
ModelingforVapor-PhasもNitrationofEthaneandPropane

withNitrogenDioxideatLowerTemperatures
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TadaoYOSHIDA事andShojiNAKAHARA事暮i

Modelingforthevapor-phasenitrationsDLC2HCandCSH8 withNO2at.140-220℃

hasbeenstudied. TworeactionmodelswhichmightdescribeOurpreVi｡uSexperim-

entalresultshvebeenpresentedandthentheirvalidityhasbcen飴t')matedbycomp一

札nngtheconcentrationbehayiorofthesignifLCaJlt00mpOunds cdculatcd from thesc

modelswiththtobtainedexperimental)y. Theresultsshowedthatthesetwomodels

couldeILlCidAtethebehavioroEthetnaincompoundsalmostquaJltitativelyinspiteoE

thehctthatthenitrationsshouldbeverycomplicatedsystemscontainingagreatmzLELy

elemcJltAryrCACdorLS.

SometrialsEorquiLrldtdi▼einterpretationonthenitralionmechanismbyusingthcse

modelssuggestedthatNO皇TadicalshouldbethemostimportzLTLIspeciesforhydrogen

abstzac一ionfroTnthepaJ･aqtnsandthatinthenitJTationoEC2HO,CH3radicalshould be

mainlyprodtJCedかomC2HbOradicalthrough CH3CHO.CH3COONOandCH3COOr8-

diql.

1. rntroductjon

Theyapor-phsenitrAtionoEparaLf)nsisamost

interes血gonefrombothatheoreticalandanen-

ginedIngStandpoint,andhenceanumberofin-

▼estiptionshvebeencarriedoutsinoe about

19301)･ Wedsoprcsientedpreviouslysomepapモー

zsoni12)A). AIthough themechzLnistic aLSPeCtS

oEtheyapor-phzLSerLitmtioIISeemtObewellund-

erstoodquAlitatively,th αeAremanyimportzLnt

detailsthatstillneedtobeinvestigatedbeforea

completequ8mthtiveutlderstandimgofthenitrat-

ionispossible.SomeimportiLれtmeChanisticpro-

blemssuchASmdica)sinvo)vi喝 hydrDgenabstz-
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actionfrompar血路ns,oneofthemostsignifkant

reactions.mainreactionpathstogivenitroparaf-

finsandotherproducts.andapossibilityofpro-

dtJCiTtgnitropamqlnSduetochainr助ctionshve

beensuggestedanddiscussedbym血yinycstig8-

tor$1)3)1)7)-ll). However.itisVery dincu)Ito

exphinstJChproblemsquantitativelybecausethe

nitrationinaVeryOOmPlicatedsystemoontAining

agreatmanyelementaryreaCdons,andtherefore

anyavAihbleprocedurcsforanalyz;ingsuchaco-

mplicatedSystemandreliableinfomationonthe-

irTatcpzLramCterShavenotyetObtained.

Sevcmlnumerica)tcchiquesusedtointegrate

thesystemoEdiuerentialequationshaverecently

beenfoundtobeveryusehJlforexpress)ngthe

concentmtionbehaviorofaJlthespeciesinsuch

8COmp)池ledsystem8Sairpollutionla)･ Many

butnotsosu践CientmteconstBLntSOEtheeleme-

TILaryreactionsinvolvingthenitrationhave AJ80

beenptJblishedlB)･ wewouldthereEoretrytopr-

esentzLeaCtionmode一swhichmightbeab)etode-
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ScribetheconcentrationbehavioroEthemain〇〇一
mpoundBinthenitrBlion.basedon somereact-

iongChemc8preViouBLyBuggeStedl)的d current

ratecon8taJtt818). h Addition.wewouldtryto

cxphinwmeproblemsdescribedAboyequantita-

tivelybyusingtheserELOdels.

h thisWorkwe托StrictotJJSelycsbmodeling

fordlenitrationsoEC3HeandC3H8withNq At
lowertemp的 tuECSSt)ChAS140-20℃.Although

modelingforthenitndoTLSOEthepArdb With

HNO3AlhighertemperAbressuch ASAbout400
℃ isveryinter塔ting丘ombothallindustrid肌d

amalm iJlicstandpoint,itmightbedi岱cultlo

csLimatetheydidityoEthemodelswlthouthdJ喝

somestepwi与einycsdpdonsduetoEoLI○winBrCr

aSOnS;

1.IlmightbediqICu]tloobtdndieCOnCCntn -

tionbehavioroEthcmainproducts experizzr

entaIIyb∝auSeOlyery血stm ctions.

2.Thereactionsy8tCmmightbecomemuchmo-

recomplicated.

Ontheodlerhand.ilmaybemoreeasytOCArry

outthemodelingEorthenitrationatlowerLemp-
emture8becAu8ethemode)8includemuchEcw

reActiorLBAndbccnuseitwillbepossibleto esti-

matetheirvaliditysuqLCienllybycompiLring the

concentmlionbehavioroLthemainproducIS Cd-

cuhledfromthesemodebwiththatObtained ex-

perimentAJly3).
2. ReactionModol

FroJnOurprCYiouseJlPerimentsonthev叩Or-

phasenitrAtion80ECIHOAndC3H8With NOBat

lowertcmpemture3).theconceJltmtion behavior
oEthe8ipiEicAntintermedi&tcsand productsirk

thesystemshasdr飽dybcm obtained.ThtLSWe

p慨 ntedtwor也Cdontnodelswhichmighteluc-

idateOuJ.previouscxperimcntaJresults Eor the

nitr8tiorLSOEClH8WdCJ183),reEerTingtosome

previousinLorDAtionsonthenitrationnechanisml),

sdectingthenecessaryreactions.AJ)d Adopting

theirrcliAblemtepArame(ers.

TAb]cIand2ShowthereactionmodelsEor血e

nitrBti0n80EC2HQAndC8HowidlNO3.respecti-

vely. TheyAlidityoEthesetwomodelswaseSt-

imAtedbycompringlhctimeyari8tion8 0Ethe

signi鮎mIcompoundscalculatedbythe models

withth○SeobtainedinOurexperiments.Am

sysTEM177,Oneofdtcmethod80Equasi-sledy

stateapprOXim&lionB,Ⅵ屯8usedhrthecdculati-

ons. Alltheealcul8tion8WerePerfomedon A

HrrAC8800/870000mputcrAttheComputerCe-
ntre.theUniversityoETokyo.

3. ResuJtsandDIscuささ暮on

3.1.ValidityofRoactbnModel8

3.1.1. NitrationModolofC9HB

Fie.1shovstheconccntrBtionbehvioroEthe

signiGcmtcompoundscdcuhtedh)mthemodel

inTablelandthtobsezved ezperimentAHy in

Table1 ReactionmodelforthenitrdionoE

CBHowidlNOlAtlowertempenture
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Tab一e2 RcACliorHt10delforthenitrBtionoE

C3HewithNOBallowertenpenture
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thenitndonofC9H6withNOBundertypicalcp
nditionsB).
ASmbeseenfrOrnFig.1,t
hebe-
havioroECSHINO9AndCH3NO985mAinrlnAl

productszLnJthatoEC2H50NO21LSAmaininter-

mediateObtainedexperimentaJlyGmbeweHexpト

由nedbythistnodel.
Fig.
2showsyoriationsoftheconcentrationbe-

havioroECIHANO3WithteJnper81ureunderthe

sameconditionsASinFig.Iexcept
Forlemper8-

ture.At170-2
00℃thebehAyiorofC2HBNO2

也
)
cuhtedcanAlsoexplainexperimentaldataWC>

ll
.w
hileat220℃iLaneXPhinthedatauntil

themiddleoEthereactionperiodbutittanELOt

czphinaAerthAl.
The紀reSultsstJggesHhtaI

highertempemttLre80mereactionswhicharenot

includedinthismOdelmightbeinvolvedAfter

themiddleoEthereactionperiod.
However.orI
thewholethismodelmightdescribeerperimcnLAl

∫
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0 2 J 6Tl'mrl仙Fjg･3 ConccntrA
lionbehyioroEsipiL;cantcoErLpOuEL血 inthe

Ai的tionoEC3HswithNO3At15yClC3H8]○:
SxlOt■tnol/10△◇:eJlPdmenLaI.I-･:C&

IculaLted3.2 Rol8tlVOJnport8nCOforEELChRe

actionPBthllhASbecomeclearthatthe bc

h8YioroEthemainproductsinthenilrAliolはOf

C2H6and C3H8WithNOつ8日owerlemperAturesco
uldhewellc]uc

idAtedbythesetwomodeIBPresented.ThercEor

e.dteactivespeciesinyolvinghydzI0-genAbsL

racljon血･orntheprALLhS肌dthe mainpathsto

giverisetothesignirIcAntProductsI耶bcc

ndiscussedbycomparingthemtesoEthe00-mpctingr助ctionscaJcuhtedFromthesemodels.

3.2.1ActiveSpocjoBlnvolviq Hydrogen

AbstmctionfromPar8fffrlSNOImdicdisweulm

ovntoseryeAS8mainspcciesforhydrogeJlAbstTtCIionB･omp8ra仏nsh therLitrAtion80Lpqa

LhswithNOII).Thereisapossibilitytht.inad

ditiontolhi8NO3radicd.81koxylr8dic&lsproducedinthe

reactionoEa)blmdicAIwithNO2rAdi也Imight

AIsotakepd inhydrogenahstrBCtionJLBthe

nitmlionproceedstosomeextent. Therefore.in

ordertochTifi theztI山iyecontributionofthe托S

peCicstohy血ogenAbshction.theirratesbyebeen¢

81cu)AtCdfromtheseEELOdels.TAble3And4s

howyariaLionsoEdieCOnOm tZ3-donsofNO2andAl

koxy)mdicnlsAJtdthoseoEtheabstractionrates

bythB emdiq■lBWithdne血typi血lnitr81ioncondi

tionsolC3HIZLndC3恥respectively. AsciLnb

esoenbmTAB)e3ind4.inthebothELih tio

nsthe&bshcdonrat雌tqNChradicdaJttnudlq也t

qth机 thosebyAIkoxylmdicdsdurineAllth

ecou托eOLreJICdonbeatJSeoEmuch)owcrcono的 tntionsoEAlkoxyJmdic
alsinspiteoEtheirhrgcrmLeconS仙ItB.These

re-sults8ugge8ttlmlNOBrAdidlSh

ouldbethemostimportantSPeCiesforhydrogenAbStrACI

ion 丘omthepzLm仏nS.

Then.theeqectsoEthehydrogeJ)Abst

mctionratehmthep的 ainsbyNO3rAdicAJo

novemllreactionshavebeeEL仕8mined. Fig.4showsya

r-iation80Etheconcentration bclmVior oEthemain

prodtJCtSWi thk B_I.t
he ztteco rL8tAnloEhydrogen

abstractjon血om C3H8by NO 2mdicd. inthen i-

tfadonoEC2HOWithNO2underLypic8]conditions.
It皿nbe seeJlth



Tablo4 HydrogeTlabstractionr8tefromC3HBby
vAriOusradicalsinthenilratitInOfC3H8
withNOBat159℃
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0 2 i 6TT'J77rlhr3.IFjg.4 V
ariationsofconcentrationbehavioroE
signはcantcompoundswithkva-1ueinthenitrat

ionoEC2H8withNOB8t185T【CIH6コ○:5×1

04血ol/J,【NO2]｡:2×104mol/Jtheoyerdl

reaction_3.2.2 PathstoMainProductsinNitra

tionofC2H6Cltl丘NO2ismainlyproducedin

reactions(Ell)And(El°). C2H50NOBandC℡HBONO

zLrepm-duced血OmreCOmbinzLtionoEClHAOra

dicalfor-medfromreactions(E-1)and(E-5)withNqzLnd NOr8dicals.respectively(r印ctions(E-7)and

(E-9n.Thesecompo.undssubsequcnLIydecompsetogiveagainC2H50r

adicalaccordingtoreactions(E-12)and(E-1

3),respective)y. ConsequentlyC2HAONO2andC2H

50NOcouldbehveasinter-mediAtCSiLndthei

rconcentradonbehaviormightdependonbotht

hentesofdleirEormalioTtandde¢omposition.Ther

efore,theearlierincreaseoEC2H.i)NOBthat

C3H50NOmaybemainlyduelothehigherconcent

rationofNOBmdical,whiletheear)ierdecreas

eoftheformerthanthelattermaybeduetoit

sloweractivationenergyoEde-composition21

).AsthehteoEC2H50radical,therezLrealsos

omeotherpathsiLSShowninTAbleI. NzLmelyC

H3radical,CH3CHOandC2H40HareinitiallyEormcd

hmCBH50radica)byitsthermaldecom-posi

tion(reaction(E-ll)).byitsdisproportiona-1

ionwithNO2andNOradids(reactions(E-8)and(E-10))andbyitshydrogenabstractionh)m

C2H6(reaction(E-2)).respectively.Then,t



叫 ･■JI'd Ih巾 ) 内軸 Tb～05▲ 一
(抄▲lE･ZrQIP) 17 I.7 I.6 叩 DA) zZ L1 4

5B亡■qlI17 11 0の BqPOq 76 ■7 7▲帥
arJ) eZ AS 一〇 EJ!8qQ zD SB leE寸りすり I
l 一l もI EW Z▲S▲一lE-■巾OJl)7.I I.)0.7

9 EJl桝 10 7J 2.ZM 吋叫 081)○ )9 C･】桝 0.72ZI S

ZE･tq.lJ 7.I I.I 07I H沖 ･●I TO 7.) Z.2Fi
g.5 SomercACIionpdlSfromC2H五0+loCH
S+andr8tC90Ee)ementaTyr也Cti一〇nsinyolye

dinthenitntionofC2H6withNO24t185

℃[C3H8]0:5×1013moI/).lNO】】｡:2x1012TnOl/1

NOBradicA)AndAftcrthatNOradicalmaym血l

ycontrib

utetotheAbovedccrcASeOfC2H50mdjcaJdu

etoitsdi8prOPOrLionAlion.CHaCHOdluSprt>duc

edreactswithNO2rAdiαltogiveCH3COra-dic

al(reaction(E-17)). CHSCOTadicdsubscq-uen

dygivesrisetOCH3mdicalllm ugh twop&トhw&ys

. OneoEthqnisAdirectpathwaytoCHSradical

bythcTmAldecompositioELOfCH3COndi-caI(r飽e

tion(E-18)).Andtheotherisa如through thTee
托8CtionstoCH3radical. Thatis,aILiJStSte

pCHSCOradicAJreactsWithNO2mdi-cALtogiye

CH3COONO(reaction(E119)).whidl･thendecomp

osestoprovideCH3COOradica)(re-action(E-21)

)8nd丘nAJIy(CH3radicalisprodu-ccd血omsubsequentdeOomp

ositionolCH3COOmdicaJ(reaction(E-23)). h t

hiscase也ChrateoEreactions(E-19).(E-21)zL

nd(E-23)(1.8120Iloヰ,2.2-10x10･■And2.2-

10xlO~■mol/)･sec,res-pectively)ismuchI叩 erd

tAn that0freaction(E-18)(6.7-7.6x10-llmoI

/)･sec). Theseresu)tssuggesHhatCHSmd血1.shotJ

)dbemainlyprod-ucedfromCH8COmdic81throug

h reactions(E119).(E-21)zLnd(E-23).CH3

r&dicdtlmsproducedmaythengiverisetocH8NO2inthereACtiorLWithNO2radical(rcAケ Lio

n(E-24)). CH3rAdidImJlyAlsogiveriseto

CH30r8dicaJinthereactionwith NO2r8dica

J(rcACdonくE-25)). MoreoycrCH30rndicdma

yprovideCH30NO2,CH30NO,CH30HandHCHOin

thereactionsoErecombinAtionwiLhNO28mdNO

radicals(reACLion8(E-27)And(E-29)),hy-drog
enabstraction丘･om CコHB(rcAClion (E-3))Anddi

spmportion且donvilhNO2札ndNOmdicaJs(react

ions(E-28)And(E-30)).respectively.Ho-vever. th cscprodtJCtSqenotSOSip



4. Conclu9iol18

TheyA)idityohhetwomode)s prcsentedfor

thevapor-phasenitrAtiorIS01CIH6AndC3HBwi-

thNO28tlowertcmpemtlJreShasbeenは8mhed

bycompArison80EthecalctJlatedandexperinen-

tAllyobtainedconcentrationbeh&yioroEthesign-

iG也ntCOmPOund8.Thesere8ults 8howed tllat

theAboyetwomode)scouldclucidAteAlmostqu&-

ntitAtiyelythebehvioroEthemainproducts in

ourpreviousexperiments.in叩iteoLtheEAClthd

thenitr8tionsArcVeryCOmPlicAtedsyslcmscont8-

mtngAgreatmanyelementaryreactions.

h addition.SomctrialsEorquAntilatiyeinterp-

retationonlhcirreACtioTImechanism byusing

thesemodelssuggestedLhJltNqlmdic8LShould

bethemostimportantSPeCiesforhydrogenabst-
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低温での二酸化窒素によるエタンおよびプロパンの

気相ニトロ化反応のモデル化

田村昌三書,甲斐康朗事JI,秋田雅夫事,吉田忠捷事,中原正二桝事

140-2印℃での二酸化重来によるエタンおよびナtlバンの気相ニトtJ化反応のモデル化につ

いて検討した｡反応織鰍 こ関する従来の知見を参照し,必要な素反応を選択し,庇近得られた
倍額し得る速度バラメータを採用して反応モデル_を作成した｡これら二つの反応モデルの適合

性について封べた結果.これらのモデルは以前行った革者らの実紺 集をはば定丑的に記述し

得ることを示した｡次いで,これらのモデルを用いて.従来不明蝕であった反応脚 に関する

走丘的な解釈を鉄みた｡その結果,ニトt,化反応にとって韮重な過程である,.'ラフインからの

水素引抜き反応の活性攻撃種は全反応期間を通じてNO)であること,また,エタンのニトt7

化におけるC2H80からのCH3の生成はこれらの条件下ではC2H80からの不靴 によりまず

生成したCH3CHOが.次いでCH3COONO.CH3COOを象る魚拓が主要であることが明ら

かとなった｡
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