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Five new metal complexes, {[Ni(DIDP)(m-bdc)(H2O)]·5H2O}n (1), {[Zn(DIDP)(hfipbb)]·2DMA}n (2), 

{[Zn(DIDP)(4,4'-sdb)]·H2O}n (3), {[Co(DIDP)(p-bdc)]}n (4), and {[Co2(DIDP)(hfipbb)2]·H2O}n (5) have 

been synthesized by reactions of the corresponding metal ions with a V-shaped ligand 2,8-di(1H-

imidazol-1-yl)dibenzothiophene (DIDP) and different aromatic dicarboxylic acids, namely isophthalic 10 

acid (m-H2bdc), terephthalic acid (p-H2bdc), 4,4'-(hexafluoroisopropylidene)bis(benzoic acid) 

(H2hfipbb), and 4,4'-sulfonyldicarboxylic acid (4,4'-H2sdb), respectively. The structures of the complexes 

were determined by X-ray single-crystal diffraction. Complex 1 is a 1D chain structure containing one-

dimensional channel along the a direction and further extended via O–H···S hydrogen bonds and C–H···π 

stacking interactions into a 3D network. Complex 2 exhibits a quasi 2D + 2D → 2D with parallel 15 

polycatenation of 2D (4, 4) nets. Complex 3 displays an unusual 2D + 2D→3D parallel polycatenated 

framework based on a 2D 63-hcb network. Complex 4 shows a 2D 4-connected {44.62}-sql network 

containing one-dimensional channel along the b direction. The adjacent 2D networks are further extended 

via C–H···O hydrogen bonds into a 3D supramolecular framework. Complex 5 features a 2-fold 

interpenetrating 3D framework with 6-connected {412.63} pcu topology. Furthermore, the thermal 20 

stability for 1−5, luminescent properties of 2 and 3 have been studied. Moreover, the solid-state UV-

visible spectroscopy experiments show that complexes 1−5 are all optical semiconductors with band gaps 

of 3.06, 3.18, 3.23, 2.98, and 3.17 eV, respectively. 

 

Introduction 25 

Porous metal–organic frameworks (MOFs) are a class of 
crystalline porous materials1 and have received tremendous 
interest in recent years because of their various potential 
applications in gas storage and separation,2 catalysis3, 
luminescent materials4, magnetic materials5, sensors,6 ion 30 

exchange,7 and so on. Compared to other porous materials, such 
as zeolites, activated carbon, and covalent–organic frameworks 
(COFs), the most interesting feature of MOFs is their chemical 
versatility, due to their chemical composition of metal atoms or 
metal-containing clusters and organic bridging ligands8 So the 35 

judicious choice of organic bridging ligands is the key point in 
the construction of desired structural and target functional 
MOFs.9 To date, most studies for MOFs focus on adsorption, 
moleculesensing, and heterogencous catalysis. But the 
photoelectric properties of MOFs are not well researched.10 On 40 

the other hand, conjugated thiophene compounds have attracted 
significant attention because of their good electron-transferring 
abilities and optical absorption properties.11 However, MOFs 
constructed from conjugated thiophene-based ligands are rather 
limited. Therefore, significant research efforts are still need to 45 

develop this branch of research. In this text, we designed and 
synthesized a new V-shaped conjugated thiophene-based organic 
linker 2,8-di(1H-imidazol-1-yl)dibenzothiophene (DIDP) to build 
a series of metal complexes in the presence of various aromatic 
dicarboxylic acids. Due to the rotation of the C–N single bonds in 50 

the DIDP, two imidazol rings can form different dihedral angles 
to adjust the coordination orientation of the two nitrogen atoms, 
thus it may ligates metal centers in different orientations. So, the 
ligand was proved to be a good candidate for the construction of 
porous MOFs. Herein, we reported the syntheses and 55 

characterizations of five metal complexes: {[Ni(DIDP)(m-
bdc)(H2O)]·5H2O}n (1), {[Zn(DIDP)(hfipbb)]·2DMA}n (2), 
{[Zn(DIDP)(4,4'-sdb)]·H2O}n (3), {[Co(DIDP)(p-bdc)]}n (4), and 
{[Co2(DIDP)(hfipbb)2]·H2O}n (5), which exhibit abundant 
architectures from 1D chains to 3D frameworks by the 60 

employment of DIDP and four different dicarboxylate ligands, 
namely isophthalic acid (m-H2bdc), terephthalic acid (p-H2bdc), 
4,4'-(hexafluoroisopropylidene)bis(benzoic acid) (H2hfipbb), 4,4'-
sulfonyldicarboxylic acid (4,4'-H2sdb) (Scheme 1). Their 
syntheses, crystal structures, UV absorption spectra, thermal and 65 

fluorescence properties have been investigated in detail. 
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Scheme 1. Structures of N-containing DIDP Ligand and 
Dicarboxylate Ligands. 15 

Experimental Section 

Materials and General Methods  

All the chemicals and solvents purchased commercially and used 
without further purification. DIDP ligand was synthesized by the 
Ullmann reactions between imidazole and 2,8-20 

dibromodibenzo[b,d]thiophene (ESI†). C, H, and N analyses 
were performed on a Perkin Elmer 240C elemental analyzer. IR 
(KBr pellet) spectra were recorded on a Nicolet Impact 410 
spectrometer with KBr pellets in the range of 4000–400 cm-1. 
Thermogravimetric analyses (TGA) were completed on a Perkin 25 

Elmer thermogravimetric analyzer under nitrogen condition at a 
heating rate of 10 °C·min-1. Powder X-ray diffraction (PXRD) 
patterns were measured on a Bruker D8 Advance X-ray 
diffractometer using Mo-Kα radiation (λ = 0.71073 Å) at room 
temperature. The luminescent spectra for solid samples were 30 

conducted with a SHIMAZU VF-320 X-ray fluorescence 
spectrophotometer at room temperature. Solid UV-visible spectra 
were obtained on a Shimadzu UV-3600 double monochromator 
spectrophotometer using BaSO4 as a white standard.  

Syntheses of the complexes 1–5 35 

Synthesis of {[Ni(DIDP)(m-bdc)(H2O)]·5H2O}n (1) 

A mixture of Ni(NO3)2·6H2O (14.5 mg, 0.05 mmol), DIDP (15.8 
mg, 0.05 mmol), m-H2bdc (8.3 mg, 0.05 mmol) was dissolved in 
6 mL of DMF/H2O (1:1, v/v). The final mixture was transferred 
to a Parr Teflon-lined stainless steel vessel (15 mL) under 40 

autogenous pressure and heated at 105 °C for 3 days. Green block 
crystals were collected. Yield: 26% (based on Ni). Anal. calcd for 
C26H28N4NiO10S: C, 48.24%; H, 4.36%; N, 8.66%. Found: C, 
48.21%; H, 4.41%; N, 8.72%. IR(KBr, cm-1): 3417(w), 3135(w), 
1664(w), 1604(s), 1544(vs), 1509(s), 1450(m), 1401(s), 1267(m), 45 

1053(w), 845(w), 817(w), 746(m), 724(m), 657(w). 
Synthesis of {[Zn(DIDP)(hfipbb)]·2DMA}n (2) 

A mixture of Zn(NO3)2·6H2O (14.9 mg, 0.05 mmol), DIDP (15.8 
mg, 0.05 mmol), H2hfipbb (19.6 mg, 0.05 mmol) was dissolved 
in 6 mL of DMA/H2O (1:1, v/v). The final mixture was 50 

transferred to a Parr Teflon-lined stainless steel vessel (15 mL) 
under autogenous pressure and heated at 85 °C for 3 days. 
Colourless block crystals were collected. Yield: 22% (based on 
Zn). Anal. calcd for C43H38F6N6O6SZn: C, 54.58%; H, 4.05%; N, 
8.88%. Found: C, 54.52%; H, 4.09%; N, 8.94%. IR(KBr, cm-1): 55 

3443(w), 3122(s), 1626(vs), 1563(m), 1518(m), 1359(s), 1253(s), 

1211(s), 1173(s), 1064(w), 968(w), 842(w), 749(w), 663(w), 
567(w). 
Synthesis of {[Zn(DIDP)(4,4'-sdb)]·H2O}n (3) 

A mixture of Zn(NO3)2·6H2O (14.9 mg, 0.05 mmol), DIDP (15.8 60 

mg, 0.05 mmol), 4,4'-H2sdb (15.3 mg, 0.05 mmol) was dissolved 
in 6 mL of DMF/H2O (1:1, v/v). The final mixture was 
transferred to a Parr Teflon-lined stainless steel vessel (15 mL) 
under autogenous pressure and heated at 95 °C for 3 days. 
Colourless block crystals were collected. Colourless block 65 

crystals were collected. Yield: 28% (based on Zn). Anal. calcd 
for C32H22N4O7S2Zn: C, 54.59%; H, 3.15%; N, 7.96%. Found: C, 
54.53%; H, 3.21%; N, 8.02%. IR(KBr, cm-1): 3457(w), 3130(w), 
1622(vs), 1565(m), 1516(m), 1396(s), 1363(s), 1296(w), 
1160(m), 1127(w), 1101(w), 1064(w), 745(s), 623(w), 566(w). 70 

Synthesis of {[Co(DIDP)(p-bdc)]}n (4) 

A mixture of Co(NO3)2·4H2O (14.6 mg, 0.05 mmol), DIDP (15.8 
mg, 0.05 mmol), p-H2bdc (8.3 mg, 0.05 mmol) was dissolved in 6 
mL of DMF/H2O (1:3, v/v). The final mixture was transferred to 
a Parr Teflon-lined stainless steel vessel (15 mL) under 75 

autogenous pressure and heated at 115 °C for 3 days. Purple 
block crystals were collected. Purple block crystals were 
collected. Yield: 12% (based on Co). Anal. calcd for 
C26H16CoN4O4S: C, 57.89%; H, 2.99%; N, 10.39%. Found: C, 
57.84%; H, 3.03%; N, 10.44%. IR(KBr, cm-1): 3419(s), 3088(w), 80 

1594(vs), 1508(s), 1353(vs), 1115(w), 1056(w), 868(w), 820(m), 
743(m), 655(w), 521(w). 
Synthesis of {[Co2(DIDP)(hfipbb)2]·H2O}n (5)  

A mixture of Co(NO3)2·6H2O (29.1 mg, 0.1 mmol), DIDP (15.8 
mg, 0.05 mmol), H2hfipbb (39.2 mg, 0.1 mmol) was dissolved in 85 

6 mL of DMF/H2O (1:3, v/v). The final mixture was transferred 
to a Parr Teflon-lined stainless steel vessel (15 mL) under 
autogenous pressure and heated at 105 °C for 3 days. Dark purple 
block crystals were collected. Yield: 36% (based on Co). Anal. 
calcd for C52H30Co2F12N4O9S: C, 52.02%; H, 2.52%; N, 4.67%. 90 

Found: C, 51.96%; H, 2.57%; N, 4.71%. IR(KBr, cm-1): 3442(m), 
3141(w),  1692(m), 126(s), 1566(w), 1511(m), 1406(vs), 1254(s), 
1216(w), 1168(s), 1063(w), 967(w), 780(w), 724(m), 479(w).   

Single crystal structure determination and refinement 

The single-crystal structure data for complexes 1−5 were 95 

collected on a Bruker Smart Apex II CCD diffractometer using 
Mo Kα radiation (λ = 0.71073 Å). A semiempirical absorption 
correction was applied using SADABS program.12 The structures 
were solved by direct methods and all non-hydrogen atoms were 
located from the trial structures and then refined anisotropically 100 

on F2 refined by full-matrix least-squares procedures technique 
using the SHELXTL13 crystallographic software package. The 
organic hydrogen atoms were generated geometrically. The 
hydrogen atoms of coordinated water molecule in complex 1 
were located in the difference Fourier map and refined 105 

isotropically. There are some guest solvent molecules in the 
crystals of 1, 2, 3 and 5, and were chemically featureless to refine 
using conventional discrete-atom models. Therefore the 
SQUEEZE program implemented in PLATON14 was used to 
remove these electron densities. The details of the crystal 110 

parameters are listed in Table 1. The selected bond lengths and 
angles and hydrogen bond parameters are summarized in Tables 
S1 and S2 (ESI†). CCDC numbers are 999354-999358 for 1−5, 
respectively. Topological analyses were performed using the 
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program package TOPOS.15 

 

Description of the crystal structures 

{[Ni(DIDP)(m-bdc)(H2O)]·5H2O}n (1) 

The X-ray crystallographic analysis shows that complex 1 5 

crystallizes in the triclinic space group P-1, with an independent 
Ni(II) cation, one DIDP ligand, one deprotonated m-bdc ligand, 
one coordinated water molecule, and five lattice water molecules 
squeezed by PLATON software in the asymmetric unit. The 
Ni(II) cation is coordinated by two nitrogen atoms from two 10 

DIDP ligands (Ni–N = 2.058(2)–2.058(2) Å), three oxygen atoms 
from two m-bdc ligands and one oxygen atom from one 
coordinated water molecule (Ni–O = 2.0202(15)–2.1532(15) Å), 
and adopts a slightly distorted {NiN2O4} octahedral geometry, as 
shown Figure 1a. The Ni–O/N bond lengths are all normal and 15 

comparable to other Ni complexes.16 The two carboxylate groups 
of m-bdc ligand act as bisdentate-chelating and monodentate 
modes, respectively, and link the Ni(II) cations to form one 
infinite 1D linear chain with Ni···Ni distance of 10.163 Å and 
Ni···Ni···Ni angle of 180.00° (Figure 1b). Two DIDP ligands 20 

link two Ni(II) cations to form approximately rhombus 
[Ni2(DIDP)2] 26-membered metallamacrocycle (Figure 1c). The 
supplementary interior angles are 66.8° and 113.2°, respectively. 
In the metallamacrocycle, the N···Ni···N angle is 177.4°, 
indicating that the two N atoms and the Ni(II) cation almost in a 25 

line. Thus, an interesting 1D chain with a large 1D channel along 
the a-axis is formed (Figure 1d). As depicted in Figure 1e, the 
adjacent chains are arranged in an AAA type and connected by 
O–H···S hydrogen bonds to 2D polymeric structure along the ab 
plane. (Table S2, ESI†). Furthermore, the 2D network are held 30 

together in a parallel···ABAB··· fashion via C–H···π interactions 
[H4···Cg1iii = 3.21 Å, C4–H4···Cg1iii = 146.86°. Cg1 is the 
centroid of the C12–C17 ring; symmetry code: (iii) 1 - x, 2 - y, 1 - 
z] to generate a 3D extended supramolecular framework (Figure 
1f). In addition, intramolecular hydrogen bonds O5-H5B···O2 35 

help to consolidate the crystal structure. PLATON analysis gives 
the solvent-accessible voids to be 25.1 % (360.4 out of the 1436  
Å3 unit cell volumes) in complex 1. 
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Figure 1. (a) Coordination environment of the Ni(II) cation in 1. 
The hydrogen atoms are omitted for clarity. Symmetry codes: #1 80 

= -1+x, y, z; #2 = -x, 2-y, -z. (b) An infinite 1D linear chain 
formed by the carboxylate groups of hfipbb ligands and the Ni(II) 
cations. (c) Rhombus [Ni2(DIDP)2] metallamacrocycle. (d) 1D 
chain with a large channel of 1. (e) Perspective of the 2D netwok 
via the hydrogen bonds (purple dashed line) of 1. (f) Schematic 85 

representation of the 3D framework of 1. The C–H···π 
interactions and hydrogen bonds are shown with the green and 
purple dash lines, respectively. 
 
{[Zn(DIDP)(hfipbb)·2DMA]}n (2) 90 

The result of X-ray diffraction analysis reveals that complex 2 is 
a quasi parallel polycatenated 2D + 2D → 2D framework based 
on an undulated 44.62-sql square layer. It crystallizes in the 
triclinic crystal system with space group of P-1. The asymmetric 
unit contains one crystallographically independent Zn(II) cation, 95 

one DIDP ligand, one hfipbb ligand, and two free DMA 
molecules squeezed by PLATON software. As shown in Figure 
2a, the Zn(II) cation locates in a {ZnN2O2} distorted tetrahedral 
geometry made up of two N atoms  from two symmetrical DIDP 
ligands and two oxygen atoms  from two symmetrical hfipbb 100 

ligands. The bond lengths of Zn–O and Zn–N are 1.936(2) Å and 
1.990(5)–2.022(7), which are similar to other reported Zn 
complexes previously.17 Each hfipbb ligand bridges the adjacent 
Zn(II) cations to yield one infinite 1D linear chain with Zn···Zn 
distance of 14.575 Å and Zn···Zn···Zn angle of 180.00° (Figure 105 

2b). The other infinite 1D linear chain with Zn···Zn distance of 
14.509 Å and Zn···Zn···Zn angle of 180.00° is also generated by 
DIDP ligands and the Zn(II) cations (Figure 2b). Then, the two 
types of 1D chains are linked to generate a 2D network by 
sharing the Zn(II) cations (Figure 2b). From a topological 110 

viewpoint, the Zn(II) cations can be considered as 4-connected 
nodes. In order to present the real interpenetration of the complex, 
DIDP and hfipbb ligands can be simplified as V-shaped linkers,18 
so, the whole structure can be simplified to an sql network 
(Figure 2c). It is interesting that the adjacent 2D networks are 115 

packed as a quasi parallel 2D + 2D → 2D network, as depicted in 

(a) 

(b) 

(c) (d) 

(e) 

(f) 
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Figure 2d. PLATON analysis gives the solvent-accessible voids 
to be 32.8% (690.5 out of the 2105.5 Å3

 unit cell volumes) in 
complex 2. 
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Figure 2. (a) Coordination environment of the Zn(II) cation in 2. 45 

The hydrogen atoms are omitted for clarity. Symmetry codes: #1 
= x, y, 1+z; #2 = x, -1+y, z. (b) Left: An infinite 1D liner chain 
formed by Zn(II) cations and hfipbb ligands. Middle: An infinite 
1D liner chain constructed by the DIDP and the Zn(II) cations. 
Right: 2D network of 2. (c) Network perspective of the 4-50 

connected sql topology in 2. Turquoise ball, Zn; yellow ball, S; 
blue ball, N; gray ball, C. (d) Schematic representation of the 
quasi parallel 2D + 2D → 2D network in 2. 
 
{[Zn(DIDP)(4,4'-sdb)]·H2O}n (3) 55 

X-ray analysis shows that complex 3 is a parallel polycatenated 
2D + 2D → 3D framework based on an undulated 63-hcb single 
layer. Structural analysis indicates that complex 3 crystallizes in 
the monoclinic system, C2/c space group. Similar to the Zn(II) 

cation in 2, the Zn(II) cation in 3 exhibits the same coordination 60 

geometry, that is, distorted tetrahedral geometry of {ZnN2O2} 
(Figure 3a). The bond distances around the Zn(II) cation are 
normal. As depicted in Figure 3b, the Zn(II) centers are also 
linked by the 4,4'-sdb ligands to form one infinite 1D zig-zag 
chain with Zn···Zn separation of 14.0307 Å and Zn···Zn···Zn 65 

angle of 133.54°. Different from the case for complex 1, there is 
an approximately rectangular [Zn2(DIDP)2] 26-membered 
metallamacrocycle (Figure 3c) formed through the coordination 
between the DIDP ligands and the Zn(II) cations in complex 3. 
The supplementary interior angles are 87.9° and 92.1°, 70 

respectively. In the metallamacrocycle, the N···Zn···N angle is 
98.9°. Furthermore, a 2D network is formed by the cross-link 
between the metallamacrocycles and the 1D zig-zag chains 
(Figure 3d). Topologically, if Zn(II) cations are regarded as 3-
connected nodes, and the DIDP and 4,4'-sdb ligands are 75 

considered as V-shaped linkers in order to present the real 
interpenetration of the complex,18 the framework of complex 3 
can be viewed as a 3-connected 63-hcb net.  Noticeably, the 63-
hcb layers stack with an AAA sequences, and each of these 
equivalent layers is interdigitated with the adjacent two parallel 80 

layers, giving the final 3D supramolecular architecture. So, the 
most intriguing feature of complex 3 is the 2D + 2D → 3D 
parallel polycatenation. (Figure 3e).  
 
 85 
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Figure 3. (a) Coordination environment of the Zn(II) cation in 3. 
The hydrogen atoms are omitted for clarity. Symmetry codes: #1 
= x, -y, -0.5+z; #2 = 0.5-x, 0.5-y, 1-z. (b) An infinite 1D zig-zag 
chain formed by 4,4'-sdb ligands and the Zn(II) cations. (c) 
Rectangular [Zn2(DIDP)2] metallamacrocycle. (d) Schematic 15 

view of 2D netwok of 3. Turquoise ball, Zn; yellow ball, S; blue 
ball, N; gray ball, C. (e) Schematic view of 2D + 2D → 3D 
parallel polycatenation of 3.. 
 
{[Co(DIDP)(p-bdc)]}n (4) 20 

Complex 4 crystallizes in monoclinic space group P 21/c. Its 
asymmetric unit contains one crystallographically independent 
Co(II) cation, one DIDP ligand and one deprotonated p-bdc 
ligand. As shown in Figure 4a, the Co(II) center presents a 
tetrahedral coordination geometry, which is coordinated by two 25 

carboxylate oxygen atoms from two p-bdc ligands and two 
nitrogen atoms from two DIDP ligands. It is noteworthy that 
both p-bdc and DIDP ligands link the Co(II) cations to form zig-
zag chains with Zn···Zn···Zn angles of 106.544° and 101.727°, 
respectively (Figure 4b). The combination of the two kinds of 1D 30 

chains generates the 2D structure of complex 4 (Figure 4b). The 
most striking feature of the 2D network is that there exist 1D 
tubular channels along the b-axis (Figure 4c). To better 
understand the structure of complex 4, the topological analysis 
approach was employed. The Co(II) cations can be regarded as 4-35 

connected nodes, and all the organic ligands are considered as 
linkers, the framework of complex 4 can be simplified to an sql 
net with Schläfli symbol {44.62}. Further, these layers stack in an 
AAA model to construct a 3D supramolecular framework by 
weak hydrogen bond (C24-H24···O4#3) formed in the adjacent 40 

layers (Figure 4d. Table S2, ESI†). 
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Figure 4. (a) Coordination environment of the Co(II) cation in 4. 
The hydrogen atoms are omitted for clarity. Symmetry codes: #1 
= x, 0.5-y, -0.5+z; #2 = 3-x, 0.5+y, 0.5-z. (b) Top-left: An infinite 90 

1D zig-zag chain formed by Co(II) cations and p-bdc ligands. 
Bottom-left: An infinite 1D zig-zag chain generated through the 
DIDP and the Co(II) cations. Right: 2D network of 4. (c) 1D 
tubular channels in the 2D network of 4. (d) View of the 3D 
supramolecular framework incorporating hydrogen bonds (purple 95 

dashed lines). 
 
{[Co2(DIDP)(hfipbb)2]·H2O}n (5) 

X-ray single-crystal diffraction analysis reveals that complex 5 is 
a 3D framework. It crystallizes in the monoclinic crystal system 100 

with P2/c space group. The asymmetric unit of complex 5 is 
composed of one crystallographically independent Co(II) cation, 
half of DIDP ligand, one completely deprotonated hfipbb ligand, 
and one lattice water molecule squeezed by PLATON software. 
The coordination environment around the Co(II) cation is 105 

exhibited in Figure 5a. The Co1 is located in a distorted {CoNO4} 
square-pyramidal geometry completed by one N atom from one 
DIDP ligand at the apical position and four O atoms belonging to 
two symmetrical hfipbb ligands at the basal positions. The Co-N 
and Co-O bond lengths are all within the normal ranges. Four 110 

carboxylate groups from four hfipbb ligands acting as bis-
bidentate coordination mode bridge two crystallographically 
equivalent Co(II) cations to form a “paddlewheel” secondary 
building unit (SBU), [Co2(CO2)4], with Co···Co distance of 
2.8855(3) Å. A 2D layer with a (4, 4) sql grid is formed by the 115 

constituent square grid, based on the paddle-wheel units and the 
hfipbb ligands, and has a relatively large diagonal dimension of 
14.844 × 23.949 Å2. On a careful look at the geometry of the 2D 

(a) 

(b) 

(c) 

(d) 

(e) 

Page 5 of 11 Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



 

6  |  Journal Name, [year], [vol], 00–00 This journal is © The Royal Society of Chemistry [year] 

layer, it is observed that left- and right-handed 1D helical chains 
coexist and array alternately by sharing the paddlewheel SBUs 
(Figure 5b). As illustrated in Figure 5c, the large rhomboid voids 
allow the interpenetration between adjacent two layers to occur 
and form parallel 2D + 2D → 2D network (Figure 5c). The layers 5 

are interconnected to form a 3D structure via DIDP ligands with 
Co···Co distance of 13.758 Å (Figure 5d). Better insight of the 
complicated 3D architecture can be achieved by topology 
analysis, so the resulting structure can be reduced to a 6-
connected {412.63} α-Po pcu topology by simplifying the DIDP 10 

and 4,4'-sdb as linkers. In order to minimize the large voids in the 
single net, two equivalent nets adopt 2-fold interpenetration 
(Figure 5e). However, in spite of interpenetration, the effective 
free volume of complex 5 is 378.0 Å3 (14.5% of the unit cell 
volume) as calculated by PLATON. 15 

 
 
 
 
 20 

 
 
 
 
 25 

 
 
 
 
 30 

 
 
 
 
 35 

 
 
 
 
 40 

 
 
 
 
 45 

 
 
 
 
 50 

 
 
 
 
 55 

 
 

Figure 5. (a) Coordination environment of the Co(II) cations in 5. 

The hydrogen atoms are omitted for clarity. Symmetry codes: #1 

= 2-x, y, 1.5-z; #2: 1-x, 1-y, 1-z; #3: x, -y, -0.5+z; #4: 1-x, 1+y, 60 

1.5-z. (b) Schematic representation of the left-handed and right-

handed helical chains in the 2D network constructed by hfipbb 

ligands and Co(II) cations in 5. (c) Space-filling diagram of the 

2D → 2D interpenetration in 5. (d). View of the 3D framework. 

(e) Schematic view of the 2-fold interpenetrated pcu topology of 65 

5. 

Structural Discussion 

Five new metal complexes with a V-shaped thiophene-containing 
ligand and dicarboxylates have been synthesized under similar 
conditions and described in details. According to the above 70 

detailed discussion, we can found that the configuration of 
imidazole (Im) section of DIDP is key in determining the solid 
structures of corresponding complexes, because the nitrogen 
coordination atoms can modulate coordination orientation by 
rotation of C-N single bonds between Im rings and 75 

dibenzothiophene to satisfy the coordination modes. Considering 
the conformations of Im rings, we defined four important 
geometric parameters, α, β, γ, and δ, which represent the dihedral 
angles between rings A/B, B/C, C/D, and A/D, respectively 
(Scheme 2, ESI†). The details about these dihedral angles are 80 

listed in Table 2.  
By comparison, we found that the Im section can tune their 
conformations to meet the require coordination. Affected by such 
factors, complexes 1−5 show highly diverse structures ranging 
from 1D chain, quasi parallel 2D + 2D → 2D network,  2D + 2D 85 

→ 3D parallel polycatenation framework, 2D-sql network to 3D 
6-connected pcu framework. 
 
Table 2. Dihedral Angles between Different Rings in complexes 
1-5 90 

 α β γ δ 

1 14.9 2.8 24.9 22.8 
2 63.3 1.8 65.4 84.3 
3 38.9 3.7 40.8 64.5 
4 39.8 4.0 65.6 79.3 
5 69.2 2.7 69.2 77.1 

PXRD and Thermal Analysis 

Powder X-ray diffractions (PXRD) experiments were carried out 
for 1-5 at room temperature to characterize their purity, as shown 
in Figures S6- S10 (ESI†). The measured peak positions closely 
match the simulated peak positions, indicative of pure products. 95 

To characterize the complexes more fully in terms of thermal 
stability, thermo gravimetric analysis (TGA) were performed on 
crystalline samples of the title complexes (Figure S11). For 
complex 1, the first weight loss of 12.55% (calcd 13.92%) from 
room temperature to  the 124 °C range can be attributed to the 100 

loss of lattice water molecules, and the following weight loss 
from 124 to 184 °C (obsd, 2.34%; calcd, 2.78%) can be ascribed 
to the removal of coordinated water molecule. After that an 
additional weight loss corresponding to the decomposition of 
organic ligands ends at 668 °C with the NiO being the final 105 

residue (found 11.86%; calcd. 11.54%). For complex 2, the 
preliminary weight loss in the range of 157-245 °C corresponds 
to the departure of uncoordinated DMA molecule (obsd, 18.5%; 
calcd, 18.2%), and the solvent-free framework begins to collapse 

(a) 

(b) 

(c) 

(d) (e) 
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at 357 °C, leading to the formation of ZnO as the residue (obsd, 
8.07%; calcd, 8.60%). For complex 3, the first weight loss of 
lattice water molecule is observed in the range of 36-130 °C 
(obsd: 2.45%; calcd: 2.56%). The decomposition of organic 
ligands began at 330 °C. For complex 4, the framework is 5 

thermally stable at the temperature of approximately 418 °C, 
followed by an abrupt weight loss to give the final residual Co2O3 
(obsd, 16.87%; calcd, 15.37%). For complex 5, the first weight 
loss of approximately 1.35% in the range of 76-126 °C is 
consistent with the loss of free water molecule. Above 356 °C, 10 

the whole structure begins to decompose. 

Luminescent Properties 

The solid-state luminescence spectra of complexes 2 and 3 
together with free ligands DIDP, H2hfipbb and 4,4'-H2sdb have 
been investigated at room temperature, as shown in Figure S12 15 

and Table S3 (ESI†). The intense emission peaks appear at 418 
nm (λex = 295 nm) in 2 and 445 nm (λex = 303 nm) in 3. As for the 
free ligands, the main emission peaks are located at 435 nm (λex = 
383 nm) for DIDP, 325 nm (λex = 290 nm) for H2hfipbb, and 344 
nm (λex = 296 nm) for 4,4'-H2sdb, which are probably attributed 20 

to the π* → n or π* → π transitions. Since the Zn(II) with d10 
configuration is difficult to be oxidized or reduced, the emissions 
of 2 and 3 are neither ligand-to-metal charge transfer (LMCT) nor 
metal-to-ligand charge transfer (MLCT) in nature. In comparison 
to the free ligands, 2 and 3 exhibit similar emission characters to 25 

the free DIDP ligand. So the emission bands of 2 and 3 can 
probably be attributed to the intraligand fluorescent emission of 
DIDP ligand. 

Optical Energy Gaps 

The optical properties of complexes 1−5 and free organic ligands 30 

were investigated with solid-state UV-vis spectra at room 
temperature (Figure S13, ESI†). The absorption peaks at 304, 350 
nm (DIDP), 292 nm (m-H2bdc), 295 nm (H2hfipbb), 296 nm 
(4,4'-H2sdb), and 313 nm (p-H2bdc) can be ascribed to π → π* 
and n → π* transitions of the ligands, respectively. For the NiII 35 

and CoII-based complexes, the lower energy band at 620 nm (for 
complex 1), 626 nm (for complex 4), and 613 nm (for complex 5) 
are assigned as d-d transitions.19 The absorption peaks at  342 nm 
for complex 2 and 343 nm for complex 3 are assigned as ligand-
to-metal charge transfer transitions for ZnII-based complexes.20 In 40 

order to investigate the semiconductivity, the diffuse reflectance 
data were measured and transformed into Kubelka−Munk 
function to obtain their band gaps (Eg). As shown in Figure S13b, 
the band gap of DIDP is approximately 3.25 eV, which exhibits 
the nature of semiconductivity. The Eg values are 3.06 eV for 1, 45 

3.18 eV for 2, 3.23 eV for 3, 2.98 eV for 4, and 3.17 eV for 5, 
respectively, indicating all the complexes are optical 
semiconductors. 

Conclusions 

In summary, by using the V-shaped ligand, 2,8-di(1H-imidazol-1-50 

yl)dibenzothiophene (DIDP) and a variety of dicarboxylates, we 
have synthesized five new coordination polymers. Complex 1 
features a fascinating 1D channels in the 1D chain structure and 
further extended into the 3D framework via O–H···S hydrogen 
bonds and C–H···π stacking interactions. Complex 2 exhibits 55 

quasi 2D + 2D → 2D parallel polycatenation. Complex 3 displays 
an interesting 2D + 2D → 3D framework with parallel 
polycatenation.  Complex 4 is a 2D-sql network containing one-
dimensional channel and further extended into the 3D framework 
via C–H···O hydrogen bonds. Complex 5 reveals 2-fold 60 

interpenetrating 3D frameworks with {412.63} pcu topology. The 
results imply that the combination of V-shaped N-donor ligand 
with different dicarboxylates can construct MOFs with novel 
structures and special properties. Furthermore, the UV-vis 
absorption spectra and optical band gaps of complexes 1-5 show 65 

that these complexes can be employed as potential 
semiconductive materials. 
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Table 1．．．．Crystallographic Data and Structure Refinement Details for Complexes 1-5. 

Complex 1 2 3 4 5 

Formula C26H18N4NiO5S C35H20F6N4O4SZn C32H20N4O6S2Zn C26H16CoN4O4S C52H28Co2F12N4O8S 

Formula weight 557.21 771.98 686.01 539.42 1214.70 

Crystal system Triclinic Triclinic Monoclinic Monoclinic Monoclinic 

Space group P -1 P 1 C 2/c P 21/c P 2/c 

a (Å) 10.1634(8) 11.237(4) 25.388(5) 6.8708(4) 16.3754(8) 

b (Å) 11.7309(11) 13.991(5) 10.4704(19) 17.1947(10) 7.4218(4) 

c (Å) 13.7734(11) 14.575(5) 25.786(5) 19.5093(11) 23.9485(10 

α (deg) 108.547(10) 85.563(8) 90 90 90 

β (deg) 97.004(10) 89.011(8) 119.116(5) 96.516(10) 116.683(3) 

γ (deg) 107.980(10) 67.178(7) 90 90 90 

V (Å3) 1436.0(2) 2105.5(13) 5988(2) 2290.0(2) 2600.6(2) 

Z 2 2 8 4 2 

Dcalcd(g cm-3) 1.289 1.218 1.522 1.565 1.551 

µ(Mo Ka)(mm-1) 0.787 0.696 1.012 0.884 0.779 

F(000) 572 780 2800 1100 1220 

Temperature (K) 296(2) 296(2) 296(2) 296(2) 296(2) 

θ min-max (deg) 1.61, 25.05 1.58, 25.05 1.81, 25.05 1.58, 25.05 1.39, 25.05 

Tot., uniq. data 7912, 5060 11352, 7324 20793, 5312 12784, 4046 18953, 4599 

R(int) 0.0165 0.0581 0.0824 0.0252 0.0575 

Observed data [I 
> 2σ(I)] 

3984 3551 4561 3440 4093 

Nref, Npar 5060, 334 7324, 460 5312, 406 4046, 325 4599, 357 

R1
a,wR2

b 
( I > 2σ(I)) 

0.0355, 0.0926 0.0758, 0.2168 0.0515, 0.1477 0.0306, 0.0910 0.0319, 0.0991 

R1,wR2 (all data) 0.0476, 0.0971 0.1363, 0.2379 0.0595, 0.1545 0.0387, 0.0955 0.0357, 0.1026 

S 1.017 1.024 1.072 1.072 1.003 

Min. and max 
resd dens (e·Å-3) 

0.362, -0.380 0.582, -0.418 1.027, -0.716 0.291, -0.263 0.344, -0.363 

a R1 = Σ||F0|–|Fc||/Σ|F0|, 
b wR2 = Σ[w(F0

2–Fc
2)2]/Σ[w(F0

2)2]1/2. 
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Graphical Abstract 

 

 

 

 

Five new metal complexes constructed from the V-shaped ligand 

2,8-di(1H-imidazol-1-yl)dibenzothiophene (DIDP) and different aromatic 

dicarboxylic acids have been synthesized and structurally characterized in detail. All 

the complexes show optical semiconductive properties.  
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