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A different ia l  thermal  analyzer for the tempera ture  range 77 to 330 K is described and 
some applications,  de terminat ion  of the impurity content,  the triple point temperature  and 
the enthalpy of fusion of a substance,  are given. The tempera ture  and energy calibrat ion of 
the appara tus  are done with diphenyloxide, hexafluorol~enzene and 1,3-difluorobenzene. The  
energy cal ibrat ion coefficient can be  expressed as a l inear relat ion of T z. n-Hcptane,  
cyclohcxane and 1,2-dichloroethane are investigated. 

Differential thermal analysis is a powerful tool for the determination of 
the purity of substances and for the investigation of their phase transitions. 
The total impurity content of a substance sample can be readily determined 
from its melting curve. The temperatures and energies of phase transitions 
may be determined with good accuracy, if the apparatus is previously care- 
fully calibrated, using standard reference substances. 

In the following, a new differential thermal analyzer for the low-tempera- 
ture region is described, which was built and tested in our laboratory, com- 
pleting the previously described mean-temperature version (300-600 K [1]). 
The apparatus has been conceived to use glass ampoules, which do not react 
with the investigated substances and can be sealed under vacuum. No con- 
tamination or reaction with air of the substance under investigation can thus 
occur, and work can be carried out under the saturated vapour pressure of 
the substance. 
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An important requirement has been the possibility to work on small quan- 
tities of substance (m < 0.1 g). Furthermore, the form of the glass ampoules 
permits to avoid thermal disturbances and to allow a more accurate mea- 
surement of the temperature. 

Experimental 

Apparatus 

The differential thermal analyzer (Fig. 1) was installed inside a metallic 
Dewar vessel (D) of 90 1 volume (purchased from "Cryo diffusion"). The ap- 
paratus consists of a cylindrical furnace made of an aluminium alloy 
(AU4G) of 65 mm diameter and 205 mm height, with two wells (K) of 10 mm 
diameter and 120 mm depth, each containing a chromel-alumel ther- 
mocouple ("Thermocoax" type 2ABI15). The other extremity of the ther- 
mocouple is held at (292.5 + 0.01 K) during an experiment. A heating 
resistance band (N) ("Silisol", 64 f~ at 298.15 K) is wound round the AU4G 
cylinder. The furnace stands on a massive aluminum pedestal (E), which is, 
at its lower part, immersed in the liquid nitrogen reserve (F). An iridium 
resistance thermometer (M) (100 f~ at 273.15 K) is placed between the 
AU4G cylinder and the resistance band; its signal is used for temperature 
regulation. An aluminium shield (O) prevents condensation of water on the 
resistance band. The temperature (77-330 K) and the rate of temperature 
variation (0.1-2.5 deg/min in the heating mode) are selected with a control 
device built in our laboratory. Our differential thermal analyzer can also be 
used in the cooling mode; the intrinsic cooling rate of the apparatus fixes 
the upper limit of the rate of temperature decrease. 

The temperature of the sample is determined from the thermo-e.m.f. 
using a Keithley 196 digital multimeter; the difference between the thermo- 
e.m.f, of the sample and the reference (normally an identical ampoule filled 
with a-alumina) is measured with an analogic voltmeter (AOIP type EVA, 
sensitivity ranges: 100 or 300 pV). The signal is then digitalized by a Keith- 
ley 175 multimeter. Data acquisition and treatment are performed with a 
personal computer. Temperature and temperature difference curves can 
also be registered with an analogic recorder (SEFRAM type G6p6rae). 
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100 m m  
I 1 

Fig. 1 Low-temperature differential thermal analyzer. A: funnel for filling with liquid nitrogen; 
B: cover, C: opening;, D: metallic Dewar vessel; E: aluminium pedestal; F: liquid 
nitrogen reserve; G: metal base; H: float for observing liquid nitrogen level from 
outside; J: metalic plug;, K: well; L: glass ampoule; M: iridium resistance thermometer;, 
N: heating resistance band; O: aluminium shield; P: centering-screw 

Subs tances  

The following substances, which were proposed as s tandard reference 
materials  [2], are used for t empera ture  and energy calibration: 1,3- 
d i f luorobenzene  ( >  99 %, Fluka),  hexaf luorobenzene (99 %, aldrich), 
diphenyloxide (99 + % ,  Gold Label ,  Aldrich).  Moreover,  n-heptane (99 
+ %, Gold  Label ,  Aldrich) ,  cyclohexane (99 + %, Gold Label,  Aldrich) and 
1,2-dichloroethane (99.8 %, Aldrich),  which were previously investigated [3- 
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7], are also studied. The commercial 1,2-dichloroethane has been further 
purified by fractional distillation over a rotating-band column. 

Mode  o f  operation 

About 100 mg of substance are introduced into a pyrex glass ampoule 
shown on Fig. 2. After evacuating, the glass ampoule is quickly sealed, the 
pressure inside the ampoule consists then on saturated vapour pressure of 
the substance. The mass of substance is determined by difference weighings 
using a mierobalance, sensitive to 1/~g (Mettler M5). 

]l 

Fig. 2 Glass ampoule 

The ampoule is brought to a temperature approximately 15 K below the 
triple point temperature; the stabilization of temperature takes ap- 
proximately 20 minutes. The temperature is then increased with a rate of 
about 0.2 deg/min, which is sufficiently small to present, in the sensitivity 
range used, only slight base line deviations before and after the melting 
peak, and to allow to determine accurately triple point temperatures. 
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Results and discussion 

The uncertainties associated, in the following, to the experimental results 
are in all cases standard deviations of the mean of six experiments. The 
temperatures are related to IPTS-68. 

Purity of the investigated substances 

As stated in detail in ref. [1], Clausius-Clapeyron's law applied to melting 
equilibrium and Raoult 's law are used for purity determination and the fol- 
lowing hypotheses are made: first, impurities are only soluble in the liquid 
phase, and, second, the impurity content is low enough to consider the liq- 
uid phase as an ideal one. Under  these conditions, it has been shown[l]  that 
a relation: 

T =  T o -  ( N B / K )  1 / F  with K =  AfusH/RTgo (i) 

exists between the temperature T and l/F, F being the fraction of the 
product  melted at temperature T. The triple point temperature To of the 
pure substance may be determined by extrapolation to 1/F = 0. The total 
impurity content NB can be determined from the slope (NB/K), if the molar 
enthalpy of melting (AfusH) is previously calculated from the peak area (see 
Energy calibration). For the heating rate used, the curve T = f(1/F) is linear 
in a range of about 3 < 1/F < 8. 

Table I Purity, experimental (T~) and recommended (Tree) triple point temperature of 
1,3-difluorobenzene (DFB), hcxafiuorobenzene (HFB), diphenyloxide (DPO) and 
temperature calibration coefficient a 

Substance Purity, Triple point temperature a 
mol % Texp~ K Tree~ K 

DFB 99.91--.0.02 205.03---0.05 204.06 [2, 8] 0.9953 
HFB 99.95-0.01 278.21-+0.01 278.30 [2, 8] 1.0003 
DPO 99.95+0.01 299.72--+0.03 300.02 [2] 1.0010 

Purities of the investigated samples are summarized in Tables 1 and 3. 
The impurity content is in all cases lower than 0.1 per cent. As previously 
noted [1], the reproducibility depends on the purity of the studied sample: 
the higher the purity is, the lower the uncertainty of the impurity content, 
because the melting peak is sharper. 
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Table 2 Energy calibration coefficients k 

Substance Tree, Afua/-/, k x 104, 

K J mo1-1 J t~V -1 s -1 

1,3-difluorobenzene 204.06 8581---2 [2, 8] 1.510__.0.004 
hexafluorobenzene 278.30 11590+13 [2, 12] 1.684__.0.007 

diphenyloxide 300.02 17216+17 [21 13] 1.757__.0.010 

Temperature calibration 

Generally, a differential thermal analyzer should be calibrated as near as 
possible to the experimental conditions, especially concerning heat transfer. 
For this reason, we have calibrated our apparatus with standard reference 
substances [2]. In Table 1, recommended triple point temperatures Tree of 
1,3-difluorobenzene, hexafluorobenzene and diphenyloxide are summarized, 
together with our experimental values Texp. A temperature calibration coef- 
ficient a = Trec/Texp is calculated (Table 1). In lack of other internationally 
admitted reference substances for low temperatures, we adopted a values 
calculated by interpolation between two consecutive values. 

The transition temperature of 1,3-difluorobenzene was not included, 
since our corrected peak onset temperature (191.3 +_ 0.2) K is very different 
from the value of Messerly and Finke (186.77 K [8]) (*). 

Energy calibration 

An energy calibration coefficient k is determined with standard refer- 
ence substances using the relation: 

k = AfusH/S (re~M) (2) 

where S is the area under the peak of melting, AfusH the molar enthalpy of 
fusion, rn the mass and M the molar mass of the substance [9]. 

The calibration coefficient depends in a complex manner on the heat 
transfer mechanisms and varies with temperature. In Table 2, the energy 
calibration coefficients obtained with our standard reference substances are 
given. With these results and those obtained with the mean-temperature ver- 
sion for naphthalene, fluorene, benzoic acid and diphenylacetic acid [1, 10], 
the following relation can be written, for temperatures between 200 and 
600 K: 
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( k / J / ~ V  -1 s -1 )  = 1.392 10 -4 + 1.362 10 -12 (T /K)  3 (3) 

An analogous linear relation of T 3 is obtained by Heide [11]. 

n-Heptane, cyclohexane and 1,2-dichloroethane 

The enthalpies of fusion, triple point temperatures and purities of the in- 
vestigated samples of n-heptane, cyclohexane and 1,2-diehloroethane are 
given in Table 3, together with some values taken from literature [3-7]. For 
n-heptane, our corrected triple point temperature is slightly higher than the 
value reported by McCullough and Messerly [3], whereas for 1,2- 
dichloroethane, our value is inside the error limits indicated for the extrapo- 
lated onset temperature of fusion by Garn and Menis [5]. The triple point 
temperature of cyclohexane is nearly identical to the temperature of fusion 
mentioned by Ruehrwein and Huffman [4]. Our peak onset temperature for 
the transition of cyclohexane (186.9 _ 0.)1 K is slightly different from the 
value of Ruehrwein and Hoffman [4] (186.10 _ 0.05) K (*) and within the 
error limits for the extrapolated onset temperature (187.1 • 3.5) K (*) given 
by Garn and Menis [5]. 

The enthalpies of fusion (Table 3) and of phase transition (6.64 • 0.04) 
kJ/mol of cyclohexane are in good agreement with the values reported by 
Ruehrwein and Huffman [4] mean of their two experiments for the enthalpy 
of phase transition: (6740 _+ 2) J/tool, whereas for n-heptane and 1,2- 
diehloroethane, our enthalpies of fusion are slightly lower than the literature 
values (Table 3). 

Conclusion 

The low-temperature differential thermal analyzer presented in this work 
allows us to work now in a temperature range between 77 and 600 K and to 
investigate the purity of all substances melting without decomposition in this 
temperature range. Furthermore, temperatures and enthalpies of phase 
transitions can be determined using the temperature and energy calibration 
coefficients presented here, for the low-temperature and, in the near future, 
for the mean-temperature version [10]. The energy calibration coefficient 
can be described by one linear equation in T 3 over the whole temperature 
range. 
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Note 

The temperatures given with an asterisk (*) in the text do not relate to 
the IPTS-68. 

P. K. gratefully acknowledges a postdoctoral  fellowship grant from Deutscher  Akademi- 
scher Anstauschdienst  (DAAD).  
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Z u s a m m e n f a s s u n g  -- Es wird eine DTA-Appara tu r  fiir den Temperaturbere ich 77-330 K 
beschr ieben und einige Anwendungen  gegeben, z. B. die Best immung des Verschmut-  
zungsgrades,  des Tr ipe lpunktes  oder  de r  Schmelzw~irme einer  Substanz. Die Kalibrierung 
der  A p p a r a t u r  auf  Tempera tu r  und Energie  erfoigte mit Diphenyloxid, Hexafluorbenzol und 
1,3-Difluorbenzol.  Der  Kalibrationskoeffizient  fiir die Energie k a n n a l s  eine l ineare Funk- 
t ion yon 7,3 beschr ieben werden, n-Heptan,  Cyclohexan und 1,2-Dichlorethan wurden unter-  
sucht. 
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