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Abstract. Herein the synthesis and the crystal growth of benzoyl valine (BV), an organic nonlinear optical
(NLO) material for frequency conversion was grown by slow evaporation solution growth technique at room
temperature has been reported. The compound was prepared by Stockman method of benzoylation. The
solubility curve shows linear nature up to a temperature of 313 K. XRD study reveals that the crystal
belongs to monoclinic system with P2; non-centrosymmetric space group. The fundamental vibrational
frequency of various functional groups (400—4000 cm ™) in the crystal was determined from FTIR analysis.
'H and '3C NMR spectral studies reveal the presence of proton and carbon network in the grown crystalline
sample. The optical behaviour of the crystal was ascertained by optical UV absorption spectral studies.
The UV cut off region (Amaz) lies around 200 nm and the crystal is absolutely transparent from 220—
800 nm suggesting its application as NLO material. The thermal stability of the crystal was determined
by thermogravimetric and differential thermal analyses. Laser damage threshold of BV was found to be
0.34 GW/cm? and hence BV can be used in frequency doubler system. Photoconductivity study of BV
revealed negative photoconductiviting nature of the sample. The microhardness studies confirm that BV
has a moderate Vickers hardness number (VHN) value in comparison to the other organic NLO crystals.

1 Introduction

A major effort was developed to use the nonlinear optical
(NLO) effect in materials to generate frequencies that are
not available and also to develop the capability of gener-
ating tunable coherent beams [1-4]. Much of this research
has been directed towards materials that produce second
harmonic generation (SHG), the frequency doubling of
laser light, telecommunication, optical computing, optical
data storage and optical information processing [5,6]. As
a result, a variety of both organic and inorganic materials
were grown [7—9]. Therefore materials with large second
order optical nonlinearities, transparency at a wavelength
involved and stable physicochemical properties are needed
in order to realize many applications [10,11]. Considerable
efforts have been made to combine amino acids with in-
teresting organic acids, chlorides and inorganic materials
to produce outstanding materials to challenge the existing
NLO materials. As a result a number of amino acid based
compounds are seen to impart NLO property in such or-
ganic crystals [12-15]. Recently Anand et al. has grown
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and characterized pure benzoyl glycine, and doped BG
(benzophenone, iodine, copper and cadmium) single crys-
tal using slow evaporation technique [16,17]. In this report
we present our findings of our endeavour on the charac-
terization studies like single crystal XRD, FTIR, H' and
C!3 NMR, TG/DTA, SHG, photoconductivity and micro-
hardness studies so as to improvise this material for blue
green laser radiation.

2 Synthesis

The starting materials benzoylchloride (E-Merck) and
L-Valine (E-Merck) were commercially available. The re-
quired amount of L-Valine was dissolved in 10% of NaOH
solution at a temperature of 30 °C. The appropriate
amount of benzoyl chloride was added in successive stages
to the solution. BV was formed in the form of precipitate.
The precipitate was recrystallized thrice using acetone.
The equation is

10% NaOH
e

CgH5COCI1 + C5H11NO9 C12H15NO3 + HCL
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Fig. 1. Solubility curve of BV crystal.

3 Solubility

The synthesized salt was used to measure the solubility of
BV in acetone. A 250 ml glass beaker filled with 100 ml
of acetone was placed inside a constant temperature bath
whose temperature was set at 25 °C. An acrylic sheet with
circular hole at the middle through which a spindle from
an electric motor placed on the top of the sheet was intro-
duced into the solution. A teflon paddle was attached at
the end of the rod for stirring the solution. BV salt was
added in small amount. The addition of salt and stirring
were continued till the formation of precipitate, which con-
firmed the super saturation of the solution. Then, 20 ml
of the saturated solution was pipeted out and poured into
the petri dish of known weight. The solvent was com-
pletely evaporated by keeping the solution in open air
for three days. The amount of salt present in 20 ml of
the solution was measured by subtracting the weight of
empty petri dish. From this, the amount of salt present in
100 ml of the solution was found out. In the same man-
ner, the amount of the salt dissolved in 100 ml at 25, 30,
35, 40, 45 and 50 °C were found. Figure 1 shows the sol-
ubility curve of BV in acetone at different temperatures.
It is seen from the solubility curve that the solubility of
BV in acetone increases with increase in temperature. The
solubility coefficient is an important parameter for study-
ing the solubility diagram. Using the formula (ds/dT")/So,
where S is the solubility (g/100 ml) and T is the temper-
ature. Sy is the solubility in g/100 ml corresponding to
Ty, the temperature for which the solubility coeflicient is
determined [10]. Solubility coefficients per degree Celsius
of Ty values 25, 30, 35, 40 and 45 °C were calculated. The
solubility coefficient is 0.03 per °C at 25, 30 and 35 °C
and 0.04 per °C for temperatures studied. The regular be-
haviour in the solubility diagram makes BV suitable for
the growth by temperature lowering and slow evaporation
techniques using acetone as the solvent. The photograph
of as grown crystals of BV was shown in Figure 2.

4 Single crystal XRD

The grown crystal was subjected to single crystal X-ray
diffraction studies using an automatic diffractometer EN-
RAFNONIUS CAD 4 (The Netherlands) with MoK, (A =
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Fig. 2. (Color online) Single crystal of BV.

0.7170 A) radiation and its unit cell dimensions are deter-
mined. The dimension of the crystal used for the measure-
ment was 0.6 x 0.4 x 0.3 mm?. It is observed that the com-
pound crystallizes in a non-centrosymmetric space group
P21 of the monoclinic system with unit cell parameters
a=549A, b =512 A, ¢ =21.894 A. The volume of the
unit cell was found to be 611 A3.

5 FTIR studies

From the crystallographic data, it is inferred that L-Valine
cation is in the Zwitterionic form. The FTIR spectrum of
BV is shown in Figure 3. The amino group of L-Valine
cation is protonated and the presence of NH:;|r is con-
firmed through the existence of Zwitterionic nature of the
molecule. The band at 3436 cm ™! in the infrared spectrum
is attributed to the stretching vibration of N-H group.
The absorption band at 3010 cm ™! is assigned to the aro-
matic C—H stretching vibration. The C=0 stretching vi-
brations of COO™ is observed at 1688 cm™!. Scissoring,
twisting and wagging vibration of C—H of CHs in L-Valine
molecules are observed at 1453, 1326 and 1026 cm™!.
The peak observed at 1446 cm™! is assigned to the C—
O asymmetric stretching vibration. The split band around
1600 cm ™! can be assigned to the bending vibration of N—
H group [18]. The medium absorption band at 803 cm™*
corresponds to C—H out of plane bending vibration. The
asymmetric and symmetric vibrations of the ionized car-
boxylate group are observed at 1602 cm™! in infrared
spectrum. Ratajczak et al. [19] reported that the absence
of any strong IR band at 1700-1740 cm™! corresponds
to the vibrations of COO™ ion. This provides confirma-
tion for the formation of the title crystal. Additionally
the wagging type of vibration of NH3 group is observed at
559 cm~!. Thus the presence of functional groups was con-
firmed through FTIR analysis. Hence it can be concluded
that the absence of C=0 and NHs group frequencies and
the presence of COO™ and NH;‘ frequencies indicate that
the molecule exists in zwitterionic form and the molecules
are held by three dimension network of hydrogen bonds.
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Fig. 4. H' NMR spectrum of BV.

6 'H and 13C NMR

In order to determine the molecular structure, the hydro-
gen and carbon network in BV have been studied using
these analyses. '"H NMR and '*C NMR spectrum of BV
sample were recorded using JEOL: GSX 500 instrument
in d>-DMSO solvent with Tetramethylsilane (TMS) as an
internal standard. Figures 4 and 5 represent 'H and C!3
NMR spectrum respectively. The 'H NMR spectrum of
the compound shows single proton multiplet at 0.80 ppm
corresponding to single proton attached to —Cs- carbon.
Similarly a single proton multiplet was also observed at
2.98 ppm due to proton present to the amide group.

A sharp 6 proton multiplet was absorbed at 1.10 ppm cor-
responding gen-dimethly groups of valine moiety. A sharp
singlet at 7.56 ppm can be attributed to 3 protons of the
aromatic rings. Similarly a sharp singlet is also observed
at 8.10 ppm can be attributed to presence of two pro-
ton preset at the ortho amide functional group. The peak
at 9.40 ppm is due to the present of amide N-H group
in the molecular structure. In the '3C spectrum, the sig-
nal at 18.18 ppm represents the two methyl carbons. The
peak at 31.25 ppm due to trustary carbon attached to
two methyl groups. A peak at 58.32 ppm indicates a car-
bon attached nitrogen as well as carboxylic group. The
signal at 168.91 indicates a carbonyl carbon attached to
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1o family of group of crystals. Thus it can be expended that
1 BV is one of the potential candidate for use in optoelec-
3'5'_ tronic devices.
A6
34 8 Mass spectrum
3z
. 1 Mass spectrum of BV sample was recorded (Fig. 7) using
& 3'"‘_ JEOL: GCmate instrument. In the mass spectrum shows
28 appear of a molecular ions peak at m/z at 221, the base
. peak obtained at m/z 106 is due to the phenyl carbonyl
26 radical ion.
2
22 9 TG/DTA
2o . . . .
200 a0 'm s 5o To analyze the thermal stability and confirm the melt-
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Fig. 6. Optical absorption spectrum of BV.

nitrogen and phenyl moiety. The peak at 174.39 ppm is
representing the carboxylic acid carbonyl carbon.

7 Absorption spectrum

Optical transparency of the crystal was studied (Fig. 6) us-
ing Varian Carry 5E model Spectrophotometer. The UV-
Vis-absorbance of the sample was scanned between 200
to 600 nm. The maximum wave length of the absorbance
band was at recorded at 193 nm. The material is trans-
parent in the range from 230 to 600 nm. The absence of
absorption in the region between 230 to 600 nm indicates
the non linear optical NLO behavior exhibited by such

ing point of the material, the thermogravametric (TG)
and differential thermal analysis (DTA) were carried out
in nitrogen atmosphere at a heating rate of 20 °C/min
in the temperature range of 10 to 1200 °C using NET-
ZSCH STA 409 C/CD. It is found from the TG trace
that there is a weight loss observed and undergoes an irre-
versible endothermic transition at 195 °C. Figure 8 shows
the TG/DTA curve of as grown crystal of BV.

10 Nonlinear optical properties
10.1 Powder SHG test

A quantitative measurement of the conversion efficiency
of BV was estimated by Kurtz powder technique using a
Q-switched Nd:YAG laser. A fundamental laser beam of
1064 nm wavelength, 8 nspulse in depth with 10 Hz pulse
rate was made to fall normally on the sample cell.
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Fig. 8. TG/DTA of BV.

The power of the incident beam was measured using a
power meter and it is 5.7 mJ/pulse. The crystal was
grinded into powder and it was packed densely between
two transparent glass slides. The emission of green radia-
tion from the crystal confirmed the SHG in the crystal.

10.2 Second harmonic generation efficiency and phase
matching cure

The fundamental wavelength emitted from a Q-switched
Nd:YAG laser was used. A photodiode was used as a ref-
erence to monitor the pulse to pulse fluctuation in the
input beam. BV sample was graded using standard sieves
in the range less than 106 ym to above 150 pym. The mea-
surement of SHG output for various particle size show

the increasing SHG intensities with increasing particle size
(Fig. 9) upto 150 pm, which confirm the phase matching
behaviour of the material. Hence BV crystal can be used
as an efficient frequency doubler and optical parametric
oscillator provided if large-size single crystal are grown.

10.3 Laser damage threshold

Laser damage threshold of a material is defined as the
maximum permissible optical power for a particular crys-
tal to cause a breakdown of the material [20]. According
to Nakatani et al. [21], the multiple shot (n-on-1) damage
threshold is the minimum power level below which the
crystal does not suffer damage after multiple shot pulses.
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Fig. 9. Phase matching curve of BV.

For crystals which are used in commercial frequency dou-
blers, the multiple shot surface damage threshold is the
most important parameter. In order to measure the laser
damage threshold, as grown crystals of BV about 5 mm
in diameter and 3 mm in thickness, were placed in front of
a Q-switched Nd:YAG laser through slit (area 0.3 mm?)
following a focusing lens. Based on the multishot method,
the damage was found visually. After that, the crystal was
replaced by a power meter to measure the power density
which was used to cause damage in the crystal. In the
present work, laser damage was found to be 0.34 GW /cm?
which is higher than that of KDP (0.2 GW/cm?) as lower
than that of urea (15 GW/cm?). The high damage thresh-
old reveals that the compound is chemically stable and
neither hygroscopic nor soluble in water.

11 Photoconductivity studies

The photoconductivity studies of the BV single crystals
were carried out using Keithley 480 picoammeter. In the
absence of any radiation on the sample and by varying
the applied field from 20 to 240 V/cm, the corresponding
dark current values were recorded by the picoammeter.
To measure the photo current the sample was illuminated
with a halogen lamp (100 W) containing iodine vapour,
by focusing a spot of light on the sample with the help of a
convex lens. The applied voltage was increased from 20 to
240 V and the corresponding photo current was recorded.
Photo current and dark current are plotted as a function
of the applied field as shown in Figure 10. It is observed
from the plot that the dark current is greater than the
photo current, thus suggesting that BV exhibits negative
photoconductivity.

The negative photo conductivity exhibited by the sam-
ple may be due to the reduction in number of charge car-
riers or their lifetime in the presence of radiation [22,23].
The decrease in lifetime with illumination could be due to

—&— dark current
—a&—photo cumrent

-
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1
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Fig. 10. (Color online) Field dependent conductivity of BV
single crystal.

the trapping process and increase in carrier velocity given
by the relation
(1)

where v is the thermal velocity of the carriers, s in the
capture cross-section of recombination centre and N is the
carrier concentration. As intense light falls on the sample,
the lifetimes decrease [24]. Stockman model explains the
tendency of decrease in mobile charge carriers during neg-
ative photoconductivity. According to this model, for the
BV crystal, the negative photoconductivity is based on the
state between the Fermi level and the valence band [25].
This state has high-capture cross sections for electrons
and holes. Also this state can capture electrons from the
conduction band and holes from the valence band. Thus,
the net number of mobile charge carriers is reduced due
to incident radiation, giving rise to negative photoconduc-
tivity [26].

T= (USN)_l7

12 Microhardness studies

BV single crystal was subjected to Vickers microhardness
test with the applied loads varying from 10 to 50 g for
an indentation time of 10 s. Indentation was done on the
well defined faces (110), (100) and (011) planes of the
crystal. The Vickers microhardness values were calculated
using the equation H, = 1.8544 (P/d?)kg/mm?. Vickers
microhardness profile as a function of applied test loads is
illustrated in Figure 11.

The value of the work hardening coefficient was es-
timated from the plot of log P versus logd, drawn by
the least square fit technique. It was observed that the
Vickers hardness number increase with load. According
to Onmitsch, 1.0 < n < 1.6 for hard materials and n > 1.6
for soft materials [27-29]. Hence, it is suggested that BV
can be categorized as moderate materials.
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Fig. 11. (Color online) Variation on Vickers hardness number
with applied load on (110), (100) and (011) plane.

13 Conclusions

BV was successfully grown by slow evaporation technique
at room temperature. The cell parameter of the grown
crystal was elucidated through single crystal XRD. The
functional groups of BV crystalline sample were identi-
fied using FT-IR, 'H and '3C spectral analyses. Optical
absorption spectrum confirms that the crystal exhibits
nearly zero absorption in range 350-600 nm. Thermal
analysis was carried out and the crystal is stable up to
195 °C. Owing to its SHG efficiency BV is considered as
a promising material for NLO applications. Laser damage
threshold of BV was found to be 0.34 GW /cm?. Photocon-
ductivity study of the material confirms the negative pho-
toconductivity nature of the crystal. Microhardness stud-
ies indicate that the crystal has moderate VHN value.
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