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Hepiinyn

2V mopovoo LETATTLYLOKT STpPn] TPOocsdlopioTKoY 01 KIVNTIKEG TOPAUETPOL
TV avtwpdoemv tov piliov vdpoviiov, OH , kot tov atdpwv yAopiov, Cl , pe to
e€apbopo-16o-Povtévio, ((CF3),C=CH,, hexafluoroisobutene, HFIB) otv aépla
QAaoMn, VO oVYYPOVOS JEPELVIONKE O UNYOVIGUOC TPOTOGPALPIKNG OTOIKOSOUNONG
tov. H ovykekpipévn €voon avikel oty xoatnyopio Twv vIPoPOoporEPIVOV,
(HydroFluoroOlefins, HFO) ot omoieg amoteloOv ta TéTaptng YEVIAG TPOTEWVOUEVQ
EVOALOKTIKA TV YAopopBopavOpdkmv  (Chlorofluorocarbons, CFCs) kot
dtakpivovtol omd Tovg VOPOPBOPAVOPIKES, MG TPOG TV TAPOVGIN HITAOD OEGLOV GTO
HOPLO TOVE, TOL TIG KOOIGTA £V SLVAEL OPACTIKOTEPEG EVIOELS GTNV OTUOCPOLPO, KOl

pue younAotepa Avvopkd IMaykoouag @éppavong (Global Warming Potential,



GWP). Q¢ ek tovtov 1 de€odkn perétn g emidpaong tov (CF3),C=CH; otv
[Towvta ™ Atpnocearpog kot to KAipa, mpv v evdeyopevn gvpeia Propmyavikn
TOPOYOYN KOl YPNON TOL, OmOTEAEl movaKew kot Oa cuvopduer otn yapaén
TOATIKAOV.

[Ma ™ pérpnon tov cuvtedeot®Vv TOOTNTOS TV avipdcemv Tov HFIB pe ta 600
and To TAEOV ONUOVTIKA OEEWMTIKG CLOTATIKO NG otudoEopaS, TIG Pileg
VOpo&VAiov kol Ta dTopa YAwpiov, €papudoTNKE N HEBOOOG LETPNONG GYETIKMV
tayvtntov (Relative Rate Methods). Xvykekpipéva yia ) dteEaymyn Tov TeEpopdTomv
ypnowomomdnke mn  otatikn TEXVIKN TOL Bgppootarodpevovr  DoToyM KOV
Avtidpaoctipa, ovlevyuévov pe petaoynuoatiiopevn kotd Fourier dacpatookomio
YnrepvOpov (TPCR/FT-IR). Ocov apopd o115 avtidpdoelg mov ekkivovv ta atopo Cl,
petpnOnke emmAiéov, n €EAPTNON TOV GLVIEAEST TAXVTNTOG TNG aVTIOpAoNS amd T
Oepuokpacio ko v mieon, oe evpn 248-363 K wor 40-700 Torr avtictoyo.
Eminpoofeta cupminpopatikd Teipduoto LETPNong TV GUVIEAEGTMOV TOYVTNTAG TWV
plov OH kot tov atopwv yAopiov Cl pe to HFIB, og Oeppoxpacio 296 K kot wicon
1 Atm, die&nydnoav mapdAinio ce BOAGIOVS TPOGOUOIMONG TNG ATUOGPALPAS, GTO
wotitovto CNRS/ICARE g Opledvng ot ToAra, ypnoyomoidviag, emiong,
uebooovg mpoodopiopon oyetikng tayvtnrog (Relative Rate Methods). Xvvoiuka
YPNOLOTOmONKaV TPELG avVTIOPATELS avapopds, Yia kibe dpactikny ovrotnta (OH ko
Cl) ko1 0 cvvteleotng TOOTNTOG TOL LETPNONKE Yo T deVTEPNG TAENG avTidpOoN
mov ekkwveiton omd Tic pitec OH frav ko (296 K, 1Atm)= (7.75 £0.13) x10™"° cm’
molecule™ s™, e T0 6plo GEAAATOG Va gfvar To 26 (95 % OpLO EUTIGTOGHVIG) Kot Se
cuumePAaUPAVEL EKTILOUEVO GLGTNUATIKE cedApata. Ocov apopd 6TO GVVTEAESTN
TOYOTNTOG TNG avTidpaong mov ekkvovv ta dtopo Cl, 1 e€dptnon tov and v mieon
Kol ™ Ogpuoxpacio avomapioTAVIOl IKOVOTOMTIKA omd TNV TPOPAETOUEV Yid

TPLOPLOKES aVTIOPAGELS EKppaot Troe:

{H[loglo ko.r [M]JTI
k., ko [M] . ko
bk, +ko [M]

ne 11§ mopapétpoug eoivovcag eEdptnong (fall-off parameters) mov mpocsdlopicTnKaV
va givar ko(T) = 8.0 x 1072* (T/300)”* ecm® molecule™ s kat ko(T) = 3.7 x 10"

(T/300)*° cm® molecule” s'. Tw v avélvon tov Sedopévav o mapdyoviag



dtevpuvong (broadening factor), Fe, dwatnpnOnke otabepdc omnv mpotevopevn Tiun
and v enrpon] TG NASA /JPL yio atpocpoipikég avtidpaoels, Fc = 0.6, evod yio T
=296 K xot wieon 700 Torr o cvviekeotg TayvTTOg petprinke k(296 K, 700 Torr)
= (3.44 £0.02) x 10" cm® molecule™ s, pe v oPePondtnra va givor To 26 Kat Sev
TEPILOUPAVEL TOL EKTILDUEVO CLOTNUOTIKA GOAALLOTAL.

H &&dpton tov k and v mieon, aAld kol 1 avtiotpoen €£GPTNON TOL OO TN
Bepuokpaocia, otig avidpdoelg Cl dnidvel 0Tt Tpdkettal Yo po. GOVOETN avtidpaon,
HEC® OYNUOTIOUOV EVIUEGOL TTPoidvTog TposOnkng (adduct), mov eivar copPatog
HE avTIOPAoELS TPOSONKNC GE AKOPEGTOVG dETUOVG,.

Té\og, ota mAaicia TG TOPOVCOS EPYACING TPOGOIOPICTNKE EMITALOV, 1| IKOVOTNTO
axtivofoAnong (Radiative Efficiency, RE) kot to Avvapikd Taykdopog OEppoavong
tov (CF3),C=CH, oce ypovikd opilovta 20 kor 100 etdv amd 10 HOVIEAO TOL
avartoydnke amd toug Pinnock et al. (S. Pinnock, M. D. Hurley, K. P. Shine, T. J.
Wallington and T. J. Smyth, J. Geophys. Res., [Atmos.], 1995, 100, 23227-23238)
YPNOWLOTOIDOVTAG TNV evePYO draToun amoppoenong oto vrépvhpo (IR cross section)
tov  HFIB, mov mpocdiopiotnke oV mopovG £pyacio Kol ¢ OTUOGOAULPIKO
xpovo {omg, 8.2 nuépec Omov apopd ot YNUKT TOV amotkodoun ot ard pilec OH kot
dropa Cl, kou mpocdiopiomke Pacel tov ko ko key, mov petpnOnkav emiong ot

OLYKEKPLULEVT dStaTPIPn.

Abstract

In the present work the kinetic parameters and the mechanism for the reactions of
chlorine atoms, Cl, and hydroxyl radicals, OH, with hexafluoroisobutylene,
((CF3),C=CH,, HFIB), were studied in the gas phase and the tropospheric
degradation of HFIB was investigated. HFIB is a member of HydroFluoroOlefins
(HFO) class of compounds, HFO, that have been proposed as potent CFC alternatives.
The unsaturated double bond is expected to result in increased atmospheric reactivity,
compared to previously suggested CFC alternatives and to lower Global Warming
Potentials (GWP).

The kinetics of the title reactions were determined using relative rate methods. The
experiments carried out using the Photochemical Thermostated Reactor technique,
TPCR, coupled with Fourier Transformed Infrared Spectroscopy, FT-IR. Rate
coefficient, k, for the reaction of Cl atoms with HFIB was measured as a function of
temperature, 248 — 363 K, and pressure 40 — 700 Torr using three different reference

reactions. The rate coefficient for the reaction of OH radicals with HFIB was



determined at 296 K and 700 Torr, to be k(296 K, 700 Torr) = (7.75 + 0.13) x10™"?
cm’ molecule” s7; the quoted uncertainties are the 26 precision (95% level of
confidence) of the least-squares fit and do not include estimated systematic errors.
Temperature and pressure dependence for the Cl rate coefficients, found to be well
represented by Troe expressions that have been proposed for termolecular reactions

proceeding via adduct formation:

{H[loglo ko.r [M]JTI
k., ko, [M] - ko
bk, +ko [M] °

The determined fall-off parameters were ko(T) = 8.0 x102* (T/300)"* cm® molecule™
s' and ko(T) = 3.7 x10™"" (T/300)*° cm® molecule” s”'. Room temperature rate
coefficient, close to the high pressure limit, was measured to be k(296 K, 700 Torr)
=(3.44 +0.02) x10™"" cm® molecule™ s'; the quoted uncertainties are the 2o precision
of the measurements and do not include estimated systematic errors. IR cross-sections
were also measured as part of the present work and the radiative efficiency was
estimated using Pinnock et al. model ((S. Pinnock, M. D. Hurley, K. P. Shine, T. J.
Wallington and T. J. Smyth, J. Geophys. Res., [Atmos.], 1995, 100, 23227-23238)).

The Global Warming Potential (GWP) of HFIB was calculated for 20, 100 and 500
time horizons using the kinetic results and the IR cross-sections to determine the
tropospheric lifetime and the radiative efficiency, respectively. Finally, the
atmospheric oxidation end-products were experimentally identified and the life cycle

atmospheric impact of HFIB was discussed.



