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Abstract : The current study is designed to treat the solutions of paracetamol and procaine by
using UV light with using of ZnO as catalyst. This study explained the importance of the UV
light and catalyst as a basic factors in the photocatalytic degradation for both paracetamol and
procaine. An attempt has been done to study the effect of process parameters through amount of
catalyst, concentration of drugs, pH of drugssolution and temperature on photocatalytic
degradation of drugs solution.

The experiments were carried out by varying pH equal to 2-12, amount of catalyst from 0.01
tolg,initial concentration of drugsfrom5 to 40ug/ml and temperature rangefroml5 to55°C. The
optimum catalyst dose was found to be equal to 0.025 g and 0.1 g are considered the optimum
weights of paracetamol and procaine respectively. In the case of ZnO maximum rate of
photoreaction of drugs solution was observed in the increase of pH of reaction solution for both
drugs have a positive effect represented by increasing the degradation rate until the pH 8 and 4
are the best acidic function of the paracetamol and procaine respectively.

Photocatalytic degradation was found to increase with increasing temperature. Arrhenius plot
shows that the activation energy is equal to 8.95 KJ. mol™ for paracetamol and 15.67 KJ. mol™
for procaine.The thermodynamic parameters of the photodegradation of drugs, like energy of
activation, enthalpy of activation, entropy of activation and free energy of activation revealed
the efficiency of the process.
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Introduction

In recent decades, very severe regulations have forced researchers to develop and evolve novel
technologies to accomplish higher mineralization rate with lower amount of detectable contaminants. Different
physical, chemical, and biological treatment processes have been employed to treat various municipal and
industrial wastewaters such as chemical “* biological, food *pharmaceutical “*pulp and paper ® dye processing
and textile "% and landfill leachate ** effluents.

Pharmaceutical manufacturers use water for process operations, as well as for other non-process
purposes. The, water may be formed as part of a chemical reaction. Process water includes any water that,
during manufacturing or processing, comes into direct contact with or results from the use of any raw material
or production of an intermediate, finished product, byproduct, or waste. Process wastewater includes water that
was used or formed during the reaction, water used to clean process equipment and floors, and pump seal water.
Non-process wastewater includes noncontact cooling water (e.g., used in heat exchangers), noncontact ancillary
water (e.g., boiler blow down, bottle washing), sanitary wastewater, and wastewater from other sources (e.g.,
storm water runoff).
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Advanced oxidation processes involve the production of highly reactive radicals such as hydroxyl
radicals which have the ability to oxidize almost all complex organic molecules into smaller molecules.

Complete mineralization of the compounds into COz, water and inorganic structures such SO42- NOz-and Nzis

possible. These treatment processes are considered as very promising methods for the remediation of
contaminated ground, surface, and wastewaters containing non-biodegradable organic pollutants. Hydroxyl
radicals are extraordinarily reactive and non-selective and for this reason it reacts with all surrounding
chemicals, organic pollutants and inhibitors as well.

That attacks most of the organic molecules. AOPs involve the two stages of oxidation, the formation of
strong oxidants (e.g., hydroxyl radicals) and reaction of these oxidants with organic contaminants in water. The
application of homogeneous photodegradation (single-phase system) to treat contaminated waters, concerns the
use of UV/ozone and UV/H202.The use of UV light for photodegradation of pollutants can be classified into

two principal areas.

a) Direct photo degradation, which proceeds following direct excitation of the pollutant by UV light
b) Photo-oxidation, where light drives oxidation processes principally initiated by hydroxyl radicals.

The latter process involves the use of an oxidant to generate radicals, which attack the organic
pollutants to initiate oxidation. Three major oxidants used are: hydrogen peroxide, ozone and photo-Fenton

system (Fe3+/H202)"

Heterogeneous photocatalysis can be carried out in various media: gas phase, pure organic phase or
aqueous solutions. The overall process is controlled by several steps: mass transfer of reactants to catalyst
surface, adsorption of the reactants, light absorption creating electrons (") and holes (h*), trans  port of photo
generated charges to the adsorption sites, reaction of the adsorbed species, desorption of products and removal
of the products from the catalyst surface =

Photocatalysis: The process is heterogeneous because there are two active phases, solid and liquid. The
word photocatalysis is composed of two part, the prefix photo, defined as "light", and Catalysisis the process
where a substance participates in modifying the rate of a chemical transformation of the reactants without being
altered in the end. This substance is known as the catalyst which increases the rate of a reaction by reducing the
activation energy. The mechanism lies in the production of OH free radical by induction of electron
transformation using UV illumination. Although its mechanism is similar to that of H,O,/UV, O5/UV, etc, TiO,
is preferred over other due to its stability under various conditions, its high potential to produce radicals and its
easy availability and low price **
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Figure (1) : Mechanism of radical formation reactions during photocatalytic process as a results of
photocatalyst excitation with light®*

Semiconductor can be defined as materials that have an electrical conductivity which position between
conductor and insulator. The classification of semiconductor depends on their electrical conductivities that
increase with temperature increases. About three materials are designed which depend on their electrical
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conductivities. Principally, conductors involve a low resistance of electrical flowing; others associate with a
moderate resistance to electrical flow as semiconductors and insulators that characterize by a significant
resistance to electrical pass™.

There are two kinds of semiconductors which are classified into intrinsic and extrinsic. The existence of
negative electrons in a conduction band and a positive hole in valence band are equal function a role in intrinsic
semiconductor which is considers a pure semiconductor having no impurities. While an induction of impurities
into semiconductor has associated with a change in the numbers and types of free charge carriers that clearly
explain in extrinsic semiconductor. Which are classified into two categories including, n-type and p-type
semiconductors “® (as shown in figure 2). Electrons represent a carries of charge in n-type semiconductor while
holes are charge carriers in p-type semiconductor.’
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Figure (2): Energy level diagram for n-type and p-type semiconductor.

Recently, the definition of semiconductor is much more related to the energy gap through the free
carrier concentration at room temperature. As shown in Table 1, metals and semimetals have a rather largest
carrier density; semiconductors exhibit a moderate carrier density while insulators have a negligible carrier
density at room temperature. However, the real semiconductors always contain some impurities, which can act
as dopants leading to larger values of the carrier density®®.

Table(1): The classification of solids according to their energy gap, carrier density and typical
conductivity at room temperature *%.

Type of solid | Eg (eV) n(cm®) | Conductivity, | Example
o (cm™)
Metal No energy | 10% 10°- 10%° Au, Cu, Pb
gap
Semimetal E, < 0 10"-10" | 10°-10° Graphite,
HgTe

Semiconductor | 0 <E,<4 | <10" 10°-10° Si, Ge, GaAs
Insulator E, > 4 <1 <10° Quartz, CaF,

The wavelength of incident light has an important role in movement the electrons between valence and
conduction bands, as an example ultraviolet considers the suitable energy that is necessary to occur the

photocatalyst in ZnO, that based on E=h o= % . Where E is equal to 3.2 eV, and in case of ZnO (3.2 eV =

3.2 x 1.6 x 10-19J), and by substitution of each ¢ and h constants by 3.0 x 108m/s, 6.626 x 10-34Js
respectively. 1t would be clear to know that 380 nm is a suitable wavelength to obtain the photocatalyst in
Zno?.

Zinc oxide is a common semiconductor that has a chemical structure ZnO. This semiconductor
considers a favored type in photocatalytic reaction to handling of wastewater more than other catalysts. Low
prices and consuming a solar spectrum entirely makes it the predominant semiconductor in photooxidation "
Regarding the chemical behavior of ZnO that is characterize by considering it an amphoteric oxide. This
behaves is accompanied by a variation in its solubility. A slight solubility that equal to 0.19 mg/100 ml at room
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temperature mainly found in water. While it involves a complete dissolving towards acids as explained below:
22,23

Pharmaceutical manufacturers generate process wastewater containing a variety of conventional
parameters (e.g., BOD, TSS, and pH) and other chemical constituents.

The study of pharmaceuticals in many researches indicated that a different types of medicinal
compounds as main factor of contamination of wastewater . Some of these studies focusing on the effect of
drugs on surface water®?’, while other studies deal with drugs effect on ground water *®?**% and in oceanic
system as well**2, From all the above studies it seems that drugs consume and uses of it consider to be the
main cause of contamination rather manufacture process of drugs®.

Paracetamol is the most frequent drug use to pain relief and reduce fever* *, and the major of analgesic

that used to treat the advance cases of cancer and manage of surgical pain®. Paracetamol has been identified
firstly in 1886 as analgesic by Harmon Northrop Morse®” *. Synthesis process are involved the reduction of p-
nitrophenol with tin in glacial acetic acid. A high use of aniline derivative includes Acetanilide capable to cause
methemoglobinemia the reason that leads to look for another derivative with a less toxic effect.
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Figure(3):chemical structure of Paracetamol

Procaine or also called Novocain is a member of amino ester groups which used as a local anesthetic
drugs that act mainly to reduce pain associated with penicillin intramuscular injection and also, it widely usedin
dentistry. It’s anesthetic effect usually carried out by blocking a sodium channels™.

Procaine is amphiphilic molecule of is comprises from 4-aminobenzoic acid that gives hydrophobic
features and diethylaminoethane that cause hydrophilic properties. These molecules link together by ester
bound. Iglesias-Martinez et al (2006)*° deeply explained the importance of both molecules concentration to
survive substitution reaction.

Procaine

@i -
o >

Figure(4) :chemical structure of Procaine

Now a day, due to the presence of extremely refractory organic matter in the wastewater stream, the use
of conventional wastewater treatment methods are increasingly become challenged. So, now there is a clear
need to test and set up the emerging alternative technologies that can deal with highly concentrated and toxic
non biodegradable organic matter. So in this way advanced oxidation process (AOP’s) has emerged in the last
decade especially for the treatment of industrial wastewater.

The scope of this project is to see photocatalysis as a viable treatment option in case of pharmaceutical
industry wastewater. Zinc oxide was used as photocatalyst. Experiments were performed in slurry mode in UV
light at optimized condition.


http://en.wikipedia.org/wiki/Harmon_Northrop_Morse
http://en.wikipedia.org/wiki/4-Nitrophenol
http://en.wikipedia.org/wiki/4-Nitrophenol
http://en.wikipedia.org/wiki/Tin
http://en.wikipedia.org/wiki/Acetic_acid
http://en.wikipedia.org/wiki/Acetanilide
http://en.wikipedia.org/wiki/Methemoglobinemia

Alaa Jawad Abdul-Zahra et a/ /International Journal of ChemTech Research, 2016,9(11),pp 412-425. 416

2. Experimental

The Phocatalytic process is carried out using photocatalytic reactor that is synthesis locally. This
represents an aluminum box contains wooden walls inside that help to keep light and prevent light dispersion.
Also, photocatalytic reactor supplies with lamp of mercury medium pressure. It is used 250 W without use the
class cover of lamp in order to focus light towards solution vertically

Zinc oxide with 99% purity were supplied by Fluka-Garantie, Solutions were prepared using double
distilled water. In all experiments, the required amount of the catalyst was suspended in 200 ml of aqueous
solutions of drugs, using a magnetic stirrer. At predetermined times; 5 ml of reaction mixture was collected and
centrifuged (3000 rpm, 15 minutes) in centrifuge. The supernatant was carefully removed by a syringe with a
long pliable needle and centrifuged again at same speed and for the same period of time. After the second
centrifugation the absorbance at (244nm for paracetamol and 290 nm for procaine.) of the supernatants was
determined using ultraviolet-visible spectrophotometer, type Shimadzu UV 1650 PC /Japan.

In order to determine the effect of catalyst loading, the experiments were performed by varying catalyst
concentration from (0.01 to 1)g, for drugs 10pg/ml solutions at natural pH . Similar experiments were carried
out by varying the pH of the solution (pH 2-12) and concentration of drugs (5, 10, 20, 30, and 40 )ug/ml. the
reaction temperatures amounted to 15, 25, 35, 45, and 55°C.

3. Results and discussion
3.1 Degradation of Paracetamol and procaine solutions Under Different Experimental Conditions

In the current study dark reaction is carried out by using the solutions of both paracetamol and procaine
with amount of ZnO catalyst in the absence of UV light and it is clear that addition of ZnO catalyst in dark
reaction with different times of adsorption had no significant changes on paracetamol and procaine
degradation. Figures(5,6) show the comparison study for the degradation of paracetamol and procaine
respectively , in figures (5,6) noted the values of In A-/A with time (0-30) min have a little increase for both
dark and photolysis reactions , from this it is believed that presence monolayer of paracetamol and procaine on
catalyst surface, This means that a limited free sites are available that lead to a limited degradation process“?.

When we are studied the effect of both light and catalyst (photo catalysis reaction) on paracetamol
solution, show the largest different when comparison with the dark or photolysis reactions for this current
research. It is demonstrated that complete paracetamol solution degradation can be achieved in case of using
both UV light and ZnO catalyst, Because this supplies source of free radical such as hydroxyl radical and super
oxide radical.
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Fig 5. Shows relationship between In A-/A and irradiation time of Paracetamol.



Alaa Jawad Abdul-Zahra et a/ /International Journal of ChemTech Research, 2016,9(11),pp 412-425. 417

25 Photocatlysis
reaction,

In Ao/A

15 20 25 30 35

[}
o
-
]

Time (min)
Fig 6. Shows relationship between In A./A and irradiation time of procaine.

The finding result explained that a photocatalytic degradation might be facilitated by using
semiconductor ZnO which is act to increase the surface area of paracetamol solution to exposed UV light,
which might be resulted in reaching to photocatalytic degradation efficiency (P.D.E) equal to 100% at 30 min
for paracetamol. This means that both UV light and catalyst are important factors in paracetamol degradation.
Moreover, the result exhibited preferred photocatalysis than dark reaction and, photolysis

3.2Degradation of Paracetamol and procaine by ZnO as Photocatalysts

The experiments were carried out to study the degradation of paracetamol and procaine solutions
employing as catalysts under UV light. Various parameters which affect the degradation efficiency such as
catalyst weight (0.01-1g), pH (2-12), initial concentration of drugs (5-40)ug/ml, and temperature (15, 25, 35,
45, and 55)°C of degradation were assessed under UV light.

3.2.1Effect of Catalyst weight

Figures 7,8 show the effect of ZnO catalyst amount on the degradation of paracetamol and procaine
solutions at natural pH. The result indicated that typical weight of ZnO 0.025 gm of paracetamol and 0.1 gm for
the procaine. The presence of active site on catalyst surface play important role to explain the current result,
therefore we can be illustrated on the basis that the increase of the amount of catalyst lead to increase the
amount of active sites on catalyst surface, as result the number of paracetamol and procaine molecules adsorbed
on the surface of catalyst increase, that lead to increase the area of illumination, also the increase in the amount
of catalyst lead to increase in the number of absorbed photons®*.

However, stability the rate of photocatalytic degradation when amount of catalyst reached to 0.05 gm or
more for paracetamol and 0.15 gm or more for procaine, this result can be explained due to reaching plateau
region. The plateau is reached when the increase in the amount of catalyst can no longer increase the overall
efficiency of utilizing incident radiation®. If a plateau reaches the rate of photocatalysis degradation decrease
with increase the amount of the catalyst due to reduction of radiation entering the reaction vessel. It has been
indicated that a higher concentration of catalyst molecules lead to light scattering that result in reducing of
utilized light*4"“,
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Fig 7. Shows the relationship between ZnO weights and photocatalytic degradation efficiency(P.D.E) of
paracetamol.
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Fig 8. Shows the relationship between ZnO weights and photocatalytic degradation efficiency(P.D.E) of
procaine.

3.2.2 Effect of Initial Concentration paracetamol and procaine solutions.

In the current study we are also studied the effect of initial concentration for paracetamol and procaine
solutions under experimental condition which are 0.025 gm of ZnO for paracetamol and 0.1 gm for procaine,
298K and the pH equal 8 & 7 of paracetamol and procaine respectively. Concentration is studied in the range (5
— 40pg/ml) for both paracetamol and procaine solutions. The results revealed that degradation percentage
increased inversely with initial concentration as showed in figure 9.

It is clear that an initial paracetamol and procaine concentration impact negatively on degradation rate.
If initial concentration increase, the path length of the photon entering the solution decrease. As a result the
number of photons reaching to catalyst surface decrease and hence rate of formation hydroxyl radicals and
super oxide radical might be decreased which that subsequently decrease the rate of degradation due to
decreasing the number of catalyst molecules that might be excited*’*.

In addition, when a catalyst surface keeps constant, the initial concentration of paracetamol and
procaine solutions will increase with a corresponding decreasing in photocatalytic degradation rate, This
because only a few active sites in catalyst that can cause little adsorption of paracetamol and procaine molecules
on it. That can make the molecules persist in drug solution until attached molecules are degraded. At higher
concentration, numbers of paracetamol and procaine molecules high too and that will be lead to a competition
between drugs molecules to link on active site, this will lead to reduction of degradation rate®'.

Moreover, when the initial paracetamol and procaine concentration increase that lead to increase the
numbers of adsorbed paracetamol and procaine molecules on catalyst surface. It is thought that presence of a
large amount of adsorbed molecules have negative effect on drugs reaction to generate holes or hydroxyl
radicals, due to a lack of direct contact between them®.
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Fig 9. Shows photocatalytic degradation efficiency(P.D.E) at different concentration of paracetamol and
procaine solutions.
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3.2.3Effect of pH

pH for Aqueous solution is an important factor in the evaluation of photocatalytic degradation rate
because the pH change affects the adsorption quantity of organic pollutants and the ways of adsorption on the
surface of photocatalyst coordination*®*®. As result, the photocatalytic degradation efficiency will greatly be
effected by pH changes.

For this we study the effect of pH on photocatalytic degradation rate and the result indicted that optimal
pH is 8.0 for paracetamol and 4.0 for procaine in the presence of certain conditions. The study of pH effect
studied in the range (4, 6, 8, 10, and 12) for both paracetamol and procaine as explained in (Fig. 10). The study
of pH effect changes on percentage of degradation reaction rate studied under determined experimental
conditions which are included: Initial concentration 10 pg/ml for both paracetamol and procaine solutions, ZnO
catalyst amount (0.025 & 0.1)gm for paracetamol and procaine respectively and at temperature 298K.

The results indicated that the rate of photocatalytic degradation increases with the increase of pH
solution. But when the photocatalytic degradation rate reach to maximum value, the rate of Photocatalytic
degradation decrease with increase the pH of solution.

This behavior could be explained by hypothesis of zero point charge (ZPC). The zero point charge is
equal to 9.00 for ZnO*. As well-known, when the pH solution increase the surface of catalyst will be
negatively charged by adsorbed hydroxyl ions. The presence of large quantities of adsorbed OH™ ions on the
surface of catalyst can promote OH’ radicals formation so the rate of photocatalytic degradation increase with
the increase in pH of the solution®*®. It has been found that in basic pH values, ZnO particles have negative
surface charge and repulse drugs anion-molecules®.
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Fig 10. Shows the photocatalytic degradation efficiency(P.D.E.) at different pH of paracetamol and
procaine solutions in the presence of ZnO as catalyst.

3.3.4 Effect of temperature:

The study of temperature effect on photocatalytic degradation rate in the present research indicated that
optimal temperatures is 55C° for paracetamol and procaine with initial concentration 10pg/ml for both
paracetamol and procaine, ZnO amount 0.025 gm for paracetamol and 0.1 gm for procaine, and pH solution 8
and 4 for paracetamol and procaine respectively.

The results revealed that the degradation efficiency had not significant effect with increase of
temperature, optimal rate of degradation happened in high temperature degrees, as plotted in (Figures11,12).
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Fig 11. Shows the changes in In A_/A of paracetamol solution with irradiation time at different
temperature in presence of ZnO as catalyst.
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Fig 12. Shows the changes in InAo/A of procaine solution with irradiation time at different temperature
in presence of ZnO as catalyst.

The activation energy Ea was calculated from the Arrhenius plot of Ink vs. 1/T the slope of linear plot
is equal to (-EaR) as show in (Figurel3)
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Fig 13. The relation between InK and 1/T of paracetamol and procaine solutions with ZnO as catalyst.

In addition, the thermodynamic parameters of paracetamol and procaine degradation are studied. The
results exhibited that reaction is non-spontaneous endothermic. These finding proved by a positive AH* which
refers to the change in enthalpy and a positive AG* which explain the change in free energy of reaction.

Obviously that positive AG" can be explained by reaching the activation state that well solvated
structure formed between the drug molecules and the reaction intermediates of hydroxyl radicals. Also, regards
the positive AS” in present results as illustrated in tables 2 and 3 which means that complex formed is un stable
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towards the reactants. At the beginning noticed that the complex formed is unstable and degradation of the
reactants into products is not very slow, but takes place rapidly under present experimental conditions®"®.

Table 2. Values of thermodynamic parameters for the photocatalytic degradation of paracetamol
solution with ZnO as catalyst.

TR K Ea AH AS AG
(min) | (KJ.mol™) | (KJ. mol™) | (KJ. mol™?) | (KJ. mol™)
288 | 0.091 5.57 5.72
298 | 0.106 7.96 5.49 0.0036 5.55
308 | 0.120 5.40 5.42
318 | 0.128 5.32 5.42
328 | 0.138 5.24 5.06

Table 3. Values of thermodynamic parameters for the photocatalytic degradation of procaine solution
with ZnO as catalyst.

Tk | K Ea AH AS AG
(min™) | (KImol™) | (KImol™®) | (KImol?) | (KJ mol?)

288 | 0.092 13.283 5711

298 | 0.116 15.67 13.200 0.0263 5.336

308 | 0.138 13.117 5.070

318 | 0.162 13.034 4812

328 | 0.121 12.951 4,202

3.3.5Kinetic Study

Figure 14 show the Kinetics of degradationfor paracetamol and with initial concentration 10pug/ml for
both paracetamol and procaine, ZnO amount (0.01- 0.1)gm , and pH solution 8 and 4 for paracetamol and
procaine respectively.

The results show that the photocatalytic degradation of drugs solution in aqueous ZnO can be described
by the first-order kinetic according to the Langmuir—Hinshelwood model®*®In (Aj/A) = kt, where A, is the
initial absorption and C is the absorption at any time, t. The semi-logarithmic plots of the concentration data
gave a straight line.
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Fig.12 Kinetics analysis for paracetamol (initial concentration10ug/ml), .
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Fig.13 Kinetics analysis for procaine (initial concentration10ug/ml) .

4.Conclusion

The study is designed to treat the waste water of drugs by using UVlight and ZnO as catalyst. This
study explained the importance of the UV light and catalyst as a basic factors in the photo catalytic degradation
for both paracetamol and procaine.

The study includes the measure of the rate of photooxidation by measuring the absorbance of samples
from aqueous solution for both drugs which is treated by UV. light in limited time periods (every five
minutes).These absorbance are compared as with the initial drugs absorbance.

Some parameters which are effected on the rate of photooxidation are studied in present research such
as the amount of catalyst, initial concentration for the drugs solution, the temperature and pH for the drugs
solution.

The results appeared that the photo catalytic oxidation reaction for the paracetamol and procaine from
pseudo-first order according to the Langmuir-Hinshelwood relationship, and the study found that the
photooxidation rate fits positively with the increase of the catalyst weight until the weights of ZnO equal to
0.025 gm and 0.1 gm are considered the optimum weights of paracetamol and procaine respectively where the
best photodegradation is happened, so after these values, the photodegradation rate is decrease or stable with the
increase of the catalyst weight.

In addition, the initial concentration increase for both drugs leads to reduce degradation rate with
foundation of the mentioned weights of ZnO. Also this study is found the increase of pH of reaction solution for
both drugs have a positive effect represented by increasing the degradation rate until the pH 8 and 4 are the best
acidic function of the paracetamol and procaine respectively.

Regarding the change of the temperature has a little effect on the rate of photo catalytic degradation and
it was noticed that the reaction rate increases with the increase of temperature.

Activation energy was calculated according to the Arrhenius plot of InK vs. 1/T, the slop of linear plot
is equal to (-Ea/R). Activation energy was found equal to 8.95 KJ. mol™ for paracetamol and 15.67 KJ. mol™
for procaine.

The thermodynamic functions were calculated in current study for each drug and the results for
paracetamol were as follows:

AG =5.33+0.2 Ki.mol*

AH =6.39 + 0.1 KJ.mol*

AS =0.0036 KJ.mol*

And the results of procaine were as follows:
AG =5.02 + 0.6 KJ.mol*

AH =13.31 + 0.1 KJ.mol*

AS =0.0263 KJ.mol™*
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The results of suggested mechanism of degradation are explained that is the final products for

degradation are CO,,H,0O and mineral acids.
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