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Abstract

The semi organic Non-linear crystal of [(E)-benzylideneamino] thiourea was prepared by adopting slow evaporation solution
growth technique. The, induction period, interfacial energy and nucleation parameters of the material was determined for the
solvents methanol,1:1 methanol and 1:2 methanol. The resulting crystals were subjected to UV-Visible spectral study to
determine its optical transparency, FT-IR Spectral study to determine its purity. Thermal studies support the thermal stability of
the material. Further the material was found to be about 5.1 time SHG efficient than that of potassium dehydrogenate ortho
phosphate. These studies reveals the application oriented properties of the material-[(E)-benzylideneamino] thiourea.
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Introduction

In recent years, intense research work has been carried out to
identify a special variety of thermally stable optical material.
Generally semi-organic crystals are more stable; particularly
this - [(E)-benzylideneamino] thiourea crystals has an optical
transparency. The slow evaporation solution growth technique
(SESGT) is an important technique because large size, stable,
optical crystals are being grown by this technique'®. The
application oriented grown crystal is applied in inert area of
optical communication, computing and information process. A
major drawback of crystalline organic optical crystal is the
difficulty in growing large, optical quality crystals also the often
fragile nature of these crystals makes them difficult to process.
The inherent limitation on the maximum nonlinearity in
inorganic materials and the moderate success in growing device
grade organic crystals has made scientists to adopt alternate
strategies. The obvious one was to develop hybrid inorganic -
organic materials with some advantages. Therefore in the
present studies, We report on the induction period, interfacial
energy and nucleation parameters, thermal studies and SHG
efficiency of [(E)-benzylideneamino] thiourea crystals by slow
evaporation solution growth technique (SESGT). The nucleation
parameters for solution grown [(E)-benzylideneamino] thiourea
were determined using the interfacial tension and reported for
the first time.

The Induction period, Interfacial energy and nucleation
parameters of [(E)-benzylideneamino] thiourea in pure
methanol, 1:1 methanol and 1:2 methanols as solvent were
determined. The grown crystal was characterized by UV for the
optical property, the functional group are characterized by FT-
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IR, thermal properties are characterized by TGA and DSC
7-12

analysis and NLO studies for SHG efficiency ™~

Material and Methods

The semi organic crystal of [(E)-benzylideneamino] thiourea
was prepared by the slow evaporation solution growth technique
(SESGT)*"". By taking appropriate  amount  of
Thiosemicarbazide of a hot solution in methanol, a solution of
benzaldehyde in methanol was added drop wise during 30
minuts. The content was fitted in reflux condenser with constant
stirring maintain this condition up to 4 hrs. Then filtered the
content, concentrate it to half the volume. After a slow
evaporation of the concentrate at room temperature. Crystals
were collected, to improve the purity of the crystal washed with
ethanol (at least 5 times) thoroughly.

Figure-1
Crystals of [(E)-benzylideneamino] thiourea
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Induction periods and Interfacial energies
There are several methods of measuring the induction period
depending upon the solubility of the materials'®. Here the visual

observation method was followed. Solutions of [(E)-
benzylideneamino] thiourea in methanol at different
supersaturation values were prepared and subjected to

systematic slow evaporation. The time period that elapses
between the achievement of supersaturation and appearance of
visual nuclei is taken as the induction period (t). Several trial
runs were performed to minimize the error. Experiments were
repeated for supersaturation (s) like 1.15, 1.17, 1.20 and 1.25at
two different temperatures. From the results obtained a plot of
Int against 1/(Ins)* is drawn and is shown in figure2. The
interfacial tension was calculated from the slope of the curves
using the equation Int =InA+16ar’V>N/3RT(In s)°

Where A is a constant related to the pre-exponential factor of
the nucleation rate expression. V is the molar volume, N is the
Avogadro number and R is the gas constant. The factor 16z in
the above equation refers to the spherical nuclei. The interfacial
tension between the [(E)-benzylideneamino] thiourea and
methanol is calculated by measuring the slope value of the curve
obtained at the two temperatures.
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Figure-2

A plot of Int vs (lns)2 for [(E)-benzylideneamino] thiourea
grown from Methanol at 308 and 313K
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Figure-3

A plot of In t vs 1/ (In s) 2 for[(E)-benzylideneamino] thiourea
grown from Methanol 1:1 at 308 and 313K
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Figure-4
A plot of In t vs 1/(In s)2 for [(E)-benzylideneamino] thiourea
grown from Methanol 1:2 at 308 and 313K

Similar experiments were made in the case of 1:1 methanol and
1:2 methanol solvents also. From the results obtained .plots of In
t against 1/(In s)* are drawn and shown in figures 3 and 4.The
effect of solvent and temperature on interfacial tension is
presented in table 1.

Table-1
Effect of temperature and solvent on interfacial tension

Solvent Temperature/K Slope value Interfaciel tension/mj/m” x10™
Pure methanol 308 0.0267 2.0406
313 0.0270 2.1433
1:1 methanol 308 0.0178 1.8607
313 0.0180 1.9372
1:2 methanol 308 0.0080 1.7328
313 0.0080 1.7629
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According to the classical homogeneous nucleation theory, the
Gibbs free energy required to form [(E)-benzylideneamino]
thiourea nucleus is given by

AG =4/3)nr® AG,, 4nr’y 2)

Where AG, is the Gibbs free energy change per unit volume, r
is radius of the nucleus. At the critical state, the formation obeys
the condition that d(AG)/dr =0.Hence the radius of the critical
nucleus is expressed as

r¥=-2y/ AG,
where, AG, =--ktIns/v 3)
Where v is the molar volume, and S=C/C*.C actual
concentration and C*- equilibrium concentration

Hence r* =2vy/KT Ins (@)
The critical Gibbs free energy is given by

AG =16mr’v/ AG* (5)
The number of molecules in the critical nucleus is expressed as
i*=dm(r*)"/3v (6)

Therefore, using the interfacial tension value. the radius, of the
critical nuclei (r*), the Gibbs free energy change for the
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formation of a critical nucleus (AG*) and the number of
molecules (i*) were calculated at different temperature for [(E)-
benzylideneamino] thiourea in methanol and presented in Table
1.

It was noted that with the increase in super saturation, the Gibbs
free energy change for the formation of a critical nucleus (AG")
decreases with radius(r*).This favours the easy formation of
nucleation in methanol at higher super saturations.

Similar type of calculations used to calculate the nucleation
parameters of [(E)-benzylideneamino] thiourea in 1:1 and 1:2
methanol the values are given in Table 3 and 4 respectively.

The surface tension of the solvent methanol is in increasing
order with decreasing concentration. The effect of surface
tension on interfacial tension is given in table 7. The interfacial
tension between the pure methanol, 1:1 methanol and 1:2
methanol is also in decreasing order. The effect of viscosity of
solvents on interfacial tension is given in table 6. As viscosity
increases the interfacial tension decreases. The effect of density
of solvents on interfacial tension is presented in table 7. As
density increases the interfacial tension decreases.

Table-2
Nucleation parameters of[(E)-benzylideneamino] thiourea crystal in methanol

Super saturation ratio 308 K 313K
S=C/C* r#*/m AG* i* r¥/m AG* i*
X 10" X 10" X 10* X 10" X 10" X 10*
1.15 7.7900 6.2216 3.9584 8.0512 6.9801 4.3700
1.17 6.9676 4.9773 2.8324 7.2012 5.5841 3.1269
1.20 6.0341 3.7330 1.8397 6.2364 4.1881 2.0310
1.25 4.9268 2.4886 1.0014 5.0920 2.7920 1.1055
Table-3
Nucleation parameters of [(E)-benzylideneamino] thiourea crystal in 1:1methanol
Super saturation ratio 308 K 313K
S=C/C* r*/m AG* i* r¥/m AG* i*
X 10" X 10" X 10* X 10" X 10" X 10*
1.15 7.1031 4.7166 3.0008 7.2771 5.1542 3.2269
1.17 6.3532 3.7733 2.1472 6.5088 4.1233 2.3089
1.20 5.5020 2.8300 1.3946 5.6368 3.0925 1.4997
1.25 4.4924 1.8866 0.7591 4.6024 2.0617 0.8163
Table-4
Nucleation parameters of [(E)-benzylideneamino] thiourea crystal in 1:2 methanol
Super saturation 308 K 313K
ratio r*/m AG* i* r*/m AG* i*
S=C/C* X 10" X 10" X 10* X 10" X 10" X 10*
1.15 6.6149 3.8093 2.4236 6.6224 3.8844 2.4319
1.17 5.9165 3.0475 1.7342 5.9232 3.1075 1.7401
1.20 5.1238 2.2856 1.1264 5.1297 2.3306 1.1302
1.25 4.1836 1.5237 0.6131 4.1883 1.5538 0.6152
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Table-5
Effect of surface tension of solvents on interfacial tension
Solvent surface tension, , | interfacial tension
/N m at 35°¢c,
/mJ/m* x10™°
Pure methanol 0.02212 2.0406
1:1 methanol 0.02561 1.8607
1:2 methanol 0.02649 1.7328
Table-6
Effect of viscosity of solvents on interfacial tension
Solvent Viscosity,m.pa.s interfacial tension
at 35°c
/mJ/m* x10™°
Pure methanol 0.544 2.0406
1:1 methanol 1.271 1.8607
1:2 methanol 1.246 1.7328
Table-7

Effect of density of solvents on interfacial tension

Solvent Density,Kg/ 1 interfacial tension
at 35°c
/mJm* x10™"
Pure methanol 0.7893 2.0406
1:1 methanol 0.9139 1.8607
1:2 methanol 0.9455 1.7328

Results and Discussion

UV Visible Spectral studies: UV-Visible Spectral study is very
useful technique to determine the optical properties and
transparency of a substance'*>’.The UV-Visible spectrum of
[(E)-benzylideneamino] thiourea crystal was recorded using
Lambda 25 spectrometer is shown in figure-5.

This spectrum shows the characteristic absorption around 325-
425nm which is assigned to a substituted benzene with —NH,
group and —SOs;H group. This spectrum also confirms the
aromatic nature of grown crystal. The recorded  UV-Visible
spectrum proves the highly transparent nature of the material
between 425-800nm. This confirms the characteristic property
of [(E)-benzylideneamino] thiourea, which is suitable for optical
application.

treeeed
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Figure-5
UV-Visible Spectrum of [(E)-benzylideneamino] thiourea
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FT-IR Spectral analysis: Functional groups present in the
sample were analyzed using Fourier Transform Infrared
spectrum®**®. The spectrum was recorded using AVTAR370
DTGS FT-IR spectrometer in the wave number range from 400-
4000cm™ with KBr pellet. The Fourier Infra-red spectrum (FT-
IR) of the grown crystal is shown in figure-6. The observed and
their corresponding group identification is given in table-8.The
band obtained at 1590cm™ is due to the formation of the imine
group between benzaldehyde and thiosemicarbazide. Due to the
C=N and N-N stretching vibration the peaks observed at below
1500 cm’'. The peak observed at 1159.23cm™ shows C=S
stretching vibration. As expected the peak corresponds to
aromatic C-H was observed at 1298cm™. There is no peak
observed at 2720 cm' confirms the aldehyde functional group in
[(E)-benzylideneamino] thiourea .
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Figure-6
FT-IR Spectrum of [(E)-benzylideneamino] thiourea
Table-8
The observed and their corresponding group identification
1 | Group

S.No | Frequency cm identification

1 1590 C=N imine group

2 1500 N-N Stretching

3 1159 C=S Stretching

4 1298 Aromatic C-H

5 1107 NH, rocking

Thermal analysis: Thermal study of [(E)-benzylideneamino]
thiourea was analyzed using SDT Q 600V 20.9 BUILD20
instrument between the temperature 00C to 600° Cat a heating
rate of 10°C/minutes under nitrogen atmosphere. The thermal
analysis is a very useful technique in the characterization and
thermal stability of the crystal®>'. The thermograme of [(E)-
benzylideneamino] thiourea shown in figure-7. The sample
weight is 10.9750 mg sample was taken for the measurement
The Thermogram shows the endothermic peak at 153.50°C.
Further shows the grown crystal has crystalline nature and
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thermal stability. The grown crystal begins to attain an
endothermic transition and begins decompose. The sharpness of
this endothermic peak shows the good degree of crystallinity
and purity. In TGA there are three weight losses noted in the
thermo gram First one is due to expulsion of water present in the
crystal. The second and third major weight loss is observed just
above 200°C and 300°C.
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Thermogram of — [(E)-benzylideneamino] thiourea

Nonlinear optical studies: Kurts and perry second harmonic
generation (SHG) tests’” was performed to determine the NLO
efficiency of [(E)-benzylideneamino] thiourea crystal. The
grown crystal was powdered with a uniform particle size and
packed in a micro capillary of uniform bore and was illuminated
using spectra physics quanta ray DHS2.Nd:YAG laser is used to
test second harmonic generation (SHG) of grown crystal, The
SHG efficiency obtained for [(E)-benzylideneamino] thiourea
is about 5.1 times that of potassium dihydrogen orthophosphate
crystal.

Conclusion

[(E)-benzylideneamino] thiourea  was prepared by using
benzaldehyde and Thiosemicarbazide in methanol solution by
adopting standard procedure. The crystal was grown by slow
evaporation solution growth technique (SESGT). The UV-
Visible spectrum reveals that the grown crystal is transparent in
the wavelength region The presence of benzaldehyde group is
identified by FT-IR Spectral analysis. Thermal stability of the
crystal was confirmed by TGA/DSC studies.The NLO test
confirms the SHG efficiency of [(E)-benzylideneamino]
thiourea .
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