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Syntheses, Crystal Structures and Properties of Coordination
Polymers Built from a Semi-rigid Tripod Carboxylic Acid
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(New Energy (Photovoltaic) Industry Research Center, Qinghai University, Xining 810006, China)

Abstract: By using a semi-rigid multidentate carboxylate linker 3,3",3"-(((2,4,6-trimethylbenzene-1,3,5-triyl)tris
(methylene))tris(oxy))tribenzoic acid (HsL), four coordination polymers, namely, {[Cds(L),(H,0),]-5DMF -6H,0}, (1),
{[Cos(L),(H,0),] - 2DMF - 6H,0}, (2), {[Mn;(L),(H,0),] -3DMF -6H,0}, (3), {[Zns(L)>(H,0),]-5DMA -5H,0}, (4) were
obtained and characterized by single crystal X-ray diffraction, thermogravimetric, elemental analysis, thermal
analyses, IR spectra and fluorescence. Four compounds are isostructural with hourglass M; clusters and L*-
ligands as secondary building units (SBUs) to form a pumpkin-shaped metalorganic nanocage, and possess a
three-connected node (3,3,6)-connected 3D network. Compounds 1 and 4 exhibited strong photoluminescent
emissions at room temperature with a peak at 385 nm, owing to a ligand-centered excited state. The emission

intensities of the compound 1 varied upon contact with different solvents or analytes, exhibiting selective

emission quenching responses towards nitroaromatics. CCDC: 1041419, 1; 1041420, 2; 1041421, 3; 1041422, 4.
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HiEMH, ¢ HN L ZE 50 WL H Elementar

Vario MICRO JTR 7L, £LAMGHE (FT-IR) i
KBr & F ¥ 7E Bruker Vector 22 £L 4h 6 %A%
BT (TG-DTA)E AT P (B A 100
mL-min™) f# ] Perkin-Elmer #8740, it B2
16 [l 30~800 C, FHEHEZEN 10 C-min', HAK X
4 A0 S (PXRD) W X - Bruker D8 Advance, H
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W3- AR R AR (2.28 g,15.0 mmol), 1,3,5
-tris (bromomethyl)-2.,4,6-trimethylbenzene (1.95 ¢,4.88
mmol), K,CO; (3.32 ¢,24.0 mmol)#1 0.15 g 18-7&-6 fil
AZE| 50 mL % THF 7, @& gl A3 T 60 CHid
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T o (1 2) ER SR S5 H AT TR DT SR E TR 4
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I{E (%) C,68.22;H,5.49,,'"H NMR(500 MHz, DMSO-
dg):8 13.00 (s),7.61 (s,3H),7.59 (d,3H),7.47 (t,3H),
7.33(d,3H),5.19(s,6H),2.38(s,9H).,
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Fig.2 Powder X-ray diffraction patterns of compounds 1~4
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1. 0 R T S (3% CoH sNsCdy05 1153, %) .
C,49.08;H,5.33;N,3.53, SCi{H (%).C,48.75;H,
5.44;N,3.08, IR(KBr,cm™):3 422(w),2 928(w), 1 655
(m),1 598(w),1 567(s),1 436(m),1 392(s),1 314(w),
1 281(w), 1 236(s),1 106(m),1 007(s),988(m), 804(w),
768(s),683(w).

2. L E ST IR E (P CHuN,Cos05 15, %)
C,53.97;H,5.28;N,1.75, SZMI{E (%).C,53.46;H,
5.12;N,1.84, IR(KBr,cm™):3 425(w),2 930(w), 1 657
(m),1 598(w),1 567(s),1 438(s),1 395(s), 1 314(w),
1 282(w), 1 237(s), 1 109(m), 1 007(s),986(s),796(w),
767(s),683(w),

3. LR AT IS AE (% CosHyNMnyOy 1155, %)
C,54.15;H,5.51;N,2.52, SZi{H (%).C,53.89;H,

5.51;N,3.08, IR data(KBr,cm™):3 420(w),2 928(w),
1 662(s),1 599(w),1 560(s),1 437(s),1 393(s),1 313
(w),1282(w), 1 238(s),1 126(w),1 007(s),979(w), 804
(w),767(s),682(w),

4. T FE M HHE (3 CyH 1 3NZns0y 115, %) C,
54.56;H,6.01;N,3.69, L M{E (%) C,54.77 ;H,5.73;
N,3.25, IR(KBr,em™):3 421(w),2 929(w),1 655(w),
1 600(w),1 559(s), 1 436(s),1 392(s),1 313(w),1 281
(w),1 237(s),1 125(m),1 007(s),987(m),804(w),766
(8),682(w),
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FE )P AT 2549 F SHELXS-97 2 7 B H2 1 6
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Table 1 Crystallographic data for compounds 1~4

Compound 1 2 3 4

Empirical formula CyiHsNsCd305, CHuN,Co302 CsHoiN;sMn305 CysH/13NsZn305
Formula weight 1 981.95 1 602.23 1 663.34 1 804.91
Crystal system Trigonal Trigonal Trigonal Trigonal
Space group R3¢ R3¢ R3c R3¢

a/nm 3.892 44(15) 3.861 03(8) 3.864 8(2) 3.876 30(18)
b / nm 3.892 44(15) 3.861 03(8) 3.864 8(2) 3.876 30(18)
¢/ nm 5.995 2(3) 5.942 1(3) 5.984 4(3) 5.947 1(2)
V/nm? 78.664(8) 76.714(4) 77.413(7) 77.387(6)

A 36 36 36 36

0 range / (°) 2.20~21.75 2.22~18.64 2.22~27.41 2.21~18.64
u/ mm™ 0.777 0.632 0.489 0.885

F(000) 27 288 25 020 24 804 25 344
Reflections collected 156 882 153 818 211 187 154 236
Independent reflections 17 191 16 780 16 937 16 919

Riu 0.087 8 0.059 0 0.097 5 0.073 3

R, wRy (I>20(D)
Ry, wRy" (all data)

Goodness of fit on F*

0.0512,0.135 1
0.062 5, 0.136 2

1.090

0.047 7, 0.162 7
0.066 6, 0.165 5
1.040

0.042 3, 0.106 5
0.055 6, 0.107 3
1.051

0.055 8, 0.146 4
0.081 4, 0.148 4
1.078

Ri= ZNFFNZIE), wRo=] Zao(F =F2F Xaw(F)*”

x2 WEEY1IMHBSERKOm) . BRBEC
Table 2 Selected bond lengths (nm) and angles (°) for 1

Cd1-01 0.229 4(3) Cd1-02 0.247 3(3) Cd1-06" 0.218 6(3)
Cd1-09" 0.209 0(3) Cd1-01WA 0.214 0(7) Cd1-01WB 0.260(7)
Cd2-02 0.228 1(3) Cd2-05" 0.225 1(3) Cd2-08" 0.223 0(3)
Cd2-010 0.226 3(4) Cd2-014" 0.230 8(3) Cd2-017 0.236 2(3)
Cd3-011 0.222 1(3) Cd3-014" 0.228 3(3) Cd3-015" 0.260 8(3)
Cd3-017 0.251 8(3) Cd3-018 0.230 0(3) Cd3-02WA 0.217 0(6)
Cd3-02WB 0.223 0(5)
09°-Cd1-01WA 101.40(16) 09"-Cd1-06" 110.61(13) 01WA-Cd1-06" 90.00(2)
09°-Cd1-01WB 95.90(16) 01WA-Cd1-01WB 9.00(3) 06"-Cd1-01WB 85.00(2)
09°-Cd1-01 134.56(13) 01WA-Cd1-01 105.90(14) 06"-Cd1-01 105.14(13)
01WB-Cd1-01 114.70(14) 097-Cd1-02 97.73(12) 01WA-Cd1-02 158.60(14)
06"-Cd1-02 92.42(12) 01WB-Cd1-02 166.20(15) 01-Cd1-02 53.02(11)
08-Cd2-05" 94.50(12) 08"-Cd2-010 92.16(12) 05%-Cd2-010 170.68(12)
08"-Cd2-02 101.20(11) 05"-Cd2-02 87.88(12) 010-Cd2-02 84.44(13)
08"-Cd2-014" 92.03(12) 05%-Cd2-014" 88.55(12) 010-Cd2-014" 97.73(12)
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02-Cd2-014" 166.53(11) 08-Cd2-017 167.05(12) 05%-Cd2-017 91.38(12)
010-Cd2-017 83.45(12) 02-Cd2-017 90.52(11) 014*-Cd2-017 76.58(11)
02WA-Cd3-011 94.60(12) 02WA-Cd3-02WB 2.00(3) 011-Cd3-02WB 95.10(10)
02WA-Cd3-014" 150.10(14) 011-Cd3-014" 101.47(13) 02WB-Cd3-014" 151.60(11)
02WA-Cd3-018’ 95.30(15) 011-Cd3-018i 139.03(12) 02WB-Cd3-018! 93.40(13)
014"-Cd3-018’ 89.05(12) 02WA-Cd3-017 131.40(16) 011-Cd3-017 90.79(12)
02WB-Cd3-017 129.20(14) 014"-Cd3-017 73.96(11) 018-Cd3-017 53.97(12)
02WA-Cd3-015" 102.90(16) 011-Cd3-015* 90.28(12) 02WB-Cd3-015" 105.10(14)
014"-Cd3-015" 52.42(11) 018-Cd3-015" 125.70(11) 017-Cd3-015" 125.36(11)

Symmetry codes: ' —y, —x, 1/2+z; " —x+y, —x, z; "y, x, 1/2-z; ™ 2/3—y, 1/3—x, =1/6+z; ¥ —y, x—y, z; * 1/3—y, 2/3-x, T/6+z; " x—y, —y,

0.5-z; " 2/3-x, 1/3-x+y, 5/6-z

2 HR5WR
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R TR LS R /NS R B IT AL TR .3 A A ik
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I3 F W 3 d(a) T, Cd1 FHES T2 h i — 1 XL
HE LT EC A A7 A Bl st 1 KRSk E 3 A4
L FCARAY 4 DSRFLEEF RN, Cd1-0 Ay HRK Y
& 0.209 0(3)~0.247 3(3) nm, Cd2 FHE§F 2 /\ 1 f£&
BC LA 7Y A3 iE ok B 6 S AN FECR LY 6 MR

Cl6
1

Thermal ellipse at the 50% probability

K3 BLAY 1 (a).2 (b).3 () 4 (A5 TF 45
Fig.3 Molecular structures of complexes 1 (a), 2 (b), 3 (c) and 4 (d)
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Fig.4 (a) Coordination modes of L ligands and the coordination geometries of Cd* cations in 1; (b) A single

pumpkin-shaped metalorganic nanocage; (c) Topological views of the 3D framework
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SCHR PG BC A R B DMA, B B %) HL,0 4 1 i
P ABEASTE W AW 1~3 Z1E M(NOy),-HiL-
DMF-H,0 /R & & B, B A 40 4 F002 F0SCHk iR E
B G A BUR R —F |, 78 M(NO,),-H;L-DMA-H,0
PSRN, XSS R R FRATT FE A AR R
AR NGRS A e St 7/
2.2 O
XERATUE AW 1 A6k 4 S ECA Y
H AT &5 i 6 Fios  BL A9 1 7F 50~140 C

1004

M

90 4
80

704

Weight / %

60 1

504

40

30

B I I

0 100 200 300 400 500 600
Temperature / C

6 AW 1~4 FER AT B TGA Bl

Fig.6. TGA curves of 1~4
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MM B R G Y, T e85 1Y 261k 5t A
FE A ANk 2 1 JE 45 A s > 9 vk 7 0 L, AR
TAAMTEEATTE RS P FeATT I & T A5 W)
1,4 F1 3 BECR L 7E SR T A REARZSOE, WKl 7 B
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Fig.7 Emission spectra of 1, 4 and the free H;L ligand in

the solid state at room temperature (A,=272 nm)
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Fig.8 Fluorescence quenching or enhancement of 1 after it
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