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This study investigated the catalytic efficiency of two groups of Ag, Cu and Ni metal nanoparticles,
each prepared in PEG and PVP polymers, for the degradation of three common pharmaceutical
pollutants of the natural aquatic bodies. Chemical synthesis by means of reduction of metal salts
resulted in the production of nanoparticles ranging in sizes of 12+1 to 22+1 nm. Therapeutic drugs
Polybion (PB), Neurobion Forte (NB) and Methycobal (MC) were subjected to photocatalytic
reduction in the presence of NaBHa4 reductant independently under solar and UV irradiations at
25°C. Experimental photocatalyis was carried out in a one pot batch reactor and the kinetics of
degradation of drugs were recorded in terms of irradiation time vs. absorbance linear relationships.
The pseudo first order rate coefficient values indicated the constant Amax equal to 216 nm, 275 nm
and 230 nm corresponding to PB, NB and MC respectively. The trend of drug degradation of the
drugs based on the catalytic efficiency (¢c) and rate coefficient (k) values of nanoparticles was
Cu>Ag>Ni. A constant catalyst loading of 5mg for 20ml of 1mM of drug solution along with 1ml
of 5% by weight of NaBHs in aqueous solution demonstrated the trend of photocatalytic
degradation rate constants in the order of MC>NB>PB. Keeping all the conditions of the
experiment constant, the catalytic efficiencies of metal nanoparticles were better augmented by
the PEG stabilizer and the solar radiation than their counterparts.

INTRODUCTION

Steadily increasing population, indiscriminate industrialization and growing urbanization
worldwide are attributed to the irreversible environmental damage. Discharge of effluents
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along with the byproduct chemicals, dyes, pesticides, pharmaceuticals, etc. by the
manufacturing industries contribute organic pollutants to the terrestrial environment and
natural aquatic bodies such as rivers, lakes, ponds and so on.

Pharmaceutical drugs such as Polybion (PB), Neurobion (NB) and Methycobal (MC)
are found in the environmental water resources due to their wide spread and intense
applications [1]. These drugs fall under the important group of vitamin supplements used in
the treatment of human and veterinary deficiencies [2]. Due to the prolonged discharge in the
environment, these substances have infused into soil, ground water and river sources etc. in
alarmingly high concentrations [3, 4]. The MC is an extensively used pro-antibiotic and have
been detected in high concentrations in drinking water, river resources etc. The MC
contaminated water have exhibited high stability towards conventional biodegradation and
chlorination methods. The NB belong to the most important class of synthetic antibiotics used
in supplements for human and veterinary medicines. Since the NB possess polar structure, it
is not significantly absorbed in the subsoil and gets leached significantly into the water
resources.

Considerable attention has been paid in recent years in exploring various methods for
the degradation for these three drugs PB, NB and MC. Conventional methods of wastewater
treatment such as electrochemical methods, adsorption, ultrafiltration, activated carbon, etc.
are time consuming and expensive and less efficient [5]. The heterogeneous photocatalysis is
considered as an effective and eco-friendly method for the remediation of polluted water. This
method causes complete degradation of organic pollutants with the use of natural energy
source and does not cause the formation of polycyclic products or toxic products [6-8].
Photocatalytic degradation of organic pollutants is carried out through using semiconductor
catalysts and common light energy sources such as UV, solar radiation and visible light [9,
10].

The emergence of metal nanoparticles (M-nps) possessing enhanced catalytic
properties for advanced oxidation processes has facilitated the efficient treatment of waste
water containing pharmaceutical pollutants in recent years. The M-nps, once activated by
sunlight in aqueous solutions, serve as sensitizers to enhance the photodecomposition of
organic pollutants by way of a light-induced redox mechanism [7, 11]. Synthesis of transition
M-nps capped with synthetic stabilizers such as poly N-vinyl pyrrolidone and utilizing them
for the cost-effective treatment of industrial effluents containing chemical and bio-medical
wastes has drawn remarkable attention among the researchers [12].

Previous research studies focusing on the remediation of pharmaceutical pollutants
have explored the catalytic properties of metal oxide nanoparticles or nanocomposites for the
photocatalytic degradation processes. Literatures concerning the utilization of transition metal
nanoparticles for the chemical reduction of pharmaceutical drugs is scarce. Nanoparticles of
transition metals like Ag, Cu and Ni can be considered as as better catalysts due to their low
cost, abundant availability and stability. Therefore, the present study was carried out to explore
the nanoparticles of Ag, Cu and Ni for their heterogeneous catalytic potential in the photo
degradation of three dugs in aqueous medium and to suggest them for application in the
remediation of pharmaceutical pollutants in natural environment.
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MATERIALS AND METHODS

Synthesis of Metal nanoparticles

The synthesis of M-nps was performed using a modified wet chemical reduction method [13].
For the chemical synthesis of nanoparticles of silver, copper and nickel and metals reduction
of silver nitrate (AgNOs3), copper chloride (CuCl2.2H20) and nickel chloride (NiCl,.6H20)
along with hydrazine hydrate (N2H4.H20) in the presence of stabilizing agents such as PEG
(biopolymer) and PVP (synthetic polymer) was carried out. Ideally, the raw materials of these
metals (0.350 g) along with the polymeric stabilizer (0.25 g) were subjected to ultrasonic
dispersion in anhydrous ethanol (50 mL) and EG (50 mL) mixture for 30 — 40 min. The pH of
the mixture was adjusted to 12.0 using NaOH (0.1 M) and heated to 70°C. Then, hydrazine
hydrate (N2H4.H-0) anhydrous ethanol (10 mL) was added dropwise to the reaction solution
and left for 4 hours at 80°C along with intermittent stirring. The resultant of the reaction
containing M-nps was brought to the room temperature. The M-nps in anhydrous ethanol
solution were centrifuged, washed and air dried for future use.

Characterization of Metal nanoparticles

The synthesized M-nps were characterized using the techniques such as UV-visible
spectrophotometry, X-ray diffraction analysis, FTIR, electron microscopy and EDX
spectroscopy. UV-visible spectra analysis in terms of absorption maxima was carried out at
wavelengths of 200—700 nm. The FTIR examination was performed to detect the biomolecules
that contribute for efficient stabilization of M-nps. The size, crystalline shape and distribution
of M-nps were evaluated by X-ray diffraction method (XRD), high resolution transmission
electron microscopy (HR-TEM) and dynamic light scattering (DLS) analysis respectively. The
scanning electron microscopy coupled with built-in 200 kV field-emission (FE-SEM) gun
operating at room temperature (25+1°C) was utilized for the detailed study on the morphology
of M-nps. Analysis of elemental composition of M-nps was performed by using energy-
dispersive X-ray (EDX) spectroscopy.

Catalytic degradation of Pharmaceutical drugs

One pot batch reactor with pseudo first order conditions was utilized for carrying out the
reductive degradation of selected drugs. Stock solutions (1ImM; pH 7.0) of the drugs PB, NB
and MC were prepared in deionized distilled water. A 100 mL glass double walled three
necked round bottomed flask fitted with magnetic stirrer served as the reactor. In each
experiment, 20 mL of drug solution was taken to which 0.5 mg of nano catalyst was added.
The solution was mixed with aqueous 5% NaBH. (wt/v) solution. In order to provide the
artificial light source of UV light irradiation to the reaction mixture, a mercury lamp (120 W)
was mounted on the top of the reactor. By means of circulating H.O into the double walled
assembly, a constant temperature of 25°C was maintained and the reduction reaction was
carried out for three days. The reaction mixture was subjected to vigorous stirring throughout
the process. Monitoring of reduction reaction was performed using a UV-vis
spectrophotometer. The absorbance at 275 nm for NB, 230 nm for MC and 216 nm for PB
were used to calculate the equilibrium adsorption of the drugs.
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Aliquots of drug solution (0.5mL) from the reaction mixture were drawn out at regular
time intervals for assessment of parameters controlling the trend of reductive degradation of
each drug system. For each of processes carried out under solar and UV irradiations, separate
kinetic parameters were determined. Kinetic study was performed by measuring the
wavelengths at maximum and low absorbance values for each of the drug. By way of recording
the absorbance variations with time i.e., 50% decomposition the rate constants of the drug
degradations were determined. Pseudo first order conditions were ensured by using ten times
higher concentration of the reductant (NaBH.) than that of the drug. Linear kinetic plots were
generated through calculating the values by multiplying them with that of the constant (2.303).
Determination of the pseudo first order rate coefficient values from the kinetic plots was done
by plotting log(ODo/ODy) versus time. Catalytic efficiency (¢c) of M-nps for the reductive
degradation reaction was determined as follows:

Qc =ke/Ko,

Where, rate constants k. (presence) and ko (absence) of catalysts.

For the purpose of studying the effects of polymeric biostabilizer (PEG) and the
synthetic stabilizer (PVP) on the catalytic properties of Ag, Cu and Ni nps catalyst systems,
the rate coefficient values of the degradation of each of the drug system at constant pH were
determined.

RESULTS AND DISCUSSION

Characterization of M-nps
From the UV-Vis spectra, the maximum absorbance of Ag, Cu, Ni and nanoparticles were
recorded at 410, 380 and 470 nm respectively (Fig. 1-3). The formation of M-nps was
confimed based on the appearance of respective peaks reflecting surface plasmon resonance
(SPR) bands during the reaction [14]. The formation of SPR is attributed to the particle size,
shape, interaction with the medium and the exchange of charge between the particle and the
medium [15].

The FTIR spectra (Fig. 1-3) showed intense bands corresponding to H-bonded O-H
stretch at 2832, 1583 and 3247 cm respectively for Ag, Cu and Ni-nps. Bands indicating C-
O stretch were recorded at 2941, 1892 and 3558 cm™ for respective M-nps. Occurrences of C-
F strong stretch for each of the M-nps indicated the formation of bands at 1244, 1275 and 1573
cm™. Muthukrishnan et al. [15] had reported similar values from their studies on M-nps. The
analysis IR spectrum and the broad SPR bands deciphered the occurrences of different
functionalities in the basic system of the biomolecules [16]. Analysis of X-ray diffraction of
M-nps confirmed their pure phase and crystalline nature (Fig. 1-3). The 20 values of diffraction
peaks 32 to 77° corresponding to the lattice planes (125) to (438) were observed for the M-nps
under study.
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Fig. 1- UV-Vis Spectra, FTIR and XRD of Cu nanoparticles
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Fig. 2- UV-Vis Spectra, FTIR and XRD of Ag nanoparticles
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Fig. 3- UV-Vis Spectra, FTIR and XRD of Ni nanoparticles
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The study of TEM micrographs indicated the morphological features of the M-nps. The
particles of Ag and Cu were spherical to cubic and uniform in morphology and the Ni-nps
appeared polycrystalline (Fig. 4). In general, the particles were discrete and non-agglomerated.
Our observation is in agreement with the studies of Mntungwa et al. [17] and Basu et al. [18].
The average particle sizes calculated for PEG capped Ag, Cu and Ni-nps were 15+1 nm, 1241
nm and 18+1 nm, and, while for those PVP stabilized were 20+1 nm, 15+1 nm and 22+1 nm
respectively. The FE-SEM studies depicted distinct shapes of M-nps which remained un-
agglomerated (Fig. 5). The EDX spectrum analysis for the detection of C, H, O and Ni
elements corresponded the energy bands centered at 7.3, 3.7 and 8.2 keV respectively for Ag,
Cu and Ni-nps indicating proper synthesis of M-nps [19].

Photo catalytic degradation experiment

The drug solutions when mixed with NaBH4 (2% wt/v) and kept for more than 24 hours,
degradative reduction occurred to the extent of only <5% as indicated by the colour intensity.
In contrast, upon addition of M-nps to the NaBH mixed dye solutions, within four hours of
time, complete degradation of the drug was achieved. Despite the NaBH, serving as a reductant
[20,21], the photo energy is a critical factor for of degradation of drug polluted effluents in the
natural environment [22].
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Fig. 6 - UV VIS spectra of Typical curves and Stacked curves of variation with time for
reduced drugs a) Polybion b) Neurobion and c) Methycobal

The UV vis spectra of the treated drugs (Fig. 6) showed diminishing absorbance maxima
(Amax) of the dye solutions post the treatment process. The relative absorbance bands (Amax)
for PB, NB and MC in samples were observed at 216, 275 and 230 nm and respectively. The
absorbance values gradually decreased after 30 min of the addition of Ag, Cu and Ni-nps to
the drug. It was also noted that there was a balanced increase of SPR of M-nps. The time of
contact of catalysts with the drug solution is a critical factor for photocatalysis in the treatment
of polluted water. Proportionate with the contact time, the exposure of reactive sites
nanocatalysts increases which helps in faster degradation of drugs [23].

Degradation kinetic studies

Degradation pattern of the three drugs represented by UV-Vis spectra are shown in figure 6.
For the purpose of better understanding the catalytic process carried out by the M-nps, our
study explains the absorbance versus time kinetics of photocatalytic degradation of three drugs
in terms of the reaction catalyzed by Cu-nps for. Figures 7 and 8 depict the absorbance versus
time variance plots for the catalysis of PEG and PVP stabilized Ag, Cu, and Ni-nps for the
degradation of three drug systems. The absorbance maxima (Amax) of the drugs diminished
with time as the reaction proceeded. A recent work by Shetty et al. [24] on the photcatalytic
degradation of pharmaceutical pollutants using N-dopped TiO2 reported similar observation.
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Fig. 7 - Absorbance vs Time plots for the M-nps catalyzed reductive degradation of three
drugs a) Polybion b) Neurobion and c) Methycobal under Solar irradiation
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Fig. 8 - Absorbance vs Time plots for the M-nps catalyzed reductive degradation of three
drugs a) Polybion b) Neurobion and ¢) Methycobal under UV irradiation

The rate coefficient values (k), catalytic efficiency (¢c) and the half-life periods (ts0%)
determined for the degradation of drugs carried out under solar and UV irradiations in presence
of PEG capped Cu-nps catalysts are presented in table 1. Analysis of rate coefficient of the
catalysis (k values) carried out by Cu-PEG-nps inferred that the solar irradiation augmented
drug degradation takes place at a better rate than that of the UV irradiation. The trend of
catalytic efficiency (. values) as recorded in the present study has been solar > UV irradiation.
The higher influence of solar radiation could be attributed to its possession of high intensity
natural UV rays and yellow light which facilitate faster catalysis of reductive degradation of
drugs by M-nps [24].

Table 1 - Rate coefficient (k) values, times of 50% reduction and catalytic efficiency(oc)
under pseudo first order conditions determined for the reduction of drugs using NaBH4
and Cu-PEG-nps

Solar irradiation UV irradiation
k k
Entry Drugs 4 5006 " ts00
(?<110) min (?<110) min
S S
1 PB 5.31 24 8.40 4.82 22 7.83
2 NB 412 31 7.85 3.80 20 5.50
3 MC 3.55 33 6.13 3.17 25 3.96

The kinetic plots of catalytic degradation of three drug systems under solar and UV irradiations
by PEG and PVP stabilized M-nps are shown in figures 9 and 10. The linear relationship
between the irradiation time and absorbance in terms of pseudo-first order kinetic of the
photocatalytic degradation of drugs has been clearly recorded in the kinetic plots. It may be
noted that the absorbance values (A/AQ) are on the decreasing trend with the length of the
reaction time. It was found that after nearly for five catalytic cycles the rate coefficient values
started to decrease indicating that the catalytic activity of the catalyst is decreasing. The
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catalyst recovered after the fifth cycle when examined under FESEM and HRTEM
photographs the particles are found agglomerated intensely. This effect causes a decrease in
the catalytic activity, and thus, explains the observed results too. Similar study conducted on
degradation of tetracycline using S-dopped ZnO-nps by Farhadian et al. [26] explained that
the linear correlation between the absorbance values with the reaction time is an index of
pseudo first order for the reduction of dyes.

CuP'iPngs
AQV Pt
N-2yProe

Fig. 9 - Kinetic for the M-nps catalyzed reductive degradation of three drugs
a) Polybion b) Neurobion and ¢) Methycobal under Solar irradiation
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Fig. 10 - Kinetic for the M-nps catalyzed reductive degradation of three drugs
a) Polybion b) Neurobion and ¢) Methycobal under UV irradiation

The table 2 represents the rate coefficient values of the degradation of the three drugs
under UV and solar irradiations catalyzed independently by both PEG and PVP stabilized M-
nps. Based on the observations of k-values of the reactions, the trend of catalytic efficiency of
M-nps for the degradation of three drug systems was Cu>Ag>Ni-nps. Further to the analysis
catalytic potentials of M-nps of the present study indicated that the small sized Cu-nps exhibit
higher rate coefficient than the large sized Ag-nps and Ni-nps. This could be due to the fact
that the small sized nanoparticles possess large surface area to volume ratio and proportionate
active sites which enable them to catalyze the reaction more efficiently. Apparently, the bio-
stabilizer PEG results in the formation of smaller particles than the synthetic stabilizer, PVP.
Keeping all the conditions constant, the trend of catalytic degradation of drugs with reference
to the capping agents based on the recorded values was PEG>PVP. Research studies conducted
elsewhere reported that the PEG has many hydroxyl (-OH) functional groups that aid the metal
binding [27-29].
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Table 2 - Rate coefficient k (x10* s) values under pseudo first order conditions
determined for the reduction of drugs using NaBH4 and Ag, Cu and Ni-nps with PEG,
and PVP stabilizing agents

SOLAR IRRADIATION UV IRRADIATION
PEG PVP PEG PVP

Ay Cu Ni Ag Cu Ni Ag Cu Ni Ag Cu Ni
nps Nps Nps NpS Nps Nps nps nps nps nps nps  nps

Dyes

PB 407 580 392 462 514 342 386 4.83 313 475 485 298
NB 365 427 385 395 451 282 331 377 265 390 460 213

MC 312 345 266 344 396 217 314 352 197 332 393 187

The overall study of the mechanism of degradations of the drugs in the present study
inferred that, the trend of photocatalytic degradation rate constants for the pharmaceutical
drugs is in the order of MC>NB>PB. Our study has recorded that, owing to the compound
constituted nature of the three drugs, the mean rate constant values for PB, NB and MC are
similar to the degradation rate constant values of thiamine, nicotinamide and cyanocobalamine
degradations respectively as reported from the studies of Bharathi et al. [30]. These
observations underscores fact that the active ingredients of MC, NB and PB are
cyanocobalamine, nicotinamide and thiamine. The comparatively efficient degradation of the
drugs by the M-nps of the present study could be attributed to the target affinity based catalysis
of active ingredients of these drugs.

CONCLUSION

Photocatalytic degradation of pharmaceutical drugs depends not only on the reaction time but
also on the nature of the M-nps used. More efficient catalytic properties are associated with
the cubic, smaller sized M-nps that are available in higher quantities. Catalytic reduction of
drugs by M-nps takes place at an optimal temperature of 250C and in the presence of the
reducing agent NaBH4 in the medium. Keeping all the conditions constant, with reference to
pseudo-first order kinetic, the trend of degradation of the three drug systems is MC>NB>PB.
The half-life periods (t50%) indicate that the catalytic activity of each M-nps catalyst system
decrease after fifth or sixth catalysis cycle and the particles tend to agglomerate intensely. In
terms of the catalytic efficiency (¢c), the trend of degradation of the three drug systems by the
M-nps is Cu>Ag>Ni-nps and is inversely proportional to the size of M-nps (Cu<Ag<Ni nps).
By virtue of facilitating smaller sized nanoparticles formation and tendering more —OH
groups, the PEG serves as a better stabilizing agent than PVP for M-nps mediated phtocatalytic
reactions. The natural solar irradiation, on account of possessing high intensity rays, can be a
better candidate for facilitating reductive degradation of drugs than the sole UV radiation.
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