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MARY and Optically Detected ESR Spectroscopy of Radical Cations o€is- and
trans-Decalin in Nonpolar Solutions
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Optically detected ESR and magnetic field effect on recombination luminescence yield (MARY) spectroscopy
of spin-correlated radical ion pairs were used to sitidyandtrans-decalin radical cations in nonpolar solutions.

The differences observed tis- andtrans-decalin spectra are demonstrated to agree with the existence of
temperature-activated intramolecular dynamic transitiongims-decalin radical cation. In diluted solutions

with decalin added as acceptors, the MARY spectroscopy technique yields the spectra of the corresponding
radical cations even at room temperature. Under these conditions, the fast limit of dynamic transitions in
trans-decalin radical cation takes place. It is demonstrated that @isttand trans-decalin radical cations

take part in ioa-molecular charge transfer to a neutral molecule, the rate constant being close to the diffusion-
controlled one.

Introduction spectrum be assigned to the activation of transitions between
two nearly degenerate electron states.

In contrast with zeolites, in Freon matrices the two states
and the dynamic transitions between them have so far been
observed only fortrans-decalin radical catiof,but the cis-
decalin radical cations do not demonstrate such peculiarities.
We suppose that the same is true for hydrocarbon matrices as
well, which let us quantitavely describe all the experimental

Radical cations otis- andtrans-decalin have been studied
in Freon matrices and zeolites by ESR, as well as in
hydrocarbon solutions by optically detected ESR (OD ESR) in
CW56 and time-resolved® variants. Radical cations derived
from both isomers are fairly well stabilized in frozen Freon
matrices and zeolites, yielding resolved ESR spectra. However,

for hydrocarbon solutions their OD ESR spectra behave in a data. The analysis of MAgnetic field effect on Recombination

dramatically different manner. Thas-decalin radical cation lumin nce Yield (MARY tra) provid dditional arau-
OD ESR spectra in diluted cyclohexdfeand squalarié uminescence yie ( Spec a_) provides additional argu
ments in favor of such an explanation.

solutions were observed at temperatures up to ambient, but the . o ; . .
signals oftrans-decalin can be obtained only below 407R? Besides, in dilute solutions the r_adlcal cations of both
All efforts to detect signals of the decalin radical cations (i.e., tcrgrr?;g?;zc%fnsr'own to take part in the resonance charge
solvent holes) in nondiluted solutions at room temperatures have
failed. In the case ofis-decalin its lines vanish and disappear 4 .
at concentrations higher than 0.1 4t CiHig + CioHig— CigHig+ CigHag (2)

On the basis of such a behavior of the OD ESR signals, it
was assumédhat in hydrocarbon solutions radical cations are with the rate constant being quite close to the diffusion-

quickly deprotonated controlled one.
RH" + RH—R" + RH; (1) Experimental Section
The OD ESR spectra were taken under stationary conditions
trans-decalin reacting much faster than ttis-decalin isomer. ~ using an experimental settfomodified for conducting low-

However, by employing the pulse radiolysis technique, it was temperature experiments. The sample, containing about 1 mL
demonstrateld that thetrans-decalin radical cation lifetime  of solution in a quartz cuvette, was put into the microwave cavity
exceeds 100 ns even at room temperature. Thus, the deca@f a BRUKER ER-200D ESR spectrometer equipped with an
reactions cannot be responsible for the failure in getting its OD X-ray tube for sample irradiation and a photomultiplier tube
ESR spectra. (PMT) with a quartz light guide for fluorescence detection. The
ESR in Freon matricésand zeoliteshelped in determining ~ fluorescence was monitored through a light filtér< 360 nm)
that the radical cations of bottis- and trans-decalin have a  to cut off sample phosphorescence. The PMT signal was fed
couple of nearly degenerate electronic states with different ESRt0 a phase-sensitive detector. The scanned magnetic field was
spectra. The quantum calculati@nmedict minor differences modulated by a small alternating one at 170 Hz (the reference
in the electronic structures dfis- and trans-decalin radical ~ frequency of the lock-in detector). The microwave field
cations. Accordingly, the ESR spectra of both statescfer amplitude for the clystron operation at 200 mW amounted to
andtrans-decalin were observed in zeolitesThe energy gap ~ H1~ 0.45 G.
between the two quasi-degenerate highest occupied molecular The technique of OD ESR spectra registration at 77 K has
orbital states is comparable with the energy of interactions with been described elsewhereA special Dewar flask with a flat
the media, and these states may be involved in intramolecularbottom, serving as an output window for fluorescence, was used.
dynamic transitiond. We suggest that the observed temperature To take spectra at 4 K, a special double-wall Dewar flask of

transformations of theransdecalin radical cation OD ESR  ~2 dn® capacity was used. The external nitrogen coat was
made of polyurethane, the working end being cooled by the

€ Abstract published ilAdvance ACS Abstract®ecember 1, 1996. film of freely flowing liquid nitrogen (Figure 1). The sample
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Figure 1. Liquid helium OD ESR experimental setup: (1) PMT; (2)
light guide; (3) helium Dewar; (4) MW cavity; (5) X-ray tube; (6) MW
power input; (7), (8), (9) magnet poles, coils, and yoke, respectively.

fluorescence was led out by a quartz light guide, drowned in
liquid helium. A single load of helium Dewar sufficed for-3
h of continuous work. In the temperature range4® K the

sample temperature was varied by blowing helium, evaporating
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from a small helium cryostat fastened right under the microwave Figure 2. Temperature transformations of the OD ESR spectra for

cavity. The setup scheme is close to that described eérlier.
The sample temperature was controlled using a calibrated Fe
Au thermocouple.

The MARY spectra (sample fluorescence yield vs applied
external magnetic field) under X-irradiation were taken under
stationary conditions as described earlfenith magnetic field
modulation at 12.5 kHz and lock-in detection. Spectra are
recorded as first derivatives.

The solvents usedjs- andtrans-decalin (99%, Aldrich) and
cyclohexane (99%, Aldrich), were purified by passing through
a column with activated silica gel. Cyclohexane was also
distilled prior to column. The purity was tested by UV
absorption in the range 23225 nm. Prior to experiments the
samples were degassed tdl0~3 Torr by repeated freeze
pump-thaw cycles.

OD ESR Studies

The OD ESR techniqd&!®has proven to be a highly effective
method for studying short-lived radical ion pairs born under
the action of ionizing radiation in hydrocarbon solutidfs8
In typical experimental conditions, the radical ion pairs with
lifetimes longer than~100 ns can be easily detected.

Figure 2 shows the OD ESR spectrac# andtrans-decalin
solutions in squalane at different temperatures{4 K) with
naphthalenels added as electron acceptor and fluorescing
partner. The spectra @fansdecalin (Figure 2ad) andcis-
decalin (Figure 2a-d') were taken in similar conditions. The
spectra obtained for bottis- andtrans-decalin are in general

glassy solutions of & 1072 M naphthaleneds in squalane with added
(a—d) 0.3 M trans-decalin or (&d') 0.3 M cis-decalin.

2a—d). At 77 Kthe OD ESR spectrum @fans-decalin solution

in squalane consists of a single narrow central line due to
naphthalenels radical ions. At 21 K the lines of quintet50

G (4 H) arise, growing more intensive with temperature
decrease. The spectrum observédt &K is identical to that
observed for theérans-decalin radical cation in Freon matdx,
which allows it to be ascribed tvans-decalin radical cation
[(t-DEC)*]. Having lower ionization potential than squalane,
the molecules of bothis- andtrans-decalin effectively capture
matrix holes® However, one should mention that 4 K the
spectrum of (t-DEC) is about 30% less intense than that of
(c-DEC)" when normalized to the central line.

Since in Freon the cis and trans isomers give similar ESR
spectra at nitrogen temperatufteshe dramatic difference
observed in their OD ESR spectra in alkane matrices deserves
special consideration. It is well-known that in radical cations
of many cyclic alkanes (e.g., cyclohexane) the intramolecular
dynamic transitions between degenerate Jafgller states can
take place:2021 The latter leads to the modulation of hyperfine
coupling constants, which should reveal itself in the OD ESR
spectra. It is believed that a strong anisotropy and large shift
of g-factor, typical of these Jahfileller active radical cations,
result from the admixture of orbital stet&which also shortens
the spin-lattice relaxation times. It is reasonable to assume
that the observed transformation of resolved (t-DE€§pectrum
with temperature elevation also roots in these reasons: the

similar to those obtained using the time-resolved fluorescence dynamical averaging of hfi and the shortening of pair spin

detected magnetic resonance technigliat temperatures about
15-45 K. The 50 G quintet (4 H) in the spectruma$-decalin
solution in squalane at 77 K (Figure 'Rdas already been
identifiec®1® as pertaining to cis-decalin radical cation
[(c-DEC)']. An intense single line at the center of spectrum
arises from naphthalerdy-radical ions. As the temperature
decreases from 77 K to 4 K, the amplitude of (c-DEGignals
does not change (Figure '2a’). With trans-decalin being a

relaxation time.

ESR in Freon matricésand zeolite$helped in determining
that the radical cations of bottis- and trans-decalin have a
couple of nearly degenerate electronic states with different ESR
spectra (Table 1). Quantum chemical calculatigrsults that
the two highest occupied molecular orbitals (HOMOSs) in decalin
neutral molecule have low symmetry (correspondingyaad
be for trans and aand & for cis conformer). Thus, in this

positive charge acceptor, the situation is quite different (Figure case the JahnTeller theorem could not be directly applied.
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TABLE 1: Hyperfine Coupling Constants for cis- and trans-Decalin Radical Cations

cation matriR T, K hfi, G g-factor ref
(c-DEC)* ZSM-34 77 50 (4 H) 4
Na-Q -5 77 29.5(4 H) 4
CCl F 77-140 51.8 (4 H) 2.0032 3
c-Cs Fi2 77-140 50.3 (4 H) 3
SQ 290 50 (4 H) 11
c-Cs Hi2 290 51 (4 H) 10
n-Cs Hiz 180 51 (4 H) 10
3-MP 140 50 (4 H) 5
c-DEC 77 50 (4 H) 6
SQ 477 50 (4 H) this work
(t-DEC)* ZSM-34 77 51.5(4 H) 4
Na-Q -5 77 29.8 (4 H) 4
CCLF 77-140 51.3 (4 H) 2.0032 3
c-Cs Fr2 77-140 34.6 (4 H) (2.0080) 3
(1.9988)
CFs -cCs Fa1 4-77 52 (4 Hy< 0 (4 H) 3
0 (4 H)< 34.6 (4 H)
SQ 14-45 52 (4 H) 7
SQ 4-77 52 (4 Hy< —3 (4 H) [2] this work

5 (4 H)< —3 (4 H)
—~1(4H)<35(4H)

aZSM-34, Naf -5 = zeolites; SQ= squalane; 3-MP= 3-methylpentane; c-DE& cis-decalin.” hfi constants accepted for OD ESR spectra
simulation.

Figure 3. ESR stick diagram and schematic representation of HOMOs for two nearly degenerate states of #-Q&&B)tum chemically obtained
hfi constants are given in gauss. Only significant hfi were taken to demonstrate the effect of dynamic averaging.

However, the level splitting is not large, and the levels could 2) originate from the dynamic averaging of (t-DEGpectrum
be treated as nearly degenerate. The HOMOs of (t-DEC) structure and promoting spitlattice relaxation.
corresponding to two different electronic states are presented The analysis of the (t-DEC)OD ESR spectrum transforma-

in Figure 3. The spin density of the lower statdc is tion is presented in Figure 4. The curves Figure-dare the
concentrated on the central<C bond, resulting in large  nmerically integrated experimental curves from Figure @a
hyperfine interaction (hfi) couplings with four equatorieins normalized to the central line. With increasing temperature (4

;jprIOtO'F" dThe ellgctré)g genzlty qfléhe hlghe”r Sthaﬁt 'fs. 21 K), (t-DEC)' spectra evidently change: the amplitude of
elocalized on side onas, yielding smalfler nypertine ., sidemosi, = 2 lines drops as compared to thl = +1
couplings in the radical cation. As has been experimentally i : d the pits b he i hed
demonstrated? either the?Ag or ?Bg (t-DEC)" state may be ines (Figure 4&c), and the pits between the lines are smashed,
observed deplending on the matrix used. and moreover undelAt 77 K the resolved structure vanishes and the spectrum turns
certain conditions (elevated temperature and relevant matrix) NtC @ broad featureless background (Figure 4d). The observed
the dynamical transition¥g <> 2B could be experimentally spectrum transformation may be theoretically described in terms
observed. The calculations fois-decalin show that the energy ~ ©f the model of thermally activated dynamic transitions between
two states of (t-DEC). The curves Figure 4ad' present the

gap between two HOMOs in neutral molecule is also quite : : e

trans-decalin were observed in zeolittsHowever, in contrast ~ Molecular exchangétaken into consideratiofAg <> “Bg. The

with zeolites, in Freon matrices only the lower state of exchange was assumed to take place between two groups of
(c-DECYH- is experimentally observed (Table 1). One may protons with the hfi constants taken close to quantum chemically
assume that the same is true for hydrocarbon matrices as wellcalculated for (t-DEC) (see Table 1). The ratio of forward
Summing up, we suppose that the experimentally observedand back reaction rates was supposed to depend exponentially
differences incis- andtrans-decalin OD ESR spectra (Figure on the temperature. In order to account for the intensity
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Figure 4. Temperature transformation of the OD ESR spectra of 0.3
M transdecalin in glassy squalane solutions: —@ integrated
experimental curves; (ad') spectra calculated with two-site exchange
taken into consideration, exchange rates @ntheing () kag = 1C¢°

Sﬁl, kean = 5 x 107 Sﬁl, T, = 8ILtS; (U) kag = 107 Sﬁl, kea = 1.25 x
1Ps L Ti=2us; () kas =17x 10 s, kga =3.3x 10°s L, Ty

= 1#5; (d) kag = 5 x 108 Sﬁl, kea = 5 x 108 Sﬁl, T, = O.I/AS.
Microwave field amplitudeH; = 0.45 G. Central line of naphthalene
ions added for visual correspondence.

decrease, the relaxation time was supposed to decrease wit

temperature.

Figure 4a (see also Figure 2d) shows that K the ratios of
trans-decalin spectrum line amplitudes substantially differ from
the statistical onesthe sidemost lines are unusually strong. This

Tadjikov et al.

MARY Studies

As has been recently demonstratééf 28 the coherent nature
of spin-correlated radical ion pairs allows both the identification
and reaction studies of short-lived pair partners by their MARY
spectra. For a singlet-born radical ion pair the theoretical
calculations predict the nonmonotonous dependence of singlet
products yield vs external magnetic field in the region of weak
fields*®~33 due to level degeneracy and the resulting interference
of different S-T conversion channels. For a sufficiently long-
lived radical ion pair in the field where levels cross, the average
singlet state population turns out to be greater than in its vicinity,
resulting in narrow lines in MARY spectrum. The level crossing
points H* are determined by the set of hyperfine coupling
constants in both of the pair partners. In particular, the effect
of interference will announce itself at zero field for an arbitrary
set of magnetic nuclei in one of the pair partners provided that
the hyperfine couplings of the other are negligibly srfor
radical ion pairs where the hyperfine interactions are substantial
only for equivalent nuclei in one of the pair partners, local
maxima in nonzero fields could also be observed. For systems
with an integer total spin (e.g., for an even number of protons)
the most intensive maximum would be found in the field equal
fio triple the hfi constantH* = 3a).2"-3234 In addition to the
narrow lines the MARY spectra demonstrate a broad back-
ground, related to the effective spectrum width of the broad

partnerQ = 4/(2/3)y a2l;(li+1) = v 2A2

Figure 5 shows the experimental MARY spectra ai$-

phenomenon has already been observed in the OD ESR spectrQ:igure 5a-e) andtransdecalin (Figure Sa-€) solutions in

of alkane radical cations in alkane matri#e3°® and was shown

to arise from the spectral migration between the components
of hyperfine structure, revealing itself under strong microwave

pumping. In neat alkanes the migration is provided via-ion

molecular charge transfer (holes hopping) between the matrix
In diluted solutions studied a positive charge is

molecules.
stabilized on the acceptor molecule and the effect of-ion

cyclohexane at different concentrations taken at room temper-
ature. Since the effects of coherence should be particularly
pronounced for pairs with negligibly small hfi in one of the
partnersp-terphenyld; 4 (PTP) was chosen as electron scavenger
and luminophore. Because of magnetic field modulation the
spectra are first derivatives of the corresponding signals. In
the absence of decalin in the solution (Figure Jdhe spectrum
constitutes a narrow single line at zero field, pertaining to the

molecular charge transfer may be neglected. Thus, the anomapTpy/(PTPY pair with no broad signals. The width of the

lous distribution oftrans-decalin spectrum line amplitudes

should be completely ascribed to intramolecular transitions.

Remarkably, the spectrum ofs-decalin, where no transitions
take place, exhibits no anomalies (Figure)2d

zero field line corresponds to the second momemttefrphenyl-

di4 ions, and its phase reflects an increase in fluorescence
intensity with increasing magnetic field. Thus, there are neither
lines related to coherent effects nor broad background signals

As could be concluded from Figure 4, the assumption of in neat cyclohexane, which makes it a suitable solvent for these
intramolecular dynamic transitions allows one to describe the experiments.

main peculiarities of the (t-DEC)spectrum shape transforma-

Whencis-decalin is added to solution, the signal of its radical

tion. These results lead to the conclusion that the temperaturecation appears (Figure 3bwhose MARY spectrum in hexane
transformations of (t-DEC)spectrum are rooted in the dynamic ~ Was identified earlief’ The latter consists of an inverted intense
transitions, and the experimentally observed decreases in thdin€ at zero fieldH* = 0 G, and a satellite line in the field*

transdecalin OD ESR spectra intensity are the consequences™

of a faster spin relaxation due to electron energy level

degeneracy. Furthermore, an assumption that some other cycli
alkanes lack the OD ESR spectra (see Discussion) for the sam
reasons seems quite reasonable. The data obtained show tha

é%
. . . . identified by a line in the fieldH* = 3a. The correspondin
the increase in sample temperature up to the ambient one will y P 9

lead to the total dynamic averaging of hyperfine couplings in
(t-DEC)*, the resulting spectrum being formed by two groups
of protons a4 H) ~ 25 G and g4 H) ~ 17 G (see Table 1).
However, the short relaxation times of (t-DECht these

temperatures are likely to make the spectrum registration

impossible. Assuming that in the high-temperature limit the

150 G superimposed on the background with the total width
corresponding to the second moment of the (c-DEEBR

Spectrum. Since the spin evolutiondis-decalin radical cation

mostly driven by four equivalent protons with a(4 &)50
(Table 1), its MARY spectrum can be unambiguously

spectrum part (Figure 5is put into box for the sake of clarity.
The lines in the fieldH* = 0 andH* = 3a result from the
initial spin coherence in the radical ion pair (t--DEQPTP)
leading to observable features in the fields where spin energy
levels cross.

In general, the obtained MARY spectra ofs-decalin in
cyclohexane and their concentration transformations resemble

degenerate states are equally populated, it is quite easy tathose for hexane solutioR8. As has been demonstrat&the

calculate the predicted second moment of (t-DE€§)ectrum.
As will be further demonstrated, this value agrees fairly well
with that extracted from the experimental (t-DECMARY
spectra taken at room temperature.

observed transformations of MARY spectrum shape (Figure
5 —d") are due to the ionrmolecular charge transfer reaction
that the radical cations afis-decalin take part in (reaction 2).
With concentration increasing, the reaction grows faster, result-
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Figure 5. Experimental MARY spectra ofis- and trans-decalin solutions in cyclohexane at different concentrations® 30 p-terphenylel 4
added as luminophore. All spectra taken at room temperature. The satellite linect-tieealin radical cation &ti* = 3a is boxed. Arrow marks
narrow line of (PTPY/(PTP) pair.

j

ing in the corresponding broadening of individual spectrum decay oftrans-decalin radical cations (olefins):
components and the decrease of their intensities. The trans-

formations are fairly well described by the thedfyThe width CH.—=CH.T+H A3)
of MARY lines is directly determined by the (c-DEC) 107118 107116 2
exchange timeo: AH ~ A?/to, which allows the study of this
process. In line with the theory, in the region of slow charge
transfer the satellite line a* = 3a broadens and becomes Q = v2A? = 44 G expected from the OD ESR experiments.
unobservable atfg) 1 ~ 0.5 (Figure 58, and the total breaking ~ The absence of a satellite line is also quite natural, taking into
down of coherence and vanishing of the line at zero field consideration the nonequivalence of protons in the high-
requires thatdrg)~1 > 1 (Figure 5d). The spin system is then  temperature limit (see above).

cast in the region of fast charge transfer. All spectrum In line with theoretical predictions the increase tnans
peculiarities disappear, merging into a single structureless broaddecalin concentration (similar tcis-decalin) leads to the loss
line which completely disappears in nea-decalin (Figure 5¢. of spin coherence in the pair, resulting in zero field MARY
The weak normal phase line at zero field observed in spectraline broadening and the corresponding decrease of its amplitude
of Figure 5¢,d is analogous to that in neat cyclohexane (Figure (Figure 6a-d). The theory describes the observed spectrum
5d) and pertains to the parallel processes invohprgrphenyl- transformation quite well provided that the hyperfine interactions
di4radical ions. Extracted by numerical simulation, the charge in trans-decalin radical cation are driven by a set of nonequiva-
transfer rate constant for reaction 2 in diluted solutions is found lent nuclei (semiclassical description) with the total spectrum
to bek ~ 6 x 10° M~1s71 being quite close to the diffusion-  width Q = 44 G228 Actually, as has already been discussed,

(iii) the broad line observed corresponds to the second moment

controlled one. the trans-decalin radical cation may be found in two close
The MARY spectra ofrans-decalin solutions in cyclohexane energy states with possible transitions between them. In these
(Figure 5a-e) qualitatively resemble those dfis-decalin. states the (t-DEC)hyperfine interactions are mostly due to two

However, some significant differences could be noticed. The groups of protons with #4H) = 52 G and a4H) = 35 G,
broad line in thetrans-decalin spectrum has somewhat less respectively (Table 1). At low temperature th&g state is
width, and there is no satellite line in nonzero fields. The predominantly populated. The temperature elevation activates
inverted line at zero field is substantially suppressed, being the dynamic transition3Ag <> ?Bg, and the cation hfi will be
overwhelmed by a much stronger narrow (PTE)TP) line a1(4H) ~ 25 G and g4H") ~ 17 G in the fast-exchange high-

in normal phase. To get rid of this signal due to the hole capture temperature limit. The (t--DEC)ESR spectrum experimentally

by p-terphenyl molecules, experiments with lowered(1M) observed in CEcGCs F11 at 77 K is quite close to a(8HYy 22
p-terphenyl concentrations were carried out (Figure 6). In G3

diluted trans-decalin solutions, where charge transfer reaction = To achieve a full correspondence between the experimental
is practically turned off (Figure 6a), an intense central lidé& ( and theoretical MARY spectra, it turned out to be necessary to
= 0) of the MARY spectrum is observed. The following introduce quite a short intrinsic spin relaxation tinlg ¢ 7
considerations let one ascribe the observed signal ttraine- ns) in the radical cation, not related to the charge transfer process
decalin radical cations: (i) the spectrum does not practically (see solid and dashed lines in Figure')6aUnder these
depend on the solvent used; (ii) the spectrum transformation assumptions the theory reproduces the experimentally observed
with increasingtrans-decalin concentration testifies that the transformation of (t-DEC) MARY spectrum with concentration
spectrum does not belong to the products of monomolecular (Figure 6a-d), and the derived charge transfer rate constant
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Figure 6. MARY spectra oftrans-decalin solutions in cyclohexane at different concentrations:dfaexperiment, all spectra taken at room
temperature; (a-d') calculated for different cation exchange rge= 1/to with (t-DEC)" ESR spectrum widtlR2 = 44 G. Spin relaxation tim&;

~ 7 ns in radical cation, not related to charge transfer processes, was introduced. Dashed cpresedpats calculation in the absence of this
relaxation. 10* M p-terphenyld;, added as luminophore.

TABLE 2: Correlation between Existence of Dynamic Transitions and the Observability of OD ESR Signals for Radical
Cations of Cyclic Alkanes

cation T, K type of motion ref ODESRT, K) ref

(c-CsHe)* 4—102 transitions between three states 2 none this work
(c-GsHig)™ 4-110 inversion/pseudorotation 2 none 9,25
(c-GsHip) " 18-140 transitions between two or three states 2 none 10, 25
(Me-cGHg)™ 4-110 no transitions 2 present 25
(Me-cGH1p)* 4-173 transitions between two states 35 nonéq) 10

present (35) 9

present (4) this work
(1,2-Me-cCsH1g)* 4-173 no transitions 35 present 9
(1,4-Me-cCsH1g)* 4-173 no transitions 35 present 9
(c-DEC)" 4-170 no transitions 3 present b5
(t-DEC)* 4-125 transitions between two states 3 noné&q) *

present (445) *

a Studied by ESR in Freon matri® This work also.

for reaction 2k = 5.9 x 10°® M1 s71 is quite close to the effect). The dynamic transitions between close potential wells

diffusion-controlled one in cyclohexane. existing in these cations can be experimentally observed using
ESR? The activation energy of the transitions is typically not
Discussion large, 0.2-0.3 kcal/mol. The introduction of substitutes can
The analysis demonstrates that the peculiarities ofrdres- eliminate orbital degeneracy.

decalin OD ESR and MARY spectra at high temperatures root  Table 2 summarizes the knowledge about the degenerate
in the quasi-degeneracy of electron levels and the relatedstates in cyclic radical cations obtained by ESR in Freon
dynamic transitions and spin relaxation due to strong-spin matrices, as well as the information about the observation of
orbital interaction. We consider this fact to be important for their OD ESR spectra in alkane solutions. These data demon-
understanding the temperature transformations of the OD ESRstrate that the absence of degeneracy in radical cations should
spectra of other cyclic alkane radical cations in nonpolar be treated as the necessary condition for observation of its OD
solutions. ESR spectrum. In fact, the table shows that introducing two
It is well-known that the highest occupied molecular orbital methyl groups into the £ing completely eliminates degeneracy
in radical cations with certain elements of symmetry (methane, (dimethylcyclohexane). There are no dynamic transitions in this
ethane, some cyclic alkanes) is degenerate. Because of theystem, and the corresponding OD ESR spectra may be readily
instability of degenerate electron states these cation radicals arebtained even in liquid solutioh. The presence of a single
cast to distorted geometry of a lower symmetry (the Jafeller methyl group eliminates degeneracy only partially, and the
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intramolecular dynamic processes just grow a bit slower. In

this case the OD ESR signals amplitude appears to be temper
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cations arise at temperatures below the nitrogen one (methyl-
cyclopentane, methylcyclohexane). In highly degenerate sys-
tems (cyclohexane, cyclopropane) no OD ESR signals can be
observed even at 4 K. Therefore, one could conclude that the
degeneracy in the system of electron levels leading to spin .

relaxation in radical cation due to strong sporbital interaction

(10) Werst, D. W.; Trifunac, A. DJ. Phys. Chem1988 92, 1093.
(11) Melekhov, V. I. Unpublished results, 1986.
(12) Shkrob, I. A.; Sauer, Jr., M. C.; Trifunac, A. D. Phys. Chem.
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(14) stass, D. V.; Lukzen, N. N.; Tadjikov, B. M.; Molin, Yu. Kkhem.

is responsible for the absence of the signals of cyclic alkane Phys. Lett1995 233 444.

radical cations at high temperatures. The argument in favor of

a strong spir-orbital interaction is the anomalous shift of
g-factor, typical of all cycloalkanes studiéd. trans-Decalin

seems to be an intruder in this group since in its case the

(15) Anisimov, O. A.; Grigoryants, V. M.; Molchanov, V. K.; Molin,
Yu. N. DAN SSSRin Russian)1979 248 380.

(16) Molin, Yu. N.; Anisimov, O. A.; Grigoryants, V. M.; Molchanov,
V. K.; Salikhov, K. M. J. Phys. Chem198Q 84, 1853.

(17) Anisimov, O. A. InRadical lonic Systems. Properties in Condensed

degeneracy results from an accidental coincidence of electronPhases Lund, A., Shiotani, M. Eds.; Kluwer Academic Publishers:

level energies rather than from the presence of some required

elements of symmetry.

The closeness of the rate constants foriamolecular charge
transfer reaction incis- and transdecalin solutions to the
diffusion-controlled one should be explicitly mentioned. It is
well-known that the rate constant for hole transfer from donor
to acceptor with lower ionization potential depends on the
difference in their ionization potentialsl.3®37 In the region
of small Al the reaction of hole transfer from donor to acceptor
slows down, and whenal — 0 its rate drops by many orders

Dordrecht, Netherlands, 1991; p 285.

(18) Trifunac, A. D.; Werst, D. W. liRadical lonic Systems. Properties
in Condensed Phasgtund, A., Shiotani, M., Eds.; Kluwer Academic
Publishers: Dordrecht, Netherlands, 1991; p 195.

(19) Tadjikov, B. M.; Melekhov, V. I.; Anisimov, O. A. IfProceedings
of the FourthWorking Meeting on Radiation Interaction, Leipzig, September
21-25 1987; p 583.

(20) Lunell, S.; Huang, M. G.; Claesson, O.; Lund, A.Chem. Phys.
1985 82, 5121.

(21) Shiotani, M.; Lund, A. InRadical lonic Systems. Properties in
Condensed Phasedund, A., Shiotani, M., Eds.; Kluwer Academic
Publishers: Dordrecht, Netherlands, 1991; p 151.

(22) Toriyama, K. InRadical lonic Systems. Properties in Condensed

of magnitude because of the energy expenses on mediaPhases Lund, A., Shiotani, M., Eds.; Kluwer Academic Publishers:

reorganization and the tuning of intramolecular bonds of

Dordrecht, Netherlands, 1991; p 99.
(23) Tadjikov, B. M.; Lukzen, N. N.; Anisimov, O. A.; Molin, Yu. N.

reagents. Obviously, the charge transfer between identical chem’ phys. Let199q 171 413.

molecules ofcis- or trans-decalin does not obey this law and
proceeds much faster.
fact!2:38-40 that in neatcis- and trans-decalin the holes have
super high mobility. It is generally believed that this mobility
is provided by the holes hopping due to iemolecular charge
transfer, which yields higher mobilities as compared to common
molecular diffusion.
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