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ABSTRACT

Single crystals of L-Valinium picrate were grown from aqueous solution by slow evaporation technique. Single crystal
X-ray diffraction analysis reveals that the crystal belongs to monoclinic system. The optical transmission study reveals
the transparency of the crystal in the entire visible region and the cut off wave length has been found to be 470 nm. The
optical band gap is found to be 2.55 eV. The transmittance of L-Valinium picrate crystal has been used to calculate the
refractive index (n), the extinction coefficient (K) and both the real (¢,) and imaginary (&;) components of the dielectric
constant as functions of wavelength. Low dielectric loss at high frequency region is indicative of enhanced optical qual-
ity with lesser defects. Photoconductivity measurements carried out on the grown crystal reveal the negative photocon-
ducting nature.
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1. Introduction

Crystal growth is a frontier area of science and technol-
ogy, which plays a major role in the technology of
photonics. The field of nonlinear optics has been in the
hands of materials scientists for the past five decades for
which organic materials are attracting a great deal of at-
tention, as they have large optical susceptibilities, inher-
ent ultrafast response time and good optical properties as
compared to that of inorganic crystals. Research in or-
ganic and inorganic functionalized nonlinear optical ma-
terials plays a crucial role because of their molecular
interactions, bond strength, high molecular polarizability,
easy incorporation of ions in the lattice, etc. [1] and [2].
In the recent years there has been a growing interest in
nonlinear optical materials due to their effective usage in
the field of electro-optical devices, data storage technol-
ogy and optical signal processing [3]. However, semi-
organic single crystals are attracting great attention in the
field of nonlinear optics because of their high optical
nonlinearity, chemical flexibility of ions, thermal stabil-
ity and excellent transmittance in the UV—yvisible region
[4,5]. In the present investigation, we report optical, di-
electric, and Photoconductivity properties of L-Valinium
picrate single crystals.
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2. Experimental
2.1. Crystal Growth

Single crystals of L-Valinium picrate were grown, from
aqueous solution by slow evaporation technique. The
solution was prepared by dissolving equimolar amounts
of picric acid and L-Valine in deionized water and stirred
well to yield a homogenous mixture of solution. A satu-
rated solution was prepared and the solution was filtered.
The filtered solution was taken in a beaker which was
hermetically sealed to avoid the evaporation of the sol-
vent.

3. Resultsand Discussion
3.1. Single Crystal X-Ray Diffraction Studies

Single crystal X-ray diffraction analysis for the grown
crystals has been carried out to identify the cell parame-
ters using an ENRAF NONIUS CAD 4 automatic X-ray
Diffractometer. The title crystal belongs to monoclinic
crystal system and the lattice parameters are a = 9.96 A;
b=6.23A;c=12.64 A, =110.40" and agree well with
the reported literature [6].

3.2. Optical Studies

The optical transmittance spectrum of L-Valinium picrate
was recorded in the range 300 - 1100 nm with a crystal
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of thickness 2 mm. The Figure 1 shows that the crystal
has a wide transmission of above 70% in the entire range
without any absorption peak. The lower cutoff wave-
length of L-Valinium picrate is 470 nm. The crystal has
good optical transmission in the visible region. The
transparency in the visible region for this crystal suggests
its suitability for second harmonic generation.

The measured transmittance (7) was used to calculate
the absorption coefficient («) using the formula

2.3026log(1j
o= .\ (1)
t
where ¢ is the thickness of the sample. Optical band gap
(E,) was evaluated from the transmission spectrum and
optical absorption coefficient («) near the absorption
edge is given by [7].
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where 4 is a constant, E, the optical band gap, & the
Planck constant and n the frequency of the incident pho-
tons. The band gap of L-Valinium picrate crystal was
estimated by plotting (ahv)® versus hv as shown in
Figure 2. From the figure, the value of band gap was
found to be 2.55 eV.
Extinction coefficient (K) can be obtained from the
following equation:
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The transmittance (7) is given by
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Reflectance (R) in terms of absorption coefficient can
be obtained from the above equation. Hence, Equation (5)

Refractive index (n) can be determined from reflec-
tance data using the following equation;
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The refractive index (n) is 1.41 at 1 = 1100 nm. From

the optical constants, electric susceptibility (yc) can be
calculated according to the following relation [8]

e =g, +any.=n" -k @)
Hence,
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Figure 1. Transmittance spectrum of LVP.
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Figure 2. (ahv)? vs photon energy (hv).
where &, is the dielectric constant. The value of electric
susceptibility ycis 0.163 at 4 = 1100 nm. The real part
dielectric constant ¢, and imaginary part dielectric con-

stant &, can be calculated from the following relations

[9]
g =n"—k*&e, =2nk ©)

The value of real ¢ and & imaginary dielectric
constants at A = 1100 nm are 1.352 and 5.612 x 107,
respectively.

3.3. Dielectric Studies

The dielectric constant and the dielectric loss of the L-
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Valinium picrate crystals were studied at different tem-
peratures using a HIOKI 3532 LCR HITESTER in the
frequency region from 50 Hz to 5 MHz. The dielectric
constant and dielectric loss have been calculate using
Equations (10) and (11)

g:C_d (10)
&yA
g=¢tand (11)

where d is the thickness of the sample; 4 is the area of
the sample. Figure 3 shows the plot of dielectric constant
versus log frequency. The high value of dielectric con-
stant at low frequencies may be due to the presence of all
the four polarizations, namely, space charge, orientation,
electronic and ionic polarization and its low value at
higher frequencies may be due to the loss of significance
of these polarizations gradually [10]. From the plot, it is
also observed that dielectric constant increases with an
increase in temperature. The variation of dielectric loss
with frequency is shown in Figure 4. The characteristics
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Figure 3. Plot of dielectric constant vs. log f.
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Figure 4. Plot of dielectric lossvslog f.
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of low dielectric loss with high frequency for the sample
suggest that it possesses enhanced optical quality with
lesser defects and this parameter is imperative for non-
linear optical applications [11].

3.4. Photoconductivity Studies

Photoconductivity measurements are carried out on a cut
and polished sample of the grown single crystal by fixing
it onto a microscope slide. The sample is connected in
series with a DC power supply and KEITHLEY 485 Pi-
coammeter. The sample is covered with a black cloth and
the voltage applied is increased from 0 to 300 V in steps of
20 V and the dark current is recorded. The photocurrentis
recorded for the same values of the applied voltage. Field
dependence of dark and photo currents of grown crystal
is shown in Figure 5. The photocurrent is found to be
lessthan the dark current at every applied electric field.
This phenomenon is known as negative photoconductivity.
Generally, this may be attributed to the loss of water
molecules in the crystal [12]. However, the negative
photoconductivity in this case may be due to the reduc-
tion in the number of charge carriers or their lifetime in
the presence of radiation [13]. Decrease in lifetime with
illumination could be due to the trapping process and
increase in carrier velocity according to the relation

z'=(sz)_1 (12)

where v is the thermal velocity of the carriers, s is the
capture cross-section of the recombination centers and N
is the carrier concentration. As intense light falls on the
sample, the lifetime decreases. In the Stockmann model,
a two level scheme is proposed to explain negative pho-
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Figure 5. Field dependent photoconductivity of grown sin-
glecrystal.
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toconductivity [14]. As a result, the recombination of
electrons and holes take place resulting in decrease in the
number of mobile charge carriers, giving rise to negative
photoconductivity.

4. Conclusion

Single crystals of L-Valinium picrate were grown by
slow evaporation technique. Single-crystal XRD analysis
confirmed that the crystals belong to monoclinic system.
Optical band gap (E,), absorption coefficient (a), extinc-
tion coefficient (K), refractive index (n), electric suscep-
tibility yc and dielectric constants were calculated as a
function of wavelength. The characteristics of low di-
electric loss for the sample suggest that it possesses en-
hanced optical quality with lesser defects and this pa-
rameter is of vital significance for nonlinear optical ap-
plications. Photoconductivity investigations reveal the
negative photoconducting nature of the title material.
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