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 ABSTRACT 

BiOBr and BiOBr/SrHA bismuth oxybromide and bismuth oxybromide supported on strontium 

hydroxyapatite can we get them both from simple hydrolysis method. BiOBr and BiOBr/SrHA were 

characterized using scanning electron microscopy (SEM), X-ray diffraction (XRD), energy diffraction 

X-ray (EDX), Fourier transforms infrared spectroscopy (FTIR), and UV-visible (UV-vis)analysis. 

degradation of Malachite green in an aqueous solution was evaluated spectrophotometrically in the 

visible range from the area under the curve with peaks at 615 nm.BiOBr and BiOBr/SrHA showed the 

highest photocatalytic activity in degrading Malachite green and evolving O2 for its proper valence 

band (VB), because of electron-hole pair separation through trapping electrons by oxygen vacancies. 

The kinetic constant of the degradation reaction can be calculated based on the pseudo-degradation 

mechanism of the first order, using UV, and 300 W Xe lamp were used as the light source. will use in 

this paper. There are some parameters different photocatalytic acceleration can be used, for example, 

the time of equilibrium, the initial concentration of the concerned dye, and the initial concentration of 

the photocatalysts. 

Keywords---- Adsorption , cationic dye , Photocatalytic, Kinetics , SEM , XRD 

Introduction 

 

  Increase of Pollutants in the water Planet earth because wastewater, that produces from factories and 

Medical and industrial laboratories, all of that excess require for clean water sources. therapy these 

problems required  fast and inexpensive solutions. Recently, modern technologies have appeared that 

work on treating sewage and removing pollutants from water, such as advanced oxidation processes 

(AOPs), which have contributed to solving many problems of pollution with dyes, for toxic organic 

removal are under continuous study[1-4]. Heterogeneous photocatalysis is kind of the most favorable 

and wonderful AOPs to control environmental pollution, due to its confirmed activity in the decay and 
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mineralization of an expanse of organic compounds. Heterogeneous photocatalysis is a process that 

Depends on utilizing light energy to stimulate a semiconductor at, rate of a chemical reaction without 

itself undergoing any permanent chemical change [5-6]. potential semiconductor compounds, titanium 

dioxide (TiO2) P-25 is yet the most applied by industries today. It displays an interest in being inert, 

cheap, and stable. However, resultant of its bandgap of 3.2 eV this substance can only consume light 

energy in the UV region, which is ultimately around 5% of the solar spectrum. This may beTiO2  

considered unwanted for wastewater treatment Because the revitalization process needs high energy 

from natural sunlight [7-9]. newly, the photocatalytic properties of the bismuth oxyhalides family 

(BiOX, X = Cl, Br, I) have been scrupulous, performance favorable effects. between them, bismuth 

oxy bromide (BiOBr) has shown hopeful outcome hydrolysis, hydrothermal, solvothermal, microwave, 

microemulsion, and ion thermal all these methods of preparation of bismuth oxy bromide[10-11]. 

hydrolysis method, and physically and chemically describe in this study to produce bismuth oxy 

bromide. BiOBr has displayed major photocatalytic efficiency under sun radiation compared with the 

manufactory P25 [12]. Sr2+ element is very important in the human body its work decreases the 

activity of bone-resorbing osteoclasts and increases the activity of bone-forming osteoblasts[13-14]. 

there are more attempts were done by researchers replacing calcium (Ca2+) ion with strontium ion 

(Sr2+) to improve solubility and acid-reactive of hydroxyapatite. The presence of strontium element in 

hydroxyapatite in different proportions so that it does not affect the composition of the compound 

gives it some distinctive properties by increasing its solubility and vital activities if it is used inside the 

Vivo.  and because the mismatch atomic radii occur a lattice expansion. we can get particles of 

hydroxyapatite (HA) by different processes and temperatures Some of them can be mentioned 

calcination method precipitation, wet mechanochemical process, calcination method[15]. Recently, 

great interest in the benefits of hydroxyapatite has been observed in modern chemistry due to the 

important biological activity in the human body[16]. The process of replacing strontium with calcium 

in proportion to the compound hydroxyapatite (Ca10(PO4)6(OH)2) is to obtain good solubility as well as 

to increase the acidity of apatite in this paper, we want to explain some differences between bismuth 

oxy bromide if it only and if it modified support on strontium bismuth oxy bromide to removal 

Malachite green dye[17].  Since Malachite green is a common pollutant in wastewater of biological 

labs, there is an increasing request for wastewater treatment contaminated by this compound. Due to 

the basic nature of Malachite green, it connects to proteins in acidic media. Malachite green is thought 

detrimental if it is swallowed, inhaled, or absorbed through the skin. newly, nanoparticles that were 

used to remove Malachite green by adsorption from aqueous solution by photodegradation depend on 
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using UV light, and 300 W Xe lamp [18].In this study, we will discuss the process of removing 

Malachite green dye using BiOBr once and BiOBr/SrHA again and study which of the two compounds 

has the best effect on removing this dye. Scheme 1 shows the chemical structures of the studied 

Malachite green dye. 

 

 

 

 
           

              

Malachite green 

 

 

 
Scheme 1. Chemical structures of Malachite green dye. 

 

 
 
2. EXPERIMENTAL 

 

2.1  Preparation of photocatalysts 

 

2.1.1  Preparation of photocatalysts BiOBr 

 

In this work,  BiOBr has been prepared using three different dissolvent syntheses were prepared by 

mixing ethanol and deionized water. These dissolvent syntheses include water: ethanol in ratios 30:70, 

50:50,70:30 To prepare BiOBr, 100 ml of bismuth nitrate solution was prepared by dissolving 4.50gm 

of Bi(NO3)3.5H2O in the first dissolvent i.e. water:ethanol:30:70 and 50 ml of KBr solution was 

synthesis by solving 1.19g of KBr in the first dissolvent.   KBr solution was to insert to flow into the 
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Bi(NO3)3.5H2O solution in the conical flask at 2.5 ml/min with continuous stirring. 4 ml of 30% NH3 

solution was added to maintain the pH of the mixture as 2.5, and stirring was further continued for 6 h 

to ensure completion of the reaction, The resulting precipitates were collected by filtration on filter 

paper and washed several times with de-ionized water for the complete removal of undesired water-

soluble products. The solid compound so obtained is subsequently dried at 75 Co for 8 h in an electric 

oven under normal atmospheric conditions. The above procedure was repeated to synthesize two other 

samples of BiOBr using solvent compositions: water: ethanol as  50:50, 70:30. The highest 

photodegradation rates of the Malachite green dye were observed for the sample synthesized with a 

solvent containing water to ethanol ratio as 50:50, in the particular series of BiOBr compounds. 

 

2.1.2 Preparation HAP and Sr-HAp 

HAP and Sr-HAp were prepared by the wet chemical precipitation path. To formation HAp, a 100-ml 

solution of 4g (NH4)2HPO4 was added dropwise into 5.5g of Ca(NO3)2•4H2O solution of 100 ml 

while constantly stirring the solution with a magnetic stirrer. pH was kept around 10 by adding the 

amount of NH4OH.  The prepared solution was kept at room temperature for 24 h. Sr-HAp was 

prepared by adding 4g (NH4)2HPO4 solution dropwise into a solution comprised of  7g Ca(NO3)2 and 

1.7g Sr(NO3)2 solutions, which is about 15 mol%. Can be represented with a chemical formula Ca8.5 

Sr1.5 (PO4)6 (OH)2.  

 

2.1.3  Preparation of photocatalysts BiOBr/SrHA 

 

  BiOBr/SrHA was synthesis by a modification hydrolysis method using bismuth oxide, HBr, and 

SrHA as precursors [19]. In perfect preparation Bi2O3 (1.8g) was resolved in plus concentrated 

hydrobromic acid  (10 mol/L, 10 mL) to get a transparent BiO3-HBr aqueous solution. To this solution, 

1.3g of SrHA was inserted with continuous stirring. The acquired mixture was sonicated for 15 min. 

The pH of the solution was checked between 2 and 3 using ammonia. The specimen was heated at 90 

Co for half an hour to get white precipitates. The sample was washed several times with water and 

ethanol and then dried at 85 Co for 6 h to obtain BiOBr/SrHA. 

 

2-2. Photocatalytic degradation of dyes 
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Photocatalytic effectiveness test, the photocatalytic effectiveness of the BiOBr and BiOBr/SrHA 

photocatalyst was estimated by the degradation of Malachite green, under illumination. UV light and a 

300 W Xe lamp were used as the light sources. The reaction specimens were synthesis by inserting 15 

mg of BiOBr catalyst into 100 ml of  Malachite green, solution (7.5 mg L-1). Before illumination, The 

above procedure was repeated to BiOBr/SrHA. synthesize the suspension was ultrasonicated for 15 

min and left in the dark for 30 min to insurance of the adsorption-desorption equilibrium. through 

irradiation, 10 mL of the samples were regularly taken from the reactor at different intervals. The 

photocatalysts powders and the Malachite green solution were separated by a centrifugal machine. 

Then, the  Malachite green, dye concentration was analyzed through a (UV-vis Spectrophotometry PG 

Instruments Limited, model, T80 (EMC-LAB) and the area under the peaks at wavelength λ = 615 nm 

were noticed and concerning to the concentration of MG in the solution. The kinetic constant for the 

dye degradation reaction was calculated by supposing the pseudo-first-order mechanism for the 

degeneration reaction as per law C = C0 exp (−kt), where C0 and C are the concentrations of Malachite 

green, dye in the solution before irradiation and after irradiation respectively, for the time period “t” 

and “k” is the degeneration reaction rate constant. 

Regions under the absorption peak at 615 nm (in the visible area) was to the amount of MG present in 

the solution. We have registered the absorption spectrum of our specimens under two different 

exposure (UV and 300-W Xe lamp). Suppose“Co” is the initial concentration (before exposure) of MG 

dissolved in the solution,  where C = C1, C2, C3, … etc. are the concentrations of MG remaining after 

1, 2, and 3 hours of light exposure. The slope of the plot between [(C/Co)] vs. exposure time (min). 

 

 

 

3. Results and discussion 

Figure 1(a and b) shows the FT-IR spectra of BiOBr and BiOBr/SrHA, the range of 3417–3506 cm−1 

may refer to the stretching vibrations of −OH that existed in the adsorbed water molecule. As well the 

distinctive peaks at range (1621-1647) cm-1 are referring to the O-H bending vibrations. for pure 

BiOBr, 536.23 cm−1 corresponds to valence symmetrical A2u-type vibrations of the Bi-O bond, a 

reference that the compounds of BiOBr are obtained. The broadband at 3417.84 cm-1 is refer to O–H 

vibration of  H2O absorbed in the specimen. 1403.52 cm-1 peak is refer to the carbon-related pollution 

and a small amount of (CO3)
2-  caused by the CO2 in an aqueous solution or air during the synthesis. 

1631.84 cm-1 peak is refer to carbon-related pollution. The bands at 1023.42 cm-1 are a marker of 

asymmetric stretching. The two groups of bands in the low wavenumber ranging from 502.11 to 
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642.07 cm-1 (centered at 601.81 and 547.80 cm-1) are attributed to the bending vibrations of O–P–O in 

(PO4)
3- groups.The phase structures of the as-synthesis BiOBr and BiOBr/SrHA specimens were 

examined by XRD. As displayed in Figure 2, both BiOBr and BiOBr/SrHA specimens have highly 

strong and net diffraction peaks, which denote the perfect crystallinity of the patterns. All diffraction 

peaks can be guided to pure tetragonal BiOBr phase with network constants of standard JCPDS file 

(JCPDS# 9-432). As for BiOBr, the proportional diffraction intensities of peaks with (102) facets are 

clearly a lot stronger than those of others, which refer to a divergent development of the obtained 

BiOBr crystal over the (102) crystal face. anywise, it can be shown in BiOBr/SrHA  XRD pattern that 

the peak of the (102) plane was clear repressed and the intensity of the (102) characteristic peak 

becomes thin than that of the (110) characteristic peak. In addition to the appearance of new peaks for 

a compound BiOBr/SrHA that was not present in a compound BiOBr, and this is an indication of the 

formation of a new compound that differs from the first compound.[20] describe the EDX pattern of 

BiOBr and BiOBr/SrHA. in Figure 3 (a), and (b) respectively. The presence of elements O, P, Br, Sr, 

Ca, and Bi in BiOBr/SrHA and BiOBr. confirmed the formation of BiOBr/SrHA and BiOBr. 

The BiOBr and BiOBr/SrHA photocatalysts Figure 4 (a –b respectively ). was sample BiOBr was and 

overlapped with each other to form  3D hierarchical flower-like structures. The morphology of BiOBr 

and BiOBr/SrHA respectively diagnosed by scanning electron microscopy (SEM) are fixed in SEM 

visual data of BiOBr shows a quite different morphology than for BiOBr/SrHA. notable, the surface 

structure of BiOBr/SrHA changes to marked rise with some holes that were not present and installed 

when modified with BiOBr, This explains the presence of a large surface area, which increased the 

adsorption process of the dyes. Malachite green, (MG), a widely used dye, was chosen as the test 

pollutant to evaluate the photocatalytic activity of synthesized BiOBr and BiOBr/SrHA. The same 

reaction conditions were also tested for comparison between, a blank control, a dark control, and a P25. 

Figure 5(a) displays the photocatalytic action for Malachite green, degradation over  BiOBr, 

BiOBr/SrHA, and the P25, under 300W Xe lamp light irradiation. It can be a watch that the degradation 

of (MG), without photocatalysts under light irradiation is not observable, which reference that (MG), 

are stable under UV irradiation. moreover, the (MG), removal through BiOBr/SrHA, BiOBr, and the 

P25 are about 91.5%, 69%, and 74% after 3 h of UV light irradiation. Figure 5(b) shows the 

photocatalytic activity of these photocatalysts under visible light irradiation (λ > 420 nm). It can be 

shown that, after 3 h of visible light irradiation, degrade (MG) dye,  by P25 can only about 25%,79% 

for BiOBr, and 94% for BiOBr/SrHA. It is, therefore, obvious that  BiOBr/SrHA, with almost all the  

(MG), dye complete degradation within 3 h irradiation, is yet the most effective photocatalysts of all 
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the specimens. In the blank control and dark control test, the degeneration of (MG), dye is nearly 

shown under visible light irradiation, likewise to the visible light irradiation, which further refers that 

the effectiveness of adsorption is almost small. 

The lifetime of photocatalysts is significant for practical applications. that appreciate the 

photochemical stability of BiOBr/SrHA was recycled four times. The experimental conditions were Co 

=2×10-5 mg/l, V =100 ml, and BiOBr/SrHA = 0.2 mM. In addition, a 300W Xe lamp was used as the 

light source to provide visible-light irradiation. the photocatalytic fastness of the BiOBr/SrHA sample 

is promoted by repeating the decay processes four times under the same conditions, as shown in Figure 

6. After four recycles for the photo degeneration of MG, the photocatalyst was observed in the fourth 

cycle that its efficiency began to decrease. It references that the BiOBr/SrHA photocatalyst is constant 

during the photocatalytic oxidation of MG, which is particularly important for its application. To 

moreover realize the nature of the essential active species concerned in visible light degeneration of 

Malachite green, (MG), over BiOBr and BiOBr/SrHA, we executed the trapping experiments with the 

supplement of scavenger for the superoxide radical (.O-2) species, holes (h+), and hydroxyl radicals 

(.OH). [21] As shown in Figure 7, with 0.3 mM of the superoxide radical (.O-2) scavenger Acrylamide 

(AC), the decay of (MG), was notably depressed,  Also when 0.3 mM of Sodium oxalate (Na2C2O4) as 

a hole scavenger inserts to the solution, the rate for the decay of (MG), notably decreased. In the 

meantime, with the insert of 0.3 mM isopropanol (IPA), as a scavenger for hydroxyl radicals (.OH) 

species, was added, no apparent decrease in degradation rate was observed, reference the absence of 

hydroxyl radicals (.OH) species. These results explain that holes (h+) and the superoxide radical (.O-2) 

should be the essential active types for the decay of (MG), onto BiOBr/SrHA under visible light 

irradiation. Figures 8 (a) and (b) displayed the various time changes in the UV-vis irradiation of  

(MG), solutions through the photocatalytic degeneration over BiOBr and BiOBr/SrHA respectively. It 

is clear that  (MG), could degenerate completely over BiOBr and BiOBr/SrHA photocatalysts under 

both UV light irradiation and visible light. The concentration of (MG) dye in each decay sample was 

determined by a spectrophotometer (UV-vis Spectrophotometry PG Instruments Limited, model, T80 

(EMC-LAB) at λmax = 615 nm. By this process conversion percent of (MG) can be obtained in various 

intervals. The decrease of absorption peaks of (MG) at λmax = 615 nm in this figure indicates a rapid 

degradation of (MG). As displayed in Figure 8 (a,b), a blue shift of λmax is frequently noticed through 

the oxidation of (MG), over BiOBr and BiOBr/SrHA. The shift is related to a stepwise also, it was 

found that the generation of N-de-methylated MG products during the attack of active oxygen types 
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account for the notice absorption blueshift of the MG absorption through the MG photo degeneration 

over TiO2. [22]  

To find out why BiOBr and BiOBr/SrHA compounds give good results in photocatalytic under light 

irradiation, this has to do with photoelectrochemical properties where the process of electron transfer 

from the valence band to conduction band leaving behind a hole during irradiation process here, 

photocurrent will be generated and as it increases the strength of this current, this leads to the 

efficiency of the electron-hole separation process, and therefore the photocatalytic activity is high.[23] 
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Figure 1  FTIR patterns of BiOBr (a) and BiOBr/SrHA (b) 

 

 

 
 

 
                                                                                                                                                                                           

 

 

Figure 2 XRD patterns of BiOBr and BiOBr/SrHA 
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Figure 3 EDX patterns of BiOBr (a) and BiOBr/SrHA (b) 
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Figure 4 SEM of BiOBr (a) and BiOBr/SrHA (b) 
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Figure 5 .Time profile of Malachite green (MG),  dye degradation by BiOBr and BiOBr/SrHA under (A) UV irradiation, (B) vis-light 

irradiation 

 

 

0

0.2

0.4

0.6

0.8

1

1.2

0 30 60 90 120 150 180

C
/C

o

Time (min)

BiOBr/SrHA TiO(P25) BiOBr Blank

A

0

0.2

0.4

0.6

0.8

1

1.2

0 30 60 90 120 150 180

C
/C

o

Time (min)

BiOBr/SrHA TiO(P25) BiOBr Blank
B

http://www.turkjphysiotherrehabil.org/


Turkish Journal of Physiotherapy and Rehabilitation; 32(3) 

 ISSN 2651-4451 | e-ISSN 2651-446X 

 

6796 

www.turkjphysiotherrehabil.org 

 

 

 

 

Figure 6. Recycle experiments degradation of MG under visible light irradiation over the BiOBr/SrHA. 

 

 

 

Figure 7. Trapping test of active species through the photocatalytic decay of MG reaction by BiOBr/SrHAp 
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Figure 8. Photocatalytic degradation of MG: (a) UV-vis spectrum of MG over BiOBr/SrHA under vis-light irradiation. and (b) UV-vis 

spectrum of MG over  BiOBr under vis-light irradiation. 

 

4. Conclusions 

 

The results obtained from preparing BiOBr and BiOBr/SrHA compounds confirmed that these two 

compounds can give excellent results in removing MG dye from its aqueous solutions compared to 

TiO2 P25compound. especially when stimulated under visible light, although TiO2 P25 compound has a 

3.2 bandgap that enables it to function properly. However, the photocatalytic activity of the BiOBr and 

BiOBr/SrHA models may be related to the effective electron-hole pair separation at the photocatalyst 

mediator under visible light. in addition to These results reference that the suggested process was a 
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fast, facile, cheap, and green path to synthesize BiOBr and BiOBr/SrHA photocatalysts, and can 

become its industrial application and commercial production. 

5. REFERENCES 

 

[1] Gogate, Parag R., and Aniruddha B. Pandit. "A review of imperative technologies for wastewater 

treatment I: oxidation technologies at ambient conditions." Advances in Environmental Research 8.3-4 

(2004): 501-55. 

[2]. Sarria, Victor, et al. "An innovative coupled solar-biological system at field pilot scale for the 

treatment of biorecalcitrant pollutants." Journal of Photochemistry and Photobiology A: 

Chemistry 159.1 (2003): 89-99. 

[3]. Antonopoulou, Maria, et al. "A review on advanced oxidation processes for the removal of taste 

and odor compounds from aqueous media." Water research 53 (2014): 215-234. 

[4]. Arsac, F., et al. "Photocatalytic degradation of organic pollutants in water and in air. An analytical 

approach." Materials Science and Engineering: C 28.5-6 (2008): 722-725. 

[5]. Herrmann, Jean-Marie. "Heterogeneous photocatalysis: fundamentals and applications to the 

removal of various types of aqueous pollutants." Catalysis today 53.1 (1999): 115-129. 

[6]. Gaya, Umar Ibrahim, and Abdul Halim Abdullah. "Heterogeneous photocatalytic degradation of 

organic contaminants over titanium dioxide: a review of fundamentals, progress and 

problems." Journal of photochemistry and photobiology C: Photochemistry reviews 9.1 (2008): 1-12. 

[7]. Alinsafi, A., et al. "Treatment of textile industry wastewater by supported photocatalysis." Dyes 

and Pigments 74.2 (2007): 439-445. 

[8]. Lan, Yucheng, Yalin Lu, and Zhifeng Ren. "Mini review on photocatalysis of titanium dioxide 

nanoparticles and their solar applications." Nano energy 2.5 (2013): 1031-1045. 

[9]. Henderson, Michael A. "A surface science perspective on TiO2 photocatalysis." Surface Science 

Reports 66.6-7 (2011): 185-297. 

27.3  Rare Metals Huizhong, A. N., et al. "Photocatalytic properties of biox (X= Cl, Br, and I)." .[10]

250.-(2008): 243 

[11]. Zhang, Xi, et al. "Generalized one-pot synthesis, characterization, and photocatalytic activity of 

hierarchical BiOX (X= Cl, Br, I) nanoplate microspheres." The Journal of Physical Chemistry C 112.3  

(2008): 747-753. 

[12]. JZhang, Jun, et al. "Self-assembled 3-D architectures of BiOBr as a visible light-driven 

photocatalyst." Chemistry of Materials 20.9 (2008): 2937-2941. 

[13]. Matsunaga, Katsuyuki, and Hidenobu Murata. "Strontium substitution in bioactive calcium 

phosphates: a first-principles study." The Journal of Physical Chemistry B 113.11 (2009): 3584-3589. 

[14]. Canalis, E., et al. "The divalent strontium salt S12911 enhances bone cell replication and bone 

formation in vitro." Bone 18.6 (1996): 517-523.  

[15]. Brook, Ian, et al. "Biological evaluation of nano-hydroxyapatite–zirconia (HA–ZrO2) composites 

and strontium–hydroxyapatite (Sr–HA) for load-bearing applications." Journal of biomaterials 

applications 27.3 (2012): 291-298. 

[16]. Landi, Elena, et al. "Sr-substituted hydroxyapatites for osteoporotic bone replacement." Acta 

biomaterialia 3.6 (2007): 961-969. 

[17]. Waheed, A. A., K. Sridhar Rao, and P. D. Gupta. "Mechanism of dye binding in the protein assay 

using eosin dyes." Analytical biochemistry 287.1 (2000): 73-79. 

[18]. Sajjad Nasiri Khalil Abada, Mahdi Mozammela,, Javad Moghaddamb, Amir Mostafaeic,d, 

Markus Chmielusc, “Highly porous, flexible and robust cellulose acetate/Au/ZnO as a hybrid 

photocatalyst” Applied Surface Science 526 (2020) 146237 

http://www.turkjphysiotherrehabil.org/


Turkish Journal of Physiotherapy and Rehabilitation; 32(3) 

 ISSN 2651-4451 | e-ISSN 2651-446X 

 

6799 

www.turkjphysiotherrehabil.org 

 

[19]. Wei, Pingyu Yang Qinglin Guo Lin. "Bismuth oxyhalide compounds as photocatalysts." Progress 

in Chemistry 21.09 (2009): 1734.  

[20].  Wang, Xuelei, et al. "EDTA-modified hydrothermal synthesis of a novel four-leaf clover-shape 

BiOBr microstructure." Materials Letters 116 (2014): 171-174. 

[21] Jiang, Guohua, et al. "Growth of N-doped BiOBr nanosheets on carbon fibers for photocatalytic 

degradation of organic pollutants under visible light irradiation." Powder technology 260 (2014): 84-

89. 

[22] Xia, Jiexiang, et al. "Improved visible light photocatalytic activity of sphere-like BiOBr hollow 

and porous structures synthesized via a reactable ionic liquid." Dalton Transactions 40.19 (2011): 

5249-5258. 

[23] Jiang, Jing, et al. "ZnO/BiOI heterostructures: photoinduced charge-transfer property and 

enhanced visible-light photocatalytic activity." The Journal of Physical Chemistry C 115.42 (2011): 

20555-20564. 
 
 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

 

http://www.turkjphysiotherrehabil.org/

