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Abstract We report synthesis of light-induced heteroge-

neous photocatalyst PbSnO3 by green chemistry approach,

using mechanochemical method. The synthesized catalyst

was characterized physically by various analytical investi-

gative techniques like UV-DRS, FTIR, XRD, SEM, EDAX,

TEM, and TG. The product corresponded to average par-

ticle size of 100 nm by TEM images. Photocatalytic activity

of PbSnO3 was studied by photodegradation of Methyl blue,

Indigo carmine, and Acid violet dyes under sunlight. The

results indicate that the sunlight stimulates a photochemical

reaction and successfully complete mineralization of

Methyl blue, Indigo carmine, and Acid violet dyes. Anti-

microbial activity shows that PbSnO3 photocatalyst was

found non-toxic to the environment.
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Introduction

Pervoskites with general formula ABO3 is a kind of fre-

quently encountered structure in inorganic chemistry. Most

of the properties of pervoskite oxides are related to the

network of BO6 octahydra [1] and the state of B-site cat-

ions [2, 3], where as brownmillerite (A2B2O5) is a kind of

oxygen deficient pervoskite like three dimensional frame-

work of corner shearing BO6 octahydra which are formed

by the deficiency of oxygen during the formation of the

structure [4, 5]. Both pervoskite and brownmillerite have

been studied widely [6, 7].

Synthetic dyes are toxic refractory chemicals, which can

generate intensive color and are hazardous to the envi-

ronment. Owing to the large degree of organics present in

these molecules and stability of modern textile dyes affect

aquatic life. Because of their incomplete use and washing

operations considerable amount of dyes have been noticed

in textile wastewater [8]. The dyes were detected in dis-

solved or in suspension state in the wastewater [9]. The

murky of water has adverse effect on aquatic system due to

presence of dyes and pigments.

Mineralization of organic water pollutants using inter-

action between ultraviolet radiation and semi-conductor

catalysts has a strong potential as it has been widely

demonstrated in the recent years [10]. Visible light-induced

photocatalysts have received considerable attention

because visible light occupies the main part of solar light.

The development of the future generation of photocatalytic

materials is important for the efficient use of solar light.

The past two decades have witnessed intensive studies

within light-induced mineralization of hazardous organic

pollutants with use of TiO2 photocatalyst [11–15]. Alton

and Ferry [16] used SiW2O4 as photocatalyst for the pho-

tocatalytic degradation of acid orange dye.

There is an urgent need to search for an effective het-

erogeneous oxide photocatalyst for environmental cleaning

purpose and test their efficacy. The uses of conventional

methods of treatment used to remove organic matter from

the effluents is energy guzzling and lead to excessive

emission of CO2; thus abet the global warming. Under such

circumstances, we have come to the conclusion that, there

is need to find a new material that can work in harmony

with nature and will gently restore the natural condition of

water bodies by removing the pollutants by using light
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energy. A solution to that problem is use of the photocat-

alyst. In this article, the structural and microstructural

characteristics are determined for purpose of creating an

inexpensive and non-toxic photocatalyst. Hence, the efforts

are made to synthesize PbSnO3-light driven photocatalyst

by eco-friendly solid state mechanochemical synthesis

method and its application for degradation of Methyl blue

(MB), Indigo carmine (IC), and Acid violet (AV) dyes in

the presence of sunlight.

Experimental

Synthesis of PbSnO3 photocatalyst

Several methods are used for synthesis of nanocrystalline

photocatalytic material, which include co-precipitation [17],

sol–gel method [18] and thin film vapor deposition method

[19]. These methods are elaborate, expensive and cause

water pollution. Hence, in this study, we have synthesized

photocatalyst PbSnO3 by green chemistry approach with

mechanochemical process. The mechanochemical proce-

dures are environmentally friendly. The method allows

accelerating and facilitating the synthesis processes pro-

ducing negligible gas emission. It is fast and ecologically

pure.

In this method, 1:1 ratio of Analytical Grade PbO and

SnO2 was subjected to stepwise calcinations by heating till

terminal temperature. The rise in temperature of muffle

furnace was programmed at the rate 10 �C/min from one

temperature to the subsequent temperature for 12 h. After

heating at 500 �C the material was cooled and grounded

with gap of 3 h using mortar and pestle. Later on, the

ground material was further heated at 800 �C for another

12 h. Finally, polycrystalline powder of PbSnO3 obtained

was used for further characterization and for degradation of

the dyes.

Characterization of PbSnO3 photocatalyst

The vibrational frequency of the synthesized catalyst was

studied by FTIR-8400S (Shimadzu) in the range of

400–4000 cm-1. The structural properties of the material

were studied using X-ray diffractometer-DMAX-2500

(Rigaku) with Cu-Ka radiation, having k = 1.5406 A�.

The optical property of the synthesized product was studied

by using UV–visible Spectrophotometer-k-950 (Perkin-

Elmer). PbSnO3 photocatalyst was scanned over wave-

length range of 200–800 nm. The surface morphology and

chemical compositions of synthesized catalyst were ana-

lyzed using a Scanning Electron Microscope-JSM-6300

(JEOL) coupled with an energy dispersive spectrometer-

JED-2300LA (JEOL). TEM images were recorded on

CM-200 (Philips). The effect of temperature on stability of

the catalyst was evaluated by thermogravimetric analysis

on Thermogravimetric analyzer (Perkin Elmer-TG) using

Xenon arc lamp.

Photocatalytic activity

Photocatalytic activity of synthesized nanocrystalline

PbSnO3 was evaluated by studying degradation of Methyl

blue, Indigo carmine, and Acid violet dyes. Three types of

observations were recorded.

In one set 50 mL 20 ppm solution of a dye was irradi-

ated using 0.3 g of photocatalyst, PbSnO3, in sunlight. A

similar second set was kept in dark. The third set con-

taining only dye solution was exposed to the sunlight. The

decrease in absorbance due to mineralization was recorded

on double beam UV–visible spectrophotometer (Systron-

ics) after every 30 min. To study the effect of amount of

the photocatalyst on the rate of degradation of dyes, 0.5 g

of the photocatalyst was utilized in 50 mL 20 ppm of the

dye solution under same environment. Sunlight intensity

was monitored by using Lux meter KM-LUX (Kusam-

meko).

Antimicrobial activity of PbSnO3 photocatalyst

Antimicrobial activity of the PbSnO3 photocatalyst against

bacteria and fungi, was carried out for the detection of the

zone of inhibition. Bauer–Kirby method with Mueller–

Hinton Agar was used for growing organisms. The inocu-

lum was used as a culture. The test was performed under

standardized conditions. The zone of inhibition was mea-

sured in millimeters for interpreting the results. Antimi-

crobial activity of PbSnO3 photocatalyst was performed

against Gram-negative bacteria like Pseudomonas aeru-

ginosa (ATCC 27853) and Gram-positive Staphylococcus

aureus (ATCC 25923) and Germ-negative bacteria Esch-

erichia coli (ATCC 25922).

The antifungal susceptibility test was evaluated using

plates with Mueller–Hinton agar with glucose, dye and

inoculum as a culture. The plates were incubated for the

temperature ±35 �C for 24 h. Zone of inhibition was

recorded to confirm the activity. The antifungal activity

was performed against Candida albicans (ATCC 90028).

Results and discussion

Characterization of PbSnO3

The infrared absorption spectrum of the synthesized

PbSnO3 catalyst is depicted in Fig. 1. Vibrational fre-

quency band at 425 and 569 cm-1 indicates the presence of

78 A. V. Borhade, Y. R. Baste

123



Pb–O and frequency around 600 and 685 cm-1 indicates

the presence of Sn–O vibrations of PbSnO3. Figure 2

shows XRD pattern of PbSnO3 powder formed after heat-

ing. The crystal structure of PbSnO3 is tetragonal and all

the d-line patterns match with JCPDS data card No-04-055.

Figure 3 represents the UV–visible diffused reflectance

spectra of the synthesized PbSnO3 photocatalyst. The dif-

fused reflectance spectra depict that absorption goes into

UV–visible region. The DRS of the PbSnO3 has absorption

edge cut-off at 350 nm with corresponding band in the
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visible region. The band gap energy (Eg = hc/k) for the

compound was found to be 3.265 eV. The broad absorption

edge shoulder in the curve reveals the formation of

PbSnO3. The presence of uneven shape and size of nano-

crystals of PbSnO3 could be one of the reasons for the

broad absorption peak. The result implies that the sample

may possess excellent photocatalytic activity.

The surface morphology and associated chemical com-

position of synthesized photocatalyst was analyzed using a

scanning electron microscope (SEM) coupled with EDAX

and is shown in Fig. 4. The SEM image shows that the

particles are agglomerating with each other. The EDAX

Fig. 5 TEM and SEAD image

of PbSnO3 photocatalyst
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data furnishes elemental composition in conformity with

the respective molar proportions taken.

The TEM image along with the selected area of the

diffraction pattern (SAED) recorded for the sample corre-

sponding to PbSnO3 is shown in Fig. 5. The TEM reveals

that, the nanoparticles are elliptical; however, there are

several hexagonal-shaped crystallites. The dark spot in the

TEM micrograph can be alluded to PbSnO3 nanoparticles

as SAED pattern associated with such spots reveals

occurrence of tetragonal PbSnO3 is in total agreement with

the XRD data. The average size of the PbSnO3 nanocrys-

tallites was found to be 100 nm.

Figure 6 shows TG curve for the PbSnO3 photocatalyst.

Heating rate of the furnace was maintained at 10 �C per

minute. No significant loss in mass on rise in temperature

was observed up to 700 �C. The photocatalyst was found to

be very stable over a wide range of temperature.

Photocatalytic property of PbSnO3

Photocatalytic property was evaluated by photodegradation

of Methyl blue, Indigo carmine, and Acid violet dyes. The

photodegradation of the dyes were studied by measuring

the absorbance after every 30 min on double beam spec-

trophotometer (Systronics). Figure 7 indicates graphical

representation of percentage degradation of dyes, the

degradation of MB is indicated by series-a, degradation of

IC is indicated by series-b, and degradation of AV is

indicated by series-c in the graph, respectively. In the fig-

ure curve a1, b1, and c1 of the graph represent the decrease

in the absorbance of the dye solution in presence of

PbSnO3 photocatalyst when irradiated under sunlight. The

sunlight intensity was 980 9 50000 to 700 9 50000 lux.

The curve a2, b2, and c2 of the graph indicate very minute

decrease in absorbance when the dye solution was irradi-

ated under sunlight in the absence of photocatalyst and the

curve a3, b3, and c3 indicate that there was no measurable

change in the absorbance in the presence of photocatalyst

when kept in dark. This proves that, the degradation and

color removal take place only in the presence of photo-

catalyst (PbSnO3) in the presence of sunlight. Figure 8

correspondingly reveals that, on increased amount of

photocatalyst enhances the degradation of MB, IC, and AV

dyes. In the Fig. 8, curve a4, b4, and c4 indicate the rapid

degradation of dyes. This may be due to increase in amount

of the photocatalyst, which increases ejection of number of

photons and electrons in the conduction band and in the

valence band, respectively. Figure 9 reveals that the deg-

radation of dyes before and after exposure to the sunlight

and photocatalyst. In the Fig. 9, graph A, B, and C repre-

sent UV–visible absorption spectra of MB, IC, and AV

dyes, respectively, before exposure to the sunlight and
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photocatalyst. The chromophoric absorption peaks at 670,

690, and 685 nm of the solution before exposed to the

sunlight and photocatalyst eventually disappeared, and new

peaks at 287, 217, and 230 nm appeared due to the min-

eralization after exposure to the sunlight and photocatalyst,

which is shown in figure A1, B1, and C1, respectively.

Figure 10, shows the degradation process follows first

order kinetics with the rate constant 0.0014, 0.0042, and

0.00263 min-1 for MB, IC, and AV dyes, respectively.

When aqueous suspension of the photocatalyst PbSnO3

was irradiated with light energy greater than the band gap

energy of the semiconductor oxide, conduction band

electrons (e-), and valance band holes (h?) are formed.

The photogenerated electrons react with absorbed molec-

ular O2 reducing it to superoxide radical anion O2
� , and

photogenerated holes can oxidize organic molecules

directly or the �OH and the H2O molecule adsorbed at

catalyst surface to �OH radical. These will act as strong

oxidizing agent and can easily attack on organic molecule

or those located close to the surface of the catalyst, thus

leading to complete mineralization, Eqs. 1–5, Fig. 11 rep-

resent the probable pathway of the degradation.

PbSnO3 þ ht ! PbSnO3 þ ðhþ þ e�Þ ð1Þ
O2 þ e� ! O�2 ð2Þ

Hþ þ H2O ! Hþ þ �OH ð3Þ
�OH þ RH! H2O þ �R ð4Þ
�R þ O2 ! ROO� ! CO2 ð5Þ

The study of the antimicrobial activity test showed that

the photocatalyst PbSnO3 was non-toxic to the Gram-

positive, Gram-negative bacteria and fungi as there was the

absence of zone of inhibition. The PbSnO3 photocatalyst

was found to be non-toxic to the environment.

Conclusions

The nanocrystalline photocatalyst PbSnO3 was synthesized

by green chemistry approach using mechanochemical

method. Synthesis of PbSnO3 and degradation of different

dyes were carried out without affecting aquatic life. The

band gap energy of the photocatalyst was 3.265 eV with

average particle size 100 nm. The TEM micrograph and

SAED pattern associated with spots reveals occurrence of

tetragonal PbSnO3 in total agreement with the XRD data.

PbSnO3 photocatalyst was effectively used for degradation

of Methyl blue, Indigo carmine, and Acid violet dyes.

Antimicrobial activity of PbSnO3 was performed against

Gram-positive, Gram-negative bacteria as well as fungi and

it was found non-toxic.

Acknowledgements Authors are thankful to the University Grant

Commission, New Delhi and University of Pune for financial support

to carry out this work and Dr. A. V. Mahajan, Department of Physics,

Indian Institute of Technology, Powai, Mumbai for X-ray analysis.

References

1. Kuzushita K, Morimoto S, Nasu S. Charge disproportionation and

magnetic properties in perovskite iron oxides. Phys B Cond

Matter. 2003;329:736–7.

2. Misono M. A view on the future of mixed oxide catalysts: the

case of heteropolyacids (polyoxometalates) and perovskites.

Catal Today. 2005;100:95–100.

3. Snijkers FM, Buekenhoudt A, Luyten JJ. Proton conductivity and

phase composition in BaZr0.9Y0.1O3-d. Scr Mater. 2004;50:

655–9.

4. Shin S, Yonemura M, Ikawa H. Order-disorder transition of

Sr2Fe2O5 from brownmillerite to perovskite structure at an ele-

vated temperature. Mater Res Bull. 1978;13:1017–21.

5. Tanasescu S, Totir ND, Marchidan DI. Thermodynamic proper-

ties of the SrFeO2.5 and SrMnO2.5 brownmillerite-like com-

pounds by means of EMF-measurements. Solid State Ion.

2000;134:265–70.

6. Zhang GB, Smyth DM. Defects and transport of the brown-

millerite oxides with high oxygen ion conductivity—Ba2In2O5.

Solid State Ion. 1995;82:161–72.

2.5

2

1

0
0 100 200 300 400 500

1.5

0.5

Time/min

2 
+

 L
og

 A

MB
IC
AV

Fig. 10 Study of kinetics of degradation of dyes

hν

Light Conduction band

Eg

Eg

Valance band

e–

h+

O2

O2

–

OH

OH
–

>

.

.

Fig. 11 Schematic pathway of photocatalysis

82 A. V. Borhade, Y. R. Baste

123



7. Libby WF. Promising catalyst for auto exhaust. Science. 1971.

doi:10.1126/.171.3970.499.

8. Chakrabarti S, Dutta BK. Photocatalytic degradation of model

textile dyes in wastewater using ZnO as semiconductor catalyst.

J Hazard Mater. 2004;112(3):269–78.

9. Xu Y, Jia J, Zhong D, Wang Y. Degradation of dye wastewater in

a thin-film photoelectrocatalytic (PEC) reactor with slant-placed

TiO2/Ti anode. Chem Eng J. 2009;150:302–7.

10. Haque MM, Muneer M, Bahnemann DW. Semiconductor-medi-

ated photocatalyzed degradation of a herbicide derivative, chlo-

rotoluron, in aqueous suspensions. Environ Sci Technol. 2006;40:

4765–70.

11. Chen YS, Crittenden JC, Hackney S, Sutter L, Hand DW. Prep-

aration of a novel TiO2-based p-n junction nanotube photocat-

alyst. Environ Sci Technol. 2005;39:1201–8.

12. Yamashita H, Harada M, Tanii A, Honda M, Takeuchi M, Hirao

T. Preparation of efficient titanium oxide photocatalysts by an

ionized cluster beam (ICB) method and their photocatalytic

reactivities for the purification of water. Catal Today. 2000;63:

63–9.

13. Rashed MN, El-Amin AA. Photocatalytic degradation of methyl

orange in aqueous TiO2 under different solar irradiation sources.

Int J Phy Sci. 2007;2:073–81.
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