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ABSTRACT

The ammonium phosphomolybdate-mediated photocatalytic degradation of janus green B was inves-
tigated in aqueous solution of dye by monitoring the change in colour. The effect of various param-
eters such as janus green B concentration, amount of photocatalyst, pH, light intensity, etc. on the rate
of photodegradation of janus green B was investigated. The photocatalytic degradation of dye fol-
lowed pseudo-first order kinetics. Photodegradation was followed spectrophotometrically at Amax =
615 nm. A maximum color removal of 97.9 % was achieved in 4 hours. The mechanism of photocataly-

sis has been discussed.

INTRODUCTION

Most of the aquatic systems are under severe threat of
pollution due to the ever increasing industrialization,
urbanization, and population exodus. Various pol-—
lutants like acids, alkalies, detergents, sogp, phenols,
cyanides, metals, pesticides, insecticides, fungicides
etc., released fram different chemical industries pol—
lute our water resources. Pollution is also caused by
industrial wastes of leather tanneries, textile, dyeing,
printing, metal extraction distilleries, oil refineries and
pharmaceuticals units. The excess assimilation of
these wastes in water resources will pollute the whole
water and will create many side effects.

The commonly used waste water treatment pro—
cess include absorption, oxidation, biological meth-
ods, etc.The photocatalytic degradation of organic pol—
lutants is having a direct relevance in water
remediation treatments. Semiconductor are used to
degrade organic pollutants in water to less harmful

inorganic material was cbserved by Li ef al. (2005).
Photocatalytic degradation of waste water pollutants
and surfactants by TiO, was investigated by Muneer
etal. (1992). Photoreduction of methyl orange using
Ti0, as photocatalyst was observed by Brown and
Darwent (1984). Photocatalytic degradation of ethyl
violet in aqueous solution with TiO,suspension was
reported by Chenetal. (2006). Tre kinetics of hetero-
geneous photocatalytic degradation of reactive dyes
in an immobilized TiO, photocatalytic reactor was
observed by Mahmoodiefal. (2006) . Photodegradation
of methylene blue using solar light and TiO, (as semi-
conductor) was investigated by Nagueria and Jordin
(1993). The use of ZnO particulate system as a photo-
catalyst in photobleaching of xylidine ponceau and
orange G was observed by Sharma efal. (1995) . Froto-
catalytic degradation of krilliant green over semicon—
ductor ZnO powder suspended in aqueous solution
has been reported by Ameta et al. (1997, 1999).
Neppolian efal. (1999) reported Photodegradation of
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sare textile dyes over ZnO. Mansoori etal. (2004) do-
served photobleaching of rhodamine-B over ZnO.
Evaluation of No,O,and Ag/Nb,O, in the photocata-
lytic degradation of dyes from textile industries has
been investigated by Silvaetal. (2002). Chu and Tsui
(2002) dbserved photodecoloration of a non-biode—
gradable azo dye, reactive red 2, in a mixture of ac—
etone ard triethylamine solution.

Although a lot of work has been carried out in the
field of photocatalysis using TiO,, ZnO, CdS, ZnS etc.
but negligible attention has been paid to ammonium
phosphomolybdate as a semiconductor. Ammonium
phosphomolybdate is yellow in colour and absorbs
visible radiations. Ammonium phosphomolybdate
serves as an excellent candidate for photocatalysis,
because of its optical properties, which include a high
refractive index, chemical stability, low cost, ready
availability, greater efficiency, selectivity and conve-
nient way of treating several undesirable chemicals.
It has been used as a photocatalyst for the reduction
of some metal ions in low and as well as high concen-
trations, but it has not been used for the degradation
of dyes so far. Therefore, it has been planned to use
ammonium phosphomolybdate for photocatalytic
degradation of some dyes. Janus green B has been se-
lected for the present investigation.

Janus green B belongs to azo group of dye, itis a
basic and cationic dye used in histology and for
mitrochondria supravitally (1900). Janus green B un-
dergoes significant degradation in the presence of
ammonium phosphomolybdate semiconductor un-
der visible light irradiation. The ammonium
phosphomolybdate -assisted photodegradation of
dyes (pollutants) is an interfacial reaction, which
occurs on the surface of semiconductor. Therefore, the
dye adsorption on the semiconductor surface plays
an essential role in the photodegradation process.

The degradation rate of dye was found to be a func-
tion of various parameters such as concentration of
janus green B, amount of semiconductor, light inten-
sity, and pH. The main goal of the present study is to
investigate the photocatalytic activity of ammonium
phosphomolybdate semiconductor for degradation
of janus green B.

EXPERIMENTAL DETAILS

MATERIAL

Janus green B (Loba chemie) and ammonium
phosphomolybdate (Himedia) were used in present

investigations.
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Appartus

Digital pH meter - The pH of solution was measured
by a digital pH meter (Systronics Model-371).

Solarimeter - The intensity of light was measured by
solarimeter (CEL Model-SM 201) in mWcm?2.

Light source - A 200 watt tungsten lamp was used for
irradiation purpose.

Spectrophotometer — Optical density (0.D.) was mea—
sured at different time intervals by U.V.—visible spec-
troghotareter (Systronics Model —104) . The colour fad-
ing of the dye was monitored spectrophotaretrically
at 615 mm. G-3 sintered glass crucible was used for
filtration to dotain the desired accuracy in the mea—
surement of optical density of dye solutions.

Procedure

0.0511 g of Jjanus green B was dissolved in 1000 nilL
of doubly distilled water, so that the concentration of
dye solution was 1.00 x 10* M and it was used as a
stock solution. This solution was further diluted. The
optical density of this dye solution was determined
with the help of a spectrophotometer (Amax = 615
nm) . 200 nmL. of dye solution was taken and divided
into 50 n. of this dye solution was taken in four
leakers, each.

1) The first beaker containing only janus green B so
lution was kept in dark.

2 The second beaker containing only janus green B
solution was kept in light.

3 0.20 g ammonium phosphomolybdate semicon-—
ductor was added to third keaker containing janus
green B solution and was kept in dark.

4 0.20 g ammonium phosphomolybdate semiconduc
tor was added to third beaker containing janus
green B solution and was kept in light.

These leakers were kept for 4 hours. It was oo-
served that solution of first three bezkers had the sare
oetical density and colaur, while the solution of fourth
leaker showed a decrease in its initial value of optical

density.
The above experiment confirms that the reaction
between janus green B and ammonium

phosphomolyldate is not chemical and photochemi-
cal reaction lut it is a photocatalytic reaction.
Photocatalytic degradation of janus green B was
studied by taking 50 . of 8.4 x 10° M solution in
a100 mL beaker and the pH =10.5 of the dye solution
was adjusted with the help of previously standard-
ized sulphuric acid and sodium hydroxide and 0.2 g
of ammonium phosphomolybdate powder was added
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to it. The optical density of this dye solution was de—
termined with the help of a spectrophotareter (Amax
= 615 mm). This beaker was exposed to a 200 watt
tungsten lamp. A water filter was used to cut off ther—
mal radiations. 2.0 nl, of dye solution was taken out
at reqular intervals, filtered ard its gotical density was
measured. It was doserved that the concentration of
Jjanus green B dye decreases with increasing time of
exoosure. A plot of 2 +log O.D. against time was found
to ke lirear.

RESULTS AND DISCUSSION

Typical Run

Tt was observed that optical density decreases with
increase in time of irradiation and a plot of log O.D.
v/s tine was a straight lire. Tt irdicated that the pho-
tocatalytic degradation of janus green B followed a
pseudo-first order kinetics. The results of photo cata—
lytic degradation of janus green B are given in Table 1
and graphically represented in Fig. 1. The rate con—
stant of this photocatalytic reaction was determined
using the expression—

k=23Bxdlqe
Typical Run
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Fig.1. A Typical Run
Effect of pH Variation

The variation of pH on the photocatalytic degrada—
tion of janus green B was studied in the pH range 9.5
to 11.5 keeping all cother factors identical such as
concentratin of dye, amount of semiconductor and
light intensity. Under acidic conditions janus green B
was not degraded, ut in hasic range the dye solution
was degraded and the colour did not return back even
on additin of acid. The value of pH was varied by the
addition of H,SO, (for acidic range) and NaOH (for
basic range) to the dye solution. The results are re-
ported in Table 2.
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Table 1. A Typical Run

[Janus green B] = 8.40 x 10° M pH=10.5

Light intensity = 51.0 mWem? Ammonium
posphomolybdate
=020g

Time (min.) O.D. 2 +log O.D.

0.0 0.922 1.9647

20.0 0.575 1.7596

40.0 0.251 1.3996

60.0 0.107 1.0293

80.0 0.079 0.8976

100.0 0.037 0.5682

120.0 0.019 0.2787

k =5.35 x 10*sec?

Table 2. Effect of variation of pH

[Janus green B] Light intensity =

=8.4x10°M 51.0 mWem
Ammonium phospho-

molybdate =020 g

pH k x 10* (sec™)
9.5 4.65

9.7 4.81

10.0 5.00

10.2 5.16

10.5 5.35

10.7 5.08

11.0 4.83

11.2 4.66

11.5 4.50

Itis evident from above data that the rate of photo-
catalytic degradation of janus green B increases with
increase in pH. The increase in rate of photocatalytic
degradation may be due to more availability of the
OH- at higher pH values. OH- will generate more OH
by combining with the hole and these hydroxyl radi-
cals are responsible for this photocatalytic degrada-
tion. As the pH of the solution was increased, more
OH: will be available and these will be adsorbed on
the surface of the semiconductor making it negatively
charged and as a consequence of repulsive force be-
tween two negatively charged species (OH-and elec-
tron rich dye). The approach of electron rich janus
green B to the semiconductor surface will be retarded.
This will result in to a decrease in the rate of photo-
catalytic degradation of janus green B.

Variation of Janus green B Concentration

The variation of janus green B concentration on the
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rate of photo catalytic degradation was studied by
taking the concentration of Jjanus green B fram 7.6 x
10° M to 9.2x 10~ M keeping all other factors con-
stant. The result are reported in Table 3.

Table 3. Effect of janus green B concentration

pH =105

Light intensity = 51.0 mWem?
Ammonium phosphomolybdate=0.2g

[Janus green B] x 10° M k x 10* (sec™)

7.6 4.36
7.8 4.61
8.0 4.86
8.2 5.10
8.4 5.35
8.6 5.08
8.8 4.83
9.0 4.53
9.2 423

It has been observed that the rate of photocatalytic
degradation increases with an increase in the con-
centration of the dye upto 8.40x10°M.It may be
due to the fact that as the concentration of the janus
green B was increased, more dye molecules were avail-
able for excitation and energy transfer and hence, an
increase in the rate was observed. The rate of photo-
catalytic degradation was found to decrease with fur-
ther increase in the concentration of dye. This may be
attributed to the fact that the dye starts acting as a
filter for the incident light and it does not permit the
desired light intensity to reach the semiconductor sur-
face; thus, decreasing the rate of photocatalytic deg-
radation of janus green B.

Effect of Amount of Semiconductor

The amount of semiconductor powder may also effect
the rate of photocatalytic degradation of janus green
B and therefore, the amount of semiconductor was
varied fran 0.1 g to 0.3 g kesping all the other factors
identical. The results are reported in Table 4.

As indicated fram the data, an increase in the
amount of semiconductor also increases the rate of
photocatalytic reaction up to a certain amount of semi-—
conductor (saturation point). This can e explained
on the basis that with an increase in the amount of
semiconductor, the surface area of the semiconductor
will increase and hence, the increase in the rate of
reaction. But after a certain limiting amount of semi—
conductor ; if the amount of semiconductor is further
increased, then it will not contrilute to an increase in
the excosed surface area. On the contrary, it will in—
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crease only the thickness of the layer of semiconduc-
tor powder at the bottam of the reaction vessel and
thus, the saturation point is reached.

Table 4. Effect of amount of semiconductor
pH=10.5

[Janus green B] =8.4 x 10° M
Light intensity = 51.0 mWem™

Amount of semiconductor (g) k x 10* (sec™)

0.10 4.35
0.12 4.56
0.15 4.78
0.17 5.06
0.20 5.35
0.22 5.33
0.25 5.33
0.27 5.33
0.30 5.33

Effect of Light Intensity

To doserve the effect of light intensity all other factars
were ket constant. The effect of light intensity on the
photocatalytic degradation of janus green B was stud-
ied by varying it from 41.0 mVan?to51.0 mWem2 A
200 W tungsten lamp was used for 4 hours for irra-
diation purpose, which was located 20 cm above the
surface of the dye solution. The solutions were posi-
tioned at circles of different diameters suchas 2,4, 6, 8
and 10 cm from to center of the light source. The inten-
sity was measured by solarimeter (CEL Model SM-
201). The results are reported in Table 5.

Table 5. Effect of Light Intensity

[Janus green B] = 8.40 x 10-5 M pH =10.5
Ammonium phospho-

molybdate =020 g

Light Intensity (mWem?) k x 104 (sec™)
41.00 251

42.50 2.70

44.00 2.90

45.50 3.20

47.00 3.51

48.50 3.86

50.00 4.23

50.50 4.78

51.00

5.35

The rate of photocatalytic degradation increases
as the light intensity was increased. It was found that
up to light intensity (51.0 mWecm?); the rate of photo-
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catalytic degradation increases on increasing light in-
tensity. Tt may ke explained on the basis of nurber of
excited molecules. As more intensity of light falls on
ammonium phosphomolybdate semiconductor sur—
face, more nuoer of photons will ke available for
excitation ard, therefore, more electron-hole pairs will
e generated on the surface of semiconductor, which
in turn, may degrade more dye molecules and thus,
the rate of degradation was found to increase with
increasing the intensity of light.

MECHANISM
On the lasis of above studies, a tentative mechanism

has been proposed for the bleaching of dye by ammo—
nium phosphomolybdate semiconductor.

'Dye, — 'Dyel (Singlet excited state) 1

~

'Dye, —°Dyel (Triplet excited state) 2
SC —e +h+orSC* 3)
h+ + OH- (from base) — .CH @
*Dye, + OH — Products 0

Dye absarks the licht and gets excited to its first
sirglet state. This gets aawerted to triplet state throxch
intersystem crossing. On the other hand, the semicon-
ductor gets excited by absorbing light and an electron
is excited fram its valence band to conduction band
leaving behind a hole. This hole abstracts an electron
from OH ions generating OH free radical. The dyeis
bleached by this ‘OH radical. The participation of OH
radical was confirmed by using scavenger (2-pro-
panol), which almost stops the degradation reaction.
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