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1. Dependence of the geminate recombination probability on a medium polarity

The probability of geminate recombination in irradiated propylene carbonate (PC) exhibiting
&293 K)=~65seems to be vanishingly small. Indeed, the average distance, R, between the primary
charge carriers in organic media is about of several nanometers [S1, S2]. In liquids, the
probability of the recombination of an isolated RIP is usually estimated as exp(-R/R(), where
Ro=e%/ekT is the Onsager radius [S1, S2]. The latter equals approximately to 56(nm)/e at room
temperature and does not exceed the typical R values at the dielectric constant £>20. It is also
known that the free ion yield in PC is close to saturation plateau that is observed at further
increase in dielectric constant [S3]. This fact might be interpreted as that almost all created ion
pairs escape the geminate recombination in media with such high dielectric constants.

However, the abovementioned Onsager’s result has been obtained for sizeless charges. In the
extreme polarity limit, when the long-range interaction of ions can be neglected, two particles,
which were initially separated by the distance R, would encounter at the contact radius of a<R
with a probability as large as a/R [S4]. This probability is not a negligible value if the distance of
the irreversible recombination of RIPs amounts to about of 1-1.5 nm.

The only way to estimate accurately the geminate recombination probability in the conditions
of a radiation experiment is a computer modelling of diffusion and drift motion of ions in a
radiation spur. Such modelling has been performed using the model of radiation-induced
processes suggested in ref S5. In the cited work, it was shown that an average spur formed upon
20 keV X-ray irradiation in liquid dodecane was of a 5-9 nm radius and contains initially 4-5 ion

pairs. The starting distribution of distances between the ions in each pair was described by an



exponent with a mean distance between the particles as large as 4.5 nm. Ion recombination
radius was assumed to be equal 1 nm. The role of the solvent polarity was estimated performing
all the calculations for two variants differing only by the value of dielectric constant, 2 or 65, of
the continual medium.

During the modelling, geminate recombination events involving ions initially created as the
same ion pair, F(?), were recorded separately from other, cross recombination events, F¢(?). An
involvement of excited states as well as of neutral radicals was neglected. Here, we present
results obtained for the ion’s mobility equalled to 104 cm?/Vs that are expected for molecular
ions in a solvent with the viscosity of 2-3 cP. Trial calculations showed that the usage of more
complicated models with changing carriers mobility or the formation of secondary ions due to
scavenging the primary ones does not affect the proportion between F(?) and F(t) dependences
except for very early times. The use of the distribution function of other shapes with the similar
mean distance between primary ions would give rise to some variations in the calculation results,

but these changes are non-essential for the present work.

N 0.8
10
N (@)
102 = 06
10 ';';O
= | =
ED ED 0.41
£=65 E
L° 0.2-
104 3
- =2
— 0L —
00 05 10 15 20 00 05 10 15 20

Time/ ps Time/ ps
Fig. S1. a) Calculated recombination rate, Fi5(?), of geminate ion pairs for the spur described in the text in

the case of low (line) and high (circles) polarity of medium; b) Fraction of geminate ion pairs, Fg(2),

among all recombining pairs Fg(t)+Fc(?) at the solvent polarity indicated in the graph.

Fig. Sla shows on the semilogarithmic scale the calculated rates of the geminate
recombination, F(?), for both the cases. Note that at the higher polarity, the recombination rate
of geminate pairs becomes, after a time, higher as compared to the medium with a lower

polarity. This result does not contradict to the much larger, ca. 44%, calculated free ions yield at
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€=65 as compared to ca. 2.5% at €=2, since, though it is hard to see from the figure, more than
half of the ion pairs in the non-polar solvent recombine within the first 10 ns. Partially, this effect
originates from the exponential shape of the distribution function of initial distances between
primary charge carriers.

Fig. S1b shows that the plateau levels of the fraction of the geminate RIPs among all
recombining pairs at more or less realistic conditions are comparable for both low and high
medium polarity. In any case, the geminate recombination probability is not reduced as
dramatically as could be expected on the basis of the familiar Onsager’s formula after the great

increase in the solvent polarity.
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2. Backgrounds of the method of time-resolved magnetic field effects

The correlation between spins of electrons, which fill a closed electronic shell in a molecule,
is kept after separating these electrons upon ionization of the molecule. The remaining
correlation is the base of the phenomenon of the magnetic field effects in the recombination
fluorescence of radical ion pairs (RIPs). In zero magnetic field (see Scheme S1), the spin states
of a RIP are nearly degenerate thus facilitating equilibration of the populations of all these states

due to hyperfine couplings (HFCs) as well as to phase paramagnetic relaxation [S6, S7].
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Scheme S1. Singlet (S) and triplets (T, Ty, T.) spin sub-levels of a radical ion pair in a small (left part) and

in a strong magnetic field (right part) neglecting spin-spin interactions between the partners. Arrows show
S-T mixing due to hyperfine couplings as well as phase paramagnetic relaxation in the radical ions. The
wavy line is to emphasize that fluorescence can appear only due to the recombination of the RIP in its

singlet state.

In a relatively strong magnetic field, these interactions as well as Zeeman interactions of the
radicals composing the RIP, result in mixing of the singlet with, roughly speaking, single triplet
state, Ty, only. Therefore, if the singlet spin state population were monitored via fluorescence
from the S-state then, in the idealised situation with neglecting spin-lattice relaxation, the
intensity of the recombination fluorescence after singlet-triplet mixing would increase by up to a
factor of 2 as a response to turning the magnetic field on.

The above picture is valid only for an isolated RIP, while in the radiation track some RIPs
recombine being composed of radical ions created due to ionization of different molecules. In
such RIPs, no essential initial spin correlation could be expected. As the first approximation, the
pulsed irradiation of a luminophore solution results in the decay of the recombination
fluorescence intensity, /(¢), which is proportional to the recombination rate of the RIPs in the

singlet spin state:
1(t) < Fo (1) pss() + Fc (/4= [0 - pss () + (1 =0)/4] - [ Fo(1) + (V)] (S1)

Here Fs(t) and F(t) are the recombination rates of RIPs of different types as determined

above that are believed to be independent on an external magnetic field. p(?) is the time
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dependence of the singlet state population of the initially singlet-correlated RIPs; the
uncorrelated RIPs are in the singlet state with the probability of 0.25. In eq. (S1), the second
approximate equality was derived assuming that the fraction 0=Fg(2)/[Fc(t)+Fs(t)] of the spin-
correlated, “geminate” RIPs does not vary significantly with time. For some time ranges, this
assumption can be substantiated with a computer modelling like presented above.

Because of complexities related to the experimental determining the RIPs’ recombination
kinetics, it is much more convenient to study the ratio of recombination fluorescence decays,
Ip(t) and Iy(1), recorded at the strong and zero magnetic fields, respectively. This ratio is referred

to as the time-resolved magnetic field effect (TR MFE):

1,00 _0-ph@)+(1-0)/4
1) 0-pls()+(1-6)/4°

where superscripts B and 0 point to strong and zero external magnetic fields, respectively. The

(52)

pss(t) dependence can be calculated analytically for some particular cases as presented below.
Of course, the observability of TR MFE in experiments also depends on many other factors like
the paramagnetic relaxation, strong spin-orbit or exchange interactions as well as the separation
of electron spin and electric charge due to chemical processes.

The RIP’s singlet state population, p(?), can be evaluated at the magnetic field B as
previously suggested (see, e.g. [S6, S7]):
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where 1/T; =1/T4); 2+1/T ), > are the sums of the longitudinal and phase relaxation rates of the
RIP partners; T) is the parameter to describe phase relaxation in a zero magnetic field in the same
manner; Ag denotes the difference between the g-values of the RIP partners; fis the Bohr
magneton. Subscripts “a” and “c” are to indicate that a particular parameter relates to radical
anion and radical cation, respectively.

In this work, the contribution of HFC to the spin dynamics was calculated using the semi-

classical approximation [S8] of functions G(z) as the following in the field units for o,
GO = [1+2-(1- 2 —(yot)* /2
(1= [1+2-(1=(yo1)*)-expl~(yon)* /2)], (55

G (1) = exp[~(yot)* /2)], (S6)



where o7 is the second momentum of the radical ion EPR spectrum, y=g// is the electron
gyromagnetic ratio.

To visualize the effect of ¢ and Ag, in Fig. 2S two calculated TR MFE curves are shown for
the case of a RIP, which is composed of partners exhibiting unresolved EPR spectra with,
conditionally, 6,=0.3 mT and ¢,=0.1 mT. One of the curves was calculated at Ag=0 while
another one was done at 4g=0.003 (B= 1T). At negligible Ag value, the peaks in the TR MFE
curve are located at nearly 1/yo if 0, and g, values are different [S7]. The obvious difference
between the TR MFE curves is due to the cosine term in Eq. (S3), which provides an oscillatory
behavior in strong magnetic fields. The oscillations decay on a time scale determined by the
characteristic time of the singlet-triplet mixing caused by HFC, that is of the order of inverse

EPR spectrum width in frequency units.
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Fig. S2. Calculated TR MFE curves for singlet-born (6=1) radical ion pairs ensemble in the absence of
paramagnetic relaxation. Parameters are 0,=0.3 mT and ¢,=0.1 mT; Ag=0 (line) or Ag=0.003 (circles) at

B=1T.

For the modeling of experimental data, the second moments of the spectrum, o2, for radical
ions of perdeuterated para-terphenyl (pTP-d,4) were calculated using the data on the pTP-/4
[S9, S10]. The o value amounted to 0.074 mT and 0.069 mT for the radical cation and the
radical anion, respectively. Note that the g-values for the pTP radical ions are very close to each

other and amount to ca. 2.0028.
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