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Syntheses, Characterization and Properties of Metal-Organic Frameworks based on 1,2,4,5-
Benzene Tetracarboxylic Acid or 1,2,4,5-Butane Tetracarboxylic Acid
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Abstract: Three Metal-Organic Frameworks (MOFs) materials, namely, {[Cos(BETA),(OH),(H,0),]- 10H,0},(1), {[Zns
(BETA),(OH),(H,0),]- 10H,0},(2) and {{Mny(BTCA)(H,0);]- H,0}, (3), (H.BETA=1,2,4,5-benzene tetracarboxylic acid;
H,BTCA =1,2,4,5-butane tetracarboxylic acid), have been solvothermally synthesized, and characterized by X-ray
single crystal diffraction, IR spectrum, PL spectrum, and TG/DTG analyses. The results show that the three MOFs
belong to monoclinic system, space group P2,/n. Five-nuclear metal clusters in compound 1 and 2 are linked by
BETA*" ligand to form 3D framework structure, and produce 1D channel with the pore size of 0.990 nmx1.307 nm
along the a axis. The framework of compound 3 is consisted of Mn** ions with BTCA * ligands forming 4,8-c network.

CCDC: 1409602, 3; 1409603 ,2; 1409601 ,3.
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LA FIAR S P T T T AR R B ek,

MOFs A48 B B 55 40008 143 ) R, o7 FH iy
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1.1 B 5k

H A Hitch 2 A F-4600 94643 Y6615 AL ; 38 [H
Perkin-Elmer 2400 CHN JC & 7 #14% ; H 7 5 H A H]
Shimadzu FTIR-8400 £L 4k 6154 ; 74 [ i 5t 23 7
STA-449 #A43-HrAL ; 7 E Bruker 22 7l Bruker SMART
APEX CCD S @it A N/AKG RS A AL AR
2 %F HBETA H,BTCA 34k 5 B 2liil ]
1.2 & R
1.2.1  {[Cos(BETA)y(OH),(H,0),]- 10H,0},(1) [ & &

¥ & 4 02 mmol Co (NO), -6H,0.0.2 mmol
H.BETA 1 15 mL 7K i W 7E % K #% 1 5 #F 30
min, - FHZ0OK AT pH (£ 7~8 Z [0, 4k 224 F 30
min, RJEHEBERR IR G R B 25 mL Al AR
VSR C AT IS K B 48 v ) JindAE] 140 °Cnfk
72 h, BIFFEIRZ 100 °C, IR I1E 10 h, BARR =
AR IR AR A B, o 0E BRI T B R
i, PPHE 7%, TR HTHE CosCyOsHy THE I RIS
{5 (%):C, 22.98; H, 2.89; SLHA{H (%):C, 22.91; H,
2.82,
1.2.2  {[Zns(BETA),(OH),(H,0),]- 10H,0},(2) /1 & 1

2 A S 121, 2R Co(NOs),-6H,0 ik
Zn(NOs),- 6H,0, TLaER ik | 7= 2 75% , TR 07
% ZnsCoOsHs HHHE M HNSAE (%).C, 22.29; H, 2.81;
SHE(%) - C, 22.16; H, 2.87,
1.2.3  {[Mny(BTCA)(H,0);]- H,0},(3) 1 & 1k

3MAEME 1281, H2H Co(NOy),-6H,0 4 h
MnCl,-4H,0 , ¥ B A4 HBTCA, Jo (A Hetk & ik |
FEH 68% ., TCE S BT HE Mn,Cs0pH o T3 1 38 {E
(%):C, 23.55; H, 2.47; S804 (%) : C, 23.64; H, 2.53,
1.3 BRESEHENE

W ST 43 511 20 0.15 mmx0.10 mmx0.09 mm
(1).0.17 mmx0.14 mmx0.11 mm (2)F1 0.21 mmx0.20
mmx0.19 mm (3) 19 & 44 | H] Bruker SMART APEX
CCD HL S AT AR SR Bl . R & ss ik
1 Mo Ka %14:(A=0.071 073 nm), 1 ¢- #1552
43 A 7E 5.96° ~58.22° |5.7°~58.26° .6.0° ~50.18°(26)
0T 293(2) K WCHEAT S L, A7 5 R BE
SADABS F2 J¥ i 17 2 5 W i A I 1, 45 A
SHELXS-97 & 77 i b B 42 v fig 1120 b R U5+ A
LA ) SR UL BE IR F ) SHELXL-97 2% #E 47 4 40
M die /N B IERY T A SR e A, A
KA IR ES R G R W3 1,

CCDC:1409602,1; 1409603 ,2;1409601,3,

F1 KEYWI123HWREFHIE
Tab.1 Crystal data of compound 1, 2 and 3

Compound 1 2 3

Empirical formula Co5Ca03Hs ZnsC03Hy Mn,Cs0,,H o
Formula weight 1 045.10 1077.48 408.03
Crystal system Monoclinic Monoclinic Monoclinic
Space group P2./n P2\/n P2.\/n
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Continued Table 1

a/ nm 0.741 20(2) 0.743 74(2) 0.823 65(6)

b/ nm 1.646 66(3) 1.642 83(3) 1.228 68(8)

¢/ nm 1.450 28(3) 1.455 30(3) 1.305 41(6)

B/ 95.352(2) 94.837(2) 98.345(6)

VI nm? 1.762 36(7) 1.771 81(7) 1.300 9(14)

A 2 2 4

D./ (g-cm™) 1.678 72 1.730 2.063

F(000) 870.0 900.0 840

GOF 1.068 1.028 1.075

w/ mm™ 2.383 3.414 1.997

Reflections collected 8 154 8 454 4 495

Ry 0.026 3 0.025 5 0.0259

Observed reflections 3393 3373 1 956

Data, restraints, parameters 4053,0, 214 4074, 0, 214 2329, 3, 211

R [I>20(1)] 0.034 9 0.033 5 0.050 3

wRy [I>20(1)] 0.099 2 0.090 4 0.146 2

R, (all data) 0.042 7 0.042 3 0.066 2

wR, (all data) 0.103 8 0.094 0 0.164 5

" Ri=ZNEHFNZEIF " wR={ X [w(F=F27Y X [w(F)]) "™
) HEEER®D SRS LA 1 RS K AR L% 2 % 3.

1 S Y 1 YRR IRES & 6 2 S BCfr 2 A

2.1 RiEENHEL K 3 k&%) 1 BRI G 1T P 1 A 2 g

AREER TR A L R 2 K, BT B DEE TS 6 MRS HE TR 6,
RHBER P2/ S HEE, X HELMEAY 1 RODRRE i =R A U I B \ A X R s ] Ay 2

F2 UEWIMEZEEKOmMER(C)
Table 2 Selected bond lengths(nm) and bond angles(°) for compound 1

Col-05 0.205 9 Col-01 0.207 41 Col-011 0.212 58
C02-01 0.201 93 C02-06 0.206 2 Co2-02 0.207 3
C02-07 02118 C02-08 02127 Co2-09B 0.234 8
C03-03 0.205 7 C03-09 0.206 7 C03-01 0.209 2
Co3-011 0212 6 C03-010 0.220 0
01-C02-02 99.17(8) 01-Co2-08 142.87(8) 06-Co2-09B 156.92(9)
06-Co2-02 85.93(10) 06-Co2-08 99.13(10) 02-Co2-09B 89.85(9)
01-Co2-07 96.28(8) 02-Co2-08 85.84(9) 07-Co2-09B 93.36(9)
06-Co2-07 85.15(11) 07-Co2-08 83.00(9) 08-Co2-09B 57.89(7)
04-C03-03 97.14(10) 09-Co3-01 96.21(8) 04-C03-010 80.96(11)
04-C03-09 170.91(10) 04-Co3-011 90.36(9) 03-C03-010 83.1(1)
03-C03-09 88.44(9) 03-Co3-011 171.66(9) 09-C03-010 92.66(10)
04-C03-01 90.38(9) 09-Co3-011 84.58(8) 01-C03-010 171.03(9)
03-Co3-01 95.79(9) 01-Co3-011 80.47(8) 011-Co3-010 101.75(9)

Symmetry code: B :1-x, -y, 1—z
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Table 3 Selected bond lengths(nm) and bond angles (°) for compound 3
Mn1-03 0.213 3 Mnl1-010 0.2152 Mn1-05 0.220 1
Mnl1-01 0.221 6 Mn1-04 0.222 4 Mnl1-O6H 0.224
Mn2-09 0.213 4 Mn2-011 0.217 3 Mn2-08 0.217 5
Mn2-02 0.222 2 Mn2-07 0.224 9 Mn2-01 0.2355
03-Mn1-01 88.48(13) 05-Mn1-04 88.26(17) 01-Mn1-O6H 87.09(13)
010-Mn1-01 85.20(13) 01-Mn1-04 170.04(14) 04-Mn1-O6H 99.33(14)
09-Mn2-011 83.56(17) 08-Mn2-02 174.34(13) 09-Mn2-01 163.36(15)
09-Mn2-08 90.62(16) 09-Mn2-07 139.75(16) 011-Mn2-01 79.81(14)
011-Mn2-08 86.98(14) 011-Mn2-07 136.36(15) 08-Mn2-01 89.20(13)
09-Mn2-02 88.90(15) 08-Mn2-07 87.42(13) 02-Mn2-01 92.87(12)
011-Mn2-02 98.57(13) 02-Mn2-07 89.31(13) 07-Mn2-01 56.86(12)

Symmetry codes: H: 0.5-x, —0.5+y, 0.5-z

08

O11A

Symmetry codes: A: 2-x, —y, 1-z; B: 1-x, =y, 1=z; C: 41, y, z; E: 5 x—1, y, z; F: =x+5/2, y+1/2,-2+3/2; H: —x+5/2, y—-1/2, —2+3/2
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1% ,02.07 .08 .09B >k H T° BETA* YR HE 4 ; Co3
MBS AL AR5 01,010 K H T 3% 5 b iy S 5 ie fr
7K ,03.04.09.011 3k A F BETA* LR ILE ,
F 1A, Co-O ML SR TP i K h 0.234 8 nm,
AR 0.202 6 nm, 5 SCHERHGE (19 & B R FE TR
AW ARTT . B3 ol 0L 1 DL R R o 4
J&AT A, LA BETA* i 8288 | R F U 42 7 5K B
1,6-c M4 HARINMTS R4 6% 4G 11 o BT
mEA 1D fLiE, fLEK/INH 0.990 nmx1.307 nm,
LT A K A KA

TEE W 11 R 25 ) 1] (5090 W Bk Ak 5
Crystal structure of the compound 1 shown as 50% thermal ellipsoid probability

G 3 KA IR 3, K 4 kG
Y 3 W iRgS L LS SR 2 E AR EL B 6 Rk
G 3 AN I 4 FiE S LA iz Ak A
R WAL EY, TEEY 3 ,Mn A 2 FIECAL
I Mnl 5 6 545G T8 oS BE AL i /\ I A 25
¥ Mn2 5 5 SRR T 45 G oS iR, 7E
Mnl BBECAZEFREE T 04,05 R A TR AE ,01,
03 .06H.010 % H BTCA“R I ; 7E Mn2 AL {7 R
i ,02.07.08.09 AT BTCA* T HRF A 011
K HAKHE, &3 A Mn-O MK PR KN
0.235 5 nm, MK 0.213 3 nm, 5 CHEREM &
R ER TS P KA B IE 6 v LLAE
11,3 A Mnl #1 Mn2 A4 )89 40, DL BTCAY b 4%
R NGER T K 4,8-¢c M4 N5
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Symmetry codes: A :2-x, -y, 1-z; B :1-x, -y, 1-z

2 &YW 1 Col Rz £ {4 4]
Fig.2 Coordination polyhedron for Co" in 1

3 a1 2 fnh i E
Fig.3 Topological net of compound 1 and 2

Symmetry codes: B : 0.5-x, 0.5+y, 0.5-z; D: =0.5—x, =0.5+y, 0.5-z; E :=0.5+x, 0.5-y, —0.5+4z ; G :—x, 1-y, —z; H :0.5-x, -0.5+y, 0.5-z
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Fig.4  Crystal structure of compound 3 shown as 50% thermal ellipsoid probability
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Fig.7 Infrared spectra for compound 1, 2 and H,BETA
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Fig.8 Infrared spectra for compound 3 and H,BTCA
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Fig.9 Emission and excitation spectra for H.BETA
(a, b),compound 1(c, d ) and compound 2(e , f)
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Fig.10 Emission and excitation spectra for H,BTCA
(a, b) and compound 3 (c , d)
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