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Understanding the relationships between the surface structure CHyCOOH, 45— CO,g) + CHyg
of solid materials and their reactivity has wide interest and
applications because the majority of chemical and biological 2CH;COOH,4¢)t Oattice)
processes are directly affected by the atomic arrangement of the 2C0, g+ CHyCHy + H,0,
last layer. These reactions extend from evolution theb(igbere
mineral surfaces may have acted as catalysts for making simpleThe surface was cleaned by #sputtering and annealing cycles.
biological molecules) to biomateridland catalysi§.We report in Dark experiments of acetic acid were checked for before photore-
this work the first evidence of the effect of changing the last layer actions, and the results perfectly matched those previously reported.
surface structure of a semiconductor on its photocatalytic activity. ® The quantum yield was calculated for both surfaces after dividing
Although structure sensitivity is a well-known concept in surface the reaction rate of acetic acid per unit surface area by that of the
science and catalysis, most of the related studies are conducted fophoton flux of the UV lamp (5« 10> hv cm™2 s7%, for the 365 nm
dark catalytic reactions, while few are conducted for the photo- line — the excitation source). Analyses were conducted with a
catalytic reactiond® There is one major conceptual difference quadrupole mass spectrometerdt mm from the crystal surface.
between dark and photocatalytic reactions: the former is relatively The {011} -faceted surface was found far more active than the
insensitive to the bulk structure, while the latter can be dramatically {114 -faceted surface. The large difference in the reactivity between
affected. All photocatalytic works reported so far have failed to the two surfaces can be tracked to surface effect. Surface electron
recognize th|S Subt'e difference because they re"ed on Changinghole recombination is most I|ke|y the main difference between the
the crystallographic structure of the bulk materials for changing tWo structures because all other parameters are kept the same. The
the surface structure. This is fundamentally different from the work duantum yield¢) of a photocatalytic process is directly proportional
reported here where the bulk of the structure is totally maintained t© the ratio of the rate constant of charge transkes)(to that of
and only the surface is allowed to reconstruct. The decoupling of POthkcr and the rate constant of hetelectron recombinatiorkg)
both structures (surface and bulk) is of major importance if one (€combination occurs at the surface and in the bulk):

wants to study the effect of the upper layer on the photocatalytic Ke

. . T
process because a large number of physical parameters affecting o 0—— Q)
the reaction will be kept constant. These include bulk eleetron ket T ks

hole recombination, electron and hole diffusion, and the bulk
dielectric constant.
Figure 1 shows a model of the two surface structures obtained

From eq 1 we obtain the following equation relatindgo ks (bulk
and surface), neglecting variations kgfr for both surfaces:

by annealing a rutile Tig§001) single crystal at 750 (A) and 950_ kR{Oll} ¢,{114}(1 - ¢{011})
K (B), respectively. These surfaces have been thoroughly studied = ~ 0.40 (2)
in the past by several spectroscopic techni§uee main difference kR{ll4} ¢{011} (1- ¢{114})

between the two surfaces is in the coordination number of Ti atoms.
On the {011} -facetted surface (A), all Ti atoms are five-fold
coordinated, while they are four-, five-, and six-fold coordinated
on the{114} -facetted surface (B). The difference in coordination
number of Ti cations to oxygen anions will change the electronic
charge distribution and the position of the conduction Baaet
may then affect the rate of charge transfer. More important, the ' owing the quantum yield of the reactions)(allows the
rate of surface electron hole recombination is expected to be .5icyation of the width of the depletion layal, W directly affects
considerably affected by changing the atomic arrangement andne rate of electronhole recombination and was computed fol-

coordination number. lowing eq 3 and found equal to 18.2 and 6.6 nm for {0d 1} -
We have investigated the reaction of acetic acid, as a prototype ang {114 -reconstructed surfaces, respectively.

molecule, on these two surfaces in an ultrahigh vacuum environment

in steady-state conditions. Under UV irradiation, the following two W= ) L@ - 1) 3)

reactions (called PhoteKolbe reactions) occur: (ol

From the ratio of the experimental quantum yield, the ratidof

for both surfaces can be deduced. Becdgss a contribution from

both bulk and surface rates and because the bulk rate is expected
to be the same (along the (001) direction), then the difference in
the rate of recombination values can be tracked to the effect of
surface atomic charge and arrangement.
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*To whom correspondence should be addressed. E-mail: h.idriss@ wherea the rgmp.rocal ab.sorp'tlon .Iength 1S ',104 cm ét 320
auckland.ac.nz. nm, L the minority carrier diffusion length is/Dz, D is the
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Figure 1. The two stable surfaces reconstruction of a A801) single crystal.
formation of the main reaction product (ethane) as a function of acetic acid pressure in steady-state conditions in an ultrahigh vacuum. Alsatshown ar

{114}-faceted

Black balls, Ti atoms; gray balls, O atoms. The plot (center) shows the

estimated width of the depletion layen) and barrier height\() from the experimental quantum yielg)(of the reaction of acetic acid on both surfaces.

diffusion coefficient, and is the mean carrier lifetimgTaking
= L2pey?D, Wherelpep is the Debye length, and takingpe, =
eeksT/2e?n;, we have estimated = 0.6 ps (usindD = 2 x 1072
cn? s7h° andL (mean carrier diffusion lengthy 1.1 x 107 cm.
The very low reactivity of the{114} -faceted surface is also
translated by a negligible barrier heigkMj of the depletion layer,
computed following eq 4,of 0.023 V (while that of thg{011}-
faceted surface is 0.18 V).
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elV| = (4)

e ande, have their usual meaning,= 1701° andn; (the intrinsic
carrier density)= 10?> m™3,

This work shows that in treating photocatalytic reactions on solid
surfaces (very relevant for environmental cleanup, energy conver-
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