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G R A P H I C A L A B S T R A C T

A 3D coordination polymer [CdK6(μ2-H2O)2(BODSDC)2(H2O)]n (1) based on the benzophenone-3,3′-disulfonyl-4,4′-dicarboxylate (BODSDC4−) was presented.
Compound 1 crystallizes has a large second-harmonic-generation response of 1.3 times that of KDP and is type-I phase-matchable.
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A B S T R A C T

A 3D coordination polymer [CdK6(μ2-H2O)2(BODSDC)2(H2O)]n (1) based on the novel benzophenone-3,3′-dis-
ulfonyl-4,4′-dicarboxylate (BODSDC4−) ligand was synthesized and structurally characterized. The carboxylate
and sulfonate groups of the organic ligands as well as the bridging water molecules connect the Cd2+ and K+

ions to produce a 2D layer, which is linked by the benzophenone moieties to give a 3D pillared framework.
Compound 1 crystallizes in an acentric space group of Cc and has a large second-harmonic-generation (SHG)
response of 1.3 times that of potassium dihydrogen phosphate (KDP) in the particle size of 25–210 μm. Further
SHG measurements revealed that the material is type-I phase-matchable. The observed SHG efficiency is asso-
ciated with the unsymmetrical geometry of the organic ligand and the distorted coordination polyhedrons of
metal centers.

The crystalline materials possessing crystallographic non-
centrosymmetry are an important class of functional materials due to
their symmetry-dependent properties such as second-harmonic-gen-
eration (SHG) (i.e. second-order nonlinear optics (NLO)),

piezoelectricity, ferroelectricity, and pyroelectricity [1]. It has been
reported that the combination of d0 transition metal ions and lone-pair-
containing cations in inorganic oxide crystals can produce non-
centrosymmetric (NCS) structures with their inherent unsymmetric
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coordination environments [2]. Recently, coordination polymers or
metal−organic coordination compounds are emerging as a new kind of
potential NLO materials [3]. Combination of the metal centers with
well-defined geometry and functional organic ligands leads to the NCS
coordination compounds [4]. The noted examples are the NCS d10-
metal-based coordination polymers featuring diamonded networks
constructed from the rigid conjugated bridging ligand with un-
symmetrical linking groups [5]. The NCS coordination compounds can
be obtained by using the V-shaped organic ligands due to the un-
symmetrical geometry of the ligand [6]. In the present work, a novel
sulfonate-carboxylate ligand, benzophenone-3,3′-disulfonyl-4,4′-di-
carboxylate (H4-BODSDC), is applied for constructing the NCS com-
pound due to its unsymmetrical geometry. The H4-BODSDC ligand
based on a benzophenone backbone with two carboxylate and two
sulfonate groups is expected to be a remarkable organic precursor for
preparation of the functional coordination polymers. Here is a NCS
cadmium compound with its structure and SHG properties.

One Cd2+ ion, six K+ ions, two tetraanionic BODSDC4− ligands,
and three water ligands compose the asymmetric unit of 1 [7]. It is
noted that two (O24 and O25) of the water ligands serve as a μ2 ligand
bridging two K+ ions. As shown in Fig. 1, the Cd2+ ion is coordinated
by six carboxylate O atoms from four BODSDC4− ligands. The CdeO
bond distances vary from 2.244(10) to 2.423(11) Å (Table S1). The K+

ions display diverse coordination geometries with the coordination
numbers of 5, 6, 7, and 8. The K1 and K2 atoms have the coordination
number of 8. The K1 atom is coordinated by two carboxylate O atoms
and four sulfonate O atoms from four BODSDC4− ligands, and two
water O atoms (Fig. 1). The coordination polyhedron of K2 atom is
composed of two carboxylate O atoms and five sulfonate O atoms from
four BODSDC4− ligands, and one water O atom. K3 atom is five-co-
ordinated by three sulfonate O atoms and one carboxylate O from three
BODSDC4− ligands, and one water O atom. The K4 and K6 atoms have
the same coordination number of 7 and both are surrounded by two
carboxylate O atoms and five sulfonate O atoms (Fig. 1). K5 is co-
ordinated to six O atoms, five from one carboxylate O atom and four
sulfonate O atoms of four BODSDC4− ligands, and one from water
molecule. The KeO bond distances range from 2.320(15) to 3.364(16)
Å (Table S1). The two independent BODSDC4− ligands exhibit two
complicated coordination modes bridging two Cd2+ and eleven K+ ions
(Scheme S1). The Cd2+ and K+ ions are interconnected by the

carboxylate and sulfonate groups and the bridging water ligands to give
a 2D layer running along ab plane, as shown in Fig. 2. The 2D layers are
further connected by the benzophenone linkers to form a 3D pillared
framework (Fig. 3).

Fig. 1. Coordination environments of Cd(II) and K(I) ions in 1. Symmetry code: A x,− y+1, z – 1/2; B x – 1/2,− y+1/2, z – 1/2; C x – 1, y, z; D x – 1,− y+1, z –
1/2; E x+1/2, y+1/2, z; F x+1/2, − y+1/2, z+1/2; G x – 1/2, − y+1/2, z+1/2; H x, − y+1, z+1/2; I x+1, y, z.

Fig. 2. The 2D layer in 1.

Fig. 3. The 3D framework of 1.
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The IR spectrum of 1 shows an absorption at 3465 cm−1, which can
be attributed to OeH stretching vibration of water molecule. The ab-
sorption peaks at 1662 and 1592 cm−1 are the asymmetric stretching
bands of carboxylate groups. The symmetric stretching band of car-
boxylate group is observed in the 1400 cm−1. The characteristic bands
of the sulfonate groups are found at 1028, 1081, and 1201 cm−1.

Compound 1 is crystallized in the NCS space group Cc, thus its SHG
properties were investigated. The SHG properties were measured using
the Kurtz-Perry powder SHG technique with a Q-switch Nd:YAG laser
(1064 nm) and KDP as a reference [8]. The preliminary measurement
shows that the SHG intensity of 1 is about 1.3 times that of KDP in the
particle size of 150–210 μm (Fig. 4), which indicates that 1 can be
potentially as a NLO material. Such a phenomenon confirms the acen-
tricity nature of 1. The SHG intensity is comparable to that of the Cd
(pyb)2·H2O compound based on the 4-(pyridin-4-yl)benzoate (pyb) li-
gand [9]. In addition, the SHG responses for 1 at different particle size
(from 45 to 300 μm) were measured by sieving of 1 into various particle
sizes. The plots of the SHG signals as a function of particle size with the
KDP as a reference are depicted in Fig. 4. The SHG intensities of 1 are
enhanced with the increasing the particle sizes, suggesting a type-I
phase-matchable, which meets a requirement for a NLO material to
serve for laser frequency converting. The nonlinear benzophenone-3,3′-
disulfonyl-4,4′-dicarboxylate ligand with the sulfonate and carboxylate
groups is a unsymmetrical ligand, leading to the NCS structure of 1.
Moreover, from the bond lengths and bond angles around the metal
centers (Table S1), we can see that the coordination polyhedrons for all
metal centers in 1 are significantly deviated from the ideal coordination
geometries, leading to the distorted coordination environments for
metal centers. Thus the unsymmetrical bridging ligands arranged in an
unsymmetrical relative disposition and distorted coordination en-
vironments for metal centers contribute the SHG activity of 1.

In summary, we demonstrate a cadmium coordination polymer of 1
based on the unsymmetrical ligand of benzophenone-3,3′-disulfonyl-
4,4′-dicarboxylate. Compound 1 has a 3D pillared framework featuring
the NCS structure, which displays a large SHG signal and has a potential
for a NLO crystalline material.
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Appendix A. Supplementary material

Crystallographic data have been deposited at the Cambridge
Crystallographic Data Center as supplementary publications (CCDC-

1847521). The data can be obtained free of charge at http://www.ccdc.
cam.ac.uk/conts/retrieving.html or from the Cambridge
Crystallographic Data Center, 12 union Road, Cambridge CB2 1EZ, UK;
fax: +44 1223 336033; E-mail: deposit@ccdc.cam.ac.uk. PXRD, co-
ordination modes of the ligand, bond distance table, and experiments
can be found in the supporting file. Supplementary data to this article
can be found online at https://doi.org/10.1016/j.inoche.2018.07.021.
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