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Determining the heat capacity
of liquids and solids

Introduction

Heat capacity is the amount of heat required to
increase the system’s temperature by 1 K. This
property is of prime importance when
designing an application that involves heat
storage or heat exchange: e.g. for building
materials or insulating materials.
For solids and liquids the specific isobaric heat
capacity cp is commonly used, i.e. per mass of

substance m at constant pressure. It is
obtained using Differential Scanning
Calorimetry (DSC), by integrating over time t
the heat flow signal Φ as the specimen is
subjected to a step in temperature ΔT:

Experimental details

 Method: ISO 11357-4:2014 standard, with

the step-wise profile to measure cp at

different temperatures [1]

 Instrument: Setaram microSC, calibrated by

Joule effect from −20 °C to 180 °C

 Thermal profile: succession of heating

ramps of 5 K at 1 K/min and isotherms of

15 min, from 20 °C to 80 °C

 Samples: purified water (type I according to

ASTM D1193-91) and lead shot

 Amount of sample: around 0.2 g (water)

and 4 g (lead)

 Sample holder: standard 1 mL Hastelloy

cells; the measurement cell contains the

sample and the reference cell is empty

Heat capacity measurement using DSC, here on Pb sample. The experiment is conducted first on
the sample, then on the sample holder left empty, in order to remove the contribution of the
sample holder’s heat capacity. At each temperature ramp an endotherm is detected, whose area
in grey represents the amount of heat required to increase the sample’s temperature by 5 K. Those
areas are used to calculate cp values at different temperatures.
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Results

For both substances the heat capacity is
stable over the temperature range. Lead has a
low specific heat capacity, like other metals,
compared to water. Other studies report
similar values; for water: 4.1826 J/K/g at 25
°C [2], 4.197 J/K/g at 80 °C [3]; for lead: 0.127
J/K/g at 50 °C [4], etc.
The amount of sample in the experiment
must be carefully chosen: a large amount
helps the heat flow peak to be detected, but
requires a long isotherm time to reach
equilibrium after the heating step. The typical
quantities used here constitute a good
compromise; in order to keep the same
isotherm duration for both samples, a smaller
amount is needed in the case of water.

T (°C) cpH2O (J/K/g) cp Pb (J/K/g)

24.5 4.26 0.131

29.3 4.13 0.129

34.2 4.10 0.128

39.1 4.10 0.128

44.1 4.10 0.128

49.0 4.09 0.128

54.0 4.09 0.128

58.9 4.09 0.128

63.8 4.09 0.127

68.8 4.10 0.127

73.7 4.10 0.127

78.7 4.11 0.127

Specific isobaric heat capacities of water and
lead at different temperatures. Average of
duplicate measurements, with a relative
standard deviation < 1 %. The temperature is
known within ± 0.3 °C.

Conclusion

 Thanks to the stepwise method the specific
heat capacity can be recorded at different
temperatures. Its parameters must be
carefully chosen, in particular the isotherm
duration and the amount of sample.

 The instrument used in this study, Setaram
microSC, has a higher sensitivity compared
to conventional DSC – up to 30 times higher
– and is therefore particularly suitable in
measuring low heat capacities.

 The reusable sample holders and the 3D
Calvet sensors ensure a good repeatability
of the measurement, which is of greatest
importance especially when changing from
empty holder to holder with the specimen.

 This technique can be applied to any solid
or liquid substance, as long as it does not
show any physical transition or chemical
change within the temperature range of
interest.
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