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effect of using TiO2 as a catalyst in the
photodegradation process of analgesic compound
waste that can cause water and environmental
toxicity. Data sources were collected from Google
Scholar, Elsevier, Pubmed, and all available
literature from 2000-2020. The results show that
TiO2 can help degradation by increasing the
surface-active side so that the number of photons
absorbed on the catalyst surface is higher and
produces more reactive species such as hydroxyl
radicals, which accelerate the degradation process
of analgesic compounds.The results of degradation
will increase if TiO2 is combined with metals such
as Cu, Sn, Fe, or other atoms such as C and N. The
degradation of analgesic compounds is observed by
UV-Vis spectrophotometry, HPLC, and TOC.
Keywords: Photodegradation, Photocatalysis,
TiO2, analgesic

I. INTRODUCTION
Analgesic is one of the waste drugs detected in
waters, lakes, and groundwater,increasing water
toxicity and developing resistance to pathological
bacteria and endocrine disorders. [1][2]To overcome
this effect, photodegradation can be carried out,
namely a process of decomposing compounds
(usually organic compounds) with photon energy.
This process generally requires a semiconductor
material, which will cause charge separation or
photoexcitation. TiO2 is a heterogeneous

photocatalyst that is the most common and efficient
used to destroy pollutants in aqueous solutions or
organic pollutants.This semiconductor catalyst has
a bandgap value about 3.2 eV, which can only be
activated in higher energies such as ultraviolet
irradiation. Besides, TiO2 is photochemical stable,
non-toxic, and low cost.[3][4][5][6]At the absorption of
Ultra Violet (UV) light, which corresponds to the
bandgap, TiO2 will form a photogeneration charge
carrier (holes and electrons). The resulting holes in
the valence band will diffuse to the surface of TiO2
and react with adsorbed water molecules to form
hydroxyl radicals (• OH), which will oxidize the
organic
molecules
nearby.Meanwhile,
the
conduction band's electrons participate in the
reduction process, reacting with oxygen molecules
in the air to produce superoxide radical anions
(O2•-). [7][8]TiO2 surface can minimize electron pair
recombination,
which
will
accelerate
photocatalysis, [9] where the rate of degradation of
drugs by UV/TiO2 depends on the type and amount
of TiO2 load, pharmaceutical concentration,
presence of acceptors, and pH of oxidation.[10][11]
This review focuses on the analgesic
compound’s
photodegradation:
paracetamol,
ibuprofen, ketoprofen, and diclofenac sodiumusing
TiO2 as a catalyst. The analysis was carried out
using UV-Vis Spectrophotometry and HighPerformance Liquid Chromatography (HPLC), and
complete mineralization to CO2 and water was
analyzed using Total Organic Carbon (TOC).

(a)
(b)
(c)
(d)
Figure 1. The Chemical structure of (a) Paracetamol[12](b) Ibuprofen[13](c) Ketoprofen[14](d) Diclofenac
Sodium[15]
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II. DATA COLLECTION
In compiling this review article, the
technique used was the literature study method.
Also, in making this review article, several
keywords, such as "photocatalysis," "titanium
dioxide," "photodegradation," "analgesic," were
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used to conduct online research. Research for the
main references used in this review article
conducted was through trusted websites such as
Google Scholar, Elsevier, Pubmed, and all
available literature from 2000-2020.

Analysis Method
UV-Vis Spectrophotometry
Table 1. Measurement of the photodegradation of analgesic compounds using UV-Vis Spectrophotometry
No. Sample
Concentration λ Max
Result & Discussion
Reference
1.
Paracetamol
25 g. dm-3
246 nm
The
degradation [16]
efficiency was 35%
with
Visible
light
irradiation and 93%
with
UV
light
irradiation after 2 hours
with the addition of 0.9
g TiO2 catalyst.
2.
Paracetamol
4 mg/L
257 nm
Degradation with 20 mg [17]
of TiO2 co-doped CN
catalyst increased to
69.31% in UV light and
34.29% in Vis light.
3.
Ketoprofen
10 mg/L
260 nm
Degradation increased [9]
by 51.04% at UV-A and
91.08% for 120 minutes
at UV-C with the
addition of 15 mg of
TiO2 catalyst
4.
Ibuprofen
10 mg/L
220 nm
Degradation
was [18]
achieved at 65% with
the addition of 500 mg /
L TiO2 after 120
minutes
of
UVA
irradiation.
5.
Na.
5 mg/L dan 25 276 nm
Degradation
reached [19]
Diclofenac
mg/L
94%
using
a
nanotubular TiO2-PES
membrane
(polyethersulfone) after
240 minutes of UV
irradiation. After 4
days, the degradation
increased by 42% for a
concentration of 5 mg/L
and
28%
for
a
concentration of 25
mg/L.
The photocatalytic degradation of
paracetamol was evaluated through a Shimadzu
UV-2600 spectrophotometer at a wavelength of
246 nm, where the paracetamol concentration was
DOI: 10.35629/7781-0601516523

25 g. dm-3 with the addition of 0.9 g of TiO2
catalyst. Irradiation is carried out for a maximum of
6 hours with 1 hour in the dark to achieve the
adsorption-desorption equilibrium using UV (368
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nm) and Vis (446 nm) lamps. Irradiation carried
out for 2 hours showed that the photodegradation
occurred in 35% for Vis light and 93% with UV
irradiation.[16]
The efficiency of paracetamol degradation
carried out by the photolysis method under UV
light (365 nm), visible-light (Philips LED 13 watts
1400 lux) and sunlight, showed that 4 mg /L
paracetamol degradation increased 46.2-67.87%
with the addition of 10-20 mg of TiO2 catalyst
coded CN. After 120 minutes of UV light
irradiation, the degradation increased to 69.31%
with the addition of 20 mg of catalyst, while in Vis
light irradiation, the degradation increased from
16.96% to 34.29%.Photolysis with direct sunlight
for 30-120 minutes without a catalyst only
degraded 5.77-12.27%, while with the addition of
20 mg TiO2 catalyst coded CN with the same
conditions, the degradation increased significantly
to 70.39%.[17]This shows that the rate of
paracetamol degradation increases linearly with
increasing catalyst content. The increase in catalyst
mass will accelerate the decay of paracetamol and
the higher surfaceactive site in photolysis so that
the number of photons absorbed on the surface is
higher and produces more reactive species such as
hydroxyl radicals.[20]
Degradation is influenced by the amount
of catalyst, duration of radiation (irradiation), and
pH of the solution.[21]Ketoprofen with an optimum
concentration of 10 mg/L was conditioned by
photolysis of UV-A and UV-C rays, which showed
degradation of 22.75% and 61.12%, respectively.
With the addition of 15 mg of TiO2 catalyst, the
degradation of ketoprofen on UV-A was 32.99%
and 82.49% at UV-C. The highest degradation of
pure ketoprofen was 51.04% at UV-A with
irradiation for 180 minutes and 91.08% at UV-C
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for 120 minutes. The results show that photolysis
with UV-C light (254 nm) is greater than UV-A
light (366 nm) because the UV-C wavelength is
shorter than UV-A, which causes the energy is
greater, the greater energy will accelerate the
degradation process. ketoprofen.[9]
Heterogeneous photocatalysis depends on
the initial concentration of the organic substrate [22].
Tests carried out on ibuprofen with initial
concentrations of 5, 10, and 20 mg/L after 120
minutes showed decreased conversions of 80%,
70%, and 65%, respectively, with the addition of
250 mg/L TiO2 catalyst with UV irradiation. The
change in concentration was observed using Jasco
V-530 UV-Vis spectrophotometry with a
wavelength of 220 nm, which shows that catalyst
loading affects ibuprofen's degradation.Ibuprofen
was observed at an initial concentration of 10 mg/L
with TiO2 as the catalyst, which had been irradiated
by UV-A, which showed degradation of 65% after
120 minutes with the addition of TiO2 catalyst as
much as 500 mg/L accompanied by removal of
46% DOC. [18]
The degradation test of diclofenac sodium
was carried out photo catalytically using a
nanotubular
TiO2-PES
membrane
(polyethersulfone). This degradation was observed
by spectrometry with initial concentrations of 5
mg/L and 25 mg/L, where 94% of the diclofenac
solution (5 mg/L) was degraded after 240 minutes.
Continuous degradation (cross-flow) showed that
after 4 days, the degradation increased by 42% for
a concentration of 5 mg/L and 28% for 25 mg / L.
After 18 days of photocatalysis, the diclofenac
solution (5 mg/L) was degraded 100%.[19]This
indicates that the rate of degradation increases with
a lower initial concentration.[23]

HPLC (High-Performance Liquid Chromatography)
Table 2. Measurement of photodegradation of analgesic compounds using HPLC
Mobile Phase

No.

Sample

Column

1.

Ibuprofen
(25 mg.L1
)

An eclipse
XDB-C18 (3
µm particle
size, 4.6 x
150 mm)

40% of 1%
formic
acid
solution/60%
acetonitrile.

2.

Ibuprofen
(20 mg/L)

10 cm
a
column
with
Mediterranea
Sea18
as

Acetonitrile/acet
ic acid with
ratio 70/30

DOI: 10.35629/7781-0601516523

Detector
Diode
array
detector
(DAD)
Waveleng
th =230
nm
Not listed

Chromatograp
hic conditions
The flow rate is
1.0 mL.minutes1
injection volume
20 µL

wavelength 254
nm and
the
isocratic
retention time
for the sample

%
Degrada
tion
60%

99%

Reference
[24]

[25]

| Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 518

International Journal of Pharmaceutical Research and Applications
Volume 6, Issue 1 Jan-Feb 2021, pp: 516-523www.ijprajournal.com

packing
material
the column
was
an
Altima
HPC18
of
5µ with 4.6
mm ID and
150
mm
length

3.

Paracetam
ol
(96
mg.L-1)

4.

Paracetam
ol
(100
µmol.L-1)

Kromasil
100-5C18
column (4.6
x 250 mm,
5µm)

5.

Paracetam
ol
(100
mg/L)

C-8 Column

6.

Paracetam
ol
(50
mg/L)

Agilent
column
ZOBRAX
Eclipse
XDB-C18
(4.6 mm x
150 mm, 5
µm)

was 8.8 min.
The
mobile
phase was a
30/70%
(v/v) a mixture
of
methanol/phosp
hate
buffer
adjusted to pH
2.6
CH3OH/
H2O
mixture (30/70)
v/v

0.7 L DI water,
0.3 L methanol,
6.6 g disodium
hydrogen
phosphate, and
2.8 g sodium
dihydrogen
phosphate, 1.15
tetrabutylammo
nium hydroxide
(TBAOH).
25% methanol
and 75% miniQ
water

Analysis of ibuprofen using HPLC (1200
series, Agilent Technologies, Santa Clara, USA)
equipped with Eclipse XDB-C18 (3 µm particle
size, 4.6 x 150 mm column) (Phenomenex,
Torrance, USA) with diode array detector (DAD) at
a wavelength of 230 nm. The mobile phase
consisted of 40% formic acid (1%)/ 60%
acetonitrile solution. The flow rate is 1.0
mL.minute-1and the injection volume is 20 µL.
Testing on ibuprofen showed the peak retention
time was 4.1 minutes.The photocatalytic ibuprofen
(25 mg.L-1) with the addition of TiO2 powder (0.1 0.5 g.L-1) showed degradation with a 21.8%
decrease in the ibuprofen concentration from the
initial concentration after 5 minutes of irradiation,
and the concentration reduced to 60 % after 30
minutes followed by the appearance of new peaks.
In contrast, complete elimination of ibuprofen was
obtained after 270 minutes. The combined results
showed that within 80 minutes of simulated solar
DOI: 10.35629/7781-0601516523
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Detector
UV-Vis
116A

UV
absorbanc
e
detection
(waters
481
detector)
UV
detector

UV
absorbanc
e
detection
at 245 nm.

At
0.8
x
10-3
dm3min-1 flow
rate.
tRparacetamol
(3.2 min).
Temperature
control
LC22oC.
Injection
volume : 20µL
wavelength 243
nm

80%

[26]

95%

[27]

The flow rate of
the mobile phase
was 1.5 ml/min.
The
column
temperature was
35 °C.

100%

[8]

flow rate = 1.0
mL / min
Injection
Volume: 10 µL

100%

[28]

irradiation, degraded ibuprofen was higher than
87%.[24]
The degradation rate analysis of ibuprofen
was carried out using a Shimadzu Prominence LC20A HPLC equipped with a 10 cm column with the
Mediterranean Sea 18 axles packing material with a
mobile phase of acetonitrile/acetic acid (70/30) at a
wavelength of 254 nm and the isocratic retention
time for the sample was 8.8 minutes with the
optimum TiO2 (1.5 g/L) which shows about 90%
degradation of ibuprofen occurred within 15
minutes under pure UV/ TiO2 conditions.Irradiation
using UV light and the addition of a catalyst for 15
minutes causes ibuprofen to degrade up to 99%.
This is better than irradiation using Solar (Quartz)
and Solar (Borosilicate) with the addition of TiO2,
which
only
degrades
44%
and
37%,
respectively,because TiO2 is less active under
visible light than pure UV light.[25]
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Tests were observed on paracetamol (96
mg.L-1) with TiO2 made with modified Carbon
Vitreous Reticulated electrodes using HPLC CC5,
Solvent Delivery System PM80 equipped with the
column was an Altima HPC18 of 5 μ with 4.6 mm
ID and 150 mm length with UV-VIS detector 116A
and temperature control LC-22C. The mobile phase
is a 30/70% (v/v) mixture of methanol/phosphate
buffer adjusted to pH 2.6 at 0.8 x 10-3dm-3.min-1
flow rate with the concentration of phosphate
buffer was 1x10-3 M. The results of degradation
showed that the photocatalytic degradation of
paracetamol (96 mg L-1) with TiO2/UV at pH 5
reached 80%, the concentration dropped to 19.2
mg.L-1 after 6 hours.Using a CuO/TiO2/Al2O3/UV
catalyst, the concentration became 38.6 mg.L-1,
which indicated that the degradation occurred at
60%. In contrast with the photolysis method only
using UV light, the concentration decreased only
<20% to 76.8 mg.L- 1 after 6 hours.[26]
According to Zhang Xu, the degradation
of paracetamol will increase with the increase in
TiO2 catalyst. Paracetamol was degraded 36%
using 0.25g.L-1TiO2,whereas increasing the amount
of catalyst to 1 g.L-1, about 95% of paracetamol
was degraded after 100 minutes of irradiation using
250 W metal halide lamps (λ ≥365nm).[27]The same
thing has also been obtained in DesaleAmolkumar's

research with variations in the addition of Degussa
P-25 TiO2 from 1-4 g/L. After 180 minutes, 2 g/L
TiO2 loading was better than the other catalyst
concentrations. Paracetamol with a concentration of
50 mg/L, 100 mg/L, and 200 mg/L with the
addition of a catalyst was observed to show that
paracetamol (50 mg/L) was degraded entirely at 90
minutes, and degradation was 100%, 80%, and
50% at 90 minutes. Concentrations of 100, 200,
and 500 mg/L after 240 minutes of irradiation of
the batch process with an annular cylindrical
reactor using 80 W UV light (λ max = 365nm).[8]
Paracetamol degradation (50 mg/L) was
observed using the photolysis method using a
modified Cu-doped TiO2 sphere (Cu-TS) catalyst
using a Rayonet RPR-100 photoreactor equipped
with 16 Visible-light lamps. Concentration analysis
was performed using HPLC (Agilent, ZOBRAX
Eclipse XBD-C18 column 4.6 mm × 150 mm, 5
μm) with a flow rate of 1.0 mL/minute with a 245
nm absorbance UV detector and a mobile phase of
25% methanol and 75% miniQ water with an
injection volume of 10 μL. The results showed that
about 100% paracetamol was degraded by 0.1 CuTS after 3 hours of visible light irradiation. This is
influenced by Cu doping activity on the
photocatalytic Cu-TS. Activity increased with
increasing Cu doping to 0.1%.[28]

Total Organic Carbon (TOC)
Table 3. Measurement of Total Carbon (TOC) Levels
No.
Sample
Concentration
% Mineralization
1.
Paracetamol
50 ppm
72%
2.
Paracetamol
4,0 mM
60%
3.
Paracetamol
50 mg/L
66%
4.
Ibuprofen
5 mg/L
50%
5.
Na. Diclofenac
20 mg/L
90%
TOC analysis of the paracetamol solution
was performed using a Shimadzu carbon analyzer
model 5000A. Paracetamol solution (50 ppm)
irradiated with near UV light (λ max = 365 nm)
with a bubble of oxygen obtained 16.0 ± 4%
paracetamol was oxidized after 5 hours. However,
after 5 hours, the conversion increased to 96% if
the air-saturated paracetamol solution was
irradiated with UV light with the addition of TiO2
catalyst without the presence of an oxygen
bubble.As the amount of oxygen available to
capture electrons decreases, the rate of oxidation
decreases over time, so that only 59% of the
original
reactants
are
mineralized.
72%
mineralization will be achieved during 4 hours of
reaction when paracetamol oxidation is carried out
DOI: 10.35629/7781-0601516523
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Reference
[29]
[211
[30]
[31]
[32]

in the presence of UV light, TiO2 catalyst (2 g/L),
and a stable oxygen flow (100 mL/min).[29]
During photolysis and photocatalytic
oxidation of paracetamol 4.0 mM, observations of
the level of mineralization were made under 3
conditions, namely UVC photooxidation (254 nm)
without TiO2 (initial pH = 5.3), UVA
photooxidation (365 nm) with TiO2 = 0.4 g/L
(initial pH 5,8), and UVC photocatalytic oxidation
with TiO2 (initial pH = 5.6, TiO2 catalyst = 0.4 g /
L). The results showed that in the presence of TiO 2
and UVC catalysts, paracetamol mineralized about
60% in 300 minutes (up to 85% in 450 minutes)
compared to other conditions, using only UV-C
light showed low and negligible mineralization
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while under UV-A conditions only showed slight
changes after 300 minutes.[21]
Total Carbon (TOC) analysis was
measured using an NDIR detector, by predefining
the calibration curve in the range 0-200 mg/L using
a standard solution of potassium hydrogen
phthalate. Paracetamol (50 mg/L) with a TiO2
catalyst (0.1 g/L) and an oxygen flow rate of 100
mL/minute by first filtering using a 0.2 µm
cellulose acetate membrane filter to remove the
photocatalyst.After 60 minutes of light irradiation,
the rate of mineralization increased with increasing
TiO2 in the TiO2/ Fe2O3 core-shell, consistent with
the rate of paracetamol photodegradation.
However, the rate of paracetamol degradation
occurs
much faster than
mineralization.
Meanwhile, about 99% of paracetamol degraded
after 60 minutes of irradiation. When 50% TiO2 /
Fe2O3 was used as a photocatalyst, the TOC
removal was 66%.[30]
The elimination test for ibuprofen with a
concentration of 5 mg/L was carried out using TOC
equipment from analytic Jena, Multi N/C 2100S.
The results showed that with the addition of 20
mg/L of TiO2 catalyst, the TOC value decreased by
50% after 30 minutes of irradiation of a 125 W Hg
vapor lamp and maintained until 60 minutes.
However, complete mineralization was not
achieved even though the ibuprofen was
completely degraded.[31]
The total organic carbon test for
diclofenac sodium was carried out using the TOCVCSH-Shimadzu
TOC
analyzer
with
a
photocatalytic mixture of TiO2 -SnO2 catalyst with
a certain ratio made by the hydrothermal method.
The results showed that the addition of a small
amount of Sn could increase the catalytic activity
of TiO2.The TiO2 -SnO2 catalyst (20: 1) ratio is the
most effective compared to pure TiO2. This is
indicated by the TOC value, which reaches 90%
with an initial concentration of 20 mg/L and a
catalyst loading of 0.8 g/L with a pH of 5 after UV
irradiation for 5 hours.[32]

combined with metals such as Cu, Sn, Fe, or C and
N atoms, with degradation values reaching 100%.

REFERENCES
[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

III. CONCLUSION
Overall, TiO2, which is used as a catalyst
can accelerate the degradation process of drug
compounds by increasing the higher surfaceactive
sites so that the number of photons absorbed on the
catalyst surface is higher and produces more
reactive species such as hydroxyl radicals. TiO2
will work better on UV rays. The degradation and
mineralization results will be higher if TiO2 is

DOI: 10.35629/7781-0601516523

ISSN: 2249-7781

[9]

Wardi ES, Fendri STJ, Tanjung L.
BiosorpsiSenyawaParasetamol
yang
BerpotensidalamPenangananLimbahObat.
JurnalKatalisator, 2019; 4 (1): 53-60.
http://doi.org/10.22216/jk.v4i1.3884.
A. Ingrid D, Angeliasari S. Pengaruh TiO2
dan pH pada fotoreduksi ion Cu (II)
dalamLarutan
Yang
mengandungParasetamol.
Journal
of
Pharmacy, 2016; 5 (1): 13-18.DOI:
https://doi.org/10.37013/jf.v5i1.35.
Xie M, Feng Y, Luan Y, Fu X, Jing L.
Facile Synthesis of N-doped TiO2and its
Enhanced Photocatalytic Activity for
Degrading
Colorless
Pollutants.ChemPlusChem,2014; 79 (5): 737
–
742.
DOI:
https://doi.org/10.1002/cplu.201400021.
Ortelli S, Poland C, Baldi G, Costa AL.
Silica Matrix Encapsulation as A Strategy to
Control ROS Production while Preserving
Photoreactivity in Nano-TiO2.Environmental
Science Nano, 2016; 3: 1-17. DOI:
10.1039/C6EN00009F.
Sucahya TN, Permatasari N, Nandiyanto
ABD.
Review:
FotokatalisUntukPengolahanLimbahCair.
Jurnal Integrasi Proses, 2016; 6(1): 1-15.
Djarwanti,
S
Cholid,
Yuniati
A.
DegaradasiFotokatalitikPolutanOrganikdala
m Air Limbahmenggunakan TiO2 nano
partikelSistemLapisanTipis-Alir.
JurnalRisetIndustri,2009; 3 (2): 109-117.
Prihatiningsih A, Pertiwi LD, Fatimah I.
Preparation of TiO2-Bamboo Leaves Ash
Composite as Photocatalyst for Dye
Photodegradation. Indonesian Journal of
Chemical Research, 2017; 3 (1-2): 1–
5.ISSN: 2354-9610.
Desale A, Kamble SP, Deosarkar MP.
Photocatalytic Degradation of Paracetamol
Using
Degussa
TiO2
Photocatalyst.
International Journal of Chemical and
Physical Sciences 2,2013;
2: 140-148.
ISSN:2319-6602.
Yetti RD, Safni, Rivai H. Photodegradation
of Ketoprofen Using Titanium Dioxide as
Catalyst.IJRDO-Journal
of
Biological
Science, 2017; 3 (7): 30-45. ISSN: 24557676.

| Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 521

International Journal of Pharmaceutical Research and Applications
Volume 6, Issue 1 Jan-Feb 2021, pp: 516-523www.ijprajournal.com

[10]

[11]

[12]
[13]
[14]
[15]
[16]

[17]

[18]

[19]

[20]

Khasawneh
OFS,
Palaniandy
P.
Photocatalytic
Degradation
of
Pharmaceuticals
Using
TiO2
Based
Nanocomposite Catalyst-Review. Sciendo
Civil and Environmental Engineering
Reports,2019;29 (3): 001-033. DOI:
10.2478/ceer-2019-0021.
Tong AYC,Braund R, Warren DS, Peake
BM. TiO2-assisted photodegradation of
pharmaceuticals–
a
review.
Cent.
Eur.J.Chem, 2012; 10 (4): 989-1027.DOI:
10.2478/s11532-012-0049-7
https://pubchem.ncbi.nlm.nih.gov/compound
/Acetaminophen#section=2D-Structure
https://pubchem.ncbi.nlm.nih.gov/compound
/Ibuprofen#section=Structures
https://pubchem.ncbi.nlm.nih.gov/compound
/Ketoprofen#section=2D-Structure
https://pubchem.ncbi.nlm.nih.gov/compound
/Diclofenac-sodium#section=Structures
Smykalova A, Sokolova B, Foniok K,
Matejka V, Praus P. Photocatalytic
Degradation of Selected Pharmaceuticals
Using g-C3N4 and TiO2 Nanomaterials.
Nanomaterials, 2019; 9 (9): 1194.
doi:10.3390/nano9091194.
Safitri VY, Santoni A, Wellia DV, Khoiriah,
Safni. Degradation of Paracetamol by
Photolysis
Using
C-N-codoped
TiO2.Molekul, 2017; 12 (2): 189-195. DOI:
10.20884/1.jm.2017.12.2.378.
AchilleosA, Hapeshi E, XekoukoulotakisNP,
Mantzavinos D, Fatta-KassinosD. UV-A and
Solar Photodegradation of Ibuprofen and
Carbamazepine
Catalyzed
by
TiO2.
Separation Science and Technology, 2010;
45:
1564-1570.
DOI:
10.1080/01496395.2010.487463.
Fischer K, Kuhnert M, Glaser R., Schulze A.
Photocatalytic degradation and Toxicity
evaluation of Diclofenac by nanotubular
titanium dioxide-PES membrane in a Static
and Continuous setup. Royal Society of
Chemistry, 2015; 5: 16340-16348. DOI:
10.1039/c4ra16219f.
Behravesh S, Mirghaffari N, Alemrajabi
AA, Davar F, Soleimani M. Photocatalytic
degradation of Acetaminophen and codeine
medicines using a novel zeolite-supported
TiO2 and ZnO Under UV and sunlight
irradiation. Environmental Science and
Pollution Research, 2020; 27: 26929-26942.
https://doi.org/10.1007/s11356-020-09038y.

DOI: 10.35629/7781-0601516523

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

ISSN: 2249-7781

Yang L, Yu LE, Ray MB. Degradation of
Paracetamol in Aqueous Solutions by TiO2
photocatalysis. Water Research,2008; 42
(13):
3480-3488.
DOI:
10.1016/j.watres.2008.04.023.
Georgaki I, Vasilaki E, Katsarakis N. A
Study on the Degradation of Carbamazepine
and Ibuprofen by TiO2&ZnO Photocatalysis
upon
UV/Visible-Light
Irradiation.
American Journal of Analytical Chemistry,
2014;
5
(8):
518-534.
http://dx.doi.org/10.4236/ajac.2014.58060.
Kanakaraju D, Motti CA, Glass BD,
Oelgemoller M. Photolysis and TiO2catalysed Degradation of Diclofenac in
Surface and Drinking Water Using
Circulation
Batch
Photoreactors.
Environmental Chemistry,2014; 11:51-62.
http://dx.doi.org/10.1071/EN13098
Khalaf S, Shoqeir JH, Lelario F, Bufo SA,
Karaman R, Scrano L. TiO2 and Active
Coated
Glass
Photodegradation
of
Ibuprofen. Catalysts, 2020; 10 (5): 1-17.
doi:10.3390/catal10050560.
Tanveer M, Guyer GT, Abbas G.
Photocatalytic Degradation of Ibuprofen in
Water Using TiO2 and ZnO under Artificial
UV
and
Solar
Irradiation.
Water
Environment Research, 2019; 91(9): 822829. DOI: 10.1002/wer.1104
Valdez HCA, Jimenez GG, Granados SG,
Leon CPD. Degradation of Paracetamol by
Advance Oxidation Processes
using
Modified Reticulated Vitreous Carbon
Electrodes with TiO2 and CuO/TiO2/Al2O3.
Chemosphere, 2012; 89 (10): 11951201.http://dx.doi.org/10.1016/j.chemospher
e.2012.07.020.
Zhang X, Wu F, Wu XW, Chen P, Deng N.
Photodegradation of Acetaminophen in TiO2
Suspended solution. Journal of Hazardous
Materials, 2008; 157 (2-3):
300-307.
doi:10.1016/j.jhazmat.2007.12.098.
Lin CJ, Yang WT. Ordered Mesostructured
Cu-Doped TiO2 Spheres as Active VisibleLight-Driven Photocatalysts for Degradation
of Paracetamol. Chemical Engineering
Journal, 2014; 237: 131-137.DOI: http://
dx.doi.org/10.1016/j.cej.2013.10.027.
Moctezuma E, Leyva E, Aguilar CA, Luna
RA,
Montalvo
C.
Photocatalytic
Degradation of Paracetamol: Intermediates
and Total Reaction Mechanism. Journal of
Hazardous Materials, 2012; 243: 130-138.

| Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 522

International Journal of Pharmaceutical Research and Applications
Volume 6, Issue 1 Jan-Feb 2021, pp: 516-523www.ijprajournal.com

[30]

[31]

[32]

[33]

ISSN: 2249-7781

http://dx.doi.org/10.1016/j.jhazmat.2012.10.
010
Wahab AMA, Shirbini ASA, Mohamed O,
Nasr O. Photocatalytic degradation of
Paracetamol Over Magnetic Flower-like
TiO2/Fe2O3 Core-Shell Nanostructures.
Journal of Photochemistry and Photobiology
A: Chemistry, 2017; 347: 186-198.
http://dx.doi.org/10.1016/j.jphotochem.2017.
07.030
Braz FS, Silva MRA, Silva FS, Andrade SJ,
Fonseca AL, Kondo MM. Photocatalytic
Degradation of Ibuprofen Using TiO2
Ecotoxicological Assessment of Degradation
Intermediates against Daphnia similis.
Journal of Environmental Protection,2014; 5
(7): 620-626. http:// dx.doi.org/ 10.4236/
jep.2014.57063
Mugunthan E, Saidutta MB, Jagadeeshbabu
PE.
Photocatalytic Degradation of
Diclofenac Using TiO2-SnO2 Mixed Oxide
Catalysts. Environmental Technology, 2017;
929-941.
DOI:
10.1080/09593330.2017.1411398.
Palma TL, Vieira B, Nunes J, Lourenco JP,
Monteiro OC, Costa MC. Photodegradation
of Chloramphenicol and Paracetamol Using
PbS/TiO2 Nanocomposites Produced Green
Synthesis. Journal of the Iranian Chemical
Society,
2020;
17:
2013-2031.
https://doi.org/10.1007/s13738-020-019061.

DOI: 10.35629/7781-0601516523

| Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 523

