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Abstract
Objectives: To calculate the optical and structural parameters of the copper
sodium tartrate (CuNaT) crystal for investigating its usefulness in the non-linear
optics, it was analyzed by XRD and optical studies. Methods : A good non-
linear optical CuNaT crystal was grown by silica gel medium. The fundamental
factors to prepare the silica gel for the controlled and defect - free growth of
the CuNaT crystal are gel pH, gel density and gel setting period. Findings:The
non-centro symmetric structure with refined lattice parameters: a = 7.7230 Å,
b = 20.2964 Å, c = 7.9896 Å and the required functional groups: O-H, M-O,
C-O and C=O bonds of CuNaT were recognized by the XRD and FTIR studies.
Novelty: Themonoclinic structure and space group P21 of grownCuNaT crystal
was non-identical to the orthorhombic structure of the copper tartrate crystal
was enabled to identify its novel structure. The NLO competence of the CuNaT
was 0.38 times relative to KDP and of higher LDT value than the KDP, provided
its novel optical properties. Applications: The strong intensity emission peaks
recorded at 297 nm and 380 nm in the photoluminescence spectrum and the
lower absorption edge at 334 nm in the UV spectrum of the CuNaT crystal
exhibited its potential use in non-linear optics.

Keywords: Single crystal XRD; FTIR; UVVisNIR; PL; SHG; LDT

1 Introduction
Organometallic materials have a great impact on information technology and non-
linear optical applications (1). In general, the metal organic polymers or coordination
polymers as non-linear optical materials are that molecular architectures can be
easily modulated to optimize the microscopic factors, such as polarization, ionic
conductivity, and the related macroscopic parameters such as electrical conductivity (2)
and antimicrobial activity (3).Consideration of these properties, nowadays coordination
polymerswith an excellent optical non-linearity have been the focus on current research
activity by knowing their potential applications in optical and biological fields. To
accomplish this criterion, tartaric acid derived metal complexes are chosen with their
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ionically bonded metal ions in the metal-tartrate structure matrix, form donor ligand of chiral based three dimensional
molecular networks (4).

Especiallymetal tartrate complexes earn individual attention for the reason of their several remarkable structural (5), spectral,
non-linear optical, thermal (6) and biological (7) properties. The tartaric acid is combined with the divalent Cu (II) metal ions to
form a metal tartrate crystalline complex which mainly contains O-H, C-H, C-H—O and O-H—O bonds (8). These hydrogen
bonds and the ionic bonds between metal ions of metal tartrate crystalline complex are the fundamental reason for their
remarkable non-linear optical properties. Further, the structural flexibility of metal tartrates are simply adaptable through an
exact chemical reaction for increasing the chirality centers in order to obtain the requirements of non-centro symmetry, surface
quality and non-linear optical activity based materials to utilize their applications in the fields of non-linear optics (9). Mostly,
pure metal tartrate material has sparingly solubility character in water and it decomposes quickly before attaining its melting
point. Thus, the gel process provides an effective advantage to grow material designed for better crystallization. Recently, the
growth, vibrational and optical properties of the silica gel grown bimetallic potassium strontium tartrate and potassium calcium
tartrate have been published (10). Further, efforts have been built to learn the LDT effect on the tartaric acid single crystal
reported already that the LDT value of the pure tartaric acid crystal was less than the doped tartaric acid crystal (11). While
we find an adequate literature survey on optical, thermal and dielectric (12) in mixture of metal tartrates using gel technique,
there is very less information about the linear and non-linear characteristic properties of copper sodium tartrate, and this
present paper intends to account its optical properties for finding applications in non- linear optical fields.

Hence, in the present investigation, we proposed to study about the linear and non-linear optical properties of the copper
sodium tartrate single crystal using the single crystal XRD, UV-vis-NIR, photoluminescence, laser damage threshold, and SHG
characterizations for finding its applications in the field of non-linear optics.

2 Materials and Method

2.1 Materials

The copper sodium tartrate single crystal was grown in silica gel medium by single-diffusion chemical reaction method. The
highly AR grade purifiedmaterials purchased from LOBAChemie goods of cupric chloride (99.9% assay), sodiummeta silicate
(99.9% assay), sodium chloride (99.9% assay) and tartaric acid (99.9% assay).They were used for starting materials to grow the
copper sodium tartrate crystal.

2.2 Synthesis and growth of [Na2 Cu2 (C4H6O6)3 (H2O) 3] 3H2O crystal

The crystallizer consists of a glass tube of length 100mm and diameter 25mm. Sodiummeta silicate of specific gravity 1.04 g /cc
was mixed with Tartaric acid (2M) to obtain hydro silica gelled into pH 5.The gel of the given pH 5 was then permitted to set in
the given time from 10 hours to 40 hours. Once the gel got set, it was shifted to different test tubes; half filled of its volume and
then kept undisturbed in 72 hours of proper dilution. When sodiummetasilicate reacts with the solvent, the expected products
of sodium hydroxide and silisic acid are produced. An aqueous solution to 2M cupric chloride was added to the set gel slowly
along the walls of the tube to avoid gel breakage. The tube was kept undisturbed at room temperature.

Fig 1. Size of copper sodium tartrate single crystal
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The tartaric acid was reacted with sodium hydroxide and the cupric chloride, creating the sodium copper tartrate crystals
through the reaction,

2Na2SiO3 +6H2O → 2H4SiO4 +4NaOH (4.1)

4NaOH+3C4H6O6 +2CuCl2O.5H2O → [Na2Cu2 (C4H4O6)3 (H2O)3]+2NaCl+3H2O

The newly grown [Na2Cu2 (C4H4O6)3(H2O) 3]3H2O single crystals [Figure 1] were kept without disturbance for one week in
the test-tube in order to have large size single crystals for the non-linear optical characterization analyses.

2.3 Characterization Methods

Single crystal X-ray diffraction analysis was done by using the single crystal ENRAF NONIUS CAD4 X-Ray diffractometer
equipped with MoKα (λ = 0.71073 A◦) radiation was employed to estimate the unit cell parameters, crystal system and space
group. The grown crystals of UV-VIS-NIR spectra were recorded from 190 nm to 1100 nm wavelength region by Lambda 35
spectrometer. Photoluminescence properties were investigated in solutions at room temperature by Cary Eclipse Spectro Fluro
meter in the range from 240-400 nmwith the excitation wavelength of 275 nm.The second order non-linear optical efficiency of
the as-grown CuNaT crystal is calculated by Kurtz-Perry powder technique. For the present sample, the KDP crystal was used
as the standard reference material. The Laser Damage Threshold of as-grown CuNaT crystal was calculated by a Q-switched
pulsed Nd: YAG (1064 nm) laser. The diameter and pulse width of a laser beam are 1m and 10 ns was used to irradiate on the
crystal surface in the frequency rate of 10 Hz.

3 Results and Discussion

3.1 Single crystal X-ray diffraction analysis

Crystal structure of [Na2Cu2 (C4H4O6)3 (H2O) 3] n 3H2O was solved [Table 1] by single crystal x-ray diffraction analysis and
found that the structure of the CuNaT crystal belongs to monoclinic with P21 space group. The CCDC number 1964952 was
assigned for the as-grown crystal. The slightly different change in the unit cell parameters than the copper tartrate (11) proved
the lattice tension on sodium metal toughened owing to inclusion of copper tartrate crystal.

Table 1. Calculated lattice factors of CuNaT Crystal
Copper sodium tartrate Calculated values of Lattice parameters
Molecular formula [Na2 (Cu2 (C4H4O6)3 (H2O) 3)] n 3H2O
Molecular weight 725.37
Structural parameters a = 7.7230(5) : α = 90◦ :

b = 20.2964(11) : β = 113.675(2)◦ :
c = 7.9896(5) : γ = 90◦

Crystal size (0.150 x 0.150 x 0.100) mm3
Volume 1146.96(12) Å3
Theta range for data collection 2.784◦ to 32.955◦

Index ranges Density 11<=h<=11,-30<=k<=29,-12<=l<=11 Z=2

In the copper sodium tartrate crystal structure, the positively charged sodium (+) and copper (2+) ions were influenced by
the negatively charged tartrate group known as the carboxylate group. During crystallization, the process of proton transport
mechanism through carboxylate groups indicated the formation of a crystal.

In the tartrate group of CuNaT crystal, the hydroxyl and carboxyl oxygen atoms contributed in different C-H…O and O-
H…Oexchange interactions for increasing its optical properties and participated a sole role for creating its crystalline structure.
The carbon frame from the tartrate group was basically planar [torsion angle C9-C10-C11-C12 of 170.1◦ (2)] and the direction
of angle among the hydroxyl carboxyl assembly [O(3)-C(2)-H(2) was 123.4◦ (3) and O(2)-C(1)-O(1) was 107.9◦] were high
compared with the tartaric acid (13). The different in variation of C-H…O and O-H…O [H(23A)-O(23)-H(23B) was 99◦ (3)
and H(24A)-O(24)-H(24B) was 112◦ (3)] bond angles illustrated electronic vibrations of CuNaT crystal exploring about its
non-linear optical properties.
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Fig 2. Atom numbering structure of CuNaT crystal

Fig 3.Hydrogen bonds structure of CuNaT crystal

The inter- and intra-molecular hydrogen-bonding interactions intended to give the 3Dmolecular structure [Figure 3] of the
NaCuT crystal along b-axis contains both coordinated and solvated water molecules.

3.2 Optical absorption analysis

UV-vis-NIR spectrum of copper sodium tartrate crystal of thickness 1.5 x10-3m was plotted from 200 to 800 nm (14) of the
wavelength range covering the whole ultraviolet region. The absorption peaks for CuNaT crystal with cut-off wavelengths at
334 nm in the UV region may be assigned to 80% good transmittance in the visible region. Similar absorption established at
328nm for bimetallic potassium strontium tartrate crystal has been reported (15). The lower cutoff wavelength of the present
CuNaT crystal is attributed to the resonance assisted bands from the carboxylate group (COO-) of CuNaT to metal (π to π*)
transitions (16).
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Fig 4.UV-vis-NIR absorbance and extinction coefficient vs. wavelength plots of CuNaT crystal

The functional electromagnetic light wavelength changes with the extinction coefficient of grown copper sodium tartrate
crystal and is shown in [Figure 4]. The reduced value of extinction coefficient from 350 nm to 550 nm specified that the loss
of incident electromagnetic radiation was low as the scattering was very less. Simultaneously, the increased value of extinction
coefficient beyond 550 nm confirmed that the higher loss of electromagnetic radiation was due to the absorption of incident
photons and the scattering centres of as grown CuNaT crystal.

The expression used to calculate the linear optical absorption coefficient is given by the expression,

α =
2.303

t
log

1
T

(1)

Where T stands for the transmittance and t corresponds to the thickness of the copper sodium tartrate crystal. The optical
absorption coefficient was the genuine factor for finding the penetrating power of the incident light ray. If the absorption
coefficient at 334 nm [Figure 5] was (139.84) low, the incident light was poorly absorbed by the present sample. Moreover
if that absorption coefficient was high at the cut-off edge, it was highly absorbed by the material and expressed the elevated
optical trouncing property of the grown CuNaT crystal.

Fig 5.UV-vis-NIR Absorbance and Absorption coefficient vs. wavelength plots of CuNaT crystal
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The optical parameter α proposed a direct band gap (17) of the as-grown crystal using the relation,

(αhγ)2 = A(Eg −hϑ) (2)

Where, h represents the Plank’s constant, A is an Absorbance, υ stands for the high energy incident photon’s frequency and Eg
corresponds to the band gap.

Fig 6.UV-vis-NIR optical conductivity and Energy gap vs. Photon energy plots of CuNaT crystal

The calculated direct band gap energy of the as-grown crystal was computed to be 3.71 eV using the given relation,

Eg =
1240

λ
eV (3)

where λ represents the lower edge absorption wavelength (334nm).The optical conductivity is determined at λ= 334 nm using
the relation,

σop =
αnc
4π

(4)

The optical conductivity is one of the optical parameters to study the nature of the electronic states in a grown material. The
[Figure 6] shows that the above the incident photon energy 3.71 eV, the optical conductivity increases with the increase of
photon energy (18).This estimated energy value exposed the semiconducting nature of the CuNaT crystal finding its usefulness
for manufacturing diodes in electronics.
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Fig 7. Refractive index and Reflectance vs. Photon Energy of CuNaT crystal

Reflectance is one among the good optical parameterwhich is determined atλ= 334 nm in terms of the absorption coefficient
relation,

R = 1±
√

(1− exp(−αt)+ exp(αt))
1+ exp(−αt)

(5)

The relation which is used to find the refractive index of as grown crystal at λ=334nm is by applying reflectance,

n =−

(
(R+1)±

√
(3R2 +10R−3))

2(R−1)
(6)

The constant fall in the optical parameters of reflectance and refractive index favouring the Photon energy of copper sodium
tartrate crystal are shown in [Figure 7]. When the Photon energy increased, the reflectance and refractive index of as-grown
crystal decreasedwhich identified that the incident photons interactedwith the electrons of the grownCuNaT crystal exhibiting
charge transformations (19). In addition, the low values of reflectance and refractive index at the first absorption edge wasmainly
done by the metal to ligand transformation of as-grown crystal. Thus, the initial absorption edge revealed the n to π* charge
mobilization mechanism of electrons from the carboxylic group of CuNaT crystal. Further, the lower edge optical absorption
in the UV area of the CuNaT spectrum revealed the defect free and purity nature of the present sample for higher order optical
characterizations.
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Fig 8. Variation of electrical susceptibility with incident photon energy of CuNaT crystal

The calculated electrical susceptibility (χc) value (20) at λ= 334 nm using the parameters of extinction coefficient and
refractive index by the relation,

εr = ε0 +4πχ = n2 − k2 (7)

χ =
n2 − k2 − ε0

4π
(8)

From the [Figure 8], the electrical susceptibility is decreased for increasing the incident photon energy of as grown CuNaT
crystal lead to the change in electronic band structure.

Fig 9. Variation of dielectric constant imaginary part and Dielectric constant real part with incident photon energy of CuNaT crystal
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Dielectric constant was calculated at λ= 334nm from the expressions given below (21),

∈= εr + iεi = (n+ ik)2 (9)

εr + iεi = n2 − k2 +2nik (10)

where εr corresponds to the real part of dielectric constant and was calculated by the relation,

εr = n2 − k2 (11)

εi = 2nik (12)

The [Figure 9] showed that the real part of the dielectric constant was decreased more than the imaginary part for the applied
incident photon energy. A superior value of dielectric constant in lesser frequencies are by the lesser electrostatic binding force
that arises through space charge polarization around the granule edge. At elevated frequencies, dipoles are not able to track
applied frequencies. Therefore, a decrement in polarizations shrinks the values of dielectric constant in high frequencies (22).

Table 2. Calculated optical factors of copper sodium tartrate crystal
Extinction
coefficient ( k)

Reflectance
(R)

Refractive Index
(n)

Electrical
susceptibility (χc)

Optical
conductivity σ (p)

Dielectric constant (ε)
Real εr Im εi

3.71E-06 1.66 1.53 0.18 5.11E+009 2.33 -4.6 E-05

Themeasured optical factors of CuNaT crystal at its energy gap 3.71eVwere given in Table 2.The calculated optical constants
confirmed that the CuNaT is a competent material in the emerging laser and electronics fields.

3.3 PL studies

The photoluminescence spectrum of copper sodium tart rate crystal was recorded using Cary Eclipse Spectro Fluro meter in
the range 400nm-700nm for the excitation wavelength of 420nm.The excited emission peaks of the as-grown crystal observed
at 598.5 nm, and 635.8 nm illustrated the less intrinsic defects of the CuNaT crystal (23).

Fig 10. Photo luminescence excitation peaks of copper sodium tartrate crystal.

The observed peaks [Figure 10] of orange light emission revealed that it was a budding material for fabricating resonators
and light emitting diodes in the opto- electronics industries.
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3.4 SHG analysis

The as-grown CuNaT crystal is obtained in the powdered form after crushing well by using the mortar and pestle. The non-
linear optical property of the CuNaT crystal was analyzed by using Q Switched Nd: YAG laser having wavelength of 1064 nm
with input beam energy of 450mJ and pulse width of 10 ns with repetition rate of 10 Hz. For interacting well with the laser light,
the powdered form of the as - grown crystal is made as pellets by using the pelletizer. The microcrystalline fine powder models
of various sizes (25 to 300 µm) were packed in capillary tubes and lighted by this laser. From 25 to 100 µm the effectiveness
of green emission enhances, after attaining a saturation rate, there is no longer rise with the rise of particle size which revealed
the phase matching capability of the CuNaT crystal. With an input rate of 10 Hz, one half of the splitted laser beam was passed
to the sample by the centre of the concave mirror and the other half was sent to the photodiode for calculation. The output of
the CuNaT crystal was calculated as 58 mV for input beam energy of 5 mJ / Pulse at the 95 µm of particle size. Whereas; the
KDP crystal provided an output of 156 mV for the similar input signal. The green light emission (l=532nm) from the CuNaT
crystal proved that its novelty of non centrosymmetric crystal structure for confirming its nlo activities. The SHG efficiency of
L- Prolinium Tartaric acid (24) and p-Toluidinium L-Tartrate (25) have been reported and found that the values were marginally
varied with the present CuNaT crystal.

3.5 Laser-induced damage threshold analysis

Thesurface quality of the as-grown crystal depends on the ability towithstand the high power laser intensities leading to identify
its application in the non-linear optical fields. The crystal was placed at the focus of the 35 cm focal length of converging lens
where the incident laser beam was controlled. During the irradiation, a power meter measured the energy density (Pd) of the
input laser beam at the point of damage to the crystal using the relation,

Pd =
E

τπr
(13)

Where E is the input energy density (mJ), τ is the pulse width (ns), and r is the area of the circular spot (mm). The calculated
good laser damage threshold value of NaCuT crystal was found to be 1.4 GW/cm2 which is higher than the LDT values of
KDP(0.20) (26), Ammonium hydrogen L-tartrate (27) and 8-hydroxyquinonium hydrogen maleate (28).

4 Conclusion
The new organometallic copper sodium tartrate single crystal was grown by silica gel medium. The newly solved monoclinic
structure, non -centrosymmetry with P21 space system of the as-grown copper sodium tartrate single crystal favouring as novel
structure was confirmed by single crystal XRD. From theUV spectral studies, the calculated higher value of the band gap energy
(3.7eV) combined with the lower cut-off wave length at 334nm and good optical transmittance found the appropriateness of the
present material being used for preparing optical filters and semiconducting diodes. The high intensity orange light emission
peaks at 566.45 nm and 598.5 nm in visible region of PL spectrum revealed the good crystalline nature of as grown CuNaT
crystal. The variation of incident photon energy with electrical susceptibility, optical conductivity, and dielectric constant
illustrated that its polar nature, transformations of charge carriers and dipole behavior of a grown sample found its usefulness
for fabricating spectral and dispersion devices in the field of optical and electrical fields. The non centrosymmetry structure
of grown CuNaT crystal was confirmed through its green light emission (I=532nm) from SHG Analysis. Further, the NLO
efficiency of the CuNaT crystal was 0.38 times relative to KDP as shown by the SHG analysis. The high LDT value of the as-
grown CuNaT crystal suggested that it found application in laser frequency conversion. From the current investigation, we
bring to a conclusion that CuNaT is a good non-linear optical crystal for fabricating optical filters, nlo devices and electro
plating materials in the electro-optical fields.

The future scope of the present study emphasized that although the gel growthmethod is preferred for getting a single crystals
suitable for X-ray diffraction analysis rather than poly crystalline products if the products are poorly soluble, hydrothermal
method is recommended to improve the size, purity with a high surface laser damage threshold (LDT) has become more
of a demand in the frontier areas of optical switching and communications applications. By adding the combination of urea
and Gum Arabic in mixed proportions led to the formation of nanocrystallites of metal dicarboxylates that are proved to be
important in understanding the control of kidney stone formation in healthcare applications.
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