
International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:9, No:1, 2015

47

 

 

 
Abstract—Rhodamine B (RB) is a toxic dye used extensively in 

textile industry, which must be remediated before its drainage to 
environment. In the present study, supported gold nanoparticles on 
commercially available titania and zincite were successfully prepared 
and then their activity on the photodegradation of RB under UV A 
light irradiation were evaluated. The synthesized photocatalysts were 
characterized by ICP, BET, XRD, and TEM. Kinetic results showed 
that Au/TiO2 was an inferior photocatalyst to Au/ZnO. This 
observation could be attributed to the strong reflection of UV 
irradiation by gold nanoparticles over TiO2 support. 
 

Keywords—Supported AuNPs, Semiconductor photocatalyst, 
Photodegradation, Rhodamine B. 

I. INTRODUCTION 

ECURING suitable water for drinking and irrigation 
purposes is an important issue in the whole global. Water 

purification and recycling, in addition, is a preventing 
measurement of environment contamination and a saving tool 
of water in arid places. Industries contribute significantly to 
environment pollution by various ways such as wastewater 
effluent [1], [2]. Textile industries, for instance, contaminate 
water by draining aqueous dye pollutant solutions [3]. 
Adsorption is a good treatment technique for the abatement of 
dye wastewater stream [4]. However, this technique generates 
waste solid, which requires further purification of the 
adsorbent materials and treatment of the separated pollutant. 
Therefore, such procedure increases the cost of water 
purification, but it would avoid us the landfill with solid 
wastes. Furthermore, depending on the nature of the adsorbent 
material, regeneration process may produce the adsorbent with 
its same original activity or less. The adsorbent may lose its 
activity after a certain number of recycling. Thus, with all 
these drawbacks of adsorption technique, advanced 
heterogeneous photocatalytic oxidation of dye pollutants 
emerges as an effective, economic alternative technique 
because of the complete destruction of the dye pollutant by the 
generated active oxygen-containing species under the 
illumination of UV-visible light to much less harmful products 
and of the easiness of photocatalyst separation and 
recyclability [5]. 
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Semiconductors have been widely used as photocatalysts in 
advanced photocatalytic oxidation technique. Depending on 
the band gap energy (Eg) of the semiconductor photocatalyst, 
either UV or Visible irradiation can be used for excitation and 
generation of exciton (electron-hole pair), needed for redox 
decomposition of pullotant. Titania, TiO2, and zincite, ZnO, 
have wide Eg of ~3.2 eV [6], making them appropriate 
absorbents of long wave ultraviolet light (UV A, 3.1-3.94 eV) 
[7]. However, their Eg is tunable by doping them with other 
semiconductor or metal nanoparticles. The doping process 
enhances their photocatalytic performance through charge 
separation and minimization or elimination of electron-hole 
recombination [8]. Metal nanoparticles such as gold act as 
electron drainage or electron donating whether the excitation 
is made by UV or visible irradiation [8]. 

Several studies have focused in promoting the 
photocatalytic performance of TiO2 and ZnO by doping with 
gold nanoparticles (AuNPs) e.g. [8]. However, there is a little 
bit or no studies comparing these two semiconductor supports 
and exploring their effect on AuNPs. Therefore, in this work 
we have tried to find out the effect of TiO2 and ZnO supports 
promoted with AuNPs on the photodegradation of rhodamine 
B (RB) in aqueous medium, under UV A light irradiation.  

II.  MATERIAL AND METHODS 

A.  Materials 

Tetrachloroauric acid trihydrate (HAuCl4.3H2O, ≥99.9% 
trace metal basis, Sigma-Aldrich), sodium citrate dihydrate 
(≥99%, FG, Aldrich), tannic acid (ACS reagent, Sigma-
Aldrich), rhodam Fine B (≥95% HPLC, Sigma), titanium 
dioxide (purum, >99%, Fluka), and zinc oxide (99%, ACS 
reagent, Riedel-De Haen AG) were commercially available 
and were used without further purification. Deionized water 
(18.2 M.cm) was obtained from a Milli-Q water purification 
system (Millipore). 

B. Synthesis of Photocatalyst 

The catalysts were prepared in two steps using the 
commercially available TiO2 and ZnO as oxidic supports. The 
first step dealt with the preparation of the colloidal AuNPs by 
the reduction of HAuCl4 in aqueous solution using 1 wt.% 
tannic acid and 1 wt.% sodium citrate. The second step 
involved the impregnation of the colloidal AuNPs with an 
oxidic support to obtain slurry, which was stirred for 2 hours 
at room temperature and then the excess solvent was removed 
by a rotary evaporator. The obtained solids were oven-dried at 
120°C for 16 hours and then were calcined at 350°C for 5 

Semiconductor Supported Gold Nanoparticles for 
Photodegradation of Rhodamine B 

Ahmad Alshammari, Abdulaziz Bagabas 

S



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:9, No:1, 2015

48

 

ho
de

pl
sp
ph
pa
pr
Cu
to
pe
tra
C
sa
V
po
U
sn
re

be
m
B
m
en
ph
irr
A
20
se
nm
co
ca
m
= 
RB
irr

Zn
w
an
A
th
Ti
de
in
w
co

ours in air. Th
etails on the ca

C.  Character

The Au-con
lasma optical 
pecific surfa
hysisorption m
atterns were r
ro diffractome
uK radiation

o 80º in steps 
er step. The 
ansmission el
arbon-coated 

amples for TE
Vis) absorptio
owder sample

UV/Vis/NIR s
nap-in integra
eflectance. 

D.  Photocata

The photoca
eaker containi

mg of photoca
efore exposu

mixture was m
nsure adsorpt
hotocatalyst su
radiated by 3

Aliquot sample
0-minute int
eparation, and
m using the 
oncentration o
alibration curv

measured by ap
(C0 - C)/C0 x

B dye and C i
radiation. 

A.  Chemical

ICP results (
nO and TiO2 

wt.%). Table I
nd pore volum

Au/TiO2 photo
han the Au/Z
iO2 have simi
ecreased afte
ndicate that th

without any si
onfirmed by X

he loading of A
atalyst prepar

rization 

ntent was det
emission spe

ace areas 
method at -1

recorded for p
eter, operated
n and a nickel
of 0.02º, wit
morphology 

lectron micros
copper grid

EM analysis. S
on and reflec
s were record
pectrophotom

ating sphere fo

alytic Test 

atalytic experi
ing 100 ml, 2
atalyst sampl

ure to UV A
magnetically s
ion/desorption
urface. Afterw
365-nm UV 
es were taken 
terval, were 
d then absorba
UV/Vis/NIR 

of the samples
ve. The perce
pplying the fo
x 100, where 
is the equilibr

III. RESULT

l Composition

(Table I) show
is in line wi

I displays also
mes of AuNPs
ocatalyst has 
ZnO photocata
ilar surface ar

er impregnati
he AuNPs are
intering effec

XRD and TEM

AuNPs was fi
ation are desc

termined by 
ectroscopy (I
were estim

196ºC. X-ray
phase analysis
d at 40 mA a
l filter, in the 
th a sampling
of the cataly
scopy (TEM, 

ds were used
Solid-state ultr
ctance spectr

ded on a Perkin
meter, equippe
for capturing 

ments were c
20 mgL-1 of R
le, using Luz
A light irrad
stirred in the 
n equilibrium
wards, the reac
light at a po
from the react

centrifuged 
ance was reco
spectrophoto

s was estimat
entage of deg
following equa

C0 is the ini
rium concentra

S AND DISCUS

 and N2-Physi

wed that the lo
ith the nomin
o the BET sp

s supported on
slightly highe
alyst, wherea
reas. The surf
ion with Au
e highly dispe
ct. Such good

M, as shown la
 
 

ixed at 1 wt.%
cribed elsewhe

inductively-c
CP-OES). Th

mated by n
y diffraction 
s on a Philips
and 40 kV by
2-theta range 

g time of one 
yst was explo

JEM-2100F 
d for mounti
raviolet-visibl
ra for photoc
n Elmer Lamb
ed with a 15
diffuse and s

carried out in 
RB solution a
zchem Photor
diation, the r

dark for 1 h
m of the dye 
ction suspensi
ower of 54.3 
tion mixture a

for photoc
orded at λmax

ometer. The R
ted using esta

gradation of d
ation: %Degr
itial concentra
ation of RB dy

SSION 

isorption 

oading of AuN
nal content of
pecific surfac
n ZnO and TiO
er BET surfa
as undopedZn
face area of su
uNPs. These 
ersed on the 
d dispersion 
ater. 

 

%. More 
ere [9]. 

coupled 
he BET 
nitrogen 

(XRD) 
 X pert 
y using 
from 2 
second 

ored by 
JEOL). 
ing the 
le (UV-
catalyst 
bda 950 
50 mm 
specular 

a glass 
and 100 
reactor. 
reaction 
hour to 
on the 

ion was 
W/m2. 

at every 
catalyst 
of 554 

RB dye 
ablished 
dye was 
radation 
ation of 
ye after 

NPs on 
f Au (1 
ce areas 
O2. The 
ce area 
nO and 
upports 
results 

support 
is also 

I

Ca

Au

Au

dis
pre
dif
55
cry
dif
36
to 
of 
tha
ob
du
go
On
co

F

an
alm
pa
sho
Au
ran
TE
ob
spa
pre
an
illu
(FF
an

ICP AND BET SU

atalyst  ICP 

u/ZnO 0.9 

u/TiO2 0.9 

B.  XRD Phas

XRD pattern
splayed in Fig
esence of ana
ffraction peak
.2º correspon
ystallographic
ffraction peak

6.33°, 47.63°, 
(100), (002), 

f ZnO hexagon
at no diffracti

bserved in Au/
ue to their hig
ood support to 
n another han
rresponding to
 

Fig. 1 XRD patt

C.  Size and M

Representativ
nd ZnO are sh
most spherica
article size de
own in the i
u/ZnO resulte
nge from 1-3 
EM image (
bservation of 
acing measure
esented as in 

nd was comp
ustrates HRT
FT) and clear

nd the gold p

TA
URFACE AREA RES

BET surface a

45 *          

47 *           

se Identificatio

ns of AuNPs 
g. 1 The XRD
atase phase, a

ks at 2 values
nding to (101)
c planes o
ks located at
56.71°, 62.96
(101), (102), 
nal wurtzite p
ion peaks corr
/ZnO and Au/
gh dispersion
the observed 

nd, the XRD 
o the supports

terns of AuNPs

Morphology of

ve TEM imag
howed in Figs
al and dispers
epends strong
inset of Figs

ed in a narrow
nm and 1-5,

(shown as i
the crystal p
ed using HRT
set images in

pared with t
TEM and corr
rly shows that 
particles are c

ABLE I 
SULTS OF AU NPS

area (m2/g) 

       39+ 

       43+ 

on 

supported on
D pattern of A
as verified by
s of 25.4º , 37
), (004), (200
f anatase, 
t 2 values 

6°, 68.13°, and
and (110) cry
phase. In add
responding to
/TiO2. Such o

n and their sm
size of AuNP
pattern revea

s only. 

s supported on (

f Au/TiO2 and 

ges of AuNPs
s. 2 (a) and (
sed on the su

gly on the nat
. 2 (a) and 

w particle size
, respectively
insert in Fig
planes of AuN
TEM for Au/T
n Figs. 2 (a) an
those of bulk
responding fa
the inter plan

crystallized w

S OVER ZNO AND

Pore volume (c

0.10 

0.12 

n ZnO and Ti
Au/TiO2 show
y the appeara
.9º, 48.1º, 54.
0), (105), and

respectively.
of 31.84°, 3

d 69.18° corre
ystallographic 
dition, Fig. 1 r
o metallic Au 
observation co
mall size, len
Ps by TEM (≤
als diffraction

(a) TiO2 and (b)

d Au/ZnO 

s supported on
(b). The AuN
upports, whil
ture of suppo
(b), Au/ TiO
e distribution 
. In addition, 
g. 2) enable
NPs. The latt
TiO2 and Au/Z
nd (b), respec
k Au. This 
ast Fouriertran
nar spacing is 
with an inter-

D TIO2 
cm3/g) 

iO2 are 
wed the 
ance of 
0º, and 

d (211) 
. The 
34.52°, 
espond 
planes 

reveals 
can be 

ould be 
nding a 
≤5 nm). 
n peaks 

 

) ZnO 

n TiO2 
NPs are 

e their 
ort. As 

O2 and 
in the 
(HR)-

ed the 
tice d-
ZnO is 
ctively, 

figure 
nsform 
visible 
-planar 



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:9, No:1, 2015

49

 

sp
A
di
nm
(fc

T

th
su
su
an
Ti
co
Ti
fa
th

pacing of appr
Au/ZnO. Acco
iffraction law
m d-spacing f
fcc) phase of g

 

Fig. 2 TEM im
The inset images

(a)) and Au/Zn
AuNPs sup

D.  Solid-Stat

Figs. 3 (a) an
he undoped s
upported phot
urface plasmo
nd 750 nm is
iO2 surfaces, 
ontrast, the ab
iO2. The pos

actors such as
he medium [10

roximately 0.2
ording to JC
, these values
for the (111) 
gold. 

mages of AuNPs
s show a crysta
nO (in set (b)). 
pported on (in s

te UV-Vis Spe

nd (b) exhibit 
supports (Zn
tocatalysts (A
on resonance (
s due the pres

as confirmed
bsorbance from
ition and sha
 particle size,

0].  

230 nm for Au
CPDS no. 4-7
s are very clo

plane in the 

s supported on (
al planes of AuN

Histogram sho
set (a)) TiO2 and

ectrophotomet

t the UV-Vis a
nO and TiO2

Au/ZnO and A
(SPR) band a
sence of AuN
d by XRD a
m 200 to 390 
ape of SPR d
, shape, and d

u/TiO2 and 0.
784 and the 

ose to the bulk
face-centered

(a) TiO2 and (b)
NPs in Au/TiO2
wing particle si
d (in set (a)) Zn

try 

absorption spe
2) and the A
Au/TiO2). The
appears betwe
NPs on the Zn
and TEM resu
nm is due to 

depends on d
dielectric cons

 

227 for 
Bragg 

k 0.235 
d cubic 

 

 

) ZnO. 
2 (in set 
ize of 
nO 

ectra of 
AuNPs-
e broad 
een 500 
nO and 
ults. In 
ZnO or 

different 
stant of 

Fig

 
 

for
TiO
the
the
Th
un
(A
ph
pro
Eg
res
to 
wa
ob
ma
red
be 
be
ph
gap
int
to 

g. 3 UV-Vis ab

 

The indirect 
r the undoped
O2 (Au/TiO2) 
e photon ener
e product of 
he direct band
ndoped ZnO 
Au/ZnO) are il
hoton energy 
oduct of abso
g for undope
spectively. Th
2.51 eV after

as observed 
bservation im
aterials are a
duction in the
 attributed to 
cause TiO2

henomenon. T
ap due to SMS
tensity of Au/
Au/ZnO (as 

bsorption spectr
and 

band gap (Eg
d TiO2 suppo
are illustrated

rgy (E) in eV
absorption co

d gap (Eg) esti
support and 

llustrated in F
(E) in eV a

orption coeffi
ed ZnO and 
he indirect ban
r Au loading, w
in the direc

mplies that th
affected by t
e band gap of 

the “strong m
is well-kno

his conclusion
SI could be su
/TiO2 in the v
shown in Fig

rum for AuNPs 
(b) ZnO 

 
 

g) estimation
ort and the A
d in Fig. 4 (a)

V and y-axis i
oefficient () 
imation from 

the AuNPs-
Fig. 4 (b), wh
and y-axis is
cient () and
TiO2 were 

nd gap value o
while a slight 
ct band gap 
he optical p
the nature of
f TiO2 after lo
metal-support
own materia
n regarding th
upported by th
visible light re
gs. 3 (a) and 

supported on (a

n from these s
AuNPs-suppor

, where the x-
s the square r
and energy (
these spectra 
-supported on

here the x-axis
s the square 
d energy (E)
3.27 and 2.9
of TiO2 was re
decrease to 3
of Au/ZnO.

properties of 
f the suppor

oading AuNPs
t interaction, 
al exhibiting 
he reduction o
he higher abso
egion in comp
(b). The incre

 

 

a) TiO2 

spectra 
rted on 
-axis is 
root of 
(E)0.5. 
for the 

n ZnO 
s is the 
of the 

)2. The 
90 eV, 
educed 
.23 eV 
. Such 
f these 
rt. The 
s could 
SMSI” 
 such 

of band 
orption 
parison 
ease in 



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:9, No:1, 2015

50

 

ab
im
lig

Fi

A
nm
(R
nm
le
an
ac
pe
A
SM

Rh
in
(b
lig
ad
Th

(b)

(a

bsorption inte
mplies higher 
ght irradiation

ig. 4 Direct ban

Fig. 5 show
Au/TiO2 and A

m. Au/TiO2 p
R%) than Au/
m to 382 nm, 
ss UV A pho

nd hence, less
ctivity are o
ercentage of A

Au/ZnO (as sho
MSI effect on

E.  Photocata

Fig. 6 exhibi
hodamine B s

n time interval
b) Au/ZnO as 
ght, an experi
dsorption of d
his experim

) 

a) 

ensity upon A
photocatalyti

n [8]. 

nd-gap for AuN

ws the UV-vi
Au/ZnO photo
photocatalyst 
/ZnO photoca
as shown in th
otons are abs
s exictons are 
observed. In 
Au/TiO2 in th
own in Fig. 5)

n the band gap

alytic Degrada

its the UV-vis
solution befor
l of 20 min in
photocatalyst

iment was car
dye occurred 

ment confirm

Au loading o
ic activity un

 

NPs supported on
 

sible reflecta
ocatalysts in th
has higher re

atalyst in the 
he inset of Fig

sorbed by Au
generated an
addition, the

he visible reg
) can also give
 of Au/TiO2. 

ation of RB 

s absorption s
re and after U
n the presenc
ts. Prior to irr

rried out in da
on the surfac

med that s

over TiO2 an
nder UV and 

n (a) TiO2 and 

nce spectra o
he range of 2

eflectance perc
UV range fro
g. 5. Due to th

u/TiO2 photoc
nd less photoc
e lesser refl
gion as comp
e another hint

pectra of a 20
UV A light irra
ce of (a) Au/T
radiation with

ark to ensure w
ce of catalyst 
light decrea

 

nd ZnO 
visible 

 

 

(b) ZnO 

of both 
200-800 
centage 
om 226 
his fact, 
catalyst, 
catalytic 
ectance 

pared to 
t for the 

0 mgL-1 
adiation 
TiO2and 
h UV A 
whether 
or not. 

ase in 

co
fou
ph
55
va
Au
ba
irr
fea
RB
the
of 
aft
be

F

of 
ph
ev
ph
un
~7
pe
16
eff
mi
co
sta
mi
de
the
Au
pe
de
the
aft
de
to 

ncentration o
und to be c

hotocatalysts. A
4 nm decreas

anished after 
u/ZnO photoc
and of RB at 5
radiation time
atures. It can 
B almost disa
e absorbance o

f Au/TiO2 sho
ter 100 minute
tter photocata

Fig. 5 UV-visibl

Furthermore, 
f RB in aque
hotocatalysts d
idenced by 

hotodegradatio
ndopedZnO ar
73% of the p
rformance aft

60 minutes of 
ficiency was 
inutes of rea
nstant afterw

ability of pho
inutes could 
gradation pro
e other hand,
uNPs resulte
rformance. T
gradation effi
e Au/ZnO pho
ter 60 minut
grading capab
the electron b

of RB was o
comparable f
According to 
sed with incre
100 minutes
atalyst (Fig. 6

554 nm decrea
e without a
be seen from 

appeared after
of RB with Au

owed a slower
es. These resu
alytic activity 

le reflectance sp

we found th
eous medium
depended on 
the degradat

on reactions 
re similar in th
present RB d
terwards beca
f reaction tim

achieved ov
action and t
wards with 
otocatalytic p

be attribute
oducts on the 
, doping both
d in enhanc

The Au/TiO2

iciency after 
otocatalyst ca
tes. The enh
bility of both T
buffering of A

observed due 
for both Au/
Fig. 6 (a), the

easing irradiat
s of UV irra
6 (b), the char
ased significa

appearance o
Fig. 6 (b) tha

r 80 minutes.
u/ZnO, the ph
r degradation 
ults indicate th
than Au over 

 

pectra of both A
 

hat the photoc
m using undo

the identity 
tion plot in 
over either 

he first 60 min
dye in solutio
ame better tha
e. The RB de

ver either TiO
the degradati
increasing r

performance a
ed to the ac

surface of th
h of TiO2 and
cing the RB

photocatalys
60 minutes o

aused 96% de
hancement in 
TiO2 and ZnO
AuNPs, which

to adsorptio
/TiO2 and A
e absorption p
tion time and 
adiation. In c
racteristic abso
antly with incr
f other abso
at the absorba
 As compare

hotocatalytic a
which reache

hat Au over Zn
TiO2. 

Au/TiO2 and Au

catalytic degra
oped and Au

of the supp
Fig. 7. Th
undoped Ti

nutes with deg
on. However
an that of ZnO
egradation of 
O2 or ZnO a
ion efficiency
reaction time
at and beyon
ccumulation 
he photocataly
d ZnO with 
B photodegra
st resulted in
f the reaction
gradation effi

the photoca
O could be attr
h in turn impe

on and 
Au/ZnO 

eaks at 
finally 

case of 
orption 
reasing 
orption 
ance of 
ed with 
activity 
ed zero 
nO has 

 

u/ZnO 

adation 
-doped 
ort, as 

he RB 
iO2 or 
grading 
r, TiO2 
O until 
f ~98% 
at 160 
y was 

e. The 
nd 160 
of the 

yst. On 
1 wt% 
adation 
n 87% 
n while 
iciency 
atalytic 
ributed 
ede the 



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:9, No:1, 2015

51

 

re
pe
str
su
re
A
st
ot
A
tim
w
ph
de
su

Fi

ecombination 
erformance of
rong reflectio

upport, as sh
eaction time t

Au/ZnO photo
abilized at th
ther hand, th

Au/TiO2 gradua
me from 60 m

was maintaine
hotocatalysts 
eposition of 
urface. 

 

ig. 6 Absorption
using (a)

of electron–h
f Au/TiO2 th
on of UV ir
hown previou
to 80 minute

ocatalyst incre
his value with
he photocata
ally increased
minutes to 10
ed at this 
suggests the
the reaction

n spectra of RB
) Au/TiO2 and (

hole pairs [8]. 
han Au/ZnO c
rradiation by 
usly in Fig. 
es, the degra
eased very s

h the progress
alytic degrad
d to 97% upon
00 minutes, af

value. The 
e occurrence 
n products on

B at different tim
(b) Au/ZnO as 

However, the
could be due

AuNPs ove
5. With inc

dation efficie
lightly to 97

s of reaction. 
dation capabi
n increasing r
fter which eff

plateau reg
of deactivat

n the photoc

me after UV irr
photocatalysts

 

e lower 
e to the 
er TiO2 
creasing 
ency of 
7% and 
On the 

ility of 
reaction 
ficiency 
gion of 
tion by 
catalyst 

 

 

adiation 

 

tita
act
irr
tha
the
~2
un
Au
tha
ref
sup
sem
dy

Sc
28
an

[1]

[2]

[3]

[4]

[5]

Fig. 7 Photoc
catalyz

Supported go
ania and zinci
tivity on the 

radiation were
at doping titan
e RB photode
2.7 times as th
ndoped titania,
uNPs. The lo
an zincite sup
flection of UV
pport. These 
miconductor s

ye under UV A

This study w
cience and Te
80. We also 
nalysis. 

S. Ahmed, M
parameters o
pesticides and
of Environm. M
R. Lilja, S. Li
related to the 
349. 2008. 
N. M. Mahm
“Photocatalyti
pollutants usin
vol. 145, pp. 6
C. Visvanatha
reuse, in: Vi
Reclamation, E
A. Bagabas, M
induced photo
using pd-loade
279–282. 2010

catalytic degrad
ed with TiO2 Z

IV. CO

old nanoparti
ite were succe

photodegrad
e evaluated. T
nia and zincite
egradation ov
hat of undope
, and as ~1.8 
wer performa

pported gold n
V irradiation b

findings ex
support in the 
A light irradiat

ACKNOW

was supporte
echnology (K

thank Mr. 

REFE

M. G. Rasul, R.
on the heterog
d phenolic contam
Managem. vol. 92
ukkonen, “Indust
waste prevention

moodi, M. Arma
ic degradation 
ng immobilized n
65–71. 2007. 200
an, C., T. Asano,
igneswaran S. (
EOLSS, e-book, 

M. Gondal, A. Da
ocatalytic inactiv
ed nano-WO3”. S
0. 

dation of RB und
ZnO, Au/TiO2 a

ONCLUSION 

icles on com
essfully synthe
dation of RB 
The photocata
e with 1 wt.%
ver zincite an
edzincite, as ~

times as that 
ance of titani
nanoparticles 
by gold nanop
plicitly reflec
photocatalyti

tion. 

WLEDGMENT 

ed by King A
KACST) throu

Abdulaziz A

ERENCES 
. Brown, M. A

geneous photoca
minants in wastew
2, pp. 311–330. 
trial hazardous w
n goal”J. Clean. 

ani, N. Y. Lym
of agricultural 

nanoparticles of t
1. 
, “The potential 
(Ed.), Wastewate
2009, pp. 299–31

astageer, Z. Yama
vation of colifor
Stud. in Surf. Sci

der UV irradiat
and Au/ZnO 

mmercially av
esized and the
under UV A

lytic results s
% AuNPs acce
nd made it fa
~2.0 times as 

of titania sup
a supported A
is due to the 

particles over 
ct the key r
ic degradation

Abdulaziz Ci
ugh project N
Arromaih for 

. Hashib, “Influ
atalytic degrada
water: A short re

wastes in Finland 
Prod. vol. 16, p

maee, K. Gharan
N-heterocyclic 

titania” J. Hazard

for industrial wa
er Recycle, Reu
17. 
ani, M.Ashameri,
rm bacteria from
. and Catal., vol. 

 

tion 

vailable 
en their 
A light 
showed 
elerated 
aster as 
that of 

pported 
AuNPs 
strong 
titania 

role of 
n of RB 

ity for 
No. 29-

TEM 

uence of 
ation of 
eview” J. 

– trends 
pp. 343–

njig, K., 
organic 

d. Mater. 

astewater 
use, and 

, “Laser-
m water 
175, pp. 



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:9, No:1, 2015

52

 

 

[6] K. Reddy, S.Manorama, A. Redd, “Band gap studies on anatase titanium 
dioxide nanoparticles” Mater. Chem. Phys. vol. 78, pp. 239–45, 2002. 

[7] K. Rajeshwar, J. G. Ibanez, G. M. Swain, “Electrochemistry and the 
environment” J. Appl. Electrochem. vol. 24, pp. 1077–1091. 1994. 

[8] H. Yu, H. Ming, J. Gong, H. Li, H. Huang, K. Pan, Y. Liu, Z. Kang, J. 
Wei, D. Wang, D., “Facile synthesis of Au/ZnO nanoparticles and their 
enhanced photocatalytic activity for hydroxylation of benzene” Bull. 
Mater. Sci. vol. 36, pp. 367–372, 2013. 

[9] A. Alshammari, A.Koeckritz, V. N. Kalevaru, A. Bagabas, A., Martin, 
“Significant formation of adipic acid by direct oxidation of cyclohexane 
using supported nano-gold catalysts”. ChemCatChemvol. 4, pp. 1330–
1336, 2012. 

[10] E. Ozbay, “Plasmonics: Merging photonics and electronics at nanoscale 
dimensions”. Science vol. 331, pp. 189–193. 2006. 

 
 
 
Ahmad Alshammari was born in Hail, Saudi Arabia on May 16, 1980. He 
received the B.Sc. degree in Chemistry from King Saud University, Riyadh, 
Saudi Arabia, in 2001, the M.Sc. degree in Designing Chemical Solutions 
from the University of Newcastle-upon-Tyne, Newcastle-upon-Tyne, U.K., in 
2005, and then he studied chemistry at Leibniz Institute for Catalysis at the 
University of Rostock, where he completed his PhD thesis in the end of 2010 
in the group of Prof. Axel Schulz and PD Dr. habil. Andreas Martin. In 2011, 
he joined the Petrochemical Research Institute, King Abdulaziz City for 
Science and Technology (KACST), Riyadh, where among other things he 
focused on the application of Heterogeneous Catalysis in different area. 
Presently he is Assistant Research Professor in the National Center for 
Nanotechnology, KACST. His principle research field is focused mainly on 
the application of nanomaterials and metal organic frameworks in different 
areas such as catalysis, photocatalysis, and energy. His scientific work has 
been published in more than 15 original publications. In addition, 6 patent 
applications have been granted in the last three years. 
 
 
 
Dr. AbdulazizBagabas received his B.S. degree with Firs Honour in 
Chemistry from King Saud University in 1997 and his Ph.D. degree with 
Excellence in Inorganic Chemistry from Oklahoma State University in 2005. 
After completion of his undergraduate studies, he joined the Petroleum and 
Petrochemicals Research Institute (PAPRI), currently National Petrochemical 
Technology Center (NPTC), Materials Science Research Institute (MSRI), 
King Abdulaziz City of Science and Technology (KACST), where he is 
currently working Associate Professor. He was appointed an Honorary 
Research Associate at the department of Chemistry, University of Glasgow in 
2006. He was also a visiting scholar at Chemistry Department, Northwestern 
University, Evanston, Illinois, USA, from 2011-2013. He has been recently 
got a visiting scholar position at the Department of Chemistry, University of 
California, Berkeley, California, USA. His research covers broad range of 
chemistry of materials. In particular, his research focuses on inorganic and 
organic syntheses, homogeneous and heterogeneous catalysis, environmental 
chemistry, nanotechnology, and corrosion. His work involves several joint 
researches with several national and international institutions. He has 
published more than 30 peer-reviewed articles, two book chapters, and 12 
granted patents. He is a member of the editorial board of “Applied 
Petrochemicals Research” journal, published jointly by KACST and Springer, 
and a reviewer for various international journals. 


