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Abstract  

Simultaneous conversion of Cr (VI) to Cr (III) and degradation of Naphthol blue black have been investigated using SnO2 

nanoparticles prepared by facile, simple, co-precipitation technique from stannous chloride dihydrate (SnCl2.2H2O) and co-

precipitor dimethyl oxalate and characterized. The photocatalytic efficiency of nano SnO2 was proven results that there was a 

synergistic behavior between the Naphthol blue black and conversion of Cr (VI) to Cr (III).In addition, mixture of Cr (VI) and 

Naphthol blue black (NBB) were selected as the mixed model pollutants and their influencing factors such as concentration of 

mixtures (K2Cr2O7 + NBB), catalyst dosage, intensity of light sources (254 and 365 nm), pH were also studied systematically. At 

lower pH, the efficiency was significantly improved for organic dye and Cr (VI) to the mixture. Blank experiment (without catalyst) 

and surface adsorption indicates that NBB and Cr (VI) degrades and surface interaction at relatively low efficient and possible 

mechanism was also studied respectively. 
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1. INTRODUCTION  

 In recent years, water pollution is one of the most serious threaten to human health risks and which causes serious effect 

to humanity and eco-system[1] Heavy metals and stable organic effluents releasing from Industrial processes such as electroplating, 

paint making, leather tanning, has awakened the public concern over the last decade [2].Chromium is common potent carcinogenic, 

mutagenic environmental pollutant, which classified as priority pollutants and commonly presented as Cr (VI) and Cr (III) in nature. 

While Cr (III) can be immobilized and thus become less bio-available, so the reduction of Cr (VI) to Cr (III) is highly desired [3, 

4]. Naphthol blue black (NBB), a complex textile diazo dye, has a high photo- and thermal-stability. It is widely used in the textile 

industry for dyeing wool, nylon, silk and textile printing. Other industrial use includes coloring of soaps, anodized aluminum and 

casein, wood stains and writing ink preparation [5, 6].Nano materials are unique in nature because of their mechanical, optical, 

electrical, catalytic and magnetic properties. Semiconductor photocatalysis have been proven redox reactions to be effective for 

detoxification of harmful pollutants in wastewaters [7, 8]. However, photocatalytic reduction Cr (VI) or oxidative degradation of 

dyes have investigated alone, very little attention focused to collectively treat the samples containing both Cr (VI) and dyes [9]. 

Among several semiconductors, tin oxide (SnO2) is an n-type semiconductor with a wide band gap (Eg ≥3.6 eV) at room temperature 

with rutile-tetragonal phase structure particularly pointed for its potential applications in microelectronics, gas sensing, protective 

coating, photovoltaic systems and photocatalysis [10].The photogeneartion of electron-hole pairs are well separated and slow 

recombination process by semiconductor nanostructures to enhance the photo-oxidation heavy metals and organic pollutants under 

ultraviolet region [11, 12]  

Herein, SnO2 nanoparticles prepared by a simple co-precipitation technique and synergistic effect on catalytic activity towards 

mixed model pollutants Cr (VI) and synthetic dyes (NBB) have been investigated in detail. Various control experiments were carried 

out such as concentration of mixtures (Cr (VI) + NBB), catalyst dosage, intensity of light sources (254 and 365 nm), pH were also 

studied. At pH 5 observed maximum efficiency of Naphthol blue black and catalytic conversion of Cr (III) under ultraviolet 

irradiation. 

2. Experimental section  

2.1 Materials and Methods 

 Potassium dichromate and Naphthol blue black were purchased from sigma-aldrich and used as model pollutants. Nano 

SnO2 was prepared by a simple, facile, co-precipitation approach with some modifications [13] using stannous chloride dihydrate 

(SnCl2.2H2O) and dimethyl oxalate. In a typical synthesis, 0.1 M of SnCl2.2H2O was dissolved in 10 mL 1-propanol under constant 

magnetic stirring for 10 min and to this 0.15 M of dimethyl oxalate in 10 mL of deionized water was added slowly over a period of 

5 min. The resulting mixture was agitated for approximately 10 min and obtained precipitate was refluxed for a period of 24 h at ~ 
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85 – 90 °C. Then it was cooled to room temperature, centrifuged, washed several times with 1:1 ratio of de-ionized water and 

ethanol (v/v). Finally, the precipitate was dried in oven at ~110 °C for 10 h and annealed for 3 h at 500 °C.   

2.2 Characterization 

 The phase identification of the nanomaterial was characterized by powder X-ray diffraction (XRD; Bruker,) with Cu Kα 

radiation (λ = 1.5405 Å). The morphology and microstructure of the synthesized sample were examined by scanning electron 

microscopy (SEM, JEOL JSM 6700F at 10kV) and high-resolution transmission electron microscopy (HRTEM, JEOL 2010 at 200 

kV), The optical absorption characteristics are determined with UV-Vis absorbance spectra by using a Shimadzu, UV 2450 double-

beam spectrophotometer equipped with integrating sphere attachment (ISR-2200).  

2.3 Adsorption experiments 

 The surface adsorption experiments were carried out using Technico cooling water bath shaker at room temperature.100 

mg of SnO2 nanoparticle was used as an adsorbent and slightly acidified aqueous medium 100 mL of potassium dichromate (1.699 

x 10-4 M) and NBB (2.703 x 10-5 M) were taken in a 125 mL stoppered glass bottle performed. The adsorption of heavy metals and 

dye molecules were studied on the surface of catalyst at different time intervals (0, 5, 10, 20 and 30 min). The adsorbent was 

separated by centrifugation from their mixture, absorbance of potassium chromate and Naphthol blue black were characterized 

spectrally. 

2.4 photocatalytic activity measurements 

 Catalytic degradation experiment was established by dispersing pure nano SnO2 (100 mg) using model pollutants such as 

100ml of K2Cr2O7 (1.699 x 10-4 M) and NBB (2.703 x 10-5 M) in slightly acidified aqueous medium ,then the solution was 

magnetically stirred in dark for 30 min at room temperature to establish adsorption-desorption equilibrium between the catalyst and 

mixtures. The experimental solution was then placed under UV light source (Heber Scientific, low pressure mercury vapor lamp, 

6W, intensity measured; Light Meter, model: LX-1108, intensity of light of low pressure mercury lamp = 1800 lux) with maximum 

output at λ = 254 nm. The temperature was kept close to room temperature by water circulating pump. Two-three milliliter aliquots 

from the photochemical reactor (quartz tube, capacity 100 mL, dia of inner-outer jacket = 0.5 cm) were withdrawn at definite time 

intervals (0, 5, 10, 20 and 30 min), centrifuged and spectrally analyzed (λmax ~ 251 nm and 333 nm for Cr (VI), λmax ~ 619 nm for 

NBB) to determine the concentration of chromium (VI) ions and NBB solution.  

The degradation efficiency was estimated using the relationship: [C0-C/C0] x 100, where C0 is the initial concentration and C at 

various time intervals. Further investigation of SnO2 nanoparticles on the photodegradation process was made in presence of 

scavengers.2-propanol (PriOH) was added as the hydroxyl (•OH) radical scavenger, p-benzoquinone as the superoxide (•O2
-) 

scavenger respectively. 

3. Results and discussions 

3.1 Structural Characteristics 

 Crystal phase identification was undertaken for the prepared nano SnO2 shown in Fig.1A. All of the diffraction peaks for 

these samples could be well indexed as the tetragonal rutile phase (JCPDS File no. 41-1445). The peak positions 2θ = 26.6, 33.9, 

37.9, 51.780, 54.8, 57.8, 61.9, 64.7, 71.3 correspond to the (110), (101), (200), (211), (220), (002), (310), (112), (202) lattice planes 

of tetragonal rutile SnO2 [14]. The peaks are very sharp, intense showing high degree of crystallinity of the samples and no impurities 

were detectable. The average crystallite size of nano SnO2 was calculated to be 18.4 nm using scherrer equation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 (A) X-ray diffraction pattern of nano SnO2 obtained from co-precipitation technique.(B) SEM and TEM micrographs (a) 

TEM magnification (50 nm) micrographs of nano SnO2 (b) inverse fast Fourier transform with indexing for relevant lattice 

spacing (c) 20 nm  magnified micrograph  (d) SEM micrograph (5μm) 

Fig.1B shown transmission electron microscopy (TEM) images at different magnified range 50nm and 20nm, inverse fast Fourier 

transform (IFFT) and SEM micrographs to confirm the size and morphology of the SnO2 nanoparticles. The size of the SnO2 was 

in the range between 18-26 nm and similar particle size results obtained in the XRD pattern. In Fig.1 Ba, Bc, Bd TEM and SEM 

micrographs of tin oxide nanoparticles revealed that spherical shape with even particle distribution and slightly agglomerated 
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particles corresponding to tetragonal rutile tin oxide structure. In Fig.1. Bb shows the IFET of SnO2 inter planar distances of 0.35 

and 0.26 nm correspond to the SnO2 (110) and (101) low-index facets) are well matched (JCPDS 41-1445) to the rutile phase of 

SnO2 [15].  

3.2 Adsorption and Synergistic Photocatalytic Removal of Cr (VI) and NBB 
 In general, Surface adsorption of heavy metal and dye molecule contributes significantly for catalytic efficiency of the 

photocatalyst [16].The adsorption-desorption process of Cr (VI) and NBB dye molecules on the surface of  the nanoparticles closely 

approaches equilibrium within at 30 min. However, no significant changes are within this timescale. To this mixture, efficiency of 

surface adsorption was found to be 7 %, 26 % are observed at 30 min for chromium (VI) ions and 73% are observed for NBB at 30 

min with catalyst quantity of 100 mg /100 mL at pH 5. Synergistic effect of photocatalytic reduction between Cr (VI) ions and NBB 

were tested using nano SnO2 in slightly acidified aqueous medium and the track of time-dependent degradation and surface 

adsorption curves is presented in Fig. 3a and 3b.Degradation efficiency of  Cr (VI) and NBB with numerous optimum reaction 

conditions are presented in T1, T2, T3.The progression of the catalytic reduction and degradation dye of the mixture can be easily 

followed by the change in absorbance at λ ~ 251 nm and 333nm for Cr (VI) ions and λ ~ 619 nm for NBB. The absorbance decreases 

in the time dependent experiments and reduction of chromium (VI) ions and dye become colorless and without catalyst experiment 

were also tested, efficiency of experiments was low. In mixture, Naphthol blue black efficiency slightly increased strong sorption 

behavior at optimum level concentration.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 (a) Time-dependent catalytic degradation and (b) surface adsorption of Cr2O7
2- ions and NBB solution (catalyst = 100 mg/ 

100 mL) from the mixture at room temperature. 

Mechanism 

 

 

Fig .4 Graphical representation of Cr (III) and NBB dye degradation pathways and spectral absorption during the conversion of Cr (III) 

monitoring for prepared catalyst at different time interval 
 The proposed photocatalytic mechanism and catalytic conversion of Chromium (III) ions are presented in Fig.4.Under 

ultraviolet irradiation, the valence band electrons of SnO2 nanoparticles can be excited to conduction band and transfer the electron 

to hexavalent chromium ions.SnO2 nanoparticles generates good separation electron-hole pairs and photogenerated reactive species 

involved to degrade the Cr(VI) and Naphthol blue black dye. Simultaneously, the organic dye and catalytic conversion of Cr (III) 

ion can be enhanced by the photogenerated hydroxyl (•OH) and superoxide (•O2
-) radicals respectively [17]. The formation of Cr 

(III) ions was measured during the photocatalytic reduction of Cr (VI) ions spectrophotometrically using the DPC 

(diphenylcarbazide) method as reported earlier [18]. An aliquot amount of 0.5 mL photolysed  solution was added to a vial 

containing 2.5 mL of prepared DPC reagent (100 mL of D.I. water and 4 mL of DPC reagent that contains 5 mL of acetone, 50 μL 
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of H2SO4, and 0.01 g of DPC).The sample solution was mixed with reagent and kept for 30 minutes, measured spectrally. The 

absorbance measurements at 540 nm were done using a UV/visible spectrophotometer as presented with different time intervals. 

3.3 Influencing Factors in Photocatalysis   
 Various controlled catalytic experiments carried out such as concentration of Cr (VI) and NBB dye molecules, quantity of 

the catalyst, pH, and intensity of the light sources. 

Effect of Catalyst 

 Photocatalyst dosage enhancement allows more number of adsorption sites and provides more active sites for oxidative 

species formation (•O2
‾, and •OH) leading to a significant enhancement of the adsorbed dye molecules degradation rate [19]. The 

quantity of nano scale tin oxide was optimized by varying photocatalyst in the range 50-100 mg/100 mL for mixture K2Cr2O7 as a 

Cr (VI) source and NBB dye in acidified aqueous medium. Fig. 5a, 5b and 5c depicted that, 100 mg in 100 mL of mixture yields 

maximum degradation rate was observed. The optimum catalyst density produces more number of photons and slow recombination 

process leads to electron/hole generation for the effective degradation  of dye solution and catalytic conversion of Cr (III) so as to 

effectively reaching the surface of catalyst [20]. 

 

Fig. 5 Factors influencing photocatalytic degradation of K2Cr2O7 as chromium (VI) source and Naphthol blue black from the 

mixtures. Effect of dosage at (a) Cr2O7
2- (λ ~ 251 nm) (b) Cr2O7

2- (λ ~ 333 nm) (c) NBB (λ ~ 619 nm). 

Effect of Concentration  

Fig. 6 Factors influencing photocatalytic degradation of K2Cr2O7 as chromium (VI) source and Naphthol blue black from the 

mixtures. Effect of concentrations at (a) Cr2O7
2- (λ ~ 251 nm) (b) Cr2O7

2- (λ ~ 333 nm) (c) NBB (λ ~ 619 nm). 

 The concentration of mixture varied using K2Cr2O7 (1.699 x 10-4 M - 2.832 x 10-4 M) and NBB (2.703 x 10-5 M - 5.406 x 

10-5 M) have been investigated by constant catalyst loading 100 mg/100 mL and at pH 5 in aqueous medium. However, increase 

the concentration of mixture was doubled and catalytic conversion of Cr (VI) to Cr (III) and complete Naphthol blue black 

degradation efficiently at low concentration as a result of more available surface sites on the catalyst. At lower concentration, 

generation of more number of photogeneration radicals on the catalyst surface during dye degradation process [21]. Fig. 6a, 6b and 

6c confirmed that at lower concentration more degradation rate was observed and higher concentration of mixed pollutants reduces 

the density of light source to reach the surface of the catalyst, degradation rate was also decreased for Cr2O7
2- ions and Naphthol 

blue black[22]. 
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Effect of pH 

Fig. 7 Factors influencing photocatalytic degradation of K2Cr2O7 as chromium (VI) source and Naphthol blue black from the 

mixtures. Effect of pH at (a) Cr2O7
2- (λ ~ 251 nm) (b) Cr2O7

2- (λ ~ 333 nm) (c) NBB (λ ~ 619 nm). 

 The pH of an aqueous medium can influence the photocatalytic process through absorption between dyes and the catalyst 

surface and redox processes of photocatalysts [23]. The photocatalytic experiments were performed at constant catalyst loading 100 

mg nano SnO2 in 100mL, the intensity of light sources (254 nm) with optimum concentration of mixture (K2Cr2O7 + NBB) and the 

results were obtained by varying medium of the pH solution 3 to 7. Fig. 7a, 7b and 7c revealed that, the maximum catalytic 

conversion of Cr (III) are 26 % (λ ~ 251 nm), 41 %( λ ~ 333 nm) and degradation rate for NBB (93 %) is achieved at pH = 5. At 

pH 3 slightly decreased the catalytic activity, more acidic medium of suspensions can be exaggerated on the surface charge of 

nanoparticles. The catalyst surface charge is negative evidenced increasing stronger electrostatic repulsion within the system and 

diminishing photogenerated oxidative species in the reaction [24]. In neutral medium, the interaction between the mixture and 

surface of the catalyst are not much achievable to enhance the photocatalytic activity of Cr2O7
2-

 ions and Naphthol blue black. 
Effect of Intensity of sources  

 

 

Fig. 8 Factors influencing photocatalytic degradation of K2Cr2O7 as chromium (VI) source and Naphthol blue black from the 

mixtures. Effect of intensity of light sources at (a) Cr2O7
2- (λ ~ 251 nm) (b) Cr2O7

2- (λ ~ 333 nm) (c) NBB (λ ~ 619 nm). 

 Fig. 8a, 8b and 8c showed that the degradation of mixtures (Cr (VI) + NBB) were performed constant catalyst loading 100 

mg nano SnO2 in 100mLwith optimum concentration of mixture (K2Cr2O7 + NBB) at pH 5 under 254 and 365 nm irradiation. It 

was observed that, catalytic conversion of Cr (III) ions and degradation rate of dye increased with 254 nm > 365 nm as given 

intensity of light source. In higher wavelength, the inability to generate more electrons-holes combination and oxidative species 

during the photocatalytic reactions to degrade the dye and catalytic conversion of Cr (III). This indicates that, more electrons and 

holes are produced per unit time and efficient reactive radical formation to degrade the dye molecules faster rate at lower wavelength 

[25]. 
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3.4 Effect of radical scavenger 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9  Radical scavenging study on nano SnO2 nanoparticles using mixture of K2Cr2O7 as chromium (VI) source and Naphthol 

blue black Cr (VI) and NBB Degradation efficiency (a) Cr2O7
2- (λ ~ 251 nm) and  (λ ~ 333 nm) (b) NBB (λ ~ 619 nm)at room 

temperature. 

 Additional experiments were carried out to find out the role of reactive species involved the photocatalytic reaction with 

scavengers such as, isopropanol (60μL molL-1) as the hydroxyl (•OH) radical scavenger, and p-benzoquinone (0.108 g molL-1) as 

the superoxide (•O2
-) scavenger. Fig. 9 revealed that the photocatalytic conversion of Cr (III) ions decreased from 26 % into 12 %( 

λ ~ 251 nm), 41 % to 24 %( λ ~ 333 nm) and degradation dye reduced 93 % to 81 % after addition of isopropanol. In addition, the 

conversion further reduced 26 % into 12 %( λ ~ 251 nm), 41% to 5 %( λ ~ 333 nm) and also degradation dye reduced 93 % to 51 

% after addition of benzoquinone respectively. This result shown that both charge carriers and reactive radicals are responsible by 

the same extent for photocatalytic degradation of mixture on tin oxide nanoparticles [26].  

Conclusion 

  In summary, tin oxide nanoparticles were prepared by a simple facile co-precipitation method and exhibited much superior 

degradation and conversion of Cr (III) behavior towards degradation of mixtures (K2Cr2O7 + NBB). The synergetic effect of mixture 

on varied concentration, quantity of catalyst, pH, and intensity of light source were optimum and investigated in detail. The catalytic 

conversion of Cr (III) and degradation of Naphthol blue black observed maximum efficiency at pH 5 with 100mg/100mL under 

ultraviolet irradiation. In photocatalytic reaction, significance of reactive species using different radical scavengers were studied in 

the ultraviolet irradiation to degrade mixture of K2Cr2O7 and NBB. 

Supplementary information  

 The supporting information for this articles presented degradation efficiency of content table on Cr2O72- ions and Naphthol 

blue black from the mixture (K2Cr2O7+ NBB) on nano SnO2 by varying parameters. 
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 Supplementary Information 

Table 1 Time dependent photodegradation efficiency data of Cr2O7
2- ions (λ ~ 251 nm) from the mixture (K2Cr2O7+ NBB) on 

nano SnO2 by varying parameters at room temperature 

Reaction Conditions Time (min) 

0 5 10 20 30 

Degradation efficiency of  Cr2O7
2- ions (λ ~ 251 nm) (%) 

No catalyst 0 5 7 11 12 

Surface adsorption 0 4 5 7 7 

Effect of 

concentration 

1.699 x 10-4 M 0 17 24 24 26 

2.832 x 10-4 M 0 37 37 39 39 

Effect of Dosage 50 mg/100 mL 0 9 9 10 13 

75 mg/100 mL 0 12 14 16 19 

100 mg/100 mL 0 17 24 24 26 

Effect of pH pH 3 0 14 14 17 17 
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pH 5 0 17 24 24 26 

pH 7 0 2 3 6 9 

Intensity of light 

sources 

254 nm 0 17 24 24 26 

365 nm 0 8 9 10 13 

  

Table 2 Time dependent photodegradation efficiency data of Cr2O7
2- ions (λ ~ 333 nm) from the mixture (K2Cr2O7 + NBB) on 

nano SnO2 by varying parameters at room temperature 

Reaction Conditions Time (min) 

0 5 10 20 30 

Degradation efficiency of Cr2O7
2- ions (λ ~ 333 nm) (%) 

No catalyst 0 1 1.5 3 4 

Surface adsorption 0 22 22 23 26 

Effect of 

concentration 

1.699 x 10-4 M 0 35 38 40 41 

2.832 x 10-4 M 0 21 21 23 23 

Effect of Dosage 50 mg/100 mL 0 22 23 25 27 

70 mg/100 mL 0 27 30 33 34 

100 mg/100 mL 0 35 38 40 41 

Effect of pH pH 3 0 31 32 34 34 

pH 5 0 35 38 40 41 

pH 7 0 5 8 12 19 

Intensity of light 

sources 

254 nm 0 35 38 40 41 

365 nm 0 26 29 30 32 

  

Table 3 Time dependent photodegradation efficiency of Naphthol blue black (λ ~ 619 nm) from the mixture (K2Cr2O7+ NBB) on 

nano SnO2 by varying parameters at room temperature. 

Reaction Conditions Time (min) 

0 5 10 20 30 

Degradation efficiency of NBB (λ ~ 619 nm) (%) 

No catalyst 0 6 7 10 11 

Surface adsorption 0 66 70 72 73 

Effect of 

concentration 

2.703 x 10-5 M 0 87 91 93 93 

5.406 x 10-5 M 0 79 80 80 82 

Effect of  50 mg/100 mL 0 63 67 74 79 

Dosage 75 mg/100 mL 0 75 81 88 91 

100 mg/100 mL 0 87 91 93 93 

Effect of pH pH 3 0 86 88 91 92 

pH 5 0 87 91 93 93 

pH 7 0 2 2 10 12 

Intensity of light 

sources 

254 nm 0 87 91 93 93 

365 nm 0 78 83 84 85 
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