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ABSTRACT

Semi-organic single crystals of Urea Lead nitrate (ULN) was synthesized by slow solvent
evaporation technique. The grown crystals were subjected to different characterizations such as
single crystal XRD, FTIR, UV, solubility test, Dielectric and TG-DTA studies. The grown
crystals were characterized using single crystal X-ray diffraction analysis, which shows that the
ULN crystals are belongs to hexagonal system. From the absorption spectrum, the optical band
gap energy is found to be 4.32 eV. The low value of dielectric loss (&) at high frequencies
suggests that the sample possess enhanced optical quality with lesser defects and this parameter
is of vital importance for NLO applications.

Keywords: ULN; Semi-organic crystal; Slow evaporation progé&3dgtical properties; Dielectric
studies.

INTRODUCTION

Urea or carbamide is an organic compound with trergcal formula (NH),CO. The molecule
has two amide (—N}J groups joined by a carbonyl (C=0) functional gvoli is highly soluble
in water and non-toxic. It is one of the simplegildgical molecule and one of the simplest
diamide used in organic chemistry because of itsalsdity in forming transition metal
complexes. It has shown interesting propertiesx@linear optical applications. Its optical and
mechanical properties are comparable to those mfosganic NLO crystals [1-4]. Lead (lI)
nitrate is an inorganic compound with the chemfoainula Pb(NQ).. It commonly occurs as a
colourless crystal or white powder and, unlike naiker lead (11) salts, is soluble in water.

In the previous reports, the growth of urea anddésivatives like most organic materials is
problematic owing to its polar electrical charastiges, which enhance the interaction between
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growth surfaces and molecules of solvent and sokdethat reason they usually show irregular
growth habits [4].Hence in order to get better growth habit we haiexltto grow the semi-
organic crystals of urea lead nitrate (ULN) compbus formed from the strongly organic

compound of urea and inorganic compound of leadateitand thus the resultant crystal
possesses both optical as well electrical proggertie

MATERIALS AND METHODS

Equimolar amount of urea and lead nitrate werertdkea beaker contains doubly deionized
water, the formation of urea lead nitrate (ULNgigpressed as below:

CHiNO0+Pb(NQ), _ H,O0 | [(CHN:O) Pb(NQ): ]
In our present study, ULN crystals are grown atmdaemperature by slow evaporation technique
by dissolving 6.6g of urea and 33.29g of lead nietia 100 ml of deionized water under magnetic
stirring. The temperature was maintained aroundC3®° avoid any decomposition of element
from the compound. The pH of the solution was messiwo be three. After two weeks, the
grown crystals were too small because the evaporatte is slow. Again, the crystals were
recrystallised and filtered; pH was measured andddo be two. A colorless, transparent crystal

is obtained. The transparent crystal becomes opafjeiletwo weeks. The photograph of the as-
grown crystal is presented in Fig.1.
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Fig. 1. As grown crystal of Urea Lead Nitrate.

2.1 Solubility study

Fig.2 shows the solubility curve of ULN single dais The purity of the synthesized salt was
improved by successive recrystallization procese Bolubility was determined for four
different temperatures 30, 35, 40 and?@y dissolving the solute in deionized water in an
airtight container maintained at a constant tentpegawith continuous stirring. After attaining
saturation, the equilibrium concentration of théusowas analyzed gravimetrically [5, 6]. The
solubility is found to increase with increase impeerature for ULN crystals.
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Fig. 2. Solubility curve of ULN.

2.2 Characterization

The single crystal X-ray diffraction study of ULNhgle crystals was carried out using ENRAF
NONIUS CAD4-F single X-ray diffractometer. Fourigansform infrared (FTIR) spectrum of
ULN crystal was recorded at a resolution 2'cim the range 400-4000 ¢nmemploying Bruker
IFS-66V spectrophotometer using KBr-pellet techeiqu'he optical absorption spectra of ULN
crystals were recorded in the range 200 — 2000 simguvarian Cary 5E spectrophotometer.
Thermal stability and physiochemical changes of ghmple were analyzed by recording the
TGA and DTA spectrum (TGA Q500 V20.10 Build 36 tmat analyzer) in the temperature
range 34-79°C in nitrogen atmosphere at a heating rate ofC2@in. The temperature
dependent dielectric constant and dielectric lds8JIoN crystal was measured using HIOKI
3532 LCR HITESTER in the frequency range 50 Hz 43zMIn order to ensure good electrical
contact between the crystal and the electrodeammle of cross-sectional area 24.053amd
thickness 3.34 mm was coated with silver paint.

RESULTS AND DISCUSSION

Single crystal X-ray diffraction analysis of ULN ystal was carried using an X-ray
diffractometer, and the calculated lattice parametdues are a= b=11.86 c= 13.56A. The
studies further reveal, ULN has hexagonal structmd space group is PhnZlhe Lattice
parameter value of ULN single crystals are listethe table 1.

Table 1: Lattice parameters of ULN crystal

Lattice Parameters
sample [ a(A) [ bA) [ c® [ a) [ BO) [ y) [VAY
ULN 11.0¢ | 11.0¢ | 13.5€¢ | 90.0C | 90.0C | 120.0( | 1437
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Fig. 3. FTIR spectrum of ULN.
4.0
3.5+
g
= 3.0 ]
=
£
1)
g
B8
« 2.5
2.0 +
1.5 , . ' . , .
500 1000 1500 2000

Wavelength (nm)

Fig. 4. UV absorption spectrum of ULN.

Fig.3 shows the FTIR spectrum of ULN crystal. Tread at 3461 ch clearly indicates O-H
stretching and the presence of hydrogen bondingneter molecule in the crystal lattice. Sharp
peaks near 3223 ¢hrand 2733 ci are due to symmetric stretching bands of N-H artd i@

the compound, respectively. The C = O stretch diaayl groups displays its characteristic peak
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at 1761cm". The strong band at 1634 €ntorresponds to N§i asymmetric deformation and
that at 780 corresponds to rocking NHhe band appearing at 704 trinfers the C-O-H
stretching of the ULN crystals. The peak due to thesional NH oscillations of N is
observed at 514 cth Moreover, the presence of very strong and brdasbrption band at
1371cm* can be attributed to the lead nitrate (PbgNstretching [7,8]

Fig.4 shows the UV absorption spectrum of ULN a/sthe absorbance is found to be very low
in the entire visible and near IR region which h& tmost desired property for the materials
possessing SHG. From the obtained spectrum, Ubftwtave length is found to be 287 nm for
ULN crystals. The large transmission in the visitdgion enables it to be a potential candidate
for optoelectronic applications [6]. Using the retmd absorbance (A)-wavelengit) fata of
the crystal of thickness 1mm, absorption coeffit{ehis calculated using the relation,

a = (2.303/t). log (1/T)

where t is the sample thickness and log (1/T) fndd as absorbance (A) of the sample. The
value of a is used to determine the optical energy band gam fTauc’s relation [12]. By
plotting graph of ¢hv)? versus h as shown in Fig. 5, it is possible to determire direct band
gap, for the crystal. The band gap is obtainedxtsapolating the linear part of the curve to the
zero of the ordinate and for ULN, the obtained agitenergy gap is 4.32 eV.
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Fig. 5. Plot of @hv)? versus v of ULN.

Figure 6 shows the TGA and DTA thermogram of ULKXeTcompound begins to decompose at
458.7C and complete decomposition takes place at 827.&urther, from the studies it is
observed from the graph that the ULN crystal isrtraly stable till 527.2C after this the
sample undergoes appreciable weight loss up td26The weight loss corresponds to 35.2%
and no residue remains. The change in weight losfirms the decomposition nature of the
sample. The endothermic peaks of the DTA tracecménwith the decomposition in the TGA
trace.
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Fig. 6. TGA and DTA thermogram of ULN crystal.

3.1 Dielectric studies

Fig. 7a and 7b show the variations of dielectriastant and dielectric loss of ULN crystal at
different temperatures ranging from 40 to Z50as a function of frequency. From Fig. 7a it is
seen that the value of dielectric constant is fotmihcrease with temperature and it becomes
independent of frequency at higher frequency regidwe decrease in dielectric constant of ULN
crystal at low frequencies may be attributed to twmmtribution of the electronic, ionic,
orientation and space charge polarizations whigiede on the frequencies. At low frequencies,
all the four contributions are active. As the fregay increases, it is found that the dielectric
constant decreases exponentially and it attairsvarl value. The dielectric constant is low at
lower temperature and it is increases with theease of temperature sharply up to the Curie
point. The dielectric constant of the crystal carchlculated using the equation as follow,

& = Cd/As, (1)

where d is the thickness of the sample, A is tlea af the sample, C is the capacitance of the
sample g, is the permittivity of free space amgdis the dielectric constant of the sample. The low

value of dielectric lossf) at high frequencies suggests that the sampleepsghanced optical
quality with lesser defects and this parametef iatal importance for NLO applications [10].

The DC conductivity @4c) of the crystal was calculated using the relation,

Gdc = d/ ARjC (2)
where, R is the total electrical resistance of the sample value of R is evaluated from the
cole-cole plot shown in Fig.7c, betweeh=ZZ cos (real part of impedance) and'Z Z sin®

611
www.scholarsresearchlibrary.com



S. Gnanamet al Der Pharma Chemica, 2011, 3 (6):606-613

(imaginary part of impedance). The electrical carihity of the as grown crystal at room
temperature is found to be 1.26 x1hom®. The crystal has a low electrical conductivity
which is due to the decrease in mobility of thergkacarriers and also it brings changes in the
electronic band structure. Electrical conductionbserved in the crystal, as a result of electrons
jump from metal ions of lead with low valence stitdigh valence state.

12000 =
[ ] 10 | ]
) '~ [emg O
10000 \ 20C
8- " 150°C
R °c [ ]
Q.. L] 2500(‘ | \. —v— 100°C|
g 8000 21300(‘ = I. —e— 40°C
I IR i
- )
& 6000 P
© \\ H0°c = \.
- 2 4 ‘u
& =) N .
g o0 L] g . -~
s \ e —
a \ . /24 ,/"'\ h &
2000 \ n M ¢ Ty
\. 'H\ - . ".:w\ Y Vv v ’,n
=g - , ) —y /
N L T o *ooomm ot :."M-x'
T T T T T T T T T T
1 2 3 4 5 6 7 1 2 3 4 5 6 7
log f logf
0.4
e © (@
120000 -| /-/ u
) \ = 40°C .
| 0.3 N |
J —=—100°C
" s =n°
-90000 L] x 150°C
L] » o
2 . g 200°C .
£ . S 02 —u—250"C i
2] p S |
N 60000 v 3 / ’
- - @] |;
N ./ R g /
300004 # / /
H )
' ,{./l/
: 0.0 IEui  EiIl BEL B
ol
T U U 1 T T T T T T T T T T
0 150000 300000 450000 1 2 3 4 3 6 7
Z' (ZCosb) Frequency (Hz)

Fig. 7. (a) Variation of dielectric constant Vs frguency, (b) Dielectric loss Vs frequency, (c) Col€ele plot
between complex impedances for ULN single crystaisd (d) Variation of DC electrical conductivity with
frequency at different temperatures.

Fig.7d shows the frequency dependence of DC commiycfoyc), it can be seen that, for all

ULN crystal the DC conductivity increases with thecrease of temperature. The defect
concentration of the crystal increases exponewtigith increase of temperature, consequently
the electrical conduction of the crystal also iases. In the present study, it is concluded tteat th
conduction region of the crystal is consideredgéabnnected with the mobility of the vacancies.
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CONCLUSION

Optical quality crystals of semi-organic Urea Ledttate (ULN) with the molecular formula
(CN,H4O0.Pb(NQ),) have been successfully grown by slow evaporati@ihod. The grown
crystals were characterized using single crystaaydiffraction analysis, which shows that the
ULN crystals are belongs to hexagonal system. Thegmce of functional groups of ULN and
the bond interaction on between urea and leadtaittave been confirmed by FTIR analysis.
Optical studies show that the ULN crystals havadewransparency window in the entire visible
region, making it an ideal candidate for NLO devagplications. The TG-DTA studies reveal
that the crystal is thermally stable up to ~52€.4nd the mechanism responsible for the weight
losses is discussed. The low value of dielectrgs l§;) at high frequencies suggests that the
sample possess enhanced optical quality with lede&cts and this parameter is of vital
importance for NLO applications
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