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Recently terahertz spectroscopy becomes popular not only in optical science but also in material science and
engineering. Several spectrometers are now commercially available, and anybody has a chance to use this new technique.
This review provides four examples of our recent works investigating physical properties of molecular solids using terahertz
spectroscopy. The topics are “kinetics of polymorphic transition of cyclohexanol”, “molecular motion of nylon-6 in the

LE RT3

crystalline domain”,

structural change in giant cluster of multinuclear metal complex”, and “dynamics of Li" ion

encapsulated in Cg, fullerene”. The molecular motions observed uncover the structural change, the coupling of motions, and
the dynamics of loosely bound atoms or molecules. Temperature dependences of the terahertz spectra reveal the changes in
these factors, and it is suggested that terahertz spectroscopy goes well with calorimetry.
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Fig.1 Schematic representation of a typical THz-TDS setup.
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Fig.2 (a) Schematic diagram of the phase behaviors of
cyclohexanol: The Gibbs energies of the phases I, II, III, III” and
the liquid are plotted against temperature.'”” (b) Molecular
arrangements in the four crystalline phases postulated in
previous studies.'”

Fig.3 IZG o727 T~ AT ML RT, T EIC
BT B AT NABELIN, T 7Y 5B i
ERATDOICAHMRFETHS Z L3R INZ, Zh
i, BlEN2E— 7 0L B FIEEIT— R ThH7D



EEBZbND, —F, BEOMEDSNIITESEELE b7
U phase I (ZEREIERESL) (2OWTh, 5 THz AT IS
IRANRY FIEEDHERR S, L2 BRI T
EH O FIEEE— RBFEET D 2 & 3/RIE S 472, phase
I, phase MPIZWELEMTH D70, BERELZ T
T & CHEMMICLERIREE R, 0BT, REIEY
ELT, INETIZAMBN TN 2B LW HER EM
(phase I’) & RLH &7z, phase I'i%, &4 L7z phase I %

185 K TV =—nN425ZLTHLI, TDOAXT
phase L IZITE—ZIRBIANWZ &35, GLivaE £ < &t
THDH I ENRBE N,

phase IT t\-

(247K)

I\ A fi /\ phase II M
AT PASTA
(200 K) 1

phase I'
(185K)

500

N
o
S

300

553
(=3
S

Absorption Coefficient (cm™)

phase I
[ (274K)
0 &= A P P e P Y

Ll il
1 234567891011
Frequency (THz)

—_
[=3
(=]

Fig.3 THz spectra of cyclohexanol in the phase II, IIL, IIT, I’,
and . The ordinate is for the phase I. The results for the other
four phases are successively shifted upward by 100 cm .
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Fig4 Time variations in the THz spectra of cyclohexanol
during the transformation from phase I to I’ at 185 K. The inset
shows the time variation of the peak intensity at 3.8 THz. The
solid curve is the results of analysis using Avrami’s model.
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Fig.5 (a) Time variations in the THz spectra of cyclohexanol
during the transformation from phase III to II at 229 K. (b) First
derivative of the THz spectra with respect to time, plotted
two-dimensionally against frequency and time.
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Fig.6 (a) Schematic representation of crystal structures for the
a crystal. (b) XRD patterns of the a crystal and the liquid phase.
(¢) THz spectrum of the a crystal and the liquid phase.
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Fig.7 (a) Temperature-dependent XRD patterns for the o
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crystal.
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Fig.8 (a) THz spectrum of the a crystal at 274 K in the
frequency range from 8 to 10 THz, and the results of fitting by
two Voigt functions. (b) Temperature variation in band
frequencies for the two fitted functions.
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Fig.10 (a) XRD patterns of crystals (i’), (ii), and (iii) after
evacuation (at 300 K) and heating (to 373 K). The simulated
patterns calculated from the single-crystal XRD data are also
shown. (b) THz spectra of (1°), (ii), and (iii) after evacuation and
after heating to 373 K.
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Fig.12 THz spectrum of a [Li'@Cg](PFs ) crystal at 300 K. The
inset is the calculated rotational spectrum for the Li" ion using a
free-rotation model.
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Fig.13 Temperature variations in THz spectra in the frequency
range (a), (b) from 0.4 to 1.6 THz, (c), (d) from 1.8 to 3.0 THz
and (e), (f) from 7.2 to 8.4 THz.
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Fig.14 A schematic energy diagram proposed to explain the
THz spectra, where two localized states exist beneath the free
rotational levels. The curve shows the potential surface in an
angular shell with » = 1.5 A from the cage center.
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