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Study on molecular mechanism of C02 absorption reaction by amine-based basic
solutions at the gas-liquid interface
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Amines are the most widely utilized chemicals for post-combustion C02
capture, because the reversible reactions between amines and C02 through their moderate interaction
allow effective “ catch and release.” We compared aqueous amine solutions and amine-functionalized
ionic liquids by investigating their dielectric constants and performing an intrinsic reaction
coordinate analysis for the C02 absorption process. Quantum mechanical calculations revealed
contrasting dependencies of C-N bond formation on the dielectric constant in those solutions. Amines

react with CO2 on an energy surface that is significantly affected by the dielectric constant in
conventional aqueous amine solutions, whereas amine-functionalized anions and C02 form stable C-N
bonds with a comparatively lower activation energy regardless of the dielectric constant.



H2>0

H+
OH-
Hoffmann
Caltech
H* OH-
6

SMD
SMD/ IEF-PCM/B3LYP
Ea AE
En = Ers — Eg
AE = Ep — ER
Ers Er Ep
6-311++G(d, p) [1,2]
[3]
[4]
MEA

ZHO(CHz)zNHz + CO,
2 HO(CH,),NHCOO™ + HO(CH,)oNH;'
MEA

MEA
®

CO,

R'IR'R®N- + CO, 2 R'R?RNCOO-

€Y)
@

®

MEA

©)



& @®

Gly MEA

Ea
AE
MEA

Gly~

: & 4

Jﬂ
"’ @ » d
2% |2 ¥
Gly + CO, MEA + CO,
kJ/mol
£ =178 =1
Ea AE Ea AE
Gly~ + CO, 8.6 -19.2 -13.3 -21.9
MEA + CO, 14.8 -9.3 33.6 96.1
MEA -
HO(CH2)2NH,+C00"
HO(CH2)2NH, + CO; @ HO(CH2)2NHA4C00~  (5)

Gly~

MEA

*

CO;,

[1] Comparison of Solvation Effects on CO;
Capture with Aqueous Amine Solutions and
Amine-Functionalized lonic Liquids
H. Yamada
J. Phys. Chem. B 120, 10563-10568
(2016).

[2] Modeling of CO, Solubility in Tertiary
Amine Solvents Using pKa
H. Machida, S. Yamamoto, H. Yamada
J. Chem. Eng. Data 61, 2144-2148 (2016).

[3] A Molecular Dynamics Simulation Study
on CO, Physical Absorption Mechanisms
for Ethylene Glycol-Based Solvents
Using Free Energy Calculations
R. Nagumo, Y. Muraki, S. Iwata, H. Mori,
H. Takaba, H. Yamada
Ind. Eng. Chem. Res. 55, 8200-8206

(2016).
[4]
43 111-116 (2017).
[5] CO.
C0,
2 5
(2017).

[6] The Chemistry of Amine-Based CO;

Capture (Keynote, Invited)

H. Yamada

International Conference on Chemical
Science and Technology for Sustainable
Development

8-9 November 2017

Vietnam National University, Hanoi,
Vietnam.

[7] A Study of the Chemical Reactions
Involved in Amine-Based CO, Capture
(Invited)

H. Yamada

12CNER (International Institute for
Carbon-Neutral Energy Research)
International Workshop 2017

3 February 2017

Kyushu University, Fukuoka, Japan.

5

15



http://ww.rite.or.jp/chemical/member/p
rofile/yamada.html

http://mswebs.naist. jp/LABs/rite/files/
yamada.htm

€Y)
(YAMADA HIDETAKA)
60446408
@
®
(ENAMI SHINICHI)
00589385
Q)

(HOSHINA TAKAAKI)
(NAGUMO RYO)
(MACHIDA HIROSHI)
(YAMAGUCHI TORU)



