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O. Yaghi # 4% B X UL I HE 352 & 2% metal-organic
frameworks (MOF) % FLH L 72 1990 45T 57,
WEFE X, IVAF IR EOEREZEED D
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Heating (202 °C)

MeCN Vapor

-low Y 02
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Pyopen Pyclose Pyoren with MeCN

3. (a) PysMes D3 FHE5E, (b) Py™" R, (o) Py™" OfEMEEHERICBT AV F =¥ T 7 F 4

LA R LB A T Tla e <, AR
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4. MMt BCBEEEME D OZIEL FiER
B HIE20184E1T, W EVEEN & B CBEN
EAhfi 2 72 SIS TR R R LY S
&, ZALEMR L3RR MRREN D L T=
DOEEY) INRYEYERBALATF L V5
¥, 1,3,5-trimethyl-2,4,6-tris (3,5-dipyrid-4-ylphenyl)
benzene (PysMes) & FrHIC A K L7z (K3a) o T
DFEDWNHOREER S B, LRI S B,
e %D TV L BEH TPyMes & 7 b= b v
BRI L2 e 2, HRICD Z ORI ILE
ThbIeriM L7, COLILEL T/ A

molecular crystal of PygMes with open pores, Py™™) |Z

V3G 5 TS 1 IR D R L 22 4LATE VT v B
(0 3b) o Py™"NFBIZ BT, PygMes i C-H-N
BLUOCH &) MBI X o> THEL
TWize BRI HO PY™" OFLO I S L i
TEBEENTVDY, ZN5OEET & LB
EOMBEAEZG <, WHITERTES IS
%o ZDOREREE SN DL 2N 2L SR b Py
3D TEET, 202COMBMIZHIHR D, i,
LA E LTEBRNTH 5,

Py"" 13 202C UL LTI T 2 2 & TS L 7
5 7% (A molecular crystal of PysMes with closed pores,
Py"™) N EHERET Do Py " X B EIT R RE S
RNy R TR TH Y, MEE IO TERANEHH
LT ZoMEdMER I NG, — T THIKRENWZ &
2, Py IREHCOBEMEEZ AT 2. Py R ERT
T M= MIVOEKICL7-E 25, BRI E
TIEDOPYP"NER o> Tz, ZOFRELNT:
Py 3D ) K ZETH Y, BHHIZ X o> THL

OHOTE N MY MGTEIY BRVidh s b 2D
TS 2 MY B0 Py ONEBANET L P b
VVGTBREALTVE, JLEGESTWDLDELHE
ZONDe 5 THOMEIINE 53 F OEBVEA I
IR E WV, L) 5 Fimoftark (ET
Who B, TOT7OtAIIEMR - FRS T a2
L3R % 5. AMBEOEKITHEEZNT 70t X
TIE, & & EEBEBAREE L TUEON LM
WIS & o THEME - FRSEZ 52 DB b, &
DO REMEZHEBR T 72012, 794 ¥ FIZX o> TE
W L7227 EIVT 7 ADPyMes i RKIZT7E M= K1)
WG ETESR 7o 72 b LB - Hih 7
AN o TVEOTHIUL, ZHLDRITBN
THPY™"" D HRONLIETTHL, LhL, FEEIZ
BONFDFEL RR D8 XV FiEE % b Ok
Tholze 2O LIF, HOBE 7T AN T £ b
SFUNGTFOBATRI oTWAI LR RTEE
L1, HOBEHAZERT L7-0ICI3BIREICBIT S
PysMes D5 FRLHE DS HIETH 5 Z L 2K T 5,
— S, REEHEEOWHEIE LNt TD
BtRICH D, COBEPLT DL, PYyP"OREN
& HOMBEME IO THBRE . — B OR; S E A
(L& BITFIIRNT L7 8 25, Py™" 25 Py™™ ~
DFEIEWF M HE 2 i AL = % )V F — 13320 kJ/mol
EREL, BEMZETSICHNTELMETH - 720
Py 70 5 Py AN & OB S % A% T oAbk
BEZPIET A LIEHEETH - 7225, SHicB T
BHEIZETRTTA5 7L ATHLI NS, B
BLZI0KI/Ml LT THBEEZONL, Thb
B, Py"MIILANEN B T Ok A2 B VTG LR RE
MHREL, LAMBHET 5 70t 2 TG LRERE A
INE, B0 TGO L WEEE S ORI 7Z
EF 25 (B3c) o HREHE MR B T 2 LR
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BEDSRE K BALT 500, TR A=A LI
FREWHO NI o TRV, 5B OLIUVE RS M
BICBOWTHELRMANE TN TVL MR TE S,

5 ZIBHFRRBOBELFET 2 RBEDR

Bk L7z & 912, BAEMS T D ZLE S T4
BTV T NS BRI SR EIN2bD0TH L, ¥
ENS DT HLIEMMEMET 20, HoH v
WBERNy XU T2 bhvonr, Lv)ENE
VIS 252 A2 > Tk holze T
I, FHLEPYyP" EETUMEE LT R
HECISHT MR A R LY,

PyeMes % b % e ARG TRE AL L 72 & 25,
Py L FIEOL LB MR B O N DY a L, fLos
ZENTWEWEERBZ PSRN LG D o
720 TN OFRELIE L RRLBEREOMBICOWT
Bz B BLRy - ALEMBNG IZ O WALz L &
B, NVEVBIRENTG X =7 =12k o T X L FHW
TEBLIERRMB LT Nl U RIRIEINT A —
¥ —Lld, FOT OWMRE % LRI EHE S 5 72
DO=ZDODHOMTH 5. ZTNENOfEIE, KHEH
HOIANF— (6n), MBFAHIAEHO T AV F—
(0), WP EDLZANE— (6p) 2FRLTBED,
T TRV L O, O, dp H N L T B ZIRTT D ZETH
NV VB OFICBIT A E LTREEINS,
BREES T, BB OWTEODfEIHE S h
TBY, Nyt 2B 2 E0 BREASE W
DAL DRI LB E - BRERH W &
BN T W5,

LRI W B O N 2 V8T X —
H—FP R H FNHON TV VERIC
B 2040 L RS BEE S L WHBZ R L.
PyeMes & 30 WILIE IS D 5 EBEIZILOZZN T v n
WA, PyMes 2 HEEN AL D B BB
LWL UEM % 5 2 Twico Z OMILE
S 2 R LCARAE L T B b Tk <, B IZ6p
W OMEOHMIESIZECHBELTWw . 2F
D, PyeMes 235 WM I B OV EEEH TS
FLERE S 2T 5 2 & B ERT %,

FRBEIC BV TH O NS EEhZEh O
KM S, XD FEMI 2 A B IS A BRI
T MBI SN0 FLDZEN TR WLIEHR I
BT, HENE OB 113D T ) BRE L TB

59, PysMes & Z B DM HAEH 2 TER L Tl
P2V TWwWiz, 2Ok &, PyMesldtoOM AR
hEWEONGE»oT T2, IO DBEEST
OBLEEICIZIRE BT AL F— (100C 1T ETOM
B BUETH o0 — T, SLOHVTWE LY
K, FLNEBICILY A F T 2B 51258
LSHEBLTEY, HTofiEzendl L) Ta
Lotz TOLE, PyMes [l t13Z% M CREML
WHEAER LTz,

DB EREEB X O e VBRI BIT B AR
2ELws L, DT L) BHilg CEHILERITE
fEbNTwbEEZLNS,

1. PysMes (&5 HO) WIZBFIVE D R b Tl
EZINEE TR e

2. INSOBERAFIZB VT, PysMes dEH5T-
LIFEAEHEEHL TV,

3. fLbniz, PyMesFl LOMESEH &KLY
VB NNVARTE SVt W3

4. FONRy XUy IBEEILIL, BRESTESD
LA TH 5o

Thabb, JLOPIEBRS T 2D AL LIRS b

REIEZS, FEISBRABER 2 M A DR R TRESE S

TWeDTHb, —HT, 571N PysMes & M A

YER T & BB I3RSy £ 2 7 OHIZAD A

A, LOENTW L WELEEEZ 52 T, 20

MAD—VEETEDP D B 72DIZPyMes D) ¥~

RO IRV U BEEA LT 13,5-trimethyl-

2,4,6-tris (3,5-diphenylphenyl) benzene (PhgMes) T b

BT OWR B T2 2 A, OB H

DR S N7z

6. N1 KOOIy ILIESFiER

INF TOLILESG THRIMICHET 2RIEFICR
KA OBLETHEDONTEB Y, Ehlsoikiktt
IZOoWTIHIFEALHPEA T RV, Zhg,
LIV TR DR EEDRK E L TIRWZ & (T
=B E B E100CIEEOMBUC DT Z SN
V) B—RTH DA, L FRIZHFOFHLEMR
B TERVROIIELHLC LTS, SILES
FVEAS S SRR O ZALITHR D THRUK T, H I
SFREENZAL L 72HERTH > THIDZEN T
BOKREGZLIENIFTEALTH D, BIZITE
HOIEPyMes BT HE Y ¥ VBONE T O IE
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4. (a) G2DBPHZ D% 1Hi3%, (b) VPC-1", VPC-1""" D #1151

BEATHEEE AR L TWDEA, TR
ZZNTVW L WEEENTHo7e TDEHIT, Ll
B TSR AL THEL W7z, FTEo
FERENE 2 BRI 555 2 LS TE T, SR
R BN EORREE B 72 B 2 & D TR
Tholz,

ZOL) HEROM, FHESIEA»S 7B I
7R R T S ALERE R R IR L Tw 2,
BETHEEET Y F) 0B BB ZHERL TV
e lh, ATICIRYYTF VY, fIHELT
Fot NN — VT BT AR T
v K1)~ —%713,11-bis(9H-[9,3:6",9” -tercarbazol ] -
9”-yl)dibenzola,j]phenazine (G2DBPHZ) %%, % fL'& %
f-f#% il (van der Waals porous molecular crystal, VPC-1)
ZRESE L 72 (M 4a)o 5T MHE D © 3RS A 35 2t
BoNLhoizboo, BRXMETS &L OvaEHEk
HHFMMARORE R L ILVET TR TH D 2 LD
Lok otz

PR Z &1, S OZFLEMSIZEPROEEIC
Lo TEOm%E Ff (FIREERE) A 5 W (KRR
DOHPAITEAL LTS (K4b)o D728, VPC-11
HY Ok, £%10ditns, 2otz FEHIck-
TELEE 5, ik, ZhZN O % VPC-1",
VPC-1""" L IT5, Z O OEELOFEMZ A 7
S A A%, WEARLER K XRD, JEEC, IR, HO WL
FIZE - TIT L7z ¥, VPC-1! & vpC-1"™"
DMEXRD 785 — ANZIIHIE L BV SN o
AT (N TN VAR SV S W ey = A (N
LW EREKRT S, — T, WOPDE—7 g
FEMRZELL Tz ShUE, 0 FO— @B
ZALLTW3 2 L 2EIRT 5, IR AR ML
TIE, BEIERE LY 7B FIROMEERN 2
FALH R S N7z, 25CICHBIF 5 L & W iliZ50%RH
FETHo7ze IRSY =i, KICHET S
NV ROREEN Y 7 A FIRICELT 2 EHH RS

Nizo MRELEMHETRLZDORERDAATBEY,
KRBESETIZIEEALKREDAATY D>
720 O DWAESRIMF T RO Y 7 E A IR
TaT7 v ANDBRER I NI, DLEORRED D,
VPC-11Z L E WL EOWRETKGFE2WAL, &
TUENEDZZIL L T B Z e LN E o,
XY Y AR 2N WA W NG - 1Yt G
2o TWh, WL D9 DOEFE R (H0, MeOH, iPA,
hexane) \(CVPC-1 )y RER L72& 2 A, #%4 CTRE
DE I DB S NIz PLEU & FEEA R
I NVIZESTMELZNY FEYy Yy 7ORE 11X
BIEOFBERL LOMBEZRL, Zhud, YN
M u I AN EEITH L, Thbb, &
B O PH O ST F DRRYES & o TEE T O
IR EN, NV FE Yy ThE 5, i
WARKKT T, JLoFIciY ANz H05 T2
Lo TNV FFE Yy 7A%E D, Addtad SR~
EZLL TV D,

7. BBbWIC

2T, WOMBEMEMC L > TRES RS Z4L
BTG ORER & T, ER SR L TE
TeWFRICOWTHA LT &7z fLE V)RR
L& &, SHLEG T & EROLLEMFH I
HiEZEWSER LN BV—T, HEOHIS LWV R
VYIS R T ARV > Ea [ 1S I/ NI Ra /L AN - e
52 THD, EROLILEMF L 134 Bk 2%
ERTIEND D, 1721, BHSFIIIKKE L
THL OPEIFRENT WD, B2, LILEREE
w35 120 Do FikEHRIE DS STV, 4
HBOEREDTHL DOPD TN —TFHZ OFREIZID
HMATWDDS, RIZICWELRIRSOFRIZIEE 5T
WV, Ak, FHERFEORREZ S o TR
MEMRD25ENE T EZWHELTV S,
ARG T L 2% 5> 7245, ‘intrinsic porosity’
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EIFEN B ALE ORI EL D K& RiEH 24
BTV BIRG T OILAD %D H 2 L TS
NBEEZILEGTFREMTH Y, 55 1AL ORIl
T & B 1R DL JLE R (extrinsic porosity) & 13X
MNENTVD, BRIRGF 2T 5 & LILER WA
BoONDLZLIZEWZR I ) ICEDNLY, FEidZo
X9 LI RVHREETH 5720 TR ETICH
HINTWLH LW LEIRG 1%, Kb 2B
ZOAD OB ORNCE ISy R T HD,
ZILVEREE DR ON 572D TH S, A. 1 Cooper
BiZH1E, »TROMEEZ S o 72RIRG T2 VS
LT, COWEERRT S EICMD YL
720 ZOPTRGFIZL R FEMFREDV TR TD
D, WTHIZBWTLEZILEMHPHON TV,
HRWE T 7 31 3R AT B 22 1UT extrinsic 72 % FLE#S
MEE—MEE L CBY, EHICHET 5,

Vo XHiz, ZIEG RTS8 |L
DOHLMEITETHY, S, 5% 5HIEFLS
W7 BROEILE RS HIR SN S, S5 VHTIEH
EHCTHFONSy F U IHAEHHLLY &)
ARAITAE N TFEEMITE L —BEOREVHE TS
D, fLEv ) BN bR Wlifid b O LS L
Twhb,

Eif3

AFNIFL L722EH S OWZER A, VT oL AF
REOORINICELVEHRTE 25D TH L, 72,
ez BBl 4 (19K15334) DBIZ & - TH &
N72bDTHY, ZIEHT 5.

HLErres - MRS, LG, B
SERPREAZ, st EHEREIZ, REEP
HESCZ, MTEREIEGE, R AFEE, TrTLe
M EEHEHIZ, M.C.R. Delgado #04%, FT#iT-#d%, K
WE—HE, WAL L, (o AL
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Synthesis and Applications of Porous Molecular Crystals

Hiroshi Yamagishi
Department of Materials Science, Faculty of Pure and Applied Sciences, University of Tsukuba

Research on organic porous crystals has advanced greatly in the last several decades. These porous crystals are
typically assembled by making use of a strong intermolecular bonding network. Contrary to this, a handful of dis-
crete molecules is known to assemble into porous molecular crystals, which is held only by weak interactions. All
these crystals are found by chance, and their molecular structures are totally different from each other. In this
mini-review, a molecular design strategy for synthesizing the porous molecular crystals is introduced, together
with two examples reported by the authors. The first porous molecular crystal features high thermal stability and
self-healing ability. A fundamental insight into how the porous structure forms is also investigated. Second crystal
features hydrochromism, namely, the crystal turns from yellow to red upon adsorption of moisture from the sur-

rounding atmosphere.
Key words: porous crystals, molecular crystals, kinetic stability, reversibility, self-healing
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Low Bulk Density Porous Monoliths Using Boehmite Nanofibers
in Their Structure

Gen Hayase
National Institute for Materials Science

Boehmite nanomaterials can be produced in various forms by hydrothermal synthesis. Under appropriate con-
ditions, nanofibers with aspect ratios exceeding 1000 can be produced, and their dispersions are industrially avail-
able. Boehmite nanofibers can be used as a raw material to fabricate various three-dimensional structures. For ex-
ample, adding a base or phosphoric acid to a boehmite nanofiber dispersion results in gelation within a few
minutes. Drying this gel yields a characteristic porous material (aerogel) with ultralow bulk density and high vis-
ible light transmittance. This fibrous porous material has a skeletal structure with almost no necks and thus exhib-
its higher mechanical strength than granular skeletal aerogels reported for silica and other materials. Macroporous
materials formed by compositing boehmite nanofibers with polymers have high handling and processing proper-
ties despite their light weight. By changing the type of polymer used, functions such as liquid repellency and
flame resistance can be added. This paper describes the physical properties of boehmite nanofibers, various po-

rous materials obtained by sol-gel reaction, and their applicability.
Key words: boehmite, nanofiber, sol-gel, macroporous monoliths, aerogels
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Machine-Learning-Assisted Synthesis of Novel MOFs

Yu Kitamura, Takuma Wakiya and Daisuke Tanaka

Department of Chemistry, School of Science, Kwansei Gakuin University

Metal-Organic Frameworks (MOFs) exhibit promising functionalities by utilizing the framework structures.
Because MOFs can form many crystal polymorphisms, it is difficult to predict synthesis condition to realize de-
sired structures. Mechanism of crystallization process of MOFs is not fully understood, and time consuming ex-
ploration has been required to optimize the synthesis conditions. Here, we focused on machine learning tech-
niques, i.e. cluster analysis and decision tree analysis, to improve the accuracy of the prediction for the synthesis
conditions. In this work, we explored the synthesis conditions of MOFs with polynuclear metal nodes using high
throughput screening systems and machine learning technique.

Key words: machine learning, metal-organic frameworks (MOFs), coordination polymers (CPs), cluster
analysis, decision tree analysis
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