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_ Photoelectrochemical kinetics at the semiconductor-solution interface has been considered in all
- treatments in the literature, except one, to be rate controlled by processes inside the semiconduc-
tor. Evidence is presented which suggest that, at least for cathodic reactions on p- -CdTe, the rate

- determmmg step is interfacial electron transfer, and a part of the total pntentlal dlfference at the

interface exists in the Helmholtz layer.

 PACS numbers: 68.48. + f

INTHODUCTION

~ Inthe treatment of electrochemlcal processes, one re-

- gards several steps as occuring consecutively, one of which is
~ rate determining. This step may change with the potentlal

pH, etc. The mechanism of photoelectrochemical reactions

at semiconductor electrodes is not well understood.! At suf-

ﬁcientiy large patential biases (saturation region), the depen-

= dence of the photocurrent on potential must become con-

_ trolled by a transport process of charge carriers to the inter-
~ face.””* At small potential biases (which may represent the

_ significant region for practical devices), other processes than
_ transport within the solid, in particular, the interfacial trans-

~fer of electrons from the semiconductor to acceptors in the

_solution, or vice versa, may become rate determining. In the

 literature, the assumption of most theories (but cf. Refs. 5, 6,
- and 9) is that processes within the solid control the photoe-

_ lectrochemical rate. Here, it will be shown that interfacial

~ charge transfer is rate determmmg for lower biases of #-

i CdTe photocathodes.

- Experimental details of the work—one result of whmh

. '__ls here 111terpr¢ted—~_—~have been given in previous papers.>

_ '-FIESULTS
= The photﬂcurrent pot&ntaal relations of p-type CdTe in
- 1 N NaOH under illumination of 900-W Xe lamp are shown
'.m Fig. 1. The existence of oxygen in the solution affected the
_'_shape of the I-¥ curve radically. When oxygen was removed
by bubbling with hydrogen for 30 min., the photcurrent was
_only observed after the electrode potential became more neg-
- ativethan — 0.75 V (NHE), despite the positive flat band
- 3-thentIal ( + 0.21 V). However, when the experiment was

~carried out without 1 removing oxygen, the photocurrent was

"i_:. . observed at a putentlal as positive as — 0.1 V and reached
. the saturated photocurrent at around — 0.3 V, then in-

- -:-'cre:ased agam from — 0.7 V. -

- DJSCUSS!ON

_ Ifinacathodic reaction the supply of photoexcited elec-
_trons from the bulk to the semiconductor surface is the rate
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determining step, the photocurrent i, is given by '

ey = | M) | w

wherej, is the number of photoexcited electrons arriving at
the surface per unit time and areaand N, (E ) is the numberof =~

photoexcited electrons arriving at the surface per unit time
per unit area, with energy between E and E 4 dE. Energy

levels are taken as zero at the bottom of the coduction band
at the surface. According to this mechanism, the photocur-
rent should begin to be observed at a potential just negative =
(for a p-type electrode) to the flat band potential. Anexample

where such a prediction holds well is TiO,.® Because TiO, is
an n-type semiconductor, the anodic photocurrent is ob-
served at a potential just positive to the flat band potential.

However, for p-CdTe, the potential at which the current is
observed is not that of the flat band region. The photocurrent
(Fig. 1) was observed at a potential at least 0.3 V negativeto

the flat band potential with O, in the solution and at least

0.96 V more negative with respect to the ﬁat band potential

in the absence of O,.

Phutncurr;nt
mA/em©

wnhauf

-2.0F

-1.0F

0 -04 =08 e e T
Electrode Potentiol , V vs. NHE

FIG. 1. Potential dependence of photocurrent of CdTe in 1-N NaOH with
and without Dz in solution. Broken lines: O, present continuous lines:no

O, present.
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