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1.1 BEMTERAE

X T 2R MOF, B2 i Rk W e S A — 19, 3 20K 2 (2R MOF L2 88 ok it B 2 i AR
P T T Ry 18] 38— A EL AR R AR EE A 3D MOF!, 171 X T 78 HILE 32 A0 H 2 78 42 4 B A 20k
MOF WIARIE G077 o 7 157 3085 10 I 75 S5 B — 2 (W 40 7, BIVHE 78 340 s 1120 f ) B AR ) 0 1k
BSOS
111 Yy ssp s i

Py P B VR SR ) A RGO R fe iy ELRE B Y vk, R A 7 R B IR ) S FATL AR

7 R R R R R A 1 T, R R R S I A B B ok v il MOF 2 B) s A EAE L
Z R A ) MOF 25 5 AR Tl & ol B v, nl il il BE £ — S8 A 38 I R d e TR R4 s 7 40 1
S S R A0 R — 2D AR TR S R B R R LD R LA 4k AT AN ) JEE | TR RV B Y
2D MOF , U1 ; Amo—ochoa 2] F#8 75 31 85 J2 Ik MOF—[Cu,Br(IN),],(IN /R S AHR) , [CuBr(IN),], f& il it 7—
r SHAH B FIAE S R IO 1 05 A5 R 2Z (A1 a Pl AE — S B BUZ AR AR ZE A8 . A AToR FHZI 3 400 W,
% g 24 kHz, JE 05 4750 A 8 75 25 F FH 7K 3188 AR [CuBr (IN),), , 25 5435453 TR 5A20.15A f[Cu,Br
(IN),), @k A, Z e ANMITHITREE G 7 8461 45 T MOF-2[Zn(BDC) - H,0-DMF,BDC =1 ,4-% — /i jig — g,
iZ MOF=2 4K Fr (4 1) ROSE 2R 100 nm B LRHOK A S 1 EEE R 1.5~6.0 nm, WF50IE & B, 7 5176 31 25
()3 R g 2 Al w T AR D T IR A R AR A AR Y 25 L i S RENASRE L (H Y N R E & J§ MOF-2
DK TR, — RSO0, VN Y R IE R % TR MOF 7E ¥ 57 b i R PE AN 3R 55 MOF 9K v
1) 2 T A2 A5 VEIE

RIS R 2 . O T i — 2D 4 i ) B ROR DL K 9ok R B RRE P |, Peng S8 ITETR 5 71 i PR BRF I 5 08 75
ARG B IR 45 Zny(bim), K SEAEHEE R 60 rpm FIBEREE 2R Zn,(bim), A, SR 5 76 I IE
PIBE (AL 1) IR S M S A3 3] 18 ] RS K228 2 pm, JEEEH 1.12 nm B Zn, (bim), 20K J
TR ERAF IS 7 1 F2 B A T 8RS i B b () 59 D0 ) RN TR 08 /N 7 By T8 B 3 Zn, (bim), 12 8] [H]
Bt B IR 8] B AR T D0, TAE Zing (bim ), J2 08 28 2R D0 6 1] >F- T80 A1, T 79 e D0 e ek 2R i 7K o s i W fF 76 J2 1R
Zn,(bim), W R I e 283 B 9ok W A2 v .

BURR 25 . W58 R B0, S vk OFES I e B i i R rh 25 5 2 3 MOF 90K i 24, 2 i . o 173K
15 58 B GOK R, Wang SRR H T LA 25 09 7 35 31 2§ Nig(5-BBDC )¢ (—OH), (& # & MAMS-1,BB-
DC=5-8UT He—1,3-2RK IR ) 9K 1% J7 ¥ 42 68 MAMS—1 &b 1A 8 75 5 A 7 1 C be b SR 5 K 3 VRO
TEW AR (—196 °C) T ok PRV WA KA (80 °C) i 5k | 33 FE T 58 EAT JLIR 5 76 52 52 5 AT 48 5 T
L IE e 28k [ AR RIVAR 22 1] B PR B AR Ak it 7 A 9 55 U0 R AR T8 19 MAMS-1 didA |, e 331
MAMS-1 &4 B3 7 BB 0 40K T 1, 33 263 7 9 B2 3 KA R 4 m, 285 1) RS R 10.7 wm SR FHALAR R 25 92
FIE R A K R H L R AU 24.8 m¥Yg 1938 K] 126.1 mYg, A WAL BHF 58 20T, HUAE 25 AT L)
TRFFEIF K SR AL R L m A
1.1.2 {2z ek

F T P00 1 e AN 2 R P T SR AR AT R R A A, TR s 6 2R MOF 131 B A3 B 41y
SR (HEXT 3D MOF 4544 (1) 33 2 20 AN AE T, Ik 3D MOF A e 407 8 HE 2k MOF B9 AH B4R I 1 22k, X
I A A A R B VR A RE A B B A BORM, S A A B B R A S 0 ) R B O A R B R rh
SMELLE ] 25 i e oK R IR EE AN R | EL P R AR Gl R < 15% ) o RIS 98 2 07 LU o 2 1) 8501 HL 9 55
JRAEF T, B ZARAF 3 B i 9 K W R . Ding SEUOR A —Fi ik 2% M o AN B 1) ik B SE AR B 4,4 - — it
e i (DPDS) i A £ )2 MOF HJJ Zn,(PATCPP)[TCPP Ky 4 /> (4- ¥R KK -k ]2 b, 15 3 — 3 0 4 2
MOF—Zn,(PATCPP) (DPDS) , 3% FH i Ff 5 ik il 45 19 MOF 4>k A, HUE R 1 nm, M0 Sr p 802, H = RiA %)
57% ., %77 i Je it DPDS FUA AILEC AR 35 4 4 Jd 19 5 i Be A ok ) 55 )2 VR FH 0 [R)BE = HE R (TP ) X — i
A B A A o i S B e 20 B 2 IR T, o s D B 0 B A 1 B (HRTEML) 4 B0 20 85 5 i 40 K i 22 Ji
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MRS 1.65 nm , BB T 2185 5 MR Z5 A AR PR g AT . A (P AL 244 2 05 3 85 MOF di ik, 75 BEaE
AR Z B, T R R Y RS 4R AL B A I R B AT AR — 2 R B Y% MOF 4K
WA RS S B MOF & sh g i (A AL TS (AR 4 8 15 0, fh2 ) B vk 7 5 AR Y 2D MOF 40k - 2L
HARKWE T,

A LR A5 kSR X MOF #E17— 2 — 2 #1454 2D MOF 44K -, & B i fE Ped B 5 i 1)
e AL 25 ORARAR , I HLAE il 2 i FE v 25 5 1 A 2D MOF 992k B Rk R4, IR, -3 — A B i
B R4 2D MOF 992Kk A i 7 ik R JE R S X,

1.2 BEBLERAZX

FR ] b G s 2 58 T b st Rl it 4 8 5 A A R R S A LR B B B K L, AR TR Y
T3 BT T A AR AL B ™ B8 /0N 9 7 )89 i T e R PR A o R A R T 1l 2R
Ko il 5 MOF 992K A 1) & B 41 ) o 0 B A7 A AR 3000 5 2Z St 2 30 ] MO Vi 3 By il 2 K i A 1) 19 2
KAZm, HEr, B T LAY 77k 322045 WA 5 1 RT3 T 222 = 5 224 |~ T2 |
VA TR AT 08200 A RS | 33 6 T 38 i B T /N R AR 2 O P ) AR OB A R AR AN TR
(6 W5 2 AT REAE 2D MOF 40K R (9 2850 8 1) RS JEE B R = e e A 25 5 (AU VR UG AR F A T
W55, FUR ) LA BUW 40K R i ) RUSE #8528 38, O FL ™ 390 B i i 3 v
1.2.1  FmAERKE

VRS« YA T 0 A AR5 ] VR e AN ) 2 R 018 3 R O i 4 T S R AL A 8 A A T Ak
I, Ryota S50 F = 1) 0tk WE BC AR £ B -5 WO (RUMEIE ) B (1) 285 W 98 oK B, AT S = 1) — it g i
R IRAE AW kb, LR (I IR AE K | Zn> 5 = i) — nH I e (A 7 19 AR S 1 A I B, B 3RS T
Z )7, HAE AL (ITO) IR LRI EH AR . BARIZAUK R S — Lo LA T A8 P2 s
F AT SR A 24 A0 TS 2E I 45 B9 4K A A4 TR 700 nim , % 40 2K R T LA e 97 s B AR 10 e I 9 4 4 ok
B JERE | JEEEE#E 600~800 nm AF 5l

[4F , Rodenas &P F = 2% 75K & i CuBDC(BDC 4 1,4-7& “H Q) 44k i, 5 Bk 5k AT
MEAT — AT 2 ey . = 2V R TOUZ R & B B8 1 19 IS VR IR )Z A BDC Bt ik DMF 339, L K
Hh [E) % vh 2 R A B S R DMF, CuBDC @A 2 i 1 AN K5 4 4> BDC e R 32 e — 482, i —
AT eSS, EFRASSE T, Cu® i BDC e AA# [n) i ) 22 i DX 1, 76 v 8] 22 wp IX e i B2 AS W7 b P i CuB-
DC 4K H . B RRHEIE MOF 99k A2 R a2 87, v DUBE 1k BE AR K i ELAT L3R4S K& 1) CuBDC 44
K E SR F X Al 7 A5 B A 40 K B 1) RSFAE 0.5~4 mm Z[8] JERELE 5~25 nm Z A7 94K F ., 7 4h,
SRS T A L A 7 vk, MOF 1 AR K B B B ), T L= R ek T 28 o X AT DA B 1k 4
QK BE AR R IR AT AR A AR o BT LL =R A A TS G T A AR

] =/ S T« AR ) P 2% T v P 1 AR SR AR R 5 P FLIC ) L il 86 MOF 492K J3 ., Dmitriev 552
F SR UTRR I (CVD)ZE Cu(100) % JE F k4 A 2D MOF, CVD 12 55K 43 J@ # FiAT AL C A B AR 0E 768 16 1
SJEFM T PRIE AT I 2 1 T T DA B 4 T R R BILIC R A6 A IS b 1 sl ik A 1 TR, B e A A
BB, AR 800 K AR K, SR 5 A = W R 5 4 I Ak R TR A6 IS 19 22 11 1) £ 2D MOF 94K . 1%
B RS0 K B FL AR B AT BE LA Cu 19 MOF Z5HJE 1, i EL AT 45 21 19 48 K R HA 1) R Fe s/
AT I — A Sakaida SEPFE RS LA Z E KB LA B Fe(py) [Pt(CN) ] (py=mt e ) 40k A,
IR NG FeX MI[PL(CN )P RCARAE & A3 Mk BE B 24T IS 1 £ BRI W 388 2 30, 40K R 1Y) T B 5508 it 1 T
A 6, 0 30 IR FESH 16 nm, 60 YKIE N 30 nm., FIZ 7 A R B SERZE AT IS F OB B 99K 7 AR ME 43 B

W~ P . Kambe 5526 7K 5 25 S0 ST 1 WA BT B AR R BHT FCAR B m— SR80 R 0 2 9k
Ni-BHT (f&i #% 4 :nano—1, BHT=A 7S By ) , AT 32 2R FH A0 5 250K & BHT FCAR 1 42 £ TR 7 WU 1 i
Ni(OAe)o Fl-NaBr 7K 7 W 119 35 11, AR J5 85 VAR &30 AE Ar b 2 h, 55,4, 6 T8 HL 3h 78 % A8 7K 35 0 3 Y



12 R

st

PPN 2020 4

B — 22 B GIK F | BR I B L IS 3 5 1) 3 A SR (HOPG ) 64 1 o IZ 48K R R R 0.6 nm, 8 0] R SF
4 300~500 nm , 1% J5 ¥ BT il A% A A0 K 7R ] RT3/, Zha 482058 3 Langmuir—Blodgett (LB ) % # 1 it (4
#H41,2,5,6,9,10-triphenylenehexathiol (1,2,5,6,9, 10~ /S B, THT) A AL T 55 — 4> m—ar JLHE 1 #L2
MOF 44K F, & B R 1 Ni-THT 44K R ) RST 249 0 22K 9 2 B2 0.7~0.9 nm, 111 H 44K Bt AR 45 5) b
R HERRIE ., BE LB R LUK 4 BA 52 L2219 Ni-THT 99K A,

TEF G B MOF 442K 7 rf M-SR DR 5 U2 2 2 MOF 942K R 5 BRAR (9 75 i A AT AT LA SRS 5
JZ B ) RSE R MOF 40K R, I HLAT DASE i el A8 e A 38 790 Rt 700 ik B 46 2 0 e R 3 DL i Fn 25 4191, (R
SEAPRAT — 5 1 Jry B, A AS3E A it 1A B, 7 B B T RIS | i LB E s 55 SR S0 /N0
1.2.2 HRIRGE

M IR E 9K R B 7 R A MRS AR — A~ R[] B R S B S AR = IR i HL R R A R AR,
I, 7 S BRI R AEAEAR KW R BRI o 55 A0 7R B A LA A fAT 2R BRAVE TR, 02 H HTA AL 3D MOF 1y
FEIFL, MXEF 2D MOF W4 6%, thF EL R AE &, G O 0 4e 90K ik 2 — e sk ik, K
I, EREFATE A K 2D MOF A% 78 2628 i Bt 2 AA B A,

TG MER . T EGIGOR R RAE, 205 23K F— 20 3R E 70 2k 38 44 K - (9 L & 1 RE .
Pustovarenko 252 Bl 75 g 5 = B BL AL &% (CTAB) 22 100 1 PR 28 i 5 i B A TR — M5 B B T
FUE G M) CTAB R4 JE HTIKAA Al (NOs)5-9H,0 %R I3 — il & A B BT+ I3 #5004 7 NH-
MIL-53(ADGIK Fr . A B B T CTAB 43 F0 ) T8 R IR HES , & AR AR B a2E AR ) B P 7
XA R APIE AR S5, 985 ,2-ATA FCAK 576 CTAB WY APTC AL, S 4% B8 CTAB F 2 45 44 itk
17, B A5 3] Al- MOF 992K F o R FH 207 2 A5 ) 94 K B e i) ROSE FUERFE 49 03 /& 140~400 nm AT 35~45
nm AT E A5 I 2 1T R BV % B B R [ A BILEC AR A HL A MOF 4K B, 3l
CAU-10(Al) NH,~CAU-10(Al) , A3, 3% )51 > de R AN 2 5 A B o A 3% T 1Y) 2 T 395 P 0 LA 2583

AN TR G L AR /NG R R S A DL AR (R R RE AT e AT T A L e TC A R A Y
AHLECAR BTN o, o 4 SN 230848 MOF JR% e A AL K 877 570 T ARHLAS MOF Wy 588 7 1) iy A= K i A
] BEARZL A B 5 RAG A RIE A MOF 40K R /N3 (BE IR IR Ik e 4 55 8 1 I/ i 4% 2D MOF 44
KRR RN, 5 Sakata SFUS5E 25 2R FH 43 155 B T [Cua(BDC)L(BPY)], 49K F (TR 1-meso) o, i
A Cu &8 % 54 HLELR A L 2D[Cu(BDC)], i3 B i A LBk 845 MOF @SB K ARG TE 22
[E]4fi A BPY B, 5 i T [Cu(BDC),(BPY )], 992K R[] it ) AT o g 228 9 9 550 9 9 B2 r SR 2072 MOF 4
KA RN (HA r= B/ TR ), 24 r 20 38 E) 50 B, e A 15 R sF R/ 60 nm #4411 %] 300 nm, Lin
SEE ST FH L E 1 Ry 1 A T Ni-MOF 99K R MEBEVE S — B B4 /A BT 1), BB A% 2028 224 T ) 1 TC
A7, I HL I T $E v 1 0 0 ik B S LR T bt W 08 5 500 90 5 40 0K R g 5 R R o) RS R AR R B, N
5 4,4 XL BE 9 R TCFE 456 B — dESE | 388 — AR B4 7 HE S L 4T 1 1 RH WE A Sy — i BRI AR 41 51 5
AT LA ] b A i 5 ) A R TR A R AR 2 A G e RS S A R Y A OGS e nE A i R 1
ml, 15, A B AR T 94K R (8 1] )RSE /N T 500 nm; 10240 BE R 1.5 mL B, A 9 40 0K R A8 R g U3 D 1ot
1 wm, PR ARTE 10~20 nm, Ui B BE VR 5 (1 384 I 0 AR 2 228 Ni-MOF 49K R (1) SR 2544 .

BB 3 - 8 FH A REAR A IR PHAR SE AR AR I AAO %5 0 1Z 7 A B 2D MOF B4R 7 5, B & 45 31 1)
MOF 44K R A2 , A5 RAE . Yu SR BHA A A AR AR (AAO) FLIE B 7 B K A B T NH,-MIL-53 44K F .
HAe R RIET AAO BRI AA MR AL AP 2-2 56 K W2 (BDC-NH,) °] BLEERC A7 , 7EZ BRI AAO
I AAO FERTIE R R NH,-MIL-53 MOF,

W LR AR ARMER L, A R AR ES LA B R MOF 9K R, B T4 -1 Ak 20030 85 B
PR B REU) T AN RN A5 2 B MOF 22K R (4 T AR JE 250 SR BE 38 3 AN X 5 s B ST b 45 i 12
A LA B JRE R AT 45 R ) ROT 8RB MOF 992K )7 7E3X HEL K5 4 R0 07 6 U A9 A0K R PR B b AT L, 36
1 B T ANTR) 8 1k I A5 08 40K B Bt 81 45 P R e
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Tab.1 Preparation conditions and morphology characteristics of 2D MOF nanosheets

G AWM BERE JEL i 5] e et o AN vy e
e i i % > LA s
i B i i % ¢ A o
@ B i 3 i Rar > EPNT Y Es ity
Tl vk N it i B £ i e
W T ok i s i L s
f [ T * i ity 1 7 i e
(s W~ HA i fRir i i3 i o
N R B 4 4 R4 % 4 LA
Bt g e TRbF % % e

2 2D MOF &#51tge

2D MOF HE 2 J2 38 38 42 & 19 & 5 MLEC R (19 7 T e A% i 48 )2 fk . JF B, iIX e — 2 25 3 m-m A
B AR FHVE S BT 10 HE S, AT TR BRI D0 RN 5 i 40 oK S8 38, HRL (Y 2D MOF JZ2 3 Fh A& A7 1E 7 T A% 753
T W A% 0 R S Kagome PA%  ZE TR IRAS DL B AR AGAR —FE i WA A5 FRATT T LAAR H6 AN [ 1) — 4k 40 F1
& ) 438 g A A R B 3 1Y 4 7 AN AT MLIC AR 40 %5 2D MO, fif 2D MOF A9 R~ JEE B fifi HL EL AT B4R 57
IPERE , & Y K BL 3 T BB A5 S N 9 s A B HORE AR e, DT AT B S 1 g b R T M A e, i A
2D MOF 7EAifb AL 855 i H v B = iy PR e

Dou Z5PHE L T 7S T MRS i) — 4 )20k Ms(HIB), MOF (M=Ni Cu;HIB=/5F H 358 ) X AN il i
W% & i = FMAIE R HIB F1J7 B V10 A% G 8 Ar a0, XA 7S IR S5 #1145 MOF 19 25 44) 3 o 3% 2 2L 40
SEPL TGS R TR A s ) R B R AR 0 B XSO L T BB IS (XPS) H M(2p) Al N(1s) X I8y
SRR M (HIB), Y &8 7 B 7 5 07 811 4 8 B8 1 HOR RS N R — 30 M HE 0B (TGA) & B, M,
(HIB), 7£ 100 °C LA _EJE HGAE SR S5, e 200 °C P b R 3t 0 S Jin i d , Br LA nT BE 43 i s BET 1l &
Nis(HIB), Al Cus(HIB), [ b 22 i L4 51 152 m¥g Ml 114 m¥g, 3 B B4 5 K0 e &1 AL XRD B &
/R T Ms(HIB), BAT AR 45 9 25 St 6e |, O H & 40 B0 58 fL 58 (HRTEM) i — 2 UE B T My (HIB), 19 — 4 2%
g, VL KRB S5 A T UE S M (HIB), AT 4 ) [ 44 58 S0 56 H - R 3% (UPS) FRAIE , BT A7 ax 2e 45 R R I —
AEMOF H047 4 J@ 47 R Fl 3= & 1 FLBR

Wang 4511 123 I8 48 T 057 0 28 155 e 20 2 i85 46 A 1E 7 TE A% (1) 2D Fe-MOF , 1E 77 TE M % (4 45 44 B A7
i B AR, B TN AR X ER AL R F RS A HE B (STM) 45 SR i R A 7E 1 AR R T
X1 ANBCAAR S T 10 55 0 LA WA Cu(100) 48 I A 22 2207 1) T B — A4 & 1) R0 Do) 4% P-4 7 12 B 1 JL AT
SEARENE IR B Peng SFSVE BT H 2R IR I B 1 4 2 10 5 TR AR AR BC A7 19 22 T IR N 28 4544 CuBDC MOF, 3X
FERZEFBEAE MOF 5638 HAT &5 B p9 45 itk . 4 o 7 S 00BE (SEM) FlEL T 1 B fUB% (AFM) & 37 T2 4
KRR RS 0.5~4 pum, JE Bk 5~25 nm; ER RN 53 mYg, i 3 HLGE (TEM ) #F — 25 IE 52 75 15 1 45 14
MOF 942K 5 ELAT w55 B2 RO (8 55 R0 52 48 1) N R 2548

Hu 2500 F 7K P32 1 46 1 AEIR 48 45 M 19 NUS-8 4hK F |, iZ 48k i BAT ¥ 50 i FLIR 6 1 S i A
LG PE .5 3D NUS-16 () XRD EIREH L, 75 B 2D NUS-8 iR 36 18 25 4 1) T (220) i I, 36
B 2D 25K B9 TE AL, 18 a3 &k S T B AUEE (FE-SEM )NUS-8 MOF £ 442k Hik |, JEEE 28 10~20 nm , 1
] R F #5538 500~1 000 nm, 15 % A 20~100 nm; 5 43 9535 51 L B8 (HR-TEM ) BE % & 2L 7E NUS-8 (Hf)
TEAE = PEAT 1P ) 0 5 1T AFMOWER & BRAAK R TR R 208 4 nm  TGA 48 %0 2D NUS-8 AEM IR 15 &
PS5 A0 S8 R P AL BRI H A A TR RS =k 400 °C



1w
S
b
-
H.
i
%

14 ¥ it 2020 4

3 2D MOF A

2D MOF, B FRA MOF 99Kk F o B T B 1 " 4e 250 G Rt G R I Lh R FR DL R Z R ALAR I AL
Bt (o R EL AT A 1 S B 2 M RN )2 B R AT S . MOF 40K R ] LS 3o 3028 4 T A AR ATLAE 42 791 O 5
b (MR R R R N =L e B D VA S E
3.1 EH

553D MOF L, B B L 2 1 BRI 3 00 25 /8 45 2D MOF 242Kk B A (R 9 5L BH 7 | = 19 1% 4 8
DL R R I A, (AR L LA M BRI MOF R M REZEAR KRR LG+ 4 8 & 17
PR HILTE AR P S5, B M ok 5 4 8 AN ML A (% ket e v R LA AR
3.1 HEE

2D MOF 44K A4k 7K T 3D MOF m9AR 2463, 1 B i TR 458 75 2D MOF A T Z 1A
LR Al TE AR AL B A R W EE MR . Zou PG L T —FPFRIR G5 (Y Co-MOF 44K [, Jf
FHE SR B AL HT 8, ¥ Fe 51 A Co-MOF |5 3 3 15 P04 8 BT 5 AR OK 20 1 2 I8 VR T, T LA
F AL A AL AR B b, 3 i W S5 R 5T, Fe-MOF J&4E SR gk A Ui T Fe JCEIMA T AL
BUAE Co-MOF 1 i iRSE# . it XPS AT &8, M INA T Fe ZJ5 ,MOF H i i {37 7K Sk bl /b | B 52 10 4
I ORI 22 I5 5 4 R A TR L [RGB M A B TR R
3.1.2 OtfEfk

A AL 3 N A D Sediiik; @ s o MR ;B s 51 R I AR SR RN, TE
X 3 AN CHEL B A AR R ey o B R R SR B B B, SR MOF SR A g St Ak 700 B, G R A 2 B 0%
JEA AR, LA SR I AR AR &, IR K MOF 5 5o e fifb 57 £ 2ok 3 AL R By KA
X, B0 TiO,, CdS,Zn0,Zr0, % . 3R A G N i 24 LT LA 7 1 145 . D 0K T 20K 25 10 45
), BT R0 R I AL B A BRI AL B 22 ) 1) 30 3 5 ) i 8 1) A AR R 1) 4 S 7 a5 B AT SRR A R M HLE
RCPRE 7= HL A 43 18 5 B AT B IR B 1) S 17 25 4%, 76 S IF 4R MOF J& i Yaghi F AP Sk 85k
AT, BT B MR H 2 I BURT R AP i AL ZE B O HL MOF mT DALl ik 98755 45 MLEC AR X 4 I8 25 1ok
TR ERE , 53 4h  MOF Wt T S Ri 4, 384 K T B i vl B, ml DA /&5 00 ™ FiL far 43 B 80% , AL, 5 MOF
B4 B R EAA I 5 i AR PR BE . Hwang 5557 IRTE MOF/24 4G W) 5L MOF/ZIF AR F DL Zn-MOF 44
K A s U Zn-MOF 18 A 6857, A ZIF-67 8¢ [CO,(OH)L] (ClO,);(L=N[(CH,),NHCH, (m-C¢H,) CH,NH
(CH,) ;N)PES CO fiEALFIH T CO, Gk i, WF5R &I . H PR Zn—-MOF #H L, Zn-MOF 44K i 3R B T 3 5
F ARG PE R CO BTt BE BRI L G L Ak A BT RN A Ak 50 3% BH i A A0 ) LA TR A1) CO, W BB ) AT E
Tar iz fE 1 LA KB R (6 A B F—28 0O B i, 24[CO,(OH)L](CL0,)5 754 CO B AL FI , 245 fk Zn-MOF
JCEFIE 6 h 9 CO Fil Hy BIREAL Ny 26.2%H1 12.4% , 1 LA Zn-MOF 44K AR SGELHI R CO F1 H, i %
FER A HIHEINE] 68.7% M 15.6% ; 4 Z1F-67 {E R CO BIMEALFIES, S4Hk Zn-MOF AYEHFIE,6 h P CO
I H, B4R R 63.6%F1 7.5%, 1 LA Zn-MOF 4K iR SEHGR BT CO F H, 56630 117.8%F1 11.6%
UL, LA Zn-MOF 402K R o8 2 SR 6 000 i A Ak 70 EL A 2ok e etk A e 1
32 LB

T BRSNS TR SRR TR vl e R e A SRR ELE M L, Flan, R A T T
PAE, B 145 T8 6l kT S BR O BRI, T CO,, HoS 4518 MOF B 98 458 1 W B R Ay = i AR 34 4
MFLEFRHEARKA S EE T, S0 FREGWA L, MOF v] #8755 i FLBR AR /NE SR 7 85 07 1 2 3 T
HALSBIPERE 2D MOF B T4 T 3D MOF HYREMEAL , i HAT 6 38 J5E B R0 22 i 3 M7 050, TRLE , 72 SR
B9 3D MOF 3 B34,

Liu ZE8# ] Zn,(bim), 2D MOF 442K B ¥E HYCO, H 438 i CO,. ¥4 Zny(bim), G9K F i 78 2 FL I &
(a— ALO) R b 45 HUEEE LA K 9, T Zno(bim )4 29K 38 A9/ FL (0.21 nm) FLEE 451 | 1% K
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XF Ho CO, SEHFEME R T 200 PL K2 miik 3 760 D AKEZE T (GPUs) I A B & . 1 MOF fiRii # 559
4560 HUR G 5 B (MMMs ), 7] LU MOF B804 43 25 P g TE 4F , {H B 4548 ] MOF &b 44 7] g 23 BR il MOF 5
BHFIR G W SR e Z ARV 3 G i 25 5 7 AR AR 8 . ML Z R ALY 2D MOF 44K
B AR —FPAR L7 (0 i DR 5 8, DA TR 5 TS v 3k I A B 4 =2 ) A A B, DT O R T TS C O, 43 i $R 1 1Y
77 ,Sun 55 PHRIE T —FP 3T Ui0-66-NH, 44>k F FIR B (PSF) TR & I, UiO-66-NH, 4 78 PSF ¥
Hh 22 R BT B AR SRV N ZE R S TR BUR A B, 7E 35 °C,3 bar T, AN[A BT 40881 UiO-66-NH,
RA X Ny, CH,, CO, AR 15 Mk £ PE R[], (H BT A TR A JE 14 388 S PE A EL 4l BRI B vk 2 v
Z /0 200% , Horb T4 K0N 30 wi%~40 wi% ) UiO-66-NH, 14 1K (1975 38 R 1 B8 I, A 1 1R A B0 ik 4%
PE5 UiO-66-NH, 1 i & 5 FOC R A K,
33 &R

H T 2D MOF 44K J5 K11 be 22 i BURN 25 44 Z2 A6 1 | TR Ik 76 A% s sl B AT T Il 1 I P i 55, o4 4%
AR AL SR AR AR A DO AL AR . Wang ZEF0% [EE] 2D MOF 44K F A 45 ke mT 3] 1 A 22 356 P DA R & 1) o
SEAEAOC R B W M RE AT T & 1 BT 2D MOF 442K (9 Fa Ak A% &4 BERT T 2D M-TCPP 442K 7 (M =
Co,Cu H1 Zn) A5 H,0,, 2D M=TCPP(Fe )44k A 7E 7K b A %I MM M5 i 13 Langmuir—Schafer 3K 9 5
R BB (GC) ML o BFSE & B, 2D Co-TCPP(Fe) 4K F X} H,0, H3A 5 ELA B Uiy s A AL 36 1 , Al LA
I H,0, B8 A I, R MEVE o 0.4~50 uM, KT BR 4 0.15 uM, 5% GC HL#lAH Lt ,GC/(Co—TCPP(Fe)),
(n=1~6) L M EFLH B 31 Hy0, 38 J5 I | 5B 2D Co-TCPP (Fe) 44 K A % Ifil 41 &K & 1 B A IR 4 0 1% % ;2D
MOF 452K F B Ak 25 A A AN A AT LA R AG I HL0, , 328 7] LA FH AR I RS 25 1 4 285 0 R0 fis PR 35

4 g

HEALT A LR A AR EFORSEE  MOF 990K 7 iyl 477k . A Bl R X — 2807 82 1 A
TINE IR JZ IR MOF (i A 2 ol 8 RO 290 K R, v 7 ) i e PR 7126 o 0 B R 8 ki R ) SR 4
K7 AR T LA R R R AN K 5 5 P — R RBRAE — S T A2 3k 8 kDA v ik 288 B i il i Al 2 J
IO S B4 A0 R R T HLFE— @ A LR AT AT MOF gk Rkt . 5 A i F R r st b, A m -
(8 77 7 TR 5 5 il & 1 T 2 1) JRE B R 1) RS ) MOF 480Ky {ELAE T >R P £ 33k 26 5 3k vy 3R 3A A7 AE —
SO I, TR — BT E ™ R AUE M7 IR 45 2D MOF 940K 7 7SR % — Rkl . 53 ob , B ok
22 7 ) R AL SR AN B A, e TR BE % 5d i A WL 4E MOF 400K R #89 SO 4 A, %) 2D MOF 25 R 9 A RN
Wik A 2D MOF Bi 175 B AL AR BAE D5 TS 1 78 T B VR 22 AT R i S ) 4000 2 1k — 25T
. MOF 2K R X i 22 DY REVE (19 — 4k 22 £L b RE— i e R B 15 2R iy i ) i St AT S 4

B2 30k

[1] YU H,XUE Y,LI Y. Graphdiyne and its assembly architectures :synthesis, functionalization ,and applications[J]. Advanced Mate-
rials,2019,31(42) : 1-21.

[2] TAJIK S,DOURANDISH Z,ZHANG K, et al. Carbon and graphene quantum dots: A review on syntheses,characterization, bio-
logical and sensing applications for neurotransmitter determination[J]. RSC Advances,2020,10(26) : 15406-15429.

[3] ZHU H,LIU D. The synthetic strategies of metal-organic framework membranes,films and 2D MOFs and their applications in de-
vices|]]. Journal of Materials Chemistry A,2019,7(37):21004-21035.

[4] PENG Y,YANG W. Metal-organic framework nanosheets:a class of glamorous low—dimensional materials with distinct structural
and chemical natures|J]. Science China Chemistry,2019,62(12).:1561-1575.

[5] WANG T,NIE C,AO Z,et al. Recent progress in g—C;N, quantum dots: synthesis, properties and applications in photocatalytic
degradation of organic pollutants|J]. Journal of Materials Chemistry A ,2020,8(2):485-502.

[6] CHEN Z,ZHANG S,LIU Y ,et al. Synthesis and fabrication of g-C;N,~based materials and their application in elimination of pol-

lytants|H. Seience of The Total Environment ;2020.731 :1~17.



N

16 R &R R R 2020 4¢

[71 ZHAO M,HUANG Y,PENG Y, et al. Two—dimensional metal—organic framework nanosheets : synthesis and applications|[J].
Chemical Society Reviews,2018,47(16) :6267-6295.

[8] LIU W,YIN R,XU X, et al. Structural engineering of low—dimensional metal-organic frameworks ; synthesis, properties, and appli-
cations|J]. Advanced Science,2019,6(12) :1-32.

[9] ZHAO M,LU Q,MA Q,et al. Two—dimensional metal-organic framework nanosheets[J]. Small Methods,2017,1(1-2):1-8.

[10] NICOLOSI V,ALERIA M,KANATZIQIS M G, et al. Liquid exfoliation of layered materials|J]. Science ,2013,340(6139):1420-1440.

[11] AMO-OCHOA P,WELTE L,GONZALEZ-PRIETO R,et al. Single layers of a multifunctional laminar Cu(I,Il) coordination
polymer{J]. Chemical Communications,2010,46(19) :3262-3264.

[12] LI P Z , MAEDA Y,XU Q. Top—down fabrication of crystalline metal-organic framework nanosheets[J]. Chemical Communications,
2011,47(29) :8436-8438.

[13] PENG Y,LI Y,BAN Y et al. Metal-organic framework nanosheets as building blocks for molecular sieving membranes [J]. Sci-
ence,2014,346(6215) : 1356-1359.

[14] WANG X,CHI C,ZHANG K, et al. Reversed thermo—switchable molecular sieving membranes composed of two—dimensional
melal—organic nanosheets for gas separation[J]. Nature Communications ,2017,8(1):1-10.

[15] DUAN J,LI Y,PAN Y et al. Metal-organic framework nanosheets:an emerging family of multifunctional 2D materials[]]. Coordina-
tion chemistry reviews,2019,395.25-45.

[16] DING Y,CHEN Y P,ZHANG X, et al. Controlled intercalation and chemical exfoliation of layered metal —organic frameworks
using a chemically labile intercalating agent[J]. Journal of the American Chemical Society ,2017,139(27):9136-9139.

[17] YU Y,WU X J,ZHAO M, et al. Anodized aluminum oxide templated synthesis of metal-organic frameworks used as membrane
reactors|J]. Angewandte Chemie International Edition,2017,56(2):578-581.

[18] SAKATA Y,FURUKAWA S,KONDO M, et al. Shape—-memory nanopores induced in coordination frameworks by crystal down-
sizing|J]. Science,2013,339(6116):193-196.

[19] YIFAN,LIN,GEN et al. 2D free—standing nitrogen—doped Ni—Ni;S,@carbon nanoplates derived from metal—organic frameworks
for enhanced oxygen evolution reaction[J]. Small (Weinheim an der Bergstrasse , Germany),2019,15(18) :1-11.

[20] PUSTOVARENKO A ,SACHDEVA S,DIKHTIARENKO A, et al. Nanosheets of nonlayered aluminum metal-organic frameworks
through a surfactant-assisted method|J]. Advanced Materials,2018,30(26) :1-8.

[21] SAKAMOTO R,HOSHIKO K,LIU Q,et al. A photofunctional bottom—up bis (dipyrrinato)zine (II) complex nanosheet[J]. Nature
Communications,2015,6(1) :1-9.

[22] RODENAS T,LUZ I,PRIETO G, et al. Metal-organic framework nanosheets in polymer composite materials for gas separation[J].
Nature Materials,2015,14(1):48-55.

[23] KAMBE T,SAKAMOTO R,HOSHIKO K, et al. m—conjugated nickel bis (dithiolene) complex nanosheet[J]. Journal of the Amer-
ican Chemical Society,2013,135(7):2462-2465.

[24] ZHU X,ZHANG J,FENG X L, et al. Large—area,free—standing, two—dimensional supramolecular polymer single-layer sheets for
highly efficient electrocatalytic hydrogen evolution[J]. Angewandte Chemie,2015,127(41):12226-12231.

[25] DMITRIEV A,SPILLMANN H,LIN N,et al. Modular assembly of two—dimensional metal —organic coordination networks at a
metal surface[J]. Angewandte Chemie International Edition,2003,42(23):2670-2673.

[26] SAKAIDA S,0TSUBO K,SAKATA O,et al. Crystalline coordination framework endowed with dynamic gate—opening behaviour
by being downsized to a thin film[J]. Nature Chemistry,2016,8(4):377-383.

[27] PENG Y,YANG W. 2D metal-organic framework materials for membrane—based separation[J]. Advanced Materials Interfaces,
2020,7(1):1-30.

[28] Zheng Y S,Sun F Z,Han X, et al. Recent Progress in 2D metal—organic frameworks for optical applications[J]. Advanced Optical
Materials,2020,10:1-17.

[29] DOU J H,SUN L,GE Y et al. Signature of metallic behavior in the metal-organic frameworks M;(hexaiminobenzene ),(M=Ni,Cu)
[J]. Journal of the American Chemical Society,2017,139(39) :13608-13611.

[30] HU Z,MAHDI E M,PENG Y,et al. Kinetically controlled synthesis of two —dimensional Zi/Hf metal —organic framework
nanosheets via a modulated hydrothermal approach[J]. Journal of Materials Chemistry A ,2017,5(19) :8954-8963.

[31] LEE J Y,FARHA O K,ROBERTS J,et al. Metal-organic framework materials as catalysts|J]. Chemical Society Reviews, 2009,
38(5):1450-1460.



KL, A IR AU 2005 0 A5 5 R T 17

b
(o))
E
i

[32] CORMA A,GARCIA H,LLABRES I XAMENA F X.Engineering metal organic frameworks for heterogeneous catalysis[J]. Chem-
ical Reviews,2010,110(8) :4606-4655.

[33] JIN X,GU T H,LEE K G,et al. Unique advantages of 2D inorganic nanosheets in exploring high—performance electrocatalysts :
Synthesis , application,and perspective|]J]. Coordination Chemistry Reviews,2020,415:1-27.

[34] ZOU Z ,WANG T,ZHAO X, et al. Expediting in—situ electrochemical activation of two—dimensional metal—organic frameworks
for enhanced OER intrinsic activity by iron incorporation|J]. Acs Catalysis,2019,9(8):7356-7364.

[35] ZHU H,LIU P,ZOU D, et al. The photo—,electro— and photoelectro—catalytic properties and application prospects of porous co-
ordinate polymers[J]. Journal of Materials Chemistry A,2018,6(15):6130-6154.

[36] YAGHI O M, LI H. Hydrothermal synthesis of a metal-organic framework containing large rectangular channels[J]. Journal of the
American Chemical Society,1995,117(41) :10401-10402.

[37] HWANG C L,CHIEN G L,WU Y T. Resistance training increases 6—minute walk distance in people with chronic heart failure :
a systematic review|]]. Journal of Physiotherapy,2010,56(2):87-96.

[38] CHAEMCHUEN S,KABIR N A,ZHOU K, et al. Metal-organic frameworks for upgrading biogas via CO, adsorption to biogas
green energy|J]. Chemical Society Reviews,2013,42(24):9304 -9332.

[39] SUN C,SUN D T,BEAVERS C M, et al. Enhanced permeation arising from dual transport pathways in hybrid polymer—MOF
membranes|J|. Energy & Environmental Science,2016,9(3):922-931.

[40] WANG Y,ZHAO M,PING J,et al. Bioinspired design of ultrathin 2D bimetallic metal —organic —framework nanosheets used as
biomimetic enzymes|J]. Advanced Materials,2016,28(21):4149-4155.

Synthesis, Structure and Application of Two—Dimensional Metal
Organic Framework

Zhang Jiali, Ou Keru, Zhang Caisong, Xiang Haifei, Li Xiuping
(School of Materials Science and Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract: The two—dimensional metal organic framework (2D MOF') with the ultra—thin thickness and the large

transverse size and the surface area presents the low resistance and high throughput in the process of material
transport in comparison with 3D MOF. The catalytic activity of catalyst with 2D MOF can be significantly im-
proved due to its exposure to more active sites. In recent years, the two—dimensional metal organic framework
has received considerable attentions because of its potential applications. In this review, two kinds of synthesis
methods of 2D MOF including top—down and bottom—up, are introduced. The 2D MOF is fabricated by the role
of external forces to exfoliate the block MOF in top—down method, while 2D MOF nanosheets directly synthesize
through metal clusters and ligands in the bottom—up. It is found that the excellent performance of 2D MOF is re-
lated to topology network structure, and different structures exhibit different porosity and stability. Then, the ap-
plication of MOF nanoplates in catalysis, sensing and gas separation are described according to its properties.
Finally, the prospect of 2D MOF is given.

Key words: metal organic framework; two—dimensional performance; application



