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ABSTRACT

The use of colored semiconductor like bismuth sdé(BLS;) as photocatalysts in photocatalytic degradatidn o
malachite green was investigated in detail. In orte harness solar energy, the effective wavelergfthihe
photocatalyst is to be expanded into the visiblfiae and that increases the rate of photocatalgiégradation of
the dye. Progress of the reaction was recorded tepgitotometrically. The effects of various paraengtlike
concentration of dye, pH, amount of semicondudigint intensity etc. were studied. A tentative nagism for the
photocatalytic degradation of malachite green hE®deen proposed.
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INTRODUCTION

In recent years, the use of chalcogenides as phiatgst for degradation of pollutants has attrat¢tedattention of
scientific community all over the word. Water iseonf the fundamental requirements of life and anglasired
addition of chemical substances leads to its comta@iion and makes it unfit for human utility.

Generally, various dyes found in industrial effltegnultimately, enter the aquatic ecosystem and aaate
environmental hazards. These effluents have vevgrad and sometimes irreversible effects on othenas and
plants as well. The main purpose of waste watatrrent is the removal of these toxic substancesalwd, and to
make the water usable for industrial and domes$ie. urhere are various methods like adsorption, emno
flocculation etc, which have been used traditiontdl remove these dyes from the water bodies, Hrge methods
suffer from some drawbacks. In recent years, AdednOxidation Processes (AOP's) like photocatalysieto-
Fenton reaction, ozonation, sonolysis etc, havergateas successful techniques in combating agthiagtroblem
of environmental pollution. Research work and amtions based on AOP's in treatment of water hasased
considerably during last twenty five years. Thetphatalytic degradation was found to be the mosiniging and
efficient process in controlling the environmenpalllution, waste water treatment etc, in which semductor
particles act as photocatalysts or short-circuiteitroelectrodes on excitation. On excitation, semductor
generates electron-hole pair which may be useerdithn reduction or oxidation of the dye.
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The field of photocatalysis has been excellentlyiewed by Sahaset al [1] Photocatalytic degradation of
cetylpyridinium chloride over Ti@has been reported by Singhetl al. [2] Similar photocatalytic reaction of
xylidine ponceau and orange-G dyes by ZnO powdsrhggen reported by Sharretial. [3] Yoneyamaet al. [4]
studied the photocatalytic reduction of dichroniates using WQ powder in acidic range. Costaal. [5] proposed
the mechanism of gas phase degradation of cycloloésad methylcyclohexanol catalyzed by niobyumtaexide
and phosphite. Shyama and Arakawa [6] have usedriirm dioxide as photocatalyst. A composite systdm
polycrystalline ZnO/TiQ and its photocatalytic activity was studied by Maet al.[7] TiO, sol-gel deposited over
glass and its application as an effect of J#zidic pretreatment on the photocatalytic pheregrddation was
reported by Coloret al. [8] whereas photodegradation of lignin from black liqusing a UV/TiQ system was
investigated by Ksibét al.[9] Enhanced efficiency of unsymmetrical versussietrical squaraine dyes sensitized
nanocrystalline TiQwas reported by Alegt al.[10] Morwetz and Selli [11] investigated the effef iron species
in photocatalytic degradation of azo dye in Ti€uspension. Photocatalyst for water decontamimaims been
reported by Geloveet al. [12] Kakoet al. [13] suggested some preventive methods agaitatytia poisoning of
TiO, photocatalyst by p8. The Kimet al.[14] used ZnO coated Tighanoparticles for the flexible dye-sensitized
solar cells. Photocatalytic degradation of briltiaed dye and textile waste water has been sughéstdlartinset

al. [15] Photocatalytic degradation of acid blue-6210Cu0O-Sn@ nanocomposite photocatalyst under simulated
sunlight has been reported by X8a al. [16] Degradation of some dyes using zirconium phase photocatalyst
have been studied by Panvetral [17] Use of semiconducting iron (II) oxide in ghoatalytic degradation of some
dyes (malachite green, crystal violet and methylgine) has been reported by Ametaal.[18] Photoreduction of
Congo red by ascorbic acid and EDTA over cadmiuiphsde as photocatalyst was carried out by Kotlearal.
[19] Photocatalytic activity of antimony (1) suiide in degradation of Azure-B was carried outArgeta et al.
[20]

MATERIALSAND METHODS

In the present investigation, malachite green ashibth sulphide of SDH and Himedia, respectivelyauesed. All
the solutions were prepared in doubly distilledevalV-Visible spectrophotometer (Systronics - 184k used for
measuring optical density at different times. A 20Qungsten lamp (Phillips) was used for irradigtthe solution
in the visible range. The pH of solution was meedury a digital pH Meter (Systronics digital pH et 802).
The desired pH of the solution was adjusted by iptesly standardized sulphuric acid (Rankem) andiusod
hydroxide (Rankem) solutions. To confirm the phataéytic nature of the reaction; solution of thelachite green
was placed in equal amounts in four beakers; tisé lfieaker containing the dye solution was keptdrk, second
beaker containing dye solution was exposed to lighitd beaker containing dye solution and 0.10igmuth
sulphide was kept in dark and fourth beaker coirtgimlye solution and 0.10 g bismuth sulphide wasosgd to
light.

These beakers were kept under these conditior® tmel hours and then, the optical density of tlaton in each
beaker was measured with the help of a spectropteity (Systronics - 104) &}, = 615nm.

The optical density was found to be almost sanmage of solution of first three beakers, while eréase in initial
value of optical density was observed in fourthkeealt was confirmed that this reaction requiredh the light as
well as the semiconductor bismuth sulphide andefioeg, this reaction is photocatalytic reactiomature and not
chemical/thermal or photochemical. 0.3649 g of mhile green was dissolved in 100.0 mL of doublytikksl
water, so that the concentration of dye solutios w# x 10 M. It was used as a stock solution. The progréss o
reaction was observed by measuring optical demdityie reaction mixture containing dye and the semductor
bismuth sulphide at different time intervals durgosure.

RESULTSAND DISCUSSION

A solution of 1.75 x 18 M of malachite green was prepared in doubly déstilwater and 0.10 g of bismuth
sulphide was added to it. The pH of the reactioxtuné was adjusted to 8.0 and then this solutios @posed to a
200W tungsten lamp. A decrease was observed imptieal density of malachite green solution witlerigasing
time of exposure. A plot of 2 + log O.D. againsa¢i was found to be linear. The rate constant wassuared with
the expression —

k = @3x slope .. (1)
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A typical run has been presented in Table 1 aaghgcally represented in Figure 1

Tablel: ATYPICAL RUN

Time (min.) | 2 +log O.D.
0.0 1.6830
10.C 1.621:
20.C 1.572¢
30.0 1.5302
40.0 1.4914
50.0 1.4425
60.0 1.3927
70.C 1.342¢
80.C 1.290(
90.0 1.2430
100.0 1.2014
110.0 1.1523
120.0 1.1004
130.( 1.056¢
140.( 1.00
150.0 0.9542
160.0 0.9031
170.0 0.8513
180.0 0.8129
190.0 0.7634
200.( 0.716(
210.0 0.6721
220.0 0.6335
230.0 0.5798
240.0 0.5315
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Figure: - 1. A Typical Run (Bi,S; = 0.10g, [Malachite green] = 1.75 x 10°M, pH = 8.00, Light intensity =50 mWcm); Rate Constant (k)
=1.88x10*sY)

EFFECT OF pH
The pH of the solution may affect the rate of platalytic degradation of the malachite green amdetiore, the
effect of pH on the rate of photocatalytic degramabf malachite green was investigated in the ghtje 5.0 - 9.0.
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The results are reported in Table 2. It has beeerkd that the rate of degradation of malachiéemrincreases
with increase in pH upto 8.0. A further increasepth above 8.0 results in a decrease in the rateaiftion. An
increase in the rate of degradation of malachiezgmwith increase in pH may be due to generatiomarie ‘OH
radicals, which were produced from the reactiowken OHions and hole () of the semiconductor. Above pH
8.0, a decrease in the rate of degradation of yeends observed, which may be due to the facttizdéchite green
is a cationic dye, and at higher pH, Omay interact with dye molecules to convert it iiteoneutral form and the
attraction between neutral dye molecules and neggitcharged semiconductor surface is reducedivelgt

Table 2: EFFECT OF pH
[Malachite green] = 1.75¢10° M
Light Intensity = 50.0 mWcrh

Bi,.%=0.10g

pH | k x 1C° (sech)
5.00 2.39
5.50 3.07
6.00 3.48
6.50 4.04
7.00 5.48
7.50 9.59
8.00 18.76
8.50 15.99
9.0C 14.9¢

EFFECT OF DYE CONCENTRATION
Effect of variation of malachite green concentmatimas also observed by taking different concermtnatiof
malachite green. The results are given Table 3.

It is evident from the data that the rate of degtah was increased with an increase in conceatradf the

malachite green. It may be explained on the bésisds the concentration of malachite green wagsased, more
dye molecules were available for excitation andseentive energy transfer and hence, an increatieeimate of
degradation of the dye was observed. The rate gfadation was found to decrease with an increasthén
concentration of malachite green above 1.75 %0 It may be due to the fact that the dye itself start acting as
an internal filter for the incident light and it Whot permit the desired light intensity to reattte semiconductor
particles; thus, a corresponding decrease in tieeofadegradation of malachite green was observed.

Table3: EFFECT OF DYE CONCENTRATION
Light Intensity = 50.0 mWcth

Bi,$=0.10g
pH =8.00

[malachite greenk 1° M | k x 1¢f (sec’)
1.00 1.40
1.28 1.47
1.50 1.58
1.75 1.88
2.00 1.84
2.25 1.81
2.50 1.77
2.75 1.73

EFFECT OF AMOUNT OF SEMICONDUCTOR

The amount of semiconductor may also affect the cdtdegradation of dye and hence, different anwuwadft
photocatalyst were used. The results are repontethble 4. It has been observed that the rate gfadation of
malachite green was increased on increasing theustmaf semiconductor but ultimately, it became uaity
constant after a particular amount i.e. 0.10 gndty be attributed to the fact that as the amourgteaficonductor
was increased, there was an increase in exposttswarea of the semiconductor, but after a cetiwiih (0.10 g),
if the amount of semiconductor was increased furttieen the exposed surface area of the photosatafyl not
increase.

It may be considered like a saturation point; abetieh there is negligible or no effect on the ratelegradation of
malachite green. Any increase in the amount of eenductor after this amount will only increase thigkness of
the layer at the bottom of the reaction vessel aoidthe exposed surface area. This was confirmethking
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reaction vessels of different dimensions. The sditum point shifts to higher side for larger vesselhile reverse
trend was observed for smaller vessels.

Table4: EFFECT OF AMOUNT OF SEMICONDUCTOR
[Malachite green] = 1.75x10° M
Light Intensity = 50.0 mWcth

pH = 8.00

Bismuth Sulphide (g) k x Tqsed)
0.02 1.41
0.04 1.51
0.0€ 1.62
0.0¢ 1.8(
0.10 1.88
0.12 1.85
0.14 1.84

EFFCT OF LIGHT INTENSITY
The effect of light intensity on degradation of awiite green was observed by changing the distagiveeen the
light source and the exposed surface of semiconduct

The results are reported in Table 5.

These results indicates that degradation of makaateen was accelerated as the intensity of ligig increased,
because an increase in the light intensity wilkéase the number of photons striking per unit afesemiconductor
surface per unit time. On further increasing thiensity of light above 50.0 mWctmthere was a decrease in the
rate of reaction. This may be due to some siddimeecor thermal effect.

Table5: EFFECT OF LIGHT INTENSITY
[Malachite green] = 1.75x10° M

Bi,S=0.10 g
pH = 8.00

Intensity of Light (mW cr?) | kx 1C* (sec®)
10.0 1.60
20.0 1.76
30.0 1.79
40.0 1.81
50.0 1.88
CONCLUSION

On the basis of above observations, a tentativdharesm for photocatalytic degradation of malachiteen in
presence of bismuth sulphide may be proposed svio-

'Dye,— 'Dye, (Singlet excited state) (2)
'Dye; — 3Dye, (Triplet excited state) (3)
SC — € (CB) + i (VB) or SC (4)
h* +OH OO - "OH (5)
‘OH+*Dye;— Leuco dye (6)
Leuco dye— Product @)

Malachite green dye absorbs radiations of suitaldgelength and gives rise to its excited singlatestThen it
undergoes intersystem crossing (ISC) to give timetrstate of the dyes. The involvement of tripktate was
confirmed by using triplet state scavengers, wlileereaction rate was almost negligible. On thesotiand, the
semi-conducting bismuth sulphide (SC) also utilites radiant energy to excite its electron fromenak band to
the conduction band; thus, leaving behind a hohés fiole abstracts an electron from Obins to generatéOH
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radicals. These radicals will oxidize the dye ®wléduco form, which may ultimately degrade to hassalproducts.
The participation ofOH radicals as an active oxidizing species wasigoefl by using hydroxyl radical scavenger
isopropanol, where the rate of degradation wagidedly reduced.
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