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REPETITION RATE EFFECT

D(1)/D(3)

Pressure (3x10"8 Torr)

Figure 4. Ratio of dissoclation at pulse rates of 3 and 1s™'. Calculated
curves are shown for assumed radiative rates of 0 (--), 1.5 (—), and
3 (---) s7', as well as the cascade-model prediction (- — -) for ra-
diative rates faster than 3 s,

sorption measurements!! (5 s7) but this is not unexpected,
since the IR-excited ions probably have on the average
much less than 2.5 eV of internal energy to start with. It
is not seriously different from the rate of approximately
2 87! calculated for the neutral molecule from IR absorption
intensity measurements (as in ref 2). The recent theo-
retical work of Rosmus and Werner!* suggests that in

(14) Rosmus, P.; Werner, H.-J. Mol. Phys. 1982, 11, 1.

Photochemistry of [Co(NH;)sBr]**:
Redox and Aquation

diatomic ions radiation is likely to be much faster than in
the neutral, but it is not clear whether this expectation will
carry over to large, charge-delocalized polyatomic ions like
this one.

Determination of this rate in previous photodissociation
work with continuous light sources seems to have been
unreliable. Some problems are inherent in these kinetic
analyses. The analysis is sensitive to deviations from pure
two-photon kinetics as described by eq 1, and use of more
elaborate kinetics, as in ref 9, carries the danger that the
assumed complex mechanism may be incorrect. A similar
uncertainty is whether the rate-process picture of relaxa-
tion is correct: assuming a different relaxation picture can
significantly affect the plots, extrapolations, and fits in-
volved in these analyses. The alternative cascade-model
kinetics explored above illustrate, but do not exhaust, these
possibilities. Other kinetic complications are easily im-
agined but not easily modeled: for instance, the Franck-
Condon factors and hot-band intensities involved in the
oy photon absorption presumably change as the ion relaxes,
so that treating the o, process as a rate process may not
be accurate; or again, excited electronic states may par-
ticipate in ways similar to, or more complicated than, van
Velzen and van der Hart’s mechanism for bromobenzene
ion.® In general, there are enough possibilities for com-
plications and deviations that such analyses should be
somewhat circumspect.
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The ratio of redox to aquation of [Co(NH;);Br]?* has been shown to be constant at about 2 for irradiation
wavelengths (nm) of 254, 275, 313, and 365, falling close to zero at 514.5. With increasing pressure, quantum
yields for redox and aquation decrease, the former somewhat faster, and in a wavelength-dependent fashion,
so that the apparent volumes of activation (mL mol™) for redox and aquation are respectively 6.0 + 0.6 and
-0.4 + 3.2 at 365 nm and 4.8 + 0.3 and 2.5 = 2.7 at 313 nm. At ordinary pressure the redox yield falls 8-fold
and the aquation yield increases 50% in 40 wt % glycerol/water. The equations relating volumes of activation
for individual reaction steps to the overall apparent volumes of activation for the lifetime and quantum yield
are derived. It is shown that all of the above observations are supportive of a mechanism involving generation
of a caged radical pair which has no “memory” of the excitation energy of its progenitor.

Introduction

In a recent article on mechanism and high pressure,
Swaddle' remarked on the “curiously refractory problem”
of the assignment of mechanism in the substitution reac-
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tions of octahedral transition-metal complexes in solution.
Even more refractory has proved to be that of the corre-
sponding photochemical reaction mechanisms, where only
rarely has the electronically excited species responsible for
reaction been identified.

One useful approach to the assignment of mechanism
has been the study of the pressure dependence of the rate

(1) Swaddle, T. W. Rev. Phys. Chem. Jpn. 1980, 50, 230.
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constant. The interpretation of such effects in photo-
chemistry can be made in terms of an apparent volume
of activation for either the quantum yield, &, or the re-
ciprocal lifetime, 771;

dln &
AV*¢,&DD = —RT aP r
dln 71 (1)
+ -_
AV r8pp RT P |

evaluated at zero pressure if AV* is a function of the
pressure.

Van Eldik and Kelm? have reviewed the mechanistic
interpretation of apparent volumes of activation of inor-
ganic reactions, considering particularly the differing role
of changes of bond angle and length between reactant and
transition state and of effects due to solvation. Further,
LeNoble? reminds us that the transition state in a reaction
is determined by an energy profile maximum, and that the
volume of activation is the volume difference between the
“energy determined” transition state and the reactants;
this, unlike the activation energy, may be either positive
or negative. Hence reactions with activation energies
similar to their endothermicities will have volumes of ac-
tivation close to the volume change, AV?, of the reaction,
because of the similarity of transition state and the
products. Conversely, very fast reactions with necessarily
small activation energies can be expected to have volumes
of activation that are small compared with AV®. A number
of important photochemical reactions will fall in this latter
category. This point was illustrated by an earlier study
which revealed only small pressure effects on lifetimes and
quenching for some inorganic complexes.*

The application of high-pressure techniques to inorganic
complexes has been illustrated by a series of articles by
Angermann et al.57  They found that acidopent-
amminechromium(III) complexes photoaquate with a
negative AV*, while some ML complexes (M = Co or Cr)
photoaquate with a positive AV*. The interpretation of
such findings is made difficult, first because of the un-
certainty surrounding the mechanisms of these reactions,
and also since the quantum yield for photoaquation rep-
resents a composite of several rate constants. For the
Cr(ITI) complexes, Angermann et al.>$ assumed reaction
via the quartet state, and hence argued that their results
supported an associative, I,, mechanism for the acido-
pentammines of Cr(III) and dissociative, I, mechanism
for the ML photoaquations.

For [Cr(bpy);]®*, where photoaquation in basic medium
occurs via the doublet state,? a recent study of the pressure
dependence® similarly implies that the intermediate pro-
posed in this reaction® is generated in a dissociative pro-
cess.

With this background, it was of interest to extend the
photochemical pressure dependence studies to a different
class of reaction, that of redox photochemistry, and to
compare this mode with photoaquation in the sample
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complex. [Co(NH;);Br]?* has been extensively studied,
particularly by Endicott and associates.! Photolysis in
the intense LMCT bands at about 320 and 250 nm led'?
to formation of Co(II) with a constant quantum yield, 0.30,
at wavelengths below about 330 nm. Concomitant pho-
toaquation of Br~ was reported!? to have a quantum yield
maximum of 0.09 at 420 nm, decreasing to near zero at 330
nm and to about 107 in the ligand field bands. The
photoredox quantum yield decreased in viscous solvents.!!
No data concerning the nature or the kinetics of the ex-
cited states formed on irradiation have been reported,
mainly since no luminescence can be detected.

We report here the results of our studies on the photo-
chemical reactions of [Co(NHg);Br]?** as a function of
pressure, and on the ratio of aquation to redox as a
function of wavelength in water and in 40 wt % glycer-
ol/water.

Experimental Section

Preparation of Materials. [Co(NH;);Br]Br, was pre-
pared by a literature method.}* The UV /visible spectrum
was in agreement with published data.!* The chloride salt
was prepared by precipitation from a 40 °C, pH 4 aqueous
solution of the bromide by sodium chloride, reprecipita-
tion, and recrystallization from pH 4 water. The UV/
visible spectrum for the chloride matched that for the
bromide.

Pressure Dependence of Redox Quantum Yield. [Co-
(NH,);Br]Cl,, at a concentration of about 5 X 10 M in
a pH 4 acetic acid solution, was photolyzed at 20 °C at an
exciting wavelength of 365 nm as a function of applied
pressure up to 2.8 kbar, and at 313 nm and pressures of
1 bar and 2.7 kbar. The high-pressure cell previously
described was used.’* Co?* in the reacted solution was
measured by the method of Kitson'® as modified by Cas-
pari et al.'® Runs at ordinary pressure and at elevated
pressures were made under otherwise identical conditions.
Light intensities at 313 and 365 nm were measured by
ferrioxalate actionometry; the light power was of the order
5 X 1078 einstein s7%,

Aquation/Redox Ratio. The quantum yield ratio for
aquation to redox was measured by combining a direct
measurement!®® of Co(II) in the reacted solution with a
computer fitting of the post-photolysis spectrum to the
spectra of Co(II), [Co(NHj);Br]?*, and [Co(NH,);H,0]%*
over the spectral range 400—650 nm. In all experiments,
the calculated concentrations summed within 10% to the
known starting concentration of [Co(INH,);Br]?*, providing
a material balance confirmation of the computer fit.

Results

Aquation/Redox. In aqueous acidic solution at 1 atm
pressure, the ratio of the aquation quantum yield to the
redox quantum yield is independent of excitation wave-
length for A < 365 nm. The ratio found, 0.46 + 0.06, is of
the order of that given by Adamson,'® namely, 1.05 at 340
< A <400 nm, but in disagreement with results of Endicott

(2) Van Eldik, R.; Kelm, H. Rev. Phys. Chem. Jpn. 1980, 50, 185.

(3) LeNoble, W. J. Rev. Phys. Chem. Jpn. 1980, 50, 208.

(4) Kirk, A. D.; Porter, G. B. J. Phys. Chem. 1980, 84, 2998.

(5) Angermann, K.; Schmidt, R.; Van Eldik, R.; Kelm, H.; Wasgestian,
F. Inorg. Chem. 1982, 21, 1175.
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Chim. Acta 1981, 49, 247,
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Hoffman, M. Z. J. Am. Chem. Soc. 1978, 100, 2694.
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et al.,’® who could find no evidence for the aquation mode
for A < 334 nm.

Some care was taken to confirm this ratio at 365, 313,
275, and 254 nm (see Table I). As only the ratio of
aquation to redox was to be determined in this set of
experiments, conversions were carried out to extents of 50
to 95%. Although this is normally a photochemical sin,
it is appropriate here since the molar absorptivity of
[Co(NH,);Br]?* at all of these wavelengths greatly exceeds
those of the observable products: [Co(NH,);H,0]** and
Co?*(aq). Such large conversions permit precise analyses,
with material balances better than 10%. It is rather un-
likely that the ratio would be influenced by percent con-
version and no evidence for this was found (Table I). The
spectral changes unambiguously show aquation as a major
mode of photolysis at all wavelengths, including uitraviolet.

Pressure Dependence of Redox and Aquation Quantum
Yields. The effects of pressure on the quantum yield of
redox and on the ratio of aquation to redox were deter-
mined in separate experiments because the former requires
small, and the latter large, conversions. At 365 nm &, 4.,
shows a linear decrease of In ® with increasing pressure,
within experimental error (£15%). The slope corresponds
to an apparent volume of activation AV* ;1365 = 6.0
0.6 mL mol™; e.g., ®,040; = 0.181 at 1 atm, 0.100 at 2300
atm. At 313 nm &4, decreases by a factor of 1.7 at 2700
atm (0.162) relative to its value at 1 atm (0.274). The
apparent volume of activation, AV?® ., req.313, = 4.8 £ 0.3
mL mol™. The ratio of aquation to redox is also a function
of pressure. The data (Table I) obtained in the high-
pressure cell exhibit more scatter than those from con-
ventional cells used at 1 atm. However, there is a definite
increase of aquation relative to redox at high pressure. At
365 nm the increase in the ratio at 2850 atm is 2.1 & 0.6,
at 313, it is 1.3 £ 0.4. Thus, AV?, 0~ AV*, oy = ~6.4
+ 2.6 and -2.3 £ 2.4 mL mol™ for these wavelengths,
respectively; AV*, aanses = —0.4 £ 3.2, AV* 0 aqnais = 2.5
+ 2.7,

Medium Effect on Aquation/Redox. In glycerol/water
solution (40 wt % glycerol), although the material balances
were poorer (£20%) than in water, the ratio of aquation
to redox was found to increase to 6 £ 2 at both 365 and
313 nm. Endicott, Ferraudi, and Barber! found that the
redox quantum yield is decreased in 50% glycerol/water
solution to about 40% of its value in water.

In this work, precise quantum yield determinations were
not carried out in glycerol/water, but the data of Table
I, together with the irradiation times and other conditions,
showed that at 313 and 365 nm the total reaction yield in
mixed solvent falls to 65% of that in water. Together with
the percentage aquation, this yields for the mixed solvent
q’red,365,glycerol =0.02, q>red,313,%¥cerol =0.04, (I)aqn.365,glyce!‘ol =0.13,
and 4, 513 giyeeral = 0.22. For both wavelengths aquation
increases 50% and redox decreases 8-fold in the viscous
solvent. Thus the decreases in redox found here are twice
as large as reported earlier;'° the increase in aquation found
is a new result.

Discussion

Before considering in detail the results of this investi-
gation, it is necessary to discuss the general problem of the
pressure dependence of excited-state lifetimes and of
photochemical quantum yields.

The lifetime of an excited-state intermediate is the re-
ciprocal of the sum of the rate constants for all processes
removing that intermediate from the system:

=2k (2)

Pressure dependence data will yield an apparent volume
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of activation via the logarithmic derivative of 1/7 with
respect to applied pressure as in eq 1. Hence

dln Xk, ~RT 9LK,;
7,4pp =-RT : = (3)
9P |p Xk 0P |
-RT 3k,

_ _-RT 9 In k;
= Zkizap . Zkiz(ki 3P T) (4)
®)

AV*

Introducing the efficiency, ;,'® where
Jdin ki

I . *.=—~
n =k and AV* =-RT P

T
we arrive at
AV*r,app = Z"?iAVi* (6)

That is, the apparent volume of activation for the decay
lifetime of an intermediate is the sum of the individual
volumes of activation for the reactions which remove the
intermediate from the system, weighted by their efficien-
cies.

The expression for the quantum yield of a photoproduct
X (or an emission quantum yield) may be considerably
more complex but is given in the simplest circumstances
by the product of efficiences!™® of reaction of the n in-
termediates comprising the reaction path leading to
product X:

(pX = InITIn (7)

Derivation of an activation volume now requires a double
summation over the i possible fates of each of the n in-
termediates comprising the path to product. Thus

dln &,

_ RTZa In 7,
P |

r =" P

For each of the n individual reaction steps the efficiency
will be of the form 7, = k,r, where &, is the rate constant
for that reaction and 7, the lifetime of the intermediate:

AV*x app = —RT ®

T

AV N RTa In 9, RTa In k.7, 9
mapp P |p P |p ©
ok, ok,
= rrL 22 4 BL g%
k, 6P|y Tk, 6P|y
= AV‘n - ZT],‘AV*i (10)

where now the summation in eq 10 is the same kind of
summation as in eq 6. From eq 8 and 10, the overall
apparent activation volume is

AV app = 24V?, - T nAVY, (11

The double summation in eq 11, taken over all reactions
in the system of intermediates involved in production of
X, shows that they all contribute to the apparent volume
of activation associated with photochemical production of
X. We emphasize that it is a mistake to arbitrarily leave
out contributions from steps subsequent to rate-deter-
mining steps.

The formats of eq 6 and 11, applying to the reciprocal
lifetime and the quantum yield, respectively, are of general

(17) Adamson, A. W. Discuss. Faraday Soc. 1960, 29, 163.

(18) Porter, G. B.; Balzani, V.; Moggi, L. Adv. Photochem. 1974, 9, 147.

(19) Endicott, J. F. In “Concepts of Inorganic Photochemistry”, Ad-
amson, A. W.; Fleischauer, P. D., Ed.; Wiley-Interscience: New York,
1975.
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application to other activation parameters, the activation
energy being another of particular interest.

Two limiting cases are of special interest with regard to
eq 6 and 10, and the latter affects eq 11. Consider, for
example, the circumstance that one of the processes in-
volving an intermediate is dominant, i.e., some 7, — 1.
From eq 6, it follows that the apparent volume of activa-
tion for 77! is just the true volume of activation for that
dominant step, i.e.

AV? oo = AVH, (12)
In contrast, eq 10 shows that, for a quantum yield, the
contribution to the apparent volume of activation of a unit
efficiency step becomes zero. That is, the reaction of an
intermediate for which there are no competing steps can
make no contribution to the overall apparent volume of
activation (or the overall apparent activation energy).

For the opposite limiting case, in which a particular
process is a minor one, as, for example, in the familiar case
of many phosphorescence emissions, nyp, << 1, eq 12 still
governs the pressure effect on the lifetime. However, from
eq 10, assuming that only one other process n dominates
that step of the mechanism, the contribution to the overall
volume of activation is

AV*phos,app = AV*phos - AV*n (13)

If the true activation volume, AV* ., is close to zero,* then
the volume of activation for f'[i and efficiency of the
emission are equal and opposite in sign for that step, al-
though there may be other contributions to the apparent
overall volume of activation for emission efficiency, com-
pare eq 10 and 11.

Returning to the specific example under consideration,
one finds that the important features of the data on the
photochemistry of [Co(NH,)sBr]?* to be satisfied in the
formulation of a mechanism are the following:

(i) The quantum yields of bromide aquation and of re-
dox are 0.14 and 0.30, respectively, independent of exci-
tation wavelength at and below 313 nm; that is, the total
reaction quantum yield in this limiting region is constant
at appreciably less than unity.

(ii) At 365 nm, the ratio of aquation to redox is the same
as at the shorter wavelengths, but the quantum yields are
decreased to about 65% of their short wavelength limiting
values.

(iii) In the visible (ligand field band) region, the quan-
tum yields are small and the ratio of equation to redox is
much larger than in the ultraviolet.

(iv) At 313 and 365 nm in a 40% glycerol-water mixture,
aquation increases 6-fold in importance relative to redox
while the overall vield drops to about 65% at both wave-
lengths.

(v) the apparent volume of activation associated with
redox is small but positive and changes only slightly from
313 to 365 nm; that for aquation is uncertain, probably
very small but positive.

These data make certain demands on the character of
a mechanism designed to fit them. First of all, the basic
mechanism must be different for excitation in the UV,
where charge transfer (CT) bands dominate the absorption,
and for excitation in the visible ligand field (LF) bands,
with some overlap in the spectral region between, in which
the absorption is mixed between CT and LT. We shall
be concerned here with the UV region only. We accept
the conventional view that the LF photochemistry occurs
by a different mechanism.

The effect of increased viscosity implies that aquation
and redox arise from a common intermediate, one for
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which diffusion apart of two species is required for redox
to be consummated. It is also required that this species,
once formed, has no “memory” of its origin, as we observe
that the reaction mode ratio is excitation wavelength in-
dependent.

That the limiting quantum yield is less than unity may
arise in two different ways: (1) either a third reaction, e.g.,
of nonradiative crossing to the ground state, occurs from
the intermediate leading to aquation and redox, or (2)
there must be an earlier branching involving a prior in-
termediate that also has lost its “memory” of excitation.
The observed volumes of activation put certain restrictions
on the nature of these intermediates and their reactions.

Finally, there must be competition early in the mecha-
nism in which, for at least a certain minimum excitation
energy corresponding to a wavelength between 313 and 365
nm, a particular intermediate is formed with unit effi-
ciency. For excitation energies less than this minimum,
the efficiency of formation of this same intermediate is
reduced without changing its subsequent reaction pattern.

These considerations lead us to two simplest mecha-
nisms, A and B, that differ only in the means of satisfying
the requirement for a short wavelength photoreaction yield
sum less than unity.

For mechanism A, we choose two intermediates, X and
Y, both of which are subject to competitions:

Co(NHy)Br* =222, % 40 ~1 (14)

Co(NHp)Br#t ——222, % 40 <1  (15)
Co(NHy)sBr** =222, Co(NHsBr?* 1 - a())

(16)

X i Co(NH;);Br** 17

X 2%y (18)

¥ 2. Co¥* + 5NH, +Br- (19)

Y 24 Co(NH,)H,0% (20)

According to this mechanism, the quantum yields are given
by

A, = a(M)ngny (21)
QAredox = a(’\)ﬂzﬂs (22)

in which only the efficiency of X production, a(}), is a
function of excitation as indicated in eq 14-16. The lim-
iting photoreaction yield of 0.44 fixes this to be the value
of n,, while the reaction yields ratio calls for n; =1 - 5,
= (.68.

In mechanism B, the limiting quantum yield sum less
than unity arises from a three-way competition among
aquation, redox, and deactivation to the original ground-
state ion. Reactions 14-16 are followed by

kg
X —7Z (23)
k,
Z —> Co?* + 5NH; + Br- (24)
R
7 —> Co(NH,);H,0%* + Br- (25)
k,
Z —> Co(NH,);Br?* (26)
In this mechanism, the quantum yields are
@Baq = C((A)T]7 (27)
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éBredox = a(A)ng (28)

and the efficiencies are simply equal to the limiting
quantum yields at A = 313 nm, that is, 75 = 0.30, 7, = 0.14,
and therefore 73 = 1 — 95 — 97 = 0.56.

When eq 11 is used, the apparent volumes of activation
for each of the quantum yields at < 313 nm in terms of
the two mechanisms can be evaluated as follows (remem-
ber that a(\) = 1 and can therefore not contribute):

AV? ppaga = (1~ m)(AV? — AV*) + n3(AV? - AV
(29)

AV*app,redox,A =(1- UZ)(AV*2 - AV’I) - 774(AV*4 - AV*B)
(30)

AV* opags = (1 = m)AV?, = ngA V¥ — AV (31)
AV*app,l'edox,B =(1- nS)Avsﬁ - 777AV‘7 = nBAV*B (32)
With the data presented here, we find

AV*BPP,EQ,A - AV*app,x-ec:lox,A = AV, - AV} =
AV, - AV*g = 2.1 £ 2.4 mL mol™?

whence, from eq 29 or 30
AV*, — AV*, = 7.3 £ 2.2 mL mol™!

and from eq 30, substituting 1 — 5, by 75 + 75 yields
AV, - AV*; = 5.7 £ 3.8 mL mol!

Both mechanisms assume that the only parameter that
depends on wavelength of excitation is a()\). Thus the
apparent volume of activation associated with eq 15 in both
mechanisms is given by the difference between the volumes
of activation of the redox quantum yields at 365 and at
313 nm:

AV*app,a = AV*app,redox,a% - AVtapp,redox,Bla =
1.2 &+ 0.9 mL mol™! (33)

In terms of the volumes of activation for eq 15, AV*,, and
for eq 16, AV*,_,, putting the value 1 — a = 0.33 into eq
10 gives

AV*, - AV*_, = 3.6 £ 2.7 mL mol™!

These alternate mechanisms have a number of features
in common. The intermediate Y in mechanism A and the
corresponding intermediate Z in mechanism B very
probably represent a caged radical pair consisting of a
bromine atom and a cobalt(II) species, [Co(NH;);]**.
Diffusion apart of this radical pair (reactions 19 or 24)
would correspond with consummation of redox since bulk
recombination is likely too slow to compete with other
processes such as the irreversible loss of ammonia from the
Co(Il) species. A radical pair intermediate of this nature
is supported by the results for glycerol/water mixtures
which show that the redox to aquation ratio is decreased
in the viscous solvent relative to water. This aspect of the
mechanism, required by our data, has been included in
almost all treatments of the photochemistry of acido-
pentaamminecobalt(III) ions.!?

The mechanisms both lead to the same value for the
difference in volume of activation between aquation and
redox reaction, —2.1 £ 2.4 mL mol. Although the indi-
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vidual values cannot be separated, we observe that this
difference is in a direction that is intuitively reasonable.
Dissociative processes are expected to have positive vol-
umes of activation and therefore decrease their yield with
pressure increase. If we accept that successful redox re-
quires greater pair separation than aquation, and therefore
greater positive AV*, then redox will decrease faster than
aquation with pressure, consistent with the direction of
the observed effects.

And finally, for both mechanisms, the intermediate X
is most likely a vibrationally equilibrated singlet or triplet
ligand-metal charge transfer state ion (since there is no
wavelength effect beyond this state).

The two mechanisms otherwise diverge. Mechanism A
involves a wavelength-independent competition between
formation of the caged pair Y (reaction 18) and deactiva-
tion to the ground state ion (reaction 17). In contrast, in
mechanism B, the formation of the intermediate X is al-
ways followed by formation of the cage pair Z (reaction
23), then the return to the ground state ion (required since
the sum of quantum yields for redox and aquation is less
than one) is a step competitive with the other cage reac-
tions (reactions 24 and 25).

The pressure dependence data do not allow us to choose
between these alternatives, but the data for 40% glycer-
ol/water do have some relevance. For irradiation at 313
and 365 nm, aquation increased 2.3-fold, while redox de-
creased 8-fold in the mixed solvent. This finding is sug-
gestive that mechanism B operates, with a dramatic de-
crease in redox, a marked increase in aquation, and a small
increase in return to the ground state with increase in
viscosity, the effect being the same at both wavelengths.

These grounds support a mild preference for mechanism
B.

It is unfortunate that experimental difficulties would
probably preclude success in another potential test to
distinguish these two mechanisms; scavengers for bromine
atom should increase the yield of redox potentially to the
limit value of unity at short wavelengths in mechanism B,
but should leave the total yield unaltered if mechanism
A were operative.

Although our data do not permit a definite resolution
of this uncertainty, they do show that the wavelength
dependence of the system is simpler than earlier sug-
gested!® and that the effect of excitation energy, pressure,
and solvent viscosity can all be explained in terms of a
simple, if not unique mechanism, involving a radical pair
species bearing no memory of its original excitation energy.
The volumes of activation observed in the work are com-
pletely consistent with and suggestive of such a mecha-
nism. The observation that the precursor to reaction has
no memory of its excitation, giving rise to the same division
of redox and aquation at all CT wavelengths is a new result
and supports the suggestion that reaction may occur via
an equilibrated CT singlet or triplet state.
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