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The search of an alternative energy system for fossil fucl
is of extremely important. For the alternative energy the so-
lar energy storage system is a popular and possible can-
didate.' There are two kind of the storage system: thermal
and quantum conversion. The photosynthetic system of
green plants is an example of the quantum conversion. We
are interested in an artificial photosynthetic system, par-
ticularly in the colloidal semiconductor particle system. Sev-
eral artificial photolysis systems of water by sun light have
been studied.”® Hydrogen was produced by irradiating
suspension of or colloidal particles of CdS or TiQ, con-
taining a catalyst with a sacrificial electron donor in aque-
ous solution."* However, most of these systems such as
vesicle system are more mobile phase. Thus, we initiate a
rather fixed system, such as the colloidal particle-agarose
system. Here we report, for the first time, an artificial hy-
drogen evolution system from water or aqueous alcohol
with CdS colloidal semiconductor particle-agarose gel sys-
tem.

CdS colloidal particle-agarose gel system was prepared as
follows: agarose (200 mg, Aldrich) and CdS powder (40
mg, Aldrich, <5 y) were suspended in water (10 mL) by
sonicating for 5 minutes and boiling; the boiling mixture (2
mL) was transfered into the photocell (30 mL, with pyrex
window) and cooled down on the one side of the window
of the photocell. The system was completed by adding 18
mL of water or aqueous alcohol and then deaerating with ar-
gon. Rh catalyst could be attached® on the CdS-agarose

wall in the photocell by illuminating the colloidal Cds-

agarose system containing 30 UL of RhCl, (0.1 M stock
solution, Figure 1) for 20 minutes with 450-550 nm light
(450 W Xe-lamp) and then the system were deaerated again.

When the colloidal CdS-agarose gel system containing
Rh catalyst with ethanol as electron donor was irradiated by
using 450-550 nm light through 0.4 M CuSQ, filter solution
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Figure 1. (a) Photocell used. (b} Colloidal CdS particle-agarose
gel system with Rh catalyst.

(5 cm length),’ hydrogen was detected by Gas Chromato-
graph (Hewlett Packard 5890, Molecular sieve SA, 80-100
mesh, 1/8 in 6 ft column, TCD). The GC spectral profile of
the gaseous portion of the colloidal CdS-agarase system on
illumination for 4hrs is shown in Figure 2. The hydrogen
produced in the colloidal CdS-agarose system is readily re-
cognized (Retention time 0.73 min)} and analyzed quan-
titatively. Oxygen and nitrogen peaks could be seen in the
GC spectra (Retention times 1.56 and 3.21, respectively)
but could not be measurcd quantitatively, because of the in-
terference of oxygen in air. However, when aqueous
ethanol is used as electron donor, acetaldehyde was de-
tected in GC. Retention time of acetaldehyde is 0.63 min
on GC (HP-1 capillary column, FID). The amounts of hy-
drogen evolution in several condition were measured by GC
and summarized in Table 1."

No hydrogen was formed from the photolysis of water
with colloidal CdS-agarose system in the abscnce of Rh ca-
talyst. However, hydrogen was formed from the photolysis



1136  Bull. Korean Chem. Soc. 1997, Vol. 18, No. 11

0.74

S
o
i)
RT AREA%
0.74 9478
158 095
324 423

Figure 2. GC profile of gaseous portion of the colloidal CdS-
agarose systemm with Rh as a catalyst and ethanol as an electron
donor on irradiation of the system for 4 hr.

of agueous methano] with the colloidal CdS-agarose system
in the absence of catalyst. The hydrogen evolution increase
linearly with irradiation time. More amount of hydrogen
was produced when ethanol was used as an electron donor
in place of methanol, probably because of easier oxidizable
property of ethanol than methanol. In the presence of Rh ca-
talyst hydrogen (9.18 puL/hr) was obtained from the pho-
tolysis of plain water with the colloidal CdS-agarose system.
It is certain that the finding is the beginning of the alt-
emative solar energy for the fossil fuel energy.
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Figure 3. Proposed mechanism of photolysis water with the col-
loidal CdS-agarose system with Rh catalyst.

If the agueous ethanol was used as a medium instead of
plain water, 233.4 uL of hydrogen was evolved in 4 hr ir-
radiation of the colloidal CdS-agarose system in the pres-
ence of Rh. When the system was irradiated after deaera-
tion of the photocell again with argon the almost same
amount of hydrogen was producec. This implies that the
colloidal CdS-agarose system can be used for oxidation of
an alcohol and hydrogen formation continuously using sun
light.

When an acidic medium was used in place of plain water,
more hydrogen was produced in absence or presence of Rh,
compared with the above system. This is understandable be-
cause reduction potential of proton is higher than that of
water. The amount of hydrogen evolution under the acidic
condition were summarized in Table 2.

The effect of the amount of CdS particles used for hy-
drogen production of the CdS-agarose gel system with Rh
as a catalyst and ethanol as an electron donor was ex-
amined: the CdS-agarose gel system containing 40 mg of
CdS particle in 10 mL water was superior over the gel sys-
tem containing 30 mg or 60 mg of CdS particles in 10 mL
water. This implies that a proper orientation of CdS particle

Table 1. Amount of Hydrogen Evolution by Using the Colloidal CdS-Agarose Gel System

Absence of Rh catalyst

Presence of Rh catalyst

Time (h) H.0 H.O:MeOH H,O:EtOH H,0 H,0:MeOH H.0:EtOH
1 0 0 23 92 258 58.6
2 0 15 7.8 17.9 50.5 1352
3 0 22 15.4 284 58.4 1903
4 0 37 24.2 41.8 70.6 2334

*The unit is uL/15 cm’ (Gel surface), at 20 °C.

Table 2. Amount of Hydrogen Evolution by Using the Colloidal CdS-Agatose Gel System with Acidic Water (0.1 N H,SO,)

Absence of Rh catalyst

Presence of Rh catalyst

Time (h) H.0 H,0: MeOH H,0:EtOH H,0 H,0 : MeOH H,0: Ec©OH
1 0.4 7.9 95.0 167.5 2101 4998
2 2.9 15.7 156.7 326.0 476.5 1176.6
3 4.6 30.2 217.3 4873 607.9 1467.1
4 7.6 46.0 294.3 653.8 759.7 1854.8

*The unit is uL/15 cm’ (Gel surface), at 20 °C.
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in the gel is essential for the redox reaction.

The mechanism of hydrogen evolution from the colloidal
CdS-agarose system is proposed as follows: on the ex-
citation of the colloidal CdS particles, it produces an elec-
tron in the conduction band and electron hole in the valence
band. In the presence of Rh, the electron can be injected
into catalyst Rh. Water or proton can be reduced on the con-
duction band of CdS or Rh holding electron, while water or
alcohol can be oxidized on the valence band of CdS par-
ticle (Figure 3). In the absence of Rh, an electron transfer
probably occurs from a conduction band of the excited CdS
particle to the other neighbor particle and therefore, the
reduction and oxidation of water or alcohol occurs at the dif-
ferent CdS particles.
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9. The A, of the conduction band of colloidal CdS par
ticle-agarose gel system is around 520 nm.

10. CdS-agarose system is stable enough for 3-days ir-
radiation: the UV and IR spectra and the yield of hy-
drogen production of the gel system after 3-days ir-
radiation are not changed.
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Photochemistry of conjugated cyclopropyl ketones has
been extensively studied over the past few decades.! Be-
cause of the orbital overlap of the bent orbitals of the cy-
clopropyl gronp with m orbitals of the attached carbonyl
group, their photochemical reactions often involve the cy-
clopropyl ring opening. Photochemical ring opening reac-
tions of B-cyclopropy!l enones have also been documented
in the literature for various compounds such as bicyclo[3,1,
O]hex-3-en-2-ones,”  spiro{2,5}octa-4,7-dien-6-ones,’ etc.
These ketones share a common structural feature in which
the double bond is a part of a ring. It has been known that
excited enones in nonrigid system are easily deactivated by
cis-trans isomerization of double bonds. For this reason,
photoinduced cycopropyl ring opening reactions of nonrigid
B-cyclopropyl enones have rarely been reported. Here we
would like to report an efficient light-induced cyclopropyl
ring opening reaction of the title compound which does not
impose the rigid environments on double bonds.

The 2-phenyl-4-cyclopropylmethylidene-5(4H)-oxazolone,
1, was prepared by the Erlenmeyer synthesis,® which only
gave the more stable Z-isomer.® The oxazolone 1Z in
acetonitrile (0.02 M) was irradiated in a quartz vessel with
an output of 450 W Hanovia medium pressure mercury arc
lamp. Evaporation of the solvent from the crude mixture

showed that two isomeric products were present in the mix-
ture. These products were identified to be a Z,E- and an E,
E-isomer of the cyclopropyl ring opened product, 2, from
their spectroscopic data (Scheme 1).” The structure of 2 was
further confirmed by comparing it with the sample which
was synthesized separately using E-crotonaldehyde, hippuric
acid, lead tetraacetate and acetic anhydride.® The ratio of
2EE increased with irradiation time and reached maximum
with an 1 to 1 ratio of the two isomers. The same ratio was
obtained when the isolated 2ZE was irradiated under the
same condition.’ Heating 1Z in refluxing acetonitrile in the
dark did not provide the ring opened praducts at all.

When 1Z in 2-propanol was irradiated under the same ir-
radiation condition, an additional product was formed. This
product was assigned as 3 according to its spectroscopic
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Scheme 1.



