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Reaction paths hidden by dynamic motions of reactants
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[Abstract] We have recently found a few examples of that ionic products predicted from
IRCs searched in the quantum chemistry calculation for ion-molecule reactions and dissociation
of multi-charged molecular ions are not actually observed in the corresponding experiment.
The first example is the reaction, CF3" + CO — CF,0 + CF".  Three kinds of IRCs are found
for this reaction, and the lowest barrier height is estimated to be 2.7 eV. In contrast, the
observed appearance energy of CF" is 7.48 + 0.15 eV, which is identical with the reaction
enthalpy in CF3* + CO — CF*+ F+ FCO. The second example is the dissociation of OCS?*,
where an IRC leading to the production of OS* and C* is found in calculation although OS™ has
not been observed experimentally. Such discordance is caused by the dynamic motions of
reactants.

[FF] K TA A NN EREZITO & WA 42 ZRENCRET S
TENTED, Bz, A A E—2HA RERIZE DA 42— FRISETIE,
BRI A A BT Dt OGS WTEAE & F DS R X —(KIFE BT 5 T
DIEOIND L, A A2 OJEMRBEERR CIIMBED L 2 WECERW) A A4 > ol
NEX—IZBETHHERPEOND, 2D L5 L FEKGEDO BB AT 2 & 5 725586
R L B FHEIC X ARSI O R HIERE R L AT 2 L1k, A 4
DD LIS DEFEEET 5 5 2 TEETH S, BERmERIEIM RS D2
ELERKIBADZLEOTE W2 HETHY, ERLolig A riigic Lz, i
X2 DX 7B RO T T 10 FRATMN LML ZED, W< OO RIGRIZEBWTIL,
IGOLEVEL Y +0@E W f VX — 2 S5 2 T T, PRI ANY
A F U MERTITERA S W E R L TE 7,

[EBRLHEFE] CR'e CO DA F L E—AH A RERICONWTIE, ¥ K%
Armentrout HFZE=IZB W TITo72, CF™ + CO %® GRRM EHEIZIX GRRM1.21 &
Gaussian03 % . OCS?>*® GRRM #H.1Z1X GRRM14 & Gaussian09 Z 7=, \Wiho
FHEICH VT, UB3LYP/6-31+G(d) L~/ TD GRRM 5 TH & 1 7= Pl s & oE
Bk 4 & 512 UB3LYP/6-311+G(3df) L~ Thii{l L. UCCSD(T)/aug-cc-pVTZ T
TXIF—D | mEEEZITo72, £7-. Gaussian09 % AT < 27930 BOMD &HH
EITo 7,

[#EFR EEE] (CF'+COJ Fig. 112 GRRM #H5 T & i 7z SUSRR B 5E il R D —56
g, FCONTFEBRMIZBLII S L, 20 L& WMEITAERPIN THEBRER L —E 1L C
We, EBRTIIZOIENC CF E CR BB SN, CFE CF™ + Ny 25T & &l
SN2 T2 OE L EARBE SO T 5 EE 2 Hh, FERIZE S 7z L& VWM EE
HETTHSNIZLEVWVEL D DTN ERKE o7, —FF, CFIZOWTIE CF +
N EBRCIIBHl SN2 nolzZ b & R TTRIENTZ LEVMET48+£0.15eV D,
CF:*+CO - CF +F+FCO ICHIKT 2 CFFTh D Lifm L7 (Fig. 1 FIZHFWAL TR
S/ CFY), Fig. 1 IZ/R L7V . CFARTIX CF" + CO 7»5 EQO, TS0, EQI,



TS14, TS360rTS21, EQ8 ## T CF.0+CF'IZE S/ & . EQ7. TS24, EQ8 # % T
CF0 + CFIUZELIRBENH Y, ZNHDO L EVMEIL2.7—3.6 eV & THIS., EBRE
LU HILD TR, TS36 X° TS21 R T AR NHE IS Z 220 TL, L
TIZFRET OCS* DA L [AERIZ PES OIRICHKT S EE X TWD, Fiz, TS24 %
WIEAREE & L C BOMD SHEZEE L= & 2 A CF' & CO ITERE L 7-23. A% L 7= CO
IZEEIZAlELE L Cis, 202 EiE, CF + CO 225 TS24 248 C CF0 + CFIIZE 5
WIS & U Cammlsphiit vz CO & CF ™ 3M# 22 L7l f iU st & 7 =
EHEEWRLTWD,

8-CF'+F+FCO  (CF'+F,+CO) @+ F +FCO P CF' +F+FCO
_ . g[.CR +F+cCO CF," + F+CO ! A4 icR+F+cO
3, i s ] =
i I \ ; TS21
> '. i e i
S fcro +@ pEZ | A ,'c,:”TS36:. § cr,04cF)
o L N N TS0 D & S At T N
u‘—] 0 C [CF,0...CF]" S ¥ Ts14.7 [CF,0...CF]*
- (EQ8) (‘:'F—OC v -~/ CF,CFO*  CF,CFO* (EQ8)
C i 3 CF;Cco* (EQ1) (EQ1) ?
2t PUZS (EQ7) (EQ) PO

] - . X

Fig. 1. Reaction paths obtained from the GRRM calculation for the CF3* + CO reaction. Each energy has
been calculated under the CCSD(T)/aug-cc-pVTZ//B3LYP/6-311G(3df) level of theory.
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Fig. 2. Dissociation paths in OCS?* (X 3Z7). Fig.3. PES drawn under EQO0-TS0 and

EQO-TS1 axes.



