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ABSTRACT 

 Photocatalysis has been considered as an effective alternate for the purification of dyes in waste water. 
The objective of this study focused on the photocatalytic activity of titanium dioxide and silver nanoparticles 
(AgNPs)on the degradation of alizarin red. Green synthesis of silver nanoparticles using gooseberry extract is 
investigated. The synthesized nanoparticles are characterized by using UV-Visible and FTIR spectroscopy. The 
particle size of the AgNPs is determined by XRD analysis. The photocatalytic activities of the nanotitania and the 
synthesized AgNPs are examined by the degradation of alizarin red under visible light illumination. The rate of 
photodegradation of 100 ml alizarin redin the presence of 0.01 and 0.05 g of TiO2 nanoparticles are 1.20 x 10-2 
sec -1 and 1.60 x 10-2 sec -1 respectively. The absorption kinetics of the dye followed the pseudo-first order 
mechanism. Results indicate that the TiO2 nanoparticles act as an efficient photocatalystthan that of AgNPs for the 
degradation of alizarin red.  
 
Keywords: Gooseberry extract; Titanium dioxide; Silver nanoparticles; Photocatalytic degradation; Degradation 
efficiency. 
 

Introduction 

Alizarin Red is a water soluble anthraquinone dye used for the dyeing of cotton, silk, 

paper, leather and also in the manufacturing of paints and printing inks. Alizarin red isa 

durable pollutant, released especially by textile industries in the aquatic ecosystems [1]. It 

causes several harmful effects, such as gastritis, mal-functioning of lungs, severe headache, 

painful micturition and methemoglobinemia [2]. Due to this significant health risks to human 

and fish, it is essential to establish a proper method to remove this dye from water or 

industrial effluents. Removal of this dye from industrial wastewaters is a crucial process, from 

both economic and environmental point of view. This dyeis not easily removed by routine 

wastewater treatment methodologies like chemical coagulation, precipitation and chemical or 

biological oxidation due to their thermodynamic stability and resistance towards 

photocatalytical or biological oxidizing agents [3].  

 
There are several methods to remove dyes from waste water such as coagulation [4], 

reverse osmosis [5], photodegradation [6], ion exchange [7], oxidation [8], biodegradation 

[9], nanotechnology [10] advanced oxidation process [11] and adsorption [12]. Current 

research community focuses on technologies for the treatment of polluted air, water or soil 

that are cost effective and benign. Among all these methods, photocatalytic degradation 

seems to be quite promising as it can provide a low cost method to solve this problem. 
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Photocatalysis is a booming field of chemistry due to its numerous potential 

applications. In this method, semiconductorsare used as photocatalyst and have been 

considered as an effective alternate for the purification of dye containing wastewater [13]. All 

semiconductors can be used as photocatalyst due to the characteristic of filled valence band, 

and an empty conduction band. Many semiconductors have been synthesized and studied as 

photocatalysts including zinc oxide, titanium dioxide, strontium titanate, iron oxide, cadmium 

sulfide, tungsten trioxide, zinc sulphide, ilmenite, zirconium dioxide, vanadium oxide, 

niobium pentoxide, and tin oxide. Of these, TiO2 has been found most suitable for general 

environmental remediation [14]. 

 
Green synthesis of nanoparticles is an emerging branch of nanotechnology. The 

synthesis of nanomaterials is of current interest due to their wide variety of applications in 

fields such as electronics, photonics, catalysis, medicine, etc. Biosynthesis of nanoparticles 

provides advancement over chemical and physical methods as it is cost effective and 

environmental friendly method. Recently, biosynthesised silver nanoparticles (AgNPs) are 

also used as photocatalyst for the degradationon of dyes [15]. Jegadeeswaran et al., [16] 

examined the photocatalytic properties of green synthesised AgNPs on congo red and direct 

brown 95 under sunlight. Based on the literature survey, the present study concentrates on the 

photocatalytic degradation of alizarin red dye with nanoparticle of titanium dioxide and silver. 

The green synthesised AgNPs from gooseberry extract is characterized by UV-Visible 

spectroscopy and FTIR spectroscopy. The particle size is determined by XRD analysis. The 

photocatalytic experiments are conducted in the presence of sunlight. 

 
2. Materials and Methods 

Fresh and ripened gooseberry fruit were obtained from the local market. The 

dyealizarin redand AgNO3were procured from Merck. Nano titanium dioxide was purchased 

from Sigma-Aldrich. The double distilled deionized water was used as a solvent for the 

synthesis as well as the degradation studies. 

 
2.1. Preparation of gooseberry extract 

Ripened gooseberry was used for the preparation of the extract. 25 g of this ripened 

fruit was thoroughly washed with distilled water and cut into small pieces. Grind the pieces 

by a pestle and mortar and the resulting extract was filtered using Whatmann filter paper. The 

filtrate was collected and then centrifuged for about 10 minutes at 8,000 rpm. The supernatant 

extract was collected and used as reducing agent for the synthesis of AgNPs. 
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2.2 Synthesis of silver nanoparticles from gooseberry extract 

 1mM aqueous solution of AgNO3 was prepared and used for the synthesis of AgNPs. 

10 ml of gooseberry extract was added to 90 ml of 1mM aqueous AgNO3 solution in a 250 ml 

Erlenmeyer flask and incubated at room temperature. The sample colour changes from 

colourless to light grey colour within 10 minutes indicate the formation of AgNps. The 

AgNPs obtained by gooseberry extract were centrifuged at 15,000 rpm for 5 min and 

subsequently dispersed in sterile distilled water to get rid of any uncoordinated biological 

materials. The pellet of AgNPs collected at the bottom of the centrifuge tube was collected, 

dried and stored at - 4°C. 

 
2.3 Instrumentation Techniques 

The absorption spectrum of AgNPs and the photodegradation of dye were carried out 

using Shimadzu UV-1800 spectrophotometer. FT-IR analysis of the dried AgNPs was carried 

out through the potassium bromide (KBr) pellet (FT-IR grade) method in 1:100 ratio and the 

spectrum was recorded using Shimadzu IR Affinity-1 FT-IR spectrophotometer with the 

range of 4000-400 cm–1 at the resolution of 4 cm–1.Phase formation of the synthesized 

nanoparticles was characterized by X-ray diffraction. Diffraction data for thenanoparticles on 

glass slides were recorded on an X-ray diffractometer (Ultima III, Rigaku, Tokyo, Japan) with 

Cu Kα radiation (λ = 1.5406 Å) source in the 2θ range of 10°–80° with 4°/minute scanning 

rate. The particle size was calculated from the width of the XRD peaks using the Scherrer 

formula. 

D = 0.94 λ / β Cos θ 

where D is the average crystallite domain size perpendicular to the reflecting planes, λ is the 

X-ray wavelength, β is the full width at half maximum (FWHM) and θ is the diffraction 

angle. 

 
2.4 Photocatalytic degradation 

0.0365 g of alizarin red was dissolved in 100 ml of double distilled water and was 

used as a stock solution. This stock solution was further diluted for the degradation studies. 

The alizarin redshows an absorption maximum at 520 nm. The degradation of alizarin redwas 

studied by taking 100 ml of 8.0 × 10–6 M of the dye and the catalystin the presence of 

sunlight. An aliquot of 4.0 ml is taken out from the reaction mixture at regular time intervals 

and absorbance is measuredat 520 nm. The progress of the photocatalytic reaction was 

observed by taking optical density at regular time intervals. The decrease in absorbance with 

increasing time intervals shows the degradation of dye. The degradation efficiency (η) was 

described by the equation:  

η = (A0 − A)/A0 × 100% 
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Table 1 Degradation of alizarin red without catalyst in light 

 

 

 

 

 

 

 

 

 

 

 

Table 2 Degradation of alizarin red with 0. 01g of nano TiO2 

 

 

 

 

 

 

 

 

 

 

 

Table 3 Degradation of alizarin red with 0.05 g of nano TiO2 
 

Time (min) Absorbance (A) 1 + log A 
0.0 0.27 0.4313 
10 0.28 0.4471 
20 0.28 0.4471 
30 0.28 0.4471 
40 0.28 0.4471 
50 0.28 0.4471 
60 0.26 0.4149 
70 0.25 0.3979 
80 0.26 0.4149 
90 0.23 0.3617 
100 0.25 0.3979 

Time (min) Absorbance (A) 1 + log A 
0.0 0.29 0.4623 
10 0.26 0.4149 
20 0.24 0.3802 
30 0.20 0.3010 
40 0.19 0.2787 
50 0.17 0.2304 
60 0.14 0.1461 
70 0.13 0.1140 
80 0.12 0.0791 
90 0.11 0.042 
100 0.10 0 

Time (min) Absorbance (A) 1 + log A 
0.0 0.27 0.4313 
10 0.26 0.4149 
20 0.24 0.3802 
30 0.17 0.2304 
40 0.15 0.1760 
50 0.12 0.0791 
60 0.10 0 
70 0.09 -0.0457 
80 0.08 -0.0969 
90 0.07 -0.1549 
100 0.05 -0.3010 
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The rate of degradation and degradation efficiency of alizarin red in the presence of 

0.01 g of TiO2nanaoparticle is 1.20 x 10-2 sec -1 and 31.03 %, and for 0.05 g of 

TiO2nanaoparticle is 1.60 x 10-2 sec -1 and 50.73 %. The irradiation of alizarin red dye with 

0.01 and 0.05 g of AgNPs in the presence of sunlight is noted at regular time intervals, the 

absorbance of the solution first decreases and then increases with increasing time intervals 

showing thereby that the concentration of the dye increases with increasing time of exposure 

(Tables 4 and 5). These results reveal that only the TiO2  nanaoparticles acts as a catalyst for 

the degradation of alizarin red. The AgNPs is not a suitable catalyst for the degradation of 

alizarin red dye. 

 

Conclusion 

The present investigation deals about the photocatalytic activity of titanium dioxide 

nanoparticles and AgNPs on the degradation of alizarin red. The green synthesized AgNPs 

from gooseberry extract are characterized by UV-Visible and FT-IR spectral analysis. The 

particle size of synthesised AgNPs obtained from XRD analysis is 25 nm. The absorption 

kinetics of the dye followed the pseudo-first order mechanism. The rate of degradation and 

degradation efficiency of alizarin red in the presence of 0.05 g of TiO2 nanaoparticle is 1.60 x 

10-2 sec -1 and 50.73 %. Results indicate that the TiO2 nanaoparticleacts as aphotocatalyst for 

the degradation of alizarin red dye. Thus, the photodegradation mechanisms proposed in this 

study may shed some light on future applications for the degradation of dyes. 

 

References 

1. Talib, T.H., AlDamen, M.A., Alani, R.R., Modeling of advanced photooxidation of 

alizarin red-S dye using TiO2 as photocatalyst, American Chemical Science Journal.4, 

(2014), 918 – 933. 

2. Dawood, S., Sen, T.K., Removal of anionic dye Congo red from aqueous solution by raw 

pine and acid treated cone powder as adsorbent: equilibrium, thermodynamic, kinetics, 

mechanism and process design, Water Research. 46, (2012) 1933–1946.  

3. Akar, T., Tosun, I., Kaynak, Z., Ozkara, E., Yeni, O., Sahin, E.N., Akar, S.T., An 

attractive agro-industrial by-product in environmental cleanup: Dye biosorption potential 

of untreated olive pomace, J. Hazard. Mater. 166, (2009), 1217 – 1225. 

4. Malakootian, M.‚ Fatehizadeh, A.‚ Colour removal from water by coagulation/caustic 

soda and lime, Iran. J. Environ. Health. Sci. Eng. 7‚ (2010), 267 – 272. 

5. Mazloomi, S., Nabizadh, R., Nasseri, S., Naddafi, K., Nazmara, S. Mahvi, A.H, 

Efficiency of domestic reverse osmosis in removal of tri halomethanes from drinking 

water, Iran. J. Environ. Health. Sci. Eng. 6‚ (2009), 301 – 306. 



ISSN 0976‐5417                                                  Cross. Res.: Dec. 2018                                   Vol. 9 No.2 
 

 

90 
 

6. Maleki, A., Mahvi, A.H., Ebrahimi, R. Zandsalimi, Y., Study of photochemical and 

sonochemical processes efficiency for degradation of dyes in aqueous solution, Korean J. 

Chem. Eng. 27‚ (2010), 1805 – 1810. 

7. Kavitha, D.‚ Namasivayam, C., Recyclying coir pith, an agricultural solid waste, for the 

removal of procion orange from waste water, Dyes Pigments. 74‚ (2007), 237 – 248. 

8. Gholami-Borujeni, F., Mahvi, A.H., Nasseri, S., Faramarzi, M.A., Nabizadeh, 

R.,Alimohammadi, M.‚ Application of immobilized horseradish peroxidase for removal 

and detoxification of azo dye from aqueous solution,Res. J. Chem. and Environ. 15‚ 

(2011), 217 – 222. 

9. Gholami-Borujeni, F., Mahvi, A.H., Nasseri, S., Faramarzi, M.A., Nabizadeh, R.‚ 

Alimohammadi, M.‚ Enzymatic treatment and detoxification of acid orange from textile 

wastewater, Biochemand Biotech Appl. 165‚ (2011), 1274 – 1284. 

10. Mahvi, A.H., Ghanbarian, M., Nasseri, S.,Khairi, A., Mineralization and discoloration of 

textile wastewater by TiO2 nanoparticles, Desalination. 238‚ (2009), 309 – 316. 

11. Rauf, M.A. Ashraf, S., Fundamental principles and application of heterogeneous 

photocatalytic degradation of dyes in solution, Chemical Engineering Journal 15‚ (2009), 

10 – 18. 

12. Hossain, M.A.‚ Hassan, M.T.‚ Kinetic and thermodynamic study of the adsorption of 

Crystal Violet on used black tea leaves,Orbital Elec. J. Chem. 5‚ (2013),150 – 156. 

13. Tafer‚ R.‚ Boulkamh, A.‚ Direct photolysis of an azo-dye Erichrome Black T, Research 

Journal of Applied Sciences, 3, (2008), 339–344. 

14. Tayade‚ R.J., Suroliya‚ P.K, Kularani R.G, Jasra R.V.‚ Photocatalytic degradation of dyes 

and organic contaminants in water using nanocrystallineanatase and rutile TiO2, 

SciTechnolAdv Mater, 8‚ (2007), 455 – 462. 

15. Elumalai, E.K., Prasad, T.N.V.K.V., Kambala, V., Nagajyothi, P.C., David, E., Green 

synthesis of silver nanoparticle using Euphorbia hirta L and their antifungal activities, 

Archives of Applied Science Research. 2, (2010), 76 – 81 

16. Jegadeeswaran, P., Rajiv, P., Shivaraj, R., Venckatesh, R., Photocatalytic degradation of 

dye using brown seaweed (Pad inatetrastromatica) mediated silver nanoparticles, J. Bio 

Sci. Res. 3, (2012), 229 – 233. 

 

 

 

 

 


	articles final 17-03-19
	articles final 17-03-191
	articles final 17-03-192
	articles final 17-03-194
	articles final 17-03-195
	articles final 17-03-196
	articles final 17-03-197
	articles final 17-03-198
	articles final 17-03-199
	articles final 17-03-1910

