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Accurate Heat Capacity Measurement at First-Order Phase Transition
by Relaxation Calorimetry System

Hal Suzuki and Akira Inaba

(Received June 24, 2010; Accepted July 13, 2010)

Relaxation calorimetry enables us to measure the heat capacity of small samples with
high accuracy, particularly at low temperatures. However, extracting accurate heat capacities at
first-order or very sharp second-order phase transitions is extremely difficult. As a key to overcome
this challenge, we focused on the “scanning method” and introduced several corrections in the
data analysis. Using this method, we made heat capacity measurements around first-order transition
of KH,PO4 around 122 K and BaTiOs3 around 203 K by a commercial relaxation calorimeter
PPMS (Physical Property Measurement System). The results for KH,PO4 were shown to be
excellent; a very sharp peak in heat capacity was obtained and the absolute values were shown
to agree well with the previous results obtained by adiabatic calorimetry on much larger
samples. The critical behavior of the heat capacity in the vicinity of the transition temperature,
as well as the thermodynamic quantities such as the transition enthalpy and entropy, also
agreed very well with the previous results. For BaTiOs, clear hysteretic behavior of the
transition was observed for heating and cooling curves.

Keywords: heat capacity measurement, first-order phase transition, relaxation calorimetry, scanning
method
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Fig.1 Schematic illustration of a typical relaxation
calorimeter. The system consists of three parts
(sample, platform and thermal bath) at different
temperatures 7. They are connected to each other
with thermal conductance K. The temperature
T, is monitored when a heat pulse P is applied

to obtain the heat capacity C.
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Fig.2 Conventional method in a typical relaxation

calorimetry to determine the heat capacity. (a)
A heat pulse with a constant power Py is applied
to the sample system. (b) The sample temperature
changes accordingly. The resulting relaxation
curves can be fitted with a simple exponential
function, from which the heat capacity is
calculated. (c¢) On the PPMS, heater power is
cut before the system reaches the stationary state.
(d) When the sample temperature crosses the
first order phase transition, a plateau appears
the

conventional fitting program gives an erroneous

in the relaxation curve. In this case,

curve (dotted curve) which in turn gives the
erroneous heat capacity.
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Fig.3 Heat capacity of KDP near the phase transition.

The filled circles stand for the best results with
all corrections that we obtained by the scanning
method on the PPMS. The open circles are the
data from adiabatic calorimetry by Stephenson
and Hooley.!” The x-marks are the data obtained
on the PPMS with the normal relaxation method.
The inset illustrates the high temperature tail
of the transition to show that the absolute value

of C, agrees well with the other results.

5. KH 2PO4 DBIESI

KH,PO, (KDP) 3T.=122 KIZ—KkiEBz b2, 2D
R, KEET-OREOHFLEIES, Wb BT
— AR ORF B B2 5N T 510 72, —
REFETH ) AOFHINES , HRBEP RSN LR
BLLTHHMONTN D, ZOMEBOBT)FN R MH I,
I X > CTFTITRSLNTE D, 1720 Pl EIZik~R7-
EAREDO T — S ENTOEM S EHFET A DIHE L TWb,
F72, AL CIEMRZAEREMEEEL &) H Tl
EEMDRRL L BN, Te=122 KIZZTN T T2 Wi
WCTOWGEEL %5,

X2 OB 2 L7z, 12133.0 X3.0 X 1.0
mm? (33.8583 mg) DHAES, b9 1 DIESHEREE (P
A 0.4 X0.4X1.0 mm3, 8Hi, 42867 mg) THb, il
EIZPPMS O Model 6000 % V72,

HiE s D W ORI IR S - AR = % Fig.3 12
RY o ERHIEdT/dr =4.9 mK s~ OIS OFERETH %,
W17 R0 DFEANE (PPMS) 12X AiEH LR &,
BABE— PP BHlSN T 200005, $72,
Fig.3 O ARSI OBl O BT = 2 LK L2 b DT,

Netsu Sokutei 37 (4) 2010



FRAEIELE > A

T/K
122.4

T/K

122 122.8 122 122.4 122.8
T T T T T

T so (@ | © g
£ after all corrections after all corrections,
T r T,=121.61 K but 7, = 121.62 K
v
2 70r 70
>
60 f t t t o ——+——{60
- I
"5 80 ® I @ Ja00
_E [ without K, correction “% without K,
¥ N I correctlon
T 70F A pn bbb I 1000
Sy =
L A
60 Il I I I 0
122 122.4 122.8 121.6 121.8 122
T/K T/K
Fig.4 Heat capacity of KDP with and without
corrections. The filled marks stand for the data

obtained in heating scan and the open marks in
cooling scan. (a) With both corrections, we obtain
the same C, for both scans when 7, = 121.61
K. (b) Without K\, correction, the C, curves never
merge. (c)When T, = 121.62 K, the C, curves
do not merge. (d) Without K, correction, the
transition temperatures obtained from both scans
are considerably different because of the
difference between T and 7,. The size of the
intrinsic hysteresis is much smaller than this
difference. The dashed curves in (b) to (d)
the obtained with both

corrections as shown in (a).

represent results
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Fig.5 Heat capacity of KDP near the phase transition
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obtained with different scan rates, where the
temperature increment (A7) and the mean scan
rate (d7/d¢) are indicated in the diagram. (a)
With a rapid scan, broad C, peaks are obtained.
(b) With a slower scan, the C, peak in heating
scan becomes much sharper. The data are the
same as displayed in Fig.3. (c) With a much
slower scan, the C, peak in heating scan splits
into several. The inset illustrates the sample
temperature during the scan. (d) The results
obtained for the polycrystals show a much
broader C, than the single crystal with the same

scan rate.
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Fig.6 Enthalpy change across the transition temperature

obtained for the KDP single crystal with the scan
of AT = 2 K. An intrinsic hysteresis loop is
clearly seen. In this diagram, the transition
temperature is taken to be 7. = 121.706 K. The
results obtained by Reese?” are also plotted.
While the latent heat that we obtain is small,
the whole enthalpy change agrees well with the
results obtained earlier.

144

L, #HIZOWTIE, BFENORD L EARIEEICR D 2
5—H @RXEBXITREY, o2& 5 L2 LDz
mHRDIz,

AH= [C,,,.dT.= [ {Csample%}dl‘= J{-K. [T -T(0)] } dt

dT,
J} dr

- {P(z)—Kw [LO=T] = Coatom

(7)

Fig.6 |ICAT =2 K DGED TV ¥ V¥ —DREEL %R
Fo MBLLGHITRR ZFMEE L AL AT ) VAN —TH
R TE D, T, MEATHESNS I 7 )L E— il
ACERED BRI L Db D LA, TORKE S
(12+2) Tmol ' BfED B2 EATTE L, WiEikIc L A1H
46.2 Tmol ~! (Reese2?) & IL~AUTHH 5 21/ E Wy, Reese
TR E B SAR CHIZEZ 7o TB Y, WEIRIRDEN
MO KE SIS N=D0 b LRV, —HT, &%
BAEGheETy Y VY-t ey bo Y —2qhidhE
FEORRE LT Lz, 728 213, BisEc X 280
DFER & 53 GHIE 2> 5 Matsuo 5 A7 f-Egs 220 & B

- -
- -

10* : :
n
2
g
e
-
310
&)
I
S
L o i
o
o
g
0 . .
10
107 107 107" 10°
IT-T,) / K
Fig.7 Critical behavior of the heat capacity obtained

for the KDP single crystal. The data plotted here
are those obtained with the temperature increment
AT = 2 K. The transition temperature is taken
to be 7. = 121.706 K. The solid line is the result
from the least squared fitting for 7 < T, using
the data (filled circles) in the temperature range
of 4 X103 <IT-TJ /K< 10 ! and the dashed
line is that for T > T (open circles). The critical
index o' is determined to be 0.49 £0.02. The

index « is also about 0.5.
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Fig.8 Heat capacity of BaTiO; for the first-order
transition at 203 K obtained by the scanning
method. The temperature increment A7 was 25
K. A large hysteresis was observed in the heating
(filled marks) and cooling (open marks) scans.
The results obtained from adiabatic calorimetry
by Todd and Lorenson?> and those obtained by
the normal relaxation mode on the PPMS are
also plotted for comparison.
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