Journal of Materials and J. Mater. Environ. Sci., 2020, Volume 11, Issue 4, Page 670-683
Environmental Sciences
ISSN : 2028-2508

CODEN - JMESCN http://www.jmaterenvironsci.com

Copyright © 2020,
University of Mohammed Premier
Oujda Morocco

Enhancement of visible-light photocatalytic activity
of Cu-doped TiO. for photodegradation of amoxicillin in water

E.T. Wahyuni @, P.Y. Yulikayani 2, N.H. Aprilita *
!Chemistry Department, Faculty of Mathematics and Natural Sciences, Gadjah Mada University
Sekip Utara, P.O. Box Bls. 21, Yogyakarta, Indonesia,55281

aMaster Student

Received 19 January 2020 Abstract
Revised 31 March 2020 This paper presents a study on the doping TiOz with Cu referred as TiO,-Cu, to enhance
Accepted 1 April 2020 its visible light photocatalysis process for amoxicillin degradation. The doping was
carried out by photodeposition of Cu?* into TiO; structure. The effect of the amount of Cu
Keywords doped on TiO, towards the characters and photoactivity was evaluated. The doped TiO
v Doped, resulted was characterized by XRD and UV-Vis DR spectrophotometry methods. The
v' Copper, activity of the photocatalyst was examined for degradation of amoxicillin in water with
v TiO,. the presence of visible light. The results of the research, attributed that Cu doping on TiO>
v Amoxicillin, could uniquely improve the crystallinity of TiO,, shifted the light absorption into visible

region, and enhanced the photocatalytic activity on the amoxicillin degradation under
visible light. The maximum shift and the highest enhancement of the activity were
endang_triw@ugm.ac.id ; exhibited by Cu doped on TiO2 as much as 4.56 mg g*. It was also found that the highest
Phone: +6281328892114 photodegradation (about 90%) of 10 mg L* amoxicillin by TiO2-Cu with 4.56 mg g* of
Fax: +62274544188 Cu doped, was achieved by 0.40 g L of the photocatalyst dose, in 24 h, and at pH 6.

v" Degradation

1. Introduction

Photocatalyst of TiO2 has been intensively studied because it has high stability toward biological and
chemical effects, high activity, low cost and non-toxic property [1-7]. Photocatalysis process over TiO>
under UV illumination has received considerable attention for degradation various organic pollutants [1-
6] that is induced by OH radicals provided during the process. However, due to the wide band gap energy
(Eg) that is 3.2 eV for rutile and 3.2 eV for anatase form [2, 7], the activity of TiO2 is limited only under
UV light, and very weak in the presence of visible light [7-21]. The UV light is only found about 5% of
whole solar-light spectrum, preventing TiO2 for applications in industries [7].

Many studies have reported enhancement of absorption in the visible range and photocatalytic activity
of TiOz by doping with several metals such as Co, Ni, Mn, and Fe [7-8], Cr [9], Pt [10], Ag [10-11,
18], Au [12], and Cu [13-19]. Among various transition metals, it is noted that Cu?*doped TiO> has
attracted many interests due to its low cost, smaller ion radii allowing it to insert into TiO2 lattice very
easily [14], and ability in plausibly increasing TiO; activity under visible illumination[13-19].

Doping Cu on TiO2 [13-19] has been carried out by hydrothermal [13-14], sol-gel [15-18],
photodeposition [19-20], deep-coating [21], and evaporation [22] methods. The photodeposition or
photoreduction based on the reduction of the metal ion under UV light over TiO3, is one of the easiest
methods to doping noble and transition metals on TiO2 [20]. Compared with most other methods that
need a high temperature, an additional redox agent, electric potential, or multi-step processing, the photo
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reduction method requires only the irradiation of a light source [20]. However, only few reports
employing photodeposition method for doping Cu in TiOx.

In addition, the doped photocatalyst of TiO2-Cu has been examined for catalyzing various processes like
H> production [14], and degradation of oxalic and formic acids [15], phenol [16], and methylene blue
dye [21], as well as for E.coli bacterial disinfection [22]. In contrast, photocatalyst of TiO>-Cu has not
been explored for degradation of pharmaceutical compounds, which have recently emerged as
significant environmental pollutants Accordingly, in this present research, TiO,-Cu material for
photocatalysis degradation of amoxicillin in the presence of visible radiation, is addressed.

Amoxicillin belonged to penicillin family, was selected to be an object in the current study, because it
is one of the most consumed antibiotics worldwide [6,23-27], that is almost 90% excreted from the
dosage consumed and disposed in urine [6,23-27]. Amoxicillin is frequently used as veterinary medicine
for treatment of infections encountered in gastro-intestinal and systemic infections, and also commonly
used as human prescription medicine to cure against infections caused by bacteria [6,23-27]. Due to its
high stability, amoxicillin has been detected in the waste water of municipal [6,25-26], hospital and
manufacture [26] in the level from pg/L to mg/L [6,24,26]. The release of antibiotics to the environment
can enhance the bacterial resistant, which makes related treatment difficult [6,24-26]. The presence of
amoxicillin in the environment act as an inhibitor of the photosynthesis mechanism of algae
Synechocystis sp. [26], and showed toxic effects on human and ecological health [26-27]. Therefore,
amoxicillin must be completely eliminated before reaching natural waters. Many studies have been
dedicated to remove amoxicillin [26], and among them, degradation has received much attention.
Amoxicillin degradation by photocatalysis over UV-A/TIiO> [6,26], UV-A/ZnO [23], Sn/TiO2 [24],
TiO2/Zeolite [25], and Pt and Bi co-doped TiO2.under visible light [27] have become research of interest.
However, to best of our knowledge the removal of amoxicillin in water by using a doped photocatalyst
of TiO,-Cu with the presence of visible light has not been reported.

Under the circumstance, in this present paper, preparation of Cu doped TiO2 photocatalyst by
photodeposition method under UV light, along with the characterizations and the photocatalyst activity
test for amoxicillin photodegradation are systematically studied. In addition, to obtain maximum
photodegradation efficiency, several operating variables including the initial concentration of
amoxicillin, pH, photocatalyst dose, and illumination time were also optimized.

2. Material and Methods
2.1. Material and instruments

TiO,, CuCl,, amoxicillin, HCI, NaOH, and KMnOQ4 in Analytical Grade were purchased from E. Merck,
and were used without any purification. A Speccord Plus -UV/Visible spectrophotometer, a Perkin
Elmer 311-AAS, Shimadzu 6000X-XRD, and Pharmaspec UV-1700 DRUV machines were operated
for analysis and characterizations.

2.2 Preparation and characterization of doped photocatalyst
As much as 1 gram of TiO2 was suspended in the 250 mL Cu?* solutions with various concentrations

(50, 75, 100, and 150 mg L), then the suspensions were sonicated for 24 h, and then were irradiated
with UV lamp in the correspond apparatus as seen in figure 1 for 24 h under magnetic stirring with the
constant rate. When the processes finished, the solid of photocatalysts from the suspension were
separated from their respective solutions by using centrifuge machine. The solutions were analyzed by
using atomic absorption spectrophotometer (AAS) machine for determination of the concentrations of
Cu?* un-doped or left in the solution. Meanwhile the solids of TiO.-Cu were dried at about 100 °C for
3 h. The photocatalysts of TiO2-Cu with various amount of Cu were coded as TiO2-Cu(1), TiO2-Cu(2),
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TiO2-Cu(3), and TiO2-Cu(4) referring the gradual increase of Cu doped on TiO2. The prepared
photocatalyts were characterized by means of X-ray diffraction (XRD) and diffuse reflectance UV-
Visible (DRUV-Vis.) spectrophotometer instruments. The XRD patterns and the DRUV-Vis. spectra of
all TiO2-Cu samples and TiO2 were recorded from 5 to 60° of the 2 theta and were scanned from 200-
800 nm™* of the wavelength respectively.
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Figure 1: A set of apparatus for Cu?* photoreduction and amoxicillin photodegradation processes

2.3. Assessment of TiO2.-Cu photoactivity for amoxicillin degradation

The amoxicillin photodegradation was carried out by batch experiment in an apparatus as
illustrated Figure 1. In 2 Erlenmeyer flaks were filled with 100 mL of amoxicillin aqueous solution and
then were added with 40 mg of TiO2-Cu and un-doped TiO: respectively. Then the flasks were put on
the photodegradation equipment (Fig.1), and the wolfram lamp as a visible light source was switched
on. The visible light irradiations accompanied by stirring were conducted for 24 h. The concentrations
of amoxicillin left in the solutions after photodegradation were determined by using visible
spectrophotometry method, based on the reaction with KMnQOj4 to form green solution of Mn2O4 . Then
the absorbance of the green solutions were measured at 615 nm of the wavelength. The concentrations
were obtained by plotting their absorbance into the respective standard curve. To find the amount of
amoxicillin degraded, it was calculated by following a formulae below :

(Am)i— (Am)s  x 100 %
(Am);

(Am); = The initial amount of amoxicillin before photodegradation (g)
(Am)s = The final amount of amoxicillin after photodegradation (g)

The photodegradation procedure was repeated for a process by using TiO2-Cu with various fractions of
Cu doped, as well as for a process with different photocatalyst dose, illumination time and solution pH.
For comparison, the same procedure was also applied for TiO2-Cu under UV light illumination, as well
as for TiO. with visible light.

3. Results and Discussion

3.1. The Characters of photocatalyst of TiO2-Cu

3.1.1. The amount of Cu doped on TiO>

The amount of Cu doped on TiO2 prepared by various Cu?* concentrations was displayed in figure 2.
The figure attributes that increasing concentration of Cu?* introduced, the considerably enhancement of
Cu doped on TiO; is observed, but the Cu doped slightly increase for the concentration of Cu?* higher
than 75 mg L. The doping should take place through photoreduction of Cu?* in the solution by electron
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provided by TiO2 during the UV illumination, that was deposited on TiO>, presented as reactions (1) to

2):

TiO, + UV light = TiO2 (€ + h*) (1)
Cu?* + TiO2 (2¢7) = TiO,-Cu® )
6 -
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Figure 2: The influence of the Cu?* concentration on the amount of Cu doped on TiO>

Increasing amount of Cu?* in the solution with adequate electrons from TiO2 should result in more
effective photodeposition. Interesting data is demonstrated for the highest initial concentration of Cu?*
that is the Cu doped on TiO2 only slightly increased, compared to the low concentration. It is because
more Cu solid resulted from the reduction has been deposited on and covered of the surface of TiO that
inhibited the contact between TiO2 with UV light [15]. Consequently, small number of electrons must
be provided, that led to the reduction of Cu?* less effective.

3.1.2. The XRD data

In order to detect the effect of doping Cu on TiOz structure, their corresponding XRD patterns have been
recorded and shown in figure 3. It is seen in the figure that TiO> reveals the presence of peaks at 25.25°,
37.52°, 48.02°, 53.58°, 54.88°, 62.61°, and 75.07° which are assigned to TiO2 anatase, as referred by
JCPDS with the number of 00-021-1272 [7,22]. The XRD patterns of all TiO>-Cu samples are seen
similar to that TiO2, and no new peaks of Cu could be detected, even for the heaviest Cu-doped TiOx.
Some studies have found similar finding [7,13,17]. The absence of the Cu peaks may suggest that Cu is
well dispersed in the TiO2. The similarity in the Cu and Ti ionic radii (0.072 nm for Cu and 0.068 nm
for Ti) allows the interstitial incorporation of the Cu dopant into the TiO2 network [7,13,15]. However,
researchers [11, 15] reported that no peaks of dopant were due to low concentration of dopant loading
into TiO2 structure, so that it was undetectable by the XRD instrument.

Furthermore, the unique data is assigned in the figure, that the doping Cu on TiO2 could increase the
XRD intensities of TiO2. The increase of the line intensities represents the enhancement of the
crystallinity. The enhancement may be induced by the matching size of Cu with the TiO> crystal lattice.
A study also found similar data [21]. This result is notably unique than other metal doping on TiO-
structure such as Co, Ni, Mn, and Fe [8], and Ag [11]. Since, generally, the crystalline of metal-doped
TiO> significantly decreased due to distortion of TiO> lattice by metal dopant [8, 11]. Therefore, it can
be noted that Cu doping is a beneficial factor for improving the crystallinity of TiO2. Additionally, a
gradual increase in the intensities is also observable with the enhancement of the doping concentration
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from 1.5 to 3.13 mg g*. The increase suggests that more of Cu atoms are inserted in the crystal of TiO2
[21]. The opposite effect is exhibited by Cu doped larger than 3.13 mg g, that gives smaller TiO2
crystallinity improvement. A possible reason of the trend is the formation of Cu aggregate with larger
size that prevents it to insert into the TiO; lattice [11].

Intensity (a.u.)

2 Theta (%)
Figure 3: The XRD patterns of a) TiO2, b) TiO,-Cu(1), c) TiO>-Cu(2), ¢) TiO- Cu(3), and d) TiO,-Cu(4).

3.1.3. DRUV Spectra

The effect of Cu doping on the light absorption of TiO2 was evaluated based on the their corresponding
reflectance spectra, that were displayed as figure 4 From the figure, the wavelength ( A) of their
absorption edges were obtained based on the intersection from the straight line of the curve to the Y-
axis=0[7,22] .
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Figure 4: The DRUV spectra of a ) TiOy, b) TiO»-Cu(1), ¢) TiO2-Cu(2), d) TiO»-Cu(3) and TiO,-Cu(4)

Then the wavelengths were converted into band gap energy (Eg) by following the formulae of Eg =
1240/1 [11], and their respective band gap energy values were presented in table 1. As seen in the table,
that Cu doping has shifted the light absorption by TiO> to the longer wavelength (1) emerging the visible
radiation. Furthermore, the shifts plausibly increases with the enlargement of the Cu doped from 1.50 -
4.56 mg g, but smaller shift is observed for further larger Cu doped of 4.56 - 5.20 mg g™.
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The shift is resulted from the narrowing band gap energy (Eg) due to the insertion of Cu into the gap
between conduction and valence bands [7,11,13]. Increasing shift represents that more amount of Cu
has inserted into the gaps. However the larger amount of Cu might form aggregate with larger size that
prevented them to insert into the lattice of TiO> crystal. It is obvious hence that this data is in a good
agreement with their XRD patterns.

Table 1: The influence of Cu amount in TiO.-Cu on the absorption shift and band gap energies

Cu Doped on TiO2(mg g1) A (nm) Eg (eV)
0 387.5 3.20
1.50 397.5 3.12
3.13 413.5 3.00
4.56 435.0 2.85
5.20 427.5 2.90

3.1.4. TEM images

The TEM images of the un-doped and doped photocatalysts are presented as figure 5. In the images of
TiO2-Cu samples, dark spots are observable, that are not seen in TiO, image. Further, increasing Cu
doped ( figure 5 b to 5d), The dark spots clearly represent the Cu atoms doped on the TiO3 structure,
that well agrees with the previous data.

Figure 5: The TEM images of a) TiOz, b) TiO>-Cu(1), c¢) TiO.-Cu(2), and d) TiO2- Cu(3)

3.2. Photodegradation of amoxicillin over TiO2-Cu under visible light
3.2.1. Effect of Cu doping on the photocatalyst activity
The effect of Cu doping on the photocatalytic activity of TiO2 has been assessed for amoxicillin

degradation both under visible and UV light. For comparison, same processes with TiO2-Cu were also
performed. The results are displayed as figure 6. As seen in the figure, photodegradation of amoxicillin
can take place whether absence and presence of the photocatalysts, both under UV and visible light. The
photodegradation under light illumination is induced by OH radicals acting as strong oxidizing agent.
The process without photocatalyst is observed to be less effective, because only few OH radicals from
H20 photolysis might be available due to the weak photolysis process [11]. UV is stronger light than
visible light, that can provide more OH radicals, in turns to result more effective degradation.

TiO,-Cu photocatalyst also exhibits higher activity under visible light in the photodegradation of
amoxicillin compared to that of TiO. with same condition. The visible light with Eg (2.2 - 3.0 eV) that
is near the Eg of TiO2-Cu (2.80 - 3.10 eV), is able to activate TiO,-Cu for the amoxicillin
photodegradation. In contrast, the energy of the visible light is lower than the band gap energy of TiO>
(3.2 eV), that inhibites it to excite an electron in un-doped TiO2. Therefore, the weak photocatalytic
performance of TiO: is obviously resulted. In addition, the presence of Cu in the photocatalyst can
capture the electron released by TiO; that further inhibit the recombination between electron and h™.
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This condition allows more amount of OH radical are provided, that results in the higher
photodegradation of amoxicillin.
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Figure 6: The efficiency of the amoxicillin photodegradation under UV and visible light with : A) No
photocatalyst, B) TiO2, and C) TiO,-Cu(3). (Amoxicillin volume and concentration: : 100 mL and 10 mg L%,
photocatalysts mass: 40 mg, time: 24 h, and pH: 6).

The photocatalytic degradation of amoxicillin over TiO2-Cu under visible light is seen to be higher than
that of under UV light. The amoxicillin molecules can be adsorbed by Cu particle in TiO2-Cu, then it
can be activated by visible light to form unstable molecules that allows degradation easily [7]. It is clear
that the more effective photodegradation is not only induced by OH radicals, but it is also stimulated
directly by visible light. On the other side, the lower photocatalytic activity of TiO2-Cu in UV light
may be corresponded to the fact that in TiO2-Cu the Cu surface plasmon resonance cannot be excited by
UV light [13]. This un-exited molecules can only release few electrons that leads to the low
photodegradation. In contrast, TiO2 with UV light can stimulate more photodegradation of amoxicillin
than that of with visible light. The band gap energy of TiO2 is 3.0-3.2 eV, that is equal to the UV region,
allowing the light to excite TiO: to release electron and to form OH radicals. Meanwhile, due to its
lower Eg, the visible light is unable to stimulate electron from TiO3, causing lower photodegradation.
In figure 7, increasing Cu content in TiO>-Cu promotes the amoxicillin photodegradation as also
shown in many works [7,11,17]. But further increase in Cu content could have detrimental effect on the
photodegradation result. The optimum Cu content in TiO,-Cu is found be at about 4.5 mg g*. The effect
of Cu content in TiO2-Cu on photocatalytic activity can be explained as follows. The appropriate amount
of Cu doped on TiO- allows effective capture the photoinduced electrons. The photoinduced electrons
during light irradiation results in negatively charged Cu. The photoinduced electrons can be immediately
transferred to oxygen atoms of TiO2. The electron transfer from the TiO2 conduction band to metallic
Cu particles at the interface is thermodynamically favorable because the Fermi level of TiO: is higher
than that of Cu metals. It results in the formation of the Schottky barrier at metal-semiconductor contact
region, which improves the charge separation. Accordingly, the recombination of the electron and the
OH radicals can be inhibited more [13,15,24]. This condition explains the significant enhancement of
the photocatalytic activity of TiO.-Cu. The increase in Cu content would keep the photodegradation
improves until it reaches its optimum level.

At high Cu loading above its optimum level, an excess amount of negatively charged Cu species are
available. A significant amount of the negatively charged Cu particles allows Cu atoms to attract more
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OH radicals. Accordingly it reduces charge separation efficiency or raises electron-hole recombination
and decreases amoxicillin photodegradation [13,15]. An excess amount of Cu dopant can also produce
the recombination center of photoinduced electron and hole pairs [13, 15, 24]. Recombination of e— and
h+ pair reduces the rate of photocatalytic degradation. Another possible reason is due to the formation
of Cu metallic clusters inside the TiO> crystal [7, 15, 17, 21]. The metal clusters Cu in TiO>-Cu can act
as a barrier to obstruct light absorption by TiO2 that may give small contact surface area of the
photocatalyst. This prevents amoxicillin from contacting with the photocatalyst surface.
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Figure 7: The effect of the amount of Cu doped on TiO;, towards degradation efficiency of amoxicillin
(Amoxicillin volume and concentration: 100mL and 10mg L™, photocatalysts mass: 40mg, time: 24h, and pH: 6)

3. 2. 2. Effect of photocatalyst dose on the degradation efficiency of amoxicillin
The photodegradation improves with the increase in the photocatalyst dose, as illustrated by figure 8.
The effectiveness of the photodegradation reduces when the photocatalyst dose is further increased.
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Figure 8: The effect of the photocatalyst dose on the degradation efficiency of amoxicillin (Cu doped in TiO:
4.56 mg g%, amoxicillin volume and concentration: 100 mL and 10 mg L2, time: 24 h, and pH: 6)
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The maximum photodegradation is obtained by using 40 mg photocatalyst/100 mL or 0.4 g/L. In other
work, the same dose was also reported [24]. Such data can be explained based on the number of active
sites available for photocatalytic reactions. More active sites of the photocatalyst are available when the
dose of the photocatalyst increases.

However, the use of a large number of photocatalysts may cause agglomeration of the material to
produce big particle size. The large particle size gives small surface area, which decreases the number
of active sites on the surface. Another reason for the decrease in the degradation can be attributed to the
increase in the turbidity of suspension due to more suspended photocatalyst solids. Such high turbidity
causes the light scattering that leads to the blockage of photon absorption, providing less OH radicals
in the solution [11, 24-26].

3. 2. 3. Effect of solution pH on the degradation efficiency of amoxicillin

pH is a variable controlling the charges of TiO, and amoxicillin, that determines the effectiveness of
the adsorption amoxicillin on TiO2 surface and further give an effect on the photodegradation efficiency
[15]. The change of the photodegradation efficiency as the pH alteration is represented as figure 9. At
low pH, the high amoxicillin removal is observed, then the photodegradation decreases, but then it
enhances as the pH keeps to raise.
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O T T T T 1
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Figure 9: The effect of solution pH on the photodegradation of amoxicillin (Cu doped in TiO,: 4.56 mg g%,
amoxicillin volume and concentration: 100 mL and 10 mg L™, photocatalyst mass: 40 mg, and time: 24 h)

At low pH, TiO- is protonated by H* in the solution to form positive charge at the surface (TiO2H"),
meanwhile amoxicillin owns both positive and negative charges in its structure [15]. This allows much
amoxicillin can be adsorbed on the photocatalyst surface. The large amount of amoxicillin adsorbed
should be effectively degraded by OH radicals at TiO> surface, but since the protonated of TiO2H" is
less effective in the OH formation, only low photodegradation should be proceeded. The opposite result
shows evident that at very low pH amoxicillin adsorption is more pronoun than its photodegradation.

Then, a decrease in the photodegradation can be seen when the pH is increased to 4. It is due to the less
protonation of TiO. and so decrease the adsorption, and at the same time TiOz is more effective in the
OH formation to degrade amoxicillin [6, 15, 25]. Hence, at this pH, the prominent process in the
amoxicillin decrease must be photodegradation. At pH 6 to 7, TiO2 with pH zpc = 6.4 is formed
dominantly that can provide more OH radicals [7], in accordance the high photogradation is assigned.
At pH higher than 8, the negative charges are formed at the amoxicillin structure [25], that similarly
occurs in TiO2 to form TiO, leading to the repulsion of the adsorption and the fewer OH radicals formed.
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This condition should result in low degradation, but the contrary result is observable. The high removal
of amoxicillin at higher pH is due to the hydrolysis [6,25,26], that reduces the amount of amoxicillin in
the solution.

3.2.4. Effect of the illumination time on the degradation efficiency of amoxicillin
Reaction time dictates the effectiveness of the contact between light and TiO> and between TiO2/OH

radicals with amoxicillin, and turns to the degradation effectiveness. The effect of the time on the
photodegradation is displayed as figure 10. Extension time to 24 h can raise the photodegradation, that
is promoted by more effective contact among the substrates. However, longer irradiation than 24 h, the
photodegradation is not dependence on the reaction time, since the photocatalyst is exhausted in
releasing OH radicals [11, 15, 25].
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Figure 10: The effect of the reaction time on the amoxicillin photodegradation.
(Cu doped in TiO: 4.56 mg g, amoxicillin volume and concentration: 100 mL and 10 mg L, and pH: 6)

3.2.5. Kinetics and Mechanism of the photodegradation

In general the rate of an organic compound, including amoxicillin, degradation is controlled by the
amount of OH radicals and the initial concentration of amoxicillin. In fact, the number of OH radical is
in the excessive that is assumed to be constant during the process [1, 6, 24]. In accordance the kinetic of
amoxicillin degradation is modelled as the pseudo first-order, since the rate of the degradation is only
dependence on the initial concentration of the amoxicillin. In order to find the rate constant (k), a curve
of In (C/Co) versus time was constructed and displayed as figure 11. It can be seen in the figure, that the
straight line was obtained with the linearity correlation (R?) as much as 0.98. From the curve, we found
the rate constant as much as 4 x 10 min, which seemed to be slower since the structure of amoxicillin
is stable compared the finding reported by other studies [6, 24].

The mechanism of the amoxicillin degradation over OH radicals by adopting the mechanisms proposed
previously [28-30], is presented as figure 12. The photodegradation is started from the breaking bond of
the amoxicillin to form 2 big molecules accompanied by releasing smaller molecules including CO3,
NH.4", and H20[28]. One big molecule is phenol that can be further degraded into oxalic acid [30]. The
other big molecule can also prior to degrade into oxalic and oxamic acids [29]. The final products from
the degradation are smaller molecules of CO2, H20, HNO3 [28-30]
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Figure 12: The mechanism of the amoxicillin photodegradation
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Some studies reported that the doped photocatalysts generally showed well reusable [7-9,14], that could
be applied in several photodgeradation cycles. It is hoped that the doped photocatalyst of TiO2-Cu
prepared in this research has also good reusability, but it has not been evaluated, and so it is suggested
to be further studied.

Conclusion

From the research results, it can be concluded that a visible responsive photocatalyst of TiO2-Cu has
been successfully prepared by using photoreduction method. The Cu doping was found to shift the light
absorption of TO>-Cu into visible region, and the maximum shift was shown by the amount of Cu doped
as much as 4.56 mg g*. The doping Cu on TiO, was found to increase its activity in the amoxicillin
degradation under visible light. It is also shown that the amoxicillin degradation over TiO»-Cu under
visible light was more effective compared to the process under UV illumination. Furthermore, the
highest efficiency of the photodegradation under visible light, that was about 90% for 100 ml of the
amoxicillin 10 mg L, was achieved by using photocatalyst of TiO,-Cu containing Cu as much as 4.56
mg g, 40 mg of the photocatalyst dose, during 24 h of the illumination time, and at pH 6. The
amoxicillin photodegradation is well fitted with the pseudo-first order model with the rate constant as 4
x 10 min™.
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