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The radical cation of quadricyclane (Q) was studied by pulse radiolysis at 133 K with methylcyclohexane
(MCH) as solvent, saturated with,®. The known solvent radical cations, MClnd its precursor NI, are
expected to produce Qby charge transfer. Although™Qwas known not to absorb in the visiblerange,
there was a very early absorption bandiaix = 720 nm (the transient is called™Q, which eventually
transformed into the cation of norbornadiene (NB®vith Amax = 650 nm. The analysis of the geminate ion
kinetics with the semiempirical 6 kinetic law revealed that Q@ decays faster than the isomer NBI%

built up. Q™ must be a precursor to the nonabsorbing @hich eventually isomerizes to NBDfollowed

by a back reaction with Q to re-form™QThe quantitative analysis revealed that a substantial amount of the
cations is lost before NBDis formed. This loss to a fragment or isomer (calleg &ccurs from Q". As this

loss dropped drastically for very low [Q],"Q must increasingly be bypassed by lowering [Q]. It turns out
that Q" is produced from M only (the higher energy precursor of the solvent radical cation MQH
competition with the transformation of Mto MCHT, the latter becoming dominant at low [Q], increasingly
producing @ directly from MCH?" without going through @". The loss yield (F) correspondingly loses.
The complete mechanism is given (Scheme 3). All the rate constants and the free ion contributions of all
cations were determined and, together with the kn@yrvalue, the absorption coefficients were derived.
Comparing these results with a mechanism proposed recently by Adam &tamn(Chem. S0d.995 117,
9693) suggests that™Qcorresponds to their cation'@), where the lateral bonds are oxidized! @ their
cation Q (i), where the internal bonds are oxidized, and&the Q isomer BHD" (the bicyclo[3.2.0]hepta-
2,6-diene cation). The precursor ionfMof the solvent, which is responsible for theé'@roduction must be

of higher energy than MCH however, its structure remains unknown. The two precursor catiohsakt

Q", are critically compared and discussed.

I. Introduction being from Adam et &.The existence of ®has been proven

by ESR and was proposed as an intermediate in many papers,
e.g., in CIDNP studi¢’sand in pulse radiolysi$lt was known

that a complex isomerization mechanism is involved. Unfortu-

lonic processes in nonpolar solvents are usually complex as
they follow dominantly nonhomogeneous kinetics with only very

small free ion contributions. This is particularily true for alkanes nately, quantum chemistry preditihat Q" should only absorb

at low temperatures. ; . ,
The method to analyze such nonhomogeneous geminate ion" the UV region ¢ = 310 nm), therefore badly overlapping

Lo . S .~ with other transient absorptions.

kinetics, initiated by pulse radiolysis, is based on the semi- From our pulse radiolysis results for Q in MCH it became
empiricalt=0¢kinetic law* (see below), which has been extended uickl clearpthat not only is a complex mechanism involved
to cover ion-molecule reactions and unimolecular ionic proc- q y ¢'e Y plex ! S
esses as well. With this theory we reached a rather good but there is also an early, rather puzzling, 720 nm transient

understanding for the cations of the solvent methylcyclohexane absorption, which eventually converts into a band at 650 nm,
(MCH) with the radical cation MCH 2 and its precursor N 3 known to be due to NBD. The interest in this paper therefore

(see discussion at the end of the paper) focuses on the following points: (1) to understand the isomer-
- Paper). 6 izations with @ and NBD', the identity of the 720 nm species,
So far we limited ourselves to apply the®6 theory to the - . .
S and the complete ionic mechanism, (2) to improve our under-
solvent MCH only, to understand the validity limits of the . : ; . . X
. - standing of radical cations of alkanes, in comparison with the
theory. Selected solutes were chloroform for anion studies

(CHCI3~ fragmentatiof) and norbornadiene (NBD}is- and solver_lt cation MCH and_|ts precursor ng a'_‘d (_3) to gain
. . : experience for the applicability of the®® kinetic law to

trans-decalin, and adamantanf®r cation studies. In analogy complex. nonhomodeneous SVStems

to NBD, its isomer quadricyclane (Q) should also act as a piex, 9 Y ;

o " . The originalt=%6 kinetic law'! describes the probability of
8055'“23/3 (I:h?'(lg;DﬁcEvg rAInge(re\f/r o;(l;/l(é; n7d8'\é|+e\(/|)"(MCH) N survival of the geminately recombining ions relative to the free
. sIp - . y p . .

. . . ion yield:
There is a large literature on the cation of Q, one of the latest y
0.6
* To whom correspondence should be addressed at Physical Chemistry, G{) _ ,, 14 re {08 = M = ﬂ (D
ETH Zirich, Mihlebachstr. 96, 8008 Zich, Switzerland. » ’ absorbance(e) IA
T Present address: Nalco Chemical Co., One Nalco Center, Naperville, -
IL 60563-1198. o

10.1021/jp993707k CCC: $19.00 © 2000 American Chemical Society
Published on Web 03/08/2000



Quadricyclane Radical Cation'Q J. Phys. Chem. A, Vol. 104, No. 12, 2002635

The absorption may have contributions from both types of ions Ax 1000
(sum of both absorption coefficients). Any plot of the absorbance g,
A(t) againstt=26 should be linear. Its intercept IA for# o

(t796 = 0) corresponds to the absorbance of the free ion yield. Q: C,H,
The slope divided by the intercept IA is calledor g, y, etc.). ] \*

From this value, with the known Onsager radiug an
experimental diffusion constant can be derivék,, = D* +

D~. Theoretical support for the%6 rate law was recently given

by Barczak and Hummék From the many semiempirical
theories to simulate the nonhomogeneous, geminate ion kinetics,
only thet=6rate law is able to explain the experimental results
in methylcyclohexané!?

Q+*

20

I +
+
If a geminate ion reacts (in addition to ion recombination), 20 Me”.ﬁﬂ'“%%\
there is a change from a primary to a secondary pair of geminate : _:Ln_fecfu"ﬂ»_!%’* e
ions, with a first-order or pseudo-first-order rate constit;? . . X xx oy x
. . . . . . . -3 !'A'A"’*ﬁ*ﬂAz
The primary geminate ion kinetics is given by et TE 1%
Apin(®) oyt 0 A
=1+ at ﬂe * 2) 300 400 500 600 700 800
1A am
r 2106 Figure 1. Transient spectra in a solution of 100 mM Q in MCH at
oa=0. DC_ and 1A= Aprim(°°) 133 K. Absorbanceé\ normalized to 100 Gy.
prm Ax 1000

The secondary geminate ion kinetics may be approximated by 30
final linearity for (NBD*/N,07(07))

t ]
Asedt) =[1+ ,Bt_o'sj[l _ e—klt] ©) ] 650 nm 1
IB 24
r 210.6
— c —
ﬁ—O.G[DseJ and IB= A, () .
The sum of primary and secondary ion absorbances then
simulates the experimental time profile 12

A(t) = Aprim(t) + Asec(t) (4)

The application of thist™06 simulation to systems where
geminate ion recombination kinetics is complicated by simul-
taneous ionic reactions was critically discussed in recent papers

| | |
by Buhler!4Due to its simplicity, it is a very powerful tool to 0 8 1 ,;|5 2_11 3,2 4
study geminate ion mechanisms. (Time ps) " (-0.6)
As M™ not only relaxes to MCH but also fragments to a
cation of methylcyclohexene (MCHehg? such parallel ionic unexpected apparent
plateau first order decay

reactions do yield mixed pairs of secondary ions (MCHeéne

Anion~ and MCH/Anion™), in this case with quite different ~ Figure 2. t~° plot of typical rate curves at 650 nm for Q in MCH

mobilities. The geminate recombination kinetics of such mixed (133 K) at high concentration ([Q} 100 mM) and low concentration

ion pairs still follows a linearity against ¢ however, the [Q] = 3.6 mM) to illustrate the [Q]-dependent behavior. The final
- T = linearities are also [Q]-dependent, due to viscosity variation, as found

mobility values ¢, B, etc.) becomeél-dependent,if the pairs previously for NBD?

represent different mobilities. In this paper, however, the solute

. . . - paper? The origin of shock waves in pulse radiolysis cells and
cat|ops @ (seg bellow), Q. and NBDY) and the anion (D o the method to minimize the effect have also previously been
or O") are all diffusional and therefore of the same mobility.

discussed in detaft’® As the shock waves are correlated with
the speed of sound and are reflected back and forth in the cell,
the shock pattern can be identified as periodic signals during
The technique of pulse radiolysis with a Febetron 705 earlier times, but which get smeared out later on.
accelerator (Physics International) for 30 ns pulses of 2 MeV  Chemicals. MCH (Fluka purum,>98%, GC) was passed
electrons has been used as repoftéHxperiments with MCH  through a column of aluminum oxide, dried over molecular
as solvent were performed at 133 K in the liquid state. The sieves A4, and then fractionated through a Fischer “Spaltrohrko-
stainless steel cell had an optical path length of 2 cm. A typical lonne” with about 30 theoretical plates. Quadricyclane (quadri-
dose was between 50 and 150 Gy. Dosimetry was done bycyclo[2.2.1.0%6.0>5heptane, Aldrich, 99%) and4® (PanGas,
calorimetry. All data usually are normalized to 100 Gy. The 99%, Luzerne CH) were used as received.
data treatment, kinetic analysis, and data simulation were
performed on a PDP 11/73 computer. lll. Results
All the experimental signals were corrected for the cell Pulse radiolysis of a solution of Q in MCHN,O saturated)
window signal (quartz defects) as described in the previous at 133 K (a supercooled liquid with ~ 1.26 Pa s) revealed

Il. Experimental Section
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TABLE 1: Results from the t796 Kinetic Simulation

==y _ _ ICiot (%) (total free ion yield,
[Q] (mM) (us"9) k/10°P (s7Y) kJ10PP (s Ke/Kiso® Qf/NBD™ channel)
200 27.0 7.25+ 0.35 10.5+ 0.7 1.36 46.4+- 3.0
100 26.7 5.33: 0.26 9.17+ 0.41 1.19 38.9+ 2.8
50 26.0 4.20+ 0.28 8.40+ 0.55 1.09 29.1%2.4
10 22.0 1.018 39.9+ 2.8
3.6 22.0 1.007 56.3t 10.0

ki + kn= (3.354 0.07) x 10fs* Kso= (7.70+ 0.05) x 10Ps!
Ky= (1.954 0.08)x 10'M-1s1d k= (1.42+ 0.11)x 10°M~1s

aTaken from ref 2P Experimental data averaged from 550 to 770 filRatio of IG to IC (eq 6).9 About 8 times faster than diffusion; however,
kair ~ 2.3 x 10° M~ s71 2 is not reliable in supercooled liquid states.
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Figure 3. A trial simulation for the rate curve at 650 nm in a solution
Amac=650 nm of 100 mM Q in MCH at 133 K on the basis of Scheme 1. The apparent

first-order rate constant for the decay of the “720 nm specie&:pis
transient spectra in the visiblerange (Figure 1). For concentra-  ~ 7 x 10° 5. However, the simulation for late times £ 400 ns,
tions of Q from 200 to 50 mM, a very early 720 nm transient meanst %¢ < 1.8 s *) is impossible on the basis of Scheme 1.
absorption was detected, which shifts within about 300 ns toward 48% with 20 mM MTHF. There is no effect on the apparent
650 nm. The latter band is expected to be due to the first-order decay rate. The 720 nm species therefore has a
norbornadiene cation (NBD).2 This implies that the 720 nm  positive ion as precursor (the solvent radical cation) but does

species represents a precursor cation to NBDitially being not react with MTHF (or decays faster than the scavenging
produced from the solvent radical cation MCHby charge process).

transfer to Q. As MCH is of very high mobility, the buildup Focusing on the high concentrations of Q, the results would
of the 720 nm band is beyond the experimental time resolution. suggest a mechanism as shown in Scheme 1.

For lower concentrations of Q (5(8.6 mM) only the 650 nm As there is no buildup observable for the 720 nm band, the
band could be seen. kinetic simulation can only cover the secondary and tertiary

A test for geminate ion kineticss shown in Figure 2 by  pairs of geminate ions and the corresponding transferkate
plotting the absorbance agairtsf¢. The kinetic behavior is ~ The mobility valuesx, andas are taken from the system with
strongly [Q]-dependent: the curve for 100 mM Q is representa- NBD in MCH? (see Table 1). The best possible simulation is
tive for [Q] = 50 mM and the curve for 3.6 mM Q for [Q} shown in Figure 3 folma(NBD"). At early times (large—°°
10 mM. At high concentration®f Q there is an unexpected Vvalues) fitting to the experiment is possible withy, = 7 x
plateau region (0.6 t%6 < 1.6us %6 or between 0.5 and 2.3 10° s™%. Fort7%6 < 1.8 us™%¢ (means later than ca. 400 ns)
us). The initial decay of the 720 nm species toward the plateau however the simulation is unable to reach experimental values:
appears to correspond to an apparent first-order decaykyyjth ~ there must be a delayed production of NBRot covered by
~ 7 x 10° s'1, independent ofi from 550 to 800 nm. The Scheme 1. Similar delayed formation of NBDhas been

final linearity (fort=06 < 0.5us7%9) is expected to correspond ~ reported by J. L. Gieicki et al? for glassy systems. The NBD

to the geminate ion recombination of NBWvith N,O~ (or O). intercept (1As) represents only about 10% (from simulation) or
This linearity is [Q]-dependent, due to viscosity variations, as 33% (from experimental curve) from what would be expected
found previously for NBD solutions in MCH At low concen- in comparison with the measured free ion yield in a NBD/MCH

trationsof Q the kinetics appears to be very different and rather systent.
complex, except that the final linearity again should be due to ) )
the NBD'/N,O~ recombination. IV. Discussion

With methyltetrahydrofuran (MTHF) as positive charge If one would like to assign the 720 nm band to the
scavenger the 720 nm band is reduced by 25% with 3 mM or quadricyclane cation Q then the following discrepancies would
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SCHEME 2 Ax 1000
(the anion is always N,O~ {or 07)) 30 |

1 720nm | SCHEME 2 %
A —570nm Fpos. charge transfer 24 i ///
e 2eV excess energy on Q+* E / ,

: 7/ ’

+Q

ker T too fast for observation 18
i ST
] O g
primary geminate pair ] ~6\\ ,” decay
Q+t = 7 ] /\ ’
with parameters o, IA o /

12
Amax=720 nm ] X \%‘L ’/
decay of Q** ] ®%9 g
ks ko + k[Q] with ky=ks+kp+k,[Q] g ) ﬂ'nA byt v//v
; “IW_..-.___|NBD? buildup
secondary geminate pairs ] -7 )
= with parameters 3, IB 0 T T i
0 .8 1.8 2.4 3.2 4
no abs. » >500 nm no abs. >400 nm (Time Ps) " (-0.86)
(assurned) (by quant.chem.)
ko i, build up of NBD* Figure 4. Simulation of a typical rate curve at 720 nm ([&] 100
with ke=kiso+ko[Q] mM) on the basis of Scheme 2. The parametersaref =y = 26.7
+Q us>8 (taken from ref 2; see Table Iy (Q™ decay)= 5.2 x 10° s7,
ks (NBD* buildup)= 8.5 x 1P s7%, and the free ion intercepts IA(Q
— tertiary geminate pair =0.42x 1073, |B(Q+) =0, and |C(NBD) =0.23x 1073
with parameters v, IC
Aumay=650 nm = 0 (no absorption), and that for NBIN,O™ is given byy,

IC. IC is the contribution of NBD to the free ion spectrum (in

be yielded: (1) Quantum chemistry is unable to predict a visible equilibrium with Q). For early t.imes(t—o-s > 1.4us09) the
band near 720 nm for Q% (2) The delayed formation of NBD d]ﬁerence between the exp.erlmental*curve and the above
remains unexplained. (3) Qisomerization to NBD is not  Simulation for @ — NBD" defines the Q" decay process with
quantitative; there is a missing yield. The initial reaction Scheme k%' F_or this simulat_lo_n (;tep a) the geminate recomblrlatlon
1 needs to be extended: (1) by introducing a nonabsorbing Q klngtlcs for @ ”\,IZO |s_g|ven bya, 1A apd that for Q/N2O
between the 720 nm transient cation and NB[2) by allowing again byp, 1B with IB = 0 (no absorption).

the 720 nm precursor ion to fragment (or isomerize), in 1€ mobility valuesa, f, and y are all expected to be
competition with producing @ and (3) by accepting that NBD governed by diffusion and are therefore set identical to the

reacts with Q to re-form Q(I,(NBD) = 8.43 eV,I,(Q) = 7.86 values derived for NBD/N2O™ in a similar NBD-MCH
eV). The result is shown in Scheme 2. solutior? (see Table 1). For 100 mM Q at 133K=f =y =

.6 it
The precursor ion of @ (hnax= 720 nm) is tentatively called 26.7 us>6. The real fitting parameters are IA alkg for step a

Q™ as it appears to be of higher energy than(€ee later). It _and IC andks for step b,_aII being [Q]-dependent. Figure 4
is produced from the solvent radical cation MCHy charge |IIu_|§rt]rate? such ? s'tmléazoé" determined f 200
transfer to Q and reacts to formQuith a (pseudo)-first-order 100 € ”; esgonsMan tsi bn i were elermltrrle botr [QF 556 d
rate ([Q]-dependent). The fragment iorf Eould also be an » an .m at about six wavelengihs be ween. an
isomer of @ and is assumed not to absorb in the visiblange 770 nm. Their averaged valudg([Q]) andk([Q]), are given
(A > 500 nm). Such fragmentation (or isomerization) of the in Table 1. Fronk, = ki +kn + ki[Q] andk; = kiso + k;[Q] the
quadricyclane cation to 'Fso far has been reported in the following rate constants were derived (Table 1).
literature!® It appears to occur from the higher energy staté Q
as it does not occur with photoionizatiéh. fromk;: k +k,=(3.35+0.07)x 10°s

Kinetic Analysis with Scheme 2.The nonabsorbing © k, = (1.95+ 0.08) x 1M st
separates kinetically the fast 720 nm decay from the slow NBD
buildup. Thereby, O serves as a temporary, nonobservable from ke kg=(7.70+£0.05)x 10°s*
storage species, so that the NBDuildup appears delayed.

_ 1 -1
Correspondingly the simulation is separated into two steps: (a) k,=(1.42£ 0.11)x 1°M*s
The Q" decay to the nonabsorbing™Quith k; = ki + ky + _ _ _ _ _
k{[Q] defining the rate curve at early times (typically for-6 To determineky, (the [Q]-independent relaxation or isomeriza-

2 2us08ort < 300 ns) kg describes the [Q]-dependent rate  tion to QY), ki is derived from the total yield I (%) (Table
andkn the constant decay rate to@e.g., by the medium). (b) 1) for the Q/NBD* channel (see below) by
The buildup of NBD" from the nonabsorbing Qwith ks = kiso

+ ko [Q]. The Q" isomerization to NBD (kisg) and its back ICyo1 (%) _ k — K )
reaction with Q k) represent a two-way first-order system. 100 k,

The actual two-step procedure goes first by step b and then
by step a:For late timeg(t %6 < 1.4us 99 the reaction Q@ — The resulting kvalues for [Q]= 50 mM are very similar to

NBD* with ks exclusively defines the experimental rate curve. the above value fok: + kn,. It is concluded thaky, << ki. An
Therefore, the fitting has to start with step b. The geminate ion absolute value foky, is hidden within the error limits. This
recombination kinetics for @N,O™ is given byg, IB with IB means that @ only reacts with Q (by quenching?) in competi-
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Figure 5. Free ion intercept spectra: (a) IA for'Qand (b) 1Go: for
NBD* (total yield in the @/NBD™" channel) as a function of [Q]. The
slight [Q]-dependence of IA(Q) corresponds to expectation (see later,
Figure 7). The [Q]-dependence of 4@NBD") passes through a
minimum near 50 mM. The increase in JCat low [Q] is not

explainable by Scheme 2 (see later, Figure 6). The reference IC is taken

from a solution of 100 mM NBD in MCH.It corresponds to 97% of
the free ion yield (3% loss due to MCHeheroduction; see Figure
7).

tion with the fragmentation (or isomerization) td.FThere is

therefore no relevant relaxation with the medium, nor any

guenching with NO ([N2O] = constant).
The intercept |Arepresents the free ion contribution of Q

as shown in Figure 5a. The spectra indicate very little [Q]-
dependence. This is explainable in the context of Scheme 3.

The intercept ICcorresponds to the free ion contribution of
the NBD*, which finally stays in equilibrium with @. The total
free ion yield in the @/NBD™ channel (expressed in NBD
absorbance) then is

| Ckiso + klQ]

ICi = k
SO

(6)

Bihler and Quadir

% YIELD Q+/NBD+

80

=

860
SCHEME 3

{} SCHEME 3| (k=k_,;dots)

(kx=[0)

“~«—SCHEME 2

20

(without bypass)

] 70
mM Q

Figure 6. Total free ion yield in the @NBD™ channel (expressed as
ICiot) in percent of the reference IC of Figure 5. The points represent
average values, the error bars the spread of the experimental points.
The simulations are based on Schemes 2 and 3, the latter for two values
of k. Only Scheme 3 withk, = O fits to the experimental data at low
[Q]. The simulated data for [QF O are actually for [QF 1075 M to
ascertain total scavenging of all free ions.

SCHEME 3
(the anion is always NoO~ (or O7))

"

Amax=600 nm

kfrag/ ko+k, [N20] bypass of Qt*
Amnax=450 nm z Amax=570 nm
\< ke
.
Amax="720 nm kor
ky

no abs. » >500 nm
(assumed)

no abs. A>400 nm
(by quant.chem.)

Amax=650 nm

of NBD™ from a reference system of 100 mM NBD in MCH,
where theoretically 97% of the free ion yield should turn up as
NBD™ (3% loss to MCHeng see Scheme 3). The relative yields
expressed in percent are averaged over about six different
wavelengths. The results are given in Table 1 ag (@) and
shown in Figure 6. The yield never reaches 100%. The missing
part must be due to the loss toward @n isomer or fragment
cation). On the basis of Scheme 2 and the rate constants derived
above, the simulation of I (%) is calculated and represented

In Figure 5b the data are compared with the total free ion yield in Figure 6 as the curve labeled “SCHEME 2”. The cor-
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Figure 7. Percent weight of the various reaction channels of Scheme
3. In the first step MCHene Q™*, and MCH" are produced. In the
second step @ and MCH' (dashed lines) are further split intd End

the equilibrium channel @NBD™. The curve for MCH reflects the
importance of the bypass ofQat low [Q]. For the simulated data at
[Q] = 0, see the comment in Figure 6.

respondence with the experimental points is reasonable for [Q]
> 50 mM. At lower concentrations however the prediction is
systematically wrong. The strong yield increase with very low
concentration cannot be explained with Scheme 2. At low [Q]
there must be an additional path to form NBactive at very
low concentrations of Q only.

It is concluded that there is meed for a bypass of Q to
avoid the loss toward Fat low concentrations. One also must
remember that there is a precursor catior; Mo MCH" .3 The
two solvent cations might have different reactivities toward Q,
so far neglected in Scheme 2.

In Scheme 3 MCH of Scheme 2 is replaced by the precursor
reaction M™ — MCHT, including its fragmentation to the
olefinic cation methylcyclohexerdg(MCHene"). At first Q"
is allowed to be produced from both solvent cations!” Mnd
MCH*.

Simulation of Scheme 3The positive charge transfer from
both solvent radical cations to Q is governed by their mobility,
and the rate constants are therefore set equaht{taken from
a NBD/MCH syster). All other rate constants are from the
results in Scheme 2 (50 mM [Q] < 200 mM). There ar@o
new fitting parameters!

The total free ion yield in the NBD'Q™" channel (1Gy: (%))

J. Phys. Chem. A, Vol. 104, No. 12, 2008639

SCHEME 4
M+*

+Q

2=

/ Q') = Q™
[/

BHD* = F+

MCH*

k
X /-

NBD*

increases with lowering [Q] corresponds rather well with the
behavior of F (BHDY), as seen in Figure 7 down to ca. 50
mM Q.

Weight of the Various Reaction ChannelsFrom the rate
data, the weight of the various reaction channels may be
calculated as a function of [Q]. In the first step MCHe&n@™",
and MCH' are produced. In the second step”@nd MCH"
are further split into F and the equilibrium channel"@QNBD™.

The corresponding percent yields are shown in Figure 7. The
curve for MCH" represents the importance of the bypass for
low [Q]. The curve for G/NBD™ is the same as that in Figure

6 labeled “SCHEME 3Kx=0)". The calculated weights are best
represented by the corresponding free ion yields.

Simulation of the Rate Curves at Low [Q]. All rate
constants so far have been derived from experiments with higher
concentrations ([Qk 50 mM). It would be of interest to test
the kinetics for low [Q] as well (a typical low-[Q] rate curve is
shown in Figure 2). In this concentration range the bypass
channel via MCH is dominant. For the sequence™M— MCH™
— Q" — NBD™ all steps adopt similar ratesifi microseconds),
and they all suffer simultaneous geminate ion recombination.

was recalculated for Scheme 3. The result is shown in Figure 6 The t-05 kinetic method is unable to handle such complex

as the curve labeled “SCHEME 3EKket)”. This curve is
unable to reproduce the experimental data for fg0 mM. It

is concluded thak, < kcr. The simulation withky = 0 fits
best to the experimental points. Therefore, MCldlmost
exclusively yields @, and Q™ is produced from M" only. In
other words, the difference of 2 eV in ionization potentials
betweerl, (MCH = 9.85 eV and,(Q) = 7.86 eV is not enough
energy to produce . The state of the precursor iontQ
obviously is of higher energy than™QAs the fragmentation
originates from this @" only, it is clear that ionization methods
with lesser energy fail to yield £ Actually Ishiguro et al?
reported that laser photoionization does not producerF is
expected to be the cation of bicyclo[3.2.0]hepta-2,6-diene
(BHD™), another isomer of quadricyclane, as reported by
Williams et al® Their statement that the BHDyield strongly

behavior. Qualitatively the rate curves however correspond to
expectation.

Absorption Coefficients. From the free ion intercepts (1A
for Q** and IC for NBD") and the knowrG; (133 K) = 0.06
+ 0.015 (100 eV)! the absorption coefficients may be
estimated, knowing the corresponding yields from the reaction
scheme. The intercepts IA from Figure 5alatx = 720 nm
are correlated with the calculated yields, as shown in Figure 7
and then averaged over the three concentrations 200, 100, and
50 mM Q. The result is

€naf{Q7) =380+ 20M tem !

The intercept IC in Figure 5b for the NBDreference afimax
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TABLE 2: Characteristics of the Precursors M™ and Q**

Bihler and Quadir

M+

Q-

identification

natural lifetime
and relaxationkp)

by NO® or CHCk*
ca. 10% yield (or less)

quenching{> relaxed ion)
relaxation
fragmentation

formation
least 90% of all cationic processes

reactions with Q to form @ by charge transfer

= 650 nm? yields
€nan(NBD) =780+ 60 M tem ™t

For bothe values the error limits of th&; value has been

ignored. It would affect all absorption coefficients systemati-

cally.
Precursor lons M™ and Q™. It is surprising that both alkane
radical cations, MCH and @', have precursors (M and Q™).

310 ns at 143%defined by fragmentatiorkgag)

to MCHene?3 without quencher at least 90% yield
by radiolysis (primary product) responsible for at from M** by charge transfer to Qotfrom relaxed MCH;,

spectrum Withmax = 600 NM? andemax= 700+ 50  spectrum witthmax= 720 nmM anckmax = 380+ 30 M~ cm™
M~ cm 1 3observed through kinetic simulation

(Figure 5a) observed for [} 50 mM at 133 K (Figure 1)
and through kinetic simulation (Figure 5a)

300 ns at 133 K defined by fragmentation/isomerizatigh (

by Q (may be charge transfemtby N,O (kn ~ 0)
almost negligible, akn<< ks
td:Fmost likely BHD', an isomer of Q

notby laser photoionizatidAQ™" represents a higher
energy state thanQ

with Q to form relaxed @quenching or charge transfer)

The precursor M, which is responsible for the production
of Q**, must also represent a higher energy state relative to
MCHT™; however, its structure is not understood so far.
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