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In situ observation of the states of ions exchanged in zeolites through the
measurement of far-infrared spectra utilizing synchrotron radiation apparatus
and its establishment for the analysis method

Kuroda, Yasushige
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Zeolite is an inorganic material made up by elements such as Si, Al, O, and

Ca which exist in large amounts in the earth-crust. In this work, it was clarified that one of
zeolites exchanged with calcium ions exhibits prominent adsorption and separation nature for C02
under the conditions of RT and even in the lower pressure region less than 5000 ppm. The active site
for this phenomenon is elucidated by combining far-IR measurement with calculation method. This
research was selected as a back cover paper in J. Mater. Chem. A published by RSC (1F=12.732). We
also found the formation of prominent Xe compound with the Ag+ ion exchanged in MFI-type zeolite
even at RT. This phenomenon was also examined by combining various types of spectroscopic methods
with calculation method.
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The following approximate classification of zeolite framework modes can be assigned:

(a) Region 1200-950 cm?
(b) Region 850-650 cm*

vas (T-O-T) stretching with dominant Si—O displacements,
Vsas (T-O-T) stretching with Si—-O dominance in the range 850-750 cm*

(c) Region 650-550 cmi !
(d) Region 500-420 cm*

and Al-O dominance in the range 750-650 cm?,
vs (T-O-T) stretching + 5(OTO) bending,

6(OTO) bending mostly in-phase with respect to TOT bridges,

8(OTO) bending + V(TO) stretching, and

(e) Region 420-300 cm*

(f) Region < 300 cmr?
vibrations originated
stretching modes.

300cm?

6(TOT) bending and torsional modes, together with the extra-framework

from the cation-oxygen vibration: v(O.—M™)
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[ 3. Changesin far-IR spectra before and after CO, adsorption at RT and successive evacuation stages
at 300 and 423 K. This figure is magnified in the range between 350 and 100 cm!.
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225 203 Cm—l & 4. Adsorption model of (0, in A-type reolits; a C0, molecule is simultaneously pinned by
two types of exchanged Ca®™' ions pasitianed on &-MR and 6-MR, respectively.
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6 & 6. Thedifference in Far-IR spectra measured in SPring-8 and calculated ones; (a) experimental spectrum,

(b) calculated spectrum based on the model shown in Figure 4.

(a) CaA-78

423K

evac. at 723 K
CO, ads. at RT

[(CO, adsorbed) - (evac. at 723 K)]

Absorption (arb. unit)

CO,
423 K

I R I NI I T T A A O B
50 300 250 200 150
1

350 300 250 200 150 100
Wave-number / cm™

Dii&rence in Absorbance (arb. unit)

Wave-number / cm”

far-IR

CaA-78 7. Changein far-IR spectrum of CaA-78 measured in SPring-8; (a) experimental data,
(b) difference spectra before and after CO, adsorption at RT.



NaCaA-85

CaA-78 (Ca* 0 120
COZ COZ E‘lﬂl]
B
1 Z 80
§
NaCaA-85 4 3o
2
]
=2 40
CO2 :
s 20 |
-
I e
o e TR 8 R
Eqilibrium Pressure / Torr
8
[E 8. Adsorption isotherms of various gases on NaCaA-85 measured at 298 K.
CO2
(@)) Xe
Ag* MFI (AgMFI) 208K Xe
9 MFI Agt  Xe
Xe5p(HOMO)  Ag(l)55LUMO) o
10 Xe Kr
(298K)
n Xe Kr
_ 154 2.0
=
2 03 -
£ 1.5 o g
2 1.0 g
P Xe 855 E
s cf ) " Opgxe 3 %%
§ 1.0 g — = - %
g 0.5 e E 0.1
3 L0.5 i Y g
g ] Ag Q i < Kr
2 00 ¢ —.—e - —
2 ] 0.00 c I%o_s 0‘1?7 0.15
] quilibrium pressure / Torr
0.0 0.0
0 2[0 4’0 6.0 8‘0 100 [E10. Isodensity plots of the electron density difference between 111, Adsorptian sotherms of Xe, K Ny, and Oy for the AgMF sample at 298 K
Equilibrium Pressure / Torr the Ag'—Xe species and the fragments (Ag” and Xe) observed
in the 10 membered ring of the MFl-type zeolite model.
(9. Xe adsorption isotherms for the AgMF| sample at 298 K.
€)) N20
cu* MFI (CuMFI) N2O
N20 , CUMFI far-IR

227 cmt  Cu*-0O%—Cu®

(2CU")MFI + N.O - (Cu?-0?—Cu?)MFI + N;
References

1) A. Oda, S. Hiraki, E. Harada, |. Kobayashi, T. Ohkubo, Y. Ikemoto, T. Moriwaki and Y. Kuroda, J. Mater.
Chem. A, 9, 7531-7545 (2021).

2) A. Itadani, A. Oda, H. Torigoe, T. Ohkubo, M. Sato, H. Kobayashi and Y. Kuroda, ACS Appl. Mater.
Interfaces, 8, 8821-8833 (2016).

3) C.E.Bien, K. K. Chen, S.-C. Chien, B. R. Reiner, L.-C. Lin, C. R. Wade and W. S. Winston Ho, J. Am.
Chem. Soc., 140, 1266212666 (2018).

4) M. Kang, D. W. Kang and C. S. Hong, Dalton Trans., 48, 2263-2270 (2019).

5) T. M. Macdonald, W. R. Lee, J. A. Mason, B. M. Wiers, C. S. Hong, and J. R. Long, Capture of Carbon
Dioxide from Air and Flue Gas in the Alkylamine-Appended Metal-Organic Framework mmen-
Mgz(dobpdc), J. Am. Chem. Soc., 134, 7056-7065 (2012).

6) O. Shekhah, Y. Belmabkhout, Z. Chen, V. Guillerm, A. Cairns, K. Adil and M. Eddaoudi, Nature
Commun., 5, 4228 (2014).

7) S. J. Datta, C. Khumnoon, Z. H. Lee, W. K. Moon,S. Docao, T. H. Nguyen, |. C. Hwang, D. Moon, P.
Oleynikov, O. Terasaki, K. B. Yoon, Science, 350 (6258), 302306 (2015).



A. Oda, T. Nanjo, T. Ohkubo, Y. Kuroda

124

Experimental Description of Biomimetic Nill-Superoxo & -Bond: Franck-Condon Analyses on Its
Vibronical ly-Resolved Spectrum

2020

J. Phys. Chem. C

11544-11557

DOl
10.1021/acs. jpcc.0c02841

A. Oda, J. Kumagai, T. Ohkubo, Y. Kuroda 8

Low-temperature oxyl transfer to carbon monoxide from Znll-oxyl site in zeolite catalyst 2021

Inorganic Chemistry Frontiers 319-328
DOl

10.1039/d0qi01112F

J. Kimura, T. Ohkubo, Y. Nishina, K. Urita and Y. Kuroda 1

Adsorption enhancement of nitrogen gas by atomically heterogeneous nanospace of boron nitride 2021

RSC Advances 838-846
DOl

10.1039/d0ra08437a

A. Oda, J. Kumagai, K. Sawabe, T. Ohkubo, Y. Kuroda, A. Satsuma 125

170-ESR Evidence for Zeolite Matrix Isolation of Square Planar Zn03 Ring Radical with C2v 2021

Symmetry

J. Phys. Chem. C 5136-5145

DOl
10.1021/acs. jpcc.1c01042




A. Oda, S. Hiraki, E. Harada, I. Kobayashi, T. Ohkubo, Y. lkemoto, T. Moriwaki, Y. Kuroda 9

Unprecedented CO2 adsorption behaviour by 5A-type zeolite discovered in lower pressure region 2021

and at 300 K

Journal of Materials Chemistry A 7531-7545
DOl

10.1039/D0TA09944A

A. Oda, K. Sawabe, T. Ohkubo, and Y. Kuroda 126

Identification of a Stable Ozonide lon Bound to a Single Cadmium Site within the Zeolite Cavity 2022

Journal of Physical Chemistry C 261-272
DOl

10.1021/acs. jpcc.1c09277

A. Oda, H. Kouzai, K. Sawabe, A. Satsuma, T. Ohkubo, K. Gotoh, and Y. Kuroda 126

Orbital Trap of Xenon: Driving Force Distinguishing between Xe and Kr Found at a Single Ag(i) 2022

Site in MFI Zeolite at Room Temperature

J. Phys. Chem. C 8312-8326

DOl
10.1021/acs. jpcc.2c01515

0 5000 co2 A

33

2019




2022
15
Co2
2022
JASCO Report 12
JASCO Report

EurekAlert  Newsrelease 6-May-2021 (J. Mater. Chem. A, 9, 7531, 2021)
http://www.eurekalert.org/multimedia/910176

Zero to hero: Overlooked material could help reduce our carbon footprint




