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a b s t r a c t 

Three new 3D coordination polymers (CPs) formulated as, [Zn(CDC)(BPy)] n (CP1), {[Z n 2 (CDC) 2 (BP y E) 2 ] 
. 

DMF} n (CP2), and {[Z n (CDC)(BP y A)] . DMF} n (CP3), (where, CDC = 1,4-cyclohexanedicarboxylate, BPy = 

4,4 ′ -bipyridine, BPyE = 1,2- bis (4-pyridyl)ethylene, BPyA = 1,2- bis (4-pyridyl)ethane, and DMF = dimethyl- 

formamide) have been synthesized solvothermally by employing dual linker systems using a combination 

of an anionic flexible cyclic dicarboxylate and altering the length and flexibility of neutral bis (pyridyl) 

linkers. The usage of flexible cyclic dicarboxylate in the architecture of such networks has resulted in a 

significant variation in topology. The diverse bis (pyridyl) linkers were primarily responsible for network 

modification in the synthesized CPs. These CPs (CP1–CP3) have been characterized by single-crystal X- 

ray diffraction, elemental analysis, FTIR spectroscopy, scanning electron microscopy, and powder X-ray 

diffraction. CP1 has a 2-fold interpenetrated non-porous 3D network with the point symbol {4 12. 6 3 } –

pcu net topology. Whereas CP2 and CP3 are found to be isostructural with a porous 3D diamondoid (dia) 

structures featuring 4-fold interpenetrated nets. Additionally, a 3D Hirshfeld Surface analysis accompa- 

nied by quantitative 2D-fingerprint plots was used to explore the isostructurality of CP2 and CP3 as well 

as their intermolecular interactions. 

© 2023 Elsevier B.V. All rights reserved. 
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. Introduction 

Over the past few decades, interest in crystal engineering of co- 

rdination polymers (CPs) has increased rapidly due to their in- 

riguing structural topologies and prospective applications in ad- 

orption, separation, catalysis, molecular recognition, storage, and 

ensors [1–4] . The length and connectivity of organic linkers have 

een found to play crucial roles in controlling the structure, di- 

ensionality, and topology of the resultant CPs [ 5 , 6 ]. The introduc-

ion of bis (pyridyl) linkers in addition to carboxylates increases the 

exibility of the structure compared to CPs with only carboxylate 

inkers, which were shown to be relatively rigid [6–8] . Recently, 

ignificant effort s have been undertaken to develop CPs with struc- 

ural diversity by utilizing mixed linker systems that combine car- 

oxylate linkers with distinct bis (pyridyl) linkers [ 9 , 10 ]. Also, it has

een observed that the usage of lengthy organic linkers often gen- 

rates the interpenetrated networks [ 7 , 9 , 11 ]. 

In comparison to flexible dicarboxylate linkers, the majority of 

Ps reported in the literature are synthesized using rigid dicar- 
∗ Corresponding authors. 
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oxylate linkers [12–15] . In contrast with rigid linkers, flexible link- 

rs can adopt many types of conformations based on the geomet- 

ic necessities of the metal centers which offer the possibility to 

orm complicated and fantastic networks [ 4 , 16–18 ]. However, be- 

ause of the conformational freedom of flexible linkers, it is dif- 

cult to predict the resulting structures. As a result, many more 

orresponding investigations of the correlation between the con- 

ormation of flexible linkers and the final topologies of the CPs are 

equired, and a deliberately rational design would be a protracted 

hallenge [ 4 , 18 ]. In this context, flexible cyclic dicarboxylate linker, 

uch as 1,4-cyclohexanedicarboxylic acid (H 2 CDC) has been proven 

o be considered efficient in the development of CPs with inter- 

enetration, due to their flexibility and multiple binding modes [6] . 

he presence of significant voids in a network has been ascribed to 

he formation of interpenetration [ 7 , 10 ]. 

Taking inspiration from the aforementioned points, we re- 

ort the design, syntheses, and structural characterization of 

hree new Zn(II)-based CPs, [Zn(CDC)(BPy)] n (CP1), {[Z n 2 (CDC) 2 
BP y E) 2 ] 

. DMF} n (CP2), and {[Z n (CDC)(BP y A)] . DMF} n (CP3), by uti-

izing a dual-linker synthetic approach in which the anionic 1,4- 

yclohexanedicarboxylate was held constant while the length and 

exibility of the neutral bis (pyridyl) linkers were varied. The CPs 

ere synthesized under solvothermal conditions and characterized 

sing various analytical techniques. CP1 has a pcu net topology and 

https://doi.org/10.1016/j.molstruc.2023.135042
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2023.135042&domain=pdf
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 2-fold interpenetrated 3D network. CP2 and CP3 are isostruc- 

ural, with a 4-fold interpenetrated 3D diamondoid net [19] . The 

hort interatomic interactions in these structures were evaluated 

y mapping the Hirshfeld surface analysis using 2D fingerprint 

lots [20–22] . 

. Experimental section 

.1. Materials and general methods 

All the reagents, metal salts, and solvents of analytical grade 

ere procured from Sigma Aldrich or Merck, India, and used with- 

ut further purification. 

The elemental analysis (C, H, N) was carried out using a Met- 

ler CHNS analyzer. Thermogravimetric analysis (TGA) was carried 

ut from 25 to 680 °C (at a heating rate of 10 °C/min) under 

n N 2 atmosphere using a TA instrument SDT Q500 instrument. 

ll field emission scanning electron microscopy (FESEM) experi- 

ents were performed on a Hitachi S4800 cold-cathode field emis- 

ion electron microscope. Fourier transform infrared (FTIR) spectra 

ere collected between 40 0 0 and 500 cm 

−1 using a Perkin Elmer 

pectrum 100 instrument in the attenuated total reflectance (ATR) 

ode with a resolution of 4 cm 

−1 . 

Powder X-ray diffraction (PXRD) data were collected on Bruker 

8 diffractometers with a monochromated Cu source (K α1 , 

= 1.5406 Å) in Debye-Scherrer geometry. Each sample was 

round into a fine powder using a mortar and a pestle and placed 

n a glass sample holder that was placed on the sample stage at- 

achment. Data were collected over a 2-theta range of 5 ° to 40 °
ith a scanning speed of 1 ° per minute using a 0.02 ° step. 

.2. Synthesis of [Zn(CDC)(BPy)] n (CP1) 

A mixture of H 2 CDC (20 mg, 0.116 mmol), BPy (18.1 mg, 

.116 mmol), and Zn(NO 3 ) 2 
·6H 2 O (34.5 mg, 0.116 mmol) were dis- 

olved in DMF (5 mL) in a glass vial (10 mL). To the above solution

as added aq. NaOH (0.2 M, 25 μL) and the mixture was sonicated 

n a sonication bath for 5 min. The vial was capped and heated at 

20 °C in an oven for 48 h. A large amount of crystalline product 

recipitated: the colorless needle-shaped crystals were collected 

y filtration and washed with warm DMF and briefly dried in air. 

ield: 32 mg (70%). Anal. Calcd (%) for C 18 H 18 N 2 O 4 Zn (MW 391.73):

, 55.19; H, 4.63; N, 7.15. Found (%): C, 55.04; H, 4.73; N, 7.38. Se-

ected FTIR (ATR, cm 

–1 ): 3063 (w), 2938 (w), 2865 (w), 1683 (m), 

605 (vs), 1535 (s), 1413 (vs), 1346 (s), 1301 (m), 1260 (m), 1222 

m), 1095 (m), 1037 (m), 1029 (m), 939 (m), 826 (m), 768 (w), 732 

m), 633 (m), 601 (m), 542 (s). 

.3. Synthesis of {[Zn 2 (CDC) 2 (BPyE) 2 ] 
. DMF} n (CP2) 

A procedure similar to that of CP1 was followed where 21.1 mg 

0.116 mmol) of BPyE was added instead of BPy. Colorless needle- 

haped crystals of CP2 were obtained in good yield. Yield: 36 mg 

68%). Anal. Calc. (%) for C 43 H 47 N 5 O 9 Zn 2 (MW 908.64): C, 56.84; H,

.21; N, 7.71. Found: C, 56.49; H, 5.56; N, 7.38. Selected FTIR (ATR, 

m 

–1 ): 3440 (br), 2949 (m), 2862 (m), 1674 (s), 1614 (vs), 1502 (m), 

447 (m), 1408 (vs), 1386 (s), 1344 (m), 1308 (m), 1256 (m), 1224 

m), 1093 (m), 1032 (m), 915 (m), 839 (m), 816 (m), 770 (s), 647

m), 599 (m), 543 (s). 

.4. Synthesis of {[Zn(CDC)(BPyA)] . DMF} n (CP3) 

A procedure similar to that of CP1 was followed where 21.4 mg 

0.116 mmol) of BPyA was added instead of BPy. Colorless needle- 

haped crystals of CP3 were obtained in good yield. Yield: 42 mg 

73%). Anal. Calc. (%) for C H N O Zn (MW 492.88): C, 56.05; H,
23 29 3 3 

2

.93; N, 8.53. Found: C, 56.53; H, 5.47; N, 8.51. Selected FTIR (ATR, 

m 

–1 ): 3438 (br), 2952 (m), 2928 (m), 2862 (m), 1678 (s), 1614 (vs), 

502 (m), 1445 (m), 1408 (vs), 1387 (s), 1343 (m), 1307 (m), 1270 

m), 1223 (m), 1093 (m), 1032 (m), 914 (m), 839 (m), 816 (m), 770 

s), 646 (m), 554 (m), 542 (s). 

.5. X-ray crystallography 

Suitable single crystals of CP1, CP2, and CP3 were mounted in 

ineral oil on the goniometer head using a magnetic loop. Data 

ollections were performed on a Bruker D8 Venture diffractome- 

er equipped with a photon 100 dual-CMOS chip detector and Mo- 

 α radiation by using CrysAlisPro [23] or APEX3 [24] . The program 

AINT [24] and XPREP [24] were used to process and integrate the 

ata, fitting reflection profiles. An absorption correction was ap- 

lied to data (SADABS) [25] . The structures were solved with the 

helXT [26] program using Intrinsic Phasing and refined with the 

helXL [27] package incorporated in the Olex2 software [28] . 

Hydrogen atoms were placed in calculated positions and refined 

sing a riding model with isotropic displacement parameters set 

o 1.2 × U eq of their carrier atoms. The topological analysis was 

erformed using TOPOS 5.4 [ 29 , 30 ]. All figures were drawn using 

ercury V 3.10.2 [31] , and DIAMOND V 3.2 [32] . Due to the highly

isordered nature of the DMF solvent molecules in CP2, the Olex2 

asking program was used to squeeze the electron density. All 

on-hydrogen atoms were refined with anisotropic displacement 

arameters. Crystallographic parameters and basic information of 

ata collection and structure refinement for CP1–CP3 are summa- 

ized in Table 1 . 

.6. Hirshfeld surface analysis 

The molecular Hirshfeld surfaces [20] in the crystal structures 

ere built by considering the electron distribution calculated as 

he sum of the spherical atom electron densities. The normalized 

ontact distance ( dnorm ) is based on both de (the distance from 

he point to the nearest nucleus external to the surface) and di 

the distance to the nearest nucleus internal to the surface) and 

 i 
vdw and r e 

vdw are the internal and external van der Waals ( vdW )

adii, is calculated by the equation 

 norm 

= 

d i − r v dw 

i 

r v dw 

i 

+ 

d e − r v dw 

e 

r v dw 

e 

he 2D fingerprint plot [33] provides all intermolecular contacts 

hat are involved in the crystal structures. The Hirshfeld surfaces 

nd the 2D fingerprint plots were generated using the program 

rystalExplorer [34] . 

. Results and discussion 

.1. Synthesis of coordination polymers 

Under the solvothermal conditions, a dimethylformamide solu- 

ion of zinc nitrate, the requisite cyclohexane dicarboxylic acid, and 

is (pyridyl) linker produced CP1–CP3 as shown in Scheme 1 . Three 

ifferent kinds of CPs were synthesized by varying the length, flex- 

bility, and rigidity of bis (pyridyl) linker. 

.2. Structural description of [Zn(CDC)(BPy)] n (CP1) 

Single-crystal X-ray diffraction study reveals that CP1 crystal- 

izes in the monoclinic P 2 1 / n space group and displays a structure 

ith the two-fold interpenetrated 3D network. The fundamental 

symmetric unit of CP1 consists of one Zn(II) ion, one CDC, and 

ne BPy linker (Fig. S1a). The Zn(II) metal center is octahedrally 

urrounded by the N2O4 coordination environment; see Fig. S1b 
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Table 1 

Crystallographic data and structure refinement parameters for CP1–CP3. 

Compound CP1 CP2 CP3 

Chemical formula C 18 H 18 N 2 O 4 Zn C 40 H 39 N 4 O 8 Zn 2 C 23 H 29 N 3 O 5 Zn 

Formula weight (g/mol) 391.750 834.49 492.899 

Temperature (K) 298.15 298.15 298.15 

Wavelength ( ̊A) 0.71073 0.71073 0.71073 

Crystal system Monoclinic Orthorhombic Orthorhombic 

Space group P 2 1 / n Pnna Pna 2 1 
a ( ̊A) 10.5468(10) 12.4863(7) 12.1495(17) 

b ( ̊A) 13.258(2) 12.6276(9) 15.6266(19) 

c ( ̊A) 11.4397(17) 15.8017(10) 12.7279(17) 

β ( °) 92.467(11) 90 90 

Z 4 2 4 

Volume ( ̊A 3 ) 1598.1(4) 2491.5(3) 2416.5(6) 

Density (g/cm 

3 ) 1.628 1.112 1.355 

μ (mm 

−1 ) 1.564 1.007 1.054 

F(000) 809.7 862.0 1034.0 

2 θ ( °) Range for data coll. 4.7 to 50 4.7 to 50 5.22 to 50.7 

Reflections collected 11,037 17,973 19,523 

Independent reflections 8477 2191 4403 

Reflections with I > 2 σ (I)) 2379 1480 3574 

R int 0.0657 0.0541 0.0692 

No. of parameters refined 227 123 292 

GOF on F 2 1.032 1.048 1.062 

Final R 1 
a /wR 2 

b ( I > 2 σ (I)) 0.0995/0.0272 0.0518/0.1331 0.0518/0.1057 

R 1 
a /wR 2 

b (all data) 0.1185/0.2847 0.0771/0.1515 0.0705/0.1135 

Largest diff. peak and hole (e ̊A −3 ) 2.46 and −1.13 0.41 and −0.34 0.96 and −0.92 

a R 1 = �||F o | − |F c ||/ �|F o |. 
b wR 2 = [ �w(F o 

2 − F c 
2 ) 2 / �w(F o 

2 ) 2 ] 1/2 , where w = 1/[ σ2(F o 
2 ) + ( a P) 2 + b P], 

P = (F o 
2 + 2F c 

2 )/3. 

Scheme 1. Synthesis of CP1–CP3. 
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or the labeled atoms around Zn(II) in CP1. The Zn(II) is coordi- 

ated by four carboxylic oxygen atoms (O1, O2, O3, and O4 ′ ) from 

hree different CDC linkers in the equatorial plane and two nitro- 

en atoms (N1 and N2) from two BPy linkers in the axial posi- 

ions ( Figs. 1 a and S1b). The two carboxylate groups of CDC adopt

 different conformation and binding mode: one carboxylate coor- 

inates the Zn(II) center in a bidentate chelating fashion, adopting 

,a - trans -CDC conformation, and the other CDC binds in a biden- 

ate bridging fashion, adopting e,e - trans -CDC conformation ( Figs. 1 a 

nd S2). The range of Zn-O bond length is 2.050(3) – 2.237(4) 
˚ , and the range of Zn-N bond length is 2.140(5) – 2.166(5) Å, 

hich are similar to those reported for hexacoordinated Zn(II) with 

, O-mixed linkers [35–37] , such as pyridyl and CDC based Zn- 

OF reported by Parmer et al. [35] . Selected bond lengths and 

ond angles are included in Table S1. The Zn atoms are separated 

y 11.440 Å (connected by BPy), 9.607 Å (connected by biden- 

ate chelating CDC), and 10.547 Å (connected by bidentate bridging 

DC). The linear rigid BPy linkers act as pillars, connecting the 2D 

ayers formed by CDC and Zn(II) to produce a 3D structure ( Figs. 1 b

nd S3). Furthermore, the overall 3D structure becomes nonporous 

s a result of the interpenetration of two nets, see Figs. 1 c and

4). From the topological analysis, the structure of CP1 can be sim- 

lified as a 6-connected 3D uninodal net with the point symbol 

4 12 .6 3 } – two-fold pcu topology as shown in Figs. 1 d and S5. 
3 
.3. Structural description of {[Zn 2 (CDC) 2 (BPyE) 2 ] 
. DMF} n (CP2) 

Single-crystal X-ray diffraction study reveals that CP2 crystal- 

izes in the orthorhombic Pnna space group and displays a struc- 

ure with the interpenetrated 3D network. The asymmetric unit of 

P2 consists of half Zn(II) ion, half CDC, and half BPyE linker (Fig. 

6a). The Zn(II) metal center is octahedrally surrounded by the 

2O4 coordination environment; see Fig. S6b for the labeled atoms 

round Zn(II) in CP1. The Zn(II) is coordinated by four carboxylic 

xygen atoms (O1, O2, O1 ′ , and O2 ′ ) from two different CDC link- 

rs and two nitrogen atoms (N1 and N1 ′ ) from two BPyE linkers. 

he CDC binds to the Zn(II) center in a bidentate chelating fashion 

rom both sides and adopts e,e-trans -CDC conformation ( Figs. 2 a 

nd S7). The Zn-O bond lengths are 2.012(4) and 2.465(4) Å, and 

he Zn-N bond length is 2.082(4) Å. These distances are compara- 

le to those reported by Wang et al. and Chen et al. for Zn(II) CPs

ith similar pyridyl and CDC mixed linkers [ 36 , 37 ]. Selected bond 

engths and bond angles are included in Table S2. The Zn atoms 

re separated by 13.372 Å (connected by BPyE) and 10.782 Å (con- 

ected by CDC). Thus, the Zn(II) centers act as 4-connected nodes 

hich are connected in three dimensions by CDC and BPyE linkers 

o generate a 3D diamondoid network. As can be seen in Fig. 2 b,

he 3D diamondoid network possesses a large cavity inside which 

ssists further nucleation in the vacant spaces and allows the 
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Fig. 1. (a) The coordination environment around Zn(II) centers in CP1. Hydrogen atoms are omitted for clarity. The perspective view of (b) a single 3D layer showing the 

rectangular channels, (c) a two-fold interpenetrated 3D CP view along the b -axis, and (d) the topological representation of the two-fold interpenetrating nets in CP1 (two 

different 3D nets are shown in blue and orange colors). 

Fig. 2. (a) The coordination environment around Zn(II) centers in CP2. (b) View of a single dia cage constructed by Zn (II), CDC, and BPy linkers. The perspective view of 

four-fold 3D interpenetration in CP2: (c) Ball and stick representation view along the a -axis and (d) Spacefill representation view along the b -axis (four different 3D nets are 

displayed in four distinct hues). 

4 
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Fig. 3. (a, b) Two different directional topological representation views of the four- 

fold interpenetrating nets in CP2 and CP3 (four different 3D nets are displayed in 

four distinct hues). 
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ormation of new 3D nets in those regions. The void space is large 

nough to generate a complex 4-fold interpenetrated, 3D polymer 

 Fig. 2 c and 2 d). 

Moreover, despite the 3D fourfold interpenetration, the over- 

ll structure is porous and forms a one-directional square-shaped 

hannel (8.7 × 8.7 Å 

2 ) along the b -axis ( Fig. 2 d). The CP2 and CP3

re isostructural, and topological analysis reveals that these struc- 

ures can be simplified as a 4-connected 3D uninodal net with the 

oint symbol {6 6 } – four-fold dia topology [38] as shown in Figs. 3 

nd S8. 

.4. Structural description of {[Zn(CDC)(BPyA)] . DMF} n (CP3) 

CP3 crystallizes in the orthorhombic Pna 2 1 space group. X-ray 

tructure determination reveals an interpenetrated 3D network. 
ig. 4. (a) The coordination environment around Zn(II) centers in CP3. (b) View of a sin

our-fold 3D interpenetration in CP3: (c) Ball and stick representation view along the a -ax

isplayed in four distinct hues), hydrogen atoms are omitted for clarity. 

5

t is isostructural with CP2. The asymmetric unit consists of one 

n(II) ion, one CDC, one BPyA linker, and one lattice DMF (Fig. S9a). 

he Zn(II) metal center is octahedrally surrounded by the N2O4 co- 

rdination environment; see Fig. S9b for the labeled atoms around 

n(II) in CP3. The Zn(II) is coordinated by four carboxylic oxygen 

toms (O1, O2, O3, and O4) from two different CDC linkers and 

wo nitrogen atoms (N1 and N2) from two BPyA linkers ( Fig. 4 a).

he CDC binds to the Zn(II) center in a bidentate chelating fash- 

on from both sides and adopts e,e-trans -CDC conformation (Fig. 

10). The Zn-O and Zn-N bond lengths are comparable to those re- 

orted in the literature for related CPs, falling within the range of 

.045(4) – 2.323(3) Å and 2.092(4) – 2.097(4) Å, respectively [35–

7] . Selected bond lengths and bond angles are included in Table 

3. The Zn atoms are separated by 13.312 Å (connected by BPyA) 

nd 10.652 Å (connected by CDC). Thus, the Zn(II) centers act as 4- 

onnected nodes which are connected in three dimensions by CDC 

nd BPya linkers to generate a 3D diamondoid network. As can be 

een in Fig. 4 b, the 3D diamondoid network possesses a large cav- 

ty inside which assists further nucleation in the vacant spaces and 

llows the formation of new 3D nets in those regions. The void 

pace is large enough to generate a complex 4-fold interpenetrated, 

D polymer ( Fig. 4 c). Moreover, despite the 3D fourfold interpene- 

ration, the overall structure is porous and forms a one-directional 

ectangular channel (7.1 × 8.1 Å 

2 ) view along the c -axis ( Fig. 4 d).

rom the topological analysis, like CP2, the structure of CP3 can be 

implified as a 4-connected 3D uninodal net with the point symbol 

6 6 } – four-fold dia topology [38] as shown in Figs. 3 and S8. 

.5. Hirshfeld surface analysis 

Based on the electron densities of the spherical atoms, the 

ontribution of noncovalent intermolecular interactions can be 
gle dia cage constructed by Zn (II), CDC, and BPy linkers. The perspective view of 

is and (d) Spacefill representation view along the c -axis (four different 3D nets are 
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Fig. 5. Hirshfeld surfaces mapped with d norm ranging from −0.50 Å (red) to 3.50 Å (blue) for (a) CP1, (b) CP2, and (c) CP3. 

Fig. 6. Full and decomposed 2D-fingerprint plots corresponding to various contacts involved within the structure of CP1–CP3. 

6 
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Fig. 7. (a) FTIR spectra and (b) TGA profiles of CP1–CP3. 

Fig. 8. SEM images of CP1–CP3. 
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a

alculated by analyzing Hirshfeld surfaces (HSs). The strength of 

he intermolecular interaction is taken by using color codes where 

he red regions represent the shorter contacts (negative d norm 

val- 

es) and blue regions represent the longer contacts (positive d norm 

alues), while the white regions indicate the contacts close to the 

an der Waals limit by mapping the d norm 

functions. We have gen- 

rated HSs for the dimeric units of title compounds that have been 

apped over d norm 

in the range from −0.500 (red) to 3.500 (blue) 
˚
 ( Fig. 5 ), deep red spots are appeared due to the trimming of

olymeric chain and the absence of C ̶ H ���π and π���π interac- 

ions represent the blue regions. However, white spots over pyridyl 

inkers and cyclohexyl moieties are indicative of the O ���H and 

 ���H interactions. 

The scattered points of the fingerprint plots evidence all inter- 

ctions involved within the structures. To quantify each individual 

ontact, we have decomposed the full-fingerprint plots in a unique 

isual mode. All major contacts ( > 2%) that are involved within 

he structures of the title compounds are quantified accordingly 

nd are included in Fig. 6 . Perfectly matching fingerprint plots for 

P2 and CP3 are almost identical percentage contributions of ma- 

or intermolecular contacts confirming the isostructurality of both 

ompounds. 

.6. Infrared spectroscopy, powder X-ray diffraction, morphology, and 

hermogravimetric analysis 

Infrared spectra of CP1–CP3 were recorded and depicted in 

ig. 7 a. The strong peaks at 1605, 1535, and 1413 cm 

−1 observed 

n CP1 are due to two asymmetric and one symmetric stretching 

odes of the carboxylate groups of CDC, respectively; the differ- 

nce ( 	ν = νasym 

− νsym 

) is 192 and 122 cm 

−1 for the presence 

f bidentate chelating and bidentate bridging carboxylates, respec- 

ively, as found in its crystal structure [39] . Similarly, the peaks 

t 1614 and 1408 cm 

−1 in CP1 and CP2 correspond to the asym- 
7 
etric and symmetric stretching frequencies of carboxylate groups 

n CDC. The difference in asymmetric and symmetric values, that 

s, 	ν , is 206 cm 

−1 , indicating the bidentate chelating coordina- 

ion modes of CDC. These are further confirmed by their solid- 

tate structures determined by single-crystal X-ray diffraction (vide 

upra). Further, the sharp and medium intensity peaks at ∼1675 

m 

−1 signify the amide stretching bands of lattice dimethylfor- 

amide in CP2 and CP3. In all CPs, sharp, medium-intensity bands 

n the range of 10 0 0 cm 

−1 to 700 cm 

−1 are ascribed to stretching

odes of the pyridyl rings of the linker. 

From the powder XRD analysis of CP1–CP3, it was established 

hat these compounds are highly crystalline in nature. The exper- 

mental powder patterns were in good agreement with the simu- 

ated patterns, thereby confirming the bulk phase purity of CP1–

P3 (Fig. S11). Furthermore, from the FESEM analysis, the sur- 

ace morphologies of CP1–CP3 were obtained, where CP1 had nee- 

le fiber-like morphology; however, the isostructural CP2 and CP3 

oth have rod-like morphology ( Fig. 8 ). The thermal stabilities of 

P1–CP3 were studied by thermogravimetric analysis ( Fig. 7 b). The 

s-synthesized samples were heated in the temperature range of 

5 °C to 680 °C under a dinitrogen atmosphere. Polymer CP1 is 

hermally stable up to 280 °C without any weight loss. Both CP2 

nd CP3 show more or less similar thermal stability up to 250 °C 

fter the loss of lattice DMF molecules. Beyond this temperature, 

he polymers began to decompose. The distinct carboxylate bind- 

ng modes and the shortest, most rigid bis (pyridyl) linker in the 

P1 makes it slightly more stable than the CP2 and CP3. 

. Conclusions 

In summary, a three-component system with Zn(II) and a 

exible dicarboxylic acid is explored to generate three new 

D CPs, [Zn(CDC)(BPy)] n (CP1), {[Z n 2 (CDC) 2 (BP y E) 2 ] 
. DMF} n (CP2), 

nd {[Z n (CDC)(BP y A)] . DMF} n (CP3) by altering the length and 
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igidity of bis (pyridyl) linkers. In CP1, a two-fold interpenetrated 

cu network was observed when 4,4 ′ -bipyridine was utilized as 

he neutral bis (pyridyl) component. When longer linkers 1,2- bis (4- 

yridyl)ethylene and 1,2- bis (4-pyridyl)ethane were used as the 

eutral bis (pyridyl) component, a four-fold interpenetrated dia net- 

ork was observed in the isostructural CP2 and CP3, respectively. 

urther, the intermolecular interactions of title compounds were 

nvestigated using 3D Hirshfeld surface analysis and 2D fingerprint 

lots. The structural traits are also supported by their spectroscopic 

nd thermal characteristics. The structural discrepancies between 

he CPs show that the chemical nature of the linkers, particularly 

heir conformation and length, has a significant impact on the CPs 

nal structures. This work demonstrates a promising approach to 

ynthesizing novel coordination polymers with bis (pyridyl) link- 

rs and flexible dicarboxylates. Presently, our lab is conducting re- 

earch in these particular aspects. 
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