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has the highest specific heat capacity compared
to other substances. For this reason water is also
used as a coolant in automobile radiators, as
well as, a heater in hot water bags. Owing to its
high specific heat capacity, water warms up
more slowly than land during summer, and
consequently wind from the sea has a cooling
effect. Now, you can tell why in desert areas,
the earth surface warms up quickly during the
day and cools quickly at night.

Table 11.4 Molar specific heat capacities of

some gases

Gas Cp (J mol–1K–1)  Cv(J mol–1K–1)

He 20.8 12.5

H2 28.8 20.4

N2 29.1 20.8

O2 29.4 21.1

CO2 37.0 28.5

11.7  CALORIMETRY

A system is said to be isolated if no exchange or
transfer of heat occurs between the system and
its surroundings. When different parts of an
isolated system are at different temperature, a
quantity of heat transfers from the part at higher
temperature to the part at lower temperature.
The heat lost by the part at higher temperature
is equal to the heat gained by the part at lower
temperature.

Calorimetry means measurement of heat.
When a body at higher temperature is brought
in contact with another body at lower
temperature, the heat lost by the hot body is

equal to the heat gained by the colder body,
provided no heat is allowed to escape to the
surroundings. A device in which heat
measurement can be done is called a
calorimeter. It consists of a metallic vessel and
stirrer of the same material, like copper or
aluminium. The vessel is kept inside a wooden
jacket, which contains heat insulating material,
like glass wool etc. The outer jacket acts as a
heat shield and reduces the heat loss from the
inner vessel. There is an opening in the outer
jacket through which a mercury thermometer
can be inserted into the calorimeter (Fig. 11.20).
The following example provides a method by
which the specific heat capacity of a given solid
can be determinated by using the principle, heat
gained is equal to the heat lost.

Example 11.3 A sphere of 0.047 kg
aluminium is placed for sufficient time in a
vessel containing boiling water, so that the
sphere is at 100 °C. It is then immediately
transfered to 0.14 kg copper calorimeter
containing 0.25 kg water at 20 °C. The
temperature of water rises and attains a
steady state at 23 °C. Calculate the specific
heat capacity of aluminium.

Answer  In solving this example, we shall use
the fact that at a steady  state, heat given by an
aluminium sphere will be equal to the heat
absorbed by the water and calorimeter.
Mass of aluminium sphere (m1) = 0.047 kg
Initial temperature of aluminium sphere = 100 °C
Final temperature = 23 °C
Change in temperature (∆T)=(100 °C -23 °C) = 77 °C
Let specific heat capacity of aluminium be sAl.

Table 11.3 Specific heat capacity of some substances at room temperature and atmospheric

pressure

Substance Specific heat capacity Substance Specific heat capacity
 (J kg–1 K–1) (J kg–1 K–1)

Aluminium 900.0 Ice 2060
Carbon 506.5 Glass 840
Copper 386.4 Iron 450
Lead 127.7 Kerosene 2118
Silver 236.1 Edible oil 1965
Tungesten 134.4 Mercury 140
Water 4186.0
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The amount of heat lost by the aluminium
sphere =  ∆ = × × °1 0.047kg 77 CAl Alm s T s

Mass of water (m2) = 0.25 kg

Mass of calorimeter (m3) = 0.14 kg
Initial temperature of water and calorimeter=20 °C

Final temperature of the mixture = 23 °C

Change in temperature (∆T
2
) = 23 °C – 20 °C = 3 °C

Specific heat capacity of water (sw)

= 4.18 × 103 J kg–1  K–1

Specific heat capacity of copper calorimeter

= 0.386 × 103 J kg–1  K–1

The amount of heat gained by water and
calorimeter = m2 sw ∆T2 + m3scu∆T2

= (m2sw + m3scu) (∆T2)
= (0.25 kg × 4.18 × 103 J kg–1  K–1 + 0.14 kg ×
0.386 × 103 J kg–1  K–1) (23 °C – 20 °C)

In the steady state heat lost by the aluminium
sphere = heat gained by water + heat gained by
calorimeter.
So, 0.047 kg × sAl × 77 °C

= (0.25 kg × 4.18 × 103 J kg–1  K–1+ 0.14 kg ×
0.386 × 103 J kg–1  K–1)(3 °C)

s
Al
 = 0.911 kJ kg –1 K–1 t

11.8  CHANGE OF STATE

Matter normally exists in three states: solid,
liquid and gas. A transition from one of these
states to another is called a change of state. Two
common changes of states are solid to liquid
and liquid to gas (and, vice versa). These changes
can occur when the exchange of heat takes place
between the substance and its surroundings.
To study the change of state on heating or
cooling, let us perform the following activity.

Take some cubes of ice in a beaker. Note the
temperature of ice. Start heating it slowly on a
constant heat source. Note the temperature after
every  minute.  Continuously stir the mixture of
water and ice. Draw a graph between
temperature and time (Fig. 11.9). You will
observe no change in the temperature as long
as there is ice in the beaker. In the above process,
the temperature of the system does not change
even though heat is being continuously supplied.
The heat supplied  is being utilised in changing
the state from solid (ice) to liquid (water).

Fig. 11.9 A plot of temperature versus time showing

the changes in the state of ice on heating

(not to scale).

The change of state from solid to liquid is
called melting and from liquid to solid is called
fusion. It is observed that the temperature
remains constant until the entire amount of the
solid substance melts. That is, both the solid
and the liquid states of the substance coexist
in thermal equilibrium during the change of

states from solid to liquid. The temperature
at which the solid and the liquid states of the
substance is in thermal equilibrium with each
other is called its melting point. It is
characteristic of the substance. It also depends
on pressure. The melting point of a substance
at standard atomspheric pressure is called its
normal melting point. Let us do the following
activity to understand the process of melting
of ice.

Take a slab of ice. Take a metallic wire and
fix two blocks, say 5 kg each, at its ends. Put
the wire over the slab as shown in Fig. 11.10.
You will observe that the wire passes through
the ice slab. This happens due to the fact that
just below the wire, ice melts at lower
temperature due to increase in pressure. When
the wire has passed, water above the wire freezes
again. Thus, the wire passes through the slab
and the slab does not split. This phenomenon
of refreezing is called regelation. Skating is
possible on snow due to the formation of water
under the skates. Water is formed due to the
increase of pressure and it acts as a
lubricant.
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