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Redetermination of the thermodynamic properties of the solid–solid
transition of adamantane by adiabatic calorimetry to investigate

the suitability as a reference material for
low-temperature DSC-calibration
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Abstract

Sub-ambient calibration of DSCs is a problem because there are few reference substances, and every available substance has its drawbacks.
One of the possibilities is the low-temperature solid–solid transition of adamantane. High-accuracy adiabatic calorimetry results are, however,
only available from one source. Therefore it was decided to measure the transition with our adiabatic calorimeter. Although our results show some
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eviation from the results reported in the literature source – our transition temperature (208.0 K) is 0.6 K lower and our enthalpy of transition
3213 J mol−1) is 5% smaller – we strongly believe this transition can be useful for the calibration of DSCs. Because the heat capacity of the
ow-temperature phase significantly increases well below the transition temperature, we propose to use a linear base line drawn as a tangent to the
almost) linear heat capacity curve above the transition region and start the integration at the temperature at which the drawn base line crosses the
easured curve (at about 190 K). With this integration we found a heat of transition of 3094 J mol−1 (=22.7 J g−1).
2006 Elsevier B.V. All rights reserved.
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. Introduction

Everyone performing quantitative measurements using Dif-
erential Scanning Calorimetry (DSC) knows that it is very
mportant to calibrate the instrument for temperature as well
s for heat flow. Much has been written about calibration proce-
ures and reference substances. A couple of years ago a working
roup of the German Society for Thermal Analysis, GEFTA,
ublished a series of papers on the temperature [1,2] and the
eat flow [3] calibration. A summary was published in refer-
nce [4]. The procedures and substances they proposed were
dapted by the International Confederation for Thermal Analy-
is and Calorimetry (ICTAC), and in The Netherlands the Dutch
ociety for Thermal Analysis and Calorimetry (TAWN) recom-
ends its members to use these procedures.
During one of the TAWN meetings the subject of low-

emperature calibration was discussed. The sub-ambient cali-
ration of DSCs seems to be a problem because there are few
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reference substances available. The only two substances that are
recommended for sub-ambient calibration in the GEFTA papers
[1–4] are:

- Cyclopentane. Two solid–solid transitions (at −150.77 ◦C
with heat of transition 69.60 J g−1 and at −135.09 ◦C with
heat of transition 4.91 J g−1) and the melting transition (at
−93.43 ◦C with heat of melting 8.63 J g−1) may be used. The
substance is, however, a liquid with a very high vapour pres-
sure at room temperature. Because of this handling is very
difficult and it can only be used with hermetically sealed cru-
cibles.

- Water. Melting at 0.00 ◦C. Here, too, only hermetically sealed
crucibles are to be used. The substance is not recommended
for heat calibration.

In the TAWN discussion some additional substances were men-
tioned, among which cyclohexane, 1,2-dichloroethane, mercury,
and adamantane. Hakvoort [5] performed measurements and
concluded that mercury (provided that the oxide layer of alu-
minium crucibles remains intact) and adamantane are very
040-6031/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
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well suitable for sub-ambient calibration. Later, Hakvoort et al.
reported that adamantane is also very suitable for calibration of a
DSC in the cooling mode because it shows no significant super-
cooling [6–8] and that, in comparison with other compounds for
low-temperature calibration, it is easy to handle because it has
a low vapour pressure at room temperature [9].

In this paper we will focus on adamantane. To be able to use
this substance for calibration of a DSC, the transition tempera-
ture and the heat of transition must be known with the highest
accuracy. As indicated in the GEFTA papers, it is to be preferred
that experimental results obtained with adiabatic calorimeters
from different sources are available. For adamantane, however,
results obtained by adiabatic calorimetry are, as far as we know,
only available from one source.

Chang and Westrum used their adiabatic calorimeter to
measure the heat capacities and thermodynamic properties of
adamantane; the results were published in two papers [10,11].
They reported a “sharp (apparently first order) transition” in
adamantane at 208.66 K (=−64.49 ◦C) (temperature converted
to ITS-90 value from ITS-48 value [12–14]); the heat of transi-
tion was reported as 3376 J mol−1 (=24.8 J g−1).

As described above, for use as a calibration substance, it
is important that data are available from different independent
sources. Therefore we decided to measure the low-temperature
heat capacities and the solid–solid transition with our adiabatic
calorimeter and compare our results with those of Chang and
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Table 1
Overview of the series of measurements performed on adamantane

Series no. T1 (K) T2 (K) t(stab) (s) t(input) (s)

1 78 282 500 708
2 6 7 200 188
3 9 28 200 188
4 8 31 200 188
5 32 100 400 708
6 102 293 400 458
7 294 330 400 558

For each measurement series the temperature range in which measurements
were performed is given together with the duration of the stabilisation and input
periods.

perature increase, which is caused by this heat input, follows
from extrapolation of the temperature–time curves of both sta-
bilisation periods. These data allow for the accurate calculation
of the heat capacity and gives the enthalpy increment relative to
the start of the measurement series. To obtain the heat capacity
of the sample, the heat capacity of the empty calorimeter vessel
was subtracted.

According to measurements of standard materials, the uncer-
tainty is approximately 0.2% of the absolute heat capacity.

2.3. The measurements

The calorimeter vessel was filled with an amount of 5.24155 g
(=0.0384729 mol) adamantane. Seven series of measurements
were performed with this sample in the temperature range from
6 to 330 K. An overview of the performed measurements (tem-
perature ranges together with duration of stabilisation and input
periods) is given in Table 1. The sample was cooled to liquid
nitrogen temperature and series 1 was started (at 77 K); this
series ended at 282 K. After series 1 the sample was cooled to
liquid helium temperature and series 2 and 3 were performed,
ending at 28 K. Between series 3 and 4 the sample was cooled
down again. The sample was not cooled after each of the fol-
lowing series.

3. Results and discussion
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estrum [10,11]. In this paper we will focus on the transition
ata. A discussion on the complete set of thermodynamic data,
ncluding absolute entropies, will be published later [15].

. Experimental

.1. The sample

Our sample of adamantane was obtained from Merck
chuchardt OHG, Germany (Adamantane for synthesis; the
urity was indicated as better than 99%). We used this sample
ithout further treatment.
The molar mass of adamantane (C10H16; CAS No. 208-32-2)

s 136.24 g mol−1.

.2. The adiabatic calorimeter

The measurements were performed using one of our home-
uilt adiabatic calorimeters (CAL V). The design of the
alorimeter was described previously [16,17]. The thermometer
s a 27 � rhodium-iron resistance, which has been calibrated by
xford Instruments at 33 points between 1.5 and 300 K.
After filling, the calorimeter vessel is evacuated. Then helium

as is admitted to the vessel (up to a pressure of about 1000 Pa)
o serve as a heat exchange gas. Measurements are made in
he intermittent mode: stabilisation periods are followed by
nput periods under automatic control. During each stabilisa-
ion period, the temperature is recorded as a function of time.
etween two stabilisation periods, an input period is used to

aise the temperature of the sample. The amount of heat added
o the calorimeter vessel is measured very accurately. The tem-
The results of the seven measurement series are plotted in
ig. 1. In this figure the results obtained by Chang and Westrum
10] are also plotted. In the transition region the high heat capac-
ty values are not plotted for reasons of clarity. The solid–solid
hase transition is clearly observed just above 200 K. For the
ow-temperature phase our heat capacity data are in excellent
greement with the data of Chang and Westrum [10]. Above
bout 170 K, up to the transition point, our values are slightly
reater than those of Chang and Westrum [10]. Above the tran-
ition range, up to 250 K, our heat capacity data are in complete
greement with those of Chang and Westrum [10]. At tempera-
ures above 250 K our heat capacity data are slightly smaller (up
o 0.8%) than the values measured by Chang and Westrum [10].

In Fig. 2 our heat capacity data around the transition region
re plotted. The transition point, evaluated as the temperature at
hich the maximum heat capacity was observed, is 208.0 K.
his is 0.6 K lower in temperature than the transition point
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Fig. 1. Experimental molar heat capacities of adamantane. Our results (©);
Chang and Westrum (♦) [10].

reported by Chang and Westrum [10]. For determination of the
enthalpy of transition Chang and Westrum appear to have used a
linear base line between 175 and 250 K: they reported a value of
3376 J mol−1 [10]. With the same procedure our data result in a
value of 3213 J mol−1 (=23.58 J g−1) for the enthalpy of transi-
tion, which is 5% lower. Although there is a significant increase
of the heat capacity well below the transition point, which causes
the position of the integration limits to influence the resulting
enthalpy of transition value quite significantly, we do not believe
that our integration limits differ that much from those of Chang
and Westrum that this can account for the observed differences.
Therefore the differences in the observed properties are hard
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to explain: in our laboratory we have performed measurements
with our adiabatic calorimeters on many substances and when
the same substances were also measured in the laboratory of
Westrum, we never found any significant deviations. We there-
fore assume the observed difference must be related to the used
samples of adamantane.

Although the observed differences in transition temperature
(0.6 K) and enthalpy of transition (5%) are somewhat disap-
pointing, the substance adamantane may still be useful for the
DSC-calibration since all alternatives also seem to have their
disadvantages. If the commercially available sample of adaman-
tane from Merck is used, we believe it is best to use our results
as reference values: transition temperature 208.0 K with en esti-
mated uncertainty of 0.2 K and transition enthalpy 3213 J mol−1

(=23.58 J g−1; evaluated using a linear base line between 175
and 250 K) with an estimated uncertainty of 1% (the estimated
uncertainty is greater than usual because of the difficulty to select
the base line).

For the heat calibration of DSCs we suggest another proce-
dure to get round the problem of the integration limits. Since the
heat capacity above the transition region shows an almost linear
dependence on temperature, a DSC-curve above the transition
range should also be (almost) linear. It is therefore quite easy to
draw a base line as the extrapolation of the tangent to this linear
line back to its intersection with the measured curve. The peak
may then be integrated between the intersection point and the end
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ig. 2. Experimental molar heat capacities of adamantane in the transition
egion. (a) Complete transition peak and (b) zoomed on the base line part.
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f the peak. In our heat capacity curve the point of intersection is
ound as 190.4 K. With the suggested base line, and integration
etween the point of intersection and 250 K, we find a heat of
ransition of 3094 J mol−1 (=22.7 J g−1) which may be used as
eference value when the procedure outlined in this paragraph
s followed. The uncertainty in this value is estimated as 0.5%.
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