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“(10 £ 5 x n)-jump” perimeteral processes; n = 0 — 5. For
example, the “3-jump” process of Figure 2 belongs ton = 2, a
set that also includes 7-, 13-, and 17-jump processes, all of them
now excluded. Four more sets, # = 0, 1, 3, and 5, are all in-
compatible with the high-temperature average spectrum. Within
the sole remaining set, n = 4, the C, symmetry of 1a allows allylic
alkylation to be described equally well as 1-jump or 19-jump.
Neither these nor any other NMR data, however, can exclude
an alternative 9 (or 11)-jump process, nor can they exclude
multistep equivalents. The transient carbocations within each
equivalents, however, are limited to those that introduce no new
elements of structural or permutational symmetry.

The exclusion of 1b, both as a static structure and as a transient
intermediate, now removes the only isolobal® metallocene analogue
from hydrocarbon chemistry.® It will be interesting to see how
many other polyhedral carbocations'® can survive a comparably
stringent experimental test.
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Macrodispersed and colloidal semiconductors are utilized in-
creasingly in photochemical solar energy conversion.! Band-gap
excitation produces an electron—hole pair whose recombination
can be intercepted by catalysts, which may, in turn, lead directly
to water splitting.? However, charge recombination renders such
a system inefficient.> Separate development of sacrificial oxidation
and reduction half-cells and their subsequent coupling, through
space or time, provides an alternative approach. Such an approach
has been fruitfully employed in homogeneous solutions using
organized surfactant assemblies to compartmentalize sensitizers,
relays, and catalysts and hence to aid charge separation.* The
present communication reports the first use of surfactant vesi-
cle-stabilized, in situ formed, catalyst-coated, colloidal semicon-
ductor in artificial photosynthesis. Band-gap excitation by visible
light (A >350 nm) of rhodium-coated colloidal cadmium sulfide,
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in dihexadecylphosphate (DHP) surfactant vesicles, produced
hydrogen in the presence of thiophenol.

Preparation and characterization of DHP surfactant vesicles
have been described.® CdCl,, RhCl;, or methylviologen (MV?*)
were incorporated by cosonicating these ions with DHP and then
removing externally adsorbed or nonadsorbed cations by cation-
exchange chromatography.® Entrapment rates of 45-50% CdCl,’
corresponded to the adsorption of Cd?* on the inner walls of
negatively charged DHP vesicles.® Exposure of vesicle-entrapped
CdCl, to excess gaseous H,S resulted in CdS formation. Assuming
complete reaction, the absorbance of vesicle-entrapped CdS at
400 nm corresponds to € = 1000 M™! ¢m™! (Figure 1A). Ul-
traviolet irradiation with a 450-W xenon lamp under Ar bubbling
for 60 min mediated the reduction of Rh** to RhC in the presence
of CdS. Rhodium reduction was monitored by absorption spec-
troscopy (Figured 1A).

Air-saturated, vesicle-entrapped, colloidal CdS showed the
characteristic weak fluorescence emission due, primarily, to
electron—hole recombination.® Fluorescence intensity maximum
(ca. 500 nm)'® corresponded to full band-gap emission. The
fluorescence intensity is strongly reduced in the presence of Rh3*
(Figure 1B) and disappears completely after reduction of Rh3*
to Rh®, However, UV irradiation under Ar bubbling in the ab-
sence of Rh** does not affect the intensity of CdS fluorescence.
Quenching of CdS fluorescence by coentrapped Rh** appears to
be Stern—Volmer as a function of the initial concentraion of Rh3*
(Figure 2).)'  Coentrapped MV?* strongly quenches CdS
fluorescence and deviates from a Stern—Volmer quenching, in-
dicating the possibility of a static quenching (Figure 2). Inter-
estingly, externally adsorbed MV?2* does not quench vesicle-en-
trapped CdS fluorescence, even several days after being added
to CdS-containing vesicles. This is consistent, with the CdS being
located completely inside of the vesicles and with neither MV2*
nor CdS leaking through the DHP vesicles under the present
experimental conditions. Thiophenol, PhSH, also quenches the
fluorescence of reversed micelle-entrapped CdS fluorescence.!?

The hydrodynamic radius of the vesicles, after CdS formation,
was found to be 550 = 50 A.1* Vesicle sizes were not affected
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Figure 1. (A) Absorption spectra of 2 X 10~ M DHP vesicle-entrapped
1 X 10 M Cd** and approximately 3.2 X 10~ M Rh¥**: (—) after
removal of external cations, () after exposure to H,S (formation of
CdS), (--) after 60 min of UV irradiation (formation of Rh%. (B)
Fluorescence emission spectra of 2 X 10> M DHP vesicle-entrapped |
X 10™* M colloidal CdS, under 330-nm excitation: (—) in the absence
(before and after UV irradiation under Ar bubbling) (---) and in the
presence of approximately 3.2 X 10~ M Rh**,
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Figure 2. Stern-Volmer plots for the quenching of 2 X 10> M DHP
vesicle-entrapped 1 X 10™* M colloidal CdS by coentrapped MV2* (0),
coentrapped Rh** (O), and externally adsorbed MV (@).
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Figure 3. Hydrogen production in deaerated solution as a function of
irradiation time using 350-nm cutoff and water filters at 30 °C. Plotted
are the amount of hydrogen produced by a 25-mL DHP vesicle solution
and measured in the gas phase (16 mL) by GPLC: 2 X 10> M DHP,
1 X 107* M CdS, rhodium coated as described in the text. In the pres-
ence of 10> M PhSH and at pH approximately 7, adjusted before irra-
diation (@, O; separate samples, indicating our reproducibility); same
sample in the absence of CdS and Rh (+) or in the absence of Rh only
() or in the absence of PhSH only (O).

by varying the initial concentration of CdCl, from 0 to 7 X 107
M. Irradiation of degassed, vesicle-entrapped, rhodium-coated,
colloidal CdS by visible light (450-W xenon lamp, 350-nm cutoff
filter) in the presence of 107> M PhSH resulted in hydrogen
formation, which could be sustained for approximately 48 h
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Figure 4. An idealized model for CdS-sensitized water photoreduction
by PhSH in aqueous DHP vesicles. The position of the colloid in the
vesicles should not be taken for granted, however,

(Figure 3). After 48 h, more than 90% of PhSH was consumed.
Sustained hydrogen formation is the consequence of electron
transfer from PhSH, presumably located in the DHP membranes,
to the positive holes in the colloidal CdS. This, in turn, diminishes
undesirable electron-hole recombinations and allows electron
transfer to the surface of the semiconductor where Rh%catalyzed
water reduction occurs (Figure 4). In the absence of either CdS,
Rh?, or PhSH, no or very little amount of H, is produced. Op-
timization of surfactant vesicle-entrapped catalyst-coated semi-
conductors is the objective of our current scrutiny. These systems,
along with polymer membrane incorporated semiconductors,'4!?
may well provide means for viable solar energy conversion.
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Following the establishment of the role of squalene and more
specifically (35)-squalene 2,3-epoxide?? in the biosynthesis of
polycyclic triterpenoids, we have found that there has been con-
siderable interest and speculation concerning the exact nature of
this remarkable biotransformation. The cyclization was originally
envisaged as a completely concerted process,* a view supported
by the failure to trap or otherwise detect any intermediates.
However, the most recent work of van Tamelen and his co-workers
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