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Creation of highly ion-conductive metal-organic frameworks including hydroxide
ions by salt-inclusion reaction

Sadakiyo, Masaaki
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ZIF-8

We tried to design and to synthesize novel metal-organic frameworks (MOFs)
including hydroxide ions inside the pore of MOFs by employing salt-inclusion and ligand exchange
reaction. We applied salt-inclusion reaction to thermally stable MOFs and revealed its availability.
We also clarify the tolerabiity of various MOFs for strong alkaline condition. We succeeded in
synthesizing a novel MOF having basic sites on its framework by applying the ligand exchange
reaction to alkaline-stable ZIF-8 as a mother framework.



B X C—19. F—19—1, Z—19.

1. WHEPAR SO 5

KA A A AREKIE, 77 h e (HY)
TiE7e <, Kb A 4> (OHY) HEMH
RERDIEERTH Y, WEHEEOHR L2 H 5
LB TROND, Fo, KBBIEWA A4
REREFIHA L7 0 ) RIBREFE ML,
W X D EMABEOIERNEZ 5207z, H
& 70 8O Eifli 72 F e RAREL LS O = > v
7o oM A REAREE A VWD Z LN T
. ZizpelE S L Cog RN S
TWb, L LBEIR, WK - AR Y ~—
PIAMTHREFNIZIE L A ER L, BIERT LAY
TR O FEEIZ T T, KER(E A A4
RN ZH T 28R bSO BT %
BEARFARTHD,

fth5 . BOALE 0 T3 A HRECNL 1 & &R A A
>N 7R o T SRR EH A S & RO A - TR
HMbEmTh Y | BTG - 2
o TS, HEEE RN E D ISk R
A &> &EANT D HIEICOWTHFE %
1ToT&E, ZTNETIT, HEEHEIL, BLALE
T KEEIEA F o 2B AT D HEE L
T, MR 5y~ D KR L O el #5
TR E LMRE L2, TOA 4 o miE
FEIZ 107 Sem ™ B LK< | AREE o] B2
VBRI R TH D, Fi=, BEALEDFHITK
At A A4 &8 AN LT-Wrgeflid k7= 7
<, HT-72WERRBEITHO LERD D,

2. WrIEDHI

AWFGECTlE, KL A A & LN HT
TIWEAN LT H BN m DO, B
ZOEMRIEOH R ZBNE Lz, vk
TOMRIZE Y, ZIF-8 ZREHKE LTT L
XNT UE= T AKEBEE & B LTZ %R
Tlix., QZIF-8 B DORFLEEN /N E WD &
BLO@EE WA F I OIFEFEIC L VR
BBN/NESL B2 bR POHRICL Vs

BEMEL o TWD &ETRRENTZ, £ 2T,

REEROEREL IO, £OMOFIEIZLY .,
(LB 2 B L T2 KB A A B AR
DOREFEZHBE LT,

3. WHEDIIE

RE#& 2 BEFED ZIF-8 725, MOF-74,
MIL-53, HKUST-1, Ui0-66 ~ZEF 4 572,
B0 MOF # R&EAk L, T/V¥LT v
= AKBIEME 2 0T 5 2 L B
7o £, BEWTLFALT VB LA
BT 52 L KBk A 4 B EANT D

ZllZkY, MLAER TR BT o iEE LT,

BN, F RS E R A R v R EEHL
HEbEEFEERAWT, HRENE SO
BRI E Rt LTz,

4. WHFEEF

CK—19 (Jtm)

REWEZEET L0, B L R Em%E
"E24A9 % MOF Téh % MOF-74, MIL-53,
HKUST-1, Ui0-66 (Z# H L, 21 bz KA
L%, 7TVFILT = MK EK
Wik CigE1T-7=, LarL, Bonzik
BEOBR X FREHT N2 — 2 L0 | BB
TTVEEIZ LY | ROCRICHREL TV D
ZERDMY | AR O T LE T H
B LN,

LT, BT AL VIED S D ZIF-8 2 K
Ml L TR P RBE EARA MY
AEEAAE DT TRO 2 BEOFIEIC X
D, EEWTAXALT VE=U A T hE
E20, KEEMA A EH MOF D&%
Bt L=,

>
—

C

A

[Zn{(dmamIM), (mIM)}.],

B 1. BT ARSI X 0 . TS A
A L7z ZIF-8 DR

1IZRTE9I2, ZIF-8 DEMIFTh5H
2-AFIA I E Y = (MIMIZY AF LT
JEPIMENT 2P AFALT I AFL
A XY — L (HdmamIM) % f \ TEANL 122
eaiToZ bk, 7I VK EEALL
ZIF-8 Oz ATz, £z, Bohzilet
WCMel Z/ESEH & TTY I AT U E
SULEANEERL, ZD%, I'E OH & A
FURHTHZEICED, T AHERN
BRI ITAFAE L OH A A4 2 AL E A
SNT-ENLE S DA R & E LT,

T2 HEEAN LN G S OE R,
ZIF-8 JyR&E A% ) — LTI+ 5 - LI
X viro7z, £7=. D,0/D,SO, IR AR
fRESFT-HBIO THNMR 2227 ML LV | Bk
G- HRBICE S NN, BUGER 0%
W (3,6,24h) ([2XY ., BEALENLTFOER
hERL, LAY 1-(BNL T Ha=R) L L TR
HIorzLl Lz, BoniE 1-8.3%),
1-(18.7%), 1-(22.4%) DFy R X #RlElHr /& —
X 2 2T,

A=0.70034 A

Sl @
Pa)
E ,L_l_,l._udl PO {C)_
[ =

B \_I_,l\J_,_.i._,_HML_M_ (b)

oo s | (@)

10 30

20
20 (degree)



X 2. (a) ZIF-8, (b) 1-(8.3%), (c) 1-(18.7%), (d)
1-(22.4%) DR X #RIEHT 8% —

B 2 (2R g X BREWT S Z —2 X0 | SOk
LREEERELTWAZ XD, BT
TR SR EIT L TVD Z LR EN
oo G STV DB HdmamIM 235 k%
WD mIM & EAL - ARHRIC L 0 EHL L T D
D, FIE, MFLOZERE T ICHAE LT
BT RO EHLNCT S0, EiRo

B X BEHFr AL — &2 H T
MEM-Rietveld 4T 217 > 7=,

¥ 3. MEM-Rietveld fi#tfric & v wlfifk L 7= %%
EEEM. () 111 B IO (b) 110 ST s
L7z ZIF-8 OFER. (a) 111 F5 LY (b) 110
FE 5 LT 1-(22.4%) DfE F.

fENT OFE R, K 31T K 9T, SDRIE
THILONEOE T EEOELITER S

ol Z b, B8 3N TWBAENL I,

BONL T A K 0 . BTy ~EA S
T2 ERHALME o=, T FEAKD
MALFFEZ B S T D720, BIRTO
MeOH W5 RIEZIT - - iR %™ 4 1271,

207 2 v
+ 1-(8.3%) Rl
= 1-(18.7% nestt

201 - vl s

Adsorption amount V, (em® g™")

501 0 ey
0.12 014 016 0.18 02
0 T T T T T T P’:PU 1
0 0.2 04 0.6 0.8 1

PIP,

X 4. (F) ZIF-8, () 1-(8.3%), (k) 1-(18.7%),
(%) 1-(22.4%) D 298 K |2 351F 5 MeOH %%
TR

W OB LB MeOH W25 2= L. #l

LEDRHERFF SN TWA Z EnbnoTz, Fiz.
BN F- SR DB - T, WS RITED
LTWABZ LG, AFNIEID L0055
WO RAFALT 2 I 0 MILERENE T
WL TCndZ Enbootz, £72.0.16 P/P,
fHE DL ED MeOH W35 DB DO 5 E MK
FERl~S 7 MEAXIZYTZ RLTWAZ o
5. MeOH & 7 2/ J& & OF AAER OIFEN
R E N,

2
| 25°C
4L
lg _6 L
@ I K 2 v
g S
8
S0} .
o g ®T
12 oo i .-.-,-.i‘=1.'.-':':':e':':t'-.‘_".‘.‘.'...:
ol r :

40 50 60 70 80 90

[ 5. () ZIF-8, () 1-(8.3%), (i) 1-(18.7%),
) 1-(22.4%), (B> 7)) 222 FNA I 54—

AR LTRB O A v — & v AHE
AT o - fE R A X 5 1R T, HIE DR R
NORES 10" Sem? BETH Y . HIFLHIC
BT THHAIZ Y — IV F KNI L
RN LRSI, e, BALET I
EOHWBEMEMENZ L2k, IBTFTH
OHZREDIEEX Y U TNEFEAERELR
WZ e EnTz, LEXY, ZIF-8 I27
XA AL EEBEANL S S O AT
WHTH L=, £, oA E@EsE o
B &S+ OARICHWON S B CERE
WXLV ERERATZE Z A, —RICER DL
B LT AMEEWIIENL TSk
TOHEGLNDHHENNE T T THDHZ &
N noT,

Boniz ERoFHILEmE AT, kD
ATy LTMel ZERHESHDZ EITLY,
T ) HET R AT B RIS
BB, LU, OSHICREE RO L
TLEI Z RN, UBEORIGIEASZT
T LW b o T, FOED, 5%IT
TORANVUEVADOBREEBKETX S
BRI E R T2 HNENSD D Z &Ny

ST,

5. ERFEERLH
(WFZEARFKAE . WFFE T M ONEIERT SR (2
(ER)
(MEsSam ) (Rt 2 1)
[1] M. Sadakiyo, T. Kuramoto, K. Kato, M.
Yamauchi, “Introduction of an Amino Group on
Zeolitic Imidazolate Framework through a
Ligand Exchange Reaction”, Chem. Lett. 2017, in
press. (Editor’s Choice) (& #iA 1)



DOI: 10.1246/cl.170323

[2] T. Kuramoto, M. Sadakiyo, M. Yamauchi,
“Poly[tris{m-2-[(dimethylamino)methyl]imidazo
lato-k3N1,N2:N3}(nitrato-kO)dizinc(11)]”,
IUCrData 2016, 1, x161626. (##cfi V)

DOI: 10.1107/S2414314616016266

(¥R (G614
[1] Masaaki Sadakiyo, “Designh and Syntheses of
lon-Conducting Metal-Organic  Frameworks”,
The 3rd CMS International Symposium, 2016 4
1 A 22 H, Fukuoka, Japan.
[2] Masaaki Sadakiyo, “Designh and Syntheses of
Highly Proton-Conductive Metal-Organic
Frameworks”, 1st Japan-Korea Joint Symposium
on Protonics and Related Materials, 2015 4 11 A
28 H, Kyoto, Japan.
[8] AL, [ —A=2—hTLzxL
F—AERCE T DA B OB TLINEE
AL AR B 247 [BIfl 22, 2015 4F 2 J] 28
H., REARY
[4] Masaaki Sadakiyo, Hidetaka Kasai, Kenichi
Kato, Masaki Takata, Miho Yamauchi, “Synthesis
of Hydroxide lon-Conductive Metal-Organic
Frameworks Based on Salt Inclution”, Internation
Union of Materials Research Societies-The
IUMRS International Conference in Asia 2014
(IUMRS-ICA 2014), 2014 % 10 A 25 H,
Fukuoka, Japan.
[5] Masaaki Sadakiyo, Hidetaka Kasai, Kenichi
Kato, Masaki Takata, Miho Yamauchi, “Design
and Synthesis of Hydroxide lon-Conductive
Metal-Organic Frameworks Based on Salt
Inclusion Reaction”, 1st International
Symposium  on  Energy Challenges and
Mechanics (ECS), 2014 4= 6 A 10 H, Aberdeen,
Scotland, UK.
[6] Masaaki Sadakiyo, Hidetaka Kasai, Kenichi
Kato, Masaki Takata, Miho Yamauchi, “Design
and Synthesis of Hydroxide lon-Conductive
Metal-Organic Frameworks”, 41st International
Conference  on  Coordination ~ Chemistry
(ICCC-41), 2014 4 7 H 23 H, Suntec,
Singapore.

(E) G144
HEE®, Wz, T7e b ARENEENL S
S T BN RT s ~F ) %
LR L, T IR E S 0380 0 BR < BTz 7z
SRR ~, % 2 ¥ 5 i pp. 176-186, 2016
4.2 H 8 HFEAT

6. WF7eidik
(DWFFEREH

HiE 1E% (SADAKIYO Masaaki)

FUMNKFE - h—ARr=a— T LT RLF—
[E BRAFZEAT - Bh#K

WorE B . 40635885



