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An excellent one-center-Acceptor-Donor ligand, 2-

aminoisonicotinic acid, was successfully employed to obtain an 

acentric 3-D metal-organic framework, which exhibits unique 

threefold interpenetrated diamondoid network, second-harmonic-

generation response, potential ferroelectric behaviors and 

photoluminescence. 

The development of nonlinear optical (NLO) and ferroelectric 

materials have recently aroused considerable interest owing to 

their potential applications in optical signal processing, new 

laser sources, ferroelectric random access memories, 

ferroelectric field-effect transistors and so on.1 To our 

knowledge, an efficient approach to gain NLO and ferroelectric 

materials is to synthesize acentric diamondoid networks.2 For 

functional metal-organic frameworks (MOFs), skillful selection 

of unsymmetrical bridging ligands, which possess push-pull 

effects and suitable length, could facilitate the construction of 

odd-number interpenetrating diamondoid networks and avoid 

the introduction of inversion centers.3  In the structure of 2-

aminoisonicotinic acid (HL2), electron-donating amino group 

interacts with electron-withdrawing nitro group via conjugated 

π-electron reservoir, resulting in push-pull effect. Therefore, 

HL2 is an excellent one-center-A(acceptor)-D(donor) 

chromophore and a promising candidate for the design of NLO 

and ferroelectric MOFs. 

Photoluminescence (PL) is another focus of attention for 

researchers, due to its potential applications in sensing and 

lighting.4 Functional MOFs is an important way for preparation 

of PL materials. Through tailoring of activated ions and/or 

organic ligands, various PL materials, even tunable PL 

materials, could be gained.5  As part of our ongoing efforts to 

design and synthesize functional MOFs, we select the bridging 

HL2 ligands as sources to construct a novel Cd(II) compound 

[Cd(C6H5N2O2)2]3n·4nH2O (1). Herein, we report the synthesis, 

structure, topologic network, optical (NLO and PL) and 

potential ferroelectric properties, dielectric properties and 

electronic structure of 1.  

Colorless crystals of 1 were attained by reacting 

Cd(CH3COO)2·2H2O and HL2 under the solvothermal reaction 

condiHons (ESI†). The single-crystal structure of 1 was revealed 

by single-crystal X-ray diffraction analysis (ESI†), and was 

further confirmed by saHsfactory elemental analysis (ESI†), IR 

(Fig. S1†) and thermogravimetric analysis (TGA) (Fig. S2†). The 

simulated and experimental powder X-ray diffraction (XRD) 

patterns accord with each other well, indicating the phase 

purity of the product (Fig. S3†). The PXRD (50-300 °C) and TGA 

indicating that the framework structure of 1 can be retained 

up to 300 °C. Compound 1 crystallizes in the hexagonal system 

with noncentrosymmetric space group R3c. The asymmetric  

 

Fig. 1 ORTEP drawing of 1 with 50% thermal ellipsoids with hydrogen atoms being 

omitted for clarity. (Symmetry codes: A: -1/3 + x, 1/3 + x - y, -1/6 + z; B: x, x - y, 

1/2 + z). 
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unit of 1 contains one Cadmium atom, two deprotonated L2- 

ligands, one O1W and one-third O2W water molecules (Fig. 1). 

The Cd1 atom is surrounded by four oxygen atoms (O11, O12, 

O21, O22) from two different L2- ligands, and two nitrogen 

atoms (N11, N21) from the others two different L2- ligands, 

forming a six-coordination geometry. The Cd–O distances vary 

between 2.305(3)-2.439(3) Å and the Cd–N distances are in the 

range 2.259(3) and 2.304(3) Å. Thus, each L2- ligand chelates to 

one Cadmium atom via its carboxyl group and links to another 

Cadmium atom by its nitrogen atom of pyridine ring, acting as 

a μ2-bridge. These bonding modes make the N21–Cd1–O11 

angle 100.67(11) °, N11–Cd1–N21 angle 98.32(11) ° and O21–

Cd1–N11 angle 91.48(11) °, with a dihedral angle between the 

plane defined by O11, Cd1, O12 atoms and the plane defined 

by O11, Cd1, O12 atoms, of approximately 87.389 ° for 

compound 1. 

In this manner, each Cadmium atom connects to four 

neighboring L2- ligands in four directions (Fig. 1), generating a 

four-connecting node. The L2- ligands function as extended 

bridges, linking two neighboring Cd centers. Such a 

connectivity pattern is repeated infinitely to construct the 

infinite 4-connected net of 1. And we can find identical 

adamantanoid cages in the net. A single cage is illustrated in 

Fig. 2(a), it exhibits Cd···Cd edges which are 9.1963(3) or 

9.2147(3) Å long, and the Cd···Cd···Cd angles which range from 

91.684 to 126.649 °. The maximal dimensions of the cage 

(corresponding to longest intra-cage Cd···Cd distances) is a × 

2/3b × c (i.e., 24.06 × 16.04 × 13.22 Å3). Such large cavities 

induce unusual 3-fold interpenetration of the networks, and  

 

Fig. 2 (a) An adamantanoid cage in 1; (b) A schematic view of the [1 + 1 + 1] 

interpenetrating mode of diamondoid network; (c) A schematic view of the 

threefold diamondoid network of 1. 

the overall topology can be described as a four-connected 

diamondoid network net with 66 topology (vertex symbol is 

62·62·62·62·62·62) (Figure 2). As shown in Fig. 2(b, c) and Fig. S4, 

there are three nets (A, B and C) in the networks of 1. Of 

particular interest, the translation interpenetration vectors of 

A, B and C nets are different, being [010], [110] and [100], 

respectively. Therefore, this kind of interpenetration is 

rototranslational equivalent, we call this a [1 + 1 + 1] 

interpenetrating diamondoid system. To our knowledge, most 

of the reported diamondoid-compound nets6 are generated by 

a unique interpenetration vector. Only a few examples, such as 

{[CuL2]PF6}∞ (HL = 2,7-diazapyrene)7, Zn(ain)2·(DMA) (Hain = 2-

aminoisonicotinic acid)8 and CdIICuI
2(pybz)4 (Hpybz = 4-

(pyridin-4-yl)benzoic acid)9, adopt multidirectional-vectors 

interpenetrations. In comparison with the known dia-net 

complexes, the novel interpenetration mode of 1 may be due 

to the bridging mode of L2- ligands and the crystal symmetry of 

1. In spite of the threefold interpenetration, the whole 

architecture of 1 still has a solvent-accessible volume of 

approximately 730.7 Å3 per unit cell (11.0%). In addition, 

reports on the complexes containing HL2 or L2- ligands have 

not been seen so far, compound 1 is the first coordination 

compound of 2-aminoisonicotinic acid ligand. The whole 

topological and structural characteristics lead 1 to be an 

excellent candidate for structural chemistry. 

Due to that compound 1 crystallizes in the acentric space 

group (R3c) which belongs to C3v, one of 10 polar point groups 

(C1, C2, Cs, C2v, C4, C4v, C3, C3v, C6, C6v), compound 1 should have 

potential NLO and ferroelectric properties. Powder sample of 1 

is SHG active with a signal of 0.1 times that of KDP. Moreover, 

the electric hysteresis loop (Fig. 3(a)) reveals the ferroelectric 

behavior of 1. The curve of loop presents a remnant 

polarization (Pr) of ca. 6.64 nC⋅cm–2 and a coercive field (Ec) of 

ca. 8.45 kV cm–1. The value of spontaneous polarization(Ps) of 

1 (ca. 24.00 nC⋅cm–2) is comparable to the value found in the 

compound [Cd(trtr)2]n (Htrtr = 3-(1,2,4-triazole-4-yl)-1H-1,2,4-

triazole).10 In our opinion, the SHE and ferroelectric properties 

can be attributed to L2- ligands and the unique threefold 

interpenetration dia network of 1. The push-pull effect of L2- 

ligands plays an important role in the enhancement of the 

dipolar moment.11 Moreover, for the A net of 1, the orderly 

arrangement of the organic moieties leads to the generation of 

its total dipole moment (dipole moment A) (Fig. S5†). The 

angle between vector of dipole moment A and c axis is 141.77 

°. A plane could be draw through dipole moment A and c axis, 

and the dihedral angle between it and ac plane is 30 ° (Fig. 

S6†). In the same way, for dipole moment B (of B net), the 

angle between its vector and c axis is 141.77 °, and the 

dihedral angle is 30 °, too (Fig. S7† and S8†). And for dipole 

moment C (of C net), the angle between its vector and c axis is 

141.77 °, and the dihedral angle is 90 ° (Fig. S9† and S10†). The 

spatial locations of dipole moment A, B and C contribute to a 

total dipole moment along the c-direction (Fig. S11†), and thus 

strengthen the hyperpolarizability of 1, which accounts for the 

SHG response and ferroelectric behaviors.12 

Figures (Fig. 3(b) and S12†) presents the dependence of 

the dielectric constant (ε') and dielectric loss tangent (tanδ) of 
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1 on the temperature and frequency. The value of ε' is 7.84 at 

30 °C and 10 Hz, being much higher than that of compound 

[Cd(anp)2Br2]·H2O (anp = 2-amino-5-nitropyridine) (0.179, at 

10 Hz, 30 °C).12 The temperature of maximum (Tmax) dielectric 

constant (94.5 °C at 10 Hz) for 1 demonstrated is slightly lower 

than that of the compound [Cd(anp)2Br2]·H2O (138 °C). And the 

location of the dielectric constant peaks mainly remains 

unchanged with variable frequencies, while the Tmax of 

dielectric loss tangent shifts to higher temperatures as 

frequency decreases (e.g., from Tmax =89.5 °C at 100 KHz to 

154.5 °C at 1 Hz).  

Intense absorption bands in the UV (200-400 nm) range 

can be found in reflectance diffusion spectrum of 1, together 

with some absorption in the infrared region (1300-2600 nm) 

(Fig. S13†), demonstraHng an opHcal gap of 3.180 eV (Fig. 

S14†). In this work, compound 1 shows a broad emission in the 

range of 440–600 nm when excited at 424 nm at room 

temperature (Fig. 4). Compared to the free ligand HL2 

(emission at 482 nm with λex = 425 nm) (Fig. 4), the emission  

 

Fig. 3 (a) Electric hysteresis loop of a pellet obtained from a powder sample of 1; 

(b) The temperature dependence of the dielectric constant for 1 at various 

frequencies. The inset shows the enlarged profile ranging from 29 to 50 °C. 

 

Fig. 4 Solid-state emission and excitation spectra of 1 (the temperature 

dependence) and HL2 (at room temperature) under the same conditions. 

 

Fig. 5 The total and partial DOS of 1. The position of the Fermi level is set at 0 eV. 

 

peak of 1 displays small red-shift of 16 nm and enhanced PL 

intensity. The internal quantum yield of 1 is 22.45% when 

excited by 424 nm light (Fig. S15†), and the internal quantum 

yield of HL2 is 5.71% when excited by 425 nm light (Fig. S16†). 

Compound 1 and HL2 are also reflected in the CIE chromaticity 

coordinates (Fig. S17†), which are in the green region with 

values of (0.25, 0.45) for 1 and (0.26, 0.37) for HL2, 

respectively. It is worth noting that the broad excitation 

spectrum of 1 matches well with the emission of the 

commercial InGaN LED chip (360-470 nm), which indicates that 

1 can be used as green-emitting phosphors for white LEDs. 

Moreover, Fig. 4 also shows the temperature-dependent PL 

spectra of 1. The relative peak intensity decreases marginally 

with rising temperature. It reached 88% of initial value at 100 

°C and then 75% at 175 °C. The small decrease in the emission 

intensity indicates a low thermal quenching. The profiles 

shown in Fig. 4 allow us tentatively to ascribe the emission of 1 

to L2- ligand. 
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In order to better understand the PL 1, electronic 

structure of 1 was theoretically calculated (ESI†). An indirect 

band gap of 2.550 eV can be obtained from the theoretical-

calculation results of 1 (Fig. S18†), which is lower than the 

experimental value (3.180 eV). This may be due to the 

inaccurate description of the eigenvalues of the electronic 

states in generalized gradient approximation (GGA). Fig. 5 

presents the total and partial density of states (DOS) of 1, we 

find that not only the top of the valence bands (VBs) (from -4.2 

to Fermi level (0 eV)) but also the bottom of the conduction 

bands (CB) (from 2.0 to 5.0 eV) are mainly contributed by p-π 

orbitals of L2- ligands. From this point of view, a conclusion can 

be drawn that the emissions of 1 can be mainly attributed to 

ligand-centered charge transitions based on L2- ligands. This 

result is consist with the above tentative ascription for the PL 

of 1.  

Conclusions 

In conclusion, a 3-D acentric Cd(II) MOF (1) based on 2-

aminoisonicotinic acid, has been prepared via solvothermal 

reaction. Compound 1 contains adamantanoid cages, and 

exhibits unique 3-fold interpenetrated diamondoid network. 

Especially, the translation interpenetration vectors of three 

nets are different. Benefiting from the non-centrosymmetric 

polar packing arrangement and the one-center-A-D ligands, 

compound 1 displays SHG response and ferroelectric 

behaviors, indicating its broad potential in the application for 

NLO and ferroelectric materials. Moreover, PL spectra of 1 

demonstrates that 1 can be used as green-emitting phosphors 

for white LEDs. 
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Graphical Abstract 

 

 

 

 

An solvothermally synthesized acentric 3-D Cd(II) metal-organic framework was found 

exhibiting unique threefold-interpenetration diamondoid architecture, second-harmonic-generation 

efficiency, potential ferroelectric property and photoluminescence. 
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