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Abstract. Potassium Dihydrogen Phosphate (KDP) crystal®aeeof the most popular crystals used for Non-
linear Optical (NLO) applications. Most of the amiacids also exhibit NLO properties. The effectioping

of one of the amino acids, L-tryptophan, in KDPstays has been investigated. Pure and L-tryptoploaed
KDP crystals were grown by slow solvent evaporasofution growth technique. Good quality transparen
crystals were obtained within 8 to 10 days. The ¢gwXRD indicated the single phase nature of sasratel
the unit cell parameters were not altered muchtdwoping. The value of second harmonic generg&#G)
efficiency increased as the doping of L-tryptophacreased in KDP crystals. The variation of digiect
constant and dielectric loss with frequency in thege from 100 Hz to 100 kHz is reported. The digie
constant and the dielectric loss of L-tryptophapetbKDP crystals were lower than the pure KDP aitgst
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1. Introduction and Experimental:

Potassium dihydrogen phosphate (KDP) single alyshave a high laser damage threshold, a large
nonlinear optical coefficient, good structural améchanical properties. KDP crystals find severaliae
applications. The electro-optic effect in KDP isedsto obtain phase and amplitude modulations [O)PK
crystal based world’s largest laser to generate ld¥ms has been demonstrated [2]. In order to gad go
quality crystals rapidly, many techniques have bewroduced by several workers. As per one survey t
market of NLO materials was $1.66 billion in 2008laout of which KDP, ADP, and other crystals hadrsh
of $15.6 million [3].

Amino acids are interesting NLO materials for idgp They exhibit NLO property because they have a
donor NH" acceptor COOHand the intermolecular charge transfer is alssiptes Modifications in optical
and physical properties of KDP by doping of amieaa such as L-arginine [4], L-lysine [5] L-alanifé} and
L-theonine [7], have been studied. This commuriceis a part of extensive work which has been edrout to
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study the effect of doping of amino acids on diéfarphysical and optical properties of KDP crystdde pure
and L-tryptophan doped KDP crystals were grown lbyvssolvent evaporation technique and CHN analysis,
FTIR and UV Vis spectroscopy of pure and doped KibRtals were already reported earlier [8].

The aim of the present study is to investighte dffect of L-tryptophan (amino acid) in KDP cuajsby
employing various characterization techniques.

The doping of L-tryptophan into KDP was achievedaoging 0.3 wt. % and 0.4 wt. % of L-tryptophan in
KDP solution prepared in double distilled watereTgrowth of pure and L-tryptophan doped KDP crgstal
were obtained by slow solvent evaporation methde good quality and transparent were within 8 taags.
Figure-1 shows a photograph of 0.4 % L-tryptophapedi KDP crystal.
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Fig. 1. Photograph of 0.4 % L-tryptophan doped KDPcrystal.

The powder XRD was carried on PHILIPS X'PERT MPDBteyn and the data were analyzed by software
powder-X. Kurtz and Perry powder technique was eyed to obtain the second harmonic generation (SHG)
efficiency. The dielectric measurements were takerAgilent 4274A LCR meter in the frequency ran@® 1
Hz-100 kHz. The polished single crystal was pldoetiveen the two copper electrodes and thus a elapidite
capacitor was formed. The capacitance of the samatenoted for the applied frequency from 100 H2Q6
kHz.

2. Results and Discussion:

Doping in crystalline materials has expedtedhodify the physical properties. Earlier, thewtto and high
frequency dielectric study of pure and thioureaetbDP crystals [9], thermal, dielectric studiespafe and
amino acid doped KDP single crystals [10] are rigabr

2.1 Powder XRD:

Figures-2 show the powder XRD patterns of pure Kidl L-tryptophan doped KDP crystals. Powder
XRD of pure and L-tryptophan doped KDP crystalsead\slight variation in the unit cell parameterd aimgle
phase nature of the sample and belong to tetragwysial system. It is also seen that there araduitional
peaks present, but only change in the intensith@peaks takes place, thus structure does nogehandoping.
The unit cell parameters are listed in Table 1.
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Fig. 2. Powder XRD patterns of pure and L-tryptophan doped KDP crystals
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Table 1. Unit cell parameter and SHG efficiency dat of pure and L-tryptophan doped KDP crystals.

Lattice Parameter | Cell SHG
Samples (R) Volume | Efficiency
a=b c (A%
Pure KDP Crystal 7.457 6.976 387.9 1
KDP + 0.3 % L-tryp. | 7.454 6.973 387.4 1.35
KDP + 0.4 % L-tryp. | 7.454 6.973 387.4 1.54

2.2 SHG efficiency:

Kurtz powder method [11] was used by illuminatihg powdered sample with fundamental mode (1064
nm) of a Q—switched Nd:YAG laser with input pulde2d/ mJ. For the Nd:YAG laser the fundamental bedm
1064 nm generates second harmonic signal of 53ZTheSHG efficiency values are listed in Table §.the
doping of L-tryptophan increases in KDP crystate SHG efficiency increases. The doping of L-trppian in
KDP crystal is beneficial to increase SHG efficignihus L-tryptophan doped KDP crystals as goodlicktes
for device application.

2.3 Dielectric Study:

o B 2.0 -s~ Pur¢KDP
N & ~+— KDP+0.3Tr
n 1.6 KDP+0.4 Tr
-] -
o 5
g 40 g1
-: E
FE gos
7] 1
g 30 Q.4
25
0.0
20 25 30 35 40 45 50 20 25 30 35 40 45 50
log f log f

Fig. 3. Dielectric constant and dielectric loss veeslogf for pure and L-tryptophan doped KDP crystals.

Figure 3 show the plots of dielectric constajt&nd dielectric loss (téh verses frequency for pure and L-
tryptophan doped KDP crystals. The dielectric camsand dielectric loss have high values in theslofirequency
region. The dielectric constant and the dieledinies both decrease as the frequency increases tanigha
frequency region both remain almost constant, wii@ normal dielectric behavior. The very highueabfe, at
low frequencies may be due to the contributiongnfrall the four polarizations, namely, electronignic,
orientational and space charge polarizations.€el&etronic exchange of the number of ions in tlystais gives
local displacement of electrons in the directiothaf applied field, which in turn gives rise to gritation. As the
frequency increases, a point will be reached wtie¥espace charge cannot sustain and comply witkexteznal
field and hence the polarization decreases, gikisgto diminishing values @f. The dielectric constant and the
dielectric loss of L-tryptophan doped KDP crystate lower than the pure KDP crystals. The crystétls low
dielectric constant lead to minimum dielectric Esas they possessed less number of dipoles pewoilume and
hence L-tryptophan doped KDP crystals might be maseful for high speed electro-optic modulations as
compared to pure KDP crystal.
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