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:

8.Ne. Gases Liquids - Solids

1. |No definite shape; can fill uniformly any vol- { No definite shap'e; 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
intermolecular attraction very small but high | intermolecular attraction; kinetic energy is |fixed. Intermolecular 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. Intermediate 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
42 THE GASEOUS STATE (i) Gases expand without limit. A gas sample can occupy

Of the thrée states of matter, the gaseous state is the simplest and
shows greatest uniformity in behaviou

general characteristics: !

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

increased pressure.

r. Gases have the following

completely and uniformly the volume of any container.

(iii) Gases exert pressure on the walls of the container
uniformly 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 of the gas (i. ., mass or number of moles).
(a) The volume of the container is the volume of the gas
sample. Volume is expressed in litre-(L), millilitre (mL) or cubic
centimetre (cm?’ Jor cubic metre (m3 )
1L =1000mL; 1mL =107 L
IL=1dm’; 1dm®=10" cm®

1m? =107 dm® =10% em® =10® mL =10° L

(b) The pressure of the 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 (1 atm) is defined as the pressure

that can support a column of mercury of 76 cm height at 0°C

(density of mercury= 13.5951 g cm™) and at standard gravity
=980:665cm s™2. One atmosphere is also referred to as 760 torr.

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

S unit of pressure is pascal (Pa)-which is defined as the
pressure exerted when a force of 1 newton actsona 1 m? area.

1atm=101.325 x 10> Nm™ =101.325 kPa

An older unit of pressure is ‘bar’ which is equal to 10° Pa.

(c) The temperature of the gas is measured in centigrade
degree (°C) or celsius degree with the help of thermometers.

SI unit of temperature is Kelvin (K) or absolute degree.

- K=°C+273
(d) Mass of gas is expressed in gram or kilogram.
1kg=10’g
The mass of the gas is also expressed in number of moles.
Mass in grams _m

moles of gas(n) =
Molar mass M

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

4.3 GASLAWS

(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 Rebert 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.

vV rx}}- {when temperature is kept constant)

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

Vzi(c- 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,
PV =PV, =PFJ; =... .
Boyle’s law can be verified by any one of the following three
ways graphically (Fig. 4.2):
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Fig. 4.2

The first curve shows the variation of volume of a given mass
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
statermnent 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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‘ Accordmg to Boyle’s  law, PV = constant at constant
temperature

~log P+ log ¥V = constant
log P =-log ¥V + constant

log P

logV¥ —
Fig. 4.2(G)

(i) Charles’law: Itrelates the volume and temperature of a
given mass of a gas at constant pressure.

Experiments have shown that when 273 mL sample of a gas at

0°C is heated to 1°C, its volume increases by |1 mL, ie., it
becomes 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 0°C is cooled to —1°C, its volume decreases to
272 mL while at —10°C,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 0°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 5}/—3 of its volume at 0°C.

Let the volume of a givén amount of a gas be ¥, at 0°C. The
temperature is increased by ° Cand the new volume becomes V; .

Thus, VI=V0+X°—><t=V0 (1+—-{—J

« : . 273 273
’ 273 +1¢ .
or V.=V, .. {1
; 0[ 373 ) ®

A new temperature scale was introduced known as Kelvin
scale or absolute scale named after the British physicist- and
mathematician Lord Kelvin. The lower limit of the scale is
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called absolute zero which corresponds to -273°C. At absolute
zero or —273°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 °C. -
 K=(C+273)
This new temperature scale may be used for deducing Charles’
law. )
By substituting 7 for 273 + ¢ and T}, for 273 in Eq. (i),

Vo xT
v, =-2
I, .
or "ol
r I,
or T = constant (if pressure is kept constant)

Volume (Litre) ——

-200 —100 ©0 100 200 300 °C
73 173 273 373 473 573 K
Temperature —
Fig. 4.3

e JT

This is Charles” law. It can be stated as follows:
The volume of a given amrunt of a gas at constant

* pressure varies directly as its absolute temperature.

Vo 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 etralght line
confirms the above statement.

(i) Pressure-temperature law: It relates the pressure and
absolute temperature of a given mass of a gas at constant volume.

Volume remaining constant, the pressure of a given mass

of a gas increases or decreases by —i-;—- of its pressure =t 0°C

per degree change of temperature.
Py %t
273

or , Rz%@+l%

F =P+

273
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or PF=P0(273+1‘) :P(,—T—
273 Ty
or. &. = .ﬁ)_ |
T T,
or PocT (if volume is kept constant)

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

4.4 IDEAL GAS EQUATION

This equation is obtained by combining Boyle’s and Charles’
laws. '

1 . .
14 oc.-}-)— ... (i) (at constant temperature and definite mass)

Vel .. (i)
Combining egs. (i) and (ii); we get

(at constant pressure and definite mass)

Voo -}T; (for definite mass)

- = constant ... (i)

From the above relation, we have

AV _ BV, (V)
T, )
From eq. (iii), '
iy
T
or PV =RT forl mole gas
PV =nRT for n mole gas (V)

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

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
H= -

Hence, eq. (v} becomes

PV =" RT - (VD)
M
or p=2. RT |w_ Mass _ Density (d )
M ¥V ¥V Volume
or p=9 pr .. (vid)
M

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

‘ Numerical Values of R
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PXxV Pressure x Volume
or R= =

T Temperature
Force _ Force

Pressure = = 3
Area  (Length)®

Volume = (Length)*

_ Force — X (Length)’
{Length) ~

Temperature

So. R =

_ Force x Length
- Temperature
_ Work

- -Temperature

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

One gram mole of a gés at one atmospheric pressure and 0°C
(273 K) occupies a volunie 22.4 litre.

P =1 atmosphere, T =273K,
1x22.4
TTm
= 0.0821 litre-atm K~ mol™

If pressure is taken in dyne/cm” and volume in mL,
P=76x13.67x 981dynefcm2, ¥V =22400mlL for 1 mole,
T=273K

So, R=

V =224 litre

So,

76 % 13.67 x 981x 22400
273
=8314x107 erg K™ mol™

‘Since, 1 joule =107 erg, so
R =8.314 joule K mol™
Since, 1 calorie = 4.184 x 107 erg, so

_ 8314x107
4.184x10"

=1.987 = 2 calorie K™' mol™

Note: Although, R 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 gravxtatlonal field. But in high molecular mass
polymeric gases, pressure varies with height.

Let £, be the pressure at ground level and P be the pressure at
height ‘!z ; then :
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2303 log,, ( P ] = —{Mgk}
P, R

Similarly for denszty and number of moles the equation may

be given as;
d Mgh
2.30310 ( = =
810 a’] { R }

L
2.303log (-”-j: {M"h
. Vo

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 be given as,

2.303log,| £- | = - &1
P )" RT

2, 30310gm{ "J _ Mgh
n, RT

Open vessel concept:  In open vessel of a gas, pressure and

volume are always constant,

PV =nRT) LD

PV =n,RT, .2

Here, ni and n, are number of moles at temperatures 7; and
T2~Dividing eq. (1) by (2), we get
mT =nT

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

P, moist Vmeisl

= ParyVary
Py = Proiw — Aqueous tension or vapour pressure of water

Relative humidity =

Partial pressure of water in air
* Vapour pressure of water

Payload (Lifting Capagity of Balloon)
When a balloon is filled with lighter gas like H, 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
Pay Load =| | —1{ balloon at same tempera -
in the balloon .
) fure and pressure
_| Mass of
balloon

OME SOLVED EXAMPLES geseo - - 7

Example 1. 4 sample of a gas occupies 10 litre under a
pressure of | 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.
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Solution: Vi =10litre ¥V, =7
P =latm . P, =2atm

Applying Bovle’s law,

BV, =RV,
v .

S(), V2=ilz_l_.>_<_19=5htre
P, 2

Eiample 2. 4 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: =600ml. T, =27+273=300K
V,=17 T, =127+ 273=400K
oV
Applying Charles’ law, —=-%
ppiying 3 T, T,
v
V,=—-xT
2 T ’2 -
_ 600x 400
300
= 8§00 mL

Example 3. A gas cylinder containing cooking gas can
withstand a pressure of 14.9 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

P =12atm P, =149 atm
=274273=300K T,="?
Applying pressure-temperature law,
A_B
L T
S(), TZ e w
B
1493300405k

Temperature in ° C=(372.5 - 273) = 99.5°C

Example 4. 4 1000 mL sample of a gas at -73°C and 2
atmosphere is heated to 123°C and the pressure is reduced t0 0.5
atmosphere. What will be the final volume?

Solution:

Initial conditions Final conditions

P =2atm P, =05atm

Vi = 1000 mL Vy=1?

T, =-73°C=(-73+273)  T,=123°C=(123+273)
= 200K =400K
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‘We know that, ‘
RV _PY,
I T,
So, 2><100Q= 0.5xV,
, 200 400
2 x 1000 x 400
or )
200x 0.5
= 8000 mL

Example 5. A sample of a gas occupies a volume of 512
mL at20°C and 14 cm of Hg as pressure. What volume would this

gas occupy at STP?
Solution:
Initial conditions Final conditions (STP)
P, =74 cm P, =T76cm
T, =20°C=(20+273)= 293K, T, =0°C=273K
¥, =512mbL Vy =2
We know that, % = %
n T,
74X 512 76xV,
293 273
So, : :’?4><512>< 273
293x 76
=464.5mL

» Example 6. 37 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?
For hydrogen,

Selution:
w=0184g; T=17+273=290K; M=2
We know that, pv =2 Rrr
M -
=0‘1284><R><290

For unknown gas,

w=37g T=25+273=298K; M=?

PV = 37 X R % 298
M

Equating both the equations,
37 Rx298=

M
37x298x2
or =
0.184 % 290

01284><Rx290

= 41.33

Example 7. What is the pressure of HCI gas at -40°C if its

density is 8.0 kgm™? (R=8314J K ™' mol ")
Solution: Equation forideal gas, .
PV="_RT
M

. (D)

or P= ﬁ b R_
Vv
—axkL »(E = density = a’]
M 4
Given, d=8.0kgm™; R=8314JK™ mol™;

T=-40+273=233K

and M =365gmol™ =36.5x10> kg mol™

Substituting the vatues in the above equation,
808X 2B . 424.58x10° Pa

36.5x 107
Example 8. 4 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 NT P, Find the aqueous vapour

P=

pressure at 15°C. .
Let the aqueous vapour pressure be p mm.

Solution:
Initial conditions NTP conditions
P, (dry gas) = (750— p)mm P, =760mm -
¥, =100 mL V, =91.9mL
T, =15+273=288K T, =273K
Applymg gas equatlon
(750- p)x 100 760% 91.9
288 273
or 750_p=760><91.9><288
. “100x 273
= 736.8 mm
p="T750-1736.8
=13.2mm

Example 9. A balloon of diaineter 20 m weighs 100 kg.
Calculate its payload if it is fi Iled with helium at 1.0 atm and

27°C. Density of air is 1.2 kg m>
(R=0.082dm> atmK ~ mol ) (1T 1994)
Solution: '
=419047m’

Volume of balloon = ~4§ = 3 >< >< (10)*

- (i) Mass of the air displaced = 4190.47 x1.2 =5028.56 kg

No. of moles of helium in the balloon =

_ 1x4190.47x10°
0.082 x 300

= 170344

Mass of helium = 4 x 170.344 x 10° 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 gL' at 400K
and 190 torr: Find its molar mass.

Solution: 760 torr =1 atm
So, , 190 torr = w atm
76
d
We know that, P=—RT
‘ : M
or - M= _a_’ RT
P
Given, d=0.259 gL"; P= 1—9—9 atm;
. . 760
R=0.0821L-atmK™ mol™;  T=400K
M= 0.259 % 0.0821 % 400 x 760 = 34.02 g mol”
190 ,
Example 11.  The density of phosphorus vapour at 310°C

and 775 torr is 2.64 g dm™. What is the molecular formula of
phosphorus?

Solution: We know that, P= -é- RT or M= fg— RT
: M P
Given, d=2.64gdm™; P= 77 atm;
, 760

R =0.0821dm>* atm K™ mol™'

and T=310+273=583K
So. M= 2.64x0.0821x 583 x 76().= 1239¢ mol~!
: 775
Atomic massof P=31g mq]"
1239 _3997~4

No. of Patomsin a molecule =

Henee, molecular formula of phosphdrus =P,

'Exam'ple 12. What percentage of a sample of nitrogen
must be allowed to escape if its temperature, pressure and volume
are changedﬁom 220°C, 3.0atm and1.65L t0 110°C,0.7atm and
1.0 L respectively?

Solution:

Applying the formula, m (mass of the gas)
_PVxM :

, under both the conditions,

30x1.65%28

Mass of gas before escaping= —————— =3.42
8 ping 0.0821x 493 &
Mass of gas after ‘cscaping = W =0.62¢g
. . 0.0821x383

Percentage of nitrbgen allowed to escape
_ (342-062)
342

x 100 = 81.87

- Example 13.  The density of oxygen is 143 g L at STP
Determine the density of oxygen at 17°C and 800 torr.

Selution: Applying the formulad = MP
CasTe g MR
[P, =760torr; T, =273K;d, =1.43gL™" ]
. At given conditions, d, = MP,
27 RT,
[P, =800torr; T, =290K:d, = 7]
So d—z = P_2 X T_l l
d T, P
or . dy = -P—2 X i xd,
{ 2
800 273 w143 e
760 290
=1417gL"

Example 14. 4 car tyre has a volume of 10 litre wkén
inflated. The tyre is inflated to a pressure of 3 atm at 17°C with

-air. Due to driving the temperature of the tyre increases to 47°C.
" (@) What would be the pressure at this temperature? (b) How

many litres of air measured at 47°C and pressure of 1 atm should

-be let out to restore the tyre to 3 atm at 47°C?

Solution:

(a) Atconstant volume,

P _P

n T
. 3 P')
or B e
: 2900 320

320x3
Cor A Py =222 - 3 31aim

(b) Pressure to be decreased in tyre
-331-— 3.0=0.31atm

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.

IxV =031x10
or - ' ‘ V =73_]litre

Example 15. Oxygen is present in a one litre flask at a
pressure of 7.6x 107 mm of Hg. Calculate the number of
oxygen molecules in the flask at 6°C.

" . Solution: n= Lidd ' )
RT v
~i0 ,
p=18X10 51
760

V=1L,T=273K,R=0.0821L atm K" mol™
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10712 x 1

Fromeq. (i e
0 = Rix 2T

Number of molecules = 1 X 6.023 x 10

10712
T 0.0821x 273

=2.68x 10"

Example 16. An open flask contains air at 27°C.
Calculate the temperature at which it should be heated so that
1/ 3 rd of air measured at 27°C escapes out.

Solution: Let the initial number of moles of air at 27°C
(300K)be=r
Number of moles of air left when the air is heated to
the temperature 7 K =n — % = %}f
At constant pressure and constant volume,

mTy =nT,

X 6.023 x 102

or nx300=2—:XT

or T=450K = (450 ~ 273)= 177°C
Example 17. 4 mixture of CO and CO, is found to have a

density of 1.5 gL' at 30°C and 730 torr. What is the composition

of the mixture?
Solutjon:

M=

.

Let the average molecular mass be M. -
dRT 1.5x0.0821x 303 % 760 ‘
= =38.85
P 730
Let x mole of CO and (1 - x) mole of CO, be present.
© o xx28+(1-x)x44=3885
: x= 03218
mole % of CO=32.18 and mole % of CO, =67.82

Example 18. Calculate the value of molar gas constant,

‘R'in(i)ccatm K ' mol™ (iiytorrcc K 1 mol 7! (iiiYkPa litre .

K ' mol ™! :
Selution: (i) When the pressure is expressed in atmosphere
and volume in cc.

P=latm; ¥V =22400cc

R= PV _1x22400 82.1ccatm K™ mol™’
nT  1x273 :
(ii) When the pressure is expressed in torr and volume in cc.
- P=760torr; ¥ =22400cc
R= 760x 22400 _ 62360 torr cc K~ mol™
1=x273

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

- litre. ]
P=1013kPa; ¥V =224 litre
_ Py 1013x224

R=—ro=-t 772" = 8 31kPa litre K™ mol™!
nT . 1x273

Example 19. The pressure exerted by 12 g of an ideal gas
at temperature t°C in a vessel of V litre is one atmosphere. When
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the temperature is increased by 10°C at the same volume, the
pressure increases by 10%. Calculate the temperature t and
volume V (Molecular mass of the gas = 120). (IIT 1999)

Solution: As the volume is constant, pressure law can be
- applied, i.e.,
A _T
P T
1 1+273
or —_—
1.1 ¢+283
or t=-173°C=100K
Now, applying gas equation,
PV = nRT
or y=1 gr= 12200823300 4 oo e
P 120x1

HISTRATIONS OF OBJECTIVE QUEsTIONsS =JE—=——

1. 25 L of a sample of a gas.at 27°C and 1 bar pressure is
-+ compressed t© a volume of 500 mL keeping the temperature
constant, the percentage increase in the pressure is:

(a) 100% (b) 400% (c) 500%.  (d) 80% "1
[Ans. (b)} ' ‘
[Hint:  P¥Vy=RV,
1x25 =-P2 b 1
. 2
P, = Sbar
L Increase in pressure -
% Increase = x 100

Initial pressure
- flf % 100 = 400%]

2. Which'of the following gases will have density of 1.8 gL at
760 torr pressure and 27°C ? '

@0, -

(b) CO, (ONH,  (d)SO,
C[Ans. (Y. :
- [Hint: Pm =dRT )
© dRT 1.8 x0.0821x 300
m=El S IO RTINS XN 44
. The gas will be CO,.] .

3. 10 g C,Hg is filled in a bulb of 1 litre capacity which can

withstand a maximum pressure of 10 atm. At what
temperature will the pressure of gas reach the bursting limit?

@ 76C (b)) 361.4C () 92.4C  (d) 120°C
[Ans. {c}] : B
Ming: 7=20 - 10X1 s K-02a0C]

nR~ (10/30)x 0.0821
4, The vapour of phosphine gas at 27°C and 3 bar pressure has

density: :
(a)409gmL™ (b)y4.14gL™"
(c)2.04 kg L™ (d)2.04gL™"

[Ans. (b)]
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MHint: d=tm-_3X3 414017
T RT  0.0821x 300

5. Coefficient of volume expansion of a gas is:

1 2
® 27 - O
3 4
= d) e
©37 @53
[Ans. (a)]

[Hint: According to Chérlcsf law,
t
V,=Vy| 1+ ——
e ( 273)
V, =V (1+ an

o= —1—3 = Coefficient of volume expansion

Here, ¥, = Volume at 0°C and ¥, = Volume at ¢ °C]

6. A gds has a vapour density 11.2. The volume occupied by |
gram of the gas at STP will be:

(al112L (b)2241L (c)1L (d10L
[Ans. (c)] ‘
Mass
[Hint: Number of moles = —————
Molar mass
_ Mass
2 x Vapour density
— 1 —_—
2x11.2 224

Volume of gas=nx224L
=l ymarL=1L]
224

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 V'to 1.5V

- (c) increases from ¥ to 1.084V
(d) increases from Vto 1.8V

[Ans. (¢)]
[Hint: K‘—=ﬁ
I T
.
298 323

V=V x5 1084V ]
298

8. The molecular weights of two ideal gases 4 and B are

respectively 100 and 200. One gram of A4 occupies V' litre of
volume at STP. What is the volume (in litre) occupied by one

gram of B at STP? (EAMCET 2006)
@ % ®) ¥ ©@V: @ a2v
[Ans. (a)]
[Hint: Under identical conditions of temperature and pressure:
Va1
Vg ng

v _1/100
V, 1/200
vV

Vg =‘2"]

9. Abubble of volume ¥, is at the bottom of a pond at 15°C and
1.5 atm pressure. When it comes at the surface, it observes a

' V.
pressure of 1 atm at 25°C and has volume V,; give (VZJ :
. 1

(DCE 2006)

(a) 15.5 (b) 0.155 {c) 1550 ~ (d) 1.55
[Ans, (d)]
[Hint: iﬁ:—%

7 T,

¥, _AL,

Ve PRI

13X e
1'x 298

45 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. It
states that,

At a given temperature, the total pressure exerted by two or

* more non-reqcting gases occupying a definite volume is equal to

the sum of the partial pressures of the component gases.
Mathematically,
P=p, +%pg + pc +...

when P is the total pressure and p ,, py, pc.... are the partial
pressures of the component gases A,B,C,... respectively. The
pressure that a component gas of the gaseous mixture
would exert if it were only present in the volume under
consideration at a given temperature, is the partial pressure of
the component.

Derivation of Dalton’s Law
Let n; and n, be the no. of moles of two non-reacting gases
‘A’and ‘B’ filled in a vessel of volume ‘¥’ at temperature 7.
Total pressure in the vessel ‘P’ may be calculated as,

PV =(n, + n,}RT LoD
Individual or partial pressure may be calculated as,
p4V=mRT L)
pgV =, RT ... (1)

Adding eqs. (i1) and (iii), we get
(ps+pPp)V=(n +n)RT
Comparing equations (i) and (iv), we get

P=py+pg

(V)

(Daiton’s expression)
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Dividing eq. (ii) by (i), we get
Pa__ ™

P n+ny

=x.4

Pa=x,XP
where, x , = mole fraction of ‘4”.
Similarly, dividing eq. (iii) by (i), we get
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 ¥; volume of a gas 4 at a pressure
P, be mixed with ¥, volume of gas B at a pressure p,. Both these
gases do not react chemically.

Total volume =V, + v,

Let the total pressure be P and partial pressures of 4 and B be

p 4 and pj respectively. Applying Boyle’s law,
PaWi +¥2)=p; ()

and pal, +Vy)= PzV;: R 11

Adding egs. (i) and (ii),

P + PV,

Vi+v, ¥ +V,

P= Y +}P2V2
v, +V,

_ o+ pob,
h+¥,

PatpPp=
or

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 pressute 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 mdmdual
volumes (partial volumes) of constituent gases.

V=3V, =W +Vy +V; +... 4V,

46 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 indusiry.

Effusion

It is a process in whick a gas is allowed to escape under
pressure through 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 propomonal to the
square root of molar mass. : R

_dP _ KP

da M
S
PP JA—’I 0

Kt
InP,=lnP -2
M

Py = Ple‘K”m

Hence, partial pressure decreases exponentially with time as

! L |

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

Graham’s Lawgof 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 propertional
to the square root of its density.”

Rate of diffusion L

If , and r, represent the rates of diffusion of two gases and o
and d, are their respective densities, then

A [y
B o Vd;

:r;i}»f i



1

222 : : G.R.B. PHysICAL CHEMISTRY FOR COMPETITIONS

This equation can be written as’

density of gasIl

rll _ - density of hydrogen _I¥VDgasll
5 -density of gasl VD gasl

density of hydrogen

~ /2VDgasll _ [Mol.massgasll _ [M,
2VD gasl

V Mol. mass gas] M

Volume of gas diffused

Rate of diffusion =
Time taken for dlffusmn
ie., the volume which d1ffuses in unit time.

(i) Comparison of timies taken for the same volume of two
gases:
gases be 1) and £, respectlvely, then

”_1=_1= 4 _ M,
5] K d, M1
-
t M
or —2: __2: _2
‘ n o ¥d  ¥M,

(i) Comparison of the volumes of the gases that diffuse in

same time: Let V} and V, be the volumes of two gases that
diffuse in the same time ¢. Then

-

(iii) Effect of pressure on rate of diffusion: When pfessure
is not constant then rate of effusion may be taken proportional to
pressure. :

1

F OC oo

NM

Combination of these equations gives:
: P

Foec ——

M
| P
or n_ B My
) Ho P M,

How to Determine Rate of Diffusion?

recP

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

(b) Number of moles effusmg per unit time is also called rate
of diffusion.

(¢} Decrease in pressure ofa cylinder per unit time is called
- rate of effusion of gas. '
Appilication 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: ,

Let the times of diffusion for the same volume of two-

‘rz‘ A’{l

where, M, and M, are respective molar masses of the gases.

ir2
The factor {j} is called enrichment factor; this tells
|
about the preferential effusion of lighter species relative to the
heavier ones. This enrichment can be applied to
separate isotopes. For example, the isotope U?°) the active
component in atomic weapons and in nuclear power generation,
has a natural abundance of only 0.7% while U**® is far more
abundant. By reaction of the isotopic mixture with fluorine,
gaseous UF; 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,
s ’

~ Separation factor * f = M
nylny :
where, n;n, and n,"n,” are the concentratmn of two lbotOp&S
before and after diffusion.

. . . M
Theoretical separation factor for single step /' = Ez
A 1
Let enrichment of species “17is achieved after “ #” times then
. H{ln;

(fy=—t—>t=f

! 5}?21[ #

nlog f=log| ML "2

nl / f?z

2log [MJ '
_ nlny ). 2log (f)
log (M, /M) tog [ M2 1
' M, 4

s eeeSWSoME SoLveD EXAMPLES §32:: :

. Example 20. A 10litve flask contains 02 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 ﬁi—f
Partialrpres'sure of methaﬁe =92 X 0'2?1 X 298 = 0.489 atm
Partial pressure of hydrogeﬁ = 0;37 X 0'01?)21 X298 _ 0734 atm
Partiai pressure of nitrogen = 04 x 0.0821 X 28 _ '0.9’79 atm

10
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Total pressure = (0.489 + 0.734 + 0.979} atm
= 2,202 atm

Total number of moles
=02+03+04=09
Let the total pressure be P.

Alternative solution:

‘We know that, ‘ ‘
p= total number of moles RT
g v
V =10litre, R = 0.0821L ath", T=(25+273)=298K

P”-?—(?x 0.0821x 298 = 2.20 atm
Partial pre.ssure, of CH, = Mole fraction of methane
X total pressure

=02 220=0489 atm
0.9

Partial pressure of H, =Mole fraction of H, x total pres‘-‘.ure

-9—§><220 0.733 atm
0.9

Partial pressure of N, = Mole fraction of N, x total pressure

=04 220=0978am
"9

Example 21. 11200 mL of N, at 25°C and a pressure of

250 mm are mixed with 350 mL of O, at 25°C and a pressure of

300 mum so that, the volume of resulting mixture is 300 mL, what
would be the final pressure of the mixture at 25°C? -
Selution: In the case of nitrogen, volume increases, its

pressure must decrease. Let the new pressure be Py,-

Py, = 29%200 66 mm

: 300
- In the case .of oxygen, volume decreases, its pressure must

increase. Let the new pressure be 7, .

Py, = 300 350_ 350 mm
: 300
.Total pressure = Py, + Py, =(166.6+350) = 516.6 mm

 Example 22. 1.22 g of a gas measured over water at 15°C
and a pressure of 715 mm of mercury :occupied 900 mL.
Calculate the volume of dry gas at NTP. Vapour presstre of water
at 15°C is 14 mm.

(Applying Boyle’s law)

Solution:  Pressure of dry gas = Pressure of moist gas V
' — Aqueous tension
= 775 - 14
=761 mm
Initial conditions NTP conditions
Y, =900mL Vy =17
B =761lmm P; =760 mm
T, =(273+15)= 288K T, =273K
14 v,
Since, AN B
I T
So, v, = AT
TP,

(Applying Boyle’s law)

_761x900x 273
.. o 288x760 o
= §54.2mL

“Example 23. When 2 g of a gaseous substance A is
introduced into an mitially evacuated flask at 25°C, the pressure
is found to be l-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 4 and B be M , and

M g respectively. .

Pressure exerted by the gas B = (1.5— 1.0} = 0.5 atm. Volume
and temperature are same in both the gases.

Forgas4: P=latm, w=2g, M=M,

We know that, PV = X Ry
‘ M
IxV=—20.RT or M, =2 ()
M, v
ForgasB: P=0S5atm, w=3g, M=M,
0.5><V=A-RT or Mg = 3RT .. (i)

My 0.5xV
Dividing Eq. (i) by Eq. (ii),
: M, _2RT 05xV
Mg, V  3RT

Thuq M, Mg=1:3"

" Example 24. Find the total pressure exerted by 16 g
methane and 2.2 g CO, contained in a four litre flask at 27°C.

Seolution: PV ={n; +ny RT
. PxX4= lé +g—2}<0.0821x 300
. V16 44
P =0.9236atm
Example 25. 1500 mL flask contains 400 mg 02 and 60mg

H, at 100°C,
(a) What is the total pressure in the flask?

() If the mixture is permitted to react to form water vapour at
100°C, what will be left and what will be their partial pressures?

- Solution: (a) No. of moles of O, = 4—00— =0.0125
‘ ‘ ; 1000 %32 :
. No.of molesof H, = -—EQ-—- =
: T 1000x2
Partial pressure of O, = 9'0125 a (1)'2821 X373 _ 0.255 atm
Partial pressure of H, = S02 0‘?852 1373 _612aim

Total pressure = 0.255 + 0.612 = 0.867 atm
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®) 2H, + 0, =2H,0
Initial 0.03 0.0125 0
After reaction  0.005 0 0.025
Partial pressure of H, = 0.005x 01'05'821 X373 0.102 atm
* Partial pressure of H,0 = 0.025x 01'05821 X373 _ 0.51 atm

Example 26. 20 dm® of SO, diffuse through a porous

~ partition in 60 5. What volume of O, will diffuse undey similar
conditions in 30s? .

20

Sohmon. Rate of dlfqulOD of SO, = % dm® s

Rate of diffusion of O, = -I—/(—) dm? 7!
According to Graham’s law of diffusion,
w730 [Mso, _ <f§i
{20/ 60) Mo, 32
¥ =14.1dm’
- 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?

Solution: Rate of diffusion for hydrogen, , = g%

‘Rate of diffusion for oxygen, r, = itq

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

50/20 32
So = f
40/ ¢ 2
or 30 x L= 4
20 40
t = 64 minute
Example 28. Calculate the velative rates of diffusion of

25 UFg and 28 UFy in the gaseous state (At.mass of F =19).

Solution:  Mol. mass 2 UE, =235 + 6 x19 =349
Mol. mass 2 UF, = 238 + 6 x19 = 352
i. \[@ = \[@ = 1.0043
% M, 349
- K 11y ::1.0043:1.0000
Example 29. 180 mL of a hydrocarbon diffuses through a

porous membrane in 15 minutes while 120 mL of SO, under
identical conditions diffuses in 20 minutes. What is the molecular
mass of the hydrocarbon?

~ Solution:
7 = rate of diffusion of hydrocarbon = 11§9 mL min !

% = rate of diffusion of SO, = %g mL min !

(1IT 1996)

" what is the molecular mass of the unknown gas?

i Mso,
'rz M
Thus, 180/15 - _Gi .
120/20 M
) |04
‘ M
So, M=16

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

Solution: Let the
NH; end = x cm.

The distance of white solid from HBrend = (100~ x}cm. =

Rates of diffusion shall be proportional to these distances.

distance of white solid from

i._x . M
rz. (100"3(:) MNH3
Mol. mass of HBr =14 80 =81
Mol. mass of NH; =14+3=17 -
So, = —8—1
(100—1x) 17
or, X =218
- {100-x)
So, x=100%2.18~2.18
- or, . 3.18=100x2.18
: , 100x 2.18
So, i —
3.18
=68.55cm

Example 31. At 27°C, hydrogen is leaked through a tiny

" hole into a vessel for 20minute. 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 gases the

“mixture exerts a pressure of 6 atmosphere. The k}}drogen content

of the mixture is 0.7 mole. If the volume of the container is 3 litre,
(T 1992)
Let py, and p,, be the partial pressures of

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

Solution:

Py, =%Z><00821><300

Pun :l::«x00821><300

Adding both,

Py, ¥ Pon = 6= (1/3)x 0.0821x 300(0.7 + w}
w = 0.0308 mole



STATES OF MATTER _ : | l 225

Applying law of diffusion,

’ N : Solution: Ny P, My,
0720 M 1033 . . : rer, Pt | M,

0.0308/20 ‘
. A , Molar volure
Example 32. The ratio of velocities of diffusion of gases 4 - o e :
and B is 1: 4. If the ratio of their masses present in the mixture is .~ N, N, _ Ixer, _ 7
2:3, calculate the ratio of their mole fractions. [OEE Wuﬁﬁﬁ%ﬂi}?@} , e, ~ Molar volume tn, 38
' ot
Solutlon vri = .ij_g :% B . XeF,
7 ‘ V ' .
8 47 _ 57_08 [Myer,
o o My 1 T | 38 16V 28
' M, 16 ' _(57}'3 L6 g
Let masses W, and W of 4 and B be present respecnve Xeb, 1 3¢ ) 8 log) '~
W, : )
A " v | ‘ =252
Mole fraction of 4 = M : ~ Xe+ nF=252
E‘*%M—- S ‘ o 131+ nx19=252
4 B
W , : =06
M_B _ Molecular formula = XeF,
Mole fraction of B = WV_LW_' ' Example 35. 100cm’ of NH, diffuses through a pin hole
A B in 32.5 second.. How much time will 60 cc of N, take to diffuse
M, My uncler the same conditions? .
W ‘ :
Ratio= 24 x Mz ) ne, | My,
M, Wy Selution: — = \)E—
. Wy Mg _2 1 _1 ‘ N NH 3
or . X B =l = .
' : Wy M, 3 16 24 100/325 _ |28
Example 33. 4 space capsule is filled with neon gas at : 60/t V1T
1.00 atm and 290 K. The gas effuses through a pin hole into outer 100x: - [28
space at such a rate that pressure drops by 0.30 torr per second. W0x323 = T
% 32.

(@) If the capsule is filled with ammonia at the same ) _ .
temperature and pressure, what would be rate of pressure drop? ¢ =25second

(b) Ifthe capsule is filled with 30.0 mol % helium, 200 mol % S o N
oxygen and 500 mol % nitrogen at a total pressure of 1.0 atm and LLIBEROIBVOF OBJECTIVE QUESTIONS
a temperature of 290K, what would be the corresponding rate of ' -
pressure drop?. 10. A gas with molecular formula C,H,, , , diffuses through a

Solution: (a) The rate of pressure drop is directly proportional porous plug at a rate 1/6th of the rate of diffusion of hydrogen
to rate of effusion. gas under similar conditions. The formula of the gas is: )

MNH3 17.0 | @CH,  ®)CyoHy  (OCH, (@) CeH,
—= =092 [Ans. ()]
”\:H; 20 ’ )
£

#i M
[Hint: 1= \}—2
~———-w=0326torr/second . _ B Y M,
M 092 092 7
(b) The average molecular mass of the gaseous mixture is ’l_ié = \/%2
03x4+02x32+0.5%x28=216 C s »
St = _ M, =72
Rate of drop of pressure = \/_21—6 x 0.30 . - The fomm;a‘@f gas will be CsH, 5. ]

‘ . 11.  Under similar conditions which of the fo]lowmg gases will
' = 0'2,9 torr/ second . , diffuse four times as quickly as oxygen?
. Example 34, One mole of nitrogen gas at 0.8 atm takes 38 {a).He - (bYH, ()N, &y D,

second to diffuse through a pin hole whereas one mole of an =~~~ [Ans. (b‘)] ‘
unknown compound of xenon with fluorine at 1.6 atm takes 57 - 7
second to diffuse through the same hole. Caleulate the molecular [Hint: 2= |—%

formula of the compound. (IRIBYIPS) o, Mg
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gas o g Al N

,,

or . M, =22 Zze Hj]
16 .

gas

. 12, The rates of diffusion of hydrogen and deuterium are in the

ratio:
@11 (b)\/_l
[Ans. (b)]..

I - i 1M . R
[Hint: —H—°=j D2 o
D, \"M'Hz

s, =20, ]

13. Thc time taken for eftusu)n of 64 mL of oxygen will be same
as the time taken for the effusion of which of the following
gases under identical condltlons‘?

©4:1 (d1:4

(a) 64 mL of H, (b) 100 mL of N, |
() 64 mL of CO, - " (d) 45.24 mL ofSO2
’5; € M
[Hint: o, . D
: s Y Mo,
64 Tea 64 :
— == or ¥V =—==4525mL
2R E CEN ]

14. - Which of the following paits of gases will have identical rate
of effusion under similar conditions? »
{a) Diprotiun: and dideuterium  *.
(b) Carbon dioxide and ethane -
(c) Dideuterium and helium -
] Ethene and ethane
: [’Hint 'Dideuteritim and hehum have same molar mass, hence
c fthey will diffuse with identical rate under identical conditions. ]
15, Two gas | bulbs A and B are eormected by a tube ‘having a
o 'listepcoek Bulb 4 has a volume of 100 mL and contains
; \hydrogen After opemng the gas from A to the evacuated
“bulb B, the pressure falls down to 40%. The volume (mL) of

B must be: CIPET (Kérala) 2006]
(a) 75 (b) 150 (©) 125 - .(d) 200

(e) 250 ' S

[Ans. (b)]

.[Hint: PV () + BVy(B)= PR(V: + Vz)
100 x 100 + 0 X ¥, = 40¢100 + V)
V= 250 - 100— 150 mL]

:1 7 KlNETiC THEORY OF GASES

This’ themy was a generahzatlon for about 1deal gases It was
presented by Bernoulli in 1738 and developed in 1860 by
Claisius, Maxwell, Kroning and Boltzmann Postulates of
kinetic theory of gases are:

G.RB. PHYSICAL CHEMISTRY FOR COMPETITIONS

(1) Gases are made up of small structural units called atoms ’

~or molecules. Volume of 1nd1v1dual atom or molecule is
constdered negligible.- L

(2) Gas molecules are always in rap1d tandom motion
colliding with each otherand:-with the wall of container.
(3) Collision’ among gas’ molecules is perfectly elastic, i.e,

there is no loss in kmetlc energy and moment- during such
collision.

(4) Gas molecules ne:ther attraet nor repel each other. o
(5) Pressure exerted by gas is due 1o collisions of gas
molecules with the wall of the container.
Pressure e Number of collisions per unit time per unit area
by the molecules on the wall of the container

(6) Kmeﬂc energy of gas molecules depends only on absolute
temperature. '

Kinetic ¢ energy o absolute temperamre
(7) The force of gravity,. has no effect on the speed of. gas
molecules.
Derivation of KinetiefGas Equation :
On the basis of the postulates of kinetic theory of gases, it is
possible to derive the mathematical expression, commonly
known as kinetic gas equation, i.e.,
PV.= 1 nlize2
3

where, P = pressure of the gas, V = volume of the gas, m = mass
of a molecule, n = number of molecules present in the glven

. amount of a gas and ¢ = root.mean square speed.

‘The root mean square speed (rms speed) may be deﬁned as the
square root of the mean of squares of the individual speed of all
the molecules. .

i’ § 1 +C2 +'C3 'l*...'l"C”
- ;jms speed = jr— :

S
Y SR

_Before -
“'collision - U, |

D)
B
collision -

N

Fig.45 .
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- Consider a eertainmass of a gas enclosed ina.cubical vessel of
stde “I' cm. Let the total number of gas molecules be ‘n’ and-mass
of each molecule be “#7. Let ¢ be the root mean square speed.
Speed can be resolved into three components,i.e.,U, .U andU,
parallel to the edges of the container (ie, parallel to three axesx,
yand z ). _ . R

¢t = 03 + UZ + 02

Cons1der the movement of a single molecule between oppos1tev

. faces Aand B parallel to x-axis. When the molecule strikes with -

one wall of the container, it bounces back w1th the same speed
and subsequently strikes the opposite-wall. C

The momentum of the molecule before collision w1th
face 4 =mU,.

The momentum of the molecule after colhston =-mU,

The change in momentum in one colllsmn mU = (= mU )]

~2mU

After colhslon the molecule must move a distance 2/ cm along
x-axis before making another impact on this wall. Since the

velocity ‘U’ remains unchanged, the time taken to travel a

distance 2/ cm= — second.
* R : . . . . .
: So,’ the humber of ¢ollisions by the gas molecule in one second

X

21 2{ .
: Ux
U, Uz
Change of momentum per second =2mU, X —==m ;
"+ The changéof mormentum on both the opposite faces 4-and B
U2 ‘
' along x-axis per second would be double; i.e., 2m
Slmxlarly, o
ZmU z

Change in momentum per second along y— axis'=

amU?L
and change in momentum per second along z- axm = i

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

2mU?. ZmU; 2wmU?
Xy LUz
I 1 !
:2—’11(U§+U§A+U§‘}

2m l
c
, R
Change of momentum per second Porce
" Force
. Pressurg = —— .
; il Atea‘ |
_ . o 2
Pressure created by one molecule =T
, 6l
2mnc?

Préssuré created by n molecules = 3
6

. |
p=lle =)
or -::‘1 LT OE PV=-;; mac«?»;i Lo

This equation is called léin"etic;éaé equation:*

For one gram mole of the gas, :

‘ ' ST w=N (Avogadro s number}
C=6.02x 107

mx N M molacular ma%s of the gas.
-The above k1net1c equauon can be written as:

PV——M

or ¢ ==

i

“-ilé

Thus, ‘ o= PV }3}37’ {3}7
‘ M
The value of R should be taken inerg K mol !,
R=8314x10" erg K™ mol™

\/3x8314><10 x‘T_lsg T 10 /s
M A 7R

b

Calculation of Kmetlc Energy _
PV =1 mnc2
3

For one gram mole of the gas,
Plf’ RT and n= N

l Nc =RT
3 .
21 ‘1 3
or 33 mN¢? =RT (—mNc -—KEpermo.J
2 KE=RT
3
3.
or @:ERT

 Average kinetic energy per mol does ot depend on the ir"ié';"mr’e"
of the gas but.depends only on témperature. Thus, when two

gases are mixed at the same temperature, there will be no rise or
decrease in temperature unless both react chemically.’

Average kinetic energy per molecule = Average K;; per mole.
3RT_3
2N 2

k = Boltzmann constant

[d = density] |
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The ratio R/N is constant and is known as Boltzmann
constant. Its numerical value is.1. 38 x 107'® erg K™! molecule™ .

4.8 MAXWELL-BOLTZMANN DISTRIBUTION
OF MOLECULAR SPEEDS

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 Maxwell and Boltzmann using the theory
of probability. The results are mathematically expressed as,

: 3/2 _Muz
dNu=4nN[ M } e 2RT 4% dy

2nRT

m 32
=4nN e 2RT y2qy
2mkT |

-Here, N = Total number of molecules, A7 = molar mass of gas

. This expression gives the number of molecules (dNu ) having
speed between u and (u + du ) at témperature (7).

A plot of fraction of molecules in the speed range (u+du),

1 [dNu\ . .
—1 ——  against speed u is:
N\ du, )

0°C

1000°C

2000°C .

u .

speed : :
Fig. 4.6 -
| v, = most probable speed
v,, = average speed
Uy = FOOt mean square speed

Kinds of Molecular Speeds
Molecular speeds are of three types:
(i) The rms speed
_ (i), The average speed and /
(ii1) The most probable speed -

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

equation, PV = % mnc?, is the hypothetical speed possessed by

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
I 2 1 2 1. 5 | I L
=—mey - mey - mey ..+ = me, .
5 et S mey o mes 5 0]

Let ¢ be the ve oc1ty possessed by each of the » molecules;
then,

total kinetic energy = n x % me? .. (i)
Equating both the equations,

1 1 1 1 1
nximc? =—imc]2+-£mc§ +~—mc§ +...+.—mc2

2 cf‘+c§ +c§+c§+...+c
(& o=

or "
n
2 2 2 2
[Pl R o S R
or o= \/1 2 3 ]
. n

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 ¢ is determined by usmg the
following expressions:.

.. [PV _ [3RT _ 3 \
VM M d

In SI units the values of R, P,V, M and 4 used are given

below:

(1) R=8. 3141K ! moltor R = 8.314 kPadm’® K mol !
(iiy ¥ of the gas always in litre
(iiy Pof the gas in kilopascal (kPa). 1 atm =
~ 1torr =0.133 kPa

(iv) M in kg mol ™!

(v) dinkgm™

(ii) Average speed:
speeds of the molecules.

101.3 kPa and

It is the arithmetic mean of the various

TR T N
‘Average speed = ——2. 73 U

It is equal to ‘}Si}_‘ .
M

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 number of molecules of a gas at a given
temperature.

n.

Note: Root mean square speed explamed the non-existence of gases in the atmosphere of moon. Root mean square speed of gases exceeds-the
_escape. Velocuy of moon and hence gases escape from atmosphere of moon against the gravitational barrier of moon.
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It is equal to JiRZ .
M .

This is related to rms speed by the féllowing relationship:

Most probable speed = {\E } rms = 0.816 rms

or . rms=1.224 most probable speed ]
The three kinds of molecular speeds are related to each other
as: . ‘ : oL
Most probable speed : Average speed : rms speed
_ |2RT \/8RT.' 3RT
v M NmM - VM
B
11,128 : 1.224
rms speed at any temperature t° C may be related to its value at
STPas: , ..
273+ 1) .
¢, e o (D)
A E ;
3P L
Co = - - (11}
From egs. (i) and (ii) we get
‘ . 3P [(273+1)
" V 2;

/w
273d
Some Essential Points for sttnbutlon
of Molecular Speed

(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 speedpmp

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

(if). Total area under the curve is a measure of total number of

_molecules in the collection. Thus, area under the curve remains
constam at dlfferent temperature

(iii) Distribution of molecular speed also depends upon the
molecular mass of the gas. At similar temperature a heavier gas
molecule has a narrow distribution of speed than those of lighter
gas molecules.

(iv) The fraction of molecules havi ing 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 temperamre of the gas is constant, the fracmon
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, 1.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 most probable
speeds decreases with increase in temperature

Ty

i TQ I

! | To>T1
T ! | Most probable
l | i speed
. : | ~
g i
© {
& : ;
(I : 1

i {

3 i

i j

1 i

! . H

Speed
Fig. 4.8

_ SEIEETIEY

Exampleé 36. Calculate the kinetic energy injoule of 8.00g -
of msz‘kane at 27°C.

Number of gram moles of methane = — =.

Solution: l
6 2

=(27+273)=300K
R=832JK™ mol™ -

Kinetic energy for one gram mole = % RT

- % % 8.32% 300]
Thus,

- kinetic energy for % grafn mole = % X % X 8.32x% 300=1872J

- Example 37. Calcuiaze the ‘average “and “total /cmetzr
energy of 0.5 mole of‘an ideal gas at 0°C.
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Tee e ‘?
: Sglutmn Avgragg I;netw energy per molec.%l e: of'the gas R =8314kPadm’® K- mol~' o3k
Eoyt e k M = 0.002 kg mol™ .
3 8314%107 S e Substxtutmg the'values,
B " b R T 5 . TRTI
2..6023%x10% C:”'\IW 1845:15ms™"

‘—565><10“ erg= 565x10'2‘3

Total kmetlc energy of 0 5 mele of 1he gas
. -;-% RT X 0 5
2. .

'_ {_%x 8314 10‘7 x273%05
) =1 702>< 100 elg“l 702kJ

Example 38. . Calculate’ the pressure exerted by 10‘23 gas
moleeules each-of-mass 107 g ina com‘amef of vaiume llztre
the'yms speed i, is 10° cms. T - :

'Solutmn. Using kinetic gas equatlon o
. P 1 mnc’
3 _
Given, V' = llitre = IOOO mL =1000 em’; n= 1023. m=10"2 g

“and ¢=10° cms”
Substituting the values in the above equatlon

: -2 B0 10l0
p=1, 107 X107 %10 .—333x107dynecm
3 1600 -
" Example39. Calculate the root mean square speed of an
oxygen mo!ecufe at 288 K in ST units.

- V 3RT
L=

Soluti(m 3 e

R=8314kPadm® K™ mo]"

, T=288K

‘ 3><8314><288
0.032

Example 40. Calculate the root mean square speed of
kya’rogen molecule at S ’fP

SPV

473 79

Solution: c=
olution | Y
P=latm=1013kPa : -~
V =224 dm’
M =2gmol™ =0.002 kgmol™
Substituting the values,
ez [2XIOI3X 224 0st g met
0.002 )
Alternative method: )
[3RT
o= e
M

Example 41, nygefé -at 1 atmosphere and 0°C has a
density 0f 14290 g L', Find the.rms.speed.of oxygen molecule.

Solutwn P =latm =101.3x 10> Pa

4,- 14290 3 L-* ; 14290 kg m™
We know that, |

‘ 3
Eﬁ Vﬂ3><1013><1q 461.15m
d 1.4290

Example42. At whai - temperature- wifl  hydrogen

‘moleeules have the sameroot medn sguave speed- s nftmgeﬂ“ "'

molecules at 27°C?
- . ART 3R‘ >§'3OO
© Solution : =
My My
T 300 300

or — =20 o 7220 %022143K
My My © £

Example 43. Calculate the root mean Square avemge and
most probable speed af oxygen at 2F °C

Solution: ’?‘”C 300 K
' V T3rT
Root mean square s eed =, —
S
R=8314x10" erg K" mol” ‘ M= 32g ‘m_ol:‘lt;“ T=300K

Substxtutmg the values,

\/3x8314x107 x300
Ty T

= 48356 cm/ sec

=483.56 m/ sec

8RT
nM

8><8314x10? X 300% 7
122%32

- 44542 ¢m/sec
= 445}42‘m/sec

_ [axrRxT

_\/zx 8.314x 107 x 300
= 39483 ¢/ sec
- =39483 m/ sec

Example 44. Calculate the average . kmetzc energy per
mole of CO, gas at 27°C in dszerent units.

Average speed

!

V;;Mo‘ét,prob:}'iblre speed
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=3

Solution: KE

i

MIUJ [SREVIN S} o

x 1%1.987x 300=894.15¢cal

" KB=ZnRT

Nw'

c -—~><l><8314><300

= 37411
—3741% 10" er

Example 45. A gas bulb of | litre capacity contains
2.0% 107 molecules of nitrogen:: exerting a ‘pressure: of
7.57x10° N m 2 Calculate the root mean. Square. speed and
temper ature of the gas molecules. If the ratio of most plobabie

: speed to the root mean square speed is 0.82, caiculaze me rzost
probable speed of these molecules at zhzs fempei atwe Q '
- T 199‘4)
‘"2.‘><"'12 o
Amount of the gas = ——O—O—T niolé "
6.023x 10~ g
leen V= llme— lO' m P 73?)( 10 Nm 2
R=83141K" mol ',

- Solution:

L e PV
Applying PV =nRT or T =——
" nR
-3 3
7= 10 XZkIS?X]O =274 K
20x10 % R314

6.023 x 102
3RT _
Moy

3X8314%2742 -
©28x 107

rins speed = \f =49422m

Most probable speed$0 8xrmms
=0.8 % 49422 ms™ _395 376ms 1
RISTRATIONS OF OB]ECTIVE QUESTIONS

16. At what temperature is the 100t mean square speed of N, gas
equal to that of propane gas at STP?
(a)173.7°C () 173.7K . () 273K
Ans. ()]

Hint: 7, (N;) =0, (CsHy)

{3RT [3R273
28 44
r=1737K]

17. At what temperature is the kinetic energy of a gas molecule
half of its value at 327°C?

(d)-40°C

@ 135°C (1) 150°C (©)27°C  (d) 123°c
[Ans. (©)] _
[Hint: 'Iﬂ*::%RT

3
Q-ER?’
By 2y,

5 I
1600
172 T
7y = 300K -

=21°C]

18 The root mean squdre specd of molecules of mtrogen gasisv

~-at.a-certain’ temperature. When the temperature is doubled,

. .the.molecules dissociate into individual atoms. The new rms

- speed.of the atom is: o
@v2e 2w - (©v - . (d) 4o
[Ans. '{b)] . - g

oL R
[Hint: Z?, 1-1(3_?7
M

. Hh=2, M =M)2

3R 2T
0y = = 23}, ]
s SV omi2 : ;
19. The translational kinetic energy of an ideal gas depcnds only

_on its:
(a) pressure
(¢) temperature
Ans. ()]

(b) force
(d) molar mass .
[Hint: KE= %RT .~ Kinetic energy depends on temperature.]

20, At what fempetamre is the s speed of H, molecules the
© same as that of oxygen molecules at 1327°C?

S @ITBK  (®)100K (400K (@)5BK
~ Ans, )] ;
-
e [[220) | PEE
\ A/II 4 ﬁfz /02
L /@9
2\ 32
ST =100K]

If the temperature of 1 mole of a gas is’increased’ by 50°C
" calculate the charge in kme’éie energy of the sysfem

“ (.DCE 2606 )

A{a)y 62321 (d) 6235.0°F

[Ans. (c)] S

(b) 6.235J (c ) 6'?3 SJ

‘Mint: E= %RT k(Kir}etic venergyf.of 1 mole ga%)

AE;% R(F +' 50)"— 3 RT -

‘ =§Rxao~_x8314xso
2 2
=623 55)]

22. Atsame temperature, calculate the ratto of avera@e velocxty of .
SO, to CH,;: ~ (DCE 2006 )
@72:3 ()34 (12 (N6 '
Ans.. (©] SR

18RT

Mint: o9, =
T

e
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v S0, ey A
Ueny, Mgpy,
-
16 1

4.9 . VAN DER WAALS’ EQUATlON

The gas which conforms to all of the postulates of kinetic theory
or which obeys Boyle’s law and Charles’ law vigidly 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, hydrogen, etc.

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

ldeal gas

Real
atT
T Real gas PT ----------- T ldeall :
V) Real | T
P T IdealJ !

Pressure (P) —

@ ()

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

" It is observed that deviations from gas laws are high under

“high pressure and low temperature. van der Waals suggested that
these deviations are due to the following two faulty assumptions’

_in the kinetic theory of gases:

(1) Actual volume of the gas molecules is negligible as
compared to the total volume of the gas.

(i1) 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 especiaily 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 molecuies. If & is the

-effective volume of the molecules per mol of the gas, the 1deal
volume for the gas equation is (V' — b)and notV, ie.,

corrected volume ‘V;” =1~ b for one mole of the gas
and for n mole of the gas, ‘¥’ —V - nb.
b is termed the excluded volume which is constant and

characteristic for each gas. The excluded volume *5° is actually
four times the actual volume of the gas molecules.

cG.R.B. PHvsICAL CHEMISTRY FOR COMPETITIONS

: b:Enﬁ]xw

where ‘7 = 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
wall of the vessel experiences an inward pull due to unbalanced
attractive fofces. . Therefore, it strikes the wall with less
momentum and the observed pressure will be less than the 1deal
pressure.

Pidea1 :Pobs""})’

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.

(i) 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 densny of the gas.

herefore, the attractive force is proportional to the square of the
density of the gas.
P’ o< total attractive force
o d 2 '

or . P=—

where ‘ ¢’ is a constant depending upon the nature of the gasand V'
is the volume of 1 mole of the gas.- .

Thus, a

N2
Making both the corrections, the general gas equation
PV = RT may be written as:

corrected pres’sure Pdeai = Pps

fp + LZ] (V' - b)=RT
(S
The equation is called van der Waals® equation. van der Waals’
equation for n moles of the gas is:
2

\Pﬂ-—” v - nb) nRT
.

van der Waals’ equation is obeyed by real gases over a wide
range of temperature and pressure and henge 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 charactensuc .
of each gas.
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Unit of van der Waals’ Constants

aand b are expressed in terms of the units of P and V. k

’ . , n’a
Pressure correction P’ = —

_P'V? _ Pressure correction X (Volume)®
- n? (Mole)2
Thus, if pressure and volume are expressed in atmosphere
and litre respectively, the ‘units of constant ‘a’ will be
atmosphere litre > mol . an
SIunit, ‘= Nm* mol™

‘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 mol ™.

"SI unit, b’ =m> mol™

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 7, . At this temperature,
PV remains constant for an appreciable range of pressure

where, 7, = inversion temperature
a, b = van der Waals’ constants

At Boyle temperaﬁre, %}%DK = O when P approaches zero.

410 CRITICAL PHENOMENON AND
LIQUEFACTION OF GASES

During the early pAart of nineteenth century; a mumber 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 liqiid. The increase of pressure can also bring the gas

molecules closer to each other and, thus, is helpful in corverting -
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¥-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 (7, ). The pressure required to liquefy a .

gas at this temperature is called the eritical pressure (7, ). The
volume occupied by one mole of the substance at the critical
temperature and pressure is called critical volume (7).

The results of Andrews experiments are shown in the
following Figure. 4.10(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°C. At low pressure, carbon
dioxide'is entirely gaseous and is represented by the point (4)in
the isotherm. On increasing pressure, volume decreases as shown
by the portion AX of 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 liguid. At point ¥, 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
wvapour pressure of the liquid at the temperature of the isotherm. ‘

The isotherm at 21.5°C 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

Pressure —»

‘Volumeg —»

Fig. 4.10 (a) Isotherms of carbon dioxide
showing critical region

of the isotherm becomes smaller and smaller until at 31.1°C 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°C, there is no  indication of -
liquefaction. The isotherm at critical temperature 31.1°Cis-called

~ critical isotherm. The tangent at critical point P is horizontal, so

that, % at critjcal point will be zero. Thus, the point ‘P’ is also

called the point of inflection. o .

It may be -concluded from this explanation that in the area to
the left of the dotted line below 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 the 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:
[P + -“—] (V —b)=RT
. V 2

. This equation may be written as,

Predopp- 20 oy
14 V2
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or - . PV 4aV -PhV P -ab-RilFEQ
~ Dividing above equation'by ‘P’ weget .
V3 %ﬂ_

~ P

R Arrangmg n descendmg powers of ¥, we get" R
(b*!-ﬁ)Vz £-£é--0 EERP £
- Equation. (i) isa cubic. equatlon n. ‘V 'and therefare for.any
value of P arid 7, it:will have three-values of V,-all of which may
be real or one may be real and. the other two: -imaginary. ‘When
pressure versus vohime plots:are-constructed usmg equatlon (1)
we.get-the curves.as shown in Fig: 4:10¢b). G
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 ¥ corresponding to the points 4, B and C.
At the critical point “P”, the three roots of van der Waals’ equation
are not only real and positive but also identical and equal to the
critical value V.. This condmon may be expressed as,

'EJ-‘
=
w
3
":é__‘
T Voluméﬂh
: Flg 410(b) Isotherms of carbon dioxide accordlng to
. -van der Waals’ equation -
V'—iV. :
or - V~0
S (V V)—O
3VV +3VV2 V3—0 () S

At cnnca] point, aquatlons (i} and (ii) must be identical. Com-
paring and equating the coefficients of like powers of ¥ glves ,

BVc-é+RT (111)

3V,2=i__. | )%

A (iv)
bi

V3=E— v

— )

In above equations, T’ =T, P P at critical state,

G.R.B. PHYSICAL CHEMISTRY For COMPETITIONS -

D1v1d1ng equatlon (v) by (iv), we get

Ve,
ie., V S V=3 . (VD)
Substttutmg the value of V from eq. (vi) in (v) we get
" REOR _ab
&
P = L i)
?7'3;2 JRRTE
Fmally, subsntutlng the values of P, and ¥, in eq (111) ‘we get -
. 8a N . (vii)
° 27Rb -

We can express the constants a b and R in terms of crmcal
constants as:

— L

3 .
,'a'——_3PCVC:2
R':SPC'VC‘
ar, ;
PV, =§‘RT¢ . {ix)

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

' (3b)
gz Ve _ L.’Z’?b )
“c
RT, R[ 8a ]
e

Cﬁmn[ mnstants of gases :

=(.375

C Gas P, (atm) Vg(ciﬁ‘*mﬁi‘) CLE
- He - - 23 - 518. - 53
ceHy 2800 65 3320
Net . "26;9 | S 4]7 o 7 V44‘4
N ,.f33‘;"6,‘ egl 512§.1 ,
L0, 503 ... 744 ©§545.
Cco, - - 727 . 950 . 3042
H,O0 2180 556 6473
CNH; 120 0 - 720 405.5 ‘
CH, - 458 990 1910 .
CoHg . 482 139.0 3055
CH, - 505 1240 4172

4.10.1 EXPERIMENTAL METHODS FOR
‘ LIQUEFACTION OF GASES~#

Discovery of critical phenomenon by Andrews 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 subjécted to adequate pressure to cause liquefaction. -



- Prineiples involved in hquefactxon are:: .

“{1) A gas must be at or bélow its cntleal temperatuxe Lower
the temperature below the cntlcal value easier would be the
liquefaction. . ~

(2) The gas is cooled elther by domg external work or by
expanding against the internal forces of molecular attraction. ,
~ Low temperature for hquefactlon of gases can be achleved by
the following techniques:

(2) Cooling by rapid evaporatlon of a volatﬂe hquld

(b) Cooling by Joule-Thomson effect ‘

{c) Coolmg by adlabatlc expansmn mvolvmg mechamcal'

-‘work

(a) Coolmg by Rapld Evaporatmn of a Volatlle qullld

- This method was first employed by. Pictet and Caﬂletet. An
easily volatile liquid - is rapidly evaporated:to coel and liquefy-a
less volatile liquid. This is the principle underlying the cascade
process [Fig. 4.11(a)] for liquefaction.of O,. = . . .

: | | !
" Dewar flask -
Liquid oxygeh

Fig. 4. 1 1(a) Cascade process for the
quuefactuon of oxygen

The apparatus consists of three compression pumps P, P, and
P; and three compression chambers 4, Band C. The compression
pumps are joined in series. The pump P, “compresses methyl
chloride gas which is cooled by cold water circulating in outer
jacket of 4. As the critical temperature of methyl chloride is
143°C, it is liquefied at room temperature. The liquid methyl
chloride passes through valve ¥} into the outer jacket of B which
is connected to the suction side of F. As a result of reduced
pressure, the hqu1d methyl chlorlde evaporates and ‘the
temperature in B 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 10°C, it gets
liquefied and passes through valve ¥; into the outer jacket of C.
Ethylene liquid is allowed to evaporatewunder reduced pressure
with the help of pump P, resulting in a sharp fall in the
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temperature of oxygen (—118°C) which is filled in the inner tube
of C. Oxygen gets liquefied during the compression stroke of
pumps #; and is collected in the Dewar flask D.

(b) Coolmg by Joulé-Thomson Effect
- Linde’s process for: hquefactmn of 311‘)

 Wheri '3 compressed gas is allowed to expand into a low
pressure or vacuum under adiabatic conditions, a “lowering of
temperature is observed This 18 known as Joule- Thornson effect.
Tn the' expansmn molecules of the gas move far apart from one
anothef.- Work “is” done’ by’ the gas miolecules to overcome
intermolecular “forces. Work is done at_the cost of the kinetic
energy of gas ‘molecules. Consequently a coolmg effect 'is
observed. For each gas, there is a characteristic temperature
above which a gas. on expansxon shows a heating effect while
below it the gas.cools on expansion. This temperature is known -
as inversion temperature of the gas. This temperature is related
to van der Waals’ constant aand b by the expressmn

Ti=a
where, T, is the inversion temperature of the gas.
Gases like H ; and He have low inversion ‘temperatures (7
=193 K and Ty, =33 K) and they: show heating effects in
Joule-Thomson expansion under: ordmary temperature. If these
gases are cooled below their inversion temperatures they also
show cooling effects.

Cooling jacket

| —
. e
 —
—
_Compressar
P | -
“N=Nozzde - -

, Fug 4 11 (b) Lmde s process for hquefacuon of alr

Joule-Thomson eﬂ”ect is the basxs for- hquefactlon of air by
Linde’s process. The apparatus is shown in Fig. 4.11 (b).

Pure and dry air is compressed to a pressure of about 200 atm.
Any  heat produced during the compression .is removed by
passmg the gas through a coohng Jacket Compressed air is
allowed to expand suddenly through a mnozzle (N y to a large

" chamber, where it gets cooled and the pressure - reduced to about 1

atmosphere The cooled air is made to pass through the outer tube
and is ent 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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(©) Coolmg by Adiabatic Expansion Involvmg
Mechanical Work

When a gas-is allowed to expand adiabafically against a

pressure, it does some external work at the cost of its kinetic
energy, due to which its temperature 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 7. Compressed air
divides itself into two parts at ‘4’ and a portion enters through ‘C
fitted with an airtight piston. There, it expands, pushing the
piston outward and performs some external work. '

iz -~

Compressure

_Piston

Fig. 411 (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. The temperature of
air is also reduced on expansion due to Joule-Thomson effect.
The process continues until the air qugeﬁes.

Tendency of Liquefaction of a Gas

Easily liquefiable gases have greater intermolecular force
which‘is'répresented by high value of ‘a’. Thus, greater wzll be
the value of ‘a’ more will be ifs liquefiability.

Easily liquefiable gases are:

S0, > NHj3 > H,0 > COy, etc.

Decreasing value of constant ‘a’
(Decreasing tendency of hqucﬁablhty)

Above gases have higher value of ‘a
. permanent gases O,, Ny, Hy, He, Ne, etc.

" Incompressibility of a Gas

“van der Waals’ constant ‘»° represents the excluded volume,

. Le.,four times the volume occupled 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. -

Compress&blhty factor: Mathematrcaﬂy, it may be defined as,
_Pr
nR T

> as compared to the -

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

Molar volume of real gas (V,,) PV,

"

Lz

~ Molar volume of ideal gas (V,, ) RT

WhenZ> LV, >224L at STPand whenZ<],Vm <224L
at STP.

(i) Z = 1for ideal gas. Deviation from the unity mdlcates 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. Itis possrble at high pressure In this case,
repulsive forces dominate.

(iv) Z <1 shows that the gas is easily compressible as
compared.to ideal gas, It is possible at intermediate pressure In
this case, attractive forces are dommant

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
w1th increase in temperature

(i) At very low pressure, PV = RT, j.e,Z~ 1
(ii) At low pressure, PV < RT, e, Z <1
Z <1 (iit) At high pressure, PV > RT,ie;Z>1

P—>

Fig. 4.12(a) Variation of compressibility factor against

7 ..__;____-Q-—- Ideal gas .

A‘ T1‘> Tg >T3 Y>T4

P

“Fig. 4.12(b) Variation of compressibility factor against
pressure at different temperature

Note: (i) In case of Hz, Z> lat 273 K and Z increases with the pressure.
When temperature is less than 273 K, Hy has Z < 1
(ii) For gases other than hydrogen; at 273 K there is decrease in
- ‘2 at initial stage with .increase in pressure, value of * Z ’
approaches a minimum, with increase in pressure.
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(iif} In case of easily liquefiable gas like CO,, 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, of 1 g of a
substance through 1°C 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 1°C is called heat capacity.
Heat Capacity at Constant Volume

It is denoted by C,. It may the heat supplied to one mole of a
substance to increase the temperature through 1°C at constant
volume.

We know from kinetic theory that,
PV = —;7?1}162 or %mnc2 = g;RT
Thus, kinetic energy £ = %RT
When temperature is raised through 1°C then the increase in

kinetic energy may be given as:

Increase in kinetic energy = 5 R(T + - B RT = B R

3 . .
Now, Cy = 5 R since at constant volume, heat supplied to raise

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

3 : . . :
Cp = > R [for moroatomic gases only, since monoatomic

gases undergo translational motion only]

3 ) . o
Cp = 5 R + x [for di and polyatomic molecules; vibrational
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 Cp; 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 %Rntx. For

monoatomic gas increase in kinetic energy is equal to 5 R when

temperature is raised through 1°C. -
(ii) Doing work due to volume expansion.

We know that, PV = RT for 1 mole of gas - (@)
When temperature changes to (7 + 1), then
‘ P(V+AV)=R(T+1) .. (i)

Subtracting =q. (i) from eq. (ii), we have

PAY = R = Work done due to volume expansion

- Thus, Cp = % R+R= gf{ for monoatomic gases

Cp=C,+R orCp-Cyp =R {(general equation)

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

o 2R
For monoatomic gas, (Y ) =P =2 —j66
. Cy 3
5 R
TR
For diatomic gas, (y) =2 —140
v 3 R
2
For triator.sic gas, (y)=—F = AR 133
- ¢, 3R
Nime CEr CFv CHvELC S e Y Atdiomiigity
He 5 3.01 199 . 1661 1
N, 6.95 4.96 1.99 1.4 2
o, 6.82 4.83 1.99 14 . 2
Co, 875 6.7.1 2.04 1.30 3
H,$ 862 653 209 132 3
Example 46. Specific heat of a monoatomic - gas at

constant volume is 315J kg ™' K ™' and at a constant pressure is
525.J kg K 1. Calculate the molar mass of the gas.
Cp=Mx525 and  Cp=Mx3IS5
where, M is the molecular mass.
Cp~Cy=R(R=8314JK" mol™)
M x525-M x315=8.314
M (525-315)=8.314
8314

M=2""=0.0396 kg mol™" =39.6 g mol™
210 :

Solution:

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

a=2253atmL’ mol 7, b=0.0428 Lmol "' |

R=00821LamK ™" mol ™

Selution: Given, 16g CH, = % = 1 mole

© Applying van der Waals’ equation,
(P + @} V' —nb)=nRT
« y?
_ RRT n’a
TW—nb) y?
Substituting # = 1,
R=00821L atm K™ mol™";

a=2253atmL? mol™:

‘T=300K;, ¥V=0250L;
b=0.0428L mol ™"
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_1x0.0821x 300 - 1><2253_‘”823223tm"
(0250—1><00428) (0250)%

Theideal gas equation predrcts that,
P_nRT IXO0821X300—9852at
14 0.250

‘Example 48. Calculate the temperature bf the gas ifiz :

obeys van der Waals’ equaizon from the followmg data. A flask of
2.5 litre contairis 10 moleé of a gas ‘undér 50 aim. szen

a =546 atm litre® mol > ana’ b=0031litremol ™.
Solution: Gwen that,

P=50atm; ¥ =25litre,n = 10;a= 546 atm litre? mol~ 2,
b=0031iremol ' SR =0. oszrmre- atmK~ moll
" Applying van der Waals equatron s

2
[P + —} I~ nb) nRT
V N .

S
[Pr-.“%-J W —nb)
v .
. ’ .
A(§0+WJ(25—IOXGO31)
sy

-+, 10x0.0821
ILLVSTEAT ONS OF onjscnvs Qussrrous

or T=

—36641(

= zzm

23.. At bigh- tcmperature and low pressure, the van der Waals
equation is reduced to: . ;

(@) (P + Vi] y= RAT - (b)’)DV RT

(c)P(V b) RT | (d)(P+Vj(V b) RT
U lAms o) | |

[Hmt At lngh temperaﬁue and low pressure, V is . large in
N
comparison 10 ‘B and- [ 5 ) is neghgrble in companson to P.

Hence the equation reduces to PV =RT ]

24, The constant*a>in’ van der Waals” equatiosi is maximum in:

(a) He (b H,
(© 0, @ NH3 B
[Ans. (d)]

[Hint: Intermmiolecular force of NH3 is maximum, hence its van
der Waals’ constant (a) will also be maximum.]

25, The van der Waals’ equatlon for 0.5 mol gas is:
, (é‘)(PJ“—zj V- b} 2RT
. LI AN 2 2»
(b)(p+i] (2V b)= RT :
\

a
y?

(c)(m- }{EV 4b)=RT

oy

- ,gea"
'“';*s_.é); 2RT
¢ )[ " ) AV -b)
' [Ans (b)] ; ;
s [H'iﬂt {P %} (V o nb) nRT - - .

'Forrnk—l (P+ ZJ(V-EJ:FRT o
2 4 2) 2

[prfzjaf;m;r;3o a-~fﬁV g

26. van der Waals’ constants of two gases X and Y are as given:

a (litre-atm mol"z) b (htre mol” 1)

Gas X “56 - " 0.065 -
GasY - . - ..51. - 0012

~ What is correct about the two gases?"
@T(X)>T). OT(X)=T(Y) .

: (c)V(X)>V(Y) (d)V(Y)>V @)

[Ans. (c)] - N

[Hmt ' GasX G GasY
V.=3b_ 3><0065 0.195 3><0012 0036]

27.  Select the correct statements about van der Waals constarit -
‘b’ ‘ : a
1.1t is excluded vomme' S

12 Its unit.is mol litre™. .- -

3.1t depends on intermolecular force B
4. Its value depcnds on molecular size’
)23 - .. 1,24 (©)2,3,4
[Ans. (b)]

o) 3‘ 4

28 Gases X, Y, Z, P andQ havé thevan der Waals® constants

_.and b’ (in CGS units) as shown below:

X Y A - P 4]
a |. .6 . .1 6 .| 20 .| 005 | 30 ..
b | 0.025 015 | 04 0.02 b 02
The gas with fhe hxghest crmcal temperature is: _
e [PET (Kerala) 2006]
@p e (c) rooo@z
[Ans (e}] LT
[Hint " Cifical temperature,'f . 8a
Q?Rb o
‘ Greater is the value of (afb), more is the crmcal temperature
,of gas.
For gas X T w111 be maxrmum
8a )
27Rb S RESETIE
% for X ~——6 = 240 for al] other gases ( ]is l'e‘ss'e'rf] -
b 0.025 by, o

29. Athigh pressure van der Waals equatron becomes ' :
(DPMT 2006)

(a) PV = RT. ) (b) PV R:r}_ ,

© PV sfxr*’-‘g (@) PV =R+ Pb
[Ans. " (d)] ‘ e
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[Hint: [P +a %} (V —nb)=nRT -~ -
(P + 2 J (V - by=RT forl mol gas -

At high press,tire, (P + ;5] =P
A

PW ~b)=RT
PV = RT + Pb]

:33 SOME SOLVED EXAMPLES g::;;:

Example 49 Calculaz‘e the total pressure in ‘a 10 litre

cylzrsder which contains 0.4 g of helium, 1.6 g of oxygen- and 1.4¢g

_ of nitrogen at 27°C. Also calculate the partial pressure of heliim
gas in the cylinder. Assume ideal behaviour:of gases.

Given that, R = 0082 litre—atm K - !

Selution:

-1
mol ™. (IIT 1997)

04 16
nHCzT-Ol 02‘35—005

ny, =1.4/28=0.05
Pye XV =ny, xRXT
Py x 10= 01 0.0821x 300
Py = 02463 atm
PV = (g + ng, + 1y, JRT
Px10=(0.1+ 0.05+ 0.05) x 0.0821x 300
P=0. 4926 atm

Example 50. An evacuated giass vessel weighs 50.0 g
wher empty 148.0 g when filled with a hqmd of density 0. 98
g!mL and 50. 5g whenfe’e’ed wzth an ideal § gas at 760mm Hg at
300K Determzne the molecular wezgizt of the gas. (lIT 1998)

Solution: - Mass of 11qu1d =148-50=98g

Volume of liquid = A —%3— =100 mL
“density 1098

Volume of vessel = Volume of liquid

Mass of gas = 50.5~ 50= 05g ,
On applying ideal gas equation, we have,

pr=YRr -

o .
z@x%=3§x00821x300
7601000 m

m=123

Example 51. A ver tzcal hollow cylinder of height 1.52 m is
[itted with a movable piston of negligible mass and thickness. The
lower half of the cylinder contains an ideal gas and the upper

half is filled with 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 mercury to be negligible. -

239
Solution:
| |we+38)em
ST T 1 ‘
~ (initial state) i1 (After heating)

At initial stage: - N R
Pressure of gas = Pressure of Hg + Pressure of"-
. atmospheric air
v =;.76v+,76:1;52«cm S
- T=300K
e L V=K r2 Where Vl is volume of cyhnder
At ﬁnal stage aftter heatmg Co

Pressure of gas = Pressure of Hg + Pressure of
o atmosphemc air-
=38+ 76=1 ,1,4‘-cm e
Vo= ,%K‘..
-4

Applylng gas equatmn we. have o
_114><(3V1/4) S

;T,:,?‘k_,,,.~.v, R )

152x ¥,

2x300 - - T
114 % 3% 2% 300
T 4%152
=3375K

Example 52. .4 thin tube of uniform 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 Py.
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 incm of. Hg ( The
tempemz‘ure of the system is kept at 30°C),

B " Solution: At herlzontal posmon let the length of air celum.n
in tube be L cm.
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2L+ 5=46+5+445cm
- L=4525cm

" ‘When the tube is held at 60° w1th the vemcal the mercury
columm will slip down. .

" P, +5c0s 60° =

Py — Py =§=2.5 cm Hg . (@)
Fromend X, P;x4525=Py x44.5
p, =P p )
5 . X
Fromend ¥, PO x 4525=Py x 46
4525
Py = P, O i1
Y=o 1o (iii)
Substxtutmg the values of Py and Py in equation (i) we get
P, =754

Example53. A10cm column of air is 'frapped 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 is fixed 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.

| 10cm
) |
Solution: (a) BV, =PV,
or Plia=Pl,a

where, a = area of cross section of tube
" 11,1, =length of air column
P, =76+8=84cm

L Bl _76x10
Tp, w4
=9.04 ¢m

(b) P,=76—-8=68cm
12:%:2?5_](_):1147(;;11'

P, 68

A (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,
Le.,
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- dissociation of Cl, equilibrium.

%

], = Lt
*7p, .
_ 76><18Q‘_93 em

! 76+ —

| G o
"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: PV +PY, =P,V +V,)
O%x 5+ 6x10="Fy (15)
Py =T7atm

~ where, P, = resultant pressure after mixing.

Example 55. A1 what temperature is the average velocity
0] O, molecule equal 1o the root mean square velocity at 27°C?

“BSESEM FH08895)
Solution: - Vay = Upms
8RT _ [3RT
w M
8RT 3R x 300
w M
- T=35357K
t=80.57°C

- Example 56. The composition of the equilibrium mixture
Jor the equilibrium Cl, ==2Cl at 1400 K may be determined
by the rate of diffusion 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 conditions. Find the degree of

(IiHIsps)

Solution: Equilibriuth of dissociation of Cl , may be .
represented as: '
“ 2(8) 2C1(g)
=0
f‘eq 'a(i - 0) Zq @

Total moles = a(1-0.)+ 2a0. = a(1+0t)

o aM, _ Mg,
™ al+a) (+@)
Rmix - i{_Kr_
RKr Mmix
11.16: M
Me,.
2
(R T

84
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e Ekaihple §7. A gaseous mixture of helium and oxygen is
found to have a density of 0.518 g dm™ -at 25°C and 720 torr.
What is the per cent by mass of helium in this mixture? ~

Solution: We know that, Pm=dRT

7—20><m 0518x00821x298
760
m =1337 g/mol
Let mole fraction of He in mixture be ci.
Xyge =0, Xg, = (1~ Q1)
Average mw=0 X My, + (-0 )M,
1337=0a x4+ (1-a)32
a = 0.666
% by mass of He = 0.666 x 4

: x 100
0.666x4+ 0.334x32

= 19.95%

2 ,Example 58. Find the temperature at which 3 moles of
S50, will occupy a volume of 10litre at a pressure of 15 atm.

a=6.71atm litre®> mol™; b= 0.0564 litre mol ~

' 2
Solution: ‘ [P + %1 (V —nb)=nRT
/

[m 6;1): 9} (10-3x 00564)= 3 x 0.082x T

T'=624K
Example 59. van der Waals' constant ‘b’ of Ar is
3.22x 107 m> mol ™' Calculate the molecular diameter of Ar.
Solution: We know that,

b= 4 x volume occupied by the molecules

in one mole of a gas
=4 X Ny X(iﬂrBJ
3 ,
22

322% 107 =4 x 6.02x 107 xf;-x.7 xr

[ 322x10° x3x7 "
—£4x6.02x 10"‘3x4x22}
=0.1472x107° m
Diameter = 2r=2x 0.1472x 10~
=02944 %107 m

xample 60. The compression factor (compresszbzhty
facto¥) for 1 mole of a van der Waals’ gas at 0°C and 100
atmospheric pressure is found to be 0.5. Assuming that the volume
of a gas molecule is negligible, calculate the van der Waals’

constant*a’. . (1IT 2001)
Solution: We know that,
| v
RT

~ is=-Example 61.

_100xV
0.0821x 273
¥V =0.112litre
According to van der Waals’ equation,
(m%} (V —b)=RT for 1 mole -

[100 —(—1——)—}[0112 0]1=0.0821x 273

On solving, we get @ =1.253L% mol™ atm

The density of the vapours of a substance at 1
atm pressure and 500 K is 036 kg m™3. The vapours effuse
through a small hole at a rate of 133 times faster than oxygen
under the same gonditions.

(a) Determine: (i} molecular weight, (ii) molar volume,
(iit) compressibility factor (Z) of the vapours, (iv) Which forces
among- gas molecules are dominating. the atfractive or the
repudsive?

(b) If the vapours behave ideally at 1000 K, determine. tize

average translational kinetic energy of a molecule. (11T 2002)
o r, M
Solution: (a) (i) ——— = 02
i r02 Mvapmu'
1.33= 32
vapour
M e =18.1
(ii) Molar volume = w
Density
=181 5025%107° m
0.36 -
v ; 3
(iii) Compressibility factor, Z = = = 101325x5025x 10
: RT 8.314 x 500
C =1.225

(iv) Z> 1shows that répulsive forces are dominant.
(b) Translational KE per mcilecule

-—x-xT
2

_3, 8314
2 6.023x10%

=2.07x1072 ]

000

E S

" Example 62. The rafio of rate of diffusion of helium and

methane under identical conditions of pressure and temperature -

will be: [T (8) 2005]
- (a)4 ®»2 (01 @05 ‘
Solution:

ToHy _ [ Mhe _Jz_l
Hye mCH4 16 2
) V

He & 2"(:}44

2417

oaf s
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SECTION 2 : LIQUID STATE

411 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,
- ete. :

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

(i) A liquid is made up of molecules; atoms 1n rare cases,

e.g., Hg (mercury).
© (i) 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.

(i) Volume’

Liquids have definite volume as the molecules of a liquid are
closely packed and the cohesive forces are strong. The molecules
are not quite free to occupy any space.

(i) Denslty ‘

As the molecules in liquids are closely packed, the densmes of
liquids are much higher than in gaseous state. For exampl
densny of water at 100°C and 1 atmospheric pressure is 0.958 g
mL™!" while that of water vapour under similar conditions as

calculated from ideal gas law[ = =T 1 is 0.000588 g il
. o / i

(iv) 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 molecules 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 terms of
motion of molecuies. 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 1 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 intermolecular 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) Surface area: Evaporation is a surface phenomenon.
Larger the surface area, greater is the opportunity of the
molecules to escape. Thus, rate of evaporation. increases with
increase of surface area.

Rate of .evaporation o< Surface area

(¢) Temperatare: 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 o 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, increases the evaporation.

(vil) 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
temperawre. 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.

‘(viii) 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, ie., the vapour in the closed container is in
equilibrium with the liquid.

Evaporation,,

Liquid ~—— Vapour
Condensation

Rate of evaporation

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=lRT=CRT
v

where, C is the concentration of vapour, in mol/litre.
In closed vessel,

Rate of evaporation o< g™ E/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
\.
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of Hg) for water, alcohol and ether at different tefperatures are -
given in the following table:

Substance :

0C | wC | |:80%C .| 100°C
Water S 46 | 175 | 550 | 3555 | 7603
Ethylalcohol | 122 | 439 | 1353 | 8126 | 16933
Diethylether | 1853 | 4422 | 921.1 | 29936 | 48594

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

U R
D | __—Vapour
‘ vacuum——F ] (Y]
. b Vapour
T | pressure
—«— 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.

P, AH (11
log 2=—"0 | o
S P 230BR\T, T,

where, AH is the latent heat of vaporisation and R is the molar gas
constant.

The actual form of Clausius-Clapeyron equation is:

vap

lo P= ~—_
10 5= S 03RT

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

VAPOUTS.
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When AH
A graph between log g P and — wﬂl be a straight line with

= Latent heat of vaponsatlon and “4"is constant,

negative slope.

Slope of the line
_ —AHyap

" 2.303R

logoP I

T -

E

Fig. 415 Variation of vapour pressure with temperature

(ix) Bonlmg pomt
The temperature at which the vapour pressure of the hquld

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 form below the surface of
the liquid. They rise to the surface and burst releasing the vapour
into the air. This process is called beiling, The normal boiling
point is the temperature at which the vapour pressure of a liquid

is equal to exactly one standard atmospheric pressure (760 mm 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 than
normal under external pressure greater than one atrnosphere;
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 mm, water boils at

temperature below its normal boiling point of 100°C. Food ¢ooks

more slowly at higher altitudes because the temperature of

boiling water is lower than it would be nearer the sea level. The

- tgmperature of boiling water in a pressure cooker is higher than
the normal, thus making it possible to cook foods faster than in

open vessels. )

If a liquid decomposes when heated, it ean 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 products by boiling it away under reduced pressure.

Boiling and evaporation are similar processes (conversion of
liquid into vapour) but differ in the following respects:
(a) Evaporation takes 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) Evapeoration is a surface phenomenon. It occurs otily at
the surface of the liquid whereas boiling involves formation of

 bubbles below the surface of the liquid.

E

0.75

"0.50

025

~ Vapour pressure (atm} s

346 785

) i

0 20 40 60 80 . 100
Temperature — -

Fig. 4.16 Vapour pressure curves for dlethyl ether, ethy
alcohol and water’

{c) In vaporisation, the vapour moléculesvdiﬁ’use from the

~ liquid into the atmosphere bug in boiling, molecules escape with

sufficient pressure into the space over the surface of liquid,

(x) Freezmg point

When a liquid is cooled, the kinetic energy of the molecules
goes on decreasing. A stage comes when the intermolecular
forces become stronger and the translational motion is reduced to
minimum. At this stage, the formation of solid begins and the
liquid is seen to freeze out. The point (temperature) at which the
vapour pressuré of solid and liquid forms of a substance become
equal is termed as freezing point.

Normal freezing point of a liquid is the temperature at which
its liquid and solid forms are in equilibrium with each other under

- a pressure of one atmosphere. Théfreezing point of a liquid is the

same as the melting point of its solid form. At the freezing point
the temperature of the solid-liquid system remains constant until
all the liquid is frozen. The amountwof heat that must be removed
to freeze a unit mass of the liquiddat 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 intermolecular
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 any one 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 this inward ferce
on the surface of the liquid. It acts downwards perpendicular
to the plane of the surface. The unit of surface tension is dyne
em™! or Newton metre ™' (N'm™). It is a scalar quantity. Surface
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tension is, thus, defined as the force acting on unit length of a
line imagined to be drawn tangentially anywhere on the free
surface of a liquid at rest. It acts at right angles on both sides
of the line and along the tangent to the liquid surface. Surface
tension depends on the area, not on the length, like elastic
propesties. .

As the intermolecular forces of attraction decrease with the
rise of temperature, the surface temsion of a liquid, thus,
decreases with increase in ternperature. 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.

- ~

Flg 417 (a) Molecules at the surface are under unequal tension

Many common phenomena can be explamed w1th the help of
- surface 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 of a liquid. It is known that for a
given volume, a sphere has the minimum surface area. On
account of this, drops of liquids acqulre a spherical shape

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

{¢) Cleaning action of soap and detergents: Soap and deter-
gent solutions due to theirlower 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 tension 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 i3 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 capﬂlary 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 depressiop, 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.

{0
Flg 4.17 (b) Eﬁect of shape and radius on cap:llary rise

i Helght of quuid in the column of capnllary is mdependent _
of shape of capillary if its radiys is same. '

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

{e) Surface energy: The workinerg requlred to be done to
increase or extend surface area by 1 sq. cm is called surface
energy. The units of surface energy are, therefore, erg per sq. cm
{or joule per sq. metre, i.e., Y m2 in SI system). Surface tension
of liquid is numerically equa] to the surface energy

Surface energy,

v = 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 oy (force per

unit length). - .

Measurement of surfaee tensmn. iy surfaee tension of a
liquid is measured by the drop cmt mcthod usmg a
stalagmometer.

Lety, and d; be the susface tension and density of water and

y,andd, be surface tension and density of the liquid whose

surface tension is to be determined. Using a stalagmometer the

number of drops formed by the same volume of water and liquid

is determined.
. . Z_‘_ ”l d mdy

Y2 md

Using the above relation, the surface tension éf the liquld Y4, Can

be calculated :

the At the critical tenmmm surface. tensum of hqurd beccmm uro (where the meniscus bcm'een the- hquui and the vap(mr dmzppcars}

-

Surface tension is scalar quantlty
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Surfaoe tension of the hqmd can also be measured by caplllary
nse method

’/\——*I’COSG
Y ~
—er 5in 0

o ]
R

Fig. 4.18 Capillary rise

- When hqmd rises in a capfllary, upward force due to surface

tension is balanced by grawtatlonal force.
To2mryc :

m = pib £ liquid in column .

r=radigs of capillary

h = capillary rise

. g = gravitational force

Mass of liquid in column (m)=¥ X p.

. where,

=wrlhxp
. 2 ry cos § = nr’ hpg
y=-"8(_ density of liquid)
2cos B

If angle of contact between glass and liquid is zero, ie.,
cos O =1, then ’
_rhpg
2

Effect of temperature on surface tensien : Surface tension

decreases with rise in_temperature because the intermolecular

force also decreases with rise in temperature. The decrease in

surface tension with rise in temperature continues till critical

temperature at which the surface tension of liguid becomes zero,

i.e., meniscus between liquid and vapour disappears.
Accordmg to Eotvos equation,

2/3 ’
v-—»[—-"f] =K (1, ~1)
RN LA :

. As ¢t increases, Y decreases linearly, whent =1¢,,vy = 0, here

t,. 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 the liquids which determines their 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 Hquid increases progressively as we proceed
inward towards the centre. At the centre, the flow becomes
fastest. Each layer of liquid moving with greater velocity over the

'~ one having lower velocity will experience a retarding 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 ‘4’ sq. cm separated by a
distance ‘x’ cm and having a velocity difference v cm/sec 1s .
given by:

X
'L'l
f=T§A~—
x
- >\ V cmisec
- Xcm
> N {V + v) cmisec
Fig. 4.19

Here, } n 1&,& constant known as coefficient of viscosity. If x = 1
cm, A = lem? andv = 1cm/sec., then f =1,

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™“ sec. It is
more commonly expressed as poise, centipoise (1072 poise) and

~2

" millipoise a0 poise), after the name of Poiseunille whe derived

the formula and gave the method for its determination. 1 poise is
equal to a force of | dyne per unit area which maintains a velocity

* difference of 1 cm per second between two parallel consecutive

layers of the liquid 1 cm apart.
" The reciprocal of the coefficient of viscosity is called Flmdlty

(@)
¢ = Fluidity = —

Liquids with low viscosity are termed 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 hlgh molecular mass
possass greater v1scosny

(c) The structure and shape of - moiecules Viscosity

- generally ‘increases as the branching in the chain increases.

Symmetricdl molecules have low viscosity.



STATES OF MATTER - : , ' 247

(d) Temperature: Intermolecular forces decrease with rise
in temperature. Thus, viscosity decreases with the increase of
temperature. This property is used to select the lubricant for a

machine and engine. The variation of viscosity with temperature

can be expressed by the following relationship:
‘T]=A€_£MRT .(1)
where, A = Pre-exponential factor (constant)

E, = Activation energy

Taking logarithnt of equation (i) we get :
E 1
log,gn=log, 4~ ——F—x— T
BN =080 2" 303R " T )
Siope = -2
°Pe= 2308 R

Intercept = logg A

logign —»

WT —

Fig. 420
" This equation reptesents straight line with formula y=mx+C

Equation (1) may also be given as

logm..n_z__%__ __1....__1.
N, 2.303R|T, T,

where 11, is the coefficient of viscosity at temperature T, and
1), is the coefficient of viscosity at temperature 7} .

T () 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 while that of gas decreases.

Measurement of viscosity: Viscosity is generally
determined by Ostwald’s method. Tt involves the comparison of
time of flow of equal volumes of two liquids through the same
capillary using an apparatus called viscometer.

N _ dxi

PR -]

n“‘ th' X f“’

where, 1,..1 = coefficients of viscosity of water and liquid

respectively; d =density of liquid; 4, = density of water;

¢ = time of flow of liquid; ¢,, = time of flow of water.

Note: Viscosity of gases increases with increase in température.
Comparison between viscous force and solid friction
Points of differences :

thonsi'om

Itis mdependent of the area of
the surfaces in contact

1. 1t is difectly propomonal to the
area of layers in contact,

2. 1t is.directly proportional to the | It is independent of the relatlve
relative velocity between the two | velocity between two solid sur-
liquid layers. . . : “faces.

Point of similarities:

(i) Both viscous force and solid friction come into action
where ever there is relative motion.

(i1) Both these forces oppose the motion.

(iil) Both are due to molecular attraetion.

SECTION 3 : SOLID STATE

1

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 metion 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) Definite 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.

(il) High density and low compressibility: Solids have
generally high density and low compressibility due to close
packing of molecules which eliminates free space between
molecules, v

(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. :
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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 of liquid state. The solids have definite melting points

- depending on the strength of binding energy. However, in some

solids (amorphous solids)* the melting point is not sharp.
443 FORMS OF SOLIDS

- Solids are divided into two classes on the basis of haphazard and

regular arrangement of the building constituents.

(i) Amorphous- solids: The term ‘amorphous’ has been
derived from a 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, plastxcs, 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.

(i) Crystalline solids: In crystalline solids, the building _

constituents arrange themselves in regular manner throughout the
entire three-dimensional 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 consists of a large number of units, called
crystals. A crystal is defined as a solid figure which has a
definite geometrical shape, with flat faces and sharp edges.

A crystalline substance has a sharp melting point, i, it
changes abruptly into liquid state. Strictly speaking ‘a solid state
refers to crystalline state’ or ‘only a crystalline substance can be
considered to be a true solid’.

414, ISOTROPY AND ANISO-TROPY

The substances which show same propertics in all directions are
said to be isotropic and the substances exhlbmng 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 (Agl), the

coefficient of thermal expansion is positive in one direction and
negative in the other direction.

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 4B, as line CD contains alternate types
of atoms while line 4B contains one type of atoms only.

415 DIFFERENCES BETWEEN -

CRYSTALLINE AND AMORPHOUS
SOLIDS

 Crystallindbolids

Amorphu us solids

. They have definite and regular
geometry due to definite and or-
" derly arrangement of atoms, ions

or molecules in three dimen-

‘sional space.

. They have sharp melting pomts
and change abruptly into liquids. .

- Crystalline solids are
. anisotropic. Some of their physi~

cal properties are different in dif-
ferent directions. ‘

. These are considered as true sol-

ids.

X nystaliine solids are rigid and

their shape is not distorted by
mild distorting forces:

They do not have any pattern of
arrangement of atoms, ions or
molecules and, thus, do not have

- any definite geometrical shape.

Amorphous solids do not have
sharp melting points and do not
change abruptly into liquids.

Amorphous solids are isotropic.

Their physical properties are -

same in all directions.

These are considered pseudo-
solids or supercooled lignids.

Amorphous solids are not very
rigid. These can be distorted by
bending or compressing forces.

* Meltmg pomt of a solid depends on the stmcmre of the solid. It is used for the identification &f solids whether it is crystalline or amorphous

g
i
5
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Crystalline solids

Amorphous sollds

6. Crystals are bound by plane
faces. The angle between any
two faces is called interfacial an-
gle. For a given crystalline solid,
it is a definite angle and remains
always constant no matter how

Amorphous sohds do not have
well defined planes.

‘When an amorphous solid is bro-
ken, the surfaces of the broken
pieces are generally not flat and
intersect at random angles.

the faces develop. .

When a crystalline solid is ham-
mered, it breaks up into smaller
crystals of the same geomet"cal
shape.

7. An important property of crys-
- tals is their symmetry. There are:
(1) plane of symmetry, (ii) axis of
symmetry and (iit) centre of
symmetry.

any symmetry.

446 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)].

(ii) Plane of symmetry: It is an imaginary plane which
passes through the centre of a erystal and divides it into two equal
portions such that one part is exactly the nirror image of the
other. ,

A cubical crystal like NaCl 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).

.
]
¢
W
Rectangular plane Diagonal plane Axis of four-fold
of symmetry of symmetry symmetry (three)
@ (b) ©

] t

B
NON }

0 W

Axis of two-fold

Axis of three-fold - Centre of
symmetry (four) . symmetry (six) symmelry (one)
() - (e) : 0]

Fig. 4.22 Various elements of symmetry in a cubic c:fyStal
(iii) Ax1s of symmetry It is an imaginary sﬁ’alght line
about which, if the crystal is rotated, it will present the same
appearance more than once during the complete revolution. The

Amorphous solids do not have -
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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

rotating through an angle of 36 , around an imaginary axis, the

axis is called an » -fold axis.
In all, there are 13 axes of symmetry possessed by a cubical
crystal like NaCl as shown in Fig. 4.22 (¢), (d) and (e).

(iv) Elements of symmetry: The total number of planes,
axes and centre of symmetry possessed by a crystal are termed as
elements of symmetry. A cubic crystal possesses a total of 23
elements of symmetry.

Planes of symmetry = (3+ 6)=9  [Fig. 4.22 (a). and (b)]

Axes of symmetry = (3 +4+6)=13

[Fig. 4.22 (¢), (d) and (e)]
Centre of symmetry =1 [Fig. 4.22 ()]

thai number of symmetry elements =23

.. 417 SPACE LATTICE AND UNIT CELL

All crystals arepolyhedra 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.

Fig. 4.23 Space lattice and unit cell
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oramn ‘ - ‘ ‘Masbioum symmetry e
Systexé - : @ges | Mges | cléments - 7 I%xgmples |
Cubxc All the three equal | All right angles Nine planes, NaCl, KCl, Za8, diashond,
a=b=g, 0.=0 =y= 90° : ' thirteen axes abums
" Orthorhonibic All unequal All right angles Three planes, KNO,, BaS0, K,S0,, thombic
a¢b¢c,'a=|3:y=90° three axes sulphu:
Tetragonal Two equal All right angles Five planes, TiG,, PbWO,,Sn0O,, NH,Br
a=b#c, d=p=y=90° five axes -
... Monoclinic All unequal Two right angles Oue plane, Menoclinte sulphur, KCIO,,
cagh#e, a=y=90°0=90° : - one axis CaS0, - 2H,0,
* NazB‘*O?‘lOH.ZO
Triclinic All unequal None right angles | No planes, CuS0, -5H,0, H;BO;,
a#b#c, axP#y=90° . ‘ no axis K,Cr, 0, *
Hexagonal Two equal Angle between equal | Seven planes, Zn0, CdS, HgS, SiC, Agl
a=b#c,a=8=90°v=120° , edges = 120° seven axes
Rhonbohedral All iilfeq equal | All equal but none Seven planes, NaNQ,, ICI, quartz (CaCO,)
a=b=c, a=B=y#90° 90° sgven axes o . ‘

Each unit cell has three vectors a, band c as shown in Fig. 4.23.
The distances a, band ¢ are the lengths of the edges of the unit
cell and angles &, B and y are the angles between three imaginary
axes OX, OY and OZ, respectively.

For example: For a crystal system, a=b=c¢ and
o =f=y%00°: .
(a) tetragonal (b) hexagonal
{¢) rrombohedral {d) monoclinic
{Ans. (c)}

[Hint: From the table @ = b = ¢ for thomboliedral and cubic
system both but & = B'=7y % 90° for thombohedral only.]

4.18 CRYSTAL SYSTEMS

On the basis-of geometrical considerations, theoretically there
can be 32 different combinations of elements of symmetry of a
erystal. These are called 32 systerns. Seme of the systems have
been grouped together. In all, seven typés of basic or primitive
unit cells have been recognised among crystals, These are cubic,
orthorhombie, tetragonal, monoclinic, triclinic, hexagonal and
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.

(i) Face-centred cubic lattice: There are points at the corners
as well as at the centre of each of the six faces of the cube,

-

/! .
c c c
® L 3K [ ]
B b B b Pavib
a -’ Y - Y a"{ .
Simple or primifive  Body-centred Face-centred
{a) Cubic space lattices
.
, o |
c ¢ e of° . ol° o .
%. "xfx b {?, ‘\F' b ‘Bf "ta b {3, '\(‘XJ b
Y Y o 1L v e
Simple or Body-centred | End-centred Face-centred
ptimitive : ’
{b) Ortriorhombic space lattices
.
Co c c
L. o .o
?”,\.‘1 9‘llb B b
5y D A7y 2y
Body-centred Simple  End-centred

{¢) Tetragonal and monoclinic space lattices

2 :

%’ a’“?

Triclinic

Hexagonal

Rhombohedral

(d} Triclinic, hexagonal and rhombohedral space lattices

Fig. 4.24 PBravais lattices
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- (iii) Body-centred cubic lattice: There are points at the
corners 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 shown in Fig, 4.24.

ey | Nevof |

- Crystal - space | - Latticetype . -~ - -
system lattices | . N TR S

1. Cubic 3 Simple, face-centred and body-centred.

2. Orthorhombic 4 Rectangular and body-centred rectan-

gular prism; rhombic aid body-ventred

rhombic prism.
3. Tetragonal 2" |Simple and body-centred tetragonal
’ prism.
4. Monoclinic 2 |Monoclinic parallelopiped, monoclinic
‘ face-centred parallelopiped.
5. Triclinic ] Triclinic parallelopiped.
6. Hexagonal 1 Hexagonal prism.

7. Rhombohedral 1 Rhombohedron.

In various unit cells, thete are three kinds of lattice points:

points located at the corners, points-in the face-centres and points
" that lie entirely within the unit cell. In a crystal, atoms located at
the cormer and face-centre of a unit cel} 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 corner of a unit cell is shared among
eight unit cells and, therefore, only one-eighth of each such point
lies within the given unit cell.

(if) A point along an edge is shared by four unit cells and only
one-fourth of it lies within any one cell.

(iii) A face-centred point is shared by two unit cells and only
ong half of it is present in a given unit cell.

(iv) A body-centred point lies entirely within the unit cell and-

contnbufes one complete point to the cell.

- Typeoflattice point . | Contribution to one unit cell
Comer 178
Edge : 14
Face-centre 172
Body-centre ' 1

Total number of constituent units per unit cell

= % % occupied corners + i x occupied edge-centres

+ % x occupied face-centres + occupied >b0dy-centre.

Determination of Number of Constituent units per unit cell:
Let edge length of cube = @ cm

- Density of substance =d g cm™

Volume of unit cell = > cm®
Mass of unit cell = volume x density = (a® x d )g

@ xd

-Number of mol per unit cell =

where, M = molar mass
Number of molecules per unit cell.= Number of mole .
‘ % Avogadro’ s number

a’ xdxN
M
Calculation of number of constitueﬁt units |n

a*xd

Z= XN =

“hexagonal unit celt

(i) Constituent units at each corner of umt’cell is -eomuEnon
among six unit cells hence contribute 1/6th to each unit cell.

(i) Constituent unit at edge is common to three unit cells
hence contribute 1/3rd 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 1/2 to each unit cell.

z

Fig. 4.25 Hexagonal unit cell

In the hexagonal imit cell (Fig 4.25), 12 corners, 2 face centres
and 3 constituent units within the unit cells are oceupied, hence
effective number of constituent umits. present in the unit cell may
be calculated as

_1 occupled occupied ‘Central
(, corners 2 face clutres  constituent units
=dviaetious
. 6 2
=6

4.19 DESIGNATION OF PLANES IN
CRYSTALS—MILLER INDICES

Planes in crystals are described by a set:of integers (k, kand Z)

“known as Miller indices. Miller indices of a plane are the
- reciprocals of the fractional intercepts of that plane 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, b and c of the parametral plane.
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Fig. 4.26 Parametral (intercepts a, b, calong x, y and z-axes)

Thus, the Mi_ller indices are:

h= 4

intercept of the plane along x- axis
intercept of the plane along y- axis
c

B 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 a/2, b and c/2,
respectively. Thus,

h=——=12;
al
b
k:—-: *
5 L
1=_¢ =
c/2

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.
(i1) While defining Miller indices for orthogonal crystal, X, ¥ and
Z-axes are considered crystallographic axes.
Some of the important planes of cubic crystals are shown in
Fig. 4.27.

111
@ X o e

-Fig. 4.27 WMiiler indices of planes in cubic lattice

y,
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In (a) intercepts are 1 oo o0

So, Miller indices are 1 0 0
The plane is designated (100) .

In (b) intercepts are 1 1 oo

So, Miller indices are 1 1 0

The plane is designated (110)
In (c) intercepts are 1 1 1
So, Miller indices are 1 ' 1 1

The plane is designated (111)
The distances between the parallel planes in crystals are
designated as dy,, . For different cubic lattices these interplanar
spacings are given by the general formula,

a

d(hkl) -
,/hz +k2 412

where, a is the length of the cube side while A4, k and / are the
Miller indices of the plane.

The spacings of the three planes (100), (110) and (111) of
simple cubic lattice can be calculated.

a
d. = =g
(100)
VI 4040
din =4 4
o Z+12+0 V2

The ratio is,

1 1

Similarly, d;,, ratios for face-centred cubic and body-centred
cubic can be calculated. For face-centred cubic,

1 2 :
daoy daig 1dany =1:—=:—==1:0.707: 1.154

2 43 ;

For body-centred cubic,

SR

d(100) 3d(no) :d(lll) =

1
V3
=1:1414:0.577

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.

11
V2 3
J2:

=1:
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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 (< 107 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 6. 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 a set of symmetrically disposed spots due to
deflected X-rays. Different kinds of crystals produce different
arrangements of spots.

~ Photographic film

Slit system

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 angle 6. Some of the rays are reflected from the upper
plane, some 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

!
!
{
i
i
1
i
I
|
I
I
t
4

)

{

Fig. 4.28 X-ray reflection from crystals

.face-centred cubic structure. Thus,

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:

IN+NM=prA (n=1,2,3,...)

Since, the triangles OLN and OMN are congruent, hence
LN = NM.

So, ' Path difference = 2LN
as LN = d sin 8 where, d is the distance between two planes.
So, Path difference = 2d sin ©

When two reflected waves reinforce each other (maximum
reflection), the path difference should be =nA (where,
n=123,...).

So, for maximum reflection,
nh=2dsin6

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 6 increases and the intensity of
the reflected beam weakens.

The values of 8 for the first order reflection from the three
faces of sodium chloride crystal were found to be
5.9°,8.4° and 5.2° 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

1 |
sm59° sm84°'sin 5.2°

=9.61:6.84:11.04

=1:070:1.14
. L. 2
5

This ratio corresponAds to spacings along the three planes of a
) the NaCl crystal has
face-centred cub® structure. '

: - Example 63. . X-rays of wavelength 1.5 {fxtrike a crystal
and are observed to be deflected at an angle of 22.5°. Assuming
that n =1, calculate the spacing between the planes of atoms that
are responsible for this reflection.

Solutien: Applying Bragg’s equation,
) ~nA=2dsin@
Given, n=1 A=1.544, 6=225°
Using relation ~ nA =2dsin 8,
- ,‘?‘1’54 - 1.54 -201A
Zsin 22.5° 2x0.383

" Example 64. T he first order reflection of a beam of X-rays
of wavefength 1.544 from the (100) face of a crystal of the simple
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cubic type occurs at an angle of 11.29°. Calculate the length of
the unit cell.

Solutidn: Applying Bragg’s equation,
- 2d sin 8 = nA
Given,8=1129°, n=1, A=1.54 A =1.54x107* cm
' -8 -8
- 1.54x 10 =1.54x10 =3.93%10° cm
2xsin 11.29° 2% 0.1957 .

JAE+Er 417
a=3.93x10"% cm=length of the unit cell

- Example 65. When an electron in an excited state of Mo
az‘om Jalls from L to K-shell, an X-ray is emitted. These X-rays are
diffracted at angle of 7.75° by planes with a separation of 2.64 A.
What is the difference in energy between K-shell and L-shell in
Mo, assuming a first order diffraction (sin 7.75° = 0.1349)?

Solution: According to Bragg’s equation:
nA =2d sin
IXxA=2x264sin7.75°=2x2.64 x0. 1349
A=0.7124

Energy difference between K and L-shell of Mo
_he_ 6.626x107 x3x 10° '

=2.791x% 10—1§ J
A 0.712x 10710

- 4.21 ANALYSIS OF cusic SYSTEMS

The following characteristics are reflected by cublc systems
when analysed mathematically:

(i) Atomzic Radius

. 1tis 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 cell : In a
simple cubic unit cell, atoms at the
corners touch each other along the edge.

Distance between the nearest
neighbours,

d=AB=a=2r
(where r = radius of the atom)

radiu  _Fig.4.30
or  Atomic radius, Simple cubic unit cell
a .
r=—={5g
2
(b) Body-centred cubic unit ; r
cell : The distance between the AT 7 c
two nearest neighbours is repres- ~Ja E’ B
ented by length AF or ED, ie, Ao g
half of the body diagonal, AD. D

d=AE = ED-A—f

Fig. 4.31

InAA4BC, ~ Body-centred cubic unit cell

AC? = AB* + BC? = a* +a* = 24°
or AC=\/§a
Now, in A ADC,
AD? = AC* +CD?
=(\2a)? +a® = 32>

or AD=+3a
d:——\/-g-a
2
d= 2r=—J:3:a
‘ 2
. . 3
or Atomic radius, r= T a

{¢) Face-centred cubic unit cell
: The distance between the two
nearest neighbours is represented
by length 4B or BC, i.e., half of the
face diagonal, .4C.
4
AC | 4

d=AB=B(=—
2

Fig. 4.32
In AACD. AC? =CD? + 4D? Face«centred cubic unit
’ cell
=a*+a’=2"
AC=+2a
AC 21
or d="—=-—a=-—a
2 2 2
1
d=2r=—xa
V2
or Atomic radius, r——-—-——a
22

(ily No. of Atoms Per Unit Cell
Different types of cubic unit cells are given in following figure:

1!8 atom

1/2 atom

Simple cubic Body centred cubic  Face centred cubic
@ (b) _ © .

Fig. 4.33 (a) Simple or primitive cubic jattice;
{b) Body-centred cubic lattice; (c) Face-centred cubic lattice
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(a) Simple cubic structure: Since, each corner atom is

. . . . 1
shared by eight surrounding cubes, therefore, it contributes for —
of an atom.

Thus, for simple cube = 8 X% = latom per unit cell

(b) Face-centred cubic structure: Since, the structure
possesses 8 corner atoms and six at the centre of each face, the
contribution will be

=8x ?13 + 6% é (Face atom is shared by two cubes)

=14 3= 4 atoms per unit cell
©) Body-cen;_red cubic structure: Since, the structure
possesses 8 corner atoms and one body-centre, the contribution

will be = 8 x %+ 1= 2atoms per unit cell.

(iii) Coordination Number

It is defined-as the number of nearest neighbours that an atom
has in a unit cell. It dependsipon structure.

(a) Simple cubic strycture: Coordination number = 6

(b) Face-centred cubic stiacture: Coordination number =12

(c) Body-centred’ cubic structure: Coordination number = 8

(iv) Dgpé"lty of Lattice Matter
Knowing the unit cell dimensions, the theoretical density of a
crystal can be calculated as:

Density of the unit cell = Mass of unit cell

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 "N 0
ZXM  nxM
NyxV N,xa’
where, Z is the number of atoms in a unit cell and ¥ is the volume
of unit cell. . ‘
ForacubelV = a® where, a is the edge length of the cubic unit
cell. '
(¥ 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.

So, density of a unit cell =

(For a cube)

. . Vol i i it cell
Packing fraction = olume occupied by atoms in unit cel _

v
Total volume of the unit cell v

(a) Simple cubic structure:

Let a be the cube edge and r
the atomic radius.
V = volume of the unit cell = a*

Since, one atom is present in a unit cell, its

Volume, v =— o

[df na’
T — R
2 6

(r=al?)

wWid wlh

i.e.,52% of the unit cell is occupied by atoms and 48% is empty.

(b) Face-centred cubic stryeture: Since, four atoms are
present in a unit cell, their volume is

v=4x[inr3]
3

. a
Putting the value of r=——,
202

Volume of unit cell, ¥ = a3
Packing fraction = i =——=074
W2a® W2
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=2x(inr3]
3
NE)

V3 4 ’
Putting the value of r= Y a, ‘v=2x 3 T X [T a]

NE PR

8
Volume of unit cell, V = a’

L
Packing fraction = kL 3a = ﬁ
8a
i.e.,68% of the unit cell is occupied by atoms and 32% is empty.
Characteristics of cubic unit cells are summerised in following
tables : :

7 =068

| Stmre | mtared | centered
Volume, conventional cell : a a 2
Lattice points per cell | 1 2 4
Volume, primitive cell a 1 & 1 a:3

2 4
Lattice points per unit volume Ry a 2/d 4/4
Number of nearest neighbors- 6 8 12
Nearest-neighbor distance a 31272 | a/2V?
=0.866a |=0.707a

Number of second neighbors 12 6 6
Second neighbor distance 2V, a a

Packing fraction ln éﬂ 3 én 2

=0.680 | =0.740
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Hexagonal Unit Cell

Let us consider hexagonal unit cell of height “A’; its
constituent units are spherical having radius “»’

a=2r l
g——o
- CJ h=4x %r

Fig. 4.34 Hexagonal unit cell

Number of constituént units in the hexagonal unit cell'= 6

Thus, occupied volume in the unit cell = 6x % nr

Volume of unit cell = Area of base x height
= 6 Area of equilateral triangle x height

—6><‘/§ 2x4r\/§
4 3
=6 J-(2r) x4r\/;

(Helght of the unit cell can be calculated geometrically)
occupied volume %100

Percentage occupied space = : -
. o, volume of unit cell
6% 4 nr’
- 3 x100=74.06%

‘F(zr) x4 \F
3 .
u-—y———————q}.—
: 2:..8 JiSoME SOLVED EXAMPLES) Som—:n EXAMPLES .‘.-::::

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 corner of the cube contributes /g to

the unit cell. Hence, number of atoms of 4 in the unit cell -

=8x =1

An/;tom at the face of the cube contributes ! to the unit cell.
Hence, number of atoms of B in the unit cell = 6 x I, = 3,

Thus, the formula is 4B8,.
- Example 67. At room temperature, sodium crystallises in
body-centred cubic lattice with a=4.24 A Calculate the
theoretical density of sodium (At. mass of Na = 23.0).

: Solutlon.
the 8 comners and 1 in the centre.
Hence, .

" Total number of atoms in a'unit cell = 8x é +1=2

. G.RB. PHYSICAL CHEMISTRY FOR COMPETITIONS

A body-centred cubic unit cell contains 8 atoms at

=(4.24x107%) cm®

ZxXM _ . 2x23
No XV (6.023x 107 )(4.24 x107%)?

Volume of unit cell =a*

So, Density =

=1.002gcm™

V- Example 68. The density of KCl is 1.9893 g cm™ and the
length of a side of unit cell is 6.29082 4 as determined by X-ray

diffraction. Calculate the value of Avogadro s number.

Solution: KCI has face-centred cubic structure,

Vi.e., ‘ ) Z=4

ZxXM

Avogadro’ s number =
dxVv

Given that, d = 1.9893; M = 74.5, V = (6.29082x 10 )® cm®

4x745
1.9893 % (6.29082x 107 )°
=6.017x10%

Avogadro’ s number =

fEx'aﬁi"‘;’ilé 69. Silver crystallises in a face-centred cubic
unit cell. The density of Ag is 105g cm™. Calculate the edge

length of the unit cell.
Soluti'gn: For face-centred cubic unit, Z = 4.
Wé know that, V = ZxM .
Ny xd
= 4x 1228 =683x1073
(6.023x10%* )x 10.5
=68.3x107%
Let a be the edge length of the unit cell.
" So, V=a
or a’=683x107%
a=(68.3x10"*)"3cm
=4.09%10"% cm ‘
=409pm

“Exdmple 70. An element occurs in bce structure wz:h a
cell edge of 288 pm. The density of metal is 7.2g em™. How
many aton'zsdoes 208 g of the element contain?

Volume of the-unit cell = (288 x 107103
' =23.9x107% cm®

_ Solution:

Volume of 208 g of &he element = % = 28.88cm’
Number of unit cells in 28.88 cm® = — 2595 _
239% 107

=12.08 x 107 unit cells
Each bcee structure contains 2 atoms,
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So, Total atoms m 12.08 % 10% unit cells
=2x%12.08% 10%
=24.16x10%

~ 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 351 pm.

Solution: In body-centred cubic crystals,

V3

F=—a

Ve

‘ =V—4—><351pm=151~98pm

Example 72. dmmonium chloride crystallises in a
body-centred cubic lattice with a unit distance of 387 pm,
Calculate (a)the distance between opposz'xeiy charged ions in ffze

 lattice and (b)the radius of the NH," ion if the radius of CI ~
is 181 pm. .
Solution: (a) In a body-centred cubic lattice, oppositely

charged ions touch each other along the cross-diagonal of the
cube.

So, ~ 2r, +2r, = JV3a
or . A =£a
B 2 )
z§x387=335.15pm

(b) Given that, r, = 181pm

£, =335.15-181.0= 154.15pm
Example ?3 The unit cell cube length for LiCl (NaCl

structure) is 514 A. Assuming anion-anion contact, calculate the
ionic radius for chloride ion.

1In a face-centred cubic lattice, anions touch éach

Solution:
other along the face diagonal of the cube.
=2
2
a g4 a
= 2 x5.14=182A -
4 -
Alternative: Distance between Li* and C1™ ion
= 5_14 =257A CclI-
2 .
Thus,' distance between two chloride ions x
\‘
=(2.57% + 2572 >|

Lit Q

=3.63A 287 A

Hence,

' radius of C1” =—3?63- =1.82A

Example 74. The density of crystaiime sodium chloride is

2.165g cm™.. What 'is the edge length of the umit cell. .
What would be the dimensions of cube containing one mole of
 NaCI?
Solution: We know that,
' N(M
v
where, p = density = 2.165 gem™

" M = molar mass = 58.5 . o N
N 4 =Avogadro’s _nhmber =6.023x 107 -

N = pumber of formula unit per unit cell

=4 (for fcc) _
ds;ﬁfﬁ_};' 4 [ 585 } :
p {NA 2.165] 6.023%x10% |
=1.794x 1072
a=564x10" cm
Molér volume = Molar mass _ 58.8
. Density - 2‘165

2,165

Example 75.  The density of potassium bromide crystal is
2.75g cm™ and the Zength 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.

' ' TR
Edge length (a)=[ 588 } .=3cm

Jormula units of KBr are there iri a unit cell? Does fize unit cell

have a NaCl or CsCl structure?

Solutlon "~ 'We know that,
pe i M
NA
N Cpxa’x N, ‘
. M

_275% (654 x107'%)° x 6.023x 107
- _ 119

Number of mass points per unit cell =

It is NaCl type crystal, i.e., fcc structure.

Example 76. A unit cell of sodium chloride izas Jfour
Jormula units. The edge length of unit cell is 0.564 nm. What is
the density of sodium chloride? (HT May 1997)

M 4585
DN (564><10'8) x6023><1023

=3.89=4

Solution: p =

—2 l6gcm

Example 77. Chromium metal crystallises with a
body-centred cubic lattice. The length of the unit cell edge is
Jfound to be 287 pm. Calculate the atomic radius. What would be.
the density of chromium in g/cm 3y (GIT July 1997
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Solutmn In body-centred cubic unit cell,

a3 =4r

';wh‘ere, a=edge lex;gr.ﬁ,'r-- radius of atom =
L_av3_ J3x429

Example 78. When heated above 916°C, iron changes its
~ crystal structure from body-centred cubic to cubic closed packed

structure. Assummg that the metallic radius of the atom does not .

change, calcilate the ratio of density of the bec crystal to that of
 the ccp cristal. . ,
Solution: In body-centred packing, the efficiency of

. packing is 67.92%. In the cubic closed packing, the packing
efficiency is 74.02%.

Let d; be the dedsity when packing eﬂicxemy is 74.02% and -

d2 is the densﬂ:y when packmg eﬁicnency is 74.02%.

’!U,USTERTIOM GF OBJEC1 IVE QUES’[IONS

30. An element ‘A’ has face—centred cubic structure with edge - -

“length equal to 361 pm. The apparent radius of atom ‘4’ i is:

(2) 127.6 pm (b) 180.5 pm
{(cy160.5 pm {d) 64 pm
[Ans. (a)] S
[Hint: For face-centred unit cell, -
: A a2 = 4r ..
361x1 414 _ ' '
4 - .
r=1276 pm]

The packing fraction of the element that crystallxses in snnple
cublc arrangement is:

n o
: (a) 3 ,(b) "g (©) 3 @ 3.
[Ans. (b}]
[Hint: Insimple unit cell @ = 2r

z=1

o . Océupied volume
. Packing fraction = ——m——

Total volume » .
. f—ﬁ?} —nr3
, =3 -3 .5
N @ @) 6

32. How many ‘unit cells are present in 39 g of petassmm that
crystallises in body-centred cubic structure?

(@N 4 (b) © OTS N, (d) 0.75 N 4
[Ans. (c)] L
[Hint: Number of atoms = —M XN,
- . - Atomic mass
39 .
= -é—é}f }YA — NA

PHYSICAL CHEMISTRY FOR COMPETITIONS -

In bee unit cell, Z=2 -

Number of unit cells = % =05N,]

) 33 Sodlum metal exists in bee unit cell, The distance between
-~ nearest sodium- atoms is 0.368 nm. The edge length of the.
* unit cell is: ' ‘

(a) 0.368 nm (b) 0.184 nm
(c) 0.575 nm’ (d) 0.424 nm
TAns. ()]
[Hint: Inbcc ‘un';t cell, a3 = 4r
g = _4_1-_}‘_ = _2_ X 27 .
IV
- % x 0.368 = 0.425 nm]

34. If the distance between Na* and Cl ~ ions in NaCl crystal is
265 pm, then edge length of the unit cell will be?

(a)265pm :(b) 530 pm (c)795pm  (d) 132.5pm |
[Ans. (b)) ‘
[Hint:" InNaCl

" Bdgelength =2x distance between Na* and Cl ions .
=2x265=530pm] .
35. The interionic distance for caesium chloride crystal willbe: .
' ‘ ' 1?\11‘ (MP) 2007] -

« a3
@a - (b)a _ (}— (d)f ‘
[Ans. (c)] o
422 PACKING OF IDENTICAL SOLID \
: .SPHERES :

. The constituent pamcles in the formatlon of crystals are elther
. atoms, iens or molecules. These particles may be of various
- shapes and thus, the mode of packing of these particles will
. change according ‘to their shapes. The s1mp1est way will be to

consider these particles as spheres of equal size. The packmg of

 spheres is done in sucha way as to use the available space in the

most economical manner. -

- Arrahgement (')

‘ Arrangement (i)
Fig. 4.35 Two common ways of packsng spheres
of equal size

* Theére are two common ways in which spheres of equal size
can be packed. This has been shown in Fig. 4.35. 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 (i), Arrangement (i)
- represents.a close packing of spheres.

1
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In arrangement (i), the spheres are packed in such a manner

that their centres are at the corners of an equilateral triamgle. Each .

sphere is surrounded by six other similar spheres as shown in Fig.
4.36. This arrangement can be extended in three dimensions by

* adjusting spheres on the top. of hollows or voids of the -

two-dimensional layer which is called the first layer or ‘4’ 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 Jayer (Fig. 4.37). The second layer is

marked as ‘B’ layer. The spheres have been placed on the hollows

marked by dots.

" Three spheres —\ A
atthe corners
of ap equilateral
‘triangle

Six spheres
surrounding
a sphere

Fig. 4.37 Building of second layer (B, shown shaded)
covering hollows marked by dots (« ). The
hollows marked by a cross (x) unoccupied -

" To build up'the third layer 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 third 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

) (E% fold axis

"is obtained .when the spheres in the first

- spheres and is abbreviated as hep or ABABAB.. . . This is shown

in Fig. 4.38. In' the second way, spheres are placed on the

. unoccupied hollows of the first layer, marked by “crosses’, It is

observed that spheres of the third layer do not come over those of
first layer. This arrangement of close packing is referred to as

- ABC. However, it is noted that spheres in the fourth layer will

correspond with those in the first layer. When such an
arrangement is continued indefinitely, the system is found to

possess cubic symmetry and called cubic close packing of

spheres and is abbreviated as cepor 4BCABC ... 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 and thus, this system is
also referred to as face-centred cubic or fec, o

Three-fold

> @ O P> @ O

@ CY
Fig. 4.3 ABC ABC A . .. or cubic close packing {ccp) of
spheres - - : ]

it is noted that in both the above systems
hep or cep, 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 -

layer are slightly opened up, i. e.,none of the
sphetes 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
tower layer and four in the upper layer. This’
arrangement has been shown in Fig. 4.41.

Most of the metals belonging to s-block’

Fig. 4.40
Coordination
-number in hep |
and ccp structure —-

| 20

l and d-block elements possess any one of the following‘clqslg_g{.~ '
: packing arrangemenis: : e

(i) Cubic closed packed, (ii) Hexagonal closed .packed.' and: ...
o N * (iii) Body-centred cubic packed. ‘ : SR
Examples: -
. T , . Metals- Structure
- g . Mg, Zn,Mo,V,Cd . hep
(b Cu, Ag, Au, Ni, Pt , ‘ccﬁ or fee

Fig. 4.38 ABABAEB. .. or hexagona! close packing (hcp) o1 -

14, Na, X, Rb,Cs,Ba “bee
spheres ) ‘



o the body-centre and all the edge ce}mtres of cube.

: (A} B
Fig. 4.41 (A) Body-centred cubic packing of spheres
(B) Body-centired cubic arrangement -
Interstitial sites in close packed lattices:
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.

In a close packing

Tetrahedral site:  When one sphere is placed upon the three
other spheres which are touching each other, tetrahedral structure
" results. The four splieres leave a small space in between which is
~ called a tetrahedral site. The sitg is much smaller than that of the

- spheres. However, when the spheres are bigger in size, the
tetrahedral site becomes larger. In hep 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
octahedron. Each octahedral site is created by superimposing two
equilateral triangles with apices in opposite direction, drawn by
joining 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

octahedral voids are represented in Fig. 442 and 4.43.

@

. Fig. 4.43 Qctahedral voids

Location of Gctahedral and Tetrahedral des m Cub!c
Close Packing

Octahedral voids : In the Fig. 4.44 a unit cell of cep or fec
lattice is drawn, Corners and face-centres are the packing sites. In
the face-centred cubic unit cell; octahedral voids are located at

1

Number of constituent units at packlng sites = 8 ; +6Xx 5= 4.

. Number of octahedral voids (one at body-centre and twelve at )

edge-écntre's) = '1+-3i xX12=4 o /

_UUSTRATIONS OF OBJECTIVE QUESTIONS =

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

-, Number of octahedral voids is equal to the number of
constrtuent units at packing sites. Each octahedral void is
surrounded by six constltuent units.

Ny
17 \\ >
v ) AN
4 2;’\, ‘t N
N T *—a; O N 4 i .
L S R LY W O Packing sites
1) , i
TN B ¢ — Octahedral voids
v .
- 8 1 III/ < ) B
£

Fig. 4.44

Tetrahedral voids : In cubic close packmg, there are eight
tetrahedral voids in each unit cell. Tetrahedral voids are located

-on body diagonals. Two tetrahedral voids are located on each

body diagonal; these are represented in the Fig. 4.45.

Y\”/
ol et
15 S N O— Packing sites
» / .. o—ngtrahedral :\‘/oids

Fig. 4.45

, Number of constituent units at packing sites (comers and
1

face- centres) = 8% :g+ 6X§ =4
' Number of tetrahedral voids =

"Thus, number of tetrahedral vords is twice the number of
constituent 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

36. . Inacompound, atoms of element ¥ form-cep lattice and those
of element X .occupy 2/3rd tetrahedral voids. The formula of
- the compound will be ;. (ATEEE 2008)
(a) X,Y, (b) X, (d) XY
[Ans. (b)]

[Hmt Let number of atoms of Yused in packmg =p

(0) X,¥4
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Number of tetrahedral voids =25

Number of atoms ofX=% ngzf;—n
Y:X=tz:§n =34

Formula of compeun’d; X5

37.  Asolid compound contains X, Y and Z atoms in a cubic lattice
with X atoms occupying the comers, ¥ atoms in the body
centred positions and Z atoms at the centre of the faces of the
unit cell. What is the empirical formula of the compound ?

(a) XY,Z;  (b) XYZ; (©) XyY,2Z,  (d) Xg¥Zg
(&) XYZ :

[Ans. (b)]

[Hint : Number of atoms of X in a unit cell = % X B=1

* Number of atoms of ¥ in a unit cell =

' 1
Number of atoms of Z in a unit cell = 5 X 6=3

Empirical formula of the compound = XYZ;]
38.  In a crystalline solid, atoms of X form fec packing and the

atoms of ¥ occupy all octahedral voids. If all the atoms along -

one body diagonal are removed then the simplest formula of
the crystalline solid will be : :

@XY (B XY,
[Ans. (c)] ‘ - .
[Hint : Number of atoms of X in fec packing (at corners and face

@ XY, (D) XF;

centres of cubic unit cell) = § x é + 6% % =4

Number of atoms of Y at octahedral voids =
Along one body diagonal there are two X atoms and one Y atom.
Number of effectwe atoms of X after removal

= - 2)(1:.12
8 4 .
Number of effective atoms onaﬁer removal =4 —1 =3
x:v=2.3 '
4
=5:4

Simplest formula = XY} ]

4.23 TYPES OF ‘CRYSTAL‘?‘

Crystals are classified into four main types depending upon the
nature of forces that hold the constituent pamcles together in the
crystal lattice.

1. Ionic crystals: The forces operating in ionic crystals are

- electrostatic. The lattice points in such crystals are occupied by
positively and negatively charged ions. Each ion is surrounded by

the largest possible number of opp051tely charged ions. This
number of oppositely charged ions surrounding each ion”is
termed its coordination number. The coordination numbers of
positive or negative ions may be same or different. For example,

in sodium chloride, each Na™
and each C1™ ion is surrounded by six Na* ions. Thus, both the

ion is surrounded by six C1~ ions.

261

ions have coordination number six. In CsCl, each Cs* ion'is
surrounded by eight C1~ ions and vice-versa. Thus, both the ions
have coordination number eight, In the case of CaF,, the
coordination number of Ca”* -is eight while that of ¥ ~ 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 catlons 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 fo approach a closed
packed structure and smaller ions fo fit into holes in this structure.

In 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) ~ 7,
Radius ratio = : - =L
: - Radius of negative ion (anion}  » _

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 ratic Fermitted Arrangement of
o }r') coordination  anions reund the Example
e e number cations '
0.155-0225. 3 Plane Triangular B,0,
0225-0414 4 Tetrahedral ZnS
0414-0732 - 6 Octahedral ‘ NaCl
0.732-1.000 8

Cubic (body-centred) CsCl

Types of Structure of lonic Solic. . :
Crystal structure of ionic solids are described mto followmg

" types:
nyst?']l;;l;l)lcture Example
1. Rocksalt  |NaCl, LiCl, KBr, Rbl, AgCl, AgBr, FeU, Lau
. Cesium chloride |CsCl, Ca$, CsCN '
- Fluorite CaF,, UO,, BaCl,, HgF,
. Antifluorite - K,0,K,8, Li,0, Na,0, NaZS
. Nickel Arsenite | NiAS, NiS, FeS, CoS
. Rutile TiO,, MnOz, $n0,
. Perovskite CaTio, BaTi/63, SITIO,
. Zinc blende Zn$, CuCl, CdS, HgS
(sphalerite) - .
9. Wuﬁzite ZnS, ZnO, Bed,'MnS, Agl

Packing of ions in ionic erystal (Formation of NaCl
crystal): The formation of NaCl crystal can be explained in the

- following manner. The two ions form one ion-pair of opposite

charges by the electrostatic force of attraction. Each of the ions
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has a strong residual field around it and wxll naturally attract

“another 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 a unit cell. Finally, large number.of unit cells
unite together to form three—dim’ensional cubic crystal.

Here, 4r. -«,/Eaand(2r +2r y=a

Na'l- .

Ci~

Na*

Na*

o . Na* ci-
LY - ® , (©)

L Fig. 4.46 Filing‘t'lp of ion pairs in stages: (A) shows an ion-psir,

(B) two ion-pairs and (C) four ion-pairs of sodium chioride

An. éxamination of NaCl crystal (Fig. 4 47) makes the
followmg points clear: :

(i) Each Na* ion is surrounded by six C1~ ions at the corners
of a regular octahedron and similarly each C1™ ion is surrounded
by six Na™ ionis. It is, therefore, termed as 6 : 6 arrangement. The

- radius ratio [y, / 7 = 0.95/1.81 = 0. 524] suggests that coordi-

natlon number-of* each ion is six.

5.68A
2.81
==

"o Na* ion are
represented
by hoftow circles

4 e Cl™jonare
AN N represented
( by filled circles

Cl™ion

octahedrally
surrounded by
-gix Na* ions

Na* ion
octahedrally
- surrounded by
six Cl™ ions

‘ Fig. 4.47 Unit celi representation on NaCl structure

(i) In the octahedral stméi:ure Cl™ ions may be regarded as
- havmg a cubic closed packed (ccp) arrangement in which all
octahedral holes are filled by Na* ions.

(iii) This type of structure is possessed by most of the alkali

- metal halides (K'Cl, Nal, RbF RbI), alkaline earth metal oxides
- and AgF, AgCl AgBr, N'H4C1 NH,Br, etc.

Packmg fraction {9): A : ,
3
4 (r +7° ) = 7
DG A e .
¢ R 32 H J H} '

The unit cell of sodium chlonde has four sodxum ions and four
chloride ions.

(a) Number of sodmm ions = 12 (at ‘the edge-centres) x-}; ;
+ l(at body—cent;e) 4 .

) (B) Number of chloride ions = 8, (at the corners) x-é+ 6
(at face-centres) X ?12 =4

Structure of .Sém‘o Other lonic Compounds
In CsCl crystal the coordination number of each ion is 8 as

the radius ratio ‘e

, "a-
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 corners of the cube. This has been shown in

i3 0.933. Itis termed as 8 : 8 arrangement

~ Fig. 4.49. This type of structure is possessed by CsBr, Csl, TICl,

TiBr, etc.

Qch

Fig. 4.49 Structurs of CsCl-

@cs

Here, Cs ion is present at the body centre and chlonde ions at
eight corners. In their limiting case :

2r =aand 2r. +2r, )= NER

a = edge length of unit cell
Packing fraction (¢):

0= 4 (r+ +73 )_ 4n {[E_T H}
3 Bk 3x8|r .

ZnS crystal has two types of structures:

(i) Zinc blende structure and
© (ii) Wurtzite structure, ,

(i) Zinc blende structure: It has cubic close-packed fcep)
structure. The S ions are present at the corners of the cube and
at the centre of each face. Zincions occupy half of the tetrahedral

sites, Each zinc ion is surrounded by four sulphide ions which are
disposed towards the corners of a regular tetrahedron. Similarly,

&
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-each §*
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ion is surrounded by four Zn**
similar to diamond.

@ 5%

i .
| \ c e Zn?t

7

. Fig.4.50 Zinc blende

4r_=~/§b

Packing fraction (¢) :

(i) Wurtzite structure ‘It has hexagonal close—packed
(hep) structure. S2” jons adopt hep arrangement and Zn 2+ ions

occupy half of the tetrahedral sites.

‘The above structures are termed 4 : 4 arrangement possessed

by ZnO, Agl, SiC, etc. B
CaF, crystal: The Ca®" ions are. arranged in ccp
arrangement i.e., Ca 2

tetrahedral sites. This is 8 : 4 arrangement, i.e., each Ca’* ion s
surrounded by 8 F ~ ions and each F ~ ion by four Ca®* ions.

. g
N ALF L
_‘ . o] -
: . e 1 A o
(@] C32+' Y Padii . d
) — b e fi -~
®F \ ] Te /W ]| e
vl . X &)\
. . “. P °
d
) 7 haly
I’

Fig 4.51 Fluor'ite structure-Structure ofg‘calcium fluoride -

Structure of Sodlum Oxide: (NazO)—Antlquorlte '

.Structure ~ _

- Sodium oxide -has antlﬂuonte structure. The structure is
similar to the structure of calcium fluoride with the difference _
. that the anions occupy the positions of cations and vice-versa.

(i) It has cubic close packing arrangement of o>

the sites of all the tetrahedral voxds

ions. This structure is. .

. packing and Fe?*

ions are present at all corners and at the .
centre of each face of the cube. The fluoride ions occupy all the

Jioms, ie.,.
_ these ions ate present at the corners and at the centres of all the
* six faces of the unit. Sodium ions on the other hand, are present at-

(ii) Each Na* ion is surrounded by four O>~ ions and each
0% 'ton is surrounded by elght Na* ions. Thus; Na20 has 4:8
coordination structure.:

Other examples with antxﬂuorlte structures are : .

ClL,0, NaZS K,O, les KZS etc.

| Structures of OX|des of Iron

Iron is known to form three m_ajor oxides, which are FeO,
Fe,0,, Fe;0,. These oxides are interconvertible due to
ox1dat10n and reduction. Non-metal excess non-stoichiometry is
also known in these oxides. Crystal structures of these oxides are
very interesting. :

1. Structure of FeO : This oxide has a structure like rock salt
(NaCl). Oxide ions (O2 ) form a- face-centred cubic close

ions occupy all octahedral voids. It is a perfect
rock salt type structure with formula FeO:. This oxide is khown to

" form non-metal excess non-stoichiometric compound with the

composition Feg 450 (Wustlte) In the non—stonchlomemc '
compound some of the Fe”" ions present in octahedral voids are -
replaced by Fe>" ions. Three Fe?" ions will be
Fe** ions to maintain electrical neutrality. C

[Normal Spinel Structure.: Spinel is the conﬁnon name of .

7_ ‘the mineral, MgAl,0,. The. crystal structure of this. mineral is’

also called spinel structure. In this type of structure, both
tetrahedral and octahedral voids are simultaneously occupied. °

. General formula of the compound having spinel structure 1s,-_'A .
AB,0, where ‘ A’ stands for a divalent cation and ‘ B’ stands fora -

trivalent cation. It has a cubic close packed arrangement of oxide . -
ions. Half of the octahedral voids are occupied by trivalent
cations and one-eighth of the tetrahedral vonds are occupled by
divalent cations. T

Ferrites are the spmel type compounds havmg the general— .
formula AFe;0, ‘where A stands for divalent catioh such as

. Zn?". Ferrites are used for makmg powerful, permanent” and

non—rustmg magnets. Ferrites are used in telephones and memory
units of computers;]-

2. Structute ofTe3O4 Magnetite, Fe,Q,, is considered as a

- mixed oxide. .It contams mixture of FeO and Fe,O;. It has an

mverse spmel structure. Oxide ions (O2 )from face-centred

. cub1c arrangement Dlposmve ions (Fe ) are present. n
octahedral voids and tripositive ions (Fe ) are equally
distributed among tetrahedral and octahedral voids. -

Number of O> ions inthe unitcell =
Thus, Number of tetrahedral voids . =
~and Number of octahedral/vmds " =

Number-of Fe* ons present in octahedral v01d =1

- Number of Fe** ions present in tetrahedral void = 1

Number of Fe** ions present in octahedral void =1

Thus, half of the octahedral voids are occupied by Fe>* and

Fe*" ions and one—erghth of the tetrahedral voids are occupied by
Fe** ions.
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3. Structure of Fe,0, : If all the Fe**
Fe®" ions, then as every three Fe?* ions can be replaced by two
* Fe** ions.to maintain electrical neutrality, the ratio between Fe
and O will now be 2 : 3, i.e., we get Fe, O;.

Properties of lonic Crystals

(i) Phys1cal state: Jonic crystals are crystalline sohds at
room temperature. They are never liquids or gases under ordinary
* temperature and pressure as the ions do not have freedom of
-movement. : .

Smce high energy is required to separate catlons and anions
from one another from their alloted positions on account of very
strong electrostatic forces of attraction, the ionic erystals are

_ quite hard, have low volanhty and have hlgh melting and
- boiling points.

(ii) ‘Electrical conductmty Ionic crystals are insulators,
" Le.,do not conduct electncnty in solid state. The reason is that
ions are held firmly in fixed posmons in the crystal lattice and
cannot move when electric field is applied. However, when
melted they become good conductors of electricity, i.e., ions
are free to move-in liquid medium.

(iii) Solublllty Tonic crystals are soluble in polar solvents
or.solvents having high values of dielectric coastant They are

~ The dissolution of an ionic crystal in a polar s ,
the relative magnitudes of lattice and hydration:

MX (s) + Energy — M ' (g)3X
(lonic crystal)  (Lattice energy) . Lo T

M (g) + x(Solvent) — [M (Solvent) T+ *"Energy
’ (Solvated ion) _ {Heat of hydration)

X (g) + ¥ (Solvent) — [X (Solvent), ]” +  Energy
(Solvatcd |on) (Heat of hydration)

The ionic compound will be soluble if total hydranon energy
is higher than lattice energy.

onic crystals are good conductors in molten state or when
dissolved in water.

(iv) Brittleness: Jonic SOlldS are highly lmttl'e in nature.
When external force is applied, these are easily broken into
pieces. lonic solids are composed of parallel layers which contain

~cations and anions. When external force is 'applied, one layer
slides a bit over the other and like ions come in front of each
other. Due to' repulsmn between two layers the ionic solid breaks

"down

Ionic crystals have high density due to close packmg
(v) Isomorphism:
structure, i.e., show isomorphism if the ions (cations and anions)

have same electronic configuration. NaF and MgO are

' 1somorphous compounds.
' Na* . F7 and  Mg¥ 02‘
2,8 28 28 238

2. Covalent crystals: In covalent crystals, the lattice points
are occupied by neutral atoms either of same element or of

jons are replaced by

Tonic crystals possess same crystalline

different elements. These atoms are held together by covalent
bonds. Covalent crystals are of two types:

(i) The covalent bonds extend in three-dimensions forming 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
corners 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

(i) The covalent bonds extend in two-dimensions forming a

_ giant layer. These layers are then held together by van der Waals’

forces. Examples are - graphr[e boron nitride (BN), cadmium
iodide, etc.

In graphite, each carbon is sp -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 (1.33 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. 453 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 belongs 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 (bec) and
hexagonal close~-packed (hep) 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. :

(i) 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 ™" 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.

(iiiy 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 erystals: 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. Molecula: 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:
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Property Tonic - | Covalent  Metallic Mplecdlarv"
P crystals | erystals | crystals crystals

. Constituent [Positive and Neutral  [Positive ion [Molecules
‘particles - [negative atoms in ~ polar
gecupying. lions "~ iseaof or non-polar
lattice electrons
points I |

. Binding Electrostatic [Shared  |Electrostatic |Weak polar
force " lattraction  |pairs of |attractions  [forces or van

clectrons |between der Waals’
. " |positive ions  [forces
) _land electrons .
. Hardness |Hardand  [Very hard [Hard or soft [Very soft
brittle .

- Melting and [High Very high [High or low |Low
boiling ‘ '
points

5. Electrical |Bad -+ [Bad Good ~~ Bad - -
conductivity iconductors; |conductors jconductors  |conductors -

Good with few. ‘
conductors  jexceptions
in fused
state or in
_ solution ‘
6. Examples |NaCl, Diarnond, |Cu, Na, Fe |Ice, solid
~ KNO,, " graphite, |metals. CO,
CaF, carborun-
dum
4.24 IMPERFECTION IN SOLIDS

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 pamcfes 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 randomness increases, i.e., some deviations from perfectly
ordered arrangement 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 alter the properties but also give
rise to new characteristics. Extrinsic defects du¢ to presence of
certain impurities give rise to interesting changes in the
properties. .For example, gem stones are crystals contammg
impurities that give them beaut;ful colours. The presence of Fe**
ions makes sapphire blue and Cr** ions presence makes ruby red.
{Gems are actually crystals of Al,0, which is colourless).

There are mainly two types of imperfections.

1. Electronic imperfections

2. Atomic imperfections.



1. Elacuomc lmperfoctions -

‘ This type of 1mperfecnon arises due fo n'regular arrangement S
-of electrons in the crystal structure. At 0 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 pure

. silicon or germanium, some electrons are released from the

covalent bonds above O K. These free or mobile electrons
become reésponsible 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 ‘¢’ and ‘4’ and their concentrations are represented by
n’ and ‘p’. In pure covalent 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 gefmanium 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 average 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 Sb, P and As
belong to group 15 of the extended form of the periodic table,
Other examples are : ZnS, CdS, CdSe, HgTe. In these materials,
Zn, Cd and Hg 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, ma'gnetio and optical properties

which have been utilised in the electronic . industries for

" photovoltaic cells, light etmttmg dlodes thermocouples and
ksermconductors etc.

i 2. Atomic lmperfectnons or Point Defects

When the deviations exist in the regular or perzodzc arrange-

* ment of the constituent particles (atoms or ions)in the crystal,

these defects are termed atomic impetrfections or point defects
These defects are caused by the following points.
(i) When some of the constituent particles are missing -from
their normal positions, these m\occupled pos1t10n are termed
holes or vacancies.

- (ii) When.some of the constltuent partlcles are missing from

their positions and these particles have shifted either to interstitial

- vacant sites or to positions which are meant for other particles..
~ Types of point defects : Point defects are classiﬁed into the

followmg three types
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(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. Points defects do not alter the
stoichiometry of the solid; these defects are called as intrinsic or

‘ thermodynarmc 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 their -
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 : NaCl, KCI, KBr, CsCl, AgBr etc.

* Anion
vacancy

o O-®
g
00

OOOVO
OOVO®

(b) Schotiky defect

Cation
vacancy

i
1

i
1

i

OHOODO
DDGEH®

1
)

OO®
QOO
HOOD
OOODO

(a) ldeal crystal
Fig. 4.54

In 1 cm® of NaCl there are 102 jons and 10° Schottky patrs
thus there is one Schottky defect per 10'® ions.

Conséquences of Schottky defect - B

* (a) Due to Schottky defect, the den51ty of crystalline SOlld
decreases.

(b) Lattice energy and thereby stablhty of the crystallme solid
decreases '

" (©) Entropy increases. :

(ii) Frenkel defect : This defect was dtscovered and studled
by a Russian scientist, Frenkel, in 1926. This defect is caused if’
some of the ions (usually the cations) of the lattice’ occupy
interstitial sites leaving a corresponding number of normal
lattice sites vacant. This defect creates vacancy defect at ongmal

* site -and interstitial defect at new site. Frenkel dcfeet is also
“called dislocation deféct.
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Cation
vacancy

Cation ocoupying
interstitial site

[CRCRGRCRG
Flg. 4.55 Frenkel defect in ihe’crystal

Main conditions for Frenkel defect are: -
" —— Coordination number should be low. .,

——> Size of anion should be bigger than cdtion.

Examples : This defect is not foundinaalkali metal halides
because cations and anions have almost equal sizes and cations
cannot be accommodate in interstitial sites. This defect is mainly
found in transition metal halides like AgCl, AgBr, Agl, ZnS§, etc.
Silver ion (Ag™ )bemg 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 dlelectrlc constant as the like
charge ions come closer.

{(c) The solids having Frenkel defect show conduct1v1ty and

diffusion in solid state due to presence of vacant lattice sites.
(d) Lattice energy and thereby stability of crystalline solids

decreases.

(e) This defect influences.the chemical propemes of ionic
compound.

().Entropy of the sohd increases.

Thermodynamic facts about point defects in stomhw»
metric solids :
intrinsic or thermodynamic defects. :

‘Number of -point defects increases with temperature. The
number of defécts formed per unit volume (em® }en'is giv'en by,

ne Ne-w,zkr

where, N = number of sites per unit volume (cm*) wh1ch
could be left vacant

- W = Wark 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
vacancies. Such movement ~is responsible for elecmcal
conductance

Difference between Sclmttky and Frenkel defect

Schottky defect - Frenkel defect

1. Equal numbet of cationic and [Some ions are displaced from.
anionic vacancies are present in normal laﬂige sites to the intersti-
this defect. : tial sites.

Frenkel and Schotiky defects are also called as

“heating the metal halides in the atmosphere .of alkali metal

I

A : ,
2 Densrfy is lowered in thls defect. | Density is unaffected in it.

3 Dxelecmc
- Same,

Aconstant, remains | Dielectric constant increases..

"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 number, sizes of cations ation number and size of cations
and anions are almost equal. is smaller than size of anfons.

" (B) Defects in non-stolchiometric solids . -

 The compounds in which the number of positive and negative =

ions are not exactly in the ratio as indicated by their chemical
Jformulae are called non-stoichiometric compounds. Non-stoichi-
oometric solids are also known as Berthollide com’pounds. ,

Examples :

" (i) Ferrous oxide FeO ex1sts in: non-stmchlometrlc form as
Feo 95 O'called wiistite.

(ii) Vanadium oxide has non—stoxchmmetnc formula VO,
where x lies between 0.6 and 1.3.

(iii} ZnO exists as a non-stoichiometric compound having.
£XCess Zing.

_(iv} Stoichiometric compounds like NaCl, KCl, etc., can be

. non:stoichiometric under suitable conditions.

The defects which .bring change in overall chemical
composition are 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 nature. If positive particles are 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 hlgher
oxidation state by metal atoms.

"-Non-stoichiometric defects are of two types:

1. Metal excess defect, 2. Non-metal excess defect ,

" 1. Metal excess defect : In this defect, metal ions or cations
are in . excess. This defect may develop on account of the
followmg two ways : .

(a) Anion vacaiicies : A negatwe ion may be missing from its

lattice site leaving behind a vacancy or hole. This vacancy or hole

is occupied by an extra electron to maintain electrical neutrality..

.This defect is somewhat similar to Schottky defect but differs in

having only one hole and not a pair as in the‘fl‘atter case.

Oe® o~-®
OOOO©
o666
©-0-0-0-©

Fsg 4 56 Metal excess defect dus.to
amon vacancy

" Anion vacancies in alkali metal halides are _producéd by - ‘

2
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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
.metal 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
Farben, 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; 11th1um chloride with excess of
lithium is pink.

(b) Excess cations occupying interstitial posntlons 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.

Zn0—>2n2+ +(1/2)02 +2e

-0

O 0.©
©-©-0-0

Fig. 4.57 Metal excess defect due to the presence of
extra cation in the interstitial position

The Zn?" jons 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 ionic crystalline solids

A defect in an ionic solid can be introduced by adding foreign
ions. If the impurity ions have a different oxidation state than that
<

OOV
GICEDESEC
@O
@@ @6

Fig. 4.58 impurity defect

- occupied by Ca®* or Sr*

of the host ions, vacancies are created. For example, if molten

'NaCl containing a little SrCl, or CaCl, as impurity is allowed to
_ cool, some lattice sites will be occupied either by Ca**

ions or
Sr?* ions in-place of Na™ ions. For every Ca* ion or Sr** ion,
two Na™ ions are removed in the crystal lattice in order to
maintain electrical neutrality. Thus, one of these lattice sites is
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% SrCl, to NaCl increases the electrical conductivity
by 10000 times. Solid solution of CdCl, and AgCl is another
example of this type of impurity defect.

Electric Properties of Solids

On the basis of electrical conduct1v1ty, solids are divided into
three categories:

(i) Metals (ii) Insulators (iii) Semiconductors

Metals have conductivity 10® ohm™' ¢cm™! and insulators
have 1072 ohm™" cm™!

Metals: Metals have free electrons and fixed kernels at
their lattice sites:

MoSM™+, e
. kemel " freeelectrons
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 /P42 - 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 moblle 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.

3. FElasticity: On applying mechanical stress, temporary
deformation of the metal crystal takes place and the kernels with
their electron cloud return to their original posmon as soon as
mechanical stress is removed.

4. Microproperties of metals:

_ _ Some other properties of
metals are summarised ahead: :
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(2) 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 followmg
factors:

Strength increases with:
(i) increase in number of valence electrons,
(ii) increase in charge on the nucléus,
(iii) decrease in size of positive metal ion.
Valence band: Group of electrons containing valence
electrons. '

Conduction band: The free electrons for conductlon
constitute conduction band.

Band structure of metals mdy 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
dlfference is applied electrons jump to conduction band from
valence band and conduct electric 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 ‘is’ inter-
mediate between metals and insulators. These are of two types:

Free electron on heating

N S ~N
Ge Ge
A N g
Ge Ge Ge
N S S N
Ge Ge Ge
AN N
_Ge Ge Ge
\Ge/ \G ANV
N e e\ /Ge\

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
electrons. 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:

semiconductors or Impurity
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.

NS N7 Extra valence
< Ge _Ge_ electron forming
_Ge _Ge_  Ge n-type semiconductor
4 Ge As '

P ~ 7 o Ny Ve

Ge Ge e
7N N SN -
Ge As Ge
7 \As/ N /. ~

n-type Semiconductors

B = Conduction band
Donor level
: Valence band

Fig. 4.61

n-type Semiconductor

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.

\G 7 \G s

e e

NN N s

Ge Ge Ge_ __—p-hole

Z Sl Ga®™ Ge | (electron

Ge” Ygel ae” deficient

7 Nge” “ga” NGeT|  band)
7~ \ / ‘\ VRN

p-type Semiconductors

5 Conduction band
|___—— Acceptor level
- Valence band

Fig. 4.62 p-type Semiconductor
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Insulators; . Such substances do not conduct electric current;
their conductivity is very low. Width of forbidden zone between
valence and conduction band is very btg, hence electrons are not
tossed from valence :

band to conductlon .

band. On heatlng ‘

Conduction band
Forbidden zone

they decompose but - Valence band
do not give free -
conducting - Flg 463
_electrons. : :
Examples: Classrﬁcauon of transmon metal oxides
. .Metnlllc ' ) Semlconducmrs , Insulators ‘
Tzl VO | FeO, %,04 MnO
TiO .| .Fe,03, Mn, 04 '
C | 00,0, Mns0, |
€0, . |.Cwo '
R ' Cu,0

TiO and NbO become superconductors at low temperature '

about 2K.
" 425 MAGNETIC PROPERTIES

(1) Paramagnetic Solids

The presen_ce of oné or more unpaired électrons in an atom,
molecule or ion gives rise to paramagnetism. Such materials are
weakly attracted in the field, When they are placed in a magnetic
field they become parallel to the field. Domaln significance of
unpalred electrons are given below: :

-'z’.e ‘Qsz?
ﬂ*ﬂ&ﬁ
&z’e*ﬁ

“(In absenoe of magnetic f|eld)

o O o> O

(In presence of magnetic field)
Fig. a. 64

Resultant magnetlc ﬁeld for n-unpalred electrons may be

calculated as:
oy = A+ D)

The magnetic field produced by unpaired electrons i is due to—
(a) their spin and (b) their orbital motion.

' Magnetlc moment is measured in Bohr Magneton (BM)
eh: . i

,BM = —v‘-, H
4. mc: _ _
" Wg =173 BM (one unpaired electron)
‘4 Wy =2.83 BM (two unpaired electrons)
T Mg = -3.87 BM (three unpaired electrons)
us =4.90BM (four unpaired electrons) :
- 5.92, 6.93, 7.94 values for five, sixand seven unpaired’

electrons respectively.

(i) Diamagnetic Solids

The solids, which are weakly repelled by external magnetzc
field, “are called diamagnetie solids and the property thus

___exhzbzted is-called diamagnetism.

" 'In diamagnetic solids, all electrons have paired spins, i.e., only
fully filled orbitals are present. Examples are : NaCl, TiO,,
Zr0O,, KCl etc. Some diamagnetic solids like TiO, show para
magnetism due to presence of slight non-stolchlometry

(lii) Ferromagnetlc Solids

The solids which are strongly attracted by external magnetic
fleld and do not lose their magnetism when the external field is
removed, are called ferromagnetic solids. The properly thus,
exhibited is termed ferromagnetzsm

: Ferromagnetic substarices can be permanently magnetised.
Only three elements, iron (Fe), cobalt (Co) and nickel (Ni) show
ferromagnetism at room temperature. Some other examples are :

EuO, CrOz, etc. CrO, is the oxide used to make magnet1c tapes

for use in cassette recorders.

Ferromagnetism arises due to spontaneous al1gnment of
magnetic moments due to unpaired electrons in the same
direction as shown below (Flg 4.65).

T

Fig. 4.65 Ferromagnetism

$ Parallel spin
(spin in the ,
- same direction)

Mechanism of magnetisation of ferromagnetic 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 domain possesses a net magneti¢-
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, expand at the expense of remaining
domains and ultimately all the magnetic moments align
themselves in the direction of éxternal magnetic field,

External magnetic field *

- = ==

Fig. 4.66 Magnetisation of ferromagnetic substance

(iv) Antlferromagnetlc Sollds

The solids which are expected to show paramagnetism or
Jferromagnetism: on the basis of unpaired electrons-but actually
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have zero net magnettc moment are called’ antzferromagnetzc
solxds

TN

F:g 467 Antlferromagnetism

4 Parallel eoin
- § Antiparalfe! spin

Magnetlc moments are ahgned ina compensatory way 50 as to

give zero net magnetic moment. Antiferromagnetism is due to the. 5

. presence of equal number of magnetic moments in og::)sne
. directions as shown above (Fig. 4.67). The 1mpor€a1§ examples
are : MnO, MnO, , M, 03,N10 Co0, etc.

(v) Ferrlmagnetlc Sohds

The solids which are expected to show large magnetism due to

. the presence of unpaired electrons but in fact have small net -

magnetic moment are called ferrimagnetic solids.

Ferrimagnetism arises dué to alignment of magnetic moments
in parallel and antiparallel directions in unequal numbers

resulting in some net magnenc moment ‘This ahgnment has been

shown ahead (Fig. 4. 68)

' ' where M =Zn, Cu, Mg, etc.

T =2

=N

Fag 458 Ferrimagnehsm

Examples are : Fe, 0, and femtes of the formula Mz* F3204

Influence of temperature on magnetic character of ¢
All magnetically ordered solids. (ferromagneuc, antiferro-
rnagnetlc and ferrimagnetic) change into paramagnetic state on
mcreasmg temperature. This is' due to randomlsatlon of then"
spins. The following examples explam this point ;- - .

() Femmagnetlc sohd Fe, 04, becomes paramagnetlc when
heated to 850 K.

(ii) . Antlferromegnehc sohd \503, becomes paramagnetlc. :

, ‘.when heated to 750 K.

It should be noted that. each ferromagnenc sohd has a .
charactenstlc temperature above which it becomes parafﬁagnenc ~

" The’ charactenstlc temperature is called Cune pomt for Cune ,
temperature : '

Table 4.1 Magnetlc Properties of Solid at a Glance

Properties Informaﬁon Magnetic alignment Example Application
1. Diamagnetic Repelled weakly in magnetlc ﬁeld Such ‘solids’ have : “ “ 1L ]Hl e ‘Behzene,NaCl, o ,insula‘tors i
' only paired electrons o - |Ti0g V305, etc. FRE :
2. Paramagnetic Have unpaired electrons; weakly attracted in. magnetic :,\i TN K ()VZ,V%;),'CuO,' TiO - Eleotronio devices
. |field. They cannot be permanently magnetised. =N L R
3. Ferromagnetic = |Also, have unpaired electrons. Strongly attracted in T T,T O Fe,-Ni, Co, CrO, CrQ, is used in au-
magnetic field. Such solids can be permanently magnet- - dio, video tapes.
ised. On heating to a temperature called Curie Point,
these solids change to paramagnetic solid. , o
4. Antiferromagnetic |In these solids, unpaired electrons aligo themselves in TLTLTLTL Cr,0;, Co0, C050,, |Used in the instru-

(2

. Ferrimaguetic

such a way that resultant magnetic moment is zero.

Unpaired electrons align themselves in such a way that
there is a net magnetic moment

.

TIETLLTLL

and so on

. OR -
TTLLLTTLLIT T

Fe, 03, MnO, MnO,

Fe,0,, ferrites

ments of magnetic
susceptibility’
measurement
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Table4.2 Dielectric Properties of Solid at a Glance

Properties " Information

Dipélarv property Examp'lé N Application

When a crystal of dielectrics is subjected to
- |mechanical stress, then small magnitude cur-
rent is produced. It is called direct
Piezoelectric effect.

1. Piezoelectricity

2. Anti piezoelectricity | In some solids, electric field develops me-
. chanical effect.

‘3. Ferroelectricity | Piezoelectric crystals having permanent di-
o | poles are said to possess ferroelectricity,

4. Anti ferroelectricity | PieZoelectric crystals with zero dipole: afe

said to possess anti ferroelectricity.

5. Pyroelectricity Some polar crystals produce electric impulse

on heatmg

Development of charge in Quartz and
| some part of'crystal.

" Used in mechanical
electric transducer,
eg., in record player,
transmission of direct

Rochelle salt

“signals, -sounding of
- sea depths, ’
Crystal suffers elastic defor- o
mation in an electric field
TTTTTT Ba TiO;, ')P04 Electromagnetic
Rochelle salt appliances.
TLHTL PbZrO,

Lead zirconate

- " |Crystals of tartaric Used in fire alarms,
Jacid - - and thermostat

“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 100% efficiency.

A superconductor is a material that loses all electrical
resistance below a characteristic temperature called the super-
conducting transition temperature, ie., a superconductar
~ 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 cooled with -
liquid helium to 4.2 K. Below its critical temperature (7, ), 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 i

any commercial applications.

Since, 1911, scientists have been searching for materials that
supérconduct 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,Ge, was
found to show superconductivity at 23.2K. The situation changed
dramatically in 1986 when Miiller and Bednorz reported a T, of

35K for the non-stoichiometric barium lanthanum copper oxide,
Ba,La, CuO,, where x has a value of. about 0.1. Socon

thereafter even higher values of T, for other copper containing
oxides : 90 K for YBa,Cu;0,, 125K for Tl CazBazCu3010
and 133 X for HgCa,Ba,Cu 04, .[YBa,Cu,0, is also called
1-2-3 compound, 7.e., 1 yttrium, 2 bariums and 3 coppers].
Room temperature ‘7.’ 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 7, 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 _superconducmfs
(T, £20K). Of course, the search goes on for materials- with

_higher values of T,. For apphcatlons such as long distance

electric power transmission, the goal is a material that super-
conducts at foom temperature. :
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- Example 1.

Sojftion: In hexagonal closed packing, the packing
efficiency is 74.05%. '

;& Density of matter = Packing fraction x Total density

- 7405x26 i933cm
: 100

Y empty space =100~ 74.05 =25.95%
~Example 2, The unit cell length of NaCl is observed to be

0 5627 nm by X- -y dlﬂl‘dctmﬁ studiey; the measured dens#y of -

NaCl is 2164 gem™. Correlate the difference of observed dnd
calcrlated density cmd calelate % of mivsing Na* and CI™ ions.
Solution:  We know that, :

- dxN
gi&x_ ______
M

s

where, 2 = nuiber of constituent units per unit cell
=4 in fee
a =edge length =0,5627 x 107 em
" d =density
N = Avogadro’s humber
M = wolar mass
(05627 x 1077 ) x d x 6023 x 10*
58,3 ‘
d=2180%g Jem?

 Observed density = 2,164 g/ em® which i less than ealeulated
density because some places are tissing, ‘
Actual constituent units per unit eell ean be ealeulated an:
7 (05627x1077)° % 2,164 x 6,023 10* _ - 1,969
58.%
Mlasmg uhits = 4 - 3,969 = 0, 031

*'331 x 1002 0,778%

=4

% missmg =

Exumpled, I acubie lattice, the elosed peicked struehire
of mixed oxides of the lattice is made up of exide ions ; one éfgfim
of the tetrahedral voids are vecupied by divalent fons (42%)

while one half of the octahedval voids are oecupfed by trivalent
fons (B ). What is the formula of the oxides ? ;

Solution: Let there be B) O~ [ the erystal,
N Octahedtal voids = R0
Tetrahedral volds =160

-

A mns%muazn

There is a collection of crystalline substances
in a kexagonal closed packing. If the density of matter v
26g;’cm what would be the average degsity of matter in

collection? What fraction of space is actually unoccupied ?

KAMPLES.Z,
- B* icﬂs*—%xgi}zq&}

AT B> 0% =20:40:80
¢t =1;2:4"
Formu}a is 48,0,

- ‘Examphe 4. A1 1425°C, Fe crystallises in o body{eﬂm‘d
cnézc lattice whose edge length is 2.93 4. Assuming the atoms to
be packed spheres, calculate :

(2) the radius of the spheres,  »

(b) the distance between cenires of nezgﬁzbgumtg spheres,
*{¢) the number of atoms of Fe per unit lattice and

(d) the total volume occupled by an atom of Fe.

Solution: (a)’ af = 4r where, g = edge length

-*E:‘:_ 2___._.933’“/_ =1268A

(b) Distantee between the centres af nezghbmtrmg spheres

‘ £hr=2x1.268= 253TA
(¢} No. of atoms per unit cell = 8x I + 1= 2.
(dy Volutte occupted by an atom of iron = ¥, 1.

Exnmpks In fuce-centred cubtc { fec} crystal laitice,
edge length of the unit cell is 400 pm. Find the diameter of the

greatest sphere which can be fitted into the imerstitial void

without distortion of fatiice. (1T 2005)

Solution: In fec unit celfl, we cant use
a3 = dr ‘
p2 82 400x42 1414 pm
4 4 .
* For octahedral void,
Ar+Ry=a
R=Eg=12r

- 2R =a=2r= 400~ 2x 141.4= 117.16pm
 Diameter of grestest sphere = 11716 pin. '
=2 Example 6,  The distance between planes of ions parallel
to the fiaee of the unit cell of sodium chioride is 282 pm. The
swiallest angle of reflecilon observed in the Xray diffraction

pattern iy 5.97°. Caleulate the wavelength of the incident
radiation. A

_ Solution:  Usitig Brage’s equation,
“HA=3d §in O
[xh=2x282%10°" sin 5.97

A=586%107" m=586pm

- Exaiiple?:  €5C1 hac eubie structure of ions in which Cs*
'Iﬁﬁ is presert i the body-eentre of the cube. If density is 399g

e :



. aat

o

X

~ densities of fec and bec.

;

' (a),‘ Calculate the length of the edge of a unit cell.
(b) What is the distance between Cs* and Cl ~ ions?
(c) What'is the radzus of Cs* ion if the radius of CI~

don is
180 pm?
Solution® We know that,
v g .
@ 74 XPX N
M
Z=1,1Cs* +1Cl” =1CsCl
M =168.5 -
1= a® X 3.99% 6.023 x 102
' 168.5
a=4.123x10"° cm=412pm
(b) Dlstance between Cs* and C1™ ions
V —g[-~412xf—356.8pm
2 :
‘ (.c) T A = 356.8
1.+ +180=356.8 ,
_ = 1?6 Spm
Exﬁiﬁiﬂé 8. I NaCl is doped with 107 mol per cent of

SrC12 , what i is the concentration of cation vacancy ?
Solutl(m ]

Na* - CIr Nat cr
o oar Na*
st Na* ar-
CI- . Na* cr Na*

" Number of cationic vacancies per mol

3k 23
L xél((J)? x107 _ = 6.023 % 10'® vacancies per mol

Examp!e9 A metal crystalfzses into two cubic phas*es

' face-centred cubic ( fcc) and body-centred cubic (bcc) whose

unit lengths are 3.5 and 30 A respecavely Calculate the ratio of

(HF 1999
"Soh‘xtiom Densit'y. of fce = Zy X AL mass '
‘ . o ~Av.no.x¥y-
and ' dehsity in bec= Zy X At mass
',« ‘ . Av.no. xV,
dbcc 22 Vl
Forfec 7, =4V =a" =0 5x107%)
‘Forbee  Z,=2; ¥, =a’ —(3o><10“3)3

d&c _4x(3.0x107°)}
d e :z‘><(3.5><,10‘8)3

/

=1.259 -

Tor rg =
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Example 10. - 4 solid AB has the NaCl structure. If radius
of the cation A* is IZOpm, calculate the maximum value of the
radiys of the anion B=. :

Solution: §mce NaCl has octahedral structure,

4

' The limiting ratio "4 = 0.414

.. .Example 1. 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 %
marbles can be placed inside the area. Sketch the diagram an
derive expression for the number of n marb!es per unit area.
(LT 2003)
Solution? In order to accomodate maximum number of
spheres, there should be hep (hexagonal closed packing).

Area of square having spherical marbles = 16cm?

Max:mum number of spheres = 14 (full)+ 8 (half )
Number of spheres = 18
Per unit area (per cm?)=—=1.125

Length PQ of square =4cm
Length-PR = 5+ 4 x %3 = 40 mm= 4cm

. 4cm , ‘
o 40 mm——si . D

-

o/ . ©
=]
3
3

TN TN

CD=10sin60°=£;—@=5\/§

) Eiample 12.  Calculate 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.

Seiutien: Z=8M =12

I xp XN
< M

, &x12
"IN (3.569x107°)* x 6.023% 107

Den51ty p=

%

=3.506g om™
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-Example 13. An element crystallises into a structure
‘which may be 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 24x107%* cm® and density of

element.is 1.2 g/cm®. Calculate the number of atoms present in.

) 200 g of the element.
Solutlon Number of atoms in a unit cell(Z)=1+2= 3
1*xp xN
g lxp xN L
M
- I3xp XN
Mo XP XN
24 23
_ 24 x 107" x 7.’;.>< 6.023x 10 = 34.69
Number of atoms = — 2% x 6,023 x 10®
Molar mass :
200

= x6023x1023~347x102“
34.69

Fz:Example 14.  Analysis shows that nickel oxide has Jormula
Niy 650, . What fraction of nickel exist as Ni * amd Ni** ions?

o

Solution: Let number of Ni** ions = x ; <

Number of Ni** ions = (0.98 - x)

Since, molecule is neutral, its total charge is zero.
(+3xx)+(0.98~x)x2-2=0

x=004, ie, Ni** =004 Ni** =094

Example 15. ~ Calcium crystallises in face~cenzred cubic
umt cell with a = 0.556 nm. Calculate density if
(¥) it contained 01% Frenkel defect.
(if) it contained 01% Schottky defect.

Solution:
solid.

T

Mz . 40x4
TN (0556x10’7) x6023x1023

=1.5455g/cm’
(i) Schottky defect lowers the density of sohd

7=4-3%%_ 349

_ 40 3.996 )
(0 556 167 )3 X 6.023 % 107

=1 5440 g/ cm®
Example 16. Denszz‘y of lithium atom is Q53 g/em®. The

edge length of Li is 3.5 A. Find out the number of lithium atoms in ~

a unit cell. Atomic mass of lithium is 6.94.
(cssv-wr (Mains) 2005)
a® xp XN 4
M

Selution: Z=

[Molecular mass of n butane = 58]

(i) Frenkel defect does not alters the densxty of ,

| l 275
% 0.53% 6.023 x 107 -
6.94 P

_(35%10° )

»—2

" Example 17. Cu metal crystallzses in face centred cubic
lattice with cell edge, a = 361.6 pm. What is the density of Cu

.cryssal ? (Axomzc mass of copper = 63.5 amu, N, =6.023x 10%)

[CBSE-PMT (Mams) 2008]
Sn!utmn We know -

)

Z—a xdeA o o
M -
4= 21
a Ny

M =63.5 gmol'”l' !

Z=4 fdr, fee unit péll ; ’
@=361.6x10"%cm; N, =6.023x10®

Putting these values in (i), we get :
d=— AX93 - 8.94gém‘3
(361.6x 10 y? x6023><1() L
‘Example 18. An LPG cylmder wezgks 14.8 kg when
empz‘y 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 and-1 atin. ]
. JCBSE-PMT (Mains) 2008}
Solution :Mass of n-butane used =29 -23.2 =5.8kg

5800

Number ofmoles of butane uSed = E— £100

 nRT - 100x 0.0821x 300
P 1
= 2463 litre
, - =2463m’
© Example 19.

V=

r,,+ andr._ represents radius of Na* and .

CI” ions respectively. If “n’ is the number of NaCl units per umé o

cell then gtve the equation you will use to obtain molar volume.
[CBSE-PMT (V[ams) 2009}

" Edge length of unit cell ‘q 2(r N g . )

-Volume of unit cell = a° = S(r ot +r&1_ )3V

Solution:

Volume occupled by on%ole of NaCl V
3
:M X N 4
where N, =6023x10% ,
* Example 20. Two gases A and B of mass 706 g and 167, 5¢g
(M, of A=32and M, of B = 20)are mixed. Then total pressure

of mzxture is 25 bar. Calculate partial pressure of A and B.

jCBSE-PMT (Mains) 2009]

706

Salutﬁan: Number of moles 4,7, = ? =22
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Numberofmolesofb‘ Hy M@WS 375 =———%l%w-x25=520bar
. _ 20 2.2+8.375 :
* Partial pressurc ofgas A, p, = T4 Pp =25-520=198bar
1. Maéter: Mauer is anything which has mass and

- oceupies 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 stateg -

are condensed states as they have much higher densities. Both

o hqulds and gases are ﬁenned as fluids as they have flowing

abxlity

2 Gaseous state N (3 lhe 31mplest state and shows
gljeatcst uniformity in behaviour. The gases show almost the

_same behaviour irrespective of themical nature, colour or odour.

The molecules in a gas possess random motion in all directions. A

'~ gas has neither a definite shape nor a definite volume. Gases are
- characterised by low density, high degree of compressibility and

expandability. Gases exert uniform pressure on the walls of the
They diffuse - rapidly and intermix .to form
homogeneous mixtures. All gases obey. certain laws called gas
laws. .

3. Gaslaws: Gas laws are based on experunents

“(i) Boyle’s® law: It states that -the volume of the given

' amount of a'gas is mversely propor‘uonal to its pressure at a

constant temperature..

V«—;} o PV =constant or B, = Py, PV, =
s . P1 P, L e
o, orf ‘ . —=—=_  (atconstant temperature)

L a d d, ‘ . L

~ ‘where,’d, and d, are the densities of a gas at pressures P, ‘and P,.
. . The curves between PandV at “constant - temperarure are
~ hyperbolas and called isotherms.
(ii) Charles’ law: ~ At constant pressure &he volume of a -
given amount of a gas is directly propomonal to its absolute’

tempemturc e
‘ Wi v Ve

L Iy Ty

Absolute temperature scale or Kel\?m scale starts with —2?3°C

VocT or’ -;;-constant or

" as zero. -

Absolute temperature (in K) 273+t C ’
- The absolute zero is that temperature where no. gas can exist.

'--T-:'The plots of volume agamst temperature (at constant pressure) §
. are termed as 1sobars R
(iif) Pressure law or Gay—Lussac lagv At constant ,

- volume, the pressure of a given amount of a oas varies dxrectly as
. 1ts abso}ute temperature - »

» .
PocT or —T——-constant or =

(iv) Gas equaﬁof:‘?'{.f %‘i =constant

, PV=RT
For nmoles of an ideal gas, PV = nRT
‘For wg of the gas (mol. mass M),

For one mole of an ideal gas

PV:l’:’-RT’
or : P=§%—d % (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 = 0.0821litre -atm K~ mol™*
=82.1mL-atmK " mol™
=8.314x107 etg K™ mol ™
: 8.314 JK™! mol™ \"
=1.987=2cal K™ ol

v) "Avogadro’s law: Equal volumes of all gases contain

 equal number of molecules under similar conditions of

temperature and pressure. Volume occupied by one mole of any

gas at NTP (0°C and 1 atm) is termed molar volunie Itis 22.4 .

litre or 22400 mL.- .

[Note : At 25° Cand | bar, one mole,of a gas imas 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=P + P+ P+,
Partlal pressure: of a.gas = Melar fraction
: _ ‘% Total pressure of the gas
{vu) Graham’s law of dxffuslon. Ahe property of gases to

. mix with each other to form homogenéoils mixture irrespective of
'gravxty is called diffusion. Effusion is a special case of dlffusxon

in which gas passes through a small aperture.

Under similar conditions of temperature and pressure, the
relative rates of diffusion of gases are inversely propotrtional to
the square root of their densities or Vapour densities or molecular
masses. This is:Graham’s law of diffusion,

: o i{z‘_v...:‘VDz‘_k M,
T f'z : dl VD{ MI .
' -
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n_ A M
n B M,

" 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) Al gases consist of very large number of small spherical

clastic pamcles called molecules. These are in constant rapxd
motion in all directions.

{b) There is a lot of empty space- ‘between the melecules The
actual volume of gas molecules is negligible in companson to
total volume.of the gas.’ 7 ,

{c) The pressure exerted by the gas molecules is due to ifs
recerded by molecules against the walls of containing vessel. The
collisions between gas molecules are perfectly elastic, Le., there
is 1o loss of energy during collisions.

(d) There is no effective force of aitraction or repulsion

between gas molecules. There is no effect of g c,ramty on the

motion of gas molecules.

proportional to the absolute temperature of the gas:
~ On the basis of above postulates, the following equation,
known as kinetic gas equation, has been derived. 4

PV = —1 mnc*
) 3 .
where, P = pressure; ¥ = volume; »=mass of gas molecules;

n = number of gas molecules and ¢ = root mean square speed of
the gas molecules.

Also ‘PV:RT:lmnc‘Z:E-?mcz:Emz
3 39 3

or KE=2RT=2PV
2 2

KE of smgle molecui -~££

2N

?‘é

53, =§‘kT

-2

.

where, &£ = Boltzmmann constant.

5. Molecularspeeds: There ate three kinds of speed.

{a) Root mean square speed:
mean of the squares of the speeds of
£as.

the molecules present in a

&

ms=¢=

n
_ [3}’!"“ {33?_ Eg

(b) Average speed It is the anthmetic mezm of speeds of
the molecules ptesent in the gas.

¥y tez+..+e,  JSRT
Average speed =~ 2 ; = N

= 09213 x nins

> 2 ’
qu +C; F ey +...+c§

gases. Two corrections are:

It is the square roof of the -

- {¢) Most brobable speed: It is the speed possessed by
majority of the gas molecules. lt 1s equal to

2RI (08164 % rms)
M -
. Most j)rdbable speed&AveragespeedEm;sspeed* o
1112801224

6. van der Waaly’ equatlon It is an rmproved form of
ideal gas equation. It has. been derived afier applying two
corrections due t0 two-wrong assamptnons n kinetic theory of

(1) volume correctlon, ¥, -—(V b)Yand :

(i) pressure correction, P, = P, + ;2— .

.Theéquationis(?+—af}(V—'b}=RTforone'n»le -

: (.2 ‘
. and [P + ,"_;.'.} (V — nb}= nRT for ‘n" moles,
(e) The average kinetic energy of gas molecules is directly - . o . 4 ) - ‘

a azxibareconstams. Units ofaareatmhtz mol 2 or Pam®

mol™? and units of b are litre or dm> or m>. This equation is
apphcab]e ta real gases.

Real gases: These do not obey vartous gas laws strictly
under alt conditions of temperatre.and pressure. Dcmtmns are

large under high pressure and low temperature.
Ideal gases: These obey laws stnctly under all cm&lnoss.
Actually po gas 15 ideal. .

(a) Atvery }owpressmeoratvesyhxghtemperam Vis
large,so;;—z-mdbcanbeneglected.'meequambemm

PV = RT,ie ,the gas behaves like ideal ga§ , :
b Atmdmtepresm !’;smtsolargeandw—c;a:motﬁe .
neglected Howevet bean be neglected, 50 that we have S

[

pr=RF-2
v

(c) At hxgh pressure, V:ssosmaﬂthatbmn&benegﬁecfed
bum/l’ canbeneglected Hence, theeqnmbecmnes o

P(V b)=RT
,  PV=RT+Pb :
{d)lncaseosz and He, themtemmiemiarfurcesofv

attracnenareneghgﬂ)le ie, alsvexysmaﬂ,sothat?cmbc
neglected,Theequanonbecomes ’

P —b)= RT
'_PP‘ RT+Pb
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N Cempressﬂnhty factor:
‘ compress:bahty factor, Z.

R Z = ﬁg— i Zis umtless quanuty

¢ . nRT’ ¥ . &

(1) F or 1dea1 gasZ=1.
(ii) Forrealgas Z#1.

“When Z < 1, there is negative dev:atlon from 1deal behaviour

‘ and the gas is more compress;ble than ideal gas. -
“When Z>1; there-is positive deviation Mldeal behawour
~ and the gas is less compressible than ideal gas.”,
- 8. Critical phenomenow () Critical temperature isthat
. temperature above which:the gas cannot be hqueﬁed with the
" help of pressure (ii) Critical pressure is the minimum. pressure

* required to liquefy the gas at critical temperature (iii) Critical
volume is the volume -occupied by one mole of the gas at its

- eritical temperature and crmcal pressure
| Vo= o=t s
S 27;;3 < 27bR

_Boyle’s temperature'
gas behaves hkepan 1deal gas. In terms of van der Waals®
; constants,

-

Boyle’s temperature (Tz)= 2
Rb
a"wkﬁﬁ‘ o
Iniversion temperature:

P

1t is the temperature to whlch the

Loovgas should be cooled $0 that expanston xs accompamed by fmther -
" cooling. . T

B A Malar ‘heat capaclty It is the quantlty of heat
requlred 1o raise, the temperature of one mole of a substance

'j».through ec. . 5

~ Molar heat capacxty Spemﬁc heat capaelty X Melar 1mass

(1} Mﬁ!ar heat capaclty at constant pressure (C P) Itis .

the quantlty of heat requued to raise the temperature of 1 mole of
wgas through 1°C under constant pressure. It is equal to % R.

(i), Melar heat capacity at constant velume (C, ): It is
- the quantity of heat requared to raise the temperature of 1 mole of

‘V gas through 1°C under constarit volutne. It is equal to % R.

: k CP CV ~.R
e <,
VFormonoatomlc gases, ?*?—166
BN = , :
,vVFOrd:iatbuucgases,' "V"I”’zk-/;—-=1.40 v
and fo riatonic gaéeg?-b G R4 1,.533] L
% . n X(C ) +n (C )

C ! Pl 20Lp 1
camm Gk 2o

, ;“:lﬂ,ﬁr(i) Volume cbeﬁ’lcient;ay =I/¢_-;}"Q :

I - . Ve Xt

The extent of devmtlon of a .
real gas from ideal behaviour is expressed in terms of ,

It is the’ temperature above whtch the B

< -
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oy = 5% (for all gases)

At constant pressure, increase in volume of a gas per degree

_ rise of temperature per-cc of gas at 0°C is called coeﬁicxent of

volume expansion. . Similarly, . the pressure coefﬁcnent op P is
deﬁned as, :

P-Py _

ap—'

1
Poxt 2T (fer all gases) B

@) €O, NZ, C2H4 and B,H, have same - molar mass (28) and
show same rate of diffusion under identical conditions.

(iii) Atmolysis is the process to separate two gases on the
basis:of difference in their densities and rate of diffusion. - .
L V) Average molecular. massx of air is 29. If a gas has
molecular mass less than air; it is lighter than air and if it has
molecular mass greater than air, if is heavier than air, e.g., Cl,
(71),C0, (44) and SO, (64) are heavier than air, while H2 (2)

- He (4), NH; (17) and H, O (18) are lighter than a1r

1. Transport phenomena of gases:

= () Collision diameter (6)= Dlstance of closest approach
’ when two molecules are under collision.

s . i

e o e A
B *

(it) Collision number: . It is the number of eolhszons of a
molecule with other mclecules in one second.

2nv, 6N
v
- where, v;v = Average velocity of molecules
' N= Nmubef of melecules

'V = Veolume of miolecules

N_

(m) Collision frequency (Zy: 1tis the number of molecula

V collisions taking pIace per second per unit volume of the gas.

- Z-w}—n:v o (!X)Z'z

(1v) Mean free paﬂl ),

»

It is the average dtstance travelled.

between two successive collisions. . S

=l

AT (at constant pressure)

' ?L oc —}1; (at constant temperature)

o . o
%. oc— (at constant temperature and pressure) -
o

12, - Liguid state. Liquid state is condensed gas or molten -
sehd Liquids have deﬁmte volume but no definite shape '
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Liquids diffuse slowly and are almost mcompressxble Some

important properties of liquids are:
{1y Evaporation:
liquid changes into vapours at the surface of liquid. It increases
with increase .of surface area, increase in temperature and
decrease in intermolécular forces. It causes cooling.
# o presser It is the pressure exerted by the
vapours of a liquid “in equilibrium with the liquid at 2

pressure.

O3y Huilinzy
g;

pressure of a hquld becomes "equal to atmospheric pressure.

Temperature of the liquid remains constant after it starts boiling -

as the energy supplied increases the potential energy but its
kinetic energy remains constant. Boiling point changes with the
pressure of surroundings. '

. (1)
o %7 2303R\T; T,

where AHy = - latent heat of vaponsanon P, and Pl are vapem"‘

pressures at 7, and 7} ..

{1y Suriacs tension: 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 Itis expressed inJm™2 or

Nm™ ordynecm™ t

(a) Surface tension is molecular phenomenen of liguid
involving the force of cohesion among the liquid molecules.

(b) Maximum potennal energy of liquid molecules is on the
surface.

(c) Surface tension is numerically equal to the surface energy.
The work required to increase or extend the surface area by 1 sq.
cm 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 mtenno]ecular force, more is the surface
tension.
eg., Seap in water < Water < Mercmy

H,0>C,H;OH>CH;0CH;
CH,0H o
| - CH,0H N
"CHOH > | >. CH;CH,0H
I CH,0H Ethanol
CH,OH , Glyeol '
Glycero!

{vy Yisresity: It is the resistance in a hquld to flow. The
force in newten per square metre’ required to maintain a
difference of velocity of one metre per second between two

parallel layers of a liquid ata distance of one metre from each
. other is called coefficient of viscosity. Itis expressedin g m s

It is the spontaneous change in which a ~
~ ‘which are one cent:metre apart. Itis expressed n dyne em™s

int+  Itisthe tempemtm'e at whicki the vapour o

| e
" The force per unit area requited to maintain unit difference of

velocity between two-consecutive parallel layers of the liquid
-1

or poise.
The reciprocalk of coefficiept of v1soos1ty is called ﬂmd!ty

. Liquids with bew viscosity are ‘termed mobile while others with

o “high viscosity are called viscous. Viscosity is high in liquids with -
given temperature. It increases with increase of tempex:ature T

Liquids with low mtermolecular forces have " high vapour ‘

high intermolecular forces, high molecular masses and having
branchmg in the chain of the molecule. Viscosnty decreases with
increase in temperature.
(v') Reynold’s nupber: The natare of flow of a liquid
through a tube depends on the value of Reynold’s number N 5.
N 2Tp
R =

where r = Radius of the tube

w . . T = Average velocity of the ﬂmd

© = Density of liquid
11 = Coefficient of viscosity

Casel: When N, > 4000, the ﬂow is called turbulem flow.
Case H: When Ny <2100, the flow is called lattinar flow.

- 13. The solid state: The particles are closely packed and
are held together by strong intermolecular forces. The particles
cannot move at random. They have only vibrational motion.
Solids have definite shape and definite volume. They Ppossess

.high denmty and low compressibility. Solids are divided into two

classes: (i) amorphous solids and (ii) crystalline sehds In
amorphous solids, the arrangement of building constititents is not.

- regular but haphazaxd Their mel{ing pomts are not sharp,: These - -

are 1sotr0p1c in nature, oy

- Tn crystalliné solids, bmldmg constituents arrange themselves
in regular manner throughout the entire three-dimensional
network. Crystalline solids consist of large number of units called
crystals A crystal is defined as a solid figure wlnch has definite
geometrical shape with flat faces and sharp edges Ithasa sharp

melting point and anisofropic in nature.
14. Types of symmetry in crystals: k

planes; axes and centres ef symmetry possessed by a crystal are -

termed as elements of symmetry. :
_{i) Centre of symmetry: It is an imaginary point wtthm the
crystal such that any line drawn through it intersects the surface -
of the crystal at equal distances in both directions. A crystai ‘

_always possess only one centre of syxﬁmetry.

(i) Plane of symmetry: It is.an imaginary plane Whl(:'h

_ 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.

- (iii) Axis of symmetry: It is an imaginary fstraight line

“about which, if the crystal is rotated, it will present the same =

appearance more than once during the complete revolution.
A cubic crystal possesses a total of 23 elements of symmetry.
15. Space-lattice and unit cell: The geometrical form

censisting of a regular array of points in space is called 2 space )

.-

The total mimber of
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-~ lattice or an array of points shawing how molecules, atoms or
[ioms are arranged in different sites, in thxee«dmwnmnal spage is
called space lattice,

The smallest repeating unit in a space lattlce ‘which when
repeated over and over again resulis in a crystal of the given
substance is termed unit cell. A unit cell possesses all the
structural properties of the given crystal. The edges of the unit
¢ell are designated as “a,band ¢, and the angles betwoen three
imaginary axes as o, and ¥ respectively.

; 16, Crystal systems: . Seven types of hasic or primitive
* unit cells have heen recognised amang crystals. These are:

1. Cubig - abcdﬁygﬁ?NaC!KClZnS

2. Orthothombic a#b#c a=f=y=9%° KNO,, Bas0,

3. Towagopal , @=b#c =f=y=90F NH S0,

4. Monoclinic a#2b%c g= -\e =9(°,  Monoclinic sulphur, -
R : fi = AP - €aS0, 2H,0 .
3. Triclinic agh#e a*ﬁ#y:&w’ CuS8Q,-SHO,
oo * H;H 51 :
6. Hexagonal G*bic a:ﬁé%f’; 200, AL SIC -

Sy=Re
7. Rhombohedral az& ¢ a=f= Hm" NaNQ,, CaCO3

Al orystals do not h&ve snmpl@ lattices. There can be 14

differenit ways in whwh similar paints can be arranged in a three

dimensional space, The  erystals belangmg to a qubic system have

throe kinds of lattices:

() Simple cubic l‘amce. There are peints only at the
-comers of gach unit:.

(i), Face-centred - cubic lattice:. There are points at the

corners as.well as at the centre of each of the six faces of the cube.

(iifY, Body-centred cubic. lattice: There are points at the
cormers as well as in the contre of each cabe.

T

Type of lattice point  * Contribution to ong unit cell
' Corner ‘ %
Edge A
- Face-contee - %

: Body-cenire . 1

. Halides of alkali metals except those of Cs, ammonium
halides, oxides and sulphides of alkaline earth metals
- oxcopt BeS and halides of silver exeept Agl have rock
salt (NaCl type) structure.

CsCl, CsBr, Csl, TiCL, TiBy, Til have» €5l type structure.

ofr

{205 type).

SeCl,., SeF,,-BaCl,, BaF,, CdF}a HgF, have ﬂmt@
(Cal,) stryctore.

Na, 0, K,0, Na, 8, K,S have antifluorite (Li,0 type)
ShCure.

»

17, Bragg’s law: When X-tays are incident on a eryst&! :
face, they penctiate into the crystal and strike the atoms in-

different plam& From each afthese planes, anys are deflected.

- €uCl, CuBe, Cul, Agl, ﬁe{ihavezxmblend@stmcwe.

Bragg presented a mlatncmsth between the wavelength of the
X-rays and the distance hetween the planes,

n}u=2dsiné

Where, nis an integer such as, 1, 2, 3, .., A is the wavelength, d is
the distance between repeating planes of particles and @ the angle
of deflection or glancing angle,

18. Charncte¥isties.of cubic systems:: .

(i): Number - of atoms: per- unit cell;- (a) Simple cubje
structure—one atom per unit cell, (b) Face-centred cubic
structure—4 atoms per unit cell and (¢) Body-centred cubic
structure—2 atams per unit cell.

X
(ii) Density of lattice matter = i M

Noxa®

where, anis the number of atoms in unit cell, M is the atomic mass
- or molecular mass, N is Avogadro s number apd @ = edge longth

of the cubiic unit cell.

g
(ili) Atomic radius;. V

(@) Simpk:» cubic cellv«i—Radius of atom :%

&

(b) Face-centred cubic cell—Radius of atom = -
‘ ' N2

{c) Body-centred cubic &11—Radius 'of atom = “‘?- a

.19. Close packing of 'constituents: It refers to the
arrangement in which constituentsocoupy maximum available
space. The two common types of close packing are: ‘

(a) 4B AB .. arrangement. This gives hexagonal close
packmg i

(b) 4BC ABC.  Arrangement.
packing.

- In the packing of constituents, some intersiitial sites are
teft. These sites are termed voids. The interstitial site between
four spheres is tetrahedral and between six spheres is octahedral.

The space occupied by hard spheres in hop; ecp (foc) is 74%;
in bee it i3 68%; in simple cubic it is 52% and in diamond it is

This gives cubical close

~ 34%; thus, only foe and hep are close packed structures.

(i) hep is present in Be, Mg, Ca, Cr, Mo, V and Zn.

(i) cop is present in Fe, Cu, Ag, Aw, P1, Al and Ni.

{iit) beo is present in alkali metals.

(iv) All noble gases have ecp stmcwe exeept helium which
has hep structure.

if *»* spheres are present in packing, then the nnmb@xs of
tetrahedral and octahedral voids are 2n and » respectively, -~

20; The.coordination, number: The nearest neighbours

- with which a given sphere is in contact is called coordination

pumber. It depends upon structure.
(a) Simple cubic structure: coordination Rumber = 6
(b) Face-centred cubic structure; coordination number = 12
(©) Body-centred cubie stracture: coordination number =
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For ioni¢ solids, the ratio of the radius of cation to that of
anion is called radius® ratio. The radius ratio for a given
coordination number is fixed.

For radius ratio (0.155— 0.225) coordmanon number

For radius ratio (8.225- 0.414) coordination nuimber = \‘ .

For radius ratio (0.414- 0,732) coordination aumber =
For radius ratio (0.732-1.0) coordination nuaber =

21. Types of crystals: Depending upon the nature of
forces that hold the constituent particles together-in the crystal

lattice, crystals are classified into four types:

(i) Yonic crystals: The forces are electrostatic. The lattm
points are occupied by positively®ind negatively charged ions.”
These crystals ave quite hard, have low volatility and have high
melting and boiling points, These are insulatars but become good
conductors in molten state. These are soluble in polar solvents
and highly brmle in nature, NaCl, KCl, BaCl,, ete., belongto thns
class,

- (i) Covalent crystals:~ The constituent particles. are the

atoms of same or different elements whigh are held by strong -

covalent bonds. These solids are very hard and have very high
melting points. Diamond and carberundum belong to this class.
(iii). Metallic crystals: The metallic crystals have positive,
metal ions as lattice points surrounded by a sea of mobile
electrong, Each electron belongs 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 is known as metallic
bond. Metallic crystals' méstly belong te fee, bee and hep

systems, These are good conductors, possess lustre and are hard, *

tough, malleable and ductile in nature.

(iv): Molecular crystals: The constituent units of melecular
crystals are molecules, The forces holding the molecules are
weak van der Waals™ forces. Molecular sofids are soft and
vaporise easily. These are bad conductors of electricity and
passess low density. Examples are ice, solid, CO,, ete.

22. Defects in crystals:: An jdeal crystal is the one which
has the same wunit cell™containing the same lattice points

281
throughout the whole of the crystal. At absolute 2610, the crystals

are ideal but with rise in temperature, there is a chance of
distortion, The defect may be at a point alang a line or over a

- surface.

(i) Schattky defect: This defect is caused if some of the
lattice points are unoccupied. The poiats which are unoccupied
are called vacancies or holes. The number of missing positive and

" " negative ions is the same and, thus, the crystal is neutral. Such

defect is common in ionic compounds with high coordination
number where the ¢ations and amons are of similar size, e.g..

" NaCl, KCl, KBr, etc.

(i) Frenkel dgfiéct: This defect is caused when some of the
ions of the lattice occupy interstitial sites leavmg lattice sites

vacant. This defect appears generally in ioni¢ erystals in which

anion is much larger in size than the-cation, e.g.. AgBr, ZnS.
In Schottky defect, density decreases while in Frenkel defectat
retains the same. In both the defects, electrical conductivity is

abserved to some exteint. The overall ghemical composition of -

the substance does not change Howevyr, there are other defects
in which there is change in overall chemical combination. Such
defects are terined non-stoichiometric defects. In such crystals,
there isexcess of either positive particles or negative pamcles
Howeves, the crystal is neutral in natwre.

Pasitive particle excess defects: (1) A negatwe ion may be
missing from the lattice site which is occupied by an extra

electron. (i) An extra positive particle is present in the interstitiat

position. To maintain neutrality, an extra electron also occupies a
place in the interstitial spacg. Such crystals are usually colourqd
and semiconduetors.

Positive particle deficiency defect: QOme of the posmve
particles may be missing from its lattice site. The extra negative
charge may be balanced if a nearby positive particle acquires
extra positive charge. Such crystals are also semiconductors.
Examaples ate FeO, FeS, NiO, ete. ,

Certain defects in erystals arise due to presence of chemical
impurities. These are known as impurity defects,

3
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1. Matrix Match Type Questions:
[A]Match the crystalline solids in Column-I with the
coordination number of their ions in Column-1I:

Column-I _ " Column-II
(a) CsCl " (p) Coordination number of cation = §
- (b) CaE, (q) Coordination number of anion = 4
(c) ZnS "(r) Coordination number of cation = 4
(d) Na,O (s) Coordination number of ahion = 8

[B] The diagrams below depict the different processes for a '
given amount of an ideal gas. Match the Column-I and

Column-II:
i . :
! \\ tH f
P Ny - P / /
V— _ LIv—
)] : (i)
T £ tl IR
P / _ _ vl /
< L
T— T—
(iii) ‘ (iv)
i — initial state,
-t — final state
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 final state constant
(d) Fig. (iv) : System proceeding (5) Temperature may
from initial state to final state increase or -
" decrease or may
first increase and

, then decrease
[C] Match Column-I with Column-II for ideal gases:
Column-I Column-I1

(a) If temperature of given  (p). Average speed of gas
gas is increased will increase

(b) If the pressure of a given (q) Root mean square
_ gas is increased at speed of gas molecules.
"constant temperature will increase

(c) Ifthe density of a given (r) Most probable épeed of
gas is lowered at - gas molecules wrll
constant temperature ‘ increase

(d) If the volume of a grven (s) ‘Speed of gas molecules

gas is increased at -

will not change
constant temperature . -

[D] Match the Column-I with Column-II
Column-I ' - Column-II

(a) Boyle’s temperature (®) a/Rb

W) %(Inversion temperature) (q) 8a/ 27Rb

(¢) Critical lemperanrre . (r) The gae cannot be
liquefied above this
temperature, on

. . applying pressure

(d) Critical pressure (s) a/27p?

 [E] Match the Columin-I with Column-II:

Column-I Column-IT
(a) Real gas at high (p) PV RT +Pb
pressure '

(b) Force of attraction (Q) PV =nRT
among gas molecules
is negligible .

(c) Athightemperature * (r) Z=1
and low pressure

2
an :
(d) Real gas at N.T.P. (s) [P + —I_’T](V —nb)=nRT

[F] Match the Column-I with Column-II:

Column-1 . Column-II
. 3 '
(a) Internal energy of gas ) ERT

(b) Translational kinetic @ 3RT
energy of gas molecules 2

_(c) The temperature at which (1) «273°C
- there is. no molecular :

motion ‘
(d) The lowest possible (s) 3.716kJ at 298 K
temperature at which gas
molecules have no heat

[G] Match the Colum-I witk Column-II:

‘Column-1 . Column-11
(a) NaCl (p) Schottky defect
(b)) ZnS (@) Frenkel defect

(c) AgBr .. (» "Develops yellow colour on heatmg
. due to F-centre

(d) KCl1 .‘(s) Deve]ops blue/violet colour.on
heating due to F-centre



STATES OF MATTER | 283

[H] Match the crystalling, solids in Column-I with packing
- arrangement in Column-1I:

. Column-I ~ Column-I1
(a) CaF, (p) Cations are in ccp arrangement
(b) NaCl (q) Anions are in tetrahedral voids .
. (c) Zn8 . (1) Anions are in ccp arrangement
(d) Na,O (s) Cations are in octahedral voids

{Il Match the crystal system in Column—l with unit cell
dlmensmns in Column-1I:

Column-X - Column-II
(a) Cubic ) a=b=c
_(b) Rhombohedral (@ aa=B=y=90
(c) Orthorhombic @) awbzec
(d) Triclinic ) a#Ppry=9F

{31 Match the crystal system in Column-I with Bravais lattice
in Column-II:

Column-I Column-T1

 {Crystal System) (Bravais lattice)

{a) Cubic . (p) Primitive only

(b) Hexagonal (@) Primitive, 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 Column-II:
Column-1 Co]umn-II
(a) Root mean square velocity  (p) ‘ \,%};

5
lh.i

7 (b) Average velocity ]

(c) Most probable velocity ®

(d) Velocity possessed by
maximum fraction of (s)
molecules

- ,
™ o0 .
S

- [Al(@—p.8); (b—p,q); (c q,r),(d—r,S)
[B] (a—s); (0 —p) (¢ —1); (d —q)
[Cl@—p,q.1); (b—s)(c—p,q,1); (d—s)
[Pla—p) b—p)(c—gn;(d—s)

[E]l (@ —p); (b —p); (c—q,1);(d —s)

[F] (a—p,q,8); (b—p.s); (c—r), @—n

[Gl@a—p, 1) (b—q) (¢ —1.q); (d—p. )
Hl@—p,qib—rs);{c—q;d—q
Il@—p.q;(b—p)c—qn,{d—rs)
(31 (@—1) (b—p); (¢ —q); (d —s)

[X] (a—p,q) (b—1); (c-s) (d—s)

. A gas occupies a volume of 250 cm® at 745 torr and 25°C.

What addxtlonal pressure is required to reduce the gas volume
t0 200 cm® at the same temperature?
[Ams. 186.25 torr].

. A vessel of 120 cm’ contains a certain mass of a gas at 20°C

and 750 torr pressure The gas was transferred to a vessel of

-volume 180 cm®. Calculate the pressure of the gas at the same
temperature. -

- [Ans. 500 torr]

. A gaseous system has a volume of 580 cm® at a certain
pressure. If its pressure is increased by 0.96fatm, its volume
becomes 100 cm’, Determine the pressure of the system.
[Ans. 0.2 atm] -

(Hint: P x580=(P+0. 96)100]

. 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 velume will the balloon finally have,

. assuming that the gas behaves ideally and temperature is same-

at the surface and at 50 m depth?

9 PRACTICE PROBLEMS 0

[Ans 17 13]
[Hmt = Pressure at the surface = 1 atm
= 76.0 x 13.6 x 981 dyne/cm?

P, = Pressure at a depth of 50 m
=760 % 13.6 x 981+ (50 X 100) X 1 X 981 dynefcm
=981[76.0 x 13.6 + 5000]
= 981 x (6033.6) dyne/cm®
Now apply Boyle's law; PV, = BV,
or . " "ﬁ._760><136><981___0“1713
v, B 981 % 6033.6

%=0.1713'% 100 =17.13]

5. .Asample of gas at room temperature is placed in an evacuated

bulb of vélume 0.51 dm® and is found to exert a pressure of
0.24 atm, The bulb is connected to another evacuated bulb
whose volume is 0.63 dm®. What i is the new pressure ‘of the
gas at room temperature? :

fAns, 0.1074 atm]
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6. It is desired to increase the volume of 800 cm® of a gas by 20%

10.

11.

12.

13.

14.
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keeping the pressure constant. To what temperature should the
gas be heated, if the initial temperature is 22°C? '
[Ans. 81°C]

A chamber of constant volume contains hydrogen gas. When
the chdinber is immersed in a bath of melting ice (0°C) the
pressure of the gas is 800 torr. What pressure will be indicated
when the chamber is brought to 100°C?

[Ans. 1093 torr]

Calculate the volume occupled by 4.045 % 10°° molecules of

oxygen at 27°C and having a pressure of 700 torr.
[Ans. 17.97 dm’)

4.045 x 102 o 700
e 22 0,672 P —— atm
T 6023%x 107 160

Now use the gas equation, PV = nRT ]

Calculate the moles of hydrogen present in a 500 cm® sample
of hydrogen gas at a pressure of 760 mun of Hg and 27°C.

[Hint: No. of moles ‘" =

[Ans. 203 x m"’ mol] :
[Hint: 500 cm® 0 5L, 760 mm of Hg = 1 atm. Now apply the
gas equation, n = ]

Calculate the volume occupied by 4 mole of an ideal gas at
2.5 10° Nm™ pressure and 300 K temperature.

[Ans. 39.9 dm?] ,
. aRT . -t -1

[Hint: ¥ = =% Given, n=4; R=8314Nm K™ mol ™

T=300;P=25x10°Nm?] s

What is the volume occupied by 11 g of carbon dioxide at

27°C and 780 mm of Hg pressure?
[Ans. 6 litre]

[Hint: 780mmofﬂg=% atmyw=11g M =44 g mol™'.

w RT
N apply ¥ =~ + oo
oW apply Y’ P]

A certain quantity of a gas occupies 200 mL when collected
over water at 15°C and 743 wum pressure, It occupies 182.6 ml
in dry state at NTR Find the vapour pressure of water at 15°C.
[Ans. 13 mm]

The density of a gas is found to be 207 g ™! at 30°C and 2

atwosphenic pressure, What is its density at NTP?
[Abs. 1149 gL'} :

[Hint: Apply

SQ»

P....

il .§..

b, DI

At the 1op of a mountain, the thermometer reads 0°C and the
barometer reads 700 ram Hg. At the bottom of the mountain
the thermometer reads 30°C and the presswre 760 mm Hg.
Compare the density of the air at the top with that at the:
bottona.
fAns.

[Hint:

R?,, R—-I-)’—RT»
M

L2 g
Density is inversely proportional to vohuae.

dop _Vo _ LA _303x700 Lt}z]
doom Y. LB 213xTEO |

~

15.

16.

17

Calculate the volume occupied by 5 g of acetylene gas at 50°C
and 740 mm of pressure. (T 1991)
[Ans. $5.23 litre] 7
Calculate the volume occupied by 7 g of nitrogen gas at 27°C
and 750 mm Hg pressure. g (MLNR 1992)
[Ans. 6.24 litre]
A spherical balloon of 21 ¢cm dnameter 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)

[Ans. m]
[Hint: Volume of one balloon
34,2 (21] 48510m
3 3 7 2
=4.851 litre

Let » balloons be filled; thus, total volume of hydrogen used in
filling balloons

=485Ixnlime

- Total volume of hydrogen in the cylinder at NTP,

18..

19.

‘ [Ans.

20 282 x 273
300x%1
Actual volume of H, 10 be transferred to balloons

= 51.324 —~ 2.82(2.82 litre retained in the cyhnder)
=48.5(4 lire

No. of balloons filled ‘' =

V= = 51.324 lire

48504
4.851

‘An open vessel at 27°C is heated until three-fifth of the air in it

has been expelied. Assuming that the volume of the vessel
remains constant, find thetemperature to which the vessel has

been heated? (MLNR 1990).
[Ans. 477C}
[Hint: Both vohxme and pressure are constant as the vessel is
open, - ‘

ie, n,RTl nZRI‘z

. n_ I}z .
or
ny Tl
It V'n*-l m= 1-—%-.%
- So, §~—-T’—'orr,-?sax~477°t:]
2 300

» A gaseous mixture of He and O, is found te have a density of

0.518 g L at 2°C and 720 torr. What is the per cent by mass
of helium in this mixture?
19.88]

[Hint: First determine the average melecular mass and then
number of males of helium and oxygen.

Moles of helipm = 0.665:  Moles of oxygen = 0.335

Maspercenmfhehumm 4 x 0665 -
4 X 0665+ 32x 0335

= 19.88]

20. Asnmpleofwmalgasls%.z%mhaméndms%ethane

bymass.\\’hansthedemtyafthnsmmmm 18°C and 748
mm Hg?
fAns. 074gL™'}
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23.

24.
- 3 gof hydrogen confined in a total volume of one litre at 0°C.
(MLNR 1991)

25.

26.

27.

28,
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[Hint: Molecular mass of mixture, - -
M=32 16 48 a0 136324 444 21807
100 100
PM = dRT
= f_"‘.{ = :’.‘ﬁ ..._.._...._.._18'07 =074 g L"'}

RT ~ 760 0.0821x 291
125 mL. of a 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?

[Ans, 81667 mm]

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) ‘

A 10 litre flask at 298 K contains a gaseous mixture of CO-and

CO, at a total pressure of 2 atm. If 0.20 mole of CO is present,
find its partial pressure and also that of CO,.

[Ans. Partial pressure of CO = 049 atm; partial pressure of
C0, =151 atm]

Calculate the total pressure in a mixture of 4 g of oxygen and

‘[Ams. 25.18 atm]

[ﬁint: Determine total number of mol¥s and then apply -
PV = nguRT ]

A gas cylinder contains $5% nitrogen, 20% oxygen and 25%

carbon dioxide by mass, at 760 mm pressure Calculate the
partial pressure of each gas. :
[Ans. 472.8 mm, 150.44 mm, 136.74 mm]

The density of a mixture of N, and O, at NTP is 1.3 gL™.

Calculate partial pressure of O,.

{Ans, 0.28 atm] , .
[Hint: Let »; and », moles of Ny and O, be present in the
mixture respectively, .
Average molecular mass of the mixture = w e (1)
A V oty
Average molecular mass from general gas equation,
M-:% X RT = l;-‘ x0.0821x273=29.137 .. (ii)
s, LB _ag137 o A o137
?’21 + Hy : By “l")iz
or o =028= _mole fraction of oxygen

o+
Partial pressure of O, = 0.28 x 1= 0. 28 atm]

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?

[Ans. 32 minute]

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.
[Ans. 10.8mlL]

- 29,

30.

31

32.

33.

34.

35.

36.

-37.

At room temperature, ammonia 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. NH,Cl 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]
[Hint:‘rm - NH Puc:
RH, V My .P NH3

The rate of effusion of an unknown gas (X ) through a pinhole
is found to be 0.279 times the rate of effusion of hydrogen gas
through the same pinhole, if both are at STP. What is the
molecular mass of the unknown gas? {CEE (Bihar) 1991]
[Ans. 25.69]

Ina 2 m long narrow tube, HClis allowed to diffuse in the tubg
from one end and NH, from the other end. If diffusion is

started dt the same time, predict at what poirit the white fumes
of NH,Cl will form?

[Ans. NH,Cl will form at 1.1886 m from the NH, end of the
tube]

The composition of air is approximately 80% N, and 20% O,

by mass. Calculate density of air at 293 K and 76 cm Hg
pressure., N

[Ams. L1.19gL™!
[Hint: Deterrmne first average molecular mass of air and then
apply D = P My

Calculate the 1ntemal energy of one gram mole of mtrogen at
150°C assuming it to be an ideal gas.

JAms. 5.275x10" erg]

Calculate the kinetic enérgy of 5 mole of a gas at 27°C in erg
and calorie, . ,

[Ams. 1.8706 x 10" erg, 4477 cal]

A glass tumbler containing 243 mL of air at 100 kPa and 20°C
is turned upside down and immersed in a water bath to a depth
of 20.5 metre. The air in the glass is compressed by the weight
of water above it. Calculate the volume of air in the glass

assuming the temperature and the barometric pressure have
not changed.

[Ans. 80.7mlL]

[Hint: Hydrostatic pressure = Axd x g
=205x1x98]
& 201.105 kPa

Inside the water bath atmospheric pressure and hydrostatle

pressure acts: .

P =100 + 201.105 = 301.105 kPa
By =PV,
100 x 243 = 301.105 x ¥,
V, = 80.70 mL]

Calculate the rms speed of the molecules of ethane gas of
volume 1,5 litre at 750 mm of Hg pressure.

[Ams. .1.225 x 10* cm/sec] )
The density of a gas at 1.5 atm is1.52¢g L. Calculate the rms
speed of the molecules of the gas.

[Ams. 5476 x 10* cm/sec)

]



40.

41,

42,

43.

44,

45.

[Amns.

. [Ans.

[Ams.

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

8. At what temperature will the rms speed of hydrogen be the

same as that of oxygen at 25°C?
[Ans. 1862 K or —254.38°C]

-Calculate the "average rms and most probable speed of SO,

molecules at 27°C.
[Ans. 3.15x 10* cm/sec, 3.419 x 10* cm/sec,
2.792 x 10* cm/sec]

The average speed at temperature 7; and most probable speed

at T, of CO, gas is 9x 10* cm/sec. CaIculate the values of -

T, and T,.

[Ans. 1682.5K,2143.4 K]

How many times would the average moleécular speed of
nitrogen increase as its temperature is raised from — 73°C and
127°C?

1414 times] -

A4 : 1 molar mixture of He and CH,, is contamed in a vessel at

20 bar pressure Due to hole in the vessel the gas mixture leaks

out. What . is.the compos1t1on of the mixture effusing out '

initially? (lIT 1994) ~
[Ans. 8:1] .
[Hint: Pamal pressure ratio of He and CH4 is l6 4.
M
For diﬂ’usion e _ [~ CHs o Phie
fcn, My, Pcu,
h = E X E =8

i.e., mole ratio of diffusion for He and CH,is 8 : 1.]

Pure O, diffuses through an aperture in 224 second, whereas

mixture of O, and another gas containing 80% O, diffuses
from the same in 234 second. What is the molecular mass of
gas?’

[Ans. 46.6] -

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 litre> mol ™ and b = 0.037litre mol ™,

[Ams. 8.1175 atm]
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 from:
(1) the ideadl gas equation,
(i) van der Waals’ equation. :
“(a = 3.59 atm litre?. mol™}; b = 4.27 x 107 litre mol™
and R = 0.0821 litre-atm K™! mol™!)
(i) 19.96 atm (ii) 18:64 atm] :
Calcylate ‘the compressibility factor for SO,, if 1 mole of ‘it

occupies 0.35 litre at 300 K and 50 atm pressure. Comment on
the result.

[Hint: Py 50 x 0.35

Ze—=—TT"—+—""_=0.11
nRT  1x0.0821x 300
Since, Z < 1; the gas 802 will be more compressible than ideal

gas]

7. The average velocity of gas molecules is 400 m/sec. Calculate

its rms velocity at the same temperature. (11T 2003)

434 m/sec]

b3

48. A chamber contains monoatomic ‘He’ at STP, determme its
number density.

[Ans. 2:68 x10” m™]
[Hint: Number density = £
kT

(where, k:= Boltzmann constant)

PV =nRT
—(rlxN)ﬂT
=(nx N )T
P nXxXN .
—_— = number density
kT L.
1.01x10°

‘Number density = =2.68 x10% m’3]

1.38x 1075 x 273

' 49 Two perfect gases at absolute temperature 7; and T, are mixed.

. There is no loss of energy. Find the temperature of the mixture
- if masses of molecules are m; and m, and the number of moles
_of'the gases are n, and 7, respectively.

" [Ams. T = mly + mly
S m + (7]
. .
[Hint: Let final temperature is T

3 3 3
2 nRT, + = n,RT, == (n; + n,)RT
> MR 2"2R2 2('1‘. _nz)

mIi + ml, ]
nt+m

T =

" 50. van der Waals’ constant ‘5’ for oxygen is 32 cm®/mol. Assume

b is four times the actual volume of a mole of “billiard-ball”
0, molecules and compute the diameter of an O, molecule.

51. The speed of ten 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. ¢, =3.1m sec™, =125msec, ¢ =3 msec’]
av Cms Cmp

52. Using van der Waals’ equation, calculate the constant ‘a’ when
two 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 . (1XT 1998)

[Ans. 6.46 atm litre® mol™ 2] ‘
53. (a) Calculate the pressure exerted by 5 moles of CO2 in one -
litre vessel at 47°C using van der Waals’ equation. Also, report
- the pressure of the gas if it behaves ideally in nature. Given
‘that = 3.592 atm litre” mol 2, b = 0.0427 litre mol ™.

(11T 2002)
(b) If volume occupied by CO, molecule is negligible, then
calculate the pressure exerted by one mol of CO, gas'at 273 K.
(IIT 2000) -
) [Ans. (a) 77.218 atm, 131.36 atm and (b) 0.9922 atm]

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;] :

55. A compound formed by elements 4 and B crystallises in the
cubic structure where 4 atoms are at the comers of the cube
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and B atoms at the centre of the cube. What is the fom:ula‘of
the compound?

[Azs. AB]

6. A foc element (atomic mass = 60) has a cell edge of 400 pm.

What is its densxty?
[Ame. 623 gom ]

Xﬂi Z=4and ¥ = (4 x107%)}

[ine: Apply density = z
Nyx

cm® (1 pm -—--10'1:2 m =107 cm)]

7. The face-centred umit cell of nickel has an edge length of

352.39 pm. The density of nickel is 8.9 g cm™. Calculate the
value of Avogadro’s number. The atomic mass of nickel is 58.7
and 1 pm is equal to 10™'" cm.

[4Bs 6029 x10%]

. The unit cell of aluminium i3 a cube with an edge length of
- 405 pm. The density of aluminium is 2.70 g cm™. What type
‘of unit cell of aluminium is?

: [f.«.ﬂm.,

The unit cell is face-centred]

[iins:  Apply the formula, density = ; x M; and find the value

o X
of Z]

. A substance forms face-centred cubic crystals. Its density is

1.984 g em™ and the edge length of the unit cell is 630 pm.
Calculate the molar mass of the substance.
74.70 g mol™!]

[Ams.

. Molybdenum forms body-centred cubic crystals whose

density is 103 g cm™>. Calculate the edge length of the unit
cell. The molar mass of Mo is 95.94 g mol ™,

[ine. 313.9 pmi] '

An element crystallises in a structure having a fec unit cell of
an edge 200 pm. Calculate its density if 200 g of this element
contains 24 x 10%* atoms.

4.166 g cm™]

[itint: Molar mass=— = = x 6.023 x 10" = 50.19 g mol™
x .
Forfec,Z =4,V =d* = (200 x 107'%)?

]

Apply density = ijy
0

:» The element chromium exists in bee lattice with unit ccll edge

2.88 x 107 m, The density of chromium is 7.2 % 10> kg m™
How many atoms does 52 x 107 kg of chromium contain?
[ans. 604x107%] | '

#3. 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 (?

[~z5. PQ,8, 8]

G

oy

e
x|

5

resny

(A

Pt
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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
(11T 1996) -

this lattice is empty space?
[Ame. 26%] :
A lead(Il) sulphide crystal has an NaCl structure. What is its
density? The edge length of the unit cell is- 500 pm.

- N = 6.023 x 10”; atomic mass: Pb = 207.2, S = 32.

[4ze. 12,708 gem™]

75, The unit cell of metallic gold is face-centred cubic.

(a) How many atems occupy the gold unit cell?

(b) What is the mass of a gold unit cell?

[£ns (@) datoms  (b)1.308x10% g]

Polonium crystallises in a simple cubic unit cell. It has atomic

mass 209 and density 91. 5 kg m™. What is the edge length of
its unit cell?

[Azs. 1559107 cm]

 The unit cell of nickel is a face-centred cube. The length of its -

side is 0.352 nm. Calculate the atomic radius ef nickel.

[£ms. 0.124 nm] ~

Determine the smplest fommla of an ionic compound in

which cations.are present at the corners and the anions occur at
the centre of each face.

[4ms. AB,; A and B are cation and anion respectively.]

2. Sodium metal crystallises in a body-centred cubic lattice' with

cell edge, @ = 4.29A. What is the radius of sodium atom?

1.8576 A]
4r = x/—a]

[“".U"*

[Hint:

71, I three elements P,Qand R c;rystalhse ina cub1c type lattice

with P atoms at the corners, ( atoms at the cube centre and R
atoms at the edges, then write the formula of the compound.
[Aus. POR,]

. The first order reflection of the beam of X-ray from a given

crystal occurs at 5°15°, At what angle will be the thlrd order
reflection?

[Ass 15°567]
The figurés given below show the location of atoms in three

crystaliographic planes in a fcc lattice. Draw the unit cell for

the corresponding structure and identify these planes in your
diagram. {I]T 2000)

(11T 1994)

\
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Set-1: Questions with single correct answer Dlint: my =22=2 ny = ;ﬁ =3
L. At constant temperature, the product of pressure and volume: <P
of a given amount of a gas is constant. This is: Ry, = xN: Total -

(a) Gay-Lussac law (b) Charles’ law _ 2 -4
() Boyle’s lay {d) Pressure law ' : 743 10= 4 atm,
2. Acurve dxawn at constant temperature is called an isotherm. '
This shows the relatnonshap between:
1

)
By, =10-4 = 6am )

12. 273 L of a gas at STP was taken to 27°C mdﬁmmmpressure

The final volume of the gas would be {CPMT 1992)
Pand - PVandV .
@ Pandy b) PV and fa) 273 ml. (®) 300mL
1 s {c) 380 mL () 586mL .
() ¥ ond P @ P and 4 '13. The density of the gas is equal to: . (CBSE 1991)
3. Chatles’ law is répresented mathematically as:” (a) nP (b) MP/RT (c) P/IRT (&) MV
o KVD : [P = Pressure; ¥ = Volume; T = Temperature; R = Gas
(a) V=KVt o )V, = ' , constant; r = number of mole; M = molecular mass]
3 : 14. The density of a gas is 1.964 g dm™ at 273 K and 76 cm Hy.
(C) Vo=t (l + —;} @V, =V (1 + -5.;*} The gas is: (KCET 2006)
(3) CH, ®) CH, ()00 (@) Xe

4. Correct gas equationist  [UGET (Manipal Medical) 2006]

15. Compressed oxygen is sold at a pressure of 100 atmosphere in

@ Ll ®) nwn, _wnh a cylinder of 49 litre, The number of moles of ¢ oxygen in the
PV, T, B P cylinder is: - A
pl L _PRlL A2 o (2) 400 (b) 100 (c) 300 (d) 200 ,

) = " v, «@ “j«;"‘i‘ Rp, [Hint: One mole occupies a volume approximately 24.5 litee

under ordinary atmcsphenc condmons ].

16. If the pressure and absolute temperature of 2 litre of carbm
dioxide are doubled, the volume of carbon dioxide would

5. In general gas equation, PV = nRT, ¥V is the volume of:
(a) n moles of a gas '(b) any amount of a gas
{¢) one mole of b gas (d) one gram of a gas

become: (CBSE 1991)
6. Inthe equation of state of an ideal gas PV = nRT', the value of (@ 7le  (b) Slire  (¢) dlie  (d) 2litre
universal gas constant would depend only on: (CPMT 1991) 17. One gram mole of a gas at NTP occupies 22.4 litke as volume,
(a) the nature of the gas (b) the units of measurement This Fact was derived from:

(c) the pressure of the gas  (d) the temperature of the gas

b) Avogadro’s hypothesis
7. The value of gas constant per degree per mol is approximately: ®) gacro s fypo

(d) law of gaseous volumes

(a) Dalton’s theoty
{¢) Berzelius hypothesis.

and atotal pressure of 10 atm. The partial pressures of oxygen
and nitrogen (in atm) are respectively: |PET (Kerala) 2010]
(a) 4,6 (b} 5,5 ©) 2,8 (d) 8,2

(e) 6,4 ‘

22. The rate of diffusion of hydrogen is about:
'(a) ong-half that of helium  (b) 1.4 times that of helium

(@) 1 cal () 2cal  (¢) 3eal () dcal 18. 44g of CO, contains how tany fitre of CO, at STP?
8. Which one of the following is not the value of R? . (AFMC 2004)
(a)- 1.99 cal K™ mol™ (b) 9.082\1 litre-atm K~! mol™ (a) 24 lire  (b) 2.24 litre (c) 4dlitre  (d) 22.4 litre
(¢) 9.8 keal K™ mol™ (d) 83JK™ mol™ 19. Five gram dach of the following gases at 87°C and 750 min
'9. One litre of a gas collected at NTP will oceupy at 2 ., bressute are taken, Whmh of thet will have the least volume?
_atmospheric pressure and 27°C: . (MLNR 1991y
. 3007 i “ (b 2x 300 (a) HF () HCI (c) HBr (d) HI
@) 7% 273 re (*) M3 litre 20. If molecular mass of O, and SO, are 32 and 64 mspectively. If .
' ;_,x 273 one litre of O, at 15°C and 750 mm pressute contains N
(c) 2 litre e (@ litre molecules, the number-of molecules in two litte of SO, under
300 ' 300 the same condmons of temperature and pressure will be:
* 10. 10 g of a gas at atmospheric pressure is cooled from 273°C to (MLNR 1991)
0°C keepmg the volume constant; its pressure would become (a) 2N (b) N (€) N2 (d) 4N
(@) = atm (b) —_ atm (¢) 2atm (d) 273 atm 21. Rate of diffusion of a gas is: .
oo (a) directly propotrtional to its density
11. 56 of hitrogen and 96 g of oxygen are mixed isothermally (b). directly proportional to its molecular rmass

(¢) directly propomtional to the square of its molecular mass
(d) inversely proportional to the square root of its molecular mass
(CPMT 1991)

(¢) twice that of helium (d) four times that of hellum
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() B3R .
A fire extinguisher contains 4.4 kg of CO,. The volume of

© STATES OF MATTER

The rate of diffusion of methane at a given temperature is
twice that of gas X. The molecular mass of gas X is:

(II'T 1990; MLNR 1995)
(2) 64.0 (b) 32.0 (c) 4.0 (d) 8.0
Some moles of O, 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:

(45 3 (18)?

(a) 32x _(18)2 (b) 32x a5y
45 y 18

© (32 x = @ (32 x =

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 boitle

{c) near the HCI bottle

(d) throughout the length of the tube

0.5 mole of each H,, SO, and CH, 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 :

[CET (Karnataka) 2009]
@ pso, > Pcu, > Pu, (®) pu, > Pso, > Pcu,
(©) Pu, > Pcu, > Pso, D pso, > Pu, > Pou,
The mass of 6.02 x 10” molecules of CO is:

{a) 28 g (b) 14¢ {¢) 70¢g (d) 56¢

10 g of hydrofluoric acid occupy 5.6 litre-of volume at NTP.
The empirical formula of the gas is HF. The molecular formula
of the gas will be (At. mass of fluorine = 19):

(a) HyF, (b) HF

(d) HF

CO, delivered by this fire extinguisher at room temperature is:
(a) 24.5 litre (b) 100 24.5titre

{c) 10x 24.5litre {d) 1000 x 24.5litre

The number of moles of H, in 0.224 litre of hydrogen gas at
STP is: . , {MLNR 1994)
(@ 1 (b) 0.1 {c) 0.01 (d) 0.001

A gas has a vapour density 11.2. The volume occupied by 1 g
of the gas at NTP is:

() 1L (by 112L  (c) 224L (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

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 1 2 1

a) — b) — <) = d) ~x—

@ 3 (b) 5 ()3 ()3 508

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:

273

35.

36.

37,

38.

39.

40.

41.

42.

43.

8
(a) ®) 3

16
() @) T

A gaseous mixture of 2 moles of 4, 3 moles of B, 5 moles of C
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) 6atm  (c) 9atm (d) 15am
[Hint: 5 moles of C produce pressure 1.5 atm; therefore partial

of D=3 atm, Bél—'5§x3x0.9 atm and

O [ 8 | e

pressures

A =—15—5 X 2 = 0.6atm]

50 mL of a gas 4 diffuse through a membrane in the same time

ag for the diffusion of 40 mi of gas B under identical

conditions of pressure and temperature. If the molecular mass

of 4 is 64, that of B would be: (CBSE 1992)

{a) 100 (b) 250 {c) 200 - (d) 80

3.2 g of oxygen (At. mass = 16) and 0.2 g of hydrogen (At.

mass = 1) are placed in a 1.12 litre flask at 0°C. The total

pressure of the gas mixture will be: (CBSE 1992)

(a) latm (b) 2 atm {c) 3atm (d) 4 atm

Select the correct statement:

In the gas equation PV = nRT

(a) nis the number of molecules of a gas

(b) nmoles of the gas have volume V'

(¢} V denotes volume of one mole

(d) P is the pressure of the gas when only one mole of gas is
present :

The density of a gas at 27°C and 1 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) 400K - (d) 300K

if 4 g of oxygen diffuse through a very narrow hole, how much

hydrogen would have diffiised under identical conditions?

(CBSE 1992)

; 1
(a) 16g b tig © 78 d) 64g
I wiZ Mro2
’ t: —— =
[Hin 4/32 MfH2 ] )

A closed vessel contains equal number of hydrogen and
nitrogen molecules. The total pressure is 740 mm of Hg. If N,
molecules are removed, the pressure would become/remain:
(a) double of 740 mm of Hg
(b) one-ninth of 740 mm of Hg
{c) unchanged
{d) one-half of 740 mm of Hg
The pressure P exerted by a mixture of three gases having
partial pressures B, , P, and P; is given by:
@P=PR+P~P b)Y P=\R+hA+h
() P=F-F+h d) P=R+PA+hH
Two sealed containers of same capacity at the same
temperature are filled with 44 g of hydrogen gas in one and 44
g of CO, in the other. If the pressure of CO, is 1 atm, what is

" the pressure in the hydrogen container?

(a) latm (b) Zeroatm (c) 22atm  (d) 44 atm
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44.

45,
46.

-47.

48,

49.

50.

51.

- 52

53.

54.

58.

Absolute zero is the temperature where all gases are expected
to have:

(a) different volumes (b) same volume

{c) zero volume (d) none of these

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
Density of neon will be highest at:

(a) STP (b) 0°C,2 atm

() 273°C, 1 atm (d) 273°C,2 atm

Equal masses of ethane and hydrogen are mixed in an empty
container at 25°C. The fraction of the total pressure exerted by
hydrogen is: (11T 1993}
(@ 1:2 {d) 15:16

() 1:1 (cy1:16

According to kinetic theory of gases:

{a) there are intermiolecular 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 molecules of the gas
(d) none ofthe 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 constant 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

. The kinetic theory of gases predicts that total kinetic energy of

a gas depends on:

(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 of the gas molecules decreases

(c) the kinetic energy of the gas molecules increases

(d) the kingtic 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 behavmur will be more if the gas is
subjected to:

(a) low temperéture and high pressure
(b) high temperature and low pressure

G.RB. PHYSICAL CHEMISTRY FOR COMPETITIONS

56.

57.

58,

59.

60.

61.

(c) low temperature

(d) high temperature

In a closed vessel, a gas is heated from 300 K to 600 K; the
kinetic energy becomes/remains:

{a) double (b) half ~ (¢) same (d) four times

A mixtare contains 56 g of nitro'gen, 44 g of CO, 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) 360mm (c) 540 mm (d) 720 mm
The root mean square speed. of an ideal gas at 27°C is 0.3
m/sec. Its rms velocity at 927°C is: A{EAMCET 1991)
{a) 3.0m/sec (b) 24 m/sec (¢) 0.9 m/sec (d) 0.6 m/sec
The rms speed at NTP of the species can be calculated from
the expression: (EAMCET 1990)

@ %P ®) 3P 7 © 3RT (d) all of these

At constant volume, for a fixed number of mole of a gas, the

pressure of the gas increases with rise of temperature due to:

(a) increase in average molecular speed

" (b) increased rate of collisions amongst molecules
“(c) increase in molecular attraction

(d) decrease in mean free path
Non-ideal gases approach ideal behaviour:
(T 1999; KCET 2004)

' (a) high temperature and high pressure

62.
63.

64.

65.

3 172

66,

(b) high temperature and low pressure
(c) low temperature and high pressure

{d) low temperature and low pressure

The ratio of root mean square speed and average speed of agas
molecule, at a particular temperature, is:

(a) 1:1.086 (b) 1.086:1

{c) 2:1.086 (d) 1.086:2

Most probable speed, average speed and rms speed are related
as:

(a) 1:1.224:1.128 (b) 1.128 : 1:1.224

(c)y 1:1.128:1.224 (d) 1.224:1.128:1

In a closed flask of 5 litre, 1.0 g of H, is heated from
300-600 K. Which statement is not correct?  (CBSE 1991)
(a) The rate of collision increases '

{b) The energy of gaseous molecules increases

{(¢) The number of mole of the gas increases

(d) Pressure of the gas increases

The root mean square speed is expressed as:

/2
) lizRT}

© [3"1 @ [3”}

The rms speed of hydrogen molecules at room temperature is

2400 ms™'. At room temperature the rms speed of oxygen
molecules would be:
(a) 400 ms™' (b) 300 ms™
(c) 600 ms™ (d) 1600 ms™
C M
[ Hint: =% - ——-H—z]
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The molecules of which of the following gas have highest
speed?

(a) Hydrogen at — 50°C (b) Methane at 298 K

{¢) Nitrogen at 1000°C (d) Oxygen at 0°C

Which one of the following is an ideal gas?

(a) Hydrogen (b) Nitrogen

(¢) Carbon dioxide (d) None of these

van der Waals” equation explains the behaviour oft

(a) ideal gases (b) real gases

{c) mixture of gases (d) diatomic gases

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

The van der Waals” equation for a real gas is:

| (a) (P+«%} (V - b)=nRT

(b) P+--](V b)= nRT

N
( +—J(V+b) nRT

nRT n2a
V—-nby vVt
In van der Waals® equation of state for a non-ideal gas the term

(d P=

- that accounts for intermolecular force is:

(a) [P+ —-j ®) (Vv ~b) (c) RT

The units of ‘a

1
d) —
@ 7T
’ in van der Waals’ equation
2

(P + f’-”?] (V - nb)=nRT
are: \ 4
(a) atom litre* mol™ (b) atom litre mol™

(c) atom litre mol™ (d) atom litre? mol™

- I£1000 mL of gas 4 at 600 torr and 500 mL of gas B at 800 torr

are placed in a 2 litre flask, the final pressure will be:

(a) 2000 torr (b) 1000 torr

(¢) 500 torr (d) 400 torr

Two samples of gases 4 and B are at the same temperature.
The molecules of 4 are travelling four times faster than the
molecules of B. The ratio of m, /m, of their masses will be:

(a) 16 (b) 4 (c) 1/4 (d) 1/16

; My
[H}nt. g .-E?]
The root mean square speed of a certain gas at 27°C is
3x 104 cms™'. The temperature at which the velocrcy will be
6x10% cms™ is:
(a) 54°C {b) 108°C (c) 1260 K (d§4600K

The temperature at which real gases obey the ideal gas laws
over a wide range of pressure is called: PPMT 2009)
(a) critical temperature (b) Boyle temperature

(c) inversion temperature  (d) reduced temperature

78. The value of van der Waals® constant ‘o’ for gases O,, N,, NH;

79.

80.

81.

82.

83.

85.

86.

87.

88.

_(a) PV = constant

and CH, are 1.360, 1.390, 4.170 and 2.253 litre®-atm mol™
respectively. The gas which can be most easily liquefied is:

(@) O, (b) N, (¢) NH; (d) CH,
Accordmg to kinetic theory of gases for a diatomic molecule:
(1T 1991)

(a) the pressufe 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 proportional to the
temperature

{(d) the mean translational KE of the molecule is directly
proportional to the absolute temperature

A real gas obeying van der Waals’ equation will resemble an

ideal gas if the:

(&) constants o and b are small

(b) aislarge and b is small
(c) aissmall and b is large
(d) constants a and b are large

When the universal gas constant (R )is divided by Avogadro s
number (N ), their ratio.is called:

(a) Planck’s constant (b) Rydberg’s constant
(©) Boltzmann s constant  (d) van der Waals’ constant

The compressxblhty factor of a gas is definedas Z = % The

compressibility factor of an ideal gas is:
(@0 ® 1 () -1
An ideal gas is one which obeys:

(a) gas laws (b) Bovle’s law
(c) Charles’ law {d) Avogadro’s law

[PMT (MP) 2004]
(d) infinity

. Amixture of three gases X (density 1.0), Y (density 0.2) and z

(density 0.4) 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 A

(d) will mix omogeneously throughout the vessel

16 g of oxygen and 3 g of hydrogen are mixed and kept at 760
mm pressure at 0°C. The total volume occupied by the mixture
will be nearly: [CMC (Vellore) 1991}
(a) 224 litre (b) 33.6litre (c) 44800 mL (d) 4480 mL
Which of the following expressions does not represent Boyle’s

- law?

1
b Voc?)—

© "I =W (d) B¥, = Py,

When an ideal gas undergoes unrestricted expansxon, no

cooling occurs because the molecules:

{a) exert no attractive forces on each other

(b) do work equal to loss of kinetic energy

(¢} collide without loss of energy

(d) are above the inversion temperature

Which of the following mixture of gases at room temperature
does not follow Dalton’s law of partial pressures?

201

s
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89.

90.

91.

- {(a) most probable speed

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS i

(a) NO, and O, (b) NH, and HCI

() CO and CO, (d) SO, and O,

The speed possessed by most of the gaseous molecules is:

(b) average speed

{(c) root mean square speed (d) none of these

In which of the following pairs the gaseous species diffuse

through a porous plug along with the same rate of diffusion?
(EAMCET 1990)

(a) NO,CO (b) NO, CO,
(¢) NH;, PH,4 (d) NO, C,H,
Which of the following statements is correct?

:(a) 3PV = mnc? is the expression for real gases

- (b) At normal temperature and pressure most gases behave

92.

93.

94.

93,

96.

97.

‘08.

99.

nearly as ideal gases

{¢) The molecules of real gases have both volume and mutual
attraction -

(d) Pressure depends on number of molecules and volume
For one gram molecule of an ideal gas:

(@) il ') f;- = 2cai

6 f;: = 00,0821 cal

=—3~cal .
2

PV
¢) — = 8.31cal
© T

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

(¢) helium is an ideal gas

(d) the inversion temperature of helium is very low

At STP, the order of mean square velocity of molecules of

H,, N,, O, and HBr is: (CBSE 1991)

(@ H >N, >0,>HBr (b) HBr>0, >N, >H,

(¢ HBr>H,>0,>N, (d) N,>0,>H,>HBr

At constant temperature in a given mass of an ideal gas:
(CBSE 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

The non-compressible volume of a gas is . . . times the actual

volume of gas molecules:

(a) 2 (b) 4 © 3 {d) 2.5

One mole of an ideal monoatomiic gas is mixed with 1 mole of

an ideal diatomic gas. The molar specific heat of the mixture at

constant volume is:

(a) 3cal (b) 4cal (c) 5cal {d) 8cal

In an experiment during the analysis of a carbon compound,

145 mL of H, was collected at 760 mm Hg pressure and 27°C. -

The mass of H, is nearly:

(@ 10mg () 6¢g () 2mg (d) 12¢g

‘[Hint: Apply PV = X‘;— RT; 1x 0.145 = g x 0.0821 x 300]

The kinetic energy of N molécules of 0, is xjoule at — 123°C.
Another sample of O, at 27°C has a kinetic energy of 2x joule.
The latter sample contains:

i

100.
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107.

108.

109.

116.

(a) N molecules of O, (b) 2N molecules of O,

() %!-molecules of O, (d) -]Z- molecules of O,

A balloon filled with N,O is pricked with a sharper point and

plunged into a tank of CO, under the same pressure and

temperature. The balloon will:

(a) be enlarged (b) shrink

{c) collapse completely (d) remain unchanged in size

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

(¢} Gases cannot be converted into solids without passing
through the liquid phase

{d) Solids and liquids have pressure as a common property

Strong intermolecular forces exist in;

(a) gases (b) liquids

(c) amorphous solids (d) crystalline solids

Association of molecules in water is due to:

{a) covalent bonding (b) hydrogen bonding

(c) ionic bonding (d) van der Waals’ forces

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

Normal boiling point of a liquid is that temperature at which

vapour pressure of the liquid is equal to:

(a) zero (b) 380 mm of Hg

{c) 760 min of Hg (d) 100 mm of Hg

Water boils at lower temperature on high altitudes because:

(a) atmospheric pressure is low thére

{b) atmospheric pressure is high there

{c) water is weakly hydrogen bonded there

{d) water in pure form is found there

When a student was given a viscometer, the liquid was sucked

with difficulty; the liquid may be:

(a) benzene (b) toluene {c) water

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

With the increasing molecular mass of a liquid, the viscosity:

(Jiwaji 1990)

(d) glycerine

(a) decreases (b) increases

(c) no effect (d) all are wrong
The viscosity of which liquid is the maximum?
(a) water {b) glycol

{c) acetone (d) ethanol
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The rise of a liquid in a capillary tube is due to:

(a) viscosity {b) osmosis

(c) diffusion (d} surface tension

With increase in temperature, the fluidity of liquids:

(a) increases (b) decreases

(c) remains constant (d) may increase or decrease
If 1, and 1, are the coefficients of viscosity of two liquids,
d, and d, their densities and ¢; and ¢, the flow times in
Ostwald viscometer, then:

dit d,t
(a)ﬂl_:l_? (b)_m.=__22
Ny doty Ny dif
d.t, dot
@M% @ =24
Ny dity N, dity

Which of the following expressions regarding the unit of
coefTicient of viscosity is not true?

(a) dyne cm™ sec (b) dyne cm? sec”
() Nm™ sec (d) 1 poise =10"" Nm™2 sec

1

The boiling points of water, ethyl alcohol and diethyl ether are -
100°C, 78.5°C and 34.6°C respectively. The intermolecular

forces will be in the order of:

- (@) water > ethyl alcohol > diethy! ether

(b) ethyl alcohol > water > diethy! ether
(c) diethyl ether > ethyl alcohol > water
(d) diethyl ether > water > ethyl alcohol
The unit cell in a body centered cubic lattice is given in the
figure. Each sphere has a radius, » and the cube has a side, a.
What fraction of the total cube volume is empty.(TIFR 2010)
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Which one is not the property of crystallme solid?

" (a) Isotropic

118.

119.

(b) Sharp melting point

(c) A definite and regular geometry

(d) High intermolecular forces

The number of crystal systems known is:

(@) 7 b) 8 ) 6 (d) 4
Tetragonal crystal system has the following unit cell
dimensions: [PMT (MP) 1993]
@ a=b=candax=p=y=90°

B a=bzcandoa=P=y=90°
©aztbtcando=P=1vy=90°

() a=b#cand o =P =90°,y=120°
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- (@) 1
124.
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A match box exhibits: [PET (MP) 1993]
(a) cubic geometry (b) monoclinic geometry '
{c) orthorhombic geometry (d) tetragonal geometry

In the crystal of CsCl, the nearest neighbours of each Cs ion
are: . [PET (MP) 1993
(a) six chloride ions (b) eight Csions

{c) six Cs ions {d) eight chloride ions

.How many chloride ions are there around sodium ion in

sodium chloride crystal?
{a) 3 (b) 8 (c) 4 ) 6
The number of atoms contained in one face-centred cubic unit
cell of monoatomic substance is: '

|PMT (Vellore) 2006; PET (MP) 2007}
b 2 {c) 4 @3
The number of close neighbours in a body-centred cubic
lattice of identical spheres is:

{(a) 4 (b) 12 (© 6 ) 8

The coordination number of each sphere in (hee) arrangement
is:

(a) 8 (b) 12 ) 6 ) 4

Bragg’s law is given by the equation: (BHU 1990)

(a) nA =208sin 0
(¢) 2nA =dsin @

(b) nA=2dsin 0
(d)n%z%sine

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 umit cell in a simple cubic,
face-centred cubic and body-centred cubic are . . .. .. y

respectively:
(a) 1,4,2 (by 4,1,2
() 2,4,1 (@ 4,8,2

In a solid lattice, the cation has left a lattice site and is located

at interstitial position, the lattice defectis: (VITEEE 2007)

(a) interstitial defect {b) vacancy defect

{c) Frenkel defect {d) Schottky defect

Schottky defects occur mamly in ionic compounds where :
(VITEEE 2068)

(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

What type of crystal defect is indicated in the diagram below?

Na* CI° Na* CI° Na* Cr
onl CI” Na* Na*
Na* CI° I~ Na*
CI” Na* CI° Na* Na*  (AIEEE 2004)

(a) Frenkel defect (b) Schottky defect
(c) Interstitial defect {d) Frenkel and Schottky defects

In a closed packed array of N spheres, the number of
tetrahedral holes is;

(a) N2
(c) 4N

BN
(d) 2N
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144.

- {a) Schottky defect

_ face-centred cubic lattice points and in:

~ {c¢) octahedral voids
141.

© (a) 4B,

Ina eiosed packed array of N spheres, the octahedral holes are:
(a) N/2 (b) 2N (c) 4N @ N

AR crystallizes in a body centred cubic lattice with edge
length “4’ equal to 387 pm. The distance between two
oppositely charged ions in the lattice is: [CBSE (PMT) 2010}

{a) 335pm {b) 250 pm
¢y 200 pm (dy 300 pm
[Hint : Distance between two oppositely charged ions
¢+ )= af 387x+3
2
= 335. 14 pm]

Germanium or silicon becomes semiconductor due to:

(b} chemical impurity

(¢) Frenkel defect (d) none of these

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

Which one has the highest melting point?

(a) Ionic crystal {b) Molecular crystal

(c) Covalent crystal {d) Metallic crystal

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

The Ca®* and F~ are located in CaF, crystal respectively at
(AITMS 2006)
(b) half of tetrahedral voids

(d) half of octahedral voids

(a) tetrahedral voids

In calcium fluoride structure, the coordination numbers of -

calcium and fluoride ions are: :

(a) 8and4 (b) 6and8

(c) 4and 4 (d) 4and 8

The unit cell of a binary compound of 4 and B metals has a

cep structure with 4 atoms occupying the corners and B atoms

occupying the centres of each faces of the cubic unit cell. If

during the crystallisation of this alloy, in the unit cell two 4

atoms are mlssed the overall composition per unit cell is:

[CET (J&K) 2009]
(d) A44By

(b) 4B,  (c) ABy
o

[Hint : Number of atoms of 4 =6 XE = -i‘

Number of atoms of B=6 x-;— =3

A:B= —3~ :3=1:4
4
Composmon of alloy = 4B, ]

In a solid lattice, the cation has left a lattice site and is located
at an irterstitial position. The lattice defect is :

[BHU (screening) 2008]
(b} vacancy defect
(d) Schottky defect

(a) interstitial defect
{c) Frenkel defect

Which of the following statements is incorrect about -

amorphous solids? (KCET 2004)
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145.

146.

147.

148.

149.

150.

151,

152,
153.

154,

155.

156.

{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

Which defect causes decrease in the density of a crystal?

(a) Frenkel {b) Schottky

(c) Interstitial (d) F-centre

For tetrahedral coordination number, the radius ratio 7/ /r; is:
(KCET 2008)

(a) 0.732- 1.0 (b) 0.225-0.414

(c) 0.414 - 0.732 (d) 0.155-0.225

What is the total number of ions present in one unit cell of

" sodium chloride lattice? (EAMCET 2006)
(a) 2 by 6 {c) 12 (d) 8
The formula for determination of density of cubic unit cell is:
3
aq N -3 ZxN 0 -7
a) —— goem” cm
@ opeem ® ——tg
3
a XM ~3 Zx M -3
c cm d cm
()ZxNog ()‘Noxa?’g
The closest-packing sequence 4BAB . .. . . represents;

(a) primitive cubic packing

(b) body-centred cubic packing

(c) face-centred cubic packing

{(d) hexagonal packing

The closest-packing sequence ABCABC. .. .. represents:

{a) primitive cubic packing

{(b) body-centred cubic packing

(c) face-centred cubic packing

{d) hexagonal packing

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: (ATEEE 201()

(a) 618 pm {b) 144 pm
(¢) 288 pm ' (d) 398 pm
[Hint: Edgelength=2 (" +r)

508=2(110+r")
=144 pm]

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
The ratio between the root mean square speed of H, at 50 K
and that of O, at 800 K is: (IIT 1996)
(a) 4 {by 2 ©1 (d) 114
X mL of H, 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:

: (IIT 1996)
(a) 10 second : He {b) 20 second : O,
(c) 25 second : CO (d) 55 second : CO,
The energy of a gas per litre is 300 joule, Its pressure will be:
@). 3% 10° N/ m? (b) 6x10° N/ m®
() 10° N/ m? (d) 2% 10° N/ m?
If the universal gas constant is 8.3 joule mol™ K™ and the

Avogadro’s number is 6 x 107, The mean kinetic energy of the
oxygen molecules at 327°C will be:
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163.

164,

' (a) 4P

S1AaTES OF MATTER

(a) 415x 1072 joule (b) 2490 % 102 joule
() 1245x 1072 joule (d) 830x 1072 joule

If increase in temperature and volume of an ideal gas is two
times, then initial pressure of P changes to:

[JEE (Orissa) 2006]

() 2P (© P ) 3P .
The average kinetic energy of one molecule of an ideal gas at
27°C and 1 atm pressure is: (EAMCET 2009)

(a) 900 cal K™ miol™

(b) 621x 1072 J K molecule™

(c) 336.7 3K molecule™

() 3741. 31K mol™
3R
int: KE = 2T
i 2N
3 8314
T2 I e X
2 6023x10%

= 621x1072 TK™ molecule™]

300

The respective speeds of five molecules are 2, 1.5, 1.6, 1.6 and _

1.2 km/sec. The most probable speed in km/sec will be:
(a) 2 (b) 1.58 () 1.6 () .31

It one mole of a monoatomic gas [? = g} is mixed with one

mole of diatomic gas [ = %} the value of + for the mixture is:

(@ 140  (b) 150 () 153  (d) 3.07
The root mean square speed of hydrogen molecule of
an ideal hydrogen gas kept in a gas chamber at (°C

is 3180 metre/second. The pressure on the hydrogen gas-

is: (density of hydrogen gas is 8.99 x 107 kg / m’,
1 atmosphere = 1.01 x 16° N/ m?)

(a) 1.0 atmosphere (b) 1.5 atmosphere
(¢) 2.0 atmosphere {d) 3.0 atmosphere

CH,, diffuses two times faster than a gas X. The number of
molecules present in 32 g of gas X is: (N is Avogadro number)

[EAMCET (Engg.) 2010}
‘ N ‘N N
a) N by — c) — d) —
® ®> @3 @
Mint: CHs _ | T
Toas Mey,
2= _mgi‘s.
) V 16
Mys = 64
Number of molecules = —— lid xN
: molar mass
= EZ XN =— ]
64

At what temperature would the rms speed of a gas molecule
have twice its value at 100°C?

(a) 4192K (b) 1492K

{c) 9142K (d) 2491 K

Find the rms speed of an argon molecule at 27°C (Molecular
weight of argon = 40 gm/ mol):

165,

166.

167.

168.

169.

170.

171.

172.

173.

.{c) 432.2m/s

"~ {a) Graphite

(a) 2342m/s (b) 342.2m/s
(d) 2432m/s ~
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 50 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:
(IIT 1999)
(a) 510K : :
(c) 100K

(b) 200 K
d 73K

‘At 25°C and 730 mm pressure, 380 mL of dry oxygen was

collected. If the temperature is constaat, what volume will the
oxygen occupy at 760 mm pressure? (CBSE 1999)
(a) 265mL  (b) 365mL (c) 569mlL (d) 621mL
Which of the following solids shows electrical conduction?

(CBSE 1999)
(b) Potassium chloride
(c) Diamond (d) Sodium chloride
Schottky defect in solids is due to:

[PMT (Vellore) 2006; VITEEE 2006}

- (a) a pair of cation and anion vacancies

(b) occupation of interstitial site by a pair of cation and anion
() occupation of interstitial site by a cation
(d) occupation of interstitial site by an anion’
Copper crystallises in face-centred cubic lattice with a unit cell
fength 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 : aﬁ =4r )
361x/2 =4r
" r=128pm]

The second order Bragg diffraction of X—rays with X =1 A
from a set of parallel planes in a metal occurs at an angle of |
60°. The distance between the scattering planes in the crystal

is: (CBSE 1998)
(a) 0.575 A (b) 1.00°A
(c) 200 A (d) 1.15 A

According to Graham’s law at a given temperature, the rano of
the rates of diffusion r, / # of gases 4 and B is given by:

(1741998)
1/2 1/2
onl] el
., B B B
| M M, (P
B dy =4 |28
© 5 (MA) ()Ma,(PA}V ) ‘%

The root mean square®velocity of an ideal gas af x:(-mstam
pressure varies with density as: [IIT {Screening) 2000}

(a) d? () d () Vd @ 1/Jd
Match the following:
List-1 List-11
(A) Inversion temperature  (i)-a/Rb
(B) Boyle’s temperature (il) 8a/27Rb
(C) Critical temperature (iit) 2a/Rb

() A—(1), B—i), C—iii) (b) A—(iii), B—(ii), C—()
(€) A—(iii), B—(i), C—(i) (d) A—(i), B—(iii), C—(ii)
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174.

175.

(&) Z, > Y, > X,
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For three different gases values of van der Waals’ constant ‘@’ and
b are given. What is the correct order of liquefaction of gases?

QGases ) a b
X, 1.3 0.090
Y 4.1 0.023
Z, 2.2 0.075

(@ X,>1,> 7 b Y,>7Z,>X,

) X,>2,>7,

Match the following:

List-1 - List-HI
(A) P, @) 3b
(B) 7, (ii) 8a/27bR
O 7T, (iii) a/27p*

(8) A—(i), B—(ii), C—(iii) (b) A—(iii), B—(ii), C—(i)

a () A—(i), B—(iii), C—(i) (d) A—(iii), B—(i), C—(ii)

. 176.

177.

178.

By what factor does the average velocity of a gaseous

molecule increases when the absolute temperature is doubled?
(DUMET 2016)

(a) 1.4 () 2 (c) 2.8 (d) 4.0

The van der Waals® constant ‘a’ for different gases have been

given as

Gas a(atm L? mol™%)
0, 1.36

N, 1.39

CH, 2.25

NH; 4.17

The gas that can be most easily liquefied is :
[JEE (Orissa} 2010]

(@) O, (b) N, (c) CH, (d) NH,
Match the following: ‘
‘ List-1 List-1¥
(A) Uy Uy @) 122
B U, Upy (i) 1.13
O, (i) 1.08

- (a) A—(il), B—(ii), C—(i) (b) A—Li), B—(ii), C—(ii)

179.

180,

181.

182.

(c) A—iii), B—{1), C—(ii) (d) A—(ii), B-——(m) C—(i)
Joule-Thomson coefficient is zero at:
(a) critical temperature (b) inversion temperature
(c) absolute temperature {d) Boyle’s temperature
At a constant pressure, what should be the percentage increase
in temperature for a 10% increase in volume?
(a) 10% ) 11% () 89% (@) 12.5%
5 g of unknown gas has pressure P at a temperature T K in a
vessel. On increasing the temperature by 50°C, 1 g of the gas
was given out to maintain the pressure P. The original
temperature was:
(a) 73K (b) 100K
{c) 200K {d) none of these
Which of the following expressions correctly represents the
relationship between the average molar kinetic energy, KE of
CO and N, molecules at the same temperature?

[CBSE (PMT) 2000]
(a) KEco = KEN,
(b) KEco > KEx,

(c) KEco < KEn,

183.

184,
185.
186.
187.

188.
189.

190.

191.

192.

193.

194,

(dy Cannot be predicted unless the volumes of the gases are

given
Which of the following exhibits the weakest intermolecular
forces? {ATIMS 2000)
{a) NH, (b) HCI (c) He (dy H,0

The compressibility of a gas is less than unity at STP.
Therefore: [IIT 2000; PMT (MP) 2004}

(@) V,, > 22.4 litre ®) ¥, < 22.4litre

(c) ¥,, = 22.4 litre {d) V,, = 44 8litre

The rms velocity of hydrogen is 7 times the rms velocity of
nitrogen. If T is the temperature of the gas: (11T 2000)
(@ T(Hy)=T(N,) (b) T(Hy)>T(N,)

(© T(Hy)<T(Ny) (@) T(H,) =T (N,)

The kinetic energy of any gas molecule at 0°C is:

(a) zero (b) 34087

(c) 2 cal (d) 566x 10727 ,
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) 1:1 (h) 1:2 () 2:1 (d) 4:1

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

An ideal gas will have maximum density when: (CPMT 2000)
(@) P=05atm, T =600K (b) P=2atm, T=150K

(¢) P=1latm, 7 =300K  (d) P=10atm, T = 500K
The following graph illustrates: (JIPMER 2000)

l

/

4

Temp. (0°C) —

(a) Dalton’s law (b) Charles’ law

{c) Boyle’s law (d) Gay-Lussac’s law

4.4 g of a gas at STP occupies a volume 012,24 L. The gascan
be: [CET (Haryaua) 2000}
@ O, ®CO  @©No, (d) CO,

At 0°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) 80cc (b) 889cc (c) 66.7cc (d) 100¢cc
Pressure of a mixture of 4 g of O, and 2 g of H, confined in a
bulb of 1 litre at 0°C is: (AIIMS 2000)
(a) 25.215 atm (b) 31.205 atm

(c) 45215 atm (d) 15210 atm

Density ratic of O, and H, is 16 ; 1. The ratio of their rras
velocities will be: (ATIMS 2000)

(@) 4:1 ®) 1:16 () 1:4  (d) 16:1



195.

196,

197.

198.

199,

200.

201,

202.

STATES OF MATTER

The rate of diffusion of a gas having molecular weight just
double of nitrogen gas is 56 mL s™'. The rate of diffusion of

nitrogen will be: (CPMT 2000)
(@ 79.19 mLs™ . (b) 112.0mLs™

(c) 56 mLs™ (d) 90.0mLs™

The density of air is 0.00130 g/mL. The vapour density of air
will be: (DCE 2000)

(a) 0.00065 (b) 0.65 (c) 14,4816 (dy 14.56
If 300 mL of a gas at 27°C is cooled to 7°C at constant
pressure, its final volume will be: (ATIMS 2000)
(a) 135mL  (b) S40mL (c) 350mL (d} 280 mL
For an ideal gas, number of moles per litre in terms of its
pressure P, gas constant R and temperature 7T is:

(AIEEE 2002)
(a) PT/R (b) PRT (¢) PRT (dy RT/P
The van der Waals’ equation reduces itself to the ideal gas
equation at: [MEE (Kerala) 2001; CBSE (PMT) 2002
(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? [IIT (Screening) 2002; PET (Kerala) 2007|
@241 2241
e 273 k" B68L K @ 273 K) a%%%",(}
V(L) V(L)
T (K) T (K)
?%22%}() (30.6 %%.%K}
al a
at373 K) i
v Wy L__28719
TK) — TK —
{© @
(22.4L
T at 273K)
V(L) {15L at

373K)

T{K) —
(e)

The following is a method to determine the surface tension of
liquids: [CET (J&K) 2007]
(a) single capillary method (b) refractometric method

{c) polarimetric method {d) boiling point method

The crystalline structure of NaCl is: JCET (J&K) 2007]
(a) hexagonal close packing (b) face-centred cubic

{c) square planar (d) body-centred cubic

297
203. A crystal lattice with alternate +ve and ~ve ions has radius
ratio 0.524, its coordination number is:

[PMT (Manipal) 2002]
(a) 4 b3 (©) 6 (dy 12
204, The major binding force of diamond, silicon and quartz is:
[MEE (Kerala) 2002]

(a) electrostatic force
{c) covalent bond force
(e) van der Waals’ force

205. A compound is formed by elements 4 and B. This crystallizes
in the cubic structure when atoms 4 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) 4B, (c) 4,B (dy 4B,

206.. The coordination number of a metal crystallizing in a
hexagonal close packed (hep) structure is:  [PET (MP) 2004]
{a)6 (by12 ©8 (d)4

207. The crystal system of a compound with unit cell dimensions
a=0387, b=0.387, ¢=0.504 nm and o =0 =90° and

(b) electrical attraction
(d) non-covalent bond force

¥ =120°is: {AIIMS 2004)
{a) cubic {b) hexagonal
{c) orthorhombic (d) thombohedral
208. The maximum number of molecules is present im: »
[CBSE (PMT) 2004]

(a) 15LofH, gasat STP  (b) SL of N, gas at STP
(c} 0.5 gof H, gas (d) 10 g of O, gas

209." The root mean square velocity of one mole of 2 monoatomic
gas having molar mass M is U,,. The relation between
average kinetic energy (E) of the gas and

[]IT (8) 2004]
- | 3E 2E
a U s = — . Ums F [
@ Um, o ) 1[3M
2E f E
Y e = A= DU e = 4]
(©YUsms o (d) REY A
210. Which of the following is not a property of liquid state?
{BHU (Pre) 2005}

{2) Intermolecular force of attraction in a liquid is quite large
(b) All hqulds accompamed 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
211. A certain sample of a gas has a volame of 0.2 litre measured at
1 atm pressure and 0°C. At the same pressure but 273°C, its
volume will be: [BHU (Pre) 2005}
(a) 04L (by 0.8L (c) 27.8L  (d) 55.6L
212. When electrons are trapped into the crystal in anion vacancy,
the defect is known as: [BHU (Pre) 2005!
{a) Schottky defect (b) Frenkel defect
(¢} stoichiometric defect ~ (d) F-centres )
213. In'thé equation of state of an ideal gas PV = nRT, the value of
the universal gas constant R would depend only on the:
(KCET 2005)
(a) nature of the gas (b) pressure of the gas
(c) units of the measurement (d} none of these
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If Z is the number of atoms in the unit cell that represents the
closest packing sequence ABC ABC ...,

tetrahedral voids in the unit cell is equal to:  (AIIMS 2005) -
. z Z
(@) Z (b) 22 (© 3 (d) 1
Equation of Boyle’s law is: (DPMT 2005)
dP dv aP . drv ‘
e s . b) — =+ —
() ” ( ) %
2 2 2
d-p dv d P dv
©==- @ ==+ 22
' P ar P dt
[Hint: PV = constant
PAV +V dP =10
__dav,
P 14
In a face-centred cubic unit cell, edge length is:
, (DPMT 2005)
4 4 V3
@) —=r b) —=r (c) 2r @ ——~r
7 7

Ifv Vrms is 30R"? at 27°C, then calculate the molar mass of the

gas in kilogram: (DPMT 2005)
(@1 - (b) 2 (c) 4 (d) 0.001
MHint: o_ = [°RL
m
30RV? = \;3 X R x 300
m
m=0001kg]

The pressure exerted by, 1 mole of methane in a 0.25 litre
container at 300 K using van der Waals equation (given
a=2253atm L? mol™, b = 0.0428 L mol ") is:

) - [JEE (Orissa) 2005]
(a) 82.82 atm {b) 152.51 atm
{€)190.52 atm (d) 70.52 atm

An ionic compound has a unit cell consisting of * 4° ions at the
corners of a cube and ‘B’ ions on the centres of the faces of the
cube. The empirical formula for this compound would be:

[ATEEE 2005; CET (Karnataka) 2009]
(a) AB by 4,B
{c) 4B, {d) 4,8
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
{(¢) The distribution becomes broader
{d} The area under the distribution curve remains the same as
under the lower temperature
A gas can be liquefied:
(2) above its critical temperature
{(b) at its critical temperature
(c) below its critical temperature
(d) at any temperature
If the absolute temperature of a gas is doubled and the pressure
is reduced to one-half, the volume of the gas will:
[PET (Kerala) 2005

(AFMC 2005)

the number of

223.
double the pressure, if the initial volume of a gas at 75°C is

224.

225.

226.

227.

228,

* (b) be doubled
(d) be halved

(a) remain unchanged
{¢) increase fourfold
() be reduced to one-fourth
[Hint: Use ——1 P]V' = P2y2 ]

T T,
To what temperature must a neon gas sample be heated to

decreased by 15%7 [PET (Kerala) 2005]
(a) 319°C  (b) 592°C  (c¢) 128°C  (d) 60°C
(e) 90°C
{Hint: Lild} =£2—V2-
T, T,
PV _2Px 85V
348 T,x 100
T,=5916K
t, =3186°C]
The surface tension of which of the following liquids is
maximum? {CBSE (Pre) 2005}
(a) C,H;OH (b) CH,0H (c)H,0 (d) C4H,

[Hint: (c) Due to hydrogen bonding, H,O has the highest
intermolecular force, hence its surface tension is also
maximum.]

An element (with atomic mass = 250¢g) crystalhses inasimple
cube. If the density of unit cell is 7.2 g cm >, what is the radius
of the element? IJEE (Orissa) 2006]

(@ 1.93x 10 cm (b) 1.93x 10 em
©) 1.93x10%A (d 1.93%x10%m

IPxpxN,

M
13 % 72%6.023x 10%
250

1=386x10" cm

[ = 2r(for simple cubic unit cell)

-3
p=t 386107 =193x10* cm]

[Hint: 7=

l:

Dominance of strong repulsive forces among the molecules of
the gas (Z = compressibility factor): (AHLIMS 2006)

(a) depends on Z and indicated by Z = 1

(b) depends on Z and indicated by Z > 1

(c) depends on Z and indicated by Z < 1

{d). is independent of Z

[Hint:  When Z > 1, the gas is less compressible than ideal

gas and the repulsive forces dominate.]

Total volume of atoms present in a face-centred cubic unit cell

of a metal is (r is atomic radius): (AIEEE 2006)
20 4 24 12
(@) 57 —m}w ()-—ml (d) —nr"’

If we know the fonic radius ratio in a crystal of ionic solid,
what can be known of the following? [CET (Gujarat) 2006]
(a) Magnetic property

{b) Nature of chemical bond

{c) Type of defect

(d) Geomettical 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?

(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

(DCE 2006)

order of pressures? (EAMCET 20066; AIIMS 2008)
! Ps
\Y P,
L Py
e’ﬁl’:':::“'" !
0K 273K
T e

@ A>P>Fh b A>P>P
© AR>F>H ) />R >P
If NaCl is doped with 10 mo! % of SCl,, the concentration
of cation vacancies will be (N , = 6023 x 102 ):
{CBSE (Medical) 2007}
(a) 6.02 x10"® mol™! (b) 6.02 x10"7 mol™!
(¢) 6.02 x10" mol™* (d) 6.02x 10" mol™’
Coordination number of NaCl crystal will be:
{PET (MP) 2007
(a) 8:8 (b) 6:6 (c) 4:4 (d) 2:2
The unit cell of Al (molar mass 27 g mo 1”1y has an edge
lcngth of 405 pm. Its density is 2.7 g/ cm®. The cubic unit cell
is: {PET (Kerala) 2007]
(a) face-centred * (b) body-centred (c) primitive
(@) edge-centred (e) simple
@ xdxN, _(405x107%) x27x 6023 x 107
27

=4

-~ 1t is a face-centred cubic unit cell.]

The 8 8 type packing is present in: (VITEEE 2007}
(a) MgE, (b) CsCt (¢) KCI (d) NaCl

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.) 2010}

1 2 273 1
Wi o3 @ 3

© 2x 22
3 298
Percentage of free space in a body centred cubic unit cell is :

[CBSE (PMT) 2008] -

(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.

{¢) The fraction of the total volume occupied by the atoms ina
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]

239.

240.

241,

299
@1a ﬁ ‘—/—Za by la:v3a:+42a
2 2 2 :
(c)lai3 '—j/.—zéz (d)-;-a:\/ga:—‘%a
[Hint :  Simple unit cell, r=al2
a3

Body centred unit cell, » = e

a
Face centred unit cell, = —=
. Np) i

The term that corrects for the attractive forces present in a real .
gas in the van der Waals’ equation is: - (IIT 2009)

2
(2) nb (b) — ©) —

Which is not the correct statement for ionic solids in whxch
positive and negative ions are held by strong electrostatic
attractive forces? (DCE 2009)

N A o .
(a) The ratio — incfeases as coordination number increases
r

(d) ~nb

{b) As the difference in size of ions increases coordination
number increases -

(¢) When coordination number is eight, the — ratio les
between 0.225 - 0414 r

(d) In ionic solid of the ty
coordination number of Zn
and 4

The packing efficiency of the two-dimensional square unit cell

shown below is; (IIT 2010)

AX (ZnS, Wurtzite) the

and 8°" respectively are 4

PAN

el

(a) 39.27%

(c) 74.05% .

(Hint: a/2=4r

a=242r

Qccupied area «
Total area
2

Ty

(b) 68.02%
- (d) 78.54%

Packing fraction = 100

x 100 = 78.5%]

«

Set-2: The questions given below may have more

1.

than one correct answers

If force of attraction betweeh the molecules is negligible,
van der Waals’ equation (for one mole) will become:

RT a
a3) PV =RT + Pb b) P =
@ b P= -

)PV =RT+alV (d) PP =RT -alV
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. vander Waalé’ equation for:
A. High pressure. (1) PV =RT + Pb
(iiy PV =RT - alV

(i) PY =RT +alV

B. Low pressure

C. Force of attraction is
negligible

D. Volume of molecules is

- negligible
(a) A (iv), B (i), C (i), D (iii)
(b) A (i), B (i), C (iii}, D (iv)
{c) A(iv), B (iii), C (i), D ()
(d) A(iv), B (i), C iii), D (i) ,
. van der Waals® constants for three different gases are given:

(iv) (P+ E/a_?] (¢ - b)=RT

Gases a 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

{¢) Maximum molecular volume—Z

(d) All are correct

. What is the ratio of mean speed of an O, molecule to the rms
speed of an O, molecule at the same T 7

(a) 3m/7)"? () (16/ 97"

(© (3n)'"? (d) (4m/ 9)'?
. Boyle’s law may be represented as:

4P =K/V b iy __K
(a) ;I‘;T*- (b) —‘};:r_ I

’ dpP K dP K
ofFlw eF)

where, K = constant.

. If pressure of a gas is increased by 1% when heated by 1°C, its
initial temperature must be (if volume remains constant):

(@ 100K (b) 100°C  (c) 250K (d) 250°C

. Which of the following are not the units of gas constant, R?
(a) dyne K™! mol™ (b) erg deg™ mol™

(¢) em® K™ mol™ (d) kPa dm® K™ mol™

8.

19,

11.

. A gas described by van der Waals’ equation :

According to Charles’ law:

(@) V«% ) (
AN

U[d?] =K @

In the following statements :
(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

F

W s

The correct statements are : (ISAT 2610)
()A,B,Cand D (b)A,Band C
(¢)B,Cand D (d)Cand D
Which of the following relationships is/are not true?
{a) Most probable velocity = VE-RI
(b) PV = > kT
2
(¢) Compressibility factor Z = ——
nRT
{d) Average kinetic energy of gas = -% kT
According to kinetic theory of gases: (HT 1991)

(a) the pressure exerted by a gas is proportional to mean
square velocity of the molecules

{b) the pressure exerted by the gas is proportlonal 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

(11T 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 of the
temperature.

(d) has the pressure that 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.

2.

. (A) The heat absorbed durmg the isothermal expansmn of an
ideal gas against vacuum is zero.

(R) The volume occupied by the molecules of an ideal gas is
Zero. (II'T 2000)

(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. (1T 2000)



10.

11.

12.

STATES OF MATTER

(A)Cp ~ Cp = R for an ideal gas.
R) {i}g) = ( for an ideal gas.
oV /r

(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.
(A)On cooling, the brown colour of nitrogen dioxide
disappears.

{R) On cooling, NO, undergoes dimerisation resulting in the
pairing of the odd electrons in NO,.

(A) The value of the van der Waals’ constant ‘@’ is larger for
ammonia than for nitrogen.

(R) Hydrogen bonding is present in ammonia.

(A) The Joule-Thomson coefficient for the ideal gas is zero.

(R) There are no intermolecular attractive forces in an'ideal gas.

(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
chemnical reaction takes place in one single step or in-

several steps. . (EAMCET 2006)

(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.
' (SCRA 2007)
[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.}
(A) Meniscus of a liquid disappears at the critical temperature.
(R) Density of liquid and its gaseous phase become equal at
the critical temperature. [BHU {Screening) 2008]
(A) Graphite is soft while diamond is hard. s
{R) Graphite has three dimensional structure while diamond
has planar. [BHU (Screening) 2008]
(A) White tin is an example of tetragonal system.
{(R) For tetragonal system a = b = cando. = =y # 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 any one of the following four responses:

(a) 1f 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.
(d) If both (A) and (R) are false.

13.

14,

15.

(A) Sulphur dioxide and chlorine are both bleaching agents.

{R) Both are reducing agents. {AJIMS 1994)

(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. (AITMS 1996)

{A) Noble gases can be liguefied.

(R) Attractive forces can exist between non-polar molecules.

(AIIMS 1998)

16.

17,

18.

19.

20.

21.

22.

23.
24,
25.
26.

27.

28.

29.

30.

31.

32.

(A) Under similar conditions of temperature and pressure, O,
diffuses 1.4 times faster than SO,.

(R) Density of SO, is 1.4 times greater than that of O,.

{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. :

{A) The plot of volume (') versus pressure (P) at constant
temperature is a hyperbola in the first quadrant.

(R)¥ o< 1/ P at constant temperature.

(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.

(A)If H, and Cl, 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.

{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.

(A) Compressibility factor (Z ) for non-ideal gases is always
greater than 1.

(R) Non-ideal gases always exert higher pressure than
expected.

(A) van der Waals’ equation is applicable only to non-ideal
gases.

{(R) Ideal gases obey the equation PV = nRT.

(A)Helium shows only positive deviations from ideal
behaviour.

(R) Helium is an inert gas.

(A) Gases are easily absorbed on the surface of metals,
especially transition metals.

(R) Transition metals have free valencies.

(A) 8O, gas is easily liquefied while H, is not.

(R) SO, has low critical temperature while H, has high critical
temperature.

(A) Diffusion is used in the enrichment of U*.

(R) A lighter gas diffuses more rapidly than a heavier gas.

(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)

(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)

(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)

(A) Graphite is an example of tetragonal crystal system.

(R)For a tetragonal system a=b+#c,0 =B=90F and
¥ = 120°, A (AIIMS 2006)

{A)No compound has both Schottky and Frenkel defects.

{R) Both defects change the density of the solid.

: (AIIMS 2008)
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[ s#nowers : OBJECTIVE QUESTIONS -

e Set-1 V
1. (©) 2. (d) 3. (d) 4. (8 5, (a) 6. (b) 7. () - 8. (¢
9, (a) 10. (2) 11. (@) 12. (0) 13. (b) 14. () 15. (d) 16. (@)
17. (b) 18. (b) 9. 20. () 21. (d) 22. (b) 23. (a) 24, (2)
25. () 26. (a) 27. (a) 28. (d) 29. (b) 30. (¢ 31 (a) - 32. (b)
33. () 34. (b) 35. (b) 36. (a) 37. (d) 38. (b). 39. () 40. (b)
41. (d) 42. (d) 43. (¢} 44. (©) 45. (a) 46. (b) 47. (d) 48. (c)
49, (¢) 590. (c) 51, (d) - 52. (b) 53. (d) 54. (¢) 55. (a) 56. (a) -
57.(  58.(d) - . 59.(d) 60. (2) 61. (b) 62. )  63.() 64. (c)
65. d . 66. (© 67. (2) 68. (d)- 69. (b) 70. (b) 71. (d) 72. (a)
73. (@) 74. (©) 75. (d) 76. (¢) 77.(b) 78 (c) 79. (d) 80. (a)
81. () 82. (b) 83. (a) 84. (d) 85. (c) 86. (c) 87. (a) 88. (b)
89. (a) 90. (d) 91. (c) 92. (b) 93 () T 9. (a) 95, (d) 96. (b)
97. (b) a8, {cy 99, (a) 100. (d) 101. (a) 102. (d) 103. (b) 104. {c)
105. () 106. (2) 107. (d) 108. (b) 109. (b} 110. (&) 111, (d) 112. (3)
113. (¢) 114. (b) 115. (a) 116. (d) 117. (2) 118. (a) 119. (b) 120. (c)
121. (d) 122. (d) 123. (c) 124. (d) 125. (b) 126. (b) 127. (c) 128. (a)
129. (@) 130. (c) 131. (b) 132. (a) 133. (d) 134. (d) 135. (a) 136. (b)
137. (d) 138. () 139. (b) 140. (2) 141. (2) 142. (b) 143. () - 144. (a)
145, (b) 146. (c) 147. {c) 148. (d) 149, (d) 150. (¢) 151. (b) 152. (a)
153. (¢)  154. (b) 155. (d) - 156. (c) 157. (c) 158. (b) 159. (d) 160. (b)
161. (d) 162. (b) 163. (b) 164.. () 165. (b) 166. (b) 167. (a) 168. (2)
- 169. (b) 170. (d) 171. (c) 172. (d) 173. () 174. (b) 175. (d) 176. (2)
177. (d) 178. (b) 179. (a) 180. (2) 181. (b) 182, (a) 183. (c) 184. (b)
. 185. (¢) 186. (d} 187. (a) 188. () 189. )] 190. (b) 191. (d) 192. (b)
193. (a) 194. (¢} 195, (a) 196. (d} 197. (d) 198. (c) 199. (¢) 200. (¢)
201. (a) 202. (b) 203. () 204. (c) 205. (a) 206. (b) 207. (b) 208. (a)
209, (b) 210. (&) 211. () 212. (d) 213. (©) 214. (b) 215, (a) 216. (2)
217. (d) 218. (a) 219. (¢) 220, (b) 221. (c) - 222. (c) 223. () 224. (c)
225. (b) 226. ) 227. (d) 228. (d) 229. (c) 230. (b) 231 (b) 232. (b)
233. (a) 234. (a) 235. (d) 236. (d) 237. () 238. (c) 239. (b) 240. (c)
241. (d) :
e Set-2 , _
1. @ 2. (@) () I W ) 5. (a) © 6. (2) 7. (a,c) 8. (b,¢c,d)
9, (c) 10. (d) 11. (b, d) 12. (2, ¢)

C ;'i"mm - ASSERTION-REASON TYPE QUESTIONS |

1. (b) 2. (¢) 3. (b) , 4. (a) 5, (a) 6. (a) 7. (a) 8. (b
9. (¢) 10. (a) 11. {c) 12. (¢) 13. (c) ) 14. (¢) ' 15. (@) 16. {c)
17. (&) 18. (2) 19. (¢ 20. (d) 21. (¢) 22. (d) - 23. ) 24. (b)

25.8 26 () 27. (b) 28. (0) 29. (©) 30. (2) 3L .. 32.(d)
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IIT ASPIRANTS 1

: 2 2
.n
1. Which of the following graphs is not a straight line for an ideal (a) n/V (b) nb © V 2h @ =5

IOBJECTIVE QUESTIONS for

The following questions have single correct option:

y e
gas?

@V T ®ToP (© n—)% @ n->71)-
. The quantity (PV / kzT )represents the:

(a) number of molecules in the gas

(b) mass of the gas

{c) number of moles of the gas

(d) translational energy of the gas

[Hint: PV =nRT
PV
P T e
RT
hl
Number of molecules = N L
RT
PV Py

T@RINDT kT
where, k; = Boltzmann constant.]

. 1 litre of N; and 7/8 litre of O, at the same temperature and
pressure were mixed together, What is the relation between the
masses of the two gases in the mixture?

(a) My, =3M,, (b) My, = 8Mo,

(C) MN2=M02 (d) MszléMoz
M
[Mint: PV =—RT
m
My
Pxl=—2tRT ()
28
M
Px2 =29 pr h
8 32
Dividing eq. (i) by eq. (ii), we get
MN2"1= M(}z]

. 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) 125torr  (b) 500 torr (c) 250 torr (d) 750 torr
. The density of a gas A4 is twice that of a gas B at the same
temperature. The molecular mass of gas B is thrice that of 4.
The ratio of the pressures acting on 4 and B will be:
(@) 6:1 (b 7:8 () 2:5 (d) 1:4
[Hint:  Pm=dRT
Pymg  dgRT

.}_)'i X .1. =2
P 3 , - s
PPy =6:1] ~
. In the corrections made to the ideal gas equation for real gases,
the reduction in pressure due to attractive forces is directly
proportional to:

2
. n

[Hint: Pressure correction = a ;-2—
2

. n
Pressure correction o< — |
y?

. Which of the following conditions is favourable for

liquefaction of gas?
@T>T;P>P
€}y T=T,,P=P,

b TIT<IP>P
(A T=T,P<P,

. 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 -7 curves are:

(a) parabolic with same curvature

(b) parabolic with different curvatures
(¢} linear with same slope

{d) linear with different slopes

[Hint:

Straight lines with different slopes will be obtained.]

. A spherical air bubble is rising from the depth of a lake when

pressure is P atm and temperature is ' 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/ 4.)

(a) 100% (b) 50% {c) 40% (d) 200%

V V.
[Hint: Ah _Bh ; ¥V = initial volume, V; = final volume
: 0
PV, P_V,
—_— i Y e
T 4 z2r
-
-8
v, =8,

New radius = 2r (. 100% radius will increase)]

. Itis easier to liguefy oxygen than hydrogen because:
(2) 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



304

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

. () oxygen has a higher ctitical temperature and a higher

11.

12.

13.

14,

15.

16.

‘ (a) O,

inversion temperature than hydrogen
(d) the critical temperature and inversion temperature of

~~  oxygen is very low

2 mole ‘He’ is mixed with 2 gm of H,. The molar heat capamty
at constant pressure for the mixture is:

@ oL @a  @F

[Hint: Cﬁ for ‘He’ = —52- R;Cp, forH, =§R
Ay, = 2; téHz =1

nXCPl +n2CP2 2X§R+1X%R

Cp = =
. F rzl+n2 3

17R

The van der Waals constant * for the gases O,, N, NH; and
CH, are 1.36, 1.39, 4.17 and 2.253 respectively, the gas which
can be most easily liquefied is: ‘
b N, (c) NH;, (d) CH,

[Hint: The van der Waals’ constant ‘@’ is directly proportional
to the intermolecular force; hence, the gas with greater value
of ‘a’ can be most easily liquefied.]

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?
(@) 700K (b) 500K  (cy 800K  (d) 400K

[Hint: - KE= % nRT
n = 1, for molar kinetic energy

[éxlxRxT] =(§x1xRx4{)(}J
2 Hetlium Argen

7 =400K]
Let P, and P be the saturated partial pressure and partial
pressure of water respectively. Then the relative humidity is

~ given by:
P+P P
= 100 by — x 100
@ ® 5
(© 5><100 (@ (P+P)x100

Molar volume of a monoatomic gas at P, and 7 is 0.5 times its
molar volume at 10F; and at the same temperature. Ignoring
the value of the van der Waals’ constant ‘a
gas molecules is given by:

1/3
L ) {O.GRZ{,J
P, PN
(c) 7 3RT0 \‘1/3 (d) 3RTO 1/3
L.‘ZOPO Nr ) » 20Pm

where, N = Avogadro’s number

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(O,)=0785P(N,)
(©) P(0,)=114P(N,)

(b) P(0,)= 8T5P(N,)
(d) P(0,)=0875P(N,)

’, the radius of the

17.

18.

19.

20.

{Hint: PV =nRT
Py =X RT
m
\P02V=%RT : ()
By V—-EgRT , .. (D)
o, 28
R, 32

Py, = 0875R, ]
KCl crystallises in the same type of lattice as does NaCl.Given

that " / = 0.55 and - /’ér = 0.74. Calculate the ratio
of the s;de of the unit cell for KCl to that of NaCl
: [PET (Kerala) 2008]
(ay 1.123 (b) 0.891 (c) 1414 (d) 0414
(e) 1.732
Fo. 7.
[Hint: MNa_ = Q.55, K_ =074
o= Ta-
ro.
Na_ 4 ]= 155 e
- :
[
X o 41=174 2
-
Dividing (2} by (1)
174 R +7y- o
155 - Nt -
rK—*fr—‘ = 1.122]
rat Ty

8:8 coordmatxon of CsCl is found to change into 6: 6 coor-
dination:

(a) on increasing the pressure

{b) on increasing the temperature

(¢) on decreasing the pressure

(d) on deereasing the temperature ,
An alloy of Cu, Ag and Au is found to have copper constituting
cep lattice. If silver atoms occupy the edge-centres and gold is
present at body-centre, the alloy has the formula:

(a) CusAg,Au (b) CusAg,Au

(¢} CusAg,Au (d) CuAgAu

{Hint: In ccp arrangement, Cu atoms occupy the corners and

face-centres.

. Number of Cu atoms =8xé + 6><%=4

Number of silver atoms = Number of edge - centres x %
=12x 1 3
4

Number of gold atoms =1 (at body -centre)

- Formula of alloy = Cu,Ag;Au]
The anions (4) form hexagonal closest packing and atoms
{M) occupy only two-third of octahedral vmds in it; then the
general formula of the compound is:

{a) M4 (b} 4, (c) Myd4, (d) M;4,
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22.

23.

24.

25.

26.

27,

28.
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In a face-centred cubic of 4 and B-atoms in which 4 atoms are
at the corners of the unit cell and B-atoms at the face-centres,
one of the 4-atoms is missing from one corner in unit cell. The
simplest formula of the compound is:

(a) 4,8, (b) AB, (cy 4,85,

[Hint: l

(d) AgBy

Number of 4 atoms = ~1- X T =
Number of B atoms =6 xé— =3

A:B=%:3=?:24

Molecular formula = 4,58, ]
Select the incorrect statement(s):
(a) Schottky defect is not shown by CsCl
{(b) Frenkel defect is shown by ZnS
{¢) hep and cep structures have different coordmatlon
numbers
{d) at high pressure, the coordination number increases
Select the incorrect statement:

(a) In CsCl unit cell, fot + -

!
N'NNI&

(b) InNaClunitcell, r . +7,_ =

(c) In CsCl unit cell, 68% space is void

{d) In NaCl uvnit cell, 26% space is void

The jonic radii of Rb* andI ~ are 1.46 and 2.16 A respectively.

The most probable type of structure exhibited by it is:

(a) CsCl {b) NaCl {c) ZnS (d) CaF,

Perovskite is a mineral with the formula CaTiO,. Which of the

positive ions in the crystal is more likely to be packed in.the

octahedral holes?

(a) Ti** (b) Ti* () Ca®*  (d) O3

Which of the following is incorrect ?[BEU (Sereening) 2088}

(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)[ W = Qfor an ideal gas
v ),

(d ){GU\ i 1 b der Waal’
——-—orarea as obeying van der Waal’s
(o), = foreret e b
equation
[.0.:: A real gas cannot behave like ideal gas at critical

temperature.

The number of atoms in 100 g of an fce crystal with density
d =10g/cm’ and cell edge as 200 pm 1s equal to:

(a) 3x10®  (b) 5%x10%* (o) 1x10® (d) 2x 107

In a cep 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.

30.

31

32.

33.

34,

35,

36.

{(2) temperature

~ {a) Benzene
. (€) Diethyl ether

Which of the following compounds represents an inverse 2: 3
spinel structure?

(a) Fe" [Fe" Fe'"O, (b) PbO,

(c) ALLG, {d) Mn 0,

A solid solution of CdBr, in AgBr contains:

(a) Schottky defects

(b) Frenkel defects

(¢) Colour centres

(d) Frenkel as well as Schottky defects

Which of the following correctly represents the relation’
between capillary rise /1’ and capitlary radius ‘#* ?

|
|

7o

(@) (b)

T‘\

r—
{c) {d)
Hint: Capillary rise decreases with increase in the radius of
tube.]

There is a depression in the surface of the liquid in a capillary
when:

(a) the cohesive force is smaller than the adhesxve force

(b) the cohesive force is greater than the adhesive force

(¢} the cohesive and adhesive forces are equal

(d) none of the 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
capiilary called adhesive force. ]

Surface tension does not vary with:

{b) vapour pressure

(¢} the size of surface (d) concentration

Which among the following has the least surface tension?

(b) Acetic acid

(d) Chlorobenzene

The SI unit of the coefficient of viscosity is:

@ Ns'm? () Nsm? (¢) Ns m? @) Ns ' m™
Compressibility factor for a gas under critical condition is:

(@) 3/8 (n) 8/3 © 1 (@) 1/4
Hint: RV, =7 2 Ry,
' PV,

Z=

3,
RT, 8§

<
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37.

38.

39.

40.

41.
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Critical temperature of H, O is greater than that of O, because
. H,0 molecules have:

(a) greater dipole moment
(b) V-shape
(c) lesser number of electrons

(d) it has only sigma bonds ' 42

For van der Waals’ constants ‘e’ and ‘b’ the unit of the ratio %
will be: 43

(a) atm litre™
(c) litre-atm mol™?

(b) litre-atm mol ™!
(d) litre mol ™

(8

an

[Hint: Procrection =75 Unit of & = atm litre? mol

A

¥,

correction — nb

L2 -2
Unit of (%): atm litre* mol *

litre mol ™!
= atm litre mol ™! ]

Unit of b = litre mol™!

Select the correct order of the following temperatures:
Boyle temp. Critical temp. Inversion temp.

(A) B) (63}
(@ A>C>8 by B>A>C
(¢ A>B>C dC>4>8
[Hint: TB-(Boyle temp.) = £ ; T; (Inversion temp.} = 2a
\ R, Rb
Ba
T, (Critical = e
(Critical temp.) = 37RE
T,>Ty>T,]

Thc gas equation for a real gas is:

P(V - b)=RT ' : 4.

Here, the parameter ‘b’ is van der Waals’ constant. The graph -
of pressure -against temperature (isochore) will give straight
line of slope: :

(a) zero (d} negative

(b} R (¢} R/P

(V- b) _
A crystalline solid is made of X, ¥ and Z elements. Atoms of X
form fec packing; atoms of ¥ occupy octahedral voids while

atoms of Z occupy tetrahedral voids. What will be the simplest

~formula of " solid if atoms along one body diagenal are:

removed ; ,
(by X¥YZ (¢} X Y,Z; (d) X,¥Z
[Hint : Number of atoms of X (at packing site, i.e., at comers
and face-centres)

_8x1+6xl=

8 2

Number of atoms of Y= 4
Number of atoms of Z= 8§
Along one body diagonal there will be two X atoms, one ¥
atom and- two Z atoms are found and are removed.

Numberp' Vatoms of X will be = 4 — -é X 2= B

4

~1= 3
Number of atoms of Z will bc =82

||

45,

X:Y:Z
15 :3:6
4
5:4:8
Simplest formula will be X ;Y,7;.]

. Which of the following pattern has void fraction of 0.26 ?

(a) AAAA...
(c) ABCABCABC...

(b) ABABAB...
(d) ABCCBAABC...

. .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 :

He
0.63 atm
1.2 litre

(2) latm  (b) 0.328 atm(c) 1.64atm (d) 0.166 atm
PV 0.63x12 '
int sy, =t = 003X12 444
[Hint : mye = 2 = 30821 % 300
o 28X34 oo
0.0821 % 300
= e o 003 _ 50914
Moo + Mg 0.03+ 039

Total pressure after connecting the bulbs will be : .
AVi+ BV, =FR Vi +V3)
0.63x1.2+2.8x3.4=PF (12 +3.4)
P, =233 atm
Py = Xge X Pp =0.0714 x 2.33 = 0.166 atm]
Ammonia gas at 76 ¢cm Hg pressure was connected to a
manometer. After sparking in the flask, ammonia is partially
dissociated as follows:
INH; (g) = Np(g) +3Hy(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
H,{(g)at equilibrium?

(a) 18 cm Hg (b)Y cm Hg
(c}27cm Hg {d) 24 cm Hg.
[Hint: = 2NH; (g) == Ny(g) +3Hy(g)
ty . 76 0 0
fy  T6-2x x 3x

~tal pressure after dissociation =76 ~ 2x +x +3x =76+ 2x
Increase in pressure = 2x = 18
x=9cm.
Partial pressure of H, = 3x =27 cm]

Two balloons 4 and B are taken at .
300K. Maximum capacity of balloon
A and balloon B are 800 mL and 1800
mL respectively. When the balloon
system is heated; which ope will
burst first?
(a) Inner balloon (4)
(b} Outer balioon (B)
(c) Both balloons simultaneously
(d) Cannot be predicted

1600 mL. ~
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[Hint : For balloon A4 :

Vi "
o h
700 _ 800
300 T;_
T,=34285K
For balleon B :
' n_h
T, T
1600 1800
300 T
=3375K
Thus, outer balloon B will burst first.]
46.
e
Gas

A gas jar of 10 litre volume filled with O, at 300 K is

connected to glycerine manormeter. The manometer shows 5 m’

_difference in the level as shown in figure. What will be the
number of moles of O, in the gas jar ?

(Give d gyoerine = 2.72 g/mL; d ey, = 13.6 g/ml).
(@) 0.64mol (b)0.4mol (c)0.94 mol (d)0.36 mol
[Hint: (hxd X gy, =X d X &ycerine '
(h X 136), = (5% 2.72)gycerine
B =(1+076)m
= 1760 mm Hg
PV = nRT
1—’@xlo n % 0.0821x 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?

V —»

@ (b)

19.

1L

(a) Mg" AlTO,

V— P—

© (d)

Which of the following equation(s) 1s/ are correct on the basis
of ideal gas equation?

(@) PV = -2 RT
S

A

(b) PV = Nk,T

(c) PV = 4 RT (d) PV = dRT
m

where, N = number of molecules, N , = Avogadro’s number,
ke = Boltzmann constant

A gas can be easily liquefied: ‘

(a) when its inversion temperature equals the Boyle’s temperatmv

(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. (i) A gas

can be liquefied below the critical temperature by increasing the

pressure.]

Which of the following quantities are same for all ideal gases

at the same temperature?

(a) The kinetic energy of 1 mole

{b) The kinetic energy of 1 g

(¢) The number of molecules in 1 mole

(d) The number of moleculesin 1 g .

[Hint: (i) 1 mole of a gas always contains 6.023 x 10* molecules.

(ii) Kinetic energy of ideal gases depends only on temperature. ]
Which of the following statements are correct?

(a) Helium diffuses at a rate 8.65 timef as much as CO does
(b) Helium diffuses at a rate 2.63 times as fast as CO does
(¢) Helium diffuses at a rate of 4 times faster than CO,

(d) Helium diffuses at a rate 4 times as fast as SO, does
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

Viscosity is the property of: :
(a) liquids  (b) gases (c) solids (d) all of these
Which of the following crystals have 6: 6 coordination?

(a) NH,I (b) MgO  (c) MnO (d) ZnS

Which of the following compounds represent a normal 2:3
spinel structure?

(b) Coll- (COm)204

(¢) Zn(TiZn) O, (d) Ni(CO),

Which type of crystals contain-only one Bravis lattice?

(a) Hexagonal (b) Triclinic

{c) Rhombohedral (d) Monoclinic

At which temperature, is a ferrimagnetic solid converted to a
ferromagnetic solid? :
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(a) 850K (b) 300K (c) 400K  (d) 600K

« Constant P
12. In NaCl structure, all the: T
(a) "octahedral sites are occupied v
{(b) tetrahedral sites are unoccupied )
(c) octahedral as well as tetrahedral sites are unoccupied
(d) octahedral as well as tetrahedral sites are occupied T —
13. The density of a certain solid 4B (formula mass = 119) is 2.75 @©
g/em®. The edge-of the unit cell is 654 pm long. What is/are i . .
true about the solid 487 16. Molar mass of Ne atom is ten times of H, molecule. Which of
(a) Tt has bec unit cell the following statement is/are true?
- 3 M <,
(b) There are four constituents per unit cell (a) Both these gases have same Kmetlc Energy at 27°C
(¢) Unit cell constituted by anion is fec {b) H, molecule will travel 10 times faster than Ne atomrat
{(d) Structure is similar to ZnS same temperature )
B RAXN (c) Pressure of 1 mol Ne atom and 1 mole H, molecules will
Hint: Z= —— be same .
o 103 » (d) Tenmole of H, and 1 mole of Ne will have same volume at
_ (654 x107%) x 275 x 6023 x 107 _ 4] a temperature of 27°C
119 17. Select the correct conditions indicated below the following
14. The unit cell of a crystalline solid is bounded by f (faces), e plots: ‘
(edges) and c¢-(interfacial angle). Which of the following : ) '
relations is correct? : isochores Isobars
@ fre=c+2 by f+e=e+2 Vs Ps
€y c+e=f+2 (d) None of these g
15. Which of the following. diagrams correctly describes the @2 / (b)
behaviour of a fixed mass of an ideal gas? (7 is measured in K) g R / V4 P
[PMT (Kerala) 2607; CMS Vellore (Med.) 2008; T e
CET (Punjab) 2068} " Temp(<) -273°C T
Constant T Constant V. (V1> Vy > Vs) (P1<P<P3)
T ' T ' isotherms isotherms
P P
L ‘ g T3
(© % CilPy T,
Y e T - & T T
. ; T o p—T
(a) _ (b) ‘T‘ T, 2
Constant T Constant T Volume — P —>
? T (T1<T2<Ty) {T1<Tz<Ta)
PV PV
V—s
(D) )
e Single correct option o
1. (@) 2. (a). 3 ) v 4. (c) 5. (a) 6. (d) 7. by 8. (4
9. (a) 10. ) 11. (a) 12, (©) 13. d) - 14.. (b) 15. (¢) 16. {(d)
17. (a) 18. (b) 19, () 20. (¢ 21. (0 22, (a,¢) 23. (©) 24. (b)
25, (a) 26. (c) 27. (b) ', 28. (b) 29, (a) 30. (d) 31. (b) 32. (b)
33. (0 34, (¢) 35. (&) 36. (@) 37. (a) 38. b) - - 39. (@) 490. (b)
41. (a) 42. / ©) 43, (d) 44, (¢) 45. (b) 46. (c)
e One or more than one correct options
1o(b,¢) 2. (a,b) 3. (b,¢) 4. (a,¢) 5 (a,d)y 6. (b,d) 7. (a,b) 8. (a,b)
. (a,b) 18. (a,b,¢) 11. (8 12. (a,b) 13. (b,c) 14. (b) 15. (e}

.17 (3, ¢ d)

16. (a,b,¢)
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This section contains 14 questions. The answer to |© @ @ @ flask at 0°C. The total pressure in atm of the gas.mixture will
each of the questions is a single digit integer, ranging % % % % be...
from 0 to 9. [f the correct answers to question numbers ) @ @ @ 16. A mixture of non reacting gases exert & pressure of 5 atm. If
X, Y, Z and W (say) are 6,0, 9 and 2 respectively, then [@ @ @ @ one of the gases .occupy 40% volume of the mixture, what
the correct darkening of bubbles will look like the %% % % wotild be its partial pressure in atm?
given figure : OO X 11, A gas is found to have the formula (C,0,),. Its vapour densféy
RE® is 34. The value of n will be ............ .
@ Qe 12. The weight of hydrogen gas obtained from 42 g of CaHa by
1. A substance AxBy crystallises in a face centred cubic lattice. treatment with Water is .....c......... gm.
Atoms A’ occupy each corner of unit cell and atoms of *B’ 13. The stop cock containing two bulbs of volume 5 litre and 10
occupy centre of each face of the cube. Total number of atoms litre containing an.ideal gas at 9 atm and 60 atm respectively is-
of 4 and B in one unit cell will be.............. . opéned. What is the final pressure in atm if the temperature
2. In KBr crystal structure, the number of second nearest Ternains the same?
neighbour of K* lons are ..o 14, At 400 K, the root mean square. (rms) speed of gas X
3. Density of lithium atom is 0.53 glem®, The edge length of Liis (molecular mass = 40y is equal to the most probable speed of
3.5 A. The number of lithium atoms in a unit cell will be gas Y at 60 K, The molecular mass of the gas ¥ is........ )
.......... . (Atomic mass of lithium is 6.94) v . : (IIT 2009)
4. Acubic solid is made up of two elements P and Q. Atoms of 0 . ZBRT { 2RT
are present at the corners of the cube -and atoms of P.at the [Hint : [ ] ( }
body centre. The coordination number of P and O will be d
............... \FM \/W
5 If there are 3 moles of atoms present in the packing of pattern
ABC ABC ABC ...... The number of moles of tetrahedral voids 4 %30
isequal to ..o . m
6. The number of atoms in HCP unit cell is ............ . m=4]
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 SO, will occupy a volume of 10 Iitre at a
~ pressure of 15 atm and temperature 624 K? (@ = 6.71 atm L*
mol™; b = 0.0564 litre mol™') .
1. 4 2. (12) 3.2 4. (8) 5. (6). 6. (6) 7. 3) 8. (3)
9. (4) 10. 2) 1. (1) 12. 9 13. () '

STATES OF MATTER

Integer Answer TYPE QUESTIONS |

9. 3.2 gof oxygen and 0.2 g of hydrogen are placed in 1.12 litre

14. (4

30—
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¢ Passage 1

The gases which strictly follow 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, eic. 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 factor (Z).
_ P

T WRT
(i) Z=1, for ideal gases.
‘(i_i) Z# 1, for real gases. «
Ans(ver the following questions:
1. Consider the equation Z = % ; which of the following

statements is correct? :
{a) When Z > |, real gases are easier to compress than the
ideal gas
(b) When Z = ], real gases get compressed easily
{c) When Z > ], real gases are difficult to compress
{d) When Z =1, real gases are difficult to compress
2. The compressibility of a gas is less than wunity at STP,

therefore: .
(ay V,>224L (b) V,<224L
{©V,=224L (dyv,=448L
3. At low pressure, the van der Waals’ equation is reduced to:
P
@ z=0m oy 8 PV g, PP
RT RT RT RT
(c) PV, =RT = 2V 2
RT RT
4. AtBoyle’s temperature, compressibility factor Z for a real gas
is:
(@ Z=1 b zZ=0
fc)Z>1 d zZ<1
[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) the constant ‘b’ is negligible but not ‘@’

(c) both the constants ‘a’ and ‘b’ are negligible

{d) both the constants ‘a’ and ‘b’ are not neghgxble

6. The units of compressibility factor are
(@ amL™ (b) atm™
(¢) L (d) unitless

LINKED COMPREHENSION TYPE QUESTIONS o=

G.R.B. : PHYSICAL CHEMISTRY FOR COMPETITIONS

° 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 Maxwells distribution of
speeds at two different temperatures T, and T, :

T Q
S
AnY -
&)
Fraction of
total molecules

1
1
!
3
]
[}
H
]
!
Uy P R

—» Speed

- Answer the following questions:
1. In the above graph the point ‘P’ refers to:
(2) root mean square speed at T
(b) average speed at 7
{c) most probable speed at 7}
{d) highest possible speed at 7}
2. The shaded area represents:
(a) number of molecules having speed between »; and u,
(b) number of molecules having speed less than the most
probable speed
(¢) number of molecules having v, at T}
{(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 7 and T, is:
@6 =0 ) L>T,
), <L, (d) cannot be predicted
5. Total arca under the curve at 7} is:
(a) equal to that under curve at T,
(b) less than that under curve at 7,
(c) greater than that under curve at 7,
{(d) can be greater or less than that under curve at T,
depending on the nature of the gas :
6. Select the cotrect statement(s): .
{a) Most probable speed increases with increase in
temperature
(b) Fraction of total molecules with most prebab]e velomty
~ decreases with increase in temperature
(c) Areaunder 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?
()1t hag symmetrical distribution of molecules against
molecular velocity.

(i1)The area  under the curve gives the total number of
molecules.

(iii)The maxima of the curve shlﬁs towards right as the
temperature is raised.

(iv) The area under the curve is mdependent of temperature.

Select the correct statements from the codes given below:

@) (), (i) (b) (i), (ii) and (i)
©) (ii)_, (i) and (iv) (d) all are correct
] Péssage 3

The essential conditions for liguefaction of gases were discovered
by Andrews in 1869 as a vresult of his study of
pressure-volume-temperature relationship for CO,. It was found that
above a certain temperaiure, it was impossible to liquefy @ 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 (T,). The pressure required to liquefy a gas at
this temperature is cdlled the critical pressure (P,}. The volume
occupied by one mole of the substance at the critical temperature
and pressure is called critical volume. Critical constants are related

with van der Waals’ constant as follows:

V,=3b, P, =—2, C:.&_
27b* 27Rb

Answer the following questior -
1. The relationship between P,,¥, and T} is:

- 4
(2) PV, =RT (b) PV, = 3RT,
© RY.=2RT, @ BY, =2 RI,

2. Which of the following parameters is three times the van der
Waals’ constant ‘b’ ?
(a) Critical volume (b) Critical temperature
(¢} Vapour density (d) Critical pressure
3. The critical temperature of:
(a) a substance means the temperature above Wthh the
substance is in vapour form
(b} a gas is the temperature below which it can be liquefied by
application of pressure
(¢) water is 100°C
" (d) none of the above  ~
4. The pressure required to hquefy a @as"at the critical
temperature s called:

(a) reduced pressure b) critical pressure
{c) vapour pressure (d) atmospheric pressure
5. Gases A B . C D
P, (atm) 2.2 14 35 45
7, (K) 5.1 33 127 140
Which of the above gases cannot be liquefied at 100 K and 50 -
. atm?
(a) D only (b) 4 only
(c) Aand B (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 4 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 4
“(b) critical temperature of B is greater than that of 4
(¢) 4 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 4, B, C and D are
0.0251,0.3121L,0.245 1 and 0432 L respectlvely The gas
with larger diameter will be:
(@) 4 ®) D
() B @c

[Hint: V,=3b =3x4N x%m}]

TR g

e Passage 4

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 = 1 mnv?
, 3
Answer the following questior
1. Gas . Density
A 082gL™
B 026gL™!
c 051gL™

Pick up the correct statement/statements:
1. gas A will tend to lie at the bottom.
2. the number of atoms of various gases 4, B and C are
same. :
3. the gases will diffuse to form homogeneous mixture.
4. average kinetic energy of each gas is same. :
(a) 2,3 M) 1,4 () 1 d) 3, 4
= 2, Select the incorrect statement(s) about the real gases:
. 1. 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.

(@ 2,3 ‘(b) 1,4 © 1 (d) 3,4
3. The average kinetic energy per molecule of an ideal gas is
equal to:
(a) 0.5KJ (b) 0.5RT
(c) 1.5kT (d) 1.5RT?

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 changin;

(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



Ct

4r

ﬂﬁt

() L v

G.R.B. PHYSICAL CHEMISTRY Fon COMPETITIONS

@ SELF ASSESSMENT @
ASSIGNMEN‘T NO. 4
| SECT|ON_| k 9. If the graph is plotted for 1 mol gas in such a way that PV is

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.

. Boyle’s temperature of four gases are given below:

Gases A B C D
Ty - 120K 25K 500K " 410K
which gas can be liquified most easily?

(a) 4 (b) B ©)C (@D

. Agasis enclosed in a vessel of volume ¥ at temperature 7; 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 T,. The first vessel is maintained at a
temperature T,. What is the final pressure P in the apparatus?
2PT, ©) PT, ) 2PT,

T, + 2L 2L, + 1 5L +T,

2T, + T,

. The ratio of rate of diffusion of gases 4 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?

oF 1 OF i . © i @ i

. Den51ty of a gas at STP is2g/L wh11e the expected den51ty is
1.8 g/ L assuming its ideal behaviour. 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
. In a crystalline solid, anions B are arranged in ccp lattice and

cations A4 occupy 50% of the octahedral voids and 50% of the

. tetrahedral voids. What is the formula of the solid?

(2) 4B (b) 438,  (c) 4,B, (d) 4,8;

. In a compound XY,0,, 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
@ ®)3 © @3

. An 1deal gas:

(2) 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

. A mineral is made of calcmm titanium and oxygen Ca ions

located at corners, Ti** ions at the body-centre and O ions at
face-centres of the unit cell. The molecular formula of the
mineral is.......

(a) CaTi;0, (b) CaTiO,

(c) CaTiO,  (d) CaTi, 05 .

10.

11.

12.

13.

14.

plotted against P then intercept of the graph for real gas will be:
(@RT+Pb+a (b)RT

(¢)RT-Pb+a (A)RT+Pb+ab+a

The ratio of Boyle’s temperature and critical temperature for a
gas is:

8 27 ] 2
@ ® 3 ©3 @7

With which of the following elements silicon should be doped
S0 as to give p-type semiconductor ?  [CBSE (PMT) 2008]
(a) Selenium (b) Boron -~ (c) Germanium (d) Arsenic
Total volume of atoms present-in a face centred cubic unit cell
of a metal is (7 is atomic radius): IJEPMER 2008]

(a)1—361t (b)—— . ()— P (d)1—321tr3.
How many eﬁ'ectlve Na* a.nd CI” ions are present respectively
in the rocksalt (NaCl). If ions along the axis joining opposite
faces are removed ? .

7 717 7
a)4,— b)—,— c)—,4 d)3,3
t ) 5 ( )2 5 ( )2 ( )
Kinetic energy and pressure of a gas of unit mole are related as:
@) P=2E (b)P=§E (c)P=%E (d)ng

SECTION-II

Multiple Answers Type Objective Questions

15.

16.

- 17.
~(a)NOand O,

18.

-19.

Which of the following measure the deviation from ideal
behaviour of gas?
(a) Collision d_1ameter (b) Collision frequency
(c) Compressibility factor ~ (d) van der Waals’ constant ‘@’
In face-centred cubic unit cell:
(a) face diagonal-of the cube is av2 or 4r
(@ = 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

Which of the following mixtures of gases at room temperature
follow Dalton’s law of partial pressures?
~ (b)COand CO, -

(c) NH, and HCI (d) SO, and O,

-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

Which of the following statements is (are) correct?

(a) Inbody-centred cubic unit cell, the coordination number is
12

(b) The coordination number of each type of ion in CsCl is 8



STATES OF MATTER

(¢) A unit cell of an ionic crystal shares some of its ions with
neighbouring unit cell

(d) If Rt =93pm; = 181pm, then edge length of unit
cell of NaCl i$ 552 pm

SECTION i

Assertlon-Reason Type Questlons

20.

21.

22,

23,

24,

25.

This section contains 6 questions. Each question contams :

Statement-1 (Assertion) and Statement-2 (Reason). Each

question has following 4 choices (a), (b), (¢) and (d), out of

which only one is correct.

(a) Statement-1 is frue; statement-2 is true; statement-2 is a
correct explanation for statement-1.

(b) Statement-1 is frue; statement-2 is true; statement-2 is not
a correct explanation for statement-1.

© (c¢) Statement-1 is true; statement-2 is false.

(d) Statement-1 is false; statement-2 is true.
Statement-1: 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.
Statement-1: 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.
Statement-1: The value of Boyle’s temperature for a real gas
[ a
is| Ty =—
Rb Because
Statement-2: At Boyle’s temperature, Ty, real gases behave
ideally over a long range of pressure.
Statement-1: CaCO; shows polymorphism.
Because
Statement-2: CaCO, exists in two forms called aragonite and
calcite.
Statemént-1: Lead zirconate is piezoelectric solid.
Because
Statement-z Lead zirconate crystals have no dipole moment.
Statement-1: Band gap in germanium is small.
Because

Statement-2: The energy spread of each germanium atomyi‘c"i‘

26.

27.

28.

Statements (a, b, ¢ and d) in Column-1 have to be matched with
statements (p, g, r and s) in Column-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,1); (¢-p.q) and (d-s),
then correct bubbled 4 x 4 matrix should be as follows:

®
@
©
@

A
a

b

C

d

E|eE|E
OIPI®Q)
®|O|®O)-

Match the Column-I with Column-It:
Column-1 Column-I1
(2) High temperature PZ=1
(b) Extremely low pressure (@ Pb< %
(c) Very high pressure nZ=1
(d) Low pressure (s)Pb> ;
Match the Column—I with Column-II:
Column-1 Column-11
(2) Constituent units occupy only corners  (p) 67.98%

(b) Constituent units occupy corners as  (q) 26.17%

. well as face-centres

© ‘Constltuent units occupy corners and
body-centre

(r) 74.01%

(d)" Constituent units occupy corners and  (8) 52.33%

edge-centres

‘Match the Column-I with Column-II: (BET 2067
, Column-I Column-11'
(a) Simple cubic and (p) Have these cell
face-centred cubic parameters. a=b=¢
’ anda =f =¥y

(b) Cubic and thombohedral () Are two crystal systems

energy level is infinitesimally small. (1T 2007 () Have  only  two
' tall hy angles
SECTION-IV ope TPl anee
Matrix-Matching Type Questions and (s) Belong to same crystal
This section contains 3 questions. Each question contains monoclinic system
statement given in two columns which have to be matched.
1L © 2. (@ 3. (b 4. () 5.0 - 6 () 7. (©) 8. (b)
9. (b)" 10. (b) 11. (b) 12. () 13. (d) 14. (b) 15. (¢, d) 16. (a,b,¢)
17. (a,b,d) 18, (a,¢,d)  19. (b, c,d) 20. (¢) C21 (@) 22. (b) 23. (a) 24. (@)
25. (9 26. (a-p) (b-p) (c-p, s) (d-p, @) 27. (a-s) (b-r) (¢-p) (d-q) 28. (a-p,s) (b-p, 9) (¢-9) (d-q, 1)



