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Abstract 

A metal organic nonlinear optical single crystal, copper doped pyridine material, was created at room 

temperature using the slow evaporation solution growth technique (SEST). The developed material's 

crystalline nature was revealed by a powder X-ray diffraction (XRD) analysis. Single crystal XRD study 

shows that the material synthesized possesses monoclinic system of cell parameters, a = 11.44 Å, b = 

7.92 Å, C = 11.74 Å and alpha and gamma is equal to 90°, beta 110.40° differing from other two angles 

which shows that the synthesized material is new and not reported by any researchers before. Thermal 

studies of the sample material were also studied and confirmed that the synthesized material is 

temperature resistant revealing its application in laser technology. UV-visible-NIR spectroscopy 

confirms that the absorbance is in higher cutoff wavelength. The morphology and the presence of the 

metal copper is discussed in the scanning electron microscopy–energy dispersive X-ray spectroscopy 

((SEM-EDS) specimen. Fourier transform infrared (FTIR) spectral studies confirm the synthesized 

material as copper-doped pyridine material. A novel copper-doped pyridine material was synthesized 

at room temperature using the slow evaporation solution growth technique (SEST). Powder and single-

crystal XRD confirmed the monoclinic structure and uniqueness of the material. Thermal, UV-visible-

NIR, SEM-EDS, and FTIR studies revealed its thermal resistance, optical properties, and chemical 

composition, making it suitable for laser technology applications. This green-colored material is 

reported for the first time. 

 

Keywords: Pyridine, slow evaporation solution growth technique (SEST), copper sulfate, reflectance 
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INTRODUCTION 

Due to their technological significance in the domains of optical communication signal processing 

and instrumentation, nonlinear optical (NLO) materials exhibiting second harmonic generation have 

become increasingly sought after in recent decades [1–3]. Due to their significance in delivering 

essential activities such as frequency conversion, light modulation, and optical memory storage, semi-

organic nonlinear optical materials are attracting attention from the current research trend [4, 5]. Inertial 

confinement fusion research is being facilitated by 

the wide range of applications for NLO single 

crystals, including electro-optic switching, optical 

memory storage, frequency conversion, second 

harmonic production, and high energy lasers [6, 7]. 

Although organic molecules have a high nonlinear 

coefficient of efficiency, they are prone to 

degradation and have low mechanical and thermal 

stability. The majority of organic materials have 

low laser damage thresholds, poor optical quality, 

and insufficient transparency [8]. Furthermore, 

organic materials cannot be used to fabricate 

devices since it is hard to generate big single 

crystals of them [9]. Due to the absence of broad π-
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electron delocalization, inorganic crystals have comparatively little optical nonlinearity despite having 

outstanding mechanical and thermal properties [7]. Semi-organic materials, on the other hand, have a 

combination of inorganic and organic properties. Semi-organic crystals, which are more suited for 

device manufacturing, are the subject of research due to their desirable properties [10]. The pyridine 

derivatives have already been shown to exhibit significant second harmonic nonlinearity [11]. There is 

a lot of fluorescence in the crystal environment around pyridines in their inorganic surroundings [12]. 

Copper plays an important role in many biochemical processes in the metabolism of all living cells, 

pyridine carboxylic acids as well as their derivatives also play an important role [13]. Pyridine-2,6-

dicarboxamide is a chelating ligand for metal cation, small anions as well as small not charged 

molecules [14]. The potential use of pyridine-2,6-dicarboxamide synthetic derivatives in senescence-

mediated anticancer therapy is demonstrated by their capacity to stabilize telomeric G-quadruplex DNA 

[15]. Electro-optic and spectroscopic studies of pyridine doped with boric acid salts and zinc salts  have 

already been reported. Electron spin resonance (ESR) spectral studies of the pure and zinc-doped 

hexakis pyridine-N-oxile cuprate ion have been performed. A series of new crystal structure 

chlorometallic-pyridinium boric acid salts [16–18] were studied. Pyridine-doped copper salts have not 

been reported so far. In this paper, copper sulfate doped pyridine material was grown by slow 

evaporation solution growth method for the first time to yield a blue crystal and a green colored 

precipitate. Here we discuss only about the green colored precipitate and its characterization from the 

results of various studies like Fourier transform infrared (FTIR), single crystal X-ray diffraction (XRD(, 

powder XRD, UV-visible spectroscopy, thermogravimetry–differential thermal analysis (TG-DTA) 

and scanning electron microscopy–energy dispersive X-ray spectroscopy (SEM-EDS) of the green 

precipitate are reported. 

 

MATERIALS AND METHODS 

Synthesis and Crystal Growth 

Pyridine is a basic heterocyclic compound known as azine having chemical formula C5H5N. Pyridine 

containing drugs are used as antimicrobial, antiviral, anticancer, antioxidant, antimalarial, 

antihypertensive, antidiabetic, antiamebic, psychopharmacological, antagonists and anti-inflammatory 

agents. Copper sulfate is an inorganic compound containing copper and sulfate, in its crystal form it is 

‘blue stone or blue vitriol’ on the whole, copper sulfate acts as popular raw material for producing other 

type of copper compounds. The crystals of copper sulfate may be used as a fungicide, root killer, 

herbicide and algaecide in both agriculture and non-agriculture. Its primary uses are as a molluscicide 

and antibacterial. The synthesis now begins by forming a pyridine copper sulfate precipitate (material) 

at room temperature using an equimolar ratio (1:1) of pyridine (7 mL) and copper sulfate (25 g) in 100 

mL of triply distilled water as a solvent. The mixed solutions of pyridine and copper sulfate were 

properly stirred for 3 to 5 hours in a conical flask using a magnetic stirrer and the contents in the conical 

flask is filtered to remove the formed precipitate. The filtered solutions were poured into beaker and 

covered with polythene sheet at the neck of beaker with holes on the top of covered sheet and kept for 

slow evaporation at ambient temperature and the formed green color precipitate is dried, packed and 

then labeled. Photographs of the grown pyridine copper sulfate crystals (formed from the filtrate) and 

formed green colored pyridine copper sulphate precipitate are shown in Figure 1. 

 

RESULTS AND DISCUSSION 

Thermal Studies 

In order to know the thermal behavior of pyridine copper sulfate TG/DTA analysis was carried out 

in nitrogen atmosphere. The recorded TG/DTA curves are given in Figure 2. 

 

A sharp endothermic peak obtained around 119, 219 and 295ºC shows the melting point of pyridine 

copper sulfate precipitate in DTA curve. There is no observed endothermic peak below this endothermic 

point, there is broad endothermic peaks at around 250ºC which may be due to liberation of water 

molecules. 
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Figure 1. Photographs of (a) blue pyridine copper sulfate crystal; (b) green 

pyridine copper sulfate precipitate. 

 

 
Figure 2. Thermogravimetry/differential thermal analysis (TG/DTA) curves of pyridine copper 

sulfate precipitate. 

 

(b) 

(a) 
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In TG curve, the weight loss is exhibited around 138 and 280ºC. The clear and distinct endothermic 

peak observed in the DTA curves indicates the excellent crystalline nature of the material. The material's 

stability for applications in laser technology is evident from its lack of decomposition up to the melting 

point, highlighting its capability to endure high temperatures. Sharp endotherm is an indication of solid-

state transition for relatively pure material. 

 

SINGLE CRYSTAL X-RAY DIFFRACTION ANALYSIS (FIGURE 3) 

A Bruker AXS (Kappa APEX II) X-ray diffractometer was used to perform single crystal X-ray 

diffraction investigations. The lattice parameters of pyridine copper sulfate precipitate was determined 

as; a = 11.44 Å, b = 7.92 Å  and c = 11.74 Å, α = 90 o, β = 110.40 o and γ = 90o and cell volume equal to 

997 Å3 for the green precipitate with monoclinic system in nature. The cell parameter values for pyridine 

copper sulfate precipitate there is a slight difference than pyridine values, whose cell parameter values 

are tabulated in the Table 1. 

 

The slight difference in the cell parameter values and differing angles could be due to the formation 

of green precipitate by doping of copper metal to pyridine. Also, copper has made a difference in 

structure such that the structure of synthesized compound that has to be determined through data 

collection and refinement since it is a new attractive green precipitate material (Table 1). 

 

Scanning Electron Microscopy with Energy Dispersive X-Ray Spectroscopy 

The surface nature and appropriateness for device fabrication are discussed in the SEM study (JEOL 

JSM 5610lv), which is also used to check for flaws. There have been reports on the usefulness of various 

contaminants in altering the surface morphology. Figure 4(a–d) shows the surface morphology of 

pyridine copper sulfate precipitate, which shows the larger scatter center morphology with long voids 

and deep crack development on the surface of the material for different magnifications like 250, 500, 

5000 and 10,000. Not only that, in higher magnification like 5000 and 10,000 the surface looked like 

cauliflower appearance. Table 2 gives the detailed atomic and mass percentage of different components 

present and the doped impurities actual percentage in pyridine copper sulfate precipitate inferred from 

EDS graph.  

 

Table 1. Cell parameters values of pyridine copper sulfate precipitate. 

Crystals a (Å) B (Å) c (Å) Ѵ (Å3)  System 

Pyridine copper sulfate precipitate 11.44 7.92 11.74 997 Monoclinic 

 

  

(a) Magnification 250 (b) Magnification 500 
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(C) Magnification 5000 (d) Magnification 10,000 

Figure 4. Scanning electron micrographs  of pyridine copper sulfate precipitate. 

 

Table 2. Mass and atomic percentage of pyridine copper sulfate precipitate. 

Element Line Mass% Atom% 

C K 7.52 ± 0.10 14.06 ± 0.19 

N K 1.21 ± 0.06 1.94 ± 0.10 

O K 44.70 ± 0.21 62.77 ± 0.29 

Mg K 0.05 ± 0.02 0.04 ± 0.02 

S K 13.47 ± 0.09 9.44 ± 0.06 

Cl K 0.20 ± 0.02 0.13 ± 0.01 

K K 0.07 ± 0.02 0.04 ± 0.01 

Cu K 32.71 ± 0.28 11.56 ± 0.10 

Zn K 0.08 ± 0.05 0.03 ± 0.02 

Total  100.00 100.00 

Spc_004 fitting ratio 0.0303 

 

EDS graph confirms the presence of copper, sulfur, oxygen and so on (Figure 5). Surface analysis at 
various locations reveals that a significant amount of dopant copper has been integrated onto pyridine, 

causing it to be uneven throughout the surface and linked to an adsorption mechanism. Here doped 
copper is at the intensities of 500, 1500 , 4800 and 6700 counts to energy 0.8, 1, 8 and 8. 9 KeV where 

as other metals like zinc and magnesium and components like oxygen, nitrogen, sulfur, chlorine, and 
carbon are present as traces due to impurities present in the instrument. From Table 2 it is clear that 

copper’s mass % is 32.71 and atom % 11.56. 
 

Powder X-Ray Diffraction Analysis 
Graphite monochromate CuKα radiation was used for the powder XRD examination. Doping does 

not lead to the emergence of new phases; however, there is a variation in the intensity of certain 
distinctive peaks. The XRD pattern of pyridine copper sulfate precipitate is given in Figure 6. We can 

notice some changes in the intensity of the diffraction pattern. The peak intensities are increased in the 
case pyridine copper sulfate XRD pattern which could be due to the higher incorporation of copper in 

the interstitial position. The XRD patterns of the specimen shows the multiple peaks with higher 
intensities ranging from 210 to 1670 as maximum peaks. The good crystallinity of the material is shown 

by Bragg’s peaks at specific 2 angles 33° and 36° due to their sharpness and higher doping capacity of 

copper to nitrogen of pyridine through co-ordination bonding. The particle size can be calculated by 
Scherrer equation as follows: 

 

T = K λ/(β cosθ).  
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where 

t is the average crystallite size. λ is the X-ray wavelength, θ is the peak location in radians, and β is 

the integral breadth of reflection (in radians 2θ) is at 2θ. K is the Scherrer constant. The granularity of 

copper in the doped specimen is calculated as 7 nm. 

 

Fourier Transform Infrared Spectroscopy 

Pyridine copper sulfate precipitate FTIR spectra were acquired using the AVATAR 330 FT-IR 

instrument via the KBr pellet technique within the 600 to 4000 cm–1 range. The characteristic vibrational 

frequencies of pyridine copper precipitate are shown in Figure 7. There are some vibrational changes 

which are tabulated in Table 3. In Table 3, the higher short sharp peak at wavenumber 3585, 3495 cm–

1 is assigned to O-H stretching vibration and a broad band in the range 3100–3590 cm–1 may be assigned 

due to N-H stretching vibration, a sharp peak at 1590 cm–1 is assigned to C=C-H in the aromatic ring, 

the sharp peak (vibrational frequency) at 1410 cm–1 is assigned to C=N of the aromatic ring of pyridine, 

wave number at 1110 cm–1 is assigned to C-N bond which is very sharp and intense, the lower wave 

number like 910 cm–1 is assigned to N-M that is the doped metal copper to nitrogen in pyridine ring to 

form a complex which could be confirmed from the structure refinement and data collection of the 

synthesized green pyridine copper sulfate precipitate and sharp peaks at 800 and 710 cm–1 are assigned 

to C-H out of plane aromatic bond. 

 

UV-VISIBLE–NIR SPECTROSCOPY 

UV-visible absorption and reflectance spectrum of pyridine copper sulfate precipitate in the range 

200 to 2500 nm is shown in Figure 8a and b. The higher transmittance in the visible region could lead 

to the application of this formed precipitate in the optical windows. In absorbance spectrum the 

absorption is maximum at 2313 nm and 2387 nm whereas minimum at 285 and 847 nm indicating the 

synthesized material is possessing higher optical quality. In the reflectance spectrum, the doping of 

copper drastically increases the reflectance at 580 nm (lowering of absorbance) and hence we can 

conclude that copper is a useful dopant. The band gap energy for the synthesized green precipitate is 

calculated by using the formulae Eg = h c / λmax as 4.36 eV for absorbance at lower cutoff wavelength 

and 2.14 eV for reflectance at higher cutoff wavelength inferring the higher the band gap energy the 

higher will be its optical property of the material using. 
 

Eg = 1.243 × 103 / λmax,  
 

where 

h = Planck’s constant and  

c = velocity of light 

 

 
Figure 5. Energy-dispersive X-ray spectroscopy (EDS) graph of pyridine copper sulfate precipitate. 
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Figure 6. Powder X-ray diffraction (XRD) graph of pyridine copper sulfate precipitate. 

 

Table 3. Vibrational frequencies of copper-doped pyridine precipitate. 

S. No Wavenumber of Copper-Doped 

Pyridine Sulfate Precipitate 
(cm–1) 

Assignment 

1. 3585, 3495 O-H 

2. 3100–3590 N-H 

3. 1590 C=C 

4. 1410 C=N 

5. 1110 C-N 

6. 910 N-M 

7. 800, 710 C-H (aromatic bond) 
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Figure7. Fourier transform infrared (FTIR) spectra of pyridine copper sulfate crystal. 

 

 
Figure 8. (a) Absorbance of pyridine copper sulfate precipitate. (b) Reflectance of pyridine copper 

sulfate precipitate.  

 

CONCLUSION 

Pyridine containing drugs are used as antimicrobial, antiviral, anticancer, antioxidant, antimalarial, 

antihypertensive, antidiabetic, antiamebic, psychopharmacological, antagonists and anti-inflammatory 

agents. The slow evaporation solution growth approach was used to produce pyridine copper sulfate 

precipitate with a crystalline quality that is comparatively good. The XRD, FTIR, SEM-EDS, UV-

visible-NIR spectroscopy growth techniques have been used to study the influence of copper doping on 

pyridine. Incorporation of copper on pyridine and the percentage of doped amount is well studied by 

EDS and the surface morphology of the so-formed pyridine copper sulfate precipitate. The powder XRD 

and FTIR studies reveals that the doping of copper causes a small change in intensity and vibrational 

patterns, respectively. Structural studies indicate that the crystal is under stress and the size of dopant 

in granularity is observed as a result of doping. Single crystal XRD reveals that the synthesized crystal 

is with Monoclinic system with differing angles inferring that the so-formed precipitate (material) is a 

new compound and its structure should be refined. Optical studies reveal that the synthesized material 

could be applied to the optical windows and laser technology. 
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