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Abstract: 
In the current study, Bi2Se3 nanoparticles are prepared under greenery conditions using economically viable 

desktop chemicals such as L-Ascorbic acid (vitamin C), BiCl3,  EDTA (Ethylene diamine tetra acetic disodium 

salt) and  sodium selenite (Na2SeO3). Prepared Bi2Se3 nanoparticles were characterized by XRD (X-ray 

Diffraction), Scanning electron microscopy (SEM), EDAX,UV-Visible, and TEM studies. Prepared nanocatalyst 

is found as an efficient catalyst for photodegradation  of cationic dyes . The effect of catalyst morphology on dye 

degradation and the photocatalytic efficiency of catalysts were evaluated. This study helps to understand the 

pathway to eliminate highly toxic and persistent cationic dyes.    
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I. Introduction 
 In the present scenario developmental activities have led to increase in the  economic status which led 

to increase in  environmental pollution due to addition of poisonous pollutants which is considered to be a 

serious environmental issue . Everyday diversified pollutants such as  organic or inorganic origin are entering 

into  the environment . Since the invention of first dye, Mauveine, by William Henry Perkin in 1856 synthetic 

dyes are being used extensively in diverse fields  [1,2]. Presently, around 0.1 million [3] type of synthetic dyes 

are being used in  various industries like, textile [4], leather [5,6], printing [7], paint [8], paper [9], plastic [10], 

cosmetics [11], pharmaceuticals [12] ,food [13,14] on daily basis.During processing a large percentage of these 

dyes are lost and released as waste water[15,16]. Since these synthetic dyes are highly photostable[17] and non-

biodegradable[18] in nature remain in the environment for a very long time. Usually dyes in waste water prevent 

the penetration of sunlight and reduce the amount of dissolved oxygen in water which endangers aquatic 

life[19]. Different methodologies have been adopted  for the removal of dyes from waste water which includes, 

chemical oxidation, adsorption , biological degradation, membrane filtration and photocatalytic degradation etc 

[20-24]. Among these  photocatalytic degradation is the simplest way out solution for this problem because of  

low cost effectiveness and easy to implement . Among the bismuth chalcogenides ,bismuth selenide a member 

of a family V-VI is gaining momentum due to its wide range of applications as thermoelectric 

devices[25],optical devices[26] topological insulators[27], semiconductors[28].Bismuth based semiconductors 

have become a promising group of advanced photocatalytic materials[29-30]. In recent years synthesis of 

BismuthSelenide (Bi2Se3) at nanoscale has received quite some attention during the past decades owing to low 

toxicity ,environmentally friendly element, easily available andeconomical. 

 

II. Experimental Methods 

2.1 Synthesisof Bismuth nanoparticles 
In a typical synthesis process 6.66mmol Bi(Cl)3,10mmol of Sodium Selenite (Na2SeO3), and 0.666g 

EDTA ethylene diamine tetra acetic disodium salt were mixed with 135 mL distilled water in a 250mL R.B 

flask. After thorough mixing 1.166g of KOH or NaOH or NH3, 1.166g ascorbic acid were added to the contents 

of R.B flask.  Contents of the flask were heated in an oil bath at temperature of 150 
o 

C with constant stirring 

with a speed of 100 rpm for 24 hrs.  The precipitated dark grey powder was filtered, washed with distilled water 

and ethanol for several times. Then as-obtained air dried sample was calcinated for about 6hrs at 100
o
C.  
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Afterwards the sample was characterized by X-ray powder diffraction (XRD), UV-DRS, scanning electron 

microscopy (SEM), transmittance electron microscopy (TEM).  

 
2.2Characterization techniques 

The phase and  purity of Bismuth selenide nanostrcutures were determined by X-ray powder diffraction 

(XRD) using a Rikagu diffractometer (Tokyo, Japan, Cu Kα radiation, λ= 0.1546 nm) radiation in a 2θ range of 

10-70º at room temperature running at 40 kV and 40mA. XRD peaks were indexed with the powder X software 

and the material is confirmed by comparing the XRD results with the standard JCPDS card number. The 

morphology of the products was examined by transmission electron microscopy (FEI-Model Tecnai G2S Twin -

200 kV)and selected area electron diffraction (SAED) the samples were dispersed in ethanol by ultrasonic 

treatment and dropped on formvar coated-copper grids. All UV-Vis DRS characterization were recorded under 

ambient conditions using a Shimadzu 2100 UV-Vis spectrophotometer in the range of 200-800 nm with a scan 

rate of 60 nm/min (Braeside, Australia with quartz cuvette cells with a 1-cm path length. BaSO4 was used as the 

reference. The morphology of the products was examined by scanning electron microscopy (SEM, Quanta 200), 

Elemental analysis was performed by using an EDAX Bruker Nano GmbH, X Flash Detector (Model5010). 

 

2.3PhotodegradationStudy: 

The photocatalytic activity was estimated by measuring the percentage decomposition of the dye in an 

aqueous solution. A known concentration of dye solution was prepared by dissolving (10 mg of dye in one liter 

of carbonate free double distilled water ((10 mg/L). For a 250 mL of the prepared dye solution, 0.20 g of 

catalyst was added. The suspension was stirred in the dark for about 1hr to ensure adsorption- desorption 

equilibrium between the dye and catalyst, prior to UV irradiation. Then the suspension was irradiated with a UV 

light from a 400-W high-pressure Hg lamp in a UV chamber at 25 oC. This lamp emits an ultra violet radiation 

of 254 nm. Absorbance (A) of the sample was recorded as a function of time after due centrifugation and 

filtration through a 0.2- μm pore filter to remove the catalyst particles. The decolorization of the dye was 

calculated by formula: 

Degradation efficiency (Decolorization)=  

 
 

 
III. Results&Discussions 

 
3.1 XRD Studies : 

Figure 1 shows the XRD patterns of the Bi2Se3 nanostructure preparedin three different bases (namely 

KOH, NaOH  and NH4OH)  at 150  °C for  48 h. In this pattern, all of the diffraction peaks can be steadily 

indexed to a rhombohedral geometry phase of Bi2Se3 (JCPDS: 33-0214)preferential growth orientation along 

(015) direction. XRD results reveal that the bismuth selenide nanostructures prepared with KOH exhibit high 

tendency of acquiring crystalline nature. No peaks forBi2O3 or bismuth selenium oxide (Bi2O5Se) that could 

possibly form during the synthesis process,  indicating the high purityof the Bi2Se3 samples. This procedure 

enables us to synthesize Bi2Se3 nanostructure successfully in thermal method. The crystallite size was 

determined from the (015) peak using the scherrer's formula and these values presented in the Table 1. 

D=0.94λ/ βCos θ 
 

Table 1: Crystallite size of Bismuth Selenide powder prepared by using various bases. 
Material FWHM (015) peak Crystallite size(nm) 

BSK (KOH) 0.2755 29.53 

BSN (NaOH) 0.3542 27.57 

BSA (NH3) 0.2362 36.19 
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`  
Figure1: XRD Spectrum 

 

3.2 UV-DRS : 

Figure 2 shows the UV-DRS of Bi2Se3 nanostructures synthesized with base KOH ,NH3 and NaOH. 

UV-Vis spectrum of the prepared compounds were recorded in the range of 250-750 nm. No characteristic 

absorption peak is observed in UV-Visible range due to the extremely narrow band gap and in the case of BSK 

nano compound it shows relatively high transmittance than the other two compounds in the graph . The 

theoretical band gap energy for bulk Bi2Se3 is f 0.35 eV [optical] hence the absorption band does not fall in the 

range of 250-750 nm. 

 

 
Figure 2: U.V DRS Spectrum 
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3.3 SEM Analysis:  

Surface property of the prepared bismuth selenide powder was studied by recording SEM micrographs(Fig.no 3) 

.Morphology of SEM reveals the form of Bi nanoparticles to nanorods obtained in the range of 10-200nm. With 

the introduction of different bases the compound resulted in the formation of Bi2Se3 material at  nanoscale with 

different kinds of morphologies. Thus the surface nature of material is influenced by the base employed during 

the reaction process. 

 

 
Figure 3: SEM images of Bi2Se3 nanoflowers to nanopowders 

 

3.4 Elemental  analysis by EDAX : 

The quantitative elemental analysis of Bi2Se3 was carried out at room temperature of the composition of Bi2Se3 

from EDAX. Table No.   Presents the elemental theoretically expected stoichiometric  composition of Bi2Se3 (in 

terms of atomic %) is Bi= 65, Se= 26. The compound is nonstiochiometric in nature. 
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Figure 4: EDAX analysis of Bi2Se3 

 

3.5 TEM analysis: 

The TEM images showed that the material has different  morphologies with variation of base . 

                   BSK (Catalyst-I) BSN(Catalyst-II)           BSA(Catalyst-III) 

 
Figure 5:Tem images of catalyst 

 
Here in this TEM image showed approximately hexagonal lamellar plates . Based on TEM images it 

should be pointed out that the morphology of the material is highly influenced by variation of base used during 

the experiment. During the preparation of the compound by regular laboratory process i.e, solvothermal method 

we used three different kinds of bases such as KOH, NaOH and NH3 the images obtained here clearly 

demonstrates that they have influence on the morphology of the resulting compound. 

 

3.6 Photodegradation of cationic dyes: 
Effectofcatalystmorphologyonrateofdyedegradation: 

The morphology of catalyst plays an important role in affecting its performance. Inthis present study 

we have used nanostructured Bi2Se3 with three different morphologies forthedegradationofMG.Bi2Se3    

synthesizedbyusing KOH (catalyst-Ior BSK) ,NaOH (catalyst- IIor BSN) and NH3(catalyst-IIIor 

BSA)wereusedforthisstudy.Morphologyof BSK showednanorods with a size in the range of 29nm, while BSN 

indicated nanotubeswithsize(i.e 2 7 nm) and BSA indicated  nanowafers as m e n t i o n e d  i n  s e c t i o n  3 . 5   



Synthesis of Bismuth Selenide nanoparticles and its Photocatalytic activity for the .. 

DOI: 10.9790/5736-1603013339                               www.iosrjournals.org                                              38 | Page 

Catalyst - III was found to be more efficient than Catalyst- II  and I, for the degradation ofMG. The results 

clearly indicated that catalytic activity depended on its morphology. Thismight be attributed to an increased 

surface area from Catalyst-III to Catalyst-II than I, furnishing morespace for adsorptionofthedye. 

 

Table 2: Cationic Dye degradation using Bismuth selenide catalysts 
 
Dye 

 

                     BSN                    BSK                  BSA 

     R.T 

     (hrs) 

Degradation 

     (%) 

      R.T 

     (hrs) 

Degradation 

     (%) 

      R.T 

     (hrs) 

Degradation 

     (%) 

 M.G           5.0      40             5.0  61           5.0  83 

M.B           5.0  21           5.0 36.4           5.0 28.8 

C.V           5.0    83.3           5.0    65           5.0    85 

M.V           5.0                          75           5.0                         52           5.0                         70 

 

 
Figure 6: A comparative study of dye degradation using Bi2Se3catalysts 

 

Proposed mechanism of dye degradation using Bi2Se3 
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IV. Conclusion 

Bi2Se3  nanoparticles were synthesized by solvothermal process by variation of base to form BSN, BSK 

and BSA respectively . The as synthesized Bi2Se3nanoparticles  were characterized by XRD,  SEM, TEM, EDX  

and UV–Vis spectra. Role of  Bi2Se3  light enabled photocatalysts were studied through the measurement of 

degradation efficiencies of  cationic dyes such as  MG, M.V,C.V and M.B.   
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