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The CI atom initiated oxidation of §1;CH,OH, CsF13CHO, and GF,CHO was investigated at 298 K and

1000 mbar pressure of air in a photoreactor using in situ Fourier transform infrared (FTIR) analysis. The rate
coefficient for the reaction Ct C¢F13CH,OH (reaction 2) was measured using a relative methed: (6.5

+ 0.8) x 10 cm?® molecule® s™1. CsF1sCHO was detected as the major primary product, while CO and
CF,0O were found to be the major secondary products. A fitting procedure applied to the concentiiat®n
profiles of GF13CHO provided a production yield of (18 0.2) for this aldehyde in reaction 2, and the rate
coefficient for the reaction Ck CsF13CHO (reaction 4) wag, = (2.8 + 0.7) x 1072 cm® molecule* s

A high CO yield observed in the oxidation ot 3:CH,OH, (524 1)%, is attributed to the Cl atom initiated
oxidation of GF13CHO. High CO vyields, (614 2)% and (85+ 5)%, were also measured in the Cl atom
initiated oxidation of GFCHO in air and nitrogen, respectively. These high CO yields suggest the occurrence
of a decomposition reaction of the perfluoroacytFGCO, and GFCO radicals to form CO which will
compete with the combination reaction of these radicals with oxygen to form perfluoroacyl peroxy radicals
in the presence of air. The latter radicalg-6:+,CO(O) (n = 6—12), through their reaction with HQadicals,

are currently considered as a possible source of persistent perfluorocarboxylic acids which have been detected
in the environment. The consequences of the present results would be a reduction of the strength of this
potential source of carboxylic acids in the atmosphere.

Introduction and 1000 mbar total pressure of synthetic air. The chamber is
described in detail elsewhetdhe reactor is surrounded by 20
superactinic lamps (Philips TLA 40W/05, 3604 < 450 nm,

dlmax: 360 nm) for photolytic initiation of reaction systems. A

multireflection White type mirror system (51.6 m optical path

length) mounted inside the reactor is interfaced to an Fourier

transform infrared (FTIR) spectrometer (Nicolet Magna 520,

KBr beam splitter, MCT detector) and allows in situ monitoring

of reactants and products in the parts per million range. Chlorine

atoms were produced by the photolysis of molecular chlorine:

Long-chain fluorotelomer alcohols (FTOHs;Fzq+1CH,CH,-
OH), used in a variety of industrial products, have been
suggested as a potential source of persistent perfluorinate
carboxylic acids (PFCAs, {E2,+1C(O)OH, n = 6—12) which
have been detected in the environment [e.g., ref 1]. PFCAs may
be produced in the gas phase from the aldehydés,GCHO,
which have been shown to be atmospheric oxidation products
of FTOHs (e.g., refs 2 and 3 and references therein). Such
aldehydes (witn = 1—4) have also been established as the
sole primary products in the Cl atom initiated oxidation of the Cl.+ hv — Cl + Cl 1)
fluorinated alcohols @2n+1CH,OH in air in the absence of NO. 2

cl atom initiate(_j _oxidation Is _wid_el_y_ used _in _Iaboratory Kinetic Studies. A relative rate method has been used to
experiments to mimic the OH radical initiated oxidation actually -« re the rate coefficient for the reaction of Cl atoms with
occurring in the atmosphere. To contribute to a better knOWIedgeC5F13CH20H relative to that of Cl with methyl chloride

of the atmospheric chemistry of the FTOHs, we have investi- (CHsCI)
gated the kinetics and mechanism of the Cl atom initiated

oxidation of the 2,2,3,3,4,4,5,5,6,6,7,7,7-tridecafluoro alcohol Cl + C¢F,,CH,OH — products 2)
(CeF13CH,0OH) and of its major observed primary produgHg-

CHO. To the best of our knowledge no previous investigation Cl + CH,CI — products (3)
of these reactions has been reported in the literature to date.

For comparison the Cl atom initiated oxidation ofFGCHO Provided that the fluoro alcohol and @&l are consumed only

for which data have already been repoftedias also been  py reaction with Cl atoms, it can be shown that
investigated.
IN([CgF,:CH,OH]/([C¢F15CH,0OH]) =

Experimental Section k/ks IN([CH.CI1/([CH,CIL) (1)
Experiments were performed in a cylindrical 480 L Duran
glass reactor (3 min length, 45 cm in diameter) at 298 K where the subscripts “0” and™indicate the concentrations of
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the compounds prior to commencement of the irradiation and or dark reactions are negligible loss processes fgr,CHO

at a reaction time, respectively. under the experimental conditions employed. The initial con-
Weighed amounts of ¢&1:CH,OH were introduced into the ~ centrations for the product studies were 1114) x 104
reactor via a heated air stream, while CH and Ch were molecules cm?3 for CsF,CHO and about 1.6« 10* molecule
introduced by direct injection using calibrated syringes. Initial ¢m2 for Clo. The mixtures were irradiated using-80 lamps
concentrations of the reactants were in the range 0f<8.3) for time periods between 8 and 18 min, leading to complete
x 103 molecule cm? for CgF13CH,OH, 2.6 x 10 molecule consumption of the aldehyde. For the analysis gf/CHO the
cm~3 for CH3Cl, and 2.6x 103 molecules cm? for Cl,. The IR spectral feature at (175@.802) cnt! and integration of the

concentratiortime behaviors of the reactants were monitored band at (18561997) cm* were used. For the observed
using FTIR. Infrared spectra were derived from 64 co-added Products CFO and CO, peak height measurements at 976
interferograms recorded with 1 cthresolution over 75 s. In  (baseline 1039880) cn* and 1929.5 (baseline 18+2006)
typical experiments 1015 spectra were recorded over a period €M were used for CJO and a peak height measurement at
of 10-20 min. The reactant concentrations were determined 2119.9 (baseline 208522143) cm* was used for CO (a plot of
with the help of a spectral subtraction procedure using the CO absorbance against CO concentration was linear up to CO

characteristic IR absorption features ofFGCH,OH and concentrations of-5 x 10'3 molecules cm?).

CH3Cl in the ranges 35503650 and 28263150 cnil, Materials. C3F,CHO was obtained from the conversion of

respectively. the corresponding hydrate {&CH(OH)). Two different
Control experiments were performed in which (i) aFG- methods were used to obtain the desired al_dehyde. In the fi_rst

CH,OH/CH:Cl/air mixture was irradiated and (ii) agE13CHo- method, a weighed amount of the commercial hydrate (Matrix

OH/CHsCl/air/Cl, mixture was left in the dark for periods Scientific) was introduced via a heattled.air stream into the
exceeding those used in typical experiments<20 min). On chamber W|t_hout further treatment. This introduction _met_hod
the time scale of each of these control experiments no significant!€ads to a mixture of hydrate and aldehyde as shown in Figure
loss of reactants was observed. These observations support that- A complete conversion of the hydrate to the aldehyde in air
photolysis and heterogeneous or dark reactions are negligibleVas obtained on leaving the mixture to stand in the dark. Figure
loss processes for the reactants under the experimental conditiondA trace a, shows the IR spectrum obtained following introduc-
employed. tion of the mixture (hydrate/aldehyde) to the _chamber, whl_le
Product Studies. (i) Cl + CsF15CHOH. A product study of Figure 1A, trace b, shows the IR spectrum obtained after leaving

the Cl atom initiated oxidation of &E:<CH,OH was performed the mixture in the reactor until complete disappearance of the

- . ._absorption due to the OH stretch o§FGCH(OH), at (3596~
using the same experimental system and procedure as describe 1 . .
above for the kinetic study. Five independent runs were ?680) cnT”. A comparison of both IR spectra with that of a

conducted with initial concentrations ofk3CH,OH and C} spectrum of GFCHO reported by Hashikawa et alFigure
in the ranges (0.291.44) x 10 and (3:2) x 10" molecule 1A, trace C) clearly shows that the hydrate is completely
cm3, respectively. All experiments were conducted in air and con\_/erted to the aldehy_de on_standlng for a sufficient period.
in the absence of NOThe mixtures were irradiated for periods In Figure 2 the IRl k_)and intensity of the_ aIdehydeO stretch
of time ranging between 15 and 120 min and resulted in the (1746-1793) cnt™ is F’.'Ott.ed as a function of time and shows.
extreme case in more than 80% consumption gf,gCH,OH that complete conversion is reached after approximately 40 min.

The IR spectral features used for the :nalysislgﬁ (;:H ' After complete conversion into the aldehydeFEHO was

1 2=

left alone in the dark for a further 20 min period and then
OH were the same as those used for the kinetic study, i.e. b

. ; 'subjected to irradiation with the lamps, also for 20 min. Wall
3550-3650 cn1. Again a spectral subtraction procedure was and photolysis loss of the aldehyde were found to be negligible,

used to derive the concentration of reactants and products as &4 there was also no evidence for any reconversion of the
function of the reaction time. Identification and quantification aldehyde to the hydrate

of the reactants and the reaction products was made using

h . . In the second method, a sample ofFgCH(OH), was kept
calibrated refe_rence spectra. The calibrated spectra were e't.heE)vernight in a glass bulb in 1000 mbar of purified synthetic air
produced by introducing known concentrations of authentic

samples (GF13CH,OH) or were taken from our existing IR and was then introduced into the reactor filled with 200 mbar

. e of synthetic air. The IR spectrum taken immediately after
Séfgr%lrgz&rg dbﬁqm;igfj:%a;p\g %ega)ét(gﬁ?gggct?;%:/]v;)fv%géa-ma de introduction showed that the hydrate had been converted
assuming that the absorption cross section of #80Gstretching completely to the aldehyde in th_e glass bulb. .
band at 1778 crt is the same as that of,£,CHO at the same _The other reagents were obtained from commercial sources
wavenumber. €F,CHO was calibrated assuming the solid with stated purities of 979 for &1,CH,OH (Fluorochem) and
introduced into the chamber was 97%FECHO-H,O (com- 2.99'8 vol % for Q.I-kC.I (Messer Griesher) and were used
mercial purity) and that 100% of the introduced mass was without further purification.
converted into gFCHO (see Materials section).

(ii) Cl + C3F,CHO. The perfluoroaldehyde 4£,CHO was
manufactured as described in the Materials section. Product Rate Coefficient for the Reaction Cl+ CgF13CH2OH. Two
studies of the Cl atom initiated oxidation of&sCHO were independent runs were performed to derive the rate coefficient
performed in a manner similar to that described for the kinetic for the reaction of Cl atoms withdE13CH,OH. Figure 3 shows
and product studies on Gt CgF13CH,OH. Prior to the product  the kinetic data, for loss of the fluoro alcohol versussCH
studies control experiments were performed in which (iy&C plotted according to eq I. Rate ratids/ks, of 1.38+ 0.7 and
CHO/air mixture was irradiated and (ii) ag&CHO/air/Ch 1.35 + 0.6 were obtained in the first run and second run,
mixture was left in the dark for periods exceeding those used respectively. The rate coefficient for the reaction of Cl with
in typical experiments. On the time scale of each of these control CgF13CH,OH has been put on an absolute basis using a value
experiments no significant loss ofsiECHO was observed.  of k(CI+-CHsCl) = 4.8 x 10712 cm® molecule s71 8 for the
These observations support that photolysis and heterogeneouseference reaction, which results in valuespof (6.60+ 0.35)

Results and Discussion
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Figure 1. (A) Comparison of IR spectra obtained (a) after introduction of the hydrateQEIO + CsFCHO-H,0) and (b) after complete conversion
into the aldehyde. Trace c is a literature spectrum £#CHO, and trace d is a spectrum offFgCHO-H,O obtained after subtraction of (b) from
(). (B) Absorbancex5) of spectra ad.
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Figure 2. Behavior of GFsCHO in the reactor after introduction of
the hydrate (lights on for 21 min).
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Figure 3. Plot of kinetic data according to eq | obtained from two
independent experiments on the reaction of Cl wit§FgCH,OH
measured relative to the reaction of Cl with ¢H

x 10713 and (6.47+ 0.15) x 10713 cm® molecule! s in the

first run and second run, respectively.

The errors quoted are twice the standard deviation arising
from the least-squares fits of the data and do not include fluoro alcohol
potential errors associated with uncertainties in the reference cg,cH,0H

TABLE 1: Summary of Rate Coefficient Values for
Reaction of Cl with C,F,,+1CH,0OH at Room Temperature

ki (cm® moleculet s71) reference
(6.34+0.9) x 10713 9

rate coefficient. We choose to recommend a final value for (7+1)x 1013 10
k(ClHCgF13CH,0H) of (7.42+0.12) x 10713 11
CRCFRCH,OH (6.5+0.5)x 10728 4
— CF3(CF,)2,CH,0OH (6.5+£0.5) x 10713 4
k(ClH-C4F,sCH,OH) = (6.5+ 0.8) x CF3(CF2)sCH.OH (6.5+0.5)x 10713 4
10 B em® moleculels™ CF(CF,)sCH;OH (6.5+0.8) x 10713 this work

which is the average of the values determined in the individual 1.4910.11An examination of the rate coefficients in this table
runs. The quoted error includes an estimated 10% uncertaintyshows very clearly that the length of theFz,+1 entity does

for the reference rate coefficient.

not have any effect on the reactivity of Cl atoms towarf £ 1-

To our knowledge, this is the first study of the kinetics of CH,OH since k(CI+C,Fzn+1CH,OH) ~ 6.5 x 10713 cm?

the reaction of Cl atoms withdE13CH,OH. However, the value

molecule! s71 for n = 1—-4 andn = 6. This is not surprising

obtained in this work can be compared with the rate coefficients since for this compound class the reaction can only proceed
reported for the reactions of Cl with shorter chain fluorinated via H atom abstraction at the CH,OH entity and the first

alcohols with the formula fF2n,+1CH,OH as listed in Table

—CF,— group positioned adjacent to theCH,OH group
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Figure 4. (A) Examples of infrared spectra obtained upon irradiation
of CgF13CH,OH/Cly/air mixtures used to derii€Cl+CgF1:CHO). Trace

a is a spectrum before irradiation of the mixture, trace b is a spectrum
after 8 min irradiation, and trace c is a spectrum after 20 min irradiation,

i.e., complete reaction of €,3CHO and GF1:CH,OH. (B) Spectral
region 1500-2300 cnt? from trace b showing in detail the identified
products CO, CfO, and GF13CHO at a reaction time of 8 min.

already exerts such a strong negative inductive effect on the

—CH_O0H group that the addition of furtherCF,— units has a

nondiscernible additional influence on the reactivity of the

compounds toward Cl.

Products of the Reaction of ClI with GF13CH,OH. Figure
4A shows typical IR spectra in the spectral range 72500
cm~! recorded during investigations on aRgsCH,OH/Cly/air

gas mixture; trace a is a spectrum before irradiation in which

the main spectral features are due #-gCH,OH, trace b is a

spectrum after 8 min of irradiation, and trace c is a spectrum

after complete reaction of ¢€;3CH,OH and GF;3CHO
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Figure 5. Concentrationtime profiles of the reactant and main
products in the Cl atom initiated oxidation offkzsCH,OH in 1000
mbar of air at 298 K. Note that [GB] is divided by 4.

spectral region 15002300 cn1? from trace b in Figure 4A in
which absorptions due to the identified products CO@F
and GF13CHO are clearly evident. The formation of HCI was
also observed.

Figure 5 shows an example of the observed concentration
time profiles of GF13CH,OH and the products CO, GB, and
CeF13CHO. It is clear from Figure 5 that the fluoroaldehyde
CsF13CHO is a primary product of the reaction of Cl witlafzs-
CH,OH and that it is further consumed in the system. The delay
in the formation of CO and GB shows that they are being
produced in secondary reactions. Carbon monoxide has not been
reported as a reaction product in other studies of the OH radical
and CI atom initiated oxidation of fluorinated alcohols
CnF2n+1CH,OH and fluorinated aldehydes En+1CHO 511

Rate Coefficient and Products of the Reaction of Cl with
CeF13CHO. The CI atom initiated photooxidation of¢E; 3
CH,OH with formation of GF13CHO can be represented by

(2)

wherea represents the production yield o§fzsCHO from the
reaction of Cl with GF13CH,OH. Photolysis of the aldehyde
under the conditions used in the experiments is negligible;
therefore, the observed consumption of the aldehyde in the
systems is attributed to reaction with Cl atoms. Reaction of Cl
atoms with GF;3CHO will proceed via an H atom abstraction
of the aldehydic hydrogen to produceFesCO radicals.

Cl + C4F,,CH,OH — aC4F,,CHO + HCI

CiF,s.CHO + Cl — C4F,,CO + HCI (4)
Further reactions of the ¢€13CO radical will lead to the
production of other fluorinated compounds, including,OF
as end products.

To derive a rate coefficient for the reaction of Cl atoms with
CsF13CHO, a procedure reported by Meagher €alnd other
authoré“has been used. The concentratidime behavior of
CeF13CHO in the experimental system can be represented by
the following expression:

[C¢F1,CHO}, _ al—x{(1 - X)(kz:lkz)ﬂ —1
[CeF;2CH,OH], {1— (/o))

wherex = 1 — [CgF13CH,OH]/[CeF13CH,OH]y is the fractional

(In

(approximately 20 min). Figure 4B shows in greater detail the consumption of gF13CH,OH at timet, o is the yield of GF1s
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0.2 TABLE 2: Summary of Literature Rate Coefficient Values
for Reaction of ClI with C,F2,+1CHO at Room Temperature

T CiFntiCHO kg (cm® molecule®s™)  technique  reference
S 0.16 CFRsCHO (2.7+£0.1) x 10712 RR2 15
3 (1.8£0.4)x 10712 RR2 16
£ E (1.94£0.25)x 10712 fitting® 4
o (1.85+ 0.26) x 10712 RR2 5
T 012 C,FsCHO (1.96+ 0.28) x 10°%? RR& 12
& (2.35+ 0.42) x 10712 fiting® 4
= . CsF,CHO (2.03+ 0.23) x 10712 RRe 5
= (2.56+ 0.35) x 10712 fiting® 4
) 0.08 — C4FCHO (2.34+ 0.25)x 10°%2 RR2 5
5 (2.48+0.31)x 10712 fiting® 4
@ b CesF15CHO (2.8+£0.7)x 10722 fitting® this work
w
S .04 - 3 Relative rate® Obtained in studies of the reaction of Cl with the
= corresponding alcoholsEn+1CHOH.

] SE+014

o T I 1 l 1 l ) I T o + CO
0 0.2 0.4 0.6 0.8 1 o) COF,
1-[C6F13CH20H] t /[C6F13CH20H]o 4E+014 —

Figure 6. Plot of concentration of g13CHO normalized to initial
concentration of g13CH,OH versus fractional loss of &€,:CH,OH
as observed following irradiation of agksCH,OH/Cly/air mixture.
The curve is a fit to eq Il.

3E+014 —

CHO from the reaction of Cl with gF13CH,OH, andky/k, =
KaidenydéKaiconol iS the rate coefficient ratio.

Figure 6 shows an example of a plot of the observelei &£
CHO concentration normalized to the initial concentration of
CgF13CH,0OH versus the fractional loss ofgE:CH,OH as a
function of irradiation time. The curve is a best fit to the
measured points using eq Il

The parameters obtained from five experiments showed very
good reproducibility with indistinguishable results within the

2E+014 —

A[Products] (molecule cm)

1E+014 —

range of uncertainties. 0 4E+013 8E+013 1.2E4014  1.6E+014
From the fits an averaged rate coefficient rakigk, A[C4F;,CHO] (molecule cm~)

(=Kaidenyadkaicono) Of (4.1 + 1.0) has been obtained. Using a Figure 7. Plots of concentrations of CO and fLFformed as a function

value ofky(ClHCgF13CH,0H) = 6.5 x 10713 cm® moleculet of amount of GF130 reacted with Cl atoms for an experiment performed

s-Lleads to a rate coefficient for the reaction of Cl witig- " the absence of Nain 1000 mbar of synthetic air at 298 K.

CHO of in air (Figure 5) and can only be formed in the further oxidation

_ of CgF13CHO. Figure 7 shows a plot of the concentrations of
Ky(CIHCgF1CHO) = (2.8 0.7) CR,0 and CO formed as a function of the amount of reacted
10 *cm® molecule* st CeF13CH,OH. Good straight lines were obtained in each case,
and molar yields of (404t 5)% and (52+ 1)% have been
The fits give a value ofx = (1.0 £ 0.2) for the production determined for CEO and CO, respectively, in 1000 mbar of

yield of GsF13CHO in the Cl atom initiated oxidation of¢E;s- air at 298 K.

CH,OH. To establish the source of the products, in particular CO since
The rate coefficient determined here for €ICgF13CHO is it has not been reported in other studies, experiments were

compared with those reported in the literature for shorter chain performed using ¢=CHO as a model. Two independent runs

aldehydes (§F2n+1CHO, n = 1—4) in Table 245121516The were performed in air to investigate the mechanism of the

reported values would suggest that there is a slight increase inreaction of Cl atoms with ¢-CHO. Figure 8 shows typical

the rate coefficient values on progressing fromgCHO (k = infrared spectra from investigations on aFECHO/Cl/air

1.8 x 1072 cm® molecule® s71) up to GF1sCHO (k = 2.8 x mixture: Trace a is a spectrum of the mixture before irradiation,

102 cm?® molecule® s1). However, there is substantial overlap trace b is a spectrum after 2 min of irradiation, and trace c is a
of the reported error limits for the rate coefficients of each spectrum recorded after complete reaction of the aldehyde, i.e.,
compound. Sulbaek Andersen eb&lave chosen to recommend  approximately 8 min. Cf© and CO were identified as the major
K(CI+CyF2n+1CHO) = (2.1 £ 0.5) x 1072¢cm® moleculel st products. In addition, GJOH was also identified but could not
for n = 1-4. Taking into account our measurement of be quantified since a reference spectrum was not available. The
k(CIH-CgF13CHO), we suggest a slightly higher value for concentratiortime profiles of GF;CHO, CRO, and CO from
k(CHCrF2n+1CHO) of (2.5+ 1) x 1072 cm® molecule® s* a typical experiment in air are shown in Figure 9. The shapes
for n = 1-4 andn = 6 where the error limits encompass the of the profiles for CO and CI© support primary formation
extremes from CJCHO to GF3CHO. routes for both compounds. Figure 10 shows plots of the
Products of the Reaction of Cl with GF13CHO and with concentrations of CO and @B versus the consumption ogl&-
C3F7CHO. As discussed above, @B and CO were observed = CHO from which production yields of (23& 22)% and (6 1+
as secondary products in the reaction of Cl wilfr@CH,OH 2)% have been determined for &-and CO, respectively.
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Figure 8. IR spectra recorded during experiments ofr{CHO/CL/ 2.5E+014
air mixtures: (a) Spectrum of the mixture before irradiation, (b) ’
spectrum after 2 min irradiation, and (c) spectrum after complete i
reaction of GFCHO (the CQ band around 23062400 cn1! is due + co o
to CQ; in the dry air used to flush the spectrometer). JE+014 — O CF20
. . O
The reaction of Cl with g/CHO proceeds by an H atom ]
abstraction of the aldehydic hydrogen to form theg=O
radical and HCI: 1.5E4014 — O

Cl + C,F,CHO— C,F,CO+ HCl (5)

In air the GF,CO radical would be expected to add oxygen to
form acylperoxy radicals £-C(0)0;:

C,F,CO+ 0, + M — C;F,C(0)0, + M (6)

1E+014 —

A[Products] (molecule cm?)

5E+013 —
In the atmosphere reactions of these radicals with NO are
generally assumed to lead mainly to the formation eF£€
C(O)O0 radicals which rapidly dissociate to form the fluorinated
alkyl radical GF7 and CQ. In the absence of NQas in the
present experiments, cross reactions of the peroxy radicals would
be expected to lead to the same end result, e.g.

0 4E+013 8E+013
A[C4F,CHO] (molecule cm?)

Figure 10. Plots of concentrations of CO and &F formed as a

C.F.C(O + C.E.C(O — 2C.F.C(O)O+ O, (7 function of amount of @~CHO reacted with Cl atoms for an
HC0)C, HC0)0, GFCO) 2 (1) experiment performed in the absence of NO1000 mbar of synthetic

C,F,C(0)O+ M — C,F, + CO, + M (g ~ Arat298Kk.
the formation of CO as a primary product in the oxidation of
sCHO and a secondary product in the oxidation gF{
H,OH suggests that some common formation pathway is
operative. In the case of;£;CHO the most probable pathway
is thermal decomposition of thesl&,CO radical:

CsF will react with O, to form a peroxy radical, and a series
of reactions ensues which results in the successive cleavage o
CF,0 and ultimately the formation of GFadicals. Ck reacts
with O, to form CRO,, which in turn reacts with other peroxy
radicals to form CEO. The CRO then reacts with GJ©, and
hydrogen-containing compounds: C,F,CO+ M — C,F, +CO+M (11)
CF,0 + CF,0, —~ CF,0,CF, 9)
Formation of CO has been observed in the oxidation of other
CF0O+ RH—CFOH+R (10) fluorinated compounds. \&ine et at’ have observed CO as a
secondary product in the Cl and OH initiated oxidation g4
The general mechanism described above is very similar to CH=CH, and GF13CH=CH, and proposed the decomposition
that reported recently by Sulbaek Andersen €t fal the ClI of C4FCO and GF13CO radicals as the probable source.
atom initiated oxidation of £F2,+1CHO (=1, 3, 4). However, A series of tests have been performed to ensure that the CO
this mechanism has no pathway for the formation of CO. As observed in our experiments is really formed during the Cl atom
mentioned earlier, CO has not been reported as a product ininitiated oxidation of the aldehyde in air and is not due to some
previous studies on the Cl atom and OH radical initiated experimental artifact in our system. Blank runs were performed
oxidation of fluorinated aldehydes and also fluorinated alco- in which mixtures of molecular chlorine/air angfGCHO/air
hols#512 The positive infrared identification in this study of were photolyzed for a period of time longer than that used during



4456 J. Phys. Chem. A, Vol. 110, No. 13, 2006

S o C,F,CHO B
4 A co
x CFO x |- 364014
&= X
E x
o X
O 8E+013 — L
3 x
o
9 A A A
E i < A x — 2E+014
et A
o <
S s I
= x ¢
o ] A
2 4E+013 , o
iy ° — 1E+014
e <
LR B
A <
X
o T T T —2—o-0
0 200 400 600
Time (s)

Figure 11. Concentratior-time profiles of reactants and main products
in the Cl atom initiated oxidation of ££CHQO in 1000 mbar of nitrogen

at 298 K.
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Figure 12. Plots of concentrations of CO and &F formed as a
function of amount of @~CHO reacted with Cl atoms for an
experiment performed in the absence of Ni©1000 mbar of nitrogen

at 298 K.

the studies of the reaction of Cl withsECHO. No quantifiable
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amount of CO was observed in each case.

If thermal decomposition of §5,CO is the source of CO,
then it is occurring in competition with the @ddition channel
which gives GF,C(O)O,. The yield of CO in the oxidation of
CsFCHO in air is only 61%; therefore, if the proposed
mechanism is valid the yield of CO should show a change upon
variation of the Q partial pressure. To test this, independent
runs were performed onzE;CHO/CL mixture in pure nitrogen.

In the absence of oxygen thefGCO radicals formed in the ClI

1.2E+014

Solignac et al.

of (288+ 5)% and (85+ 5)% have been determined for &F
and CO, respectively.

Traces of oxygen are always present in the reactor through
minor leaks; Q can be present at concentrations up to 50 ppmv
in the worst case, which is enough to oxidize unreactive radicals
and explains the observation of &Fin N,.

The product data presented here suggest that under ambient
conditions T = 298 K, P = 1000 mbar) there will be
competition between the decomposition anda@dition reaction
pathways of the ¢~CO and GF;3CO radicals and that the
contribution of the decomposition pathway forming CO is quite
significant. This appears to be in contradiction with theoretical
calculations on the decomposition rate ofsCP that led to
the conclusion that only 2% of GEO would decompose under
ambient condition3®

Atmospheric Implications

As mentioned in the Introduction, the persistent PFCAs found
in the environment may be produced through reactions of the
aldehydes @F2,+1CHO which are intermediates in the atmo-
spheric oxidation of FTOHSs. The following mechanism has been
proposed to explain the formation of PFCAs in the OH radical
initiated oxidation of these aldehydes at low Nf@ncentrations:

C.Fp;CHO+ OH—CF, ., ,CO+H,0 (12

CF,CO+0,+M—CF,,.,CO)0+M (13)
CiF2n1C(0)0, + HO, —~ CF,, 1, C(O)OH+ O; (14)

The OH radical initiated oxidation is the only reaction of the
aldehydes that has been considered so far for the production of
PFCAs. The aldehydes could also possibly photolyze; however,
little data exist on their solar photolysis rate and mechanism
and it is very likely that photolysis will proceed through
C—CHO bond cleavage, producing thgFg, 110 radical in the
presence of air. This radical will not yield the corresponding
acid GF2n+1COOH (shorter chain PFCAs have also been
suggested to be indirectly produced from thg=4£+,0; radi-
cal’®). The branching ratio for the reaction of perfluoroacyl
peroxy with HQ (reaction 4) has been recently determined as
38%, 10%, and 8% fon = 1, 3, and 4, respectively, in 1000
mbar of air at 296 KO In reported mechanisms of perfluoroacyl
radicals, such as above, it has always been considered to date
that they react entirely with £xhrough reaction 13. However,
the product data from this work indicate that the decomposition
of the perfluroacyl radical can compete quite effectively with
reaction 13:

CF; 1 CO+M—CF,,,, +CO+M (15)

The CO yield measurements in the Cl atom initiated oxidation

+ C4F7CHO reaction should decompose to a large extent into of C4F;5,CH,0OH and of GF,CHO suggest that around half the

CO and GF; radicals due to exclusion of the,Caddition
channel. In the absence ob&Gome GFCO might also react
with other radicals in the system orClIn the N, system, CO

and CRO were observed as products. The concentrattone

profiles of GF,CHO, CF,0, and CO obtained from irradiation
of a GF,CHO/CL/N, mixture are shown in Figure 11. The
concentrations of CO and @B are plotted as a function of
consumed gF,CHO in Figure 12. From these plots molar yields

ChF2n+1CO radicals would decompose under ambient conditions.
This will reduce by a factor of 2 the yield of PFCAs from
FTOHs estimated by considering only reaction 13.
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