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In this study, a series of alkalis doped TiO2 (alkalis = Na, K and Rb) photocatalysts were synthesized at low
temperature using solvothermal method. Various characterization techniques, such as X-ray diffraction
(XRD), Raman spectroscopy, Fourier transform infrared spectra (FT-IR), Scanning electron microscopy
(SEM), N2 adsorption and UV–vis diffuse reflectance spectra (DRS) spectrophotometer, were employed
to investigate the influence of alkali ions on the crystalline phase, grain size, optical absorption and sur-
face functional groups of alkali ion doped TiO2 catalysts. The XRD results indicate that the alkali ion dop-
ing restrains the growth of the TiO2 particle size, resulting in a high specific surface area for the alkali ion
doped TiO2 materials. The photocatalytic performances of these materials were evaluated using the deg-
radation of methyl orange (10 mg/L) as the model reaction under UV light irradiation. It was found that
the photocatalytic activity of the alkali ion doped TiO2 catalysts can be enhanced significantly with the
samples doped by 3 wt% alkali ion, which is due to the synergistic effect of pure anatase TiO2 phase struc-
ture, small crystallite size, higher surface basic sites and fast electronic transfer rate.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction

Titanium dioxide (TiO2) is a well-known semiconductor with a
broad band gap, which has attracted much attention because of
their outstanding chemical and thermal stability, high refractive
index, great ultraviolet absorptivity, and resistance to photocorro-
sion [1–6]. Some potential applications of TiO2 have been devel-
oped in various fields, including photocatalytic water splitting,
environmental purification, self-cleaning and microorganism pho-
tolysis [1–9]. There are three polymorphs of TiO2 existing natu-
rally: rutile, anatase and brookite [10]. While rutile is the most
thermodynamically stable bulk phase, the anatase structure has
been extensively investigated in many studies, which demon-
strated that the anatase phase has higher photocatalytic activity
than rutile and is often dominant in nanocrystalline TiO2, due to
its lower surface energy than rutlie [10,11]. However, the major
drawback to the widespread use of anatase TiO2 as photocatalysts
is its relatively lower photocatalytic efficiency [12,13], which is
due to the quick recombination of photoinduced charge carriers
in the application of environmental protection.
In order to improve the photocatalytic efficiency, modifications
of TiO2 have been explored to promote the separation of the
electron–hole pairs during the photocatalytic reaction, and many
studies reported the photocatalytic activity enhancement in the
decomposition of organic pollutants by various synthesized ap-
proaches [12–16]. More recently, chemical promotion of catalytic
materials by alkalis has been a subject of many investigations
[17–21]. Bessekhouad et al. [18] reported that the alkalis modified
titanium dioxide prepared using sol–gel and impregnation method
gives a higher activity than that of P25 TiO2. This effect was attrib-
uted to the alkalis doping could improve electron transfer effi-
ciency, consequently increasing the amount of produced radicals.
López et al. [19] found that Li/TiO2 and Rb/TiO2 synthesized by
sol–gel method possesses high surface areas, which approached
to 100 m2/g when they are annealed at temperatures of 400 �C.
Bouattour et al. [20] demonstrated that the Rb+ and (Rb+, Y3+)
doped and codoped TiO2 samples showed a great enhancement
in the photocatalytic efficiency for the degradation of 2-naphthol
under sunlight irradiation. In addition, Panagiotopoulou and
Kondarides [21] found that adding a small amount of alkalis
(x = Li, Na, K, Cs) to TiO2 resulted in the reduction of Ti4+ surface
species and created a new type of sites at the perimeter of the dis-
persed metal crystallites, which provide the necessary dual-func-
tion sites required for the water–gas shift reaction to proceed.
These studies showed that alkalis modification had a strong pro-
motional effect in the performance of TiO2, which is often observed
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Fig. 1. The schematic diagram of photocatalytic activity testing.
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in the enhanced photocatalytic activity and improvement of visible
light absorption. However, a systematical study on the effect of al-
kali ions doping on the photocatalytic performances of TiO2 has not
been reported so far.

In recent years, the preparation of functional metal oxides using
low-energy and environmentally benign processes has received
much attention [22–24]. Here, a facile solvothermal method has
been adopted to prepare alkalis doped TiO2 with highly crystalline
anatase phase, which is considered to be essential for photoactive
catalysis. The prepared TiO2 materials are characterized using X-
ray diffraction (XRD), Raman spectroscopy, Fourier transform
infrared spectra (FT-IR), Scanning electron microscopy (SEM), N2

adsorption and UV–vis diffuse reflectance spectra (DRS) spectro-
photometer. Moreover, the photocatalytic characteristics of the
as-prepared alkalis doped TiO2 samples are evaluated by measur-
ing the degradation of MO and compared with those of the pure
TiO2 sample.
2. Experimental section

2.1. Catalyst preparation

A series of alkalis doped TiO2 (alkalis = Na, K and Rb) photocatalysts were pre-
pared using solvothermal method. Tetrabutyl orthotitanate (C16H36O4Ti, Sigma
–Aldrich) was used as titanium source. Alkali metal nitrates (Na, K, Rb) was used
as the precursor of doped metal oxides. In a typical synthesis procedure, 0.01 mol
tetrabutyl orthotitanate was dispersed in 10 mL absolute ethanol to give a solution
which was then slightly stirred for 30 min to form solution A. The required amounts
of nitrate precursors (from 1 wt% to 5 wt%) were dissolved to a 50 mL beaker con-
taining 20 mL absolute ethanol and the resulting mixture was stirred for 30 min to
form solution B. During the stirring, 1.0 mL of acetic acid and deionized water were
added into the solution B. Afterwards, the two solutions were mixed for 30 min and
heated in a Teflon-lined stainless steel autoclave and kept 110 �C for 24 h. The
heated solution was removed from oven and allowed to cool to room temperature
naturally. The as-synthesized products were filtrated and washed with ethanol and
deionized water, respectively, and then dried in an oven at 80 �C overnight. The
resultant samples were then annealed at 400 �C for 3 h in air to give the final alkalis
doped TiO2 samples. The obtained nanoparticle samples were labeled M–TiO2-x%
(M = Na, K, Rb and x = 1, 3, 5). The pure TiO2 nanocrystal was prepared by the same
procedure without adding the alkalis precursor and used here as a reference
sample.

2.2. Characterizations of the materials

The crystalline structure and crystallite size of the resulting alkalis doped TiO2

materials were determined using X-ray diffraction with a Philips X0 PeRT Pro Al-
pha 1 diffractometer with Cu Ka radiation (k = 1.5406 Å) operated at a tube cur-
rent of 40 mA and a voltage of 45 kV. Data were collected over 2h values from
10� to 80�, at a scan speed of 1� min�1. The average crystallite size was calculated
using Scherrer equation: d = 0.9k/b(2h)cosh, where b(2h) is the width of the stron-
gest XRD peak of anatase (101) TiO2 at half peak-height in radian (FWHM), k is
the wavelength (nm) of the monochromatic X-ray beam, h is the angle between
the incident and diffracted beams in degree, and d is the average crystallite size
of the as-prepared powder sample in nanometer. The UV–vis diffuse reflectance
spectra were obtained using a Perkin Elmer Lambda 750S UV/Vis spectrometer
equipped with an integrating sphere assembly. The spectra were recorded at room
temperature in air from 320 to 520 nm. The geometry and morphology of the
alkalis doped TiO2 materials were investigated by JSM840F scanning electron
microscopy (SEM). Laser Raman spectra were recorded using a Perkin Elmer
400F Ramanstation Raman spectrometer. Fourier transform infrared (FT-IR) spec-
tra were carried out by diffused reflectance using a Bruker Vertex-70. The BET
specific surface area of the alkalis doped TiO2 materials were determined using
a N2 physisorption technique, the samples was degassed at 200 �C overnight
before the actual measurement.

2.3. Photocatalytic activity testing

Methyl orange (MO) is a representative dye in aqueous solutions and widely
used in various industrial applications, which causes severe environmental prob-
lems. In this work, the photocatalytic activities of the alkalis doped TiO2 samples
were evaluated by photodegradation of MO under UV light illumination. Photocat-
alytic reactions were conducted in an open reactor with a cooling-water-cycle sys-
tem keeping the reaction temperature constant (see Fig. 1). UV illumination was
performed with a 300 W Xenon lamp (Beijing Trusttech, PLS-SXE300). Typically,
100 mg of catalyst and 100 mL of MO aqueous solution (10 mg/L) were added into
the reaction system. All of suspensions were magnetically stirred in dark for
120 min to ensure the establishment of adsorption/desorption equilibrium of MO
before the irradiation. After 60 min irradiation, the light source was switched off;
3 mL of the solution was taken out and centrifuged to remove the catalysts. The
remaining transparent liquid was analyzed in an UV–vis spectrophotometer, and
the characteristic absorption peak of MO at 505 nm was used to determine the deg-
radation extent of MO. The efficiency of degradation was calculated using the fol-
lowing formula:

MO degradation ð%Þ : XMO ¼ ðCo � CÞ=Co � 100%

where Co and C are the original MO solution concentration after the adsorption/
desorption reached equilibrium and residual MO concentration after each photore-
action. It should be noted that no sacrificial agent and oxygen were added into the
solution during the reaction process.

3. Results and discussion

3.1. Structural characterization

X-ray diffraction (XRD) has the advantage of being a fairly stan-
dard laboratory technique which identifies the crystalline struc-
ture and phase composition in nanocrysalline materials. Fig. 2
shows the X-ray diffraction patterns of the as-prepared alkalis
doped TiO2 samples with varying nitrates precursor doping level
and these samples are annealed at 400 �C for 3 h. For the compar-
ison, the XRD data of the M–TiO2-1% samples obtained after solvo-
thermal reaction at 110 �C for 24 h are also shown in Fig. 2, and
these three samples were measured without calcinations. It can
be seen that although the crystallization temperature of the solvo-
thermal treatment was as low as 110 �C, well-crystallized anatase
titanium was observed in the no-annealing M–TiO2-1% samples,
indicating that the synthesis method is effective for the prepara-
tion of TiO2 nanocrystals even at low temperature. As shown in
Fig. 2, the crystal structure of the as-prepared Na–TiO2, K–TiO2

and Rb–TiO2 samples obtained after calcination is quite similar,
which has a single phase of TiO2 crystals with tetragonal anatase
structure, and no other impurity peaks are observed in these sam-
ples. These results indicate that the alkali ions either have entered
into the TiO2 lattice under our solvothermal conditions, or they
might be highly dispersed in the high surface TiO2, which is not
detectable using XRD. For the Na–TiO2 and K–TiO2 sample, with
the increase of calcinations temperature, the XRD patterns demon-
strate the main (101) Bragg peak of annealed alkalis doped TiO2

become sharper and more intense, suggesting that the formation
of higher crystallinity for doped TiO2 and the presence of
amorphous phase has been transformed to anatase phase during
calcinations. In contrast, the XRD pattern of Rb–TiO2 shown in
Fig. 2c exhibits that the intensity of Rb-TiO2 diffraction peaks
have no significant changes after calcinations, implying that
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Fig. 2. XRD patterns of alkalis doped TiO2 samples and pure TiO2. All the samples were annealed at 400 �C for 3 h.
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further increase of annealing temperature to 400 �C cannot affect
the crystallization degree of Rb–TiO2 samples.

Table 1 lists the average crystallite sizes of the material parti-
cles determined with the XRD peak broadening analysis using
the Scherrer formula. It was shown that the crystallite size of alka-
lis doped TiO2 is in the range of 10–36 nm, which are all smaller
than that of the reference pure TiO2 sample except the K–TiO2-
1% sample. In addition, the enlarged localized profile of main
(101) Bragg peaks around at 2h of 25.3� in Fig. S1 reveals that
the K–TiO2 and Rb–TiO2 samples prepared with 3 wt% alkali ions
doping have an obviously broader anatase (101) diffraction peak
Table 1
FWHM, crystallite size, phase composition, BET surface area, energy band gap and photoa

Samples Doping level FWHM Crystallite size (nm) Ph

Pure TiO2 0 0.259 31.3 An
1 wt% 0.461 17.7 An

Na–TiO2 3 wt% 0.307 26.5 An
5 wt% 0.307 26.5 An
1 wt% 0.234 35.3 An

K-TiO2 3 wt% 0.845 9.6 An
5 wt% 0.269 30.3 An
1 wt% 0.346 23.5 An

Rb-TiO2 3 wt% 0.922 8.8 An
5 wt% 0.384 21.2 An

a Reaction conditions: 0.10 g of photocatalyst, 100 ml 10 mg/L methyl orange(MO) aqu
temperature = 303 K, stirring rate = 700 rpm, reaction period = 60 min.
than the samples doped with 1 wt% and 5 wt% alkali ions. As listed
in Table 1, the FWHM value of K–TiO2-3% and Rb–TiO2-3% is 0.845
and 0.922, respectively, which corresponds to smaller crystallite
size values. Further, the calculation result listed in Table 1 also sug-
gests that the K–TiO2-3% and Rb–TiO2-3% have the smallest crys-
tallite sizes, which are 9.6 and 8.8 nm, respectively. This may be
due to that the alkali ions penetrated into TiO2 lattice, or they
probably are bonded with oxygen onto TiO2 surface to form alkalis
oxides, both of the two factors restricted the growth of TiO2 nano-
crystal [18,19]. The BET surface areas of the Na–TiO2-3%, K–TiO2-
3% and Rb–TiO2-3% photocatalysts were also given in Table 1. It
ctivitiesa of alkalis doped TiO2 and pure TiO2 samples.

ase composition BET (m2/g) Eg (eV) Degradation yield (%)

atase 39.23 3.19 65
atase – 3.19 73
atase 46.5 3.19 77
atase – 3.17 32
atase – 3.20 56
atase 51.61 3.20 70
atase – 3.19 66
atase – 3.20 58
atase 50.52 3.19 66
atase – 3.21 63

eous solution, a 300 W Xe lamp at 15 cm away from the reaction solution, reaction
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can be found that the BET surface areas of the alkalis doped TiO2

samples are much similar in the range of 46–52 m2/g, and all of
them show larger specific surface areas in comparison with pure
TiO2 sample.

The crystalline structure and phase components of alkalis
doped TiO2 samples are further confirmed by Raman spectros-
copy. Fig. 3 shows the Laser Raman spectra of alkalis doped
TiO2, including data for the no-annealing samples for comparison.
It can be observed that the main features of the Raman spectra of
all alkalis doped TiO2 photocatalysts as well as the no-annealing
TiO2 samples are very similar: there are six characteristic bands
at 144 cm�1 (Eg), 197 cm�1 (Eg), 399 cm�1 (B1g), 513 cm�1 (A1g),
519 cm�1 (B1g) and 639 cm�1 (Eg) seen in the Raman spectra,
which correspond to the anatase phase [25–27], with no peaks
due to the rutile phase appeared. This suggested that well-crys-
talline TiO2 particles can be formed at a lower temperature under
our experimental conditions. These findings are in agreement
with the XRD analysis. The inset of Fig. 3 shows the localized pro-
file of main Raman peak (Eg) range from 120 cm�1 to 220 cm�1,
which can provide more information of phase evolution of the
catalyst materials. Comparing with the Raman spectra of no-
annealing samples, it is obvious that the principal Raman peaks
of Na–TiO2, K–TiO2 and Rb–TiO2 nanoparticles shifts towards
100 200 300 400 500 600 700 800

Eg
A1gB1g

Eg

(a)

120 140 160 180 200 220

Na-TiO 2 -5%

Na-TiO 2 -3%

Na-TiO 2 -1%

Na-TiO 2-1%-No calcination

 I
nt

en
si

ty
 (

a.
u.

)

Raman S

Raman Shift (cm-1)

Raman Shift (cm-1)

Na-TiO2-5%

Na-TiO2-3%

Na-TiO2-1%

Na-TiO2-1%-No calcination

 I
nt

en
si

ty
 (

a.
u.

)

100 200 300 400

Eg

B1g

(c)

 I
nt

en
si

ty
(a

.u
.)

Rb-TiO2-5%

Rb-TiO2-3%

Rb-TiO2-1%
Rb-TiO2-1%-No calcinatio

 I
nt

en
si

ty
 (

a.
u.

)

120 130

Fig. 3. Laser Raman spectra of alkalis doped TiO2 samples, the inset of each
lower Raman shift after direct calcinations at 400 �C for 3 h, indi-
cating that the crystal particles of alkalis doped TiO2 samples
grow up due to a sintering effect [17]. It is worthy of noting that
the intensity of the Eg, B1g and A1g band for Na–TiO2 , K–TiO2 and
Rb–TiO2 samples become more broadening and intense after
calcinations at 400 �C, indicating a higher crystalline of the doped
TiO2 samples.

Fig. 4 shows the corresponding UV–vis diffuse reflectance spec-
tra of the alkalis doped TiO2 samples with various alkali ions dop-
ing content, including the data for the pure TiO2, used here as a
reference. As shown in Fig. 4, there are no significant optical
property difference between the doped TiO2 samples and the pure
reference TiO2. The spectra of the synthesized alkalis doped TiO2

(Na–TiO2, K–TiO2 and Rb–TiO2) and undoped TiO2 show a strong
and broad absorption feature in the UV region (below 380 nm)
due to the inter band electronic transitions [28,29]. In addition, it
can be observed that the absorption edge of alkalis doped TiO2

samples, which were calcined at 400 �C for 3 h, shifts to shorter
wavelengths direction compared to that of undoped TiO2, particu-
larly in the K–TiO2 and Rb–TiO2 samples. This result suggested that
the alkali ions doping affects the band gap of TiO2 to some extent. It
is known that the band gap of TiO2 can be calculated by extrapola-
tion of the straight line from the absorption curve to the abscissa
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image is the enlarged localized profile of alkalis doped TiO2 samples.
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from UV–vis absorbance spectra [19]. According to this method,
the energy band gap (Eg) for all of alkali ions doped TiO2 samples
is estimated and listed in Table 1. Noted that the band gap of the
Rb–TiO2-5% and Rb–TiO2-1% were estimated to be 3.21 and
3.20 eV, respectively, this corresponds to 0.02 and 0.01 eV blue
shift from the bulk-phase band gap for undoped anatase TiO2

(3.19 eV), whilst a slight blue shift of energy band gap in the K–
TiO2-3% and K–TiO2-1% samples (3.20 eV) has also been observed.
As previously reported [30,31], the optical band edge of TiO2 sam-
ple exhibits a slight blue shift due to the change of the energy gap
of the disorder crystal in TiO2. On the other hand, it was also re-
ported that the absorption edge exhibits a blue shift due to the
quantum size effects [32]. When alkali ions were incorporated into
the lattice of TiO2, the growth of the particle size for as-prepared
photocatalysts could be decreased and thus results in the broaden-
ing of the energy gap of TiO2. As listed in Table 1, the particle size of
alkalis doped TiO2 samples is much smaller than that of pure TiO2.
As a result, the doped TiO2 nanoparticle energy gap becomes wid-
ened with the decrease of particle size and therefore leads to a blue
shift of optical absorption edge. From the above analysis, it is be-
lieved that the blue shift of optical absorption band edge in the
present study is the synergetic results of the change of energy
gap of the disorder crystal in TiO2 and the quantum size effects in-
duced by alkalis doping. Accordingly, the visible light absorption
for all of the alkalis doped TiO2 samples is not observed in the
UV–vis absorbance spectra which could be easily understood by
considering their big energy band gap, suggesting that all of the ob-
tained alkalis doped TiO2 samples have no photocatalytic activity
under visible light irradiation.

Fig. 5a and c shows the representative low-magnification SEM
micrographs of Na–TiO2-3% and K–TiO2-3% samples prepared using
solvothermal reaction of 110 �C for 24 h and subsequent calcina-
tion at 400 �C for 3 h to remove the residual organics. It can be seen
that both samples exhibit almost the same morphology, which
have the large-scale formation of micrometer-sized flake-shaped
or irregular aggregates with 5–10 lm in diameter, and indicating
that these agglomerates are composed of a large quantity of solid
particle structure. It may be noted that a small amount of dispersed
TiO2 particles coexists with the irregular aggregates. The high-
magnification SEM images of Na–TiO2-3% and K–TiO2-3% samples
were shown in Fig. 5b and d. It is clear that the particle surface
of Na–TiO2 sample is relatively rougher than that of K–TiO2, but
no other significant difference.

The typical SEM image of as-prepared Rb–TiO2-3% is shown in
Fig. 6. As can be seen from the SEM image, the obtained sample
is mainly composed of solid powder structure, and some small par-
ticles are dispersed on the Rb+ doped TiO2 surface. It can be ob-
served that the diameter of the oxide particle agglomeration
ranges from 5 to 40 lm. Fig. 6 also shows the energy dispersive
X-ray spectra of the surface of Rb–TiO2-3% sample. The results



Fig. 5. Representative SEM images of the Na–TiO2-3% (a and b) and K–TiO2-3% (c and d) samples with different magnification.
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reveal that the C, O and Ti elements coexists over the Rb–TiO2-3%
photocatalysts. In addition to the above elements, the rubidium
ions were also detected, indicating that the Rb+ ions have been
present in TiO2 sample.

Fig. 7 shows the FT-IR spectra of representative alkalis doped
TiO2 and pure TiO2 samples. The FT-IR spectra reveal that all the
Fig. 6. SEM image and EDX elemental microanalysis of Rb–TiO2-3% sample.
as-prepared doped TiO2 and reference TiO2 sample exhibit
absorbance bands in the range 3700–3100 cm�1 indicative of the
stretching vibration of �OH or absorbed water molecules [12,14].
The band at 1630 cm�1 was attributed to the bending vibrations
of the OAH bond, it has been reported that more hydroxyl groups
existing on the titania surface favors the enhancement of the pho-
tocatalytic activity [33]. The stronger absorbance peak around
800–550 cm�1 is corresponding to the vibration of Ti–O and the
Ti–O–Ti bridging stretching modes [12,14,34]. In comparison with
the pure TiO2, the alkalis doped TiO2 samples display one extra
absorbance peak at 1350 cm�1, which is assigned to the bending
vibration band (v3) of nitrate [35], maybe caused by the presence
of nitrate species on the surface of obtained TiO2 sample.
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3.2. Photocatalytic performance

In order to investigate the photocatalytic activity of the alkalis
doped TiO2 samples, the photodegradation experiment was carried
out under UV light illumination. Table 1 summarized the catalytic
performances for the photodegradation of methyl orange under
60 min irradiation times using the various alkalis doped TiO2 nano-
crystal catalysts. It was reported that MO solution is very stable
and does not normally degrade under visible and UV light, except
when assisted by an appropriate photocatalyst [14]. The photore-
action results show that the use of the as-prepared alkalis doped
TiO2 photocatalysts and pure reference TiO2 sample can lead to a
decomposition of methyl orange after irradiation under UV-light
for 60 min. Table 1 also reveals that the optimal nominal alkali ions
doping level for the synthesis of alkalis doped TiO2 samples with
higher photocatalytic activity is 3 wt%. It was seen that the Na–
TiO2-3% catalyst exhibits the highest catalytic activity among all
catalysts evaluated, and the MO decomposition rate of Na–TiO2-
3% reaches 77% within 60 min irradiation, which is much faster
than that of the reference TiO2. Furthermore, the K–TiO2-3% cata-
lysts also show a higher photocatalytic performance in comparison
with the pure TiO2 sample. However, the sample synthesized with
3 wt% Rb+ ions demonstrates a lower catalytic performance giving
66% MO decomposition efficiency when compared with Na–TiO2-
3% and K–TiO2-3% samples under the same experimental condi-
tions, but which still has a higher conversion of MO than that of
pure TiO2. The low photoactivity of Rb–TiO2-3% sample could be
explained by the relative lower crystallinity, which is not favorable
for the transfer of photoelectrons from bulk to surface, thus
decreasing the concentration of the oxidative species, and resulting
in a lower activity for the degradation of MO. Thereafter decreasing
or increasing the alkalis doping level cannot further increase the
photocatalytic activity.

To evaluate the photochemical stability of the catalyst, the re-
peated experiment for the photodecomposition of methyl orange
were performed using Na–TiO2-3% sample, and the results are
shown in Fig. 8. As can be seen that the recycled Na–TiO2-3% sam-
ple show high stability and durability during the decolorized
reaction. After 5 cycles of photocatalytic reaction, the activity of
Na–TiO2 has not obvious drops, and the degradation efficiency
remaining 75% within 60 min UV light reaction.

On the basis of all of the above results, we can conclude that the
3 wt% alkali ions doping of the anatase phase of TiO2 are beneficial
for the photocatalytic activity. Several main reasons account for
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Fig. 8. Recycling testing of the Na–TiO2-3% sample for degradation of methyl
orange under UV light irradiation, reaction time: 60 min.
the enhanced photocatalysis of the alkalis doped TiO2 photocata-
lysts. First, the high activity of the doped catalyst is related to
the particle size of TiO2 nanocrystals. It is well known that the par-
ticle sizes play an important role in photoactivity since the smaller
crystals offer greater surface area to volume ratios and therefore
enrich organic dyes on the surface of alkalis doped TiO2 [36]. As
can be seen from Table 1, all the TiO2 samples doped with 3 wt%
alkalis have much smaller particle size and larger specific surface
areas than those of the reference pure TiO2, and thus increase the
surface adsorption of MO molecules and OH groups to participate
in the photocatalytic reactions, consequently leading to the
improvement of photocatalytic efficiency. Moreover, the crystallin-
ity of alkalis doped TiO2 materials also plays a vital role in the dis-
colored reaction. From the XRD and Raman analysis (see Figs. 2 and
3), the M–TiO2-3% samples show the highest crystallinity, this
might facilitate the transfer the photoelectrons from bulk to sur-
face and result in the rapid separation of photo-induced electrons
and holes, leading to the increased quantum efficiency.

As previously reported [18,37], another reason is that a suitable
alkalis doping level has an obvious influence on the concentration
of strong basic sites for the photocatalysts modified with Na, K and
Rb ions, which was associated to a high photocatalytic activity for
the degradation of MO. It was proposed as one of factor, combining
TiO2 with alkali ions can create a large number of basic sites at the
surface of the catalyst according to the following reactions: –Ti–O–
A ? –Ti–O� + A+, (A:Na, K and Rb). In the case of our experiments,
it was thought that the creation of basic sites at the surface of TiO2

might benefit for the increased adsorption of the dye molecules
and subsequent the electron are injected from its LUMO band to
the conduction band of TiO2 when the system is under irradiation.
Thus, the injected electron reacts with the surface-absorbed O2 to
generated active oxygen radicals O��2 . As a consequence, the resul-
tant MO degradation rate is enhanced.

Furthermore, another important effect of alkali ions on the en-
hanced photocatalytic activity of the catalysts should also be men-
tioned, which is, the existence of surface alkali ions predominantly
as a shallow electron trap could improve electron transfer effi-
ciency from the valence band of TiO2 to the conduction band of
TiO2, and then the adsorbed oxygen molecules react with conduc-
tion band electron to yield superoxide radical anions, which is fur-
ther transformed to HO�2 and �OH [25,38], leading to the efficient
photooxidation of organic dye under UV light irradiation. From
the above discussion, we tentatively concluded that the better pho-
tocatalytic activity of alkalis doped TiO2 samples were relevant to
the synergistic effect of pure anatase TiO2 phase structure, the
smaller particle size and the increased transfer efficiency of the
electrons, in addition to the well crystalline structure.
4. Conclusion

A series of alkalis doped TiO2 photocatalysts have been success-
fully prepared via the solovthermal method at low temperature.
XRD and Raman analysis results reveal that all of the resultant
materials have pure anatase TiO2 phase. UV–vis diffuse reflectance
spectra reveal that the absorption edge of TiO2 doped with K+ and
Rb+ leads to a blue shift mainly due to the change of the energy gap
of disorder crystal in TiO2 nanocrystals and the quantum size ef-
fects induced by alkalis doping. The photocatalytic activity of the
prepared catalysts was evaluated in the reaction of degradation
of methyl orange under UV light irradiation. The optimal alkali ions
doping level is 3 wt%. Coupling TiO2 with alkali ions gives rise to a
higher decomposition rate of methyl orange with UV light illumi-
nation due to the presence of alkali ions promotes the formation
of basic sites on surface of TiO2, which may, as mentioned earlier,
increase the photocatalytic activity. In addition, the improvement
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in the activity of alkalis doped TiO2 samples is also related to the
high transfer efficiency of photoexcited electron.
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