(B 20) KR |HESE

Erk 27 £ TSUBAME EEFARAT7IL1—X BERREE

TIECO,DRIEDE—RERFEAEHE
Ab initio molecular dynamics on reaction of amine and carbon dioxide

ZEH &2
Yoshiyuki Kubota

MAAE %A =4
The Kansai Electric Power Co., Inc.
www.kepco.co.jp

F—REDFENFHEIZEST, KBRPODERZTDU(P2)E CO, DIEERIGHNTFARSN S, COO EH5
hYaxial @ PZ Y JT4vA—AF I, BRENWGEIEKRRIGHEBIESNSH, equatrial @ PZ Y Jrva—AF>
(X, 200 ps [, LR EALDRER N, PZ YT vE3—AF>, PZ, ERAZO LA UEEAEKBRTIE, PZAH
—/\A—k, PZFArR—b, PZA—/\ A= TOMR— D ERDIEBESND, A2F A FZIOREFEH>T, PZT
ArR—tDOSDFEKROBHIRILF—EEINFEINS, BOoN-RAKFEOEBBRIRIILY—[EEE L, BiE
BMEEEHILRBEONSELELL BT S,

The chemical reactions of CO, with piperazine (PZ) in aqueous solution have been investigated using ab initio
molecular dynamics (AIMD) simulations. The deprotonation of a PZ zwitterion with an axial coordination of COO
moiety occurred spontaneously, while a PZ zwitterion with an equatorial coordination persisted during 200 ps. The
AIMD simulations predicted the possibility of formation of PZ carbamate ion, PZ protonate ion, or PZ
carbamate-protonate in aqueous solution containing a PZ molecule, a PZ zwitterion, and a hydronium ion.
Metadynamics technique has been used to obtain the free-energy barrier of the deprotonation of PZ protonate ion.
The calculated free-energy barrier well agrees with the experimental value estimated from the acid dissociation
constant.
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Fig. 1 Conformations of PZ zwitterion
Gray, white, blue, and red spheres indicate C, H, N, and O

atoms, respectively.
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Table 1 Performance of TSUBAME?2.5 for regular ab initio molecular dynamics simulations by VASP5.3

Nodes Cores NPAR* Cores/NPAR |Calc. time (node*hr)| Efficiency | Optimal parallel number
10 120 2 60 0.961
0.996 240
20 240 4 60 1.283
10 120 3 40 0.739
0.995 183
20 240 6 40 1.033
10 120 4 30 0.728
0.992 120
20 240 8 30 1.094

*NPAR is the parameter of VASP for parallelization over bands.

AIMD simulations with 100 steps are performed for the aqueous solution consisting of a piperazine zwitterion and 106 water

molecules.
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Fig. 2 Free-energy of activation for deprotonation of protonate ion
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