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Perfect single crystals of cadmium oxalate have been grown using the slow and controlled reaction between cadmium acetate and
oxalic acid in agar gel media at ambient temperature, resulting in the formation of insoluble product Cd(COO)

2
. Different methods

for growing crystals were adopted. The optimum conditions were employed in each method by varying the concentration of gel
and reactants, gel setting time, and so forth. Prismatic, transparent single crystal about 20 times larger than the crystals obtained
in various other methods at the interstitial by adding impurities in the gel was obtained.The grown crystals was characterized with
the help of FT-IR studies and triclinic system of crystals were supported with lattice parameters a = 8.803 A0, b = 22.352 A0, c =
5.706 A0, 𝛼 = 95.74 A0, 𝛽 = 90.92 A0, 𝛾 = 117.01 A0, and V = 994.69 A0

3

, calculated from X-ray diffractogram.

1. Introduction

Crystal growth in gel is an inexpensive and simple technique
for growing single crystals for certain class of materials
like alkaline earth metal oxalates [1] and transition metal
oxalates [2], because of their low solubility in water [3]
and they decompose before melting point [4]. Nowadays
many researchers are taking interest in the study of inorganic
oxalates due to their applications in analytical chemistry
and in industries [5]. Oxalate materials have very wide
spectrum for the research topics. It requires deep involvement
of both chemist and solid state physicist. These materials
have attracted the study of optical properties because of
their potential applications in optoelectronics. Inorganic
semiconductors stand on the threshold of a bright and
exciting future. The synthesis of organic semiconductor has
more demand than the inorganic semiconductor materials
in electronic industries [6]. Increasing number of studies in
the field of mixed-ligand complex formation using cadmium
oxalate has appeared during the past decade [7]. The metal
di-carboxylate like cadmium oxalate is fairly suitable as a
stabilizer [8, 9] of PVC. A study of magnetic behavior of solid
gives valuable information about their use as an insulator

and for various other mechanical and electrical properties.
The magnetic susceptibility provides information [10, 11] on
magnetic moment. Ionic crystals [12–15] have interesting
features regarding indirect band-to-band transitions.

There are not many efforts in the literature, on the
growth of cadmium oxalate, by using agar gel method except
Chauhan and Arora [16] and Chauhan [17]. However Raj et
al. have obtained crystallization in silica gel [17]. Recently we
published a detailed study of barium and strontium oxalate
single crystals in agar gel [18, 19], and the best results were
obtained in single diffusion technique, therefore the present
paper deals with the growth of cadmium oxalate in agar-
agar gel by single diffusion technique and also tries to show
that agar gel is especially suitable for the growth of oxalate
crystals. The conventional and reversing reactant methods,
by varying concentration programming, gel aging, and so
forth, have been found inadequate and less successful in
reducing nucleation centers. The gel with NH

4
Cl additives

serves the purpose best to suppress dramatically the density
of nucleation centers. Complete controll on nucleation and
a single, prismatic, transparent crystal at the interstitial was
obtained, which is about 20 times larger than the ones
obtained with conventional methods.
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Table 1: Summary of the optimum conditions established for the
growth of cadmium oxalate.

Conditions Single diffusion
% of gel 1.5
Concentration of cadmium acetate 1M
Concentration of oxalic acid 1M
Concentration of NH4Cl additive 4M
Volume of NH4Cl additive 8.5mL
Gel setting period 3 days
Gel aging period 24 hr
Period of growth 60 days
Temperature Room temperature

Quality Large size, transparent
platy shaped

Size 8 × 8 × 4mm3

2. Experimental

The growth of cadmium oxalate crystals was carried out in
agar-agar gel by adopting the single diffusion technique as
reported in [19]. A single glass tube of the length 20 cm and
diameter 2.5 cm was used as crystallizing vessel.

In single diffusion, hot aqueous agar-agar gel solution and
a 5mL oxalic acid solution (0.5–1M) were mixed and kept in
test tube for setting. After setting and aging the gel, a 20mL
cadmium acetate solution (0.5–1M) was added over the set
gel. No nucleation was; seen however, white precipitation was
observed in the gel as shown in Figure 1(a).This white precip-
itate band increased gradually as the diffusion proceeded into
the gel.

On reversing the reactant, hot aqueous agar-agar gel
solution and a 5mL cadmium acetate solution (0.5–1M) were
mixed and kept in test tube for setting. After setting and aging
the gel, a 20mL oxalic acid solution (0.5–1M) was added over
the set gel. Nucleation was started readily at the interstitial
and inside the test tube. Heavy nucleation was observed in
the test tube, which was further grown into a tiny crystalline
form as shown in Figure 1(b).

To improve the size of the crystal, again onemoremethod
was adopted. A gel was set by mixing a solution of different
concentrations and quantities of ammonium chloride as an
additive with cadmium acetate and agar-agar solution as per
the previous method. Then 1M, 20mL oxalic acid solution
was poured over the set gel. Two to three nuclei were appeared
inside the glass tube, containing 8ml 4M NH

4
Cl solution as

shown in Figure 1(c). These nuclei increased into transparent
prismatic bipyramidal crystals. A wonderful, large, single
crystal was seen at the interstitial in a tube associated with
8.5mL NH

4
Cl additive solution as shown in Figure 1(d) as

well as in Figure 2. Some good quality crystals of cadmium
oxalate are shown in Figures 3(a) and 3(b).

3. Results and Discussion

The optimum conditions of growing crystals for single
diffusion are given in Table 1. The mechanism of nucleation,

(a) (b) (c) (d)

Figure 1: (a) Growth of cadmium oxalate by conventional method,
(b) on reversing the reactants, (c) when 8mL4MNH

4
Clwas used as

an additive and (d) when 8.5mL 4MNH
4
Cl was used as an additive.

Figure 2: Large size single crystal at the interstitial.

mass transfer, and growth process are the main aspects in the
growth of crystals. Different parameters such as gel density,
gel setting time, gel aging time, concentration of reactant,
and addition of impurities in gel have a considerable effect
on growth rate as reported in [20].

In single conventional diffusion method, initially a thin
precipitate layer was formed on the surface of the gel. This
white precipitate band increases gradually as the diffusion
proceeds into the gel. This may be due to the fact that the
oxalate ions inside the gel gathered in more numbers by
diffusion near the interstitial of the gel during the period of
setting and aging of the gel. As the supernatant is poured,
cadmium ions present in it get to react with oxalate ions, as a
result spurious nucleation are formed, which in turns into a
precipitation band.

Precipitation was not observed on reversing the reactant
present in the gel and supernatant, but heavy nucleation was
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(a) (b)

Figure 3: (a) and (b) show some good quality crystals of cadmium oxalate.

seen inside the gel. After few days, these nuclei were grown
into small crystals. Because of heavy nucleation, these crystals
were not grown into a larger size which may be due to non-
availability of sufficient space.

Best results were obtained using NH
4
Cl as an additive

impurity. Few nuclei inside the glass tube having 8ml 4M
NH
4
Cl solution were formed. These further lead to good

quality, transparent, prismatic, and platy shaped crystals.
A large size single crystal was obtained when 8.5mL 4M
NH
4
Cl solution was used as an additive in the gel medium.

Deliberate addition of NH
4
Cl solution may dissolve extra

nuclei until the establishment of equilibrium during the
process of dissolution of cadmium oxalate in NH

4
Cl is able to

favor the generation of critical sized nucleus. Also, the growth
rate in the gel with additive is many times more than that
in the conventional method. The reason for this may be the
quite evidence that this crystal has very few other crystals to
compete with for the nutrients.

4. Characterization

4.1. Powder X-Ray Diffraction Results. The cadmium oxalate
crystals were grown in silica hydro gel by few researchers
[17, 21] and its structure was predicted with the help of X-
ray diffraction studies [21–24]. In the present work cadmium
oxalate crystals grown in agar-agar gel are used for the deter-
mination of lattice parameters and system from the X-ray
diffractogram recorded on “XPert MPD, Philips, Holland,”
using CuK𝛼 radiation (𝜆 = 1.54046). From this diffraction
pattern (Figure 4), intensity ratio I/I0 and “d” values were
used to calculate the corresponding h, k, l, lattice parameters,
and crystal system by the computer programme POWD (An
Integrative Powder Diffraction and Indexing Programme,
version 2.2). Calculated lattice parameters and system of the
crystal are shown in Table 2.

Table 2: Calculated unit cell parameters.

Parameters Cadmium oxalate
System Triclinic
𝑎 8.803A0

𝑏 22.352A0

𝑐 5.706A0

𝛼 95.74A0

𝛽 90.92A0

𝛾 117.01 A0

𝑉 994.69A0
3

4.2. FT-IR Results. IR spectroscopy is very helpful for the
identification of a compound [25, 26]. The FT-IR spec-
troscopic studies of humboldtine and of calcium oxalate
have been reported [27, 28]. FT-IR spectrum of gel grown
cadmium oxalate crystals was recorded in the region 400–
4000 cm−1 on “Perkin Elmer Spectrum, GX-Spectrometer.”
The spectrum is shown in Figure 5. Strong and very broad
band appeared at 3414.78 cm−1 which is attributed to O-H
stretching vibration. Very intense but broad band appeared
at 1618.28 cm−1 which may be due to O-Hbending vibration
[29]. The sample that has oxalate (C

2
O
4
)
2
ion is supported

by the broad peak merged in the strong broad band in the
region 1618.28 cm−1, which is attributed to the asymmetric
stretch of CO

2
[30]. And the well-pronounced sharp peak

at 1310.94 cm−1 and a weak but sharp peak at 1383.33 cm−1
correspond to the CO

2
symmetric stretching.The strong and

very sharp band which wasobserved at 777.76 cm−1 is due to
the combined effect of in-plane deformation of CO

2
and the

presence of a metal-oxygen bond. A moderate sharp band
appeared at 525.29 cm−1 whichmight be due to CO

2
wagging.
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Figure 4: X-ray diffraction pattern of cadmium oxalate.
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Figure 5: Infrared spectra of cadmium oxalate.

5. Conclusions

(1) By using conventional single diffusion method, only
white precipitation but not nucleation was observed.
However, on reversing the reactant inside the gel and
supernatant, heavy nucleation was observed.

(2) In single diffusion process, concentration program-
ming, gel aging period, and so forth. have been found
inadequate to control nucleation density.

(3) The presence of 8mL 4M NH
4
Cl in the agar gel has

reduced the number of nucleation not only that but,
also large size transparent platy shaped crystals were
collected.

(4) Whereas in agar gel with NH
4
Cl of the quantity of

8.5mL single large crystal at the interstitial has been
grown. The grown crystal was remarkably heavier
and of better quality than that obtained by the other
methods.
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