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ItETHILED CJI.IW4TUPI Tl?FIti5’ITIcIP{ STHTE THEOF’Y.

fIFSPLImTIm{ m COLLIWW EEFICTIOHS

kIBERT E. lJkILHEF?

THEORETICFIL IlxPxSxfJt+

CONSIDEP THE EFFECTS 0*- EOUNDR=Y CONJ31TIOPJS F4ND THE PLHCEMENT

OF THE TRSN”=ITIOPJ STHTE WPFRCE ON THE I@TST PPEDICTIOW. IT

IS SHOL4N THRT THE RELXSBILITY ❑ F W!l”ST 15 ~JOT 51NPLY CORRELATED

WITH RNY PROPERTY OF THE RERCTIUN PRTH PPOFILE (IEFw@IEP HEIGHT

OR PEHCTIOFJ EX13THERMICITY> ; FE*TUPE~ OF THE POTENTIR~ EFJEREY :,

5URFD3CE FISSOCIRTED WITH nTHER DE’FPEE= ❑ F FPEEI)UM NU5T W.Sa EE

CON=IDERED-

.

..



#
I. lt.JTFODUCTIf JtJ

●

THE RCCURHTE 50 LlJTIDtJ OF TH= THF?EE I~ItlEN510NRL 12UFIt4TUN

HFJWING TO

PRUDUCT5a

TREHTMEPJT

fi5SUMPTION FOR THE PRODUCT KIYNfitlIC5. THIS TRFJNSITIUN STRTE

THECIPY HS5UF1PTIUN 15 FJPPLIED TO THE =XRCT NIJNERICfiL SOLUTION ❑ F

S.TRTE 5URFRCE (TSW 15 POSITIONED TUkJfiRD5 THE nOkJPJHILL 51DE ❑ F
‘$

THE REFtCTSDPJ. IF RELIfIELEJ IT r= CIJFJCEIWISLE THRT M=JNY.FULLY



IN RPPLYING IIQTST TO THE PLRNH? H+H2 PEfiCTION? LIGHT JWJm

SICZEK <%1) f?m=om ENCJ3U-EING pE=uLT5 FOR TOTfIL EERCTZON

PROERBILITrE= FROM SPECIFIC RO”TRTIONPL =T*TE= OF REfiCTRNT5m

THIS CFfLCULRTION INI=LUUEE ❑ NLY ONE UIERRTIONfiL STfITE IN THE

CLOSE COUPLING EXPRM510N ❑ F THE 5CfiTTEPING kJHWEFUFJCTION? HND H5

SUCH DDE= NOT DIPECTLY INI)ESTIG=TE THE IMPUPTHNCE OF

VIERRTIONRL DEGPEE5 OF FREEDOM TO THE FEPFOPMfiN’:E OF II12TST. ~

TEST OF THE PEPFORMRNCE ❑ F IIQTST PEG1.lI@E5 H COMPRR150N DF THE

IKITST PREDICTIONS NITH E.XHCT CHLCULHTION5m ~INCE EXfiCT

CRLCULfiTION”S FOR THPEE DIMEM51UP4RL EXOTHERMIC PEfiCTIUt.J5 kJITH

SEVERRL VIBRHTION*L <W’Jn HEFJCE J’lRNY f?DTRTICJNRL) STRTES RPE

SOME~JHfiT OPEELY HMBITIOU5 PROJECT= ~T THIS TIME? ME H*VE

RPPLIED II12TST TO 5Eb’EPaJ- RERCTIb’E SYSTEMS WITHIN THE COLLINERR

RPPRUXIMRTION. THE CCILLIPJEHR SPPPOXIMTTUN SHOULD PROVInE R

RELIRELE INSIGHT INTO THE IMpOPT~NCE ❑ F ~IEHRTIUNRL mEGPEE5 OF

REPCF?T t-JE~E UPON THE PEHFDRMRNCE OF JI12TST FOR

FH2s FIFEs -NrI HEH2+ SYSTEMS.

IN THE PJEXT SECTIOFJ <SECTIOtJ 11)s LPJE REVIEVJ THE IJ12TSiT

METHOn F!NU DESCHIEE IM nETRIL HO~J IT 15 RPPLIED TO THE

COLLINEfIP PERCTIJ/E 5CHTTEPING FPO13LEM. lrJ %CTIJJN 111 HE”

PRE~ENT RE5ULT= FOR THE METHOII H= RFPLIED TCI THE FOIJF COLLIFJERP

5YSTEM5 MERJTIOFJED RECIPE. ~~.ECTIOrJ x!’ CClrJCLUf$E= kJITH R

mIsCU5sIUPJ OF THE PE5ULT50



II. THE lIU1’ST t’lETHOII

THE lKJTST METHOD DPERI=tT.E= ET 5DLLJING EXRCTJ_Y THE

SCHRODINI=ER ECWRTICJN FRDW Ff5YMFTCJTIC CCIMFIEIJPHTIUNS ❑ F

. IJG!TST RRE RFFLIED. IF THE TSS’ IS CHOSEhJ TO EE LCtCHTEn IN THE

RSYMPTOTIC FRJJPUCT REGION OF CONfIGIUR*TION 5PRCE! EXfiCT

PRODIJCTSS RUT RFITHER NE SEER TO DETEPMI?JE RCCUPHTELY ❑ FJLY

TDTfiL RERCTION PPUERRILITY FHOM SPECIFIC RERCTRNT 5TRTE5D

❑ F

THE

❑F

1s.

HOkJ THE PLRCEMENT ❑ F THE TSZ 15 RELfiTED TO THE 5HRPE OF THE

FOR THE SOLUTIUN OF THE CLOSE COUPLEn EPUHTIKJPJS FOR THE
.

~uLLIFJEHR FERCTIOE PROE.LEM! kJE PEFER THE RE~DE? TO RN ERI?LIER

DETRILED FRESENTRTION. THE hJUTHTIIJN

❑ F E’EFEPEPJCE 2- IJHICH LJE SHRLL REFE9 To

ERIEFLY9 COPJFIGUPHTIUFJ 5:PFKE 1s DIL~IDED
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J.JHERE THE

HEJ?MITIHN

EXPiit-JSIOrJ

5TRTES CHD=EPJ TO EE CONI}ENIEMT FOH THE ITH SECTOR.

cOIJPLED EpJJfiTInpJ~ Fup THE TpapJ=LJ+TI~NfiI- FJJ~~TIOHS

THEN 0ETRIIIE13

%(’)

.. “,
~.
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THE ❑ UTGOING FLUX IS DISTI?IE’UTED RNOPJG THE CH=NNELS DEFINED 13’I’

THE LOCfiL HRMILTOPJIRN ❑ PJ THE T5ZS SINCE fiNY UNITri@Y

TRRFJSFOPMRTIOPJ RMtYNG OPEN cHHMNEL= DEFI~JEn ON THE TSS L4XLL

PREE.ER~E THE TOT-L FLUX PFtS51NG THPOUGH THE SUPFRCE. HOL-JEVERJ



.

WHERE THE H5YMPTOTIC POTENTi’RL IS

v:(i)=k w+)
n
I&c

PeO~UCT HHMILTOFJIHN H-=

EXCEPT THRT THE CHRNNEL

REPLRCE~ BY THE PQO~lUCT LFIEEL #. THE PRIJKIUCT COtJPDINFI-TES



11:1

,, .:

y-’f&)=Vk-’sv))



id.p+i

WHERE THE INTERN-L 5T*TES Kn/ RPS EIGENFUPJCTIONS OF THE LQCRL

VI BRRTIONRL PDTENTIRl_s

.

llIFFICULTIES IN RPPLYING IK.ITST EX3uFJrIfwr CONDITICWJS fIR15E

RRE TO EMOLVE INTO THE PPOPEH ❑ NES

CHOICES RR= POSSIBLE~ RND THEPE fiRE mEFIrJITE PRUSLEMS bJITH

EITHEP CHOICE. THE FIRST LOGICRL CHOICE IS TU USE CHRNPJEL

MOMENTF EPPROPRIR7E TO THE EIGENl~@LUES OF THE LUCRL INTEPNHL

STR-rES RND THE TOTRL SCATTERING ENERGY, HU~JEVERS THIS CHOICE

PRODUCES UNmESIRRELE EESULTS.PJERR THRESHOLD FOR RERCTIONS kJITH ‘
,.

~ BPRRIER IF THE TSS 1S LOCRTED TOO NE*P THE E-F?PIER. -iN THIS

CR5E! IT MRY HRPPEN THRT RLL THE LOLRL CHRNNELS L-JILL 13E CL9S.EnJ
“

cRUS.ING UQTST TO PPE’dICT NO FLUX THPgUGH THE TSS RT RLL <ONLY

CONDI’;ION CHOICE IS TU uSE THE ASYMPTOTIC CHRFJPJEL NOMEFJTam IN

TO



CONDITIONS HERE.

KEEpIN!3 THE COMMEkJT5 RH3J.JE IN Mrrms kJE NOM PWSCEED TO

THE TSS LZES IhJ THE POLRP COOHIIIN*TE REGIOPJ ❑ F THE Y

RRRRFJGEMENT CHSNFJEI-$ RND YET THE FINHL HRMILTONIHN Em<ll) HRS R

FORM RFPROPRIRTE TO THE FRODUCT CHHTESIRrJ T’I’FE COURnINRTE5



.

THE SECTaR INDEX F IN ErPi15J PEFEH= TU THE FIML SECTOR IN

RPPROPRIRYE TO THE FOLRR ~lEF~ESEFJTRTItlFJ OF THE NR~EFIJNCTION IN

..

OF THE LJSVEFUNCTION IN bJHICH THE CURV*TURE TEPM= IPJ THE

F!PFLIED TO

NHEHE



-,

1

M.J----

.
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THIS PF!OCEIPJEE HfIS THE EFFECT OF INTRDIIUCINE w RRBITFWPY GWJD

UNIMPORTANT FOP IICJTST) FHF15E FaI=TnR II-J THE REiICTIUE ~-MHTRIX

ELEMENTS.

THE S-MRTRIX

MHTRIX$ UJHEHE N =

IS DETERMINED FOR

.OETRIFJED BY

NOPEN<*) +

THE PPODUCT

.

THIS PROCEDURE IS FtFJ <~{ X t’i>

CDPJFIGUPRTION SPREES FJO

ELEMENT”S PERTRI~JING TO RN’~ OF THE PpODUCT PUHtJTUM STRTES. FUR

EXRMpLE3 IF THE Z-MftTRIx Is PH=TITIONED





.

. III. FIPPLICFJTION OF ll~JTST

THE

SYSTEMS .

EXOTHERMI C, BOTH THE F+H2 RERCTION (1.3SEV) RND THE HE1-1+ + H

RERCTION <0.752EV) RRE MODERATELY EXIJTHERMIC; THE F+H2 SYSTEM

PRDCEEI15 WITH R SMRLL ERPPIER ([1.C146 E~>t WHILE THE HEH++II

RERCTIOFJ PROCEEDS HITHUUT HNY E*PRIE-. IN CONTPfi~TI THE H+F~

SYSTEM IS GREJ+TLY EXOTHEPMIC (4.3U Ew RND HH5 DFJLY R 5MRLL

<~ai~ Ev) BRPRIER. TJ.IE TCITRL REFJCTION PRUEREILITY JW R

FUNCTION OF TOTHL EFJERGY kJR= DETERMINED FOR E*CH 5Y=TEM FOR TL-JO

DIFFERENT CHOICES OF THE TSS. lHE=E TPHhJ51TION STRTE SLIPFJ3CES

FJRE SHOW IPJ FIG.2 FOR ERCH SYSTEM~ sJJpERIfblpn~E~ upoN =oFJTouR~

OF THE POTEFJTIRL ENERGY =URFaCES.
. .
.“”.?
..;.

.

EXRCT CnLLINERR CLCJ=E CO1.IPLIhJG CH~CULFiTIOPJS HHVE BEEN

PEPOWTEn FOR RLL THE =YSTEM5 TREitTED HEPE. THE H+H2 SYST.EM HPS



ENERGIES WE RRE INTEFE5TEm IN. 1’HE HRPM5N1C ❑ 5CILLRTOR ,..
J

THE VIRPRTIUPJ13L POTENTI=L RT ITS NINIMUM. THIS FROCEnLIRE IS

.



THE RE=ULT= OF THESE

FIG.4J FIG.5Z RPJII FIG.6.

RERCTION PPUEfiRILITY FPOM

-1



.-, .
Cu

THE ~QTZT CJ+LCULRTIOFJS TO 5HOL.J THE F?ESON*NCE FERTUPE J%T E =

0,~7 E;l fiNII TO CORPECTLY PRErII:T THE THRESHOLD BEHHVIUR NRY E.E “

RTTRI13UTED TO THE FORM ❑ F THE EUL’ IKIR%Y CUN131TIOPJ5.. IF THE

IJQTST CRLCULRTIONS FIPE TO COPPECTLY FRErlICT THE FESOFJRPJCE

EFJDI.IISJ+ TCJNFIPI)S FRODUCT

THE FOTEIJTIRL EhJEREY



POTENTIHL =UPFRCE EE1’~PJD THE TZZ PLR}’S H sx15r-41FICt%4T PRPT IFJ

THE EE5D?.J*NCED THE PPOIWEMS kJITH THE THPESHOLD EEHWIOP HWE

RLRERDY EEEN MENTIONED EY LIGHT FWJD SICZEK (%1) . USING

0VERE5TIMRTED0 1HE 5HORTEPJING OF THE ERPPIER

FE5FUFJ5;FLE FO@ THE, 0L~ERE5TIMfiTIUN ❑F

FOH THE .SIH CRLCIJLHTION FiT THF?E5HDLD. Ir.J THE S317

THOSE EFFECTS DIRECTLY RTTRIEIJTRELE TO THE FOEM ❑ F THE EOIJNDfiP”f

CONDITIOI.J5 FROM THOSE ~JHICH HPE IFJHEpENTLY R FRFT ❑ F THE

NEITHEP THE

E ‘c)

CL*IM THRT

TO FEPTUPE= OF THE SY=TEMS IN THRT

FfiR EPlrJEH OUT. INTO THE PRODUCT

THRE~HOLD EEHR1.~IOR IN IILITST CfiLCIJLfITIDPJ= RPFEFIR5. TO EE 5.TRUNGLS

DEPEF4DENT OFJ THE CHOICE OF E~UIJM1lfiHYCONDITIONS. THE SIL



:, .-l

LL

.



❑ F ENEPGYs RISING FROM THbE5HOLD NEFIF? E = 4, 6 E~ TO NEI%H IJNIT

FROEREILITY NERP ~ = 4.7 E’do THE KI13TST CRLCULRTIOr. S FIRE IN

=UI?.5TRNTIRL RGPEEMENT WITH THE EXHCT HE5ULT5? kJITH THE

EXCEPTIUN OF THE Slfi CFILCIJLRTIOPJ. IN FFICT3 THE EE5T

PEPFOEMRNCE NE MILL SEE 1?4 THIS P~PEP FOP THE IJ13TST METHUD 15 -

REfiCTIOrJ

THREE OR FUUP

kJHIJ_E THERE

CRSES J3PPJ-YINE ASYMPTOTIC CHRPJNEL MONEI-JTR HR5 THE EFFECT OF

INSERTIPJG H RFJPI13 DPOP IN THE POTENTIfiL 5UPFRCE TCJ THE FIrJRL
,.

ENERGETIc l/RLUEs ❑ F THE PRaDUCT5. EXPERIMENTFITICJPJ ~JITH OTHSH

FCJPM5 FOR THE IIQTST F.OIJPJIIRPY CO~JnITIONs ~1-l~I~E~T~ THfiT R Too

PRPID INCRERSE IN THE CHRNNEL MOMENTR M-Y CfiU5E PEFLECTIDFJ FRUtl

THE 5HRRP EDGE PPUDUCED BY THE llF?OP IhJ THE POTENTIRL SJPFHCE

Introduced RT THE TSS. ~UCH RFJ EDGE EFFECT MRY EE f?E5.F’0N51ELE
c

FOR THE LOW RERCTIOPJ PROEHEILITIE5 0E5.EHVED IrJ THE SIR

CRLCULRTIONm

,.,
.1..

FIt~RLLY$ IN FIG.6 THE DJ2TZT PESIJLTS FOP THE HEH+ +-h

~y~T’EM ftRE SHOWN. THIS sY5TErf rlIFFEPs FROM THE ❑ THEP5 IPJ THRT

THEJ?E 1“5 PJO RERCTIOPJ EFJPRIEP fiT RLLo EXRCT TPHN51TIOPJ

PROPSEILITIES FROM 5PECIFIC 5TRTE5 OF PEfiCTfiNT5 TO SPECIFIC

S.TRTE~ ❑ F PFOmUCT5 RRE cH~~R’~TEpIZEIt EY MfiNY 5HHRF HE50~JHNCE



STRTE5 fiHE J%5””(P1PTOTICHLLY CLOEED IPJ PPnIIUCT5.), THIS IS RN

EFFECT 51MILRP TO THE E’RF!PIER FENETPfiTIDN PPOELEM 0E5ERVEII IN

He 5Y5TEM PEEVICIU5.LYS EUT NOM HOPKIPJG It’J REVEP5E. AhJ

THE SIL CRLCULfITYUN RFPE~W5 TO GIVE EETTEP FE5ULTS TH~FJ

CFiLCJJLRTIOPJS EVErJ THOIJGH THE TS:I 1’5 P051TIOhJEm FURTHER

FPODLICT5 IPJ THE LRTTEP Cfi5Ea THE FIGPEEMEPJT IbJ THE SIL



●

.

.

F

DIRECTLY .9Y THE FORM ❑ F THE Illl:i.1 EOUNDRPY CONDITIONS FiNIJ THU5E

CRU=ED BY THE POTENTIHL 5URFRCE EEIt413 STIJDIEm. r’losT

TROUP.LESOME RRE THOSE EFFECTS CRUSEKC EY THE IK!TST RUUNDRRY
c

COMDITION=9 WHICH CRN EENEPHLLY EE EXPECTED WHENEIVER THEPE RPE

MRNY MORE ❑ R FEWER CH*PJNEL5 UPEt.J RT THE TSS THi+N THEPE RSE

RsYMPTOTICRLLY IrJ PPODUCT=a IN EITHER CRSES RN UNFORTIJPJRTE

CHOICE OF EOUNDRRY CONDITIONS HILL RE=ULT IN RPJ UNDERE5TIMRTION

OF THE CORRECT TOTfiL RERCTIOFJ PRORREILITY. IN THE H + H2 SIL

CRLCULRTION! THE USE OF LOCHL CHRNNEL MOME?JTR WHEPE THERE HF?E

NO LOCRLLY OFEN CHRNNEL’= RT THE RERCTIOFJ I?RP=IER CRUSES THE

l)QTsT FIETHOD To PREDICT NO RERCTID~J FPOEHEILITY RT ENER,3,TS5

kJELL REOVE THPE5HOLD FOP THE E.XHCT CR5E0 thl THE OTHER HHND!
-

THE USE OF H5YMPTOTIC CHWJPJEL NIJMENTR IN THE HEH+ + H sY5TEtt

CHU5E5 THE TDTRL RERCTION FPDsfiEILITY TO EE lJrJnEFEsTIrlFITE~

EECRU5.E THERE RPE M@PE CHHNrJEL5 CJFEN LOCRLLY THRPJ THERE fiFE

3sYMPT0TIc*LLY.

ft4 GEWERHLS HE ~nULD LIKE TO HFFLY FOUND*PY CONDITION5 IN



IjC!TST NH ICH

FE I=ITUEE5 OF

THF?UUGH THE T:32~ 50 TJ-JitT ❑ NLY

ENEPGY 51JPFRCE EEHIND THE TSS CRN

SO THRT

LO,~aLLY

LOCFJLLY

RLL THE

~olJPJ~HF’f COFJDITION=S REE.ULTS ❑ ET HINED USING THEM J%RE UE.UHLLY NO

IPJ SUtWIt=IRY~ IT RPPERP5 THRT THE LUCRL

CHOICE ❑ F EUUNDRRY COFJDITIDFJ5 FRUDUCE5 TP~ FEkJEST RRTIFICIRL

EFFECTS IPJ THE IK!TST RPPPO~:ItlfiTIDN? fit.JD15 THEREFORE THE

PREFERPED CHOICE. THE CJFJLY SERIOUS RR TIFICIRL EFFEc T U:XPJIF

THESE CONDITIONS ❑ CCUR= IN RERCTIONS NITH R EHF?PIk P kJt-tEFJTHE

Tss IS FZJE.XTIONEII TOO r.JEJ3W THE TOP ❑ F THE EHPPIEP! FJS IFJ THE H

+ H2 S1l- IEHL,GI.ILHTION. ~LTHUUEH TUt.JtJELIPJG THPOUEH EfiPRIER5. IS

FJLLOHED EY THE OTHER FUPN OF EOUNDrt@Y

H + Hi2 ~lFl CmLCIJLFJTIUPJ INDICFtTE5. THST

THEPE RPE NUT PE~LLY NUCH EETTER, 1bJ





RERCTION FRTH. fi~ ❑ NE ENTERS THE PERCTIOt.J ZONE FPOM eEfiCTRNTSS

THE LOCRL FOPCE CUPJ’STRNT DFC3P5 FPOM H VRLUE HEPPE”SENTHTIIJE OF

THE RE6CTRNT HS KIIRTOM TO ONE CHfiPfiCTEP15TIC UF THE TPiIN51TION

5TRTE GEOMETPY. LEtwxtils THE INTEHRCTION PEGIOPJ FIND PPOGPE551NG

:f
.“



OF THE VIERRTIONRLLY RGIRRRTIC )-JRTUPE OF THEIR CRLCULHTIOPJO

THE PORTER-KRRPLUS POTEPJTIHL ENERGY 5L’RFSCE FOR H3 t%~) -1s

VIEnRTIOPJRLLY SIMILf4R TO THE F + ~d SYSTEM IFJ THHT THE LUCHL

FORCE CD).JSTREJT FEPPENDICULHR TO PERCTION 15 SOFTEP IPJ THE”

IbJTEPRCTIOFJ FEI?IOPJ THaPJ IT 15 IFJ EITHEP F15YMFTCITIC VRLLE’ta ON

THE OTHER HmND? THE ~ + H2 PERCTION IS STPOFJGLY FPEFEPPED IN H

COLLIPJEFIR @EONETPYs DI.IE TO R STPUNG EEFJDI?IJG FOTENTIHL I?.J THE



To ~FI-lEE~E THpnlJ~3}l THE PUTt%TIDtJH1- EOTTLENECH It4 THE It.JTEF?HCTIDt.J

PEG IOtJ IS tJtlT LIHEL”)” TO EMCOUNTER t,PuTfiTIot.JfiL) FE HTLIF?E!E. ❑ F THE

poTErJT I ,;L SLIHF-,:E I FJ l=PorI1.l I:T “ I: UrJF ~ 13UPfiT I OFJ’5 HH I CH Cr3FJ REFLECT

FLUX EFICH THROUGH THE IN TEPRCTIUtJ FJEG IOFJ.



●
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(%1 1) G. C. SCHfiTZ~ .J. M. ECJHNI%N? fwn F1. KUPPEPMFIIJN? J. CHEM.

PHY5. 6~s 674 <1975) .

LETTEPS 39$ 75 <1976) .



FINRL CUOPDIH=TES
% ‘ ‘“’$

? COF?PE5FL1NU To NOTIUFJ 1;4

TUR?IJItJE CEFJTER (,TI:> .

FIG. ~m CONTOUR PLOTS FOP THE b’fiI-IaIJE ~KILLI)JEHP =ySTEMS STUDIED HEPE.
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