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Photoact ive T1O2 surface layers were prepared by t h e sol-gel process. Their photoelectr ic activ
ities were judged from measured effective q u a n t u m yields of photocurrent . It was found t h a t the 
photoelectrochemical deposit ion of o-toluidine, pyrrole, and aniline takes place on these surface lay
ers. Changes of hydrophil ic-hydrophobic surface n a t u r e accompanied with t h e photoelectrochemical 
deposition of organic layers were evaluated by measuring contact angle of water drop. 

Photoelectrochemical processes on active semicon
ductor surfaces have gained wide popularity in recent 
years. Of particular interest are photoelectrochemical 
reactions of oxidative decomposition of organic com
pounds and their applications in waste water and air 
purification systems [1, 2]. However, capabilities of 
these processes in various chemical reactions were in
vestigated, too [3]. 

Photoelectrochemical reactions on active planar 
surfaces may be of interest also for their potential in 
imaging systems [4—6]. Functionality of such systems 
is given by a change in certain physical properties of 
planar semiconductor surface. Inoue et al [4] used 
photoelectrochemical deposition of metals (Ti, Pb, 
Co, Ag) on semiconductor electrode in imaging sys
tem. Molybdenum oxide was applied in another pho
toelectrochemical imaging system [7]. Other reported 
imaging systems utilize photoelectrochromism of con
ducting polyaniline and polypyrrole films with admix
tures of organic dyes and transition metals complexes. 
The resolution of these systems was enhanced by 
the aid of nanometre-scaled ТЮ2 particles [8] which 
significantly influenced photoelectrochemical perfor
mance. 

Masuda et al. [9] studied photoelectrochemical de

position of thin organic layers on planar T i 0 2 elec

trodes prepared by thermic and electroanodic oxida

tion of titanium plate. This system can be described 

as a semiconductor electrode of n-type where electron-
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hole pairs (h + , e~) are generated as a result of the in
ternal photoeffect upon absorption of light. Electron-
hole separation can give rise to various redox pro
cesses in which compounds in the vicinity of active 
surface are involved. If an active surface is in contact 
with electrolyte containing aromatic compounds, e.g. 
o-toluidine, aniline, thin surface layers may be gen
erated by a photoelectrochemical oxidation of these 
compounds. The deposition takes place exclusively on 
irradiated surface region. While the uncovered T1O2 
surface is hydrophilic, the nature of surface region 
covered by thin organic layer is shifted towards hy-
drophobicity. Thus, the deposited layer creates a hy
drophobic image on hydrophilic ТЮ2 surface [10]. In 
[9, 10] a mechanism of the photoelectrochemical oxi
dation of organic compounds resulting in a generation 
of oligomeric and polymeric surface layers is assumed. 
An example for o-toluidine is given in Scheme 1. 

Techniques entitled sol-gel process are utilized for 
preparation of glass and ceramic layers of various 
types in recent years [11]. Basic precursors of these 
layers are hydrolyzable organometallic compounds or 
colloidal solutions of metal oxides. Sol-gel process ad
vances through stages of sol and gel formation. Sub
sequent thermic processing converts gel into glass or 
ceramic. Sol-gel methods were recently applied also in 
the preparation of photoelectrochemically active ТЮ2 
systems [12—14]. 

The aim of this paper was to study the changes of 
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surface properties generated by photoelectrochemical 
deposition of thin organic layers on active ТЮ2 sur
face prepared by sol-gel method and to compare this 
system with that based on thermic T i 0 2 surface layers 
[9, 10]. 

E X P E R I M E N T A L 

Semiconductor Surfaces 

Active semiconductor TÍO2 surfaces were prepared 
by the solution sol-gel process [15] either on glass 
plates for deposition of organic layers or on titanium 
plates for photocurrent measurements. 

The plates were dipped into a solution of ti-
tanium(IV) tetrabutoxide (6.4 g Ti(OBu)4, 20.5 g 
ethanol, 0.7 g H 2 0 , 0.05 g HNO3, and 2.44 g ethyl 
acetoacetate as a stabilizer) and lifted from there by 
a constant rate 2 mm s _ 1 After 24 h of free storage 
the coated plates were stepwise calcinated in a fur
nace in an air atmosphere up to the top temperature 
150—500 °C and let freely cool to room temperature. 

TÍO2 layers prepared by this technique exhibit a 
good adhesion to the supporting plates and they are 
both transparent and colourless. However, careful ob
servation can recognize tiny interference. The inter
ference of optical reflectance UV VIS spectra (at the 
angle of incident beam 12°) was used to determine 
the thickness of the T i0 2 layers. The refractive index 
of the TiO-2 layers was determined by the two-angle 
reflectance method (at 12° and 40°) using a Philips 

PU 8800 spectrophotometer equipped with speculai 
reflectance accessory. Details of the method were pub
lished elsewhere [16]. Refractive index raises with the 
temperature of calcination and its value is about 2.2 at 
600 nm for the layers calcinated at 500 °C. The thick
ness of ТЮ2 surface layers in this study was about 
120 nm. 

Reproducibility of thickness, optical and photo
electric properties of these layers lay within the in
terval of experimental errors of the used methods of 
measurements. 

M e a s u r e m e n t of Spectra l 
Photoelectr ic Activity 

The spectral photoelectric activity of the sol-gel 
T i 0 2 layers was measured in the photoelectric cell 
with aqueous solution of 1 M-NaOH as electrolyte 
[16]. The cell was a Teflon chamber the bottom of 
which was the sample with the sol-gel T i 0 2 surface 
layer. The counter electrode was a thick Pt wire. The 
monochromatic irradiation was provided by the set
up of a 250 W Xe lamp and a grating monochromator 
(Applied Photophysics, UK). The energy of incident 
light at the site of the measured T i 0 2 layer was de
termined using standard ferrioxalate actinometry. The 
photocurrent and dark current spectra were recorded 
at the short circuit regime over the range 300—450 
nm. After dark current correction the photocurrent 
values were transformed into an effective quantum 
yield of photocurrent production 77 
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TJ = 1.036 X 10 
-11 i / ( M cm 2 ) 

Ф/(то\ c m - 2 ) (D 

where j is the photocurrent density and Ф the photon 
flux of incident irradiation. 

Aromatic C o m p o u n d s 
and Electrolyte Solutions 

o-Toluidine, aniline, and pyrrole were used as 
water-soluble redox reagents. All of these compounds 
were purified by distillation before use. Electrolytic 
solutions were made from these compounds (0.08 
mol d m - 3 ) , with sodium sulfate (0.2 mol d m - 3 ) as 
the supporting electrolyte. The pH values of elec
trolytes were maintained by the appropriate additions 
of NaOH or H2SO4 and checked before anä after ex
posure. 

Photoelectrochemical Deposit ion of Organic 
Layers and Evaluation of Wettabi l i ty 

Fig . 1. y/r}hv vs. hv plot for sol-gel layers calcinated at vari
ous top temperatures. • 150 °C, D 200 °C, A 400 °C, • 
500 °C. 

Photoelectrochemical deposition of organic layers 
on sol-gel TÍO2 surfaces was carried out in a simple 
set-up consisting of medium-pressure 250 W Hg lamp 
(Tesla Holešovice, Czech Republic) irradiating reac
tion chamber. The plates with sol-gel T i0 2 surface 
layers were immersed into electrolyte solutions in the 
reaction chamber. In order to avoid short wavelength 
irradiation causing direct photolysis of organic com
pounds the reaction chamber was covered with pyrex 
glass filter (cutting edge at about 305 nm) during ir
radiation. 

Changes in hydrophilic-hydrophobic nature of the 
surfaces caused by photoelectrochemical deposition 
were evaluated by measuring the contact angle of a 
water drop deposited on the surface, using a contact 
angle meter (Kernco, USA). 

Reproducibility of photoelectrochemical deposi
tion of organic layers on sol-gel ТЮ2 surfaces lay 
within the interval of experimental errors of contact 
angle measurement (5°). 

RESULTS A N D D I S C U S S I O N 

Spectral Photoelectr ic Activity of Sol-Gel T i 0 2 

Surface Layers 

Spectral photoelectric activity, i.e. the dependence 
of photocurrent on incident photon energy, is an im
portant characteristic of the active semiconductor 
layer. The integral parameter corresponding to the 
spectral activity of semiconductor is the band gap en
ergy, Eg. 

The spectral dependence of the effective quantum 
yield of photocurrent production for surface T i 0 2 sol-
gel layers with various top temperature of calcination 

is presented in the form y/rjhv vs. hv (Fig. 1). This 
kind of plot is appropriate for the theoretical equation 
[17] 

rjhu = const, (hv — -Eg)2 (2) 

where hv is the photon energy. 
Thus the plot of Fig. 1 type not only describes the 

spectral dependence of photoelectric activity but the 
extrapolation of the left side linear region onto the hv 
axis allows to determine the band gap energy. 

The layers calcinated at a low temperature (150°C 
and 200 °C in Fig. 1) do not exhibit significant pho
toelectric activity. Low-temperature calcination does 
not remove all organic residuals from semiconductor 
structure, the quantum yield rj is low and the shape 
of the plot does not allow Eg determination. 

On the other hand, as expected, both layers cal
cinated at higher temperature (400 °C and 500 °C in 
Fig. 1) reveal significant photoelectric activity in the 
region of band gap energy. The value of Eg = 3.12 eV 
(corresponding to 397 nm) was estimated for 400°C 
T i 0 2 layer while Eg = 3.08 eV (corresponding to 402 
nm) for 500°C layer. Both these values fall into the 
interval delimited by the band gap energy of anatase 
phase of T i 0 2 (3.2 eV, corresponding to 383 nm) and 
the band gap energy of rutile phase of T i 0 2 (3.02 eV 
corresponding to 410 nm). 

The layers calcinated at 500 °C were used in pho
toelectrochemical deposition experiments. 

Photoelectrochemical Deposit ion of Organic 
Layers on Sol-Gel TÍO2 Surfaces 

Fig. 2 shows the dependence of contact angle val-
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Fig . 2. Dependence of contact angle exposure characteristic of 
o-toluidine electrolyte on pH. • pH = 4, O pH = 5, D 
pH = 7, Ш pH = 9, A pH = 10. 
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Fig . 4. Dependence of contact angle exposure characteristic oi 
aniline electrolyte on pH. • pH = 4, O pH = 5, D pH 
= 7, • pH = 9, A pH = 10. 
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Fig . 3. Dependence of contact angle exposure characteristic of 
pyrrole electrolyte on pH. • pH = 4, О pH = 5, D pH 
= 7, • pH = 9. 

ues during the photoelectrochemical deposition of thin 
organic layers in o-toluidine electrolyte on various 
pH. Similar dependences for pyrrole and aniline elec
trolytes are plotted in Figs. 3 and 4, respectively. It 
can be observed that contact angle increased sharply 
with exposure and attained a saturated value at an 
exposure 0.2—0.3 J c m - 2 in all of these systems. This 
increase of contact angle of water drop with the ex
posure indicates a significant change of a hydrophilic 
surface nature towards hydrophobic nature for organic 
layers deposition in o-toluidine, aniline, and pyrrole 
electrolytes. The effect of the layers deposited in o-

toluidine electrolyte is most significant and higher sat
urated values were attained. 

The changes of contact angle of sol-gel T i 0 2 sur
face during the photoelectrochemical deposition in o-
toluidine electrolyte are analogous to the changes re
ported by Masuda et al. [10] for the ТЮ2 surface lay
ers prepared by a thermic oxidation of titanium plate 
in a gas burner. However, the studied sol-gel ТЮ2 
surface layers are about 10 'times less sensitive be
cause similar change towards hydrophobicity requires 
10 times higher exposure in these systems than the 
thermic ТЮ2 layers do. This indicates that thermic 
TiO-2 layers are more active in processes of photoelec
trochemical oxidation of organic compounds than the 
studied sol-gel ТЮ2 layers. This lower photoelectro
chemical activity of sol-gel T i 0 2 layers is quite surpris
ing. On the other hand, generally high photoelectric-
activity of thermic TÍO2 layers (judged from photocur-
rent measurements) was reported in [18]. The struc
ture and chemical quality of thermic TÍO2 layers is 
believed to be more suitable for photoelectrochemical 
deposition of organic layers than that of the sol-gel 
TÍO2 layers. However, more detailed study is required 
for an accurate understanding of this finding. 

The behaviour of the contact angle changes (Figs. 
2—4) was not monotonie with pH. Maximum values. 
i.e. maximum surface hydrophobicity was attained at 
pH = 5 for all studied electrolytes. This observation 
is in accordance with earlier findings of Masuda et 
al [10] for o-toluidine electrolyte and Ti0 2 surface 
prepared by thermic oxidation of titanium plate. They 
assumed that total rate of electrochemical oxidation 
is independent of pH and pH dependence of contact 
angle values is caused by the changes of the structure 
of oxidation products in high pH region. 
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