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The paper deals with hydrogen production using photocatalysis. In particular, we focus on the role of
synergism on the reaction rate. For hydrogen production presented photocatalyst is composed of nanoAl,O3 and
dispers TiO,. Yet, the presence of the two mixed metal oxides together results in considerable enhancement of the
reaction rate. The main reason for this is the increase of the charge carriers' lifetime allowing for electron transfer
to hydrogen ions and hole transfer to oxygen ions. It was investigated the mechanism of water splitting in
presence of mixed nanocatalysed. It has been shown that the effect occurs during irradiation as a result of

photooxidation of water with mixed metal oxides catalyst.

PACS: 621.039.553

INTRODUCTION

TiO, has many properties that make it effective for
use as a photocatalyst. It is cost effective, abundant,
has good surface stability, is non-corrosive,
environmentally friendly and has great versatility in its
application [1]. Furthermore, due to the position of the
conduction band (CB) and valance band (VB) of
TiO; in relation to a large selection of redox potentials,
TiO, also shows activity for a large number of surface
reactions [2]. Photoreaction/oxidation of alcohols,
carboxylic acids, acetaldehyde and acetone as well as
for smaller molecules such as H,0, O,, and CO over
the single crystal rutile TiO, surface has been studied.
Most of these results have been discussed in recent
reviews [3-6]. Other recent reviews on photoreaction
of powder systems are available and these include
those of references [7,8]. In 1972, Fujishima and
Honda discovered the photocatalytic splitting of water
on TiO, electrodes. This event marked the beginning
of a new era in heterogeneous photocatalysis. Since
then, research efforts in understanding the fundamental
processes and in enhancing the photocatalytic
efficiency of TiO, have come from extensive research
performed by chemists, physicists, and chemical
engineers. Such studies are often related to energy
renewal and energy storage. In a heterogeneous
photocatalysis ~ system, photoinduced molecular
transformations or reactions take place at the surface
of a catalyst. Depending on where the initial excitation
occurs, photocatalysis can be generally divided into
two classes of processes. When the initial
photoexcitation occurs in an adsorbate molecule which
then interacts with the ground state catalyst substrate,
the process is referred to as a catalyzed photoreaction.
When the initial photoexcitation takes place in the
catalyst substrate and the photoexcited catalyst then
transfers an electron or energy into a ground state
molecule, the process is referred to as a sensitized
photoreaction. The initial excitation of the system is
followed by subsequent electron transfer and/or energy
transfer. It is the subsequent deexcitation processes (via
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electron transfer or energy transfer) that leads to
chemical reactions in the heterogeneous photocatalysis
process. There exists a vast body of literature dealing
with the electron transfer and energy transfer processes
in photocatalytic reactions. A detailed description of
these processes is beyond the scope of this review.
Several excellent review articles and books already
exist. Here, we tend to focus on interfacial processes
and to summarize some of the operating principles of
heterogeneous photocatalysis.

Pure water splitting request high energy and for
solve this problem using system physis-chemical effects
of thermachemistry cycle and nano size. Several authors
have monitored H, production from various reactants
over mixed phase TiO, photocatalyst.

The purpose of the presented research is the
obtaining malecular hydrogen from aqueous solutions
based on various mixed oxide nanoparticles by means of
photolysis way and increasing the yield of hydrogen
resulted in catalytic influence of nanoparticles.

1. EXPERIMENTAL PART

In this study has been used m=0.02 g; d =20 nm
nanosized Al,O3; m=0.1¢g; d=20um TiO,, and
distilled water. Irradiation carried out in optical quartz
reactor  (25ml)  intensity  1=1.25-10" kV/s,
At =0...1.0 hour range in the low-pressure beam bulbs
at room temprature. The analysis was done with a
“razoxpomM-3101~ instrument. Sensitivity of instrument
for hydrogen K =8.6-10"* molec./(cm*mm). Liquid
phase absorption spectra of the resulting products
analysis was done with UV-Visible Spectrophotometr
Cary-50 (Varian) range of A =200...800 nm. Quantity
of H,O, has been appointed titration with KMnOy, .

2. RESULTS AND DISCUSSION

In this study, we compare the photoproduction of
hydrogen by four cases: pure water; TiO,+H,0;
Al,03+H,0; nanoAl,O; + dispers TiO, +H,0 (Fig. 1).
This comparison is useful to pinpoint the best among
the four we have chosen.
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Fig. 1. Dependence of molecular hydrogen yield (1 — pure water; 2 — TiO,+H,0; 3 — Al,03+H,0;
4 — nanoAl,O3 + dispers TiO, +H,0.
T =24 °C; I = 1.25-10" kV/s) and photolysis time

As shown in Fig. 1 in all cases the kinetic areas is
linear, consequently the hydrogen generation rate being
stable, for pure water + nanoAl,O3 + dispers TiO,
system W(H,) = 0.98-10", for nanoAl,O; + water
system  W(H,) = 0.306:10", TiO, + water  system
W(H,) =0.04-10" and pure water W(H,) =
0.00789-10" molec./s. The photocatalitic yield equal to
o(H,)=0.78; ¢(H,) =0.024; ¢(H,) =0.0032, and
¢(H,) = 0.0005 molec./kV accordingly.

On base of these data we can say that with addition
nanocatalyst to the systems the reaction rate increase
several times, so with nanoAl,O; its accelerates 10, TiO,
2.5 and nanoAl,Oz + TiO, 12 times, this case proves
synergistic effect. The highest activity observed was for
the photocatalyst with nanoAl,O3; + TiO, ,which yielded

________
-

-

a H, rate around twelve times greater than that observed
for pure water alone. The photolyses of water in contact
with oxides surfaces is of significant practical
importance but is much more complex. Higher H, yields
(as compared to bulk water) can be measured,
demonstrating that a very efficient energy transfer can
take place at the interface. Many parameters control this
energy transfer, for instance the oxide band gap, the
water adsorption form, and the energy migration
distance. Nevertheless, the understanding of the
phenomena happening during water photolysis in
heterogeneous media is not complete, and theoretical
framework has to be more firmly established.
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Fig. 2. Absorbing energy transmission to system on the catalyst surface [9]

The enlarged section of Fig. 2 shows the excitation
of an electron from the valence band to the conduction
band initiated by light absorption with energy equal to
or greater than the band gap of the semiconductor [9].
Upon excitation, the fate of the separated electron and
hole can follow several pathways. Fig. 2 illustrates some
of the deexcitation pathways for the electrons and holes.
The photoinduced electron transfer to adsorbed
inorganic species or to the solvent results from
migration of electrons and holes to the surface. The
electron transfer process is more efficient if the species
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are preadsorbed on the surface. While at the surface can
donate electrons to reduce an electron acceptor (usually
oxygen in an aerated solution); in turn, a hole can
migrate to the surface where an electron from a donor
species can combine with the surface hole oxidizing the
donor species (pathway D). The probability and rate of
the charge transfer processes for electrons and holes
depends upon the respective positions of the band edges
for the conduction and valence bands and the redox
potential levels of the adsorbate species. In competition
with charge transfer to adsorbed species is electron and
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hole recombination. Recombination of the separated
electron and hole can occur in the volume of the
semiconductor particle or on the surface (pathway A)
with the release of heat.

Below are the proposed chemical equations for
hydrogen evolution. Following electron-hole formation
under UV light, electrons are trapped at TixAlyOz. The
corresponding surface trapped holes would interact with
another water.

4H,0 + hv + TixAlyOz — O, +4H" +4e,
2H,0 — O, + 4H", 4H* + 4e” — 2H,,
H* +es—H,
1,50

OH™ + hs—0% +2H",
0% + 2H"—H,0,,
2H<—>H2
0% +2H" +K—H,0,,
H202 —>O+Hzo,
H,0— H" +e,
Ti"*OH +e—Ti**OH.
Many parameters have been found to affect the
hydrogen yield at the oxide/water interface, such as pH
environment (Fig. 3).
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Fig. 3. The kinetic dependence (1 —water; 2 —nanoAl,0s+H,0; 3 —dispers TiO, +H,0;
4 —nanoAl,O; + dispers TiO, +H,0) of pH environment and photoreaction time

Mixed oxides participate increase molecular H,O, solutions are generally more stable at low pH.
hydrogen yield of the systems. Correcting for apparent  Consequently, the yield of molecular hydrogen
pH deviations, solutions of pure H,0, and water exhibit  increases at high pH.
the pH which varies with concentration of H,O, as
follows (Table).

Concentration
of H,0, % 0 10 20 30 40 50 60 70 80 90 100
pH at 25 °C 7.0 5.3 4.9 4.7 4.6 4.5 4.5 4.5 4.6 4.9 6.2
3. CONCLUSIONS

e Due to synergistic effect of mixed oxides the _ REFERENCES _

hydrogen quantum yield increases from ¢ = 0.0005 up 1. Meng Ni, Michael K.H. Leung, Dennis

¢ = 0.78 molec./kV.

e The amount of H,0, grows with addition mixed
metal oxides during photoreaction.

e The molecular hydrogen yield increases at high
pH.

In  conclusion, the chemistry induced by
photocatalyses at the oxide/adsorbate interface has
many practical applications (transformation or
transformation of pollutants for example). Therefore,
there is need to fundamental understand the
photocatalytic processes occuring on mixed complex
Ti.Al,O, oxide surfaces.
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POJIb CUHEPTETUYECKOI'O 3®PEKTA CMECH METAJIJIOOKCHUIOB
B IOJIYYEHUU MOJIEKYJIAPHOI'O BOAOPOJA ITYTEM ®OTOKATAIUTUYECKOI'O
PA3JIOKEHUS BO/AbI

X.M. Maxmyoos, M.K. Hcmaunosa, H.A. /[cagpaposa, K.B. Azuzosa

HccrnenoBaHo moNydeHHE MOJCKYJSIPHOTO BOXOpOJAa METOIOM (poToKaTamuTHdeckoro mpomecca. Js
YBEJIIMYCHHUS BBIXOJAa MOJEKYJSIPHOTO BOJOPOAa (POTOKATAIUTHYSCKAM METOJOM HCIIOIIB30BAaHBI CMECh OKCHIOB
HaHOAl,O3 u mucnepcuoro TiO, B pesysnbrare mcciienoBaHus mpoliecca MOMYICHHsT MOJIEKYISIPHOTO BOIOPO/A M3
COBMECTHBIX CMECEH OKCHIIOB JIBYX META/UIOB ObUI BBISBICH CHHEPreTHYCCKHM 3((HEKT B TeTEPOrCHHON CHCTEME.
MeronoMm ¢oTonuza ucciaegoBaHO 00pa3oBaHHE MOJEKYJSIPHOTO BOJOPOAA IOJA JEHCTBHEM (OTOXMMHUUYECKHX
MPOLIECCOB HA TeTEPOreHHYI0 chcTeMy: Bozaa, HaHOAl,O3 u mucnepcusiii TiO,. Takke U3ydeHO BIUSHUE TIOKa3aHUS
neiictBusi PH cpensl Ha ckopocTh 0Opa3oBaHMs Iepokcuaa Bogoposa. OmpeneneHo 3pdekTHBHOE pacripeesieHne
9HEPIruM, NOTJIOLEHHON IOBEPXHOCTBIO KaTalIu3aTopa, 10 BCEH CUCTEME.

POJIb CHHEPTETUYHOI'O E®EKTY CYMIIII METAJIOOKCH/IIB B OJIEP’KAHHI
MOJIEKYJISIPHOT'O BOJHIO HIJISIXOM ®OTOKATAJITUYHOI' O
PO3KJIAJAHHSI BOJIU

X.M. Maxmyoos, M.K. Icmainoea, H.A. /[rcagpaposa, K.B. A3izoea

JlocnipkeHo OTpUMaHHSA MOJIEKYJSIPHOTO BOAHIO METOJIOM (OTOKATATITHYHOTrO mporecy. s 30iiblIeHHS
BUXOJly MOJICKYJIIPHOTO BOAHIO (DOTOKATaNiTUYHMM METOJAOM BHKOPUCTAHO cyMilml OKcuaiB HaHOAl,Oj i
qucniepcHoro TiO,. B pe3ynbrari TOCTIIPKEHHS MIPOLIECY OTPUMAaHHS MOJIEKYJISIPHOTO BOJIHIO 31 CIIUIBHUX CyMillei
OKCH[IIB [IBOX METaJliB OyJO0 BHUSBJICHO CHHEPreTHMYHHN e(eKkT y rereporeHHiii cucremi. MetomoMm (oTomizy
JIOCIIIJDKEHO YTBOPEHHS MOJICKYJISIPHOTO BOJHIO Ji€l0 (POTOXIMIYHMX MPOLECIB Ha T'€TEPOreHHY CHCTEMY: BOJa,
HaHOAI,O3 i aucnepcumii TiO,. Takoxx BUBYEHO BIUIMB MOKa3HUKIB Iii pH cepenoBuina Ha MIBUIKICT YTBOPEHHS
MEepOKCUly BOIHIO. Bu3HaueHO eQeKTMBHMI pPO3MOALT €Heprii, MOTIMHEHOI MOBEPXHEI0 Karalli3aTopa, o BCii
CHCTEMI.
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