
 
 

Section (A) : Experimental Observation and critical state 

Th1 Critical constant of a gas: 
 When pressure increases at constant temperature volume of gas decreases 

   T4 > Tc > T3 > T2 > T1  

 
 AB  gas 

 BC  vapour + liquid 

 CD  liquid 
 Critical point: At this point, all the physical properties of liquid phase will be equal to physical 

properties in vapour such that density of liquid = density of vapour 
 TC or critical temp: Temperature above which a gas can not be liquified 
 PC or critical pressure: Minimum pressure which must be applied at critical temperature to convert the 

gas into liquid. 
 VC or critical volume: Volume occupied by one mole of gas at TC & PC. 



Section (B) : Vander waal equation and virial equation of state 
Th2 Real Gases:
 Real gases do not obey the ideal gas laws exactly under all conditions of temperature and pressure.  
 Real gases deviates from ideal behaviour because 
  Real gas molecules have a finite volume. 
  {Since on liquefaction real gases occupy a finite volume} 
  Inter molecular attractive forces between real gas molecules is not zero. 
  {Real gases can be converted into liquid where as ideal gases cant be}  
 Deviation of real gases from ideal behaviour can be measured by using compresibility factor: (Z) 

 

F1 Z = real

ideal

(PV)

(PV)
  (PV)ideal = nRT 

 

F2 Z = 
PV

nRT
 = mPV

RT
,  

VM is volume of one mole of gas or molar volume.  
 

F3 Z = 
m real

m ideal

V

V
 


 Variation of Z with pressure at constant temperature :  

   
 Variation of Z with pressure at different temperature (for same gas ) :  

   
 Conclusions :  
  Z = 1 for ideal gas ;    Z > 1 at all pressures for He/H2  
  Z < 1 at low pressure  (for all other gases) ; Z > 1 at high pressure  (for all other gases) 
 

Th3 Vander Waal Equation of real gases:  
 The ideal gas equation does not consider the effect of attractive forces and molecular volume. 
 Vander Waal's corrected the ideal gas equation by taking the effect of  
 (a) Molecular volume  (b) Molecular attraction 
 
              



Der.1  Volume orrection : 

  Ideal gas equation :   
 Pi Vi = nRT; In the equation ‘Vi’ stands for the volume which is available for free movement of the 

molecules. 
 Videal = volume available for free movement of gaseous molecule 
 Hence, Vi = V – {volume not available for free movement} 

For an ideal gas Vi = V {V = volume of container} 

But for a real gas Vi  V, as all the volume is not available for free movement 

 
 Molecules have finite volume :  

 Excluded volume per molecule = 
1

2

34
(2r)

3

 
 

 
  = Co-volume per molecule. 

 The volume that is not available for free movement is called excluded volume. 
 let us see, how this excluded volume is calculated. 

r r

1 2

Excluded volume
(not available for free momement) 

 For above example, the entire shaded region is excluded, as 
its centre of mass cannot enter this region. 

 If both molecules were ideal, then they would not have 
experienced any excluded volume but not in the case, of real 
gas as the centre of mass of ‘2’ cannot go further. 

 Hence for this pair of real gas molecules, excluded volume per molecule = 
1

2

34
(2r)
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  = 4 34

r
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F4 Excluded volume per mole of gas (b) = NA × 4 × 34
r

3

 
 

 
 = 4 × NA × Volume of individual molecule  

 for n moles, excluded volume  = nb 
  Vi = V – nb volume correction 
 

  Pressure correction or effect of molecular attraction forces :  

 
 Due to these attraction, speed during collisions will be reduced       
 Momentum will be less 
 Force applied will be less 
 Pressure will be less. 
 Pideal = P + {correction term} 

 Correction term  no. of molecules attracting the colliding molecule  (n/v). 

 Correction term  density of molecules (n/v). 

 no. of collision  density of molecules 
n

v

 
  

 

F5 net correction term  
n

v

 
  

n

v

 
  

 = 
2

2

an

v
 

 ‘a’ is constant of proportionality and this is dependent on force of attraction  
 Stronger the force of attraction greater will be ‘a’ (Constant) 

  Pi = P + 
2

2

an

v
 



 Vander waal’s equation is  

  
2

2

an
P

v

 
 

 
 (v – nb) = nRT 

 

 VERIFICATION OF VANDER WAAL’S EQUATIONS: 
Th4 Variation of Z with P for vander waals' equation at any temperature. 

 
 Vander waal equation for 1 mole 

  
2
m

a
P

V

 
 

 
 (Vm – b) = RT 

  Vm = volume of 1 mole of gas 
 

  AT LOW PRESSURE (at separate temp.) 
  At low pressure Vm will be high.  

  Hence b can be neglected in comparision to Vm. but 
2
m

a

V
 can't be neglected as pressure is low 

  Thus equation would be  

  
2
m

a
P

V

 
 

 
 Vm = RT 

  PVm + 
m

a

V
 = RT 

  mPV

RT
 + 

m

a

V RT
 = 1 

F6  Z = 1 – 
m

a

V RT
  Z < 1 

  

  Real gas is easily compressible as compared to an ideal gas. 
 

  At high pressure (moderate temp.) 
  Vm will be low 
  so b can't be neglected in comparision to Vm  

  but 
2
m

a

V
 can be  neglected as compared to much higher values of P. 

  Then vander Waals' equation will be  
  P(Vm – b) = RT 
  PVm – Pb = RT 

  mPV

RT
 = 

Pb

RT
 + 1 

 

F7  Z = 
Pb

RT
 + 1  (Z > 1) 

  If Z > 1, then gas is more difficult to compress as compared to an ideal gas. 
 

  At low pressure and very high temperature. 
  Vm will be very large 

  Hence ‘b’ can't be neglected and 
2
m

a

V
 can also be neglected as Vm is very large 

  PVm = RT (ideal gas condition) 




  For H2 or He a  0 because molecules are smaller in size or vander Wall's forces will be very weak, 
these are non polar so no dipole-dipole interactions are present in the actions. 

   P(Vm – b) = RT  so Z = 1 + 
Pb

RT
 

  ‘a’ factor depends on inter molecular attractive forces. 
   ‘a’ factor for polar molecule > ‘a’ factor for non polar molecule.  
 

 
Ex-1. Arrange following in decreasing ’a’ factor (H2O, CO2, Ar) 
Sol. H2O   >  CO2  > Ar 
 Polar 

 For non polar molecules: Greater the size or surface area, greater will be vander waals' forces, so 
greater will be ’a’ constant. 

Gas a, liters2 atm mole–2 b, liters mole–1 

He 0.0341 0.0237 

H2 0.244 0.0266 

N2 1.39 0.0391 

CO 1.49 0.0399 

Ar 1.35 0.0330 

O2 1.36 0.0318 

CH4 2.25 0.0343 

CO2 3.60 0.0427 

NH3 4.17 0.0371 

n–C5H12 19.01 0.1460 

CH3OH 9.52 0.0670 

CCl4 20.4 0.1383 

C6H6 18.0 0.1154 

H2O 5.46 0.0305 
 

Ex-2. Arrange following gases according to ‘a’ (He, Ar, Ne, Kr). 
Sol. aKr > aAr > aNe > aHe  

 More ‘a’ factor means high boiling point. 
  liquification pressure (LP) : Is the pressure required to convert gas into liquid.  

  For easy liquefaction  a and LP  

  When  Z < 1,  Vm < Vm, ideal     easily liquifiable 

   Z > 1,  Vm > Vm, ideal     more difficult to compress. 
 

Ex-3. Arrange the following according to liquification pressure (n-pentane; iso-pentane, neo pentane). 
Sol. an-pentene > aiso-pentane > aneo-pentane  
 liquification pressure = LP 
 LPn-pentene < LPiso-pentane < LPneo-pentane 

 b is roughly related with size of the molecule. (Thumb rule) 

  b = NA 4 34
r

3

 
 

 
 

 

Ex-4. Two vander waals gases have same value of b but different a values. Which of these would occupy 
greater volume under identical conditions ?  

Sol. If two gases have same value of 'b' but different values of 'a', then the gas having a larger value of 'a' 
will occupy lesser volume. This is because the gas with a larger value of 'a' will have larger force of 
attraction and hence lesser distance between its molecules. 

 



 
 

Der.2 Virial Equation of state: It is a generalised equation of gaseous state. All other equations can be 

written in the form of virial equation of state. 

 Z is expressed in power series expansion of P or 
m

1

V

 
  

 

  Z = 1 + 
m

B

V
 + 

2
m

C

V
 + 

3
m

D

V
 + ..................... 

 B – second virial coefficient, C – third virial coefficient, D – fourth virial coefficient. 

 The coefficients B, C...depend on the temperature but not the density and are known as virial 

coefficients. Both B and C are negatige at low temperature and positive at high temperature.  

 The virial coefficients are determined by the intermolecular potential.  

 B represents the effects of interactions between pairs of molecules, C interactions among triplets of 

molecules, and so forth. 
 

 Vander waals' equation in virial form:  
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a
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 (Vm – b) = RT 

  P = 
m

RT

(V b)
 – 

2
m

a

V
 

  Z = mPV

RT
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m

V
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m

a
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m

1
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a
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1
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2 3
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  + 
2

2
m

b

V
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3

3
m

b

V
 + ................. 

 comparing vander waals equation with virial equation 

  B = b – 
a

RT
, C = b2, D = b3  

 At low pressure : Vm will be larger 

 Hence 
2
m

1

V
, 

3
m

1

V
................ can be neglected 

  Z = 1 + 
m

1

V

a
b

RT

 
  

  



 If 
a

b
RT

 
  

 = 0   at  T = 
a

Rb
; Z = 1 

 So at T = 
a

Rb
, gas will behave as an ideal gas (or follows Boyles law)  

 But at constant temperature, ideal gas equation is obeying Boyles law as T = 
a

Rb
,  

so the temperature is called Boyles' temperature. 

 

F8 TB = 
a

Rb
 

 Z = 1 –  
m

a

V RT
   

 For a single gas, if we have two graphs as above, we must conclude T2 < T1. 
 At Boyles' temperature ‘a / RT’ factor is compensated by 'b' factor, so Z = 1. 
 

Der.3 Critical constant using vander waals' equations :  

 
2
m

a
P

V

 
 

 
 (Vm – b) = RT 

 ( 2
mPV a ) (Vm – b) = RT Vm

2  

 PVm
3 + aVm – PbVm

2 – ab – RTVm
2 = 0 

 Vm
3 – Vm

2 
RT

b
P

 
  

 + 
a

P
Vm – 

ab

P
 = 0 

 

 Given equation is cubic, hence there will be three roots of equation at any temperature and pressure. 
 At critical point, all three roots will coincide and will give single value of V = VC   
 At critical point, Vander Waals' equation will be  

  Vm
3 – Vm

2 C

C

RT
b

P

 
  

 + 
C

a

P
Vm – 

C

ab

P
 = 0  ...(1) 

 But, at critical point, all three roots of the equation should be equal, hence equation should be: 
  Vm

3 – 3Vm
2 VC + 3Vm VC

2 – VC
3 = 0  ...(2) 

 

 Comparing with equation (1) 

  b + C

C

RT

P
 = 3VC    ....(i) 

F9   

C

a

P
 = 3 VC

2 ...(ii) 

 
C

ab

P
 = VC

3 ...(iii) 

 

F10  PC = 
2
C

a

3V
 On substituting value of VC PC = 

2

a

3(3b)
 = 

2

a

27b
 

 by (i) C

C

RT

P
 = 3 VC – b = 9b – b = 8b 



F11  TC = 
8a

27Rb
 

 At critical point, the slope of PV curve (slope of isotherm) will be zero 

  
m TC

P

V

 
  

 = 0   ...(i) 

 At all other point slope will be negative 0 (zero) is the maximum value of slope. 

  
mV



 m TC

P

V

 
  

 = 0  ....(ii) 

 {Mathematically such points are known as point of inflection (where first two differentiation becomes 

zero)} 

 Using the two, TC, PC and VC can be calculated by . 

 By any two a can be calculated but a calculated by VC and TC and a calculated by TC and PC may differ 

as these values are practical values and VC can’t be accurately calculated. So when we have VC TC & 

PC given, use PC & TC to deduce ‘a’ as they are more reliable. 
 
              

Der.4 Reduced Equation of state: 
 Reduced Temp : Temperature in any state of gas with respect to critical temp of the gas 

  Tr = 
C

T

T
 

 Reduced pressure  :  Pr = 
C

P

P
 

 Reduced volume :  Vr = m

C

V

V
 

 Vander waals' equation,  
2
m

a
P

V

 
 

 
 (Vm – b) = RT 

 Substitute values :  r C 2 2
r C

a
PP

V V

 
 

 
 (Vr VC – b) = R Tr TC  

 

 Substitute the value of PC, TC and VC  

  r 2 2 2
r

a a
P

27b V (3b)

 
 

 
 (3b Vr – b) = RTr 

8a

27Rb
 

  r

r

P 1

3 V

 
  

 (3 Vr – 1) = r8 RT

3
 

 

F12  r 2
r

3
P

V

 
 

 
 (3Vr – 1) = 8 Tr  (Reduced equation of state) 

 Above equation is independent from a, b and R, so will be followed by each and every gas, 

independent of its nature. 

 



 
Ex-5. The vander waals constant for HCI are a = 371.843 KPa.dm6 mol–2 and b = 40.8 cm3 mol–1 find the 

critical constant of this substance. 

Sol. The critical pressure, PC = 
2

a

27b
 = 

3

2 6

371.843 10

27 (40.8) 10



 
 = 

9

2

371.843 10

27 (40.8)




 = 8.273 × 106 Pa = 8.273 MPa 

 The critical pressure, TC = 
8a

27Rb
 

  R = 8.314 KPa dm3 K–1 mol–1 

  TC = 
8a

27Rb
 = 

3

8 371.843

8.314 27 40.8 10



  
 = 324.79 = 324.8 K 

 The critical volume, VC = 3b = 3 × 40.8 = 122.4 cm3 
 

Ex-6. The vander waals constant for gases A, B and C are as follows:  

Gas a/dm6 KPa mol–2 b/dm3 mol–1 

A 405.3 0.027 

B 1215.9 0.030 

C 607.95 0.032 

 Which gas has  

 (i) Highest critical temperature  

 (ii) The largest molecular volume  

 (iii) Most ideal behaviour around STP ?  

Sol. TC = 
8a

27Rb
 Since, R is constant, higher the value of a/b, higher will be critical temperature. 

 VC = 3b and VC  Vm (for a particular gas) therefore higher the value of VC, higher will be molar volume 

of the gas. 

 If the critical temperature is close to 273 K, gas will behave ideally around the STP. Let us illustrate the 

result in a tabular form. 

Gas a/dm6 KPa mol–2 b/dm3 mol–1 TC VC a/b 

A 405.3 0.027 534.97 K 0.081 1.501 × 104
 

B 1215.9 0.030 1444.42 K 0.09 4.053 × 104 

C 607.95 0.032 677.07 K 0.096 1.89 × 104 

 (i) B gas has the largest critical temperature. 

 (ii) C gas has the largest molecular volume. 

 (iii) A gas has the most ideal behaviour around STP 
 

Ex-7. Under critical states of a gas for one mole of a gas, compressibility factor is :  

 (A) 3/8   (B) 8/3   (C) 1   (D) 1/4 

Sol. For 1 mole of gas Z = C C

C

P V

RT
   (Under critical condition) 

 But, PC = 
2

a

27b
, VC = 3b , TC = 

8a

27Rb
 

  Z = 
2

a

27b

 
  

 × 
3b

R
 × 

27Rb

8a
 = 

3

8
 

 Hence, Ans. (A)    
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 Marked questions are recommended for Revision. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 

PART - I : SUBJECTIVE QUESTIONS 

Hkkx - I : fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 
 

Section (A) : Experimental Observation and critical state 

[k.M (A) : izk;ksfxd izs{k.k rFkk Økafrd voLFkk 

Commit to memory : 
 Critical point : At this point, all the physical properties of liquid phase will be equal to physical 

properties in vapour such that density of liquid = density of vapour. 
 TC or critical temperature : Temperature above which a gas can not be liquified. 
 PC or critical pressure : Minimum pressure which must be applied at critical temperature to convert 

the gas into liquid. 
 VC or critical volume : Volume occupied by one mole of gas at TC & PC. 
 

;kn j[kus gsrq % 
 ØkfUrd fcUnq % bl fcUnq ij nzo voLFkk ds lHkh HkkSfrd xq.k] ok"i ds HkkSfrd xq.k ds cjkcj gksrs gSa] blfy, nzo 

dk ?kuRo = ok"i dk ?kuRo 

 TC vFkok Økafrd rki % og rkieku ftlds Åij ,d xSl nzohd`r ugha dh tk ldrh gSA  

 PC vFkok ØkfUrd nkc % ØkfUrd rki ij yxk;k x;k og U;wure nkc tks xSl dks nzo esa cny nsrk gSA 

 VC vFkok ØkfUrd vk;ru % TC rFkk PC ij xSl ds ,d eksy }kjk izkIr fd;k x;k vk;ru   
 

A-1. Identify true and false statements for fixed amount of gas in following isotherm of real gas.   
 (i) From point P to point S volume is constant and temperature is increasing. 
 (ii) From point S to point Q pressure is constant and temperature is decreasing. 
 (iii) Through path P, S, Q we can convert gas into liquid through continuity of state. 



 
Isotherms of CO2 at various temperatures 

 okLrfod xSl ds fuEu lerkih esa xSl dh fuf'pr ek=kk gsrq lR; rFkk vlR; dFkuksa dks igpkuksa % 

 (i) fcUnq P ls S rd vk;ur fLFkj gS rFkk rki c<+ jgk gSA 

 (ii) fcUnq S ls Q rd nkc fLFkj gS rFkk rkieku ?kV jgk gSA  

 (iii) P, S, Q iFk }kjk ge xSl dks æo esa voLFkk dh lrr~rk }kjk ifjofrZr dj ldrs gSA  



 
fofHkUu rkiekuksa ij CO2 dk lerkih; oØ 

Sol. (i) T  (ii) T  (iii) T 
 

Section (B) : Vander waal equation and virial equation of state 

[k.M (B) : ok.Mj okWy lehdj.k rFkk voLFkk dh fofj;y lehdj.k 

Commit to memory : 
 Critical point : At this point, all the physical properties of liquid phase will be equal to physical 

properties in vapour such that   PC = 
2

a

27b
  VC = 3b  TC = 

8a

27Rb
 

 Z = 1 for ideal gas; at all pressures for He/H2 (Z = 
Pb

RT
 + 1); Z < 1 at low pressure (for all other gases)  

(Z = 1 – 
m

a

V RT
) ; Z > 1 at high pressure  (for all other gases) (Z = 

Pb

RT
 + 1) 

 Vander waal’s equation is 
2

2

an
P

v

 
 

 
 (v – nb) = nRT; Boyles' temperature TB = 

a

Rb
 

 

;kn j[kus gsrq % 

 ØkfUrd fcUnq % og fcUnq ftl ij æo izoLFkk dh lHkh HkkSfrd xq.kèkeZ ok"i izoLFkk esa HkkSfrd xq.kèkeZ ds leku gksrs gSA 

 bl izdkj PC = 
2

a

27b
  VC = 3b  TC = 

8a

27Rb
 

 vkn'kZ xSl ds fy, Z = 1; He/H2 ds fy, lHkh nkc ij (Z = 
Pb

RT
 + 1); U;wu nkc ij Z < 1  (vU; lHkh xSl ds fy,) 

 (Z = 1 – 
m

a

V RT
) ; mPPk nkc ij Z > 1 (vU; lHkh xSl ds fy,) (Z = 

Pb

RT
 + 1) 



 okW.Mj okYl lehdj.k 
2

2

an
P

v

 
 

 
 (v – nb) = nRT; ckW;y rki TB = 

a

Rb
 

 

B-1. Explain the physical significance of van der waals parameters. 

 okUMj oky izkpy dh HkkSfrd lkFkZdrk dks le>kb;sA  

Ans. Significance of constant ‘b’. The constant ‘b’ is called co-volume or excluded volume per mole of a 
gas. Its units are litre mol–1 The volume of ‘b’ is four times the actual volume of the molecules. 

 Significance of constant ‘a’. The value of constant ‘a’ gives the idea of magnitude of attractive forces 
between the molecules of the gas. Its units are atm L2 mol–2. Larger the value of a, larger will be the 
intermolecular attraction among the gas molecules.   

Ans. ‘b’ fLFkjkad dh lkFkZdrk % ‘b’ fLFkjkad dks xSl ds izfr eksy ds lkis{k vlfEefyr vk;ru ;k lgvk;ru dgrs gSA 

bldh bdkbZ yhVj eksy–1 gSA rFkk ‘b’ dk vk;ru v.kq ds okLrfod vk;ru dk pkj xquk gksrk gSA 

 ‘a’ fLFkjkad dh lkFkZdrk % ‘a’ fLFkjkad dk eku xSl ds v.kqvksa ds e/; vkd"kZ.k cy ds ifjek.k dk ekiu djrk gSA 

bldh bdkbZ atm L2 mol–2 gSA ftruk a dk eku mPp gksxk] xSl ds v.kqvksa ds e/; vkd"kZ.k cy Hkh vf/kd gksxkA 
 

B-2.  The critical temperature and critical pressure of a gas are 31ºC and 728 atmospheres respectively. 
Calculate the constants 'a' and 'b'.    

 ,d xSl ds Øakfrd rki o Øakfrd nkc Øe'k% 31ºC rFkk 728 atm gSA xSl ds fy, fu;rkad 'a' rFkk 'b' dh x.kuk 

dhft,\ 

Ans. a = 0.36 atm litre2 mole–2, b = 4.28 × 10–3 litre/mole 
Sol. TC = 273 + 31 = 304 K, PC = 728 atm 

  TC = 
8a

27Rb
 and (rFkk)   PC = 

2

a

27b
 

  C

C

T

P
 = 

8a

27Rb
 × 

227b

a
 = 

8b

R
 

 On substitution ¼çfrLFkkfir djus ij½ 
304

728
 = 

8b

0.082
 

  b = 
304 0.082

728 8




 = 4.28 × 10–3 litre/mole 

  Now, vc  TC = 
8a

27Rb
 

  a = C27RbT

8
 = 

327 0.0082 4.28 10 304

8

   
 = 0.36 atm litre2 mole–2  Ans.  

 

B-3. Calculate the volume occupied by 2.0 mole of N2 at 200 K and 8.21 atm pressure, if C C

C

P V

RT
 = 

3

8
 and  

r r

r

P V

T
 = 2.4. 

 200 K ,oa 8.21 atm nkc ij 2.0 eksy N2 }kjk ?ksjk x;k vk;ru Kkr djksA ;fn C C

C

P V

RT
 = 

3

8
 ,oa r r

r

P V

T
 = 2.4 gksaA 

Ans. 3.6 L 

Sol. r r

r

P V

T
 = m

c c

P V

P V
. cT

T
 = mPV

RT
. C

C C

RT

P V
 

  Z = mPV

RT
 = 2.4 × 

3

8

 
  

 

 so Vm,real = 
0.0821 200

8.21


 × 0.9 = 1.8 L 

 so volume of two moles = 3.6 L. 



Sol. r r

r

P V

T
 = m

c c

P V

P V
. cT

T
 = mPV

RT
. C

C C

RT

P V
  

  Z = mPV

RT
 = 2.4 × 

3

8

 
  

 

 blfy, Vm, okLrfod = 
0.0821 200

8.21


 × 0.9 = 1.8 yhVj 

 blfy, nks eksy dk vk;ru = 3.6 yhVj 
 

B-4. Using the van der Waals equation, calculate the pressure of 10.0 mol NH3 gas in a 10.0 L vessel at 
27ºC.         

 27ºC rki ij 10.0 yhVj ds ik=k esa 10.0 eksy NH3 ds nkc dh x.kuk dhft, \ ¼ok.Mjoky lehdj.k dk mi;ksx 

djrs gq;sA½ 

 2
2

a
P n

V

 
  

 (V – nb) = nRT a = 4.2 L2. atm/mol2  b = 0.037 L/mol 

Ans. 21.37 atm. 

Sol. 
2

2

n 4.2
P

(10)

 
 

 
 (V – nb) = n RT 

 
2

2

(10) 4.2
P

(10)

 
 

 
 (10 – 10 × 0.037) = 10 × 0.082 × 300 

 

B-5. If density of vapours of a substance of molar mass 18 g at 1 atm pressure and 500 K is 0.36 kg m–3, 
then calculate the value of Z for the vapours. (Take R = 0.082 L atm mole–1 K–1)  

 ;fn fdlh inkFkZ] ftlds ,d eksy dk nzO;eku 18 xzke gS] dh ok"i dk ?kuRo 500 K ,oa 1 atm  nkc ij 0.36 kg 

m–3 gS rc bl inkFkZ ds fy, ¼lEihM;rk xq.kkad½ Z dk eku D;k gksxk \ (R = 0.082 L atm mole–1 K–1) 

Ans. 
50

41
 

Sol. Volume of one mole of given vapour = 
18

0.36
L = 50 L 

 volume of one mole of an ideal gas = 
RT

P
 = 

0.082 500

1


 = 41 L 

 so value of.  Z = 
m,real

m,ideal

V

V
 = 

50

41
 

gy- nh xbZ ok"i ds ,d eksy dk vk;ru = 
18

0.36
L = 50 yhVj 

 vkn'kZ xSl ds ,d eksy dk vk;ru = 
RT

P
 = 

0.082 500

1


 = 41 yhVj 

 blfy, Z dk eku = 
m,

m,

V

V

okLrfod

vkn'kZ

 = 
50

41
 

 

B-6. One litre gas at 400 K and 300 atm pressure is compressed to a pressure of 600 atm and 200 K. The 
compressibility factor is changed from 1.2 to 1.6 respectively. Calculate the final volume of the gas.  

 ,d yhVj xSl dks 400 K ls 200 K rd rFkk 300 atm ls 600 atm rd lEihfMr fd;k tkrk gSA ;fn lEihfM;rk 

xq.kkad 1.2 ls 1.6 rd Øe'k% ifjofrZr gksrk gS rks xSl ds vfUre vk;ru dh x.kuk djksA  

Ans. 
1

3
 litre 

Sol. Z1 = 1 1

1

P V

RT
 and  Z2 = 2 2

2

P V

RT
 



 1

2

Z

Z
 = 1

2

P

P
 × 2

1

T

T
 × 1

2

V

V
  V2 = 

1

3
 litre 

 

B-7. Reduced temperature for benzene is 0.7277 and its reduced volume is 0.40. Calculate the reduced 
pressure of benzene.        

 csUthu ds fy, lekuhr rki] 0.7277 rFkk bldk lekuhr vk;ru] 0.40 gSA csUthu ds lekuhr nkc dh x.kuk 

dhft,A 

Ans. 10.358 atm 

Sol. r 2
r

3
P

V

 
 

 
 (3Vr – 1) = 8 Tr 

 

PART - II : ONLY ONE OPTION CORRECT TYPE 

Hkkx - II : dsoy ,d lgh fodYi çdkj (ONLY ONE OPTION CORRECT TYPE) 
 

Section (A) : Experimental Observation and critical state 

[k.M (A) : izk;ksfxd izs{k.k rFkk Økafrd voLFkk 

A-1. Consider a real gas placed in a container. If the intermolecular attractions are supposed to disappear 
suddenly which of the following would happen ?       

 (A) The pressure decreases    (B*) The pressure increases 
 (C) The pressure remains unchanged   (D) The gas collapses  

 ,d ik=k esa okLrfod xSl mifLFkr gS ;fn vUrj vkf.od vkd"kZ.k cy dks vpkud gVk ns rks fuEu esa ls D;k ?kfVr 

gksxkA 

 (A) nkc ?kVrk gSA     (B*) nkc c<+rk gSA 

 (C) nkc vifjofrZr jgkrk gSA   (D) xSl ?kVrh gSA 
 

A-2. The pressure of real gases is less than the pressure of an ideal gas becuase of :    
 (A) Increase in number of collisions   (B) Finite size of molecule 
 (C) Increases in KE of molecules   (D*) Intermolecular forces of attraction  

 okLrfod xSl dk nkc] vkn'kZ xSl ds nkc ls de gksrk gSA      

 (A) VDdjksa dh la[;k esa o`f)   (B) v.kqvksa dk fuf'pr vkdkj 

 (C) v.kqvksa dh KE  esa o`f)    (D*) vUrjvkf.od vkd"kZ.k cy 
 

A-3. The critical temperature of water is higher than that of O2 because the water molecule has 
 (A) Fewer electrons than O2    (B) two covalent bonds  
 (C) V-shape      (D*) dipole moment  

 ty dk ØkfUrd rki O2 ls vfèkd gS D;ksafd ty dk v.kq %       

 (A) O2 dh rqyuk esa de bysDVªkWu j[krk gSA  (B) nks lgla;kstd caèk j[krk gSA 

 (C) V-vkd`fr j[krk gSA    (D*) f}èkzqo vk|q.kZ j[krk gSA 
 

A-4. Select incorrect statement :    
 (A) we can condense vapour simply by applying pressure  
 (B) to liquefy a gas one must lower the temperature below TC and also apply pressure 
 (C) at critical point there is no distinction between liquid and vapour state hence density of the liquid is 

nearly equal to density of the vapour 
 (D*) However great the pressure applied, a gas cannot be liquified below it’s critical temp.  

 vlR; dFku dk p;u dhft,A     

 (A) dsoy nkc c<+kdj ge ok"i dks la?kfur dj ldrs gSA 

 (B) xSl dks æfor djus gsrq] rki dks TC ls de j[kdj] nkc dks Hkh c<+kuk iM+sxkA 

 (C) Økafrd fcUnq ij æo rFkk ok"i] voLFkk esa dksbZ varj ugha jgrkA vr% æo dk ?kuRo] ok"i ds ?kuRo ds yxHkx leku 

jgrk gSA  

 (D*) ,d xSl dks blds ØkfUrd rki ls de rki ij] nkc c<+kdj æohd`r ugha dj ldrsA 
 



Section (B) : Vander waal equation and virial equation of state 

[k.M (B) : ok.Mj okWy lehdj.k rFkk voLFkk dh fofj;y lehdj.k 

B-1. A real gas obeying Vander Waal's equation will resemble ideal gas, if the :  
 (A*) constants a & b are small   (B) a is large & b is small 
 (C) a is small & b is large   (D) constant a & b are large   

 ,d okLrfod xSl] tks okUMjokYl~ lehdj.k dk ikyu djrh gS] vkn'kZ xSl ds ln`'k gksrh gS tc % 

 (A*) fu;rkad a rFkk b NksVs gksrs gSA   (B) a cM+k gksrk gS rFkk b NksVk gksrk gSSA 

 (C) a NksVk gksrk gS rFkk b cM+k gksrk gSA  (D) fu;rkad a rFkk b nksuksa cM+s gksrs gSaA 

Sol. 
2

2

an
P

V

 
 

 
 (V – nb) = nRT.  

 

B-2. The correct graph to H2 gas it :       

 (A*)  (B)  (C)   (D) All of these 

 H2 xSl gsrq lgh oØ gS % 

 (A*)  (B)  (C)   (D) mijksDr lHkh 

 

B-3. If temperature and volume are same, the pressure of a gas obeying Vander Waals equation is :  
 (A*) Smaller than that of an ideal gas   (B) Larger than that of an ideal gas  
 (C) same as that of an ideal gas   (D) none of these  

 ;fn rki rFkk vk;ru leku gS] rks okW.Mj okYl lehdj.k dk ikyu djus okyh xSl dk nkc&    

 (A*) vkn'kZ xSl ls de gksxkA   (B) vkn'kZ xSl ls vfèkd gksxkA 

 (C) vkn'kZ xSl ds leku gksxkA   (D) mijksDr esa ls dksbZ ugha 
 

B-4. At 273 K temperature and 9 atm pressure, the compressibility for a gas is 0.9. The volume of 1 mili-
mole of gas at this temperature and pressure is :  

 273 K rki rFkk 9 atm nkc ij] ,d xSl dk laihM~;rk xq.kkad 0.9 gSA bl rki o nkc ij 1 feyh&eksy xSl dk 

vk;ru gS%    

 (A) 2.24 litre   (B) 0.020 mL   (C*) 2.24 mL   (D) 22.4 mL  

Sol. Z = 
PV

nRT
; V = 

0.9 0.0821 273

9

 
 = 2.24 litre/mol 

  Volume of 1 mili-mole of gas = 2.24 mL  
 

B-5. For the non-zero values of force of attraction between gas molecules, gas equation will be : 

 xSl v.kqvksa ds chp vkd"kZ.k cy ds v'kwU; gksus ds fy,] xSl lehdj.k fuEu gksxh %   

 (A*) PV = nRT – 
2n a

V
 (B) PV = nRT + nbP (C) PV = nRT  (D) P = 

nRT

V b
 

Sol. (P) (V – nb) = nRT  

 P = 
nRT

V nb
 

 
B-6. Compressibility factor for H2 behaving as real gas is :     

 H2 ds fy, laihfM;rk xq.kkad tks okLrfod xSl dh rjg dk;Z djrk gS %    

 (A) 1   (B) 
a

1
RTV

 
  

  (C*) 
Pb

1
RT

 
  

  (D) 
RTV

(1 a)
 



Sol. PV = Pb + RT  

 
PV

RT
 = 1 + 

Pb

RT
 

 

B-7. At low pressures (For 1 mole), the Vander Waal’s equation is written as 

2

a
p

V

 
 

 
V = RT 

 The compressibility factor is then equal to :       

 U;wu nkc ij ¼1 eksy ds fy,½] okUMjokYl~ lehdj.k dks bl izdkj fy[kk tkrk gSA  

2

a
p

V

 
 

 
V = RT 

 rc laihfM+;rk xq.kkad fuEu ds cjkcj gSA  

 (A*) 
a

1
RTV

 
  

  (B) 
RTV

1
a

 
  

  (C) 
a

1
RTV

 
  

  (D) 
RTV

1
a

 
  

 

Sol. 
2

a
P

V

 
  

 (V) = RT  

 PV + 
a

V
 = RT  

 
PV

RT
 = 1 – 

a

VRT
  

 

B-8. Calculate the radius of He atoms if its Vander Waal's constant ‘b’ is 24 ml mol–1.   
 (Note:  1 ml  = 1 cubic centimeter)  

 He ijek.kq dh f=kT;k ifjdfyr dhft,] ;fn bldk okUMjokWYl~ fu;rkad ‘b’ 24 ml mol–1 gSA 

(uksV% 1 ml  = 1 lsUVhehVj3) 

 (A*)  1.355 Å  (B) 1.314 Å  (C) 1.255 Å  (D) 0.355 Å 

Sol. 4 × 
4

3
r3 × NA = 24 

 

B-9. In vander Waal's equation of state for a non ideal gas the term that accounts for intermolecular forces 
is: 

 ,d vukn'kZ xSl ds fy, okUMjokWYl~ lehdj.k esa og in tks vUrkZf.od cy dks n'kkZrk gS % 

 (A) nb    (B) nRT    (C*) n2a/V2   (D) (nRT)–1  
Sol. Factual question  

 rF;kRed iz'u gSA  

 

B-10.  The values of Vander Waal's constant "a" for the gases O2, N2, NH3 & CH4 are 1.36, 1.39, 4.17, 2.253 
L2 atm mol–2 respectively. The gas which can most easily be liquified is:   

 O2, N2, NH3 rFkk CH4 ds fy, okUMjokWYl~ fu;rkad "a" ds eku Øe'k% 1.36, 1.39, 4.17, 2.253 L2 atm mol–2 gSA 

xSl ftldks lcls vklkuh ls nzfor fd;k tk ldrk gS] og gS % 

  (A) O2    (B) N2    (C*) NH3   (D) CH4 
Sol. Ease of liquification a. 

 nzohdj.k dk vklkuh ls gksuk a.    
 

B-11. The correct order of normal boiling points of O2, N2, NH3 and CH4, for whom the values of vander 
Waal's constant ‘a’ are 1.360, 1.390, 4.170 and 2.253 L2. atm. mol–2 respectively, is : 

 O2, N2, NH3 rFkk CH4 ds fy, lkekU; DoFkukad dk lgh Øe dkSulk gS\ tcfd buds fy, okUMjokYl~ fu;rkad ‘a’ 

Øe'k% 1.360, 1.390, 4.170 rFkk 2.253 L2. atm. mol–2 gks %     

 (A) O2< N2 < NH3 < CH4    (B*) O2< N2 < CH4 < NH3 
 (C) NH3 < CH4 < N2 < O2   (D) NH3 < CH4 < O2 < N2 

Sol. Boiling point  a     

 DoFkukad fcUnq  a   
 



B-12. A gas obeys the equation of state P(V – b) = RT (The parameter b is a constant). The slope for an 
isochore will be :     

 (A) Negative   (B) Zero    (C*) R/(V – b)   (D) R/P 

 ,d xSl voLFkk lehdj.k P(V – b) = RT dk ikyu djrh gSA (b fLFkjkad gSA) ,d le vk;ruh ds <+ky gksxkA 

 (A) _.kkRed   (B) 'kwU;   (C*) R/(V – b)   (D) R/P 

Sol. P(V – b) = RT;  P = 
RT

(V – b)
; 

  P = 
R

(V – b)

 
  

T + 0  

 

B-13. If v is the volume of one molecule of a gas, then van der Waals constant ‘b’ is : (N0 = Avogadro’s 
number)  

 ;fn xSl ds ,d v.kq dk vk;ru v gS rks ok.Mj okWYl fu;rkad 'b' gksxkA (N0 = vkokxkæks la[;k)  

 (A) 
0

4V

N
   (B) 4V    (C) 0N

4V
   (D*) 4VN0  

 

B-14. In van der Waal’s equation of state for a non-ideal gas, the term that accounts for intermolecular forces 
is :  

 ,d vukn'kZ xSl ds fy, okUMjokWYl~ lehdj.k esa og in tks vUrkZf.od cy dks n'kkZrk gS %  

 (A) (V – b)  (B) RT   (C*) 
2

a
P

V

 
  

  (D) (RT)–1   

B-15. On heating vapours of S8(g) decomposes to S2(g). Due to this, the van-der Waal’s constant ‘b’ for the 
resulting gas      

 (A) increases   (B*) decreases  (C) remains same (D) changes unpredictably  

 S8(g) dh ok"i dks xeZ djus ij S2(g) esa fo?kfVr gks tkrh gSA bl dkj.k ifj.kkeh xSl ds fy, ok.Mj okWYl fu;rkad 

‘b’.           

 (A) c<+rk gSA  (B*) ?kVrk gSA  (C) leku gSA  (D) ifjorZu vKkruh; gSA 
 

B-16. What is the compressibility factor (Z) for 0.02 mole of a van der Waals’ gas at pressure of 0.1 atm. 
Assume the size of gas molecules is negligible.   

 Given : RT = 20 L atm mol–1 and a = 1000 atm L2 mol–2  

 0.01 atm nkc ij 0.02 eksy okW.Mj okYl xSl ds fy, lEihfM;rk xq.kkad D;k gSA ekuk xSl ds v.kqvksa dk vkdkj 

ux.; gSA  fn;k x;k gS : RT = 20 L atm mol–1 rFkk a = 1000 atm L2 mol–2  

 (A) 2    (B) 1    (C) 0.02   (D*) 0.5 
 

B-17. The van der Waals parameters for gases W, X, Y and Z are      

 xSl W, X, Y rFkk Z ds fy, okW.Mj okYl izkpky fuEu gS % 

Gas (xSl) a(atm L2 mol–2) b(L mol–1)  

W  4.0 0.027  
X  8.0  0.030  
Y 6.0  0.032 
Z 12.0 0.027  

 Which one of these gases has the highest critical temperature ?  

 dkSulh xSl mPpre Økafrd nkc j[krh gS \ 

 (A) W    (B) X    (C) Y    (D*) Z  

B-18. One way of writing the equation of state for real gases is PV = RT
B

1 ...
V

 
  

 
, where B is a constant. 

An approximate expression for B in terms of the van der Waals constant ‘a’ and ‘b’ is : 

 okLrfod xSl ds fy, voLFkk lehdj.k  PV = RT
B

1 ...
V

 
  

 
 gS] tgk¡ B fLFkjkad gSA okW.Mj okYl fu;rkad a o b 

ds inksa esa  B ds fy, mfpr O;tad gksxkA        

 (A) B = a – 
b

RT
  (B*) B = b – 

a

RT
  (C) B = RT – 

a

b
  (D) B – 

b

a
  

 



PART - III : MATCH THE COLUMN 

Hkkx - III : dkWye dks lqesfyr dhft, (MATCH THE COLUMN) 
 

1. Match the column :      [DRN1354] 

 Column–I  Column–II 

(A) H2 gas at NTP (p) Molar volume = 22.4 L  

(B) O2 gas having density more than 
10

7
g/L at NTP (q) Molar volume > 22.4 L  

(C) SO2 gas at NTP having density more  than 
20

7
g/L (r) 

More compressible with respect to 
ideal gas 

(D) He gas at NTP having density less than 
1

5.6
g/L (s) 

Less compressible with respect to 
ideal gas 

fuEufyf[kr dkWye dk feyku dhft,A 

 dkWye-I  dkWye-II 

(A) NTP ij H2 xSl (p) eksyj vk;ru = 22.4 L  

(B) NTP ij O2 xSl dk ?kuRo 
10

7
g/L ls vf/kd gksrk gSA (q) eksyj vk;ru  > 22.4 L  

(C) NTP ij SO2 xSl dk ?kuRo 
20

7
g/L ls vf/kd gksrk gSA (r) 

vkn'kZ xSl ds lkis{k vf/kd lEihfM+r 

gksrh gSA 

(D) NTP ij He xSl dk ?kuRo 
1

5.6
g/L ls de gksrk gSA (s) 

vkn'kZ xSl ds lkis{k de lEihfM+r gksrh 

gSA 

Ans. (A) – q,s  ;  (B) – r  ;  (C) – r  ;   (D) – q,s 
 

2. Match the column : 

 Column-I  Column-II 

(A) At low pressure (p) Z = 1 + 
pb

RT
 

(B) At higher pressure (q) Z = 1 – 
m

a

V RT
 

(C) At low density of gas  (r) gas is more compressible  

(D) For H2 and He at 0°C (s) gas is less compressible 

fuEufyf[kr dkWye dk feyku dhft,A 

 dkWye-I  dkWye-II  

(A) U;wu nkc ij (p)  Z = 1 + 
pb

RT
 

(B) mPp nkc ij (q) Z = 1 – 
m

a

V RT
 

(C) xSl ds U;wu ?kuRo ij (r) xSl vf/kd laihM~; gSA  

(D) H2 rFkk He ds fy, 0°C  ij (s) xSl de laihM~; gSA 

Ans. (A) - q,r  (B) - p,s ; (C) - q,r  ; (D) - p,s 



 
 Marked questions are recommended for Revision. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 

PART - I : ONLY ONE OPTION CORRECT TYPE 

Hkkx - I :  dsoy ,d lgh fodYi çdkj (ONLY ONE OPTION CORRECT TYPE) 
 

Section (A) : Experimental Observation and cirtical state 

[k.M (A) : izk;ksfxd izs{k.k rFkk Økafrd voLFkk 

1. Which of following statement (s) is true       

  – Slope of isotherm at critical point is maximum.  

  – Larger is the value of TC easier is the liquification of gas. 

  – Vander waals equation of state is applicable below critical temperature at all pressure. 

 (A) only    (B*) &   (C) &   (D) only 

 fuEu esa ls dkSulk oDrO; lR; gSaA         

  – ØkfUrd rki ij lerkih; oØ dk <ky vf/kdre gksrk gSA  

  – TC dk eku ftruk vf/kd gksrk gS mruk gh xSl dk nzohdj.k vklkuh ls gksrk gSaA  

  – voLFkk dh okUMjokYl~ lehdj.k lHkh nkc ij ØkfUrd rki ls uhps iz;qDr dh tkrh gSaA  

 (A) dsoy    (B*) rFkk   (C) rFkk   (D) dsoy  

Sol.  – Slope of isotherm below critical point < 0. 
  Slope of isotherm above critical point < 0. 
  Slope of isotherm at critical point = 0.     
  So slope of isotherm at critical point is maximum. 

 

P 

v 

Liquid 

Gas 

vapour 
Liquid- vapour 

Mergion 
Mergaion 

 

  – TC = 
8a

27Rb
 

  TC  a 
Larger value of TC It means less decreases in temperature is required to liquifly the gas. Gas 
will liquify at higher temperature. So, easier'll be liquification. 

  – When gas is below critical temperature. It is 'liquid' so vander waal equation of state is not valid. 
  So, Answer (B).   

gy %  – Økafrd fcUnq ds uhps lekrkih oØ dk <ky < 0. 

  Økafrd fcUnq ds Åij lerkih oØ dk <ky < 0. 

  vr% Økafrd fcUnq ij lerkih oØ dk <ky vf/kdre gksrk gSA   



 

P 

v 

Liquid 

Gas 

vapour 
Liquid- vapour 

Mergion 
Mergaion 

 

  – TC = 
8a

27Rb
        

  TC  a 

 TC ds vf/kd eku dk vFkZ gS fd xSl ds nzohdkjd ds fy, rki esa de deh vko';d gSA vr% xSl mPp 

rki ij Hkh nzohd`r gks ldrh gSA vr% xSl vklkuh ls nzohdr̀ dh tk ldrh gSA  

 – tc xSl Økafrd rki ds uhps gks, rc ;s nzo voLFkk esa gksrh gS blfy, voLFkk dh okW.Mj okWy lehdj.k 

ç;qDr ugha gksrh gSA 

  blfy,] fodYi (B) lgh gSA    
 

2. Consider the following statements: If the van der Waal’s parameters of two gases are given as 

 a (atm lit2 mol–2) b (lit mol–1) 

Gas X 6.5 0.056 

Gas Y 8.0 0.011 

 then (i) : VC (X) < VC (Y) (ii) : PC (X) < PC (Y) (iii) : TC (X) < TC(Y) 
 Select correct alternate:         

 (A) (i) alone  (B) (i) and (ii)  (C) (i), (ii) and (iii) (D*) (ii) and (iii)  

 fuEu dFkuksa dk voyksdu dhft,] ;fn nks xSlksa ds okUMjokYl~ ekud (parameters) fuEu izdkj ls fn;s x;s gksaA  

 a (atm lit2 mol–2) b (lit mol–1) 

xSl X 6.5 0.056 

xSl Y 8.0 0.011 

 rks (i) : VC (X) < VC (Y) (ii) : PC (X) < PC (Y) (iii) : TC (X) < TC(Y) 

 lgh fodYi pqfu;sA          

 (A) dsoy (i)   (B) (i) rFkk (ii)  (C) (i), (ii) rFkk (iii) (D*) (ii) rFkk (iii)  

Sol. TC  
a

b
 

 

3. For a real gas the P-V curve was experimentally plotted and it had the following appearance. With 
respect to liquifaction. Choose the correct statement. 

 
 (A) At T = 500 K, P = 40 atm, the state will be liquid.   
 (B) At T = 300 K, P = 50 atm, the state will be gas 
 (C) At T < 300 K, P > 20 atm, the state will be gas 
 (D*) At 300 K < T < 500 K, P > 50 atm, the state will be liquid.    

 ,d ijekf.od okLrfod xSl ds fy, P-V oØ dks iz;ksxkRed :i ls vkjsf[kr fd;k tkrk gS rFkk bls fuEu izdkj ls 

n'kkZ;k x;k gSA nzohdj.k ds lanHkZ esa lgh dFku dks pqfu;sA 



 
 (A) T = 500 K, P = 40 atm ij] voLFkk nzo gksxhA    

 (B) T = 300 K, P = 50 atm ij] voLFkk xSlh; gksxhA 

 (C) T < 300 K, P > 20 atm ij] voLFkk xSlh; gksxhA 

 (D*) 300 K < T < 500 K, P > 50 atm ij voLFkk nzoh; gksxhA 

Sol.  

 (a) at T = 500 K, P = 40 atm corresponds to 'a' substance - gas 
 (b) at T = 300 K, P = 50 atm corresponds to 'b' substance - liquid 
 (c) at T < 300 K, P > 20 atm corresponds to 'c' substance - liquid 
 (d) at T < 500 K, P > 50 atm corresponds to 'd' substance - liquid 
 So, Answer (D) 
 

Section (B) : Vander waal equation and virial equation of state 

[k.M (B) : ok.Mj okWy lehdj.k rFkk voLFkk dh fofj;y lehdj.k 

4. A real gas most closely approaches the behaviour of an ideal gas at -   
 (A) 15 atm and 200 K (B) 1 atm and 273 K (C*) 0.5 atm and 500 K (D) 15 atm and 500 K  

 ,d okLrfod xSl ,d vkn'kZ xSl tSlk O;ogkj fdu ifjfLFkfr;ksa esa lcls T;knk n'kkZ,xhA  

 (A) 15 atm rFkk 200 K (B) 1 atm rFkk 273 K (C*) 0.5 atm rFkk 500 K (D) 15 atm rFkk 500 K 

Sol. High T, low P  

 mPp rki T, fuEu nkc P  
 

5. Calculate the compressibility factor for CO2, if one mole of it occupies 0.4 litre at 300 K and 40 atm. 
Comment on the result.         

 (A) 0.40, CO2 is more compressible than ideal gas  (B*) 0.65, CO2 is more compressible than ideal gas 
 (C) 0.55, CO2 is more compressible than ideal gas  (D) 0.62, CO2 is more compressible than ideal gas  

 CO2  ds fy, laihMh;rk xq.kkad ifjdfyr dhft,] ;fn bldk ,d eksy 300 K rFkk 40 atm ij 0.4 yhVj ?ksjrk gS, 

ifj.kke ij oDrO; nhft,A 

 (A) 0.40, CO2 vkn'kZ xSl dh vis{kk vf/kd laihM+hr gksrh gSA 

 (B*) 0.65, CO2 vkn'kZ xSl dh vis{kk vf/kd laihM+hr gksrh gSA 

 (C) 0.55, CO2 vkn'kZ xSl dh vis{kk vf/kd laihM+hr gksrh gSA 

 (D) 0.62, CO2 vkn'kZ xSl dh vis{kk vf/kd laihM+hr gksrh gSA 

Sol. Z = 
 

 
real

ideal

PV

PV
 

 

6. Consider the following statements:  
 The coefficient B in the virial equation of state 
 (i) is independent of temperature 



 (ii) is equal to zero at boyle temperature   PVm = RT
2

m m

B C
1 ..........

V V

 
   

 
 

 (iii) has the dimension of molar volume 
 Which of the above statements are correct.  
 (A) i and ii  (B) i and iii  (C*) ii and iii  (D) i, ii and iii  

 fuEu dFkuksa dk voyksdu dhft,A  

 voLFkk dh fojh;y lehdj.k esa B xq.kkad % 

 (i) rki ij fuHkZj ugha djrk gSA 

 (ii) ckW;y rki ij 'kwU; ds cjkcj gSA ‘   PVm = RT
2

m m

B C
1 ..........

V V

 
   

 
  

 (iii) eksyj vk;ru dh foek gSA  

 mijksDr esa ls dkSuls dFku lgh gSa %&  

 (A) i rFkk ii  (B) i rFkk iii  (C*) ii rFkk  iii  (D) i, ii rFkk iii 

Sol. It is factual question 

 ;g rF; vk/kkfjr iz'u gSA  
 

7. At Boyle's temperature, the value of compressibility factor Z = (PVm / RT = Vreal/Videal) has a value of 1, 
over a wide range of pressure. This is due to the fact that in the van der Waal’s equation  

 (A) the constant 'a' is negligible and not 'b' 
 (B) the constant 'b' is negligible and not 'a' 
 (C) both the constant 'a' and 'b' are negligible 
 (D*) the effect produced due to the molecular attraction compensates the effect produced due to the 

molecular volume  

 ckW;y rki ij nkc ds vf/kd ijkl ds fy, laihMh;rk xq.kkad Z = (PVm / RT = VokLrfod/Vvkn'kZ) dk eku 1 gksrk gS, 

bldk dkj.k okUMjokYl~ lehdj.k esa fuEu dkjd dk gksuk gS&  

 (A) fu;rkad 'a' ux.; gS ysfdu 'b' ugha  

 (B) fu;rkad 'b' ux.; gS ysfdu 'a' ugha 

 (C) fu;rkad 'a' rFkk 'b' nksuksa ux.; gS 

 (D*) vkf.od vkd"kZ.k ds dkj.k mRiUu izHkko vkf.od vk;ru ds dkj.k mRiUu izHkko dks larqfyr djrk gSA  

Sol. It is factual question 

 ;g rF; vk/kkfjr iz'u gSA  
 

8. The critical density of the gas CO2 is 0.44 g cm–3 at a certain temperature. If r is the radius of the 
molecule, r3 in cm3 is: (N is Avogadro number)     

 ,d fuf'pr rki ij CO2 xSl dk ØkfUrd ?kuRo 0.44 xzke cm–3 gSaA ;fn v.kq dh f=kT;k r gks rc] r3 (cm3 esa½ gksxkA 

¼N vkoksxknzks la[;k gSa½  

 (A) 
25

N
   (B) 

100

N
  (C) 

6

N
   (D*) 

25

4N
 

Sol. VC = 3 × N × 
4

3
r3 × 0.44 

 

9. The curve of pressure volume (PV) against pressure (P) of the gas at a particular temperature is as 
shown, according to the graph which of the following is incorrect (in the low pressure region): 



 
 (A) H2 and He shows +ve deviation from ideal gas equation.         
 (B) CO, CH4 and O2 show negative deviation from ideal gas equation.      
 (C*) H2 and He show negative deviation while CO, CH4 and O2 show positive deviation. 
 (D) H2 and He are less compressible than that of an ideal gas while CO, CH4 and O2 more 

compressible than that of ideal gas. 

 fdlh fuf'pr rki ij nkc&vk;ru (PV) o xSl ds nkc (P) ds eè; oØ uhps fn;k gSA vkjs[k ds vuqlkj fuEu esa ls 

dkSulk vlR; gSA ¼U;wu nkc {ks=k esa½ 

 
 (A) H2 o He vkn'kZ xSl lehdj.k ls /kukRed fopyu n'kkZrs gSaA      

 (B) CO, CH4 o O2 vkn'kZ xSl lehdj.k ls _.kkRed fopyu n'kkZrs gSaA   

 (C*) H2 o He _.kkRed fopyu rFkk CO, CH4 o O2 /kukRed fopyu iznf'kZr djrs gSaA  

 (D) H2 o He vkn'kZ xSl dh vis{kk de laihM~; gS] tcfd CO, CH4 o O2 vkn'kZ xSl dh vis{kk vf/kd laihM~; gSaA  

Sol. If Z > 1  positive deviation 
    Z < 1 negative deviation  

Sol. ;fn Z > 1  /kukRed fopyu  

       Z < 1 _.kkRed fopyu 
 

PART - II : SINGLE OR DOUBLE INTEGER TYPE 

Hkkx - II : ,dy ;k f}&iw.kk±d eku izdkj (SINGLE OR DOUBLE INTEGER TYPE) 
 

Section (B) : Vander waal equation and virial equation of state 

[k.M (B) : ok.Mj okWy lehdj.k rFkk voLFkk dh fofj;y lehdj.k 

1. The vander waals constant ‘b’ of a gas is 4 × 10–4 L/mol. The radius of gas atom can be expressed in 
scientific notation as z × 10–9 cm. Calculate the value of z. (Given NA = 6 × 1023)   

 xSl ds fy, ok.Mj okWYl fu;rkad ‘b’, 4 × 10–4 L/mol gSA xSl ijek.kq dh f=kT;k dks oSKkfud ladsr z × 10–9 cm 

ds :i esa O;Dr djrs gSA  z dk eku Kkr dhft,A (fn;k x;k gS% NA = 6 × 1023)  

Ans. 5  

Sol. b = 4NA
34

r
3

 
  

   

 (4 × 10–4) × 103 = 4 × 6.0 × 1023 34
r

3

 
  

 



  r = 
810

2



m  

   r = 5 × 10–9 cm  

   z = 5  
 
2. For a fixed amount of real gas when a graph of z v/s P was plotted then at very high pressure slope 

was observed to be 0.01 atm–1. At the same temperature if a graph is plotted b/w PV v/s P then for 2 
moles of the gas ‘Y’ intercept is found to be 40 atm-liter. Calculate excluded volume in litres for 20 
moles of the real gas.           

 okLrfod xSl dh fuf'pr ek=kk ds fy, tc z o P ds eè; vkjs[k fd;k x;k gS rks vfr mPp nkc ij <+ky 0.01 

atm–1 izkIr gqvkA leku rki ij ;fn PV o P ds eè; vkjs[k vkysf[kr fd;k tkrk gS rks xSl 'Y' ds nks eksy ds fy, 

vUr%[k.M 40 atm yhVj esa izkIr gqvkA okLrfod xSl ds 20 eksy ds fy, oftZr vk;ru Kkr djsA  

Ans. 4 

Sol.   Very high pressure (vfr mPp rki)   neglect ux.; (a)  

   Z = 1 + 
Pb

RT
  ...(1)  

 comparing above equation with y = mx + c  

 mijksDr lehdj.k dh rqyuk djus ij y = mx + c  

   m = 
b

RT
  

  
b

RT
 = 0.01 (given (fn;k x;k gS]) m = 0.01) 

 b = 0.01 RT   ...(2)  

 Z = real

ideal

(PV)

(PV)
  

 Z = real(PV)

nRT
 (given for fn;k x;k gS % n = 2, PV = 40)  

 Z = 
40

2RT
  

 Z = 
20

RT
   ...(3)  

 as, Z = 1 + 
Pb

RT
  

 from equation (3)  

 
20

RT
 = 1 + 

Pb

RT
  ...(4)  

 10 = RT + Pb  
 Pb = 20 – RT   ...(5)  

 (PV)real = 40 = ZnRT = 
Pb

1
2RT

 
  

2RT  

  40 = 
20 RT

1
2RT

 
  

2RT  

 40 = 2RT + 20 – RT  
 20 = RT   ...(6)  
 From (2) & (4)  
 b = 0.01 × 20  
 b = 0.2  

 excluded volume for 20 moles (20 eksy ds fy, fudkyk x;k vk;ru) 

 nb = 20 × 0.2  
 nb = 4  



3. If C & D are the third & fourth virial coefficients. If 
D

C
 = CV

x
 then find the value of x.  

 ;fn 
D

C
 = CV

x
 esa C o D r`rh;d o prqFkZ fofj;y xq.kkad gS rks rc x dk eku Kkr dhft,A   

Ans. 3 
Sol. D = b3, C = b2  

 
D

C
 = 

3b

b
 = b = CV

3
 = CV

x
  

   x = 3.  
 

4. Calculate molecular diameter for a gas if its molar excluded volume is 3.2  ml. (in nenometer). Give 
the answer by multiplying with 10. (Take NA = 6.0 × 1023)      

 xSl ds fy, vkf.od O;kl ¼usuksehVj½ Kkr dhft, ;fn bldk eksyj oftZr vk;ru 3.2  ml gSA viuk mÙkj 10 ls 

xq.kk djds nasA  (fyft,s NA = 6.0 × 1023)        

Ans. 2 

Sol. 4N 
4

3
r3 = 3.2 ×  × 10–6  

 4 × 6 × 1023 × 
4

3
r3 = 3.2 × 10–6  

 r3 = 10–10 m  
 r = 0.1 nm  
 d = 2r = 0.2 nm  
 

5. If the ratio of PVm & RT for a real gas is 
x

24
 at a temp where 

m

P

V

 
  

 = 0. The find value of 10x. 

 rki tgk¡ 
m

P

V

 
  

 = 0 ij vkSj okLrfod xSl ds fy, PVm o RT dk vuqikr 
x

24
 gSA 10x dk eku Kkr djksA 

Ans. 90 

Sol.  ZC = 
3

8
; 

3

8
 = 

x

24
; x = 3 × 3 ; x = 9.  

 

6. 1 mole of CCl4 vapours at 77°C occupies a volume of 35.0 L.If van der Waal’s constant are  
a = 20.39 L2 atm mol–2 and b = 0.1383 L mol–1, calculate compressibility factor Z under,  

 (a) low pressure region    (b) high pressure region 
 Report your answer as nearest whole number of (a + b) × 10. 

 CCl4 dk 1 eksy 77°C ij okf"ir gksdj 35.0 L dk vk;ru ?ksjrk gSA ;fn ok.MjokWy fu;rkad a = 20.39 L2 atm 

mol–2 rFkk b = 0.1383 L mol–1 gS rks fuEu ifjfLFkfr;ksa esa lEihfM;rk xq.kkad Z dh x.kuk djksA   

 (a) de nkc ijkl     (b) vf/kd nkc ijkl 

 viuk mÙkj (a + b) ds fudVre iw.kkZd × 10 ds :i esa nhft,A 

Ans. 20 
Sol. (a) Under low pressure region, V is high 

  (V – b)  V  
2

a
P

V

 
  

V = RT   PV + 
a

V
 = RT 

  
PV

RT
 + 

a

RTV
 = 1   Z = 

PV

RT
 = 

a
1

RTV

 
  

 

  Z = 1 – 
20.39

0.0821 350 35 
 = 0.98 

 (b) Under high pressure region, P is high, 

   
2

a
P

V

 
  

  P   P (V – b) = RT 



  PV – Pb = RT    
PV

RT
 – 

Pb

RT
 = 1  

  Z = 
PV

RT
 = 1 + 

Pb

RT
 

  Z = 1  + 
b

V
 = 1 + 

0.1383

35
 = 1 + 0.004 = 1.004 

 by approximation 
PV P 1

1 ,
RT RT V

 
   

. 

Sol. (a) de nkc ijkl eas V vf/kd gksrk gSA 

  (V – b)  V  
2

a
P

V

 
  

V = RT   PV + 
a

V
 = RT 

  
PV

RT
 + 

a

RTV
 = 1   Z = 

PV

RT
 = 

a
1

RTV

 
  

 

  Z = 1 – 
20.39

0.0821 350 35 
 = 0.98 

 (b) vf/kd nkc ijkl esa P vf/kd gksrk gSA 

   
2

a
P

V

 
  

  P   P (V – b) = RT 

  PV – Pb = RT    
PV

RT
 – 

Pb

RT
 = 1  

  Z = 
PV

RT
 = 1 + 

Pb

RT
 

  Z = 1  + 
b

V
 = 1 + 

0.1383

35
 = 1 + 0.004 = 1.004 

 yxHkx }kjk 
PV P 1

1 ,
RT RT V

 
   

. 

 
7. To an evacuated 504.2 mL steel container is added 25 g CaCO3 and the temperature is raised to 1500 

K causing a complete decomposition of the salt. If the density of CaO formed is 3.3 g/cc, find the 
accurate pressure developed in the container using the vander Waals equation of state. The van der 

waals constants for CO2(g) are a = 4
2

2

L atm

mol


, b = 0.04

L

mol
. (Ca - 40, C - 12, O - 16). Report your 

answer as nearest whole number.     

 ,d 504.2 mL ds fuokZfrr LVhy ds crZu esa CaCO3 ds 25 xzke dks j[kk x;k vkSj rkieku dks 1500 K djus ij 

yo.k dk lEiw.kZ fo;kstu gks tkrk gSA ;fn fufeZr CaO dk ?kuRo 3.3 g/cc gks tkrk gS] rks ok.Mjoky voLFkk 

lehdj.k dk mi;ksx dj crZu esa mRiUu lgh nkc dh x.kuk djksA CO2(g) ds fy, okUMjokWy fu;rkad a = 

4
2

2

L atm

mol


, b = 0.04

L

mol
 gSA (Ca - 40, C - 12, O - 16) viuk mÙkj fudVre iw.kkZd ds :i esa nhft,A 

Ans. 62 atm. 

Sol. CaCO3 (s) 


  CaO (s) + CO2(g) 

 Moles of CaCO3 used = 
25

100
 

 Moles of CaO formed = 
25

100
 = moles of CO2 formed 

 Mass of CaO formed = 
25

100
 × 56 g = 14 g 

 Volume occupied by CaO = 
14

3.3
cc  4.2 mL 



  Volume available for CO2(g) = 504.2 – 4.2 mL     = 0.5 L   
 Now applying the vander Waals equation of state 

  
2

2

an
p

v

 
 

 
 (v – nb) = nRT 

  
2

2

4 (0.25)
p

(0.5)

 
 

  

 [0.5 – 0.25 × 0.04] = 0.25 × 0.082 × 1500 

  p = 62.83 – 
2

2

4 (0.25)

(0.5)


 = 61.83 atm. 

Sol. CaCO3(Bksl) 


  CaO(Bksl) + CO2(xSl) 

 CaCO3 ds eksy iz;ksx ds fy, x, = 
25

100
 

 CaO ds eksy cus = 
25

100
 = CO2 ds eksy cus 

 CaO dk Hkkj = 
25

100
 × 56 xzke = 14 xzke 

 CaO ds }kjk ?ksjk x;k vk;ru = 
14

3.3
cc  4.2 mL 

  CO2(g) ds fy, miyC/k vk;ru = 504.2 – 4.2 mL   = 0.5 L   

 okUMjokWy lehdj.k iz;ksx djus ij  

  
2

2

an
p

v

 
 

 
 (v – nb) = nRT 

  
2

2

4 (0.25)
p

(0.5)

 
 

  

 [0.5 – 0.25 × 0.04] = 0.25 × 0.082 × 1500 

  p = 62.83 – 
2

2

4 (0.25)

(0.5)


 = 61.83 atm. 

 

PART - III : ONE OR MORE THAN ONE OPTION CORRECT TYPE 

Hkkx - III : ,d ;k ,d ls vf/kd lgh fodYi çdkj (ONE OR MORE THAN ONE OPTION CORRECT TYPE) 
 

Section (A) : Experimental Observation and cirtical state 

[k.M (A) : izk;ksfxd izs{k.k rFkk Økafrd voLFkk 

1. Which of the following statements are correct ? 
 (A) It is not possible to compress a gas at a temperature below TC 
 (B*) At a temperature below TC, the molecules are close enough for the attractive forces to act and 

condensation occurs 
 (C*) No condensation takes place above TC 
 (D*) Boyle's temperature always greater than TC.   

 fuEu eas ls dkSulk dFku lgh gSA 

 (A) ØkfUrd rki TC ds uhps xSl dks laihMu laHko ugha gSA 

 (B*) ØkfUrd rki TC ds uhps v.kq vkd"kZ.k cy ds dkj.k vfèkd ikl&ikl vk tkrs gSA bl izdkj budk la?kuu 

gksrk gSA 

 (C*) TC rki ds Åij la?kuu ugha gksrk gSA 

 (D*) ckW;y rkieku ges'kk TC ls vf/kd gksrk gSA  
 

2. Which of the following is correct for critical temperature ? 
 (A*) It is the highest temperature at which liquid and vapour can coexist  
 (B*) At a certain point on isotherm graph, slope is zero. 
 (C) At this temperature, the gas and the liquid phases have different critical densities 



 (D) All are correct 

 ØkfUrd rki ds fy, fuEu esa ls dkSulk dFku lgh gSA 

 (A*) ;g mPpre rkieku gS ftl ij æo o ok"i lkFk&lkFk jgrh gSA 

 (B*) lerkih; vkjs[k ij fdlh fcUnq ij <+ky 'kwU; gksrk gSA  

 (C) bl rki ij] xSl rFkk æo izkoLFkk fHkUu ØkfUrd ?kuRo j[krh gSA 

 (D) mijksDr lHkh lgh gSA 
 

Section (B) : Vander waal equation and virial equation of state 

[k.M (B) : ok.Mj okWy lehdj.k rFkk voLFkk dh fofj;y lehdj.k 

3. The vander waal gas constant ‘a’ is given by 

 okUMWjoky xSl fu;rkad 'a' }kjk fn;k x;k gSA  

 (A) 
1

3
VC   (B*) 2

C C3P V    (C) C

C

RT1

8 P
  (D*) 

2 2
C

C

R T27

64 P
 

Sol. PC = 
2

a

27b
  TC

2 = 
2

2 2

64a

27 27R b
 

 VC = 3b   
2
C

C

T

P
 = 

2

2 2

64a

27 27R b
  

227b

a
 

 TC = 
8a

27Rb
  a = 

2 2
C

C

27R T

64P
 

 

4. Which of the following are correct statements ? 
 (A*) vander Waals constant ‘a’ is a measure of attractive force 
 (B*) van der Waals constant ‘b’ is also called co-volume or excluded volume 
 (C*) ‘b’ is expressed in L mol–1 
 (D*) ‘a’ is expressed in atm L2 mol–2  

 fuEu esa ls lgh dFku dkSulk gS \ 

 (A*) okUMjokWYl~ fu;rkad ‘a’ vkd"kZ.k cy dk ekiu djrk gSaA 

 (B*) okUMjokWYl~ fu;rkad ‘b’ dks lg&vk;ru vFkok vlfEefyr vk;ru ¼fudkyk x;k vk;ru½ Hkh dgrs gSaA 

 (C*) ‘b’ dks L mol–1 esa O;Dr djrs gSa 

 (D*) ‘a’ dks atm L2 mol–2 esa O;Dr djrs gaSA 
 

5. Select the correct statement(s) :     
 (A*) At Boyle’s temperature a real gas behaves like an ideal gas at low pressure 
 (B) Above critical conditions, a real gas behave like an ideal gas 
 (C) For hydrogen gas ‘b’ dominates over ‘a’ at all temperature 
 (D*) At high pressure van der Waals’ constant ‘b’ dominates over ‘a’ 

 lgh dFku@dFkuksa dk p;u dhft,A 

 (A*) ckW;y rki ij okLrfod xSl] U;wu nkc ij vkn'kZ xSl dh rjg O;ogkj djrh gSA 

 (B) ØkfUrd ifjfLFkfr;ksa ds Åij okLrfod xSl] ,d vkn'kZ xSl dh rjg O;ogkj djrh gSA 

 (C) gkbMªkstu xSl ds fy, vfèkd rkieku ij okW.Mj okYl fu;rkad ‘b’, ‘a’ ij izHkkoh gksrk gSA 

 (D*) mPp nkc ij okW.Mj okYl fu;rkad ‘b’, ‘a’ ij izHkkoh gksrk gSA 
 

6. Select incorrect statements for real gas. 
 (A*) In low pressure region repulsive forces dominates   
 (B*) Volume of gas particles is not negligible in low pressure region  
 (C*) Gas behaves idealy at low pressure & low temperature  
 (D*) In high pressure region attractive forces dominates  

 okLrfod xSl ds fy, xyr dFku dk p;u dhft,A 

 (A*) U;wu nkc {ks=k esa izfrd"kZ.k cy izHkkoh gksrk gSA  

 (B*) U;wu nkc {ks=k esa xSl d.kksa dk vk;ru ux.; ugha gksrk gSA  

 (C*) U;wu nkc o U;wu rkieku ij xSl vkn'kZ O;ogkj djrh gSA  



 (D*) mPp nkc {ks=k esa vkd"kZ.k cy izHkkoh gksrk gSA  
 

7. Compressibility of real gas will be less than ideal gas when (T = temp. of gas Tb = Boyle's temperature 
of gas) 

 (A*) At very high pressure when T > Tb  (B*) At very high pressure when T < Tb 
 (C*) At low pressure when T > Tb   (D) At low pressure when T < Tb  

 okLrfod xSl dh lEihfM+;rk] vkn'kZ xSl dh rqyuk de gksrk gS tc  

 (tc T = xSl dk rkieku Tb = xSl dk ckW;y rkieku)  

 (A*) vfr mPp nkc ij tc T > Tb    (B*) vfr mPp nkc ij tc T < Tb 

 (C*) U;wu nkc ij tc T > Tb    (D) U;wu nkc ij tc T < Tb  

 

PART - IV : COMPREHENSION 

Hkkx - IV : vuqPNsn (COMPREHENSION) 
 

Read the following passage carefully and answer the questions.  

fuEu vuqPNsn dks /;kuiwoZd if<+;s rFkk iz'uksa ds mÙkj nhft,A 
 

Comprehension # 1 
 One of the important approach to the study of real gases involves the analysis of a parameter Z called 

the compressibility factor Z = mPV

RT
 where P is pressure, Vm is molar volume, T is absolute temperature 

and R is the universal gas constant. Such a relation can also be expressed as Z = 
m, real

m, ideal

V

V

 
 
 

 (where 

Vm, ideal and Vm, real  are the molar volume for ideal and real gas respectively). Gas corresponding Z > 1 
have repulsive tendencies among constituent particles due to their size factor, whereas those 
corresponding to Z < 1 have attractive forces among constituent particles. As the pressure is lowered or 
temperature is increased the value of Z approaches 1. (Reaching the ideal behaviour)  

vuqPNsn # 1 

 vkn'kZ xSl ds v/;;u esa mldk fo'ys"k.k djus ds fy;s ,d egRoiq.kZ dkjd cgqr t:jh gS ftls ekikad Z vFkZkr~ 

lEihfM;rk xq.kkad dgrs gSa] Z = mPV

RT
 ;gk¡ P nkc, Vm eksyj vk;ru, T rki rFkk R lkoZf=kd xSl fu;rkad gS bl 

lEcU/k dks fuEu izdkj Hkh n'kkZ;k tk ldrk gS Z = 
m,

m,

V

V

 
 
 

okLrfod

vkn'kZ

 (tgk¡ Vm, vkn'kZ  ,oa Vm, okLrfod Øe'k% vkn'kZ vkSj 

okLrfod xSl dk eksyj vk;ru gS). xSl ftlesa Z > 1 gksxk blds vo;oh d.kksa ds e/; izfrd"Zk.k dh izd`fr gksxh 

vkSj tgk¡ Z < 1 gksxk mlds vo;oh d.kksa esa vf/kd vkd"kZ.k dk cy yxsxkA tSls gh nkc de djrs gSa ;k rki c<krs 

gSa rks Z dk eku 1 rd igqpsxkA ¼;s vkn'kZ xSl dh rjg O;ogkj djus yxrh gS½  
 

1. Choose the conclusions which are appropriate for the observation stated.    

 Observation   Conclusion 

I .  Z = 1 I. The gas need not be showing the ideal behaviour  

II.  Z > 1  II.  On applying pressure the gas will respond by increasing its volume  

III.  Z < 1  III. The gas may be liquefied. 

IV.  Z  1 for low P IV. The gas is approaching the ideal behaviour. 

 (A) All conclusions are true    (B) Conclusions I, II & IV are true  
 (C) Conclusions I, III & IV are true  (D*) Conclusions III & IV are true  

 fn;s x;s izs{k.kksa ds fy, mu fu"d"kksZ dk p;u dhft, tks lgh (appropriate) gS % 

 izsf{kr  fu"d"kZ  

I .  Z = 1  I. xSl dks vkn'kZ O;ogkj n'kkZus dh dksbZ vko';drk ugha  

II.  Z > 1  II. nkc yxkus ij xSl dk vk;ru c< tk;sxkA  

III.  Z < 1 III. xSl nzohd`r gks ldrh gSA 

IV.  U;wu P ds fy, Z 1 IV. xSl vkn'kZ O;ogkj rd igq¡p tk;sxhA  



 (A) lHkh fu"d"kZ lgh gSA     (B) fu"d"kZ I, II ,oa IV lgh gSA 

 (C) fu"d"kZ I, III ,oa  IV lgh gSA    (D*) fu"d"kZ III ,oa IV lgh gSA 

Sol. (I) Z = 1  Ideal behaviour.   

 (II) Z > 1  On applying pressure, volume decreases.  

 (III) Z < 1  Gas can easily liquefied. 

            (VI) At low P, Z  1 means gas is approaching to ideal behaviour. 

gy- (I) Z = 1  vkn'kZ O;ogkjA 

 (II) Z > 1  nkc yxkus ij vk;ru de gksrk gSA  

 (III) Z < 1  xSl ljyrk ls nzohd`r gksrh gSA  

            (VI) fuEu nkc ij] Z  1 vFkkZr~ xSl vkn'kZ O;ogkj dh vksj vxzlj gksrh gSA  

 
2. For a real gas ‘G’ Z > 1 at STP, then for ‘G’ :       
 Which of the following is true :  
 (A) 1 mole of the gas occupies 22.4 L at NTP  
 (B*) 1 mole of the gas occupies 22.4 L at pressure higher than that at STP (keeping temperature 

constant) 
 (C) 1 mole of the gas occupies 22.4 L at pressure lower than that at STP (keeping temperature 

constant) 
 (D) None of the above  

 STP ij okLrfod xSl ‘G’, ds fy;s Z > 1 gS] rc ‘G’ ds fy, % 

fuEu esa ls dkSulk dFku lR; gS % 

 (A) NTP ij xSl ds 1 eksy dk vk;ru 22.4 yhVj gSA 

 (B*) STP dh rqyuk esa T;knk nkc ij 1 eksy xSl 22.4 yhVj dk vk;ru j[ksxh A (rki fu;r j[krs gq;s½A 

 (C) STP dh rqyuk esa de nkc ij 1 eksy xSl 22.4 yhVj dk vk;ru j[ksxhA (rki fu;r j[krs gq;s½A 

 (D) buesa ls dkbZ ughaA 

Sol. Z = mPV

RT
 > 1 

 mPV

RT
 =  

1 22.4

R T




 

 At same pressure = 1 atm. 

  m1 V

RT


 > 

1 22.4

R T




 

  Vm > 22.4 L at STP for real gas. 
 For, Vm = 22.4 L of real gas, we have to increase the pressure. 

gy- Z = mPV

RT
 > 1 

 mPV

RT
 =  

1 22.4

R T




 

 leku nkc ij = 1 atm. 

  m1 V

RT


 > 

1 22.4

R T




 

  STP ij okLrfod xSl ds fy,] Vm > 22.4 L  

 okLrfod xSl ds fy,] Vm = 22.4 L gesa nkc c<+kuk iM+sxkA  
      
 

3. Following graph represents a pressure (P) volume (V) relationship at a fixed temperature (T) for n 
moles of a real gas. The graph has two regions marked (I) and (II). Which of the following options is 
true. 



 
 (A) Z < 1 in the region (II)         
 (B) Z = 1 in the region (II)  
 (C) Z = 1 for the curve 
 (D*) Z approaches 1 as we move from region (II) to region (I)  

 okLrfod xSl ds n eksy ds fy;s fu;r rki T rFkk nkc (P) vkSj vk;ru (V) ds chp lEcU/k dk vkjs[k ¼oØ½ fuEu 

gSA vkjs[k ds nks {kS=k (I) vkSj (II) n'kkZ, tkrs gSa, buesa ls dkSulk dFku lR; gSA 

 
 (A) {ks=k (II) esa Z  < 1           

 (B) {ks=k (II) esa Z = 1  

 (C) oØ ds fy;s Z = 1 

 (D*) tSls gh ge {ks=k (II) ls (I)  dh vkSj c<rs gSa] Z,1 dh vkSj tkus yxrk gSA    

Sol. On moving from region (II) to region (I), pressure tends to zero. So, Z  1. 

gy- {ks=k (II) ls (I) ij tkus ij nkc 'kwU; dh vksj vxzlj gksrk gSA blfy,]  Z  1A 

 
Comprehension # 2 
 Critical constant of A gas        
 When pressure is incerases at constant temp volume of gas decreases 

 AB  gases, BC  vapour + liquid, CD  liquid          
 critical point : At this point all the physical properties of liquid phase will be same as the physical 

properties in vapour such as, density of liquid = density of vapour 
 TC or critical temp :  Temperature above which a gas can not be liquified 
 PC or critical pressure : minimum pressure which must be applied at critical temp to convert the gas 

into liquid. 
 VC or critical volume :  volume occupied by one mole of gas at TC & PC  



 
 CRITICAL CONSTANT USING VANDER WAAL EQUATIONS :  

 
2
m

a
P

V

 
 

 
(Vm – b) = RT    ( 2

mPV a ) (Vm – b) = RT Vm
2  

 PVm
3 + aVm – PbVm

2 – ab – RTVm
2 = 0  Vm

3 + Vm
2 

RT
b

P

 
  

 + 
a V

P m
 – 

ab

P
 = 0 

 Since equation is cubic in Vm hence there will be three roots of equation at any temperature and 
pressure. 

 At critical point all three roots will coincide and will give single value of Vm = Vc    
 at critical point, Vander Waal equation will be  

  Vm
3 – Vm

2 C

C

RT
b

P

 
  

 + 
C

a

P
Vm – 

C

ab

P
 = 0  ...(1) 

 But at critical point all three roots of the equation should be equal, hence equation should be : 
 Vm, = Vc  
 (Vm – Vc)3 = 0  
 Vm

3 – 3Vm
2 VC + 3Vm VC

2 – VC
3 = 0   ...(2) 

 comparing with equation (1) 

  b + C

C

RT

P
 = 3VC  ....(i)  

C

a

P
 = 3 VC

2  ...(ii)   
C

ab

P
 = VC

3  ...(iii)  

 From (ii) and (iii), VC = 3b  

 From (ii) PC = 
2
C

a

3V
 substituting PC = 

2

a

3(3b)
 = 

2

a

27b
 

 From (i)  C

C

RT

P
 = 3 VC – b = 9b – b = 8b  TC = 

8a

27Rb
 

 At critical point, the slope of PV curve (slope of isotherm) will be zero at all other point slope will be 
negative  

 zero is the maximum value of slope. 

  
m TC

P

V

 
  

 = 0  ...(i)   
mV



 m TC

P

V

 
  

 = 0 ....(ii) 

 {Mathematically such points an known as point of inflection (where first two derivatives becomes zero)} 

 using the two TC PC and VC can be calculate by . 

vuqPNsn # 2 

 ,d xSl dk ØkfUrd fu;rkad % 

 tc fu;r rki ij nkc c<+rk gS rks xSl dk vk;ru ?kVrk gSA  

  AB  xSl] BC  ok"i + nzo]  CD  nzo          

 ØkfUrd fcUnq % bl fcUnq ij nzo voLFkk ds lHkh HkkSfrd xq.k] ok"i ds HkkSfrd xq.kksa ds leku gksrs gSa blfy,  



 nzo ?kuRo = ok"i ?kuRo 

 TC Økafrd rki % og rkieku ftlds Åij ,d xSl nzohd`r ugha dh tk ldrh gSA  

 PC ØkfUrd nkc % ØkfUrd rki ij yxk;k x;k og U;wure nkc tks xSl dks nzo esa cny nsrk gSA 

 VC ØkfUrd vk;ru % TC rFkk PC ij xSl ds ,d eksy }kjk izkIr fd;k x;k vk;ru   

 
 okYMjokWYl~ lehdj.k dk mi;ksx dj Økafrd fLFkjkad %  

 
2
m

a
P

V

 
 

 
(Vm – b) = RT    ( 2

mPV a ) (Vm – b) = RT Vm
2  

 PVm
3 + aVm – PbVm

2 – ab – RTVm
2 = 0  Vm

3 + Vm
2 

RT
b

P

 
  

 + 
a V

P m
 – 

ab

P
 = 0 

 ?kkr rhu gksus ds dkj.k ;gk¡ fdlh nkc rFkk fdlh rki ij bl lehdj.k esa rhu ewy vk;sxsa] ØkafUrd rki ij lHkh 

ewy leku gks tk;saxs rFkk V = VC  ,d gh ewy nsaxsA 

 Økafrd rki ij okUMjokWYl~ lehdj.k fuEu gksxhA 

  Vm
3 – Vm

2 C

C

RT
b

P

 
  

 + 
C

a

P
Vm – 

C

ab

P
 = 0   ...(1) 

 ysfdu Økafrd rki ij lehdj.k ds rhuksa ewy cjkcj gksus pkfg,] vr% lehdj.k fuEu gksuh pkfg,A  

  Vm
3 – 3Vm

2 VC + 3Vm VC
2 – VC

3 = 0   ...(2) 

 lehdj.k (1) ls rqyuk djus ij  

  b + C

C

RT

P
 = 3VC  ....(i)  

C

a

P
 = 3 VC

2  ...(ii)   
C

ab

P
 = VC

3  ...(iii)  

 (ii) rFkk (iii) ls, VC = 3b  

 (ii) ls PC = 
2
C

a

3V
 ?kVkus ij  PC = 

2

a

3(3b)
 = 

2

a

27b
 

 (i) ls C

C

RT

P
 = 3 VC – b = 9b – b = 8b  TC = 

8a

27Rb
 

 Økafrd rki ij PV oØ dk <ky ¼lerkih; <ky½ 'kwU; gksxk] vU; fcUnq ij <ky _.kkRed gksxk] <ky dk vfèkdre 

eku 'kwU; gS % 

  
m TC

P

V

 
  

 = 0  ...(i)   
mV



 m TC

P

V

 
  

 = 0 ....(ii) 

 {xf.krh; :i ls bl izdkj ds fcUnq dks ufrifjorZu fcUnq (point of inflection) dgrs gSa ¼tgk¡ izFke nks vodyu 

'kwU; gksrs gSa½ bu nksuksa dk mi;ksx dj TC, PC rFkk VC dh x.kuk dh tk ldrh gS}   

    

 



 

4. A scientist proposed the following equation of state P = 
m

RT

V
 – 

2
m

B

V
 + 

3
m

C

V
. If this equation leads to the 

critical behaviour then critical temperature is :      

 (A) 
8B

27RC
  (B) 

B

8RC
  (C*) 

2B

3RC
  (D) None of these 

 ,d oSKkfud us voLFkk dh lehdj.k dks P = 
m

RT

V
 – 

2
m

B

V
 + 

3
m

C

V
 crk;kA ;fn ;g lehdj.k Økafrd O;ogkj dks 

crkrh gS rc Økafrd rki D;k gksxkA   

 (A) 
8B

27RC
  (B) 

B

8RC
  (C*) 

2B

3RC
   (D) buesa ls dksbZ ugha  

Sol. At critical point,  

 Økafrd fcUnq ij] 

 
m

p

V




 = 0  – C

2
m

RT

V
 + 

3
m

2B

V
 – 

4
m

3C

V
 = 0  – RTC + 

m

2B

V
 – 

2
m

3C

V
 = 0     RTCV2

m – 2BVm + 3C = 0 

 as equation will have repeated root then D = 0  TC = 
2B

3RC
 

 vr% lehdj.k ds iqujko`rh ewy izkIr gksrs gSa rc D = 0  TC = 
2B

3RC
 gSA 

 

5. If the critical constants for a hypothetical gas are VC = 150 cm3 mol–1. PC = 50 atm and TC = 300 K. 

Then the radius of the molecule is : [Take R = 
1

12
Ltr atm mol–1 K–1]   

 ;fn ,d dkYifud xSl ds fy;s Økafrd fLFkjkad VC = 150 cm3 mol–1, PC = 50 atm rFkk TC = 300 K gS rc v.kq 

dh f=kT;k Kkr djksA [R = 
1

12
Ltr atm mol–1 K–1 ysus ij] 

 (A) 

1/3

A

75

2 N

 
  

  (B) 

1/3

A

75

8 N

 
  

  (C) 

1/ 3

A

3

N

 
  

  (D*) 

1/3

A

3

256 N

 
  

 

Sol. PC, VC and TC are given hence ‘a’ and ‘b’ should be calculated using PC and TC as it is more reliable.
  

             PC, VC rFkk TC dk eku fn;k x;k gS rc PC rFkk  TC dk mi;ksx dj 'a' vkSj 'b' dh x.kuk dh tkrh gSA  

  PC = 
2

a

27b
, TC = 

8a

27Rb
 

  C

C

P

T
 = 

R

8b
    b = 

300 1/12

8 50




 = 

1

16
 

  4 × 
4

3
r3 . NA = 

1

16
  r = 

1/ 3
3

256 Na

 
  

 

 

6. Identify the wrong statement related to the above graph :  

 
 (A) between 50 K and 150 K temperature and pressure ranging from 10 atm to 20 atm matter may have 

liquid state.  
 (B) zero is the maximum value of the slope of P-V Curve 



 (C) If vander waal equation of state is applicable above critical temperature then cubic equation of Vm 
will have one real and two imaginary roots. 

 (D*) At 100 K and pressure below 20 atm it has liquid state only 

 mijksDr vkjs[k ls lEcfU/kr xyr dFku dks iznf'kZr dhft,A     

 
 (A) tc rki 50 K rFkk 150 K ds chp rFkk nkc ijkl 10 atm ls  20 atm rd gks rc inkFkZ nzo voLFkk j[k ldrk 

gSA 

  (B) P-V xzkQ ds <ky dk vf/kdre eku 'kwU; gSA 

 (C) ;fn okW.MjokWy lehdj.k dks Økafrd rki ds Åij mi;ksx fy;k tk;s rc Vm dh f=k/kkr lehdj.k esa ,d ewy] 

okLrfod rFkk nks ewy] dkYifud çkIr gksrs gSaA  

 (D*) 100 K rki ij rFkk 20 atm ds uhps nkc ij ;g dsoy nzo voLFkk j[krh gSA  

Sol.  

 At 100 K and pressure below 20 atm it may have liquid or gaseous state depending on the pressure. 

 100 K rki ij rFkk 20 atm ds uhps nkc ij ;g nzo ;k xSlh voLFkk j[k ldrk gS tks fd nkc ij fuHkZj djsxhA 

 
Comprehension # 3 

Answer Q.7, Q.8 and Q.9 by appropriately matching the information given in the three columns of the 
following table. 

For a hypothetical real gas Z (Compressibility factor) v/s pressure curves are given at different 
temperatures, (Tb = Boyle's temperature & Tc = Critical temperature) 

 

A 

C 

B 

Z1 
D 

P  

Column-1 Column-2 Column-3 

(I) Point A (i) T < Tb (P) Z = 1 

(II) Point B (ii) T > Tb (Q) Z > 1 

(III) Point C (iii) T = Tb (R) Z < 1 

(IV) Point D (iv) T = Tc (S) Z is negative 
 

vuqPNsn # 3 
uhps nh x;h Vscy ds rhu dk¡yeksa esa miyC/k lwpuk dk mi;qDr <ax ls lqesy dj iz'uksa Q.7, Q.8 vkSj Q.9 ds mÙkj 

nhft;sA 



,d dkYifud okLrfod xSl (Z) ¼lEihM~;rk xq.kkad½ v/s nkc dk vkjs[k fofHkUu rki ij fuEu izdkj fn;k gS]  

(Tb = ckW;y rki & Tc = Økafrd rki) 

 

A 

C 

B 

Z1 
D 

P  
dkWye-1 dkWye-2 dkWye -3 

(I) fcUnq A (i) T < Tb (P) Z = 1 

(II) fcUnq B (ii) T > Tb (Q) Z > 1 

(III) fcUnq C (iii) T = Tb (R) Z < 1 

(IV) fcUnq D (iv) T = Tc (S) Z _.kkRed gSA 
 

7. Select correct combination when gas is more compressible than ideal gas 

 tc xSl] vkn'kZ xSl dh rqyuk esa vf/kd lEihM~;rk j[krh gS rc lgh la;kstu gSA 

 (A*) I (i) R  (B) I (ii) R  (C) I (iii) P  (D) I (iv) P 
 

8. Select correct combination when gas is less compressible than ideal gas 

 tc xSl vkn'kZ xSl dh rqyuk esa de lEihM~;rk gS rc lgh la;kstu gS % 

 (A) II (iii) R  (B*) II (i) Q  (C) IV (iii) Q  (D) IV (ii) S 
 

9. Select correct combination when gas behaves ideally  

 tc xSl vkn'kZ xSl leku O;ogkj djrh gS rc lgh la;sktu gS % 

 (A) I (i) R  (B*) III (iii) P  (C) II (i) Q  (D) iv (ii) Q 
 

Sol. Point A T < Tb Z < 1 more compressible 

 Point B T < Tb Z > 1 less compressible 

 Point C T = Tb Z = 1 ideal behavior 

 Point D T > Tb Z > 1 less compressible 
 

Sol. fcUnq A T < Tb Z < 1 vf/kd lEihM~;rk  

 fcUnq B T < Tb Z > 1 de lEihM~;rk 

 fcUnq C T = Tb Z = 1 vkn'kZ O;ogkj 

 fcUnq D T > Tb Z > 1 de lEihM~;rk 
 



 

 

PART - I : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS) 

Hkkx - I : JEE (ADVANCED) / IIT-JEE ¼fiNys o"kksZ½ ds iz'u 
 

* Marked Questions may have more than one correct option. 

* fpfUgr iz'u ,d ls vf/kd lgh fodYi okys iz'u gS -   
 

1.* Figure displays the plot of the compression factor Z verses p for a few gases [JEE-2006, 5/184] 

    
 Which of the following statements is/are correct for a van-der waals gas : 
 (A*) The plot I is applicable provided the vander waals constant a is negligible. 
 (B*) The plot II is applicable provided the vander waals constant b is negligible. 
 (C*) The plot III is applicable provided the vander waals constants a and b are negligible. 
 (D) The plot IV is applicable provided the temperature of the gas is much higher than its critical 

temperature. 

 dqN xSlksa ds fy, lEihM~;rk xq.kkad Z rFkk nkc p ds e/;  vkjs[k n'kkZ;k x;k gSA  [JEE-2006, 5/184] 

    
 fuEu esa ls dkSulk@dkSuls dFku ok.Mjoky xSlksa ds fy, lgh gS % 

 (A*) vkjs[k  ekU; gS ;fn fn;k gS] fd ok.MjokWy fu;rkad a ux.; gSA  

 (B*) vkjs[k II ekU; gS];fn fn;k gS fd ok.MjokWy fu;rkad b ux.; gSA   

 (C*) vkjs[k  ekU; gS] ;fn fn;k gS] fd ok.MjokWy fu;rkad a rFkk b nksuksa ux.; gSA  

 (D) vkjs[k (IV) ekU; gS];fn fn;k gS fd xSl dk rki] mlds Økafrd rki dh rqyuk esa cgqr vf/kd gSA  

Sol. The vander waals equation of state is : (for 1 mole of gas) 

   
2
m

a
P

V

 
 

 
 (Vm – b) = RT 

 When a is negligible, then 

   Z = mpV

RT
 = 1 + 

b

RT
 P 

 that is Z increases with increaser in p. 
 when b is negligible, then  

   Z = mpV

RT
 = 1 – 

a

VRT
 

 increasing p implies decrease in V, which is turn, implies increase in the value of a/VRT and hence 
decrease in the value of Z. 

 The curve IV is applicable provided temperature of the gas is near but larger than it’s critical 
temperature Hence, the choice (A), (B) and (C) are correct. 

Sol. okUMj okWy lehdj.k] (1 eksy xSl ds fy,) 



   
2
m

a
P

V

 
 

 
 (Vm – b) = RT 

 tc 'a' ux.; gS, rc 

   Z = mpV

RT
 = 1 + 

b

RT
 P 

 P c<+us ds lkFk Z Hkh c<+rk gSA 

 tc 'b'  ux.; gS rc 

   Z = mpV

RT
 = 1 – 

a

VRT
 

 p  c<kus ij V ?kVrk gS tks fd a/VRT  dks c<krk gS ftlls Z ds eku esa deh vkrh gSA 

 oØ IV  ykxw gksxk ;fn xSl dk rkieku Økafrd rki ds lehi gS ijUrq mlls vf/kd gSA  

 blfy, (A), (B) o (C) lgh gSA 
 

2. Match gases under specified conditions listed in Column-I with their properties / laws in Column-II. 
           [JEE-2007, 6/162] 

 Column-I  Column-II 

(A) Hydrogen gas (P = 200 atm, T = 273 K) (p) compressibility factor  1 

(B) Hydrogen gas (P ~ 0, T = 273 K) (q) attractive forces are dominant 

(C) CO2 (P = 1 atm, T = 273 K) (r) PV = nRT 

(D) Real gas with very large molar volume (s) P(V – nb) = nRT 

 dkWye-I esa fufnZ"B voLFkkvksa esa nh xbZ xSlksa dks dkWye-II esa fn;s gq;s xq.kksa@fu;eksa ls lqesfyr dhft,A  

           [JEE-2007, 6/162] 

 dkWye-I  dkWye-II 

(A) H2 xSl (P = 200 atm, T = 273 K) (p) laihM~;rk xq.kkad  1 

(B) H2 xSl (P ~ 0, T = 273 K) (q) vkd"kZ.k cy izHkkoh gSA 

(C) CO2 (P = 1 atm, T = 273 K) (r) PV = nRT 

(D) okLrfod xSl ftldk eksyj vk;ru vR;f/kd gS (s) P (V – nb) = nRT 

Ans. A – p, s ; B – r ; C – p, q ; D – r 
Sol. (A) For H2 gas at high pressure Z > 1. 
 (B) For any gas at P ~ 0, Z ~ 1 i.e. ideal behaviour. 
 (C) For CO2 gas at normal pressure and temperature Z < 1. 
 (D) For any gas at very large molar volume i.e. P ~ 0, Z ~ 1 i.e. ideal behaviour of gas.   

gy.  (A) H2 xSl ds fy, mPp nkc ij Z > 1 gksrk gSA 

 (B) fdlh Hkh xSl ds fy,  P ~ 0 ij Z ~ 1 vFkkZr~ vkn'kZ O;ogkj gksrk gSA 

 (C) CO2 xSl ds fy, lkekU; nkc o rki ij Z < 1 gksrk gSA 

 (D) fdlh Hkh xSl ds fy, eksyj vk;ru cgqr vf/kd gksus ij vFkkZr~ P~0 ij xSl dk O;ogkj vkn'kZ gksrk gS vFkkZr~ 

Z~1.  
 

3.* A gas described by van der Waals equation     [JEE-2008, 4/82] 
 (A*) behaves similar to an ideal gas in the limit of large molar volumes 
 (B) behaves similar to an ideal gas is in limit of large pressures 
 (C*) is characterised by van der Waals coefficients that are dependent on the identity of the gas but are 

independent of the temperature. 
 (D*) has the pressure that is lower than the pressure exerted by the same gas behaving ideally 

 Correct Answers : JEE Source iitg.ac.in   AC or ACD 
 ,d xSl ok.Mj okWy (van der Waals) lehdj.k }kjk of.kZr dh tkrh gS µ  [JEE-2008, 4/82] 

 (A*) vf/kd eksyj vk;ru dh lhek esa vkn'kZ xSl ds leku O;ogkj djrh gSA 

 (B) vf/kd nkc dh lhek esa vkn'kZ xSl ds leku O;ogkj djrh gSA 

 (C*) ok.Mj okWy xq.kkadks }kjk vfHkyf{kr gksrh gS tks fd xSl ij fuHkZj djrs gSa ijUrq rkieku ij fuHkZj ugha djrsA  

 (D*) xSl dk nkc blh xSl ds vkn'kZ voLFkk esa n'kkZ;s nkc ls de gSA 



Sol. (A) At very large molar volume P + 
2
m

a

V
  P and Vm – b = Vm. 

 (C) According to van der Waals equation 'a' and 'b' are independent of tempt. 

gy- (A) cgqr vf/kd eksyj vk;ru ij P + 
2
m

a

V
  P rFkk Vm – b = Vm 

 (C) okW.Mj okWy lehdj.k ds vuqlkj 'a' rFkk 'b' rki ls Lora=k gSA 
 

4. The term that corrects for the attractive forces present in a real gas in the vander Waals equation is :
          [JEE-2009, 3/80] 

 okLrfod xSl ds fy;s okUMj okWy (vander Waals) lehdj.k esa] tks in vkd"kZ.k cy (attractive forces) dks 

la'kksf/kr djrk gS] og gS %        [JEE-2009, 3/80] 

 (A) nb   (B*) 
2

2

an

V
  (C) – 

2

2

an

V
  (D) –nb 

Sol. Correction factor for attractive force in to the real gas is given by 
2

2

an

V
.  

gy- okLrfod xSl ds fy, okUMj okWy lehdj.k esa 
2

2

an

V
 in vkd"kZ.k cy dks la'kksf/kr djrk gSA  

 

5.     For one mole of a van der Waals gas when b = 0 and T = 300 K, the PV vs.1/V plot is shown below. 
The value of the vanderWaals constant a (atm.liter2 mol–2) :    [JEE-2012, 3/136] 

 tc b = 0 vkSj T = 300 K gS] rc ,d eksy okaMjoky (van der Waals) xSl ds fy, PV rFkk 1/V js[kkfp=k uhps 

fn[kk;k x;k gSA okaMjoky fLFkjkad a (atm.liter2 mol–2) dk eku gS %   [JEE-2012, 3/136] 

 
 (A) 1.0   (B) 4.5   (C*) 1.5   (D) 3.0 
 

Sol.  

2

a
P

V

 
  

 (V) = RT 

 PV + a/V = RT 
 PV = RT– a(v)           
 y = RT – a(x) 



 So, slope vr% <+ky = a = 
21.6 20.1

3 2




 = 

1.5

1
 = 1.5 

 

6. One mole of a monoatomic real gas satisfies the equation p(V – b) = RT where b is a constant.  
The relationship of interatomic potential V(r) and interatomic distance r for the gas is given by 

 ,d eksy ,dijek.kqd okLrfod xSl lehdj.k p(V – b) = RT dks lUrq"V djrh gS] tgk¡ b ,d fu;rkad gSA bl xSl 

ds varjkijek.kqd (interatomic) foHko (potential) V(r) rFkk vUrjkijek.kqd nwjh r ds chp dk lEcU/k gSA  

         [JEE(Advanced)-2015, 4/168] 

 (A)  (B)  (C*)  (D)  

Sol.  P(V–b) = RT 

  PV – Pb = RT  

  
PV

RT
 = 

Pb

RT
+ 1 

  Z = 1 + 
Pb

RT
 

 Hence Z > 1 at all pressures. 
 This means, repulsive tendencies will be dominant when interatomic distance are small. 
 This means, interatomic potential is never negative but becomes positive at small interatomic distances. 
 Hence answer is (C) 
Sol.  P(V–b) = RT 

  PV – Pb = RT  

  
PV

RT
 = 

Pb

RT
+ 1 

  Z = 1 + 
Pb

RT
 

 vr% lHkh nkcksa ij  Z > 1  gSA 

 vFkkZr~ izfrd"kZ.k izo`fr izHkkoh gksxh tc vUrjijek.oh; nwjh de gksrh gSA 

 vFkkZr~ vUrjijek.oh; foHko dHkh Hkh _.kkRed ugh gksrk gS ysfdu de vUrjijek.oh; nwjh;ksa ij /kukRed gks tkrk 

gSA vr% mÙkj (C) gSA  
 

PART - II : JEE (MAIN) / AIEEE PROBLEMS  (PREVIOUS YEARS) 

Hkkx - II : JEE (MAIN) / AIEEE ¼fiNys o"kksZ½ ds iz'u 

 

JEE(MAIN) OFFLINE PROBLEMS 

 
1. In vander Waal’s equation of state of the gas law, the constant ‘b’ is a measure of :[AIEEE-2004, 3/225] 
 (1) Intermolecular collisions per unit volume (2) Intermolecular attractions 
 (3*) Volume occupied by the molecules  (4) Intermolecular repulsions  

 okUMj oky dh voLFkk lehdj.k esa fu;rkad ‘b’ fdldk ekid gSA   [AIEEE-2004, 3/225] 

 (1) izfr bdkbZ vk;ru ds vUrkZf.od VDdj  (2) vUrkZf.od vkd"kZ.k  

 (3*) v.kqvksa }kjk ?ksjk x;k vk;ru   (4) vUrjkf.od izfrd"kZ.k 

Sol. b = 4NA × v i.e., total volume occupied by molecules of one mole of gas in motion. 

gy- b = 4NA × v vFkkZr~ ,d xSl fd xfreku voLFkk esa ,d eksy ds v.kqvksa }kjk ?ksjk x;k dqy vk;ruA 
 

2. ‘a’ and ‘b’ are vander Waals’ constants for gases. Chlorine is more easily liquefied than ethane 
because:          [AIEEE-2011, 4/120] 

 (1) a and b for Cl2 > a and b for C2H6  
 (2) a and b for Cl2 < a and b for C2H6 
 (3) a and Cl2 < a for C2H6 but b for Cl2 > b for C2H6 



 (4*) a for Cl2 > a for C2H6 but b for Cl2 < b for C2H6  

 xSlksa ds fy;s ‘a’ rFkk ‘b’ ok.Mj okYl fLFkjkad gSA ,Fksu dh vis{kk Dyksjhu dk nzohdj.k vf/kd lqxerk ls gksrk gS 

D;ksafd %          [AIEEE-2011, 4/120] 

 (1) Cl2 ds 'a' rFkk 'b' ds eku >C2H6 ds a rFkk b ds eku ls  

 (2) Cl2 ds 'a' rFkk 'b' ds eku < C2H6 ds a rFkk b ds eku ls  

 (3) Cl2  ds a dk eku < C2H6ds  a ds eku fdUrq Cl2 ds b  dk eku > C2H6 ds b eku ls  

 (4*) Cl2 ds a dk eku > C2H6 ds a dk eku fdUrq Cl2 ds b dk eku < C2H6 ds b eku ls  

Sol.     a    b 
 Cl2 6.579 L2 bar mol–2         0.05622 L mol–1   
 C2H5 5.562 L2 bar mol–2         0.06380 L mol–1    
 

3. The compressibility factor for a real gas at high pressure is :   [AIEEE-2012, 4/120] 

 mPp nkc ij ,d okLrfod xSl dk laihM+;rk xq.kkad gS %    [AIEEE-2012, 4/120] 

 (1) 1 + RT/pb  (2) 1   (3*) 1 + pb /RT  (4) 1 –pb/RT 

Sol. 
2

a
P

V

 
  

 (V – b) = RT 

 at high pressure 
2

a

V
 can be neglected. (mPp nkc ij 

2

a

V
 dks ux.; fd;k tk ldrk gSA) 

 PV – Pb = RT 
 PV = RT + Pb 

 
PV

RT
 = 1 + 

Pb

RT
 

 Z = 1 + 
Pb

RT
 ;  Z > 1 at high pressure (mPp nkc ij Z > 1) 

 

4. If Z is a compressibility factor, vander Waals equation at low pressure can be written as :  
                  [JEE(Main) 2014, 4/120] 

 ;fn Z laihM+u xq.kd gks rks de nkc ij okaMjokYl lehjdj.k dks fy[kk tk ldrk gS%   [JEE(Main) 2014, 4/120] 

 (1) Z = 1 + 
RT

Pb
  (2*) Z = 1 – 

a

VRT
 (3) Z = 1 – 

Pb

RT
  (4) Z = 1 + 

Pb

RT
 

Sol. In low pressure region, vanderwaal equation becomes.  

 U;wu nkc {ks=k esa] ok.Mjoky lehdj.k fuEu gks tkrk gSA  

 Z = 1 – 
m

a

RTV
 

 

JEE(MAIN) ONLINE PROBLEMS 
 

1. Vander Waal’s equation for a gas is stated as, P = 

2
nRT n

a
V nb V

 
   

.  

 This equation reduces to the perfect gas equation, P = 
nRT

V
 when,  

          [JEE(Main) 2014 Online (09-04-14), 4/120]  
 (1*) temperature is sufficiently high and pressure is low.  
 (2) temperature is sufficiently low and pressure is high.  
 (3) both temperature and pressure are very high.  
 (4) both temperature and pressure are very low.  

 ,d xSl ds fy;s okUMj oky lehdj.k, P = 

2
nRT n

a
V nb V

 
   

 gksrk gSA  

 ;g lehdj.k vkn’'kZ xSl lehdj.k dk :i] P = 
nRT

V
 /kkj.k dj ysxk tc %  

        [JEE(Main) 2014 Online (09-04-14), 4/120]  

 (1*) rki i;kZIr mPp gksxk vkSj nkc U;wu gksxkA (2) rki i;kZIr U;wu gksxk vkSj nkc mPp gksxkA  



 (3) rki vkSj nkc nksukas cgqr mPp gksaxsA   (4) rki vkSj nkc nksukas cgqr U;wu gksaxsA  
 

2. When does a gas deviate the most from its ideal behaviour ? 
        [JEE(Main) 2015 Online (11-04-15), 4/120] 
 (1) At low pressure and low temperature  (2) At low pressure and high temperature  
 (3*) At high pressure and low temperature   (4) At high pressure and high temperature 

 tc ,d xSl blds vkn'kZ O;ogkj ls lokZf/kd fopfyr gksrh gS\   [JEE(Main) 2015 Online (11-04-15), 4/120] 

 (1) fuEu nkc rFkk fuEu rki ij   (2) fuEu nkc rFkk mPp rki ij 

 (3*) mPp nkc rFkk fuEu rki ij   (4) mPp nkc rFkk mPp rki ij 

Sol. At high pressure and low temperature, size of molecules and inter molecular forces cannot be 
neglected. 

 mPp nkc rFkk fuEu rki ij v.kqvksa dk vkdkj rFkk vUrjv.kqd cy ux.; ugha gks ldrs gSA 
 

3. At very high pressures, the compressibility factor of one mole of a gas is given by : 
        [JEE(Main) 2016 Online (09-04-16), 4/120] 

 vf/kd mPp nkc ij xSl ds ,d eksy dk lEihM~;rk xq.kkad fuEu }kjk fn;k tkrk gS% 

        [JEE(Main) 2016 Online (09-04-16), 4/120] 

 (1*) 1 + 
RT

pb
  (2) 

RT

pb
   (3) 1 – 

)VRT(

b
  (4) 1 – 

RT

pb
 

Sol. According to Vander waal's equation for one mole of gas 

 









2V

a
P (V – b) = RT 

 at high pressure 
2V

a
 can be neglected with respect to P, 

  P + 
2V

a
 ~–  P 

 P(V – b) = RT 
 PV – Pb = RT 
 PV = RT + Pb 
 divided on RT on both side, 

 Z = 1 + 
RT

Pb
 

Sol. ,d eksy xSl dh ok.Mj okWy lehdj.k ds vuqlkj 

 









2V

a
P (V – b) = RT 

 mPp nkc ij 
2V

a
, P ds laxr ux.; gks ldrk gSA 

  P + 
2V

a
 ~–  P 

 P(V – b) = RT 
 PV – Pb = RT 
 PV = RT + Pb 

 nksuksa rjQ RT ij ls Hkkx nsus ij, 

 Z = 1 + 
RT

Pb
 

 

4. The volume of gas A is twice than that of gas B. The compressibility factor of gas A is thrice than that of 
gas B at same temperature. The pressures of the gases for equal number of moles are : 

 xSl A dk vk;ru xSl B ds vk;ru dk nks xquk gSA ,d gh rki ij xSl A dk laihM;rk xq.kkad xSl B ds laihM;rk 

xq.kkad dh rqyuk esa rhu xquk gSA eksyksa dh leku la[;k ds fy, xSlksa dk nkc gksxk % 

         [JEE(Main) 2018 Online (12-01-19), 4/120] 
 (1*) 2PA = 3PB  (2) PA = 2PB  (3) 3PA = 2PB  (4) PA = 3PB 



Sol. PV = ZnRT  

 P = 
ZnRT

V
  

 at constant T and mol    P 
Z

V
   

 fu;r T rFkk eksy ij P 
Z

V
   

 A A B

B B A

P Z V 3 1 3

P Z V 1 2 2

   
       

   
  

  2PA = 3PB  

 

5. Consider the van der Waals constants, a and b, for the following gases. 
  Gas   Ar  Ne Kr Xe 
 a/(atm dm6 mol–2) 1.3 0.2 5.1 4.1 
 b/(10–2 dm3 mol–1) 3.2 1.7 1.0 5.0 
 Which gas is expected to have the highest critical temperature ? 

[JEE(Main) 2019 Online (09-04-19)S1, 4/120] 

 fuEufyf[kr xSlksa ds okUMjokYl fLFkjkad a rFkk b ij fopkj dhft, % 

  xSl   Ar  Ne Kr Xe 

 a/(atm dm6 mol–2) 1.3 0.2 5.1 4.1 
 b/(10–2 dm3 mol–1) 3.2 1.7 1.0 5.0 

 fuEufyf[kr esa ls fdlds fy, Økafrd rki ds lokZf/kd gksus dh laHkkouk gksxh \ 

[JEE(Main) 2019 Online (09-04-19)S1, 4/120] 
 (1) Kr   (2) Xe   (3) Ne   (4) Ar  
Ans. (1) 

Sol. TC   








b

a
 

 
6. At a given temperature T, gases Ne, Ar, Xe and Kr are found to deviate from ideal gas behavior. Their 

equation of state is given as 
RT

P at T.
V b




 Here, b is the van der Waals constant Which gas will exhibit 

steepest increase in the plot of Z (compression factor) vs p ?  
[JEE(Main) 2019 Online (09-04-19)S2, 4/120] 

fn; x;s rki T ij ;g ik;k x;k fd Ne, Ar, Xe rFkk Kr xSlsa vkn'kZ xSl O;ogkj ls fopfyr gksrh gSA mudk 

voLFkk lehdj.k bl izdkj fn;k gS 
RT

P at T.
V b




;gka b okUMj fLFkjkad gSA dkSu lh xSl Z (laihMUkdkjd) rFkk  p 

ds IykV esa lokZf/kd [kM+h of̀) iznf'kZr djsxh? 

[JEE(Main) 2019 Online (09-04-19)S2, 4/120] 
  (1) Xe   (2) Ar   (3) Kr    (4) Ne  
Ans. (1)  

Sol. Z = 
RT

Pb
1  

 At constant T, slope of Z vs P graph  b  
Xe has the maximum radius, maximum b & hence its graph will be steepest. 

Sol. Z = 
RT

Pb
1  

 fu;r T ij Z vs P xzkQ dk <ky  b  

Xe vf/kdre f=kT;k j[krk gS rFkk blfy, vf/kdre b blfy, bldk xzkQ mPpre gksxkA  

 

7. Consider the following table : 
  Gas   a/(k Pa dm6 mol–1)    b/(dm3 mol–1) 
 A 642.32   005196 



 B 155.21   0.04136 
 C 431.91   0.05196 
 D 155.21   0.4382 
 a and b are van der Waals constants. The correct statement about the gases is : 

[JEE(Main) 2019 Online (10-04-19)S1, 4/120] 
 (1) Gas C will occupy more volume than gas A; gas B will be more compressible than gas D 
 (2) Gas C will occupy more volume than gas A; gas B will be lesser compressible than gas D 

(3) Gas C will occupy lesser volume than gas A; gas B will be more compressible than gas D  
 (4) Gas C will occupy lesser volume than gas A; gas B will be lesser compressible than gas D 

fuEu rkfydk ij fopkj dhft, %  

  xSl  a/(k Pa dm6 mol–1)    b/(dm3 mol–1) 

 A 642.32   005196 
 B 155.21   0.04136 
 C 431.91   0.05196 
 D 155.21   0.4382 

 a rFkk b okUMjokYl fLFkjkad gSaA xSlksa ds fo"k; esa lgh dFku gS %  

[JEE(Main) 2019 Online (10-04-19)S1, 4/120] 

 (1) xSl C xSl A dh xqyuk esa T;knk vk;ru ?ksjsxh ; xSl B, xSl D dh rqyuk esa T;knk laihM~; gksxh  

 (2) xSl C xSl A dh xqyuk esa T;knk vk;ru ?ksjsxh ; xSl B, xSl D dh rqyuk esa de laihM~; gksxh 

(3) xSl C xSl A dh xqyuk esa de vk;ru ?ksjsxh ; xSl B, xSl D dh rqyuk esa T;knk laihM~; gksxh 

(4) xSl C xSl A dh xqyuk esa de vk;ru ?ksjsxh ; xSl B, xSl D dh rqyuk esa de laihM~; gksxh 

 
Ans. (1)  
Sol. For gases A & C , 'b' value is same so gas having higher value of 'a' i.e. higher force of attraction will 

have lesser volume. Gas C will have  higher volume. 
 For B & D, 'a' value is same, so gas having higher value of 'b' will be less compressible  

  Z = 
RT

Pb

VRT

a
1    gas B will be more compressible  

Sol. xSl A rFkk C ds fy, 'b' ds eku leku gS vr% 'a'  dk eku mPPk j[kus okyh xSl ds fy, vkdZ"kZ.k dk cy Hkh vf/kd 

gksxk rFkk ;g de vk;ru okyh xSl gksxhA vr% xSl C vf/kd vk;ru j[krh gSA  

 xSl B rFkk D ds fy, 'a' dku leku gS vr% xSl ftlds fy, 'b' dk eku vf/kd gS og de lfEiM~; gksxh 

  Z = 
RT

Pb

VRT

a
1    vr% xSl B vf/kd lfEiM~; gksxh  

 
8. In which one of the following equilibria, KP KC?   

[JEE(Main) 2019 Online (12-04-19)S2, 4/120] 

 fuEu fdl ,d lkE; esa  KP KC gS?    

[JEE(Main) 2019 Online (12-04-19)S2, 4/120] 
 (1) 2NO(g)  N2(g) + O2(g) 

 (2) 2C(s) + O2(g)  2CO(g)  

 (3) NO2(g) + SO2(g)  NO(g) + SO3(g)      

 (4) 2HI(g)  H2(g) + I2(g)    

Ans. (2)  

Sol. Kp = Kc(RT)n  

ng  0 for 2C(s) + O2(g)  2CO(g)  

Kp = Kc(RT)n  

 2C(s) + O2(g)  2CO(g) ds fy, ng  0  

 ng  1  
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