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Abstract: The present content deliberates the use of photocatalytic method for degradation of heterocyclic
and non-heterocyclic contaminants. UV light has been used as radiation sources to activate the photocatalysts.
A comparative study of the photocatalytic activity of ZnO, ZnS and CdS has been carried out. Heterocyclic
compounds i) Pyridinium dichromate (ii) Pyrazophos.
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. Introduction
1.1. Environmental pollution

The atmosphere of earth has a paper-thin layer of gas which contains life-giving oxygen and allows the
efficient cooling of the planet that protects the planet from harmful cosmic and ultraviolet radiations. Many
organic and inorganic pollutants such as chemical water, agrochemicals and many more that causes detrimental
effects on the environment. Environmental pollution can be demonstrated as an unwanted transformation in
chemical, biological and physical characteristics of air, water and land that may or will harmfully affect human
life, industrial progress, living conditions and cultural assets. It is often divided in to pollution of water supplies,
the atmosphere, and the soil [1].

1.2. Water pollution

The surge in the worldwide adulteration of freshwater systems with industrial, agricultural and domestic
waste chemicals is a key environmental problem. Since drinking water is becoming rarer, study into the
decontamination of the impure and polluted water has risen significantly because of large amount of pollutants
present in it, such as; inorganic, organic pollutants and heavy metals and many more.

Heterocyclic compounds - Pyrazophos, Pyridinium dichromate are the most commonly used and detected
pesticides in water [2, 3].
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1.3. Materials

The materials were obtained from reputed sources and were used as received without any purification: Zinc
Sulfide (ZnS), Zinc oxide (ZnO), Cadmium Sulfide (CdS), Hydrogen peroxide (H202) solution (30%), sodium
hydroxide (NaOH) and hydrochloric acid were was purchased from Merck. Organic solvents like; methanol,
ethanol, CCl4, CHCI3 were purchased from Loba chemie. Pyridinium dichromate was ordered from Sigma-
Aldrich. Pyrazophos,

The structures and chemical formulas of heterocyclic compounds used for photocatalytic degradation study
using ZnS as semiconductor have been demonstrated below (Figure 1 and 2).

1.3.1.1.  Details of Heterocyclic compounds used for the study [1-4].

Name : Cornforth reagent
IUPAC name : Pyridinium Dichromate
Chemical formula : C10H12N2Cr207
Molecular weight : 376.2 gm/mole
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Figure 1. Structure of Pyridinium dichromate

Name : Pyrazophos
IUPAC name : Ethyl 2-[(diethoxyphosphorothioyl) oxy]-5-

methylpyrazolo[1,5-a]pyrimidine-6-carboxylate
Chemical formula : C14H20N305PS
Molecular weight : 373.36 gm/mole
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Figure 2. Structure of Pyrazophos
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Il. Comparative study of typical run of Heterocyclic compounds (Pyridinium dichromate and
Pyrazophos.)

The photocatalytic degradation of all four compounds has been studied using ZnS as Semiconductor under
UV radiation. The kinetic study was carried out at different Amax 372, 295, 382, 357 nm for Pyridinium
dichromate, Pyrazophos.

The comparative typical run of all four successful experiment have been shown in table 1. The data suggest
that after 90 min the absorbance of pyridinium dichromate and Pyrazophos was almost half, while the and had
half absorbance after 120 min, compared to initial absorbance (figure 1). This indicates that degradation was
occurred in a single step reaction. The rate constant of all four compounds was determined using the expression,
k=2.303x slope the equation for the first order reaction.

Table-1. Comparative study of typical run of Heterocyclic compounds

PYRIDINIUM

TIME | DICHROMATE | P YRAZOPHOS
MIN.

2 + log 2 + log

ABS | 2xa0 | ABs | 250

00 0270 | 1431 | 0.282 | 1.521
30 0.175 | 1.243 | 0.179 | 1.253
60 0.153 | 1.184 | 0.161 | 1.194
90 0.133 | 1123 | 0.139 | 1131
120 0.111 | 1.045 | 0.121 | 1.085
150 0.091 | 0959 | 0.095 | 0.971
180 0.081 | 0.908 | 0.086 | 0.919
210 0.070 | 0.845 | 0.065 | 0.855
240 0.060 | 0.778 | 0.059 | 0.770

I1l. Comparative study: Effect of different concentration on photocatalytic degradation using ZnS
and UV light

The comparative data of effect of various concentration of pyridinium dichromate, pyrazophos, and
concentration on the rate of photocatalytic degradation has been mentioned in table 2. Based on comparative
data, we have observed that the rate of photocatalytic degradation of two compounds was good with initial 0.3
x10-4 M. has shown degradation at initial concentration compared while other one compounds have near about
degradation rate. It has been observed that rate of degradation was good at 0.5 x10-4 M concentration. But
after certain amount (0.5 x10-4 M concentration) the rate of degradation was decreases with increase in
concentration. So the 0.5 x10-4 M concentration of all found compounds was easily degraded using optimal
condition (figure 2). [6,10,13]
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Figure 1. Comparision of two compounds typical run [9]

IV. Comparative study: Effect of amount (semiconductor) on photocatalytic degradation using ZnS
and UV light

The amount of semiconductor has much more effect on photocatalytic degradation rate of heterocyclic
molecules. Because of this reason different amounts of semiconductor were used in the current study. The
comparative data on effect of amount of semiconductor for photocatalytic degradation using ZnS and UV light
are cited in Table 2. We have observed that the initial rate of photocatalytic degradation of all four compounds
was between 4 to 5.9 K (min-1 x 10-3). Which was then increases as the amount of photocatalyst increases up
to 250 mg but after reaching a certain amount (300 mg) it decreased. The rate of degradation reaction, using
200 mg of semiconductor, for pyridinium dichromate and pyrazophos was 6.2 and 6.1, respectively (figure 47).
The addition of extra ZnS around 250 mg seems to cover the whole surface area and therefore, an addition of
photocatalyst more than 250 mg does not effectively increase the degradation rate. The optimum degradation
rate for all compounds was obtained at 200 mg of semiconductor.

Table 2. Effect of amount of semiconductor

Pyridinium Pvrazophos
Amount of Dichromate y P
photocatalyst (mg)
K (mint x 103)
100 4.00 4.00
150 5.01 5.01
200 6.20 6.10
250 6.20 6.20
300 6.70 6.10
350 6.30 6.00

(Concentration = 0.5 x 10 M, Light Intensity = 3.69 mWcm2, Temperature = 301 K)
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Figure 2. Effect of amount of semiconductors: Pyridinium dichromate and Pyrazophos [6]

V. Comparative study: Effect of light intensity on photocatalytic degradation using ZnS and UV light

To observe the effect of light intensity on the rate of photocatalytic degradation of pyridinium dichromate
and pyrazophos (heterocyclic) solution, the different distance between source of light and exposed surface area
have been kept. The comparative data these experiments using various distances are reported in table 3. For this
study, we have used five different intensities of lights 2.06, 3.06, 3.69, 3.85 and 4.77. It has been found that
the rate of photocatalytic degradation increased with increasing light intensity up to 3.69, it is fact that as light

intensity increases, electron striking over unit area of semiconductor increases and hence the reaction rate has
to increase.

Table 3. Effect of light intensity [13]

Pyridinium P h
Light intensity | Dichromate yrazophos
(mWcm-?)
K (min x 1073)
2.06 2.0 1.9
3.06 3.2 35
3.69 6.2 6.1
3.85 9.0 85
4.77 10.0 10.0

(Concentration = 0.5 x 10* M, Zinc Sulphide = 0.2 gm, Temperature = 301 K)

VI. Comparative study: Effect of pH on photocatalytic degradation using ZnS and UV light

The pH of solution has noticeable impact on the rate of photocatalytic degradation of all four compounds.
The effect of pH on the reaction rate was investigated between pH range 2.0 to 9.0 and the results are depicted
in table 4. The comparative data indicates that rate of photocatalytic degradation of pyridinium dichromate was
increases with increasing pH up to 5.2 after that; there was sudden fall in degradation rate after this pH. The
degradation rate of pyridinium dichromate was 6.2, at pH 5.2. In case of pyrazophos the rate of degradation
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was 6.1 at 7.0 pH. In all cases, the reaction rate was moderately decreased with increase in pH. It happens may
be due to generation of dissimilar species at different pH value.

Table 4. Effect of pH [5]

| DT et
K (mint x 103)
2.0 2.90 3.11
3.0 4.47 3.70
4.0 5.18 4.27
5.2 6.20 5.10
6.0 2.63 5.89
7.0 4.50 6.10
8.0 5.90 2.83
9.0 5.9 4.20

(Concentration= 0.5 x 10* M, Zinc Sulphide = 0.2 gm,
Light Intensity = 3.69 mWcm2, Temperature = 301 K)

VII. Comparative study: Effect of band gap in photocatalytic degradation using ZnS-and UV light

The semiconductor has separated whole and electron pair that carry out photocatalytic reaction hence, band
gap energy plays an important role in photocatalysis. The effect of band gap in photocatalytic degradation of
all four compounds was studied with help of semiconductors having different band gap energy such as; ZnO,
ZnS and CdS. The comparative studies of experiments (figure 3) are reported in table 5, which indicated that
Zinc sulphide (3.8 eV), has highest rate constant compared to other semiconductor. The other semiconductors
were not even able to start the degradation reaction.

Table 5. Effect of band gap [8]

(Concentration = 0.5 x 10 M, Light Intensity = 3.69 mWcm2, Temperature = 301 K)

Semiconductor Pyridinium
used Band gap Dichromate Pyrazophos
K (min? x 10°3)
CdsS (200mg) 2.42 eV 0.0 0.0
ZnO (200mg) 3.20eV 0.0 0.0
ZnS (200mg) 3.80eV 6.2 6.1
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Figure 3. Effect of Band gap energy: Pyridinium dichromate, Pyrazophos [11]

VIIl. Comparative study: Effect of radical quencher in photocatalytic degradation using ZnS and UV
light

Radical quencher is mainly used to end the photocatalytic degradation reactions. We have used various
alcohols for quenching free radicals in this present research. We have used methanol and ethanol to examine
the effect of radial quencher. It was observed that addition of methanol; and ethanol as quencher, bring to an
end successfully the degradation reaction which was occurred. In all cases; two heterocyclic, the reaction was
totally quenched even in minor amount (figure 4). The comparative data are tabulated in Table 06.

Table 6. Effect of radical quencher [8]

i Radical quencher
Compound Typical run
£max 1y 3
S Kx107*(min™") Methanol | Methanol | Ethanol | Ethanol
(4ml) (2 ml) (4ml)
Pyridinium
Dichromate | 372 6.2 0 0 0 0
(PdC)
Pyrazophos
295 6.1 0 0 0 0
(PyP)

(Concentration= 0.5 x 10* M, Zinc Sulphide = 0.2 gm, Light Intensity = 3.69 mWcm,
Temperature = 301 K)
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Effect of radical quencher
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Figure 4. Effect of Quencher: Pyridinium dichromate and Pyrazophos [12][1]

IX. Conclusion

In conclusion, based on comparative study, pyridinium dichromate was degraded around 5.2 and 5.8 pH,
while Pyrazophos shows degradation near neutral pH at 6.9, in the presence of ZnS as semiconductor under UV
irradiation. Out of two semiconductors ZnS proved to be successful to carry out photocatalytic degradation
reaction of all compounds in aqueous and carbon tetra chloride (pyrazophos). All the reactions were found first
order Kinetic reaction. The reactions were totally stopped by quencher like alcohols.
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