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(Ui) Differential® b/w adsorption & partition chromatography.
(iv) What are different methods used to dry crystals?
(v) Write down the uses of chromatography
tvs) What are the major steps for complete quantitative determination of a sample?
(vii) Name the solvents commonly used in crystallization
(via) How the undesirable colour can be removed in the process of crystallization.
( ix.) Differentiate between qualitative and quantitative analysis
\ ) Name the substances that can be purified by the process of sublimation.

(v. Wnte down the distribution equation for the distribution of lt b/w CC14 and H20?
(xn) What is analytical chemistry?
Q3. Answer any Eight part* from tha following*.
fi) How does Gooch Crucible increases rate of filtration?
( it) Why fluted filter paper is used?

ui ) Why concentrated HQ and KMn04 solutions cannot be filtered by Gooch Crucible?
( ivV Wnte the names of the major steps involved in the crystallization?
(v) What is mother liquor?
Ivi) What is the safe and reliable method of drying crystals?
(vii) Why crystallization is used?
(viu Wnte down the main characteristics of the solvent used for crystallization?
( ix) Define distribution Law or partition Law?
( x! How the mixture of naphthalene and sand is separated?
(xi) What is ether extraction? .
( xii) What is paper chromatography? What are its types?
Q4 Answer any Six parts from the followings.
(i) How R, value is calculated?
(ti) Define sublimation with an example?
(iii) State solvent extraction and give its importance?
(iv) How filter media is selected for filtration? ,
(v) How value of distribution coefficient affects the separation of components of a mixture in chromatê •

(vi) Why hot fitration is necessary during crystallization?
(vii) What is chromatogram?
(viii) Describe method to collect crystals from mother liquor? . j j '

"B
(ix) How iodine is dissolved in water?
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Section - 11 (Attempt any three question*) (8x 3) = 24
Q5. (a) Write down five characteristics for an ideal solvent for crystallization?

(b) What is the disadvantage of slow cooling in crystallization?
(c) What is the basic principle of crystallization?

Q6. (a ) What is distribution law? Give examples
(b) Define the following
(i) Sublimation

Q7.(a ) What are the important considerations for a g *od filtration process.
(b) Why repeated extractions using smaller portions of solvent are more beneficial than usi

extraction with larger volume of lolvent?
(c) How solvent extraction Is carrried out? .. ^ (Q8.(a ) How many different ways a:|there to carry - iut paper chromatography? Briefly desert (0
procedure for ascending paper chromatograph.
(b) Stem funnel in filtration should be several inches long. Why? ?(c) What type substances cannot be filtered through Gooch crucible using filler pn|HI

Q9. (a ) What are th * >mmon labomtory experimental techniques? paraH0*1' 'J /d)(b) A solid organk ompound • soluble in water as well as In chloroform. During > ,s Prt Lit
in aqueous layer.4 )esrnl>#a method to obtain it from this layer.

( b) How will you prepare a fluted filter paper?

(04)
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Lightening boll; (Plasma)
(04)(il) Chromatography
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STATES OF MATTER r
Properties of gases
Properties of liquids
Properties of solids
Units of pressure
GAS LAWS
Boyle's law
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Graphical explanation of Boyle's law
Charles's law
Experimental verification of Charles’s law

Derivation of absolute zero
Scales of thermometry
GENERAL GAS EQUATION
Ideal gas constant 'R'
Density of an ideal gas .
AVOGADRO S LAW
DALTON S LAW OF PARTIAL PRESS
Calculation of partial pressure of a gas
Applications of Dalton's law of partial pressures
DIFFUSION AND EFFUSION
Graham's law of diffusion
KINETIC MOLECULAR THEORY OF GASES
Explanation of gas laws on the basis of kinetic molecular theory

KINETIC INTERPRETATION OF TEMPERATURE
LIQUEFACTION OF GASES
General principle of liquefaction
Methods for liquofaction of gases
NON-IDEAL BEHAVIOUR OF GASES
Causes for deviations from ideality
van der Waal's equation for real gases
PLASMA STATE*

STATES OF MAT] Ep
Matter exists in four states.

(I) Gas (II) Liquid (III) Solid ( lv ) Plasma

Liquids are less common than solids, gases and plasmas. It is because the liquid state of
any substance can exist only within a relatively narrow range of temperature.

1 Indefinite Volume: Gases have indefinite volume. The volume of the gas is equal to

the volume of container.
2. Indefinite Shape: Gases have indefinite shape. They adopt the shape of the

container in which they are stored.
3. Low density : Gases have low densities than solids and liquids. Thus gases bubble

through liquids and tend to rise up.

4. Joule-Thomson Effect: When gases expand suddenly, they cause cooling. This effect

is known as Joule-Thomson effect. This effect is used in the liquefaction of gases on

industrial scale.
5. Effusion & Diffusion: Gases can effuse and diffuse.
6. Effect of Temperature: Gases expand on heating & contract on cooling i.e., increase

in temperature increases the volume of gas & vice versa. Liquids and solids do not

show considerable increase in volume by increasing temperature

7. Effect of Pressure: Gases expand on decreasing pressure and contract on increasing

pressure.
8. Gas Pressure: Gas molecules are in constant random motion. During their motion,

they collide with the wall of container. These collisions develop a pressure called Gas

Pressure.
9. Intermolecular Forces: Gases have very weak intermolecular forces.

i*“ laities of Liquid -1 Definite volume: Liquids have definite volume
Objective and short . inswer,questions (exercise)
Numerical problems (exercise)/ '

“ it

Past Papers MCQs and Short Questions
Test your skills



All gases behave uniformly. When pressure and temperature are chang^TSIwgases is changed. The gas lawsJJesc ibe this unifonn behaviour of gases.
The relationships between volume of gases and the external conditions liketemperature and pressure are called the gas I

3 Constant motion: In liquids, molecules are in constant motion. Evaporation ^diffusion properties of liquids are due to this motion.

4. Densities: The densities of liquids are greater than gases and close to solids.
aws. r5. Intermodular forces: The intermolecular forces among the liquid molecules ar*

stronger than gases but weaker than solids. The melting points and boiling points of Exercise Q.4. (a):
liquids depend upon the strength of these forces. What is Boyle s law of gases? Gives its experimental verification. V

6. Spaces: The spaces among the liquid molecules are negligible just like solids. Boyle’s Lou
7. Kinetic energy. Liquid molecules have K.E. Liquids can be converted into solids by Robert Boyle gave this law in 1662. It states,

cooling i.e by decreasing the K.E. of the molecules. At constant temperature, volume of a given
the pressure exerted on It. of gas Is Inversely proportional tomass

8. Collisions: Molecules of liquids collide with one another and exchange energy.

19 Diffusion: Liquids can diffuse into other liquids. However, the rate of diffusion is Mathematically Va —ftfc. P
(When T and ‘n‘ are constants)

smaller than that of gases.
V =-P22̂ !H2Z3E33!!ZE2 or PV = k ( l ) (When T and ‘n’ are constants)1. Definite shape: Solid have definite shape.

Eq (1) gives another statement of Boyle’s law2. Definite volume: Solid have definite volume. At constant temperature, the product of pressure and volume of a given mass of a gasIs always constant.3. Spaces: Molecules of solids are very close to each other. They are tightly packed.

If the pressure of a given mass of gas is ‘Pj and volume Vx , then by changing pressureto ‘P2’, volume is changed to ‘V2\ such that
4 Incompressible: Solids are incompressible due to tight packing.

5. Intermolecular forces: Solids have strongest intermolecular forces
So P, V, = P2 V26. Vibrational motion: Solid particles only show vibrational motion.

7. Diffusion: Solids have negligible rate of diffusion.
^I^riincntul Verification of Boyle's Laii

• Consider a gas in a cylinder fitted with a movable piston at 25°C. The cylinder is fitted
with a manometer to read the pressure of the gas directly.• Let the initial volume of gas enclosed in cylinder is 1 dm3 and pressure is 2 atm.

iressure and Units of PressunS

Pressure is the force per unit area. i.e. P = F / A

• The SI unit of pressure is Nm " 2 ( Pascal ). lPa= lNm'*.
• The unit pound per square inch ( psi) is most commonly used in engineering work 2 atm

4 aimD 0 atm• The unit millibar (mb) is commonly used by necrologists. nressurc -• In chemical work, pressure is defined in terms of standard atmosp er
The pressure of air that can support 760 mmHg column at sea level, is called one amoshphere.It is the force exerted by 760mm < »r 76cm long column of mercury on an area of icm2at o ,°P .jVp'PL - ;o. oncatm°* H

on mm••Ah! <*> • lAh\a am l/3dm•••

XJ uIt is the avera je pres ure of atmosphere at sea level. Its symbol is ’ atm’ , bo
can support 760 mm column of mercury at sea level. Vofllicat ion ot Boyle > l <«iFitjim

Interconversion oj various pr • ssure units 325 ^1011 atm = 760 ton = 760 mm of Hg = = 101325 Nm*2 = 101325 Pa =
(kHoposcal) m 14.7 pound inch'*'=-l&13.25 miT^TuTT
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because, at high temperature

PjV, = 2 * 1 = 2 atm dm* atm= k
Similarly, if curve is plotted

• xher pressure es doubled or. the gas. its volume becomes half. re, then the curve further goes
away from the two axes.

~us P = 4 atrr and V = Li dm*

Therefore tExercise Q.4. (b):
Why do we get a straight Hn
volumes? This straight line
Justify it
Graph between P and 1/ V

PtV, = 4 x Vt = 2 atm dm* = k pressures exerted on a gas are plotted against inverse of
s its position in the graph by varying the temperature

<• Sc-uarty 2 pressure is tripled JLe. 6 aim) on the gas, its volume is reduced to 1/3.

Therefore
PJVJ = 6 x 1/3 = 2 atm dm3 = k *z• The ptot o? pressure"P) on Y-axis against inverse volume ( 1/ V) of a

g^ on X-axis gives a straight line. It is because increase in pressure _
decreases the volume hence inverse of volume increases. Thus, P’ is

proportional to 1A/.
• At higher temperature straight line becomes closer to Y-axis. It is

because at higher temperature volume of a gas is
increased , therefore, 1 / V is decreased.

• The straight line passes through the origin because when the pressure is dose to
then volume is so high that 1/V is very close to zero.

Sine* product of P and V is always constant. Hence Boyle’s law is verified. I T,

Example 1:
A gas having a volume of 10 dm3 is enclosed in a vessel at 0°C and the pressure is 21

atmospheres. This gas is allowed to expand until the new pressure Is 2 atmosphem

What will be the new volume of this gas , if the temperature Is maintained at 273 K? / 1/ V—
Figure A plot between P*KJ 1/V i*

Solution:

V, = 10dm1 V2 = ?
zero

P2 = 2 atmPt = 2.5 atm
Graph between PV and P

• A plot of *P’ on X-axis against W on Y -axis will give
straight line parallel to X- axis. The straight line shows that W 4
constant quantity.

• At higher temperature, volume of gas is increased. But new
value of PV also remains constant. Thus, a straight line parallel

• X-axis is again obtained at higher temperature.
• This straight line helps us to understand the non-ideal

behaviour of gases.
Boyle's law Is only applicable to Ideal gases.

Since the temperature is constant (Tg = T2) , thus according to Boyle
a

p.v,= P,V, is a

P|V, PV K
Vf =

to

2.5 atm x 10 dm1 p -~
V, «

2 atm Figure A plot betwren pressure
and product ot PV

graphical explanation of Hoyle's lawwl

of Isotherms when they ore /
^ ^

Exercise Q.4 , (b): Exercise Q5 (a):
What Is the Charles's law? Which scale of temperature Is used to verify that VFT = k
( pressure and number of moles are constant )’

What are Isotherms? What happens to the positions
high temperature for a particular gas?
Graph between V and P ( Isoth«rrmi)

• The plot of volume of a gas on Y axis and pressure on X- t
axis at constant temperature (e.g, at 0°C) gives a curve v
called isotheftn .

iIsotherm* CIIARLES'S LAW
Charles, a French scientist , gw this IflW in 17SZ.

It states

• If this graph is plflAd at higfrr constant temperature (e.g.,
at 25°C) . t h r u t h e cqrve goes awav from both axis. It is



the volume of a fixed mass of gas Is directly proportional to • It is observed that ratio between volume of a ai
AJ

of gas and temperature remainsconstant at constant pressure.
fcttftmabcafe r.e:

a: constant ?' and ‘nVoT Vi _ V,
V — kT Ti Ti
V ( 1 )-= k
T

Verification of Temperature Scale for Charles's Laui re perar-re ~ Keiv.r.
The mathematical form of Charles’s law isVl = Vi = k A/ 1— = K

T
.-JSC

Ti Ti
EG (II also shows that

Ai constant pressure the ratio between the volume of a given mass of a gas and Its
absolute temperature Is always constant.

This equation oniy holds if temperature is on Kelvin scale.
Example:

Consider the following data for a gas when the temperature is on Kelvin scale
V ( din 1 )

T ( K )

V/T (dm ‘K * )

1092 846 746
546 423 373Toe graph between V of a given mass of gas and T will be a straight line. It is because,

V is c reedy proportional to the absolute temperature. 2 2 2

Hence value of ~ is always constant.

However, if temperatrue is taken on Celsius scale, then the above relation is not satisfiede-9 Consider the following data for above gas when the temperature is on centigrade scale.
I

V ( dm1 )

T ( "C I

1092 846 746f W I V 4tt‘i I

150 100 .273
mental Vt'iifiininw til (.hurli' t* *> IMH

• Consider a gas, enclosed in a cylinder fitted with a moveable pistori At temperature
the volume of gas is Vj.

• By increasing the temperature to T2 ' , its volume is increaise/ : to V2\ The pressure on
piston is kept constant

7.46V.T (dm 1 "C ') 5644

Hence, value of ^ does not remains constant.
T

Tfius, Charles’s law is only obeyed if temperature is on Kelvin scale

h:*QmpU 2;
230 cm* Of hydroyen /. COO/*d /rom fo -27*C by maintaining the pressure

Calculate the new volume of the live at h.w temperature

V > - 250 cm’1
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• According to Charles’s law, when a graph isplotted between V and T for a gas, a straight
line is obtained

• This line intersects the temperature axis at
-273°C. which is considered as the lowest
temperature. '

• This temperature is achieved if|the substance
remains in the gaseous form. But all gases liquefy
before reaching this temperature.

• Thus, the lines of all the gases are extrapolated. They meet
‘T’ axis at £>273 °C at which the volume of all
becomes zero. However, it can never happen for a real
gas.1 hus, -273 °C is taken as zero of Kelvin scale and it is called absolute

• Generally greater the mass of the gas greater will be the slope of the line. It is because
greater number of moles of gas occupies more volume.

tAccording to Charles’s law
V, YL
T, T2

3
I*V

iV, * T2V2

xabsolute zero

•100*C’ 0»c J00°cT,
Vs = 250 x = 153.8 cm3 = 0.1538 dm5 $ ©

9
\ .

Flg(3 7|The graph between volume
and temperature < C) Jgasesf\erclse Q.6.

Wf . :! is KV/um scale of temperature? Plot a graph for one mole of a real gas to prove that a
. » , :s i ' j i j u f , t M H U - r f h. i M ! ( > ' j G r n p h l r n l l\plonuthm )

( a): 1
zero.

a *

k
Absolute Zero

The hypothetical temperature at which the volume of all gases becomes zero Is called SCALES OF THERMOMETRY
absolute tero. The branch of science which deals with the measurement of temperature Is called

thermometry.
There are three measuring scales of thermornetn/.

( I ) Centrigrade or Celsius Scale (li ) Fahrenheit scale
( I ) Centigrade or Celsius Scale (°C )

The temperature measured on this scales is represented by °C.
On this scale freezing point of water is marked as 0 °C and boiling point as 100 °C. The

distance between these two ends is divided into 100 equal parts. Each part is equal to 1 tfC.
( I I ) Fahrenheit Scale: (°F )

The temperature measured on this scale is represented by *F.
On this scale , the freezing point of water is marked as 32 *F and boiling point as

212 °F , The distance between these two ends is divided into 180 equal parts. Fach part is
equal to 1°F.
( H I ) Kelvin scale ( K )

The temperature measured on this scale is represented by K

^terconverslons of different scales of thennometeiy

Fahrenheit to Celsius

4*3- 273.16 °C « OKIts value is
For routine calculations the value of absolute zero is taken as-273°C <

f

k(ill) Kelvin Scale
'

•1lathcmnticnl l:\phmntion: Quantitative statement of Charles's law
/Af constant pressure , the volume of a given mass of an Ideal gas Int reases l)r

decreases f »v I /27J of Its original volume at 0°C for every 1°C rise or fall In tetnper( ,turi

respectively.

f

try
fid
l ±

( 273 4 T
v 273

T Temperature In °C

itThus Volume at T'C VT VO

when* VT Volume at T°C
Therefore at -273°C

(1) w.
:

U 9
273 273 >

273 ,
• I he u mperatuu 223. °C is calk d ^bso)ute A rq of Ki -lvin scale. Thus volume

be* ' .UK -, y e n , rt| absolute /eio

• Absolute zero can never be achieved u the lowest temperature ,

ts Independent of the nature of gas
• CharWs law is not obeyed v hen the tempi mture isKi'lvm scale was devek .pod with 0 K 273 °C

V 273 Vo —
of a ^
Its v«Jue

this re^
cv,•C = - ( °F - 3 2 )

9

°F = - °C + 32
6

K -= *C + 273.16
Celsius to Fahrenheit

^Ivin to Celsius and vice versa
*Centigrade scale. I oron

i
1Ife

i
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?Exercise Q.7. ( a):

What is the general gas equation? Derive it in various forms?

Qa»ea

As PV = nRT
If T ’ and ‘n’GENERAL GAS EUQATION are constant then PV = k (Boyle’s Law)wr2ericatioii

For a given mass of gas, the three variables i.e.; pressure, temperature and volume
inter-related by one equation known as “ General Gas Equation” or “ Ideal Gas Equation "

According to Boyles’ law
“ At constant temperature , volume of a given mass of a gas Is Inversely proportional

to the pressure exerted on It” i.e;

can be w\v =l^Lor P
If ‘P ’ and V n V = kT (Charles’s Law)

1Va — (at fixed T & n )

According to Charles’ law

( 1 ) nRTV =or
P

If ‘P ’ and ‘T ' are constant then V = k n (Avogadro’s Law)
Exercise Q7 (b):
Can we determine the molecular mass of an unknown gas if we know thetemperature and volume along with the mass of the gas.

“ At constant pressure, the volume of a given mass of a gas Is directly proportional to
the absolute temperaturei.e; :

V a T ( At fixed P & n)

According to Avogadro’s law
(2)

I
pressure,

“ The volume of a gas Is directly proportional to the mass ( moles) of the gas
constant temperature and pressure i.e;

Van

Molecular Mass of Gases!
The general gas equation is

( At fixed T & P) PV = nRT (1)
Combining eq. (1), (2), (3), Since

Given massNumber of moles = n = m
nT Molecular mass MSo Va —P

So equation (1) becomesy - nRTor
P m

PV = nRTor
* i. it aiMMui

Ec 4 ) is known as general gas equation,

ror 1 moie of a gas

PV = RT or

T* S ,̂ 9. n M. w 01 * 9“ ' “Molecular mass (M) can be calculated.

T-*
!f P.V & T are changed for a gas fron. I , V, & T,

m-trc<*eQ7fc): , . -Ho* do you justify from general gas equation that increase in temperature or decrease of
Pf^ssure decreases the density of the gas7

toPjVj & Tj

Then
Ti T2



Menas
• / fy >; pressure F) ‘emperanum (T) and molecular rn&<# (M) of gas, its density ( d ) Since i cal 4 18 J

be calculated
• v • • />/ ' v a4 der vy of an dea gas is directly proportional R 83143So cal K 1 mol ;

4 18• s ?. ' 4 yrtrx ,' c’ f, ,r r r / p w f y yr;y,c or-- to *he temperature. V>, incre

' f • 1 '787 cai rod 1 K '>' ire - • /V de.os 4y //t ^ - creases f on ,'eases decreases the r Tht .̂ inir of 'R are thus expressed in terms of " energy mo! 1 K

/ iPfcAL OA1
fl »e value* of 77' m M unit R 'i!4'i J mol 1 K V It shows that if one mole of - -i / rt,i* nt at 273 K and 1 atmospheric pressure and its temperature Is increased by IK, then
|f 7/l 11 '̂ hv /rh 8 '$148 J of energy

• ‘ ' v,r n .. us o; ' : fo / jndeperfdc’nt of !t/e nature* of I e M
. , v : of R n//J J

h‘* Value of /r jf , f ,, /h M in 0 0®1 dm1atm mol 1 K 1 It shows th^ r if one mole of an
< K- R'‘-.t * r , t .It 7 r\ Y or ,4 J *itmo\{,U- n' yt -vsin- .-./ .4 , f \

^ Iht- n if 7/|||ol/V /rh 0 0821 dm 5 atm of energy Mm* atm te fh« unit r,/ energy/

/ >• • . rfipf \ fnt or v • o ', > /f o.— MR . / fitytUu ""' B •//.. ^
/'4 o v, / /' / j-'Oo ; // // / • MR O * t* moe o ' .. y/; /2 4 j 4 dm’A / / /

^nmnwaitj
t MR ,

*<J'nplr a\ 0 roo '- t <n 7 nr i - 0 r.fr -
of nllroynn gum /» « .>*«•«/ «/ uolumm 380 ,m’ at 120‘C grwu' r of

1:>2S N,„* ,ran.fr ,r«,l to a 10 dw‘ flo.k and cool.J to 27°C ( aUototr th»
to N ,n •0 ,c,tr ,l by (/.« </... «, 27"C (Ou)rmuMl„ MOD MuJturj Howl 2012)

/ / / 4H I - - /

( < W 0 // -U4
ul •m

H - (L'Jvi ‘Hu*M > rM
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Fry. t = Ifiicr*V,* WBar*-©.* -̂*

' = a*c - 272' = ry;x7,=^- 273 K = 300K

- * tfisaas *>»n J

wie
0/#21 300?, = ' d = 0.649 dm *

41fexurdm; r. ?ir«ai 9» w-a*jv

PA [fry Density a*» 5:
T* T = 0 + 273 = 273 KT>

T, P = 2 ettzD
Or P£ =

o _ > 0.38 *300 yQflQ y KM4
2̂ = 393 > 10 *

density is -er. b> the formulaT3 V,
X.1

d0© RT 1
2*16d = 0.0821 x 273

d = 1 1.427 dm 5

C^atfaa* the derunty of CH4 'g) at ( fC and 1 atmospheric pressure. What will happen to

the density if {a) temperature Is increased to 27°C , (b) the pressure increased to 2

atmosphere* at ( fC.
OR Calculate the density of methane at STP. (Lahore Board, 2010) OR Calculate the densit)

Hg pressure. (D G Khan Board, 2011)

Example 5
Calculate the mass of 1 dm3 of NH3 gas at 3CfC and 1000that NH3 IS behaving ideally. Hg pressure, consideringmm

(Mutton Board, 2012: Lahore Board, 2014)

of methane at 0*C and 700 mm

1000P = 1000 mm Hg = atm = 1.316 atm
T = 0*C 4- 273 K = 273 K
P = 1 atm

Mod mass of CH4 M* 16g moT1

R = 0.0821 dm1 atm K'1 mol'1

d = ?
Derate, »s given by the formula

. PMd * RT

760
V = 1 dm3

T = 30°C + 273 K = 303 K
Molecular Mass of NH =M = 17 g mol -1f 3

Mass of NH3 = m = ?
R = 0.0821 dm3 atm K'1 mol "1

°f the gas is given by

PV =^RTM1 x 1 6
d * 0.0821 > 273

d * 0.7139 gd#* *
PVMor0 m = RT

, 1.316 xl * 17 0.908 g
0.0821 > 300

M Density 27*C
T •27 273 » 300 K

Density A gtver *y d e fom JU

\



1£4Exercise Q.9. (a) :

What b Auogadro'i law of gate*? j®. Dalton’s law statesAVOGAOKO S I AW
T*« total pressure exxrixd by a mixta,,of oon-roactlog 9«e.I.equal to th* ofthe partial pressures oj all the gases present In th,- mixture.

h state* iji
"h.qual volumes of all ihtf ^ gases at the same temperature and pressure containnumber oj molecules (or moles)

So r jnriber of moles of a gas is directly proportional to its volume.
V a *

• , • sherwt that same number of moles of all gases occupies same volume at same
VT pera * jre to. pressure Tr.e volume occupied by one mo/c o/ any go* at STP is cal&
molar volume a:»d JS eqja to 22 414 dm1 .

• On* mole of any gas contains constant nnumber of molecules. This number is calledAvogadro’s number. H» value is 6,02 10“

tqud
Molh* nioll( ol / spn ssbrn

Let partial pressures of different gases in a mixture D D r>DaJton’s law, total pressure of this mixture is dven bu ^p,= p,+ pt+ p,j0n̂ ^

.. , then according toi e.;

The pressure In a mixture of gases Is called partial pressure of that gas
plr and \i>lumu ,1 nin

Consider four cylinders of same volume each.
Three gasec Ha, CH 4 and 02 are enclosed separately in three cylinders at thetemperature ^ I

f +4MtpU'* tttttl /
same22 414 dm* a? STP * 6.02 / 10“ molecules of 021 mole of Oj * 32g Of

:r ve of M > 2 016 r; Ii 2 22 414 dm* at SIP 6.02 / 10“ molecules of H*
Let Pressure of Ht is 400 torr, pressure of CH4 is 500 ton and pressure of O, is 100ton Le> the three gases are transferred to the fourth cylinder at the same temperature, thenvxordir to Dalton’s Law total pressure of the mixture of gases will beP*OUi ~ f*H2 + PCH< + P©2

So,
J r,i Os rjr rj H? occupy Vjrne ucjlvrne cit STP, although Otk 16 times heavier thanH ?

It * beo% - i.te rrsAeoAen in gaoe* are widely separated from one another and have la#
e"p*y spaces :' e distance between two molecules r. approximately 300 times the
'/ 'he rr,/>e/Xiie Therefore. size and masses of gas molecules do not affect
;V- ft. at. - o(es of ail gases occupy same volume at STP

P,̂ 400+500+100 = 1000 torr

Since there are no attractive among the molecule, of the*ga*. In a mixture. Mm.every ga.exert, its own Individual preswre. Hence, total prepare » the.urn of individual
• 1̂^=0^of molecule., general ga.equation can be applied to each gas

oluro*

-2.68 x 10« molecule I

‘ ternperature and pressure are changed equally for all gfises each gas will have sâ
2 68 * 10“ molecules •’ I

• On*dm1of H, at STP weighs 0.0899 g (since

'-eparately.%(
Thus

RT• ( /t\e drn* of every gas at STP will have molecules PM2 V « n„2 RT o r P„2 » n „2 —
RTPCH4 V B ncH4

RT or PCH4 - ncH4 y

00899g) and one dm1 of Oj* i

equal numb#
RT2 016

Po2 V = no2 RT or P^ - no2 “^“22 414
i ft.Tand W are constants for all gases In a mixtu32

J ’S4g) but they containSTP weighs 1.4384 g (since

molecules ( i.e. 2.68 x 10“ ).
22 414 Therefore P„

2 a n„
2

PCH4 « nCHi
p0l a no2

Vr- m
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Hence pressure of each gas is directly proportional to its number of moles.

Chemistry Pa* I KBl

PfV n r̂
EA = ru• The total pressure of mixture of gases will be

P." PHt +P0,
RTRT RTP, « nM, y * n<*4 yTT n°2 V

RT (4)P- = (% * nô + noj)—
„ RT
P‘n' ~V

/. nere ' n ... . * r ^ = tota. number of aii the gases

P,V * n* RT
'r i nova'ior 'sz ‘hetoid press.jre of the mcrujre of is directly proporu/c

UC * tats*' of rriCHles of line Q&GI

(5)

where, X> and X*^re the mole fractions of gas A and B respectively,7> is, preside
of a gas ., equal to its rr ole fraction multiplied by the total pressure
These equaion*can oe used to determine the partiaJ pressure of the gases in a r /*. e

Ger erally forf*gas in a mixture of gases,we can writeP,= X, x P,

or

m J
Example 6
7A*ere /•ci mixture of hydrogen, helium and methane occupying a oessel of ttolume J 'j dm1

7*C c/rid pressure of 1 atmosphere The mass of H2 and He are OH and 0 12g
' p* r;lh,ely (.olculata the partial pressure In mm Hg of each gas In the mixture.
fnlullorf ;

Volume of the mixture of gases* 7 13 dm*
f emperature of the mixture » T* 37°C *f 27'i » 310 K

* P,» 1 atm- n,«?
R - 0.0821 dm* atm K'1 mol''

EXJ&CU* 010 (bf
nr v. tO f r /i o /’ ire puaw pres . /re of a gat lr /towing the individual mole

ysstr w;</ e!//</>. p/ .̂w/e o/ ?>e rm / bjra

rtf Prtfipd t*fWhUff of 44 ( /r/4.iSMsPrf/j/

< / '/ ;,«/\* r/' j'-.v^e of < o-> gaa car oe oa.o,. ated • ? m
fS'4f *V/ ov, ' ,rr ver of " o e*. of \r e o-ovr. are // oo

Ov W'MT ..o A a * /: R for" r o * m /tore of gases,
V ,, /11 pres* # re '/ • e rr , / k , ® e * P, and number of mole* * ,

'' ' - "" O - < • o‘' O' r.A

ard Par* '. prê .re of gas R « P* and r. ;mber of v>ie?, r »„
T }*t oo can write

Pretvire of the mixture
Total no. of moles

fot»l number of moles LS given by
P, V - nf RT

' ' J / ,
th6 u.vi'Ot

moies of a i

/

oi all
* /oefancea preflont lfl

tit *? r i / t u r e ,
;t is denote by X

Chi9, Solutions)
for more details#

P, v
" RTsubat *00®p. v - n. e r ( i )

P* V- n*KT
P,V - n,RT

1 x 13 =t 0.51 molesthe n’ c
0.0821 < 310

So. the total number of moles of H,t He and Cl I, 0 51 m jles

Mass of H,
Molar Mass of H, - 2.016 g mol'1

( 3

- 0.8 g
'n /ideeq '2/ v y ' J /



ESUSCvllto* C hemlain Part - 1

0.8 g =0.3% molesNumber of moles of H2 = -l2.016 g mol

= 0.12 gMass of He
>iMolar Mass of He = 4 g mol

iMr̂ ifhmg Al High Aftiliiti2. S0.12 g = 0.03 molesNumber of moles of He= PreSSUF!°f in* <* 159 torn and breathing i, easier At

t ftcssiK&isr6^^bnM* *̂*
•l4 g mol

No. of moles of CH4 = Total moles - ( mole of H2 + moles of He)

= 0.51 - ( 0.3% + 0.03) Hr^illnng In Deep Sr3.
= 0.084 moles Deep-sea divers cannot breathe with normal air in their tanks. Instead, they use amixture of an inert gas and O^ in which partial pressure of oxygen is adjusted around therequired limits Actually, in sea after 100 feet depth, the diver experiences 3 atm pressure

Thus, normal air cannot be breathed in depth of sea. Moreover, the pressure of N- incr
in depth of sea and it diffuses in the blood.

Mole Fractions can be calculated as
No. of oles of H 2

_ 0.3%
Total Number of moles 0.51

No. of moles of He _ 0.03
Total Number of moles 0.51

No. of moles of CH 4 _ 0.084
Total Nmber of moles 0.51

Partial Pressures can be calculated as

PH2 = *HjP
= 0.776 x 1.00 = 0.776 atm

= 0.776 x 760 = 1589.76 mm Hg

= 0.776X H2 = eases

= 0.058*H. =
4 . lion Of ( I «IS <*S Over

Gases are usually collected over water. During this process vapours of H,0 are mixedwith the gas.
The total pressure (P ,̂) of this mixture (H20,

= 0.164XQi4 =

+ gas) will be
P . = P 4- Pmoist 1 9 l water vapour*

Hie partied pressure of vapours in gases is called aqueous tension.
Thus, = Pt + aqueous tension

Pi = PfHQi*t - aqueous tensionor
PH« — x«, P

= 0.058x 1.00 = 0.058 atm jWTIJSION AND Ff FUSION
= 0.058 x 760 = 44.08 mm Hg

The spontaneous Intermixing of molecules of different gases, due to collision, at a
9loen temperature and pressure Is called gaseous diffusion.Pot* “ X CH* P

= 0-164 x 1.00 = 0.164 atm

= 0.164 X 760 = 124.64 mm Hg WhV gases diffuse?
When different gases

they g
e3ual everywhere.

mixed together, they wish to have same pressure everywhere,

mixing to form homogenous mixture until their partial pressures become
are

f o on
Exercise Q10 (c):
Exp zm :rcr the process of respiration obe^-s she Dolton 's 'ate partial pressure.

mM Ipl
mi Jp: -

••Applications of Uallon's Itut of Partial Pressmc
1

•i



118College Chemkttrx Part -1
Sajt, Chemistry: Part -1Examples:

Graham Law of Diffusion• The smell of rose or a scent spreads due to diffusion.

• The mixing of N02 (a brown gas) and 02 (a colourless gas) is also due to 9aseousdiffusion as shown in the fig. The diffusion occurs by random motion and collision At constant temperature and pressure, the rate of diffusion (or effusion) ofinversely proportional to the square root of Its density or Molecular mass. a gas is

c Jathemalical ExpressionIt is the escape of gas molecules one by one, without collisions m
l 1through a hole of molecular size, Into a region of low pressure. x <t -j=Jd or r a —==VM

Thus, lighter cases diffuse more rapidly than heavier gases.Why gases effuse?
The escape of gas molecules in not due to collision. It is due to QESBMSBBBM

their tendency to escape one by one. Gas molecules are habitual in Example
colliding with the walls of vessel. NH3 gas (molecular mass 17 g mol*1) diffuses more rapidly than(molecular mass = 36.5 g mol*1)When a molecule comes in front of a hole, it enters into the other portion of the vessel. This
escape is called effusion .

%V mmm;
Exercise Q10 (d ) : Consider two gases A & B.
How do you differentiate between diffusion and effusion? Explain Graham's law of diffusion. For gas ‘A’ let its rate of diffusion is r,, density ‘d,’ , and molecular mass M,'

For gas ‘B let its rate of diffusion is r2 > density d2
' , and molecular mass Mf *

Then according to Graham's lawDifference between Diffusion and Effusion of gases
For gas ‘A’IMIIIMMII I IhiMoii

It is the escape of gas molec uies one
by one, without collision, through a

1 K ( 1 )ri <* — f= or
vdi

n =-?=vdiThe spontaneous mixing of molecules 1I hole of molecular size , into a regiorof different gases is called diffusion For gas Bof low p r e w
It Is due to th colliding habit of
molecules with the wall of the

K1 ( 2 )X 2 CL -j= or
vdi

T I =1Zir. this , gas molecules move from an
whencontainer During collision

molecules corne ir front of a ho.earea of its higher concentration to an WM <
I area of its lower concentration r

I Gaoes diffuse by random motion and BE
1 U

Diffusion takes place in all directions, |
I Fszarnple The smell of rose or a scent BE f

BE tpreads due to diffusion f

Constant K is same for all gases at same temperature arid pressure,

they escape.
Gases effuse without collision dividing (1) by (2), we get
Effusion takes place through a hoi*

n = (4*
n VdiOf molecular size

Example; Escape of gas molecule
Similarlyfrom punctured tyre

M*ri

rz V Mi
Where M, and M2 are molecular masses of gas A and gas B respectively.
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Solution:

Rate of effusion unknown gas =
Experiment

h ^1• Take a 100 cm. long glass tube, opened at both ends. Rate of effusion of Hf gas = - 4rHl• Plug a cotton piece, soaked in NHS solution at one end and a cotton piece, soaked in HC|solution at other end. Molar mass of H2 gas MJ 2 g moMolar mass of unknown gas = MX = f
According to Graham’s law• The vapours of both these gases escape into the glass tube simultaneously.

• The vapours of both NHS & HCI are invisible. But when they meet with each other, theyproduce white fumes of NH4C1. r«,
sr

rxNH, + HCI * NH4CI (white fumes)
Taking square on both sides• Determine the distance travelled by NHS and HCI.

White fume* of NH,CI
59.5 Cm \ 40.5 cm4 1NH3| 0

100 cm
Mx = 16 x 2 =[ 32 g mol"1

F Mjnri" Vt -NFK .ttioi1 i»l (jr.il).nu s l.iw ol (liMnsiun

KINI TK MOI.KCI II.AR THKORY OF GASI .S
Calculations

To explain the physical behaviour of gases, a theory has been proposed known askinetic Molecular Theory of gases.
Molecular mass of NHS = 17 g mol’
Molecular mass of HCI = 36.5 g mol’
According to Graham’s Law

This theory used bv Clausius ( 1857 ) to derive the kinetic equation He explained allwas
the gets laws with this equation.
It was further developed bv Maxwell

r
Boltzmann and van der waal

Maxwell gave law of distribution of velocities
rHa

Boltzmann studied the distribution of energies among the gas molecules

V' The main points of this theory
59.5 36.5 areThus

All gases small particles called molecules. Gases like He, Ne Ar have
40.5 17 consist of very

monatomic molecules.2- The molecules of gases are widely separated form one another, therefore, these have large
1.46 = 1.46

, ^
empty spaces between them.3- ^ actual volume of the gas molecules is negligible as compared to the total volume of
the gas.
There

Hence, Graham s law is verified

forces among the gas molecules. Therefore every gas moleculeare no attractiveExample 7
behaves independently. _ , , .5 average K F of gas molecules is directly proportional to the aMute temperature r.e.
K-E. a T

of*250 cm* of the eample of hydrogen effuses four times as rapidly as 250 cm
unknown gam.Calculate the mol > mats of unknown gas.

Board, 201*1' 'anuxjJa Board, 2014: Sargodha
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fend

itt P*rt I
6
7 . Gas molecules are in constant random motion . They change their direction only - u

they collide with one another or with the walls of container,
nen

8 The coliisKXtt of gas molecules with one another and with the walk of container
perfectly elastic ' r **

9 The pressure of a gas is due to ££>U
10 The motion given by force of gravity is negligible as compare to the motion given b

3 Cm»

where. M = molecular mass of T =*Absolute Temperature

perature greaterfoe velocities of die

gas
§ of gas molecules with the walls of container.

This equation shows that higher tfo>
gas moipoiioc

iMOI.f -.c ( H_
>\ K THi OKVi .

Kinetic eq. for an ideal gas is

According to kinetic molecular theory of gases, the kinetic energy of gas molecules i.e..1mNc* is directly proportional to the absolute temperature, T.

~mNc2 otT2

^mNc
‘2 = KT

Multiply and divide R.H.S. of eq. (1) by 2, we get
pV =fx|mNcI

C N FOR AN IDEAL GAS

PV =an ideal gas known as kinetic »(1)
equation It is given as

PV

iwhere
P = Pressure of gas V = volume of gas, m = mass of one molecule of gas

N = njmber of mo»eaues of gas m the container , c2 = mean square velocity
L 1

(2)
LJ/ the pomeible velocities Is called mean s<

rm are B, mouec.** of a gas wah veiocay c,, n* with velocity Cj

The <* of
or

= fx(|mNcI)PV (3)

me- - 02c|- nac2 -- P̂ tting eq. (2) in eq (3)m + nt+m-~
r , -:,*’ -, = N = soca number of !OTPV =Where

If T = constant
Then PV= k

velocities Actuary
velocity cf

a

fl
® Boyle's law It shows that at constant temperature, the volume of a given moss of

90s is inversely proportional to the pressure exerted on it
are dtotrbuted among the square

te
1 2

r eel le called

?

Kinetic eq for an ideal gas is
*wt emteens ere H4.

1dtnoi** PVThe square root o/
fcy ĉ . The varje of Ivis

root mean square velocity
calculated by using kinetic eq It is given by

t
rm





W'-r »TTff ^1 t

K.s
It

< ' _
im X2, I r r

§•r>
S T O J B LC c.A-e*4 sf> V

Or tr /

J S * A

126 <* *
FMIJ

Mulop*y and divk, R H5' °*•*W by 2,

*.3PV
P V ^ f / i m N c2

P V »

§N.(i mc “ M
Taking square root

(3)PV =
Put eq (2) in (3) r >3PV?-
Let N=NA = Avogadro’s Nur

PV =|x NAE.
M

£.» 3P = d = densitysince% V d
( 4 )

Root mean square velocity is actually the rale of diffusion of gas
Therefore, at constant pressure According to general gas equation for 1 mole of a gas

^ PV= RT
Compare (4) and (5)

!* N A E k = RT

r 3Ror = 2N A
Thus there is a direct relationship between translational K.E. and absolute temperature.

( 5 )
rf3P

x T* ^

It shows that at constant temperature and pressure, the rate of diffusion (or effusm) o/a

gas is inversely proportional to the square root of its density, which is the Graham's IOM

Conclusions
* The temperature of

molecules.

KINETIC INTERPRETATION OF TEMPERATURE
is directly proportional to the average translational K.E. of its MiConsider the kinetic eq a gas

PV » 7 mN c2 fl)
•3

with each other. During collisions, ho
bodies become equal. Thus,until the average translational K.E. obodies becomes equal
. . st0ps, which is not po*61• j_- jj ta, c ... n.W-«<—temperature is called absolute zero.

, “•*•<> «0 tar tolit!*>nUft>es and liquids, temperature Is th11 is the measure ot only
^
yiblG’-K*̂ -

Ai
Where.

m - mass of one molecule of gas N « number of molecules

P f press.ure of gas

A

c 4 - mean square velocity
V * volume

For one molecule the K I < le to transit < < aJ motion is given as
1

Efc - j m e* < 2 )

wfwre
E# - ovetogv - .slotional K Ij. of molecules

T)7
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( lifiriil J'rrtMirc

I', (aim)[General Principle of Liquefaction] < M I I C M I I f i n|»f i ,I I H I i i ( K i

7 he conversions of gases Into liquids require high pressure and low temperature

• High P bnngs the molecules close to each other

• Low temperature decreases the K.E. of molecules. Thus, attractive forces are developed
among them and gas is converted into liquid. t 4 t / > V

Water vapours.HjO 647 6 (374 217.0

Ammonia,NH> 1115 *
384^( 11 f.54 *C)

tO0H42iC^
Freon*12,CClih 39.6

Carbon dioxide.COj 73.0

118 75 V)Tom I 49.7Oxygen,Oj

Thr highest temperature at which a aubetance can exist ae a liquid In called critical
temperature.

It is denoted by T(.

0.9 (-I22 26 V) 48Argon. Ar

.I (-147.06 *0 33.5Nitrogen, Nj

Methods for Liquefaction of Gases i
•riimjminn Various methods ale used for the liquefaction of gases. These methods are generally

based upon Joule Thomson effect.qulred to liquefy the qua at the critical temperature I* calledThe minimum premmare re

the Critical pressure
It is denoted by P( .loiih' Thomson l.fleet

ww „ ...,. :«*— “*“-aft«r-tjsrsrjrsThe volume act opted hy one nude of gat at 7< and P, I* called Critical Volume.
It Is denoted by Vr

|[n»(/ <. McthonExample.
• Pot CO,T< 31 1*C , P( 72,9 atm,Vc > 95.65 cm* mol'11 * It Is based upon Joule Thomson effect.

* Lind liquefied air by this process.
* The compressed air (about at 200 atm) l > P

^through a water - cooled pipe w^«re
compression is removed.

| «Lf | jpw**
•KKH JJ
B-4I

uaESlsF

Importance of t rlth al temperature

• * ‘ > e r ; ... l\ « 4' f|,llf , It Tf |pi'1rltl 1 M* wllic If - 1 f|.l'i f atlHOt ll» - l|f|'l«J“"1

temperature is called critical temperature.
/ >ampin T, lor O,is 154 4 K (-118.75*0. Similarly, T, lor CO,Is 31.1*C. So. Ih<*
U'1’* '* can be liquefied only below their Tc, Heivc, the •• must be cooled below tl|,,|r

SThis *9* mu

UO*Y>r*MOr

* This compressed air Is then pw“d
lube having a )el al the end. w ion

|(,uddenlyout of jet Into low pressure area ' 'n #flBCt.expand,and Is cooled due to Joule- Thom

comes
and then pressure is applied to liquefy them. 1Kinro IrtHi » method i»r

H i e l r i|t n O i l i o n ul Mir

I ffect of Polarltuhlllty on critical t > mpetuturv. * The cooled air moves up, cools ihe |Tmp!lo be compressed again
and then again enters into the > o

ond flir is liquefied.* By rePen,in9 compression and

^ thls process^ gases except H* and He can be i

fl< 7V of Ar Is 150 9 K
loi

(-122.26 °C).
J05.6*Tt of Nl Is ‘sf^olar QMgi have high polaibablllty and fJOrnparatlvely high T(; e.g

( 132 44°C)
Thus, polar gases are emlly converted Into liquids

V\
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GOBS show non-idea' behaviour at low temperature and high pressure Explain thishdp erf oyqph.

PV first decreases below, For N*.
increases

• CO, also shows unusual behaviour.

.and then
umhthe

%-MIMW-Al BUIUIOUR OF GASFS

TTTJS, it shows that deviations depend X_-Sgas7W condtoionB of temperature and fe‘ 4Pre**urt U
9 —C

=-• -
£prct of Temperature:

At high temperature, the graph of these rea
doser to the ideal line. Thus, the gases become

While
•fc* »V jt Mur
9MMilWCrw gases comeofccr all condition* of temperature

ideal.r or •'Non-Ideal Gam'to a
Hence

? i m iConditions for Idea! and Non-ideal behaviour of gases

• Gases are non-idea, at high pressure and low temperature

• Gases are ideal at low pressure and high temperature .

** enesr oi verrperafc-'e and press-re or> behaviour of gases can be studied in terms d
aceaq^eHtoiey iaoor Such that for 1 mole of a gas

PV « nRT
PV

” r&T *

III (MI (.. IS Non-iilc;il JJ.IS

It obeys gas laws under all
conditions of temperature and
pressure

irht# ***** (if tdrtd *t<§ It does not obey gas laws under
conditions of temperature and pressure

PV-nRT . There are no attractive or
repulsive forces among the gas
particles

There are attractive and repulsive forces
among the gas particles particularly at
low T & high P.

PHor •1 .nRT
Actual volume of gas particles Is not
negligible as compared to the total
volume of gas particularly at low T &
high P‘.

Thus vafcj* of compradbUfy factor is 41*. for an ideal gas at all temperature and pressure Actual volume of gas particles is
negligible as compared to the total
volume of the gas.

IT:PVThus for an (dea* gas *\\en a graph ts plotted between — — on Y-axis and P on X-a> * S
nRT

unf is obtained parallel to pressure axis

f*i f J

m For an ideal gas PVFor an Ideal gas Fv * can* tan!corn tan! RTRT
It is a real gas and exists in nature,

e g; SOt. NHa etc.
It Is an Imaginary gas and does
not exist in nature.*ichut itiur of Neal </<** •

Effect of P
• For He at low pressure, the curve starts somewhat along the

PV Iideal line However, at very high P, value of — — has t 1

£*«,d.e Q.13. (b):
f kinetic molecular theory o/ gases ore*>u think that some of the postulates of kinet^these postulates.

i

Oo
nRT

increased from the expected value and He show deviation
from ideal behaviour — n m/mL^wDevialions from Ideality

ike0̂
an der Waal (1873) pointed out that two ideal assumptions In the kinetic molecular

^ are resPonsible for these deviations.
he actual volume of the gas particles is negligible as compared to the total volume of gas

rj-• For H, deviation starts even at low pressure as compare to p -•*

AlO*C VHe

hdV 4
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QrV r

V1« -IV

Eagsj!SSs£to'"‘*
,n PsnJ

i.e. P = P, -P'
or P, = P + P' ( 2 )

Sas. Go»e»
(ii) There are no attractive forces among the gas particles.

At high pressure and low temperature, gas molecules come closer to each other
develop attractive forces among them. Moreover, at high pressure volume of a gas does
remain negligible So, the behaviour of real gases is not according to kinetic V;and

not
moleculartheory of gases and PV=nRT. Thus gases show deviations from ideal behaviour at |0u,

temperature and high pressure.

( 3 )

" is mber °f moles of A an B present in a total volumeV , then concentrationsof A and B will be given by

CA ='J
Put eq ( 4 ) in eq ( 3 )

V V

trExercise Q.14 (a):
Derive von der Wool's equation for real gases

i.e. A P‘a CA . C.
van der Waal's Equation for Real Gases

r - nC b " V
van der Waal made volume and pressure cunection to remove the defects of ideal gas

model, and gave an equation of state for real gases

Van der Waal pointed out that gas molecules
have definite volume. Although volume of gas
molecules ts very small as compare to vessel but it
is not negligible Thus, when pressure is increased
on gas molecules, they oppose it. So, if V,
the total volume of gas and ‘b * is the volume of
gas molecules per mole (excluded volume), then
the volume available for compression will be

-b) and not V.

and ( 4 )

volume ofr w

• •

is • • •
P;=

V2(b)
0

volume occupied by gas molecules
x

For 1mole of a gas
(V,

Figure:
(J) A y.»-» .il low

b> A g« ji Iwjti,u4uii«~ is ito» nc

P' = ~ ( 5 )will'll ,!• tlj.ll I if
V*: A

Mill'llSillfill'Hence = V,
Thus ts the volume available to gets

molecules
Where constant b* is the characteristic of each gas Its value is

( 1)- b Where a = co-efficient of attraction or attraction per unit volume
For gases with strong intermolecular forces value of ‘a’is high,

eq ( 5 ) in eq ( 2 )i V '1

<6>
Thus, ideal gas equation for 1mole will become

b * 4V.
*b' b the effective volume or excluded volume. It is the volume occupied by S3-

moiecules m highly compressed state but not in liquid state.

where V.is the molar volume

contain*
(p. - jiv-b),*.rr'rrMurr Correction

equation is called van der Waal's equation of state. This equation is applicable to realA molecule in the interior of gas has no unbalanced
force, h is because it b attracted equally from aiJ sides '

L However, a molecule just sinking the f»-aU of *ne vessel is.|more attracted inward Therefore, it wd not strike the wall
with full force and hence observed pressure 'P' will be less
than the ideal pressure P * by an amount PL

9Qsesm figure ^ >>J

fMrvMjr* ForV nb)= nRTm°le of a gas

* 0

A\

' 3I



•̂ ^FcfH^gzfi b = 0.0266 dm* mol "1. It means 1 mole of H, gas (2.016 g) occupies 0.0266
Solution:

Wbf” If Ideal, general aaa |# mD,t^p = ?
( D

dm* at doset approach in gaseous state

• For H, gas ‘o' is the least (0.245) due to its non-polar character and small size. V = 250 cm* = 0.25 dm*
n = 1 mole

Vnii> of ruti iU r Wools vtnistnnls. «* tintl ‘1* T = 300 K
• SI units R « 0.0821- iUnits of b: m* mol

Units of a According to general gas eq.
PV! Nm'2 (m3F Nrtf 2 m6

= — 4 «

mol2 = N m4 mol*2 pa * mol2n2 V

• Non-SI units D _ 1 x 0.0821 x 300
* — — — — — — — —Units of b dm* mol'1 0.25

Unit* of a P 98.5atm o
pV = f5nUl = atmdm6 moI-2

nz mol

( I I ) When the gas Is behaving as non-ideal, we should use the van der Waal’s equation
a = P =?

• The value of 'a ' and V can be determined by noting P n = 1 mole

conditions R = 0.0821 dm* atm K
_
1 mole "1,

V = 0.25 dm*
T = 300 K

l I t:,Mi l l i NX « HIM.HH * l » n N * 'HH » » » imn » » n IMM- >

a= 2.253 atm dm* mol-1
'li‘iiN ">"1' 1

f ilm .Ini nn »l
b = 0.0428 dm* mol’1

0.0266i 0.243[ Hjdrogrr
0.03181.360Oxygen
0.0391 According to van der Waal’s equation1390i Nitrogen

i 0 04283 590Cwboa denude
0.03714.170

t4 0 05646 170 V - nb) = nRT
Sulphur daoudc

005626 439O-ionr* an2 nRT
v* mW^S}

Example 8
250 cm*. Calculate the

One mole of methane gas Is maintained at 300 K. Its volume le an2
or P.7

n R T . -^(V - n b) V2pressure exerted by the gas under the following condltlona.
(11 When the gas Is Ideal Putting values
<U/ When the gas Is non-ideal

1x 0 0821 x 300 2 253 x1*
“ 0.25 -1(0 0428) *

(025)*dm* rr>ot*,b m 0.0428 dm* molo - 2.253
Sts&dheb - ^rd. 2012 n^mueiia bond. 2012: Lahore
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1, It consists of a significant number of fhargc panicles Thus it respond to both electric and
magnetic fields

V24 63 2.253
0 207 0 0625P m

•f
2, Motion of particles in the

density. II refers to tire den:
3. Plasma has a complex

matter
\ It is macroscopic^ y neutj.-.i Ait]

equal.

ma produces fields and electric current u/ilhin plasma
f Charged particles.

of interactions, ft is a unique fascinating ai,«j complex stou- of
P- 11899- 36.06

£Mum i
P 82 94 ptmj ©

ii contains Ions and electrons bot thefr number is

Thu# prritnrf lessened from ideal behaviour*98>5— 82.94*15.56 aim
NLIIROL inul Aiiillclnl Him*um

ArtlJU lal I* loam

• i‘ ;bcodtffiql hy u#fng electricalcharge# on a g*s e g in neon signs
• Plasm- - nr low I is liard to maintain. It is because outside a vacuum, UJW T pU*m«

with any molecule thus, It is both useful and hard to vs*

PI ASMA STA ti:
/ mlAlorm rjf nruiral partltlv , potlilb* Iona and nmgaUv* ele. t trono la fallal PIa*mo

' P//4.Iread# r
Natural

• If only exists at high temperature or low temperature vacuum#, It doe* not break
down or react rapidly

-ir iirmnlluii *4 I*Ia n*i mu

• Or ha*/ v; a soul, ft s converted »ni© liquid On further treating,
-q./: » com/*ited >nto vapours Thu#, the phase of matter

< anpet from solid u> bquid and then liquid to vapour#.
• ’«r/a /f /apex,, r% a** farther healed vume of them lose electron#

arrf ^ysefir/e y/r* ye formed Hence a mixture of neutral
yateet poutm x/r* and regat.-ve electrons are produced,Tbi#
HuiedPlaama

• ' ze yy iproduced by i >gh 'xrrtperatore or by radiation*

?* —
* /$'J J 1 -» •

• These are extremely hot (over 20,000*0 minimum!
• They have so much energy, that they can vaporize any material

MI
*

'iince plasma can respond to both eW' trie and magnetic fields, it can have many
l A fluorescent bulb is different from regular light bulbs ft consist# of a long tube filed with

When electricity b passed through gas. it charges up the gas The charging and
^citing of gas creates glowing plasma inside the bufb.
^•On signs are glass tube filled with gas When electricity is passed through the tube, it
charges the gas and creates glowing plasma inside the tube The colour of plasma
depends upon the gas used
They are used for plasma processing of semiconductors, sterilization of some medical
Products, lamps, lasers, diamond coated films, high power microwave sources and
pulsed poweT switches.
They are helpful for generation of electricity from fusion pollution control and removal of

f̂carclou# chemicals, Thus, it helps lo clean up the environment .
Ilasrria light up•falpmeni.
I* drive* lasers and particle accelerators
to can be used to pasteurize food
to U used to make corrosion resistant tool#.

J

>1— -/> //» % J

1' hiuin1111mIIaiii When•ff f

i 1 Av>.* 99% of the universe is made up of Plasma 2

nuclear
2 ;ni present ever/where in sun and stars
3 The funn a 15 m; .hon km ball of plasma h is heated by
4 fc * +* moet ar,jfxJarit form of matter H i# the stuff of sta»
5 h » preser̂ m rxer/thing from sun to quarks fquark is the smallest particle of unrvers«'
6 MatovUy of the matter m inter -stellar space is plasma Jl
7 AJ the t^nrung stars art

8 On earl̂ i, e a very kmi?ed It as feund in UghtemU boiu, flames, auroras and fluoric
bgNi, neon sign# etc

9 When an eleefttt current n

fusion
3

;
5

offices, homes. It helps In working of computers, electronicour
t.

Arid It#’1 IF
thrraigt. neon gas, it produces both plasma

7
h

w 1/ ..
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ORIf fim A*f> ^Hrv*r %>SWf w.Q< f STtr.̂ VQ.j, Multlple~cho1ce quern
(J) Prwiure rtmalnlng const

twice of what It is at 0*C.
(a) 546°C

>:;«rtisB are wc/^org 30 ^asma efifedfovft?
For *rfcc3v«
• :t should twoi cw CMQ)

• It should sur,fve ror sufficient time without reacting and degeneration.
~ e »cpiicancrs oi magnetic field involve the use of plasma. The magnetic fields create

ou erergi, plasma, which create rnetastacte state of molecules These will then react with
another molecule with right «n«tgy Thus these molecules can survive long enough to react
with desired molecules These metastable particles are selective in their reactivity. Thus
rese can be -sed to solve problems like radioactive contamination.

Scientists are working on mixture of gases to use as metastable agents on plutonium and
uranium.

temperature thm volume of m gam bee<

(b; (c) 546K (d) 273K
1f|D.6 Kfeor Boor!2C;f) Sorga4w Boon*2012) (Guinanwoki
1«a In one Dt» of water la close to:

^ 12.04 4 ~ , . 18’̂w*10 (c)
Board. 2012) (Rouc/pridi board, 2012) {Lahore board, 2013) (Gu(rrmutaia board, 2012)(Hi) Which of the following will have the i

(a) 280 cm5 of C02 and 280 cm3 of N,0
(c) 44g of C02 and 11.2 dm3 of CO

iFabatobad Boa. i.2008)

2009) 201fOahawalpur
board, 2010.2013 2014)

(il) Number of C!icu

6.02
(a ) *1 *1023 (d) 55.6 x 6.02 * I02322.4

ID G. Khar, Boa~i 2010) (D 22.4

•ame number of molecules at STP?
(b) 11.2 cm3 of O,and 32 of g O,
(d) 28g of N, and 5.6 dm3 of Oxygen

(Iv) If absolute temperature of a gaa la doubled and thethe volume of the gas will
(a) remain unchanged
(c) reduce to Vi

pressure la reduced to one half.
>(b) increase four times

(d ) be doubled
'Rawalpindi Board, 2010) ( Multan Board, 2011,2012)
(v) How should the conditions be changed to prevent the volume ofexpanding when its mass Is Increased7

(a) Temperature is lowered and pressure is increased(b) Temperature is increased and pressure is lowered(c) Temperature and pressure both are lowered(d) Temperature and pressure both are increased

a given gas from

A (vl) The molar volume of CO, is maximum ata STP (b) 127°C and 1 atm
(o ^

(c) 0 C and 2 atm (d ) 273°C and 2 atm
(Gujranu^Q board,^^^ (Rawalpindi Board, 2009) (Lahore Board, 2010) iSargodha Board, 2010, 2012, 2013, 2014)

<
*1

(v«) Th
(a) NH, > SO, > Cl, > CO,(c) Cl, > SO, > CO, > NH,IFabaiobad Board. 2007, 2008) ( D.G. Khan

(vNi) Equal masses of methane on^°’Jy? 0xyg«n l#

^ fraction of total pressure exerted V

Board. 2010) (Rawalpindi board,2012) fOuiranuKi

e
(b) NH, > CO, > SO, > Cl,
(d) NH, > CO, > Cl, > SO,

Board. 2012) (Gu)ranwah board, 2009)

are mixed In an empty container at 25°C. The
v-' >

(d) 16/17(c) 1/9(b) 8/9f^ltanA

Mm
\\
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r r fli4 / V NQIr rL ifc ^k 4->Trf /' 1 rv Y J f -• j(V. / r 9\ vi

U*r/ (i i
J f r S J \ JTW

I

( îlfstt Gtrtmbirv: par* l G a**0140 fit* Vci* ofder. CI,>SO|>CO,^NHi
Ihcrefcxc.Ihcir r«ie of difTuimn will be in the invent
order i-0> « NM»X O,>S0,K.I|

fttok* mok ffKlitffl'fll Oj••! «m!* 3
1

. 1 2w frictionof,ty«« -
9»ince mole fractionofOjIII/), therefore
ftw.ll al«> be 1/1of toui prettwre

d«vUt« from Ideal behaviour el high preeeure. Which of the following u
covrect for non-ideality?

(a) Al high pnuniv, the gat molecule# move In one direction only
(b) At highprvaeurt, the colliilon between the gn# molecule# ore Increased manifold
(c ) Al high preeeure. the volume of the gn* become# Insignificant
(d) At high prweure. dm irilermoleculai attraction bec/>me significant

(a) The deviation of a gee from Ideal behaviour le maximum at
(b) - lCfC and 2.0 atm
(d) 0*C and 2 atm

«e»A 3QQf DX3 Kho»0MtJ912,Mutton Boor* 29133 1

(2)A real
(ai bodi a end b are large
(c) a to small arid b is large

'fejtrwofc** CfeV*«101

(U)

Vi. Hi tHmwr

fi\I \IIM (til IM I.I»
Ai tn^hI*,molecule* of gjy’comc closer together
Therefore. d*y form inicrniolecuhs forces Ijence, g*»
shuw deviation!;/rum i<P*lbcftBylow

Gates ihow dcvi*i<«» fh*n ukal odwvmur a U
temperature aid bigf* pressure
In <$) icrnpcrsturc »» Vrwcsi and provoc r» lugh*»iihm
ui (b), (c ) end(d)

4
(a) -l(fC and 5 0 atm
(c) iOffC and 2 atm

( \i» \ii%: (

iV mcuu/dl turictl*Imorig 0K g*s molecules Imga V,greaer atr#c(iuns
b'matures volume rwtv icd by gu rnoiecuic* Ijugcr b', greater volume occupied

For a g*»|p Ixliavc ui «n Vied g*s volume of gas molecules should be rtegjigrfcte aid d*/e should N rvj »<*.«» of
aU/acUOQi epung, gas niOlecdfo Hence,>' and b itiould be small

pUyiuy v«r» d«rr Wall* aquation will r«s«mbl« td«*»l qua If
(b) both a and b me srnaJI
(d) a is large and b is small

'J 2. \ III In flic blank#

(0 i be product PV has the S.l. unit of ,
(II) Eight grams each of 0* and H* «r 27*C will have total Kfc in the rafio r>f
(III) Smell of cooking gas during leakage from gas cylinder is d*te< ted i>er ous«r of tt.v

property of
(Iv) Equal

\ \ HI Its |4 » Ml | III| i mill I i;i | s||« »\N

nil \n%: (ill
M«M of I dm' <JI wau;r - 1 ig -p//» g
tAirlo viw uuMrt of w«Ur - I# g «910f '*Vr| tr'tWtlrtW ,

fv Sow* 04 »viw»4
Vy-?r +ss* #a•* W Y w^; *i#n

•a *
of »*u» -

1 »*AK.‘A «*>* 4 U1 f lit* r /.u
W tt OAAC* «.»» WNM.> . f $ f . !* (/t X
l /,/**** .

of ideal gases at the same temperature and presstiie ojntAin

number '/f rrK/lecules
(V) f he fvrrrperattjre alx//e. V/Hkh a SubfUwlCe e/is’s Oflly as a ga' <* tailed

seer
r

' il»»,' (h|
'll/*ii'er*;«1 Nil.Vi 1 «4 UK*/*4/ t*

Tr.-

thy* rfm4l#M **< >*+*41

*xrm*ms _ «

/V IMfMU ..M:-
1^«* dj^i i|l it/y

(v) < rilh al femp^ralure(II)Ii16 (Ilf) diffiishm (Iv) volume, equal
> << J>t

V-A 'O, uthhiUM .Mw •» tfff',
^i « #v » * h - * *’ i*^ / .AyV-‘pf#* t

Iftl.wl Ih<f following *#nl«> r * » vo «•» »/ •“• W t *»l*»

(I) KE of rnole/ ules Is jfcfro at C^C
W Agmtnt cte&d cotMtmvMtml much higher pressure at (he bottom due to

gravity fhnn al the top
(III) Real gages show ideal gas behaviour at low pressor* and high tompmatoti
(h/) Uquefacfton of gases Involves decrease In infefwokrcular sj»»vres.

M An ideal gas on expansion will show JouJe Thcmson effect

A«»v

(!r »

5Sr* rtwry fMf
W***'»W rvwre n* 4»r<* ivvf * Wr.

#

Mr/VtodN h httfr.ttoldm,ItAvM Will

(Iipr««ttr# a biX rrv fbr rt
nv.'w /M.frrf of C'f»iWrit be

to
be
to
irfvy

at
» >;Ml

Aewdmtiv> TMEMT!lew nf p«i.*lptewuie. p̂ '*‘0VM*if< tAupturnmi*Mt of giHM adrreclty
io An nv4e S u e t «,

l,«l«<|i.4lmMvet of f Hi»id0»«e »:# eec-b fb»a rt
wdl he 2 motet of Ci|# andIm*vte* of f >»

l|*MA
ttv nf

IW8M

^ZjyTw7.»t i.n....i.-. f « «>»? '' P''""'""11< e r a
~>vnc< Mote^uty moî if NHf| rm CO,oe
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DU> <. ;i/*.->•-•c Tilt
7 t s+r "ft L7ej' ? ''Ml-. -' A '

I

wm
rwii KOI

fact temperature- 27&C k unatomMe ad
c -. /•v//Ut* zerod Kelvin scale T ' %&•'

ft,f hypothtfH* nt Dttnperaiut* at whirl th*

Sotocd on Page99
( b) * hat arm ieothmnt? Whet happen* U> the poelUan* of itothtrmt tthen the, <*,

pifAi*4 at bitfh Urrnperuture for o particular go*?

Soloed on Roge 100

i
Thettbft, it

4eftr .aW
of utl go*** **tro It called

.J+olutr ** rO.

ft ; Wh> dt* W* get O at might line uh* n pr***ur** exerted on a go* or* plotted uyulr*l

Inter** of volume* ? I hi* etralght lint t hany** It* potlllon In the graph try ourylng tftt

temperature Juttlfy ll , _ _

Solved cm Rugt 101 . _

(d / How will you explain that the value of the ron*tant K In ( RV ~ K ) In lloyle * luu

depend upon

Hf I emperaturr of the go*
According to Bayte'i l*;/ PV-K a! constant temperature, When temperatm* *

IncreaMd. volume of a given may> //I ga* it increased. Thereto** , the product lA/ hena

k M/lll nlVJ IfvCr^nv-
(II) Quantity of I he gua

According to Beyle's Uw PV-K *t constant temperature When quantity of I
in/ re.-.y/t , volume of gat te inr rer.-̂ / j nt consent temperature Therefor*. the product P7

«r »/ t hence K will also Inueim

g 6 («/ I* Kelvin e< ole of t*^ mruiut. 1Pfcrf a graph fo,one ,r>ol* of or, a rent got

U, prove that a gat heCrone* lt <rdd, earlier than 373,1</C

Sohmdon Raw 104

h Ihrou. *ornr light ,,„the J ... to , I / / I /„( \(t„

h/ rjvhm to ffunnti .^ye ftotmTUdti rA Char1e»'e law,
h 'nrr.tttr t* the v&lum* ol n gtvtn mass (A an Ideal gm Increase* or derrtnutt

v; \ HV'> < > \ ' j I'C hie or fail in temperature reipectH/efy
H.wfc, II v/« f.nVK /' / »# it 0M Of (rC, lt »eri lift J pofi will be * A 373 dm1 - I dm*273 273

**' <r'/c r v i ' rto.* /it Inll in temperature, volume will ir» / rente nr decrent* by J dm*/

if we > ,ovt/ f>46 dm* ^/f o una of rrc, then Ha

I

I J I / G46 d/r« J - 7 dm1{/on will be

f 'Cfv 1” r ii«e or foil in temperature, volume will Increeee or de< ienee hv ^ dm1,

1,1 l)Odi fnti'ii if ternjernfure le (Ju/.renfted to 273°C, the volume* / ,f tf .i- ^ne will beeome

•li * *5 taken «3 /tro of Kelvin seek' nnd i<# called Ahtfolute /«• / / / I fen/ *.- , ihio
^ 1 /7 / 1 t ,A* helf d̂ in the develr /jrment of Kelvin 'kale

w\ vr \

(a) What It the C hOrlmt’e lout? Which t* tile of temperature le ireed In ‘ '

\JH - t> ( preaaure and number t ,f mole* are •unetanl ) ?

/
QH

\' Av*d on Rnqr l f / )

(h) A eample rtf r ftrhon mrtn*,slde •pt* or •Uple* If50 ml at Y 1 II I• th‘" ""^ f) jr

rrtfptlrmt preoeure until It o* •upleo 100 rn/ Whnl I* the ttcu ‘ .erulure?

J'jfatlVTI

[**) What le the general tin* ml If m? Derive It In tmrlou* forma?

r / / '»n Ru,lr l (Ht
Can

V, JfX) ml
T* «* ?

f
U,u ,ic, l* rmltie the mole , ulnr

*n'frQtl,re
of an unUnou.n fjtl* If knot,, Ihe toeeante .

V, ~ IV) rr »l r

I, X5A 1 ^7.3 2f78 K
hjf / ndir?4 »/ / CtmdiVi In//

«,T, Tj,

rn«#»
ami volume along with 0* «- mu** > >f the tin*

" I K ) /
U l H

'1."'" f,° Vn,t R-' IJv Rom general W egmtlhm ihal Im rente In temperohne n,
r°o* „ ,,f ,!er renae* ih* dentilV Hu- tin* ?

’' •Ill*,I
l'h yj ,„2" * b-l ,„,„,„„„1,1.. r n, I h.*mMI~ »/ ««•« '» •"*»* «!*+",m' •hnn f///,,,*

V 1,1 - 1^1« volume IhetJrl val.-«H of der»Mti will be fMkh waller, if expre,-el In

07'A:
I / Vy / ' - I f / > ^

k Jl'
|l9» / K|

ir/i Rnrp’ I ( )H
(*. } Dr, yfrU think thut th* i.olurru > ,f tmy r /unnO y of n gna her r,me rero at £73

not ttyatnti the Inn, t.f t nnemrvutl > ,f mo**? If - , ,, dr, you dedar e the id** °> " '
r+ ,,. from thl* InfnrmuHon?

ed l f ^• V, /o rA r ,.( l . of '/.72P< Hrev m»*t of cpr. //ill » >«• d^ftj

apBnM ihe \*n •/," /owr / nli/ rt , r ,\ rw . .
Mu** • t„, nelth* , he t* d ,,,,, d ,trr,yedt r

Iee
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rl^‘ff=£~==~curves and goes away from the pressure axis. The nature of curve depends upon the nature
of real gas.

c Hydrogen and helium are Ideal at room temperature , but SO, and Cl2 are
Hate do you explain It?

n°n-icleQi
( Rawalpindi Board, 2007 , 2010: Lahore Boord 9n ]?l

'

H, anc H« have very low liquefaction temperatures. (Ht= -252 87°C He = - 263934°^WTute SO, and Cl, have sufficiently high liquefaction temperatures, which are close t
room temperature (SO, = -102*0 C/, = -34.6*0

Due to very low liquefaction temperature of H, and He. their molecules have negligible
arraetjo'-s for each other at room temperature. Hence, these gases behave ideally at room
temperature.

While iqrefaction temperature of SO, and Cl, are close to room temperature, therefore,

a: room temperature, their molecules have appreciable forces of attraction. Hence S02 and
G, are non-ideal at room temperature.

( Ill )The van der Waals constant V of a gas Is four timee the molar volume of gam.
The gas molecules are incompressible spheres. Thus when gas molecules are packed

together like spheres, there remains some empty spaces in between the spheres which
also incompressible. f

Hence, the incompressible volume b is actually more than the actual molar volume of
gas molecules. Actually, it is four times than their molar volume.

i.e. b = 4 V„

are

Q 1 4 a Derite can der Waal ’ s equation for real gases .

Solved on Page 132
(lv) Pressure of NHS gas at given condition (say 20 atm pressure and room temperature )

Is less a: calculated by Van der Waal's equation than that calculated by general gas
ggwttfon. ( Lahore Board. 2012)

NHS is a polar gas. Its molecules have forces of attraction. Thus, it shows non-idealbehaviour. Therefore, molecules of NHS are attracted inward while striking the wall of
container. Thus, these exert less pressure than expected ideal pressure.

Hence, real pressure of NHS as calculated by Van der WaaJ’s equation is less than thedeal pressure.

b What is the physical significance of Vander Wall's constants a and b give their units.

(Multan Board 2013 1

V
In . ar der aab eq-atior. a is called as the co-efficient of attraction or attractior p*-r : vo . -me 1: indicates the strength of intermolecular forces in gases. Stronger tr*

ntermo acuiar forces, higher the value of a and vice versa. Its units are Nm4mo! *1

- - an der Waal s ec o is called as the effective volume (excluded volume) occupy
by gas molecules in highly compressed sate but not in liquid state. It depends upon the
of gas molecules. Greater the sfee of gas molecules greater will be the value of V and
versa. Its units are dm* mol'1 Wh_W

v

^ Water vapours do not behave Ideally at 273 K.

( D.G. Khan Board, 2007: Lahore Board, 2012: Gujramvaia Board, 2013, 2014)

273 K is the freezing point of water. At this temperature, vapours of water have

^PPreciable forces of attraction between them. Hence water vapours behave non-ideally at1] Q 15 . Explain the following facts
fixe!if The plot of PV versus P Is a straight line at constant temperature and with *

number of moles of an Ideal gas . (D.G Khan Board, 2012: Azod Kashmir Board,

According to Boyle s Law
At constant T, the product of pressure and volume of a fixed mass of gas Is

constant i.e PV = K
Her.-ce if a grapr. is plotted between P on X - axis and PV on Y-axis, then a s

to X - a/ is <s obtained , sho /. ig that PV or K) is a constant quantity.

(C ,) S°* ia non-ideal at 273 K but behaves Ideally at 32TC .
(Multan Board. 2008: Lahore Board, 2011, 2013)

** low temperature of 273 K, molecules SO, gas (- 10.2*C) have considerable
!°act'0rls for each other and thus SO,gas behaves non-ideally.

When temperature is increased to 327 K. the forces of attractions among SO, molecules
ea$es and hence SO, gas shows ideal behaviour at 32TC.

atvvay*

traigh1^
deer

( I I ) The straight line In (a) le parallel to x-axie and goes away from the pressure a***
higher pressure .

/

>\V



Q.16. Helium gas In a 100 cm* container at a pressure of 500 torr la transferredcontainer with a volume of 250 cm*.What will be the new pressure (a) If
change In temperature occur» (b) la temperature changes from 2<fC to 15*C.

to a
no

Solution:

I-
3



P = 101325 Nm-'
Molar mass1M = 2 g mol'>

2- JQQQ kg mol-1 = 0.002 kg mol'1

R = 8.314 J mor'K"1

d = ?

Thci dens,tV of gas is given by

d a fM 101325 x 0,002
RT 8.314 x 273

=fa0893 kff
-^1 oI^L&Mnpare the values of densities In proportion to their molarensity of a gas is directly proportional to its molar masses.Since molar masses of O*. CH4 and H, are in the orderO, > CH4 > H2under given conditions, their densities are also in the same order.

mama— .

Hence
'Ti* do you Justify that Increase of volume upto 100 dm3 at 27*C of 2 mol— of NH,thê gas behave Ideally?

f0rces^ jncrcasin9 the volume of NH3. the molecules of NHS become widely separated. As a result,° attraction between NHj molecules become less and hence it behaves ideally.

* •ample of Krypton u>lth a volume of 625 dm3 and a pressure of 765 torr and atemperature of 20°C Is expanded to a volume of 9.55 dm3 andWhat will be Its final temperature ( l n °C )
a pre— ure of 375

6.25 dm3 Vi= 9.55 dm3

\\



Q20. What pre Bure la exerted b ) a mixture of 2 g of H,and 8 g of N,at 273 K In a 10Am1 veaaet?
PlVl _ P2V2

T2Ti
Solution

Mass of H2 = 2 g
2Moles of Hf =nM2 = — = 1moles

Mass of N2 = 8 g
8Moles of N2 =nN2 = — = 0.286 moles28

Total number of moles = n,= nH2 + n„.
= 1 + 0.286 = 1286 moles

Volume of mixture = V= 10 dm*
T= 273K
R= 0.0821 atm dm3 mol

_1 K 1

Total pressure = P,= ?
According to General Gas Equation

P,V= n, RT

n,RTP,
V

1.286 x 0.0821x 273
P. “ 10

©m 2.88 «tm

J : 1.5. Find out the volume of
(<•) The relative deneltlea of two gaaea A and li
B which will diffuse In the same time In which ISO dm9 of A will diffuse?

are

Since relative densities of gases A and B are 1: 1.5
Ifence relative density of gas A dA = 1
And relative density of gas B d«- 1 5

1





Gates

6.02 x 10“ molecules of Ht = 2 g
>1 mole of CH4

0.000822 moles of CH4 contains = 6.02 x 10* x 0.000822
m 4.95x 1020 molecules

X Since
21020 molecules of H, ^Therefore xlO20

6.02 xiQ23
= 51 molecule of CH4 contains atoms =13.322 x 10 ~ 4 a != 5 x 4.95 x 1020 ©4.95 x 1010 molecules contains
=r2.475 x 1021 atoms Q

For 03
Number of molecule = 10* ’

5(b) 1 ml of NH, at 100°C and a pressure of 1.5 atm = ?Mass of Oxygen
Since 6.02 x 1023 molecules of 0* = 32 g1 dm3 = 0.001 dm* 1V = 1 cm3 = 32Therefore IO20 molecules of O, xlO201000 6.02xio23

T = 100°C + 273 = 373 K
P = 1.5 atm
R = 0 0821 atm dm3 moMR*1

n = ?

=15.3152 x 10- 3 g ©

^er of molecules = 1020
of Carbon dioxide = ?

6.02 x 1023 molecules of COf = 44 g

Therefore 10"molecules of CO,
According to general gas equation

44
xio*PV= nRT

6.02xio23

=17.3084 x 10-» g 1PV ©n = —RT
The chancre in T and P has no effect on masses of gas.1.5 x 0.001n = 0 0821 x 373 = 4.9 x 10* mol

Q-24. Two moles of NH3 are enclosed In a 5 dm9 flask at 27°C.
I

a^cu^ate the pressure exerted by the gas assuming that
as behaves like an Ideal gasGa* behaves like

1 mote of NH,contains molecules= 6 02 * 1023
0/X0049 motes of NH* contains = 6.02 x 1023 x 0.000049

= 2.95 x 10” molecules a real gas
4.17 atm dm6 mot2 b = 0.0371 dm3 mot 1a =Solution.-1 motecuie of NH, contains atoms

2 95 x 10” molecules contains
= 4
= 4 x 2 95 x 10” jj^en the gas Is Ideal

V = 5 dm3

n = 2 mol
T = 27°C + 273 = 300 K
R = 0.0821 atm dm3 mol' *K

According to general gas equation
PV = nRT

= 118 / IO20 atom*

ZTP .^Q.23 Calculate the masses of JCK* molecules of each of H 3, 03 and C03 at
n(.reo***

u f l l happen to the masses of these gates, when the T of these gases I* n - 1
by 100*C and the pressur Is decreased by 100 mm of Hg ?

Solution

FcrrHt

\s
V

A

14.
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n 2« 0.0821x 300
P‘ 5
P = 9 852 stm

Ora.
Multiple Choice Questions from PAST PAPERS}*

Q ;j TTV and “ bT' are zero for certain gas then 'jas is: ( Lahore i> «nd , 2014,
(c) Non * ideal(b) Real (d) May be any diatomic gas(a) IdeaJ

2. Escape out of gas molecules one by one through tiny hole is: ( Lahore 1*0*4, 2014,
(a) Diffusion (b) Effusion (c) Osmosis

3. The spreading of fragrance or scent in air b due to; (Rmaaiptodi board . 20 ID

fa) Effusion (b) Diffusion (c) Osmosis
4. Partial pressure of 02 in I ngs (in ton) is: ^̂ 0 ŝoar* 200«/

fc) 116

* V

* Kr
is red (d ) All of thesem When the

V = 5 dm*
n = l moi
T = 27*C + 273 = 300 K
R = 00621 atm dm*1001" *K"1

a = 4.17 acm dm4 mot -* b = 0.0371 dm* mol"1

P «?
Acoorcng to Van der .VaaTs eq

«
a (d) Density

(b) 760 (d» 159(a) 150
5 The constant factor in Cr a te's law is: (Outran*** board, 2009 )

(d) all erf these(a) volume (b) temperature (c) pressure
6 Partial pressure erf oxygen in human iungs in torr is: (Cupam*** board. 201 D

(d) 760
- nb) = r,RT

p »n* 1 _ n8T
| V* J (V - nb)

nRT an*
(V -nb) v*

p _ 2*00821 x 300 4.17 *2*
(5-2*0.0371) ”

5*
p 49.26 16.68
'

4 926 25

P = 10 -0.67
PH9-33f

r' ! calculate the amount of pressure less > .ed due to forces of attractions
conditions oj tolume and temperature .

Amount of pressure lessened = 9 85 - 9.33= 0.52 atm

fc) Do you expect the same decreases of pressure when 2 moles of NH ,
o t oJumc of 40 dm9 and T of 2TC

if the volume of the gas is increased to 40 dm*, then the pressure of gas will
compared to that calculated above tr. part (a) , k. V ? 1 . .

It is because since volume is large, therefore molecules will be more widely spaced^before and they will have kss«r forces of attractions Hence gas will be more ideal *
pressure difference form ideal behaviour will also be small ,

. (c) 159a 361 fb) 116
unit of pressure is expressed in (n— frnri Bo— i2013104dm Based.20I3|

(b) Nmr* (c) Nm-5
B *hich cas 'will diffuse more rapidly: ( Lahore Board.2009)

(aj C02 (b) NH3
^iasma is conductor of electricity: ( FaUaiabad Board.2009)

(a) Bad
W.SI unit of pressure is: ( Rawalpindi Board. 2009)

(b) mmHg (c) Nm 2

“ * density of an ideal gas can be calculated by the formula. (F

or
(d) mm Hgd/ Nm

P =or
(d) SO,(c) HCIV Putting values 9
(dj None(c) Good(b) Poorr //

r A

(d) pound inch 2(a) torr
Board.2011)

PVPM0 "> d-SRTW d = nRT (d) d= —M(b) d= — rRT^ Absolute zero is equal to ( Lahore Board.2007)
(a) 273°C

13 Which

I at ****
(d) 273K(c) 0°C(b) -273°C

gas will diffuse more rapidly among the following? (DXi . KHmm Bomd. 20101
(d) NH,1» maint*0'**

be I*5* 85

la) Nj (c) COl b)
I nl a real gas under the

**«* Th“ to“"“ :'^a) General gas equation
Clasius Clapeyron equation

non- ideal conditions,
Board.2010)

(b) Arrhenius equation
(d) Vander Wall’s equation

xm
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Oo*gjt15. An ideal gas has volume 1dm3 at 303 K. Keeping pressure constant, at which Kelvintemperature its volume becomes 2 dm3 (Sargodha Board, 2011)

(c) 330

ZEROABSOLUT*
mCiuethe quantitative definition of O -less law? (FÔ ld Board2012)

(2) What do you mean by absolute zero? (Faisaiabod Boo 200* » *s‘7̂ a Bo°r*: 2009: D G Kh°" 20i2) OR What is absolute zercTwhat happenTtareal gases while approaching it? ,So^ Board, 20l2: FaltalabodM 20n)
ppens to

(3) The volume of a given mass of a gas becomes theoreticallv(Rawalpindi Board,2007, 2009: Lahore Board, 2014)

(b) 303 (d) 606(a) 240
, 2008: Bahawaipur Board,16. Which gas will diffuse more rapidly (Sargodha Board, 2014)

(b) NHS (c) HC1 (d) S02(a) CO*
Answers to Multiple Choice Questions from Past Papers. zero at -273°C. Justify it.Ans 1 O* Q#Ans Q# Ans Ans Q#Q# Ans

SCALES OF THERMOMETRY(c)2 (b) 3 (b) 4 51 la) (c)*
Short Questions
(1) What are different scales of thermometry? OR What is thermometry? Name the scales anddevice used for thermometry. (Multan

(b) 9 (c)(b) 7 (b) 8 106 (c)
(d)13 (b) 14 15(b) 12 (b)11 Id) rBoard, 2011) OR How the various scales ofthermometry can be interconverted? (Lahore Board, 2007)

(2) Give two important scales of thermometry. How are these related? (Lahore BoardFalealabaci Board,2009)
(3) •273°c is regarded as the lowest possible temperature. Justify it. (Gujranwaia Board, 2010)(4) Volume of real gas cannot be zero at any temperature. Why? (Sargodha Board, 2007)(5) Convert 80°C to Fahrenheit scale.

(b)16

. 2008:Detailed Explanation of Past Papers MCQs &
answers to all Past Papers SHORT QUESTONS in

COLLEGE CHEMISTRY OBJECTIVE BOOK-1 (Faisalabad Board, 2010)(6) Convert 40°F to Kelvin temperature (BahawaJpur Board, 2010)(7) Convert - 40°F to (a) Cenigrade scale(8) Convert -40°C to °F (Faisalabad Board, 2012)(9 Convert -40°F temperature to kelvin temperature. (Rawalpindi Board, 2012)

(b) Kelvin scale (D.G. Khan Board, 2011)

SHORT & LONG QUESTIONS FROM PAST PAPERS
PRESSURE, BOYLE’S LAW, CHARLES'S LAW &NERAL GAS EQUATION, IDEAL GAS CONSTANT
Short Questions
(1) Define pressure. Give its units. (Lahore Board, 2009: Multan Board, 2009: D.G. Khan Board , What is general gas equation? Derive it in various forms. (Multan Board, 2010)

Sargodha Board, 2012) OR Compare the different units of pressure. (Sargodha Board, 2007 ) erive the unit of ‘R’ in general gas equation when the pressure is in atmosphere and(2) Define Boyle’s law. Give its expression. (Faisalabad Board. 2009. 2012. Gujranwaia Board, 201
k

volume in dm3 (Multan Board, 2012)
(3) The product of pressure and volume at constant temperature and number of mo alculate the value of R in SI units OR Derive the units for gas constant R in general gas

constant. Why? (Sargodha Board, 2009)
^ Ration when pressure is in Nm'2 and volume in m3 (Labors Board, 2008, 2013: Gujranwaia

(4) Why the graph plotted between pressure and volume moves away from pressure a - "l^3
®oard* 2008‘20I2:°G Khan Board' 2009 Rawa,p,ndl Board' 2009'higher temperature. (Sargodha Board, 2013 )

, )n\ume of a #* ^ Deriue 9eneral gas equation for one mole of a gas? (Gtdranwaia Board, 2011)(5) Why do we get a straight line when pressure are plotted against inverse vol _______(BahawaJpur Board, 2009: Gujranwaia Board,2011: Rawalpindi Board, 2013) ^ ^S^R^SLAW. DALTON'S LAW OF PARTIAL PRESSURE AND ITS APPLICATIONS.(6) Greater the temperature of the gas, closer the straight line of P versus 1 /v o
axis. Justify it. (Lahore Board.2007)

(7) State Charle's Law and write its mathematical form (Multan Board, 2012)

(8) Volume of a gas is doubled when temperature is raised from 0°C to
(BahawaJpur Board, 2008)

Long Questions

Define Boyle i law. Give its experimental verification. (Bahawaipur Board. 201D

y
\

Qt Is Avogadro’s law of gases? (Rawalpindi Board, 2010: (Sargodha Board, 2014: Lahore Board,

(2 j QB.Fxp/ain Avogadro’s law with example (D.G
e/»ne Dalton’s law of partial pressure. Give an example. (Lahore Board. 2009. Gujranwaia

***; 2oil : Bahawaipur Board. 2011) OR Define Dalton’s law of partial pressure. Give
(3) p?therr )<Mcal expression (Faisaiabod Board , 2011: Arad Kashmir Board. 2012)

e that P, = P( X, (Lahore Board, 2014)

7m . Khan Board, 2012)273°C
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— - —-^TNATWN OF GAS LAWS ON THE BASIS OF KINEHCM

srj^Quesyon*
(1) E*P

,ain Bovle’5 laW aCCOrdin3 to kinetlc theory of gases. (La* Board 20,s2014)

(2) Apply kinetic rnolecuIar theory to explain theAvogadro's Law. (Sargodha Board. 2011 )
(3) Derive Graham s law of diffusionJom kinetic molecular theory of qases

Board.2008)

(4) The process of respiration obeys the Daltons law of partial pressure. Justify , (o G uk

(5) Why pilots (or we) feel uncomfortable breathing at high altitude? (Fataaiabad B0
Sargodha Board, 2010, 2011)

(6) Why regular air cannot be used in divers tank? (Lahore Board, 201o) OR Explain procedure
Of Sea divers breath. (Rawalpindi Board, 2011)

(7) How Dalton's law of partial pressure is useful in determining pressure of a gas collected
at Water? (D.G. Khan Board, 2010: Multan Board, 2011)

(8) Explain two applications of Dalton's law of partial pressures. (D.G. Khan Board, 2007 -Gujranwala Board , 2012) Ana: Combine SI and S4
(9) Calculate fraction of total pressure exerted by oxygen when equal masses of CH4 and 0

are mixed in an empty container at 25°C. (Lahore Board, 2014)
Long Questions
(1) Describe Dalton's law of partial pressure. Write its two/three/four applications. (Labor*Board, 2010: Fatoaiabad Board, 2011: Lahore Board, 2013: Gujranwala Board, 2013)
(2) What are the applications of Dalton’s law of partial pressure? (Sargodha Board, 2014) OR

Write down the applications of Dalton's Law of Partial Pressure. (Rawalpindi Board. 2010j

OLECULAR THEORY OF GASES
ord, 2007:

. (Gujranwala

fnnq Questions \

(1) Define Graham’s law Explain Graham's law of diffusion according to kinetic equation.(D.G. Khan Board 2010)

(2) Explain Avogadro's law and Graham's law of diffusion on the basis of Kinetic MolecularTheory of gases. (Multan Board,2011)

(3) What is kinetic molecular theory of gases? Derive Boyle’s law from kinetic equation
(Falsoiabad Board, 2013)

(4) How are Boyle’s law and Charles law derived from kinetic molecular theory of oases?
(Multan Board. 2013)

CRITICAL TEMPERATURE, PRESSURE.UQUEFCATION OF GASES,UNDES METHOD

t

A

Short QuestionsDIFFUSION. EFFUSION, GRAHAM S LAW OF DIFFUSION
( 1) Define critical temperature and pressure. (Sargodha Board, 2010) OR Differentiate betweencritical temperature and critical pressure. (Gujranwala Board, 2012)
(2) What is the critical temperature of a gas? Give its importance for liquefaction of gases(D.G. Khan Board, 2008: Falsalabad Board, 2009: Bahawalpur Board, 2012)13) What is critical temperature? It depends upon what factors?

Board, 2013)
(4) State Joule-Thomson effect. What is its applications? (Lahore Board, 2010: Fal»alabad Board,2010: Bahawalpur Board. 2010: Gujranwala Board, 2012)

j?) Explain Linde’s method of liquefaction of gases. (Multan Board, 2010)) Joule-Thomson effect is operative in the Linde's Method of Liquefaction of air How?(Lahore Board, 2007)) State Joule-Thomson effect. Why it is not applicable to H2 gas? (Lahore Board, 2011) ORAmmonia gas can be liquefied quite easily than H2 gas. Justify it.

escribe Linde’s method of liquefaction of gases. (Lahore Board, 2013)

Short Questions
(1) Define diffusion and effusion. (Fatoaiabad Board , 2013: Sargodha Board, 2013)
(2) Differentiate between diffusion and effusion of gases. (Fatoaiabad Board, 2007: Bahawalpur

Board, 2012)

(3) State Graham’s law of diffusion and write its mathematical form. (D.G. Khan Board. 2012:
Rawalpindi Board, 2012)

(4) Rate of diffusion of NH3 gas is more than HCI gas. Why? (Bahawalpur Board 2011) OR
Lighter gases can diffuse more rapidly than heavier gases. Why? (Gujranwala Board , 200s.
2009: D.G. Khan Board. 2009)

Long Questions
(1) Define and verify Graham’s law of diffusion of gases. (Fatoaiabad Board , 2010: D.G. K*®1

Board, 2011)

(2) State and explain Graham’s Law of diffusion of gases. (Lahore Board, 2011)

(D.G. Khan Board, 2010: Multan

(D.G. Khan Board, 2008)

KINETIC MOLECULAR THEORY OF GASES
Short Questions '

^f((1) List four postulates of kinetic molecular theory of gases. (Faieaiabad Board, 2011
Board. 2013)

(2) Give mathematic expression of Kinetic equation and root mean square velocity.
velocity-

^̂ ANDNON-IDEAL GASES, CAUSES OF DEVIATION

(2 is compressibility factor? What is its value for an ideal gas? (Multan Board, 2007 )
hat are faulty points in kinetic molecular theory of gases? (Faieaiabad Board, 2008. Lahore

®°°rd. 2009: Bahawalpur Board. 2011: Lahore Board, 2012) OR Describe tWO COUSeS of deviation
ideality. (Gujranwala Board. 2009: Rawalpindi Board, 2011, 2013) OR _Why real gases

20 j !Qte from ideal behaviour? (Bahawalpur Board. 2010: Faieaiabad Board. 2010: D.G. Khan Board.
(3) U/L

S,ar*°dho Board. 2011, 2012, 2014)' Wh? high pressure and low temperature moke a gas non-ideal? OR Gases deviate

^Weam/y at high pressure and low temperature (Sargodha Board. 2007. 2010 . Gajran̂ a

(<1) 20,0 FaUalahad Board. 2011.2012: Multan Board. 2012: Multan Board. 2013,

Board, 2012)

(3) G/ue mathematical expression for mean square velocity and root mean square
(Rawalpindi Board, 2009)

(4) Why gases do not sett. down n a vessel? (Ggjiunwola Board, 2008)
(5) What are elastic collisions ' C ue an example. (Multan Board, 2007)
t^ong Quextlona
(1) What is Kinetic molecular theory of gases. Give its Postulates. (Sargodha Board, VOI D

[ A



VHi) fra ) ideal gase<j (b) real gases (c) aU gases (d) none
Partial pressure of Oj In lungs (In ton) i»?

1) Why the pressure correction is done by uan der Waa/$? tRawalpindi Board. 2007 MUH*,Board 2009 0.6. KJ» Board. 2010)
(W : i2) Give (S.l. ) units of ‘o' and ‘b in van der Wools equation. ( D.G. Khan Board. 2009. 1(C) 116} (d) 159
(iv) If 2 moles of an ideal gas at 546 K occupy a volume of 44.8 liten, the pressure must be

(b) 760(a) 150Wii:2012: Board. 2012; Faiaaldbod Board. 2013: Rawalpindi Board. 2013)
(3 ) Gases deviate more from idea! behaviour at VC than at 10VC. Why? (Lahore Board. 2009 BEES (b) 3 atm (c) 4 atm (d) 1 atm

(v) The rate of diffusion of Ht, compared with He is
kb) 1.4 times(a) % times (c) 2 times1 DeriveVander Wall's equation for real gases. an Board. 2010 Bahawaipur Board. 2010) (d ) 4 times

The constant factor in charte’s law b:2 Dent*Wander Wats equation for real gases and give the physical significance of von de Kc) pressure(a) volume (b) temperature (d ) all of theseWad's constants ‘a ’ and *b\ iSaryodho Board. 2013 )
(vfi) The molar volume of helium is 44.8 dm3 at

(a) 10CV and 1 atm (b) 25°C and 0.25 atm [(c) 0°C and 0.5 atm| (d) 40®C and 0.5 atmMASHA STATE •»in> The total pressure exerted by a number of non-reacting gases b equal to the sum of the partial pressures
:: the gases under the same condition b known as

(c) Charie’s law id ) Dalton’s M1 ••• ~cr 3 nosn’ci szxe ior fourth saste of matter )? Hour it is formed? ID.G. Kh<m Board toot (a ) Bov «? s law (b) Auogadro’s lawi
An ideal gas has volume 1dm3 at 303K keeping pressure constant at which Kelvin temperature itsfix)* Board. 2011)

volume will become 2dm32 w s she plasma formed lor found)? Board 2008. Mahan Board.0
(a) 240 (0 330(b) 303

ix) Which of the following gases will haw the hi; rate of diffusion?3 " **2 ere ^tsrcczersccs of plasma7 Board 2012)Board. 2008 Arad
(a) O, (b) CO,
The van der Waal's equation explains

kb) real gases

(d) N,,c,
the behaviour of

(a) ideal gas
x-1 Absolute rero is equal to

(d) non-real gases(c) liquids

kc) -273.15 (d) 0*C(a) -273.15 K (b) -273.15 *F<**• The vaiueoiRisS units is
f b) 62.4 dm3 Jon K' mole
id) 831 JK4

0 0821 dm* . atm. «J*1 mole'1
(c) &.31 dm* atm. K4 mote'1

of O, at STP has mass
(a) 32g Id) 1 42Sg4.438s(b) 16g (c)

volume of 1 mote of N, b maximum a:
M 0*C and 2 atm (b) STP (e) 100“C and 1 atm

^be cnbcaJ temperature for NH3 b

^ ^655 than Argon (b) equal to Aigon
temperature above which a gas cannot be hquefiad b cafied as

t*l_CnbcaJ tenagamral (b) Absolute ‘ W Hop**#*

Id) 150*0 and ami
•**)

Ic) yam than A.*gonj (d ) Not known

(d) Boing port
ysjFrmT

*QU««ora 23 4. Wrih TWENTY TWCX2?)*ati*— n. "***
Mark* 68

* p*xci from ch« Wlowtaf^
t) * °̂uie-Thomson effsd’
14 > 8 ***Physical significance of van der

1 8 Plasma’ Where it b found’
absolute aero?

Waab constants a and b*?
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Bahapte.r 4 *(v) Caws behave ideally at hi«h temperature and Low prawwe Why?
(Vi) How does Hot transfer from a hot body to coM body’
(vuj PKwe Graham# Law of diffusion of gases.
(vtu) Differentiate between an ideal & a non ideal gas
(U) Dnitoni taw of partial pressure a not obeyed by polar gose*. Why?
(\) \ dm* of H,at SIT weighs (XO099g& l dm3 of 0,at STP weight 1.3438g, but they have same volume uh|\i) Calculate the value of R in SI units. ^

Why gases diffuse into each other?
Q3 Anawvr any Six part* from tha following*.
{» ) Why the graph between t;V on x-axis and Pon Y-axis is a straight line?
(ii ) What b the effect of increasing temperature on isotherm of a given mass of a gas?
( in 1 The graph PV on v-axis and P on x-axis is a straight line parallel to x-axis. Why?
( iv) What is the general equation?
(v) Why pilots fed uncomfortable breathing at high altitude?
(vi) How can Charles’s law be obtained from the general gas equation PV = nRT?
(vii) What is the effect of temperature and pressure on the density of a gas?
(viii ) Dolton's law of partial pressure is not obeyed by a mixture of NHsand SO,gases. Why?
(ix) Why gases collected over water are impure gases?
(x) How is artificial plasma produced?
(xi ) Why fluorescent tube produce light?
(xil) Lighter gases diffuse more rapidly than heavier gases explain?
Q4. Give the ehort answers (only 06 questions) .
( i) Why real gases deviate from ideal behaviour?
( ii ) Why did van dor walls correct the pressure in the general gas equation?
( iii ) The product of pressure and volume at constant temperature and number of moles is constant why?
(iv) Why spiral pipe is used in Lind’s apparatus for liquefaction of gases?
(v) Why high pressure and low temperature make gas non ideal?
(vi) In solids, liquids and gases, temperature is the meausre of which kind of energies?
(vii) Define Critical temperature and critical pressure?
(vlii ) The volume of the given mass qf a gas becomes theoretically zero at 273°C justify it?
( ix) Polar gases have high critical temperature. Why?

Section - II ( Attempt any three questions) (8x 3) =24
Q5. (a) How general gas equation can be used to determine the molecular mass of a gasl

(b) Calculate the mass of 11.2 dm3 of Hf at 0°C and 2 atm pressure considering hydrogen to
these condition * \1\

T

*
L*5

a

4
V
£ ( xii)

ViLIQUIDS AND SOLIDS*
' -

r:
i

< A
::

van dex Waal's
:

(02 ) :
eal under

:•cr
9 No*

(03) ::(03)
:(c) Prove Avogadro’s law using kinetic equation of kinetic molecular theory.

Q6. (a) Derive van der Waals equation for real gases
(b) Three moles of S02 are enclosed in a 5 dm3 flask at 27°C.
(1) Calculate the pressure exerted by the gas assuming that
(a ) Gas behaves like an ideal gas
(b) Gas behaves like a real gas For S02 a = 6.170 atm dm* md-2 b = 0.0564 dm ! mol ^
(ii) Ab> cakiî thezmxrtcfpressuelessaiedciietoJoroeserfaCraaoTsai theseoondiionsci voLimeandtnT0®^ ^Q7. (a ) What are id*?al and non-ideal gases? Why do real gases deviate from Ideal behaviour? Explain with Ŝ P _ (02)
(b) What pressure sexerted by a mixture of 2 g of He, 16 gof <f^ and lOgofCC^ at 10^C in a 5dm3 vessd ( QJ )

(c) Write a short note on Absolute zero. A . '
Q8. (a ) What is the role of critical temperature in the liquefaction of gases? Describe Lind s me

liquefaction of gases \/ K v(b) Write down the postulates of kinetic molecular theory of gases.Q9. (a) Give experimental verification of Grahams law.

s - /
(04) :

:(04) :
:NaCI Crystal
:
s

1:::
:9% :Cool or

coapraaa Cool i

9 •# % : P~-«

thod w *! jmu
Liquid

(04)

:9(04) Heat or
raduca :

(02)

m
Solid

(b1 Derive the expression between kinetic enenj/ and temperature for a gas using kinetic equation for 0f( c) The rate of effusion of an unknown gas A through a porous plate is found to be 1/4 times f - ^«ffuson of H, throu^i the same porous piate. Calculate the molecular mass of the unknown gas at ^
:GAM ::a*•••••••••••»•••» 4•••••••*•••••*
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