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ABSTRACT

Nonlinear optical crystals of pure, 10 and 50 mol% glycine mixed L-valinium picrate have been grown from sa-
turated aqueous solution by slow evaporation method at a temperature of 36°C using a constant temperature
bath of accuracy of £0.01°C. The synthesized organic optical material has been purified by repeated recrystalli-
zation. The cell parameters were calculated using single crystal X-ray diffraction technique which confirmed the
crystal system. Optical behavior was examined by UV-Vis-NIR spectrometer in the range from 190 nm to 1100
nm, which revealed the absence of absorption in the entire visible region. Functional groups and modes of vibra-
tion were identified by FT-IR spectrometer in the range between 400 cm™ and 4000 cm™. The *H- and *C NMR
spectra of grown crystals were recorded using D,0 as solvent on a Bruker 300 MHz (Ultrashield) TM instrument
at 23°C (300 MHz for 'H NMR and 75 MHz for *C NMR) to confirm the molecular structure. The second har-
monic generation conversion efficiency was investigated by Kurtz powder method using Nd: YAG laser as a
source to explore the NLO characteristics.
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1. Introduction NLO materials. In our laboratory, we engaged in finding
new NLO materials and some of the results were re-
ported recently [6-8]. Growth and characterization on
nonlinear optical crystal L-valinium picrate were carried
out and reported earlier [9-12]. Growth and characteriza-
tion on L-valinium picrate and 10 mol% of glycine mixed

To satisfy the modern society’s demand for photonics
and telecommunication, extensive search of new nonli-
near optical (NLO) materials is very essential [1]. The
investigations on new nonlinear optical crystals with high
second harmonic generation efficiency are more attrac-

tive because of their application in the field of telecom- ~ L-valinium picrate were reported by other authors [13,
munication, optical computing and optical storage [2,3]. 14]. In the present mvestlgatlon: the synthems an-d_growt.h
Organic nonlinear optical crystals are more resourceful ~ Of pure, 10 and 50 mol% glycine mixed L-valinium pi-

materials for NLO applications compared to inorganic ~ Crate crystals from its aqueous solution by slow evapora-
materials due to their large electro-optic coefficient with ~ tion have been reported. The cell parameters were calcu-

low frequency dispersion and high nonlinearity [4]. Due lated using single crystal X-ray diffraction studies. Using
to chiral symmetry and noncentro symmetric properties, ~ UV-Vis-NIR spectrum, transmission properties were re-
complex of amino acid with organic acid is promising ~ ported. Functional groups were identified by FT-IR
materials for NLO applications [5]. Hence, lots of re- analysis. The chemical structure was discussed using
searches are being carried out to synthesize new organic FT-NMR technique and SHG test was also performed to
“Corresponding author. confirm the NLO property.
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2. Crystal Growth

Analar grade samples of glycine, valine and picric acid
were employed for the synthesis of L-valinium picrate
(LVP). 10 mol% glycine mixed L-valinium picrate (10
GVP) and 50 mol% glycine mixed L-valinium picrate
(50 GVP). LVP was synthesized by the reaction between
picric acid and the amino acid, L-valine taken in equi-
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The purified powder of LVP, 10 GVP and 50 GVP
were dissolved thoroughly in double distilled water at
30°C to form saturated solution. The solutions were
heated to remove any undissolved substance and filtered
to remove the dust particles. Then the solutions were
kept aside undisturbed for the growth of single crystal.
After two weeks, good quality transparent crystals were
harvested.

3. Result and Discussion
3.1. XRD Technique

The single crystal diffraction analysis of LVP, 10 GVP
and 50 GVP were carried out using ENRAF NONIUS
CAD-4 single X-ray diffractometer with MoK a (4 =
0.71073 A) radiation. From the XRD data, it was ob-
served that 10 GVP crystallizes in orthorhombic crystal
system and LVP, 50 GVP crystallizes in monoclinic sys-
tem. The observed cell parameters are tabulated in the
Table 1.

3.2. UV-Vis-NIR Analysis

The UV-Vis-NIR spectrum of grown crystals were rec-
orded using Lambda 35 double beam spectrometer in the
range at 190 nm to 1100 nm and it is shown in Figure 1.
From the transmission spectrum, it was observed that the
grown crystal has transparency from 425 nm to 1100 nm.

molar ratio. 10 GVP has been grown from glycine, valine
and picric acid taken in the ratio of 0.1:0.9:1 (Glycine:
Valine: Picric Acid) in the deionized water. Same pro-
cedure was carried out to obtain 50 GVP in the ratio of
0.5:0.5:1 (Glycine: Valine: Picric Acid). The purity of
the synthesized materials was increased by successive re-
crystallization. The chemical reaction involved in growth
of L-valinium picrate may be written as follows.

UV cut-off wavelength of L-valinium picrate (LVVP), 10
mol% glycine mixed L-valinium picrate (10 GVP) and
50 mol% glycine mixed L-valinium picrate (50 GVP) are
425 nm, 460 nm and 450 nm respectively. The transpa-
rency above the 460 nm satisfies the requirement for
frequency doubling of Nd: YAG laser. The observed
peaks in the range between 200 hm to 360 nm, were due
to transition from n to IT" transitions of carbonyl group
[15].

3.3. FT-IR Analysis

The FT-IR spectrum of grown crystals were recorded in
the KBr phase in the frequency region of 400 - 4000
cm * using Perkin-Elmer FT-IR spectrometer (model
SPECTRUMRX1) and shown in Figure 2. The recorded
spectrum was compared with the available literature [16].
The observed vibrational frequencies and their tentative
assignments are given in the Table 2.

The stretching vibration of NH; of amino acid was
observed at 3088, 3080 and 3081 cm ' in LVP, 10 GVP,
50 GVP respectively which was found due to superim-
posed of OH and NH; stretching bands. A broad ab-
sorption occurred around 3446 cm ' (LVP) 3428 cm*
(10 GVP), 3432 cm* (50 GVP) due to OH stretching
band. The absorptions around 1720 cm™* and 1480 cm™*
of all the three spectrums are due to stretching of COO™
bands. The rocking vibration of NH; and CH, was

Table 1. Lattice parameter values of grown crystals.

Sample a(A”) b (A%) c (A% a (degree) P (degree) y (degree) Volume A% Crystal System
LVP 9.97 6.29 12.64 90 110 90 793 Monoclinic
10 GVP 9.22 9.69 19.06 90 90 90 1702 Orthorhombic
50 GVP 10.01 6.31 12.67 90 110 90 800 Monoclinic
OPEN ACCESS JMMCE
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Figure 1. (a) Transmission spectrum of LVP; (b) Transmis-
sion spectrum of 10 GVP; (c) Transmission spectrum of 50
GVP.
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Figure 2. (@) FT-IR spectrum of LVP; (b) FT-IR spectrum
of 10 GVP; (c) FT-IR spectrum of 50 GVP.

observed around 1153 cm™ and 906 cm " in all the cases.
The incorporation of glycine in L-valinium picrate is
confirmed by presence of peak at 618 cm ' in 10 GVP and
620 cm * in 50 GVP and it is obtained due to stretching

JMMCE



A.A.JOSEPH ET AL. 11

Table 2. FT-IR Spectral data.

Observed frequency in cm™

Assignments
LVP [14] 10GVP 50 GVP

3446 3428 3432 OH stretching

3088 3080 3081 NH; asymmetric stretching

1716 1739 1720 COO™ symmetric stretching

1633 1633 1633 NH; asymmetric symmetric

1565 1561 1561 NH; symmetric stretching

1465 1489 1486 CHs; asymmetric stretching

1427 1433 1433 COO™ symmetric stretching

1337 1333 1334 NO, symmetric stretching

1274 1266 1268 C-COO" stretching
1157 1153 1153 NH; rocking
1079 1082 1080 C-N stretching
906 906 905 CHj; rocking
784 740 742 NO; bending
618 620 C = O stretching of glycine

540 516 546 COO' rocking

0 ppm

bl
JLL
) ']

1 MV 1

228226224222220

of C = O group of glycine. The absorptions of 10 GVP
and 50 GVP have been compared with those of parent
compound (LVP) and its shows shifts in the position of
characteristics peak which confirm the formation of the
new compound.

3.4. NMR Studies

The *H-NMR and **C-NMR spectra of LVP, 10 GVP and
50 GVP crystals were recorded using D,O as solvent on
a Bruker FT-NMR spectrometer. The spectra were rec-
orded by dissolving the sample in D,O and obtained
spectra are shown in the Figures 3 and 4. The chemical
shifts for '"H-NMR and *C-NMR spectrums are repre-
sented in 6 ppm and are tabulated in the Table 3.

The proton in the glycine and picric acid was assigned
with the help of the available literature [17,18]. In 'H-
NMRspectrum, the OH-proton of picric acid pf LVP, 10
GVP and 50 GVP are observed at ¢ = 8.75, 8.54 and 8.73
ppm respectively. The same was observed at ¢ = 11.94
ppm in free picric acid [18,19]. This upfield shift was
due to the shielding of OH proton by the JI and n electron
of glycine, confirming the charge transfer phenomenon
in the compound [20]. The sharp and intense peak at ¢ =
4.8 ppm was due to the presence of undeuteriated D,O as
solvent. The resonance signal observed around ¢ = 3.79
ppm of LVP, §= 3.75 ppm of 10GVP and 6 = 3.75 ppm
of 50 GVP are attributed to CH proton of L-valine next

OPEN ACCESS

10 9 8 7 6 5 4 3 2 1 0 ppm

0 9 8 7 6 5 4 3 2 1
(c)
Figure 3. (@) *H-NMR spectrum of LVP; (b) *H-NMR spec-

trum of 10 GVP crystal; (c) *H-NMR spectrum of 50 GVP
crystal.

0 ppm

to carboxylic acid [21]. The doublets observed around at
6=0.8 ppm to 0.9 ppm are assigned to the proton of two
CH; group of L-valine in all three crystals. The signal
observed at 6 = 3.85 and 3.83 ppm of 10 GVP and 50
GVP respectively are due to the protons present in the
(CH,) group of glycine which indicates that addition of
glycine in L-valinium picrate.
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Figure 4. (a) ®C-NMR spectrum of LVP; (b) *C-NMR spectrum of 10 GVP crystal; (c) **C-NMR spectrum of 50 GVP crystal.

Table 3. *H and *C-NMR chemical shift values of LVP.

Chemical Shift (6 ppm)

Spectra Group identification
LVP 10 GVP 50 GVP
0.8&0.9 0.89 & 0.93 0.93 & 0.97 -CH;—of L-valine
3.79 3.75 3.78 -CH—of L-valine
'H-NMR - 3.85 3.83 -CH,—of glycine
48 48 48 D0
8.75 8.54 8.73 OH-proton of Picric Acid
16.75 & 17.41 16.77 & 17.35 16.78 & 17.39 -CHz;—of L-valine
29.03 29.03 29.04 -CH—of L-valine
- 40.14 40.14 -CH,—of glycine
58.64 58.51 58.55 -CH—of L-valine
128.26 127.80 128.22 C, carbon atom of Picric Acid
BC-NMR o
127.21 127.01 127.19 Cs and Cs carbon atoms of Picric Acid
141.12 140.81 141.04 C, and C¢ carbon atoms of Picric Acid
162.38 162.17 162.30 Ipso carbon of Picric Acid
172.01 170.08 170.08 COOH of L-valine
- 171.85 171.89 COOH of glycine

OPEN ACCESS JMMCE
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In ®°C-NMR spectrum, the signals observed at § =
172.01, 170.08 and 170.08 ppm of LVP, 10 GVP and 50
GVP were due to presence of COOH of L-valine. The
characteristic peak nearly at 6 = 162 ppm of three crys-
tals were attributed to ipso carbon of picric acid. The ob-
served peak arround 6 = 141 ppm of three crystals were
due to C, and Cs carbon atom containing NO, group in
picric acid molecule. The signals at 6 = 128.26, 127.80
and 128.22 ppm of grown crystals are assigned to C, car-
bon atom of picric acid. The peaks at § = 127.21, 127.01
and 127.19 ppm are assigned to C; and Cs carbon of pi-
cric acid of LVP, 10 GVP and 50 GVP respectively. The
resonance signal was observed at 6 = 58.64, 58.51 and
58.55 are due to tertiary carbon connected to L-valine.
The signal around 6= 29.03 ppm represents the CH (iso-
propyl) groups of L-valine. The CH; carbons of L-valine
are observed nearly between 16 and 17 ppm. The reson-
ance signals at 6 = 40.14 ppm of 10 GVP and 50 GVP
are account for the carbon of the CH, group in glycine.
The peaks at §=171.85 and 171.89 ppm of 10 GVP and
50 GVP respectively can be safely attributed to carboxyl
group (COOH) of glycine.

3.5. SHG Test

The nonlinear optical susceptibility of grown crystals
were measured through second harmonic generation test
using standard Kurtz and Perry Method [22]. The pow-
dered sample is placed in the path of Nd: YAG laser with
pulse width of 8 ns and repetition rate 10 Hz. The inten-
sity of incident power is 2.8 mJ/pulse for LVP, 50 GVP
crystals and 3.5 mJ/pulse for 10 GVP crystals. The green
color output signal from the sample confirmed the
second harmonic generation. The intensity of output light
was observed as 1300 mV, 425 mV and 1050 mV for
LVP, 10 GVP and 50 GVP crystals respectively.

4. Conclusion

Organic NLO material, L-valinium picrate (LVP), 10
mol% glycine mixed L-valinium picrate (10 GVP) and
50 mol% glycine mixed L-valinium picrate (50 GVP)
were grown from aqueous solution in room temperature
using slow evaporation technique. The cell parameters
were determined by XRD analysis and crystal systems
were found. The chemical environment of carbon and
hydrogen in grown crystals was identified by FT-NMR
technique and it confirmed the presence of dopent in
parent crystals. The NLO effect was confirmed by Kurtz
and Perry technique.
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