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Smog chamber/FTIR techniques were used to measuré- (GCFxCHO,x = 1, 3, 4)= (2.1 £ 0.5) x

102 andk(OH + n-C,F2+1CHO,x =1, 3, 4)= (6.54 1.2) x 1073 cn® molecule® s in 700 Torr of N,

or air, at 296+ 2 K. Cl-initiated oxidation oh-C,F»+1CHO in the presence of NO in air diluent gave GOF

in molar yields of 914+ 11%,x = 1; 273+ 36%,x = 3; and 371+ 44%,x = 4. Small quantities (molar
yields < 3%) of CEONG, andn-CF+1C(O)O,NO, were also observed. IR spectramC,F2+1C(O)O,NO;

(x =1, 3, 4) are reported. Results are discussed with respect to the atmospheric degradation of fluorinated
aldehydes, &x+1CHO.

1. Introduction

Concerns regarding the environmental impact of chlorofluo-
rocarbon (CFC) release into the atmosphere have led to the
replacement of CFCs in industrial processes and consumer,
products.

Hydrofluorocarbons (HFCs) and hydrochlorofluorocarbons
(HCFCs) are two classes of compounds that have gained
widespread use as CFC substitutes. Polyfluorinated alcohols ar
currently used in a variety of industrial products (paints,
coatings, polymers, adhesives, waxes, polishes, electronic
materials, and caulks Perfluorinated aldehydes are formed
during the atmospheric oxidation of HFCs, HCFCs, and
fluorinated alcoholg.

Long-chain perfluoroalkyl carboxylic acids (PFCAsHFex+1-
COOH, wherex = 6—12) have been observed recently in fi¢h
and mammalfsin a variety of locations around the world. PFCAs
are not generally used directly in consumer or industrial
materials, other than in aqueous film forming foams or as
polymerization aids in fluoropolymer manufactéréhermolysis
of fluoropolymers produces PFCAs; however, the magnitude
of this source appears insufficient to account for the observed
global environmental burden of these compouhtlke PFCAs

observed in the environment are presumably the degradation

products of precursor chemicals. However, the identity of the
precursors and mechanism by which they are converted into
PFCAs are unknown at the present time.

Perfluorinated aldehydes of the general formujg£s.:CHO
have a molecular formula that is similar to that of perfluoroalkyl
carboxylic acids. Atmospheric oxidation of perfluorinated
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aldehydes offers a possible route to the formation of PFCAs.
Unfortunately, there are few available data upon which to make
a quantitative assessment of the contribution made by atmo-
spheric oxidation of perfluorinated aldehydes to the observed
budget of PFCAs. To remedy this situation, we have reported
the results of an investigation into the atmospheric chemistry
of C,FsCHO8® To expand upon this work, a study of the
atmospheric chemistry of GEHO, n-C3FCHO, andn-C4Fo-

CHO was performed. Studies of fluorinated alcokbland

acid$?! suggest than-C3F,CHO andn-C4FoCHO will serve as
useful models with which to understand the degradation
mechanism of long chain perfluoroaldehydes. Straight chain
isomeran-CsHCHO andn-C4FsCHO were studied in the present
work. For simplicity, we will refer to these species asF¢
CHO and GFyCHO in the rest of this article.

We have used smog chamber FTIR techniques to study the
kinetics of reactions of Cl atoms and OH radicals witlffr£:1-
CHO (x = 1, 3, 4) and oxidation products of the Cl-initiated
oxidation of GFx+1CHO in the presence of NOQuantum
mechanical calculations were employed to locate stable ground-
state geometries for G&(O)OONQ and GF+1C(O)OONGQ
(x = 1—-4) and to calculate IR spectra for these molecules.
Results are discussed with respect to the atmospheric chemistry
and environmental impact of fluorinated organic compounds.

2. Experimental Section

2.1. Kinetic and Mechanistic Experiments.The apparatus
and experimental techniques used in this work have been
described elsewhefé:!® Experiments were performed in a
140-L Pyrex reactor interfaced to a Mattson Sirus 100 FTIR
spectrometer. The reactor was surrounded by 22 fluorescent
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blacklamps (GE F15T8-BL), which were used to photochemi- 25
cally initiate the experiments. Chlorine atoms were produced
by photolysis of molecular chlorine. = ”0
5 20-
Cl,+hy—Cl+Cl 1) 5 CH,CI
§ 15
OH radicals were produced by photolysis of £HNO in the e
presence of NO in air: )
5 10
CH,ONO + hy — CH,O(s) + NO 2 o
; el0 @ 5 60l
CH,0(s) + O, —~ HO, + HCHO ©) 5 °°r
HO, + NO— OH + NO, (4) 00 l | | |
0.0 0.5 1.0 1.5 2.0 25

Reactant and product concentrations were monitored using in
situ Fourier transform infrared spectroscopy. IR spectra were
derived from 32 coadded interferograms with a spectral resolu-
tion of 0.25 cnt! and an analytical path length of 27.1 m.
Calibrated reference spectra were acquired by expanding known
volumes of reference materials into the chamber. The vapor
above liquid CEC(O)OH, GFC(O)OH, and GFyC(O)OH
contains monomers and dimers. ValueXef CFC(O)OH) =
[dimer]/[monomer} = 0.32+ 0.03 Torr?, Keg(CsFC(O)OH)

= 0.41+ 0.04 Torr?, andKeqC4sFgC(O)OH) = 0.46 + 0.05
Torr 1 11 were used to correct for the presence of dimer (5
26% partial pressure) in the calibrated volumes. Analysis of
the IR spectra was achieved through a process of spectral
stripping in which small fractions of the reference spectrum were
subtracted incrementally from the sample spectrum.

Samples of (Fx1CHO (x = 1, 3, 4), were synthesized as
described elsewhéet@nd purified by vacuum distillation. All
other reactants were obtained from commercial sources at
purities >99%. Ultrahigh purity air (total hydrocarbonrs 0.1
ppm) and Q (>99.994%) diluent gases were used as received.
In smog chamber experiments, unwanted loss of reactants and
products via photolysis and heterogeneous reactions has to be
considered. Control experiments were performed in which
product mixtures obtained after UV irradiation were allowed

to stand in the dark in the chamber for 30 min. There was no

observable €£2%) loss of reactants or products. Samples of
CuF2x+1CHO or GFx+1C(O)OH were subjected to UV irradia-
tion in 700 Torr of air diluent for 15 min. There was no
observable loss of E1CHO or GFx+1C(O)OH, suggesting
that photolysis of these compounds is not significant in the
present work.

2.2. Computational Details.Calculations were performed
using the Gaussian 98 electronic structure packad@zometry
optimizations with the B3LYP/6-311G(d,p) method located
stable ground-state geometries for £HO)OONG and
CiF2+1C(O)OONQ. All optimizations were conducted 61
symmetry. A subsequent B3LYP/6-311G(d,p) vibrational fre-

Ln([C,F,CHO],/[C,F,CHOJ)
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Figure 1. Decay of GFx+1CHO (x = 1, 3, 4) versus CkCI (circles)
or GHsCl (triangles) in the presence of Cl atoms in 700 Torr of either
air (solid symbols) or K (open symbols) diluent at 296 2 K.

quency calculation was used to derive an IR spectrum for eachReaction mixtures consisted of 6:96.2 mTorr GFx+1CHO,

optimized geometry.

3. Results and Discussion

3.1. Relative Rate Study of the CH CxF+1CHO (x =1,
3, 4) Reaction in 700 Torr of Air or Nitrogen. The kinetics
of reaction 5 were measured relative to reactions 6 and 7:

Cl + C,F,,,,CHO— products (5)
Cl + C,H:Cl — products (6)
Cl + CH,Cl — products @)

99.9-118 mTorr C§, and 19.144.5 mTorr of either gHsCl,

or CHsCl, in 700 Torr of either air, or N The observed loss of
CxFx+1CHO versus that of the reference compounds in the
presence of Cl atoms is shown in Figure 1. Linear least-squares
analysis of the data in Figure 1 givégks = 0.230+ 0.029
andks/k; = 3.86+ 0.54 forx = 1, ks/ks = 0.252+ 0.028, and

ks/k; = 4.21+ 0.44 forx = 3, andks/ks = 0.293+ 0.030, and
ks'k; = 4.85+ 0.50 forx = 4. Quoted uncertainties are two
standard deviations from the linear regressions (forced through
zero), together with our assessment of the uncertainties associ-
ated with the IR analysis of the reactant and reference
concentrations. Usings = 8.04 x 1071215 andk; = 4.8 x
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10713 16 we deriveks = (1.85+ 0.23) and (1.85& 0.26) x 0.8 |
10 2for x =1, ks = (2.034 0.23) and (2.02- 0.21) x 10712 06 L
for x = 3, andks = (2.35+ 0.24) and (2.33k 0.24) x 10712

cm® molecule? s for x = 4. Consistent results for the o
individual compounds were obtained using both references. § 0.2
Taking the average of the results obtained using the two different § 0.0
reference compounds together with error limits which encom- 2 o5}
pass the extremes of the individual determinations, we arrive 3 04
at values ofks = (1.85+ 0.26) x 102 for x = 1, (2.03+ < 03
0.23) x 10722 for x = 3, and (2.34+ 0.25) x 10722 cn¥® gf
molecule’* s71 for x = 4. Although there is some evidence that o
ks increases with increasing chain length, it can also be argued ’ ’ ’ ’ !
that there is no such effect since valuesxer 1, 3, and 4 are C: COF,

indistinguishable within the combined experimental uncertain-
ties. For simplicity, we choose to cite a final number fgr
with error limits which encompass the extremes of the individual
determinations; hencég(Cl + CiFo+1CHO) = (2.1 £ 0.5) x —fu\ T f T ]
1012 cm® moleculet s,

A: Before UV

04

'y
A
N
A

B: After UV

Wallington and Hurley” reportk(Cl + CFCHO) = (1.8 + b: CINO
0.4) x 10712 Sulbaek Andersen et &teportk(Cl + C,FsCHO)
= (1.964 0.28) x 10712 and Hurley et al? deducedk(Cl +
CiF2x+1CHO) = (2.3 £ 0.7) x 107*2cm?® molecule® s~ for x y , —ee . .
= 1-4 during a study of the Cl atom initiated oxidation of 900 1000 1100 1200 1300 1400 1800 1900 2000
CiFox+1CHoOH alcohols. Data from Scollard et #have been Wavenumber (cm'1)

rescaled to givek(Cl + CRCHO) = 2.28 x 107*2 cm? Figure 2. IR spectra obtained before (A) and after (B) a 131-s
molecule’® s71.1° These values are indistinguishable from the irradiation of a mixture of 7.47 mTorr GEHO, 150 mTorr GJ, 51
value ofk(Cl + CyFx+1CHO, x = 1, 3, 4) reported herein. mTorr NO, and 9 Torr @in 700 Torr of N.. The consumption of §s-

CFCHO and GFsCHO are factors of 38° and 110% less CHO was 39%. Panels C and D are reference spectra of, @0dr

: . . CINO, respectively.

reactive toward Cl atoms than their nonfluorinated counterparts
CH3CHO and GHyCHO. Reaction of Cl atoms with GEHO g5 4 1294 of the loss of @F,CHO and 97+ 11% of the loss
proceeds exclusively99%) via abstraction of the aldehydic ¢ C4FsCHO.
hydroger?? Upon the basis of recent results for similar g simplest explanation for the observed product distribution
aldehydes? abstraction of the aldehydic hydrogen is also g that reaction 5 is followed by (816)#
expected to play a major role in the reaction of Cl atoms with

C4FoCHO. 1t is clear that (Faw1 groups have a strong C,F,,.,CHO+ Cl— C,F,,,,C(+)(O) + HCI (5)
. . L . X' 2x+1 X' 2x+1
deactivating effect on the aldehydic functional group.

3.2. Product Study of the Cl+ CxF241CHO (x =1, 3, 4) CF21C()(0) + O, + M — CFy,C(O)O,(e) + M (8)
Reaction in the Presence of NQ in 700 Torr of Air. C.F....C(O)O(s) + NO— C.F....C(O)O®) + NO, (9
Experiments were performed to investigate the mechanism of ~ * 2:1C(0)0L°) F2:1C(0)08) 2 )
Cl atom initiated oxidation of &»1CHO in the presence of C,F21C(O)Of) — C,F, . 1(s) + CO, (10)
NOy. Mixtures containing 4.27.5 mTorr GFsCHO, 150-194
mTorr Ch, 46-51 mTorr NO, and 9 Torr @in 700 Torr of Ny CFaia(0) + O, = CFpy1105() (11)
diluent were introduced into the reaction chamber and irradiated

CF ) + NO—CF s) + NO 12
using the UV blacklamps. Figure 2 shows spectra acquired F21102(%) + NO = G ,06) 2 (12)
before (A) and after (B) a 131-s irradiation of a mixture of 7.47 CFy10()+M—C, _,F, ,(6) +COR+M (13)

mTorr CRCHO, 150 mTorr GJ, 51 mTorr NO, and 9 Torr ©

in 700 Torr of No. The consumption of &sCHO was 39%. Repetition of reaction 1213 results in the “unzipping” of the
Comparison of the IR features in panel B with the reference radical and the formation of-1 molecules of COfFfor CyFayt1-
spectra of COFand CINO given in panels C and D shows the CHO (x = 1, 3, 4). The last radical formed, gFwill be
formation of these species. Product features attributable to smallconverted into COfby reactions 1416:

amounts of CEONG, and CEC(O)OONQ were also detected.

Figure 3 shows the observed formation of GQErsus loss CFRy(s) + O, + M — CF04(e) + M (14)
of CyFx+1CHO following UV irradiation of gas mixtures
containing CECHO, GF,CHO, and GFsCHO, respectively, CF,0,(e) + NO — CF;0(s) + NO, (15)
together with Gl and NO in 700 Torr of @N> diluent. The
lines through the data in Figure 3 are linear least-squares fits CF,0(e) + NO— COF, + FNO (16)

(forced through zero) which give the following molar yields of

COR: 914 11%,x = 1; 2734 36%,x = 3; and 371+ 44%, NO; is formed during the reaction sequence given above. In
x = 4. Quoted errors are two standard deviations from the the presence of N& CFa+1C(O)O:NO, and CEONO; will
regression analysis, together with an additional 10% range to pe formed via reactions 17 and 18:

reflect uncertainties associated with calibration of the reference

spectra. Small quantities (molar yields3%) of CRRONO, and C,F,.1C(O)Oy(s) + NO, + M — C,F,,,,C(O)ONO, (17)
CiF2x+1C(O)O:NO, were also detected in these experiments.

Thus, we can account for (26 11)% of the loss of CFCHO, CF;0() + NO, +M — CF,ONOG, + M (18)
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Figure 3. Yield of COR, from the reaction of Cl atoms with,Ex1-
CHO in the presence of NGn 700 Torr of air. Circles, triangles, and
squares indicate CQlyield from GF,CHO, GF,CHO, and CECHO,
respectively.

2x+1

Using calibrated reference spectra gF&1C(O)OH, evidence
for the formation of these species was sought in the product
spectra, but not found. An upper limit for the molar formation
of CF2«+1C(O)OH of 2% was established.

3.3. IR Spectra of GFx+1C(O)O2NO, (x = 1, 3, 4).To
record the IR spectra of £x+1C(O)ONO, (x = 1, 3, 4)
mixtures of 3.9-8.3 mTorr GFx+1CHO, 90-202 mTorr C,
and 16-12 mTorr NQ in 700 Torr of Q diluent were subjected
to UV irradiation. The reaction of Cl atoms with&y+1CHO
will lead to the formation of (Fx;1C(O)0O,. It is expected that
the acyl peroxy radicals,€x+1C(0)O: (x =1, 3, 4), will react
rapidly with NG, to give the peroxynitrates, $xx+1C(0)Ox-
NOzi

C,Fp1CHO + Cl— C/F,, . ,C(s)(O) + HCI  (5)

CF21C)(0) + O, =~ CFpu C(O)OLe)  (8)

CiF2t1C(0)0y(e) + NO, + M — C/F,,,C(O)GNO, (17)

Sulbaek Andersen et al.
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Figure 4. Infrared spectra of gC(O)O:NO; (A), CsFC(O)O:NO;
(B), CoFsC(O)CNO:; (C), CRC(O)ONO:; (D), and CHC(O)C:NOy,
PAN (E).

700 1900

that reaction 5 leads to the formation ofFg+1C(O)O,NO;
and COF, in a combined molar carbon yield of 100%.

The integrated band strength (17200800 cn1?) of the NG,
asymmetric stretching feature was (5431.11) x 10717 for
C4FgC(O)OONQ, (5.56+ 1.11)x 107 for C3FC(O)OONQ,
and (5.15+ 1.03) x 10717 cm molecule? for CRsC(O)OONG
(we attribute 20% uncertainty to these measurements). These
values are indistinguishable from those of (5418.10) x 1017
and (5.25+ 1.04) x 10717 cm molecule? for the corresponding
features in CHC(O)O,NO22% and GFsC(O)OONQ.8

3.4. Computational Results.The B3LYP/6-311G(d,p) op-
timized geometries of (A) CEC(O)OONQ and (B) CRC(O)-
OONG; are shown in Figure 5. The optimizations indicate that

Peroxy nitrates are thermally unstable and decompose to reformthese species may be characterized as complexes of carboxyl

acetyl peroxy radicals and NOIt seems reasonable to assume
that GFx1C(O)ONO; (x = 3, 4) will decompose at a rate
similar to that of CEC(O)O:NO, and hence will have a lifetime

at 296 K of approximately 5 B In the presence of excess NO
thermal decomposition of €x+1C(O)O,NO; is masked by its
reformation via reaction 17. Following UV irradiation of
CiF2x+1CHO/NG,/CI,/O, mixtures three carbon-containing prod-
ucts were observed: CQFCO,, and a product with the IR
features shown in panels A, B, and D of Figure 4. The features
shown in Figure 4 increased linearly with loss of the parent
compound. The product features at 79®2, 1301, 17631762,
and 1848-1857 cnt! are characteristic of the N@eformation,
NO, symmetric stretch, N® asymmetric stretch, and CO

and NQ radicals, e.g., CJ£(O)OONQ is a CRC(0)O---O3N
complex, the carbonyl oxygen bonds via as bgbrid orbital

to the NQ oxygen, which bonds via an%pybrid orbital. Tables

1 and 2 list the computed IR spectra of these compounds
between 700 and 1900 cth Calculated vibrational frequencies
were scaled by the empirical factor of 0.9614 parametrized for
B3LYP/6-31G(d) by Scott and Radofh,and the results are
presented in Tables 1 and 2. Comparison of the data in Tables
1 and 2 with the spectra in Figure 4 reveals that the computations
produce scaled frequencies which are generally in good agree-
ment (within 10 cmt) of the experimental results. However,
discrepancies between theory and experiment of up to ap-
proximately 66 cm?® are evident for some features.

stretching modes in acetyl peroxynitrates. We assign the spectra  The B3LYP/6-311G(d,p) geometry optimizations ofFgC-

in shown in panels A, B, and D of Figure 4 ta&3C(O)O;-
NO;,, CsFC(O)O:NO,, and CRC(O)O,NO,, respectively. For
comparison, the spectra 0bC(0)O,NO,® and CHC(0O)0,-
NO,2° are also shown in Figure 4. Calibration of the spectra
for CiFx+1C(O)ONO;, (x =1, 3, 4) were achieved by assuming

(O)OONQ locate three conformets Il , andlll , as displayed

in Figure 6. The B3LYP/6-311G(d,p) energieslofandlll ,
relative to |, are 0.50, and—0.13 kcal/mol, respectively.
Inclusion of zero-point energy does not alter these relative
energies significantly. In light of these small energy differences,
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A: B:
CH;C(0O)OONO, CF;C(0)OONO;,

Figure 5. B3LYP/6-311G(d,p) structures of (A) GB(O)OONG and (B) CEC(O)OONQ.

TABLE 1: B3LYP/6-311G(d,p) Vibrational Frequencies of
CH3C(O)OONO; between 700 and 1900 crmi?

frequency IR intensity
697 11.1
700 1.8
779 208.9
797 58.7
939 14.4
966 26.3
1019 0.1046
1123 241
1310 250.51
1344 33.3
1413 10.7
1418 11.3
1761 398
1822 218.3

a Scaled frequencies are in cfrand computed IR intensities are in
km/mol.

I
TABLE 2: B3LYP/6-311G(d,p) Vibrational Frequencies of
CF3;C(0O)OONO, between 700 and 1900 cmi2
frequency IR intensity
688 11.2
720 22.4
739 7.7 Figure 6. B3LYP/6-311G(d,p) optimized conformetsll, andll of
782 210.3 CoFsC(O)OONG.
841 15.09
932 135 ; ] : i
1012 4453 As discussed above, typically there was little variation in the
1139 272.6 frequency of a given mode between thd , andlll conformers
1182 302.8 of CoFsC(O)OONQ. C3F,C(0O)OONQ and GF4C(O)OONG
1242 63.4 were optimized only in conformers corresponding to analogues
1311 263.37 of I. Table 4 shows the scaled frequencies and IR intensities.
ggg g?g:z Discrepancies between theory and experiment are small, with

the largest deviances being approximately 40&m

3.5. Relative Rate Study of the OH+ CyF2+1CHO (x =
1, 3, 4) Reaction in 700 Torr of Air. The kinetics of reaction
19 were measured relative to reactions 20 and 21:

a Scaled frequencies are in cfrand computed IR intensities are in
km/mol.

the conformers should be present in approximately equal

amounts. Scaled vibrational frequencies between 700 and C,F2:1CHO + OH — products (19)
approximately 1900 crit are listed in Table 3. Generally, there

is little deviation in the frequency of any particular mode C,H, + OH — products (20)
between the three conformers. This does not hold in every case,

however. Experimental peaks at 1086 and 1111 'crare C,H, + OH — products (21)

assigned to one mode where the deviation of frequencies
betweenll andlll is ~27 cnt?, while the broad peak at 1242 Initial reactant concentrations were 1621.0 mTorr of GFa1-
cm~! may be the result of two or even three vibrational modes. CHO, 139-176 mTorr of CHONO, 10.8-17.9 mTorr NO, and
Agreement between experiment and the scaled B3LYP frequen-3.07—8.25 mTorr of either gH, or C;H4 in 700 Torr of air
cies is in general good, with the largest discrepancies beingdiluent. When working with compounds such ag-£+,CHO
approximately 40 cm.

which have modest reactivity toward OH radicals and poorly
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TABLE 3: B3LYP/6-311G(d,p) Vibrational Frequencies of
C,FsC(O)OONO; between 700 and 1900 crria

| I I Il i 1]
frequency IR intens frequency IR intens frequency IR intens

688 11 688 12 687 9
715 29 718 44 711 28
727 4 736 5 728 4
781 223 781 221 781 196
827 16 829 17 825 19
927 4 901 169 929 16
958 308 947 245 957 245
1059 167 1084 120 1060 237
1140 155 1111 127 1139 142
1158 151 1170 218 1158 138
1171 357 1182 288 1172 352
1203 157 1195 90 1202 153
1272 112 1288 180 1272 96
1311 245 1314 203 1311 256
1787 386 1787 389 1785 395
1835 208 1826 195 1835 212

aData are displayed for conformdrdl, andlll . Scaled frequencies
are in cm?, and computed IR are in km/mol.

TABLE 4: Scaled B3LYP/6-311G(d,p) Vibrational
Frequencies of GF;C(O)OONO; and C4;FsC(O)OONO,
between 700 and 1900 cmri?2

C3FC(O)OONQ C4FsC(O)OONQ
frequency IR intens frequency IR intens
688 10 689.04 10.8
707 40 699.25 58.03
724 14 720.67 10.3
781 240 779.42 277.9
814 30 794.77 27.1
888 133 847.70 46.1
929 48 927.99 27.2
1025 111 989.88 90
1089 254 1050.90 153.9
1130 79 1098.59 2131
1135 144 1121.23 37.5
1147 53 1122.91 78.2
1170 212 1134.64 76.7
1187 434 1158.01 197
1228 91 1174.35 229.3
1291 73 1185.56 428.31
1311 264 1199.41 138.1
1787 388 1243.99 50.3
1836 208 1296.53 72.7
1311.33 258.8
1786.99 389
1836.37 207.3

aFrequencies are in cthand computed IR intensities are in km/
mol.

defined (broad) IR features, an indirect variation of the relative
rate technique can be usefdlAs discussed above, in the
presence of excess NO the oxidation gF£+1CHO gives COk
and GFx+1ONO; in essentially quantitative yield. CQRand
CRONGO; have intense characteristic IR features that are
convenient to monitor. In the present work for= 3 and 4, the
loss of GFx+1CHO was inferred by the formation of its
oxidation products COfand CREONO,; for x = 1 the loss was

measured directly. We assume that the reaction of OH radicals

with C,F2+1CHO proceeds exclusively by hydrogen atom
abstraction from the CHO group.
The calculated loss of Ex+1CHO versus that of the
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Figure 7. Decay of CECHO (triangles), GFCHO (squares), and.Es-
CHO (circles) versus £, (open symbols) or ¢, (solid symbols) in
the presence of OH radicals in 700 Torr of air diluent at 29@ K.
Loss of CRCHO decay was measured directly, and loss ¢f,CHO
and GF,CHO was measured indirectly; see text for details.

1.0

uncertainties associated with the IR analysis of the reactant and
reference concentrations. Usikgy = 8.45 x 1071328 andky;

= 8.52x 1071229 we derivekyo = (6.154 0.80) x 10713, and

k1o = (6.93+ 0.81) x 10713 cm?® molecule'’s™%. We choose to
qguote a final value forks which is the average of those
determined using the two reference compounds together with
error limits which encompass the extremes of the individual
determinations; hencekig = (6.5 + 1.2) x 10713 cm?
molecule’! s71. While there are no previous studies of the
reactivity of OH radicals toward $£;CHO and GFyCHO, we

can compare our results with literature valuesxer 1 and 2.
Dobe et al3® have measurel{OH + CFRCHO) = (1.1 £ 0.7)

x 10712 cm?® molecule’? st using discharge flow techniques.
Scollard et al® have reportet((OH+ CRCHO) = (6.54 0.5)

x 10718 and (5.4+ 1.2) x 10713 cm?® molecule! s~ based on
pulsed laser photolysis resonance fluorescence and relative rate
experiments, respectively. Sellevag et%aeportk(OH + CFs-
CHO)K(OH + CyHg) = 2.00, which, usind(OH + CyHg) =

2.4 x 1071320 givesk(OH + CRCHO) = 4.8 x 1072 cm?®
molecule! s71. Andersen et d.reportk(OH + C,FsCHO) =
(5.26 4+ 0.80) x 10713 cm® molecule® s1. The IUPAC data
evaluation committee recommenk®©H + CRCHO) = (6.0

+ 1.2) x 10 cm® molecule! st 20at 298 K. The reactivity

of CyFox+1CHO (x = 1, 3, 4) toward OH radicals measured in
the present work is indistinguishable, within the likely experi-
mental uncertainties, from that reported previously fog@QHO

and GFsCHO.

4. Implications for Atmospheric Chemistry

The present work improves our understanding of the atmo-
spheric chemistry of perfluorinated aldehydes of the general

formula GFx+1CHO. Cl atoms and OH radicals react with

reference compounds in the presence of OH atoms is shown inCyF»41CHO (x = 1, 3, 4) with rate constants of (24 0.5) x
Figure 7. Linear least-squares analysis of the data in Figure 5102 and (6.5& 1.2) x 10-13 cm?® molecule® s71, respectively.

giveskigkao = 0.728=+ 0.095 andkig/ko; = 0.0813+ 0.0095,

Reaction occurs exclusively at the aldehydic hydrogen atom.

where the quoted uncertainties are two standard deviations fromGiven the finding in the present work that the reactivity of Cl

the linear regressions together with our estimation of the

atoms and OH radicals toward gFHO, GF,CHO, and GFg-
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CHO are indistinguishable, it seems reasonable to generalizekinetic data available with which to compute the importance of
our results to all members of thefx1CHO series. hydration as an atmospheric loss mechanism f¢,1CHO.
The value ofk(OH + CF2+1CHO) derived above can be While the present work improves our understanding of the
used to provide an estimate of the atmospheric lifetime of atmospheric chemistry ofEx-1CHO and their likely contribu-
C.F2x+1CHO with respect to reaction with OH radicals. Using tion to perfluorinated carboxylic acid pollution many uncertain-
the 296 K rate constant measured here together with a globalties remain. Not least of which being the following: (i) the rate

weighted-average OH concentration of .0.0° molecule crm3 and mechanism of photolysis, (i) the rate and mechanism of
31 leads to an estimated atmospheric lifetime QF£.:CHO CiF2+1C(0)Oy(e) + HO, reactions, and (i) the rate of
of 18 days. hydration and fate of any hydrates formed.

The approximate nature of this atmospheric lifetime estimate
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