2E10

FE—REBESFHAFHEIZELSDOITE /) —ILT I UKBRTDH
“EIERFEDORIGD A I RILX—REAT
'BAVEE EME, o A= AR, AR TRET T I —
OEMHZEZ", Tomas Butko®®

Ab initio free-energy calculations on reaction of carbon dioxide in
diethanolamine aqueous solution

oYoshiyuki Kubota', Toma¥ Butko™’

! Research and Development Center, The Kansai Electric Power Company, Inc., Japan
Department of Physical and Theoretical Chemistry, Comenius University in Bratislava,
Slovakia
I Institute of Inorganic Chemistry, Slovak Academy of Sciences, Slovakia

[Abstract] The reaction between carbon dioxide (CO,) and aqueous diethanolamine (DEA)
has been investigated using ab initio free-energy calculations to understand the complicated
reaction mechanism. The standard ab initio molecular dynamics (AIMD) simulations
observed the proton extraction from an intermediate DEA zwitterion (DEAZW) by DEA only
when DEAZW and DEA approached each other. The blue moon ensemble technique
predicted the barrier-free proton extraction from DEAZW by DEA, and estimated the
free-energy barrier of 16kJ mol™' for the proton extraction from DEAZW by water molecule.
The highest free-energy barrier for the CO, absorption process was found to be the formation
of DEAZW. The overall free-energy difference reproduced the available experiments. The
experimentally estimated kinetic data were compared with the transition state theory (TST)
rate constants and diffusion-controlled rate constants. For the CO, binding, the TST rate
constant reproduced the experimental value within the statistic error of ab initio free-energy.
The proton transfer from DEAZW to DEA was explained by the diffusion-controlled reaction.
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Fig. 1. Free-energy profile for reaction of CO, in DEA aqueous solution at 300 K.

Table 1. Experimental and computed kinetic data at 300 K.

kpeazw" kg pEa” kg 20
Expt. 803-5121 218-2420 0.10-1.95
TST 5522-136463 3.74%107-5.09%10"° 2.04%10°-2.77*10°
Cale. Diffusion 4.89%10° 2442 -

*Rate constant for formation of DEAZW (1 mol™'s™).
PRate constant relevant to the proton extraction from DEAZW by DEA (I* mols™).
‘Rate constant relevant to the proton extraction from DEAZW by H,0 (I* mol ™).



