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ABSTRACT. One of zeolitic imidazolate framework materials (ZIF), ZIF-8, has been synthesized with micro-
wave irradiation and conventional electric heating at 140~ 180 °C. ZIFs are porous crystalline materials and are
similar to metal organic framework (MOF) materials because both ZIFs and MOFs are composed of both organic
and metallic components. ZIFs are very stable and similar to zeolites because ZIFs have tetrahedral networks.
ZIF-8, with a decreased crystal size, can be synthesized rapidly with microwave irradiation. The microwave
synthesis of ZIF-8 is completed in 4 h at 140 °C and the reaction time is decreased by about 5 times compared with
the conventional electric heating. The ZIF-8 obtained by microwave heating has larger surface area and micropore
volume compared with the ZIF-8 synthesized with conventional electric heating. It can be confirmed that ZIF-8s
show type-I adsorption isotherms, explaining the microporosity of the ZIF-8s. Based on FTIR and TGA results, it
can be understood that the ZIF-8s have similar bonding and thermal characteristics irrespective of heating methods
such as microwave and conventional heating.
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Fig. 1 XRD patterns of ZIF-8 synthesized at 160 and 180 °C from same reactant gel in various reaction times with
MW and CE heating: (a) microwave heating at 160 °C; (b) conventional electrical heating at 160 °C; (c) microwave
heating at 180 °C; (d) conventional electrical heating at 180 °C. The reaction times are shown in the figures. An XRD
peak highlighted with * represents a diffraction pattern from an unidentified impurity.
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Fig. 2. FESEM images of ZIF-8: (left) synthesized by MW at 160 °C for 2 h; (right) synthesized by conventional electrical
heating at 160 °C for 24 h. Magnifications are different (left: X 1,000; right: X 500).
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Fig. 3. XRD patterns of ZIF-8 synthesized at 140 °C from same reactant gel in various reaction times with (a) MW and
(b) CE heating. The reaction times are shown in the figures.

Fig. 4. FESEM images of ZIF-8: (left) synthesized by MW at 140 °C for 3 h; (right) synthesized by conventional elec-
trical heating at 140 °C for 24 h. Bottom images show the enlarged images of top samples. Magnifications are different.
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Table 1. Average crystal sizes of ZIF-8s synthesized in
various conditions.

Heating o . Crystal size
method® Temp. (C) Time (h) (pm)b
140 3 16
0.5 10
1 16
M
W 160 ) 18
3 19
180 0.5 13
12 60
140 24 140
6 120
CE 160 12 100
24 25
180 6 42

*CE: conventional electric heating, MW: microwave heating.
"Relative error is about 30%.
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Fig. 5. Change of yields of ZIF-8 synthesized at 140 °C
with (a) MW heating; (b) CE heating.
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Table 2. Reaction conditions and textural properties of ZIF-8.

Reaction condition Textural properties
Sample name Heating Method” Temp. (°C) Time (h) Sper’ (M%/g)  Siang (M) PViier (cc/g)
A MW 140 3 646 685 0.23
B CE 140 24 409 435 0.14
C MW 160 2 580 613 0.20
D CE 160 24 532 565 0.19

- - - - b c - d
“CE: conventional electric heating, MW: microwave heating. "Sger: BET surface area. “Spang: Langmuir surface area. “PVmiero:

microporevolume calculated with t-plot.
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Fig.7. Typical TGA patterns of ZIF-8s synthesized with
MW or CE at 140 °C. (a): ZIF-8 synthesized by conventio-
nal heating for 24 h; (b): ZIF-8 synthesized by microwave
for 3 h. The figure (b) is shifted upward from (a) by 40%.

5o} 9l.om 400~ 650 m*/gt0.14~0.23 cc/g®] 7k
& Bk o]e|gh gk 7] Barsl A2 Al
o] F x| o w]af) 3] S HEE Hlrh 2=y
MOF—“— A ub, A A v g A 2 22 o) wle) v
$-thedt vl S Blo] A A Qlrh ZIF-8 =
Ak SAS Hols ZloR AzEy Alg A 2
A 2H3 FoR 2 A7t FolE ZloR Vv
o}l AA| e Z7]9] ZIF-8 E o] Aol A e
ZIF-82] #314-& 850~960 m’/g =2k Basl
ulglom o] AFETE 7] B ¥ FHAI= 2 2jo]

2 welr) gd, 2 04—?01]*1—‘:—%:]5: A& 1 AA
2] (23 A 2] AEE7} 10 torr F5 08 £2] 3

Alg Well S sk B4 2] E3to] nlarA] o]
23 71 o] 23t A3} ke T3} Al S 3
I Q1S Zlo|t}. o]+= ZIF-82] A3 O,J%Lﬂ 0.34
nmi w9~ 57 wlitell F-EE o] Do) of v
= 7Fsde] 53] ol7| witelck EvIEAIE Table |

L
L

—(\l;)\\\ A " /\m\ ‘, “r\
\ “ |

|
\

Transmitance (a. u.)

1000 750 500

Wave number (cm™)

1750 1500 1250

Fig. 8. Typical FTIR spectra of ZIF-8s synthesized with
MW or CE at 140 °C. (a): ZIF-8 synthesized by conventio-
nal heating for 24 h; (b): ZIF-8 synthesized by microwave
for 3 h.
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FARE 25 2 oA o] FHolwd zeolitic imida-
zolate framework (ZIF), 53] ZIF-8 & |52 2 MW
£ o]-8-3od 3381915 CE 47} tnlstsdch ZIF-8
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