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Abstract:  The development of systematic studies for the synthesis of metal oxide nanoparticles with tuned morphology 

is a current challenge. This study reports the synthesis of nickel oxide nanoparticles using a single source precursor and obtaining 

different morphologies by tuning refluxing time. Nickel-2-mercaptobenzothiazole complex was prepared using 2-

mercaptobenzothiazole in methanol as a chelating ligand with nickel chloride hexahydrate in basic conditions. Further, the as 

prepared complex was characterized by UV-Vis and FTIR spectroscopy. Nickel oxide nanoparticles were prepared by thermal 

decomposition using solvothermal method.  

The choice of single source precursor, solvent for decomposition, temperature and refluxing time are very important 

parameters which help in tuning the morphology of nanoparticles. In the present work, refluxing time was varied for 3, 6 and 18 h 

to obtain the nanoparticles. Further, nanoparticles were characterized by powder X-ray diffraction (XRD), transmission electron 

microscopy (TEM) and selected area electron diffraction (SAED) pattern.  The powder XRD confirms the formation of cubic 

phase of nickel oxide. TEM images shows various morphologies like nanoparticles, flakes and square sheets with variation in 

refluxing time. Therefore, the present work is an attempt made to establish new method which can synthesize these nickel oxide 

nanoparticles with better phase purity, controlled stoichiometry and tuned morphology. The studies on application of prepared 

square sheets of nanoparticles for degradation of methylene blue dye which belongs to a class of drugs called Antidotes was 

successfully carried out. 

 

Index Terms - 2-mercaptobenzothiazole, single source precursor, nickel oxide nanoparticles, solvothermal decomposition 

I. INTRODUCTION 

 

Recently, much attention is being paid to the nanomaterials due to their interesting physical and chemical 

properties as compared to the bulk materials. Reduction in size gives rise to size dependent effects such as 

increase in surface to volume ratio, lower melting point, changes in electronic and lattice structure and 

interatomic distances which in turn affect the processing parameters. [1a, b, c] Metal oxide nanoparticles 

play a very important role in many areas of chemistry, physics and materials science. [1a] In technological 

applications, oxides are used in the fabrication of microelectronic circuits, sensors for detecting various 

toxic gases, smart windows, piezoelectric devices, fuel cells, supercapacitors, coatings for the passivation of 

surfaces against corrosion, as catalysts and magnetic materials [2a, b, c, d, e, f, g, h]. Specifically, nickel 
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oxide nanoparticles has a wide range of applications in the manufacturing of magnetic materials, drug 

delivery, alkaline battery cathodes, dye-sensitized solar cells, semiconductors, solid oxide fuel cells 

(SOFCs), antiferromagnetic layers, p-type transparent conducting films, non-volatile memory in MIM as 

ReREM, electrochromic films, heterogeneous catalytic materials and gas sensors [3a-j].  

 

Recently, several methods have been developed to synthesize nickel oxide nanoparticles with the help of 

multiple or dual source precursor; for example, low-pressure spray pyrolysis[4a], surfactant - mediated 

method[4b], simple liquid phase process[4c] and other techniques[4d-h]. Some of the methods for the 

formation of NiO nanostructures are technically complex, require high temperature, harsh growth 

conditions, expensive experimental setup, complicated control processes and have made frequent use of 

organics. 

 

The development of systematic method for the synthesis of oxide nanocrystallites is a current challenge. A 

major barrier at this moment is the ability to synthesize nanoparticles with precisely controlled size, 

composition and shape in a way that is economically and ecologically well-considered. Therefore, the tuned 

morphology of nanoparticles is the key research area in recent years. One can make use of single source 

precursors to prepare nanoparticles because they give clean decomposition and control over stoichiometry 

of the materials. Solvothermal decomposition of single source precursor is an easy path for preparation of 

nanoparticles. The parameters such as solvent used for decomposition and refluxing time plays very 

important role. 

 

Literature survey reveals that metallo complexes of 2-mercaptobenzothiazole (2-MBT) and their related 2-

MBT compounds have proved a fertile area for the study over years stimulated both by the diversity of their 

commercial application and the richness of their structural chemistry. In heterocyclic thiones, both the 

exocyclic sulphur atom and endocyclic nitrogen may act as donor atoms [5a] and hence these ligands have 

great ability to adopt different bonding modes, unidentate, bidentate or bridging; sometimes in more than 

one way in the same compound [5b]. It also shows tautomerism as keto and enol form. Further, enol form 

can chelate to transition metal atom by forming pentacyclic structure which has enhanced stability. This led 

to the interest in the coordination chemistry of heterocyclic thiones. 2-MBT has a high molecular weight 

and has been proved as an excellent chelating agent [5c-h] for the estimation of transition metal complexes 

at ppm level.  

Methylene blue dye belongs to a class of drugs called Antidotes and it is used to treat methemoglobin. It has 

been used for cyanide poisoning and to treat urinary tract infections. It is typically given by injection into a 

vein. Methylene blue dye may cause serious side effects including hives, difficulty breathing, swelling of 

your face, lips, tongue or throat, confusion, weakness, pale or yellowed skin, dark coloured urine, fever, 

agitation, hallucinations, fast heart rate, overactive reflexes, nausea, vomiting, diarrhoea, loss of 

coordination and fainting.[6a-b] 

 

II. EXPERIMENTAL: 

 

Synthesis of single source precursor:  

In a typical synthesis, in a 20 cm3 round bottom flask 0.704 mmole of nickel chloride hexahydrate 

was dissolved in methanol and in another round bottom flask 2.353 mmole of 2-MBT was dissolved in 

methanol (Fig.1).  

 
Figure 1. Reaction of synthesis of single source precursor 

The ligand solution was added to the metal salt solution with constant stirring for 5 hr. To this 

reaction mixture, few drops of liquor ammonia was added till we get the distinct color change i.e. chocolate 

brown color. A brown colored precipitate implies the formation of complex (Fig.2). Product was filtered and 

air dried. Further, the complex was characterized by elemental analysis, UV and FTIR spectroscopy and the 

structure of complex was proposed. 

 

NiCl2.6H2O  + 2 HMBT Ni(MBT)2

MeOH, R.T. 5 hr. stirring

few drops of liq.Ammonia
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Figure 2. Brown colored single source precursor 

 

Synthesis of nickel oxide nanoparticles: 

The 0.300 g of Ni(MBT)2 complex was weighed and transferred to a round bottom flask of capacity 50 cm3. 

In the same flask, 10 cm3 of ethylene glycol (AR grade) was added. After 10 min of refluxing the reaction 

mixture changes its color from brown to black which indicates thermal decomposition of the complex. 

Further refluxing was continued for 3 h and it was allowed to attain the room temperature. The reaction 

mixture was centrifuged at 3000 rpm. The washings were done using AR grade methanol. The black colored 

product was air dried which weighed 0.057 g. The practical yield was in agreement with theoretical yield. 

The same procedure was repeated by varying the refluxing time for 6 and 18 h. 

 

Application of NiO nanoparticles for degradation of methylene blue dye 

Further, the synthesized NiO square sheets were used for degradation of Methylene Blue dye (Fig.3). For 

degradation studies 1,3 and 7 ppm solution of methylene blue was prepared in aqueous medium and the 

effect of prepared NiO nanoparticles on degradation was observed till 100 cycles. Percentage degradation of 

Methylene blue was calculated by measuring the absorbance of the solution at 665 nm using UV-vis 

spectrophotometer.  

 
Figure 3. Procedure used for degradation of methylene blue dye using NiO nanosheets 

 

III. RESULTS AND DISCUSSION: 

 

Characterization of single source prescursor by UV-visible and FTIR spectroscopy 

The elemental analysis was done by using CHNS (O) Analyzer of Thermo finnigan, Italy make, FLASH EA 

1112 series model which is based on the principle of Dumas method. The complex was opened in aquaregia 

and evaporated nearly to dryness. Estimation of nickel was carried out by titrating nickel with ethylene 

diammine tetracetic acid (complexometric titration) using Eriochrome Black T as an indicator. Elemental 

analysis of complex observed (calculated):  Ni: 15.05% (15.06%), C:43.01% (42.91%), H: 2.04% (2.04%), 

N: 7.14% (7.15%), S: 32.50% (32.70%), Melting point of complex: 272 0C (Melting point of ligand:179 
0C), Yield: 82.00%. To find out the λmax of the complex, UV spectra was carried out in Dimethyl sulphoxide 

solvent using Perkin Elmer, model-LAMBDA 25 which showed the λmax at 370 nm (Fig.4).  
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 Figure 4. UV-visible spectra of single source precursor 

 

FTIR studies were carried out for both the ligand as well as the complex using FTIR - Jasco – 460 Plus 

model by taking 3 mg of complex in KBr. The FTIR spectra of the complex showed peaks (Fig.5) at 

718.354 cm-1 assigned for C-S bond, 1339.32 cm-1 assigned  for N=C-S, 1503.24 cm-1 assigned for C=N, 

1015.34 cm-1 assigned for C=N and 504.29 cm-1 assigned for Ni-N. Bands were observed at   718 cm-1 for 

C-S bond,  1015 cm-1 and  1579 cm-1 for C=N,  1339 cm-1 and 1313 cm-1 for N=C-S at lower wave number 

compared to their positions in FTIR spectra of ligand. These observations implies that the co-ordination is 

through thiolsulfur atom and azomethine nitrogen atom. From these observations, a proposed structure of 

Ni(MBT)2 complex is as shown in Fig.6. 
 

 
Figure 5. a) FTIR spectra of ligand b) FTIR spectra of single source precursor 

 
Figure 6. Proposed structure of Ni(MBT)2 complex 

 

It has been observed that Ni(MBT)2 complex is paramagnetic (d8 system) in nature and hence proton and 

C13 NMR is not possible.  

 

Characterization of nanoparticles by XRD, TEM and SAED pattern 

XRD of black colored NiO nanoparticles (Fig.7a) was carried out by using Panalytical Xpert PRO X Ray 

Diffractometer, Model : Xpert Pro MPD, Anode : Copper, Wavelength : 1.5405 Angstorm, Power : 40KV / 

30mA, Detector : Xcelerator Detector with Diffracted Beam Monochromator. It showed the peaks at (111), 

(200), (220) and (222) which matches with cubic phase of Nickel Oxide (JCPDS:78-0643) (111), (200), 

(220) and (222) for 3, 6 and 18 hr of refluxing. This indicates that phase pure cubic nickel oxide was 

obtained with growth direction (200). SAED pattern of nickel oxide nanoparticles (Fig.7b) obtained by 3 h 

refluxing shows peaks (111) (220) (311) which matches with the cubic phase of NiO (JCPDS: 36-1450). 
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Figure 7. a) Powder XRD of NiO nanoparticles obtained after 3 h, 6 h and 18 h refluxing  

b)  SAED pattern of NiO nanoparticles obtained after 3 h refluxing   

 

TEM analysis was carried out by sonicating 5 mg of nanoparticles in 10 cm3 of methanol for half an hour. 2 

drops was taken on copper grid by using TEM CM 200, Make : PHILIPS, Model : CM 200,  Operating 

voltages : 20-200 kv. Grid is air dried and the images were recorded for 3,6 and 18 h refluxing time (Table 

1).  TEM images of nanoparticles obtained after 3 h refluxing (Fig.8a) shows that the particle size ranges 

from 7-15 nm and has spherical morphology.   

 TEM images for 6 h refluxing time shows formation of irregular size of flakes where the particle size 

ranges from 150-200 nm (Fig.8b). On increasing the refluxing time to 18 h, TEM images shows further 

increase in particle size ranging from 350-400 nm and formation of square sheets (Fig.8c).  

 
Figure 8a. TEM images of NiO nanoparticles obtained after 3 h refluxing 

 

 
Figure 8b. TEM images of NiO nanoparticles obtained after 6 h refluxing 

 

 
Figure 8c. TEM images of NiO nanoparticles obtained after 18 h refluxing 

 

 

 

 

 

 

 

a b 
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Table 1. Different morphologies of NiO nanoparticles reported on tuning refluxing time 

 

 

 

 

 

 

 

From these observations, we propose the mechanism for formation of nickel oxide nanosheets (Fig.9): 

Nickel mercaptobenzothiazole on thermal decomposition after 3 h gives NiO nanoparticles of spherical 

morphology having the particle size around 7-12 nm. Due to Oswald ripening process [7a-e], as we increase 

the refluxing time the nanosheets of the particle size around 150-200 nm are observed that is reduction in 

the surface area. On further refluxing, we get the square sheets of nickel oxide particles where the size 

ranges from 350-400 nm. Again reduction in the surface area is observed where one dimension of the sheets 

is below 50 nm. 

 

 
Figure 9. Proposed mechanism of formation of square sheets of NiO nanoparticles  

 

 

Application of NiO nanoparticles for degradation of methylene blue dye 

The synthesized NiO square sheets were successfully used for degradation of Methylene Blue dye (Fig.10) 

up to100 cycles for 1,3 and 7 ppm solution of methylene blue. Also, the time required for degradation was 

10 min which marks the additional advantage of the proposed method. 

 
Figure 10. Successful degradation of methylene blue using NiO nanosheets   
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