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ABSTRACT

Single crystals of pure and N-N’allyl thiourea ddpKDP were grown successfully by slow
evaporation technique. Allyl thiourea was addedaur different weight percentages (2%, 4%,
6% and 8%). In order to improve the electrical cheteristics of KDP crystal, a dopant was
incorporated into the parent crystal. The pure almped crystals were characterized by Fourier
transform infrared spectroscopy (FTIR) analysis ahectrical measurements. The capacitance
(Cerys) and dielectric loss factor (ta) measurements were carried out to achieve an aoyuof
+2% using an systronic LCR meter (A) for a fixezhfrency of 1KHz at various temperatures
ranging from 40 - 15 along a- and c- directions. Here, the results aiscussed in the
following section.

Key words: Crystal growth, electrical measurements.

INTRODUCTION

A second order nonlinear optics (NLO) is widely usedconvert the frequency of coherent
sources. Applications such as, laser based imagorgmunication, remote sensing, and counter
measures system require an improved nonlinear apt@terials. A strong need continues to
exist for lower cost, more efficient, higher avesagower materials for optical parametric
amplifier operation and second harmonic genergts#G) throughout the blue near UV spectral
regions. Another area of growing need is materfals microelectronic industry with low
dielectric constant value. The potassium dihydrqgessphate (KDP) is the well known member
of an important family of compound, where relevaohlinear optical properties have made it, a
widely used crystal in frequency converts, elecpbtie switching and modulators, and
applications such as second harmonic generationoptidal parametric oscillations. Attempts
have been made to dope KDP with inorganic additteestudy the stability of the grown phase
and compositional homogeneity of the existing alflt]. The SHG of KDP with the addition of
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carbonates of Lithium Li, Sodium Na, Cesium Cs, Ruthidium Rb are reported by Rajasekaran
[2]. The organic additatives such as urea and thawvere also doped in KDP and different
properties were studied [2, 3]. The electrical ammtyity measurements on KDP crystals added
with urea and thiourea were reported [4], but rferapt is made on large scale to dope N-N’
allyl thiourea into KDP. In our present work, we aieaan attempt to study the effect of N-N’

allyl thiourea as dopant on the electrical propgsrof KDP.

MATERIALSAND METHODS

Analytical reagent grade (AR) samples of KDP @gRi@,) and N-N’ allyl thiourea (GHs) along
with double distilled water were used for the growtf single crystals by the free evaporation
method. KDP was added with N-N’ allyl thiourea ouf different wt % viz. 2, 4, 6 and 8 wt %.
Supersaturated aqueous solution of the salt (2.3vé$) prepared in a 100 ml beaker (corning
glass vessel) and allowed to equilibrate at thérekdemperature. The crystals were grown in
the unstirred condition. In order to understand twveethe added impurity has entered into the
KDP lattice or not, we made the FTIR studies. Gagstvith high transparency and large surface
defect -free (i.e., without any pit or crack orach on the surface, tested with a travelling
microscope) size (>3mm) were selected and usedtHer dielectric measurements. The
capacitance (Ccrys) and dielectric loss factor tamere measured using the conventional
parallel plate capacitor method for fixed frequensyng an LCR meter (Systronics make) at
various temperatures ranging from 50-%@&long both the a- and c- directions while cooling
the sample. The dielectric constagd @nd the AC conductivitya;) were calculated in a way
similar to that followed by Mahadevan and his corkers [5-7].

RESULTSAND DISCUSSION

Figurel shows the sample crystals grown. Scalemah@sorphology is exhibited by all the
crystals grown. All the crystals are found to ek, colourless and transparent.

Figurel: Photograph of the sample crystals grown
[From left: Pure KDP and 2,4,6 and 8 wt % doped KDP

Figure 2 shows the FTIR spectra of the grown clystavhich confirms the chemical
composition of the grown crystals. The peak at 250", 550 Cnt* confirms the presence of
KDP, the peak at 3250 Cin2220 Cni, 1590 Cnt, 1430CnT confirms the presence of N-N’
allyl thiourea, and the peak at nearly 1050 €and 750Cnt denote the complex formation
between KDP and N-N’ allyl thiourea.
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Figure2: FTIR spectra of pureand doped KDP crystals

The dielectric constants observed in the presendysire shown in figure 2a and 2b. Thealue

is increased with the rise in temperature in treeaa all five crystals grown in the present study.
This is similar to that observed for pure and wadded KDP single crystals reported earlier [5].
Also, the dopant decreases the value of dielectritstant of KDP. This is due to the sulfur
present in allyl thiourea, which produces more daliaation of electrons in KDP. According to
Millers rule, reduction irg, favored the enhancement of nonlinear propertiesisTthe result
also confirmed the enhancement of NLO propertie&KDP by the addition of allyl-thiourea.
Udupa et.al.[8] have explained that the decreasevath increase in temperature may be due to
the dehydration process of water molecules (acdudtging the growth). There is an ion dipole
interaction between the dipole moments of watereades and the effective lattice charges.
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Figure 3: Variation of dielectric constant with temperature for pure and doped KDP at 1 kHz along

a) a- and b) c-direction

The obtained tan values in the present study are shown in figurar@h3b. The tamvalues are
found to increase with rise in temperature. Furttiex low taid values observed indicate that the

grown crystals are of good quality.
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Figure4: Variation of didectric lossfactor with temperature for pure and doped KDP at 1 kHz along

a) a- and b) c-direction

The AC electrical conductivitiewy) obtained are shown in figure 4a and 4b. hevalues are

found to increase with rise in temperature as e ¢hse ok, and tad values similar to that

observed by Goma et al [7] for urea added KDP simgglystals. The conduction in KDP is
established to be protonic [9,10] mainly due to dnens [(H2PO4)- ions] and not the cations
[K+ ions]. A combination of the following two mechanisms miag considered. The first

mechanism is identical to the conductivity mechianis ice also containing hydrogen bonds.
According to the second mechanism, conductivitpdsociated with the incorporation into the
crystal lattice of impurities and the formatiohoorresponding defects in ionic crystals. The
positive conduction may be accounted for by motié protons accompanied by a D-defect
(excess of positive charge) . Migration of thestedts may only modify electronic polarizations

and may not change the change at an electrode [11].

It is interesting to note that impurity additionifvsome concentrations) leads to a reduction of
dielectric constant significantly and consequendgds to lowe, — value dielectric material
which is gaining more importance nowadays. Alhjbturea may be considered to be a good
choice. sulfur content of the impurity may beoasiderable factor in choosing the impurity for

reducing the; value
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Figure5: Variation of AC conductivity ( x 10 mho/ m) with temperature for pure and doped KDP at 1kHz

along a) a- and b) c- direction
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CONCLUSION

Pure and allyl thiourea doped KDP crystals werevgrérom the solution by employing slow
evaporation of the solvent. An external observatibthe doped crystals shows no change in the
morphology of the doped crystals. FT-IR Spectrogcopthe pure and doped KDP crystals
confirms the expected doping of the allyl thioureahe doped KDP crystals. Increasing the
doping level in the KDP crystal decrease the vabfedectrical parameters vig, tand, ando,c
which in turn improve the optical transparency. §hAllyl thiourea doped KDP crystals are
useful for photonic and electro-optic device faaticn.

REFERENCES

[1] You-Jun Fu, Zhang-Shou Gao, Jia-Mil Liu, Yi-PinglHong Zeng and Min-Hoajiang].
Crystal Growth,198, 682 (1999).

[2] R. Rajasekaran, Ph. D. thesis, Anna University @aer2003).

[3] S. S. Hussaini, N. R. Dhumane, G. Rabbani, P.KagmsG. Dongre, M. D. Shirsatryst.

Res. Techno#2, 1110 @007).

[4] M. Priya, C. M. Padma, T. H. Freeda, C. Mahade@arBalasinghBull. Mater .Sci24, 511
(2001).

[5] S. Goma, C. M. Padma, C. K. Mahadevafater.Lett60 (2006) 3701.

[6] M.Meena, C.K. Mahadevadryst.Res.Techndl3(2008) 166

[7] M.Priya, C.K.MahadevarRhysica B403 @008) 67.

[8] K.S.Udupa, P.Mohan Rao, S.Aithal, A.P.Bhat, D.K.stv& Bull. Mater.Sci20 (1997) 10609.
[9] I. Bunget , M.Popescu, Physics of Solid DielectfElsevier, New York] 1984).

[10] T.H.Freeda, C.MahadevaBull. Mater.Sci23 (2000) 335.

[11] Bunget I, Popesen M, Physics of solid Dielectritseier, New Yorki984.

512
Scholars Research Library



