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Preface

The rational design and synthesis of metal-organic coordination polymers based
on supramolecular chemistry and crystal engineering have attracted considerable atten-
tion not only due to their intriguing varieties of topologies and structures, but also their
unique properties, such as photoluminescence, magnetism, conductivity, ion ex-
change, gas adsorption/separation and catalysis, etc.

Our research group have been engaged in designing and synthesizing metal-or-
ganic coordination polymers with certain properties in the past ten years. This book
mainly covers our findings in designing and synthesizing coordination polymers, their
biological activities and potential application in culturing special pearl.

As ever, | am very grateful for the assistance, suggestions and comments of my
colleagues and most of all the undergraduate students of laboratory of marine applied
chemistry, who have contributed a lot to this book.

The inspiration to write the book came from the importance and potential applica-
tions of the coordination polymers, which will help people understand the importance of

the new coordination polymers.

Song Wendong
Guangdong Ocean University

August, 2011
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Chapter 1

Syntheses, Crystal Structures, Characterization of New
Coordination Polymers Built from Imidazole Derivatives

The design and construction of functional metal-organic coordination polymers has attracted
great interest due to their potential applications in heterogeneous catalysis, ion exchange, magnetic
and photochemical areas, as well as their intriguing variety of topologies. And the self-assemble
process can be affected by the pH, temperature, the species of metal centers, the choice of ligands,
etc. Weak intermolecular force in these coordination polymers has been well studied and can be
used to design and synthesize complexes with interesting architectures and functions, thus choosing
a proper multifunctional ligand to link metal ions to generate a fascinating configuration is of vital
importance.

It is well known that ligands containing N and O atoms are highly accessible to metal ions to
form novel network structures 4 ,5-imidazoledicarboxylic acid (H;IDC) ligand has been widely used
to construct novel supramolecular architectures based on the following reasons: (i) It possesses the
biologically important imidazole ring, which is known as a functional group of histidine and play a
key role in life activities; (ii) It possesses flexible multi-functional coordination sites involving both
two N atoms of the imidazole ring and four carboxyl O atoms; (iii) It can be partially or fully depro-
tonated to generate H,IDC", HIDC* and IDC* anions by controlling the pH carefully to produce a va-
riety of fascinating structures; (iv) The arrangement of two N atoms with a N-X-N angle in IDC is
close to 145°, which is coincident with the Si-O-Si angle commonly found in many zeolites, it is a
favorite candidate for constructing ZIFs ( zeolitic imidazolate frameworks) .

H,EIDC (2-ethyl-1H-imidazole4 ,5-dicarboxylate) and H,PIDC (2-propyl-1H-imidazole-4 ,5-
dicarboxylate) as derivatives of H;IDC with an ethyl or propyl substituent at the C2 atom of the im-
idazole group, which could be used to generate novel frameworks with biological activities. In addi-
tion, they have been rarely explored up to now.

Inspired by the above consideration, in this chapter, we choose H;EIDC and H,PIDC to react
with metal salts to construct a series of supramolecular frameworks, namely :

(C;HgN,0,) -H,0(1)

[M(C;H,N,0,),(H,0),]+3H,0 [M=Zn(2), Ni(3), Co(4) ]

[ Cu(C;H;N,0,4) 1,(5)

[ Ag(H,EIDC) ],(6)

[Sr(H,EIDC),-2H,0],(7)

{ [Pb(H,EIDC),H,0]-3H,01},(8)

{[Na(C;H;N,0,),(H,0),]-H,0},(9)
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{[Ba(H,EIDC),(H,0),]H,0},(10)

[ Ni( CgH,N,0,),(H,0),]-4H,0(11)

[ Cu(C4H,N,0,),1,(12)

[ Ca(C¢HgN,0,),(H,0),],(13)

[ Sr( C8H8N204)2(H20)2]n(14)

{ [Ba(CsH9N204)2(H20)3] 'Hzol n(15)

[ Mn( C4HgN,0,),(H,0),]-4H,0(16)

[Cd(CstNzoa)z(Hzo)z] '4H20(17)

[Zn( C4¢HgN,0,),(H,0),]-4H,0(18)

[ Co(C4H4N,0,),(H,0),]-4H,0(19)

[Ni<C8H8N204)2(H20)2] -2C,H,NO(20)

[ Cd(C4HgN,0,),(H,0),]-2C,H,NO(21)

[Mn(C8H8N204)2(H20)2] *2C,H,NO(22)

{ [ Cu(C4HxN,0,),(H,0),]-2C;H,NO},(23)

[ Co(C4HgN,0,),(H,0),]-2C,H,NO (24)

In addition, two imidazole coordination polymers with barbital or 3-thienylacetic acid as the
auxiliary ligand are also studied here, namely:

[Ni(CyH,0,),(C;H,N,),(H,0) ](25)

[CA(C,H,0,),(C,H,N, ), (H,0)1(26)

(C,HN,04) - H,0 (1)

In the title compound, (C,HyN,0,) - H,0, the imidazole N atom is protonated and one of the
carboxylate groups is deprotonated, forming formally a zwitterion. The two carboxyl groups are ap-
proximately coplanar with the imidazole ring. The solvent water molecules are linked to the organic

ligands via hydrogen bonds. In the crystal packing, the three-dimensional supramolecular frame-
work is stabilized by extensive N—H---O and O—H---O hydrogen bonds t

Comment

4 ,5-imidazoledicarboxylic acid ( H;IDC) ligand possesses great potential for coordination inter-
actions and hydrogen bonding, and it can be deprotonated to generate H,IDC™, HIDC> and IDC*
anions at different pH values. Up until now, it has been widely studied. 2-propyl-1H-imidazole-4 ,
5-carboxylate (H;PIDC) ligand as one derivative of H;IDC with efficient N, O-donors has been
used to obtain new metal-organic complexes by our research group. Recently, an analogue of H,
IDC, 2-ethyl-1H-imidazole4 ,5-dicarboxylate ( H;EIDC) ligand has also been used to construct in-

[2-4] " However, the crystal structure of H,EIDC ligand has not been

triguing coordination polymers
determined. Considering that in mind, we focus on obtaining the crystal and its crystal structure will

be reported here.
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Fig. 1 —1la The structure of the title compound 1, showing the atomic numbering scheme. Non-H atoms are shown

with 30% probability displacement ellipsoids.

As illustrated in Fig. 1 -1a, the title compound, (C,HgN,0,) - H,0, crystallizes as a zwit-
terion in which the imidazole N atom is protonated, one of the carboxylate groups is deprotonated.
The two carboxyl groups are approximately coplanar with the imidazole ring, as indicated by the fact
that the O1 —=C1 —C2 - C3 and 02 - C1 — C2 - C3 torsion angles are — 176.8(2)°and 2.9(4)°,
respectively; the O3 —C4 — C3 — C2 and 04 — C4 — C3 - C2 torsion angles are —4.6(3)° and
176.4(2)°, respectively. The solvent water molecules are linked to the organic ligands via N—H---O
and O—H -+ O hydrogen bonds ( Tab. 1 — 1b), which stabilizes the three-dimensional
network (Fig. 1 -1b).

Fig. 1 —1b A view of the three-dimensional network constructed by N—H---O and O—H---O hydrogen bonding

interactions along a axis
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Tab.1 -1a Crystallographic data and structure refinement of complex 1

Compound 1

Empirical formula C;HgN, 0, - H,0

Formula weight 202.17

Crystal system Monoclinic

Space group P2 /¢

a (A) 7.6132(6)

b (A) 14.3779(16)

¢ (A) 7.9396(8)

a(?) 90

B (°) 97.7990(10)

y (°) 90

V (A% 861.04(15)

A 4

F (000) 424

D, (mg/em’) 1.56

Absorption coefficient (mm™) 0.134

GOF 1.046

Crystal size (mm) 0.50 x0.41 x0.40

0 range for data collection (°) 2.70 to 25.00
-9<h<8

Limiting indices -17<k<13
-9=<i<7

Reflections collected/unique 4224/1510

Completeness to # =25.00 100. 00%

Data/restraints/ parameters 1510/0/129

Final R indices [ [>20(1)]

R, =0.0381, wR, =0.0940

R indices (all data) R, =0.0531, wR, =0.1061

R=% (IF=IF1) /S |F,|. uRy=[X w(IF,12=1F,1)2/ 3 w (F,)?]"2.

Experiment

Materials and equipment

All chemicals were commercially available and used without further purification. Elemental
(C, H, N) analyses were performed with a Perkin-Elmer 240 CHN element analyzer.

Synthesis of the title compound

(C,HgN,0,) -H,0(1) : A mixture of 2-propyl-1H-imidazole4 ,5-dicarboxylic acid ( H;PIDC)
(0.1 g, 0.5 mmol) and NaOH (0.004 g, 0.1 mmol) in 15 mL of distilled water was stirred for 10
mins in air, and then sealed in a 23 mL Teflon reactor and kept under autogenous pressure at 110
°C for 72 h. The mixture was cooled to room temperature at a rate of 5 C - h™and colorless plate
crystals were obtained in a yield of 43% based on Sr. C,;H,(N,Os: Caled. (% ): C41.15, H4.95, N
13.84; Found (% ). C41.34, H4.81, N 13.53.

4
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Structure determination

A single crystal with dimensions of 0.50 mm x0.41 mm x0.40 mm was mounted on a glass
fiber for data collection which was performed on a Bruker SMART CCD 1000 diffractometer operat-
ing at 50 kV and 30 mA by using Mo-Ka radiation (A =0.71073 A) at 298 K. Data collection and
reduction were performed by using the SMART and SAINT software. Multi-scan absorption correc-
tion was applied with the SADABS program. The structures were solved by direct methods and re-
fined by the full-matrix least-squares techniques of the SHELXTL program package. All non-hydro-
gen atoms were treated anisotropically. The hydrogen atoms belonging to C and N atoms were calcu-
lated theoretically.

Crystal data and details of the data collection and refinement for the title complex are listed in

Tab.1 -1b:

Tab.1 -1b Hydrogen bonds for compound 1

D—Hs+A d(D—H) d(H---A) d(D--A) / (DHA)
N(1)—H(1)--0(4)" 0.86 1.91 2.707(3) 154
N(2)—H(2)--0(1W)¥ 0.86 1.84 2.631(3) 152
0(2)—H(2A)---0(3) 0.99(3) 1.62(3) 2.608(4) 176
O(1W)—H(1W)---0(2)" 0.93 2.59 3.486(4) 162
0(1W)—H(2W)---0(1) 0.93 2.66 3.486(3) 148

Symmetry codes: (i)=x+1,1/2+y, 1/2—-z; (ii) 1 =x, -1/2+y, 1/2 -2; (iii) 2-x, 1 -y, z.

[M(C,H;N,0,),(H,0),]-3H,0 [M=Zn(2), Ni(3), Co(4) ]
Complex 2 [Zn(C,H,N,0,),(H,0),] - 3H,0 is isostructural with complex 3 [ Ni(C,H,N,
0,),(H,0),] + 3H,0 and complex 4 [ Co(C,H,N,0,),(H,0),] - 3H,0. Complex 2 is repre-

sentatively described here.

Fig. 1 —2a The structure of the title compound 2, showing the atomic numbering scheme. Non-H atoms are shown

with 30% probability displacement ellipsoids.

Single crystal X-ray diffraction reveals that complex 2 crystallizes in Triclinic space group Pl1.

The title compound is a discrete zero dimensional structure, as depicted in Fig. 1 —2a, it has two

5
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coordinated water molecules, three free water molecules and two 2-ethyl4 ,5-imidazoledicarboxylate
ligands. the Zn" ion is in a slightly distorted octahedral coordination environment, formed by two
water molecules, two nitrogen atoms and two oxygen atoms from two different 2-ethyl-4, 5-imid-
azoledicarboxylate ligands. Each H,EIDC chelates one Zn" via its imidazole N atom and carboxyl O
atom. It is noted that a wide range of hydrogen bonds contribute to the formation of three-dimension-

al supramolecular structure (Fig. 1 -2b).

Fig. 1 -2b A view of the three-dimensional network constructed by N—H---O and O—H---O hydrogen bonding

interactions along ¢ axis

IR and TGA

The IR spectra of compound 2 show broad band at 3434 ¢cm™ , which may be assigned to the v
(N—H) stretching vibrations of imidazole rings. The features at 1544 cm™, 1468 c¢cm” and 1420
em” , 1358 cm™ are associated with the asymmetric (COO) and symmetric ( COO) stretching vibra-
tions.

Thermogravimetric analysis (TGA) of compound 2 was performed in a N, atmosphere when the
sample was heated to 800 “C at a constant rate of 10 °C/min. The TG curve is depicted in Fig. 1 —
2¢,compound shows no strictly weight loss before 276 “C. The compound began to decompose upon
further heating and the final product accounts for 15.74% , which is attributed to the MgO ( Caled.
15.22% ). Upon further heating up to 250 °C ,two coordinated water molecules departs.

100 200 300 400 500 600 700 800

Temperature /C.

Fig. 1 -2¢ The TGA trace of compound 2

(0]
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Experiment

Materials and equipment

All chemicals were commercially available and used without further purification. Elemental
(C, H, N) analyses were performed with a Perkin-Elmer 240 CHN element analyzer. Infrared
(IR) spectra were recorded (400 —4000 cm ') as KBr disks with a Bruker 1600 FTIR spectrome-
ter. Thermogravimetric analysis (TGA) experiments were carried out with a Perkin-Elmer TG/DTA
6300 system with a heating rate of 10 °C - min ' from room temperature to 600 °C in a nitrogen at-
mosphere.

Synthesis of the title compound

[M(C,H,N,0,),(H,0),]-3H,0[M =Zn(2), Ni(3), Co(4)]: A mixture of Zn
(NO;),(0.05 g, 0.5 mmol), 2-ethyl-1H-imidazole4 ,5-dicarboxylic acid (H;EIDC) (0.2 g,
1 mmol) and H,0 (10 mL) was stirred for 30 mins in air. Afterwards, it was sealed in a 20 mL
Teflon reactor and kept under autogenous pressure at 180 °C for 72 h. The mixture was cooled to
room temperature at a rate of 5 °C + h~'and colorless plate crystals were obtained in a yield of 41%
based on Zinc. C,H,,ZnN,O,;: Caled. (% ). C 32.34, H4.67, N 10.50. Found(% ) :C 32.
20, H4.6, N 10.73.

Structure determination

Diffraction data of the complexes 2, 3 and 4 were performed on a Bruker SMART CCD 1000
diffractometer operating at 50 kV-and 30 mA by using Mo-Ka radiation (A =0.71073 A) at 298 K.
Data collection and reduction were performed by using the SMART and SAINT software. Multi-scan
absorption correction was applied with the SADABS program. The structures were solved by direct
methods and refined by full-matrix least-squares techniques of the SHELXTL program package. All
non-hydrogen atoms were treated anisotropically. The hydrogen atoms belonging to C and N atoms
were calculated theoretically.

The selected bond lengths and bond angles are shown in Tab. 1 —2b. Crystal data and details

of the data collection and refinement for the title complex are listed in Tab. 1 —2a.

Tab.1 -2a Crystallographic data and structure refinement of complexes 2, 3, 4

Compounds 2 3 -

F (000) 260 268 244
Formula weight  521.74 515.08 492.12
Crystal system  Triclinic Triclinic Triclinic
Space goup  p] Pl P1

a (A) 7.1190(11) 7.1972(6) 7.1615(14)
b (A) 8.7931(12) 8.8436(7) 8.8729(18)
¢ (A) 9.2651(12) 9.3187(7) 9.3815(19)
a(°) 64.7332(9) 66.2410(10) 66.06(3)
B (°) 88.6171(7) 89.0610(10) 88.66(3)
v (°) 70.0720(10) 70.5500(10) 70.97(3)
V(AY) 513.14(10) 507.09(7) 510.96(18)
Empirical [Z"(C7H7N204)2(H20)z] * [Ni(QH7N204)z(H20)2] * [CO(C7H7N204)1(H20)2] :
formula 3H,0 3H,0 3H,0
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(to be continued )

Compounds .2 3 4
Z 1 1 1
D,,.(mg/cm’) 1.788 1.687 1.599
Absorption coefficient (mm') 1.179 1.035 0.914
GOF 1.084 1.651 1.125
Crystal size (mm) 0.21 x0.20 x0.19 0.40 x0.30 x0.25 0.29 x0.22 x0.19
@ range for data collection (°) 2.41 to 24.99 2.41 to 27.50 3.03 to 25.20
-8<h<S8 -9<h<9 -8<h<8
Limiting indices -8<k=<10 -ll<ks<lIl -10<k<10
-l =<l=<ll -12<I<12 -l=<I<ll
Reflections collected/ unique 2676 / 1774 4907 7 2330 4151 / 1841
Completeness to § =25.00 98. 10% 99.70% 99.80%
Data/restraints/ parameters 1774 7 0 / 149 2330 / 16 / 159 1841 /9 / 150
Final R ‘indices [ > 20 R, = 0. 0396, wR, = R, = 0. 0490, wR, = R, =0.0328, wR, =
(] 0.1023 0.1472 0. 0861
R, = 0. 0490, wR, = R, = 0. 0501, wR, = R, =0.0587, wR, =

R indices (all data)
0.1099 0.1480 0.1342

R =X (IF0=1F 1)/ 3 | F,|.wRy=[3 w(IF,1>=1F %)%/ % w (F,)*]"%.

Tab.1 -2b Selected bond lengths (A) and angles (°) of complex 2

Bond distances( A) Bond distances( A)
Zn(1)—N(1) 2.003(1) Zn(1)—0(5)" 2.115(3)
Zn(1)—N(1)' 2.103(1) Zn(1)—0(1) 2.163(2)
Zn(1)—0(5) 2.205(1) Zn(1)—0(1)' 2.163(2)

Bond angles(°) Bond angles(°)
N(1)—Zn(1)—N(1)' 180 0(5)—Zn(1)—0(1) 91.99(10)
N(1)—Zn(1)—0(5) 88.76(10) 0(5)'—Zn(1)—0(1) 88.01(10)
N(1)'—Zn(1)—0(5) 91.74(1) N(1)—Zn(1)—0(1)’ 101.02(10)
N(1)—Zn(1)—0(5)' 91.00(1) N(1)'—Zn(1)—0(1)" 78.98(10)
N(1)'—Zn(1)—0(5)' 88.96(10) 0(5)—Zn(1)—0(1)’ 88.01(10)
0(5)—Zn(1)—0(5)' 180.000( 1) 0(5)'—Zn(1)—0(1)’ 91.98(10)
N(1)—Zn(1)—0(1) 78.98(10) O(1)—Zn(1)—0(1)" 180
N(1)'—Zn(1)—0(1) 102.00(10)

Symmetry transformations used to generate equivalent atoms: (i) x+1, -y +1, z+1.

[ Cu(C,H,N,0,) ],(5)

Single-crystal X-ray diffraction analysis reveals that compound 5 crystallizes in Monoclinic
space group P2,/n, and the asymmetric unit of 5 consists of one Cu(1Il) cation and one H, EIDC
anion ligand, the complex 5 is a 2D infinite layer structure, the Cu(II) center is surrounded by two

N atoms and two carboxylate O atoms [ N1, O1, N1', O1'] from two individual H,L~ ligands in the
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equatorial plane and two O atoms [ 02", 02" ] from another two H,L "~ ligands in a slightly distorted
octahedral environment (Fig. 1 =3b). The Cu—N bond lengths are equal with the value of 1. 9606
(13)A, the Cu—O bond lengths and O—Cu—O0 angles vary from 1.9999(11) At02.5720(11)A
and 91.69° to 180.0°. And the CuO,N, octahedron units are interconnected with each other by H,
EIDC ligands to generate a sheet composed of quasi-squares involving four H,EIDC ligands and four
Cu(II) centers, each H,EIDC ligand chelates the Cu(II) centers via N1, Ol and connects the ad-

jacent Cu(II) center via 02 atom, which is different from complex 5 with a similar layer structure.

Fig. 1 —3a The structure of the title compound 5, showing the atomic numbering scheme. Non-H atoms are shown

with 30% probability displacement ellipsoids.

Fig. 1 —=3b The infinite 2D layer structure of complex 5
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And the adjacent layers are interconnected via (N—H---O and O—H---O) hydrogen bonding

interactions into a 3D supramolecular framework (Fig. 1 —3c).

Fig. 1 -3¢ The 3D supramolecular structure of complex 5

Tab.1 -3a Crystallographic data and structure refinement of complex 5

Compound 5

Empirical formula [ Cu(C,H,;N,0,) ],
Formula weight 429.83

Crystal system Monoclinic

Space group P2,/c

a (R) 10.9896(8)

b (R) 8.0027(6)

¢ (RA) 9.2439(7)

a (°) 90

B (°) 92.7146(9)

y (°) 90

vV (A*) 812.06(10)

Z 2

F (000) 438

D,y (mg/cm®) 1.758

Absorption coefficient(mm™ ) 1.401

GOF 1.058

Crystal size (mm) 0.30 x0.20 x0.10

10



