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[ Abstract ]

Potential energy surface (PES) is an important theoretical approach for understanding proton transfer
(PT) reactions. In this work, a simple PES construction method using diabatic picture and analytical
method using the PES for intermolecular PT were discussed. Assuming two-state valence bond electronic
wavefunctions corresponding to reactant (RS) and product states (PS) as a diabatic basis, the PES
reproducing adiabatic PES was obtained using Morse potential as the diabatic potentials. In addition, PT
rate constants were estimated using time-correlation functions and they were in good agreement with
the reference values. This approach was applied to PT for a proton-conductive material, of which results
showed the proton-conductive path. Therefore, it is concluded that an analytical approach to various PT

using diabatic PES is developed.
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Table 1: Proton transfer rate constants and correlation times using quantum dynamics at 298 K.

(a) WatH*-Wat (b) AmH*-Am (c) AmH*-Wat
forward Reverse
R value (A) 2.39 2.69 3.03
Rate constant (s?) 5.56 x 1013 1.26 x 1014 4.64 x 1013 7.97 x 1013
Correlation time (fs) 18.0 7.94 21.6 125
Reference (s?) 3.0 — 6.0 x 1013 2.27 x 1014 5.0 —10.0 x 1013
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Rate constant (s™) 9.88 x 1013 6.60 x 1013
Correlation time (fs) 10.13 15.14




k(0..0)Dk(N..0)/k(0..0)AE X% 1.5 THBZ &b, N..O [W® PT 28 0...0 [H®
PT ICHRTISERERI VLTI LB bh o7,

b i (Fig.3) L v, [100]6o 7' v b VREREK2N...O D AD PT 23 2 DicxfL, [14-
9lfificih» 72 7' v b VEERIKIZI N..OME 0.0 D PT 25 2 &b oTw3, Lz
> T, Table 2 DFER X Y PT oM EEH OB 2 5 12[100]6h0 7' v b VREREE DT, 7'm
FVEESET DR T W L Rb o T,

PAEX Y, EfAENMRHEIEIC K > CTRONEERSEEST 2 L, Im-Suc @ 71 + v {5E[1X[100]
HCR o 72 PRI PT RIS & A4 I XY = f#EBIC X V5 EEZ ST eEXLND,

(e ¥V P8I0 RIGHET]

BB, ARG RO 2 Higd 7201c, BT e 7o b vEBEAFREICKZ e ¥
U FHT)BE SO L Wizl PES V72T 21T 5 72, AW Tlie F ) FETRIGHD
HT 1CiHEH L7z, & F Y FEITORKICHERE O BRI, AR O BREFE BN o i o G # A R Ic
BB OCEE - FIHIC OB 2 b% DIFERETET VS, LIL, 2O0F—T0 kR
THZHT IR, 2B 1 Futva2HET5720, % OBBHEEIIEMCH ) FEERIICEHIT 3
DITHNEE L 72 5,

AWgeclie F U FEci#<dh 3 LiAlH, & LiBH I X 2F A L7 AT e Figsedho HT i
DWW, Wik PES 150 OGRS (IRC) 2 Z EPLBAB(DET)FHAEIC X Y k&, IRC L o#§EZ
b, BEENR, BB 7 v X 2P~ 7, FHREOME, maldic X 3 HT hofidl:, =4
*— & TS OS2 BEE#EAT ) 2 Hammond IKERIC X - CTEEATZ 3 2 &b a 0, £ TS HidEn
b HT RKIGOALEEFE A3 O 22 & 7 o 72, F 72 B EMANTIC X 0 S THF B 3K
Law, UTFoX5AFRL HTEETH 22 Bbh o7z (DAL FZLiRFE~D 1 EHE),
Q) AEEREEDOER (X—H—-C; X =AlorB) Q)EFREE 25 KFRDOEE), 4)KFEEFHL LD
I X—H—-C %43 2 ETHH),

INLOMBIIEROERETMCRIEAZ A TERVKLEETH Y, B L¥FEIC
LT oEEME 5 2 5 L Hic, KIS OB 7 B 0 280 A OGRS o PRAR 1< B 70
Rae5 222 eI i, (6o7C, FEMllZ SRISHME O BRI 21T 5 72 ®1ci%, PES Lo
BMEEOEET 2 LAMTEICAR D LRI o3,

[ 55 ]

AWZE T 7 PT KIS ISR 3 252 PES OERGE & & 1150 H D W 7 R iTik o et % 17
270 ¥A 7 PT RIG% % 2 OEELLHEFESTH S RS & PS O 2 JREE EE L 72582 PES %
Wz gk, 2RI PES OE%Z1TH T &8 TE 72, X 51T, B GROA L EIEH»
Tlicky, BERKROKEHEMKOAZH W -ETMmICESCEEEHOREZITS 22T
L7z, RFEREEFECHY, ERDFREZEUHL 7 PT RKICKRICHEHRETH Y, ERICT 0
b REYE O PT MG ~D@MIC X v, PT O 2 O mERMEICEIT 2 MR35 5 7z,
=3¢

[1] K. Pogorzelec-Glaser, et. al., J. Power Sources, 173, 800-805, (2007). [2] T. Umiyama, et al., Chem. Lett., 42, 1323-1325, (2013).

5



T2 9% 2H 3H
FHARMXEERESE (B)
1. I XEE GLEZEBOBSEIMREMITAZL,)

2. WmXEHE O B _®ELEE X
A Zo o7k

@K % @ Bk
3. BEFKRENDEE (600~650 F) '

4. FEER QM E (OPRACOR) @ R
(@) BE% M+ ((Em )




