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Characterization and Catalytic Performence of Zeolitic Imidazolate Framework-8
(ZIF-8) Synthesized by Different Methods

LIU Ming-Ming LU Wen-Miao SHI Xiu-Feng FAN Bin-Bin* LI Rui-Feng
(Institute of Special Chemicals, Tatyuan University of Technology, Taiyuan 030024, China)

Abstract: A series of Zeolitic Imidazolate Framework-8 (ZIF-8) samples was synthesized in a mixture of methanol
and aqueous ammonia, methanol, and DMF, respectively (denoted as ZIF-8 (NH,OH), ZIF-8 (MeOH) and ZIF-8
(DMF)) with 2-methylimidazole as an organic linker and Zn (OH), or Zn (NO;), -6H,0 as Zn source. The
physicochemical properties and catalytic performance of the samples were characterized by XRD, FTIR, N,
adsorption, SEM, TPD and Knoevenagel reaction. The results show that ZIF-8 can be synthesized by three
methods and the samples synthesized by different methods have similar morphologies, but different particle sizes
and acid-base properties. ZIF-8 (MeOH) has much narrower particle size distribution, smaller particle size as well
as more acid and base centers than those of ZIF-8 (NH,OH) and ZIF-8 (DMF). The ZIF-8 samples exhibit
significant difference in catalytic performance for Knoevenagel reaction from benzaldehyde and malononitrile.
ZIF-8(MeOH) is the most effective catalyst. The higher catalytic activity of the ZIF-8 (MeOH) sample is closely

related with its higher external surface area and acid-base properties.

Key words: metal-organic frameworks; ZIF-8; heterogeneous catalysis; knoevenagel condensation reaction; benzaldehyde; malononitrile

s H 191 .2013-05-27,, Wi Bk H 91.2013-10-08,,
F K SR BR324 (N0.20971095) 1L PG 25 ] [ B4 2 A B2 BHF (No.2013-047) % B T H
*H KR A, E-mail : fanbinbin@tyut.edu.cn



580 E OB % % R 30 %
0 31 & 1 SEWHES

& & A LB 2L B (metal-organic frameworks,
MOFs) 2 i 48 B 7 5 4 HLEC A i 3 20 25 3 F i
A B — 288 B Z AL RL AT L SR UK FLIE 45
PR | L R 3R T A 2= M 0T T R AR SRR, FEIR
B g U AR S D T S SR B T R Y N A
S0 Ay K AR B SR BH(ZIFs) S MOF's A RH) —
i, B 2 A U 4 )8 I T (Zn/Co) 55 WK 1 5 K 1 737 A=
Y3 P A R — 28T Y . BT A P NS R Y
K Z A EL, ZIFs AMUEA 138 MOFs B AL, 1
HLI[F] MOFs #18HH E A EAT B0 R $ORTK #4082
FEVERS ) ZIF-8 /& ZIFs #ORk s BA AR — |
ZIF-8 BRE M th & )8 Zn B 15 W BE PR TR (mIm)
HR N R T AH 2B B ZnN, DY T4 25 4 50T #
B, FANEE K 5 5 84 (sodalite , SOD)ZE B, A4S BT
m AL 2 2 4> SOD J8,S0D 8 HAE N 1.16 nm, &1
SOD ZE il it 6 4~ Zn B 1 4L /X J0 5 1A i |
ANICHE O AR A 0.34 nm, H LR A ATIL 1 400
m? g™ FAERE M AT I 420 ClT ) ZIF-8 & H AT 5T
KTz —2E Z1Fs AR XN P A 9T B o R
W B 53 B At SR A S 2o A SIS0 A A Ak
D71, Z1F-8 PRI T BAT (A AL 4540 | e i g
S PR 2T R R 2% TR T T BB SRR A ZEVE M AR A
£ 700 A b 790 2 A T 1T I s — S VS AE 1Y P
A@IH-MIO

ZIF-8 i % Al ok T 3 3 R o 2 38 R
B T AT A R, BV oK 2- FF R K e R R B
T WP TN ST A O R 2- ke
MAEREE T HEMZKIRAER T FERT
PEAT A 0o 2- B L K i Al R B B T DMF Ak
ATV IR B0 A FRATT AT DA B 3 1 2o A o)
X3 PP IE I G SR A BT T R, R E R A X
SR FH K 26 77 7 BT B B R 6 4 At RE 2R A T 8 O 1 4
W LRI SE . T ZIF-8 75 W B 43 2 Ko /R S f Ak 71
AL AR M AR TAERM Lk 3 FioR
[ 7735 T ZIF-8 Bk, @i XRD FTIR N, %
B SEM il TPD % F- Bt X T & B ZIF-8 A1 R 9
AL PEBEIEAT T BN PRGN R AL | FE e Knoevenagel
A5 A IX — A BURE 4 Ak T S A N R PR AT R
N, 6B B ZIF-8 A fL PR RE AT 25 5% ) B AE i i
VL A58 R T ZIF-8 B4 RE 75 1 A Rz A R B i
HETT PR A A E B

1.1 ZIF-8 U FI M &

Z: SCHR I & 3519 06 70 mL %A 3.3 g 2-
P RE K e 1 Y RV WA B) 70 mL 5 1.5 ¢ Zn
(NO;),-6H,0 M H BEH W | S i B FF 24 h, 850 5
B, PR AR 50 mL B EBEGES 3 1,80 CiE K T
i, A FE D ZIF-8(MeOH) ; 2 B SCHk 16 5 iy
08 20 mL A 1.29 g 2- H R DR w0 FE i U
S22 m A F 100 mL & A 0.78 g Zn (OH), 1Y K
(25% V/IV)H IR 48 h, B0 & H 50 mL
H,O/CH;OH(1:1,V/V)FIR G W B % 3 X ,80 Cit
AW AR AR e N ZIF-8(NH,OH) ; 2 HE SCHk i
G T 09 K 0.89 g Zn(NOs),-6H,0,0.49 g 2-H1 &
PRI T 80 mL DMF 1, Bl 5 K iR IR G # 2
WARMNBECHHA S EZS, BLS Comin™ 1Y
T T2 140 °C, Mtk 24 h, 504505, H 50
mL DMF 125 VR4 3 K, T 80 C R i T
FITASFE b ek ZIF-8(DMF),
1.2 R

X S AT 4 (XRD) W3 R A H 4 Shimadzu
XRD-6000 #! X S LA 5L, CuKa ¥ (A=0.154 18
nm), £ 85 FBEAEE R 40 KV, LT 30 mA , 3
Fil 50~45° 4 B EE 4° - min™', DS(divergence slit) A
1°,RS (receiving slit) 4 1°,SS(scatter slit) 4 0.15
mm, FTIR M 7E SHIMADZU FT-IR-Affinity-1 £L4
A EREAT KBr FEF, A SR8 S A7 it
ARG N, WA BRF/ 58 BEE 0 3R FH € 1l NOVA 1200 A L 36
i ARLAALAR I A, AT R S 4R 150 CHEAE (B
10.64Pa)ii {1t 3 h, SEM MR A H A< F R0 &4t
JSM-6700F 44t vy 7 Al A o Dl i oy 28
A3 4x A0 B NHS-TPD i1 CO,-TPD M 7E
TP-5076 TPD/TPR 37 W B X F 347, 7E NH5-TPD
SLE SR 100 mg FEAVE T AREE D EAR
AN REFFHR E 250 °C, FHEE 2 10 °C-min™, 7E
250 C FIEALALFE 1 h, KR % 40 CHE, WM 5%
NHyHe(V/V)ZARF K 5 HEE AW 1 h,
AR RFTHEZE 250 C45 0, HI# T (TCD) Kl
NH; BB it ; 76 CO,-TPD ", 1 564 100 mg F i
THEE D AR TR FHRZE 250 C, iR
A 10 °C-min™, 7£ 250 C FIEILALHE | h, iR =
40 CH WK 5% CO/He(V/V)ZAR AN, 4K J5 16 it i
AL 1 h, HEZQTHETFFHERZ 250 €45



%3

KT WA A5 AN [) 5 G s 0 K WA T R 48 95 4 A 8 (ZLF-8) ) R A R A 1 581

W, S (TCD)KI CO, B it
1.3 #UEEM

% NN 15 9 Knoevenagel 4 & 50 (75 &
D7E 50 mL WY BB HEAT . PRI 0.02 ¢ HEALH]
AR, FIA 1.9 mmol & EEF1 1.9 mmol N —
i B MA 10 mL HOR 8 T30 R P g,
NP B A B HE GC-2014C B H 4 5 AL HEA T

O

34T FID Rl 25 | (3% A RTX-1 B4 H (30 mx
0.25 mmx0.25 m), AL IR 5 R I 4% i R 15 N
300 °C, ZrImIEFE 43 R 50:1 N, A ER, #RI
A 40 mL-min™, @35 TR IR T TR, #0461
100 °C, LA 25 °Cemin™ #EFEF] 200 °C, If
%5 5 min,

H N ZIF-8
+
CN toluene, room temperature

Scheme 1

2 HR5R

2.1 AREFAESEH ZIF-8 #MmH XRD R

1 ok FH S50 853 BT ik 3 RS [R] T ik i 4 B
(1 ZIF-8 #E a1 XRD, AN 1 7T & 3 Fhy kG
FARE i 8 7R T 5 SCHR P R GE — Z X ZIF-8 1Y
FRAERT S04 BD(011).(002),(112),(022).(013).,(222),
H =R i AT S U i i B A WA R 22 ], X — I
LRWIR X 3 FhAN R 07 2 2 BE & 1 BT e 45
Al BE I Sl AH ZIF-8

(011

ZIF-8 (NH,OH)

AANA.

ZIF-8 (DMF)

AANAA A

ZIF-8 (MeOH)

A

5 10 15 20 25 30 35 40 45
20/(°)
BI1 IR 5 4 RN ZIF-8 FE A ¥ XRD [
Fig.1 XRD patterns of ZIF-8 samples synthesized by the
different methods
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Table 1 Textural properties of ZIF-8 samples synthesized by different methods

Sample Sper / (m+g™) Sevena / (m*+g™) Ve fem’+g™)
ZIF-8(NH,OH) 1 403 47 0.84
ZIF-8(DMF) 1 390 11 0.69
ZIF-8(McOH) 1181 66 0.91

(a) ZIF-8(NH,OH)

(b) ZIF-8(DMF)

(c) ZIF-8(MeOH)
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Fig.4 SEM images of ZIF-8 samples synthesized by different methods
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over ZIF-8 samples synthesized by different methods
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