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Relative rate techniques were used to meak(®# + n-C,FOCHs) = (6.4 4+ 0.7) x 104 andk(OH +
i-C4FoOCHs) = (7.7 £ 0.8) x 107 cm?® molecule® st at 295 K leading to estimates &f0.9 and 0.7 years
for the atmospheric lifetimes af-C4FsOCHs andi-C4FsOC;Hs, respectively. A pulse radiolysis technique
was used to measutgF + HFE-7200)= (5.6 & 2.1) x 10 cm® molecule! s™! (HFE-7200= C4F¢-
OGC;Hs) at 296 K. Using FTIR-smog chamber relative rate techniques the following rate constants were
determined at 296 Kk(F + HFE-7200)= (5.5+ 1.1) x 107%, k(Cl + HFE-7200)= (2.7 + 0.6) x 10712,
andk(Cl + C4,F0C(0O)CHy) < 7 x 10713 cm® molecule® s™%. Two competing loss mechanisms fosFg
OCHO@E)CH;3 radicals were identified in 700 Torr of O, diluent at 296 K; reaction with ©and
decomposition via €C bond scission witho,/Kgecomp= 0.026+ 0.010 Torr®. The Cl atom initiated oxidation
of HFE-7200 in N/O; diluent gives two products: £,0C(O)CH; and GFOC(O)H. CGF,OC(O)CH; is
the major atmospheric oxidation product of HFE-720QFOC(O)H is a minor product. The results are
discussed with respect to the atmospheric chemistry of hydrofluoroethers.

1. Introduction C,FyOCH,CH,(s) + O, + M — C,FOCH,CH,00() j?ZI\g)

Recognition of the adverse effect of chlorofluorocarbon (CFC)
release into the atmosphéfenas led to an international effort C,FOC,H,00() + NO— C,FOC,H,O(s) + NO, (3a)
to replace CFCs with environmentally acceptable alternatives.
Hydrofluoroethers (HFEs) such as HFE-710QR§OCHs) and C,FOCH,00() + NO + M — C,F,OCH,ONO, + M
HFE-7200 (GFsOC;Hs) are fluids designed to replace CFCs (3b)
in applications such as the cleaning of electronic equipment, A _
heat transfer agents in refrigeration systems, and carrier fluids CaFgOCH,006) + NO, + M = C,FOCH,ONO, + I(\ﬂ)
for lubricant depositiod. HFE-7200 is a volatile liquid with a

vapor pressure of 97 Torr at 2Z 3 and will be released into C,F,OC,H,00() + HO, — products (5)
the atmosphere during its use. Prior to its large scale industrial
use an assessment of the atmospheric chemistry, and hence C4FsOC,H,00() + R'O, — products (6)

environmental impact, of HFE-7200 is needed.

Thg atmgspheric ox?dation of HFE-7200 yviII be initiated by By analogy to other peroxy radicaishose derived from HFE-
react!on W|th OH rad|c§ils. The alkyl ra@cals producgd N 2200 will react with NO, NG, HO,, and other peroxy radicals
reaction 1 will add Qto give the corresponding peroxy radicals. in the atmosphere. Experiments have been performed in our
laboratories to elucidate the atmospheric chemistry of HFE-
7200. A relative rate approach was used at MIT to measure
the kinetics of the reaction of OH radicals with HFE-7200 and
C4FgOCH,CH; + OH — C,FOCH,CH,(¢) + H,O  (1b) hence to provide an estimate of its atmospheric lifetime. A

pulse radiolysis time-resolved UWisible spectroscopic tech-
C,F;OCH()CH; + O, + M — C,F OCHOO¢)CH; + M nique was used at Risg to study the kinetics of the reaction of
(2a) fluorine atoms with HFE-7200. The kinetics of the reaction of
Cl and F atoms with HFE-7200 were studied at Ford using
*To whom correspondence should be addressed. relative rate methods. Finally, the atmospheric fate of the alkoxy

C,F,OCH,CH; + OH — C,F,OCH()CH, + H,0  (1a)
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radicals GFgOCH,CH,O(e) and GF;OCHOE)CH3 was studied was provided by a pulsed Xenon arc lamp, reflected in the
using a FTIR spectrometer coupled to a smog chamber at Ford.reaction cell by internal White type optics (total UV path length
The results are reported herein and discussed with respect to= 80 cm), dispersed ugina 1 mMcPherson monochromator

the environmental impact of HFE-7200 and other HFEs. (operated at a spectral resolution of 0.8 nm) and detected by a
photomultiplier.
2. Experimental Section Sk was used as the diluent gas. Radiolysis of @educes

The three experimental systems used are described in detaifluorine atoms:
elsewheré7 All samples of HFE-7200 used in this work were _
supplied by the 3M Co. Experiments performed at Risg SF;+2MeVe —F+ products ©)
employed a commercial sample of HFE-7200, which was a
mixture of 35%n-C4FyOCyHs (CRCFR.CFR,CFR0OC;Hs) and 65%
i-C4F9OC;Hs5 ((CRs)2,CFCROGC:Hs). During the experiments
at MIT and Ford Motor Co. a sample of pureCsFeOC;Hs
became available and was used. In light of the structural
similarities between the two HFE-7200 isomers and the rapidity
of the reaction of F atoms with HFE-7200, it is assumed that
the result fork(F + HFE-7200) obtained at Risg using the
mixture of isomers is representative of the individual pure
:‘somers. Evidence supporting FhIS assumption was obtained 2.3, FTIR—Smog Chamber System at Ford Motor Co.
rom the work at Ford and is discussed in section 3.3. The . .
uncertainties reported in this paper are two standard deviationsfo‘II experiments were per_formed in a 140-L Pyrex reactor

interfaced to a Mattson Sirus 100 FTIR spectrométerhe

unless otherwise stated. Sta}ndard error propagation memoc]lsfeactor was surrounded by 22 fluorescent blacklamps (GE
were used to calculate combined uncertainties.

2.1. FTIR—Photolysis System at MIT. Two samples of F15T8-BL), which were used to photochemically initiate the

HFE-7200 obtained from 3M were used in the present studies. (reé(;g:(l)mn?/citt?{ Crzt?)n?gl\?vitilgr? V\?efr: FeEr;Zrzaotg dvgastr:gltlﬁﬁgl bs)lls
One sample (referred to in this study as i-HFE-7200) was g y b Y

isomerically pure £99.9%), while the other sample (referred of molecular chlorine in @N; diluent at 700 Torr total pressure

Sk was always present in great excess to minimize the relative
importance of direct radiolysis of other compounds in the gas
mixtures. The fluorine atom yield at full radiolysis dose and
1000 mbar Sfgwas (3.184 0.32) x 10 cm=38 (1013 mbar

= 760 Torr). Reagents used were the following:-2¥ mbar

O (ultrahigh purity); 956-1000 mbar SE(99.9%); 6-19 mbar
HFE-7200 &99%). All were used as received. The HFE-7200
sample was repeatedly degassed by fregzenp—thaw cycles
before use.

here as n-HFE-7200) contained 95% n- and 5% i-isomers. Theat 296+ 2 K:

value for the rate of the OH HFE-7200 reaction was obtained Cl, + hv —2Cl (10)
by monitoring rate of disappearance of HFE-7200 relative to

that of a r_eference compound (¢r CHCI) in the presence Cl + C,FOC,H; — C,FLOC,H,(s) + HCI (11)
of OH radicals at 295 K. The decay of the sample was measured

using Fourier transform infrared spectrosc8py¥he concentra- C,FOCH,(s) + O, + M — C,FLOC,H,O,(s) + M (2)

tions of HFE-7200, Chki or CHsCl were monitored by spectral
subtraction. The OH radicals were generated by photolysis of The loss of HFE-7200 and the formation of products were

ozone at 254 nm in the presence of water vapor: monitored by Fourier transform infrared spectroscopy using an
infrared path length of 28 m and a resolution of 0.257&¢m

O;+hv— o('D) + o, @) Infrared spectra were derived from 32 co-added interferograms.

Two sets of experiments were performed. First, relative rate

O(lD) + H,0 — 20H (8) techniques were used to determine rate constants for the

reactions of Cl and F atoms with HFE-7200. Second, the
The long-path absorption cell, made of Pyrex glass, had g Products of the atmospheric oxidation of HFE-7200 were

volume of 7.6 L and a base length of 60 cm, which was adjusted INvestigated by irradiating HFE-72004X02/N, mixtures.

to give a total of 24 passes and an optical path of 14.4 m. The Inltl_al concentrations of the gas mixtures for the relative rate
concentrations of the reactants and products were monitored€XPeriments Wereﬁg mTorr. of HFE-7200, 2632 mTorr of
with an FTIR spectrometer (Nicolet 800). The mercury the reference organic, and either 02831 Torr of Ch or 0.5~

photolysis lamp (Ace Hanovia 450-W medium-pressure mercury +-0 TOrr of B2, in 700 Torr of air or N diluent. In the study of
lamp) was placed inside the absorption cell, enveloped in a the oxidation of HFE-7200, reaction mixtures consisted of-4.4

Vycor tube which transmits 254-nm radiation but absorbs the /-1 MTOri-C4FeOCHs, 51-420 mTorr C3, 0—-40 mTorr of
185-nm Hg line; no decay of the HFE-7200 sample was NO, and 4-700 Torr @ with N, added to a total pressure of
observed in the ébsence of ozone. 700 Torr. The QYCI, concentration ratio was kept larger than

The organic reactants were mixed with helium in a 3-L glass 100 to suppress reaction between alkyl radicals and molecular

reservoir to yield mole fractions e¥1%. Ozone was prepared chlorine.

by first trapping the effluent from an ozonizer in cold silica gel

and then desorbing the sample into a 12-L glass reservoir and

subsequently mixing with helium. The experiments were  3.1. Reaction of OH with HFE-7200 Investigated at MIT.

performed at room temperature #v200 Torr helium, in the The results of the kinetic runs for n-HFE-7200 and i-HFE-7200

presence of+1—3 Torr ozone. using CHCI as reference are presented in Figure 1A,B. Linear
2.2. Pulse Radiolysis System at Risg National Laboratory.  least-squares analysis of the data gikesHFE-7200)k(CHs-

A pulse radiolysis transient UV absorption apparétuas used Cl) = 1.77+ 0.14 ank(i-HFE-7200)k(CH3CI) = 2.13+ 0.09.

to measure the rate of reaction of F atoms with HFE-7200. Interestingly, there appears to be a small difference in the

Radicals were generated by radiolysis of gas mixtunes 1 L reactivity of the two different isomers toward OH radicals with

stainless steel reactor by a 30 ns pulse of 2 MeV electrons fromi-HFE-7200 ((CE),CFCROC;Hs) being approximately 20%

a Febetron 705B field emission accelerator. The analyzing light more reactive than n-HFE-7200 (§&F-CRCFR0C;Hs). Using

3. Results and Discussion
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Figure 1. Decay of HFE-7200 versus GAI and CH, in the presence
of OH radicals in 200 Torr of helium diluent at 295 K. Panel A shows
data for n-HFE-7200, while panel B shows data for i-HFE-7200.

K(CH3Cl + OH) = 3.6 x 1071 cm® molecule’! s~ ? we obtain
k(OH + n-HFE-7200)= (6.4 + 0.7) x 10714 and k(OH +
i-HFE-7200)= (7.7 & 0.8) x 107 cm® molecule! s™1. The
quoted uncertainties reflect statistical uncertainties of the
measurements and a 10% uncertaintk(@HsCl + OH).

Additional experiments were performed for n-HFE-7200
using CH, as reference. The results are shown in Figure 1A
and givek(n-HFE-7200k(CHy) = 8.4+ 1.5. Usingk(CH,4 +
OH) = (6.3 + 0.6) x 10715 gives k(n-HFE-7200)= (5.3 +
1.1) x 10-*cm® molecule'l s™1. This result is consistent with
that derived from experiments using gH as reference, but
the uncertainty is much larger, since the rate of,@kth OH
is much slower and less than 10% of the ZBacted with OH.
Assuming an atmospheric lifetime for methane of 9 y¥aad
a rate constant for the GH- OH reaction of 6.3x 10715 cm?®
molecule! s! leads to atmospheric lifetimes against reaction
with OH of ~0.9 year for n-HFE-7200 ared0.7 year for i-HFE-
7200.

3.2. Kinetics of the F+ C4F9OC,Hs Reaction. The rate
constant ratiok;o/k;s was determined from the maximum
transient absorption at 230 nm following pulse radiolysis (32%
of maximum) of mixtures of 0.310 mbar of HFE-7200, 50
mbar of CRCCLH, and 946-950 mbar Sk Reactions 12 and
13 compete for the available F atoms. The alkyl radicak-CF

F+ C,F;,OCH;

— CFOCH,() + HF (12

F + CF,CCLH — CF,CCl(s) + HF (13)

CCl,, formed by reaction of F atoms with @ECl,H (HCFC-
123) absorbs strongly at 230 nmickccl, = 9.7 x 10718 cn?
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Figure 2. Maximum transient absorbance at 230 nm plotted as function

of [HFE-7200]/[CRCCIH]. The smooth line is a fit to the data; see
text for details.

0.20

molecule’ ). In contrast, absorption by thes&0CH,
radical is significantly weaker. Figure 2 shows the observed
variation of the maximum transient absorbance at 230 nm as a
function of the concentration ratio [HFE-7200]/[¢FCLH]. As
shown in Figure 2, the maximum transient absorption decreases
with increasing HFE-7200 concentration because a greater
fraction of the F atoms react with HFE-7200.

The data in Figure 2 can be fitted with a three-parameter
expression:

Ackca, t 4Fgoc2H4’ ]{

Y

Here Amax Acrccl, andAc,socH, are the observed maximum
absorbance for the mixture of radicals, the maximum absorbance
expected if all F atoms react with @ECLH, and the maximum
absorbance expected if all F atoms react with HFE-7200,
respectively. Acrccl, AcsrocH, and kiokis were simulta-
neously varied, and the best fit was achieved wWigl.cc,, =
0.34+ O'OlyAC4FgOC2H4 = 0.03+ 0.01, andqg/klg =47+ 6.

The result forAcrccy, is consistent with that expected on the
basis of the published absorption cross section of theCCh
radicalll Usingkis = (1.24 0.4) x 10712 12givesk;, = (5.6

+ 2.1) x 1071 cm?® molecule* s1. This result is in good
agreement with the value of (5551.1) x 10711 cm® molecule?

s 1 determined using the FTIR technique as described in section
3.3.

3.3. Relative Rate Studies of the Reactions of Cl and F
Atoms with HFE-7200. Prior to the investigation of the
atmospheric oxidation products of HFE-7200, relative rate
experiments were performed using the FTIR system at Ford
Motor Co. to investigate the kinetics of reactions 11 and 12.
The techniques used are described in detail elsewfere.
Photolysis of molecular halogen was used as a source of halogen
atoms.

The kinetics of reaction 11 were measured relative to reactions
14—-16. Reaction 12 was measured relative to reaction 17. The

(14)

[HFE-7200
[CF,CCLH]

[HFE-7200
[CF,CCLH]

Cl + C,HsCl — products

Cl + CH,Cl — products (15)
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Cl + CH;0C(O)H— products (16) 20

F + CH, — CHy(s) + HF (17) cre

observed losses of HFE-7200 versus those of reference com- 1.5 CH,OC(O)H
pounds in the presence of either Cl or F atoms are shown in
Figures 3 and 4, respectively. All experiments described in this
section, except one, were performed using a sample of HFE-
7200, which consisted of 65%C4FyOC,Hs and 35%n-CFy-
OGHs. When a sample of puieC4,FyOCHs became available,

it was possible to distinguish between the IR features attributable
to the two different isomers. The IR features of the i- and
n-isomers decayed at the same rate showing that there is no
discernible difference {10%) in reactivity of the isomers L4

toward F or Cl atoms. For completeness one relative rate A4

experiment was performed using piH€4FeOCHs. The result 008 0'5 1‘0 1'5 2'0 25
was consistent with that obtained using the mixture of isomers. ’ ’ ' ) ’ )
Linear least-squares analysis of the data in Figures 3 and 4 gives Ln([Reference], / [Reference] )

C,H.Cl
05 2115

Ln([HFE-7200],0/ [HFE-7200])

ki/kia = 0.384 0.02,k/kis = 5.71+ 0.37, ki/kis = 1.70+ Figure 3. Decay of HFE-7200 versus.BsCl (diamonds), CHCI
0.06, andk;o/ky7 = 0.814 0.04. Usingkis = 8.0 x 10229 ky5 (circles), and CHOC(O)H (triangles) in the presence of Cl atoms.
=4.8x 1089 kg= 1.4 x 10712 andk;7 = 6.8 x 1071112 Experiments were performed at 296 K in 700 Torr of air (filled symbols)

the four ratios giveky; = (3.04+ 0.16) x 10712 ky; = (2.74 =+ or N (open symbols).
0.18) x 10712 k1 = (2.384- 0.08) x 10712, andk;, = (5.51+
0.27) x 10711 cm?® molecule® s71, respectively. We estimate
that potential systematic errors associated with uncertainties in
the reference rate constants add 10% and 20% uncertainty ranges
for ki1 and ki, respectively. Propagating these additional
uncertainties giveky; = (3.044 0.34) x 10712 ky; = (2.74+
0.33)x 1072 k3 = (2.38+ 0.25) x 10712, andk;, = (5.51+
1.13) x 107 cm?® molecule! s™t. We choose to cite a final
value ofky; which is the average of those determined using the
three different reference compounds together with error limits
which encompass the extremes of the individual determinations.
Hence,ky; = (2.7 & 0.6) x 10712 andkyp = (5.5 + 1.1) x
10711 cm? molecule! s™1. Quoted errors reflect the accuracy
of our measurements. The valuela determined using the
FTIR technique is in agreement with the determinatiorkgf
= (5.6 + 2.1) x 107! cm® molecule? s™* obtained using the 0.0 i . ! s
pulse radiolysis technique (see section 3.2). There are no 0.0 02 04 06 08 1.0
literature data available fdt; or ki with which to compare Ln([CH4]t°/[CH4]t)
our results. It is interesting to note that while there is a small
(=20%) difference in the reactivity of the two HFE-7200
isomers toward OH radicals (see section 3.1), there is no
discernible difference in the reactivity of the two isomers toward performed at a constant total pressure of 700 Torr with the O
Cl and F atoms. This observation presumably reflects the partial pressure varied over the range790 Torr. As shown
greater reactivity (and hence low selectivity) of the reaction of in Figure 6, as the ©partial pressure was increased, the yield
Cl and F atoms with HFE-7200. of i-C4FgOC(0O)H decreased while X increased. Forfartial

3.4. Study of the Mechanism of the Atmospheric Oxida-  pressures greater than 300 Torr there was little change in the
tion of C4FgOC;Hs. The atmospheric degradation mechanism  yields of GFsOC(O)H and X.
of HFE-7200 was studied using the UV irradiation ofF¢ The reaction of Cl atoms with HFE-7200 in the presence of
OC;Hs/Clo/O2/N2 mixtures in the FTIR-smog chamber system O, gives rise to two different peroxy radicals, which in turn
at Ford Motor Co. To simplify the data analysis the isomeri-  will undergo self- and cross-reaction to give the corresponding
cally pure sample of 100%C4FeOC;Hs [(CF3),CFCROCHs] alkoxy radicals:
was used in the product experiments. Typical spectra obtained
before and aftea 1 min UV irradiation of a mixture of 4.3  i-C,FfOCHQ,(s)CH,; + RO, — i-C,FOCHOE)CH; +
mTorr of i-C4FgOCH,CHz, 63 mTorr Ch, 52 Torr G, and 648 RO+ O, (18a)
Torr of N, are shown in Figure 5. In all experiments
perfluoroisobutyl formatei-C4FsOC(O)H, was a readily ob- i-C,FgOCH,CH,0,(¢) + RO, — i-C,FOCH,CH,O(s) +
served product identified by means of its characteristic IR RO 40, (18b)
features at 1807 and 1822 cii* In addition to IR features 2
attributable to i-GF4OC(O)H there were IR features observed 1qre are several possible fates of these alkoxy radicals. For
at 808, 993, 1013, 1125, 1165, 1261, 1291, and 1841lcm i-C4FsOCHOE)CHs
attributable to the formation of one (or more) unknown
compound(s) which we will label “X”. The increase in X scaled i-C,FEOCHOE)CH; + M — i-C,F;,OC(O)H+ CHgy(e) + M
linearly with the loss ofi-C4FOCHs. Experiments were (29)

0.8

o
]
T

Ln([HFE-7200], / [HFE-7200])
T T

Figure 4. Decay of HFE-7200 and CHn the presence of F atoms in
700 Torr of air at 296 K.
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Figure 5. IR spectra before (A) and after Y& 1 min irradiation of a
mixture of 4.3 mTorr of i-HFE-7200, 63 mTorr £I52 Torr Q, and
648 Torr of N.. The loss of-HFE-7200 was 72%. Panel C is a reference
spectrum of 1.88 mTorr afC,FOC(O)H, and panel D is the reference
spectrum ofi-C4FeOC(O)CH; (1.6 mTorr).
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Figure 6. Observed yields of-C4FsOC(O)H ©), X = i-C4FsOC(0)-

CH; (@), and the combined yield of these two produdd® yersus the

O, partial pressure following the UV irradiation of i-HFE-72004Cl
N2/O, mixtures at 700 Torr total pressure and 296 K. The curves are
fits to the data; see text for details.

500 600 700

i-C,F,OCHOg)CH, + M — i-C,F,OC(O)CH, + H(s) sz'\él)

i-C,FOCHO@)CH, + O, — i-C,FOC(O)CH, + Hoz((é)1 )

while for i-C4FgOCH,CH,O(e)

i-C,F,OCH,CH,O() + M —
i-C,F;OCH,(s) + HCHO+ M (22)
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i-C,F,OCH,CH,O() + M —
i-C,FLOCH,CHO + H(s) + M (23)

i-C,F,OCH,CH,0() + O, —
i-C,FLOCH,CHO + HO,(s) (24)

The increase in the yield of X and decrease-yFyOC(O)H
with increasing [@] shows that reactions 21 and/or 24 become
important at high [@]. The unknown “X” is eitheli-C4FsOC-
(O)CHg, i-C4FgOCH,CHO, or both. There are four aspects of
the IR spectrum which suggest that X is the e$t€yF,OC-
(O)CHs. First, the observed carbonyl stretching frequency of
1841 cnt? is typical for a fluorinated ester but =90 cnr?
higher than typically observed for an aldehyde. Second, there
is no aldehydic G-H stretching feature in the 272@820 cnr?!
region. Third, there is no significart CH,— scissors feature
at~1450 cnTl. Finally, there is no-C(O)H deformation band

at ~1400 cnt’. The kinetic behavior of X is also consistent
with its assignment asC4FgOC(O)CHs. Following the UV
irradiation of HFE-7200/GIO./N> mixtures the IR features
ascribed to X increased linearly with the loss of HFE-7200 for
conversions of HFE-7200 over the range-B5%. Evidence

for loss of X via CI attack was observed only in experiments
employing>85% conversion of HFE-7200. We conclude that
Cl atoms react with X at least 5 times slower than with HFE-
7200; i.e.,k(Cl + X) < 7 x 10713 cm® molecule’® s All
aldehydes studied to date react rapidly with Cl atoms with rate
constants of typically 10'—10-1° cm?® molecule® s71.15 In
contrast, esters are relatively unreactive toward Cl atoms, for
example, k(Cl + CRC(O)OCHCR;) = 9.4 x 10716 cn?
molecule’l s71.16 |t seems reasonable at this point to proceed
on the assumption that X isC4FOC(O)CH; and that the
observed dependence of the product yields oj] [Eflects a
competition between reactions 19 and 21.

As shown in Figure 6, while the yield afC4FsOC(O)H
decreases as the,@artial pressure is increased from 3 to 300
Torr, further increase in [g) has little or no effect and the
i-C4FOC(O)H vyield remains at 1915%. This behavior
suggests that there is a source ig€4FsOC(O)H which is
independent of [¢]. The most likely source for this-CsFg-
OC(O)H is thei-C4FgOCH,CH,O(e) alkoxy radical. There are
three possible fates of theC,FoOCH,CH,O(e) radical, reactions
22—24. Decomposition via reaction 22 gives the alkyl radical
i-C4F9OCHy(e), which is known to react further to givieCsFy-
OC(O)H* Reactions 23 and 24 produce the aldehiydaFy-
OCH,CHO which, as discussed above, is expected to be at least
1 order of magnitude more reactive than HFE-7200 toward Cl
atoms and will be converted inieC4sFsOCH,(e) radicals and
hence intoi-C4FOC(O)H:

i-C,F,OCH,CHO + Cl — i-C,FOCH,C(0)() + HC(I2 5
i-C,F,OCH,C(O)) + O, + M — i-C,F;OCH,C(0)00¢)
+M (26)

i-C,F,OCH,C(0)00¢) + RO, — i-C,F;OCH,C(0)O6) +
RO+ 0, (27)

i-C,FgOCH,C(0)O¢) + M — i-C,FEOCH,(s) + CO, +( zl\g)

The decrease in the yield oiC,FeOC(O)H and increase of
i-C4F9OC(O)CH; shown in Figure 6 with increasing f{reflects
competition between reactions 19 and 21 for the availa®lgo-
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OCHOE)CHjs radicals. We can place the yield bfc4F,OC- gives the ester, or (iii) perhaps the ester is formed inGg-o-
(O)CH; on an absolute basis by equating the increase in its yield OCHO,(s)CH3; + HO, reaction. The important conclusion from
to the decreasdn the yield of i-C4FgOC(O)H (for which we this study namely that the atmospheric fatei-&@;FyOCHO-
have an absolute calibratith It was on this basis that the (s)CHjs radicals is dominated by reaction with, @ insensitive
C4FsOC(O)CH; yields in Figure 6 were calibrated. As seen to the cause of the intercept.

from Figure 6, the combined yields atC4FOC(O)H and As seen from Figure 6 the two observed producS,Fo-
i-C4FOC(O)CHs account for~90% of the loss of HFE-7200.  0C(O)H andi-C4FsOC(O)CH, account for close to 100% of
The dependence of the product yields in Figure 6 og] ffan the loss of HFE-7200. This result is quite remarkable consider-

be used to extract a value for the rate constant rigtitko. ing the complexity of the chemical system. Two different
Assuming that the fate 0fCsF0OCHO@)CH;z radicals is either  peroxy radicals are formed, and these undergo self- and cross-
decomposition via reaction 19 or reaction with &nd that all reactions. The “molecular reaction channels” giving carbonyl
i-C4FeOCH,CH,O(e) radicals are converted inteC4FeOC(O)H, and alcohol products which are important in nonfluorinated

then the yield ofi-C4FgOC(O)H can be related to the molar  peroxy radical self-reactioh&do not appear to be important
yields of the two alkoxy radicals and the rate constant ratio for the peroxy radicals derived from HFE-7200. The evidence

kai/kio from the present work is that these self- and cross-reactions
1 give predominately the corresponding alkoxy radicals. Finally,
Y(C,F,OC(O)H)= Y(C,FlOCHOE)CHZ)|—————| + Y it is interesting to note that for experiments using hydrocarbons
il[o 1+1 carried out in the absence of NO we usually observe the
Kig 2 formation of hydroperoxides via the reaction R® HO, —

(C,FLOCH,CH,0()) (1) ROOH + O,. The absence of hydroperoxides in the present
work is similar to the behavior of the analogous compougieh,C
while the yle'd OfI-C4F90C(O)C|‘b is given by OCHs (HFE-7100)14 As with qu preViOUS study of HFE-7100,
the absence of hydroperoxides can be rationalized several
Y(C,F,OC(O)CH,) = Y(C,FyOCHOE)CH,) ways: (i) the RQ + HO; reaction is unusually slow, (ii) the
K RO, + HO; reaction does not give ROOH but instead produces
il[o )l the formate (the analogous GBICH,O, + HO, reaction gives
Kig L a substantial formate yiel§), (iii) ROOH is formed in the
o1 (n system but is consumed by secondary reaction with Cl atoms
k_[OZ] +1 to regenerate the peroxy radical, or (iv) a combination of the
19 above.

For completeness, a limited series of product experiments

The term “C” in expression Il was added to account for the . . ;
was performed in the presence of N@Ging mixtures of 6.5

nonzero intercept in théC4sFOC(O)CH; yield plot and is -
discussed later. The curves in Figure 6 are fits of the above /-1 mTorr of i-HFE-7200, 400 Torr of £100-420 mTorr of
expressions to the experimental data. Fromit8gFsOC(O)H Cly, and 740 mTorr of NO in 700 Torr total pressure with
data we deriver(i-C4FoOCHOE)CHs) = 0.72+ 0.04, Y(CaFo- N2. When NO is present in the reaction mixtures, the alkoxy
OCH,CH,0(s)) = 0.07 =+ 0.03, andkor/kio = 0.024:]: 0.006 radicals are formed via reaction 3a rather than reaction 18. For
while the i-CsFOC(O)CH da’éa giveY(i-C4FgOCHO(-)CH3)’ experiments using the lowest NO concentrations the observed
=067+ 0.04,k21/|(19 = 0.028=+ 0.008 Torrl, andC = 0.12 y|6|dS Ofi-C4F90C(O)H and-C4F90C(O)CH; were, within the

+ 0.04. It is gratifing to note that least-squares fits of experimental uncertainties, indistinguishable from those ob-
expressions | and Il to the variation of the yieldsi€@4FsOC- served in the absence of NO. This shows that the fate of the

(O)H andi-C4FOC(O)CH; with [O;] give indistinguishable alkoxy radlcals_ is not depender_lt upon their source. _ For
values ofko/kie. We choose to quote a final value kfi/kio experiments using NO concentrations of 14 _mTorr and higher
which is an average of the two determinations with error limits the observed yields of bothCsFOC(O)H andi-C4FeOC(O)-
that encompass the extremes of the individual determinations; CHs decreased with increasing [NO]. This behavior is ascribed
ko/kig = 0.026+ 0.010 Torrl. In 1 atm of air at 296 K the (O scavenging of t_he alkoxy radicals via reaction with ,NO®

O, partial pressure is 160 Torr and 81% of h€,FsOCHO- give nitrites and nitrates.

(+)CHs radicals will react with @ while the remainder will Implications for Atmospheric Chemistry. We present
decompose via reaction 19. In the real atmosphere most of theherein a substantial body of kinetic and mechanistic data
oxidation of HFE-7200 will occur at elevated altitudes and hence pertaining to the atmospheric chemistry of HFE-7200. The
temperatures and total pressures below that employed hereatmospheric lifetime of HFE-7200 is determined by its reaction
Lower temperature favors reaction 21 while lower total pressure with OH radicals. The atmospheric lifetime of n-HFE-7200 is
(and hence @partial pressure) favors reaction 19. Reaction estimated to be 0.9 years while that of i-HFE-7200 is 0.7 years.
19 is a unimolecular decomposition reaction and will have a Reaction with OH will give two different alkyl radicals; both
substantial activation barrier. As with other similar competitions will rapidly add G and be converted into peroxy radicals which
(e.g., in the case of the GEFHOE) radicaf), it is expected will in turn react with NO to give the corresponding alkoxy
that the temperature effect will greatly dominate the pressure radicals, GFfOCHOE)CHsz and GFsOCH,CH,O(s). We show
effect and that the atmospheric fate ie€4FsOCHOE)CH3 here that the dominant atmospheric fate gF§OCHO)CHs

radicals is dominated by reaction with,.O radicals is reaction with 9to give the ester g-5OC(O)CHh.
At this point we need to return to the inclusion of the factor In the present work we observe that thgFEOCH,CH,O(e)
“C”in expression Il. Itis obvious from Figure 6 that the,Fo- radical is converted into the formatefksOC(O)H, but we are

OC(O)CH; has a nonzerg-axis intercept. There are several not able to establish the route by which this occurs. By analogy
possible causes of this intercept: (i) perhaps reaction 20 isto the behavior of the £isOCH,CH,O(s) radicall® it seems
important, (ii) perhaps there is a contribution due to a molecular likely that the atmospheric fate of4£s0CH,CH,O(e) radical
channel of the peroxy radical self- and cross-reactions which is decomposition via €C bond scission (reaction 2).
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Figure 7. IR spectra of HFE-7200 (mixture of n- and i-isomers used
commercially) and CFC-11.

In the present work we have used CIl atoms to initiate the
oxidation of HFE-7200 whereas in the atmosphere initiation is

J. Phys. Chem. A, Vol. 102, No. 25, 1998345

HFE—;ZOJ
lCFC_].l]

Here IF, r, and M are the radiative forcing, lifetime, and
molecular weight of the two compounds drid the time horizon
over which the forcing is integrated. CFC-11 has an atmo-
spheric lifetime of approximately 50 yedfs.Commercial HFE-
7200 samples are mixtures of 35% n-HFE-7200 and 65% i-HFE-
7200. To evaluate the GWP of such samples it is appropriate
to use an atmospheric lifetime of 0.77 years, which is a weighted
average of the two different isomers. For 20 and 100 year time
horizons the GWPs of HFE-7200 are estimated to be 0.036 and
0.014, respectively. The GWP of HFE-7200 is approximately
30—120 times less than that of typical CFCs such as CFC-11,
CFC-12, and CFC-113.

GWP=

1- ex;{—
IFHFE—7200THFE—7200 Iv'CFC—ll

IFerc-11 Tere-11 Mure-7200 1— ex;{_
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