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Hydroxycarbonyl Products of the Reactions of Selected Diols with the OH Radical
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The hydroxycarbonyl products formed from the gas-phase reactions of 1,2-, 1,3-, and 2,3-butanediol and
2-methyl-2,4-pentanediol have been investigated using solid-phase micro extraction fibers coated with the
derivatizing reagenD-(2,3,4,5,6-pentafluorobenzyl)hydroxylamine hydrochloride. Following on-fiber de-
rivatization of carbonyl-containing products, they were analyzed by subsequent thermal desorption and gas
chromatography with flame ionization detection (GC-FID) and combined gas chromatogiraplsy
spectrometry. In addition to the hydroxyketone products previously observed by gas chromatography without
prior derivatization, the hydroxyaldehyde products observed as their oximes we@HJEH(OH)CHO and
HOCH,CHO from 1,2-butanediol; C¥H(OH)CHCHO, HOCHCHO, and CHCH(OH)CHO from 1,3-
butanediol; CHCH(OH)CHO from 2,3-butanediol; and GEH(OH)CHO from 2-methyl-2,4-pentanediol.
These hydroxyaldehydes were quantified using estimated GC-FID response factors developed for on-fiber
derivatization sampling, and the observed hydroxycarbonyl products account-fai03% of the reaction
pathways for these four diols. The reaction products, and their formation yields, predicted from mechanisms
based on the literature database for reactions of OH radicals with volatile organic compounds, agree with our

experimental data.

Introduction at 296+ 2 K and 740 Torr total pressure of purified airab%
Volatile organic compounds present in the atmosphere can'elative humidity. This chamb_e_r is fitted with a Teflor_l-coateql
undergo photolysis and chemical reaction with OH radicals; NO fan to ensure the rapid mixing of reactants during their
radicals, and @' with the OH radical reaction being an introduction into the chamber. OH radicals were generated by
important, and often dominant, atmospheric loss protBésls the photolysis of methyl nitrite (C¥DNO) in air at wave!engths
are used as solveftand can also be formed in the atmosphere ~300 nm;* and NO was added to the reactant mixtures to
from the OH radical-initiated reactions of alkenes under low- Suppress the formation ofs@and hence of N@radicals. The
NO conditions3-5 To date, room-temperature rate constants initial reactant concentrations (moleculer_ﬁhwere CHONO,
have been reported for the gas-phase reactions of OH radicals™4-8 x 10'% NO, ~4.8 x 10' and diol, ~1.2 x 10%.
with 1,2-ethanediof;® 1,2-propanediol;” 9 2-methyl-2,4-pen- Irradiations were carried out for 1% min, resulting in up to
tanedioll® and 1,2-, 1,3-, and 2,3-butanedilDuring our ~ 61% consumption of the initially present diol.
previous kinetic and product study of the reactions of OH  The concentrations of the diols were measured during the
radicals with 2-methyl-2,4-pentanediol and 1,2-, 1,3-, and 2,3- €xperiments by gas chromatography with flame ionization
butanediol? we identified and quantified hydroxyketone prod- detection (GC-FID}? Gas samples of 100 chvolume were
ucts formed from these reactions and, because hydroxyaldehydéollected from the chamber onto Tenax-TA solid adsorbent, with
products also expected from certain of these reactions were notsubsequent thermal desorption-a225 °C onto a 30 m DB-
observed, concluded that without derivatization hydroxyalde- 1701 megabore column held at°C and then temperature
hydes would not elute from the gas chromatographic columns programmed to 200C at 8 °C min~'. Based on replicate
used. analyses in the dark, the GC-FID measurement uncertainties
In this study, we have further investigated the products formed for the diols were in the range-5%, except for 1,3-butanediol
from the reactions of OH radicals with 2-methyl-2,4-pentanediol for which the uncertainties were in the range-3%. The
and 1,2-, 1,3-, and 2,3-butanediol, using solid-phase micro hydroxyaldehyde and hydroxyketone products were sampled
extraction (SPME) fibefd coated with O-(2,3,4,5,6-penta-  Using a 65um poly(dimethylsiloxane)/divinylbenzene SPME

fluorobenzyl)hydroxylamine hydrochlorié¢iefor on-fiber de-  fiber.!* The fiber was coated prior to use with-(2,3,4,5,6-
rivatization of carbonyl compounds, with subsequent gas Pentafluorobenzyl)hydroxylamine hydrochloride (PFBHA) for
chromatographic analyses of their oxime derivatives. on-fiber derivatization of carbonyl compounds. The derivati-
) ) zation reagent was loaded onto the SPME fiber for 1 h using
Experimental Section headspace extraction from a 20 mg MLPFBHA solution

All experiments were carried out in a 7500 L Teflon chamber, immediately before sampling in the chamB&The coated fiber
equipped with two parallel banks of blacklamps for irradiation, was inserted into the chamber and exposed to the chamber
*To whom correspondence should be addressed. Roger Atkinson. contents for 5 min with _the Chamb_er leIng fan on. The fiber
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TABLE 1: Hydroxycarbonyl Products Predicted and Observed, and Their Predicted and Measured Yields, from the Gas-Phase
Reactions of the OH Radical with Diols at 296+ 2 K

molar formation yield (%)

diol product Tenak SPMP? estt
CH;CH,CH(OH)CH.OH CH3CH,C(O)CH,OH 66+ 11 64
CH;CH,CH(OH)CHO 27 25

HOCH,CHC? 10+ 4 9

HOCH,CH,CH(OH)CHO <1

CH;CH(OH)CH.CH,OH CH3C(O)CH,CH,OH 50+ 9 40
CHsCH(OH)CH.CHO 15 19

CH:CH(OH)CHO 0.7 3

HOCH,CHC? 10+ 4 34

HOCH,CH(OH)CHCHO 2

CHsCH(OH)CH(OH)CH CHsC(O)CH(OH)CH? 89+ 9 97
CH:CH(OH)CHO 2.0 2

(CHs)2C(OH)CH,CH(OH)CH (CHs),C(OH)CH,C(O)CH¢ 47+9 47
CH:CH(OH)CHO 24 43
(CH3),C(OH)CH.CHO observed 2

HOCH,C(OH)(CH)CH,C(O)CHs 7

aFrom Bethel et al® with products sampled on Tenax adsorbent. Indicated errors are two least-squares standard deviations combined with
estimated overall uncertainty in the GC-FID response factors for the diols and hydroxyketah®8%agach® ° This work; see text for details of
how these yields are obtained. The estimated overall uncertainties are a fastdy except for HOCHCHO where the indicated errors are two
standard deviations and include the uncertainties in the measured formation yields for the reference hydroxykeZehe€(OHCHOH or
CH;C(O)CH,CH,0OH .1° ¢ Estimated based on the predicted percentages of the initial OH radical reaction proceeding by H-atom abstraction from
the various CH, Chl CH;s, and OH group¥*8and the estimated reaction rates of the intermediate alkoxy radi®aé assuming that ath-hydroxy
radicals react solely with £* and neglecting organic nitrate formation from reaction 9b and analogous reaétidastification based on matching
of GC retention times and mass spectra with those of authentic stanélatestification based on comparison of GC retention times and mass
spectra of the oximes from reactions of 1,2- and 1,3-butanediol with OH radicals with those from reaction of OH radicals with 2-methyl-3-buten-
2-01.1516 fldentical oximes were formed from the reactions of OH radicals with 1,3- and 2,3-butanediol and 2-methyl-2,4-pentanediol, and this
identical molecular weight 74 product is attributed to {CH(OH)CHO from consideration of the likely reaction mechanisms (see text).

a Varian 2000 MS/MS with isobutane chemical ionization and ol—air mixture which is known to form glycolaldehyde as a
a DB-1701 column, using a similar procedure to that for the reaction product>16
GC-FID analyses. GC retention times and mass spectra were Additional oxime products were observed in the GC-FID and
previously obtained for a number of standard hydroxyketéfies. GC-MS analyses and, based on their molecular weights, the
In addition, an irradiation of a C#ONO—NO—2-methyl-3-  fact that they must be hydroxyaldehydes (i.e., they were not
buten-2-ot-air mixture was carried out, with similar initial  observed without derivatization), and consistency with the
reactant concentrations as used in the diol eXperimentS, to Obtairi'eaction pathways discussed beIOW, were assigned the structures
GC retention times and mass spectra of the oximes of glycol- jisted in Table 1. The oximes of the molecular weight 74
aldehyde [HOCHCHO], a known product of the OH radical-  product(s) observed from the 1,3-butanediol, 2,3-butanediol and
initiated reaction of 2-methyl-3-buten-2-6+1° 2-methyl-2,4-pentanediol reactions had identical GC retention
Chemicals.The chemicals USEd, and their stated purities, Were times and mass Spectra, indicating that the same Carbonyi_
1,2-butanediol (99%), 1,3-butanediol (9%), 2,3-butanediol  containing product is formed from each of these diols. From
(98%), 1-hydroxy-2-butanone (95%), 3-hydroxy-2-butanone, consideration of the likely reaction schemes (see below), this
4-hydroxy-4-methyl-2-pentanone (99%), 2-methyl-2,4-pen- molecular weight 74 product is attributed to the hydroxyalde-
tanediol (99%)0-(2,3,4,5,6-pentafluorobenzyl)hydroxylamine  hyde CHCH(OH)CHO. The products (other than the hydroxy-
hydrochloride (98-%), and 2-methyl-3-buten-2-ol (98%), Al-  ketones) of molecular weight 88 observed in the 1,2- and 1,3-
drich Chemical Co.; 4-hydroxy-2-butanone (9%), TCI butanediol reactions are attributed to the hydroxyaldehydes
A.m.erica; and NO £99.0%), Matheson Gas Produqts. Methyl  CH;CH,CH(OH)CHO and CHCH(OH)CH,CHO, respectively.
nitrite was prepared and stored as described previdésly. We have recently measured GC-FID response factors for the
oximes of 33<Cg aldehydes, ketones, and hydroxycarboi§ls.
In these experiments, two or three carbonyl compounds were
GC-MS analyses of irradiated GBINO—NO-—diol—air introduced into the chamber at a concentration-¢2.4—7.2)
mixtures, using the SPME fiber coated with derivatizing reagent x 10> molecule cm® each and sampled with the coated SPME
to sample the chamber contents, showed the formation of afiber, with subsequent GC-FID analysis of the oxin&§Ve
number of oximes from each diol (Table 1). The hydroxyketones therefore have relative response factors (see Table 2) for SPME/
previously identified and quantifié®were identified as their =~ GC-FID analyses of the oximes of 1-hydroxy-2-butanone,
oxime derivatives from comparison of the GC retention times 4-hydroxy-2-butanone, 3-hydroxy-2-butanone, 4-hydroxy-4-
and mass spectra with those of the oximes of authentic standardsmethyl-2-pentanone, and glycolaldehyde. The response factor
The oximes gave strong [M- H]* ions with minor [M+ 40]" for glycolaldehyde was obtained from the OH radical-initiated
adduct ions, where the value of M is 195 mass units above thereaction of 2-methyl-3-buten-2-ol, using a glycolaldehyde
molecular weight of the carbonyl product (note that asymmetric formation yield of 58%° and taking into account the small
carbonyls may produc&- and E- forms of the oximes). loss of glycolaldehyde<4%) because of its secondary reaction
Glycolaldehyde was shown to be formed from the reactions of with OH radicals. Based on the measured relative response
1,2- and 1,3-butanediol (Table 1) by comparison with GC-FID factors, it is predicted that the response factor for an hydroxy-
and GC-MS analyses, using the same coated SPME fiberaldehyde or hydroxyketone is a factor of 5.1 higher (with an
method, of an irradiated GNO—NO—2-methyl-3-buten-2- uncertainty of a factor of~2) than that of the corresponding

Results
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TABLE 2: Analytical Relative Response Factors for the 3.5e+5
Oximes of the Products Observed and OH Radical Reaction
Rate Constants for the Diols and Products
3.0e+5 | CH,C(0)CH,CH,OH
SPME/GC-FID ®
response factor 9]
relative to 10'2 x kon E 25e+5
reactant or product 3-pentanone  (cm® molecule!s™?) §
CH3CH,CH(OH)CH,0OH 27.0+ 1.4 ; 2 00+5 o) o
CH3CH(OH)CH,CH,OH 33.2+ 1.12 e~
CH3CH(OH)CH(OH)CH 23.6+ 4.2 3
(CHy)2C(OH)CHCH(OH)CH; 277+ 2.0 S 15005 CH,CH(OH)CH,CHO
CH3CH,C(O)CHOH 5.8 7.7+£0.8 5
CH3C(O)CH,CH,OH 12.% 8.1+0.8 o
CH3C(O)CH(OH)CH 7.? 10.3+ 0.5° L 1.0e+5
(CHz).C(OH)CH,.C(O)CHs 3.1 40+0.9 8
HOCH,CHO 18.8 13 HOCH,CHO
CH3sCH,CH(OH)CHO 2% 309 5.0e+4
CH3CH(OH)CH,CHO 25 300 CH.CH(OH)CHO
CH3CH(OH)CHO 25 309 A
0.0e+0 £# T Y

aFrom Bethel et al® The indicated uncertainties do not take into
account the uncertainty in the rate constant for the reaction of OH
radicals with the reference compounabctane.? From Reisen et att

The estimated overall uncertainties in these relative response factorsFigure 1. Plot of the GC-FID peak areas for the oximes of the
hydroxycarbonyls observed, against the percentage of 1,3-butanediol

not take into account the uncertainty in the rate constant for the reactionreacted with the OH radical. The measured initial concentrations of
1,3-butanediol in the three experiments were the same, within the
measurements uncertainties-65—9% (see text).

are~=£20%. ¢ From Aschmann et df. The indicated uncertainties do

of OH radicals with the reference compoumdctane d Obtained from
coated SPME/GC-FID analysis of 3 irradiated $CHNO—NO—2-
methyl-3-buten-2-etair mixtures, with 4-hydroxy-3-hexanone and (in
one experiment) 1-hydroxy-2-butanone added after the irradiation as
an internal standard(s) and using our previously measured glycolalde-
hyde formation yield of 58 4% (a weighted average of the measured
formation yields of glycolaldehyde and its coproduct acettnand
taking into account the small loss of glycolaldehydedfo) because

of its secondary reaction with OH radicals. The estimated overall
uncertainty in this relative response factoei20%. ¢ From I[UPACS°
fEstimated from the measured relative response factors fog){CH
CHCHO, CHCH,CH(CH;)CHO, and (CH),CHCH,CHO; see text and
Reisen et al* Estimated overall uncertainties in these relative response
factors are a factor of-2. 9 Estimated. Although the rate constants
calculated as described in Bethel et%hre (in units of 10 cm?®
molecule’* s71) CH;CH(OH)CHO, 4.95; CHCH,CH(OH)CHO, 5.8;

and CHCH(OH)CH,CHO, 4.7, the literature database suggests that
these estimated OH radical reaction rate constants for hydroxyaldehydes
are too hight® Accordingly, an approximate rate constant of .00 **

cm?® molecule® s7 was used for all three hydroxyaldehydes.

aldehyde or ketone with theOH group replaced by a methyl
group!* For example, the response factor for the sum of the
oximes of CHCH(OH)CHO is estimated to be a factor of 5.1

Peak area relative to that for CH,C(O)CH,CH,OH

Bethel et al.
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higher than for the oximes of (GHCHCHO. The relative
response factors for the 38Cg carbonyl compounds studied
were all <231 with the highest response factors being fo
hexanal (22.3), glycolaldehyde (18.8), pentanal (16.0), and
5-hydroxy-2-pentanone (15.8Based on the response factors
for straight-chain aldehydes, 2-ketones, and 3-ket&hésat
for 5-hydroxy-2-pentanone is expected to be a factortf8
higher than the value of 12.5 measured for 4-hydroxy-2-
butanoné? suggesting there is a maximum value of the response ucts also react with OH radicals, and the decreases in yield with
factor of ~15—-25 for the SPME sampling and analysis increasing percentage of reaction are evident in Figure 1.
procedure used here. Therefore, because the estimated responseWe have previously measured the hydroxyketone formation
factors (relative to that for the oximes of 3-pentanone) fogeCH  yields (for example, of 4-hydroxy-2-butanone in the case of the
CH(OH)CHO, CHCH,CH(OH)CHO, and CHCH(OH)CH,- 1,3-butanediol reactiot)and here we have used these hydroxy-
CHO are>25, we use a constant value of 25 for all three of ketones as internal standards. For example, the ratio of the
these hydroxyaldehydes (Table 2). hydroxyaldehyde oxime peak areas to that of the oximes of the
The GC-FID measurements provide the peak areas for thehydroxyketone product as a function of the percent of 1,3-
various oximes of the carbonyl-containing compounds, and butanediol reacted is shown in Figure 2. The decrease in the
Figure 1 shows a plot of the peak areas of the oximes of the ratio of the GC-FID peak areas of the hydroxyaldehydes relative
hydroxyketones and hydroxyaldehydes observed from the 1,3-to 4-hydroxy-2-butanone with increasing extent of reaction
butanediol reaction against the percentage reaction for threeshows that CHCH(OH)CH,CHO and CHCH(OH)CHO are
replicate experiments with the same initial 1,3-butanediol more reactive toward OH radicals than is £HO)CH,CH,-
concentrations. The hydroxyaldehyde and hydroxyketone prod- OH. Using the fraction of the initial diol reacted (determined

Figure 2. Plots of the GC peak areas (see Figure 1) of the oximes of
¢ the hydroxyaldehydes GEH(OH)CHCHO, HOCHCHO, and CH-
CH(OH)CHO ratioed to the peak area of the oximes of the hydroxy-
ketone CHC(O)CH.CH,OH. O, O, A — Experimental data®, B, A
— experimental data corrected for reactions of;CH(OH)CH,CHO,
HOCH,CHO, CHCH(OH)CHO, and CHC(O)CHCH,OH with OH
radicals; (- - -)— ratios obtained by averaging the corrected data.
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from the Tenax/GC-FID analyses) and the knéWr or Taking the 1,2-butanediol reaction as an example, the reactions
estimated®'® rate constants for reaction of the diols and

hydroxycarbonyl products with OH radicals listed in Table 2, OH + CH;CH,CH(OH)CH,OH —

the hydroxyaldehyde/hydroxyketone GC-FID peak area ratios H,O + CH,CH,C’(OH)CH,0H (3)
were corrected to take into account secondary reactions with

OH radicalst® As expected, the corrected GC-FID peak area QH + CH,CH,CH(OH)CH,OH—

ratios do not vary with extent of reaction (filled symbols in

Figure 2) and the averages of the individual ratios were used H,0 + CH;CH,CH(OH)CHOH (4)
(dashed lines in Figure 2). The GC-FID response factors for
the oximes of the various hydroxycarbonyls, relative to that for
the oximes of 3-pentanone, obtained using the coated SPME .
fiber for sample collection and on-fiber derivatizatirare also CH,CH,C(OH)CH,0H + O, —~

given in Table 2. These relative response factors were then CH,CH,C(O)CH,OH + HO, (5)
combined with the corrected hydroxyaldehyde/hydroxyketone

GC-FID peak area ratios and with the hydroxyketone formation CH,CH,CH(OH)CHOH + O, —

followed by reactions of the-hydroxyalkyl radicals with G**

yields previously determined by Bethel et'@lto obtain the CH,CH,CH(OH)CHO+ HO, (6)

hydroxyaldehyde formation yields. The resulting hydroxyalde-

hyde yields for each diol studied are given in Table 1. result in the formation of 1-hydroxy-2-butanone and 2-hydroxy-
For the hydroxycarbonyl products, ketenol tautomerization butanal from 1,2-butanediol.

can potentially occdf Analogous reactions lead to the formation of 3-hydroxy-2-

butanone from 2,3-butanediol, 4-hydroxy-2-butanone and 3-hy-
RR—CH—-C(0O)-R" <= RR—C=C(OH)-R" (1) droxybutanal from 1,3-butanediol, and 4-hydroxy-4-methyl-2-

pentanone from 2-methyl-2,4-pentanediol. As indicated in Table
For simple aldehydes and ketones, the keto form is the mostl. several other hydroxycarbonyls were observed in addition to
stable and the equilibrium lies well to the left (i.e., in the keto these major products, and the formation routes to these
form).1® However, for compounds such as 2,4-pentanedfone compounds are discussed below.
[CH3C(O)CH,C(O)CH;] and dimethyl-1,3-acetonedicarboxy- 1,2-But_a_ned|oI.H-atom abstraction from t_h_eﬂ-| bonds at
late?® [CH30C(O)CHC(O)CH.C(0)OCH] in which a conju-  the 2-position CH(OH) group and the 1-position £&HH group
gated double-bond system makes the enol-form more energetiléad to the formation of C4CH,C(O)CH,OH and CHCH,-
cally favorable CH(OH)CHO, respectively, by reactions-8. H-atom abstrac-

tion from the 3-position Chigroup leads to formation of the
- 1,2-hydroxyalkoxy radical CECH(O")CH(OH)CH,OH (reac-
CH,C(O)CHL(O)CH, = CH,C(OH=CHC(O)CH, - (2) tions 7, 8, and 9a) and a small amount of a nitrate (reactions 7,

) ) 8, and 9b)
the enol form can become important (and even domindnt).

Because of the lack of structural features leading to conjugatedOH + CH,CH,CH(OH)CH,OH —
double bond character in the enol form (and hence stabilization .

of the enol form), the hydroxycarbonyl products identified and H,0 + CH,C'HCH(OH)CHOH (7)
quantified in this work [CHCH,C(O)CHOH, CH;CH,CH- .

(OH)CHO, HOCHCHO, CH;C(O)CH,CH,OH, CH;CH(OH)- CH;C'HCH(OH)CH,OH + O, —

CH,CHO, CHCH(OH)CHO, CHC(O)CH(OH)CH, and (CH)»- CH,CH(OO)CH(OH)CH,0OH (8)
C(OH)CHC(O)CH;] are anticipated to exist as the keto form

(i.e., as written). Indeed, the keto forms of these hydroxycar- .

bonyls are calculated to be14—21 kcal mot? more stable CH,CH(OO)CH(OH)CH,OH + NO

than the enol form&l-22 using the group additivity method of CH,;CH(O")CH(OH)CH,OH + NO, (9a)
Bensor? to estimate the heats of formation of the enol forms.

Moreover, our previous analyse8of the hydroxyketones CH CH,;CH(OO)CH(OH)CH,0OH + NO —

CH,C(O)CHOH, CH;C(O)CH,CH,OH, CH;C(O)CH(OH)CH, CH,CH(ONG,)CH(OH)CH,OH (9b)

and (CH;),C(OH)CH,C(O)CH; showed good agreement of the 3

measured GC-FID response factors (when gas samples wererhe 1 2-hydroxyalkoxy radical is predicf#-27 (using listed
collected onto Tenax solid adsorbent with subsequent thermaly, ostimated heats of formation for the various species from

desorption onto the GC column) with the calculated Effective (efs 21, 28, and 29) to dominantly decompose rather than react
Carbon Number& suggesting quantitative compound collection  ith O,

and analysis.
CH,CH(O)CH(OH)CH,OH —
Discussion CH,CHO + HOCH,C'HOH (10)

with the a-hydroxy radical reacting with ©to form glycol-

As previously discussed by Bethel et®lH-atom abstraction aldehyde. It should be noted that @EHO could not be
from the C-H bonds of the CH and/or CHgroups to which  quantified using SPME because of background interferences
the OH group is attached is predicted to be important in the
reactions of OH radicals with the four diols studied here, with HOCH,C'HOH + O, ~HOCH,CHO + HO, (11)
the rapid reaction of the resultinghydroxyalkyl radicals with
0O, forming hydroxyketone or hydroxyaldehyde prodwt%s. By analogous reactions to reactions ¥, H-atom abstraction
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from the 4-position Chlgroup, which is predicted to account
for <1% of the overall OH radical reactidf'® leads to the
alkoxy radical *OCH,CH,CH(OH)CHOH which is pre-
dicted®25-27 to dominantly isomerize through a six-membered
transition state to ultimately form HOGBH,CH(OH)CHO.
The hydroxycarbonyls observed (Table 1) are in accord with

Bethel et al.

followed by reaction of CHC*(OH)CHs with O, to form CHC-
(O)CHs plus HO.

The minor initial reaction pathways involving H-atom
abstraction from the Cigroups (predicte®18to account for
<10% of the overall reaction) are expected to lead to formation
of (CH3),C(OH)CH,CHO plus HCHO after H-atom abstraction

the expected reactions, and our measured yields are in goodrom the 5-position Ckligroup and HOCHC(OH)(CHs)CH,C-
agreement with predictions made using the estimation method(O)CH; after H-atom abstraction from the two equivalent

of Kwok and AtkinsoA® and Bethel et al® to calculate the

1-position CH groups followed by isomerization of the initially

percentages of the overall OH radical reaction occurring at the formed alkoxy radical. The major hydroxycarbonyls observed

various C-H bonds, combined with estimates of the fates of

here were those expected, with the @3HE&(OH)CH,CHO

the various hydroxyalkoxy radicals (as discussed above andproduct predicted to be formed i#r2% yield (see Table 1) being

shown in Table 1).

1,3-Butanediol.H-atom abstraction from the-€H bonds of
the 3-position CH(OH) and 1-position GBH groups leads to
formation of CHC(O)CH,CH,OH and CHCH(OH)CH,CHO,

observed in the GC-MS analysis but too minor for GC-FID
guantification. No oxime attributable to the dihydroxyketone
was observed.

respectively (see above). H-atom abstraction from the 2-position Conclusion

CH, group leads, by reactions analogous to reaction8, to
the hydroxyalkoxy radical C#CH(OH)CH(O)CH,0OH, which
is predicted?>-27 to dominantly decompose, mainly-93%)
by the pathway

CH,CH(OH)CH(C)CH,OH —
CH,C'HOH + HOCH,CHO (12a)

with the alternative decomposition pathway 12b being minor,
and with the a-hydroxy radicals CHC*'HOH and CH,OH
reacting with @%4 to form CHCHO and HCHO, respectively
(not quantified here due to background interferences).

CH,CH(OH)CH(C)CH,0H —
CH,CH(OH)CHO+ "CH,OH (12b)

H-atom abstraction from the 4-position glgroup, which is
expected to account for-2% of the overall OH radical
reactiont®18leads to the hydroxyalkoxy radic& CH,CH(OH)-
CH,CH,OH which is predicte#?>2” to mainly isomerize to
ultimately form HOCHCH(OH)CHCHO.

Again as shown in Table 1, the hydroxycarbonyls observed
are in accord with the expected reactions, and our measure
yields are in reasonable agreement with predictions.

2,3-Butanediol.H-atom abstraction from the two equivalent
CH(OH) groups leads to the formation of @E{O)CH(OH)-
CHs. H-atom abstraction from the two equivalent £gtoups
leads, after reactions analogous to reaction8,7o formation
of the hydroxyalkoxy radical’ OCH,CH(OH)CH(OH)CH,
which is predicted?>27 to decompose and isomerize at ap-
proximately similar rates. Isomerization is expected to lead to
formation of HOCHCH(OH)CH(OH)CHO, whereas decom-
position forms HCHO plus C¥CH(OH)CHO. As shown in
Table 1, the dominant product observed wasC{®D)CH(OH)-
CHs together with a minor amount of GBH(OH)CHO.

2-Methyl-2,4-pentanediol. H-atom abstraction from the

4-position CH(OH) group leads to formation of 4-hydroxy-4-
methyl-2-pentanone, (GHC(OH)CH,C(O)CH; (Table 1). The
other major initial reaction involves H-atom abstraction from
the 3-position CHgroup, leading (after reactions analogous to
reactions #9) to the hydroxyalkoxy radical (CHC(OH)CH-
(O°)CH(OH)CHs, which is predicted to dominantly decompose
by the pathwa?25-27

(CH,),C(OH)CH(C)CH(OH)CH, —
CH,CH(OH)CHO+ CH,C'(OH)CH, (13)

The predicted hydroxycarbonyls and their associated yields,
obtained from estimates of the percentages of the OH radical
reaction proceeding by H-atom abstraction from the various
C—H groups combined with estimates of the reaction rates of
the intermediate alkoxy radicals, are given in Table 1 (H-atom
abstraction from the ©H bonds is expected to account fell %
of the overall reactions in all cases and is neglected here). Using
SPME sampling with on-fiber derivatization, we have been able
to observe the hydroxycarbonyls predicted to be formedin
2% vyield (the predicted dihydroxycarbonyl HOG@E{OH)-
(CH3)CH,C(O)CH; was not observed). Taking into account the
likely uncertainties in the hydroxyaldehyde quantifications, the
predicted formation yields are in generally reasonable agreement
with the measured yields, and we can account for Z13% of
the reaction pathways occurring. Clearly, the use of coated
SPME fibers with on-fiber derivatization and GC-MS and GC-
FID analyses can provide qualitative and quantitative informa-
tion concerning the formation of hydroxyaldehydes which was
not available using earlier sampling techniques.
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