
In Unit I, Section III, we discussed the
chemical classification of matter into elements,
compounds and mixtures. A passing reference
was made about the physical classification of
matter into solids, liquids and gases rvhich are
called the three states of matter.

The aim of this unit is to discuss some impor-
tant aspects ofeach ofthe three states ofmatter one
by one. Howevcr, before we proceed [o discuss
each of the states, let us try to review what we mean
by a solid, a liquid and a gas and in what important
characteristic properties the three states differ
from each other.

A suhstotce b said ta be soliditits meltingpoint
is above room temryroture under atmospheric
pressare; c liquid if its mehing point is belov
room temperctlute and bolling poinl is dbaw
room lemperdtare and c gas il its hoihng
point is below room temperalure under at-
mospheric pressure.

It has becn found that in most cases, a given
substancc can be made to exist in any one of the
three states under different conditions of tempera-
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3taEes of lv,latter
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Gaseous slate : Meas urable properties, the gas laws, ldeal gas .qu"rtion, kinetic molecular theory,
cieviation of real gases from ideal behaviour, liquefaction of gases, critical temperature and iis
importance.
Liquid state : Properties of liquids, qualitative description of vapour pressure, surlace tension.
viscositlt
Solid state : Classification of solids based on different binding forces.

General lntroductior ture and pressure. For example, water which is a
liquid under ordinary conditions of temperatnrc
and pressure, can be convertcd into stcam (gas) at
100'C and under one atmosphere or into ice (solid)
by cooling to OoC under one atmosphere presstrre.

A given substance can also exist simultaneous-
ly in all the three states under certain speciliccl
conditions of temperature and pressure. For cx-
ample, water exists in all the three phases,viz. icc
(solid), water (liquid) and water vapours (gas)
simultaneously at 0. 0L'C (273. 76 K) and 4. 58 mnr
pressure.

Tlw temperatwe Nwhieh alt tlu lhree phases etu
tqethct is callod frlple pOint.

The change of state is often accompanied by
either absorption or evolution of heat. For example,
a solid can be converted into a liquid or a liquid into
a gas by absorption of heat. This implies that a
substance possesses least energy in the solid state
but maximum in the gaseous state.

l'he essential points of difference between tho
three states of matter, namely, solids, liquids and
gases are given in Thble 2.1.



i" ait.ttt's Neut Coutse I

TARLIi 2.1. Comparison of the characteristics ofa solid, a liquid and a gas

llyo Morc Statas of Matter, Besides the above
three states of matter, two more states of mattor
have been found to exist and discovered recently.
One of these (fou,th state) is called plasma state
which consists of a mixture of electrons and posi-
tively charged ions formed due to superheating of
the gaseous state e.g. in the sun or stars. Another
state (fifth state) consists of a supercooled solid in
which the atoms lose their individual identity and
condense to form a single super atom.

Whether a substa.nce will exist as a solid or a
liquid or a gas is the result ofcompetition between :

(i) intermolecular force.r r'.e. the forces of inter-
action between the molecules of that substance
which try to bring the uolecules closer, and

Qi) thennal energ possessed by the molecules
due to temperature which results into the move-
ment of the molecules and herce tries to kep them
apart.

In gases, the iatcrmolecular forces of attrac-
tion are weakest while thermal energy is highest
(mainfested as random translatory motion of
molecules). In solids, intermolecular forces of at-
traction are strongest while thermal energy is min-
imum (onlydue to vibratorymotion aboutthe mean
position ofcoDstitueDt particles and no translatory
motion at all). In liquids, the two gpes of energies
are intermediate between those ofgases and solids.

Molecular Interaction Enerry

Solid ------- Liquid -------r Gas

ThernulEncr5r

Some of the properties of solids, liquids and
gases can be eryrlained on thc basis oftheir interac-
tion energy and thermal energy as follows :

(i) A solid has rigidity because thermal morion
is too weak to overpo\+,er the strong intermolecular
forces ol attractiotr. In a gas, thermal energy is so
high that the molecules ca-nnot come close
together. Hence there are large empty spaces be-
tween them. In a liquid, there is a reasonable
balance between the attractive intermolecular for-

SOLID I,IQUID

I. Molecules are closely packed

Mutual forces of attraction are
the strongest.

The density of solids is high.

The positions of molecules in tbe
crystal latdcc are fqed and heD@
solids do not have translatory or
rotatory motioD but only posess
vibratory motiou.
Molecu les of a solid possess least
enerry.

Solids have borh a defiDire shape
and a deinite volume.
Solids possess least compressibitity
and thermal expansion.

7.

Molecules are less closely packed.

Mutual forccs of attraction are
weaker than those in solids.

The density ofliquids is lower than
that of solids but is much higher
than thai of gases.

Molecules of a liquid have greater
freedom of movement. They have
some tmDslatory and rotatory mo-
tiolls iD addition to tbe vibratory
motion.

Molecules of a liquid have higber
energies than those of solids.

Liquids do not have definite
shapes but have definire volumes.

Uquids have slightly higher com-
pressibility and rhermal expansion
than thoso of solids.

Molecules are sufficieDrly apart
from oDe another.
Mutual forccs of attraction are al-
most negligible.

Gases generally have low densrties.

Molecules of e gas havc largc
rotatory, vibraiory and translatory
motions-

Gas molecules are most energetic.

Gases have neither delinite shapcs
nor definite volumes.

Gases prcrssess hrgh compressibiliry
and thermal expansion.

GAS
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ces and thermal etrergy. Hence molecules in a liq-
uid exist together i.e. it is a condensed state of
matter but there is no rigidity. That is whytheyhave
no deFrnite shape.

(ri) A solid melts on heatinq because on heat-
ing, the thermal motion increase--s.

(ra) In both liquids and solid, their molecules
exist together i.e. both of them are con dansed state

slic'IIo\-I

(3) Measurrment of Pressure. Thc instru-

atmospheric pressure at that place.
Why is merrruy used as a barometric liquid ?

This is on account of the following two reasons :

. barometer isrnv of the liquid.As height of the
col tudy.

(ir) Mercury is non-volatile at room tempera-
ture. HeEce the vapour pressure due to mercury
vapours is negligible.

volumes of liquids and solutions. These units are
inter-related as follows :

1m3:1ddm3:
1ml:1cm3

llitre = 1d cm3 = 1dm3 :1O-3 m3

ATM. PRESSURE
740mrh

THE (;A*SI'OUS ST TIJ

temperature of the gas. The aim of the present
section is, therefore, first to discuss the measure-
ment of these properties of a gas and then to discuss
some of the gas laws obeyed by the gases.

2.3. Measurement of Mass, Volume,
Pressure and Tentperalure i:ii::,, :i'i:':: '1: ,

masses gives the mass ofthe gas. The amount oftbe
gas is usually expressed in terms of moles which can
be obtained by dividing the mass of the gas by its
molar mass t.e.

Number of moles = YT:i" ot-t
Molar Eass

The moles can be converted into the number
of molpcules using the relationship

I mole : 6.022 x 104 molecules
(2) MeasureEctrt of Yolume. As a gas frlls the

whole of the vessel in which it is put, hence the
volume of the gas is equal to the volume of its
container which in turn can be calculated from the
dimensions of the container.

The SI unit ofvolume is m3. But this is too big
a unit. Hence the units commonly employed ari
cm3 or dm3. However the units ri and lities also
contiuue to be used, genera-lly in expressing the

oo
FIGiURE 2.1. (a) Barometer (b) Ctos€d limb

manorneter (c) Open limb nEnometer.

VACUUM
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The instrumeDt used for the measurement of

are :

, (i) Those in which the longer limb is closed
(Fig. 2.1. b)

(it) ttrose in which the longer limb is open

(Ftg. 2.1. c)

Closed limb manometer is used only for gases

pressure of the gas.

Aspressure isforceper unitarea' the pressurc

obtained in lerms of the height of the mercury

column can be converted into force per uait area as

follows :

Suppose height of the mercury column =h cm

Area of cross-section of the tube : A cm2

. . Volume of the mercury column = A x ,r cm3

If density of mercury at room temp.

= pgcIll "

then mass of the mercurY column

= Axhxpgtam
.'. Weight of the mercury column

=(Axhxdxg
where g is the acceleration due to gravity.

This weight ofthe mercury column is the [orce

acting on A cm2. Hence

Pressure (P) =
Force _Axhxpxg
Area

However, the unit of pressure now commonly
used is 'bar'.

latm:1.01325bar
or 1bar : 0 987 atm

The smatler unit commonly employed in ex-

oressing the pressures of gas is mm or torr* (after

ih" ni." of 'Ibrricelli, who invented the

baromctcr). H_snce

:

The SI utrit ofpressure is pasca.l (Pa) which is

dehned as the pressure exerted by a force of 1

nswtou on an area of 1 m2.

1Pa = lNn-2 :7kgm-1s-2

The two units are related as

1 atm : 101, 325 Pa or Nm-2

= 1.0135 x td Pa or Nm-2
1 bar : 1d Pa or Nm-z

A bigger unit, called kilopascals (written as

kPa) is also sometimes used. Thus
'-'1 bar = 102 kPa

" lrx {tr ll'1,E. ,4 m anomter is connected to a gas

conlaining bulb. The open arm reads 43'7 cm

wherees lhe arm conaecled to lhe bulb reads 15'6
cm. If lhe barometic pressure is 743 mm merxury'

what is the pressure of gas in bar ? (N.C.E.R.T')

Solution. Difference of mercury levels in
the 43'7 -15'6 cm = 28'1 cm

As level in thc limb connected to the bulb is

lower than that of the open limb, this means pres-

sure ofgas is more than the atmospheric pressure'

.'. Pressure of the gas in the bulb

= Barometric pr€ssure

+ Difference of mercury levels

= 74'3 cm + 28'1 cm = 102'4 crn

=|a'4 ^r^ - 
702'4 x 1'o1325bar76 --'-- 76

: 1 365 bar

measured. These are

(i) Centigrade or Celsius scale (after the
name ofAnders Celsius)

(ii) Fahrenheit scale (after the name of Daniel
Fahrenheit, a German instrument maker)

* The Intcmational committee of weights and Measurcs Iccommends that the usc of'tori should bc dropPcd
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(rr) Kelvia scale (after the aame of Loril Kel-
vh)

The Celsius scale is based upon taking the
freezilg poht of water as 0"C and thc bsiling poitrt
of water as 10ffC at normal atmospheric pressure
(r'.e. at sea level) and then dividing the range into
100 equal parts so that each part represents 1'C.

The Fahrenheit scale is based upon taking the
freezing point ofwater as 32'F and the boiling point
of water as 212 'F ald divi.ling the ratrge into 180
equal parts. Thus

100 Celsius degrees = 180 Fahrenheit
degrees

or 5 Celsius degrees = 9 Fa-hreoheit degreesr
The Kelvio scale of temperatues has

emerged as a result of study on gases. It is possible
to cool a substatrce below 0'C arrd thus we can have
negative temperatures. But experimentally it is
found that it is not possible to cool a gas below
- 273 .15"C as aftq that the gas ceases to exist. Thus
this is the lowest temperature that can be attained
and hence is taken as 0 K on the Kelvin scale.
Negative Kelvin temperatures are as impossible as
negative volumes or negative lengths. Thus

- 273.15'C : 0K
or 0'C = 273.15 K
The size of Kelvin degree is same as that of

Celsius degree so that

Kelvin is the SI unit of temperature ard ac-
cording to SI, it should be w ften without putting
the symbol ofdegree (') e.g. 10ffK should be written
as 100K.

FIGURE 2.2. Boyle's apparah.rs for study of effect of
pressue on the volume of air at room temp€rature

The following generalization was observed
which is known as Boyle's law :

Temperatute remaining constanl, lhe volumc o! a
given mass of a gos k inverscl! proportional to its
Pfessure.

Mathematically, Boyle's law may be stated as
I

V c( i for a given mass of a gas at constaDt

PV =k
i.e. ,PV:constant at constant temperature

where P and Vrepresent theEessure and volume
of the gas atrd t is a constatrt whose value depends
upon the mass of the gas and temperature.

Thus Boyle's Iaw mayalso be stated as follows:

Thrs if P, and V, are the initial pressure and
rclume- of a gas and keeping the temperature cotr-
stanl, if pressure ; cl'anged io Pr, t-hen volume will
change to V, (say) such that acf,ording to Boyle,s law

i 
Pr vr = P2 v2 at co_Dstanl_t!T1"l",Yi 

I

. This form of Boyle,s law is very helpful in
solving nup-erical problems because linowihg any
tfuee variables, the fowth can be calculated. 

'

GAS
PBESSURE

(Pa + h)

MERCURY

temperature

orV _1
= t.F or

The first quantitative relationship between
the volume a.nd pressure of a gas was studied ex-
perimentally by Robert Boyle in 1662. The studies
were made with air at room temperature. He used
mercury and a simple U-tube of the R?e shown in
Fig. 2.2. The pressure was increased by puttiug
more mercury into the open limb. The volume of
the air enclosed in the space above mercury in the
shorter limb was noted each time. Similar experi-
ments were repeated with other gases.

ATMOSPHERIC
PRESSURE (PA )

. Thc conwEior mcthod wi[ bc cc = ; CF - 32) o. "n = t 1"c; +:2.
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Experimental Verification of Boyle's law.

Boyle's iaw 
"uo 

be verified using a simple method
as shown inFig.2.3.

, ,,,, fieune D.5: Giililffi 3t e".7ut U;. iiiri:ii ,i

We observe that if
constant temPerature,
half. Similarly if pressu
volume is reduced to U4 th and so on.

Graphical Verilication of Boyle's law. Ac-
cording to Boyle's law

P*1 or PV=constant-v
Thus the law can be verified by plotting

1

(i) P vs f when a straight line passing tbrough

the origin is obtained (Fig.2.4 a), or

(if) PV vs P when a straight line parallel to the
X-axis is obtained (Fig.2.4b),or

(rrr) V vs P when branch of hyperbola in the

fust quadrant is obtained (Fig.2.ac).

It is interesting to note
: constant, thevalue of the
the amount of the gas taken

FTGURE 2.4. Graphical verification of Boyle's law.

the temperature (T). Hence for a given amount of
the gas faken, a different P - V curve is obtained at

such

P

FIGI.IRE 2.5. Isotherms for a definite
amount of the gas.

Significance of Boyle's Law. Boyle's law
proves a very important fact that Jh9 gases are
compressible. The more it is pressed,-the denser it
becomes. Hence it can be concluded that at con'
stant temperature, lhe gas densi$ is directly propor-
tional to pressure.

At altitudes, as the atmospheric pressure is

low, the air is less dense. As a result, less oxygen is

available for breathing. The person feels uneasi-

ness, headache etc. This is called altitude sickness.

That is why the mountaineers have to carry orygen

cylinders with them.

P

o
P

oo

E
E
oot

,prrfg BOyLE,S LAW

I.:X,\NIPLE t. Atussel of 120m|cqacity cm-
fe.

it

Solution. Since a gas completely frlls the

vess ch it is contained, therefore we

have:

Vr : 120 ml, V, : 180 ml

Pr:750mm Pr:?mm

Since the temperature remains constant,

therefore, by applYing BoYle's Law,

P1 V1: P2V2



STATES OF MAITER 217

Subcituting the corrcspouding values, ule have
7fixlm=P2x180
- 7frxlzilor gr= - fm: = 500mm

.'. Pressure of the gas = 5{X) mm
l.lXAi\IPLlt Z. 103 ml of cafion dioride were

collected at 2TC and 763 mm presswe. Wat will be
ils volume if the pressure is chaiged to 721 mm a! the
same tempemfrfie ?

Solufion. Given
Conditions

Vr = l(B ml
Pr = 763 mn Pz = 721am

A c€nain mass of a gas occupies 39 rDl at 760 mm
pressure. What volumewould it oc{upyifthc pres-
sure is raised to 78O mm provided that temperature

By applying Boyle's Law since temperature is
constant,

PzxV2= Pl xVl.
Substituting the corresponding values, wc

have

721 x V2= 763 x lO3

-. 763 x 103V"=-=I09ml' 721

.. Volume of carbon dioxide = 109ml.

5. Abulb)(' of unh.rci*nvolumecontaininga gasatone
atmGpheric pressure is connected to aD evacualcd
bulb of 0 5 litre capacity rhrough a stopqlck. C)x
operdng the stop-coclq the pressure in the whole s',,1t-

tem affer some dme $,as aound to ha!,e a constanl
l€Iuc of 570 mm at tbe same tcmp€rature. What is

6. What will be tbe minimurE pressure requlrcd to
compress 5OO dm3 of air ar I bar ro 200 dm3 a r 30. ?

(N.C.E.R.T.) [,1,. 2,5bar]

7. A gas occ'rrptes a volume of 2.5 L at
9 x ld Nm-2. Calculare tbe additional pressure
required to decrease the volume of the gas to
1 5 L, keeping tbe temperaturc constant.

Final
Conditiow

Vz = ?ml

remains constant ? [ 1n, 3t.0 ml]
2. 2OO ml of a gas are fouDd to havc a pressure of 750

mm. What will be its volume f rhe prEssure is doubled
at the Same temperature ?

3. A vess€l is 120 mL capacity contaiDs a cenain
amount of gas at 35"C aDd 1.2 bar pressure. The
gas is transferred to anothcr vessel of volume 1g0
mL at 35qC. What Eould be its pressure ?

(N.C.E.R.7:.) [\D\. 0.r bar]

4. A balloon fiued with an ide3l gas is rakeD from rhe
surface of the sca deep to a depth of IOO m. What
will be its volume in terms of its originalvolume ?

[\n.. 9. 3% of its voluEe at the $urfoce]

[.rrr. 100.0 mll the 'Dlume of rhe bulb X? [66. 1 5 litrel

3. PrVr = P2V2 Le. 1 .2 x 12O = Pz x lB0

or P2 = 0 8bar

4. Pressure at the surfac€ = 76 cm ofHg
= 76 x 13 .6 cm of H2O = 10.3 m of H2O

-- Pressure al 10o/ll depth

= 100 + 10.3m = 1tO.3m
ApplynS PrVr PzYz,

(At sufacc) (Ar tOO rn deprh)

10.3xV=tl0.3xV,
or V2=0098\/=9-3Eootv

5, Suppoce volume ofrhe bulb X = V
i.e. Vl=V and Pl=1a[m

After coonecring to bulb ofo 5 L capacity, volumc
= (v + 0.s L)

r:e. V2 = (V + 0.5) L, Pz = 570 mm =5jO/ :,60 atm

APply PrV, = P2V2, calculare V

7.Vr-25L,Pr=9x ld Nm-2 ;

v2= l 5 L,P2 = ?

Apply Pr Vr = P2 V2. Calcutate

P2 = 15 x ld Nm-2. Addrtrooal
quired

= 15 x 106 Nm-2 - 9 x ld Nm-2

=6xlo5Nm-2.

P2. We get

pressure re-
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volume of a gas at constant pressure were f[st
cafiied out bylhe French scientist, Jacques Charles
in 178? and then extended byJoscph Gay Lussac in
1802. The following generalization was observed
which is known as Charles' law :

I-AW

on the effect of temPerature on the
6

4

2

-273. t'

- r'oo o 1

+ TEMPERATURE lNoC 4

FIGUBE 2.6. Vdume oI a gas a'Iunction of temperature
ln centgrade.

c!

=
=

=l
o

T

or fall in lemperalure.

Mathematically,

v,=vo + fixt
= vo (+-L)

where V, is the volume of the gas at l'C and V6 is its

volume at 0'C.
The volume of a certain mass of a gas at any

temperature can be calculated by the application of
the above relation. Thus :

Volume at 10oC : ,o * +#
Votume at 1'C = V, * *

volume at - r"c = vo - J/o
n3
20 vo

Volume at -20'C = Vo - 2J3

world so far.

sam
are
temperature axis at -27IC corresponditrg to zero

volume as shown in Fig. 2.7 below :

FIGURE temperature
(in oC constant

Absolute z*ro and Absolute Scale of
lbmperature,

Tlu lowat
lemperalun
to luve Ttro

More careful experiments have shown that the

absolute zero of temperature is -273.15'C' How-
ever, for most of the purposes, tho approximate
value of - 273'C is used.

a now scale of
temp as its zero' This

scal; Kelvin scale or

(ry)

t
r!tt
z
ul

f
o

273V^
volume at -zil3'C= vo - td=o

This implies that a gas at - 273'C will have

,"ro o. oo uo-Ir.", i.e., it will cease to exist. Below

this tive which

is m traced the

rate gas uPto

-27TC at constant pressure. In actual practice,

all gases liqueffbefore this temperature is reached'

The same conclusion can also be reached
tain mass

re (along
h consist-
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where T 
[e. xe{n I 

-Y = ao*r,o, 
"t 

constant pressure. 
,

and the This scale 1'
of temperature is als o cdled Thernodytanic scale - 

ffr*if q i, tt*olume of the gas at tempera_
of tempemturc.

A comparison of celsius, Kelvin aud Fahren- ture T1 (in degrees Kelvin) and keeping the pres'

heit scales oitemperature is given in Fig. 2.8 below : surE consta.nt, temPerature is changed to T2, then

the volume will change to V2 such that

v2
= ,t at constart Pressure

AbsoluteScale. The size ofthe degree on the Kelvin
scale is the same as that on the centigrade scale. On
this scale, the freezing point of water, i.e.,0'C is
273' A. (Absolute) or 273 K (Kelvin). Thus, any
temperatu-re on the centigrade scale cal be con-
verted to that on the Kelvin scalebyjust adding 273
to its yalue on the centigrade scale. Hence, the two
scales are contrected by the relation :

Kelvin Temperature : Centigrade temperature
+n3

ITK=fC+273

FIGURE 2.8. Comparison of Celsius, Kelvin and
Fahrenheit scales of temperalure

The advantage of kclvin scale lies in the fact
that the volume of a gas and its temperature on the
Kelvin scale are directlyproportional toeacb other.
This can be explained as follows :

Accordiog to Charles' law in the form already
defined

l'ttt - '\,,_,o 
\ zT )

Putting 273+t = 1 the corresponding
temperature on the Kelvin scale, we get

.,-., T
',- 'o 2i3

As Vo and 273 are constart, henc€

Y q T or simply, V c< T

or V=tT
Tte numerical value of the comtant k

depends upon the amount of the gas talen and the
Pressufe.

The above relation gines another definition of
Charles' law as follows :

Prwermuiaingursn , u volutw ol a givcn
nNta g4Jis dir*tf pWorttonal to ir tcmpcra-
tul[ indogtw Xelvir'-

The relation V .( T implies that

This form of Charles' law is very helpful in
solving numerical problems because knowing any
three variables the fourth can be calculated.

Thus a plot ofV us T at constalt pressure will
be a straight line passing through ths s gin (Fig.
2.e).

vl
Tr

E

TIJ

o

TEMPERATURE (K)

FIGURE 2.9. Plot o{ V vs T at
constant P.

of Varia-
Cotrstant

' ot r.a ut
Constant Yolume (Anonton's law), The law which
governs the relationship between pressure and
temperature of a gas at constant volume is similar
to that betvr'een volume and temperature at con-
stant pressure, It states as u-Dder ;

1
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FIGURE 2.1O. Apparatr.rs for the study of 'rarb0on
volume with temperature at conslant prcss|lfe.

Volutne rcmaining consta , lle presswe of a Eiven
mux ol a gas increasx or decrea$s b) 1n7i oI its
pressure at (fCfor etery 1'C rise orfzll ittetnpera-
ture.

Mathematically,

ir,= r. 1r **)=r"

Vofure tt{,winiBg cot8turl, tJo prwure of a given
nosr ola p is iliroctb pnporthwl to ils tenWera-
twc tn dryr6 fzbin-

The generalisation, as given above, is referred
to as Prassur€-lbEp€ratur€ Law or Amonton's
law

In 1703, G. Amonton constructed an air ther-
mometer based on the principle that the pressure
of a gas is a measure ofthe temperature of the gas.

The relation P a Timplies that
P-
T = Constaot at constart volume

which means that

lP' P^ 
o-" ]

I fl= t' ut**t-tuo' 
'

Experlmental Set up for the Study oflhrla-
tion of Pressurr wlth lbmpemturc at Constant
Yolume. This is shown in Fig. 2.11.

(nl + t\
\m )

_-T-'0273
VARIABLE

TEIUPERATURE
JACKET

where P, and P6 are the pressures of a certain

amount of a gas at fC aad ffC respectively.

As Po aad 273 are constants, hence

FIGURE 2.11. Apparatus for the stLldl, of variation
of pressure wilh temperah-ne at constant volume.

arles' Iaw.
Air its densitY
decr the atEos'
pheric air. This fact is made use of in filling hot air
in the balloons which rise up for meteorological
observations.

CHARLES' LAW ANt' .t,r,lONTON'S LAW

or simply
i.e.

PreT
PaT
P=tT

The numerical valuc of the cofftatrt ft
depeuds upon the amount of the gas taken a[d the
volurne.

Thus the above law may also be defrned as

follows :

EXAIIPLE l. Z0 A of nydngen meosured at
15"C are heated to 35"C. Whdt iJ the new wlume al

the some pressurc ?

Givencond,itions Finalconditions
Vr = 20 ml vz: ?ml
^t;:75+2i73=238 K T2=35 +273:t08K

By applying Charles' Law
v2 20
308 = 288

V-= ?!_x308= 21.38'2 288

Volume of hydrogen gas at 35'C

= 21 '3E ml.

l'l \.\\ I I'l - I', : At what tempersfiye centigade
witl the volume of a gas at 0'C double itse$ pressure

remaining constant ?

Solution.
Let the volume o[ the gas at 0"C : V ml
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Thus, we have :

T1 = 0+273 :273K

By applfing, Charles' Law,

Vz = 2Vml
Tz=?
vr_ Vz

Tr Tz

Substituting the corresponding valueg we havev2v
2J3 T2

_ _2Y >< 27312=-= 546K

: Tz = 546-273= 273"C

t..X_.\tIPl-f l -\. A i0.0litre container is filled,
with a gas to a pressurc oI 2.00 ah at trC. At whal
kmpemturc will the prcssure inside the container be
2' 50 alm ?

Solutlon. As volume of thc contfier remains
constant, applying pressure - temperature law viz.

Pl P2 2atm 2 50 atm

n = uwecet z'tsK= T,
or T2 = 14:lK:341-273"C : 6E C

r i \\\ll'l,ll .1./ student set up tlg sryorana at
,ootfl temperutte Qrc). By mistake withart adding
he rcrclian mifrire he st@tcd l&atinghe tlask By the
tittu hc rcalbed his mislalq dE Empeaue had shd
up to,t77C as reco edby a ppmete Whd fudion
q atw@Ahaw been qe cdant ? (N.C.E.R.T)

pressure ? [,{ns 2.0t33 litFsl
4. What volume of air will b€ expelled from a vessel

containing,l0O cm3 at 7"C when it is he3red to 27'C
at the same pressure ?

I dr s . 2t.6 cm3] crti,lder will explode ?

Solutiotr. Suppose volume of vessel : V cml
i.e. volume of air in thc llask at 27C : V cm3.

VtVzVVz
Tr 't2 "-' 300 75q

or Y:=2 5V
.'. Volume expelled = 2 5V-V = 1'5 V

.'. Fraction of air expelled = 
=+ 

= l2.5V 5
r l.\ -\\ ii'l.l,5.ln open vessel contains 200 mg

of air at 17"C. What weiBht percent of air would be
etpelled iI the vessel is heated to 117"C ?

Solution. Suppose volume of 200 mg of air at
iTC = Vr

As pressure remains constant (being an open
vessel)

Vt Vz. V Vz

r, = T;**';o = 55orv, 1'34V

. . Volume of air expelled= 1.34 V - V = 0. 34 V
Mass of 1 34 V air at 17TC : 2N mg
Mass of 0 34 V air at 117C

=ffi,0.*^"
. . Mass 7o of air expelled

ZN x 0.34 1= 1,.4 x 
200 

x 100 = 25'379o

?RO7LEM? FOR:,fu:RAg, ,[re:H t I

1. 300 ml of orygen gas at 
-10'Care 

heated to 10'C.
What is the new volume if pressure remains con-
stant ? Ii\rs.3',12.E mll

2, 25 dm3 of ammonia at 283 K are heated uDtil its

volumc is 30 dm3. -Ib what temperature must it
have been raised to accomplish the change ?

I,\lrs.39.6 KI
3. What will be the lolume of bydrogen when 3 litres

of it are cooled from 15'C to -73'C at constant

5. A steel taDk containing ah at 15 atm pressure at l5"C is

provi&d with a safety \,ahE that willyield at a presure of
30 atm :rb 14tat mioimum temp€rature must the air be
b€ated to blow the safety \ElrE ? [ \ns.303oc]

6. It is desired to iDcrease of the volume of a gas by
?i atitho]ul changiDg the pressure. To wbat
temperature, the gas must be heated if the iDitial
temp€rature of the gas $ 27' ? [.\'rs EToCl

7. A gas cylindcr mrtaioing cooking gas can withstand
a pressure of 14 9 atmospheres. The pressure
gauge of the cylinder iDdicates 12 atmosphere at
n'C. D\e to sudden fire iD the building, the
temperaiure star6 rising. Atwhat temperature ths

[ \ns 99.5PCl

5
4. Vr Vz . 400 cm3 V2
q=E'" @TT7!R=@r+-n x^

or V,=ffix300cm3= 482 6cm3.

This is the voluDe after expansion.

. . Volume cxpElled

= (42t .6 - 4oo)) cn3 = ?3.6 cm3.
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- Pr Pz 15atm 30atmt C=E ,.?. #iil =T o, rz=576K

= (s76-273)"c = 3o3'c
6. Suppose volumc ofgas at 27'C = V cm3

Increase in volume desired = 20% of V
=ffixv =0 2v
. Ftnalvolume=V+0.2V = l.zv

volume of a gas at constant temperature whereas
Charles' law gives the effect of temperature on the
volume of a gas at constant pressure. However, it is
possible to derive an equation which gives the
simultaneous elfect of pressure and temperature
on the volume of a gas.

The equorionvhbh givdstlu sir tlhn@us fia of
pressure and tempontwe on tlv vohtme ol a gB is
huwn as ideal gas eqwlionor eqtution oJ state{or
uruiflg4,,.

Derlmtion. The gas equation may be derived
from Boyle's and Charlcs' law as explained below :

Let the volume of a certain mass of a gas

change from V., to V, when the pressure is changed

frorn P, to P, and temperature from T, to T2 in the

following two steps as shown in Fig. 2.12.

\ / INDIRECT WAY\
STEP.I\ { \,STEP.2

I Pr,"r, 
I

FIGURE 2.12. Change of slate assumed to
be taldng PlacP in two sleps

Step 1. Frst supPose that the volume of a given
mass ofagas changes from V, tou when the pressure

is changed from P, to P2 at constant temperature Tl.

Then according to Boyle's Law,

P2xu=PtxVl
Pr vror ,= T ...(')

Now V, = V srn3, Tr = 300 K, Yz = I 2V,
v- v-

12= ? ArconstanrP, +-;rx.=#
or T2 = 360K = 360 - 273"C - 87"C.

7. P, = 12 31rn,1l = 300 K, P2 = 14 9 atm, T2 = ?

As volume of the cylira". i, 
"oortrn,, | = ft.

Boyle's law gives the effect of pressure on the Tt to T2 at constant pressure P2.

uYz'' Tr Tz

T.or Y"= vx!
" lt ...(,,

Substituting the value ofu ftom Eq. (i) in Eq.
(li), we have

P. V. T^
ur= -I'i

PrV, i

T"i't
...(rr,)

This is the most convcnient form of the ideal
gas equation for the purpose of calculations when
any hve variables are given and 6th is to be calcu-
lated.

Another popular form of the ideal gas equa-
tion can be obtained as follows :

PxV
Eqn. (iii) implies that -i = Constant

= r (say)
The value of the constant K dcpends only

upon the amount ofthe gas taken.Ifn is the number
of moles of the gas taken, then it is found that

Kdn
or K: nR -.(iy)

where R is a constant of proportionality and is

found to be independent of the nature of the gas

and depends only on the amount of the gas taken.
For 1 mole of any gas, the value of R is the same.
Hence R is called 'uniee$ql gas constant'.

Substituting the value of K in eqn (iii), we get

PV
T=/tK
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This is the most commo! form ofthe ideal gas
equation.

Altcrnatlve Derivatlon of Ideat Gas Equa.
tion. The ideal gas equation can be derived directly
by combining Boyle's law, Charles' law and
Avogadro's law as follows :

According to Boyle's law,
1

V cr fat constantT ...(yl)

According to Charles' law,

V cTatcoNtantP,..(yii)
According to Avogadro's la\*,,

V.. z at constant T and P ...(yrir)
where n is the number of molcs of the gas. (This is
because according to Avqladro's law, cqual volumes
ofdifferent gases contain equal number ofmolecr es
under similar conditions of temperatue and pres-
sures. [n other words, vol"me is direcdy proportional
to the number of molecules which ia tum h dLedly
proportional to the number of noles of the gas)

Combining (vi), (rzi) ard (rzri), we get
1

Vct ixTxn
1V=RxFxTxz

or PV: nRT
where, as before, R is molar gas constant.

For 1 mole of the gas, the ideal gas equation
becomes

PV=RT
A gas that obeys ideal gas equation exactly is

called at ideal gas .

. An ideal gas equation is also called the equa-
tion of state because it defines the state of the'gas
completely when all the variables have been
specified.

Ideal gas equation h terms of denslty. This
form of the ideal gas equation may be derived as
follows :

If rz is the mass of the gas in grams and M is
the molecular mass of the gas, theo

":, + ...(viii)

This expression can be used for the calcula-
tion ofmolecular mass from a known value ofden-
sity of the gas at a given temperature and pressure.
Alternatively, the expression (viri') can be used for
the calculation of any one quautity from known
values of the other quantities involved.

Deduction of Avogadro's Law from Ideal gas
law. According to ideal gas law

PV : NRT

Thus if two gases haye the same values of P
and I then if their volumes V are equal, the values
of n must be same. In other words, same volumss
of different gases under same conditions of pres-
sure and temperature must contain the sam€ num-
ber of moles which in turn will contain the same
number of molecules (because 1 mole of any gas
contains the same number of molecules viz.
6.022 x LG3)

Standard or Normal Tbmperatur€ and Pres-
surc (STP or NTP). It is obvious from the above
discussion that t
changes when
chaoged. Thus,
ments involving
necessary to reduce the volume to certain standaid
conditious oftemperature ard pressurc. Thc stand-
ard temperature is 0'C or 273 K while the standard
pressure is one atmosphere at sea level or 760 mm
or 76 cm of mercury. These standard conditions arc
known as Standard Tbmperature and Pressure i.e.
STP or Normal Temperatue and Pressure i.e. NTp.
The standard pressure now commonly used is I bar
instead of I atm.'fhts

IMPORTANT

lpv =;Rrl -.(v)

m,t=M

PV=nRT= frnr

":? #=,#

At STP i.e. 0"C and 1 atm prcssure, I mok o! any
gas has a vofume equal to 22400 cmt. But a! I bdr
pressure anl 0"C, lhe volume occupied hy 1 molc of
the B4S is 22700 cm3 i.e. 22.7 dmt ir
22.7 x ll-t m3,

STP or NTP implies thot
Tbmperaare = 0"C:273.15K- 273K

Pressure = I atm = 76 cm:760 mm = 760 ton
= 101.i25 k Pa

or Pressure = l bar = ]d pa = Id kpa
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Nature and Yalues of the Gas Constant R.

From the gas equation, PV = n RX, we have

PxV Pressure x VolumeR=--== = M.1". x 1b.pl""K

ffi x 0-eogtnY ffi x (Length)3

Moles x Degrees Moles x Degrees

Force x Lensth Work
- Moles x Degrees Moles x Degrees

= Work done p€r d€gree per mole

Thus R may be expressed in different units

depending upon the units of work.

Nurnerical Yalue of the Gas Constant (R) .

(i) At N.TP conditions, for I mok of the gas

P: l atmosphere, Y =22'4 litres,
't :2J3K n = l mole

PxV Iatmx22 4L
'' ^- nxT - lmolx 273K

= 0'0821 litre atmosphere degree-r mol-r
If V:22400ctt3,

R : E2' I cmt atm deg-l -or-'
or Taking P = 1 bar so that

Y =22 7 dm3,

lbar x 22'7 dm3

^- lmolx273K
= 0 083 bar dm3 K-r mol-r

(ii) ln the C.G.S. units, Ior 1 mole of the gas at

N.T.P
P = 76 cm = 76 x 13'6 x 981 dYneVsq. cm

Y:224Cf m1, T = 273K, ,r = lmole

- PxV (76x13'6 x98l)x22400. [, --''"-nx^f 1x273

(iii) For ocpressing R in SI azi,r, put

107ergs: l joule.

HenceR: * "foI 
to'lor,"* degree-l mol-l

: 8'314joules degree-il mol-1

= E 314 JK-l mol-r
or directly taking P : 101325 Nm-2 or Pa,

Y = 0'0724m3, T = 2i73K

weget R:8 314JK-l mol-r
or taking P = 101 325 kPa,

!:22.4dm3,
T = 273 K

we get R = t'314kPadm3K-l mol-r
(iv) To eqrex in terms of caloies, we know

that 4 184joules = 1 calorie

rrer,ce R:ffi 
"alories 

degree-l mol-l

:1'987 calories degree-r mol-r
To sum up

= g.314 x 107 er3s deg1te-l mol-t l"-' | - l-

Nr B-+g IDEALGAS.to-Yo'lo)

Units
ofv

atmosph€re

atmosphere

dynes cm-2

N m-2 or Pa

kPa

bar

litres
or dlf

cm3

cm3

m3

dm3

dE3

0 . 0821 L atm K- 1 mol- 1

or 0' 0821dm3atmK-lmol-1

82 ' 1 cm3 atm K- 1 mol- 1

8.31x 10? ergs K-l mol-1
:1'987calK-l mot-l

8'314 J K-1 mol-l
8.314 kPa dm3 K-l mol-r

0.0t3 bar dmr K-l rnol-l

I--)({\ll'l-t- 1. jS mt of uBq were collechd d
6'C and758 mm pressut€. &laiale its wtume al NTP

TYPE I. Based on the equstion
PrY, / Tr= P2\2/ "1,

By applying gas equation, we have

760 x Y2 758 x 35

rB:2n
758 x 35 273.. v,=-fr. x fr; =34't6n.t

Volume of chlorine gas : 34 16ml.
ll\ \\ll'l L 2 At 27"C and one atnosPheic

pressure, a gas has volume V Wat will be its volume
-at 

177'C and a Presswe of 1.5 atmosphere ?

Given conditioDs
Vr = 35ml
Pr = 758 mm

Tf6+T!=n9K

Final conditions
vz=?ml
Pz = 760 mrt
T2=0 +2n:273K

Units of P
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Solution.
Given conditions

Pr = latm
T | = 2:8+27 =!U K

Final conditions
Solutlon.
Let the volu-Ee of air in the tube be V ml.

Applying gas equation, we haJe

t x V 1.5 x V2

3oo 
: 

450

^ft :273+27 = 3O0K Tz: ?

By appllng gas equation, we have

VX1 VX3
300 T2

''' T2:300x3
= $0K

Thus the tcmperature above which the tube
will burst

= W-273
: 627"C

5. One litre flaskcontainiDgvapours of merhyl alc_ohol
(Molmass 32) ata pressureof 1atm. and 25.C was

evacuated till the nnal pressure was l0-3 mm.
How many molecules ofmethylalcoholwere left in

Given conditions

Vr = Vml
P, = 760 mm = I atm.

the flask ?

New conditions
Vz = VmI
Pz = 3 atm.

1tuis.3.24 1 l0I5 moleculesl

Pz=
Tz=

?

1.5 atm

273 + Ln
450K

.. 1xVx450'2- 3oox 1.5
.. Volume of the gas : V

.' A sealed tabe which cqn
wihsand a presure of 3 ofmosphere is f ledwith ait
at 2TC and 7& mm prcssurc. Find the Empetalurc
above which it will burst.

"RAfrL|,Ma 
FO

1. 50O ml ofnitrogen at 27o C are cooled ro -5.C ar
the same pr6surs. Cflctllate the new volume.

I I Lr ' 446.7 ttrll
2. 400 ml of oxygen at 2fC were coolcd to _15.C

without the chaDge iD pressure. Calculate the mE_
traclion in volume. I s6.0 mU

3. A volume of bydrogen meisures one cubic
decimctre at 2O.C and at a pressure of half an
atmosphere. What will be its\olume at leC and at
700 mm presure ? I ..n. 

0.524 dDsl
4. 300 litres of ammonia gas at 2O"C aod 20 atmos-

phere pressure are alloyed to expand in a spac€ of
600 litres capacity aDd to a pressure ofonc atmc_
phere. Calculate the drop in temperature.

[ \"\ 263.7 KJ

6. 28.32 li!tres of chlorine w€re liberated at nornal
conditioDs of temperature and pressure. Calc.lllate
the \olume ofthe gas at l2oCaod 780 mm pressure.

[ \n. 2E.to litres]
7. 'Ibmperature at the foot ofa mountain is 3ffC and

pressure is 760 mm whereas at the top of rhe
mounhin lese are 0.C and 710 m mparethe
densities ofthe air at the foot and top ol the
mountain- 0.954: U

4' Prvr _ Pzvz, - 20 armx3oo L I atmx60o L-71 = -T;Le ----z,n*-
ot T2=29 3K
Drop iD temperarure = 293-29.3 = ?i3.'t K

5' Pr = lo-3 mm, vr = looo cm3, T, = 298 K
For mnverting this volume to volume at S.Tp-,

appry +=ry
. 10-3 x tffD 760 xV)
Le. ----B- =--7I-

ot V2= 1.2O5 x 10-3 c.m3

22lO0 cm3 at S.TP. = 6 .02 x 1023 motecutes

:. 7.m5 x 10-3 cm3 at S.Tp

=u 
oiirif" *1 205 x 10-3 morecutes

i

= 3 24 x lol5 molecules l

, r=#. ,",* +=+"8
760 mn . 273K 0.964- 3otK ^ 7l o;; = -l-

FORDIFF
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j Calculate the number of moles

of hydrogen contqin
and 70 cm Dressure.
K-l mol-|. Funher
above is found to be

mass of hydrogen.

Solution' Here we are given

V = lS litres

T = ZTC = 27 +273K = 300K

P = 70 cm = iOl76 atm

R = 0.0821 litre atm K-t mol-l

Using the ideal gas equation,

PV = zRT
pv _ tzozzlllgl

we have n = RT = (on8rl) (3oq)

= 0'67 mole

Further we know that
Mass m

n : Mola*lu, *uat 
: 

M
rt 1 350... M:;=ffi=20r5u

10 g of Orwere introduced into

an evatuated vessel of 5 litre capacity maintained al

27'C. Calculate the presswe ol the 1as in almos'

pheres in the containei

Solution. Since the volume of a gas is equal

to the volume of its container, therefore

V : 5 litres

Further, molecular mass of O, = 32'0, there-

fore the number of moles of O, gas are

10n = - moles

We are also given

T :2:TC = 2i7 +2il3K :300K
Thking R : 0'0821 litres atm K-l mol-l
and using the ideal gas equation' PV : n RT

we havc

o-f,M-

Solution. Suppose molecular masses of A
and are-Mo and 

'M, 
respectively. Then their

number of moles will bc
l2

aa. = Mf, ns = M;
Pa = 2 bar, Po + PB = 3 bar ie' Ps = lbar
App$ing the relation PV = nRT

P^V = no RT, P"V = nrRT

PA nA l/M^ NIs

" % 
= 

^r= ?JM"= ,W

o, 5=2x 3= zx? = q or MB=4MA.-. MA PB I
'iilil'i | 340'5 mL ofphosphorus vaPour

weigh 0 0625 g at 546"C and 0' 1 bar pressurl\h:1
is tie molar mass of phosphorus 2 (N'C'E'R'T')

Solution. SteP 1. Calculation ol volume at

0"C and 1 bar Pressure
P,Vt PrYz 0.1x340 5 1xV2

n : 
" 

ie -i6int =6
or Vz = 11'35 mL

1.1'35 mL ofvapour at 0"C and 1 bar pressure

weigh : g'0625 t
.'. znOO mL of vapour at 0'C and I bar

pressure will weigh

=yy x227o0='t258
11 .35

. . Molar mass = 125 g mol-l
AltemativelY, lsiDig

R = 0 083 bar dm3 K-1 mol-1
PVpV: nRT i.e. n=FT

0'l bar x (3'm'5 x l0-r d,n3): 
oogl uir a.3 r-r Mol-r x 819 K

=5x10-amol
... Massof I mote = ffig = rzsg

Molar mass = 125 g mol-l
i,\ ,i::'1 1 tlgof methane is placed in 5litre

container at 27'C. Find Boyle constani

Solution. PV = Boyle constant

But PV:nRT: M

= A-ol x 0 0821 LatmK-rmol-r x 300 K
16

= 12 315 L atm.

t0/32\ O.082r\ (3N
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l. C€lculate the number of moles ol hydrogen gas
prescnt in 5@ cm3 of tbe gas taten at 3b0K ino i6O
mm pressure. If this sample of hydrogeD is found
to have a mass equal to 4.09 x l0-2 g,calculatethe
molar mass of bydrogen.

I .1Ds2.03 x l0-2 Eole. 2.01 g mol-rl
2, 2.802 g of N2 gas is kepi in a lire flask at trC.

C.alqrlate the pressure exened ry thc gas.

[ \" '2.24 atEI
3. C-alculate the molar volume of a gas at ST?

[ .1ns22.4litrcrl
4. A 500 ml sample of a gas weighs 0.326 g ar 100"C

and 0500 atm. What is the molecuhr mass of the
8as ? [ 39.9 amul

5. A large flask fitted with a stop-cock is evacuared
and weighed ; its mass is found to b€ 134.56j E IL

is then filled to a pressure of 735 mm at 31.C with
a gas of unkno\pn molecular mass aDd then
rcweighed ; irs mass is 137.456 g. The flask is rhen
filled with waterandweighed again ;itsmass is now
1067.99. Assuming thar the gas is ideal, calculale
the molar mass ofthe gas. I EO.2S g mol_ll

6. C-alculate the tempcrature of 4.0 moles of a gas
occupying 5 dm3 at 3.32 bar (R = 0.083 bar
dm3 K-r mol-l) N.C.E.R.T) I . ,,.,s0 Kl

7. C.alculare the volume Gcupied by 8.8 g of CO2 at
3i l'C and I bar pressure (R = 0.083 bar L
K-lmol-r) (NC.E.R.T.) [ s.0s L)

t. 2 9 g ofa gas at 95oC occupied the same yolume as
0. 184 g of hydrogcn at l7.C at the same pressure.
What is the molar mass of the gas ?

(N.C.E.R.T.) 1,rrrs40gmot-rl

Mass of 0 036 otol of the gas

= (13't 4s6-r34. 567) E = 2.889 E

. Mass of 1 mot of rhe gas = #f,:? = 80.2s s

6. PV = aRT

or ,r=!Y=o${ffi=sox
Appty PV = aRT
As Pr = Pz and Vl = V2,

. nrTl = n2T.-

ff , <ss * zttl = lf , Oi + 273)

or u*=T##=4osmot-l

t.

-t I N -.- For-DtFFtc,uur ?RIrt:ava
Proceed as in sotued example L This gives z = 0.036 mol
2.8(D 8 of N2 = 2.80218 mol.

Then apply PV = zRT
3. At S.TP., P= 1 atm,'l=273K Appty pv=n RT

Dke4 = 1mol, R = 0.0821 Latm K-l mol-l.
5 Mass of warer fitling rbe flask

= (1067 .9-134 567) C = 933.333 C
.. Volume of flask = Volume of\rater lilling the 7.
flask = 933.3 cm3- '"'1 '.' densiry of HzO = I g cm-3) t'
NorP = 735 mm, T = 31 + 273 K = 304I(

V = 933.3 cm3

Appryins pv =,nr ;, (rff ",,") [ti3ot*i)
= r x 0 0821 L atm K-l mol-l x 304 K

.. tut = 
dK

P
1.56x0.0821 x338

745/760The density of a gas is lound to
be 1.56 gllitre at 745 mn pressure ani 65.4. Catcu-
lale the molecular mass of the gas.

So_lution. Here we have d= 1.56glitrc-l
p=745mm=]9u,-

7fi
T : 65.C :65+273 = 338 K
R : 0.0821litre atm K-l mol-r

= 44.2 u

_ _: The density of a gas is 3.80 g
L- ' at S:T.P. Cqlculste its density at 27,C and 70b
torr pressure.

Solution. d = # a- the same gas at two

different pressures aDd temperatures,
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d, P, T2

da P2 Tl

dt = 3'80 8L-1,Pl = 76otor,,Tt = 273K

d, = 2,P, = 700 torr, Tz : 300 K

, T =m*ffi o, dz=3 rtssL-1

ti\A\l Pl,lr ' Ar 0"C, the density of a gaseous

oide at 2 b ar is sdme ds lhat of nitlogen at 5 bar l'yhst

is the moleculu mass of the oxiile 2 (N'C'E'R'A)

l. The density of a 8as is found to be 3.43 gniue at

30OK aod l-.00 atm Pressure. Calculate the rDolar

Solution. Using the solution, , = H, "
the same teEperature

MrPl = NQP, (as R is constant)
(cascous oxide) (N,

.. Mr x 2=28x5
(Molecular mass of N, : 26 ';

or Mr=70u

ma,ss of the ga.s. I E4.5 g mol-ll
2. If the deosity of a gas at the sea level at 0'C is 1 '29

kg m-3, what will be its molar mass (Assume that

2. M=

LAW OF PARTIAL PRES.

pressure is equal to 1 bar). I 29.3I Eol-rl
3.

dRT-n-= (1J=1 Nm)

''.::!:!':!:::!: 
'

Pressures.

Ps, : 50 mm, Po, = 1m mm'

P : Pr, + Por: 150mm

Applications of Dalton's I,aw of Partial Plts'
sures.

When the volume of the gas is measured after

careful levelling (so that the level iaside the measur-

-3 x 8.314ljm K-1mol-'x273 K 
=o.on{iir,",t-t =129.3 g mol-r

partial pressures :

IJ two or more gases wh,

are enclosed in a vessel" t

lhz gsseous mi$ure is
partial press res ih
'presenl 

alone in ,hz
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Plrltospxem

pressure exerted by the gas and the water vapours
is equal to the atmospheric pressure as shown in
Fig.2.14.

If P and P' are the pressure of Qe dry gas aud
the moist gas respectively at t'C and p is the
aqueous tension at that temp€rature, then by
Dolton's Law of Partial Pressures

P= P'- p

Pary gr" = Pmoisr gF6 - Aqueous te$ion (at fC).

(ri) In the calculation of pa ial pressures.
In a mi*ure of aon-reacting gases A, B, C etc., if

FIGURE 2.14. PsB t P*ot",,o-,o = Pmst gE

each gas is considered to be an ideal gas, thon
applying PV : nRl

RT RT RTpe, = ne_y ,pa = ns V,pc= nci
and so o[.
By Dalton's law of partial pressures,

Total pressure, P = pe, * pe * pc + .-.

RT-
=f(nl+xB+rlc+...)

. Pe_ nA

f 
:4Jn"+'rc+- =-rA

(mole fraction of A)
or pA =JA x P.

SimilarlY,P" = x" x P and so on. Thtts

Partial pressure of A = Mole fraction of A
x Tbtal pressure

Given condilions
Vr : 38.0 ml

P t=746.5 -26.5:7m an
^ft=27 +273 =300K

N 9,@,..S* lavt or pARTIAL pBESSUc:s

r.\ \\tpLD 1. 38.U) ml of moist niiogen gas
were collected at 27C and 746.5 mm pressure. Cal-
culale the volume of the gas at 0'C aad 7& mm
pressure. (Aq. tension at 2TC is 265 mm).

Solutlon,

Fhal conditions
Vz = ?ml

Pz = 760 mm

Tz= 0 + 2i73

=Tl3K

By applying the general gas equation :

7&xVz _ Tm x38
273 300

-. 'lm xS 273:. Yr= - 3m.- * fr=22.rc^t
Volume of nitrogcn at ffC and 760 mm pres-

sure : 32 .76 ml.
6y,q11p1 ,11 2. 25012I of nitrugen mointained, at

720 mm pressare and j80 ml of orygen maintained
at 6Y) mm Wssure arc put trythet in one litre flask.
II the temepmture is kcpt constanq what will be the
fnd pressane of the minwe ?
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Applying Boyle's Law since the temperature
remains constant

Solution.
Step 1. 70 calculate the pqfiiql Prcsswe oI

nilrogen

By applying gas equation, we have

760 x gug P2 x 1000

n3 = 2f,8

760x919x288 : 736'7 mmP2 lmox2:73

Slep 2. To Cslculate the vapour pressure of
walet st 15'C.

Vapour pressure of water = Pressure of the
moist gas - Pressure of the dry gas,

: 750-736.7 : 13'3 mm

Altemaliveb, ifp is the vapour pressure of
water at 15oC, then take P, = (750 - p) mm. Sub-

stituting in the equation

P. V. P" V"
__t_: = _i_:, we get

I t 12

760 Z_9t9 _ (750 -?).x 1000. 
Solve torp.2:t3 248

t. A 2-L .lask contains 1 6 g of
methaw and 0'5 g oI hydrogcn at 2TC. Calculate

the poftial pressarc of each *as in the mintre and
hence calculate the lotal pressule,

Solutloo. 1.6pCH, = 19lnote = 0'1mole.
Ib

Gieen conditions
Volume Vr : 250 mI

Pressure P1 :72Omm

1000 x P2 :

or Pz=

Thus thc partial

Final conditions

Vz : 1000 ml

Pz:?mm

1m x 250

7m x 250
= 180 mm

1000

pressure due to nitrogen

Final conditions

Vz = 1000 ml

Pz: ? mrn

Vz : 1000 ml

Pz =? (DrY state)

Tz=n3 +L5 =288K

Applying Boyle's Law (since the temPetature
remains consta:rt)

1000 x P2 = 380x650

380 x 650 = 247 mmP2
1000

Thus, the partial pressure due to orygen (poz)

= 247 mm.

Step 3. Tcr calculate the fnal prcssure of the

gaseous miiule,
If P is the final pressure of the gaseous mix-

ture, then accordi-og to Dalton's Law of Partial

Pressures, P=Pn, + Po, = 180 + 247 = 427 mm.

t t,xel,tt'l,E-r.A$venmassof a gas occupies

919.0 ml in dry sture 4t STP The same moss when

collected over v,latet 4t 15"C ond 750 mm pressure

occupies one litre volume. Cakulate lhe vaPour Prcs'
sure ol water at 15oC.

s-slcEea-
S|ap l. Tb calculate the pressure of the dry gat

at 15"C and 750 mm pressure using the qas eEtation'

Given conditions at STP Final conditions

(Pu) = 180 mm.

Step 2. To calculate the pattial pressure o[
oxySen

Given conditions

Vr = 380 ml

Pr = 650 mm

Vr : 919 ml

Pr : 760 mm

Tt =273 K.

Partial pressure of CHI @cHl)

RT=ncnlxT

_01x0 0j821 x 300 
= 1.23atm

0.5sH, = f -ot=0 25 mote

Pafiial pressure of Hz @uz) = rr, , Y
0.25 x 0 0821 x300

= 3'079 atm
2

Total pressure = Pcto+ Pu,

= L'23 + 3'079 = 4 31atm

l1\.\\lP 3.A gaseous mirtwe contains
56 g Nr, 44 g CO, and 16 g CHa- The total presswe

of the mi*ure is 720 mm Hg Wat is the paftial
pressureofC,?
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it
Solulion. 56HNz - i = :.,'t".

44
MgCO2= Z = l mole,

169CHn = t6& = t 111ol"

Partial pressure of CHo

'lcun
- 

_------_---t_ _ _ ! D
nl,r+ ncor+ nctlo

I
= riin x 720 = lto mm

1. 2C0 ml of hydrogen and 250 ml of nitrogen each
mcasurcd at l5'C and 760 mm pressure are pur
rogether in a 500 ml flask. What will be the final
pressure of the mixture at l5'C? [ \r\.6E4mm]

2. 400 ml of N2 gas at 700 mm and 300 ml of H2 gas
at 800 mrn were iotroduced into a vesscl of 2 litres
at the saore tcDlperature. C-alculatc thc final pres-
surc of lhc gas mixture. I 260 mml

3. Tlvo vessels of capacitics 1.5 litres and 2.0 litres
containing hydrog€n at 750 mm pressure and
orygen at 10O mm pressure rcspeclively are con-
nected to eacb othcr through a valve. What rvill be
the linal pressurc ofthc gasecus mixture assuming
lhat temp€raturc remains coDstant ?

[,\,.. Prrz = 32L43 mm. Po2 = 57.14 mEL

P,tlrrorn = 37E.57 mml

4. What will be the pressure exerted by a mixture of
3 2 g of merhane and 4.4 E of carbon dioxide
contained iD a 9 dm3 flask at 27'C ? (N.C.E.R.T.)

lArr O.tZ atml
5. Wbat will be rhe pressure of the gas mixture when

0.5 L ofH2 at 0.8 bar and 2 0 L ofoxygen ar 0.7
bar are introduc€d in a I L vess€l at 27'C ?

(NC.E.R.1:.) [,$s.0 4 + l 4 = 1.E bsrl
6 8 I of dygen and 4 g of hydrogen are confined in a

vess€iof l dm3at 27'C. Calculatc the totalpressure
of the mixturc (R = 0 083 bar dm3 K-l mot-1)

(N.c.E_R.7.)
7. A minure of trydrcgen and oxyten at one barpres-

sure contains 20% by urcight of trydrogen. Calcu late
the panial pressurc of trydrogen. (N.C.E.R.T)

I";rs 0 t barl

H lNT5 FoRotFFtcut:r PRIetErv.a
l. As temperatulc is kepr constanr ar 15"C,

for calculatioD of panial pressure of Il2 gas,

P1V1 = P2V2

i.e. 2OO x '160 = P2 x 500 r|a p*, = 304 mrn

For calculatioo of parlial prcssure of N2,

Pr'V,' = Pr'17r'

rc. 76O x O = Pz' x 5N i.e. pN2 = 380 mm

Finalprcssure of thc mixture

= 304 + 380 - 684 mm
3. Finalvolume = 15L+ 2.OL=3 5L

For partial prcssure ofH2, PtVt = P"V2

i.e.75O x 7.5 =Pzx3 5

orpHz = (750 x 1.5)/3 5 = 321 43mn
For partial pressure of Oz, Pt'V1, : pz,V2,

i.e. IOO x2 = P2' x 3.5
or poz = (100 x 2) / ?.5 = 57 .14 mm

' l',ni.,o," = 321 43 + 57 14 mm = 3?8 57 mm

0.0821 dm3 atm K-1 mol-r x 300 K
9 dm3

0 0821 dm3 atm K-l mol-l x 300 K

------ , dm3-

a.r= f,ru =ff$
Pcao

=0 55atm
Pco.

14 4 \
= (* ")
-O 27 atfi

pror.,=055+O27

= 0.82 atm
5. Simriar to Problcm I and Problem 2.

nH"
7.Pur= i;!r- OxP

20a'/2
= fri7TT@i732 x 1 ba.

10
= raE= = 0.8 b".



When we enter irto kitchen, we get the smell
of food. Similarly, if a student in a class-room has

used perfume, everltody in the room gets the
fragrance of the perfumc. This is because the
molecules of the aroma of the food or the perfume
mix with the air. 7h e spreqding of the molecules of a
gas throughout the available space is called dif'
fusio_nj It differs form th
process in which d gas un
a tine hole or oifice in a
gas from a cyl or
escaping out he
atomizer etc. is

always followed by the process of diffusion.

Thomas Graham studiedthe rates of diffusion
of different gases. He observed that the lighter
gascd diffuse faster than the denser gases. In 1831,

he put forward the following law :

LAW OF DIFFUSION/EF-

For two gases having densities dr and d, and

rates of diffusion r, and r, under similar conditions

of temperature and pressure

Here the term'Rate of effusion diffusion' im-
plies as under :

Rate of effusiory'diffusion

_ Volume of the gas effrxed/diffused
- Time taken

The law may be modified for different types

of calculations as follows :

vapour dersities.

As mol. mass :2 x vapour density, we can

also write l

Net( Course

Thus knowing the relative rates of effusion of
the two gases and knowing the molecular mass of
ore of them, that of the other can bc calculated.

(ii) Compaison of volumes ol two different
gases efusedldifused in lhe same time. Suppose ut

is the volume ofgas 1 diffused in time r and u, is the

volume oI gas 2 diftused in the same time r under
the same conditions ofteperature and pressure and
through the same orifice. Then

Rate of diffusion of gas 1 1r.,1 = at
Ratc of diffusion o f gas 2 (rr1 = 2t
lf d, ar,d d, are their resPoctive densities or

Ml and M2 are their respective molecular masses,

then

\='r" =\=JL =r, ur/l u, dt
q

Pressure

q

Thus volumes of two gases effusedldifrused in
the sdme time (hrough the same oifice) under
similur conditions of temPemture and pressure are

inversely proportional to the squorc rools of theit
densities-

(iii) Comporison of times taken fot elfusionldif'
fusion of the sarne volume ol lwo dfurenl gases.

Suppose r, is the time taken for the gas 1 for dif-

fusion of volume u and,2 is the time taken for gas 2

for diffusion of the same volume u under same
andconditions of temperature and

through the same orifice. Then

r., u/1, t, tl dz

h v/tz lr dr

1:JV
tz 'Mr

where M1 and M2 are thc molecular masses of the

"fh\s times taken for efusionldifusion of same

volume of two dfurcnt gases under the same condi-
tions ol lemperature and pressure (lhrough lhe sane
oifice) src diectly Propoftional to the square rools
of theit densilies.

two gases.

1:Pr\/E:P,
r, Pr'd, Pz

q

d2

dl
fl

f2
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seconds respectiveb). If the molar mass oI A is A0,
calculate the molar mass of B. (N.C.E,R.T)

Solutlon. Suppose the volume of each gas fri

diffused : u cc. Then by Graham's law of dif-
fusion ' moniwn chloride will first aryea, ? (N.C.E.R.T)

Solution. By Graham's law of diffusion
u/20
u /1O

-ffi-v80

or MB = 20 g mol-l
- 

27 ml oI a cettain gas difuse in
the s ml of chloine under the sunte
cond,itions. Cakulale the molecular mass of lhe gas.

If , is the time taken for diffusion
of each gas, theu by Graham's law of diffusion

rx ln/t
'.r, 700/t

?.RO.BLEM3 FOR
1. Calculate the molar massofaD unknotrn gaswhrch

dimrs€s 1 117 times faster than o(ygen gas through
the same aperture utrder thc same conditions of
temperature and pressure.

[;\ns. 25 65 g mol-l]
2.1f 25 ml of CO2 diffuses out of a vessel in 75

seconds, wbat volume of SO2 would diffuse out in
the same time under the same conditions ?

ttrs. 20 73 EU
3. Uranium isotopes haw been separated by raking

advantage of the differcnr rates of diftusion ofthi
two fo-rms of u ranium hexafluoride, one contaming
U-238 isotope and the other containing U_235:

*=ffi= \/ 1,' ={zTtr

= 1.465.
Thus NH, travels 1.465 timesfaster thanHCl.

In other words, NH, will travel 1.465 cm in the
same time in which HCI travels 1 cm.

Length o[ rhe rube = 200 cm.
.'. Distance travelled in the tube bv

1 465
NH: = t.qfS + r x 200 : ll8'9cm

Thus NH.CI will lirsr appear at a distance of
118.9 cm from NH, end or 81 . 1 cm from HCI end.

What are thc relative rates ofdiffusion ofthese two
molecules under ideal conditioDs ?

Itrr. 0 9957 : 1 0]
4. 50 mlof hydrogen takes 10 minures to diffuses our

of a vessel. How long will 40 ml of orygen take to
diffusa out under similar conditions ?

Itu.32minutes1
5. A small quantiry of gaseous NH3 and HBr are

in-lroduced simulraneously tnto rhe oppGi[e ends
ot an op€n Iube which is one metre long. C_alculate
the distance ofthe white solid NH4B[ formed from
the aDd which was used to introduc€ NH3.

I rrrs 6t 5t cm]

rB
q

Ior a=

7t
Mx

1.rx-
,o,

or

H lN rS FoRrlFFtcuLr ?RIrlLEv,I
lE- 1111=\fF*

2' \ \/tl
12 v2/12

u*=nfiU=zs.65gmor r - ti+=tE
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or +=l# oru2:20 73mr

'#HB='ffi
o. '^, =,o,

or

or l=32min.
5. Similar to solved examPle 3.

For morc numericals, see .c.B.s.E. (PM.T.) and I.I.T. (Maitrs)', at the end of this unit. Problems 11

and L2, page 2160 and Problems 10, 13 at'd 15, page 2'165,66'

: I volume coemcient (au). Al constaot pressure, the incre3se in volume of a 8as P€r degrce rise of temPerature

v, - \'o
per cc of the gas at 0"C is called the volumQ c.reflicicnt of the Sas Mathematically, % = -I5 x r

Vo = volume of thc 8as at 0'C

Vr = volumc of thc gas at r'C

For all Sases, velue ot auis 1D13.

I PEssure coeflicient (ap). -At constant volumg, the incrsase in the pressure of a 8as per degree rlse of

temperature divided by its pressure at 0'C is called pressure cocfficient of the Sas Mathematically

".=H
For all gases, valuc oI cris 1213.

R g.:t4 JK-l mol-l
' Bottzmatrn constant (k) = Gas constant Per molecule = No 6.02 x 1023 rnoleculcs mol-

= r '3E x 1o-ts JK-1 molecule-1.

l: i .1 Gases baving lhe same molecular masses have same rates of diffusion e'g CO, Nr' CrHa' B2H5 (mol mass =

28).

;:|5.Atmo\sisTheprocessofseparationoftwogasesonthebasisoftheirdifferentratesofdiffusiondueto
I ' drfferince in their densities is;lled atmotpis. ir has been apptied with suc-clss for the separatior of isotoPes

a[ld other gaseous ml\tures.

a large number of molecules which were in cease-

less iotion. For the same reason, it is also called a

'Dynamic particle model' of the gas Thc name

'Microscopicmodel' isalsousedbecausethemodel

ffiB# =',/$=o*,,,;

5tfr="
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assumes the gas to be made up of molecules which
cannot be seen.

Postulrtes or Assumptions ofKlnetlc Theorf,
of Gases - fhe Microscoplc Model ofa Gas. Thc
main assumptions on which the kinetic theory of
gases is based are as follows :

(i'1 Every gas is made up ol a large number of
extremely small paticles called molecules. All the
molecules of a panicular gas are identical in moss
and size and differ in these from gas to gas.

(ii) Tlu molecules of a gcs orc sepuated lrom
each other by larye distances so thst the actuul
volume of the ntolecules is negligible as compored to
the lohl volume oI the gas.

(iii) The distances of separution between thc
molecules are so larye that the forces oI attraction or
repukion between them are negl@ble.

(iv) The torce ol gravitstion on lhe molecalcs is
also supposed to be negligible.

(v) lhe molecales are supposed to be nioving
conlinuously in dilferent dircctions with dilJerent
velocities. Hence they keep on collid,ing with one
anothet (called molecular collisions) as well as on
the walls of the conlaining vessel -

(vi) The pressure exe,led on the walts of lhe
containing vessel is due to the bombardment ol the
molecules on the v,,alls of the containing vessel.

(ii) The molecules are supposed to be perfectly
elaslic hard spheres so lhat no enc,W is u,lasted, when
the molecules collide with one another o ith the
w,alls oI the vessel. The energ) may, howeve; be
transferred from some molecules to the olher on
collision.

- (viii) Since the molecules are moving with dif-
Jerent velocitie!, they possess different kiiaic enir-

il,#.,'l',fi
Justillcatlon ofthe abovc postulates :

Posh.tlote (iii) is supported by a simple obser-
vation that even a highly compressed gas expands
when the pressure on it is decreased. This would
not have been possible ifstrong forces of attraction
cxisted between thc molecules.

Posrulate (b) can be seen to be correct on the
basis that ifa cylinder filled with air is invertedover
another cllinder containing a heavier gas (heavier
than air) like bromine, even such a heavier gas
travels up into the cylinder hllcd with air.

motion. When the molecules move, they will
naturally collide. The fact that a gas fills up a vessel
of any sizc in a very short time further supports this
postulatc.

Posfillate (i) is quite obvious. Since the
molecules are continuously moving. they can col-
lide not onlywith one anoth;r but al;o witir the walls
oI the container. Since a large number ofmolecules
aretitting the wall. they will exert some significant
push or an outward force on the wall. The force
cxcrtcd on a unit arca of thc wall is callcd the
pressure. This concept is further supported by the
inflation of a rubber balloon or a cvcle tube when
more and more air is pumped into ii.

Postulate (vii) statcs that the collisions are per-
lectly elastic. If it were not so, the lorces of friction
would havc slowcd down the molecules during every
collision. Ultimately, the gas should have scttlea down
after somc time. Since this, in fact, does not happer!
the posfulate must bc correct.

energy increases. On the contrary, when a gas is
cooled, the molecules slow down aod henci the
kinetic energy decreases. The Iiquefaction of gas
clearly supports this vicw.

,6 lstdbutlon o,

At a particular tempcrature, the different
molecules ofa gas posscss dilfcrcnt specds. F\rther
due to continuous collisions of the molecules
among themselves as well as against the walls ofthc
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container, their speeds keep on changing. Maxwell
and Boltzmann, however, showed that as a result of
collisions, though some molecules are speeded up,

some otlers are slowed down and hence the frac-
tions of molecules possessing particular speed

remains constaEt at constant temperature. This is
called Maxwetl-Boltzmaaa dist bution and is

shown by the curves in Fig. 2.15(a) for two differenr
t€mperatures.

fzrlt MOST
PBOBABLE

For 1mole, mxn: massof l mole =M,
1

molar mas" in g. Hence PV = i Mu2 or

rvhere d : M./V is density of the gas

Tlpes of speeds, It moy be tntcd that thcre are
lhree types of speeik ol gaseous molccules whirh are
commonly used- These are

(i) Most probable sPeed (a). This is lhe sPeed

possessed by lha maximum traction of
molecules.

(ii) Root Mean Square (RMS) spe€d (u). 1, ts

the square root oI the mean ol tlu squares of the

speeds ofthe molecuks. Thus iI u,uz,u3....u ndre

lhe speeds oJ n molaules then

Root Mean Square sPeed (u)

(ii) Average speed (u). I, is tlu wemge oI the

difrerent speeds oI all lhc molaulc.s-

h'emge sryl (u) =
ut+uz+...,+un

Nole. Instetd o! symbols, a,o and u, symboh

uDp, udu qnd urn, are olten used.

Rclationship between dilTertnt tyres of
speeds. As derived above, for root mean square

snecd

r/ IRTa= y _i,l

Similarly, for most probable speed (a) and

average speed (u), we have

"=y'E,,=
Thus the three types of speeds are related to

each other as

u = 0'971u, a=0'816u 
Jq:!:u = l: l'128: L'?24 |

These may be represented graphically in
the Maxwell distribution curve for speeds as

follows:

e,=\E=tr=

z
z
u,
uJ)
fo
ul
o

o
zo
O
(!
IL

SPEEDS

FIGUBE 2.15(a). Maxwell's distribution of
speeds at two diflerent temp€ratures

POSS
and

able
rise

,f,::
the fraction ofmolecules possessing most probable
speed,decreases with increase in temPerature.

:il.'

th
in the kinetic theory ofgases, a mathematical equa-

tion has been derived ftom which all the gas laws

can be deduced. This equation is known as'kinetic
gas equation.' It is usually written in the form

1-py _ i mnu,
J

whcre P : Pressure exerted by the gas,

V = Volume of the gas

rn = Mass of each molecule of the gas

n = Total number of molecules present in
volumc V

u = Root Mean Square sPced of the gas

MOLECULAR SPEEDS ul+o!+ ... + v2,

8RT
nM
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to move about. Consequeotly, the number of
molecules striking the unit area of the walls of the
container in a given time will now become one half
the original number. As a result, the pressure ofthe
gas will be reduced to one half of its original value.
Thus it is obvious from the above discussion that
pressure increases accordingly as the volume
decreases or vice versa at constant temperature.
This sl.atement represents nothing else but Boyte's
Law.

Deduction from Klnetic Gas Equation. Ac-
cording to kinetic gas equation

rv = ]mnu'?

]-n" = 1'*t*
(1) Boy'e's Law
Explanation on the Basis of Kin€tic Theorf,.

According to Kinetic theory of gases, at constant
temperature, the average kinetic energy and hence
the average speed of the molecules is constant.
Further, the number of molecules present in a given
mass of a gas is also constant,

Let the volume of a given mass of a gas be
reduced to one half of its origina.l volume. The same
number of molecules with their same average speed
will now have half the original space to move about.
As a result, the number of molecules striking the
unit area ofthe walls ofthe container in a given time
will get doubled and consequently the pressure is
also doubled. Conversely, if the volume of a given
mass of a gas is doubled at constart temp€rature
(Fig.2.16) the same uumber ofmolecules with their
same average speed will nowhave double the space

GAS
MOLECULES

IN MOTION

LARGE VOLUIVIE SMALLVOLUME

(where rn x n :

nut j rrau'?

).. PV = ; K.E. ...('

Further, according to one of the postulates of
the kinetic theory of gases,

K.E. c( Absolute 'Ibmperature (T)

or K.E. = /<T ...(r,
where & is a cosstant of proportionality.

Putting this value in equation (i), we get
.,

Pv = ;kr
,2As i is a constant quantity, k is also a con-

stant, therefore, if T is kept constant, 
3 

kT wilt be

constant. Hence PV: constant, ifT is kept
constant, which is Boyle's law.

(2) Charles' Lav

ExplanatloD on the Basis of Kinetic
Theory. According to the kinetic theory of
gases, thc average kinetic energy and hence
the average speed of the gas molecules is
directly proportional to its absolute tempera-
ture. Thus, it follows that when the tempera-
ture of a gas is inceased at constant volume,
the average kinetic energy of its molecules
increases and hence the molecules would

M is the total mass of the gas)

= Kinetic energy of the gas

)
3'

FIGURE 2.f 5. Rate oI molecr..rlar cdltsions
increases by decrease in volume.

MOLECULAR SPEE O .-------}

FIGURE 2.f 5O). Representation of rehtive
values oI cr , u and u.

Explanalion/deduction ot Gas
aws f rom Kinetic Theory,.:,.:.i,::,r,;,1t:ii.,.,,..,,.,,.:r.-,i,,,,t|.

\ 1\
\\tl

-ct_

u

-.1
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move faster (Fig. 2.17). As a result, the molecules
ofthe gas *ill strike the unit area ofthe walls ofthe
container more frequently and vigolously. Conse-
quently, the pressure of the gas will increase ac-

cordingly. Thus, at constant volume, the Pressure
of a gas increases with rise in tcmperature. This
explains the Pressure Law.

FIGURE 2.17.

C)n the other hand, if the pressure of the gas

is tobe maintained constant, the force per unit area

on the walls of the coutainer in a given time must

be
by
co
ga
explains Charles' Law.

Deductlon from Klnetlc Gas Equatlon. As
de.luced in equation (ii) above from the kinetic gas

equation, we have

numbcr of times per seccnd as ifno other molecules

vr'hen prcsent alone in that space. Hence the
Kinetic theorl,explains Dalton's Law of Partial
Pressures.

Deductlon from Kinetic Gas Equation. Let us

consider only two gas,?s. According to kinetic gas

equation,

P
7 mnu2w = \mnu2 or r =:
3 v

w:!n
This may be rewritten as

? i. .on.tunt, ft is also constant, hence if P is
3

V
kept constant, T = constant. which is Charles' law'

(3) Dalton's Law of Eartial Prtssures
Theory.
eattrac-
same or

different gases are very weak under ordinary con-
ditions of temperature and prcssure. Therefore,
the molecules ofa gaseous mixture move complete-
ly independent of one anbther. As a result, each

molecule of the gaseous mixture would strike the

unit area of the walls of the container the same

Now, if only the ffust gas is enclosed in the
vessel of volume V, the pressure exerted would be

o - lmr\ul
't- 3 v

Again, ifoulythc second gas is enclosed in the
same vessel (so that V is constant), then the pres-

1 mzn2utr
sure exerted would be P, = i-:1-

Lastly, ifboth the gases are enclosed iogether
in the same vessel then since the gases do not react
with each other, their molecules behave inde-
pendent of each other. Hence, the total pressure

exerted would be
mrnru!

=Pr*Pz
Similarly, if more thatr two gases are present,

then it can be proved that P = Pr * Pz + P3 + ...

n Between Average Kinetic
and Absolute Temperaiure-

e"qlglIlrglUilejillhe_ory-._,: " ii:i:: nnii,r::,ir:

According to Kinetic gas equation,

PY =lmruz ."(,l
where P is the pressure, V is the volume ofthe gas,

m is the mass of each molecule, n is the number of
molecules pres€nt and u is the root m€an squarg
speed of the molecules

If l mole of the gas is taken, then tho total mass

of the gas, m x ,t : M, the molar mass of the gas.

Hence eqn. (i) bccomes

v 2k
T 3P

o- 1^"'u1 * L'3V3

Pv = +Mu2
(u)

HIGHER TEI/lPERATURE
FAST MOVEMENT

\/ .

\"/,

LOWER TEMPERATURE
SLOW I/lOVSMENT
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mo
mo
mo
late the sverage speeL rool meqn sEt$e speed and
most prcbable speed oI the gas at 2TC-

-.(v)

It can be re-uritten as

)1
ev : i.)uu'l

l-
But , Mur rcpreseDls the kinetic energy

(K.E.) per mole

)
Heoce pV=;xK.E.

?
or KE. =: PV for I mole of the gas ...(iii)

But for 1 mole of the gas, the ideal gas equa-
tion is

PV=RT
Putting this value in eqn. (iii), we get

1
K.E. : ; RT tor 1 mole o[ the gas -.{ir)

To get average kinetic energy per molecule,
divide both sides of eqn. (iu) by the Avogadro's

number, N i.e., the nunber ofmolecules present in
one mole ofthe gas. Thus we have

aue,aee x.e. = lftr
1or 11s = jkr

where t = ft is called Boltzmanu cotrsta.nt

From eqn. (v), we observe that
Average K.E. q Absolute temperature of the

gas irrespective of the nature of the gas. This is one
of the postulates of kinetic theory of gases.

Further, as l<.2. = zmua 
i.'e. K.E. ct z2 and

Thus, when T = 0 K, rr = 0 i.e. molecular motion
in a gas should become zero at absolute zero. In
fact, the gas liquefies before this temperature is
attaincd. The motion of the gas molecules due to
temperature is called therpalEe$on.

Solution. Average spced (u.,)

10x4+20x5+,10x8

(b) Aho calculate the root mean square speed
oI methane molecules qt 27"C.

?
Solutiol. (a) Total K.E. = I rrRT

=|"ft^ax 8 314JK-r mol-rx 3ooK

(Molar mass of CH4 = 16 g mol-l)

= 7482.6 I
Average K.8.,

ree.=|m =)"
l0+20+q

2 n,u,

2n,

= 
lQ 

= 6 56.r-t

Root mean square speed (ur.m.r.)

a|ffi.ffi
' 2n, ' 10+4+40

8'314 JK-l mol-l
6.02 x 10r molecules mol-l

X3OOK

= 6 78 ms-I

Most probable speed (u-)
= 0.916 x u,...,

= 0.816 x 6.78ms-l = 5.53 ms-r.
r i.\.1\lt,t.i.t I @) Colculate the totql qnd

average kinetic energ oI 32 g methane moleculcs at
27'C (R : 8 3141K-1 mot-1)

(Bihar C.E.E. 1997, N.C.E.R.T,)

= 6.21 x 10-2r J molecule-r

o, = ]nt *ot-r

= I x 8.31a JK-l mol-r x 300 K

= 3741 3Jmol-r

(D)u,,.,,.=tr
Using C.G.S. units, ptrt

R = 8.314 x 107crgsK-lmol-l,
T:27+273=3C0K,

M (for CHo) = 16g mol-I, we get

160+500+2560
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= 6E3'9 ms-r

Boltzmann constanl. Also calculate the numbet of
molecules present in one mole of the Bas.

Solution. Average kinetic energy
1

(K.E.) = itTZ

2 I(E' L,:-\1 

-
3" T

5-62L x 10-21 J molecule-l
273 K

= 1.373 x 19-23;6-r molecule-l

No. of molecules in 1 mole of the gas

(Avogadro's No.) = f
8'314 JK-r mol-1

= 7.373 ,10-27 JK-l molecule-l

"t l-, *:r+, to' , eoo.,:v '16
=6'E39 x ld cm s-l
= 6t3 9 ms-l

using S.I. units, put R = 8'314 JK- 1 mol-l,
T : 300 K M = 16 x 10-3 kg mol-l, we get

3x8.314x300
16 x 10-3

(i) For an ideal gas, as PV : nRl, Z : I
(fi) For a real gas, as PV + nRL Z*1. Hence

two cases ari6e :

(a) WhetZ < l, (e.g for CHo, CO2 etc.) the

gas k said lo show negative deviarion. This implies
that the gas is more compressible than expected
from ideal behaviour.

This is also attributed to predominanc€ of at-
tractive forces among the molecules of these gases.

(D) When Z > l, the gas is said to show
positive deiatiot- This implies that the gas is /ess
compressible tbar. etpected from ideal behaviour.

This is attributed to the predominance of the
strong respulsive forces among the molecules.

Greater the departue in the value of Z from
unity, greater are the deviations from ideal behaviour.

At the same temperature and pressure, the
extent of deviation depends upon the nature of the
gas, as shown in Fig. 2.18 (a). Thus at intermediate

200 4m 600 E00

PRESSURE (ATM) +

2=3'

Ideal and Real Gases.,4 gas which obeys lhe

ideal gas eqtation, PV : nRT under all conditions of
lemperature and pressure is called m \deal gas'' Hr:w'
cver, there is no gas which obeys the ideal gas equation
under all conditions of temperature and pressure.
Hence the conc€pt of ideal gas is only theoretical or
hypothetical. The gases are found to obey the gas laws

fairly well if the pressure is low or the temperature is

high. Such gases are therefore krown a s 'Real gases.'

AII gases are real gases. However it is found that gases

which are soluble in water or are easil, [q uefi able e.g
CO2, SO2, NH, etc. show larger deviations thall the

gases like H, , O, , N, etc.

Study of Deviations. The extent to which a

rcal gas deviates from ideal behaviour can be con-
veniently studicd in terms of a quantity 'Z' called
the compressibility factor, which is deFrned as

I r.6
Eo 1.4
F
o
f; 1.2

^E r.oE'J
B ou

H 06
tL

^> 0.4
o

9,.4
(I
o
5 r.z
f
-

O=''o
d)
6
ru 0.8
TEc
oo

FIGIIRE 2.1a. (a) Z us P for diflerent gases
(b) Z rs P for N2 gas at different temperahJes.

ioteL ons

K
273 K

.".023 K

IDEAL GAS
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pressures, CO2 shows much larger negative devia-

tion than H, or Nr.

For the same gas, at a particular pressure, the
extent of deviation depends upon temperature, as

shown irr Fig. 2.18 (b) for the case of N, gas.

Plots in Fig. (b) show that as the temperature
increases, the minimum in the curve shifts upwards.
Ultimately, a temperature is reached at which the
value of Z remains close to 1 over aa appreciable
range ofpressure, For example, in case ofN2, at 323

K, the value ofZ remains close to 1 uplo nearly 100
atmospheres..

Ilp tempcraan O whlch a r*l p bduva Eb an
idal gas owr ol aryrvioble prrvrr ranrye b
atld @etfst[Exlltur€ar Boylc polnt.

Further from the plots shown in Fig. 2.18, it
may be seen that at ordinary pressures (1-10 atm),
Z rs very iear to 1 i.e. the deviatious from ideal
behaviour are so small that the ideal gas laws can
be applied.

Causes of Deviation from Ideal Behaviour. As
explained above, the real gases obeyidealgas equa-
tion (PV = zRT) only if the pressure is low or the
temperature is high. However, if the pressure is
high or the temperature is low, the real gases show
marked deviations from ideal behaviour. The
reasons for such a behaviour shown by the real
gases have been found to be as follows :

The derivation of the gas laws (and hence of
the ideal gas equation) is based upon the Kinetic
Theory of Gases which in turn is based upon certain
assumptions. Thus there must be something wrong
with certain assumptions. A careful study shows
that at high pressure or lou/ temperature, the fol-
lowing two assumptions of Kinetic Theory ofGases
are faulty :

(i) The volume occupied. by the gas molecutes
is negligible as compared to the total volume of the
qqs.

(ii) The forces of attraction or repulsion be-
tween the gas moleales are negligible.

The abovo two assu-Eptiors are trueonlyifthe
preisure is low or the te.Eperature is high so that
the distauce between the molecules is large. How-
ever, if the pressure is high or the temperature is

low, the gas molecules come close together. Hence
under these conditions :

(!) The forces of attraction or repulsion be-
tween the molecules may not be negligible.

(ii) The volume occupied by the gas maybe so
small that the volume occupied by the molecules
may not be negligible.

Equation ofState for thc Real gases (yan d€r
Waal's equation), To explain the behaviour of real
gases, J.D. van der Waal, in 1873, modified the ideal
gas equation by applying appropriate corrections
so as to take into accouDt

(r) the volume of the gas molecules, and
(r'i) the forces of attractiotr between the gas

molecules.

He put forward the modified equation, known
after him as yan der Waal's equatiou.This equation

for 1 mole ol the gas is

(r.#)ry-D)= Rr

andfor n moles of the gas, it is

are constants, called
Their values depend

DerivatioD ofr,on der Waal,s equatio[. Van der
r*hal's equation has been obtaincd by modifylng the
ideal gas equation PV = ,I{T by applytng corrections
for the volume and pressure.

(i) Corrcctior for volume, Suppose the volume
occuprcd rythe gas molecules is r. When themolecules
are moviDg, their effective volume is four times the
actuaf volume ie. 4 u. Let us call it, ie. b = 4t(Callen
excluded yolume or co-volume). Thus the fteevolume
availablc to thc gas molcculqs for movement ie

Correcled volume = (V - D) for one molc
or = (V - nr) for n moles

Qi) Correction for prcssurc. A moleculc (A)
lyiog within the vessel is atiracred equalty by other
molecules on all sides bur a molecule near the wall (B)
is aftracted (pulled back) by the molecules inside (Fig.
2.19). HencE it qens less pressure. In other vords,
observed pr€ssure is less tban the idealpressure. Henc€

Crrrected prcssure = P +p
+It iiraybc Pointed out that ior H2 and He. Z, > 1\r1e: T > 2?3 K and rncrcascs with inctcase in prEssure Al temp€raturc

much below 273 K, Z < 1 elrn for these gases-

where'a'and'b'
Waal's constants.
nature of the gas.

van der
upon the

e.#)
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WALL OF THE
VESSEL

MOLECULE'B'MOLECULE 'A'

FIGURE 2.19. Baclarard pull oIr moleculc
B by other molecules.

Evidcntly, the conection term p is proportional
to dcDsity ofthc gas ncar thewalland thc dcnsityofthe
gas insidc ie.

p " (densityf orp - d2

I[]ut d. Vforonemolc

or d' Sfornmoles

llence 2 d I for onc mole or p = a 161sns rn91s
v2'v2

,r, o- trorn-olesor r= Siforn moles
v2'v2

.. Corrccted pressure = (y ,3) forone molc'v
or = fr, - 4f fom moles.\ v2/
where 4 is a constant dep€nding uPon the nature

oI the gas.

Substituting the corrected values ofvolume and
pressure in the ideal 8as equation, we get

) (v - ,) = RT for one mole

U - ,1b) = nRT for 4 moles.

Sigtrilicance ofvan der Waal's constants
(i) van der Whal's constant 'a'. Is value is a

me
am

(ii) van der lvaal's constant 'b'. Its value is a

moasure of the effective size of the gas molscules.
Its value is equal to four times the actual volurue of
the gas molecules. lt is called ucluded volume ot
co-volume.

Unlts ofvcn der Waal's constatrts
(i) Unlts of 'E'. As

an2

' v2'
Dxv

... A=. 1n-
= atm L2 mol-' or bar dm6 mol-2

(ii) Units ofrb'. As volume correction
u = nb,

.'. b=9 = Lmol-l ordmtmol-l
n

Explanailon of the behaviour of Real gases by
van der Waal's equatlon

(r) At very lorr prtssurcs, V is very large.
Hehce the correction tcrm a/\P is so sDdl that it
can be neglected. Similarly the correction term 'b'
can also be neglected in cornparison to V. Thus van
der Waal's equation reduces to the form PV : RT.

This e:rplains why at very low pressures, the real
gases behave like ideal gases.

(ii) At moderate pr€ssures, V decreases.
Hence a/V increases and cannot be neglected.
However V is still large enough in comparison to
'b' so that'D' can be neglected. Ttus van der Waal's
equation becomes

(r.+)V=Rr or PV

ot PV=RT-+

*+=o

PVor RT=

or Z=

Thus compressibility factor is less than 1. As
pressure is increased at constant temPerature, V
decreases so that the factor c/RTV increases. 'fhis
cxplains why initially a dip in the plot of Z versus P
is observed.

(riD At hlgh prcssurcs, V is so small that 'b'
cannot be neglected in comparison to V. The factor
a/\2 is no d6ubt large but as P is very high, a/V2
can be ncglccted in comparison to P Thus van der
Waal's equation reduces to the form

P(v-b)=Rr
or PV=RT+Pb

1a'-nrv
_4
' RTv

tP+-\ v2

or lP*onZ\\ vzl

PV Pbor RT=1*RT
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or z= 1+#
Thus compressibility factor is grcatcr than 1.

As P is increased (at constant T), the factor PblRT
increases. This explains why after minima in the
curves, the compressibility lactor increases con-
iinuously with pressure.

(iv) At high temperatures, V is very large (at
a giv€n pressure) so that both thc correction factors
(a/V atd b) becomc negligible as in case (i).
Hence at high temperature, real gases behave l_ike
idealgas.

Explanation of the €xceptional behaviour of
hydrogen aod helium. From Fig. 2.18(a), it may be
seen that for H2 ard He, the compressibility factor

Z is always greater thao 1 and increases with in-
crease ofpressure. This isbecause H, andHe being
vcry small molecules, the intermolecular forces ,rf
attraction in thcm are negligible i.e. 'a' is very vcry

small so that fr is ncgligible. The van dcr Waal

equation, thcreforc, becomes

P(v-b):Rr
or PV=RT+Pb

PV Pbor RT -' RT

rhus ff i.e. Z> l and increascs with

increasc in thc value of P at constant T.

P= 5L-2molx0.0564Lmol-1T=

_ (3'59 L2 atm mol-2) (2.5 mol2)

QL)2

= 33.61 atm - 5.61 atm = 2E.0atm

. . 
If the gas were considered as ideal gas, apply-

ing ideal gas equation

PV=nRT

P=,IRT
V

2 mol x 0.083 L bar K- I mol- I

_ (10 bar + 1 .072 bar) (5 L - 0. 1128 L)
2 x 0.083 L bar K-l

:326K
One mole of SOrgas occupies a

volunrc oI 350 mL at 27.C qnd 50 atm pressure.
Cala ale tlrc coneressibility factor ol tlte gas. Cont_
m,ent o the type of deviation slrcwn by the gqs Iomt
ideql belruviour

Solution. Comprcssibility factor, Z = {

_- Suhstiturin-g, n = I mol. p - 5U atm,
V=.1.50y10-rL=0.-l5L

PROtsLEMS ON

l.\ \\l!,1_lj I Calculste the prcssurc excrled by
110 g of carbon dioide in a vessel of 2 L capscity at
37"C. Given that the van der Waal's constants are
a : 3. 59 L2 alm ntol-2 arul b = 0. 0427 L mol- t.

Comparc thevaluewiththe cqlculatedvalue if the gas
were considered as ideol.

. Solution. According to van der Waal,s equa-
tron

b.4\ N -nb)=n.r\ v,/'
^ nRT sn2ot P=v-nb-nz

Here, n = 1.'9 = ,'t molus. Substituring rhe'44
given values, we get

m
at 10 bar pressure. Given that Ior SO2 gas, van der
Waol's constants ate : a : 6.7bar L2 mol-2 and,
b = 0.0564 L mol-l.

. Solution. According to van der Waa-l,s equa-
tron

(r.#)(v-nr)=aRr
_ (p + anztvz11v - nb1

nR
As pressurc is in bar, takins R = 0.08J L bar

K-l mol- I and substituting thc frven values, wc gr-t

[10 bar + (6.7 bar L2 mot'z) (z mol)z / (5 L)2]
2.5 mol) (0.0821 L atm K-l mol-1) (310 K

(2L - 2-5 mol x 0.0427 L mol-l)

2.5 mol) (0.0821 L atm K-l mol-1) (310 K

:31.Eatm
2L
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R = 0.0821L atm K-l mol-r,T = 27 + 2i73

= 300 K, we get

Z: (50 atm) (0.35 L)

(l mol) (0 0821 L atm K-1 mol-1) (300 K)

= 0'7ll
For ideal gas, Z : 1. As lor thc given gas

Z < l, it shows negative deviation i.e. it is more
compressible than elpected from ideal behaviour.

.ll\\\ll't,l! The van der Waal's constant'b'

for orygen k 0 ' 03 18 L mol- 1 . Calculate the diameter

o! the oqryen molecule.

Solutlon. b = 4u

^, ,, =!- - 0 0318- 7.95 x Io-3 L mot I

44
= 7.95 cm3 mol-l

. . Volumo occupied by one O, molecule

7.95
6.02 x 104

1. Calculate the pressure exerted by 10 2gofNH3in

a 3 . 0 dm3 vesscl at 25"c (a) using ideal 88s equa-

tion (6) using van der Uaal's equation The van der

vhal's constants arc i o = 4 17 daf atm mol-2,

6 = 0.0371 dm3 mol-1

[{lrs (a)4 9atE(r)4 Eatml

Dillerence between ldeal gas aorl Real gas. The main points ofdifference are summed up in the table

below :

= l'32 x 10-a cm3

Considering the moleculc to be spherical,

4nF=ir-32x10-E
3

or ,:1"*xL.32x10-73

=315x10-24
.. 3logr = tog (3 15 x 10-z)

=-24+0'4983
= - 23'5017

or logr= - 7'8339 =S 166l

.'. r = Altilog 8 1661

= 1 466 x 10-8 cm

. . Diameter of orygen molecule

=2xr=2932x10-8cm
:2'%2 L

vapour.

2. 180 I of steam is contained in a vessel of 25 L
capacity under a pressure of 50 atm Cilculate the
temperature of the steam. Given that for water

a = 5.46bar l] mol-z and

b =0 031 Lmol-l. Ituls. 1531 7 KI

Ideal gas Real gas

(i) It obq/s gas lau/s under all conditions of tempera-

ture and Pressure.
(ii) No gas is ideal.

(ri) Volume occupied by tbe molecules is negligible as

compared to the toull volume occupied by the 8as.

(iv) The forces ofattraction among the molecules ofthe
gas are negligible.

(v) It obeys the idcal 8as equatior PV = nRT

(i) It obels gas Iaws only under low pressure and high

temperature.
(ii) All gases are rcal.

(iii) Volume ocrupied by the molecules is not negliSible

as compared to the totalvolume oc{uPied by the 8as.

(iv) The forces ofattraction among the molecules cannot
be ncglected at high Pressure and low temperature

(v) lt obeys van der rihal's cquation

(rr#)ry-rb)=nRr
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2.1 1. Liquefaction of Gases and
Critical Temperature,i:'i:,:i:,:".1

The liquefaction of a gas takes place wheu the
intermolecular forces of attraction become so high
that they bind the gas molecules together to form
the liquid state. The intermolecular forces of at-
traction can be increased either by increasing the
pressure so that the molecules come close together
or by cooling the gas so that the kinetic energy of
the molecules decreases and they become slower.
Henc,g a ga s c an b e li qu efi e d by c o ol in g or by app lic a-
tion of pressure or the combined effect of both.

Gases like ammonia, sulphur dioxide,
hydrogen chloride, carbon dioxide etc. could be
liquefied by any one of the modes mentioned above
i.e. either by application of pressure (at room
temperature) or by cooling (at atmospheric pres-
sure). However, the effect of temperature on the
liquefaction of gases is found to be very important
as higher the temperature of the gas, more difficult
it is to liquefy it and higher is the pressure required.
For example, pressures required to liquefy carbon
dioxide at different temperatures are given below :

Tbmp. ("C) -50 -30 -10 10 20 30 31.1
tTessure
(atm)

61 14. I 26.r 44.4 )6 .5 7t.2 73.9

T"=31 '1oc,

P, = 73'9 atm,

V": 95'0 cm3 mol-l
Critical constants of a few gases are given in

TableZ.2below:

It is interesting to mention here that Andrews
in 1861 was the first to study the critical phenomena
e4perimentallyusing CO, gas. He studied the effect
of pressure on the volume of CO, at different con-
stant temperatures. Some of the isotherms thus
obtained are shown nFig.2.?-l.

Further, it is observcd that gases like
hydrogen, helium, orygen nitrogen etc. could not be
liquefied at room temperature by application of
pressure alone, howsoever high it maybe. Hence at
one time, thdse gases were called 'permanent
gases'. Now it is well known that each of these gases
could also be liquefied provided first it is cooled
down to or below a particular temperature. In other
words, for each gas, there is a particular tempera-
ture above which it cannot be liquefied, howsoever
high pressure may be applied on the gas. This
temperature is known as critical temperature. Thus

Crititql ol'a cat moy be it{rned
as that above vhich it cantnt be
liquefuil lwwsuver higft pressure may be applied
on ehe gas.

represented by T", P" and V". For example, critical
constants of CO, are :

VOLUME, V -+
FIGURE 2.20. Isotherns of CO2

(From Andrew's experiment)

TABLE 2.2. Crilical constants of some gases.

Gas T. (K) Pc (atm)

He

H2

N2

CO

o2

cHc

coz

NHr

5.3

33.2

126.0

134.0

154.3

190.6

304. 15

405 .5

2.29

12.97

33.9

35.0

50.4

456

73.9

113.0

57.7

65.0

90.0

71.4

98.'t

95.6

72.3

I
o_

uJtlo
U)
IJJ
E,(L
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At the lowest temperature employed i.e.

13 1"C, at low pressure CO2 exists as a gas, as

shown at the point A. As the pressure is increased,
thc volume ofthegas decrcases alongthe curve AB.
At B liqucfactiou of the gas starts. Hence volume
dccrcasis rapidly along BC because liquid has

much less volume than the gas. At the point C,

Iiquelaction is complete. Now the increase in pres-
sure has very little effect upon volume because
liquids are very little compressible. Hence a steep

ctrrvc CD is obtaincd. As thc temPerature is in-
creased, horizontal portion becomes smaller and
smaller and at 31 1'C, it is reduced at a point, P.

This means that above 31 1"C, the gas cauot be

liqucfied at maY be aP-

plied. Thus rature. The

correspond gas at the

criticai tem ure, P" (i.e.

73 9 atm). The volume occupied by 1 moie of the
gas under these conditions is its critical volume,
v. (i.e. 95'6 ml).

2.12. Methods tor Liquelaclion ol Gases ,,r:iii:i; ,,

TWo methods most commonly used for li-
quefaction of gases are briefly described below :

1. By the adiabatic expansion of compressed
gas-Linde's Process. This process is based upon
joule-Thomson effect which states as follows :

The term 'adiabatically' implies that the ap-

paratus is perfectly insulated so that no heat is lost

to or gained frorn the surroundings.

An obvious reason for [he cooling is that when

the gas cxpands frorn a region of high pressure to
the iegion of low pressure, the intermolecular dis-

tanccs increases. Some work is done in seParating

the molecules apart. This is done at the cost of
kinetic energy ofthe gas. Thus the kinetic energy of
the gas decrcases and therefore the temPerature

falls.

sascs arc first cooled to some particular (empcra-

iure and then allowcd to expand, thcy behave like

other gases. Thc tcmperaturc to which a gas should

-.>

thus be cooled is called thc invenion temperatwe.
The inversion temperatures for hydrogen and
helium are -80'C and - 24O'C respectively.

The process based uPon the above PinciPle is
known as Lit de's process. The apparatus used is in
shown in Fig. 2.21-. The chart showing the names of
the different parts is also given in the Fig. 2.21.

A = lnlet fo. air c
B = Compressor
c = Condensing coils
D = Receiver lor water

F|GURE 2.21. Linde's process for liquefaction of air

The above apparatus was used by Linde for
the liquefaction of air. The procedurc adoptedis as

follows :

Thc air is first compressed to about 200 at-

mosphere in then Passed
through the c csult, the air
is cooled and condense to
form the liquidwhichis removed. The dry air is then
passed through the copper spiral E which ter-
minates iEto ajet J. The air expands through thejct
J into the chamber F where the pressure of the air
falls down to about 50 atmospheres. Thus as aresult
of JoulcrThomson effect, the air is cooled. As the

cooled air moves uP, it further cools the incoming

air. The cooled air is sent to the compressor again

and the process is repeatcd a number of times till
ultimately the air is cooled to such an extent that it
liquelies. The liquelied air collects at the bottom of
ihc chamber F and can be drawn off. Any uncon-
densed air is recirculatcd.

t
t
t

E = Copper sPiralwith a jet J
F = Ouler chamber
G = Outlet for liquefied air

llhen a gus undcr hilh pres.rure k allowed lo ex'
pand adiubaticull! through atine orilice (hnle) into

a region o! ltw pressure, it is accompanfud b!
cooling.
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2.1 3. lnportance ol Critical Temperature ::+::j:,:r:ri.::ii;,:,i:r:

FIGUBE 2,22. Claude s process.

ADD UR KNOWLEDG| g' ,

'"Jfi T": # i;rTd' 
rhe.most satisractory and

etc. vir.ial coeflicierts. At very low pressure, first virialI Van der al's constant ?, is r
the intermolecular ro'""' 

", ";:]:::l^t:-th: 
ease ofliqueracrion of the

is in the order so2 , 
",, 

, 
"il'jl 

li.i;; ffi*,::"':'::ilffi';:: f,1'"fJffi":f;J::til**::1'::tr:
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He H2 Nz co .q- NH,
\ (19 s.2 33.2 D62i4.o N4r-4os o
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APD TO YOUR KNOWLEDGE CONTP

At the cntical poiot, the denslties ot the substance in the Saseous state and liquid state are same and there is

no distinction between the two states

Fluids above the critical temperarure are called super citical fluids. They dissolve many orSanic substanc€s'

ft 
"y "r" 

ut"O fot qrick sepaiation of a mixture into ils comPonents'

co2 abo'Je 31 1'c and above 600 bar pressure has a densltv of about] lj{^iltl"--i.1X:'::::::::
;;;;;;;,, o u *u", * oinr,e than chlorofluorocarbom which are h8rmtul for tbe e'vironment.

Based upon these postulates, the chalac-

t"ristic froperiies of the liquids can be explaiaed'

as discussed in the trext sectroo'

r 4.

SECTION_TI

TTIE LIQUID STATE

2.14. lntroduction

to; thet '
(iii) The intemolecular lorces of anraction in a

rcmPeruture.

1. ShaPe.Liqu
take up theshaPe of
This is because the
state of co$tant raPid motion'

rne.This
action in
the gas

mpletelY

free to move.

pres
mol I



STATES OF MATTER

kinetic theory of liquids, the molecules of the liquid
are constantly moving in different directions witir
different speeds. Thus as these molecules are

If the liquid is added into the evacuated vessel,
then initially, as there are no molecules of the

sation. also 
_increases (Fig. Z.Zq- Ulrimately, a

stage is reached when rate o[ condensation be-

(i) Cooling caused by evaporation. When a
Iiquid evaporates, the more energetic molecules
leave the liquid. As a result, the;verage kinetic
energyofthe remaining liquid decreases ind hence
the temperature falls.

. (r'i) Factors afrecting yapour pressure. Tlvo
rmporlaEt lactors on which the vapour pressure of
a liquid depends are :

(a) Naturr ofthe liquid. Ifthe intermolecular
Iorces o[ attraction in the liquid are weak, the
molecules can casily leave the liquid aIld come into
lhe.vapour phase and henc€ the vapour pressure is
highcr. For example, the vapour pressure of
acetone, benzene etc. is higher than thrt ofwater at
the same temperature (as shown in Fig. 2.25).

I
LIJ(!
laa
tu
d(!
(!
l
o
I

g
<
iE

versus their corresponding kinetic energies is as

Heoce

.---+TEMPERATURE

This is bc@urc acco

,nFraturE T is livcn bv fu)ltnann a.dE at tcrnFratuE T is givcn by BottzrDann fact_., -

I
II

_FIG[,RE 2.25. Vapour pressure
temparafure cruves for some liqujds

(6t ElTect of tempe
of a liquid is increased,
liquid increases. This is
Fig.2.25.

results related with the process of
given bclow :
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and so does the vaPour Pressure'

bubbles from below the surface start rising to the

surface and escape into the air. The temperatu-re at

*t i.tt tt it ttuppens is called the boiling point' Thus

attmspheric Prexure).

Difference between Boiling and Evaporation'

Although boiling and evaporation -are. 
similar

pro.".J"., yet they differ in the following two

respects :

a
uJ
J
fo
UJ
J
o
=TLo
z
o
Fo
t
tL

increased till the vapour pressure De.cornes equar tu
qtmosnheric Dressure. the vapour in the form of,ti".pfr"ti" pr".rri", the vapour in the form of

ATMOSPHERIC
PRESSUBE

(iv) Heat of vaporisation (AI\)' When the

uid changes into vaPour.

obof the
is callctl

Obviously, greater the intermolecular forces

of attraction pi"I""t in a liquid, greater is the heat

fz, It

EVAPORATION

Boiling takes Place at a particular temperature

where-vapour pressure becomes equal to atmos-

pheric pressure.

Boiling involves the formation of bubbles of the

*p"ri belorx the surface of the liquid (Ytg'2'27)'

1. Evaporation takes place sPontaneously at all

temperatures

2. Evaporation takes place only from the surface of

the liquid

FIGUBE 2-27.Bolingof a liquid'

1.

t
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of point. Forex iling point
of
be ' acetone'

7. Surface tension. Surface tension is a char-
acteristic property of liquids which arises due to the
fact that the moleculcs of thc liquid at thc surfacc
are in different situation than those in the interior

As a result-ofthis inward pull on all molecules lying
at the surface, the surface bebaves as if it wcri
under tension (like
this property of liq
inward attraction.
liquids is called sur

FIGURE 2.28. Surface tension oI a liquid.

from position CD to position EE Thus some work
has to be done against the force of surface tension.

FIGURE 2.29. Concept of
swlace energy.

TIE vok in e$s ,Wirrd to he itorv to irrcrqe or
Aod dttwfaaarw by l sq. cm is alwsudw
erwgL nE totib ol w{ou ercrg oe, tlurqfon,
ergs per q. cn (ot ioub per q. m*e ie.ln-z il
SJ. sttum).

In terms of dimtnsions,
Surface energy = work per sq. cm.

= (Force x lengrh) per sq. cm.

dvncs x cm
= dyoes cm-I.cm'

These units are the samc as those of surface
tension. Thus the surface eocrgy is same thing as
surface tcnsion. Hencc the definition of suriace
energy is sometimes taken as the definition of sur-
face tension.

S 5ome importanl.results o[ surface tension
are bri

FIGUBE 2.3O. Inward pull of surface
tmsion makes a drop spherical.
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oonvex.
' .i .:rl:':l::':r:i'::'l:: :':::i':;::':':l:":l:: i:':::: ':i;l:': l i:":"::"'

CAPILI.ARY
TUBE

knc;wn as adhesive forces e.g- between water and

glass or mercury and glass etc- In case of water

[aken in a glass tube, adhesive forces aro stronger

than cohesive forces whereas it is reverse for mer-

cury taken in a glass tube.

(iii) Effect of temperature on surface tension'

The surface tension of liquids generally decreases

with increase of temperature and becomes zero at

the critical temperaiure (where the meniscus be-

tween the liquid ancl the vapour disappears)' The

decrease in surface tension with increase of

temperature is obviously due to the fact that with

i.rcrease of temperature the kinetic energy of the

molecules (and hence the speeds of molecules)

increases and, therefore, the intermolecular attrac-

tion decreases.

8. Viscosity. It is well known that all liquids do

not flow with the same speed. Some liquids like

water, ether etc, flow rapidly while some other

liquids like glycerine, castor oil etc. flow quite slow-

ry. fnit i"ailates that everyliquid has some internal

resistance to flow.

This internrrl rexirsttarce nlln*p*Eassd'y a lfuid
is calld its vMoif[y.

The liquids which flow slowly, obviously have

high internal resistance which is due to strong in-

teimolecular forces and, therefore, are said to be

more viscous or are said to have high viscosity' On

the other hand, the liquids which flow rapidly have

low internal resistance which is due to weak inter-

molecular forces and hence are said to be less

viscous or are said to have low viscosity'

To understand the nature of the internal

resistance or friction existing within a liquid, con-

sider a liquid flowing through a narrow tube (Fig'

2.33).

CAPILLARY
TUBE

FIGURE 2-32. (a) Water rises in the-capillary- - - 
iUt l,,t"t.ury 

'level falls in the capillatv'

u cm/sec

u+du cm/sec

, FIG ,r.33. 
Flow throu$ a narro,rl tube' 

"i

Allparts of the

tube with the same

be made uP of a large
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coaxial layers. The layer which is in contact with the
walls of the tube is almost stationary.

As we move from the walls towards the centre
of the tube, the velocity of the dindrical layers
keeps on increasing till it is maximum at the centre.
Conversely, we may say that as we move from thec lls, the velocity of the layersk In other words, every layero or friction to thelayerimme_
d

The flow of a liquid on a lxed horziontal
surface may be represented in a similar manner as
follows :

u=0

Some Important Results. Some important
results related *ith the property of viscosity are as
follonn :

(i) Uoits ofviscosity. As already described,

d1)
4Ad*

f.tu _
A. d1)

: dltes cm-z sec,

Thus the units of viscosity are dynes scc
cm-2. This quantity is called I poise (derived from
the name of the pioneer worker, poiseuille, in the
field oI viscosity).

As force = mass x acceleration

i-e. f = m X a,\ie can also write

-_mXsXdx gXcms-2Xcm
,l__..._._

A 'Aa cm'X-i -sT

=gcm ,s ,

i.e. 1 poise = lgcrn-1s-l
like centipoise and

m ipoise = 10-2 poise,
1

ln sr units. t = Id* =_l r -
Ad" - il, mln

= Nrn -2s or pa s

or in place ofg cm-ls-1, we have kg r2 - 15-l

1
I poisc = I;rh ofSI unir.

T

*
*

FIXED HORIZONTAL SURFACE

FIGI.,RE 2.34. Representing florv ol thrae lavers
abovp lho fixpd horizontal surfacp

rcc of friction (fl
area A sq. cn,,
having a velocity
v

. _dv - du
J " A d, or f = A .\*

where 7 is a constant known as coefficicnt of vis-
cosity. du,/d.x is called velocity gradient.

If dx=7 cm, A = 1sq. cm and ../r, = 1
cmlsec, then/ = 7. Hcncc

Coclftcitnt of viscosity may be delimd as thelorce
oI Jriction (in dlrlr;s) requirei to msintain e
u.elociE difltencc ol 1 cmlsec hetreeen tpo patal-
lel byers, 1 cm apart and each hzving an irea oyI sq.cm
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:,lri l.

it*t 6

'surfxctants' (surfacc activc cqcl'ls)

liouton'sRule.Forliquidswhicharenoo-assoc'Jledarldwhichdonothavetoohighboiliogpoints'theratio

of rhe heat ofvaporisation (o lhe boiling point is approximately 88JK-l ie ?-tt.I*-'
Guldberg's Rule. The boiling point of a liquid is nearly two{hird of its critical temperaturc when both are

expressed on absolute scale Le. t o = trT "

The reciprocalof the coefficieDt ofvlscosity of a liquid is called its fluidity 
' 
e O=;

Effcct of teEperature on surface tension (Eotvos equation)' Quantitatively' the effect of temperature on

surface tension (z) is given by Eotvos equation, viz

,=uu,_Dlk)r,,
where p is density, M is molecular mass and;c is the critical temperature of the liquid 

'/< 
is a constant aDd I $

the temperature at which measurement is made'

Thus, when I = lc, / : 0 This means that at the crltical temp€rature' surfac€ tension of the hquid is zero Ai

this point, the meniscus b€tween the liquid and the vapour disappears'

Elfect of temPerature or viscosity (Arrhenius equation)' The coefficient of viscosity of a liquid varies with

temperature acaording to the cquation 1 = A cEo/RT 
-

Surfactalts. Soaps aod delergents which when added to water d€creas€ its

where A and Ea are constants for the Siven liquid and E, is called aoi'/adon energl for viscous flotn''

SDC"TION_III 2.17. Classilication of Solids

TIIE SOLTD STAIE

(,) Risidity
(ii) A defrnite shape and a definite volume

(rii) IncomPressibilitY

(iv) Poor diffusability through them

(v) No fluiditY

The various solids are classified into the fol-

lowins two tvpes :

[fl Crvsiaffine solirts. All solid elements and

compounds
(2) Am glass, Pitch,

fused silica, r mass etc'

Points CrYstallin€

solid and an AmorPhous solid.
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(rr) Melting points. The cr)ttalline substances
possess sharp melting points whereas the amorphous
substances melt gadually over a temperature ;ange.

(ii, Isotropy and Arisotropy, In case of anor-
phous substances, properties like electrical conduc-tivity, etc. are
identiriquid ffX,f

.O.
O.o

oo

a

o

a

a

o

o

a

o

a

o

,.o.O

FIGUBE 2.35. Anisortopy o(hibired by
crystalline substances.

FIG ergoes

Thus thc main points of diffcrence bctwecn a
crystallinc solid and an amorphous solid may be
summcd up as follows :

In fact, only lhe crystalline solids are the true
solids wbereas arr orphous solid.s are considered to

Further it may be pointed out that due to short
range order possessed by amorphous solidg small

Ia

o

(r) The coDstituenr parricles are arraDged in a rcgular
fashion containing short range aswellas long ringe
order.

( ) They have sharp metriDg poinrs.
(iii) They are anisotropic.
(iv) They uDdergo a clcan cleavagc.

Thc constituent particlcs are not arraDged iD aDy
regular fashion ; there may be at the mostsomeshort
range ordcr only.

They mslt ovcr a range of temperature.
They arc isotropic.

They uDdergo an irregular cut.

(,

(!r)

(iii)
(-)
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s.
No.

CRYSTAL
TYPE

CONSIITUENT
PARTICLES

MAIN BINDING
I'ORCES

PROPERTIES EXAMPLES

1.

4.

Molecular

C-ovalent

Metallic

Ionic Positive and nega-
tive ioDs arrangcd iD

a definite order

Small molecules

Aloms chemicaltY
bound bgether in
the form of a net-
work

Positive ions and
mobile electrons

StroDg electrostatlc
forces of attraction

van der Waal's for-
ces

Covalent bond for-
ces

Electrical attrac-
tions (melallic
bond)

Brittle, high m.p., Sood con-
ductors in the aqueoussolu-
tion or fused siate, hiSh
heats of tusion

Soft, lo$,r m.p., volatile,
electrical insulators, Poor
thermal conductors, lor
heats of fusion

Very hard, tligh m.P., Poor
co[ductors of heat and
electricity, high heats of
fusion

Salts like NaCl,
KN03, LiE BaSOa

BaO, CaF2 etc.

Solid CO2 (dry ict),
CHa, wax, iodine, ice,

sulphur (Ss), Phos-

phorus (P1).

Diamond, silicon
carbide, silica, quartz.

All metals and some al-
loys-

TARLL 2.3. Classiiication of crystulline solids into difterent tJpes

Ionic solids do not conduct electricity in the solid state as ions are Dot free to move'

Ionic solid is a rhree dimensional arrangement of cations and anions. It is just a cluster (aggregate) of ions

which on the whole is electrically neutral

Na+ lon

ion

FIGLJRE 2'37. Clustering of iorls to form an ionic solid, Iike NaCI

.lAcovalentsolidiSagiaDtmoleculehavingathrcedimeDsionalneiworkofcovalcntbondse'&struciureof
diamond is shoPn iD Fi8. 2.38 on the nexl page'

]Thevalenceclectronsofametalatomarcfreeelectrons(asiorceofaractiononthcmbythenucleusis
minimum;. Leuuing valence elecirons, the remaining portion isa Positve i n,called "kernel"' The free mobile

electrons hold the kernels together.

The simultaneous airaction betweenthe ktmeb aml the mobile clectrons ,rhich hold the kernels logether c called

metallic bond.

iti:, l.
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FIGUBE 2.38. Stnrcture of diamond

o"- o"- o"- o"- o
o"- o"- oe- oe- oe-
o"- o"- o- o"-

FIGUBE 2.39. Electron sea model ol
metallic bond

< Na < NaCl

3'11 10'17
(__--.y-----J t---____J

Mcrallic Ionic

(FREE/
MOBTLE)

ELECTRON

KE RNEL

Thus metgllic bond spreads over the whole crystal aod is Don- directional. Tbis model is called,,electron seamodel" (Fig.2.39)
. 'Ihc order of melting poinrs ofdifferent rypes of cr)dalline solids is as fouolrr:

Co!r'aleot > Ionrc > Metalic > Molecular
(_ 4000 K) (_ l0o0 K) (ss0-1000 K) (273-600 K)

''lf]emeltingPointofasubstanc€rs-ameasureofthemagnitudeofthebindiDgforceamonglheconstitucntparticles. For example, tbe order of melting points and hance that of lhc binding force for i few rrurt"n"",
are given b€lo\r, :

oz <Nz < qHsoH < H2O < C6H6

M.prs.(K) 55 63 l5e 273 21A

Molccular crvstflls

ual ,ue?tion?
(? | Airange solid, liquid and gas in order of c,lerBi giving rcasoDs
Ans solid < Uquld < Gas. This is because a solid absorbs enerry ro chaoge iDro a liquid which furrher absorbsenerry to change into a gas.
(l l ' A eas is lilled into a bulb connected to an op€D limb marometer. The diIlercnce irl the levels ofthe two limbsis 2 1 cm. The atmospheric prcssure is 740 mm. What is the pressure of the gas ?
Ans. 740 - 2l = 719 mm.
lJ t How do you convert

(a) pressure in atmospheres into SI uDits ?
(6) tcmperature in oC to temperature in .F ?

Ans. 
1a; 1 atm = 101, 325 pa or Nm -2 or I bar = ld pa

(r).c=;cF-32)
{J I What tyae of graph r+ill you get rvhen ryis plotted lgainst p at co[statrt temperature.

Ans. A srraight line parallel ro pressure ards.

Q -i Hoy is the pressure ofa gss related to its density at s particular temperstur€ ?,MP
Ans. 4 = RT
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Q. 6.

An$
How is the partial pressure of a 8as iD a hixture relat'd to the total pressure of thc Etrseous mi'cur€ ?

Partial prcssure ofa gas = Mole fraclion of that gas x 'Ibtal Pressure'

Represent the rclative values of most probable sPe€d, avcrage speed ond root Inean square sp€ed on

M;xweu's distribution curve for sPecd$

Ans. Refer to fig. 2.15 (b) Page 2D6.

1. r lvhat is the relationship bet*een svcrsge kinetic ener-A/ and the temPerature ofa gas ?

nns. ffi = I tf where k is Boltzmann ."nu'"' = lfr I
'.) 'j what is the significance ofthd van derWaal's co'nstanLs 'a' and 'h"! (N'C'E'R'T)

,{ns.'4'isamcasureofthemagnitudeofthcintermolccularforccsolattractionwhileDisameasureoftheeffective
size of the 8as molecules.

,.r lo Why in case ofhydrogen and helium' the comPresibility factor is alwnys greeter than I and increases with

increase of Pressure ?

Ans. Refer t^ 'Explanation of exceptional behaviou r of H2 and Hc' pagc 2/B 1'

i I r i The van der Waal's corstants for trdo Snscs ore as follows :-

cas o (otm L2 mol-2)

x 139
y 359

b (L E ol-1)
0 0391

o.M27

Whicl! o[them is more easily liqueliable aEd which has greoter molecular size ?

Ans. Greater lhe value of 'a', more easity the gas is llqucfiablesimilatly' Srcatcr the value of '0" greater is thc
'--' ;;i;;i";;r". Hence gis y will be more ;asily liquefiable and wllt have grearer molecular size.

r-) rt Compare the rates ofdiffusion of a5UF, 
"nd 

238UFa'

Ans. Molecular massof E5UF6 =235+6x19=349

Molecutar ma;s of ts8uF =239+6' 19=352

H",ffi=ff=l/$ =,oon

Thus r 1B5IJF51 :r1!8uFr; = t ooltt'
rrr'Ataccrtainaltitude,thedensiBofairisl/lothofthedcnsityoftheearth'sstmosphereandtemperature'. 

;;:i;eil;;i"',il pr*"r;; it it orri,ua.r ,r"u.e rh;r air behrves like an ideal sas, hos urifo.tr

comPosition lrnd is at S.T.[ at the eerth's surface'

,rn*. 
P,! . 

tr=u, o. ,. = 
ttul,L.

"" -f T, lt Vz

. P. Tz 
[dz) - r"o , zor l-!,] = z: z --.llfrrd. +.uencc Pz- -Tr lTrl- -- i- tr0r ='J """"'

r.i i l. lvhflt\ ould be the SI unit ror thl qrlantitypv2T2 'a ? <N'C'E'R'T')

tu" t*._1qL]-6f. = Nm4 Kz mol-r

, ) ! i In terms ot charles' law explain why _273.C is the lowest temPemture. (,|[c.E.R.r)

Ans. At 
-273"C, 

volumc of the gas becomes equal to -cro i c the gas ceases to exist'

(-) tr, Critical temperature for CO2 and CIla are 31 l'Card-tl 9PC respectiYely' Which of these has stronger

intcrmolecular forces and lYhy ? (N'C'E'R'T).

Ans, Highcr lhc crilical temPcrature n)orc easlly lhc tcs c.1n bc liqucficd-iJ glcatcr arc thc intcrmolecular forcas
' -"' 

oiiiiir",ion rrence cb, has stronger intermolecr lar forc€s than cHl'
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Q. I7. What is the ratio of average kinetic ener5/ oforygen rnolecules to that ofozotre molecules.t 27oC ?
Ans" Av€rage kinetic erlerry of any 8as depends olly on temperarure aDd not upon the nature of rhe gas. Hencebotb the tases will have same average kine tic erlerg aL ;.1.C i.e. the r rtio wlll be 1 : I .

Q' lE what is thc dillcrene hctneeo toa.I tiretic eaergr and tratrslatioual kiletic energr ? For r,hat t!,pc of]tlole(ul€q the two orc equsl ?

Ars. al kineuc eDertics. The total kinetic
(He, Ne etc.) as they do not possqss

Q. l9.Out of N, End NH3, rrhlch orc rvill have grraaer volue of.a' ard rhich ore rvill hove greater r.alue of.b, ?
ADs' (0 As NH3 is more easily liquefiable (due to hydrogen bonding), itrtermotecular forces of attracdon are

stronger than in N2. Hence NH3 will have greater\ralue for ,4,.

(ir) As NH3 molecule is larger in size thaD N2, henc€ NH3 will have greter value for ,r,.

(For NH3, a = 4.lz L2 atln mol-z, D = 0.0371 L mot-r

For Nr, a - 1.39 L2 arm mot-2, b = 0.0319 L mol-l)
Q loyyhot f,ould hrve happered to the gas if the Eolecuhr colisiotrs r.re [ot erastic ?
Ar& On ev€ry collision, there would hav€ been lo0s of enerry. As a result, the molecules would have slowed Jownand ultimately settle down in the vessel.

Q. 2 cor ls hcsvrcrthsr 02 rId N' goaes pEsertrn the air but itdoes Dotforo the rowerraycrofthc etmGphere.
Vihy ?

ADs' Gsses possess theproPeny ofdiffiJsion.which is indepeDdeni ofthe force ofgmvitarion. Due ro diffusion, rhegases mix into cach other and remain almost uDiformly distributed in the atlisphere.
Q 2'{ro ond co2 have ahc saEG rrt€ ofdifiusioD u,der ss,e coBditio,s ort€Eperature ond prcssur€. why ?

Ahs. l- r). According to Graham,s law of diflusiotr, rates of diffusion of
to the square root of their molar masses under same conditions of

Q. 2why llquids bsvG a ditroltc voluoc but m dc0rite shepe ?
Ans' This is because the intermorecurar forces arc_stroDt enough to bord rhe molerules totether but not sostrong as to fix them into delinire posirions (as in iotids)llnstead, they poss€ss nriaity uro-t 

"o.. 
oodefinite shap€.

(J. 2At I portlculsr temFraturc, tf,hy vslrour p'r6aurc ofocrioDc ls tcss thsr that olether ?
ADs' This i6 becausc the intermoreruarr forces ofattraction m acetoDe are stronger than rh*€ preseot in ether.

Q 2f, rrqurd rs tra[sfcEed fro, o sDalrer v.sscr to o biggcr vcsser at the sar,G temlErature. whet wiu be thcclfcct on the vapour pressure ?
AD& No effect as it depends only on the naturc of the liquid and Emperature.

Q. y yegetsbles sre cok€d rvith dimculty ot a hill stotion ?
A.trs. The atomopheric pressure is less and so ihe boiling point is lo$€red.

Q. y'tst ls thc opproxi,atc rclotiotrahip betveer heat ofvoporisatiotr aod boilitrg poi.,t ofs llquid ?
AD& A Hvsp. / Tb = 2l calK-l mol-l (frouton's rule).

Q at is the ellcct oltcEpcrrturc or
(.) SErfacr aeDsioE and (i0 Vlscosity ?

Ans. Bo{-b decreasc with increase of teEperaturc.
a- lalllng llquid drop are ephcrlcal ?

ADs' This is due to proPerty of surfac€ tension possess€d by the liquids. This makes the surface area minimum. Fora given volume, spherc has the minimum surfa@ area.
(,).Vlbst hrppeDs ifa tiquld is hc{ted to the critical &El,erature ol lts vspours ?

Atrs. The meniscrs beteeen tbe liquid aDd Ue lrapour disappears (surface teosion of the lhuid becomes zero).
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(-). r I . Why liquids diffuse slowly as compared to gases?

Ans. In liquids, the molecules are less free than in a gas r.e. the intermolecular forces (van der waal's forces) in a

liquid are greater than in a gas.

J. -r2. Why amorphous solids are considered to be supercooled liquids ?

Ans. (i) Like liquids, amorphous solids are isotropic

(ii) Like liquids, they possess/uidiry.
(,). .1-1. Why urea has a sharp melting point but glass does not ?

Ans. Urea is a crystalline solid whereas glass is amorphous. Crystatline solids have sharp melting points whereas

amorphous solids do not possess sharp melting point'

Ans.

Q. _r.

CARRYING 1 MARK

Q.l.Whichstateofmatterhasadefinitevolumebutnodefiniteshape?
Ans Liquid.

Q. 2 . What is the equation of state of an ideal gas for z moles ?

Ans. PV = nRT
(). -1. What is the value of the gas constant in S'I' units?

Ans. 8'314JK-l mol-l'
Q J. What is compressibility factor ?

,_PY"-nRT
What is the equation of state for real gases ?

van der wbal equation, (t * # ) (v--J) = RT

why a liquid boils at a lower temperature at the top of a mountain than at sea level ?

This is because the pressure at the toP of a mountain is low'

What are the S.I. units of surface tension ?

Nm-1.
What are the units of coeflicient of viscosity ?

Poise.

vtrhat is sI unit of coeflicient of viscosity ? How is it related to poise ?

-1 -1SIunit=kgm's ^

-r -1Poise=1gcm'.s'

.'. 1 poise = #tn of SI unit.

;r i ,\ Why ice has a sharp melting point whereas glass melts over a range of temperature ? (N'C'E'R'T)

Ans Ice is a crystalline solid whereas glass is an amorphous solid'

r.' ! . What is the binding force between molecules, if a substance is a gas under ordinary-conditions of

temperature and pressure ? @'I'T Ranchi 1990)

Ans. van der Waal's forces

Ans.

Q.6.

Ans.

Q.7.

Ans

Q. n.

fuis
Q. e.

Ans
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Sec.2.l.
to 2.3.

5 A CARRYING 2 oT3 MARKS
What is the difference b€tween a baromerer and a maDomelcr ?

On thc basis of intermolecular forc€s and therrDal enerry, explaiD why
(r) a solid has rigidiry but liquids do not have rigrdity ?

( ) gases have high compressibility but tiquids and solids have poor mmpressibility ?
How is the pressure of a gas measured ?
Dcline Boyle's law. How is it represented mathemadcally ?

What tlTre ofcurves are obtained when at constant temperature we plot
(l) P vs 1Al (,i) PV !s P (tu) v ir p
On the basis of Boyle's law explaiD why mountaineers carry orygeD rylindeA with them.
DefiDe Charles'law. Give its mathematical formulae.

Scc.2.4

Sec.2.5.
Scc.2.6.

to 2,t.

Scc.2.9.
to 2.10-

Scc 2.1I

Sec.2.l,l.
Io 2.15.

I

4.
(

6.

6. Defioe Absolute zero. Can this temperature be attaiDed in actual practice ? Give reason for your
answet.

9. Derive the value ofgas constant in S.I. units.
10. Definc Dalron's law of partial pressures. Using rhis law, hoB, is the pressure of dry gas determmed ?
11. Define Graham's law of ddfusion.
12, tweco pressurc, temperaturc and density ofa gas (re. M = d RT/p).13. les ot kinelic lheory of gascs.
14. ed, average speed;nd root mean square speed. Ho\f, are they related to

15. Write kine c gas equatioD. Ho\y does Boyle,s law follo\x from rt ?
16. Write kinetic gas equation. How does Charles, law fouow from it ?,, 

:::.:iic^ l::ili:11..!T .!1r.1, or*" rhat rhe averase kineric encrsy of a sas is direcrry propor.
Ilonal Io tts absolute lempcrature.

1t' what is 'compressibility factor' ? what is its value for 'an ideal gas' ? How does it herp to understand
the extent ofdeviatioD ofa gas from ideal behaviour?

19. Why do rcal gases show deviation Irom ideal behaviour ? Wtite van der Whal,s equation for ,, molesofa gas.

20. What are the unib of van der Waal,s constants ,4, and 6, ? What is rheir significance ?21' Why is rhe effect of temprature more important for trre ritueraction of gases ? Define criticaltemperature and critical pressurg.
22. Detine Joute-Thomson effed- Why hydrogen and helium show exceptioDal behaviour ?23' Brietly descrjbe the rmportancr of criticar temperature. How can it be correrared withvan dcr wbalsconstant a' I
24' Exprarn thc statemenl 'Llouid srate is intermediate between .he gaseous state and thc solid statc ,
25.

26. Give reasons for lhe following:_
(i) Liquids have a definite volume bur no definite shape.
(ii) Liquids have higber density rhan gases.
(iii) Liquids are much less compressible ttlan gases.
(rv) Liquids possess fluidity.

27. DefiDe vapour pressure, boiliDg [rcint and heat ofvaporisanon.
2t. What is differeDce beNeen BoiliDg aDd Evaporarion ?
29. Explain rhe effect of temperature on the follo ing:

(i) Surface rcnsion (,f) Viscosity

tiii) Vapour pressure (iv) Dcnsity
30. cive reasons for the following:
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Sec.2.16.
Scc.2.17.
Scc.2.lE.

31.
32.
33.

(i) Boiling point of a liquid rises on increasiog Pressure'

(ii) Drops of a liquid assume a sphlrical shaPe'

lrif me t*et ot m"rcury in a capillary tube is lower than the level outside when a capillary tube is

ioserted in mercury- 
it is qui* hot.

solid 8Dd an amorPhous solid.
nt ryPes, Eiving reasons for your answer :

dry ice), BaSOa

1. List the main points of differencr between a solid, a liquid and a 8as'

i: il;; ffi;i iltermolecular forces ancl thermal energr, explain why substances exist in ihre€

different states.

3, How are the following measured ?

(i) atmospheric pressure (ri) pressure ofa 8as'
+ 5ir" 

""o'*pr"lit 
Boylct lii. How is the lai verifred graphicaly ? what is the sigoincanc€ of this law

b the mountaineers?

5. State aDd exPlain Charles'law. Hotr'does it lead !o tbe coocePt of'absolute zcro' ? How is this law

made use ofln the meteorological observations ?

6. Briefly explain Pressure-'IEmPcraturc law'

7. What is ideal 8as equation ? Hot^' can it be derived? Also sPress it in terms of density of the gas'

t. Discuss the nature of the 8as mnstant 'R' Derive its Yalue in terms of different units'

9. State and explain Daltol's law of Partial Presslres' How is this law apPlied in the delermination of

presure of dry gas from that of tbe moist gas ?

Sec.2,l.
Sec.2.2.

Sec. 2.3"

Scc.2.4.

10.
11.

Define Grabam's latY of diffusion. Give iE mathematicalformulation'

1rj iVtrui u." rft" itp"rtant postulates of kinetic moleqrlar theory of gases ?

iaj Wirc fin"tic gat equation. what do different symbols signify ?

or Brieflv exDlain the Dynamic Panicle Model or the Microsc'Pic model of a 8as'

1r; fr*ite a sfio.t note o; 'Mar$rell's distribution of sPe€ds"

iaj O"no" ,*t p,ouable sPeed, aYerage sPeed and root mean square sp€ed' How are thsy related

to each other ?

Sec.2,5.

i(. 2.6. 12,

Sec.2,1.
to 2.t.

Scc.2.9.

Sec.2,l0,

sec 2.1I
to 2.13.

13. Write kinetic I,as equation. Deduc€ follo\triog gas lav's tiom-it :
- ,,,, n^a-," r",,1 ;;;\ ahrrles'law (iii) Dalton's law of papartialPressures.(i) Boyle's lari (ii) charles'law (t,0

ra. i,rt tf," portrtrtes ofKinetic-motecular theoryofgases On the basis ofthese postulates' explain the

following 8as laes:

(i) Boytc's law (ii) Charles' law (iit) Dalton's taw of Partial pressures

rS. Siirrln! frorn rinetic gas equation, derivi a'relatronship between average kinetic energy and absolute

tcmD€ralure o[ a gas

t6. d[;;"-i;;i;tiJieal gases ? what is compressibiliry factor ? How does it helP in understanding

thc deviation of real gases from ideal behaviour ?

17. why do rcal gases dcviatc from ideal behaviour ? Write the equation of state for real gases (vaD der

Waal's equation).

lE. Starring from van der waal's equation cxplain, the bebaviour of rcal gases undcr different conditions

of temperaiure and pressure-

19. How can van dcr Whal's equation explain the exceptional behaviour of hydrogen and helium ?

,0. Briefly exptain Linde's ptocess for liquefaction ofgases'

21. Briefly explain Claude's process for liquefac on of gases'
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Sec.2.l4.
to 2.15.

22. What are the main postula Kinetic Molecular Th"orym
ho$, can you qplain the fol properries of liquids ?

0) volume (ii) Density (rii) Compressibjliry (iv) Diffusion.

" ill:li:flf[ 
tie tetm 'lapour Pressure". what are the facrors on which rhc vapour pressure of a

ITr:lfr*U"* 
teosioo ? What are irs unirs ? What is rhe effecr of remperature on surfa@

Define ,coefficieot ofviscosity,. What are its units ? What is the
ry of a tiquid ?
cs ofsolids ? How do amorphous solids differ from crysta[ine

Based upon the nature of the ccnstitutent particles and tbe binding forces between them, ho arethe cr)Gtalline solids classified inro diff(

"uch ryo". 
lrent ryPes ? Give thc important properfies and examples of

t-

r
l

I

I

Sec,2.16.
to 2.17.

Sec.2.l8.

u.

25.

26.

27,



1, Criticxl constants iD terEs of Yan der Waal's corstatrts' The can:l?ltt:1"-1"-*lated to van der

uhal,s constants by the following efPressioN Pc=4/2jtb2,.fc=8a/21Rb,Y,=3b.

Funh€r, they are related to each other as PJ" = 3 RTc.

Altunotivety,Baingcrithal corBtants' \ran der lvaal's coDstants can be calollated' using the above exPr€s$ons'

2. Boyle trEll. aEd crittcsl iGEP' iD terEs of vrn der waal's colstatrts f'=#-' Tt=fu

Thus TB > Tc

r,=?1
nthemole$lesofaSascomeclos€toeachother,astage@meswhenthe

reDu di:il;;;;;-J;ntres of rhe molecules when thev are clGest to e,ch

Li# tars uetween ttrem is called molecular diameter (o)'

2lg

molecules
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ADDITIONAL UgEFUL INFORMATION

7. Expressions forcollisioh number (NC) and collision frequercy (Z) Nc=.lZrrJn
wherer = average speed, o= molecular diameter and ,| = no. of mole;ules/cc of the gasC-ollisions among all the molecules = Nc x ,
As each collisioD involves trc molecules, z Na! n 

= ,= 
^ ";,,

ru uoLx wxrlruD rtwoNes rl*! molecules, z _:i_ = _i n u;2 n2.v)
puuiDs ,=\F z 2,.n2#

*."r,)",rr""::::J,O 
increase in remperarure, o increases and with increase in pressure n increases. So in borh

t' Mean frEe patb. The distance travellei bya molecule between arry rwo successive collisions i$ called free
path. The average of rhes€ distaDces i5 calted rhe mean free par n I =lt 

+ h +_\ + ..... 

,
Marhemaricafly, ir is given by T = G:Fn
where o = molecular diameter,
N = number of molccules of the tas per unrt

volume

Butforn molesofan ideal gas, .<=- 13 IPV=}?RT ------J
or number of moles per unit volume, $=ift FIGL.,BE 2.41. Free paths.

. . Number of molecutes per unit votume = ff
Putring N = pNo,/RT, rbe above equarioD becomes I= .-1_' RT' ./r;aN
Thus 7. T and e 1,/p
9. IrgarithEic plots for Boyle,s law aDd Charles, law.
According to Boyle,s law, pV = mnshnt... logp+logV=sonskrl or log p =_logV+ constant
Hence the plot of log p vs log V is as shonr itmg. ZlO.

FIGURE 2.42. plor of log p rs log V. FICI.JRE 2.a3. iot of log V vs log T
Acrording ro Charles'taw, { = 

"onr,.

-- Iog.V-log T = cqns1. s1 log v = tog I. + consr.Hence plor of log V vs log T will be as shown in Fig. 2.43.
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10. Amagat's raw of partiar vorumes' rhi' 
11. "- :t*i: i: P:':",,* :?Y#.q:l'lilffi"H'.: fffyJ:il:10. Amagat's law of partial volumes' I lrrs rdw D rr rnsr 

tneii partiai votumes uhere Partial
rhis r"*,'"G;".;;i;ume of a mmure of 

.""." i!1"11s^9Tl l'-*lll1.?1,^n , ,n" Dressure or rhe mnure.
i:i[:tJ[f13il:';#,","iffiT:[ dii"ie",;;?L,",emperature and at the pressure of the mixture."

Mathematically
VI=ul+tZ+D3+

ll. Average molecular mais of a gsseous trrixture'

:,t M,
M-,=_r?=>,,Mr

where lri is the number of moles and M, is the molecular mass of comPonent i (ri is mole ftaction of the

comp heatins melt to 8'ive a turbid (milky)

riquid il'"*";:'ff:"'Hi#:u1iJ:liH":
is fou

"*tull. *.u"u"".c.t of surface tension' The aPparatus us€d. is called strlcmomcte. It is based uPon the

orinciDle ihat rhe surrac" t.nsron oru iiiiii'ir li,:"iii,ii"p".ional to the mass Jf the spherical drop falling from

I *piiru.y trbc rr"ro 
'ertically 

(\ / h = mr / m2)t4 3"##il#J:ff:'H:ffilJ5i"x[princiPle eir times of flow.

" '1i"r.*ro"'"hPeyron equotiotr' It gives the variation ofvaPour Pressure ofa liquidwith temperature The

equatioD is

P,, ^IL rT2 - Tr)
r.8p; = t.msE I-TE-J

where aHr = enthalpy ofvaporisation of the liquid

flying at high altitude rs due to the solidificalion 
,o.f

rocryitallin; ic-e whictr is slowly reconverted olrectry
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e t. Prove that the excluded volumc.br ls four times
the actual volume of the gas Eolecules.

Ars, CoDsider two molecules A and.B. Tbking the
molecules to be spherical, ifr is tbe radius oif the
molecules, then the distanc€ of closest approach
bet$Een the two molecutes = z r (as siriryn in
Fi9.2.44).

A. SABJECTIW SUESTIONS (r,
ave
the
fast

not kept Iow
pcrature, the
the tyre may

e. .1. cive reason for the following :
(i) Sodium rDetal Is soft with low meltillg poiDt
whereas sodium chloride ls hard lrlth hig-h melt-
iDg poina.

(ii) Ditrmond has a yery high Eelting poinL
(iii) Copper is mallesble and ducdle but brass
is hard and briatle-

0i) DiamoDd is a coEleDt solid and is a giant
moleculc with three dimeDsiooal networ-k of
c{'valent bonds, Hence it has very high melting
Point.

Q.5. sh@that
o gas ls

Ilz,

e. 2. Draw the plot of
(i) Irg P vs Log V at constatrt tcEperature.
(ii) Log V vs Log T at coDstant prcssure

Atr& Refer io point 9, pag" Z|SS.

q, .r. Glve o rcacons for lte folloeila I
(i) The size of lr€atlt€r bolloon becotn.s
latger-ard larger os it asccnds into Hgh;;
altitudes.
(ii) lyr€s of sutoEobll€s arc lDnetcd to lesser
pressure lD aumEer thsr itr wlntcr.

(NC.E.R.T.)
ADs. Refer to page 2/13.

c.B.s. E.- P. ',T, ({tiAlrys spEctAt"

o
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Arronge the follo*ing in ordcr of iDcrcasinB

density,

OxyBctr 8t 25'g 1 8tm ; OxyBen st ()"g 2 otm ;

Oxyg€n at 273'C' I atm
(LI.LN'R Albhahod 1992 )

Ans. d,+ and V=+
V for 02 at 25'C, 1 atm

= 
a *rrr, 

= ,r, *
v for oz at trC, 2 atm

= 
* 1'' = ,ru.r *

V for 02 at 273'C, 1 atm

=R'146=l+6R
Hence increasint order of dcnsity will be 02 at

273'C, I atfi; O, at 25'C, 1 atm; 02 at 0'C' 2

atm.

Q s Wby dry oir is heavier thrn Eoist oir ?

Ars. Average mol. mass of dry air

of Nzx?8 + % of Ozx 32

=-
Average mol. mass of moist air

Evidentlv average mol. mass of dry air is more

and so iiits dcnsity (l = M '/ v)'
(l I Oncrvay ofwriting the equatio! otstate for r€sl

Srscs is

An& Acmrding to van der \lhal's equation

l**4) rv-al =nr\ v'l '

-RTa- v=y-:g- yZ

. rv=H-'
/ A\ '

or rv=rr[ -i;J -v
/ b\ a

=Rr [ +V] -v
(Neglecting higher Po$ers of bfr')

t h a)+ PV=Rr l\, 
*V-gAfJ

--1. r /. ,)l
=Rr r+vr_Ef)l

Comparing witi the given form of the equation'

B =D -R+
l' l| For a real gas obeying von der Waal's equation'

a graph is-plotted between PV. (y-axis) and P

(x-axis) where Vi is the Inolar volume' Find

y-interccpt of the graPh. (t.r.T 2oo4

For a real gas, the plot of Pv,l !s P caD be of the

tvDe A or B but at the Point of interc€Pt, P = 0

a'rio at any lolv presure'van der rJ*dal's equation

reducEs to ideal gas equation

P

FTGURE 2.45.

PV=nRT or Pv,,, = RT

Henc€ y-intercept of graPh will be = RT

() ll On which factors will the rate of diffusion of a
' 

fas rlepena t (Wet Beagalt E'E' 20041

A-ns. Rate of diffusioD of a 8as dePends upon

(i) density or molecular mass ofthe gas

(ii) pressure ofthe gas

(iii) temPerature of the gas

At consknt temPerature, t"f xfi'
B I' RO ltl.Lll\

fore, on" rolggglg = f "3
=lr!oso,. ro-rocmf

= I .41 x to-B cm3

To camLte the emPty spac€ in 1 mole of 02

e the volume occuPied bY 1

x lF molcclles' This will

x lo-a cul3) = E'49 
"m3'

% of N2t +Eo ofo2x32+% otH2o:r18
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But volume occupied by I mole of molecules at
S.TP = 22400 cm3

. . Empty space = z24oo - E .49 cmJ
= 22391 .S1 cm3

. . gl,a$e of empty s!El(x,,

= 
rrlrk;ir, 

too = ee.e6*.

__ _-t\fihn l. Thc hoilinS poiDt ol D_hcxrtre ls
6t . 9"c. C{lculatr ,ts oppmximete criUca I t"rp."rar..

According to Guldbergk rule, for a liq_
uid ldLeter"-3rf,=|Ga.s * ztt;r

= 512.85 K = 512.a5 _ Z7i"C
= 239.rS.C.

I nthlen .t,ltsomlngcozto bcvrD d.rvlhol,s goE,
crlculstc lts Boylc t Epcrsturc. Givcn
a = 3.59 L2 etm mol -2 arrd b = O.M27 L mol-r.

Bryle temperature iD terms of yaD der
al's constanLs is TB = Ofo-. ffence

Ts = 3 59 !2 atm-mot-2
(0 0821 L atm K- I mot-t) (0.U27 L mol-r)

= 1024 K.

. . Numb€r of moles of 02 requircd to be rElessed

=5-0.98=4.O2mol
or Mass of 02 required to be relcascd

=4 02x32t=t2t.G1c
6. gt lih. ofdry N2 ir posscd rhmugh 36 SHuO After thc porsogc ol thc 8r!, tL ErEs ol

:l!.. *T rrdu.rd 
-q 1.&l & Crtculrrc rhc rqu.ous

t€DsioD ofyaaer oa 2fC
V,hter carried a}?y by N2 gas

=36-34.80=1.208
As this water is carried aq/ay by 50 L of N2 gas, this

means that \rolume occupied by water \rapours = 50 L
Thus nos, we bave

, = 1#=o.mozmol, v= sol-, T = 3m rg
P=?

Applyitrg the ga3 equation, pV 
= ,' RT

o_zRT

_ 0 .0667 Eot x O.O82t LO.tm K- 1 mol-l x 300 K

= 0.03216atm = o.o32t6 x 760 mIn

= 2a.97 E,rn.

_-_ I'nhtun 7. A 5-L v.f,scl contslDr I .4 g of nltrogcr.
When heatcd to l6{Xt K, 30% ol mole,c;k! crc ;b-
socjstcd iDto otoDr. C{lcl|lata thc prcrauE of th. ga!
ar l600IC

Sotqdgu. l0Lat 200 atm = ? Lar 1atm (rrmFEra_
ture remaining consknt)

P1 V1 =P2V2
200x 10=1xV2 or yz=ML

Number of breaths
Total volumc

vorunc contumcd pcr brrath
2000 r-

= _-__::- -.*_ = a; 1t'

mber of moles of cygeD gas pres€nt
initial er= l6ot 

-=smoles
32 g mot-l

(Molar mass of Oz = 32gmol-l)
Tb c€lc{rlate the Dumber of moles Dow presEot, wE hirve

P = l.2auD, T = 298K, V = 20.OL
Applying thc rclationr pV 

= a pX *" 1r"r.

Initial motes # o,/n

= 0.05

Moles afrer O.O5-ffix0.05 2x0.015
disso. =0.0S -o ot5

= 0.035
... lbral number of moles = 0.035 + 0.030

= 0.065
r?. a = 0.065 mol, V = 5 L,

T=1800KP=?
Applying PV = a RT we qer

D aRT' - --v-

N2 2N

= 0.030

_ 0.665 mot x 0.0821 Latm K-l mol-1 x 1600K

= I .92.lm

cotrstatrt agacundcr
volumc ot

-100.c

7 2atmx20 0L

=0 9Emol
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lume gxPansMty of a 8as means ln-

creas in volune per degree rise or fall in

temPerature of its volumL rt0"C

V,=Vo+0 0037 xVox'

=vo(1 +0 00370

At 100'c,
V166'6=V6(1 +0 0037 x 100)

= 685 cm3 (Gi!en)

or vo = ,615, = soo "'3
At 

-100'C,
V-100'c = 500 [1 + O 0O3? x (- 100)l

= 315 cm3

I'rorl. ,, 9 Calculate the temPeroture at which

Zt g oi N, t"itt o"""Py a volume of lo o litres et 2 46

atmosphere. (M L'N'R' All*luhad 19E7)

28 g N, = 1 mole of N2-

APPly'og PV=nRf
2'46 x 1O = 1x0 0821 x T- This gives

'l = 299 6K
t,t t,l)tot' 10. AtlE"C and 765 torr' I 299 L ofa gas

*.lnrr" liii e. cnl.ulate the sPProximste moleculEr

."ii-i .i,r," g"" <I's'M' Dhanbad 1987)

solution' Pl = 765 torr'v' = 1 299L'Tr=zglK

converting to volum" tt M", += +'
i6a x. t.2g9 760 x v2

we 8et :El- = ---fr1-
or Vu = 1 226'l L'

, .11

Mass of 22.4LarSTp =ffi"22.4E=4e sI

Molar mass = 19 5gmol-t

,,. '2or Mo.=?lx lfi,) =4t 7't'

ch will dilfuse faster' ammonia or

Coz? relative rntes ofdilTusion ?

(BITRL'tchi1989)

NH3 = 17', Mcoz = 44'

.r. , . ' { fr , hence NH3 will dilfuse faster

'n*,-!E = \[4 =,.oonEo]-' MnH, ' tt

nrrrt t"* I S -l,' op,en 
"ess'l 

at 27oC is heste'l utrtil

the vessel is oPen, Pressure and

volu staot. Thus ifnl moles are present ar

'l't and ,12 moles are Present at T2, we can write

PV=n,RT1 ; PV =nrRT,

Hence rl RTr = nzR'lzot \'f 1 = nzTz

nt Tz
ot q= .tl

Suppose the no. of moles of air originally Present = ll

Afler heatinS, no of moles ot air cxPelled = t a

. No of moles lcft after heating

3i
= n -3n= in

Thus n, = r' T, = 3oo K: rt2 =!n'rr= t

^TisTz
l--=mb 

ot 2=360
5

or Tz = 750 K

Altemotively,stppce thevolume ofthe vessel = V

ie. Volume ofair initially al2'7'C = V

Volume of air exPelted = | v

35or zg=
,1-+.

volutnes of ozone and chlorile
altre time sre 35 ml aril 29 ml

lecular weiSht of chlorine is 71'

r wcight ol ozoEe'

(B'LT' Rotli 1988)

solution. Applying Graham's law of diftusioo'

=tT, =lF,
o'1/l;v
"q
n,

"i=lY,
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. Volume of air lefr at 27.C = ;v
Ho\ryever on heating to T'K it would b€come = V
As pressure remaiDs constant, (vesselbeing open),

vr Yz. 2t5Y v -T=Ei.fm-K-qorrr=zsox
I'robleDt I at is densityofSO2 gas at 27oC and

2 Etmospheric pressure ? (Al wts. S -- 32, O = 16, R =
0 0t21 Latm K-l mol-l) (C.E.E. Dihar 1997)

Solution. PV = nRT= #RT

- d _,e _ PM _ 2atm x 64gmol-l
- v Rl 0.0821 LarmK-l mot-l x 30o K

= 5.t969 g L-l
Problefi I 5.Tr*o tlasl$ of Gqu&l voluEe coDDected

by a narro!,v tube of nc8llSible volume arc lilled t{ith
N2 gar. trYhen both ore iDEersed iD boillng water the

8as prlfsur€ lDsidc the syst m ls 0 5stE. Calculste tbe
pressure of ahe q/sterD t hen one of thc nasks is im-
mersed ln str ice-watcr Eixture keeping the other in
boiling order. (C.E.E. Bitwr 19981

Solutior. Temp. ofthe gaswhen both the flasksare
imme ling water = 100'C = 373 K.

Pressure=05atm

Average temp. of the gas wheD one flask is im-
mersed in ice and the other io boiling water

= 
o +r1oo 

= 5s.6 = 323 K

-p.p2
As volumtemains consEnt, +.I _E

o 5 P2

311 - 321

1r1or Pz=ffir 0 5=0 433 etm.

I,r,,r'rrnr lr'.What is the dilference ih pressure
between the top and bottom of a vessel 76 cm deep at
27'C when filled with (, tmter (ii) mercury ? Density of
water at 27'C ls 0.990 gcm-3atrd that olmcrcury is
13 60 g cm-r. (C.E-O. Rihat 1998\

Pressure = height x density x g
Casc (i). Pressure

='76 cfii x o.gg E / crn3 x 981 cm / s2

= ? .3E x 104 dynes cm-2

= 0.073atE (I atm = I.0t3 x t06 dynes cm-2;

Ca6e (il) Pressure

= 76 cm x 13.6 g / cm3 x 981 :m/.r2

= 1 013 x 105 dyDes cm-2 = I atm.

Problan 17.Eor lO aiDutes cach, et 27oC, from
two idcDtical holeq nltrogen aDd on unkrowtr gas are
lesked into o commorr vessel of 3 L cEpacity. The
resultiDg precsure ls 4.lE bar and ihc mixture cotr-
taias 0.4 mole ofnitrogen. What is the molar masa
ofthe unknown gss ? (N.C.E.Rr.)

sr!ggg!:
(i)Cohndbnof total runb* of rnoles inthe minue

P = 4.lE bar, \/ = 3 L, T = 27C = 300 K

PV=zRrorn -fl+ - 
"fufifu=o.somor(ii) Cabdatbn of nunber of molcs difrtsed ia thc

sgrnc tnv
No. of moles of N2 prcsent iD the mixture

= 0.4 mol

.. No. of moles of unknor,fl gas = 0 5--{.4

=0.1mol
Thus in the same time (10 mioutcs),0.4 mol of

N2 and 0 . 1 mol of unkDos|n gas diffuse out.

(iii) Calclnafun ol molonasr. As volumes under
similar conditions are dirertty proportional to their trum-
ber of moles, applying Grahao's law of diffusion

*q**=G-
," 3-f=E * Mx=44E8mol-r

problern I E.Calclllala the ioot EGan squarE slreed
(azs) of ozone kcpt iD a clo6€d vesi!.| at 20.C aDd
pressure olEZ cm of IIg. (Bihot C.E.E. 2003)

Volume oc{upied by I mole of 03 at

20oc and 82 cm pressure can be calculated as follows :

'16 x zUN 82xV---z-=-T
or Y = 22282 cm3

P = 82 x 13.6 x 981 dynes ./ cm2

,=v#
1| 3 x82x 13.6x981 x 22282

- I --- 4a-

= i 90 x toa c[Vsec.
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I.I.T. (fiNAWS ) ST?ECIAL
I'roilat i Calcnlatethe critical colstants ofa gas

whose van der Waalts constlnts ane :

a = 0.751 L2 atm mol-2 and D = 0.0226 L mol-!.

n a 0 751 L2 alm mol-2
'"- nE-i;A.or%L^rrry

=54 5rtm

^ 8a
'c-27Rb

8 x o 751 L2 atm mol-2-ffi
= 120 K

Vc=3b=3 x0 0226 L mol-l

=0 067ELmol-1.
I'rohlun 2. The critical constants of a gas are as

follows :

P. = 45 6 otrn, Vc = 0 09t7 L mol-l and

T.=lm6IC
Calculate the yar derWaal's constanfs ofthe Bas.

Also calculate the radius ofthe gas molecule assuming
it to be sphericat.

v.=36gives6=!

lfr is the radius of the gas molccule, then

l,f = t-zes x 1o-z cm3

-1'7or P =ix;x 1.365 x lO-acm3

= 3 251 x 10-24 cm3

r = (3 25T1/3 x10-8cm=1483x10-8cm
= f.4t3A or 14t.3 pm

1

lPur x = O 25'l)" r.. Iogr = 3 1o93.257

= x0 5128 = 0 1709 orr = 1 4831

l'rol,bDr .1. A mixture of CO aDd CO2 is found to

havc I deDsity of 1. 50 g L-l at 20"C and 740 Em pres-
sure. Calculate the cornposition ofthe mixture.

Sol tio Calculation ofaverage molecubr masr of
the minure

., dRT

_ 1 508L-l x 0.0821 Latm K -l mol-l x 293K
- (740,/7&) atm

=37 06

Calculation of percentage composition. Supm,sf-
mol 7, of CO in the mixture = t

Then molEo of Cozin the mixture = (100 - ,)
Average molecular mass

_rx28+(100-.r)x44
100

. ar*a#-4, =zt oe

or 16.r = 4400 - 3706 = 694

or x=694/16= 43 38

.. Mol% of CO =43 3a

and Mol % ofCO2 = 100 - 43 38 = 56'62.

l'rrrl.?, J Assumilg that dry sir contains 7070

N2 and 2l% ()2 by volume, calculate the density ofdry
air at 25"C aDd I atmospheric pressure. A.lso calculate
the density of the moist air under the same corditions
ifit has a relstive humidity of407o. The vapourpnessure
ofwater at 25'C is 23 76 mm.

Sotutio& Calculation of density of dry air, Den-
sity ofair means the mass ofair per litre.

First let us converr I L (1000 cm3) of air at 25'C,
1 atm pressure to the volume at S.TP

Solution.

_ 0.0987 _L nol-l - 0.0329 L mol-r

P, = ,f* Eives a = 27 P"bz

=zzr. (!)'=:r"v3
Le. a = 3P"v!

= 3 (45 6 atm) (o 0987 L mol-l)2

=I333L2atmmol-2
Calculation of radiut of the gos molecule

lue of b per molecule

0.0329 x ld cm3 mol-1
6.022 x 104 mol-l

lo-a cm3

b 5-46 x lO-B:. tn- 4 = -----T- cIn-

x 10-B cm3

\

b
NA

= 5 46 x

But b = 4\n

=1365
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Pr Vt PzYz-T.:-E-
I atm x 1000 cm3 1 atm x v2

29aK = Z'73K

or V2 = 916 l cmj

As air contains 79% N 2 arrd 21Eo o'2,

. Volume of N2 at S.TP in tho air

= ffi " erc't cm3 = 723 72 cm3

Volume of 02 at S.TP in the air

= ft x eto.t cm3 = 193.38 cm3

Mass of 723.72 cm3 of N2 at S.TP

= ffi rnt.n = o.eos e

Mass of 193 38 cm3 of02 at S.TP.

= iin " ts3 .18 = 0.276 t
. Total mass of I L ofair at 25"C aod I atm

= O.9OS +O 216t=1 1A1t
Hence density ofdry air = I .lEl t
Calculation oldeNity of Eolst air
% Relatirc humidity

Plrtiel prc.surc of H20 vaPours

No. of moles of N2 in the air (zN2)

=o3:#l?);r'-3 ,ex,o-2
No. of molqs of 02 in thc air (zo2)

=uiid{r'f;#' =8 48 x,o-3
. . lbtal mass of 1 L of air

= 5.1 x 10-' x 18 + 3.19 x 1O-2 x 28

+ t,48 x 10 -3 x 32

= 0 .00918 + 0.8932 + 0.02114 = 1.174 t
Hcnc! density of moist air = I .tlt g L-l.
Notr- Density of dry air cao also be calculated ry

this metbod.

Prublen 5 . N r.roa LElrcraturc aEEorlo gss at
I atm pEssure ard HCI gas at pEssure P attrt rre
allowed to cllhse thrcugh ldctrtlcrl ptD holes from op-
pcit cnds of e Slass tube ol I Ecter lcngth ard of
uniform ares of cr6.ccctlon. NHaCI is first formGd at
r distsrcc of60 cItr froE the end through wh ich HCI gas
was seEt iD" C€lculat thcyslucofn (I.T l9E2)

Solutiotr. Acmrding to GrahaD's law of diffusion
for gases at different pressures,

to Pxo

'*-q,,
1&-- MHo

rr'apour pressure of HzO at the same temp.

.. Partial pressure of H2O vapours

40 x 23.76
= ____fIE = ,,, ,.
As total pressure = 1 arm = 760 mm,
. . Pressure of N2 + 02 io the air

=76O-9 5 =750.5 mm

As N2 alld 02 are present in the air in ihe rario of
79 : 21volume,

.. Partial pressure of N, = ffi x ;so s mrn =
592.9 nm

and Partial pressure of Oz = 750 S - 529.9 =
157 6 mm

Apptying gas equation Pv = a RT ie. n = ff
No. of moles of H2O in thc air (r H2o)

_ (9 s/1&)armxlL
0.0821 Latm K-l mol-t x 298 K

= 5.1 x 10-4

#=+ v*i
or P= (.s),f+f

=1.5 x1.465 =2.19Eatm.
|'tu)l)L t 6 A spheicsl balloon of2l cEr diameter

is to be lilled with hydrogen at NTP frcm s c]rlinder
coDtsining the gas at 20 atrEosphere at 27'C If the
cylilder can hold 2 E2 litrts of water, calculate the
number of ballons thot cau be lilled up. (I.l.L l9E7)

Solution. Volume of the balloon

4 r 422 l2t\3= T,r = i, 7 " lT )

=,1851cm3

Volume of lhe cyliDdet = 2 &2lines = ?320 cm3
Pressure = 20 atm.,

lbmperature = 300 K
CoDverting this ro the volume at NTP

Pr Vt Pz Vz
-T, =-n-

mx282/J I xv2
we ger ---35_ = -773_

or Yz = 51324 ql .

x 100
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When the pressure in the cylinder is reduc-€d to one
atmosphere, no more H2willbe released and hence 2820

cm3 of H2 will bc left in it Hence volume of H2 uscd in

filling the balloons

= 51324--2820 cm3 = 485M cm3.

Number of balloons lilled

= 48504/4851 = l0
The average velocity et T"t K and the

most probable velocity at T"z K of CO2 ges is

9 0 x l0'cm sec-l. Calculstc the values ofT, and T2.

(I.I.T 1990)

Solution. Average velocity =0 9213 x R.M.S.
velocity

=os2t3x€

'9xld=O.9213x

This on soMng gives

Tl = 1691 K

Mo6t probable velocity =

9x1d=
This on soMng Sives Tz = 2147 K

I't,,1,!, n I At rooE teEPersturc' thc follorring
reection Soes to coDpletion

2NO+Or 
-2NO2 

.... N2O1

Dimcr N2Oa .t 2.6t K ls solld' A 250 rzl llosk and

a lfl) zrl 0ask ore separattd by a stoP- cock At 3(n K'
ihc nitric oxide ln the lsrBer ltssk ex.rts Prcssure of
1.053 atm and the smoller one coEtalns 02 rt O 7t9

atm, Thc Ssses sre mircd by oPenhS th€ stoP.cock and
alter ahe end of the reactiotr, the nosks 8rc coolcd to 220
K. NeSlectinS the vapour presturt ofdlEer' llDd out th.
plEsure and coErlro6itlon ol the gas FEaining at 220
K. Assume gss6 bohave ldeally <l.l.T 1992)

Solutiotr. ForNO: Y =EO mL=O E L'
T=3{nKP=1053atm

PV 1.053 x0 25.. ano=ftf =fffiffi='r'06exr0 '
ForOr rV = 1002L = 0 1 L,T = 300K,

P = 0.789 atm

0789x01 - '-r. ,or=ffi=0 32 xl0 '

No\r
2NO + Oz

Moles I .602 x 10-2 o.32 x
before

reaction

Moles I 602 x l0-2 0

after -2 xo.32x1o-2
reaction

=0 429 x1O-2

Thus, molesof NO lefr = a 2q x to-3
Now T= 220K (Given),

v=2s9u*uJmr=o:sr
Applying gas equation, Pn6 V = n RT

. nRTrNO---r

= 0.227 alE,
Problen 9. A gra bulb of I lltre cspoclty coDtains

2.0 x ldr moleculcs ol nitrogeB ercrtttrg a prcsurt ol
1-57 xld N rD-2, calculat the root mcan squarr
(r.m.s) speed,Dd th.t nper8turc oftbc 8as moleculeg
Il the rstlo ofthe DoEt proboblc EpGed to thc root meoD

square speed is 0 .E2, cslculstc thc nost probablc sPced
for th€sr moleculcs et this temperature. <I.I.T 199i)

solutioE. volume of gas = 1 litre = 10-3 m3

Pressure = 7.57 x 103 Nm-2
No. of mol€s of the gas

= (2.o x 7o2r) / (6.02 x 1#) = 0.fi332
Appbting PV = nRT

(?.57 x 101 x 10-3 = 0 00332 x 8'314 xT
or T = 274'25K

Root Mean square spc"o = \4f

,tm=|--------.--E--
= 49426.5 cm r-l

#ffiffiffiffi =o.82(Given)

.. McBt Probable sPeed =0.t2 x R. M. S. SF!e.€.d

= o'82 x 49426'5 = 40529 7 cm s-r

..- 2 NOz

10 ' 0

o 32 x 10-2

tr
3xE.3x107xT, 0 0821 L atm K-l mol

2x8.3x107xT,
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Pnrtlem 10. A 4 r I molar mixture ofHe artd CH.
is contained in a vcssel at20 bar pressure. Due to a hole
in the vessel the gas mlxture le{ks out. Whst is tbe
composition ofthe rDixture effusing out initially ?

(I.I.T 1994)

Applying Graham's law of eftusion,

r'.€. He diffus€s two times faster than CH1.

.. Molar ratio of He : CHl effusing out initially

=t:1
Problem lI. An LPiG (liquefied petrcleuD gas)

cylirder weighs 14 t kg when eEptF Whetr full, it
weighs 29.0 k8 aDd shows E prEssure of2.5 atm. ID the
course of use rt 27qC, tbc eelSht of lhe tull cllitrder
reduced to 23 . 2 kg. FiDd out the volumc of the gas in
cubic Dett€s used up st thc norEal usagc couditionq
ond the linol pr€ssurc inElde the cflitrdeB AEsuEe LPG
to be n-butsne tf,lth normal bolliDg poiDt of (rC.

(rJ.r 19%)

!9!9!94, Decrease in the amourt of LPG

= 29.0 - 23.2 = 5.E kB

5800= :;: motes = too motes

Volume of 10O moles at 1 atm and 300 K

'lRTP

1oo molc6 x 0 0821 L atm K-l mol-l x 300K
I Ulrn

= 2463L = 2463 x to-3 m = 2'463D't'
Final pressure iNide the cylinder. As the

crlioder contains liquefied petroleum gas in equi-
librium with its vapours, therefore so long as tempera-.
ture remains constant and some LPG is presenq
pressure will remaiD mostant. As the crlioder still con.
tains LPG = 23 2- 14.8 = 8 4 kg, pressure rnside the
cylinder will bo same ie. 2.5 stE.

Pnfilem 12. A balloon oldlamctcr20 m wcighr 1fi)
k8. Cslculrte lts payJood lllt lE ll|led wlth Hc at I . 0 ctD
aDd 27'C. DeDsity of tbe olr ls 1.2 lg cE-!. (R =
0 0E2 dml atm K-r mol-r) (Rurkee 1994)

Solution. Radius of the ballmn = 10r,

. Volume ofthe balloon = 1z r'

= t "?" (10)3r'r3 = 41e0.5 m3

Volume of He filled at 7 atm aDdz7"C = 4190 5 m3

i.e. P = l atm,V = 41q).5rn3,T = 300 K

R = 0 082 dm3 atm K- l mot-r 1{iivenl
PV = nRT

i.e. (1 atm) (4190.s ,,r3)

= r x (0 082 x 19-3-l 
",rn 

*-' mol-l) x (300 K)
4190 5fHc

rcH.
fhis givcs n =

o.o82x10-sx300
t 70345 .5 moles

Weight of 170345.5 moles He

= 1'1o345.5 x fi tg = ear 'r tg

Ttltal weighr of the balloon filled with He

= r00 + 681 4 kg = 7t1.4 kE

Maximum wEight ofthe air that caD be displaced by
balloon to go up = Volumc x Dcnsity

=4190.5x12=5028.6kg
.. Pay-load ie extra load that can be attached to

the balloon = 5028 6 - ?t1 .4 = 4247 2kg
I'atblut Ii The compcitlor ol tbe equilibriuE

mixture (Cl, ;+ 2Cl),which is athined at l20O'C is
determiDed by Eeesurlng ttc rate of efrusioE through
a piD-hole. It is obs€rved that et 1.60 Dm Hg pressurc,
the mixture efnrs€s 1.16 tiEes ss fost 8s KryploE ef-
fuscs under the samc cotrditiotrs. Colculatc thG fraction
of chlorire molccules di.ssociat d iEto otoms (Atomic
weight ofKr = E4) (I.I.T 1e95)

soEtien.ff =/H
i.e. I 16= v#
or M.t, = 6f zfl

If.r moles of Cl2 dissociate at cquilibrium, theD

Clz ir 2Cl

At. eqm. I -.r 2x
Average molecular mass of the mixture

_ (1 -i)x71 +2.tx35 5 _ 71
(1 -r)+zx I +r

11
Hence I +; = 62 43 which gves.r = 0 137.

Hencc fraction dissociatcd = 0 137
1r',,r i! An iron cylinder contaiN helium at fl

pressure of 250 kPo at 3OOK. ThG gdiDder cED

wlthstatrd a prcssure ofl x ld Pa. The room in which
cylinder is plactd cskhes lire. Predict *hether the
cylinder will blow up beforr it melts or troL

(M.P of the cyliEder = 1t00 K) (Itoorkee IDS)
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Pr = 2JQ ( Px,

t2-'

Tr =300K
Tz = 1E00 K

Applying pressure - temperature law

Pr Pzq=q
P

ffi=ffi or P2 = l5o0 tPa

As the cylindor caIl withstaDd a pressure of ld Pa

= 1d tla = 1o0O kPa, hencc tt w l blott uP.

Pnthlen 15.20 dm3 of SO2 difluec ttrough a

porouE poilition ltr 60 s. I9hrt YoluEe ol Or eilt difilEe

undcr slmllrr c!trditions ln 3Ot? @oor*ce 1996)

,-, = ?H+ =!0,',-r
,or=# =$a,n3s-l

Applying Gmham'8 lsw of diffi$ion

,o, 
=tq

sorutio,,. [p 
* e4l cr-*l =, *t

-\ 

)
/ zRT -\ V2or a= 
\V _rt- r )F

- [z mot x o oezos Larm x-l mol-l-x30oK -tt r,r]
l\ 4l-2molx0 osl-mol-r )* +,+=G

ot 16= O or u=lr'14rlm3

I'roblrn 16. CotculatG thc total Plessue ln a 10 L
clllnder whlch contalDa
oud 1 .4I olnikogoD ot
pressur of helluD gsr

behoylour for goses. (R = 0 OE2 L stm K-r mol-r).
(R@*ce 199n

'Ibtal no. of moles of all the 8as€s (z)

=)'ff*ff=o'z
volumc of the gaseous mixture (9 = 10 L
lbmp. (D = 27 + 273 = loolc

R = 0 082 L atm K-l mol-l
As gases have ideal behaviour,

PV=nRT
--. zRT 0'2 x 0'0&2 x 300 - O.4yZ atmort=-n-=--------fi-
.. Partial prcssure of helium

=o i:ia 'o'+n=o 2'46 rta
I'robleu 17. Atcvrcnstcd oh<r vcs6.l rcighs 5{) 0

g wheD eDpty 14E o g when n[cd wtth I liqui(i of

rlensttyo 9E g ml - r and 5O'5 g when [ltcd wlth an lde.al

8rs at 760 mu EB 8t 3OO IL DetlrDhc thG Dolccltllr
vclght olthc ""4 

(1I.I199t,

Sotutlop. Volume of the liquld

_ (14r _ 50)4 = too ml
0 98I mol '

= 0.1 titre

This is the volume of the vessel aDd henc€ the
volume of the gas.

For ideal gas, Pv = n nf = ff nf or fr{ = $
0.5 c x o ot2 L alm K-l mol-l x 300 K

- latmxo.ll-
= l23gmol-r

t'rohlen 18.llsingtan der Wsals equstion calcu.
late the corstont t4'when fi{o moles ofa gas confrned in
a four litre flask exerts s Pressure of 11 0 atmosphere
at a temperature of 30o K. The vatire of rD' is 0 05 lit
mol-l (I.LT, l99E)

= 6 49 rtm L2 mol-2
I'roblern 19. Aglwbulb contaiDs 2'24 LofH2 and

I . 12 L of D2 st S.IiP It is conneclcd to a fully evacusted

bulb by s stopcock sith a sDslt oPctrin8. Th€ EtoPcock

ls opened for eomcdDe and then dceil The llrst bulb
now cotrteirs 0'10 g of D2. Calculate the lrercertaSe

coEp6ldoD by weight of the Ssecs in the second bulb.

(Roor*ce 199E)

WeiSht of 2'Z Lof H2 at S.'fP. = 0 2I

= o. 1 mol (Mol. mass ot}Jz= 2)

wbight of 1 12 L of D2 at S.TE = 0 2 g

= 0 05 mol (Mol mass of D2 = 4)

As number ofmoles of the tslo gas€s are different but
V and T are same, ther€forE, their Pa ial PrcssurEs will be

differeni i". in the ratio of their number ofmol€s. Thus
P\ n\ 

0.1
E-- nr=O.TS= "

Nol{ D2 present in the first bulb = 0 1 g (Givez)

.. D2 diffirsed into the second bulb

= 0'2-0 l = g-:!JL= o s6 LatsTP
r*n Ps, rlMo,Nou ,"=G", G
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If b is ne:lisibre, (- - #; " = *,
or -=+-#
or Pv2 RTV+a=0
'lhis equation is quadrati ln V Flence

*nr=Vn,r,-aop

\+;

uH. , Pn. .fr-l* ,= ",% = rr-;,. " "; T_
]"oln=2"\ |

ot ,H2=1584L=014tofH2
.. WeiSht of the gases in 2nd bulb

=0 10s(D2)+0 l4g(H)=o 2at
Hence in the 2nd bulb,
qo of D2by wei1ht = {fi , ,oo = nr.rrn

% ofH2by weighl = 100 - 41 67 = 5a 33%.

I'nhlon 20. lf the yolume occupied by CO2

molecules is D(Zligible, the! calculate the prrssune ex.
crted by one mole of CO2 gas at 273 K
(a = 3.592 atE lltrc-2 mol-2)

or r'M; = 3 x r/U or Mx = 9 x28=252
Atomic mass of Xe = 131 a
. . Mass of F atoms = X2 - 131 = !2L tt
Aromic mass of F = 19 U

... No. of F-atoms - 1?1 = u

Henc€ the compound is Xct'5.

Problem 22. Ttc prtsurc rxcrtcd by 12 g of an
ideal gsc at tcEpcrsturc nC lu s vrascl olvoluBc V lltre
ls oDe ah!. VyhGD the tem!rcmaure ls increas.d by lO
degrecs rt tle s.Ee voluoq the prcssure incrcases by
1096. Crlculote the teDpersture , aod volumc V
(Molcculsr nclght ofthe gas = 120). (LI.T. 1999)

Applying PV = ,t RT
Io the 1st case,

1atxV=.ifrxRx(n3+D ...(,

In the 2nd case,
11l.l xv=#xRx(283+0 ...(ir)

DMdint (,) by (ii\, t/t.t = (213 + t)/ (283 + t).
On soMnt it gives , = - l?3"c. Purting in (i)
V = 0.1 x 0.082 x I0O=0.E2litrt

I'roblqn 2i. Ihe comprcssion foctor (coEpres-
sibility factor) for one mole ol a van der Waols grs at
0'C ard 100 stD prcssure is foutrd to be O.S. Assuming
tbat thc yolumc olo gos molc<ule ls negligible, calculate
the van der Waals constaDt(] (I.I.T 2001)

Solutiorr, - PV lO0xVL=iEr t.e. u ) = Tiomr;z-7r
or V=01119L

l/r * 4) ,r, -,, - RT ror l moll\ v'l'
Neptecrins a. /p * 4l v = nr--\v'l
or rvr$=Rr or ffi-1fu=,
o' o=(r-H)*'
=(l -0 5) 0.1119 x0.082x213

= I 252 atm L2 r,ol-2
I'n,hlur )J. Pay toad is detined as the dilference

between the @ass of the displaced air and the mass of
the balloon. Calculste the pay load rryhen a balloon o[
radius 10 m, mass 100 kg is filled with helium at 1 66
bar at 27oC (Denslty of sir = 1 2 kg m-3 and R =
0.083f, bar dm3 K-l hol-r) (N.C.E.R.T)

Por 1 mote, i/r + 4(v'

<t.r.T. 2N0)

(v-D)=RTSolution,

2P
As V can have oDly one value at P aDd T hencc wc

must tlave R2T2-4aP=O

or Rzt'=4ap * .=*;I'
_ (0.0821 L alm K-1 mot-l)2 (273 K)2

4 x 3.592 atm L-2 mol-2
= 34.96 atm

t'r, l.L Dt 2 1. One mole of nitrogen gas at 0.t atm
t{kes 3t s to dimtse thmugh a pio hole whereas one
mole ofan unknown compouDd ofXcnon with fluorioe
at 1.6 atm takes 57 s to dilnrse through the same hole.
Calculate the molecular forDula ofthe coErpourd.

sorurion. Rare ofdiffusion ( i 

('l'T 19991

..-.*..- 
"fii-tn, Px,

=-=-E-xrx

Bur rno, = 1,/38molr-1and tx= 1/57 mols-1

. 'n, r/38 5i 3 0.8 1^;
E=I7T|=N= Z= ln v B Proceed as in solved example 12,

Page [A-trs.36U l kg]
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Problcm 25 Thc deElty of thc vapour of r BUE

kgm-3. Thc

:: #i"1"
(d) Determine (i) molecular weight (i, Etolsr

volume (iio cornprcssiotr factor (Z) of tbc vsPour and
(iv) which forces aEoDg thc 8as Eolccules arc doEitrat'
ing, thc attractlYe or thc rePxlslac ?

(b)l 10oo K, dctar'
miue the GtrerBl ol thc
Eoleculc- <II.T 2002,

. (a) (i) d = O 36 kg m-3. BY Graham's

law of dimrsion,

," 11q;tq=tq

Le. 1$=\E or I\4=1t'0e

(ii) 0.36 kg m-3 = 0 36I L-r
ie. O 36t ofvaPour have volume = 1 L
.. 1 molie. 18 09 9 of vaPour will have volume

=5{3.*re.or =fi2sL
(rii) ComPressibility factor (z) = #

= r.224
(iv) As Z > 1, rePulsive forceswould dominate

tbt E = ;kr
= ] x r .ss x 10-r JK-l molecule-1 x 1000 K

= 2 o? x 1o-2oJ pcr molecule

?rohlcn 26. The averoge velocity ofgas molecules
is 400 n/sec. Calculate its rns velocity at the saEre

tem Ezootl
. AveraSe speed, u = V#

Root mean square spe"o,, - \F
,.Fffi.. ;= V -T- x FRf

x 500 K

. u= 1085xu= l O85 x400m.r-1

= 4!4 ms-L

ot diectly,o = o g21ui.e.u=7 085 xo

4. Amorphous solids

(a) possess sbort range as well as long range order

(r) possess sharp meldng Points
(c) are isotropic

(d) uDdergo a clean cleavage when cut with knife.

5. A bottle of dry ammonia and a bottle of dry
hydrogen chloridc connected through a lo[g tub€
are opened simultaneousty a! both e[ds, the whire
ammoDium chloride ring first formed will be

(a) at the csntre of the tube

-lih)rear the hydroFn ctlloride bottle

(c) near the ammonia bottle

(d) througbout tbe length of the tube.
tr.l.'t t98E)

1. The lemperature at which the volume of the 8as is

zero s
(a) 0'C
(c) 0"F

2, With increase of temPerature, the surfac€ tension

of a liquid

(a) increases (b) decreases

(c) remains unaffected

(d) may increase or decrease

3, Under identical experimental conditions, which

one ofthe following pairs of gases willbe most easy

to separate bY diffusion Process ?

(a) 02, N2 (D) 02, Fz

(c) Hz, Dz (d) 235u6,238uF6

(b) rK
(d) nore of these.

3,cz,b 4,c 5.b

1 atm x 50'25 L
6 a321 1 "* *-t -o,-t

t.b

=1085
3 x3.143----3-
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6. The rate of
temPerature
weigFt ofX is

lo{dq.o
(c) a0.0

diftusion of methane at a givcn
is twice that of X. The molecular

(b)32.o
(d) 80.0.

9. tl 70. a

(a)Dn=lDs.pa/pslt/z

(b)Dn = lDs. pg/pA)t/2

1flDo= D.1pot pr11/2

qdD^= DBq,B/p^)t/2.(l.I.T. 199o, ltIL.n'.R. Altahnbad I9eS,
Keraln E.E.E. )00I )

7. The densiry ofneon will bc tushe$ ar.-,
pfac,zatm
(d) 273C,2 atm.

,,yy'furaing to *ineric theory of gases, #
molecule
(a) The pressure exened by tb€ gas is proportional

to the mean velocity of the molecule
(6) The pressure exertcd by rhe gas is proportional

to the root mean square vclocity of the molecule
(c) The rmt mean square velocity of the molecule

thversely proponioDal to remperature

li,liThe mean ranslationat kinetic enerB/ of rhe
' molecule is proportional to the aholute

temperature.

9. 1\t the sarDe tempcrature and pressure, which of
lhe following gas€s will have the highest kinetic
energy per molc ?

(a) tr2

(c) CHa

(D) oz

Iy'rAll will havc equat vatue.

t \! t . lt \.r.t, tt, t, , '')l
10. At constantvolume, for a fixed number ofmoles of

a gas, rhe pressure of the gas increases with rise of
lemperature due to

-(zffncrease in average molecular speed

(6) increased rate ofcollisions amongsr molecules

(c) increase in molecular altraction

(d) decrease in mean free patb. ; , :
11. Equalwcights ofethane and hydrogen are mixed in

an empry container at 25"C. The fraction of the
lotal pressure exerted by hydrogen is

13. A gas b€haves most like an ideal gas under coDdi-
tiolN of
f4) Iligh pressure aod low temperarure
(r)iligh remperarure and high pressure

_l?).Low pressure and bigh temperarure
(d) I-ow pressure and low tempcreture.

14. Ifvapour dcnsiry of 02 and H2 are 16 and 1, then
the ratio of rate of diffusion of H2 to that of dif_
iusion of 02 is

(b) U16
(d) ll4- ,( ttrt t ro,t

(a) sTP
(c) 273C,l atm

(a) t6

J*$

(t.LT t99j\

t5. d

15. Containers A B aDd C of equal volume contain
oxygcn, neon and methane respectively at the same
temperalure and pressure. The correcl. increasing
order of their masses is

.,16, Tcmpcrarure below which rhe gas does not obcy
tdealgas laws is

(a) Cnrical temperaturc
(b) Inversion temperature
(c)Boyletemperature (l)Reduc€d/temperarure.

\7. The volume of 0.0168 mol of Oz obtamed by
dccomposirioo of KCI03 and collecred bydisplace_
ment ofwarer is 428 mlat a pressure of754 mm Hg
ar 25'C. Thc pressure ofwater vapour at 25"C is

(a)A<B<C
(c)C<A<B

(d) 18 mm Hg
(c) 22 mm HB

(r)B<c<A
14yC.t. x

(b) O.2 atm
(d) 0.6 atm.
Itt D@n (.li.lr.'l: irt)t

(a) 1.2
(c)1:16

(6) 20 mm Ug
(d) 24 mm 119.,

16. The vapour pressure of water at 3OO K in a closed
contaiocr is 0.4 arm. If the volume of rhe contaiDer
is doubled, its vaFnur pressure at 3OO K\yill be

(D)1:1

ldf15:16. tttr. rsql
12. At constant volume and temperature conditioDs,

tbe rate3 ofdiffusion DA and DB of gas€s Aand B
having dcDsities pA and pB are relatcd ry the sx_

pression

6.a 7.b a.d
16. c 17. d lE. c

13. c 14. c



2tz0

19. The ratio between the root mcan square velocity of
H2 at 50 K and that of02 at 800 K is

(a) KEso = KF-N,

(D) KEco > reN2
(o) 4

$r1
(b)2
(d)114. \t.t t: te,6) (c) KE6e < KE1,

(d) cannot be Fedicted unless the volumes of the

Sases are gNen. (c.D.s.E. Mr.T 2oo0)

Dcnsiry ratio of 02 and H2 is 16 : 1. The ratio of

their r.m.s. vrlocities will bc

,. -/ ' l.l l'Jttt'

ti(/-n 
" 

*mpr*ibility factor for an ideal gas 27 .

(a)t s .Pfn
(c)zo @)- tt t.t: I9e7t

20. X ml oftl2 gas effuses through a bole in a mntainer

in 5 scconds. The time takeE for thc effusion of the

samc volume of the 8as spccif,ed bclow undcr iden'
tical coDditioDs is

(a) l0 s€conds : He {d}6'sccoorts : O,

(c) 25 semnds: Co (d) 55 s€conds: cO2'

22. The critical temperaru re ofwater ishigher than that

of 02 because the H2O molecule has

(a) fe\xer electrons than 02

(b) two covalent bonds (c) V-shaPe

.fd) diPole momenr.

23. Ac.cording to Craham'slaw at a Siven temperature,
the ralio ofthe rates ofdiffusron ralrB of 8a!es A

and B is Sivcn bY

(a) 1rnlPs) (M6/Ms)l/2

(b) (MA/MB) (PAl PBt/2

1g(t 
^tt"11MstM,Jt/2

(d) (M^/MB) (PBlPar/2.
(where P and M are tbe prqssurcs and molccular
w€i8hts of gases A and B respectvely)' ' 

/. i / " "
24. Which onc of the followint $atcmenlsts r4ong lot

gas€s ?

(a) Gas€s do not havc a definite shape and volume

(6) Volume of the 8as is equal to tbe volumc of the

mnbiner confining the gas

(c) Confined gas exens uniform Pr€sture on the' ' 
wells of its contaiDer in all dire.ctions

(/) Mass of the 8as canriot be determined by uei8h'- 
ing a contaiDer in s'hich it b enclGed.

t(' It \ i.: !'.\l I lt)I)lt\

25.

same temperature ?

tA.l l ,lL\ )t10(1t

Pressurc of a mixture of 4I of 02 and 2 g ot H2

mDfined in a bulb of I litre at 0'C is

(o)4:l
(c)1:4

(a) 25 215 atm

(c) 45 215 atm

(a) NH3

(c) He

(a) 135 ml

(c) 350 ml

will b€

(a) 80 cc

(c)66.1a,

(a) 0 0006s

(c) 14 a816

(b)1:16
(d) 16 : 1.

(6) 31.205 atm

(d) 15 210 atm.

(D) Hcr

(d) }{lo.

(b) 540 ml

(d) ?3o 
',lt.
t,t.l.I Jl.,s.2000t

(6) 88.9 cc

(d) 1m cc.

(D) 0.65
(d) 14.s6.

2t, c

ill I:\l'S )(tt)''
2f. Which of the folloying cxhibits rhe weakest inter-

molecular forces ?

\'\ I-l ll S )ttt)tt

It30o mlofa gas at 27"C is cooled to ToCat constant

pressure, ils finalvolume will b€

30. At oqc and one atm pressu re, a 8as oc{u Pies 10o cc'

If the pressure is increased to one and a half-time

and temperature is increased by one-third of ab-

solute temPerature, then final volume of tbe 8as

( I).(' li.l; F: )t)0t)\

The deDsity of at ls 0 00130 8/ml. The vaPour

deDsity of air wi[ be

21. b 22. d
31. d XZ,.l

il).(.E.D.E.2000|

32. The retatioDshiP which des€ribes the variation of
vapour Pressure with temPerature is called

(a) Hcss's law

(c) Kirchoff's law

(r) Arrhenius equation

(D,Clausius-clapeyron equation. t 11. H. Li. 2 0 0 0 \

23. c 24. d 25. a 26, c 27, a
19. c 20. b
29. d 30. D
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33. DeDsities of two gases are in thc ratio 1 : 2 and tbeir
temperatures are in the ratio 2 ; 1, then the ratio of
thcir respective prcssures is
(d)1.1 (b) t:2

(a)Vd> 22 4tilIes (D) V,n < 22.4 titres

(c) V- = 22 4 litres (d) V,' = C4 31;1r"..

,t l 't )i,,
40. At 100'C and 1 atm, ifrhe densiry oftiquid weter is

1.0g cm-3 and that of water vapour is

0 m06g cm-3, then thevolume occupicd rywarcr
mol€cules in I litre ofsteam ai that temperature is

.{)2: t (d) 4: t. 11 t'. )o0o

?tr4as equation PV = ,r RT is ob€ycd
(4) only isothermal process

(r) only adiahatic process

.@\6otn @) and (b)
(d) None of these. (B.HU. 1000)

35. The rate of dimrsioD of a gas haviog molcc,rlar
weightjustdoublc ofnilrogeD gas is 56 mlr-1. The
rate ofdiffirsion ofnirrogcD will bc

t l.l l:2ht)tt
41. The root mean square wlocity of an ide3l g8s at

constaDt prcssure \taries with dcnsity (d) as
(4) 79 l9 mlr-1
(c) 56 mls-1

(b) 112 0 mls-l
(d) 9O.O ml s-1.

t(.1).1L1 J000 )

(a) 6 cm3

(c) 0.6 crn3

(o) d2

(c)'/t

(a)273 K
(c) 303 K

(a) 16 T
(c)aT

(6) 60 cm3

(d) 0.06 CrI!3.

(b) d
(d) 1 / ,td.

(r) 606 K
(d) &3 K

tK.L.L,f.2t)ul

(b) 2't
(d) 32't

36. '[rc following graph illustrates 42. At whar tempe rarure will the RMS of SO2 be rhe
same as thar of 02 at 303 K ?

The ,irrl r. vclocity of CO2 at a temp€rature T (in

keMn) is-t cm.r- l. Ar wbat temperature (in keMn)
the rrru. r,elocity of nitrous oxide would be 4r cm
,-l ?

_.[t Charles 'law
(d) Gay-Lussac's law.

I I.Lll11.E.R )t)t/t)t
37. 4 4 g of a gas at STp ocqrpies a volum e otZ.2A L,

the gas can be

(a) oz

(c) NO2

The r-m.s. velociry of hydrogen is y'7 rimes the
r.m.s- velocity of nirrogen. If T is rhe temperature
of the gas,

(a) 't (H2) = T (N/ (b) T (H, > T (N2)

(c)T(rL)<T(N, (d)T(H, = \r/ T (N2).

I I l. I t)ttt) |

Thc compressibility of a gas is less t ba n u niry at S-l?
Therefore

I \\lt I I t

44. If the four tubes of a car are filled to the same
pressure with N2, 02, H2 and Ne s€paratcly, rhen
which one will be fi ed first ?

(r) Nz (D) oz G)Hz (d) Ne

.;.:.
45. Air at sea levelis dense. 'fhjs is practtcal applicat ion

of

lrfioyt"'" t^n
(b) Charles' Iaw

(c) Avogadro's law

(d) Dalion's law

&) Gay-Lussac's law ^t:i.t t t..i t:,46, Which of lhe follo\f,iDg has maximum rmt mean
square velocity at the same temperaturc ?

(a) Dalton's law

(c) Boyle's law

(D) co
(d) coz.
t Ih^t n C.E,L.f 2t00)

(6) co2

41. d 42. b
33..t 34. c 35. a
43. a 41. c 45. a

X.b 37.d 3&c

(a) SO2

40, c
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49.

(c) oz ((i ) II2

47. Kinetic theory of gases Presumes the mllisiotrc be'
tween the moleculcs to be Perfectly elastic bccause

(z) the molecules are riSid

(D) the t€mPerature remains coDstant irrcsPective
ofcollisions

(c) collisions will not sPlit the molec1rles

(d) thc molecules are tiny. (K.C.E,T 2002\

The van der trlaal's cquation reducls itself to the

ideal gas equation at

(a) high pr€ssure 8nd los, tcmPcrature

(b) lo$, pressure and lo EmPerature

(c) lolx pressure and hiSh temPerature

(d) high pressure and high temPerature.

(c l).s F:. PLLT 2002)

For an ideal gas, Dumber of moles Per litre io terms

of is pressure i gas constant R and BmPerature T
is

(a) PT/R
(c) P/RT

(,) PRT

(d) RT/P

50. Among the solids, rhe highcr melting Oorr,, "*'
hibited by

(a) Covalent solids

(b) Ionic solids

(c) Pseudo solrds

(d) Molecular solids

(e) AmorPhous solids t!' 1't ''
51. When lhe temperature is raised, the viscosity of the

liquid decreases. This is because

(4) Volume of the solution decreases

(b) i[crease in temPerature increases the average

kinetic ener$/ oIthe moleculeswhicb overcom'
es the attracrive force between thcm

(c) covalent and hydrogeo bond forces decrease

(d) attraction betYeen the molecules increases

(e) none ofthdabwe "."''\|t !

52. Which of the following volume (V)-tcmperature
('l) ptots rcprcscnls thc behaviour of one molc of
an idcal gas at one atmosPheric presure ?

(a) T (K) (b) T (K)

(c) T (n (d) r (Kl

53. When the tempcraturc is increased, sur[ace lcnsion
ofwater
(a) increases (b) decreases

(c) remains consiant

(d) shows rrregular b€haviour

54. Positive devratioo from ideal behaviour takes Plac€
bccause of
(a) molecular nteraction between atoms and

PV/n RT > 1

(6) molecular intsractioo betweeo atoms and

PV/nRT < 1

(c) finite size of the atoms and PV/,RT > 1

(d) finite size of the atoms and PV/,RT < 1

55. 0 5 mole ofeach of H2, SOz arid CHa are kept in a

container. A hole was made in the container' Afler
3 hours, the order of partial pressurcs in the con-

rainer will be

(o)Pso, >PcHo >PH, (b) PHz 'Psoz 
> PcHr

(c)PcHa >Pso2 >PH. @)la" >Pcxr >Pso,

56. Ifrr7l-j speed of grr"or, ,ol""rl", irx cm^ec at a

pressure ofp atm, thcD rm.J at a pressure of2p atm
and constant temPcrature will be

(o),
(c)4x

49. c 50. d Sl. b 52. c 53. , 54' a

(b) 2x
(d) xl4

46. d
56. d

(c) T(n

47, d 4E, c 55. a
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57. In the equation PV = RT the value of R will Dor
depend on (one or more)

(a) the narure of the gas

(b) the remPerature ofthe gas

(c) the pressure of lhe gas

(d) units of measurement.

5E. Boyle's law may be expressed as (one or morc)

(a) (dP / dv)T = K/v (b) (dP / dvh = - K/V
(c) (ctP / dv)r =-K/V

1(d)v(i.
59. According to Charles' law (one or more)

(a) (dY /dT)p=K (b) (dv /d\p= -K
(c) (dv / d1)p = -K/T (d)v aT.

60. The root mean square velocity of one mole of a
monoatomic gas having molar mass M is Ur.m,, .

The relation between (he average kineric energy
(E) of the gas and U' is

(c)1:4
6' The pressure and temperature of 4 dm3 of carbon

dioxide gas are doubled. Then the volume of carb-
on dioxide gas would bc

(a) 2 dm3 (6) 3 dm3

(c) 4 dm3 1a; a om3

Hydrogen diffuses six times faster than gas A The
molar mass of gas A is
l,al'|2
(c) 24

What is the pressure

27'C when its volume
eguation ? (s = 4 77,b
(a) 10.33 atm
(c) 9.74 atm

velocity is

(a)tt2
(4 'li /2

(b) 6

(d) 36

of 2 mole of NH3 at

is 5 litre in van der Whals

= 0.03711)

(6)9 33 arm

(d) 9.2 ar.rr,

(b) 1

(d) 1/,lz

-qtytla"rP
(d)166xlO-le

I Kenla C.li.li. 200J i

The ratio of most probable velocity to the avcrags

(b) 2t t
(d)2/,ti

l()rissa I.E Ir. 2l)0t
66. What is the kineric cnerry of 1g of Ozat 47.C?

(c)1.2/x1dt
(b)224xrc7r
(d)3 24 x te l

Molar volume of CO2 is maimum at

(a) N.TP. (6) (rc 8trd 2 . 0 atm
(t+72Tcand 1 a.6 (d)273"Cand2atm

iJeKc.L.r2l0t)
Slope of tlte plot bctreen PV aod P at constaDt
teEperature is

614 u, tPt

As the temperature is rais€d from 20'C to 40'C, the
average kinetic energy of neon atoms changes by a
factor ofwhich of the following ?

(o) u'...,.

(D) u,.,,...

.(4U,.^.".

(a) 12

JPrjt3ze3

(d)u,,,,. = /+ (I.I.T 2004)

6?. In yaD der rtrhals equati .n of state of rhe gas law,
the mnstaDt , is a measure of
(a) intermolecular repulsions

(6) intcrmolerular attraction

,1relvolume occupied by the moleqrtes
(d) intermole{ular collisions per unit volume

(.t.t.t;.t:.E. )0ti4\
6e Containers A and B have same gas. pressure,

volume and temperature ofA are all twice tbat of
B. Then lbe ratio of the number of molecllles of A
and B are

(a) 1 12

o (a) zerc
(c) tD

61, c 62. c 63. b 61. c
71. b

tBtlLt. / .t; (, 1.: )t)011
7lJ The numeri@lvalue of N/a (where N is the nu mber

of molccules in a gil€n saDple of the gas and ,, is
tbe number of moles ofthc gas) is

@'hB/293
(d)2 t.t.t.tr r. zLro,tt

gfi'r

A
c
a

57. a,b,c 5E. bd 59. d,.I 60.
67. c 6E.c 69.c 10.

65. a 66, b
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72. N2 is found iD a litre flask under 100 k Pa prEssure ar(

02 is found in another 3 litre flask under 3m & Pa

pressu re. If the tqD flasks arE conne{ted, the rcsultant

PrcssurE ls

(a) 310 k Pa

G) azo k Pa

(e) 265 k Pa

73. Tiiple poiot ofwater is

(a) 273 K
(c) 2o3 K

4+,lltnicn of the following statemcnl about amor-
L/ phous solids is incorrect ?

(a) They melt over a range oftemperature
(DfThcy are anisotropic

(c) There $ Do orderly arrangemeot of Particlcs
(d) They arc rigid and iDclmprcssible

I Knnoruku ( l l. )t1t)l
?S. At a certain pressure, volume of the 8as at 27"C is

20 litre. If the pressure and temperature are
doubled, the volume will be --
(a) 40 lirre -16J zotitre

(b) zto k Pa

(d)365 kPa
t turolo tLI..L.2001

(b) 3n K
(d) 1% K

(i.lt,rLC.2001 (c) l0.9litre (d) S.zlitre
(u.P ('.|,v.1: 2001

H INT5,/EXPLANATION9 tO M ullci pl e Ch oi c e @,u e sai o n s
rsr/ rf,,r- .1472 = ,/2 = t '414 Tbis is the med'

mum difference in the rate of diffusioo out of the
gvcn pam.

r t i / .'/M. Molecular mass of HCI (36 5) is

grcaier than that of NH3 (17), hence HCI will

diffusc slowly ie. the ring will be formed near the
HCI botrle.

"ir-..iE ;- ,:\/Erx : v McH. '- t 16

or Mx=64 0

HiShcr the pressure and iowcr the tempemture,
greater is the density
Kinetic eoeriy ofany gas per mole = ; RT.

'nt= ncaat= ' 
g

:. n.,2= t+ / 2,nc2HG= w / 30

w/2 l/2xllr= i7TTi7fi - 177+;nfi
r3030 ls
21632 16

Pur= xttq x P,o,r1 - (15 / 16) x PtotoI

DA / D; = '1fi17 p^ Le.Dt= Dsllrls' P t^)t/2
Undersimilar coDditioflE of temperature aDd pres-

sure, equal volumes of differeDt Sases mntain
equal number of moles.

.. Masses of 02, Ne and CH4willbe in the ratio

32 i 201 16.
Prcssure of dry 8as, P = nRT y'

= 0.016t x (0 0821 x 1000 t 760 rnlntm)
x 298 / 428 =130run

Pressure of moist 8as = 754 rvn. Hence pressure

of water \.aPour = (754-13O) ntttt = 24 run
lltematively,volume of 0 0168 mol of O? at S'I P

= o.0768 x 22400 = 376 3 rd
Thus Vr = 376 3ml,Pr=7@mm,T1=213K

Y z = 428 ml, Pz = ?,'f, = 298ll.

C?lcr.llate P2.

16. Vapour pressure of a liquid depends only on

temPcraturc and not on the volume of the con-
tainer or the liquid.

9.

11.

12.

15.

uH,

uo,

1r.,,=f+r

'H, ./_vf
'.=YM;,
* [Jx;=\E

" +=E
'fhe equaluy holds good only for (b).

Polar molecules (like H2O) have drpole mo-

meDt. As a result intermolecular forces of a!-
traction are Sreatcr and so is the critical
tcmpciature.

50 .. 32
2 ^ 800

17,

AAISLC'ERS
e 73.a 74.b 75. b

t
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24.

23. rEPand d1/'ld or dl/'lPI.

Heme +=+(#J"'

Mass oI ?2 4 L of the gas at STP = Gram
Molecular mass.

A/3RTu- v -Tr ,

T (H:) M (Nz)

M(q)ix'rNt'

steam.

,=\41
When ,so,

Ttq m:or -@-=g
or trq=**

.=\4r ffi=\ffi

Mass ot the gas rs determined by weiShiog the

contaiDer containiDg the gas aDd theo the empty

conulner.

ICE. ofa 8as depeDds only on temPerarure-

I (Hz)

,rN;=

Trtl^lz=affix l+

or T(Nr-2T(H2)
ie. T(Nr>T(H2)
or TGI, < T(Nz).

z=ffi ie. ,ffi'.r
or PV <nRT
or latmxv<lxO0E.21 x273

or V< 22'4lihca.

Mass of l L steam - 1000 x0 0006 =06t=
Mass of liquid w8ter. Vol. of Pater = 0 6 cc. Same

votume will be occ.udcd by w'ater molecules in

37,

43.

*+=+=q,=fr=,,0

35.

uor'

To,

M",

nor=4/32= 1/8 mol,,H2 =2/zmol= ) rnol'

'lbtalz=9l8mol
PV =nRTorP = zRTly'

= (9,E) x (0 0821) (213)11 = 25 21s atm.

v1/ Tt =vz/'t2le.3oo / 3ffi = Yzt 2ao

or V2 = 280 ml

P 1Y 1 / 
-11= P 7Y2 / Tx

i.e. (1 xloq/213 =(1 sxv)/(2'13+91)
or Vz = 88 9c.c.

Mol. mass of air = Mas of 22400 cc at STP

= 0 00130 x22400 = 29 12.

VD. = Mol. massz.

Clausius-ClaPeyrotr equation is

. P2 ^tL [T2 - rr'lrosq = 2:30rn-L-rrl
ry-rn*1 =Snr

- wRT dRTor P=V-M-=-If
ThusP-d,PaT.Hence

PrdrTrtz
E=4xT=2x7= 

tt t.

Pv = ,rRT is obsyed by an idcal gas, the Process
may bc isothermalor adiabatic

tx/ t1'2= /Mx;7-Mi = fFZ56

=,/T72 = 1/ 'lZ-

ot rN2=rxxrE=56xr/z=79 19 mls-l

35. Ttle yariation of volume rMth temperature (at mn-
stant pressure) is go!'erned by Charles law.

or Tnr6 = 16 T

Low€r rhe densily of the gas, faster it will be filled.
As H2 has lolpest deDsity, it will b€ lilled first.

A1 s€a level, atmospheric pressure is hi8h. Hencr
air hashighdensity, This rsan application oftsoyle's
law.

Trq
Mr",

33.

.xLe. 47=
T44aixf;

45.
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oa. , = \F Ar constant T 4 . vrztrr. As H2

has least molecular mass, u will bE maximum for
r{2.

4e. PV=nRr * {,=fr
r'.e, no. of moles per litre = P/RT

50. Some co\r'ateDi sotids like SiO2 (quarrz), SiC,

dEmond and graphite have wry high meltlDg
points ( - 4000 K).

52. Volume of 1 mole ofan ideal gas at 273 K and l atm
is 22 4 L. Volume at 373 Kand I atm pressure will b€

v-BI= o o82-x373 
= 30.58 L - 30.6 L.

54. Deviations tom ideal b€haviour are cxpressed in

terms of compressibility factor, Z = ;H.
From positive deviations, Z > 1.

55. Initially, partial pressures were equal, As
r . '/iZ or ,/T7fr, thercfore amounts difhrsed
out in the same dme will be Hz > ClI4 > SO2.

Amounts left t ill br H2 < CHl < SO, or

SO2 > CHI , Hz,Hence psor, panou pyr.

s6.,=\F=\F
As temperature is consknt, PVis constant. Hence
,:nLJ. is constant even if pressure is doubled.

5t. According to Boyle's law, PV = K at constant T
.. P = KN or (dP/dv\ * -K/v7.
Also Vc 1,t P.

v
59, AccordinS to Charle's lar , + = K al constanl P

or V = KT or (dvldT)p - K. Also V c T.

60. R.M.S. of one mole of a monoatotnic gas is

,r..r.='F
1

Average K.E. is E-iRT or 2F=lRT
T:

Ur...t, = V ff
61. For monoatomi" n"nn 

",orr, 
E - ] RT

E4o' Tm' 40 + 271 313

40. I zo' 20 - 213 2o3

62,'6' is volume correctioo factor. Ir is a measureof the
cffcctive volume occupied by the gas molgcules.

63. For B, I'r = P, Vr =V, Tr =T For A, Pl = 2P,
y2=2P,T2=27

Apptyin8 idcal gas equarion, PV = n R'll
l'r Vr PzYz -- t,V 2p x 2y

,,R-q -ttEq - arm-t;II"T
n22ot -:-nt I

c,r. 
Pl,v, -'-{l ," P.I 4_ (vz
rr Ta 1 - 2-r-

./fr;
V i ar M^ - 72'

nRT

.- /t RI' or2or r =V=;6 _ 
V,

_ 2 x 0.0821 x 300 _!:Jf ,22' s=. r..13111 - -- ST-
= 10 - 0 66=9 33a[m.
vt-TffTTr ,/Ti \2i ,/i
"fRT/"M r'f 20- 2'

6r. K.E -lnRr=3#n'
=ir#"8 314 x32oJ = I 24 x r02J

69. PV = RT or V = $. Greater rhe value of TE,

greater ls thc volume.

70. Plot is a horizontal line, Hence slope = 0.

71, Nh represents the no. ofmolecules per mole ofthc
gas r:e. Avogadro's no.

72. PlVl+ P2 V2 = P3 (V1 + V2),

10ox 1+320x3=pr(1 +3)
ot P3 - 265 kPa

73. Tiiple point ofwater is the temperature at qhich all
the threc phases ic€-water-vapour cocxist. ft is
0.01"C = 273. 16 K at 4.58 mm prcssure.

75. P1 =P, Vl =20L, T1 =T
P2=2P, y2 -'t, Tz= 2'f
P,Vr PzYz p xZO 2PxV
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ADDITIONAL UESTI

As s e rti o n - Re a e o n Ty p e Q.u e sli o n s
rhe r"rroring q";ilons cotrEilt of t o stot",n*G ""*, p"r"u rr AlEcrdo' Etrd Resron, wbllc enuwcrlng
these questions you arc rlqulrld to cho(*. ary oDG of thc follorlJlg llyc r6porr...
(a) If both Assertlon aDd RcaaoE orr truc sud thc Rlllor lE corrcct cxpl,rordon ol thc Arecrtlou
(r) If both AsrcrtioE aDd Rrsson rr! truc and the Rcr!'on is not thc coricct cxphnrdotr of ttc Alt rdott
(c) IfAssertlor ls true but thc Rroson b faka
(d) IfAs.sertion is falsc but th. Rcrsotr ls Eue.
(e) Il both AsrertloD ond Rcaaon arc fallc,

t.

Assertion

For a certain fxed amount ofgas, the producr PV
is always constant.

Different gases at the same conditions of tcmpera-
ture and pressure have same root mcan square
velocity.

At zero degree KeMn the volume occupied by a gas
is negligible.

The pressure of real gas€s is less than the pressure
ofthe ideal Sas.

The pressure of a fixed amount of an kleal gas is
proportional to its temp€rature.

Latent hear of fusion of solid carbon diodde is
much less than that ofSiO2.

Liqucfaction of H2 and He is difficult.

The value of van der \lbals constant ,c, is higber
for ammonia tban for nitrogen.

Effusion rate of mygen is smaller than nitrogen.

Wich of the Io owing stotemefis @e labe ? Revrite
them cotectly.

The graph between PV vs. P at constant tempera-
ture is linear parallel to the pressure axis.

Volume remaining constant, pressure is invers€ty
proporlional to temperature iD degrees keMn.

Real gases shop deviation from ideal behaviour at
Iow temperature aDd high pressures.

In the micrGcopic modol of the gas, all the
molec-ules are luppored io rDovE witb tbe same
wlocities.
A liquid gcts heated up when it qrEporates.

Mercury rises in a capillary tubc.

Reason

Real gases deviate ftom ideal behaviour at lo pressure
and high temperarures.

AveraSe kinctic enerEr of a ta! is dirccly proportional to
temperature h Ketvin scale.

All molecular motion cealcs at 0 trC

Tbe intermolecular forc€s of attraclion in real gas€s are
gre€ter than th6e of ideal gas.

Frequericy of colloisions and 6eir iDpact botb iDcrcase
in Proportion to the square root of the tcmperature.
SiO2 exists a! a discreie molecule.

Critical tcmperarures of tI2 and He gases arc high.

Intermolec.ular t ldrogen bonding is prcscnt in ammoDia.
(I.LT t99t)

Molecular size of nitrogen is smaltcr than dygen.
(a.r.r.M.s. 2000

True/Falge etatements
7. A liquid which has high coefficicDt of yiscGity has

lo$, fluidity.
E. Glass po$esses fluidity.
9. Crlstallioe soli6 are isotropic.

10. ID a 8as, intermolestlar forcB of anraction are
weakest whilc thermal encrry is bighest-

11. In the van der Vrbal's equation

f -#l (v -zD) -2p1
tbe coortsnt ?' reFcrcotr th€ sctual \olumc of the

5.

6.

gas moleculcs.

12. A mixture of ideal gases
helium temperature (4 22
solution.

(r.I.L 199i)
is cooled upto liquid
K) lo form aD ideal

(r.I.T 1996)
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l.
t

3.

6.

4.

1 I- = ..... dm3.

I t-.ar = ..... N m-2.
-fhc r.slr',,n,.eDi used lbr the measurernent oipres-
surc ol, a gas is called .....

The absolute scalg of tempcrature was Siven by ..

A graph betweenvolume (in L)vs. temPerature (in
"C) at mnstant pressure on extrapolation cuts the
temperalure ass at ..... .

Aqueous terNion is the \ ,!nur Pressure of ... . and

dcpends only upon .... .

The model used to o(Plai[ the proPerties of gases

is callsd .....

Matchin7Ty?e

t. Boiliog point is the temperature at which the
vapour pressure becomcs equal to .....

9. Fluidity is ..... ofviscosity.

10. The crrsmlline parts of the amorphous solids arc
called.....

11. The SI unit ofviscosrty is-.,.....

12. I poise = ......-.th of SI unrt.
13. Solid Nacl s a .-... conduclor of electricity.

(Ra*ec 1990\
14. The absolute temperature of aD ideal 8as is ..--..-

m/than the averagc kinetic eDergy of ttle gas

moleculcs. (l.I.T. 1997)

15. A liquid which is permaneotly supcrcooled is fte-

Fill ln The ?lanke

ol cola,B B
Column B

€

€

/H

quently called a..........

Q.uesaiong
(l.I.T 1997)

Lfatch thc cntrics of cohnu A with apopti* e*its
columD A

Rool mean square sPeei (ur.n.r.)

Average spe€d (!ay)

ASSEHTION.REASON TYPE OUESTIONS

l,d 2.d 3.c 4.o 5.a 6.c 7. c I a 9. c

TRUgFALSE STATEMENTS

2,4,5,6,9, 11, 12. (ideal gasca cannot be liqueficd above 0K)
FILL IN THE BLANKS

1.one2. ld3. manometer 4. Lord KeMn s. -213'C 
6.watet vaPours, temP€rature 7' Microscopic

model t. e.(ernal pressure (atmosPheric pressure) 9. reciProcal 10. crystallites 11.' Nm-2s

orPasorkgm-ls-1 rz.$rr. Poor 14' drrectly Proportionalto 15. glass.

MATCHING TYPE OUESTION S

1-z2-3,3-1,4-4.

H I Nf 9,/Ex PLA NATI O N I ao As s ertio n -Re a g o n Ty p e G.u e sli o n s

3. MGt probable sPced (r,,p)

4. Kmetic enerry pcr molc

z. a = /-j -L, M. so r depends not only ofl T but

3. \'ihratory motton cxists even at 0 K
7, Crrtical temperaturqi of Il2 and H€ gas€s 8r€ lo\x.

9. Molecular size decreases from left to nght aloDg a

penod. Thus, molccular size of nitrogcn is Srealer
than oxygen.


