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ABSTRACT

This thesis contains two main factors. The first one is the development of a high-resolution
differential scanning calorimeter (DSC). The other is calorimetric investigations on the anti-

ferroelectric liquid crystals (AFLCs) using thus developed high-resolution DSC.

The demands for high-resolution calorimetric measurements are rapidly growing among
various fields in order to analyze small heat anomaly. In chapter 1 of this thesis, after a
short review of phase transition behaviors in AFLCs, it is pointed out that high-resolution

calorimeters are especially needed because of some features that the phase transitions of
AFLCs exhibit.

Chapters 2 and 3 of the thesis describe details of construction of a high-resolution DSC, to
meet with the above-mentioned requirements. The combination of high density thin thermo-
electric sensors and CVD diamond heat-spreader achieved quite high-resolution and short
relaxation time. Some examples of measurements which prove the effectiveness of the high-

resolution DSC are also briefly shown.

Chapter 4 corresponds to the second part of the thesis, focusing on the heat capacity mea-
surements with the high-resolution DSC, and also with an ultralow-frequency ac calorimeter,
carried on several AFLCs. The measurements have revealed that all phase transitions among
chiral Sm-C phases except for the SmC,*-SmC* transition are always first-order. These
transitions exhibit a delta-function like anomaly with almost no thermal fluctuation, and with
distinct thermal hysteresis. These results were discussed in terms of symmetry change in phase
transitions. On the other hand, the SmC,*-SmC* transition changes its nature depending
the temperature width of SmC,* phase. Such behavior has been explained as the effect of
coexisting fluctuation due to the transition to the SmA phase. In particular, it was found
that the optical impurity play a role of an effective field which drives the the SmC,*-SmC*
transition from first-order to supercritical behavior through an isolated critical point. The
analyses of the critical behavior at this critical point showed that it does not fit in any known
universality class. Therefore, further experimental and theoretical studies on this critical point

are highly disired.

After all, in this thesis it has been described that (A) a new high-resolution DSC has been
developed, and (B) the new DSC has proved to be quite effective in the study of AFLCs. In
particular, the high-resolution of the DSC has enabled a quantitative analyses of the critical
behavior in AFLC, stimulating further experimental and theoretical studies on this line. Natu-
raly the applicability of the new DSC is not restricted in rather special cases. It is surely quite

useful in wide various fields.
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