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Thermo-Photochemistry

Augustin J. McEvoy, Dieter Meissner, Arthur J. Nozik, Harald Ries,
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1. Direct Solar Photoconversion to Fuels
and for Chemical Processes

Direct solar photoconversion refers to
the absorption of sunlight by photoactive
substances thereby inducing the direct for-
mation of useful fuels (such as H,, CH,,
alcohol) or chemical products (such as
N H,, vitamin D, fine chemicals, etc.). Also
included among the chemical processes are
the environmental benefits derived from
photodestruction of toxins and pollutants
(such as chlorinated hydrocarbons, diox-
ins, etc.). The photoactive substances can
be in the form of solids (e.g. semiconduc-
tors), molecules, or biological materials;
these systems can be respectively classified
as photoelectrochemical, photochemical,
and photobiological. Chemical reactions
with positive free energy changes (uphill
energy storing reactions) as well as those
with negative free energy changes (down-
hill reactions) are included; the term pho-
tocatalysis will be applied to both types of
reactions where the rate of reaction is in-
creased in the presence of light. Also in-
cluded in the term photoconversion are
systems in which the photoactive sub-
stances are present in a macroscopic, two-
dimensional form (e.g. an electrode) or as
dispersed particles (colloids or particle sus-
pensions in fluids).

There are many advantages of the direct
photoconversion approach. First, novel
chemical pathways can be achieved at illu-
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minated semiconductor surfaces in contact
with chemical reagents that cannot be
achieved at metal electrodes, even at the
same electrode potential; this has been
demonstrated especially for organic oxida-
tion reactions. Second, the direct photo-
conversion system is a one-step process
with higher theoretical conversion effi-
ciency compared to multi-step processes
(such as photovoltaics plus dark electro-
chemistry or biomass conversion). Third,
novel hybrid system can be constructed
(e.g., bio/semiconductor or photo/ther-
mal) as discussed below. Forth, novel,
more simple, and potentially better reactor
designs are possible with direct photocon-
version systems. And fifth, novel effects
(such as hot carrier conversion processes)
can only be achieved through direct photo-
conversion.

In the current structure of most renew-
able energy programs in IEA Member
countries, direct solar photoconversion is
not included as a separate, identifiable pro-
gram, unlike photovoltaics, wind, ocean,
biomass, solar thermal, and geothermal.
We believe it is necessary to establish direct
photoconversion as an important, separate
component of a viable R&D program for
renewable energy.

1.1. Heterogeneous Systems and

Effects of Temperature and Photon Flux
Similar to suspensions of semiconductor

powders in liquids one could conceive of

semiconductor powders suspended in a

gas, especially for high-temperature direct

absorption. In this context the question
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arose whether semiconductors would work
at all at temperatures as high as 1000°C
because the efficiency of charge separation
decreases with temperature. High band
gap semiconductors may deteriorate less
with increasing temperature. In any case,
the need for high-temperature semicon-
ductors is acknowledged.

For direct absorption, both homoge-
nous and heterogenous systems are possi-
ble. For the homogenous gas-phase reac-
tions it might be difficult to reach high
enough absorptivity, though high temper-
ature might help to increase the absorptiv-
ity of some gases. Heterogenous systems,
such as e.g. powders suspended in fluids,
offer advantages as direct absorbers, both
because of higher optical absorption by
multiple scattering and shorter absorption
length and because the absorption takes
place precisely at the site of the reaction,
the solid/gas interface. Thus the reaction
site is the hottest part of the system.
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sity in the solar spectrum at the earth sur-
face, no photochemistry will be observed
at low solar intensities. However, at high
solar intensities, molecules reaching level
2, upon relaxation to the metastable level
3, might have strong absorption to levels at
or higher than level 1. This can thus lead to
observed photochemistry.

Even for molecules where photons at
frequency v, have high intensity and for
which absorption to both states 1 and 2 is
strong could benefit from the nonlinear ab-
sorption process. This is accomplished by
absorbing photons of frequencies v, and v,
followed by relaxation to level 3 and then
absorbing photons of frequency v, to reach
levels near level 1 which could lead to an
enhianced efficiency of the photochemistry.
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Furthermore, this will allow for the usage
of a larger fraction of the solar spectrum in
inducing the photochemical reaction.
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