20001 F=abelr)aets] #A e EeEy

Metal based MOFs &4 4
AN &, 97, d8F Rl
ook AT F e

e-mail:mkko@konyang.ac.kr

Characterization Study of Metal Based MOFs

Min-Seo Choi™*, Hyun-Ju Lim" ,Su-Kyeong Yoon, Eun-Kyung Lim, Moon-Kyu Ko’
“Dept. of Pharmaceutical & Biotechnology, Konyang University

e
A ol AR AR g FERE M Uw 22
B2 0 G2 A% =& FF Ay 1 a9
des 24T F A A, 95 o2 uE T
g 5o o= Qs 4 d Fo AT ForRE
FaarolgkoH1] HEAQ v FxE T Y
Edg2A 3% F7] F44 (Metal Organic Frame
works, MOFs)E ¢& & 4 v MOF+ w4 ©]
2 e FE5 ZFH2HE TAHY 7] gzi=d

MelgozA 149, 249 F& 3399 Tae 7

% A4S 444 AT MOFE o
T2 R sbzol AL AF B, MFd

p==

), ok dEA, Al T ooy fokd &80
Vesh, HZole Bgolyx AdiaARE AT
5L JUH3) 7k A okl A MOFE v 4
= SEEo] vl xHA o] 53] Yol 4, e,
ojitsteta To| YAE A ok ol &EaL
ATHAI.

7] BA FiEo] B dA FulE A-gahr] = ahe, A=
A ®719 o wmry opn| =Y A V]S E A8
th[5] MOF= tad =4olH, &9 75718 24ds7v
71EA71E vAEHA WsAE F glore S8A< oFE
A (drug delivery material)7} 2 4= ATH6]

MOF-5% tj3£4<¢l MOFs & U2, 4709] Zn #4k9} 171

o

RN

K oF

Metal - organic frameworks (MOFs) represent an extensive class of porous crystals in which organic struts link
metal containing clusters. Features of MOFs such as high porosities, with regular pores and extremely high surface
areas, well-defined crystalline structures, and more accessible bulk volume have attracted many attentions of both
academia and industry. These features of MOFs have led to numerous applications, such as most notably gas
adsorption, storage of clean gas fuels, catalysis, separations, ion-exchange, and drug delivery. In this work, Metal
based MOFs were synthesized. Synthesized MOFs were characterized by X-ray Diffraction, BET surface area
analyzer, Energy Dispersive X-ray Spectrometer, UV-Visible Spectroscopy and FT-IR.

o] O #A7F Age APHA| ZnO clusterst o1& A3 te
rephthalate linker 2 ¥ th 3t o= ZnOBDC); 9] 3}
8218 7HATHT]. MOF-5+= /MWE &2 Fx9 =2 4 ¢t
B T g oR Tk AR 9 #e, S E oJekol
A gl AEo] S8l

Ni-MOF-5(Nickel based metal-organic framework) = MO
F& 743k 5 o] FES Zno] obd Nio] 2FA|3kaL ¢l
7395 etk Ni-MOF9] 7-%- trimesic acid 9} nickel io
nd & HE 2o RN g Fx2E S F o9l
Zr-MOF-5%= Zr-0 bondE 7} 3L 91 MOFZ, Zn-O bond
£ 71 MOF-50l Hlate] O &dd 49 P83 71 &
Atk FHE 7R AHB)

7

=
L
R

-

= s o T T
. p=s

Fe-MOF-5% 7Zn W2l Fe7l w40l 024 hofstal S+
MOFZ, Zvj g4 RobZ ¥3H3t thekgh Hofold 345
I uH10]. 2E2 02 MOF= W XA o
TZE, FRAAVL 7FssthE A Y FRE AYaL lefA,
G Tk A E R, oFE A, S B oy Ak Rok
29| §&o] tsT T AoR AZETHI] B ATl
15 MOF-59F Ni-MOF-58 §4d3k9lem, 4% MOF-5
¢} Ni-MOF-5% XRD, FT-IR, UV-visible, SEM-EDSZ %

a S4S vl E4E

T
o 5T
== it

oL

— 882 —



20001 F=abelr)aets] #A e EeEy

2.1 7171 & Al oF
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X-ray diffraction (Smart Lab, RIGAKU-JAPAN), BET s
ulface area analyzer (Tristar II 3020-USA), Energy Disper
sive X-ray Spectrometer (FE-SEM, HITACHI SU5000), U
V-Visible Spectroscopy (UV-2450, SHIMADZU-JAPAN),
FT-IR (Nicolet IS5, Thermo- USA)S o]-&3le] £4935}%
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Telephtalic acid, triethylamine, DMF (Dimethylfora
mide), zinc acetate dihydrate, trimesic acid, nickel
nitrate hexahydrate, zirconium tetrachloride, formic
acid, iron(II) tetrafluoroborate hexahydrateS A&
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Synthesis OF MOF-5
| @ Telephtalic acid + triethylamine +DMF \
+

Stirring

‘ @ Zinc acetate dihydrate + DMF |

J

‘ Vigorous Stirring (2h) |

4

‘ Centrifugation (3000 rpm, 15min) |

¢

‘ Filter & Wash |

4

‘ Vacuum dry (24h) |

[72¥ 1] Synthesis of MOF-5

MOF-5+ [29 119 22 &A4=2 4349 1H8,10].
telephtalic acid ¥} triethylamine, DMFE & §3d}¢]
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Preparation of Ni-MOF-5

Trim

sic acid + Nickel nitrate
exahydrate + DMF

4+ |::>‘ Stirring (30min) ‘
‘ Autoclave ‘

ey —

150 °C, 12h

‘ Cooling

L

‘ Centrifugation ‘

<
‘ Wash ‘
e
‘ Vacuum dry (24h) ‘
[72¥ 2] Preperation of Ni-MOF-5
Ni-MOF-5% [19 2]¢} o] &43tAtHB8Il. trim

=
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Preparation Zr-MOF-5

Terephthalic acid + Zirconium
tetrachloride + DMF +Formic acid

<

‘ Autoclave ‘
S —
‘ Cooling ‘

i

‘ Centrifugation ‘

<L

‘ Washed with dried acetone ‘

4 L —
‘ Vacuum dry (24h)
[72¥ 3] Synthesis of Zr-MOF-5
Zr-MOF-5% [Z193]3} o] 438t tH5,13].  tele
phtlaic acid$®} zirconium tetrachloride , formic acid
S DMFEFe} A &%3sto] & H, EFES Autocla
veol 3L 120TCol Al 24A13F &<t vk A AF T W
Sol B EFES 7o oA AHeE Hel
AR sk o] thA] 3083t dried acetonel
2 AH F 24X St AFAxE ST

120°C, 24h

30 min
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Preparation of Fe-MOF-5
| D MOF-5 + DMF

+ > Stirring (1week) |

| @ Fe(BF.),6H,0 +DMF

L

Wash & Activated

L

‘ Dry ‘

[72¥ 4] Synthesis of Fe-MOF-5

Fe-MOF-5+ [Z1394]¢} o] Azx=3stATH10]. w1 g
g MOF-5 ¢ DMFE 42 &9 D3 Fe(B
Fy)»-6H:03 DMFE 48 &9 @3 Ao 15
AFet A wWHAAFT WAL SHE M H
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3. 4% 23

BET
g4 ¥ MOF-5, Ni-MOF-5, Zr-MOF-5¢ Fe-MOF
-5¢] BET #WA<S [# 119 Ve ATt MOF-5
7} 17462 m¥Yg® 7bE 2 EWAES Jehdda o
A F<4 MOFE BET ZW Aol Hlwz 274 e
wed olE o2t T A T 719% A
o2 A7 @At [58-10,13-14].

[32 1] BET of MOF-5, Ni-MoF-5, Zr-MOF-5 and Fe-MOF-5

Catalyst BET sulfate area (m”/g)

MOF-5 1746.2

Ni-MOF 142.0

7r-MOF 1589

Fe-MOF 412.0
SEM-EDX

MOF-5, Ni-MOF-5, Zr-MOF-5, Fe-MOF-52] SEM ©]n]
29} RS (217 519 [ 2] YERSITh

A MOFES] 2745 gld 4= d9lem, MOF-5 & O/
Zn ZH)= 356, Ni-MOF-52] O/Ni A+-H]+= 466, Zr-MO
F-59] O/Zr 3 H1)= 599, Fe-MOF-59] O/Fe A3+#1]& 7.1

5912 e & ik

v 5.5mm x

5Ni-MOF-5/7r

MOF-5 and Fe-MOF-5

[3£ 2] SEM-EDX analysis of MOFs

MOFs Element Atomic ratio

MOF-5 O/7Zn 356
Ni-MOF-5 O/Ni 4.66
Zr-MOF-5 O/7Zr 59
Fe-MOF-5 O/Fe 7.15

XRD

[729 6] Power X-ray diffraction pattern of MOF-5, Ni-MoF-
5, Zr-MOF-5 and Fe-MOF-5

MOF-5, Ni-MOF-5, Zr-MOF-5% Fe-MOF-52] P
owder X-ray diffraction ¥4 ZAZ¥= [2¥ 6]d o
BRIt MOF-5& 20 (6.8, 9.7, 13.7 , 15.4°)°l A
54 ¥2E el ow, Ni-MOF&= 26 (22°)90 A
54 528 B 4 YTk Zr-MOFS| 39 20
( 85, 17914, Fe-MOF| 74 20 ( 97, 137, 15.
2NN 54 A2 FAT £ AR5, 8-13]

UV-vis spectrophotometer

[z 7] UV-vis spectrophotometer of MOF-5, Ni-MoF-5, Zr-
MOF-5 and Fe-MOF-5

UV-Visible spectrum®] 235 [27 7] YeRHSIEE UV
~visZ Z743ste] MOF-5¢ Ni-MOF, Zr-MOF, Fe-MOF
o] 54 peak®] IS AUk
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FT-IR Spectroscopy

[729 8] FT-IR spectra of MOF-5, Ni-MoF-5, Zr-MOF-5 and Fe-MOF-5
[Z29 8]l MOF-5, Ni-MOF-5, Zr-MOF-52} Fe-
MOF-52] FT-IR spectroscopy 41 A3E g
Atk B4 Az BE MOFEo|A 750cm ‘ol A Zn-
O bondE & = AALw, 1383cm "ol C=0
bondE |, 1580cm ‘el A -COO groupsE <13k 4=
A A H5,9-131.
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B oATFd = MOF-5¢F o5 7]&#&2 2% Ni-MO
F, Zr-MOF, Fe-MOF& 34dat% o XRD, FT-1
R, UV-visible, SEM-EDXE %349 54 24&
&tttk SEM-EDSX #4 23 MOF-5¢ O/Zn %
H] = 356, MIL-1009] O/Fe A &4+ 7.38, UIO-
662 O/Zr Anl&= 624 SATS g3 5 A2
t}.
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