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Epoxidation of Alkenes by Peroxyl Radicals in the Gas Phase: StructureActivity
Relationships

Moray S. Stark®
Department of Chemistry, Usrsity of York, York, YO1 5DD, U.K.
Receied: June 24, 199%

The epoxidation of alkenes by peroxyl radicals in the gas phase is examined, and it is demonstrated that the
activation energies for 36 epoxidation reactions between 17 alkenes and 5 peroxyl radicals correlate well to
the charge transfer, or the corresponding energy decrease, in forming the peroxyalkyl adduct, or the difference
between the ionization energy of the alkene and the electron affinity of the peroxyl radical. These correlations

have been used to estimate five previously unmeasured epoxidation rate constants relevant to propene
autoxidation.

Introduction 80

Alkenes and peroxyl radicals are, respectively, significant
primary products and important chain carriers of the oxidation >|<
of alkanes in the gas phase at relatively low temperafurefyw i ’H(
ca. 850 K. The study of the addition of peroxyl radicals to H})
alkenes is therefore necessary for a good understanding of
hydrocarbon combustion in the cool flame regime. Furthermore, ;F ‘l’
the resulting epoxides are high-value chemical products, and Eﬁ:%,‘#
their formation via the noncatalytic, gas-phase autoxidation of ﬁfb
alkenes has been of considerable recent intérést. EI;

It has been understood for some time that the addition of
peroxyl radicals to alkenes is the rate-determining step in the
formation of the epoxidekg > k_),% and that for a peroxyl ° T J I
radical attacking a series of alkenes, the activation energy for 8 o 10 "
the overall reaction correlates well with the ionization energy Alkene lonisation Energy (2V)
of the alkene (Figures 1 and 2J. Figure 1. Relationship between alkene ionization energy and the

activation energy for the epoxidation of the alkenes by acetylperoxyl
o (squares), methyperoxyl (circles), and hydroperoxyl radicals (diagonal
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It would also be of practical use to be able to relate the rate
of epoxidation to a physical property of the attacking peroxyl
radical. Therefore an investigation is made of the correlation
of epoxidation activation energies with three parameters: the
charge transfer that occurs during the formation of the peroxy-
alkyl adduct, the corresponding energy decrease due to the
charge transfer, and the difference between the ionization energy
of the alkene and the electron affinity of the peroxyl radical.
These correlations are used to estimate epoxidation rate constants
of relevance to the modeling of propene autoxidation.
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Experimental rate parameters for 36 reactions between 17 Alkene lonisation Energy (eV)

alkenes and five peroxyl radicals are compiled in Table 1 (the
quoted error bounds are standard errors). All rate parametersFigure 2. Relationship between alkene ionization energy and the
except that of Arsentiev and Mantashjamave been determined activation energy for the epoxidation of thg aIkene_s by isopropylperoxyl
by a competitive technique, using a previously determined rate (N°fizontal lines) andert-butylperoxyl radicals (triangles).

constant for the reference reaction. The epoxidation rate h h b furth luati f th ;
constants for methylperoxyl andrt-butylperoxyl radicals have T ere have been no further evaluations of the reference
been reevaluated to take into account more recent critical "€action for epoxidation by acetylperoxyl radicals, the ab_strac-
evaluations of their reference reactions, the self-reactions of thetion Of hydrogen from acetaldehyde by acetylperoxyl radicals,

peroxyl radical! since tha_t (_)f McDowell and Sharplé%.!—lovx_/ever, the standard
errors originally quoted for the epoxidation by acetylperoxyl
* E-mail: mss1@york.ac.uk represent the error in the rakgoxidaiiodKieterence™>® The values
€ Abstract published ilAdvance ACS Abstract©ctober 1, 1997. given here include the significant errors for the reference
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TABLE 1: Summary of Rate Constants for the Epoxidation of Alkenes by Peroxyl Radicals in the Gas Phase

reaction temp (K) log(A/dm*molts™?) E(kd/mol) ref AEc(kdJ/mol)2 ANZ  lakene— Aperoxyi (EV)?
CH3C(0)Q;, + 2-methyl-2-butene 357410 8.08+ 0.76 16.3+4.3 6 38.0 0.200 5.94
CH;C(0O)Q; + trans-2-pentenk 373 8.10+ 0.50 225+4.1 6 32.9 0.185 6.29
CH3C(0O)Q;, + cis-2-pentenk 373 8.10+ 0.50 225+ 4.1 6 32.9 0.185 6.29
CH3C(0O)Q; + trans-2-butené 373 8.10+ 0.50 24.6+ 3.8 8 32.1 0.182 6.38
CH3C(0O)Q; + cis-2-butené 373 8.10+ 0.50 22.9+ 3.8 8 32.9 0.184 6.38
CH3C(O)Q; + 2-methyl-1-butene 373 8.10+ 0.50 22.1+ 3.8 6 317 0.181 6.40
CH3C(0)0;, + 2-methylpropene 370410 8.29+ 0.77 25.0+ 4.4 9 315 0.180 6.49
CH3C(O)Q; + 1-hexene 373 8.10+ 0.50 28.3+ 3.9 6 27.4 0.167 6.73
CH3C(O)Q; + 3-methyl-1-butente 373 8.10+ 0.50 30.4+ 4.0 6 26.9 0.166 6.78
CH3C(0)Q;, + 1-butene 357410 7.94+ 0.89 28.9+ 55 9 25.8 0.162 6.88
CH;C(O)Q; + propené 373 8.10+ 0.50 32.5+ 3.8 6 25.3 0.160 7.00
CHs0; + 2,3-dimethyl-2-butene 373403 7.95+ 0.45 36.6-3.4 10 24.0 0.156 7.06
CH;30; + 2-methyl-2-butene 373403 7.43+0.44 38.6£3.3 10 20.4 0.142 7.47
CH;30; + 2-methyl-1-butene 373403 7.83+ 0.63 48.6£4.7 10 16.1 0.126 7.94
CH30; + 2-methylpropente 410 8.104+ 0.50 57.9+39 11 16.1 0.125 8.03
CH30; + ethené 410 9.00+ 0.50 65.2+48 11 7.2 0.082 9.30
HO; + 2,3-dimethyl-2-butene 653773 8.58+ 0.35 35.4+ 5.0 7 23.8 0.152 7.46
HO, + trans-2-hexene 673773 8.41+ 0.35 53450 12 17.3 0.128 8.16
HO; + cis-2-hexene 673773 8.41+ 0.35 53.4+50 12 17.3 0.128 8.16
HO; + cis-2-butene 673793 8.61+ 0.30 53.4+5.0 13 16.4 0.124 8.31
HO;, + 2-methylpropene 673793 8.80+ 0.35 53.1+50 14 16.1 0.122 8.43
HO, + 1-hexene 673773 8.91+ 0.34 58.6+5.0 12 13.3 0.111 8.67
HO; + 1-pentene 673793 8.88+ 0.34 59.7+50 12 13.0 0.110 8.71
HO, + propene 673773 9.01+ 0.30 62.3+50 15 12.0 0.105 8.93
HO; + ethene 653773 9.58+ 0.35 71.6£50 16 7.4 0.081 9.70
HO, + ethene 673773 9.58+ 0.35 747£50 14 7.4 0.081 9.70
HO;, + ethene 637688 9.10+ 0.27 56.6+ 3.4 17 7.4 0.081 9.70
i-C3H;0, + 2,3-dimethyl-2-butene 303363 7.96+ 0.50 40.9+1.8 18 24.6 0.159 6.87
i-CgH;0; + 2-methyl-2-butene 303408 8.03+ 0.35 48.2+1.8 19 20.9 0.145 7.28
i-C3H;O, + 2-methyl-1-butene 363408 8.30+ 0.08 549409 19 16.5 0.128 7.74
i-CsH;0, + 2-methylpropene 373408 8.50+ 0.19 62.7+22 19 16.5 0.127 7.84
i-CgH7O, + propene 373408 8.92+ 0.36 67.7£25 19 12.2 0.109 8.34
i-C3H;O, + 3-fluoropropenk 393 8.10+ 0.50 65.6+3.8 19 12.9 0.110 8.64
t-C4HoO;, + 2,3-dimethyl-2-butene 313393 7.96+ 0.62 453+41 20 24.7 0.160 6.80
t-C4HoO, + 2-methyl-2-butene 313393 7.54+ 0.39 52.9+24 20 21.0 0.146 7.21
t-C4HoO;, + 2-methyl-1-butene 393 8.10+ 0.50 57.8+3.8 20 16.6 0.129 7.67
t-C4HoO, + 2-methylpropent 393 8.10+ 0.50 58.9+3.8 20 16.5 0.128 7.76
t-C4HgO; + ethené 393 9.00+ 0.50 58.0+3.8 20 7.4 0.083 9.04

2 AN, AE;, and (aikene— Aperoxy) Were determined using ionization energies and electron affinities from Tabled?.rate constants determined
at only one temperature, activation energies have been calculated assundirfgcaor of 1.28x 10 dm® mol™ s™%

reaction, giving noticeably larger errors for the Arrhenius 80
parameters for epoxidation than previously quoted.

Baldwin et al** have reevaluated their rates for epoxidation ﬁ
by hydroperoxyl radicals using a recent recommendation for
the reference reaction, the self-reaction of the raditalhese
rates are quoted here. Of their two measurements of the
activation energy for the epoxidation of ethéfié® only the
more recent is used in the analysis in this paper.

Rate constants for 14 epoxidation reactions by acetyl and alkyl
peroxyl radicals were determined at only one temperature. To
allow these results to be included in Figures5l activation
energies were calculated using an assuiddctor of log@/
dm® mol~! s71) = 8.1+ 0.5, which is the average of the 23 0.0 01)5 0'1 0 '15 0'2
factors that have been determined (the quoted error is the ' ' AN, ' |
standard deviation of the measurdactors and is also equal Figure 3. Relationship between activation energy for the epoxidation
to the average of the measuradactor standard errors). of alkenes by peroxyl radicals and the charge transfer in forming the

The A factors for epoxidation by hydroperoxyl radicals are adduct, AN acetylperoxyl (squares), methyperoxyl (circles), hydro-
statistically significantly higher than for epoxidation by alkyl peroxyl (diagonal crosses), isopropylperoxyl (horizontal lines) tertd
or acylperoxyl radicals, with an average of l&¢gfm3 mol~! butylperoxyl radicals (triangles).
s™1) = 8.834 0.36 (the average of the measured standard errors
of the A factors is+0.34). Stothard and Walker have noted (A/dm®mol~*s™1) = 9.35+ 0.35, which isx8 higher than the
that the A factors for epoxidation by hydroperoxyl radicals average for the other hydroperoxyl epoxidation reactions.
tend to increase with increasing alkene ionization enétgy, The rate constants for the addition of hydroperoxyl radicals
with a recent evaluation giving logA(dm? mol! s71) = to ethene and 2-methylpropene from the discharge flow experi-
0.763akendeV) + 1.290%4 However, the variation is due  ments of Avramenko et & have not been included in Table
predominantly to the relatively high value for ethene of log- 1. In their experiments, HOwas produced via H atom (from
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80 Structure —Activity Relationships for the Addition of
Peroxyl Radicals to Alkenes

;ﬁ' Previous work, particularly on the hydroperoxyl and acetyl-
peroxyl radicals, has established that the rate of addition of

peroxyl radicals to alkenes is correlated to the ionization energy

i of the alkene (Figures 1 and 2), indicating a degree of charge
* % transfer from the radical and to the alkene at the transition state

[o23
T

o 4+

for the initial addition forming the peroxyalkyl adduct, reaction
15 It would also be of practical use to be able to relate the
[i: rate of epoxidation to a physical property of the attacking radical,
as this would allow the estimation of rates of epoxidation for
reactions that have not yet been examined experimentally.
One possible rationalization for the reactivity of electrophilic
addition of radicals to alkenes is that during the reaction of two

. ) ) o ~ species to form an adduct, electron density flows between the
Figure 4. Relationship between activation energy for the epoxidation o until an energy minimum is obtain@&:3! The degree of

of alkenes by peroxyl radicals and the energy decrease due to the charg . . ’ i
transfer in forming the adducf\E.: acetylperoxyl (squares), methy- %harge transferANe) in forming the adduct and the correspond

peroxyl (circles), hydroperoxyl (diagonal crosses), isopropylperoxyl ing energy decreasé\E) can be estimated from the absolute

Activation Energy (kJ/mol)
n EN
T T

Y T T T 1
0 10 20 30 40
AE; (kJ/mol)

(horizontal lines), andert-butylperoxy! radicals (triangles). electronegativity) and absolute hardnesg) ©f the two species
(a and b) forming the adduct, which are in turn are related to
80 }(( their ionization energyl} and electron affinity 4):2°
S oo & f %% * AN = (13 = 2)/207+ 1) @
% + t— +)H+ AEC = _(Xa - Xb)2/4(77a + 77b) (2)
=g
2 40 +[H, $ x=(0+A)2 (3)
c
3 #Eﬁ’ n=(~1-A)2 4)
>
B 20
< 4’ A fast rate of reaction for a reactive species attacking a substrate
has been associated with a large charge transfer or corresponding
0 | | | | | energy decreasé 3!
5 6 7 8 9 10 An alternative explanation for electrophilic addition reactions
lkene = Averoxt (€V) is that the rate will be faster the smaller the energy gap between

Figure 5. Relationship between activation energy for the epoxidation the highest occupied mo_leCUIar orbital (HQMO) of the alkene
of alkenes by peroxyl radicals and the difference between the ionization 2nd the lowest unoccupied molecular orbital (LUMO) of the
energy of the alkene and the electron affinity of the peroxyl radical radical, which can be approximated by the difference between
(lakene — Aperoxy): acetylperoxyl (squares), methyperoxyl (circles), the ionization energy of the alkene and the electron affinity of
hydroperoxyl (diagonal _crosses_), isopropylperoxyl (horizontal lines), the radical (atkene — AperoxyD-32
andtert-butylperoxyl radicals (triangles). Typically, correlations have only been examined for an

) . ] individual species attacking a number of substrates, e.g. ref 30.
discharged k) addition to oxygen, and the review of LIS q\ever, the assumption is tested here that for peroxyl radical
suggests that there was significant contamination by 0xygen gqgition to alkenes in the gas phase all 36 reactions that have

atoms and hydroxyl radicals, both of which would react with heep jnyvestigated between 17 alkenes and 5 peroxyl species
the alkenes to give the main observed product, formaldehyde.qpare a common behavior, and correlations are examined

Lloyd’s review also discounts other early work on hydroperoxyl ponveen the activation energies of the reactidBsand the

addition to ethene as unreliable due to the rate data being deriveq:harge transfer in forming the addua, (Figure 3), the energy
from a poorly understood, complex reaction mechanism describ- yocrease due to the charge transfélEc (Figure A) and the

ing the co-oxidation of methane and ethéhe. difference between the alkene ionization energy and the peroxyl

Arsentiey e:t all._7,28 monitored the total ] peroxy| I’ad!call radical electron afnn'ty’ |€1Ikene_ AperoxyD (F|gure 5) Calcula-
concentration in the gas phase by ESR during the autoxidationtions of AN, AE;, and (aiene — Aeroxy) are given in Table 1

of ethene and propene. The rates of production of the epoxidesysing values ofl, A, y, and  given in Table 2. Linear
(determined by GC analysis) were found to correlate well with regressions of Figures 3, 4, and 5 are given by egs 5, 6, and 7
the product of the peroxyl radical and alkene concentrations (r js the correlation coefficient, antE is the standard error of
and were used to derive (effectively, species averaged) rateihe estimated activation energies, as calculated by edqd.5
constants for the epoxidation of the alkene by the peroxyl

radicals present. For ethene autoxidation at the temperaturess (kJ/mol)= 109 kJ/mol— (456+ 31 kJ/molAN

used (637688 K), the dominant peroxyl radical present is likely ¢

to be the hydroperoxyl radical, so the rate constant of Arsentiev (r =0.93,0E = 6.2 k/mol) (5)

et all’is included in Table 1 as a value for epoxidation of ethene — _

by hydroperoxyl radicals. The epoxide formed during the E (kJ/mol)= 83.0 kJ/mol— (1.82: 0.10AF (kJ/mol)
autoxidation of propene at 63¥Ks likely to be due to a variety (r=0.95,0E = 5.3 kJ/mol) (6)
of radicals (e.g. methylperoxyl, 1-hydroxy-2-propylperoxyl, _ _
hydroxymethylperoxyl, and allylperoxd)l so this value is not E (kd/mol)= —61.0 kJ/imokt (14.0+ 1.2)aene

included. AperoxyD (EV) (r = O8916E =74 k‘J/mOI) (7)
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TABLE 2: Values of lonization Energy (1), Electron
Affinity ( A), Absolute Electronegativity (), and Absolute
Hardness @) Used in the Calculations ofAN. and AE.
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was x 8 larger than for other alkenes, as is the case with,HO
then the recommended activation energy would be ca. 7 kJ/
mol higher).

eV Aev) x(ev) n(eV) The activation energy for the reaction of hydroperoxyl radicals
2,3-dimethyl-2-butene 8.271 —2.27 3.00 5.27 with ethene is of particular interest, as it has been suggested on
2-methyl-2-butene 8.682 —2.24 3.22 5.46 the basis of experiments on the @ C,Hs system that the
trans-2-hexene 8.969 —2.07  3.45 5.52 barrier for HQ + C,H, must be lower than the heat of formation
Cis-2-hexene 8.969 —2.07 345 552 of O, + C;Hs.38 More recent experiments on the temperature
trans-2-pentene 9.036 —2.09 3.48 5.56 . .
cis-2-pentene 9036 -208  3.47 556 dependence of the yield of2H, from the reaction of @+
trans-2-butene 9.122 —22% 3.45 5.67 C,Hs gave a small positive activation energy of 4:61.0 kJ/
cis-2-butene 9.124 -2.10C 3.51 5.61 mol 2% implying an activation energy for the addition of HO
2-methyl-1-butene 9.148 -2.08  3.53 5.62 to CH,4 of less than 58.9% 1.0 kJ/mol, which is consistent
f:ﬂ‘:}}gxg’mpe“e 3'}733 :fég g?g g% with the value determined by Arsentiev et al. of 56:63.4
1-pentene 0524 —190% 3.80 5.73 kJ/mol (AH(298 K) = 54.3 kJ/mol for Q + CoHs — HO, +
3-methyl-1-butene 9533 —1.93 3.80 5.73 CoH4*). The experiments of Arsentiev et al. are also of
1-butene 9.625 —1.90 3.86 5.76 importance because it has been suggéstedt side reactions
propene 9.744 -199  3.88 5.87 involving oxygen atoms were forming the epoxide in the
ethene 10515 -250 437 6.15 experiments of Baldwin et al. However, the good correlation
3-fluoropropene 10.045 —1.78 877 6.27 between the rate of epoxide formation and the product of the
CHyC(0)0; 1158 278 716 4.42 peroxyl radical and alkene concentrations in the experiments
ﬁ'c"fzoz ﬂég (l)zéij g:%g ‘51:?1?1 of Arsentiev et al. provides direct evidence that epoxidation is
i-CsH70, 1100 140 620  4.80 by peroxyl radicals.
t-C4HgO; 10.92 1.48 6.20 4.72 In the absence of experimental data, values for ionization
CHC(0)O, 11.49 2.90 7.19 4.30 energies and electron affinities of the peroxyl radicals have been
HOGeH:O, 10.86 202 644 4.42 calculated using Mopac 6.0 with the AM1 Hamiltoni#n.
234352202 ﬂf; i:gg g:gg 2:;3 Jonsson has noted the possible problems of this, pointing out

aThe alkene ionization energies are from Masclet ét apart from
3-fluoropropene, which was estimated by adding the calculated
difference in ionization energy between it and propene (using Mopac
6.0, using the AM1 Hamiltoniat), to the experimental value for
propene’ Experimental values from Jordan and Burféexcept for
1-butené®). ¢ For the alkenes, a reasonable correlation was obtained
between the energy of the lowest unoccupied molecular orbital (from
Mopac 6.0, AM1 Hamiltoniaff) and experimentally determined
electron affinities’®3¢ A (eV) = 1.77 x LUMOaw1(eV) — 4.39(eV) ¢
= 0.93, standard error of the estimated affinitres.74 eV), which
was used to estimate the unmeasured electron affinities via LUMO
values calculated using Mopac 6%The ionization energies and
electron affinities were calculated by Jons¥arsing Mopac 6.0 at the
RHF level with the AM1 Hamiltonian (with configuration interaction
(C. 1) = 1),* except for the values foi-CsH;0,, CH3C(O)O,,
HOGC;H6O,, HOCH,O,, and GHsO,, which were calculated by the same
technique for this work. The electron affinities for the radicals were
taken as the ionization energy for the corresponding anions.

Discussion

The correlations in Figures 3, 4, and 5 appear reasonable

error bounds that overlap the line of best fit when plotted against
the energy decrease due to the charge tranAtey(Figure 4);

that there is not a good correlation between the measured
aqueous phase one electron reduction potentials of peroxyl
radicals and their calculated gas-phase electron affinities, with
in particular the calculated electron affinity fdrCsHyO,
appearing to be too higt. However, a lower value for the
electron affinity oft-C4H¢O, would give lower values foAE,
andAN; and a higher value foll {xene — Aperoxy) fOr this species,
which could actually improve the correlations given in Figures
3—5. These correlations should be reinvestigated when experi-
mental data or higher level calculations become available for
the properties in question.

For correlations between a number of different peroxyl
radicals and different alkenes, there is not a one to one
relationship betweeANc, AEc, or (lakene— Aperoxy). Therefore,
in principle, Figures 3-5 could be used to determine which of
the explanations of reactivity was more appropriate, i.e. which
has the best correlation. However, considering the uncertainties
in the measured and estimated values used in Figurés the
correlation coefficients do not differ by significant enough

D al : 'margins to answer this question.
for example, 21 of the 37 measured activation energies have

Epoxidation Rate Constants for Propene Autoxidation

also, the standard error of the activation energies estimated by There has been interest recently in constructing reaction
eq 6 (5.3 kJ/mol) is not significantly greater than the mean of schemes to allow the simulation of propene autoxidatitit?

the measured standard errors (3.9 kJ/mol). There is howeverHowever, of the seven peroxyl radicals that have been identified
noticeably more scatter for the reactions of ethene. The valuesas contributing to the epoxidation of the alkene, rate constants
of Baldwin et al**#16and of Arsentiev et &l for the activation for only two have been measured, with the rest being estimated
energy for epoxidation of ethene by hydroperoxyl radicals differ on the basis of ad hoc assumptions. Consequently, the
by a margin considerably bigger than the measured standardrelationship with the highest correlation coefficient, that between
errors. That of Arsentiev is noticeably below the line of best AE, the charge-transfer energy decrease, and the activation
fit for the correlation of activation energy with alkene ionization energy for the reaction, has been used to estimate activation
energy (Figure 1) as well as those of Figures53 although energies for the unstudied reactions (epoxidation of propene by
this is no reason per se to accept the value of Baldwin et al. methylperoxyl (CHO,), acrylperoxyl (GH3C(O)O,), 1-hy-

over Arsentiev’s. Indeed the suggested activation energy for droxy-2propylperoxyl (HO@HgO,), hydroxymethylperoxyl

the epoxidation of ethene btert-butylperoxyl radicals also  (HOCH,O,), and allylperoxyl (GHsO,)). Electron affinities and
appears to be anomalously low with respect to its other ionization energies were estimated using Mopac 6.0 and are
epoxidation reactions (although this value should be viewed with given in Table 2, while the charge-transfer energy decresisg,
caution as it is based on an assundefdictor: if, for instance, and the activation energies calculated using eq 6 are given in
the A factor for epoxidation of ethene by alkylperoxyl radicals Table 3. These values, along with the averadactor of 1.28
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TABLE 3: Calculated Values of Charge-Transfer Energy epoxidation by HOCHD,).# Formic acid can be a significant
Decrease AE) and Activation Energy (E) for the Reaction product, particularly at the higher pressures; the mechanism of

of Various Peroxyl Radicals and Propene. AE; Values Are . . : - .
Calculated Usingy and 5 Values from Table 2, while the formic acid formation will therefore need to be reexamined.

Activation Energies Are Determined Using Eq 6

Conclusion
AE¢ (kd/mol) E (kd/mol) )
CHC(0)Os 253 3704153 (32.5+ 3.8 Rea§onable gorrelatlons.hav.e been demonstrated betwegn the
CH,0, 11.9 61.3+ 5.3 (57.1+ 5.2¥ activation energies for epoxidation of alkenes by peroxyl radicals
HO;, 12.0 69.5+ 5.3 (62.3+ 5.0p in the gas phase and the charge transfer that occurs during the
C,H:C(0)O, 26.1 35.5+5.3 formation of the peroxyalkyl adduct, or the corresponding energy
2823'_"&?2 ig-‘ll ggoji gg decrease due to the charge transfer, or the difference between
CHOs 141 574453 the ionization energy of the alkene and the electron affinity of

the peroxyl radical. This demonstrates a high degree of
2The error bound quoted is the standard error in the calculated coherence among previously published works on gas-phase
activation energies: Experimental values: Ci€(0)0,,° HO,.!S © For epoxidation by peroxyl radicals and provides a useful method

comparison, an activation energy for methylperoxyl was evaluated using . . .
the correlation between activation energy for epoxidation by methyl- [0 the estimation of epoxidation rate constants that have not

peroxyl radicals and the alkene ionization energy (Figure 1). yet been measured.

x 18 dm? mol! 571, can be used in subsequent computer Acknowledgment. The author would like to thank Prof. B.
models of propene o;<idation. T. Sutcliffe and especially Prof. D. J. Waddington for much

An activation energy for methylperoxyl of 574 5.2 kJ/ helpful discussion and for reviewing the manuscript.
mol was also calculated using only data for the correlation
between activation energy for epoxidation by methylperoxyl
radicals and the alkene ionization energy (Figure 1). Thisvalue (1) Pilling, M. J.; Robertson, S. H.; Seakins, P. W.Chem. Soc.,
is within one standard error of that calculated using eq 6 (61.3 Faraday Trans.1995 91, 4179. . o

kd/mol). Experimental values for epoxidation by acetyl- (2) Pennington, B. T. A process for the direct oxidation of propylene

+53 : p ! p ¢ ) y Y- to propylene oxide, U.S. Patent, 5, 142, 070, 1992.

peroxyl and hydroperoxyl radicals are also given in Table 3 (3) Stark, M. S.; Waddington, D. It. J. Chem. Kinet1995 27, 123.

for comparison; the calculated values are higher by 4.5 and 7.2T 5,4) |Pfg”9”§”§é%”'2§% T.; Stark, M. S.; Waddington, D.Cbmbust. Sci
: R H echnol. .

kJ/mol, respectively, and fall within the combined standard (5) Hayashi, T.. Han, L.-B.: Tsubota, S.: Haruta, Md. Eng. Chem.

errors of 6.5 and 7.2 kJ/mol. Res 1995 34, 2298.

The correlations of epoxidation activation energy with both (6) Ruiz Diaz, R.; Selby, K.; Waddington, D.J.Chem. Soc., Perkin

_ Trans. 21977, 360.

Al\llc ?nd qa'ke.”e . Aperoxy) .(eqs% ° ind 7) "‘.’gre. aISOf used to . (7) Baldwin, R. R.; Stout, D. R.; Walker, R. W. Chem. Soc., Faraday
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