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Radical Cations of Branched Alkanes As Observed in Irradiated Solutions by the Method
of Time-Resolved Magnetic Field Effect
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Spin dynamics in radical ion pairs formed under ionizing irradiatiom-bExane solutions of two branched
alkanes 2,3-dimethylbutane and 2,2,4-trimethylpentane has been studied by the method of time-resolved
magnetic field effect in recombination fluorescence. Experimental curves of the magnetic field effect are
satisfactorily described by assuming that the spin dynamics is determined by the hyperfine interactions in the
radical cation (RC) of branched alkane under study with hyperfine coupling (HFC) constants averaged by
internal rotations of RC fragments. The HFC constants determined from the magnetic field effect curves are
close to those estimated within DFT B3LYP approach. Analysis of the results indicates that at room temperature
the lifetimes of the RC of the studied branched alkanes amount to, at least, tens of nanoseconds.

|. Introduction could be attributed to these RCs have been detected. Thus, the
range of lifetimes of the radical cation of branched alkanes in
solutions is still an open problem.
In this work, the method of time-resolved magnetic field

ffect (TR MFE) in recombination fluorescence of spin-
correlated radical ion paits1%is applied to detect RCs of 2,3-
dimethylbutane (DMB) and 2,2,4-trimethylpentane (TMP) in
n-hexane solution at room temperature and to estimate the range
of their lifetimes. In contrast tor-alkane RCs, which were
investigated recently using the same apprddcRCs of
branched alkanes being created in solution exhibited a resolved,
partially, hyperfine structure. This allowed us to assign HFC
constants with protons in these RCs, and to compare these with
the results of the B3LYP/6-31G* calculations.

The radical cations (RCs) of aliphatic hydrocarbons have been
studied in detail upon their stabilization in low-temperature
matricest—® Under these conditions, it is possible to record both
optical absorption and ESR spectra of these species as well a
products of their decay. The advantage of ESR method is that
it provides information on the structure of RC and its internal
motions that lead to the modulation of hyperfine coupling (HFC)
constants.

Less is known about RCs of alkanes formed in liquid
solutions. The pulse radiolysis technique was used to observe
absorption spectra of series of alkane RCk.was impossible,
however, to apply a conventional ESR method under these
conditions because of rather short lifetime of alkane RCs.
Consequently, the ESR spectra of only a few alkane RCs havell. Experimental Section

been detected using a highly sensitive method of optically  The delayed fluorescence whexane solutions of the studied
detected ESR (OD ESR) of radical ion pairs branched alkane+30 uM of p-terphenyleis) was recorded

It was established that at room temperature the lifetime of sing a nanosecond X-ray fluorometer described elsewfere.
the RC is within a submicrosecond range for some cyclic A sample with a solution under study was irradiated by X-ray
alkane$ and that falls into the range from several nanoseconds pulses with quantum energy of about 20 keV and a duration of
to several tens of nanoseconds for radical catiomsatianes12 about 2 ns. The fluorescence decays in the magnetic field of

The data on the lifetimes of branched alkane RCs in liquid yp to 1.15T and in zero field0.05 mT) were recorded in the
solutions are rather contradictory. On one hand, the OD ESRsjngle photon counting mode. OD ESR experiments were
spectra of hexamethylethane RC has been detected in liquidperformed using the same setup as described elseWere.
n-pentané& andn-hexane'? thus indicating that the lifetime of n-Hexane and cyclohexane were treated with sulfuric acid,
this RC is, at least, several tens of nanoseconds. On the othefyashed repeatedly with water, dried, and driven over Na. Then
hand, an opinion prevails that the RC of branched alkanes they were passed several times through a column with activated
transform into some products over a subnanosecond time rangeg|ymina. 2,3-Dimethylbutane (Fluka, 99%), 2,2,4-trimethylpen-
This view seems to be supported by the results reported bytane (Fluka, 99%), and squalane (Aldrich, 99%) were passed
Tagawa et al. in ref 7. In the cited work the authors have through column with activated aluminum oxide. 2,4,4-Trim-
attempted to obs_erve the optical absorption of RCs of neopen-ethylpentene-2 (98%), tetramethylethylene (98%), prter-
tane and 2,2 4-trimethylpentane at room temperature using thephenyld,, (98%) were used as received from Aldrich. Solutions
method of pulse radiolysis. However, no absorption bands that ere degassed by freezpump-thaw cycles. The experiments
were performed within the temperature range of 2333 K.
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fluorescencé(t) measured with and without magnetic field. For
delayed fluorescence due to recombination of radical ion pairs
we havé3~16
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Here 6 is the portion of the pairs born in a singlet-correlated
spin statepsdt) is the time-dependent population of the singlet
spin state of the pairs, and the indidsnd 0 correspond to
the measurements made in high and zero magnetic fields, a
respectively. Evolution of the singlet state populatiggt) in

high and zero magnetic fields, respectively, obeys the equa-
tions'3.16
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whereT; and T, are spin-lattice and phase relaxation times
for electron spin polarization of radical pair in a high fiefsg

is the difference in thg-factors of the radicalgy is the effective
time of the phase relaxation in zero field, aB¢t) is a function

determined by HFC constants in radical ion. The indices a and b
c refer to radical anion and radical cation, respectively.
It is known that at high magnetic field, th@88(t) function Figure 1. Energy favorable conformations of DMB (a) and TMP (b)

can be expressed analytically upon arbitrary isotropic HFC radical cations. The rotation aroune-C bonds shown by arrows leads
constants in a radical. On the other hand, in zero magnetic field, 0 transition from one stationary point to another of the ground
an analytical formulation is possible only for a few cases, S'ectronic state’s PES (see the text).

particularly for equivalent nuclég In the present work, except the central G-Cs bond in case of 2,3-dimethylbutane RC

for tetramethylethylene RC, having 12 equivalent protons, (DMB*) and around the £-C, bond for 2,2,4-trimethylpentane

Gg(t) fgnctions were calculated by means ofa fece"“Y deriveq RC (TMP*). The dihedral angleg characterizing the rotations
analytical solution for two groups of equivalent magnetic nuclei in DMB*+* and TMP™ are denoted in Figure 1a,b, respectively.

. 8 ) ;
n ab radical. deprests)lops fgr_ thhese' flénCt'OESTr?re rather hThe types of stationary PES points found were assigned by the
cumbersome and can be found in the cited work. This approach,,j .=\ ibrations analysis.

is sure to be justified even if except for the two groups of — penendences of the energies of DMEnd TMP™ species
magnetic nuclei having dominating HFC constants there are on the value ofp are shown in Figure 2a,b, respectively. The

some nucl_el with a smaller HFC in a radlcal..As shown in ref total energy valuesy) as well as relative one&¢) calculated
19, the existence of small HFCs causes additional damping ofsor the stationary structures of DMB and TMP™* are sum-

oslcillat_ions in the TR MFE curves that looks like phase 56 in Tables 1 and 2, respectively. In all conformations
relaxation. . . of the RCs discussed, the unpaired electron is mainly located
The contribution ofp-terphenyld;s (pTP) radical anion to on the G—Cs bond, which is in agreement with the data

spin dynamics was calculated using a quasiclassical approxima-, aijable in the literaturé The length of this bond for various

tion® in terms of whichGy(t) andG®(t) in eqs 2 and 3 are to  onformations is within the range 2-2.3 A for the DMB'

be determined from the equations and somewhat less for the TMP
1 vo In the case of DMB-, taking into account the correction for
Gty = §[1 +2(1— ’t)-e 7 (4) the zero-point vibrations energy (ZPE), we get two substantially

different conformations that correspond to the local minima of
PES and differ in the angle of rotation about the centeatC;
bond. Angles ofp ~ +60° correspond to reflection symmetrical
5 . . conformations. Interestingly, after the correction for ZPE the
whereo? is the second moment of radical anion ESR Spectrum ¢4 nqition state ap = 180 transformed to the lowest in energy
in units of angular frequency. PES minimum for DMB"*. Figure 1a presents the conformation,
which corresponds tep = 18C.

For TMP**, we also have the pair of equivalent in energy
reflection symmetrical conformations, which correspond to the
Conformations. Quantum chemical calculations of the local PES minima ap ~ £60°. Similarly to the case of DMB,

stationary conformations and HFC constants of the RC under after the correction for ZPE the local PES minimum for TMP
consideration were performed at the UB3LYP/6-31G* level shifted from 174 to 18C. Figure 1b shows one of the two lower
using the GAMESS prograft. We studied the adiabatic in energy conformation of TMP (¢ = 60°). Within the same
potential energy surface (PES) section along the rotation aboutapproach, the optimized geometry of neutral molecules of TMP

Gty =e 72 (5)

IV. Results of Quantum Chemical Calculations of Radical
Cations Under Study
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Figure 2. Energy profile of internal rotation in DMB (a) and TMP (b) radical cations according to the data obtained by the UB3LYP/6-31G*
method taking into account corrections for ZPE. The anglef rotation around €C bond involved is measured as shown in Figure 1. In part b
the energies of stationary points of the rotation profile for TMP neutral molecule as calculated within the same approach are shown aA}riangles (

TABLE 1: Characteristics of the Stationary PES Structures and HFC Constants § mT) with Protons As Calculated for the
2,3-Dimethylbutane Radical Cation along the Internal Rotation Coordinate¢?

¢, deg RPA Eio, au PES poirit Ee;, kcal/mol Ee#"Ed kcal/mol an,emT ave,, MT
0.0 2.286 —236.559803 TS 3.64 3.38(TS) 040 1.46
+60.4 2.008 —236.565605 min 0 0.15 (min) 0.82 1.56; 1.62
+113.3 2.205 —236.563319 TS 1.43 1.47 (TS) 0.03 1.48;1.62
+162.5 2.138 —236.564581 min 0.64 0.349) 0.40% 1.55; 1.56
+180.0 2.148 —236.563625 TS 1.24 0 (min) 0.47 1.55

aThe dihedral angle of the rotation about the centralC; bond (see Figure 1¥.The length of the central £C; bond.¢ As determined by
the normal vibration analysis. Note that corrections for ZPE change the'DWIBS shape! The relative energy corrected for ZPEHFC constant
with a-protons.f HFC constant with3-protons averaged over the gHrotons by group’s rotation.

TABLE 2: Characteristics of the Stationary PES Structures and HFC Constants § mT) with Protons As Calculated for the
2,2,4-Trimethylpentane Radical Cation along the Internal Rotation Coordinateg?

¢, deg  RPA Eior, QU PES poifit  Ere, kcal/mol  E?°Ed kcal/mol  ap,emT acH, mT a-pu,IMT ave,"MT
0.0 2.120 —315.131951 TS 2.20 1.26 (TS) 3.31 —-0.37 1.30 0.12
+60.0 2.070 —315.135465 min 0 0 (min) 0.43 -0.11;0.10 1.34 0.07; 0.45
+119.3 2.253 —315.124269 TS 7.03 7.01(TS) 1.31 -0.40 1.23 —0.03;0.14
+174.2 2.066 —315.132758 min 1.70 1.39% 6.95 —0.02; 0.25 1.37 0.20; 0.25
180.0 2.041 —315.131883 TS 2.25 1.03 (min) 7.21 0.19; 0.23 1.84 0.25

aThe dihedral angle of the rotation about the-C, bond (see Figure 1}.The length of the &-C; bond.¢ As determined by the normal
vibration analysis? The relative energy corrected for ZPEProton of CH groupf Protons of CH group.9 Protons oftert-butyl group averaged
over thetert-butyl and all of methyl groups rotatiofi.Protons of two methyl groups averaged over their rotation.

was calculated also and local minima of PES along the rotation electronic state of the studied RCs. Estimating HFC constants

around the @C, bond for the molecule were found. The
calculations predict these minima to correspong tangles of

for stationary conformations, we suggested that the rotation of
both methyl andert-butyl groups was very fast. A typical value

about+30° and 180. The energies of these minima as well as of the activation energy of methyl group rotation in hydrocar-
those of the transition states are presented in Figure 2b alsobons is 2-3 kcal/mol?2 and their rotation in RCs at room
Note that the positions of PES extremes are shifted insignifi- temperature is sure to be fast enough to average HFC constants
cantly along of the rotation coordinate while going from neutral with the methyl protons. The same is likely to hold for the
TMP to TMP"™. At the same time, the energy of the minimum rotation oftert-butyl groups in which all nine protons can appear
at ¢ = 180 as well as of the transition state @t= 0° is in equivalent positions. This assumption is supported by the
significantly changed. For the purposes of this work it is fact that in hexamethylethane RC all the 18 protons are
important that the minimum energy @t= 180 is higher in equivalent at room temperatute!3
neutral TMP molecule as compared to that of RC by about 3.6  Additionally, these methyl andert-butyl groups rotations
kcal/mol. It results in low €1%) abundance of TMP in were assumed to be incapable to rearrange noticeably the spin
conformations corresponding o= 180" at early nanoseconds  density and HFC constants in other fragments. Indeed, our
because these appear due to vertical ionization of TMP calculations fortert-butyl group rotation, starting from the
molecules, which are in thermodynamic equilibrium. TMP** conformation shown in Figure 1b, gave the value of
HFC Constants. In solution, radical cations of studied the energy barrier for the rotation as large as 1.9 kcal/mol and
alkanes can exist in various conformations with transition displayed a minor modulation of HFC constants with protons.
between them. These transitions are to lead to the modulation In the case of DMB*, the averaging of HFC constants in
and the averaging of HFC constants that affect the spin dynamicseach methyl group by their rotation and using the symmetry of
in the radical pair. RC allowed us to discriminate two groups of 6 methyl protons
To estimate the averaged values of HFC constants we havein each group and the group of 2 CH-protons. HFC constants
calculated energies as well as the HFC constants with protonscalculated for the stationary structures of DMBare sum-
that correspond for each stationary conformations of the groundmarized in Table 1.
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TABLE 3: Parameters for Modeling of the Experimental Time-Resolved Magnetic Field Effect Curves Presented in Figures 3
and 4 as Well as the Averaged Calculated Values of HFC Constants,(mT) with Protons in RCs

averaged values of HFC constants

radical cation parametérs obtained by DFT calculations, mT

2,3-dimethylbutane a(12H)=1.6 mT;a(2H) = 0.64 mT a(12H)=1.56
Ag~7 x 10 a(2H) = 0.36
T, = To =25 ns;T; = 2000 ns

tetramethylethylene a(12H)=1.67 mT;Ag~ 2 x 104" a(12H)~ 1.67
T, = To= 17 ns;T1 = 2000 ns

2,2,4-trimethylpentane a(l0H)= 1.3 mT;a(6H)=0.37 mT a(9H) = 1.34;a(6H) = 0.25
Ag~9 x 107 a(1H) = 0.59;a(2H) = —0.03
T, = To =60 ns;T; = 2000 ns

2,4,4- trimethylpentene-2 a(6H) = 1.65mT;a(1H) = —0.83 mT a(3H)=1.56;a(3H)=1.8
Ag~ 1 x 1074P a(lH)=—1.1;a(9H)=0.1

T, = To= 22 ns;T, = 2000 ns
aThe g-value shift relative tgTP radical anion (2.0027). ® Experimental value determined by the OD ESR method.

As for TMP**, we could distinguish several different mag-
netically equivalent proton groups after the averaging by methyl
andtert-butyl fragments rotation. Table 2 shows HFC constants
with the protons of these groups at stationary points of PES. It
is worth noting that transitions between these conformations
change most strongly the HFC constant for the CH proton.

In the next stage, we averaged the calculated values from
Tables 2 and 3 over the stationary conformations by assuming
that the statistical weight of accessible RC conformations with
the relative energ¥ (see Tables 1 and 2) is determined by
the Boltzman factor exp{E/kT). The second assumption was
that the transitions between such conformations occur rapidly
enough to provide the fast spectral exchange between the
corresponding lines of the radical ESR spectra. Recently, this

1 (E/1,(1)

Time / ns
approach was successfully applied to the HFC averaging in Figure 3. Experimental and calculated TR MFE curves for the

. . solutions of 0.1 M DMB inn-hexane in magnetic fields of 0.1 T (curves

radical anions of fluorobenzenés. o 1) and 1.1 T (curves 2) as well as for 3 mM TME in cyclohexane in
In the case of DMB®, where all PES local minima are  the magnetic field of 1.1 T (curves 3). The concentratiop®® was

separated by comparatively low-energy barriers, all the station-3 x 10 M in all the cases. Modeling was performed using the

ary conformations are considered as accessible. After theparameters from Table 3.

complete averaging of HFC constants, the protons constitute

two groups from 12 equivalent protons of methyl groups and )

from 2 protons of CH groups. The averaged HFC constants with RC of the series of normal alkanes and hexamethylethatfe.

the aforementioned protons are summarized in Table 3. n-Hexane whose ionization potential is higher than that of both

For the TMP*, the averaging of HFC constants over DMB or TMP was employed as a solvent. The branched alkane

conformations was carried out by assuming that fast exchangeunder study was added to solutions in concentrations 0f-0.03
occurred only between conformations corresponding to angles®-3 M to provide the fast{1 ns) capture ofi-hexane holes by
¢ of about 60 and 300 that were separated by the energy the solute. The molecules_ @kterphenyldi4 (PTP) seryed as
barrier of about 2 kcal/mol. The less favorable conformation €l€ctron acceptor and Igmmophore. The concentratiopTéf
(¢ = 180°) separated by the energy barrier of 7 kcal/mol was Was rather low (3< 107> M) to exclude the electron transfer
not taken into account. The resulting estimated average HFc from pTP to alkane radical cations within the time range studied.
constants in TMP* are presented in Table 3. TR MFE curves observed in these conditions was determined
The latter approximation is supported by the above-mentioned Y SPIN e\folut|on n the spin-correlated pairs (DMB(pTP™)
results of the calculations of local PES minima for TMP ©f (TMP™)/(pTP ). The main contribution to this evolution .
molecule whose conformational distribution is likely to deter- was m?de bY HFCs in the RC, because the HFC ConSthtS n
mine an initial conformational distribution of TMP im- the radical anion ofthe per_deuteratetbrphenyl were smaif:
mediately after electron transfer. According to these, the 'IDN:B R dadlcal Cat'}f’?_;;a‘;rEe ];?' shko‘W%tTeMeﬁa%mgegtal\lﬂand
probability to find the molecule in the conformation corre- lea_;u a}e. culrvei N B— Ooit'l'e . 1 &_“1 1
sponding tap = 180 is very low. Additionally, for the typical PTP solution inn-hexane ab = . (c_urves ) an@ = 1.
frequency 3x 102 s~ for isopropyl fragment vibration along T (curves 2) at room temperature. Besides, the curves fo_r the 3
the rotational coordinate gt ~ 60° this energy barrier height mM tetramethylethylene (TME)- 30 uM pTP solution in

results in a rather low rate of the transitions to the conformation cycl'o.hexane atB N 1'.1 T are presented (curves 3). This
atg = 180° (<2 x 107 s°9). Thus, within the time range studied additional experiment with TME was performed because TME

the presence of this conformation of the TMPcan be was idgntified to be the product of_ unimolecular decay of
neglected. DMB ™ in low-temperature freon matric88.Cyclohexane was
chosen as a solvent for TME to provide fast formation of TME
at comparatively low TME concentration. The higher rate
constant of secondary radical cation TKAEformation in
In this work, to observe RCs of branched alkanes the samecyclohexane 3 x 10! M1 s1) as compared to that in
approach has been used that was applied earlier for studyingn-hexane was known to result from the high mobility of

V. Experimental Results and Their Discussion
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As has been mentioned, after averaging over stationary

14 structures, in TMP* we can discriminate several groups of
protons with different HFC constants (Table 2). However,
3 because the analytical formulas for TR MFE curves modeling

1.3

are available only for two groups of equivalent protons, we have
tried to find the two sets of HFC constants to describe the
magnetic field effects observed for TMP solutions. According
to calculations, the averaged value of HFC constant for two
protons of the CH group is very small and may be neglected
in the modeling. As to the averaged HFC constant for CH
proton, its value depends strongly on the contribution of
conformation corresponding tp ~ 18C° with the largest HFC
constant. For calculated PES at room-temperature this contribu-
Time / ns tion was not taken into account (vide supra) and the calculated
Figure 4. Experimental and calculated TR MFE curves for the value of the constant is not largg(CH) = 0.59 mT (Table 3).

solutions of 0.1 M TMP inn-hexane in the magnetic field of 0.1 T Note, in the extreme case of free rotation its value gets much
(curves 1) and 1.1 T (curves 2) as well as for 3 mM TMP2 in larger

cyclohexane in the magnetic field of 1.1 T (curves 3). The concentration .
of pTP was 3x 1075 M in all the cases. Modeling was performed The good agreement between the calculated and the experi-

using the parameters from Table 3. mental curves for TMP solutions as presented in Figure 4 was
achieved by assuming that the spin dynamics was determined
cyclohexane primary radical catio”$> The decrease in TME by HFC with two groups of equivalent magnetic nuclei including
concentration allowed us to diminish the complication of the 10 and 6 protons. This is possible if the averaged HFC constant
spin dynamics due to the formation of dimeric species, for the proton of CH group is close to that of the protons of the
(TME)>*.%5 It should be noted that in cyclohexane solutions tert-butyl fragment. If we assume that in TMPthe main
the prompt luminescence is very strong at short times and contribution to HFC is made by two groups of either 9 and 7
insensitive to magnetic field. This luminescence effectively or 9 and 6 equivalent protons, a satisfactory description of the
masks the first peak in the curve 3. experiment becomes impossible. Under these two suppositions,
Table 3 summarizes the HEC constants of the DM&nd the curves that give the best description of the experiment are
TME™ as well as other parameters, which give the optimal almost the same and are depicted by the dashed line in Figure
modeling of the experimental TR MFE curves. Comparing 4. Importantly, only even numbers of equivalent protons with
experimental curves 1 and 3, we notice that the peculiarities of large HFC constant can result in a noticeable and positive'Seak,
magnetic field effects in the DMB and TME solutions are as related to the slower buildup of the TR MFE curve
observed at approximately the same moments of time. This background, at times about 30 ns. Therefore, the contribution
indicates that for both DMB and TME™ the HFC constants ~ of HFC with CH proton is likely to be higher than predicted by
for 12 equivalent methyl protons are very close. However, the Our estimations.
radical cations forming in these two solutions differ in their For TMP2, the magnetic field effect was modeled under
g-factors. In the case of TME solutions, we have failed to the assumption that the main contribution to spin dynamics is
observe any noticeable changes in the magnetic field effect with made by six protons of two methyl groups, neglecting the
increasing magnetic induction from 0.1 to 1.1 T that indicates difference in the HFC constants for these groups. In addition,
a minor difference in thg-factors of TME™ andpTP . The account was taken of the interaction with the CH proton for
g-value of TME™ as determined using OD ESR measurement which the HFC constant has a negative sign according to
in squalane solution of TME amounts to 2.0029, which is guantum-chemical calculations. Although in this case a good
actually close to that fopTP~ (2.00274). agreement between the calculated and experimental curves was
On the contrary, as shown in Figure 3, for DMB solutions, not achieved, one can note that the values of the dominating
the increase of the field causes substantial changes due to thélFC constants in TMP2, determining the location of the
shift of the g-value of DMB™ as compared with the radical —experimentally observed peculiarity (285 ns), are close to
anionpTP~*. According to modeling, this shift amounts to<7 those obtained by B3LYP calculations (Table 3). Besides, we
104, which is similar to the shift measured earlier for the RC have observed also the OD ESR spectrum of TKP&nd this
of another branched alkane, hexamethyletHaiténdicates that measurement also gave a close value for dominating the HFC
within the time range of 850 ns in the hexane solution of constant&(6H)~ 1.6 mT,g~ 2.0029). The modeling predicts
DMB, we observe a radical cation differing from TME one more peculiarity at 4050 ns, which has not been found
Besides, in this case, the magnetic field effect is well described experimentally. However, the peculiarity at such a long time
by the RC model in which an unpaired electron interacts with should be smoothed over by the small HFCs withjthgrotons
groups of 12 and 2 equivalent protons with HFC constants close of the tert-butyl fragment as well as due to nonequivalence of
to the averaged values of DMB calculated within DFT two methyl groups because of the absence of the rotation around
approach. We thus conclude that in our experiments, the radicalthe double bond. Table 3 summarizes parameters for which the
cation of 2,3-dimethylbutane is observed. curves in Figure 4 have been calculated.

TMP Radical Cation. Figure 4 shows the experimental and Because of too many protons with different HFC constants
calculated curves of TR MFE for the TMP at magnetic induction in TMP**, no peculiarities were observed in TR MFE curves
B=0.1T (curves 1) an® = 1.1 T (curves 2), as well as ones in this case at times longer than 30 ns. This was why the shift
atB = 1.1 T for 2,4,4-trimethylpentene-2 (TMP2, curves 3) of theg-value of TMP™ relative to that of thegTP radical anion
solutions inn-hexane and cyclohexane, respectively. TMP2  was obtained with lower accuracy as compared to the case of
seems to be a probable product of TMRlecay via splitting the DMB radical cation. Nevertheless, the obsergedalue
out the hydrogen molecule, as in the case of DMB. difference was typical for radical cations of branched alkanes.

(/1 ()
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Thus, having compared the experimental and model curvesVI. Conclusions
of the time-resolved magnetic field effect, we find thatthe RCs  Eqr the first time, the radical cations of 2,3-dimethylbutane
formed in the TMP and TMP2 solutions are quite different. and 2,2,4-trimethylpentane in solution have been observed and
Moreover, because the HFC constants obtained by both m0d9|-identified by app|y|ng the method of time-resolved magnetic
ing the magnetic field effect curves for the TMP solution and field effect. HFC constants with protons averaged by the fast
calculating by the B3LYP method nearly coincide, it is rotation of methyl groups and conformation transitions in the
concluded that in our experiments we observe the TMP radical radicals are determined. The constants obtained are close to
cation. those resulting from quantum-chemical DFT calculations. It has

Phase Relaxation and Lifetime of RCs.We varied the been demonstrated that at room temperature the lifetime of these
concentration of alkanes studied from 0.03 to 0.3 M and failed radical cations in solution is, at least, several tens of nanosec-
to reveal any changes in the magnetic field effect, which onds.
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