This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

iy ... |Journal of Coordination Chemistry

Journal of

COORDINATION
CHEMISTRY

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

Four benzimidazole-based Zn"/Cd" polymers extended by aromatic

polycarboxylate coligands: synthesis, structure, and luminescence
Hong Chang?; Min Fu* Xiao-Jun Zhao* En-Cui Yang*

* College of Chemistry, Tianjin Key Laboratory of Structure and Performance for Functional
Molecules, Tianjin Normal University, Tianjin 300387, P.R. China

First published on: 14 September 2010

To cite this Article Chang, Hong , Fu, Min , Zhao, Xiao-Jun and Yang, En-Cui(2010) 'Four benzimidazole-based Zn"/Cd"
polymers extended by aromatic polycarboxylate coligands: synthesis, structure, and luminescence’, Journal of
Coordination Chemistry, 63: 20, 3551 — 3564, First published on: 14 September 2010 (iFirst)

To link to this Article: DOI: 10.1080/00958972.2010.515214
URL: http://dx.doi.org/10.1080/00958972.2010.515214

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958972.2010.515214
http://www.informaworld.com/terms-and-conditions-of-access.pdf

07:02 23 January 2011

Downl oaded At:

Journal of Coordination Chemistry e Taylor & Francis
Vol. 63, No. 20, 20 October 2010, 3551-3564 Taylor & Francis Group

Four benzimidazole-based Zn"'/Cd" polymers extended by
aromatic polycarboxylate coligands: synthesis,
structure, and luminescence

HONG CHANG, MIN FU, XIAO-JUN ZHAO and EN-CUI YANG*

College of Chemistry, Tianjin Key Laboratory of Structure and Performance for Functional
Molecules, Tianjin Normal University, Tianjin 300387, P.R. China

(Received 31 March 2010, in final form 2 July 2010)

Four benzimidazole (bim)-based metal complexes, {[Zn,(bim)y(btec)]- DMF}, (1),
{[Zn(bim)(btc)] - Htea}, (2), [Zn(bim)>(bdc)], (3), and {[Cds(bim)4(H20)(btc)o] - 2H,03, (4)
(Hybtec = 1,2,4,5-benzenetetracarboxylic  acid, Hjsbtc=1,3,5-benzenetricarboxylic  acid,
H,bdc = 1,4-benzenedicarboxylic acid, and tea = triethylamine), have been obtained by the
introduction of benzene-based polycarboxylate as coligand and are structurally characterized
by single-crystal X-ray diffraction, elemental analysis, IR spectra, thermogravimetric curves,
and luminescence spectra. Controlled by the number and position of the carboxylates attached
to the aromatic ring, all the four complexes exhibit polymeric structures from 1-D chain or
ribbon for 1, 3, and 4 to 2-D layer for 2. In contrast, the neutral bim is a terminal ligand
to complete the metal coordination sphere and it also helps to assemble the low-dimensional
coordination skeleton into a high-dimensional ordered supramolecular architecture by
N-H---O hydrogen-bonding and m—x stacking interactions. Additionally, the complexes
exhibit strong emissions originating from the bim-based intraligand as well as photo-induced
interligand charge transfer upon cation binding, suggesting potential applications as
luminescent materials.

Keywords: Benzimidazole; Mixed-ligand; Crystal structure; Fluorescent properties

1. Introduction

Design and construction of mixed-ligand coordination polymers has received attention
due to their intriguing architectures [1] and properties, such as porosity [2],
luminescence [3], magnetism [4], and catalysis [5]. Benzimidazole (bim) and its various
derivatives have become promising building blocks resulting from their wide-ranging
antiviral activities [6], interesting photochemical and photophysical properties [7],
versatile coordination modes, and potential ability to form supramolecular aggregates
through n—m stacking and hydrogen-bonding interactions [8]. Many functional metal
complexes with unsubstituted bim [9-12], position isomeric pyridyl- [13—16], bi- [17],
hydroxyphenyl- [18], and pyridylmethyl-benzimidazole [19] ligands as well as Zn'
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[9-11, 13-17, 19], Cd™ [14, 17, 19], Co"™I [15, 16, 18], Cu' [12, 15, 16], Mn" [15], Ag"
[16, 20], and Hg' [19] ions, have been prepared which, tuned by the nature of the metal
ions and/or the ligand, have exhibited weak antiferromagnetic couplings [10] or intense
luminescent emissions [12, 20]. The intriguing structures of the metal complexes may be
varied or tailored by incorporating different auxiliary ligands, in which conjugated
polycarboxylates are bridging ligands [21]. High-dimensional frameworks have already
been generated by introducing aromatic polycarboxylate coligands in the assembly
process. As continuation of the coordination behavior and luminescent property of
bim, herein structurally related aromatic polycarboxylate coligands (Hsbtec =1,2.4,5-
benzenetetracarboxylic acid, Hsbtc = 1,3,5-benzenetricarboxylic acid, and H,bdc = 1,4-
benzenedicarboxylic acid) and Zn'"/Cd" jons with d'® electron configuration were
selected to assemble under controllable conditions. Four luminescent polymers,
{[Zn,(bim)4(btec)] - DMF},, (1), {[Zn(bim)(btc)]- Htea}, (2), [Zn(bim),(bdc)], (3), and
{[Cd3(bim)4(H,0)4(btc),] - 2H,0},, (4), were isolated and fully characterized. Structural
analyses reveal that 1, 3, and 4 are infinite 1-D ribbon/chains and 2 exhibits a 2-D Zn'!-
btc*™ layer. Obviously, the polymeric nature is tuned by the binding mode, the number,
and position of the polycarboxylate attached on the aromatic ring; bim is a terminal
ligand to complete the metal coordination sphere. Thermal stability and intense
luminescent properties were also investigated.

2. Experimental

2.1. Materials and instruments

All solvents and reagents were of reagent grade, commercially available and used
without purification. Doubly deionized water was used for conventional synthesis.
Elemental analyses for C, H, and N were performed on a CE-440 (Leeman-Labs)
analyzer. Fourier transform (FT) IR spectra (KBr pellets) were taken on an Avatar-370
(Nicolet) spectrometer from 4000 to 400cm™'. Thermogravimetric analyses (TGA)
were carried out on a Shimadzu simultaneous DTG-60A compositional analysis
instrument from room temperature to 800°C under N, at a heating rate of 5°C min~".
Fluorescence spectra of the complexes in acetonitrile were performed on a Cary Eclipse

fluorescence spectrophotometer (Varian) at room temperature.

2.2. Preparation of {[ Zny(bim) ,(btec) ]+ DMF}, (1)

To an aqueous solution (SmL) of ZnCl, (13.6 mg, 0.1 mmol), a mixed methanol-DMF
solution (1:1, 10mL) containing bim (11.8mg, 0.1 mmol) and Hybtec (25.4mg,
0.1 mmol) was slowly added with constant stirring. The resulting mixture was further
stirred for 1 h and filtered. Upon slow evaporation of the filtrate at room temperature,
colorless block-shaped crystals suitable for X-ray diffraction were collected within a
week (Yield: 43% based on bim). Anal. Caled for CgH7 50N»50525Z1¢ 50: C, 52.71%;
H, 3.32%; N, 13.83%. Found: C, 52.91%; H, 3.14%; N, 13.62%. IR (KBr, cm™):
3111w, 1678s, 15915, 14935, 1421, 1390, 1306 w, 747 m.
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2.3. Preparation of {[ Zn(bim)(btc) |+ Htea}, (2)

To an aqueous solution (3mL) of ZnCl, (13.6mg, 0.1 mmol), a methanol solution
(7mL) containing bim (11.8mg, 0.1 mmol) and Hsbtc (21.0 mg, 0.1 mmol) was slowly
added with constant stirring. The pH of the mixture was adjusted to 7 by triethylamine.
After further stirring for 1 h, the resulting mixture was filtered. Upon slow evaporation
of the filtrate at room temperature, blue block-shaped crystals were grown within 10
days (Yield: 58% based on bim). Anal. Calcd for C,,H,5N304Zn: C, 53.62%; H,
5.11%; N, 8.53%. Found: C, 53.75%; H, 4.99%; N, 8.53%. IR (KBr, cm™"): 3113w,
1623, 1564s, 1421 m, 1368 s, 1344, 1306 m, 649w, 722 m.

2.4. Preparation of [ Zn(bim),(bdc)], (3)

Zn(OAc),-3H,O (21.9mg, 0.1 mmol), bim (11.8mg, 0.1 mmol), H,bdc (16.6 mg,
0.1 mmol), doubly deionized water (10mL), and NaOH solution (0.2molL~",
0.5mL) were sealed in a Teflon-lined reactor (23 mL) and heated at 140°C for 72h.
After cooling to room temperature at a rate of 2.5°Ch™", the resulting mixture was
filtered. The filtrate was left under ambient environment for slow evaporation.
Colorless block-shaped crystals suitable for X-ray diffraction were obtained within
7 days (Yield: 41% based on bim). Anal. Calcd for C5oH{(N4O4Zn: C, 56.73%:;
H, 3.46%; N, 12.03%. Found: C, 56.67%; H, 3.46%; N, 12.14%. IR (KBr, cm™):
3136w, 15955, 15005, 1409 m, 1352vs, 1277w, 1251w, 834w, 744s.

2.5. Preparation of {[Cdz;(bim),H,0)s(btc),]-2H>0}, (4)

Complex 4 was achieved under hydrothermal conditions. Cd(OAc),-4H,0 (26.7 mg,
0.1 mmol), bim (11.8 mg, 0.1 mmol), H;btc (21.0mg, 0.1 mmol), and doubly deionized
water (10mL) were sealed in a Teflon-lined reactor (23mL) and the pH adjusted to
7 with NaOH solution (0.2mol L™"). After being heated at 140°C for 72 h, the resulting
mixture was cooled to room temperature and filtered. Pale yellow block-shaped crystals
suitable for X-ray diffraction analysis were obtained within 7 days by slow evaporation
of the filtrate (Yield: 55% based on bim). Anal. Calcd for C,3H»3N4O19Cd; 50:
C, 40.38%; H, 3.39%; N, 8.19%. Found: C, 40.34%; H, 3.26%; N, 8.32%. IR
(KBr, em™"): 3136w, 1595vs, 1501s, 14225, 13865, 1351s, 1302m, 1278 m, 1253 m,
975w, 834w, 778 w, 745s.

2.6. X-ray crystallography

Single-crystal X-ray diffraction studies of 1-4 were performed on a Bruker Apex II
CCD diffractometer equipped with graphite monochromated Mo-Ka radiation with
radiation wavelength 0.71073 A using the ¢—w scan mode at 296(2) K. There was no
evidence of crystal decay during data collection. The multi-scan absorption correction
was carried out for all the data by SADABS. SAINT [22] was used for integration of
the diffraction profiles. All structures were solved by direct methods using SHELXS
program of the SHELXTL-97 package and refined with SHELXL [23]. The final
refinement was performed by full-matrix least-squares methods on F* with anisotropic
thermal parameters for all non-hydrogen atoms. The positions of hydrogens bonded to
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carbon were generated geometrically and allowed to ride on their parent carbons before
the final cycle of refinement. Hydrogens attached to oxygen were first located in
difference Fourier maps and then placed in calculated sites, and refined isotropically. In
1, lattice DMF shows dynamic disorder and the site occupancy for the disorder C(11),
C(12), O(4), and N(3) is 0.5. Further crystallographic data and experimental details for
structural analysis of 1-4 are summarized in table 1. The selected bond distances and
angles are shown in table 2 and the hydrogen bond parameters are listed in table 3.

3. Results and discussion

3.1. Synthesis and IR spectra

Crystallization of metal complexes is affected by factors including temperature, solvent,
preparation method, etc. Herein, 1 and 2 were obtained by the conventional
evaporation method in mixed methanol-DMF for 1 and in methanol-water for 2.
In contrast, 3 and 4 were isolated under hydrothermal conditions by controlling the
cooling rate of the reaction mixture. Although the number of carboxylate groups in
coligands is different, the molar ratio of the reactants in the four complexes is 1:1:1
(Zn"/Cd" : bim : aromatic acid). The pH value is also a key factor for construction of
the target complexes, since the deprotonated behavior of the aromatic acid is sensitive
to pH. Full deprotonations of the aromatic acids were observed for 1-4.

In IR spectra, weak absorptions at 3111 em~! for 1, 3113em ™! for 2, and 3136cm™
for both 3 and 4 can be assigned to v(N-H) and/or v(C-H) of bim [17, 19]. The strong
band at 1678 cm ™" in 1 should be associated with ve_o of DMF. The absence of the
band at ca 1700cm™" in 1-4 suggests full deprotonation of aromatic acids in all the
complexes. Correspondingly, the strong asymmetric (v,s) and symmetric vibrations (vs)
of the carboxylate groups are located at 1591 and 1390 cm™" for 1, 1623 and 1368 cm ™"
for 2, 1595 and 1352cm™" for 3 as well as 1595, 1501, 1422, and 1386cm™! for 4,
respectively. The differences between v, and vy (Av =1, — vs=201, 255, and 243 cm ™"
for 1-3, respectively) indicate unidentate coordination of carboxylate [24]. The Av
values (79 and 209 cm ™) for 4 indicate bidentate and unidentate carboxylate, which can
also be confirmed by single-crystal structure determinations. Skeleton vibrations of the
aromatic or hetero-aromatic ring can be observed at 1600-1400cm ™" [24].

1

3.2. Structural description of {[ Zn,(bim) (btec) ]+ DMF}, (1)

Single-crystal X-ray diffraction analysis reveals that 1 exhibits a 1-D linear ribbon
extended by centrosymmetric btec*”. As shown in figure 1(a), the crystallographically
independent Zn" is coordinated by two N from two different bim and two carboxylates
from two symmetry-related btec*™ linkers, leading to deformed tetrahedral coordina-
tion. The Zn—N distance is slightly longer than that of Zn—O (table 2), comparable to
previous values [9-11, 13-17, 19].

The btec*™ presents a pus—«'O1:4'04:£'06:x'O8 coordination mode to link four
symmetry-related Zn" ions into an infinite 1-D polymeric ribbon along the crystallo-
graphic c-axis, with two separate bim ligands terminally coordinated to one Zn'' to
complete the coordinate sphere (figure 1b). The bim presented as protonated N-H
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Table 2. Selected bond lengths (A) and angles (°) for 1-4.

1

Zn(1)-N(1) 1.992) Zn(1)-0(1) 1.93(17)
O(1)*Zn(1)-0(1) 95.23(1) N(1)*Zn(1)-N(1) 106.90(1)
O(1)-Zn(1)-N(1)* 118.54(8) O(1)-Zn(1)-N(1) 108.97(9)
2

Zn(1)-0(1) 1.96(2) Zn(1)-0(6)* 1.97(2)
Zn(1)-0(3)° 1.98(2) Zn(1)-N(1) 2.022)
O(1)-Zn(1)-0(6)* 109.63(9) 0O(1)-Zn(1)-0(3)° 113.05(9)
0(6)*~Zn(1)-0(3)° 104.87(9) O(1)-Zn(1)-N(1) 112.71(1)
0O(6)*~Zn(1)-N(1) 113.48(9) 0(3)>-Zn(1)-N(1) 102.74(1)
3

Zn(1)-0(3) 1.98(2) Zn(1)-0(1) 2.02(2)
Zn(1)-N(3) 2.02(2) Zn(1)-N(1) 2.03(2)
0O(3)-Zn(1)-0(1) 107.64(8) 0(3)-Zn(1)-N(3) 102.65(8)
O(1)-Zn(1)-N(3) 110.15(9) 0(3)-Zn(1)-N(1) 107.65(9)
O(1)-Zn(1)-N(1) 117.49(9) N@3)-Zn(1)-N(1) 110.14(10)
4

Cd(1)-0(4) 2.20(2) Cd(1)-0(9) 2.33(2)
Cd(1)-0(8) 2.32(2) Cd(2)-0(5)° 2.40(2)
Cd(2)-N(3) 2.29(2) Cd(2)-N(1) 2.29(2)
Cd(2)-0(2) 2.32(1) Cd(2)-0(7) 2.33(2)
Cd(2)-0(6)° 2.45(2)

0(4)-Cd(1)-O(4)* 180.0 0(4)-Cd(1)-O(8)* 87.26(6)
0(9)*-Cd(1)-0(9) 180.00(9) 0(4)-Cd(1)-0(8) 92.74(6)
O(4)-Cd(1)-O(9)* 93.30(7) 0(4)-Cd(1)-0(9) 86.70(7)
0(8)-Cd(1)-0(9) 89.91(7) N(3)-Cd(2)-N(1) 94.47(7)
0O(8)-Cd(1)-0(9)* 90.09(7) 0(5)°-Cd(2)-0(6)° 53.39(5)
N(3)-Cd(2)-0(2) 88.50(6) N(1)-Cd(2)-0(2) 141.03(6)
N(3)-Cd(2)-0(7) 162.53(6) N(1)-Cd(2)-0(7) 87.43(6)
0(2)-Cd(2)-0(7) 79.30(6) N(3)-Cd(2)-0(5)° 100.28(7)
N(1)-Cd(2)-0(5)° 134.25(6) 0(2)-Cd(2)-0(5)° 82.79(5)
0O(7)-Cd(2)-0(5)° 90.63(6) N(3)-Cd(2)-0(6)° 105.37(7)
N(1)-Cd(2)-0(6)° 80.99(6) 0(2)-Cd(2)-0(6)° 135.43(5)
0O(7)-Cd(2)-0(6)° 92.08(6)

Symmetry codes for 1: *—x, y, —z; 2: 8x—1/2, 12—y, 1 —z; °x —1/2, 3, 32—z 4: 1 —x, —y— 1, 1 —2; °x+ 1, y, z.

hydrogen-bonding donor can also produce N2-H2 - --O2 interaction with the carbox-
ylate of btec*™, assembling adjacent ribbons into a 3-D supramolecular network (table 3
and figure Ic). A complex similar to 1, {[Zn,(bim)4(btec)]- H,O},, [11], was prepared
under hydrothermal conditions, crystallizing in monoclinic C2/c¢ space group, not the
C2/m. Although the bonding modes of both ligands and the coordination polyhedron
of Zn' are the same, the spatial orientation of bim is obviously different. The dihedral
angle between the two bim planes is 80.358° in 1, much larger than that of
{[Zny(bim)y(btec)] - H,O},, (49.24(6)°). Thus, the high-dimensional supramolecular
structure of 1 is formed by hydrogen-bonding interactions rather than m—m stacking
interactions.

3.3. Structural description of {[ Zn(bim) (btc) | - Htea}, (2)

Complex 2 consists of an anionic Zn'-btc®~ layer and a cationic triethylamine for
charge compensation. Although the Zn'' in the asymmetric unit of 2 is also in a
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Table 3. Hydrogen-bonding parameters (10\, °) for 1-4.

Donor-H - - - Acceptor dH---A) dD---A) /(D-H---A)
1

N2-H2...02% 2.03 2.799(3) 148
2

N2-H2--- 04" 1.97 2.762(3) 152
N3-H3A...05° 1.82 2.713(4) 168
3

N4-H4'--.0O1* 2.08 2.812(3) 143
N2-H2' ... 04" 1.94 2.732(3) 152
4

O7-H7A---03* 1.84 2.672(2) 167
N4-H4 ...01° 1.93 2.781(3) 169
O8-H8B---OI° 2.04 2.885(2) 169
09-HYA - - - O6° 1.90 2.746(3) 175
O10-HI10A --- 02" 1.95 2.743(2) 155
010-H10B---05¢ 222 2.789(3) 126
N2-H2'---010 2.01 2.855(3) 168
O7-H7B---010° 2.02 2.831(2) 158

Symmetry codes for 1: *1/24x, 1/2 =y, 1 +2,2: 22— x, =124, 32—z =1 4x, y, z; 3:°x, 1 +y, z;
X, =y, 2 —x, 1=y, =2 —x, =y, =%, =14y, 2% —x, =y, 1—2;2—x, 1 —y, | —z.

Figure 1. (a) Local coordination environment of Zn" in 1 (hydrogens were omitted for clarity, symmetry
codes: A=—x, y, 1 —z). (b) View of 1-D ribbon of 1 extended by btec*~. (c) 3-D hydrogen-bonded
supramolecular network of 1.
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(a) (b)

5

Y -
ﬁ*ﬁ%’ﬁr}mﬁ%mfo -

Figure 2. (a) Local coordination environment of Zn" in 2 (hydrogens were omitted for clarity, symmetrly
codes: A=x—0.5,y,1.5—z, B=x—-0.5,0.5—y, 1 —z). (b) 2-D sheet of 2 composed of 24-membered Zn'l
btc®>~ macrocycles (symmetry codes: A=x—0.5, 0.5—y, 1 —z; B=x, 0.5—y, z—0.5). (c) 3-D hydrogen-
bonded supramolecular network of 2.

distorted tetrahedron (figure 2a), the coordination environment of the metal ion is
slightly different from that in 1. Each Zn'" in 2 is surrounded by one N from a neutral
bim and three carboxylates from three separate btc>~. The distances and angles around
Zn" (table 2) are comparable to 1 and reported values [9-11, 13-17, 19].

The fully deprotonated btc®~ in 2 adopts a ps—«'O1:x'03 : k06 coordination mode
to connect three symmetry-related Zn'' ions into a 2-D layer in the crystallographic
ac plane (figure 2b). The 2-D layer is made of 24-membered Zn"-btc®>~ macrocycles.
Further analysis indicates that the adjacent Zn"-COO™ chains within the 2-D layers
alternate left- and right-handed helices, making the overall layered structure of 2
racemic.

Adjacent layers were further connected by non-covalent N2-H2 - - - O4 interactions
between N—H of imidazole and carboxylate of btc®~, leading to a 3-D supramolecular



07:02 23 January 2011

Downl oaded At:

Benzimidazole Zn"'|Cd" polymers 3559

network (figure 2c). Protonated triethylamine molecules are entrapped in the 3-D
supramolecular network through N3-H3A..--O5 hydrogen-bonding interactions
(table 3 and figure S1).

3.4. Structural description of [ Zn(bim),(bdc)], (3)

As shown in figure 3(a), 3 possesses a 1-D zigzag chain bridged by fully deprotonated
bdc®~. One Zn" ion, two different bim ligands, and one bdc®~ ligand exist in the
asymmetric unit. The Zn" in 3 is also in a distorted tetrahedron constructed by pairs of
N donors from two separate bim ligands and two carboxylate oxygens from two head-
to-tail arranged bdc>~. The bdc?~ is bis-monodentate bridging to aggregate adjacent
Zn" jons into a zigzag chain along [101], with a pair of terminal bim ligands to
complete the Zn" coordination. The Zn - - - Zn distance separated by bridged bdc®~ is
10.9146(8)°A and the angle of the three adjacent Zn'" atoms is 120.949(4)°.

The adjacent zigzag chains are further connected into a 2-D sheet by N4-H4' ... O1
hydrogen-bonding interaction (figure 3b). Adjacent layers are stacked by alternate m—x
stacking and N2-H2' ... 04 hydrogen-bonding interactions (figure 3c). The centroid—
centroid distance and the dihedral angle between the benzimidazole ring system
involved in the m— stacking interaction is 3.686 A and 0.0°, respectively.

3.5. Structural description of {[ Cd;(bim)  H>0)¢(btc),]+2H,0}, (4)

Possessing the same ligands (bim and btc®”) as 2, complex 4 is a ladder-like 1-D
polymer. The asymmetric unit of 4 contains one and a half Cd", a pair of terminal bim
ligands, one completely deprotonated btc®~, and four water molecules (three coordi-
nated and the other lattice). Cdl atom, located at the inversion center, is six-coordinate
by four water molecules in the equatorial plane and two symmetry-related monodentate
carboxylates of two btc®~ ligands occupying axial positions in distorted octahedral
coordination (table 2). In contrast, Cd2 is seven coordinate to four carboxylate oxygens
from two btc®~ ligands, two imidazole N donors from two separate bim ligands, and
one coordinated water molecule. The coordination geometry around each Cd2 is
distorted pentagonal-bipyramidal, in which Cd" deviates from the least-squares
plane generated by O1-0O2-05-O6-N1 by 0.2046 A. Cd-O bonds fall in the range
2.2040(15)-2.4545(15) A and bond angles around each Cd" are 53.39(5)°-180.0°
(table 2).

Rather than being monodentate as in 2, the three carboxylates of btc®~ in 4 adopt
two different binding modes, which link adjacent Cd2 in a bidentate chelating mode
along the crystallographic a-direction and connect Cdl and Cd2 in a monodentate
manner along the crystallographic b-axis. As a result, a 1-D ribbon-like molecular
ladder with terminal bim as brims is generated (figure 4a).

Due to the presence of various coordinated water molecules and protonated N—H on
bim as hydrogen-bonding donors, the molecular ladders are H-bonded together with
the carboxylate group of btc®~ (table 3) and a 3-D supramolecular architecture was
generated (figure 4b), in which lattice water molecules were entrapped by O-H - - - O and
N-H - - - O hydrogen-bonding interactions (table 3).
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(@)

(©)

Figure 3. (a) An infinite chain of 3 linked by bdc®~ with the atomic labels in the asymmetric unit. (b) 2-D
layer of 3 formed by N-H - - - O hydrogen-bonding interactions. (c) 3-D supramolecular network of 3 formed
by alternate N-H - - - O hydrogen-bonding and x - - - 7w stacking interactions.

3.6. Thermal stability of 1-4

TG experiments of the complexes were performed from room temperature to 800°C to
explore the thermal stability of 1-4 (figure 5). Complex 1 showed thermal instability
above 144°C with lattice DMF, coordinated bim and btec*™ continuously lost between
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(a)

(b)

Figure 4. (a) View of 1-D ribbon of 4 with the atomic labels in the asymmetric unit (hydrogens were omitted
for clarity, symmetry codes: A=1—x, —1 —y, 1 —z). (b) 3-D network of 4 formed by extensive hydrogen-
bonding interactions.
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Figure 5. TG curves for 1-4.
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Figure 6. Emission spectra for 1-4 in acetonitrile at room temperature.

144°C and 575°C (obsd 82.4%, Calcd 82.1%), leaving ZnO as final product
(obsd 17.6%, Calcd 17.9%). Similar to 1, 2 also exhibited a one-stage weight loss
(obsd 84.0%, Calcd 83.5%) for removal of protonated Htea™, coordinated bim, and
btc*™ beginning at 232°C and ending at 535°C. Thus, 2 is more stable than 1.
In contrast, both 3 and 4 displayed two separate weight loss processes, suggesting
different thermal behavior. For 3 without any lattice molecules, bim and bdc*~
decomposed successively in a first stage from 268°C to 342°C for bdc*~ (obsd 32.6%,
Calcd 31.8%) and the second from 342°C to 563°C for bim (obsd 51.4%, Calcd 50.7%);
the final product above 563°C was ZnO (obsd 17.8%, Calcd 17.5%). The lattice water
molecules of 4 were released between 93°C and 142°C (10.9% weight loss, Calcd
10.5%). The ligands of 4 decomposed between 142°C and 519°C and the final residue
was CdO (obsd 27.7%, Calcd 28.1%).

3.7. Luminescence

Free bim can display emissions due to its localized aromatic skeleton and various
electronic energy levels [25, 26]. As shown in figure 6, the four complexes display a
strong emission at ca 300 nm and a relatively weak emission at ca 500 nm in acetonitrile
at room temperature. To explore the nature of these emissions, luminescence spectra of
isolated bim, Hybtec, Hsbtc, and H,bdc were also measured under comparable
experimental conditions; only one strong emission at 300 nm was observed from the
7 — ¥ charge transfer of bim [27]. The aromatic acids are non-luminescent in the range
250-600 nm. Thus, strong emissions of the complexes at high frequency should be
ascribed to bim-based intraligand 7w — 7* charge transfer and the new emissions are
probably due to the photo-induced interligand charge transfer upon cation binding
[28, 29], since the d'® Zn'" and Cd" have no empty d orbital for excess electrons.

4. Conclusion

Four bim-based luminescent Zn"/Cd" polymers with 1-D chain/ribbon or 2-D layer
were isolated by incorporating aromatic polycarboxylate coligands. These extended
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coordination frameworks were tuned by the bridging carboxylate rather than the
terminal bim. Hydrogen-bonding interaction involving the N-H donor of bim
dominates the high-dimensional ordered supramolecular network. Additionally, upon
cation binding, the four complexes display strong emissions, suggesting potential
applications as luminescent materials.

Supplementary material

Crystallographic data (excluding structure factors) for the crystal structures reported in
this article have been deposited with the Cambridge Crystallographic Data Center
(CCDC nos. 736933-736936). This material can be obtained free of charge via
www.ccde.cam.ac.uk/conts/retrieving.html or from the CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK; Fax: (+44) 1223 336033; Email: deposit@ccdc.cam.ac.uk.
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