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ABSTRACT: The rate constant for the reaction of the hydroxyl radical with 1,1,1,3,3-pentafluo-
robutane (HFC-365mfc) has been determined over the temperature range 278323 K using a
relative rate technique. The results provide a value of £(OH + CF,CH,CF,CH,) = 2.0 X 1072
exp(— 1750 * 400/T) cm® molecule™ s! based on k(OH + CH,CCl,) = 1.8 X 107" exp
(— 1550 = 150/T) cm® molecule™ s™! for the rate constant of the reference reaction. Assum-
ing the major atmospheric removal process is via reaction with OH in the troposphere, the
rate constant data from this work gives an estimate of 10.8 years for the tropospheric lifetime
of HFC-365mfc. The overall atmospheric lifetime obtained by taking into account a minor
contribution from degradation in the stratosphere, is estimated to be 10.2 years. The rate
constant for the reaction of Cl atoms with 1,1,1,3,3-pentafluorobutane was also determined
at 298 = 2 K using the relative rate method, k(Cl + CF,CH,CF,CH,) = (1.1 = 0.3) X 10~
cm’® molecule™" s™!. The chlorine initiated photooxidation of CF,CH,CF,CH, was investigated
from 273-330 K and as a function of O, pressure at | atmosphere total pressure using
Fourier transform infrared spectroscopy. Under all conditions the major carbon-containing
products were CF,0 and CO,, with smaller amounts of CF,0,CF,. In order to ascertain the rel-
ative importance of hydrogen abstraction from the —CH,— and —CH, groups in
CF,CH,CF,CH,, rate constants for the reaction of OH radicals and Cl atoms with the struc-
turally similar compounds CF,CH,CCIL,F and CF,CH,CF, were also determined at 298 K k(OH
+ CF,CH,CCLF) = (8 = 3) X 107'® cm® molecule™! s7!; R(OH + CF,CH,CF,) = (3.5 = 1.5) X
1071 cm® molecule™ s™!; k(Cl + CF,CH,CCLF) = (3.5 = 1.5) X 107" cm’ molecule™" s7'|;
k(Cl + CF,CH,CF,) <1 X 107" cm® molecule™" s™!. The results indicate that the most proba-
ble site for H-atom abstraction from CF,CH,CF,CH, is the methyl group and that the forma-
tion of carbonyl compounds containing more than a single carbon atom will be negligible un-
der atmospheric conditions, carbonyl difluoride and carbon dioxide being the main
degradation products. Finally, accurate infrared absorption cross-sections have been mea-



608 BARRY ET AL.

sured for CF,CH,CF,CH,, and jointly used with the calculated overall atmospheric lifetime of
10.2 years, in the NCAR chemical-radiative model, to determine the radiative forcing of cli-
mate by this CFC alternative. The steady-state Halocarbon Global Warming Potential, relative
to CFC-11, is 0.17. The Global Warming Potentials relative to CO, are found to be 2210, 790,
and 250, for integration time-horizons of 20, 100, and 500 years, respectively. © 1997 john Wiley

& Sons, Inc. Int ] Chem Kinet 29: 607-617, 1997.

INTRODUCTION

1,1,1,3,3-pentaflorobutane is evisioned as anven
tual replacement ér CA,FCH, (HCFC-141b) vhich
is used as altwing agent for polyurethane dams.
HCFC-141b is itself the main substituter CFC-11
(CC,F) in this gplication, but under the mvisions
of the Monteal Potocol on Substances thBeplete
the Oone Laer, its uses will be phased @a stat-
ing in 2004, with virtual elimindgion occuring by
2020. Eadiier phase-out will beaqguired in the USA,
the Euppean Union,and &pan. The long #émos
pheic lifetimes of CFCs aliw them to be &nspoted
to the statosphee, where the/ release klorine, re-
sulting in the ctalytic destuction of oone [L-3].
HydrochlorofluorocarbongHCFCs) and ydrofluoro-
carbong(HFCs) esembe CFCs in their pysical and
chemical tamcteistics, but the pesence of taleast

one tydrogen d@om in these compounds meansttha

they are degraded lagely in the toposphes follow-

ing reaction with the ¥ydroxyl radical B—6]. Al-

though the eplacement of CFCsypHCFCs esults in
consideably reduced oane loss,the pesence of
chlorine in these compounds meansttiize small
amounts enténg the statosphee gve lise to some
ozone deletion. Since HFCs do not containlarine,

their contibution to stetospheic ozone dgletion is
expected to be rgigible; havever, it is impoitant to
detemine their edironmental impact withespect to
their GlobalWaming Rotential (GWP) and dgada

tion products.

The pupose of this wrk was to detamine the ate
constant ér the eaction of OH adicals with
CF,CH,CECH, as a function of tempature, to
identify the poducts aising from its ocidation under
atmospheic conditions,to measwue the infared d-
soiption cioss-sections of CEH,CF,CH, and to cal
culae its Globalwaming Potential. These d& ae
required in oder to @aluge the emironmental im
pact of CECH,CF,CH,.
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EXPERIMENTAL

Rate Constants and Degradation
Mechanisms

Relaive rate and poduct studies ere caried out &
atmospheic pressue in an FEPTeflon g/lindrical re-
action \essel (elume ca. 50 liee) surounded § flu-
orescent lamps. Phoidis expeliments in the ange
300-450nm were caried out using 10 sunlamps
(Philips TL 20/09) and 10 llacklamps (Philips TL
20/08). Twenty PhilipsTUV 15W gemnicidal lamps
were used as a sae of adidion & 254nm. The
vessel and lampsewe entosed in a thenostdically
contolled chamber vhich alloved eactions to be
studied @er the tempeture range 273-330K. Elec
tric fans positioned belo the eaction essel helped
provide a unibrm reaction tempeture, which was
monitored ty two chromel/alumel thenocouples
placed within the lsamber Light intensity vas \aried
by switching of various sets of lampsAll pressue
measuements were made using MKS Batron ca
pacitance manometer Measued amounts of
reagents vere flushed fom calibeted Pyex bulbs
into the eaction essel g a steam of ero-grade ni
trogen (Air Poducts); the gssel vas then fled to its
full capacity with either ul@-pue air (Air Poducts)
or mixtures of zro-grade nitogen and ero-grade
oxygen (Air Poducts). Reaction mixtes were al
lowed to mix br & least 30min prior to the starof
photolysis. Quantitdve anayses vere caried out us
ing gas cwromaography (Shimadzu Model 14Ayith
flame ionizéion detection) and FTIR spectcoy
(Mattson Plaris). Samples ofgaction mixtues were
drawn through aValco qas sampling alve for gas
chromaographic anaysis. Inflared spect were ob
tained using anvacudle 2 litre Teflon-coded Wilks
cell, containing a mltipass White miror arange-
ment, mounted in the aaty of the spectvmeter Af-
ter various perods of photoysis, the eaction mix
tures vere expanded into the cell thugh 3mm inner
diameterTeflon tubing Specta were recoded using
a 10m pah length &5 mirute intewals, the spectl
rangge was 500 to 350@m! with a resolution of 4
cm~! and the spedirdeived flom 128 scans. Ref
ence spectr and calibetion cuwves br eat com



pound vere obtained ¥ expanding knwn pressues

of authentic samples of the compounds into the IR

cell. Omne concengtions were detemined ly a
Monitor Labs 8810 UV photometr ozone anajzer.

Infrared Absorption Cross-Sections

High-resolution &soiption cioss-sectionsaor HFC-
365mfc were detemined & room tempeature in the
infrared dmospheic window spectal range. The in
frared spectn were recoded using the pcedue and
set-up desdped in detail in pavious pullications
[7,8]. The aas vas intoduced into a laoratory-built
themostded cell [9] maintainedt&87 + 0.5 K. The
cell was placed inside the aiwvacudaed damber of
the FTIR spectrmeter(Bruker IFS120HR). Infared
specta were obtained beteen 600 and 1506 at
0.03cm™* spectal resolution. Br ead of the 6 pes
sures irvestigated rangng from 1 to 5 tor, 100 scans
of the mwing mirror were co-adled in oder to ob
tain a @od signal-to-noiseetio.

Materials

1,1,1,3,3-pentaflorobutane (99 wt.%), 1,1,1,3,3-
hexafluoropropane & 97 mol%), and 1,1-dibloro-

1,3,3,3-tetafluoropropane (99.8 mol%) ere ob

tained fom Sohay SA., Belgum and \acuum
distilled. Chloiine, HCI (Matheson,reseath grade),

CF,0, CCIFQ, CF,COCF,, CH,Cd,F, (Fluorochem

Ltd.), and 1,1,1-tichloroethang Fluka) were used as
receved Ozone was poduced § passing ero-grade
oxygen though an oane gneator (Monitor Labs)

directly into the eaction bamber

RESULTS AND DISCUSSION

Rate Constants and Degradation
Mechanisms

() Reldaive Rde StudiesThe te constantdr the e-

action of OH adicals with CECH,CF,CH, was de
termined elative to tha for reaction with G,CCl,

OH + CF,CH,CF,CH; — products (1)

OH + CH4CCl; —— products  (2)

Ozone vas photozed in the pesence of ater vapor
to geneete OH rdicals.

O, + hu(A = 254 nm) — O('D) + O, (3)
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O(*D) + H,O0—— OH + OH (4)

Assuming thasubstate and eference a& consumed
only by OH radicals it can be shmn tha:

= ky/koIn{[CH5CCl3]o/[CHSCClS]} (1)

where the subsqguts 0 andt indicae concenttions
before iradiagion and & time t, respectiely. Direct
photoltic loss of CECH,CF,CH, and G1,CCl, was
unimpotant and theaaction mixtues vere stadle in
the dak for & least 5h.

Mixtures of Q, H,O, CFCH,CFCH,, and
CH,Cd, in air were photoyzed for eout 25min
in the tempeture rang 2B-323K with
[CF,CH,CF,CH,], and [CH5CClg], = 1-10 ppm;
[Os]g = 100-1,000 ppm; and [H,O], = 2,000—
10,000 ppm, (1 ppm = 2.46 X 10% moleculecm™3
at 298K, and 760 tartotal pessue). Under thegac
tion conditions emplged the substte and eference
compound wre found to deca by approximately
20% duimg the epeliments. D& for the uns were
plotted in the &rm of eq. (I),Figure 1, and sha the
expected linear elaionship. The r=te constant
ki/k, = 0.58 = 0.04, (eror is* 20 and epresents
precision ony), was ind@endent of eldive reactant
concentation, reaction time and light intensity in
agreement with the mposed mdtanism.A possille
souce of eror is the eaction of O{D) with
CKCH,CF,CH,; and GH4,CCl,. The mte constant
for the eacton of OfD) with H,0,
k, =22 X% 107°cm® molecule s [10] is sufi-
ciently high tha under the xpeiimental conditions
emploed with H,0 = 100 [CF,CH,CF,CH.], or
[CH,CCl,],, O(D) is eficiently scaenged in eac
tion (4). Based on thete of reactant loss in theeac

o
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In {{CH,CCL,]/[CH,CCL1}

Figure 1 Concentation-time daa for the eaction of OH
radicals with CECH,CF,CH, and GH,CCl; at 298K.
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tor, the steag-stae concenations of OH and GD)
are estiméed to be aund2.5 x 10'° and2.5 X 10?
moleculescm™3, respectiely. Hence dpletion of
CF,CH,CECH, and GH,CCl, by reaction with
O(*D) will be unimpotant compaed to loss ¥ reac
tion with OH.Variations in water vapor pressue from
1-10 tor had no measable efect on the &lue of

k,/k,, thus poviding suppot for this assumption.

Chlorine @aoms ae geneeted from the eaction of
OH with CH,Cd, in the pesence of Q[11], how-
ever, this species will beapidly removed by reaction
with O;.

Using lecent asolute ate constant measements
for the eaction ofOH + CH4CCl; at 298K, (k, =
10X 107* [12], k, =095 x 107¥ [13], and
k, = 1.1 X 10" [14] cn? molecule? s™1), pro-
vides a walue br k;(OH + CF;CH,CF,CHj) =
(5.9 + 0.4) X 1071 cm® molecule* s™* at 298K.
The eror in the ete constantdr the eference eac
tion probably adds a futher 15% to the unceinty
in k,. The \alues ofk /k, obtained &five different
tempestures wer the ange 28-323K show little
vaniation with tempesture and ae plotted in
Arrhenius rm in FHgure 2. A linear least-squas
fit of the d#éa gves ki (OH + CF;CH,CF,CH)/
k,(OH + CH,CCl,) = 1.13 &p(—202 = 200/T).
Taking a alue of ky(OH + CH4CCl;) = 1.8 X
10712 exp(—1550 *+ 150/T) cm® molecule* s7*[15],
provides an estima ofk;(OH + CF;CH,CF,CH,) =
2.0 X 1072 exp(— 1750/T) cm® molecule! s
with total estimged erors of A(E/R) = + 400 K.
Mellouki et al. [16] hae reported a walue of
k, = (1.68 = 0.21) X 10~ *exp(—1585 + 80/T) cm®
molecule® s ! using a pulsed laser phoygslis-laser
induced fliorescence tdmique The ate constant de
termined & 298K, k; = (8.69 + 0.74) X 10~ cm®

0.0

-0.2 4

-0.4 -

In(k, /k,)

-0.6 +

-0.8

-1.0 ] 1 1 T | {
3.0 3.1 32 33 34 35 36 37
1000/T (K)

Figure 2 Arrhenius plot ér the etio of rate constantsair
the reactions of OH adicals with CECH,CF,CH, and
CH,Cdl,.

molecule! s7%, is almost adctor of 1.5 higher than
the rate constant deterined in this verk. DeMore
[17] has ecenty descibed an empical method 6r
the estiméon of the ete constantsdr reaction of OH
with halocarbons based on theadable expelimental
daa for a wide ange of halgendaed methanes and
ethanesTypically, the late constants dared from the
method ag within a fictor of 1.3 of thex@elimental
values A value ofk; = 4.9 X 107*° cm® molecule?
s™! was calculted using the mpup contibutions
given by DeMore [17] and is ingasonble agreement
with the epeimental ate constant obtained in this
study. The higher ate constant alue detemined ly
Mellouki et al. [16] is lilely to be due to the psence
of reactve impuities in the sample of
CF,CH,CF,CH, used ly these authst The topos
pheic lifetime br HFC-365mf¢ which may be as
sumed to dgrade essentigllby reaction with the OH
radical in the toposphee, may be calculeed ly
means of the eqtian:

7(HFC-365mic)/7(CH4CCl )
= K(OH + CH4CCl;)/k(OH + HFC-365mfc)

where 7(HFC-365mfc) is the bposphec lifetime of
HFC-365mfc 7(CH,CCl,) is the lietime of G1,CCl,
with respect to @action with OH in the tposphes,
and the OH ate constantsefer to a tempeture of
277K [18]. Using the mwomeical values
7(CH4CCl;) = 5.9 years [19], k(OH + CH4CCl;) =
1.8 X 10~ exp(—1550/T) cn® molecule * s7* [15],
and k(OH + HFC-365mfc) from this work, one can
calculde tha the toposphec lifetime of HFC-
365mfc is 10.8 gas. On the other handising the
value of k(OH + HFC-365mfc) from [16], the life-
time would be 7.1 gas. In oder to detanine the
overall amospheic lifetime of HFC-365mfcr, a
comection nust be pplied to the topospherc life-
time 7(HFC-365mfc),to allov for degraddion in
the stetosphee using the equan (1/7)=
1/7(HFC-365mfc) + 1/r(strat), wher 7(strat) is the
lif etime with espect to anspor to the statosphee
and dgraddion thee. Deggradaion of HFC-365mfc
in the stetosphee is expected to be maiplinitiated
via reaction with OH,since photalsis and eaction
with O(D) are likely to play only a minor ole [20].
An estimae of 7(strat) = 170 yeass for HFC-365mfc
was deived from theAER-2D model ér stucturally
similar HFCs [21] and pwvides an estinta of 10.2
yeas for the oerall amospheic lifetime of HFC-
365mfc

In a similar sdes of peiments G, was phe
tolyzed in the pesence of CfEH,CF,CH . /reference
compound/air mixtues with eactant concergtions
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Figure 3 Concentation-time daa for the eaction of ClI

atoms with CECH,CF,CH,/CH,CCIF and
CF,CH,CJ,FICF,CH,CF,CH, mixtures & 298K.

in the mange 1-20 ppm. Chloine d@oms eact with
CF,CH,CF,CH, and the eference here CH,CCl,F:

Cl, + hy(A = 300—450 nm) — 2Cl (5)
Cl + CF;CH,CF,CH; — products (6)
Cl + CH;CCl,F — products (7)
and

In{ [CF5CH,CF,CH ] o/[ CFsCH,CF,CH] }
— Ke/k,IN{[CH4CCl,Flo/[CHSCCl,F}  (I1)

Rae dda plotted in thedrm of eq.(I11) gave a god
straight ling Figure 3, with slopekg/k; = 0.52 = 0.06.
Taking a walue of k4 (Cl+ CH;CCI,F) =
(22 +0.2) X 100 cm® molecule* st [22-25]
Ks(Cl + CF,CH,CF,CH3) =1.1 X 107* cm® mole
cule s7 at 298K with an estimged uncetainty of
around 25%.

(i) Degradation StudiesThe reaction of OH adi
cals with CECH,CF,CH, takes place via ydrogen
atom astraction:

OH + CF3CH 2CF2CH3 —
CF,CH,CF,CH, + H,O (1a)

OH + CF3CH2CF2CH3 —
CF,CHCF,CH; + H,O (1b)

Under amospheic conditions the ald radicals
formed will react consecutely with O, and NO [4,5]
to gve the coresponding aléxy radicals:

CF3CH20F2CH2 + 02 + M —
CF;CH,CF,CH,0, + M (8)
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CF3CH2CF2CH202 + NO —
CF,CH,CF,CH,O + NO, (9)

CF3CHCF2CH3 + 02 + M e
CF,CHO,CF,CH; + M (10)

CF,CHO,CF,CH; + NO —
CF,CHOCF,CH; + NO, (11)

An accuste stug of product brmation from the e-
action of OH adicals with CECH,CF,CH, using
FTIR spectoscopy proved impossite on account of
interfering bands fom the high concerdfions of Q
andH,0 required for the kinetic inestiggtions of the
reaction. Havever, the eaction of Cl toms with the
halocarbon can be used tooguce the equired
haloalkyl radicals.

CI + CF3CH2CF2CH3—)
CF,CH,CF,CH, + HCl (6a)

CI + CF3CH2€F2CH3 —
CF,CHCF,CH, + HCl  (6b)

Cl, (20-30 ppm) and CECH,CFE,CH, (5-10ppm)
in mixtures of N, and Q were photoyzed over the
tempesture range 28-330K. The major poducts
identified in all the uns were CEO, CO,, and HCI
together with small amounts of QB,CF,. Fgure 4
gives the infared speci obtaineddllowing the phe
tolysis for 30min of 30ppm @, with 10ppm
CF,CH,CFE,CH, in air & 760 tor and 298K after
successie subtaction of eference specr of
CF,CH,CF,CH, and CEQ, respectiely. The residual

spectum indicdes the pesence of ety small
I
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Figure 4 (a) Infrared spect obtaineddllowing photoy-
sis for 30min of 30ppm 4, with 10 ppm CECH,CF,CH,
in air & 760 tor and 298K and after succes subtaction
of reference spectr of (b) reactants and (c) CB.
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Figure 5 Concentation-time pofiles of CECH,CF,CH,

and CEO in the photolsis of Q, (30ppm) and
CF,CH,CF,CH, (10 ppm) in air 4760 tor and 298&K.

amounts of CEO,CF,. The ®esults confim the &-
sence of carbon containingogiucts other than CB,
CF,0,CF;, and CQ. Concentation-time pofiles of
the eactantCF,CH,CF,CH,, and CEO from an &-
peiiment in which 30ppm @, and 10ppm
CF,CH,CF,CH, were photoyzed in air &4 760 tor
and 298K are shavn in Hgure 5 and the yield of
CF,0 is plotted as a function of the loss of
CF,CH,CF,CH, in Figure 6. The esults shan tha
for corversions ofCF;CH,CF,CH; < 60%, the yield
of CF,0 is dose to 200%and tha of the minor pod-
uct, CF,0,CF,;, less than 5%yithin the expetimental
error (estiméed to bet5%).

The expetimental déa can beationalized in tems
of the bllowing reactions:

2CF3CH 2CF2CH 202 —
2CF,CH,CF,CH,0 + 0, (12)

12
£
&
o, 8-
L
O
G
ke
2 44
=

0 T T
0 2 4 6 8

Loss of CF,CH,CF,CH,, ppm

Figure 6 Plot of the yield of CFO &gainst the loss of
CF,CH,CF,CH, from the photaglsis of @, (30 ppm) and
CF,CH,CF,CH, (10 ppm) in air #4760 tor and 298K.

2CF,CHO,CF,CH; —

2CF,CHOCF,CH; + O, (13)
By compaison with the eported dda for alkoxy radi
cals of gnenl stuctue R—CH,O (wher R is a
halagended alkyl group) [11,5-28], reaction with
O, is likely to be the ol significant loss dér the
CF,CH,CF,CH,0 radical in both laoratory expeti-
ments and thetaosphee:

CF3CH2CF20H20 + 02 —_—
CF,CH,CF,CHO + HO,

Since aldefdes ae expected to eact with Cl éoms

with rate constants hich ae omders of manitude

higher than dr the paent halocarbons [29],
CF,CH,CF,CHO formed in eaction (14) will be
rapidly removed Ly reaction with Cl soms under the
expeiimental conditions empied

Cl + CF,CH,CF,CHO —>
CF,CH,CF,CO + HCl (15)

CF3CH2CF2CO + 02 + M —
CF,CH,CF,C(0)O, + M (16)

2CF3CH 2CF2C(O)02 —
2CF;,CH,CF,C(O)O + O, (17)
CF,CH,CF, + CO, (18)
CF3CH2CF2 + 02 + M —
CF,CH,CF,0, + M (19)
ZCF3CH ZCFZOZ —
2CF,CH,CF,0 + O, (20)
Carbon-carbon bond scission ynbe assumed to be
the ony important teaction pthway for the
CF,CH,CF,0 radical ly compaison with the dta for
CF,CF,0 [30-32], CHF,CF,0 [33], CH,FCEO
[34], and CH,CF,0 [30,31] adicals.

CF4CH,CF,0 — CF,CH, + CF,0

Further eactions of the C[EH,, radical gve rise to
the formation of CF,CHO [11,5-28] which subse
guently reacts with Cl in the gsence of Qto form

CF, radicals and CQ[28]. CF, radicals will lead to
the poduction of CEO or CRO,CF,;.



CF-0, + CF,0 — CF,O,CF, (24)
CF,0 223, cF,0 (25)

The yield of CEO,CF; was elaively low and hence
the cowersion of CEO, radicals to CFO must be
virtually quantitdive. It is possite tha CF,0 radicals
formed in eaction (23) prduce CEOH by hydrogen
atom astraction fom CECH,CF,CH,, followed by
hetengeneous loss of CBH to gve CEO [35]. Re
action of CEO with fluorocarbons has been stioto
be elaively slowv [36] and is unlikly to be the major
souce of CEO. Previous work from this ldoratory
has shwn tha the genegtion of CFO from the phe
tolysis of CEO,CF, in air gves high yields of CJO
in the pesence of Cltams [37]. Genettion of CE,O
in the pesent system is consistent with thether
mic reactions (26) or (27).

CF,0 + Cl —> CF,0 + CIF 27)

Abstraction of a frdrogen @om mg also occur fom
the —CH,— group in CRCH,CF,CH,, reaction
(6b), leading to the drmation of the allkoxy radical
CF,CHOCFECH, via reactions (10) and (13)his
species maeither decomposeytlC—C bond teav-
age or eact with Q:

CF,CHOCF,CH, —

CF; + CH,CF,CHO (28a)
CF3CHOCF2CH3 —_—

CF,CHO + CH,CF, (28h)

CF3CHOCF2CH3 + 02 ——
CF,C(O)CF,CHs + HO, (29)

Further eactions of the pducts of eaction (28) will
yield CEO and CEOLCF, in a seies of eactions
analgous to those dedsbed @ove. An authentic
sample of CEC(O)CECH,, the poduct of the bi
molecular eaction of CECHOCFE,CH, with O,, was
not available, however, the infrared specum of this
compound is xpected to xhibit similar fedures to
tha of CF,C(O)CF,. There was no eidence br the
formation of CE,C(O)CF,CH, even d@ 273K and 760
torr of O,, the most &orable conditions emplged
for the eaction of the aldxy radical with Q reldive
to dissocigion by carbon-carbon bondezavage.

(iii) Position ofAttad in the Reactions of OH and

Cl with CF,CH,CF,CH,: The action sheme po-
posed to ationalize the brmaion of CEO with a
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yield dose to 200% in the Cltam initiated ocidation
of CF,CH,CF,CH, involves a sees of carbon-carbon
bond scission sps. It is possile, however, tha
the dsence of the carbgh compound
CF,C(O)CECH,, from the poducts my reflect the
low reactvity of the—CH,— site in the pant com
pound ether than the dominance 6f—C bond scis
sion in the CECHOCF,CH, radical compaad to its
reaction with Q. In oder to &amine the eactvity of
the metlylene goup in CECH,CF,CH, with respect
to reaction with OH and Clrate constants are de
temined br the eaction of these species with
CFCH,CC,F and CECH,CF,. The —CH,—
groups in these compoundsviasimilar molecular
ervironments to the meglene goup in
CF,CH,CF,CH, and the ate dada should povide in-
formaion on the eactvity of the —CH,—
group in 1,1,1,3,3-pentafbrobutane Kinetic dda
from the photalsis of oone in the pesence of mix
tures of CECH,Cd,F/CF,CH,CF,CH,/H,0 and
CF,CH,CF,/CF,CH,CF,CH,/H,0 in air & 298K are
shavn plotted in thedrm of eq.(l) in Fgure 7. The
daa povide walues of k(OH + CF;CH,CCI,F)/
k(OH + CF,CH.CF,CH;) = 0.13 = 0.04 and
k(OH + CF;CH.CF;)/k(OH + CF;CH,CF,CH;) =
0.06 = 0.02. Combingion of the ete constantatios
with an estim&e of k;,(OH + CF;,CH,CF,CH,) =
(5.9 + 0.4) X 107 cm® molecule* s~ obtained in
this work a 298K givesk(OH + CF;CH,CCI,F) =
8*x3)x10% cm® molecule! s! and
k(OH + CF,CH,CF;) = (35 + 1.5) X 107% cn?®
molecule® s™1 at 298K. Agreement beteen the
room tempeature rate constant obtaineaf the eac
tion of OH with CECH,CF, and the alues ecenty
reported by Hsu and DeMa@  [38],
k= (34 + 13) X 107 cn® molecule*s™tin a rel-

0.06

® CF.CH,CCIF
W CF.CHCF,

0.04 +

0.02

In {[Substrate] /[Substrate]}

0.00

0.0 0.1 0.2 0.3 0.4
In {[CF3CH,CFCHRl/iCF3CHoCF2CHal}
Figure 7 Concentation-time daa for the eaction of OH

radicals  with  CECH,CCI,F/CECH,CECH, and
CF,CH,CF,/CF,CH,CF,CH, mixtures & 298K.
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ative rate stug, by Gatand and Nelson [39],
k= (415+ 0.33) X 107 cm® molecule® s,
using a laser photgsis-laser induced uUbrescence
method and ¥ Gierczak et al. [40], k=
(3.2 = 0.6) X 107 cm® molecule* st using a fash
photolysis-laser induced uUbrescence tdmique is
within the stéed epeliimental erors. Thus,the ite
constants dr reaction of OH with CECH,CCl,F or
CF,CH.CF,; are considesbly smaller than thaob-
tained or the werall reaction of OH with
CF,CH,CF,CH,, sugyesting tha the major eaction
channel or the eaction with CECH,CF,CHj, is via
H-atom astraction flom the— CH, group. Estimées
of the @te constants dr reaction of OH & the
—CH,— and—CH, sites in CECH,CF,CH, may
be obtained using the emipal method deeloped ly
DeMore [17] for deteminaion of rate constantsair
reaction with halocarbonghe results indicte tha
attad at the teminal metlyl group is a &ctor of fve
faster thangaction athe metlylene goup.

Similar trends a@ shevn by the mte constants
detemined br the eaction of Cl toms with
CF,CH,CCl,F and CECH,CF;. The rsults fom
relaive rate epeliments with these compounds,
Figure 3, give Kk(Cl + CF;CH,CCI,F)/k(Cl +
CF,CH,CF,CH;) = 0.032 = 0.003 and k(CI +
CF,CH.,CF;)/k(Cl + CF,CH,CF,CH;) < 0.01 and
hencek(Cl + CF,CH,CCI,F) = (3.5 = 1.5) X10™V
cm® molecule! s' and k(Cl + CF;CH,CF;) <
1 X 10~ cm® molecule’® s71. The esults pesented
above sugest thathe poducts obseed from the Cl-
atom initisted oidation of CFRCH,CF,CH, in this
study arise fom C| dom &tadk a the—CH, group
of CF,CH,CF,CH,.

Mggelbeg et al. [41] hee recenty investigted
the fluorine aom initiated oidation of CF,CH,CF,; at
298K and 760 tor total pessue. The major carbon-
containing poduct brmed was CEC(O)CF, and the
yield was shan to be indpendent of Qpatial pres
sure over the ange 5-760 tor. The alloxy radical,
CF,CHOCEF,, produced in this systenby reactions
analgous to those shn above for CR,CH,CF,CH,,
can decompose oeact with Q:

CF,CHOCF; — CF; + CF,CHO
CF;CHOCF; + O, — CF,C(O)CF; + HO,

(30)
(31)

The esults fom Mgeelbeg et al. [41] indicge tha
decomposition of the atixy radical is ngligible and
thus it is likely tha ketone brmation from the stnc-
turally similar CF,CHOCF,CH, radical will still
dominde over C—C bond scission. Hencthe aail-
able epefimental déa from CRCH,CF, and

CF,CH,CClF provide stong eidence thathe a-
mospheic oxidation of CF,CH,CF,CH, will be initi-
ated pedominany by OH radical dtadk a the
—CH, group. Based on theesults fom the tlorine
atom initiated oxidation of CR,CH,CF,CH,, it is ex-
pected thaithe molecule will be lmken davn under
atmospheic conditions in a sés of carbon-carbon
bond beaking pocesses leading to therfnation of
CF,0 and CE radicals with tose to 100% vyields. It
is expected thathe CF, radical will be quantitévely
corverted to CEO in the amosphee by successie
reactions with Qand NQ Under topospheic condk
tions eaction with ¢, and NO ae the main sinks
for the CEO radical leading to theofmation of
CF,0 [6,35]. Reaction tathe metlylene goup in
CF,CH,CF,CH, is expected to be of mgigible im-
portance it may lead to small amounts of theudt
roketong CF,C(O)CE,CH,. This ketone is also li&ly
to gve fise to CEO via photoysis or OH adical ink
tiated ocidation.

Radiative Forcings and Global Warming
Potentials

The infrared dsomption closs-section da, shovn in
Figure 8, were integrated aver 100 cnm* intervals and
introduced into the NCAR model inder to povide
radigive forcings and GlobalWaming Potentials
(GWPs) to complete theesults obtainedof 11 other
CFC rplacement compounds [7,8]. Railia forc-
ings and GWPs wva been inmduced as camnient
pamametes to quantify the timearying reldive con
tribution of long-lved geenhouse a@ses to global
warming [42]. The radidive forcing due to the péur-
baion introduced § adding a cetain amount of
greenhouse & is defied as the netadidive flux

1019 x Cross-sections, cm2 molecule-!

.
] L\
.

Q T
1500 1275 1050

A 4,

‘Wavenumber, cmr-!

0

Figure 8 Infrared dsoption cioss-sections (cfnmole-
cule'!) measued betveen 600 and 1500 crhfor HFC-
365mfc



change (in W/m?) a the topopauseThe GWP of a
well-mixed @gas elaive to a eference @s is defied

as the poduct of the instantaneouadigive forcing

associted with the emission of kg of the s and
the concenttion of the @s emaining in the nos

pheg, integrated over a peiod of time divided ty the

same quantitydr the eference @s.

The two dimensional kemical-adigive model
used in this studis an updied \ersion of the model
descibed ty Brasseuret al. [43].The infrared adia
tive transer is tedaed as in the NCAR Comumity
Climate wide band model CCM1 [44,45)hich in-
cludes the themal efects ofH,0, CO,, CH,, O,,
N,O, CFC-11,and CFC-12. Radieve forcings were
detemined br a mean loud cover, using anmoally-
averaged \ettical concentgtion profiles for the geen
house gses. Mixing a@tios were calculéed betveen 0
and 85km using curent gound-level concentations
[42] as a boundar condition br CQ,, CH,, N,0,
CFC-11,and CFC-12and set 82.5 pptv br HFC-
365mfc

The @solute instantaneousdidive forcing val-
ues (in W/m?) for CQ,, CFC-11 and HFC-365mfc
were found to berespectiely, 0.652 (coresponding
to a 10% incease in concerdtion, from 350 to 385
ppmv), 0.227,and 0.209 (slues &trapolated to a 1
ppbv increase in concerdtion). Reldive radidive
forcings obtaineddr HFC-365mfc using CFC-11 and
CO, as eference gses a reported in Table I. Fi-
nally, the GlobalWamming Rotentials hae been ob
tained br the time hdrons coresponding to 20100,
and 500 gass of intgration time using the methodol
ogy from the 1994 IPCCeport [46], and ae gven in
Table 1. In this calculdon, the Ben carbon gcle
model was emplyged to estimee the pesistence of
carbon diaide and an tmospheic lifetime of 50
yeas was useddr CFC-11.The results ae presented
using both the calculed toposphec lifetime of
10.8 yeass and an estinted overall aamospheic life-
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time of 10.2 yas for HFC-365mfc Taking the ate
constant ér reaction of OH with CECH,CF,CH, re-
ported by Mellouki et al. [16] gves GWPs adctor of
about 1.5 lever than thoseigen inTable I.

To our knavledge, no other coss-section oradia
tive forcing dda ae available in the open liteture
for HFC-365mfc We estimé the total uncéainty
associged with the intgrated coss-sections to be
lower than 4% [7]wherras the eor made vhen cal
culding radidive forcings and GlobaWWaming Fo-
tentials is nuch moee difficult to evaluge. Using the
infrared specet we have measwed for several CFC
replacement compoundBjnnok et al. [47] hae re-
centy calculded the assoded mdidive forcings
with a narow band modelWhen nomalized to the
respectie values br CFC-11,radidive forcings cal
culaed by eat of the two groups vere found to be
within = 10%. The main dis@pancies a thought to
be due to the diérent lesolution,concentation pro-
files and ud cover used in the model$he use of
an gproximate model desdred ly Pinnok et al.
[47] allows one to obtain estirted instantaneous:r
diative forcings flom knavn cross-sectionsiWe have
caried out the calcutaoon for HFC-365mfc with the
narow band adigive forcings per unit ass-section
they provide. The dsolute brcings br a concentr
tion chang of 1 ppl were found to be quite diér
ent (0.256W/m? instead of 0.209W/m?), but the
value elaive to CFC-11 ws bund to be g1y close
(0.93 instead of 0.92yyhich validates the esults ob
tained in this stug

CONCLUSION

The esults obtained in thisak indicae thd the to-
pospheic lifetime of CECH,CF,CH, with respect to
removal by OH radicals is 10.8 gas and tha CF,O
will be the main &idation product.Troposphec loss

Table I Instantaneous Cloudy-Sky Radiative Forcing and Global Warming Potential Values
for HFC-365mfc Relative to CFC-11 and CO,
Atmospheic
Reldive Lif etimes of GlobalWaming Potential
Reference Radiaive HFC-365mfc
Gas Forcing Yeas 20 100 500 yeas

CFC-11 0.92 10.8 0.47 0.21 0.18

10.2 0.45 0.20 0.17
CO, 11200 10.8 2300 830 260

10.2 2210 790 250

Note tha relaive radigive forcings ae expressed on a molecular basB/VPs on a mass basis.
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of CF,O is gpvemed ly uptale in doud, rain, or 11
ocean veter followed by hydrolysis to gve CQ, and

HF [5,6]. The toposphec lifetime and an estima 12

of the werall amospheic lifetime of 10.2 gas for
HFC-365mfc hae been used with the measdrin
frared coss-sections to estitgathe adidive forcing
and GlobalWaming Potential assoctad with this
compound Calculdions hae shaevn tha for all the 14
integration times iwestigated, the contibution of this

third genedtion substitute to theadidive forcing of 15.

climate is considably lower than tha associted
with the elease of the same mass of CFC-11. Using
the walue of 10.2 gars for the werall amospheic

lif etime of HFC-365mfcthe infnite-time-hoizon (or
steag-stae) Halocarbon GlobaWaming Rotential,
expressed eldaive to CFC-11,is 0.17; the Global
Waming Potentials elaive to CQ are 2210,790,
and 250for integration time-hoizons of 20,100,and 18
500 yeass, respectiely.
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