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Microwave reflectance methods have been used tty stu
the kinetics of photogeneration of hydrogen on prSi
acidic fluoride solutions. The time and frequenegalved
microwave responses show that interfacial electron
transfer in this system is unusually slow. Comparisf
the magnitude of the observed microwave responsie wi
theoretical predictions indicates that electronppiag
occurs in the first step of the hydrogen evolutiwacess,
lowering the density of free electrons and hence th
microwave response. The implications of this obeon

for the mechanism of the hydrogen evolution reactice
examined. The build up of high charge densitieselm
the surface as a result of slow electron transéer been
confirmed by transient photocapacitance measuresnent
Evidence is presented for light driven incorponatiof
protons and hydrogen into the near-surface regfaine
silicon.

Profiles of the electron and hole concentrations
were used to calculate the mean change in condlyciis
a function of experimental conditions and the rate
constant for interfacial electron transfer. Conguar of
the results with calculations of the microwave tedy
change based on solution of the Fresnel equationa f
multilayer model confirmed that the microwave
reflectivity changeARy, can be related linearly to the
mean conductivity changeAe> by the expression
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Here P, and P, are the incident and reflected microwave
power respectivelyRy is the unperturbed microwave
reflectivity, S is a sensitivity factor, d is the sample
thickness,An(x) and Ap(x) are the position dependent
excess electron and hole densities resulting from
ilumination and 4, (4, are the electron and hole
mobilities.

The sensitivity factor relating the microwave
response to the change in mean conductivity was
determined for holes by measuring the potential
modulated microwave response of the p-SijNIdystem
in the dark. In this case, potential modulatiordem
depletion conditions changes the width of the space
charge region, and the modulated microwave refliggti
is linearly related to the space charge capacitanbech
can be measured at the same time. The mean coritjucti
of the semiconductor electrode under depletion itimms
can also be perturbed in the dark by changing the
potential. The density of electrons and holeseigligibly
small depletion region, so that
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Here AW, is the change in the width of the space charge
region, po is the bulk hole concentratio®yQs. is the
change in the space charg@. is the space charge

capacitance andV is the amplitude of the ac potential
modulation. The linear relationship between the

microwave and capacitance responses allows the
sensitivity factor, S, to be determined experimiyn&nd
compared with calculations based on the Fresnel
equations for a four layer model: air|bulk Si|dégde
Si|solution.

The time constant for the response to step and
sinusoidal illumination profiles is given by

r= (kl + krec) '

wherek; andk. are first order rate constants for electron
transfer and recombination respectively. Thest firder
rate constants arise from a phenomenological faatiou

of kinetics in terms of surface concentration. hdey of
magnitude terms at leass, (s*) can be related tk, (cn
s1), the second order heterogeneous rate constant for
interfacial electron transfer and kg, (cm®1), the pseudo
first order heterogeneous rate constant for elactro
transfer obtained by assuming a constant concemnirat
redox species in the interfacial region:
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Figure 1 compares the photocurrent and

microwave response for p-Si in NH The slow decay of
the microwave at the end of the illumination step i
attributed to hydrogen egress from the near surface
region. Figure 2 shows the microwave responseron a
expanded time scale. The rate constant for electro
transfer is obtained from the exponential fit. Madue of
the first order rate constant is found to be 30which
corresponds tok, = 3 x 10° cm s'. However the
magnitude of the measured microwave response is two
orders of magnitude smaller tan expected fro thlses of
ki. The discrepancy is attributed to the fact tha t
hydrogen evolution reaction is a two-step process,
involving formation of Has an intermediate.
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Figure 1. Photocurrent (lower plot) and microwave

(upper plot) responses to a light step for p-i M NH,F
(pH 3.0) at —1.0 V vs. Ag|AgCI.
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Figure 2. Exponential fit used to derive the rad@stant
k; from the microwave response.




