50,2 (Red”di?n)

9+2H, —-)Pb02ts)+4H++SO42'+2¢'(Oxlda

:js; eH:0 Pbg + PbO, +25042*+4H+ = foff
hinte "eformeq and the battery is -ag?'n :

10
to

Sour.

- 4(s) +

tio" |

i
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mportant fuel cell is the hydro

terminal - : =
(cathode)(a:nc’de) is p0r0u§ graphite coated with nickel and the positive terminal i
> Porous graphite coated with nickel and nickel oxide, The ﬂiCkel.ahd

nickel oxide act as catal e
yst on the surface of the terminal. Nickel placed 294G

by platifilirn, Ickel can be replaced -

. Hydrogen is passed into the negative compartment of the cell and oxygé'n *a

Into the positive compartment. Under pressure the gases diffuse through the,  # Pls

Porous graphite terminals into the warm potassium hydroxide solution located
between the terminals. At the anode, hydrogen reacts with hydroxide ions from =
the warm KOH ) and electrons are released. Thus, the reaction

"

At anode 2H2(g) +40H (zq9p — 4H,0¢ + 4e (Oxidation)

Or 2Hz' —> 4H'+4e
At cathode oxygen and water take electron to form hydroxide ions.

@) (g) + ZHZOH} +4e" —> 4OH—{aq). (REdUCtion)
2(g :

At cathode

i ollows:
Adding above two equations we get the overall reaction as fi

H20q
=02 — 2H20q)

Ov . 2H2@ C : 4. <4
. e i & h drgoge“ and oxygen has @ sig::icz:; T: tsf:wisi: g ',_L?‘f,'-:f _
Ower s:::-c?;:r ZTS:t?ico:utgmobiles and in Spac‘: v?:;fss-'comhrésséd -.i:.a;rb'on JS; ;
9 12,10 Electrodes are hollow tupes made 2 erce area acts as a catalyst) o =
| . Electrode il (increased su giving electrons to the S =

Pregnated wi inum or ni Jode :
with platinum © dized at the ano Jiiction
Sl : en is oXidiZ . +he cathode where requction
er ?:T:£°':,t 5 :IKC’:;{ I :T:c!:corgns are accepted at the n be regenerated
-I'CUit while the The ¢
0
Us and in this way CU"f'en"‘ fﬁ‘:s
*Mally into fuel for return*ﬂg'to -

vade X1 381

. l-'_"".ll(_’l_“i_'ih’y Cirads

&
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Excess O5(g) + H,01g)
)
Excess Hylg) + H00g

Hylg)—»

Porous graphite Electrolyte solution
anode

Porous graphite
cathode
Figure 12.10: Hydrogen-Oxygen Fuel Cell
Fuel cells are very efficient

and convert about 75% of the fuel intd
electricity. The major drawback of th

9ases must be of very high purity,

e fuels cells is that they are very costly.‘ |

otherwise even a trace of impurity may posot
the platinum which severely degrades its efficiency.
12.3.5 Corrosion and its Prevention

- : ’Dn .l
The slow ang continuous eating away of any metal by the o
environment s called corrosion e.
to moist ajr its surface

commonly yseq meta
tendency to react with atmosphe
(AL,O,). This layer prot

and

ects it fro
forms copper ¢,

) inium >~
fIC oxygen and form a layer of alum |
rbonate

Which protects the (

M further corrosion. Copper a|so.feppef
3) as a green layer on the 0P,

: utens! "
her corrosion, Similarly.'sﬂv?;ul e (A
The rust = With the foodstyffs develop a layer of snlwaerct e und
Metal > ON the surface of iron is too porous to Protec
\ Chemically,
'm‘ . mUSt be a

o 1

. . orma™ g
"Ust of irgp s hydrated iron (IIl) oxide. For rus:rfsu odé
O water g, 4 ¢ surface of the metal and @
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purities or the strained portions are responsible for the formation of small -
c cells, with anode of pure iron and cathode of impure or strained
< shown in the diagram. Iron is oxidized at the anode producing Fe (Il
It moves along the surface of the metal to cathode where it

The im
e]gctroiyti
portions a
¢ and electrons.

jon .
eacts with water and oxygen to form hydroxyl ions. ;.
Air Wiy
. Water )
Rust deposit droplet
(F€203 * X HzO) s bel!
O,

(Cathode) s iy

0;_ + 4H* + 4e” —>2H0
or =
0, + 2H,0 + 4e~—>40OH

Fig. 12.11 corrosion of iron piece

2Fe % /B 2Fe‘’+4e _
SH.0+0,+4€ y,4® 40H o
z rther oxidized by atmospheric oxyg_en

Anode

~ Cathode
Fe () hydroxide, is fu
Ydrated Fe(IIl) oxide, (rust). = it oot

2+ I
Fe o8
3 .
The rust of iron is soft and POroY® - nacu sction. The result is that once

¢ tmospheric 3¢5

moci -
"Osion starts it continues U"‘t'! therug;t formation arc
1 Few methods for prevent”‘g- int, grease etc.

form

nc (galvanizing) or tin

" = T al . :
|y Coating the metal surface i | metal such a5 Z!

- Coating the metal with sacrificia
1% = ¢ hhenmstry Coraile “.
S _ i S - &
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Dipping the iron into a phosphate bath (orthophosophopic 4« |
& manganese phosphates) © acid with
4 Alloying the metal — steel formation

5 Electroplating with nickel or chromium ’

6. Cathodic protection
Here we will briefly describe two most popular methods of ¢oyq
protection, that is, electroplating and galvanizing.
(i) Electroplating
Electroplating is the process of applying a metal coating of a precious !
reactive, more stable and wear resistant metal on the surface of the other et
which may be more reactive and corrosive through an electrochemical depositidn’;
process. During this process, the surface of the metal to be coated acts as cathode:
in an electrolytic cell and the pure metal that is to cover it acts as an anode. Sat
of the metal to be deposited is taken as the electrolyte. When electric curentis,
passed, the metal from anode is deposited on the cathode. A detailed di_scussiﬂﬂag
is given in section 12.9.1. The metals those can be plated include, gold siver U
zinc, copper, cadmium, chromium, nickel, platinum, and Iead."ThE'P”quse_.?f
electroplating is to impart properties like corrosion resistanCe,-Stmﬂgt_h"Shme';
decoration, wear resistance, etc., to the coated metal. = '

sl —

510

W

Impure ;
copper ., Key waplated
(ANODE) | %) A (Object tobe P2

Cathode)

ii Fi 2 .'
(i) Galvani;zing ig: 12.12 Electroplating
ject is

A typical ele : . : b
o ectroplating cell in which an iron "Ob-_-an.od

Process is also izing. The
and . ! called as galvanizing.
¢ cathode s the object that is to be 2oated by zinc 12Y" ~

4
: e 44 . )
. s e
Chemistry O =
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“electric CUrre

Loss of electrons is oxidation. There is an increase in oxidation number
of the element oxidized. : | e

Gain of electrons is reduction. There is a decrease in oxidation number
of the element reduced.

Oxidation state is an apparent charge, positive or negative, which an
atom would have when bonded with other atoms in a molecule. An
atom may have different oxidation states in different molecules.

The reaction taking place at anode is a half-cell reaction called
oxidation, while the reaction which takes place at cathode is another
half-cell reaction called reduction.

Cell reaction is the algebraic sum of the two half-cell reactions one for
oxidation and the other for reduction.

The potential of the cell recorded by a voltmeter is the sum of reduction
potentials of the substance that actually undergoes reduction and the

oxidation potential of the substance that is forced to undergo oxidation due

to smaller reduction potential value. EageE e where, E° denotes the

Sta.ndard potentials related to the standard conditions which is 1 M solution
ofions at25°C and one atmospheric pressure.,

:;) rrepresent a cell, the anode at which oxidation takes placé Is
Thpe "'-;Zi"'feil ot the left hand. Cathode is represented on the right hand
o ::e ti:_e :]wo half cells are written in between separated FYT
: 1€ WhICh represents ; g aniel ce
s represented a foiliws Nts a salt-bridge. For example, the D
Electroplatin Z0/Z0%* (1M) // Cu?* (IM)/Cu

9 is a process p : | ited over t°
w i osite
electrolysis T Y which one metal is dep .

. ma

Cathode anq 5 sh he metallic article to be eledmplated Isde' in

tank. Salt of the ‘:‘;tOT Pure metal to be deposited is MaC° an: whe"
% 10 be deposited acts as the electrolyt® n the

nt is ,
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unit- 12 Electrochemistry | =

1. The lead storage battery is a/an

a) Daniel! cell b) Voltaic cell
c) Dry cell d) Electrolytic cell
11 The electrode potential of the standard hydrogen electrode is chosen as

0V b) 1V |
-1V d) 2V

13.A cathode has the reduction potential
a) Less than the anode b) More than the anode
¢) same as that of anode. d) zero |

Shor’ Questions T

What is the oxidation number of N in N2O, NO2, N203, HNOs, and NH.".
Na*is an oxidizing but Na is a reducing agent, why? :
The lead storage battery is rechargeable. Why?

Why a solution of sugar is non-conductor but that o
conductor of electricity?
NaCl is non-conductor

form. Why? =
| y' i -ar] b o :-,--v--. ’ nd
6. During electrolysis of fused NaCl, sodium metal is CO'|eCtEdg3a¢g.§§;hgde a
Ty ."-!'. "1 F:.',

not at anode why?' . TR -
, why’ when connected to
I SHE acts as anode with Cu electrode but acts a5 cathode whem@ﬂ

Zn electrode. o=

In EIectroplating, the article to be

o o —

f table salt is a good

T e
— o

in the solid state but is a good conduaﬁ{mmojte"

- =
.I—:‘-‘;—-J: st~ -

plated is made cathode, why?

Nim':' SET e e S
3 H : = i m el Sl e S e i S T T T et i R R
e_l'l_c-a[:_ i B AT

]_ v th0d< _—."[1“'-.5-—_.-'-:<
*3ance the following equation by Oxidation NUMPET e Ho :

. - "‘ e e Y

" KMnO, + s + Hys0, —— KHSOs # Mn3OLT S.# 2

i : v S
. e V:0;  —— & Fe0:+VO
lij .
© MnO, 14t —— Minclo + Cl2* H20 |
Iy,
Mo+ o —» MgCl+H2
v, . : _
Cus H:SO, ——» CuSOa + SOz* Hz0 5
v, KNOs + K2SOa + H2t
. Mno, 4 kN, + Hys0, — MnSO4” -
= | ¢ ! ..I]ll"i“_"' ""‘Hh‘ \I e - .
3 (i —_— - &
O %
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The positively charged electrode at which oxidation reaction |

takes place.
Tntibonding | An orbital higher in —
[Pl es = B gher in energy than the atomic orbitals of which it
molecular orbitatl | is composed.

(Pl

i

obe | One atmosphere is the force exerted by 76cm(760mm Hg)
Bl  long column of mercury on an area of 1cm’ at 273.15K 2

,3\{‘:,1‘5()5._!_5_50|LJtiC‘f'] Any solution in which water is the solvent

 Atmospheric | The pressure of the atmosphere.

pressure

Atomic mass

| The total number of protons and neutrons in the nucleus of an

T
number (mass atom
number, A) :
Atomic mass unit | Mass equal to one-twelfth the mass of a carbon-12 atom.
(@amu) '

e b ar of protons in thernucleus of one atom of a

Atomic number (Z) The num
co ey particular element o E :
Aufbau Principle | electron fill orbitals that have the lowest-energy first

(The building up

__f_’rianiel, : =
_‘_—..______ A i _._-—-_-—-___-_____, -..:' = - - 3 .

~ | Equal volumes of all gases, at the same temperature and
Avogadro’s law pressure, contain equal  numbers of particles ( atoms Of

molecules) s raTecules
the number of atoms or molecules in 1 mol

Mogadre’s number | 6.0:
A : .02 x10

IAZiﬂmﬁTH&_ﬂ@ﬁ s electron and the
muthal Quantum | The shape of the secion i 1
| gl angular momentum O

| of sub-shell in a given shell.

orbital 'occu'ﬁi*ed_;__by- the
f the electron. It also s

i@,____‘_‘____
:-x,ﬂjgmete{" =
Sattery
Binare——

4 —_—
Bmound A compoun
” ~———The temperaturé 2

¢ which thevapor pressure of a liquid is
.r_éf's"s.ure; above the liquid or any

Oling poing | equal to the atmospheric P
:k“aa - | external pressure: a- a;.g'ivén"Chemica| bond.
~denergy [ The anergy required 0 breakd s - 7 chemical

o Tclel that is joined by a cne
. tween two NUCE

By The distance betw

n
- dlength bond. i

Chemistry Grade X1 3V}
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CLOSSARY

The difference between the number of bon

: o ding Electmhs and
Bond order the number of anti-bonding slectrons; divided by two, t an|
— - index of bond strength. |
- Bonding molecular | “An orbital lower in energy than the atomic orbitals of WhehT
orbital is composed.
| Boyle's law —

| At constant temperature, VOIUme—Omzissofagasis
“inversely proportional to the pressure applied

on it.
| = | Asolution that resists changes in pH when 3
j Buffer solution i

‘_.______

small amount of
| astrong acid or strong base are added.

A commonly used unit of heat energy; 1 calorie is a quantity of |
| Calorie (cal) ' heat energy that will raise the temperature of 1 g of water 1°C.|
| | (e.g., from 145 to 15.5°C). 4.184 joules = 1 calorie exactly |
| Calorimeter —— — A device that is used to measure enthalpy changes for|
| ' chemical and physical processes L

Calerim et;%%_?ﬁmt-related constants,_such as specific |
 heat or latent heat s
| Catalysis ' The acceleration of a chemical reaction by :
= | ' a catalyst ‘ e =
1 ———1%1_‘“’? A substance Which alters the rate of a chemical reac;p;-;
Catalyst || Usually speeding it up, without itself being consumed |
—— |changed significantly | —
Cathode  The negatjvely charged electrode where reduction ocs
] e!ectrochemical reaction , "”hacTeﬁ;[
Cathode rays The rays originate from the negative electrode (cat 3
Eree Dartia!lylx €Vacuated tube: a stream of eiectM |
T | Rpositngl thargeg e =
éi Charleg’ law i L constant i

=i
; : of any 4
. Pressure, the volume of a fixed mass -
directly Proportional to the apsolute temper?
COnStant)_ equa s'the
jon
equilibrigm The state Tnwven the rate of the forward "eaczo =
‘ Cﬁé}ﬁiﬁ«:’a"i:ﬁ?‘“"“-m rate of the reverse reaction in a chemiW
— ¢ Kinetics M : chanism <ot
T 5 UFly of reaction rates and reaction mé umbef"’f it
| Colligatiye ropfertles of 3 solution that depend on the l:e he
‘ | PfODEFties Dal'tlcles in 50|Ution, and not on the natu o
| | (©ampes, ing. "
| L S : vVapour pressure  lower .
Qiling Point elevation).

—

-

|
‘_‘__-_\-_‘_-__\_\-‘_'-\_‘_‘"—\—-_

| Chemica| e
| equ

ezind !

ePfession, b
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;dlspfrsmﬂ in which the dispersed particles are larger than
e solute ions or molecules of a true solution and smaller

i'oi:{]iﬂ;
e . than the particles of a mechanical suspension.
_gombusﬁim | A chemlcgl reaction in which a substance reacts rapidly with
= 00N with the production of heat and light.
compressibility : The d!ff(j:'rgpce between unity and the value of the
o " compressibility factor of a gas is a measure of the degree of
e non-ideality of the gas.
Conjugate “Two substances related to each other by the gain or loss of a
e proton. | : : _ :
i Conjugate acid It is a Bronsted acid, which is formed by the addiction of a
' : proton to a base.
moval of a

|
ase, which is formed by _th‘e re

[7 o It is a Bronsted b

| Conjugate base 3
il from a Bronsted acid.

proton
e wavelengths of visible light.

[Continuous | Aspectrum that exhibits all th

| Spectrum = |

c”_tl;ﬂ—r [ The minimum pressure required to produce l;quefagfion of a

== e - substance at the critical temperature: =

=== - ihgt tempeAtls of a gaseous substance above _f"_"h’Ch it
d state no matter how

d in to the liqui
applied on it. =
d by one mole of the gas at critical
ritical pressure (Po)

cannot be converte

— much the pressuré is
———— TThe volume OccUpPi®

Critical temperature |

Critical vol ' :
s ume (Va), temperature (T) and ¢ O ent of atoms/ions in @
E?{stal lattice (jonic | A regular three dimensional arrangement O at 1
— crystalline sol9: e — — e and
—_— . _ “int ~tructure of repeating to
: ——ith a regular internal s : :
'; Uystalline solid A so.i-id_ with _ g -
e Dl meltmg-pof - mixture of gases is the sum of the
’ S qre of a m fiegooses = :
| Balton e ~ The total pregsureerte_ d by each of the gases In the mixture.
[‘DKHH s pressi e:‘.clh d:ffe:'enf substances mix as a result of
iffusion The process by W' B e
~ otions of thell particies. :
e ke L randlo::'nnr:z:*s. —xing of the molecules of dif eresn:ng:z:e:
R ontaneou> © S enou
| Diffug; The sPORtaR - and collision € form Formed
ki on of gases by random MOt -
P is called diffus'on__——oriively <mall amount of dissolved
Cllute Solisr A solution containing € =
= eRlution _ :
5 solute

¢ hemistry Crade X|
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_L = TA molecule or a part of & molecule that contains both}

| Dipole | positively and negatively : |
| Il| charged regions

| Discontinuous "The spectrum consists of lines with dark or bright o
Spectrum or Line | between them.

'l Spectrum l|| _

| Ductile [ The property of a metal which enables it to be drawn outintg

L awire. S -
!'1The process by which gas molecules escapes from one
| Effusion | compartment of a container to another by passing through 3|

i | small opening without collision

| An electrode in contact with a solution of its ions exhi_h’_iftsfﬁ
1

\ Electrical potential

- potential. = == =

e A series in which the eler.nenjcs are a_rra.nge_d in decteasing
g -value of their standard oxidation potential. Thus higher the |
L : metal in the series the greater is its tendency to be D{lﬂ{?_d___
' The branch of chemistry that is the study of the infer

| Electrochemistry  conversion of chemical energy into electrical energy and Vit

\ | versa. 3 == = ==
| - . e whil I
\ e - These are metallic plates, wires or rods through 'j_ﬂhl_ﬁh the |

|

current enters or leaves the electrolyte in a cell =0 =7 !
A process in which a chemical reaction is caused BY e
Passage of an electric current. e

Electrolysis

\ Electrolytic cell It is a device in which a non-spontaneous chemical reactio ﬂ
1 Electrostatic f med out by passing electric current. I i
static forces strong force of attracti : . 1

of attraction action between unhke charges:

\Eg;ig:s?‘rmm A chemical reaction in which heat is abs‘bfbéq;}ﬂqir:n# )
€nvironment. AH value is positive for end oth.errﬂic”r-ead'_-“' _

———roduct
i Enthalpy I:e sum of the internaj energy of a system plus the et |
: € system'’s volume multiplied by the pressure tf
T Tf:e:ﬂixirts on its surroundings 1
| alpy chang

combustion e which takes place when

= gan Subst, 1
| Equilibrium “‘—Lrﬂmphtew burned in oxygen.

e co: deﬂqed as the ratio of the product = - ’
———— L~ "ehtration of the producte to that om‘—f_fff__,
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| Hydrolysis

5

_ — [ maximum number of unpaired electrons and haya the sy
| direction of spin allowed by the Pauli principle in particy;
| set of degenerate orbitals, rather than to put them in
' orbital with opposite spin.

I

the Same

) H 1 i i \\\
— | Chemical reaction with water in which the water molecule s
ﬁ split into H+ and OH-.

| A gas which obeys t
| pressure.

____—_-_-‘—'—-—_.__
he gas laws at all temperatyre and

1 Ideal gas
i

Intermolecular
bonds/forces (Van
der Waals's forces)

Internal energy, E

| Every system has a definite amount of energy known asa

Weak attractive forces which act between molecmi
example Van de Waals' forces.

internal energy.

Invisible Spectrum

| The spectrum which cannot be seen through naked eye

Atoms of ht same element which process different numbers.

Kb and pKb

Kelvin temperature
scale (K)

Kinetic ‘theory

 theory (kv

Lattice

e S

— Particle
 Kinetic-molecylar— A g

— 1

D  of neutrons. They differ in mass number (nucleon number)
£ y s
joule (J) The SI unit of energy. —
e T .hen a compi.'essed gas is allowed to enter .fro egs S
S high pressure into a region of low pressure, it expand.
suddenly expansion causes cooling. e
K Aok Ka is the dissociation constant and pKa is the e

lograithum of Ka.

the bulk pre

Properties of 9

ases.
A three-dime

- . —gie]
Kb is the dissociation coii ant and pKb is the neg

. |logrithum of Kb,

2mt AR (TS o, 1€
Absolute temperature scale starting at absolute 2

: o points =
lowest temperature possible. Freezing and boiling ? pam

: . {
water on thjs scale are 273 K and 373 K, fESPedNew’a
— | Pressure,

Pl ‘
A theory which accounts for the bulk propertes Ofc

perties of matter in terms of 1AE-

ot

nat
] nsional
POsit; as
\ ions ons of the Centers of the components of.
. or molecules). .

Chemistry Grade X!

system of
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1

e e e

I ttice energy

The energy that s given off as 5
_gaseous ions of its elements

E— It is the amoun

stice energy i = @F?ergy £ B

: = _Opposite charges combine to give 0

of conservation - Law of conservation of mass (matte

d when gaseous ions of ==
ne mole of a crystal lattice. 2
), which states that matter | —

ifmass (matter)  (mass) can neither be created nor destroyed ——
i Strong acids are completely ionized in solution so all the ===
Leveling effect - strong acids have very close pKa values or they are leveled to —
' the same extent. This phenomenon is called Leveling effect. e
Lewis acid ' An acid is an electron pair accepter. . ==
Lewis base A base is an electron pair donor ;

"a structural formula in which electrons are represented by
dots: dot pairs or dashes between two atomic symbols

represent pairs in covalent bonds

' ‘ letely during
: s consumed quickly and comp ik
A e es the least number of N

lewis structure

imiting Reagent ' a chemical reaction, o, whichlpfOi::Cn .
' . ' hemical reaction. —— N
“moles of productsinac to its liquid state
Gag i emperature and In B ==
€s by lowering temp | :

i ion of gases. ipoles of oné ==
liguefacti g between the temporary dipo ]1!

\\—_ [ == =
ndon dispersion | The attractive forces o forcss. =
& molecule are called London. o8 Jupon the splitting UP of ==
= ber has beén based UP number 15 also 5 :,

This quantum num
spectral linés (Zee

:}V‘Ia :

o Netic Quantum : tum Num the space |
| ' jion Quan rbital in e
N”mber £l Orledr?taalttes' the orientation of the O .
| number indic e _
A‘Mm\ around the ngcleu_sl.

\tabe metals;

.Mmmc borg

'_MEta”Uids.
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' The energy required to raise the temperatyr
Molar heat capacity

e |
 substance by one degree Celsius o one g o}
—- = P TREATasE in grams of one mole of molecyles or formuis
Molar mass !. of a substance; also called molecular weight g
5 e “T'A solution containing 1 mole of solyte
| Malar solution '

Per dm™
i ' The volume occupied by one mole of an ideal

\ Molar volume l| temperature and pressure is called molar vo|

: (lter
| solution

925 at stang;

ume, Its Valug

| approximately 22.4 dm3. : '

| Concentration unit of a solution ex
' dissolved per dm? of solution

| The chemical unit of quantity for any substance; equaltof0
| Mole | X1023 individual atoms, molecules, or formula units of
\ ' substance; abbreviated mol.
— |

| Mole fraction
|

il Molarity pressed as moles of solyg

 The ratio of the number of moles of 2 given componenting

mixture to the total number of moles in the mixture. — .
| Monoatomic A molecule which consist of only one atom e.g. neon, agor
‘_ molecules

———

——l-'_'-——'-—.

The square root of the frequency (y/v) is directly proportond
 to the atomic number (Z) of an element.

' Solids in which atoms are bonded covalently into cont
two-dimensional or three dimens

| Moseley's Law

‘l etwork solids
L

ional arrays with 2
N _range of properties :

| . s dt
% A cloudlike region around the nucleus where e'edt;O(sF-
Orblta‘l located. Orbitals are considered to be energy sublev®

‘_(_)ﬁ_&_______ﬁ_ f) within the Principal energy levels. /
| Oxidizing agent _A'substance which brings about oxidation. e
e e S50 “n a gaseous e
| Partial pressure € pressure exerted by individual gas in

called the partjal pressure of that gas.
| Parts per million

(Ppm) A measurement of the concentration of diluté
m

erc
Pascal ————— L_ommonly used by chemists in place of mass P
= ——__yusedrk

ud
: eter 54
: : The ST unit of pressure; equal to Newton per ™ 4
Pauli Exclusion Y

S the ™
In d iVen a ons can hav .
Principle 9 tom no two electrons ca

our quantum numbers (n, |, m, and s)-
- Percent COMposition

el
The “mass by each
of a dompound. . T percent represented Dby
- S )

\\

sl.':ilu'-iorls

ernef_'t
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' The ratio of the actual yield to the theoretical yield multiplied

-

cent yield | by 100.
i,m ' The percent by mass of an element in a compound is the A4
| composition | percentage composition of that element. j e
| "A method of expressing the H™ concentration (acidity) of a
| pH solution; pH = log[H+], pH = 7 is a neutral solution, pH < 7 is
acidic, and pH > 7 is basic.
A scale running from 0 - 14 used for expressing the acidity or
pHscate alkalinity of a solution. . = /
Photon A quantum of electromagnetic radiation
The fourth state of matter, which is a mixture of neutral
Plasma particles, positive ions and negative 'electrons, governed .by : :
electric and magnetic forces, which possess collective |
behaviour, are called Plasma.
e A method of expressing the basicity of a solution. pO'_H = - :
POH log[OH-]. pOH = 7 is a neutral solution, pOH < 7 is basic, ari/

P
§
\ .
£ o
i i
o Jis

pOH > 7 is acidic.

Potential energy

Stored energy, or the energy of an object due to its relatfvi/

9 position.
[1essure Force per unitarea = e ==
fincipal quantum | The quantum number rela_ting__ to the size and qqergy c?_f an
Umber (n) orbital: it can have any positive integer value. _ :

: 2in (which are a set of numerical

L) . -

These are certain numb..ejrs._ \
values) that give information about t
shape of orbital etc) of an electron If an atom.

he designation (energy,

dioactive
Qtope_-_..-

Atoms _which have unstable nuclei which g!_igthegrate
.spoatanéously to giiré.of_f. one or more types of radiation.

Atoms which have Unstable nuclei which di-s'in_tegrate
Spbntanedusly:to 'giv'_e off one or more types of r adfaﬁon are

said to be radioactive,

Haphazq;d'_o__r_-wij:_h_aut__-orde'.' proportional to the

Oultls law

e vapor pressure of a solution is directly

i c"_f ®action

The rate at which a .react_anf is us

i f solvent present. :
mole fraction of solvent p o T 3%
in unit time.

e
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7 the form of Kc or Kp in which the reactants and producs |
Reaction quotient | may have any concentration before the reaction attaing| |

equilibrium.
A gas, which does not obey he gas laws at all temperature ang| |
| Realgas pressure. I
5 A term applied to any chemical process which involves both|
: e Lreduction and oxidation.
| Reducing agent | A substance which brings about reduction.
} T A decrease in the oxidation number of an element as a resul

|: of gaining electrons.

' The mass of one atom of the element compared with one -
twelfth the mass of one atom of carbon*2C. _

' This is the sum of the relative atomic masses of all thosn

elements shown in the formula of the substances. This is ofte
referred to as the relative molecular mass.

| TW(_}'Or more Lewis structures that show the same relativ
 Position of atoms but different positions of electron pairs

"R_e!a’{ive atomic

| mass
|
|

Relative formula
mass ( relative
| molecular mass)
| Resonance
Structures

i A chemical reaction which
- ways. This means that
formed they will unde
reform the reactants.

Is said to be reversible can go both
once some of the products have bee
90 a chemical change once more t
The reaction from left to rig th
, eft to right, as
fjal:;:i;nafoé ttf;e féaction is written is known as the forwer
Nd the reaction from : s th
telere rae om right to left is known a

Reversible reaction

= T

: ——— o
Salt bridge COmpartments of ag an e|ectrolyte that connects the ™

extenSiVe ml)(ing Of thga:'anlc CEIL a”owing ion ﬂOW w1th0l-|ﬁ
B . ‘ e iffe[- i :
Solubility product, Kfp IS the product = | ent sqlutlons: ————”’tﬁ-él
Kep salurated solytig Molar concentrations of ions I :
efficient of the bn| €ach raised to an exponent equal to the ¢
o e ) alanced :
Spect Ab _ Nced equation, et
pectrum = and or Series of radiationS — - m@@?
er of Waveleng N Increasing O

. ; ths o f : . = rasolV
lnt . r re Ue t is re
Speed O It constityent radiations quencies when ligh ,_
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e ey

GILO‘“‘AM
il
WI The quantum number that specifies the direction in which th
electron is spinning with values of +1/2 and -1/2 S

s L

mber (ms)

candard electrode

=

pmential
andard enthalpy
of neutralization

(AHC)

S

| The poter)tial developed by a metal or other material
immersed in an electrolyte solution relative to the potential of
the hydrogen electrode, which is set at zero

It is the enthalpy change when one mole of an acid is
neutralized by one mole of a base.

e

Standard Enthalpy
_ ‘of solution (AH®)

It is the change in enthalpy when one mole of a substance is
dissolved in a solvent so that further dissolution does not give

any change in enthalpy.

|Standard solution

A solution of known concentration

{/Standard
|!'Temperature and
\pressure , STP

|

(273K) and the standard
760 torr or 101325Nm™.

The standard temperature is 0°C
| pressure is 1 atm or 760mm of Hg or

m is called its state. It is a

i
| State

£ e

A complete description of the syste
particular set of conditions of pressure, temperature, volume
t of a system.

Yate function

and volume amount of each componen |
iquely define the state

The properties of a system which un
which uniquely define the state of a system are called state
functions. A state function depends on initial and final states

of a system and is independent of the path fowled. =
that deals with the quantitative

Stoichiometf)’

The area of chemistry : e
relationships among reactants and products in @ ¢ e

reaction 2

molten

~ed in solution of in

An electrolyte that i e

state is called a stron

. Nacl, NaO

Matter that is hom

composition; substances occur

by an enzyme.
“The resistance ofali

That part of the universe -on"‘
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GLOSSARY

5 A table shape for a compound that contains four
= ' The most s d to a central atom with no lone pairs; the atoms
| Tetrahedral shape | atoms t?c?nded at the four corners of an imaginary tetrahedron,
: ared?cfmz’:z;?es between the bonds are approximately 109 5¢

| an

oy st sy
|

The maximum amount of product that can be produceq’
| The m ‘
according to a balanced equation.

————
"Thermal | The chemical breakdown of a substance under the infience of
| décomposition heat.

Thermochemistry | The stQay of the energy that is involved in chemical reactions
| Thermodynar

nics  [The study of energy and energy transfer
[ Torr _*_—| A unit of pressure (1 torr = 1 mm Hg).

= e molecular shape in which three bonding groups surround a
Trigonal planar | central atom; the three bonded atoms are all in the same

plane as the centra! atom, at the corners of an invisible
| triangle

the smallest portion of a cry
. dimensional pattern of the e
RIS s g B

Theoretical yield

| Unit cell

stal lattice that shows the three-
ntire lattice

| | ziom; these
Valence electrons | The electrons in the outermost energy level of an ~tom

electrons are the ones involved in bonding atoms together to
form compounds.
et SRS S P e

s i It is an equation of sate of gases that modified the ideal gas
S equation to represent more faithfully the pressure and volume
behavior of reg| gases. '
| t The gaseous phase of . Tiquid, '
: Efﬁpotl_r Pressure The pressure exerted‘E:y d vapor in_equilibrium with its liquid.
Visible Spectrum W

. 'Cal
: on js - and electri
—— | Current js produced. Carried out

' The electron air
S
VSEPR Palrs (both

irs)
. lone pai d shared pa
S pairs an .
; ; jon
IZ& the electrostatic repUlf"

2Part as pos

sible tg

m.

mMinim

Scanned with CamScanner




MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

e e W T_L.,;%_t:_'_;_;.._:__"-_:,'-m tiadd J”
GLOSSARY —

| Wave number (0) | The number of \{vavgs Per unit fength. This is reciprocal of the __‘_.,f
 wavelength and is given the symbol & (nu bar). ¥
,__—-—-—'-'-'-_—-_-_--_-_ i - f
Wavelength (V) | The distance between two adjacent crests or troughs of a] :,
3 - wave. o

Wesk electrolytes iThe substance which is partially dissociated into its ions is] yi=

called a weak electrolyte e.g. NH,Cl and H,CO; etc.

ix-Rays When high energy electrons (cathode rays) strikes with the .
| heavy metal used as an anode, x-rays are produced. o
| Yield :

produced from given amounts of reactants.

Yield of a chemical reaction is the amount of product that is( ‘ =
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Index
Avogadro's number 3 Collision theory 283
Avogadro’s law 116 Calorimetry 345
Application of Bohr's Model 35 Crystal lattice 192
Absolute zero 115 Conjugate acid 240
Anisotropy 188 Conjugate base 240
Allotropy 189 Common ion effect 22855
Acids 236 Colligative properties 312 ."
Activation energy 284 B l'l
Aufbau's principl ' .'
=k ieg s f‘ Defects of Bohr's 46
y : - Discharge tube experiment 27 |
Bohi's Model = -Discovery of proton 31 ’
Discovery of neutron 32 a'
Bond energy 94 d—orbitarly 1
Bond length 95 ; = Ii
Boyle's law 112 Dipole moment 96
Boling point 162 Dfiltorjt's law of partial Pressure 130 I
Bond characteristics 94 D?HUS'On_ 132 I;c
Bases 236 Dipole diploe interaction 153 Ic
Buffer solution 257 2h:cel - =373 / 5
Bohr-Haber cycle 349 E : |
Batterics 379 Electron Mass 30 |l Jo
c Electronic configuration 61 f =
Cathode rays 29 Evaporation 160 'I Kir
Canal rays 31 Electroplating 384
Charles' law : 113 Equilibrium constant 213 Lig
Crystalline solid 200 Electrode potential 366 ' Lig
Chemical kinetics 271 Electrolysis 258 Lor
Catalysis Electrodes =5
; 287 : 365 Liq
Corrgslon 282 Electrochemical series 371 La
Colloids Electrochem:i b
322 Hochemical cells 373 Latt
Colloids types Effusion : ]
Colloids Properties 23 Excess 2 e
e reagent —
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Resonance 19
Rate law i
Raoult's law 310
Reduction 359
Reducing agent 361
S
Solubility 302
Spectrum 42
s-orbital 59
Sigma bond 81
Surface tension 164
Salt hydrolysis 261
Symmetry 185
Solvation 321
Standard hydrogen electrode 368
SHE |
i _. S . .: H.T S
Transition temperature 190
Theoretical yield 18
Thermodynamics 333
Types of chemical equilibrium

212

Unit cell

-

VSEPR Theory
VBT
Van der waals equation

Vapour pressure

Viscosity

Voltaic cell

FIRE R gl 3
X-rays

b - < o _‘Y f
Yield
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