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The rate constants for the reactions of OH and OD with 2-methyl-3-buten-2-ol (MBO) have been measured
at 2, 3, and 5 Torr total pressure over the temperature rangeB®K using a discharge-flow system
coupled with laser induced fluorescence detection of OH. The measured rate constants at room temperature
and 5 Torr for the OH- MBO reaction in the presence ot.@nd the OD+ MBO reaction are (6.32 0.27)

and (6.614 0.66) x 107 cm® molecule® s, respectively, in agreement with previous measurements at
higher pressures. However, the rate constants begin to show a pressure dependence at temperatures above
335 K. An Arrhenius expression & = (2.5 + 7.4) x 1032 exp[(4150+ 1150)/T] cnf molecule? s~ was

obtained for the low-pressure-limiting rate constant for the ©IWNIBO reaction in the presence of oxygen.
Theoretical calculations of the energetics of the ©®WIBO reaction suggest that the stability of the different
HO—MBO adducts are similar, with predicted stabilization energies between 27.0 and 33.4 kcalatadive

to the reactants, with OH addition to the internal carbon predicted tot#ektal mol! more stable than
addition to the terminal carbon. These stabilization energies result in estimated termolecular rate constants
for the OH+ MBO reaction using simplified calculations based on RRKM theory that are in reasonable
agreement with the experimental values.

Introduction hydroxyaldehydes have been observed as some of the major

Methylbutenol (2-methyl-3-buten-2-ol, or MBO) is a volatile products of the reaction of methylbutenol with OH:
organic compound (VOC) emitted to the atmosphere by certain
pine species native to North America such as lodgepole and OH * (CH;),C(OH)CH=CH, — (CH;),C(OH)CG-HCH,OH
ponderosa piné.High concentrations of methylbutenol have @)
been measured in the atmosphere at a remote site in the Colorad¢CH,),C(OH)C-HCH,OH + O, — (CH,),C(OH)CH
Mountains with daytime mixing ratios between 2 and 3 ppb, a (OO")CH,OH (2)
level 5-8 times larger than those of isopreh®lethylbutenol 2
was also observed to show a strong diurnal pattern like isoprene,(CH,),C(OH)CH(OO)CH,OH + NO — (CH,),C(OH)CH
with a rapid increase after sunrise and a rapid decrease after .
sunset. Although the North American emission rate of meth- (O)CHLOH +NO; (3)
ylbutenol is estimated to be only 3.2 Tg C per year, contributing (CH,),C(OH)CH(O)CH,OH — HOCH,CHO +
about 4% of the total VOC flux from vegetation in North (CH.),C(OH) (4a)
America, methylbutenol is expected to be found with high /2

concentrations in certain regions of the atmosphere and could(CH,),C(OH)CH(O)CH,OH — (CH,),C(OH)CHO+

have a significant influence on local and regional atmospheric -CH,OH (4b)
chemistry3 2

Although methylbutenol can react withs@nd NGQ*~ its (CH,),C(OH) + 0,— (CH,),CO+ HO, (5a)
reaction with the hydroxyl radical (OH) is thought to be the
dominant loss mechanisfm?® The reaction of methylbutenol ‘CH,0OH + O, ~ HCHO + HO, (5b)
with OH is believed to proceed by OH addition to the double
bond to form HO-MBO adducts, and studies of the reaction Recent ground-based measurements of the concentration of

products suggested that OH addition to the terminal carbon g ragicals in the atmosphere are generally lower than that
accounts more than 60% of the total reactibtunder atmo- predicted by most photochemical modétd® with a few

spheric conditions, the HOMBO adducts quickly react with 054 rements that were higher than preditt@eThe observed
0.2 to form d|hydro>§yalkyl peroxy fad'C?"S' which then can react discrepancies between measured and modeled concentrations
with NO to form dihydroxyalkoxy radicals and NODecom- of OH suggest that the current knowledge of the sinks and

position of thes_e dihydroxyalkoxy rad|cgls leads to the produc- sources of OH radicals may be incomplete. Methylbutenol with
tion of HO, radicals and carbonyl species. Acetone, glycolal- >~ . - o
its high abundance and reactivity can be a significant loss of

dehyde, 2-hydroxy-2-methyl-propanal, formaldehyde, and . . ) . .
y y y yl-prop y atmospheric OH radicals in certain regions of the atmosphere.
*To whom correspondence should be addressed. E-mail: pstevens@ | Nerefore, an accurate knowledge of the rate constant and
indiana.edu. mechanism of the OH-initiated oxidation of methylbutenol and
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other oxygenated organic compounds is essential for improving ~ 7.50 ¢ MBO]
the accuracy of atmospheric chemistry models. 700 |

This paper presents the results of measurements of the rate 00
constants for the OH- MBO reaction between 2 and 5 Torr 6.50 -
and between 300 and 415 K using a discharge-flow system _ o421
coupled with either laser-induced fluorescence detection (LIF) § 6% - 46.00
or resonance fluorescence (RF) detection of OH. In addition, § 550 °
measurements of the rate constant for the-©MBO reaction ~ ~ © 892
at 5 Torr and over a similar temperature range are presented. 5.00 | = 1061
Theoretical calculations of the stabilization energies of the
individual HO-MBO adducts are used in unimolecular rate 450 ¢ x13.24
theory to predict the low-pressure-limiting rate constant forthe ~ , ;4 \ , . . . . ,
OH + MBO reaction and the branching ratio for the initial OH 0 5 10 15 20 25 30 35

addition. Injector Position (cm)

. | h Figure 1. Sample pseudo-first-order decays of the measured OH signal
Experimental Methods for the OH + MBO reaction (5 Torr, 300 K). Methylbutenol
The discharge-flow systems used in this study are similar to concentrations are in ¥molecules cm?. Error bars represento?
those described in detail elsewhét@he main body of the flow uncertainty.
system consists of a 100 cm long, 2.5 cm i.d. Pyrex tube o inimm detectable limit of approximatelysd 1C° molecules
connected to an aluminum detection cell. All surfaces exposed cm2 for OH (background signak 300-400 counts st, S/N
to radicals are coated with halocarbon wax (Halocarbon _— ;1 19 ¢ integration) '
gi;zzrr?tgg)gtgosée)dlxaestr;edc\;\gl iﬁfgu(;fhog{ '&i’gﬂi?g'zgs\/ Pseudo first-order conditions were maintained during all
. 0 H H
. ; experiments and the OH concentrations were kept below 3
controller, and average flow velocities of approximately 10 m 1 3 :
s 1 were maintained gby a mechanical pumppp(LeyboIdyDlGB) 101- _molecules cm®. Methylbutenol (Aldrich, 99%) was
purified by several freezepump-thaw cycles, and dilute

dot\)/v nstream of thg dgtﬁ(;]tlon_zone. Tr:ce reaction zone of thle flow nixtures in He were prepared by distillation. The methylbutenol
tube was wrapped with heating tape for temperature regulation,, s 5qded in excess through a movable injector (3 mm 0.d.)

and thg reaction temperature was measured using a thermog,,aeq with halocarbon wax, and the reaction time was varied
couple inserted into the reaction zone. The pressure of the reactorby changing the position of this injector. The concentration of

'; measured in the middle of the reaction zone by an MKS o4y ihitenol was determined by measuring the pressure drop
aratron capacitance manometer. in a calibrated reservoir over time.

OH radicals were produced either by the-fH,0 — OH + Computational Methods. Geometry optimizations for the
HF reaction or the H NO, — OH + NO reaction. Fluorine g 4 MBO reaction system were conducted using the Gaussian
atoms were generated by a microwave discharge af (% 03 system of progrardon the Indiana University IBM Power4/

in UHP He, Matheson) in presence of He, and an excess of po\er pC970 AIX Libra cluster system. The geometry of the
H,0 was injected into the flow tube 2 cm downstream of the F e5ctants and each adduct was optimized using both Becke’s
atom source. Hydrogen atoms were generated by a microwaveihree parameter hybrid method employing the LYP correction
discharge of i (99.999% Int_jlana Oxygen) in the presence of functional (B3LYP) with the 6-31G** and 6-311G* basis sets,

He, and excess concentrations of N@ere injected into the 504 ysing second-order Maller-Plesset perturbation theory
flow tube 2 cm downstream of the H atom source. OD radicals (MP2) in conjunction with the 6-31G** and 6-3#G* basis

were produced similarly using the+ DO (99.9%, Cambridge  gets. Frequencies for both reactants and products were calculated
Isotope La_lboratorles, Inc: OD + DF reaction. at B3LYP/6-31G** and B3LYP/6-31+G* levels of theory.

OH radlcali were detectetg by laser-induced fluorescence Experimental Results.Pseudo first-order decay ratég L)
using the ™ (v' = 1) — X?I1 (v = 0) band via (1) of OH were obtained from the slope of the logarithm of the
transition near 282 nm. The excitation radiation was produced o f|yorescence signal versus reaction distance for a given
by the frequency-doubled output of a dye laser (Lambda Physik) concentration of methylbutenol. The first-order decay rates were

pumped ly a 3 kHz diode-pumped Nd:YAG laser (Spectra  ¢orrected for axial diffusion and OH loss on the movable injector
Physics). The OH A-X fluorescence near 308 nm was detectedsing the following equatio®®

by a photomultiplier tube (Hamamatsu H 61801) located

perpendicular to the laser radiation. A 10 nm band-pass, 20% 1

transmissive interference filter (Esco products) centered at 308 K= Koead 1+ Kiecal — k., (6)

nm was placed in front of the PMT to isolate the fluorescence eca v? niector

from the laser scatter. The OH detection sensitivity was

approximately 2x 107% counts s cmPmolecule’® at a laser Here, D is the OH diffusion coefficient in He (0.145%F P
power of 1 mW with a background signal of approximately 7000 Torr cn? s71), v is the average flow velocity (10.6 14.0 m
counts st resulting in a minimum detectable OH concentration s™1), andkinjector is the loss rate of OH on the movable injector,
of approximately 2x 10" molecules cm® (S/N = 1, 10 s which was measured in the absence of methylbutenbd(s™).
integration). OD radicals were detected similarly by excitation A series of typical first-order decay plots for the GHMBO

via the Q(1) transition near 287.4 nm. Alternatively, OH reaction is shown in Figure 1.

radicals were detected by resonance fluorescence usingihe A The rate constants for the OH MBO and the OD+ MBO
(v'=0)— X2II (v"'=0) transition near 308 nm. The excitation reactions were measured at 5 Torr between 300 and 415 K,
radiation was produced by a microwave discharge of water in and the results are summarized in Table 1. Additional measure-
the presence of helium. The system sensitivity was ap- ments of the rate constant for the GHMBO reaction in the
proximately 1x 108 counts s cm? molecule™?, resulting in presence of added oxygen as a function of temperature and
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TABLE 1: Summary of Experimental Conditions and 200 -
Results for the OH + MBO and OD + MBO Reactions ?
k! 160 -
T 0lHe] [MBO] no. of (10 cm?
(K) (106 cm3) (101 cm9) exp. molecule’l s~ha
OH + MBO without added @(5 Torr) — 120 4
300 6.8(27Torm) 3.320.2 21 5.59+ 0.35 >
8.7 (3 Torr) 5.4-20.7 16 5.38: 0.31 ~ g0
159 (5Torr)  4.3-20.0 32 5.49+ 0.44
335 142 6.723.1 29 4.20+ 0.45 © OH+MBO (w/ 02)
355 131 6.9-23.7 27 3.06+ 0.42 40 X OH + MBO (w/o O2)
375 126 6.522.2 20 2.53t 0.55
395 131 11.3457 13 2.04+ 0.54 , * Ob+NBO
415 123 15.+51.0 10 1.76+ 0.34 0 , ‘ ; ; . ,
0D + MBO (5 Torr) 0 5 10 15 20 25 30
300 16.5 4.6-18.0 33 6.6 0.66 MBO concentration (10" cm™)
g%g ii; gggé; ii ig% 822 Figure 2. Second-order plot df* versus [MBO] for the OH+ MBO
’ ' ‘ ' ' and OD+ MBO reactions at 5 Torr and 300 K. Solid lines represent
335 144 5.215.4 9 4.42+ 0.57 ; . -
355 139 77005 8 347+ 0.58 fits to the OH+ MBO with added @ and OD+ MBO reactions, and
375 130 128366 9 2.83t 0.34 the OH+ MBO without added @
392 13.0 9.550.0 7 1.61+ 0.08
395 126 13.745.9 10 1.96+ 0.62 o
415 124 12.542.7 9 1.80+ 0.32 x 10~ cm® molecule'! s™1 at 298 K and 760 Torr of air in an
OH + MBO with added @ environmental chamber using dibutyl ether and propene as
300 6.4 (27Tor) 6.516.1 57 6.44+ 0.42 reference compounds. The room-temperature rate constants
9.7 (3 Torr) 10.x18.9 17 6.26£0.72 reported here are in excellent agreement with these previous
16.1(5Tom) 35275 98 6.32- 0.27 measurements. The measured rate constants are also in good
335 7.1 5.419.1 11 3.48+ 0.46 .
9.9 70-195 10 3,69+ 0.30 agreement with the reported rate constant of (5:60.13) x
14.7 5.9-17.2 18 4.40+ 0.94 10 em?® molecule! s~ measured by Papagni et%t 296 K
355 5.8 6.6-31.0 13 2.82£0.48 and 740 Torr of air using relative rate methods with 1,3,5-
?-478 g-};g-g E gggi 8-2;‘ trimethylbenzene as the reference compound, and the value of
375 54 87446 15 178t 0.30 (6.94 1.0) x 10~ cm® molecule't st at 295 K and 700 Torr
8.2 11.9-39.4 13 1.94- 0.54 of air reported by Ferronato et &lusing relative rate techniques
13.8 10.2-36.5 10 2.15+0.40 in an environmental chamber using ethylene and propylene as
395 58 14.6-60.2 13 1.36-0.18 the reference compounds, but are larger than the value of (3.9
2'338 3365%?45'4 ;31 }?& 8'%2 + 1.2) x 10711 cm?® molecule' s~ reported by Fantechi et al.
415 58 18.273.6 12 0.93f 0.12 at 298 K and 740 Torr of air using relative rate techniques with
7.9 20.+-77.1 10 0.99+ 0.12 isoprene and propene as the reference compdtifds.results
13.0 16.2-64.7 12 1.33:0.22 reported here for the measurements of the rate constant for the
aUncertainties represent 2 standard deviations. OD + MBO reaction are also in excellent agreement with the

results of Rudich et al., who report a value of (6:20.5) x
pressure are also summarized in Table 1. Figure 2 shows10 ' cm® molecule® st at 300 K and 95 Torf. o
example second-order plots k¥ versus the concentration of The measured rate constant for the @HMBO reaction in
methylbutenol for the OH- MBO reaction, the OD+ MBO the absence of His about 15% lower than that measured at
reaction, and the OH- MBO reaction in the presence of added room temperature for both the O#t MBO reaction in the
O». For the OH+ MBO reaction, a weighted linear least-squares Ppresence of addedz@nd the OD+ MBO reaction, similar to
fit of the data (based on the precision of each measurement)that observed by Rudich et al., who also observed the appearance
results in a value of (5.4% 0.44) x 1011 cm® molecule s71 of OH radicals from the OB+ MBO reaction’ Rudich et al.
for the rate constant at 300 K and 5 Torr, with the reported Suggested that the lower observed rate constant for thetOH
uncertainty representing two standard deviations from the MBO reaction in the absence of oxygen was due to the
uncertainty in the weighted fit. For the OH MBO reaction in elimination of the alcohol OH group from the adduct formed
the presence of approximately-35% G, a weighted linear ~ following OH addition to the double bond of methylbutenol:

least-squares fit of the data results in a measured rate constang .
of (6.32+ 0.27) x 101 cm moleculel s 2at 300 K and 5 (CHg);C(OH)CH-C(OH)H, — OH + (CH,),C=CH—

Torr. For the OD+ MBO reaction, a weighted least-squares C(OH)H, (7)
fit of the data results in a value of (6.64 0.66) x 10711 cm?®
molecule® s71 for the rate constant at 300 K and 5 Torr. In the absence of £ a fraction of the HG-MBO adducts

There have been several published measurements of the ratéormed by OH addition to methylbutenol may decompose to
constant for the OH+ MBO reaction. Rudich et dlfound a eliminate the alcohol OH group. As a result, the rate constant
value of (5.4+ 0.4) x 10~ cm® molecule’! s~ for the OH+ obtained by measuring the loss of OH radicals would appear to
MBO reaction in 100 Torr of He at 299 K, and a value of (5.0 be lower than the actual value due to the reappearance of OH.
+ 0.5) x 1071 cm® molecule? s71 at 315 Torr and 301 K,  Adding oxygen presumably prevents the elimination of the
both measured in the absence of addeg uSing a flash alcohol OH group from the HOMBO adducts by rapidly
photolysis technique with laser-induced fluorescence detectionforming more stable dihydroxyalkyl peroxy radicdls.
of OH. In the presence of added,@hey found a value of (6.1 To further test this effect, we varied the percentage of O
+ 0.6) x 1071 cm® molecule! st at 301 K. Imamura et &P added from 0 to 15%, and the oxygen dependence of the rate
used relative rate methods and obtained a value of{6065) constant is shown in Figure 3. As can be seen from this Figure,
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Figure 5. Arrhenius plot for the OD+ MBO reaction and the OH-
MBO reaction with added ©at 5 Torr. Solid line is the recommended
Arrhenius expression of Rudich et al. over the temperature range 230
360 K (ref 7).

%0, added

Figure 3. Measured rate constants for the GHMBO and OD+

MBO reactions at 5 Torr and 300 K as a function of added O
Uncertainties represent 2 standard deviations. Dashed line is the averag
value of all measurements with more than 5% added O

10
smaller than the higher pressure measurements as the temper-

N ature increases.
" As shown in Figure 5, the measured rate constants for the
§ OH + MBO reaction in the presence oh@gree well with the

x© © Rudich et al. 1995 w/o 02, 100 Torr values obtained for the OD+ MBO reaction within the
. o e ot ot oo OB, 100 Tor experimental uncertainty over the temperature range of this
FE A This work w/02, 5 Torr study, suggesting that enough oxygen was added to hinder
® % ;i::::;:z;sfggg;ggg:; elimination of the alcohol OH group even at high temperatures.
= < Papagni et al. 2001 740 Torr air These results imply that the decrease in the rate constant at low

1 ‘ ‘ pressure and high temperature compared to the higher pressure

2 25 4 45 results is not solely due to an increase in the rate of alcohol

3 3.5
10007714 OH elimination in the HG-MBO adduct, but is likely due to

Figure 4. Arrhenius plot for the reaction of OH with MBO with and 5, 5qqitional increased rate of thermal dissociation of the added
without added @ Solid line is the recommended Arrhenius expression

of Rudich et al. for the reaction in the presence of @er the OH in the excited adduct.
temperature range 2360 K, whereas the dashed line is the The agreement between the rate constants measured at room
recommended expression in the absence pb@r the temperature ~ temperature and low pressures (2, 3, and 5 Torr) with those
range 254-320 K (ref 7). measured at higher pressures suggests that thetQWBO
reaction is still at its high-pressure limit at room temperature
the rate constant for the OH MBO reaction is independent  and at pressures as low as 2 Torr. This suggests that the excess
of the amount oxygen added at concentrations higher thanenergy due to the addition of OH to the double bond of
approximately 4%, and approaches the rate constant for the ODmethylbutenol is easily distributed through the large number
+ MBO reaction. This is consistent with the results of Rudich of available vibrational degrees of freedom, and the excited
et al., who found that at 100 Torr the formation of OH in the adducts are stabilized quickly with a minimal necessary number
reaction of OH with MBO was completely suppressed by 7 Torr of third body collisions. However, at higher temperatures the
of O, This agreement suggests that the elimination of the rate of thermal dissociation of the HOMBO adducts increases
alcohol OH group from the excited adduct was not enhanced and begins to compete with the rate of stabilization, leading to
significantly under the low-pressure conditions of these experi- an observed falloff of the rate constant at low pressure.
ments. Unfortunately, OH radical impurities produced fromthe  This falloff of the rate constant at higher temperatures and
microwave discharge interfered with measurements of the jow pressures is shown in Figure 6, and is similar to that
concentration of OH produced from the CBMBO reaction. observed at low pressure and high temperatures for the reaction
The measured rate constants as a function of temperature folof OH with other unsaturated molecules such as isoptene,
the OH+ MBO reaction, both in the presence and absence of methyl vinyl ketone? ando- and-pinene?s and is consistent
O, at 5 Torr are shown in Figure 4, together with previous with a Lindemana-Hinshelwood mechanism:
measurements under similar conditions. The rate constant for
this reaction displays a negative temperature dependence OH + MBO — HO—MBO* (8)
consistent with an OH addition mechanism. As can be seen from .
this Figure, our 5 Torr results both in the presence and absence HO-MBO OH + MBO ©)
of added Q are in agreement with the results of Rudich et al. HO—MBO* + M — HO—MBO + M* (10)
measured near 100 Torr with and without added oxygen for
temperatures below 335 K.However, above 335 K, the According to Troe, the falloff of the bimolecular rate constants
measured low-pressure rate constants are significantly smalletwith pressure can be predicted by the following equatfet:
than those measured at higher pressures. Figure 5 shows a plot
of the temperature dependence for the ®IMBO reaction at r kyo(MM] (;2)
5 Torr. As observed for the OH MBO reaction, the results k' = kMM F\tHoatkoIMYke(T)]
from this study for temperatures below 335 K are similar to 1+ 22 -
those measured by Rudich et al. at higher presébregsecome K.(T)

(11)
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Figure 6. Plot of the second-order rate constekit versus the
concentration of He at different temperatures for the @HVBO
reaction in the presence of added. Ohe solid lines represent the

weighted least-squares fits to the data using eq 11 and assiuning
8.2 x 10712 g610M cm?® molecule st (ref 7).

Here, ko is the termolecular rate constant at the low-pressure
limit, k. is the rate constant at the high-pressure limit, &ad

is the collisional broadening factor. Due to the limited pressure
range of this study, bott, and k. cannot be determined
accurately. However, if the 100 Torr valuelof= 8.2 x 10712

e (610N cmB molecule’® s71 reported by Rudich et dlis used

for k., and a value of 0.6 is assumed B¢,2%2” a weighted

nonlinear least-squares fit of the data shown in Figure 6 to eq

11 for each temperature results in the derikgdalues listed
in Table 2 and shown in Figure 7, with the reported error

representing twice the standard error from the weighted fit. The = TUEPIE )
¢ reaction is limited by the rate of intermolecular energy transfer

experimental data at 335 K are more consistent with a value o
0.7 for F¢, similar to that observed for the OH isoprene
reaction?! This is not surprising, as collisional broadening is
expected to increase with decreasing temperafure.

A weighted linear least-squares fit of the derivedor the
OH + MBO reaction versus inverse temperature yields the
following Arrhenius expression for the low-pressure-limiting

rate constant, where the uncertainties represent two standar

errors from the fit:

ko= (2.5+ 7.4) x 10 ** exp[(4150+
1150)/T] cnf molecule s * (12)

The negative activation energy of the low-pressure-limiting rate
constant for the OH- MBO reaction is consistent with an OH

addition mechanism, similar to that found for the reaction of
OH with other unsaturated VOCs, as shown in Figure 7. As

can be seen from this Figure, the negative activation energy at

the low-pressure limit for this reactiorE{/R = —4150 K)

Baasandorj and Stevens

temperature compared to the OGPMBO reaction and the OH

+ MBO reaction in the presence of added, @here does not
appear to be a significant difference in the measured rate
constants at higher temperatures (Figure 4). This suggests that
at elevated temperatures the rate of thermal decomposition of
the HO-MBO adducts (reaction 5) competes with the rate at
which the alcohol OH is eliminated. Similar results at elevated
temperatures and at 100 Torr were reported by Rudich et al.,
who also observed non-Arrhenius behavior above 320 Kese
authors suggested that thermal decomposition of the- MBO
adduct may be responsible for this non-Arrhenius behavior,
similar to that observed for the reaction of OH with aromatic
hydrocarbong.However, a close examination of the measure-
ments suggests the possibility that at higher temperatures the
rate constants for the OH MBO in the absence of added, O

are larger than those measured in the presence of adged O
(Figure 4), in contrast to the results at low temperature, perhaps
indicating a more complicated mechanism for OH elimination.
Additional studies at higher temperatures and pressures are still
needed to resolve the temperature dependence of this reaction
and perhaps observe a thermal equilibrium between OH,
methylbutenol and the HOMBO adduct, and to provide
additional insight into the mechanism of the OH elimination
pathway.

Discussion

To gain insight into the mechanism of the OH MBO
reaction, the ab initio relative stabilities of the H®MBO
adducts were calculated and used to estimate the low-pressure-
limiting rate constants for the OHt MBO — adducts reaction.

At the low-pressure limit, the overall rate constant for the

which is dependent on the relative stability of the addétts.
The theoretical results were used in simplified equations based
on RRKM theory to estimate the second-order rate constant for
the unimolecular dissociation of the HMIBO adducts6:27:29.30
and the resulting rate constants were then used to estimate the
reverse third-order association rate constant through the equi-
dibrium constant for the OHt MBO reaction, assuming that
the barrier to formation of the adducts is negligiBleThese
estimated OH+ MBO association rate constants were then
compared to the observed values to determine whether the
stability and structure of the adducts are consistent with the
observed negative activation energy. In addition, the structure
and energies of the OH-elimination products and peroxy radicals
produced after subsequent reaction withvire calculated to
gain insight to the nature of the potential energy surface for
this reaction.

Ab initio Calculations. Figure 8 illustrates the optimized
geometries for the OH- MBO reaction. Initial geometries for

appears to be greater than those for the reaction of OH with the reactants, HOMBO adducts and products were optimized

isoprené! ethylene€?! and methyl vinyl ketoné? However, the
overall errors in the derivekl values reported in Table 2 are
likely to be significantly larger than the statistical errors reported

at the B3LYP/6-31G** level of theory, whereas the reactants
and the HG-MBO adducts were further optimized at the
B3LYP/6-311-G*, MP2/6-31G** and the MP2/6-3HtG*

here, as the fit of the data to eq 11 is not highly constrained levels of theory. The geometries optimized at the B3LYP level

due to the limited number of measurements and their corre-

of theory for each HO&MBO adduct were consistent with those

sponding uncertainties, in addition to uncertainties associatedoptimized at the MP2 level of theory.

with the assumed values kf andF.. As a result, it is possible
that the derived values &p and the negative activation energy
reported here may not be significantly different than that for
the OH+ isoprene reaction or the O#t methyl vinyl ketone
reaction, which were derived in a similar fashit*

Addition of OH to methylbutenol can occur either at the
terminal carbon (adduct 1) or the internal carbon (adduct 2) of
the double bond, resulting in adducts with both cis and trans
structures relative to the OH groups. The resulting cis isomers
are approximately 23 kcal/mol more stable than the corre-

Whereas there is a significant difference in the measured ratesponding trans isomers, as the cis isomers benefit from

constant for the OH- MBO reaction without added £at room

additional stability due to hydrogen bonding between the OH
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TABLE 2: Experimental and Theoretical Values of k, for the OH + MBO Reaction

WC WC
(B3LYP/6-311+G*) (MP2/6-311G*)
ko (experiment) (6=0.01) (8 = 0.0005)
T (K) (10728 cnf molecule? s74)2 (1028 cnf molecule? s72) (1028 crf molecule? s71)
335 42.6+9.3 46 44
355 344+ 5.8 30 28
375 1414+ 4.1 19 18
395 9.3+ 0.1 12 11
415 4.3+ 0.5 8 7
a Experimental uncertainties represent 2 standard deviations.
1E-25 ¢ Olsoprene +OH [Chuong and Stevens, 2000] imaginary frequencies confirms that the optimized geometry for
4 MBO+OH (this work) . .. .
X Ethylene + OH [Chuong and Stevens, 2000] each adduct is at a local minimum on the potential energy
F:-. 1E-26 | AMVK + OH [Chuong and Stevens, 2003] SUrfaCG.
«:: — == Table 5 lists the relative energetics computed at each level
3 1E27 e I of theory for the OH+ MBO reaction, and are illustrated in
2 — % A B ; Figure 8. At the B3LYP/6-31G**+ ZPE level of theory, the
E g8 stability of the HO-MBO adducts are very similar, with
"’5 addition to the internal carbon (adduct 2) predicted to be slightly
} 1E.29 | e more stable (31.4 kcal mtﬁ) than addition to the terminal
——“I’J’x'/TI- carbon (30.1 kcal mot) relative to the reactants. At the B3LYP/
6-311+G* + ZPE level of theory, the difference in stability
R e 26 as : 2 between these two adducts is also similar, with calculated

4 stabilization energies of 28.1 and 27.0 kcal midor adducts
1000/T (K™) . . L

) ) o 2 and 1, respectively. This order of stability is independent of
ch:?‘t‘;z Zéaétrirct]r?rcl)lfuéﬁl?/\t/itor: ;Zié‘r’;‘l"glf;?:ée\;gmg'sr‘?o';attﬁecgﬁams the level theory of the calculation, as the results at the MP2/
MBO reaction in the presence of addegere derived from the Troe 6-31G™ and MP2/6-313G* levels of theory are similar. At
equation assuming, = 8.2 x 10-12e 19 ¢ molecule’s . Dashed the MP2/6-31%G* + ZPE level of theory (using the B3LYP/
line is the calculated low-pressure-limiting rate constant for thetoH ~ 6-311H-G* frequencies), adduct 2 is predicted to be ap-
MBO reaction using the ab initio stabilization energies (see text). proximately 4 kcal mole'more stable than adduct 1, with adduct

2 and 1 predicted to be 33.4 and 29.3 kcal mahore stable

groups (Figure 8). There are also two conformations for each than the OH and methylbutenol reactants. This is in contrast to
of the cis isomers depending on the nature of the hydrogen bondthe conclusions of Rudich et al. who proposed that the addition
between the OH groups, either with the hydrogen bonded of OH to the terminal carbon should be more stable, as the
interaction between the hydrogen of the alcohol OH with the resulting radical is localized on the more substituted carbon.
lone pair electrons of the added OH (adducts 1 and 2) or with The decrease in stability for addition of OH to the terminal
the hydrogen bonded interaction between the hydrogen of thecarbon may be due to increased repulsion between the unpaired
added OH with the lone pair electrons of the alcohol OH. The e€lectron localized on carbon 3 with the lone pairs of the added
difference in the relative energies for these different hydrogen- OH group. The calculated HOMO for adduct 1 has significant
bonded conformations is less than 1 kcal MoFor simplicity, ~ P-orbital character on C3 perpendicular to the-€3-C4 plane,

only adducts 1 and 2 were considered in these calculations. ©Vverlapping with the electron pairs of the added OH oxygen,
At the B3LYP/6-311-G* level of theory, the &C bond whereas the calculated HOMO of adduct 2 has significant

s ) . p-orbital character on the terminal C4 carbon, which does not
length between carbons 3 and 4 in adduct 1 is approximately overlap with the added OH lone pairs
0.153 A longer relative to methylbutenol, reflecting an increased P pairs.

o character of the €C bond as electron density in thebond In addition to the stabilization energy of the HMBO
is transferred to the newly formed-@ bond. A similar adducts relative to the OH and methylbutenol reactants, the

lengthening of the €C bond between carbons 3 and 4 (0.151 energy relative to alcohol OH elimination from adduct 1 leading

; . o to the formation of 3-methyl-2-buten-1-ol (3MBO) was also
A) is also predicted upon addition of OH to the 3 carbon of ' o At ine B3l YP/6-31G* ZPE level of theory, the
methylbutenol (adduct 2). The remaining bonds in both adduct dissociation enerav was found to be approximately 31.8 kcal
1 and adduct 2 are similar in length to the corresponding bonds 9y PP y S

; thvibutenol ting that th ired elect _~mol~1, which is approximately 2 kcal moi? greater than
i methylbutencl, suggesting that the unpaired €electron IS ;. qqiation to the OH- MBO reactants at the same level of
localized on carbon 3 for adduct 1 and carbon 4 for adduct 2.

] i S theory (Figure 8). Elimination of the alcohol OH group from
The total energies along with the spin eigenvalug§ ( adduct 2 leading to the formation of 2,2-dimethyl-cyclopropanol
associated with the optimized geometries for OH, methylbutenol, (DMPO) is less favorable, with a calculated minimum dissocia-
and each HG-MBO adduct for each level of theory are listed  tion energy of 38.9 kcal mot at the B3LYP/6-31G**+ZPE
in Table 3 with the zero point energy correction (ZPE). level of theory, which is approximately 7 kcal mélgreater
Contamination of the unrestricted wave functions from higher than dissociation back to reactants. Reaction of each adduct with
spin states is minimal for OH and adducts 1 and 2, as the O, leads to the formation of peroxy radicals which are calculated
expected value fof? for each of these species is close to the to be approximately 29.1 and 28.5 kcal mbinore stable than
exact value of 0.750 for a pure doublet. Table 4 shows the adducts 2 and 1, respectively, at the B3LYP/6-31G**ZPE
B3LYP/6-31G** and B3LYP/6-311G* frequencies for OH, level of theory (Figure 8). Similar to the individual adducts,
methylbutenol, adduct 1 and adduct 2. The absence of anythe peroxy radical resulting from reaction of adduct 2 with O
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Figure 8. Schematic potential energy surface for the @HVIBO reaction. Solid lines represent the relative energies calculated at the B3LYP/
6-31G** level of theory, while the dashed lines represent the relative energies at the B3LYP/&31dvel of theory.

TABLE 3: Total Energy (Hartrees), Spin Eigenvalues, and Zero Point Energy (Hartrees) for the OH+ MBO — Reaction

species  B3LYP/6-31G** 5 ZPE B3LYP/6-31#G* S? ZPE MP2/6-31G** 3 MP2/6-31H-G* S?

OH —75.72848 0.752 0.00842 —75.75488 0.752 0.00833 —75.53209 0.755 —75.56489 0.756

MBO —271.76504 0 0.14115  —271.81906 0 0.14056 —270.90644 O —270.94268 0

adduct 1 —347.54775 0.754 0.15584 —347.62331 0.754 0.15520 —346.49327 0.763 —346.56052 0.764

adduct 2 —347.54863 0.754 0.15460 —347.62381 0.754 0.15391 —346.49727 0.763 —346.56575 0.763
0

3MBO —271.76238 0.14124
DMPO —271.75387 0 0.14192
O, —150.32004 2.007 0.00378

peroxy 1 —497.91959 0.753 0.16595
peroxy 2 —497.92238 0.753 0.16579

(peroxy 2) is predicted to be slightly more stable than the peroxy various vibrational and rotational degrees of freedériihe
radical resulting from reaction of Qwith adduct 1 (peroxy 1), strong collision association rate constant can then be obtained
with calculated stabilization energies of 58.6 and 60.5 kcaltnol ~ from the calculated equilibrium constant:

for peroxy 1 and 2 respectively at the B3LYP/6-31G£*ZPE
level of theory. Although the elimination of the alcohol OH . s
from adduct 1 has a similar dissociation energy compared to Keee = K (14)
reformation of the reactants, these results suggest that direct cq

dissociation of the alcohol OH may not be energetically

C

AT The strong collision association rate constant represents an upper
favorable, and that the observed elimination of the alcohol OH limit to the observed rate constant and is multiplied by a

may occur through a more comp[ex mechanishdditional . collisional deactivation efficiencg. to obtain the weak collision

experimental and theoretical studies are needed to determine ¢ tantc which b dt i MERE0

e mechani of the OF-siminalon paiey e e o1 et o 1
Calculation of the Low-Pressure-Limiting Rate Constant.

The strong collision dissociation rate constant at the Iow-pressureaIOIOIUCtS at low pressure Wlll_depe_nq on the rate of energization
limit can be expressed 282730 of the adducts above the dissociation threshglgd,For these

calculations, the relative stabilization energy of each adduct at

E either the B3LYP/6-31+G* +ZPE or the MP2/6-311G* level
xp(—O)F FooiF oo (13) of theory was used forEy, assuming that the barrier to

RT/" F antt rot cor dissociation is negligiblez, ; was calculated following Troe

and the density of states at the critical energfko), was

Here,Z ;is the Lennard-Jones collision frequenpky) is the calculated using the Whitten-Rabinovitch approximafidmhe
density of states at the critical enerBy, Quip is the vibrational vibrational partition function Qi) for each adduct was
partition function, andg, Fann and Fro: are correction terms calculated using the vibrational frequencies calculated at the
for the energy dependence of the density of states, anharmo-B3LYP/6-311G* level of theory. The correction ternmg,
nicity, and rotationFo iS @ correction factor to account for  Fann, and Fro Were calculated following Tré&27 and Patrick
coupling between the various degrees of freedom, and isand Golder® The equilibrium constari{¢q for the reaction was
assumed to be unity, which neglects the coupling between calculated based on the B3LYP/6-31G* +ZPE or MP2/6-

c P(E)RT

iss ™ “LJ Q‘b
vi
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TABLE 4: Calculated Frequencies for the OH + MBO —

Adduct Reaction

B3LYP/6-31G**

B3LYP/6-31H-G*

species frequencies (cmt) frequencies (cmt)

OH 3694 3654

MBO 3798, 3240, 3162, 3145, 3763, 3215, 3140, 3128,
3138, 3134, 3129, 3115, 3116, 3113, 3108, 3095,
3054, 3045, 1722, 1525, 3042, 3033, 1700, 1528,
1515, 1501, 1494, 1461, 1518, 1504, 1497, 1459,
1426, 1410, 1362, 1326, 1427,1411, 1357, 1328,
1285, 1202, 1141, 1058, 1280, 1189, 1139, 1059,
1043, 1016, 962, 950, 938, 1039, 1019, 956, 947, 941,
902, 731, 704, 532, 444, 891, 728, 703, 533, 442,
400, 372, 350, 323, 289, 400, 372, 332, 327, 293,
278, 239, 99 281, 241, 105

adduct 1 3793, 3704, 3193, 3133, 3763, 3691, 3175, 3112,
3128, 3124, 3115, 3049, 3108, 3103, 3094, 3053,
3048, 3040, 2976, 1521, 3036, 3028, 2976, 1523,
1512, 1509, 1498, 1490, 1513, 1508, 1499, 1491,
1451, 1426, 1422, 1398, 1443, 1425, 1416, 1400,
1373, 1275, 1252,1219, 1370, 1276, 1245, 1215,
1193, 1132, 1092,1018, 1188, 1130, 1094, 1023,
1011, 965, 956, 926, 882, 1012, 953, 935, 927, 878,
750, 625, 601, 524, 447, 745, 620, 562, 527, 444,
407, 380, 341, 305, 281, 408, 384, 336, 305, 286,
268, 234, 230, 144, 39 268, 235, 226, 133, 44

adduct2 3826, 3768, 3274, 3164, 3794, 3743, 3250, 3143,

3138, 3135, 3127, 3124,
3054, 3049, 2989, 1523,
1513, 1500, 1494, 1467,
1434, 1412, 1390, 1383,
1336, 1275, 1218, 1189,
1153, 1110, 1082, 1008,
987, 941, 918, 868, 737,
577,548, 511, 477, 442,
418, 357, 347, 298, 265,
255, 238, 227, 204, 109

3117, 3114, 3107, 3102,
3043, 3037, 3002, 1526,
1516, 1503, 1497, 1462,
1432, 1412, 1384, 1378,
1340, 1271, 1204, 1186,
1146, 1104, 1068, 1010,
980, 943, 912, 860, 734,
579, 553, 508, 460, 441,
418, 356, 342, 295, 267,
258, 238, 225, 199, 104

TABLE 5: Relative Energetics (kcal moi~?1) for the OH +

MBO Reaction

level of theory adduct 1 adduct 2
B3LYP/6-31G** —34.0 —34.6
B3LYP/6-31G** + ZPE —30.1 -31.4
B3LYP/6-311G* —30.0 —31.3
B3LYP/6-31H-G* + ZPE -27.0 —28.1
MP2/6-31G** —34.4 —36.9
MP2/6-31G** + ZPE -30.4 —33.7
MP2/6-31HG* —33.2 —36.5
MP2/6-314-G* + ZPP —29.3 —-33.4

aUsing B3LYP/6-31G** frequencies Using B3LYP/6-313%G*

frequencies.
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MBO reaction, which is the sum of the rate constant for
formation of each adduct, are in reasonable agreement with the
experimental values using a collisional deactivation efficiency
of 0.01 (Table 2). This empirically derived collisional deactiva-
tion efficiency is smaller than typical values of 8:Q.5, and is
probably due to incorrectly assuming tHaty, the correction
factor to account for coupling between the various degrees of
freedom, is equal to unit$f If the MP2/6-31H#G* calculated
stabilization energies are used for each adduct, a collisional
deactivation efficiency of 0.0005 is needed to bring the
calculated overall termolecular rate constant into agreement with
experiment (Table 2). If a typical collisional deactivation
efficiency (3c) of 0.1 is used in these calculatioffsa stabiliza-

tion energy of approximately 23.5 kcal mélfor both adducts

1 and 2 is required to bring the calculated termolecular rate
constants into agreement with experiment.

Although there is considerable uncertainty associated with
the experimentally derived values kf and their temperature
dependence, these simplified calculations of the low-pressure-
limiting rate constant are able to reasonably reproduce the
observed negative activation energy for the ®BO reaction
compared to the OH- isoprene reaction (Figure 7). The larger
negative activation energy for the OHMBO reaction in these
calculations is likely due in part to the additional low-frequency
vibrations in both methylbutenol and the adducts contributing
to a larger temperature dependence of the corresponding
vibrational partition functions. This leads to a greater difference
between the temperature dependencdg;gfandKeqin eq 14
relative to the OHt- isoprene reactiof. However, more detailed
calculations of the rate constants for this reaction as a function
of temperature are needed to confirm these results.

Although the B3LYP/6-313+G* + ZPE calculated energies
predict that addition to the internal carbon (adduct 2) is slightly
more stable than addition to the terminal carbon (adduct 1), the
calculated low-pressure-limiting rate constants using these
energies results in a predicted yield of approximately 70% for
addition of OH to the terminal carbon between 335 and 415 K.
The calculated yield for adduct 1 is higher because the
contribution of several low-frequency vibrations in adduct 1
leads to a larger calculated vibrational partition function that
reduces the rate of dissociation of adduct 1 relative to adduct 2
in eq 13 (Tables 6 and 7). These results are consistent with
previous measurements of the product yields of acetone and
glycoaldehyde (reaction 5b) of 0.58 0.04 and 0.6 0.09,
respectively, suggesting preferential addition of OH to the
terminal carbori14

In contrast, if the MP2/6-3HG* +ZPE calculated stabiliza-
tion energies are used for adducts 1 and 2, the calculations of

311+G* +ZPE results for the adducts and the reactants. The the low-pressure-limiting rate constant suggest that addition to
weak-collision association rate constakfs was obtained by
multiplying the strong-collision association rate constad},
(from eq 14), by a collisional deactivation efficiengy, which

is derived by comparison with the

experimental valtfes.

the internal carbon should be preferred, with a calculated yield
of approximately 86% between 335 and 415 K. This is the result
of the greater difference in the relative stability between adducts
1 and 2 leading to larger dissociation rate constants for adduct

The values for each parameter in eq 13 were calculated for 1 relative to adduct 2 even with the larger calculated vibrational
each adduct for both the B3LYP/6-3tG* + ZPE and MP2/
6-31HG* +ZPE stabilization energies in order to compare the are in contrast to the suggested preference of OH addition based
calculatedk™ , with the experimental measurements of the On product studies described abd¥é?

ec,0

low-pressure-limiting rate constant for the GHMBO reaction.
The detailed results for each adduct are summarized in Tablesbe applicable to the overall yield of each adduct under
6 and 7, and the overall results for both adducts are comparedatmospheric conditions. Recent experimental and theoretical
to the experimental values in Table 2 and Figure 7.

Using the B3LYP/6-311+G* + ZPE calculated stabilization

partition functions for adduct 1 (Tables 6 and 7). These results

However, these calculated results at low pressure may not

studies suggest that the negative activation energy observed at
the high-pressure limit for the OH addition to alkenes is likely

energies for each adduct for the critical energy, the predicted due to the reversible formation of a prereactive complex through

values for the overall termolecular rate constant for the-©H

an initial transition state, followed by an irreversible reaction
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TABLE 6: Contributing Factors to the Calculation of the Strong Collision Dissociation and Recombination Rate Constants for
the OH + MBO — Adduct 1 Reaction Using the B3LYP/6-31%G* Calculated Stabilization Energy of 27.0 kcal mot? (and the
MP2/6-3114+G* Caclulated Enegy of 29.3 kcal mot?)

Fe
T VAN p(Eo) Fanh kZicss Keq kfecc

(K) (cmPmol~ts™) (x 10°) Quib Frot (cm®*molecule*s™) (molecule cm?) (cmfmolecule?s™t)

335 3.7x 1071 1.2 (4.7) 350 1.5(1.4) 5.5 10 1.7x 1¢° 3.2x 10°%
1.1(1.1) (7.3x 10°19) (6.0 x 10°) (1.2 x 10724
4.2 (4.4)

355 3.8x 10710 1.2 (4.7) 550 1.5 (1.5) 3.5 10716 1.7 x 10° 2.1x 10725
1.1(1.1) (5.7x 10717 (7.4 x 107) (7.7 x 10°25)
4.0 (4.1)

375 3.8x 10710 1.2 (4.7) 855 1.5(.5) 1.8 10715 1.4x 10 1.3x 107%
1.1(1.1) (3.4x 10716 (7.0x 1% (4.9 x 10725
3.7(3.8)

395 3.9x 10710 1.2 (4.7) 1340 1.6 (1.6) 74 1015 8.9 x 10% 8.4x 10726
1.1(1.1) (1.6x 10715 (5.2 x 10°) (3.1 x 10729
3.5(3.6)

415 3.9x 10710 1.2 (4.7) 2090 1.6 (1.6) 2.6 10 4.8x 101! 5.4x 1072
1.1(1.1) (6.5x 10715) (3.2 x 10 (2.0 x 10725
3.3(3.4)

TABLE 7: Contributing Factors to the Calculation of the Strong Collision Dissociation and Recombination Rate Constants for
the OH + MBO — Adduct 2 Reaction Using the B3LYP/6-31%G* Calculated Stabilization Energy of 28.1 kcal mot? (and the
MP2/6-3114+G* Calculated Energy of 33.4 kcal mol?)

Fe

T VAN p Fann ‘i:ss Keq gc

(K) (cmPmol~tsh (x 109 Quib Frot (cm*moleculet s (molecule cm?) (cmPmolecule? s

335 3.7x 10710 6.1 160 1.5(1.4) 9.% 10V 6.4x 1C° 1.4x10%
1.1(1.1) (2.0x 10719 (2.7 x 107 (7.6 x 10729
4.2 (4.7)

355 3.8x 1071° 6.1 260 1.5(1.4) 5.% 10716 6.3x 10° 9.1x 1072
1.1(1.1) (2.2x 10718) (4.7 x 10P) (4.8 x 10729
3.9 (4.4)

375 3.8x 10710 6.1 410 1.5(1.5) 2.& 1071 4.8 x 101 5.8x 1026
1.1(1.1) (1.8x 10717 (6 x 10°) (3.0 x 10729
3.6 (4.1)

395 3.9x 1071 6.1 650 1.6 (1.5) 1.k 107 3 x 101 3.7x 10°%
1.1(1.1) (1.1x 10719 (5.9 109) (1.9 x 10724
3.4 (3.8)

415 3.9x 10710 6.1 1031 1.6 (1.6) 3.& 101 1.6 x 10%? 2.4x 10°%
1.1 (1.1) (5.7x 10719 (4.6 x 109) (1.2 x 10724
3.2(3.6)

though a second transition state that is lower in energy than thealcohol OH elimination, as measurements of the ®H/1BO
reactant$3 3% As a result, the overall yield at atmospheric rate constant in the presence of added oxygen are similar to the
pressure may depend on the structure and energetics of theDD + MBO results.

transition states and intermediate complexes, rather than the Thegretical calculations of the energetics of the ®#IBO

stability of the individual adducts. reaction suggest that the stabilities of the different adducts are
similar, with the adduct resulting from OH addition to the
internal carbon calculated to be-4 kcal mol* more stable
The measured rate constants for the reaction of OH with than the adduct formed from OH addition to the terminal carbon.
methylbutenol at 2, 3, and 5 Torr and room temperature are in At the BSLYP/6-311+G* + ZPE level of theory, the adducts
good agreement with those obtained at higher pressures,€sulting from addition to the internal and terminal carbons were
suggesting that the reaction is at its high-pressure limit at room c@lculated to be 28.1 and 27.0 kcal mbiore stable than the
temperature and 2 Torr. However, the rate constants begin toréactants, while at the MP2/6-3+tG* + ZPE level of theory,
show a pressure dependence at temperatures above 335 kaddition to the internal and terminal carbons were calculated to
Termolecular rate coefficients derived from Troe'’s expression be 33.4 and 29.3 kcal mol more stable than the reactants,
displayed a negative temperature dependence that may be |arger|espectively. These stabilization energies result in estimated
than those found for the reactions of OH with isoprene, ethylene, termolecular rate constants for the GHMBO reaction using
and methyl vinyl ketone under similar conditions although there simplified calculations based on RRKM theory that are in
is considerable uncertainty in these derived low-pressure-limiting reasonable agreement with experimental values between 335

Conclusions

rate constants. and 415 K. The calculations suggest that the larger negative
Measurements of the rate constant for the @HMBO activation energy for the OH MBO reaction compared to the
reaction in the absence of oxygen at 5 Torr are approximately OH + isoprene reaction is likely the result of additional low-
10—15% lower than that measured for the @DMBO reaction, frequency vibrations in both methylbutenol and the adducts
consistent with previous measurements suggesting that elimina-leading to larger temperature dependences of their vibrational
tion of the alcohol OH group occurs from the HMBO adduct. partition functions. However, more rigorous calculations are

Addition of oxygen appears to stabilize the adduct and inhibit needed to confirm these results.
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Although the B3LYP/6-313+G* + ZPE calculated energies
predict that OH addition to the internal carbon is slightly more
stable than addition to the terminal carbon of methylbutenol,

the calculated low-pressure-limiting rate constants using these
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addition of OH to the terminal carbon, in agreement with
previous product studies of this reaction, due to the low-
frequency vibrations in this adduct contributing to a larger

vibrational partition function that reduces the rate of dissociation.

However, the MP2/6-3HG* + ZPE calculated stabilization

energies predict that addition to the internal carbon should be

preferred due to its greater stability relative to addition to the

terminal carbon. Clearly additional theoretical and experimental

studies of the OH-initiated oxidation of methylbutenol are
needed to resolve these discrepancies.
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