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ABSTRACT

TiO2 (P25) doped with silver nanoparticles (Ag/TiO2) synthesized by j-irradiation
method was used for the photocatalytic degradation of Rhodamine B (RB) dye. The effects of
operational parameters such as catalysts amount, initial dye concentration, pH were studied
for the photocatalytic degradation of Rhodamine B by Ag/TiO- catalyst. Catalytic testing of RB
showed that Ag nano/TiO2 photocatalyst exhibited better photocatalytic activity compared to
that of TiO2 under the same reaction condition and TiO2 doped with 1.5 % (w/w) Ag gave high
photodegradation efficiency (95.59%) of 10°M Rhodamine B at pH 6 using 2 g/L catalyst
within 2 hours. The possible intermediate products during the photocatalytic degradation has
been suggested, which was based on the electrospray ionization mass spectrometry (ESI-MS)
analysis. The complete mineralization of RB dye (10°M) was confirmed by high performance
liquid chromatography (HPLC) analysis. Results demonstrated that the Ag/TiO. catalyst can
effectively degrade RB dye with optimum conditions.
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TOM TAT

Ag nano pha tap TiOz (Ag/TiO2) tong hop bang phirong phdp chiéu xa tia y da dwot sir dung
lam chadt xc tac cho si phan hiy quang cia thuéc nhugm Rhodamine B (RB). Anh huréng ciia Cac
yéu to nhir lirong chdt xdc tac, nong dé thuoc nhugm ban dau, d¢ pH da dwot nghién cizu cho sir
phan huy quang cza Rhodamine B bang chat xdc tac Ag/TiOz. Két qud cho thdy Ag nano/TiOz 1am
tang sw phan haiy quang héa RB so véi TiO2 ¢ ciing diéu kién khdo sat va TiOz pha tap vdi 1,5% Ag
cho hiéu sudt phan hiy quang héa cao (95.59%) véi nong d@é Rhodamine B: 10°M, pH 6, ham
lirong vat lidu 2 g/L trong 2 gio. Céc san pham trung gian trong qua trinh phan hiy RB da diroc
xdc dinh dwa trén phwong phdp phén tich khéi phé (ESI-MS). Sw phan huiy hoan toan cua thusc
nhugm RB (10°M) da dwoc khang dinh boi phwong phdp phdn tich sdc ky léng cao ap (HPLC).
Két qua chizng minh rang chdt xdc tac quang hda Ag/TiO2 phan hiy RB ¢6 hiéu qud cao.

Tir khoa: TiO2; Ag nano; chat xtc tac quang hda; Rhodamine B; phan huiy.
1. INTRODUCTION

Photocatalytic reaction catalyzed by promising process for solving energy and
semiconductors has been approved as a environmental issues [1]. Among the
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semiconductor catalysts, TiO. has been
studied extensively owing to its special
property [2]. However, the wide application
of TiO2 is limited in the condition of solar
irradiation due to its wide band gap [3, 4].
Therefore, considering energy conservation
and environmental pollution issue, it is
necessary and indispensable to develop high
efficient and visible light-driven
photocatalysts. Several approaches for TiO>
modification have been proposed: metal-ion
implanted TiO2 (using transition metals: Cu,
Co, Ni, Cr, Mn, Mo, Nb, V, Fe, Ru, Au, Ag,
Pt) [5-7], reduced TiO> photocatalysts [8,9],
non-metal doped-TiO2 (N, S, C, B, P, I, F)
[10-12], doping metal ions into the TiO;
lattice, dye photosensitization on the TiO>
surface, an addition of inert support and
deposition of noble metals. Noble metals
doped or deposited on TiO> are expected to
have various effects on the photo-catalytic
activity of TiOa.

Silver doped TiO2 (Ag/TiOz) has been
one of the extensively studied doped TiO:
photocatalysts due to its wider applications in
environmental remediation, antimicrobial
activity, catalytic oxidation reactions, etc.
[13—20] Generally, Ag/TiO. catalysts are
synthesized by either deposition or doping of
silver (in optimum amount) in TiO, to
improve its photocatalytic efficiency.

In the present investigation, to explore
the possibility of Ag/TiO. for photocatalytic
degradation of RB dye in visible light has
been carried out. The effects of various
parameters such as catalyst amount, initial
dye concentration, pH have been investigated
on the photocatalytic degradation of RB in the
presence Ag/TiO2 as a photocatalyst under
irradiation of visible light. The complete
mineralization of RB dye was further
confirmed by high performance liquid
chromatography (HPLC) analysis.

Intermediate products during the
photocatalytic ~ degradation have been
identified based on electrospray ionization
mass spectrometry (ESI-MS) to confirm the
photocatalytic degradation of dyes under
visible light.

2. MATERIALS AND METHODS
2.1 Materials

Titanium dioxide (Degussa P-25) was

purchased from Degussa Corporation,
Germany). Ethanol and silver nitrate (99%
purity) was purchased from China.

Rhodamine B with 97% purity was purchased
from India. The molecular structure and
chemical properties of RB are given in Fig. 1.

H,C

Figure 1. Structure of Rhodamine B
2.2 Preparation of Ag nano/TiO2

2 g of TiO2 and 5 ml ethanol were added
into 95 ml distilled water. AgNO3 was then
added to the TiO2 suspension mixture with
ration of Ag/TiO2: 1.5/100 (1.5%, w/w). The
reduction of Ag"™ was carried out by
y-irradiation on a y- ®°Co source at 2.7 kGy.
The modified TiO2 photocatalyst were
separated Dby centrifugation, washed by
distilled water and dried at 60°C.

2.3 Photocatalysis experiment

The concentration of RB dye (Amax =554
nm) in the irradiated solution was determined
using a calibration curve of RB concentration
versus absorbance and concentration versus
peak area of known concentrations using
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UV-vis spectrophotometer (Biochrom, Libra
S32) and JASCO high performance liquid
chromatography (HPLC) equipped with
UV-vis diode array detector using C18
column (4.6 mmx250 mm) in the reverse
phase mode. The HPLC separation was carried
out using mixed eluent (CHsCN:H2O = 1:1 by
volume, pH = 3.5) at a flow rate of 1 mL/min.

Intermediate products of degradation RB
process was studied using electro spray
ionization mass  spectra (ESI-MS)
experiments performed on a micro TOF — QI
Bruker instrument.

3 RESULTS AND DISCUSSIONS
3.1 Photocatalytic activity
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Figure 2. Comparison between the
photocatalytic activity of TiO2-P25 and
Ag1.5%/TiO2 in degradation of Rhodamine B
under visible light irradiation.

'Figure 2 shows the photocatalytic
degradation of RB on TiO2 and Ag doped
TiO2 photocatalytic. Under visible light, the
Rhodamine B photodegradation by pure TiO>
is lower than by TiO, modified with Ag. The
results demonstrated that after 120 min of
irradiation, nearly 86% of RB was degraded
in presence of Ag-TiO2 whereas the
percentage degradation of RB dye was 60%
for pure TiOy

3.2 Effect of catalyst amount
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Figure 3. Effect of Ag//TiO> catalyst amount
on degradation of RB under visible light.

To find out the optimum amount of
Agl.5%/TiO; catalyst ~ for highest
photocatalytic degradation, the amount of
catalyst was varied from 0.1 to 5.0 g/L. The
concentration of RB (10°M), irradiation time
(1h) was kept constant in all experiments. Fig.
3 shows the effect of catalyst amount on the
degradation of RB dye in visible light. The
results demonstrated that the percentage
degradation of RhB dye increased with the
increase of catalyst amount up to 2.0 g/L.
When the photocatalyst amount was increased
from 2.0 to 5.0 g/L, the percentage
degradation was remain or slightly decreased.
This may be due to the increase in the
turbidity of the solution, results in decrease of
visible light penetration and photo activated
volume. The results suggested that an optimal
amount of the catalyst (2.0 g/L) is necessary
for higher degradation rate and reducing
needless waste.

3.3 Effect of dye concentration

In order to study the effect of dye
concentration  on  the  photocatalytic
degradation of RB dye under visible light
irradiation, the concentration of dye was
varied in the range of 10° — 10* M with same
amount of catalyst (2.0 g/L) and irradiation
time (1 hour) in all experiments. The results
are shown in Fig. 4. Results demonstrated that
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the percentage degradation of RB was
decreased with increase in initial dye
concentration from 10° to 10% M. The
percentage degradation was 93% in the case
of 10°M and 31% for 10* M. When
increasing the initial concentration of dye, the
amount of dye adsorbed on the catalyst
surface get increases that make only fewer
photons reach at the surface of photocatalyst.
This results decrease in concentration of *OH
and O, radicals thereby decrease in
photocatalytic activity.
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Figure 4. Effect of dye initial concentration
on degradation of RB by Ag/TiO; catalyst
under visible light.

3.4 Effect of pH
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Figure 5. Effect of pH on degradation of RB
of Ag/TiO2 under visible light.

The effect of pH is one of the most
important factors on the photocatalytic
degradation process. In order to find out the
optimal pH for the degradation of RB dye, the

pH of reaction mixture was varied from 2 to
10 by keeping the RB dye concentration (10
M) and catalyst amount (2.0 g/L) constant in
all reactions. The pH was adjusted by the
addition of appropriate amounts of NaOH or
HCI solution. The results shown in Fig.5
demonstrated that the greatest degradation
was obtained at pH6, with 95.59%. When
pH was in range from 4 to 6, the percentage
degradation was increased from 84.65 to
95.59%. Further pH in range from 6 to 10, the
percentage degradation was decreased from
95.59 to 84.42%. Thus, the pH at 6.0 should
be the optimal value. This may explain the
highest degradation at acidic condition
rather than alkaline.

3.5 Mineralization
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Figure 6. HPLC chromatogram of degraded
samples of different time intervals (A) 0 h, (B)
1 hand (C) 5h.
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To confirm the mineralization, the
photocatalytic degradation reactions of RB by
AQ/TiO2 were carried out up to 5 h and then
the irradiated samples were analyzed by
HPLC. HPLC chromatogram of 0, 1 and 5 h
samples are shown in Figure 6A-6C. HPLC
analysis results showed that, RB dye (peak A)
was identified at the retention time of 4.35
min. From the HPLC chromatogram, the
formations of N-deethylated intermediate
were observed after the photocatalytic
degradation of RB dye. The N-deethylated
intermediates were further confirmed by the
shifting of wavelength range for the samples
taken out at different time intervals during the
photocatalytic ~ experiments.  Percentage
degradation of RB dye determined by HPLC
analysis confirms that there was no formation
of harmful final products. Furthermore, it was
observed that 100 % of dye was degraded at
the end of 5 h reaction (Fig. 6C).

To identify the possible intermediate
products  during  the  photocatalytic
degradation, electro spray ionization mass
spectra  (ESI-MS)  experiments  were
conducted. ESI mass spectra of the irradiated
aqueous solutions of RB at 1 hour were
observed. Major intermediates during the
degradation process were proposed by using
m/z values of the mass spectra. It shows in the
figures 7A-7D.

Table 1. Identification of RB and
N-de-ethylation intermediates by LC/MS

m/z |Retention |[N-De-ethylation
time (min) |intermediates

415 |15.6 N,N-Diethyl-N-
ethylrhodamine (DER)

387 (9.2 N-Ethyl-N-
ethylrhodamine (EER)

359 |7.2 N-Ethylrhodamine (ER)

331 |55 Rhodamine (R)
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Figure 7. Typical LC-MS chromatogram at
the irradiation for 60 min (A: DER; B: EER;
C:ER; D: R).

The identification and structure of
intermediates of RB are listed in Table 1 and 2.
From the mass spectra, the main intermediate
with m/z value of 415, 387, 359, 331 were
those of N-de-ethylated intermediates such as
N,N-diethyl-N-ethylrhodamine, N-diethyl-N-
ethylrhodamine, N-ethyl-N-ethylrhodamine,
N-ethylrhodamine and Rhodamine,
respectively. The results indicated that the
ethyl groups in the RB structure were
removed one by one, and finally transformed
into R. In Figure 6C, all chromatogram peaks
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4 CONCLUSION

proved that RB and the intermediates were _

degraded completely in Ag/TiO2 under visible The prepared Ag/TiO: catalysts showed

light. higher photocatalytic efficiency for RB
) degradation under visible light irradiation

Table 2. Structural formula of N-de-ethylation

compared to pure TiO2 (P25). The optimized

intermediates amount of catalyst and pH for higher

N-De-ethylation Structural formula degradation was 2.0 g/L, and 6.0, respectively.
intermediates The degradation of RB dye was further

N,N-Diethyl-N-eth

confirmed by HPLC analysis. LC/MS
technique was used to analyze the degradation
process, and photocatalytic degradation of RB

ylrhodamine ) ) )
dye by Ag/TiO2 was mainly a stepwise
N-de-ethylation.
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