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ABSTRACT

KDPisaversatile NLO materia grown by low temperature solution growth.
Itisused in many solid-state electronic applications. Single crystalsof KDP
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and (Co, Mg, Li, Ni) doped KDP were grown by the slow evaporation tech-
nigue. The grown crystals were confirmed by powder XRD technique. The
solubility studies indicated that the impurity level at 1 mol% changes the
metastable zonewidth and the induction period gets reduced. It was ob-
served that when the (Co, Mg, Li, Ni) dopants were added at 1 mol %, the
crystallinity of the material wasfound to increase. FTIR investigationsindi-
cated that theimpurities played animportant rolein the spectral characteris-
ticsof thematerial. High Resolution XRD reveal ed the comparative crystal-

line nature of the doped crystals.

INTRODUCTION

Crystal Growth from solutionisavery important
processused in many applicationsfromthelaboratory
totheindustry. Potass um di-hydrogen phosphate (K DP)
havingimportant gpplicationsin dectro-opticsand har-
moni ¢ generation wasgrown by evaporation technique
at room temperature. The KDP crystals were doped
with anoptimal quantity (1 mol %) of dopantslike Co*,
Mg?#, Li%*, Ni**. Many studieson the growth kinetics of
KDPwith differentimpuritieswerereported®, andthe
changesof thecrystd morphol ogy and supersaturation
werediscussed earlier. Inthis paper theeffectsin add-
ing various dopantswith KDP and the changesinthe
morphol ogy and structureareinvestigated.
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CRYSTAL GROWTH

Crystals of KDP and doped KDPwere grown by
solution growth employing evaporation technique at
room temperature (30°C). The saturated solution of
KDP mixed with 1 mol % each of the various dopants
weretakeninbeakers(borosil, 500ml) andleft to crys-
tallize. Carewastaken to provide an atmospheric am-
bient devoid of gustsof air currentsand irregular ex-
hausts. After 10-15 daysthe spontaneously nucleated
crystalsweregrownto optima sizesranging from 10x
5x 5mm?3to40x 20 x 20 mne. Varioussol ubledopants
like Cobdt, Magnesium, Lithium and Nike were added
at 1 mol% by wei ght wherethe subsequent changesin
themorphol ogy werevisibly observed. Certain dopants
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like Cobalt produced afaint pink colourationand Nikel
produced light green colourationinthegrown crystals.

SOLUBILITY STUDIES

Thesolubility (Figure 1) of KDPinthepure state
and that of KDP with dopantswere studied. Solubil-
ity of KDPin its undoped state was found to be 28
grams per 100ml of the solvent (double distilled wa-
ter). The various dopants were taken in 1mol % by
weight of KDP and their solubility were studied inde-
pendently. By adding variousdopantsit was observed
that the sol vent was abl e to accommodate amargin-
ally increased amount of solutefor saturation at the
sametemperature.
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Figurel: Solubility studieson pureand doped KDP

METASTABLE ZONEWIDTH

Themetastablezonewidth isthe measure of stabil-
ity of asolutioninits supersaturated region wherethe
largest widthimpliesthe substance having higher stabil-
ity. 100 ml of the saturated solution was kept in the
cryostat and the temperature reduced at 5°C per hour
whilethe solution was stirred continuoudly. Thetem-
perature of formation of thefirst gpeck wasfound which
correspondsto thewidth of the metastable zone. The
metastable zone width of KDP was found to be the
maximum inthelower temperature gradientsthan the
higher gradients (Figure 2). Induction periodi.e., the
formation of thefirst speck of nucle of pure KDPand
with different dopantswere studied (Figure 3). It was

found that theinduction period corresponding to con-
centration 1.1 was 300 sec and 1.5 was 62 sec re-
gpectively. When KDPwasdoped withMagnesumthe
formation of theinitid nuclel wasthefastest where Co-
balt doping was observed to bethe dowest.
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Figure2: M etagtablezonewidth of pureand doped KDP
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Figure3: Induction period of pureand doped KDP

X-RAY DIFFRACTION

XRD studieswerecarried out withthegrown crys-
tals in powdered form. The powder samples were
loaded into aRigaku X -Ray diffraction gpparatususing
CuKa radiation having A = 1.5405 and analysed. Re-
sultswerecompared with the JCPD S databasefilenum-
ber 35-0807 wherethe prominent peaksof thereported
vauescoincided withtheinvestigated patterns. The pow-
der XRD pattern of KDP (Figure4) aswell asdoped
KDP (Figures 4a,4b,4c,4d,4e) had three prominent
peaksat (200), (112), (321) respectively. Thecell pa-
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rameterswere: a="7.453 A, c=6.974 A respectively.
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Figure4: Powder XRD patter nsof pureand doped KDP
crystal

FTIRANALYSS

FTIR spectraof the KDP (Figure 5a) and doped
KDP weredone on aPerkin-Elmer 781 spectropho-
tometer intheregions400-4000cm* using aK Br pdl -
let. Many useful observationd® were observed inthe
group frequency regions (4000-1300cmt) and thefin-
gerprint region (1300-650cm?). Theintermediatefre-
guency range, 2500-1540 cm™' (unsaturated region)
containstriple bond frequencieswhich appear from
2500 t0 2000 cm! and double bond frequenciesfrom
2000 to 1540 cm™!. In the region between 1300 and
650 cm! there are single bond stretching frequencies
and bending vibrations (skeletal frequencies) of
polyatomic systemsinvolving mationsof bondslinking
asubstituent group to themol ecule. Some of the most
useful applicationsof infrared spectroscopy areinthe
areaof coordinationand organometallicchemistry which
describesthe changein the symmetry of aligand upon
coordination. For example, when small molecules(e.g.
N2, 02 and H2) arelinked to transition metal ionsa
symmetry change occurswhich hasastrong influence
ontheinfrared spectra. These metal—ligand vibrations
appear in the low frequency region (600-100 cm™)
and providedirect information about the structure of
the coordination sphere and the nature of the metal—
ligand bond. Metal-ligand vibrations are also metal sen-
stiveand areshifted by changing themetd or itsoxida
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tion statewhichisgpplicableonly toisostructura meta
complexes.

Thusthelower regions667-100 cm™ containthe
bending vibrationsof carbon, nitrogen, oxygenandfluo-
rinewith atomsheavier than mass 19. The observed
frequencies for the diatomic molecule O, was at
1661cm'*. Orthophosphateion, PO,* having T point
group symmetry, showed vibration modesat 478 cm'?
in al the samples of undoped and doped KDP irre-
gpectiveof thedopantsincluded. Cobat doping (figure
5b) on KDP gaveriseto ametal-ligand vibration peak
at 535 cmrt and awide oxygen double bond stretching
at 1720 cm 1. Dopants like Mg (Figure 5c¢) had ab-
sorption peaks due to vibration at 762 cn?, Ni®* at
487cmr! and strong absorption bandsfor | attice water
(antisymmetric and symmetric OH strechings) at 3452
cnrt wereal so detected. It wasobserved in Ni®* doped
KDP (Figure5d) an additional absorbance peak was
detected at 3246 c whichimpliesthat theinclusion
of Nikel reduced thetransparency of the doped crysta
at that region. Lithium doping gaverisetoawidevibra-
tion peak (Figure 5e) observed at 472 cmt, and OH
bond interaction at 2857 cm. The absorption band
was much moreprominent inthe Nikel Magnesium bi-
metdlic crystal (Figure 5f) which had anincreased ab-
sorbance at 3231 cm™. Therest of the dopantswere
not seento appreciably modify the FTIR spectrum.

NN T
W\W Ry
PP IN—
N
PN T,
A

Transmittance %

Sa

38883 8 8583838808886 uamedl

T T T T T d
am D 8D oo =0 =0 =D 40m
Vaaunksran

Figure5: FTIR spectrum of KDPand doped KDPcrygals

HIGH RESOLUTION XRD INVESTIGATIONS
Thehigh-resolution diffraction curvesrecorded for
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specific diffracting planeswhich arementioned in the
curved brackets with the multicrystal X-ray
diffractometer’® insymmetrica Bragg geometry. Awell-
collimated and monochromated MoK o, beam obtained
from aset of three plane (111) S monochromator crys-
talssetindispersve(+,-,-) configuration hasbeen used
astheexploring X-ray beam. Thespecimen crystal is
aignedinthe(+,-,-,+) configuration. Dueto dispersive
configuration, though thelattice constant of the mono-
chromator crysta(s) and the specimen aredifferent, the
unwanted dispersion broadeninginthediffraction curve
of thespecimen crystd isinggnificant.

PureKDP crystal (Figure6) had asinglediffrac-
tion peak FWHM at 11”. Wheras Nikel doped KDP
crystd (Figure7) had thediffraction pesk a 107, which
indicatesthat the crystal with Nikel dopant seemsto
haveincreased the order of crystallinity in KDP. Ex-
cept thediffraction curve of Co doped KDP (Figure 8)
al thecurvesare having single pesks. Thisdiffraction
curve showsthat though the quality of thiscrystal is
very good, the specimen containsone very low angle
boundary. Thesolid lineinthefigureisobtained by the
convolution of two peaks shown with dotted line. The
solidlineiswell fitted with theexperimentd pointsrep-
resented by thefilled cirdles. Thisindicatesthat the speci-
men contains an additional peak, whichis12 arc sec
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Figure6: High resolution XRD of pureKDP
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Figure7: Highresolution XRD of nikel doped KDP
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Figure8: High resolution XRD of cobalt doped KDP

away from themain peak. Thispeak correspondsto a
very low angle boundary withtilt angle (angle between
thetwo crystal regions on both sides of the boundary)
of 12 arc sec. Thehalf width of the main peak and the
low angle boundary arerespectively 9 and 34 arc sec,
which showsthat thecrystdlinequdlity of the specimen
isreasonably good.

CONCLUSION

The crystalsgrown doped with impuritiesin the
form of dopantswerefound to havefaster nucleation
rates asinvestigated and decreased induction period
wherethe crystallinity was also found to improve (as
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