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Fig. 1 Ilustration of the Ui0-66 structure. The big sphere and small sphere represent the void regions inside the

octahedral and the tetrahedral cages, respectively. Hydrogen atoms on the organic linkers were omitted for

clarity™’
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FE—AE LR FZ A R 2R, RIJR 5 7], AN [R] 2R 08 55 7]
ARSI AT A it A A 3% 1) 2 7 A8 2 P o7 B A5
T E YR , T2 Ui0-66 1% G i,
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Fig.3 The SEM images of UiO-66 obtained with varied additive amounts of benzoicacid >
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Additive amount of HF

13.6 mmol/L

Concentration of reactants

18.2 mmol/L

27.2 mmol/L.
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Fig.4 The SEM images of UiO-66 obtained with varied additive amounts of hydrofluoric acid and concentrations of

[30
reactants" !
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H,BDC-Br H,BDC-NO, 4 & H,BDC-( CH, ), 45 5 id Th AL A1 1 51 AR AE Ui0-66 (14 3 u b 2%
PRI DIREALR Ui0-66-X {45 T 5 UiO-66 AH [ 1) f AR Z5 A AR F 544 , (H 2 L SR i AR 2 R D) R S AT 1
ATFAE 1500 ~600 m’/g 22 i) 7= 4 22 5 o (RBURI S AR B K A T RE LT, 4i—Br F1—NO, 1951 AV /N T
Ui0-66 254 HFLIE Y [ %3 (7], 33 Ui0-66-Br Al Ui0-66-NO, i Lt % i AL LU Ui0-66 A T ¥ 4 ; T
Ui0-66-NH, FFL it %5 [7] 52 —NH, (2 i8N, Al {5 5 Ui0-66 A A F AL 27, FeRe e M)y i,
Ui0-66-Br 5 Ui0-66 FH{EL, 54 AT 7E 450 °C R R F5FE , i Ui0-66-NH, 55 UiO-66-NO, [1) £ & 1 AH X 4%
K, 7£ 350 C L5 TF 16 53 fifk
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CAT-BDCZE# Ui0-66 2§W*EQ%I3§J\H2BDC, T —OH 3L P 15 3 5] Ui0-66 |, 1531 Ui0-66-CAT ( i,
Bl 5) o Ui0-66-CAT AL B T Ui0-66 #5 i 1 45 5 B2, 1 5[] 28 46 HE ] 1) Ui0-66-CAT [A]#f H A
968 m’/g#l 1206 m’/g [ HL & I B, UESE T —OH (51 A JFIE LA CAT-BDC 35 25 8 & 15 2% I X A7 78 T
Ui0-66 fLiBH . Bl IZFFE4L ™™ (6 A R 09 05 1 6 2, 3- - #i 5L % % — iR (TCAT-BDC) 15 Ui0-66
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—HSILH NS 428 Pd I BIHE T, Hi45 T B &R A7 2 [ Ui0-66-PATCAT,
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Fig.5 The synthesis scheme of the UiQ-66-CAT
_L‘
2 Ui0-66 FYN Al

2.1 MR
Ui0-66 PRI HAR g 1 HU AR TR R TR AR FL 28/ LA B 5 L 118 205 A A o ek S5 R A, R B T A 6 %



54 1] S AT R AE PR B AT ML R Ui0-66 (1945 -5 1 H 371

KN HTERE, 1 T AM TR 5T 240880
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Ui0-66 7 200 ~330 CHULFRI S48 P 2 5t 72, Zr-0 4@ 7% A Fi—OHLL H,0 i B I, Zr N
NI IR 3878 h L B BB R B4k Ui0-66"*" | Wiersum 25 BFSE T B2 L4k 55 18 35 AL 1 25 4
X} Ui0-66 S AR B PHERE A2 o B 5%, b AT T3 1 52 34k i Ui0-66 7E 25 F1 80 °C T 1 7K 78 < W -
FRHIG IR I 25 SRR AT, Ui0-66 (152 4k 15 i 6 3L £k R A 485 44 0T DUAE — 2 W3R8 N A B 4% Ak, O HL AR FF
ZERRRE o HAR AN [RIFE B I Y2 A 1Y Ui0-66 #E4T 1SR R J1 T /Y CO, .CO F1 CH, M B, 45
L0 R FHAL S IR I AL [ 4548 22 e I AR 2 X Ui0-66 119 W5 ft RE 7 72 A BH S8 [ 52 o 1 %o A PE S AR
B, 4 CO, ,Ui0-66 B th 5 NaY 430 AH I i W B e 7, I LR BN 35 28 fh HAL B R85 £ ], A
FEIE A5 CO, bR A, X AHi75 Ui0-66 B8 55 FAk o il b il UL, 56 T @ ke 1 s 2 LY Ui0-66
S ERBIRR AT RE L B R0 CO, W 3 2 — . Lau 257 il 4 J5 £ S #9548 Ui0-66 Hf 431
Ze W Ti BUR B T Ze-Ti W4 J& MOF 47 CO, M, 45 SRR W, i 1P /ING Ti U Ze 5, 451
HOE R T R N F Ze— OB Ti—O 8, 3 350 0E /\ i (AR R L& A FLAR Ik /)N 1 1 DY i 44 U L3 PR Hp AN AR
Eb R AR FLIARFRBE Z 3890 o 46/ N FLAR A OB 28 T CO, 3R B FLAZ , I H T A3y CO, 14
ot I A ol I 2R T 2 [ A% 356 B 22 A RUCE BB R 3 IR B RE JT 0 O C T CO, R IZ B 45 R i 7, 56 % Ti
B Ui0-66 fMEFf 54 4 mmol/g, A L TE Ti B UiO-66 WY B RE T4 5 81% o AN[FIBCIATIREAL 1Y
Ui0-66-X X CO, () 1 Bt 5 7% H— &2 19 22 5 . Huang 25 9 S5 BF 58 T Ui0-66-( CH, ), , UiO-66-NH, |
Ui0-66-NO, L & UiO-66-Br7E 0 120 °C,0. 1 MPa 4 Wl CO, AyPERE . SLE0 45 R B/ (WLIE 64,6B) ,
—(CH;), .—NH, Lk 2 —NO, 3t A 59 51 A #B 7T DLOA [6] #2 B L 38 @& % CO, iy i fff gE J1, H
Ui0-66-( CH, ) , W B RE o d5c i , A EL Ui0-66 #2555 T 33% , ifi—Br U 2 B AH S 9/EFH . WE 6C AT
th, Ui0-66-( CH, ) , HAT Fe i 19 CO, 55 1 W B A2 FL B I W B PR BB %) 2 2 S IR o pl Rl L, AT DA 3ol 3
245/ Ui0-66 FLAR I 7 1k 4 = X CO, i B fig

40

:

O, /(kJ - mol™")
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V/(em?-g™h)

0 I 2.0 l 4.0 ‘ 6;0 I 80
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K16 20 C(A)FN0 °C(B)Ui0-66-X [ CO, M 4R S Ui0-66-X FIRIF CO, B2 % [k B 2k (€)1

Fig.6 CO, isotherms at 20 C (A) and 0 “C (B), and calculated isosteric heat of adsorption as a function of CO,

uptake (C) for Ui0-66 MOFs. UiO-66-(CH,),, pink( M) ; UiO-66-NH, , blue( A ) ; Ui0-66-NO, , red( @) ; UiO-

66, green( @) ; Ui0-66-Br, black ( )"

JIHh,Ui0-66 [ B (M It ] ASE R X CO, B W B o Biswas 45 JEUOL A B T HE A 1) R L 1A
—S0,H,—CO,H}z—I) Ui0-66-X, Horh—S0,H . —CO, HJm TR RE ], — DR AR SE AT, JF % 48 13X
3 FhIEHTXT Ui0-66 5 T e FfF CO, Y52, 7533 °C,2. 5 MPa 254 T, Ui0-66-X Xif 541 fjy CO, i
W B BE 1 & Bk Ui0-66-CO, H > Ui0-66-S0, = H-Ui0-66 > Ui0-66-1, Ui0-66-CO, H [ it 5 W [t 5 Ky
6.4 mmol/g, X — LI AE R G HISEHBLS TS AR A1 o Wbk L —CO,HA—SOH i 5] A SR
R T Ui0-66 (1 L £ MR, {H & Ui0-66-CO, H & UiO-66-SO, HHA M 1 5T (1 45 14 S 1T v] ARG finxt €O,
(IR o AH St , UiO-66-X St 528 47 CH, 1 W B Rl 77 0] 3= B2 B e T AL 485 4, ELAAC IR 86 e 0 I 2 3y
Ui0-66 > Ui0-66-CO,H > Ui0-66-1 > Ui0-66-SO,H , Ui0-66 [ &t = W it &4 3. 2 mmol/g., 1fj 3 Fh I fEfL
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Ui0-66-X 7£ CO,/CH, JRA SR S S2 56 v, Xt CO, i EpEAR AT 1k 3] Ui0-66 11y 2 f%.

B T CO, B MR A, o8 A 58 138 T i Ui0-66 i Ak & 18 A CeCl, 1531 Ce #5251
Ce-Ui0-66 , iff 55 T HXF NO, U B RE . Ce PIRE S im L Ml 5 B 2R S Mk B 5 Ze e e o7 1) Jy =K%
Ui0-66 MZ5H AT IREE , SEg0 K 4B A% Ce AT DIAE—E FE AL 32 Ui0-66 (1) L3R AR ALEFLIA TR, IF
HXF AL i A — E R, 5 Ui0-66 # I, Ce-Ui0-66 7£ % I T i NO, & FiBE 1148 5 T 25%
Moreira 25V SRBIFSE T Ui0-66 it — FF 2% [ 22 90 1) W AP i, il ] S0 360 BIORS A L 485 B 8 46 T 25 1
Ui0-66 57T L) i 7 % 41— FR AR S e BFF , 1 % ke — FR 2R U5 AG e AU A WO B
2.2 &4

H T Ui0-66 Z5# 4 HA B Ze B RO =5 1Y L BRERTENL , LA & B B L &5 F4 Fn k=4 T B
PCEERE A, AR A A A 0 35 A v 07 0 A A T M 2 0 ) R A TR

Vermoortele %2 ) Ui0-66 J Ui0-66-NH, ff: MERHEALH , BFE T HAREALE HIBE ( BA) 5 Bel (HA)
FEREAE A A B oen-I IR P (JA) W O, RV HNTF

O
O
o 1 ~ H
@)J\H N /\/\/\f _ @/\&\/ + H,0
H IA
BA HA 2
H O
+ H,0
Z

FILER KB, Ui0-66 F UiO-66-NH, 75 fb i B 4 Ak 16 A AR FE 2L A 52 M . 43S P 150 “Ciffk
JE ) Ui0-66 R fEAFIT, SO 1 h 5 HA B30, 30% , 4848 300 C 5243 {51k f5 Ui0-66 [1§% 1%
AT E 42% 5 PR AL T R AL FES (1 Ui0-66 58 HL AT 80% 2247 11 JA S M4, 1i LA Ui0-66-NH,
AL ] S e s AR TS P . 2550 150 CIEALIG 1Y Ui0-66-NH, [t HA #5403 55 25, k1 67% |
1117 5 i B 25 5 AR IS A UL0-66-NH, AUA 38 % (1% Ak 2% 5 Al L Ui0-66 , B F i 4k J7 vk 4L 2% Ui0-66-NH, 1)
A = JA BEREE RN, 2978 90% . Ui0-66 5 Ui0-66-NH, fi#: fb 14 BE 11 22 5 v] LASFE By - 5 T 1 1k
AR BRI AT Ui0-66 , Hgh by i HAG T Z e 7 AN RN Ze A7, P BB PESRS I, AL TG PE 3 i, (H 2
SEAJB R L 1Y) Ui0-66 iR R id 2 & B BCH AR ) JA SRR TR B A A B —NH, S Y
Ui0-66-NH, J& T BR B 15 1 07 [FI B A 72 B AR 0, BR R A Ze 57 0] LA Al 2% YRS, (] st P %) —NH, 32 (4]
AT LG A 1 B, Xt (i 45 UiO-66-NH, B A7 8 4L 4 ) AL 3% . Chung 45 LI —SO,HIh figfb 1
Ui0-66-S0, HYE Ayt — F 2% 5 % H ik S8 A1 Friedel -Crafts lS 35 16 2 I A4 A 51, [R)RE & B T Ui0-66 25 44 frY
etk S AT A BRI R o AT 20 08 R AL A5 RN 5 B S 4 1) 25l 4% T Ui0-66-SO, H il 1+
NH,-TPDFF & BLUI0-66 ££1E B £ 11 55 th 2538 R 17 , Ui0-66-SO, HI| ELA T8 £ (s W 7, J5 A & i 15 5
[ UI0-66-SO, HI¥ SR it e i o A HEAL R B ROV Z5 R (L3R 1) SR, B R ik de 5 1 Ui0-66-SO, HIELAT fix

®1 TEBELHNE_PESERBRERNER™

Table 1 p-Xylene acylation with benzoyl chloride using various acid catalyst!™’

Entry Catalyst Benzoyl chloride conversion/%

1 Blank -

2 H,80,“ 68.5
3 HBEA(Si/Al=12.5) 46.0
4 Cu-BTC 36.4
5 MIL-101 ( Cr) 21.4
6 Ui0-66 17.2
7 Ui0-66-SO; H ( grafting) 40.8
8 Ui0-66-SO; H (solvothermal) 55.7

Reaction conditions catalyst (0.05 g), p-xylene (100 mmol ), benzoyl chloride ( 16.7 mmol ), tetradecane (0.5 g), 403 K, 4 h.

@.0.005 mmol H,S0, was used as a homogeneous catalyst.
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R R F RS AL, T UL0-66 M AL SRR AIK . AT 5, B SR Ui0-606 S R hy I8 £ 7] 1) A1 Ak P
K FAL G R PE AL (E 2 DB R4 SR o] DUA B LB (R v A

Ui0-66 P BHE S A Ak )7 Tt B A — 2 1
MM . FL7E 2010 4, Silva 2854 % B Ui0-66 F13)
Aefbny UiO-66-NH, 127 A 4F k75 F i L /K 5 HH s/
IR T e L7 . Ui0-66 1y 4541
g (WA 7) Bn H B AT R AME (A <420 nm) i
TR . L Ui0-66 AL, A 78 /G R
SR, P/ 7KV R T T PR B 7 2 2 R B A s A
FF H, 2 p, T Ui0-66-NH, i F HLAT 5 L 11 o
—NH, [T, HE AN REAE 360 ~ 440 nm Ab ) 4 200 300 200 300 600
SR, A UO-66-NH, RO o PG ———
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Table 2 Oxidation of 2-heptanol on Cr-based catalysts!*’

Entry Catalyst Cr/% ( molar fraction) MOF/ % ( molar fraction) Solvent Time/h Yield/% *
1 Blank 0 0 CgH;Cl 24 8
2 Ui0-66 0 2 Ce¢HsCl 24 8
3 Ui0-66-CAT 0 2 CeH;sCl 24 12
4 Ui0-66, K,Cr0,¢ 0.08 2 CgHsCl 24 12
5 K, CrOy 1.5 N/A CgHsCl 24 35
6 Cr(acac), 1.5 N/A CgHsCl 24 28
7 K, C10,/catbde 1.5 N/A CoHsCl 24 35
8 Ui0-66-CrCAT 1 2 CgHsCl 24 99
9 Ui0-66-CrCAT 0.5 1 neat 8 99

a. Reaction conditions:1 mmol 2-heptanol; 1.3 mmol TBHP in 1 mL chlorobenzene( or neat) at 70 °C ; b. based on GC-MS analysis; c. UiO-
66 was treated with K,CrO, at pH =3 and rinsed extensively with fresh H,O and MeOH before testing as a catalyst.
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Fig. 10 The SEM images of nUi0-66(A) , PtCnUi0-66(B) and Pt-on-nUi0-66( C) !
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Preparation and Application of High Stability
Metal-Organic Framework UiO-66

HAN Yitong®, LIU Min*, LI Keyan®, ZUO Yi*, ZHANG Guoliang’ , ZHANG Zongchao*, GUO Xinwen""
(“State Key Laboratory of Fine Chemicals ,PSU-DUT Joint Center for Energy Research ,
School of Chemical Engineering ,Dalian University of Technology ,Dalian ,Liaoning 116024 , China ;
"College of Biological and Environmental Engineering , Zhejiang
University of Technology ,Hangzhou 310014 , China ;
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Abstract  Metal-organic frameworks ( MOFs ) are a new class of hybrid porous ecrystalline materials
constructed from metal-oxygen clusters with organic linkers, creating three dimensional ordered frameworks.
As porous materials, MOFs usually possess very high surface area. The framework topologies and pore size of
MOFs can be designed via choosing various metal centers and organic linkers, their chemical properties can be
modified by chemical functionalization of linkers and post modification. These unique characteristics make
MOFs one of the research hot spots in the fields of chemistry and materials, and they have shown potential
applications in various research areas. But there is a crucial weakness which hinders the development of
MOFs, namely, the low stability. However, zirconium-terephthalate-based MOF UiO-66 has remarkable
hydrothermal stability, the framework is claimed to be stable up to 500 °C, and it is also highly resistant to
many solvents. UiO-66 has gained great attention since the outstanding qualities. In this review, details of the
synthesis modulation and functionalization of UiO-66 are presented. In addition, the research actuality and
prospective of UiO-66 in the fields of adsorption, catalysis, etc. are also discussed.
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