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The CuO and NiO doped silica/titania nanocomposites were investigated using ultraviolet-visible light 
diffuse reflectance spectroscopy (UV-Vis DRS) and X-ray photoelectron spectroscopy (XPS). The 
photocatalytic activity of the samples was studied in photooxidation of caffeine (CAF). The band gaps were 
calculated using the Tauc plot for non-direct allowed optical transitions except a system at CNiO = 30 wt. % 
analyzed using a direct allowed optical transition. Copper oxide concentration increase leads to almost 
exponential diminution of the band gap. The band gap of NiO doped composites demonstrates almost linear 
change with CNiO. According to the XPS data, the doping oxides are completely absent at a composite surface. 
All the composites are shown to be more effective photocatalysts than titania Degussa P25.  
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INTRODUCTION 

Band gap structure of TiO2  The band gap (Eg) 
belongs to the most important features of 
semiconductor catalysts. Titania and TiO2 based 
semiconductors are of a considerable interest as 
catalysts, sensors, implants, medical media, 
corrosion protectors and electronic components 
widely studied and used in a variety of 
physicochemical, biological and industrial 
processes [1–15]. Introducing dopants of 
multifarious characters (metals, nonmetals)       
[16–22] involves the band gap narrowing of titania 
materials which gives rise to energy saving for 
diverse technological purposes.  

The ultraviolet-visible (UV-Vis) spectroscopy 
is one of appropriate techniques for the band gap 
estimation [23–26]. It can be applied to calculate 
the  Eg values of amorphous materials with 
properties regarding the band theory manifested 
even at so-called size quantization effects. The size 
quantization effects may be caused by two reasons. 
The first one is due to a high dispersity of 
nanomaterials, i.e. the amounts of the surface and 
in-bulk atoms are comparable. Consequently, there 
is domination of the surface imperfection over the 
physicochemical properties which are usually 

dictated with the bulk grating molecular structure 
in monolith solids. The second reason lies in the 
fact that the de Broglie wavelength of electron (or 
hole) and a particle size are commensurate. The 
charge carriers are considered like particles 
confined in a quantum-mechanical box. The space 
of this box is limited by the particle size under such 
conditions. The low-dimensional particles are 
defined by several authors as Q-particles [27–31]. 
The band gap undergoes broadening in terms of the 
quantum size effect, what is conventionally 
described by Brus’s equation [32] modified by 
Kayanuma [33] and other authors [34–37]: 
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where r is the particle radius, *
em  is the effective 

electron mass, *
hm  is the effective hole mass,  is 

the relative permittivity, h is Planck’s constant, e is 
the electron charge, and *

RydE  is the effective 
Rydberg energy (4.3×10 39 J). To put it differently, 
the Eg values of extremely small particles (1–10 nm 
according to [27, 29]) are higher than ones of 
continuous solid bodies. By way of illustration 
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(Fig. 1), let us show the energy level distribution 
cited as an example from [27].  
 

 
Fig. 1. Energy level (N) distribution for different 

systems [27] 

The Q-sized particles are intermediates in the 
energy level distribution between a molecule and a 
bulky semiconductor. The Q-particle band gap 
blueshift ( Eg) takes values around 0.1–0.2 eV of 
the massive semiconductor Eg [24, 27], e.g. the 
band gap of the commercial TiO2 sample is 3.2 eV 

[24, 38, 39] which corresponds to anatase band 
gap.  Thus,  the  Eg of nanotitania estimated by the 
UV-Vis spectroscopy is around 3.4 eV. It is worthy 
to  note  that  there  are  two  types  of  the  band  gaps  
such as direct and indirect ones. Anatase and rutile 
band gaps are different not only in values, but also 
in positions of the valence and conduction bands 
(VB and CB, respectively) (Fig. 2) [40–42]. 

If the boundaries of the energy bands are so 
located that the conduction band minimum tops 
over the valence band maximum (Fig. 2 a), the 
momentum conservation law will be kept by the 
electron-photon interaction: 

CV PPP * ,                (2) 

where VP  and CP are the electron momenta of the 

valence and conduction bands respectively,  *P  is 
the photon momentum. In an indirect gap, an 
electron cannot pass from the conduction band to 
the valence band without a change of momentum 
which is transferred to a phonon or is taken away 
from it (Fig. 2 b).  

 

  
Fig. 2. Energy vs. wave vector of (a)  direct  and (b) an indirect band gap semiconductors. VB – valence band, CB – 

conduction band, PAT – photon assisted transition of an electron 
 

Use of TiO2 for photocatalytic destruction of 
caffeine (CAF). Recently, a new group of 
emerging contaminants called as pharmaceuticals 
and personal care products (PPCPs) has attracted 
considerable interest because of their harmful 
effect upon the environment and living organisms 
[43–45]. The structure of all PPCPs governs a 
biological effect what means that they are usually 
persistent against biodegradation and natural 
attenuation [45–48]. The main source of those 
compounds in the environment is domestic and 
hospital wastewater containing metabolized and 
non-metabolized (1) drugs, (2) drugs remains and 
(3) drug packaging [47, 49, 50].  

In the aqueous surroundings the concentration 
of PPCPs is ranging from ng/L up to g/L [51]. 
Hence, the removal of these compounds from 
wastewater by conventional treatment is indicated 
to be insufficient because treatment plants are not 
designed to remove persistent pollutants at low 
concentrations.  

One of the PPCPs that can be recognized as a 
truly anthropogenic pollutant in aqueous ecosystem 
is caffeine (1,3,7-trimethyl-1H-purine-2,6(3H,7H)-
dione, CAF). CAF was determined in water, 
wastewater, lake water and ground water in ng/L 
concentrations [52]. In some instances CAF 
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concentration has been shown to be high enough to 
have a toxic effect on the living organisms [53]. 

A correlation between CAF concentration and 
bacteria presence in water was shown in [54] what 
substantiates the role of CAF as indicator of water 
contamination. The degradation of CAF lasts       
2–3 months depending on the environment, but the 
concentration of 400 ng/L is enough to establish 
the presence of coli forms. Advanced Oxidation 
Processes and photocatalysis are characterized by 
high efficiency of the removal different persistent 
organic and inorganic pollutants [55]. The 
application of TiO2 enables the mineralization of 
compounds into CO2,  H2O and simple inorganic 
ions [56]. Beside unquestionable advantages (low 
price, stability, reactivity, safety), TiO2 features 
two main disadvantages: powdered form and low 
activity in Vis region what is associated with the 
application of energy produced by UV lamps. 
These disadvantages can be however overcome by 
various ways of modification. Transition metals are 
recognized as the factors enhancing TiO2 activity. 

Summing it up, this paper focuses on 
investigations of (1) the ultraviolet-visible diffuse 
reflectance spectra of novel CuO and NiO doped 
nanosilica/titania composites, (2) the dopant 
concentrations influence on the Eg of the          
TiO2-containing materials, and (3) their 
photocatalytic activity in UV region. The presence 
of dopants at a composite surface or only interior 
the particles may influence different changes in the 
band gap exerting absorption of different energy 
amount. The photocatalytic activity of 
nanosilica/titania composites have been studied 
more widely and thoroughly [57–68] than        
MO-doped SiO2/TiO2 (M: Cu or Ni) systems.  

MATERIALS AND METHODS 

The silica/titania composites modified by CuO 
and NiO were synthesized through successive 
hydrolytic deposition of dopants precursors 
Ni(NO3)2 (Macrokhim, pure) or Cu(CH3CO2)2 
(Makrokhim, pure) and TiCl4 (Sigma Aldrich, 
99.9 %) on a surface of nanosilica A-300 
(SBET = 294 m2/g, pilot plant at Chuiko Institute of 
Surface Chemistry, Kalush, Ukraine). Nanosilica 
was introduced into a reactor after pre-heating at 
450 °  (6 h). Then the saturated solution of the 
dopants precursors was added. The synthesis was 
carried out in dry air atmosphere at 100 °  in a 
glass reactor fitted with a Teflon stirrer. To 
eliminate HCl, the reactor was blown out with air. 
The obtained products were calcined at 600 °  to 

form photoactive anatase doped by i2+ or  Cu2+ 
formed due to precursor thermolysis 

2Ni(NO3)2 = 2NiO + 4NO2 + O2,                   (3) 

Cu(CH3CO2)2 + 4O2 = CuO + 4CO2 + 3H2O.     (4) 

Each composite contains 15 wt. % TiO2. The 
concentrations of dopants (CuO and NiO) range 
from 0.14 up to 30 wt. % in respect to TiO2.  

The (UV-Vis) spectra were recorded using an 
Jasco V-660 spectrophotometer fitted with a     
PIV-756 diffuse reflectance accessory in the    
200–900 nm wavelength range with a scanning rate 
of 400 nm/min. Zinc oxide was used as a reference 
sample.  The  UV-Vis  spectra  were  transformed  to  
the diffuse reflectance ones using the Kubelka-
Munk formalism [69]: 

R2
)R1(K

2
,                (5) 

where K is the reflectance transformed according to 
Kubelka-Munk, R is the reflectance obtained from 
the UV-Vis spectra (%). 

The band gap values were calculated using the 
Tauc method [24, 25, 70, 71] adapted for an 
indirect gap (for an anatase containing system) and 
for a direct one (for a rutile containing system). 
The respective plots are expressed in terms of 

)2 vs.  for a direct and )1/2 vs.  for an 
indirect band gaps, where  is the absorption 
coefficient and  is a photon energy.  

The X-ray photoelectron spectroscopy (XPS) 
data were obtained using a Detector Scienta R4000 
and Prevac RS 40B1-type Al/Mg-based twin anode 
as the X-ray source.  

The photocatalytic activity of the materials was 
tested in the decomposition of caffeine (CAF) 
(Sigma-Aldrich). The model solution of caffeine 
containing 10 mg/L of CAF was prepared using 
distilled water. The activity of photocatalysts was 
measured in the course of the photocatalytic 
oxidation of CAF in an Heraeus photochemical 
reactor (0.75 L) equipped with a TQ 150 low-
pressure UV lamp (  = 254 nm).  

The model solution (10 mg/L CAF and 0.5 g/L 
of a photocatalyst) placed in the reactor was stirred 
(500 rpm) and kept in dark for 30 min to reach the 
adsorption-desorption equilibrium. The first sample 
was taken at the end of the “dark” period, and then 
samples were taken in regular intervals during 2 h. 
To study the kinetics, eight centrifuged samples 
were analyzed by High Performance Liquid 
Chromatography (HPLC) using a Diode Array 
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Detector (Waters) with a C18 Waters PAH column 
in a mixture of acetonitrile and water as a mobile 
phase (ACN:H2O 50:50) with a flow rate of 
0.5 ml/min. CAF was detected at  = 281 nm. The 
photooxidation study with commercially available 
titania P25 Evonik (anatase : rutile = 80 : 20) as a 
reference material was also carried out.  

The results describing the destruction of CAF 
were presented as c/c0 vs. time t, where c was the 
concentration of CAF determined at time t and c0 
was the initial concentration of CAF. 

RESULTS AND DISCUSSION 

UV-VIS (DRS) measurements. The UV-Vis 
absorption spectra of the CuO and NiO modified 
silica/titania samples (Fig. 3) reveal a characteristic 
absorption band at  = 248 nm due to charge 
transfer from 2p-levels of O atoms to 3d-levels of 

Ti (Fig. 3). In fact, the VB top is composed of the 
2p orbitals  of  O  atoms  and  the  CB  bottom  is  
composed of vacant 3d orbitals of Ti atoms 
[72, 73]. The only intensive position found is due 
impossible d-d transition in Ti4+ (3d0). However, all 
the samples are characterized by the presence of 
light absopriton both in UV and visible fields.  

Low-intensity d-d transitions are situated 
chiefly in near IR, visible and near UV spectral 
regions. By this means, a broad band found at red 
edge of CuO-containing composites (> 600 nm) is 
caused by octahedral crystal field splitting of Cu2+ 
(3d9) in coordination environment of oxygen atoms 
and is corresponding to electron transition from dxz  
or dxy to dx

2
-y

2 (Fig. 4). Distortion effect described 
by Jan-Teller due to degeneracy of energy levels 
does not influence the bands positions and shapes. 

 

  
Fig. 3. The UV-Vis spectra of silica/titania doped by (a) CuO and (b) NiO at Cdop = 0.14 (1), 1 (2), 5 (3), 10 (4) and 30 (5) wt. % 

 

 
Fig. 4. Splitting of d-orbitals in octahedral coordination environment (CuO6) 
 
 

All the CuO containing composites harbor 
only anatase. They demonstrate an absorption 
increase in the visible light range (  > 400 nm) 
with increasing dopant concentration (Fig. 3 a). 

The doping oxide does not provoke a bathochromic 
(red)  shift  of  the charge transfer  band.  Notice that  
the charge transfer peak intensity tends to be 
reduced by an increase in the dopant 
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concentrations. Cu2+ ion is characterized only by 
unsplittable 2D term corresponding to 2

2g
2E2g 

transition in the visible light range. 
For NiO doped samples, the dopant causes a 

monotonous trend of the visible light absorption 
increase (Fig. 3 b).  The  sample  at  CNiO = 30 wt. % 
exhibits the most considerable interest. It has the 
broadest band which covers both UV and visible 
light ranges. There are absorption onsets of rutile 
and nickel titanate (NiTiO3). In fact, the latter 
causes the uniformly yellow-colored composite 
formed after the calcination. The occurrence of 
rutile and NiTiO3 in the NiO-TiO2 systems was 
studied previously [74–77]. But it was stated [77] 
that the NiO-TiO2 system obtained using the same 
precursors (TiCl4 and Ni(NO3)2·6H2O) did not give 
rise to anatase-to-rutile transition even at          
800–850 °C calcinations with complete formation 
of nickel titanate. While the rutile-nickel(II) oxide 
system did not give the nickel titanate phase at that 
temperature range. 

Ni2+ ions inherent in octahedral coordination 
surrounding like Cu2+ too (Fig. 5). 

Let us consider the bands in the visible light 
range in details. There are two bands at  = 450 and 
800 nm in the sample at NiO = 10 wt. % (Fig. 3 b, 
curve 4) observed. Absorption profiles of the 
sample  at  CNiO = 30 wt. % (Fig. 3 b, curve 5) is 
notable for bands in UV (  = 350 nm) and visible 
light (  = 450, 530 and 800 nm) ranges. Similar 
situation was found in [78–82]. The positions of 
the bands defined using the Tanabe-Sugano 
diagrams [83] accord with 3

2g
3T1g of 3  term 

(530 nm) and 3
2g

3T1g of term 3F (450 nm) 
transitions. Appreciable absorption at 800 nm can 

be attributed to 3
2g

3T2g transition of 3F term. 
The availability of the band at  = 350 nm may be 
explained in terms of Ti charge transfer inside 
nickel titanate structure [82, 84].  

The quantitative characteristics of the interplay 
of the doped silica/titania systems and the UV-Vis 
light are estimated from the diffuse reflectance 
spectra (DRS). As depicted in Fig. 5, all the    
CuO-doped systems show identical forms of the 
curves. There is a tendency for the Eg values to get 
depressed (Fig. 6 f). This trend is manifested with a 
closely exponential character. Hence, cupric oxide 
even deposited under the TiO2-SiO2 layer definitely 
produces the band gap narrowing. 

The  DRS  data  of  the  systems  doped  by  NiO  
display the congruent Eg level decrease from 3.28 
to 3.04 eV (Fig. 7). At the highest concentration of 
the dopant (C = 30 wt. %) there are two absorption 
edges that can be associated with two different 
phases (Fig. 7 e). The positions of the absorption 
edges have been fixed by the approach for a direct 
band gap, because the composite sample contains 
rutile. Thus, its value is a little smaller (3.04 eV) 
than that of anatase.  

The absorption edge conforming to 3.46 eV 
may be considered as an extrinsic absorption 
because of the its insignificant presence in parallel 
with the main edge at CNiO = 10 wt. % (Fig. 7 d). 
But it is clearly in view at CNiO = 30 wt. % which 
may be assigned to the nickel titanate phase 
[81, 85] taking into account Eg increase owing to 
size of the particles (d = 9.6 nm). This fact 
correlates well with XRD patterns published 
previously [75, 86] (Fig. 8). 

 
 
 

 
Fig. 5. Splitting of d-orbitals in octahedral coordination environment (NiO6) 
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Fig. 6. The diffuse reflectance spectra of the CuO-doped silica/titania composites at CCuO = 0.14 (a), 1 (b), 5 (c), 10 (d), 
30 (e) wt. % and band gap change vs. CuO concentration (f) 
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Fig. 7. The diffuse reflectance spectra of the NiO-doped silica/titania composites at C(NiO) = 0.14 (a), 1 (b), 5 (c), 10 

(d), 30 (e) wt. % and band gap change vs. NiO concentration (f) 
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Fig. 8. X-ray diffraction patterns of crystalline rutile (1), anatase (2), nickel titanate (3a), oxide systems SiO2/TiO2/NiO (a) at 
C = 0.14 (4), 1 (5), 5 (6), 10 (7), 30 (8) wt. % and SiO2/TiO2/CuO (b) at C = 0.14 (3), 1 (4), 5 (5), 10 (6), 30 (7) wt. % 
[75, 86]. Copyright © 2014, Pleiades Publishing Ltd 

 
 
 

XPS analysis. To gain a better understanding 
structure  of  the  materials,  the  XPS  is  
complementary to the XRD analysis.  

Both composites give no signals respective to 
the doping Cu2+ and Ni2+ ions in the oxide forms 
(Fig. 9). According to the literature [87–89], the 
bonding energy (BE) peak positions for Cu2p and 
Ni2p are 934 and 854 eV, respectively.  

The signals associated with the dopants are 
completely  absent  in  the  plots.  But  there  are  a  
couple of clearly defined peaks of silicon (Si2s and 
Si2p), weak signal of titanium (Ti2p) and very 
intensive peak of oxygen (O1s).  All  the  surface  

concentrations for both composites are given in 
Tables 1 and 2. Absence of CuO or NiO signals in 
the XRD and XPS plots leads us to suggestion that 
NiO or CuO can be incorporated into crystalline 
TiO2.  The  XPS  data  confirm  the  fact  of  dopants  
presence within the thickness of the silica-titania 
composites. The highest concentrations of Si2p and 
O1s are observed because the nanosilica support 
phase concentration is 85 wt. %. 

As for C1s (C = 0.78 wt. %), its presence may 
be explained by residual traces of organics, usually 
present inside the XPS equipment. 

 
 
 

 

  

Fig. 9. The XPS spectra of the CuO (a) and NiO (b) doped silica/titania composites 
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Table 1. Mass concentrations of the elements % at the surface of the CuO doped silica/titania composites at different 
dopant concentrations 

CuO content (wt. %) in doped silica/titania composite Element 0.14 1.0 5.0 10.0 30.0 
O1s 57.12 57.67 57.87 57.99 54.57 
Si2p 40.62 40.69 41.39 40.93 42.86 
Ti2p 2.26 1.65 0.74 1.09 2.57 

 
 
Table 2. Mass concentrations of the elements % at the surface of the NiO modified silica/titania composites at different 

dopant concentrations 

NiO content (wt. %) in doped silica/titania composite Element 0.14 1.0 5.0 10.0 30.0 
O1s 52.57 58.38 67.24 54.56 54.1 
Si2p 45.64 39.43 29.82 44.77 44.19 
Ti2p 1.78 1.42 2.94 0.68 1.71 
C1s  0.78    

 
 

Photocatalytic degradation of caffeine (CAF). 
The application of CuO-modified TiO2 catalysts 
has enhanced treatment of wastewater containing 
CAF. All CuO-doped photocatalysts enable better 
removal of CAF than standard titania P25 
photocatalyst. The impact of direct UV photolysis 
of CAF can be omitted [90] confirming occurring 
the process at the surface of studied materials. In all 
cases the addition of CuO results in the increased 
destruction of the pollutant. The highest changes in 
the water quality were observed after 15 min of 
treatment.  
 

 

Fig. 10. The photocatalytic destruction of CAF (10 mg/L) 
using SiO2/TiO2/CuO and P25 (Evonik) (0.5 g/L) 

The further extension of UV irradiation has 
resulted in total elimination of CAF but mainly for 

the photocatalysts with low CuO loadings. These 
observations confirm the results found for 
peroxymonosulfate activated Co-MCM41 whereas 
CAF was completely degraded in 20 min [91].  

According to our results, 95 % CAF 
photodegradation was observed after 10 min using 
the lowest CuO amount, but the presence of CuO at 
higher concentration (above 5 wt. %) is exemp-
lified with lower and slower (40–50 min) CAF 
oxidation or was not achieved (30 wt. % CuO, 
P25). The other authors indicate that CAF can be 
efficiently (at least in 95 %) removed after longer 
treatment time: 40 min [92] or even 240 min [93]. 
 

 

Fig. 11. The photocatalytic destruction of CAF (10 mg/L) 
using SiO2/TiO2/CuO and P25 (Evonik) (0.5 g/L) 
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In contrast to CuO-doped materials, NiO-
modified SiO2/TiO2 systems reveal similar activity 
in CAF decomposition only in the early stages of 
treatment. After 20 min of photooxidation the 
process proceeded diversely. Doping with NiO 
over 0.14 wt. % is shown to result in the raised 
destruction of CAF. The best results were obtained 
using NiO(10 wt. %) doped sample and this 

composition of SiO2/TiO2/NiO  seems  to  be  
optimal. The significant (at least 95 % removal of 
CAF) was observed at CNiO = 10 wt. % after 
25 min or longer (60 min for other beside 0.14 % 
and titania P25). NiO(30 wt. %)-SiO2/TiO2 
destroys CAF completely similarly to 
NiO(10 wt. %)-SiO2/TiO2 but it needs more time 
for this (60 min). 

 

 
 

Fig. 12. Photooxidation of the main by-product by SiO2/TiO2/CuO (a) and SiO2/TiO2/NiO (b) at a HPLC retention time 
tR = 2.2–2.26 min 

 
It  can  be  stated  that  not  only  CAF  but  its  

oxidation products are oxidized further into CO2 and 
water. Although there are two main by-products 
observed, their amounts during treatment are 
significantly reduced or are oxidized totally and not 
observed. The amount of the main by-product at 
tR = 2.2÷2.26 min (Fig. 12) generated over all 
studied photocatalysts is higher than by usage of P25 
but partially associated with the amount of dopant. 
Only NiO(10 wt. %)-SiO2/TiO2 and CuO(0.14 wt. %)-
SiO2/TiO2 showed ability to destroy this by-product 
more active than other samples. 

Kinetic studies. The decrease of CAF 
concentration (c) during the treatment time (t) was 
described by the pseudo first-order kinetics based 
on equation [94]: 

kc
dt
dcr ,                      (6) 

where r and t represent the rate of degradation and 
time respectively. Also k and n are the rate constant 
and reaction order.  

To simplify the heterogeneous photocatalytic 
process the initial concentration of the organic 
substrate c0 was kept constant. The apparent 

pseudo first-order rate constant (min-1) k1 was 
obtained by fitting the experimental data from the 
relation (Eq. 7): 

tk)
c
cln( 1

0

.              (7) 

The linear regressions obtained by plotting –
ln(c/c0) vs. time were used for the evaluation of k1. 
The other constants: apparent rate constants of the 
catalyst per mass units (kw) and per surface area 
units (ks) were estimated from Eqs. 8 and 9 [95]: 

rw

1
w Vc

kk ,                (8) 

rwBET

1
s VcS

kk ,              (9) 

where cw was the concentration of the 
photocatalysts, SBET – specific surface area of 
photocatalyst and Vr – the reactor volume (0.75 L). 
Subsequently, half-life values were calculated 
using Eq. 10: 

1
2/1 k

69314.0t .              (10) 
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Fig. 13. The kinetics of CAF (10 mg/L) photooxidation using SiO2/TiO2/CuO and SiO2/TiO2/NiO photocatalysts (0.5 g/L) 
 
Table 3. Pseudo first-order reaction rate constants (k1) per gram of catalyst (kw) and per surface area of catalyst (ks) of the 

photocatalytic oxidation of CAF 

Photocatalyst k1, 
10-2 min-1 R2 kW, 

10-2 min-1·g-1 
SBET, 
m2·g-1 

kS, 
10-3 min-1·m-2 

t1/2, 
min 

P25 4.132 0.985 11.02 55 2.004 16.78 
CCuO, wt. %:       
0.14 18.172 0.838 48.46 289 1.676 3.81 
1 22.134 0.912 59.02 245 2.414 3.13 
5 7.279 0.963 19.41 278 0.697 9.52 
10 6.790 0.942 18.11 256 0.707 10.21 
30 4.095 0.913 10.92 251 0.436 16.93 
CNiO, wt. %:       
0.14 5.393 0.838 14.38 294 0.489 12.85 
1 3.688 0.912 9.84 297 0.332 18.79 
5 6.049 0.963 16.13 291 0.555 11.46 
10 11.260 0.942 30.03 266 1.131 6.16 
30 7.830 0.913 20.88 259 0.807 8.85 
 

Low values of coefficient of determination (R2) 
for  the  k1 of both 0.14 wt. %-doped photocatalysts 
may indicate that the photooxidation did not proceed 
exactly according to the pseudo-first order kinetics. 
In the time curves a two-step oxidation is observed. 
In the first part, the process is described as a linear 
correlation of lnc/c0 vs. time with following 
parameters k1 = 0.438 R2 = 0.997 and k1 = 0.088, 
R2 = 0.977 for 0.14 wt. % CuO and 0.14 wt. % NiO, 
respectively. After 15 and 20 min, for CuO and NiO 
respectively, the breakdown can be observed and the 
slower destruction was achieved. 

The overall improvement of the photocatalytic 
activity through TiO2 surface modification was 
confirmed by the kinetic enhancement of the 
treatment of CAF using all studied materials [96]. 
The span between lowest k1 value (P25 4.132·10-2 min-1) 

and the highest value (22.134·10-2 min-1) is 
characterized by a factor of five. Generally, lower 
k1 values were obtained for NiO modified 
photocatalysts. But kw values of all nanocomposites 
exceed ones of P25 except at CNiO = 1 wt. %. 

The optimal ratio of CuO doping seemed to be 
ca. 1 wt. % even expressed in units of ks  taking 
into account surface area of CuO and NiO doped 
samples [97] their values of ks lie at the same order 
as of P25.  

CONCLUSIONS 

It has been shown that CuO and NiO dopants 
cause changes in the UV-Vis spectra profiles of 
silica-titania systems depending on their character 
and dopant concentrations. CuO provokes an 
increase in absorption in the visible light range and 
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a drop in the Eg value. The results indicate that the 
band gap narrowing is proportional to the dopant 
concentration growth, i.e. incorporation of CuO 
may cause major efficiency of titania as catalysis 
even dispersed n nanosilica matrix.  

As regards NiO, this dopant stimulates the 
reduction of the Eg almost in linear way. There are 
two absorption edges in the DRS spectra at 
CNiO = 30 wt. % supporting supposition of rutile 
and nickel titanate (NiTiO3) formation. Thus, the 
synthesized composite may be important for 
different catalytic applications. There is a 
monotonous increase in the visible light absorption 
by the augmentation of NiO concentration. 

According to XPS data, both dopants are 
absent at the composite surface and the signals of 
the highest intensities were found to belong to 
silica and oxygen. It corroborates the suggestion of 
oxide dopants presence within the thickness 
(> 3 nm beneath the surface) of the synthesized 
silica-titania composites. 

The photocatalysis study results revealed that 
all  the  samples  are  found  to  be  more  effective  in  
photocatalytic oxidation of caffeine (CAF) than 
reference titania P25 except NiO(1 wt. %)-doped 
SiO2/TiO2. The most significant changes in the 
water quality were observed after 15 min of 
treatment. It is vital to note that the samples contain 

titania at CTiO2 = 15 wt. % compared to pure TiO2 
produced by Degussa. This lets us assume that their 
efficiency is appreciably higher than that of P25. 

A  sample  at  CCuO = 10 wt. % and P25 are 
indicated to demonstrate similar abilities to 
decompose model contaminant. CuO(1 wt. %)-
containing system shows the highest activity as 
photocatalyst, that provides reason to conclude that 
the most sufficient TiO2-based photocatalysts can 
incorporate crystalline anatase and rutile phases 
together.  

Photooxidation of CAF caused by NiO-doped 
nanomaterials was observed for all samples beside 
one at CNiO = 1 wt. % as noted above. What matters 
here is that the optimal concentration of NiO where 
enhancement of CAF destruction has been 
observed is 10 wt. %. 

The formation of by-products of CAF oxidation 
in the presence of all photocatalysts is established. 
An important point is that their amounts are reduced 
during the experiment for 60 min. It needs more 
time to remove them completely. 
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