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of Matter [1]

Bacterial growth
patterns [3]

Murmuration [2

Fish Schools [2]

Duck or rabbit? [4]

__
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Transitions between alternate states
have been defined in several contexts
ranging from physical properties,
ecological processes, and even our
thoughts! [3]
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Bacterial growth
patterns [3]

Murmuration [2]

—

Duck or rabbit? [4]

Transitions between alternate states
have been defined in several contexts
ranging from physical properties,
ecological processes, and even our
thoughts! [3]

 Collective patterns of |

I
| organization are referred to as :
:phases and the transitions as |

I

G. Nicolis and |. Prigogine. Exploring complexity an
Introduction. (1989)
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Phases of Matter o

[ Orderliness of the system defines the phase of the system |

H. Stanley, Phase transition and critical phenomena (1971)
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Phases of Matter o

H. Stanley, Phase transition and critical phenomena (1971)
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Orderliness > Entropy (S) S = —kjg In(w)

(Disorder) Number of possible
microstates

At a given temperature T for a closed system,

S; > S > S
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“Local order in a region of
nonuniform composition will
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Orderliness > Entropy (S) S = —kg In(w) | |
depend both on the local |
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(Disorder) Number of possible

microstates composition and on the
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At a given temperature T for a closed system,
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. Metal . Ligand ‘ Argon




The cubic MOF model

‘ Metal

‘ Ligand

‘ Argon

Assumptions

* Only Van-der Waals interactions

« Coarse grained model for the ligands

« Potential due to different sources are
additive
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Grand Canonical Ensemble (x4, V'T)

Zads = Z (Zk,N° Zu,N) e”adSN/kBT

Grand N=0

Canonical
partition partition
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adsorbate-adsorbate
interaction

MOF-adsorbate
interaction

Taking a first-order approximation,
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Mean-field approximation
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Adsorption isotherms (Benchmarking)
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Grand Canonical Ensemble (x4, V'T)

Zads = Z (Zk,N° Zu,N) e'uadSN/kBT
N=0

Grand Canonical
partition partition
function function
7. — i —(uga(@)+uma(q))/kpT d

adsorbate-adsorbate
interaction

MOF-adsorbate
interaction

Taking a first-order approximation,
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Mean-field approximation
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Phase diagram
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Comparison with the bulk argon
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©
()
: o o o o
e 11A 15A 20 A 24 A
c
156 K
8 50 50 50 50+ 9K 72K
[FH
o 40 40 40
E ' 30 = o0 . = 30 .
(1} _§ § w0 f(?ntwa.?l{)omt E T Critical point
- = = or capillary ~ 2 | for capillary
o0 3 3 condensation 3 z condensation
© & 20 a 20 & 20+ =
© 10 10 10+
) 3
7) A 1
© 0 o i 0 e o —— 0 4 0
- -600  -500  -400  -300  -200  -100  -500 -400 -300 -200 -350 -300 -250 -200 -150 -350 -300 -250 -200 -150
o Haus [kJ/kg] Hogs [kJ/ke] Hogs [kJ/ke] H,, [kI/ke]

* No coexistence region
« ~ Bulk above critical point
» Second-order phase change

IV | @3ed



b o] [

4 Effect of pore size u
: o o o o

e 11A 15A 20 A 24 A

= 156 K

o 50 50 50 50+ 9K 72K

(8)

[FH

o 40 40 40

£ _ e -

© E § “ f(?ntwa.?l{)omt E ’ =z Critical point
- = = or capillary ~ 2 | for capillary
o0 3 3 condensation 3 z condensation
© & 20 a 20 & 20+ =

© 10 10 10+

(<} i

() A A

© 0 o i 0 e o —— 0 4 0

- -600  -500  -400  -300  -200  -100  -500 -400 -300 -200 -350 -300 -250 -200 -150 -350 -300 -250 -200 -150
o Haus [kJ/kg] Hogs [kJ/ke] Hogs [kJ/ke] H,, [kI/ke]

* No coexistence region
« ~ Bulk above critical point
» Second-order phase change

ADD ARXIV LINKHERE

Zv | @3ed



Thank you

JST, CREST Grant No. JPMJCR17I13

@ Japan Science and Technology Agency

FLHS BV RS HSTIEES ==

Core Research for Evolutionary Science and Technology




