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Abstract
The AgCl-sensitized TiO2 (TiO2@AgCl) has been prepared from the precursor of TiO2-rutile type which on its surface adsorb
chloride anion (Cl-) and various amounts of silver using AgNO3 as starting material: AgNO3/(AgNO3+TiO2) mass ratio of 0.00,
1.14, 3.25, 6.38 and 10.32%. Reflux under alkaline condition was the employed technique. All samples were characterized by
X-ray diffraction (XRD) and diffuse reflectance UV-vis spectroscopy. The sample without the addition of AgNO3 was analyzed
by scanning electron microscope and surface area analyzer. The morphology of the sample showed a distribution of microspheres
of approximately 0.5 to 1.0 mm and the specific surface area was 68 m2/g. XRD patterns indicated that the sample without the
addition of AgNO3 contained two types of TiO2: rutile (major) and anatase (minor), whereas the samples with the addition of AgNO3
consisted of one phase of AgCl and two types of TiO2: rutile and anatase. The bandgaps of the samples were in the range of 2.97
to 3.24 eV, which were very close to the bandgap of intrinsic TiO2 powder. The presence of 0.8, 2.6 and 4.4 wt% of AgCl in each
sample resulted in an additional bandgap in visible light region of 1.90, 1.94 and 2.26 eV, respectively, whereas the presence of 9.4
wt% of AgCl in the sample resulted in two bandgaps in visible light region of 1.98 and 1.88 eV.
Keywords: TiO2, anatase, rutile, AgCl, bandgap, alkaline condition.
Resumo
O TiO2 sensibilizado com AgCl (TiO2@AgCl) foi preparado a partir do precursor de tipo TiO2-rutilo que na sua superfície
adsorve o ânion cloreto (Cl-) e várias quantidades de prata utilizando AgNO3 como material de partida: relação de massa
AgNO3/(AgNO3+TiO2) de 0,00, 1,14, 3,25, 6,38 e 10,32%. O refluxo em condições alcalinas foi a técnica empregada. Todas as
amostras foram caracterizadas por difração de raios X (DRX) e espectroscopia UV-vis de reflectância difusa. A amostra sem
adição de AgNO3 foi analisada em microscópio eletrônico de varredura e analisador de área de superfície. A morfologia da
amostra mostrou uma distribuição de microesferas de aproximadamente 0,5 a 1,0 mm e a área superficial específica foi de 68
m2/g. Os difratogramas de DRX indicaram que a amostra sem adição de AgNO3 continha dois tipos de TiO2: rutilo (principal)
e anatásio, enquanto as amostras com adição de AgNO3 apresentaram uma fase de AgCl e dois tipos de TiO2: rutilo e anatásio.
As energias da banda proibida (bandgaps) das amostras foram na faixa de 2,97 a 3,24 eV, muito próximas da bandgap de TiO2
intrínseco. A presença de 0,8, 2,6 e 4,4% em massa de AgCl em cada amostra resultou em bandgap adicional na região da luz
visível de 1,90, 1,94 e 2,26 eV, respectivamente, enquanto a presença de 9,4% em massa de AgCl na amostra resultou em dois
bandgaps na região da luz visível de 1,98 e 1,88 eV.
Palavras-chave: TiO2, anatásio, rutilo, AgCl, bandgap, condição alcalina.

INTRODUCTION
Among semiconductor materials, titania or titanium
dioxide (TiO2) is expected to play an important role in 21st
century’s efforts in applications as a photocatalyst [1], solar
cells [2], anti-fogging [3], antibacterial [4], anti-fungals
[5], a white powder pigment [6], and wastewater cleaning
[7]. TiO2 can be applied in everyday life because of its
brightness, very high refractive index, absence of toxicity,
high chemical stability, inert and high photocatalytic. The
photoactivity of TiO2 is characterized by a photoinduced
phenomena which is consequence of TiO2 bandgap. The
*sutrisnohari@uny.ac.id

TiO2 can absorb photons when photons have a higher energy
(hn) than this band gap, and an electron (e-) is promoted to
the conduction band (CB), then leaving a hole (h+) in the
valence band (VB). This excited electron can either be used
directly to create electricity in photovoltaic solar cells or
drive a chemical reaction, which is called photocatalysis.
A special phenomenon was recently discovered: trapping
of holes at the TiO2 surface causes a high wettability and
is termed photoinduced super hydrophilicity (PSH). PSH
involves reduction of Ti(IV) cations to Ti(III) by electrons
and simultaneous trapping of holes at lattice sites or close to
the surface of the semiconductor (TiO2) [8].
The bandgap in a semiconductor is influenced by
variables, such as particle size, morphology, crystallinity
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and crystal structure. In fact, TiO2 has 11 types of structure
(polymorphs). Three of them occur in nature in the form
of minerals: anatase, rutile, and brookite [9]. Kinetically,
anatase is stable, but it transforms into rutile for bulk TiO2
at temperature >600 °C [10]. The anatase has a bandgap of
3.2 eV, while bandgap is 3.0 eV for rutile and 3.4 eV for
brookite [11]. All types of TiO2 can only absorb photons
in the ultraviolet region: 200 to 400 nm, so as TiO2 do not
have a response in the visible region [12]. Sunlight has a 5%
emission of ultraviolet rays reaching the earth’s surface [13].
Therefore, some efforts are necessary to increase the TiO2
photoactivity, among others, by controlling the particle size,
morphology and structure type, so as to reduce the bandgap
to be active in the visible region.
TiO2 can be synthesized by various methods. Some
researches have been done to improve the efficiency of the
photoactivity of TiO2 photocatalyst, including the synthesis
of nanocrystalline TiO2 [14], the insertion of dopant [15],
and the addition of sensitizer [16]. Dopant and sensitizer,
which are commonly used, include vanadium [17], nitrogen
[18], cadmium sulfide [16], gold [19], and zinc sulfide
[20]. Silver chloride (AgCl) is one of the most widely used
sensitizer on TiO2. Yang et al. [21] successfully added Ag/
AgCl and porous magnesia (PM) or imporous magnesia
(IM) on the surface of TiO2 in-situ. The results showed that
the photocatalytic activity of the benzene gas decomposition
of Ag/AgCl/TiO2/PM was 5.21 times higher than TiO2/PM
and 30.57 times higher than TiO2/IM. These results suggest
that silver chloride may act as sensitizer substance that can
be used as a photocatalyst. Sangcay et al. [22] synthesized
TiO2@AgCl by sol-gel method and calcined between 400600 °C; the sample calcined at 400 °C for 2 h had the highest
concentration of anatase and smallest diameter. The main
goal of this work was the investigation of the influence
of amount of AgCl (sensitizer) on the surface of titanium
dioxide to the structural and optical properties. The AgClsensitized titanium dioxide (TiO2@AgCl) was obtained
using a reflux technique under alkaline conditions.
MATERIALS AND METHODS
Materials. For the synthesis, silver nitrate (AgNO3,
99.9%), hydrogen peroxide (H2O2), and ammonium
hydroxide (NH4OH) were procured from Merck. Titanium
tetrachloride (TiCl4, 97%), tetramethylammonium hydroxide
[(CH3)4NOH] and paraffin oil were obtained from SigmaAldrich. Commercial TiO2-anatase and TiO2-rutile were
supplied from Sigma-Aldrich in order to compare their
characteristics with the powders synthesized in the present
study. All the reagents were analytical grade and used for the
synthesis without any further purification.
Preparation of precursor and AgCl-sensitized TiO2 (TiO2@
AgCl): the precursor (TiO2) was obtained by hydrolysis of
titanium tetrachloride. A total of 100 mL of TiCl4 solution
was poured into a 1 L beaker glass. Then a solution of H2O2
was added dropwise to a solution of TiCl4 to form a yellowish
white precipitate. Hydrogen peroxide plays a key role in the
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oxidation reaction. The reaction was strongly exothermic
and produced high quantities of HCl fumes. The precipitate
was filtered and dried in an oven at a temperature of 80 °C
for 3 h, then characterized by X-ray diffraction (XRD). The
precursor in this research was TiO2 of rutile type which
on its surface adsorb chloride anion (Cl-). A number of the
synthesized precursor (TiO2-rutile) was dispersed into 50 mL
of distilled water in beaker glass. Furthermore the emulsion
was stirred for 1 h with a magnetic stirrer. In a separate
beaker glass, a number of AgNO3 was dissolved in 50 mL of
distilled water. Furthermore, the emulsion of the precursor
and the AgNO3 solution were mixed in the boiling flask. The
initial compositions of the precursor (TiO2-rutile) and AgNO3
used in this research are shown in Table I. In each mixture
was added 1 mL of tetramethylammonium hydroxide and
dropwise 8 M NH4OH to pH ~10. The mixture was stirred
with a magnetic stirrer and heated to 150 °C in the reflux
equipment for 6 h. The resulting mixture was cooled under
reflux for ~24 h. The resulting mixture was filtered with an
alumina filter, then dried by oven at 110 °C overnight. These
solids were characterized by XRD and diffuse reflectance
ultra-violet (DR-UV) spectrophotometer.
Table I - Initial compositions of precursor (TiO2-rutile) and
AgNO3.
[Tabela I - Composições iniciais de precursor (TiO2-rutilo)
e AgNO3.]
Sample
code

AgNO3
(g)

TiAg-0

0.000

TiAg-1
TiAg-2
TiAg-3
TiAg-4

0.057
0.162
0.319
0.516

Precursor
(TiO2-rutile)
(g)

(%)

5.000

0.00

4.809

3.25

4.899
4.672
4.500

1.14
6.38

10.32

Characterization: after synthesis process, the prepared
samples were examined for the investigation of phases or
structure. The XRD patterns of samples were recorded with
the powder X-ray diffractometer (Rigaku, Miniflex 600) with
CuKα radiation (λ= 1.5406 Å) with operating voltage of 40
kV, current of 15 mA, 2θ angle range between 20 to 80o,
and speed of 2° per min observation. Based on the results
of XRD patterns the type of structure of TiO2@AgCl was
shown. The XRD results were further analyzed by U-Fit
program to determine the lattice parameters (a, b, c) and
cell volume for each sample [23]. The particle morphology
and size of the sample without the addition of AgNO3 were
estimated from scanning electron microscopy (SEM, Coxem,
EM-30AX) images. The Brunauer-Emmett-Teller (BET)
specific surface area (SBET) was carried out at 77 K with a
Micromeritics ASAP 2020 instrument. The SBET data were
collected based on adsorption data (5 point) in the multipoint BET measurement from (P/P0) of ~0.06 to ~0.30 [24].
In this research, quantitative analysis of XRD data refers
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[1 -R(hn)2]
			(C)
[1 -R(hn)]

Eq. C has a relationship with the parameter a - absorbance
coefficient and s - diffusion reflectance scattering coefficient,
while F(R(hn))=a/s, so Eq. D can be written [31]:
a [1 -R(hn)2]
			(D)
=
s
2R(hn)

F(R(hn))

The UV-vis spectra of diffuse reflectance yield a relation
curve between a/s with wavelength (λ) or absorbance (A)
with wavelength (λ). a corresponds to the photon energy
expressed by [32]:

with, Eg - band gap energy, h - Planck constant, c - speed of
light, n - frequency, and λ is the wavelength, so the equation
becomes:
F(R(hn))0.5 =

RESULTS AND DISCUSSION
X-ray diffraction analysis: XRD pattern of the precursor
is depicted in Fig. 1. The positions of all diffraction lines
corresponded to rutile crystalline phase which is in agreement
with the result of U-Fit analysis. The U-Fit analysis showed
that the precursor had a tetragonal crystal system and a spatial
group P, with lattice parameters: a= 4,6308 Å and c= 2.9898
Å. This result was identical to the TiO2 crystal of the rutile type
described in [33], which has a tetragonal crystal system with
space group P42/mnm and lattice parameters: a= 4.6344 Å
and c= 2.9919 Å. The diffraction peaks at about 27.20, 35.68,
40.83, 43.64, 53.79, 56.10, 61.99 and 69.00° were perfectly
indexed to the (110), (101), (111), (210), (211), (220), (002)
and (112) reflections of rutile. The formation of rutile from the
reaction of TiCl4 with H2O2 is due to the reaction conditions in
acidic conditions (very low pH) or high concentration of H+
cations [34]. The results of the U-Fit analysis of the precursor
(rutile) is summarized in Table II.

a A(E-Eg)g
=
				
s
s

(F)

For a direct transition (a permitted direct transition), the
value of g=½, so the equation becomes:
A2
F(R(hn)) =
(E-Eg) 				(G)
s
2

while the indirect transition (a permitted indirect transition),
the value of g=2, so the equation becomes:

R(110)

Intensity

F(R(hn)) =

A 0.5
(hn-Eg) 				(J)
s

The calculation is performed on each sample using the
Kubelka-Munk equation where Eg is obtained from the
graph of the relationship between hn and F(R(hn))1/2. The
bandgap energy (Eg) is the value of hn at F(R(hn))1/2=0
obtained from the linear equation of the curve.

a = A(E – Eg)g				(E)
with A being a constant dependent on the properties of the
material, E is the energy of the photon, Eg is the bandgap
and g is a constant that has different values depending on
the type of electronic transition. Next the equation becomes:

(I)

20
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50

2q (degree)

60

R(112)

F(R(hn)) =

hc
				
n

R(002)

This value was used to determine the Kubelka-Munk
equation by [27-30]:

Eg = hn =

R(211)

R(hv) (sample)
			(B)
R(hn)=
R(hv) (standard)

The value of hn is determined by equation:

R(220)

where: I - intensity, k - any other component in the unknown
sample, XA - weight fraction of phase A, XB - weight fraction
of phase B (corundum).
For the optical measurements, DR-UV spectra were
obtained for the dry-pressed disk samples using a Shimadzu
spectrophotometer UV-1770 specular reflectance with
diffuse reflectance UV ISR-240A. This method is based on
measurements of UV-vis intensity reflected by the sample.
The measured reflectance is the reflectance expressed by:

A 0.5
(E-Eg) 				(H)
s

R(111)

I (hkl)A
XA
					(A)
=k
I (hkl)´B
XB

F(R(hn))0.5 =

R(210)

to the determination of amounts of different phases in multiphase samples by using reference intensity ratio (RIR)
method. The RIR is a method used for quantitative analysis
by powder XRD and is based upon scaling all diffraction
data to the diffraction of standard reference materials.
Klug and Alexander were first to describe a technique for
quantification using intensities of the crystalline phases in a
mixture [25, 26]. General formula for relating intensity ratio
to mass fraction is:

R(101)
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Figure 1: Powder X-ray diffraction pattern of precursor
(TiO2-rutile).
[Figura 1: Difratograma de raios X do precursor (TiO2-rutilo).]
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220
002

53.79

56.10
61.99

112
69.00 69.023
Lattice parameters
Volume

P
64.1137 Å3

Figure of merit*

D= 0.0132; R= 0.0174

Bravais lattice

* - Characteristic factor of the refinement (D) is the mean deviation
1
between 2qobs and 2qcalc, that is D=
nhkl
1
(R) is given by
nhkl - nvar

(d)

(c)

20

69.005 -0.018
23
a= 4.6308 Å; c= 2.9898 Å

(2) , and the confidence factor

, where nhkl is the number of

reflections taken into account and nvar is the number of refined variables.

Fig. 2 shows the XRD patterns of all samples of AgClsensitized TiO2. The XRD pattern (Fig. 2a) indicated that the
TiAg-0 sample (without the addition of AgNO3) contained
two types of TiO2: rutile (major) and anatase (minor). All
samples with the addition of AgNO3 (TiAg-1 to TiAg4) consisted of one phase of AgCl and two types of TiO2:
rutile and anatase. The diffraction peaks at about 27.85,
32.16, 46.17, 54.80, 57.40, 67.43, 74.40 and 76.73° were
perfectly indexed to the (111), (200), (220), (311), (222),
(400), (331) and (420) reflections of a cubic structure of
AgCl, which was identified using the standard data (PDF
file No. 01-085-1355). The main diffraction peaks at about
25.30, 37.80, 38.60, 48.00, 53.93, 62.74 and 70.23° were
indexed as the (101), (004), (112), (200), (105), (204) and

(b)

(a)

20

30

40

50

2θ (degree)

60

70

Sample code
TiAg-0
TiAg-1
TiAg-2
TiAg-3
TiAg-4

a (Å)

3.7824

Anatase
I
c (Å)

9.5120

V (Å3)

136.090

(220) reflections of crystalline anatase phase (tetragonal
crystal system), corresponding to those shown in the PDF
file No. 01-083-2243. The exhibited peaks at about 27.16,
35.67, 40.86, 43.65, 56.07 and 68.26° corresponded to the
(110), (101), (111), (210), (220) and (301) of a tetragonal
rutile structure of TiO2, which was identified using the
standard data (PDF file No. 01-076-0322). The U-Fit
analysis showed that the AgCl phase has a cubic crystal
system with Bravais lattice F, while the anatase phase has a
tetragonal crystalline system with Bravais lattice I, and then
the rutile phase has a tetragonal crystal system with Bravais
lattice P. The lattice parameters and figure of merit were
obtained by U-Fit analysis (Table III). The TiAg-0 consisted
of two types of TiO2 phases: anatase (minor) and rutile
(major), while the samples of TiAg-1 to TiAg-4 consisted
of three phases: anatase, rutile and AgCl. The anatase had a
lattice parameter identical to the lattice parameter of anatase
presented in [35], with unit cell: a= 3.7800 Å, c= 9.5100 Å,

a (Å)

4.6349

2.9897

64.227

4.6358

3.7822

9.5052

135.976

4.6345

3.7839

Figure of
merit*
* - See footnote in Table II.

9.5172

136.273

D= 0.0132; R= 0.0174

V (Å3)

64.105

136.253
136.187

c (Å)

2.9899

9.5036
9.5118

Rutile
P

4.6303

3.7864
3.7838

80

Figure 2: Powder X-ray diffraction patterns of TiO2@AgCl
samples: (a) TiAg-0, (b) TiAg-1, (c) TiAg-2, (d) TiAg-3, and (e)
TiAg-4.
[Figura 2: Difratogramas de raios X das amostras de TiO2@AgCl:
(a) TiAg-0, (b) TiAg-1, (c) TiAg-2, (d) TiAg-3 e (e) TiAg-4.]

Table III - Phase, Bravais lattice and unit cell parameters of TiO2@AgCl samples.
[Tabela III - Fase, rede de Bravais e parâmetros de célula unitária das amostras de TiO2@AgCl.]
Phase
Bravais lattice

X(420)

28

0.010

A(206)

0.019

62.013

56.132

7

(e)

X(331)

62.032

56.123

0.010

X(400)
R(301)
A(220)

71

43.673

A(213)

-0.008

53.813

A(105)

53.805

53.663

25

X(311)
R(220)
X(222)

-0.015

X(220)
A(200)

40.838

35.718

R(211)

40.853

35.703

100

R(111)

-0.011

A(107)

43.64

58

27.212

A(301)

211

0.015

27.223

A(006)

210

40.83

Int. (I/Io)

A - Amatase
R - Rutile
X - AgCl

A(114)

111

D(2q)

R(101)

35.68

27.20

2qcalc

A(004)
A(112)

101

110

2qcor

X(200)

2qobs

A(101)
R(110)
X(111)

(hkl)

Intensity

Table II - X-ray powder diffraction data of rutile (precursor).
[Tabela II - Dados de DRX (precursor).]
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4.6384

2.9893
2.9896
2.9917

a (Å)
-

AgCl
F
V (Å3)
-

64.246

5.5503

170.984

64.217

5.5501

170.960

64.369

D= 0.0132; R= 0.0174

5.5465
5.5503

170.639
170.988

D= 0.0132; R= 0.0174
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Table IV - Phase compositions of the samples (in wt%).
[Tabela IV - Composições de fases das amostras (em % em
massa).]
Sample code

AgCl

Anatase

Rutile

0.8

18.0

81.2

0.0

TiAg-0
TiAg-1

2.6

TiAg-2

79.0

22.1

68.5

a)

10

85.0
80.0

16.6

9.4

TiAg-4

Quantity of AgCl (wt%)

17.4

4.4

TiAg-3

AgCl

9
8
7

b)

6
5
4
3
2
1
0

0

90

Quantity of TiO2 (wt%)

15.0

a)

2

4

6

8

10

AgNO3/(AgNO3+TiO2) (wt%)

12

b)

80

Rutile

Figure 4: SEM images of prepared TiO2 (TiAg-0).
[Figura 4: Micrografias obtidas por microscopia eletrônica de
varredura do TiO2 preparado (TiAg-0).]

70
60
50

Table V - Specific surface area (SBET) of various TiO2.
[Tabela V - Área de superfície específica (SBET) de diversos
TiO2.]

40
30
20

Anatase

10
0
0

2

4

6

8

10

AgNO3/(AgNO3+TiO2) (wt%)

12

Figure 3: AgCl, anatase and rutile phase contents as a function of
added AgNO3 fraction.
[Figura 3: Teores das fases AgCl, anatásio e rutilo em função da
fração de AgNO3 adicionada.]

which has a tetragonal crystal system and the space group
I41/amd. The rutile lattice parameters corresponded to the
lattice parameters found in [33], with unit cell: a= 4.6344 Å,
c= 2.9919 Å, which has a tetragonal crystal system and the
space group P42/mnm, and the AgCl lattice parameters were
identical to those lattice parameters in [36,] with a= 5.549
Å, which has a cubic crystal system and space group Fm3m. The result of quantitative analysis with RIR method for

Catalyst
TiO2 anatase (Sigma-Aldrich)

Surface area (m2/g)
52

TiO2 rutile (Sigma-Aldrich)
Prepared TiO2 (TiAg-0)

48
68

AgCl, anatase and rutile of each sample is shown in Table
IV. The addition of AgNO3 to the precursor (rutile) resulted
in an increase in the quantity of AgCl, and the fraction of
anatase phase tended to increase, whereas the fraction of
rutile phase tended to decrease (Fig. 3).
Morphologies and specific surface area: shape and
morphology were clearly observed in the SEM images
of TiO2 particles. Fig. 4 shows SEM images of TiAg-0 in
two magnifications. As can be seen, there is a distribution
of microsphere ranging approximately from 0.5 to 1.0 mm.
Specific surface area (SBET) of TiO2-anatase, TiO2-rutile and
prepared TiO2 (TiAg-0) were analyzed by using Brunauer-
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(F(R(hn))1/2

(F(R(hn))1/2

12
a)
10
8
6
4
2
0
2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5

hn

1.4
b)
1.2
1.0
0.8
0.6
0.4
0.2
0.0
2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5

5

(F(R(hn))1/2

195

c)

hn

4
3
2
1
0
2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4

hn

d)

1.5
1.0
0.5
0.0
1.5 1.7 1.9 2.1 2.3 2.5 2.7 2.9 3.1 3.3

0.5

(F(R(hn))1/2

(F(R(hn))1/2

2.0

e)

0.4
0.3
0.2
0.1
0.0
1.5 1.7 1.9 2.1 2.3 2.5 2.7 2.9 3.1 3.3 3.5

hn

hn

Emmett-Teller (BET) and the SBET of TiO2-anatase, TiO2rutile and prepared TiO2 (TiAg-0) were found to be 52, 48
and 68 m2/g, respectively (Table V).
Optical properties of TiO2@AgCl: the variation of
F(R(hn))1/2 versus photon energy for the TiO2@AgCl
samples are shown in Fig. 5. The linear part of F(R(hn))1/2
versus hn at higher photon energies indicates that the TiO2@
AgCl samples have indirect band transition. The linear
portion of the curve, when extrapolated to zero, gives the
optical bandgap value (Table VI). The measured optical
bandgap values were in the range of 2.98 to 3.24 eV, which
are very close to the bandgap of intrinsic TiO2 powder and

are in good agreement with the literature reports [37-39].
The presence of bandgap at 1.90, 1.94 and 2.26 eV in each
sample of TiO2@AgCl containing AgCl of 0.8, 2.6 and 4.4
wt%, respectively, whereas the presence of bandgaps at 1.98
and 1.88 eV in the sample of TiO2@AgCl containing 9.4
wt% of AgCl were observed. These bandgap values were
not related to the bandgaps from AgCl, because the bandgap
values of AgCl are 3.25 eV for indirect bandgap and 5.60 for
direct bandgap [40].

Figure 5: F(R(hn))1/2 versus photon energy of TiO2@AgCl samples: (a) TiAg-0, (b) TiAg-1, (c) TiAg-2, (d) TiAg-3, and (e) TiAg-4.
[Figura 5: F(R(hn))1/2 versus energia do fóton de amostras de TiO2@AgCl: (a) TiAg-0, (b) TiAg-1, (c) TiAg-2, (d) TiAg-3 e (e) TiAg-4.]

Table VI - Bandgap energy of TiO2@AgCl samples.
[Tabela VI - Energias da banda proibida de amostras de
TiO2@AgCl.]
Sample code

Quantity of AgCl
(wt%)

TiAg-0

0.0

3.14

2.6

3.24

TiAg-1
TiAg-2
TiAg-3
TiAg-4

0.8
4.4
9.4

Bandgap (eV)

UV

Visible

-

-

1.94

-

3.04

1.90

2.98

2.26

3.02

1.98

-

1.88

CONCLUSIONS
The reflux technique under alkaline condition
demonstrated the successful synthesis of AgCl-sensitized
TiO2 (TiO2@AgCl). The TiO2@AgCl was prepared from
the precursor of TiO2-rutile type which on its surface adsorb
chloride anion (Cl-) and various amounts of AgNO3. The
sample without the addition of AgNO3 was analyzed by
scanning electron microscope and surface area analyzer. The
morphology of the sample without the addition of AgNO3
showed a distribution of microspheres with approximately
0.5 to 1.0 mm and the specific surface area (SBET) was 68
m2/g. The crystal structure and optical properties of TiO2@
AgCl were investigated. The sample without the addition
of AgNO3 contained two types of TiO2 phases, i.e. rutile
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(major) and anatase (minor). The addition of AgNO3
allowed the formation of AgCl phase and the reduction of
rutile phase concentration. All treated samples indicated the
same reflectance in the ultraviolet, while the samples with
the addition of 0.8, 2.6, 4.4 and 9.4 wt% of AgCl indicated
the same reflectance in the both the ultraviolet and visible
spectrum. The bandgap energies of the samples were in
the range of 2.97 to 3.24 eV, which are very close to the
bandgap of intrinsic TiO2 powder. The bandgaps at 1.90,
1.94 and 2.26 eV were observed in TiO2@AgCl containing
0.8, 2.6 and 4.4 wt% of AgCl, respectively. Additionally,
the bandgaps at 1.98 and 1.88 eV were verified for sample
containing 9.4 wt% of AgCl.
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