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This paper describes the photochemical behavior of the colloidal CA3/M@DP system in excess

of NaS. We determined the rate constants for all the reactions which take place in solution under
continuos irradiation and put into evidence the following intermediates: the monomer radi¢al MV
which dimerizes in (MV*), radical and the double reduced form ¥gf methylviologen. By this
continuos irradiation technique we showed that the same reactions which take place on CdS particle
surface with ultra fast rates can undergo also in bulk, but with a much slower rates.

KEY WORDS: Colloidal polydisperse CdS; continous irradiation; #Vforms; computer modeling; rate
constants.

INTRODUCTION different points of views. Serporet al. [5] reported pi-
cosecond absorption spectra of reduced methylviologen
Interfacial photochemistry has undergone a vigor- MV** and claimed that the photoinduced electron transfer
ous expansion in the last. While colloidal crystallites of from CdS to M\?* adsorbed on the particle occurred at the
>10 nm diameter behave as a bulk semiconductor, crys-rate of 18 s~1. Rossetti and Brus [6] reported that the life
tallite <10 nm has only incomplete band structure devel- time of the MV** radical is between 5 ns and 20 ps from
opment and excited electronic states [1-3]. In this limitthe a picosecond resonance Raman scattering study, when the
apparent crystallite (i.e. cluster) band gap and the electroncolloidal CdS was stabilized with polyacrylic acid (PAA).
and hole redox potentials, are size dependent. An excitedBy adopting the data for the stabilizer styrene-maleic an-
state consists of a hole in the homo and an electron in thehydride copolymer (COP) this rise life time is five time
lumo. This excited state “exciton” can luminesce, undergo longer.
nonradiative recombination through surface states or un- From allthese studies it may be concluded that the dy-
dergo redox reactions with surface adsorbed moleculesnamic mechanism of the photoinduced reduction of¥1v
having energies inside the crystallite’s gap. on the colloidal CdS surface is the following: conduction
The study of semiconductor particles is very attrac- band electrons induced by irradiation are trapped within
tive because of possible applications especially for the di- 3 ps at some site on the surface which is like a sulphur
rect conversion of solar energy into the chemical one [4]. vacancy or a surface €tion. Then the trapped electron
Therefore it seems important to investigate processes sucttransfers to the adsorbed MVion in the time range be-
as interfacial electron transfer and electron-hole recombi- tween 20 ps and 0.1 ns. What happens with these species
nation occurring in illuminated semiconductor colloidal after this period is the subject of our investigations in the
particles. Many authors have investigated this system from present paper.

T , EXPERIMENTAL
IDM, Sos. Orhideelor 31-33, sect. 1, 77139 Bucharest, Romania.

2 National Institute for Lasers, Plasma and Radiation Physics, P.O. Box . 4
MG-36, 76 900 Bucharest, Romania. Colloidal CdS (873x 10" M) was syn-

3 To whom correspondence should be addressed. thetized in laboratory from Cd(S§® (Merck) using
181

1053-0509/04/0300-0181/0 2004 Plenum Publishing Corporation



182

[au.]

02

ool
L 1 1 !

400 430 500 550
A [nm]

350
Fig. 1. Absorption spectra of synthetized CdS/COP.
Kalyanasundaram’s method [7] by replacing (N5

with NaS (Fluka) in an excess of 2 104 M, bubbling
Argon during the synthesis. A styrene-maleic anhy-
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Fig. 3. Spectral evolution of colloidal CdS/MA* /COP system at diffe-
rent irradiation times.

the fluorescence emission height begin to increase pro-
portionaly as well as the fluorescence maximum is shifted

dride (1:1) copolymer prepared also in laboratory was to longer wavelength. We ascribe this behavior to the for-
used as stabilizer. To record absorbtion and emission mation of a new complex CdS/MY/COP and study their

spectra we used an Unicam Helyos spectropho-
tometer and an Aminco—Bowman spectrofluorimeter,

photochemical behavior under continous irradiation using
a home made apparatus. The continous irradiation of the

respectively. As a quencher we used methylviologen sample containing.36 x 104 M CdS and 1x 1074 M

(Sigma).

RESULTS AND DISCUSSIONS

We characterized our colloidal CdS by their absorp-
tion (Fig. 1) and emission spectra (Fig. 2).

Using the method of “fluorescence quenching” with
methylviologen, M\?*,owe calculated an average par-
ticle size of about 60A what recommended them as
nanoparticles.

We observed that if we use MV concentration be-
tween 10°-10"" M the quenching method works, but if
we increase M¥" concentration from 16 to 104 M
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Fig. 2. Fluorescence CdS quenching with K\,

MV?2tin 2 x 1074 M NayS excess stabilized with COP,
bubbled with Ar, showed after different irradiation times
the spectral behavior in Fig. 3.

For each irradiation time was used a new sample with
the same content.

The spectrophotometric measurements were carried
out versus a reference cell containing the same composi-
tion of the solution but with out methylviologen.

One observes that immediately after illumination in
the first 30 s the initial yellow colloidal CdS solution be-
comes bluish due to MY radical formation from M+
reduction, therefore the absorbance of the solution in-
creases in both maxima of the MVabsorption spectrum
at 603 nm as well as at 398 nm.

MVZF e — MV**t )}

We calculated the rate constants for MVformation,
which obey a first order kinetics, and thatks= 7 x
1023 s for A = 603 nm andk, = 6.92 x 103 s1 for
A = 398 nm (Fig. 4).

After a longer irradiation, 180 s, the absorbance
continues to increase at 398 nm, which shows the in-
crease of MVt concentration but at 603 nm it keeps
practically constant. This behavior suggests that when
the MV** concentration takes a suitable value concomi-
tantly with its generation its consumption also takes place
with formation of the dimmer radical (M¥), which
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Fig. 4. First order kinetics for MY+ formation at: aj. = 603 nm and

absorbs partly in the same visible region as the monomer
MV **. This conclusion is supported by the increase of
absorbancies below 500 nm in the absorption band of
(MV*1),. We observed that the dimmer radical formation

0 40 S50 60 70 80 90
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b) A = 398 nm.

As we know, for a simple second order kinetics the
absorbancies must obey the relation:

1 kt+1
Al ~ [Alo @)

If the rate constant depends on temperature as Arrhenius
equation indicates:

k= B.d Ea/Rl (3)

for our homogeneous system and small temperature vari-
ation, we could consider a linear variation tempera-
ture/time:T = f(t) asT = Tp + ot. We obtained:

11 (B.d-EaRMmw0l) ¢ (4)

[Alt  [Alo
By fitting with a suitable function we obtain a second
order reaction in which k depends on temperature. Re-
sults B=6.7 x 1073 M-s! and E, = 10.9 kJ/mol =
2.61 kcal/mol. This small value dt; demonstrates that
our reaction takes place between radicals and is photo-
chemical activated [8,9]. Our conclusionis in perfect mach
with our presumption that the formation of dimmer radical
takes place from two monomer radicals:

2MV*T < (MV*1), (5)

For a temperature of about 315 K, which we pre-
sume to have our irradiated solution, we obt&jn=
2.7 x 107° M s for the dimmer formation.

By fitting with a Boltzman curve the absorbencies
values forA = 603 nm at a longer irradiation time we ob-
tainedt = 136 swhich represents the time after irradiation
beginning when the dimmer is form simultaneous in all
solution volume (Fig. 6).

Because the absorbenciesiat 398 nm andh =

does not obey a simple second order kinetics as we see i o o .
y P n603 nm are both characteristic for MV their intensities

Fig. 5.

The disparition of MV?¥ do not respects
a second order reaction

Fig. 5. Dimmer radical formation due not obey a simple second order
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Fig. 6. Absorbencies at = 603 nm vs. time.
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Ig03 451 ] There are some authors [10-14] who admit the idea
T 0l of an electron transfer in bulk. Our experimental results
398 confirm this, and we consider that the stabilizer COP can
35- play the same role as an electron relay thanks to their
30 / \ structure, facilitating the electron transfer to ¥fvand
—— ., (MV**), species in bulk.
251 / In the favor of this supposition we present our experi-
ment carried out by mixing methyl viologen ¢810-2 M)
201 . with N&S (17 x 10-* M) when suddenly a dark blue
15 color appeared in the absence of the light absorbing CdS.

0 2 4 6 8 10 12 14 16 The reduction of M\?+ takes place in this case only with
t [minutes])

the electrons offered by?S ions:
Fig. 7. 398 nm and 603 nm absorbencies ratio, proving the formation

of MV*+. MVZ 4+ S > MVt + S 7

Then the solution becomes gradually brown because of

. i ., S ion dimerization:
The experimental values shows a variation which

probes the formation of another species, which absorbs 2S5 - S5 (8)
also at about 603 nm and namely (M), (Fig. 7). . .
After a longer irradiation time, the absorbancies in- Finally brown polysulphures chains are formed.

crease again in both absorption bands; 398 nm and Let us return to the irradiated CdS/ MV/COP sam-
A = 603 nm, and continue in the same manner up to 300 s P/es. After 20 minillumination, one observes the decrease

irradiation. This denotes that in solution takes place the Of the absorbancies even up to negative values in the whole

regeneration of the monomer radical resulted from the absorption spectrum due to the destruction of the system.
process: Indeed on the bottom cell one observes a yellow crys-

talline precipitate o , at the same time we also no-
o lline precipi f CdS h i |
(MV**), + & — MV*F 4+ MV (6) tice the appearance of an adherent colloidal S on the cell

with a reaction rate much slower than that on CdsS particle walls.

surface.
If we calculated the ratio between the intensities for concLUSIONS
the monomer MV* and the double reduce form, My
we observed that after a longer irradiation time, this ratio One studies the photochemical behavior of a complex
became approximatevely constant, which denotes that at-qs/mv2+/COP under continous irradiation.
a longer irradiation time one reaches an equilibrium state We put into evidence the MV formation from

between this three forms of methylviologen (Fig. 8). MV2*+ reduction, the appearance of the dimmer radical

(MV*T), and the regeneration of the monomer radical
from the dimmer reduction with M¥formation.

We calculated, for the first time as we know, the rate
The intensities ratio bet MV® ; i ;
L 308 364 e double vodune form AV constants and Ar.rhemUS. parameters fqr all this reactions
I . which take place in solution. Our experiment results con-
380 34, ", firm the presumption that the same electron transfer reac-
321 - - . tions like on CdS particle surface, but more slowly, exist
30 in solution, the stabilizer playing the role of an electron
relay.
28
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