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ABSTRACT

Cobalt mixed Cadmium oxalate crystal (COMCO) was grown by gel diffusion reaction method.
Optimum condition for crystal growth was established by varying gel parameters and chemical
composition of reactants. Occupation of Co’" ions in the vacancies of parental Cd’ ‘ions caused the
change in morphology of intrinsic Cadmium oxalate crystal (ICO). This resulted in the formation of
pink colored, hard and transparent COMCO crystals. Elemental analysis using energy dispersive
X-ray spectroscopy (EDX) confirmed the presence of Cd’ *and Co’" ions in the lattice of COMCO
crystal. Thermo-gravimetric analysis (TGA) of the crystal elucidated the thermal stability up to
950°C. Fourier transform infrared (FT-IR) spectral studies identified water of crystallization,
carboxyl and metal-oxygen bonding. Powder X-ray diffraction (P-XRD) studies showed well defined
peaks for different 20 values and established high crystalline nature of COMCO crystal. UV-Visible
spectroscopic studies measured the band gap energy of the crystal. Electrical conductivity
measurements showed moderate conductivity in COMCO crystal. Dielectric studies of the mixed
crystal measured capacitance and €,. V-1 characteristics emphasized linear variation and analyzed
leakage resistance of COMCO crystal.
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INTRODUCTION

In this day and age production of high quality crystals is essential in the field of material science [1].
Growth of crystals in low specific gravity, keeping unidirectional transport of ions and a controlled
growth in porous network are the essential conditions for optimizing growth process. These
conditions of crystallization are most promisingly attainable by adopting gel method [2-4]. Crystal
growth in gel is an inexpensive and simple technique and generally used to grow water insoluble
crystals. Growth of pure and bulk crystals is the additional feature of gel method [6].

Studies on Oxalate crystals show wide spectrum for the researchers and require deep involvement
of both chemist and solid state physicist [S-7]. Review of literature showed the adoption of gel
method for growing alkaline earth metal oxalates and transition metal oxalate crystals due to their low
solubility in water. Most rare earth oxalates and molybdates are used as electro and acousto optical
devices [4]. Few Oxalate crystals possess insulating behavior with high dielectric constants and used
as optoelectronic devices, in printed circuit boards, in capacitor industries and high temperature
electronics applications [5].

Recently we have published detailed studies of Cr’*, Ca*" and Sr*" ions mixed Cadmium oxalate
crystals with silica hydro gel as growth media [5]. Our present study mainly focused on growing Co”"
mixed Cadmium oxalate crystals (COMCO) in silica gel adopting single test tube gel diffusion
technique. The grown COMCO crystals were characterized and their optical, electrical, dielectric
properties and V-I characteristics were discussed.

MATERIALS AND METHODS

Mixed Cadmium oxalate crystals can be grown using gel diffusion reaction method. Reaction method
consists of U - tube, W — tube, double tube and single tube gel diffusion techniques [6, 7]. All these
methods adopt common chemical reaction expressed as

AX+BY——» AY+BX

Where A, B are cations and X, Y are the anions [4]. Various gels used by the researchers are silica,
agar, gelatin, soft soaps, pectin, oleates and stearates [8, 9] to grow crystals. COMCO crystals were
grown using single test tube gel diffusion technique with silica hydro gel as growth media. Chemicals
used for growing COMCO crystals were Sodium meta silicate (Na,SiO3), Oxalic acid (C,H,04.2H,0),
Cobalt chloride (CoCl,.6H,0) and Cadmium chloride (CdCl,.2.5H,0) of AR grade.

Growth of Co™ mixed cadmium oxalate crystals: Silica hydro gel was prepared by mixing oxalic
acid (0.5 M) with Na,SiO; (SMS) solution of specific gravity 1.04. SMS solution is added drop-wise
to a beaker containing 0.5 M oxalic acid in the ratio 5:4 to attain gel pH of 4.25. Continuous stirring is
needed to avoid excessive local ion concentration, which may cause premature local gelling and make
final solution inhomogeneous [6-9]. The solution is transferred to several glass tubes. The gel found to
set in 30 min to several days, depending upon its pH and the environmental temperature. Once the gel
is set, mixture solution of aqueous cadmium chloride (0.5 M) and Cobalt chloride (0.5 M) in the ratio
4:2 was carefully poured over the gel with the help of a pipette to overcome surface damage and
breakage of the gel [9-11]. The Cd*" ions diffuse slowly through narrow pores of the gel and react
with the oxalate ions to form nucleation centers. Co**ions also diffuse through the gel and occupy the
vacancies of Cd®" ions resulted in the growth of COMCO mixed crystals. The following reaction
scheme is involved in the formation of mixed crystals.

CdCL2.5H,0 + CoCl, 6H,0 + 2 C,H,04,2H,0 — Co: Cd(C,04)3H,0 + 4HCI + 9.5H,0.

www. joac.info 864



N.K. Lokanath et al Journal of Applicable Chemistry, 2018, 7 (4):863-872

The diffusion of cations into the gel continued for few days and gets saturated. For COMCO
crystals, growth accomplished till 20 days and attained the size of (Ixbxh) =3.8x3x2.5(mm’). The
mixed crystals were extracted from the gel and subjected to further characterization processes.
Optimum condition for growth of the mixed crystal is recorded in table 1. Figure 1 illustrates the
growth and extraction of COMCO crystals.
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Figure 1. (a) Growth of COMCO crystals, (b) and (c) extracted COMCO crystals.

Table 1. Optimum growth aspects of COMCO crystals.

Parameter | cCOMCO crystal
Sp. gravity 1.0375

Gel pH 04.25

SMS: Oxalic acid 5:4

Mixture ratio 4:2

Growth period 20 days

Chemical formula Co: Cd(C,04)3H,0
Size; I x b x h (mm®)  3.8x3x2.5

Colour Pink

Physical appearance Hard, transparent

Characterization: Elemental analysis, presence of Cd*" ions and Co” ions in the sample crystals
were determined using energy dispersive X-ray spectrum (EDX). The EDX spectrum was performed
using the instrument CARL ZIESS FESEM attached with EDS [12-14]. Thermal stability and
decomposition behavior of the COMCO crystals were measured using Perkin Elmer Pyris TGA
instrument [15-18]. Temperature was recorded at heating rate of 10°C min"' under N, atmosphere.
FTIR spectra of the mixed crystal were recorded per wavelength range of 450 to 4000 cm™ using IR
Prestige-21 SHIMADZU instrument calibrated in attenuated total reflectance [19]. Structural
characterization of mixed oxalate crystals was performed using powder X-ray diffractometer Minflex
600 Rigaku having X-ray Cu-K alpha radiation of wavelength 1.54 A with a scan speed of 1°C min.
Forbidden energy gap associated with the COMCO crystals was determined using UV-Vis
spectrophotometer (UV-1800 SCHIMADZU) for the spectral range of 200-1200 nm followed by tauc
plot. Further, electrical conductivity measurements and V-I characteristics of the mixed crystals were
carried out in the range 0-1000 mMho cm™ using Mittal instruments and Keithley source measuring
instrument 2450 series respectively. Dielectric studies of mixed crystals were performed using Mittal
instruments 2151/T-7C calibrated to generate sine wave for frequency 253.88 KHz in DSO.

RESULTS AND DISCUSSION

Quantitative and elemental analysis of COMCO crystals were performed using EDAX measurements.
Figure 2 provide the EDAX spectra, which exhibits prominent peaks of Cd, Co, O and C elements
associated in the mixed crystal. This confirms the formation of COMCO crystal. The weight [%] and
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atomic [%] constituent elements of mixed crystal were recorded in table 2. Figure 3 illuminates the

electron image of COMCO crystal.
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Figure 2. EDAX spectra of COMCO crystal.
Table 2. EDAX results of COMCO crystal.
Crystal | Elements present | Weight % | Atomic %
Cd 49.41 11.40
Co 00.39 00.12
COMCO (0} 36.46 58.99
C 13.74 29.49
Total 100 100

S3400 5.00kV 12.8mm x160 BSE3D 50Pa

Figure 3. SEM image of COMCO crystal.

Thermo gravimetric analysis of COMCO crystal elucidated that, the decomposition to occur in two
stages between the temperature ranges of 29°C-320°C (Figure 4). The crystal [Co:Cd(C,04)3H,0]
loses its three water molecules in the first stage of decomposition with measured weight loss of
21.82% (calculated loss: 21.273%). This occurs in the temperature range of 29°C-118°C. The
dehydrated COMCO crystal undergone second decomposition phase between the temperature range
230°C-336°C subjected to a weight loss of 27.32% (calculated loss: 28.347%) loosing CO and CO,
simultaneously. On heating above 336°C the crystal exhibited thermal stability in the oxide state
[Co:CdO] until 950°C [19]. The decomposition behavior of COMCO crystal is recorded in table 3.
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Figure 4. TG plot of COMCO crystal
Table 3. TGA results of COMCO crystals
Crystal: COMCO
Decomposition Calculated Observed Decomposition Decomposition Molecule
stage weight loss (%) weight loss (%) | temperature (°C) process involved |decomposed
. . C0:Cd(C,04).3H,0—
First 21.273 21.82 29-118 Co:CA(C,0,) + 3H,0 3H,0
COZCd(CzO4) -
Second 28.347 27.32 230-336 Co:CdO +CO + CO, CO and CO,

Figure 5 illuminates the FTIR spectra of COMCO crystal. Inner graph elucidates the functional
groups associated with parent intrinsic Cadmium oxalate crystal [[CO]. COMCO crystal possesses
similar functional groups as one exists with its parent crystal. However, there exists a shift in wave
numbers of absorption bands. Fingerprint region identifies the presence of M — O bond (where,
M represents Cd and Co) in COMCO crystal. Table 4 lists the FTIR results of mixed crystal.

Transmittance (%)

110 ~

100 4

L A A L)
2500 2000 1500 1000

Wavenumber(cm'll

Figure 5. FTIR spectra of COMCO crystal

Mixed crystal exhibits intense broad band (3439 cm™ to 2974 cm™) are due to symmetric and
asymmetric stretching of O-H group represents water of crystallization [19, 20]. Strong asymmetrical
band around 1595 c¢m™ indicates C=O stretching in carboxylate ion [21]. The sharp absorption peaks
at 1315 cm™ are due to C-C vibrations and C-O stretching [22]. Absorption peak at 1033 cm’
represents C-O absorption band. The absorption bands at 783-709 cm™ are due to O-H out of plane

bending and metal oxygen (M-O) bonding. Absorption peaks around 555-468 cm™ corresponds to O-
M stretching of COMCO crystal.
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Table 4. FTIR results of COMCO crystals

S. No. | Band assignments | Wave number cm™
Symmetric and asymmetric stretching 3439
01 o 3172
of OH group and water of crystallization 2974
02 C=0 stretching, O-H bending 1595
03 C-C vibrations, C-O stretching 1315
04 C- O absorptions 1033
05 O-H out of plane bending 783, 709
06 O-M stretching 555, 468

COMCO crystals in powder form were subjected to PXRD analysis, which showed well defined
Bragg’s diffraction peaks indicating high crystalline nature of the grown crystals (Figure 6).
Diffraction patterns were indexed using N-TREORO09 program. Resulted d-spacing and the Miller
indices are in agreement with the standard values (JCPDS data) [26]. Unit cell parameters of COMCO
crystals were recorded in table 5.
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Figure 6. Powder XRD pattern of COMCO crystal.

Table S. Cell parameters of COMCO crystal

Cell parameters | COMCO
aA 5.9563
bA 6.6479
cA 8.4566
a () 74.78
£ 74.52
Y () 81.00

Optimizing the growth parameters, COMCO crystals were successfully grown adopting single test
tube gel diffusion technique with silica hydro gel as media of growth. Elemental analysis using
EDAX, thermal studies, FTIR results and powder XRD measurements confirmed the presence of Co"
jons and Cd** ions in the lattices of COMCO crystal. The studies also emphasized the existence of
three water molecules in the lattices of mixed crystal. PXRD pattern enumerated high crystalline
nature of the mixed crystal and its existence in triclinic system.

Optical properties of the mixed oxalate crystals were investigated using UV-Visible spectroscopy
[23, 24]. Figure 7(a) elucidates UV-Visible spectra of COMCO crystal, which reveals that the crystal
is highly transparent to visible light and showed absorption in the UV region. Mixed crystal possesses
maximum absorption at 196nm with A,.x = 0.78. Figure 7(b) illuminates the tauc plot used to
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investigate band gap energy (Eg) associated with the mixed crystal [23, 24]. COMCO crystal exhibits
band gap energy of 5.60 eV and behaves as insulator.

—— comco

Absorbance

E,=5.60 eV

a
hv ev)

T T T T 1
400 500 600 700 800
Wavelength(nm)

Figure 7(a). UV- Visible spectra of COMCO and (b). Tauc plot for measuring energy gap.

Electrical conductivity measurements of COMCO crystal were carried out by dissolving in
suitable solvents. About 10 mg of mixed oxalate crystals were dissolved in 1.5 N sulphuric acid
heated at uniform temperature bath of 80°C for 20 min and cooled to lab temperature. The instrument
is calibrated to neutralize the conductivity of sulphuric acid [25, 26]. The measured electrical
conductivity of COMCO crystal is shown in Table 6. The crystal possesses lower electrical
conductivity due to larger band gap energy. Electrical conductivity measurements confirmed the
insulating behavior of COMCO crystal.

Table 6. Electrical aspects of COMCO crystal

Electrical conductivity (mO/cm) 03.68
Dielectric constant 80.71
Refractive index 08.98

57.63

Capacitance (pF)
Leakage resistance (K€.) 02.83

Dielectric properties of COMCO crystal were measured by forming circular crystal pellets of
thickness approximately 1mm and area equals to the dimension of gold plated dielectric cell [27, 28].
Measuring capacitance (C) of the crystal pellet and approximating capacitance (C,) of air to the
dimension of crystal pellet, the dielectric constant €, of the mixed crystal is measured as

C _57.63x10712

Co 0714x10-12 80.71 (1)

€& =
Refractive index (n) of the transparent COMCO crystal is estimated as

n=+e =80.71 =898 )

Higher €. and n values indicate that the mixed crystal has higher dielectric strength and the crystal is
suitable in wave guides, printed circuit boards, capacitors, opto-electronic and micro-electronics
applications.

Complete electrical behavior of the COMCO crystal are elucidated by studying its volt-ampere
(V-] characteristics (Figure 8). Using Keithley source measuring unit high dc voltage of 60V is
applied across the mixed crystal and measured the current. Mixed crystal exhibited linear variation of
current with voltage and recorded leakage resistance of 2.83kQ.

www. joac.info 869



N.K. Lokanath et al Journal of Applicable Chemistry, 2018, 7 (4):863-872

25
comco
20 yd
-
J /-/
-
-
> 15-] P
£ 5 %
e = =} ar—asmA

3 5 B s ;

o 3 o AV=13.6V
/-/ R=2.83i02

/-
5 ] -
e
="
o
o T T T T T T
o 10 20 30 40 50 60
Voltage
SV/div

Figure 8. V-I characteristics of COMCO crystal

APPLICATION

The studies on properties of COMCO crystal revealed that the mixed crystal is thermally stable up to
950°C and associated with high dielectric constant, refractive index, large band gap energy and
insulating behaviour. These results support wide applications for COMCO crystal. The mixed crystal
can be used as dielectrics in printed circuit boards and capacitors, in optoelectronic and
microelectronic devices. The mixed crystals are also suitable for transmission line and microwave
applications.

CONCLUSIONS

COMCO crystals are grown efficiently by adopting single test tube gel diffusion reaction method.
Optimum condition for growth is established by varying gel parameters and composition of reactants.
EDAX measurements confirmed the presence of transitional metal ions Co>” and Cd*" in the lattice of
COMCO crystal. The mixed crystal exhibits thermal stability until 950°C in the oxide state. FTIR
results of the mixed crystals confirm the association of water molecules, carboxyl and the metal-
oxygen bonds. PXRD analysis predicted the existence of mixed crystal in triclinic system. UV-Visible
spectroscopic studies measured band gap energy of 5.61e)” for COMCO crystal and thus the crystal
behaves as insulator. Mixed crystal exhibits lower electrical conductivity, dielectric constant of 80.71
and refractive index of 8.98.V-I characteristics of COMCO crystal showed linear variation and
measured leakage resistance of 2.83kQ.

ACKNOWLEDGEMENTS

The authors are grateful to Principal, HOD of Physics, FMKMC College Madikeri, National Facility,
Department of studies in Physics, University of Mysore, Mysuru, IOE, University of Mysore, Mysuru,
USIC and DST-PURSE laboratory, Mangalore University, Mangalore for providing laboratory
facilities.

REFERENCES

[1]. H.K. Henisch. Crystal growth in gels, The Pennyslvania State Univ. Press, USA 1970.

[2]. A. R. Patel, A. Venkateswara Rao, Crystal growth in gel media, Bull. Mater. Sci., 1982, 4-5,
527.

[3]. Laxman Singh, U.S. Rai, K. D. Mandal, N. B. Singh, Progress in the growth of CaCu;Ti4O»
and related functional dielectric perovskites, Pro.Cryst. Gro. Charact. Mater., 2014, 60, 15-62.

[4]. P. V. Dalal, K. B. Saraf, S. Shah, Growth of barium oxalate crystals in agar—agar gel and their
characterization, Cryst. Res. Technol., 2009, 44, 36-42.

www. joac.info 870



N.K. Lokanath et al Journal of Applicable Chemistry, 2018, 7 (4):863-872

[5].

[6].
[7].
[8].
[91.

[10].

[11].

[12].

[13].

[23].

[24].

K. P. Nagaraja, K. J. Pampa, N. K. Lokanath, Studies on Growth, Optical, Electrical and
Dielectric Properties of Strontium and Calcium Mixed Cadmium Oxalate Crystals,
J. Applicable. Chem., 2018, 7 (2), 457-466.

S. M. Dharma Prakash, P. Mohan Rao, Periodic crystallization of barium oxalate in silica
hydrogel, Bull. Mater.Sci., 1986, 8, 511.

N. Jagannatha, P. Mohan Rao, Studies on Impurity incorporation in Cadmium oxalate crystals
grown by gel Method, Bull. Mater. Sci., 1993, 16, 365-370.

M. R. Shedam, A. Venkateswara Rao, Effect of temperature on nucleation and growth of
cadmium oxalate single crystals in silica gels, Mater. Chem. Phys., 1998, 52, 263.

P. V. Dalal, K. B. Saraf, N. G. Shimpi, N. R. Shah, Pyro and Kinetic studies of Barium oxalate
Crystals Grown in Agar Gel, J.Cryst. Pro. Technol., 2012, 2, 156-160.

P. P. Pradyumnan, C. Shini, Growth characterization and etching studies of calcium tartrate
single crystal grown using tamarind extract, Ind. J. Pure Appl. Phys., 2009, 47, 199-203.
Hongmei He, Youjin Zhang, Wei Zhu, Ao Zheng, Self-assembled light lanthanide oxalate
architecture with controlled morphology, characterization, growing mechanism and optical
property, Mater. Res. Bull., 2011, 46, 1546-1552.

G. Dhanaraj, M. Dudley, B. Ragothamachar and H. Zhang, Epitaxial growth and
characterization of silicon carbide films, J. Cryst. Growth, 2006, 287, 344-348.

C. K. Chauhan, P.M. Vyas, M.J. Joshi, Growth and characterization of Struvite-K crystals,
Cryst. Res. Technol., 2011, 46,187-194.

T. P. Jyothi, H. R. Manjunath, M. K. Ravindra, M. K. Shivanand, K. M. Mahadevan, N. K.
Lokanath, S. Naveen, Synthesis, Characterization and Crystal Structure Analysis of 2-(1-(4-
butylphenyl)- 4,5- diphenyl-1H-imidazol-2-yl)-4-chlorophenol, J. Applicable Chem., 2018,
7(1), 224-233.

B. Chelet Araba, G. Nowogrockia, F. Abrahama, S. Grandjean, New Alkaline Earth Zirconium
oxalate M2Zr (C,04),,nH,O (M = Ba, Sr, Ca) synthesis, crystal structure and thermal behavior.
Sol. St. Chem., 2007, 177, 4269-4281.

J. G. Yu, H. Tang, B. Cheng, Influence of PSSS additive and temperature on morphology and
phase structures of calcium oxalate, J. Coll Inter. Sci., 2005, 288, 407.

E. D. Bacce, A.M. Pires, M.R. Davaios, M. Jafelicci Jr., Thermal decomposition and
rehydration of strontium oxalate: morphological evolution, Inter. J. Inorg. Mater., 2001, 3, 443.
Pramod J Patil, Kamlesh D Prajapati, Synthesis and thermal studies of polyesters derived From
6-(N-(3-Chlorophenyl)piperazinyl)-2,4-bis(7-hydroxycoumarin-4-acetylchloride)-1,3,5-triazine,
J. Applicable Chem., 2017, 6 (6), 1048-1057.

F. Daisy Selasteen, S. Alfred Cecil Raj, A. Alagappa Moses, F. Emalda Prince, R. Esthe Getsy,
R. Elakkiya, Synthesis, growth and characterization of Sodium mixed Cadmium oxalate
crystals, J. Cryst. Pro. Technol., 2016, 6, 11-20.

P. N. V. V L. Prameela Rani, J. Sai Chandra, V.Parvathi, Y.Sunandamma, Synthesis and
Spectroscopic Investigations of Cu (II) doped Ni L-Histidine Hydrochloride Monohydrate
Crystals, J. Applicable Chem., 2013, 2 (2), 343-351.

N. Latha Rani, Shivaprasad Shetty, N.V. Anil Kumar, M.A. Sridhar, Synthesis, Spectral
Studyand Crystal Structure Analysis of Two Coumarin Derivatives, J. Applicable Chem., 2018,
7(1): 59-70.

Khaled M. Mohammad, Ibtisam K. Jasim, Abdullah H. Kshash, Synthesis, characterization and
liquid crystals properties for N, N'- (3,3'-dimethylbiphenyl-4,4'-diyl) dialkaneamide, J.
Applicable Chem., 2014, 3 (3), 1036-1041.

Ignatius Korah, M. A. Cyriac Joseph, Ittyachen, Growth and structural characterization of
Gadolinium Neodymium oxalate crystals grown in hydro-silica Gel, J. Min. Mater. Char.
Engin., 2010, 9, 1081-1086.

A. M. E. Raj, Optimized growth and characterization of cadmium oxalate single crystals in
silica gel, Sol. St. Sci., 2008, 10, 557-562.

www. joac.info 871



N.K.

Lokanath et al Journal of Applicable Chemistry, 2018, 7 (4):863-872

[25].

[26].

[27].

[28].

T. H. Freeda, C. Mahadevan, Electrical conductivity measurements on gel grown KDP crystals
added with some ammonium compounds, Bull. Mater. Sci., 2000, 23, 335-340.

K. S. Rane, A. K. Nikumbh, A. J. Mukhedkar, Thermal decomposition of ferrous oxalate
dihydrate studied by direct current electrical conductivity measurements, J. Mater. Sci., 1981,
16, 2387.

J. Krupka, W. T. Huang, M. J. Tung, Complex permittivity measurements of low loss
microwave ceramics employing higher order quasi TEg,, modes excited in a cylindrical
dielectric sample, Meas. Sci. Technol., 2005, 16, 1014-1020.

J. G. Hartnett, D. Mouneyrac, J. M. Le Floch, J. Krupka, M. E. Tobar, D. Cros, Observation of
persistent photocon- ductivity in bulk gallium arsenide and gallium phosphide samples at

cryogenic temperatures using the whispering gallery mode method, J. Appl. Phys., 2008, 104,
113-714.

www. joac.info 872



