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ABSTRACT

Pure potassium dihydrogen phosphate (KDP) crystals and KDP doped with L-alanine have been grown by slow evapo-
ration technique at room temperature. Grown crystals have been characterized using powder X-ray diffraction, (XRD),
Energy Dispersive X-ray spectroscopy (EDX) and Fourier Transform Infrared spectroscopy (FTIR). The presence of
L-alanine into pure KDP crystal was confirmed by FTIR and EDX spectra. Crystal structure has been studied by XRD.
Pure KDP and L-alanine doped KDP crystals both possessed tetragonal structure. The transparency is found to in-
crease with the increase of doping concentrations of the grown crystals as observed by UV-Vis spectra. A.C. electrical
conductivity of grown crystals along the growth axis was carried out at various temperatures ranging from 35°C -
400°C. Dielectric constant and dielectric losses are measured as a function of temperature and this study reveals the
contribution of space charge polarization. Crystal defects and surface morphology are studied by dissolution solvent

technique and reveals the step growth mechanism for both pure and doped crystals.
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1. Introduction

The demand for high quality large size KDP single crys-
tal increases due to its application as frequency conver-
sion crystal in inertial confinement fusion [1,2]. KDP
belongs to scalenohedral (twelve faced) class of tetrago-
nal crystal system [3]. With the aim of improving the
second harmonic generation (SHG) efficiency of KDP,
researchers have attempted to modify KDP crystals by
doping different types of impurities. The non linear opti-
cal (NLO) and other properties of the crystal have been
improved by doping of organic impurities [4-9]. KDP
doped with amino acids like L-glutamine acid, L-gistidine,
and L-valine was reported [10]. Kumaresan et al. [11]
has reported the thermal dielectric properties of amino
acids such as L-glutamic acid, L-histidine and L-valine
doped KDP crystals. They found improved NLO proper-
ties of the KDP crystal and modifications in the structural,
optical, mechanical, and electrical properties, too. Parikh
[12] has reported the SHG efficiency of L-arginine doped
KDP crystal. Kumaresan et al. [13] has also reported the
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effect of metal ion and amino acid doping on the optical
properties of KDP crystal. Muley et al. [5] has studied
thermal, NLO properties of KDP crystal doped with
L-arginine and L-alanine. Suresh Kumar and Rajendra-
babu [6] studied the effects of L-arginine, L-histidine and
glycine on the growth of KDP single crystals and ob-
served that addition of amino acid enhances transparency,
thermal stability and NLO efficiency of KDP crystals.
Amino acid family crystals are playing an important
role in the field of non-linear optical organic molecular
crystal. Among them L-alanine (LA) with chemical for-
mula (CH3;-CH-NH,-COOH) is the smallest, naturally
occurring chiral amino acid with a non-reactive hydro-
phobic methyl group (-CHj3) as a side chain. LA has the
zwitterionic form ("NH;-C,H,;-COO-) both in crystal and
in aqueous solution over a wide range of pH, which fa-
vors crystal hardness for device application [14]. It be-
longs to the orthorhombic crystal system and the unit cell
parameters are; a = 6.320 A, b=12343 A, c=5.784 A,
o = =y=90". Recently, several new complexes incor-
porating the amino acid L-alanine have been crystallized
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and their structural, optical and thermal properties have
also been investigated [15-18]. The growth of pure
L-alanine crystals was reported [19] and found higher
damage threshold than Potassium dihydrogen phosphate
(KDP).

In this paper an attempt has been made to grow large
size optically transparent L-alanine doped KDP crystals
by slow evaporation solution growth technique and to see
the effects of L-alanine into the pure KDP crystals. In
order to improve their optical properties for optoelec-
tronics applications, L-alanine was added to 0.3, 0.5, 0.7
and 1.0 mol% in pure KDP. The grown crystals were
characterized by FT-IR, EDX, XRD, A.C. electrical con-
ductivity, dielectric constant, and dielectric loss, etch pits
and compared all these results with pure KDP crystal.

2. Experimental
2.1. Solubility Study

Solubility of the pure KDP and LA doped KDP in double
distilled water was determined gravimetrically in the
temperature range 30°C - 50°C in steps of 5°C using a
constant temperature bath of accuracy +0.01°C. 500 mL
of the saturated solution of pure KDP salt was prepared
gravimetrically at 30°C. This solution was stirred well for
six hours constantly using magnetic stirrer and then fil-
tered using Whatman filter paper. This solution was
taken in five different beakers of 100 mL and L-alanine
was added to each of four beakers as 0.3 mol%, 0.5
mol%, 0.7 mol% and 1 mol%. After making supersatu-
rated solution of L-alanine doped KDP, 5 mL of the so-
lution was pipetted out and poured into a 10 mL beaker
of known weight. This solvent was completely evapo-
rated by warming the solution at 50°C. The amount of the
salt present in 5 mL of the solution was measured by
subtracting the empty beaker’s weight. From this the
amount of the salt present in 100 mL of the solution was
found out. In the same way, the amount of the salt dis-
solved in 100 mL at 35°C, 40°C, 45°C and 50°C was de-
termined. Figure 1 shows the solubility of pure KDP and
LA doped KDP salt. It is observed from the solubility
graph that the solubility of pure and doped KDP in water
increases as the temperature increases and decreases with
doping concentration increases. From this solubility data,
it can be stated that the KDP material has positive tem-
perature coefficient.

2.2. Crystal Growth

The pure KDP (AR grade) and L-alanine (AR grade
chemical from SIGMA) doped KDP crystals were grown
using a good quality seed crystal at room temperature by
solvent evaporation method. For the preparation of seed
crystals, saturated solution of KDP was prepared first and
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then kept in a petri dish covered with a perforated poly-
ethylene and allowed to grow seed crystals within 4 - 5
days. The pH of the different concentration of L-alanine
doped KDP solution was ranged from 4.40 to 4.90. The
purity of the crystals was improved by successive re-
crystallization process. The growth period takes 25 - 30
days for bigger size. The grown crystals were found
color-less and transparent. Figure 2 shows the photo-
graphs of pure and doped KDP crystals.

2.3. Characterization

The pure KDP and L-alanine doped KDP crystals were
subjected to investigate the structural, optical, electrical
and etching properties, etc. In order to confirm the pres-
ence of functional groups in the crystal lattice, FT-IR
spectrum was recorded by KBr pellet technique using a
Shimadzu FT-IR-8900 spectrometer in the wave number
range 400 - 4000 cm™'. In order to confirm the presence
of the elements of the compound of L-alanine into KDP
crystals were studied by EDX attached with JEOL-6360
Scanning Electron Microscope. Powder X-ray diffraction
pattern was recorded using a Philips X pert PRO X-ray
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Figure 1. Solubility curve of pure and L-alanine doped KDP.
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Figure 2. Photographs of as grown crystals.
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diffractometer with CuKa (4 = 1.5418 A) radiation. The
lattice parameters were calculated for pure KDP and
doped (0.3, 0.5, 0.7 and 1.0 mole% L-alanine) KDP crys-
tals using XRD data. The optical properties of the grown
crystal were studied by the transmission spectra using
Shimadzu UV-1601 visible spectrometer in the wave-
length region from 200 to 1100 nm. The a.c. conductivity
measurements were carried out along the growth axis c at
various temperatures ranging from 35°C to 140°C. The
field is applied to perpendicular to c-axis. The dielectric
properties were studied by using Agilent 4274A LCR
meter. Dislocation, surface defects and morphology were
characterized by chemical etching followed by etch pit
examination using optical microscope, SWIFTMASTER
I (SWIFT) Tokyo, Japan.

3. Results and Discussion
3.1. FT-IR Spectroscopy

Pure, L-arginine and L-alanine with KDP crystals were
studied by FT-IR by Muley et al. [5]. The authors con-
firmed the interaction between KDP and organic amino
acid by additional peaks corresponds to the functional
groups of L-arginine and L-alanine. In this paper the
FTIR spectra of pure KDP and L-alanine doped KDP
crystals are shown in Figure 3. In the FT-IR spectrum of
pure KDP, the O-H stretching vibration of water hap-
pened at 3239 cm', P-O-H stretching at 2249 cm ',
HO-P-OH bending at 749 c¢cm', P-OH deformation or
K-O stretching at 582 cm™' and PO, stretching at 416
cm . In the FTIR spectrum of 1.0 mol% L-alanine doped
KDP crystal, C-H stretching at 2812 cm ' and CH, bend-
ing at 1237 cm ™' have been observed. Table 1 shows the
vibrational frequencies corresponding to the band as-
signments of pure and doped KDP crystals. The follow-
ing vibration assignments showed the hydrogen bonding
extends throughout the L-alanine doped KDP molecules.
These hydrogen bonding results in the modification of
stretching frequencies of O-H group of KDP and the
carboxyl group of L-alanine molecules. This confirms the
presence of L-alanine into pure KDP crystal.

3.2. Energy Dispersive X-ray Analysis

In order to confirm the presence of the elements of
L-alanine into pure KDP crystals, the sample of grown
crystals were subjected to Energy Dispersive X-ray ana-
lysis. Figure 4 shows the EDX result of pure KDP and
L-alanine doped KDP crystals. Elements are identified
and presented as atomic%.

3.3. Powder X-ray Diffraction
The powder XRD study was conducted to verify the sin-
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gle phase nature of the samples. Figure 5 shows the
powder XRD patterns of pure and L-alanine doped KDP
crystals. “X” PERT HIGHSCORE X-ray software was
used for analysis of powder XRD patterns. Well defined
Bragg peaks are obtained at specific 260 angles indicating
that crystals are ordered. The ‘d’ spacing and hkl values
for prominent peaks in the spectrum were identified and
compared with ICDD (International Centre for Diffrac-
tion Data). Using tetragonal crystallographic equation,
lattice parameter values are calculated and listed in Ta-
ble 2. This suggests that the crystals retain almost the
single phase structure and exhibit very slight variation in
the unit cell parameters on doping of L-alanine. The
variation in the intensities of various diffraction pat-
terns on changing the concentration of doping was ob-
served.
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Figure 3. FTIR spectra of as grown crystals.
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Table 1. Vibrational frequencies for pure and doped KDP crystals.

L-alanine doped KDP

Pure KDP 0.3 mol% 0.7 mol% 1 mol% Assignments
cm’! cm! cm’! cm!
3239 3226 3232 3218 O-H stretching, H-bonded
3072 3115 3156 3121 O-H stretching
2929 2958 2910 2942 O-H stretching
2819 2892 2871 2840 Intermolecular H-bonded "OH stretching
- 2841 2824 2812 C-H stretching
2525 2548 2539 2575 O-H stretching
2249 2285 2236 2285 P-O-H symmetric stretching
1676 1674 1625 1648 O-P-OH symmetric stretching
1463 1384 1369 1373 O-H stretching
1230 1233 1232 1237 CH, bending, P=O symmetric stretching
1142 1076 1100 1060 P-O-H symmetric stretching
866 938 957 949 O = P-OH bending
749 767 72 652 HO-P-OHbending
582 574 570 587 P-OH deformation/K-O stretching
416 455 419 445 PO, stretching
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Figure 4. EDX spectra of pure and L-alanine doped KDP Figure 5. Powder XRD pattern of pure and L-alanine
crystals. doped KDP crystals.

Table 2. Lattice parameters and optical transmission for pure and doped KDP crystals.

Sample Crystal system Lattice parameters a=b, ¢ (A)  Cell volume (A%) Optical transmission (%)
Pure KDP Tetragonal 7.455, 6.975 387.649 85
KDP+0.3 mol% LA Tetragonal 7.426, 6.981 384.981 87
KDP+0.5 mol% LA Tetragonal 7.422,6.993 385.216 90
KDP+0.7 mol% LA Tetragonal 7.427,6.979 384.989 92
KDP+ 1.0 mol% LA Tetragonal 7.423, 6.995 385.415 97
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3.4. UV-Vis Study

The UV-Vis optical transmission spectra of pure and
L-alanine doped KDP crystals are shown in Figure 6. It
is clear from the figure that the percentage of optical
transmission increases with the increase of concentration
of L-alanine in KDP crystals. All of them have sufficient
transmission in the entire visible and near IR region. The
percentage of optical transmission data are tabulated in
Table 2. The UV transparency cut-off limits decreases
with the doping concentration. Similar results have been
obtained in the case of L-alanine doped KDP [8]. Ab-
sorption in the near ultraviolet region arises from elec-
tronic transitions associated within the sample. Hence, it
could be concluded that the L-alanine doping play a key
role in improving the optical quality of KDP crystals.
This is the most desirable property of materials possess-
ing NLO activity.

3.5. A.C. Conductivity and Dielectric Studies

The a.c. conductivity (o), dielectric constant (g;) and di-
electric loss (tand) of pure KDP and L-alanine doped KDP
crystals were carried out at different temperatures ranging
from 35°C to 140°C at a particular frequency 1 kHz by
LCR meter. The samples were cut and polished using wet
cloth polishing sheet. The sample dimensions were 8 mm x
6 mm surfaces area and 2 mm thickness. The sample was
electrode on either side with silver paste to make it be-
haves like parallel plate capacitor. Silver paste electrodes
on opposite sides ensure good electrical contacts. The re-
sistance, capacitance, and dissipation factor values were
directly measured from LCR meter. From the values of
capacitance and dissipation factor, the dielectric constant
and dielectric loss of the samples were calculated. The
dielectric constant (&) of the all KDP crystals were cal-
culated through the capacitance by the fundamental
equation, & = Ct/0.0885 A, where C is the capacitance, t
is the thickness and A is the area of the samples. The
dielectric loss (tand) of the samples were calculated by
the relation, tand = dissipation factor x &. The a.c. con-
ductivity (o,.) has been calculated using the expression:
0, = 2nfCt/A, where f is the frequency of applied field.
The a.c. conductivity, dielectric constant and dielectric loss
at different temperatures of pure and L-alanine doped KDP
crystals have been shown in Figures 7-9. The a.c. conduc-
tivity is found to increase with the increase in tempera-
ture but decreases with L-alanine concentrations. Elec-
trical conductivity of the KDP group crystals is deter-
mined by the proton transport within the framework of
hydrogen bonds [20]. The mechanism can be considered
here is identical to the conductivity mechanism in ice
also containing hydrogen bonds. It is assumed that the
conductivity of ice is determined by the simultaneous
presence of positive and negative ions and orientational
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Figure 6. Optical transmission of pure and L-alanine doped
KDP crystals.
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Figure 9. Plot of dielectric loss vs. temperature.

defects-vacant hydrogen bonds (L-defects) and doubly
occupied hydrogen bonds (D-defects). Other possible
defects are vacancies and defect associates. The experi-
mental data and especially the character of the tempera-
ture dependence of conductivity allow us to state that the
conductivity of KDP crystals is determined by both
thermally generated L-defects and foreign impurities in-
corporated into the lattice and generating L-defects there
[20]. As the conduction in KDP is protonic and mainly
due to the anion (H,PO,)” and not the cation (K") for
KDP, the additional hydrogen bonds created may reduce
the L-defects and consequently obstruct the movement of
protons. This may be the reason for the decrease in con-
ductivity value with the increase in impurity concentra-
tion. The nature of variations of dielectric constant with
temperature indicates the contribution of ionic, electronic,
orientational and space charge polarization. Generally the
low value of dielectric loss indicates that the sample pos-
sesses good crystalline quality with fewer defects. The
lower value of dielectric constant is a suitable parameter
for the enhancement of second harmonic generation
(SHG) signals.

3.6. Etching Studies

Etching is the selective dissolution of the crystal which
reveals the crystal symmetry and lattice defects [21].
Patterns observed on surface like spirals, hillocks and
step pattern, etc yield considerable information on the
growth process and growth mechanism of the crystal.
When a surface is etched, well defined etch patterns are
produced at the dislocation sites. The chemical etching
studies were carried out on the as grown crystals of pure
KDP and L-alanine doped KDP crystals to investigate
the distribution of structural defects in the grown crystals.
The surfaces of samples were polished and then etched in
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the etching solution (water) at room temperature for 10 s.
Then soaked with a filter paper and examined under an
optical microscope in reflection mode. Figures 10 and 11
illustrate the typical etch patterns observed on the (001)
plane of the pure KDP and L-alanine doped KDP crystals.
When the crystals were etched in water, the triangular
type etch pits were observed and the etch-pit density
(EPD) for pure KDP crystal was found 2.5 x 10? cm™
and for L-alanine doped KDP crystal was 14.28 x 10°
cm 2. Usually, these etching pits are considered as out-
crop of dislocation lines. The shape of these etching pits
is determined by the lattice structure and symmetry [22].
This is also evident from the fact that the bottom of the
crystal is flat. It means that the crystals are grown from
the bottom of the beaker/container and not in the middle
of the solution. The presence of dislocations strongly
influences many of the properties of crystals. The gen-
eration of dislocations is strongly correlated with the
formation of inclusions in the crystals. The formation of
inclusions destroys the normal build of lattices, which
results in stress and lattice mismatch in crystal. In order
to relax the stress and adjust the lattice mismatch, lots of
dislocations were produced. That’s why so many disloca-

Figure 10. Etch pit pattern of (001) plane of pure KDP
crystal.

Figure 11. Etch pit pattern of (001) plane of 1.0 mole%
L-alanine doped KDP crystal.
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tion etching pits are observed in doped KDP crystal.
4. Conclusions

The effect of amino acid (L-alanine) impurity on the
growth of KDP from supersaturated solutions has been-
investigated experimentally by measuring optical trans-
mission, functional groups, A.C. electrical conductivity
and dielectrics properties. The presence of amino acid
impurity in KDP solution was found to increase the opti-

cal transmission, electrical conductivity with temperature.

This phenomenon may be attributed due to zwitterionic
nature of L-alanine molecule ("NH;-C,H4;-COO-). The
growth process is studied by dissolution solvent tech-
nique and reveals the step growth mechanism for both
pure and doped crystals. The enhancement of optical
transmission of L-alanine doped KDP crystals highlights
their prospects of application as NLO materials.
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