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for example, can be oxidized to 3-methyl-2-butenal in 72%
yield, when treated with BTSC. Since the vinyl addition to
ketones yields the tertiary alcohols, this sequence provides a
way to synthesize the e,8-unsaturated carbonyl compounds
with two carbon elongation from ketones. Phenyl substituted
enones or enals produced by this procedure underwent car-
bon-carbon double oxidation, and alkanophenone was ob-
tained as a major final product.

We are currently studying other features of this interest-
ing reagent.

Acknowledgement. This work was supported in part
by non-directed research fund, Korea Research Foudation,
and in part by Korea Science and Engineering Foundation.

Communications to the Editor
Note and References

1. K. B. Wiberg, Oxidation in Organic Chemistry, Part A,
Academic press, New York, 1965.
2. G. Gainelli, G. Cardillo, Chromium Oxidations in Orga-
nic Chemistry, Springer-Verlag, New York, 1984.
J. R. Horum, J. Org. Chem., 26, 4814 (1961).
E. ). Corey, G. Schmide, Tetrahedron Lett., 399 (1979).
E. ). Corey, J. W. Suggs, Tetrahedron Lett., 2647 (1975).
. Jr. J. SanFillipo, C. 1. Cher, J. Org. Chem., 42, 2182
(1977).
7. K. B. Sharpless, K. Akashi, J. Am. Chem. Soc., 97, 5927
(1975).
8. M. Schmidt, H. Schmidbaur, Angew. Chem., 70, 704
(1958).
9. L. M. Baker, W. L. Carrick, J. Org. Chem., 35, 774
(1970).
10. J. Holecek, K. Handlir, M. Nadvornik, Coll. Czech.
Chem, Comm., 47, 562 (1982).

o o w

Effect of EDTA on the Formation and Stability of CdS Colloidal
Semiconductor

Joon Woo Park®, Kyung Ran Min, and Eun Yong Jeung

Depariment of Chemistry, Ewha Womans University, Seoul 120-750, Recieved July 29, 1988

Colloidal CdS semiconductor particle has much of the de-
sired characteristics for using it in solar energy conversion
systems and photocatalytic reactions.'® The semiconductor
particle is usually prepared ¢ sif« from cadmium salt solu-
tion by addition of sulfide solution or by exposure to H,S gas.
The properties of the particle are greatly dependent on the
size of the particle,® which varies with preparation mode. In
CdS-mediated photochemical reduction reaction, e.g. water
splitting, the photogenerated electron of the semiconductor
is transferred to oxidant. For sustained reaction, the pre-
sence of sacrificial electron donor which supplies electrons to
the positive holes of the semiconductor particles is required.
Ethylenediaminetetraacetate (EDTA) is frequently utilized
for the purpose.*” However, EDTA forms complex C4dED-
TA? with Cd**. Thus the presence of EDTA in solution is
expected to affect the formation and behavior of CdS colloid.
Present communication reports results of investigations on
this aspect.

Colloidal CdS was prepared by mixing 1.0 x 10~ M CdCl,
solution with 1.5 x 10" M Na,$ solution at equal volume
ratio. Both solutions contained desired concentration of
Na,EDTA (0-3.0 x 10™* M) and pH of the solutions was ad-
justed to 8.0 + 0.3 with HCI/NaOH. Formation of CdS col-
loid was detected by yellow coloration visually and followed
by absorption spectra. The spectra were taken after vigorous
vortex of the mixtures aged for desired period. Figures la-c
show absorption spectra of the mixtures after 10 min, 24 hrs
and 48 hrs of mixing. The most remarkable effect of EDTA
was retardation of CdS colloid formation. In the absence of
EDTA, the mixture showed yellow color instantaneously.
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Figure 1. Absorption spectra of sotutions after mixing 1.0 x 10-3M
CdCl; and 1.5 x 10-3 M NagS solutions in equal volume ratio in the
presence of EDTA at pH 8: A, after 10 min: B, after 24 hrs; C, after
48 hrs. Solutions for spectra D included 6 x 10-4 M Tris and other
conditions were the same as C. The concentrations of EDTA in mM
unit are shown in Figures.



Communications to the Editor

However, presence of EDTA blocked CdS colloid formation,
i.e. yellow coloration of the solution, for a period of 3-5 min in
0.5-1.0 x 10~ M EDTA, about 1 hour in 2.0 x 10°°M EDTA
and as long as 24 hrsin 3.0 x 10>M EDTA. Even in the pre-
sence of 3.0 x 107* M EDTA, the free Cd?* in the initial mix-
ture is about 2000 times supersaturated, compared to the cal-
culated equilibrium concentration in 0.75 x 107° M sulfide
solution.® Therefore CdS colloid formation is clearly retarded
kinetically by EDTA. This is quite similar to the phenomena
observed in Cu$ precipitation.'®

The other effect of EDTA on CdS colloid formation was
dependency of absorption edge of the colloidal solutions on
the concentration of EDTA. Absorption edge is defined as
the intersection of the base line with the tangent drawn to the
shoulder.! Weller et al. showed theoretically and from com-
parison with many experimental data that absorption edge of
CdS particle increases sharply with the diameter of the parti-
cle and reaches a constant wavelength ca. 510 nm for macro-
crystalline solid.® As can be seen from Figure 1a, the absor-
ption edge of initially formed CdS colloid in the presence of
0.5x 102 and 1.0 x 10° M EDTA is at shorter wavelength
than the value for CdS obtained in the absence of EDTA.
The absorption edges shift to longer wavelength as time
passed {Figure 1b, 1c), but still appeared near or at shorter
wavelength than that formed in the abseace of EDTA. This
implies that the CdS colloidal particles formed in presence of
0.5 x 103and 1.0 x 10° M EDTA have smaller size. This in-
fers that, in the low concentration of EDTA, nucleation of
CdS particle is not significantly inhibited and the major effect
of EDTA is retardation of growth of Cd$ nuclei. On the other
hand, CdS colloidal solutions obtained in large excess of ED-
TA (2.0-3.0 x 107 M) exhibited absorption edge at longer
wavelength indicating the formation of large CdS particles
(see Figure 1¢). This can be attributed to inhibition of nuclea-
tion as well as growth of CdS particie by the high concentra-
tion of EDTA.

EDTA also had large effects on the precipitation of CdS
particles and scattering of light from the solutions. The rela-
tive scattered light intensity was monitored from a Hitachi
650-10S spectrofluorimeter with incident light of wavelength
600 nm. CdS colloidal solution prepared in the absence of
EDTA flocculated to precipitate and scattered light strongly
as soon as the Cd®* and sulfide solutions were mixed. On the
other hand, solutions formed in the presence of EDTA gave
little initial scattering. As time passed after mixing the solu-
tions, scattering from solutions containing 2-3 x 10> M ED-
TA was significantly enhanced and formation of precipitate
was observed, However, scattering from solutions with
0.5x 10*and 1 x 10* M EDTA virtually unchanged and no
precipitation was observed upto 48 hours. This, in part, can
be attributed to difference in the size of CdS particles depen-
ding on the concentration of EDTA: the larger particles
formed at high concentration of EDTA scatter light more
strongly and sediment faster than the smaller particles form-
ed at low concentration of EDTA. However, we can not rule
out the possibility that EDT A affects flocculation of CdS par-
ticles. If this is held, the flocculation seems to be prevented
to the greatest extent when [EDTA] is 0.5-1 x 107> M.

We also tested the effect of other chelating agents, tar-
tarate and phosphate. Though these are also known to form
complexes with Cd?*, the presence of these chelating agents
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as high as 2 x 107 M had little effect on the CdS colloid for-
mation : mixing of the Cd?* and sulfide solutions gave instan-
taneous yellow coloration and precipitation.

2-Amino-2-thydroxymethyl)-1,3-propanediol (Tris) is wi-
dely used as a buffer near pH 8 and is known to form com-
plexes with divatent metal ions.'! Presence of low concentra-
tion of Tris had little effect on the formation of CdS colloid in
the absence of EDTA. But Tris enhanced the retarding ef-
fect of EDTA remarkably. For example, no appreciable yel-
low color of CdS colloid was detected in 24 hrs in the pre-
sence of as fow as 6 x 107 M Tris and 1.0 x 10-* M EDTA:
with the same concentration of EDTA in the absence of Tris,
the color appeared in about 5 min. The absorption spectra of
the solutions after 48 hrs of mixing are shown in Figure 1d.

So far, we have demonstrated that the sacrificial electron
donor EDTA for CAS mediated photoredox reactions has lar-
ge effects on the in situ formation and stability of the CdS
colloidal semiconductor particle. The smallest size and hig-
hest stability of the CdS colloid can be achieved with near
stoichiometric concentration of EDTA with respect to Cd?*.
The commonly used Tris buffer system has synergetic effect
for retardation of the colloid formation by EDTA, ang care
should be exercised in choosing buffer. Studies on the detail-
ed mechanism and further effects of EDTA and other agents
on the CdS colloidal systems are underway.
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