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Abstract—Two cobalt(II) and cadmium(II) complexes, [Co(H2DMOPhIDC)2(H2O)2] ⋅ 2H2O (H3D-
MOPhIDC = 2-(3,4-dimethoxyphenyl)-1H-imidazole-4,5-dicarboxylic acid) (I), [Cd(H2MOPhIDC)2-
(Phen)] ⋅ C2H5OH (H3MOPhIDC = 2-(3-dimethoxyphenyl)-1H-imidazole-4,5-dicarboxylic acid, Phen =
1,10-phenanthroline) (II), have been hydro(solvo)thermally synthesized by employing two kinds of organic
ligands, H3DMOPhIDC or H3MOPhIDC, respectively. The molecular structures of I and II have been char-
acterized by IR spectra, elemental analyses and single-crystal X-ray diffraction (CIF files CCDC
nos. 935845 (I), 935846 (II)). Both complexes show three-dimensional supramolecular structures supported
by intermolecular H-bonds. Furthermore, the thermogravimetric and photoluminescent properties of two
complexes have been investigated as well.

DOI: 10.1134/S1070328416050079

INTRODUCTION

Recently, supramolecular complexes based on car-
boxylate-base compounds have attracted much atten-
tion due to their novel architectures and potential
applications in functional material field [1–10]. In this
context, imidazole-4,5-dicayboxylic acid (H3IDC) is
a good construction block for supramolecules due to
its promising coordination ability and coordination
modes.

To have a deep understanding of the coordina-
tion features of H3IDC and its derivatives, a series
of imidazole dicarboxylate ligands bearing 2-posi-
tion aromatic groups have been synthesized and
investigated [11–18]. For example, people have
adopted methoxyl group to modify the phenyl unit
at the 3-position or 3,4-positions, achieving two
kinds of organic ligands: 2-(3-methoxyphenyl)-
1H-imidazole-4,5-dicarboxylic acid (m-
H3MOPhIDC) and 2-(3,4-dimethoxyphenyl)-
1H-imidazole-4,5-di-carboxylic acid (H3D-
MOPhIDC) [15]. The early studies showed that

the ligands m-H3MOPhIDC and H3DMOPhIDC
could be doubly deprotonated and coordinated to
metal ions in various modes. Consequently, a
series of intriguing MOFs, such as 3D [Sr(m-
H2MOPhIDC)2]n, 2D [Cd3(m-H2MOPhIDC)2-
(μ3-HMOPhIDC)2(H2O)2]n [14], 3D polymers
[Sr(3,4-H2DMOPhIDC)2]n have been prepared
[15]. Among these complexes, the two ligands have
similar coordination modes: (1) acting as chelat-
ing ligand using one nitrogen atom and one car-
boxylate oxygen atom or using two carboxylate
oxygen atoms; (2) acting as bridging ligand using
two nitrogen atoms. Although some coordination
polymers have been prepared, supramolecular
complexes were rarely synthesized. We believe
that the two organic ligands may supply intra-
and intermolecular H-bonds, π‒π stacking
effects, and van der waals interactions, which play
vital roles in the construction of supramolecular
structures. The syntheses of complexes I and II
are given below:1 The article is published in the original.
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Considering above mentions, in this paper, two
supramolecular complexes, namely [Co(H2D-
MOPhIDC)2(H2O)2] ⋅ H2O (I), [Cd(H2MOPhIDC)2-
(Phen)] ⋅ CH3CH2OH (Phen = 1,10-phenanthroline)
(II), have been hydro(solvo)thermally synthesized.
Their thermal and f luorescence properties have been
investigated as well.

EXPERIMENTAL

Materials and methods. All chemicals were of
reagent grade quality obtained from commercial
sources and used without further purification. The
organic ligands H3MOIDC and H3DMOPhIDC were
prepared according to the literature method [19]. C,
H, and N analyses were carried out on a FLASH EA
1112 analyzer (USA). IR data were recorded on a
BRUKER TENSOR 27 spectrophotometer as KBr
pellets in the 400–4000 cm–1 region (Germany). TG
measurements were performed by heating the sample
from 20 to 750°C at a rate of 10°C min–1 in air on a
Netzsch STA 409PC differential thermal analyzer
(Germany). Fluorescence spectra were characterized
at room temperature by a F-4500 fluorescence spec-
trophotometer (Japan).

Synthesis of I. A mixture of H3DMOPhIDC
(26.2 mg, 0.09 mmol), Co(NO3)2 ⋅ 6H2O (29.1 mg,
0.1 mmol), Et3N (0.028 mL, 0.2 mmol) and deionized
water (7 mL) was sealed in a 25 mL Teflon-lined bomb
and heated at 150°C for 4 days. The reaction mixture
was then allowed to cool to room temperature. Red-
dish brown crystals of I were collected, washed with
distilled water, and dried in air. The yield was 78%.

IR (KBr; ν, cm–1): 3490 w, 2846 w, 2360 w, 1581 s,
1398 s, 1263 s, 1019 m, 865 w, 770 m, 723 m, 546 m.

Synthesis of II. A mixture of H3MOPhIDC
(52.4 mg, 0.2 mmol), Cd(NO3)2 ⋅ 4H2O (61.6 mg,
0.2 mmol), Phen (39.6 mg, 0.2 mmol), Pyridine
(0.224 mL, 1.6 mmol) and C2H5OH–H2O (3 : 4, 7 mL)
was sealed in a 25 mL Teflon-lined bomb, which was
heated to 160°C for 1 day, and then cooled to room
temperature. White crystals of II were obtained and
dried in air. The yield was 70%. 

IR (KBr; ν, cm–1): 3453 m, 3061 m, 1944 w,
1576 s, 1537 m, 1471 s, 1386 m, 1234 s, 1047 s, 846 s,
747 s, 728 s, 638 m.

X-ray crystallography. All measurements were
made on a Bruker smart APEXII CCD diffractometer
with a graphite-monochromated MoKα radiation (λ =
0.71073 Å). Single crystals of I and II were selected
and mounted on a glass fiber. All data were collected
at a temperature of 291(2) K using the ω–2θ scan
technique and corrected for Lorenz-polarization
effects. Furthermore, a correction for secondary
extinction was applied.

NHN

COOHHOOC

OCH3

OCH3

+ Co(NO3)2   6H2O
H2O

150°C 96 h
[Co(H2DMOPhIDC)2(H2O)2]   2H2O

H3DMOPhIDC

NHN

COOHHOOC

OCH3

+ Cd(NO3)2   4H2O + Phen
C2H5OH/H2O

160°C 24 h
[Cd(H2MOPhIDC)2(Phen)2]   C2H5OH.

H3MOPhIDC

(I)

(II)⋅

⋅ ⋅

⋅

For C26H30N4O16Co

anal. calcd., %: C, 43.73; H, 4.2; N, 7.85.
Found, %: C, 43.88; H, 3.87; N, 7.76.

For C38H32N6O11Cd

anal. calcd., %: C, 52.96; H, 3.72; N, 9.75.
Found, %: C, 52.77; H, 3.64; N, 9.85.
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The two structures were solved by direct methods
and expanded using the Fourier technique. The non-
hydrogen atoms were refined with anisotropic thermal
parameters. Hydrogen atoms were included but not
refined. The final cycle of full-matrix least squares
refinement was based on 6916 observed reflections
and 436 variable parameters for I, and 6485 observed
reflections and 547 variable parameters for II. All cal-
culations were performed using the SHELX-97 crys-
tallographic software package [20]. Crystal data and
experimental details for compounds I and II are con-
tained in Table 1. The selected bond lengths and
angles and hydrogen bonding parameters are given in
Tables 2 and 3, respectively.

Supplementary material for structures I and II has
been deposited with the Cambridge Crystallographic
Data Centre (nos. 935845 (I), 925846 (II); deposit@
ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk).

RESULTS AND DISCUSSION

In general, under hydrothermal synthesis condi-
tions the methoxyphenyl-substituted imidazole dicar-
boxylate ligand at 2-position usually shows various

coordination modes and can reacts with metal ions to
obtain relatively complicated coordination polymers
or polynuclear complexes. However, in this article,
two mononuclear complexes were obtained. For com-
plex I, the results indicate that under the hydrothermal
conditions, the factors controlling the reaction and
supramolecular assembly are intricate, especially pH
value. In the preparation of complex I, the crystal suc-
cessfully grew from the solution of pH 5, while the
higher pH value has failed to produce suitable crystal
or has given products with low yields. In addition, the
two mononuclear complexes are stable in air and
insoluble in water and common organic solvents.

An ORTEP drawing of the molecular structure
with atom labeling scheme is shown in Fig. 1. The
geometry around the Co(II) center is best portrayed as
a slightly distorted [CoO4N2] octahedral environment,

which is defined by two nitrogen atom (N(1) and
N(3)) and two carboxylate oxygen atoms (O(1) and

O(10)) from two individual H2DMOPhIDC– anions,

and the remaining site is occupied by two oxygen
atoms (O(13) and O(14)) from the two coordination
water molecules (Fig. 1a). The O(10)CoO(13) and

O(14)CoO(1) bond angles are 171.92(10)° and

Table 1. Crystallographic data and structure refinement information for compounds I and II

Parameter
Value

I II

Fw 713.47 861.10

Crystal system Triclinic Triclinic

Space group P1 P1

Crystal size, mm 0.27 × 0.26 × 0.18 0.20 × 0.18 × 0.14

a, Å 9.033(3) 11.0034(4)

b, Å 10.621(4) 12.5774(4)

c, Å 15.615(5) 14.6687(5)

α, deg 95.951(5) 109.735(3)

β, deg 100.193(5) 105.922(3)

γ, deg 92.520(6) 93.063(3)

V , Å3 1463.5(9) 1813.43(11)

Z 2 2

ρcalcd, mg m–3 1.619 1.577

F(000) 738 876

μ, mm–1 0.673 5.439

Reflections mesured/unique 9765/6916 14293/6485

(Rint) (0.0226) (0.0315)

Data/restraints/parameters 6916/470/436 6485/357/547

Goodness-of-fit on F2 1.037 1.038

R, wR (I > 2σ(I)) 0.0612, 0.1607 0.0317, 0.0784

R, wR (all data) 0.0824, 0.1760 0.0374, 0.0820

Δρmax/Δρmin, e Å–3 –1.442/1.130 –0.421/0.342
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Table 2. Selected bond distances (Å) and angles (deg) for complexes I and II

Bond d, Å Bond d, Å Bond d, Å

I
Co(1)–O(14) 2.026(3) Co(1)–O(13) 2.121(3) Co(1)–O(1) 2.152(3)

Co(1)–O(10) 2.103(3) Co(1)–N(1) 2.144(3) Co(1)–N(3) 2.200(3)

II
Cd(1)–O(6) 2.269(2) Cd(1)–N(6) 2.328(3) Cd(1)–N(5) 2.377(2)

Cd(1)–O(1) 2.3137(19) Cd(1)–N(1) 2.334(2) Cd(1)–N(3) 2.381(2)

Angle ω, deg Angle ω, deg Angle ω, deg

I
O(14)Co(1)O(10) 95.74(11) O(13)Co(1)N(1) 86.26(10) O(14)Co(1)N(3) 91.34(10)

O(14)Co(1)O(13) 92.22(11) O(14)Co(1)O(1) 177.68(10) O(10)Co(1)N(3) 78.81(10)

O(10)Co(1)O(13) 171.92(10) O(10)Co(1)O(1) 85.77(10) O(13)Co(1)N(3) 102.44(10)

O(14)Co(1)N(1) 102.76(11) O(13)Co(1)O(1) 86.32(10) N(1)Co(1)N(3) 163.22(11)

O(10)Co(1)N(1) 90.61(10) N(1)Co(1)O(1) 78.96(10) O(1)Co(1)N(3) 87.22(10)

II
O(6)Cd(1)O(1) 108.10(8) N(6)Cd(1)N(1) 95.20(8) O(6)Cd(1)N(3) 72.77(7)

O(6)Cd(1)N(6) 158.89(9) O(6)Cd(1)N(5) 88.53(9) O(1)Cd(1)N(3) 82.33(7)

O(1)Cd(1)N(6) 92.99(8) O(1)Cd(1)N(5) 159.25(8) N(6)Cd(1)N(3) 110.20(8)

O(6)Cd(1)N(1) 92.00(8) N(6)Cd(1)N(5) 70.68(9) N(1)Cd(1)N(3) 145.43(8)

O(1)Cd(1)N(1) 73.03(7) N(1)Cd(1)N(5) 119.87(8) N(5)Cd(1)N(3) 91.23(8)

Table 3. Geometric parameters of hydrogen bonds for I and II*

* Symmetry transformations used to generate equivalent atoms: #1 –x + 1, –y, –z; #2 –x + 1, –y, –z + 1; #3 –x + 2, –y + 1, –z + 1;
#4 –x + 2, –y, –z; #5 –x + 1, –y + 1, –z; #6 x, y, z + 1; #7 –x + 2, –y, –z + 1 for I; #1 –x + 2, –y + 1, –z + 1; #2 –x, –y, –z; #3 x + 1, y, z for II.

D–H…A

Distance, Å
Angle DHA, deg

D–H H…A D…A

I
N(4)–H(4)…O(1)#1 0.86 2.10 2.914(4) 158

N(2)–H(2)…O(2w) 0.86 1.93 2.781(4) 173

O(13)–H(13D)…O(4)#2 0.85 1.96 2.771(4) 160

O(13)–H(13E)…O(7)#1 0.85 1.87 2.724(4) 178

O(14)–H(14A)…O(1w) 0.85 1.87 2.647(4) 152

O(1w)–H(1wA)…O(8)#4 0.85 2.03 2.875(4) 172

O(14)–H(14B)…O(6)#3 0.85 2.09 2.868(4) 152

O(1w)–H(1wB)…O(12)#5 0.85 2.13 2.976(4) 172

O(1w)–H(1wB)…O(11)#5 0.85 2.46 2.979(4) 120

O(2w)–H(2wA)…O(7)#6 0.85 2.23 3.038(4) 159

O(2w)–H(2wB)…O(10)#7 0.85 2.03 2.839(4) 158

II
O(3)–H(3)…O(2) 0.82 1.68 2.499(3) 179

O(8)–H(8)…O(7) 0.82 1.68 2.500(4) 179

N(2)–H(2)…O(11)#1 0.836(18) 2.025(19) 2.856(4) 173(3)

N(4)–H(4)…O(1)#2 0.82(4) 2.06(4) 2.851(3) 162(3)

O(11)–H(11A)…O(7)#3 0.82 2.20 2.977(4) 159

O(11)–H(11A)…O(6)#3 0.82 2.50 3.174(4) 141
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177.68(10)°, respectively. The O(1)CoO(13) and

O(10)CoO(14) bond angles are 86.32(10)° and

95.74(11)°, respectively. Thus, the CoO4 unit forms an

ideal equatorial plane. Co–O(1) and Co–O(10) bond

lengths (mean 2.127 Å) are longer than the Co–O(14)

and Co–O(13) bond lengths (mean 2.074 Å). The

Co–N bond lengths are 2.200(3) and 2.144(3) Å,

respectively.

It should be pointed out that the H3DMOPhIDC

shows bidentate coordination mode. Within the
organic ligand, the dihedral angle between the imidaz-

ole ring and the carboxylate plane is 11.147(175)° indi-

cating the small twist. The dihedral angle between the

two imidazole rings is 81.534°. The bond lengths and

angles within the H2DMOPhIDC– ligand are similar

to these reported compounds [15].

Fig. 1. Coordination arrangement of the Co atom of complex I (solvent removed) (a); the 2D layer composed via the intermolec-
ular hydrogen bonds along the x axis of complex I (b); the solid-state crystal packing of complex I (c). 

(a)

(b)

(c)

O(10)

O(13)

O(14)

O(1)
N(1)

N(3)
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It should be point that both the H2DMOPhIDC–

units and water molecules participate in the formation

of intermolecular hydrogen bonds O–H…O, N–

H…O (Fig. 1b). H-bonds form 2D straight chains, and

the intra-chain distance of adjacent Co2+ ions is

9.4354 and 10.0705 Å in turn. The 3D framework layer

is constituted via the linkages of the hydrogen bonds

between the adjacent chains. The structure indicated

that one coordination water molecule connected adja-

cent [Co(H2DMOPhIDC)2(H2O)2] units through two

H-bonds like a bidentate ligand in the every 2D

straight chain, while the other coordination water

Fig. 2. Coordination arrangement of the Cd atom in complex II (solvent removed) (a); the zigzag chains of complex II (b); crystal
packing diagram of complex II along the y axis showing the π–π stacking between the zigzag chains (c). 

(a)

(b)

O(6)

O(1)

N(1)
N(3)

N(5) N(6)

(b)

(c)
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molecule acting as polydentate ligand joined the 2D
straight chains through furcated H-bond. Further-

more, π…π stacking interactions of the phenyl rings
also increased structural stability. To the best of our
knowledge, the ligand H3DMOPhIDC was first used

to prepare Co complexes by us.

The Cd atoms of complex II is also six-coordinated

like complex I. As is shown in Fig. 2, the Cd2+ ion is
chelated by two Nphen donors (Cd–N(6) 2.328(3),

Cd–N(5) 2.377(2) Å) and the 

 chelating donors (the distances of Cd–

O(1), Cd–N(1), Cd–O(6), and Cd–N(3) 2.3137(19),
2.334(2), 2.269(2), and 2.381(2) Å, respectively).
Three stable five-membered rings were formed
through Cd atoms and coordinated atoms. The coor-

dination environment of Cd2+ ion is a seriously dis-
torted octahedron. The Phen acts as a bidentate ligand

to coordinate Cd2+ ion. The intramolecular hydrogen

bonds O–H…O are formed by oxygen atoms of car-
boxyl (O(3), O(2)) and (O(8), O(7)) of the imidazole
dicarboxylate units, respectively, and the intermolecu-

lar hydrogen bonds N–H…O, O–H…O connect cad-
mium atoms to form a zigzag chain. In addition to the
H-bonds mentioned above, the adjacent parallel heli-
ces assemble a 3D structure through weak π–π stack-
ing (the distance and dihedral between the two stag-
gered phen rings is 4.8781 Å and 0°). Both of them
supply the stability effect for the 3D solid-state struc-
ture of complex II [12].

As far as we konw, there are some imidazole–dicar-
boxylate-based Cd(II) coordination polymers in
the literature, which are mainly built by H3IDC or its

2-position substituted derivatives, respectively. There
are only several examples of Cd(II) supramolecules,
which are prepared from the methoxylphenyl substi-
tuted imidazole dicarboxylate ligands at 2-position.

2H MOPhIDCO ,
−

2H MOPhIDCN
−

The IR spectra of compounds I and II display
characteristic absorption bands for water molecules,
imidazole, carboxylate, and phenyl units. The strong
and broad absorption bands in the range of 3400–

3500 cm–1 should be ascribed to the stretching vibra-
tions ν(N–H) and the ν(O–H), which indicate the
presence of the imidazole ring and coordinated water
molecules, respectively. The carboxylate units can be
seen from the absorption bands in the frequency range

1234–1944 cm–1 in complexes owing to νas(COO–)

and νs(COO–) vibrations respectively. The absorption

in the range of 1000–1390 cm−1 are attributed to C=N
and C=C vibrations. The characteristic IR band of

the phenyl ring at 840–860 cm−1 due to δ(CH) vibra-

tions can be found at 865 cm−1 for I and 846 cm−1 for
II. In conclusion, the infrared spectral data (400–

4000 cm–1) of two complexes are consistent with crys-
tal structure analyses.

TG curve of complex I shows three-step weight loss
process (Fig. 3). Complex I is stable until 99.3°C, then
the first and the second lose weight from 99.3 to
281.1°C, the total weight loss of the both steps is
11.12% (calcd. 10.0%); they are corresponding to
release of two crystallization water molecule and two
coordination water molecules. The third weight loss
step is from 281.1 to 465.4°C, the total weight loss of
the both steps is 77.39% (calcd. 77.36%), which corre-
sponds to the decomposition of the organic ligands.
Finally, a plateau region is observed from 465.4 to
750°C. A nigger-brown amorphous residue is
0.5Co2O3 (obsd. 11.49%, calcd. 11.62%).

TG curve of complex II shows three-step weight
loss process (Fig. 3). The complex is stable until
115.2°C, then the first step loses weight from 115.2 to
326.7°C (obsd. 3.04%, calcd. 5.3%) corresponding to
losses of crystallization ethanol molecules. The sec-
ond weight loss step is from 326.7 to 359.8°C which
can attribute to the release of the COOH and OCH3

groups (obsd. 18.85%, calcd. 17.65%). On further
heating, we observed the third a weight loss of 62.37%
between 359.8 and 570.1°C (calcd. 63.94%), revealing
the loss of the decomposition of Phen and the part

H2MOPhIDC– ligands. The residue is stable up to

about 570°C with the remaining weight of 15.73%,
revealing the formation of CdO (calcd. 14.91%).

The fluorescence properties of complexes I, II and
the corresponding ligand H3MOPhIDC were exam-

ined in the solid state at room temperature (Fig. 4).
Сompound I shows luminescence with the emission
maximum at 400 nm by selective excitation at 494 nm,
which is attributed to the π* → n transition. The emis-
sion can be assigned to the ligand-to-metal charge
transfer (LMCT), rather than the π* → n transition of
the ligand [21]. In the case of compound II, the emis-
sion band with a maximum at 452 nm upon excitation
at 347 nm was observed. The emission peaks of II are
neither metal-to-ligand charge transfer (MLCT) nor

Fig. 3. TG curves of compounds I and II.
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ligand-to-metal charge transfer (LMCT) in nature.

Because Cd2+ ions are difficult to reduce to their d10

configuration. This phenomenon can be tentatively
assigned to intraligand transfer π*–π transitions,
namely, ligand-to-ligand charge transfer (LLCT),
similar to the results reported on coordination poly-
mers with an aromatic backbone.
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Fig. 4. The f luorescent spectra of complexes I and II.
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