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Abstract - Zinc hydrogen maleate dihydrate single crystal
has been grown successfully by slow evaporation solution
technique at room temperature using water as solvent.
Crystals of size 1cm X 1cm X 0.4 cm were obtained in 6
days. The crystalline nature of the grown crystal is
confirmed by powder X-ray diffraction analysis. The
grown crystals were subjected to single crystal X-ray
diffraction analysis which revealed that the sample has
crystallized in triclinic system with noncentrosymmetric
space group P1l. The modes of vibration of different
molecular groups present in the sample were identified by
the FTIR analysis. The UV-Vis- NIR absorbance study
assessed the optical behavior of the crystal. The second
harmonic generation test of zinc maleate dihydrate
confirmed the nonlinear nature of the crystal. To
understand the thermal stability of the synthesized
compound, the thermo gravimetric analyses were done.
The mechanical strength of the grown crystal was found
using Vickers microhardness test. Dielectric constant and
dielectric loss of the crystals were studied as a function of
frequency at different temperatures.
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I.  INTRODUCTION

Nonlinear optical (NLO) materials play a major role in
the field of opto-electronics and in particular they have a
great impact on laser technology and industrial
applications™®. The understanding of the nonlinear
polarization mechanisms and their relation to the
structural characteristics of the materials has been
considerably improved. Recently, the approach of
combining the high nonlinear optical coefficients of the
organic molecules with the excellent physical properties
of the inorganic has been found to be overwhelmingly
effective . In the case of metal-organic coordination
complexes [ the organic ligand is usually more
dominant in the NLO effect, since metal compounds
(such as Zn, Cd, and Hg) have high transparency in the
UV region. The metal-organic coordination complexes
can also provide the following advantages: i)
enhancement on the physico-chemical stability. ii) The
breaking up of the centro-symmetry of the ligand in the
crystal and iii) an increase in NLO intensity, via metal-
ligand bridging interactions.

An attempt is made here to find a new useful material by
taking maleic acid and Zinc acetate dihydrate in 1:1
ratio. In the present work, single crystal growth of Zinc
maleate  dihydrate from solution has been reported.
Also characterization studies such as single crystal
XRD, Powder XRD, FT IR, UV-Vis-NIR, Hardness,
TGA, Dielectric and SHG test have been carried out.

Il. EXPERIMENTAL

Zinc hydrogen maleate dihydrate crystal was
synthesized by dissolving analar grade maleic and zinc
acetate dihydrate in the stoichiometric ratio in double
distilled water according to the reaction.

Zn(CH,COO0), .2H,0 +C,H,0;, —»
C4H50, Zn. 2H,0+ 2CH;COOH

Fig.1. Photograph of the as grown ZHMD

In the present study a solution of Zinc acetate dihydrate
and maleic acid of equimolar ratio was prepared. The
solution was stirred for 6 hours and then filtered. It was
porously sealed and placed in a dust free atmosphere for
slow evaporation. Optically transparent crystals of size
0.5x0.5 x0.2 cm were harvested in 6 days. The crystal
of Zinc hydrogen maleate dihydrate (ZHMD) as grown
is shown in Fig.1.

1. RESULTS AND DISCUSSION
a.  Single crystal X-Ray diffraction analysis

The unit cell parameters of grown crystal were carried
out using Enraf Nonius-CAD4 diffractometer with Mo
K alpha radiation at room temperature. The structure
was solved by direct method and refined by full matrix
lean squares technique using SHELXL-97 program. The
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title material Zinc hydrogen maleate dihydrate
crystallizes in triclinic system with space group P1. The
lattice parameter values are a = 5.25/& b:7.34A,
c=9.24A, a= 108.75° B= 104.65°, y = 93.24°, V= 323
A% The obtained crystallographic data are in good
agreement with reported values ™.

b.  Powder XRD analysis

The powder X-ray diffraction pattern recorded for
grown crystals with CuK, (o = 1.5408 A) radiation is
shown in Fig.2. The sharp peaks of XRD pattern
indicate high degree of crystalline structure of grown
crystals.
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Fig.2. Powder XRD pattern of ZHMD
c. Functional group analysis

The FTIR and FT-Raman spectrum recorded at
Sophisticated ~ Analytical Instrumentation  Facility
(SAIF), Indian Institute of Technology (lIT), Chennai,
India, is shown in Fig .3 and 4 respectively.

The presence or absence of absorption bands in FTIR
spectrum helps in predicting the presence of certain
functional groups in the compound ®4. To analyze the
FTIR spectrum, accurate information about structure of
maleic acid and zinc acetate dihydrate is much essential.
The low frequency spectrum which extends upto ~ 50
cm'* has been divided into three parts:

(i) External oscillations, low frequency hydrogen bond
oscillations and vibrational frequencies of the octahedral
arrangements of oxygen and water molecules around the
metal ion.

(if) The internal frequencies are made up of acetate,
maleate ion frequencies and water bands. The stretching
vibration of water molecule in Zinc acetate dihydrate is
expected in the region 3000-3600cm™. Bands due to
asymmetric and symmetric H-O-H stretching vibrations
are observed in the region 3550-3200cm™and bands due
to H-O-H bending vibration in the region 1630-1600cm’
! Vibrational modes of coordinated water molecules
such as wagging, twisting and rocking may become

infrared active and the resulting bands occurring in the
region 880-650 cm™. In FTIR spectrum of ZMDH the
spectral line at 3773cm™ and in FT-RAMAN spectrum,
the peak at 3245cm™ is assigned to be O-H band of the
water molecules. Also in the FT-Raman spectrum the
peaks at 714cm™and moderate intensity peak at 303cm™
are assigned to the vibrational mode of the water
molecule. It must be noted that CH, stretching vibrations
are observed at 3050-3000cm™whilst their symmetric
vibration occurs at 2975cm™. The deformation vibration
of C-H may either be perpendicular to or in the same
plane containing the carbon-carbon double bonds. The
absorption bands due to the out -of -plane vibrations
occur mainly at 1000-800cm™ and have strong to
medium intensity ¥ In the spectrum of crystal the
broad shoulder ranging from 2462 - 2039cm™ is
assigned to the CH; stretching mode along with
overtones. The peaks at 1193 cm™ and 1227cm™ are
assigned to CHj; rocking and bending vibrations. The
functional group CO observed both in Zinc acetate and
maleic acid give rise to characteristic peak at 1703 cm™
which is assigned to stretching vibration of CO group.
Two principal absorption peaks at 1580 and 1400 cm™
correspond to the asymmetric and symmetric stretching
of COOQ vibrations of the unidentate acetate species as
well as the maleic acid. In literature the C=0 stretching
vibrations of maleic acid give its peak at 1642cm™. In
the spectrum the peak at 1505cm™ should correspond to
the stretching vibration of COO group. The 377cm™ line
in zinc acetate may be assigned to the totally symmetric
C-C mode. The slight decrease from the usual value of
393 cm " may be due to the orderly arrangement of the
crystalline field in the acetate compound. From the
tentative assignments, the FTIR and Raman spectrum
lead to the conclusion that the major functional groups
namely C=0, C=C, COO and CHj are definitely present
in the grown crystal. The band in the range of 80cm™
observed in the FT-Raman spectrum is a strong
confirmation of the presence of Zinc in the grown
crystal.
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Fig.3. FTIR Spectrum of ZHMD crystal
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Fig.4. FT-RAMAN Spectrum of ZHMD crystal
d. UV-Vis-NIR spectral analysis

To understand the optical transparency of the Zinc
hydrogen maleate dihydrate crystal in the UV-Visible
region of the electromagnetic spectrum, an optical
absorption spectrum of Zinc maleate crystal (Fig.5) is
recorded. The spectrum is recorded by employing Perkin
Elmer Model-Lambda 35 spectrometer at room
temperature in the range 200-1100 nm. The lower cut-
off wavelength was found to be 300 nm. In the entire
visible region the optical absorption spectrum is flat and
constant. This transparent nature in the visible region is
a desirable and useful property for NLO applications.
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Fig.5. UV absorption spectrum of ZHMD Crystal
e. Microhardness

Hardness of the material is a measure of the resistance it
offers to local deformation ™. Zinc hydrogen maleate
dihydrate was taken, free from visible inclusion and
crack. Vickers micro hardness indentations were made
on the as-grown surface of the Zinc hydrogen maleate
dihydrate crystals at room temperature with the loads
varying from 10 to 50g. The Vickers hardness number
(H,) of the crystals was calculated using the relation H,=
1.8544P/d* kg/mm2, where P is the applied load in kg
and d is the average diagonal length of impression in
mm. The plot of Vickers hardness (H,) versus load (P) is
shown in Fig.6. It is seen that the hardness increases
with the increase of load.
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Fig.6. Microhardness of ZHMD Crystal
f. SHG test

The SHG efficiency of ZHMD was measured by the
powder technique of Kurtz and Perry. The second
harmonic output was generated by irradiating powder
samples by a pulsed laser beam of Nd:YAG laser with a
pulse width of 8 ns. The second harmonic signal
generated in the crystal was confirmed by the emission
of green radiation.

g. Dielectric studies

The dielectric constant and dielectric loss of ZHMD
crystals was determined using Multi-frequency LCR
meter (LCR-800 SERIES). A rectangular sample of
ZHMD crystal with dimensions of 3.90x2.86x2.31mm
was subjected to dielectric measurements. The sample
was coated with silver paint and placed between the
copper electrodes of the sample holder. The crystal faces
are coated with silver paint in order to ensure good
electrical contact between the crystal and the electrodes.
The capacitance of the parallel plate capacitor formed by
the copper electrodes having the sample as a dielectric
medium was measured by varying the frequency in the
range 50Hz to 5MHz. The dielectric constant can be
calculated using the relation,

Cd
& A

Er=

where g, is known as relative permittivity, g, absolute
permittivity in the free space having a value of
8.854x10 2 Fm™, C is capacitance (F), A is the area of
the sample and d is the thickness of the sample. The
variation of dielectric constant and dielectric loss of the
ZHMD crystals are characterized. Repeated trials were
performed to ascertain the correctness of the observed
results.
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Fig.7. The plot of the dielectric constant versus the log
frequency

Fig.7 shows the variation of dielectric constant with
different frequencies for the grown crystals. The
magnitude of dielectric constant depends on the degree
of polarization in the crystals "%, It is seen that the
dielectric constant has high value in the lower frequency
region and then it decreases with the increasing
frequency. According to Miller rule, the lower value of
dielectric constant at higher frequencies is a suitable
parameter for the enhancement of SHG coefficient.
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Fig.8. The plot of the dielectric loss versus the log
frequency

From Fig.8, it is noticed that as the frequency increases
the dielectric loss decreases. This behavior is similar to
that of the dielectric constant. At low frequencies the
dipoles can easily switch alignment with the changing
field. As the frequency increases the dipoles can rotate
less and maintain phase with the field; thus they reduce
their contribution to the polarization field, and hence the
observed reduction in dielectric constant and dielectric
loss. The low dielectric loss with high frequency for a
given sample suggests that the sample possesses
enhanced optical quality with lesser defects and this
parameter is of vital importance for nonlinear optical
materials.

h. Thermal Studies

For TGA studies, the crystals were taken in an alumina
crucible and were heated from 50°C to 800°C at a
scanning rate 20°C/min (in nitrogen atmosphere).The
TGA trace for the ZHMD crystals is presented in Figure
.9. From TGA it is seen that the crystal is thermally

stable up to 150 °C. The melting point of zinc acetate in
literature is 230 °C which has decreased probably due to
the addition of maleic acid. The TGA curve show that
the weight loss occurs in three steps. The first weight
loss is 49.8% due to the decomposition of maleic acid
and the second weight loss of 7.48 % occurs due to
decomposition of zinc acetate and the third weight loss
of 11.74% due to the residue.
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Figure.9. TGA trace of the ZHMD crystal
V. CONCLUSION

Singe crystals of zinc maleate dihydrate has been
synthesized by slow evaporation solution growth
technique. The structure of grown crystals has been
identified using X-ray diffraction studies. Vibrational
frequencies were assigned from FT-IR and FT-Raman
spectral analysis. The results obtained from the
characterization techniques of optical transmission study
and dielectric confirm the quality and perfection of the
crystal. The microhardness study was performed on Zinc
maleate crystal, which shows an increase in hardness
value with increase in load. The lower value of dielectric
constant at high frequency suggests that the crystal has
enhanced NLO property. The crystal is found to be
thermally stable upto 150°C evident from TGA. The
NLO nature of the crystal was proved by SHG test. Thus
it is realized that the crystal is a potential candidate for
the fabrication of NLO devices.

V. REFERENCES

[1]. B. Milton Boaz and S. Jerome Das, ‘Studies on
the growth and characterization of NLO active
sodium substituted lithium p- nitrophenolate’, J.
Cryst. Growth. Vol. 279 , PP.383-389,2005.

[2]. [2].Z. Kotler, R. Hierle, D. Josse, J. Zyss and R.
Masse, ‘Quadratic nonlinear-optical properties of
a new transparent and highly efficient organic—
inorganic crystal:2-amino-5-
nitropyridiniumdihydrogen phosphate
(2A5SNPDP),” J. Opt. Soc. Am. Vol. B 9
,PP.534-547,1992.

[3]. B. Milton Boaz, P. Santhana Raman, S. Xevier
Jesu Raja, S. Jerome Das, ‘The structural,
microhardness and thermal properties of a
semiorganic NLO material: lithium paranitro

ISSN (Print):2347-7

601, ISSN (Online): 2347-761X, Volume -3, Issue -2, 2015
5



International Journal of Advanced Chemical Science and Applications (IJACSA)

[4].

[5].

[6].

[7].

[8].

[9].

[10].

[11].

phenolate trihydrate (NO2-C6H6-OLi-3H20),’
Mater. Chem. Phys. VVol.93,PP. 187-193,2005

S. Brahadeeswaran, V. Venkataramanan and H.L.
Bhat, ‘Nonlinear optical activity of anhydrous
and hydrated sodium p-nitrophenolate,” J. Cryst.
Growth., Vol. 205 ,PP. 548-553, 1999.

Arun, K. J. and Jayalekshmi, S., “Growth and
Characterisation of Nonlinear Optical Single
Crystals of L-Alaninium Oxalate,” Journal of
Minerals & Materials Characterization &
Engineering, Vol. 8, No. 8, pp. 635-646, 2009.

W. Lin, Z. Wang and L. Ma, ‘A Novel Octupolar
Metal-Organic NLO Material Based on a Chiral
2D Coordination Network’,J. Am. Chem.
Soc. Vol. 121, PP.11249- 11250, 1999.

V.Anan and V.Ananthanarayanan, ‘Raman
spectra of single crystals of zinc acetate and
lithium acetate dehydrate,” Proc. Ind. Aoad. Sci.,
A, LVI, Pl Vol VI. Pp. 188-197, 2001.

Arii, Tadashi, Kishi, and Akira, ‘The effect of
humidity on thermal process of zinc acetate,’
Thermochimica Acta. Vol.400, pp. 175-185,
2003.

T Balakrishnan and K Ramamurthi, ‘Growth and
haracterization of glycine lithium sulphate single
Crystal,” Cryst. Res. Technol, Vol.41, pp. 1184 —
1188, 2006.

V Koleva, D Stoilova, ‘Infrared and Raman
studies of the solids in the Mg (CH3COO)2-
Zn(CH3CO0)2-H20  system,” Journal of
Molecular Structure, Vol.611, pp. 1-8, 2002.

P.A. Narayana, Venkateswarlu and Putcha,
‘Optical Absorption of Co2+ in Zinc Acetate

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19]

AL

Dihydrate Single Crystal,” J. Chem. Phys, Vol.
53, pp. 281-284, 1970.

Pienaar and Andrew, ‘Metal Carboxylate
Complexes Relevant to the Fischer- Tropsch
synthesis,” Universtiy of Stellenbosch Ph.D.,
Thesis, March 2005.

Sequeira, H. Rajagopal, M.
P.Gupta,F.Vanhouteghem, A. T. H. Lenstra and
H. J.Geise ‘Tetraaquabis (hydrogen
maleato)zinc(ll) by neutron diffraction and
tetraaquabis (hydrogen maleato)nickel(ll) by

high-order X-ray diffraction’ Acta Cryst.
Vol.C48,PP. 1192-1197,1992

R.Silverstein, G.C.Bassler and T.C.Morrill,
‘Spectroscopic identication ~ of  organic

compounds,John Wiley.&Sons Singapore’, 1981.

G.Socrates, ‘Infrared Characteristic ~ Group
Frequencies’, John Wiley & Sons Singapore,
1980.

B.W. Mott, ‘Microindentation Hardness Testing’,
Butterworths, London, vol.206, 1956.

S. Suresh, A. Ramanand, and D. Jayaraman,
‘Growth, optical, dielectric and fundamental
properties of L-arginine acetate NLO single
crystal’, Re. Res. in Sci. and Tech., Vol. 3(1), pp
25-28,2011.

R.C.Miller © Optical second harmonic generation
in piezoelectric crystals,” Appl. Phys. Lett. 5,
PP.17-19, 1964.

M. Meena and C.K.Mahadevan, ‘Growth and
dielectric properties of L-arginine acetate and I-
arginine oxalate single crystals,” Mater. Lett. Vol
60, pp. 3701-3705, 2008.

ISSN (Print):2347-7601, ISSN (Online): 2347-761X, Volume -3, Issue -2, 2015

36



