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(a) Exfoliation and then organic modification (E-M strategy)
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(b) Organic modification and then exfoliation (M-E strategy)
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Figure 1 (Color online) Comparison of the two synthetic strategies for functionalized 2D materials. (a) Exfoliation and then organic modification (E-

M); (b) organic modification and then exfoliation (M-E)

JEHATHLH ST BB L 1T B OMCSTENLIZ T
EEPLHAZFEAIEA, AREA L T F
(BT A B 4R IR A, SR B BRI S 2
FEPE. AHLIRE TR A0 T TR, J#EOMCs
(L F25H. OMCsiI ITEJZHEL. JRTE . o MZERE
BUT5 AT 2207 RO, (AR AR, Ot
P2 N0 SN = % e RN RN TR e E (S N Tp
Pz fu]. AEa il R A AU BERTE i B [ 4|
ABIRTSEAAR b, ARG 1 S A A DR LB,
TOMCsHTHRAR R, AR =l A s RO 18
eI, J2 5 )2 Z AR B A FIRUR, R i 2 T Bk
FXSED. Pk, TR B R B i —4epbkl, X
PP RHR B A I3

PTAER, KT OMCsIIFFE Bk Bz BT 5
T, AT HEAMRI | 5 TR SIS TIRA T
XIAR AT i MTIREIT R BAT BB
ARSCNBEOE A~ B A e, AR TOHL RS BT 28
B, XTOMCsHSRIRIZE M EAT 1825, I 1B 1 St
i EARE . A MWL AR R B R
OMCsHK T 151k, R 41 T2 BHEEBURO |
JCRLERIN | BER AR | ML R 2 T 1 H,
R RZRRLET WG A PR T TR, JFR ARk

RIRHAT T A,
1 OMCSsHTURAIT) S A S5 Be RAE

OMCsHTIRIA 1) 254438 X 5 YEMSREEM(SPhX), H:
FSEMEITER, MESE T, RIEELESEE, PhAERIAE
¥, X#/R—H. —COOH, —F, —OMe, —OH. —NH,
FENTRER. &8 SHEVBEARIRAIE R THLZE, AN
W) )4 8 B S0 s R 7, TR R TR G,
FIRAMS,, MIEEJETT M, SEMEILE, T LIBNEL
K Z AR TR, B8 R T U — 2 A
AN RER, B THUZE [ . HoAtA kA
ANEARSCTHETER P, 5 a0 A YUY E 48
BAL R3] AT HL-TEHLA-AE 2505021 OMCs gk 4
M4 g rpn EZEPER . R, £EPHMEeR L,
Hrh DI AgFCulf g AT 1z, HAb 4 & OMCsHY
A B RIXE. OMCHTSR A Y — 4 JCHLZ th 48 -5
JE IR HTTMS 8 i AN [ 5 e i, AR 4 rh
OB E FCAAR AN RIS, FRATT et AT 7402

1.1 FETFMS) L) OMCsHTIR A S 44

— MR T AW Z B FEE A, SR
PARTC (52 P {8 ) 1A= JR S AU S5 A8 BLTEMS,. - —E Ao
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(AIMS, 38 o8 4 F A & BCRAR XETE i — 4254, 7EAuS
AuZ HGE S AR EAE B T A BRI U2 IRGE M. IF
R AR S & B T RN RGE, 7 o 4
ZITTHER? ) I 56 F Au-OMCs i 25 4 1 IF 5
R

Au(SPhCO,Me)* Dy i APl 138 EL A7 1 5 4544 14
Au-OMCs. HA 7 ¥ HAuCL I 5 X S B
F 2 (para-mercaptobenzoic acid, p-SPhCO,H){EMeOH
PR LR, 8 33 p-SPhCO,Hid S8 AL A I S5 1 K 2 T
BRILSE AL HEE. WES1()FR, Auilidu,-SHik
FIL(AUS)FATT, (AuS,)HIck BHEFEIE EIE AL
—S—Au—S—%#, Au—S—AuFIS—Au—SH /5K
97.09(2)°F1177.47(4)°. Au'5AuZ AIIHEES 43.199(5) A,
INTFEAEAE AR 22 N, B T LB 0 A i [R] 555 42 AH
YEFEEREIE i AU—STEHLZE, Au—Au—AuffifE 4716834
(1)°, TERUms S LR iy LR M3, R IR ER IR
Ui FR kR A, R SRR T R, AR
Au—STEAHLZ R LT, AU REIA 2 [ A B AR H
S Au—STCHLZ L5, 1EAu(SPhCO,H)H, ZKH
PR A iy (1) PR FE FR BRAEAD,  iA5 4% )2 2 H) 3l 2ok SV SHAH B
EH, S:30—S—Au—S—HEFH M IR ek, BRI
[ — Au— Au—EFE AR M HR T E R (EIS 1(b)) 2L

Agt T LU BB B 4540 . FEAg(D)-
S(CH,),COOH(Ag-MPA)Ih | f[a] Ag— A gt K JiE
2970 A, KT RESHEAEH I Ag—AgH BAE.
M LR R e, A AR X Ag—S
TALZ M/, S—Ag—SHHM AT 1k,
—S—Ag—S—#E 2 HLA(KIS2).

1.2 FET(MSy) It OMCs iR A 454

T = IS Cu 8 — M &R B T WL LA 2K
2 — BRI F B ECu/A g-OMCs Ay T,
WICUHT (Cu(I)-SPhOH)LJE T =Bl 4hHy. i shikss
Fa e L P S AR I A G DR AR X AT 5 (powder X-
ray diffraction, PXRD) FCdEBiitll, mij5iamissE A G
YGE I AT A, 158 T LA RS R. FEX
FREEFZETI, = A us-SHF BB B — M i L, B
RS TIE  (CuSs) = MBS ERIT. S35, =AMl
FIER = AR TR CusSs/SiIE, k7St
HEHE BB AR (CuS), TTHLZ M 45 (E1S3(a)). A8 H fig
WEad S —CH M it 5 CHLZ M B 1, Y51 A
(CuS), CHLZBEMI(EIS3(b)). 5 Ei&5H21, AL
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B HEH AR (CuS), THUZE g5 P82 fFldncu
(SPhCO,Me) FEFEA B I L, 252 Z RIARTT
TEAHEAER, CusSyNiltIB Ry XM 4 (FS3(c)). 1M
Cu(SPhCO,H)ZFR i MR IR 2 F& 1EA, MHSRIZ Z A2 L
TR, CusSyNIIE R IR A L (EIS3(d)).

CFP = A AR T OMCs ELA TR i s i, 1411
B4 B BR T Cu(DAME AT LR Ag(D B Au(D)iX 2 4
JBE T, EHKINE e e i —CO,H, —F,
—OMe, —OH. —NHZEHUt(F2)! X seok i 38
REMIL M B HI7E CHUZ R B i, BN —FaiL-x
HL-AHL =BG ZREEH, 452 2 (Rl e A |
Ve M = SEHE RS

FEMS; ST AT A e 2B R, T s 24
ToHLZ. BIANTE2-25 FEnk € (2-mercaptopyridine, PySH)
FITH A Ag(CsH NS, (AgSs) = MTE 45 Bty —
ASJFEF RN FHUL, AL (AgS,N)HLICHEEHE
A2 (ESHM. FEXATEHLZES, D04 u,-PySiE Rz
ANMAgD), EH— MK Agy(PyS) 2B, %Zih
TE P AgsSs/ i IEPHE M Y, it EaHESIE i F
TR TCHLIZS. EAh, Ag(D)5PySHAY N s 4K it
THA, FECNEFUKIR G, SRR 20
25 (E1S4).

1.3 JET(MS)MICHOMCsHiIR A L5 1)

I B 4 )& 5 B LS TC 1A DU TC A7 JE BEMS o DU T A4
B —ME WAIECAA AL ZEOMCsHTIRIA T, Ag-OMCs
R X PP L Y ()4 LR R # UL, WA gSPh, AgSePh,
AgTePhft TCHLZE Rt H1 (AgSy) MU T A L. TCHLZE 4
AMAgEM A u-EE = S, Se, Te)tfift li—~(AgE,)
PUTH AR, (AgE4) DU A& 3t i % 3 A g—E L AHLZE
(EISS(d)!. (S —IRAYSE, fEAe—EXHUZS , BT
AgHAgZ BIZERA TAEH, AR T M Ag—Agh
2. FEAgSPhAg—Aght it HE, “PAT e L2
rh([&IS5(e)), TiAgSePhHllIAgTePh ) Ag—AghitH H 1%
i, AT I BRI Y Age IR 2 (IS5 (f, 2)*!.
RPN C— BN B TE Ag—ETCALZ B9 L F 20,
=R 2 ARG, #5222 () i yu e Iy S
— . YRR IO AR I A SR TC 57 P X B R
3 (1,4-benzenedithiolate, BDT)&XH}, JCHLZE 57KEF
A HLZ A A B4, B A HL-JCHL
7R AL S5 #% (organic-inorganic  hybrid superlattices,

OIHSLs) AgBDT. 45t Ag—STHLZ s X 5
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Organic metal chalcogenides (OMCs)
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with periodically arranged functional groups

Bl 2 (%% (0 )MSPhR T IARZEH BN, Copyright©2020, Springer Nature
Figure 2 (Color online) Crystal structure of MSPhR!"®), Copyright©2020, Springer Nature

AgSePhAHIIT, 17K B2 AT 8475 0 45 (1S 6)124,

M S, DU T A Ff (4 B e T 3R [RIRE T DA g oAt ST 3R
1. BOGZI%E A 6-57 3L AR R (6-mercaptonicotinic acid,
6-Hmna)fE N EAR S5 Cu(T) 2 v, 4 A[Cu,(6-Hmna)
(6-mn)]-NH,“L iZ4b & W aA4-Cu 5 — NI 71 =
A p3-SELALIE JRU(CuS;N) U T A (K]S 7 (). {HAERATE
HLZH, NETFASE5THNG E, HIbzeilz
EMS Iy S 5 2U(EIS7(b)). TEHLZ b F 5
78 3545 6-Hmnaf16-mn, Hr16-Hmnaif i NH* EA
. EHLZEIBER14.4 A, 5CuHTZEM. 1
Ag,(HytrzS),ClL(3-Fik-1,2,4- = %MK, 1H-1,2,4, -tria-
zole-3-thiol, H,trzS)H, (AgS;Cl)IUAKICUR Ttk
Z 5T i (ES7(c)), TERL T HIRIK TTHLZ
ZERI(FEIST(d)™. BUCHREAY AL Bt £ 5 JCHLHE SR ()
45k, 1ECu(1)52-Z EZK 5 (2-aminobenzenethiol,
Habt) BL (B L Cu(abt) ik, &5 LIINAS
TCHLMZE R K, (HER2m T ICHUZ 254, (5 Cu—S
TCHLIZ 5 A8 S 5 FEBE AR AL, A 418 145 78 Cu— S A2 I 4%
(IS8,

1.4 FETF(MSe)IChIOMCsHIR A S5 1:

Z 4 B Po( 1) 5 SR ] T A2 S BE
PLEIMS) /N RZE R BT, FARRSE A P(11) 5
— ZRIRGRB ECR N, IR T BA R R TCHLZ S5
FIEC A9, 7R FH4-H A FE K8 3 (4-methoxybenze-
nethiol, MOBT)A14-F i B 2K 8 i (4- (methylthio)benze-
nethiol, MSBT)& A Pb(MOBT),AIPb(MSBT),H,
APb 5 AN us-SELALIE BU(PLSe) /N TR (EIS9(b)), /\

T A 10 $E Y G 4 R 5K, A LR e A A
A A BAE KRRy M B e JCHLZE B B R
(EIS9(c)). Pb( Iy 69X} B FI9HE R VE M, F8658 7S
S T P (1), (EHFCAEFEAC. [ anfE4-2i
LK B R FY R (4-mercaptobenzoate, MMBA)C {44
BPb(MMBA), 2548, SHTELAL 1 H P 4~Pb—S
SRR, Pb(IT) R 14 7S e AV 5% A8 1 D Bt 43 45 44
(E1S9(b)). UL RAT H/INE AR BRI 1], (PbS,)PUTH
B EE S U A o AE, B T 4EPb—S)ZHE AR S — 4
Pb—SHEI) 5 AGBDTI, 24 214 AR B I e (A
PR FLAR, 7T LR A — 45 2 1 I A A
FHEEHE 0 Rk 1 8 A S50 A NI A5 N 3 LA
BD T/ W P B H E2 M5 TPobBDTH!, Horp
(PbSe)/\HIAIE A 5542 1L (PLS), EHLZ (F3(a)), K-
FFHEFN AL R DL A (E13(b)), FHladC—SHm i 5
(PbS), CHLEAH HiEH:, B AVUZTCHLZESSEHES
R RS 5 R (K13 (). fEX M Fgh, HAME LR
m&HEE T —Z2REAITPNHLERE, Wesik
IR PR T 57

¥ TPb(INLUSN, Cd( It AT LIFE A S HEL A7 1254
F A . AR RIS A FHCACL, - SH, O F R 5 3 28
(4-mercaptophenol, HT)ELAAS B T Cd-OMCsHiIK {4
CACIHT)Y. CACIHT)J&E TP2//c=S [l R, HACAF T
5 DU 103-SFIH 13 -CHE JB(CAS 4 Cly) N A S #4) FRLIT,
Cd—SHEK1E2.630~2.749 A ], Cd—ClK1E
2.656~2.842 Az [A]. /\TEIA[A]3E i I 4 0 B — 4k
JZREERI(FEIS10). TeHLZ ik — i C— S 1E
5Oy REHIAHE, EAS RN BHVERT, R 2B
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Surface thiol group

(b)  Organic Sublattice

Bl 3 (MZRUE @)PbBDTHY AL HE ). (a) (PbS),TEHLZ; (b)
ML 4% ; (c) A HL-JCHLER A%, Copyright©2021, Wiley-VCH
Figure 3 (Color online) Crystal structure of PbBDT*. (a) (PbS),
inorganic layer; (b) organic sublattice; (c) organic-inorganic superlattice.
Copyright©2021, Wiley-VCH
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15 MSRABAESUMOMCsHiIR A S )

TCHLZ A B 2[Rl B A7 A WA S L A e 55,
AFEAN R AR 1) Z R 2540 Soc A P HhHES s 4l
G, TR AR ICHLZ S5, BIAINH,Ag(SPhCO,)H
AT AE PR AT, A TP R I R 1k, 8
i EAS M A S NHY -, A7 R A AR
Ag(Agl, Ag2). Agl 5 SIEFEHIE M(AgSs) VL
e, IR —dEdE. Ag2 5 WA SR A7 B AR
(AgSOF, Ws—YE 2T IRBEE R, W —4E 2 IRGS
FI(EIS11). HAh, 155 Ag(CsH NS, 2% FH 2 g Fil
KRB VR, 2 FEOLIE 1k, BF,™ 5 P A JZ ],
"2 L Ags(CsH NS)4(CsHsNS)BF,. %A PyS 5 Aghr
TE3FERE T, AgBCAARNAR 2y, L2 A
FLI 347 (1 S4(D)).

JLEBIEE S FEIR AR L. FECusCl-
(SR)2(R = CH,CH,NH) ™, i FEUcE B, a1
PR RO AN AYCu(Cul, Cu2). Cul 5 =/ SJF A%
F(CuS) A5 H BT, Hei i 4 i —4E 1) (CuS), B, Cu2
E—A-CURFFPA S I B A4 B (CuS,ClHt, Cl
JEFAZ S TR U(EIS12(a)), %45 ST T
e FH B B2 OB B 5 (CuS), B i e — &, W
Cu—SMZ&(KIS12(b)). K ZE WA LIS S THLZ M E,
FECuHTIWIERE I, BIA K R Z G158 —F 2 240
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ZEHCusX(HT)(X = Cl, Br, DM 284k A9 CusCl-
(HT), 5 CusBr(HT),[W44, “EfIBBFCu(Cul, Cu2)h:
SRARFR F(CuS,X)HL A5 (IS 12(c)), (EAEREHE T =X |
AR 2 5. B Cul AY(CuS,X) 45k BATT Al —4
Cu2 i (CuS, X) M u 8 B uh s, TU L — Y BE IR 4544
(EIS12(d)), 1% — k%5 38 2 pus - X5 122 0 — 4k X 2%
(EIS12(e)). # MR FRAREER P IIX, Cu2 B s
FOBGEEAE R (CuS,Xy), (HAREI—AEbE Ay SEH, Ht—
538 3 - IR R R R — R 549 (IS 12(g)). KT
HREA LM B TR L TCALZE R R, 452 RIFEE
flte )N 2R BRI R AR AR (IS 12(h)).

1.6 OMCsHiT9D A LR A S RATE

OMCsHiT IR A 5 & (1) A B R AE XS T 98 L4544
HAEWHEEZNE L. ARk R i E
PFBE, (B AR S 008 B A e 57 S TR AR P,
FEYII R T, S B AR Y 2 AR AR A A A TR .
PR LG G 43 i) OM C s i BIR 445 /23 5 PX R D AL At Y 1%
B AT SRR (0, B e e 199 1 4F4fGE
AIAgSRILE I, 32 4t H ARBREI, HAEMRHEPXRD
it B AgSREA MU HEZ 1 Ag—S)=, IF HIJZR]
I S5k Reat K EA B R, 20164EMazzoni%: A H
SRR Ag(SPh) Y SEREFT T, o HEE,
TOMZEERRIEY A Ry g A A R A
S50, T R VAR, K OMCs TSR AL i A
K ZEASC-XRDEMEM R JG, A 0] LIRS B 0 45
FEHE, AN CuHTY 45 F4 fe 9] /2 38 i PXR DB AR HU A5
FNEPT B A N33 3 PR A A 3R R S L T,
YA T CuHTHY S IREEF RS Rk, BERARE &
BASHATS I, T BT R R SR AR T A, AR
PRIE A B A AT iR RST . AgSePhi&Ag(EPh)
(E = S, Se, Te)Z 5 i MRS B A5 M fL A4,
A T Y- TR A T R L B TR T &3
J& K Tisdaled5 N & IUAE fiv A A 1 3 A5 rh oA e o] AT
3 AgSePh AR AY RSF AT, Ay in ATT L 4R
L SN, HELR Ag S BCRZ IR1 Y Sy R, (HA5
AgSePhilff - F- X RS /NFS pm3E 2K F 1 mm,
BZARIERASFAE200 pm x 200 pm % 20 pm P Y8,
FHIXFR 77545 201 AgSePh it iR & T Py HARL2S (BB,
X5 RS A Cyp 23 I REAR TR, BT RS A 0 A 1A
¥, ECARFR IS RIS T ROV 1Y, TisdaleS5 A
E— B PhEH(E = S, Te)WBCIABUHE—EJE4E



ISk

PhyE, i PR, 38 3 350Rh 3% 2 (1) Ph, B, e S22 18 R
FHFECALAYPhEH K SE G2 SN HE S, DAITTAR 7538 B A
SERASERTO ). B RAEEOR A AR, Ak n A
BT AR, BN F- 25 AR =4 711754 (three
dimensional electron diffraction, 3D ED)#AIF T NH,Ag
(SPhCO,) I AL AT AT 1o e 5 2 TR AR R 2%
PF R IL82 AR A AT S TR B i, BTt T 1020 fi
BRI T AR AT, S5IRRI, PRI, i T RS
[ Caey HAOMCsHY 42 MREEH, JZ I R
18.88 A, fHI4sH 5 PXRD A 439 3R % 5 it 1 b fik
%% (high-resolution transmission electron microscopy,
HRTEM) HJFRAEZSRY) G, Hohman®§E iR HF & T/
F AT REPX BT LR IR 245 R (small-molecule serial
femtosecond X-ray crystallography, smSFX)HFOMCs
2SR AT, AR IET R RSB/ M B2
an, FHIXEZE A o T OGBS U IR, SR155L
TABEHLIR R ORI SE, I X S PR 53R o3
BERENER. A X SRR T SRR bR AL, P4S
AR R AT S, IR E T AgSPhA
AgTePhi 2514
2 H)Z2gUb)ZoMCs Ak ik
FAHOMCsJe— Tl Bg i —Zepp el HR
AL ET)Z. SR 48 I TS B Y 573 OMCs
WA TG A AR KPR, 7R A ORI, i
SRNTERIEE G IV S MR RN Bz R A=
PJEOMCs. X PR i EE 2 T il 4 T2 AE 10 nmL
THIAK T, LU XX ST R T 4.

2.1 A P AT

ARG A FIEOT, WERESIRGZE
Yok . ZIRAUK A TR R diprkL 2 ], R R
FEIL TR B LA 9K, 38 9 I RGE B L A R
(RS1). o0 S 3 I RSB 4 Cu O 43 HUTE X B LK 1y
(4-mercaptophenol, HT)H ZEEEWH, FIRAK TJE
JEZR50 nmAYCuHTZ FhAk BT e Fi g ke
K HIXF 37 38 H R (p-mercaptobenzoic acid, p-MBA)
PR A M A AgNOKE W, §ils& TIRE N
150 nm {3559\ NH,A g(SPhCO,) 4K F 147

TIPS . SOV | VA ROHR B AR R SR i
IR BZRE, B0 Y EA AR AR,
40 Au-MPATE K W h A= KR JE B2 3R 3 nm ) 24

ok B, AL S YIHE £ B P G AR S R
J&E 3 nm ) = FIE R AR R L 98K AN K028
AEARBOL VTR R Tt BB X 7 ) R JEE B R R S AR
M. Sk 2E4E A HIMPA S5 HAUCL U A5 i Au-MPA I
KPR, GBI INFEBR B (sodium citrate, CA-Na), 7] LA
FEARAu( T)5MPARY I 3. &4 8 m i woh
CA-Naif¢ [ (CA-Na:Au = 2~15:1), 1] LLKFAu-MPAZ K
Fr S EE 13 nmE % 23 nm(&l4(a))°7. R HRME
SRR, a4 FFHAuCLYA I T NaOHIY L
i), AT LLRE Au-MPAZK J s 1] RS LSO nm 3 i 5]
1000 nm, JEEE 15 nmf&EZ 1.5 nm(&4(b)PY. H4b, 7=
YIUAIEAR 2 55 —FCAR I 52 Sk H il (TGO)Ff
R R (Cys) SMPAR AL, ATLMENSE kS5
Au-MPAIYA K, FEAREE —FCARI B AT AR R iR
A, (EAH75 Au-MPA [ TLARTTE AR M5 27 A2 AR
N =St

S AT LU TR OMCHK By, %07 ikl
Y AR A s AR I, Xk R RGHG Y R B
HEFE . BN, AllendE AN AHTTRRI 25 A AR AR
RALEFEBRBER) CBE T, R IR 1 3 L o 5 o
o P 3 R T A s ) [ - T b, el DL AR R ST 2
4 um, JEEELE100 nmUA R JAgSRE)ZHK AP BT
[P -90 SEL TA, 9 -9 Tt TT LASRAS 4K A 4. Hohman
45 N\AE3 mmol L' &L —fifi(dphenyl diselenide, DPSe)
9 P VA A3 mmol L™ AgNO5 /K ¥ R K 814 - 7Kk
B FAR T N 1~4 pm . JEEA100 nmAYAgSePh
IGO0 JeAh, AR )12 N TR
KZ A 4. Hohman®§ A — 2 7E S ASDPSe 545
FHUPR AR R 1) < - [ B T ARAS T 2 290K 7 e S 0 e 2
JIES, JEERE K200 nm'?®. Caironi% A L7E AL (bnzene-
selenol, PhSeH)FIAgOR < [& #L1H 155 T AgSePhH
K2 S, IR LR B T A B R AG  451010%,

22 A ki Rk

OMCs )45 2 0] EZLW S VUL Iy . PEC 1555
HEAEMZE A, IR IR R 2 00 2 90k
F I B B S AR AN, FEARZ I 07 b, WA
R B R — RO B . RIIEE K PBCL,
S5 H,BDTH B /KSR N EE, 8 1 3 N A
A% T PoBDTIH )2 AR, 1ZFESFE30°CT £l 2 hidiis
SEBE, AT IASF LR 11 nmi R ) S R
PRI FIZRAL A TR B RO R
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Bl 4 (MESHOF )R A& X Au-MPAAEEEE RSS2, () ARIFCA-Natle BE T =41 5 F 0 SR (AFM)EUR (LB = 500 nm)©7;
(b) AN[RINaOHIK T 7 M BY414 H, 7 .4 (SEM) FTAFMIE #8), Copyright©2014, Elsevier and 2020, American Chemical Society

Figure 4 (Color online) The impact of reaction conditions on the thickness and size of Au-MPA. (a) Atomic force microscopy (AFM) images of
product under different CA-Na concentration (scale bar = 500 nm)"”); (b) scanning electron microscope (SEM) and atomic force microscopy (AFM)
images of product under different NaOH concentration®®), Copyright©2014, Elsevier and 2020, American Chemical Society

TR 3RS T — RIUAE JLYKIERIMSPhR(M = Cu,
Ag, Au; R = —CO,H, —F, —OMe, —OH, —NH,) _44)
KA (&S 13)1)

TG T 7R A I BE 52 i ) B 0, B ) 3
FIA 7S5 b dk = FIR AL 87 (ctyltrimethylammonium
Bromide, CTAB). M1 T-CTABRELE/K IR it 25 28 hl
CTA'HIBr, FrLLKENH,Ag(SPhCOL)I 2] SR IR IR
AN hE, BPEFTPINH, B CTATEUR, 2
(BB 25 H118.88 AY R ZE46 AL W4 B A IR H] 1K %3 h,
FEICTAZ S HIEZCTA Ag(SPhCO)AK H 45k, K
T4 CTAT 5 Ag(SPhCO,) & & A5 HE, %RE S B
FAEK . LBEs 3 IRA R

3 OMCsiyPERE K H i H

OMCsHYJCHLIZE FIA HLE REF X HAT i JEE A BT
RUGTE, R T FE A AR, RNH R 2
BT AL R P B E T, OMCsEEL ) A
MR RS, ATPR L TERESER, 7 BITRTOMCsIE
BUROG, BRI MEAALIRAE T I A .
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3.1 OMCsIPE2ETERE K Ho i H

545 TOMCsTHLZ H 4@ & 1AV d-dikaE, DL
LB RS 42 J8 A0 2 18] 1Y H o 4% #2 (ligand -to-metal
charge transfer, LMCT), OMCsZ 3 AR A9 & BdrbE.
B CusCI(SR),7E360 nmiii & T 2 B H 2156 & S,
AuSRTE SN R TR L1620 nm Ry O 206 &
63631 Au(SPhCO,Me)7E320 nmif & T 52 31 H B =2
(RS B (0 2 B0 JCHLZ I 4B Ah 2 AT USSR RHE)
KIEHIf. Demessence?d A K HAg(SPhCO,H) 5
Cu(SPhCO,H) AW AU 2544, 7] LU CuBi AR
Ag(SPhCOH)H I Ag, K Ag(SPhCO,H)M &I Hi
23:40(522 nm)JH 5 LT {4,(690 nm)(KIS14). 1K4h, BT
MR AELEZ A ey, ORI mT DA s A4k
H % 6 A, Ag(SPhCO,Me)E220~360 nmid & K FL
R 1R RE & 3T (480~550 nm) FIIKAE & 55 (650 nm), 7E KT
380 nmid & R FEF K[ 700 nmib i F2 (IACHE & 5.
Hor, ERER SR A B0 > o BREE, WREETE
Bl %2 5655 A LMCT!),

H FOMCHRRI) £ 5 T Bk 25 4, (i HRIH AR
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TAEG MR KRR, BT U 2750 T KF
FRAPUZEREIE, S R S — RN s
(PN, FRI M BRI Fh My >R ) 25 34
SROGH Y BAAR AR, AR B SR A I
LR 5. ol an AgSePhi) a4 ik 5 MoS, 45 HuZ
TMDsHIL, J&—F 456 RER R B k2
PRP2OT PR, 255 BESIOLTE . GWik
L5 DLHE-B% /R il )7 72 (Bethe-Salpeter Equation,
BSE), AILATA 1 AgSePh/Z R PUA I F45 G RER T
380 meV!*l. Schuck: Al SL e ov 1, 1%k 5L
BT ARELIH0.4 oV, BT HE L 420 pst),
Xl = TG AR, ST 908
JZTMDsHIZAR —4EA5 6K HhO SR (AR . [t
AgSePh7E467 nmAb R H SR LR, =l TS E
TRORLR2%, HRFREARZ MIEIN . TERI5E
%%, Schuck A ifE— 45Kt AgSePhH H IR U Jy ik
ZK(biphenyl, Ph-Ph)FIH & FL 7K (methoxybenzene,
PhOMe), & ¥l AgSePh, AgSe(Ph-Ph)Fl1AgSe(PhOMe)f]
KETREAT B H2.66., 2.58F12.59 eV(KIS15). XIEL T
AR TCHLAg—Se 2 N 1Y R TR 4 A, 1
AHLZE I EF LA Bk,

JCRMEMIHZEE N 2E 5, WX bR fE
LR T R, B R R B AR Y &
Jerkfg. HltnAgSPh, AgSePhFlAgTePhiF Ky [F &4,
FORBA IR JZ ARG, (AR LR RO
FEVECS, AgSePhE—Fi AT BR 1 S0k, FIH L
KRG, SR A (50 ps). AgTePhig: [a]4H7 if
SR, RIS R SRR, ARG (1 ns).
1M AgSPhE i] WLYETE N BAT &t BE, X vl EIH
T AgSPhCHLZ G Ag— AghE St LR ME A, BRI T
BT A R,

PRED (02— iR R R GBI (bt 2 R I B 1Y AR
Rk 22 4. Ag(SPhCO,H)FIAg(SPhCO,Me)#fi 3
PR S 00 HE243 KR, Ag(SPhCO,H)TE
380 nm I A T KRG IEKHT00 nm, TMiAg
(SPhCO,Me)TE368 nm A G T & 4T+ 580 nm.
Bl R IRAREE93 K, 34 19 & S i K 2 ) o s i o
IR Eh, A8 5281526 nm.  Ag(SPhCO,H)HY % i
R TR AR (B8 S 4k 5, Ag(SPhCO,Me) iy A0k
AR AN, 3% T EE AR T TCHLZ R 45 19 25
FNIPEGsR, 0 T ARR BRI I REER, BT R
SPCREERS.  HATAE R HLE BE AT Cu-OMCsth 3R 3

HFRERERE. B CuCT(@-RILAME D, 4-carboxy-thio-
phenolate, CT)FICuMCT(4-5iFE4 iR B i, 4-methox-
ycarbonyl-thiophenolate, 4-MCT)Z4k F S5H LAY
FAw 5 LM (poly(vinylidene fluoride), PVDF)JRA I
TN AR (0,3 I CuC T@PVDF AICuMCT@PVDE. Fifi
FTE BRI, CuCT@PVDFHIE 52 31 1 R 3 (0~ 2%
-8 (o 1y Al RO A 2 (K 5(a)), CuMCT@
PVDF 5 9t i ¥R B 0, — 4 £ 1Y) AT 3 % 0l i3 60, 78 4k
(FEI5(e) L FFH, 1 ESs o A EHLARN 1 125
M WO RAFARRE M. ]I REI AT AR
AR (A PERE. Delgado®5: ARG L T —
FI K F B A OMCs, [CusX(HT),],(X = Cl, 1; Br, 2;
I, 3)*L eI T CusX(HT), 52 BT B3R 1 B R (%
&, MEMCRT7 KR 82 T CURTAE 43 5l 2
PR LA K OG(EIS16(b)), TBriBZL kL fhiak
A MB BN . HISTTHERY], AFERE T Cu—Cu
FHEAE FH s T 30 R R OB Y 22 (1S 16(c)).

3.2 OMCsIHHLAAPERE B A0 H

OMCsH % h CHLZ FA HUZE S B S, BT
PEBR I ZE TCHLZ T, B AgSePh i #R 7 T 1k B i 7%
Ag—SIIZ% 118 {153 SR E G L 0 S5 Sk J2 B 114
MR STERET . TRKISE ABFSE T AgSePh B fh7E
A LG IX G FRL MR R 21, A 0 7 FSF ] (g ) A0 5 VB R ]
(Taecay) T 9H0.94F10.045 B JEBIERK IR T, FFOCHLIE
TR ECE R (FISTT7). 7622 VAR E BT, MR
JE (R FIERIZR (D*) 43 51°0.119 A WHRI1.29 x 10 .
Caironi®F OB HAMUR R ML /M BRI 2%, 130
SRR AR AR L) }400 Hz, X370 nmfl L4652
BT 53A0.8 A W IR B 02 Gz Rk B T X
R, FERVEPEN LATENKI R4 mtk,
AgSePhJF LA EIPEN |, 4 s i X 5 48 6 L 5
B ER(ES18)7L Z M ERAE20 VA T AR T X
XETLLEAIREIIBR (100 + 30) nGy s, 5 REZH 48X
ek R DL ISR AE 2. St s fm el i, 3
A A T AR ) R A (180 + 10) pC Gy ' em ™2,
T AE A (a-Se) MR A W) ik B (polymer-
(cadmium zinc telluride), poly-CZT)¥M#S, SiRE
FRERE RIS A PEBEA Y. IR H, % AgSePhfM
AARERRE, fE BRI AR BOSA A K IH BB PR 3F
PEfE.

OMCsthj&— e AL AT BL. Pauly®§ ATER
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B 5 (MM E)CuCT@PVDFAICuUMCT@PVDFH I T (a) CuCT@PVDFMERRHY i A B 1, (b) 1ESAMBIMA T
CuCT@PVDF &G E 77 KB 2 RS LN IR A; (c) CuMCT@PVDFHIE 4 Al 3 & 563 254k, Copyright©2018, Wiley-VCH

Figure 5 (Color online) Optical photographs of CuCT@PVDF and CuMCT@PVDF!®”). (a) Reversible luminescence color change of CuCT@PVDF
thin films; (b) sequential luminescence photographs of CuCT@PVDF thin films from 77 K to room temperature under UV lamp excitation;
(c) reversible luminescence color change of CuMCT@PVDF thin films. Copyright©2018, Wiley-VCH

JEZ RS ISR T, 1A T B2 FHUACu(SCH,0H)
(CuHT) LA S HoAh it & To 2R AT AE P Cu(SeCeH,OH) I
Cu(TeCH OH)IRELERE, & ILIXSeph R I PR
Sl 0943 HLR B A R p B 3R (3,4- 2 48 WEWY ) (poly
(3,4-ethylenedioxythiophene), PEDOT)FInZY[K (Ni-
ett)|(Z M DURRRRER, ethylenctetrathiolate, ett)fH 2407476,
F it A — B CoHT S92k % (carbon  nanotube,
CNT)E & H1E T p Rl 44 RLCP-SLU7, HSeebeck %
k307 pv K7, SEHCH031I WmT KT, BRR
$0.02 S em™". flifiTif R FpUCP-SL/CNT #nICP-
SL/PEI-CNTZZ B4 i VU X p Rl FIn RS AR, A T
KBHAE#HL & il (solar thermoelectric generator,
STEG)(&IS19(a)l"8). ZSTEGHMAAEE K . 3f5K
FHANS A RFHBRGT T, R2ZE(AT) 3 531°86.5. 18.9F1
29.4 K(EIS19(b)), HAfeE ik il fa e, AT LA A
(S19(c)).

OMCsif 1T ) 471 28 FH T 20 2% R Bl 6 X6 19 A WL i
VAT, DA A 282 1) oA A2, SR s U 1% .
WA ZH 5 Ag(SPh-NH,) F1A g(SPh-CO, H )i 1+ & i
B, WA T — PRI A )P o AR B B A
JE(EIS20)7). S5 EAEA5% RH R RStk
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BB RFH S K102 x 107°S em™', K5 T HL4
IRAER0% RHLL_EHY/KE.

3.3 OMCsH Lk RE K Ho i H

OMCs#ik i tb R AR, HRMAAERKEGILE
REAVE R T o, S — PR I ARG BT R, 7658
AT W AU 1 A SR AR AR KR 4
OMCs)i ] Tk H BHAS S AL JeAG .- Ag(SPh-NH,)
TEZ I FXINO AR = R | it .
FE0.1~100 ppm 194 T 1% 82 71 B P 2 B HE 400 1 o -
WE fEF1(EIS21)P). X & F T Ag(SPh-NH,) F I (1 &
LERRASNOZ A EMHE/EN. MLZ A
B R REMT Y Ag(SPh) B A WA 244819, AgBDT
FIPbBDT H TR 1 % f% 1Y K it 1) —SHAZ &, HXINO,
KA AL R RE ). 7R BE S 100 ppmYH,S
S 3PP AT T, PoBDTXINO, I H A 5 () e 55
P, B BRIEZ0.51 ppb. MAgBDTIEZ R FXINO,
FRAG: H BR B — 53T 220.22 ppb(E16), FET %M R &
B L RSB IR RS 7] LAAE25~65 °C 1Y 3 BBl P B 5 46
10 ppmAINO, (U 8] & 4 10 °C By % 22 TG FCV
< 10%).
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B T HLAF AL, BT OMCsHERHK & OEPERE,

AT LLRBEHN T2 R, anCdCIHT Z6 18 A AR B e
S5 SE PR B R KE Y (SR LR Y, TNP, RS
5, DNP; PARYEEAHEY, NP)Z Aok A AH A, (75
SR IRV EYI REAR R K CACTHT A2, F X
— b, CACIHT AT LS PR K W 1 9 O He (o 4% K
CACIHTHELE L BEA R X 43 ELAA MLS5 44 (14 AT,
XFTNP 23 H A Z2 nmol L™K ARAS R, BEE TNP
e JE M28ORE 222 nmol L', FEEaR & s 90, 7% 2
2.6%, Ksy[HE1%2.16 x 107 L mol ™", VLB [FZE iy Hfth —
ek L (E S22)1),

3.4  OMCshfEALIERE S I HI

OMCsH ke T M 2 & & K i PEALT, HG
BLIZ B A28 Ry v for i AU AR T A RIS, 7E
HfE AL G R B B R J). Bl dnPathak 55 A LA
PEDOTHE R4 5T, #4[Cuy(6-Hmna)(6-mn)]-NH,HL G
F)FHILIE b, HIL T — AR SRR % E S
MORME A B AR, 1 — 20 T YelHg b R BH A F
(dye-sensitized solar cells, DSSCs)JXJ . HF
Cu-MOFs/PEDOTHY 5| A, ZDSSCsA FHREFZ AR AE
1% H B R M 7.58%F2 55 39.45%, FE6000 Tux )= G
TR — 23R TH522.80%.  SHE4EBYHHEA(7.67%)H]
o, 3K AR i Cu-MOF/PEDOT A A& B M 7E 45 Fil e
A2 28 LK R X S5l B A .

M TSt a B A, AgihAg A T M REAI X 4%
59. Ag-OMCsKiiij@iu R SRah G, Rt ARt iR
FEAEL A PERE. Cherevan®d N AgEPh(E = S, Se,
Te)STIOAHZE G, BT —Fh R 452 G 41 B AgEPh-
Ti0,% FE 0] WY AL 4 R i AgEPh-TiO, 1E
50 vol.% MeOHZKIAFW AT Z S, &30 = F
AgEPhI I M A7 &0 S g i Ak 35, LT M oy
AgSePh > AgSPh > AgTePh. H:H1AgSePhl)50% i
HABN R ETIONS, BB T ¢ E /3 hisik
2.5 pmol h™' WAL RCR. H LR REAER S &7
TR T E A AR A (K1S23), T AE 2l AgEPh A 1%
R, XA REEAgEPh-TiO, 2 i Z5 i T AgEPh
R AR R AR, R AR AR R T H I Ag. o5
Ab, XA RHEL I L 5 04— S G SR BE
Y AgEPhIE AT UR . HETR . IR IR UTRE i 4R
(CP).L, HT b — S LA, & MCOoM HE A
APU RERLR I R RER R RCR, A CORI BT

SRR NAS%, AR A81 pmol h™!, I HAEZFh
WA, TRV pHRLEOGIE M R RE M R AT

CuHBTREBSAE Jy S5 it A W Bl Ak 5k (5 s vy g
CuHBTHEALH 5 A2 M A AL FE IR, rh AR £
) FE A B T4, CuHBTHEL B (i FEse i
RSN, 5 BE X A e A E S B L AU g
7. e B RE A bR R R A R A Y
Fb ARSI i, X R CuHBTAE A Ak 5 (G Jy 12
Kt FR(LODYR AR, #9°50.172 pmol L™'. HLERAFFE %
B, CuHTZ MM A E B BEALE 2 e SR e, AT
DL S AR PR B (51 S24).

3.5 OMCsT)H Atk R K 20w H

OMCsZR ¥ 5] 43 4 A HLE e A i L RE Y &)
SRS AR, T ROGRE I 25 BT (laser deso-
rption ionization mass spectrometry, LDI-MS) FJFE %
W, SCEAERE I TR, K — FRFIM(SPh-X)
(M = Cu’, Ag"; X = —COOH, —OH, —F){E N3, %t
2254 1R (serine, Ser)ZE LA/ NG HEAT TR,
R ICu(SPh-COOH ) K it = A (i 75 St A s /b, 7
465 wWJ mm ™~ [ EOGR B R RO T HE R T A S
S BN R R R A A R AP T A2 M, e
EOREBERGIN > T HEN 180~828 DaltBiizls, LUK HAt AT
PRI 1. 7E TP AP R B & (central  precocious
puberty, CPP)FIfdEX] 4 (healthy controls, HC)Pi4
SRR R A BEAS U v, Cu(SPh-COOH) AT LA%H B
LDI-MSZH7 ML HEAS s i LA R A o bn s, S5
PRI IZ T R T K (1#1S25).

FHERE MR RE IR H AR U B, (HHOR
Fe B PR B R A i TR Y )2 —. OMCs(Cu-HBT)
A HLE REHT AT LB Be U A5 ER AR fik
B, 28 Il RN E B M R R T A S 07 B, JTiE
TP TEH LA 2 Cu, SHIPOSIE M LE A5 ER FR 1], 52
PSSk A FH B B, ML (perovskite solar cells, PSCs)Z2[f]
1452 [ BB BRI S26) %Y. 1%L 2 BEHR THPSCsTEAR
[FIREEE . R RDCIESR T iiRe v, MReR
i 1.8%, FHiORIk123.5%.

4 gL

OMCstE N —ZF i) —4EpTRE, KA PLE REMITE
A ESIATCHLE S R, R4 T 3R B REAT I H |
HES AT PP 1) — 2 JZ ARG, AL DA S P REDT &
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<1404 = (] o . ' -Sn0O;
< < = worlOD A 1O BP-I
510120- T b co, ?102 5 11 -y TGO based materials :2 an';fao’
~ o 8 Acstne g g -~ = q
) z 2 i gy " CO ® o | metal suifide based nanomaterials 10 Ws;/znS
© 801 8010 MeOH % om @ L 104 7 ° 1O Mos, fim !
g 60 3 CHe g % a (/A Vcreduced GO !
o @ 005{ % 4C# 2 10'4 « 1001 A 8 'O cu0+Go :
7] . 7] S [ i
] 40 0.00 LM e 100 ppm e = * = ] a / 1O In(OH);1GO
) —_— ; f = i 0 {01 Ag(SPh-NH,)
% L Igeoo'r:"‘:; Ippb 9/ Inokeel = 0,072 A E 1000 / . . 'O poeOT
[0 0 = metal-oxide-bas aterials % AgBDT (this work) }
10 T T 10000 4 - - - Ty e bbb
e T wz N
SRS 1 NO, Concentration (ppm) Response time (s)
<
U] e 25 35 45 55 6 °C (9 & (h) = "
"{J"‘:Llsgm off r0.20 u Responsey,|
107 ~-air !ll ﬂ] * Ratiog,ggn
H—H—— .50 tote " "
= ‘gas in 3 = & &% CV decreased 2.8 times [ %24 &
< © S o
= o2 B b 012 2 @ CV=2181% 2
g 5 40 &6 \ g
E a g & =
5 10° 2 Loos T § * 00 g
o & X o
30
10 t = 9
10704 0.04 - CV=T81% | o o
10" 20 £0.00
30 60 90 120 150 180 25 35 45 65
Time (min) Temperature (°C)

B 6 (MM () AgBD TS AL BAERENY. (a) FFI AL R HI 75 T, (b) AgBDTAK FISEMBE F; (c) AgBDTHAK A%t 15F AR 152
NEFEE; (d) MR- E RIS (o) S HANOZIERM R E IR T 1 HER; () TEARFIREE 10 ppm NO, A SEBR AU R, [71 52 #h4k; (g) B
TRRE AR AR B S A O A B R 50 L S FU AR IR L, (h) HE25~65 °C 35 BE Y1 BBl N AU B0m 7 -5 HE SRS C VAR U AR JE 1. Copyright©2025,

Springer Nature

Figure 6 (Color online) Gas sensing performance of AgBDT™. (a) Fabrication processes of prepared sensor; (b) SEM of AgBDT nanosheets;
(c) cross-sensitivities of AgBDT nanosheets towards 15 types of gases; (d) linear fitting of the response concentration plot; (e) comparison with other
reported NO, sensing materials at room temperature; (f) the actual bimodal response and recovery curve to different temperatures under 10 ppm NO,;
(g) column chart of temperature-dependent gas sensing response and ratio of gas sensing response to photoconductivity; (h) box plots of CV values
comparing between gas sensing response and ratio under the temperature range of 25—65°C. Copyright©2025, Springer Nature

i BLARE. BT, A RRZ R IR AL 2L
YR Z I 2 290K T a Rl 4 5 T RE IR R,
X TR 2 /D ZOMCRYBF S AN g AT ki, 4
OMCsHHRH I 5 IR BT IATEAE B 22 5,
AL SR R T U R B B R . R
FESRAEOMCSIYA N . FhE AN FH 7 i BUAS T — & ik
&, EAHSEr s E G a0 T REE: (1) 20
MR ER G, TTHUZ & m o EERE [ Bikg
JE . BARE RS TR TR A A A, it
Hoth & JE A X A RH SR — MR KPR (2)
TR AR XE L IRAS, B T XTOMCsHRHAR G R 1Y
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5T, QB TSR FHAYIRZ. 3D EDM HlsmSFX ™!
G ARG M T TR C WU T s by, il
PREER R T R DR AR i, (XS vk
LAl B 5 AR AR AR, XELIBE) 2 SR .
I, PR E PR R ARSI, USRS S
SC-XRDFEAFH & T fiids; (3) TCHLZFAHLZ R E
2R 22t T DAY S8 B RTR B, A X X A2
ARGE P S IR BE S HE RS, (4) KOMARE . AT s 5
2D 2 OMCSIKIHRME.  F 4R H RIS A OMCs
PR R R REIR BT 9K LT, (HIEEERI235), R
PR B, PERAXF AR (5) ST ZOMCs
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5% HATEEA GE, QiR 15 pa 2 S50 s T4 )
KRR, (6) KA REm RS/, B T HAEgR b
I (7) %FTOMCsT#ERE ] 25 B BEAWI AL, BE
BRI AT 5 T vt i 22 MR

BEE AT EAR . BROTEARIS T MR E, b
IR AE R KGR ST IR, AR M R,
OMCsHAM KM BETF2s |, $1E ) 0L BRI 5:
(1) OMCsH BRI LT HAh — 4Ry JZEK
R, T OMCSRBHEAE /> T /KPS F 41
%6, W Bt RS HA AR R R TCHLZ
4EF; (2) FERPRIER IS A TCRRAEM YA HLEE, REMSIE
A PR, FiIFTCHUZZ RIS, s AL
R BN F)Z W CHUZ R B PR S, A EE
PR R R AS LA F 2 OMCs; (3) HI T4k
FRMWAEF BN T EREA, v LA BRI

B2 0] AR AR FZSAV R B, M AS AR [RIOMCs
Ja BRI 7y, ABLIAFOMCsZ [H HERERY
Pl (4) FRm LKA P HES A PLY) e S A
OMC s N Ze it~ Al 7 BRAR BT AT R, o] LAtE—25
FAVEAS[R] Sh AR ANE AR K 2L, s T HAh i g
MRS EHESY, (5) @I AHABB TR, N
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2D materials exhibit unique physical and chemical properties because of their distinct structures and quantum confinement
effects. Characterized by a high surface area, tunable electronic properties, and excellent mechanical strength, these
materials are highly attractive for a wide range of applications, including electronics, energy storage, catalysis, sensing, and
biomedicine. The modification of inorganic 2D materials with organic functional motifs to optimize their properties is in
high demand. Conventional approaches for 2D materials functionalization typically involve harsh chemical processes,
including high-temperature treatments and strong acid or base etching. Such harsh conditions can introduce additional
defects or result in inhomogeneous functional group distribution. These defects and uneven functionalization can
substantially degrade the intrinsic properties of 2D materials, limiting their practical applications.

By contrast, organic metal chalcogenides (OMCs) represent an emerging, highly promising class of 2D materials
characterized by exceptionally unique layered structures. In these structures, the organic functional moieties are covalently
bonded and arranged in a long-range ordered manner outside the inorganic layer, and the adjacent monolayers are
connected by weak van der Waals interactions. These weak interactions provide mild exfoliation conditions for OMC bulk
precursors, thereby reducing the defects on the surface. Moreover, the inorganic layers and organic functional moieties in
OMC:s exhibit high design flexibility, providing advantages in terms of structural diversity and functional tunability. The
metal centers in OMCs show varied coordination modes and offer various possibilities for the formation of the coordination
units, which subsequently assemble into 2D layered structures through diverse linkage patterns. Concurrently, the regularly
arranged organic moieties with rich functional diversity serve as chemical gate electrodes that provide extensive
opportunities to modulate the electronic structure of OMCs. Thus, OMCs have garnered considerable attention due to their
promising applications in optoelectronic detection, gas sensing, energy conversion, catalysis, and other fields. For instance,
in optoelectronic detection, OMCs exert exciton effects comparable with those of monolayer transition metal
dichalcogenides (TMDs); these effects enable efficient light absorption and emission, making OMCs potential
candidates for short-wavelength, polarization-sensitive materials. In gas sensing, the functionalized surface of OMCs
can selectively interact with target gas molecules, leading to detectable changes in their electrical or optical properties. In
energy conversion, OMCs can act as catalysts or electrodes in devices such as fuel and solar cells, enhancing their
efficiency and stability. Given the growing interest in OMCs, a comprehensive review of their structural types, synthetic
methodologies, and applications is crucial. Such a review can provide a deep understanding of their rational design,
preparation, and functional development.

From the perspective of coordination chemistry, this review provides a detailed summary of OMC precursor structures on
the basis of the types of inorganic linking units. It outlines various synthetic methods for producing thin or few-layer OMC
nanosheets, including solvent-based techniques, interfacial methods, and liquid-phase ultrasound-assisted approaches.
Moreover, the applications of the OMCs materials in various fields such as photoluminescence, photoelectric detection,
energy conversion, and catalytic sensing are discussed. Building on the above discussions, we delineate the prevailing
challenges within the OMCs domain and offer a forward-looking perspective on their developmental trajectory. This
trajectory encompasses the precise modulation of layered structure thickness, the orchestrated co-assembly of multi-
component OMCs, and the innovative incorporation of novel properties via elemental doping. This review is expected to
provide a valuable reference for advancing the development of this burgeoning field at its nascent stage.
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