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Analysis of Temperature Waveform Measured
by Temperature-Modulated Calorimetry
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In this study, an analytical method for the temperature waveform measured by temperature-modulated calorimetry is described, and
the measurement results of n-hexatriacontane are given as an example. The boundary conditions between the sample and surroundings are
investigated by comparing the temperature waveforms obtained when the shape of the sample was altered. In this measurement, a cylindrical
sample cell with a radius of 3.0 mm was used. It was found that when the thickness of the sample exceeded 2.0 mm, a portion of the heat
flowing out of the sample did not affect the temperature waveform. The amount of heat that flowed out was difficult to measure directly. By
analyzing the temperature waveform, we could identify measurement conditions that can ignore physical quantities difficult to evaluate such
as heat flow. In other words, this waveform analysis improves the accuracy of the analysis of physical property values. As another example,
we also describe an analytical method of the waveforms measured in the phase transition temperature range. The characteristic waveforms
were measured because the value of dynamic specific heat changed significantly in the phase transition temperature range. The characteristic
waveforms measured in the temperature range are shown as examples.

Keywords: temperature-modulated calorimetry, temperature waveform, dynamic specific heat, linear response, non-linear response.
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Fig.1 Cylindrical cell with a radius of 3.0 mm and height of 10
mm. The bottom and side of the cell were made of a cover glass
and aluminum foil, respectively, and the spacers were made of
PET sheet.
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Fig.2 Block of the apparatus. The heat flow (i.e., chopped light)
was inputted alternately from the minus direction of the x axis.
The thermocouple at x = 0.3 mm measured the temperature
oscillation Tae.
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Fig.3 Waveforms of temperature oscillations measured at 28 + 0.5 °C. The open circles represent the measured data. The
measurement conditions of each waveform are given as follows. The sample thickness L = 0.5 mm (1-4), 0.7 mm (5-8), 2.0 mm
(9-12), and 8.0 mm (13-16). The fundamental frequencies of heat flux w,=0.02 Hz (1, 5, 9, 13), 0.05 Hz (2, 6, 10, 14), 0.10 Hz
(3,7,11,15), and 0.20 Hz (4, 8, 12, 16). The broken line shown in 13 was calculated using (7), and the solid and dotted lines were
calculated using (14). The solid lines indicate the fitted curves. The dotted lines were calculated by the thermal resistance R = co.
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Fig4 Waveforms of temperature measured in phase transition
temperature regions at 75 °C (1), 73 °C (2), 76 °C (3), and 75 °C
(4). The sample thickness L = 8.0 mm. The specific heat became
a frequency-dependent complex quantity in these regions. The
fundamental frequencies of heat flux fy=0.20 Hz (1, 2), 0.10 Hz
(3), and 0.05 Hz (4). The relaxation times of the dynamic thermal
diffusivity are 7.0 s (1, 3, 4) and 2.0 s (2). The solid curves
indicate the fitted curves and the star marks % indicate the parts
where the curvature of the fitted curves change considerably
during the temperature rising process.
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is the high temperature side of the rotator phase transition
temperature range. The fundamental frequency of the
waveform is 0.02 Hz. The sample thickness L = 8.0 mm.
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Fig.6 Sample geometries: (a) a simple model considering only
heat conduction in the sample; (b) a model that considers heat
conduction in the cover glass and outflow of heat to the heater. It
was assumed that a heat flux proportional to AC temperature
component T, flows out of the glass part into the heat bath. u
is a proportional coefficient between the AC temperature
component and the heat flux.
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Fig.7 Waveform measured at 27 °C. The thermocouple was in
contact with the cover glass. The sample thickness L = 8.0 mm.
The solid lines were calculated based on the distance between the
cover glass and thermocouple contact x, = 0 mm.
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Fig.8 Fourier transform spectra. The waveform shown in Fig.5
was expanded in the Fourier series. The same figure as Fig.5 is
shown in the inset. The fundamental frequency of the waveform
is 0.02 Hz. 0.04 Hz, and 0.08 Hz, which are non-linear response
components.
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Fig.9 Waveforms measured at 76 °C (1) and 73 °C (2). The
sample thickness L = 8.0 mm. The solid lines act as a visual guide.
A fitting curve cannot be created for the time range shown in gray,
even if (14) and (23) are used. The star marks % indicate the
parts where the curvature of the solid curves change considerably.
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7, Fig.9-1 & Fig.9-2 [T ZEh 76 CL 73 CTHIE S
ZHOT, Wb | RFIEBIRER CH D, ERTH A
RD7=DIZF W= h#TH » B e BRIT 7220, Z DR
JERIE T, AR CHEE KGO CIRE L F-0IRE
TRENRFELTND, A TRLE B IXEFELEEZ (10
D LIRS D 2 & TIERFEETH D5, 10)X7ZT T
XK Ay OB ITHE TE Ry, ZOFRBIE )R E
(1R TEETX HHM LB THMERAOBE 25 X 72
TR o7, BAOBEIZ A A —TF 5 2 & R RKfE
ROMETH B,

1. F&EH

JERIES 5 = 212 X0 HIE X DR E AR E
WRTF LT OIERNE END, HoNizT —& & T
T 5L T, RN E RN DA TS B LN TE B,
SlEfEH Lzt r, B8 X OREHRIR T, ®IVERIC
N T T INBRE ST BO — S EEHEE o L&
R STV oT2, F£77, 1| WAHIERBIRE O IE
5, REINOBIEEOZLR & 12 b TEDBE~DZEE
EELT-,

7120, ARBFECHATICH A LEEERIE L, ek
INT AT —& T, JESNZRENS, RO
HEMHL, ERESEHIBRL TS, 207D, B
PREARN L ABOBEEEETHZ LiIXTE e, A
HMECTE, MBRIENIIEEFRE L eoTRY, X=X
FTA N ERTHIRERENRESIND =0, NEEZD
BDOMNEEZBLET HHEER ENIRN—2AT A OB L& Ik
FTARETEARY, HRATREIABRG T L1107 — & UGB
NHEENLETH D,

IR A2V TH D, £z, MENTBOROE
EXEEBSET A E DL, BVIEO#L XX, 2o
BEIOHIREOM | S LN 5> TWD, AENTHEAROSLE
ORBEA LB ST L LN TELEMTHR L, ZD
X BEFEFNEEMHTOREICLED ST, Figd TRLT-
WROXIIZ, MHICAOBEIZ A XA —UTER2NWEED
FET D, BUROA A—DIZREECTH 528, REL WM
BOTDITITEARATHYAHEL R HIFTH D, REEN
AR D= D DB B2 TH 5,
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