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Abstract: Optically transparent single crystals of doped metal ion KAP crystals were grown in aqueous
solution by slow evaporation technique at room temperature. Optical absorption studies revealed that doped
crystals possess in the visible region. Transparency of the doped crystal is suitable for (NLO) application
and UV i s c ompare d wi t h pure KA P c ry st al . The dope d c ry st al s pre se nt an absorption band at
nearly 325nm and 340nm.the other properties of KAP such as refractive index was analyzed.
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I.
Introduction
The crystals of potassium hydrogen phthalate or potassium acid phthalate (KAP) were studied
intensively since they started to be used as X-Ray monochromators and X-ray analyzers [1]. Semi organic
crystals have attracted considerable interest due to their large nonlinear optical coefficients, high resistance to
laser induced damage, low angular sensitivity and excellent mechanical hardness.
Potassium hydrogen phthalate is a semi organic salt that belongs to the orthorhombic
class of alkali acid phthalate series, with the chemical formula of K (C6 H4COOH-COO). There
are four such chemical units in a unit cell. The crystal structure of KAP is ionic consisting of potassium
ions and alkali phthalate ions and it was assigned to the Pca21 [2] space group. It has platelet morphology
with a perfect cleavage along (010) plane. Recently KAP crystals were used as substrate for epitaxial
growth of oriented polymers [3, 4] and for hierarchical growth of organized materials [5].
KAP crystals are playing an important role in the field of non linear optical materials, they are
known second harmonic generating materials that have long stability in devices due to their electro- optical
properties [6] and exhibit interesting piezoelectric, pyroelectric and elastic properties that are useful in many
application[7,8].
Numerous authors report the relation between growth conditions and morphology for pure [9, 10]
and doped KAP [11, 12] crystals .Theoretical studies were dedicated to the gr owt h kin eti cs fr om
aqueous s ol u t i on s. Recently new growth techniques were developed [13].The properties of KAP
crystals doped with different impurities were extensively studied [14-17].
This report presents the studies regarding the influence of the doping with NaCl, LiCl impurities
on the structural, morphological and optical properties of potassium hydrogen phthalate crystals. The
results obtained from powder X –ray diffraction, optical transmission are reported.

II.

Experimental Details

KAP wa s prepared by successive recrystallisation process. Metal ions doped crystals were
grown by slow evaporation technique. A saturated solution of KAP (100ml) at room temperature was
performed and good quality crystals were selected for the growth. The
mother solution was
2
prepared using the
solubility
relation c (T) =9.283-0.059T+0.0058T of KAP in water [18].
Where c (t) is the solubility of KAP in water and T is the temperature (°C). A Super saturated solution of
pure KAP and1mole% of NaCl and LiCl doped at room temperature was obtained by constant stirrer up to
5 hours and then filtered. After 24 hours the good quality seeds were suspended in respective beakers using
the nylon thread. After completion of growth run crystals were harvested as shown in Fig .1.The growth
was carried out in a constant temperature bath. The grown crystals were characterized with powder XRD for
structural properties. X-ray diffractometer with CuKα radiation (λ=1.5405A°) was used.
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Fig.1. (a) Grown crystal of KAP doped with NaCl ;( b) Grown crystal of KAP doped with LiCl
III.
Characterization
The grown impurities doped KAP crystal was subjected to various characterizations viz; powder Xray diffraction, UV-visible spectral study and the results were compared with that of pure KAP.
3.1 Result and discussion
The powder X-Ray diffraction analysis on NaCl doped KAP and LiCl doped KAP crystals
was recorded using CuKα diffractometer. This analysis revealed that powder crystals of doped KAP
crystallize in orthorhombic system with space group Pca2 1. The calculated lattice parameters for doped
crystals were compared with that of pure KAP [19]. The xrd results have confirmed that the incorporation
of metal ions in the KAP crystal lattice does not change the crystal structure though there is a small change
in the lattice parameter.
XRD analysis.
The powder X-ray diffractogram of doped KAP presented has been recorded up to 2θ =80°
and at a scan rate 10.13 min prove that both crystals have same structure. X-ray powder pattern of the
crystal was recorded on a XPERT-PRO diffractometer using CuKα (1.5406A˚) radiation. The recorded X-ray
spectra and the corresponding data obtained for the grown crystal in the present study fig.2, reveal that
diffraction peaks for both the doped crystals were compared with the values available in the literature and
the peaks match very well compared WITH the JCPDS data of pure KAP and the h k l value s were noted.
From the Table 1.It is reported that the pure KAP as values were close in arrangement. From the
XRD spectrum of doped crystals, it also reveals that there are more additional peaks, but only change in
the intensity of the peaks. This shows t he presence of additional phase due to doping

.
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Fig.2. (a) XRD spectra for pure KAP ;( b) XRD spectra for LiCl doped KAP ;( c) XRD Spectra for NaCl
doped
Table: 1 COMPARISION OF DOPED KAP CRYSTAL WITH JCPDS VALUE
2θ IN DEGREES
d(A°)LiCl
d(A°)NaCl
h k
L
Observed

JCPDS

Observed JCPDS

Observed JCPDS

17.799
21.235

17.8866
21.3247

4.97932 4.95505
4.18071 4.16330

4.97932 5.00003
4.03298 4.04196

1
1

1
2

1
1

22.022

22.1294

4.03298 4.01369

3.14860 3.15017

1

3

0

26.1116

26.010

3.40991 3.42296

2.98897 2.99666

1

3

1

28.4159

28.354

3.13842 3.14514

2.91276 2.91849

0

1

2

37.3461

37.268

2.40593 2.41077

2.38787 2.38964

3

3

1

44.2096

44.169

2.04702 2.04882

2.02584 2.05354

3

5

0

UV- visible spectrometer and refractive index
The UV-Vis-NIR spectral transmittance was studied using a Shimadzu UV-Vis
spectrophotometer with a single crystal of 6 mm thickness in the range of 200 -1100 nm. The recorded
spectrum is shown in Fig 3(a) and 3(b).The crystal has sufficient transmission in the entire region
which is an important requirement for a material to be optically active. Pure KAP and doped KAP crystals
were subjected to the spectral studies. The studies determine their percentage of transparency and absorbance.
It is evident that KAP doped with LiCl has transparency with about 22% for NaCl transparency was about
75% .There is an absorption edge at 199nm.The refractive index is used to identify the particular
substance, confirm its purity. The refractive index of the KAP doped LiCl crystal has µ= 1.3606(no unit)
and for NaCl the refractive index of the KAP doped crystal has µ= 1.1856(no unit)

Fig.3.(a)Transmission spectra of NaCl doped KAP crystal ; (b) Absorbance spectra of NaCl doped
KAP crystal;(c)Transmission spectra of LiCl doped KAP crystal;(d) Absorbance spectra of LiCl doped KAP
crystal

IV.

Conclusion

Good quality single crystals of the pure and doped KAP crystal were grown by using the
submerged-seed solution method. Lattice parameters were calculated from the XRD characterization to
compare with pure KAP. The powder X-ray reveals stable lattice on doping with KAP. The optical
transmission spectrum showed that doped KAP crystal has good transparency in the UV-Vis. The absorption
bands at 280nm were analyzed for LiCl and absorption band at 325nm and 340nm were analyzed for NaCl.
www.iosrjournals.org
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Their refractive index was found as1.360 for LiCl and 1.8561 for NaCl. The dopants percent was very less
so the transparency is also very less. In future, attempts will be made to grow bulk crystals of KAP with
different impurity with different mole percentage and characterizations such as micro hardness, SHM,
photoconductivity, dielectric studies will be carried out to study the perfection of the crystal.

References:
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]

D.Chopra, Rev.Sci.Instrum.41 (1970) 1004
Y.Okaya, Acta Crystallogr.19 (1965) 879
S.Timpanaro, A.Sassella, A.Borghesi, W.Porzio, P.Fontaine, M.Goldmann, Adv.MATER. 13 (2001)127
T.Haber, R.Resel, A.Thierry, M.Campione, A.Sassela, M.Moret, Physica E41 (2008) 133
Y.Oaki, H.Imai, Chem.Commun.48 (2005) 6011
6 .N.Kejalakshmy, K.Srinivasan, J.Phys.D:Appl.Phys.36 (2003) 1778
A.Miniewicz, S.Bartkiewicz, Adv.Mater.opt.EWlectron.2 (1993) 157
.N.Kejalakshmy, K.Srinivasan, Opt.Mater.27 (2004) 389
L.A.M.J.Jeten, B.Van der Hoek, W.J.P.Van Enckerort, J.Cryst.Growth 62 (1983) 603
G.R.Ester, P.J.Halfpenny, J.Cryst.Growth 187 (1998) 111
M.H.J.Hottenhis, C.B.Lucasius, J.Cryst.Growth 78 (1986} 379
M.H.J.Hottenhis, C.B.Lucasius, J.Cryst.Growth 91(1988} 623
K.Sangwal, K.Woijcik, J.Borc, Cryst.Res.Technol. 38 (7-8) (2003) 684
D.M.Wang, A.H.J.M.Van Aert, E.De Boer, Mol.Phys.67 (4) (1989) 799
K.Uthayarani, R.Sankar, C.K.S.Hashidharan Nair, Cryst.res.Technol.43 (7) (2008) 733
S.R.Geetha, R.Perumal, S.Moorthy Babu, P.M.Anbarasan, Cryst.Res.technol.41 (3) (2006)221
N.Kubota, Cryst.res.technol.36 (2001) 749
Z.Solc, J.Kvapil.J.Vicek, Kristall Technol. 8 (1-3) (1973) 59
R.Mohan Kumar, D.Rajan babu, P.Murugakoothan, R.Jayavel, J.Cryst.Growth 245 (2002) 297

www.iosrjournals.org

16 | Page

