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DETRILED QUAHTUM TRAMSITION STATE THEOFY.

APPLICATIDON TO COLLIMERR EERCTIONS

FoeerT P. WALKHER
THeEaoRETICAL DIivIsSION
Los ALAamMozs SCIENTIFIC LAERORATORY

Los AvAmozs Mew MExICcO 57545

ABSTRACT

THE APFLICAERILITY OF THE DETAILED QUANTUM TRANSITIOM STATE
THEORY C(DRATET> oF LiGHT AMD Sr1czek (. CHEM. PHYs. B4y
1907 (1378)) I3 INVESTIGATED FOR SEVERAL COLLIMEARR SYSTEMS. ME
CONSIDEP THE EFFECTYS OF RBOQUMDAPY COMDITIOME AMD THE PLﬁtEMQNT
OF THE TRANSITIOM STATE SURFACE DM THE DOTET PPEDICTIOMS. IT
IS SHOWN THAT THE RELIREILITY OF LUATST 12 MOT SIMPLY CORPELATED
WITH ANY PROFPERTY OF THE REACTIOMN FATH FROFILE (EARRIER HEIGHT
OR PEACTION EXOTHERMICITY) ! FERTUPES a? THE FOTEMTIAL EMNERSY
SURFACE ASSOCIATED WITH OTHER DEFREES DOF FREEDOM MUST RA'-SO EE

CONSIDERED.



I. InTropucTION

THE ACCURATE 0LUTION OF THE THREE nxnsmsinmﬁL CUAMNTUM
PEACTIVE SCATTERIMGE FROELEM IS WIRTUALLY IMTRAZTAELE FOP ALL
BUT THE SIMFLEST ATAM-DLIATOM ZvVSTEMS DUE TO THE LARSE MHUMEER OF
COUFLED CHAMMNELS WHICH MUST EE TPEATED. FRECENTLY» LIGHT AND
S1czer (%1) DESCPIEED A METHOD FOR DETAIMIMG THE TOTAL REACTION
FROEREILITY FPROM SFECIFIED muauTuH STATES OF REACTANTSE WITHOUT
HAVIMNG TO EXFLICITLY FOLLOW THE SCATTERIMG DYHAMICS OF
PRODLCTS., THIS METHOD COMEIMES A FULL BUANTUM SCATTERIME
TREATHEMT FOR REACTANT DYMAMIZS MWITH A TRANSITION STATE THEORY
ASSUMPTION FOR THE PRODUCT LYMAMIZE. THIS TRAMSITION STATE
THEORY RASTUMPTION IS AFFLIED TO THE TXACT MNUMERICAL SOLUTION OF
SCHROEDPINGER' = EGUATION ON A SURFACE IN THE INTénﬁcTIun REGION.
FounnARY COMDITIONS ARE APFLIED OM THIS SURFACE =0 THAT AMY
FLUX RERCHING THIS SURFACE IS HEEUMEDlTD FE FURELY REARCTIVE
(DUTEOIMNG TOWASDS PRODUCTS)s AMD THE DETAILED DYMRMICS FOR THIS
FLIU¥ IS FOLLOWED MO FURTHER, THIS DETRILED GUANTLM TRANSITION
STATE THEaQrRy (IMNTET) AFPERRSE AT FIRST TO FE IDEALLY SUITED TO
HIGHLY EXOTHERMIC PEACTIOMSs FOR HWHICH THE QUTSOING FLUX
ASSUMPTION SEEMS INTUITIVELY WVALID =0 LOMS AS THE TRAMSITIOM
STATE suRFAcE “T33) 1S FOSITIAQHED TOWARDS +HE DOWMHILL SIDE OF
THE REACTSDOM. IF RPELIAELEY IT IS COMCEIVAELE THAT MANY.FLULLY
CUANTLM MECHAMICAL THREE DIMENSIOMAL PEACTIVE SCATTERING
CALCULATIOMSE HITHIN THE DITET FRAMEMORE WILL EECOME TRACTAELE.
SUCH CRLCULATIAOMS KOULD PEEU;RE & FULL DYMAMICAL TRERTMENT OF A
RELATIVELY SMALL MUMEER UF PEACTANT CHRMMELS (AT LOM RELATIVE

MIMETIC EMERSY) s SLT HOULD ETILL FPROVIDE IMFORTAMNT IMFOPMATIOM



L))

AEOUT THE TOTAL PREACTION FPRCEAFILITY FROM EARACH INITIAL STARTE OF

REACTAMTS.

IN APFLYING DRTET To THE PLANAR H+H2 REACTIOM) LIGHT ANMD
Siczex (%1) REFDRT ENCOUPASIMG PESULTE FOR TOTAL FEACTIOM
FROEBAREILITIES FPOM SPECIFIC ROTATIOMARL STATES OF RPEARCTAMTS.
THIS CALCULATIOM INCLURES QOMLY OME VIERARTIONAL STATE IN THE
CLOSE COUPLING EXPANSION OF THE SCATTEPRIMNSG HRAVEFUMNCTIDON: AND A3
SUCH DOES MOT DIPECTLY INVESTIGATE THE IMPORTANCE OF
VIERATIOMAL DEGPEES OF FREEDDM TO THE FERFORMAMNCE OF DRTSIT. HA
TEST OF THE PERFORMAMCE OF DATET PEPLIRPES A COMPARISOM DF THE
DRTET PREDICTIOMS WITH EX¥ACT CALCULATIONE. IINCE EXACT
CALCULATIAOMS FOR THREE DIMENSIOMAL EXOTHERMIC PEACTIONS WITH
SEVERAL VIBRATIONAL C(AND HENCE MANY ROTATIONAL) STATES ARE
SOMEMHAT OVERLY AMEITIOUS PROJECTS AT THIS TIME» WE HAVE
APPLIED DOTST ToO SEVERAL REACTIVE SYSTEMS MWITHIN THE COLLIMNEAR
APPROXIMATION. THE COLLIMEARR AFPPROXIMATION SHOULD PROVIDE A
RELIABLE INSIGHT INTO THE IMFORTAMCE OF VIBHﬁTrdNAL DEFREES OF
FREEDOM. UE WILL REPLFT HEPE UFOMN THE PEPRFORMANCE OF DRTET FOR

THE cOtLLIMNEAR H3s FH2» HF2s AMD HEH2+ =v=TENMS.

IN THE MNEXT sSeEcTIQM (ZECTIOM ll)e* WE REVIEW THE DRTET
METHAOD AMNL DESCRIEE IMN DPETAIL HOW IT IS AFRFLIED TO THE
COLLIMEAR PEARCTIVE SCATTERING FROEBLEM. In Sectrion II1 ue
FRESENT RESULTS FOR THE METHODL AS RFFLIED TO THE FOUR COLLIMEAP
SYZTEME MEMTIOMED AEQWE. LECTION IY COMSLUDES HITH A

DIECLUISEION OF THE PESULTSE,



II1. THe DOTET MeTHOD

THE DGETST METHOD OFERATES EV SOLKVING EXACTLY THE
SCHRODINGER ERPUATION FROM ASYMFTOTIC CONFIGURATIOMNS OF
REACTANTE UF TO A TRAM_ZITIOM STATE suRFRCIE (TSEY IN THE
INTERACTIOM PEGION WHERE EOUMDARY CONDITIOMS APFROFRIATE TO
DRTSET ARE AFFLIED. IF THE TSS IS5 CHOSEM TO EE LOCATED IN THE
ASYMPTOTIC FRODUCT REGION OF CONFIGURATION ZFACEY EXACT
SCATTERING IMNFORMATION HWILL EE nz%aznen FPOM SFECTIFIC RERACTANT
SETATES TA ZSFECIFIC FRODUCT =STATES. By FPLACING THE TEE 11 THE
SETROMNF INTERACTIOMN PEGIONY WE SO LOMSER EXPECT AN ACCURATE

DESCRIPTION OF THE =SCATTERIMG DYHAMICES TO

PECIFIC STATES OF
PRODUCTSs EUT RATHER WE SEEK TO DETEPMIMNE ACCURATELY DMLY THE
TOTAL REACTION PPROEARILITY FPOM SFECIFIC RERCTANT =STATE=S. DOF
COURSEYy ONE DF THE BUESTIODNS WE WOULD LIKE TO nﬁswsp HERE IS
HOW THE PLACEMENT OF THE T:X IS RELATED TO THE SHRARFE OF THE

POTEMTIRAL EMERSY SLURFACE LUMNDER COMIIDERATIOM AMD THE LEVEL OF

ACLCURACY TO EFE EXFECTED IM THE DRTET pESULTS.
H. CoLuLIinNERR REACTIVE SCATTEPRINMG

FoR THE =OLUTION OQF THE CLOSE COUFLED EGEUATIONS FOR THE
COLLIMEAR REACTIVE FROELEMY WE REFER THE RERDE? TO AM EéanER
PUELICHTIOM %%2) FOR A DETARILED FRESEMTATION. THE MOTATIOM
USED HERE FOLLOWE THAT OF FEFEREMCE &y HMICH WE SHALL REFEY TO
As FAFER 1 HEMCEFDRTH. EPRIEFLYY COMFIEUPATIOM =FATE IS LIVIDED

INTO THO ﬁRPr'ﬁN-SEMENT CHAMMEL SUESFRACES EY MEAMNE OF A MATCHING

SURFACE “LAEELLED M 1 FIS.1>., THE ARPPAMGECMEMT cHAMMEL OC



REFERS TO REARCTANT COMFIGSUAATIOME *H + EBEC3 AMD THE ARPRMSEMEMT

CHAMMEL 'J PEFERSI TO FRODWCT COMFISURSTIOME ‘HE + ).

In eAzH
ARPAMGEMEMT CHAMMEL WE DEFIME A MHATURAL COLLISIDN COORDIMSTE
SEYSETEM (s s HWHERE U IS A TRPAMILATIOMAL COQORDIMATE AMD VW IS A
LOCAL WIERPATIONAL COORDIMATE. HE PEACTION FROGPEISES TOWARDS
ASYMPTOTIC COMFIGURATIONSS L /MDD W TRAMIFORM TMOOTHLY TO F AND
PR3 HHITH RAPE PESFECTIVELY THE Mﬁsé SICALED ATOM=DISTOM

SEFARATION COORDIMNATE /MDD THE MAZSE SCALED INTERNHLICILERR

SEFARATION CTOORDIMNATE OF THE DIATOM.

THE CLOZE COUFLED EQUATIONS FOR PEACTIVE SCAHATTERIMS ARE
SOLVED EY THE F-MATRIX FROFPASATION METHOD DESSRIEED IM FAFER I.
EfcH ARPAMGEMENT CHAMMEL I3 ZUEDIVIDED IHNTO SMALL SECTORSY AMD
IM EACH SECTOR THE WISHER F-MATRIY IZ DETEPMIMED AMNALYTICALLY.
THE =ZECTOR R-MATRIIEEZ ARE THEM ASIEMELED RECURSILELYS USIMSG
EQURTIONS DETERMIMED ORIGIMALLY EY ZWIJAT AMD LIsHT (%30 TO

SIVE A SLOEAL FE-MaTRIX. THE ZCATTERIME MATRIY (E—=MRTAINI I

DETERMINED FROM THE SLOEBAL FE-MATRIX AMD THE ®FFROFRIATE

EQUNDARY —OMDITIONS. '

In ERCH SECTORY THE MWAVEFUMNCTION IS EMFAMDED IM

VIERATIAQMN=TRAMILATION ZTARTEZSY

B |
r@(u’v) = ,r[/l Z ynk"& Ct:‘n(vil) CE1)
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42
HHERE THE ol FRCTORIZATION YX4) Is CHOSEM TO GIWVE &

HERMITIAN IMNTERACTIOM MATRIXs AMND THE LOCAL VIERPATIONAL

EXFRANIZION EBEASIS Y5 it FRIMITIWVE SET OF HAPMONIC OSCILLATOR

ETATES CHOZEM TO EE COMVENIENT FOR THE ITH SECTOR. CLoze

COUFPLED ERVUATIONE FORP THE TPRPAMILATIOMAL FUNCTIOME 'g_“.(u.) ARE

THEN OETAINHED

G2

t)
HWHERE THE INTEPRPACTIOM MATRIX D Is e GIVEM IN PAFER I

2

'DL“:\. = ;\%‘1 ' ¥ ?7,%<¢’“‘\”fi\/-\/°+ e""g""E} ¢h> ($3)

A TRANZFORMRTION TO A CONTRACTED fET OF VIERATIOMAL EBEASIE

FUMSTIOME IS THEM FERPFORMED EY DISSQAALIZING THE IMTERACTIOM

L)
MATRI:, THE EISEMVECTORS OF D DEFINE A MNEW VIERATIONAL

ERASLS {I} AMD
iai ' WHERE

ZET OF ASSOCIATED TRAMILATIOMAL FUMCTIOMS
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wheve BT is the Aranspese of £«

THE (NOW UNCOUPLED) TRANSFORMED EQUATIAOMS AMD MAVEFUMCT IOM

MATCHIMNG COMDITIONS ARE ZATISFIED EY THE R-MATPIX PECURsIOM

ERUATIONZ. A GLOEAL R-MATRIX SFAMNIMNG COMNFISURATIAM SPACE FROM

ASYMFTOTIC REACTANTS (SURFACE H IM Frs.l) To THE TES 1=

ASSEMELEDY THIZ P-MATRIX SATISFIES THE PELATION
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HMHERE THE PLUZ SIGN IN ER(?) INDICATES THAT THE DERIVATIVES OF
THE TRANSLATIOMAL FUMITIONS ARE ALMWAYS THKEN TOWARDS LARGER
VALUES OF THE COORDIMSTE U, £QUHNDARY COMNDITIONE ARE ARPFLIED TO
THE GLOEAL R—MATRIX DEFINED 1M EP(Y¥)y ACCORDING TO THE

FROCEDURES DISCUSSED EELOW.
B. DGTST EpurpAPRY COMDITIONS

IN ACCORDAMCE WITH THE TRANSITION STATE ASSUMPTIONS WE
MISH TO AFPFLY EOUNDARY COMDITIONS SFECIFYIMG ONLY OULTSDIMG
(REARCTIVE? FLU» OM THE T:EE. IM PRINCIFLEs WE DO MOT CRARE HOM
THE BUTEO0IME FLUX IS DISTRIEUTED AMOMG THE CHANMELS DEFINED EY
THE LOCAL HAMILTOMIAM OM THE TE3s SIMNCE AMY UNITRPY
TRAMSFORMATION AMING OFEN CHAMMELS DEFIMED OM THE T35 wWILL
FRESERVE THE TOTAL FLUX PASSING THROUGH THE SURFACE. HOMEWVER>
WE DO WAMT THE EQUMNDARY CONDITIONE oM THE TIZ TOo TAKE A FRRM
ZuUcCH THAT THE [OTIT CALCULATIOME ARE GURRFANTEED TO REFRODUCE
EXACT CALCULATIDONS AZ THE TEE I MOVED TOWRPDE ASYMFTOTIC
PRODLUST COMFIGURATIOM=. UE HONWD ALSEO LIKE TO IMFOSE EQUMDAPY
COMDITIONS OM THE T3S WHICH DISTURE THE SCATTERIMG DYMSMICS AS
LITTLE AS FOSSIELE. RIT HWE =zHALL SEE LATERs THEPRPE IS wO
COMFLETELY SATISFACTULRY MAY TO ACCOMF CISH THIS SECOMD

OBPJECTIVE.,



B Foe. -
Eme POUNDARY COMDITIOMS meEREsarrmrres—sg THE LOTIT MeTHOD

ARE SIMILAP TO THOZE ENCOUNTERED IM STAMDARD PEACTIVE
SCATTERING FROELEMS. THE DRTET EoumDARY COMDITTIOMS DIFFER FIROM
THE EXACT SITUATION IN THE DEFINITIOM OF THE AEYHMPTAOTIC
HAMILTOMIAN FOP THE OUTSOIMNG FRODUCT STRTES. THE ASYMPTOTIC
REACTAMNT HAMILTOMIAN ISs IH TEPMS OF THE MASE WEIGHTED

SEFARRATION COOQPDIMATES Rx FMD r‘“ ’

_ \-\(Rac,\“b ;‘. —I’l_ %;R—: + %’r:) + \/: (‘\‘) B2

971
HHERE THE RARSYMPTOTIC FPOTENT:AL I=
. |
\1« (rd) = /QJVW\- \I(R.l,r.,) ¢E9>
- R o
ol

THE ASYMPTOTIC PRPODUCT HAMILTOMIAN HAS IDENTICALLY THE ZAME
FORM AS ABOVESs EXCEPT THART THE CHAMMEL ARRAMGEMENT LAEFEL o 1=
REFLACED EY THE FPROTUCT LAEEL -b’ . THE PRDODULCT COagQRDIMNATES

APE PELATED TO THE PEACTAMNT COOSDIMATES EY THE MASZE DEFIMED

RDTATION AMSLE 3? (X2 %5y HHEPE
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O THE T3Sy THE LOCAL MATURAL anLxsan COORDIMRMTES Cusi)
DEFINE MHOTIOM FERFEMDICULAR TO THE TEZ 02 amp 1IN THE TEE Q0
THESE COORDIMATES ARE RELATED TO THE ASYMETOTIC RERTTAMT
COORTIMNATES EY A TRANSFORPMATION =IMILmR TO Eo (103 HITH AM
ANGLE OF ROTATIOM INTERMEDIATE IMN WVALUE EETHEEM ZERO AND THE
REARCTANT TO FPRODUCT TRANSFORMATION AMELE ‘%} DEFIMED AEDVE.
S0 THAT THE DOTET EOUMDARY CONDITIONS RPE SUARAMTEED TO EVOLVE

INTO THE EXACT COMDITIOMNS AS THE 133 IS MOVED TOWSRDS PRODLICTSY

bi

WE DEFIME TYHE HAMILTOMIAM OW THE TZE A

L R
= —— | — = CE11D
oo 2\ " ov) ¥ Vi )
WHERE THE LOCAL VIERPATIOMAL FOTEMTIAL IS

\ITSS(V) = \/ (u-'r-ss ,V> CE1ED

IN THIZ FRASHIOMY THE SCATTESIMG HWALEFUNCTION FOR VALUES OF U



EEVOND THE TSE 153
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B130
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HWHERE THE IMNTERNRL STATES W ARE EIGEMNFUNCTIONS OF THE LIOCAL

VIBRPATIOMNAL POTENTIAL.,

IIFFICULTIES IN APPLYING DUTST EoUMDASY COMDITIOMNS ARISE

~

IN SPECIFYING THE CHANNEL MOMEMTS kn. oF Ep(13) mSsSOCIATED
”~n
("
HITH THE INTERM™'. STATES wr IF DA(ET EQUNDARY COMDITIONS

ARE TO EVOLVE INTO THE PPOPER OMES ASYMPTOTICALLYs OMLY TwWO
CHDICES ARE POSSIBLE» AND THERE RRE DEFINITE PROBLEMS WITH
EITHER CHOICE. THE FIRST LOGICAL CHOICE I35 TO USE CHANMEL
MOMENTFR APPROPRIATE TO THE EIGENVALUES OF THE LOCAL INTEPNAL
STATES AND THE TDTAL ZSCATTERING EMNERA3Y. HOMWEVERs THIS CHOICE
PRODUCES UNDESIRAPLE RESULTS. NEAR THREZHOLD FOR REACTIONS WITH
A BEARRIER IF THE TS% IS LOCATED TOO MERP THE EBARPIER, iN THIS
CASEY IT MAY HAPPEN THAT ALL THE LOCAL CHANNELE WILL EBE CLOSED)
CAusINnG DOTST TO PREVWICT MO FLUIX THRIWGEH THE T3% aT aAaLL (aoruy
LOCALLY OPEN CHAMMELZI “AN CARRY FLUX). THE OTHER ROUMDARY

CONDIVION CHOICE IZ TO JUSE THE ASYMPTOTIC CHAMMEL MOMEMTH. In

THIS APPPOACHY FLUX TUMNMELIMNZ THSDLGEHM A EAPRIER 15 ALLOWED TO



FENETPSRTE AMND AN IMFROVED DNITET FERPFOPMAMCE AT THRESHOLD IS
OETARINED. THIZS SECOND CHOICE HAS DRAWEACKS ALE0. FOR Mamy
REACTIVE SYSTEMSs THERE ARE MURE CHAMMELS OFEN LOCALLY AT THE
TES THAM THERE HAPE ASYMPTOTICALLY. THESE ADDITIOMAL LOCAL
CHAMMELE MAY EE BUITE SUBSTﬁNTzéLLv FOFULATEDs EUT THE JSE OF
FINAL CHANMEL MOMEMTA FORCES THE FLUX¥ IM THESE CHANNELS EBACK
ACROSS THE TEE AaMDp REsuLTSs IM DATET UMDERESTIMATING THE ACTUAL
TAOTAL REACTION FROEAERILITIES. EBEOTH EOUNDARY CONDITIOMN CHOICES
HEPE INVESTIGATED EY LIGHT AMD ZICZEK (%12 FOR THE PLANAR H +
H2 sv=TEMY AMD EACH PROWVIDED FREDICTIONS OF COMPARPAELE
ACCURACY. WE HWILL PRESENMT RESULTS FOP EOTH TYFES DOF EDUNDARY

COMDITIONS HERE.

KEEPING THE COMMENTS AEOVE IM MIMDY WE NOW FROCEED TO
DISCUSS MOW THE EOUMDARY CONDITIAQNE OF ER{l2) mRE AFPFLIEDs IM
MATRIX FORMs TO THE FINAL SLOEAL F-mMATRIX®X OF Epd{(7). GEMERALLY?
THE T3S LIES IM THE POLARP COORDIMATE RESIOM OF THE Y
ARRAMGEMENT CHAMNMELS AND YET THE FINAL HAMILTOMIAM ERC11) HAs A
FORM AFPROFRIATE TO THE FRODUCT CARTESIAM TYFE COORDINATES
{gNLY ROTATED?. FOR THIS REASOMNY A PULﬁn—EanTEEInN MATCHING
FROCEDURPE I35 FERFORMED OM THE R—MATRIX EBEEFOPE EOUMDARY
CONDITIONS APE APPLIED. THIS FROCEDURE 15 REGUIRED EECAUSE THE
DUTSOING FLUX ASSUMPTION OM THE TI5 IMRELIES THAT FRODUCT
STREAMLIMES HWILL EE FERPENDICULAPR TO THE TII ¢Zge Frs.l1lx,
THEREFDREs IM THE LAST FROFASATION SECTOPY THE FOLAR-CARTESIAM

bl
~
MATCHING FROCEDURE GIWVES A HEW R-mATRIX R * HHEPRE
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AND g: IS THE =SYMMETRIC MATRIX

©)

/NO Y |
Cuww = ’)(,n rrLZ' X, ($15)

THE ZECTOR INDEX F IN EC1S) PEFERE TO THE FIMAL SECTOR IN

ARRAMGEMENT CHANMNEL ‘{ WHOSSE OUTER EOUNDARY IS THE TSS. THE

®
VIERRATIOMAL EASIS FUNCTIONS 7(w 1M Er(14) ARE THOSE

APPROFPRIATE TO THE FPOLAR HEFPRESEMNTATION OF THE WAVEFUMNCTIOM IM

THE FINAL SECTOP §P$:N HHICH THE INTERACTIOM IS DIAGONAL) »
[,

HHEREAT THE EHSI%AGS AFPROPPRIATE TO A CARTESIAN RPEFRREZEMTATION
OF THE HAWVEFUNCTION IN HWHICH THE CURVATURE TEPMEZ IM THE

CAQUPRL.ING MATRI: ARE SET TO ZERO. THE CARTESIAN EBAZIS

F)
DIASOMALIZES THE CQUPLIMNG MATPRIX flj IN THE FIMAL SECTOR HHEN

41 =2 1 1y Encd).

BauvnpAary <gMDITIOMS FOR THE DRTET METHDOD APE AERFLIED TO

THE F—-MATRIX Ti oF Ep(l4> TO SIVE THE I-MATRIXs WHERE
=
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HHERE ‘4 I= A DIASOHSL MATRI X
=

OF AEYMPTAOTIC CTHANMEL Honsmg;uuuuﬂ""’
AND

-Snn' QXP(LV: R:,o) )C,\qanne\ n optn
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CR1gD
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THE CHAMMEL MOMENTA Ln FPE THOSE AFFPROFRIATE FOR ASYMAETOTIC

RPEACTANTSY AMD AE DISCUSSED EARLIERs THE CTHAMMEL MOMEMNTA

¥
¥“ FRE CHOSEM EITHER TO EE THOZE REPFROFPRIATE TO THE LOCHAL OP



o<

FINAL FRAODUCT VIERATIOMAL EIGENETRTES. I crAMMEL ol R., I=

THE VALVUE DF THE REACTANT AT OM—HMOLECULE ZEPARATION OM ZURFACE H
. 0
v FIG.): AND IN CHANMEL § R{ IS THE VALUE OF THE FRODUCT
ATOM=~MOLECULE SEPRRATION DN THE T38. HOueEvERY IM THE FOLFAR
oo
REGION OF THE PRODUCT CONFIGURATIOM SPACE) (Z{ IS NOT COMSTAMT
ad
oM THE 35 AMD THE VALUE OF Ri ON THE PEACTIOM FATH IS USCGD.
THIS FROCEDURE HAS THE EFFECT OF INTRODULCIMNG AN ARBITRARY (AMD

UNIMFORTANT FOrR DOTET) PHASE FACTOR IM THE REACTIVE E-MATRIX

ELEMENTS.

THE S-MATRIX OETAIMNED EY THIZ PROCEDURE IS AM M x HN»
MATRIXs wHERE N = MOPEM(«®)> + HOPENC ¥T>. BecAusE NO DYMAMICS
IS DETERMINED FOR THE PPODUCT COMFIGURATION SPACEs MO
SIGNIFICANCE IZ ATTACHED TO THE VALUES OF INDIVIDURL S-MATRIX
ELEMENTS PERTARINIMG TO ANY OF THE FRODUCT CURMNTUM STRTES. FOR

EXAMPLESY IF THE S—MATRIX IS PARTITIONED

ol s

192
\

CEL9D
L8 11 '

v
WHERE THE MATPIX ;i 13 DIMEMIIOMED (HDPEHa}LJ 3¢ NOFEM .Y 20

< -
THEN ONLY THE THO EBELOCKE = AMD -— FRE AMNALYIZED FOP THE

pupspsex oF DOTST. IM PARTIZULARY ME APE IMTEPESTED IM THE



1e

o+
TOTARL RERCTIOM FROEAREILITIES P FROM =PECIFIC =STRTE=S OF

L
REACTAMNTS (o€} s MHWHERE
N ¥
. = v L& 7= 1D)
A J*

IN EVALUATING THE RELIAERILITY OF [UTIT WE ZEEK TA COMFARRE THE

ol +
TOTAL SEACTION PROEREILITIES Fl HITH THE COPPESFOMDIMG VALLES

DETERMIMED BY EXACT CALCULATIONE,



I11I. AFrPLICATION OF DRTET

Tue [ATET METHOD WA= TESTED OM SEVERAL COLLINEAR BREACTIVE
SYSTEM=. WE sTupieEn THE HE+H REACTION On THE PORTER-FARPLUS
(%6) POTEMTIAL £URFACE! THE HZ+F rREFRcTIOM ON THE LEPS supfFAcE
DESCRIEED By MUCKERMAN (%X7) (HIS SURFACE #32» THE F2+H mReERCTION
OH THE SURFACE DESCRIEED EY JormaTHAars OrupAs Ann Timoein 458D
(suprFRcE I1>y AanD THE HEH+ +H PeERcCTIDM OM THE DI'TM suRrFACE OF
Kuntz 9. THE H+H2 REACTION IS THERMOMEUTRAL AMD HAS A LARSE
REACTION EMRPIER OF .40 g¥Ys HHEREAS ALL THE OTHER SYSTEME ARE
EanHéanxc. BoTH THE F+HZ pERCTION (1.33Y? AMD THE HEH+ + H
REACTION (0.?5EEV)-HHE MODERATELY EXOTHERMICS THE F+H2 svysTeEM
PROCEEDSE WITH A SMALL BAPPIER (0. 045 EV) s WHILE THE HeH++H
REACTIOM PROCEEDS WITHOUT AMNY EAPRIER. IN COMTRASTY THE H+F2
EYSTEM 1S GREATLY EXOTHEPMIC (4,00 EY? AND HAS DMLY A SMALL
(0.10 V> EAPRIER. TKE TOTAL REACTINOM FROEAERILITY AS A
FUNCTIOM OF TOTAL EMERSY WAS DETERMINED FOF EACH SYSTEM FOR TWO
DIFFERENT CHOICES OF THE T38, THEZE TRAMSITION STATE SURFACES
ARE sSHOWN IM F13.2 FOR EACH SYSTEMs SUPERIMPOSED UFON CAMNTOURS

OF THE POTENTIAL ENERGY SUPRFACES.

EXACT COLLINEAR cLUEE COURLING CALCULATIONS HAVE EBEEN
PEPDRTED FOR ALL THE SYSTEMS TREATED HERPE. THE H+HZ =v=TEM HRS
BEEN STUDIED MANY TIMES AND HAS ESEM THE SUEJEST OF MANY
REVIEMS (2102, THE F+HE COLLIMNESP REACTION WARS OPIGIMALLY
ETUDIED EBEY SCHATZs EBowmAMs AND b urpepMaMM (110§ THE HEM2+

EYETEM MAS EEEM STUDIED EY HDAME (31838 AND THE H+FS SvSTEM HAS



EEEM ETUDIED EY LOMNMORs JAMUEETZ AMD MAamz 05120, In ALL chszes
OuR EXACT CALCULATIONE AGREE MWITH THOIE FUELISHED FREVIOUILY.
For THE H+FZ s=v=STEM: MHE EXTEMDED OUR CALCULATIOMNE TO ENERSIES
HWHEPRE AS MANY AS THREE REARCTANT F2 STATES MERE OFEM. THIS IS A

SOMEHHAT HISHER EMERSY PAMGE THARM REFORTED ERRLIER 1323y AMD

EECRAUZSE THIEZ =YETEM IS =0 HIGHLY EXOTHEPMIC: A PREARSOHAELY LARGE

——
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A= DESCRIEED IMN THE FREVIOUE ZECTIONY THE CLOSE COUFLING

c—
BASIS EXMPAMSIOH 15 REPUIFED TO COMVEPRSE THE rﬁLFULﬁTIDN.‘iEZ;;,

ERUATIONS WERE SOLVED VWSIMG THE FE-MARTPIM FPROFAZATIOM METHOD AMND
A COMFUTER FPROGRAM MOW GEMERALLY AVAILAELE (¥X14), OHLY SLIGHT
MODIFICATIONS OF THIS PROZRAM HERE RERUWIRED TO IMFLEMENT THE
DATET METHOD DESCRIEED HERE. THE FPDSRAM OFERATES AT DESCRIEED
IN PARPER ]y EXCEFT THAT A MOPE FLEXIELE CHDICE DOF THE HARMDOMIC
DSCILLATOR PRIMITIVE EASIS IS MECESSARY TO TREAT THE H+F2
SYSTEM FROPERLY. BECAUSE THIS REACTIOM IS S0 HIGHLY
EXOTHERMICY THERE ARE AS MANY RAS THIRTEEM FPRODLCT HF
VIBRATIONAL CHAMMELS EMERGETICALLY ACCESZIELE AT THE SCATTERING
ENERGIES HE ~ARE IMTERESTED IM. THE HARMOMIC DSSILLATOR
PRIMITIVE EASIS DESCRIEED IM FARFER 1 I= ALMAYE CHOSEM CEMTERED
AT THE MIMIMUM OF THE LOCAL VIEPATIONAL POTEMTIAL AMD
CHARACTERIZED Ev A FORCE COMSTANT CHOSEN FOR THE CURVATURE OF
THE WIEPATIOMAL FOTEMTIAL AT ITS MIMIMUM. THIS FROCEDURE IS
NORMALLY SATIESFACTORYY EUT ?nn CRLCLLATIONS PERUIRINSG A VERY
LARZE UIEPATIOMAL ERSISs THIS CHOICE OF B PPIMITIVE EASIS MAY

EE FOOP IM DESCRIEBING HIGHER VIERATIOMAL STARTES OF THE DIATOM.
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FORP THIS REARSOM» THE CENMTER OF THE HAPMOMIC OSCILLATOR

PRIMITIVE FASIS IS NOW SHIFTED TAWARDS LARGER DIATOMIC \

\

SEFPARATIOMNE AND THE FORCE COMETAMTY IS LOWERED. THIS PP.DCEDUP.E.

|
GIVES A PUITE SATISFRCTORY FRIMITIWVE EASIS FOR THE DEZCRIPTION

OF THE HIGHER EIGEMEZTATES OF THE FOTEMTIRLY AMND HAS USED FOR

i
ALL THE CALCULATIOMS PEFORTED HERE, I TRELE 1 HE suMmARIZE )

( T
SR FRAPAMETERS CHAPARZITERPIZING THE CARLCULATIONS PEFORTED HERE.

THE RESULTS OF THESE CALCULATIDOME ARE SUMMRRIZED IN FIG.3»
Frc.4s F15.5» AMD F15.5. IN EACH FIGUPE WE PLOT THE TOTAL
REACTION FROEARILITY FROM THE GROUND STATE OF REARCTANTS TO ALL
FIMAL STATES OF PRODW:TES. IM THE (A PARTS OF THE FIGURES THE
DOTST PREDICTIONSE USING ASYMPTOTIC CHAMNEL MOMENTA RRE SHOWM:
AMD IN THE CORRESFOMDIMG YBY FPARTS OF fHE FIGURES SHOW THE
DATST PESULTE USIMNG LOCAL CHAMMEL MOMENTA. IMN EACH FISUREY THE
SOLID CURVES SHOW THE EXACT TOTAL RERCTION PROEAEILITIESS THE
DOTTED CURVES SHOW THE DOTET TOTAL REACTION FROEBAEILITIES FOR
THE TSES PLACED AT v = 7.1 AN (1 AD = 589 x 10(=2)CM)s AND THE
DASHED CURLE SHOWS THE DRTST pezuLTzs 3R THE T3S AT W = 0.3 AL,
IN ORDPER TO SIMFLIFY FUTUPE PEFEREMNCES TO THE VARIOUS
CALCULATIONSS WE WILL ADOPT THE FOLLOWING NOTATION. THE
CHARACTERS S1 AMD 33 WILL BE Ws=ED TQ PEFER TO A DRTET

CALCULATION MWHERE THE TIE HAS EEEM PLRZED AT O = 0.1 oR u = 0,3

Aly RESFECTIVELY. UE THEM RFFEMND THE CHRPACTER R oF L ToO
DEMOTE WHETHER ASYMFTOTIC ORF LIOTAL CTHAMMNEL MOMSENTA HERE
EMPLOYED IN THE POUNDARY CONDITIONME. THEREFORE:» A REFEPEMCE TO
THE S3A cALCULATIOM IMPLIES THE DRTST meEsuLTs For THE T23 ar

0.3 A0 USINGE ASYMPTOTIC CHRAMHEL MOMEMTA.
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IN FI15.3 THE REZw. . = FOR THE COLLIMERP H + HZ =vsSTEM &RE
SHOMN. ME HILL DISCuss THIS SYSTEM IM S0ME DETAIL® EECAUSE
MAMY OF THE FROPERTIE= OF THE DRTET APFPOXIMATIOM HWILL EECOME
EVIDENT IM THIS ZYSETEM AND MWILL EE SEEN AGAIN FOR THE OThER
SYSTEMS TO EE COMIIDERED. MISING ASVMPTOTIC CHAMMEL MOMEMTA
THE MOST HNOTAELE DIFFERESMCE tETwEéN THE ExACT AlD DATET peEsSULTS
accurs HERR E = 0,87 EYs WUHERE THE EXAMCT CALCULATION Z=HOWE THE
HELL KMHOWN PESOMANCE FOR THE H+HZ sveTtiEm,. THE DRTST
CALCULATIONS DO NOT SHOW THIS FEATURE FOR EITHER FLATEMEMT OF
THE TE3%5. bHEN THE TIX 13 FPLACED AT 0.3 A0 STHE S3A
CALCULRTION!s A EROAD FEARTLULIPE IN THE TOTAL REACTIOM FROEAEBILITY
1s SEeN FROM E = .7 TO .8 EYS THERE IS MO STRUCTURE EVILEMT AT
ALL I THE DRTET eEsSULTSE FOR THE T25 AT .1 Al (vHE iR
CRALCULATIOM?. HT THRESHOLD EMNERSIESY THE 5S1H REsULTS
OVERESTIMATE THE TOTAL PEACTIOM FROEAEILITYY AMD THEM FALL
EELOW THE CORPECT PESULTE AT HIGHER ENMERGIEZ. THE I23A REsSULTS
SHOW AN IMPROVED THRESHOLD EEHAWIOR: PUT =TILL UNDERESTIMATE
THE TOTAL REACTION PROBARILITY AEOWE THRESHOLD. THE FARILUPE OF
THE DATSET CALCULATIOMNS TO SHOW THE RESAQMANTE FEATURE AT E =
0;8? EY AMD TO COPBPPECTLY FRELICT THE THRESHOLD EEHAVIDR MAY EE
ATTRIEUTED TO THE FOPM DOF THE ROV IDRAY CONDITIOMS, IF ThHE
DOTET cALCULATIONS FAPE TO CORRECTLY FREDICT THE RESOMANCE
FEATLREY THE T35 MUST FE FLACED FRP EMOUGH TOMARDS FRODUCT
CONFIGURATIOME THAT ALL FEATUPES OF THE FOTENTIAL EMERGY
SURFACE PEZFOMNIIELE FOR THE RESTOMNSMIE LIE WITHIM THE TSI anp
THE ASVMETOTIC PEACTAMT COMNFISUPATIOM SFACE. IM THMIS CASE: IT

APPERRS THAT MISSING THE REISOMAMCIE SIMPLY INDICATES THART THE



FOTEMTIRL SZURFARCE EREYOMD THE TEI FPLAYE A SIGHIFICAMT ;EHT IH
THE RESOMANCE. THE PPOEBLEMS MWITH THE THRESHOLD EEHAVIDR HAWVE
ALREADY EEEM MEMNTIDMED EY LIGHT AnD SIZZER (X1). Usims
ASYMPTOTIS CHRMHEL MOMENTR CAUSES THE PEACTION EAPRIER TO EE
CHOPPED OFF AT THE TSEs AND FLUX TUMNMELIMNS TH;DUGH THE EAPRIER
IS FREQUERTLY OVERESTIMATED. IJHE SHORTENIMG OF THE EARPRIER
APFPEARS TO EE PESFOMSIELE FORP THE OWVERESTIMATION OF
PROEREILITIES FORF THE S1A CALCULATIDN AT THREZHOLD. In THE S3A

CALCULATIONs THE TEE I35 FAR EMNOUGH EEHIND THE PEAZTION EARRIER

THRT TLUMHELIMEF IS MORE CORPECTLY ESTIMARTED.

We qaw TurRM T THE H + HEZ SvsSTEM LUSINS LOCAL CHAMMEL
MOMENTA IN THE BOUNDHRY COMDITIONZ. FRFLYIMG EOTH SETS OF
BEOUNDRPY CONDITIOMNS IS FREBUENTLY BRUITE HELFFULL IMN SEFARATING
THOSE EFFECTZ DIPECTLY ATTRIBUTRELE TD“THE FORM OF THE EOUNDARY
CONDITIONS FROM THOSE HWHICH ARE IMHEPREMTLY A PART OF THE
SCATTERIMNG SYSTEM. FOR EXAMFLEs JUST A= IM FIs.3As NEITHER THE
S1L om S3L cALcuLATIONE OF FI1E.3E sHOW THE E = 0.87 Y
RESOMAMCE STRUCTLURE. THISZ OBSERPVATIOM SUPFORTSE THE CLAIM THAT
THE RESOMANCE IS5 MISSED DUWE TO FEATURES OF THE SYSTEMs IM THAT
THE TES HAS NOT BEEN PLACED FAR EMC J3H OUT INTO THE PRODUCT
VALLEY TO ENCOMPASS ALL THE FEARTURES OF THE POTENTIAL SURFACE
RESPONSIELE FOR THE REZOMANCE EEHALTIOR. ON THE DTHER HAND:
THRESHOLD EEHAVIOR IN LOTET CALCULATIDME AFPPEARE TO EE ETRONSLY
DEPEMDENT OM THE CHOICE OF EQUMDARY COMDITIONS. THE SIL-
CALCULATION HAS A MISEPAELE THREIHOLD EEHAVIORY FPEDICTIMNG HO

REACTION FPOEBABRILITY AT ALL EELOM » TOTAL EMER:EY OF 0.5 Y.

THE FAILURE TO FPEDICT RMY PEACTIOM FROBAEBILITY HEPE ARISES
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EECAUSE THERE ARE MHA CHAMMELS LOCALLY OFEM AT THE T35% rOpP THIS

CRLCULATIOM. EECAUZE OgMLY OPEM “HAMMELS CARPY FLUXs THE TOTAL

REACTIOM FROESERILITY = ORVIOUELY UNDEREETIHMATED. THE use oOF

LOCAL CHANMEL MDMEMTA MARMES THE ERPRIER FOR AMY LOCALLY CLOZED
CHARMMEL AFFEAR IMFIMNITELY THICH, THERE FRPE LOCALLY OFEM
CHAMMELS AVATLAELE OM THE 33 TRAMEITIOMN =TATE SURFACEY AMD

HENCE THE 33L cALCULATION FROVIDEZ A MUCH MORE RERASOMRELE

ESTIMATE OF THE TAOTAL REARCTION FROEARZILITY AT THRESZHOLD.

I F16.4 THE DIRTET PESULTE FOR THE F + HZ =v=TEM ARE
sHOWM. DOF ALL THE SYSTEMS STULRIED HERPE THE DATET
AFPPROXIMATIOM 15 WORST FOR THE F + H2 sv=TeEmM. THE EXACT
CALCULATION IS CHARMCTERIZED EY A SUCCESSIDM OF SHARFE RESOMAMNCE

FEATLURESY HMHOME OF HHICH RARE SEEM IM THE DOTIET meEzuLTS, In EOTH
THE S1A AND S1L cALcuoLaTIOoM:E (F1s.9A AMD FIG.4E) THE TOTAL
REACTION FROEAREBILITY PISES FROM THRESHOLD OUICHKLY UP TO WUNIT
FREAZTIAOM FROERPILITYY AMD ESSENTIALLY STAYES THERE OVER THE
ENTIPE EMERGY PANGE CONSIDERED. POVING THE T3S OUT FURTHER
OMLY FARRTIALLY IMPROWVES THE DAOTET meEsuLTsY EOTH THE 2R amp S3L
CALCULATIONS GEMERALLY OVERESTIMATE THE Tn}aL REACTION
FPROEAEILITY. SINCE THE GEMERAL QURLITY OF THE INTET peEsuLTs
FOR THIS SYSTEM ARE LESS =EMZITIVE TO THE FORM OF THE DRTET
EDUNDRARRY CONDITIONS (LOCAL VS, ASYMPTOTIC MOMEMNTA)Y HWE SUSFECT
THAT THE FPOOR FERFOPMAMCE OF DRTET 1= RELATED DIRECTLY TO THE

sHAFE OF THE F + HZ FDTENTIAL EMEPTY ZURFRAZE. WE RETURM TO

THIS FOINT IN THE MEXT SECTIOM.

In F15.5 THE H + F2 =v¥STEM 13 STUDIED, THE EXA=T TOTRL
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REACTIONM FROERSEILITY FORP THIEZ =VETEM I3 A VERY SMOOTH FUNCTION

OF EMERGYs RISIHNS FROM TH.PEEHDLI' HEARR E

4.5 EY TO MEARR UMIT

FROEREILITY MERP E = 4.7 Y. THEe DOTEIT CALCLLATIONS ARE IM

SUESTAMNTIAL ASREEMENT WITH THE EXACT éEEULTs: HITH THE
EXCEFTION OF THE 31R caLculATIOn. IM FRCTY THE EEST
FERFORMAMCE WE MWILL SEE IM THIS FPAFEP FOP THE DOTET METHDD IS
FOR THIS SYSTEM MHEN LOCAL CHANMEL MOMENTA APE USED IN THE
EQUNDARY COMDITIOMS. IT IS MOT CLERP wHY THE S1A RERcCTIONM

FROEBAEILITIES RRE UMNDERESTIMATED. THERE RPE DMLY THREE OF FOUR

CHAMMELS OPEM AT THE 31 TSE IM THIS EMERGSY RAMSES HHILE THERE

ARE THELVE TO THIRTEEM CHEMMELE OFEM ASYMFTOTICALLY. In THI=

CARASEs APFLYING ASYMPTOTIC CHAMMEL MOMENMNTAR HARAS THE EFFECT OF

INSERTIMSG A PAPID DROP IN THE FOTENTIAL SURFACE TO THE FIMAL

ENERSETIC VALUES OF THE PRODUCTE. EXFERIMENTATION MWITH OTHSR

FuPM= FOR THE DRTET EOUMDAPRY COMDITIOMS SUE

EETE THAT A TOO

PAPID INCREASE IM THE CHANNEL MOMENMTA MAY CRUSE PEFLECTIOM FROM
THE SHARP EDSE FPODUCED EY THE LROP IM THE POTEMTIAL SURFACE
INTRODUCED AT THE TES. 3SuUcH AM EDSE EFFECT MAY EE RESFONSIELE
FOR THE LOW REACTIOMN PROEAREILITIES OESERVED IM THE =18

CALCULATION.

FraLLyYs IMm FI1s.5 THE DRTEST peEsuLTS FOR THE HeEH+ + H
SYSTEM APE SHOWN. THIS S5YETEM DIFFER: FROM THE OTHERS IM THAT
THERE 15 MO REACTIOMN EAPRIER AT ALL., EXACT TRAMSITIONM )
FROFAEILITIES FPROM SPECIFIC STRTES OF PEACTAMNTS TO SPECIFIC
ETATES OF PRODUCTS ARE CHARACTERIZED EY MAMY SHARF RESOMANTE

FEATULRPESYy AMND YET THE TOTAL REACTIOM FPAFSEILITY 1= A

FELATIVELY SMOOTH FLNMCTIOM OF EMERSY. EgrH TH=E 1A anDp S3A



CALCULATIONS FOP THIS =YETEM LVERY STROMGLY UHDERESTIMATE THE
TOTAL REACTION FROEAMEILITY. THE WUSE OF LOZAL EOJMDAPY
coMDITIONS IN THE EZ1L Anp 320 CcALCULATIOMNS IMFROVES THE ITIT
FREDICTIONSs EUT IM MEITHER CA=E ARE THE DOTET FREDICTIONS
ESPECIALLY PELIAELE. THIS IYSTEM ALS0O DIFFEPS FPROM THE OTHERS
IM THAT THEPE FARE SIGMIFICAMNTLY MORE CHAMMEI.E OFEM AT THE T33
THAM THEPE ARPE IN EITHEP THE ﬁEvHETaTzc RERCTAMNT DR FROLOUCT
CHARMMELSs DUE TO THE PELATIVELY TDEEF HELL IM THE FGTEMTIAL
SURFACE. HT THE EMEPSY RAMSE CONSIDERED HEREs THERE I35 OMNE
OFEM REACTAMNT CHAMNMEL: FIVE ASYMFTOTICALLY OFEM FRODUCT
CHANNELSY AMD TEM OF ELEWEM CHAMMELS OFEM AT THE T35, THE VERY
LARGE NIUMEER OF CHANMELE OFEM AT ThE 13X causzes THE S1A AMn 33A
CALCULATIONS TO UNIDERESTIMATE THE TOTAL REASTION FROEBABILITY!
EECAUUZE FLUX LOCALLY POPULATIME THE P SHER WIEBPARTIOMAL STRTE
AT THE 135 ré FORCED EACK TO THE REACTANT CHANMEL (SIMIE THESE
STATES APE ASTYMPTOTICALLY CLOSED IN FPRPODUCTSE),., THIS IS aN
EFFECT =ZIMILAR TO THE EARRIER FEMETRPATION FPOELEM OESERVED IM
THE H + HZ =¥=TEM FPREVIOUIELYY EUT MOW HORKIMGE IMN REVERSE. ]
Fis.6py THE Z1L cALCLULATIUN AFFEARS TO SIVE EETTER RESULTS THAM
THE 33L CRLCULATIONS EWEM THOUGH THE T3% Iz POSITIQMED FURTHER
TOWARDS FPRODUCTS IM THE LATTER CHASE. THE ASPEEMEMT IM THE 1L
CALCULATION IS FROEBARELY FOPRTUITOWSY IMDICATING THAT TURBLILEMCE
IN THE SCATTERIME WAVEFUMITION IS MOST LIKELY LO-ALIZED IM THE

FRODUCT REGION OF CONFIGURATION =FACE EEVOMD THE =1 TIE,
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THE FrERFOPMANCE OF [TET A= REFPESEMTED IM FIGs.3-5 1S
CLERPLY VARIARELE. IN SOME cCASESs FsUCH As THE H + F2 =v=TE
DOTET 15 PEMARARKAELY ACZCURATES AND IN OTHER CASESy SUCH AS THE F
+ HZ sy=TeEMs DATET 15 uvmPELIAELE. IN IMNTERFRETIMNG DOTET
RESIUILTS! IT IS NECESSARY TO COMSIDER THO EFFECTS THDSE CAUSED
DIRECTLY %Y THE Fnén aF THE DTEH) EOUNDARY COMDITIONZE AND THOSE
CAUSED EY THE POTENTIFL SURFACE EEING =TUDIEDR. IMosT
TROVELESOME SNRPE THOSE EFFECTS CAUSED By THE DRTET EounDARY
CONDITIOMNSY WHICH CAN GEMEFALLY BE EXPECTED HHEMNEWVER THERE APE
MANY MORE OR FEWER CHAMMELS OFEM AT THE T3S THAM THERE ®RE
ASYMPTOTICALLY IMN PRODUCTS., IMN EITHER CASEY AN LINFORTUMATE
CHOICE OF EOUNDARY COMDITIOMS WILL RESULT IN AM UNDERESTIMATIONM
OF THE CORREST TOTAL PEACTION FRPOEBREILITY. IM THE H + H2 S1L
CALCULATIONY THE USE OF LOCAL CHANMEL MOMENMTA WHERE THERE MRE
MO LOCALLY DOFEM CHAMNELS AT THE REACTIOM EARRIER CRUIES THE
DRTET METHOD TO PREDICT MO REACTION FPOEREILITY AT EMERFTES
HMELL AEOWVE THPREZHOLD FOP THE EXACT CA3ZE. OM THE OTHER HAMND
THE USE DF AEYMPTOTIC CHAMMEL MOMENTA IM THE HEH+ + H své}en
CALEES THE TOTAL RERCTIOM FROSAEILITY TO EE UNMDEFREZSTIMATED
EECAUTE THERE APE MOPE CHAMMELE DFEM LOZALLY THAM THERE FAPE

ASYMPTOTICALLY.

IN GEMERALY HE WOULD LIKE TO AFFLY EOUMDARY COMDITIAMS IN
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DRTET WHICH MAXIMIZE FLLOX THROWSH THE T3%» =0 THAT oOnuy

FEARTURES OF THE POTEMTIAL EMEPRPGY TURFACE EEHIMD THE T35 CAN

CAUSE FLWU¥ EMTERIME FROM REACTAMTS HNOT TO PEACH THE TiX%3. Mope

WORK MEELS TO FE DOMNE TO DETERPMIMNE DIRECTLY HOW TO EHNFORCE

]

FOUNDARY COMDITIOMSE MAXIMIZIMNG FLUX AcCROSs THE T3I.

7

. AT FIR=T
THOUSHT OHE WOULD WAMNT TO AFFLY EDUNDARY COMDITIOMNS AT THE TSS
0 THAT ALL CHAMMELS IM THE CLOSE COUFLING EXPAMNEIOM APE GIVEN
LOCALLY FOSITIVE KIMETIC ENERGIES. I[N THIZ WAYY ANY FLUX
LOCALLY FOFULATIHE AMNY CHAMNMNEL IS GIWVEM A CHANCE TO PROFPAGATE
ALL THE MWAY TO PRODUCTS. HASIDE FROM THE FAPTIFICIALITY DF THESE
EQUNDARY CONDITIONSs RESULTS DETRIMED WSIMGE THEM ARE LZUALLY MD
EETYTER THAN THOZE USING LOCAL CTHAMHEL MAOHMEMNTA. RS HAS
MEMTIONED IM THE DISCUSSION OF THE H + F2 SYSTEMs CAUSING
LOCALLY CLOSED CHAMMELS TO RFFEARR TO HAVE POSITIVE KINETIC
EMERSIES OFTEM CRERTES EDSE EFFECTS IMH THE C(FICTITIOUS)

FOTEMTIAL EMERGY SURFRACE, THESE EDGE EFFECTS CAUSE SPURIOUS

REFLECTION OF FLUX EBEACH TOWMARPDS REACTAMTS.

In sUMMARYY IT APPEARPS THAT THE LOCAL CHAMNEL MOMEMTA
CHOICE OF EOUNDARY COMDITIONS FRODUCES THE FEWEST ARTIFICIAL
EFFECTS 1M THE IMTET AFPPROXIMATIOMY AMD IS THEREFORS THE
PREFERPED CHOICE. THE OHLY SERIOUS ARTIFICIAL EFFECT US IS
THESE COMDITIONS OCCSURE IMN RERITIONS WITH A EARPIER WHEM THE

TSS 1T FOSITIOMED TOO MEARP THE TOF OF THE EAPRIERP: AS IMN THE H

+ M.

(1]

Ell. cALCULATION. HALTHDOWSEH TUMHELIMNG THRPQWEH EFRPRIERS IS

ALLOMED ¥Y THE OTHER FOPM OF EQUMNDMRY COMNDITIOMEZY EXAMIMINMNE THE

H + HZ 1R cALCULATION IMDICATES THAT THE DOTET FPREDICTIOMS

THEPRPE ®APE MNOT PEALLY MUCH EETTER. IN THI= CRZEY THE XAPPRIEP I3



MADE TOOQ THIN EY THE WEE OF FINAL CHAMMEL NOMEMTA. Uzins

AEZYMPTOTIC CHAMMEL MOMEMTWA ALZO CAUSES FPRDELEMS WHEMN THERE /RPE

MAHY MORE OR MAMNY FEWER CHANHELS OFEM ®AIZvMPTOTICALLY THAM THERE
ARE LOZALLY» AT IM THE H + F2 1A maMp THE HeEH+ + H 1A anp S3A
CALCULATIONS. HRTIFICIAL FROELEMZ WITH DIOTET LocAL cHAMMEL
MOMEMNTA EQUNDRRY CAOMDITIOMNST MAY EE AYOIDED BV FLASING THE TIS

FAR ENQLUSHM EEYDOMD AMY REACZTIOM EARPRIER TO ACCURATELY ACCOWUNT

FOR TUMNNELINS.

THE MOET HOTAELE FRILURE oF IMTIT 1n PPEDICTING TOTAL
REARCTIOM FPOEAEILITIES (ASIDE FPROM ARTIFICIAL FPROELEMS
DISCUSSED AROVE)? DOCCURT FOR PERITIWVE SYETEMSE WHICH SHOMW
PROMOUMNCED PESOMAMNCE FERTUREZS, FOR THIEZ REARzONs THE DITIST
RESULTS OBTAIMED HERE MWERE GEMEPRALLY EEZT FOP THE H + HZ2 AmnD H
+ F2 SYSTEMZ) HHICH SHOW COMPAPRATIVELY LITTLE REZOMAMCIE
BEEHAVYIOR. DATST REZULTS FOR THE HIGHLY REZOMANT F + H2 aAmMD
HeH+ + H =¥=STEMS ARE COMSIDERARELY MWORIE. THE FAILUPE oF DAOTET
TO SHOW PESOMANCES MUST EE ATTRIEUTED TO THE VERY MATURE OF THE
DRTEST TRANSITIOM STATE ASIUMPTIOM, PREZUMABLY THERE ARE
FEATURES OF THE POTENTIAL EMNERGY SURFRCE EETHEEM THE T3S AMD
ASYMRTOTIC PRODUCT CONFIGURATIONS MHICH FLAY AN ESSENTIAL FAAT
IN THE DVEPALL REARCTIONMN DYMNAMICE., EoTe THE F + HZ2 Anp HeEH+ + H I
SYSTEMS ARE EXOTHERMIC (THOUGH MOT AS EXOTHERMIC AS THE H + F&
EYSTEM)* AND ALL THE SYSTEMS ETUDIED HEPE' EXSEPT THE HeEH+ + H
EYSTEM: HAIYE A EARPIER TO PEACTION. COMNSIDERING THE nELA}rus
FrERFOPMANCE OF [HTET FOP ALL THESE SYSTEMS» IT AFFERPS THAT OMNE
CANMOT FREDICT HOW WELL DOTET wriLL po FRSED SOLELY UFPONM

FROPERTIES OF THE FOTEMTISAL EMERSY ZLURFACTE PELARATED TO



EMERSETICE ALOMNE THE PEAZTION FATH. For THIZ MEARSOMs IT

AFFPEARE HMECESZARY TO ALE0U CTOMSIDERP THE FPROFERPTIEY OF THE

POTENTIAL SURFARZE FERFEMNDICUWLAP TO THE REARCTION FRATH.

THE MATURE DOF THE RESOHANMTE IM THE F + HZ =v=TEM HMEAP £ =

1.65EY HAS FEEM STUDIED IM DETAIL Ev LAaTHAMy MoHOoTTs EEDmom AHD
WyRTTC%1S)s AMD HASE EEEM SHOWM TO EE HELMTED TO THE SHAFE OF

THE EMEREY COPRELATIOM DIASRAM FORP THE =YSTEM IM THE FROIUCT
RESIDN OF THE FOTEMTIAL EMERGY SURFRACE. THE ENERGY CORRELATICON
PIASPAME FOR THIS TYSTEM ZHOW MELLS IHN THE TPARMELATIOMAL

COQRPIDIMNATE MWHICH ARE PPRODUWCED EY THE EFEHAVIOR OF THE LOCAL
CURVATLURE DOF THE POTEMTIAL EMERGY ZURFACE PERFEMIDICLULAR TO THE
REACTION FATH. H= OME EMTERS THE REACTION TOME FPROM REARCTAMTI)
THE LOCZAL FOPCE COMSTAMT DROPE FPOM A VALUUE REFPPESEMTATIVE OF
THE RERCTAMT H2 DIATOM TO OME CHARACTERISTIC OF THE TRAMSITIOM

STATE SEOMETPRPY. LEA IMNE THE IMTERACTION PEGIOM AMD PROSPESSING

TOWARRDE FRODPUCTSs THE LOCAL FORCE COMETAMT Incni:iii-nﬂn,--
APPROACHES F 'SLUE AFFROFRIATE FOR THE PRODUCT HF DIRTOM. Hs
THE LOCAL FORCE COMSTANT INCREASESY THE VIERATIOMNAL EMERGY
LEVEL SPACING IMCREAZES MORPE RAFIDLY THAN THE FOTENTIAL ALDHSG
THE RERCTION FATH DECPEAIES., THIE EFFECT GIVES FISE TO THE
TRAMSLATIOMAL HELLE WHICH LATHAM ET. AL, K15 HAVE -
DPEMOMSTPATED ARE REZPOMNSIELE FOR THE 1:=0 TO v '=2 THRESHOLD

RPESDMSMCE AMN THE SLOW RISE IM THE w=0 TO v =3 REARCTIOM

FROEFAREILITY FOR THE F + HE =v=TEM.

WE MAY IMTEPFPRET THE FRILUWPE OF [MZT ToO =ZHOM PESOMAMIZE

FEMALVIOR IN THE F + HE E¥STEM IM THE FOLLOWIMNG WAY. THE DOTET



HMETHOD RPELIES OM THE TPRAMIITION STARTE THEORY AZEUMFTION THAT

FLUY CPROSSING THE TII CUMTINUESZ OM TOWARLI ASYHPTOTIC FRODILCT

COMFIGURATIONE WITHOUT AMY EACH PEFLECZTIOM. LCLEAPLY THEMs IF
DOTET FRILE TO =HOW THIZ REZQOHANCE EEMAIORs IT MUST FE DUE TO
MULTIPLE CROSIIMNGE OF THE T332 (IN A CLASSICAL SEMNSE). IM THE
CcAsE OF THE F + HZ =v=TEMy IT AFFEAMPE THAT THE WVIERATIODMAL
“SPUEEZING" OF THE FOTEMTIAL EMNERSSY SURFACE IM THE FRODULCT
VALLEY IS RESFOMIIELE FOR DIRECTING FLUX ALL THE MWAY ERCK INTO
THE REACTANT VALLEY. LLASSICALLYS DME WOULD EXFECT TO FIND
TRAJECTORIES &T THEIE EMERGIES WHWICH =HOW THE SYZTEM
PROGPESSING ALOMNS TOWARDSE PEACTIONY EMCOUNTERIMG THE WALL OF
THE POTEMTIAL SURFARCZE FROWVIDED EY THE MHARROWING OF THE VALLEY
IN THE PRODLICT REGRIOMY AND PEFLECTIMNSG EACK TOWARDS REACTANTS.
SIMILAR EFFECTS ARPE MOST LIKELY PESPONSIELE FOR THE RESOMAMCE

EEMAVIOR SEEM IM TrE H + HZ AND HeEH+ + H =vy=TEMS.

IN THEIR STUDY OF THE PLANAPR H + HE PEACTIOMY LIGHT AND
Si1czex (1) OFRSERVED A BUITE ITATIZEFACTORY FERFOPHAMCE OF [DOTET
IN PREDICTING TOTAL REACTIOM FPROEBAERILITIESE. [T WOULD APFERR
THAT THE REASON LIGHT AND SICTEK (K1) OESERVED SUCH SOOD
EEHAVIOR FOR THE PLAMAR H + H2 CALCULATIOM IS IN PART AN EFFECT
OF THE VIERRATIOMALLY ADIAEBATIC MATURE OF TQE:R CALCULATION,

THE FORTER-KARRPLUSE POTEMTIAL EMERSY SURFATE FOR H2 (X&) -1:

VIERATIOMALLY SIMILAR ¥YO THE F + HE SYETEM IN THAT THE LOCAL
FORCE COMITANT FERPENMDICULARP TO REACTION IS SOFTERF IMN THE
INTERACTION REGIAN THAM IT IS IN EITHEP ASYMATOTIC VALLEY. On
THE OTHER HAaMDy THE H + HZ PERCTION IS STROMSLY FREFERPPED IMN R

COLLIMNERR JEDQMETRYs DUE TO M ITRDMNG FEMDIMG FOTENTIAL IM THE



IMTERAZTIOMN PESICH. IH THIZ TENZSY THE ROTATIOHAL CHAPARITER OF
T HZ SURFACE I3 PUITE COFFOSITE 10 THE WIERATIOHAL CHARAITER.
THe [IDOTET TRAMEITIOMN STATE AZZUONSTION WOULD FE MUCH EETTEP FOR
ROTHTIOHAL DESREES OF FREEDDMs IM THAT AMY FLLXY HHICH MAMASES
TO SCUEETZE THROWSH THE POTATIONAL EOTTLEMECK IM THE IMTERACTION
PEGION IZ HOT LIKELY TO EMCOUNTER (ROTATIOMAL) FEATURES OF THE
POTENTIAL SURFACE IM FRODUCT CONFISURARTIONS MWHITH CAM REFLECT

FLUX FACK THROUSH THE INTEPAITIOM PESIOM.
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FIGURE CAHFTIONE

COLLIMEARR COMFIGURATION SFACE SHOWIMNG SCHEMATICALLY THE
ARPFFLICATION OF DOTET paQuHDARY CCMDITIOMZ. MHOoRMAL REACTIVE
SCATTERING EOUMDARY COQHNDITIOME APE REPLIED WHEM
SCHRODIMGERYS EPUATION IS ZOLVED FROM THE ASYMFTOTIC
RPEACTANT TO ASYMFTOTIC FRADLT PESIONS OF COMFISURATION
spAceE. In DOTET THE sowuTIOM =TOFs AT THE T3S AMD
QUTSOIMNG WAVYE EOUMDARY CONDITIONSE MRE APPLIED LOCALLY. THE
PRODUCT FLUX STREARMLIMES ARE PERFEMDICULAR TO THE TIZ. THE
FINAL COORDIMATES (u;,usi CORRESFUIMD TO MOTIOM I
WHAT I35 NOPMALLY A FRHYIZICALLY LUMRERCHARELE FART OF
COMNFIGURATION TPRIEs EUT FOR DRATET THE Pnrsnfxﬁu EMERGY
SURFAZE COMTINUES ALOMG THE Ug DIRECTION HITH A LOCAL
VIERATIOMAL POTENTIAL THE =AME AS THAT ON THE TSE. Az THE
TSS 15 MOWVED TOWARDSE ASYMPTOTIC FRODUCT CONFIGURATIOMSS
THE DRTET PPOELEM =EMOOTHLY nppnnﬁcﬁag THE CDFHECT.PHYSICHL
PROELEM. THE MATCZHING SURFACE M ZEFRRATES THE REACTANT
AND PRODUCT REGIAOMNS OF CONMFISURATIOM SFRACE. HLSO SHOWN
ARE THE POLAR-CARTESIAN EDLMDRARIES FOR THE o AND

Y ﬁﬁnﬁmesnenr CHAMMELSY ORISIMATIMNG FROM +HE

TURNING Z—EMTER (TC).

ConuTOQUR PLOTE FOR THE WArIOUS COLLIMERP SYSTEMS STUDIED HEPE.
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