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Production of Free Radicals and Triplets from Contact Radical Pairs and from
Photochemically Generated Radical lons
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The quantum yields of triplets and free radicals (or radical ions) that escaped recombination in photochemically
created primary radical pairs (or radical ion pairs) are calculated. As the products of monomolecular
photodissociation, the neutral radicals appear at contact, while the ions are initially distributed over the space
due to distant photoionization (bimolecular electron transfer) in the liquid solution. The diffusional dependence
of the quantum yields is shown to be different when recombination starts from contact or from separated
reactants. The experimental data for recombination of ionized perylene with aromatic amine counterions is
well fitted with the noncontact initial distribution provided the recombination is also noncontact and even
more distant than ionization.

I. Introduction Settingfo(r) = o(r — rg), one can calculate the yield of the
charge separation from any given starting pajrito). It is very
specific for anyrg and quite different frong. The same is true

for the partial yields of the singlet and triplet recombination
and related to their efficiencies. For the averaged yields, these

relationships are given by the following formulas:

The formation of free ions and triplets due to recombination/
separation of photochemically created radical ion pairs (RIPS)
was the subject of the numerous investigations starting from
the classical works of Weller and his co-workér$.The yields
of recombination products are very specific functions of
encounter diffusion, which were first given analytic interpreta- -
tion in ref 8. This theory was reasonably well fitted to the 7 __D . ?

: - P = S
experimental data assuming that the recombination is contact
and the counterions are initially separated by a definite distance,
ro. The system studied is excited pery|ene (A*) quenched by whereZs and Zr are the efficiencies of recombination to the
electron transfer to some aromatic amines (D). The subsequensinglet and triplet products, whereas
incoherent spin conversion proceeding with the tatanakes .
possible the RIP recombination to both the singlet and triplet L=Zst 7y

neutral products accompanied by RIP separation, according to. s . e -
the following comprehensive scheme: is the total one, an® is the counterion diffusion coefficient.

As is known10

ZS-¢=ZT
T z+D

(1.3)

AT+ D P asTar=1 (1.4)
d ;i A This relationship holds also for any particular starting distance
AT+ D AT D] — AT D). .1y ro, including the contact one.
|7 W ’ Wy The difference between the charge separation from contact,
¢@(0), and from the remote starip, should be especially
A [A...D] [34*...D] emphasized. The latter is averaged over the true distribution

fo(r), prepared by preceding photoionization. There is a similar
difference between the vyields of singlet and triplet neutral

Here the rate of ionizationW(r), as well as the rates of !
products,ps(o) and ¢(o), and their averaged value®s and

recombination through the singlet and triplets channéigr)

and Wi(r), are space dependent.is the excitation life time
and the charge separation yiejdy), is averaged over the initial
distribution of chargesfy(r):

@ = [of(r) dr (1.2)

@t The same is true for the corresponding recombination
efficiencies.

In principle, the contact yieldsps(0), ¢i(o), and ¢(0), are
worthy of study in their own right. They are the true yields of
the photodissociation products provided the excited molecule
separates into two contact born radicals: tAhw — A* —
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[B-+-C]. However, the same description of the photoionization the exponential approximation for both the ionization and
(eq 1.1) serves only as a useful model for understanding therecombination rates, eqs 1.6 and 1.7. This helps us to reach the

problem. For the real fitting, all the yields should be averaged
over the preliminary calculated initial distribution of the partners
in the geminate pairs.

To calculatep(o) and¢i(o) or @ and@:, we have to use the
results obtained in ref 8 for the contact recombination in polar
solvents (with Onsager radius = €/(eT) < 0):

oy + [1 — &%k + K

@r) = '{3—0
Do+ @) + Kl + ) + Saks(kl — K
(1.5a)
. KJ(4arD) + (1 — KK e(r)
pr)=1 i @/ko (1.5b)
Here a = «/4k502/|5 is a measure of the singletriplet

conversion during encounter tins@/D, andkp = 4moD is the
diffusional rate constant. The double-channel contact recombi-
nation, proceeding at only the closest approach distande
represented by two rate constants,

kf = f W(r) d and k! = W(r) Pr

best fit to the experimental data of the total efficiency of
recombination, as well as of partial ones, to singlet and triplet
recombination products.

[l. Contact Start and Contact Recombination

Settingr = o, we obtain from eq 1.5:

3 keko
¢0) = Za . 3 .

[ko(L + o) + ke](ko + K) + Fako(k; = k)

(2.1a8)
1 1ok
@(0) = L+ ik 1+ kf/kat(O) (2.1b)
If there is no spin conversiom(o) = oo = 0 but

cp(a)—1+1sl = 1+1Z/D’ so that ZZHUZZS

o (2.2)

These are the conventional results of the spin-less théanyd
They depend on the free energies of electron transfer to thethe same gains from eq 2.1 in the exceptional d{sec kf
singlet and triplet products and the electron coupling between though the triplet yield is not zero in such a case:

the corresponding states.

Assuming recombination to be contact, egs 1.5a,b were used
to obtain the yields and recombination efficiencies at the contact
(section Il) start. For a remote start, the initial distributions of
ions, fo(r,D), have to be calculated for ary. This is done by
means of differential encounter theory (DET)n section llI
using the exponential model for the ionization rate:

W(r) = W, exp[-2(r — 0)/I] (1.6)
In section IV, the distributions obtained for such a rate were
used for averaging the yields according to recipe 1.2. At small
D, the diffusional acceleration of the recombination due to a
remote start was confirmed for fixad > o, as well as for the
distributed initial separation. In any case, the theory of contact
recombination fits the experimental data only qualitatively,
leaving unexplained the diffusional deceleration of recombina-
tion at the highesb.

The quantitative agreement is reached only in section V,
where the exponential rate model is substituted for the contact
one, also for recombination:

Wy(r) = W, exp[—2(r — o0)/lg] and
Wi (r) = W, exp[-2(r — o)/lg] (1.7)

Then the diffusional deceleration of the recombination is
naturally explained. This unexpected effect obtained by Dr.
Angulo was first given a proper interpretation in ref 11 using
the rectangular model of the recombination rate or its Marcus
analog in the deeply inverted region. This effect was attributed

to the escape from the extended recombination layer when the

start is taken from inside #13 The spin conversion and
recombination through the triplet channel were ignored in these
works dealing with single channel recombination. Conversely,
the treatment of spin effects in ref 8 was done using the contact
model of recombination, which excludes the possibility of an
inner start. Here we obtain the same effect once again employing

(0)=3 o
P P o+ o) + k(o k)

at k!
2.3)

From the general expression féf and Zs derived in ref 8
(eq 3.2), we can specifg = Zr + Zs as well:

Zr_3a Kk

D 4K +k(l+0a) (2.42)
z_ K. 3 k(1 — ki)
f)_kol+4kl+kD(1+a) (2.40)

It is remarkable thaZt does not depend on the rate of the singlet
recombination; it remains invariant at differeki, unlike Z.
The total efficiency changes witkf’ at any D except the
borders (aD = 0 andD = ) where alwayZt = 0 andZ =

Zs = z (Figure 1). In accordance with eq 2.4b, there is also
constantZ = z at anyD if kf = kI (horizontal line) and the
curvature sign oZ(D) is the opposite fok> < kI andk® > k!
(upper and lower curves).

For understanding better the physics that is behind the triplet
efficiency (eq 2.4a), let us represent it like some “in-cage
recombination constant” for the backward electron tran&fgf,
keeping in mind thaty = 1/(1 + 2/D) = 1/(1 + kpefkp) While

kbET:kget—i_ etand

.

k
kget=4naZT=§a#=

4K+ k(1 + @)

g’OLkD at ky/kl < 1l

4 2.5)

3_G T ot kK 1 .

A1+ o A kofke > e
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. — - bination constant” at ten times slower spin conversion than that in Figure
Figure 1. The total recombination efficiency, (upper curves), and 2 (c = 1670°%/K" = 0.2), shown by a solid curve, and the lowest

th‘e triplet oneZy (S'[he |0W$St CUW9)1T shown féf = ki (—), ks = 0.5 order approximations to this dependence in diffusional (D) and spin-
ks (— = ), andk; = 1.5; (-+) atk; =5 x 10* A¥ns. conversion controlled (S) regions (dashed lines). The solid vertical line
marks the boundaries between these regions.
T oa>>1 a<<1
L A /N gives way to kinetic control with
| T 37 1 K
3 D Sk S Kpe = 2k Kinetic limit: ;<<E<<K but a>1 (2.7)
8 5 This constant value is an upper limit fig,, which is hardly
~ (3/4) o K,y (3K’ . (3/4) a K attainable_. W_h_en diffusion increases, the spin cqnvgrsion
/ L . ¢ becomes inefficiento{ < 1) and starts to control recombination:
v _3 .1 375 |4k .
Kpet = S0tk = ZK; ~— spin conversion control:
4 4 D
Ko
e o<1l at —>« (2.8)

0 b — e
0.02 k1 x 20 200 T d
Kok, ke
F_igur_e 2. The diqusionaI de_pendence of the triplet “in-cage recom- Generally speaking the side regions of the diffusional and
bination constant” at fast spin conversion= 2), shown by a solid spin-conversion control extend toward each other, wheas

curve, and the lowest order approximations to this dependence in I d At | : ion€ 1) th
diffusional (D), kinetic (K), and spin-conversion controlled (S) regions Well @s«) reduces. At very slow spin conversion £ 1), the
(dashed lines). The solid vertical lines mark the boundaries between intermediate kinetic region is expelled entirely as shown in

these regions, while the dotted line indicates the position of the Figure 3. Simultaneously the maxin‘k%latlocated akD/kI =1
maximum. decreases:

3T
where «© = 167m3k;/k1 is a measure of the relative spin- maxkl = 3 N v at k> 1
conversion strength. et™ 4 —\3 3 T
. e . + =/

In Figure 2, the diffusional dependencelg, is shown for 2+ Vi V7o ke at k<1
the fast spin conversionc (> 1). In this limit, there are three ]
distinguishable regions: diffusional (D), kinetic (K) and spin- Whenks — 0, the maximum turns to 0 and the whole curve
conversion controlled (S) In each of them, the approximate d|SappearS. Such a transformation qUaIltat|Ve|y coincides with
expressions fok!,, deduced from eq 2.5, are exposed. Al- thatstudied previously in ref 14 and reviewed in ref 10 (Figure

e Iy . . . . . .
though the start is taken from contact, the radicals are im- 66). The only distinction is that previously the RIP was created
mediately separated and do not recombine until the next in the triplet state and recombined due to the spin conversion

recontact and the sequence of subsequent ones. The sooner th&§2 the permitted singlet channel, while now the process is going

follow each other, the faster geminate recombination is acceler-Pack to front. o )
ated by the diffusion: Another difference is in that here we consider the double

channel recombination, looking for both the singlet and triplet
: 3 y = e k1 channel efficiencies. It is true that the latter does not depend
Koet = Zako = 6mo x/@ diffusional limit: — < P 1 on how strong the former is but not vice versa. If one changes
(2.6) kI then not only Zr but also Zs as well asZ change
simultaneously. This is demonstrated in Figure 4, wieand

When the diffusion becomes too fast, the diffusional control Zr are plotted as functions of/D but contrary to Figure 1,

(2.9)
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Figure 4. The total (above) and triplet (below) recombination
efficiencies at fixedk! = 5 x 10* A¥ns but differentk] = k% (—)

as well as for lowek! = 0.5¢ (-++) and for the largek] = 1.5
(= — —). The slope of all triplet curves d = 0 is shown by the
dashed-dotted-{-—) straight line.

now kZ is kept constant whil&] varies. It is remarkable that at
these coordinates the linear asymptote Zgf at v/D — 0,

shown by the dashed-dotted line in Figure 4, has the same slope

for anyk:
3 = _3
Z— ZaD =6~D where 0= ém/kS (2.10)

If such a slow diffusion is attainable, it is easy to find fréin
the rate of the spin conversiok,, while Z(0) provides us with
kS and the argument for maxima with k. Having the latter,
one can also extraat from the height of the maximum (eq
2.9) and use it to findks = KkI/(l6no3). The low diffusion
region is not reachable.

The total recombination efficienc® = const ifkS = k] but
has a positive curvature Ilf < kI and negative in the opposite
case. UnlikeZr, the total recombination efficienc¥ is never
zero asD — 0, unless the radicals start from the contact.

II. Distribution of Initial Separations of Counterions

The diffusional dependence & is qualitatively different

J. Phys. Chem. A, Vol. 111, No. 18, 2003461
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Figure 5. The initial RIP distributions resulting from the exponential
ionization withW; = 29.12 ns! andl, = 0.81 A at different encounter
diffusions of neutral precursordd = 104, 1076, 107, 10°8, or 10°°
cn?/s (from left to right).

whereas the quenching kinetics is given by the expression

N(t) = exp{—t/r —c [ d*r W(r) [in(rt) dt} (3.4)
The normalized initial distributions

my(r)
S my(r) o

depend on diffusion and the shapeWf(r).1%1° For ionization
in the normal Marcus region, the exponential model (eq 1.6) is
rather a good approximation. It was used in our calculations
performed with the SSDP2 progradiThe family of initial RIP
distributions that are obtained is shown in Figure 5 and confirms
once again that at faster diffusion the ions are born closer to
the contact distance. As D — =, the closest distribution takes
the shape that\Vi(r) has.

The starting distance averaged over such distributions

fo(r) = (3.5)

7= [rf(r) o

decreases witlD until ionization is diffusional, but wittD —

(3.6)

when the RIPs are the products of bimolecular plotoionization. o« it approachesm, and remains constant being under kinetic
The electron transfer proceeding with the space-dependentcontrol (Figure 6). Although in this limiy(r) coincides in shape

ionization rate W(r), results in some distribution of RIP over
interion distancesm(r), which is farther from contact the slower
is the encounter diffusion of neutral reactaris, The actual
shape of it is given by DET®16

my(r) = W) f, n(rON() et (3.1)

In polar solvents, the distribution of reactant§, t), obeys the
following equatiof’18

n=—W(r)n(r,t) + Dd2on

p2ar or (3.2)

with reflecting boundary condition

47020

or =0 andinitialone, n(r,0)=1 (3.3)
r=o

with Wi(r), the minimal separation calculated from eq 1.6 is
still larger than the contact distanceqin ~ o + 1/2.

IV. Remote Start and Contact Recombination

Since initially the photogenerated ions are always separated
(at least byl/2), it takes them some time to reach the contact
and recombine there. This time is shorter the faster i®(at
) diffusion of (at D — ) ions, which facilitates the
recombination from the remote sta?t!® In such a case, the
total recombination efficiency increases with smald, instead
of being quasi-constant at the contact start considered in the
previous section. In particular, & = kI = k, it is a true
constantZ = kJ/(4no), shown in Figure 7 by the horizontal
dashed line, whil& obtained for the noncontact start (even from
the minimal separationyi,) is qualitatively different. It grows
with D until recombination is diffusional (region D) and
approaches the constant but lower valire KJ/(47Tmin), when
it becomes kinetic (region K). The triplet efficien&t does
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Figure 6. The average initial RIP separation at different encounter
diffusion. In region D, wher& > Tmin, diffusion controls ionization,
whereas in region K, where ionization is kinetic, the separation becomes
minimal: T ~ Fmin = 7.95 A.
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Figure 7. The efficiencies of recombination from different startsat
=k! =k.=5 x 10* A%¥ns. Total recombination from the contact start
Z = kJ(4no) (— — —) and from minimal separation—, upper), as
well as from remote start distributed witlD) (a) and from the average
initial separation,F(D) (2), is shown. The efficiency of the triplet
recombination from minimal separation-( lower), as well as from
the distributed startdl) and fromr(D) (O), is also shown.
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not experience such dramatic changes: the recombination
accelerated at slow diffusion passes the maximum and slows
down due to spin-conversion control (in region S).

So far we confined ourselves to recombination starting from
a single initial separation (the same at &jthat was equalized
to eithero or Tmin. The results were shown in Figure 7 by dashed
and solid lines, respectively. Now we turn to the initial
conditions changing witlDd and represent the results by either
filled points when initial separations are distributed according
to fo(r) or empty ones when the start is taken from a single
distancea (D) (averaged ovefp(r), which is different at any).

Our calculations address the situation when

T

D=D=67w77

(4.1)

In fact, the ion diffusion in polar solvents is a bit slower than
that of the neutral reactants and their relationship to viscosity

Gladkikh et al.
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Figure 8. The efficiencies of recombination from different starts at
KK=kl=k = 5 x 10* A%ns in slow diffusion domain. Total
recombination from minimal separatior-( upper), as well as from
remote start distributed witfy(D) (a) and from the average initial
separationr(D) (&), is shown. The efficiency of the triplet recombina-
tion from minimal separation, lower), as well as from the distributed
starts @) and fromr(D) (O), is also shown.

7, used actually and previoushdiffers a bit from the Stokes
Einstein expression in eq 4.1. The latter has just to emphasize
thatD and D, changing with viscosity, affect simultaneously
both the integrands in eq 1.23(D) and fo(D). The results
obtained are specific to particuldd = D changing with
Viscosity.

As was expected, the average yiejd,and the yield from
the average separatiop(r), are not identical, as well as the
corresponding efficiencies. However, the difference betw&en
calculated from the forme®) and from the latter®) is not
pronounced. Similarlyr calculated from the distributed starts
(a) and their average valuea] do not differ too much.
Moreover, the points do not deviate significantly from the solid
curves calculated for the fixed start frorpin. However, this
statement is only valid for the fast diffusion limit when
recombination is under kinetic or spin-conversion control and
T has already approaché&gi,. Along with it, Z approaches its
upper limit, which is the plateau of the height

ks

- 4nrt

min

This plateau is a bit lower than that shown by the dashed line,
which is peculiar for the constant stak/(470)).

The situation is rather different in the opposite limit of slow
diffusion, which is mainly studied experimentally. There the
total efficiency of diffusional recombination from the fixed start
should be linear iD, as it really is forro = Tmin (upper solid
line in Figure 8). However, the true start at such diffusion is
far away from the near contact region and moves toward it when
diffusion increases. Therefore the points representing recom-
bination from either distributed®) or average @) initial
separation lie far below this line. Hence, the diffusional
acceleration of total recombination is actually less efficient for
remote starts, drawing near with diffusion, than for the fixed
and the closest one. Qualitatively the same happens to triplet
efficiency: all related points are below the lower solid line,
though those calculated from averagg (nitial separation are
closer to it than those from distributed) initial separation.
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Figure 9. The total (above) and triplet (below) efficiencies of
recombination obtained with contact (— —) and exponential )
approximations of the recombination layer.

V. Remote Start and Remote Recombination

As a matter of fact, there are no grounds to consider
recombination as contact, except the simplicity of the yields
calculation. There is the unified theory recipe given in ref 10
(section IX E) how to calculate the averaged yields,

Ps= f§0s(r')fo(r') d’r YT = f§0T(r')fo(r') d’r

p=1-¢s— @7 (5.1)

expressed via the partial yields of the singlet and triplet
recombination products

@d(r") = [We(r)psdr.r',0) dr and
@r(r) = S Wr(N)sr(r.r,0) &r (5.2)

that can be found at ars(r) andWx(r). All that we need is
the Laplace transformations of the Green functipsgr,r’,s)
and pst(r,r',s), which obey the set of equations for RIPs

J. Phys. Chem. A, Vol. 111, No. 18, 2003463

_ 190 2 rclr d —rJr _
rnS_ksmT 3ksmS+D28r are Mg
Wy(r)ms + Won(r )N (5.4a)
_ 190 2 rc/r d —rJr _
- kSmT+3k$rnS+D28r 3re My

Wi(r)m; (5.4b)

identical to eqs 9.6 from ref 10 but with reflecting boundary
conditions (andng(0) = my(0) = 0). Heren andN borrowed
from egs 3.2 and 3.4 determine also the initial RIP distributions
egs 3.1 or 3.5. Taking the integrals

o) = [ [Werymg(r 1) & dt = y g,
$r(r) = 77 [We(D)my(r.t) & ot = iy

we get the photoionization yields of the singlet and triplet
products. They differ fronps and¢r(r') by only the multiplier

CKT

w=cfmyn)dr =17 (5.5)

1-79

which is the RIP yield related to the fluorescence yigldnd
Stern—Volmer constant as usu#.

The recombination rates are usually more extended than the
ionization one due to the larger exergonicity of the backward
electron transfer. To account for this feature using the expo-
nential models (eq 1.7), we assumed that

g > 1, (5.6)
Under this condition, the total efficiency of remote recombina-
tion is a non-monotonous function of diffusion (red line in
Figure 9), contrary to what was obtained in the contact
approximation (the blue line there). This is due to diffusional
deceleration, following the diffusional acceleration of the
recombination. At the greatest diffusion, the initial ion distribu-
tion coincides in shape withVi(r).1° Under condition 5.6, it
appears to be narrower than the recombination layer common
for the singlet and triplet exponential rates (eq 1.7). Therefore

subjected to spin conversion and remote double channelthe recombination is weaker the faster the ions get rid of this

recombination (eqs 9.27 in ref 10):

—o(r — r")l(4nr®) + SPss= KPst — 3kfPsst LPss—

Wq(r)pss (5-3a)

SPst = —kfst + KPss+ L Pst — Wi(r)Psr  (5.3b)

The encounter diffusion operator

L = "‘1 a Zerc/ra
ar

efrclr
2 ar

should be used in eqs 5.3a,b together with the reflecting

boundary conditions. Solving these equations for only highly

polar solvents, we ignored the Coulomb interaction, setting to

zero the Onsager radius.

The results presented in Figure 9 were actually obtained using

the program Qyield developed by Dr. Krissinel (see http://
www.fh.huji.ac.il/ krissinel/software.html). It allows the straight-
forward calculation of the singlet and triplet pair densities,
obeying the set:

layer interior. Passing the maximum, the total recombination
efficiency Z shown by the red line falls off with the further
increase oD.

Finally it approaches the plateau, which is lower than the
kinetic one reached in the contact approximation (blue line).
This pseudo-kinetic valueZ., can be found from the fast
diffusion approximation fokp:

[owi) dr
5~ PONO AT

JWi(r) d*r

whereg(r) is given by expansion 3.5 in ref 21 valid for a single-
channel recombination:

=1- at D—o

Z,
5 (5.7)

1+2,1+212 AL+ 06+ 21) e

1+96

pr)=1— (5.8)

Here

x=kJky, A=Ixl20, 0= (r—o)lo
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Figure 10. Fitting the theoretical efficiencies—) to the real
experimental data for totah{ and triplet ) recombination efficiencies,
using the exponential models for both ionization and recombination
rates. Parameters obtained from the best fit are the followig=
29.12ns, We=77ns1=1.2W, |, =0.81 A lr=1.24 A ks=0.75
ns%, ando = 7.5 A. Analogous to Figure 3.75 in the ref 19.

wherek, = [Ws(r) d® is the singlet recombination constant,
while the diffusional recombination constaks = 470D, as
usual. Although this expression was derived for only the singlet
recombination at fast diffusion, it is applicable to our double
channel model as well, since Bs— o the triplet recombination
being under spin-conversion control is finally switched off. As
follows from eqgs 5.7 and 5.8

7 = W,
1+ 24, + 21,9,
A1+0+2) e e 1+ 6)dd (5.9)

S+ 20+ 227

wherel, = 1)/(20). Z is the height of the red plateau, which is
really a bit lower than the blue one, appearing in the contact
approximation: lin—. Z = Ko/(47Tmin).

However, the principle difference between remote and contact

recombination is seen only in the slow diffusion limit. There
the high peak irZ and related increase # makes it more flat

near the maximum. Since this diffusion region is the same as

in real systems, it is worthy of special attention. In Figure 10,

Gladkikh et al.

VI. Conclusions

Such an excellent fitting does not prove that the theory is
actually the best. There are two essential weaknesses that we
hope to eliminate in the near future.

eThe exponential models for the ionization and recombination
rates should be substituted by the Marcus formulas for these
rates, which relate them to the true free energies of the reactions,
as well as to the reorganization energy in a particular solvent.

eThe true hyperfine interaction mechanism of spin conversion
should be substituted for the phenomenological rate model of
spin transitions in the RIP.

«The difference in size and encounter diffusion coefficients
of ions and their neutral precursors should be taken into account
especially in polar solvents.

Hopefully these improvements will enable the theory to
correspond better with the fast diffusion experiments and relate
the spin-conversion rate to the true values of the hyperfine
interaction in particular radicals. However, this will not change
our main conclusions:

eThe contact reaction approximation can be reasonable for
only heavy particles and proton transfer in liquids, whereas the
electron transfer either forward or backward is not contact.

eThe shape and width of the remote transfer rates strongly
affect the yields of reaction products, changing essentially their
diffusional dependence.

The unified encounter theory is the universal instrument for
investigation of any transfer at any diffusion rate.

References and Notes

(1) Schulten, K.; Staerk, H.; Weller, A.; Werner, H.-J.; Nickel,B.
Phys. Chem. (Frankfurt/Main}976 101, 371.

(2) Schulten, Z.; Schulten, KI. Chem. Physl977 66, 4616.

(3) Werner, H.-J.; Staerk, H.; Weller, A. Chem. Physl978 68, 2419.

(4) Weller, A.; Nolting, F.; Staerk, HChem. Phys. Letll983 96, 24.

(5) Weller, A.; Staerk, H.; Treichel, Rraraday Discuss. Chem. Soc.
1984 78, 271.

(6) Michel-Beyerle, M. E.; Haberkorn, R.; Bube, W.; Steffens, E.;
Schraler, H.; Neusser, H. J.; Schlag, E. Whem. Phys1976 17, 139.

(7) Brocklehurst, BChem. Phys. Lettl974 28, 357.

(8) Gladkikh V. S.; Burshtein A. I.; Angulo G.; Grampp 8hys. Chem.
Chem. Phys2003 5, 2581.

(9) Steiner, U. E.; Ulrich, ThChem. Re. 1989 89, 51.

(10) Burshtein A. l.LAdv. Chem. Phys200Q 114, 419.

(11) Burshtein, A. I.; Neufeld, A. AJ. Phys. Chem. B001, 105 12364.

(12) Neufeld, A. A.; Burshtein, A. |.; Angulo, G.; Grampp, &.Chem.
Phys.2002 116, 2472.

(13) Angulo, G.; Grampp, G.; Neifeld, A.; Burshtein AJl.Phys. Chem.
A 2003 107, 6913.

(14) Burshtein, A. |.; Krissinel, EJ. Phys. Chem. A988 102 516.

(15) Burshtein, A. 1.Chem. Phys. Lettl992 194, 247.

we see these very features first subjected to experimental and (16) Dorfman, R. C.; Fayer, M. DI. Chem. Phys1992 96, 7410.

theoretical study in ref 8 but given preliminary noncontact
interpretation only in ref 19, For better fitting, we did not assume
Ws equal toW; but took Ws = 1.2M\. Only at the greatest
diffusion, the experimental points deviate a bit from the
theoretical curves, but all the rest are fitted quite well.

(17) Kilin, S. F.; Mikhelashvili, M. S.; Rozman |. MOpt. Spectrosc.
1964 16, 576.

(18) Steinberg, I. Z.; Katchalsky B. Chem. Phys1968 48, 2404.

(19) Burshtein, A. . Adv. Chem. Phys2004 129, 105.

(20) Krissinel, E. B.; Agmon, NJ. Comput. Cheml996 17, 1085.

(21) Burshtein, A. I.; Zharikov, A. A.; Shokhirev, N. \J. Chem. Phys.
1992 96, 1951.



