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Four isomeric coordination polymers of formula [Cd(L)(H2O)2]n (L = ppda and mpda) were synthesized 
from two isomeric dicarboxylic ligands, p-phenylenediacrylic acid (H2ppda) and m-phenylenediacrylic 
acid (H2mpda). With the linear ppda ligand, compounds 1p and 2p crystallizes in centrosymmetric space 
groups, whereas the V-shaped mpda ligand induces spontaneous resolution to generate chiral crystals of 
1m and 2m crystallized in chiral groups. Compounds 1p and 1m contain zigzag and helical [Cd(L)]n 10 

coordination chains, respectively, and show almost identical 2D chiral hydrogen-bonded networks formed 
via O-H⋅⋅⋅O interactions between [Cd(COO)2(H2O)2] units. In 1p the centrosymmetric ppda ligand 
dictates an achiral 3D lattice. In 1m, however, the acentric mpda linker and the hydrogen bonds 
collaborate to give a homochiral 3D network. Compounds 2p and 2m are both 3D coordination 
frameworks, built of similar µ-Ocarboxylate bridged helical chains and reinforced by similar 2D hydrogen-15 

bonded networks. Ppda interlinks the helical chains in 2p in a heterochiral fashion while mpda serves as 
chiral discriminative linkers between the chains in 2m to give a 3D homochiral network. These 
compounds show enhanced ligand-centered luminescence. 

1 Introduction 

Chirality is a fascinating and fundamentally important 20 

phenomenon in nature and is an evergreen topic in many fields of 
science including biology, medicine, chemistry and materials 
science. The rapid development of coordination polymers, 
including metal-organic frameworks, opens new perspectives for 
the creation of new chiral solids for potential applications in 25 

asymmetric catalysis, chiral separation, biotechnology, and 
functional materials related to nonlinear optics, ferroelectrics, 
etc.1-5 Thus far four general approaches toward chiral 
coordination polymers are known. The most straightforward 
approach uses an enantiopure precursor which comes into the 30 

final compound as a primary building block of the framework,6-13 
as an auxiliary ligand,14-16 or occasionally as a templating guest.17 
The formation of the homochiral solid involves chiral 
conservation by which the chirality of the precursor is transferred 
to the whole solid. The second approach uses an enantiopure 35 

agent (solvent or additive) that induces chirality but does not get 
incorporated in the product,18-21 but it is a difficult challenge to 
judiciously select a suitable agent for chiral induction. The third 
approach involves postsynthetic modification (PSM) of an achiral 
porous framework with an enantiopure agent,22-24 and this is 40 

limited by the stability and reactivity of the mother frameworks. 
The above approaches all require the use of enantiopure agents, 
which are of limited availability and usually of high cost, and 
sometimes suffer from racemization. The fourth approach is to 
utilize spontaneous resolution,25-38 a process that achiral or 45 

racemic building blocks assemble and crystallize into chiral 

crystals in absence of any enantiopure agent. Spontaneous 
resolution generally leads to conglomerates (racemic mixtures of 
enantiopure crystals). Products with an enantiomeric bias may 
occasionally be obtained because of statistical fluctuation of 50 

initial nucleation events,29 and it may be possible to control the 
handedness through seeding.39 Spontaneous resolution of chiral 
coordination polymers is determined by various factors such as 
ligand conformation and flexibility, metal coordination number 
and geometry, and supramolecular interactions such as hydrogen 55 

bonds and π-π stacking interactions. The process is unpredictable, 
but the probability of occurrence can be increased by, for 
example, choosing some ligands that tend to connect metal ions 
in twisted conformations to give chiral motifs. A nice example is 
the Mn(II) coordination polymers with 2-pyridylmethylketazine 60 

and azide, where the bis(chelating) diazine ligands are twisted 
upon complexation and the resulting chiral motifs are linked by 
asymmetric azide bridges.40, 41 V-shaped organic bridging ligands 
with flexible tethers or coordinative groups (e.g., carboxylates) 
may lead to helical chain motifs, which can spontaneously 65 

resolve into 3D chiral structures provided that there are interchain 
homochiral interactions (coordination, hydrogen bonding and/or 
π-π stacking).42-49  
 Compared with the benzenedicarboxylic acids, which have 
been widely used for the construction of coordination polymers, 70 

phenylenediacrylic acids (Scheme 1) have two additional C=C 
bonds, which maintain the rigidity through the extended 
conjugation and meanwhile generate new features such as much 
expanded space between carboxylate groups and reduced steric 
hindrance around individual carboxylate groups. Among the 75 
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isomers, p-phenylenediacrylic acid (H2ppda) has been used to 
construct a number of coordination polymers,50-58 but the study of 
coordination polymers with m-phenylenediacrylic acid (H2mpda) 
is still very limited.59, 60 Our previous work have demonstrated 
that some Zn(II) and Mn(II) coordination polymers with the V-5 

shaped mpda ligand display helical features but no spontaneous 
resolution occurred for lack of homochiral interactions between 
the helical motifs.57, 58 In this article, we report four isomeric 
Cd(II) compounds derived from H2mpda and H2ppda. These 
compounds are of the same formula [Cd(C12H8O4)(H2O)2]n 10 

(C12H8O4 = ppda for 1p and 2p, and mpda for 1m and 2m), and 
structurally they fall into two pairs (1p and 1m; 2p and 2m). 1p 

and 1m contain almost identical chiral hydrogen-bonded layers 
(each individual layer is homochiral), which are built of chiral 
[Cd(COO)2(H2O)2] units and linked into 3D hydrogen-bonded 15 

networks by dicarboxylate ligands. 2p and 2m contain almost 
identical µ-Ocarboxylate bridged helical chains, which are 
crosslinked into 3D coordination frameworks by dicarboxylate 
ligands. Despite the similarity of chiral motifs ([Cd(COO)2(H2O)2] 
units, chiral hydrogen-bonded layers or µ-O bridged helical 20 

chains) for each pair,  spontaneous resolution occurs only for the 
mpda compounds (1m and 2m), in which the V-shaped ligand 
selectively connects the chiral motifs of the same handedness to 
render homochirality to individual crystals. Differently, the linear 
ppda ligand acts as centrosymmetric connection to generate 25 

heterochiral 3D networks. The factors inducing the spontaneous 
resolution were discussed. In addition, the luminescent properties 
of these compounds were investigated.  

 
Scheme 1. Structures of the phenylenediacrylic acids used.  30 

2 Experimental 

2.1 Materials and general methods 

All the reagents (purity ≥ 98 wt%) for synthesis were 
commercially available from Sinopharm Chemical Reagent 
Company (SCRC) and used without further purification.H2ppda 35 

and H2mpda were synthesized by literature methods,61 Na2ppda 
and Na2mpda were prepared by adding ethanol to the aqueous 
solutions of the corresponding phenylenediacrylic acid and 
sodium hydroxide. Elemental analyses were carried out on an 
Elementar Vario ELIII analyzer. The FT-IR spectra (Fig. S1 in 40 

the ESI) were recorded in the range 400-4000 cm-1 using KBr 
pellets on a Nicolet NEXUS 670 spectrophotometer. 
Thermogravimetric analyses (TGA) were performed on a Mettler 
Toledo TGA/SDTA851 instrument under flowing air at a heating 
rate of 10°C min-1. Powder X-ray diffraction data were collected 45 

on a Bruker D8–ADVANCE diffractometer equipped with Cu Kα 
at a scan speed of 1º min-1.  Fluorescence spectra were recorded 
at room temperature on a Hitachi F-4500 Fluorescence 
Spectrophotometer. 

2.2  Synthesis 50 

Compound 1p. This compound was synthesized by a three-layer 
diffusion method. Above the aqueous solution (5 ml) of Na2ppda 
(0.10 mmol, 0.026 g) in a 25 mL clean tube, a mixture of ethanol 
and water in the volume ratio of 1:1 and an ethanol solution of 
Cd(OAc)2⋅6H2O  (0.10 mmol, 0.034 g) were successively 55 

dropped in with care to give a three-layer system, which was 
sealed and left undisturbed at room temperature for 2 weeks. 
Slow diffusion yielded colourless block crystals of 1p and 
uncharacterized powders. The powders were removed by 
repeated decantation to give pure crystals in a yield of 0.021 g 60 

(56%). Elemental analysis (%) calc. for C12H12CdO6: C 39.5, H 
3.3; found: C 39.0, H 3.7. IR (KBr, cm-1): 3210s, 3028s, 1638s, 
1533s, 1506s, 1425vs, 1390vs, 1298w, 1262m, 1195w, 1112w, 
979s, 880w, 830s, 731s, 622m, 504m. 
Compound 2p. Crystals of 2p were grown by a diffusion method 65 

similar to that for 1p with some modification. Above the aqueous 
solution (5 ml) of Na2ppda (0.10 mmol, 0.026 g) and bpea (0.10 
mmol, 0.018 g) in a 25 mL clean tube, a mixture of ethanol and 
water in the volume ratio of 1:1 and an ethanol solution of 
Cd(NO3)2⋅6H2O  (0.1 mmol, 0.034 g) were successively dropped 70 

in to give a three-layer system, which was sealed and left 
undisturbed at room temperature for two weeks. Colourless 
rhombus crystals of 2p appeared on the wall of the tube, 
concomitant with some pale precipitate at the bottom of the tube. 
The crystals were separated manually in yield 35%. Element 75 

analysis (%) calc. for C12H12CdO6: C 39.5, H 3.3; found C 39.0, 
H 3.6. IR (KBr, cm-1): 3400-3100br, 1668s, 1639s, 1550s, 1510s, 
1420s, 1390vs, 1354sh, 1245m, 1143w, 1094w, 977s, 844s, 724s, 
638w, 508w. 
Compound 1m. A mixture of Cd(NO3)2·6H2O (0.10 mmol, 80 

0.034 g), H2mpda (0.10 mmol, 0.022 g) and 1,2-bis(4-
pyridyl)ethane (bpea, 0.10 mmol, 0.018 g) in DMSO (3 ml), 
DMF (2 mL) and water (1 mL) was stirred for 30 min in air, and 
then sealed and heated in a 23 mL Teflon-lined autoclave at 110 
°C for 5 days. After cooling to room temperature slowly, yellow 85 

prism crystals of 1m were obtained in a yield of 0.0115g (36%). 
Element analysis (%) calc. for C12H12CdO6: C 39.5, H 3.3; found: 
C 40.0, H 3.1. IR (KBr, cm−1): 3320m, 3196m, 3036m, 2919m, 
2854w, 1642s, 1609s, 1560vs, 1430s, 1390vs, 1290w, 1223m, 
1162w, 1070w, 1015m, 971m, 870w, 829m, 798m, 746w, 714w, 90 

674w, 582m, 543m. 
Compound 2m. A similar procedure to that for 1p was followed 
to prepare crystals of 2m except that Na2ppda was replaced by 
Na2mpda (0.1 mmol, 0.026g). Colorless block crystals of 2m in 
yield 45% were obtained. Element analysis (%) calc. for 95 

C12H12CdO6: C 39.5, H 3.3; found: C 39.0, H 3.5. IR (KBr, cm-1): 
3370s, 3222sh, 3030sh, 2925sh, 2854sh, 1640s, 1516vs, 1440s, 
1398vs, 1298m, 1273m, 1240m, 1165m, 1093w, 977s, 874m, 
822w, 798m, 760m, 678m, 592m, 542w. 
 100 
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Table 1  Crystal data and structure refinement for the compounds 

Compound 1p 1m 2p 2m 

Formula C12H12CdO6 C12H12CdO6 C12H12CdO6 C12H12CdO6 
Mr 364.62 364.62 364.62 364.62 

Crystal system monoclinic Orthorhombic monoclinic Monoclinic 
Space group C2/c C2221 P21/c P21 

a/Å 11.823(2) 5.3146(8) 11.6229(4) 11.289(2) 
b/Å 5.335(1) 11.977(2) 8.0177(3) 8.030(1) 
c/Å 20.053(4) 19.719(3) 26.874(1) 14.209(4) 
β/º 94.810(3) 90 93.789(1) 105.506(3) 

V/Å3 1260.4(5) 1255.2(3) 2498.9(2) 1262.1(5) 
Z 4 4 8 4 

Dc (g cm-3)  1.922 1.930 1.938 1.919 
µ (mm-1)  1.752 1.759 1.767 1.750 

Flack parameter - -0.01(5) - 0.02(2) 
Unique reflns 1436 1545 4899 5057 

Rint 0.0336 0.0256 0.0286 0.0180 
R1(I>2σ(I)) 0.0344 0.0181 0.0420 0.0266 

wR2(all data) 0.0808 0.0472 0.0972 0.0628 

 

2.3   Crystal datas collection and refinement: 

X-ray Crystallographic Measurements. A summary of the 5 

crystallographic data, data collection, and refinement parameters 
for the complexes are provided in Table 1 with selected distances 
and angles of the structures listed in Table 2. Diffraction data for 
these compounds were collected at ambient temperature on a 
Bruker Apex II CCD area detector equipped with graphite-10 

monochromated Mo Kα radiation (λ = 0.71073 Å). Empirical 
absorption corrections were applied using the SADABS 
program.62 The structures were solved by the direct method and 
refined by the full-matrix least-squares method on F2, with all 
non-hydrogen atoms refined with anisotropic displacement 15 

parameters.63 The hydrogens attached to carbons were placed in 
calculated positions and refined using the riding model, and the 
water hydrogens were located from the difference maps and 
refined with isotropic displacement parameters and with distance 
and angle restraints. A centroymmetric ppda ligand in 2p displays 20 

disorder over two independent components (C19 − C24, O9 and 
O10; C19' − C24', O9' and O10') with refined occupancies of 0.57 
and 0.43. Another ppda ligand displays partial disorder in the 
phenylene ring and one acrylate group (C4 − C12, O3 and O4; 
C4' − C12', O3' and O4'), the occupancies of the two components  25 

being refined to be 0.47 and 0.53. To get better anisotropic and 
geometric parameters for the phenylene rings, SHELXL DELU 
and SADI restraints 63 were applied in the final refinements. A 
diagram showing the disorder of the ligands is given in Fig. S1 in 
the ESI. 30 

3 Results and discussion 

3.1 Synthesis and general characterization 

Among the complexes reported in this article, compound 1m was 
prepared from H2mpda under solvothermal conditions while the 
other compounds were synthesized from Na2mpda or Na2ppda by 35 

liquid diffusion methods. Compounds 1p and 2m were obtained 
under similar conditions in the absence of additives. 1p was also 
prepared elsewhere from the hydrothermal reaction of H2ppda 
and CdCl2 in the presence of NaOH.64 It is noteworthy that 
compounds 1m and 2p were synthesized in the presence of bpea, 40 

a ditopic N-donor ligand widely used for the construction of high-
dimensional coordination polymers with mixed carboxylate and 
pyridyl ligands. The fact that bpea did not appear in compounds 

1m and 2p impelled us to investigate whether the compounds can 
be obtained in the absence of the bpea under otherwise identical 45 

conditions. It turned out that the reaction of H2mpda with 
Cd(NO3)2 in the absence of bpea under the conditions for 
preparing 1m yielded a yellow powder that is different from 1m 

according to X-ray diffraction. The reaction of Na2ppda 
(Na2mpda) with Cd(NO3)2 in the absence of bpea under the 50 

conditions for preparing 2p yielded compound 1p (2m). isolated 
Obviously, the bis(bipyridyl) ligand plays a kind of structure-
directing role in the formation of compounds 1m and 2p, though 
the detailed mechanism is unclear.  
 The experimental powder X-ray diffraction patterns (Fig. S2 in 55 

the ESI) of the bulk samples are in agreement with those 
simulated using crystallographic data. The FT-IR spectra of these 
compounds  (Fig. S3 in the ESI) are similar and show no 
absorption bands around 1700 cm-1, consistent with the complete 
deprotonation of the carboxylic groups of the organic ligand in 60 

the compounds. The strong absorption in the range of 1638-
1640cm-1 may be assigned to the υas(COO) vibration, and the 
strong bands at about 1390 cm-1 to υs(COO). All the compounds 
show bands in the region 3300-3400cm-1, which can be assigned 
to water molecules.  65 

3.2 Descriptions of crystal structures 

The four compounds are structural isomers with the same formula 
of [Cd(C12H8O4)(H2O)2]n. 1p and 2p are isomeric with 1m and 
2m because of the p and m position isomerism of the 
phenylenediacrylate ligands. Each ligand leads to two 70 

coordination isomers (or supramolecular isomers) different in 
metal-ligand coordination modes and networks. The two isomers 
derived from ppda (1p and 2p)   crystallized in different 
centrosymmetric space groups, while those derived from mpda 
(1m and 2m) crystallized in chiral groups. Despite the difference 75 

in symmetry, 1p and 1m bear some resemblances in coordination 
and hydrogen bonding networks, and so do 2p and 2m. The 
structure of 1p has been reported elsewhere very briefly.64 Here 
we describe and compare the structures as follows.  
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Compounds 1p and 1m. Single-crystal X-ray diffraction 
revealed that compounds 1p and 1m are 1D coordination 
polymers (Figure 1). The asymmetric units of the two structures 
are similar, each containing half an Cd(II) ion, half a 
dicarboxylate anion (ppda or mpda), and a coordinated water 5 

molecule. The coordination geometry around Cd(II) is almost 
identical in the two compounds, with very minor differences in 
structural parameters. In each compound, the Cd(II) ion is located 
on a 2-fold axis (along the b (1p) or a (1m) direction) and 
coordinated by six oxygen atoms from two chelating carboxylic 10 

groups (O1, O2 and O1A, O2A, with Cd-O = 2.31-2.38 Å) and 
two water molecules (O3 and O3A, with Cd-O = 2.21 Å). The 
small O-Cd-O bite angles of the chelating carboxylate groups 
(55.43(8)º for 1p and 55.57(5)º for 1m) cause severe distortion of 
the coordination geometry from octahedral. The geometry may be 15 

better described as a distorted trigonal prism, for which each 
basal face is defined by three non-equivalent oxygens, with two 
water oxygens defining a long lateral edge and each chelating 
carboxylate group defining a short lateral edge.  

 20 

Figure 1. Coordination environments and chain structures in 1p (a) and 

1m (b), ellipsoids drawn at the 30% probability level. The helical chain in 

1m is highlighted in c), where the pale green rod represents the virtual 
helical axis. Symmetry codes: A = -x+1, y, -z+3/2; B = -x+1/2, -y+5/2, -
z+1 for 1p; A = x, -y+2, -z; B = -x, y, -z+1/2 for 1m. 25 

 The ppda or mpda ligands serve as bis(chelating) ditopic 
bridges to link Cd(II) ions into infinite coordination chains, with 
Cd…Cd = 15.75 Å for 1p and 14.53 Å for 1m. Despite the almost 
identical local coordination environments around Cd in 1p and 

1m, the different geometry of ppda and mpda leads to different 30 

chain shapes. The ppda ligand is linear and lies about an 
inversion centre. The symmetry in combination with the cis-
arrangement of the two carboxylate groups around Cd, dictates a 
zigzag chain with metal ions at corners (Figure 1a). The turning 
angle (defined by three adjacent metal ions) is 90.66° and the 35 

pitch is 22.41 Å. The zigzag chain is parallel to the (10-1) plane 
and propagates long the [101] direction. Differently, mpda has 

the centrosymmetry-incompatible bent shape and resides on a 2-
fold axis along the b direction, which passes through the C5 and 
C7 atoms of the phenylene ring. A helical chain spiraling around 40 

the 21 screw axis is generated along the c direction (Figure 1b,c), 
with the pitch (19.719 Å) equal to the c dimension of the unit cell. 
Consistent with the chain shape and symmetry, the chain in 1p is 
heterochiral because adjacent [Cd(COO)2(H2O)2] moieties exhibit 
opposite handedness while the chain in 1m is homochiral with all 45 

Cd centers in it having the same handedness.  
 The chains in 1p and 1m are closely packed in parallel with 
interchain O-H⋅⋅⋅O hydrogen bonds involving all water hydrogen 
atoms and all carboxylate oxygens. Despite the different chain 
shapes, the hydrogen bonding networks in 1p and 1m are very 50 

similar. Each coordinated water molecule (O3) around a Cd ion 
donates its hydrogen atoms to two carboxylate oxygen atoms 
(O1C and O2D) coordinated to two different Cd(II) ions (Figure 
2, the relevant parameters are listed in Table S1). Two equivalent 
O3-H⋅⋅⋅O2 hydrogen bonds (related by the 2-fold axis along the b 55 

(1p) or a (1m) direction) serve as crossed spiral bridges between 
neighboring Cd(II) ions, with the Cd-O-O-Cd torsion angle being 
91.2º (1p) or 93.3º (1m). This leads to a double-strand helicate-
like dinuclar [M(OH…O)2M] unit, with the Cd…Cd distance 
equal to the b (1p) or a (1m) dimension of the cell. The helicate 60 

unit repeats translationally to give doubly hydrogen-bonded 
chains along the b (1p) or a (1m) direction, and the O3-H⋅⋅⋅O1 
hydrogen bonds further connect translation-related chains to 
generate a 2D hydrogen-bonded layer along the ab plane. 
Obviously, in both 1p and 1m, all [Cd(COO)2(H2O)2] moieties 65 

connected by hydrogen bonds have the same handedness, that is, 
each hydrogen-bonded layer is homochiral. In the layer, each 
Cd(II) ion is linked to six neighbors through the hydrogen bonds, 
and taking Cd(II) as node and hydrogen bonds as links, the layer 
can be simplified into a 2D (3,6) triangular net (point symbol 70 

36.46.53). 

 
Figure 2. A homochiral 2D hydrogen-bonded layer in 1p. The layer in 1m 
is almost identical (the same atom-labeling scheme is used). A chain 
containing the helicate-like [M(OH…O)2M] dinuclear moietiy is 75 

highlighted with thick bonds. Symmetry codes: C = -x+1/2, y-1/2, -z+3/2; 
D = -x+1, y-1, -z+3/2 for 1p; C = x+1/2, -y+3/2, -z; D = x+1, -y+2, -z for 
1m.    

 Taking into account both the hydrogen bonds and the 
dicarboxylate linkers, it is convenient to view the whole 80 
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structures of 1p and 1m as 3D pillared-layer architectures in 
which hydrogen bonded layers are pillared by covalent linkers 
(Figure 3, left).  A close inspection reveals that that each chain is 
connected to six others via hydrogen bonds (Figure 3, right). The 
zigzag chains in 1p are arranged in an interdigitating manner into 5 

layers parallel to the (10-1) plane, and the helical chains in 1m 
are entangled with one another (Figure S4). Topologically, the 
underlying nets of the two structures are the same, resulting from 
the simple node-to-node connection of the 2D triangular nets and 
belonging to the hex 3D net (point symbol 36.418.53.6). Despite 10 

the same chiral hydrogen-bonded layer and the same 3D net 
topology for the two compounds, the centrosymmetric ppda 
linkers dictates opposite handedness in 1p, whereas the C2-
symmetric V-shaped mpda linkers in 1m serve as “homochiral” 
connections between chiral Cd(II) centers and chiral layers. 15 

Therefore, compound 1p crystallizes in a centrosymmetric space 
group (C2/c), while 1m crystallizes with spontaneous resolution 
in a chiral group (C2221). Compounds 1p and 1m represent an 
example of identical chiral motifs ([Cd(COO)2(H2O)2] moiety 
and homochiral hydrogen-bonded layer) being assembled into 20 

hetero- and homochiral 3D networks through linear and V-shaped 
isomeric ligands, respectively.  

 
Figure 3. Diagrams showing the 3D hydrogen-bonded networks and 
schematic illustrations showing the arrangement of chains (The dotted 25 

lines represent the hydrogen bonding connections between the chains) 
(top: 1p, bottom: 1m). 

 The comparison between 1p and 1m obviously suggests that 
the geometry of the mpda linker, which connects metal ions into 
helical chains or serves as homochiral connections between chiral 30 

layers, is crucial in inducing spontaneous resolution. However, 
equally crucial are the O-H⋅⋅⋅O hydrogen bonding interactions, 

via which the chiral [Cd(COO)2(H2O)2] moieties (and the helical 
chains) are assembled in a homochiral manner. In a previous 
Zn(II) compound with mpda ([Zn(mpda)(phen)] with phen =1,10-35 

phenanthroline, which is in the chelating mode and replaces the 
water ligands in 1m),57 chiral metal centers are also linked into 
helical chains by bis(chelating) mpda ligands, as found in 1m. 
However, in the absence of O-H⋅⋅⋅O hydrogen bonds, the chiral 
[Zn(COO)2(phen)] moieties and the helical chains in 40 

[Zn(mpda)(phen)] are assembled in a heterochiral manner 
through the π-π interactions that involve centrosymmetry-related 
phen ligands. Therefore, the spontaneous resolution observed for 
1m arises from two collaborative crucial ingredientsthe 
acentric mpda linker and the extended hydrogen bonding 45 

interactions: the mpda linker provides homochiral coordinative 
connections in one dimension, while the hydrogen bonding 
network provides homochiral supramolecular interactions in the 
other two dimensions. [Zn(mpda)(phen)] and 1p represent the 
cases with only the coordinative linker and with only the 50 

hydrogen bonds, respectively, where the homochirality is limited 
to only one or two dimensions.  
Compounds 2p and 2m. These two compounds represent 
another example of identical chiral motifs being assembled into 
hetero- and homochiral 3D networks through isomeric ppda and 55 

mpda linkers, respectively, but different from the 3D hydrogen-
bonded networks of 1p and 1m, here 3D coordination networks 
are formed.  

 
Figure 4. Coordination environments of Cd(II) and the ligands in 2p (a) 60 

and 2m (b); the helical [Cd-O]n chain present in both compounds is 
illustrated in c), where the yellow rod represents the helical axis. 
Symmetry codes for 2p: A: -x+1, y-1/2, -z+1/2; B: -x+2, -y+1, -z; C: -x+1, 
y+1/2, -z+1/2; D: -x+1, -y+1, -z+1; E: -x+2, -y+1, -z+1; for 2m: A: -x+1, 
y-1/2, -z+1; B: x+1, y, z+1; C: x, y, z+1; D, 2-x, 0.5+y, 2-z. The disorder of 65 

some ligands in 2p is not shown here but in Fig. S3 in the ESI.  

 2p crystallizes in the centrosymmetric P21/c space group, and 
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2m in the chiral P21 group. Both structures contain two 
independent Cd(II) ions (Figure 4). Cd1 are seven-coordinated by 
two chelating carboxylate groups, two water molecules and an 
oxygen atom from a carboxylate chelating an adjacent Cd1, with 
the Cd1-O distances in the range of 2.29-2.46 Å. The 5 

coordination leads to a distorted pentagonal bipyramidal 
geometry, for which the axis is defined by two 21-related 
carboxylate oxygens. Cd2 is six-coordinated by a chelating 
carboxylate group, two trans-positioned water molecules and two 
additional oxygen atoms from different carboxylate groups, 10 

resulting in a highly distorted octahedral geometry. The 
geometrical distortion arises from the small O-Cd-O bite angle 
(51.8-54.7°) of the chelating carboxylate groups and the widely 
varied Cd-O bond distances (2.20-2.75 Å). Cd1 and Cd2 are 
connected into a dinuclar unit by a single µ-O atom (O1) that 15 

arises from the carboxylate group chelating Cd1, with Cd1…Cd2 
= 4.4182(6) Å (2p) or 4.4695(8) Å (2m). Furthermore, adjacent 
Cd1 atoms related by the 21 axis are connected by single µ-O 
bridges (O12) that arise from another set of carboxylates, with 
Cd1…Cd1 = 4.1552(6) Å (2p) or 4.1504(6) Å (2m). This leads to 20 

an infinite 1D helical [Cd1-O12]n chain along the b direction 
(Figure 4c), the pitch being equal to the b dimension of the unit 
cell. The Cd1-O1-Cd2 moieties serve as side arms alternately 
stretching out from opposite sides of the chain.  
 The helical chains in 2p and 2m are connected into 3D 25 

networks in different manners by different dicarboxylate ligands. 
In 2p, there are three independent ligands assuming different 
coordination modes (Figure 4a), two of which show disorder over 
two sites in whole or in part (Fig. S1 in the ESI). The ligand with 
O11 and O12 serves as a centrosymmetric bis(chelating-bridging) 30 

µ4 linker, with each carboxylate group chelating a Cd1 and 
binding another Cd1 through µ-O12. The disordered ligand with 
O9/O9' and O10/O10') is also centrosymmetric and serves as a 
bis(chelating) µ2 linker, with each carboxylate group chelating a 
Cd2 atom. The partially disordered ligand with O1, O2, O3/O3' 35 

and O4/O4') is an asymmetric µ3 linker, with a chelating-bridging 
carboxylate group (chelating Cd1 and binding Cd2 through µ-O1) 
and a monodentate carboxylate (binding another Cd2). The 
asymmetric ligands appear in pairs and each pair serve as 
centrosymmetric double linkers between chains. Through above 40 

centrosymmetric single and double linkers, each helical chain in 

2p is connected with six others to produce a complicated 3D 
framework. It is evident that the helical chains connected by the 
linkers have opposite handedness, that is, the framework is 
heterochiral.  45 

 In 2m, there are two independent mpda ligands in different µ3 
bridging modes (Figure 4b), both being asymmetric. One is 
similar to the µ3-ppda linker in 2p and has a chelating-bridging 
carboxylate (binding Cd1 and Cd2) and a monodentate 
carboxylate (binding another Cd2); The other mpda ligand has a 50 

chelating-bridging carboxylate (binding two Cd1 atoms) and a 
chelating carboxylate (binding Cd2). Through these asymmetric 
linkers, each helical chain in 2m is connected with four others 
with the same handedness to produce a 3D homochiral 
framework. 55 

 Topological analysis was carried out to better understand the 
complicated 3D frameworks of 2p and 2m. For this purpose, a 
reasonable approach is to reduce the Cd1-Cd2 dinuclear units (4- 

and 5- connected in 2p and 2m, respectively) and the carboxylate 
groups (or the O12 atoms, 3-connected) between Cd1 atoms into 60 

nodes, and meanwhile the Cd1-O12 bonds and the organic 
bridging ligands are taken as links. Thus, the 3D frameworks of 
2p and 2m are reduced to 3,4- and 3,5-connected binodal nets 
(Figure 5), respectively, with point symbols (83)(86) and 
(63)(69.8), respectively, according to TOPOS calculations (the 65 

RCSR three-letter symbol 65 for the latter net is hms).66 The 
hetero- or homochirality of  2p or 2m, respectively, is evident 
from the handedness of the helical chains in the net diagrams 
shown in Figure 5. The net of 2p represents a new net topology 
not yet recognized prior to this study. It has only eight-numbered 70 

shortest cycles around each node and features self-catenation 
between relatively inclined cycles.  

 
Figure 5. Simplified 3D nets for the coordination networks in 2p (a) and 
2m (b). The [Cd1-O12]n helical chains are highlighted by thick rods. The 75 

hetero- or homochirality is evident from the handedness of the helical 
chains. 

 In both 2p and 2m, the coordinated water molecules and the 
carboxylate oxygen atoms form plenty of intrachain and 
interchain O-H…O hydrogen bonds (Figure S5. The relevant 80 

parameters are listed in Table S1). The intrachain hydrogen bonds 
help to reinforce the helical chains and the interchain ones make 
the chains interdigitate like zippers to give a 2D layer along the 
ab plane. Each hydrogen-bonded layer in 2p and 2m is 
homochiral. In this sense, the formation of the homo- and 85 

heterochiral 3D networks in 2p and 2m, respectively, is similar to 
that in 1p and 1m. In 1p and 2p, the ppda ligands interlink 
hydrogen-bonded layers of opposite chirality, while the mpda 
ligands in 1m and 2m selectively interlink layers with the same 
chirality. However, the differences between 1m and 2m are also 90 

evident. In 1m, mpda is responsible for the chirality in one 
dimension by forming helical chains, and the chiral 
discrimination in the other two dimensions between the helical 
chains is completed by hydrogen bonds. In 2m, however, 1D 
helicity is generated by µ-Ocarboxylate bridges, and the chiral 95 

discrimination in the other two dimensions is completed by 
interchain mpda linkers. It may be said that the hydrogen bonds 
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in 1m are primary forces to organize helical chains into a 3D 
structure in a homochiral fashion while those in 2m serve as 
secondary forces to reinforce the helical chains and the 3D 
homochiral coordination framework. 

3.3 Luminescent properties 5 

The luminescent properties of the two free ligands and the 
coordination compounds were measured in the solid state at room 
temperature (Figure 6). The free ligand H2ppda exhibits broad 
emission bands at 415 and 430 nm (λex = 300 nm), which could 
be attributed to intraligand π*-n or π*-π transitions. Compound 2p 10 

displays similar and somewhat stronger emission bands at 415 
and 435 nm (λex=360 nm), while compound 1p exhibits very 
broad and much more intense emission around 450 nm with a 
shoulder at about 415 nm (excited at 380 nm). These compounds 
all shows evident low-energy trailing in the spectral profiles. 15 

Compared with the spectrum of the free ligand, the emission 
bands of the Cd(II) compounds can be attributed to the electronic 
transitions within the metal-modified ligand. The emission 
associated with charge transfer transitions between metal ions and 
ligands is unlikely owing to the poor electron accepting/donating 20 

ability of the mononuclear Cd(II) center. The enhancement of 
luminescent intensity in the complexes could be because the 
metal coordination increases the rigidity of the ligands and 
reduces the energy loss through radiationless decay. The effect is 
more significant for 1p. 25 

 
Figure 6 Solid-state photoluminescence spectra of (a) ligand H2ppda and 
complexes 1p, 2p; and (b) ligand H2mpda and complexes 1m, 2m at room 
temperature.  

 Similar effects were observed for H2mpda, 1m and 2m. The 30 

ligand shows a very broad main emission band at about 405 nm 
with a trailing shoulder at about 460 nm (λex = 295 nm). The 

spectrum of 2m is very similar, showing a broad band at about 
405 nm and a shoulder at about 445 nm. 1m shows significantly 
increased fluorescence, with a broad band centered at 433 nm and 35 

a high-energy shoulder at about 390 nm.   

4 Conclusions 

We succeeded in isolating four isomeric coordination 
compounds of formula [Cd(C12H8O4)(H2O)2]n with the isomeric 
ppda and mpda ligands. Compounds 1p and 1m contain almost 40 

identical hydrogen- bonded layers built of chiral 
[Cd(COO)2(H2O)2] units, and each layer is homochiral. In 1p, 
ppda connects Cd(II) into centrosymmetric zigzag chains and 
thus connects the layers in a heterochiral manner to give an 
achiral 3D lattice. In 1m, however, mpda connects Cd(II) into 45 

helical chains and thus connects the layers in a homochiral 
manner to give chiral crystals. The spontaneous resolution arises 
from the collaborative chiral discrimination through the V-shaped 
ligand and the extended hydrogen bonding networks. Compounds 

2p and 2m are 3D coordination frameworks containing almost 50 

identical µ-Ocarboxylate bridged helical chains. Again, ppda as 
interchain linkers leads to an achiral 3D framework for 2p while 
mpda serves as homochiral connectors between the helical chains 
to evoke spontaneous resolution for 2m, with hydrogen bonding 
interactions being secondary forces to reinforce the framework. 55 

Spontaneous resolution of chiral coordination polymers is a 
multifactorial process, and it is still impossible, with our present 
state of knowledge, to predict its occurrence, but one can increase 
the probability of the occurrence by choice of building blocks. 
With this work, we have shown that isomeric V-shaped and linear 60 

ligands can lead to coordination polymers with similar 
coordination and hydrogen bonding networks, but only the V-
shaped ligand generates chiral 3D networks, thus demonstrating 
the importance of ligand geometry in inducing spontaneous 
resolution. 65 
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Graphic Abstract 

 

The isomeric coordination polymers derived from p- and m-phenylenediacrylates 

contains similar homochiral motifs (hydrogen-bonded layers or µ-Ocarboxylate bridged 

helical chains), but only the m ligand, with assistance of hydrogen bonds, induces 

spontaneous resolution to generate 3D homochiral networks.  
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