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Abstract

Relative rate-studies of the reactions of 1-butoxy radicals have been carried out using a 47 L static reactor with detection of end products
FT-IR spectroscopy. Experiments were performed at 700 torr total pressure and over the temperature range 253—295 K. The chemistry of 1-bu
is characterized by a competition between reaction with oxygesOERHCH,CH,0* + O, — n-C3H;CHO + HO, (R2), which yields butanal and
isomerization CHCH,CH,CH,0* — *CH,CH,CH,CH,OH (R3), to form a hydroxylated carbonyl-product. A reference spectrum attributed to
the product of 1-butoxy isomerization was obtained and used to determine the competition between 1-butoxy isomerization versus reaction \
oxygen. The results indicate that isomerization is the dominant fate of 1-butoxy radicals at ambient temperature and pressure and that &s import
decreases with decreasing temperature. The rate-coefficientgasi¢molecule cm®) =5.5x 1073 exp[(—25.14 0.9 kJmot1)/RT] was obtained.

This agrees with other estimates based on methods without monitoring of the isomerization product.
© 2005 Elsevier B.V. All rights reserved.

Keywords: 1-Butoxy; Isomerization; Tropospheric oxidation

1. Introduction ana-hydrogen and is available only to primary and secondary
radicals. The rate of decomposition by C—C scission can span
Alkoxy radicals (RO) play an important role in the atmo- over several orders of magnitude and typically increases with
spheric degradation of volatile organic compounds (VOC)increasing substitution of the- or B-carbon. Isomerization,
[1]. Under tropospheric conditions, they exhibit three mainin which the O radical centre abstracts a H-atom in position
modes of reaction: (i) reaction with oxygen; (ii) decomposition;four or five relative to the C-O group, proceeds via formation
(iii) isomerization [1-5]. These three reaction pathways areof a 6- or 7-membered transition state and requires a straight
illustrated in Scheme 1for the 1-butoxy radical. The com- chain of at least four carbons. The importance of isomerization
petition between (i) and (iii) determines the products formedncreases with the length of the carbon chain and can be the
from the photo-oxidation of a given VOC and has importantdominant fate for alkoxy radicatsCs [6,7].
implications in terms of ozone, smog and aerosol generation. The main challengeto the study ofthe isomerization of alkoxy
Generally, the structure of an alkoxy radical determines whichradicals lies in the detection and quantification of the high molec-
reactions are favoured under given conditions of temperaturelar weight multifunctional carbonyl-products of this reaction.
and pressure. For example, reaction with oxygen, which yield&ecently, two different methods have been employed: derivati-
a carbonyl-compound and HQproceeds via abstraction of zation of the carbonyl-group with analysis by chromatography
[8-11] and in situ atmospheric pressure ionization mass spec-
_— trometry (APIMS) analysis of the protonated molecular ion
‘* This paper is.alate submissi-onto the special is_sUemfml of Photochem- [M +H] * the fragment ion [M + H- H20]+ and as the N@~
istry and P_hotgbzology, A: Chemistry (volume 176, issues 1-3, 14 December adduct]6,7,12] An alternative approach is to detect the prod-
2005), which is dedicated to the honour of Professor R.P. Wayne. LM Tl X i X
* Corresponding author. Tel.: +44 1223 336519; fax: +44 1223336362,  UCts of isomerization by fourier transform infrared spectroscopy
E-mail address: pc254@hermes.cam.ac.uk (P. Cassanelli). (FT-IR). This method was employed by Niki et §1.3] who
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Fig. 1. Residual spectrum from the photolysis of 1-butylnitrite/NGIQ mix-

Scheme 1. :
tures in 11 Torr oxygen, 700 Torr total pressure at 295 K.

Tintiglflliir];tea/tltjbl}eos Irr:qiTte rres![cri]u?\llvsp;ecttrtti Irg (:f éhte fhhm?ly;'s tOf Concentrations of reactants and products were determined by
uy © 2 ures thatwere attributed fo the produc spectral subtraction of reference spectra, which were recorded

of 1-butoxy isomerization. 1-butoxy is the simplest radical tha.n the presence of 700 Torr of nitrogen. A reference spectrum
can undergo isomerization and is a useful model for the isome%r A-hydroxybutanal Rig. 1) was obtained from the residual
|zat|c_)n of larger alko_x_y radicals. In _the magon_ty of publlshet_j spectrum from the photolysis of 1-butylnitrite and NO mix-
studies, the competition between isomerization and reactio

Rires in 2% oxygen at a total pressure of 700 Torr made up with

with oxygen for 1-butoxy has been estimated from measureﬁitrogen. Under these conditions, the branching ratio for the iso-

ments of the yields of butanal, the product of the reaction Wm}nerization reactionks/(ks + k3), is predicted to be-95%[2,3].
02 asa dfur:chn ?f ox;igeg rirr]eSSL[ﬂ!f—lzlll_':;hetpre; ent (Sjtl:dy The concentration of 4-hydroxybutanal was determined from a
was undertaken fo extend the work of NIkl € Ai3] and to . mass balance with an overall estimated errot-@0%, mainly
determine a reference spectrum for the product of 1-butoxy IS03ue to uncertainties in the quantification Af1-butylnitrite]

merizat.ion .by FT-IR spect.roscopy S0 as t'o obtaiq amore di'rec nd A[4-hydroxybutylnitrate], the major expected side prod-
determ|nat|o_n of t_he relative rate-_coeffl_(:lent for |somer|zat|onuct in the conversion of the Gi€H,CH,CH,OH radical to
versus reaction with oxygen for this radical. 4-hydroxybutanal. The spectrum Fig. 1is very similar to
the product spectrum reported by Niki et HI3]. Two sharp
2. Experimental features at 979 and 1074 ¢ which correspond to a C-OH
stretching band (1000-1100 c) and a few broad bands were
All experiments were conducted in a 2-m long, 47-L observed. In particular, a carbonyl-type absorption band near
stainless steel chamber, interfaced to a BOMEM DA3.011740 cntt was present. The two bands at 850 and 1280%cm
fourier transform infrared spectrometid8]. The chamber is are characteristic of nitrates, the feature at 1264%is that
equipped with Hanst-type multipass optics which provided arof HONO and the absorption centred at 1798¢nwas due
IR analysis beam path length of 32.6 m. Chilled ethanol (fromto an NOCI impurity present in the chamber. N@nd 1-
a NESLAB Model EX-250HT cooler) was circulated around butylnitrite absorb strongly in the region 1500-1700¢m
the cell to control the temperature, which was varied over th@nd no spectral information was obtained in this region. The
range (253—-295 K) and was monitored by eight thermocouplegesidual spectrum ofig. 1 was tested against the product
along the length of the cell. spectrum from the photo-oxidation of cyclopentane, which
All experiments involved the photolysis of mixtures yields 4-hydroxybutanal19,20] Mixtures of cyclopentane
of: 1-butylnitrite, ((1.6+0.1)x 10®moleculecn®); NO,  (2.1x 10 moleculecnt®), Cl, (1.4x 10 molecule cn3),
((7.44£0.7)x 10" molecule cnt®); O, (10-600Torr); N NO (7.4x 10*moleculecn®) and 11 Torr Q in 700 Torr
(100-700 Torr) atatotal pressure of (AA0) Torr. Minorcom- Nz were photolyzed in the FT-IR chamber over a period
ponents of the gas mixtures were flushed into the cell with N of 20—-30 min at two different temperatures (271 and 340 K).
from smaller calibrated volumes, which were part of a stanA band comprising two IR spectral features at 979 and
dard greaseless vacuum system. A cw Xe-arc lamp, filterel074 cmv! showed similar relative intensity and contours to
with a Corning 7-54 filter to provide radiation in the near UV those observed ifig. 1 hence this region was used to quan-
(350450 nm), was used for photolysis of the gas mixtures andify 4-hydroxybutanal.
the temporal profiles of starting material and oxidation products 1-Butylnitrite was synthesized by the reaction of 1-
were monitored by FT-IR spectroscopy. Spectra were recordeutanol with nitrous acid. Peroxy-butyrylnitrate, PnBN, #-
atintervals of 5 min over the range 800-3000¢rat a spectral  C3H7C(O)OONG) was prepared in ppm concentrations in the
resolution of 1cm?! and were obtained from the co-addition long path cell by the Cl-initiated oxidation of butanal in the
of 200 scans. Mixtures were irradiated for 25-30 min and thepresence of N@ Irradiation of a mixture containing butanal
photolytic intensity corresponded to an observed decay for 14.4 x 10" molecule cm®), NO (4.4x 10*molecule cn?®)
butylnitrite of (1.04£0.2)x 107451, and Cb (1.4x 10*®molecule cnt3), in 700 Torr air over a
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period of 12 min resulted in 75% conversion of butanakto

C3H7C(O)OONG. Other chemicals were obtained commer-
cially: butanal Aldrich, 99%; 1-butylnitrate Aldrich, >95%; NO

99%, Linde; Q 99.99%, U.S. Welding, UHP; N boil-off from
LN2 dewar, U.S. Welding.

3. Results and discussion

Following the irradiation of 1-butylnitrite/NO/@N> mix-

tures, the main reactions that are expected to take place are as 2

follows:
CH3CH2CH2CH2ONOH+ Ay

— CH3CH,CH,CH,(0*) + NO (1)
CH3CHyCHyCH(0®%) + Oz — n-C3H7CHO + HO,  (2)
CH3CH>CH2CH,(0*) — *CH2CH,CH>CH,0OH 3)

*CH2CH2CH2CH20H + Oy — CH2(02°*)CH2CH,CHL0OH

(4)
CH2(02°*)CH,CH2CH2,0H + NO
— CH(0O*)CH2CH2CH20H + NO2 (5a)
CH2(02°*)CH,CH2CH20OH + NO
— CH2(ONO,)CH>CH2CH,OH (5b)

CH2(0*)CH2CH2CH20H — CH2(OH)CH,CH2(C*)HOH
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Fig. 2. IR spectra acquired before (A) and after (B) 30 min irradiation of mix-
tures of 1-butylnitrite/NO/@/N, at 271 K. (C) is the residual spectrum after
subtraction of the starting material.

oxygen concentration and decreasing temperature. The oppo-
site trend was observed for 4-hydroxybutarféys. 3 and 4
show the yield at 295K of butanal and 4-hydroxybutanal
respectively plotted as a function A{CH3CH>,CH,CH,ONO)]

for different oxygen concentrations. The relative intensity
distribution among the various absorption features attributed to
4-hydroxybutanal was found to be dependent on temperature
and oxygen concentration. It is possible that, under our experi-
mental conditions, some of the 4-hydroxybutanal isomerized to
form 2-hydroxytetrahydrofuran, with subsequent conversion to

(6)
CH2(OH)CH;CH2(C*)HOH + O
— CH2(OH)CH,CH>CHO + HO; (7
CH3CHCH2CH2(0°) + NO2 — CH3CH2CH2CH2ONO,
(8)

Decomposition of 1-butoxy, although possible, is too slow to
compete and is believed to be negligible under our experimental
conditions[5]. The main products observed included butanal,
4-hydroxybutanal and nitrate compounds. Small amounts of
peroxy n-butyrylnitrate (PnBN), formaldehyde, formic acid,
CO and CQ were also measured and NOHONO, HNG;
were detected, but not quantified. At 295K, (05)% of the
reacted 1-butylnitrite could be accounted for in all the experi-
ments. At 253K, the lowest temperature studied, this fraction
was smaller, (76 10)%, possibly due to wall losses of com-
pounds of lower volatility and to the formation of small amounts
of peroxynitrates. IrFig. 2 typical FT-IR spectra of mixtures
of 1-butylnitrite/NO/Q/N2 in 700 Torr total pressure before
and after 30 min irradiation are shown in A and B. Spectrum
C is the residual spectrum resulting from the subtraction of
A from B.
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Fig. 3. Plots of the observed butanal concentration as a function of the loss of

Butanal was quantified by virtue of its absorption bandi-putyinitrite in the photolysis of 1-butylnitrite/NOAIN, mixtures at 700 Torr
centered at 2712 cnt in yields that increased with increasing and 295K.
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< %7 Formaldehyde was identified from its absorption features at

o* ' ' ' 1745cmt! and was observed in yields that varied with tem-
0 1E+14 2E+14 3E+14

perature (from~7% at 295 K to~2% at 253 K), but were inde-
A[1-Butylnitrite)molecule cm® pendent of oxygen concentration. Formic acid, which absorbs at
Fig. 4. Plots of 4-Hydroxybutanal concentration as a function of the loss 0f:|‘776 cm=, WaS_Observed in small ylel_ds_m all pl"OdUCt spectra
1-butylnitrite in the photolysis of 1-butylnitrite/NOAIN, mixtures at 700 Torr ~ With concentrations that decreased with increasing oxygen par-

and 295K. tial pressure and decreasing temperature. For example, at 295K,
formic acid yields varied from-5% in the presence of 11 Torr of
4,5-dihydrofuran, via loss of a water molecule: oxygen to<2% at 600 Torr of Q. At 253 K, HCOOH was mea-

sured in yields 0&2.5% at 15 Torr of oxygen and <1% at higher

\ oxygen concentrations. Two possible sources were identified for
CH,(OH)CH,CH,CHO === === + H,0 HCOOH. One was the reaction of HCHO with RO
0 OH (6}

HCHO + HO, = HOCH,OO (11)
The cyclization of 1,4- and 1,5-hydroxycarbonyls to hemi-
acetals has been studied in the liquid phase and it is known ﬂé'OCHZOO + NO — HOCH,O + NO (12)
be catalyzed by the presence of traces of a strongatjdThe  HOCH,0 + O, - HCOOH + HO, (13)
extent of cyclization of 1,4-hydroxycarbonyls in the gas phase is . .
a function of relative humidity: Martin et aJ22] have recently However, this source would be expected to be more important

shown that in dry N 5-hydroxy-2-pentanone cyclizes rapidly, at low temperature, contrary to what is observed. The sec-
with a first-order rate-constant of 2510~4s1, to form 4,5-  ond source involved the chemistry occurring after isomerization
dihydro-2-methylfuran, but that the process reverses in air #f the 1-butoxy radical gcheme  as there is evidence that
5% relative humidity at 298 K. Evidence for the cyclization formic acid might be formed from the reaction of R-CHOH
of 1,4-hydroxycarbonyls has been observed in other studieadicals (where R is an organic fragment) with [@9]. Since,
Zabel and co-worker§23], who studied the reactions of 1- the source is unknown, no corrections were made to the yield
butoxy with an environmental chamber coupled to an FT-IROf 4-hydroxybutanal for the HCOOH observed, introducing a
identified 2-hydroxytetrahydrofuran as one of the products of 1Ppotential maximum error of-5%, but plrobably much less.
butoxy isomerization from a residual spectrum similar to the CO (2132cm~) and CQ (2350 cn ) were presentin trace
one we observedF{g. 1) and Eberhard et al8] observed amounts of-5% each. CO is a product of the reaction of HCHO

both 5-hydroxyhexan-2-one and 2,3-dihydro-2,5-dimethylfuranvith OH:

from a study of the reactions of 2-hexoxy radicals. AIthouthCHO + OH — HCO + H,0 (14)
the compound we quantified might be a mixture of tautomers,
the product of 1-butoxy isomerization is referred to, for conve-HCO + O, — CO + HO, (15)

nience, as 4-hydroxybutanal in the remaining part of this paper. .
The small amounts of HCHO, HCOOH, CO, g@re prob- Hydroxyl radicals are scavenged by NO and Nadd the IR

i 1 1
ably the result of secondary chemistry involving the OH radicaPSOrptions of HONO and HN§at 1263 cn = and 1325 cm”,
(generated from the reaction of H@ith NO following reac- respectively, provided supportive evidence for the presence of

tions(2) and(7)). HCHO, for example, can be formed from the OH radicals:
reaction of OH with 1-butylnitrite: OH + NO + M — HONO + M (16)
CH3CH,CH,CH,ONO + OH OH + NO2+M — HNO3+M a7)
02,NO
=5 CH3CH,CH(O*)CH20NO + H,0 (9)  OH also reacts with butanal to form peroxybutyrylnitrate or
COy, from the NO reaction:
CH3CHoCH(O*)CH,ONO n-C3H7CHO + OH — n-C3H7C(*)O + H,0 (18)

— CH3CH;CHO + HCHO + NO (10) n-CgH7C(*)O + O2 — n-C3H7C(O)Ox(*) (19)
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n-C3H7C(O)Oz(°) +NOo = n-C3H7C(O)OzN02 (20) 9 oA K
n-C3H7C(0)(*) + NO — n-CzH7+ CO, +NO2 (21) _ 81 eo2nK /,*:'
T 0295 K e

The yield ofn-C3H7C(O)O:NO> increased with increasing é ! 0279 K
oxygen mixing ratios and extent of reaction with yields of typ- % 6 1
ically ~6% in the presence of a fractional concentrations of = 5
oxygen >50%. At low temperatures and low oxygen mixing 8 .
ratios, the yield of PnBN was negligible. To account for this sec- § 4 1 ) ,I;P
ondary loss, the yields of butanal were corrected for the small S 3
amounts of-C3H7C(0)O;NO; detected. ) o o .-°

Absorption bands characteristic of nitrates at 850 and = 2 e P A
1280 cnt ! were observed and the overall nitrate yield was quan- - q;'/(, i
tified by assuming a peak absorption cross section at 1284 cm ,::in - &
of 1.8x 10~8cm? molecule’?, by analogy to methyl nitrate, 0H ' ; -

0 2E-19 4E-19 B6E-19 8E-19

with an estimated error of 10%. Alkyl nitrates could be gen-
erated from the reaction of NO with 4-hydroxybutylperoxy
radicals formed after the isomerization of 1-butoxy radicals:

[0,]fem® molecule™

Fig. 5. Plots ofA[4-Hydroxybutanal]A[butanal] versus [@]~? following the
irradiation of 1-butylInitrite/NO/Q/N, mixtures as a function of temperature at
700 Torr total pressure.

CH2(02°*)CH2CH2CH20H + NO
— CH2(ONO,)CH,CH>CH,0H

and from the reaction of 1-butoxy radicals with BtO uncertainty of a factor of 2 in their product yields). No significant
temperature-dependence fap/ks was observed.

The yields of 4-hydroxybutanal were corrected for the esti-
Since, isomerization of CHO®)CH,CHCH,OH is thought mate_d yield of fl-hydroxybutylnitrate a_nd used Fo calculate the
to be much faster than 1-butof§], it is unlikely that nitrate ~ 'elative rate-ratioks/k, using the following equation:
formation could be due to reaction of this radical with NO A
Formation of lbutylnitrate in reaction(8) would reduce the
amount of 1-butoxy radical available for reaction with oxygen
and isomerization, but would not affect the relative yields ofln Fig. 5 plots of A[4-Hydroxybutanal]A[Butanal] versus
butanal and of 4-hydroxybutanal or the data analysis for th§O,]~1 are shown for the four temperatures studied and the rate-
relative rate-constant ratia/k». In contrast, the formation of 4- constant ratios derived from the slopes of these plots — which
hydroxybutylnitrate from reactio(bb) would reduce the yield were all linear as required by E@) — are listed ifTable 1 Small
of 4-hydroxybutanal making it necessary to account for thigntercepts of, typically, (0.2 0.5) were observed.
product in the analysis. Subtraction of the reference spectrum Chemical activation can be important in the chemistry of
for 1-butylnitrate showed that the absorption feature centred ailkoxy radicals formed from the photolysis£{250 nm) of alkyl
1280 cnt! was composed of more than one band, indicatingnitrite precursorg25,26], resulting in intercepts significantly
the presence of different types of organic nitrates. Yields weréarger than those predicted by equations equivalerft)toAs
found to be dependent on the extent of reaction, especially gtointed out by Wallington et al[27], we expect an excess
low temperatures and low oxygen partial pressure. The appareahergy of the order of 30—40kJmdl to be deposited into
nitrate yield was also found to decrease with increasing.[O the alkoxy radical fragment under our experimental conditions,
Since NQ is a secondary product in our system, an upper limitwhich is comparable to the isomerization barrier for 1-butoxy
to the yield of 4-hydroxybutylnitrate was calculated from the[2,17] (although it still falls below the barrier to decomposi-
total nitrate yield in the initial stages of an experiment, when thdion [2,28,29). Based on the intercepts Bfg. 5 however, we
contribution from reactioif8) was assumed to be much smaller observed no evidence for prompt isomerization in this study. It
relative to that from reactio(bb). We report an upper limit to seems therefore that any hot alkoxy radicals, if formed, were

CH3CH2CH2CH2(0®) + NO2 — CH3CHCH2CH,ONO»

[4 — Hydroxybutanal] ks 1
A[Butanal] " k2 [02]

@0

the fractional yield of 4-hydroxybutylnitrate from reacti¢®a)
and(5b), that isksp/ks of (0.10+0.03) at 295K and 700 Torr
which can be compared with the value by Arey ef2d] of 0.07

for the corresponding ratio for 2-hydroxypentylnitrate (with an

quenched before they could react. This is consistent with the
results from previous work carried out in the laboratory in Cam-
bridge[17], where the fraction of chemically activated 1-butoxy
radicals formed from the photolysis of 1-butylnitrite at similar

Table 1
Temperature-dependence fark; for 1-butoxy radicals (errors quoted are)2

(253+2)K 271+ 1)K 279+ 1)K (295+ 1)K
kalky x 10718 cm® molecule® 3.60+ 0.46 7.96+ 1.54 1114+ 1.3 19.5+ 4.1
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Table 2
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Comparison with literature values bf/k»

who measured the temperature-dependence of reacf®)ns
and (3) relative to reaction with NO. Their results, scaled

kalky TIK plTorr Reference to the recommended value for {4C4HgO + NO) [3], give
(10-*molecule cm?) kalko =2.5x 10?3 exp(—23.6 kd motY/RT) cm® molecule 1 s~1,

16 303 740 Carter et 415] The results are also in substantial accord with the most recent
15405 296+ 2 760 Cox et al[14] theoretical calculations of the activation energies for isomer-
1.9+0.4 298+ 2 700 Niki et al.[13] ization[28,31-33]

1.8+0.6 298 760 Geiger et dlL6]

2.1+0.5 300+ 1 760+ 10  Cassanellietall7] .

18+1.1 208+1  760+10 Cassanelietat7] 4 Conclusions

The reactions of 1-butoxy radicals have been measured in a

wavelengths was calculated to be of the order of about 10% aemperature-regulated environmental chamber with detection
less. Hence, by neglecting any chemical activation effect, only &y FT-IR over a range of temperatures relevant to the atmo-
small error well within the overall experimental uncertainty wassphere. The two first-generation products from the reactions of
likely to be introduced. 1-butoxy radicals are butanal (from the reaction wity) @nd

The rate-coefficient ratio obtained at 295K (%5 4-hydroxybutanal (from its isomerization). The competition
10" moleculecm®) is in good agreement with all pre- between isomerization and reaction with oxygen was quantified
vious evaluations ofks/ko, which were derived from the over the temperature-range 253—-295K at 700 Torr Vith,
yield of butanal as a function of oxygen concentrations(molecule cn3)=5.5x 1073 exp[(—25.1+ 0.9 kJ mot 1)/RT].
at ambient temperature and pressyie-17] (Table 2. The reaction rate-coefficiertiz/k, at 295K agrees well with
Our results are plotted in Arrhenius form iRig. 6 and  values reported previously at ambient temperature and pressure
least-squares analysis yields the Arrhenius expresdigh;  [13-17] providing confirmation of the less direct measurement
(molecule cn3) =5.5x 10?3 exp[(—25.1+ 0.9kImot Y)/RT].  of this ratio. Isomerization is the main fate of 1-butoxy at
This expression can be compared with a determinatiommbient temperature and pressure and it remains a competitive
for the temperature-dependence di/k, obtained in  channel at temperatures typical of the upper troposphere
the laboratories in Cambridge using a slow-flow sys-(200-230K). 4-Hydroxybutanal, the product of the isomer-
tem coupled to a gas chromatograph with FIR7]:  ization of 1-butoxy, might be converted to its cyclic tautomer,
1.98x 1073 exp[(—22.64+ 3.9) kI mot /RT] molecule cnr3, 2-hydroxytetrahydrofuran, which in turn could eliminate water
The expressions agree within 20% over the range of tempete form 4,5-dihydrofuran. In the atmosphere, 4-hydroxybutanal
atures studied. The slightly steeper temperature-dependengeremoved by reaction with OH at an estimated rate-constant
of the rate-coefficient ratioks/k, from the FT-IR exper- of 3.5x 10 molecule cn® at 298 K[34,35], leading to the
iments might be due to a small fraction of the heavierformation of shorter chain hydroxylated aldehydes and dicar-
hydroxylated multifunctional compounds lost to the cham-bonyls. However, the cyclization of 4-hydroxybutanal could
ber walls at the lower temperatures. This would lead tobe an important route to the formation of highly substituted
an underestimate of theA[4-Hydroxybutanal]A[Butanal] oxygenated @ products, which maintain the carbon chain
ratio and thereforeks/k, at these temperatures. It is also even subsequent to atmospheric degraddfic#?]. The higher
of interest to compare our Arrhenius expression with thesolubility and lower volatility of these multifunctional products
results from the work of Morabito and HeicklefB0], makes these compounds more likely to take part in aqueous
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Fig. 6. Rate-coefficients/kz plotted in Arrhenius form.

phase chemistry and may favour transfer to the aerosol phase at
the low temperatures of the upper troposphere.
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