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ABSTRACT
We performed terahertz time-domain spectroscopy and low-frequency Raman scattering on
crystalline and glassy states of pharmaceutical indapamide (IND). We have determined the real and
imaginary part of the complex dielectric constants and the imaginary part of the Raman susceptibility
in the THz region. Several phonon peaks have been observed in the crystalline IND and the mutual
exclusion principle of infrared and Raman spectroscopy holds in the measured frequency range. In a
glassy state of IND, a broad absorption peak has been observed in both the THz and the Raman spectra
with different spectral shape, and this disagreement indicates that the far-infrared and Raman lightvibration coupling constants are different in the glassy IND. A clear boson peak has been observed in
the Raman spectra of the glassy IND at about 0.5 THz.
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1. INTRODUCTION
Commercial type indapamide (IND) is a drug material used in the treatment of
hypertension. It exerts spasmolytic effects on blood vessels, consequently reducing the blood
pressure. It is an organic glass former with a relatively high glass transition temperature Tg =
376 K [1]. In the crystalline state of commercial type IND, the unit cell contains four IND
molecules and those molecules form two types of cavities. The cavity encapsulates water
molecules in non-stoichiometric. The water molecules are weakly bounded in the cavity, and
can easily come out and in from the IND framework [2,3].
Terahertz time-domain spectroscopy (THz-TDS) is a kind of the far-infrared (far-IR)
spectroscopy and has attached much attention, because this technique enables us to determine
a complex dielectric constant without the Kramers-Kronig transformation, which is often used
for Fourier-transform IR spectroscopy. THz-TDS has been extensively utilized for various
kinds of crystalline and glassy materials to investigate low-energy excitations such as
ferroelectric soft modes, boson peak, superconducting gap, and the low-frequency anharmonic
phonon modes [4-7].
THz-TDS is useful as a vibrational spectroscopy to elucidate not only intra-molecular
vibration but also inter-molecular vibration of organic materials. Reflecting the structure of
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molecular and crystal, THz spectra show a characteristic shape of each material. Therefore,
the THz frequency region is called as a fingerprint region, and as an example of application
for security, THz-TDS is used for seeing through packaging materials to probe for the
presence of the illicit drugs [8,9]. THz-TDS is also used for the study of pharmaceutical drugs
and is effective to discriminate polymorphic, because several forms of polymorphic drugs
show completely different THz spectra. In addition to crystalline polymorphism, amorphous
polymorphism also attracts much attention from fundamental physics and application for drug
detection [5,10-12].
In this study, to investigate the dynamical properties of crystalline and glassy
pharmaceutical IND in the THz region, we performed THz-TDS and low-frequency Raman
scattering measurements.
2. EXPERIMENTAL
Indapamide (C16H16ClN3O3S) with the purity > 99% was purchased from SigmaAldrich Corp. Crystalline, and glassy samples were made by melt-quenching into pellets or
thin plates. The thicknesses of the commercial type crystalline samples used for THz-TDS
measurement were 0.739, 1.437 and 2.839 mm to obtain appropriate intensity of transmission
spectra. The thickness of the glassy sample used for THz-TDS was 1.071 mm. All samples
were measured at room temperature (296K).
The present THz-TDS measurements were performed by conventional transmission
configuration (RT-10000, Tochigi Nikon Corp.). Low-temperature grown GaAs
photoconductive (PC) antennas were utilized for the THz pulse emitter and detector. The PC
antennas were triggered by a mode-locked Ti:sapphire pulsed laser with a wave-length of 780
nm, a pulse width of less than 100 fs, and a repetition rate of 80 MHz. The available
frequency range is from 0.2 to 4.0 THz.
Figure 1(a) shows the measured time-domain THz E-field waveforms transmitted
through the air (reference) and IND with a thickness of 0.739 mm. Figure 1(b) shows the
frequency-domain power spectra. To calculate the frequency dependent complex dielectric
constant ˆ  '  i  '' from the measured time-domain waveforms, we have used following
equation,
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where Esam() and Eref() are the amplitude spectra of THz pulse transmitted the sample and
the reference, respectively. n̂ , c and d are the complex refractive index, the light velocity and
a thickness of sample, respectively. Then, the complex dielectric constant is obtained from the
relation of ˆ  nˆ 2 .
The depolarized Raman scattering spectra were measured in the frequency range from
0.1 to 3.5 THz under a scattering angle 180°, using a single frequency green-YAG laser with
wavelength 532 nm. The spectrometer was a double-grating monochromator (U-1000,
HORIBA Corp.) and the spectral resolution of the Raman spectrometer was 0.04 THz. All
Raman spectra were measured at room temperature. The observed Raman intensity spectra
Iraw() were converted to the imaginary part of the Raman susceptibility '' ( ) by the
following equation,
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'' ( ) 

I raw ( )
n B ( )  1 ,

(2)

where nB ()  (exp(  / k BT )) 1 is Bose-Einstein distribution function.
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Figure 1. (a) Time-domain waveforms and (b) frequency-domain power spectra of reference and the
commercial type crystalline state of IND at room temperature.
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3. RESULTS & DISCUSSION
Figures 2(a) and 2(b) show the real and imaginary parts of the complex dielectric
constants ˆ  '  i  '' of the commercial type crystalline state of IND. For comparison, the
imaginary part of the Raman susceptibility '' ( ) of the commercial type
3.2

(a)
Crystalline indapamide



3.0
2.8
2.6
2.4

(b)

500

0.4

400

0.3

300

0.2

200

THz-TDS
Raman

0.1
0.0
0.0

0.5

1.0

1.5

2.0

2.5

3.0

100

(arb. unit)

 

0.5

0
3.5

Frequency (THz)
Figure 2. (a) The real part of the complex dielectric constant ' ( ) and (b) the comparison between
the imaginary part of the complex dielectric constant '' ( ) and the Raman susceptibility '' ( ) of the
commercial type crystalline state of IND at room temperature.

Crystalline state of IND is also shown in Fig. 2(b). In the measured frequency range,
several phonon peaks were observed, and those modes are attributed to the inter- or intramolecule vibrational modes. As shown in Fig. 2(b), the discrepancies of the phonon peak
frequencies are clearly observed between '' ( ) and '' ( ) .
When the point group of a crystal structure has centro-symmetry, the mutual exclusion
principle holds between Raman and IR activities. Some vibrational modes are only Raman
active, and others are only IR active. Consequently, the crystalline IND has a centrosymmetry and this result is consistent with the X-ray diffraction study [3].
Figure 3(a) shows the real part of the complex dielectric constant ' ( ) of the glassy
state of IND at room temperature. Figure 3(b) shows the comparison of the imaginary parts
between the dielectric constant '' ( ) and the Raman susceptibility '' ( ) of the glassy state
of IND. The spectral shapes of both '' ( ) and '' ( ) show a broad asymmetric absorption
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peak at about 0.7 and 1.2 THz, respectively. The observed structure of the broad absorption
bands can be attributed to the vibrational mode with the distribution of mode frequency
reflecting the distribution of bond lengths and bond angles of the glassy disordered structure.
3.4
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Figure 3. (a) The real part of the complex dielectric constants ' ( ) and (b) a comparison of the
imaginary parts between the dielectric constant '' ( ) and the Raman susceptibility '' ( ) of the
glassy state of IND at room temperature.

In addition, '' ( ) and '' ( ) of the glassy IND showed the obvious disagreement in
their spectral shapes and peak positions each other. The obvious discrepancy in their spectral
shapes and peak positions indicates that the far-infrared and Raman light-vibration coupling
constants are different in the glassy IND. Furthermore, the spectral shapes of '' ( ) and '' ( )
are reminiscent of the shape of the spectrum of each of the crystalline state shown in Fig. 2(b).
Considering that the crystalline state of IND has a centro-symmetry, these experimental
results might suggest that the IND has also the local centro-symmetry of nanoscale regions
despite the macroscopic disordered glassy state, like a glassy state of pharmaceutical
indomethacin [13].
The inelastic scattering spectra of glasses have generally shown a universal lowfrequency response called ‘‘boson peak’’ in the region below 3 THz [14]. To obtain the clear
boson peak, the reduced Raman intensity '' () /  has been usually used [15]. Figure 4
shows the imaginary part of the complex dielectric constant and the Raman susceptibility
divided by ω of glassy IND. A broad and asymmetric boson peak is clearly observed in the
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Raman spectra at about 0.5 THz, although a clear peak has not been observed in the THz
spectra at the same frequency. The boson peak frequency in IND is lower than glycerol which
is a typical hydrogen bonding organic material and has a boson peak at about 2 THz [14].
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Figure 4. The imaginary part of the complex dielectric constant and the Raman susceptibility divided
by  of the glassy IND at room temperature.

4. CONCLUSION
We have investigated the terahertz dynamics of the crystalline and glassy states of
pharmaceutical IND using THz-TDS and Raman spectroscopy at room temperature. Several
phonon peak frequencies observed in the crystalline state showed discrepancies between THzTDS and Raman scattering measurements. It indicates that the crystal structure of the
commercial type crystalline IND has a centro-symmetry. In a glassy state, '' ( ) and '' ( )
showed a broad absorption band and a peak around 0.7 THz and 1.2 THz, respectively. Both
spectra showed different spectral shapes and the discrepancy indicates that the far-infrared
and Raman light-vibration coupling constants are different in a glassy IND. A boson peak has
been clearly observed in the Raman spectra at about 0.5 THz, although a peak has not been
observed clearly in the THz spectra within the measured frequency range.
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