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ABSTRACT

Potassium Di-hydrogen Phosphate (KDP), crystal isagood Nonlinear optic
material having Second Harmonic Generation property (SHG). These KDP
crystal is grown with bimetallic dopants Nikel-Magnesium (Ni®*, Mg#) to
form Nikel-Magnesium Di-hydrogen Phosphate (NMKDP). The grown
crystals were analysed for structural and optical characteristics and
compared with pure KDP. FTIR anaysisexplainstheinclusion of the metallic
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impurities which extends the transmission region visibly. High Resolution
XRD confirmsthe order of crystallinity of the material whichisfound to be
superior in the pure form than the bimetallic form thereby conforming the
inclusion of the bimetals. The conversion efficiency and verification of
SHG generation of the grown crystal swere a so confirmed by Kurtz method.
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INTRODUCTION

Crysta Growth from solutionisavery important
processused in many applicationsfromthelaboratory
to the industry. Potassium di-hydrogen phosphate
(KDP) havingimportant applicationsin e ectro-optics
and harmoni ¢ generation was solution grown by slow
evaporation techniqueat room temperature. Many stud-
iesonthegrowth kineticsof KDPwith different impu-
ritieswere reported earlier™, and the changes of the
crystal morphol ogy and supersaturation wered sodis-
cussed. Inthisstudy the effectsin adding bimetallic
dopantsNi**, Mg** with KDP and the changesin the
morphol ogy and structurewereinvestigated usng many

HXRD;
Properties.
characterizeation techniques.
CRYSTAL GROWTH

Crystalsof KDP and doped KDP were grown by
solution growth empl oying evaporation technique at
room temperature (30°C). The saturated solution of
pure KDP and bimetallic KDP weretaken and left to
crystallize. Care wastaken to provide an atmospheric
ambient devoid of irregular air currentsand exhausts.
After 10to 15 daysthe spontaneously nucleated crys-
talsweregrownto optimal sizesranging from 10x 5x
5mm3t0 40 x 20 x 20 mma.

Crygdsof pureand bimetdlicNi®*, Mg?* KDPwere
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grown by solution growth technique Solubility studies
of pureKDPand KDPwith Nikd and Magnesumwere
Sudied. Solubility of KDPinitsundoped satewasfound
to be 28 g per 100 ml of the solvent (doubledistilled
water). By adding Nikel and Magnesium (Ni**,Mg?) it
was observed that the solubility decreased marginally
which isattributed to theimpuritiesthat were added®.

Thestability of thesolutioninitssupersaturated re-
gionismeasured as metastable zonewidth where the
largest width explainsthesubstancehaving higher growth
stability. 100 ml of the saturated solution waskept in
the cryostat and the temperature reduced at 5°C hr?!
whilethe solution was stirred continuously. Thetem-
perature of conception of thefirst speck was found.
The metastable zone width of KDP wasfound to be
the maximum in thelower temperature gradientsthan
thehigher gradients. With theaddition of thebimetallic
impurities (Ni*, Mg?") it was further noted that the
metastablezonedtered marginaly dueto the presence
of dopants. It wasdevoid of spontaneous nucleation
which explainsthat the sol ution was stable until com-
pletecrysta growth.

STRUCTURAL CHARACTERIZATION

Powder X-Ray Diffraction studieswere carried
out onthegrown crystals. The powder sampleswere
taken in aRigaku X-Ray diffraction apparatuswhich
used aCuKaradiation having | = 1.5405 and analysed
for availablemaxima. Resultswere compared with the
JCPDS database file number 35-0807 where the
prominent peaksof thereported val ues coincided with
theinvestigated patterns. The powder XRD pattern
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Figurel: Powder XRD of pureKDP crystal

of KDP (Figure 1) aswell asbimetallic Nikel-Mag-
nesium (Ni*,Mg?) KDP (Figure 2) had three promi-
nent peaks at (200), (112), (321) respectively. The
cell parameterswere: a=b=7.453A,c=6.974 A
respectively. Thevolume of theunit cell was calcu-
lated as 387.386 A2,
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Figure2: Powder XRD of (Ni-M g) KDP

FTIRINVESTIGATIONS

FTIR spectraof theKDP (Figure 3) and bimetallic
(Ni, Mg) KDP (Figure4) weredoneon aPerkin-Elmer
781 spectrophotometer in the regions400 to 4000cm
tusingaKBr pdlet. Many useful observations® were
observed. In the region between 1300 and 650cm'
therearesinglebond stretching frequenciesand bend-
ing vibrations (skeleta frequencies) of polyatomic sys-
temsinvolving motionsof bondslinking asubstituent
group to themolecule. Small molecules (e.g. N,, O,
and H,) arelinked to transition meta ionsasymmetry
change occurswhich hasastrong influenceonthein-
frared pectra. Thesemetal-ligand vibrations appear in
the low frequency region (600 to 100cm') and pro-
videdirect information about the structure of the coor-
dination sphereand thenature of themetal—igand bond.
Metal—ligand vibrations are also metal sensitive and are
shifted by changingthemeta or itsoxidation Satewhich
isapplicableonly toisostructura metal complexes.

Orthophosphateion, PO,* having T  point group
symmetry, showed vibration modesat 478 cm?inal
the samples of undoped and doped KDPirrespective
of the dopants included. The absorption band was
much more prominent inthe Nikel Magnesium bime-
talic crystal (Figure4) which had anincreased absor-
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bance at 3231cm. The prominence of the absorp-
tion was al so seen due to expansion of the absorption
band. Thiswasdueto theinflux of bimetallic dopants
inthecrystal lattice.
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Figure3: FTIR spectrum of pureK DP crystal
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Figure4: FTIR spectrum of (Ni-M g)K DP crystal

MICROHARDNESSMEASUREMENTS

The strength of thegrown crystaswere verified by
Microhardnesstests Samples of pure KDP and bime-
tallic Nikel-Magnesium KDPwereindented using a
Lietz-Wetzler P1191 Microhardnesstester fitted with
aVikerspyramida indenter having anoptical angle of
136° between the opposite pyramids of the indentor.
Observationsof thevariousindentation testssweredone
usingtheMetalux-I1 Metalurgical Microscope.

An indentation time of 10 secondswere applied
uniformly for loads 20 to 90g. The hardness value of
the cut and polished Lithium Niobate crystal samples
(Figure5) werefound to decrease dowly with the ap-

—= Fyll Poper

pliedloadsuntil 40 g. Further gpplication of higher loads
showed that the hardnessva ues sharply decreased and
developed mild cracks on the pyramidal indentation
edges. Beyond 90 g thesamplesdeve oped large promi-
nent cracks dueto the attainment of thethreshold me-
chanical stress. The hardnessvalueswere cal cul ated
usingtheformula

_ 1.8544x Pkgmm™
v T D2
WhereH  isthe hardness number, Pistheindenter
loadingm and D isthe diagonal length of the pyrami-
da impressionin mm. The micro hardnessvaluewas
taken asthe average of the several impressions made
diagondly.

Inthe present study, the hardness of the pure KDP
was found to be higher than that of bimetallic Nikel
Magnesium KDP crystal. Thiscan beattributed tothe
incorporation of theNikel and Magnesium (Ni®*, Mg?)
ionsintothecrysta latticeforming defectsthat generate
stressesonthe crystal surface.
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Figure5: Microhardnesscurveof pureand bimetallicKDP

UV-VISNIR SPECTRALANALYS'S

The UV-Vis-NIR spectra transmittance was stud-
ied using a Shimadzu UV-1061 UV-Vis spectropho-
tometer with asingle crystal of 4 mmthicknessinthe
rangeof 200t01200 nm. Thecrysta hassufficient trans-
missionintheentirevisibleand IR region. Thelower
cut off wavelength isaround 300 nm; thetransmission
percentage of Nikd and Magnesium (Ni®*, Mg?") added
KDPcrystd isaround 83%, ascompared to pure KDP,
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whichwas75% (Figure6). It wasfound that the bime-
tallic (Ni-Mg) KDP crysta shad higher transparency
rangesthan the pure undoped KDP crystals.
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Figure6: UV-Vis-NIR spectraof KDPand bimetallicKDP

HIGH RESOLUTION XRDANALYSIS

Thehigh-resol ution diffraction curvesrecorded for
specific diffracting planeswhich arementioned in the
curved brackets with the multicrystal X-ray
diffractometer!” in symmetrical Bragg geometry. A well-
collimated and monochromated MoK 4, beam obtained
from aset of three plane (111) S monochromator crys-
talssetindispersive (+,-,-) configuration hasbeen used
astheexploring X-ray beam. Thespecimen crystal is
aignedinthe(+,-,-,+) configuration. Dueto dispersive
configuration, though thelattice constant of the mono-
chromator crystal (s) and the specimen are different,
the unwanted dispersion broadeningin thediffraction
curveof thespecimen crystal isnonsignificant.
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Figure7: HRXRD of pureKDP crystal

Both the curves were observed to have single
peaks. Thisdiffraction curve (Figure 7) showsthat the
quality of thiscrysta isvery good, sincethe specimen
containsonevery low angle boundary. The FWHM of
the KDP peaks were 13" and the Nikel-Magnesium
(Ni**, Mg*)KDPcrysta (Figure8) was11". Thisim-
pliesthat the pure crystal of KDP had alower order of
crystalinity thantheNikel and Magnesium bimetallic
(Ni**, Mg?")KDP crystal where dopantsincreased the
qudity of thecrysta grown.
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Figure8: HRXRD of (Ni,Mg) KDP crystal

SHG CONVERSION EFFICIENCY

Theconverdgonefficency of thecrysd waschecked
using the powder SHG technique devel oped by Kurtz
and Perry®, The crystal was ground into powder and
densely packed in between two glass slides. An
Nd: YAG laser beam of wavdength 1064 nmwasmade
tofdl normaly onthesamplecdl. Theemissonof green
light confirmsthe second harmonic generationon KDP
aswell asNikel Magnesum KDP crystals.

CONCLUSIONS
Bimetallic (Ni**, Mg?) KDPcrystalswere grown

by sol ution growth techniqueat roomtemperature. The
changein propertieswereanaysed in comparisonwith
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pureKDPcrystd. It wasfound that SHG quality bime-
talic crystals of KDP showed higher crystalline
behaviour thantheundoped KDP crystals.
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