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Table 1  Synthesis recipe for Ti-PEG-BTM glass

Organic Linker

Sa’\rﬂfle TltaF'F?'Tc;is;fr)Jz?/zT-XIde Pentaethylene glycol (PEGs) 1,3,5-Benzenetrimethanol (BTM) (T - n(OH) Non(PEG)Non(BTM)
1 142 40 0.030 1.0:1.9 1.00:1.41
2 142 80 0.060 1.0:3.8 1.00:1.41
3 284 40 0.060 1.0:15 1.00:2.86
4 142 30 0.024 1.0:15 1.00:1.52
5 142 11 0.034 1.0:1.5 1.00:5.88
6 142 55 0.011 1.0:15 1.00:0.37

£2 HiEK Ti-MOF KRS K
Table 2 Other linkers used for synthesizing MOF glasses

Organic Linker

Chemical diagram

Pentaethylene glycol

O
Dipropionic acid tetraethylene glycol (DATG)

HO™ OO g~ OH
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Fig. 1 Synthesis procedure of MOF@MOF glass composite materials
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Fig. 2 Synthesis of MOP and its linkers
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Fig. 3 Characterization of Ti-PEG-BTM glass



5255 8 1

R S5 TR EANIIEAG SR AR Z ILE SR

. 2579 -

% FE B 1 H BE(PEG) Al =R RE(BTM) iR (A #l B A
FEZME, HIERK MOF ASEAZA A HENFIFLER
RGP . Ti-PEG-BTM T HAHGHR A&
BRAE, RWFTmMASFIBE MOF & &Mk 134
K% MOF IS5 A& MOF & & MkH& i) ok
e HAL A, Bk 2 RS IS
MOF %% H [ A 75 TR 3R A6 B 4 & 15 s B e A7 1
RREZ WP, R, DA A Y
MOF HJFCARA RIS, B — A S5 74K
CAAN 0 UL )3 4 R T R R B 7 B o AHKT R,
AL E & S8 A EEMY), H58HAS MOF 4
RIRBCAA A AE B AT e . Db AE SRR
P, XA MOF AR e AR s i K .
AT Ti-PEG-BTM Al 2 MOF 2514,
43 HILL Ui0-66, HKUST-1 Al ZIF-8 3 f4: i MOF
NIEERUE RS T ZEME, IRl AT 7 RAE
(WK 4a~KE 6). &5 REW, UIO-66( W I& 4)
HKUST-1( . & 5)7E Ti-PEG-BTM IRt {545 1 #%¢
mS R, RIS E&MEMEILH T IES 355
Mo 77 K B A AR B IE S T MOF 72
AR ORRR TR 4 AR IR B AR T, U

(a) SEM for UiO-66 used in the synthesis

UiO-66@Ti-PEG-BTM
Ui0-66
Standard UiO-66

l

Intensity

Jw

510 15 20 25 30
20/°)

(¢) XRD patterns for UiO-66 and UiO-66@Ti-PEG-BTM

)

g

N, uptake/(cm’-

Bl MOF IS4 25 F I A B N A MOF
(1 FLAE i BO™ HE LB Ze e 0% o 2 I R & P iR S
MOF S5ERFR VY S N BRI & o 1.1 B, MOF 1]
PLEL B34 21 0 0 A /6 MOF BE 38, B &M K
UiO-66@Ti-PEG-BTM. HKUST-1@Ti-PEG-BTM 1]
EL 2 AR 43 51 A 375 mPlg 1 368 m?/g.

5 Uio-66 f1 HKUST-1 A~ [A, ZIF-8 fE
Ti-PEG-BTM eS8 B (LK 6), 45
i T4 S 3 B AT, [0 B o) 25 ) 52 6 AR SR B
KA BERTHROLE 6d). ZIF-8@Ti-PEG-BTM &
EAEHEER AU 68 mPlg. MG Ja FITD 44 51
HEAT M7, AHELT Ui0-66 Al HKUST-1 FIFRERAC /A,
ZIF-8 (1) LRI AR 5 BRI E AL B 77 BE 55, XRD 1%
HR AR DL BB 1) 28 g AH A2 B DR R ke g 1)
SRR A O T A A R T AR T R IR A
MG B BC A S 1A 4r AT, Ui0-66 Al HKUST-1
(AR R HON 2 L T R T Mde ez, T ZIF-8 (1 H
BEBKIE U] 2 FARC AL, 5 52 B REFR I 1 e A7 58 4
FEAERIEE, X M E T XRD B AATH R i
EDIE. DRI nTHEN ZIF-8 7EA %23 T MOF 35
o HIRRB RAE T 45 S RN L R TR PR A

160
140
120 |-

—_

*® (=

(=] (=]
T

60 —e— UiO-66@Ti-PEG-BTM
40 B
20
0 T 1 1 1 1 L 1 1 1 L 1
0.0 0.2 0.4 0.6 0.8 1.0
/D,

(d) N, uptake for UiO-66@Ti-PEG-BTM
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Fig. 4 Characterization for UiO-66@Ti-PEG-BTM
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(a) SEM for HKUST-1 used in the synthesis (b) SEM for HKUST-1@Ti-PEG-BTM
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Fig. 5 Characterization for HKUST-1@Ti-PEG-BTM
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Fig. 6 Characterization for ZIF-8@Ti-PEG-BTM
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(a) SEM image for UiO-66@Ti-PEG; (b) SEM image for UiO-66@Ti-DATG
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Fig. 7 Characterization for UiO-66@Ti-PEGs and UiO-66@Ti-DATG
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Fig. 8 MOP and Ti-MOP composite materials
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Extended Abstract

Introduction  Glassy metal-organic frameworks are emerging types of materials that could combine the modular tunability and high
porosity of crystalline metal-organic frameworks (MOF) and the high processability of glassy materials. However, it remains difficult
to obtain glassy MOF with high porosity. Thus, an alternative design strategy of embedding crystalline MOF nanocrystals into glassy
MOF becomes very attractive to achieve materials with high porosity and liquid-like processability. Glassy materials based on
titanium alkoxides are suitable host material for this purpose, which are easy to synthesis at large scale under mild conditions. Also,
metal-organic polyhedral (MOP), as the molecular analogue for MOF, are also promising material for synthesizing composite
materials. In this report, we developed a series of composite materials made of crystalline MOF and discrete MOP embedded in MOF
glasses based on titanium-oxo cluster nodes and alkoxide linkers, and studied their porosity, crystallinity and morphology, which
would pave the way for developing composite materials based on MOF glasses.

Methods The prototype crystalline MOF, UiO-66, ZIF-8 and HKUST-1 were synthesized through solvothermal condition according
to literature reports. The titanium alkoxide glass is made by mixing titanium precursor, titanium isopropoxide and the corresponding
alcohol linker in alcohol solvents followed by evaporating the solvent at elevated temperature. To obtain the MOF@MOF glass
composite materials, MOF nanocrystals were simply dissolved in the solution mixtures that were used to obtain titanium alkoxide
glasses. The MOF@MOF glass composite materials were then washed out with various solvents and activated with super-critical CO,
drying, and then tested for N, uptake at 77 K to obtain porosity data. The crystallinity of MOF after synthesis were measured by XRD,
and the composite materials were studied by SEM. For the composite material using MOP, the hydroxyl functionalized MOP were
synthesized in a method similar to literature, and then reacted with titanium precursor to produce the corresponding Ti-MOP material,
following by investigation on its surface area.

Results and discussion The UiO-66 and HKUST-1 remain the crystallinity unvaried before and after synthesis. The composite
material of UiO-66@Ti-PEG-BTM and HKUST-1@Ti-PEG-BTM show surface area of 375 m%g and 368 m%g, respectively.
Conversely, ZIF-8 loses its crystallinity in the composite material, which has very low surface area. It is speculated that the ZIF-8
structure is unstable with the coordination competition of titanium alkoxide glass precursors. The Ti-MOP composite material also
shows higher porosity than that of the MOP itself, showing that such synthetic strategy is promising to produce porous materials.
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Conclusions We developed a series of optically transparent glassy MOF made from titanium-oxo clusters linked with multi-dentate
alcohol linkers, which could be modularly designed and synthesized under mild and environmentally friendly conditions. MOF
nanocrystals were succeedingly embedded in the glass to prepare porous composite materials. For UiO-66 and HKUST-1, they
retained high crystallinity and porosity in the MOF glasses, whereas ZIF-8 lost its crystallinity. We also developed composite
materials based on metal-organic polyhedral and glassy MOF, which also showed high porosity. We therefore developed a new type
of MOF glass that could be synthesized under mild condition and showed good compatibility with crystalline MOFs, from which a
series of glass—crystal composite material with high porosity were successfully produced. We believe this research provide new
opportunities for developing porous composite materials based on glassy MOF.

Keywords metal-organic framework; surface area; glassy material; porosity; composite material



