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Table 1 Content of [Fe(HB(pz);),] in the samples

, ook [Fe(HB(pz);),]

REUEH FRE /% TR %
MIL-101(Cr)@[Fe(HB(pz),),] 0.94/0.92° 8.11/7.94"
NH,-MIL-101(Al)@[Fe(HB(pz);),]  0.86/0.85" 7.42/7.33"
MIL-100(A)@[Fe(HB(pz),),] 0.19/0.20° 1.64/1.73"

Ve AT a FOREAFHRERT N, B BRI S VG TG
TR
3.3 MOFs ##¥l @[Fe(HB(pz),),] S & X 514
fiTg A

MOFs # ¥} @[Fe(HB(pz),),] & & W11 X 9 £ fii

SEREME 6 fT/n. B 6 AT, [Fe(HB(pz),),]
B B ERHE 47 T 260=10.07° , 7E 3 Tl MOFs # % @
[Fe(HB(pz),),) & & ¥ vt BT[] — o7 B B 4R AIE
W, BRI S Y [Fe(HB(pz),),] 58RI AH [ Y
S5dhAH. T [Fe(HB(pz),),] HAR AL & R RHAENE, T
MOFs MBHEIZ A B BTty g, i LG ALK,
FTATEE AW P ARME B IR

MIL-101(Cr)e[Fe(HB(pz),),]

MIL-101(Cr)

[Fe(HB(pz),),]

510 15 20 25 30 35 40 45 50
200° )
a) MIL-101(Cr). [Fe(HB(pz),),]
MIL-101(Cr)@[Fe(HB(pz)s),]

NH,-MIL-101(Al)e[Fe(HB(pz),),]

\J ‘ ‘ A I [Fe(HB(pz),),]

5 10 15 20 25 30 35 40 45 50
20 )

b) NH,-MIL-101(Al) . [Fe(HB(pz),),] M
NH,-MIL-101(A)@[Fe(HB(pz),).]

MIL-100(Al)e[Fe(HB(pz),),]

MIL-100(Al)

[Fe(HB(pz),),]

s 10 15 20 25 30 35 40 45 50
200(° )
¢ ) MIL-100(Al), [Fe(HB(pz);),] &%
MIL-100(Al)@[Fe(HB(pz);).]
Elo BESHE. [Fe(HB(pz),),] &
MOFs #8119 X G & 75 Ei%
Fig. 6 X-ray diffractograms of each sample,
[Fe(HB(pz);),] and MOFs

3.4 MOFs #¥l @[Fe(HB(pz),),] £ &M N, 1% b
58 B 0 358, 43 4

F N W B G BRFI 3 T 0, 3 i A B9 EL 2 T
BUN 0, XU AEY BUEM, [Fe(HB(pz)s),] 4%
TFHEAZ] T MOFs #EHFLI 1, [RlET [Fe(HB(pz),),]
I FHBHZE T MOFs R FLI
3.5 MOFs ##l @[Fe(HB(pz),),] E&4MEZ % Rk
RGeS

MOFs # ¥} @[Fe(HB(pz),),] B &4 2 K E 1k
JE B AR & 7 B

LA I ) [Fe(HB(pz);),]
a) [Fe(HB(pz);),]

[Fe(HB(p2)s),]

MIL-101(Cr) MIL-101(Cr)@[Fe(HB(pz),),]
b) MIL-101(Cr) 5 MIL-101(Cr)@[Fe(HB(pz),).]

- 40 -



® M, %
ERANIERE SHRIHE R E IR

(¢

NH,-MIL-101(Al)
¢ ) NH,-MIL-101(Al) 5 NH,-MIL-101(AD@[Fe(HB(pz);),]
E 7 [Fe(HB(pz),),) MIZEAMEES REETRH
BT
Fig. 7 The color comparison of [Fe(HB(pz),),] and

NH,-MIL-101(Al)@[Fe(HB(pz);),]

composites after spin transition of many times

ti 7 v %0, MIL-101(Cr)@[Fe(HB(pz),),]. NH,~
MIL-101(AD@[Fe(HB(p2),),] 5 [Fe(HB(pz)s),] HILL,
2 P TS B AR AR /N, T MIL-100(A)@
[Fe(HB(pz),),] R H A 2 A1k, Ak, A
ifit. [Fe(HB(pz),),] &l £ Ik A fig 5 Lk 2 ),
HER I TP R NS ACRBURL, TR
THASMARENE; BRSOk E—E 2, W
IR A BERSIT, i pl Ll a6, X —aih
AT BN, T MOFs £k 5 ¥ 42 0d 22 0 e
LR Z G, MBS R s, Xk uiiE
WEAMEZ G, [Fe(HB(p2),),] M EMEA T K
P, X TR A R AR

4 Hig

PLESSR R, HIELE XA W) [Fe(HB(p2)s),]
T2 23 i o) SS Y BUE I 3E A S 3 Flr MOFs A1 8}
MFLIR R, RITE R T RUE A A MR ATEsS XAk
AW [Fe(HB(pz),),] IE R 17~167 CH, SEAMKA
TS 17) B A PS5 A8, [R) B F: i 2 B S 1 2 e A
b, B MTP 2T (0 A 3] 1 0 o0 A A ) ek S L
BT, AT NE R BRI, n]RR sk R B N
FT B th e R 6l 48 0 [Fe(HB(pz),),] A& & If
ARFERIRE, BB FMREZA R, 15 MOFs
oK A 5 TE B MOFs # 8 @[Fe(HB(pz),),],
FLIFZEH XS [Fe(HB(pz),),] A 2.3 RIPR IR T, AN
) T [Fe(HB(pz),),] N FHIERE, JCHIZREB A
BEMRL VAR

S

[1] MEEK S T, GREATHOUSE J A, ALLENDORF M

(4]

(6]

(7]

(8]

[10]

[11

—_—

[12]

—-41 -

D. Metal-Organic Frameworks: A Rapidly Growing
Class of Versatile Nanoporous Materials[J]. Advanced
Materials, 2011, 23(2): 249-267.

FURUKAWA H, KO N, GO Y B, et al. Ultrahigh
Porosity in Metal-Organic Frameworks[J]. Science,
2010, 329(5990): 424-428.

MURRARLJ, DINC A M, LONG J R. Hydrogen Storage
in Metal-Organic Frameworks[J]. Chemical Society
Reviews, 2009, 38(5): 1294-1314.

YANAI N, KITAYAMA K, HIJIKATA'Y, et al. Gas
Detection by Structural Variations of Fluorescent Guest
Molecules in a Flexible Porous Coordination Polymer[J].
Nature Materials, 2011, 10(10): 787-793.

YAMADA T, OTSUBO K, MAKIRYA R, et al.
Designer Coordination Polymers: Dimensional Crossover
Architectures and Proton Conduction[J]. Chemical
Society Review, 2013, 42(16): 6655-6669.
DELLARJ, LIUD, LINW B, Nanoscale Metal-Organic
Frameworks for Biomedical Imaging and Drug
Delivery[J]. Account of Chemical Research, 2011,
44(10): 957-968.

REFAL, BAENT, S 0. A A MUAE SRR R
RENLHAYBITSE []. W0 Fildl, 2017(8): 86-96.
TANG lJiayi, LUO lJiasi, LU Shuai. The Applications of
MOFs on Adsorption[J]. Polymer Bulletin, 2017(8):
86-96.

XD, 5k A, Al . SR A HUESLRPRH R |
il 5 7 12 BN FAEFE R [0]. SRR =A% (A ARRE
2FNR), 2015, 32(4): 15-19.

LIU Xiaofang, ZHANG Heng, YANG Kaili, et al.
Research Progress of Metal-Organic Frameworks:
Characteristics, Preparation, and Application[J]. Journal
of Guizhou University(Natural Sciences) , 2015,
32(4): 15-19.

MA L Q, ABNEY C, LIN W B. Enantioselective
Catalysis with Homochiral Metal-Organic Frameworks[J].
Chemical Society Reviews, 2009, 38(5): 1248-1256.
ZHAO T, JEREMIAS F, BOLDOG I, et al. High-
Yield, Fluoride-Free and Large-Scale Synthesis of
MIL-101(Cr)[J]. Dalton Transactions, 2015, 44(38):
16791-16801.

SERRA-CRESPO P, RAMOS-FERNANDEZ E V,
GASCON J, et al. Synthesis and Characterization of an
Amino Functionalized MIL-101(Al): Separation and
Catalytic Properties[J]. Chemistry of Materials, 2011,
23(10): 2565-2572.

VOLKRINGER C, POPOV D, LOISEAU T, et al.
Synthesis, Single-Crystal X-ray Microdiffraction, and



[E 1 % =2 ${ PACKAGING JOURNAL
2018 FE £ 10 % 5 2 HJ VOL. 10 No. 2 Mar. 2018

NMR Characterizations of the Giant Pore Metal-Organic [13] TROFIMENKO S. Molybdenum Complexes with Non-
Framework Aluminum Trimesate MIL-100[J]. Chemistry Inert Gas Configuration[J]. Inorganic Chemistry, 1970,
of Materials, 2009, 21(24): 5695-5697. 9(11): 2493-2499.

Preparation and Characterization of Metal Organic Framework Material Composite

ZHAO Tian, XIA Yong, LI Zhihan, SUN Aokui, LIU Yuejun

( School of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Three metal-organic frameworks (MOFs) composites with bis(hydrotris(pyrazolyl)borato)iron(II)
were synthesized by gas phase diffusion to yield MIL-101(Cr)@[Fe(HB(pz);),], NH,~MIL-101(A)@[Fe(HB(pz);),]
and MIL-100(A)@[Fe(HB(pz);),] composites. The formation, structure and property of products were thoroughly
characterized by FTIR, AAS. XRD. and BET measurements. The results showed that, spin crossover complex
[Fe(HB(pz);),] was confined in the cages of the frameworks MOFs composites, the porous structure developed into a
protecting layer and was much more thermal/solvent stable than that of bulk crystalline [Fe(HB(pz),),]. The identity
of MIL-101(Cr)@[Fe(HB(pz);),], NH,-MIL-101(Al)@[Fe(HB(pz);),] and MIL-100(Al)@[Fe(HB(pz);),], with
loading of iron complex at 8.11%, 7.42% and 1.64% respectively, were confirmed by AAS analysis. Finally, color
change property of the products were carefully investigated through comparing with pure [Fe(HB(pz);),], and the
results supported that the three novel MOF-based materials with isolated SCO units could be potentially used as anti-

counterfeit packaging materials.

Keywords: metal-organic frameworks; spin crossover complex; anti-counterfeit packaging material
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