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ABSTRACT

Crystals of potassium dihydrogen phosphate (KDP) doped with boron has been grown by slow solvent evaporation
method at room temperature. The presence of boron is confirmed by EDAX. The presence of the functional groups
has been identified by Fourier transform infrared spectrum. The grown crystal was characterized by powder and
single-crystal X-ray diffraction studies. The optical nature of the grown crystal is analyzed using the UV-Vis
spectrum. The variation of photocurrent (1) and dark current (l4) with applied field were determined. The SHG
efficiency of boron doped KDP is higher than the pure KDP.

INTRODUCTION

KDP is among the most widely used NLO materialislcharacterized by good UV transmission, high dgna
threshold but still their NLO coefficients are rilely low. In addition they are also excellent @te — optic
crystals used as pocket cells, Q-switches etc [IM@lhy methods have been tried to increase thetproate and
improve the NLO properties of the KDP crystal[7-8he addition of dopants and their influence on ghewth
process and properties of crystals have been imiedcent years[9-11]. It is already well estal#idithat borate
family crystals have a good power threshold figofenerit and have a proven track record of enhantlire non-
linear optical nature of crystals. In the preseatkato further enhance the NLO property of KDP taisan attempt
is made to grow KDP crystals from the aqueous smwdded with 0.1mol% Boric acid. The increasthimquality
of the KDP crystal in the presence of Boron is yredl.

MATERIALSAND METHODS

2. Crystal Growth

Single crystals of pure KDP and boric acid dopedPkiere grown by slow evaporation of the saturatpteaus
solution at room temperature. Analytical reagemdgr(AR) samples of Potassium dihydrogen phosgrateBoric
acid along with triple distilled water were used fioe growth of single crystals. A solution of pegaum dihydrogen
phosphate and boric acid was prepared in the tafid mol% using water as the solvent. The pHhefdolution
was 4. The solution was then filtered and allowedtaporate at room temperature. After a periodbflays,
transparent colorless crystals of size 17 x #w# were harvested.
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Fig.1. Photograph of the grown Pure KDP and boron doped KDP Crystals

The photographs of the as grown crystal of pure Kling with the boron doped KDP crystal are showhig.1. It
is observed that the transparency of the dopedatriigs improved and the as grown crystals havé defined
faces and the growth is rapid along the ‘X’- axis.

3. Characterization Studies

In order to confirm the presence of boron, the darmpgrown crystals was subjected to EDAX analysisg the
QUANTA 200 FEG Scanning Electron microscope. Therrke transform infrared spectrum was recordedgisin
Perkin EImer model RXI Spectrometer in the rang@-4000cnT by KBr pellet technique. The crystals have been
subjected to single crystal XRD studies using BruKeppa APEX Il single crystal X-ray Diffractrometéo
determine the unit cell dimensions. The powder-ddfraction has been recorded using Bruker-35k¥pger
Kalpha Radiation . The UV-Visible transmission dp&m was recorded using Perkin Elmer Model-Lamb8a 3
spectrometer in the range 190nm to 1100nm. Phothanivity of the crystal was studied using Keithlég5
picoammeter.

3.1EDAX

The EDAX spectra for pure and 0.1mol% of boron dbpdP crystals were recorded and analysed. From the
spectrum of pure crystals it is clear that themedgpeak other than that of potassium, carbon, exymd phosphate,
as expected from pure KDP crystals. The spectrumesponding to boron doped KDP crystals shows pe#ks
potassium, carbon, oxygen, boron and phosphateestigg thereby that the dopant has entered indoctistal
lattice of KDP and making it a new crystal. Theawled EDAX spectrums are shown in Fig.2. The oleweight
percentage of elements in the pure KDP and borpedl&DP crystals are given.
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Fig.2. EDAX of Pure KDP and boron doped KDP Crystals
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CK 16.83 28.36
OK 34.60 43.76
PK 20.21 13.20
KK 28.3¢€ 14.6¢
Matrix Correction ZAF
Element Wit% At%
BK 35.51 50.45
CK 10.66 13.63
OK 23.75 22.80
PK 12.7C 06.3(
KK 17.38 06.83
Matrix Correction ZAF

3.2FT-IR Spectral Studies

The FTIR recorded spectrum is given in Fig 3. Basethe chemical structure of KDP and boric acilflequency
assignment have been made to establish the fuattisoups present in the grown crystal. The broaadbwhich
appears in the range 3712 to 2439%cnis due to free O-H stretching of KDP [12]. Itssen that these are very
weak bonds. The peak at 2762tim due to P-O-H asymmetric stretching. The strimensity band at 2439chis
due to one of the P-O-H bending of KDP. The intebaads observed at 544 and 433'cmare due to P-OH
deformation. The OH groups in the boric acid antbbiz acids in the solid state absorb broadly r3&00- 3200
cm®  due to bonded O-H stretch. In the spectra oictawid the peak at 3280 €m is therefore assigned to the B-
OH stretching. The peaks from B-O-H bending, B-@tshing all occurs in the 700-1000 ¢megion [13]. In
aqueous solution, the movement of H around theo aif Boric acid is essentially unconstrained. Efare for
free boric acid the trigonal planar (¥Xmolecule has i symmetry and should have one IR active peakeén t
range 1500-1300 cimfor the asymmetric B-O stretching or weakly IRia&tsymmetric stretching band at 1100-
950 cm'[14]. In the spectra of boric acid, the contribatitom in plane B-O-H bending is excepted to béhia
range 1300-1000 cfy and out of plane bending at 850-700°cfh5]. So , the peak at 1027 ¢rand 618 cnl is
assigned to the in plane bending and out of plar@-B bending respectively. There are a total oe¢hB-O
vibrations and as a free borate anion, the moleltateone broad asymmetric stretching band at appabely 950
cm® [16-17]. Therefore the peak at 932 tin due to asymmetric B-O stretching.

In order to analyze qualitatively the presencehef tonstituent elements in the crystal the FTIRRBpm has been
recorded for the boron doped Potassium dihydrodersghate single crystal. It is seen that the spectf boron
doped KDP, retains essentially the major peaksbasreed in KDP, except for a slight change in ferguies and
their intensity. The cluster of peaks observechimriange 3900- 2700 ¢mis the leading evidence for the presence
of boron in the KDP grown crystal, It is observedtie spectrum of Boric acid the bands in the ra&3g@0-3200
cm® is due to the bonded B-OH stretching. These peaaikgound to be present in the spectrum of bomaped
KDP confirming the presence of the element borothéas grown crystal. A detailed assignment offitbguencies
observed in the FTIR spectrum is given Table 1.
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Fig.3. FT-IR Spectrum of (a) Pure KDP and (b) boron doped KDP crystal.

Table .1.0bserved FT-IR frequencies (cm™) and I ntensities of Pure K DP and boron doped KDP

Ohserved FT-IR frequencies (em™) and Intensities Assignments
Pure KDP BoronDoped KDP
3712 VW 3739 VW Free O-H Stretching hydrogen
bonded of KDP
- 3430 M O0-H Stretching hyvdrogen bonded of EDP
- 3202V W B-OH Stretching
- 3088 VW B-OH Stretching
2762 8 2772 W P-O-H asymmetrie stretching
2439 8 2453 M P-O-H bending of EDP
1670 V8 1669 8 Asymmetric B-O Stretching
1207 V8 1267 V8 P-O stretching of KDP
1092 Vs 1093 Vs P-O stretching
04 W8 001 VS P-O-H stretching of EDP
544 W8 348 W HO-P-OH bending
433 V8 433 VW Torsional Oscillation

WVE-very strong 5- strong M-medium Woweal VW-very weak
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3.3 X-Ray Diffraction Study

Single crystal x-ray diffraction studies were penfied on grown crystals to identify the structuratgmeters and
degree of crystal perfection. From the collectethdid is observed that from the cell parameterbaih pure KDP
and boron doped KDP belong to tetragonal crystatesy [« ==y = =9(;]; [a=b+#c] are tetragonal. The lattice
parameter values of pure KDP are a= 7445 b=7.45A, c= 6.97A, o= B=y=90° and volume= =3873. The lattice
parameter values of doped KDP are a= MD=7.42A, c= 6.92A, a= B=y=90° and volume= =3843. It belongs to
I-42d space group. The structural data for pure KiD& doped KDP crystals are presented in Tabl€&H results
are shown in Fig.4. It is seen that the x-ray patte almost similar indicating that the presentéaron has not
affected the crystalline nature of the sample.

boron doped KDP
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Fig.4. Powder XRD of Pure KDP and boron doped KDP

Table.2. Unit cell parameter values of Pure KDP and boron doped KDP

Lattice parameter Cell vohumne o=f=y Structure
Sample a=h, c(A) (A%
Pure EDP 745 697 387 oo* Tetragonal
BorondopedEDP 742 692 381 o0° Tetragonal

3.4 UV-Visible Spectroscopy

The optical properties of a material are importast they provide information on the electronic datructure,
localized state and types of optical transitionsrePand boron doped KDP crystals plates with &ttgss of 2mm
without antireflection coating were cut and useddptical measurement. From the spectrum, Figi$ dbserved
that both the pure and boron doped KDP crystalgvditite absorbance in the entire visible region.
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Fig.5. UV-VIS Spectraof (a) Pure KDP and (b) boron doped KDP crystal
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Fig.6. Variation of dark and photo current with applied field for boron doped KDP
The addition of boron seems to have increased thstatline perfection in KDP thereby resulting iesser
absorbance when compared to pure KDP. The cut affelength is around (~220nm) for pure and doped KDP
crystals. The UV-Vis data reveals that boron adégiimprove the optical transparency of the cryatal confirm
the betterment of optical quality.
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3.5 Photoconductivity

The Photoconductivity experiment was performedatr temperature. Dark conductivity of the sampls stadied
by connecting the sample in series to a DC poweplguand a picoammeter. Electrical contacts werdevat a
spacing of about 1.5mm on the samples using gilaatt.

The DC input was increased from 20 to 100V in stepd the corresponding dark currents were noted. Fo
measuring the photocurrent, the sample was illutathaith a halogen lamp (100W) by focusing a sgdigit on

the sample with the help of a convex lens. The Blii was increased in the same range as done iprévéus
case and the corresponding photocurrent was mehstine variations of photocurrent (Ip) and darkrent (1d)
with applied field are shown in Fig.6. Both the phand dark current of boron doped KDP crystalaase linearly
with applied field. It is observed from the plogttithe dark current is less than the photocurtbos implying that
boron doped KDP exhibits positive photoconductivithis phenomenon can be attributed to generationabile
charge carriers caused by the absorption of phqi@ijs

3.6 Kurtzand Perry powder SHG test

Kurtz second harmonic efficiency test (SHG) is perfed for the comprehensive analysis of secondrorde
nonlinearity. The non-linear optical property oétgrown samples of KDP and boron doped KDP is detexd. In
the present work, a single shot mode of 8 ns ladtr a spot radius of 1 mm was used. The experiaiesgt up
used a mirror and 50/50 beam splitter, to geneadteam with pulse energy of 0.68 Joules. The ifgaér beam
was passed through an IR reflector and then didemtethe microcrystalline powdered sample packeal ¢apillary
tube of diameter 0.154 mm. The second harmonicubutps generated from the irradiated powder sawiptioped
KDP by a pulsed laser beam. The light emitted leyshmple was detected by photodiode detector arilbesope
assembly. The relative conversion efficiency wasudated from the output power of boron doped KDfstals
with reference to pure KDP crystal output power.éW'la laser input of 0.68 Joules was passed thrpugh and
doped KDP, It is found that the output power is 218 and 3.4mJ respectively. Thus the SHG efficienfcthe
boron doped KDP crystal is nearly 1.2 times that df pure KDP.

CONCLUSION

Optical quality, colorless and transparent singlestals of pure and 0.1mol% boric acid added KDPewgrown

employing slow evaporation solution growth techiguEDAX studies confirm the presence of bororhim lattice

of the crystal. The FT-IR and FT-Raman spectrafissiconfirm the presence of all the functionalug®and also
the presence of boron in the grown crystal. Singlestal X-ray diffraction studies reveal that tretragonal
structure of KDP is preserved and that the laiaemeters of boron doped KDP crystal is slightigrgged due to
the addition of boron. The optical transmissioncspen shows good transmission in the entire visiblgion for

both the crystals with higher transmission for tteeon added KDP crystal. TGA analysis reveals tifferént

stages of decomposition. The thermal stabilityre# tloped crystals is found to be improved due &squce of
boron. Photoconductivity studies show that dopedPK&vystal exhibits positive photoconductivity. TB&#G

efficiency of boron doped KDP is 1.2 times gredtan that of pure KDP. This result indicates the grown

crystals are useful for NLO device application #mel moderate SHG efficiency make boron doped KpBtantial

candidate material for photonics device fabrication
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