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Question 5.1: 

What will be the minimum pressure required to compress 500 dm3 of air at 1 bar to 200 

dm3 at 30°C? 

Answer 

Given, 

Initial pressure, p1 = 1 bar  

Initial volume, V1 = 500 dm
3  

Final volume, V2 = 200 dm
3 

Since the temperature remains constant, the final pressure (p2) can be calculated using 

Boyle’s law. 

According to Boyle’s law, 

 

Therefore, the minimum pressure required is 2.5 bar. 

 

Question 5.2: 

A vessel of 120 mL capacity contains a certain amount of gas at 35 °C and 1.2 bar 

pressure. The gas is transferred to another vessel of volume 180 mL at 35 °C. What 

would be its pressure? 

Answer 

Given, 

Initial pressure, p1 = 1.2 bar  

Initial volume, V1 = 120 mL  

Final volume, V2 = 180 mL 

Since the temperature remains constant, the final pressure (p2) can be calculated using 

Boyle’s law. 

According to Boyle’s law, 
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Therefore, the pressure would be 0.8 bar. 

 

Question 5.3: 

Using the equation of state pV = nRT; show that at a given temperature density of a gas 

is proportional to gas pressurep. 

Answer 

The equation of state is given by, 

pV = nRT ……….. (i) 

Where, 

p → Pressure of gas 

V → Volume of gas 

n→ Number of moles of gas 

R → Gas constant 

T → Temperature of gas 

From equation (i) we have, 

 

Replacing n with , we have 

 

Where, 

m → Mass of gas 

M → Molar mass of gas 

But, (d = density of gas) 

Thus, from equation (ii), we have 
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Molar mass (M) of a gas is always constant and therefore, at constant temperature

= constant. 

 

Hence, at a given temperature, the density (d) of gas is proportional to its pressure (p) 

 

Question 5.4: 

At 0°C, the density of a certain oxide of a gas at 2 bar is same as that of dinitrogen at 5 

bar. What is the molecular mass of the oxide? 

Answer 

Density (d) of the substance at temperature (T) can be given by the expression, 

d =  

Now, density of oxide (d1) is given by,  

 

Where, M1 and p1 are the mass and pressure of the oxide respectively. 

Density of dinitrogen gas (d2) is given by, 

 

Where, M2 and p2 are the mass and pressure of the oxide respectively. 

According to the given question, 
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Molecular mass of nitrogen, M2 = 28 g/mol 

 

Hence, the molecular mass of the oxide is 70 g/mol. 

 

Question 5.5: 

Pressure of 1 g of an ideal gas A at 27 °C is found to be 2 bar. When 2 g of another ideal 

gas B is introduced in the same flask at same temperature the pressure becomes 3 bar. 

Find a relationship between their molecular masses. 

Answer 

For ideal gas A, the ideal gas equation is given by,  

 

Where, pA and nA represent the pressure and number of moles of gas A. 

For ideal gas B, the ideal gas equation is given by,  

 

Where, pB and nB represent the pressure and number of moles of gas B. 

[V and T are constants for gases A and B] 

From equation (i), we have 

 

From equation (ii), we have 

 

Where, MA and MB are the molecular masses of gases A and B respectively. 

Now, from equations (iii) and (iv), we have 

 

Given,  



 
Class XI Chapter 5 – States of Matter Chemistry 

 

 

Page 5 of 17 

 
Website: www.vidhyarjan.com             Email: contact@vidhyarjan.com Mobile: 9999 249717 

 
Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051  

(One Km from ‘Welcome’ Metro Station) 

 

(Since total pressure is 3 bar) 

Substituting these values in equation (v), we have 

 

Thus, a relationship between the molecular masses of A and B is given by 

.  

 

Question 5.6: 

The drain cleaner, Drainex contains small bits of aluminum which react with caustic soda 

to produce dihydrogen. What volume of dihydrogen at 20 °C and one bar will be released 

when 0.15g of aluminum reacts? 

Answer 

The reaction of aluminium with caustic soda can be represented as: 

 

At STP (273.15 K and 1 atm), 54 g (2 × 27 g) of Al gives 3 × 22400 mL of H2.. 

0.15 g Al gives i.e., 186.67 mL of H2. 

At STP, 

 

Let the volume of dihydrogen be  at p2 = 0.987 atm (since 1 bar = 0.987 atm) and T2 

= 20°C = (273.15 + 20) K = 293.15 K.. 
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Therefore, 203 mL of dihydrogen will be released. 

 

Question 5.7: 

What will be the pressure exerted by a mixture of 3.2 g of methane and 4.4 g of carbon 

dioxide contained in a 9 dm3 flask at 27 °C ? 

Answer 

It is known that, 

 

For methane (CH4), 

 

For carbon dioxide (CO2), 

 

Total pressure exerted by the mixture can be obtained as: 

 

Hence, the total pressure exerted by the mixture is 8.314 × 104 Pa. 
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Question 5.8: 

What will be the pressure of the gaseous mixture when 0.5 L of H2 at 0.8 bar and 2.0 L 

of dioxygen at 0.7 bar are introduced in a 1L vessel at 27°C? 

Answer 

Let the partial pressure of H2 in the vessel be . 

Now,  

= ? 

 

It is known that, 

 

Now, let the partial pressure of O2 in the vessel be . 

 

 

Total pressure of the gas mixture in the vessel can be obtained as: 

 

Hence, the total pressure of the gaseous mixture in the vessel is . 
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Question 5.9: 

Density of a gas is found to be 5.46 g/dm3 at 27 °C at 2 bar pressure. What will be its 

density at STP? 

Answer 

Given, 

 

The density (d2) of the gas at STP can be calculated using the equation, 

 

 

Hence, the density of the gas at STP will be 3 g dm–3. 

 

Question 5.10: 

34.05 mL of phosphorus vapour weighs 0.0625 g at 546 °C and 0.1 bar pressure. What 

is the molar mass of phosphorus? 

Answer 

Given, 

p = 0.1 bar 
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V = 34.05 mL = 34.05 × 10–3 L = 34.05 × 10–3 dm3 

R = 0.083 bar dm3 K–1 mol–1 

T = 546°C = (546 + 273) K = 819 K 

The number of moles (n) can be calculated using the ideal gas equation as: 

 

Therefore, molar mass of phosphorus = 1247.5 g mol–1 

Hence, the molar mass of phosphorus is 1247.5 g mol–1. 

 

Question 5.11: 

A student forgot to add the reaction mixture to the round bottomed flask at 27 °C but 

instead he/she placed the flask on the flame. After a lapse of time, he realized his 

mistake, and using a pyrometer he found the temperature of the flask was 477 °C. What 

fraction of air would have been expelled out? 

Answer 

Let the volume of the round bottomed flask be V. 

Then, the volume of air inside the flask at 27° C is V. 

Now, 

V1 = V 

T1 = 27°C = 300 K 

V2 =? 

T2 = 477° C = 750 K 

According to Charles’s law, 
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Therefore, volume of air expelled out = 2.5 V – V = 1.5 V 

Hence, fraction of air expelled out  

 

Question 5.12: 

Calculate the temperature of 4.0 mol of a gas occupying 5 dm3 at 3.32 bar. 

(R = 0.083 bar dm3 K–1 mol–1). 

Answer 

Given,  

n = 4.0 mol 

V = 5 dm3 

p = 3.32 bar 

R = 0.083 bar dm3 K–1 mol–1 

The temperature (T) can be calculated using the ideal gas equation as: 

 

Hence, the required temperature is 50 K. 

 

Question 5.13: 

Calculate the total number of electrons present in 1.4 g of dinitrogen gas. 

Answer 

Molar mass of dinitrogen (N2) = 28 g mol–1 
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Thus, 1.4 g of  

 

Now, 1 molecule of contains 14 electrons. 

Therefore, 3.01 × 1023 molecules of N2 contains = 14 × 3.01 × 1023 

= 4.214 × 1023 electrons 

 

Question 5.14: 

How much time would it take to distribute one Avogadro number of wheat grains, if 1010 

grains are distributed each second? 

Answer 

Avogadro number = 6.02 × 1023 

Thus, time required  

=  

 

Hence, the time taken would be . 

 

Question 5.15: 

Calculate the total pressure in a mixture of 8 g of dioxygen and 4 g of dihydrogen 

confined in a vessel of 1 dm3 at 27°C. R = 0.083 bar dm3 K–1 mol–1. 

Answer 

Given,  

Mass of dioxygen (O2) = 8 g 

Thus, number of moles of  

Mass of dihydrogen (H2) = 4 g 
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Thus, number of moles of  

Therefore, total number of moles in the mixture = 0.25 + 2 = 2.25 mole 

Given,  

V = 1 dm3 

n = 2.25 mol 

R = 0.083 bar dm3 K–1 mol–1 

T = 27°C = 300 K 

Total pressure (p) can be calculated as: 

pV = nRT 

 

Hence, the total pressure of the mixture is 56.025 bar. 

 

Question 5.16: 

Pay load is defined as the difference between the mass of displaced air and the mass of 

the balloon. Calculate the pay load when a balloon of radius 10 m, mass 100 kg is filled 

with helium at 1.66 bar at 27°C. (Density of air = 1.2 kg m–3 and R = 0.083 bar dm3 K–1 

mol–1). 

Answer 

Given,  

Radius of the balloon, r = 10 m 

Volume of the balloon  

 

Thus, the volume of the displaced air is 4190.5 m3. 

Given,  

Density of air = 1.2 kg m–3 
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Then, mass of displaced air = 4190.5 × 1.2 kg 

= 5028.6 kg 

Now, mass of helium (m) inside the balloon is given by, 

 

Now, total mass of the balloon filled with helium = (100 + 1117.5) kg 

= 1217.5 kg 

Hence, pay load = (5028.6 – 1217.5) kg 

= 3811.1 kg 

Hence, the pay load of the balloon is 3811.1 kg. 

 

Question 5.17: 

Calculate the volume occupied by 8.8 g of CO2 at 31.1°C and 1 bar pressure. 

R = 0.083 bar L K–1 mol–1. 

Answer 

It is known that, 

 

Here,  

m = 8.8 g 

R = 0.083 bar LK–1 mol–1 
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T = 31.1°C = 304.1 K 

M = 44 g 

p = 1 bar 

 

Hence, the volume occupied is 5.05 L. 

 

Question 5.18: 

2.9 g of a gas at 95 °C occupied the same volume as 0.184 g of dihydrogen at 17 °C, at 

the same pressure. What is the molar mass of the gas? 

Answer 

Volume (V) occupied by dihydrogen is given by, 

 

Let M be the molar mass of the unknown gas. Volume (V) occupied by the unknown gas 

can be calculated as: 

 

According to the question, 

 

Hence, the molar mass of the gas is 40 g mol–1. 
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Question 5.19: 

A mixture of dihydrogen and dioxygen at one bar pressure contains 20% by weight of 

dihydrogen. Calculate the partial pressure of dihydrogen. 

Answer 

Let the weight of dihydrogen be 20 g and the weight of dioxygen be 80 g. 

Then, the number of moles of dihydrogen, and the number of moles 

of dioxygen, . 

Given,  

Total pressure of the mixture, ptotal = 1 bar  

Then, partial pressure of dihydrogen, 

 

Hence, the partial pressure of dihydrogen is . 

 

Question 5.20: 

What would be the SI unit for the quantity pV2T 2/n? 

Answer 

The SI unit for pressure, p is Nm–2. 

The SI unit for volume, V is m3. 

The SI unit for temperature, T is K. 

The SI unit for the number of moles, n is mol. 

Therefore, the SI unit for quantity is given by, 
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Question 5.21: 

In terms of Charles’ law explain why –273°C is the lowest possible temperature. 

Answer 

Charles’ law states that at constant pressure, the volume of a fixed mass of gas is 

directly proportional to its absolute temperature.  

 

It was found that for all gases (at any given pressure), the plots of volume vs. 

temperature (in °C) is a straight line. If this line is extended to zero volume, then it 

intersects the temperature-axis at – 273°C. In other words, the volume of any gas at –

273°C is zero. This is because all gases get liquefied before reaching a temperature of – 

273°C. Hence, it can be concluded that – 273°C is the lowest possible temperature. 

 

Question 5.22: 

Critical temperature for carbon dioxide and methane are 31.1 °C and –81.9 °C 

respectively. Which of these has stronger intermolecular forces and why? 

Answer 

Higher is the critical temperature of a gas, easier is its liquefaction. This means that the 

intermolecular forces of attraction between the molecules of a gas are directly 
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proportional to its critical temperature. Hence, intermolecular forces of attraction are 

stronger in the case of CO2. 

 

Question 5.23: 

Explain the physical significance of Van der Waals parameters. 

Answer 

Physical significance of ‘a’: 

‘a’ is a measure of the magnitude of intermolecular attractive forces within a gas. 

Physical significance of ‘b’: 

‘b’ is a measure of the volume of a gas molecule. 
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UNIT-5

STATES  OF  MATTER

• On the basis of nature of intermolecular forces/molecular interactions,

matter exists in three physical states : solid, liquid and gas.

• Intermolecular forces are the forces of attraction or repulsion between in-

teracting particles (atoms and molecules). Attractive/repulsive intermolecular

forces are known as van der Waals forces.

Different types of  van der Waals forces are :

(a) Dispersion forces or London forces

(b) Dipole-dipole forces

(c) Dipole-induce dipole forces

• Boyle’s Law :

1

V
p  [constant pressure]

P1V1 = P2V2 [ constant pressure]

• Charles’s law :

1 2

1 2

V V

T T
 [constant pressure and n]

• Gay Lussac’s Law :

1 2

1 2

P P

T T
 [constant volume and n]

• STP (Standard Temperature and Pressure)

STP means 273.15 K (0º C) temperature and 1 bar (i.e., exactly 105 pascal).

Volume occupied by 1 mole gas at STP = 22.7 L.

If pressure is taken as one atmosphere, then the standard molar volume is

22.4 L.

• Ideal gas equation

pV = nRT

R is universal gas constant.

R = 8.314 JK1mol1 = 0.0821 L atm mol1 K1 = 0.083 L bar mol1 K1
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• Combined gas law :

1 1 2 2

1 2

P V P V

T T


• Relationship between different types of Molecular speeds :

Most probable speed : average speed : Root mean square speed.

2RT 8RT 3RT
: :

M M M

1.414 : 1.596 : 1.732

1 : 1.128 : 1.224

Averge speed = 0.921 × Root mean square speed.

Most Probable speed = 0.817 × Root mean square speed.

• Density and molar mass of a gaseous substance :

RT
M

P

d


• Dalton’s Law of partial pressure :

ptotal = p1 + p2 + p3 + ................. [ constant T, V]

Pdry gas = Ptotal Aqueous tension

Here aqueous tension is the pressure exerted by the water vapours.

• Compressibility factor : The extent of deviation of a real gas from an ideal

behaviour is expressed in terms of compressibility factor, Z, defined

as 
PV

.
RTn



For ideal gas, Z = 1 at all temperatures and pressures. For real gases, greater

is the departure in the value of Z from 1, greater is the deviation from ideal

behaviour. When Z < 1, the gas is said to show negative deviation. This implies

that gas is more compressible then expected from ideal behaviour when Z > 1,

the gas is said to show positive deviation and the gas is less compressible than

expected from ideal behaviour.

At ordinary temperatures (T 273K) , only H2 and He show positive

deviations. However at low temperatures, even these gases show negative

deviation i.e., Z < 1. For example, in case of these gases, if T << 273 K, Z < 1.

Boyle temperature : The temperature at which a real gas behaves like

an ideal gas over an appreciable pressure range is called Boyle temperature

or Boyle point.

Causes of deviation from ideal behaviour : The following two assumptions

of the kinetic theory of gases are faulty :
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(a) The volume occupied by the gas molecules is negligible as compared

to the total volume of the gas.

(b) The forces of attraction or repulsion between the gas molecules are

negligible.

The above assumptions are correct only if the temperature is high or pres-

sure is low.

van der Waals equation :

 2
P V RT

V

a
b

 
   

 
for 1 mol of the gas

 
2

2
P V RT

V

an
nb n

 
   

 
for n moles of the gas

a and b are constants called van der Waals constants.

Significance and units of van der Waals constants : a gives the idea of

the magnitude of attractive forces among the gas molecules. As correction in

pressure is 
2

2
,

V

an
p    therefore a = (p V2)/n2 = atm L2 mol2. As correction in

volume v = nb, therefore b has the unit of L mol1. The near constancy in the

value of b shows that the gas molecules are incompressible.

Surface Tension is defined as force acting per unit length perpendicular to

the line drawn on the surface. Its unit is Nm–1.

Effect of temperature on surface tension : Surface tension decreases with

increase in temperature because with the increase in temperature, Kinetic energy

of molecules increases. As a result, intermolecular forces decreases and hence

force acting per unit length decreases.

Viscosity : It is defined as resistance offered to the flow of liquid due to

internal fiction between layers of fluids as they pass over each other.

du
f A .

dx


 is called coefficient of viscosity.

Effect of temperature on viscosity : viscosity decreases with increase in

temperature because  with the increase in temperature the average kinetic energy

increases and the intermolecular forces can be easily overcome.

1- MARK QUESTIONS

1. What type of intermolecular forces operate in :

(a) noble gases (b) Water
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2. Name two measurable properties of the gases.

3. Name the instrument used to measure atmospheric pressure.

4. Why is mercury used in the barometer ?

5. How is pressure in atm related to the pressure in pascals ?

6. Name the device used to measure the pressure of a gas.

7. Define absolute zero of temperature.

8. Why is kelvin scale of temperature regarded better than celsius scale ?

9. Mention the SI unit of universal gas constant (R).

10. Define aqueous tension.

11. Why is it not possible to cool a gas to a temperature of  absolute zero (0º K) ?

12. Name intermolecular forces that exist between HF molecule in liquid state.

[Ans. Dispersion forces and intermolecular hydrogen bonding]

13. Write the units of  van der Waals constant a and b.

14. Name the temperature at which real gases behave as ideal gases over appre-

ciable range of pressure. [Ans. Boyle temperature]

15. Out of NH3 and N2, which will have larger value of a. [Ans. NH3]

16. Dalton’s law of partial pressures is not applicable to a gaseous mixture of

CO (g) and O2 (g).  Why ?

17. Atmospheric pressure recorded in different cities are as follows :

Cities Shimla Bangalore Delhi Mumbai

p/N/m2 1.01 105 1.2 105 1.02 105 1.21 105

Consider the above data and identify the place at which liquid will

boil first.        [Ans. Shimla]

18. Mention the SI unit of viscosity coefficient ().

19. Under what conditions do real gases tend to show ideal gas behaviour.

20. The magnitude of surface tension of liquid depends on the attractive forces
between the molecules. Arrange the following in the increasing order of
surface tension :

Water, alcohol and n-hexane.

21. Differentiate between normal boiling point and standard boiling point.

22. What property of moelcules of real gases in indicated by the van der Walls
constant a?
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2 - MARK QUESTIONS

1. Identify the states of matter in each case with following properties :

(a) Highly compressible

(b) Definite volume but indefinite shape

(c) Molecules move randomly within restricted space

(d) Intermolecular forces are strong

2. State Dalton’s law of partial pressures. How is the law helpful in calculat-
ing the pressure of the gases which are collected over water ?

3. Define Boyle’s law. How is it represented mathematically ?

4. List four important postulates of kinetic theory of gases.

5. Why do real gases show deviation from ideal behaviour ? Write van der
Waals equation for n moles of a gas.

6. State Charles’ law. How is this law used in the metorological observations ?

7. Write short notes on the following :

(a) Surface tension (b) Viscosity

8. Using the equation of state, pV = nRT, show that at a given temperature,
density of a gas is proportional to gas pressure (p).

9. Give correct reason for the following :

(a) Hot tea or coffee is sipped from a saucer.

(b) Drop of liquid assumes spherical shape.

10. (i) Define critical temperature

(ii) Critical temperature for CO2 and CH4 are 31.1° and –81.9°C respectively.
Which of these has stronger intermolecular forces and why?

11. Explain the physical significance of van der Waals parameters.

12. Compressibility factor (Z) of a gas is given as 
V

Z .
RT

p

n


(a) What is the value of Z for an ideal gas ?

(b) For real gas, what will be effect of value of Z above Boyle temperature ?

[Ans. (a) Z = 1, (b) Z > 1]

13. Write the flaws in the following statements.

(a) The volume of gas is directly proportional to its absolute temperature.

(b) The total pressure of a mixture of non-reacting gases is equal to the

sum of pressures of individual gases.
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14. Calculate the density of NH3 (g) at 30°C and 5 bar pressure (R = 0.0831 bar

dm3 mol–1 k–1).

15. Calculate the temperature at which the average speed of oxygen equals that

of Hydrogen at 20K.

3 - MARK QUESTIONS

1. Account for the following :

(a) Cooling is always caused during evaporation.

(b) Carbon dioxide is heavier than oxygen and nitrogen but it does not form

the lower layer of the atmosphere.

(c) Gases like CO2 and CH4 show more deviation from the ideal gas

behaviour as compared to gases like H2 and He.

2. With the help of gas laws, deduce an expression for the ideal gas equation.

What is the utility of the gas equation ?

3. List the three main points of difference between a solid, a liquid and a gas.

4. What will be the pressure of the gas mixture when 0.5 L of H2 at 0.8 bar and

2.0 L of oxygen at 0.7 bar are introduced in a 1 L vessel at 27º C ?

5. Pressure of 10 g of an ideal gas ‘A’ at 27º C is found to be 2 bar. When 20 g

of another ideal gas ‘B’ is introduced in the same flask at same temperature,

the pressure becomes 3 bar. Find the relationship between their molecular

masses.   [Ans. MB = 4MA]

6. Calculate the total pressure in a mixture of 8.0 g of oxygen and 4.0 g of

hydrogen confined in a vessel of 1 dm3 at 27º C. R = 0.083 bar dm3 K1 mol1.

[Ans. 56.025 bar]

7. A neon-dioxygen mixture contains 70.6 dioxygen and 167.5g neon. If pres-

sure of the mixture of gases in cylinder is 25 bar, what is the partial pressure

of dioxygen and neon in the mixture.  [Ans. 5.25 bar, 17.75 bar]

8. Calculate the temperature at which the root mean square speed, average

speed and the most probable speed of oxygen gas are all equal to 1500 ms–1.


