nnHeptane cool fl ame chemistry:

measured I n a stirred react

Zhandon®d, Wainggpi ekaCh evo®s h Demersi aVaM.cd P Sp o i %mn Si o
Vijai Shankar? BtDavwaé ilil BSihiEa®k 4Trh e n d, REiiwkee, BN lu® r
Hans$enPhil i fKat Paga#ifii Kghaeg udee®n 8. HKafRi Sar
aKing Abdull ah University of Science and TeGR)o, | oTghyu waK A
2396%00, Saudi Arabia

PCombustion Research Facility, Sandia National Laborato
‘Department of Chemistry, University of California, Ber
iChemical Sciences Division, Lawrence Berkeley National

eKing Abdull ah Univer siArmnaloyt iScadTlehn@uee leebrdy HhescShanuodlio gAyr,a b i e
fDepart ment of Chemi s3B83¢Ri58I efefd)] dG&NmMapvysity, D
¢Centre NationaSlcideentlia iRjeuceh g rCGdNBRES?) L, , I OISII&ansl CCedex 2, Fr
ECenter for Combustion Energy and Department of Ther mal
China

Physi klelcihmibsche ,Bundesahbkéal 100, 38116 Braunschweig, G

AbstiuaTahdts wor k i dentifies clasaobspbarnempewhlt ar
oXxidatieniirmea jretamobodoadEcdBdr) atamder aftue(l CFR) en
sampled speci exi @l abamonmihxetinchregRt @fnAer/ O( 0. 0)Iwelr.el 1/
analyzed using a synchrotron v &&wWwWit)udnt# rl a giha |
mol e delaawr mass ¢ pMBMBENDd manheat mospheric p(reBGlu)r e
Orbimasayp speCcdTMIMMeTleewadsT Ml so used to analyze
aCFR eegihafppr oxi mately 70 inter&¢dPHBMSanwer e
thesrgasesd mol eeaulearn nf gqromuwl aagr eement WwWOTMSt ho-:c
whi chulHash mass r aesgrd odgdneapcacwearaCeHe®mmenit @il on
the intepecHdlersitheehemoresults spedwemealt dtulmeé ng t
oxi damheptahe in the CFR engine are veriy,esda mil

JSR.
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The products can be cl assi tafed@b(yx SQpkElick es w
(x40 HI@ (x40 ;HoiCn6F HokS( N6F HoilB (@51 6HD CHF1
CiH2 O (16 F 2H2 D (6 F 4H2@2 ( N AQ P2 (O 6 HoD2 ( NH63
CiHowO2(( nF4 , laed( ”C63 . The identified alhnksemdnieenas
aldehyde/ ket o compounds, olefinic aldehydel/ ke
and alcohol s/ ethers. Reaction pathways hfea.reminn ¢
These exper anmemparhtht he sdé v e imo pamecnuiciaadtet i ¢ model

heptane -ahdi hoalgkanes.

Keywarnhs pt ane;xi daittioon; sy pehmnxt ders; VUV phot oi

spectrom®Orbyma&a®Cspectrometry

1.ntlroducti on

Autoxi dati on processes are ubiquitous in n.
oxidation of cell membranes, atmospheric degr e
i n engines. I n fuel -oixgindiattiioonn oprreoacaet siisoens,ti cathheed

abstracti on( &,.rgan hyhder ofcuaerlb o n) to form hydroca
addition to the hydrocaatbom miagrn atailashd i it fih tbmtahme
decomposition ofesoxyidalzdesd a nhieghméyd | &ahnep | ceaxm psept
bet ween radical chain propagation, chain term
i gntrteiloant ed phendmee o] edalc hf hsamgeath e mebeated f eci e
(NTC) regi-meagand®dmhwaoi pinoneftr o mg Duaww nVkh eged ,er 4]
showed that reaetg werioxt ereme tl omantgeass e(agrbiatsii donl e
knock in internaRecembustudheesnyiemespmatdwme it bt
reactions signitfirceanetlsyegnnbhbmpgesaobseacharge ci
engifmdheref oreheppobl ngf reacti e mprtran me ci at

proce®gui s ed trel ehvaenlt/sghheapdnree n a .



A substanti al badyhesist hbedreaaufigani@fiioinhe faut
commomans pfouelats iommeoegptteeng) wunder conditions r
engi ne .Thoenscee psttsufdu eels aempwertsi on, stable produc
under vari ousstciornrdd d i rohdclt] ofr Isjoeft P BE4s]) f O 21sHS §
and motor @4 en @Rbehveise wi ngn-htehpitsa nex iosxtiidnagt i on da
comprehensive analysis of the pool of react i\
temperaturmpesande hicghdi ti ondsept br ewredhedrisntganam n
mechani stic pathways and key rate coefficien
formaRi6dgAssplgau,vigh | @d romeec t ttourseusch reactive i ni
i s c ha/lbloegrhgi i experi ment al bemalsteh ercerl eetviacnal 1
conformwmauidnéaenti bifedoemdi secent progreasdein
di met hyl exhampefDME)

Dagewut adtudi ed nmhepbandathoa d8RdAdc-hegmengt vl
oxXxi dati on -Irlebg0 nke)s a(t5[0BQ Tehred i 5@ elramredi at es wi t h
CiHa NF3 ,0CHILO, 30H, 3CHIO, &n@d Wwer e detected by ga
(GCaheteaethj B¢t ect edkehehnepopeér oxi de ndhempit maeg et
i n a motoreBo«€ir®anng ®igdil B Vv esti gait@emi ttrHhaenp aafhe i r
motored engine andtacamppnedti ba. e Ok yQe sHEX, ed i
C4HgO, 4HED», sHO , sHCO , sHED», sHZ 2, CsHi 2 a n dH1©wer e det ect ed b
transform infrared ((@mhRllRR)Riesspeenctt rwoos ¢ckq [@gpd @Hheslrs K3 €
the-tleoowper atur m-hept dati on af JSR at atmospheric
detailed GC analysis of the intermediate spec
i et medi ate species by synchrotron vaodfidmgilhtt
mol edwlaawr mass specRIMBMSB) ry whiS¥bVenabled the
number of i nt er mehdyidartoepseirhaxtied dump @ gd & m [ 02376 h

anrdadi[c2®9l,s Jh,e BRIMBMS data provi ded nteewmp enrsa tgunr



oxi dati on nehheepmiasnter.y Hoofwever, the | imited mass
hi ndered a full separation of the intermediat.
Tabl.e It er mesd inaetaes usr pebde pdeuarnien go x i dat i oreti[n®lla J S
Rodr iegtuleand t hThiemtoerkmedi ates | abeled in bol
and CFR engine experiments by an atmospheric
spectrometer (OTMS).

m/ Her bétn®iHer betn®® Rodr iegue This wor |

28 CoHa CoHs CoH4 CoHa

30 - - CHO C HO C HO

32 - - CHO CHO

34 - - H>0» H->0- H->0-

42 CsHe one pe CgHd &0 CsHe/ ££120

4 4 C:H4O CH4O CH4O CH4O

46 - - - - C HOJ/ €160

48 - - - - C HO, C HO2

54 CsHe - - C4Hs

56 C4Hg 40 one pe CsHs CsHsl €40

58 C3sHsO one p € CsHsO CsHsO/ 4,0,

60 C,H4O2 one p € C2H402/ £{HsO

6 2 - - - - CoHeO2 CoHeO2

68 CsHs - - CsHe/ @40

70 GCsHib &0 one pe CsHi1 4 #HeO

72 C4HgO one pe C4HsO C4HsO/ 140>

74 CsHeO2 - - C3HsO2 C3HsO2

76 - - - - C3H802 C3H802

8 2 - - - - CeH1 4 €O

84 CeHit O one pe CeH1t &80/ £402

8 6 CsH: © one pe CsHeO2/ €1 ©

88 - - - - C4HsO2 C4HsO2

90 - - - - CsHeOs/ £H1 ©2

914 - - - - C/Hio

96 CiHi 2 - - C7H1 4 €HsO/ 4E402

98 GCHij4 1O one pe C7/H1 iCeH1 © / oE1602

10 GCgHi©/ 850, onmpke ak CeH1 ©/ H3sO2

10 - - - - CsH1 62 CsH1 2/ €1 0

10 - - - - C4HgOs

11 CH1 © one pe C/H:1©

11 - - one pe C7H1 ©/ 02

11. CH1 © one peEe C/H1 0O/ 1 ©2f €HeOs3

11 CeH1 92 one pe CeH1 2 CesH1 92/ 503

11 - - - - CsH1 3

12 - - CH1 ©2 C7H1 ©2

12 CH1 92 CH1 2 CH1 2 C7H1 92

13 - - one pe CHi1 02 C7H1 ©2/CsH1 O3

13 o - - CrH1 ©o &1 O3/ 04

14 - - - - C7Hi1 03

14 - - CH1 ©3 C7H1 O3

14 - - C/H1 ©3 C/H1 03 C7H1 O3

15 - - - - C7H1 ©a4

16 - - - - C7/H1 ©a4

16 - - - - C7/H1 D4

17 - - - - C7/H1 s
aGC andBYyH®HWN#MBMS analGQ,siGavity Ring Down S{fdvBtMSo s canpdy | (aG

phot oionizati on

ma, $EV LMHIMBMS oaned ley siasn.al ysi s
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This study attempts to furt hefrr oghleaprtiafrye tlho
temperature oxidation in a JSR at atmospheric
atel evatgdtdi nader Ahes spurroeduct s gwe3 ERAMBVESI, y zeerdd u
compl e nmeexnptearriyme nt al setup comprising an at mosyf
Orbimasagp spectromet er G/OHOMBMp o sTihtei ced earfe nttlad i n
nrheptane JSR oxidatifMCOWMS, cantdi tihhed sdhept Ree p
| owe mper ature oxidation in the CFRabebnsge rnvee dwaisn
JSRhe results oftohcategaoadiese Bhkbowater medi at
st uuets, and propose t hai radfdaortarsath, togic rede@en htiamal trs g
SVUNIMBMS andOTAWECAd ne bfeeax tin aley hiemtger medcica tédes opno o |
| owemper ature oxi dahaiom RPpibanes mo nido Hitomayt uan qp
and high mass re@DM®I$i pnowvheingthl ey BrBaG-tueanbp eer aitnu r
oxi dati Mo osmtrutl hescombi nat iionkeSoR) apaenad de a@H RM)ea €t
reveadldae mmomwe mper ature reaction mechani sms exi

combustion devices.
2Experi ment al met hod

I n t hisn&Bdr ke .J1ISRas coupl eebfitla gthh e-bndwd me mmh a s
spectrometer with synchrotron vacuum [u3l.8t]rTdwi o
mass spectrometer has a sensi D3y00y a@amdla pgynn:
of six orders of magnitude. The experiments we
Beamline of the AdvanceBebLkgheySNatcenalt tLabol
experi meanadltiseteppercmenbal f puod[ell@u]rSethoel clhiitoenm
nrheptane(@l1%)/ @r (7®@é) e mimvesesgmbeghati quEas e
0.933 bar andofasThesrdanterti mep e rKatyupree twhaesr nmoeca
| ocaitnedd vicinity of t he sampliimgr commesr Talt a1

i nhomogrenteied yndiempeuactereast gydmplmedaet or. i s |
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The distribution of reactive intermediates at
thphotoionizati on dhectpl@aot ofur e menr gnor evteesa S 8 C a
photoionization Pé fEY i, c owehti &ciyhn s ptelcetrheepe or mat i @m i
threshol ds

Anot he(lr., d 83&Ras coupl ed withOabThasagmos phd Qt Ve
equi pped with an Il onMax APCI ion source at Ki
( KAUST) , Saudi A r rahbei pat. a nSei (ol Ic%)i/o@re t 7 & %) mi xtu
i nvestigated at at mospghhersi @ fPr2e isskutabgmeatnedd ag arien
(AGC) targeltlbwharges for 1ful l scan and the mi
scan edichvee rr an3dgded offhe& Ocal i b rCartbiihersaspf anhé yYEEQ@ wa s
i n tpiowe ESI ionization mode, accor Orbgmasap t h
spectrometer was operated using X®@albiidurags méa s
resol vi ng ,0p008w esre nosfi t1iOvhi tpyp na ma dagcmausr $a cfiyddsi agr am o
t he JSR, cOmbbiinmaesasp vsiptehct r omet erThe ss pmpelsieansgy erde
simi tdmsed byetDhfBI&lotr-l one analrypsdiusgt st wvere sam
guar t@zodihmbei ametwebed olr 6 difmeaarttd)a th et hée pout | et of
i oni zed by Stulbe d¢AkRe@ In totnysa nvsefmegdra etdhe system usi ng
positive mode for analiynsei san-<llinp ®ad drde a @ fusrneanteena ts
per f oFareldohfe angdysmisxt the fr-@magsdhedotrtt d e gorid
was condensed by |igaidnoréeeatsomenhé os.PhNpabtheuir
thmging liquid niturcdgemyndo oceaamnddmOer BX@EO M ene nt
car el @t doyxsyegrarys ml condense, thereby cmiexatturmde a
products were then collected by dissolving t
il oni zation source with a syringe. Th-bioempnadi ¢

|l ine analysis were in good agreement.
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For -JtSRn slylne hr otron vacuum ultraviolet |igh
technique. A neutral species iIisthenmckeass whaeni b
energy, r epsaurlmtmitreg uil &) pemdk/ ¢ M The APE&Yme e d.swit
a soft i onization method, whi ch-ogdaer anlalsys @nm
compared to ot hert egcahsni mluese siuari zaast i @lnect r on
producecharigoeggd yi ons and is well suitdgd?of.asd ll]ow
mention abalbet et twgpassre(oolns ne anal ys4d s heomrfndaringsi ¢
| bot h icaarsiesagti on was accomplished wusingominzet:H
water vapor which trandAfP&€rls sa&t pragenvaveo e it Aesr
t emperda’t8uysrheeat h gadx@ &t bow wabaxeegas fLHaoaw br,awena pt )
gas f | owarrba,t eaxn @ie)mniperbyd BukKend corona OAFdédeél esmassr
spectrum was recorded fal wasmiobhtei adadebAP@VE
spectr sapreaisdeéy identifiable prot avhatcehd armad lo
det er mi nlbmoil cerc ud ffadr2 ,.mads3s]

Similar-lioetheadfysi s of the i axlkeamsihiegpd & nfeff
oxi dat mohored aC&tiRA@Iaisn ean @ h@ 1ziegtianrabluwwraesteqrl ac e d
witipoat fudglPFilnj eomhareh eprayswhadl vheott ada nemker e
vapor iTzhaet ieonngi ne ¢ hogorea catbenrdigsttiiocnss i aanr d& aTphree si 2nnt taek

temperature of 27 AC may have an inHowewee,
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temperature increase during the compression
chargpeg. resul ting mixdtuiren firacnotonexpgeated t o e
reported ThetBFR wongkne is a variable compres
t he meas ufrueenhebnst oocft ane number . The pr edcdmth ex
pressur e,0|wamrei adolneo g.eensdttmi rlaarhomogenous charge
(HCCIl ). emMgenengine wasidpé¢ pafnoredl mivoempe uatyur e r e

and hence ignj #448]n was avoided

Tabl e CFR engine specifications and t

Engine t Single C
Il njectiorPort fue

Bor e 82.55 1
Stroke 114. 3 1
Connecting 254 mm
Compressi 8.3
Engine s 600 RP

Fuel / air 0.
I ntake p 98 kPa
I nl et air 27

The intake air to the engand f b ows ehelta tpaod hnt
tempemdteptane wheftwmeg eicitealk e valve through a
t he injefcutmdrnkli rpprmesasuri zedr byf bemedmi sThesmmegt
homoeaes at t he stTlahd erfgnodenpwastane & mi ssi,omnana
t feuel f 1l ow t hmwamsgnhe atshuer eidn. | eklqaoire/fad rewea,c etsheat t UG |
| ambdawbhéehsoobperati ng thoet eingnintei ount dearddi mhodobdmeesu
assumption was that complete combustion occur
poi ntCwherke@Axyd eoqcurred at tThpsdaq@ahtr cmerttwahré e( T
operating the engine i n HCCI m.cHdbew edt uhee , ddoi rr leid su
experisne ndegecites pobéemperangi dowxigd atti om.l evar
The compressi on erdaap ooi nwahswihtehesai so eadvaon dd eadl, | o we d
motwmntihle cool ant temperature reached a.lsotwady
t emperueetiurreeafcti vity was determined f royndfirr st

pr estshuamaes r ewirdgesa |l er pressume rfs®bAd deamr ee
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behavior .i LCoanpsaereded o t he eeal[rdtlihers wsadrukdmo fodHseerr
comprehensive i ntermedi ate species pool beca
spectrometercandehigaherornueThe inter medalage®s
measur edODMSA®EH e mtgane oIxSRhatdi om itme CFR engi |
i ntermedi ates with wmoWweceal aot weegO®UMBd!| bagl . §8&r
the spedetesc tpelh | i-hSRa&SRd t he CFR Targitreenparat sii
start oetfempheer altauw e heaéngieheaseuiai 6§ 0@ hiCHRiegh't
than the tempetemperebwheve hlyowecdudSHs 0(AK)ri. g h er0
temper at werde iins trheeq weinrg-i empéoabobbserovxei datwi on pr
residence time and nl dowerh e ghuei WaSIReormadal trCadetRisa T @ ir |
to tHemMpewat ure dxeifdatei drher esgiamd of NToGnnroena ct
int er medi at es Ftnedmpceartaetsu r e h aotx i dawi on »pardodci etei dosn
pat hways even under €opgqpae etdled ereiaglur eoodn-diad n
hept ane d&ty.[@8dngd uBoeth.m& M ]hi s st udmnorper edseetnatisl ead a
the inter medilat ea dahped e Roeng n gtiomé¢ me a snuerwe mennstisg hptrs
t hhei ph e@slsotwe mper at ur e oxintha@fpit@amechemi stry of

Thmeaspreducts can be classifiedfiHO6pebi es
5) Hi & ( x40 /Hi&&( x4Q yHoCN B Ho( N6 HoE (@51 HYE C
(N6 gH2D (BF H2 D (16F 4H2C2( N AQ HY2( €BY gH2 fD2( N =2
6) HoD2(NnF9 , A (C63 . The intermedi ate species
aldehyde/ keto compounds, ol eficdiixc altdhehyde/pka:
and alcohol s/ ethers.

The fothswve mikpr i mariirlext edindewsttdredi amgcurr en
intermedi ates wi teo fvHiOe«( mebl) et @ ( axr Qf ,0 réhmesl ( 2C= 0
4) , which highlight stetlieeechadeaitti cercopedct talma mée

bi mol ecul ar reacti onAseocho mddgesymi )i inerer mede amedi
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than seven carbon Thtomo,niwialtli fome raddeds sgiyts &dnabuertv €
of a epieciddampahedi oni zoaft itohne epnoetregnyt & ai hot nmozkaetciuo
energies were adopteddfir gmanh @& rmNig & B-&a & &ded b ansl e

[ 9, 32n Blfctlienr ¢ 6 s-p weemke;c gzzetreod adi abati oftiheni z
| owes't enerwayx aclocnufloartneedr fr om-QBBe mebompdsiutse n @l
progTlhen.uncertainty of ecalnduwlaatiioonn einse rgdyt if medtme
However, recent wo[rzki gassh otMmntasheacnemetira i ectia Yyadbwli &Ztad d o
ener gy wlsenbalrilgepr obabhee coao.fCuirtheerxspdeurnicree rttaaInt
i oni zation enerNpyO b oewesws dijaftfeidc uil ntt el [Er sdufr v e

| arge mal ¢eoultde | ar ge sroumdbter oV e rploassidnbdieh iP$ Ewa
we didammy 1 oni zati omserer gy soalogpeisenh a lolhes st r

based mer htame lsitnae&h amyds i s .
3.1 Intermediates withnhépept amene carbon skel et

3. 1HIOCnt er mé&d=ibgt e s

A detailed reacttiompasrcahtmee foxi daotei dowof al
wor k byetWpa8lg., om3 Qi et hyl h emxeatnhey | diirddeaaicet i on s ch
includes the fistrsgeeddiecioond, raadtitbodnsd which pi
same car baox ontuantiehsep & ateil vgeHzPx( nt hcear bon number ol
x =) . Scheme 1 pa s entsactaino nammad ptga nTehsam o if toa n t
i nt er meHiPat e590(&L&r e highlighted in blueHiamd bo>
9B,7c@cl i c whe/rkd)4,€C ef i ni c hydHippd 28)0,i-kl@t0 ( C
hydroperoxides and/ or Hh§dm/dzplysr-o€ef cpgcti di byde
( @104, m/1z6)2, akhed&€hydroperoxides and/ or/Hids,mydr op
17)8 pirhcoed uccft itehaersiemu € r nkedpn & ® ehse  rpaodoi becnaplr R,s i RQO,
QOOH, OO QOOH, RBOOOBPRP (Whdgect i on mechani sms va

i .,.©.addition, decompos) Asonempeaedat sroenteh ez mic @ &

11



addi tion r eacnanoincsa lalrye urmfeavwordaybl e, whil e t he

are favored.

RH C;Hy

+OH | - H,0 (/HO,)
10,) l : ’

R® — alkenes +R'®

+0,
+0, 1} CrHyy
ROOQ® — [large alkene| + HO,

I 7 [gdicdta] +on
«QOOH " TCHoO

——— = carbonyl + alkene + OH
o

P T
*00QOOH *P(OOH), —22» [glefinic hydroperoxide |

1» +02l ] OH\‘ C7H140;

A 00b00 [ hydroperoxy cyclic ether |
! P H
HOOQ'00H (OOH), o

l H-migration
-OH
HOOQ'=0 | keto-dihydroperoxide |
[ keto-hydroperoxide | : -

CoH,10, 0, |dihydroperoxy cyclic ether|

| olefinic dihydroperoxide I C7H1405
C7H1404
SchenRealc.ti on nhhelpe meh efmdprew at ur e oxi dation.,eRepr

CHi©Ox, X390 are boxed and highlighted in blue.

TheHCO( x50 i nt efrrmede ptoased atl SSBRnu SV IMBMS
are shoFwngasi.@bidnwhi | e J 3B seen GFROhmengi ng-OARIGl e
ShowRi s .a8Bhd Th4dSYBRIMBMS r es ulat o bisre riviedd.e ame dCa
with the eth®epThenpobdbt@nat eddHHmMoHe®f u la#HdO-e a & s f
not detecteti deZAIPTMISe mebsur &mexnad |)i(,d idgu.tn etsh e
t wo species werlei Jd&RA P €D TeMS brye & shker gmerBad (dpas hed

The CFR en@TiMmS*E mMeéCslur ement detected thildiOproto

(x%53)l.n general, the analysis observed the mo
i ntermedi at es I APE@hM®e mda saunrde melme | ecnoennftiarlms C/
compoiftitehese .intermediates
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3.04

3
% x10 C7H140 (a) JSSR-SVUV-PI-MBMS, 530 K
_; 2'0_C5Hst C7H1403
8 C7H14
g 10 \ r/ C7H o
S 7H1402
® C7H1404 C7H140s
0oL A . Ao 20
98 114 14
3
- 6_0-x10 CrH140 (b) JSR-SVUV-PI-MBMS, 600 K
5 CsHeO2  CgH1002
g 30 CsH1uO
o 3.0
%— CTH” \ CeH1003 C7H1402
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Fi gMa8s spectra ofCHio( & &0reod ieactud sa fvhiEtohmma b a s pec
pangegbapnd cb ) e s p oInHRStVAJ-PIMBEMS me a s wart e nbe8rtdsK 6 0 0 K
respectaphdltaon oebh.ed DH¥. si ghh@di sofi nCreased by a
cl ariFtiyypaThBe mass spédcgdc orar e snp ogh&HRetl/MFOTIM® EIfi ne
measuramdBt & ( bdndlkbomaansel)r e melfs, s/He Dy, aMHdOs&t

542 K (red daosCritr d AphE)leMBedh)sur.ement s

Signal (arb. unit)
S,

Signal (arb. unit)
2,

-
o
S

Comparing itnheRBasgn3jnalds cat e cumad fastifl(eme pt ene s
andHi® ¢(Cyclic ethers) is fa&vagre@0 aK) ,hiwllihdelre ttel
andHi®©i s favored at el,gwe3r0 tKeymp elrhaetsuer ep h(e n o me n a
the t enhbeepreantduernet safgntath®©xp@ o feir meko wn e daic. Fh g .
tempedapendentof fH&Ch Aepoengsg) @yadc |l €Cc et hers) i s
with previothepstane 0, d@atFdiy] Ct he t hreei Ja.nea
l-hept emept e2Znehepneé&néd, wer e cdt ¢adll.é¢dndyt Zdiamg m
concentrati on -hfeopltlednves kteliee pckredBeer. 1T he c | eddrs 1 on

I Fi §h2aB8. 8 eV agrees wel |l (wWié&fkh 8phtee nieo[ndBr]ard’7i genVv
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heptenel d.] S Bhfehv&apt ene [i 49]9r 3whaemshe tt hies not cl
PI'E cur 6@ .i mhiyishe dtothrei sutgedh| -heperelindee pmidni® . 3 F
CHi©O, 7cG/cl i c et herfsovarintdie mblereesswlere ngr evi dqws !l W, d
1L,and the most a bnuent dbagnt tkt yaltsroareyw d riosf uz an . The ¢
ener gtyr &2met H-gt Hyelt r ahydrcolsue talng taknyellt r ahydr of ur a
and 9] 8esepvect i vely, which agrees well SW)thlth
i's not#AdD tchoautl dC al so include the signal of hep

22hepnone (I[B)Y9]a@hép8¥none|[ )PEwe Qe l1de®BEcar@PYy ni ¢

= (a) 504 (b) CrH10 104 (c) 64 (d) C7H1203
€01 o Jnu f C7H1204 l
" =]
g C7H140s5 oo C7H1403 C7H1402 o 0
= 251 5 34 o o
E; ? o EA’/QO o 8 goof® UAUDCTHu
7 mOpg & ° C7H4 o a 2(;u:’c: o
0.048° 9 ghee0® %4aa A Qoo 04naB0%2aaa &
504 (€) 4] () g] (9) (h)
€ C7H120:2 B g C7H1003 C7H1002 0.4 C7H1004
_E' 1] nl:! o I:|I:I = o o o
;:'25- l ° 21 L oo 44 \ ﬂn a” i
5 I:o o o a I:'I:IOO“" = S
7 o ©0° 0000 o oo
0boo® C7H120 0houB® % C7H10 A DnE C7H100 0.04oog
500 550 600 500 550 600 500 550 600 500 550 600
T(K) T(K) T(K) T(K)
Fi g Tedpe rdeetpuernedent signal profiles of inber me:t
heptane Téhte Y.eacdV.on temperature i s not correc

Unl i ke heptgyokebcaatth&€rs, t/HidsasnidgHn@lr e anohen st
maxi mum at 540 K and then decr deaamdbhy rTahpei dIny t al
of these mol ecul ess wggelsiagh etrh etye ncpoenrtaatiunr elsy dr
tempedapendent bt PDaavgiroere sa-Ewk@-hyg cCr oper oxi de i n
measured durinbgt pR/Epaenti[a3ml2e b xang 3, ahemep t§aOn e
33] The di st ihcki NtEeromesceit & biéds. ICh e, gwhech i s in
wi t hrag peadrt Heebi[Dgtt hey cal cul ated the adizabat
kethgdroper ox3thda,r opldcepadesE:.. 324-lrWdr, o P2Zdire@x yalnb:n e |
9. 57 eb5hydranmpBehrepx winEB®n 8 1( eV) . However

, none of

cl ear Il E onset at 9.0 eV.
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I nterpreting the PIE curve becomesncyaiaynly:
attritbouteaever al aspect s. First, t heHid:&kregeo nu
hydropersxheePmBkeur e 0v,e r®& jccoonndp,| etexhe numer ous
i somer tihoenc east ai nctayl ciufl 2aft hilecarsd #h,y dirhoep e oxy cycl i
Scheme 1 has the sameetmpdrcpeérnboide madmdasyvCo
[ 9¢e]x persicraemmmte par at e t herstee rtmweod itaytpeess. oTfthaeigend enret

signal profil e/Haamda ll €0 cac o/ted roif b Wlgidornoper oxy

et her s.
Peroxide intermediates with five oxy@€n ato
al ka[h%®e,s 33,, 4t 55Ohey were 0 b sfezmmeetdh yil i S & e n

2 ,-bi met hy|] Bbekameé many othé¢b.lphrmgamnihessweckes t |
dependent si g¢Hn@x(Fipad oMialse fofun@ t o bHO:¢Fingd)l, adr t
which 1 s in agr eemenne twiytlhh &&heeh-dd hnseet r hvydl thiCepxmasn & r
temperature oxidation. Accordi hgGH:0Osi 8¢ eieameed 1 ,
ar e -dkiehtyod r o d KrDdH&P)d €er di hydr o p(eDrHPxCYB ec yRell B cc uertvt
CHi©Osi nt er medisahoevwhtl i n Fi g.

According to/E80hemerinedt me e€@ ar e ( OHEJwhii ch |
contain one hydr op &eeonxpye «ha poeurpe e rt th eartiedgtrdas! és comlaod s
be si mil arHi®Om ntdhls. e HofweG er ,Fiag, sdheewrs iigm al pr c
after 550 K, I nHl Pd anttiergnetdh aatt ecst mergh®€ be pr odi
For exaHo@lien,t e€C medi ates could al so cont @i.,)y. o0neEe
carbonyl al cohol ) . -hTyhder odpeecradnpipidsa stm ¢aGkkea foy k e t a d |
whosecondary nlkagt avne asitdaholirtees meay ap recCHuid e
car bonyVvihayldcroohgoeln .abstracti on

Fi§eshoasl ear fBErHafadt. 1 eV. KtodaBisgueal at ed

adiabatic | Es o00HBRssewkeos@rbBabhee-Q@i A4t a¥. rlamge
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agreement with tahree niehbes ehnegge oifh yadm oeptd rEE X0 S ee V) ,

(@]

thse-g-ée nyY-hydr opelrBOx il@ e elge) ¢ ng-hydr opelrE&xi0@e e{V) ,
cthseg-ény-hydropelrEB:xL 8eef)l.soThceayl cul at ed7sctalrdboinfyd
al coh3o3]sTheir | Es rangst fieymd&uwloOdet 0o oh.Fkdrde 4t
Thus, it is plaugHi®lree cteh avte st tae codrdanrabllo mayfl o @ | fc
especially at higher tempet eHudiest eAmetdhatepr s
acihdowever, 1 t§f3BE mbchOihd glhreliokmenldy btuat e t o t he
at 9. ®Bi €V 4

Apart f rpimmttehrenseed i Gt e s, ot her i ntm/rmeerdei aatlessc
det ect e dsHeOsauncdkH1 @/ 8 HiQ2atm/ 214, esduPdatnd Z30. The
appear ancsanakfi €t eegne dC at es i s more ieveiGltikiag .

3bver susi n5 3@ gK

3. L/H2Oxi nt er medidgdgt es (x=0

Fig8BdBdows/HIhéx@80Q intermedi SVIFIMBEIE s aArPéesd by
OTM$rovmeptane JSR and CFRSWHWHHIMBWS ainPdBE&TtMSo n .
results are wht §oedarhd pedmlfeimtnmEnt théee®mposi ti on o
i ntermedi at es; mas sH(ra a &HsC catrozt e agid@nadn/ dzg 2t we Ce
al so det ect BOHO, SeHIW , [6HO02, t @a¢HdE:ICNnt er medi3at eBadi n |
the appeanegig, ofashi€-iG more evident at, ehoioh ek
ver suk) .5310he tdeenppeenrdaetnutr esi gnaloO«pxdd i i @s eometdhe
present ddd adendl hFei geener gy scan for the$S&Se@&innt etrhmec
Suppl emaneal al

Thteempedapernd gmtal pheh Ol @s eo MmHlz6ad)ees si mi | a
thoseHi®fan@Hi1©s.Consivwitebptr evi o 80woRBKk] i s propos
mol ecul e dhontr@ipres oxrye gr oup aen.dg .t wmkyatrerpeac owxli dE
one hydroperoxy group, oOone caebihgethbhdgopeppoxgnc
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ther) codthe sepr obdyOtle d aals ciadt ed watfarotnheetHi @i nat i

Nt er madieakdeishoyr oper oxi des and/ or dvi i hdyadt roonp e r
abstract/Hdw nftreorrme@ i ates at carbon sitesanndot ¢
subsequent cyceH1D2 attieo metdo aft esm Glere, two ot he

product/H®ai mtfe rGne daisa tisslsoSvaah e meDuz2 & mod t 3 eoyitchoemp |

-

eaction system, only specific exampl patiswa$ct
and probable ftumedi@oxad) gmoepsmedi at es.

The Mfasresggupnoposidmh tioan ab st r Ackii mtne f modney £t e s
kehgdroperoxides and hydddperorytoythecratdhen
decomposition; for exaamp ea,bsSudbgd oFRdpergposmwema nse
(C7TKE®@&24) subsequent r eHa®Ot(ixedls itnhtaetr mMeeda dad-tes . C
hydr opRéedre@x yainsoncene of t he -hmodsrto paebruehxd pdhebsn & enb i d
[ L1]For si mpl faftioenmataiben r aacn li ponddd , f roadnd-hcyadrnbdgpré f s6i xt
2hept anmpenes e n$ @ lisehmoesvesr e O4C Nt er me d g atihdysdd per o x i d ¢
(G101 anHdO<Z) anhydeompmer oxy -Ee2 i told OF6H ehmast u( @

resul t from these reactions
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Scheme-aH2o m a b s t4haycdtrioopdehregit v(n©@hKE D4 )OH radi cal
subsequent imgaditEOond) laeebbdn abstractions at car
pr es elmteHd®, He ., He®:, aMHdOsE€pe airlesbel ed witéclbot d
wedge, and waveGCHi©nle,warse stheetce a twestd. [yaBiyh i H eer bti hnee t
CHi®O«(x4) inteamedprhokeateldy but no definite evid:¢

Asecpndpopa tthoway o d-Hiceri rtther Mendvi sHtadess t r act i on
cycet o @Hs0D) subsegdédnti ®©On izaantd eias, 06 m@md decompo
Scheme 3 pratscemmt &b stthreaecH-b-got nksyeltorf a h2y (d@4100f26 Ja a m
Ssubsequent ma h &t tobh OC(txa)t i nt er medi ates.- The
abstraction sites [i5>@late tchagrtktoait rsa h yed rodféuwaommd, Ot
2met Byt Hylt rahydr ofiurea@O 35 ddine ab-gt Hyelt r ah y2eyrlof ur
radianaH)© 25 ¢ 2net HB-gt Hyelt r a h ybdyrl o fr iarde nSalh)e m@n By r e a
initi a7t @25amennGi deredand Shbaemedb@LEDbsafeom Ai
To produkee(xkMd Cntermedi at easdditthidd @ 35res t Cvdst € h
esti matceodmpteot it da QRO wsictihs sHh@eB5 eo.f Tthe esti mated |
CHiD25d-C-O scissi’cghati s500 KO s'md BOBDRKOssuming tt
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const aaddiof rHOM25t€08 ICL0 i1 mo[l 3 3]t he a popradreern tr aftier sctc
of taeddiOt HaP25teo iG est i matskadr ttoh®H@EO-B#MPSE K1 ander
preeamt raitnoenndti t Tloenwe f e x p e xatd dti it s toen®v ®LOr sci ssi o
of/HO25 e anaxitdhet i on r eact/Hi@B5 aneicrh aAplpepddaaBs | @ | ¢
Kethoydr oper ox g(e cGElO-T) ,etdred h ycdyrcol pi sde oe@Ah €48 |

CH19s+10, &npg@h-1C)ouvalldse prddwddeds reaction mechani

SchemeaH3om abst-matbgbhwldfr ad y(ddHidO2-)bgn OH radi ca
Ssubsequent r et®Ot(ixods-atloamd abet Cact iiopr eastelnaeerdh o
CH1 O, HCE,, C/H1 03, aMmdOsLpearleasbel ed with bold | ine,

' ine, respe/ktOi(vxedly. i Thesme € hdoeateldy but no def
exi sts.

CHiOsspecmles4d4)oul d be praotdoanbostdr gt iFD#H 1O r om
i ntermedi at es,gAldes-Bctid 5, 20l e f-h ynd co @)et oxacelCi c
ethers irmr.fHhme t/8:0€11 ol efinic hyd)yDbDperokegficn

kethgdr opetHoxispe arldeys al so be -ptrordualkst rogcetHionni c
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