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ABSTRACT

Single crystals of pure, hydrogen borate and patassnitrate doped Ammonium Dihydrogen PhosphateR)AD
were grown from aqueous solutions, employing sleaperation technique at room temperature. The grown
crystals were subjected to powder X—ray diffractsdadies to study their structural characteristi€§.IR spectral
analysis was performed to identify the presenceaabus functional groups in the crystals. The Uis#Me—NIR
spectral analysis was carried out to confirm th@iovement in the transparency of the ADP crystalhenaddition

of boric acid and potassium nitrate.
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INTRODUCTION

Studies on Ammonium dihydrogen phosphate (N4 O;) crystal still attracts interest because of tliiilque non—
linear optical, dielectric, piezoelectric and agtibelectric properties and their variety of useshsas electro-optic
modulators, harmonic generators and parametricrgtors. Several research works have been carriedropure

and doped ADP crystals. [1-5] In recent years,reffbave been taken to improve the quality, growvete and
properties of ADP by employing new growth techngj@ad also by the addition of organic, inorganid aami

organic impurities.[6—8] Inorganic non linear opfienaterials have large optical susceptibilitiesierent ultrafast
response times, and high optical thresholds farlpswer. [9,10] With an aim of finding new usefuterials for
academic and industrial use, an attempt has beee twamodify ADP crystals by adding 1 mole % by giwiof

hydrogen borate and potassium nitrate in the masbértion of ADP. In this work, the structural, spal and

optical properties of hydrogen borate doped andgsaim nitrate doped ADP crystals against pure ABNR been
studied and reported.

MATERIALS AND METHODS

Crystal Growth

Single crystals of pure and doped ADP were grovamfisupersaturated solution at room temperaturealyral
evaporation process using AR grade samples of ABrogen borate and potassium nitrate. The dopaete
added separately with pure ADP solution, each finile molecular ratio, namely ADP: X (X being dopgin the
molar weight 1:0.01ratio. Each solution was stirfed three hours using magnetic stirrer and fildengsing
Whatman filter paper. The filtered solution was&f@rred to borosil glass beaker. It was poroushled and placed
in a dust free atmosphere for slow evaporation. fHeof the solution was noted as 4. The grown atgsivere
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harvested after a period of 30 days. All the gramwstals were colourless, stable and transpakémire 1, 2 and 3
show the as grown crystals of pure and doped AOM drystals were characterized using FTIR, UV-VIRN
spectroscopic techniques and powder XRD technique.

Characterization

The FTIR spectra of pure, hydrogen borate dopedpatassium nitrate doped ADP crystals were recolnelBr
pellet technique using Perkin EImer FTIR Spectrapineter in the range 4000-400 ¢rat St. Joseph College,
Trichy. Powder X-ray diffraction pattern was receddusing a Philips X pert PRO X-ray diffractometéth CuKa
(A=1.5418A) radiation at University of Madras. Thetio@l properties of the grown crystals were studiesihg
Shimadzu UV-1601 visible spectrometer in the wavglle region 200-1100 nm at Ethiraj College, Chennai

RESULTS AND DISCUSSION

FTIR Spectroscopic study

In the present work, FTIR spectra of pure and dope® crystals were compared and the complete vibrat band
assignments were carried out. The comparative FSpiettral studies confirm the presence of borateaiwh the
nitrate ion in the respective doped crystals. k& pnesent work, the FTIR spectra of pure and dddeB single
crystals were presented in Figures 4, 5 and 6 ctspby.

In spectrum of pure ADP, the broad band around 3280 was due to the O-H vibrations of water, P-O-H grou
and N-H vibrations of ammonium. The band at 2387emas assigned to hydrogen bond. [11] The broadwass
due to the hydrogen bonding interaction with adjhcrolecules. The O-H bending vibration gave teaks at
1706, 1642cil. The peak at 1409chwas due to the bending vibration of ammonium. Vaey strong band at
1292cm* was due to the combination of the asymmetric ahiirg vibration of PQwith lattice. The peaks at 1098
and 910crit represented P-O-H vibrations. The medium ban86@t405crit were due to PQvibrations.

In the spectrum of hydrogen borate added ADP drysta band appearing at 3100¢imcluded O-H vibrations of
water and N-H vibrations of ammonium. [10] The ghpeaks at 1292 and 1409¢im the spectrum of ADP were
shifted to 1288 and 1417¢hand they became medium intensity bands due tprésence of borate ion. The peak
at 1417crit was due to B-O terminal asymmetric stretching tiredsymmetric stretch of B-O vibrations lied in the
region 910crt and 1100crl. [9] The peak at 1706cin pure ADP due to bending of water has broademethas
become a medium intensity band at 1697¢showing that the moisture content has been losttd the addition of
boric acid in the ADP crystal.

In the FTIR spectrum of potassium nitrate added ADRtal, there was a shift in the peak positiohB-®-H and
PO, vibrations compared to the pure ADP crystal. Aflse inorganic nitrate salts exhibit a very strdrand at
1410-1350cnt due to asymmetric NQstretching. [12] Here the presence of a very sfrband at 1403cth
indicated the presence of nitrate ion in the latt€ the potassium nitrate doped ADP crystal. Atsobands due to
hydrogen bonding had a change and were presedfatand 2358crhin the doped crystal. Table 1 represents the
FTIR vibrational band assignments of the pure &ediioped ADP crystals.

Powder XRD Analysis

Powder X-ray diffraction study was conducted toifyethe single phase nature of the samples. Fgyurand 8
show the powder XRD patterns of hydrogen boratepotdssium nitrate doped ADP crystals. Well defiBeagg
peaks were obtained at specifit@gles indicating that crystals were ordered. gdwder XRD studies were done
at University of Madras using SEIFERT JSO Debyef2&02 model X-ray diffractometer. The X radiatiosed
was copper (K-Alpha 1) radiation<1.54056A) operating at a voltage of 40 KV and arent of 20 mA. The
scanning rate was maintained at 1.6°/min oveff en@ge of 10-70° employing the reflection modedoanning.

The figures 7 and 8 indicate the sharp peaks andehihe crystalline nature of the grown crystalkere is a slight
shift in the diffracted peaks in the XRD pattermpotassium nitrate added ADP crystals. When coetptr that of
pure ADP, the intensity of the diffracted peaks \iasd to vary in both the XRD patterns of dopedFAErystals.
However, there were no other phases emerging lsetidetetragonal system. The powder XRD showedtteat
original tetragonal structure is maintained andlibec acid and potassium nitrate have enteredtimolattice of
ADP crystal.

1454
Scholars Research Library



V Renganayakiet al Arch. Appl. Sci. Res,, 2012, 4 (3):1453-1461

Figure 1 Photograph of as grown pure ADP crystal

Figure 2 Photograph of as grown hydrogen borate dagd ADP crystal

Figure 3 Photograph of as grown potassium nitrate dped ADP crystal
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Figure 4 FTIR spectrum of pure ADP crystal

Optical transmission Spectral Studies

Single crystals of ADP are mainly used for optiapplications. The study of the optical transmisgiange of the
grown crystals is thus very important. Pure, hgéroborate doped ADP and potassium nitrated dofie érystal
plates with a thickness of 2mm without any ant&efion coating were cut and used for optical measents. The
UV-Visible-NIR transmission spectra were recordesing Shimatzu UV-Visible Spectrophotometer in thage
200nm to 1200nm. From the spectra in the Figurié ®as observed that both the doped ADP crystats @ure
ADP crystals showed good transmittance in the enisible and NIR regions. The overlay UV-Vis N#Rectra
clearly shows that, the addition of hydrogen boeatd potassium nitrate have enhanced the opticitygof ADP
crystals. [13] Both the doped ADP crystals havaeimum absorption in the entire region between 2200hm.
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Figure 5 FTIR spectrum of hydrogen borate doped ADRrystal

Table 1 Vibrational band assignment of pure and dopd ADP single crystals.

FTIR Frequency (ch

Band Assignment

Pure ADP | Hydrogen borate doped ADP  Potassium eittaped ADP
3132 3100 3133 O-H stretching, P-O-H stretchingd Mibrations of Ammonium
2387 2435 gggg Band due to hydrogen bond
1706 1697 O-H bending vibration
1642 1639 O-H bending water
140¢ 1417 140z Bending vibration of ammoniu
Combination of the asymmetric
1292 1288 1302 Stretching vibration of PQwith lattice
1098 1100 1098 P-O-H vibrations
910 910 904 P-O-H vibrations
56C 557 552 PC, vibration:
460 459 452 P@vibrations
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Figure 6 FTIR spectrum of potassium nitrate doped P crystal

Scholars Research Library



V Renganayakiet al Arch. Appl. Sci. Res., 2012, 4 (3):1453-1461

450 NP51A
300 -
250 -
m
8 200
)
2
§ 1501
=
100 -
! |
|
50 | I .\ ’
|
P JM’L‘M \""*'WJWJ Mt iﬂm«w'w»m"" ottt |
D X T T T T wl ¥
10 20 30 40 50 60 70

20 (Degrees)

Figure 7 Powder XRD of hydrogen borate doped ADP gfstal
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Figure 8 Powder XRD of potassium nitrate doped ADRrystal
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Figure 9 Overlay UV-Visible-NIR spectra of pure anddoped ADP single crystals

CONCLUSION

The effect of hydrogen borate and potassium nitdajgants on the growth of ADP from supersaturatddtions
has been investigated experimentally by measurpigal trans- mission, functional groups and X daffraction
measurements. The presence of dopants in ADP aolutes found to increase the optical transmissidre

enhancement of optical transmission of doped ADy&tals highlights their prospects of application NisO
materials.
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