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Abstract
Photocatalytic degradation of pollutant using  TiO2@SiO2 nanocomposites (NCs) is a well route for the treatment of the 
organic waste in aquatic life. The recent work focuses on the removal of many organic dyes like methylene blue, eosin and 
safranin and study the pollutant degradation of them using the activity and high efficiency of titania as well as nanostruc-
tured titania@silica. The impregnation of silica with anatase-type  TiO2 was carried out through a sol–gel way. The obtained 
powders were checked and characterized using  N2 adsorption–desorption complete isotherm at low temperature, BET, 
FESEM, XRD, PL, UV–Vis spectroscopy, diffuse reflectance spectra and the photocatalytic activity to attain the homogeneity 
distribution of the nanostructure particles inside the matrix.  TiO2@SiO2 material displayed good photocatalytic properties 
compared to a pure titania. Different parameters as the type of the photocatalyst, pH of solution, amount of the photocata-
lyst and adsorption were studied. In addition, reusability for dye removal under consecutive cycles was also investigated. 
Photocatalytic activity and the excellent properties of the  TiO2@SiO2 NCs displayed that these materials can consider being 
good candidate considered in water treatment applications.

1 Introduction

Oxidative degradation of unlimited amount of organic pol-
lutants from wastewater is a worthy significant research field 
[1–5]. Different industrial chemical processes like purifica-
tion of water and removing of toxic materials as well as 
organic residues have been obtained by photocatalytic oxi-
dations [6–11]. Photocatalyst powder materials are mainly 

used for pollutant degradation process [12–14]. Excitation of 
electrons between levels of  TiO2 nanoparticles through the 
irradiation in the UV region may cause pollutant degradation 
via environmental-friendly system. After the electrons exited 
from valence band (VB) to conduction band (CB), a strong 
oxidant matter can produce by the reaction of the exist-
ing holes founded in the VB with hydroxyl group, which 
in turn oxidizes an adsorbed organic pollutant to obtain 
nontoxic products [15–17]. Semiconductors materials are 
good candidates for wastewater treatment through a pho-
tocatalysis reaction [18–20]. Organic materials are popular 
pollutants in wastewaters that may originate from different 
industries. Degradation of organic molecules by advanced 
oxidation processes using wide spectrum of semiconduc-
tors has recently been documented [21–23]. One can notice 
plainly that titania is auspicious photocatalyst to remove 
different types of toxic molecules using photocatalytic pro-
cess because of its high stability composition [24], strong 
oxidizing power [25] and low cost of the precursors [26]. 
However, low surface area and rapid charge recombina-
tion were the main causes for the industrialization limita-
tion of some semiconductors used [27, 28]. Incorporation 
of noble metal to different metal oxide surface improves 
the photocatalytic reactivity to get rid of the organic pol-
lutants through improving the electron separation, and this 
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type of modifications was recently investigated [29, 30]. 
However, the cost was very high, we modify a new trend 
for using the high adsorption power of silica  (SiO2) to add 
more stability and reactivity instead of using transition met-
als and lowering the total cost of the operation. Herein, we 
use easy method to load titania over silica nanoparticles in 
presence of CTAB as pore directing agent to form  TiO2@
SiO2 nanocomposites. Different techniques were applied to 
characterize the prepared materials, which include; complete 
isotherm (BET), HRTEM, UV–Vis spectroscopy and XRD. 
These instruments were used to provide information about 
morphology, crystal structures, optical properties and photo-
catalytic activity for the obtained samples. Terephthalic acid 
probing technique was incorporated to confirm the effect 
of  HO· radicals for photodegredation pathway. In addition, 
scavengers study showed the role of electrons, holes, super-
oxides and  HO· radicals. Besides, reusability study for the 
different organic dyes using the titania@silica NCs indicated 
that we could obtain the photocatalyst after five successive 
cycles with high reactivity.

2  Experimental pathways

2.1  Materials

Ultra-high pure materials were obtained from Sigma 
Aldrich; including cetyltrimethylammonium bromide 
(CTAB), tetraethylorthosilicate (TEOS), ammonium hydrox-
ide, absolute ethanol, titanium isopropoxide, isopropanol 
and glacial acetic acid. Furthermore, methylene blue, safra-
nin and eosin used as organic dyes models for the pollutant 
degradation studies.

2.2  Synthesis of  SiO2 nanoparticles

Sol–gel route was used to design silica nanoparticles [31] 
using hydrolyzing of TEOS as silica precursor source in a 
solution mixture including ethyl alcohol, ammonia solution 
and CTAB. A 70 ml solution of TEOS and 10 ml of CTAB 
solution (1 gm of CTAB in 100 ml distillated water) stirred 
together for 1 h. Then, neutral point reached by adding of 
ammonia and checking the pH, the reaction solution still 
clear for some time. Then, after formation of silica gel, the 
solution become turbid and completed in 2 h. The final steps 
to obtain  SiO2 nanoparticles were drying for 2 days, fol-
lowed by calcination process for 2 h at 640 °C.

2.3  Preparation of  TiO2 nanoparticles

Titania nanoparticles were synthesized as mentioned else-
where [32]. 10 ml of titanium isopropoxide added and mixed 
to 100 ml isopropanol, and mixed together with constant 

stirring for 2 h. Then, appropriate amount (2 ml) of CTAB 
solution was pulled into the solution and continue stirred for 
3 h. After that, distilled water was dropwise to this solution 
until turbid sol was obtained. Filtering, washing with dis-
tilled water are the following processes for the obtained sol 
to remove any salts and residues. After that, drying process 
for the gel occurred at 80 °C in dryer machine for 1 day to 
get rid of any moisture. Finally, calcination step of the final 
sample attained at 500 °C for 3 h to tear out CTAB and 
induce crystallization of titania nanoparticles.

2.4  Synthesis of  TiO2@SiO2 nanocomposites

An appropriate amount ratio (1:1 wt%) of titania and silica 
were mixed together in isopropanol solution and stirred for 
1 h to get five wt% titania over silica. 5 gm of CTAB in ace-
tic acid was mixed to the above solution and stirred for 2 h. 
Then, the gel formed after 48 h, which filtered and washed 
many times with distilled water to get rid of any impurities. 
Finally, the sample was annealed at 600 °C for 3 h to get the 
titania@silica NCs final form.

2.5  Characterization of the obtained materials

The techniques used for measurement and characterization 
of the obtained materials including XRD, BET surface area, 
FESEM, HR-TEM, UV–Vis-NIR spectrophotometer and the 
photoluminescence (PL) spectra were detected using the 
same machines as mentioned in our previous studies [33, 
34].

2.6  Photocatalytic activity tests

The maximum absorption peak of degradation of MB, safra-
nine and eosin investigated at 254 nm using UV-C mercury 
lamp. The absorption peaks of used dyes were indicated at 
wavelength equal to 664, 518 and 520 nm for MB, eosin and 
safranin, respectively. Other studies were detect and con-
firm the methods steps of the degradation reaction through 
adsorption, photolysis and photocatalysis steps indicating 
the contribution of these conditions as well as the parameters 
used for this pathway which are the same in our current work 
[33, 35]. Besides, detection of point of zero charge (pzc) for 
the obtained samples attained through the detection of pH.

2.7  Chemical oxygen demand (COD)

The photo-degradation process used to measure and detect 
all organic compounds [36]. Furthermore,  CO2,  H2O and 
electrons are the output product of organic compounds 
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oxidation, and the obtained electrons can reduce the oxidiz-
ing chemicals easily while the oxidation reaction occur.

3  Results and discussion

3.1  Structural investigation of  TiO2@SiO2 
nanocomposites

3.1.1  Crystal structure characterization

The crystalline phase of the obtained materials was illus-
trated at Fig.  1. The X-ray powder diffraction pattern 
(XRD) of  SiO2, observed spectrum appears as a broad 
band with the equivalent Bragg angle at 2θ between 20 
and 30°, which indicates that the material is amorphous 
with no certain crystalline peaks as shown in Fig. 1b (red 
line). Furthermore, XRD pattern, crystalline phase and 
size of titania were detected which shows different peaks 
at 23.3o, 38.9o,  43o, 55.1o, 62.6o and 68.7o which matched 
well to the titania anatase phase (JCPDS No. 71-1167 
were a = 3.786 Å and c = 9.507 Å) as shown in (Fig. 1a, 
black line). Although silica shows amorphous phase, the 
obtained  TiO2@SiO2 NCs samples illustrate a crystalline 
structure. It comes from the covering of titania on the sur-
face of the silica as shown in Fig. 1c, blue line. Plainly, 
the small size of the  TiO2@SiO2 NCs can easily confirmed 
through the broadening of XRD peaks obtained from the 
results. Titania@silica sample showed broad band of silica 
at the equivalent Bragg angle at 2θ between 20 and 30° 
and different peaks at 23.3o, 38.9o,  43o, 55.1o, 62.6o and 
68.7o for titania anatase phase. Subsequently, the XRD 

patterns did not show any other phases for the obtained 
samples, confirming that the NCs structure was complete 
formed and in pure phase.

3.1.2  Textural and surface area characterization of samples

FESEM and TEM analysis were used to investigate the 
synthesized materials morphology. Figure 2a–c shows 
the FESEM results of  TiO2,  SiO2 nanoparticles as well as 
 TiO2@SiO2 NCs materials, respectively. As revealed,  TiO2 
is clearly possesses tiny sphere particles like morphology 
grown in high density and agglomerated in a homogeneous 
way as shown in Fig. 2a. Furthermore, Fig. 2b illustrates 
the structure of  SiO2 nanoparticles, which plainly related 
to the formation of bulky spherical nanoparticles, along 
with porous structure and tendency for agglomeration. In 
addition, the morphology of  TiO2@SiO2 NCs was illus-
trated in Fig. 2c, in which its general morphology is domi-
nated. The structure of the NCs is clearly identified that 
 TiO2 nanoparticles are dispersed above  SiO2 nanoparticles 
surface matrix. For more deep details for the morphology 
and structure of  TiO2@SiO2, TEM analysis was studied. 
Different magnifications at 1 µm, 200 and 50 nm were 
undertaken to confirm the formation of the NCs structure. 
The obtained results exhibited homogeneous morphology 
and confirm the formation of bulky spherical nanoparticles 
for silica matrix surrounded and covered by dark titania 
nanoparticles in a uniform structure as shown in Fig. 2d, 
f. From the TEM images, it is clear that the formed  TiO2@
SiO2 NCs possessed crystalline characters. The as-pre-
pared  TiO2 nanoparticles consists of spherical particles 
as illustrated in Fig. 2e. The mesoporous characteristics 
within nanoparticles indicating that  TiO2 nanoparticles 
has comparatively good stability during the preparation 
process.

Furthermore, Fig. 3a illustrates the complete isotherms of 
 N2 adsorption of  SiO2 as well as  TiO2@SiO2 samples at low 
temperature about 77 k to show the impact of  TiO2@SiO2 
NCs on the textural properties. The adsorption isotherm are 
exhibited  (H2) hysteresis loop that closes at relative pres-
sure of 0.421 and 0.653 for  SiO2 and  TiO2@SiO2 samples, 
respectively as shown in Fig. 3a. This type of hysteresis 
includes desorption behavior which different from adsorp-
tion due to capillary cracks. Furthermore, adsorption of tita-
nia over silica is affected the  N2 sorption characteristics of 
silica that appears to reflect the mode of interaction between 
silica and titania. The mechanism of spreading titania over 
silica can explained due to the existence of the active pores 
in the entire surface of silica which targeted by the titania 
particles to fill them. This result is dedicated through the 
change in C constant from 60.3 to 122.8 for  SiO2 and  TiO2@
SiO2, respectively. Moreover, another confirmation of this 
phenomenon comes from the decrease in surface polarity 
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Fig. 1  XRD patterns of  TiO2 (black line),  SiO2 (blue line) and  TiO2@
SiO2 (red line) nanomaterials (Color figure online)
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after spreading of titania samples over silica. In addition, 
specific surface area, total pore volume and average pore 
radius results of  SiO2 and  TiO2@SiO2 samples were shown 
in Table 1.

Porosity manipulation was skilled by illustrating V–t plot 
measurement. Figure 3b shows the t-curve for pure  SiO2 as 
well as  TiO2@SiO2 NCs and showed downward and upward 
deviation for  SiO2 and  TiO2@SiO2. Surface area and pore 
volume values show critical decrease, while pore radius 
indicates noticeable increase from the surface parameters 
results obtained. The reason behind these behaviors was the 
change of some microspores structure to mesoporous due to 

deposition of titania inside some pores, the pore size distri-
butions of the powders were represented in Fig. 3b (inset). 
It is plainly showed that a narrow curve in pure silica con-
firms that all the size of samples pores were almost the same. 
However, the results refers to existence of two peaks from 
spreading of titania over silica, the first one is located at 20 
Å which refers to supermicropores, while the second broad 
one is founded at 31 Å shows a wide spectrum of sample 
mesoporosity [37].

Fig. 2  FESEM images of a 
 TiO2, b  SiO2 and c  TiO2@SiO2, 
respectively; d, e TEM of TiO2 
and  TiO2@SiO2 and f HRTEM 
of  TiO2@SiO2 nanocomposite 
materials
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3.2  Optical properties and photoluminescence 
spectra

Band gap energy  (Eg) relays on the delocalization of orbitals 
at specific wavelengths of the prepared nanoparticles mate-
rials. Silica  (SiO2) has very wide  Eg which considered the 
main problem which restricts the photo reactivity; while, 
titania has  Eg of (3.2 eV) which lie in the ultraviolet region. 
Coating titania over silica surface reducing the  Eg to lower 
value (− 3.0 eV) which makes the photo-excitation of it more 
adapted and respond to the ultraviolet region. The absorb-
ance spectra of  TiO2,  TiO2@SiO2 is displayed in Fig. 4a 
and confirm the formation of a very sharp band edge in the 
UV region at 200–300 nm for  TiO2, from 300 to 400 nm for 
 TiO2@SiO2. On careful examining, it can notice that  TiO2@
SiO2 NCs sample exhibit a red shift to higher wavelength 
indicating a favorable absorbance toward visible light. In 
addition,  Eg for  TiO2 as well as  TiO2@SiO2 is measured 
through the relation between absorbance coefficient (αhv)2 
and energy (E) as illustrated in Fig. 4b. Subsequently, in 
order to predict the reason behind the improvement in photo-
catalytic performance of designed NCs structures, PL spec-
tra was measured. From the obtained results, the degradation 
of the examined organic dyes was enhanced because of the 
efficient separation of photo-generated electron-hole pairs 

in  TiO2 as well as  SiO2 of  TiO2@SiO2 NCs systems. Fig-
ure 4c illustrates the existence of one peak at wavelength 
of 415 nm, which related to the defects in  TiO2. From the 
results obtained, a strong quenching can be noticed due 
to the covering of  TiO2 nanoparticles above  SiO2 sample. 
The good contact between titania and silica in the  TiO2@
SiO2 NCs network as well as the lower recombination rate 
of mixed oxides may be the possible reasons behind the 
quenching occurred and affect positively on removing and 
degradation of the pollutant easily from the organic dyes 
[38].

3.3  Photocatalytic degradation of organic dyes

Novel and easy prepared  SiO2 and  TiO2@SiO2 NCs mate-
rials have been conducted for photodegradation of differ-
ent dyes. Photocatalytic activities of these materials were 
dedicated by get rid of safranin, MB as cationic and eosin as 
anionic dyes model with molar concentration (2 × 10−5mol/l) 
under UV irradiation where MB, eosin and safranin show 
absorption spectra peaks at 664, 518 and 520 nm wave-
lengths, respectively, with the about 120 min irradiation 
time as shown in Fig.  5. The decoloration of different 
organic dyes used in this study could be explained by the 
oxidative dyes photodegradation [39], the photocatalytic 
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Fig. 3  a  N2 adsorption–desorption isotherms surface area and b corresponding pore size distribution as well as V–t plot of  SiO2 and  TiO2@SiO2

Table 1  Physical properties of 
 SiO2 nanoparticles and  TiO2@
SiO2 nanocomposite

Sample SBET  (m2  g−1) Pore volume 
 (cm3  g−1)

Average pore 
size (nm)

Porosity (%) BJH adsorp-
tion (nm)

BJH 
desorption 
(nm)

SiO2 765.85 0.632 20.1 51 20 16
TiO2/SiO2 140.5 0.214 29.4 92 31 23
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performance was significantly improved with  TiO2@SiO2 
NCs. Figures 5a–f shows the absorption spectra and the pho-
tocatalytic degradation process of MB, eosin and safranin 
dyes by using  TiO2 and  TiO2@SiO2 materials, respectively. 
Furthermore, photodegredation process of the safranine, as 
an example for the different organic dyes used in this study, 
obeys pseudo first order kinetics as shown in Fig. 6. The 
rate constant for the reaction calculated from the relation 
between ln  Co/C and contact time, and the linear behavior 
of ln  Co/C and time shows the degradation process follows 
the pseudo first order reaction behavior. By applying the 
same behavior, we surmised that the response of the other 
used organic dyes for the pollutant degradation should be 
the same by using different  TiO2,  SiO2 and  TiO2@SiO2 
semiconductors. Blank test [organic dye solution (safranin, 
MB, eosin) without any photocatalyst] shows that any of the 
organic dyes exhibit less than 5% photolysis. No doubt that, 
addendum of  TiO2@SiO2 could enhance the photocatalytic 

execution of the NCs. In addition, 120 min of illumination 
reaction explains the highly efficient behavior of obtained 
photocatalyst towards removal of dye molecules. Further-
more, about 32% and 5% of the safranin or MB dyes used 
was degraded for pure silica that decrease with increasing 
the doping of titania above silica surface, and about 1.25% 
of eosin is degraded via dark reaction confirming the com-
plete destruction of the pollutant into inorganic molecules 
proceeded through the removal process. From the results 
obtained, the removal percentage of dyes increases with 
increasing spreading titania over the surface of silica due 
to filling of all pores with increasing of doping ratio. This 
behavior obtained through the charge separation mechanism 
which facilitate the generation of oxidizing species like  HO· 
radicals and O2

•− radicals which are the main precursors for 
the destruction of target pollutant [40, 41]. Many reasons 
behind the enhanced photocatalytic activity of  TiO2@SiO2 
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NCs like its high surface area, pore volume and low band 
gap which facilitate the pollutant removal easily.

3.4  Factors influence photodegradation process

Removal of toxic organic pollutant founded in water is the 
main target of the active photocatalyst materials under UV 
irradiation. We speculate, when the light irradiated to these 
materials, electrons and holes pairs were generated and facil-
itate the degradation of the organic residues into inorganic 
ones. Ease assembled and low cost titania@silica NCs are 
considered as a promising photocatalyst to get rid of organic 
residues. It is noticed that the increment of photocatalyst 
loading can increase the dye removal %. Furthermore, homo-
geneous distribution of titania nanoparticles on silica surface 
can enhance the photocatalytic properties to the optimum. 
With increasing the weight, the photoactivity decreased [42, 
43]. Sometimes, it is considered that few agglomerations of 
 TiO2 nanoparticles can occur on the surface of  SiO2 parti-
cles at high concentration and the number of surface active 
sites decreases, which inhibited the photocatalytic activity 
due to the increase in the opacity, and light scattering of the 
photocatalyst. The relation between the dye removal percent-
age and the pH is speculated being directly proportional, as 
the pH value increase the dye removal percentage increase 
until the isoelectric point at which the charge of the sur-
face becomes negative, and the surface of the metal will 
exhibit repulsive behavior with the dye after this limit. This 
phenomenon can confirm that, dyes have negative charge, 
whereas  TiO2@SiO2 has positive charge in acidic medium 
under pH of three [44]. Furthermore, the relation between 
pH values and the removal percentage of different organic 

dye (eosin and MB) dyes in presence of  TiO2@SiO2 NCs 
for the pollutant degradation is illustrated in Fig. 7. In addi-
tion, the time of dye degradation is also an important fac-
tor, which controls the photocatalyst activity. The  TiO2@
SiO2 photocatalyst have active sites to carry out the reaction 
and the degradation of the pollutant occurs in such short 
time, which makes it a good candidate for organic pollut-
ant removal. In this work, we do different experiments like 
changing concentration of dye, concentration of photocata-
lyst, doping ratios, pH, and weight of the precursor as well 
as method of doping to check the optimum conditions for 
obtaining good photocatalysts for dye pollutant removal.

3.5  Detection of  HO· radicals using effect 
of terephthalic acid

The photolysis of terephthalic acid through the PL probing 
technique confirms the existence of  HO· radicals. Although, 
terephthalic acid is non-fluorescent, the fluorescent behav-
ior come from the connection with  HO· obtained from the 
 TiO2@SiO2 NCs to obtain 2-hydroxy terephthalic acid. The 
obtained results confirms that there is no peaks given to 
terephthalic acid, while for  TiO2@SiO2 peaks founded at 
420 nm confirming the presence of  HO· radicals and fluo-
rescence intensity increases with increasing contact time as 
Fig. 8 illustrated.

3.6  Calculation of the chemical oxygen demand 
(COD)

Pollutant degradation can be measured from the amount 
of oxygen needed for the oxidation of organic constituents 

0 20 40 60 80 100 120
0.0

0.5

1.0

1.5

2.0

2.5
ln

 (C
t/C

0)

Time illumination (min) 

 Titania
 Silica
 Titania@Silica

Fig. 6  The pseudo first order kinetics of degradation of safranin as 
example for the organic dyes in this study using different  TiO2,  SiO2 
and  TiO2@SiO2 semiconductors for the pollutant degradation

0 1 2 3 4 5 6 7 8 9
0

20

40

60

80

100

R
em

ov
al

 p
er

ce
nt

ag
e 

%

pH

 Eosin
 MB

point of zero charge

Fig. 7  The relation between pH values and the removal percentage of 
different organic dye (eosin and methylene blue) dyes in presence of 
 TiO2@SiO2 nanocomposites for the pollutant degradation



9631Journal of Materials Science: Materials in Electronics (2019) 30:9623–9633 

1 3

using COD tests [45]. It is noticed that COD reduces ana-
lytically from 21.6 ppm before the photo catalytic process 
to 1.2 ppm after 90 min of irradiation by UV on  TiO2@
SiO2 for any of the three dyes used in this study. The 
obtained chemical oxygen demand results are confirming 
the removal results showing the complete degradation of 
organic components.

3.7  pH effect on the photodegradation of organic 
dye pollutants

Point of zero charge determination is found to be 2.5 and 
3.2 for  SiO2 and  TiO2@SiO2, respectively. The working 
conditions of the materials determination were at pH 7 
which higher than the pzc and make the surface anionic. 
This explains the observed adsorption of safranine or MB 
as cationic model over the surface of silica nanoparticles. 
Efficiency of photodegredation of safranine or MB dyes is 
maximum near the pzc (pH 3.2). The results obtained indi-
cated that the change in pH either at low or high values 
refers to the same results obtained for our previous NCs 
photocatalysis [33]. Consequently, the existence of hydroxyl 
groups at high pH can increase the absorbability of cationic 
and anionic model dyes on the surface of  TiO2@SiO2 NCs 
photocatalysis through hydrogen bonding [46]. The results 
indicated that, the optimum pH value for the photodegrada-
tion of eosin dye is ∼ 3.2 at which photocatalytic oxidation 
is being maximum.

3.8  Radical scavenger’s effect

Different scavengers have been conducted for the detection 
of the major active species responsible for the photodeg-
radation process through different experiments as shown 
in Fig. 9a. Different scavengers like KI, isopropanol, silver 
nitrate and benzoquinone were used on the surface of  TiO2@
SiO2 NCs. Typically, experiments were carried out under the 
same reaction parameters like previous work indicated [33, 
47, 48]. There is no noticable effect in dye photodegradation 
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in the presence of silver nitrate and benzoquinone, confirm-
ing that the negative electrons  (e−), positive hole  (h+) and 
superoxide (O2

·−) are the minor active species acting in the 
photocatalytic reaction. However, a major effect on the 
photocatalytic event was observed upon the addition of iso-
propanol (scavenger for  HO·), which confirms that the  HO· 
species are the main photoactive species participating in the 
degradation process. In another words, we can speculate that 
the  HO· species are responsible for the photocatalytic deg-
radation process of different dyes used in this study over 
titania@silica NCs [48].

3.9  Photocatalytic mechanism

Many factors can control the enhancement of photocatalysts 
as mentioned elsewhere [49]. From the discussed results in 
this study, a photo-reaction mechanism is explained as men-
tion below:  TiO2@SiO2 NCs could create oxidizing spe-
cies, which responsible for different dyes degradation in 
this study. Charge separation happened at the HOMO and 
LUMO of the nanocomposite photocatalysis materials owing 
to its π–π* moves characteristic [50, 51]. Furthermore,  TiO2 
and  SiO2 are matching together in a good manner, enabling 
the charge  (e− and  h+) separation and transfer easily between 
each other. The ease transfer of holes from  TiO2 to  SiO2 
when  TiO2@SiO2 NCs irradiated with light is coming from 
the difference between the VB edge potential of both mate-
rials, as it’s lower in  TiO2 than of  SiO2. While, the electron 
transfers from the CB of  SiO2 to CB of  TiO2. The transferred 
holes can react with  H2O to produce hydroxyl radicals  (HO·) 
which facilitate photocatalytic oxidation process, while the 
electrons reducing  O2–O2

·− (as shown in Scheme 1) [52, 53]. 
Besides that, the charge separation enhanced and the recom-
bination restrained due to the possible excitation of  TiO2 
besides  SiO2 to get  TiO2@SiO2 NCs.

3.10  Reusability of the obtained photocatalyst

It is well known that photocatalyst reusability is critical 
to determine the obtained samples; and it must have retain 
its reactivity after each reaction cycle. The photoactive 
stability of  TiO2@SiO2 NCs photocatalyst was detected 
and evaluated for different dyes used in this study after five 
successive cycles by recycled experiments. Minimal loss 
in the degradation rate can be confirmed after five cycles 
of catalytic activity by using the  TiO2@SiO2 photocatalyst 
as illustrated in Fig. 9b. It is plainly noticed that the photo 
catalyst maintains 60% of its reactivity after the five cycles 
indicating the high stability of the  TiO2@SiO2 composite 
catalyst upon exposure to light. Furthermore, the slight 
decrease in photocatalytic activity may be come from loss 
of photocatalyst during washing and separation.

4  Conclusion

A simple chemical method was performed to synthesize 
 TiO2@SiO2 nanocomposite photocatalysts with high 
efficiency for pollutant degradation. The products were 
checked using XRD, BET, FESEM, TEM, PL, UV–Vis 
spectroscopy and zeta potential analysis. XRD analysis 
confirmed the presence of anatase phase of  TiO2 and a 
plain structure of  TiO2@SiO2 NCs without any impuri-
ties. The titania@silica NCs indicated better photocata-
lytic performance for eosin, safranin and MB dyes deg-
radation under ultra violet light illumination, which was 
much higher than that of pure  SiO2 nanoparticles. The 
enhancement in charge separation between the  SiO2 and 
 TiO2 comes from the activity enhancement of  TiO2@SiO2 
photocatalysis NCs. The enhanced photocatalytic activity 

Scheme  1  Schematic illustration of the proposed mechanism of the 
charge separation, absorption of UV light by the  SiO2 promotes an 
electron from the valence band to the conduction band. This pro-
duces electron–hole pairs, which generates oxidatives species such 

as O2
•−and OH to undergo further reactions and enhance photocata-

lytic activity of mesoporous  TiO2@SiO2 nanocomposites for photo-
degradation of three different organic dyes (eosin, MB and safranine) 
pollutant
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and low preparation cost suggest the practical implementa-
tion of this promising materials for use in environmental 
remediation, solar cells, related nano devices, and other 
applications.
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