Kinetic Theory of Gases

1.
(a)
The equation of state of an ideal gas is


pV = nRT

For each of these symbols, state the physical quantity and the SI unit.

	symbol
	physical quantity
	unit

	p
	
	

	V
	
	

	n
	
	

	R
	
	

	T
	
	


(4)

(b)
An ideal gas of volume 1.0 × 10–4 m3 is trapped by a piston in a cylinder as shown in the diagram. There is negligible friction between the piston and the cylinder. Initially, the temperature of the gas is 20°C and the external atmospheric pressure acting on the piston is 100 kPa.
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The gas expands slowly when heat is supplied by an electric heater inside the cylinder.

(i)
Calculate the work done by the gas when its volume slowly increases by
5.0 × 10–5 m3, at a constant pressure, while being heated.

...........................................................................................................................

...........................................................................................................................

(ii)
What is the temperature of the gas, in °C, following its expansion?

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(iii)
Describe two changes that occur in the motion of a typical molecule of the gas during the expansion.

...........................................................................................................................

...........................................................................................................................

(8)

(Total 12 marks)

2.
The table gives the average kinetic energy of gas molecules at certain temperatures.

	Ek/J × 10–21
	6.21
6.62
7.04
7.45
7.87
8.28

	T/K
	300
320
340
360
380
400


(a)
On the grid provided below plot a graph of Ek against T.
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(i)
Use your graph to determine the average kinetic energy of gas molecules at
350 K.

...........................................................................................................................

(ii)
Determine the gradient of your graph and hence calculate a value for the Boltzmann constant. Show all your working.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(8)

 (b)
One of the assumptions of the kinetic theory is that collisions of gas molecules are elastic.

(i)
State what is meant by an elastic collision.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(ii)
State another assumption of the kinetic theory.

...........................................................................................................................

...........................................................................................................................

(iii)
Explain how the data in the table leads to the concept of absolute zero.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(4)

(Total 12 marks)

3.
(a)
A cylinder of fixed volume contains 15 mol of an ideal gas at a pressure of 500 kPa and a temperature of 290 K.

(i)
Show that the volume of the cylinder is 7.2 × 10–2 m3.

...........................................................................................................................

...........................................................................................................................

(ii)
Calculate the average kinetic energy of a gas molecule in the cylinder.

...........................................................................................................................

...........................................................................................................................

(4)

 (b)
A quantity of gas is removed from the cylinder and the pressure of the remaining gas falls to 420 kPa. If the temperature of the gas is unchanged, calculate the amount, in mol, of gas remaining in the cylinder.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(2)

(c)
Explain in terms of the kinetic theory why the pressure of the gas in the cylinder falls when gas is removed from the cylinder.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(4)

(Total 10 marks)

 4.
(a)
(i)
Write down the equation of state for n moles of an ideal gas.

...........................................................................................................................

(ii)
The molecular kinetic theory leads to the derivation of the equation
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where the symbols have their usual meaning.


State three assumptions that are made in this derivation.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(4)

(b)
Calculate the average kinetic energy of a gas molecule of an ideal gas at a temperature of 20 °C.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(3)

 (c)
Two different gases at the same temperature have molecules with different mean square speeds.
Explain why this is possible.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(2)

(Total 9 marks)

5.
(a)
State the equation of state for an ideal gas.

................................................................................................................................…

(1)

(b)
A fixed mass of an ideal gas is heated while its volume is kept constant. Sketch a graph on the axes below to show how the pressure, p, of the gas varies with the absolute temperature, T, of the gas.
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(2)

 (c)
Explain in terms of molecular motion, why the pressure of the gas in part (b) varies with the absolute temperature.


You may be awarded marks for the quality of written communication in your answer.

................................................................................................................................…

................................................................................................................................…

................................................................................................................................…

................................................................................................................................…

................................................................................................................................…

................................................................................................................................…

(4)

(d)
Calculate the average kinetic energy of the gas molecules at a temperature of 300 K.

................................................................................................................................…

................................................................................................................................…

................................................................................................................................…

(2)

(Total 9 marks)

 6.
(a)
(i)
One of the assumptions of the kinetic theory of gases is that molecules make  elastic collisions.  State what is meant by an elastic collision.

.............................................................................................................................

.............................................................................................................................

(ii)
State two more assumptions that are made in the kinetic theory of gases.

.............................................................................................................................

.............................................................................................................................

.............................................................................................................................

.............................................................................................................................

(3)

 (b)
One mole of hydrogen at a temperature of 420 K is mixed with one mole of oxygen 
at 320 K.
After a short period of time the mixture is in thermal equilibrium.

(i)
Explain what happens as the two gases approach and then reach thermal equilibrium.

.............................................................................................................................

.............................................................................................................................

.............................................................................................................................

.............................................................................................................................

(ii)
Calculate the average kinetic energy of the hydrogen molecules before they are mixed with the oxygen molecules.

.............................................................................................................................

.............................................................................................................................

.............................................................................................................................

(4)

(Total 7 marks)

7.
(a)
The diagram shows curves (not to scale) relating pressure p, and volume, V, for a fixed mass of an ideal monatomic gas at 300 K and 500 K. The gas is in a container which is closed by a piston which can move with negligible friction.

molar gas constant, R, = 8.31 J mol–1 K–1
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(i)
Show that the number of moles of gas in the container is 6.4 × 10–2

.........................................................................................................................

.........................................................................................................................

(ii)
Calculate the volume of the gas at point C on the graph.

.........................................................................................................................

.........................................................................................................................

(3)

 (b)
(i)
Give an expression for the total kinetic energy of the molecules in one mole of an ideal gas at kelvin temperature T.

.........................................................................................................................

(ii)
Calculate the total kinetic energy of the molecules of the gas in the container at point A on the graph.

Explain why this equals the total internal energy for an ideal gas.

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

(4)

 (c)
Defining the terms used, explain how the first law of thermodynamics, Q = U + W,
applies to the changes on the graph

(i)
at constant volume from A to B,

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

(ii)
at constant pressure from A to C.

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

(5)

 (d)
Calculate the heat energy absorbed by the gas in the change

(i)
from A to B,

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

(ii)
from A to C

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

(3)

(Total 15 marks)

8.
(a)
State two quantities which increase when the temperature of a given mass of gas is increased at constant volume.

(i)
..........................................................................................................................

(ii)
..........................................................................................................................

(2)

(b)
A car tyre of volume 1.0 × 10–2 m3 contains air at a pressure of 300 kPa and a temperature of 290 K. The mass of one mole of air is 2.9 × 10–2 kg. Assuming that the air behaves as an ideal gas, calculate

(i)
n, the amount, in mol, of air,

...........................................................................................................................

...........................................................................................................................

(ii)
the mass of the air,

...........................................................................................................................

...........................................................................................................................

(iii)
the density of the air.

...........................................................................................................................

...........................................................................................................................

(5)

 (c)
Air contains oxygen and nitrogen molecules.  State, with a reason, whether the following are the same for oxygen and nitrogen molecules in air at a given temperature.

(i)
The average kinetic energy per molecule

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(ii)
The r.m.s. speed

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(4)

(Total 11 marks)

9.
(a)
The volume of air in a fully expanded pair of human lungs is 5.0 × 10–3 m3. The pressure of the air in the lungs is 1.0 × 105 Pa and its temperature is 310 K.
Calculate

(i)
the number of moles of air in the lungs,

...........................................................................................................................

...........................................................................................................................

(ii)
the average kinetic energy of an air molecule in the lungs.

...........................................................................................................................

(4)

 (b)
Air is a mixture of oxygen and nitrogen molecules. The mass of an oxygen molecule is greater than the mass of a nitrogen molecule. State and explain the effect this has on the mean square speeds of the oxygen and nitrogen molecules in the lungs.


You may be awarded additional marks to those shown in brackets for the quality of written communication in your answer.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(3)

(Total 7 marks)

 10.
Helium is a monatomic gas for which all the internal energy of the molecules may be considered to be translational kinetic energy.


molar mass of helium  =  4.0 × 10–3 kg
the Boltzmann constant  =  1.38 × 10–23 J K–1
the Avogadro constant  =  6.02 × 1023 mol–1

(a)
Calculate the kinetic energy of a tennis ball of mass 60g travelling at 50 m s–1.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(1)

(b)
Calculate the internal energy of 1.0g of helium gas at a temperature of 48 K.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(3)

(c)
At what temperature would the internal energy of 1.0g of helium gas be equal to the kinetic energy of the ball in part (a).

.....................................................................................................................................

.....................................................................................................................................

(1)

(Total 5 marks)


8

