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A coordination compound is any compound that contains a coordination
entity. A coordination entity is an ion or neutral molecule that is composed
of a central metal atom to which is attached a surrounding array of
atoms or molecules which are called ligands.

COORDINATION COMPOUND

A coordination compound with bridging ligands
giving extended 1D, 2D or 3D structures.

COORDINATION POLYMER

A coordination polymer with
organic ligands and
an open framework
with potential voids.
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PCP : porous coordination polymer

MOF : metal-organic framework

A
Metal-Organic Coordination
Framework H : Polymer
MOF ? CP ?

Pure Appl. Chem. 85 (2013) 1715.
Terminology of metal-organic frameworks and coordination polymers

(IUPAC Recommendations 2013)

en framework with potential voids

Chiral MOF

Evans et al., J. Am. Chem. Soc. 123 (2001) 10395.

Bio-MOF (p

Rabone et al., Science 329 (2010) 1053.

eptide-based) Zeolitic imidazolate framework (ZIF)
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Yaghi et al., Science 319 (2008) 939.
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Yaghi et al., Nature 423 (2003) 705.
Shunsuke TANAKA Krishna, Sep. Purif. Technol. 194 (2018) 281.
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Shunsuke TANAKA
Kansai University - Faculty of Environmental and Urban Engineering
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mechanochemical atomic layer deposition
electrochemical _ o .
. microfluidic flow chemistry
sonochemical
microwave | supercritical spray drying vapor-phase processing
solvothermal l l
....... 4 4 ' } @ » }
2002 20|04 20|06 2008 2010 2012 2014 2016 2018 2020
hydrothermal ionothermal aqueous-system@RT

Tanaka, ¥4 Z 4 k 38 (2021) 31.

Shunsuke TANAKA

Kansai University - Faculty of Environmental and Urban Engineering
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mechanochemical atomic layer deposition

electrochemical . o .
. microfluidic flow chemistry
sonochemical
microwave | supercritical spray drying vapor-phase processing

solvothermal l l
....... 4 4 ' } @ » }

2002 20|04 20|06 2008 2010 2012 2014 2016 2018 2020

hydrothermal ionothermal aqueous-system@RT

Tanaka, Zeolite 38 (2021) 31.

Shunsuke TANAKA

Kansai University - Faculty of Environmental and Urban Engineering
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Kizi&: 2-methylimidazole (Hmim)

At
ﬁ CHs;

ZIF-8
sodalite topology

KAR&: Zinc salt

XOBRRE 1780 g/l

—— {4 RT
— R FEUN(E& D ) pe. N v Y . s
—— iR, FeolE ) ey 12x{110}

ZIF-8 crystals

Zn(NO;),

Zn{CH;C00),

\
' 3 &
A 7
T /  —
S$4800 2 0kV'8 1mm x50 é: SE(M,LAD)

T >
120 s 180 s
Shunsuke TANAKA Tanaka et al., Chem. Lett. 41 (2012) 1337, CrystEngComm 15 (2013) 1794.

Kansai University - Faculty of Environmental and Urban Engineering
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%'EIRS'Z ;_:t condition of ZIF-8 formation

' % I
100

Zn(mim),

[Hmim] oy = [Hymim*] + [Hmim] + [mim~] + 2[Zn(mim),]

[Zn]iora = [Z0**] + [Zn(OH)*] + [Zn(OH),] _80r 254t 1 Hmim/Zn =2
+[Zn(OH)3] + [Zn(OH)5"] + [Zn(mim),] & -
IE'EI'H- e V7 il S Lo 60 | Zn+
CREIESLLIE s |
[H*] + [Hymim*] 4 2[Zn%*] + [Zn(OH)*] S ol
= [OH™] 4+ [NO3] + [mim~] + [Zn(OH)3] + 2[Zn(OH)3"] = i
s Zn(OH)+
20 -
i Zn(OH),, Zn(OH), , Zn(OH) 2
Zn?* + 2mim~ © Zn(mim), 0 S L
0 20 40 60 80 100
Hmim/Z
o lnmimy] mim/2n
2IF = [Zn2+] [OH_] B Tanaka et al., CrystEngComm 15 (2013) 1794.

KBRZ7OLRICEITZEE BT EERE - KRG FOERMUBRR
Ffi FREHMMEL EKER{LIEL & DEIE R (D) A

Shunsuke TANAKA

Kansai University - Faculty of Environmental and Urban Engineering
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self-supported particle

atomizing gas —

air heater

/

spray-dried paxticle 9 |
§4800 1.0kV 2.9mm x20.0k .g”

Shunsuke TANAKA Tanaka et al., ACS Omega 2 (2017) 6437.

Kansai University - Faculty of Environmental and Urban Engineering
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KiB#&: 2-methylimidazole (Hmim)

Hmim/Zn = 2

KiB#&: Zinc acetate

—— i RT

P — feed rate: 300 mi/h ~ 400 I/h
METE — inlet & outlet temp.: 150 °C & 75 °C

spray air pressure: 70 kPa ' non-porous
v cross-shaped crystals
amorphous ZIF
non-porous
smooth spherical shape
Rt . .
dispersion in organic solvent
room temp.
just several minutes

Zn(mim) ,(Hmim) ,(H,0) .(CH;COOH) ,
coordinated free
v

polycrystalline ZIF-8

crystal-to-amorphous

FZEEE
and < '. % W hollow core Sger ~1440 m2/g
amorphous-to-crystal . AP T A Viota ~1.58 cm3/g
phase transition E STl crystallin

12
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Shunsuke TAN

Kansai University -
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butanol

5 porous
Sger 1300 m?/g
B Vigia 0.47 cm3/g

tota

non-porous

AKA
Faculty of Environmental and Urban Engineering

methanol -

$4800 1.0kV 3.0mm x10.0k SE(M)

7EILT 7 A—iEEaEn

ethanol

Tanaka et al., ACS Omega 2 (2017) 6437.
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2-methylpentane (0.50 nm) 2,3-dimethylbutane (0.58 nm)

n-hexane (0.43 nm)

BREREICEFHTUVL—7A,

BMEEREICKETLRE

@45°C

0.3

0.2

0.1

Adsorption capacity (g/g)

0 20 40 60 30
P (kPa)

Shunsuke TANAKA
Kansai University - Faculty of Environmental and Urban Engineering

conventional ZIF-8
(monocrystalline)

0 200 400 600

Time (s)
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ethanol
\/
24 h
l .7; cend
water phase \ CD-MOF crystals water phase CD-MOF crystals

methanol phase
Shunsuke TANAKA
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Shunsuke TANAKA

Kansai University - Faculty of Environmental and Urban Engineering
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KL Dry Powder  Aqyantages of DPI
: Inhaler

(7 Good stability

Q No propellants

Q Ease of use

>- Fine particle

Extra-fine {

particle Device Jethaler®

Capsule HPMC#2
0 Dose 20 mg

Flow rate 60 L/min bs
05um<D,. <7 pm Stage 2% silicone (hexane)

Emitted dose(ED)

total particle mass on all stages — mass remaining in capsule
total particle mass on all stages

Fine particle fraction (FPF)

__mass of particles on stages 2 through 7
o emitted dose

Shunsuke TANAKA
Kansai University - Faculty of Environmental and Urban Engineering

MOF-DDS (W% A £4%1)

Andersen
Cascade Impactor (ACI)

Aerodynamic
Diameter

- <0.43

Vacuum
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Vapor diffusion  Poor solvent crys. Spray drying

Levofloxacin (C;gH,,FN30,)

H-C _CH
3 j/\{:r @ 3

N N
HO |
F
O O

Pneumonia, Tuberculosis
Mw : 370.38
mp. : 226 °C

(dmg/mL)

Vapor diffusion Poor solvent cryst. Spray-drying
Surface area (m?/g) 718 1025 17.3

1172 (w/o LVFX) 362 (w/0 LVFX) 19.2 (w/0 LVFX)
Pore volume (cm3/g) 0.40 0.49 0.04
D, (UM) 195 81.9 4.86

Drug content (pg/mg) — 6.46 84.03
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222 CD-MOFDWBE A%

100 - o 6
< m Poor solvent crys.
~ 80 -
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a 60 - e
S W Spray drying m Pre- separator D?;?n;':m'c
3 401 0
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@ 5T kT 9T N0
] A v
Stage (Aerodynamic diameter, pm)
Inhalation parameters/ Methods Poor solvent cryst. Spray-drying
Emitted fraction (Device - Stage 7) 99.32 £ 0.34 82.83 = 1.42
Fine Particle fraction (Stage 2 - 7) 1.89 = 0.13 27.04 = 2.65

Shu et al., Cryst. Growth Des. 22 (2022) 1143.
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Deposited on stage (%)
N
o

Intensity

¥ & & SN NN NN $
K F ’\;&Q’f ot ,»@%Qp' &'\:‘;\\i @.b«'@_pg et
Stage (Aerodynamic diameter, pm) 0 10 20 30 40
2 theta (degree)

Inhalation parameters/ Methods w/o EtOH w/ EtOH
Surface area (m?/g) 17.3 40.3
Pore volume (cm3/g) 0.04 0.06
D5y (M) 4.86 4.40
Drug content (ug/mg) 84.03 88.54
Emitted fraction (Device - Stage 7) 82.83 = 1.42 87.12 = 0.92

Fine Particle fraction (Stage 2 - 7) 27.04 £+ 2.65 35.00 £ 2.06
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Shunsuke TANAKA
Kansai University - Faculty of Environmental and Urban Engineering
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https://www.kansai-u.ac.jp/renkei/industry/

@ sangakukan-mm@ml.kandai.jp

Shunsuke TANAKA

Kansai University - Faculty of Environmental and Urban Engineering
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