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General procedures for the synthesis of MONs by top-down or bottom-up strategies
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Fig.2 PXRD pattern of MONs
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Fig.3 AFM image (a), and the corresponding height profiles (b) of MONs
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(DMF),(H,0),], 75 & AL BT B A hy S0 Ak ) B
[Cos(BDC)3(DMF),(H,O), ] il 4 4k 2K 2, I 1) 42 4k
JT R, FF H L A5 %5 e Bk A 96 U5 5 Ak R 15 3 A AL %
M, AR R AT LAJE P =k, H AL AT IS 1
PXRD i —5. o FARX TS =4 MOFs [ 4#
A 5T, PR I TG s 4 BT — 4 MONs S22 75 H AT B 25 1
T

Zhang % N LL CO, 1 2 13 1 5 4% il MOF
B 1 AR K, A RS ) 4k R R Cu(BDC) , HJE
292 10 nm, H 18 b 434 % K AR 4 S8 e for
A TEDF AR B A A, Cu(BDO) JE R
Hz T 10026 19 6 £k 28, i Ak 196 e 0 3 6 2o A 7 1 B
R Xiao & AN LANMK TCPPE N BLIA, 5 =
Wb R 7, 4 T 4 Cu-TCPP. 25538, 4 It
FHOR AR 5, 4k Cu-TCPP 7E 4 2 4 1 AL 2
VA LIS W T S SR AR N el /R e R
94% . Huang 58 N"0BE & 9K R F 51 A & 4 nbmk
MON 1, BT 45 b4 L RE % 23 54 4L 3, 3,5, 5/ U H 3k
0 2% e R0 4] 255 9 1 AL Ak B

Hu % A H] ZrOCL,-8H,0 5¢ HICI, i1 4,4/, 4"~
#-1,3,5-=-K H g (H.BTB) 7E % F & 4 F 4
A T R i NUS-8(Zr) FI NUS-8(HI) , X 1% F
WA RE LA ¥ 50 1 AL R B S o 1 A Ak 7 . B
i, VL HLO, A, 3R 98 T NUS-8(Zr) M NUS-8
(HL) 78 1 7 B Bk S0 Ak B 1 P i 1, 45 SRR W =3
A 2 B A Ll AR R = 2 o R T R 1 T R R R
NUS-8(Zr) 75 % i 4 AF F 68K K 4 100 % H 4k R i
FrEW), RIS 10020, JF HLRRIE IR =48, AR

5 AR B S 56 o R H B R COL 2% AT M NHL 2
JF T 0 00 B 52 56 285 5 L AN NUS-8(Zr) i 1= 19 i Ak
T T SR R T 4 T 20 43 1Y) R I ) R M

Shi 45 N g A-(4- BRI ) (2, 22"
SOERE) -5, 5 TR IR (TPY) & AT 2 — 24k 48
~H HLAE R [HE (15-0) 4 (p-OH) , (HCO,) s (TPY)., ],
3 o A 9 M A ] LI PR, S BT D Ak g T
PEFRME A AL . AR TPY Y nH e A7 o5 7T R E AT A
JEAE M, 51 Fe A5 SRy Ak 1% R A7 41 B 4R 4R
YRR BEAL S, FIABIR R AL AW, V1 16 6 8]
(55K /B K R BT . Y51 A K 4G W R I i 1k 57 AR 6%
FEE B AT e U Sk g o B 1 A R T I T

3.2 Knoevenagel & [

Knoevenagel 4 & 2 I J& A5 WAL 2 o a8
C—CHfbz—. TIL4E A A MONs # £
N7 T 2% 28 B B 5T 0 i GE 4 Zhang 4 N
PLNi(NO;),6H,0, H,BDC-NH, #l PVP H JFRl A i
15 8] =4 Ni-MOF 40K R . A HF SR 4 4k 70
. 48 Ni-MOF 72 N Z i A& [6) B 28 11
Knoevenagel 2 iV H 3¢ 81 H I 35 14 i (%) fi AL 16 1%, &
LR T I T T AR L LR AR
{14 4% Hi AN A2 B A

TE 2 HYBE R e 1) 45 B VR HT T, Btk MOF -5 g
eI R B 4 nm 1 4Bk R i T B L R
V184K T T A, 4 2 I B 0T R M 1 Zn” A 2 HR
HE R m o ) B NH 3 A Bl MON 76 8 5 175 —

i 119 Knoevenagel 4 A KN H 3¢ 3 EE Otk df R 5
IF B EAL MR

Hu % AV RL 5 (4 g -3 H R 220 3 ) i) % —
2 (PBA) WL, 5 CA* TEIA FI I E T B 2%
15 2 W T BE Ak 19 4k M B Cd-PBA , i 25 #4) [F] B 55
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A7 4 Ja AR RIS s, PP e w47 o5 AE = R A
T, Cd-PBA 1] LA 2 i £k 78 B[ Y G
Knoevenagel 45 & RN, i85 91% 7= . fE XL,
B & PBA Fi14: & 28 Cd(NO,),4H,O 43 51145 5] 39 %
3% 773  PBA il Cd(NO,),-4H,O [ 184 ¥ W 15
B 31% 7%, L] 4k Cd-PBA E A 0 5 16 M
3.3 ININRER A

CO, 5 B &AW 10 R 0 ot A 2 — 280 H Bk

5 % By T IR 1 7 AR AR TS PR R . Babu S AP
AT JLZE In(11D) -MOF , I 38 1 CO, 5 3 & A ¢
(8 R0 R R L AR 58 T 4 (— 4, e, = 4E) X
PR T R 52 L 2 e I« R I R R 4 A R T
P G M, — 2 MOF H A S5 e W A A6 05 1 IR 0 1Y
AL R IR R 91 %0 ; 4 @ 1 BC A B0 2 5 e T 1
A /BT A MOF 35 2 B 5 B A%, 9 HGE T
AR LA S (R 1) .

F1 TR In(1)-MOFs 7 CO, 5 T & 73 e B TR 10 A, =2 K7 1 i i 44 7 14k @ b o

Table 1 Comparison of the catalytic activity of different In(1ll) -MOFs for the acycloaddition reaction of propylene oxide and CO,
75 fit Ak 511 In i 137 %% iz AL/ % PR/ Y
1 In,(OH),(BDC), 6 3D 50 >99
2 In(BDC), +(bipy) 8 2D 30 =99
3 In,(OH),(BDC),(phen), 6 2D 80 =99
4 In,(dpa)y(1, 10-phen),H,O 8,7 1D 91 >99
5 In,(dpa)(2,2'-bipy)0. 5H,O 8 1D 48 =99

Li % NPFEE RIS A0 7 A 4 In
MOFs, 58 T B AT CO, FI 48 N kg 38 I 1
oA IS R . SRR A E R AR 1 MON
F IR P A A AL TR M, T BE R H T R A B R
In®" (% R VE B R AE T, T BT RUHE 68 1k (9 i 16 5]
[ N S o R VA ORI VIR R 7 S R 182 A AN A
S5 K6 T A T

Li % A5 T & A A Co™ i A5 1Y
CoBDC 4k # BHE CO, R A AL A 2 M 19 38 i B s
N7 H R A AR PR A B HOIR MOF i &, CoBDC #&
PR O A A TR A B . L EATAE T
TYEMBEMTTB MOL(TTB: 4,4',4"-s- =12,
4,6- =KW =H), 4% H 5 PCN-222(Co) H &,
3 # LA PCN-222(Co) H N \MTTB MOL Jy4h )2
By 58 4 45 # PCN-222 (Co) @MTTB. % # Kl 78
CO, FH AL W 1 108 B g v B A AR G 1) A 1k 3%
PE T T AT RE R UE T R 4 8 A7 A (Ze, Co™ ) Ak
PE & R AL P RIE

Zhao % N Ag,, 4 J@ 55 RO oK fE A AR T
TSR ALK B Ag-MOF 1% 45 ¥ 17 75 ¥ E
FE T R K B R R O AR AL R TR SR e S
CO, MR Ak B4k S ;v 26 B AR & 14 76 1, 9 HL L
ARG 0 A AR i b T e AR A AS [ BH
YRCAR T 1) PN B T e 34 e A e Ak Xt R T 4
R AL T R P

3.4 HihEM

A B A& 91 KR i) MONSs 1T 4 1k &
38 5 Y. Zhan 25 YL Cu,O 40Kk 1 8¢
AR G 5 1 v ) i TR A AR Sk SRR, E 3R T T R R
PVP 4 T, #l & TR AIR v £ 19 Cu(HBTC) -1
(H:BTC, ¥ % = H fig ) . H = 4 2 R Cu
(HBTC)-1 %5 #4) v £7 76 AR BC AL YR 3, w] I T 17 28
AR A m A KR T, 0 Au, Ag, Pt,Pd % . TR A
B M BETE A 35 28 Wy 1 38 IR I 2 B0 HE AR i 1Y
AR TG VE , o H R & A Au-Pt-Pd & 4 99 KR T 1 44
Bh I L 0 O R T AN W) 4 R =2 1) Y B [ A
L R T | o R N AR AR R R SR E e = R
F R W F7 B Guo M A EH LR T —Fh R
{0 J5 4 g ok R0 5 i, Al NaBH., B Ni-
NMOF H (&8 43 Ni(11) 8 F i J5 o Z 4, 7 5 Ni/
NMOF-Ni-0. 4 7F 4 2 2 Wy (14 18 5t s g v B AT AR
o (1R T I R S R, O L AT [T i

Li% NUBFSE T 4 Cu-MOF 78 K 1 i) N-5%
AR RO i AR TE ML BB S DL R AR R AT B 2
Tt N=J% JEBR Me 7= 41 . % Cu-MOF 0] DL B0 8 ] £
W, HAEAL TG M ek . Tan S NG W T 3T F
PRI 25 5 R 1R C AR A9 MON, I8 w7 ) T4 1k 2
G2 2R T i R B AN X B 4 A/ B Ak ER B R
45 L R W], MONSs 7 7= 5 F0 G e s £ 1 2448 T A
N HER MOF #48L . 4, MONSs 78 Suzuki f# X |
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Heck 75 564k B2 1 S0RE fb T 19 3038 ik e Ak P 36
R C-H WAL 25 57 1 ¥4 7 606

4 % iE

T R A HURE SRR A R ELAT TR N AR
JECBE 3 6 PR 5 SR A 2R R AL R e R T g
M AR A5, W5 | T B 22 8 2 2 3 i G T, iz i
FoE Sl R EESE . FENAT
MONSs B4 A il 55 J7 325 AL 36 [T SR s GRS
B R R Bk Ve R Rl R Bk AL R
W 2 AR R L) R A R S O A S
B P A B v 3R TG M R B O s B A
B4 ). MONSs [ FRAEX I i sy R EEE
SC. XF MONSs (% FH R AEF BElb AT T 2838, A 56 8
K X-GF AT RTE b R T ) B OEE L E  F
BE ORI B S . 1HE T MONs/E R M AL 7,
FE AR R 38 RN Knoevenagel [ i . CO, ¥R il
N B AT B b 3 A v 1 Ak R
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Preparation and Characterization of Two-Dimensional Metal-Organic Framework

Nanosheets, and Their Application Progress in Heterogeneous Catalysis

CHEN Lianfen, CHEN Yanshan, KANG Jian
(School of Environmental and Chemical Engineering, Zhaoqing University, Zhaoging 526061, China)

Abstract: Two-dimensional metal-organic framework nanosheets (MONSs) are a type of 2D porous materials
that have received extensive attention in recent years. With ultra-thin thickness, abundant accessible
unsaturated coordination sites, large specific surface area, advantages of adjustable structure, etc., MONSs
are widely applied in many fields such as separation, conduction, sensing, and catalysis. This article mainly
reviews the preparation, characterization and application in heterogeneous catalysis of MONs in recent years.
The preparation of MONSs includes two strategies, namely top-down and bottom-up. The top-down strategy
1s simple to operate, mainly involves exfoliation of layered bulk MOFs through physical or chemical means
to into MONs. The bottom-up strategy involves direct assembly of 2D MONs from metal ions and organic
linkers under controlled experimental conditions. The characterization methods and techniques of MONs are
discussed from the aspects of structure composition, microscopic morphology, and macroscopic properties.
In addition, the application of MONs in heterogeneous catalysis, mainly organic conversion, is introduced,
including catalytic oxidation reaction, Knoevenagel reaction, CO, cycloaddition reaction, hydrogenation
reaction, etc. Finally, the opportunities and challenges in the field of MONs are pointed out.

Key words: two-dimensional materials; metal-organic framework nanosheets; preparation; characterization;

heterogeneous catalysis



