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ABSTRACT

Design and testing of a low temperature DSC of conduction type
with high sensitivity using larger vescels of about 1.5 ml were
described., The main technical characteristics of DSC are as follows:
operational temperature range 1is -150~120°C; rate of cooling and
heating 1s 0.01~1°C/min; volume of calorimetric vessels are 1 ml;
sensitivity 1s 3.68uJ/sec/uV; accuracy of temperature recording 1is
0.1°C. Test experiments on stacche., 'wot-ine and alcoholic dranks
indicate that the DSC 1s available for studies on dilute solutions
and solids of biological materials and also on the biological-water
systems.

INTRODUCTION

There exist a number of different types of calorimeters that
might be generally classified as DSC. Several commercial instruments
of moderate sensitivity have been available for some systems. These
instruments are excellent for many studies 1involving neat samples or
samples at very high concentration since they can resolve changes
in heat capacity of the order of 1 part in 100. Because of their
small sample size and the lack of strict adiabativity, however, the
sensitivity 1s not adequate for many type of biological studies.
Until recently no DSC with high sensitivity using larger vessels has
been commercially available for studies on dilute solutions or
solids of biological materials. Design and testing of a DSC of con-
duction type to meet these conditions are described in this paper.
Provisions for cooling made 1t possible to be used for calorimetric
studies on freezing behaviors of water in biological materials,
which are of interest but rarely carried out so far. Although suit-
able for other purpose as well, 1t has been specifically designed
to satisfy the needs of the biologist, food chemist, pharmacologist
interested in thermal analyse of biological materials. The test ex~
periments were carried out on characterization of starches, protein

denaturation and quality assesments of alcoholic drinks. -
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EXPERIMENTAL

The cross section of the DSC 1s shown 1n Fig. 1. In a copper
heat sink, there are two holes containing two i1dentical vessels,
one for sample and the other for reference uses. The thermopile
plates situated between the vessels and heat sink are used for mea-
suring the heat flow difference between the heat flowing to the
sample and the heat flowing to the reference vessel. The thermopile
plate used 1s a semiconductor thermoelectric module with a temper-
ature sensitivity of 12.4 mV/°C. A platinum plate heater placed
between the heat sink and a thermal conduction bar were used for
temperature i1ndication and heating of the heat sink. Temperature of
a adiabatic shield 1s controlled by a heater and a thermopile fitted
to the shield. The measuring temperature range 1s from -150°C to
+120°C and the program rate of heating and cooling can be selected
in the range of 0.01°C/min to 1°C/man (-100°C ~+120°C). The vessels
made of copper with a volume of 1.5 ml are corrosion-resaistant by
coating and are tightly sealed by using heat-resistant rubber pack-
1ngs fitted to screw caps. The calibration experiments with benzo-

phenon indicated that the maximum sensitivity of the calorimeter 1is
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Fig. 1. Cross-sectional view of the DSC. (1), sample vessel; (2),
thermopile plate; (3), heat sink; (4), reference vessel; (5), adi-
abatic shield; (6), thermal insulator; (7), platinum; (8), liguid
N2 cgas control tube; (9), ligquid N2 gas control valve; (10), laguad
N2 ; {(11), Dewar's vessel; (12), styrofoam insulator; (13), thermal
conduction bar; (14), liguid N2 inlet tube.
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3.68 pJ/sec/uv and the accuracy of the temperature indication 1is
0.1°C. The calorimeter ensures a constant cooling rate by using a
precision electrical controller and adjusting the volume of liquid
nitrogen which fills the thermal conduction bar fitted to the heat

sink.

RESULTS AND DISCUSSION
The DSC curves of the potato and wheat starches are shown 1in
Fig. 2. The difference in curves were characterized by a endother-
mic peak observed i1n a temperature range of 62°C to 71°C. Whatever
the true mechanism of the thermal processes may be, the curves are
manifestations of the molecular composition of the starches (1).
The results suggest that the DSC 1s available for the characteri-

zation of starches.
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Fig. 2. DSC curves of wheat(1) and potato(2) starches. water con-
tent, 48%; sample volume, 0.75 ml; heating rate, 0.8°C/min

Fig. 3 shows typical DSC curves of egg white. The curve for a
raw sample shows two main peaks at 60~66°C and at 75~85°C which may
be due to the denaturation of protein components of eqgg white, a
complex mixture of proteins (2), whereas a broad peak at about 95°C
1s observed for a dry solid of the sample. The difference between
the patterns of curves may be 1nterpreted by the change of the
protein structure caused by dehydration.

In Fig. 4, a freezing curve of ethanol-water mixture 1s com-

pared with that of commercial whisky of the same ethanol concent-
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Fig. 3 (left). DSC curves of the dehydrated (1) and raw (2) egg
whites, sample weight, 33 mg(1); 1150 mg(2); heating rate, 0.8°C/min.

Fig. 4 (right). Freezing DSC curves of ethancl-water mixture(1) and
a commercial whisky(2) with the same ethanol concentration. ethanol
concentration, 4.3%; sample volume, 0.5 ml; cooling rate, 1°C/min.

ration. The curves of ethanol-water mixture shows a sharp peak,
while that of the whisky shows a broad peak with a additional small
one at lower temperature. The heat of the peak of the whisky observ-
ed at -37.5°C was smaller than that of the ethanol-water mixture
at -27°C. The results suggest that the interaction between water
and ethanol in the whisky 1s more complex and stronger than that
in the ethanol-water mixture (3).

The low temperature DSC described in this paper have proved
to be useful for studies on thermal behaviors of many biological

materials of various states in the wide temperature range.
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