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Fig. 1. Timeline of the most common methods developed for MOF synthesis.

(BT TEo0RMmIpEsNEY, —2i,
BILETHY, BEEFS7MHLEZWEHETDH
%o ZhU, MEERTH D EIEIE L HREEAL T O
BARRE % 1SS 28ETH Y, bo & DT
HDHN, BRTELMOFPRONTEDY, L
HOEERIENELEZ D 0T HEbHL, Th
WX LT, BEOFEE, SRA 4 B L OERE
MroOWEBHZEHE L, FrEORN UL % ek S
TELEDIZHTHY, TLMEDOBEEZRINT S
liquid-assisted grinding (LAG) 038 R &N T %,
BHIT, BEtE L IMEOA F Y EWR AR
T, MOF £ 1 % {2 £ X & % ion- and liquid-assisted
grinding (ILAG) ¥ %4%% %, LAG R ILAGEIZ B W
T, W EIR I & AR T O BOSTE % 1) 1 &
®H2FTHL, MILFTEEA & LTERT A2 &1
Lo T, B L7-MOF O EILx Il 2 &
MWEILESNT WD, AH 7 I HIVFEIZ X D MOF
ERTIE, SRERSEREE SRR, SR
KEEALW), &mYAR ELHRSREE VWS
2TE, MOF-5, HKUST-1*%', MOF-74%,
pillared MOF®? | ZIF"® | Ui0-66" %2 &, %< D
F Y7 MOF % IR CRERMICERTE %,

21 BMEERD > DiEREE (BRRIS)

AN I A IVIEIC K A MOF A KO FIHR T,
R4 (11) — 7K 1% & isonicotinic acid (Hina) @ [l{A&
REW % MBE LT CRMTL2ZEICEST, H
A5 B lERR & RS F2SHIFLNIC S E 7z Cu(ina)
(ina=isonicotinate) # & T & %5 Z & AHHF s
7237 BERD VN EY =< VEIC X B Culing), D&
BT, mE (150C) 2o KR (48 e ) o BUIS
PETLOIHLT, AA 7 I HNVETIEIERT
10 DINICAE R S, BFEN 2 OMRBRBE A o
MOF&KED—D L LT, XA 7r I hViEoE
2k 28R & N 7ze [ Bk @ F I T, HKUST-1
(Cus (btc) »; btc =1,3,5-benzenetricarboxylate) D h

bME SN TS, WAL 2 VERSEMNTH
2H, KETOTAL T ORES X OBUBIC & - CHl
AT LK EVYEBEEZREL, RG% T S8
b5EEZBLNTWS,

AN INNEOREREEO—DL LT, #&
BSEITIC W ERILY 2 AR & LCHAT
ELIENETOLNL, FeHEHIIZnOD T/ Hi T
(¥ — YR 7-4% 24 nm) % Fi W C AR BOS 0 ST A%
FWMAEEDL I EIZL 5T, ZnO & 2-methylimid-
azole * 5 ZIF-8 # A CHERTE A Z L # FIE L
72 BIAERMEAKORTH Y, Wil B
ELBWToEE O AN D% L, KEEFEH
WETHb0, TERICHHELTWD, AH /73
HVIETIE, ZIF-S Mk FoEEKRTHE LN, R
ERTHY, RO HRICHSNS X9 Bl
DOFEMH 2 BT HMECBIRE T2 L3 TE L2V,
T/, BHEEEGETAA )X IANVER LSS
Zn0 D 20% FEEED R BUS THRAFET 5. 21U, ZnO
5 ZIF-8 N OFE MR IZ B W T, OzZn0F / i1
DB ORI, QST SIS X 5 ZIF-8 L B
X OZIF-812 & % ZnO K F-E M OB, QKT D%k
AL WAT L CHEfT T 2720 THIHEEZLND
(Fig. 2) o @B & 0@ D ZnO FL+ F i~ D ZIF-8
BN T OBREDD L REETT L L, BHEN
T-IRIZ ZnO 255%AF L, ZnO O ZIF-8 D i fi i {6
IS D, —, 0% GLARWEEDZY
O FKIFE (~1500 m7/g) 1&, BE 3 0 Hk 5k L 6 4
THhY), BRHET7ENVT 7 ZIRTH S5, MTLES
PEE ) B SR RS RIF 2 ZIF-8 25 H
TW5 ZEPHREINT VWS,

22 MEEEEL BN

[ A 18] D Bl 2 W BRTR A O A TR US55 Z 5
WG, BEB X OWMBE A ML, BN
GARBERIEZD, MEL7) LTS ERES
TR NER SR 72, MOEDAER L7z& L



(3) Vol. 38, No. 2 (2021) 33

(D Breaking aggregate of ZnO nanoparticles

@@5’8&‘8

(2) ZnO-to-ZIF-8 conversion and ZIF-8 coating on ZnO

(casel) . ' . .
for small ZnO 3 “'.

AL acted ZnO

(case ll)
for large ZnO
and aggregate

@ Aggregation ZIF-8 ZIF-8 polycrystal
ZIF-8

°0 - &g B

(case Il)

Fig. 2. Schematic illustration of the proposed mechanism
for mechanochemical dry conversion of ZnO to
ZIF-8. (case 1) The isolated ZnO nanoparticles
were completed converted into ZIF-8. (case II)
The aggregates of ZnO nanoparticles remained par-
tially unreacted and ZIF-8 crystals were formed on
the surface.

TH, WAL > THEFEILTEHAD D
D, Bl R BETT 2 L EAH o ZnO D
5 ZIF-8 D i inif 2 M S & 5 720124 4 V1
WERAERBELZRINT 2ILAGES’HATH
5, K LT, %512 Zn0 A 5 ZIF-8 % i
BRECHRT A B, BEMRIE SR % a3 n O S 42 i
D10mol%) ¥ 5 2 &2 & 5 T ZnO D ZIF-8 D iz
WD & BRI 0K IR 2 Ji e 2w gl L7
BOSHUZEE S 2 KB & OB BB # 4 &
LI, BKRMIICEIAET L EEMEASZn0 % EIR T 5
CLICE o TZIF-SDAERME#EINEZ L 2L
M U7z BERRER IS 2 CHERR 2 /5L b &2 v
X, Znlk Co % NERDZIFZ KT 5 2
Ly cxnY, B RN 2 AT, R
DB Z R E T 52D ILAGEIC R TEMEL R
TV Tz, FERIEOTMNE, ZIF-8 KT % BHIREE
HEESE, BH—AVBLP~ 7 iz IEg S8
iz, MRk ASNS I 7 ailditET

52 ®EH LML (Fig.3). 135125 ZIF-8 K
FOZRMFEIRECLRLES D, 20X IRk
(LS NI & > TR MR S 5 2 &

5, BIE TR LR O/ WRTHRB L O
+ V1K 0 ZIF-8 (6ZIF-8, 18ZIF-8) M.k 12k L T
n-butanol X° n-hexane 7 & BEY) D W75 HE I BT
BEEE S0 (Fig. 4) o
23 AH/TIANEICLZERTO-BHK

— RN A A A I A NETIE, K=V I udsfl
Hixnz, EHRXoOR—L I VIc LT, #HER—
WV INTIRZOOmEEHE, § %05 LA Hi%
LY =T =T VOREEMAEDET, WES
NERENESE, CKM 28T 52 L TE %,
KEEFEISH LT, KMOTEHRR— L I VPR
A=V INVEMH L2 ThN T 525, K
W ORI BV TEEE ORISR W & &
EDOMEND D,

Crawford ® (X aluminum fumarate, HKUST-1, 3 &
S ZIF-8 7 D MOF D A 71 4 3 5 VARSI R
BT o 2 &M LY ik, Be 7
FAF v, flih, EEGNREOEECHEINS
RN LHAM T %o MHBIERICIE LIV ERRE
NLEOHRIHEZ BT LA ) 2—T7 4 —F—
Wb, A7V 2—DHEFIIL > THLIRE B
BHI S LV ONBMTHIIG %21t 5. 72, b
VAR S DINBIZ & - T, MFEBBT 52 &
3 T & %, aluminum fumarate iX, HEEE7 VI =7 4,
KEBALF MU A, BXO 7 VEEE 150T 12m#k
Lo LB EIiclo TEEAR SN,
HKUST-11&, * % J — VOIELE T TAREBALH &
1,3,5-benzenetricarboxylic acid Zf#f L9 Z & 12X -
TR I N ZIF-81%, RERHEB X U 2-me-
thylimidazole % ¥ I 72 L T200C 2B L 2255
LT Z &k o THBEAK SNz FHHEE 7
Tt AL, RBRBE R AT 220 5 22 IR R C MOF 2
HWHEETE D HIEE LTHETH S,

3. THREEEIC L B MOF AR

3.1 EEEHRH, S DiEREHE (KRERD)
SIBERALY° &)8 WAk % & O 4B & AR T
L ORMAGEEEROTHA LAV T -2 BZ 5N 5
oL, TOTBUIM T AV F—%2FH T 2 A
B2 IANVECHREND SDOTIE RV, EE



34 €t F 7

aqueous synthesis
(monocrystals)

mechanochemical
conversion of ZnO-to-ZIF

RS (4)

zinc acetate assisted
mechanosynthesis

los
1l [
]

0
0.001 0.01 0.1 1 10 100
Pore diameter (um)

Log differential intrusion (cm3/g)
Cumulative intrusion (cm?®/g)
Log differential intrusion (cm3/g)

0
0.001 0.01 0.1

Pore diameter (pm)

11.0

-
o

Cumulative intrusion (cm?/g)

o
w

r* 10.5

Cumulative intrusion (cm3/g)

Log differential intrusion (cm3/g)

0 - 10
0.001 0.01 0.1 1 10 100
Pore diameter (um)

o 0
10 100

Fig. 3. SEM images and pore size distributions (mercury intrusion porosimetry) of conventional monocrystalline ZIF-8 and

mechanosynthesized ZIF-8.
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Fig. 4. Uptake curves of n-butanol and n-hexane by con-
ventional monocrystalline ZIF-8 (6ZIF-8 and
12ZIF-8) and mechanosynthesized ZIF-8.
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Fig. 5. Vapor phase transport synthesis of ZIF-8 microfilm from ZnO nanorod array film. XRD patterns of ZIF-8 prepared from
ZnO precursor (a). ZnO nanorods were more easily transformed into ZIF-8 in the presence of 2-methylimidazole vapor
compared to ZnO powder. SEM images of top-view and cross-section of ZnO nanorod array film and ZIF-8 microfilm

(b). Schematic illustration of ZnO to ZIF-§ crystal conversion (c).
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XRD patterns showing the dependence of ZnO crystal plane on ZnO to ZIF-8 crystal conversion (a). SEM images of
ZIF-8 transformed from bulk ZnO single crystals (b). ZIF-8 crystals were formed on the nonpolar planes, whereas
ZIF-8 was hardly formed on the polar plane. In addition, among the polar planes, the ZnO-to-ZIF-8 conversion on the
m-plane (10-10) was the highest. ZnO crystallizes in hexagonal wurtzite. The surface of ZIF-8 nanorod array is mostly
dominated by m-plane (10-10). Stick-and-ball representations of the hexagonal wurtzite ZnO structure, where O is

shown in red and Zn in gray (c).
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Fig. 7. Schematic of the spray drying setup (a). Aqueous-system enabled spray drying for the synthesis of hollow polycrystal-
line ZIF-8 particles (b). Average primary crystal size, SEM and TEM images of hollow polycrystalline ZIF-8 particles,
SD-x (c). x denotes the organic solvent used for activation.
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Fig. 8. Adsorption isotherms of rhodamine B (RhB) on
monocrystalline ZIF-8 (12ZIF-8) and polycrystalline
ZIF-8, SD-methanol (a). The kinetic adsorption per-
formance of RhB on ZIF-8 can be well-described by

a pseudo-second-order kinetic model (b and ¢).
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High Potential of Interconversion Method for MOF Synthesis

Shunsuke Tanaka

Department of Chemical, Energy and Environmental Engineering,

Faculty of Environmental and Urban Engineering, Kansai University

Behind the exponential growth in research related to metal-organic frameworks (MOF) is not only their di-
verse design of composition and structure, but also the diversification of synthesis methods and the improvement
of efficiency of production technology. A number of MOF synthesis are inspired by useful concepts from different
research field, creating new perspectives that are not extensions of existing technologies. In contrast to MOF syn-
thesis by conventional liquid phase processing that utilize the self-assembly of metal ions and organic ligands,
this paper reviews the MOF formation through crystal-to-crystal or amorphous-to-crystal interconversion process

by “mechanochemical”, “vapor-phase transport”, or “spray-drying” method. Comprehension of the synthesis
methods and characteristics of their unique products would contribute to develop new functional MOF.

Key words: metal-organic frameworks, mechanochemical, vapor processing, spray-drying, structural conver-
sion, hierarchical structure
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