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ABSTRACT

ZnS-Cd<catalysed photocatalytic bleaching of malachiteegre and brilliant green dyes has
been investigated. The effect of various paramggersh as the pH, concentration of dyes, effect
of amount of semiconductor and effect of lightrisity etc. were observed and discussed. The
progress of the photochemical oxidation was moadospectrophotometrically. The optimum
reaction conditions were experimentally determin@the photochemical oxidation of dyes
follows pseudo — first kinetics. The final produofsdegradation were characterized and a
tentative mechanism was proposed for the photodamxidation of dyes
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INTRODUCTION

As we stepped into the twenty-first century, we fa@ng the challenge of purification of water
and air resources. On one hand, we are enjoyingdh#orts and benefits that chemistry has
provided to us, e.g. from drugs to dyes, from cositps to computer chips, etc. On the other
hand, we are facing with the problem of proper osspp of various products and byproducts of
dye industries.Inspite of many uses, the dyes arec tand carcinogenic in nature and
environmental contamination by these toxic chemsitslemerging as a serious global problem.
Coloured solution containing dyes from industridfluents of textile, dyeing and printing

industries may cause skin cancer due to photosat®in and photodynamic damage. On the
other hand, bleached dye solution is less toxic @mbst harmless. Secondly, dye containing
coloured water is of almost no use, but if thisocoéd solution is bleached to give colourless
water, then it may be used for washing, coolingigation and cleaning purpose. The
photocatalytic bleaching seems to be quite promiaimd can provide a low cost method to solve
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this problem. The field of photocatalysis has besnellently reviewed by Ametat all 2

Photocatalytic degradation of cetylpyridinium clidierover TiQ has been reported by Singleal
al.. Similar photocatalytic reaction of xylidine poaceand orange-G dyes by ZnO powder has
been reported by Sharnet al?. Yoneyamaet al® studied the photocatalytic reduction of
dichromate ions using W{owder in acidic range. Costhal.® proposed the mechanism of gas
phase degradation of cyclohexanol and methylcyslahel catalyzed by niobyum pentaoxide
and phosphite. Shyama and Arakdwsave used zirconium dioxide as photocatalyst. A
composite system of polycrystalline ZnO/pi@nd its photocatalytic activity was studied by
Marci et al®. TiO2 sol-gel deposited over glass and its apfitinaas a effect of TiQacidic pre-
treatment on the photocatalytic phenol degradatias reported by Coloet al'* whereas
photodegradation of lignin from black liquor usiadJV/TiO, system was investigated by Ksibi
et al’?2 Enhanced efficiency of unsymmetrical versus symice squaraine dyes sensitized
nanocrystalline Ti@was reported by Alegt al’®. Morwetz and Sellf investigated the effect of
iron species in photocatalytic degradation of ay® id TiO, suspension. photocatalyst for water
decontamination has been reported by Geletal®. Kako et al’° suggested some preventive
methods against catalytic poisoning of Fighotocatalyst by S. The Kimet al® used ZnO
coated TiO2 nanoparticles for the flexible dye-g&resd solar cells. Photocatalytic degradation
of brilliant red dye and textile waste water hasrbsuggested by Martires al*®. Photocatalytic
degradation of acid blue-62 over CuO-$Snfanocomposite photocatalyst under simulated
sunlight has been reported by Xt al!’. Bleaching of some dyes using zirconium phosphate
photocatalyst have been studied by Panetaal'® The photocatalytic bleaching of malachite
green and brilliant green dyes in presence of ZdS-@hotocatalyst is being reported in the
present investigation.

MATERIALS AND METHODS

Malachite green (Hi media) and Brilliant (Hi mediaJnS-CdS were used in the present
investigations. The dyes solution of malachite graed brilliant green were prepared in doubly
distilled water. The photocatalysed oxidation oéslyvere studied in the presence of ZnS-CdS,
2.0 x 10°M and 1.0 x 10M, respectively for azure-B and erythrosine soliovere prepared
by dissolving 0.0456@nd 0.120 g, respectively of the dyes in 250.0 fnalowibly distilled water.
The absorption maximum of the dye was determinetth wie help of a spectrophotometer
(Systronics type). It was found to be 620 nm an8 B&, respectively for malachite green and
brilliant green

Photochemical degradation of malachite green wadiest by taking 50.0 mL reaction mixture
which contains 4.0 x I®M of malachite green and 0.12 g of ZnS-CdS. It emgosed to light
of 37.0 mWerif intensity. The pH was maintained at 4.0.

Similarly, photochemical degradation of brilliaregn was studied by taking 50.0 mL reaction
mixture which contains 2.0 x TOM of azure—B, 0.06 g of ZnS-CdS. It was exposeddiot lof
37.0 mWcm? intensity. The pH was maintained at 4.0.

A 200 W tungsten lamp (Philips) was used for iraéion purpose. The intensity of light was

measured by Suryamapi (CEL Model 201). A wateeffilvas used to cut off thermal radiation.
The pH of the solution was measured by a digitalnpeter (Systronics Model ). The desired pH
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of the solution was adjusted by the addition ofviesly standardized sulphuric and sodium

hydroxide solutions.

An aliquot of 2.0 mL was taken out from the reattimixture at regular time intervals and
absorbance was measured spectrophotometrically.@at= 620 nm and 625 nm, respectively. It
was observed that the absorbance of the soluti@nedses with increasing time intervals
showing thereby that the concentration of the diggseases with increasing time of exposure. A
plot of 1 + log A versus time was linear and follopseudo-first order kinetics. The rate constant

was measured by following

RESULTS AND DISCUSSION

expression:
k =2.303 x Slope

The results for typical run are given in Table I.

Table — I: A Typical Run

Malachite green Brilliant green
[Malachite green] = 4.0 x IBM [Brilliant green] = 2.0 x 1°M
Light intensity = 37.0 mW ci Light intensity = 37.0 mW ci

pH=4.0 pH=4.0

ZnS-CdS=0.12 g ZnS-CdS=0.06 g

Time (min.) 1+logA (-Ir—rl1rirr18 1+log A
0.0 0.500 0.0 0.441
10.0 0.472 30.0 0.431
20.0 0.451 60.0 0.420
30.0 0.426 90.0 0.412
40.0 0.404 120.0 0.402
50.0 0.380 150.0 0.392
60.0 0.355 180.0 0.385
70.0 0.321 _ _
80.0 0.315 _ _

k=9.96 x10°s™ k=110x10°s"

Table — II: Effect of pH

Malachite green Brilliant green
[Malachite green] = 4.0 x IBM | [Brilliant green] = 2.0 x 10M
Light intensity = 37.0 mW cM | Light intensity = 37.0 mW cm
ZnS-CdS =0.12 ZnS-CdS= 0.06 g

pH kx10°s* pH kx10°s?
3.5 8.42 3.0 0.06
4.0 9.96 3.5 0.91
4.5 8.21 4.0 1.10
5.0 7.32 4.5 0.91
5.5 7.01 5.0 0.81
6.0 6.83 55 0.52
- - 6.0 0.13
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Effect of pH: The pH of the solution is likely to affect the dadation of malachite green and
brilliant green and hence, the effect of pH on thtes of degradation of these dyes was
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investigated in the pH range 3.5 to 6.0 and 3.6.@ respectively. The results are reported in
Table II.

It has been observed that the rate of bleachingases with increase in pH of the solutions upto
4.0 for both the dyes i.e. malachite green andidntl green. The effect of pH on rate is that at a
higher (pH = > 4.0) the semiconductor surfaceighdlly negatively charged and so the anionic

dye molecule will experience a force of repulsi@auging a decrease in the rate of the reaction.
On the other hand at lower pH (4.0) the surfachefsemiconductor becomes slightly positively

charged and the dye molecules may become protonatesing a force of repulsion between the

surface of semiconductor and the protonated dyecuotds. This will also retard the rate of the

reaction.

It is established that surface properties of sendaotor are responsible for photocatalytic

process. The hole generated by semiconductor eréfitons in the solution from water. These
protons are utilized by dissolved oxygen in solutio

2h"+H,0 0 0- %02 +2H"

2H"+0, +2e" 0 - H,0,

These two reactions counter balance each othep#oteular extent. The surface charge on the
semiconductor-electrolyte interface will plays a jonarole in deciding the fate of this
photocatalytic reaction. The surface charge on semiliuctor favours the reaction when it is
positive. The surface charge depends on the pHeo$alution being positive in acidic media and
negative in alkaline media. After a particular pet charge on semiconductor surface becomes
zero and is called point of zero discharge (pzc).

Effect of dye concentration: The effect of dye concentration on the rate of thaction of
photochemical bleaching was studied by taking obffé concentration of dyes. The results are
reported in Table Ill.

Table — III: Effect of dye concentration
Malachite green Brilliant green
pH=4.0 pH=4.0
Light intensity = 37.0 mW ci Light intensity = 37.0 mW ci
ZnS-CdS=0.12 g ZnS-CdS=0.06 g
[Malachite green] x 16 M kx 10°s? | [Brilliant green] x 10°M kx10°s?
0.8 7.82 1.0 0.43
1.0 8.11 2.0 1.10
2.0 8.42 4.0 0.53
4.0 9.96 6.0 0.42
6.0 8.02 8.0 0.47
8.0 7.88 10.0 0.41

It has been observed that the rate of bleaching&ses with the increase in concentration of the
dye upto 4.0 x I8 M and 2.0 x 10 M for malachite green and brilliant green, resjvety. On
the further increase in the concentration of dyles,rate of photochemical bleaching decreases.
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This is probably due to the fact that after certamts of dye concentration, the dye molecules
present in the upper layer of the solution will azssa major portion of light. This will prevent
the incident light to reach the dye molecule in ik of the solution. The high concentration of
dye will act as a filter for the incident light al@nce, at higher concentration of the dyes, the
rate of bleaching decrease.

Effect of amount of ZnS-CdS: The amount of ZnS-CdS is also likely to affect tiage of
photochemical degradation of dyes and therefoféerdint amount of ZnS-CdS were used. The
results are reported in Table IV.

Table — IV: Effect of amount of ZnS-CdS

Malachite green Brilliant green
[Malachite green] = 4.0 x IBM [Brilliant green] = 4.0 x 10M
Light intensity = 37.0 mW cif Light intensity = 37.0 mW cifi
pH=4.0 pH=4.0
ZnS-CdS (g) kx16s? | ZnS-CdS (g) k x 18s™

0.06 8.00 0.04 1.04
0.08 8.61 0.06 1.10
0.10 9.22 0.08 0.56

0.12 9.96 0.10 0.59

0.14 9.52 0.12 0.51

0.16 9.01 0.14 0.59

It has been observed that on increasing the amoiudnhS-CdS upto 0.12 g and 0.06 g for

malachite green and brilliant green, respectiviig; bleaching of malachite green and brilliant
green also increases. Increase in bleaching rakeimdrease in amount of semiconductor is due
to more surface area available of semiconduct@atoh hold the light and generate the excited
states. On the further increase in amount, a reveend was obtained. It is due to the
interference of molecules of ZnS-CdS. The abundaheceolecules interferes in the pathway of

other molecules gaining the excited state thusiltieg decrease in bleaching

Effect of light intensity: The effect of light intensity on the rate of theaction was also
observed and the observations are summarized ile Vab

Table — V: Effect of light intensity

Brilliant green

Malachite green
[Brilliant green] = 4.0 x 1°M

[Malachite green] = 4.0 x IBM

pH=4.0 pH=4.0
ZnS-CdS=0.12 g ZnS-CdS=0.06 g
Light Intensity (MW cm™) | kx10°s™ kx10°s?
22.0 8.02 0.716
27.0 8.55 0.766
32.0 9.12 0.866
37.0 9.96 1.10

It has been observed that on increasing the iritenséilight, the rate of reaction also increases
because on increasing the intensity, the numbgrshotons striking per unit area of reaction

Pelagia Research Library 81



Shipra Bhardwaj et al Der Chemica Sinica, 2010, 1 (3):77-83

mixture will also increase. This will result in arcesponding increase in the rate of bleaching of
malachite green and brilliant green.

Mechanism
On the basis of above studies carried out, the aresin is proposed of bleaching of the dye as
follows —

'Dye, O M- 'Dye, (Singlet excited state)
'‘Dye, O BF3. °Dye, (Triplet excited state)
SC 00— e (CB)+h" (VB)or SC*

e +0, 00 O]

0; +H" 00~ HO;

HO, + °Dye, 0 [ Leuco dye

Leuco dye [0 [1» Product

Dye absorbs the light and get excited to singlatesind through intersystem crossing gets
converted to triplet state. On the other hand #maisonductor absorbs light and an electron is
excited from valence band to conduction band legabiehind a hole. The generated electron then

reacts with di*ssolved oxygen to generate an amea ffadical. This on reaction with kbn of
acid yield HO, free radical. The dye is now being bleached frbis free radical producing

leuco dye and this then converts into product. péicipation of HO, radical is confirmed by
the use of scavenger, which stops the bleachirgiomacompletely.
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