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Executive Summary

This proposal presents a research and development strategy that redefines the spatial and
temporal heterogeneities inherent in materials—such as structural disorder and time-dependent
variations (hereafter collectively referred to as “disorder”)—not as defects or imperfection to
be eliminated, but as essential sources of novel functionalities. Advancing the understanding,
control, and purposeful utilization of such heterogeneities will provide new control parameters
indispensable for the creation of next-generation high-performance materials.

As global challenges such as environmental issues, energy demands, aging societies, and rapid
digitalization grow increasingly complex, the limitations of conventional homogeneous and static
approaches to materials design have become evident. Materials science is entering a stage in
which the proactive utilization of “disorder” across various scales—previously applied only to
a limited range of material systems—is being extended to many more types of materials. This
report organizes this transition in a systematic manner and presents future directions for R&D.

The central concept of the proposal is to reposition “disorder” from something to be avoided
to a design freedom to be deliberately exploited. Specifically, the proposal highlights three key
benefits:

First, it calls for renewing the starting point of materials science from “ideal substances” to “real
materials.” This involves going beyond traditional theories and characterization methods that
rely on averaged structures or equilibrium approximations, and instead constructing a materials
physics that treats disorder—spatial non-uniformity and temporal evolution—as essential degrees
of freedom. Such an approach is expected to establish a unified “science of disorder” that
encompasses crystalline, amorphous, and multiphase materials.

Second, by balancing the suppression of “undesirable disorder” with the intentional design
of “beneficial disorder,” it becomes possible to overcome performance trade-offs that were
previously considered difficult to break. Controlling grain boundaries, vacancies, strain fields, and
interfacial reconstructions as design variables enables simultaneous achievement of properties
such as high strength with high toughness, or high efficiency with high stability. Moreover,
leveraging temporal evolution opens new possibilities for functions such as age-hardening, self-
healing, and dynamic responses.

Third, by linking theory, characterization, and synthesis through data, and forming an
autonomous materials discovery loop using Al and simulation, the R&D cycle can be accelerated
and cost-efficient. Standardizing quantitative descriptors of disorder will enhance interoperability
among experiments, computations, and Al, allowing Japan to take a leading role in establishing
international standards for Al for Materials Science.

These new perspectives align with emerging research trends worldwide. In Japan, government
initiatives such as the “Strategy for Strengthening Materials Innovation” and the MEXT FY2025
strategic objective, “Creation of Innovative Materials through Control and Utilization of
Fluctuations,” explicitly position nonequilibrium states and structural heterogeneities as national
research priorities. Overseas, similar directions are seen in the U.S. Materials Genome Initiative
and Europe’s Advanced Materials 2030 Initiative, which emphasize the intentional design of
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structural and temporal heterogeneity.

This proposal, informed by such global developments, highlights the need to establish shared
terminology and research foundations for addressing disorder across theory and computation,
characterization and evaluation, and synthesis and manufacturing. Looking ahead to the next 30
years of materials science in Japan, a paradigm shift is essential—from static, idealized structures
to research frameworks grounded in understanding and designing dynamic, nonequilibrium real
materials.

In short, treating “disorder” not as a defect but as a source of functionality represents the next
frontier in materials science and is directly linked to the creation of transformative functional
materials and the strengthening of industrial competitiveness. This proposal presents the scientific
foundations and strategic direction necessary to realize that future.

iv Center for Research and Development Strategy, Japan Science and Technology Agency CRDS-FY2025-SP-04
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ANFBEET D7 TIL7 7RFEAEOEEEER & LT Continuous Random Network (CRN) EFI/L
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MHH. TEILTZ7AZBOEERE L LTIE Dense Random Packing of Hard Sphere (DRPHS) €7
ILHELSHORESN, BTSN TVWS, INOOBEDHELEBERBEL LT, HHRTDOED IR
FHREDESICAmLTWB I ERTBEDAEE (radial distribution function: RDF) A& <h o EDL
NTW%, RDFIGAEMNOREMF TE—DDARIMNLTRETIEDTHN, HD3RTHHDER
Z1RITIHEHLIZEDTH>T. ZLOBEHAEONTND, 3RTHLBEZRFHIFTHLDE LTI,
AERMKFEZRIT DL LTRME. BEABRELNHDD. FERICRENLLRUNTER, FIEERKE
ZRF|IDHHEBELTUT VY IHMENEIDDHAONTWSA BEF. MRAZAHILT — 584 (TDA)
D—2THBD/N—I ATV MREAY—HIEEINTWD, REOY—LCI(ERT - WEOMI BRI HEDEE
BRODHRDENDEREEDADENDT, WERENIRZAZZENTE, N—JRATYMNREAY—%fFE
SZETRDOHEALNDEENICHRTES, IHICRT—ILICEOTHYMERTNTEETH D ZENLRR
BEZEZADBANARETHD. NITE>T, IEAREREEHFEICES>TRA L TWASZAREER
TREEZDRFAMDRAFTY T3y b=V RTFY MRITREDF, 2BlT5ZeMNTEDLS (LT,
F. SKEMBOMBRABIEECHX RAA VEED/N— VTV NREBEE A EUD T 2EA M E LR
SNTWVB 'Y,

EF-5. AAYFOLEINILNEE{E Sr(Fe,Co)Oy ICBIIRBEREILHFENRE(LE. 7OV DER
fbEMREUANIC LB AEERZ®L (TIEIS]

BAMOEBERICED, BRIEIPHKFELL. KRAAVOHAD LY TEN, EXGEERISH LT EIEEHER

ZOEHITE. BREAOKFLEKRRIAY (FALY) OBSAZHEA - HBICLDRERIERE
b= RIBILWEL. Sr(Fe,Co)O, (SFCO) EBEDFMHZBEOMNILTNSZ, DFTHELEREHEHM
EhET. COBBRBEELTIET, ANIEBERIERE D Perovskite BH MBI ENLREZILE R
> Brownmillerite BADZEAREL SN, ZNIZENKRDEA - MEHNEH 42 Z A BBEINS,
EBYA MIBASNETRBRICEZEAND. BREYV A NOBKFLEZRELLILIIRS, B2, C0&H
E10.3 U EDSFCOETIE, BRALEMITKEREZBA - MHARETHN. ZORER. BRMEEIHULEE
BECTZLZAZIHETENAL(ERRLTVS, DFTHEIZED, BIEMOIRILE—REPEILEEDE
FIREZFMICEIT L. CONRMABRREILDTELPTAN DREAENESHDHEER LI, £,
EBRIICIE, BROBNS VYIRS —#EEAL., Nafion B EICRELSFCOEREICS — FNBEAEH TS
LT, ERTTORRDBALREN TR THDIEER U, TN XREHT L R BEECE D7
(ERDA). X#RIRURZ~2Z ML (XAS) BIEICKDBRIEFENTWS, 412, Sr(Feo.sCoo.s) Ors TlE, K
BAILKDBRAEN =M EET L. TENICHETE 2 SAEEITH D,

3
ot
%
i
F
=
Bl

EBfl-6. SVAhHSADBEHKEEE [TIE][S]

BRAGENDOBEZF OV IAAIRIIOVWT, ANOFORNIHKEEZARILTHIEICHHIL. ANDOEELIEEZRE,

HIRAEREMORIE - AERSTERE, —BIVILARRTREEEZLOFEEEYWETHS, LNl X
1R PHEFREFGREDEFE—LERRTIE, EREEZKIZH L First Sharp Diffraction Peak (FSDP)
HEN, REMEMAEBIZTEEKF (medium-range order) OBEEERT ZenHANTWSY,
COREHKFEORRZERY B(CI1E. RERDORFT7HHEIEE (PDF: Pair Distribution Function) [Z
KB TIER T2 TH Do

RifE - 2MEERR (A) BREBENAIET2YHERZE] T3, COREICH L TER - REROM

EHLERNEAT
RADHITIE, BEKFZ [RFEIZY PORAZN - WIRHEHE] CUTEBLT SREHDRR
an=?,

O-Si-0, Si-O-SiADO N ML, B-cristobalited&S AW HEDFWER TIE. BEI L, AR
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coesite DL BT RUEDBEVHE TIEAELAR>TVWDRIEND, HRUEDIBBETEZIENTES, F-.
SiO4, SIS, ED, MEEDEH#ZEEL UI-RAUZEANIERREICL T, B& - ASRAEAOKFEED
HEAfEE D, SHIZ, BFE/—R, #E8ZITyIEART VI 7EBRNFEEEALLERS) VS
BITTIE, VYT DYAR - A - HEIHOHBEHZHELTHENTE, BESREDERELTZI LN
TE2, Ff=. N=IRFVMREOQY— (PH) @7 T. BEFREERIEDDOEE - BRITS [N O
BEEBHL., MNROJHILBRZERT —ILKFATLIRY 52N TED,

NODIBEDRITIE. BRI KRFZEEMFRERAEDY 7 87 Structural Order Visualization and
Analysis (SOVA) [CREENTWL\S,

F7=. X#& - PHEFREIITEER (SPring-8, ISIS-GEM ) EMD-RMCPEFT UV ZHETHIET,
PDF TREHNZ—RITMIBHRZEBAS. SRTHNARBEETI/ILHABEEIN, ZIHLHMNRAY— (Ry b
D— o) EMHETESIEbRENLD),

ZORER. [VIAASAOEREEE, SIOMEEANORFAENLUEEL. BEREERYNI—0 %
BLI-HDT, ERTEIE—H1X (6BKR) TEHRINDIDICHL, HZRATREREY VI D HER>T
W5, ]|, [FSDPDRIFME AR Y N7 — N ERBUICAPNEBZRMT 2 EICHEKT 5, ERER
(KD, SIOAFADZEREIHIZ2% THH. INHAHFERKFEZEL. . [N—2ZXFTYMREAY—(CK
N, BFEMEET >R, HSRETIL, Birth-Death® (Persistence Diagram, PD) O#ftR7077
TILH o, EOEBEEZREIT L2 MNRAOJVAHILICEKFE LREEEZTRI, — AT BEHE (a
-cristobalite, o -quartz, coesite) (FBEEKIZHEWEM (DeathfB) HE<H2=) VI EENELD, ]
AN OL S GN YN ANy o

EBHICEBELRATHIRERZTOER? T3, 7.7 GPa - 1200° C TEARENEEBRELYAASZA,
ERSEEHASALDEEZMNICHWFSDPA RSN, [HR—EERFDHZASR] LRBESIN &
BEMCTHRIASRE. AEE (192.72 g/cm3) OEREHASAELR, FSDPAHIFHREELTHED.
KABEEAADOERZEKRLTWS, NROVAILEBTOERNSIE. DeathfERHEIEMICEFL.
Si-SIEBEDEHENEEF>TVWSIENER SN, TNIE VYT DOBEBR] TIER TUVIDERE
SIERTFOREEMES | [CRHFEEZRLTWS,

EWHRBRT W

CNoDERIE. BAEBELIZY MERE MROYVAILBNZREETZIET. [—RERKFLRASZAEIE
[CBRCHKE] ZEEMNICEKRRAIREEE R >7=2&, SPring-8%°J-PARCEDEFE—LICLZEBELRTT —
5&. MD-RMCET VY I/ ORAED. FREBED“BABWKE ZAHR{LIIE. BE - EHZHIH
THIETASRADMNRAY —ZREFIRELE RN, BEF - BBE - BMBAA SN T 71/ —DFH M EHHE
EANBERWIEnED D, Bif, KRR WAODIRNTOETEENHD.

HE-7. FHEBELRORE - VI by —0BREERE (T](E]
BEH R TRICE>TOFOEBOEMNEL SR - V7 My —Hi%

BIEPZLL DY TR —(ZREBHICEHH TH D=0, XRDERZEN R > TEEHNEEDREHTIE
ZOEBIBELSNTW -z, —fRICAWSNS PDF IZIEBMERMELOBHBEERFS(Q,w) DI XILF—FEN.
THHOE=0 TCOFEHBAERIBERICTETI. BEEEESEHV, Z0OLO. HEPLEREYsO

6  RMC:Reverse Monte Carlo(G#EEY7H/LO), MDEBEEEFE—LEIRT—9Z2BRITZLICAKTIIaL—2aY
FRDEFHEEHN T FIE
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MEDRIFEEZTLRT BI2E, S(Q,w) ZEZMH - BFEEEICE# L= Van Hove BB G(rt) (C&k>T,
BEBEr CE DB ORERT —ILERZZVDEDH B, EF. SPring-8 /LA MEFRICEITZ5
HEBORKEICEDEWV Q-EZBDAENTREE AN, G(rt) DRBRIGRENRELLTWNS ),

KTIIENREEIEWME XIRBELICED, F1E (2.8 A) £HE2AE (W45 A) ORFHEE. 71
HEG) AREECEICRFNARICEL, F1REOENIIZERETEITIZ2ZEAHELMNICA ST
EWEIIRDZ. RONFEIREICR S ETO Maxwel IBFIRE., BLUOREEDFELRSEREICHIGLT
WBZenn, BAROAFEOEBZE (LTI OBRKEEI O EVWS EBENRB SN, —H. &
AR THDIBIEY T RV L (MgCL) DR MEFIFREREICEWT, RS54 VEORIIEHERBAK0.15
ps TRABET 2D L. AFESMIEIHR<EE 1 psBERHKT I ENBRAENTNS ), MgrAvh
RS 2R EEEZORAELZELYA A VIR BEALBREAEEICHERT 291FI7REHBN, FN
HEMAIT5 KD EFMBEBERITAED DN TS,

CNHDMREF, 8897 PDF TIEBSNAWIERER] - BRIBIDEMNBHRZ G(rt) 1ML, B\ELY 7L
VY —DEEEYMEEESNERE L TEHNBERBITAIEILZLLDD2HE AR LTV,

BI-8. 752F v /YRS IREROA FTORRLRELEOT ()

BISOHMMICL2EANTET, HE2EOESDFICHHENEBZISEZERM

Elh & REDHRIRIETHHTSAF v oo YRS (PCIR) AHODFIHBESENTHLT,
SFORE (F5YR/T—va) LRAEELSE, BENEZEHE-BH (P-£) LXTUSREEY
L2, PCHEIZSFOMBRFEAIREISRROLS CEEEREESORIRATH), BarEE
WIS T O TER FEBRF LRSIV, ABEOST TILRANS PCETHEEINET T2
OO0, PCIETHAFEGICHES BROBEERAFL LRI, 2FFYPVICENRR - RESHE
EXRELREFE—AY MAHEDENIEL, PCELRBIECHROBRBFBHEICIAVFELEP-ELR
FUS ARV BRESEAT I PEEA Y F IR RB TR THD.

3
ot
%
i
F
=
Bl

FH-9. MR TELZEANPH O ENBBEEZARIETS [Qe—LY MEBIX—Y VS I [E][S]

XIREEEL/ NS — Y DR ZE(L TEINARBIE - B8RRI : Je— LY MABAX—IV S

TERDBER - BELETIE. ZROBECREIBEDOBICRANL N —RATHHD, +/ X7 —)LHE
BTHBINICELT 2RELZEERATEEERBETH 7. ZNITHL. ZOEF TR, MRFTE
CR2EIMEEEES /R —ILTHRET2HFE Q- LY MABAA—Y VS (Coherent
Correlation Imaging, CCl) ] ZR%L7=, CClE. Je—LYXEBETELONEZTHR (ARvIIL
NG =) DERFIBITICED, BREROREE "B ELUTREAETZ LT, BEFROXETTE
BEEICHNESZEEBR TEIRICEFENH S,

ZOFEERVWTRMICFKET 5 Pt/CoFeB/MgO ZBIEFHRORBRHEX 8 RIL. BBNICELT 2
R T TIIEHA TV 2B A VREZHAN T2 e IR A >Tze TNODREFTRIL
FoEEAHEITRENCERL, ZOBNREIIEY EORCRERBREDBANREG—E (RIEHH)
[CES>THIEEINTWBZENBELOMER ST, Foo BREAYEARBTRIKETEHEVEWS MRAY—H
HWERE, BERT(FIVREZERTI2ERE LTRESIN,

AHEIE BOBERTCRIEAONAVEFEREOEREEEH 2 BEEEL LR TCEBEN TH S,
CClFS#H. REVTAR, BRBIEERH., BEMHNRESRUYERICETDIETE - BINBEHET D
ISADEAR SN, MEARDOBEEBEEERIBZ DWRCHIBEHI TSy N4 —LELTEEREEZRL
TWa,
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EH-10. TV IBYLARIEI S 7z VICAETDHFENLET LAY —HE [E][S]

FRACNBEMBHIEWT, YEICKETIZHLWVEIOZEROEN EXDERITHRWN) 2B

20114, 2BDI 27V /BEDRLNA (WhwadYIy oA, FlZIEK1.05°) THEETSZLIC
£ TSYRNYRDBERENDZENERMNICREN?E, 20184 (21E, TDTS5y MY RO¥TIE
REMEICEVWTREGHEATENIND, YA RRN2EY 57V, BEEEFR. (ZBardeen-
Cooper-Schrieffer (BCS) B CIIHARE LI REBELEROMR TSy 74 —LELTEEZE
HTWD, IHIC2021FICIF, YYv7AYAIRANIBS S5 7Y (magic-angle twisted trilayer
graphene:MATTG) ICBWTEBGENERIN. VAAR2BI 7z Ve RLT, BEFBESLUB
EEFEOHEEICEND e ERESNS, UL, 2025FHAICEWVWTE, ZOBEEDHITM A
HDZXLIFEKARE UTHDITERBBINTULRL,

INEBRCNAT2EBDI 7 V5 BET 5. EFLBRFINERINDG, MATTGIZEWTIE, €7
LBRFOBBRICERT 2 RRRME YA RARY] B, E—RTHEBETHS [ET7LYVIIY] OFE
MNEAISNTWD, NODBEICHEN-REEIE. YOV IAIEVWVRCNAEZET2L0D. ZOAE
FEWCELE>TWD, IHIC, VARMEXTYV Y MVEETIE, RCNAIEML, BEEEREOSH
EEWMELTHEET 28T, 2B ELTUIRE—RYa IV VERRY RN T—IDTERSINTVREEZS
%,

NODETLARE—MH(Z, BARZRCNADELSDETEVWSTANEREEELRD, MATTGICRES S
REWRAVZRAEY IR —HTHD, AERRCBITORESZ5| TR ITEIT TR, BREDRERA
HWZZXLIZERKBEELTWS, 2025F 48213, 1V ROAFRTIL—TH, EERREICEWVWTBIEEKRE
ERET DHIHFEDEFEN. 2R TBEEERE SR T 5 Berezinskii-Kosterlitz-Thouless (BKT) #&#
BRENEV LA —HICE>TEAN>TWAIEERT RRBREHEE L1, INODBRIL. BRI
AZXLELT, BRNICHREENRININL —BEHEBEBEKIRETIIR. BEUVEBIE—AY &S
BWIIILIAVHEBERFTTHEDTH D,

EPHIRH w

EHl-11. HRNBREAHYMEINICKIELSERKE [E][S]
J04 RRIFHAERS LERERRRADEAN., BRNRICLIBERE— FEFMEITHOBRECHEINLGEafEAL——
BRI R CHLNII LT,

ZDERF. B—RFLANILTREYPOEXEZARETHIEICHINL, BEERDYAFIIRIIHLT
TP EDESBHEEEEZDNITOVWTRELLLDTHD . MEIIL—TE. RUAFILAITIY
L—bk (Polymethylmethacrylate: PMMA) 104 RAEREZRALV., HERL—Y—BMEICLDH—O0
1 FRLFLANILDDBEREE CERKE TORG—KILBICKD RSN ROBRRBEZHE Lz, 2B
D404 RRLF (2.10£0.05pm, 1.06 £0.02um) ZR&EL. NEWPMMAK FE KX EX
PMMARIFICXNT 5 THD AR LTz 2RFEICHT /N FEDEIEZ 10% DD 25% £ TE1L
IEANS, BERREACOBBERROERFEANT, ZOBR. BEARD ERlR] & AR - B
@mit]l EVWS2DODELZHERE—NIIDIKT B L. BROVARFEEAINECHRREDOIRZRE L.
ZND Y DEIXICKEREEBE S X2 ZEDBELNR STz, INSRHERN TR DRI (SRR
[CHER SN, ERNERRNMEESND, —A. RELBRATETEYIEREEARREICEEL. B
RRBRE BRER(ENIRNDIBIND Z e DD Tz, FIZ. Bl - BRERLIIRREEEASIEDFHEREIZEL>
TELS [BRAZRE] D—FHETHBZENTRINT

FH1-12. RIDFEEIC LS Se RifE%Z 12 PtSe: DB BRRETRHDT-HDBLEMBENDEIE(E](S]

PtSe: REIDT LY RIEALICKDEEEALT LT, BRETHIEOEENKIRICHE LT,
ZRFEZAINATFARTHZZELVEAE PtSe (377 Y TILT—ILABREICK SR ONIZRERDTZ
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HEIOR—YIL | EhziEsTHREE

OEMAEE LT E, INEFTCHEVTHEESITTWEWRTHD, COEHILI. PtSe, =EEEFENOERL
fetk. BEE - M7ILHVICKBEEIVF VI EBRBIERE T CORBEOESILEY AUV TIZED
REZBEB L TRMEEAR PtSe, (DEF-PtSe;) #EELEZENDTH B, 1007 12&D Se RiEH
L. WEID PtSe, CREAICHBRICEDERLEPtF/HTFHHAZ AT TIILEEN RSN, TN
[Z&D, BRETRIG (ORR) DFMEMAMEAKIEICH LU, EXICEFETIE42,000012)L#I(C
MR Pt/C BBARIE(IK T D HIEMEN 135, BEFEIW2.6F(FEL. 126,000 17)LICHT=>T
ES N RNRICHIZ SNz, NAT )y REEABESEREAVCEZERETIILOBETRECRIGEEE
FRITL7=fER. RIEBX°PtE PtSe; DIEEERAICKD. FHEY A MIREL SN, RIGEEHNMERINSLHE
HDBALNER ST, BERIICIE. DEF-PtSe, [F¥BEMN T, EFORNCERDS FOFEMELICHFSLTW
BZENTRENTZ, TNHIZED, DEF-PtSe; 3. MBIBHEDIXILF —ZBRT /NS RIIH125 PtEARIE
HEMAER LE2BIEL-AEABBAERERECH D ZENRINT,

EH-13. A/ TS HILRISICEDRARILYOR RIS L8k [E][S)

MR CERKREDICEESIANZEA | FROMEIER - #eeIT3ER

BEDER - BRICE>TEERBASBRT ZAN /T INILRGIE. BEAESTICHEEEREEFH
TEHEBEEHLAREELTIEINTWS, ZORGEMALEBARLEY (oxyhydride) OFBE
B ERIICRET U, RIS DISIZE & AR DOFTHAE % B S M L= BR DT,

—2BIE. RATZAAA MUBAREY (ABOHE) DAA/TIHILARETRIC. RISHETT SN
ENEXET MRS BIT LR TH D, BLAEYEITOVWTOAREBROERN S, HEERO[S
NSE (BEAWEMER) | ARIGETOEERFTHN. HRENBILTVYEFL BFHEE L2
EEERNMEESNE LN BEEIN, ZORRERR. CNETRBIICTONTELAN/ T IHLRISE
MR ICED W TR ATREIC T 2 RIZMIEH 2522 EDTH S 3,

“oHI. BFEREEBRVWTRAOTRAA MUEKREYBaTIOs H, Db RY REFARAEZMHRD X ~ 0.6
Hox=1ETHEL, REDIEEBAGEVERERT P VEZ7ARMEZERULFETH B>,
MEEXBERWET Sy T — LY MXRER A A —J V4 (Bragg-CDI) (CKBHEERITH D, HEE
EHBLTI0EEDKRFOTHARENICRNEIND P, REAL T THFRBOERFOTHA RS
RISIZE 5T AR TR ENT,

NHDORREE. AN/ TIALREHERZBR IO TIEAL, BEZLEVTHOEEEZRCTH
FRYER BRI T ARG THAIZEARIELEEDTHD, S%. FFE SO LR EBEN(ZF
AUKREEMEL. BlfE. BRERELEADISANBEEINS,

3
ot
%
i
F
=
Bl

E6)-14. WBFDENICKZTRILF BTN 20RERE [E][S]

BERERF vV —CEENANEEA LEERL - BHER,

IXILF—EFEEMCEVTIE, —MRIC, BEUELIRILF—8 (IXILF—FE) & TOIRILF—
ERHUTCBHEMIET 280 (XU —FE) EOBICRL—RATHEET %, FIZIE, BEAER T/
VH—F. BEAEAVDSZE TEEARENARELERD, BWNT—BEAERTED, —HT. XD
FEAMBHITIRILY —BEICHBRENH D=0, v/ \Oy—DLRBRLAEREZEEL T\, FEGH
BOIRILF—BEEAA LS EAEMNELT, BFEBE. V7V —RFEH. REFEEHEVH12IE
BEFEERICETIMENEEETRICERINTVS, LML, EXATUSRIZEDZRRENRDET LE
WBIRIIRRED, /Wy —DERDIXILF —BEABETIEI2ERER>T W,

ZDEHF, RRNBERBFEAETHZPbZrO; (PILOAVEESR) (2DWT, INHDFEICHNT 57
HOMBIRHAAES ZHR-=60 T30 JILOAVERICH T2 RETAENBRFEI A ERINICEL T /=D IR
HFEEBEDEENEAINTND, ZOBEL. AEFICHELBEREASHDLEHIC. RERKICIZR
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MR E RIBEENENERNICRT KB ZRT, COEEGMBRZRAW-Fv/ 05 —(3, BEBIEIEZS
ETORMEYA7ILEOEML, RRIRILF—FEEZ189 J/cm3, REEBIMEIL81%(TEL, TNIZ.
B—OI)LAVERET/NA ZXDMERE (67 J/cm3, 66%) ZREL LEZELDTHD, NODHRIE. W
BFOEANTERIICKETTHI N, FREFERICE T2 IRIILF —BESIUOAREIERDE LD
HDEREHEH LD R/HIEZRLTWD,

6115 2 FEF/ ZEAMEICEITBEN [E][S]

ANDEAIZED, MOF - COF DA ERE LRI CHEERONEZT o7,

EE—BHEEER (Metal-Organic Framework: MOF) - #E#E&HEHEMEER (Covalent Organic
Framework: COF) REDHFUF/ ZEHEDEANEKLBMEDERIE EANSBNTNS ) 3B,
BN REME. 7/ ZEOFHEK - B, 74 MLIRyEYRREXRZREE, BEEXR, MESEE. AR
WA ERERED. MOFPCOF DMEICKRELFEZSEZTWSIENHLNCRDDDOH D, REEZ
MHEITH5MOFCCOFDERAEDIARELEIC. ERRKICECLRBZRLB TR SESFE Post-
synthetic Modification (PSM) &#fFRENTW3,

MOF %> COF DfE @B EF D REHE S TZHIRH 5 W IEHEI 5721 Tod, BRNISERT SRS
THhNTWVWD, RIEZEATHIEICE>TBEICREMEZNE LD, B AV PEREATFOREERR
[CARZTUHERVCHELZETET 2 & CHIEBEEZMELIENT I LR INTVWS,

e, ASZAREDOMOF (MOFASR) (3. EAMBIELTEEIREAAEETHS . —ED MOF (F,
BEELI=DBISSHITEIETMOFASRETEIENTED, MOFASRIEZ. £BAAVEBIEZMOF i
REFUBENHRINTVWSY, REBKFIRDNI XY NT—VBELEEZONTVWSD, MOFAS
AIHZEEOFHREEZE T 270, LEXFARDECTOMAREFRLZERRICEWVWT, FHRAFREIC
BRET DHEELEERIRICEED DD, MOF RRDMEEERIRH AIHEIZ70 2 L HIRF S5,

MOF DML E % EEIANTRRLIZFINH S, ZEZEH. MOFIZLILEBELEBEIZLD, BV
BENATHEENTRZELZRI REMRTHD, BENREMZE LSEDODREERDTEIT. EME
B2MOF LA MEEBEDEREMZEHZZETHN., CNICKDRANICHBBRENEML., [KILEHIRD
T3, CITIE. FAPNARSIEREEROMOF THEREENBILSNZHLVARNREN,
FEARZE XAREITAIE S NIEF AR EZEHEHE T, FABENLRTHS TRUMOF-1DEEEE %
AN, KFEEROEBKEEMOF-5DZNELBR LT, RMIEDEIEIL. ADOBRET A XOFRFRENZRA
BEOEBIREZHCOERLCLS S, BREOENFHICIIBEFHRORRELDHEERLEL ZHEH
THIEHRLTWD, FFEBMED. MOF RIS ICKREAEEERLE DHEAREE DB EE RS
PRCEERBEREBDIEETBLT,

EPHIRH w

EHl-16. RAREBEMRVRICEIIBDRAEVRED YV TREEOE— LY A EOREL [E][S]

1A VRFIZEDhBNIEFADRMBEAT, BF v — e dE

ZOEHIE. RIERODEBFEVY—MBELTEESNSNAREERVR (hBN) RIZEWT, 17V
BRICE>TAINICERSND [RICEFELILRVRZER (VB) | ELWSREVRMBICERZHT, 20D
LYY —MEEARARICSI FHTOORBLRERRHERI LR TH DY, hBN (2D ZRITAH
EDEBNBERIOEFEV Y —ADLANBRHINTVEA, TNETVB RBZERT 2BROREL
1AV RAFGFREE TR ST RARF—LIR, REBOLPT S, BANYR., SLUHREEDRE
REODRTHRD D B0, UFIDOAER TRABINTWEN > TRILF—50keV DAY T LAF > ZHR4
BERHNEThBNBRICRE L, XREBTHLIE (ODMR) FEZBVWTEREINI VB RIEFOHEIRE
PREVEM - Je— LY 2R WSS AFMICEME L -, ZORR. RERBHEA 2 X 10 ions/
M2 THBIEZERMITHE L, CORRIE. hBNZRW-SHELBREF VY —DEETOEX
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AT 2O OEENAIEH A EET 2 EABIC. BEARKICLSBTEENAC BEEHIRT S
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