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Abstract

Transition metal sulfides have attracted great attention owing to their outstanding properties and varied applications in photovoltaic devices. Ternary nickel cobalt sulfides are materials that have been considered as good electrode material for high performance energy storage devices owing to their higher electrochemical activity and capacity as compared to mono-metal sulfides. NiCo2S4 compound has been synthesized by annealing of its respective metal diethyl dithiocarbamtes (Cobalt and Nickel) complexes. Furthermore the compound formed was characterized by UVVis absorption which reveals that C10H20NiN2S4 has λmax at 290 nm while C10H20CoN2S4 has λmax at 321 nm and NiCo2S4 at 291 nm, FTIR of cobalt diethyl dithiocarbamate showing bands at 1487cm-1 and 1064 cm-1 while nickel diethyl dithiocarbamate showing bands at 1519 cm-1 and 993 cm-1 and NiCo2S4 showing sulfide stretchings at 447 cm-1 and 619 cm-1, in XRD major peaks were at 2θ=18Ëš, 24Ëš, 31.5Ëš, 33Ëš, 41Ëš) while SEM confirmed the cubic structure of crystals. All the results indicated the synthesis of crystalline nickel cobalt sulfide. Thin films of nickel cobalt sulfide were made using PVD technique and calculated band gap was found to be 2.4 eV. Thus it is suggested that compound formed is excellent material for use in supercapacitors and also as an electrode material.
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Introduction

Metal-chelating ability of dithiocarbamate (DTC) compounds helps them to bind intensely and selectively to various metal
ions and this binding to metals have emerged as a useful approach for the preparation of nanoparticles [1]. Dithiocarbamato
complexes of transition metal ions persist to draw the consideration of researcher interest in these complexes stems from their
chemistry and varied applications [2]. The interest in the dithiocarbamate ligand resulted in a large number of mono and bimetallic
coordination compounds that displayed interesting properties [3]. Dithiocarbamate precursors are thus used in the synthesis of
sulfide materials [4].

Sulfides of transition metals naturally exist in the form of minerals. They are not only abundant and cheap, but are also considered
important class of materials because of their rich structural diversities along with remarkable and technologically relevant
electronic and magnetic properties [5]. Extensive studies have been carried out on transition metal sulfides because of their growing
importance owing to their admirable properties and encouraging applications in optical, electronic and optoelectronic such as
solar cells, light emitting diodes, sensors, lithium ion batteries, fuel cells, thermoelectric devices [6-9].

Their distinctive and characteristic physical and chemical properties (e.g., higher electrical conductivity, mechanical and
thermal stability in comparison to their corresponding metal oxides) as well as the rich redox chemistry that potentiates their
capacitance (numerous times higher in comparison to carbon/graphite-based materials), enable them stick out from many other
electrode materials [10-15].

The cobalt sulfides have been explored as strong material components for use in lithium ion batteries as cathodes having low
over potential, good cycle life, high resilience and durability and also are most active pseudo capacitive materials [16,17]. Sulfides of
cobalt when doped with nickel and graphene can then also be used as oxygen reduction reaction electrodes [18-21]. Furthermore in alkaline medium, nanoparticles of cobalt sulfide sustained on graphene have been used as ORR catalysts [22,23]. In addition, CoS2 crystals synthesized by hydrothermal process show a high geometric symmetry, had distinct octahedral structures that are highly
uniform with a mean edge length of ~360 nm and usefulness of as synthesized CoS2 as electrode material for supercapacitors is
ascribed to its pseudo capacitive properties and excellent cycling stability [24].

Nickel sulfides are considered versatile and multifaceted materials in a sense that they can be used as both the cathode and
the anode for Lithium-ion batteries (LIBs) [25]. Nickel sulfide plays a pivotal role in number of applications because of its unique
and distinctive characteristics. It has variety of uses such as being used as a metal insulator, paramagnetic -antiferromagnetic
phase changing material, hydrogenation catalyst and solar storage. Hollow spheres, triangular nano prisms, nano tubes and nano
needles are the different morphologies of nickel sulfide [26].

Nickel and Cobalt sulfides not only have the ability to remain constant under severe sulfo-reductive conditions and thus can
be good catalysts for hydro-desulfurization [27] but also have been studied to approach an idea about their usage for anode materials
having potential sulfur tolerance [28].

Ternary nickel cobalt sulfides have been regarded as a promising class of electrode materials for high performance energy
storage devices owing to their higher electrochemical activity and capacity than numerous mono metal sulfides [29-32]. Binary metal
sulfides have also been used, for the very first time, Xiao et al made an effort and prepared NiCo2S4 nanotube arrays on a flexible
carbon fiber paper for supercapacitors and due to the distinctive nano architecture and the inherently high electrical conductivity
of NiCo2S4, an outstanding electrochemical performance was achieved [33]. Diverse morphologies (nano-tube, nano-sheet, cubic
and flower) of ternary metal sulfides had also been inspected as high performance pseudo-capacitive materials [34,35]. A research
study conducted by Li et al. made new Ni3S2 at CoS core-shell nano-triangular pyramid arrays through electrodeposition process
[36]. This customized nanostructure thus improves the performance of Ni3S2 by providing an extremely thin CoS shell to increase
active areas, presenting good conductivity and short transportation lengths for both ions and electrons [37].

Experimentation

Chemicals

All of the chemicals and reagents that have been used in the experiment were of analytical grade. The chemicals used were
Ethanol, Carbon disulfide (CS2), Potassium Hydroxide (KOH), Cobalt Nitrate Co (NO3)2, Nickel nitrate Ni (NO3)2 and diethyl amine.

1st Phase-Ligand Preparation

Required number of moles of Amine was calculated for further processing. Base Potassium hydroxide (KOH) was used and
weighed by calculating the mass multiplying the molar mass of base with that of number of moles of Amine (calculated earlier).
Then this was added in ethanol solvent with approximate ratio as in the range of 40-50 ml followed by constant magnetic stirring
for 20 minutes in three neck conical flask. After the base gets fully dissolved in solvent, then approximately 3.6 ml amine
was added in base solution with constant magnetic stirring for at least thirty minutes. Then Carbon disulfide (also calculated by
multiplying its molar mass with number of moles of amine) was added in the solution while constant magnetic stirring. The solution
alters its colour from white to off white or yellowish white. Ligand solution prepared as in eqn. (1) was further used for metal
complex formation step in eqn. (1).

KOH+CS2+C4H11N → C5H10KNS2+H2O (1)

2nd Phase-Metal Complex Formation

Metal nitrate was then added in the above prepared diethyl dithiocarbamate ligand. The amount of metal nitrate (cobalt
nitrate or nickel nitrate) was measured in grams and taken half of that of diethylamine used and then dissolved in ethanol solvent
to prepare its homogenized mixture. These respective metal nitrate solutions formed were then added dropwise (with the help of
a dropper or injection) in ligand with constant stirring. Afterwards the mixture was left for 2-3 hours for stirring which results in
dithiocarbamates of respective metal according to eqns. (2) and (3). The metal diethyl dithiocarbamate solution was then filtered
and washed with ethanol for further purification and then left for drying.

C5H10KNS2 + Co (NO3)2→ C10H20CoN2S4 + 2K+ + (NO3)2 (2)

C5H10KNS2 + Ni (NO3)2→ C10H20NiN2S4 + 2K+ + (NO3)2 (3)

3rd Phase-Formation of Bimetallic Sulfide

Nickel dithiocarbomate and Cobalt dithiocarbomate were taken in equal molar ratio and their homogenized mixture was
made in a common solution i.e. ethanol. Solution was then evaporated and the product obtained was left for drying. The dried
powder was then decomposed in a Tube furnace having inert atmosphere and at temperature of 500 degree Celsius for 4 hours.

The bimetallic sulfide formed was characterized by UV-Vis, FTIR, XRD and SEM analysis.

4th Phase-Formation of Thin Films

Physical Vapour Deposition technique was used to form thin films. Small pieces of glass slides were used. They were placed
in sonicator having Acetone solution in it. Sonicator was set on for half an hour so that all impurities might be removed. These
glass slides were further used for thin films formation. Pellet of the compound was made and mounted in the machine. Glass
slides were pasted on a hand palm sized spatula and it was then set in the machine carefully. Finally PVD machine was operated.
Fine thin layer of the material was coated on glass slide which was later analyzed by UV-Vis spectrophotometer. Thin film made by
PVD was then put to calculate its band gap for futher possible future applications.

Results and Discussions

UV-Vis Analysis

UV-Vis analysis was performed on a Biotechnology Medical Science (BMS) UV-1602 spectrometer. The UV-Vis spectra of the
cobalt and nickel diethyl dithiocarbamate solution, was observed. The green coloured Cobalt Diethyl Dithiocarbamate solution
showed maximum absorbance of 2.769 at 321 nm, in Figure 1. Nickel Diethyl Dithiocarbamate solution having yellowish green
colour showed maximum absorbance of 2.984 at 290 nm, in Figure 2 .The results observed were in agreement with the references
[38,39].
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Figure 1: UV-Vis spectra of Cobalt Diethyl Dithiocarbamate
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Figure 2: UV-Vis spectra of Nickel Diethyl Dithiocarbamate







Absorption spectrum of as prepared NiCo2S4 was recorded in the range of 200-800 nm (Figure 3). The reported absorption
peak of Nickle Sulfide is in the range of 224-273 nm while Cobalt Sulfide shows a maximum absorption peak at of 350 nm [40-42].
The observed spectrum of the NiCo2S4 showed that maximum absorption was at 291 nm (absorbance 2.449) which is approximately
in between the ranges of these two metal sulfides that points towards the formation of NiCo2S4.
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Figure 3: UV-Vis Spectra of NiCo2S4







FTIR Characterization

The IR spectra of Cobalt and Nickel diethyl dithiocarbamate were obtained and analyzed. Spectra of Cobalt diethyl dithiocarbamate
(Figure 4) showed the presence of two new single sharp medium intensity bands at 1487 cm-1 and 1064 cm-1 because
of n(N–CS2) and n(C–S) stretching vibrations. The observed n(N–CS2) stretchings for the cobalt dithiocarbamate complex are
in between C–N double bond and C–N single bond stretchings which occur due the mesomeric drift of electron density of the
dithiocarbamate (–NCS2) towards the metal ion (which in this case is cobalt ion) and show a definite escalation in double bond
character [43]. FTIR spectra of nickel diethyl dithiocarbamate complex (Figure 5), depicts these bands at 1519 cm-1 and 993 cm-1.
In IR spectral study of dithiocarbamate complexes these two are the regions of main concern that are to be considered as they are
responsible for the bidentate coordination of dithiocarbamate ligands [43]. In addition to these the spectra also showed strong C-H
stretchings between 3000 and 2900 cm-1. These stretchings actually recognised the presence of phenyl/naphthyl of the ligand
portion in cobalt dithiocarbamate [44].



[image: material-sciences-diethyl-dithiocarbamate]


Figure 4: FTIR of Cobalt Diethyl Dithiocarbamate.
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Figure 5: FTIR Spectra of Nickel Diethyl Dithiocarbamate Complex.







FTIR analysis of the Nickel Cobalt Sulfide was obtained at room temperature and it confirms the formation of NiCo2S4 (Figure
6). The spectra exhibits absorption bands at 447 cm-1 and 619 cm-1 which shows the sulfide stretchings. The observed peaks appear
to be slightly shifted from the stated values and this shifting can be attributed to the formation of bonding between the Co,
Ni and S. The peak at 3470 cm-1 represents the O-H stretching vibrations.
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Figure 6: FTIR Spectra of NiCo2S4







XRD Characterization

X-ray diffraction pattern of the prepared NiCo2S4 compound is shown in Figure 7. Major peaks recorded at 2θ=18˚, 24˚,
31.5˚, 33˚, 41˚ are characterized by (111), (220), (311), (222), and (400) which are corresponding to cubic NiCo2S4 according to
the reference (JCPDS Card: 20-0782). The diffraction peaks exhibits crystallinity signifying the formation of small crystallites. In
addition to this, a peak at 2θ=30.4˚ shows the presence of CoS1.03 phase of cobalt sulfide (JCPDS card 00-019-0365). Whereas
peaks at 2θ=21˚, 30.8˚ and 44˚ indicates the presence of Ni3S2 phase of nickel sulphide (JCPDS card: 01-071-1682). The size
of the crystal particle has been calculated by using Deybye-Scherrer equation in eqn. (4) [45]

τ=k λ/β cos θ (4)
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Figure 7: X-ray powder power diffraction of NiCo2S4w.r.t JCPDS card 20-0782







where λ is the X ray wavelength, θ is the Bragg’s angle, k is the shape factor which is 0.9 and β is FWHM value.

The estimated particle size of the sample calculated by the formula was about 13 nm. The result has been confirmed by the
literature [46].

Morphological Studies

Vega 3 Tescan scanning electron microscope was used to analyse the samples. Morphology of the prepared nickel cobalt
sulfide (NiCo2S4) was studied by using SEM images. These images of the samples were taken at different magnifications. In Figure
8, image (a) and (b) has been taken at a magnification of 500 nm and 2 μm. Both images are not much clear and defined. Image
(c) taken at 10 μm, shows some crystalline material while image (d) which is taken at 20 μm shows many cubic structures. Presence
of crystal indicates that the material is crystalline. Cubic structures seen in the images, represents the crystal structure of
compound which has also been confirmed by the literature [46].
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Figure 8: SEM images at (a) 500 nm (b) 2 (c) 10 and (d) 20 μm







Band Gap

Band gap of synthesized thin film was calculated by using Tauc’s plot method. Tauc’s relation is given in eqn. (5) [47]

αhv=A(hv-Eg)n (5)

Where α is the optical absorption coefficient, A is a constant, hv is the photon energy, n for direct and in-direct band gap
(2,1/2) while Eg is the optical band gap of the films. In Figure 9 given below (ahv)2 was plotted against hv, using extrapolation of
the linear part the intercept on energy axis gives the value of band gap energy.
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Figure 9: Plot of (ahv)2 verses’ Energy (eV).







Kulbeka Munk relation is given in eqn. (6) as:

F(R)=(1-R)2/2R (6)

F(R) in this equation is equal to α=absorbance coefficient and R denotes diffused reflectance. So, [(hv)*F(R)]2=A (Eg-hv).
Band gap was calculated by using this formula. Graph was plotted by taking energy (eV) values on x-axis and [(hv)*F(R)]2 on y-axis.
By extrapolating the straight line portion to the x-axis the band gap of the prepared NiCo2S4 was determined and it was found to be
2.4 eV shown in Figure 9. This value is in between the reported values for NiS and CoS which are 2.4 eV and 2.2 eV respectively
[48].s

Conclusion

NiCo2S4 compound has been synthesized by annealing of its respective metal diethyl dithiocarbamtes. Single source precursors
of bimetallic compound i.e nickel diethyl dithiocarbamate and cobalt diethyl dithiocarbamate were prepared by wet chemical
method. The prepared NiCo2S4 has been characterized subsequently through UV-Vis, FTIR, XRD, and SEM. XRD studies revealed
that material is highly crystalline. SEM images confirmed the cubic structure of the compound. The calculated particle size was 15
nm by applying Debye Scherrer equation. Thin film of NiCo2S4 has been synthesized through physical vapour deposition technique.
The band gap of the thin film calculated to be 2.4 eV. From all the results it can be concluded that the material formed can be used
as electrode material for high-performance energy storage devices and in supercapacitors.

References

	[bookmark: 1]Nabipour H, et al. Synthesis of a new dithiocarbamate compound and study of its biological properties. J Org Chem 2010;2:75-80.
	[bookmark: 2]Thirumaran S, et al. Cyclic voltammetric and Characterization studies on irst row transition metal complexes of a new high molecular Weight dithiocarbamate ligand, padtc. Transition Met Chem 1997;22:89-90.
	[bookmark: 3]Tan Y, et al. Photostability of CdSe quantum dots functionalized with aromatic dithiocarbamate ligands. ACS Appl Mater Interf 2013;5:12975-12983.
	[bookmark: 4]Regulacio MD, et al. Dithiocarbamate precursors for rare-earth sulfides. Chem Mater 2005;17:3114-3121.
	[bookmark: 5]Lai CH, et al. Metal sulfide nanostructures: synthesis, properties and applications in energy conversion and storage. J Mater Chem 2012;22:19-30.
	[bookmark: 6]Li L, et al. Single‐crystalline CdSnanobelts for excellent field‐emitters and ultrahigh quantum‐efficiency photodetectors. Adv Mater 2010;22:3161-3165.
	[bookmark: 7]Radovanovic PV, et al. General synthesis of manganese-doped II− VI and III− V semiconductor nanowires. Nano Lett 2005;5:1407-1411.
	[bookmark: 8]Xiong S and Zeng HC. Serial ionic exchange for the synthesis of multishelled copper sulfide hollow spheres. Angewandte Chemie Int Edn 2012;51:949-952.
	[bookmark: 9]Bierman MJ and Jin S. Potential applications of hierarchical branching nanowires in solar energy conversion. Energ Env Sci 2009;2:1050-1059.
	[bookmark: 10]Dong X, et al. Hybrid structure of zinc oxide nanorods and three dimensional graphene foam for supercapacitor and electrochemical sensor applications. RSC Adv 2012;2:4364-4369.
	[bookmark: 11]Zhang Q, et al. Nanomaterials for energy conversion and storage. Chem Soc Rev 2013;42:3127-3171.
	[bookmark: 12]Shen S and Wang Q. Rational tuning the optical properties of metal sulfide nanocrystals and their applications. Chem Mater 2012;25:1166-1178.
	[bookmark: 13]Harrison MR and Francesconi MG. Mixed-metal one-dimensional sulfides—A class of materials with differences and similarities to oxides. Coordination Chem Rev 2011;255:451-458.
	[bookmark: 14]Zhang F and Wong SS. Controlled synthesis of semiconducting metal sulfide nanowires. Chem Mater 2009;21:4541-4554.
	[bookmark: 15]Goriparti S, et al. Review on recent progress of nanostructured anode materials for Li-ion batteries. J Power Sources 2014;257:421-443.
	[bookmark: 16]Parvez K, et al. Nitrogen-doped graphene and its iron-based composite as efficient electrocatalysts for oxygen reduction reaction. ACS Nano 2012;6:9541-9550.
	[bookmark: 17]Su Q, et al. In situ transmission electron microscopy observation of electrochemical behavior of CoS2 in lithium-ion battery. ACS Appl Mater Interf 2014;6:3016-3022.
	[bookmark: 18]Zhang G, et al. Strongly Coupled NiCo2O4‐rGO Hybrid Nanosheets as a Methanol‐Tolerant Electrocatalyst for the Oxygen Reduction Reaction. Adv Mater 2014;26:2408-2412.
	[bookmark: 19]Gullá AF, et al. Carbon-supported low-loading rhodium sulfideelectrocatalysts for oxygen depolarized cathode applications. Appl Catal A Gen 2007;326:227–235.
	[bookmark: 20]Wang B, et al. Solvothermal synthesis of CoS 2–graphene nanocomposite material for high-performance supercapacitors. J Mater Chem 2012;22:15750-15756.
	[bookmark: 21]Grace AN, et al. Facile Synthesis and Electrochemical Properties of CO3S4‐Nitrogen‐Doped Graphene Nanocomposites for Supercapacitor Applications. Electroanalysis 2014;26:199-208.
	[bookmark: 22]Wang Q, et al. Facile synthesis and superior supercapacitor performances of three-dimensional cobalt sulphide hierarchitectures. Cryst Eng Comm 2011;13:6960-6963.
	[bookmark: 23]Mahmood N, et al. Multifunctional CO3S4/Graphene Composites for Lithium Ion Batteries and Oxygen Reduction Reaction. Chem Eur J 2013;19:5183–5190.
	[bookmark: 24]Xing JC, et al. Fabrication and shape evolution of CoS 2 octahedrons for application in supercapacitors. Electrochimica Acta 2014;136:550-556.
	[bookmark: 25]Jasinski R and Burrows B. Cathodic Discharge of Nickel Sulfide in a Propylene Carbonate‐LiClO4 Electrolyte. J Electrochem Soc 1969;116:422-424.
	[bookmark: 26]Chauhan R, et al. 1, 2-Bis (diphenylphosphino) ethane nickel (II) dithiocarbamate as potential precursor for nickel sulfide: Effect of counter anion on phase and morphology. Inorganica Chimica Acta 2014;415:69-74.
	[bookmark: 27]Ariponnammal S and Srinivasan T. Growth and characterization of cobalt sulphide nanorods. Res J Recent Sci 2013;2:102-105.
	[bookmark: 28]Grgicak CM and Giorgi JB. Improved performance of Ni-and Co-YSZ anodes via sulfidation to NiS-and CoS-YSZ. Effects of temperature on electrokinetic parameters. J Phys Chem C 2007;111:15446-15455.
	[bookmark: 29]Chen H, et al. Highly conductive NiCo2S4 urchin-like nanostructures for high-rate pseudocapacitors. Nanoscale 2013;5:8879-8883.
	[bookmark: 30]Yu L, et al. Formation of NixCO3− xS4 hollow nanoprisms with enhanced pseudocapacitive properties. Angewandte Chemie 2014;126:3785-3788.
	[bookmark: 31]Pu J, et al. Direct Growth of NiCo2S4 Nanotube Arrays on Nickel Foam as High‐Performance Binder‐Free Electrodes for Supercapacitors. Chem Plus Chem 2014;79:577-583.
	[bookmark: 32]Chen W, et al. One-step electrodeposited nickel cobalt sulfidenanosheet arrays for high-performance asymmetric supercapacitors. ACS Nano 2014;8:9531-9541.
	[bookmark: 33]Xiao J, et al. Design hierarchical electrodes with highly conductive NiCo2S4 nanotube arrays grown on carbon fiber paper for high-performance pseudocapacitors. Nano lett 2014;14:831-838.
	[bookmark: 34]Chen W, et al. One-step electrodeposited nickel cobalt sulfidenanosheet arrays for high-performance asymmetric supercapacitors. ACS Nano 2014;8:9531-9541.
	[bookmark: 35]Beka LG, et al. In situ grown cockscomb flower-like nanostructure of NiCo2S4 as high performance supercapacitors. J Mater Sci: Mater Electr 2016;27:10894-10904.
	[bookmark: 36]Li R, et al. Ni 3 S 2@ CoS core–shell nano-triangular pyramid arrays on Ni foam for high-performance supercapacitors. Phys Chem Ch Ph 2015;17:16434-16442.
	[bookmark: 37]Yang J, et al. Solvothermal synthesis of hierarchical flower-like β-NiS with excellent electrochemical performance for supercapacitors. J Mater Chem A 2013;1:7880-7884.
	[bookmark: 38]Antunes PA, et al. Direct and simultaneous spectrophotometric determination of Ni (II) and Co (II) using diethanoldithiocarbamate as complexing agent. Eclética Química 2009;34:7–13.
	[bookmark: 39]Vermaa SK and Singh VK. [M {κ2S, S-S2C-piperazine-C2H4N=C(R)} n] {Co (III), Ni (II), Cu (II) or Zn (II)} complexes bearing pendant Schiff base moieties: spectral characterization, fluorescence, cyclic voltammetric and TGA/DTA study. J Coordin Chem 2015;68:1072-1087.
	[bookmark: 40]Ariponnammal S and Srinivasan T. Growth and characterization of cobalt sulphide nanorods. Res J Recent Sci 2013;2:102-105.
	[bookmark: 41]Shen X, et al. A facile single-source approach to urchin-like NiS nanostructures. Mater Res Bull 2010;45:766-771.
	[bookmark: 42]Salavati-Niasari M, et al. Synthesis and characterization of nickel sulfide nanoparticles via cyclic microwave radiation. Comptes Rendus Chimie 2013;16:929-936.
	[bookmark: 43]Verma SK and Singh VK. One pot three component synthesis of mononuclear [M (1, 1-dithiolato) 2] {Mn (II), Co (II), Zn (II) and Cd (II)} complexes, spectral characterization, fluorescence, optical and thermogravimetric study. Polyhedron 2014;76:1-9.
	[bookmark: 44]Júnior AC, et al. An experimental and theoretical approach of spectroscopic and structural properties of the bis (diethyldithiocarbamate)–cobalt (II). J Molecular Struc 2012;1029:119-134.
	[bookmark: 45]Fazli Y, et al. Electrochemical synthesis and structure characterization of nickel sulfide nanoparticles. Mater Sci Semiconductor Process 2014;27:362-367.
	[bookmark: 46]Shen L, et al. Formation of nickel cobalt sulfide ball-in-ball hollow spheres with enhanced electrochemical pseudocapacitive properties. Nature commun 2015;6:6694.
	[bookmark: 47]Song D, et al. Structural, electrical and photovoltaic characterization of Si nanocrystals embedded SiC matrix and Si nanocrystals/c-Si heterojunction devices. Solar Energy Mater Solar Cells 2008;92:474-481.
	[bookmark: 48]Sonawane MS and Patil RS. Characterization of Chemically Deposited Nanocrystalline Cobalt Sulphide Thin Films. Int J Adv Sci Tech Res 2014;4:57-64.

 














Useful Links

	About Us
	Open Access
	Journals
	Submit Manuscript
	Contact
	FAQs





Contact Us




Research & Reviews

RROIJ-OPEN ACCESS JOURNALS FZE,

Sheikh Rashid Tower located on the Plot No. 3360301

DM Building Number 14 in the Dubai World Trade Center Complex,
Sheikh Zayed Road, Dubai











Subscribe to our Newsletter


 Enter your email address to receive all news 

from our awesome website 






Submit
 





*Don't worry you'll not be spammed













	

 All Published work is licensed under a  Creative Commons Attribution 4.0 International License 










Copyright © 2024 Research and Reviews, All Rights Reserved
 





    








