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<SCRF=PCM//MPW1K/6-311+G**>

MPW 1K : a modified Perdew-Wang 1-parameter model for kinetics
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AGY =+19.18 kcal/mol AGY =+19.88 kcal/mol

Figure 11-1) CO; + nH,0 — H,CO; + (n-1)H,0 OIEHEAILIREE ts OHii. B3LYP/ 6-311+G**,
<MPWIK / 6-311+G**> & TN MP2 / 6-311+G**| 3/ FHE A kI L 20l viIdsRD & -
R TSI t5)TH5Z EERTROBRIK, AGREHELBHIRNF—2RT. HPORK
WHRBRIIRE S DANEXERXITE®RP) 2R L TW5,
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AGY =+17.04 kcal/mol
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3R 2 KD FORERT.
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Figure 11-2-a TH#IF 72 & O & 3572 5 MPWIK S TXSCRF=PCM & W\ S iR B2 5
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= 1on pair
Figure 11-2-b) 1 A 2 EAIZES s MiE. BEMIZ<MPWIK / 6-311+G** gas-phase>,
[B3LYP/ 6-311+G** SCRF=PCM| T/~ 9. KH D m|Z HOCO, -HIO'IZBH > TWB KA T

DO¥. Figure 11-2-a TD n=3+3, n=4+4 ODFERERIZ O, ZOEFIVTHID T Scheme 11-5 T
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Figure II-2-a T, n=4+4 xR TH o728, BT n=4+13 & L TiREEER ORI %
BERL 7z, LU, Figure I1-3 T/RLUZ ts MEDRER DO, 1 A > ko T
O7a 2 L—ORKIZIE->THED, 2EZEITRIBIIRD Sahokz, Th
L0, =4 ZHMBEELLEET NI NN SWERIZUNERER W EDN 5
Fzo T O#EERIZ Scheme 11-4 THIT L 723K 117 DML &MU TH S,

ts n=4+13

W =146.93cm ™1

Figure 11-3) CO, + (4+13)H,0 IZHB1F 5 ts Hii. O(19)—H(21)- - - O(40) — O(19)--H(21)—
040)D 70 b U BEHOERKNAE U=, HCO; IIFEL TWSAL, 1 Scheme 11-3 FEIC
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fctﬁ)j ?::o
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WIS A A PREEO RN 2 ER L I KET IV OB
W4 G TOMEEEZ, n=3 2IBE L TETINEILAL, KD FOKIZAL
SN WEENRFERES S EEZHEE Lz, Figure 114 132 O HEEAE 5B #0&
D n=3+5 KU n=3+10 DR TH 5. TD2 DOFERIZBITHHNNCKEI AN
SNRMN -T2, n=3+10 ODREEXIZ n=3+5 D ZPFid L TW5., CO; +nH,0 %X
WSRTE LT, tsl 28T, 5 1 DA A 2R RMADFEA: U Zz(intl), KIZ ts2 26 THS 2
DA A xR REA B U (int2), ts3 %8 T HyCO;s + (n-1)H,0 NE 5 7=,
COs + nH,O
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......
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= e
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Figure 11-6) 3 DOHREAAINTI, INT2 RN INTI)ABES L 7= CO, + 3+27)H,0 — H,CO; +
(2+27)H,0 D BBER) S ix.

Figure 11-6 |Z B} 2 RS2 LIZ6Hs L 72 AG DZ1L % Figure 11-7 T/ 9 . Scheme 11-2
T/RS A2 ol 5 & B @ B & van’t Hoff D AG =—RT InK &% 7N Eyring D#%t )

R & :%e AGRT 2 WTR®D 5172 AG DEHE A RO TRL TNV, Kifa
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(2] COdance’ TRAN TR HEHNH D,

Figure 11-10-a) Zundel E5-1 7 > [3C#k 11-15)235| E#2 Z 9 “special pair dance” 3k 11-16]
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Figure 11-5 &7\ Figure 11-6 T, 24 C %1 4 >t {kIZ INTI THD, 22T
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O=C=0 (o the water clusterW
£ W,y rom the water cluster W,

Scheme 11-11) —E{LikFEDFEEIIHAKETH 2 Z 2R TEAKN, T 28 1L Figure
-8 IZ7RT,
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optunization
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the central rezion of the (H;O)yg cluster .-

017

Figure 11-8) CO,(H,0), Z Wil b L 72k Re K FOHRITE Wz —BILRFE D THEHE
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40



H C H | CO, + H,0 -~ QECC_J_; (formation)
®) O H,CO; == H* + HCO, ™ (ionization)

carbonic acid

CO,+H,0 & H,CO, < H*+HCO,~ | CO,+H,0 <= H*+HCO,~ & H,CO, |

Scheme I1-12-b) [kEEAERR & BREDOBIRZ R T 45, Scheme I1-6 NDE X,
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BT DHEDTRN, ZTOkD, BRIZKEBEOTF LS ORMERICEZ SNARNE
T, LR THRRLREFH THEITZFEDLOBESN R IEINI BN EE
ZAoNb, TOTENSSH, REOHHAZHSNITIHRENRDH S,
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-4 RAGKEOREEICE T 2BE0OMFE

ALK R DBRBEIZ D WT ORERY - HEmMEROEEHREZ Az, T ORER,
RIS 2 OBRBER R ONTRZZ ERDNh o 7z,

C,H¢ +0, — CH3;CH(OH), — CH;CHO + H,0O (U II-2) [ 1I-2, 111-3]
(diol HrfEl{E)

&), A2 TOLY > EBEOEZDKILT diol PFEMEERTTY M7 IV TE
RWERTHEEZ SN, LML, ZDFEZHIL Semenov 12 & 2 8 K s b4 (B
oh, HH, S, FIECE n-4)E RS A Th s B E SN,

KiZ, N3 OFIHEFENEE X N7z, [SCHk 11-5)]
C;Hse + O; — CoH5;00e (K 111-3)
(ethyl peroxy radical)
HIZ, A4 TOZF L AERPH|E S Nz, [SHR -6, 111-7]
C,Hse + O, — CoHy + HO; » (ft 111-4)

ZTOM, TH D EBRFEOPEEINREZTEL 2L < OEEOHME T, CHse &
O, DRIHT, TFL P ROFF LI ETERNTINTERD3IDDI 5D ENNNE
R EREINTNS,

H O
H\ /H C/O\C Il
H H H
IFL > FFT 7t h7ITER

(c-CH,CH,0)

INSOERTHE, BREREZEKSBEL TWDHLED, ERMIT CO, & H0 £T
EoTWEW, B0MZANUE, NS OEBERIL, BIEIEES FOZEKEI M
INHEBEIIETHHBEERLTVD, 3 DOFAEBRMELGZDRIBITDONTERS
NTWD R % Scheme 1T1-1 1IZF &7z,
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NO. KISy 17 B ik R

111-8
direct hydrogen abstraction
M1 : CoHse + 0, — CoHy + HO, o 111-9
from the ethyl radical by O, i

ethyl peroxy B-hydrogen

y'p . YB JRo8 C;Hse + O; — CH3;CH,00+« —
M2 | transfer with O —O bond 1I-11
*CH,CH,O0OH — ¢-CH,CH-0 + «OH
rupture

ethyl peroxy a-hydrogen

) C;Hse + O; — CH3;CH,00 —
M3 | transfer with O —O bond

. 111-12
CH;CHOOH — CH;CHO + «OH

rupture
| ethyl peroxy B-hydrogen 111-13
yhpecoxy frhyarog CiHse +0; — CH:CH;00¢ —
transfer with C — O bond 111-14
*CH>CH,O0H — C;H4 + HO; »
rupture 11-15

concerted elimination of
HO;+ from the ethyl peroxy CsHse + 0O, — CH3CH>,O00+« — C>Hy + HO» =
radical

111-16
11-17

Scheme I1I-1) TFL >, FF TS50 ROTERTIVTE ROERMESZ % 5 B0 OHEE
(Mechanism, M1—M523Z 2 51 TW5,
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BUSH TFITIHIEREESTORIGZEFHEALE THR > 2 ARAK K

Scheme I1I-1 T Z 5T E /M M1 —M5 OZ 4L 257280, GBLFDOT
LT, 2805 OB S N7z, Uk 11-18)

ik 111-18 T O Figure 1(A i 3 T Figure 111-1-a)lZ, M1 —M5 OGO LRIV F—
AR BH D, e, ENETNDORILD TS fii% Z ZTO Figure II-1-b T/RLU Tz, Z
Dt BALFOMAT, MRELDEBEASNTEZ MI—MS ETORBDOFEN/RS Tz,
Figure 1lI-1-a TO TRV F—#8TIE, JEBRNIZEATRULEMIOTY M7V TE
RAE RN FITH 5.

40 o
g TSI 1)
3 o
E - e —
_— TS4( }. - "‘-\\
et ey % M) ™S
3 CHs* +0: . \ TSG aie s
s il -
? 5
e CH. ('|"|4 OOH i L TS6? C:H, + HO: =
> *CH,CHy . ] D
2 (_‘H‘(_"HOOH \ C:Hy HO,
i T
& r E
¢-CH:CH,0 + *OH
.}
-60F 5l

CH:CHO + »OH

Figure 11I-1-a) M1—M5 &8O T X))V F—2D T 5 7, XK 111-18 TD Figure 1 23T
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TS1(MS5)
CH3CH300'
—p C3H4 + HOz'

TS1( TS2(  ,M4)
CiHee + 0, CH;CH,;00+ — HOOCH, —CHy*
CoHy -::;.1 O.CH, -:IIJ,: COMH, =,1100* HUCH, = 108"
CoMcalE  OCH e COHY = v HGH = 1095
u,c,c.-:ts'r GO = ropd s

T (HON0,C) = -130.0° DZP CCSD
716" DZFCTINT)

- TS5(Mi2)
*CH,CH,O0H  ¢-CH>CH,O + «OH

TS4( ) i mnr

e —_— Gl
TS3(M4) m— RGO

HOO—CH;—CH;* = C;Hs + HO;»

Figure I11-1-b) FEALZETRD SN2, M1—MS5 B TOEMECIRE O HEE S0k 111-18)
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LLEDOEER EGHREACFOMOBmE LD, BEEZHIT 2720 OEM A OMEZ 5
HMDBINTE D,

() Ry F2T28EIHZDL 7T HIVEEE, BREEOHIITE T TENALZ,

(2) Figure IlI-1-a TORBOLRIINF—ELOBERTHS7 7T Rk
WRZETH o7z, “BILRFEIL0=C=0 T C=0 D_HfEH % 2 &> T
D, MBECORE/RBERAEN, BEASTERHAL TO C=0#HELHDIRERT

B S pIREMEN &,

FEI-6fi ERETHABRIFORKBERATI-D0OBR/NEOETHROMH
HEREZBENEL 2 D05 1), DA D HEEEZ 5,

1) 728, MR Z D DITEENLEDN,
2) 3E, MR ZA D ERBORDFKEET DM,

E7, DOBRIHLI2ERSTFVEBETHI2BEMATHHRIIONVTENS,
ZOHROWERAKIBRTNETH S, UL, HAMEZORT H¥ERENIZ
T, BEORKILFOHREEFFTIHZEAEARTRETH S, Z2IT, &
FRDOLy oA LEBES L RPERETIRRT 5 LENRD 5N S, L FIZHE
REHBECBII2BEFHORDEREL T, a), b), RN HD4HEHANEZ 5N 5,

a) R7o1 ok

b) EFRBERICHINT 2AEOBEFERERD
c) /X7 OBk B

d) 7> hoOHHI
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#0
I T

h=2% X mv S
HE EHE @
= 6.6260755 X 103+ (Joule-s)

0
2 BE

N ——>
Figure I1I-2-1) a) R701 OR : g8tk R FHIIR AT 5,

BIXKR—ILEEFORREETOAMDATRDDE -
BF R — L W

BERR—IL(EDEX = 5008)% 144km/hTIRITI-8FD
BRI F7O00RIYEITFO LICKRDHEN B,

144 x10° _
AX05X— = 6.6260755 X 10~ 34
3600

(kg) (m/s) (kg * ?,— s)

SOEE A=331%X1073%(m)

&7

TF(IEDES = 0.910953 X 10~ Pkg=1X 10~ ¥ kg)h*
103m/sD AR THRATLIFOREELRTJOAMDONT
KehdE -

AX1X103° X108 = 6.6260755 x 10~ 34
(kg) {m/s) (kg - '—:7 5)

R A=660X%X10712(m)
Figure 1II-2-2) R7 01 ORIZHE>%, BROFR—INVEBFOEELTOEE A DOFtE, &
=D MIBDHT/NhE L, REBRRERN, i, EBFOEKIIERETO XBREETH

%, BETRAMTFLEO_ERREZRD.
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by EFDBE-AEY +1 -1
BFIZAERY, HHWIEQYIZHES
LS EBEEESTLS . (GESE)
ZOBREGEETAEEES,
A D ERITAE VY EFETRL,

AEAHI2OEFET, -12OEBEFE
'C%%" e ¢ IOV ETFH

¢) 7 DA

RILELE T R X —OEBECBERM B ERHH1EE. RIL
AEVEFHOBFNELHINAICIET DIRFSN TS,
RADAE L EFHRDEFILINEFSND,

d) /\721) D HEfih [R EE

1DDBEIZIE, BREOEBFEWNETAHENTES,
=1L, MENEBFIINTELDSIAEVEFH LS,

Figure I11-2-3) b), ¢)& X d)DFiBH

[—] * [—] 1s—F— —t—1s
® '\‘ ;
EELoES: : |

BAPOELY-{RES D
l
HERES
Figure 111-2-4) G DORE
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ERALE T OBFETIE, T2 & MEOKEK T T, HAEHKAEIX Figure 111-2-4
ERIOESIHEFATEIINTNWS, LU, AIRFEICABMNEZF - -B TN
2B DONREMERDWEENH D, V- W5, RAOBSTIE, RF50
BRIIKFET B2 T2 WD h, Figure I-2-4 ARTREND L D1, HEKEA &
i, TNTNOKFRET O 1s PuBAFFSEAE TERD, FHFHTEORIEH # E
H5ZETHD, MHNEG> TRENML 2R FHEIZKEITOAE R ED, FHF 2
FEIZHARTI RN F—IEE ERD, ZIT, a) HOWHE, b) EFOAE KN
d NTVOEBEPHAWSENTWS, £L T, RAMfFEEETHROERGDYE, KET
AE VBB TR FHETRTEFO _EEENRBEINTVS,

Figure 11-2-4 HRIDKFEDFDORRONLE ZHBH LU 72 51ET, Figure 111-2-5 ED=EHR
DTFOEFEENRREND, MTOm MO THE 2px, 2py, 2pz TNENIHL
MEFFER, RESEETIRNF—WIIHRLTWD, ZLT, ER2HTOHEH
&, B & D ERIFFER O FPEOHFNT/AT U OFEBEIZHEN, 2 BT OEFN
NE->TWD, FF2MHEOREBIZHNRT, Kot DEELL S FHEOHIZETN
INEENTBD, EB2 HFoFELTRBEOEFEEE >TSS, DD,
ZERFTIEIAERIAREHHTE S, COBRT, BRES TR LBTFREEZ R D,
HEOETFEEIC "ERCD” 2#OBEBFEEMLRTNERS RN, 202 @5,
c) 7> FOBHNTHEN, FIFTAE S E U THERT DR FHLD 7 *B5 T8 12N
DHENDZ2 DD *PUEIZ AT OLNETFNREELRNE VWS RELRBETRETDH

%, ZOREEDERSFEMOSTIIH L THENIZT S, XU OFBIZH- 7
BFHOBETRELZBETHOOKBEETH D, ZIT, A#ERBIC, BRETORE
ENTORODUBNZEZFADENHEEELEZEZ N5,
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IO—0! B

2
0

e H—++M—H—+-1— S
%**iux ﬂ%{?y
a+m3 hi;
a+ ..... e -—H—a ,'_H__: - _H—a

Figure 111-2-5) €X 3 FLBRED FOMEBEFOEFARE. GORES FORFETEFREESL
D, ZORFHEFEITLFEBIFEHRLEDSZ 5.

BI-TH TOENTDHIVEBRAEEFEST & ORIEDRERE DB

TONY EBEFFORICZGELETER L. £T, 7ONCETTIIRA R

We IV FETZ%E, RKTHEEBVBETHSL, TR TOENLTTHI

( “(H;CH(- )Cﬂg)éﬁiéﬁ% W58 SEVEAR T % HaC-CHo-CHy ()N R AT 2 nlfEME B %
Z585, L@L Tr)VF—% b L7245 %, Figure 1I-3 O&BIZHRTRLET
OEILZ P HIL<1>D f 718 4.46 kcal/mol &3 TdH - =728, <1>% Bk & T 2 IS FR S
IZDOWTIBM Lz, 7238, Figure 11I-3 TI3MELDAERRL, @I 7D REHA W
<2.5>)RHEVELIREE TS IZDWTIEAK L TS, ZIUZIT 5 AR 22 T AR
BAVX, 551V & 55 V-2 #iD Figure IV-2 1287,

WINZRELES PHAN<ISIZRL, ESTPHINTHLBED TORHEDAE N
H727s C-0 DIARGERITH WS, BEEDMNIME<>IPERT 5. <2>DKbHD
TZANBTOENIEDR FHDAFIVIED C-H 54 % Ui, KL EREGL<3>ER 5,
HPREMA<3>IIARLE 2728, -OOH K D KEEHRDBEDIRAE T P I ABE L T<d>L72
%. LU, <4>D-COC)IALERBMETHD. €I T, THERERNINKAZ
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IWEIZL, ROVIZC-CHBEZTBL <5>E725, 2T, FEEE IR F—(D)
ZEWIT, D(C-C)=80 kcal/mol, D(C-0)=79 kcal/mol, % L T D(C=0)=173 kcal/mol
THD, INSDEDEE D, D(C=0)& D(C-0)D# 94 keal/mol 1% D(C-C)k ¥ K=
WERDND, 7805, C-0 — C=0 LE{LTENIE, BET 2 C-CHAZHII
LTUBLTHRENLTES, ZOHE, <5>TE7E 87T R MeCHO 84U
oo TIZT, REFELITTIHINNREALLZD, TTVHI<I>[Ek, BHESTFHHM
LTe<6>&73%,

<6> — <7>TIE, RKimD-00(- )N C-HAEBZ UM L TKFEEGIEHh <, TORFIT,
FlEHR W KFEEHOC)EED EFFFIZO-0ODHEIERZ YW L THI AR DIV E AR
UTHFE H-COOH NAER L7z, DFED, <>E<S>TTEET R MTILT E R, FE,
KBRS PHNTHERINTWVWS, ZD<6> = <T>ORR/NY — 3R U 7-<2>
- <S>ORIGEFRICTH D, KIZ, ZOKEEST DIV HOC)DFREIZANL <8>
AT 5, <8>TD C-HAEES ORI 1.121A &5 < (Figure IV-2-a <8>D R & 2 5 1),
MOBBEFFORBIZE > TIORHENUMEND, ZNTKD, RBETRLLRE
5F, OH)ETERPITE RTHERIN/Z<9>E78%, <>THUZ OH()NT
T RAHMILT<10>E782%, 208, <10> — <11> — <12>&8(kT %,

<ENEAARBLHOREEE LT, <>T OQHOM T2 R T7ILTE RO AF)L 3
MEKFEGIEHRE, BEE{b/kFE HOOH 24 RS 2RE b H D, ZOBE, BF
EKFBN2EOKEES DHIVIZHRL, D1 DRI EKEEZFIZHRWZAFIL
REiZAmERZ 9, R, C-CHANYIMEINSIET, #MRELTAZAES, Z
NIBRT B<16> »— <1P>DGE/NY— > L[RETH 5,

<I2Z>THUORE LIS PHIINRAE LD, <>RU<S>ERUL, BES TN
% L T<13>AE5, <13>3 0, WML 25 DA ni<e> — <7>&[F U KRR
ZWD, 2 DOOFEE HOC)KKEEAH LIz<14>E725, <14> — <15>Tid, HO(+)
MR ADOFBIZAMET S, <15>THELU R HCOH),-0(1) T P IViT<8>[Ekk, EW\
CH#EGZERSE, BEDPTORBEZTTIORANUR INTHREE OH(HNEE
£9%. ZNICL>T, RO<16>DHEMRIL 2 DDREE, ¥, OH()E25,

<16> — <I17>TiX, OH()DEED CHEETHDTED CH B ZTW T3,

Z DFER, <17>TEBBAL/KE L KERKE, 0=C(-)-OH I AN EAKT D, <I7>Di
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AL KR 2 EOKERES DHNANEGRL, W HDKEIES D HIVIKEERE )L
RIINWEEZG LI DIIVIZHML, REANEES, ZHUTRHR L 72<9> — <12>0
BIREER DROL/INY — 2 LT H 5. BEoED<ISTIIYIMTHNRE C-H 5N
FoTWiaWeed, KBRS HIVIMNO T/ O CHEGESIZHS 2 &2k 5,
ZIT, <ISTRULEFROTOEN S DHIVABOREL, 5E TORGEE %
VIRTGHEHBE) I ENTE S,

INETORBEOBRFTHOTON Z2RELTTOEN TN ERBK
WbEZS5ND, LML, EOBETH>TH C-HIEGOUW, KUAINEARZIVHEE
ERLTC-CRHOGEYIMT2BRAELEEAS. £/2, 0L AKNHEZILSTH
BASHIIZIZ C-H B R IR WIREED F E KD FITITE DL, TabB, MEEKIST
W TREEAT A ) WIKRBRERMIZEE R S

IS, REDTEKRGFNECEBROIRNT, REEK2HFRTONBEE
BZL,CO+H0IZES, ZHULH I FE TRz R EE DOKFI O HGE 11 32 5 114
i Figure II-1 @ n=3+0 ) TH 5. £/, KHMOWRKIGUNZEZ SNEHREKEL
T, KEE2 D FITED7 0N BEARORE 32 TICL5 70N BB S 5 (Figure
IV-2-b &),

PUEDXDIZ, <I>~<19>DELTIX, C-H #HEDOUIN, HO(:)® OH(:)DAmR &
1, VAR ZIVEE C=0 AR, THITHED C=0 #HHD C-C HEE DTS
BO/ISY = HHEDBEINT Wz, TOZENS, MEEKISIIRBREOKITL WV,
BHBRICEE TIEIRWE T A S, £, BEDTEZHICHETHIENTE %S
BBEIZET2&, BRANIIT Y FHRIZXDHKT, ok 1lOTOEINTPHIAF
MFEETBHE, BRIRER< CO,+ HONEMMM D EEBETH S Z ENbnhb,
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<]1> <2> <3>
. H H H
Y Y "R 9 o
H-C—C-C—H —> H—C—C *C—H —%> MeCHO + 0-C—H —>
4 |
H H H H H H O H
(MeCHO}
<4> <5> _ <6>
H
o'H c|)/ +0.
MeCHO + 1 ++OH —> MeCHO + O-C—H ——
O=C-H (')
<7> <8 H
H O° I
| | i |
+HO,* —> H-C-C-0" +| H,CO;Q —
Lo i
H H
<10>
H H H_ I
i ?/ 6 . . ? ? + 0,
H—c—C-0" +| n,co,] — w-C- + ¢=0+| 10 ;
| |11 H H

<11> <12>
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H O H O=C—-H O=C—
<13 <14>
H
H (IJ 5 H
= +0,
O=C-—H O“H 4 O=C—H J
<15> <16>
H

O—C- +H202 ¥ 2 Hzcoal — 3 HzCOgI + +0OH

(No further C-H bonds)

<l7> <18>
+C3H:: |I1 s }?
—> 3 H2C0;|+Hzo +{H=C—C—C—H | —p>cuenenss >CO,+ H,0
H HH

Figure 111-3) OB T P hIV EBROERS T EDRIEDOEKOEH. <1> ~ <I8>DF
NTHNOME, KUORIBARKANCH I 2EHEREBIZONVWTIE, M&EOE IV2 HiIIRT, K
WRELUTEEREHRKERL TS 2D, ERAIZFKBR TII2W., FAXIE, P&
<>ORMICITHPEME<2LS>BEEL, <2> - <2.5>E<2.5> - <3B>OEHERELHRD Sz,
LanL, BREROE IV-2 @i T/MNIRMN E DML SMES o 7o P A, B 28T 5729,
FETIERBNWELT, ZORBARTIRERBLTWVWS,
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<I>ME<19>FE TOIRIF—2{t % Figure llI-4 I277 . B@BENL WD, V5
71214 Figure I11-3 T/R L 7z< BEGR R >OAZRLAL TS, 7OEN TP HILDOK
ISR S OMAMETH 57290, EBEO T O/ OBREEBLE 3R 5(7 08 > OMRYE
ALK 530 keal/mol). LU, BABEL SO WM U WEFERORIZHRIG U, KERFERE

O BBROEITHL2ENONS.

AG (keal mol)

50
(.} sl I’Ii . }I«| i ) ) . 'T' T |
H=C=C—C—H+ 50, + (3Hz ——— 3H,CO; + H;0 + H—C—-C-C—H
H H H p—— H H H

<]~

<11>

<0 <10~

<12

<190>

Figure III-4) Figure III-3 D<I>N5<1>DRISICB T 2F T AOHBAZ RN F—EILD T 5
7 (keal/mol, H:T=298.15K, 7&: T=1473.15K, P=latm), Eii & SiRGEH OBRBERE)TOLT

FIVF—ZHEBELTD, V5 T70RIZEICKEREIZRSNRN,

61



B8 i MBEOFIHEBOBRE XL
Figure I1I-3 TORIEDHI, KSR TOD Figure IV-2 O EAKRIe &2 L& B £ 2

% &, BREEZRDO~GIWIAETE D,

_0
o/
(1) TIVFEIL T I AD O, fH ey
++=—=C—C—C—C—C—C—C—
Figure II1-3 <1> — <2> {f VA b
o
H H H O H H H
) fHmF L OBERE C-H #54 D YN ._,,___C:;_C_(:;_(:;_(;;_?%__“.H
Figure I1I-3 <2> — <3> H H H H HHH
H
(3) 4 U7=-O0H A/ 5 /K ER Fe N DERfT HoHoH <I>' <|>’ HoH
) —C—C—C—C—C—C—C—
Figure III-3 <3> — <4> {t e e
H H H H H H H
s H
@ WV BEEREFEHHNEL T WM oH o ?/T ;
C-C &5 D Y)HT B A A A
H H H H H H H

Figure I11-3 <4> — <5> f{#t

5) F7i2 T P HIVHILAD O 11 ——— ZRXH C-H $EES YW, C=0 a4k

Figure I11-3 <5> — <6> — <7> i

(6) CO, &R H AL HT2 %
BIETOHRNZX DI, —RINTREENT X LI3RE O B{bixkFE CO, &HT. L

U, BREEBOS ORERS & BB L 72/, RO TAE U TWz, DFD, TREEH A
EWSKRBL, CO, TS RED TOHEDTED, CO, LKA AT, AKRIZD

X, RBOMHEILESA 5,
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>login page.

>

>We look forward to receive your revised manuscript within eight weeks.

;|

>
>With kind regards,
>

>Christopher J. Cramer, Ph.D.
>Editor-in-Chief

>Theoretical Chemistry Accounts

> e

>COMMENTS FOR THE AUTHOR:
=

>Associate/Guest Editor's recommendation:
r

>[6 \OEEREEHD DB, 4 ARSI ZE, 2 BB ATE2 KL TWhET.)
>We have now heard back from the 6 reviewers who have accepted the invitation to review
>your submission to the Imamura Festschrift Issue of TCA. Four have come back with only
>minor revisions, while two have stated that your work requires major revision with re-review.
>The general consensus is that your work is very appropriate for the multi-disciplinary special
>issue of TCA. The question of how to treat the aqueous environment in chemical reactions is
>a very important and timely issue, of very much interest to the biochemistry, biophysical
>chemistry and molecular biophysics communities. Of course by treating the solvent
>explicitly, one increases the complexity of the modelling. But as you so rightly pointed out,
>in the structural, vibrational, NMR, IINS, X-ray and neutron diffractions studies on amino
>acids and peptides, the importance of treating the surface waters has been shown to be
>absolutely important. Their effect is now well documented. Your current work now

>Investigates the importance in chemical reactions, and it is a pioneering work in that the
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>number of water molecules you have added treats the effects of an aqueous environment
>much better than many of the previous works which have only included a few water
>molecules. But it would be nice if you could also comment a bit on the effects due to
>temperature and presssure, as they are also certainly important, and should be minimally
>discussed, even if one does not take them into account (which will not be trivial to do).

> [:-:III'\ lk‘-if,. 1 o | | 'U I'I V. l('J| E“_:_'_ ZJ]I:\ ||Fu:|i > -__ - ‘l _: Y.+ ]

According to the comment, we have examined the temperature effect on AG® values of the
three key species, INT1, INT3 and H,CO; of Figure 7. The pressure P does not affect AG®
values, because it is included in the entropy (translation) and is common to the entropy of
CO;,, INTI, INT3 and H,COs. The solubility of the CO, gas is known well to be 1.71ml (0°C),
0.88ml (20°C) and 0.37ml (60°C), where the volume (ml) is in the standard state for the 1ml
water. The decrease of the solubility as the temperature is raised has been found to correspond
well to the increase of AG® values of INT1, AG® = +14.85 kcal/mol (T=273+0 K) and AG® =
+14.99 kcal/mol (T=273+25 K), AG® = +15.21 kcal/mol (T=273+60 K). The correspondence
has been also found in that of H.CO;, AG® = +4.97 kcal/mol (T=273+0 K), AG® = +5.20
kecal/mol (T=273+25 K) and AG® = +5.52 kcal/mol (T=273+60 K). On the contrary, AG®
values of INT3 (ion pair) decreases as the temperature is raised, AG® = +9.44 kcal/mol
(T=273+0 K), AG® = +8.99 kcal/mol (T=273+25 K) and AG® = +8.39 kcal/mol (T=273+60 K).
Thus, the solubility would be controlled by the stability of INT1 which is the entrance point
of the CO»-H->0 interaction.

The above discussion of the temperature effect has been added as Footnote S1 (Supporting
Information).

>

>Reviewer #1:

>The authors have chosen a very good topic for their work. The effect of properly treating the
>aqueous solvent environment has been shown to be very important in both structural,
>vibrational and NMR spectroscopy and IINS, X-ray and neutron diffraction studies. The
>natural progression is now to see the effects on chemical reactions, as the authors have now
>done in their pioneering work. That being said, there are a few minor points which should be
>addressed and discussed.

>

>First the placement of the water molecules;

>1) molecular mechanics force fields

>ii) semi-empirical wave function theory (WFT) models like PM6 or semi-empirical density
>functional theory (DFT) modles like SCC-DFTB

>1i1) semi-empirical DFT methods like the generalized gradient approximation
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> (GGA) PBE and hybrid XC functionals like PBE1, PBEIKCIS, B3PWOI

>1v) the ab initio DFT method of Bartlett using optimized effective potentials

> (OEPS)

>v) ab initio WFT methods like MP2, LMP2, CC, ...

>vi) multi-reference methods like CASSCF and the correlated extenstions: CASPT2,
>CASPT3, ...

>and finally the combined WFT and DFT methods:

>vii) CASDFT

> [#1-1 WEEHGEIE OB O HIMIMGEO D ) BT 0T BNTOLEE A

Indeed, the placement of the water molecules was not explained in the original manuscript.
We have made newly scheme 3, which exhibits how water molecules are added to the reacting
system in the stepwise manner. Inner and outer water clusters are distinguished by color

presentations. The scheme is expected to appeal the way of our constructing various models.

)

>When should one use the CASPT2 and CASDFT methods? The Roos group in Lund
>advocated the CASXXX methods for chemical reactions. So the work of the authors should
>also address this point in both their calculations and in the discussion. It would make the
>work more complete, and treat the concept of the so-called "ACTIVE SPACE" which is
>required when one is treating chemical reactions, which is not necessarily appreciated or
>important when one is only looking at local miniumum (structual and spectroscopic data).
>[#1-2 B3LYP %> MPWIK D{X4 0 {Z CASPT2 % CASDFT #ffi 5 7=5tH Z# L T<
FEE ]

Following the comment, we have made natural orbital analyses of the total density. When
they give modest occupations, e.g.. 1.95 instead of 2.0 and 0.5 instead of 0.0, CASSCF
calculations are needed to evaluate the radical character properly. TS geometries obtained in
this work might involve the character. However, all TS’s in Figures 1, 2, and 4 have been
found to have occupation numbers, 2.0 and 0.0. Thus, our TS’s would have negligible radical
characters.

>

>Finally, in the reference section, s few citations did not autheticate. These needs to be fixed:

> [#1-3  3CHK 17(g) & 26(p)D 51 78l > TWE T, ]

>

>17 (g) Weise CF, Weisshaar JC (2003) J Phys Chem A 107: 3265; Not Validated
>NOT FOUND
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=

>and

>

>26 (p) Degtyarenko IM, Jalkanen KJ, Gurtovenko AA, Nieminen RM (2008) J Comp Theor
>Nanoscience 5: 277; Not Validated

> NOT FOUND;INVALID JOURNAL

>

>The correct doi and journal links are:
>

>17 (g) Weise CF, Weisshaar JC (2003) J Phys Chem A 107: 3265; Not Validated
>NOT FOUND

>

>http://dx.doi.org/10.1021/jp0268541

>

>and

>

>26 (p) Degtyarenko IM, Jalkanen KJ, Gurtovenko AA, Nieminen RM (2008) J Comp Theor
>Nanoscience 5: 277; Not Validated

> NOT _FOUND;INVALID JOURNAL

>

>http://www.ingentaconnect.com/content/asp/jctn/2008/00000005/00000003/art00>003

=

>respectively. They should be provided if they are not able to be authenticated by the journal's
>software.

Indication of our wrong two citations is appreciated. They have been fixed.

>

>In summary, accept conditional to the minor revisions suggested and corrections made.
S

>Reviewer #2:

>This manuscript has described the formation mechanism(s) of carbonic acid from carbon
>dioxide and water by density functional methods (B3LYP and MPWI1K) and the ab initio
>MO (MP2) method. The object is of interest to organic chemists and the theoretical
>methods used may be appropriate.

>Please check the following points.

>

> (1) For the system of n=4+4, the obtained results by the MPW1K method are different from
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>those obtained by the MP2 and/or B3LYP methods. How do the authors think about it?
>The authors should elaborate on this point more in the discussion.

>[#2-1 n=4+4 ® MPWIK DO #43 MP2 £ B3LYP E RS EIZDOWTH- EiliihL
TEXIEE]

As the referee pointed out, the MPWIK result of n=4+4 in Figure 2b was different from the
B3LYP one in Figure 2a. The difference was not discussed well. In view of the result of the
SCRF=PCM containing geometry optimizations made at revision, the MPWI1K calculations
tend to involve the outer field effect more sensitively than B3LYP. In order to show the
tendency, we have re-drawn Figure 2b where TS geometries are comparably exhibited. At the
same time, explanations of the borderline of presence or absence of the ion-pair intermediate
have been added to the text.

> (2) In figure 5, only the results obtained with the MPWIK method for the geometrical
>parameters of TS1, INTI, and TS2 were described/presented. The authors should add the
>results obtained with the other two methods, the DFT B3LYP and the ab initio MO MP2
>methods. The geometrical parameters of TS2 in figure 6 were also only given for the DFT
>B3LYP method. The authors are recommended to add the DFT MPWIK and ab into MO
>MP2 methods.

> [#2-2 MP2 « B3LYP - MPWIK @ 3 D@l 5 4iL7) Figure 5 & Figure 6 [3E H A &
fii> TWhEHA.)

Among the three methods, B3LYP, MPWI1K and MP2, the MP2 calculation of n=3+27
(Figure 6) is too large for us to conduct. As for INT1 in Figure 5, it was obtained only by
MPWI1K. In spite of many attempts, B3LYP calculations did not give the INT1 geometry. As
the referee pointed out, this explanation is necessary and has been added to the caption of
Figure 5. Also, the geometric parameters of TS2 by MPWIK in Figure 6 were missing owing
to our mistake. The referee’s indication is appreciated, and those MPWIK data have been
added to TS2 in Figure 6.

>

>After appropriately revised, 1 recommend publication in the TCA special issue associated

>with Professor Akira Imamura.
>

>

>Reviewer #3:

>Referee report for "A computational study on the relationship between formation and
>electrolytic dissociation of carbonic acid"
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>

>In this article, the authors study the formation and electrolytic dissociation of carbonic acid
>using QM simulation. They change the number of water molecules systematically and
>investigate how this affects the reaction mechanism.

>

>] have some comments and concerns regarding the style of the article as well as the methods
>used.

>

>1. The abstract is very hard to understand and many mistakes are present.

> [#3-1 EBOEWRLDODMDFEHA, Y1 TIAHEINWTT.]

Indeed the abstract was described very awkwardly. It has been re-written as shown in the
enclosed old manuscript annotated by red pencil. Probably, the revised version of the abstract
would be more readable than the original one.

>2. The use of Gaussian keywords is hard to understand for people not using Gaussian -
>explain what it means and why you use in your calculations. Also when changing the
>notation of the functionals.

> [#3-2 GAUSSIAN OF—T7— REZT TR, MZFRT 50000 T A.)

As the referee pointed out, the Gaussian key words were used without definition. “The
Becke's three-parameter hybrid functional (B3LYP) and the modified Perdew-Wang
| -parameter-method for kinetics (MPW1K) have been defined in the section 11.

>3. Do you mean restricted writing RB3LYP?
> [#3-3 “RB3LYP" &3 TTn?)

Yes, “RB3LYP" was used to mean the restricted (i.e., closed-shell) B3LYP. However, the
usage was inconsistent with that of MP2 and MPWI1K. Therefore, in the revised manuscript,
“RB3LYP” has been replaced to “B3LYP™.

>4. The SCRF=dipole is used but the dielectric constant as well as radius of the cavity are not

>supplied.

> [#3-4 SCRF=dipole DR EZ AN=DRE ag & e((FH ) B L TLZEE 1)
As for SCRF=dipole, the calculated result was taken from Ref.3e. Indeed our expression

was confusing in dictinction between the cited data and our original ones. To the revised

manuscript, “was reported to™ has been added so as to clarify the citation.
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>5. "INTI is needed to make the CO2 molecule hydrophilic" - I do not quite understand what
>is meant by this sentence is it polarizing the molecule? Hydrophilic is more a macroscopic
>observable. Besides, the solubility of the molecule is more than 10 g/L.

>[#3-5 “INTI is needed to make the CO2 molecule hydrophilic™ @ EWKAHN 0D £HA. )

Instead of the original unclear sentence. the following explanation has been used just before
1V concluding Remarks. “Thus, the CO»-H>0 interaction is initiated by formation of INT17,
>6. The number of water molecules is not commented - how much influence has the solvation
>shell on the reaction. Should the experiment be conducted with 60 or 180 water molecules -
>why do you stop at 30?
> [#3-6 MWK TFOEOMDLRIEIZDNWTHENWTWLWERA.]

As the referee pointed out, the way of adopting water molecules in the reaction model was
not described in the original manuscript. As addressed for the comment #1-1, a new scheme,

Scheme 3, has been made to explain the way of the stepwise inclusion of water molecules.

=

>Questions

>1. Why have the authors chosen these functionals and that size of basis set to test their
>problem?

> [#3-Q-1 DFI(B3LYP * MPWIK)& 6-311+G** & EAZ DX ETIT N ? ]

As for the selection of B3LYP, it is most frequently used now among many functionals. The
usefulness of B3LYP to describe intra- and intermolecular hydrogen bonds has been
demonstrated in comparison with the MP2 prediction, e.g., in the following studies,
references (a, b, c, d).

a) l.Dabkowska, J. Rak, and M. Gutowski, J. Phys. Chem. A, 2002, 106, 7423-7433.

b) J. Rak, P.Skurski, J. Simons, and M. Gutowski, J Am. Chem. Soc., 2001, 23,
11695-11707.

¢) T. van Mourik, S. L. Price, and D. C. Clary, J. Phys. Chem. A, 1999, 103, 1611-1618.

d) A. Dkhissi, L. Adamowicz, and G. Maes, J. Phys. Chem. A, 2000, 104, 2112-2119.

It is known that the B3LYP method sometimes understimates barriers for proton transfer
reactions [Ref. e]. For this reason, we performed additional geometry optimizations using a
hybrid exchange-correlation potential MPWIK, which was parameterized to reproduce barrier

heights for chemical reactions [Refs. e and f]. The MPWIK functional was optimized against
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a database of 40 barrier heights and 20 energies of reaction [Refs. e and f]. The performance
of this functional for geometries of saddle points and barrier heights was found to be superior
to that of the B3LYP functional as well as the second order Moeller-Plesset method [Ref. e].

e) B. J. Lynch, P. L. Fast, M. Harris, and D. G. Truhlar, J. Phys. Chem. A, 2000, 104,
4811-4815.
f) B.J. Lynch and D. G. Truhlar, J. Phys. Chem. A, 2001, 1035, 2936-2941.

The basis set 6-311+G** seems to be the practical one in balance between accuracy vs.
current computer capability for the present large system, CO2(H20)s.

Some of the above explanations have been added to the section II, Method of calculations
along with new citation of Ref. e as Ref. [6](b).

>2. Why does the MPWIK give another answer?
> [#3-Q-2 MPWIK ZiFESfERERDIIRETIN? ]

This comment is the same as #2-1, and we have re-drawn Figure 2-b so as to explain that
the MPWIK method tends to involve the outer field effect sensitively.

>3. The functionals used in the article are relative old. Newer functionals, which have been
>optimized to estimate reaction barriers should be used, at least one of the M05 or M06
>would be nice to see how this compares with the present results.

> [#3-Q-3 H-oEHL W DFT iE(m05 XTI moe)ZHWTHEMgHEZL TS /Z& W]

Following the comment, we have performed M06 calculations of n=3+3 and n=4+4 models
in Figure 2. This is because those models are critical in whether the ion pair intermediate is
formed or not. New results of M06 have been added to Figure 2 by the use of the double
brackets (<< >>). The M06 n=3+3 has been calculated to give the concerted path, while the
MO06 n=4+4 gives the stepwise one via the ion-pair intermediate. A reference of M06 has been
added to the revised manuscript as Ref. [10].

>4. The proton relay system is rather important for the mechanism present but no discussion
>of the Born-Oppenheimer approximation is performed in the discussion section.
> [#3-Q-4 Born-Oppenheimer JT{LIUZDWT I A L TLZEE ]

According to the comment, we have added the following sentence to the top of 111. Results
and discussion.

“Here, the procedure of recomputing the electronic wave function of a changing nuclear
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geometry was employed to determine the potential energy surface on the basis of the adiabatic,

1. €., Born-Oppenheimer approximation.”

>5. It would be nice to see the charge distributions of the involved atoms during the reaction -
>this is missing from the analysis and should be included. Especially on the ions to see how
>much of the charge is localized.

> [#3-Q-5 B M Dadkami e AT1TL 730, )

Following the comment, we have calculated the Mulliken charges and those fit to the
electrostatic potential of the Merz-Singh-Kollmann scheme for CO, + (3+17)H,0, INT2 and
INT3 of Figure 5. These results have been displayed in (new) Table S2 (Supporting

Information.)

>6. The calculated "free energies" in figure 7 are only based on B3LYP - why? Even though
>as commented they are in good agreement with exp. data this could be for the wrong reasons.
>Furthermore, from figure 6 both DFT functionals have been involved in the calculation why
>only one of the energies and when doing the single point one should use a more complete
>such as MP2 or CCSD(T).

> [#3-Q-6 ZOIRNF—LETHIEVLHDZEAMN?]

According to the comment, we have added MPWI1K/6-311+G**
SCRF=PCM//MPW1K/6-311+G** AG values to three points of Figure 7 (TSI, INT3 and
H>COs;) which are comparable to the experimental data. They are somewhat underestimated,
and the “agreement” stated in the original manuscript might be fortuitous to some extent.
Thus, the revised manuscript, a word “fortuitously™ has been added.

MP2/6-311+G** and CCSD(T)/6-311+G** calculations suggested by the reviewer are too
large for us to conduct, because the number of the basis set of CO»(H>0)34271s 1119.

>7. Fig 7 shows the conversion from INT2 to INT3 as barrierless - not comments are made on
>this?
> [#3-Q-7 Figure 7 D INT2 - INT3D TS 28H 0 £ A. ]

As the referee pointed out, the apparently curious (barrierless) energy change was not
commented. To the caption of the revised manuscript, the following sentences have been
added.

“The AG* changes of two steps, INT2 — TS3 — INT3 and INT2 — TS4 — H,COs, are
barrierless, which comes from addition of the B3LYP/6-311+G(d, p) SCRF=PCM
single-point electronic energy and the B3LYP/6-311+G(d. p) thermal correction of the Gibbs
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free energy. Electronic energies of the gas-phase (i. e., in the geometry optimization) are,
-2482.893232 a.u. (INT2), -2482.893734 a.u. (TS3), -2482.881457 a.u. (INT3), -2482.892304
a.u. (TS4), -2482.912120 a.u. (H.COs).”

=

>The issues mentioned should be addressed and/or refuted before any publication. I would be
>willing to review the revised manuscript since | have asked for major revision with
>re-review.

> [T RSz S HEEEZ L £, ]

>

>

>Reviewer #4:

>This manuscript addresses the longstanding question as to how many solvent molecules are
>required for a particular reaction to occur, in this case the dissociation of carbonic acid. The
>calculations are demanding in terms of identifying local minima, as well as transition states,
>and tracking each of the latter to their start and end points. Like many calculations of this
>type, the results are not definitive by any means, but informative nonetheless. As such this
>manuscript will provide fodder for further discussion of this and related reactions. Prior to
>publication in TCA, there are a few important issues to be addressed.

>

>First and foremost, are the authors claiming that the minima they present are the only ones
>present on each surface? Such a claim would be hard to believe, in which case, it is
>imperative that the authors explain just how they chose each given minimum that they
>display and use in their analysis.

> [#4-1 GHRTRINAL(TS DS OWIEIZDWT, ISR EL TWHW D)
RO THREIZL TS ZES W, £, BEERPEGFEL T3

~ + Ak M A= ER e W — o e \
Re NS ERAUZEOMHTHL TSI 1y, ]

7251, 732H Figure |Z

This comment is similar to those of #1-1 and #3-6. As the referee pointed out, the way of
our choosing each given minimum was not explained. Of course, geometries of energy
minima depend on the choice of hydrogen bond networks. Our prime criterion of selecting
initial geometries is that O-H bonds not concerned with the inner networks are linked with
outer molecules. The criterion has been newly represented by Scheme 3. The scheme is
believed to appeal how the reaction center is surrounded by water molecules for the geometry

optimization.

>The processes considered all focus on single proton transfers. What about double and triple

>transfers that might occur nearly synchronously? Are those structures all of very high
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>energy”?
>[#4-2 RS AU/zsingle 7 0O b 2 BEILIYIZ double 52 triple BEIO [ HETEIZH D £H

Ain? }

The multiple proton transfers are involved in concerted processes generally. In Figure 1, the
n=2+0 and the n=3+0 TSs involve the double and triple proton transfers, respectively. When
the number of water molecules increases, the stepwise process with ion pair intermediates
becomes likely. The process is composed of single proton transfers.

>The figures contain a great deal of information. Too much, in fact. The data density will
>make it very difficult for the reader to get to the heart of what it is the authors are trying to
>convey. A good deal of additional thought should go into the presentation. Some ideas the
>authors might wish to consider in this vein: Perhaps bond lengths and angles, should only be
>reported at one level of theory. Or maybe these geometrical parameters and atomic
>numbering should be limited to the region proximate to the CO2. Indeed, is it necessary to
>illustrate the entire large assembly? Might it not be better instead to show only the water
>molecules that lie near to the CO2? More extensive data could be included in the
>Supplementary data section. In any case, it is obvious that improvement is needed in the
>figures, as well as a reduction in their now excessive number.

> [#4-3 HAMT E50T, BEXRAOMMEMS THO TRELTIEE )

As the referee indicated, original Figures I, 2 and 6 had too much information and were
somewhat messy. They have been re-drawn so that important data can be presented clearly.

We hope that the revised Figures are informative and appealing.

i

>In a more minor direction, the use of terminology such as n=1-4 or n=4+4 would not be
>understood by a reader of the abstract.

> [#4-4 EETn=1-4 ® n=4+4 L L TLERTA, INTRMZRLTHLOH
WHMD XA

Indeed, in the abstract the use of terminology as n=1-4 and n=4+4 was odd. A clearer

expression, e. g., n=1, 2, 3 and 4, for the integer n has been used in the revised manuscript.

>

>Schemes 2 and 5 can be deleted.

> [#4-5 Scheme2 &5 ZMIRL TLFEE W, )
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Following the comment, we have moved Schemes 2 and 5 to Supporting Information as
Schemes S1 and S2, respectively. Scheme numbers have been changed accordingly.

>

>Reviewer #5:

>It is a nice computational work, which shows the importance of adding explicit water
>molecules in studying chemical reactions. This manuscript is suitable to be published in
>TCA. However, It would be more interesting to perform a dielectric continuum calculation
>on one of the medium-sized models and compare the results with their current largest model.
> [#5 SCRF=PCM Z JIIA7= opt  opt=ts DB MG THZE L TS ZE 1, ]

Following the comment, we have carried out B3LYP/6-311+G** SCRF=PCM geometry
optimizations of two critical TS’s, Le., n=3+3 and n=4+4 in Figure 2. The term, “critical”,
means whether the ion pair intermediate is formed or not. The SCRF=PCM containing TS
geometries have been added to Figure 2-b. At the same time, the Figure has been re-drawn to
explain that the MPWIK (gas phase) and B3LYP/SCRF=PCM methods give the intermediate
at the critical models. (In the original manuscript, we made a mistake that the n=3+3
<MPWIK> TS is for the concerted process.) In the revised manuscript, the critical model and

method dependence has been discussed.

>

>Reviewer #6:

>B3LYP, MPWIK, and MP2 calculations are carried out with the 6-311+G** basis set for the
>reactions of CO2 and nH20 and the n dependence is investigated. Some interesting results
>are reported which are worthy for publication.

> (1) It seems better to improve English

> [#6-1 WHNXFEENRHLTIZS 0]

We have checked the manuscript carefully and have found various awkward expressions.
They have been fixed. and we hope that the revised version is more readable than the original

one.

>(2) Abbreviated TS and ts are mixed throughout the manuscript. The same is also for
>INT and int.
> [#6-2 GCHH(TS &ts. INT & int)OERARMENTLET.)

Their definition and distinction were missing in the original manuscript. They have been
added to the section I1.
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— 22>ORBEBEBAFTH o7z,
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V-3 i BIERECR UG R E & AR O BIBS£%

ARFSE T Gaussian & WD, B FHLEEZ AAWTILFEEEFET ST 0T 50 %
W TW5, Gaussian 2V — X1 J.A.Pople ZHULMZBAFE I, 1970 412 Gaussian70
NHEL SNz, LUK, Gaussian76,80,82,86,88,90,92,94,98,03 &, Kk & 72 BERE DB <5t
BHHRO LREOKRZER, RHFHRE LT Gaussian09 7235 % I N7z, Gaussian09 (3
2011 4 1 AR T revision B TH O, FIHFHF DIEMIZIFIZ X > THIZ BN S
DIMTHONTZ. ARSI Gaussian09 NRE S N EER TEAT 2R - 72720,
aFEDFA E1X Gaussian03[32Hk 1-14)% iV 2, 72, 7 FHLETE KT Gaussian & AT)
FHiEOFMY, AFRBOEER U TELEHINTNDD, RETIIHEANR
A SR LS E T B,

- BEULBIEGE

% B FLBA %% (Density Functional Theory : DFT )i, NI )L R 7 JIZiERIZE A
TOHETH D, A TFHPEGEICLELRFS BAOGEEZERL, ETHEAZEA
ERTEREREOI RN F—LEFEELZ EHIZIREL XD ETEHHETH LD
BIEIZHIN T 24 —EZIVIIH WSS, HEBEE KD 5 H D Tidian). A
JETIE, DFT IO THIEFITRENRNWESDON TS BALYP k2 EITHWTWL
%,

- JEIEREE
STFHNOECENERB, EFE —ERMIZHEL TEHEY A X(=HEEK DY 1 X)
ERT, BEBEENRKENZE, ETORSBEVEZRLBT 2 RRENELS, 2 TH0E
ZXODIEEMIZERLTE S, DFD, KOKREREEELREMAND E, GHHEOBEMN
<725, LD, AIEREZES<THDIZMEWL, StEEICONABEHKEL LD,
TR BT, 00, M 212H72-> T, FHEREERKEHROREZICD
WTHHE T DRENH D, Figure IV-3-a [dZKFF2HNT, AR THEM L ZLKREEO
MEEEOERERLIZHBDTH S,
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I /N JES SR (minimal basis set) : (f1]) STO-3G

321G THRETELLDRRIZH LT, EHMBREREZRD DA NS, Fi¥
ELT, ZORERIIFHERBIE TION, bFWMEEE2XRTITEENS V., F
RIEEFRHELTWEOT, 702547 F—EZIOFEFIZEDLNDS Z &N
%0,

split valence 5% : (#) 3-21G, 6-31G

AR 2 DO ZES 129, iz < EB TZ %, Huzinaga-Dunning
@ DZ(Double Zeta)FEJERIE S Pople © D 6-31G FJERAEK, 3-21G FEEBEEMN R < A
WwWHnd,

S MBEEL . (B) 6-31G* (6-31G(d)), 6-31G** (6-31G(d, p))

SFHNTHE, EFRMUORERFEREEL TWDHDT, s F—EXZINTHH>THHES
MIZEATWDATRENEN D D, ZOMADWNAERT 2D, HMNETEN 1 DK
ZFENA—EYINEMADNiE 728, Ak dPEIE S ETH 2D, 6 MOEEE, v, 2,
xy, zy, zZX)E VD Z EHH D, RHL &L THEITZ DB ORIHEG-31GH)ITKFELUSND
JRFIZ A —EZ I EMATZHD, BHG3IG*NIKFKIZ p-A—EF I, KFELUS
IZd-F—EZNEMATZDbDERT,

diffuse orbital : ($]) 6-311+G** (6-311+G(d, p))
HIMEFEBIIE N, ZZISIC/HIEEMA TS 25tHE AL TH S, 7=
T ORPHEREOHEREIZBWT, FICEHERFIETH D,
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@) B3LYP/STO-3G

s [ 2p 111
s [
Orx
S @

@ B3LYP/3-21G
2s D zpy D]:]
25 D 2p ED]

Is D
Or*

o m

@ B3LYP/ 6-31G(d)

2% O 2» [TT] d (I T1TT1T1]

2s [ 2p (117
s O
OE¥
15

RIS B3 T

HE+

RIS At 13

s O
s 0
HE¥
2 X 24 = 13



@ B3LYP/ 6-311G(d, p)

g » o ¢

B et 31 &

g rOD
~ 2p (111 s
25D ' 1~D
D ZPDjj s
2s ISD
+H HE+x
Om¥ - 4,
19 g

® B3LYP/6-31+G(d)

g »om ‘O

FHERBIEC: BAF 23 gy

2 [0 2 117 I
D 2p Djj Is
2s ) D
+ D HEz
BT )
19 4

® B3LYP/6-311+G(d, p)

o »Om ¢

JLEBIEC: BEr 35 iy

25" [ 2p 117 O —
25’ D 2P|:ED 1s
1s [
w0 HE¥
L f
23

2o OIIB/NEE, Q1 split

; 3-a) 6d BHITL D H,0 @ﬁﬁﬁﬁwﬁﬁtﬁwsﬁ%‘;g%ﬁé%L'Cb%o #
Figure IV- -;)g:@liﬁ*ﬁﬁgﬁ ®&E® M diffuse orbital ZH0Z 7= nh @ OREOEL
valence &, ’ <®<®<@®<®&ERY, )

WIEIZHENZ ED < @ g W, fL0DF HE(RHF
E%ﬁg?{d\ﬁ’ DEMITIE B3LYP 278 LT 203, ZERBOY 1 X
ANED S, =
P CAFHTH>THHETH D,
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Gt SRSEE O LLde, GHRORTEE SRR O MR Z R T, HEIZIZKMH0), 7 EZ
7(NH3), % /—)UC:HsOH), X+ (CeHe)od 1% a7z,

Figure IV-3-b [ZJLICPIB ORI & SRR EOPIMRTH 5. HHEREIZAMTO Y
ok > Bl )1 PA(Proton Affinity) TH#L 7=, 75 7 OMEEIT Il & 0 e
(kcal/mol), BENZIERCBIBDOFIRITH 5. Bl DAL E #7513 Figure 1V-3-a D XK
BOMENZHI0 IR > 2% E i U T 5, B AYVN E WEHER DR L) O
@I HBGENKE WV, BIZIEBEBOKZVGEHRREOH ) @R EDRTS
SEIMBHED KELBWI ENRDMS. £/, Gaussian03(if{4) & Gaussian09(75: {4)D

st ERIEIZREED SR,
BGaussian03 M Gaussian09

oo BOtH —HO G NHy+H — NHy
50 + —— EHEE D - 50 - - - —
« Wy v -
20 - - 30 -
20 3 20 S _—
0 + o — _—v- - 0 - _ BN E—
BT IE— - 10 - -
® ¢ @@ & ©® ®© ® ¢ ® ®© ©® e
Geaimod  CSHOH +H — RO Geid  CH+ Y — Ceffy
s0 | 50
an a0
30 | -l
20 | 20
10 - 10 -
o 4 I__-- . I
10 -10
O @ @ o o O @ ® o o ©

Figure 1V-3-b) FEERIIZHIT S PA OERME & HBMOFE, MEhIENEE OBEEZR
LTW3, EHEOIRXNF—LDHBBEOIRINF—BAKZWVWESIZE, NEWEBEIZA
DETERDLTWVWS,

108



KIiZ, FHERGEE LAt BRI OMBIRAR 2R, Table IV 23 W3 F ORI D
KEZE, Figure IV-3-c NEHERE Gt BRI OB{RTH 5, Figure IV-3-¢c LD K E
DT T TEEHEIHD o 2R, ANz H DM DD T T TIREREITHH o 72K
OWR(E : BEEREE, T REMINTH 5. FEBEO/NI W H0 ® NH; 135+ E
F5 2> Gaussian03 & Gaussian09 FE TaHREEEIC K E72E1E72 0. LvL, CHsOH,
CeHe EFFMRELRDIIDONT, AERBDHASGEIHERENS<25) LI ER
AL TWD, E/z, BEBEBNKELARDIZH->T, WUKETD Gaussian09 D
HEHERREIANEL fa o T B, THUZ, Figure IV-3-c il B2 Ebnsk ST,
Gaussian09 O 2MRBYFATIZ 0D SRR E WD ThH D, AH TR L Thian
W, ZNXKOBISITHEEDOEWFIIREDEMLET D, TNSDFRIZDWTHHIN L,
HIKBIEN R E S RDITONTEHERBIINT. StERENMT Z &3, ZNnE 05
BOARMPAEN, Z0O7RD, HELEZVWHDIISU THEFELPRERY, 3184
TDONT D AEEEL, BDODERRTIMLENHDEEA D, RB, FAKT
B H K ERFEBEEIT 1119 X(RB3LYP/6-311+G**) T, IR OAT 1 HEL Ehh
%,

@ @ ® @ ® ®
(STO-3G) (3-21G) (6-31G*) | (6-311G**) | (6-31+G*) | (6-311+G*¥*)
H;O 7 13 19 31 23 35
NH; 8 15 2] 37 25 41
C,HsOH 21 39 57 93 69 105
CeHe 36 66 102 150 126 174

Table IV-3) H,0, NH;, C,H;OH, CH,DEERIROBEGHERE) SO
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B Gauggian03
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200

150

100

Nec

50 ¢

200

150

100~

S0 1

110

& Rmmil

15¢ 1

100 4

S0+

[l ol o — i —

ORRON I RONG)
REIAET

200

150 -

100 1

S0 +

200 T

T .,

s R,

150 ¢

100 4

50 4

200 +

ORMEONVEONG,
E U

150 1

100 1

SO ¢

1 I e————

D200 @



C,H:OH e MR

200
15¢ 4
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., 100 -
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Figure 1V-3-¢c) FHRREE & SRR MOBIR. V5 7600 EASHGERGE L, FOMREIITIC )
Mokl Z, ENNFORFEMERLTWVWS, /5 7 dLWFN b G Eichno =
5] (sec), A7 3L 5 B 2k O Al Bi(Figure 1V-3-a OB H ) EZR L TV S,
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BVE BE

FHETIEFEMZOFEEZRNT, KBS T HCO; DRIGEFANTE =,

B IOETIE, —BRIERFEDT CO, DEMITKTRAZZEEE, EDOLDITRK
BN AERRT B0 2 RFHNTHNTz, Ee, R E L TRERNEBRET 5BREICDOVTS
B L. SFELAEEER, BELAERTHEIREOER - BHOBERIL, Scheme
I-12-bPANDEANE SNz, HEEI I 2L —3 3 > TR, #ALEETIVREN
MRAEICE ST, ROSNDERVELEINDAREENH D, 4E, s EBX
CEBWRHANENTERL, SIEBRERABAENSRIEL . BRELT,
ZOHRIL, AFEREOERYE, KUE7OR YL —REoTRIBZESGR IO
DBEMEEZEE L 20 FRENBHEA N TOEE ETHONEHDTH o/,

5 BT MRS EWO ARG ZR >, BERINE, BEOYER2EE
IZBITD “FBELR ESA D, BMELTED BTS2, BHHTANERLT
WiRWHATIRERAFRINTWA O HRAELE,

5 111-6 HIDEHETEIT, £ 2 DD5%M%E, BETRIIRT.

1) 28, MHNRZBDITBENLEN,
2) BH, MINRADERBOBNRET HDH,

DOERIZEAL T, BFRDOBZAFNDBETH 5. D729, Figure l1-2-1 70 5 111-2-4
Ta), b), c), D 4 DOEAI - HAIZAHRICBE T 2B L REE L. 2)DEEMITHL
T, 7anNshoEU3 70BN S PhI ERRMBRED T EORISREZ TN,
ZORR, RECHBERIE, £ -8 HiThRRZM)—G)D/IY — 2 DlMAEHRT
bHrEEZRH L, FLUT, Figure -4 DRI F—BLEN S, ZOFBERERIC
Lo T, REBRKLEANRETHEDENMD SN, £z, KD EARERHZL-
THRBEERITHNY, BREIICIEE I ETRNZREOF G T CO, & H0 ITE
%,

RREELEME O EE S TH o 7228, AR, BT TOEROEEEHRETIIML
Z1OLFEER SR, RMLZ T OARES TILAYM O BT I BEEEIN T

ENTVD, “BFROER” LWIRKONTENL, BBALFE TREED KISHRE
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DT 5 Z EIFIRETII AW EEZ S5 ND,
PLE, AW CldmEES FICEB L, 57 5 RIDORKZFHREALFEITL > THN,
H,CO; 2 CO, + H,0 O R % BARL L 7=,
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AWrFER, WEE - EEOTHE - CHEObE, ERTDHIIEVELL,
BB AEAEIZBEXL TE, RFEREANEFAL TH SRS 20T, 24
BHCE> THEANSBL LU TOMM - KhETTHICITHRELTHE, #
FROMNREETIBDIIENTEXLRI L, BLEHMLTBDET,

AFEOHBEHEEE LA BFOIRRETFEAE, REELAEIT, FikE
BHET 6 FRDOENTEDOEMH BN SHACEM, EROKREE D
PREHXE L, WHAMNEERICBEEL TIE, JHEHTIEINMO %L
REXODO Dbl &, EFITERSITELCTRO XTI, LAEAH
BEROTA ELT, ERICHNIBRBDHATHE, B<BEHLTHDET.

FEHMRAECEBRFA S AR, GFFROBURCHETE L TO®HE,
BBBEOHEATOMLARFEERMMETHEE L, £z, HRICET 55
BB EGOTHE, DONES I NnELE, FLT, BHEZ A, E
ELINAEOATEBATFEAZHEDE L, RAMEZEOREZEIREIEL
T, ARBOEBENLABOLEINOHAZEL THEEPHRICHT S
BMERDOIWREHEZATHEELALZ L, BELTWET, FHEoEN
SEREEEIICTEL, HICHAZBI U TELHMHIFREORERA T A,
T, ZSORANEZHBIZTRSBEHLET., BLLWEWHZHONE D,

BRBIZIROELEDN, HETROMESBS>ERDI LE2HFo>THTN
TERBEZ DN SEE N2 U ET,

MOMFEE XA TS NIZERK, ALBIZHONES TS NVWELL.
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