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N E W  R E F E R E N C E  M A T E R I A L S  F O R  T H E  CALIBRATION 

( T E M P E R A T U R E  AND ENERGY)  OF D I F F E R E N T I A L  

T H E R M A L  ANALYSERS AND SCANNING C A L O R I M E T E R S  

R. Sabbah and L. El Watik 

CENTRE DE THERMODYNAMIQUE ET DE MICROCALORIMETRIE DU CNRS. 26, RUE DU 
141EME RIA-13003 MARSEILLE, FRANCE 

Several organic compounds like phenanthrene, benzanilide, anisic acid, triphenylene, 
2-chloroanthraquinone, hexachlorobenzene, carbazole, 4-iodobenzoic acid, perylene, an- 
thraquinone, as new reference materials for temperature and energy calibration of DTA and 
DSC apparatuses were studied in the range 300-600 K. 

Keywords: calibration materials, DSC, DTA 

Introduction 

Differential thermal analysis is a powerful tool for the determination of the 
purity of substances and for the investigation of their phase transitions and ther- 
mal behaviour. 

The temperatures and energies of phase transitions can be determined with 
good accuracy if the apparatus is previously carefully calibrated using standard 
reference substances. 

In the range 300 -600 K where are generally studied organic compounds, the 
reference materials proposed by international organizations like IUPAC, ICTA 
and ICWM [1, 2, 3] for the calibration of differential thermal analysers and 
scanning calorimeters are few and irregularly distributed inside this range. 

Experimental 

Substances 

Excepted naphthalene (99.96%) and benzoic acid (99.997%), all the sub- 
stances had an initial purity of 97-99%. We have purified the majority of them 
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by crystallization in absolute ethanol or in a mixture containing 50% water. All 
the substances were then sublimated sometimes twice or three times under a re- 
sidual pressure of 10 -2 Torr at a temperature depending on the nature of  the 

compound in the range 50~176 The coloured substances were always han- 

dled screened from light. More details concerning the preparation of pure sam- 

ples are given in Ref. [5]. 

Apparatus 

The differential thermal analyser used is described in Refs [4, 5] (Fig. 1). 

The temperature of  the sample and the difference of temperature between the 

sample and the reference (here a-alumina)  are determined by chromel-alurnel 

thermocouples (Thermocoax, type 2ABI15) (Fig. 2). 
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lqg. 1 Differential thermal analyser. I - Glass ampoule used as cell. II - Differential thermal 
analyser section. A: cover, B: external metallic vessd, C: metallic plug, D: centering 
screw, E: heating resistance, F: furnace, G: platinum resistance thermometer, H: glass 
ampoule, J: well, K: isolating material (Kwool), L: cooling circuit, M: fixing screw, 1, 
2: thermocouple terminals, 3: compressed air arrival and departure, 4: resistance 
thermometer terminals, 5: heating resistance terminals 
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L--Jr '  l ............. ! 

F i g .  2 Wiring diagram. Aa and A2: amplifiers, B: cold junction, Cl and C2: thermoeouples, D: 
control device or furnace heataing, E: recorder, F: furnace, O: computer, R: reference 
(in our case: tx-alumina), S: substance 

Mode of operation 

The triple point temperature (To) and the total impurity content (N) of a sub- 
stance sample are readily determined from its melting curve using Raoult law 
and Clausius-Clapeyron equation. 

If  the following hypotheses are made: 

- impurities are only soluble in the liquid phase; 
- the impuritY content is low enough to consider the liquid phase as an ideal 

one; 

in has been shown (4) that a relation: 

T=To-N/KF (1) 

with 

K= AfusHm / R ~  (2) 

exists between T and 1/F 
F being the product fraction melted at temperature T; R, the gas constant. 

The triple point temperature (To) of the pure substance can be determined by 
extrapolation to l /F=0. The total impurity content (N) can be calculated from 
the slope (N/K) if the molar enthalpy of melting of the pure substance (AfusHm) 
is previously determined from the peak area. For the heating rate used 
(0.2 deg.min-1), the curve T=f(1/F) is linear in a range of about 3<1/F<8. 

J. Thermal Anal., 38,1992 
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Temperature calibration 

The f.e.m, were converted to temperatures using the NBS-thermocouple ref- 
erence table [6]. 

The apparatus was calibrated with standard reference substances. A tempera- 
ture calibration coefficient r was determined 
(Table 1). 

Energy calibration 

An enemy calibration coefficient (k) is determined with standard reference 
substances using the relation: 

k=(AfusHm/ S) (m/M) (3) 

where S is the area under the peak of melting; m, the mass and M, the molar 
mass of the substance (Table 2). 

The calibration coefficient varies with temperature: 

(k/jixV-ls -1 ) = 1.392.10-4+ 1.362.10-12(T/K) 3 (4) 

An analogous linear relation was obtained by Heide [7], 
The substances proposed as reference materials for the calibration of differ- 

ential thermal analysers and scanning calorimeters are listed in Tables 3 and 4. 
They well complete the few reference materials indicated by the international 
organizations in the range 300-600 K. They also satisfy the following criteria: 

- their molar purity is at least 99.8 mol.%; 
- they are thermally stable up to and above their melting temperature; 
- absence of polymorphism particularly near their melting zone; 
- they possess a suitable cryoscopic constant: 

~, = R T o2 / Alas Hm<100 K 

- they have a low vapour pressure: 

P (298.15K)<14Pa (about0.1 Torr);P (Tf~,K)_< 1.6 kPa (about 12 Torr). 
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Z u s a m m e n f a s s u n g -  Als neue Referenzsubstanzen fur Temperatur- und Energiekalibri- 
erung yon DTA- und DSC-Geriiten wurden im Temperaturbereich 300-600 K einige or- 
ganische Verbindungen, wie z.B. Phenanthren, Benzanilid, Aniss~iure, Triphenylen, 2- 
Chloranthrachinon, Hexachlorbenzol, Karbazol, 4-Jodbenzoesiiure, Perylen und An- 
thrachinon untersucht. 
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