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INORGANIC SYNTHESIS AND INDUSTRIAL
INORGANIC CHEMISTRY

At present, the practical application of photocatalysis 
is mostly restricted by the low sensitivity of photocatalysts 
to visible light and by the slow rate of photocatalytic 
reactions. Among photocatalysts, the wide-bandgap n-type 
semiconductor TiO2 is the most promising for a wide 
variety of photocatalytic reactions because of its high 
activity, nontoxicity, and resistance to electrochemical 
and photochemical corrosion [1–3]. Among the main 
modifications of TiO2 (rutile, anatase), the highest 
photochemical activity is exhibited by anatase whose 
energy gap is about 3.2 eV [3, 4]. It is believed that the 
higher activity of anatase, compared with rutile, is due to 
the higher lying Fermi level, better capacity for oxygen 
adsorption, and high degree of hydroxylation [3]. The 
maximum absorption by TiO2 is in the near-UV spectral 
range (λ < 400 nm), and, therefore, UV irradiation 
at wavelengths shorter than 400 nm is necessary for 
a photocatalytic conversion involving TiO2. Most of 
studies have been devoted to photocatalytic processes 
with a Degussa P25 TiO2 commercial catalyst [4–6] 
whose activity is frequently taken as reference.

A promising method for synthesis of a wide variety 
of nanopowders of inorganic materials (metals, alloys, 
chemical compounds) is the method of an electric 
explosion of a conductor (EEC technique) [7]. Compared 
with other methods used to produce metal oxides by 
evaporation of a metal and its subsequent condensation 
and oxidation, etc. [8], synthesis of nanopowders by 
electric explosion is advantageous because of the direct 

conversion of electric power to heat. A pulsed volume 
heating provides high energy densities and fast rates of 
scattering and cooling of a substance. Particles produced 
in this way have size, structural, phase, defective, and 
other energy-saturated states [7].

The method in which a titanium dioxide powder is 
produced by an electric explosion of a titanium wire in an 
oxygen-containing atmosphere [7–10] makes it possible 
to obtain particles 10 to 300 nm in size and to control 
the chemical and phase composition and the structure of 
the nanopowder. Use of systems produced by an electric 
explosion as photocatalysts is rather promising because 
the nanopowder contains a large number of defects and, 
as a consequence, of active surface centers, as well. 
These studies are new and can expand application fi elds 
of nanopowders.

The aim of this study was to perform an integrated 
analysis of structural features and physicochemical 
and photocatalytic properties of an electric-explosion-
produced titanium dioxide nanopowder.

EXPERIMENTAL

The titanium dioxide nanopowder (EEP TiO2) was 
produced by an electric explosion of a titanium conductor 
in an oxygen-containing atmosphere (15 vol %).a The X-
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ray phase analysis was made on a Shimadzu XRD-6000 
X-ray diffractometer with CuKα radiation. A quantitative 
analysis of the phase composition was performed using 
the PCPDFWIN database and a POWDER CELL 2.4 
full-profi le analysis software. The specifi c surface area 
was measured by the BET method from low-temperature 
adsorption of argon. The optical properties of EEP TiO2 
were studied by UV-Vis spectroscopy on a SHIMADZU 
UV-160A spectrophotometer. The size of powder particles 
was estimated by transmission electron microscopy 
(TEM) on a Philips CM 30 microscope. A thermal 
analysis was made using a NETZSCH STA 409 PG/PC 
derivatograph, with heating in an oxygen-containing 
medium to 1000°C at a rate of 10 deg min–1.

For photoelectrochemical and photocatalytic studies, 
samples were immobilized on an electrically conducting 
substrate [6]. A glass plate with a fluorine-doped 
conducting SnO2 layer served for this purpose. A sample 
was deposited onto the plate by electrophoresis from 
a stabilized suspension of the powder in ethanol 
(0.2 g/250 ml). The thickness h (μm) of the coatings was 
varied by changing the electrophoresis duration (s) and 
calculated from the change in the substrate mass, Δm (g). 
The coatings (electrodes) obtained were frontally exposed 
to light from a UV source (Zeiss ST 41 calibrated high-
pressure mercury lamp with a 365-nm fi lter), with the 
generated photocurrent recorded. The actinometry of the 
light source was carried out using a Hamamatsu S1337-
1010BQ Si photodiode. The intensity P of light was 
2.0×108 photons s–1. The photocurrent Iph at the working 
electrode (difference of light and dark currents, Il and Id) 
was recorded polarographically (PU-1 polarograph) in a 
three-electrode scheme [11]: Ag/AgCl reference electrode 

(3 M KCl solution), platinum auxiliary electrode, and 
glass/F:SnO2/EEP TiO2 working electrode. A 1 mM 
solution of oxalic acid H2C2O4 in 1 mM of K2SO4 served 
as a supporting electrolyte.

The photocatalytic activity of EEP TiO2 was 
examined using the fl ow-through method in the course 
of H2C2O4 decomposition [12]. Changes in the H2C2O4 
concentration (c0 = 1 mM) were determined from 
a decrease in the concentration of total organic carbon 
(TOC) with a Shimadzu 5000 automated TOC analyzer 
with an autobatching unit. Experiments were performed in 
a fl ow-through steel reactor with a planar optical window, 
with a 0.6-μm-thick layer of the photocatalyst deposited 
onto its inner wall. The window was frontally exposed 
to light from a UV source. The H2C2O4 solution was 
delivered by a micropump with a controllable fl ow rate.
EEP TiO2 produced by the electric explosion of a titanium 
wire is a light gray powder. TEM micrographs of EEP 
TiO2 are shown in Fig. 1. It can be seen that powder 

Fig. 1. TEM images of EEP TiO2.

(a) (b)

100 nm 200 nm

Table 1. Structural Characteristics of EEP TiO2 and Degussa 
P25 TiO2



RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY  Vol.  82  No. 8  2009

1353PHOTOCATALYTIC  PROPERTIES  OF  ELECTRIC-EXPLOSION-PRODUCED  TiO2  NANOPOWDER

particles (30 to 350 nm in size) mostly have a regular 
spherical shape and are strongly agglomerated (Figs.1a, 
1b).

The TEM data were used to construct a particle size 
distribution histogram for EEP TiO2 (Fig. 2). It can be 
seen that the distribution is monomodal and has a sharp 
frontal peak and an extended rear part. The distribution 
has a maximum at particle diameters of 20–30 nm. The 
average particle size is 60 nm. Coarser particles (350 to 
400 nm in diameter) also occur, which is due to specifi c 
features of the synthesis technology [7, 9, 10]. Thus, 
according to the available classifi cation, the material can 
be identifi ed as belonging to a nanostructured type.

The effi ciency of photoinduced generation of carriers 
responsible for the photocatalytic activity and their 
subsequent diffusion in the bulk and on the surface 
of particles may be higher for an EEP TiO2 sample 
constituted by agglomerates of different-size particles.

The specifi c surface area Ssp of the sample under study 
was 17 m2 g–1, and that of the reference Degussa P25 
TiO2 sample, 55 m2 kg–1. The relatively small specifi c 
surface area of EEP TiO2, compared with the reference, 
is due to the considerable fraction of particles whose 
diameter exceeds the average particle size determined by 
TEM. Microdiffraction patterns of EEP TiO2 (insets in 
Fig.1) have the form of well-resolved rings constituted by 

Fig. 2. Particle size distribution of EEP TiO2, according to TEM data. (W) Fraction of particles of a given size and (d) particle 
diameter.

dav = 59.9 nm
dmax = 397 nm
dmin = 5.61 nm
N = 120

d, nm

Fig. 3. X-ray diffraction patterns of EEP TiO2 and Degussa P25 
TiO2. Phase designations: A, anatase; R, rutile. (I) Intensity and 
(2θ) Bragg angle.

EEP TiO2

I, 
ar

b.
 u

ni
ts

I, 
ar

b.
 u

ni
ts

2θ, deg



RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY  Vol.  82  No.  8  2009

1354 VORONOVA  et  al.

separate resolved refl ections. A microdiffraction pattern 
of this kind is characteristic of nanocrystalline systems.

Figure 3 shows X-ray diffraction patterns of EEP 
TiO2 and Degussa P25 TiO2. Table 1 lists XPA data. 
The X-ray phase analysis demonstrated the presence 
of two main phases in the samples studied: anatase and 
rutile. According to X-ray data, these phases are well 
crystallized (Table 1). The contents of the phases in EEP 
TiO2 and Degussa P25 TiO2 differ only slightly. The 
size of the coherent scattering region (CSR), found by 
the Scherrer method for EEP TiO2, is approximately two 
times larger and two times smaller for anatase and rutile, 
respectively, compared with similar values for Degussa 
P25 TiO2.

According to thermal analysis data, EEP TiO2 is 
not oxidized on being heated in an oxygen-containing 
medium, which indicates that there is no metallic titanium 
incompletely oxidized in the electric explosion.

The absorption spectrum of a sample is shown in 
Fig. 4. The absorption peak of the EEP TiO2 samples lies 
in the near-UV region, in agreement with the value Eg = 

3.2 eV for TiO2. Thus, the photoactivity of EEP TiO2 will 
be manifested under the action of light with a wavelength 
shorter than 388 nm [3]. With these parameters, the 
absorption effi ciency of solar light reaching the Earth’s 
surface is as low as 3–4%.

To enable analysis of the nature of the photocatalytic 
activity of EEP TiO2, Fig. 5 shows how the current in 
the three-electrode system (working electrode/EEP 
TiO2/electrically conducting substrate; 0.6-μm-thick 
EEP TiO2 coating) depends on the applied potential. The 
photocurrent Iph (μA) was recorded as a difference of the 
light (Il) and dark (Id) currents in a periodic exposure of 
the EEP TiO2 to light from the UV source.

According to the data obtained, changing the applied 
potential from –0.6 to 0.8 V leads to an increase in both 
the light and dark currents of the working electrode, with 
the current increasing more noticeably upon illumination 
of the working electrode, which is due to the appearance 
of a photocurrent Iph in the system. On sweeping the 

Fig. 4. Absorption spectrum of an EEP TiO2 sample. (D) 
Absorption effi ciency and (λ) wavelength.

Fig. 5. Photocurrent at the glass/F:SnO2/EEP TiO2 sample 
in a solution of 1 mM of H2C2O4 and 1 mM of K2SO4 under 
periodic UV irradiation. (I) Current and (E) potential.

λ, nm

Light current

Dark current

I, 
μA

E, V

Table 2. Activity of EEP TiO2 and Degussa P25 TiO2 in photocatalytic oxidation of H2C2O4 (c0 = 1 mM)

V,
V V
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potential, Iph increases and, at potentials of 0.2–0.3 V, 
reaches the maximum value of 40–45 μA. Further 
increase in the potential does not lead to any noticeable 
change in Il and Id or in Iph. The run of the current–voltage 
(I–V) dependence shows that, at applied potentials of 
0.3V and higher (relative to the silver chloride electrode), 
the effi ciency of the photoinduced process of formation 
of an electron–hole pair on EEP TiO2 is the highest. The 
applied potential hinders carrier recombination. The I–V 
characteristics of the electrodes were used to estimate the 
photoinduced carrier generation process.

The quantum effi ciencies of the process on EEP TiO2 
and Degussa P25 TiO2 were estimated by the method 
described in [11, 12]. The degree Φ of conversion of 
absorbed photons to the current at the working electrode 
was calculated by the formula

                                                    1
Φ =                 ,

                                    FPS

where I  i s  current  (A);  F ,  Faraday constant 
(96 485 C mol–1); P, light intensity (W cm–2); and S, 
illuminated electrode area (cm2).

The calculation demonstrated that, for the sample 
under study, Φ = 0.04, whereas for the reference, Φ = 0.02 
at the same light absorption (1 – T) ≈ 0.8 (from UV-Vis 
absorption data). Thus, for the EEP TiO2, the quantum 
effi ciency of the photoinduced process is twice that for 
Degussa P25 TiO2 commercial catalyst. This difference 
may be due to different crystal structures of samples 
(Table 1). The ratio between the crystallite sizes of the 
anatase and rutile phases in EEP TiO2 exceeds that in 
Degussa P25 TiO2.

The photocatalytic properties of the samples were 
studied in a model reaction of H2C2O4 decomposition. 
The photocatalytic oxidation of oxalic acid is a single-
stage two-electron redox reaction whose products are 
carbon dioxide and water [6]. To improve the process 
effi ciency, a potential of 0.6 V (relative to steel) was 
applied with a potentiostat to the working surface of the 
reactor (conducting glass with a deposited EEP TiO2 layer) 
in order to raise the carrier separation effi ciency. The 
photocatalytic properties of EEP TiO2 and a commercial 
sample of Degussa P25 TiO2 are listed in Table 2.

If the solution delivery rate is raised, the degree of 
H2C2O4 conversion (in terms of TOC) in a solution at 
the reactor outlet decreases for both samples, which is 
due to a shorter time of contact. Under the conditions 
studied, the degree of H2C2O4 conversion, calculated 

from the decrease Δc in the TOC concentration, is higher 
for Degussa P25 TiO2 sample, which is particularly 
noticeable at a short contact time. This difference is 
probably observed because the specifi c surface areas of 
the samples differ by nearly a factor of 3: 17 and 55 m2 g–1 
for EEP TiO2 and Degussa P25 TiO2, respectively. When 
comparing photocatalytic activities, it is better to reduce 
the reaction rate to the specifi c surface area of a catalyst. 
The reduced reaction rate V (mol s–1 cm–2) is higher for 
the sample under study, compared with the commercial 
Degussa P25 TiO2, in the entire range of solution fl ow 
rates V (Table 2). The exceeding activity of EEP TiO2 
is due to the presence of different-size particles in its 
composition, existence of agglomerates of particles of 
this kind, and differences in crystal structure.

CONCLUSIONS

(1) The rate of the photocatalytic decomposition 
of H2C2O4 with an electric-explosion-produced TiO2 
nanopowder is higher, compared with Degussa P25 TiO2 
commercial catalyst.

(2) The exceeding activity of the electric-explosion-
produced TiO2 nanopowder is accounted for by the 
presence of different-size particles and agglomerates of 
particles of this kind in its composition and by the crystal 
structure different from that of the commercial catalyst.

(3) The development of electroexplosive techniques 
for synthesis of a TiO2 nanopowder and its use as 
a photocatalyst are promising.
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