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Abstract Mixed crystals of various proportions of urea
thiourea were grown by slow evaporation of aqueous
solution at room temperature. The bright and transparent
crystals obtained were characterized using thermogravi-
metry—differential thermal analysis (TG-DTA) and FTIR
spectroscopic analyses. A fitting decomposition pattern for
the title compound was formulated on the TG curve which
shows a two-stage mass loss between 175 and 750 °C. In
this temperature range, DTA curves show exothermic
peaks supporting the formulated decomposition pattern.
The FTIR spectra show the characteristic absorption,
vibration frequencies due to urea thiourea. Detailed struc-
tural analysis of the compound is under progress.

G. Madhurambal
Department of Chemistry, A D M College for Women,
Nagapattinam, Tamil Nadu, India

M. Mariappan
Department of Chemistry, RVS College of Engineering and
Technology, Karaikal, Pondicherry, India

B. Ravindran
Department of Physics, EGS Pillay Engineering College,
Nagapattinam, India

S. C. Mojumdar

Department of Chemical Technologies and Environment,
Faculty of Industrial Technologies, Trencin University
of A. Dubcek, Puchov, Slovakia

S. C. Mojumdar (<)

Department of Chemical and Biochemical Engineering, The
University of Western Ontario, London, ON N6A 5B9, Canada
e-mail: scmojumdar@yahoo.com

Keywords Solution growth - Urea thiourea mixed crystal -
TG-DTA - FTIR

Introduction

Nonlinear optic (NLO) materials have recently attracted
much attention because of their potential applications in
emerging opto-electronic technologies. The search for new
frequency conversion materials over the past decade has led
to the discovery of many organic materials [1-25]. Though
organic NLO crystals have high nonlinearity, fast responses
and tailor made flexibility. Their applications are limited due
to inherent poor chemical stability caused by organic
n-conjugated system [26, 27]. Many authors investigated
various organic and organometallic compounds due to their
very important roles in chemical, biological, electrical and
environmental sciences and also examined their various
properties [5-30]. Urea is representative of one class of
materials which are applicable to photonics and served as a
model compound and reference material in the diffusive
mixing in organic solutions (DMOS) experiment in micro-
gravity carried out by NASA [28]. Recently metal com-
plexes of thiourea have been explored. Thiourea is an
interesting inorganic modifier due to its large dipole moment
and its ability to form an extensive network of hydrogen
bonds. It belongs to orthorhombic crystal system. Only few
of thiourea complexes, viz., zinc thiourea sulphate, bis
thiourea cadmium chloride, triallyl thiourea mercury bro-
mide, thio semicarbazide crystallizes in noncentro symme-
try structure, show second harmonic generation (SHG).
TG-DTA as well as FTIR spectral analysis have been
applied to investigate the physical and chemical properties
such as structure, fusion, vaporization, decomposition, oxi-
dation and degradation of the studied compounds.
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Experimental

The mixed crystals of various proportions were synthe-
sized, and their purities were checked by standard meth-
ods of analysis. As the growth process is slow, the atoms
of the constituent particles take definite position during
growth. The mixed crystals of a values 0.1, 0.25 and 0.5
were grown by suitable amounts urea and thiourea for
desired ‘a’ values (0.1, i.e. 1 g of thiourea, 9 g of urea).
The TG-DTA of various proportion of urea thiourea
mixed crystal (here after abbreviated as UTMC) was
carried out on a NETZSCH ST 409 °C thermal analyser
in nitrogen atmosphere. The samples were heated between
30 and 800 °C at a heating rate of 10 K/min. A Burker
IFS 66 V spectrometer was used to record the FTIR

spectrum of the compounds, employing KBr pellet tech-
nique in the frequency range 400-4,000 cm™'. A detailed
structural analysis of the compounds will be published
later.

Results and discussion
Thermal analysis

The TG-DTA curves of various proportions of UTMC are
shown in Figs. 1a, b and 2. The TG curves indicate a two-
step mass loss on heating the compounds between 30 and
800 °C. The following decomposition pattern is formulated
for various proportions of UTMC.
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Step 1
---H-HN—CO—-NH-H---S = C (NH,),— 2NH;3 + CO

Step 2

--+HN—CS—NH;--- = H,S+ N, +C

Two molecules of ammonia and a molecule of carbon
monoxide are lost on heating the compound 0.5 UTMC
from 175 to 295 °C. These accounts for 82.21% mass loss
observed on the TG curve. Here the decomposition pattern
of 0.1 and 0.25 UTMC is some what different from 0.5
UTMC. This is because of the formation of weak hydrogen
bond between C=0 N-H of urea and thiourea. This
accounts for 44.17% mass loss occurring in first-stage
decomposition and 45.67% of mass loss observed in the
temperature between 325 and 450 °C. In the case of 0.5,
urea is stable up to 175 °C. Above 175 °C urea in the
various proportions of UTMC decomposes into two mol-
ecules of ammonia and a molecule of carbondioxide.
Afterwards, i.e. when the temperature reaches 625 °C,
thiourea in UTMC begins to split to hydrogen sulphide,
nitrogen and carbon residue. This accounts for 11.97%
mass loss observed on the TG curve. The thermogravi-
metric studies thus confirm the formation of the title
compound. Similarly, in the case of 0.1, 0.25 UTMC,
ammonia and carbon monoxide lost on heating the com-
pound from 180 to 250 °C. This accounts for 44.17 and
45.67% mass loss observed on the TG curves. Here the
thermal stability of 0.1 and 0.25 UTMC was decreased
when compared to 0.5 UTMC. This indicates the higher
percentage of urea combines with thiourea. Thiourea in 0.1
and 0.25 UTMC is stable up to 320 °C. After that, thiourea

begins to split. This accounts for 30.25 and 30.77% mass
loss observed on the TG curves.

Solubility

The literature survey indicates the organic urea, thiourea
salts as nonlinear optic materials. The salts used for the
experiments are Analar Merck grade. The salts were
recrystallized by using deionized water. It is essential to
increase purity to a respectable level before proceeding
further. Considerably recrystallization will produce mate-
rial which is pure for crystal growth. Urea, thiourea salts
are recrystallized with distilled water. Saturated solutions
of urea, thiourea were prepared at 40 °C. The solutions
were filtered to avoid any insoluble impurities by using
heated apparatus to prevent nucleation. The solutions were
cooled down to room temperature in order to obtain max-
imum yield. The resulted crystals were recrystallized fur-
ther. The fine powdered crystals were filtered off by suction
and air-dried at room temperature. The purity was then
checked by standard method analysis like melting point.

Doubly distilled water was used in all experiments. First
of all the solubility of the salts was determined. The
experimental procedure adopted was as follows.

The saturated urea, thiourea and solutions of A to C
(solution A, B and C = 0.1, 0.25 and 0.5, UTMC in water)
are prepared individually. Then the empty weight of silica
crucible was weighed. 5 mL of saturated solution was
taken in a crucible and it was also weighted. From this the
solubility of urea in 100 mL of water was found as 108.9 g
and that of thiourea was 10.5 g. Similarly the solubility of
0.1, 0.25 and 0.5 UTMC is presented in Table 1.
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Table 1 Effect of temperature on solubility of urea thiourea mixed
crystal in water

Proportions Solvent Temperature/K Solubility/g/100 mL
0.1 Water 303 91

0.1 Water 305 125

0.1 Water 307 160

0.25 Water 303 73.3

0.25 Water 305 79.5

0.25 Water 307 85.7

0.5 Water 303 48.6

0.5 Water 305 55.2

0.5 Water 307 61.4

It was observed that the salt thiourea is less soluble so
the proportions of the crystals were expressed in terms of
less soluble salt. The solubility decreases with increase of
thiourea proportions. Solubility of the mixed crystals in all
proportions increases with increase of temperature.

FTIR Spectral Analyses

The FTIR spectra of the various proportions of UTMC were
recorded on a Burker IFS 66 V FTIR spectrometer by KBr
pellet technique in the range 400—4,000 cm™ " and shown in
Figs. 3, 4 and 5. The observed bands along with their
vibrational assignments have been given in Table 2. Here
the characteristic vibrational absorptions of UTMC have
been compared with those of thiourea and urea. The high
frequency N-H absorption bands in the region 3,100-
3,500 cm~ ! in the spectra of urea, thiourea were shifted to

higher frequencies on the formation of urea thiourea com-
pound indicating that the hydrogen bonding must be
between nitrogen atom of urea and hydrogen of thiourea. It
can be seen from the table that the symmetric stretching of
C=S (in 0.25 UTMC) vibrations at 740 cm ™' of thiourea was
shifted to lower frequencies (from 724 to 733 cm™Y),
asymmetric stretching of C=S vibration at 1,417 cm™' was
shifted to higher frequencies (1,433, 1,431 cm_l) in 0.25
and 0.5 UTMC. Similarly C-N stretching vibration at
1,089 cm™"' was shifted to higher frequency (1,093 and
1,095 cmfl). This shows that binding of urea with thiourea
is through nitrogen. The formation of hydrogen bond
expected to increase the contribution to highly polar char-
acter of the structure of urea and thiourea molecules
resulting in a stronger double bond character for the nitrogen
to carbon and sulphur to carbon. The band observed at
1,589-1,626 cm ™! corresponds to the band of thiourea
assigned to the N—C-N stretching vibration. This frequency
might be attributed to a stronger double bond character of
carbon to nitrogen and carbon to sulphur. The band observed
at 2,000—2,700 cm ™! also confirms the formation of title
compound, because delocalization of 7 electrons of urea and
thiourea occurs at these regions. These bands are not
observed in single crystals of urea and thiourea.

SHG efficiency

The nonlinear optical property of various proportions
of UTMC was confirmed by shining Nd:YAG laser
(A = 1046 nm) on thin plate of grown crystal. It is
observed that green light is coming out from 0.1, 0.25 and
0.5 UTMC. The frequency of the emitted light was dras-
tically decreased from 0.1, 0.25 to 0.5 and then slightly

Fig. 3 FTIR spectrum of 0.1 o
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Fig. 4 FTIR spectrum of 0.25
UTMC in water
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increased from 0.5. This is due to fact that the oxygen in
urea is more electronegative than sulphur in thiourea. This
causes the more delocalization of electrons in the case of
0.1, 0.25 UTMC when compared to 0.5. This increase the
noncentro-symmetric properties of urea, hence enhance its
nonlinearity. The qualitative measurement of the second
harmonic conversion efficiency was determined using
powder technique developed by Kurtz and Perry. The
crystal was ground into powder and density packed
between two transparent glass slides. A Nd:YAG laser
beam of wavelength 1,064 was made to fall normally on
the sample cell. The transmitted fundamental wave was

3500

2500 2000
Wavenumber/cm™

3000

absorbed by a CuSO, solution and the second harmonic
signal was detected by a photomultiplier tube and dis-
played on storage oscilloscope. An ADP crystal, powdered
to the identical size was used as a reference material in the
SHG measurement.

X-ray diffraction study
The X-ray diffraction pattern of UTZC is given in Figs. 6,
7 and 8. The American chemical Society for Testing and

Materials (ASTM) data of urea and thiourea are also
represented.
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Table 2 FTIR Spectra of 0.1, 0.25, 0.5 UTMC compared with urea,
thiourea

—1
Wave number/cm

Urea Thiourea 0.1 0.25 0.5 Assignment
UTMC UTMC UTMC
~ 411 - - - 3y(S-C-N)
508 494 526 - 485 3,s(N-C-N)
- - 588 635, 621 635, 5.(NH,)
621
- 740 - 724 722 3,(C=S)
790 - - 774 739 3,,(C=0)
- - 864 - - 5,(NH,)
- 1089 - 1093 1093  p(C-N)
- - 1165 - - 7(C=0)
- - 1209 - - 7(CN & &, NH,)
- - - - 1389 7,(CN & J, NHy)
- 1417 - 1433 1433 Vas(C=S)
- 1471 1458 - 1468 7(N-C-N)
- - - 1576 1588  7,(CN & 4
NH,)
1631 1627 1626 1633 1633 J.s(NHy)
- - 1670 1831, - 75(C=0)
1764
_ _ - 2037 2036 ys(NHT)
- _ . 2112 2115 9(N=C=N)
- - 2167 - 7s(NH™)
- - 2296 - - 75(N=C=0)
- - 2356, 2364 2361  7(C=NH")
2339
- - - 2694 2688 7s(NH, ™)
- 3167 - 3106 - 7s(NH»)
3320 3280 3364 - - 7as(NH»)
3422 - 3456 3415 3362 7,(NHy)
3000 z
2500 A
5 2000
g
2 1500
(%]
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Fig. 6 XRD pattern of 0.1 urea thiourea mixed crystal
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Fig. 8 XRD pattern of 0.5 urea thiourea mixed crystal

From the ASTM values, the different planes absorbed
are identified for all the mixed crystals and they are pro-
duced. Urea belongs to tetragonal and D%D—P421M and
thiourea belongs to Dé%—PgMMl orthorhombic. It is
understood that the number of planes absorbed decreased,
and d values also decreased. This may be due to the
overlapping of planes of urea crystals and reorientation in
the structure, and this brings at different morphology of the
crystals itself. This is a striking phenomena observed and
this mixed combination of mixed crystals will produce a
wide range of laser active crystals.

Conclusions
Mixed crystals of various proportions of UTMC were

prepared at room temperature by slow evaporation of
aqueous solutions. The bright and transparent crystals
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obtained were characterized. The TG and DTA studies
confirm a two-stage decomposition of the compound when
heated between 180 and 750 °C. The FTIR spectra show
characteristic vibrational frequencies of urea and thiourea.
The detailed structural analysis of the compound under
progress will help to understand the mechanism of the title
compound.
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