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Abstract: Sodium Copper Oxalate Na,Cd, (C,0,) 4 4H,0O (NaCuOx) single crystal was grown as transparent
crystal using single diffusion silica gel technique. The triclinic and centrosymmetric nature of NaCuOx crystal
structure with the P-1 space group was determined by the powder x-ray diffraction method. The functional
groups were identified by FTIR spectroscopy. TGA of NaCuOx showed the formation of stable metal oxide at
various temperatures due to the decomposition of ligand moieties. The projected optical parameters of the
NaCuOx crystal were calculated by the UV-Vis-NIR and the highest absorption peak observed from the photo
luminescence emission spectrum was used to explore the nonlinear optical efficiency of the as-grown crystal.
The first attempt on antimicrobial activity of this crystal was carried at different concentrations (25, 50, 75 and
100 mg/ml) in-vitro against Aspergillus Niger (fungus); Escherichia coli (G-Ve) microbial strains. These
studies established that NaCuOx crystals might find useful applications in the field of biomedical and nonlinear
optics.
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I.  Introduction

The oxalate compound is engaged in constructing a large variety of molecular structures and
frameworks by incorporating suitable metal ions in the crystal lattice. It can act as a mono dentate, bidentate,
tridentate or tetra dentate donor ligand and can form chains, layers or three-dimensional networks with metal
centers. Outstandingly, oxalate is often encountered as a bidentate, chelating ligand (C,0,*), for metal cations.
The combination of alkali mixed heavy metal elements with oxalate ions forms new compounds which are
scientifically and technologically interesting and deserve special attention because of their many interesting
structural,spectral, luminescent and optical [1,2] properties which are utilized widely in their use in transducers
and optoelectronic industries [3].

Oxalic acid is a natural chemotherapy void of troubling side effects and is a usual element in human
blood and must be accessible for the immune system to fight against the diseases of cancer, viral, bacterial and
vascular conditions. It has a mean value of 288 mg of anhydrous oxalic acid/ 100 ml of blood. When it falls
below an effective level the immune system can no longer protect the body from various diseases [4].

In the body, oxalic acid combines with divalent (Cd?" metals to form crystals of the corresponding
oxalates, which are then excreted in urine as minute crystals. The use of an oxalate to bind with a metal (as Fe,
Na, Cd, Zn, and Cu) in the body to form a chelate so that the metal loses its toxic effect or physiological
activity. In the metal oxalates, mainly atoms like C and O function as ligand atoms in the form of C=0 chemical
group in a bidentate oxalate ligand bites the metal cation in two places at a time produces a strong chelate
compound to extract divalent metals from kidney and lever. This kind of chelation occurs to carboxylate oxygen
and the adjacent hydroxyl group responding (i) a stable dodecahedral environment and (ii) bridging takes place
through the coordinated carboxyl or the hydroxyl groups. Hence the chelating metallic compounds are found to
be potential candidates for the removal of heavy metals in the order of trisodium citrate>disodium
oxalate>sodium sulfate has been reported [5].

The metal-ligand binding should be hydrolytically stable due to the presence of the intermolecular H-
bonds of water molecules [6]. In the water molecules (H** — 05,_H®"), the negatively charged oxygen forms
two hydrogen bonds between two positively charged hydrogen atoms of neighboring molecules for the better
nonlinear optical properties [7]. Moreover, in the metal ligand complex, the positive charge of the metal ion is
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partially shared with the hetero donor atoms of hydrogen and oxygen present in the ligand and there may be =-
electron delocalization over the whole chelating system [8].

In ionic doping, Na" is an important metal ion with defined ionic conductivity properties and is a
versatile dopant. Further, Na* ion doping utilized for enhancing thermal stability of bimetallic dicarboxylate in
the optoelectronic applications [9]. The optical conductivity in oxalate salts is due to the hydroxyl and carboxyl
groups of the metal-oxalate matrix [10]. Optimized higher order optical conductivity on certain inorganic centro
symmetric bimetallic oxalate and chloride have been suggested their potentiality for luminescent and nonlinear
optical applications [11, 12].

The growth, structural stability and optical properties of potassium doped new copper oxalate crystal
using the hydrothermal synthesis technique (K,Cu (C,04),.2H,0) has been reported [13].Recently, some new
coordination of ferrous and copper complexes have been reported on suitable antimicrobial activities [14]. Some
copper complexes have also been shown biological properties in vitro [15].

Hence, in the present study, an attempt has been made to grow sodium doped copper oxalate crystals
by a silica gel technique using single diffusion method. In order to prove the as-grown material is optically high,
thermally stable and biologically active, the title compound has been subjected to various characterizations such
as powder crystal XRD, FT-IR, UV-Vis-NIR, TGA, PL and antimicrobial screening activities.

1. Experimental
2.1 Materials and methods

The high-purity elements such as copper chloride (LOBA Chemie, 99.95 % Assay), sodium chloride
(LOBA Chemie, 99.95 % Assay), oxalic acid (LOBA Chemie, 99.99 % Assay), and sodium metasilicate (LOBA
Chemie, 99.9 % Assay) with AR grade were used as the starting materials in the single diffusion chemical
reaction method at a temperature of 28°C.The X-ray diffraction (XRD) patterns of the prepared samples were
recorded using an X’PERT-PRO diffractometer with Cu Ka (1.54060 A °) at room temperature. The analysis
was carried out at room temperature. The FTIR analysis was carried out using a PERKIN ELMER FTIR
spectrometer by KBr pellet technique for deducing the presence of functional groups and the coordination of
disodium copper oxalate dihydrate. The spectrum was recorded within the range of 400 cm™ to 4000 cm™.

The optical characterization of sodium copper oxalate dihydrate crystal was carried with the help of a
LAMBDA 35 UV Visible spectrophotometer. The transmission spectrum was traced to the range of 190 to 1100
nm. Thermal studies were carried out in the nitrogen atmosphere using the instrument SDT Q600 V20.9 in the
temperature range from 20°C to 1100°C.TGA is used to determine the physical and chemical characteristics of
materials, to determine degradation temperatures, absorbed moisture content of materials, the level of inorganic
and organic components in materials and solvent residues. The weight of the NaCuOx crystal used for the
measurement was from 3 to 4 mg and the heating rate was 10° C/min under nitrogen medium.

The antimicrobial activity assayed against Escherichia coli (G—Ve) andAspergillus Niger, according to
agar well diffusion method. Nutrient agar (Merck, Germany) was used as solid media for preparing of nutrient
plates while the Mueller Hinton broth was applied as liquid culture media in biological tests. Bacterial cultures
such as Escherichia coli (G—Ve) and Aspergillus Niger were obtained from Eumic analytical Lab and Research
Institute, Tiruchirappalli, Tamil Nadu, South India. Bacterial strains were maintained on Nutrient agar slants
(Hi-media) at 4 °C. Bacterial cultures were sub cultured in liquid medium (Nutrient broth) at 37 °C for 8 h and
further used for the test (10°-10° CFU /ml). These suspensions were prepared immediately before the test was
carried out.

2.2 Growth of Na,Cu, (C204) 4.4H,0

Figurel: sodium copper oxalate growth in gel medium. Figure2: size of the sodium copper oxalate crystal
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The growth of sodium copper oxalate dihydrate crystal was carried out in silica gel media by adopting
the single-diffusion technique is shown in Fig.1. The sodium copper oxalate dihydrate was prepared by gradual
addition of cupric chloride (2 mmol in 10 ml of water) to a freshly prepared silica hydrogel [addition of sodium
metasilicate solution (1.03 specific gravity) to oxalic acid (2 ml in 10 ml of water)], maintaining the pH at
3.5£0.2 - 4.5£0.2 and then left for a few days at room temperature for crystallization of the complexes. When
sodium metasilicate goes into a solution, mono silicic acid is expected to be produced [16] according to the
following reaction (1).
2Na,SiOz+6H,0—2H,Si0,+4NaOH (1)

This sodium hydroxide is projected to react with oxalic acid, diffusing in a gel from the supernatant solution and
forming sodium mixed cadmium oxalate crystals by the following reaction (2).
4NaOH+4H2CZO4.H20+2CUC|2—> [Na4 Cu, (C204)44H20] +4HCI. (2)

After passing 15 days, the sodium copper oxalate dihydrate [Na, Cu, (C,04) 4. 4H,QO] was obtained as
suitable single crystals for optical and biological studies. Table 1 shows the required growth parameters of the
sodium copper oxalate crystal. The particle size of the sodium copper oxalate dihydrate was measured by 0.50 x

0.55 x 0.60 mm3 using graphical method is shown in Fig.2.

Tablel: Growth parameters of sodium copper oxalate crystals.

Process parameters Single diffusion
Density of sodium mete silicate | 1.04

pH of gel 43

Concentration of CdCly 1M

Concentration of NaCl 4M

Gel setting peniod & Days

Gel ageing 4% hours

Period of growth 10 Days
Temperature Eoom temperature
Caalitsy Transparent, needle shaped
Size 0.20x0.25x0.3 0mm*

I11. Results And Discussion
3.1 Powder X-ray diffraction Analysis

The powder x-ray diffraction spectrum of sodium copper oxalate crystal is shown in Fig.3. The Powder
XRD patterns identified that the formed crystals are in the single phase with good crystalline nature. The
calculated lattice parameters of the as-grown crystal [Na,Cu (C,0.) » (H20) ,] were a=7.536A", b=9.473 A,
¢=3.576 A',0 = 81.90°p = 103.77° and y = 108.09° and it crystallized in the triclinic form of the P-1 space
group through copper (I1) atom lying on a center of symmetry has been reported [17].

The calculated hkl values of the sodium copper oxalate crystal with respect to the two theta values of
the as-grown sodium copper oxalate crystals are shown in the Table 2. The diffraction peaks observed for
sodium copper oxalate crystals are well agreed with the reported values [18] confirmed that the grown sodium
copper oxalate crystal belongs to the triclinic systemwith space group P-1.

Table2: Calculated hkl parameters of sodium copper oxalate crystal

2 THEETA (degree) | hkl parameters
13.56 100
24.360 210
28.940 130
36.280 121
42.161 131
48.65 341
59.26 100
70.612 010
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Figure3: Powder XRD spectrum of sodium copper oxalate dihydrate

3.2 FTIR Spectral analysis
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Figure 4: FTIR Spectrum of Oxalate-Ligand functional group assignments of NaCuOx crystal

The FTIR absorption spectrum of the as-grown sodium doped copper oxalate dihydrate single crystal
was recorded from 400nm to 4000cm™is shown in Fig.4.The broad envelope extending from 2824cm™ to 3898.4
cm™ are assigned to be due to the symmetric (O-H) and asymmetric (O-H) stretching modes of the water
molecules. The phenomena observed in IR absorption spectra related to stretching vsym (O-H), (H-O... H), and
Vasym (O-H) bending vibrations are most characteristic. The v (O—-H), v (COO) " asymmetric stretching vibrations
and one of the O-C=0 deformation modes of vibrations were found at 3898.4cm™,3515.10cm™,3118.12 cm*
and 1324.8 cm* which were standard for the optical and biological properties [19, 20] of the NaCuOx crystal.
Undoubtedly, these phenomena are due to the changes in charge distribution, which may be related to electron
delocalization. The broadband at 3515.10cm * in the spectra of the sodium copper oxalate complexes is
assigned to the v (OH) frequency of the coordinated H,0. The strong band observed at 1612.7 cm™ in the
spectra of the sodium copper oxalate ligand is a characteristic of the asymmetric stretching vibrations of C-O
groups of the C,0,* ions together with the bending mode of water. The asymmetric stretching, vibration bands
of carboxylate groups evolving at 1411.33 cm™ (C-H) is assigned to symmetric stretching of a COO- group of
the complex of sodium copper oxalate crystals. This shift can further be explained by the donation of electrons
from the oxygen to the empty d-orbitals of the metal ions. [21].The symmetric stretching vibration bands
emerging from900.10cm*are assigned to (C-C)group. The bands below 800cm™are due to the metal oxygen (M-
0) bands. The charge transfer of the electron delocalization interaction, which is caused by charge transfer from
occupied Na-O to vacant Cu-O, and the higher order coupled interactions. The number of absorption bands of
the lower wave number region (<800 cm ™) of sodium doped copper oxalate crystal was revealed the
incorporation of sodium ions in the copper oxalate crystal lattice which formed additional metal — oxygen (Na-
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0) bonding. The IR spectra of the assigned functional groups of as-grown sodium copper oxalate crystal have
been well agreed with reported peaks of the pure copper oxalate crystals [22] is given in the Table.3.

Table3: Various modes of vibrations of oxalate-ligand functional group Assignments of NaCuOx crystal by FT-
IR spectroscopy. (Band positions in (cm—1).

NaCuOx crystal band position(cm™) | Assignment
3898.4m&3515.10w Vas (H20)
3232.86w &3118.12w vs (H20)

2525.5 vw vas (COO)
1612.7vs vas (COO)
1411.33w vs (C-H)+ 8(0-C=0)
1324.8vs vs (CO)+ vs (C-C)
900.10vs 3 (C-C)

811.3vs 3(0CO)

412.7vs v (Cu-0)

5114 vs v (Na-0)

V¢-very strong; s-strong; m-medium; w-weak; vy,-very weak; v,c.asymmetric stretching vibration; vs. .Symmetric
stretching vibration; 6-deformation.

3.3 UV spectral studies

From the observed non-linear UV transmission vs. absorption spectral curves, the lower cut-off
wavelength for sodium copper oxalate crystal was found to be 260.05 nm is shown in Fig.5. It is interesting to
observe a strong, intense peak around 250-260 nm which is assigned to the oxalate group of the bimetallic
oxalate crystal [23] has been reported. This special characteristic lower cut-off peak at 260.05 nm for the sodium
copper oxalate crystal agreed to the n-z* transition due to a ligand-to metal charge transfer [24].
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Figure 5Figure 6
Figure 5: Observed non-linearity in the transmittance and absorbance curve of NaCuOx crystal.
Figure 6:0bserved non-linear band gap energy curve of NaCuOx crystal

In addition to that, the non-linear transmission curve was established to be 98.2% of sodium doped
copper oxalate was observed in the wavelength region 245nm-1200nm. The calculated band gap energy of the
as grown crystal is found to be 4.78 eV is shown in Fig.6.The wide range of band gap energy combined with the
lower cut-off near 250nm, makes the usefulness of these materials for laser and device applications [25].The
relation between the refractive index (n) and the energy gap (Eg) through some modified form of T.M Moss et
al., and C.RamachandraRajaa, et al., [26, 27] were given by the equation (1),

Ee"=36.3 (1)

This relation holds true of energy gaps greater than 0 eV. The frequency or wavelength of refractive
index is called dispersion. Dispersion is an important property for optical design and in the transmission of
information. Further studies on the refractive index (n) and reflectance (R) of the crystals are calculated by using
the expression (2), n=2.027; R=0.11525

R= (=)
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In the high photon energy region, the energy dependence on absorption coefficient was given by the equation

®). 2.303 1
o :.f 10g ? (3)

Table4: Calculated optical parameters of as-grown NaCuOxcrystal
Compound | Wavelength (nm) | Energygap (eV) | Ref.index (n) | Reflectance (R)
NaCuOx 260.05 4.78 2.027 0.11525

Where ‘T’ is the transmittance and‘t’is the thickness of the crystal sample. Absorption coefficient ‘o’ suggests
the occurrence of a direct band gap between the crystals which obeys the following equation (4) for high photon
energies (hv) [28],
(ahy)? =A (Eg-hv). @)

where ‘a’ is the absorption coefficient, ‘h’ is the Plank’s constant, ‘A’ is a constant ‘v’ is the frequency
of the incident photon and ‘Eg’ is the optical band gap. The calculated high value of refractive index and low
value of reflectance from the given Table 4confirmed that the grown crystal has wide transparency window and
more transparent to transmit the light from 245 to 1100nm.As a result, the title crystal has been shown to be a
useful material for the nonlinear optical and biological applications.

3.4 Thermal studies
3.4.1 DSC spectral analysis

The Fig.7shows the DSC curve of NaCuOx crystal upon heating in the temperature range from 20°C to
1100°C.The weight of the sample used for the measurement was 7.4990mg and the heating rate was 5min™
under a dry nitrogen gas flow of 100ml min™.At 115.05°C shows an endothermic process represents a transition
from amorphous solid to a crystalline solid and results in a peak at the DSC signal is known as the Temperature
(T¢) for NaCuOx. DSC is necessary to have well-characterized drug compounds in order to define processing
parameters. For instance, if it is necessary to deliver a drug in the amorphous form, it is desirable to process the
drug at temperatures below those at which crystallization can occur. The two large exothermic peaks were
clearly seen on the DSC curve of NaCuOx crystal at 301.82°C and 346.95'C are represented as phase transitions
from solid to gaseous states which informed the discharge of CO and CO, gas molecules due to the redox
process which converted the hydrated crystalline Na,Cu, (C,0,), salt into 2Na,CuQs), 5CO (g and 3CO, ) [29].
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DSC graph of sodium copper oxalate
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Figure 7: Observation of crystallization and phase transition temperatures of NaCuOx crystal by DSC spectrum

3.4.2 TGA/DTA analysis

The TGA/DTA thermogram of NaCuOx crystalshows that the heating in the temperature range from
20°C to 700°C for the weight of the sample used for the measurement was 7.4990mg and the heating rate was
5min™* under a dry nitrogen gas flow of 100ml min™. The first step of dehydration starts at 84.6°C and ends at
115.18°C, which shows the formation of anhydrous Na, Cu, (C,0,), crystal from Na, Cu, (C,04),4H,0 sodium
copper oxalate dehydrate crystal, resulting in the weight loss of 11.21%.The weight loss takes place over a large
temperature range (84.6°C —115.62°C) represents the melting point of the sample is shown in Fig.8.
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Figure 8: TGA/DTA thermo gram shows the different thermal decomposition stages of sodium copper oxalate
crystal in the nitrogen atmosphere.

The calculated weight loss 11.20% in this temperature range is consistent with the weight of four water
(4H,0) molecules. The shoulder peaks at DTA after the main peak corresponds to the decomposition of the
material. There is no phase transition till the material melts and this enhances the temperature range for the
utility of the crystal for optical and biological applications. Generally, the exothermic and endothermic heat
peaks in DTA curve, accompanied by decomposition at high temperature, are due to the formation and loss of
gas, respectively.

The second and third steps represent the discontinuous decomposition of Nas;Cu,(C,0,), crystal into
[(2Na,0,).Cu,0] sodium copper oxide in the temperature range of 200.02°C-550.6°C with the discharge of 5CO
and 3CO, gas molecules by showing the exothermic peak at 301.98°C with the corresponding 24.56% weight
loss due to the emission of 5CO molecules and 23.47% weight loss at 346.65°C (300.07°C -550.6°C) due to the
discharge of 3CO, gas molecules for the production of sodium oxide copper oxide[(2Na,0O,).Cu,O]has been

found and consistent with the reported results[30,31].The liberation of %Oz gas molecules with the stable end

product of sodium copper oxide (2Na,OCuO ) crystal during the fourth stage that extends up tothe temperature
range from 550°C-700 °C.

3.5 Photoluminescence spectrum
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Figure 9: Photo luminescence spectrum shows the n-z* transmission of sodium copper oxalate crystal in the
UV region

Presence of direct metal-metal interaction may be one of the important factors contributing to the
photoluminescence, enhancing, shifting and quenching the luminescent emission of metal ligand by
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complexation [32]. Thus, the photoluminescence of copper (11) complexes in the solid state at room temperature
was examined. As shown in Fig.9, sodium copper oxalate complex exhibits photoluminescence in the solid state
at room temperature with one of the emission peak maximized at 362.9 nm with excitation applied to 200nm-
400 nm after exciting the sample of 250nm.The result indicates that the crystal has indigo fluorescence
emission. The maximum intensity peak at 393.5 nm is attributed to n-n* transition of carbonyl group owing to
result that the as-grown crystal has blue emission. The amount of splitting of the high intensity energy levels in
NaCuOxis due to the diffusion of sodium® ions into the ligand about Cu?* metal ion. As a result, these metal
complexes of ligand exhibit two excitation bands of 350nm -400nm of sharp absorption peaks at near UV
regions.

3.6 Solubility
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Figure 10: Solubility graph of sodium copper oxalate crystal at various temperatures.

Solubility is one of the factors of better biological activities [33] of the as-grown samples was proved
by solubility test using deionized warm water as a solvent. The solubility of sodium copper oxalate was
determined in the temperature range of 20 'C to 29 ‘C. Solubility studies were carried out in a constant
temperature bath (CTB) with the cryostat facility with an accuracy of +0.01 K. The solution was stirred
continuously for half an hour to achieve the stabilization. After attaining the saturation, the equilibrium
concentration of the solute was analyzed gravimetrically. The same process was repeated and the solubility
curves were observed to 0.05 g / 100 ml and 1.5 g /100 ml for as-grown crystals for different temperatures
(Fig.10). It is observed from the curve that the solubility is found to increase with an increase in temperature for
sodium copper oxalate dihydrate was due to the hydrogen bonding between sodium copper oxalate dihydrate
and the soluble nature of sodium oxalate in water. This result showed the sustained activity of the as-grown
sodium copper oxalate dihydrate sample in its chelate form and the improved solubility demands the sodium
copper oxalate dihydrate crystal for further pharmaceutical research and applications.

3.7 Antimicrobial activity

sper gillus Niger

Figure 11(A) Figure 11B)
Figure 11(A): Antimicrobial activity of sodium copper oxalate againstE.Coli
Figure 11(B): Antimicrobial activity of sodium copper oxalate againstAspergillus Niger
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Table 5: Antimicrobial activity of sodium copper oxalate crystal

Compound Organism Minimum Zone of Inhibition (mm) * Control
Concentration (ug / ml)
25 50 75 100
Sodium copper oxalate | AspergillusNiger | 28+0.2 | 30+0.3 | 33+0.3 | 36x0.4 | 18+0.1
Sodium copper oxalate E.coli 20+0.1 | 24+0.2 | 27+0.4 | 30+0.3 | 20+0.3

*mean+SD

The antibacterial activity of the sodium copper oxalate dihydrate complex was tested against the Gram
(-) E. coli and Aspergillus Niger organisms using double dilution method. An acceptable reason for this
increase in bactericidal activity may be considered in the light of Overtone’s concept and chelation theory [34].
According to Overtone’s concept of cell permeability, the lipid membrane that surrounds cell favours the
passage of only lipid soluble materials so that lipo solubility is an important factor which controls bactericidal
activity. This increased lipophilicity due to the O-H...H andC-O bonds between the NaCuOx crystal enhance
the n — m* transition and also the penetration of the complexes about lipid membranes to block the metal
binding sites in the bacterial enzymes. On chelation, the polarity of Cu (II) ion will be reduced to a greater
extent due to the overlap between ligand orbital and partial sharing of the positive charge of the Cu (1) ion with
donor groups [35]. Fig. 11(A) & (B) show, an increase in the concentration of test samples to give rise to more
efficient effect of studied microorganisms. It has also been observed that quantitative assays gave MIC values in
the range 25ul-100pl is shown in Table.5 confirmed that concentration plays a vital role in increasing the
degree of inhibition established that the results are superior to the previously published values [36].

IV. Conclusions

Optically active single crystal sodium copper oxalate crystal was obtained by single diffusion silica gel
method. The crystal growth observations were revealed the dependence on morphology and the ultimate size of
crystals on growth parameters like gel concentration, gel age, gel pH and the concentration of upper and lower
reactants. The results of the structural analysis were indicating that the complex belongs to triclinic structure of
P-1 space group. FT-IR band assignments were confirmed the presence of water of crystallization, expected
metal-oxygen bonded groups and the oxalate phase transformation of as-grown copper (1) metal complexes of
coordination compound. The DSC analysis revealed the gel-grown sodium copper oxalate crystal of the
dehydration and decomposition temperatures in terms of their crystallization and the phase transition
temperatures and also the high thermal stability of NaCuOx crystal for optical and biological applications. The
optical behavior of NaCuOx crystal was studied by using UV-Vis-NIR spectrum and found to be 98.2% of the
transmittance. The wide transparency was due to the localization of strong intermolecular hydrogen bonds and
the n — m* transition are the one of the key requirements for having an efficient optical conductivity character.
The band gap energy together with wide optical efficiency and the significant ionic conductivity of the NaCuOx
from UV and dielectric studies were designated the grown crystals could be a suitable material for the
fabrication of optical devices. The NaCuOx complex showed good antimicrobial activity against E.coli (Gram-
ve), Aspergillus Niger (Fungus) was attributable to the remarkable properties of its solubility, optical
conductivityand semi polarity mechanisms.
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