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Development and Applications of a nW-stabilized DSC
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A high sensitivity and high resolution DSC working between 220 and 400 K with a baseline
stability of + 3 nW, with a low noise of nV order, with a quick response time of 2 s and with
a temperature resolution of 0.1 mK, capable of measuring in the both directions of heating and
cooling has been designed and constructed. The stability of the baseline was achieved by the
use of a high sensitive temperature sensor, a precise temperature control of + 0.1 mK, an adiabatic
control, the damping devices to decrease the temperature fluctuation at the sample cell and the
devices to decrease noises on the lead wires. Very fine structures of phase transitions were
observed at a cooling rate of 5 puKso! in the measurement of CxHase by application of the nW-
stabilized DSC. The measurement of the melting of CisH3:COOH and Cs;Hes employing very
small samples of pg order was carried out as well and the results demonstrated the high sensibility

of the nW-stabilized DSC.
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Fig.1 Schematic drawing of a present nW-DSC: TS1
0 3, Pt resistance thermometers; C10 6, copper
shields; B10O 3, copper blocks; B4, an aluminum
block; TM1 and TM2, semiconducting
temperature sensors; TM30 5, semiconducting
thermoelectric modules; H1, heater; V1, enclosing

metal shield case; V2, refrigerating vessel.
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Fig.2 Temperature drift under adiabatic and precise

control at about 300 K. The upper and lower
figures show the drifts at TS2 and TS3,
respectively.

goooooobooooooboooboooooooooo
goooooO0O00000Frg.2000000000+1
mKOOOOOOOOoOoOO0O0+o01mKOOOOOOOO
goooooooooooooboooooooooooo
OATOODOOODOOODOODOOODOOODOObODOOnD
goooooooooooboboooooooboobooo
gobooooooooooooobooooooooOoo
gooooooooobooobooboooboooo
Fig2O00OODOOTS300OO0O00+01mKOOOOO

Netsu Sokutei 320202005

08—+ 77— 71+ 7+ 708
L > |
o 0.6~ A commercial DSC 106 -
é O present DSC =
> F B >
Z IS
o -
0.4 104 X
«—
2 ) 1 L L [ [ 1 L | W N SN B W | 02
0 250 300 350
T/K

Fig.3 Apparatus constant K of the present DSC

comparing with that of a commercial DSC. Scale
of the right ordinate represents the one for a
commercial DSC, whose unit is three orders of
magnitude smaller than that of the left ordinate.
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Fig.4 Specific heat capacity of a single crystalline
alumina. A solid line represents the reference
data.10)
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Fig.5 Baseline stability of the present DSC and the

commercial DSC at about 300K. The unit of
the vertical axis is nW for the present DSC
and pW for the commercial DSC.
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Fig.6 DSC curves of CisH3:COOH at the heating rate

of 0.5 mKso?! for various amount of samples:
a, 0.57 ug; b, 1.52 ug; c, 2.28 ug; d, 3.8 ug; e,
5.70 ug; f, 7.60 pg.
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Fig.7 DSC curves of CsHes at the heating rate of 0.5
mKso! around the solid-solid transition (339.4
K) and the melting (343.7 K) for different amounts
of samples: a, 1.85 ug; b, 2.95 ug; c, 4.43 ug;
d, 7.38 pug; e, 11.07 pg; f, 14.72 pg. The
intermediate temperature range from 339.6 to

343.4 K is omitted in the figure.
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Fig.8 Melting point of CisH31:COOH and Cs:Hes as a
function of logarithm of the sample amount. The
lower curve represents the data for C15H3:COOH
and the upper curve for CsHes.
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Fig.9 Melting enthalpy of CisH3:COOH and CsoHes
as a function of logarithm of the sample amount.
The lower curve represents the data for
Ci15H31COOH and the upper curve for CaHee.
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Fig.10 DSC curve of CxHas at the heating rate of 0.5
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Fig.11 DSC curve of Cx»Haus at the heating rate of 0.5
mKs©! on an enlarged scale.
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Fig.12 DSC curve of CxHass at the cooling rate of 0.5
mKst 1, showing five peaks due to phase
transitions.
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Fig.13 DSC curve of CxHass at the cooling rate of 0.5
mKsO! on an enlarged scale, showing five peaks
due to phase transitions.
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Fig.14 DSC curve of CxHass around the melting point
at the cooling rate of 5 puKsol.
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Fig.15 DSC curve of CyHass in the RI - RII' phase

transition region on an enlarged scale.
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