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Kinetics of the Gas-Phase Addition of the Ethyl Radical and thetert-Butyl Radical to NO
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The kinetics of the addition reaction of the ethyl radical andi¢inebutyl radical to NO has been investigated
at 1.5 bar as a function of temperature (2¥5 K) using the muon spin relaxation technique in longitudinal
magnetic fields. The data are representeckby= (4.5 37) x 1070 T ~05:01 cm? molecule’ s for the
ethyl radical and, = (5.2'33) x 1074 T 3302 cm® molecule'X s~ for thetert-butyl radical, or alternatively
by Arrhenius parameters &, = —(1.4 &+ 0.3) kJ mof? andA = (1.3 + 0.2) x 10" cm® molecule! s*

for the ethyl radical and dE, = —(7.3+ 0.4) kJ mof! andA = (5.5+ 0.9) x 10 %3 cm?® molecule* s™* for
thetert-butyl radical. They provide a basis for tests of absolute rate theories for reactions occurring on more
than one potential energy surface.

Introduction where GH,CH;Mu is the muonium substituted ethyl radical and

During recent years, the influence of atmospheric pollutants (CH)>CCHMu the muonium-substitutegért-butyl radical. M

on climate and health has attracted much public interest. is a moderator mole_(_:ule (herefNwhich tak_es over th_e excess
Organic free radicals are important intermediates in pyrolysis, €N€rgy of the transition state. The muonium-substituted ethyl
oxidation, and photochemical reactions, and they therefore playadical is generally formed by addition of the muonium atom
a key role in the degradation of organic poliutants and in t0 ethené, and (CH),CCH;Mu is formed by addition of
combustion processésThere is a complex interplay between muonium to isobuten®’ Reactions with NO are important in
reactions, each with its own pressure and temperature depenthe troposphere, where the NO levels are elevéted.
dence. In the interest of a clean atmosphere and in order to Accurate experimental kinetic data are also the basis for
reduce the consumption of fuels, computer modeling aims at afurther developments of reaction rate theories. Since the
better understanding of these processes, but accurate kineti¢eactions R+ O, (R = CH,CH,Mu, (CHs),CCH;Mu) have been
parameters are necessary for such calculations. investigated earlier, the work was extended te-RNO. The
Muon spin relaxation/SR) was recently used successfully reactions R+ O, seem to obey simple correlations with
to study spin exchange and chemical reactions of the ethyljonization potentials and electron affiniti&but those of radicals
radical and of thetert-butyl radical with oxygert® The  yith NO are more complicated. In the present context the most
technique, a variant of magnetic resonance, uses spin-polarizedm e reaction is the addition of the methyl radical to NO, for

poiltglle muor|1$ ats spltnhlabels. Avallatb le at dthe beam ports Otf hich extended theoretical and experimental investigations have
surtable accelerators, the muons are stopped in an expenmentayq o herformed by Davies et &.Pratt et alit and Kaisef:?

target. After thermalization a muon captures an electron to form Here, the association can take place on more than one potential-

) i S ! N
muonium (Mu ne .).’ which is chgmlcally a light Isotope of energy surface. The orbital degeneracy of the ground state of
hydrogen with a positive muon as its nucleus. Muonium then o led with the 2-fold soin d f h of th
adds to an unsaturated bond of the alkene that is present in thé\I » coupled with the 2-10ld Spin degeneracy ot each ot the
two reacting species, leads to a correlation with four electronic

reaction vessel. This places the muon in a radical where it T
serves as a highly polarized spin label. A detailed description States of the product. The complications of such systems have

of the technique has been given elsewHéere. been discussed in detail by Smith.
In the present work the technique was used to investigate The reaction of the ethyl radical with NO has been investi-
the reactions gated by Pratt et al. at room temperattiré&} but the rate
constant is about two orders of magnitude lower than that of

the reaction of the methyl radical with NO. There is no obvious
(1) reason for such a difference, so that a reassessment of the
problem is justified. The reaction of thert-butyl radical with
NO has, to our knowledge, not been measured so far.
) ™ The electronic potential energy on at least the lowest
(CH,),CCH,Mu + NO — (CH,),C(CH,Mu)NO (2) electronic surface usually falls monotonically as the distance
between the radicals is reduced. Therefore the probability of
* Corresponding  author; e-mail:  roduner@indigo01.chemie.uni- '€action on the long-range attractive potential will decrease for
stuttgart.de. increasing collision energy between the radicals. This, together
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CH,CH,MU + NO 2 CH,(CH,Mu)NO

and
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with changes in reagent rotational energy, may lead to rate
constants that decrease as the temperature is rdised.
Standard methods of magnetic resonance are less useful for
gas-phase investigations of radicals with more than three or four
atoms, since the number of resonances increases strongly witr
the number of atoms. Other methods such as UV absorption
spectroscopy or mass spectroscopy are limited by their sensitiv-
ity and by time resolution, and radical concentrations of the
order of 161 molecules cm?® are necessary. Self-terminations
of the radicals occur and have to be taken into account. Inthe ®
4SR technique, in contrast, only a single radical exists at a time
in the reactor; therefore, no self-termination occurs.
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Muon Production and Decay. All experiments were carried .
out using “surface” muons of 4.1 MeV energy from thE3 time (ps)
beam line at the Paul Scherrer Institute (PSI) in Villigen, Figure 1. Asymmetry of a histogram obtained with a NO concentration
Switzerland. To produce polarized muons, a proton beam is Ofb8-3_x 10t m?|eCU|eS Cm: fgdba“ iSOft_JUIEjenfopilr_trial péessure of 156
accelerated o an energy of approvimately 600 eV and focused 201 4 (09 essule o LS b 2 et o101 T, and temperate
onto a,g_faph,'te target. '\!UC'le rgactlons resultin the productlon function withA given by eq 6 is fitted to the data (solid line). The first
of positive pions £*). With a lifetime of 26 ns, these particles 328 ns are not used because of distortions due to the electronics.
decay at rest at the surface of the target according to

Two detector sets, one in the forward (F) and one in the
backward (B) direction with respect to the muon momentum,
] B ] ) are used for positron detection. The two time-resolved histo-
into a positive muon(*) and a neutrinoy,), which are both grams derived from this configuration allow the muon spin
spind/; particles. This is a parity-violating decay, with neutrino  rejaxation to be monitored directly. Figure 1 shows the
exactly opposite to its momentum. Owing to conservation of Experimental Setup and Gas Handling. The reaction
spin and linear momentum, both zero for the pion at rest, the yessel, a cylinder of 500 mm length and 80 mm diameter, is
muons are polarized opposite to their momentum as well. BY placed in the horizontal bore of a superconducting magnet. A
selecting these muons in a small solid angle, a muon beam W'thcopper tube surrounding it allows heating and cooling of the
a spin polarization close to 100% is produced. Having a lifetime gas by recirculating a temperature-regulated liquid. The

+_, .+
4 u tv,

®3)

of 7, = 2.2 us, the muon decays according to

(4)

into a positron and two neutrinos, again a parity-violating
process. The decay positron is emitted preferentially along the
direction of the muon spin. In the experiment, these decay
positrons are counted using two sets of detectors, which are
placed parallel and antiparallel to the initial muon polarization.
In time differential mode used in this work the spin-polarized

At
u —e +tv, tv

muon first passes a thin detector, where it loses part of its energ¥sicst adde

and triggers a start signal of a time digitizer before entering the
reaction vessel. The muon then slows down in the gas mixture
and forms Mu by a charge exchange process. Addition to the
alkene leads to the desired Mu-substituted radical. When the
decay positron hits one of the positron detectors, a stop signal
is produced. The event increments the counts in the channel
corresponding to the time between start and stop signal. The
number of these events plotted against the time difference is
calleduSR histogram.

Under stationary conditions the histogram shows a single-
exponential decay with the muon lifetimg. In the presence
of relaxation due to spin exchange, spin rotation interaction, or
chemical reaction processes, the form of the histogram is given

by

N(t) = BG + Nge "™[1 + AP(t)] (5)
where BG represents a constant background Blads a
normalization factor. The time evolution of the muon spin

polarization is described by(t). The prefactoA contains the
asymmetry of the muon decay and instrumental components.

magnetic field is parallel to the initial muon polarization and
can be swept continuously between 0 and 5 T. Detailed
information regarding the experimental apparatus can be found
in an earlier papet.

The gas was premixed in a 1-L mini-can, which was first
filled with a known amount of NO. For the reaction of the
ethyl radical with NO, it then was topped up with ethene to a
pressure of 7 bar. This gas mixture was expanded into the
reaction vessel, yielding a pressure of 1.5 bar. For the reaction
of the tert-butyl radical with NO, 990 mbar of isobutene was
d to the NO. The mixture was then topped up with
nitrogen to a pressure of 9.5 bar. After the gas mixture was
expanded into the reaction vessel to a total pressure of 1.5 bar,

the final partial pressure of isobutene was 156 mbar. Fresh

NO with a nominal purity (as specified on the cylinder) of 99.0%
and 99.5% for the ethyl radical and thert-butyl radical,
respectively, was used for all experiments.

Data Analysis. As derived in a previous work, the relaxation
rate of the muon spins in a longitudinal field is giver?by

ex

A=A+ A, +—
0T o1+

(6)

Here, 1¢ is the intrinsic relaxation rate in the radicdk, the

rate of chemical reaction given by egs 1 and 2, agdhe rate

of electron spin exchange between the unpaired radical electron
and NO. To derive the muon relaxation rate caused by spin
exchangelex must be divided by a factor of 2(& x?) to take

into account the decoupling of the muon from the electron in
high fields. x represent®/By, whereB is the applied field and

By the muon-electron hyperfine coupling constant in magnetic
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L > molecule’! s~ K=YT)¥2, This constant has to be divided by

45 ; a factor of 2 for a spiri, entity like NO to giveke.1821 For
4-0j the highest temperature (475 K) and the lowest field (0.3 T)
3.5 where spin exchange is fastest and the chemical reaction is slow,
30] we obtain a maximum contribution of spin exchange of 1.2%
) (ke'2(1 + x°) = 1.4 x 107 cm® molecule® s71). This is
A 2-5'_ well within error of the experiment and can be neglected. The
2 2.04 slopes ki(0.3T) andk,(0.5T), are therefore averaged over the
< 151 fields to yield the final rate constant for chemical reactikn,
] as given in Table 1.
1.0 ] The reaction of theert-butyl radical with NO was investi-
0.54 4 gated in the temperature range of 219 to 408 K. Experiment
00 ] and data analysis were carried out as for the ethyl radical. As
0 5 4 6 8 10 seen in Figure 3, the relaxation rate shows a good proportionality
to the NO concentration, and the slopes are equal within error.
[NOJ (10 molecule cm™) For a diameter of 0.52 nm fdert-butyl we obtain a collision

Figure 2. Muon spin relaxation rate for the reaction of the ethyl radical limit of keoy = 2.1 x 10°1* cm® molecule’* s™}(T)¥2, which
with NO at 243 K, plotted over the NO concentration at two different gives a contribution of spin exchangekpof about 22% Ke,/
magnetic fields. 2(1+ x3) = 9.9 x 103 ¢cmd molecule’* s7) for 0.1 T, 4% for
0.2 T, and 2% for 0.3 T at a temperature of 408 K. Since this
is the maximum of all temperatures, and since the error bars of
k. are larger than the expected contribution of spin exchange,
even for the lowest field, this contribution was neglected as
) well.
.?.Lzss gg?;g;gg rgﬁjré z%gg@% ;Cléeg[rlali(z]gigd%h = katlNO] The intercept at 0.3 T (this is the only field that was used for
both reactions) is lower by a factor of 4 than for the ethyl radical.
( Key ) This is due to the higher moment of inertiateft-butyl, which
A=Ayt |k, + ——-|INO] =1, + KINO] (7) leads to a lower electron relaxation rf. A list of the
2(1 chemical rate constants for the reaction is given in Table 2.

field units. For the ethyl radicaBy ranges between 12.4 mT
at 243 K and 10.7 mT at 475 K;16and for thetert-butyl radical
it is between 11.2 mT at 219 K and 9.7 mT at 408%7 Since
an experiment uses a total fL0° muons only, the kinetics is

+x%)

Equation 7 is the direct basis for the analysis of the experimental _. .

data. The quantities of interest are the bimolecular rate constantd?/SCUSSIon

for spin exchange and for chemical reaction. We see that the Rate Constants. For the discussion of the rate constants we

inverse quadratic field dependence of spin exchange allows therefer to the Arrhenius plot in Figure 4. Arrhenius fits to the

separation of the two processes. This was verified for the data are shown by solid lines. The collision limit of the ethyl

reaction of the muonium-substituted ethyl radical witf @nd reaction with NO is represented by the dashddtted line. A

for the collision of Mu with various other paramagnetic high-pressure extrapolation for the reaction of the methyl radical

species? with NO is included as wefl® Two lines (dashed and dotted)
Data were analyzed using the MINUIT program packdge, represent the results of two different analyses of the same data

which minimizesy? first by a SIMPLEX algorithm and after  get,

convergence with a gradient procedure. Analysis gives one |n our earlier work we demonstrated that the rate constant

standard deviation parabolic errors, and asymmetric errors infor the reaction of the ethyl radical with,®as certainly reached

the case of correlated parameters. its high-pressure limiting value at 1.5 Bar A pressure
dependence was not investigated in the present work, but since
Results the reactions with @and NO are very similar and since there

Time differential measurements with ethene were performed are as many internal degrees of freedom in the radical as in the
at several longitudinal magnetic fields and temperatures in the previous case, we have no reason to believe that the high-
range 243 to 475 K. Figure 2 shows a typical series of results pressure limit has not been reached for the reactions with NO.
obtained at different concentrations of NO, at magnetic fields  Ethyl Radical. An Arrhenius fit to the data results in a
of 0.3 and 0.5 T. In the following we use for k, of reaction frequency factor oA = (1.3 4 0.2) x 1071 cm?® molecule!

1 andk; for kg, of reaction 2. s 1 and an activation energy &, = —(1.4 + 0.3) kJ moi™.
The excellent linearity demonstrates that the increase of the This activation energy is negative as well but lower than for
relaxation rate is proportional to the NO concentration only. the reaction of €&,CH,Mu (Ex = —(2.4 + 0.3) kJ mot?).2

The intercepts represent the intrinsic relaxatidg).( These Negative activation energies are typical for addition reactions
values agree well with those of previous determinations in the involving small specie3® A second dependence derived from
pure gas:”2 The slopes give the rate constants of the chemical the Troe factorization that is often used in the literature is the
reaction, and in principle a field-dependent contribution of spin B x T" law. Fitting this to the rate constants resultskin—=
exchangeK.,/2(1+ x?). For the two magnetic fields the slopes  (4.5757) x 10710T-05:0-1 i molecule L. Both represen-

are the same within error, which shows that the contribution of tations are used here to keep the data compatible with literature.
spin exchange must be small. As we know from other Inabsence of a detailed theory, we prefer the more conventional
experimentg;® spin exchange with Qis collision-controlled. Arrhenius representationk; is lower than the collision limit
The collision limit is given bykeoi = o(8kT/zm*) Y2, whereo by a factor of 12-14. Since at 1.5 bar the reaction is expected
is the collision cross section amd* the reduced mass of the  to be close to the high-pressure limit, as was observed for the
colliding molecules. Using diameters of 0.44 nm for the ethyl addition of Q to the ethyl radicat this effect is expected to be
radical and 0.35 nm for NO we obtakgy = 2.0 x 107! cm? related to the dynamics on the anisotropic potential surface,
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TABLE 1: Rate Constants for the Chemical Reaction of the Ethyl Radical with NO at Different Temperature$

T(K)
243 260 319 387 475
k(0.3 T) (10"2cm? molecule’® ) 27.2+2.1 21.8+2.3 22.6+2.0 20.7+ 2.6 11.8+3.3
k(0.5 T) (10*2cm? molecule? s 25.8+ 1.8 224+ 1.4 21.8+15 18.2+ 1.7 20.1+ 2.0
ki (102 ¢cn® molecule™ s71) 26.4+ 1.4 222412 221+ 1.2 19.0+ 1.4 17.7+41.7

aThe lowest line contains the weighted average of the upper lines.

L B homogeneous, chemically clean, and well-defined. Addition
of ethyl ortert-butyl radicals to alkenes is too slow to make a
significant contribution to the relaxatidi. Self-termination
reactions cannot occur because there is only a single muonated
radical present at any time in the whole volume, and wall
reactions are extremely improbable because the dimension of
the gas cell is large compared with the diffusive displacement
of the radical during the muon lifetime-L mm). The kinetics
is thus of ideal pseudo-first order, akih represents the reaction
with NO alone.
One possibility for a misinterpretation of the observed
relaxation would be spin exchange or chemical reaction of the
radical precursor muonium with N&. In 1.5 bar ethene,
0o 2 4 6 8 10 12 14 muonium has a lifetime of-5 ng° so that its presence and the
buildup of the ethyl radical do not interfere on the microsecond
[NOJ] (10" molecule cm™) time scale. For the system tdrt-butyl the muonium lifetime
Figure 3. Rate of muon spin relaxation for the reaction of tee- could be longer because the partial pressure of the isobutene
butyl radical with NO at 248 K, plotted over the NO concentration at was lower by a factor of 10 than the ethene pressure. On the
three different magnetic fields. basis of the rate constant of Mu addition to ethéhee would
expect a muon lifetime of50 ns in the presence of 156 mbar
which takes into account that not all directions of approach lead isobutene. This is still short compared with the time window

A (us™)

to successful bond formation with equal probability. of our experiment (1Qus). Long-lived muonium would be

At room temperature the rate constant has a valul of indicated in a histogram as a second exponential decay of the
2.3x 10 ' cm® molecule’* s71, 100 times higher than the only  muon polarization. Since this was not observed, we conclude
comparable value of Pratt et alk(= 2.3 x 10713 cm?® that the buildup of the radical is faster than the dead time of

molecule® s71, also obtained at room temperatut&).Pratt the experiment for isobutene as well (Figure 1). The rate
found no pressure dependence in the range efZDlmbar and constant for Mu addition is probably larger for isobutene than
believed that their measurement was at the high-pressurefor ethene.

limit, 14 but the range of pressures may have been too small we also have to consider a possible kinetic isotope effect
to claim the high-pressure limit of the reaction. Our results due to the substitution of Mu for the more common hydrogen
compare well with those for the analogous reactions of the jsotope. Since the bond to Mu is neither formed nor broken in
methyl and thetert-butyl radicals. Results for halogenated the reaction of interest (egs 1 and 2), we only have to consider
methyl+ NO reactions give rate constants which are comparable a secondary isotope effect, which is normally srfalBtatistical

to those in this work as wefft Thus, either the high-pressure  thermodynamics calculations based on the AM1 methadeal

limit must be higher than expected by Pratt et al. or their value that the addition reaction of the muonated ethyl radical to NO

is too low for other reasons. is by 0.1 kJ mot! less exothermic and has a 0.35 J mdf 1
tert-Butyl Radical. The Arrhenius frequency factor & = higher reaction entropy than the conventional H isotopomer.
(5.5 + 0.9) x 1072 cm® molecule s7* and the activation  The reaction is exothermic by160 kJ mot? 32and presumably
energyE, = —(7.3 = 0.4) kJ mot?, about 5.2 times more  barrierless as for the reaction with.& We therefore expect
negative than for the reaction of the ethyl radical with NO. The an early transition state that resembles the reactants, and a
B x T fit results ink, = (5.2'53) x 1074 T 3102 ¢np secondary isotope effect should cancel. A late transition state
molecule’l s1. In the temperature range of observatiknis that resembles the products is not expected, but if it occurred
below the collision limit by a factor of 1081. the above reaction enthalpy and entropy would translate into a

Thetert-butyl radical has many more degrees of freedom for secondary isotope effect of at most 9% (slower for the Mu
vibration and rotation than the ethyl radical, which makes isotopomer).
distribution of energy and transfer to the moderator more  For the reaction ofert-butyl with NO, the calculations reveal
efficient?526 Therefore, the unusually high negative activation that the addition of the muonated isotopomer is less exothermic
energy of the reaction cannot be explained by deviations from by 1.3 kJ mot! and has a 4.0 J mo! K~ lower reaction
the high-pressure limit. Rather, the increase of the reaction rateentropy than the normal isotopomer. The reaction is again
and thus of the reaction cross section with decreasing temper-strongly exothermic so that we expect an early transition state
ature must again be related to the dynamics on the anisotropicand therefore a negligible kinetic isotope effect as in the previous
potential surface, which makes soft glancing collisions more case.
reactive at low temperatures. Interpretation of the Rate Constants. The mechanism of
Systematic Errors. Uncertainties of the compositions of the  radical addition reactions has been of considerable recent interest
gas mixtures are estimated to §8%. The statistical errorsin  in view of the influence of steric and polar electronic effects
our rate constants are of the order of 10%. The systems areon reaction rates, which can vary by many orders of magnitudes,
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TABLE 2: Rate Constants for the Chemical Reaction of thetert-Butyl Radical with NO at Different Temperatures?

T(K)
219 248 273 295 350 408
kx(0.1 T) (102 cm® moleculet s71) 29.9+ 4.1 18.0+ 2.6 16.4+1.9 12.0+ 24 45+1.6 45+1.3
k2(0.2 T) (10722 cm? moleculet s79) 33.84+2.6 17.8+ 0.7 14.8+ 0.8 11.0+1.7 6.2+ 0.6 6.5+ 1.1
k2(0.3 T) (10°*2cm® molecule* s7%) 27.84+2.9 18.0+ 2.6 145+ 1.1 10.1+1.9 6.1+ 0.7 49412
ko (1072 cm® molecule s7%) 309+ 1.7 17.8+£ 0.6 149+ 0.6 109+ 11 6.0+ 0.5 5.4+ 0.7
2 The lowest line contains the weighted average of the upper lines.
5x10""° ————— —— NO and NQ (with values from literature and from the present
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ work) is less satisfactory. Indeed, on the basis of the behavior
"""""""""""""""""""" shown in Figure 4 for the reactions with NO, it would seem
fortuitous if the correlation applied, since there is a crossover
of rate constants with temperature, whereas the sequence of IP
0 — EA does not allow for such extreme temperature variations.
— 10 ] ] Paltenghi et al.successfully used the adiabatic channel model
» ] by Quack and Tro¥ in which they included a modified long-
'g range potential relating to IP EA, and good agreement with
3 experimental rate constants was obtained. It was shown that
2 the result is very sensitive to the shape of the long-range
mE potential. The study did not address temperature dependence,
£ however.
10 On the basis of transition-state theory, it has been possible
x ] to explain slightly negative activation energies for high-pressure
limiting rate constants, but it appears to be nontrivial to obtain
a quantitative understanding of the more negative values. There
is obviously a pronounced energy dependence of the dynamics
. and thus of the cross §ection fpr additior_l reactions that occur
2x10 20 25 30 35 40 45 50 on a shallow anlsptroplc attractive poj[entlal energy surface for
that current theories do not always give a satisfactory answer.
1T (10°K7) As pointed out by Troe, elementary reactions involving radicals

Figure 4. Arrhenius plot ofke for the reaction of the ethyl radical ~ 2nd atoms with open shells may be influenced by electronic
(®) and thetert-butyl radical @) with NO. The solid lines correspond  transitions between fine-structure components of the poténtial.
to Arrhenius fits to the data, and the collision limit for the reaction is It has been suggested that in radical additions to NO an excited
represented by the dasHotted line. The dashed and the dotted lines nondissociative triplet state of the adduct plays a crucial'foie.
represent the reaction of GHvith NO2 where two extrapolation

techniques to the high-pressure limit were used (Troe factorization, Conclusions

dotted line; inverse Laplace/master equation technique, dashed line).

The additions of NO to the ethyl radical and to tee-butyl

and on selectivities. Polar effects are thought to lead to a radical have been investigated in the temperature range of 219
correlation of the addition rate constants or the activation 475 K and a pressure of 1.5 bar. For both reactions it is the
energies in plots against IP(R)EA(X), the difference between first time that temperature-dependent kinetic data are reported.
the ionization potential of the radical and the electron affinity The present work confirms again that the muon spin relaxation
of the unsaturated reaction partner. The origin is a stabilizing technique competes well with more conventional gas kinetic
interaction of the high-lying radical SOMO and the olefin methods.
LUMO frontier orbitals, which leads to a partial charge transfer Both reactions show a negative temperature dependence. The
from the radical to the acceptor LUMO in the transition state, activation energy of the addition of the ethyl radical to NO is
accompanied by a corresponding lowering of its energy. The close to values that have been found for association reactions
preexponential factor is assumed to be constant within a classyith 0,.23 However, for thetert-butyl radical reaction with
of comparable reactions. Such correlations work reasonably NO it is remarkably higher, revealing a more pronounced
well for the activated addition reactions of organic radicals to temperature dependence of the reaction cross section, which is
olefins in liquids3+3° possibly related to a competition between two attractive potential

A similar correlation is found on the basis of the classical energy surfaces.

harpoon model, which assumes an initial electron transfer at a g the addition reaction of ethyl to NO, a room temperature
critical reaction distance where the Coulomb interaction between (ate constant was found that is about 100 times higher than the
the newly formed ion pair RX~ equals IP(R)- EA(X). This only comparable value of Pratt et’dl. The present result fits

process allows for an estimate of the Arrhenius preexponential yg|| into a series of similar reactions and casts serious doubts
factor, but it does not account for a temperature dependenceg, the earlier determination.

other thanT¥2 as given by the relative velocity of the collision
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