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STATES OF MATTER 

4.,.1- INTRODUCTION. 
Matter is capable of existing in three physical states: solid, liquid 
and gas. Matter is anything which has mass and occupies space. 
Any substance can exist in either of three states depending on 
temperature and pressure. Liquid and solid states are condensed 
states as they have much higher densities. Both liquids and gases 
are termed as fluids as they have flowing ability. 

The three states of a substance are interconvertible by 
variation of temperature and pressure. A liquid state is 
intermediate between the gaseous state (complete molecular 
randomness) and the solid state (orderly arrangement of 
molecules). 
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Fig. 4.1 Schematic representation of states of matter 

Some common characteristics of three forms of matter are 
summarised below: 

S,No. GIlStl Liquids . Solids 

1. No defmite shape; can fill unifonnly any vol- No definite shapoe; i.e., assume the shape of Have definite shape and definite volume. 
ume available; have indefinite volume. the container; have definite volume. 

2. Extremely disordered particles; much empty Disordered clusters of particles; quite close to Ordered arrangement of particles; distances 
space; particles have random motion; each other; random motion; considerable between the particles are very small and 
intennolecular attraction very small but high intennolecular attraction; kinetic energy is fixed. Intennolecular forces are high; vibra-
kinetic energies (particles are free to move in less (particles free to move but always remain tional motion only. 
all directions). . in contact with each other). 

3. Low density. Intennediate density. High density . 

. 4. Compressible. Slightly compressible. Nearly incompressible. 

5. Fluid, diffuse rapidly. • Fluid; diffuse through other liquids. Not fluid; diffuse very slowly only through 
! solids. 

SECTION 1 : GASEOUS STATE 

4.2 TH6 GASEOUS STATE 

Ofthe three states of matter, the gaseous state is the simplest and 
shows greatest uniformity in b'ehaviour. Gases have the following 
general characteristics: 

(i) Gases are highly compressible. These can be compressed 
into smaller volumes, i. e., increasing their densities by applying 
increased pressure. 

(li) Gases expand without limit. A gas sample can occupy 
completely and uniformly the volume of any container. 

(iii) Gases exert pressure on the walls of the container 
unifOlmly in all directions. 

(iv) Gases diffuse rapidly through each other to form a 
homogeneous mixture. Conversely, different gases in a mixture 
like air do not separate on standing. 
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(v) The characteristics of gases are described fully in terms of 
four parameters (measurable properties): 

(a) the volume, V, of the gas 
(b) its pressure, P 
(c) its temperature, T 
(d) the amount ofthe gas (i.e. ,mass or number ofmofes). 

(a) The volume of the container is the volume of the gas 
sample. Volume is expressed in litre (L), millilitre (mL) or cubic 
centimetre (cm3 )or cubic metre (m3} 

I L :::: 1000 mL; 1 mL= lO-3 L 

lL=ldm3; Idm3 =lO3 cm3 

I m3 :::: 103 dm3 == 106 cm3 = 106 mL = lO3 L 

(b) The pressure ofthe gas is the force exerted by the gas per 
unit area of the walls of the container. The pressure of gases is 
measured by a device known as manometer. Two types of 
manometers, open-end manometer and closed-end manometer, 
are commonly used to measure gaseous pressure. 

Pressure of one atmosphere (I atm) is defined as the pressure 
that can support a column of mercury of 76 cm height at ODC 
(density of mercury:::: 13.5951 g cm-3

) and at standard gravity 
= 980:665 cm S-2. One atmosphere is also referred to as 760 torr. 

1 atm = 76.0 cm of mercury = 760 mm of mercury 

=760 torr 

SI unit of pressure is pascal (Pa) 'which is defined as the 
pressure exerted when a force of 1 newton acts on a 1 m2 area. 

I atm 101.325 x 103 Nm-2 101.325 kPa 

An older unit of pressure is 'bar' which is equal to 105 Pa. 
(e) The temperature of the gas is measured in centigrade 

degree (DC) or celsius degree with the help of thermometers. 
SI unit of temperature is Kelvin (K) or absolute degree. 

K DC+ 273 

(d) Mass of gas is expressed in gram or kilogram. 

lkg:::: 103 g 

The mass of the gas is also expressed in number of moles. 

moles of gas (n) 
Mass in grams 

=-
Molar mass 

m 

M 

(vi) All gases obey certain laws called gas laws. 

4.3' GAS LAWS 

(i) Boyle's law: It relates the volume and the pressure of a 
given mass of a gas at constant temperature. 

The relationship between the volume and the pressure of a gas 
was studied by Robert Boyle in 1662. He found that increasing 
the pressure at constant temperature on a sample of a gas causes 
the volume of the gas to decrease proportionately, i. e., if the 
pressure is doubled, the volume becomes half and so on. Boyle's 
law states that at constant temperature, the volume of a 
sample of a gas varies inversely with the pressure. 

I 
V cc - (when temperature is kept constant) 

P 

The proportionality can be changed into an equality by 
introducing a constant, k, i. e. , 

V:::: k or PV=k 
P 

Alternatively, Boyle's law can also be stated as follows: 
Temperature remaining constant, the product of pressure 

and volume of a given mass of a gas is constant. 
The value of the constant depends upon the amount of a gas 

and the temperature. 
Mathematically, it can be written as, 

PI VI P2V2 = P3V3 :::: ••. 

Boyle's law can be verified by anyone of the following three 
ways graphically (Fig. 4.2): 

f 
V 

P-
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f 
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Temperature-constant -
f Mass-constant 
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1/P
(8) 

Temperature-constant 
Mass-constant 

P-
(C) 

Fig. 4.2 
The first curve shows the variation of volume ofa given 9lass 

of gas with pressure at constant temperature. The shape of the . 
curve is rectangular hyperbola. This curve is also called 
isotherm. 

The second curve showing the relationship between volume 
and reciprocal of pressure is a straight line. It confirms the 
statement that at constant temperature, volume of a given mass of 
gas is inversely proportional to the pressure. The third curve 
shows a straight line parallel to pressure-axis', This confirms that 
the product of pressure and volume of a given mass of a gas at 
constant temperature is constant. 

Location of straight line and curve changes with temperature 
in the isotherm. 
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pv 

v--
Fig.4.2(E) 

1------T1 
1------T2 
I------,--Ta (Ta> T2 > T1) 

P--. 

Fig.4.2(F) 

According to Boyle's law, PV:: constant at constant 
temperature 

:.log P + log V == constant 

log P ",,' log V + constant 

log P 

log V --

Fig.4.2(G) 

(ii) Charles'law: It relates the volume and temperature of a 
given mass of a gas at constant pressure. 

I;xperiments have shown that when 273 mL sample of a gas at 
O°C is heated to 1°C, its volume increases by 1 mL, i. e., it 
become~ 274 mL. At 10°C, the volume increases to 283 mL if the 
pressure remains constant in both cases. Similarly, when 273 mL 
sample of gas at O°C is cooled to -1°C, its volume decreases to 
272 mL while at ":'lOoC.the volume decreases to 263 mL if the 
pressure remains constant. 

Thus, all gases expand or contract by the same fraction of their 
volumes at O°C per degree change of temperature, i. e. , for each 
degree change of temperature, the volume of a sample of a gas 

changes by the fraction I of its volume at O°e. 
. 273 

Let the volume of a given amount of a gas be Va at O°e. The 
temperature is increased by to C and the new volume becomes VI . 

Thus, v.. t == Va + Va x t == Va (I + _I_J 
. 273 273 

or V. == V. (273 + tJ 
t a 273 

. . .. (i) 

A new temperature scale was introduced known as Kelvin 
scale or ahsolute scale named after the British physicist and 
mathematician Lord Kelvin. The lower limit of the scale is 

called absolute zero which corresponds to -273°C. At absolute 
zero or 273 0 C, all molecular motions would stop and the 
volume of the gas would become zero. The gas would become a 
liquid or solid. Thus; absolute zero is that temperature at 
which no substance exists. in the gaseous state. The 
temperature in absolute is always obtained by adding 273 to the 
temperature expressed in 0C. 

K eC+ 273) 

This new temperature scale may be used for deducing Charles' 
law. 

or 

or 

By substituting T for 273 + t and To for 273 in Eq. (i), 

2.0 

jg 
d. 1.0 
Q) 

E 
::l 
(5 
> 

xT 
Vt == 

To· 

== Vo 
r To 

V constant (if pressure is kept constant) 
T 

: -200 -100 0 
o 73 173 273 

100 200 300 "C 
373 473 573 K 

Temperature -

Fig. 4.3 

This is Charles' law. It can be stated as follows: 
The volume of a given amr,unt of a gas at constant 

pressure varies directly as its absolute temperature. 

V oc T (if pressure is kept constant) 

Charles' law can be verified experimentally by plotting the 
values of volumes of a given amount of a gas under respective 
absolute temperatures at constant pressure. The straight line 
confirms the above statement. .. 

(iii) Pressure~temperature law: It relates the pressure and 
absolute temperature of a given mass of a gas at constant volunie. 

Volume remaining constant, the pressure ofa given mass 

of a gas increases or decreases by 1 of its pressure vt ooe 
273 

per degree change of temperature: 

or 

Po XI 
PI =Po+--

273 

PI =Po (1+_t
_) 

273 
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or P = P. (273 + t1 
I 0 273) 

or !l= Po 
T To 

or P ex; T (if volume is kept constant) 

At constant volume, the pressure of a given amount of a 
gas is directly proportional to its absolute temperature. 

4.4 IDEAL GAS EQUATION 
This equation is obtained by combining Boyle's and Charles' 
laws. . 

or 

V oc.~ ... (i) (at constant temperature and definite mass) 
P 

V DC T ... Oi) (at constant pressure and definite mass) 

Combining eqs. (i) and (ii); we get 

T 
Vex; - (for definite mass) 

P 
PV 

T 
constant 

From the above relation, we have 

PI Vt P2V2 --=--

From eq. (iii), 

Tl T2 

PV =R 
T 

PV = RT for 1 mole gas 

PV = nRT for n mole gas 

... (iii) 

... (iv) 

... (v) 

When mass of the gas is taken in grams, the value of 11 will be 
given by: 

or 

or 

Mass of the gas in gram 
n= 

Mol. mass of the gas in gram 

Let wand M be the mass and molecular mass of a gas; then 
w 

11= 
M 

Hence, eq. (v) becomes 

PV= w RT 
M 

P 

P 

w RT 

M V 

d RT 
M 

Mass .---
Volume 

... (vi) 

Density (d )j 
... (vii) 

Eqs. (vi) and (vii)are modified forms of gas equation. The 
above equations are strictly followed by ideal gases. 

Nature of Molar Gas Constant R 
Gas equation for one gram mole, 

PV=RT 

or 

So, 

R = P x V Pressure x Volume 

T Temp.erature 

P 
Force Force 

ressure = = ----,-
Area (Length) 2 

Volume = (Length) 3 

R 

Force (L h)' ----x engt -
(Length) 2 

Temperature 

Force x Length 

Temperature 

Work 

Temperature 

Thus, the value of R should always be expressed in units of 
work per degree kelvilJ per mole. 

Numerical Values of R 

R= PV 
. T 

One gram mole of a gas at one atmospheric pressure and O°C 
(273 K) occupies a volume 22.4 litre. 

So, 

P I atmosphere, 

R = I x 22.4 
273 

T= 273 K, V = 22.4 litre 

= O.0821litre-atm K-:-t mol-t 

If pressure is taken in dyne/cm2 and volume in mL, 
P = 76 x 13.67 x 981 dyne/cm 2, V = 22400 mL for I mole, 

T=273K 

So, R 
76 x 13.67 x 981 x 22400 

273 
= 8.314 x 107 erg K-1 mol-1 

. Since, Ijoule = 10 7 erg, so 

R = 8.314 joule K· 1 mol-1 

Since, I calorie = 4.1 84 x 10 7 erg, so 

8.314 x 107 

R 

Note: 

4.184 X 107 

== 1.987"" 2 calorie K-1 mol-1 

Although, j{ can be expressed in different units, but for 
pressure-volume calculations, R must be taken in the same units 
of pressure and volume. 

Barometric Distribution 
In the case of ordinary gases, pressure in the container is 

unaffected by the gravitational field. But in high molecular mass 
polymeric gases, pressure varies with height. 

Let Po be the pressure at ground level and P be the pressure at 
height 'h'; then 
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2.30310g lo (~):;:: _{ M:h} 
Siinilarly for density and number of moles the equation may 

be given as: 

2.303 log 10 ( .!!..-J == - {!!!gh} 
\do R 

2.303 log 10 ( ~J :::: -{Mghf
1 

. t.no R 

These relations are valid under isothermal conditions for 
density, pressure and number of moles. 

If temperature is not constant then the relations of barometric 

distribution may be2~~v::I:: 1O(!..-) == _ Mgh 
Po RT 

2,30310gI0(~J:::: Mgh 
no RT 

Open vessel concept: In open vessel of a gas, pressure and 
volume are always constant. 

PV == ntR1j 

PV== n2RT2 

... (1) 

... (2) 

Here, nl and n2 are number of moles at temperatures TI and 
Tz· 

Dividing eq. (1) by (2), we get 

nl 1j. n2T2 

Dry and moist gas: If volume under moist condition is 
given then volume of dry gas can be determined. 

P moist V moist == P dry Vdry 

Pdry P moi~t - Aqueous tension or vapour pressure of water 

R I
· h 'd' Partial pressure of water in air 

e ative unn tty = --~--------
Vapour pressure of water 

Payload (Lifting Capaeity of Balloon) 
When a balloon is filled with lighter gas like H2 and He 

(lighter than air) then it rises up due to the difference in the 
density of air and the gas. Payload or lifting capacity of balloon 
may be calculated as: 

[
Mass of air filled] [MaSS of gas filled in the 1 

Pay Load:;:: . h b II - balloon at same tempera -
In tea oon. tur d e an pressure 

[~~~o:J 
:: :::::ISOME SOLVED EXAMPLES\::::::: 

Example 1. A sample of a ga.'i occupies 10 litre under a 
pressure ofl atmosphere. What will be its volume if the pressure 
is increased to 2 atmosphere? Assume that the temperature of the 
gas sample does not change. 

Solution: VI = 10 litre V2 :;:: ? 

PI:;:: latm P2 = 2atm 

Applying Bo~rle's law, 

PI VI =PZV2 

PIVJ lxlO . 
So, V2 =--=--=5htre 

P2 2 

Example 2. A sample of a gas occupies 600 mL at 27°C 
and 1 atm. What will be the volume at 127°C if the pressure is 
kept constant? 

Solution: VI = 600 mL TI == 27 + 273 = 300 K 

T2 :;:: 127 + 273 = 400 K 

VI V2 -=-
1j T2 

Applying Charles' law, 

VI V2 :::::-xT2 
1j 

600 x 400 
=----

300 

= 800mL 

Example 3. A gas cylinder containing. cooking gas can 
withstand a pressure of14.9 atmosphere. The pressure gauge of 
the cylinder indicates 12 atmosphere at 27°C. Due to a sudden 
fire in the building, the temperature starts rising. At what 
temperature will the cylinder explode? 

Solution: Since, the gas is confined in a cylinder, its volume 
will remain constant. 

Initial conditions Final conditions 

PI = 12atm P2 14.9atm 

1j ::::: 27 + 273 = 300 K T2 = ? 

Applying pressure-temperature law, 

PI =P2 

TI T2 

So, 
P2 xTI 

PI 

== 14.9 x 300 == 372.5 K 
12 

Temperature in ° C = (372.5 273) = 99,SD C 

Example 4. A 1000 mL sample of a gas at -73°C and 2 
atmosphere is heated to 123 °C and the pressure is reduced to 0.5 
atmosphere. What will be the final volume? 

Solution: 

Initial conditions 

PI =2atm 

VI = 1000mL 

TI =-73°C:::::(-73+273) 

200K 

Final conditions 

P2 = 0.5 atm 

V2 =? 

T2 ::::: 1230 C = (123 + 273) 

=400K 
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We know that, 

So, 

or 

2x 

200 

2x 1000x400 

200 x 0.5 

== 8000mL 

Example 5. A sample of a gas occupies a volume of 512 
mL at20°C and 74 cm ofHg as pressure. What volume would this 
gas occupy at STP? 

Solution: 
Initial conditions Final conditions (SIP) 

~ = 74 em 

1\ =20e C=(20+273) 293K, 

VI 512mL 

P2 =76cm 

T2 oec= 273K 

V2 =? 

We know that, 
TI 

74 x 512 

293 

So, 
v. _ 74 x 512x 273 

2 - 293 x 76 

464.5mL 

Example 6. 3.7 g of a gas at 25°C occupied the same 
volume as 0.184 g of hydrogen at 17°C and at the same pressure. 
What is the molecular mass of the gas? 

or 

Solution: For hydrogen, 

w O.l84g; T==17+273=290K; M==2 

We know that, PV w RT 
M 

0.184 x R x 290 
2 

For unknown gas, 

w = 3.7 g; T 25 + 273 298 K; 

PV = 3.7 x R x 298 
M 

Equating both the equations, 

3.7 x R x 298 0.184 x R x 290 
M 2 

M 3.7x 298 x 2 = 41.33 
0.184 x 290 

M=? 

... (i) 

... (ii) 

Example 7. What is the pressure of HCl gas at -40°C if its 
density is 8.0 kg m-3 ? (R 8.314 J K -I mol-I) 

Solution: Equation for ideal gas, 

PV=~RT 
M 

or P wxRT 
V M 

dx
RT 

M 
(~= density == d J 

Given, d==8.0kgm-3
; R=8.314JK-1 mol-I; 

T = - 40 + 273 == 233 K 

and M == 36.5 g mol-I 36.5 x 10-3 kg mol- I 

Substituting the values in the above equation, 

. P 8.0x 8.314 x 233 424.58x 103 Pa 
36.5x 10-3 

Example 8. A certain quantity of a gas occupies 100 mL 
when collected over water at 15°C and 750 mm pressure. It 
occupies 91.9 mL in dry state at NTP Find the aqueous vapour 
pressure at l5°e. 

or 

Solution: Let the aqueous vapourpressure be p rnm. 

Initial conditions NIP conditions 

PI (dry gas) (750- p)mm P2 ==760rnm 

VI = loomL V2 = 91.9 mL 

TI == 15 + 273 == 288 K T2 273 K 

Applying gas equation, 
xloo 760x91.9 

-C.--_.....:::-C __ 

288 273 

750 p== 760 x 91.9x 288 
100x 273 

736.8mm 

p = 750- 736.8 

13.2mm 

Example 9. A balloon of diameter 20 m weighs 100 kg. 
Calculate its payload if it is filled with helium· at 1.0 atm and 
27°e. Density of air is 1.2 kg m -3. 

(R = 0.082 dm 3
. atm K -I mol -I ) (lIT 1994) 

Solution: 

Volume of balloon == 4 TCr3 =4 x 22 x (10)3 
3 3 7 

4190.47m3 

Mass of the air displaced 4190.47 x 1.2 == 5028.56 kg 

PV 
No. of moles of helium in the balloon 

RT 

1 x 4190.47 X 103 

== 170344 
0.082 x 300 

Mass of helium == 4 x 170.344 x 103 g = 681.376 kg 

Mass of filled balloon == 681.376 + 100 == 781.376 kg 

Payload = Mass of air displaced - Mass of filled balloon 

= 5028.56~ 781.376 4247.184 kg 
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Example 10. The density of a gas is 0.259 gel at 400 K 

and 190 ton: Find its molar mass. 

or 

Solution: 760 torr = 1 atm 

So, 
190 

190 torr = - atm 
760 

We know that, 
d 

P=-RT 
M 

Given, d = 0.259 gL- 1 
; 

d 
M=-RT 

P 

R = 0.0821 L- atm K- I mol-I; 

0.259 x 0.0821 x 400 x 760 
M =---------

190 

190 
P = atm; 

760 

T 400K 

34.02 g mol-I 

Example 11. The density of phosphorus vapour at 310°C 
and 775 torr is 2.64 g dm-3

. What is the molecular formuia of 
phosphorus? 

Solution: We know that, P 
d 

RT or 
d 

M=-RT 
M P 

Given, d = 2.64 g dm-3 ; P 
775 

atm' 
760 ' 

R = 0.0821 dm3 atm K-1 mol-I 

and T = 310 + 273 = 583 K 

So, M = 2.64 x 0.0821 x 583 x 760 123.9 g mol-I 
775 

Atomic mass of P = 31 g mol-I 

. I I 123.939974 NO.ofPatomsm amoecue=-- . '" 
31 

Hence, molecular formula of phosphorus P4 

Example 12. What percentage of a sample of nitrogen 
must be allowed to escape ifits temperature, pressure and volume 
arechangedjrom no°e, 3.0atm and1.65L to 1 IO°C,0.7atm and 
1.0L respectively? 

Solution:' Applying the formula, m (mass of the gas) 

PV x M d b h h' d" -~- ,un er ot t e con thons, 
RT 

. 3.0 x 1.65 x 28 
Mass of gas before escapmg= 3.42 g 

0.0821 x 493 

. 0.7 x 1.0 x 28 
Mass of gas after escapmg = 0.62 g 

0.0821 x383 

Percentage of nitrogen allowed to escape 

. _ Q62) x 100 81.87 
3.42 

Example 13. The density of oxygen is 1.43 g 

Determine the dens tty of oxygen at 17°C and 800 ton: 

atSTP 

or 

. " d MP Solution: Applymg the 100"ffiula = -
RT 

At STP, 
MP1 

RT, 

[PI = 760 torr; 11 = 273 K; d l 

At given conditions, 

So, 

d, = MPz 
- RT2 

d z 
d1 

[P2 = 800 torr; Tz 
P? TI -- x-
T2 PI 

T 
x~xdl 

PI Tz 
_ 800· 273 1 43' - x-x. 

760 290 

=1.417gL-1 

1.43g 

290 K;dz ?] 

Example 14. A car tyre has a volume of 10 litre when 
inflated. The tyre is inflated to a pressure of3 aIm at 17°C with 

. ail: Due to driving the. temperature of the lyre increases to 47°C. 
(a) What would be the pressure at this temperature? (b) How 
many litres of air measured at 47°C and pressure C?fl atm should 
be let out to restore the l:yre to 3 atm at 47°C? 

or 

Solution: (a) At constant volume, 

Pl = Pz 
TI Tz 

3 = P2 

290' 320 

or 3.31 atm 

(b) Pressure to be decreased in tyre 

3.31 3.0 0.31 atm 

Let the volume of the gas to be taken out at 1 atmospheric 
pressure be V. As the temperature remains constant, i. e., 47°C, 
Boyle's law can be applied to determine V. 

lxV O.3lxlO 

or v = 3.1 litre 

Example 15. Oxygen is present in a one litre flask at a 
pressure of 7.6x 10-10 mm of Hg. Calculate the number of 

oxygen molecules in theflask at O°e. 

. Solution: 
PV 

n= 
RT 

... (i) 

P 7.6x 10-
10 

10-12 = = atm 
760 

V = lL, T = 273 K, R 0.0821 L atm K-1 mol-I 
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From eq. (i) n 
10-12 xl 

0.0821 X 273 

Number of molecules = 11 X 6.023 x 1023 

10-12 

---- x 6.023 X IO z3 

0.0821 x 273 

2.68 x 1010 

Example 16. An open flask c.ontains air at 27°e. 
Calculate the temperature at which it should be heated so that 
113 rd of air measured at 27°C escapes out. 

Solution: Let the initial number of moles of air at 27°C 
(300 K) be =n 

Number of moles of air left when the air is heated to 
n 2n 

the temperature T K = n - - -
3 3 

At constant pressure and constant volume, 

nl11 n2T2 

2n . 
or n x 300= x T 

3 
or T= 450K = (450- 273)= 177° C 

Example 17. A mixture of co and CO2 is found to haw; a 
density of 1.5 gL- 1 at 30°C and 730 torr. What is the composition 

of the mixture? 
Solution: Let the average molecular mass be M. 

M dRT = 1.5 x 0.0821 x 303 x 760 = 38.85 
P 730 

Let x mole of CO and (I x)mole of CO2 be present. 
xx28+(J x)x44 38.85 

x.:: 0.3218 

mole % of CO ='32. I 8 and mole % of CO2 = 67.82 

Example 18. Calculate the value of molar gas constant, 
'R'in (i)ccatmK -I mor l (ii)torrccK -1 mol-1 (iii)kPa litre 
K -I mol-I. 

Solution: (i) When the pressure is expressed in atmosphere 
and volume in cc. 

P 1 atm; V = 22400 cc 

R PV 1 x 22400 82 I K- I I-I = . cc atm mo 
nT lx273 

(ii) When the pressure is expressed in torr and volume in cc. 

P = 760 torr; V 22400 cc 

R 760 x 22400 62360 K' -I 1-1 ----= torr cc mo 
1 x 273 

(iii) When fhe pressure is expressed-in k Pascal and volume in 
litre. 

p.= 101.3 kPa; V = 22.4 litre 

R PV = 101.3 x 22.4 8.31 kPa litre K- 1 mol-I 
nT Ix 273 

Example 19. The pressure exerted by 12 g of an ideal gas 
at temperature tOC in a vessel of V litre is one atmosphere. When 

the temperature is increased by looe at the same volume, the 
pressure increases by 10%. Calculate the temperature t and 
volume V (Molecular mass of the gas = 120). . (lIT 1999) 

Solution: As the volume is constant, pressure law can be 
applied, Le., 

or 

or 

or 

Pz Tz 
1 t + 273 

l.l t +- 283 

t = - 173 ° C = 100 K 

Now, applying gas equation, 

PV=nRT 

V ==!!- RT 
P 

12 x 0.082 x 100 
0.82 litre 

120x 1 

1. '2.5 L of a sample of a gas, at 27°C and 1 bar pressure is 
compressed to a volume of 500 mL keepipg the temperature 
constant, the percentAge increase in the pressure is: 
(a) 100% (b) 400% (c) 500%· (d) 80% ' 
[Ans. (b)] I 

[Hint:P,V] = P2V2 
, I 

I x 2.5 =~ x 
2 

~ 5bar 
, Increase in pressure 

% Increase = x 100 
Initial pressure 

4 = x 100 = 400%] 
I , 

2. Which of the following gases will have density of 1.8 g L-' at 
760 torr pressure and 27°C? . 
(a) 02 . (b) CO2 (c) NH3 (d) S02 
[Ans. (b)]. 

[Hint: Pm = dRT 

dRT 
m=-'-,- x 300 = 44 

P 

:. The gas wilJ be CO2,] 

3. 10 g C2~ is filled in a bulb of I litre capacity which can 

withstand a maximum pressure of \0 atm. At what 
temperature will the pressure of gas reach the bursting limit? 
(a) 76°C (b) 361.4°C (c) 92.4°C (d) 120'''C 
[Ans. (c)] 

[Hint: T = PV 10 x I 365.4 K = 92.4° C] 
. nR (1O/30)xO.OS21 

4. .The vapour of phosphine g.as at 27°C and 3 bar pressure has 
density: 
(a) 4.09 g mL -1 

(c) 2.04 kg L -1 

[Ans. (b)] . 

(b) 4.14 g L~] 

(d) 2.04 g L-1 
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Pm 3 x 34 
[Hint: d - 4.14 g L- I

] 
• RT 0.0821 x 300 

5. Coefficient of volume expansion of a gas is: 
I 2 

(a) 273 (b) 273 

(c) 2~3 (d) 2~3 
[Ans. (a)] 
[Hint: According to Charles' law, 

VI = Vo (1 + _t_) 
273 

VI = Vo (1 + at) 

a = _1_ Coefficient of volume expansion 
273 

Here, Vo = Volume at O°C and VI = Volume at t DC] 

6. A gas has a vapour density 11.2. The volume occupied by I 
gram of the gas at STP will be: 
(a) 1l.2 L (b) 22.4 L (c) I L (d) 10 L 
[Ans. (c)] 

Mass 
[Hint: Number of moles = ---

Molar mass 

Mass 
2 x Vapour density 

2 x 11.2 22.4 

Volume of gas = n x 22.4 L 

1 
= x 22.4 L = 1 L] 

22.4 

7. When a gas is heated from 25°C to 50°C at constant pressure 
of 1 bar, its volume: 
(a) increases from Vto 2V 
(b) increases from Vto 1.5V 
(c) increases from V to 1.084V 
(d) increases from Vto 1.8V 
[Ans. (c)] 

[Hint: VI = V2 

Tl T2 

~=~ 
298 323 

323 
V2 = V X = 1.084 V ] 

298 
8. The molecular weights of two ideal gases A and Bare 

respectively 100 and 200. One gram of A occupies V litre of 
volume at STP. What is the volume (in litre) occupied by one 
gram of Bat STP? (EAMCET 2006) 

V 
(a) - (b) V (c) V 2 (d) 2V 

2 
[Ans. (a)] 
[Hint: Under identical cenditions of temperature and pressure: 

VA 

VB nB 

V 1/100 

VB 11200 

V 
VB =2'] 

9. A bubble of volume VI is at the bottom of a pond at 15°C and 

1.5 atrn pressure. When it comes at the surface, it observes a 

pressure of I atrn at25°C and has volume V2; give (V2) : 
. ~ 

(a) 15.5 
[Ans. (d)] 

(b) 0.155 
(DCE 2006) 

(c) 155.0 . (d) 1.55 

[Hint: PI VI = P2V2 

TI T2 

VI PzTl 
1.5 x 288 
---.1.5] 
Ix 298 

4.5 DALTON'S LAW OF PARTIAL 
PRESSURES 

When different gases that do not react chemically with each other 
are enclosed in the same container, they intermix rapidly and 
exert a definite pressure. Again, each of the gas in the mixture 
exerts its own individual pressure if it is present only in the same 
container at the same temperature. John Dalton, in 1801, 
established the relation between the pressure of the mixture of 
gases and individual pressures of the constituent gases. This 
relationship is known as Dalton's law of partial pressures. If 
states that, 

At a given temperature, the total pressure exerted by two or 
more non-reacting gases occupying a definite volume is equal to 
the sum of'the partial pressures of the component gases. 

• Mathematically, 

P= PA +"PB + Pc + ... 
when P is the total pressure and p A , P B , Pc, . .. are the partial 
pressures of the component gases J1, B, C, ... respectively. The 
pressure that a component gas of the gaseous mixture 
would exert if it were only present in the volum~ under 
consideration at a given temperature, is the partial pressure of 
the component. 

Derivation of Dalton's Law 
Let nl and n2 be the no. of moles of two non-reacting gases 

'A' and 'B' filled in a vessel of volume' V' at t~mperature T. 
Total pressure in the vessel 'F'may be calculated as, 

PV=(n l +n2)RT ... (i) 

Individual or partial pressure may be calculated as, 

P AV nlRT ... (ii) 

PBV = il2RT ... (iii) 

Adding eqs. (ii) and (iii), we get 

(PA +PB)V=(nl +n2)RT ... (iv) 
Comparing equations (i) and (iv), we get 

P == PA + PB (Dalton'S expression) 
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Dividing eq. (ii) by (i), we get 

-.....!.....-=XA 
P nl + nl 

PA x A x P 
where, x A = mole fraction of 'A'. 

Similarly, dividing eq. (iii) by (i), we get 

PB =XB xP 

i.e., Partial pressure of a component 
Mole fraction x Total pressure 

Relationship between Total Pressure and Individual 
Pressure (before Mixing) of the Constituent Gases at 
Constant Temperature 

At constant temperature, let V; volume of a gas A at a pressure 
PI be mixed with V1 volume of gas B at a pressure Pl' Both these 
gases do not react chemically. . 

Totalyolume = Vj + V2 

Let the total pressure be P and partial pressures of A and B be 
P A and P B respectively. Applying Boyle's law, 

P A (VI + V2 ) PI V; 
and PB (VI + V2) P2Vl 

Adding eqs. (i) and (ii), 

PA + PB 

or P PIV; + P2V2 

Vl +V2 

... (i) 
... (ii) 

In the laboratory, it is often convenient to collect a gas over 
water. When a gas is collected over water, the observed pressure 
of the gas is equal to the sum of the pressure of dry gas and the 
pressure of water vapour. . , 

Therefore, the pressure of dry gas 
= pressure of moist gas pressure of water vapour 
= pressure of moist gas aqueous tension 

Amagat Law of Partial Volume 
Total volume of a mixture of gases which does not react at 

constant temperature and pressure is equal to sum of individual 
vo.lumes (partial volumes) of constituent gases. 

V = ~ Vi = VI + V2 + V3 + ... + VII 

4.6 DIFFUSION'OF GASES AND' 
GRAHAM'S LAW OF DIFFUSION 

When two or more non-reacting gases are kept side by side, they 
have the tendency to mix with one another spontaneously and 
form a homogeneous mixture. This can occur also if two gases 
have different densities. The heavier gas moves up and the lighter 
one comes down even against the action of gravity. Such a 
phenomenon is due to the fact that gas particles are moving at 
random with very high velocities and there is much 
intermolecular empty space in the volume of any gas. When two 
gases are brought together, they mix with each other in no time. 

This ability of a gas to mix spontaneously and to form a 
. homogeneous mixture is known as diffusion. It is due to this 

phenomenon that we can readily detect the fragrance of a flower 
or a perfume or bad smell of hydrogen sulphide, sulphur dioxide, 
chlorine, etc., when these are evolved or used in any work in 
laboratory or in industry. 

Effusion 
It is a process in which a gas is allowed to escape under 

pressure througb a fine orifice or a small aperture made in 
the wall of a closed container. The difference between diffusion 
and effusion is that in the former case, the gas spontaneously 
streams through a porous partition while in the case of effusion, 
the gas is forced out through a small hole by applying some 
external pressure. However, both the processes are essentially the 
same. 

Instantaneous rate of effusion is directly proportional to the 
instantaneous gas pressure and inversely proportional to the 
square root of molar mass. ' 

dP KP 

dt JM 
_rP2 dP =~ rt dt 

JP1 P JM Jo 

In(;~ J J!M 
InP1 

Hence, partial pressure decreases exponentially with time as 

1 
p 

t- t-

Fig. 4.4 Variation of partial pressure of gas with time, 
in the process of effusion. 

Graham's La~of Diffusion or Effusion 
This law was presented by Thomas Graham in 1833. The 

law states that "At constant pressure and temperature, the 
rate of diffusion or effusion of a gas is inversely proportional 
to the square root of its density." 

Rate of diffusion oc .Ja 
If'i and r2 represent the rates of diffusion of two gases and d 1 

and d 2 are their respective densities, then 

,p; 
rz .~ dl 
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This equation can be written as: 

r2 , 
density of gas II 

density of hydrogen 
::: 

density of gasI 

density of hydrogen 

2VDgasII 

2VDgasI 

Mol. mass gas II 

Mol. mass gas I 

Volume of gas diffused 
Rate of diffusion = ---~,----

Time taken for diffusion 

i. e. , the volume which diffuses in unit time. 
(i) Comparison of times taken for the same volume of two 

gases: Let the times of dj.ffusion for the same volume of two, 
gases be t I and t 2 respectively; then 

- . V 

or 

.2..= tl ::: {d;::: ~M2 
r2 ~ vd; MI 

t2 

:: =J¥ = ~~: 
(ii) Comparison of the volumes of the gases that diffuse in 

same time: Let Vi and Vz be the volumes of two gases that 

diffuse in the same time t. Then 
VI 

.2..= t =~= {d; = 1M2 
rz Yz V2 V d; V M I 

t 
(iii) Effect of pressure on rate of diffusion: When pressure 

is not constant then rate of effusion may be taken proportional to 
pressure. 

1 
roc-- rocP 

.JM 
Combination of these equations gives: 

or 

P 
r oc --

.fii 
.2..=Pj ~M2 
r2 P2 MI 

How to Determine Rate of DiffusiOn? 

(a) Rate of diffusion is equal to distance travelled by gas per 
unit tim~ through a tube of uniform cross-section. 

(b) NumberofmoIes effusing per unit time is also called rate 
of diffusion. 

, ( c) Decrease in pressure of a cylinder per unit time is called 
rate of effusion of gas. 

Application of Graham's Law of Diffusion 

According to Graham's law of diffusion, the ratio of rate of 
diffusion of two gases may be given as: 

lj (Mz JI!2 
rz=lM I 

~:e;:::, (~:i'~''': ':=::c:::::,: ::',:::; 
about the preferential effusion of lighter species relative to the 
heavier ones. This enrichment can be applied to 
separate isotopes. For example, the isotope UZ35

, the active 
component in atomic weapons arid in nuclear power generation, 
has a' natural abundance of only 0.7% while U238 is far more 
abundant. By reaction' of the isotopic mixture with fluorine, 
gaseous UF6 is produced and can be enriched by passing it 
through a porous barrier. The process of diffusion through the 
porous barrier is repeated many times to achieve sufficient 
enrichment. 

Separation factor' f ' ::: I 
nl I n2 

where, nl nz and n l ' nz ' are the concentration of two isotopes 
before and after diffusion. 

Theoretical separation factor for single step f' ~ 
Let enrichment of species' 1 ' is achieved after' n' times then 

I (/')" f 

n log f' =: l:lg/(n;; I n:i ) 
nl I nz 

n log _2::: log _I __ z '~ rn'ln'J 
M[ nil nz 

n I (M z J -1 (n{ I n:i1 - og - - og --) 
2 M j , nil n2 

210g ( nil n2 
J' 

l nj I n2 ' 
n '::: ---'--"----=..:.. 

log (M2 IMj ) 

2 log (f) 
( . '\ 

log I MZ1' 
\MI' 

: : : : ::I_SOME SOLVED EXAMPLES \ I::: : : : 
Example 20. A 10 litre flask contains 0.2 mole of methane, 

0.3 mole of hydrogen and 0.4 mole of nitrogen at 25°C. What is 
the partial pressure of each. component and what is the pressure 
inside the flask? 

Solution: P = nRT 
V 

. 0.2 x 0.0821 x 298 
PartIal pressure of methane::: 0.489 atm 

10 
. 0;3 x 0.0821 x 298 

Partial pressure of hydrogen ::: -------
, 10 

0.734 atm 

P 
. If' 0.4 x 0.0821 x 298 artla pressure 0 mtrogen::: -------

10 
0.979 atm 
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Total pressure = (0.489 + 0.734 + 0.979) atm 
2.202 atm 

Alternative solution: Total number of moles 
= 0.2 + 0.3 + 0.4 == 0.9 

Let the total pressure be P. 
We know that, 

P = total number of moles. RT 
V 

V = 10 litre, R = 0.0821 L atm K- I
, T == (25 + 273) 298 K 

P 0.9 x 0.0821x 298 2.20atm 
10 

Partial pressure of CH4 Mole fraction of methane 
x total pressure 

0.2 x 2.20 == 0.489 atm 
0.9 

Partial pressure of Hz = Mole fraction of H2 x total pressure 
03 . 
-' x 2.20 = 0.733 atm 
0.9 

Partial pressure of N2 = Mole fraction of Nz x total pressure 

= 0.4 x 2.20 0.978 atm 
0.9 

Example 21. r[200 mLof N 2 at 25°C and a pressure of 
250 mm are mixed with 350 mL of O2 at 25°C and a pressure of 
300 mm so that, the volume of resulting mixture is 300 mL, what 
WGuld be thefinal pressure o/the mixture at 25°C? 

Solution: In the case of nitrogen, volume increases, its 
pressure must decrease. Let the new pressure be P", 2 • 

250x 200 . 
P"'z 300 == 166.6mm (Applymg Boyle's law) 

In the case of oxygen, volume decreases, its pressure must 
increase. Let the new pressure be P 0

7 
• 

P
Oz 

3003~:50== 350 mm - (Applying Boyle's law) 

Total pressure PN2 + P02 = (166.6+ 350)= 516.6mm 

Example 22. 1.22 g ofa gas measured over water at 15°C 
and a pl'essure of 775 mill o[ mercury occupied 900 mL 
Calculate the volume of dlJ} gas at NTP Vapour pressure of water 
at 15°C is 14mm. 

Solution: Pressure of dry gas Pressure of moist gas 

Initial conditions 

VI 900mL 

PI == 761mm 

- Aqueous tension 
= 775 14 
=761 mm 

NTP conditions 

TI = (273 + 15):::: 288 K T2 = 273 K 

Since, 
PZV2 

TI T2 

So, V2 :::: 
TI P2 

.. 761x 900x 273 

288x 760 

854.2mL 

. Example 23. When 2 g of a gaseous substance A is 
introduced into an initially evacuated flask at 25°C, the pressure 
is found to be I-atmosphere. 3 g of another gaseous substance B 
is then added to it at the same temperature and pressure. The 
final pressure is found to be 1.5 atmosphere. Calculate the ratio 
of molecular masses of A and B assuming ideal gas behaviour. 

Solution: Let the molecular masses of A and B be M A and 

. M B respectively. 
Pressure exerted by the gas B = (1.5 - 1.0) 0.5 atm. Volume 

and temperature are same in both the gases. 
ForgasA: P=latm, W 2g, M=M A 

We know that, PV= w RT 
M 

2 2RT 
IxV -·RT or MA ... (i) 

MA V 

For gas B: P 0.5 atm, w = 3 g, M M B 

3 3RT 
0.5 x V == . RT or M B = ... (ii) 

MB O.5xV 

Dividing Eq .. 0) by Eq. (ii), 

2RT 0.5xV 
=--x 

MB V 3RT 

2 x 0:5 I 
----

3 3 

Thus, M A : M B = 1: 3 . 

Example 24. Find the. total pressure exerted by 1.6 g 
metHane and 2.2 gC02 contained in afoul' litreflask at 27°e 

Solution: PV (n, + n2 )RT 

P x 4 r 1.6 + 2.2) x 0.0821 x 300 
\ 16 44 

P = 0.9236 atm 

Example 25. 1500mLflask contains 400mg O2 and 60mg 
H 2 at 1000 e 

(a) What is the total pressure in the flask? 
(b) If the mixture is permitted to react toform water vapour at 

·IOO°C, what wi/the left and what will be their partial pressures? 

Solution: (a) No. of moles of02 400:::: 0.0125 
1000 x32 

60 =: 0.03 
1000 x 2 

No. of moles of H2 

P .\ fO 0.0125 x 0.0821x373 0255 artJa pressure 0 2 = . =. atm 

Partial pressure of H2 

1.5 

0.03 x 0.0821 x 

1.5 
0.612atm 

Total pressure= 0.255 + 0.612::: 0.867 atm 
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(b) . 2H2 + 02 ::::: 2H20 
Initial 0.03 0.0125 0 

After reaction 0.005 0 0:025 
. 0.005 x 0.0821 x 373 

Pamal pressure of H2 ::::: ., == 0.102 atm 
1.5 

Partial pressure of H
2
0 0.025 x 0.0821 x 373 == 0.51 atm 

1.5 

Example 26. 20 dm3 of S02 diffuse through a porous 

partition in 60 s. What volume of O2 will diffuse under similar 
conditions in 30s? (lIT 1996) 

Solution: Rate of diffusion of S02 = 20 dm3 
S-l 

60 

Rate of diffusion of 02 ::: ~ dm3 
S-l 

. 30 

According to Gralj.am's law of diffusion, 

(V 130) ~Mso, fM 
(20/60) = M02 '132 

V;:;:: 14.ldm3 

Example 27. 50 volume of hydrogen take 20 minute to 
diffuse out of a vessel. How long will 40 volume of oxygen take to 
diffuse out from the same vessel under the same conditions? 

or 

Solution: Rate of diffusion for hydrogen, 'i ::::: 50 
20 

So 

40 
Rate of diffusion for oxygen, r2 

Mol. mass of hydrogen::::: 2 
Mol. mass of oxygen::::: 32 

50/20::::: {32 
40lt '12 

50 x 4 
20 40 

t == 64 minute 

Example 28. Calculate the relative rates of diffusion of 

235 UF6 and 238 UFfS in the gaseous state (At. mass of F ::::: 19). 

Solution: Mol. mass 235LTF6 = 235 + 6 x 19 = 349 

Mol. mass 238 UF6 = 238 + 6 x 19 = 352 

= ~M2 == ~352 ::::: 1.0043 
r2 M J 349 

II : r2 :: 1.0043 : 1.0000 

Example 29. 180 mL of a hydrocarbon diffUses through a 
porous membrane in 15 minutes while 120 mL of S02 under 
identical conditions diffuses in 20minutes. What is the molecular 
mass of the hydrocarbon? 

Solution: 

II ::::: rate of diffusion of hydrocarbon = 180 mL min-1 

15 

r2 ::::: rate of diffusion of S02 = 120 mL min-1 

20 

.1..::::: MS02 

r2 M 

Thus, 
180/15 f64 . 
120/20 V'M 

2=~ 
So, M==16 

Example 30. The reaction between gaseous NH 3 and HBr 
produces a white solid NH 4Br. Suppose a small quantity of 
gaseous NH 3 and gaseous HBr are introduced simultaneously 
into opposite ends of an open tube which is one metre long. 
Calculate the distance of white solidformedfrom the end which 
was used to introduce NH 3' 

Solution: Let the distance of white solid from 
NH3 end xcm. 

or, 

or, 

The distance of white solid from HBr end (100 - x) cm. 
Rates of diffusion shall be proportional to these distances. 

So, 

So, 

So, 

x _ ~MHBr 
r2 (lOO-x) MNH3 

Mol. mass of lfBr::::: 1 + 80::::: 81 

Mol. mass of NH3 = 14 + 3 = 17 

x {8i 
(lOO-x) V17 

--x-_=2.18 
(lOO-x) 

x 100 x 2.18- 2.18x 

3.l8x 100 x 2.18 
100 x 2.18 

x=----
3.18 

::::: 68.55cm 

Example 31. At 27°C, hydrogen is leaked through a tiny 
hole into a vessel for 20 minute. Another unknown gas at the same 
temperature and pressure as that of hydrogen leaked through the 
same hole for 20 minute. After the effusion of the gpses the 
mixture exerts a pressure of 6 atmosphere. The hydrogen content 
of the mixture is 0.7 mole. If the volume of the c014tainer is 3 litre, 
what is the molecular mass of the unknown gas? (lIT 1992) 

Solution: Let PH2 and Pun be the partial pressures of 

hydrogen and unknown gas respectively and w be the number of 
moles of unknown gas. 

Adding both, 

PH2 = 0.7 x 0.0821 x 300 
3 

Pun w x 0.0821 x 300 
3 

PH2 + Pun = 6= (1/3) x 0.0821 x 300(0.7 + w) 

w 0.0308 mole 
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Applying law of diffusion, 

0.7/20 

0.0308/20 
[!Vi or M = 1033 V2 .. 

Example 32. The ratio of velocities of diffusion of gases A 
and B is 1 : 4. If the ratio of their masses present in the mixture is 
2: 3, calculate the ratio of their mole fractions. [dtiH1JitiilrJ iIl9ljfflO] 

or. 

or 

~MB ·1 . 
Solution: 

rB MA 

Let masses WA and WB of A and B be present respective. 
WA 

Mole fraction of A = -:=_M--'.:A ______ -
WA WB --+
MA MB 

WB 

MB 
Mole fraction of B = -::=--"'-::c::::-

WB +--
MA ME 

Ratio WA x 
MA WE 

ME 2.1 1 
x--= x-=-

WE M A . 3 16 24 

Example 33. A space capsule is filled with neon gas at 
1.00 atm and 290 K. The gas effuses through a pin hole into outer 
space at such a rate that pressure drops by 0.30 torr per second. 

(a) If the capsule is filled with ammonia at the same 
temperature and pressure,. what would be rate of pressure drop? 

(b ){f the capsule is filled with 30.0 mol % helium, 20.0 mol % 
oxygen and 50.0 mol % nitrogen at a total pressure of 1.0 atm and 
a temperature of290 K, what would be the corresponding rate of 
pressure drop? 

Solution: (a) The rate of pressure drop is directly proportional 
to rate of effusion. 

f",.Ne =~MNH3 =p7.0 0,92 
r:'lH) M Ne 20 

rN . 0.30 . 
-. e_ = __ 0.326 torr 1 second 
0.92 Q.92 

(b) The average molecular mass of the gaseous mixture is 

0.3 x 4 + 0.2 x 32 + 0.5 x 28 = 21.6 
. rw 

Rate of drop of pressure = .1-- x 0.30 
.. V 21.6 

= 0.29 torr 1 second 

Example 34. One mole of nitrogen gas at 0.8 atm takes 38 . 
second to diffuse through a pin hole whereas one mole of an 
unknown compound of xenon with fluorine at 1.6 atm takes 57 
second to diffuse through the same hole. Calculate the molecular 
formula of the compound. (1I(lll~'19V9) 

Solution: 
P N2 M XeF" 

r XeF,; PXeF,; kINe 

Moiar volume 

1~2 tN2 57 
--

rXeF" Molar volume 
. t

XeFIl 

57 0.8 1M XeF" 

38 l.6 V28 
. 157\2 (1.6,\2 

M XeF. = - I x I - I I x 28 
11 \38) \0:8) 

= 252 

Xe+nF 252 

131+nx19 252 
n 6 

Molecular formula = XeF6 

38 

Example 35.- 100 cm3 of NH 3 d(ffilses through a pill hole 

in 32.5 second .. How much time ,vill 60 cc of N 2 take to cjifJilse 
under the same· conditions? 

1>'11:1 3 = 1 MN2 
Solution: .1 

. IN2 V MNH3 

100/32.5 

60lt 

100x t 

60x 32.5 

{28 
V17 
{28 

V17 
t = 25 second 

10. A gas with molecular fonnula CnH211 + 2 diffuses through a 

porous plug at a rate 1I6th of the rate of diffusion of hydrogen 
gas under similar conditions. The fonnula of the gas is: 
(a)CzI-4 (b)CIOH22 (c) (d)C6H14 
[Ans. (c)] 

[Hint: ~ ,1r:M; 
Ii ~Ml 

--.:L = 
Iii 6 

M2 == 72 

:. The fonnl\la o~ gas will be C,H12 .] 

11. Under similar conditions which of the following gases will 
diffuse four times as quickly as oxygen? 
(a). He '. (b) Hz (c) (d) 
[Ans. (b)] 

~o, [Hint: - ---
/0

2 
-, IV! gas 
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, 12. 

13. 

14. 

15. 

~
2 

4 = -. - or 16 
Mg~s' 

32 

lV/gas 

or 

The Jates of diffusion of hydrogen and deuterium are in the 
ratio: 

(a)I:1 (b)J2:1 (c) 4. I (d) I: 4 

[Ans. (b)] .. 

[Hint: 

The time taken for effusion of64 mL of.oxygen will be same 
as the time taken for' the effusion of which of the following 
ga5es under identical conditions? 
(a) 64 mL of Hz (bj 100 ofN2 " 

\c)64rl1L of COl '" (d) 45.24 mL ofSO/' 

[4l.ns .. ' (d)] 
,'!." 
1';. 

[aint: 102 = 

'gas 

64 ~ . 64 
V =~ 32 or V = 45.2~mLl 

Which of the following pairs of gases will have identical rate 
of effusion under similar c;onditions? 
(a) Diprotium and dideuterium 
(b) Carbon dioxide and ethane' 
(c) Dideuter;um and helium 
(d) Ethene and ethane 
[Ans.«c)] 

[Hint: Dideuteritttn and hC'liumhave same molar'mass,hence 
ti1ey\ViH diffuse with.idcnticai rate :under identical conditions,] 

Two gas bulbs A and B are connected by a tube having a 
stopc6~k. BjJlb A.'hasa volume of 100 mL and contains 
hydrogen. After. opening the' gas from 11 to the evacuated 
bulbB, the pressure falls down to 40%. Tile voh.l'me(mL) of 
B must be: ' [PET (Khala) 2006] 
(a) 75 (b) 150 (c) 125 ,(d)2QO . 

(e) 250 

[Ans. (b)] 

. [Hi~t: P1Vj (A) + P2Vi B) = PR (VI + 
; 190 x InQ.:+ 0 x Vz = 40(100 + V2 ) 

V2 = 250 - 100 = 150 mL 1 
J 

4~7KINETIC 'tHEORY OF GASES 
,1'" 

This theOlY was a ge~eralization f6raboutideal gases, It was 
presented by Bernoulli in 1738 and developed in i 860 by 
Clausius, Maxwell, Kroning and Boltzmann. Postulates of 
kinetic theoiy of gases are: 

Derivation of Kinetic Gas Equation 
On the basis oftne postul(ltes of kinetic theory of gases, it is 

possible to derive the mathematical expression, commonly 
known as kinetic gas equation, i. e. , 

12 
PV= - mnc 

3 

where, P = pressure of the gas, V == volume of the gas, In mass 
of a molecule, n number of molecules presbnt in the given 
amount of a gas andc root mean square speed. 

l11eroot me~m square speed (rms speed) may be define}! as the 
square root qf the mean of squares ohhe individualspeed of all 
the molecules. 

2 '. 2. ·2, . 2. 

. qns spe:ed= 
CI + C2 +C3 + .. , + CII 

/ 
./ 

/ 

/ 
/ 

• 'fcm 

Before 
'collision Ux · 

n 

A 
"-,-+-'----E;-;--'-;-:-+,./ 

: After -Ux 
I collision' 

.)----------
./ 

:;/- . 
/: 

. Fig.4.5 



STATESOFMATIER 227 

Consider a certainmass of a gas enclosed in a; cubical vessel of 
side'l' cm. Letthe total number of gas mole<;:ules be 'n' ami mass 
of each molecule be 'm'. Let c be the root mean square speed. 
Speed can be resolvedinto three components,i. e.;Ux'~y andU z 
parallel to the edges of the con.tainer (i.e, ,parallel to thJ:ec. axes x, 
yand z ). . . 

C
2 =U2 +U2 +U2 

x '"Y z 

· Consider the movement of a single molecule between opposite 
faces A and Bparallel to x~axis. When the molecule strikes with 
one wall of the container, it bounces back with the same speed 
and subsequently strikes the opposite waH. 

The momentum of the molecule before collision with 
face A =mUx ' 

The momentum of the molecule after collision =. mUx 

The change in momentum in one collision =mU x ~ (~ill (; x ) 

=2mUx ' 
• . . t 

After collision; the mol<~cule must move. a distance 21 cm along 
x-axis before making another impact' on . this wall. Since the' 
velocity 'Ux ' remains unchanged, the time taken to travel a 

· 21 . 
distance 21 cm -' -' second. 

Ux 

So, the number of collisions by the gas molecule in one second 
l~~ . . 
~2i' 

U 2 

Change of momentum per second = 2mUx x = m _x_ 
21 I 

· 'The changeofmorhentum on both the opposite faces A and B 
. 2mU2 

along x-'axi.s per .second would be dO).lble, i. e. '7' ' 
Similarly, 

Change in mome~tumper second along )I-axis 
2mU2 ' 

Y 

, 1 

. d'h . d I . .. 2mU; . an c ange III momentum per secon a ong z-axiS = --. - .. . . ". ···,·.1 '" 

Hence, total change of momentum per second on all faces will 
be . 

2mU2
. 2mU

2 
2mU 2 

= _' __ x + __ ·_Y + _' ._z 

III 

= 2m (U2 +U2 + ) I . x Y 

2m 
1 

Change of mor:ientum per second = Force 
. ,.., Force 

Pressure = ~, 
. . Area 

Pressure created by one molecule 
2m c2 ': 

Pressure created by n molecules 

or 

or 

~ 

P == 1 mnc-
3 V 
1 . ? 

PV=~ mnc·-3 . 

This equation is taIled: kinetic\~as equation; . 

For one gram mole of the gas, 

n N (Avogadro's number) 
.~ 6.02 Xi023 

m x N =M molecular mass of the gas. 
The above kinetic equation can pe written as: . 

· .. ··prr 1M2 .. 
... r' = - c 

3· 
. 2 3PV 
c = 

M 

c= ~3PV 
; M. 

[if 
=~3:T 

[d = density] 

Thus, c= ~3PV . 
M. 

~3RT = {3P 
M "Vd 

The value of R should be taken in erg K- 1 mol-I, e.g., 

R 8.314. X 107 erg K-1 mol-1 

c == 14 X 10
7 

xT = 1.58 {T, x 104 cml sec 
M " VAi . 

Calculation of Kinetic Energy 

or 

or 

. 1 2 .. 
PV=- mnc ' 

3 
For one gram mole of the gas, 

PVoc=RTand n N 

~ mNc 2 RT 3 '. 

2 1 hI 2 ( I ' ? 
-' mHC= RT 1- mNc-
3 2 \2 

3. KE =RT 
3 

3 
KE=-RT 

2 

" KEPermolj 

Average kinetiC energy per mol does riot depend Ofl then1!rure 
of the gas but depends on.1y On temperature. Thus,when two 
gases are mixed at the same temperature, ,here will be no rise or 
decrease in temperature unless both react chemically .. 

. Average KEper mole 
} .. ':e!age kinetic energy per molecule 

N 
3 . 3 

. - =-kT· 
2 N2 

k = Boltzmann constant 

I 
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The ratio R / N is constant and is known as Boltzmann 
constant. Its numerical vallie isl.~8 x lO-16 erg K'I molecule -I. 

4.8MAXWELL-BOL TZMA,NN DISTRIBU"nON 
OF MOLECULAR SP£EDS 

The gas molecules are moving in all possible directions. They 
collide with one another and also with the walls of the container. 
As a result of collisions, the speed and, direction of the gas 
molecules are ever changing, i.e., all the molecules in a given 
sample of gas do not have the same speed. 

The distribution of gas molecules among different possible 
speeds was studied by MaxweU and Boltzmann using the theory 
of probability. The results are mathematically expressed as, 

M --
[

. 3/2 1I1u2 

dNu = 4nN --J e 2RT u
2 

du 
2nRT 

[ 

m J312 _111112 

= 4nN -- e 2RT u 2 du 
2nkT' 

. Here, N = Total number of molecules, M = molar mass of gas 
. This expression gives the number of molecules (dNu) having 

speed between u and (tl + du) at temperature (T). 
A plot of fraction of molecules in the speed range (u + du ~ 

1 (dNU '\. d' -' -- . agamst spee u IS: 
N du) . 

1 dNu 
N du, 

GOC 

I 
I 
I 
I 
I :vrms 

U---'---
speed 

Fig.4.6· 

V mp most probable speed 
vav = average speed 

v lIDS root mean square speed 

Kinds of Molecular Speeds 
Molecular speeds are of three types: 

(i) The ITnS speed,· . . I 
(ii) The average speed and I 
(iii) The most probable speed 

" 

(i) The root mean square speed: The speed in kinetic gas' 

equation, PV = 2 mnc 2
, is the hypothetical speed possessed by 

3 
all the gas molecules when the total kinetic energy is equally 
distributed amongst them. The total kinetic energy of the n 
molecules of the gas is sum of the kinetic energies of the 
individual molecules. 

Total kinetic energy 
121212 12 

= - mCI + - mC2 + - mC3 + ... + - mc ... (i) 
2 2 2 2 11 

Let c be the veloCity possessed by each of the n molecules; 
then, 

total kinetic energy 
1 7 

11 X - mc-
2. 

... (ii) 

Equating both the equations, 
121? 1212 12 

11 X - mc. - mCI + mc, + mC3 + ... +;- mc" 
2 2 2 - 2 2 

or 
n 

or c 

Thus, rms speed is defined as the square root of the mean of 
the squares of the speed of all the molecules present in the given 
sample of the gas. The value of c is determined by using the 
following expressions:. 

c ~3PV 
'M 

~3RT = [3P 
M Vd 

In SI units, the values of R, P, V, M and d used are given 
below: 

(i) R 8.314JK- l mol-lorR 8.314kPadm3 K- l moC I 

(ii) V of the gas always in litre 
(iii) P of the gas in kilopascal (kPa). I atm = 101.3 kPa and 

I torr =0.133 kPa . 
(iv) M in kg mol- 1 

(v) d in kg m-3 

(ii) Average speed: It is the arithmetic mean of the various 
speeds of the molecules. 

Average speed 
n. 

I . I ~8RT t IS equa to --. 
nM 

It is related to rms speed by the following relationship: 

Average speed 0.9213 x rms speed 

rms speed = 1.085 x average speed 

(iii) Most probable speed: This is defined as the speed 
possessed by maximum numb ex of molecules of a gas at a given 
temperature. 

Note:Root mean square speed explained the non·existence of gases tn the atmosphere of moon. Root mean square speed of gases exceeds the 
escapeve!ocity of moon and hence gases escape from atmosph'ere-ofmoon against the graVi!,ltional barrier of moon_ 
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" (2Rf 
It is equal to fAT' 

This is related to rms speed by the following relationship: 

Most probable speed = {.JI) rms = 0.816 rms 

or rms 1.224 most probable speed 

The three kinds of molecular speeds are related to each other 
as: 

Mostpr6bable speed: Average speed: rms speed 

I2RT. V8RT . l3RT 
VM·1tM·. M 

[8' 
= J2: V-;:-13 
= 1 : 1.128: 1.224 

rms speed at any temperature to C may be related to its value at 
STP as: 

/(273+t) , 
Co ~ 273 ' 

From eqs. (i) and (li), we get 
• (3P /'-:-( 2""-7-:-3 -1--. t-:-) 

c, ,V~ ~ 273 

3P(273.+ t) 

273d 

Some Essential Points for Distribution 
,of Molecular Speed 

. . .. (i) 

... (ii) 

(i) The fraction of molecules with very low or very high 
. speeds is very small. Maximum fraction of molecules have speed 
near to the most probable speed v mp' 

1 
1 dNu 
Ndt 

Fig. 4.7 Distribution of molecular speeds of various 
gases at a constant temperature , 

(0) Total area under t~e curve is a measure oftotal number of 
,lfIolecu1es in the collection. Thus, area under the curve remains 
constant at different temperature. ' 

(iii) DistIibutign of molecular speed also depends upon the 
molecular mass of the gas. At similar temperature a heaviei' gas 
molecule has a naITOW distribution of speed than those of lighter 
gas molecules. 

(iv) The fraction of molecules having speeds greater than 
minimum goes on increasing with increase in speed. It reaches to 
a maximum value and then begins to decrease. 

(v) As long as temperature of the gas is constant, the fraction 
having a particular speed remains the same inspite of the fact that 
the molecules change their speeds due to collisions. ' 

The increase in the temperature of the gas increases the 
molecular speed. As a result, the most probable speed increases 
with the increase of temperature and the distribution curve shifts 
towards right. The general shape of the curve remains the same 
but the maxima of the curve becomes somewhat flat at a higher 
temperature, i.e., there is a wider distribution of molecular speeds 
and the fraction of the molecules having high speeds increases. 
However, the fraction of molecules possessing mostprobab~ __ 
speeds decreases with increase in temperature. ' ' 

t: o 

~ 
lL 

.... .... 

Speed----

Fig. 4.8 

Example 36. Calculate the kinetic energy in joule .(){8.00 g 
of methane at 27°e. 

Solution: Number of gram moles of methane 

T == (27 + 273) ==300 K 

R 8.321 K-1 mol-I 

Kinetic energy for one gram mole =,~ RT 
2 

3 
- x 8.32x 3001 
2 

Thus, 

Q 
U 

16 2 

kinetic energy for.!. gram mole = 1 x ~ x 8.32 ~ 3cn == 1872 1 
2 2 2 

" Exampl~37. 'Calculate the average andtoia! kim:tic 
energy of 0.5 mole alan Ideal gc/s at a°e. 
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! 
Solution: Averilgekint1tie en\,:rgy per molecule of the gas 

3'R ", 
=--T 
, 2N 

3 

2 

;'5.65><10'"714 ergS:65xlO-2l 1' 

Total kinetic energy of 0.5 mole;ofihe gas 

'=~RFXO.5 ' 
2 

. = ~ x 8.314 X 10"x 273 x 05'· 
2 

= 1.702 X 1010 el'g::::; 1.702 kJ 
" 

Example 38. , Calculate' the pressure exerted by 1023. gas 

molec:uleseachofmass 10-22 gina: contai'n('" o/volume 1 litre, 
the rms, speed is 105 ems-I. 

Solution: Using kinetic gas e(lulltioti, . 

1 mnc2 
p 

3 V 

Given, V llitre = 1000 mL =1000 cffi3; n = 1023; m = 10-22 g 
. andc 105 cms-: I

,. '.' 

Substituting the values in the above equation, 

110-22 x 1023 X 
P - x 3.33 X 107 dyne em:-2 

' 
3 1000 

Example 39. Calculate the 1"oot mean square speed of an 
oxygen molecule at 288 K in SI.units. 

Solution: c 

R = 8.314kPa dm3 mo)-l, T = 288 K 

and 

Substituting the values in above equation 

c = 3 x 8314:>< 288 473.79 ms-1 

0.032 

Example 40. Calculate the root mean square' speed of 
hydrogen molecule at STP , 

Solution: c =' ~3: 
P = 1 atm:;:: J 01.3 kPa 

V=22.4 dm3 

M 2 g mol-I = 0.002 kgmor1 

Substituting the value~, 

c= 
3x 101.3 x 22.4 

0.002 

"Alternative method: 

c 

1844.91 ms",l , 

R=8.314kPadm3 K-1 mol-1;T=:273K;. 

M = 0.002 kg mol-1 

. Slibstituting'theival~~s, 
c'= ,Ir~-x-. 8-.3"':"1-4-X~2-7-3 = 1845.15 illS-I 

V 0.002 

Example4L Oxygeliat 1 atmosphere and O°C has a 
density ofl.4299 g rl. Fin¢. thums. speed: of oxygen molecule. 

Solution: P = 1 atm 101.3 X 103 Pa 

d= 1.4290g L-1 '= L4290k~ m~3 
We know that, 

r3P 
c=Vd ----- =461.15 ms-1 

Example 42. At wHat temperature will hydrogen 
'molecules httve the Same7()ot' Mean~8qrmre 'gpeed "ay.' ntt1"(;rgen 
molecules at nOC? 

or 

Solution: ~ 3RT = ~ 3R x 300, 
MH MN 

T ., , 300 
or T -. -x2=21.43K 

. 28 

Example 43. CaJt:u}q.te the rootmean square, average and 
most probable speed of oxygen at 27°C 

Solution: 27°C =)00 K 
" q' 13RT 

Root mean square speed == V M 

R 8.314 X 107 erg K-1 moi- I ; M 32g moFI;. 

Substituting the values, 
..--",-,:,,~-=--~-

= 48356 em! sec 
= 483,56 m! see 

~8RT Average speed = --
nM 

445,42,m1sec 

, J2XRXT Mostprobable s,peed = ',' 
M 

,-:-----::---

= 39483 em! see 

. = 394.83 in/ sec 

=r 30QK 

.. Example 44. Calculate the average. kinetic energy per 
mole afC02 gas at 27°C in different units. 
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Solution: KE= ~ nRT 
2 

KE 

3 .. . . '. 
= - xl X 1.987 x 300= 894. 15cal 

2 

3 
nRT 

2 

. 2~1 x 8-.314><300 
2 

=3741 j 

3.741 xW IO erg 

Example 45. A gas bulb of 1 litre capacitv contains 
2.0 X 1011 molecules of nitrogen exerting a;ressureof 

7.57 x 103 N fn-
2

. Calculate tIle roqt mean square speed and 

temperature of the gas molecules. If the rati() of most probable 
speed to the rootn!ean squarespeed is 0.82, ca!culate)he 'most 
probable speed of these mole'cules at this temperature. ' 

R 

(liT t 993) 

'f h 2.0x 
Amount 0 t e gas =' " nlole 

6.023 x lO~" 
Solution: 

Given, V I litre =1O~Jm3; P == 7.57 X103 Nm-2 , 

8.314JK-1 mol"']. 

, ..... . .·PV 
Applying PV = nRT or T = 

I1R 

10-3 x 7.57x ]03 

T= ?l = 274.2K 
2.0x 10- x 8.314 

6.023 x I 

rms speed = ~3MRT /3 x. 8.314x274.2 494.22rr~s-1 
, . 28 X 10-3 

Most probable speed == 0.8 x rms 

0.8 x 494.22 ms- I == 395,376 ms- l 

~DS OF OBJECTIVE QUESTIONS 

16. At what temperature is the root mean square speed of N2 gas 

equal to that of propane gas at STP? 
(a) 173.7°C (b) 173.7 K (c) 273 K (d) ~40°C 
["'ns. (b)] 
[Hint: vrms (N2) == v rmS<C3Hg) 

pRT == ~3R 273 
28. 44 

T=173;7K] 

17. At what temperature is the kinetic energy of a gas molecule 
half of its value at 327°C? 
(a) 13.soC (b) 150°C (c) 27°C (d) -123°C 
IAns. (c)] 

[Hint: KE ~RT 
2 

T2 = 300K 

t. n°C] 
18. The root lnean square speed of molecules of nitrogen gas is v 

ata certl}in temperature. When the temperature is doubled, 
the molecules dissociate into individual atoms. The new rms 
~peed:qfthe atomjs: . . ' 

(a)Jiv . (b) 2v . (c)v (d) 4v 

[Ans. (b)] 

. )3RT [Hi~t: VI '" M 

T2 2T, M 2 = M 12 

'°2 = 

19. The translational kinetic energy of an ideal gas depends only 
on its: .,' 

(a) pressure (b) force 
(c) temperatul'e (d) molar mas.s 
[Ans. (c)] 

3 . ' 
[Hint: KE 2 RT :. Kinetic energy depends on temperature,] 

20. At what temperature is the rms speed of H2 moleci1les the 

same as that of oxygen molecules at 1327°C? 

21. 

(a)I73K (b) lOOK (c)400K(d)523K 
[Ans. (b)] " 

[Hint: lf~~112 = l P~~212 
fT.; I = /1600 
fi ~ 32 

TJ 100 K] 

If the temperature of I mole bfa gas is increascd'by 50°C, 
ealcuHite the change in kinetic energy of the sy.stem: ". 

(DCE 2006 ) 
(a). 62.32 J (b) 6.235 J (c) 623.5J (d) 6235.0 J 
[Ans. (c)] 

[Hint: E= l'RT (Kinetic energyofl mole . 2 .. . . '. 

6.£=3 R(T + 50) ~ RT 
2 .. ·2 

3 . 3 .... 
-R~50 -x8.3J4x50 
2 2 

= 623.55 J] 
22. At same temperature, calculate the llltio ofiwerage velocity or 

S02 toCH4 : . . (DeE 2006) 
(a) 2:3 (b) 3:4 (c)l:i (~,;6 
[Ans. (c)] 

pRT 
11:m 

I 
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4.9 . VAN DER WAALS' EaUA TION 
The gas which conforms to all of the postulates of kinetic theory 
or which obeys Boyle's law and Charles' law l~gii\ly for all values 
of temperature and pressure or which strictly follows the general 
gas equation (PV nRT) is called ideal or perfect gas. Actually 
no gas is ideal or perfect in nature. Under ordinary conditions, 
only those gases nearly behave as ideal or perfect which have 
very low boiling points such as nitrogen, hy?rogen, etc. 

At low pressure and moderately high temperature, the-real 
gases approach ideal behaviour (see fig.). 

\\=.. : Id:e:alll ! gas ,OM PV t 
p 

V-

.(al 

Real] atT 
----- Ideal 3 

Real] at T2 
---- Ideal 

l 
Real Jat T1 

~--- Ideal 
(T3> T2 >T1) L..-.. _____ ~ 

Pressure (P) --

(b) 

Fig. 4.9 (a) Ideal and real gas, (b) Ideal and real gas (re~1 gas 
is approaching ideal behaviour with rise in temperature) . 

It is observed that deviations from gas Jaws are high under 
high pressure and low temperature. van def Waals suggested that 
these deviations are due to the following two faulty assumptions

. in the kinetic theory of gases: 
(i) Actual volume of the gas molecules is negligible as 

compared to the total volume of the gas. 
(ii) Intermolecular attractions are not present in gases. 
van der Waals pointed out that in the case of real gases, 

molecules do have a volume and also exert intermolecular 
attractions especiaHy when.the pressure is high and temperature 
is low. He applied two corrections: 

(a) Volume correction: van der 'Waals assumed that 
molecules of a real gas are rigid spherical particles which possess 
a definite volume. Thus, the volume of a real gas, i. e. , volume 
available for compression or movement is, therefore, actual 
volume minus the volume occupied by gas molecules. If b is the 
effective volume of the molecules per mol of the gas, the ideal 
volume for the gas equation is (V b) and not V, i.e., 

corrected volume 'Vi' = V - b for one mole of the gas 

and for n mole of the gas, 'Vi'. V - nb. 
b is termed the excluded volume which is constant and 

characteristic for each gas. The excluded volume 'b' is actual,ly 
four times the actual volume of the gas molecules. 

b==[~nr3 JX4N 
where'r == radius of gas molecule 

N == Avogadro's number 
(b) Pressure correction: A molecule in the interior of the 

gas is attracted by other molecules on all sides. These forces, 
thus, are not effective,· as equal and opposite forces cancel each 
other. However, a gas molecule which is just going to strike the 
waH of the vessel experiences an inward pull due to unbalanced 
attractive forces. Therefore, it strikes the wall with less 
momentum and the observed pressure will be less than t~e ideal 
pressure. 

Pideal Pobs + pI 
where P' is the pressure correction. 

Pressure Correction Depends upon Two Factors' 

(i) The attractive force exerted on a single molecule about to 
strike the wall is proportional to the number of molecules per unit 
volume in the bulk of the gas. 

(ii) The number of molecules striking the wall which is also 
proportional to the number of molecules per unit volume of the 
gas. . 

Both these factors are proportional to .the density of the gas. 
Therefore, the attractive force is proportional to the square of the 
density of the gas. 

or 

p' = total attractive force 

=d 2 

oc_._ 

V 2 

P'=~ 
V 2 

where' a' is a constant depending upon the nature of the gas and V 
is the volume of 1 mole of the gas.' . 

Thus, 
. . a 
corrected pressure, ~deal = Fobs + 2 . . V 

Making both the corrections, the general gas equation 
PV RT may be written as: 

r P + ~J (V - b).=; RT 
\ V. 

The equation is called van der Waals' equation. van der Waals' 
equation for n moles of the gas is: 

I

na . ( 2 J . 
\ P + V 2 (V - nb) nRT 

vander Waals' equation is obeyed by real gases over a wide 
range of temperature and pressure and henpe this equation is 
called equation of state for the real gases. The constants 'a' and 
'b' are called van der Waals' constants and they are characteristic 
of each gas. 
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Unit of van der Waals' Constants 
a and b are expressed in terms ()f the units of P and v. 

n 2a 
Pressure correction P' -2-

V 

P'V 2 l>ressure correction x 2 
a =:---2-· = 

n (Mole) 

Thus, if pressure <!nd volume are expressed in atmosphere 
and litre respectively, the units of constant 'a' will be 
atmosphere iitre 2 mol '-2 . 

SIunit, 'a'·=Nm4 mol-2 

'b' is the effective volume of the gas molecules in one gram 
mole of the gas. Thus, the unit of 'b' is the same as for the 
volume, i. e., litre mor- l 

. 

SI unit, 'b' m3 mol- l 

Boyle temperature: The temperature at which real gas 
behaves like ideal gas and obeys the gas laws over a wide range 
of pressure is called Boyle temperature' Tb '. At this temper~ture, 
PV remains constant for an appreciable range of pressure 

a 1 
Tb = 

Rb 2T; 

where, T; inversion temperature 
a, b van der Waals' constants 

. dPV . 
At Boyle temperature, -- "" o when P approaches zero. 

dP . 

4.10 CRITICAL PHENOMENON AND 
LIQUEFACTION OF GASES 

During the early, part of nineteenth century; a number of gases 
such as carbon dioxide, sulphur dioxide, ammonia, etc. were 
liquefied by subjecting the gas to low temperature and high 
pressure. On cooling, the kinetic energy of the gas molecules 
decreases. The slow moving molecules come nearer to each other 
due to forces of attraction and, thus, aggregate and are converted 
into liquid. The increase of pressure can also bring the gas 
molecules closer to each other and, thus, is helpful in converting 
a gas into liquid. The effect of temperature is. rather more·· 
important than that of pressure. The essential conditions for . 
liquefaction of gases were discovered by Andrews in 1869·as a 
result of his study of Pressure-Volume-Temperature (P-V-T) 
relationship for carbon dioxide. It was found that above a certain 
temperature, it was impossible to liquefy a gas whatever the 
pressure was applied. The temperature below which the gas 
can be liquefied by the application of pressure alone is called 
critical temperature (Tc ). The pressure required to liquefy a 
gas at this temperature is called the critical pressure (Pc)' The 
volume occupied by one mole of the substance at the critical 
temperature and pressure is called critical volume (Ve ) . 

The results of Andrews experiments are shown in the 
following Figure. 4.1 O(a) in which the pressure is plotted against 
volume at various temperatures for carbon dioxide. Each 
pressure-volume plot is called isotherm. 

Let us consider an isotherm at 13.1 0c. At low pressure, carbon 
dioxide· is entirely gaseous and is represented by the point (A ) in 
the isotherm. On increasing pressure, volume decreases as shown 
by the portion AX 9f the isotherm, approximately in accordance 
with Boyle's law. At X, deviations from Boyle's law begin to 
appear and the volume decreases rapidly as the gas is converted 
into liquid, At point Y, carbon dioxide has been completely 
liquefied. Between X and Y, pressure remains constant and both 
the gas and liquid phases are in equilibrium. The pressure 
corresponding to the horizontal portion XY of the isotherm is the 
.vapour pressure of the liquid at the temperature of the isotherm. 

The isotherm at 21.5°e shows a similar behaviour except that 
liquefaction starts at higher pressure and the horizontal portion 
'MN is shorter. As the temperature is raised, the horizontal portion 

IN M\ 
~/_...........; ____ \ .... \ _-13.1°C 

/Y X\ A 
·VolLime--

Fig. 4.10 (a) Isotherms of carbon dioxide 
showing critical re!;lion 

of the isotherm becomes smaller and smaller until at 31.1 °e at 
which it reduces to a point P. Point P is called critical point; at 
this point the boundary between liquid and gas phase< (meniscus) 
disappears indicating that both the phases have identical 
characteristics. Above 31.1°e, there is no' indication of 
liquefaction. The isotherm at criticaltemperature 31.1 °e is called 
critical isotherm. The tangent at critical point P is horizontal, so 

that, :: at critical point wiil be zero. Thus, the point 'P' is also 

called the point of inflection. 
It may be ·concluded from this explanation that in the area to 

the left of the dotted line b~low the critical isotherm, only liquid 
carbon dioxide exists. To the right of the dotted line, only gaseous 
carbon dioxide exists. The horizontal portion, within the dotted 
line shows tne equilibrium between gas and liquid phase. 

The van der Waals' Equation and the Critical 
Constants 

The van der Waals' equation for 1 mole of a gas is given by: 

.fp + va2 (V b)=:- RX 

This equation may be written as, 

. PV+ a Pb ~=RT 
V V 2 
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or PV 3+ aV 

Dividing above eqiiationby 'P', , 

V 3., +aV/~'bV,2' 
p' p 

Arrangingindescendirigpbwers' of V, we get· 

, '('RT1' 2' aV y 3 b'+_'IV ,+-, -,-
,p; ", "f" 

, .,. (i) 

,'.Equation (i}isacubic equationinT~and ther~f6re. for. any 
value of P andT, it will have three values of V, all of which may 
be' real ,or ,one mayoe real, and, the other two imaginary. When 
pressurevtirsusvolume plots are constructed using equation (i) 
we get the curves as shown in Fig: 4JO(b).. 

It is evident from the Fig. 4.10 (b) that the curves at and above 
the critical temperature are similar to those in Fig. 4.10, (a). 
However, below critical temperature, the horizontal portion 
determining the coexistence of gas and liquid is replaced by a (~) 
shaped curve ABC in Fig. 4.10(b). Thus, this curve predicts that 
there are three values of V corresponding to the points A, Band C. 
At the critical point'P', the three roots of van der Waals' equation 
are not only real and positiyebut also identical and equal to the 
critical value Vc' This condition may be expressed as, 

,VQlum.e.~ 

Fig. 4.10 (b) Isotherms of carbon dioxide according to 
van der'Waals~ equation, 

V 

or V Vc 0 

(V ~Ve )3=0 

'" (ii) , 

At critical point, equations (i) and (ii) must be identical. Com-
paring and equating the ,coefficients of like powers of V gives: 

3V b 
RTc ' (: ... ), 

c +-- ... 1Il 
, Pc 

3V 2 =!!..., 
, C ' P

e 

... (iv) 

V 3 = ab 
c Pc 

... (v) 

In above equations,T::::: Te , P Pe at critical state. 

Dividing equation (v) by (iv),w6 get, , 

Vc b 
3 

i.e., Vc ' 3b' ... (vi) 

Substituting the value ofVe from eq. (vi) in (v), we get 

(3b) 3= db 
, Pc 

... (vii) 

Finally, substituting the values of Pc and Vc in eq.(iii),we get, 

T 8a ( ... ) 
c =-'-' - ... Vlll 

27Rb 
. We can expressth~ constants p, band R in terms ofCritical 

constants as: 

b= 
3 

... (ix) 

Equation (ix) is called equation of critical state. Critical 
compressibility factor of a gas may be calculated as, 

Gas 

Ne' 

N2 

02.
CO2 

H20 
NIl 3 

CH4 

C2H6 

C2H4 

, If ~)(3b) 
= PYc = 27b= 0.375 

RTt R(~) 
, 27Rb, / 

J:~ constants .(gases, ~ ;l' 

.P",(abn) 

2.3 

12.8, ' 65 

26.9 41.7 

33.
c

6 90.1 

50.3 74.4 

,72.7 95.0 

'218.0 55,6 

112.0 72.0 

45.8 99.0 

48.2 139.0 

50.5 124.0 

4.10.1 EXPERIMENTAL METHODS FOR 
LIQUEFACTION OF GASE¥" 

33.2 

44.4 

' 126.1 

154.5 

304.2 

647.3 

4055 

191.0 

305.5 

417.2 

Discovery of critical' phenomenon by Andr~s in 1869 showed 
that gases cannot ,be liquefied by the application of pressure 
alone; they must first be cooled below.their critical temperatures 
and then subjected to adequate pressure to cause liquefaction. 
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Principles involved in liquefaction are: , 
(I) A gas must be at or belowitscritica:l temperature,Lower 

the temperature below tile critic.al. value, ea::;ier would be the 
liquefaction. . 

. (2) The gas is ~ooled either by doiqg external workor by 
expanding against the internal forces of molecular attraction. 

Low temperaturefor liquelaction of gases can be.achieved by 
the following techniques: . > •. ••.•• • .'. '. ••• ..., •• 

(a) Cooling by rapid evaporation of avcilatile liquid. 
(b) Cooling byJoule~Th6mson effect. .. •... 
(c )Ccioling bya:diabatiC expansioninv6Ivingmechaiiical 

work; . . .. 

(~)Cooiing by Rapid Evapor~tion of a Volatile ~iquid ... 
This method was first employed by Pictet arid CailIetet.· An 

easily volatile liquid is rapidly evaporated to c001 andliquef)! a 
less volatile liquid. This is the principle underlying the cascade 
processJFig; 4·11 (3,)J for liquef"l(~ti09Pfq2· 

Liquid oxygen -- '@tEE! 

Fig. 4.11 (a) Cascade process for the 
liquefaction of oxygen 

The apparatus consists ofilireecompressiol1 pumps PI' P2 and 
P3 and three' cotnpression chambers A, Band C.The compression 
pumps are joined in series. The pump PI "compresses methyl 
chloride gas which is cooled by cold water crrcuiating in outer 
jacket of A. As the critical temperature of methyl chloride is 
143°C, it is liquefied at roomtemperature~ The liquid methyl 
chloride passes through valve VI into the outer jacket of B which 
is Connected to the suctionside of Pl. As a resultof reduced 
pressure, the ·liqUid. rri~thyl chlori.de· evaporates and the 
temperature inB reaches -90°C. . .. . 
. The inner tube of B is filled with ethylene gas which is cooled 
to ~90°C. As the critical temperature of ethylene is 1 ()OC, it gets 
liquefied and passes through valve Vi . into the outer jacket of C. 
Ethylene liquid is allowed to evaporate· under reduced pressure 
with the help of pmnp P2 resulting in a sharp· fall in the 

temperature of oxygen (-1 1 SoC) whkhis filled in the imler tube 
of C. Oxygen gets liquefied during the compressioIlstroke of 
PumP~.[>3 and iscgl1ectedin.th,e I>ew~r flask D. 

(b ) Cooling by Joule-Thomson Effect 
.( Linde's process fridiquefaction of air) 

Wheria cOITlpressed gas isalioWed toexpandirltoalOW 
pressure or vacuum under adiabatic conditions,. a lowering of 
temperature is observed. This is. kHownas Joule-Thoms0!i effect. 
In the expansion; molecules oIthe gas moVe far apart from one 
artothei. Work is'done by the gas molecUles to· over~ome 
iriterniolecularforces. Work' is done· at the cbst of the' kinetic 
energy of gasinolecufes. Consequ:entlya co~ling· effect is 
observed. For each gas, there is a characteristic temperature 
above which a gas onexpan~ionsh9ws.!iheating effect while 
below it the gas;cQQlsoneJS:pansiort.This temperature is known 
as inversion t~niper~tureofthe gas. This temperature is related 
to van der Waals' constant.a and b by the expression: 

•. r ,::;;24 
I Rb 

where, Ti is the inversion temperature of the gas. 
Gases like H:2 and He have low inversion temperatures (TiHl 

. == 193 K and Tj He = 33 K) and they. show heating effects in 
Joule-Thomson expansion under ol"dinarytemperature. If these 
gases are cooled below their inversioll temperatures, they also 
show cooling effects. 

Cooling jacket 

Fig. 4.11 (b) linde's process for liquefaction of air . 

Joule-Thomson effect is the basis forliqtiefaction of air by 
Linde's process. The apparatus is shown in Fig. 4.11 (b). 

Pure and dry air is compressed toa pressure of about 200 atm. 
Any ,heat produced during . the cOlllpression; is . rellloved by 
passing; the gas through a cooling jacket. Compr~ssed air is 
allowed to expand 'suddenly through a nozzle (N) tQ iii. large 

. chamber, where it gets cooled and the pressure reduced to about 1 
atrnosphere: The cooled air is ma,de to pass through the outer tube 
and is sent back to the compressor. The incoming air further cools 
on expansion. The process is continued until air liquefies and is 
collected at the bottom. 
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(c) C()oling by Adiabatic Expansion Involving 
Mechanical Work 

When a gas· is allowed to expand adiabatically against a 
pressure, it does some external work at the cost of its kinetic 
energy, due to which its temperdtur~ falls. This principle is used 
in Claude's process for liquefaction of air. The; apparatus is 
shown in Fig. 4.11 (c). 

Pure, ·and dry air is compressed to about 200 atmospheric 
pressure and then passed through the tube T. Compressed air 
divides itself into two parts at 'A' and a 'portion enters through 'C' 
fitted with an airtight piston. There, it expands, pushing .the 
piston outward and performs some external work. . 

'T' 

D 
Compressure 

t 

Fig. 4.11 (c) Claude's apparatus for liquefaction of air 

The temperature of the gas thus falls. Cooled air then enters 
the chamber at B and cools the incoming air. Thetemperature of 
air is also reduceq on expansion due to Joule-Thomson effect. 
The process continues until the air liqt\efies. 

. ~ 

Tendency of Liquefaction of a Gas 

Easily liquefiable gases have greater intermolecular force 
which js represented by high value of 'a'. Thus, greater will be 
the value of 'a 'more will be tis liqueflab'i/ity. . 

Easily liquefiable gases are:. 
etc. 

Decreasing value of constant' a' 
(Decreasing tendency of liquefi~bility) 

Above gases have higher value of 'a' as compared to the . 
permanent gases O2 , N 2, H2 , He, Ne, etc. 

Incompressibility of a Gas 

van der Waals' constant 'b' represents the excluded volume, 
i. e. , four times the volume occupied by the gas per mole. Value of . 
'b' remains constant over a wide range of temperature and 
pressure which implies that gas molecules are incompressible .. 

Compressibility factor: Mathematically, it may be defined as, 

Z PV 
nRT 

The extent to which a real gas departs from ideal behaviour is . 
expressed in terms of compressibility factor. 

. Z = Molar volume of real PV", 

Molar volume of ideal gas (VIII) RT 

When Z > I, V", > 22.4 L at STP and when Z < 1, Vin < 22.4 L 
at STP. 

. (i) Z 1 for ideal gas. Deviation from the unity indicates extent 
of imperfection or non-ideality. 

(ii) Real. gases have Z"" 1 at low pressure and high 
temperature. In this case, the real gas behaves like ideal gas. 

(iii) Z> 1 shows that it is difficult to compress the gas as 
compared to ideal gas. It is possible at high pressure. In this case, 
repulsive forces dominate. 

(iv) Z < I shows that the gas is easily compressible as 
compared.to ideal gas. It is possible at intermediate pressure. In 
this case, attractive forces are dominant. 

. Plots of Compressibility Factor against Pressure 

Figure 4.12(b) indicates that an increase in temperature shows 
decrease in deviation ideal behaviour, i. e. , Z approaches unity 
with increase in temperature. . . 

Z>1 

t Ideal gas 
Z 

(I) At very low pressure, PV RT, i.e., Z "" 1 
(ii) At low pressure, PV <RT, Z < 1 

Z < 1 (iii) At high pressure, PV > RT, i.e.; Z > 1 

P--

Fig.4.12(a) Variation of compressibility factor against 
,~-"" 

Z --------------- Ideal gas 

P--

. Fig. 4.12(b) Variation of compressibility factor against 
pressure ~t Ctifferent temperature 

Note: (i) In case ofH2, Z > 1 ail73 K andZ increases with the pressure. 
When temperature is less than Tl3 K, H2 has Z < L 
(ii) For gases other than hydrogen; at 273 K there is decrease in 

. 'Z' at initial· stage, with increase in pressure, value of 'Z' 
approaches a minimum; with increase in pressure. 
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(iii) In case of easily liquefiable gas like cal> Z dips largely 
below ideal line in low pressure region, see Fig. 4.12 (a). 

Specific Heat of Gases 
Amount of heat required to raise the temperature. ofl g of a 

substance through laC is called its specific heat. It can be 
measured at constant pressure and at constant volume. 

Molar specific heat, i. e. ,heat required to raise 1 gram mole of 
a substance through laC is called heat capacity. 

Heat Capacity at Constant Volume 
It is denoted by C v. It may the heat supplied to one mole of a 

substance to increase the temperature through I °c at constant 
volume. . 

We know from kinetic theory that, 
1 2 1 2 3 

PV -mnc or -mnc =-RT 
3 2 2 

Thus, kinetic energy E 3 RT 
2 

When temperature is raised through 1°C then the increase in 
kinetic energy may be given as: 

Increase in kinetic energy 
3 3 3 
-R(T+l) -RT=-R 
2 2 2 

Now, C v . ~ R since at constant volume, heat supplied to raise 
2 

the temperature is used up to increase the kinetic energy only. 
3 

C v = - R (for mOIioatomic gases only, since monoatomic 
2 

gases undergo translational motion only] 

3 R + x [for di and polyatomic molecules; vibrational 
2 

and rotational motions also contribute to 
the total kinetic energy] 

where factor' x' varies from gas to gas and its value is zero for 
monoatomic gases. 

Heat Capacity at Constant Pressure 
It is denoted by C p; it may be defined as heat supplied to 1 

mole of a substance in order to increase the temperature through 
1°C at constant pressure. 

Heat supplied at constant pressure will be used in: 

(i) Increasing kinetic energy, which is equal to ~ R + x. For 2 . 

monoat~mic gas increase in kinetic energy is equal to 3 R when . 2 
temperature is raised through 1°C. 

(ii) Doing work due to volume expansion. 
We know that, PV = RT for 1 mole of gas ... (i) 

When temperature changes to (T + I), then 

P(V + L\V) = R(T + I) ... (ii) 
Subtracting ~q. fi) from eq. (ii), we have 

PL\V = R \v'~,k done due to volume expansion 

Thus, C p = 3 R + R = .2 R for monoatomic gases 
2 2 

Cp C)' +R orCp -Cv R (general equation) 

Ratio of Molar Heat Capacity 
It is denoted as y.and it represents atomicity of the gas. 

. C 
For mono atomic ga,'I, (y) = ~ 

. Cv 

For diatomic gas, (y) 

5
R 

= 1.66 
3

R 2 . 

2R 
=.L 1.40 
~R 
2 

F .. Cp 4R 1 or tnatoLllC gas, (y) = - = = .33 
. Cv 3R • 

Na'\lNne YAt"f¥ty 

He 5 3.01 1.99, 1.661 

N2 6.95 4.96 . 1.99 1.4 2 

O2 6.82 4.83 1.99 1.4 2 

CO2 8.75 6.71 2.04 1.30 3 

H2S 8.62 6.53 2.09 . 1.32 3 

Example 46. Specific heat of a monoatomic· gas at 
constant volume is 315 J K -I and at a constant pressure is 

525 J kg -I K -I. Calculate the molar mass of the gas. 

Solution: C p M x 525 and Cv Mx315 

where, M is the molecular mass. 
Cp -Cv R (R=8.314JK,1 marl) 

Mx525 Mx315=8.314 
M (525 315) = 8.314 

M = 8.314 = 0.0396 kg mol-I 39.6 g mol-I 
2lO 

Example 47. Calculate the pressure exerted by 16 g oj' 
methane in a 250 mL container at 300 K using van der Waals' 
equation. What pressure will be predicted by ideal gas equation? 

a= 2.253 atm L2 mol -2, b 0.0428 L mol -I , 

R = 0.082ILatmK-1 mol-I 

Solution: GIven, 16 g CH4 
16 = 1 mole 
16 

Applying van d7 wa:l~: elquation, 

t,P + V 2 (V - nb)= nRT 

P= nRT n
2
a 

(V -nb) V 2 

Substituting n = 1, 

R:= 0.0821 L atm K-1 mol-I; T = 300 K; V = 0.250 L; 

b:= 0.0428 L mol-I 
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P 

The ideal gas equation predicts that, 

p nRT" 1 x 0.082 Ix 300 = 98.52 a~m 
V 0.250 

Example 48. Calculate the' temperature of the gas if it 
obeys van der Waals' equation from the following data. Aflask of 
2.5 litre contaihs 10 mole of a gasundJ;- 50'atrrl. Given 
a = 5.46atm Zitre2 mol ::2 and b=o.03Ilitremol- l . 

Solution: Given that, 

P = 50 atm; V 2.5litre, n =: 10; a = 5.46 atm litre 2 mol-2
; 

,:~;~J)iQJlli~rervql-l; R :=O.08211itre- atJ;nK- i mQEt", 
Applying van der Waals' equation, . 

[
p+ant J (V -nb)= nRT 

V . 

[p+
an2 

(V-nb) 

or T = ---.~~. __ c'--_ 

nR 

rSo.;.5,46XIOO)' (2.5-10x 0.031) 
\ . (2.5i . 

. 366.4 K 
10 X 0.0821 

:,. . 
. ~ "if:".;";.':; ,'r.j '~il':.·· ~_.,·.:~<'.:n 

IlLIlSTM1rONS OF 'OBJECTIVE QUESnQNS , 

23 •. At high.temperature and low pressure, the van der Waals' 
equation is reduced tp: 

(a)(p+ a V· RT (b}PV=RT 

(c)P(V b) RT 

• [Ans .. (b)] 
[Hint:,At high temperatur·eand lowpressure,V. in 

comparison'to'liarid( ;2) is negligible in comparison to P. 

Hence, the equation reduces to PV ~. RT .] 

24. The constant'a'in'vander Waals'eqilatiOl1 is maximum in: 
(a) He (b) H2 
(c) 02,(d)NH'l 
[Ans. (d)]. . 
[Hint: Intermolecular force ofNH3 is maximum, hence its van 
del' Waals' constant (a) will also be maximum.] 

25. The van der Waals' equation for 0.5 mol gas is: 
( a I/V . 2RT 

(a) I P+ =-
\ \ 2 2 

(2Vb)= RT 

(C)(p+ a (2V-4b)=RT 

-~. 

(~)r p+ ~ 
\ 

[AnS'. (b)] 

. [Hint: nb) == nRT 

For n I, (p +a. \(.v .:.P...) = iRT .... 
2 . '., 4V2) , '2 2· . 

26. van derWaals' constants of two gases .Kandt are as given: 
a (litre-atm mol-2 ) b (litre mol ~l) 

Gas X 
ctasY 

'5.6 . , OJ/65 

·5.1. 0,012 
What is correct about the two gases?-

(a) Te(X) > TeeY) (b) Te(X) = Te(Y) 
(c) Ve(X» Vc(Y) (d) Vc(Y) > Vc(X) 
[Ans.(q)1 
(Hint: Gas X. Gas l' 
Vc = 3b 3 x 0,065 = 0.195 3 x 0.012 0.036] 

27. Select the correct statements about van der Waals' constant 
'b', 
I'. Itisexc1uded volume 

2. Its unitis mol litre-1 

3. It depends on intermolecular force 
4. Its value ddpends on molecular size' 
(a) 2,3 {b).I, ~,4. . (c).2, 3, 4 (d) 3, 4 
[Ans. (b)] 

; 28" .. Gases X, Y, 

The gas with the highest critical temperature is: . 
. " . [PEt(K~rala) 2006[ 

(a); P (bJ Q '(c) Y (d),Z 
(e) X 
[Ans. (e)] 

[Hint! . Cntic~1 temperattu-e, Tc 
27Rb 

:. treater is the value of (al b~ more is the criti~~i temperature 
of gas: 

For gas X, Te will be maximum. 

T = 8a 
c.27Rb . ;, ..... 

~ for X = c= 240; for all: oth~rgases, (!!.) is lesser.] 
b 0.025 " '.' b, '. 

29. At high pressure, van der Waals' equ3,tion becomes: 
(DPMT 2006) 

.. a 
(a) PV =C.RT (b)PV=,R], +v 
(c) PV ==:RT-!!:.. 

V 
Cd) pi! =RT + Pb 

[Ans.' (d)] 
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[Hint: (p + a n
2 

(V ~ nb) nRT 

(p + ;2) (V ~ b) = RT forI mol gas 

Athigh pressure, (p + ;2) '" P 

P(V ~b)=RT . 

. PV =RT +Pb] 

. : :: :::I.SOME SOLVED ExAMPLES\ I::::: : 
'. Example 49. Galculatethe 'total pressure ina 10 litre 

cylinder. which contains 0.4' g ofheliutn, L6g of oxygenan'd 1:4 g 
of nitrogen at 27°C Also calculate thepartial pressureoj helium 

, gas in the cylinder. Assume ideal behaviour, of gases. 

Given that, R '0.082litre- atm K- I mOrl. (lIT 1997) 

Solution: 

0.4 
nHe = 4 

.1,4 128 =0.05 

PHexV IlHe xRxT 

PHe X 10= 0.1 x 0.0821 x 300 

PHe 0.2463 atm 

P x V= (/lBe + n02 + nN2 )RT 

P x 10 ± (0.1 + 0.05 + 0.05) x 0.0821 x 300 

P = 0,4926atm 

Example SO. All evacuated glass vessel weighssO,Og 
when empty; 148.0 g wh~n filled with a liquid of densityO,98 
glmL -I and 50.5gwhenfilled with an i~ealgas.at 760mm Hgat 

300K. Determine the molecular weight ofthegas. (lIT 1998) 

Solution: Mass ofliquid=148 -50= 98g 

fI ' 'd mass 98 1.0.0mL . Volume o. lqUl = 

Volume of vessel = Volume of liquid 

Mass of gas 50.5 - 50 0.5 g 

On applying ideal gas equation, we have, 

. PV", w RT 
m 

760 100 -x 0.5 x 0,0821 x 300 
760 1000 m 

m 123 

Example ~; 1. A vertical hol{ow cylinder of height 1.52 m is 
'. fitted with a movable j.'iston of negligible mass and thickness. The 

lower half of the cylinder contains an ideal gas and the upper 
halfisfilledwith mercury. The cylinder is initially at 300K. When 
the temperature is raised half of the mercury comes out of the 
cylinder. Find the temperature assuming the thermal expansion 
of mercUlY to be negligible. 

Solution: 

}60m 
_}60m 
(Initial state) 

At initial stage: 

(76 + 38) cm 

\Aft~r heating) 

Pressure of gas = Pressure of Hg + Pressure of· 
. atmospheric air 

=16+.76= 152cm 

T 300K. 

V=Yl 12 where, VI is volume of9ylinder. 

., At final stage after heating: 

Pre~sure of gas = PressureofHg + Pressuieof 
. .' .... .. atmospheric air 

38 + 76 =:: 114'cm 

T=? 4 ,. 

Applying gas equation; w(,(have.. . 
152x 114x(3Vl/4) 

2x 300 T 

T= 114 X 3 x2x 300 

152 

= 3375K 

E~ample 52 •. A thin tubeof~niform cross"section is sealed 
at both ends. It lies horizontally, the middle 5 cm containing Hg 
and the two equal ends containing air at the same pressure Po. 
When the tube is held at an angle 60° with the vertical, the 
lengths of the air column above and below the mercury are 46 
and 44.5 em respectively. Calculate pressure Po in cm ofHg. (The 
temperature of the system is kepJat30°C). 

,- -, 
Scm 

Solution: .At horizontal position, let the length of air column 
in tube be L em. 
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2£ + 5 46 + 5 + 44.5 cm 

L= 45.25cm 

When the tube is held at 60° with the vertical, the mercUry 
column will slip down. 

Py + 5eos 60° = Px 
5 '. 

Py = 2.5cmHg 
2 

From end X, Po x 45.25=Px x 44.5 

P _ 45.25 P 
x - 44.5 0 

From end Y, Po x 45.25 = Py x 46 

. P
y 

45.25 P 
46 0 

... (i) 

.... (ii) 

... (iii) 

Substituting the, values of P x and Py in equation (i) we get 

Po = 75.4 

Example 53. A lOcm column of air is trapped by a column 
of Hg, 8cm long, in a capillary tube horizontally fixed as shown 
below, at latm pressure. Calculate the length of air column when 
the tube islzxed at the same temperature (a) vertically with open 
,end up (b) vertically with open end down (c) at 45° with the 
horizontal with open end up. 

1---10cm--->4 

(a) 

(b) 

or Pill a = P212a 

where, a area of cross section of tube 

11 '/2 = length of air column 

P2 =76+8=84cm 

12 = Pill = 76x 10 
P2 84 

Pilla 

(b) P2 = 76 

= 9.04 em 

P212a 

8 68cm 

76x 10 

68 
11.17 cm 

(c) When the tube is held at 45° with open end up, the weight 
. of Hg is borne partially by the gas and partially by the Hg. 
Vertical height of Hg is a measure of additional pressure on gas, 
i.e., 

Also P212a = Pill a 

12 = Pill. 
P2 

76x 10 
---8--' =9.3 em 
76+-' -

.fi 

(c) 

Example 54. The stop cock connecting two bulbs of 
volume 5 litre and 10 litre containing an ideal gas at 9 atm and 6 
atm respectively, is opened. What is the final pressure in the two 
bulbs if the temperature remains the same? 

Solution: PI VI + PZV2 PR (VI + V2 ) 

9x 5+ 6x lO=PR (15) 

PR = 7atm 

where, PR resultant pressure after mixing. 

Example 55. At what temperature is the average velocity 
of O2 molecule equal to the root mean square velocity at 27°C? 

-:;B~Jl\D1jJit95) 

Solution: . 

~8RT = 
nM 

8RT 

nM 

M 

3R x 300 

M 

T = 353.57 K 

t = 80.57° C 

. Example 5~. The composition of the equilibrium mixture 
for the equilibrium Cl2 ~ 2 CI at 1400 K may be determined 
by the rate of diffosion of mixture through a pin hole. It is found 
that at 1400 K, the mixture diffuses 1.16 times as fast as krypton 
diffuses under the same

l 
conditions. Find ihe degree' of 

dissociation ofC1Q. equilibrium. '(II(jIt1)<)~5) 
Solution: Equilibrium of dissociation of Cl 2 may ~e :. 

represented as: 

02(g) ~ 20(g) 
1=0 a 0 
teq a(l 0:) 2a 0:' 

Total moles = a(l- a ) + 2aa = a(l + a ) 

MCI2 
M mix = =--

a(l + a) (1 + a ) 

R" ~:~: 
1.16= ---

a; a = 0.1374 



Example 57. A gaseous mixture of helium and oxygen is 
found to have a density of 0.518 g dm-3 at 25°C and 720 torr. 
What is the per cent by mass of helium in this mixture? 

Solution: We know that, Pm::: dRT 

720 X m = 0.518 X 0.0821 X 298 
760 " 

m 13.37 g / mol 

Let mole fraction of He in mixture be a. 

xHe=a,xOz (I-a) 

Average mw a X M He + (1- a )M O2 

13.37::: a X 4+ (1- a )32 

a 0.666 

4 
%by mass of He == 0.666 x x 100 

0.666 x 4 +- 0.334 x 32 

::: 19.95% 

~tExample 58. Find the temperature at which 3 moles of 
S02 will occupy a volume oflO litre at a pressure of15 atm. 

a == 6.71atm litre2 mor2
; b = 0.0564 litre mol-I 

Solution: 
( 

an2j 
P+-I(V -nb)=nRT 

V 2 
) 

(
15 + 6.71x 9) (10- 3 x 0.0564)=3 x 0.082x T 

100 

T 624K 

Example 59. van der Waals' constant 'b' of Ar is 
3.22 x 10-5 m3 mol -I . Calculate the molecular diameter of Ar. 

or 

Solutiom We know that, 

b 4 x volume occupied by the molecules 
in one mole of a gas 

( 
3.22xlO-5 x3x7 JlI3 

r::: 4 x 6.02 X 1023 x 4 x 22 

::: 0.1472 X 10-9 m 

Diameter == 2r= 2x 0.1472x 10-9 

== 0.2944 x 1O-~ m 

;ft(,:'EtampJ.e 60. The compression factor (compressibility 
factor) for 1 mole of a van del' Waals' gas at O°C and 100 
atmospheric pressure is found to be 0.5. Assuming that the volume 
of a gas molecule is negligible, calculate the van del' Waals' 
constant' a'. , (liT 2001)' 

Solution: We know that, 

Z=PV 
RT 

0.5= 100 x V 
0.0821 x 273 

V 0.1l2litre 
According to van der Waals' equation~ 

(P+;2 )(V-b)=RT for 1 mole 

[ 1~ + a 1 [0.112 0] = 0.0821 x 273 
(0.112)2 

On solving, we get a = 1.253 L2 mol-2 atm 

,,~"'Es:ainple61. The density afthe va pours of a substance at 1 
atm pressure and 50() K is 0.36 kg m -3. The va pours effuse 
through a small hole at a rate of 133 times faster than oxygen 
under the same~onditions: 

(a) Determi~e: (i) molecular weight, (ii) molar volume, 
(iii) compressibility factor (Z) of the vapours, (iv) Which forces 
among gas molecules are dominating. the attractive or the 
repulsive? 

(b) If the. va pours behave ideally at 1000 K, determine the 
average translational kinetic energy of a molecule. (liT 2002) 

Soluti~n: (a) (i) rvapour __ ~02 
r02 Mvapour 

(ii) 

1.33= ~ 
V M vapour 

M vapour 18.1 
Molar mass 

Molar volume = ---
Density 

= 18.1 = 50.25 x 10-3 m-3 

0.36 

(iii) Compressibility factor; Z =:: PV 
, RT 

101325 x 50.25 x 10-3 

8.314 x 500 

=:: 1.225 

(iv) Z> 1 shows that repulsive forces are dominant. 

(b) Translational KE per molecule 

3 R 
=:: x-xT 

2 N 

3 x 8.314 x 1000 
2 6.023 X 1023 

=:: 2.07 X 10-20 J 
~ , 

. ,·";¥tExample 62. The ratio of rate of diffusion ~f helium ,and 
methane under identical conditions of pressure and temperature 
will be: lIlT (8) 20051 

(a) 4 (b) 2 (c) 1 (d) 0.5 

Solution: r~:e4 =:: ~ '::4 = Hi = ~ 
rHe 2rCH4 

.' 
')0,: .... .. 
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SECTION 2 : LIQUID STATE 

4.11 THE LIQUID STATE 
Liquid state is intermediate between gaseous and solid states. The 
liquids possess fluidity like gases but incompressibility like 
solids. 

The behaviour of liquids explained above gives some 
characteristic properties to the liquids such as definite volume but 
no definite shape, incompressibility, diffusion, fluidity 
(or viscosity), evaporation (or vapour pressure), surface tension, 
etc. 

Properties of liquids can be explained on the basis of kinetic 
molecular theory which has the following postulates: 

(1) A liquid is made up of molecules; atoms in rare cases,. 
e.g., Hg (mercury). 

(ii) The molecules of the liquid are quite close together. 
(iii) The intermolecular forces of attraction in a liquid are 

quite large. 
(iv)" The molecules of liquids are in a state of constant rapid 

motion. 
( v) The average kinetic energy of the molecules of a liquid is 

directly proportional to their absolute temperature. 
A liquid state is regarded as a condensed gas or a molten solid. 

.Liquid state, however, has much more in common with solid state 
than with gaseous state. The following general characteristics are 
exhibited by liquids: 

(i) Shape 
Liquids have no shape of their own but assume the shape of 

the container in which they are kept. No doubt, liquids are mobile 
but they do not expand like gases as to fill up all the space offered 
to them but remain confined to the lower part of the container. 

(ii) Volume 
Liquids have definite volume as th~ molecules of a liquid are 

closely packed and the cohesive forces are strong. The molecules 
are not quite free to occupy any space. 

(iii) Density 

As the molecules in liquids are closely packed, the de!lshies of 
liquids are much higher than in gaseous state. For example, 
d~nsity of water at 100°C and 1 atmospheric pressure is 0.958 g 

niL-I while that of water vapour under similar conditions as 

calculated from ideal gas law (d MPi is 0.000588 g niL-I. 
. . RTJ . 

'(hi) Compressibility 
The molecules in a liquid are ,held in such close contact by 

their mutual attractive forces (cohesive forces) that the volume of 
any liquid decreases very little with increased pressure. Thus, 
liquids are relatively incompressible compared to gases. 

(v) Diffusion 

When two miscible liquids are put together, there is slow 
mixing as the molecules of one liquid move into the other liquid. 
As the space available for movement of molec~les in liquids is 

much less and their velocities are small, liquids diffuse slowly in 
comparison to gases. 

(vi) Evaporation 
The process of change of liquid into vapour state on standing 

is termed evaporation. Evaporation may be explained in tenns of 
motion of molecules. At any given temperature, all the molecules 
do not possess the same kinetic energy (average kinetic energy is, 
however, same). Some molecules move slowly, some at 
intermediate rates and some move very fast. A rapidly moving 
molecule near the. surface of the liquid may possess sufficient 
kinetic energy to overcome the attraction of its neighbours and 
escape. Evaporation is accompanied by cooling as average 
kinetic energy of remaining molecules decreases. 

Evaporation depends on the following factors: 
{a) Nature of the liquid: The evaporation depends on the 

strength of intermolecular forces (cohesive forces). The liquids 
having low intermolecular forces evaporate faster in comparison 
to the liquids having high intennolecular forces. For example, 
ether evaporates more quickly than alcohol, and alcohol 
evaporates more quickly than water, as the intermolecular forces 
in these liquids are in the order: 

Ether < Alcohol < Water 
Alcohol < Glycol < Glycerol 

, .increasing extent of hydrogen bonding 

(b) Surfaee ar~a: Evaporation is a surface phenomenon. 
Larger the surface area, grealer is the opportunity of the 
molecules to escape. Thus, rate of evaporation increases with 
increase of surface area. 

Rate of..evaporation ex:: Surface area 

(c) Temperature: Rate of evaporation increases with the 
increase of temperature as the kinetic energy of the molecules 
increases with the rise of temperature. 

Rate of evaporation oc Temperature 

(d) Flow of air current over the surface: Flow of air helps 
the molecules to go away from the surface of liquid and, 
therefore, incre~es the evaporation. 

(vii) Heat of vaporisation 

. The quantity of heat required to evaporate a unit mass of a 
given liquid at constant temperature is known as heat of 
vaporisation or heat of evaporation. The heat of vaporisation 
depends on the strength of the intermolecular forces within the 
liquid. The value of heat of vaporisation generally decreases with 
increase in temperature. It becomes zero at the critical 
temperaUlre. When the vapour is condensed into a liquid, heat is 
evolved. This is called heat of condensation. It is numerically 
equal to the heat of vaporisation at the same temperature. 

'(vlii) Vapour pressure 
When the space above the liquid is closed, the molecules 

cannot escape into open but strike the walls of the container, 
rebound and may strike the surface of the liquid, where they are 
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Fig. 4.13 (a) Evaporation in a closed vessel 

trapped. The return of the molecules from the vapour state'to the 
liquid state is known as condensation. As evaporation proceeds, 
the number of molecules in the vapour state increases and, in 
turn, the rate of condensation increases. 

The rate of condensation soon becomes equal to the rate of the 
evaporation, i. e., the vapour in the closed container is in 
equilibrium with the liquid. 

Evaporalion~ 

Liquid 
~ 
~ Vapour 

Condensation 

Rate of evaporation 
----------------------

t 
Rate 

Rate of condensation 

Time-

Fig: 4.13 (b) 

At equilibrium, the concentration of molecules in the vapour 
phase remains unchanged. The pressure exerted by the vapour in 
equilibrium with liquid, at a given temperature, is called the 
vapour pressure. Mathematically, it is given by the gas equation: 

p=!!... RT CRT 
V 

where, C is the concentration of vapour, in moVlitre. 
In closed vessel, 

Rate of evaporation ex: e - EI RT (Boltzmann factor) 

Thus, rate of evaporation remains constant at constant 
temperature. 

Since, the rate of evaporation increases and rate of 
condensation decreases with increasing temperature, vapour 
pressure of liquids always increases as temperature increases. At 
any given temperature, the vapour pressures of different liquids 
are different because their cohesive forces are different. Easily 
vaporised liquids are called volatile liquids and they have 
relatively high vapour pressures. Vapour pressure values (in mm ., 

of Hg) for water, alcohol and ether at different temperatures are 
given in the following table: 

Substanee 

Water 4.6 

Ethyl alcohol. 12.2 

Diethvl ether I 185.3 

.. ~ ..... ·····.···~·········.r,'W(: . 
17.5 

43.9 

442.2 

55.0 

135.3 
921.1 

355.5 

812.6 

2993.6 

760.3 

1693.3 

4859.4 

It is observed that non-polar or less polar liquids such as 
diethyl ether and ethyl alcohol possess fairly high vapour 
pressures on account of weak intermolecular forces (cohesive 
forces) whereas polar molecules such as water which have 
stronger intermolecular forces possess relatively lower vapour 
pressures. 

The simplest method for measuring vapour pressure is the 
barometric method. It consists of two barometer tubes as shown 
in Fig. 4.14. A small quantity of the liquid is introduced into one 
of the tubes. It changes into vapour and rises into vacuum above 

Vapour 

Hot water 

Fig. 4.14 The barometric method for measurement of 
vapour pressure 

the mercury. Some more of the liquid is introduced and the 
process is continued till a small amount of the liquid is visible on 

'the surface of mercury. The difference in the levels of mercury in 
the two tubes is noted and this measures the vapour pressure of 
the liquid at atmospheric temperature. The measurement can also 
be made at any desired temperature by surrounding the tubes with 
a jacket maintained at that temperature. 

The vapour pressure of a given liquid at two different 
temperatures can be compared with the help of 
Clausius-Clapeyron equation. 

2.:R [~ - ;J 
where, M/ is the latent heat of vaporisation and R is the molar gas 
constant. 

The actual form of Clausius-Clapeyron equation is: 

10glO P 
-M/ 
__ v_sP:....+A 

2.303RT 

Note: Vapour and gas: A gas can be liquefied only below critical temperature, by applying pressure. There is no characteristic critical temperature for 
vapours. 

I 
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When AH \lap = Latent heat of vaporisation and • A' is constant. 

A graph between log 10 P and ..!. will be a straight line with 
. T 

negative slope. 

Sfope of the line 
-LiH\lap 
:--

2.303R 

1fT ~ 

Fig. 4.15 Variation of vapour pressure wiJh temperature. ,_ 

(Ix) Boiling point 

The temperature at which- the vapour pressure of the liquid 
. becomes equal to the atmospheric pressure is called the boiling 
point of the.liquid. When a liquid is heated under a given applied 
pressure, bubbles of vapour begin to fonn below the surface of 
the liquid. They rise to the surface and burst releasing the vapour 
into the air. This process is called boiling. The nonnal boiling 
point is the temPerature at which the vapour pressure of a liquid 
is equal to exactly one standard atmospheric pressure (760 rom of 
Hg). Fig. 4.16 shows that normal boiling points of diethyl ether, 
ethyl alcohol and water are 34.6°C. 78.5°C and 100°C 
respectively. 

The temperature of the boiling liquid remains constant until all 
the liquid has been vaporised. Heat must be added to the boiling 
liquid to maintain the temperature because in the boiling process, 
the high energy molecules are lost by the liquid. The higher rate 
at which heat is added to the boiling liquid, the faster it boils. 
. The boiling point of a liquid changes with the change in 
external pressure. A liquid may boil at temperature higher thlUl 
normal under external pressure greater than one atmosphere; 
conversely, the boiling point of a liquid may be lowered than 
normal below one atmosphere. Thus, at high altitudes where the 
atmospheric pressure is less than 760 rom, water boils at 
temperature below its nonnal boiling point of 100°C. Food cooks 
.more slowly at higher altitudes because the temperature of 
boiling water is lower than it would be nearer the sea level. The 
tl;mperature of boiling water in a pressure cooker is higher than 
the normal, thus trulking it possible to cook foods faster than in . 
open vessels. 

If a liquid decomposes when heated, it ~an be made to boil at 
lower temperature by reducing the pressure. This is the principle 
of vacuum distillation. Unwanted water is removed from many 
food pr~ducts by boiling it away under reduced pressure. 

Boiling and evaporation are sjinilar processes (conversion of 
liquid into vapour) but differ in the following respects: 

(a) Evaporation talres place spontaneously at all temperatures 
but boiling occurs only at a particular temperature at which the 
vapour pressure is equal to the atmospheric pressure. 

(b) Evaporation is a surface phenomenon. It occurs ortly at 
the surface of the liquid whereas boiling involves formation of 
bubbles belQw,the surface of the liquid. 

1 
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Fig.4.16 Vapour pressure curves for diethyl etliet:, ethy 
alcohol and water' . .- . 

(c) In vaporisation, the vapour molecules diffuse from the 
liquid into the atmosphere but in boiling, molecules escape with 
sufficient pressure into the space over the surface of liquid 

(x) Freezing point " 
When a liquid is cooled, the kinetic energy of the molecules 

goes on decreasing. A stage comes when the intennolecular 
forces become stronger and the translational motion is redu(1ed to 
minimum. At this stage, the fonnation of solid begins and the 
liquid is seen to freeze out. The point (temperature) at which the 
vapour pressure of solid and liquid forms of a substance become 
equal is tenned as freezing point. 

Normal fr-eezing point of a liquid is the temperature at which 
its liquid and solid forms are in e'tuilibrium with each other under 
a pressure of one atmosphere. Th.freezing point of a liquid is the 
same as the melting point of its solid fonn. At the freezing point 
the temperature of the solid-liquid system remains constant until 
all the liquid is frozen. The amount"'Ofheat that must be removed 
to freeze a unit mass of the liquid:at the freezing point is called 
the heat of fusion. 

The freezing point of a liquid is affected by the change of 
external pressure. With increased external pressure, the freezing 
point of some liquids rises while of others falls. 

(xi) Surface tension 

it is .the property of liquids caused by the intennolecular 
attractive forces. A molecule within the bulk of the liquid is 
attracted equally in all the directions by the neighbouring 
molecules. The resultant force on anyone molecule in the centre 
of the liquid is, therefore, zero. However, the molecules on the 
surface of the liquid are attracted only inward and sideways. This 
unbalanced molecular attraction pulls some of the molecules into 
the bulk of the liquid, i. e. , are pulled inward and the surface area 
is minimized. Surface tension is a measure of tbis inward force 
on the surface of the Uquid. It acts downwards perpendicular 
to the plane of the slirface. The unit of surface tension is dyne 
cm- I or Newton metre -1 (N m -1). It is a scalar quantity. Surface 
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tension is, thus, dermed as the force ading on unit length of a 
line imagined to be drawn tangentially anywhere on the free 
surface of a liquid at rest. It ads at right angles on both sides 
of the line and along the tangent to the liquid surface. Surface 
tension depends on the are!)., not on the length, like elastic 
propel!!f;ies. _ 

As the intennolecular forces of attraction decrease with the 
rise of temperature, the surface tension of a liquid, thus, 
decreases with increase in temperature: Similarly, addition of 
chemicals to a liquid reduces its surface tension. For example, 
addition of chemicals like soaps, detergents, alcohol, camphor, 
etc., lowers the surface tension of water. 

B 

Fig. 4.1.7 (a) Molecules at the surface are under unequai tension 

Many common phenomena can be explained with the help of 
-su;rface tension. Spme are described here: ., 

(a) Small droplets are spherical in shape: The surface 
tension acting on the SUrface of the liquid tries' to minimise the 
surface area of a-given mass ora liquid. It is known that for a 
given volume. a sphere has the _minimum . surface area. On 
account of this .. drops of liquids a~uire a spherical sbaPe. 

Il . ~-

(b) Insects can walk on the surface of. water: .Many 
insects can walk on the surface of watet'without drowning. This 
is due to the existence of Surface tension. The surface tension 
makes the water S'Ilrface to behave like an elastic membrane and 
prevents the insects from drowning. 

(c) Cleaning action of soap and detergents: Soap and deter
gent solutions due to their 'lower surface tensions penetrate into 
the fibre and surround the greasy substances and wash them away. 

(d) Capillary action:; The tendenCy of a liquid to rise into 
narrow pores and tiny openings is called capillary action. The 
liquids rise in the capillary tubes due to the surface tension. The 
force of adhesion between the molecules of water and the 
molecules of glass of the capillary tube is greater than the force of 

• cohesion between water molecules. Due to this, surface of water 
in a glass capillary tube curves upwards in convex shape and then 
the force of surface tensi9" of water pulls the water up into the 
tube. The water rises into a capillary tube to such a height that the 
weight of resulting water column is just balanced by the force of 
surface tension. 

The rise of oil in a lamp wick: and flow of water from the roots 
of a tree to upper parts are also the examples of capillary action . 

- In general,the liquids which wet the material show capillary rise. 
Those liquids which do not wet the material of a capillary always 
show depression, e. g. ,glycerine. honey, mercury, etc. 

When a liquid rises in a column, its upper surface becomes 
concave and when the liquid goes down in a capillary, its upper 
surface becomes convex. 

(i) (Ii) 

Fig. 4.17 (~) • ~crt'Of shape and radius on capillary rise 
. ." "" ,.;., . 

(i) Height of liquid in the column of capillary is"independent 
of shape of capillary if its radh,Js is same. 

(ii) Thinner is the capillary, greater is the height ofliquid in the 
column. 

(e) Surface energy:- The work in erg required to be done to 
increase or extend surface area by 1 sq. em is caned surface 
energy. The units of surface energy are, therefore, erg per sq. cm 
(or joule per sq. metre, i.e., J m-2 in SI system). Surface tension 
ofliquid is numerically fqual to the surface energy. 

Surface energy, -
1 = Work done to increase the surface area by one unit 

Work 
=-----

Change in area 

= force x displacement in the direction of force 

area 

Force =---
_ Length 

The unit of surface tension is therefore dyne em-I (force per 
unit length). ; ( 

Measurement of surface Jension: _ The surface tension of a 
liquid is' measured by the" droP count' metbOO using a 
~~~~ -

Let Y I and d t be the surface tension and density Of water and 
12 and d 2 be surface tension and density of the liquid whose 
surface tension' is to be determi~_d.-Usjng a .stalagmometer the 
number of drops fonned by the same volume of water and liquid 
is detennined. 

11. :ntdz 
12 nZd1 

Using the above relation, the surface tension Of the liquid, 1 2,can 
be calculated. 

. N~te; Attlrecriu\':al temperatuie. surfa\':etensl0n oniqUid~ #(wbere the meniscus between the liquid and the v~ di~-s). 
SurfaCe tension is scalar quantity. ;. y. - - '. . .~ _ • 

• 
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Sutface tension afthe liquid can also be measured by ~apillary 
rise method. ' 

-rcos9 

Fig. 4.18 Capillary rise 

When liquid rises in a capillary, upward force due to surface 
tension is balanced by gravitational foi:ce~ 

.• 2n..rlcQs(j ::::! mg , 
, .wbere, m =~~s,.bf liquid in column 

r ::i,ra.<n~:of capillary 
h = capillary rise 
g = gravitational force 

Mass of liquid in column (m}::r V x p 
=7.tr2hxp 

21t ry cos e =1&r2 hpg 

rhpg 
Y = 2cos e 

(p :;: density of liquid) 

If angle of contact between glass and liquid is zero, i. e., 
cose 1, then ' ' 

rhpg 
1=-2-

Effect of temperature on surface tensi~ : Surface tension 
decreases with rise in. temperature because the intermolecular 
force also decre8l)es with rise in temperature. The decrease in 
surface tension with rise in temperature continues till ctitical 
temperature at which the surface tension of liquid becomes zero, 
i.e., menisCus between liquid and vapour disappears. 

According to EOtvos equation, 

(
M)2/3 

Y= P . =K(tc-1) 

:.As t increases, y decreases linearly, when t :;: t c ' y ::: 0, here 
t c is the critical temperature. 

(xii) Viscosity 
All liquids have a characteristic property of flow. Some 

liquids like water, alcohol, ether, etc., flow, quickly· while 
glycerine, castor oil, molasses, etc., flow very slowly. The 
property of tbe liquids wbicb determines tbeir resistance to 
flow, is called viscosity. 

When a liquid flows through a pipe, all parts of it do not move 
at the same rate. The thin layer in immediate contact with the wall 
of the pipe is almost stationary. The velocity of flow of each 
successive layer of liquid increases progressively as we proceed 
inward towards the centre. At the centre, the flow becomes 
fastest. Each layer ofliquid moving with greater velocity over the 

one having lower velocity will experience a rel1miing effect due 
to the internal friction between the two layers. This internal 
friction or resistance is called viscosity. 

Imagine a liquid to be made up of a large number of thin 
cylindrical coaxial layers. 

It has been found that force of friction '.f' between two 
cylindrical layers each having area ' A' sq. cm separated by a 
distance • x' cm and having a velocity difference v cm Isec i~ . 
given by: 

v 
J='I1A-

x 

..........:':-T-. ----...,..-----r--- Vern/sec '\.\ 
/'\\\ xcm 

;(rc+, H-I--------'!I>---t---- (V + v) em/sec 

, ' ",,'\.\."" ~:. *'----~---
, )\"~,-,, . . '.'''~J/. 

,. j" 

.! 
Fig. 4.1.9 

Here,." is., a constant known as coefficient of viscosity. If x:;::; I 
cm, A = Icm2 and v = lcm1sec., then /='11. 

Thus, coefficient of viscosity can be defined as the force per 
unit area needed to maintain unit difference of velocity 
between two consecutive parallel layers of the liquid which 
are one centimetre apart. 

Coefficient of viscosity is expressed in dyne cm -'2, sec. It is 
more commonly expressed as poise, centipoise (10-2 poise) and 
millipoise (I 0-3 poise), after the name of Poiseuille who derived 
the formula and gave the method for its determination. 1 poise is 
equal to a force oft dyne per unit area whlch maintains a velocity 
difference of 1 cm per second between two parallel consecutive 
layers of the liquid 1 em apart. 

The reciprocal of the coefficient ofviscosity is called Fluidity 
(4)) . 

III :;: Fluidity =! 
'11 

Liquids with low viscosity are terme4 mobile and others with 
high viscosity are called viscous. 

Viscosity depends on the following factors: 
(a) Intermolecular forces: The liquids with high 

intermolecular attractive forces offer greater resistance to the 
flow of molecules and thus possess high viscosity: 

(b) Molecular mass: The flow of molecules is inversely 
proportional to its mass. Liquids' having high molecular mass 
possefs greater viscosity. . . 

. ~ . ' 

(c) The structure and shape of molecules: Viscosity 
generally increases as' the branching in. the chain increases. 
Symmetrica:l molecules have low viscosity, 
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(d) Tempertlture: Intermo lecular forces decrease with rise 
in temperature. Thus, viscosity decreases with the increase of 
temperature. This property is used to select the lubricant for !l 
machine and engine. The variation of viscosity with temperature' 
can be expressed by the fOllowing relationship: 

11:::: Ae-EaIRT 

where, A Pre-exponential factor (constant) 

E (/ = Activation energy 

Taking logaritlm1 of equation (i) we get: 

1 
log 10 n == log 10 A x-

2.303R T 

-E 
Slope = 2.30; R 

Intercept = 10910 A 

llT-

Fig. 4.20 

... (i) 

.. ·Oi) 

This equation represents straight line with formula y = mx + C 
Equation (ii) may also be given as 

n2 Ea [I I ] 
log 10 ~ = 2.303R 1} - T2 

where n 2 is the coefficient of viscosity at temperature T2 and 
111 is the coefficient of viscosity at temperature TI . 

.,... (e) Pressure: the increase of pressure increases the 
intermolecular forces. Thus, the viscosity of a given liquid 
increases with increase of pressure. 

(f) Density : Viscosity of a liquid increases with increase in 
density whil6 that of gas decreases. 

Measurement 4)f viscosity: Viscosity' is generally 
determined by Ostwald's method. It involves the comparison of 
time of flow of equal volumes of two liquids through the same 
capillary using an apparatus called viscometer. 

2= dXI 

n", dw x (II' 

where, 11 w , n == coefficients of viscosity of water and liquid 
respectively; d:::: density of liquid; d w = density of water; 
t == time of flow of liquid; t w :z:: time of flow of water. 

Note: Viscosity of gases increases with increase in temperature. 
Comparison between viscous force and solid friction 
Points of differences: 

1. It is directly proportional to the It is independent of the area of 
area of layers in contact. the surfaces in contact. 

2. It is directly proportional to the 
relative velocity between the two 
liquid layers. 

Point of similarities: 

It is independent of the relative 
velocity between two solid sur

, faces. 

(i) Both viscous force and solid friction come into action 
where ever there is relative motion. 

(it) Both these forces oppose the motion. 
(iii) Both are due to molecular attraction. 

SECTION 3 : SOLID STATE 

'4.12 THE SOLID STATE 
In solid state, the particles (molecules, ions or atoms) are closely 
packed. These are held together by strong intermolecular 
attractive forces (cohesive forces) and cannot move at random. 
These are held at fixed positions and surrounded by 
other particles. There is only one form of molecular motion in 
solids, namely vibrational motion by virtue of which the particles 
move about fixed positions and cannot easily leave the solid 
surface. The following general characteristics are exhibited by 
solids: 

(i) Qefinite shape and volume: 'Unlike gases and liquids, 
solids have definite shape and rigidity. This is due to the fact that 
constituent particles do not possess enough energy to move about 
to take-up different positions. Solids are characterised by their 
definite volume which does not depend on the size and shape of 

the container. This is due to close packing of molecules and 
strong short range intermolecular forces between them. 

(ii) High density and low compressibility: Solids have 
generally high density and IQw compressibility due to close 
packing of molecules which eliminates free space between 
molecules. 

(iii) Very slow diffusion: The diffusion of solid is 
negligible or rather very slow as the particles have permanent 
positions from which they do not move easily. 

(iv) Vapour pressure: The vapour pressure of solids is 
generally much less than the vapour pressure of liquids at a 
definite temperature. Some particles near the surface may have 
high energies (kinetic) as to move away and enter the vapour 
state. 

I 
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, (v) Melting point: The temperature at which the solid and 
the liquid forms of a substance exist at equilibrium or both the 
forms have same vapour pressure, is called the melting point. On 
supplying heat energy, the particles acquire sufficient energy and 
move away from their fixed positions in space. This results in the 
formation ofliquid state. The solids have definite melting points 

, depending on the strength of binding energy. However, in some 
solids (a~orphous solids)'" the melting point is not sharp. 

4/13; FORMS OF SOLIDS 
Solids are divided jnto two classes on the basis of haphazard and 
regular aJ'!&lgement of the building constituents. 

(i) Amorphous- solids: ,The term 'amorphous' has been 
derived noma Greek word 'Omorphe' meaning shapeless. In 
amorphous solids the arrangement of building constituents is not 
regular but haphazard. Although these solids possess some of the 
mechanical properties such as rigidity,incompressibility, 
refractive index, etc., but do not have characteristic shapes or 
geometrical forms. Amorphous solids in many respects resemble 
liquids which flow very slowly at room temperature and regarded 
as supercooled liquids in which the cohesive forces holding the 
molecules together are so great that the material is rigid but there 
is no regularity of the structure. Glass, rubber, plastics, etc., are 
some of the examples of amorphous solids. 

Amorphous solids do not have sharp melting points. For 
example, when glass is heated, it softens and then starts flowing 
without undergoing any abrupt change from solid to liquid state. 

Thus, amorphous substances are not true solids but can be 
regarded as intermediate between liquids and solids. ' 

(ii) Crystalline solids: In crystalline solids, the building . 
constituents arrange themselves in regular manner throughout the 
entire three-diinensional network. The ordered arrangement of 
building constituents (molecules, atoms or ions) extends over a 
large distance. Thus, crystalline solids have long range order. A 
crystalline solid con;ists of a large number of units, 'called 
crystals. A crystal is, defined as a solid figure which has a 
definite geometrical shape, with Oat faces and sharp edges. 

A cryst.nine subst~nce bas a sharp melting point. i. e., it 
changes abruptly into liquid state. Strictly speaking 'a solid state 
refers to crystalline state' or 'only a crystalline substance c~ be 
considered to be a true solid' . 

~4~14,~ ISOTROPY AND ANIS()TROPY 
> 

The substances which show same properties in all directions are 
said to be isotropic and the substances exhibiting directional 
differences in properties are termed anisotropic. . 

Amorphous solids like liquids and gases are said to be 
'isotropic as arrangement of building constituents is random and 
disordered. Hence, all directions are, equal and therefore,' 
properties are same in all the directions. 

Crystalline solids are anisotropic. Magnitude of some of the 
physical properties of crystalline solids such as refractive index, 
coefficient of thermal expansion, electrical and thermal 
conductivities, etc., is different in different directions, within the 
crystal. For example, in the crystal of silver iodide (AgI), the 
coefficient of thermal expansion is positive in one direction and 
negative in the other direction. 

B D 

• • • 
0 0 0 

• • • 
0 0 0 

• • • 
0 0 0 

• • • 
0 0 0 

A, 

Fig. 4.21 Anisotropic behaviour of crystals 

The phenomenon of anisotropy provides a strong evidence for 
the presence of ordered molecular arrangement in crystals. This 
can be explained with the help of Fig. 4.21 in which a simple two 
dimensional arrangement of two different kinds of atoms has 
been depicted. When a physical .property is measured along the 
slanting line CD, it will be different from that measured in the 
direction of vertical line AB, as line CD contains alternate types 
of atoms while line AB contains one type of atom~_ only. 

4~1S DIFFERENCES BETWEEN 
CRYSTALLINE AND AMORPHOUS, 
SOLIDS ' 

. ..... ... 
CrystalllnftoUds AmoiJbous solids 

1. They have definite and regular They do not have any pattern of 
geometry due to definite and or- arrangement of atoms, ions or 

, derly arrangement of atoms, ions molecules and, thus, do not have 
or molecules in three dimen- any definite geometrical shape. 
'sional space. 

2. They have sharp melting points' Amorphous solids do not have 
and change abruptly into liquidlt. . sharp melting points and do not 

change abruptly into liquids. 

3. Crystalline solids are Amorphous solids are isotropic. 
anisotropic. Some of their physi- Their physical properties are 
cal properties are different in dif: same in all directions. 
ferent directions. 

4. These are considered as true sol- These are considered pseudo-
ids. solids or supercooled liquids. 

5. Crystalline solids are rigid and Amorpbous solids are not very 
their shape is not distorted by rigid. These can be distorted by 
mild distorting forces; bending or compressing forces. 

* Melting point of a solid depends on the structure of the solid. It is used for the identification Of solids whether it is crystalline or amorphous. 
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Crystaillne 'sollds Amorphous sollds 

6. Crystals are bound by plane Amorphous solids do not have 
faces. Tqe angle between any well defined planes. 
two faces is called intertilcial an- When an amorphous solid is bro
gle. For a given crystalline solid, ken, the surfaces of the broken 
it is a definite angle and remains pieces are generally not flat and 
always constant no matter how intersect at random angles. 
the faces develop. 
When a crystalline solid is ham
mered, it breaks up into smaller 
crystals of the same geometr>cal 
shape. . 

7.. An important property of crys- Amorphous solids do not have 
tals is their symmetry. There are: any symmetry. 
(i) plane of symmetry, (ii) axis of 
symmetry and (iii) centre of 
symmetry. 

• 
4~16' TYPES OF SYMMETRY IN CRYSTALS 
(i) Centre of symmetry: It is such an imaginary point within 
the crystal that any;line drawn through it intersects the surface of 
the crystal at equal distances in both directions. A crystal always 
possesses only one centre of symmetry [Fig. 4.22 (f)]. 

Oi) Plane of symmetry: It is an imaginary plane which 
passes through the centre of a crystal and divides it into two equal 
portions such that one part is exactly the mirror image of the 
other. 

A cubical crystal like NaCI possesses, in all, nine planes of 
symmetry; three rectangular planes of symmetry and six diagonal 
planes of symmetry. One plane of symmetry of each of the above 
is shown in Fig. 4.22 (a) and (b). 

Rectangular plane 
of symmetry 

(a) 

Diagonal plane 
of symmetry 

(b) 

tV 

$
:, 

I, I, 
, 

8 , . 

tV 

iJ 
to 

I 

Axis of four-fold 
symmetry (three) 

(c) 

Axis of three-fold Axis of two-fold Centre of 
symmetry (four) . symmetry (six) symmetry (one) 

(d) (e) (f) 

Fig. 4.22 Various elements of symmetry in a cubic crystal 

. . 
(iii) Axis of symmetry: It is an imaginary straight line 

about which, if the Cl}'stal is rotated, it will present the same 
appearance more than once during the complete revolution. The 

axes of symmetry are called diad, triad, tetrad and hexad, 
respectively, if the original appearance is repeated twice (after an 

.. angle of 180°), thrice (after an angle of 120°), four times (after an 
angle of 90°) and six times (after an angle of 60°) in one rotation. 
These axes of symmetry are also called two-fold, three-fold. 
four-fold and six-fold. respectively. 

In general, if the same appearance of a crystal is repeated on 

. thr h 1 f 3600 d" . h rotatmg oug an ang e 0 -- .. aroun an Imagmary aXIS, t e 
n . 

axis is called an n -fold axis. 
In all, there are 13 axes of symmetry possessed by a cubical 

crystal like NaCI as shown in Fig. 4.22 (c), (d) and (e). 
(iv) Elements of symmetry: The total number of planes. 

axes and centre of symnletry possessed by a crystal are tenned as 
elements of symmetry. A cubic crystal possesses a total of 23 
elements of symmetry. 

Planes of symmetry = (3 + 6) = 9 [Fig. 4.2.2 (aland (b)] 

Axes of symmetry (3 + 4 + 6) = 13 
[Fig. 4.22 (c), (d) and (e)] 

Centre of symmetry = 1 [Fig. 4.22 (f)] 

Total number of symmetry elements 23 

4.17. SPACE LATTICE AND UNIT CELL 
All crystals are"polyhedra consisting of regularly repeating arrays 
of atoms, molecules or ions which are the structural units. A 
crystal is a homogeneous portion of a solid substance made of 
regular pattern of structural units bonded by plane surfaces 
making definite angles with each other. The geometrical form 
consisting only of a regular array of points in space is called a 
lattice or space lattice or it can be defined as an array of points 
showing how molecules, atoms or ions are arranged in different 
sites, in three-dimensional space. Fig. 4.23 shows a space lattice. A 
space lattice' can be subdivided into a number of small cells 
known as unit cells. It can be defined as the smallest repeating 
unit in space lattice which, when repeated over and over again, 
results in a crystal of the given substance or it is the smallest 
block or geometrical figure from which entire crystal can be built 
up by its translational repetition in three-dimensions. A unit cell 
of a crystal possesses all the structural properties of the given 
crystal For example, if a crystal is a cube, the unit cell must also 
have its atoms, molecules or ions arranged so as to give a cube. 

z 

Lattice 
points 
," , I 

JI----Jl~-.._-~/ , 
I 

I , 

z 

Fig. 4.23 Space lattiee and unit cell 
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System,' , 
' . 

aies Angles 

1. Cubic ", An the three equal All right al1gles 
II b =0, a = J) =1 =,900 

2. Orthorhombic All unequal AU right angles 
a ¢ b '" c, a'" f):;: y = 90° 

3. Tetragonal TwoequaJ All right angles 
a::to b ¢ C, a = J) = y =: 90° 

4 •. Monoclinic All unequal Two right angles 
. (!¢ l"f= C, 0: = Y = 90°, ~ ¢ 90° 

5. Triclinic All unequal" None right angles 
a ¢ b ¢ c, a ¢ J) ¢ r ¢ 90° 

6. Hexagonal Two equal Angle between equal 
a b ¢ c, a = J) = 90°, Y = 1200 edges 120° 

7. Rhombohedral All thie~ -equal All 
<l = b :::: c, a=: J) :::: y ¢ 90° 90° 

Each unit cell has three vectors a, band C ,as shown in Fig. 4.23. 
The di'stances a, b and c are the lengths ,of the edges of the unit 
'Cell and angles ex ,13 and y aro the angles between three imaginary 
axes OX,or and OZ, respectively. 

FCir example: For a crystal system, a'" b c and 

equal but 

, . 
none 

,MUIIIlnum symmetry 
elemeats Examples 

Nine planes, NaCl, KCI, Zn'S, diamclfld,. 
thirteen axes alUms 

Three planes, KN03, BaS04.K2S04, rhombic 
three axes sulphur. ' 

Five planes, TiO:!, PbW04,Sn02' NH.J Br 
five axes 

Oue plane, Monoclinic slliphur, KClO3, 
one axis CaSOq ·2H2O, 

Na2B40,·10H20 

No planes, CuS04 ·5H20, H3BO" 
no axis K2Cr207 .'. 
Seven planes, ZnO, CdS, HgS, SiC, Agl 
seven axes 

Seven planes, NaNO), ICI, quartz (CaC03) 

sj:ven axes 

Il .,; ~ !::: Y :;<:,90° :. 
(a) .tetragOnal (b) hexag()~l 

(d) monoclinic 

Simple or primifive Body-centred Face-centred 

(c) rlIomb?hedral 
(Ans. (c)] 

[Hint:P'rom the table a = b == c fdr rhombohedral and cubic 

~ystem both but a;o::: ~'=y '.1:90° for rhomb~hedral only.] 

4.18 CRYSTAL SYSTEMS 
On the basis' of geometri'Cal considerations, theoretically there 
c-an ae 32 different co!'nbinations of elements of symmetry of a 
erysta1. These are called 34 systems. Seme of 'the systemS' have, 
been grouped together. In all, seven types of basic or primitive 
unit cells have beenrecogriised among crystals. These are cubic, 
orthorhombic, tetragonal, monoclinic, triclinic, hexagortaland 
rhombohedral. ,These are shown in Fig. 4.24 and their 
characteristics are summarised in the following table. 

All crystals do not have simple lattices. Some are more 
complex. Bravais pointed out that there can be 14 different ways 
in which similar points can be arranged in a three-dimensional 
space. Thus, the total number of space lattices belonging to all the 
seven crystal systems are 14. 

The crystals belonging to cubic system have three kinds of 
Bravais lattices. These are: 

(i) Simple cubic lattice: There are points only at the corners 

of each unit. 

(U) Face-centred cubic lattice: There are points at the comers 

as well as at the centre of each of the six faces of the cube. 

I 
c 

tl ,u b 
" , ;{;-y 
Simple or 
primitive 

/ 

1/ 

/ /. 
c 

f\ ,0: 
, 'b 
~-y / 

Simple 

(a) Cubic space lattices 

/ / / I I • / 
c • .c • c • • • f\ ,u b " , Lt-v /. 

~ ,u b " \ l-y / 
~ ,~ b 

i-v • / 
Body-centrad 6nd-centrec;l Face-centred 

(b) OrtMorhombic space lattices 

/ / / / / • / 
c. 

~ 'a , \ 

I>§-y b V 

c 
~ ,U , \ b 

W-y / 

c 
~ -SXb , . 
Yen / 

Body-centred Simple End-centred 

(c) Tetragonal and monoclinic space lattices 

c 

Triclinic Hexagonal Rhombohedral 

(d) Triclinic, hexagonal and rhombohedral space lattices 

Fig. 4.24 Bravais lattices 

• 



STATES OF MATTER 

(iii) Body-centred cubic lattice: There are points at the 
comers as well as in the body-centre of each cube. 

The number of Bravais space lattices in a given system is 
listed in the following table and shQwn in Fig. 4.24. 

Crystal .. 
system 

1. Cubic 

2. Orthorhombic 

3. Tetragonal 

4. Monoclinic 

5. Triclinic 

6. Hexagonal 

7. Rhombohedral 

No. of 
, space'.: 
lattices 

3 

4 

2' 

2 

. ' 

Lattice type 
; ". 

Simple, face-centred and body-centred. 

Rectangular and body-centred rectan
gular prism; rhombic and body-centred 
rhombic prism. 

Simple and body-centred tetragonal 
prism. 

Monoclinic parallelopiped, monoclinic 
face-centred parallelopiped. 

Triclinic parallelopiped. 

Hexagonal prism. 

Rhombohedron. 

In various unit cells, there are three kinds of lattice points: 
points located at the comers, points·in the face-centres and points 
that lie entirely within the unit cell. In a crystal, atoms located at 
the comer and face-centre ofa unit cell are shared by other cells 
and only a portion of such an atom actually lies within a given 
unit cell. . 

(i) A point that lies at the comer of a unit cell is shared among 
eight unit cells and, therefore, only one-eighth of each such point 
lies withln the given unit cell. 

(ii) A point along an edge is shared by four unit cells and only 
one-fourth of it lies within anyone cell. 

(iii) A face-centred point is shared by two unit Gells and qnly 
one half of it is present in a given unit ceiL 

(iv) A body-cel.itred point lies entirely within the unit cell and' 
contributes one complete oint to the cell. 

~--~----------------------
Contrlbutioa to one unit eeU' 

Edge 
Face-centre 
Body-centre 

118 

1/4 

112 

Total number of constituent units per unit cell 
1 . d 1 . ded = - x occuple comers + x occuple ge-centres 
8 4 

+ 1 x occupied face-centres + occupied body-centre. 
2 

Determination of Number of Constituent units per unit cell: 
Let edge length of cube = a cm 

Density of substance = d g cm-3 

Volume of unit cell = a 3 cm3 

Mass of unit cell volume x density = (a 3 
X d) g 

a 3 x d 
',Number of mol per unit cell = M 

where, M = molar mass 
Number of moleCUles per unit cell= Number of mole 

x Avogadro' s number 
. 3 
a3 xd a· xdxN 

Z= xN=----
M M 

Calculation of number of constituertt units in 
hexagonal unit cell 

(i) Constituent units at each comer oCunt~Cell iSCOftllT10n" 

among six unit cells hence contribute 1/6th to each unit cell. 
(ii) Constituent unit at edge is common to three unit cells 

hence contribute 1I3rd to each unit celL 
(iii) Constituent units present at the body centre is considered 

in single unit cell. 
(iv) Constituent unit at face centre 'is common between two 

unit cells hence contribute 112 to each unit cell. 

Fig. 4.25 Hexagonal unit cell 

In thehexagonaJ unit cell (Fig 4.25), t2 comers, 2 face centres 
and 3 constiruent Mits wlthin the unit cells me Dccupied~ hence 
effective number of con$tituent units.present in the unit cell may 
be calculated as 

1 occupied + 1 occupied Central 
z x x", I + .' f . 6 comers 2 lacec utres constltuen UlUts 

1 1 = -x 12+-x2+3 
6 2 
6 

4.19 DESIGNATION OF PLANES IN 
CRYSTALS-MILLER INDICES 

Planes in crystals are described by a set· of integers (h, k and I) 
. known as Miller indices. Miller indices of a plane are the 
reciprocals of the fractional intercepts of that plalle on the various 
crystallographic axes. For calculating Miller indices, a reference 
plane, known as parametral plane, is selected having intercepts 
a, band c along x, yand z-axes, respectively (Fig. 4.26). Then, 
the intercepts of the unknown plane are given with respect to 
a, band c of the parametral plane. 
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z 

1illP'=<------ Y 

Fig.4.26 Parametral (intercepts a, b, calong x, yand'z-axes) 

Thus, the Miller indices are: 
h= ____________ a __________ __ 

intercept of the plane along x- axis 

b 
k = -----------------------

intercept of the plane along y- axis 

I= ____________ c __________ __ 

intercept of the plane along z-axis 

Consider the shaded plane ABD in Fig. 4.26. The intercepts of 
the shaded plane along X:' Y and Z-axes are a12, band el2, 
respectively. Thus, 

a 
h=-=2; 

, al2 

k=%=~ 
1=~=2 

c/2 
The plane is, therefore, designed a~ (212) plane. 

Note: (i) If a plane is parallel to an axis, its intercept with that axis is 
taken as infinite and the Miller indices will be zero. 

(ii) While defining Miller indices for orthogonal crystal, X; Yand 
Z-axes are considered crystallographic axes. 

Some of the important planes of cubic crystals are shown in 
oFig.4.27. 

y 

110 
(b) 

y 

x 111 
(c) 

, Fig. 4.27 Miller indices of planes in cubic lattice, 
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y 

In (a) intercepts are 

So, Miller indices are 
The plane is designated (100) 

In (b) intercepts are 

So, Miller indices are 
The plane is designated (110) 

In (c) intercepts are 

So,. Miller indices are 
The plane is designated (III) 

00 00 

o o 

00 

1 o 

1 

The distances between the parallel planes in crystals are 
designated as dhkl . For different cubic lattices these iDterplanar 
spacings are given by the general formula, 

a 
d(hkl) = --;===== 

~h2 +e +'/ 2 

where, a is the length of the cube side while h, k and 1 are the 
Miller indices of the plane. 

The spacings of the three planes (100), (110) and (Ill) of 
simple cubic lattice can be calculated. 

a 
d(IOO) = = a 

~12+0+0 
a a 

d(llO) = ~ 2 2 = {;:.2 
I +1 +0 ",L. 

a a 
d(1I1) = ~ 2 2 2 = {;:.3 

I +1 +1 ",;j 

The ratio is, 
I I 

d(lOO) :d(llO) :d(lll) = I: J2: J3 = 1:0.707: 0.577 

Similarly, d(hkl) ratios for face-centred cubic and body-centred 
cubic can be calculated. For face-centred cubic, 

. I 2 . 
d(loo) : d(llO) : d(lll) = I: J2 : J3 = I: 0.707: 1.154 

For body-centred cubic, 
I I I 

d(loo) :d(lIo) :d(llI) =-: {;:.: r;:. 
2 ",2 2",3 

=1:J2: ~ 
= I : 1.414: 0.577 

4.20 CRYSTALLOGRAPHY AND X-RAY 
DIFFRACTION 

CrystallographY is the branch of science which deals with the 
geometry, properties and 'structure of crystals' and crystalline 
substances. Geometric crystallography is concerned with the 
external spatial arrangement of crystal planes and geometric 
shapes of crystals. 
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Atoms, molecules or ions are too small to be seen with naked 
eye. The arrangement of particles in crystalline solids is 
determined indirectly by X-ray diffraction. In 1912, Von Laue 
showed that any crystal could serve as a three-dimensional 
grating to the incident electromagnetic radiation with wavelength 
approximately equal to the internuclear separations (::::: 10-8 cm) 

of atoms in the crystal. Such radiation is in the X-ray region of 
the electromagnetic spectrum. 

The apparatus used is shown in Fig. 4.28. A monochromatic 
X-ray beam is directed towards the surface of a slowly rotated 
crystal so as to vary the angle of incidence e. At various angles, 
strong beams of deflected X-rays strike the photographic plate. 
The photographic plate after developing shows a central spot due 
to primary beam and aset of symmetrically disposed spots due to 
deflected X-rays. Different kinds of crystals produce different 
arrangements of spots. 

Photographic film 

Fig. 4.28 ,X-ray diffraction of crystals 

In 1913, Bragg found that Laue photographs are more easily 
interpreted by treating the crystals as a reflection' grating rather 
than a diffraction grating. Fig. 4.29 illustrates the way by which 
the crystal spacings can be determined by use of X-rays of a 
single wavelength, 'A. The rays strike the parallel planes of the 
crystal at arigle a. Some of the rays are reflected from the upper 
plane, sO'me from the second and some from the lower planes. A 
strong reflected beam will result only if all the reflected rays are 
in phase. The waves reflected by different layer planes will be in 

Fig. 4.29 X-ray reflection from crystals 

phase with one another only if the difference in the path length of 
the waves reflected from the successive planes is equal to an 
integral number of. wavelengths. OL and OM are the 
perpendiculars drawn to the incident and reflected beams. The 
difference in path lengths of waves deflected from the first two 
planes is given by: . 

LN + NM = n'A (n = 1, 2, 3, ... ) 

Since, the triangles OLN and OMN are congruent, hence 
LN=NM. 

So, Path difference UN 

as LN = d sin e where, d is the distance between two planes. 

So, Path difference = 2d sin e 
When two reflected waves reinforce each other (maximum 

reflection), the path difference should be = n'A (where. 
n 1,2,3, ... ). . . 

So, for maximum reflection, 

n'A = 2d sin e 
This relation is called Bragg's equation. Distance between two 

successive planes d can be calculated from this equation. With 
X-rays of definite wavelength, reflections at various angles will 
be observed for a given set of planes separated by a distance d. 
These reflections correspond to n 1,2,3 and so on and are 
spoken of as first order, second order, third order and so on. With 
each successive order, the angle a increases and the intensity of 
the reflected beam weakens. 

The values of e for the first order reflection from the three 
faces of sodium chloride crystal were found to be 
5.90,8.40 and 5.20 respectively. As n and a are same in each 
case, the distance d between successive planes in three faces will 
be in the ratio of 

--= 9.61: 6.84: 11.04 
sin 5.90 sin 8,40 sin 5.20 

= 1 : 0.70 : 1.14 

1 2 
.=I:J2:J3 

This ratio corresponds to spacings along the three planes of a 
. face-centred cubic structure. Thus, the NaCl crystal has 
face-centred cubit structure. 

..... Example 63 •. X-rays of wavelength 1.54i'Strike a crystal 
and are observed to be d41ected at an angle i[22.5°. Assuming 
that n = 1, calculate the spacing between the planes of atoms that 
are responsible for this reflection. . 

Solution: Applying Bragg's equation, 

n'A= 2dsin e 
Given, n = 1, 'A = 1.54 A, e = 22.5°. 
Using relation I. n'A == 2d sin a, 

d =,; 1.54 = 1.54 = 2.01 A 
2sin 22.50 2 x 0.383 

Example 64. The first order reflection of a beam of X-rays 
0.!jwavelength l.54Afrom the (lOO)face ofa crystal of the simple 
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cubic type occurs at an angie ofl1.29°. Calculate the length of 
the unit cell. 

Solu$n: Applying Bragg's equation, 

2dsin8::::nA 

Given,8 11.29°, n:::: 1, A = 1.54 A = 1.54 X 10-8 cm 

d = 1.54 X 10-
8 

2 x sin 11.29° 
1.54 X 10-

8 
= 3.93 X 10-8 cm 

2xO.1957 

a 
dbkl = = a 

Jh 2 +k2 +.1 2 

a = 3.93 x 10-8 cm = length of the unit cell 

Example 65. When an electron in an excited state of Mo 
atom falls from L to K-shell, an X-ray is emitted. These X-rays are 
diffracted at angle of7.75° by planes with a separation of2.64 A. 
What is the difJerence in energy between K-shell and L-shell in 
Mo, assumfngajirst order difJraction (sin 7.75° 0.1349)? 

Solution: According to Bragg's equation: 

nA 2d sin 8 

Ix A = 2x 2.64 sin 7.75° = 2x 2.64 X 0.1349 

A =0.712A 

Energy difference between K and L-shell of Mo 

hc 6.626xI0-
34

x3xI0
8 

=2.791xlO-15 J 
A O,712x . 

4.21 ANALYSIS OF CUBIC SYSTEMS 
" 

The following characteristics are reflected by cubic systems 
when analysed mathematically: 

(i) Atomic Radius 
It is defined as half the distance between nearest neighbouring 

atoms in a crystal. It is expressed in terms of length of the edge 
'a' of the unit cell of the crystaL 

(a) Simple cubic unit CQ:U : In a 
simple cubic unit cell, atoms at the 
comers touch each other along the edge. 

Distance between the nearest 
neighbours, 

d=AB:::: a=2r 
(where r = radius of the atom) 
or Atomic radius, 

r a =G.5a 
2 

. (b) Body-centred cubic unit 
cell : The distance between the 
two nearest neighbours is repres
ented by length AE or ED, i.e., 
half of the body diagonal, AD. 

._---"'a--.. B 

. Fig. 4.30 
Simple cubic unit cell 

d AE=ED AD 
2 

In .!lABC, 
Fig. 4.31 

~Body·centred cubic unit cell 

AC2 = AB2 +BC 2 = a 2 +a 2 = 2a 2 

or AC J2a 
Now, in .!l ADC, 

AD2 .= AC 2 +CD2 

= (F2a)2 +a 2
::: 3a 2 

or AD 13a 
d 13 a 

2 

13 
d=2r=-a 

2 
13 

r= a 
4 

or Atomic radius, 

(c) Face-centred cubic unit cell 
The distance between the two 

nearest neighbours is represented 
by length AB or BC, i. e., half of the 
face diagonal, .4 C. 

AC 
d=AB=BC=-

2 

In MCD, AC2 CD 2 + AD2 

a 2 +a 2 = 2a 2 

AC=J2a 

AC J2 I 
d:::-= a=-a 

2 2 J2 
or 

1 
d 2r=-a 

J2 
A . d' I or tomlC ra lUS, r = a 

(ii) No •. of Atoms Per Unit Cell 

Fig. 4.32 
Face-centred cubic un!t 

cell 

Different types of cubic unit cells are given in following figure: 

® 
I I I 
I I I 

8 

1/8 atom 
Simple cubic 

(a) 

., 

® ~a 
II II II 

•. i .... :!.· *: ..... :1 
I' I , I 

. . 

, , ~,' . 

1 atom 
Body centred cubic 

(b) 

v 

rt]~ 

1/2 atom 
Face centred cubic 

(c) 

Fig. 4.33 (a) Simple or primitive cubic .lattice; 
(b) Body-centred cubic latti~~ (c) FacErcentred cubic lattice 
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(a) Simple cubic structure~ Since, each comer atom is 

shared by eight surrounding cubes, therefore, it contributes for ~ 
8 

of an atom. 

Thus, for simple cube = 8 x.~ = 1 atom per unit cell 
8 

(b) Face-centred cubic structure: Since, the structure 
possesses 8 comer atoms and six at the centre of each face, the 
contribution will be 

= 8 x ~ + 6 x ~ (Face atom is shared by two cubes) 
8 2 

= 1 + 3 = 4 atoms per unit cell 

(c) Bociy-centred cubic structure: Since, the structure 
possesses 8 comer atoms and one body-centre, the contribution 

will be = 8 x ~ + 1 = 2 atoms per unit cell. 
8 

(iii) Coordination Number 
It is define<t'as the number of nearest neighbours that an atom 

has in a unit cell. It d'epe)1dsiUpon structure. 
(a) Simple cubic strp,tture: Coordination number = 6 

(b) Face-centred cubic structure: Coordination number = 12 

(c) Body-centrei"cubic structure: Coordination number = 8 

(iv) D~!Islty of Lattice Matter 
Knowing the unit cell dimensions, the theoretical density of a 

crystal can be calculated as: 
. f h . 11 Mass of unit cell Density ate umt ce = --------

Volume of the unit cell 

Mass of the unit cell = number of atoms in the unit 
cell x mass of each atom 

Atomic mass M 
Mass of each atom = = 

Avogadro's number No 
. ZxM nxM 

So, density of a umt cell = --- = 3 (For a cube) 
NoxV Noxa 

where, Z is the number of atoms in a unit cell and V is the volume 
of unit cell. 

For a cube V = a 3 where, a is the edge length of the cubic unit 

cell. 
(vy' Packing Fraction or Density of Packing 
It is defined as the ratio of volumes occupied by atoms in unit 

cell to the total volume of the unit cell. 

P k
· fra' Volume occupied by atoms in unit cell v 

ac mg ctton = ------''----'--------
Total volume of the unit cell V 

(a) Simple cubic structure: Let a be the cube edge and ,. 
the atomic radius. 

V = volume of the unit cell = a 3 

Since, one atom is present in a unit cell, its 
4 3 

Volume v = - rrr , 3 

=~rr(~r rr~3 

(r=a/2) 

k · fr' v rra
3
/6 rr 052 Pac mg actIOn = - = --= - = . 

V a 3 6 
i. e., 52% of the unit cell is occupied by atoms and 48% is empty. 

(b) Face-centred cubic str~ture: Since, four atoms are 
present in a unit cell, their volume is 

v = 4 x (~rr,.3) 

Putting the value of r = a~, 
2,,2 

v= 136rr(2~r = ::n a3 

Volume of unit cell, V = a 3 

3 

Packing fraction = rr~ = .... rrr;:;- = 0.74 
3-v2a 3 j""I/2 

i. e., 74% of unit cell is occupied by atoms and 26% is empty. 
(c) Body-centred cubic structure: Since, two atoms are 

present in a unit cell, their volume is 

v = 2 x (~rrr3 ) 

. -/3 4 [-/3)3 Puttmg the value ofr=- a, 'v' = 2x - rr x - a 
4 3 4 

-/3rr a 3 

8 
Volume of unit cell, V = a 3 

ki f . -/3rr a 3 -/3 068 Pac ng ractlOn = = - rr = . 
8a 3 8 

i. e. ,68% ofthe unit cell is occupied by atoms and 32% is empty. 
Characteristics of cubic unit cells are surnmerised in following 

tables: 

$lnip1e Body· Face· 
ce.t~~ centered 

Volume, conventional cell a3 a3 ~3 

Lattice points per cell 2 4 

Volume, primitive cell a3 I 3 -a I 3 -a 
2 4 

Lattice points per unit volume 
A 

11 a3 21 a3 41 a3 

Number of nearest neighbors 6 8 12 

Nearest-neighbor distance a 31/2al2 al2112 

= 0.866a = 0.707a 

Number of second neighbors 12 6 6 

Second neighbor distance zI/2a a a 

Packing fraction 1 ~7t.fj ~7t.,f2 -7t 
6 6 6 

= 0.524 = 0.680 = 0.740 
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Hexagonal Unit Cell 
Let us consider hexagonal unit cell of height 'h'; its 

constituent units are spherical having radius 'r'. 

l. a =2r.1 

Fig. 4.34 Hexagonal unit cell 

Number of constituent units in the hexagonal unit cell: 6. 

Thus, occupied volume in the unit cell: 6x i nr3 

3 
Volume of unit cell = Area of base x height 

: 6 x Area of equilateral triangle x height 

..[32 ~ = 6x a x4r -
4 3 

..[3 2 ~ = 6x (2r) x4r -
4 3 

(Height of the unit cell can be calculated geometrically) 

Percentage occupied space occupied volume xl 00 
volume of unit cell 

6x 4 nr3 

= ..[3 3 ~ x 100= 74.06% 
6_(2r)2 x4r-

4. 0 .3 

: ::::::_SOME SOLVED EXAMPLES\I:':::·:; , 

Example 66. A compound formed by elements A and B 
crystallises in cubic structure where A atoms are at the cOrners of 
a cube and B atoms are at the face-centre. What is the formula of 
the compound.? 

Solution: An atom at the comer of the cube contributes X to 

the unit cell. Hence, number of atoms of A in the unit cell 0 

=8xX 1. 
AIl: atom at the face of the cube contributes ~ to the unit cell. 

Hence, number of atoms of B in the unit cell: 6 x ~ = 3. 
Thus, th~ formula is AB 3 • 

Example 67. At room temperature, sodium crystallises' in 
body-centred cubic lattice with a:= 4.24 A. Calculate the 
the()retical density of sodium (At. mass of Na = 23.0). 

Solution: A body-centred cubic unit cell contains 8 atoms at 
the 8 comers and 1 in the centre. 

Hence" 

Total number of atoms in a unit cell = 8 x ~ + 1 2 
8 

Volume of unit cell a 3
: (4.24 X 10-8 )3 cm3 

ZxM 2x 23 
So, Density ---: --------------

No x V (6.023 X 1023 )(4.24 X 10-8 )3 

1.002g cm-3 

';Example 68. The density of KCl is 1.9893 g cm-3 and the 

length of a side of unit cell is 6.29082 A as determined by X-ray 
°diffractio,n, Calculate the value of Avogadro s number. 

Solution: KCl has face-centred cubic structure, 

i. e., Z=4 

ZxM 
Avogadro's number == -

dxV 

Given that, d: 1.9893; M = 74.5; V == (6.29082 X 10-8 )3 cm3 

4 x 74.5 
Avogadro's number: -------,-----::--:-

1.9893 x (6.29082 x 10-8 

= 6.017 X 1023 

:.--- -,,". 
" ',:t~Ei:ample 69. Silver crystallises in a face-centred cubic 

. unit cell. The density of Ag is 10.5 g cm -3. Calculate the edge 

length of the unit cell. 

or 

Solution: For face-centred cubic unit, Z 4. 
" 

We know that, V = Z x M 
Noxd 

= 4 x 108 6.83 x 10-23 
(6.023 x 1023 )x 10.5 

: 68.3 x 10-24 

Let a be the edge \eIOgth of the unit cell. 

So, V a 3 

a 3 = 68.3 x 10-24 

a (68.3 x 10- 24 )1/3 cm 

: 4.09 X 10-8 cm 

= 409 pm 

iJ~~:;Ex'inple 70. An element occurs in bcc structure with a 
cell edge. of288pm. The density of metal is 7.2g cm-3

. How 

many aton:s does 208 g of the element contain? 

Solution: Volume of the unit cell = (288 x 10-10 
)3 

= 23.9 X 10-24 cm3 

Volume of 208 g of the element: _20_8 = 28.88 cm3 

7.2 

Number of unit cells in 28.88 cm3 :::: __ 2_8_.88---:C"":' 
23.9x 

= 12.08 X 1023 unit cells 

Each bcc structure contains 2 atoms. 



STATES OF MATTER 
" 257 

So, Total atoms in 12.08 x 1023 unit cells 

= 2 x 12.08 X 1023 

= 24.16x 1023 

Example 71. Lithium forms body-centred cubic crystals. 
Calculate the atomic radius of lithium if the length of the side of a 
unit cell of lithium is 351pm. 

Solution: In body-centred cubic crystals, 

13 
r a 

4 
. 13 ' 
=,- x 351pm 151.98pm 

4 

.Example 72. Ammonium chloride crystallises in a 
body-centred cubic lattice with a unit distance of 387 pm. 
Calculate (a) the distance between oppositely charged ions in the 
lattice and (b ) the radius of the NH4+ ion if the radius ofCI-ion 

is 181pm. 
Solution: (a) In a body-centred cubic lattice, oppositely 

charged ions touch each other along the cross-diagonal of the 
cube. 

So, 2rc + 2ra = 13a 
13 

r + r = a c a 2 or 

13 x 387 = ~35.15 pm 
2 . 

(b) Given that, ra 181 pm 

. rc = 335.15- 181.0= 154.15pm 

Example 73. The unit cell cube length for LiCI (NaCl 
structure) is 5.14A. Assuming anion-anion contact, calculate the 
ionic radius for chloride ion. 

Solution: In a face-centred cubic lattice, anions touch each 
other along the face diagonal of the cube. 

4r
Cl

- =-F2a 
.J2 

a 
4 

= .J2 x 5.14 
4 

1.82A· 

Alternative: Distance between U+ and.Cl- ion 

5.14 = 2.57 A 
2 

Thus, distance between two chloride ions 

=J (2.57i + (2.57)2 

3.63A 

Hence, 

radius of Cl- 3.63 = 1.82A 
2 

CI-

~~CI 
. 2.57 A 

Example 74. Tke density of crystalline sodium chloride is 
2.165 g cm -3. What is the edge length of the wiit cell. 

What would be the dimensions of cube containing one mole of 
NaCl? . 

Solution: We know that, 

N/MJ 
p= lNA 

where; p = density = 2.165 gcm-3 

M molar mass = 58.5 ' 

N A Avogadro's number = 6.023 x 1023 
. 

N = number of formula unit per unit cell 

= 4 (for fcc) 

3 ' N (M .' 4 [ 58.5 ] 

a = p l NA = 2.165 6:023 X,1023 . 

1. 794 X 10-22 

a :: 5.64 X 10-8 cm 

M 1 
. I Molar mass 58.8 

oarvoume= ::.--
Density 2.165 

Edge length (a) [58.8 J
1

/

3 

= 3 cm 
2.165-

Example 75. The density of potassium bromide crystal is 
2.75 g cm -3 and the length of an edge of a unit cell is 654 pm. The 
unit cell of KBr is one of three types of cubic unit cells. How many. 
formula units of KBr are there iii a unit cell? Does the urdt cell 
have a NaCl or CsCI structure? . 

Solution: . We know that, 

.. N [M 1 
p= NA J 

. 3·' 
N=pxa x NA 

M 
x 6.023 X 1023 . 

Number of mass points per unit cell = 4 

It is NaCI type crystal, i.e., fcc structure. 

3.89=4 

Example 76. A unit cell of sodium chloride has four 
formula units: The edge length of unit cell is 0.564 nm. What is 
the denSity of sodium chloride? (liT May 1997) 

ZM Ax 58.5 
Solution: p = -- = ---'---------

a 3 N (5.64 X 10-8 )3 x 6.023 X 1023 

=2.16gcm-3 

Example 77. Chromium metal crystallises with a 
body-centred cubic lattice. The length of the unit cell edge is 
found to be 287 pm. Calculate the atomic radius. What would be 
the density of chromium in g/cm 3 ? (ItT July 1997) 
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'Solutiou: In body-centred cubic unit cell, 

aJ3 4r 
where, a = edge length,' r = radius of atom ' 

r =c aJ3 = J3 x '4.29 ::::: 1.8574 A 
4 4 

Example 78. When heated above 916°C, iron changes its 
crystal structure from body-centred cubic to cubic closed packed 
structure. ASsuming that the metallic radius of the atom does not , 
change, ealcJlate the ratio of density of the bcc crystal to that of 
the cep crystal. 

Solution: In body-centred packing, the efficiency of 
Pllcking is 67.92%. In the cubic closed packing, the packing 
efficiency is 74.02%. 

Let dl be the density when packing efficiency is 74.02% and 
d 2 is the density when packing efficiency is 74.02%. ' 

di = 67.92~~~.918 
d l 74.02 

IIlUmA1fONS OF OB)ECl"IVE QI:IESIIONS 

30. AD. element 'A' has face-centred cubi.:: structure w~th edge 
, length equal to 361 pm. The apparent radius of atom 'A' is: 

(a) 127.6 pm ' (b) 180.5 pm ' ' 
(c) 160.5 pm' (d) 64 pm 
[Ans. (a)] , 

[Hint: For face-centred 1.!llit cell, 

a.Ji = 4r 

361 x 1.414 
----==r 

4 

r 127.6 pm] 

31. , The packing fraction of the element that crystallises in simple 

32. 

i 
I 

cubic arrangement is:' , 

W~ OO~ ~~ 00% 
[Ami. (b)] 

[Hint: In simple unit cell a == 2r 

Z = I 
, Occupied volume 

Packing fraction == ---.::..---
Total volume 

± 'ltr3 ± 'ltr3 

=_3_=_3_'_=~) 
a3 (2r)3 6 

How' many unit c.ells are present in 39 g of potassium that 
crystallises in body-centred cubic structure? 

(a)N A ,(b)]I[ A (c) 0.5 N A (d) 0.75 N A • 
, " 4 " 

,[Ans. (c)] 

" ~ass 
[Hint: Number of atoms == x N A 

i\tomicmass 

= 39 xNA'=NA , 
39 • 

In bec unit cell, Z = 2 
, N' 

.. Number of unit cells = ~ = 0.5 N A] 
" 2 

33. Sodium metal exists in bec unit cell. The distance between 
nearest sodium ;atoms is 0.368 nm. The edge length of the, 
unit cell is: ' 
(a) 0.368nm 
(c) 0.575 nm 
lAns. (d)]" 

(b)0.184nm 
(d) 0.424nm 

[Hint: In bee unit cell, aJ3 == 4r 

4r 2 
,a=-, -=-x2r 

..[3 J3 
2 

== J3 x 0.368= 0.425 nm] 

34. Ifth~ distance between Na+ and CI ions in NaCI crystal is 
265 pm, then edge length of the unit cell will be? ' 
(a) 265 pm (b) 530 pm (c)795pm (d) 132.5 pm , 
[Ans. (b)l' 
[Hint: In NaCl: 
Edge length = 2 x distance between Na + and CI -, ions, 

= 2 x 265 = 530 pm] , 
35. The interionic, distance for caesium chloride crystal will be: 

, 'I Pl\IT (MP) 2007] , 

(a) a 

TAns. (c)] 

(b)~ 
, 2 

(c) a/3 
2 

2a 
(d) /3 

4.22 PACKING ,OF IDENTICAL SOLID 
,SPHERES 

The constituent particles in the formation of crystals are either 
atoms, iens' or molecules. These particles' may' be of various 
shapes and thus, the mode of packing ,of these particles' will 
change ac«ording 'to their shapes. The simplest way will be to 
consider these particles as spheres of equal size. The packing of 

, spheres is done in such away as to use the available space in the 
roost economical mal1Qer. 

Arrangement (i) , Arrangement. (ii) 

Fig. 4.35 -Two common ways ofpacki~g spheres 
of equal size 

There are two common ways .in which spheres of equal size 
can be packed. This has been shown in Fig~ 4.3~. The 
arrangement (i) is more economical in comparison to 
arrangement (ii) as 60.4% volume is occupied in arrangement (i) 

'and 52.4% volume in arrangement (ii), Arrangement (i) 
, represents a close packing of spheres. 
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In arrangement (i), the spheres are packed in such a manner 
that their centres are at the comers of an equilateral triaag!e. Each 
sphere is surrounded by six other similar spheres as shown in Fig. 
4.36. This arrangement can be extended iQJmeedimensions by 
adjusting spheres on the top- of hollows or' voids of the 
two-dimensional layer which is called the first layer or 'A' layer. 
There are two types of hollows in the first layer which have been 
marked by dots (.) and cross (x). All the hollows are equivalent. 
The spheres of the second layer may be put either on hollows 
marked by dots or by crosses. Half of the hollows remain 
unoccupied in the second layer (Fig. 4.37). The second layer is 
marked as 'B' layer. The spheres have been placed on the hollows 
marked by dots. ' 

Three spheres 
at the corners 
of afjl equilateral 
, triangle 

Six,spheres 
surrounding 
a spherl:' 

, Fig. 4.36 qlose picking of spheres 

Rg. 4.37 Building of second layer (8" sho,wn shaded) 
covering hollows marked by dots ( • ); The 
hollows ~arked by a cross (x) unoccupied 

To build up:the third lIiyer of spheres, there are two alternative 
ways. In the' first way the spheres are placed on the hollows of 
second layer. it is observed that each sphere of th4'd layer lies 
exactly above the spheres of first layer. When this arrangement is 
continued indefinitely, the system obtained. is found to possess 
hexagonal symmetry and is called hexagonal close packing of 

GJoid axis 

A 

Fig. 4.38 ABABAB ... or hexagonal close packing (hcp) 01 
spheres 

, spheres and IS a9breviated as hcp or ABABAB, . .. This is shown 
in Fig. 4.38. Iii' the second way, spheres are placed on the 
unoccupied hollows of the first l~yer, marked by 'crosses'. It is 
observed that spheres of the third layer do not come over th9seof 
first layer. This arrangement of close packing is referred to as 

, ABC: However, it is noted that spheres in the fourth l~er will 
correspond with those in the first layer. When such an 
arrangement is continued indefmitely, the system is found to 
possess cubic symmetry 'and called cubic close packing Of 
spheres and is abbreviated as ccp or ABCABC . .. This is shown 
in Fig. 4.39. The system ABCABC ... shows that there is a sphere 
at the centre of each face of the unit cube an~ thus, this system is 
also referred to as face-centred cubic or fcc. - , 

Three-fold 

C 

B 

A 

C 

B 

A 

(a) (b) (c) 

Fig. 4.39 'ABC ABC A . ; . or cubic close packing (ccp) ot' 
spheres 

It is noted that in both the above systems 
hcp or ccp, each sphere is surrounded by 
twelve other spheres shown in Fig., ,4.40. 
There is a third arrangement of packing of 
spheres which is known as body-centred, 
cubic arrangement (bee). This arrangement ' 

, is obtained when the spheres in tp.e first 
layer are slightly opened up, i. e. ,none of the 
spheres touches each other. In the second 
layer, the spheres are placed at the top of 
hollows in the first layer. In the third layer, 
spheres are placed exactly above the first 
layer. Each sphere in this system of packing 
is in contact with eight spheres, four in the 
lower layer and four in the upper layer. This 
arrangement has been shown in Fig. 4.41. 
_ Most of the metals belonging to s-block' 

~ 
I 
I 
I 
I 
I 

I 
I 
I , 

€®' 
Fig. 4.40 

Coordination 
number in hcp.\, 

and ccp structure -•. 

and d-block elements possess anyone of the following clo~ 
packing arrangements: 7 

(i) Cubic closed packed, (ii) Hexagonal closed packed. and:., 
(iii) Boqy-centred cubic packed. ' 

E~amples: 

Metals 

Mg, Zn, Mo, V, Cd 

Cu, Ag" Au, Ni, Pt 

Li, Na, K, Rb, Cs, Ba 

Structure 

hcp 

ccp'or fee 
bee ", 

I 
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~." 0000 
(A) (B) 

Fig. 4.41 (A) Body-centred cubic packing of spheres 
(B) Body-centred cubic arrangement 

Interstitial sites in close packed lattices: In a close packing 
of spheres, there is always some empty space left. The empty space 
is called hole or void or interstitial site. Common interstitial sites in 
closely packed spheres are tetrahedral and octahedral. 

Tetrahedral site: When one sphere is placed upon the three 
other spheres which are touching each other, tetrahedral structure 

. results. The four spheres leave a small. space in between which is 
called a tetrahedral site. The sit~ is much smaller than that of the 
spheres. However, when the spheres are bigger in size, the 
tetnlhedral site becomes larger: In hcp and ccp, each sphere is in 
contact with three spheres above and three spheres below. Thus, 
there are. two tetrahedral sites associated with each sphere. 

Octahedral site: This site is formed at the centre of six 
spheres, the centres of which lie at· the apices of a regular 
OCl:3hedron. Each octahedral site is created by superimposing two 
equilateral triangles with apices in opposite direction, drawn by 
joinmg centres of three spheres in one plane and three spheres in 
other plane. There is an octahedral site for each sphere. Thus, 
octahedral sites' are half of tetrahedral sites. Tetrahedral and. 
octaheQral voids are represented in Fig. 4.42 and 4.43. 

Fig. 4.42 Tetrahedral voids 

.I/ff. 
Fig. 4.43 Octahedral voids 

Location of Octahedral and Tetrahedral Voids in Cubic 
Close Packing 

Octahedral void.s: In the Fig. 4.44 a unit cell of ccp or fcc 
lattice is drawn .. Corners .and face-centres are the packing sites. In 
the face-centred cubic unit cell; octahedral voids are located at 

. the body~centre and all the' edge certres of cube. 

Number of constituent units at packing sites == 8x 1 +6x 1 == 4 
8 2 

. Number of octahedral voids (one at body-centre a~d twelve at . 

edge-centres) == 1 +..!. x 12: 4 I . 
. " 4 

:. Number of octahedral voids is equal to the number of 
constituent units at packing sites. Each octahedral void. is 
surrounded by six constituent units. 

'" ........ !'> '" '" /~ '" / I \ , 
, \ , 

/ I \ , 
'2 

I \ , 
/ 

I \ 

~ f / - - K - -- 4 
~ .. - ::'>. .-t- /7'-. , 

\ I 3 / , \ I / , , \ I / , \ 1/ 

O-Packing sites 
• - Octahedral voids 

'" ~/ "-
....... 0' ....... ....... 

Fig. 4.44 

Tetrabedralvoids : In cubic close packing, there are eight 
tetrahedTal voids in each unit cell. Tetrahedral voids are located 
on body diagonals. Two tetrahedral voids are located OR each 
body diagonal; these are represented in the Fig. 4.45. 

0-Packing sites 
• - Tetrahedral voids 

Fig. 4.45 

Number of constituent units at packing sites (corners and 
1 1 . . 

face-centres) 8x-+6x-: 4 
8 2 

Number of tetrahedral voids: 8 
. Thus, number of tetrahedral voids is twice the number of 

constitueq.t units present at packing sites, 
In a multilayered closest-packed structure, there is a 

tetrahedral void above and below each atom, hence there are 
twice as many tetrahedral voids as those of closest-packed 
constituent units. 

Tetrahedral and octahedral 'voids can be located as 
-----Second closest packed layer 
--~--Tetrahedral voids 
-----Octahedral voids' 
-----Tetrahedral voids 
-----First closest packed layer 

. fWJ51RATfONS OF OBJfCnVf QUESTIONS 

36. In a compound, atoms of element Y formccp lattice and those 
of element x.o,ccupy 2/3rd tetrahedral voids. The formula of 

. the compound will be: (AlEEI': 2110X) 
(a)X3Y4 (b)X4Y3' (c)X2Y3 (d)X2Y 
[Ans. (b)] 

[Hint: Let number of atoms of Yused in packing = n 
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37. 

38. 

Number of tetrahedral voids =2n . 

2 4 
Number of atoms of X = x 2n := - n 

3 3 

Y:X:=lI:!lI =3:4 
3 

Fonnula of compound == X 4Y3] 
A solid compound contains X, Yand Z atoms in a cubic lattice 
with X atoms occupying the comers, Y atoms in the body 
centred positions and Z atoms at the centre of the faces of the 
unit cell. What is the empirical fonnula of the compound? 
(a) XY2Z3 (b) XJZ3 (c) X 2Y2Z3 (d) X 8YZ6 
(e)XYZ 
[Ans. (b)] 

[Hint: Number of atoms of X in a unit cell 
1 

x 8"" I 
8 

Number of atoms of Y in a unit cell = I ' 

Number of atoms of Z in a unit cell = .!. x 6 == 3 
2 

Empirical fonnula of the compound == X'YZ3] , 

In a crystalline solid, atoms of X fonn fcc packing and the 
atoms of Yoccupy all octahedral voids. Ifall the atoms along 
one body diagonal 'are removed then the simplest fonnula of 
the crystalline solid will be : 

(a) XY (b) X 4Y3 (c) X sY4 (d) X 4YS 
[Ans. (c)] 

[Hint: Number of atoms of Xin fcc packing (at comers and face 

centFes of cubic unit cell) 8 x .!. +6 x .!. = 4 
, 8 2 

Number of atoms of Yat octahedral voids = 4 

Along one body diagonal there are two X atoms and one Yatom. 

Number of effective atoms of X after removal 
I 15 

4 2x-=-
8 4 

, . 
Number of effective atoms of Y after removal = 4 

X:Y=~:3 
4 

= 5:4 

. . Simplest fonnula = Xs14 ] 

4.23 TYPES OF CRYSTALS 

Crystals are classified into four main types depending upon the 
nature of forces that hold the constituent particles together in the 
crystal lattice. . 

1. Ionic crystals: The forces operating in ionic crystals are 
, electrostatic. The lattice points in such cryslals are occupied by, 
positively and negatively charged ions. Each ion is surrounded by 
the largest possible number of oppositely charged, ions .. This 
number of oppositely charged ions' surrounding each ion' is 
termed its co()rdination number. The coordination numbers of 
positive or negative ions Diay be same or different: For example, 
in .sodiu~ chloride, each Na + ion is surrounded by six Cl- ions· 
and each CI- ion is surrounded 'by six Na + ions. Thus, both the 

ions have coordination number six. In CsCI, each Cs + ion is 
surrounded by eight Cl- ions and vice-versa. Thus, both the ions 
have coordination Dl:lmber eight. In the case of CaF2, the 
coordination number of Ca 2+ -is eight while that of F - ion, is 
four. 

The coordination numbers commonly encountered in ionic 
crystals are 8 (body-centred cubic arrangement), 6 (octahedral, 
arrangement) and 4 (tetrahedral arrangement). ' 

It is impossible for both anions and cations to have closed 
packed structures but if one of the ions is much bigger than the 
other, it is common for the bigger ions alone to approach a closed 
packed structure and smaller ions to fit into holes in this stru~re. 

Iri ionic crystals, the coordination numbers as well as the 
geometrical shapes of the crystals depend mainly on the relative 
sizes of the ions. The ratio of the radii of the positive and negative 
ions is called radius ratio. . 

Radius of positive ion (cation). r + 
Radius ratio = = _c_ 

Radius of negative ion r _ 
a 

Common coordination numbers are 3, 4; 6 and 8. 
The following table shows the radius ratio values, permitted 

coordination numbers and the shapes of ionic crystals: 

Radius ratio . Permitted Arrangement of 

(r/ I r;;) coordination .anions round the Example 
number cations 

0.155- 0.225, 3 Plane Triangular B20 J 

0.225- 0.414 4 Tetrahedral ZnS 

0.414- 0.732 ·6 Octahedral NaCI 

0.732-1.000 8 Cubic (body-centred) CsCI 

Types of Structure of Ionic S'olit: 
Crystal structure of ionic solids are described into following 

types: . 
, 1 

Crystal structure I Example (Type) 

1. Rock salt NaCI, LiCl, KBr, Rbi, AgCI, AgBr, FeU, LiiV 

2. Cesium chloride CsCI, CaS, CsCN 

3. Fluorite CaF2, U02, BaCi2, HgF2 

4. Antifluo'rite K20, K2S, Li20, Na20, Na2S 

5. Nickel Arsenite NiAS, NiS, FeS, CoS 

6. Rutile Ti02, Mn02, sn02 

7. Perovskite CaTiO:;, BaTiOJ• SrTiOJ 
, / 

8. Zinc blende . ZnS, CuCI, <;::dS, HgS . 
(sphalerite) 

9. Wurtzite ZnS, ZnO, BeO, M~S, AgI 

Packing of ions in ionic crystal (Formation of NaC! 
crystal): The formation ofNaCI crystal can be explained in the 
following manner. The two ions fonn one ion-pair of opposite 
charges by the electrostatic f"rce of attmction. Each of the ions 

I 
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has a strong residual field around it and will naturally attract 
!qlother ion-pair much. in the same way as two magnets attract 
each other, i. e., a cluster is formed. Two clusters combine 
together to give it unit cell. Finally, large number of un# cells 
unite togetHer to form ttv"ee-dimemsional cubic crystal. 

.e:i). 

(A) (8) 

Fig.4.46 Filing. up of ion pairs in stages: (A) shows an ion-Plir, 
. (Ii') two ion-pairs and. (Q) four ion-pairs of .adtum chloride 

An examination of NaCI crystal (Fig. 4.47) makes the 
following points clear: . . 

(ij Each Na + ion is surrounded by six Cl- ions at the comers 
of a regular octahedron and similarly each Cl- ion is surrounded 
by six Na + ioris. It is, therefore, termed as 6 : 6 arrangement. The 
radius ratio [rN: 1 'C~ = 0.95/1.81 == 0.524] suggests that coordi-

nation number of each ion is six. :. 

CI-ion 
octahedrally . 
surrounded by 
six Na+ ions 

I_ S.63A 

2.81SA 
I- .. -1 

'0 Na+ion are 
represented 
by hollow circles 

• CI-ion are 
represented 
by filled cirCles 

Na+ ion 
octahedrally 
surrounded by 
six CI-ions 

Fig .. 4.47 Unit cell representation on NaCI structure 

(ii) In.the octahedral structure, Cl- ions may be regarded as 
.' having a cubic closed packed (ccp) arrangement in which all 

octahedral holes 'are fiUed byNa + ions. 

(iii) This type of structure is possessed by most of the alkali 
. metal halides (KCl, NaI, R:bF, RbI), alkaline earth metal oxides 
and AgF, AgCl, AgBr, NH4Cl, NH4 Br, etc. 

Fig. 4.48 

Here,4r_ =..fia and (2r_ +'2r+) a 
Pacldng fraction (<Il) : 

<I>=4x-n =- - +1. . 4 +r! ) 1t [(r+ J 
3 1 

. 3 a3 3J2 r_ 

The unit cell of sodium chloride has fom sodium ions and four 
chlotide ions. 

. . 1 
(a) Number of sodium ions 12 (at the edge-centres) x-

. . 4 
+ 1 (at body-centre) = 4 

(b) Numbe~ of chloride ions == 8. (at the comers) x ~ + 6 . 8 
. 1 

(at face-centres) x=-= 4 . . 2 

Structure of .Some Other Ionic Compounds 

In CsCl cry[s~al: th]e coordination num~er of each ion is 8 as 

the radius ratio rCs is 0.933. It is termed as 8 : 8 arrangement. 
. CI-

The arrangement of the ions in this crystal is body-centred cubic 
type, i. e., the unit cell has one ion at the centre and oppositely 
charged ions at the comers of the cube. This has been shown in 
Fig. 4.49. This type of structure is possessed by CsBr, CsI, TICI, 
TlBr, etc. 

Fig. 4.49 Structvr~ of esct· 

Here, Cs + ion is present at the body centre and chloride ions at 
eight comers. In their limiting case : . 

2r_ = a and (2r_ + 2r+ ) = /3a 
a = edge length of unit cell 
Pacldng fraction (<I» : 

~.1t. [(r+ .)3 + 1] 
'3x8 r_ . 

ZnS crystal has two types of structures: 
(i) Zinc blende structure and 
(ii) Wurtzite structure. 
(i) Zinc blende structure: I~ has cubic close-packedJccp) 

structure. The S2- ions are present at the comers of thecutle and 
at the centre of each face. Zinc "ions occupy half of the tetrahedral 
sites, Each zinc ion is surrounded by foilr sulphide ions whiCh are 
disposed towards the comers of a regular tetrahedron. Similarly, 
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each S 2- ion is surrounded by four Zn 2+ ions. This structure is . 
similar to diamond. . 

Fig. 4.50 Zinc bleilde 

41:, =.['1a 
Packing fraction (<I» : 

- x-n --- - + _ 4 . 4 (r; + r! ) _ n [(r+)3 1'] 
3 a3 ..· if2' r_ . 

. . 

(ii) Wurtzite structure: It has hexagonal close-packed 
(hcp) structure. S2- ions adopt hcp arrangement and Zn 2+ ions 
occupy half of the tetrahedral sites. . .. . 

. The above structures are termed 4 : 4 arrangement· 'possessed 
by ZnO, AgI, SiC, etc. 

CaF2 crystal: The Ca 2+ ions are arranged in cCp 

arrangement, i. e. , Ca 2+ ions are present at all comers and at the 
centre of each face of the cube. The fluoride ions occupy all the 
tetrahedral sites. This is 8 : 4 arrangement, i. e. , each ca 2+ ion is 
surrounded by 8 F - ions and ea~h F - ion by four Ca 2+ ions. 

./ + ../ ../ 
."", /' ..,/ 

• . • • , • ... \ I 
, 

..,/ ./ - i/ 
./ ./ -/; , , , • ' I 

, , , , , , , .. , 
,~ • • , /" -V'''/ /" 

~ ~ ,,/ 

:,i 

Fig. 4.51 Fluorite structure-Structure of;calcium fluoride 

Structure of Sodium Oxide.(~a20),.......Antifluorite 
. Structure fl; . . . 

Sodium oxide ·has antifluorite structure. The structure is 
similar to the structure of calcium fluoride with the :differenc.e 
that the anions occupy .the positions of cations and vice-versa. 

(i) .It has cubIc close packing arrangement of 0 2- ions, i.e., . 
.these ions are present at the comers and !it the centres of all the 
six faces of the unIt. Sodium ions on the other hand, are present at· . 
the sites ofall the tetrahedral voids .. 

(ii) Each Na + ion is surromld~d by four 0 2
- ions and each 

0 2':' 'io~ is surrounded by eight Na + ions. Thus, Na'20has 4·: 8 

coordination structure. 
Other examples with antifluorite structures are: 

C1 20, Na2S, K20, Li 2S, K2S,~tc . 

. Structures of Oxides of Iron 

Iron is known .to form three major oxides; which are FeO, 
Fe203, Fe304' These oxides are interconvertible due to 
oxidation and reduction. Non-metal excess 'lion-stoichiometry is 
aJso known in these oxiaes. Crystal structut:es of these oxides are 
very interesting. 

1. Structure of F eO : This oxide has a structure like rock salt 
(NaCl). Oxid~ ions (02-) form a face-.centred cubic close 

: packing and Fe2+ions occupy all octahedral voids:n is a perfect 
rock salt type structure with formulaFeO: This oxide is kilown to 
form non-metal excess non-stoichiometric compound with the 
composition FeO.9S0 (Wustite). In. the non-stoichiometrjc 
compound some of the Fe 2+ ions present in octim"ooral VQids are 
replaced by Fe3+ ions. Three Fe2+ ions Will be wPi)ced by two . 
Fe3+ ions to maintain electrical neutrality. :'~i]P": .' 
.'. ~~r'::J'~J ". . 

[Normal Spinel Structure.: Spinel is the coililrioli ruiIile ·of. 
the mineral, MgAl204' ne. crystal structlii'e of this mitieral is 
also called spinel structure. In this . type of structUre, both 
tetrahedral and octahedrill voids' are sinl'ultaneously occupied. 
General formula of the compound having spinel structure .is . 
AB 2 ° 4 where' A' stands for a divalent cation apd' B' stands for a' : . 
trivalent cation; It has a cubic .close packed arrangement of oxid~ , 
ions. Half of the octahedral voids are occupied b}'trjvalent.· 
cations and one-eighth of the tetrahedral voids are occtipiedby 
divalent cations. ..... . 

Ferrites are ·the spinel type compo~ds" having the general 
formula AFei04where A stands for divalent catioh such as 
Zn?+. F~rrites are used for~ing powerfiil, permanent" and 
nOIi-rustingmagnets. Ferrites are used in telephones and memory 
unitS of computef\'J . . 

2. Structure oi1ce30 4 : Magnetite, Fe30 4, is considered as a 

. mixed oxid,e . .It contains mix~e of FeOand Fe20 3. It has aD. 
hiverse sp,inei sttucture. Oxide ions (02-) from face-centred 

c~bic arr~geme~t. Dipositive ions (Fe2+) are present in 

octahedr~l v~i&' and tripositive ions (Fe3+) ~eequally 
distributed among tetrahedral and octahedrai voids.. . 

Number of 0 2
- iolls in the'unit cell . = 4 

Thus, Number oftetrahedral voi~ = 8 
and Number of octlhedralJ\Toids = 4 

. N~ber-ofFe2+ ions present in octahedral void = 1 . 

. Number ofFe3
"t ions pr~sent ill tetrahedral void = 1 

. N~beT of Fe3+ ions present in octahedral void = 1 

Thus, half~f1he octahedral voids ~e OCCUpied by Fe2+ and 
Fe3+ ions and o'ne-eighth of the tetrahedTal voids are occupied by 
fe"3~ ions: . ,', . . 

\ '-" 

. .. ~ 
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3. Structure of Fei)3 : If all the Fe2+ ions are replaced by 
Fe3+ ions, then ~ every three Fe 2+ ions can be replaced by two 
Fe 3+ ions. to maintain electrical neutrality, the ratio between Fe 
and ° will now be 2 : 3, i.e., we get Fe203' 

Properties of Ionic Crystals 
(i) Physical state: Ionic crystals are crystalline solids' at 

room temperature. They are never liquids or gases under ordinary 
. temperature and pressure as the ions do not have freedom of 
. movement. 

Since, high energy is required to separate canons and anions 
from one another from their alloted positions on accoun( of very 
strong. electrostatic forces of attraction, the ionic crystals: are 
quite hard, have low volatility and have high melting and 
boiling points. 

(ii) . Electrical conductivity: Ionic crystals are insulators, 
f. e. , do not conduct electricity in solid state. The reason is that 
ions are held firmly in fixed positions in the crystal lattice and 
cannot move when electric field is applied. However, when 
melte~ they become good conductors of electricity, i. e. , ions 
are free to move in liquid medium. 

(iii) Solubility: Ionic crystals are soluble in polar solvents 
or. solvents having high values of dielectric constant. They are 
insoluble in non~polar solvents. When they in non~polar 
medium colloidal solutions are formed, e.g., kerosine oil. 
The dissolution of an ionic crystal in· a polar depends on 
the relative magnitudes oflattice and . ' 

MX (s) + Energy ----7 M + (g) 
(Ionic crystal) (Lattic~ energy)' . 

M+ (g)+ x (Solvent) ~ [M (Solvent)x t +BEriergy 
(Solvated ion) , (Heat of hydration) 

X - (g) + y (Solvent) ----7 [X (Solvent) y r + Energy 
, (Solvated ion) ,.;,~(Heat of hydration) 

~ ,,' 

The ionic compound will be soluble if tota~'~ydration energy 
is higher thart lattice energy. \j 

. ' Ionic crystals are good cJ}nductors in moit~lJ state or when 
dissolved in water.' • 'f:';> ' 

(iv) Brittleness: Ionic solids are highly 'brittle in nature. 
When external force is applied, these are easily broken into 
pieces. Ionic solids are composed of parallel layers which contain 
cations and anions. When ~xtemal force is' applied, one layer 
slides a' bit over the other aQd like ions come in tront of each 
other. Due to repulsion between two layers the ionic solid breaks 
down. 

Ionic crystals have high ,density due to close packing. 
(v) Isomorphism: IonIC crystals possess same crystalline 

structure, i. e. , show isomorphism if the ions (cations and, anions) 
have same. electronic configuration. NaF and MgO are 
isomorphous compounds. 

Na+ F-

2,8 2,8 
and Mg2+ ' 

2,8 

2 .. Covalent crystals: In covalent crystals, the lattice points 
are occupied' by neutral atoms either of same element' or of 

different elements. These atoms are held together by covalent 
bonds. Covalent crystals are of two types: 

(i) The covalent bonds extend in three~dimensions fonning a 
giant interlocking structure. Examples are diamond, silicon 
carbide (SiC), aluminium nitride, etc. 

In diamond, each carbon atom is Sp3 ~hybridized and thus, 

covalently bonded to four other carbon atoms present at the four 
comers . of a regular tetrahedron. This leads to a rigid 
three~dimensional network. The entire crystal is regarded as one 
large carbon molecule and is called 'a macromolecule. The 
structure of diamond explains the properties such as high density, 
non~conducting nature, extreme hardness and high melting and 
boiling point of the diamond. 

• Carbon atom 

Fig. 4.52 Structure of diamond 

(ii) The covalent bonds extend in two~dimensions forming a 
. giant layer. These layers are then held together by van der Waals' 
forces. Examples are· graphite, boron nitride (BN), cadmium 
iodide, etc. 

, In graphite, each carbon is sp2 ~hybridized and is thus bonded 

to three carbon atoms in the same plane. The C-C distance is 
1.42 A which is intermediate between single bond distance (1.54 
A) and double bond distance (l.33 A). The unit cell consists of a 
hexagon of six carbon atoms. The unit cells are interlocked 
giving a layer or sheet structure. The distance' between two 
adjacent layers is 3.35 A. The structure explains the properties of 
graphite such as being. soft, good conductor of electricity, flaky 
and slippery. 

Fig. 4.53 Structure of. graphite 

" 
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In general, the packing of atoms in covalent crystals is loose in 
comparison to ionic and metallic crystals. Thus, covalent crystals 
have open structure. • 

3. Metallic crystals: The metallic crystals have positive 
metal ions as lattice points surrounded by a sea of mobile 
electrons. Each electron beiongs to a number of positive ions and 
each positive ion belongs to a number of electrons. The force that 
binds a metal ion to a number of electrons within its sphere of 
influence is known as metallic bond. Metallic crystals mostly 

belong to cubic face-centred (fcc), cubic body-centred (bcc) and 
hexagonal close-packed (hcp) systems. Metallic crystals exhibit 
the following properties: 

(i) Good conductors: On account of the presence of 
mobile electrons, metals are good conductors of electricity. The 
electrical conductivity decreases with increase of temperature. 
This is due to the fact that positive ions also begin to oscillate 
with the increase of temperature. The oscillation of positive ions 
hinders the movement of mobile electrons. Metals are also good 
conductors of heat. 

(ii) Lustre: When freshly cut or scratched, most of the 
metals have a shining surface. When light falls on freshly cut 
surface, the electrons get excited. The excited electrons give off 
energy in the form of light when they return to their original 
position and hence the metal looks bright. The metallic properties 
are explained on the basis that the metallic bond is 
non-directional and non-rigid. The result is that M 11+ ions can be 
easily moved from one lattice site to' another. The nearest 
neighbours can be thus changed easily and new metal bonds can 
be formed readily. This explains why metals are malleable and 
ductile. 

(iii) Physical characteristics: Most of the metals are quite 
hard and tough. They are malleable and ductile. They have high 
tensile strength. Except alkali metals, they have high melting and 
boiling points. They also possess elasticity. 

4. Molecular crystals: In molecular crystals, the lattice points 
are occupied by molecules which' do not carry any charge. The 
forces responsible for binding these molecules are dipole-dipole 
attractions and van der Waals' forces. Dipole-dipole forces are 
present in solids when polar molecules occupy the lattice points as 
in the case of water. van der Waals' forces are more general and 
occur in all kinds of molecular crystals. The binding energy in 
molecular crystals is" therefore, weak. Molecular crystals show the 
following general properties: 

(i) They are generally soft and easily compressible. 

(ii) They have low melting or boiling points. 

(iii) They are bad conductors of electricity as the electrons are 
localised in the bonds. 

(iv) They have low density. 
The following table provides a comparative summary of the 

properties of various types of crystals: 

Property 

1. Constituent 
particles 
occupying, 
lattice 
points 

Ionic Covalent' Metallic 
, crystals crystals 

Positive'and [Neutral 
negative atoms 
ions 

crystals 

Ipositive ion 
in 
sea of 
electrons 

Molecular" 
crystals 

IMolecules 
polar 
or non-polar 

i. Binding Electrostatic Shared Electrostatic !Weak polar 
force attraction pairs of attractions forces or van 

electron's between 'der Waals' 
'IPOSitive ions forces 

and electrons 

3. Hardness Hard and 
brittle 

Very hard Hard or soft Very soft 

4. Melting and High 
boiling 
point~ 

5. Electrical Bad 

Very high High or low Low 

Bad Good Bad 
conductivity conductors; conductors conductors conductors' 

6. Examples 

Good with few 
conductors exceptions 
in fused 
state or in 
solution 

NaCI, 
IKN03, 

CaF2 

!Diamond, Cu, Na, Fe 

igmphite, r""I'. carborun-
Idum 

,.4.24 IMPERFECTION IN SOLIDS 

Ice, solid 
CO2 

An ideal crystal is one which has the same unit cell containing 
the same lattice points across the whole crystal. Any departure 
from perfectly ordered arrangement of constituent particles in the 
crystals is called imperfection or defect; 

Perfect of ideal crystals can exist only at absolute zero or zero 
Kelvin. At absolute zero the crystalline substances have zero 
entropy; i.e., have no randomness. Above absolute zero-, entropy 
or randoumess increases, i.e., some deviations from perfectly 
ordered arrangem~nt takes places. 

The, imperfection may be intrinsic or extrinsic. Crystalline 
defects can profoundly after the properties of a solid material. 
Imperfections or defects not only aher the'properti.es but also give 
rise to new characteristics. Extrinsic defects due to presence of 
certain impurities give rise to interesting changes in the 
properties. For example, gem stones are crystals containing 
impurities that 'give them beautiful colours. The presence ofFe3

+ 

ions makes sapphire blue and Cr3
+ . ions presence makes ruby red. 

(Gems are actually crystals of Al 20 3 which is colourless). 
There are mainly two types of imperfections. 
1. Electronic imperfections 
2. Atomic imperfections. 
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1.Electtoniclmpe,~ections 

This type of imp~rfection arises due to irregular arrangement 
of electrons in the crystafStructure. AtO,K (absolute zero), the 
electrons in both ionic and covalent solids are present in fully 
occupied lowest energy orbitals or states and these electrons do 
not move under the influence of applied electric field. However, 
when temperature is raised above 0 K, some electrons may 
occupy higher energy states. For example, in crystals of pliTe 
silicon or germanium,some electrons. are released from' the 
covalent bonds above 0 K. These free or mobile electrons 
become responsible for electrical conductance. The bonds from 
which the electrons have been removed on heating become 
electron deficient and these are referred to as holes. Like free 
eleCtrons, holes also conduct electric current. Holes in an electric 
field move in a direction opposite to that in which electrons 
move. Both electrons and holes present in the solids give rise to 
electronic imperfection. Electrons and holes are denoted by the 
symbols' e' and 'h' and their concentrations are represented by 
'n' and 'p'. In pure covaient solids like silicon and germanium, 
the number of free electrons and holes will be equaL Electrons 
and holes can be obtained preferentially according to the 
requirement by adding appropriate impurities. 

Silicon and getmanium are the elements of group 14th; thus, 
they have maximum covalency of four. A number of solids can be 
obtained by the combination of the elements of groups 13 and 15 
or groups 12 and 16 to get avetage valency of four as in silicon 
and germanium. Examples are : InSb; AlP; GaAs. In these 
materials, In, Al and Ga belong to group 13 and sh, P and As 
belong to group 15 of the extended fonn. of the periodic table. 
Other examples are : ZnS,CdS,CdSe, HgTe. In these materials, 
Zn, Cd andHg belong to group 12 and S, Se and Te belong to 

., group 16 of the periodic table~ These combinations are not purely 
covalent but possess an ionic character due, to difference in the 
electronegativities of the two elements. These combinations 

. show interesting electrical, magnetiG and optical properties 
which have been utilised in the electronic _ industries for 
photovoltaic cell,S, light emitting diodes, thermocouples and 
semiconductorS, etc. 

2. Atomic Imperfections or Point' D~fects. 

Whim the deviations exist in the. regular or periodic arrange
ment of the constituent particles (atoms or ions) in the crystal, 
these defects are termed atomic impeifections or point defects. 

These defects are caused by the following points. 
(i) When 'Some o.f the.constituent particles are missirigfrom 

their normal positions, these unpccupied position are termed 
holes or vacanCies. 

. (ii) When. some of the constituent particles are missing from 
their positions and these particles have shifted either to interstitial 
vacant sites or to positions which are meapt for other particles. ' 

Types of point defects : Point defects are classIfied into the 
fallOWing three types: 

(A) Defects in stoichiometric crystals, 
(B) Defects in non-stoichiometric crystals, 
(C) Impurity defects 

(A) Defects in stoichiometric crystals 
The crystals in which cations and anions are exactly in the 

same ratio as indicated by their molecular formulae are termed 
stoichiometric· crystals. £oints defects do not alter the 
stoichiometry of the solid; these defects are calfd as intrinsic or 
thermodynamic defect. Two types of point defects are observed 
in these crystals : 

(i) Schottky defect, (ii) Frenkel defect. 
(i) Schottky defect: This defect was first observed by the 

German scientist Schottky in 1930 .. In this defect equal number of 
cations and anions (from AB type crystal) are missing from tl:teir 
normal lattice sites, i.e., equal number of cationic and anionic 
vacancies or holes will be developed. The crystal maintains 
electrical neutrality. 

This defect is usually observed in strongly ionic compounds 
which have high coordination number and the sizes of two ions 
(cations and anions) are almost same. 

Examples: NaCI, ~CI, KBr,esCl, AgBr etc. 

(a) I.deal crystal 

,Fig. 4.54 

Cation Anion 
vacancy vacancy 

'@t®-e~-® 
~{)~ +~ 
®-€>-® @ 
~-~~~~ 
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(b) Schottky defect 

In 1 cm3 ofNaCI there are 1022 ions and 106 Schottky pairs, 
thus there is one Schottky defect per 1016 ions. 

Con-sequences of Schottky defect . 
. (a) Due to Schottky defect, the density of crystalline solid 

decreases. '. 

(b) Lattice energy and thereby stability of the crystalline solid 
decreases. . 
. (c) Entropy increases. 

(ii) Frenkel defect : This defect was discovered and studied 
by a .Russian scientist, Frenkel, in 1926. This defect is c.aused if 
some of the ions (usually the cations) of the lattice occupy 
interstitial sites leaving a corresponding n.umber of normal 
lattice sites vacant. This defect creates vacancy defect at originaI 
site -and interstitial defect at new site. Frenkel defect is also 

. called d.slocation defect. . 
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Fig. 4.55 Frenkel defect in the crystal 

Main conditions for Frenkel defect are: . 

, ~ Coordination number should be low. ,,"C'. 

~ Size of anion should be bigger than cation: 
, Examples: This defect is not foundjn)f1ikali metal halides 

because cations and anions have almost equal sizes apd cations 
cannot be accommodate in interstitial sites. This defect is mainly 
found in transition metal halides like Agel, AgBr, AgI, ZnS, etc. 
Silver ion (Ag + ) being smaller.in size can be accommodated in 

interstitial site. AgBr shows both Frenkel and Schottky defect. 
Consequences of Frenkel' defect 
(a) There is no change in the density of the solid. 
(b) There is increase in the dielectric constant as, the like· 

charge ions come closer. ' 
(c) The solids having Frenkel defect show conductivity and 

diffusion in solid state due to presenctl ofvacant'lattice sites. 
(d) Lattice energy and thereby stability of cry~tal1ine solids 

decreases. 
(e) This defect influences the chemical properties of ionic 

compound. 
(f),Elltropy of the solid increases. 
Th'erniodynamic facts about point defects in stoichio

metric solids : Frenkel and Schottky. defects are also called as 
intrinsic or thermodynamic defects. 

NUmber of point defects increases with temperature. The 
number of defects formed per ~it volume (cm3 

)' n' is given by, 
, n==Ne-WI2RT , 

where, N = number of sites per' unit volume (cm3
) which 

could be left vacant 
. W == Work necessary to create a defect 
. T = Absolute temperature . 

Electrical conductance of crystals increases' due to point 
defects. When potential difference is applied to the solid then 
ions may move from the lattice sites to occupy the holes or 
yacancies. Such movement' is responsible for electrical 
conductance, 

Difference between Schottky and Frenkel defect 

Schottky defeCt ' Frenkel defect 

I,. Equal number of cationic and 'Some ions are displaced from, 
anionic vacancies 3re present in norinallattice sites to the intersti-
thisdefect. . ,tial sites. ..<' ' , 

, \ . 

. 2. Density is lowered in this defect. Density is unaffected in it. 

3. Dielectric constant remains Dielectric constant increases. 
. same. 

'4. It is shown by those ionic. com- It is shown by those ionic com
. pounds which have high coor-. poUnds which have low COordin

dination num. ber, sizes of cations I at. ion number and ,size of cations 
and anions are almost equal. is smaller than size of amons . 

(8) Defects in nonastolchiometric solids 
The compounds in which the number of positive and negative 

ions are not exactly in the ratio as indicated by their chemical 
formulae are called non-stoichiometric compounds. Non~stoichi
ometric solids are also kllown asB~rthoUide compounds. 

Examples :. 
. (i) Ferrous oxide FeO exists in non-stoichiometric form as 

Feo,9s0called wiistite. 
Oi) Vanadium oxide- has non-stoichiometric formula VOx' 

where x lies between 0.6 and 1.3. 
(iii) ZnO exists as a non-stoichiometric compound having 

excess zinc. 
(iv) Stoichiometric compounds like NaCI, KCI, etc., can be 

non-stoichiometric under suitable conditions, 
the defects which ,bring change in overall chemical 

composition ~re termed as non-stoichiometric defects. In such 
crystals, there is excess of either positive particles (cations) or 

. negative particles (anions). However, the crystal as a whole is 
neutral in natur.e. Ifpositive particles ~re in excess, the charge is 
balanced by the presence of extra electrons. In case the negative' 
particles are in excess, the charge is balanced by acquiring higher 
oxidation state by metal atoms. 

'Non-stoichiometric defects are of two types: 
1. Metal excess defect, 2. Non-metaLexcess defect 

. 1. Metal exc~ss defect: hi this defect, metal ions or cations 
are ill excess. This defect may develop on account Qfthe 
following tWo ways: _ . 

(a) Anion vacancies: A negative ion may be missing from its 
,lattice site leaving behind avacancypr hole. This ,vacancy or hole 
is occupied by an extra electron to maintain electrical neutrality . 

. This defect is somewhat similar to Schottky difect but differs in 
having only one hole and not a pair as iii the~tatter case. 

®--®'~<O-®--@ , 
cb--~-~-$--~ , 
®--@-~-®--® 
®-~®-~-®--® 

'Fig~ 4,56 Metal excess defect due,.to
anion vacancy -

• .1 . 

Anion vacancies in alk;ali metai halides are .produced by 
'heating the metal' halides, in the atmosphere of alkali metal 
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vapours. Metal atoms get adsorbed on the surface of the metal . 
halides. Halide ions move towards the surface and combine with 
inetal ions formed by the adsorbed atoms on account of their 
ionisation. The electrons released in the process diffuse into the 
crystal and. occupy anion vacancies. The electrons trapped in 
anion vacancies are referred to as F-centres. 'F' stands 'for 
FarbeR, a 'German word, meaning colour. Greater is the number 
F-centres, more is the intensity of colour. For example, non-stoi
chiometric sodium chloride with excess sodium is yellow, non
stoichiometric; potassium chloride with excess of potassium is 
violet and non-stoichiometric; lithium chloride with excess of 
lithium is pink. 

(b) Excess cations occupying interstitial positions: Metal 
excess defect may also be developed by the presence of extra 
cation in the interstitial site. Electrical neutrality is achieved by 
an electron presence in another interstitial site. This defect is 
similar to Frenkel defect. For example, when ZnO is heated, it 
loses oxygen and turns yellow. 

ZnO~Zn2+ +(1/2)02 +2e 

@--®-@-@ 
I I A+ I I 
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®--®-~-® 
Fig. 4.57 Metal excess defect due to the presence of 

extra cation in the interstitial position 

The Zn 2+ ions thus formed occupy interstitial sites and the 
electrons occupy the neighbouring interstitial sites. The crystals 
having metal excess defects contain few free electrons and, thus, 
such solids act as semi-conductors. 

2. Non-metal excess or metal deficiency defect : These 
contain lesser number of positive particles than negative 
particles. These defects arise due to cation vacancies or anions 
occupying interstitial sites. the extra negative charge is balanced 
by oxidation of some of the nearby metal ions. Thus, this defect 
occurs when metal shows variable valency, i.e., especially in the 
case of transition metals. Examples are : FeO, FeS, NiO, etc. 
Crystals with metal deficient defects are semiconductors of 
p"type. 

(C) Impurity defects in i0r:tic crystalline solids 
~ A defect in art ionic solid can be introduced by adding foreign 

ions. If the impurity ions have a different oxidation sfate than that 
~ 

@-@-e-@-@ 
I I t I I 
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Fig. 4~58 Impurity defect 

of the host ions, vacancies are created. For example, if molten 
NaCl containing a little SrCI 2 or CaCI 2 as impurity is allowed to 
cool, some lattice sites will be occupied either by Ca 2+ ions or 
S 2+ . . I f N + . F C 2+ . S 2+ . r IOns mp ace 0 a Ions. or every a Ion or r lon, 
two Na + ions are removed in the crystal lattice in order to 
maintain electrical neutrality. Thus, one of these lattice sites is 
occupied by Ca 2+ or Sr2

+ ion and the other site remains vacant. 
Cationic vacancies developed due to introduction of impurity 

cause higher electrical conductivity of ionic solids. Addition' of 
about 0.1 % SrCI 2 to NaCI increases the electrical conductivity 
by 10000 times. Solid solution of CdCI 2 and AgCl is another 
example of this type of impurity defect. 

Electric Properties of Solids 

On the basis of electrical conductivity, solids are divided into 
three categories: 

(i) Metals (ii) Insulators (iii) Semiconductors 
Metals have conductivity 108 ohm-I cm -I and insulators 

have10-12 ohm-I cm- I. 

Metals: Metals have free electrons and fixed kernels at 
their lattice sites: 

M~MI!++ ne 
kernel ... free electrons 

Free electrons make the metal good conductor of electricity and 
heat. Conductivity of metals is nearly independent of impurity of 
metals. Resistance ratio may be taken to check the impurity level 
of metals, i. e. ,p 300K / P 4. 2 K • Conductivity of metals depends on 

. number of valence electrons, i. e., number of free electrons 
produced by the metal. 

Nature of Metallic Bond 

A metal is regarded as group of positively charged metal ions 
packed as closely as possible in a regular geometrical fashion and 
immersed in a sea or pool of mobile electrons. The attraction 
force that binds the metal ions and mobile electrons is called 
metallic bonding. 

1. Conductivity: When potential difference is applied 
electrons (mobile) conduct electric current. It has been observed 
that the conductivity of most of the metals decreases with 
increase in temperature. At high temperature, positive metal ions 
start vibration and create resistance to the flow of electrons; thus 
resistance of metal increases. . 

Good thermal conductivity of metals can also be explained on, 
the basis of mobile electrons. . . 

2. Opaqueness and lustre: Mobile electrons absorb 
quantum energy of visible light and become excited; when . 
excited electrons return to normal state', visible light is evolved. 
Since, the light is fully absorbed by metal hence it is opaque. 

~. Elasticity: On applying mechanical stress, temporary 
deformation of the metal crystal takes place and the kernels with 
their electron cloud return to their original position as soon as 
mechanical stress is removed. 

4. Microproperties of metals: Some other properties of 
metals are sUmllarised ahead: 
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(a) Metals possess high tensile stress. 
(b) Metals are usually hard and solid. 
(c) Some metals like alkali and alkaline earth· metals show 

photoelectric effect, i. e. , ejection of electron from metal surface 
when exposed to light of appropriate energy. 

(d) Metals have low ionization energy. 
(e) Strength of metallic bond depends on the following 

factors: 
Strength increases with: 
(i) increase in number of valence electrons, 
(ii) increase in charge on the nucleus, 
(iii) decrease in size ofpo~itive metal iO!l' 
Valence band: Group of electrons containing valence 

electrons. 
Conduction band: The free electrons for conduction 

constitute conduction band. 
Band structure of metals may be given as shown in Fig. 4.59. 

Conduction band 
Valence band 

Conduction band 
Valence band 

Fig. 4.59 

There is no energy gap between valence and conduction band, 
i. e. , width of forbidden zone is zero. Thus, as soon as potential 
difference is applied electrons jump to conduction band from 
valence band and conduct eiectric current. All valence electrons 
are free to conduct electric current. When temperature is raised 
conductance of metals decreases because at high temperature 
kernels vibrate and create obstruction in the flow of electron .. 

Semiconductors: Conductivity of semiconductors js· inter
mediate between metals and insulators. These are of two types: 

Free electron on heating 

Conduction band 
-+-- Forbidden zone· 

Valence band 

Fig. 4.60 

(i) Intrinsic semiconductors: These are insulators at room 
temperature and become semiconductors when temperature is 
raised. 

On heating, some covalent bonds are broken to give free 
eleetrons. These free electrons make it semiconductor. 

Width of forbidden zone in semiconductors is very low; thus 
on heating, electrons are easily tossed to conduction band from 
valence band and conduct electric current. 

(ii) Extrinsic semiconductors or Impurity 
semiconductors: These are formed by dopping impurity of 
lower or higher group. 

n-type Semiconductor 
Dopping of higher group impurity forms· n-type 

semiconductor, e.g., when 'As' is dopped to 'Ge', an extra 
valence electron of arsenic makes the mixture n-type 
semiconductor. Current carriers are negatively charged, hence 
called n-type. 

n-type Semiconductors 

Extra valence 
electron forming 
n-type semiconductor 

~-- Conduction band 
Donor level 
Valence band 

Fig. 4.61 n-type SellJiconductor 

Impurity dopping creates donor level just below the 
conduction band. 

On applying potential difference, electrons jump from donor 
level to the conduction band and conduct electric current. 

p-type Semiconductor 
Impurity of lower group creates acceptor level just above the 

. valence band. When·· electrons jump from valence band to 
acceptor level, a p-hole (positively charged hole) is created in 
valence band. On applying potential difference, these p-holes 
conduct electric current. 

, ./ , ./ 

, /Ge, /Ge, ./ 
Ge /Ge G-"e~_,c.-- p-hole 

~ 'Ge ' Ga04---"Ge (electron 
Ge/ 'Ge..... 'Ge/ deficient 

/ 'Ge/ 'Ga./ 'Ge..... band) 
/'Ge ..... "./ " 

p-type Semiconductors 

~."'~~~~~ Conduction band 
Acceptor le.vel 
Valence band 

Fig. 4.62 p-type Semiconductor 
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Insulators: Such substances do not conduct el~ctric current; 
their conductivity is very low. Width of forbidden zone between 
valence and conduction band i&very big; hence electrons are not 
tossed from valence '.. 

band to conduction "'z=' Conduction band 
ban. d. On heat{ng,,>~~\ .• ,.I'\' Forbidden zone 
they decompose but . . Valence blimd 
do not' give free.···,;·· .... . '< .... . . 

conducting ". . Fig. 4.6~ .' 
electrons. . 

Examples: Classiflcation of transition metal oxides 

Metallic 

vo 
TiO 

semiconductors 

, FeO, V20 S 

. Fe203,Mn203 
C0 30 4 , Mn 30 4 

.CuO 
CU20 

InsulatorS 

MnO 

TiO and NbO become superconductors at low temperature, 
about 2 K. 

4;25 MAGNETIC PROPERTIES 

(I) ParamagnetiC Solids 

The presence of one or more unpaired electrons In an atom; 
molecule or ion gives rise to paramagnetism. Such materials are 
weakly attracted in the field.· When they are placed in it magnetic 
field they become parallel to the field. Domain significance of 
unpaired electrons are given below: 

'9i' .1> ~ rt 
-e.. J25 ,~ jO .. , 

'&.. ,f?! -6+ )0 

'(In absenoe of magnetic field) (In presence of magnetic field) 

Fig. 4.64 

,Resultant magnetic. field for n-unpaired' electrons may be 
calculated as: 

f.!M = In(n+ 2) 

The magnetic field produced by unpaired electrons is due to--
(a) their spin and (b }their orbital motion. 

. Magnetic moment is measured in Bohr Magnetqn (BM) 
, ~ , ~. 

BM=-~: . .' , 
. . 4n.)iicF '. 

f.!s = 1.73 8M (one unpaired electron) 
f.!s ~.'2.83 BM (two unpaired electrons) 
f.!s. = 3.87 8M (three unpaired electrons) 
f.!s = 4.90BM (four unpaired electrons) 

5.92,6.93,7.94 values for five, six and seven unpaired 
electrons respectively. 

(ii) Diamagnetic Solids 
The solids, which are weakly repelled by external magnetic 

field, are called diamagnetie solids and the property thus 
, e~hibited is called diamagnetism. 
." "In diamagnetic solids, all electrons have paired spins, i.e., only 
,fully filled orbitals are present. Examples are: NaCI, Ti02, 
Zr02, KCI etc. Some diamagnetic solids like Ti02 show para 
magnetism due to presence of slight non-stoichiometry: 

(Iii) Ferr0n:tagnetic'Sollds 
The solids which are strongly attracted by external magnetic 

field and do not lose their magnetism when the external field is 
removed, are called ferromagnetic solids. The property thus, 
exhibited is termed ferromagnetism. 

,Ferromagnetic substances can be permanently magnetised . 
Only three elements, iron (Fe), cobalt (Co) and nickel (Ni) show 
ferromagnetism at room temperature. Some other examples are: 
EuO, Cr02, etc. Cr02 is the oxide used to make magnetic tapes 
for use in cassette recorders. 

Ferromagnetism arises due' to spontaneous alignment of 
magnetic moments due to unpaired electrons in' the same 
direction as shown below (Fig. 4.65). 

I 1 1 III 1 11 '1111 1 t I t Parallel spin 
(spin in the . 

. same direction) 

Fig. 4.65 Ferromagnetism 

Mechanism of magnetisation of ferroml!gnetic substances: 
Unpaired electron in one atom interacts strongly with unpaired 
electron of neighbourhood atom, thus they align themselves 
spontaneously in a common direction in a small volume of solid 
called domains. Magnetic moments of all atoms in a domain are / 
parallel to each other hence the do'main possesses a net magnetic 
dipole moment. In absence of external magnetic field, the 
direction of magnetic moments in different, domains' . are 
randomly oriented in different direction. When external magnetic 
field is applied then the domains in which-the magnetic moments 
are parallel to external field, expandat the expense of remaining 
domains and ultimately all the magnetic moments align 
themselves in the direction of external magn~tic field. 

External magnetic field . - --- - ----' --
Fig. 4.66 Magnetisation of ferromagnetic substance 

(iv) Antiferromagnetic Solids 
The solids which are expected to show paramagnetism or 

ferromagnetism on the basis of unpaired electrons, but act~ally 
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have zero net magnetic moment are called' antiferromagnetic 
s,plids. 

Fig. 4.67 Antiferromagnetism . 

. ' . Magnetic moments are.ali~ed in a compensatory way so as to 
give zero n~t magnetic moment. Antiferromagnetism is due to the 
presence of equal number of· magnetic moments in oQPosite 
directions as shoWn above (Fig. 4.67). The importatO exmnples 
are: MnO,.Mn02, Mii 2 0 3, NiO, CoO, etc. 

(v) Ferrimagnetic Solids 

The s6lids which are expected to show large magnetism due to 
the presence of unpaired electrons hut in fact have small ,net , 
magnetic moment are calledferrimagnetic solids. . 

Ferrimagnetism arises due to alignment ofmagTIetic moments 
in parallel and antiparallel directio!ls inuneq~l numbers 
resulting in some net magi,letic moment. This alignment has been 
shown ahead (Fig. 4.68). . 

1 i i Ii iii i I'i' i I.t t J' t Parallel spin. . . '. t .. ' t t t t.: ,.+ AntiparaUel spin, 
. .' .",' " 

. Fig. 4.68 Ferrimagnetism .. ~ 

. Exa~ple~are: Fe304 arid ferrites of the fo~ul~M2+'Fe204 
where M = Zn., Cu, Mg, etc. . . . '::~.~L;b ' 
, Influence of temperafore on magnetic character oiiim~s ~ 
An magnetically ordered solids. (ferromagnetic, antiferro
rnagnetic and ferrimagnetic) change into paraml;tgnetic state on 
increasing temperature. This is due to . randomisation of their 
spins. The following examples explain this point :, 
. (i) Ferrimagneticsolid, 'Pe304' becomes par~agneticwhel'l 

heated to 850 K. , . 
(ii) Antiferromagnetic solid~ ~03' becomes 'par~~etic 

when heated to 750 K. '" ' 
It should be noted 'that each' ferromagnetic solid has a 

charaqteristic temperature above which itbecomes paramagnetic. 
, The 'characteristic temperatUre' is called Curie· point for Curie 
temperature. 

" -.... 

Table 4:1 Magnetic Properties of Solid at a Glance 

Properties 

1. Diamagnetic 

2. Paramagnetic 

3. Ferromagnetic 

Information 

Repelled weakly in magnetic field. Such 'solids' have 
only paired electrons. ' 

Have unpaired electrons; weakly attracted in. magnetic 
, field. They cannot be permanently magnetised. 

Also, have unpaired electrons, Strongly attracted 'in 
magnetic field. Such solids can be permanently magnet
ised, On heating to a temperature called Curie Point, 
these solids change to paramagnetic solid. 

, ' 

4. Antiferromagnetic In these !lolids, unpaired electrons align themselves in 

5. Ferrimagnetic 

I 

such away that resultant magnetic moment is zero. 

Unpaired electrons align themselves in such a way ~hat 
there is a net magnetic mom\:lnt. 

Magnetic alignment I 

.1l1l1l1l1l 

Example Appibtion 

Benzene,·NaCi, ..... Insulators ,'/' 
Ti02.,V20 S' etc., 

'/-?l'\r? 

ii,iiii i 

" °2, VO. CuO, TiO· Electronic devices 

F~,Ni, Co, cr02 Cr02 is us~ in au
dio, video tapes, 

Cr2C3' CoO, COP4' Used in the instru
F~O:i' MnO, Mn02 ments of magnetic 

susceptibility . 
measurement 

i J. J. i J. J. i J. J. . F~04' ferrites 
, OR· 

iiJ.J.J.itJ.J.J.ii .. 
and so on 
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Table 4.2 Dielectric Properties of Solid at a Glance 

Properties Information Dipolar property Example. I Application 

1. Piezoelectricity When a crystal of dielectrics is subjected to Development of charge 
mechanical stress, then small magnitude cur- some part of crystal. 

in i Quartz and 
I Rochelle salt 

Used in mechanical 
electric transducer, 
e.g., in record player, 
transmission of direct 

rent is produced. It ,is called direct 
Piezoelectric effect. 

'signals, sounding of 
. sea depths. ' 

2. Anti piezoelectricity In some solids, electric field develops me- Crystal suffers elastic defor~ 
chanical effect. mation in an electric field 

3. Ferroelectricity "1 Plez,oelectric crystals having permanent di-
. poles are said to possess ferroelectricity. 

, 'r, ' 
4. Anti ferroelectricity I' Pieioelectric crystals with zero dipole ~e 

said to possess anti ferroelectricity. 
" I 

5. Pyroelectricity . Some polar crystals produce electric impulse 
on heating. 

, Superconductors 
Copper and most other metals are good conductors of 

electricity. But even the best conductors present some resistance 
to the flow of electricity and a part of electrical energy is 
converted into heat energy. Thus, generators, turbines, motors of 
all kinds" transmission lines and other electrical equipment 
always operate at less than I 00% efficiency. 

A superconductor is a material that loses all electrical 
resistance below a characteristic temperature called the superc 
conducting transition temperature, ~.e., a superconductor 
presents no resistance to the flow of electricity. 

Electrons move freely through a superconductor without any 
resistance or friction. 

This phenomenon was discovered, in 1911, by the Dutch 
scientist Heike Kamerlingh Onnes, who found that mercury 
abruptly loses its electrical resistance when it is, co'oled with 
liquid helium to 4.2 K. Below' its critical t~mpeniture (Tc), a ' 
superconductor becomes a perfect conductor and an electric 
current, once started, flows indefinitely without loss of energy. 
Most metals "become superconductors at very low temperatures 
"(generally around 2-5 K), but this temperature is far too cold for 
any commercial applications. 

Since, 1911, scientists have been searching for materials that 
s\fperconduct or at, higher temperatures and more than 6000 
superconductors are now known. Niobium alloys are particularly 
good superconductors and in 1973, a niobium alloy, Nb 3Ge, was 
found to show superconductivity at 23.2K. The situation changed 
dramatically in 1986 when MiiDer and Bednorz reported a Tc of 

35K for the non-stoichiometric barium lanthanum copper oxide, 
Bi:h La 2- x Cu04 , where x has a value of about 0.1. Soon 

iii iii Ba TiO}, KH2P04 

Rochelle salt 

PbZr03 
Lead zirconate 

Crystals of tartaric 
acid 

Electromagnetic 
appliances. 

Used in fire alarms, 
, and thermostat 

thereafter even higher values of Tc for other copper containing 
oxides: 90 K for YBa 2Cu30 7, 125K for TI2Ca2Ba2Cu301O 
and 133 Kfor HgCa2Ba2Cu308+x.[YBa2Cu307 is also called 
1-2-3 compound, i.e., I yttrium, 2 bariums and 3 coppers]. 

Room temperature 'Te' superconductors are yet to be 
. discovered. The great advantage of these materials that offer no 
electrical resistance is the elimination of heating effects as 

'electricity passes through. The energy saving and efficiencies 
that would be realised are substantial. Superconducting coils of 
wire could store electricity (in principle) forever, since no energy 
is lost. Thus, the energy can be tapped as needed. One of the most 
dramatic properties of a superconductor is its ability to levitate a 
magnet. When a superconductor is cooled below its Tc and a 
magnet is lowered towards it, the superconductor and magnet 
repel each other and the magnet hovers above the superconductor 
as though suspended in midair. The potential application of this 
effect will be in the high speed, magnetically levitated trains. ' 
Some applications of superconductors already exist. For 
example, powerful superconducting magnets are essential 
components in the magnetic resonance imaging (MRI) 
instruments used in medical diagnosis. Superconductors are also 
used to make the magnets that bend the path of the charged 
particles in high energy particle accelerators. All the present 
applications, however, use' conventional :;mperconductors 
(Tc :5 20 K). Of course, the search goes on for materials with 
higher values of Tc' For applications such as long distance 
electric power transmission, the goal is a material that super-
conducts at room temperature. ' 



Exiunple 1. Thelt' is a collection of crystalline substances 
ilt a llexagOllal closed packing. (f the density of matte" fs 
2,6g I ('nt~, what would be tlte average dTity of matler in 
collection'! WI,at fi'action of space is actlla/~v uhVccupied ? 

SoJIftioli~ In hexagonal closed packing,' the packing 
etlkiel1cy is 74.05%. 

,', Density of matter = Packtns fraction x Toml density 
'\ 

- 74.05 '" 6- t 93.-3 - --x",. -. g~ . . too 
%empty space "" lOO~ 14.05 =25.95% . 

." ·&xample 2. The unit celllrmgth of NaCl {s obserVed to be 
O,St527ItHt by X-ray d(lfhlCtiOfI studies; the Hteasu~d del1sify of· 
NaCI is ~.164 gcm-:l. COfrelale the difference of ob.,erved tJ11d 
calcltldhtd dlmsily and calculaft! % dfmissiHg Na + and cgl~ fons. 

Solution: We know that, . 
. u3 dxN 
Z~~='--~-

M 
where, z:= number of constituent unit!! per unit t~U 

"" 4 in fcc 
a e edge let\gth '" 0.5627 x .10= 1 em 
d =detlsity 
N "" Avogadro's numbt!t 
M IE \1\t)laf mtlliS 

(0's621 x 10=1 )~ x d~fi023 x 1023 ;;;4 
58.S 

d". 2.180$8 I ~m3 

Observed dtmsity !!§ 2.1.M g I ~l1ij which Islei'll than ~81llubned 
density because some places lire mhlslnl, . 

Actul\l constttucnt Ulitts per unit ~ellllan b~ Illil~ul\1t~d Il!~; 

z "" (0.5627 ~ !O=i )3 X 2.IM )(6.0;13 x 10~j .. 3,~69 
58.5 

Missing units "" 4 = 3.969!!!! 0.031 

% mlssing!§ 0.031 x lOO§; O'.?7!% 

txamplt! 3. Itt d cubic latttt;'~, tlt~ dost!t1 pttcktld i1tl'tt('tU~ 
ofmlxed.oxlde~ of the IdUice b ,.."J~ up o/t}xfd~ im,a ; mw ~jgltth 
of the tetre/hearnl voids dJ1l occupied hy divalimr ltllta (A;!~ ) 
wit Ue olle ha(f af the octahedral voids ttl\' mxupi;ffl by trtVtilfilllt 
IOH~ (B 3+ ). What Is the fimmtla oJ thf! oxides ? i 

• .. 
Solution~ tet therli! be 1ft) Oi= In the Cty9tAI. 

Octahedral voids"" HO . 

Tetrahedral void!! 160 

A 2+ 101111 a 1 X 150 20 . 8 

83
+ ions'" 1 x 80"" 40 

2 
A 2+ .. n3+ : 0 2- 20:40: 80 

iii "" 1: 2: 4 • 
. :. Formula is A1J20 4 , 

m··~ 

. ,·.E".mphi 4. At t425"C F'e crystallises in ct body...:etitlt'd 
(;ubic lattice whose edge length is 2.93A. AYSllmirrgthe atoms to 
.be packed spheres, calculate .' 

(n) the radius bfthe spnehtS. 
(b) the diatance bfttween centlt'fJ ofneig~bmtringspheres, 

. (c) the ftumb!!r of atott/!! oJ Fe per un It tatticft and 
(d) the total volume ocC'UpteJby an atom of Fe. 

Solution: (ar a/3 == 41' whm. q edge letqStb 

. a.[j 2.93 x 13 . 
r=: _. -'. "" -, ... -- tiogA 

·4· 4 
(b) Oistattc~ betwMi t~ ~ €If neighbwting spheri:s . ~ . 

. .:!:: Zr:z: 2 x 1.2(;8.:: 2.531 A 

(c) N~, of Irtomst per Mit i:ell "" J x y& ..... 1:5: :2 . 

(d) Volu~ ~ed by an irtom ~ iron % ')'1;rJ , 

··En.,,, 5. In foct~eottf1!d cUMe (fCc) clj,atat laitice, 
ttJgft length of the unit cell ill 4UO pm .. Fmd t!tll diameter oj't!te 
grl!tJtegj !lph~fl which can be fined into the intllr!ltttial void 
without dllliortimt of Im/ke:' (lIT 2005) 

Solution: 1ft ftt wit ~'etlt we ~ ~ 
aJ2~4t 

aJi 4OOx.[i 
r=="'~::l4L4pm 

4 4 • 
'Of o~ldutdnd yoW; 

'l(rtR);tf;g 

lRi;;,tJ 1.r 
iN ;;;; d = Zr:!§ 400= 2 x 14t.4=::: J J1.16J'm 

Dial:flltt~f tlf ~f~Wi9t ~_~ 1.1.,1~ph. 

. ·"IAmpl. 6, . fit!! dia1tJnf:1/ hfttW&'e1# P_Q: ~1O(fJJ/!/J$ ~l!I!rdJ 
ttJ tlit! fUN! t)/llitl uttlllfltll '!f. ~odtum d/lliJrldft 0$ m JP1!IIIL. 1'IIw. 
3HftdleM angle tJ/ ffJj/;!tJittlfi OO§{ltlied #11 fhft X-fIiIj ~flijM 
jJdttt1r1i IN ~:~7t1: t:t1lfulatlt Iltd 'wmlttlmtPh of the mdJow 
1'dt/latitJlt:·' " . 

Solution: U!jili~ ~f§g~;!1 &~UjUOO~ 

. 1i'A U§iH 9 
1 ~ 1. ~ ~ ~ It§i j(: Hr!Z §in § .. 91 

'A ~J§fjj(: Ht.!l mil!! §8'«';pm 

.. ~ filIJfm_I(', c§t:1 1m!! fHtbitf I/tI'Utfut'rt ofl(ma in which Cs+ 
if:lH (t1 jJltit1e/U Iii fhtt !JfJt!,V=N?lUPfff of tltu cube, If density is 3.99 g 
tilr'":l :' . 
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. ' 

(a) calculate the length of the edge of a unit cell. 

(b) What is the distance between Cs + and CI - ions? 

(c) Whatis the radius ofCs+ ion if the radius ofCrion is 
180pm? 

Solution' We know that, 

(a) Z 
M 

Z 1, lCs+ + lCI- ::: ICsCl 

M 168.5 

1= a 3 x3.99x 6.023 x 1023 

168.5 

a = 4.123 X 10-8 <;m= 412 pm 

. (b) Distance between Cs + and Cl- ions 

aJ3 412 x.J3 = 356.8 pm 
2 

(c) res+ + '(r = 356.8 

res+ + 180= 356.8 

res+ 176.8pm 

E:x;ampie 8. If NaCl is doped with 10-3 mol per cent of 
SrCl2 ' what is the concentration of cation vacancy ? 

Solution: 
" Na+ ' Cl- Nil+ cr 

Cl- Cl- Na+ 

Sr2+ cr Na+ 
.. 
Cl-

Cl- Na+ Cl- Na+ 

Number of cationic vacancies per mol 

10-3 x 6~023 x 1023 

6.023 x 1018 vacancies per m.ol 
100 

, ,',' Example 9. A metal crystallises into two cubic phas<;s, 
face-centred cubic (fcc) and body-centred cubic (bce) whose 
unit lengths are 3.5 and 3.0 A respectively. Calculate the ratio of 
densities offcc and bcc. (IfF 1999) 

x At. mass 

Av.no.xV1 ' 
'Solution; Density offcc 

and d 
. . b Zz x At. mass, 

ensIty 10 cc = -=-----
, ,'Av.no.xVz 

For fcc Zl 4; VI = a 3 = (3.5 x 10-8 )3 

For bec . Z2 = 2; V2 = 0 3 = (3.0 X' W:8 
)3 

d fix 4 x (3.0 X 10-
8 

)3 = 1.259 

d bee 2x (3.5 X 10-8 )3 , , 

i 

Example 10. A solid AB has the NaCI structure. Jfradius 
of the cation A+ id20pm; calculate the maximum value of the 
radilff of the anionB"". .:" , 

or 

Solution: Since, NaCl has octahedral structure, . 
+ 

Thelin:riting ratio r~ = 0.414 
rB 

- rl 120 
rB =--=--=290pm 

0.414 0.414 

Example 11. You are given marbles of diameter 10 mm. 
They are to be placed such that their centres are lying in a square 
bond by four lines each' of length 40 mm. What will be the 
arrangement of marbles in a plane, so that, maximum number of 
marbles elln be placed inside' the area. Sketch the diagram aMf 
derive expression for the number of marbles per unit area. 

(lIT 2003) 
Solution:" In order to accomodate maximum number of 

sph~:res, there should be hcp (hexagonal closed packing). 

Area of square having spherical marbles 16cmz 

Maximum number of spheres = 14 (full) + 8 (half) 

Number of spheres = 18 

Per unit area (per cm 2) 18 1.125 
16 

Length PQ of square = 4 cm 

Length·PR 5+4x5J3'=40mm=4cm 

4cm 
pl--40 mm--lQ 

A B A:rtt 
10 mm \V 10.lm 

c 

CD = 10 sin 60°:: 10.J3 sJ3 
2 

Example 12. Calc~late the density of diamond from .the 
fact that it has face-centred cubic structure with two atoms per 
lattice point and a unit cell of edge length 3.569 A. 

SoiuticJ1: Z::;: 8,M = 12 

, 1'3 xp xN 
Z::::--'---

M 

D
'. ZM 8xl2 

ensltyp = --'=,-:-.----'---:::--:----'---:;:::-
13 N (3.569x 10-8 )3 x 6.023 X 1023 

:: 3.506g cm-3 
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Example 13. . An' element crystallises into a structure 
which may he described by a cubic unit cell having one atom at 
each corner of the cube and two atoms on one of its diagonals. If 

. the volume of this unit cell is 24 x 10-24 cm3 and density of 

element is 7.2 g / cm3
. Calculate the number of atoms present in. 

200 g of the element. 
Solution: Number of atoms in a unit cell (Z) 1 + 2= 3 

. l3 xp xN 
Z~ t 

M 

M 
13 xp xN 

Z 
24 x 10-24 x 7.2 x 6.023 x 1023 

34.69 
·3 

Number of atoms __ Mass __ x 6.023 x 1023 

Molar mass 

= 200 x 6.023 X 1023 ::: 3.47 x 1024 

34.69 

;'~:~~~Ejllmple 14. Analysis shows that nickei o~de has formula 
Nio,9S01' ,Whatfraction of nickel exist as Ni2+ artil Ni3+ ions? 

Solution: Let number of Ni 3+ ions = x ';:::' 

NumberofNi2+ ions = (0.98 x) 

Since, molecule is neutral, its total charge is zero. 

(+3 x x) + (0.98 - x)x2- 2:::: 0 

x =0.04, i.e., Ne+ = 0.04; Ni2+ =0.94 

Example 15. . Calcium crystallises in face-centred cubi; 
unit cell with a = 0.556nm. Calculate denSIty if ' 

(i) it contained OJ % Frenkel defect. 
(it) it contained 0.1 % Schottky defect. . " ~. ' 
Solution: (i) Frenkel defect does not alters the d~ity of 

solid. 

4Ox4 

:::: 1.5455 g / cm3 

(ii) Schottky defect lowers the density of solid 

Z 4 _ 4 x 0.1 =- 3.996 
100 

d = 40x 3.996 

(0.556 x 10-7 )3 x 6.023 X 1023 

= l.5440g / cm3 

.' Example 16. Density of lithium atom is Q.53glcm 3. The 
e4ge lengthofLi is3.5A. Find out the number oflithium atoms in . 
a unit cell. Atomic mass of lithium is 6:94. 

Solution: Z= a
3 

xp x'N A 

M 

jCBSE-PMT (:'~ahis) 20051 

X 0.53 x 6.023 x 1023
., 

=~------~----------'-r---
6.94 

=2 

'Example 17. Cu metalcry;tallises in face centred cubic 
lattice with cell edge. a 361.6 pm. What is the density of Cu 
crystql? (Atomic mass of copper 63.5 amu, NA = 6.023 X 1023

) 

reBSE-PM; (Mains) 20081 

Solution: We know 
, 3 . 
Z=a xdxNA 

M 

d:::: ZM 
, 3N a A 

Z:::: 4 for fcc unit cell; M :::: 63:5 g mor I 

tv.=361.6 x 10:- 10 cm; Nfl =6.023 x 1023 

Putting these values in (i), we get 

d = 4 x 63:5". = 8.94 g Co;-3 " 
(36L6x 10- 10 )3 x 6.023 X 1023 ' ' 

, . 

... (i) 

'Elample 18. An LPG cylinder' weighs 14.8' kg when 
empty. When full, it weighs 29 kg and shows a pressure of 2.5 
atm. In the course of use at 27°C, the weight of the full cylinder 
reduced to 23.2 kg. Find out the volume of n.;,butane in cubic .' 
metres used up at 27~C and1 atm. . 
(MoleculaFmass ofn butane == 58] ,ICBSE-pl\fr (!\1ains) 20081 

Solution : Mass ofn-butane used = 29"': 23.2 == 5.8 kg 

b ' ' 5800 Num· er or moles of butane used -- ;:100 
. 5.8 '-. 

V = nRT ,lOOx 0.0821 300 

P 1 

== 2463 litre 

'=2.463 m 3 

Example 19. r + and r _ represents radius of Na + and " 
Na ct. .' 

cr ions respectively. If 'n' is the number ofNaClunits per unit 
cell then give the equation you will use to obtain molar volume. 
, [CBSE-PMT (Mains) 2009J 

Solution: "Edge length of unit cell 'a':::: 2(r
Na

+ + r
CI
-) 

,Volumeofunit~ell a 3 8(r
Na

+ +r
CI

_)3 

Volume occupied by on~Q1e ofNaCI . 

8(r
Na

+' + r
CI

- )3 
:::: xNA 

n 

where N A 6023 xl 023 

Example 20. Two gases A and B of mass 706 g and 167.5 g 
(M.;; of A 32, and M~ ofB 20) are mixed: Then total pressure 
of mixture is 25 bar. Calculate partial pressure of A aM B. . , 

iCBSE·PMT (Mains) 20091 

Solution: Number of moles A, n A 70.6 ='2.:2.. . 
32 

I 
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N be f I f· B . 167.5 8'" um ro mo esO· ,178 =-- == . .)75 
20 

= 2.2 x25== 5.20bar 
2.2+8.375 

Partial pressure of gas A., P.4 PB ::: 25-5.20= 19.8bar 

. SUMMARY AND IMPORTANT POINTS TO REMEMBER 
........ , •• ,...... . "'(c "'.... ............ ..... ... ''JI\tf.nu ...... 

1. Matter: Matter is aitY.thing which has mass and 
occupies space. Matter exists in three states, viz., solid, liquid and 
gas. Any substance can exist in either of the three states 
depending on temperature and pressure. Liquid and solid states 
are condenSed" states as they bave mucb bigber densities. Both 
liquids and' gaSes are termed as fluids as they . have flowing 
ability: 
: .. 2; Gaseous state: It is the simplest state and shows 
greatest uniformity in behaviour. The gases show almost the 
same behaviour irrespective of tbemical nature, colour or odour. 
· The molecules in a gas possess random motion in aU directions. A 

.... gas baS neilher a definite shape nor a definite volume. Gases are 
characterised by low density, high degree of conlpressibility and 
expandability. Gases exert uniform pressure on the walls of the 

· container; They diffuse" rapidly and' intermix ,to torm 
homogeneous mixtures. AU gases obey. certain laws called gas 
laws. .• ...... 

1. Gas laws: Gas laws are based on experiments. 
. '(i) Boyle's" law: It states tha~th~ volum~ o(tbe given 
amourit of a gas is inversely propor1:ional to its pressure at a 
constant temperature .. 

1 . . ..' 
V 0:::. '- or PV ;:::: constant or l~VI == P2V2 = P3V3 = ... p. .. 

...... 
or (at constant temperature) 

~here: d 1 andd 2 are the densities of a gas at pressures PI and P2 • 

· The curves' between: P and V at . constant· temperature are 
hyperbolas and called isotherms. .. . ..' . 

(ii) Cbarles' law: At constant pressure, the volume of a . 
given amount of a gas is d,irectly proportional to its absolute 
tempmture. . " . 

. .·V . Vi' V2 V3,· VeeT or -=constant.or -:::-=-:::: ••. 
T . TI T2.·T3 

Absolute temperature scale or Kelvin scale starts with -27-:f'C 
· as zero. 

Absolute temp~rature (in K) :::: 273 + tOe' 

The absolute zero is that temperature where no'gas can exist. 
::,'The p}ots of ~~lume against tempe~atuTe (at constant pressure)' 
· are termed aSlsobars.' I .... . . .' . , . 

• • ' 'o 

. (iii) Pressure law or Gay-Lussac larv: At. cpnstant 
volume, the pressure of a given amount of a gas'varies directly as . 
its absolute temperature. ' .' 

.. , p' ". '. p. . PI P, P
3 . r:x;Tor -=constant or -::::~=-=" .. . ' . .r . . Ii T2 T3 

or 

PV 
(iv) Gas equatiom.~, -::: constant 

·T 

For one mole ofan ideal gas, PV:::: RT 

For n moles of an ideal gas, PV = nRT 

For wg of the ga~ (mol. mass M)~ 

PV=~RT 
M 

wRT RT P::::--=dx-,. 
V M 'M 

(d = density) 

R is a universal gas constant. It is expressed in the units of work 
per degree kelvin per mol. Value of R in different units is 

R = 0.0821 litre -atm K -I mol-I 

::::. 82.1 mL-atmK-1 morl 

. = 8.314 X 107 erg K-1 mol-1 

... 
= 8.314 JK-I mol-1 

= 1.987= 2eal K-1 mol-1 

(v) . Avogadro's law: Equal volumes of all gases contain 
. equal number of molecules under similar conditions of 

temPerature and pressure. 'kllume occupied by one mole of any 
gas at NTP (O°C and 1 attn) is termed molar volunie. It is 22.4 
litre ot 22400 mL.·, . . . . 
{Nole :At 25"Cand I bar, one mol~ofa gas has a volume of 25 litre.] 

(vi) Dalton's law of partial pressures: . The total pressure 
'exerted by a mixture of gases which do not react chemically is 

equal to the sum of their individual pressures (partial pressures) 
under similar conditions of temperature, 

. P = PI + Pz + P3 + ... 
,Partial pre~ur.eof a gas "" Molar fraction 

. x Total pressure of the gas 

. (vii) Gr~balIi's law Ofdiffusion: i,.~e property Of gases t<;l 
'. mix with'eachother to formhomogen~ous mixture irrespective of 
. gravity is called diffusion. E.ffusion is a special case of diffusion 
in which gas passes through a small aperture.. . 

trnder similar conditions of temperature and pressure, the 
relative rates.of diffusion of gases are inversely proportional to 
the square root of their densities or Vapour densities or molecular 
masses. This is'Graham's law of diffusion. 

~ =J¥= ~~~~ =):~ . .. 
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Ii ~ 1M2 
r2 == P2 V Ml 

. 4. Kinetic theory of gases: The theory with the help of 
which behaviour of gases can be interpreted mathematically is 
termed kinetic theory of gases. The main postulates of the theory 
are: 

(a) All gases consist of very large number of small spherical 
elastic particles called molecules. Tht!Se are in constant rapid 
motion in all directions. . 

(b) There is a lot of empty space between the molecules: The 
actual volwne of gas molecules is negligible in comparison to 
total volume. of the gas. . 

(c) The pressure exerted by the gas molecUles is due to its 
rec~.rded by molecules against the walls of containing vessel. The 
coHision~ between gas molecules are perfectly elastic, i.e., there 
is no loss of energy during collisions. 

(d) There is no effective force of attraction or repulsion 
between gas molecules. There· is no effect of gravity on the 
motion of gas molecules. . ; 

(e) The average kinetic energy of gas molecules is directly 
proportional to the absolute tempera~ oftbegas: 

On the basis of above postulates. the following equ3bon, 
known as kinetic gas equation, bas been derived. 

I ., 
PY= mnc-

·3 

where, P = pressure; Y == volume; m== mass of gas" molecules; 
n :: number of gas molecules and c :: root mean square speed of 
the gas molecl.des .. 

Also PY=RT=.!.mnc2 =3.; mnc2 :;:;3 KE,. 
3 3 "2 3 

,. 3 3 
or K.E - RT :: - py 

2 2 

K.E of single molecule = ~ RT 
2N 

3 
=-IcT 

2 

where, k == Boltzmann constant.. 

5. Molecular.speeds: There are three kinds of speed. 
(a) Root mean square speed: IJ is the square root of the 

mean of the squares of the speeds of ail the molecules present in a 
gas. 

2 ~? 2 
1.'1 +Ci +1.'3 + •.• +1.',. 

n 

~~3:==~3~T f5 
(b) Average speed: It is the arithmetic mean of speeds of 

the molecules present in the gas. 

= 0.9213 x nus 

'. (c) Most probable speed: It is the speed possessed by 
maj()rity of the gas molecules. It is equal to 

(2RT . .. 
-VMO~(U8164x rms) 

. Most probable speed.iAverage speed .: nos speed • 

: : I : 1.128: 1224 

6. van der Waals' equation: It is au improVed form of 
ideal gaS' equation. It has ~ been derived after applying two 
cOrrections due to two· \\Tong assumptions. in kinetic theory of 
gases. Two corrections are: 

(i) volume correction, Yi = W - b ) and 

(ii) pressure correction, P; 
a 

P"bs. +-.., . 
V-

. The equatioo is (p + ~)(v -b) = RT forone'mole . 
. .. y2 .. 

and ( n2a) p + ~ 2 (V - nb)= nRT for' n'moles~ 

a and b are constants. Units of a are atm litl morl or Pa m 6 

mor:2 ~d 'units of b are litre Of" dm3 or m3
• This equation is 

applicable tn real gases. 
Real gases: These do not obey various gas laws strictly 

under aD conditions oftemperatbre.and pressure. Deviations are 
large under high pfessUfl!" and low tempenlture. . . 

Ideal gases: These obey laws strictly under all CQRditions.. 
Actually no gaS is ideal. .. .• . 

(a) A~ very low pressure 01" at Vel}" high temperature. Y is 
. a . " 

large, so y 2 and b can be negleeted.. The equation becomes 

PY == RT. i.e .• the gas behaves like ideal gas. 
. ·0 . 

(b) At moderate pressure. Y is l\Ot so large and ~ cannot lie. • 
.. .,' . y ..... . 

neglected However. b can be neglected."so that we have. 

(p+ ya
l 
)V=RT '. 

·0 
PY=RT--

Y 

(c)· At bigh pressure, Y is so small that bcanoot be neglected 
but a / Y 2 can be neglected .. Hence. th4: equation becomes· 

~ P(Y - b)=R~ . 

PY=RT+Pb 

(d) In case of Hz and He. the· intenno~ forces of"" 

attraction are negbgtole. i.e... a is vtly smaD,. so th3t. ~. can be 
. Y. 

neglected. The equation becomes 

P(Y-b)=RT 

.. PV=RT+Pb 
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',7. ' Compressibility factor: The extent of d~viation ofa 
real gas from 'ideal bebaVi~ur is expresse~in terms of 
compress~bility factor, Z. 

PV', .". 
Z -'-; Z is unitless quantity. 

" nRT 'l j,:;. 

(i) Forideal gas Z = I .. 

a - -' 1_ (for, all gases) 
v ~ 273 

At constant pressure, increase involum~ of a gas, per degree 
rise of temperature percc of gas at O"C is called coefficient of 
volume expansion., Similarly,.the pressure, coefficient' a p is 
defined as, ' . 

PI -:- Po 1 (l:' II' ) (ii) For real gas Z:;t 1. a p == = -, -' 1.or a gases 
When Z < 1, there is negative deviation from i4ealo'ehaviour . P0 x t 273 , . {7-

and the gas is' more compressible than itteaLgaS. (ii) CO, Nz., C2H4 and B2H.6 hllVe same moIir ma~s (28) and 
, . When Z> 1, there' is positive' deviation ~~ideal behaviour shoW sarr,e rate of diffusion under id(lIltical cOfiditions. , . . 
imd the gas is less compressible than ideal gast!· .' (iii), Atmolysis is the process 10 separate two gases on ·~he 

, 8.· Critical ph~n9menon:, (i) Critical temperature is that basis, of difference in their deIl$ities and rate of diffusion ... 
temperature' abovi which,tbegas caDnQtbe liquefied with the _, (i~) Average molecular mass of air is 29. If a gas has 
help o(pressure (ii) 'Critical pressure is the minimum pressure molecular mass less than air, it is lighter than air and if it has 
required to liquefy the gas at critical temperature (iii) Critical moleCular mass greater than air, it is heavier than air, e.g., Cl2 

. ,volume is the volume ,occupied by one, mole of the gas at its (71), CO
2 

(44) and S02 (64) are heavier than air, while H2 (2), 
critical temperatu~ and critical pressure. , ije (4), NH3 (17) and H20 (18) are lighter than air. 

. , '. a, Sa . ' 11. Transport pheno~ena of gases: 
, Vc = 3b: PI;=;:; 27b2 T: = 27bR """.~ (i) Collision diameter (0')= Distance of closest approach 

" Boyle's temperature: It is the temperature abovCII which ~he '. when two molecules are under collision. . 
gas behaves like.. an , ideal gas. In ~ of van der.Waals· 

, constants, . .:'. . ':'~.: 

,:,1 ":r~·: ~·:l"·.':~ 
. . .' a 

. Boyle's temperature(TB ) == -

.' . '. '. '. Rb 

. . .,' TB >Tc, • 

Inversiou temper-ature: Ii: is the temperature to which the 
. ' . gas li!hould be cooled so that expansion is accompanied by further 
cooling.·.'·.".',· '. 

9~ Molar "heat capacity: It is the quantity of heat 
, require~ ,to raise, the temperature of ~ne fuole ,of a substance 
. through JOC., . ' . . . , " , ) 

Mo.tar1ooatcapacity = SpeCific heat capacity x Molar mass 
(i) l\1olarneat capacity at constant pressure (C p ): IUs 

'theq~tityofbeatrequiredto raise the temperatUre of 1 mole of 
gas through 1°C Under Constant pressure. It is equal to Yz R. . 

, .. ' ...•. (ii)Molar heat· capacity at constaut volume (C v): 'It is . 

the quantity of heat required to raise the temperature of 1 mole of 
gasilirough 1°C unde.r constant yohimeL It is equal to ~ R. 

Cp -Cv =R 

" • "~DrmQ~oatomic~es,CP =1'=1.66 
' •. 1. '" ',' Cv' ; 

For diatomic ga~es. . C p = ~ R == lAO 
CvYzR 

. 'C 8R>4 . 
and fOJ: triatonnc gases, .2.. = - =- == 1.33 

Cv , 6R 3·· 

(Cp')~=:nl X(Cp)l+n2~Cph 
" . , Rl +n2 

10/'{i) Volume coefficient; a v ~ -;Vo -.-'-'-. 
Vo xt' 

I I, 
t4-- 0' ----JIt1 '/ 

(it) Collision number:. It is the number of collisions of a 
m()lecule with other molecules in one second. . 

N == .J'2nvav O'
2
N 

.c V 

where, vav == Average velocity of molecules 

N == Number of molecules 

V == Vf,llumeof triolecules 

(iii) Collisioll frequency (Z): It is the number of Jnolecula' 
collisions takitlg ptai;eper second per unit volum~.ofth~gas. 

, Z= ~1tVava2 (.N)2" 
.:' .' "1/2 V ' fI 

(iv) Mean fre~ path')", :' It is the ave.rage:qist;ancetravelled 
between two suecessivecollisions. ' ' . ." 

')",1 

.J'21ro 2 (~) 
')", /IX T (at constant pressure) . 

1 
')", /IX - (at constant temperature) 

p. 

A ex: 1. (at constant temperature and pressure)· 
a 

'12. 'Liquid state: Liquid state is conden~ed gas or molten • 
solid. ··Liquids have definite volume but no definite shape.' 
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Liquids diffuse slowly and ar~ almost incompressible. Some Or 
important properties of liquids are: The force per unitarearequi(ed to mamtainunit difference of 

It is the spontaneous change in which a ... velocity between two consecutive .parallellayers of the liquid 
liquid changes into vapours at the surface ofliquid. It increases which are one centimetre apart. It-isexpressed in dyne cm -2 S-I 

with increase, of surface area, increase in temperature and or poise. . 
decrease in inteimolecularforces. It causes cooling. The reciproct!l of coefficiept of viscosity is called tluidlty. 

,!"t'>:3s,m); It is the pressure exerted by the Liquids With hlw viscosity are'termed m6b:i).e while others with 
vapours of a liquid 4n equilibrium with the' liquid atJl, ''''high viscosity are called viscous. Viscosity is high in liquids with 
given temperature. It increases with increase -of temperature~ :. high intermolecular forces, high molecular masses and having 
Liquids with low intermolecular forces have high vapour branching in the chain of the molecule. Viscosity decreases with 
pressure. . . . . 

It is the temperature at whicli the vapour 
pressure of a liquid becomes' equal to atmospheric pressure. 
Temperature of the liquid remains constant after it etarts bolling 
as the energy supplied increases the potential energy but if!> 
kinetic energy remains constant. Boiling point changes with the 
pressure of surr07di(n;:.) , I:lH JI '( 1 ' I) 

<~ .' og PI = 2.303R 1) - T2 

where, at;l..v = latent heat of vaporisation; P2 and PI are vapour 
pressures at T2 and 1)., " ' 

0m'~a"i; ten:§llon: It is the force in dyne acting on the 
surface at right angles to any line of unit length. It decreases 
generally with increase in temperature. It is expressed in J m -2 or 

Nm-Iordynecm- I . 

(a) Surface tension is molecular phenomenon of liquid 
involving the force of cohesion among the liquid molecules. 

(b) Maximum potential energy of liquid molecules is on the 
surface. . 

(c) Surface tension is numerically equalto the surface energy, 
The work required to increase or extend the surface area by 1 sq. 
em is called surface energy. 

(d) Surface tension is a scalar quantity. 
(e) Sparingly soluble solutes like soap and detergent decrease 

the surface tension of the liquid; However, fairly soluble solutes 
like sugar and salt increase the surface tension of the liquid. 

(f) 'Liquid drops are spherical because liquid surface has a 
tendency to acquire minimum surface area. 

(g) Greater is the intermolecular. force, D?ore is the surface 
tension. 
e.g., Soap in water < Water < Mercury 

H20> C2HS OH > CH3 OCH3 

CHiOH 
1 
CHOH 

1 
CH20H 
Glycerol 

CH20H 
>1 

CH20H 
Glycol 

It is' the resistance in a liquid to flow. The 
force in· newton per square metre: required to maintain a 
difference of velocity of one metre per ~OJld between two 
parallel layers of a liquid ata distance of one metre from each 
other i~ called coefficient of viscosity. It is expressed in g m:-I s -I . 

increase in temperature. 
(vi) Reynold's nUIJlDer: The nature of flow of a liquid, 

through a tube depends on the value ofReynold~s numberN R'. 

N 
2rvp 

R --
11 

\where, r;:: Radius of the tube 
v = Average velocity of the fluid 
p = Density of liquid 
11 ;:: Coefficient of visCosity 

Case 1: When N R > 4000, the now is called turbulent flow. 

Case II: WhenN R < 2100, the flow is called larftinarflow. 

13. The solid state: The particles are closely packed and 
are hFld toge$er by streng intermolecular forces. The· particles 
cannot move at random. They have only vibrational motion. 
Solids' have definite· sWipe and definite volume. They possess 

c.highdensity"and low compressibility. :Solids are divided into two 
-, classes~ (i) amorphous solids' and (ii) crystalline solids. In 
amorphous solids, the arrangement of building constitUents IS not: 
regular but hap~d. Their mcl.ting points are not sharp¢ These 
are isotropic in nature, , .' , , 

In crystalline solidS, bUilding'constituents atTange themselves 
in regular manner throughQut' the entire three'-dinlensional 
network. Crystalline solids consisto{large n1lJ!lber of units called 
crystals. A crystal is defined as a solid figure which has definite 
geometrical shape with flat faces and sharP edges. It has a sharp 
melting point and anisotropic in nature: . ' 

14. Typ.es pf symmetry in crystals: The total nUmber of 
planes; axes and c~tres of symmetry possessed by a crystal are 
termed as elements of symmetry. ' 

'(i) Centre of symmeky: It is an imaginary point wi¢rin the 
crystal such that any line drawn through'it intersects the surface 
of the crystal at equal distances in bQth directions.· A crystal 
_ alw,,"ys possess only one centre of syn{metry. 

(ii) Plane of symmetry: It is.an imaginary plane which 
passes through the centre of a 'Crystal and-divides it into two equal 
portions such that one part 'is exactly the mirrdr image.of·the 
other. 
, . (iii) Axis of symmetry: It is an imaginary straight line 
about which, if the crystal is rotated, it will present- the same 
appearance more than once during the complete revolution. ' 

A cubic crysta'fpossesses a total of 23 elements of symmetry. ' 
15. Space- hittice and un}t cell: The, ge~metricai form 

consisting of a regular array of points in space is called a space 

I 
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lattice or an .lU'rny of ~int~ wowing how molecules.. atoms Of 

ions are lUTt\ngediu dltl'er~ut: sites, in tbfee..dimensiOMI space is . 
called ~. lattice, 

.T1w mWlt>it fOpoati~ unit in a SpaQe lattic~· whiQh wlwn 
oopoated over and over again f(I&ults in a crystal of tlw given 
su\:la~ce iii termed· ~t geU. A unit cell poss~ all the 
stt\lctural propertieso~ t~given ct'Y~t The edges of the unit 
cell are desijMted as "a. band c, tl.OO the angl~ between thfee 
ll\U\ginary axes as a., tl mld YNS~tively. . 

16~ Cry$(lll sys~,rn$: . ~ven types of hasic or primitive 
unit cells have been fec~ised among crystals. ~ aN: 

L Cubw . a:,;;; be :. c (t"" a ,; y 9(f NaCl. KCl. ZnS 

2 .. onllofhomhic 4::#:b~c Q,.::;,~ 'f "" 9()? .KNO:!. BaSQ4 

3. 'r~.wg®al . (l ",,/1 '" cd:;;;. fl '" y '" 9tf NH~Qr, SnO:f 

4. MOOOQlinic. a 'Ii b :;II. C l':( "" 'I:;; 9W • MooQQlimc sulphur, 
I.\.~ go:' caSO,* • 2H~O 

ail; b~r. Q.~*Y;; ~ CuSO<t·SH2O, . 
• . ~ a3aO~ .. 

Q ",1J, ~ C Q:;;; f:\ =i; ~; lnO. Agl. SiC • 
. ,,;;;;IN . 

1. Rhom~ «""H,;c «:;;;f:\:;;;y.9tJ' NaN~.CaC03 
AU Q~ 00 not have simple la.ttiQt)S. Theft) can he 14 

diffeNllt ways in wh~ similtw ptlints can be ammgedin a th.fee 
Qi~ s~, T~~tals ~longi"g toa oubk syst~n haw 
thNe kinds of l""~: . . 

(i) Sb.nple cubi~ Ja~c~i' Thew aN points only I.\t tb~ 
QQ.QWfS. Qf ~tlCh unit: . . 

(ii) , Fa~e~en~f't;~' ~~a,.i~ lattice:.. Th~w aN po~nts at the 
oo.n\(IfS ai!w(\ll as at the centre of ~aQh Qfthe ~x faces of the cube, 

(~1:l\WJy~c~p .. ed.cp~i,-;Jant~~L 'Thew aN points at ~ 
eQrnt)fS. as w~U ~ in Ui~ centw .of each cv"be, 
. , . Ty~ \\f~tti~ pOO.l! C~tiQn to ~ wU( ~ll 

c~ ~ 
E~ K .. 

. Fac~.wmrt< ~ 
800y~tr\i ' ) 

•. "~\\~ Qf alj~i metals ~~Q~ ~ of·Cs..... ~wn 
tw~ QX~. _ $\\lph~ of ~l~ wtb··:tMWs 
~~~ W Mdhalm· Q(.~lver ~~~ Ail ba'le ~ 
SAlt (NiCl ~) st~~, 

. • CsC •• Csllr. Cst, TiCl. T~ TU haw esC. ~ ~t\tN. 
• CUCl. C\\Bt. CuI, A3l. ~ ~w ~nQ. hl_ stf\\9tuw . 

(~AS~), • 

• StCl~, Stf'~. ·&Cl~, ~~, CdF l' agF ~ ht\~~ tluoril~ 
(C~:a)~-' . . 

• N(\~Q, K~O,~~s,. K~Shave anmluoo~(Li~O~) 
s~tuw. 

17.', ~~ag(~ Ja~:, W~ x .. ~s ar~ In!.1\d~. on a ~~w 
~c, th~~ ~~t\t~iuto ~ Q~~atl(\ ~~ ~~l~ .:tn· 
di~ut~ Ftom.~h oft~ p,l~ x~ aNQ~&Qt~, 

Bra~ presented a re!atiooship Mtwoen the wavelen!lth of the 
Xwrays and the distince between the planes, 

~""2dsina 

Where, 11 is an inwger such as. l.~, 3 ... ,' A is the wavdength, €I is 
the distance between ~ting pJaues. of particles<md e the angle 
of deflection Of glancing aJlgle. 

18. eh;\r_ct.th:s;Qfcqbic·systernll:. 
(i), Number of. atorns~ per unit. cell: (a) Shnplc c.ubjc 

• stTuc~ne atom PQr unit cell, (b) Fact}-centred cubic 
atmcture-4 atoms per unit cell and (c) Body·oontred cubic 
structUre:-2 atoms per un\t cell. 

(it) DtI)sity oflaJticematter "" If XM3. 
Noxa 

where; n is the number of atoms in wlit cell, M is the atomic mass 
. Of molecular mass.. No is Avogadro's number '\}ld a edge length 

Qfthe cullic unit celt '. . 
(ill) . At011\icradi.u$~ . 

.(a) Simpk cubic ool~RadiusQfatom a 
2 

(b) Fa\»Q(lnttOO cubic ceU'-""R~dius ofatom == ~ 
212 

(c) .&d)H~entfed cubic .U-Radiusoi;tom:: .J3 a . 4 
'" 

. I? Close.. packing, of constitueAts; It refers to the-
arrangement in which constituen~upy maximum available 
spape. The two common types of cl~ packing are: 

,(a) AB AB ." arnmgement This· gives hexagonal close 
packing. - . 

(be) ABC ABC '" arnmgement. This gives CUbical close-
~king, • 

In ~ packing of constituents. some interstitial si~s aoo 
left T~ ~tes aN te~ vtilds. ~ interstitial s.i~ between 
fQur sphews is tetrah~ and betwee-n six spheres is ootah~ . 
T~ ~e QCQupied by hard spheres in hop; cep (fcc) is 14%; 

in bQc it is 68o/~ in simple cubic it is 52% and in diamon<l it is. 
34O/~ thus. only fcc and hcpaN cl~ packed stl'\lC~s'" 

. (i)· hQp is ~1 in lW. M~ Ca. Cr, Mo. V anct.2n. 
(-i) QQP is p~nt in Fe. Cu. Ag. A\L, ~. At and N\, 
(m) bQQ .is ~nt in alkali metals, 
0'<') All ~ g~ ha"e C\lp structure except belium which 

has. hQP stf\\Qture. . . 
If < »' a.phews. aN PNSJmt tn packtng. th~ the numbers of 

te~l and ootahedral voids aoo 2n and n n:~tiv~ly. ' 
2(); TJt.~,:.coOJ:'d!n.atioJl! n.~~~r:. TOO n~aws.t neighbours. 

w_th whi~h a gi"en sphere is in cootact i&~led coordination 
~,It ~nds "pQn struc~. 

(a) ~ «uhWSlruQ~: ~iMtioo numb« :: 6 
(h) ~tNd ~ stNc~; c~natkm n\lIDbel' "" 12 
(c) ~~entredcu~ struc~; coordiMtioo numbfit "" 8 
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For iook solids, th~ {aUo of the: radi~ C)f cation \0 that Qf 
anion is caUe\! radiuS" mHo, The: ta.dius ta.uo for a givcm 
coordination n~mber is fixed, 

For radius ratio (0,155- (U~) wordination nl.lmller = 3 

For radius ratio (6,225- 0,414) wordination num~r= 4. • , 
For radius ratio (0,414- 0,132) coordination number = 6 

For radius ratio ({}, 732-1.0) cootdination numoor = 8 
. . 

21. lIfypes of crystals: ~ing upon the: Ra~ of 
forces that hold the constituent pa.rticl~s. together. in the: crystal 

. lattice, crystals ~ classlfie\!\nto four types: • 
.. (i) Ionic crystals: The fQrc.es are electrostatic,~ la~ 

points. are occupied by pos"iv~l~d. ne:gati'l~ly charged looS, ~ 
These crystals <U~ quite hard, haw low volatility and have: hig.h 
melting and boiling points.. These are ins\da\OfS. hl.lt bewme-good 
contructors in molten state, Th~se a~ solubl~ in polat solvtnts 
and highly brittle in natu~, NaCl. KCl. '&C1 2, etc" belong to this 
class. • 

. Oi) Coyalent crystals:', The wnstlwenl ~rtkl~. are the 
atoms of same or different elements. whi~ ~ hdd by strong . 
covalent bonds, These SQlids ~. ye:ry hard and have: very high 
melting points., Diamond and catOOnmdum ~lQ~ to this. class.. 

(iii). Metallic crystals: . Th~ m~alli~ cfyst~s. have positiv, 
metal ions. as. )attic~ points sult'Qunded by a sea of mobile 
electroni. Each electron belongs to a number ofpos.itive ions and 
each positive ion belongs \0 a number Qf e:l~trons, The f~e that 
binds. a metal ion to a number of ~lectrons is known as m~taUlc 
bond, Met~lliQ Qryst~ls' mOstly' belong. to fQC. bec I;Uld he-p 
systems, These are good conductQl'S, possess lustre: and aw hard, . 
tough. malleahle and ductile in na~, 

(iv) , Molecular crystals: The constitu~nt witsofm()l~ular
crystals are molecul~s, Th~ forces holdin~ the molecu.les ~ 
weak. van der Waals' fQrces, MQloo\lh.\r s~ds. ~ soft and 
vaporise easily. These: ~ bad conductors. Qf elootriQity and 
.p%sess.low den~ty,Examples aN ice. solid. CO~. etQ, 

/. 22. Ddects. in crystals: A~ ideal crystal is the on~ which 
has the same wit cell1loo.ntaining the same lattice points 

throughout the whole of the crystal. At absorutelet'O, the crystals 
are: ide:al put with rise in tempemtufe. 'there is a chance of 
distortion, . T~ def~t may ~. at a point along a line or over a 
surface. . 

(i) SchQttky defect: This def~t is cau.sed if some of the 
lattice points ~ woccupied, The Points which ~ unoccupied 
~ called vacancies or holes. The number of missing positive and 

. . negative ions is the same and, thus. the crystal is neutral. Such 
defect is conunon in ionic compounds with high coordination 
number where the ctations and anions are: of similar size, e.g" 

. Nap, KCl. KDr, etc. ' • 
(fi) Frenkel~: This defectt is cau.sed when some of the 

ions Qf ~ latti~' ~upy interstitial sites leaving lattice sites 
vacant ~his defoot appears generaJly in ionic crystals in which 
anion is much latger in sae than th .. cation, e,g .. Agar, ZnS. 
.. In ~hottk.y defoot, density decteases while in Frenkel defect it 

remains the same, In both the defects. electrical conductivity is 
observed to SQOl.e: extent The ovetall ~hero.ical cOmposition of 
the substance dOes. not change, Howe., there ~ other defects 
in which there is change in ovet'all chemical combination, Such 
defects ~ ~ aq.s~tfk defects. In such crystals, 
there i~~ of oitbel' pooitive pmicles or negative particles, 
Howev •• the ~s~ is. neutn\l in natwo,' 

Positive particle excess defects: (i). A. negative ion may 6e 
missing ooro. the lattie» site which is ~Up\~ by an extra 
~lecttron. (ii) An ~itta'l)()sitive particle i& pment in the interstitial 
position, T~ maintain neutrality, an extra el~tron also occupies a 
pla.~ in the intetstitial sJ)aCf. Such crystals are u.sually col~ 
and semiconduQtors.. 

Positive particle deficiency defect! One of the positiv~ 
~les may ~ missing. from its lattice site, The extra negative 
charg~' may be balan~ if a nearby positive particle aQqwres 
~~tra :pQsitive ch~, ~h ~stals are alSQ semtcxmductors., 
J3x.ample-s. Me: FeO, FeR NlO, etc, 
C~in ®f~ts in crystals arls.e du.e to Pfe~~ of chemical 

impurities. Ih~1l' are bQ.wn as impuritydll'~ts, . 
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-10 Ma~'l"TIx Mat,-;h Type QU!':3tlolD§: 
[A]Match the crystalline solids in Colun'm-I with the 

coordination number of their ions in Column-II: 

Column-II Column-I 
(a) CsCl 

(b) CaF2 

(c) ZnS 

(d) Na 20 

(P) Coordination number of cation = 8 

(q) Coordination number of anion = 4 

(r) Coordination number of cation = 4 

(s) Coordination number of anion = 8 

[B] The diagrams below depict the different processes for a 
given amount of an ideal gas_ Match the Column-I and 
Column-II: 

l~ 
v-
(i) 

T-
(iii) 

i -7 initial state, 
f -7 final state 

l.~ 
11N -,-+-

(ii) 

T-
(iv) 

Column-I Column-II 

(a) Fig. (i) : System proceeding (P) Temperature will' 
from initial state to final state remain constant 

(b) Fig. (ii) : System from initial (q) Pressure will 
state to final state 'decrease 

(c) Fig. (iii) : System proceeding (r) Volume will be 
from initial state to fmal state' constant 

(d) Fig. (iv) : System proceeding (s) Temperature may 
from initial state to final state mcrease or 

decrease or may 
first increase and 
then decrease 

[C] Match Column-I with Column-II for ideal gases: 

Column-I 

( a) If temperature of given 
gas is increased 

(b) If the pressure of a given 
, gas is increased at 
'constant temperature 

(c) If the den~\ty of a given 
'gas is lowered at ' 
constant temperature 

(d) If the volume of a given 
'gas is increasc;d at 
constant .fOmpeJ;,ature , 

'\"" ' 

Column-II 

(P) Average speed of gas 
will increase 

(q) Root mean square 
speed of gas molecules, 
will increase 

(r) Most probable speed of 
gas molecules will 
increase 

" 

(s) Speed of gas molecules 
will not change ' 

[D] Match the Column-I with Column-II: 

Column-I Column-II 

(a) Boyle's temperature (P) a/Rb 

(b) ~ (Inversion temperature) (q) 8a/27Rb 
2 

(c) Critical temperature (r) The gas cannot be 
liquefied above this 
temperature, on 
applying pressure 

(d) Critical pressure (s) a/27b2 

[E] Match the Colunln~I with Column-II: 

.column-I Column-II 

(a) Real gas at high. (P) PV=RT+Pb 
pressure 

(b) Force of attraction (q) PV= nRT 
,among gas molecules 
is negligible 

(c) At high temperature (r) 2=1 
and low pressure 

(d) Real gas at N.T.P. (s) (p+ ;22}V - nb)= nRT 

[F] Match the Column-I with Column-II: 

Column-I 

(a) Internal energy of gas 

(b) Translational kinetic 
energy of ~as molecules 

3 
(P) 2RT 

(q) ~RT 
2 

Column-II 

(c) The temperature at which (r) ....:J.73°C 
, ~here ill no molecular 

motion 

(d) The lowest possible (s) 3.716 kJ at 298K 
temperattire at which gas 
molecules have no heat 

[G] Match the Cp'IUmJ,,-I with Col\lmn·II: 

, Column-I (A)lumn-II 

(a) NaCl (PJ Schottkydefimt 

(b) ZnS (q) Frenkel defect 

(c) AgBr'L (r) 'Develops yellow colour on heating 
due to F-centre 

(d) KCl (s) Develops blue/violet colour.on 
heating due to F-centre 
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[H] Match the crystalline. solids in Column-I with packing 
arrangement in Column-II: 

Column-II Column-I 

(a) CaFz 
(b) NaCI 

(P) Cations are in ccp arrangement 

(q) Anions are in tetrahedral voids . 

(c) ZnS (r) Anions are in ccp arrangement 

(d) Na20 (s) Cations are in octahedral voids 

[I] Match the crystal system in Column-I with unit cell 
dimensions in Column~I1: . 

Column-I Column-II 

(a) Cubic (P) a=b=c 
(b) Rhombohedral (q) ex == ~ = y 9a' 
(c) Orthorhombic (r) a:#b:#c '" 
(d) Triclinic (s) ex:# () ;i!: y :# 9a' 

[1] Match the crystal system in Column-I with Bravais lattice 
in Column-II: 

1. [A] (a p, s); (b - p, q);(c - q, r);(d - r, s) 
[B] (a- s); (b -p); (c-r); (d-q) 
[C] (a-p, q, r); (b-s); (c-p, q, r); (d s) 
[D] (a - p); (b ---' p); (c - q. r); (d - s) 
[E](a p); (b-p); (c-q, r);{d-s) 

m~-~~~(b-~~~-~@ ~ 

-
1. A gas occupies a volume of 250 cm3 at 745 torr and 25°c' 

What atlditional pressure is required to reduce the gas volume 
to 200 cm3 at the same temperature? 
[AiDS. 186.25 torr]. 

2. A vessel of 120 cm3 contairis ~. certain mass of a gas at 20°C 
and 750 torr pressure. The gas was transferred to a vessel of 
volnme 1'80 cm3

• Calculate the pressure of the gas at the same 
temperature. . 
[Ans. 500 torr] . 

3. A gaseous system has a volnme of 580 cm3 at a certain 
pressure. If its pressure is increased by O.96Jiiltm, its volume 
becomes. 100 cm3

. Determine the pressure of the system. 
[Ans. 0.2 atm] 
[Hint: p.;< 580 == (P + 0.96)100] 

4. A gas filled freely collapsible balloon is pushed from the 
surface level of a lake to a depth of 50 m. Approximately what 
per cent of its original v.,lnme will the balloon finally have, 
assuming that the gas behaves ideally and temperature is same 
at the surface and at 50 m depth? 

Column-I 
(Crystal System) 

(a) Cubic. 

Column-II 
(Bravais lattice) 

(P) Primitive only 

(b) Hexagonal (q). Pri~tive, body centred 

(c) Tetragonal (r) Primitive, face centred, body 
centred . 

(d) Orthorhombic (s) Primitive, face centred, body 
centred and end centred 

[K] Match the Column-I with Col.umn-II: 

Column·I Column-II 

f3P 
(a) Root mean square velocity (P) Vd 

~3:T (b) Average velocity (q) 
. oif~ 

(c) Most probable velocity (r) ~ 
(d) Velocity possessed by /2RT . 

maximum fraction of (s) v--;;-
molecules 

[GHa p, r); (b - q); (c p, q); (d - p, s) 
[H](a p, q); (b r, s); (c q); (d - q) 
[I](a p, q); (b p); (c q, r); (d - r, s) 
[J] (a - r); (b p); (c q); (d - s) 
[K](a p, q); (b. r); (c s); (d- s) 

PROBLEMS-
[AilS. 17.13] 
[Hint: 11 == Pressure at the surface:; 1 atm 

== 76.0 x 13.6 x 981 dyne/cm2 

Pz == Pressure at a. depth of 50 m 
. = 76.0 x 13ix 981 + (50 x 100) x 1 x 981 dyne/cm2 

== 981 [76.0 x 13.6 + 5000] 

= 981 x (6033.6) dyne/cm2 

Now apply Boyle's law; PI VI :; PzVz 
or == 76.0 x 13.6 x 981 = 0.1713 

VI P2 ' 981 x 6033.6 

% = 0.1713 x 100 = i7.13] 
5. A sample of gas at room temperature is placed in an evacuated. 

bulb of v61ume 0.51 dm3 and is found to exert a pressure of 
0.24 atm~ The bulb is connected to another evacuated bulb 
whose volume is 0.63 dm3

• What is the new pressure' of the 
gas at room temperature? 
~<\ns. 0.1074 atm] 

/ 
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6. It is desired to increase the volume of 800 cm3 of a gas by 20% 
keeping the pressure constant. To whattemperature should the 
gas be heated, if the initial temperature is 22°C? 
[Ans. 81Q.c] 

7. A chamber of constant volume contains hydrogen gas. When 
the chamber is immersed in a bath of melting ice (O°C) the 
pressure ofthe gas is 800 tOtT. What pressure will be indicated 
when the chamber is brought to 100CC? 
[Ans. 1093 torr]" 

8. Calculate the volume occupied by 4.045 x I 0~3 molecules of 

oxygen at 27°C and having a pressure of700 tOtT. 
[Ans. 17.97 dm).] 

[H' Nfl " 4,045 x IOn 0 672' P 700 , . lOt: o. 0 roo es n :: '3:::';;; - atm 
6.023 x 1O~ '760 

Now Use the gas equation, PY ::: uRT ] 
9. Calculate the moles of hydrogen present in a 500 cm3 sample 

of hydrogen gas at a pressure of 760 rom ofHg and 27°C. 
[Ans. 2.03 x 10-2 mol] 

(Hint: 500 cm3 :: 0.5 L, 760 rom ofHg = I atm. Now apply the. 
. py) 

gas equation, u '= RT 

10. Calculate the volume occupied by' 4 mole of an ideal gas at 
2.S x Iff Nm-2 pressure and 300 K temperature. 

[Ans. 39.9 dro3
] 

[Hint: Y "" nRT , Given, n:: 4; R:::: 8314 NmK-1 mol-I; 
l' 

T = 300;1'= 2.5 x lOS Nm-2) i\ 

11. What is the volume occupied by 11 g of carbon dioxide at 
27"(; and 78.0 rom ofHS pressure? 
[Ans. tiliUe) 

(Hint: 780 rom of Hg = 780 atm; w '= 11 g; M "" 44 g mol-i. 
760 

w RT 
NowapplyY:: M .-;;-] 

12. A certain quantity ()f a gas occupies 200 mL when collected 
OVef watetat 15"C and 745 rom pressure. It occupies 182.6 mL 
in dry state at NTP. Firui the vapour pressure of water at 1 soc. 
IAns. Bmm] 

13. The density of a gas i~ found to be U)7 ~ L -I at 30°C and 2 

atmospheric pressure, What is its density at NTP? 
lAos. 1J49;L -I) 

[Hiot: Apply Dl~' D.. F.I :: -:- R~"" P,. = -'" RT? 
M - M -

~;~ 1 
Dl', Dili 

14. At ~ top of a mountain." the ~m.eter reads O°C and the 
~ef ~ 700 mm Hg., At the bottom of the- mountain 
the ~~ ~ lODe and \~ pressure 160 mm Hg. 
Com~ the ~ty of ~ ail' at the top with that at the 
oon~ 
[Ans. t.~ : I} 
[Hint: Density is in\'~tscl.}' ~ to "'~. 

dtQp- "" VI> '" T~I: ;: 303 x 100 '" un ] 
~\O)ft\ VI 1; ~ 213 x 166 1 

15. Calculate the volume occupied by 5 g of acetylene gas at 50°C 
and 740 rom of pressure. (liT 1991) 
I Ans. 5.23 litre] 

16. Calculate the volume occupied by 7 g of nitrogen gas at 27°C 
and 750 rom Hg pressure. (MLNR 1992) 
(Aos. 6.24 IiUe] 

17. A spherical balloon of 2 I em diameter is to be filled up with 
hydrogen at NTP from a cylinder containing the gas at 20 atm 
and 27°C. The cylinder can hold 2.82 litre of water at NTP. 
Calculate the number of balloons that can be filled up .... 

(MLNR 1991) 
[Aos. 10] 

[Hiot: Volume of one balloon 

;: ~ nr3 ;: ~ x 22. x (21)).;: 4851 cm3 

3·372· 
;: 4.851 litre 

Let n balloons be filled; thus,. total volume of hydrogen used in 
filling balloons '.~ 

;: 4.85 I x n litre 
Total volume of hydrogen in the cylinder at NTP, 

Y =: 20 x 2.82 x 273,:::: 51.324 litre 
300 x I 

Actual volume ofH" 'to be transferred to balloons 
;: 51.324 - 2,82 (2.82 litre retained in the cylinder) 
:::48.504 litre 

. . 48 504 
No. of balloons fined' n' '" -'- == 10] . 

, . 4.851 
18 •. An open vessel at 27°C is heated until three--fifth of the air in it 

has been expelled. Assuming that the volume of the vessel 
remains coostant. fmd the' temperature to which the vessel has 
been heated? (MLNR 1990). 

lAos. 477"C) 
[Hint: Both volume and pressure are constant as the v:essel is 
open, 

.'.e., nlBTI :;: n/tT2 

or "l""li 
"2 TI 

3 2 
If Il, ;:. 1, I~;: 1 - -_. 5 

5 T~ - ::; -=- or T? ;: 750 K 477' C ] 
2 300 -

19. A gaseous mixture of He and 02 is found to have a density of 

0.518 g L -1 at 25"C and 720 torr, What is the per cent by mass 

ofheliwn in this mixture? 
[Ans. 19.88] 

(Hint: first detennioo the average molecular mass and then 
nUmbel- Qf ndes. ofheliwn and ox.ygen. 

MoleS t)fhel~ = 0.665~ Moles. of oxygen = 0.335 
u_~ f>..-*ti 4 x (t665 100 
1,..,..".". per cent 0 no:1 wn => x 

4 x 0.665 + 32 x 0335 

::: 19.831 
20. A sample ofoatural gas is 85,20/ .. methane and 14.&0/0. ethane 

by ~ What is the density of this mixture at IgoC and 748 
mmHg?' 
[ADS. 0.74gL-1] 

~. 



STATES OF MAnER 285 

[Hint: Molecular mass of mixture, 

M = 85.2 x 16 + 14.8 x 30 13.632 + 4.44 "" 18.07 
100 100 

PM dRT 

d = PM = 748 x 18.07 _ 0.74 L-I ] 
RT 760 0.0821 x 291 g. 

21. 125 mL ofa gas A of pressure 500 mm is mixed with 200 mL 
of another gas B at a pressure of 300 mm in a vessel of 150 mL 
capacity. What will be the total pressure of the resulting 
mixture if the temperature is kept constant? 
LAns. 816.67 mm] ... 

22. Two vessels' whose volumes are in the ratio 2: 1 contain 
nitrogen and oxygen at 800 mm and 680 mm pressures 
respectively, when they are connected together what will be 
the pressure of the resulting mixture? • 
[Ans. 760 mm] 

23. A 10 litre flask at 298 K contains a gaseous mixture of CO· and 
CO2 at a total pressure of2 atm. If 0,20 mole of CO is present, 
find its partial pressure and also that of CO2, 

[Ans, Partial pressure of CO::: 0.49 atm; partial pressure of 
CO2 = 1.51 aim] 

24. Calculate the total pressure in a mixture of 4 g of oxygen and 
3 g of hydrogen confined in a total volume of one litre at o°c. 

(MLNR 199.1) 
[Ans. '25.18 atm] 
[Hint: Determine total number of molts and then apply 
PV = ~otu,RT ] 

25. A gas cylinder contains 5-5% nitrogen, 20% oxygen and 25% 
carbon dioxide by mass, at 760 mm pressure. Calculate the 
partial pressure of each gas. 
[ADs. 472.8 mm, 150.44 mm, 136.74 mm] 

,26. The density of a mixture of N2 and 0. at NTP is J..3 gL -I. 
Calculate partial pressure ofO., 
tAns. 0.28 atm] 
[liint: Let //, and 112 moles of N2 and O2 be. present in the 
mixture respectively. 

. . 28111 + 3211:1, 
... Average molecular mass of the mixture = ... (I) 

III +112 

Average molecular mass from'general gas equation, 

M= D x RT 1.3. x 0.0821 x 273 = 29.137 ... (ii) 
P I 

So; ,,2~1l,"+ 32~ = 29.137" or = 1.137 
III + //2 Itt +112 

or = 0,28 = ,mole fraction of oxygen 
~+~ . 

~artial pressure of 02 := 0.28 xl::: 0.28 atm] 
27. At a definite pressure and temperature, 100 mL of hydrogen 

diffused in 20 minute. How long will 40 mL of oxygen take to 
diffuse under similar conditions? 
[ADs. 32 minute) 

28. At a given temperature and pressure, 20 mL of air diffused 
through a porous membrane in 15' second. Calculate the 
volume of carbon dioxide which will diffuse in 10 second if 
the vapour density of air is 14.48. 
[Afts. 10.8 mL] 

29. At room temperature, ammorua gas at. one atmospheric 
pressure and hydrogen chloride at P atmospheric pressure are 
allowed to effuse through identical pinholes from opposite 
ends of a glass tube of one metre length and uniform cross 
reaction. NH4 CI is first formed at a distance of 60 cm from the 
end through which HCl gas is sent in. What is the value'of P? 
[Ans. 2.198 atm] 

r;;;- . 
[Hint:' rHel == I ~ X PHC1 ] 

rNH3 V MHCI PNHl 

3<1. 'The rate of effusion of an unknown gas (X) through ~ pinhole 
is found to be 0.279 times the mte of effusion of hydrogen gas 
through the same pinhole, if both are at STP. What is the 
molecular mass ofthe unknown gas? [CEE (Bihar) 1991] 
[Ans. 25.69] 

31. In a 2 m long narrow tube, HCl is allowed to diffuse in the tube. 
from one end and NH3 from the other end. If diffusion is 
started at the same time, predict at what poitit the white fumes 
ofNH4CI will form? . 
[Ans. NH4CI will form at 1.1886 m from the NH3 end of the 
tube] 

32. The composition of air is approximately 80% N2 and 20%02 

by mass. Calculate density of air at 293' K and 76 cm Hg 
pressure .. 
[Ans. 1.19 g L-1] .. . 
[Hint: D,etermine first average molecular mass of air and then 

PxM 
apply D = RT av ]. 

33. Calculate the internal energy of one gram mole of nitrogen at 
150°C assuming it to be an ideal gas. 

.[A.s. 5.275 x 1010 erg] 
34.' Calculate the kinetic energy of 5 mole of a gas at 27°C in erg 

and calorie. 
[Aos. 1.8706 x Wi' erg, 4477, cal] 

35. A glass tumbler containing 243 mL of air at 100 Jd>a and 200e 
is turned upside down and immersed in a water bath to a depth 
opO.S metre. The air in the glass is compressed by the weight 
of water above it. Calculate the vohlme of air in the glass 
assuming the temperature and the barometric pressure have 
not changed.? ' 
[ADs. 80.7 mL] 
[Hint: Hydrostatic pressure = h x d x g 

-= 20.5 x 1 x 9.81 
'= 201.105 kPa 

Inside the water bath atmospheric pressure and hydrostatic 
pressure acts; • 

F:otal = 100 + 201.105 = 3Q 1.105' kfa 
P1VI =P2V2 

100 x 243 = 301.105 x V2 
V2 := 80.70 mL] 

36. Calculate the rrns speed. of the molecules of ethane gas of 
volume 1.5 litre at 750 mm of Hg pressure. 
[ADS •. 1.225 x 104 cm/sec] 

. 37. The density of a gas at 1.5 atm is 1.52 g L-1
• CalCulate the nns 

speed of the molecules of the gas. 
[Ans. 5.476 x 104 cm/sec] 
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38. At what .temperature will the rms speed of hydrogen be the 
same as that of oxygen at 25°C? 
[Ans. 18.62 K or - 2~4.38° C] 

39 .. Calculate the 'average rms and most probable speed of S02 

molecules at 27°C. 
[Ans. 3.15 x 104 cm/sec, 3.419 x 104 cm/sec, 

2.792 x 104 cm/sec] 

40. The. average speed at temperature 11 and most probable speed 

at T2 . of CO2 gas is 9 x 104 cm/ sec. I;;alculate the values of 

11 and T2• 

[ADs. 1682.5 K, 2143.4 K] 
4 L How many times would the average molecular speed of 

nitrogen increase as its temperature is raised from -73°C and 
127°C? 
[Ans. 1.414 times] 

42. A 4 : 1 molar mixture of He and CH4 is contained in a vessel at 

20 bar pressure. Due to hole in tlie vessel the gas mixture leaks 
out. What is the composition of the mixture effusing out . 
initially? ~ (in 1994) 
[Ans.8:1] 
[Hint: Partial pressure ratio of He and CH4 is 16 : 4. 

For diffusion rHe _ ~MCH4 X PHe 

rCH 4 M He PCH4 

nHe = {16 x 16 = 8 
ncH4 V4 4 

i. e. , mole ratio of diffusion for He and CH4 is 8 : 1.] 
43. Pure 02 diffuses through an aperture in 224 second, whereas 

mixture of O2 and another gas containing 80% 02 diffuses 
from the same in 234 second. What is the molecular mass of 
gas?' 
[Ans. 46.6] 

44. 56 g of nitrogen are confined to a 6 litre flask at 37°C . 
. Calculate its 'pressure using van der Waals' equation for 
nitrogen. a = 4.17 atm litre2 mol-2 and b = 0.037 litre mol-I. 

[Ans. 8.1l75atm] 
45. One mole of carbon dioxide was found to occupy a volume of 

1.32 litre at 48°C under a pressure of 16.4 atm. Calculate the 
pressure that would have been expected froni: . 
(i) the ideal gas equation, 

(ii) van der Waals' equation. 

(a = 3.59 atm litre2 mor I; b = 4.27 X 10-3 litre mol-I 

and R = 0.0821litre-atm K-I mol-I) 

. [Ans-: (i) 19.96 atm (ii) 18;64 atm] 

46. GfllCJflate'the compressibility factor for S02, if 1 mole of it 

occupies 0.35 litre at 300 K and 50 atm pressure. Comment on 
the result. 

[Hint: Z= PV = 50 x 0.35 = 0.711 
nRT 1 x 0.0821 x 300 

Since, Z < 1; the gas S02 will be more compressible than ideal 
gas.] 

4~i The average velocity of gas molecules is 400 m/ sec. Calculate 

its rms velocity at the same temperature. (lIT 2003) 
[Alls. 434 m/sec] 

48. A chamber contains mono atomic 'He' at STP, determine its 
number density. 
[Ans. 2.68 x 1025 m -3] 

[Hint: Number density = .!... 
kT 

(where, k= Boltzmann constant) 
PV =nRT 

. R 
=(nxN )-T 
. N 
= (n x N )kT 

P nxN .. 
- = -- = number denSity 
kT V . . 

.Number density = 1.01 X2!05 = Z.<i8 X 1025 m-3 ] 
1.38 x 10 x 273 

49. Two perfect gases at absolute temperature 11 and T2 are mixed. 

. There is 1\0 loss of energy. Find the temperature of the mixture 
if masses of molecules are ~ and "Iz and the number of moles 

_0f'i:he gases are nl and n2 respectively. 

T __ nlTI + nzT2 ] [Ans. 
nl + nz . . 

[Hint: Let final temperature is T 
333 
- niRTI + - nzRT2 = - (n i + nz)RT 
2 22. 

T = niTI + nzT2 ] 

ni + nz 

50. van der Waals' constant' b' for oxygen is 32 cm3/mo!. Assume 
b is four times the· actual volume of a mole of "billiard-ball" 
O2 molecules and compute the diameter of an 02 molecule. 

51. The speed often particles in metre/sec are 0, 1,2,3,3,3,4,4, 
5 and 6. Find (a) average speed (b) the root mean square speed 
(c) most probable speed. . 

[Ans. cav = 3.1 m sec-I, Sm, = 12.5 m sec-I, '1np = 3 m sec-I] 

52. Using van der Waals' equation, calculate the constant' a' when 
~o moles of a gas confined in a four litre flask exerts a 
pressure of 11 atm at a temperature of 300 K. The valUe of' b' 
is 0.05 litre mol-I. (II~ 1998) 

[Ans. 6.46 atm litre2 mor2
] 

53. (a) Calculate the pressure exerted by 5 moles of CO2 in one 

litre vessel at 47°C using van der Waals' equation. Also, reRort 
the pressure of the gas if it behaves ideally in nature. Given 

. that a = 3.592 atm litre2 mol-2, b = 0.0427 litre mol-I. 

(lIT 2002) 
(b) If volume occupied by CO2 molecule is negligible, then 
calculate tqe pr~ssure exerted by one mol of CO2 ga,sat 273 K. 

. (Ill' 2000) 

.lAns. (a) 77.218 atm, 131.36 atm and (b) 0.9922 aim] 
54. A compound alloy of gold and copper crystallises in a cubic 

lattice. in which gold atoms occupy corners of cubic unit cell 
and copper atoms occupy the centre of faces of cube. What is 
formula of alloy compound? 
[Ans. AuCu 3] 

55. A compound formed by elements A and B crystallises in the 

cubic structure where A atoms are at the corn~rs of the cube 
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and Batoms at the centre of the cube. What is the formula of 
the compound? 

AB] 
56 A fcc element (atomic mass == (0) has a cell edge of 400 pm. 

What is its density? 
[i\ reS·. 6.13 g Cm'-3] 

Apply density = Z X M ,Z= 4 and V", (4 X 10-8 )3 
NoxV 

cm3 (1 pm = 10-12 m:::; 10-10 em)] 

The face-centred unit cell of nickel has an edge length of 
352.39 pm. The density of nickel is 8.9 g cm-3

. Calculate the 
value of Avogadro's number. The atomic mass of nickel is 58.7 
and 1 pm is equal to 1O-1Ocm. 

6.029 X 1023
] 

:;~, The unit cell of aluminium is a cube with an edge length of 
405 pm. The density of aluminjum is 2.70 g em-3

. What type 
of unit cell of aluminium is? 
[i,.as. The unit cell is face-centred] 

Apply the formula, density = Z x M and find the value 
NoxV . 

ofZ.] . 
59" A substance forms face-centred cubic crystals. Its density is 

1.984 g cm-3 and the edge length of the unit cell is 630 pm. 
Calculate the molar mass of the substance. 

[A[['~' 74.70 g mOrl] 
5Q', Molybdenum forms body-centred cubic crystals whose 

density is 10.3 g em -3. Calculate the edge length of the unit 
celL The molar mass ofMo is 95.94 g mol-I. 

[.~[,s. 313.9 pm] 

An element crystallises in a structure having a fcc unit cell of 
an edge 200 pm. Calculate its density if 200 g of this element 
contains 24 x t 023 atoms. 

4.166 g cm-3] 

200 
[Hbt: Molar mass: x 6.023 x 1023 = 5fr.19 g morl 

24 x 

For fcc, Z = 4, V = a3 (200 x 10-10
)3 

Apply density = ~ ] 
'. NoxV 

61.. The element chromium exists in bcc lattice. with unit cell edge 
2.88 x 10-10 m. The density of chromium is 7.2 x I(Y kg m-3

. 

How many atoms does 52 x 10-3 kg of ChrOinium contain? 

6.04 x 1023] '.} 

Q'i.J. A cubic solid is made up of two elements P and Q. Atoms Q 
are present at the corners of the cube and atoms P at the 
body-centre. What is the formula of the compound? What are 
the coordination numbers of P and Q? 

PQ, 8, 8] 

e,,', , A metallic element crystallises into a lattice containing a. 
sequence of layers of AB AB AB ... Any packing of spheres 
leaves out voids in the lattice. What percentage by volume of 
this lattice is empty space? (lIT 1996) 

[Ans. 26%] 

6-5.. A lead(II) sulphide crystal has an NaCI structure. What is its 
density? The edge length of the unit cell is' 500 pm. 

No 6.023 x J 023
; atomic mass: Pb = 207.2, S = 32. 

12.708 gem-3
] 

The unit eell of metalli:c gold is face-centred cubic. 
(a) How many atoms occupy the gold unit cell? 
(b) What is the mass of a gold unit cell? 

(a) 4 atoms (b) 1.308 xl021 g] 

C. 7. Polonium crystallises in a simple cubic unit celL It has atomic 
mass 269 and density 91.5 kg m -3

• What is the edge length of 
its unit cell? 
[AsS', .15 . .59 x 10-8 em] 

The unit cell of nickel is a face-centred cube. The length of its 
side is 0.352 nm. Calculate the atomic radius ofnickeL 

O.I24nm] 
69. Determine the simplest formula of an ionic compound in 

which cations arl; present at the comers and the anions occur at 
the centre of each face. 

AB3; A and B are cation and anion respectively.] 

Sodium metal crystallises in a body-centred cubic lattice'with 
cell edge, a = 4.29 A. What is the radius of sodium atom? 

(lIT .1994) 
1.8576 A] 

[HiEt: 4r .J3a] 

: J' • If three elements P, Q and R crystallise in a cubic type lattice 

with P atoms at the corners, Q atoms at the cube centre and R 
atoms at the edges, then write the formula of the compound. 

PQR3] 

The first order reflection of the beam of X-ray from a given 
.crystal occurs at S'15'. At what angle will be the third order 
reflection? 

15° 56 '] 
The figures given below show the location 'of atoms in three 
crystallographic planes in a fcc lattice. Draw the unit cell for 
the corresponding structure and identify these planes in your 
diagram. (liT 2000) 

~m~ 
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-PYOBlECI!!e gUEmoNs · 
Set-1: Questions with single correct answer 

1. At constant temperawre, the product of pressure and volUlne· 
ofa given amount ofa gas is Constant. This is: 
(a) Gay-Lussaclaw (b) Charles' law 
(c) Boyle's law (d) Pressure law 

2. A curve dra~ at constant temperature is called an isothenn. 
This shows the relationship between: 

(a) P and.! (b) PVand V 
V . i 

(c) V and P (d)P and V 

3. Charles' law is relJresented mathematically as:· 

(a)~ ". KV()1 . (b) l't "" KVo 
t 

(c) ~.""Vo(I+2;3} (d) ~ =:Vo(l+ 2~3) 
4. Correct gas equation is: 

(a) IV! ",,1; 
P:<V2 T2 

(c) ~1[ = P'J,T;2 
Vi Vi 

[UGET (Manipal Medical) 2006) 

(b) ViT2 "" Vl 71 
PI Pl 

(d) ViV, = p, P. 
1[T2 I '). 

5. In general gas equation, PV = nRT, V is the volume of: 
(a) n moles ofa gas (b) any amount ora gas 
(c) one mole ofk gaS (d) one gram ofa gas 

6~ In the equation of state of an ideal gas PI' = nRT, the value of 
universal gas constant would depend only on: (CPMT 1991) 
(a) the nature of the gas (b) the units of measurement 
(c) the pressure of the gas (d) the temperature of the gas 

7. The value of gas constant per degree per mol is approximately: 
WI~ 002~ ~3~ 004~ 

8. Which one ofthe following is not the value of R? 
(a). 1.99 cal K-1 mol-I (b) 0.0821Iitre:atln K-1 mol-l 

(c) 9.8 keal K-1 mot' (d) 8.3 J K-1 mol-I 

9. One litre of a gas collected at NTP will occupy at 2 
. atmospheric .pressure and 27"C: 

300' r ~ (b) 2 x 300 I'tre 
(a) 2 x 273 ltre . , "2n 1 

) 273 r (d) 2 x 273 litre 
(c -- ltre • 300 2x 300 

10. 10 g of a gas at atmospheric pressure is cooled from 273°C to 
O°C keeping the volume constant; its pressure would become: 

I I . • (a) - atm (b) -.- atm (c) 2 atm (d) 273 atm 
2 ' 273 

11. 56 g of nitrogen and 96 g of oxygen are mi)(ed isothermally 
and a total pressure of 10 atm, The partial,ressures of oxygen 
and nitrogen (in atm) are respectively: I PET (KeraJa) 20101 
(a) 4, 6 (b) 5,5 (c) 2,8 (d) 8,2 
(e) 6,4 

S6 
[Hint: liN '" - "" 2; 

I ~ 28 

II-rl =xN~ X~()tal 
l 

= xIO=4atm~ 
l+ 

Po, :: lO-4 = 6atm] 
12. 273 n'll. of a gas at stP was tlkel\ In ~7"C Ul\(l\SOO mm ~\lrt, 

the final volume ()fthe gas \\IOllld be: . (CPMT 1992) 

tal 273 mt (b) 300 mt • 
(c) 380 mt (d) S8~ mt • 

13. The density ot'the aas is equal to:. (CBSE 1991) 
(8) tIP (b) }JPIRT (e) Pj~T (d) MW 
[P = PressUl'e, V::: Volul\te, r::: temperat\ll"e; R = Gas 
constant; It = nllmber()fmole, AI = mol~ularmass] 

14. The density ()fa gas is 1.96,4 g dm -s at 273 K and 16 em Ha. 
the gas is: . . (KeET 2006) 
(a) CH.. (b) C21\ .(c) COl (d) Xc 

15. Compressed oxygen is sold at a pressure ()f 100 atMosphere In 
8 cylinder of 49 litre, the number ()f 1\\()les of o~b:\ the 
cylinder is: .. 
(a) 400 (b) 100 (e) 'lOG (d) :tOO 
[Hint: One mole occupies a volume approi~mately l4.S Utre 
under ordinary ~tmospheric conditions,] . .• 

16. If the pressure and absolute temperilwre of 2 litre of carbon 
dioxide are doubled, the volume of carbon ,dioxide would 
become: • (eBSE 1991) 
(8) 7litre (b) S litre (c),4.lItre (d) 2 litre 

17. One gram mole of a gas at NtP occupies 22.4 litr.e as "ol~me, 
This fact was derived from:' 
(8) Dalton's theory (b) AvogadtQ's hyllt)thesis 
(c) BerteHus hyllt)thesis (d) law of gaseous volumes * 

18. 4.4 g ofCOz contains how many ntre of CO2 at STP? 
(AFMC 2004) 

(a) 2.4 litre (b) 2.24 litre (c) 44 litre (d) 22,4 litre 
19. Five gram each of the following gases at 8'7"C and 7S0 mm 

pressure are taken. Which of them will have the least volume1 
• • , . ',(MLNR 1991)' 

(a) HF (b) HC! (c) HBr (til Ht 
20. If molecular mass of02 and S02 are 32 and 64 respectively. tf 

one litre of 02 at 15°C and 7S0 mm pressure contains N 
molecules\ the number-of molecules in two litre of S02 under 
the same conditions of temperature and pressure will be: 

(a) 2N (b) N (c} NIl 
n. Rate of diffusion ora sas is: 

(a) directly proportional to its density 

(MLNR 1991) 
(d) 4N 

(b) directly proportional to Its molecular mass 
(c) directly propol'tional to the square of its molecular IbliS!! 

(d) inversely proportional to the square root of its molecular millis 
22. The rate ofdiffusimt of hydrogen Is ·about: (CPMT 1991) 

'(a) 0nG-halfthat of helium (b) 1.4 times that othellum 
(c) twice that of he Hum (d) four times that ofhellum 
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23. The rate of diffusion of methane at a given temperature is 
twice that of gas X. The molecular mass of gas X is: 

(lIT 1990; MLNR 1995) 
(a) 64.0 (b) 32.0 (c) 4.0 (d) 8.0 

24. Some moles of 0z diffuse through a small opening in 18 
second. Same number of moles of an unknown gas diffuse 
through the same opening in 45 second. Molecular mass of the 
unknown gas is: 

(a) 32 x (45)2 
(l8i 

(c) (32i x 45 
18 

(b) 32 x (18)2 
(45)z 

(d) (32)2 x ~ 
45 

25. A bottle of dry ammonia and a bottle of dry hydrogen chloride 
connected through a,long tube are opened simultaneously at 
both the ends. The white ring first formed will be: 
(a) at the centre of the tube 
(b) near the ammonia bottle 
(c) near the HCI bottle 
(d) throughout the length of the tube 

. 26. 0.5 mole of each Hz, SOz and CH4 are kept in a container. A 
hole was made in the container. After 3 hours, the order of 
partial pressures in the container will be : 

ICET (Karnataka) 20091 

(a) Psoz > PCH 4 > PHz (b) PHz > Psoz > PCH4 

(c) PHz > PCH 4 > Pso2 (d) Psoz > PH z > PCH 4 

27. The mass of 6.02 x 1023 molecules of CO is: 

(a) 28 g (b) 14 g (c) 7.0 g (d) 56 g 
28. 10 g of hydrofluoric acid occupy 5.6 litre·ofvolume at NTP. 

The empirical formula ofthe gas is HF. The molecular formula 
of the gas will be (At. mass of fluorine 19): 

(a) H4F4 (b) HF 
(c) H3F3 (d) H2Fz 

29. A.frre extinguisher contains 4.4 kg of CO2, The volume of 
CO2 delivered by this fire extinguisher at room temperature is: 
(a) 24.5 litre (b) lOOx 24.5 litre 
(c) 10 x 24.5 litre (d) 1000 x 24.5 litre 

30. The number of moles of Hz in 0.224 litre of hydrogen gas at 
STP is: (MLNR ] 994) 
(a) 1 (b) 0.1 (c) 0.01 (d) 0.001 

31. A gas has a vapour density 11.2. The volume occupied by 1 g 

32. 

ofthe gas at NTP is: 
(a)IL (b)11.2L (c) 22.4L (d)4L 
"The total pressure exerted by a number of non-reacting gases 
is equal to the sum of partial pressures of the gases under the 
same conditions" is known as: 
(a) Boyle's law (b) Dalton's law 
(c) Avogadro's law (d) Charles' law 

33. Equal masses of methane and oxygen are mixed in an empty 
container at 25°C. The fraction of the total pressure exerted by 
oxygen is: 

1 
(a)-

3 

2 
(c) -

3 
(d) 1. x 273 

3 298 
34. Equal masses of methane and hydrogen are mixed in an empty 

container at 25°C. The fraction of the total pressure exerted by 
hydrogen is: 

-

(a) 1. (b) ~ 
2 9 

(c) I (d) 16 
9 17 

35. A gaseous mixture of2 moles of A, 3 moles of B, 5 moles ofC 
and 10 moles of D is contained in a vessel. Assuming that 
gases are ideal and the partial pressure of C is 1.5 atm, the total 
pressure is: 
(a) 3 atm (b) 6 attn (c) 9 atm (d) 15 atm 
[Hint: 5 moles of C produce pressure 1.5 atm; therefore partial 

pressures of D = 3 atm, B'; 1.5 x 3 = 0.9 atm and 
5 

A = 1.5 x 2 0.6 atm] 
5 

36. 50 mL of a gas A diffuse through a membrane in the same time 
as for the dif'fUSion of.40 mL of gas B under identical 
conditions of pressure and temperature. If the molecular mass 
of A is 64; that of B would be: (CBSE 1992) 
(a) 100 (0) 250 (c) 200 (d) 80 

37. 3.2 g of oxygen (At. mass = 16) and 0.2 g of hydrogen (At. 
mass I) are placed in a 1.12 litre flask at O°C. The total 
pressure of the gas mixture will be: (CBSE 1992) 
(a) I atm (b) 2 atm (c) 3 atm (d) 4 atm 

38. Select the correct statement: 
In the gas equation;PV = nRT (CBSE 1992) 
(a) n is the number of molecules of a gas 
(b) n moles of the gas have volume V 
(c) V denotes volume of one mole 
(d) P is the pressure ofthe gas when only one mole of gas is 

present ' 

39. The density of a gas at 27°C and I atm is d. Pressure 
remaining constant, at which of the following temperatures 
will its density become 0.75d? (CBSE 1992) 
(a) 20°C (b) 30°C (c) 400 K (d) 300 K 

40. If 4 g of oxygen diffuse through a very narrow hole, how much 
hydrogen would have diffused under identical conditions? 

(a) 16 g (b) I g (c) i g (d) 64 g 

wl2 
, [Hint: 

4/32 

41. A closed vessel contains equal number of hydrogen and 
nitrogen molecules. The total pressure is 740 mm ofHg. IfNz 
moiecules are removed, the pressure would become/remain: 
(a) double of740 mm ofHg 
(b) one-ninth of 740 mm ofHg 
(c) unchanged 
(d) one-half of740 mm ofHg 

42. the pressure P exerted by a mixture of three gases having 
partial pres.sures Fi ,Pz and P3 is given b;..y·_, __ _ 

(a) P = p[ +P2 P3 (b) P = ~Fi + P2 + P3 

(c) P Fi-PZ +P3 (d) P Fi +P2 +P3 

43. Two sealed containers of same capacity at j:Qe same 
temperature are filled with 44 g of hydrogen gas in one and 44 
g of CO2 in the other. If the pressure of CO2 is I atrn, what is 
the pressure in the hydrogen container? 
(a) 1 atm (b) Zero atm (c) 22 atm (d) 44 atm 
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44 .. Absolute zero is the temperature where all gases are expected 
to have: 
(a) different volumes (b) same volume 
(c) zero volume (d) none of~ese 

45. If a gas is heated at constant pressure, its density: 
(a) will decrease (b) will increase 
(c) may increase or decrease (d) will·remain unchanged 

46. Density of neon wilLbe highest at: 
(a) SIP (b) O"C, 2 atm 
(c) 273"C, 1 aJrn (d) 273°C, 2 atm 

, 47. Equal masses of ethane and hydrogen are mixed in an empty 
container at 25"C. The fraction of the total pressure exerted by 

48. 

49. 

50. 

51. 

hydrogen is: (lIT 199;J) 
(a) ] : 2 (b) I: 1 (c) 1 : 16 (d) 15: 16 
Ac,cording to kinetic theory of gases: 
(a) there are intemiolecular attractions 
(b) molecules have considerable volume 
(c) there is no intermolecular attraction 
(d) speed of molecules decreases for each collision 
Postulate of kinetic theory is: 
(a) atom is indivisible 
(b) gases combine in simple ratio 
( c) there is no influence of gravity on the molec'llies of the gas 

(d) none of the above '" 
Which of the following statements is not consistent with the 
postulates of kinetic theory of gases? 
(a) . Gases consist of large number of tiny particles 
(b) . Particles are in const~t motion 
(c) All the particles have same speed 
(d) Pressure is due to hits recorded by particles against the 

walls of containing vessel 
A helium atom is two times heavier than a hydrogen molecule. 
At 298 K, the average kinetic energy of a helium atom is: 
(a) two times that of a hydrogen molecule 
(b) four times that of a hydrogen molecule 
(c) half that of a hydrogen molecule 
(d) same as that of a hydrogen molecule 

52 .. The kinetic theory of gases predicts that total kinetic energy of 
a gas depends 9n: 

53. 

54. 

55. 

(a) pressure of the gas 
(b) temperature of the gas 
(c) volume of the gas 
(d) pressure, temperature and volume of the gas 
If a gas is allowed to expand at constant temperature then: 
(a) number of molecules of the gas decreases 
(b) the kinetic energy ~fthe gas molecules decreases 
(c) the kinetic energy of the gas molecules increases 
(d) the kin~tic energy of the gas molecules remains the same 
Gases deviate from ideal behaviour because molecules: 
(a) are colourless (b) are spherical 
(c) attract each other (d) have high speeds 
Deviations from ideal behaviour will be more if the gas is 
subjected to:, . 
(a) low temperature and high pressure 
(b) high temperature and low pressure / 

(c) low temperature 
(d) high temperature 

56. In a closed vessel, a gas is heated from 300 K to 600 K; the 
kinetic energy becomes/remains: 
(a) double (b) half . (c) same (d) four times 

57. A mixture contains 56 g of nitrogen, 44 g of CO2 and 16 g of 
methane. The total pressure of the mixture is 720 mm Hg. The 
partial pressure of methane is: (EAMCET 1991) 
(a) 180 mm (b) 360 mm (c) 540 mm (d) 720 mm 

58.' The root mean square speed, of an ideal gas at 27°C is 0.3 
rnIsec. Its rms velocity at 927°C ,is: ,(EAMCET 1991) 
(a) 3.0 rnIsec (b) 2.4 rnIsec (c) 0.9 rnIsec (d) 0.6 rnIsec 

59. The rms speed at NTP of the species can be calculated from 
the.expression: (EAMCET 1990) 

(a) f? (b) ~3: (c) ~3: (d) all of these 

60. At constant volume, for a fixed number of mole of a gas, the 
pressure of the gas increases with rise oftemperature due to: 
(a) increase in average molecular speed 
(b) increased rate of collisions amongst molecules 
'(cl' increase in molecular attraction 
(d) decrease in mean free path 

61. N.on-ideal gases approach ideal behaviour: 
(lIT 1999; KCET 2004) 

(a) high temperature and high pressure 
(b) high temperature and low pressure 
(c) low temperature and high pressure 
(d) low temperature and low pressure 

62. The nltio of root mean square speed and average speed ofa gas 
molecule, at a particular temperature, is: 
(a) I: 1.086 (b) 1.086: I 
(c) 2: 1.086 (d) 1.086: 2 

63. Most probable speed, average speed and rms speed are related 
as: 
(a) 1 : 1.224: 1.128 (b) 1.128: 1 : 1.224 
(c) 1 : 1.128 : 1.224 (d) 1.224: 1.128 : 1 

64. In a closed flask of 5 litre, 1.0 g of H2 is heated from 

65. 

66. 

300-600 K. Which statement is not correct? (CBSE 1991) 
(a) The rate of collision increases 
(b) The energy of gaseous molecules increases 
(c) The number of mole of the gas increases 
(d) Pressure of the gas increases 
The root mean square speed is expressed as: 

[ ]

112 [ ]112 
(a). %RT (b) ~T 

(c) [3:] (d) [3:f2 
The rms speed ofhydrogenmoJecules at room temperature is 
2400 m S-I. At room temperature the rms speed of oxygen 
molecules would be: 
(a) 400 ms- l 

(c) 600 ms-I 
(b) 300 ms- l 

(d) 1600 ms- I 
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67. The molecules of which of the following gas have highest 
speed? 
(a) Hydrogen at - 50°C (b) Methane at 298 K 
(c) Nitrogen at lOOO°C (d) Oxygen at O°C 

68, Which one of the following is an ideal gas? 
(a) Hydrogen (b) Nitrogen 
(c) Carbon dioxide (d) None ofthese 

69. van der Waals' equation explains the behaviour of: 
( a) ideal gases • (b) real gases 
(c) mixture of gases (d) diatomic gases 

70. The critical temperature of a gas is that temperature: 
(a) above which it can no longer remain in the gaseous state 
(b) above which it cannot be liquefied by pressure 
( c) at which it solidifies 
(d) at which the volume of the gas becomes zero 

71. The van der Waals' equation for a real gas is: 

(a) (p + ;2] (V b) = nRT 

(b) r P + an22) (V - b) = nRT 
\ V . 

(e) (P+;z](V+b)=nRT 

(d) P = nRT n
2
a 

(V - nb) - V2 
72. In van der Waals' equation of state for a non-ideal gas the term 

that accounts for intermolecular force is: . 

(a) (p + ;2] (b) (V - b) (e) RT (d) RtT 

73. The units of 'a' in van der Waals' equation 

are: 
r P + an

2

2

J (V - nb)= nRT 
\ V 

(a) atom litre2 morz (b) atom litre mol-2 

(e) atom litre mol-1 (d) atom litre2 mort 

74. If 1000 mLof gas A at 600 torr and 500 mL of gas Bat 800 torr 
are placed in a 2 litre flask, the final pressure will be: 
(a) 2000 torr (b) 1000 torr 
(c) 500 torr (d) 400 torr 

75. Two samples of gases A and B are at the same temperature. 
The molecules of A are travelling four times faster than the 
molecules of B. The ratio of m A / mB of their masses will be': 
(a) 16 (b) 4 (c) 114 (d) 1116 

[Hint. mA C2
2

] 

C 2 
ms 1 

76. The root mean square speed of a certain gas at 27°C is 
3 x lO4 em s-!. The temperature at which the velocity will be 
6x 104 cms-! is: . 

(a) ~4°C (b) 108°C (c) 1200 K (d). 600 K 
77 .. The temperature at which real gases obey the ideal gas laws 

over a wide range of pressure is called: mPMT 2009) 
(a) critical temperature (b) Boyle temperature 
(c) inversion temperature (d) reduced temperature 

78. The value of van der Waals' constant' a' for gases °2 , Nz, NH3 

and CH4 are 1.360, 1.390, 4.170 and 2.253 Iitre2 -atm mol-2 

respectively. The gas which can be most easily liquefied is: 
(a) 02 (b) N2 (c) NH3 (d) CH4 

79. According to kinetic theory of gases for a diatomic molecule: 
. (lIT 1991) 

(a) the pressure exerted by the gas is proportional to the mean 
square speed of the molecules 

(b) the pressure exerted by the gas is proportional to the root 
mean square speed of the molecules 

(c) the root mean square speed is inversely pt:0portional to the 
temperature 

(d) the mean translational KE of the molecule is' directly 
proportional to the absolute temperature 

80. A real gas obeying'van der Waals' equation will resemble an 
ideal gas if the: 
(a) constants a and b are small 
(b) a is large and b is small 
(c) a is small and b is large 
(d) constants a and b are large 

81. When the universal gas c~mstant (R) is divided by Avogadro's 
number (N), their ratiojs called: 
(a) Planck's constant (b) Rydberg's constant 
(c) Boltzmann's constant (d) van der Waals' constant 

82. The compr~s~ibility factor of a gas is defined as Z = PV. The 
• RT 

compressibility factor of an ideal gas is: [PMT (MP) 2004] 
(a) 0 (b) I (c) -1 (d) infinity 

83. An ideal gas is one which obeys: 
(a) gas laws (b) Boyle's law 
(c) Charles' law (d) Avogadro's law 

84. A mixture of three gases X (density 1.0), Y (density 0.2) andZ 
(density OA) is enclosed in a vessel at constant temperature. 
When the equilibrium is established, the gas/gases: 
(a) X will be at the top of the vessel 
(b) Y will be at the top of the vessel 
(c) Z will be at the top of the vessel I 

(d) will mix hOmogeneously throughout the vessel 
85. 16 g of oxygen and 3 g of hydrogen are mixed and kept at 760 

mm pressure at O°e. The total volume occupied by the mixture 
will be nearly: [CMC (Vellore) 1991] 
(a) 22Alitre (b) 33.6litre (c) 44800 mL (d) 4480 mL 

86. Which of the following expressions does not represent Boyle's 
law? 

(a) PV constant (b) VOC 1 
P 

(c) V1T2 = V21] (d) FWi = P2V2 

87. When an ideal gas undergoes unrestricted expansion, no 
cooling occurs because the molecules: 
(a) exert no attractive forces on each other' 
(b) do work equal to loss o( kinetic energy 
(c) collide without loss of energy 
(d) are above the inversion temperature 

88. Which of the following mixture of gases at room temperature 
does not follow Dalton's law of partial pressures? 

• 
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(a) NOz and 0z (b) NH3 and HCI 
(c) CO and COz (d) SOz and 02 

89. The speed possessed by most of the gaseous molecules is: 
(a) most probable speed (b) average speed 
(c) root mean square speed (d) none of these 

90. In which of the foHowing pairs the gaseous species diffuse 
through a porous plug along with the same rate of diffusion? 

(EAMCET 1(90) 
(a) NO, CO (b) NO, COz 
(c) NH3• PH3 (d) NO, Czl\; 

91. Which of the following statements is correct? 

(a) 3PV = mncz is the expression for real gases 

(b) At normal temperature and pressure most gases behave 
nearly as ideal gases 

(c) The molecules of real gases have both volume and mutual 
attraction 

(d) Pressure depends on number of molecules and volume 
92. For one gram molecule of an ideal gas: 

PV 3 . PV 
(a) =-cal. (b) -=2cal 

T 2 T 
PV PV 

(c) -:::: 8.31cal (d) -:::: 0.0821cal 
T T 

93. When helium is allowed to expand into vacuum, heating effect 
is observed. This is due to the fact that: . 
(a) helium is an inert gas 
(b) heHum is a noble gas 
(c) helium is an ideal gas 
(d) the inversion temperature of helium is very low 

94. At STP,. the order of mean square velocity of molecules of 
H2, N2, O2 and HBr is: (CBSE 1991) 

(a) H2 > N2 > 02 > HBr (b) HBr> °2 > N2 > H2 

(c) HBr> H2 > 02 > N2 (d) Nz >02 > H2 > HBr 
95: At constant temperature in a given mass of an ideal gas: 

(eBSE 1991) 

(a) the ratio of pressure and volume always remains constant 
(b) volume always remains constant 
( c) pressure always remains constant 
(d) the product of pressure and volume always remains 

constant 
96. The non-compressible voiume of a gas is ... times the actual 

volume of gas molecules: 
(a) 2 (b) 4 (c) 3 (d) 2.5 

97. One mole .of an ideal monoatomic gas is mixed with 1 mole of 
an ideal diatomic gas. The molar specific heat of the,mixture at 
constant volume is: 
(a) 3 cal (b) 4 cal (c) 5 cal (d) 8 cal 
In an experiment during the analysis of a carbon compound, 
145 mL of H2 was co\lected at 760 mm Hg pressure and 27°C. . 
The mass ofH2 is nearly: 
(a) 10 mg (b) 6 g (c) 12 mg (d) 12 g 
. w w 
. [Hint: Apply PV ::: M RT; 1 x 0.145:::"2 x 0.0821 x 300] 

99. The kinetic energy of N molecules of 02 is x joule at 123°C. 
Another sample of O2 at 27°C has a kinetic energy of 2x joule. 
The latter sample contains: 

, ,,-. 

(a) N molecules of 02 
N 

(c) - molecules of 02 
2 

(b) 2N molecules of02 
N 

(d) - molecules of 02 
4 

100. A balloon filled with N20 is pricked with a sharper po~t and 
plunged into a tank of CO2 under the same pressure and 
temperature. The balloon will: 
(a) be enlarged (b) shrink 
(c) collapse completely (d) remain unchanged in size 

101. The three states of matter are solid, liquid and gas. Which of 
the following statements is true about them? 
(a) Gases and liquids have viscosity as a common property 
(b) The molecules in all the three states possess random 

translational motion 
(c) Gases cannot be converted into solids without passing 

through the liquid phase 
(d) Solids and liquids have pressure as a common property 

102. Strong intermolecular forces exist in; 
(a) gases (b) liquids 
(c) amorphous solids (d) crystalline solids 

103. Association of molecules in water is due to: . 
(a) covalent bonding (b) hydrogen bonding 
(c) ionic bonding (d) van der Waals' forces' 

104. Which of the following statements is wrong? 
(a) Evaporation is a spontaneous process 
(b) Evaporation is a surface phenomenon 
(c) Vapour pressure decreases with increase of temperature 
(d) The vapour pressure of a solution is always less than the 

vapour pressure of a pure solvent 
105. Normal boiling point of a liquid is that temperature at which 

vapour pressure oJ 1'be liquid is equal to: 
(a) zero... (b) 380 mm ofHg 
(c) 760 minofHg (d) 100 mmofHg 

106. Water boils at lower temperature on high attitudes because: 
(a) atmospheric pressure is low there 
(b) atmospheric pressure is high there 
(c) water is weakly hydrogen bonded there 
(d) water in pure form is found there 

107. When a student was given a viscometer, the liquid was sucked 
with difficulty; the liquid may be: 
(a) benzene (b) toluene (c) water (d) glycerine 

108. Mark the statement which is correct: 
(a) surface tension of a liquid increases with temperature 
(b) addition of chemicals reduces the surface tension of a liquid 
(c) stalagmometer is used for measuring viscosity of the 

liquid 
(d) viscosity of the liquid does not depend on intermolecular 

forces 
109. With the increasing molecular mass of a liquid, the viscosity: 

(Jiwaji 1990) 

(a) decreases (b) increases 
(c) no effect (d) all are wrong 

110. The viscosity of which liquid is the maximum? 
(a) water (b) glycol 
(c) acetone (d) ethanol 
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111. The rise of a liquid in a capillary tube is due to: 
(a) viscosity (b) osmosis 
(c) diffusion (d) surface tension 

112. With increase in temperature, the fluidity of liquids: 
(a) increa~s (b) decreases 
(c) remains constant (d) may increase or decrease 

113. If 111 and 112 are the coefficients of viscosity of two liquids, 
d l and dz their densities and tl and tz the flow times in 
Ostwald viscometer, then: 

(a):!lL dl t 2 (b) .!!L=d2tz 
11z dzt l . 112 d1 tl 

(c) :!lL = dltl (d) :!lL = 
'1z dzt2 '12 d1 t2 

114. Which of the following expressions regarding the unit of 
coefficient of viscosity is not true? 
(a) dynecm-2 sec (b) dynecm2 sec-I 
(c) Nm-2 sec (d) 1 poise = 10- 1 Nm- 2 sec 

115. The boiling points of water, ethyl alcohol and diethyl ether are 
100°C, 78.SoC and 34.6°C respectively. The intermolecular ' 
forces will be in the order of: 

, (a) water> ethyl alcohol> diethyl ether 
(b) ethyl alcohol> water> diethyl ether 
(c) diethyl ether> et!,lyl alcohol> water 
(d) diethyl ether> water> ethyl alcohol 

116. The unit cell in a body centered cubic lattice is given in the 
figure. Each sphere has a radius, r and the cube has a side, a. 
What fraction of the total cube volume is empty.(T1FR 2010) 

8 ? 4 ? 
(a) i--ft- (b) -3·ft-a3 

3 a3 

4 ? 
(c) ~ (d) 2-3'ft a3 

117. Which one is not the property of crystalline solid? 
(a) . Isotropic 

(b) Sharp melting point 
(c) A definite and regular geometry 
(d) High intermolecular forces 

118. The number of crystal systems known is: 

007 008 W6 004 
119. Tetragonal crystal system has the following unit cell 

dimensions: (PMT (MP) 1993\ 
(a) a = b = c and a = ~ = y = 90° 
(b) a=b*canda=~=y=90° 
(c) a * b * cand a = ~ = y = 90° 
(d) a = b * c and a = ~ 900 , Y = 120° 

120. A match box exhibits: (PET (MP) 19931 
(a) cubic geometry (b) monoclinic geometry 
(c) orthorhombic geometry (d) tetragonal geometry 

121. In the crystal of CsCI, the nearest neighbours of each Cs ion 
are: (PET (MP) 19931 
(a) six chloride ions (b) eight Cs Ions 
(c) six Cs ions .. (d) eight chloride ions 

122. ,How many chloride ions are tberearound sodium ion in 
sodium chloride crystal? 

123. 

124. 

125. 

126. 

127. 

128. 

129. 

130. 

131. 

003 008 W4 006 
The number of atoms contained in one face-centred cubic unit 
cell of monoatomic substance is: 

1 Pl\lT (Vellorc) 2006; PET (MP) 20071 
(a) 1 (b) 2 (c) 4 (d) 3 
The number of close neighbours in a body-centred cubic 
lattice of identical spheres is: 
(a) 4 (b) 12 (c) 6 (d) 8 
The coordination number of each sphere in (hcc) arrangement 
is: 
(a) 8 (b) 12 (c) 6 (d) 4 
Bragg's law is given by the equation: (BHU 1990) 
(a) nA=28sin8 (b) nA=2dsin8 

(c) 2nA = d sin 8 (d) n 8 = ~ sin 8 
2 2 

In Bragg's equation for diffraction of X-rays, 'n'represents: 
(a) the number of mole (b) quantum number 
(c) the order of reflection (d) Avogadro's number 
The coordination number for an atom in a primitive cubic unit 
cell is: 
(a) 6 (b) 8 (c) 10 (d) 12 
The number of atoms per unit cell in a simple cubic, 
face-centred cubic and body-centred cubic are . . 
respectively: 
(a) 1,4,2 (b) 4, 1,2 
(c) 2,4, 1 (d) 4,8,2 
In a solid lattice, the cation has left a lattice site and is located 
at interstitial position, the lattice defect is: (VITEEE 2007) 
(a) interstitial defect (b) vacarlcy defect 
(c) Frenkel defect (d) Schottky defect 
Schottky defects occur mainly in ionic compounds where : 

(VITEEE 2008) 
(a) positive and negative ions are of different size , 
(b) positive and negative ions are of same size 
(c) positive ions are small and negative ions are big 
(d) positive ions are big and negative ions are small 

132. What type of crystal defect is indicated in the diagram below? 
Na+ Cl- Na+ cr Na+ Cl-
Cl- Cl- Na+ Na+ 

Na+ Cl- cr Na+ CI-

Cl- Na+ Cl- Na+ Na+ (AIEEE 2004) 
(a) Frenkel defect (b) Schottky defect 
(c) Interstitial defect (d) Frenkel and Schottky defects 

133. In a closed packed array of N spheres, the number of 
tetrahedral holes is: 
(a) NI2 (b) N 
(c) 4N (d) 2N 

I 
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134. In a closed packed array of N spheres, the octahedral holes are: 
(a) NI2 (b) 2N (c) 4N (d) N 

135. AB crystallizes in a body centred cubic lattice with edge 
length ~ a' equal to 387 pm. The distance between two 
oppositely charged ions in the lattice is: [CBSE (PMT) 20101 
(a) 335 pm (b) 250 pm 
(c) 200 pm (d) 300 pm 
[Hint: Distance between two oppositely charged ions 

(r+ + r-) = aJ3 = 387xJ3 
2 2 

335.14 pm] 
136. Germanium or silicon becomes semiconductor due to: 

. (a) Schottky defect (b) chemical impurity 
(c) Frenkel defect (d) none of these 

137. A particular solid is very hard and has a high melting point. In 
solid state it is a non conductor and its melt is a conductor of 
electricity. Classify the solid: [CMC Vellore (Med.) 2008) 
(a) metallic (b) molecular 
(c) network (d) ionic 
(e) amorphous 

.. 138. Which one has the highest melting point? 
(a) Ionic crystal (b) Molecular crystal 
(c) Covalent crys~l (d) Metallic crystal 

139. For an ionic crystal of general formula AX and coordination 
number 6, the value of radius ratio will be: [PMT (MP) 1993) 
(a) greater than 0.73 (b) in between 0.73 and 0.41 
(c) in between 0.41 and 0.22 (d) less than 0.22 

140. The Ca 2+ and F - are located in CaF2 crystal respectively at 
face-centred cubic lattice points and in: (AIIMS 2006) 
(a) tetrahedral voids (b) halfoftetrahedral voids 
(c) octahedral voids (d) half of octahedral voids 

141. In calcium fluoride structure, the coordination numbers of . 
calcium and fluoride ious are: 
(a) 8 and 4 (b) 6 and 8 
(c) 4 and 4 (d) 4 ;md 8 

142. The unit cell of a binary compound of A and B metals has a 
ccp structure with A atoms occupying the comers and B atoms 
occupyi~g the centres of each faces of the cubic unit cell. If 
during the crystallisation of this alloy, in the unit cell two A 
atoms are missed, the overall composition per unit Cell is: 

• [C,ET (J&K) 2009) 

(a) AB6 (b) AB4 (c) ABs (d) A6B24 
. I 3 

[Hint: Number of atoms of A = 6 x - = -
8 4 

Number of atoms of B = 6 x.!. = 3 
2 

A:B=i: 3 =1:4 
4 

.. Composition of alloy:::: AB4 ] 
143. In a solid lattice, the cation has left a lattice site and is located 

at an interstitial position. The lattice defect is : 
[BHU (screening) 2008) 

(a) interstitial defect (b) vacancy defect 
(c) Frenkel defect (d) Schottky defect 

144. Which of the following statements is incorrect about· 
amorphous solids? (KCET 2004) 

(a) They are anisotropic 
(b) They are rigid and incompressible 
(c) They melt over a wide range of temperature 
(d) There is no orderly arrangement of particles 

145. Which defect causes decrease in the density of a crystal? 
(a) Frenkel (b) Schottky 
(c) Interstitial (d) F -centre 

146. For tetrahedral coordination number, the radius ratio l(;+ I r; is: 
(KCET 2008) 

(a) 0.732- 1.0 (b) 0.225:'" 0.414 
(c) 0.414 - 0.732 (d) 0.155 0.225 

147. What is the total number of ions present in one unit cell of 
. sodium chloride lattice? (EAMCET 2006) 
(a) 2 (b) 6 (c) 12 (d) 8 

148. The formula for determination of density of cubic unit cell is: 

() a3 N 0 - 3 (b) Z x No - 3 a --gcm ---gcm 
ZxM M xa3 

( ) a3 x M _ 3 (d) Z x M - 3 
C ---gcm . 3 gcm 

ZxNo Noxa 

149. The closest-packing sequence ABAB ..... represents: 
(a) primitive cubic packing 
(b) body-centred cubic packing 
(c) face-centred cubic packing 
(d) hexagonal packing 

150. The closest-packing sequence ABC ABC . .... represents: 
(a) primitive cubic packing 
(b) body-centred cubic packing 
(c) face-centred cubic packing 
(d) hexagonal packing 

1St: The edge length of face centred cubic ccll of an ionic 
substance is 508 pm. If the radius of cation is 110 pm, the 
radius of anion is: (AIEEE 2010) 
(a) 618 pm (b) 144 pm 
(c) 288 pm (d) 398 pm 
[Hint: Edge length =2 (r+ + r-) 

508 = 2(110+ n 
r- 144 pm] 

152. Close packing is maximum in the crystal lattice of: 
(a) face-centred cubic (b) body-centred cubic 
(c) simple-centred cubic (d) none 'of these 

153. The ratio between the root mean square speed of H2 at 50 K 
and that of 02 at 800 K is: (lIT 1996) 
(a) 4 (b) 2 (c) I (d) 1/4 

154. X mL of H2 gas effused through a hole in a container in 5 
second. The time taken for the effusion of the same volume of 
the gas specified below under identical conditions is: 

(lIT 1996) 
(a) 10 second: He (b) 20 second: O2 
(c) 25 second: CO (d) 55 second: CO2 

155. .The energy of a gas per litre is 300 joule. Its pressure will be: 
(a),3xltfN/m2 (b) 6xlifN/m2 

(c) I05N/m2 (d) 2xlOSN/m2 

156. If the universal gas constant is 83 joule morl K-1 and the 
Avogadro's number is 6 x I if3. The mean kinetic energy of the 
oxygen molecules at 327°C will be: 



STATESOF MAHER 295 

(a) 415xlO-23 joule 

(c) 1245 x 10-23 joule 

(b) 2490 X 10-22 joule 

(d) 830 x 10-22 joule 

157. If increase in temperature and volume of an ideal gas is two 
time~, then initial pressure of P changes to: 

[JEE (Orissa) 2006) 
(a) 4P (b) 2P (c) P (d) 3P 

158. The average kinetic energy of one molecule of an ideal gas at 
27°C and I atm pressure is: (EAMCET 2009) 
(a) 900 cal K-I mol-I 

(b) 6.21x 10-21 J rl molecule-I 

(c) 336.7 J K-I molecule-I 

(d) 3741.3 J K-I mol-I 

[Hint: KE ~~T 
2N 

=~x 8.314 x 300 
2 6.023 x 1023 

= 6.21x 10-21 J K-1 molecule-I] 

159. The respective speeds of five molecules are 2, I.S, 1.6, 1.6 and 
1.2 km/sec. The most probable speed in km/sec will be: . 
(a) 2 (b) 1.58 (c) 1.6 (d) 1.31 

160. if one mole of a monoatomic gas ( y = ~) is mixed with one 

mole of diatomic gas ( y ~). the value ~f y for the mixture is: . 

(a) 1.40 (b) 1.50 (c) 1.53 (d) 3.07 
161. The root mean square speed of hydrogen molecule of 

an ideal hydrogen gas kept in a gas chamber at (PC 
is 3180 metre/second. The pressure on the hydrogen gas
is: (density of hydrogen gas is 8.99 x 10-'2 kg 1m3, 

1 atmosphere =-1.01 x lOS N 1m2) 

(a) 1.0 atmosphere (b) I.S atmosphere 
(c) 2.0 atmosphere (d) 3.0 atmosphere 

162. CH4 diffuses two times faster than a gas X. The number _ of 
molecules present in 32 g of gas X is: (N is Avogadro number) 

IEAMCET (Engg.) 2010) 

(a) N (b) N (c)N (d) N 
2 4 16 

[Hint: rCH4 -a! 
'gas mCH4 

2= rm; V16 
~=64 

Number of molecules = __ w __ x N 
molar mass 
32 N 

= 64 xN 2"] 
163. At what temperature would the rillS speed of a gas molecule 

have twice its value at 100°C? 
(a) 4192 K (b) 1492 K 
(c) 9142 K (d) 24(}1 K 

164. Find the rms speed of an argon molecule at 27°C (Molecular 
weight of argon = 40 gm I mol): 

(a) 234.2 ml s (b) 342.2 ml s 
. (c) 432.2 ml s (d) 243.2 ml s 

165. At a temperature T K, the pressure of 4 g argon in a bulb is P. 
The bulb is put in a bath having a temperature higher by SO K 
than the first one. 0.8 g of argon gas had to be removed to 
maintain original pressure. The temperature T is equal to: 

(lIT 1999) 
(a) 510 K . (b) 200 K 
(c) 100 K (d) 73 K 

166. ,At 2SoC and 730 mm pressure, 380 mL of dry oxygen was 
collected. lethe temperature is constant, what volume will the 
oxygen occupy at 760 mm pressure? (CBSE 1999) 
(a) 265 mL (b) 365 mL (c) 569 mL (d) 621mL 

167. Which of the following solids shows electrical conduction? 
(CBSE 1999) 

(a) Graphite (b) Potassium chloride 
(c) Diamond (d) Sodium chloride 

168. Schottky defect in solids is due to: 
(PMT (Vcllorc) 2006; VITEEE 20061 

(a) a pair of cation and anion vacancies 
(b) occupation of interstitial site by a pair of cation and anion 
(c) occupation of interstitial site by a cation 
(d) occupation of interstitial site by an anion' 

169. Copper crystallises in face-centred cubic lattice with a unit cell 
length of 361 pm. What is the radius of copper atom in pm? 

[CBSE (PMT) 2009; AIEEE 2009) 
(a) 108 (b) 128 (c) 157 (d) 181 
[Hint: a..fi = 4r 

361x..fi =4r 
r= 128 pm] ~ 

J 70. The second OTder Bragg diffraction Qf X~rays with X = I A 
from a set of parallel planes in a metal oc<;!lfS at an angle of ' 
60°. The distance between the scattering planes in the crystal 
is: (CBSE 1998) 
(a) 0.575 A (b) l.OOA 
(c) 2.00 A (d) 1.15 A 

171. According to Graham's law at a given temperature, the ratio of 
the rates of diffusion rA I 'B of gases A and B is given ,?y: ' 

(JIT~998) 

( )

1/2 

(a) PA • ,MA 

PB MB 

( 

112 

(C)PA:MB ) 

PB MA 

(b)' MA . PA ( J
I12 

MB PB 
1/2 

(d) MA .(PB J 
MB PA 

, 
\ 

172. The root mean square~elocity of an ideal gas at constant 
pressure varies with density as: [IJT(Scrcening) 20(0) 

(a) d 2 (b) d (c) ..Jd (d) 1I..Jd 
173. Match the following: 

_ List~I 

(A) Inversion temperature 

(B) Boyle's temperature 

List-II 
(i)·a/ Rb 

(ii) 8a /27Rb 

(C) Critical temperature (iii) 2a / Rb 

(a) A-(i), B-{ii), C-(iii) (b) A--(iii), B-{ii), C--{i) 
(c) A-(iii), B-{i), C-(ii) (d) A-(i), 8--(iii), C-(ii) 
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174. For three different gases values of van der Waals' constant 'a' and 
'b' are given. What is the correct order of liquefaction of gases? 

Gases a b 

X 2 1.3 0.090 

Yz 4.1 0.023 

22 2.2 0.075 
(a) XZ>Yl>Z:! (b) YZ >22 >X2 

. (c) Z:! > Y2 > X z (d) Xl> 22 > Y2 
175. Match the following: 

List-I List-II 

(A) Pc (i) 3b 
(B) II;, (ii) 8al27bR 

(C) Tc (iii) a I 27b2 

(a) A-{i), B-{ii), C-{iii) (b) A-{iii), B-{ii), C-{i) 
(c) A-{ii), B-{iii), C-{i) (d) A-{iii), B-{i), C-{ii) 

176. By what factor does the average velocity of a gaseous 
molecule increases when the absolute temperature is doubled? 

(DUMET 2010) 

(a) 1.4 (b) 2 (c) 2.8 (d) 4.0 
177. The van der Waals' constant' a' for different gases have been 

given as : 
Gas a(atm L2 mol-2) 

02 1.36 
N2 1.39 

CH4 2.25 
NH3 4.17 

The gas that can be most easily liquefied is : 
[JEE (Orissa) ZOIO[ 

(a) 02 (b) N2 (d) NH3 
178. Match the following: 

List-I List-II 

(A) Urms /[jav (i) 1.22 

(B) Uav IU nip (ii) 1.13 

(C) UrmslUmp (iii) 1.08 

(a) A-{iii), B-{ii), C-{i) (b) A-{i), B-{ii), C-{iii) 
(c) A-{iii), B-{i), C-{ii) (d) A-{ii), B-{iii), C-{i) 

179. louie-Thomson coefficient is zero at: 
(a) critical temperature (b) inversion temperature 
(c) absolute temperature (d) Boyle's temperature 

180. At a constant pressure, what should be the percentage increase 
in temperature for a 10% increase in volume? 
(a) 10010 (b) 11% (c) 8.9%' (d) 12.5% 

181. 5 g of unknown gas has pressure P at a temperature T K in a 
vessel. On increasing the temperature by 50'C, I g of the gas 
was given out to maintain the pressure P. The original 
temperature was: 
(a) 73 K (b) 100 K 
(c) 200 K (d) none ofthese 

182. Which of the following expressions correctly represents the 
relationship between the average molar kinetic energy, KE of 
CO and Nz molecules at the same temperature? 

(a) KEco == KEN 2 

(b) KEco > KENz 
- --

(c) KEco < KENz 

[CBSE (PMT) 2000) 

(d) Cannot· be predicted unless the volumes of the gases are 
given 

183. Which of the following exhibits the weakest intermolecular 
forces? (AIIMS 2000) 
(a) NH) (b) HCI (c) He (d) H20 

184. The compressibility of a gas is less than unity at STP. 
Therefore: [lIT 2000; PMT (MP) 2004] 

(a) Vm > 22.4 litre (b) Vm < 22.41itre 
(c) Vm == 22.4 litre (d) Vm 44.8 litre 

185. The rms velocity of hydrogen is J7 times the rms velocity of 
nitrogen. 1fT is the temperature of the gas: (liT 2000) 
(a) T(Hz) T(N2 ) (b) T(H2 ) > T(Nz) 

(c) T(Hz)<T(Nz) (d) T(Hz)=J7T(Nz) 

186. The kinetic energy of any gas molecule at O°C is: 
(a) zero (b) 3408 J 

(c) 2 cal (d) 5.66 x 10-21 I 

187. Densities of two gases are in the ratio 1 : 2 and their 
temperatures are in the ratio 2 : 1; then the ratio of their 
respective pressures is: (BHU 2000) 
(a) I : I (b) 1 : 2 (c) 2: I (d) 4: 1 

188. Gas equation PV == nRT is obeyed by: (BHU 2000) 
(a) only isothermal process (b) only adiabatic process 
(c) both (a) and (b) (d) none of these 

189. An ideal gas will have maximum density when: (CPMT 2000) 
(a) P=0.5atm,T=600K (b) P=2atm,T 150K 
(c) P = I atm, T = 300K (d) P = LOatm, T == 500K 

190. The following graph illustrates: (JIPMER 2000) 

Temp. (O"C) -

(a) Dalton's law (b) Charles'law 
(c) Boyle's law (d) Gay-Lussae's law 

191. 4.4 g of a gas at STP occupies a volume of2.24 L. The gas can 
be: [CET (Haryaua) 2000) 

(a) 02 (b) CO (c) NOz (d) CO2 
192. At O°C and one atm pressure a gas occupies 100 cc. If the 

pressure is increased to one and a half time and temperature is 
increased by one-third of absolute temperature, then final 
volume of the gas will be: (DCE 2000) 
(a) 80 cc (b) 88.9 cc (e) 66.7 cc (d) 100 cc 

193. Pressure of a mixture of 4 g of02 and 2 g ofH2 confined in a 

bulb of 1 litre at O°C is: (AIIMS 2000) 
(a) 25.215atm (b) 31.205atm 
(e) 45.215 atm (d) 15.210 atm 

194. Density ratio of O2 and H2 is 16: L The ratio of their rms 

velocities will be: (AHNIS 2000) 
(a) 4: I (b) I : 16 (c) 1 : 4 (d) 16: 1 
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The rate of diffusion of a gas having molecular weight just 
double of nitrogen gas is 56 mL S-I, The rate of diffusion of 
nitrogen will be: (CPMT 2000) 
(a) 79.19 mL S-1 (b) 112.0 m'L s-l 

(c) 56 mL S-1 (d) 90.0 mL S-1 

The density of air is 0.00130 glmL. The vapour density of air 
will be: (DCE 2000) 
(a) 0.00065 (b) 0.65 (c) 14.4816 (d) 14.56 
If 300 mL of a gas at 27°C is cooled to 7°C at constant 
pressure, its final volume will be: (AIIMS 2000) 
(a) 135 mL (b) 540 mL (c) 350 mL (d) 280 mL 
For an ideal gas, number of moles per litre in terms of its 
pressure P, gas constant R and temperature Tis: 

(AIEEE 2002) 
(a) PTfR (b) PRT (c) PfRT (d) RTfP 
The van der Waals' equation reduces itself to the ideal. gas 
equation at: [MEE (Kerala) 2001; CBSE (PMT) 20021 
(a) high pressure and low temperature 
(b) low pressure and low temperature 
(c) low pressure and high temperature 
(d) high pressure alone 
Which of the following volume (V), temperature (T) plots 
represents the behaviour of an ideal gas at one atmospheric 
pressure? (lIT (Screening) 2002; PET (Kerala) 2007] 

(22.4 L ~36 8 L 
at 273 K) at 373 K) 

t . 
Vfl) I • 

(22.4 L 
at 273 K) 

t 

T(K)
(a) 

VeL) .......... _-_ 

Vel) 

T(K)
(c) 

(22.4L 
at 273K) 

T(K)
(e) 

(22.4 L ~28 6 L 
at 27~ K) at 373 K) 

Vel) 

(22.4 L 
at 273 K) 

T(K)-
(b) 

t (14.2 L 
Vel) "--_a_t 3_7_3_K) 

T(K)-
(d) 

The following is a method to determine the surface tension of 
liquids: feET (J&K) 2007] 
Ca) single capillary method (b) refractometric method 
(c) polarimetric method Cd) boiling point method 
The crystalline structure ofNaCI is: rCET (J&K) 20071 
(a) hexagonal close packing (b) face-centred cubic 
(c) square planar (d) body-centred cubic 

203. 

204. 

205. 

A crystal lattice with alternate +ve and -ve ions has radius 
ratio 0.524, its coordination number is: 

IPMT (Manipal) 2002] 
(a) 4 (b) 3 (c) 6 (d) 12 
The major binding force of diamond, silicon and quartz is: 

(a) electrostatic force 
(c) covalent bond force 
(e) van der Waals' force 

[MEE (Kcrala) 2002] 
(b) electrical attraction 
(d) non-covalent bond force 

A compound is formed by elements A and B. This crystallizes 
in the cubic structure when atoms A are at the corners of the 
cube and atoms B are at the centre of the body. The simplest 
formula of the compound is: (DPMT 2009) 
(a) AB (b) AB2 (c) A2B (d) AB4 

206 .. The coordination number of a metal crystallizing in a 

207. 

208. 

209: 

210. 

211. 

212. 

213. 

hexagonal close packed (hcp) structure is: [PET (MP) 20041 
(a) 6 (b) 12 (c) 8 (d) 4 
The crystal system of a compound with unit cell dimensions 
a = 0.387, b = 0.387, c = 0.504 nm and a = ~ = 900 and 
y = 1200 is: (AIIMS 2004) 
(a) cubic (b) hexagonal 
(c) orthorhombic (d) rhombohedral 
The maximum number of molecules is present in; 

[CBSE (PMn 2004] 
(a) 15 L ofH2 gas at STP (b) 5 L ofN2 gas at STP 
(c) 0.5 g ofH2 gas (d) 10 g of O2 gas 
The root mean square velocity of one mole of a monoatomic 
gas having molar mass M is Urms' The relation between 
average kinetic energy (E) of the gas andUrms is: 

[lIT (S) 2004) 

(b)Urms ~:! 
(d)U = ~ E 

rms 3M 

Which of the following is not a property of liquid state? 
IBHU (Pre) 20051 

(a) Intermolecular force of attraction in a liquid is quite large 
(b) All liquids accompanied by cooling on evaporation 
(c) Lower the boiling point ·of a liquid, greater is its vapour 

pressure at room temperature 
(d) A liquid boils at higher temperature at the top of a 

mountain than at the sea level 
A certain sample of a gas has a volume of 0.2 litre measured at 
1 atm pressure and O°C. At the same pressure but 273°C, its 
volume will be: [BHU (Pre) 2005] 
(a) 0.4 L (b) 0.8 L (c) 27.8 L (d) 55,6 L 
When electrons are trapped into the crystal in an'ion vacancy, 
the defect is known as: [BHU (Pre) 20051 
(a) Schottky defect (b) Frenkel defect 
(c) stoichiometric defect (d) F-centres 
In'the equation of state of an ideal gas PV = nRT, the valueof 
the universal gas constant R would depend only on the: 

(KCET 2005) 
(a) nature of the gas (b) pressure of the gas 
(c) units ofthe measurement (d) none of these 
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214. If Z is the number of atoms in the unit cell that represents the 
closest packing sequence ABC ABC ... , the number of 
tetrahedral voids in the unit cell is equal to: (AIIMS 2005) 

(a) Z (b) 2Z (c) ~ (d) Z 
2 4 

215. Equation of Boyle's law is: 

(a) dP = _ dV 
P V 

(c) d 2p = dV 
P dT 

[Hint: . PV = constant 

PdV + V dP=O 

dP =_ dV] 
P V 

(I)PMT 2005) 

(b) dP =+ dV 
.p V 

(d) d 2 P = + d 2V 
P dt 

216. In a face-centred cubic unit cell, edge length is: 
(DPMT 2005) 

(a) ~ r (b) ~ r (c) 2r (d) ~ r 

217. ~fvrms is 30R I12 at 27°e, then calculate the molar mass of the 
gas in kilogram: (DPMT 2005) 
(a) I (b) 2 (c) 4 (d) 0.001 

[Hint: vrrns = ~3~T 

30Rl12 = ~3 x RmX 300 

m = O.OOlkg] 
218. The pressure exerted bx,.1 mole of methane in a 0.25 litre 

container at 300 K using van der Waals' equation (given 
, a = 2.253 atm L2 mol-z, b = 0.0428 L mol-I) is: 

. (JEE (Orissa) 2005) 

(a) 82.82 atm (b) 152.51 atm 
(c) 190.52 atm (d) 70.52 atm 

219. An ionic compound has a unit cell consisting of' A' ions at the 
corners of a cube and 'B' ions on the centres of the faces ofthe 
cube. The empirical formula for this compound would be: 

IAIEEE 2005; CET (Karnataka) 20091 

(a) AB (b) AzB 
(c) AB3 (d) A3B 

220. Which one of the following statements is not true about the 
effect of an increase in temperature on the distribution of 
molecular speeds in a gas? 
(a) The most probable speed increases 
(b) The fraction of the molecules with most probable speed 

increases 
( c) -The distribution becomes broader 
(d) The area under the distribution curve remains the same as 

under the lower temperature 
221. A gas can be liquefied: (AFMC 2005) 

(a) above its critical temperature 
(b) at its critical temperature 
(c) below its critical temperature 
(d) at any temperature 

222. If the absolute temperature of a gas is doubled and the pressure 
is reduced to one-half, the volume ofthe gas will: 

(PET (Kerala) 2005] 

(a) remain unchanged (b) be doubled 
(c) increase fourfold (d) be halved 
(e) be reduced to one-fourth 

[Hint: Use ~Vl = ~Vz ] 
T, Tz 

223. To what temperature must a neon gas sample be heated to 
double the pressure, if the initial volume of a gas at 7SOe is 
decreased by 15%? (PET.(Kerala) 20051 
(a) 319°e (b) 592°e (c) l28°e (d) 600 e 
(e) 900 e 
[Hint: ~V! = ~V2 

T, Tz 
PV 2Px 85V 
348 = Tz x 100 

T2 = 5916 K 
tz = 31&6°C] 

224. The surface tension of which of the following liquids is 
maximum? ICBSE (Pre) 2005) 

(a) e 2Hs0H (b) CH30H (c) H 20 (d) C6H6 
[Hint: (c) Due to hydrogen bonding, H 20 has the highest 

intermolecular force, hence its surface tension is also 
maximum.] 

225. An element(with atomic mass = 250 g) crystallises in a simple 
cube. If the density of unit cell is 7.2 g cm -3 ,what is the radius 
ofthe·element? [JEE (Orissa) 2006) 

(a) 1.93 x 10-6 em (b) 1.93 x 10-8 em 

(c) 1.93 x 10-8 A (d) 1.93 x 10-8 m 

[Hint: Z=13xpXNA 
M 

1= [3 x 7.2 x 6.023 x 1023 

250 
I = 3.86 X 10-8 em· 

1= 2r (for simple cubic unit cell) 
I 3.86 X 10-8 

r = - = 1.93 X 10-8 em] 
2 2 

226. Dominance of strong repulsive forces among the molecules of 
the gas (Z = compressibility factor): (AIIMS 2006) 
(a) depends on Z and indicated by Z '" 1 
(b) depends on Z and indicated by Z > I 
(c) depends on Z and indicated by Z < I 
(d). is independent of Z 
[Hint: When Z> I, the gas is less compressible than ideal 

gas and the repulsive forces dominate.] 
227. Total volume of atoms present in a face-centred cubic unit cell 

of a metal is (r is atomic radius): (AIEEE 2006) 
20 24 12 16 

(a) - 1tr3 (b) - 1t? ('_ (c) - 1t? . (d) - 1t? 
3· 0 3 3 3 

228. If we know the ionic radius ratio in a crystal of ionic solid, 
what can be known of the following? (CET (Gujarat) 20061 
(a) Magnetic property 
(b) Nature of chemical bond 
(c) Type of defect 
(d) Geometrical shape of crystal 
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If a volume containing gas is compressed to half, how many 
moles of gas remained in the vessel? (nCE 2006) 
(a) Just double (b) Just half 
(c) Same (d) More than double 
The volume-temperature'graphs of a given mass of an ideal 
gas at constant pressures are shown below. What is the correct 
order of pressures? (EAMCET 2006; AIIMS 2008) 

OK 273K 

T--

(a) f\ > P3 > Pz (b) f\ > Pz > P3 

(c) Pz > P3 > f\ (d) Pz > f\ > P3 

IfNaCI is doped with 10-4 mol % of SrCll , the concentration 
of cation vacancies will be (N A = 6.023 x 1023

): 

(CBSE (Medical) 2007) 

(a) 6.02 x 1016 mol- I (b) 6.02 x 1017 mol- 1 

(d) 6.02 x 1015 mol- J 

Coordination number ofNaCI crystal will be: 
(PET (MP) 20071 

(a) 8:8 (b) 6:6 (c) 4:4 (d) 2:2 
The unit cell of Al (molar mass 27 g mo)-l) has an edge 
length of 405 pm. Its density is 2.7 g I cm3

. The cubic unit cell 
is: (PET (KeraJa) 20071 
(a) face-centred . (b) body-centred (c) primitive 
(d) edge-centred (e) simple 

[Hint:z a
3 x d x N A = (405 X )0-10)3 x 2.7 x 6.023 x 1023 4 

. AI 27 

:. It is a face-centred cubic unit cell.] 
The 8: 8 type packing is present in: (VITEEE 2007) 
(a) MgFz (b) CsCI (c) KCI (d) NaCI 
Equal masses of methane and oxygen are mixed in an empty 
container at 25"C. The fraction of the total pressure exerted by 
oxygen is: (AIEEE 2007; EAMCET (Med.) 20101 

1 2 I 273 1 
(a) "2 (b) '3 (c) '3 x 298 (d) '3 
Percentage of free space in a body centred cubic unit cell is : 

[CBSE (PMT) 20081 
(a) 34% (b) 28% (c) 30% (d) 32% 
Which of the following statement is not correct? 

[CBSE (PMT) 2008] 

(a) The number of carbon atoms in a unit cell of diamond is 4. 
(b) The number of Bravis lattices in which a crystal can be 

categorized is 14. 
(c) The fraction of the total volume occupied by the atoms in a 

primitive cell is 0.48. 
(d) Molecular solids are generally volatile. 
If a stands for the edge length of the cubic systems : simple 
cubic, body centred cubic and face centred cubic, then the 
ratio of radii of the spheres in these systems will be 
respectively: [CBSE (PMT) 2008] 

I .J3 .J2 (a)-a:- a:-a 
2 2 2 

(b) la:.J3 a :.J2a 

1 .J3 1, 
(c)-a:-a:--a 

2 4 2.J2 

1 r: 1 
(d) a:",3a: r:a 

2 ",2 

[Hint: Simple unit cell, r=al2 

Body centred unit cell, r = aJ3 
4 

Face centred unit cell, r = a~} 
, 2",2 

239. The term that corrects for the attractive forces present in a real ' 
gas in the van der Waals' equation is: (lIT 2009) 

z 2 
(a) nb (b) ~ (c) -an (d) -nb 

VZ 

240. Which is not the correct statement for ionic solids in which 
positive and negative ions are held by strong electrostatic 
attractive forces? (DCE 2009) 

, + ' 

(a) The ratio r_ increases as coordination number increases 
.r 

(b) As the difference in size of ions increases coordination 
number increases + 

(c) When coordination number is eight, the !:..- ratio lies 
between 0.225 0.414 ' r-

(d) In ionic solid of the ty~e AX ~ZnS, Wurtzite) the 
coordination number of Zn + and S - respectively are 4 
and 4 

241. The packing efficiency of the two-dimensional square unit cell 
shown below is: (lIT 2010) 

(a) 39.27% 
(c) 74.05% . 

I I 

I-L--t 

(b) 68.02% 
(d) 78.54% 

[Hint: a..fi = 4 r 

a= 2.[2 r 

P ki fra t· Occupied area 100 ac ng c Ion = x 
Total area 

2n? -r::-z x 100= 78.5%] 
(2",2r) 

Set-2: The questions given below may have more 
than one correct answers 

]. If force of attraction between the molecules is negligible, 
van der Waals' equation (for one mole) will become: 

(a) PV = RT + Pb (b) P _ RT a 
-V-b -VI 

(c) PV = RT + a I V (d) PV=RT-aIV 
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2. van der Waals' equation for: 

A. High pressure. (i) PV = RT + Pb 

B. Low pressure (ii) PV = RT - (2/ V 

C. Force Qf attraction is 
negligible 

(iii) PV = RT + (2/ V 

D. Volume of molecules is 
. negligible 

( 

(2 '\ 

(iv) P + V2 j (V - b) = RT 

(a) A (iv), B (ii), C (i), D (iii) 
(b) A (i), B (ii), C (iii), D (iv) 
(c) A (iv), B (iii), C (ii), D (i) 
(d) A (iv), B (ii), C (iii), D (i) 

3. van der Waals' constants for three different gases are given: 

Gases (2 b 

X 3.0 0.025 

Y 10.0 0.030 

Z 6.0 0.035 

Which is correct? 
(a) Maximum critical temperature-Y 
(b) Most ideal behaviour--X 
(c) Maximum molecular volume-Z 
(d) All are correct 

4. What is the ratio of mean speed of an 0 3 molecule to the rrns 
speed of an 02 molecule at the same T ? 
(a) (3n 17)1I2 (b)(16J 9n )112 

(c) (3nf2 (d) (4n/9)112 

s. ::T~i: rna; ~; represon::'( ~';), K 

V 

(c) (dP J = -~ (d) (dP J = vK2 
dV V 2 dV T 

where, K constant. 
6. If pressure of a gas is increasedby 1% when heated by 1°C, its 

initial temperature must be (if volume remains constant): 
(a) 100 K (b) 100°C (c) 250 K (d) 250°C 

7. Which of the following are not the units of gas constant, R? 
(a) dyne K-1 mol- l (b) erg deg-J morl 

(c) cm3 K-l mol-l (d) kPa dm3 K-1 mol-I 

8. According to Charles' law: 
1 

(a) Vex: - (b) (dVJ == K dT p. T 

(c) (dTJ = K 
dV p 

(d) r! --;J = 0 
,T T p 

9. In the following statements : 

10. 

(A) ideal gases are liquefied only at very low temperatures 
(B) ideal gases can not be liquefied 
(C) ideal gas behaviour is observed by real gases at low 

pressures 
(D) ideal gases do not exist 
The correct statements are: (ISAT 2010) 

(a)A,B,CandD (b) A, BandC 
(c) B, C and D (d) C and D 
Which of the following relationships is/are not true? 

I2RT 
(a) Most probable velocity ~ M 

(b)PV = ~kT 

(c) Compressibility factor Z == PV 
nRT 

(d) Average kinetic energy of gas =..!. kT 
2 

11. According to kinetic theory of gasi?s: (UT 1991) 

(a) the pressure exerted by a gas is proportional to mean 
square velocity ofthe molecules 

(b) the pressure exerted by the gas is proportional to the root 
mean square velocity of the molecules 

(c) the root mean square velocity is inversely proportional to 
the temperature 

(d) the mean translational KE of the molecule is directly 
proportional to the absolute temperature 

12. A gas described byvan der Waals' equation: (lIT 2008) 

(a) behaves similar to an ideal gas in the limit of large molar 
volume 

(b) behaves similar to an ideal gas in the limit of large 
pressures 

(c) is characterised by van der Waals' constant that are 
dependent on identity of the gas but are independent ofthe 
temperature. 

(d) has the pressure tha~ is lower than the pressure exerted by 
the same behaving ideally. 

Assertion-Reason TYPE QUESTIONS 

Set-1 
The questions given below consist of an 'Assertion' (A) and the 
'Reason' (R). Use the following keys to choose the appropriate 
answer: 

(a) If both (A) and (R) are correct, and (R) is the correct 
explanation of (A). 

. (b) If both (A) and (R) are correct, but (R) is not the correct 
explanation of (A). 

(c) If (A) is correct, but (R) is incorrect. 

(d) If (A) is incorrect, but (R) is correct. 
1. (A) The heat absorbed during the isothermal expansion of an 

ideal gas against vacuum is zero. 
(R) The volume occupied by the molecules of an ideal gas is 

zero~ (liT 2000) 

2. (A) The pressure of a fixed amount of an ideal gas is 
proportional to its temperature . 

(R) Frequency of collisions and their impact both increase in 
proportion of the square root of temperature. (liT 2000) 
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3. (A) C p Cv R for an ideal gas. 

(R) (dE) 0 for an ideal gas. 
dV T 

4. (A) A lighter gas diffuses more rapidly than a heavier gas. 
(R) At a given temperature, the rate of diffusion of a gas is 

inversely proportional to the square root of its density. 
5. (A) On cooling, the brown colour of nitrogen dioxide 

disappears. 
(R) On cooling, N02 undergoes dimerisation resulting in the 

pairing of the odd electrons in N02. 
6. (A) The value of the van der Waals' constant' a' is larger for 

ammonia than for nitrogen. 
(R) Hydrogen bonding is present in ammonia. 

7. (A) The Joule-Thomson coefficient for the ideal gas is zero. 
(R) There are no intermolecular attractive forces in an'ideal gas. 

S. (A) At 27°C, the kinetic energy of 8 gram of methane is equal 
to the kinetic energy of 16 gram of oxygen. 

(R) The total heat change in a reaction is the same whether the 
chemical reaction takes place in one single step or in 
several steps. . (EAMCET 2006) 

9. (A) A closed cylinder containing high pressure gas tends to . 
rise against gravity when the gas is allowed to escape 
through an orifice at the bottom. 

(R) The velocity of escaping gas develops an upward thrust 
proportional to the area of cross-section of the orifice. 

(SCRA2007) 
[Hint: Assertion is correct but reason is wrong as the velocity of 
escaping gas is inversely proportional to the area of cross- section 
of orifice.] 

10. (A) Meniscus of a liquid disappears at the critical temperature. 
(R) Density of liquid and its gaseous phase become equal at 

the critical temperature. [SHU (Screening) 200S) 
11. (A) Graphite is soft while diamond is hard. 

(R) Graphite has three dimensional structure while diamond 
has planar. [SHU (Screening) 20081 

12. (A) White tin is an example of tetragonal system. 
(R) For tetragonal system abc and a.. p == y i' 90. 

Set-2 
The questions given below consist of two statements each printed as 
'Assertion' (A) and 'Reason' (R). While answering these questions 
you are required to choose anyone of the following four responses: 

(a) If both (A) and (R) are true and (R) is the correct explanation 
for (A). 

(b) If both (A) and (R) are true but (R) is not the correct 
explanation for (A). 

(c) If (A) is true but (R) is false. 
(4) lfboth (A) and (R) are false. 

13. (A) Sulphur dioxide and chlorine are both bleaching agents. 
(R) Both are reducing agents. (AIIMS 1994) 

14. (A) Nitrogen is unreactive at room temperature but becomes 
reactive at elevated temperatures (on heating or in the 
presence of catalysts). 

(R) In nitrogen molecule, there is extensive delocalisation of 
electrons. (AIIMS 1996) 

15. (A) Noble gases can be liquefied. 
(R) Attractive forces can exist between non-polar molecules. 

(AIIMS 1998) 

16. (A) Under similar conditions of temperature and pressure, 02 
diffuses 1.4 times faster than S02' 

(R) Density ofS02 is 1.4 times greater than that of02. 
.17. (A) On compressing a gas to half the volume, the number of 

moles is halved. 
(R) The number of moles present decreases with decrease in 

volume. 
18. (A) The plot of volume (V) versus pressure (P) at constant 

temperature is a hyperbola in the first quadrant. 
(R) V oc II P at constant temperature. 

19. (A) At constant temperature, if pressure on the gas is doubled, 
density is also doubled. 

(R) At constant temperature, molecular mass of a gas is 
directly proportional to the density and inversely 
proportional to the pressure. 

20. (A) IfH2 and Clz enclosed separately in the same vessel exert 
pressures of 100 and 200 mm respectively, their mixture in 
the same vessel at the same temperature will exert a 
pressure of 300 mm. 

(R) Dalton's law of partial pressures states that total pressure 
is the sum of partial pressures. 

21. (A) Most probable velocity is the velocity possessed by 
maximum fraction of molecules at the same temperature. 

(R) On collision, more and more molecules acquire higher 
speed at the same temperature. 

22. (A) Compressibility factor (Z) for non-ideal gases is always 
greater than I. 

(R) Non-ideal gases always exert higher pressure than 
expected. 

23. (A) van der Waals' equation is applicable only to non-ideal 
gases. 

(R) Ideal gases obey the equation PV = nRT. 
24. (A) Helium shows only positive deviations from ideal 

behaviour. 
(R) Helium is an inert gas. 

25. (A) Gases are easily absorbed on the surface of metals, 
especially transition metals. 

(R) Transition metals have free valencies. 
26. (A) S02 gas is easily liquefied while H2 is not. 

(R) S02 has low critical temperature while Hz has high critical 
temperature. 

27. (A) Diffusion is used in the enrichmentofU235 . 
(R) A lighter gas diffuses more rapidly than a heavier gas. 

28. (A) Crystalline solids can cause X-rays to diffract. 
(R) Interatomic distance in crystalline solids is of the order of 

0.1 nm. (AIIMS 2004) 
29. (A) The effusion rate of oxygen is smaller than that of 

nitrogen. 
(R) Molecular size of nitrogen is smaller than that of oxygen. 

(AIIMS 2004) 
30. (A) The compressibility factor for hydrogen varies with 

pressure with positive slope at all pressures. 
(R) Even at low pressures, the repulsive forces dominate in 

hydrogen gas. (AIIMS 2005) 
31. (A) Graphite is an example oftetragonal crystal system. 

(R) For a tetragonal system a b i' c, a.. = p == 90' and 
y == 120'. (AIIMS 20(6) 

32. (A) No compound has both Schottky and Frenkel defects. 
(R) Both defects change the density of the solid. 

(AIIMS 2008) 
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[,4~ ." OBJECTIVE QUESTIONS 

.. 
• Set-1 

1. (c) 2. (d) 3. (d) 4. (a) 5. (a) 6. (b) 7. (b) 8. (c) 

9. (a) 10. (a) 11. (a) 12. (c) 13. (b) 14. (c) 15. (d) 16. (d) 

17. (b) 18. (b) 19. (d) 20. (a) 21. (d) 22. (b) 23. (a) 24. (a) 

25. (c) 26. (a) 27. (a) 28. (d) 29. (b) 30. (c) 31. (a) 32. (b) 

33. (a) 34. (b) 35. (b) 36. (a) 37. (d) 38. (bi. 39. (c) 40. (b) 

41. (d) 42. (d) 43. (c) 4ft. (c) 45. (a) 46. (b) 47. (d) 48. (c) 

49. (c) 50. (c) 51. (d) 52. (b) 53. (d) 54. (c) 55. (a) 56. (a) 

57. (a) 58. (d) 59. (d) 60. (a) 61. (b) 62. (b) 63. (c) 64. (c) 

65. (d) 66. (c) 67. (a) 68. (d), 69. (b) 70. (b) 71. (d) 72. (a) 

73. (a) 74. (c) 75. (d) 76. (c) 77. (b) 78. (c) 79. (d) 80. (a) 

81. (c) 82. (b) 83. (a) 84. (d) 85. (c) 86. (c) 87. (a) 88. (b) 

89. (a) 90. (d) 91. (c) 92. (b) 93. (d) 94. (a) 95. (d) 96. (b). 

97. (b) 98. (c) 99. (a) 100. (d) 101. (a) 102. (d) 103. (b) 104. (c) 

105. (c) 106. (a) 107. (d) 108. (b) 109. (b) 110. (b) 111. (d) 112. (it) 

113. (c) 114. (b) 115. (a) 116. (d) 117. (a) 118. (a) 119. (b) 120. (c) 

121. (d) 122. (d) 123. (c) 124. (d) 125. (b) 126. (b) 127. (c) 128. (a) 

129. (a) 130;' (c) 131. (b) 132. (a) 133. (d) 134. (d) 135. (a) 136. (b) 

137. (d) 138. (c) 139. (b) 140. (a) 141. (a) 142. (b) 143. (c) 144. (a) 

145. (b) 146. (c) 147. (c) 148. (d) 149. (d) 150. (c) 151. (b) 152. (a) 

153. (c) 154. (b) 155. (d) 156. (c) 157. (c) 158. (b) 159. (d) 160. (b) 

161. (d) 162. (b) 163. (b) 164 .. (c) 165. (b) 166. (b) 167. (a) 168. (a) 

- 169. (b) 170. (d) 171. (c) 172. (d) 173. (c) 174. (b) 175. (d) 176. (a) 

177. (d) 178. (b) 179. (a) 180. (a) 181. (b) , 182. (a) 183. (c) 184. (b) 

185. (c) 186. (d) 187. (a) 188. (c) 18:>. (b) 190. (b) 191. (d) 192. (b) 

193. (a) 194. (c) 195. (a) 196. (d) 197., (d) 198. (c) 199. (c) 200. (c) 

201. (a) 202. (b) 203. (c) 204. (c) 205. (a) 206. (b) 207. (b) 208. (a) 

209. (b) 210. (d) 211. (a) 212. (d) 213. (c) 214. (b) 215. (a) 216. (a) 

217. (d) 218. (a)· 219. (c) 220. (b) 221. (c) 222. (c) 223. (a) 224. (c) 

225. (b) 226. (b) 227. (d) 228. (d) 229. (c) 230. (b) 231. (b) 232. (b) 

233. (a) 234. (a) 235. (d) 236. (d) 237. (c) 238. (c) 239. (b) 240. (c) 

241. (d) 

• Set-2 
1. (a) 2. (a) 3. (d) 4. (b) 5. (a) 6. (a) 7. (a, c) 8. (b, c, d) 
9. (c) , 10. (d) 11. (b, d) 12. (a, c) 

[J"'I~, : ASSERTION-REASON TYPE QUESTIONS 

1. (b) 2. (c) 3. (b) 4. (a) 5. (a) 6. (a) 7. (a) 8. (b) 

9. (c) 10. (a) 11. (c) 12. (c) 13. (c) 14. (c) 15. (a) 16. (c) 

17. (d) 18. (a) 19. (c) 20. (d) 21. (c) 22. (d) 23. (b) 24. (b) 

25. (a) 26. (c) 27. (b) 28. (c) 29. (c) 30. (a) 31. (d) 32. (d) 
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BRAIN STORMING PROBLEMS 

lOBJECTIVE QUESTIONS) for ( 

The following questions have single correct option: 

1. Which ofthe following graphs is not a straight line for an ideal 
gas? 

(a) V -7 T (b) T -7 P 
1 

(c) n -7-
T 

2. The quantity (PV I kBT ) represents the: 
(a) number of molecules in the gas 
(b) mass of the gas 
(c) number of moles of the gas 
(tl) translational energy of the gas 
[Hint: PV = nRT 

PV 
n=-

RT 
1 PV 

Number of molecules = N A -
RT 
PV PV = =-

(RI N A)T 

where, kB = Boltzmann constant.] 

I 
(d) n -7-

P 

3. I litre of N2 and 7 IS litre of 02 at the same temperature and 
pressure were mixed together. What is the relation between the 
masses of the two gases in the mixture? 
(a) MN z = 3Moz (b) MNz = SMoz 
(c) MNz Moz (d) MNz = 16Moz 
[Hint: PV = M RT 

m 
MN Px 1= __ 2 RT 

28 

P xl = Moz RT 
8 32 

Dividing eq. (i) by eq. (ii), we get 
MN1,= MOl] 

... (i) 

... (ii) 

4. A box is divided into two equal compartments by a thin 
partition and they are filled with gases X and Y respectively. 
The two compartments have a pressure of 250 torr each. The 
pressure after removing the partition will be equal to: 
(a) 125 torr (b) 500 torr (c) 250 torr (d) 750 torr 

5. The density of a gas A is twice that of a gas B at the same 
temperature. The molecular mass of gas B is thrice that of A. 
The ratio of the pressures acting on A and B will be: 
(a)6:1 (b)7:S (c) 2:5 (d) 1:4 

[Hint: Pm = dRT 
PAmA' dART 
--=--
PBmB dBRT 

I x =2 
PB 3 

PA :PB = 6: 1] 
6. In the corrections made to the ideal gas equation for real gases, 

the reduction in pressure due to attractive forces is 'directly 
proportional to: 

lIT "SPIRANTS 

(a) n I V 

[Hint: 

, , 

(b) nb 

n2 
Pressure correction = a -2 

V 
n2 

Pressure correction"" -, ] 
V-

7. Which of the following conditions is favourable for 
liquefaction of gas? 
(a) T> Tc; P > Pc (b) T < Tc; P > Pc 
(c) T=Tc'P=Pc (d) T=TC'P<Pc 

8. An ideal gas of certain mass is heated in a small vessel and 
then in a large vessel, such that their volume remains 
unchanged. The P - T curves are: 
(a) parabolic with same curvature 
(b) parabolic with different curvatures 
(c) linear with same slope 
(d) linear with different slopes 
[Hint: 

T--

Straight lines with different slopes will be obtained.] 
9. A spherical air bubble is rising from the depth of a lake when 

pressure is P attn and temperature is T K. The percentage 
increase in its radius when it comes to the surface of a lake will 
be: (Assume temperature and pressure at the surface to be 
respectively 2T K and P 14.) 
(a) 100% (b) 50% (c) 40% (d) 200% 

?,V pv. ... 
[Hint: _1_, 1 =....Ll; VI = InItial volume, V2 = final volume 

TI T2 ' 

PVI !.. X V2 

T 4 2T 
V2 V1=-
8 

V2 = 8V1 

4 4 
V2 = 8 x - nr3 = - n(8r)3 

3 3 
New radius = 2r(:.lOO% radius will increase)] 

10. It is easier to liquefy oxygen than hydrogen because: 
(a) oxygen has a higher critical temperature and lower 
. inversion temperature than hydrogen 
(b) oxygen has a lower. critical temperature and higher 

inversion temperature than hydrogen 
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(c) oxygen has a higher ci:itical temperature and a higher 
inversion temperature than hydrogen 

(d) the critical temperature and inversion temperature of 
oxygen is very low 

U. 2 mole 'He' is mixed with 2 gm of Hz. The molar heat capacity 
at constant pressure for the mixture is: 

(a) 17R (b) IlR (c)4R 
6 6 

(d) 3R 
2 

[Hint: C f\ for 'He' = 5 R; C P2 for H2 == 7 R 
·22 

nHe = 2; nH2 = 1 

Cp 

nlC PI + nzC P2 

nl + nz 
17R . = ] 

6 

5 7 
2x-R+ Ix R 

2 2 
3 

12. The van der.Waals' constant' a' for the gases 0z, Nz, NH3 and 
CH4 are1.36, 1.39,4.17 and 2.253 respectively, the gas which 
can be most easily liquefied is: . 

. (a) 0z (b) N2 (c) NH3 (d) C~ 
[Hint: The van der Waals' constant' a' is directly proportional 
to the intermolecular force; hence, the gas with greater value 
of' a' can be most easily liquefied.] . 

13. At what temperature will the molar kinetic energy of 0.3 mole 
of 'He' be the same as that of 0.4 mole of argon at 400 K? 
(a) 700 K (b) 500 K (cl 800 K (d) 400 K 

[Hint: KE 2 nRT 
2 

n = 1, for molar kinetic energy 

(2 x I x R x T) (2 x 1 x R x 400) 
2 Helium 2 Argon 

T=400K] 
14. Let ~ and P be the saturated partial pressure and partial 

pressure of water respectively. Then the relative humidity is 
given by: 

. (a) Ps + P x 100 
Pa 

P 
(c) ~ x 100 

P 

P 
(b) - x 100 

P, 

(d) (P + Pa ) xlOO 

15. Molar volume of a mono atomic gas at Po and To is 0.5 times its 
molar volume at 10Po and at the same temperature. Ignoring 
the value of the van der Waals' constant 'a', the radius of the 
gas molecules is given by: 

(a) 0.8RTo 
Po 

( \113 

(c) l 3RTo I 
20Po N1t) 

[ )

113 

(b) Q.6RTo 
Pr/f1t 

( )

1/3 

(d) 3RTo 
20Po1t 

where, N = Avogadro's number 
16. A vessel is filled with a mixture of oxygen and nitrogen. At 

what ratio of partial pressures will the mass of gases be 
identical? 
(a) P(02) o.785P(N2) (b) P(02)= 8.75P(N2) 
(c) P(02) = 114P(Nz ) (d) P(02) 0.875P(N2) 

[Hint: PV = nRT 

PV:::: W RT 
m 
W 

Ro V:::: RT 
2 32 

w 
PN V =-RT 

2 28 

P~ = 28 
PN2 32 

P~ = 0.875PN2 ] 

... (i) 

... (ii) 

17. KCI crystallises in the same type oflattice as does NaCI.Given 

thatrNa+ /'cr == 0.55 and rK+ /r,:T 0.74. Calculate the ratio 

of the side of the unit cell for KCl to that ofNaCI 

[PET (Kcrala) 200S1 
(a) 1.123 
(e) 1.732 

(b) 0.891 (c) 1.414 (d) 0.414 

[Hint: 

+ I 1.55 

r + 
.1L + 1= 1.74 
'Cr 

Dividing (2) by (I) 

1.74 

0.74 

- = --"'---""-- x --"'-'---
1.55 

r + + r _ 
K CI:::: 1.122] 

rNa+ + 'el-

... {l) 

... (2) 

lS. 8: 8 coordination of CsCI is found to change into 6: 6 coor
dination: 
(a) on increasing the pressure 
(b) on increasing the temperature 
(c) on decreasing the pressure 
(d) on decreasing the temperature 

19. An alloy of Cu, Ag and Au is found to have copper constituting 
ccp lattice. If silver atoms occupy the edge-centres and gold is 
present at body-centre, the alloy has the formula: 
(a) Cu4Ag2Au (b) Cu4Ag4Au 
(c) Cu4Ag 3Au (d) CuAgAu 
[Hint: In ccp an:angement, eu atoms occupy the corners and 
face-centres. 

:. Number of Cu atoms = 8 x .! + 6 xl:::: 4 
8 2 

Number of silver atoms = Number of edge - centres x!.. . 4 
1 = 12x- = 3 
4 

Number of gold atoms:::: I (at body -centre) 
:. Formula of alloy = CU4Ag3Au] 

20. The anions (A) form hexagonal closest packing and atoms 
(M) occupy only two-third of octahedral voids in it; then the 
general formula of the compound is: 
(a) MA (b) A2 (c) MzA 3 (d) M3A2 
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21. In a face-centred cubic of A and B-atoms in which A atoms are 
at the comers of the unit cell and B-atoms at the face-centres, 
one of the A-atoms is missing from one corner in unit cell. The 
simplest formula of the compound is: 
(a) A7B3 (b) AB3 (c) A7B24 (d) AgB2l 

1 7 
[Hint: Number of A atoms = - x 7 -

8 8 
1 

Number of B atoms = 6 x - = 3 
2 

A:B=7: 37 :24 
8 

Molecular formula = A7B24 ] 
22. Select the incorrect statement( s): 

(a) Schottky defect is not shown by CsCI 
(b) Frenkel defect is shown by ZnS 
(c) hcp and ccp structures have different coordination 

numbers 
(d) at high pressure, the coordination number increases 

23. Select the incorrect statement: 

(a) In CsCI unit cell, r + + r
Cl

- == J3 I 
Cs 2 

I 
(b) In NaCI unit cell, rNa+ + rq_ 2 

(c) In CsCI unit cell, 68% space is void 
(d) In NaCl unit cell, 26% space is void 

24. The ionic radii ofRb + and I - are 1.46 and 2.16 A respectively. 
The most probable type of structure exhibited by it is: 
(a) CsCI (b) NaCI (c) ZriS (d) CaF2 

25. Perovskite is a mineral with the formula CaTi0 3• Which ofthe 
positive ions in the crystal is more likely to be packed in. the 
octahedral holes? 
(a) Ti4+ (b) Ti2+ (c) Ca 2+ (d) O~ 

26. Which of the following is incorrect ?[RHU (Sereening) 20(8) 
(a) A real gas behaves like ideal gas over a wide range of 

pressure (- 100 atm) at Boyle point 
(b) A real gas behaves like an ideal gas over a wide range of 

pressure (~ 100 atm) at critical temperature of the gas. 

(c) (aUI "" o for an ideal gas aV JT 

(CJU\ a 
(d) l' -I = for a real gas obeying van der Waal's av /T 

equation 
[., : A real gas cannot behave like ideal gas at critical 
temperature. ] 

27. The number of atoms in 100 g of an fcc crystal with density 
d = 10 g 1 cm3 and cell edge as 200 pm is equal to: 

(a) 3 x 1025 (b) 5 x 1024 (c) 1 X 1025 (d) 2 x 1025 

28. In a ccp structure, the: 
(a) first and third layers are repeated 
(b) first and fourth layers are repeated 
(c) second and fourth layers are repeated 
(d) first, third and sixth layers are repeated 

29. WhiCh of the following compounds represents an inverse 2: 3 
spinel structure') 
(a) Felli [Fell Felll]04 (b) Pb0 2 

(c) Al 20 3 Cd) Mn 30 4 

30. A solid solution of CdBr 2 in AgBr contains: 
(a) Schottky defects 
(b) Frenkel defects 
(c) Colour centres 
(d) Frenkel as well as Schottky defects 

31. Which of the following cOlTectly represents the relation' 
between capillary rise' h' and capillary radius 'r' ? 

II~ 11\ . 
hi hi "-
I ' I 

f __ r_ 

(a) (b) 

r-- r -+ 

(e) (d) 

[Hint: Capillary rise decreases with increase in the radius of 
tube.] 

32. There is a depression in the surface of the liquid in a capillary 
when: 
(a) the cohesive force is smaller than the adhesive force 
(b) the cohesive force is greater than the adhesive force 
(c) the cohesive and adhesive forces are equal 
(d) none ofthe above is true 
[Hint: Depression in the surface takes place When 
intermolecular attraction force of liquid called cohesive force 
dominates the force of attraction between the liquid and the 
capillary called adhesive force.] 

33. Surface tension does not vary with: 
(a) temperature (b) vapour pressure 
(e) the size of surface (d) concentration 

34. Which amon~ the following has the least surface tension? 
(a) Benzene (b) Acetic acid 

'. (c) Diethyl ether (d) Chlorobenzene 
. 35. The.SI unit ,of the coefficient of viscosity is: 

(a).Ns-1m-1 (b) Nsm'2 (e) Ns'2 m-2(d)'Ns-1 m-2 

36. Compressibility factor for a gas under critical condition is: 
(a) 3/8 (b) 8/3 (c) I (d) lf4 

[Hint: 
3 

F;.Vc = 8 RTc 

Z = ~ 1 
RTc 8 

I 
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37. Critical temperature of H20 is greater than that of O2 because 
H20 molecules have: 
(a) greater dipole moment 
(b) V-shape 
(e) lesser number of electrons 
(d) it has only sigma bonds 

38. For van der Waals' constants 'a' and 'b', the unit of the ratio!!. 
b 

will be: 

(a) atm litre- I 

(c) litre-atm mol-2 
(b) litre-atm mol- I 

(d) litre mol-1 

an2 

[Hint: ~orrecljon =0 -;;:z . Unit of a = atm litre2 mor2 

Vcorreclion = nb Unit of b = litre mol-1 

U . " f (a) atm litre
2 

mol-
2 

Ult,O' - = . 
b litre mol-I 

= atm litre mor I ] 

39. Select the correct order of the following temperatures: 
Boyle temp. Critical temp. Inversion temp. 

(A) (B) (C) 

(a) A> C > B (b) B> A > C 
(c) A > B > C (d) C> A > B 

[Hint: To (Boyle temp.) =!!:....; Ti (Inversion temp.) = 2a 
. Rb Rb 

Tc (Critical temp.) ~ 
27Rb 

.. Ti >To > Tel 
40. The gas equation for a real gas is: 

P(V - b) = RT 

Here, the parameter 'b' is van der Waals' constant. The graph' 
of pressure against temperature (isochore) will give straight 
line of slope: 

(a) zero (b) (V~ b) (c) R/ P (d) negative 

41. A crystalline solid is made of X, Y and Z elements. Atoms of X 
form fcc packing; atoms of Y occupy octahedral voids while 
atoms of Z occupy tetrahedral voids. What will be the simplest 
formula of' solid if atoms along one body diagonal are' 

. removed: 

(a)'XSY4Zg (b) XYZ (c) X gY4ZS (d) X 2Y2 
[Hint: Number of atoms of X(at packing site, i.e., at corners 
and face-centres) 

I 1 
=8x-+6x =4 

8 2 
Number of atoms of Y = 4 
Number of atoms of Z = 8 I 

Along one body diagonal there will be two X atoms, one Y 
atom and·two Z atoms are found and are removed . 

. ' ' . I 15 
Number of atoms of X will be ::::: 4 - x 2 

, 8 4 

Number;oi~t~ms of Y will be = 4 I ::::: 3 
Number of'at6ms ofZ will be 8 - 2 = 6 

X:Y:Z 

15: 3: 6 
4 
5:4:8 

.. Simplest formula will be X SY4Zg.] 

42. Which of the following pattern has void fraction of 0.26 ? 
(a)AAAA... (b) ABABAB ... 
(c) ABCABCABC... (d) ABCCBAABC ... 

43. ,Two gas bulbs are connected by a thin tube. Calculate the 
partial pressure of helium after the connective valve is opened 
at a constant temperature of 27°C: 

(a) 1 atm (b) 0.328 atm (c) 1.64 atm (d) 0.166 atm 
• PVO.63 x 1.2 

[Hmt: nHe =. RT == 0.0821 ~ 300 = 0.03 

= 2.8 x 3.4 = 0.39 
1lt<e 0.0821 x 300 

0.03 0 
xHe= :: = O. 714 

nHe + ~e 0.03 + 0.39 

Total pressure after connecting the bulbs will be : 

ijV( + PZV2 == PR (VI + V2) 

0.63 x 1.2 + 2.8 x 3.4 PR (1.2 + 3.4) 
PR == 2.33 atm 

PHe =xHe xPR =O.0714x2.33 O.166atml 

44. Ammonia gas at 76 cm Hg pressure was connected to a 
manometer. After sparking in the flask, ammonia is partially 
dissociated as follows: 

2NH3 (g) ;:=::! Nz (g) + 3Hz (g ) 
the level in the mercury column of the manometer was found 
to show the difference of 18 cm. What is the partial pressure of 
Hz (g ) at equilibrium? 
(a) 18 cm Hg (b) ,) cm Hg 
(c) 27 cm Hg (d) 24 cm Hg. 

[Hint: 2NH3 (g) ~ N2(g) + 3H2(g) 

76 o o 
teq, 76-2x x 3x 

'Ital pressure after dissociation = 76' 2x + x + 3x = 76 + 2x 
Increase in pressUre == 2x = 18 

x 9cm. 
Partial pressure ofH2 = 3x =27 cm] 

45. Two balloons A and B are taken at 
300K. Maximum capacity of balloon 
A and balloon Bare 800 mL and 1800 
mL respectively. When the balloon 
system is heated; which one will 
burst first? 
(a) Inner balloon (A) 
(b) Outer balloon (B) 
(c) Both balloons simultaneously 
(d) Cannot be predicted 

1600 mL 

a 
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46. 

[Hint: For balloon A : 

:: V2 

Tl T2 
700 800 

300 T2 

T2 342.85 K 
For balloon B : 

:: V2 

Tl T2 
1600 1800 

300 T2 

T2 337.5 K 
Thus, outer balloon B will burst first.] 

Ga" 

A gas jar of 10 litre volume filled with O2 at 300 K is 
connected to glycerine manometer. The manometer shows 5 m 
difference in the level as shown in figure. What will be the 

. number of moles of O2 in the gas jar ? 

(Give dglycerine = 2.72 g/mL; d mercury 13.6 g/mL} 

(a) 0.64 mol (b) 0.4 mol (c) 0.94 mol (d) 0.36 mol 

[Hint: (h x d x g)Hg (h x d X g)glycerine 

(h X 13.6)Hg = (5 x 2.72~ycerine 

%g =lm 
Pgas == (1 + 0.76) m 

= 1760mmHg 
PV=nRT 

1760 
x 10 = n x 0.0821 x 300 

760 
n = 0.94 mol] 

Following questions may have more than one correct options: 

1. Which of the following graphs represent Boyle's law? 

t 
P ptt= !t 

v- p-
(a) (b) 

t 
pv 

v
(c) 

p-
(d) 

2. Which of the following equation(s) is/are correct On the basis 
of ideal gas equation? 

N 
(a) PV = RT (b) PV NkBT 

NA 
d . 

(c) PV - RT (d) PV = dRT 
m 

where, N. = number of molecules, N A = Avogadro's number, 
kB = Boltzmann constant 

3. A gas can be easily liquefied: 
( a) when its. inversion temperature equals the Boyle's temperatlu;: 
(b) under.reversible adiabatic expansion 
(c) under pressure when it is cooled below the critical temperature 
(d) at low pressure and above critical temperature 
[Hint: (i) Reversible adiabatic expansion lowers the 
temperature hence facilitates the liquefaction of gas. (ii) A gas 
can be liquefied below the critical temperature by increasing the 
pressure.] 

4. Which of the following quantities are same for all ideal gases 
at the same temperature? 
(a) The kinetic energy of I mole 
(b) The kinetic energy of I g 
(c) The number of molecules in I mole 
(d) The number of molecules in I g 
[Hint: (i) 1 mole of a gas always contains 6.023 x 1023 molecules. 

(ii) Kinetic energy of ideal gases depends only on temperature.] 
5. Which of the following statements are correct? 

(a) Helium diffuses at a rate 8.65 time-t as much as CO does 
(b) Helium diffuses at a rate 2.65 times as fast as CO does 
(c) Helium diffuses at a rate of 4 times faster than CO 2 

(d) Helium diffuses at a rate 4 times as fast as S02 does 
6. The viscosity of a liquid molecule depends on: 

(a) the volume of the liquid' 
(b) the temperature of the liquid 
(c) the surface area of the liquid 
(d) the structure of the molecule 

7. Viscosity is the property of: 
(a) liquids (b) gases (c) solids (d) all of these 

8. Which of the following crystals have 6: 6 coordination? 
(a) NH41 (b) MgO (c) MnO (d) ZnS 

9. Which of the following compounds represent a normal 2: 3 
spinel structure? 
(a) rv~gll AI~II04 (b) COil (Colllh04 

(c) Zn(TiZn) 0 4 (d) Ni(CO)4 
10. Which type of crystals contain· only one Bravis lattice? 

(a) Hexagonal (b) Triclinic 
(c) Rhombohedral (d) Monoclinic 

11. At which temperature, is a fenimagnetic solid con .... erted to a 
ferromagnetic solid? 
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(a) 850 K (b) 300 K (c) 400 K (d) 600K 
12. In NaCI structure, all the: 

(a) octahedral sites are occupied 
(b) tetrahedral sites are unoccupied 
(c) octahedral as well as tetrahedral sites are unoccupied 
(d) octahedral as well as tetrahedral sites are occupied 

13. The density of a certain solid AB (formula mass = 119) is 2.75 
glcm3

. The edge ·of the unit cell is 654 pm long. What is/are 
true about the solid AB? 
(a) It has bcc unit cell 
(b) There are four constituents per unit cell 
(c) Unit cell constituted by anion is fcc 
(d) Structure is similar to ZnS 

[Hint:. Z = a
3 

x d x N 
M 

(654 X 10-10
)3 x 2.75 x 6.023 x 1023 

'" 4] 

119 
14. The unit cell of a crystalline solid is bounded by f (faces), e' 

(edges) and c(interfacial angle). Which of the following 
relations is correct? 

(a) f + e = c + 2 (b) f + c = e + 2 
(c) c + e = f + 2 (d) None of these 

15. Which of the following diagrams correctly describes the 
behaviour of a fixed mass of an ideal gas? (T is measured in K) 

[PMT (Kerala) 2007; eMS Vellore (Med.) 2008; 
CET (Punjab) 20(8) 

ConstantT Constant V 

t ~ p 
t 
~ P 

v- T--

(a) (b) 
Constant T Constant T 

i t 
PV PV 

p- V-

(c) (d) 

Constant P 

i 
V 

T--
(e) 

16. Molar mass ofNe atom is ten times ofH2 molecule. Which of 
the following statement is/are true? 
(a) Both these gases have same Kinetic Energy at 27°C 
(b) Hz molecule will travel 10 times faster than Ne atom at 

same temperature 
(c) Pressure of I mol Ne atom and 1 mole H2 molecules will 

be same 
(d) Ten mole ofH2 and 1 mole ofNe will have same volume at 

a temperature of 27°C 
17. Select the correct conditions indicated below the following 

plots: 

Isochores 

(aJ ~l/~v, 
Temp(K) --II> 

(V1 > V2 > v:;) 

Isotherms 

(c) 11.,; I ~T' 
t ~T2 

Volume --+ 
(T1 < Tz < T3) 

(b) 

Isobars 

I//p, 
~, 

-273°C 1°C 
(P1 < Pz < P3) 

isotherms 

-- P----' 
(T1 < Tz < T3) 

. -

C~.~.(~I.}-~-----------I 
Single correct option 

1. td) 2. (a) 3. (e) 1. (c) 

9. (a) 10. (c) 11. (a) 12. (c) 

17. (a) 18. (b) 19. (c) 20. (c) 

25. (a) 26. (c) 27. (b) 28. (b) 

33. (c) 34. (e) 35. (b) 36. (a) 

41. (a) 42"/ (c) 43. (d) 44. (c) 

• One or more than one correct options 
1; (b, c) 2. (a, b) .3. (b, c) 4. (a, c) 

9. (a, b) 10. (a, b, c) n. (a) 12. (a, b) 

Ii" (a, c, d) 

5. (a) 6. (d) 

13. (d) 14. (b) 

21. (c) 22. (a, c) 

29. (a) 30. (d) 

37. (a) 38. (b) 

45. (b) 46. (c) 

5. (a, d) 6. (b, d) 

13. (b, c) 14. (b) 

7. (b) 

15. (c) 

23. (c) 

31. (b) 

39. (d) 

7. (a, b) 

15. (e) 

8. (d) 

16. (d) 

24. (b) 

32. (b) 

40. '(b) 

8. (a, b) 

16. (a, b, c) 
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Integer Answer TYPE QUESTIONS· 

This section contains 14 questions. The answer to 
each of the questions is a single digit integer, ranging 
from 0 to 9. If the correct nnswers to question numbers 
X, Y, Z and W (say) are 6, 0, 9 and 2 respectively, then 
the con-ect darkening of bubbles will look like the 
given figure: 

1. A substance AxBy crystallises in a face centred cubic lattice. 
Atoms' A' occupy each corner of unit cell and atoms of' B' 
occupy centre of each face of the cube. Total number of atoms 
of A and B in one unit cell will be ............. . 

2. In KEr crystal structure, the number of second nearest 
neighbour ofK+ ions are ................. . 

3. Density oflithium at~m is 0.53 glcm3 ,The edge length ofLi is 
3.5 A. The number of lithium atoms in a unit cell will be 
........... (Atomic mass oflithium is 6.94) 

4. A cubic solid is made up of two elements P and Q. Atoms of Q 
are present at the comers of the cube and atoms of P. at the 
body centre. The coordination number of P and Q will be 

5. If there are 3 moles of atoms present in the packing of pattern 
ABC ABC ABC ...... The number of moles of tetrahedral voids 
is equal to ............... . 

6. The number of atoms in HCP unit cell is ............ . 
7. How many effective Na + ions are present in rock salt NaCl? If 

ions along one axis joining opposite faces are removed? 
.8. How many moles of S02 will occupy a volume of 10 litre at a 

pressure of 15 atm and temperature 624 K? (a 6.71 atm L2 
mol-2

; b 0.0564 litre moCl
) 

1. (4) 

9. (4) 

2. (12) 

10. (2) 

3. (2) 

11. (1) 

4. (8) 
12. (4) 

9. 3.2 g of oxygen and 0.2 g of hydrogen are placed in 1.12litre 
flask at O°c. The total pressure in atm of the gas .mixture will 
be ......... ; 

10. A mixture of non reacting gases exert a pressure of 5 atm. If 
one of the gases DCCUPY 40% volume of the mixture, what 
would be its partial pressure in atm? 

11. A gasis f.Qund to have the fon-nula (C30 2 )n' Its vapour density 
is 34. The value ofn will be ............ . . 

12. The weight of hydrogen gas obtained from42 g of CaH2 by 
treatment withwater is ............... gm. 

13. The stop cock containing two bulbs of volume 5 litre and 10 
litre eontaining an ideal gas at 9 atm and 60 atm respeetively is. 
opened. What is the final pressure in atin if the temperature 
remains the same? 

14. At 400 K, the root mean square. (rms) speed of gas X 
(molecular mass'" 40) is equal to the most probable speed of 
gas Y at60 K. The molecular mass of the gas Y is ........ 

[Hint:lnt "'l~l 

5. (6) 

13. (7) 

PR400 =PR60 
40 m 

50 = ~4 :30 

m 4] 

6. (6) 
14. (4) 

(lIT 2009) 

7. (3) 8 •. (3) 
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~ •. LINKED COMPREHENSION TYPE QUESTIONS •• 

• Passage 1 

The gases which strictly fol:ow the general equation 
(PV nRT) are called ideal or perfect gases. Actually, there is no 
gas which is perfect or ideal. A real gas is one which actually exists, 
whether it obeys gas laws strictly or not. Under ordinary conditions, 
only those gases nearly behave as ideal or perfect which have very 
low boiling points such as nitrogen, hydrogen, etC. The most easily 
liquefiable· and highly soluble gases such as ammonia, carbon 
dioxide, sulphur dioxide show large deviations. 

A very convenient method of studying deviation of real gases from 
ideal behaviour is through a compressibility jactor (Z). 

Z PV 
nRT 

(i) Z 1, for ideal gases. 

(ii) Z", 1. for real gases .• 

~n.Jwer the following questions: 
. PV hi h· 1. Consider the equation Z = -- ;. w c 

nRT 
statements is correct? 

of the following 

(a) When Z> 1,' real gases are easier to compress than the 
ideal gas 

(b) When Z = 1, real gases get compressed ea~ily 
(c) When Z > 1, real gases are difficult to compress 
(~ When Z =1, real gases are difficult to compress 

2. The compressibility of a gas is less than unity at STP, 
therefore: 
(a) Vm > 22.4 L (b) Vm < 22.4 L 
(c) Vm 22.4 L (d) Vm = 44.8 L 

3. At low pressure, the van der Waals' equation is reduced to: 
PV aP PVm bP 

(a) Z R; 1- RT (b) Z= RT 1+ RT 

(d) Z PVm I ~ (c) PVm = RT RT RT 

4. At Boyle's temperature, compressibility factor Z for a real gas 
is: 
(a) Z = I (b) Z 0 
(c) Z> I (d) Z < I 
!Hint: At Boyle's temperature, the real gas behaves like an 
ideal gas.] 

5. The behaviour of a real gas is usually depicted by plotting 
compressibility factor Z versus pressure P at a constant 
temperature. At high temperature and pressure, Z is usually 
more than one. This fact can be explained by van der Waals' 
equation when: 
(a) the constant 'a' is negligible but not 'b' 
(b) the constant 'b' is negligible but not 'a' 
(c) both the constants 'a' and 'b' are negligible 
(d) both the constants 'a' and 'b' are not negligible 

6. The units of compressibility factor are: 
(a) atm L -I (b) atm- I 

(c) L -I (d) unitless 

• Passage 2 
The gas molecules randomly move in all directions and collide 

with each other and with the wall of the container. It is difficult to 
determine the speed of an individual molecule but it has become 
possible to work out the distribution of molecules among different 
molecular speeds. This is known as Maxwell Boltzmann distribution. 

Consider the following graph about Maxwell's distribution of 
speeds at two different temperatures 'Ii and T2 : 

i 
~nn) 

a 1---.----.----,..,._ 

S 

Fraction of 
tatal molecules 

- Speed 

Answer the following questions: 
1.. In the above graph the point 'P' refers to: 

(a) root mean square speed at 'Ii 
(b) average speed at 'Ii 
(c) most probable speed at 'Ii 
(d) highest possible speed at 'Ii 

2. The shaded area represents: 
(a) number of molecules having speed between uj and u2 

(b) number of molecules having speed less than the most 
probable speed 

(c) number of molecules having vrms at 'Ii 
(d) fraction of total molecules having average speed 

3. The·point Q refers to: 
(a) number of molecules with speed at P 
(b) fraction of total molecules with speed at P 
(c) root mean square speed 
(d) total kinetic energy of molecules at P 

4. Relation between 'Ii and T2 is: 
(a) 1] T2 (b) 'Ii > T2 
(c) 'Ii < T2 (d) cannot be predicted 

5. Total area under the curve at 'Ii is: 
(a) equal to that under curve at T2 
(b) less than that under curve at Tz 
( c) greater than that under curve at T2 
(d) can be greater or less than that under curve at T2 , 

depending on the nature of the gas 
6. Select the correct statement(s): 

(a) Most probable speed increases with increase in 
temperature 

(b) Fraction of total molecules with most probable velocity 
decreases with increase in temperature 

. (c) Area under the curve increases with increase in the temperature 
(d) none of the above 
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7. 'The curve has which of the following characteristics? 
(j)It has symmetrical distribution of molecules against 

molecular velocity, 
(ii)The area under the curve gives the total number of 

molecules, 
(iii)The maxima of the curve shifts towards right as the 

tempe~ture is raised. ;< ~ 

(iv) The area under the curve is independent of temperature, 
Select the correct statements from the codes given below: 
(a) (i), (ii) (b) (i), (ii) and (iii) 
(c) (ii), (iii) and (iv) (d) all are correct 

• Passage 3 

The essential conditions for liquefaction of gases were discovered 
by Andrews in 1869 as a result of his study of 
pressure-volume-temperature relationship for CO2, It was found that 
above a certain temperature, it was impossible to liquefy a gas 
whatever the pressure was applied. The temperature below which the 

. gas can be liquefied by the application of pressure alone is called 
critical temperature (Tc ). The pressure required to liquefy a gas at 
this temperature is called the critical pressure (Pc)' The volume 
occupied by one m91e of the substance at the critical temperature 
and pressure is called critical volume. Critical constants are related 
with van der Waals' constant as follows: 

8a a 
Vc :::: 3b, Pc :::: --2 ' Tc 

27b 27Rb 

Answer the following questiol'., 
1. The relationship between Pc, Vc and Tc is: 

(a) PcVc RT (b) PcVc :::: 3RTc 
3 3 

(c) PcVc = 5 RTc (d) PcVc :::: 8 RTc 

2. Which of the following parameters is three times the van der 
Waals' constant 'b'? 
(a) Critical volume 
(c) Vapour density 

3. The critical temperature of: 

(b) Critical temperature 
(d) Critical pressure 

(a) a substance means the temperature above which the 
substance is in vapour form 

(b) a gas is the temperature below which it can be liquefied by 
application of pressure 

(c) water is lOO°C , 
(d) none of the above 

4. The pressure required to liquefy a"1ns ~ -at the critical 
temperature ts called: 
(a) reduced pressure 
(c) vapour pressure 

5. Gases A 

Pc (atm) 2.2 

r;, (~) 5.1 

(b) critical pressure 
(d) atmospheric pressure 

BCD 
14 35 45 
33 127 140 

Which of the above gases cannot be liquefied at 100 K and 50 -
atm? 
(a) D only (b) A only 
(c) A'andB (d) C andD 

6. At critical point, the meniscus between liquid and vapour 
disappears due to: 

(a) zero refractive index (b) zero surface tension 
(c) zero viscosity (d) zero critical temperature 

7. Gas A can be liquefied at room temperature by applying 
pressure but gas B cannot. This reflects: 
(a) critical temperature of B is less than that of A 

- (b) critical temperature of B is greater than that of A 
(c) A and B have critical temperature greater than room 

temperature 
(d) critical temperatures of both are equal 

8. The values of critical volumes of four gases A, B, C and Dare 
0.025 L, 0.312 L, 0.245 Land 0.432 L respectively. The gas 
with larger diameter will be: 
(a) A (b)D 

(d) C 
4 

3x4Nx-nr'l] 

(c) B 

[Hint: .Vc 
3 

3b 

• Passage4 
Kinetic theory of gases is a generalization offered by Maxwell, 

Boltzmann, Clausius, etc., to explain the behaviour of ideal gases. 
This theory assumes that ideal gas molecules neither attract nor 
repel each other. Average kinetic energy of gas molecules is directly 
proportional to the absolute temperature. A gas equation called 
kinetic gas equation was derived on the basis of kinetic theory, 

PV I mnu2 

"3 
Answer the following questiol" 

1. Gas Density 
A 0,82 g L-1 

B 0.26gL-1 

C O,51gL-1 

Pick up the correct statement/statements: 
1. gas A will tend to lie at the bottom. 
2. the number of atoms of various gases A, Band Care 

same. 
3. the gases will diffuse to form homogeneous mixture, 
4. average kinetic energy of each gas is same, 
(a) 2,3 (b) 1,4' (c) I (d) 3,4 

"'. 2. Select the incorrect statement(s) about the real gases: 
I. The molecules attract each other. 
2. They show deviation from Boyle's and Charles' law. 
3. Volume of gas molecules are negligible. 
4. The molecules have negligible mass, 
(a) 2,3 (b) 1,4 (c) I (d) 3,4 

3. The average kinetic energy per molecule of an ideal gas is 
equal to: 
(a) 0,5 kJ (b) O.5RT 
(c) 1.5kT (d) 1.5R:F 

4. Which of the following do not pertain to the postulates of 
kinetic theory of gases? 
(a) The gas molecules are perfectly elastic 
(b) Speed of gas molecules are ever changinJ 
(c) Pressure exerted by the gas is due to the collision of 

molecules with the walls of the container 
(d). Kinetic energy of a gas is given by the sum of 273 and 

temperature in Celsius scale 

I 
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SECTION-I 
Straight Objective Type Questions 

This section contains 14 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 

1. Boyle's temperature offour gases are given below: 
Gases ABC 
TB . 120 K 25 K 500 K 
which gas can be liquified most easily? 

WA ~B ~C ~D 

D 
410K 

2. A gas is enclosed in Ii vessel of volume Vat temperature 1\ and 
pressure P; the vessel is connected to another vessel of volume 
V / 2 by a tube and a stop cock. The second vessel is initially 
evacuated. If the stop cock is opened, the temperature of 
second vessel becomes T2• The first vessel is maintained at a 
temperature 1\. What is the final pressure ~ in the apparatus? 

(a) 2PT2 (b)2PT2 (c) PT2 (d) 2PT2 
2T2 +1\ T2+21\ 2T2 +1\ 1\+T2 

3. The ratio of rate of diffusion of gases A and B is 1: 4. If the . 
ratio of their masses present in the mixture is 2 : 3, what is the 
ratio of their mole fraction? 

1 1 
(a)- (b)-

8 12 

1 
(c)-

16 
(d)~ 

24 
4. D~nsity of a gas at STP is 2g / L while the expected density is 

1.8 g / L assuming its ideal behavi~ur. Then: 
(a) gas behaves ideally 
(b) forces of attraction are dominant among gas molecules 
(c) forces of repulsion are dominant among gas molecules 

, (d) none of the above 

5. In a crystalline solid, anions B are arranged in ccp lattice and 
cations A occupy 50% of the octahedral voids and 50% of the 
tetrahedral voids. What is the formula of the solid? 

(a) AB (b) A3B2 (c) A2B2 (d) A2B3 
6. In a compound XY20 4 , oxide ions are arranged in ccp and 

cations X are present in octahedral voids. Cations Y, are 
equally distributed among octahedral and tetrahedral voids. ' 
The fraction of the octahedral voids occupied is: 

1 1 1 1 
(a) "4 (b) "2 (c)(j (d)"S 

7. An ideal gas: 
(a) can be liquefied if its temperature is more than critical 

temperature 
(b) can be liquefied if its pressure is more than critical pressure 
( c) cannot be liquefied at any pressure and temperature 
(d) can be liquefied if its temperature is more than Boyle's 

temperature 
8. A mineral is made of calcium, titanium and oxygen Ca 2+ ions 

located at comers, Ti4+ ions at the body-centre and 0 2- ions at 
face-centres of the unit cell. The molecular formula of the 
mineral is ....... 
(a) CaTi30 4 (b) CaTi03 (c) CaTi02 (d) CaTi20 3 

9. If the graph is plotted for 1 mol gas in such a way that PV is 
plotted against P then intercept of the graph for real gas will be: 
(a) RT + Pb + a (b) RT 

(c) RT - Pb + a (d) RT + Pb + ab + a 
10. The ratio of Boyle's temperature and critical temperature for a 

gas is: 
8 

(a)-
27 

(b) 27 
8 

, 1 
(c) -
'2 

(d) ~ 
1 

11. With which of the following elements silicon should be doped 
so as to give p-type semiconductor? ICBSE (PMT) 20081 

(a) Selenium (b) Boron (c) Germanium (d) Arsenic 
12. Total volume of atoms present-in a face centred cubic unit cell 

of a metal is (r is atomic radius): p{PMER 20081 

(a)16 n? (b)20n? (c) 24 n? (d)gnr3. 

3 3 3 3 
13. How many effective Na + .and cr ions are present respectively 

in the rocksalt (NaCl). If ions along the axis joining opposite 
faces are removed ? 

(a)4,~ (b)~,~ (C)~,4 (d) 3,3 

14. Kinetic energy and pressure of a gas of unit mole are related as : 
2 3', E 

(a)P=2E (b)P=-E (c)P=-E (d)P=-
3 2 2 

SEC1"ION-1i 

Multiple Answers Type Objective Questions 
15. Which of the following measure the deviation from ideal 

behaviour of gas? 
(a) Collision diameter (b) Collision frequency 
(c) Compressibility factor (d) van der Waals' constant 'a' 

16. In face-centred cubic unit cell: 

(a) face di~gonal·ofthe cube is a.fi or 4r 
(a = edge length, r = radius of constituent units) 

(b) effective number of atoms in the unit cell is 4 
(c) 8 tetrahedral voids per unit cell 

, (d) rank of the unit cell is 3 
17. Which of the following mixtures of gases at room temperature 

follow Dalton's law of partial pressures? 

(a) NO and 02 (b) CO and CO2 
(c) NH3 and HCl (d) S02 and O2 

18. A real gas can be liquefied: 
(a) under adiabatic expansion 
(b) above critical temperature 
(c) when cooled below critical temperature under applied pressure 
(d) at temperature lower than critical temperature and 

pressure higher than critical pressure 
19. Which of the following statements is (are) correct? 

(a) In body-centred cubic unit cell, the coordination number is 
12 

(b) The coordination number of each type of ion in CsCl is 8 
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(c) A unit cell of an ionic crystal shares some of its ions with 
neighbouring unit cell 

(d) If rNa+= 95 pm; r
Cl

- = 181 pm; then edge length of unit 

cell ofNaCI is 552 flm 

SECTION-III 
Assertion-Reason Type Questions 

This section contain'S 6 questions. Each question contains 
Statement-l (Assertion) and Statement-2 (Reason).' Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 
(a) Statement-l is true; statement-2 is true; statement-2 is a 

correct explanation for statement- L 
(b) Statement-l is true; statement -2 is true; statement -2 is not 

a correct explanation for statement-I. 
(c) Statement-l is true; statement-2 is false. 
(d) Statement-l is false; statement-2 is true. 

20. Statement-I: The pressure inside the LPG cylinder remains 
constant even when it is in use at room temperature. ' 

Because 
Statement-2: Vapour pressure of any liquid is independent of 
its amount; it, depends only on temperature. 

21. Statement-I: If a gas has compressibility factor (Z) greater 
than unity, then repulsive forces are dominant. 

Because 
Statement-2: Value of Z decreases with increase in pressure. 

22. Statement-I: The value of Boyle's temperature for a real gas 

. (T a J IS n . 
Rb Because 

Statement-2: At Boyle's temperature, Tn, real gases behave 
ideally over a long range of pressure. 

23. Statement-l: CaC03 shows polymorphism. 
Because 

Statement-2: CaC03 exists in two forms called aragonite and 
calcite. ' 

24. Statement-l: Lead zirconate is piezoelectric solid. 
Because 

Statement-2: Lead zirconate crystals have no dipole moment. 
25. Statement-l: Band gap in germanium is small. 

Because, 
Statement-2: The energy spread of each germanium atomic 
energy level is infinitesimally small. (liT 2007),; 

SECTION-IV 
Matrix-Matching Type Questions 

This section contains 3 questions. Each question contains 
statement given in two colurrms which'have to be matched. 

Statements (a, b, c and d) in Colurrm-I have to be matched with 
statements (p, q, rand s) in Colurrm-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 
If the correct matches are (a-p,s); (b-q,r); (c-p,q) and,(d-s); 
then correct bubbled 4 x 4 matrix should be as follows: 

p q r s 

a ® ® 0 ® 
b ® ® 0 CD 
c ® @ 0 CD 
d ® ® 0 0 

26. Match the Colurrm-I with Column-II: 

27. 

28. 

Column-I Column-II 
(a) 'High temperature (P) Z oF I 

(b) Extremely low pressure 

(c) Very high pressure 

(d) Low pressure 

a 
(q) Pb <

V 
(r) Z::: 1 

a 
(s) Pb > 

V 
Match the Colunm-I with Colunm-II: 

Column-I Column-II 

(a) Constituent units occupy only comers (P) 67.98% 

(b) Constituent units occupy comers as (q) 26.17% 
. ' well as face-centres 

(c) "'Constit:uent units occupy comers and (r) 74.01% 
body~centre 

(d)' Constituent units occupy comers and (s) 52.33% 
edge-centres 

Match the Colunm-I with Colunm-II: (UT 2007) 

Column-I 

(a) Simple cubic ana 
face-centred cubic 

(b) Cubic and rhombohedral 

(c rql;i.bf$'1wd tetragonal 
~ , . -, ".':": ,:;,' 

'" 
Column-II 

(P) Have these cell 
parameters. abc 
anda ~=y 

(q) Are two crystal systems 

(r) Have only two 
crystallography angles 
of 90° 

{dj~:Hexagonal 
monoclinic 

and (s) Belong to same crystal 
system 

[J4~', .. -------!~ .. .. /~. ---------I 
1. (c) 2. (a) 3. (b) 

9. (b) , 10. (b) 11. (b) 

17. (a, b, d) 18. (a, c, d) 19. (b, c, d) 

25. (c) 26. (a-p) (b-p) (c-p, s) (d-p, q) 

I 

4. (b) 5. ,(b) 

12. (a) 13. (d) 

20. (c) 21. (c) 

27. (a-8) (b-r) (c-p) (d-q) 

6. (b) 7. (c) 

14. (b) 15. (c, d) 

22. (b) 23. (a) 

28. (a-p, s) (b-p, q) (c-q) (d-q, r) 

8. (b) 

16. '(a, b, c) 

24. (c;) 


