
  τṁξΨ

Ῡ ∙ χ Ṑ ὓ

כ ◦☻♥ⱶ ( iCeMS)

2021 ( )

2025
1

8 5 21 ( )



ꜛᾪ ᵒ

B.S. Postdoc Asst. Prof.

Kyoto Univ. 

(Japan)

Northwestern 

Univ (U.S.)

iCeMS, 

Kyoto Univ. 

(Japan)

2007-2011 2011-2016 2016-2018 2018-

Proton dynamics of hydrophobic nanotube

Nat. Commun . 2020, Small 2021

Exploring the Dimensional crossover

in mixed -valent chain/ladder complexes

AGIE 2016, IC 2016, Nat. Commun . 2020

Characterization of

Single -site Catalysis

on PCPs

JACS  2018, ACS catal . 2019,

IC 2021, etc .

Exploring Unique Functions of 

Flexible PCPs

Ύễ
Prof. Omar Farha /

Prof. Joseph Hupp ễ

Assoc. Prof.
2024-



Ằ ᶘ ⇔˔ל ›ЄІГЭẤ (iCeMS)

Ằ ᶘτ2007 10Ὦτ ήϦθ ᵦЕАФйЦиᾆẕẤ
ФкϽжЭˢWPIx Ấ
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ЮрН˔ 

Japanese
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Japanese
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Ằ ᶘπΩϜ⁯∑ χ‰ΜᾆẕẤ ʿ῝ ῎ψֽ῎
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⌐№╢

Ṁˢᶨ ˣ −/ −ˢᶨ ˣ ᷃ −ˢЄзϸϿиˣ

ựσράϧπϜ ˑσ π Ῡ ∙ Υᶨ

χ ⱱ−ˢЉϷжϱЕˣ

ϹІχ ˢЉϷжϱЕϞᶨ σςˣ
5−ʺ −ʺ ᷃ʺ−ד −ʺ − etc.

̎ ψᵊ AIτϢϤ⌠



ᶨ ЉϷжϱЕ/
ˢϯиЬЛϾϱ▒תˣ

Єзϸ
ˢ ▒ᴟϾϱ ˣ

אּ

ᴟᶘ 

─ ─

ʿwikipediaϢϤ

Mn+
1/n(AlO2)(SiO2)x

(M = Li, Na, Mg, K, Ca )
C SiO2ƋnH2O

Μ ◊ΥΚϤʺῬỘ τ ▀ʻ‰ᴛʾ‰ӊᴞπ ΰο 6

¬Ặ Ὣ›ºπᾖ◓ḧΥὫ›ΰθ 
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Ằ ộHPʿ

https://www.waterworks.metro.tokyo.lg.jp/suigen/topic/14.html

─

ᶨ

ᶈ

1~20 nmϕςχὪΥ τ ∕

χ Ῡ ∙ χᴿ
ʾ ˢϯЯиТϮІˣל
ʾ⇔ῩχἹ Υ ỡԁ
ʾ ◓йЦиπДЃϱрΰο⌠ϥχΥ₉



◓йЦиπ ὓΥᴦ σ Ῡ ∙

Ỳ ϱϷрρ Ṑ ◓χ
ӡὫ›

ӡὫ›Ϭ ΰθКАЕм˔ϼ  χ  Υᴦ
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Ỳ ϱϷрρ Ṑ ◓χКАЕм˔ϼ 

ᵊʿẰ ʾiCeMS ᾆẕעχHP9
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ΰΜ Ῡ ∙

Ỳ χ¬ º
(Ỳ ϱϷрϞϼжІЌ˔)

Ṑ ◓

Ỳ ϱϷрρ Ṑ ◓π
θЅарϽиЅЭ

+

ΰΜ Ῡ ∙ ʿMOFˢЯТˣ

Ῡ ӡ‰ ◓(Porous Coordination Polymers) = ˮPCP(С˔Є˔С˔)˯ʺ
ΚϥΜψʺ
Ỳ Ṑ  (MetalïOrganic Framework) =ˮMOF (ЯТ)˯



2025 Л˔Циᴟᶘ

ñthe development of metalïorganic frameworksò

The design principles of 

infinite coordination networks

Susumu Kitagawa
Kyoto University, Japan

Richard Robson
University of Melbourne, Australia

Omar M. Yaghi
University of California, Berkeley, USA

Reticular chemistry, 

enabling modular design of MOFs

Chemistry of Soft Porous 

Crystals (SPCs) and their 

functions

MOFˢЯТˣψʺ2025 Л˔Ци χ ρσϤʺ
ΜϘ Φσ Ϭ ϛοΜϥ∙



Л˔Ци Ⱳχ
ᾆẕעЮрН˔

Nobel Fever at iCeMS
χṜּיᵓᾋψ 11ⱲϘπ Μθ

iCeMS Ḭᾜḩʿ χᾶ

ᾆẕעπχΣ Μᵓ(Oct 10th)

ЮЍи(ם )



ṛ πԁ σЗЛ⇔Ῡ

1 mm

1 nm

/ 1 ˃ m2

⇔ῩχЂϱЇΥỡԁπԁ σṛ σ⇔ῩΥ 
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Zn

Cu

Co

Ỳ ϱϷр ӡ◓ˢ Ṑ ◓ˣ

O O
-

O-
O

O O
-

O

O
-

-
O

O

MOF
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Ῡ ӡ‰ ◓ʿДЃϱрπΦϥ Ῡ



ᴛ σ Ὧπ› Υᴦ

› ʿ
ЊиЩЂ˔Ыи ˢᴥ ΰθ ׁ πỲ ϱϷрρ Ṑ ӡ◓χ ᴂϬ ˣ

ᵊʿẰ ʾiCeMS GχHP
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ᴛ σ Ὧπ› Υᴦ

ЊиЩЂ˔Ыи ˢᴥ ΰθ ׁ πỲ ϱϷрρ Ṑ ӡ◓χ ᴂϬ ˣ

16

ᵊʿẰ ʾiCeMS GχHP



17

Ỳ ϼжІЌ˔

+

IRMOF-1 (MOF-5)

ҶרϱϷр

=

▒ ϱϷр

ӡ◓ˢ Ṑ ◓ˣ

MOFχ
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R. Nathaniel, et al. SCIENCE 2012, 336, 1018-1023

=

=

ӡ◓χ πʺ σ⇔ῩЂϱЇΥ ᴦ

Ỳ ϱϷр

ӡ◓ˢ Ṑ ◓ˣ

MOFχ σНзϵ˔Єдрʿ ӡ◓
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P. Deria, et al. Chem. Soc. Rev., 2014, 43, 5896--5912 

σỲ ϱϷрʾ ᶋỲ ϼжІЌ˔

MOFχ σНзϵ˔ЄдрʿỲ
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› Ⱳχ ʺᴛ ʺӊ ρΜμθ› ὯχӸΜτϢμοʺ
ӰσϥMOFχ⌠Ϥ ΪΥᴦ

K. Yu, et al. Korean J. Chem. Eng, 2021, 38, 653-673.

MOFχ σНзϵ˔Єдрʿ› Ὧ



CSD (ϾрУзАЅὫ   Д˔ЌЦ˔І)ϒχ   (2024 11ὮⱲ )

άϦϘπτνΨϣϦθMOF > 120,000

ễ χ
ᵦ χṓ Ẋ

MOFχ ⁮ (1997)

  ιΪχ
ᵗϦϞβΜ∙

MOFχ (CSDД˔ЌЦ˔І)



MOFχ σṐ

ᴂ

ꜗ ʾ

ΰ Ὲ

Ίᶘ

σᴂ Υᴦ π ᵦ πᾆẕᵫ Υ ᵫ
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MOFχ

̕ ⇔Ῡ ỡԁ

̕ ⇔Ῡ ⱳᾕ

ᴟᶘ ḕẽ ᴦ

̕ Ὣ

⇔Ῡ

ᶨ σςχ⇔Ῡ 

⇔Ῡ  Υ ỡԁ

◓йЦиπχ
  ДЃϱрΥ₉

ṁ ᾆẕʾᴂ ᾆẕχ π σ∙

χ Ῡ ∙

̕  ὓ ᴦ



ΤθΜ 

χ Ῡ ∙ Ϟʺ
χMOF

  ϬⱱνMOF
¬ТйϺЄУиMOFº

Ἃχ ρʺ
◓Ϭ︡Ϥ₅ϭι ῇπ  Υ ϩϥ

  Ϭ ἹΰσΜ

ϞϩϣΤΜ 

  ϬⱱνMOF = ТйϺЄУиMOF

  ᴂ ʺᵰ ᴂ ʺІϱАЎрϽṐ etc.



ТйϺЄУиMOFχ

A. Schneemann, R. A. Fischer, et al.,

Chem. Soc. Rev., 2014, 43, 6062--6096

₃ᶊ (global)χТйϺЄРзГϰ

ộ (local)σТйϺЄРзГϰ
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Ͽ˔ЕϷ˔Фрấ

K. Kaneko, Chem. Phys. Lett., 2001, 335, 50.

S. Kitagawa, Nature Chem. 2009, 1, 695.

ТйϺЄУиMOF

χ″ σMOF

close 
(᷃   )

open 
(Ẋ   )

¬Ͽ˔ЕϷ˔Фрấ º
close  Τϣopen  ϒχ
  ᴟτ μθʺ
ẍ σẊ χ ᴥ

Ẋ ӊ

Ẋ

Ẋ ӊχ ᴥτϢϤ
ˑτẊ Υ ᴥ

  ᴟτ μθẸ σẊ ấ

SἷẊ
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⅔σMOFχṐ

ᴂ /ІϱАЎрϽṐ
ᶈ╩ ῈṐ  etc.,

 



ᵦχ ϵКиϻ˔ ˢԁⱳϵКиϻ˔ˣ

ФкЈІψζχ 10̇ 15̋ Ϭ ϛϥ

transportion

Industry

(others)

Commercial

Residential

Industry

(separation process)

D.S. Sholl et al., Nature 532, 435ï437 (2016)

ФкЈІΥ ΠϥϵКиϻ˔ χᴿ
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MOFχϹІ ʾ ∙ ϒχᴂ

MOFχϹІ ʾ ∙ ρΰοχᴂ ψ τ ϭτᾆẕήϦοΜϥ

29



⇔ῩχЂϱЇϞᴟᶘ σ Ϭל βϥάρπʺ
χ χϙϬל ᵃήδϥṐ ϬⱱθδϥάρΥᴦ

Ẋ ∙ χ ὓ◙

30

⇔ῩϬ ᵃπΦϥ ⇔ῩϬ ᵃπΦσΜ

ЂϱЇτϢϥ¬ώϥΜº῟ᴮϬ ΰθ

̎ ψᵊ AIτϢϤ⌠

χ ◓ρχếΜ¬ ῀⌠ ºϬ⇔Ῡ τ ὓΰο

ậόΜ

ậ ῨΦ
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χ ὓ◙ χᾢᵦ

Ẋ πψʺЂϱЇϞ χựΜ ◓ ●χ Υ₉

ⱨθ ◓ ●χ꜡ Υ₉

CO2ψ
ḧ σ

ЂϱЇϞ

̎ ψᵊ AIτϢϤ⌠



‰Ṑ ∙ χ ὓ◙

  ᴂ ʾ
ᶈ╩ ῈṐ 

σώϥΜ Ϊ
Ẋ ЂϱЕχ

ᶘ Ṑ  Ṑ 

̚ⱨθ ◓χ Υ₉
̚ ᵫ
˓ⱨθ ◓χ Ϝᴦ

σᶈ╩ ῈχṐ χ τϢϥ θσ Ṑ χᵫ ϒ

χMOFχ ὓ◙ ᾆẕχЌ˔ϿАЕ
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Nature Commun, 14, 4245 (2023)

Ẋ ấ  ˵ CO2χϙϬ ᵃβϥ⇔Ῡ

Ẋ ᴛ (ᶆϹІχ π )

CO2
[Co(pdc)(dgp)]

+ CO2

ï CO2

ϹІ Ӥṓᴞπχin situ   ᵔ ̏SPring -8 02B2

᷃ Ⱳχ  CO2 Ẋ  

0D void

(3.6% of unit cell volume)

1D channel 

(18.1% of unit cell volume)

3,5-pdc

Co3+

dpg

+ + [Co(3,5-pdc)( dpg )]

10 χϹІχ Τϣʺ
CO2χϙϬ¬ ºτẊ   ᴂ τϢϤCO2Ϭ τẊ



σCO2Ẋ χЮϸИЇЭᵔ

ᶘ σ  ᴂ ấ ρ σᶈ╩ ῈṐ ΥẶ τ⌠

Ẋ ϵКиϻ˔ʿ
C2H2 > C2H4 > CO2 >> N2, CH4, CO, O2, H2

Nature Commun, 14, 4245 (2023)

  ᴂ Ϭⱱν σ 
ήσϳϰрЖϳτΣΪϥ

ᶈ╩χ

ᶈ╩ ϵКиϻ˔ʿ
CO2 << C2H2 << C2H4

ᾆẕτϢϤ σCO2ấ χṞᾛϬ ϛοᵔ ˂
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χ ӡ Ḋ (Isotopologue )

Water (light water)

= H2O

Semi-heavy water

= HDO

Heavy water

= D2O

ὌὈὕ

Ὄὕ   Ὀὕ
σȢψυ ςωψ ὑ

H2O + D2O     2HDO

ФкЕрῖḊχ ”

J.D. Duplan et al., 

Chem. Phys. Lett. 413, 400-403, 2005

χ ˢDϜOˣ ʿ
ʾ ᵔ ʿ ἰ 2ï5

ʾ ʿ 1.1

ʾᴟᶘῖḊ ʿ 2 ˢGirdlerïSulfide ˣ

β τ σϵКиϻ˔ρЀІЕϬ βϥ

Boiling point(K)

K
in

e
tic

 d
ia

m
e
te

r 
(Å

)
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◓Ͽ˔ЕṐ Ϭ︡Ϥ ϦθMOFχᵫ

FDC-2

FDC-2

Cu2+

100°C, 24h
+

Reaction scheme

DEF/MeOH

IDB-ipa 



(IDB)

Flip motion

≢─ ⌂

Nature 611, 289-294 (2022) 

Channel pore

ῢ 
ᵫῢ 

Ⱳḧ

channe

l
pore

◓֫ τᾦᴂΰοʺ
ЎаКиЂϱЇΥⱲḧ

D2O
H2O

c.a. 2.5times

Adsorption amount versus time: 

 [Cu(IDB)]  Zeolite 3A (for comparison)
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ᶈ╩ ῈṐ τϢϥH2O/D2O


