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4. CO, reduction and H,0 oxidation

This project is divided into two correlate topics,
which are CO: reduction (thermos-catalysis or
electro-catalysis) and water oxidation
(electro-catalysis). These two reactions show
great 1mportance in energy conversion and
environmental protection aspects. For instance,
the highly efficient CO:z reduction process will
contribute to fuels production and relieve of
global warming. The oxidation of water to
molecular oxygen represents ways to extract
protons and electrons in a versatile and
environmentally friendly approach which will
then be used for hydrogen production or CO:
reduction. In both two reactions, finding or
designing optimal catalysts is key to the research.

Therefore the main goal of this study is to
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determine the active species combining
experiments and calculations in the process and
understand the interaction of small molecules
and catalysts that will guide us to design

catalysts.
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4. C0, reduction and H,0 oxidation

The quantum chemistry software Gaussian 09
in HOKUSALI is used. The calculation method is
using DFT calculations to obtain optimized
structures and transition state structures. In
some cases, another DFT software called
Quantum-Espresso is used to calculate in the

periodic system.
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(a) no water inserted structure fixing a-carbon atoms
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\ﬁ:c...;u o
Mn1-Mn2: 2.73 A 05-Mn1: 1.85 A
Mn1-Mn3: 2.87 A 05-Mn3: 1.86 A
Mn2-Mn3: 2.75 A 05-Mn4: 2.89 A
Mn3-Mn4: 2.98 A 05-Ca :2.70A

E=+0.0 kcal/mol

(b) no water inserted structure fixing no a-carbon atoms

H
Y
o
-

O~Chinr ,Cammmr—0

Mn1-Mn2:273A  05-Mn1:1.89 A
Mn1-Mn3:2.85A  05-Mn3: 1.85 A
Mn2-Mn3:2.73 A 05-Mnd:2.24 A
Mn3-Mn4: 2.83 A 05-Ca :2.81A
E=-21.7 kcal/mol A

(c) water inserted structure fixing a-carbon atoms

o
0—?1,‘5. Cammr—o

Mn1-Mn2: 2.82 A
Mn1-Mn3: 3.49 A
Mn2-Mn3: 2.78 A
Mn3-Mn4: 2.75 A

E=-7.7 kcal/mol

(d) water inserted structure fixing no a-carbon atoms
B oL,

Mn1-Mn2: 2.79 A
Mn1-Mn3: 3.55 A
Mn2-Mn3: 2.78 A
Mn3-Mn4: 2.71 A
E=-21.6 kcal/mol

05-Mn3: 1.83 A
05-Mnd: 1.82 A
05-Ca :2.73A
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L. YDA ) —=2 7 O@RIIHRNT, KED
b v Meawntt Sk, (LB omrt %z &g
L7280 iAF L LT logPow DEHE Z1TVN, B2 510
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7 TiX, up-spin B L O down-spin 23787 /3 R
Wigx, RaBlOHFETRLE, FEIRXZL
X, OBBENEOS G W 2EMOEBIC Lo T
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Down-spin

20 |
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Energy [eV]
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7. BCIREEME B -MnO, D A

VAR N RREE

4. CO, reduction and H,0 oxidation
In the research of CO2 reduction, a kinetic
model of alkaline reactions of glycerol and
bicarbonate under hydrothermal conditions 1is
elucidated by a joint experimental and theoretical
method. It includes main reaction (reduction of
COsq

simultaneously) and side reaction which can also

and glycerol transformation to lactate

not be ignored. The estimated apparent activation
energy of the main reaction is 41 kcal/mol. From
the theoretical study as shown in Figure 8, the
role of bicarbonate can be concluded in two
aspects: (1) to deprotonate —OH group in
hydroxyacetone as a base; (2) to release CO:
molecules for the following step. CH3COCH20-,
which 1s an intermediate firstly suggested by

theoretical calculation, reduces COz2.

Step 1

(13.2) :
—— (9.7)

(0.0)

3 S [ ]
L 3 ° (18.0) %‘ s,
4 | — ’
o~ . ) O Y
(0.0) t-

. 5.5)

Figure 8. Free energy diagram of the two-step
mechanism from hydroxyacetone and bicarbonate
to pyruvaldehyde and formate. The values in
parentheses are Gibbs free energy (kcal/mol)

calculated at 573 K.



Rk 27

In the research of water oxidation catalyzed

by IrOx electrode, UV-Vis spectra of a binuclear

IrV-IrV cluster were simulated using B3LYP
of the
optimized at the unrestricted B3LYP level by

functional. Geometries cluster were
examining low and high spin states with and
without the symmetry constraint. The quintet
which had the lowest energy of all

had an

state,

structures examined, absorption
maximum at ~399 nm comparable to the observed
peak at ~410 nm in experiments. In contrast, it
was found that the triplet state has two peaks at
~396 nm and ~491 nm and the differential
spectra of the triplet and quintet has an
absorption maximum near 490 nm, which
matches well with the spectrum of the fully
red-shifted species. The potential energy curve of
the bdinuclear IrV-IrV cluster at quintet and
triplet states as a function of O-O distance
revealed that the triplet state possesses more
favorable energetics for O-O bond formation
through the binuclear mechanism. Therefore,
these computational results suggest that the
observed red shift of species A450 is associated
with a structural change from the quintet state to

the triplet state, leading to O-O bond formation.

5. EEFRX/ VLA MOKF TOFEIRIEICE
ERAY. 2D
PQQ (X 9a) LU PQQ L /KDKIRARY (X
9b-d) ZBIT A7 FEEREEZR 10 1R L
Too FERDD, 2 FEETOT N D DB T OHRMN
KF L 74 (D, o) D&M, 190ppm, 90ppm J&3 |
—ARKFoOv—7 %L, ERELFE R ZRL
oo Fio, EECQ@OABRZ R L —IHEEG LD b
5.06kcal/mol 1< | #iE ()X PQQ & /KD S#H D
s & L ORMB E T,

M &

(a)

< 9. (b-d) PQQ & KD )i

(a) PQQ.

structure (a)

195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90
ppm(s)

structure (b)

195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90
ppm(s)

structure (c)
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90
ppm(s)

structure (d)

195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90
ppm(s)

10. PQQ fF kG IZH 1T 5 BC L7 b

4. E£&®
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DEBRZ R L T\,
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7o FIAD SOREEREE I, 4 DD Mn F_THRKRENL
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TN
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ABFFENT AN T, logPow DAEAY, I 2{LEH D
BAOMIZLY RELSLELAT DI PR nlz, &

v—varv
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. 4. C0, reduction and H,0 oxidation

Active species in COzreduction and H20
oxidation are determined theoretically as
CH3COCH:20- and IrV-IrV cluster in the triplet

state.
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4. CO, reduction and H,0 oxidation

The future research plan will be focusing on
the electrochemical CO2 reduction catalyzed by
ionic liquid system. We have one publication
related to this topic and in that publication we
propose one catalytic cycle to COz reduction. In
the future, we intend to further determine the
active species previously proposed by in-situ
UV-Vis and Raman spectroscopy and calculation
methods. The simulation of spectroscopy is to be
performed by TDDFT calculation and vibration

calculation in Gaussian 09.
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