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Because of its potential relevance to thé t@eaphotoelectrochemical cell, we have investigated the oxidation
of iodide by [Fe(bpy)CN),] " in acetonitrile solution at 23C. The reaction occurs on the stopped-flow time
scale and is highly sensitive to catalysis by?Guo the degree that, under typical conditions, the impurity
levels of Cd" are sufficient to dominate the reaction. 2Bpyridine is a very effective inhibitor of the Ct
catalysis, and kM Cu?* can accelerate the rates by as much as a factor of 280, relative to the bpy-inhibited
reaction.

The general features of the kinetics and mechanisms of revealed about the behavior in genuine nonaqueous rhgdiih.
oxidation of excess iodide by typical outer-sphere oxidants in [CoW;,040]°>~, aqueous solvent mixtures again were usied
aqueous solution are well-understdothese reactions generally  this case, up to 40% methanol, 40% acetonitrile, and 60% di-
have the form methyl sulfoxide (DMSO¥.With [IrCl¢]2~, a variety of aqueous

3 solvent mixtures were used, but the aqueous fraction was never
red T I3 (1) <20%3 To our knowledge, there are no reports of kinetic data
on such reactions in “pure” nonagueous media.

Some knowledge of the kinetic features of iodide oxidation
dM,,] B o in nonaqueous media could be valuable, because of its relevance
g 2kl Tkl )M ) to the Grazel photoelectrochemical céll.These cells are
typically fabricated with the two electrodes immersed in a
The rates are usually insensitive to pH, and in no case has tracenonaqueous solvent with an iodide/triiodide electrolyte that
metal-ion catalysis been reported. The mechanisms of thesemediates the redox reactiéi®ne of the electrodes is composed
reactions are sufficiently well-understood, such that one can of TiO, with a surface-adsorbed dye. It is generally believed
predict the values d{; with exceptional accuracy and the values that one function of the iodide is to reduce the photochemically
of k» can be predicted with good accuracy. oxidized dye back to its resting stet& A wide variety of dyes
Similar remarks cannot be made about the kinetics of have been used; however, the classic example is a derivative
_oxidaFi(_)n of iodio_|e in nonaqueous media, b_ecause _th(_are areof [Ru'(bpy)(SCN)).
|ﬂsuff|(:|g(rj1t expenmer;]tal d+ata(1:. Relevanstistudéles grezllrgltfd to Herein, we report on the homogeneous oxidation of iodide
three oxidants: [Fe(pheg*, [COW12040]°>~, and [IrCk]?. in acetonitrile by [F# (bpy}(CN),J*. This oxidant is well-

The reaction of [Fe(phegf™ was studied in water/methanol AT
and water/ethanol mixtures up to 20% alcohol; hence, little is known as a _subst|tut|on-|nert one-electron acceptor. It bears
' ' close similarity to the known Gtzel cell dye [Fe(bpy-4,4

* Author to whom correspondence should be addressed. E-mail. COOHR(CN),],®*%and it has features that are typical of many
stanbury@auburn.edu. other Grazel cell dyes. We find that [P&bpy)(CN);]* reacts

2M,, + 31" — 2M

with the rate law being
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Figure 1. Kinetic traces for the oxidation of 2 mM Nal by 5oM
[Fe(bpy}(CN);]* in CH3CN at 25°C with 0.1 M efNBF,. Data
recorded at 605 nm. Main trace wittuM Cu(NO;).-3H;0. Inset shows
data with 1 mM bpy but no added &u Note the vastly differing time
scales for the two traces.

with iodide at rates that are easily monitored by conventional
stopped-flow UV-vis spectrophotometry.
Our preliminary studies were plagued by irreproducibility;
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=1 uM at 25 °C 0.1 M etNBF4 in CH;CN. Equation 1
evidently provides a good description of the copper-catalyzed
reaction in acetonitrile.

The aforementioned experiments were conducted under
nominally anhydrous condition¥1 NMR spectra of the product
solutions showed that they typically contained®.1% water.
When 1% water was deliberately added to reaction mixtures
that contained 1 mM bpy, the rates were unaffected. In the
absence of bpy but with zM Cu?* and 1% water, the half-life
was similar to that without water. Thus, the 0.1% level of water
present under nominally anhydrous conditions seems to have
no significant effect on the reaction rates, either as catalyzed
by 1 uM Cu?* or with inhibition by 1 mM bpy.

When the reaction was conducted in 100% water, the rates

were considerably slower. Thus, with 2 mM Nal, BM [Fe-
(bpyR(CN)z]* in 0.1 M NaCRSG;, the half-life was 58 s, i.e.,
a factor of 72 longer than that observed in £CH. Under the
same conditions but with BM Cu?* added, the half-life was
the same as that without added?CuThus, the catalytic effect
of CU?" is very strong in CHCN but insignificant in water.

In summary, the oxidation of lin acetonitrile solution by

however, this effect was soon traced to catalysis by Cu ions [Fe(bpy»(CN)]*, which is a typical outer-sphere oxidant, is

at impurity levels of concentration. Thus, for a typical reaction
of 2.0 mM Nal with 50uM [Fe" (bpy)(CN);JNOz in 0.1 M
etNBF, at 25°C, the half-life for formation of [F&bpy)(CN),]

is 0.81 s. With the addition of BM Cu(NGs),+3H;0, the half-

life is too short to measure with our instruments3(ms); it is

at least 270-fold shorter than in its absence. With the addition
of 1 mM bpy as a Cu-ion scavenger, the half-life increases to
4.2 s and becomes highly reproducible. Essentially identical

results were obtained with ethylenediamine as a Cu-ion scav-
enger, although this ligand is less reliable, because it undergoe

slow direct oxidation by [Fe(bpy)CN).]*. Qualitative tests
revealed that Fe& and N#" have no comparable catalytic
activity. The majority of our kinetic experiments were performed
on a Hi-Tech SF-51 instrument; however, equivalent results
were obtained with an Applied Photophysics stopped-flow

strongly catalyzed by Cu ions. The catalysis is so effective that
trace impurities of copper are sufficient to dominate the reaction
kinetics. These results come as a surprise, because similar
catalysis has not been encountered in the extensive studies of
iodide oxidations in aqueous media. Although our data are
insufficient to probe the catalytic mechanism, it is notable that
the solubility of Cul is quite high in CECN but remarkably

low in H,O.11 It remains to be determined whether trace copper
catalysis is a significant factor under conditions that are more

Sypical of those in operating Gizel cells. There is also the

possibility that copper catalysis of this type could be exploited
in developing improved Gtael cells.
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Without the addition of ligands to scavenge metal ions, the
reaction, as catalyzed by M Cu?*, occurs rapidly but with
observable ratedi(, = 15 ms), as shown in Figure 1. In this
experiment, the CU cation was added to the teactant solution
for the C#*/I~ reaction to be complete prior to mixing with
the Fe(lll) solution. The inset in Figure 1 shows the corre-

sponding kinetic trace for the reaction when copper catalysis is

inhibited by 1 mM bpy. In the presence of 1 mM bpy, the rate
law is pseudo-first-order in Fe(lll); however, significant devia-

tions in the pseudo-first-order fits are observed for the copper-

catalyzed reaction.
Spectrophotometric analysis of the product solutions of

the copper-catalyzed reaction showed that the products are ™

[Fe(bpyx(CN),] and k™, as revealed by their characteristic
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