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ABSTRACT: CF,0,CF, was photolyzed at 254 nm i

296 K in a static reactor. In N,, the products CF,

n the presence of CO in 760 torr N, or air at
OC(0)C(0)OCF, and CF,0C(0)0,C(0)OCF,

were detected by FTIR spectroscopy. In air, the only observed products were CF,0 and
CO, and a chain process, initiated by CF,0, was invoked for the conversion of CO to CO,.

From both product studies, a mechanism for the

CF,0 initiated oxidation of CO was derived,

involving the addition reaction CF,0, + CO --> CF,0C(O). The rate constant for the reaction
CF,0 + CO at 296 K at a total pressure of 760 torr air was determined to be k(CF,0 + CO) =
(5.0 = 0.9) X 107" cm® molecule™ s™'. © 1997 John Wiley & Sons, Inc. Int ] Chem Kinet 29:

579-587, 1997.

INTRODUCTION

The interest in the chemistry of (F radicals with

with CO under atmospheric conditions received very
little attention. To our knowledge only three kinetic
studies were recently undertaken [23—25]. Saathoff

different atmospheric trace gases increased stronglyand Zellner [24] studied reaction (3) at 298 K in a

since different hydrochlorofluorocarbons (HCFCs)
and hydrofluorocarbons (HFCs) containing a,CF

group were proposed to replace the fully halogenated

chlorofluorocarbons (CFCs). In the atmospherg CF
radicals formed in the OH-initiated degradation of
HCFCs or HFCs will react with oxygen and conse-
guently with NO to form CO radicals [1-3].

CF,+ O, + M -—--> CF,0, + M
CF,0, + NO----> CF,0 + NO,

)
@)

Even though very intensive studies were undertaken
on the reaction of CP with NO [4-8], NQ [9], O,

LP/LIF system.

CF,0 + CO ----= > products 3

They reported a value fég = 4.4 X 107 **cm®  mol-
eculets™! at 298 K in 50 torr He. With the similar
technique Turnipseed et al. [23] measured the temper-
ature dependence d&f over the range 333-240 K.
These authors fourk, to be pressure dependent and
determined a high-pressure limiting rate coefficient
in SF, to bek,,..(298K) = (6.8 = 1.2) X 10 *cm?
molecule!s™! . Using IR absorption and a relative
rate technique, Wallington and Ball [25] reported

[7, 10—15], saturated and unsaturated hydrocarbonsvalues of ky(700torr) = (7.2 = 0.7) X 10~ % cm?

[5,8,16-21], and kD [22,23], the reaction of CB
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molecule's™* and ky(100torr) = (4.6 + 0.5) X
10~*cm?® molecule*s™! for the reaction of GB

with CO in air. In the latter two investigations, at-
tempts were made to distinguish between the three
possible exothermic reaction channels:
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CF,0 + CO -**> CF,0C(0)

AH° = —35 kcal mol—? (33

----- > CF, + CO,

AH° = —22.6 kcal mol~1 (3b)

----- > CF,0 + FCO

AH° = —10.6 kcal mol~1 (3c)
In a stéic photolysis eactor photglsis expeliments
of CF,O,CF, a A = 254 nm in the msence of CO
in N,/O, mixtures were caried out & a total pes-
sure of 760 tor and & 296 K. Fom product studies
using FTIR &soption spectscopy, the mebanism
for the CEO induced wmidation of CO was de-
rived From the obsered loss ate of CO and the
rate of the ecombindéion of CRO radicals in the
photolysis of CEO,CF,; in the pesence of CO in 760
torr air, the te constantdr reaction (3) s deter
mined

EXPERIMENTAL

The peimental set-up used to ecgrout these mea
surements is desitred elsevhere [26] and is onl
briefly presented her Photoysis epeliments vere
performed & ambient tempetures (296 K) in a long-
pah multiple reflection cell (43.2 m optical @) sur
rounded with 7 UMamps (Philips).The eactor is
made of qude glass and is coupled to a Bomek&
seies FTIR interérometer Infrared emission fim a
globar soute teversed the KBr beamsplitter of the
spectometer and the intedgrenced signal s moni
tored with a @—Ge detectgrcooled to liquid He
tempeesture. Specta recoded with a specat resolu
tion of 1 cm! between 450 and 4000 crh were
taken bebre the photolsis and after edcirradigion
interval. The total photalsis time \aried between
1800 and 3600 sluring which most of the initial CO
was consumed

Reactant and pduct concengtions were calk
brated ayainst eference spectr from pue samples of
CO (Lindg puiity = 99.999%), CF,0,CF, (Fluo-
rochem, purty >98%), and CEO (PCR, purty
>97%) ecoded under the same conditions in the
same gpelimental set-up. Both dbrinated samples
were puified by bulb to hulb distillation bebre use
No contamintdons could be identiéd in the IR-b-
soption specta. CO vas used without pificaion.
Used bth gases wre N, (Linde, purity 99.9996%)
and synthetic air (rdrocarbon fee).

RESULTS AND DISCUSSION

Product Studies of the Photolysis of
CF,0,CF, in the Presence of CO

In this stug it is anticipaed tha photolysis of
CF,0,CF, at 254 nm esults ory in the brmétion of
two CF,O radicals accating to eaction (4a) [14,27].
Tumipseed et al. [23] pposed a contiution of
0.08*+ 0.06 Pbr channel (4b) to the total loss of
CF,0,CF,; at 248 nm.

CF,0,CF, + hv > 2CF,0
----- >CF,0+ CF,0 +F

(49)
(4b)

In order to esthlish the photalsis rte of CRO,CF,
under the xpelimental conditions, mixtures of
CF,0,CF,/C Hy/air were iradiged Similar epeti-
ments a¢ desdbed elswhere [14].A photolysis r@te
constant ofk,, = (1.20 = 0.02) X 107 °s™* was ob
tained in thaway.

Mixtures of (03-5.0) X 10®*moleculecm™3
CF,0,CF; and (03-3.6) X 10" molecule cm?® CO
were irradiged in 760 tar N,. Traces of Q were
present in small amounts in the phg®$ cell due to
impurities in the N used and/or tlmugh \ery small
leakages. Since thesedtes of Qcould not be quan
tified onyy medanistic inbrmaion could be ealu-
ated from these xpeliments.

After the iradigion of CRO,CF, in the pesence
of CO in N,, the typical &soption bands of CfO
(772,920-990,and 188-1980 cm?) and CQ (668
and 228-2390 cm?') were obseved In adlition,
bands of another pduct were obseved a 826,1081,
1117, 1184, 1258, 1286, 1823, and 1845 cm'. In
Figure 1 the IR-spect of this poduct is pesented in

0] 117 CF,0C(0)C(0)OCF, |
~ ] 1081(“
SiEg[ 1238
202 - 1286
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Figure 1 IR spectum of CROC(O)C(O)OCE in the
range 8M—-2000cm 1.
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the mnge 8M-2000 cm. This substance ag ise
lated ly first freezing the eaction mixtue & 77 K,
and then waming it up to 233 K to boil df
CF,0,CF,; and the prducts CQ and CEO. At room
tempesture an aditional product &aporated Also
the dsorbancestal034 cm* due to Sifand the IR
feaures betveen 1300 and 2000 crhdue to HO
can be seen in thigifire.

This product was identified to be bis-perflu-
oromettyl-oxalae (CFOC(O)C(O)OCE), which has
been peviously obseved ly Varetti and Aymonino
[28]. They reported IR-bands ta604 (CE-Def.), 824,
861,885,(CO-Stetch) 1077,1110,1179,1253,1283
(CF,-Stretch), 1819, and 1842 cm' (CO-Stetd).
All frequencies igen ty Varetti andAymonino [28]
are shifted ly about2—7 cmi’! to shoter waverum-
bers compaed to thosedund hee.

In some gpeliments, additional &soption fea
tures other than those of (IBFC(O)C(O)OCE could
be detectedin FHgure 2, the poduct spectrm of one
of these gpeiiments is pesented The @soptions

due to CEO were stipped Beside the bands of

CF,0C(0)C(O)OCE at 1823 and 1845 cm, ab-

somption fedures @ 1867 and 1889 cnt are ob

served Aymonino [27] eported dsoptions & 1867
and 1888 cm' which gopeaed in the photgisis of
CF,0,CF,; and the éllowing-up eactions with CO
and Q. He assigned thesebsoptions to the car
boryl groups of CEOC(O)Q,C(O)OCEF,.

In all expeiments in N, also CQ and CEO were
obseved poducts. It is belieed tha the ormaion of
CO, proceeds accding to the same mbanism
which occus in aif and tha CF,0 is formed ly het
erogeneous eactions of CEO radicals on theeactor
walls [29,30].

CF,0 + wal > CF,0 (5)

If mixtures of CEO,CF,/CO/air were iradiged 4 a
total pessue of 760 tor, CF,O and CQ were the
only products obsered A gred emphasis &s put on
the detection of the carbgpincompounds Wwich were
obseved in N,, but none of these compoundsme
detectedIn the epeliments in aira \ery fast coner-
sion of CO to CQwas monitoed Indeed as it will
be shevn later in Table Ill, 3—9 molecules CO ar
oxidized per CEO radical brmed indicding tha a
chain metanism eforming CRO radicals is occur
ring. The yield of CQ, relaive to the amount of CO
consumegdwas slighty over 1.0. Hydocarbons stic
ing to the valls from previous epetiments might be
responsite for the aditional CQ, forméion. The ad
ditional CQ, formation deceased with theumber of
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Figure 2 Product spectrm after the madidgion of

CF,0,CF, and CO in 760 taorN, containing taces of Qin
the mnge 178-1920cm™2.

additional expeiiments. In the last tke &peliments,
the amount of CQformed coresponded »xactly to
the amount of CO consumed

From the esults of the mduct studies in Nand
in air, a metanism or the CEO initiated oidation
of CO can be postuled This mebanism is pe
sented iriTable I. The photaysis of CEO,CF, gener
ates two CF,O radicals,which react with CO From
the thee possile reaction bannels (a8—3c), the ad
dition reaction (3a) is most ldly. The most plausie
pah for the brmaion of CFOC(O)C(O)OCE, the
product bund in N, is the combingon of two
CF,0C(0O) mdicals,which ae formed in the adition
of CO to a CEO radical.

CF,0 + CO ----> CF,0C(O) (33)
2 CF,0C(0) ----> CF,0C(0)C(O)OCF,  (6)

The other eactions (3b) and (3c) eawunlikely, since
no pioducts vere obseved which ale epected to be
produced fom radicals gneeted in theseeactions.
In reaction (3b) CFradicals a@ formed which com
bine in N, to CF; (reaction (7)),or in air adl O, to
form CR,O,, which in tum reacts with CEO to form
CF,0,CF, (reactions (1) and (8)) [14,29]. Both cem
pounds CF, and CEO,CF,; could not be detected in
these gpeliments.

CF, + CF, > C,F, )
CF,0, + CF,0 ----> CF,0,CF, 6)

FCO rdicals poduced in eaction (3c) & epected
to result in the érmation of FC(O)QC(O)F or
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Table I Mechanism of the CF,O Initiated CO Oxidation in the Presence of O,
Reaction Rae Const. Reference

CF.O0,CF, + hv----> 2CF,0 12X 10°5 this work (4a)
CF,0 + CO ----> CF,0C(O) 50 x 1074 this work (3a)
CF.,0C(0) + 0, ----> CF,0C(0)0, 50 x 10712 [31]? (13)
2 CF,0C(0)0, ----> 2 CF,0C(0)0 + O, 1.7 x 1071 [31]° (14)
CF,0C(0)O ----> CF;0 + CO, >1.0 X 10° assumed (15)
2 CF,0 ----> CF,0,CF, 2.1 % 1071 [32] 17)
CF;0 + wall ----> CF,0 0.45 this work (5)

@ Assumed to be equal k(CH,C(O) + O, ----> CH,C(O)0,).
b Assumed to be equal k(2 CH,C(0)O, ---- 2 CH,C(0)O).

CF,0,C(O)F in air [33,34]. Indegdt is known tha
FCO adis Q to form FC(O)Q. These adicals un
demo a self-eaction pedominany via reaction (10)
[35]. The FC(O)O adical in tun reacts either with
another FC(O)O or with a GB radical to brm
FC(O)O,C(O)F or CEO,C(O)F respectiely. Again,
none of these pducts could be detecteithdicaing
that reaction (3c) does not talplace

FCO + O, + M -——->FC(O)0,+ M (9

2FC(0)0, ----> 2 FC(0)0 + 0, (10)
2FC(0)0O ----> FC(0)O,C(O)F  (11)
FC(O)O + CF,0 > CF,O,C(OF (12

The dain reaction or the CEO initiated CO aida-
tion in air can easjlbe eplained ly the sequence of
the following reactions

CF,0C(0) + O, ----> CF,0C(0)O0, (13)
2 CF,0C(0)0, -—--> 2 CF,OC(0)0 + O, (14)
CF,0C(0)O ----> CF,0 + CO, (15)

The action of CEOC(O) with Q leads to
CF,0C(0)Q,. The «istence of the intemedide
CF,0C(0)Q, was esthlished though the érmation
of CF,0C(0O)Q,C(O)OCE, in the &peiiments caried
out in N, containing taces of Q. Its formation pro-
ceeds via the combitian of the CEOC(O)Q, radical
with another CEOC(O) adical.

CF,0C(0) + CF,0C(0)0, -~
CF,0C(0)0,C(0)OCF, (16)

In the experiments perbrmed in air however, the for-
maion of CFOC(O)Q,C(O)OCF, was not obserd,

since the eaction of CEOC(O) rdicals with Q is
favoured over the eaction with CEOC(O)GQ,. These
peroxy radicals a& epected to undeop a self-eac
tion to form an alloxy radical CEOC(O)Q which
decomposes immedgly into CF,O and CQ.

Tumipseed et al. [23] used PHA.IF and
DF/CIMS to stug the eaction of CEO with CQ
They did not obsere ary products 6rmed in
reactions (3pg-(3c), but from the obsered pes-
sure deendencethey conduded tha reaction (3a)
is the most liely channel. Additionally, no eri-
dence vas bund br reactions (3b) and (3chut
both eactions wre not wled out. Wallington and
Ball [25] emplgyed a eldive rate method using
FTIR spectoscoly to stug the eaction of CEO
with CO in air From their endprduct stug, using
13CO and using esults of Czarowski and Shu-
mader [36], they conduded tha reaction (3) po-
ceeds pedominanyy via reaction (3a)These esults
of both studies a& in areement with thoseofind
here.

Determination of the Rate Constant for the
Reaction CF;0 + CO

The rte constantdr the eaction (3)k,, was de
termined fom 6 photoysis epeiments of (0.2—
2.0) X 10" molecule cm® CF,0,CF,; in the pesence
of 3.2 X 10 molecule cm® CO in 760 tor syn
thetic air The concenation of the eactants and the
products ae listed inTable Il. The frst column gves
the time of iradidion. The initial concenttion of
CF,O,CF;, and the concerdtions of CQ CO, and
CE,O were detemined ly their IR dsoptions. The
concentations of CEO,CF, after eab intewval of ir-
radigion were calculéed from the diference of the
initial CF,0O,CF, concentation and the obseed
CFE,O concentation.
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Table II Reactant and Product Concentrations in the Photolysis of CF,0,CF, in the Presences of CO in 760 torr Air
Time [CO] [CF,0.CF)] [CO, [CF,0] [CF,O,CF], .
[s] [molecule cm?)
0 3.15 x 10 1.96 x 10% - - -

900 9.16 X 108 1.95 x 10% 2.17 X 10™ 1.17 x 108 1.51 x 1088
1800 1.09 x 10 1.95 x 10% 3.15 x 10™ 2.51 x 1083 2.92 x 108
2700 2.23 X 10 1.94 x 10 3.51 x 10 3.70 x 108 4.37 X 108

0 3.19 x 10“ 3.20 x 10 - - -

600 2.57 x 10" 3.19 x 10™ 456 X 1013 2.14 x 10%? 1.23 x 10%2
1200 2.18 x 10" 3.18 x 10" 9.20 X 108 4.46 X 102 2.34 X 10%2
1800 1.69 x 10" 3.16 x 10" 1.43 x 10™ 6.98 x 10% 3.35 X 10%2
2400 1.37 x 10" 3.15 x 104 1.80 x 10 9.27 X 10%2 4.45 x 1012
3000 1.07 x 10% 3.14 x 10 2.14 x 10% 1.20 x 103 5.30 X 10%2
3600 8.13 x 10% 3.13 x 10™ 2.57 X 10 1.40 x 103 6.50 x 10%

0 3.20 x 10% 7.20 X 10" - - -

600 2.36 X 10" 7.18 X 10% 8.71 x 108 3.82 x 10% 3.26 X 10%2
1200 1.55 x 10 7.16 X 10% 1.58 x 10™ 7.38 x 10% 6.61 X 10%2
1800 1.12 X 10 7.14 X 10% 2.19 x 10 1.11 x 108 9.85 x 10%2

0 3.19 x 10“ 1.73 X 10 - - -

600 1.34 x 10* 1.73 X 10% 1.72 x 10 6.93 X 10%2 8.93 x 10%
1200 5.01 X 108 1.72 x 10 2.68 x 10" 1.33 x 108 1.81 x 1088
1800 1.23 X 108 1.72 X 10% 3.09 x 10" 2.11 x 108 2.64 X 1088

0 3.13 x 10 9.40 X 10 - - -

600 1.86 X 10 9.37 X 10% 1.18 X 10" 5.21 X 10% 414 x 10%2
1200 1.03 x 10* 9.35 x 10 2.14 x 10% 9.99 x 10%2 8.41 x 10%2
1800 5.06 x 10% 9.33 x 10* 2.69 x 10 1.41 x 103 1.31 x 108
2400 2.07 x 108 9.31 x 10™ 2.97 x 10™ 1.87 x 108 1.73 x 1088

0 3.12 x 10 6.50 x 10 - - -

600 2.05 x 10" 6.48 X 10 9.61 X 108 457 X 10% 2.38 x 10%2
1200 1.21 X 10 6.46 X 10+ 1.79 X 10" 8.37 X 10*% 5.10 X 10%
1800 6.67 X 1013 6.44 x 10 2.36 X 10* 1.26 x 103 7.60 X 10%2
2400 3.50 x 101 6.41 X 10 2.74 X 10% 1.74 x 108 9.80 x 10%

[CF;0,CF3]; = [CF,0,CF4], — 3 [CF,0]; (Eq. 1) In this figure it can be seen thahe concenttion
of CO deceases »xponentialy with photolsis
time. The symbols epresent the measenl concen-
trations and the solid lines aasponds to the best

least-squar fits for the obsered pseudo-fst-

Since thee were less CEO molecules obseed than
CF,0 radicals brmed (calculted from the photolsis
rate of CEO,CF,, detemined in a sparte expeli-

ment) a faction of the CED radicals nust hae re-
combined to CEO,CF,.

2 CF,0 ----> CF,0,CF, (17)

The last column iTable Il gives the concerdtions
of CR,O,CF, which ae formed ly recombingon.
These walues vere calculéed using the dilowing
equdion:

[CF:O.CFyl 1 = [CF302CF3]9 exp(—Kad)
-3 [CFRO] (Eq. 2)

In Figure 3, a plot of the CO concertions vs. eac
tion time is pesented dr various initial mixtues.

order rate constantdr the emaval of CO k) using
Eqg. 3.
[COJ; = [COJo exp(—Konsl) (Eq. 3)
The concenttions for CEO and CEO,CF, (recom
bined) incease linedy with time. In Table Il the ini-
tial concentations of CO and CIO,CF,, the ob
seved pseudo-fst-oider fte constant dr the
removal of CO k), as vell as the drmation rate for
CE,O (v(CF,0) = d[CF,Q]/dt) and the ecombined
CF,0,CF,; (V(CF;0,CFy),ec = d[CF3;0,CFy] e /dlt) are
presented
The last column in this ke gves the hain
length,which coresponds to theumber of CO mal
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Figure 3 Concentation-time-pofiles for CO 4 different
initial concentations of CEO,CF,. Symbols epresent the
measued concenttions and the lines the best least-squar

fits (eq. (3)).

ecules aidized per CEO radical brmed This rum-
ber was calculged using Eq. 4.

[COlo — [COleng
2Kk, CF30,CF 4],

chain length = (Eq. 4)

As it can be seendm this columna mean slue of
3-9 CO molecules (eeraged over the vihole dugtion
of the expeiiment) ae axidized by a single CEO rad
ical. The dain length is deendent on the CO cen
centation actualy present in the systenand thee-
fore on the initial concerdtion of CRO,CF,;.

The emoval of CO can be desbed ly the bl-
lowing expression:
—d[CO]/dt = ky,{CO] = ks [CF;Q][CQ] (Eq. 5)
The CEO concentation is in a steag stae duing
ead run, since the consumption of gB,CF, under
the &pelimental conditions is ety small (less than
3%) and the CfO radicals eacting with CO & re-
formed in the midation mehanism.Therfore k,, can
be deived as the slopedm a plot ofk . vs. the
mean CEO concentation. Since it vas not possie

Table III

to measug the CEO radical concenétion directly in
this gpastus,a reference eaction with a knan rate
constant mst be usedrhe dosen eference eaction
was the ecombingion of two CF,0 radicals.The ad
vantagye of using thiseference eaction is thathe -
combindion reaction taks place ayway and thee-
fore no other substances need to bdedd

The concenation of the CEO radicals vas calcu
lated using thedllowing equdion and the alue br
ki; = 2.1 X 107 cm® molecule! st given ly Batt
and Walsh [32] and confined ly Turnipseed et al.
(ki = (2 — 3) X 107 cm® molecule s71) [23].

V(CFsochs)rec = d[CFgOcha]rec/dt = k]_7[CF30]2
(Eq. 6)

In Figure 4 the calculted ate constank,is plotted
vs. the calcuted CFRO concenttion. Fom the
slope of this plot a alue br kg, =52+
0.6) X 107*cm® molecule's™ could be dewved
whereby the quoted eor reflects two standadt devia-
tions. In the same ay, the rte constantdr the br-
métion of CEO (k;) could be calculzd A plot of the
rate of formation of CFO (v(CF,0) = d[CF,O]/dt)
vs. the calcuteed CEO concenition is shevn in
Figure 5 and a ®lue br ks = 0.45 = 0.06 s was
deducedThis rate constant has no iofnce ork,,.
Alternatively, using the metanism listed inrable
| and the simlation program FACSIMILE, the mte
constantk,, andk, were calculéed ly fitting sinmul-
taneoust the obsered concenttions of CQ
CF,0,CF;, and CEO in all xpeiments. Fom these
calculdions,values ofkg, = (4.7 = 0.6) X 10~% cm?®
molecule®s™t and k; = 0.45 + 0.04s™! were ob
tained It could be also shen in these simlations
that the concenation of CF,O remains constant dur
ing the duation of eat expeliment. Within the fist
few seconds of the nadigion an equilibium of
CF,0C(0), CF,0C(0)Q,, and CEOC(0O)O rdicals
is estalished and the amount of JF radicals lost
by reaction (3a) is equal to the amount of,OFe-
formed in eaction (15). Br these calcutins it was

Pseudo-First-Order Rate Constants (k) for the Removal of CO, Rates of Formation of CF,0 and CF,0,CF,

and Mean Chain Length in the Photolysis of CF,0,CF, in the Presences of CO in 760 Torr Air

[CO], [CF,O,CF], Kobs v(CF,0) V(CF,0,CF)),.. Chain Length
molecule cm? st molecule cm® st
3.15 x 10 1.96 x 10% 1.46 X 1078 1.38 x 10 1.61 x 10w 3
3.19 x 10“ 3.20 x 10 356 X 104 3.96 X 10° 1.77 X 10° 9
3.20 X 10“ 7.20 X 10“ 5.76 X 1074 6.14 x 10° 5.48 X 10° 7
3.19 x 10 1.73 X 10% 152 x 1073 1.16 X 10w 1.47 X 10w 4
3.13 x 10 9.40 X 10% 9.54 X 1074 7.71 X 10° 7.26 X 10° 6
3.12 x 10 6.50 X 10™ 8.08 X 104 7.14 x 10° 414 x 10° 8
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(103 s1]

k

[CE,0] [10"° molecule cm]

Figure 4 k. (eq. (3)) vs. calcuted CEO concentation
(eq. (6)).

not necessgrto knov the act rte constantsor re-
actions (13—(15); it was sé#sfying to knav the oder
of magnitude br these ate constants.

With both methods fg@etimental and simlation),
rate constants ofg(exp) = (5.2 = 0.6) X 10 ¥ cm?
molecule?s™®  and  kg(sim) = (4.7 = 0.6) X
10~ cm® molecule ! s~ were detemined Both \al-
ues ae in @reement within their eor limits. The
small deiation is caused Y different weights of the
single meas@ments. In method ihe measwements
at large initial CFO,CF, concentation and shdr
photolysis times a& weighted swnger than in the
FACSIMILE simulations, where the e&peiments &

L5

2

v(CF 0) [10'° molecule cm™3s”']

[CF,0] [1010 molecule cm'Z]

Figure 5 Vv(CFO) vs. calculted CEO concentation
(eq. (6)).

low CF,0O,CF, concentation with longer photoysis

times (moe dda points) contbute stonger. The op

timum \alue between both measements is
ks, = (5.0 = 0.9) X 10~ cm® molecule* s

For the detemindion of k,, three paametes ae
needed which all possess an untainty or epel-
mental eror. These pametes represent the obseed
CO removal rate constant K,), the amount of
CF;,0,CF, recombined and thete constank,,. The
expeiimental eror in the detaninaion of k. is
+5%. Seeral factos contibute to the aor in the de
temination of the total amount of ecombined
CF,0,CF;, which ar the eror in the detaninaion
of the photoysis rte constank,,, and the eor asse
ciated in the deteninaion of the initial CEO,CF,
and the CEO concentation. The eror within k,, and
the eror associted with the deteninaion of the
concentations ae +5% and *+10%, respectiely.
The accuacy of the mte constantk;, [35] must
also be consided In this stug, k;, was accpted as
cited in the liteature [35]. Havever, a chang of a
factor X inkj, results in a lbang of a fctor X¥2
in ky,. The infuence of the eor associged within
ks and k;,, as well as the eor in the detenina-
tion of the CEO concentation on k,,, are gproxi-
métely within the stéistical eror of k,,. The werall
expeiimental eror in k;, amounts to lout 20%. If
there ae sid@roducts 6rmed which could not
be detected (g, CF,OH from the eaction of
CF,0 with hydrocarbons stking to the eactor
walls from previous &peliments),this would reduce
the amount of CJO,CF, (recombined) and thefore
also esults in a lwer rate constank,, accoding to
Eq. 6.

Another possile eror needs to be considet
Tumipseed et al. [23]gported a small conifpution of
F @oms poduced in the photgsis of CEO,CF, (see
reaction (4b)). F tams also eact with CO to drm
FCO.

F+CO+M--->FCO+ M (18)

The subsequeneactions of FCO ere pesented be
fore in reactions ($-(12).As mentioned befre, none
of the «pected end mducts FC(O)QC(O)F or
FC(O)Q.CF, were found in this stug The IR spect
of both species arknavn and shwe specift feaures
at 1902 and 1919 cm [37,34]. Those hsoptions
bands vere not obsered in ay product spectim. In
addition Turipseed et al. [23]ige a contibution of
0.08 = 0.06 for channel (4b)which coresponds to a
ratio in the brmation of F doms to CEO radicals of
0.04 + 0.03. Taking also into account th&F,0 re-
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acts with CO with afwain length of3—9 under the
expeiimental conditionsthe expected contbution of

reaction (18) to the total loss of CO will be less than

1%. Een if reaction (4b) wuld tale placeit would
have onl a \ery little effect on the ate constank,,.

In three edier studies ate constantsdr the eac
tion CF;0 + CO have been detenined Saahoff and
Zellner [24] eported a ste constant ok; = 4.4 X
10~*cm® molecule! st at 298 K in 50 tor He. In
the moe recent studiesybTurmipseed et al. [23] and
by Wallington and Ball [25] a mssue dgendence of
reaction (3) ws obsared High pessue rate con
stants hee been eported for ks, = (6.8 = 1.2) X
100¥cem® moleculels™t and ky(760 torr) =
(7.2 £ 0.7) X 100 cm® molecule! s, respee
tively. The \alue obtained in this ovk kg, =
(5.0 = 0.9) X 107 cm® molecule! s71 is somehw
lower than the aported high pessue rate constants.
This lower rate constant might be causeg &n oer-
estimdion of the CEO concenttion due to its indi
rect detemination in this stug as stéed ealier in
this aticle.

No pressue dependent studies eve perbrmed in
this stug, but Tumipseed et al. [23]dund tha the
high pessue limit for this eaction is eahed &
about 300 tor. Therefore, the ite constant obtained
her & 760 tor can be usedof calculdions in the
troposphee. It has been sta elsevher [10] tha re-
action with CH represents the dominant sinlorf
CF;0 radicals in the tpospheg, leading to aner-
age lifetime br CF,0 of 1-2 s. In adition, reaction
of CF,0 with H,O might need to be considel but
only upper limits br the eaction of CEO with H,O
are reported [22,23]. Choosing arvarage \alue br
the CO concen#tion of about 100 ppb in the dpos
phee and using thk,, detemined in this wrk, it can
be calculted tha the lifetime of CEO towards the
reaction with CO islaout 8 sand thatherefore only
a minor faction of the CEO radicals will eact with
CO. It must be also consided tha CF,0 radicals ag¢
reformed in the éllow-up reactions (no net loss3p
that it can be corladed tha CO is not an impaant
sink for CR,0.
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