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Phase Transition of Organic Molecular Crystal Observed by
Thermal Diffusivity
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Fourier transform temperature wave analysis (FT-TWA) is proposed as a method to observe
the phase transition of organic molecular crystals. By analyzing the harmonics of temperature
wave, it enables a simultaneous measurement of thermal diffusivity as a function of frequency
and temperature. This technique was applied to a temperature range including the solid-solid or
the solid-liquid phase transition of n-alkane, 1-alkanol, 1-alkanoic acid and its esters. Thermal
diffusivity of n-alkanes showed a rapid fall-off on each phase transition and the odd-even
effect of carbon number was observed. The frequency dependence of thermal diffusivity just
below the melting temperature was observed only for n-alkanes and 1-alkanol, which showed a
clear solid-solid phase transition with a conventional method. The effect of terminal group on

thermal diffusivity was also examined.
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Fig.1 Schematic diagram of the measurement cell for
FT-TWA.

goboooobooooboooooobooobooooogoan
goooooooooooooo

2.3 OO
Jgo0oO0o000o0oboboOOo0oooobooooooo
gobooo00ooooobO0o0ooooobooooooo
OO000FT-TWAOUOOOOOOOOOOoooooooo
gooooooovwpooooooooooo
Vo (2mm0 wtd 2(mO a) )

V(o (1)
0 (2(moa)r0 wto 2(ma 1)m)

ooo0veOooooootbooomooboood
goooobobooooooboobooooooooooo
ooobOoooobOoogrFTOOOOCDOOOODOO
OOCr3e00 00000
FT-TwWAOOOOOOOOOOOOOOOooOooOoooo
goooooboooooooooooboooooobooobooo
goooooooooooooboooooooooooo
goooooooooooooobooooooooooo
goooobooobooooooobobobooooooooo
goobooboooooooooboboooooooooooo
00000000000 O0xodoOOOOOOOODODOO

goooooo
2Cva T |si 1 nw
SN I [ ECE TR
(CvaO Csx/crs)2nﬂﬂ nm nw 2a

(nz 0)

x exp[i(nam\/z(: do ; 0 ann)]
)

0o0odddsooooooooooooooood
gooooboooooooooboboooooooooboooo
goooobooooooboooboboooooooooooo



gooo

goooooboooooooobobooooooobooo
gooboobooooooooboboooooooooooo
goooooboooboooboobobooooooooobooo
gooooobooobooooooboboooooooobooo
goooooooooo@Eoooooooae00oOooO
ooooo

nw w
AB,ODO \/—dl:l —0Oanm 3
2a 4

goo0oooooooooooooooEoooooo
oooooo

2
an @ * (4)

2 AB6,0 anmtd Z 2

goooobOoooooooooboboOoooooooboooo
gooooobooooooobooboboooooooooooo
gbooooooooooooooooooobooooono
FT-TWAOOOOOOOOOOOO0Oooooooooao
goooooboooooooobboooooooooooo
goboooooooooooogo

3. 000ono

3.1 n-0000
0D000000000FT-TWADOOOOOOOOOOO
000000000000000A60ann0000000
00000000OVnedO0OOOOO0O00000000
000000000000Veo00O0O0O000000m/4
000000000000000000000000(3)0
00000000000000000000000000
00000000oo
Fig.20On-0000000C2400000000000
FT-TWAOOOOOOOOO(a)000(k)0000000
000000000000000000000000000
00000000000000000000000000
000470000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000
0000000000000000000000000
000000000000000000047000000
00000000000000000000000000
00000000000000000000000000
ODO0O0TWAOOOOODOOOOOOO0O00000000O

100

T — @

- [

\gz n=1 (7Hz) |
-3 }
T

- ’,‘\\L;:

R R ot s vty
.y

4L

n=2 (14Hz)

AB | radian

Y ~ n=3 (21Hz)
A 2

L L t L 1

(b)

Amp. | uv
N

n=2 (14Hz)
b i s cenire]

n=3 (21Hz)
]

30 40 50 60
T/0O

Fig.2 (a) The phase delay and (b) the amplitude of
each harmonic of n-tetracosane (n-CzHso) under
the heating rate of 0.10 mind2, with the fundamental
frequency 7 Hz and the duty factor a 0.125.
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Fig.3 (a) Thermal diffusivity of n-tetracosane (n-

Ca4Hs0) obtained from the phase delay of the
harmonics, from the 1st to the 3rd, under the
heating rate of 0.10 mind® and the fundamental
frequency 7 Hz. (b) Thermal diffusivity of n-
pentacosane (n-CzsHsz) obtained from the phase
delay of the harmonics, from the 2nd to the
4th, under the heating rate of 0.10 mino! and
the fundamental frequency 8 Hz. o : the 1st, x :
the 2nd, O: the 3rd harmonic.
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Fig.4 Thermal diffusivity of 1-alkanols obtained from
the phase delay of the harmonics under the heating
condition. The heating rate is 0.10 mino! and
the duty factor is 0.125. o : the 2nd harmonic,
x : the 3rd harmonic.
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Fig.5 Thermal diffusivity of 1-alkanoic acids obtained
from the phase delay of the harmonics under
the heating condition. The heating rate is 0.10
minit and the duty factor is 0.125. o : the 1st
harmonic, x : the 2nd harmonic.
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Fig.6 Thermal diffusivity of 1-alkanoic acid methyl
esters obtained from the phase delay of the
harmonics under the heating condition. The heating
rate is 0.10 min?! and the duty factor is 0.125.
o : the 1st harmonic, x : the 2nd harmonic.
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Fig.7 Phase transition temperature as a function of the
carbon number per molecule for various linear
organic materials. For n-alkane, &: T1 of even
n-alkane, 5 T: of odd n-alkane, m: Tr, O: T
For 1-alkanol, o : T, e : Tm. For 1-alkanoic acid,
O: Tf, O: Tm. For 1l-alkanoic acid methyl ester,
A: Tf, O: Tm. For 1-alkanoic acid ethyl ester,
0: Tm.
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Fig.8 Relationship between the thermal diffusivity at
the solid phase (TwO 150) or at the liquid phase
(TwO 50) and the carbon number per molecule
for various linear organic materials. At the solid
phase, &: even n-alkane, ~: odd n-alkane, e :
1-alkanol, O: 1-alkanoic acid, a: 1-alkanoic acid
methyl ester, v: 1-alkanoic acid ethyl ester. At
the liquid phase, m : n-alkane, o : 1-alkanol, O:
1-alkanoic acid, O: 1-alkanoic acid methyl ester,
0: l-alkanoic acid ethyl ester.
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