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a b s t r a c t 

A dynamic area in the realm of contemporary scientific research is the synthesis of molecular systems 

that exhibit binding abilities for the creation of effective coordination polymeric structures. In addi- 

tion to the varied network architecture, the rational design and synthesis of metal-organic coordination 

polymers is currently of great interest because these extended polymeric systems are vital to numer- 

ous fields of modern research. In this present research, a new 1D coordination polymer of Cu(II) com- 

plex [Cu 2 (mPzA) 2 (Bz)] n ( 1 ) has been synthesized using two different ligands i.e. 5-methyl-pyrazole-3- 

carboxylic acid (mPzA) and benzoic acid (Bz). X-ray crystallography study reveals that in the solid-state 

structure of the title complex, Cu(II) exhibits distorted trigonal bipyramidal geometry. Quantum chemical 

calculations using density functional theory (DFT) method have been carried out for the complex 1 . The 

computed results further support the experimental findings of the complex adopting a square pyramidal 

geometry. In the basal plane, the copper atom is bonded through two nitrogen atoms and two oxygen 

atoms which are bridged between two copper atoms. The axial position is occupied by the oxygen atom 

of a carboxyl group. Frontier molecular orbital analysis using the global reactivity parameters demon- 

strates the compound to be stable and less reactive. Moreover, molecular electrostatic potential (MEP) is 

evaluated using the electron density of the compound to predict the reactive sites. The MEP map clearly 

indicates strong electrophonic reaction potential of this complex. Natural bond orbital (NBO) analysis has 

been performed to check the hyperconjugation and thereby stability of the complex 1 . NBO analysis re- 

vealed the charge delocalization from the bridging oxygen atoms towards copper atoms. The Hirshfeld 

surface analysis demonstrates absence of π…π stacking interaction and significant contribution of H ···H 

(39.7%) and O ···H (24.1%) interactions in building the supramolecular crystal packing. 

© 2022 Elsevier B.V. All rights reserved. 
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. Introduction 

The development of molecular systems that exhibits binding 

bilities for the construction of efficient coordination polymeric 

rameworks continues to be an active area in the field of scien- 

ific research. Not only because of the varied network topology, 

ut also because these extended polymeric systems are essential 

or catalysis [1 , 2] , luminescence [3 , 4] , magnetism [5 , 6] , nonlinear

ptics [7 , 8] , adsorption, and separation [9 , 10] , rational design and

ynthesis of metal-organic coordination polymers is currently of 

reat interest. A variety of elements play a significant role in this 

ituation, including the core metal ions [11] , organic ligands [12] , 
∗ Corresponding author. 
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022-2860/© 2022 Elsevier B.V. All rights reserved. 
etal-ligand ratio [13] , solvents [14] , temperature [15] , pH value 

16] , counter ions [17] , and templates [18] . The sensible selection 

f an organic building block and metal centre is amongst them, 

nd it is one of the most important aspects in the synthesis of co- 

rdination polymers. In our approach, coordination polymers have 

een built using O- or N-donor ligands. In this sense, the flexible 

igand 5-methyl-pyrazole-3-carboxylic acid (mPzA) is a class exem- 

lar. The addition of well-designed auxiliary ligands has acceler- 

ted the structural evolution that has produced complexes with 

 range of nuclearities. As the coordination properties of metals 

ary depending on the circumstances, it is frequently challenging 

o tune the products produced in a multi-ligand reaction. Thus, 

https://doi.org/10.1016/j.molstruc.2022.133949
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2022.133949&domain=pdf
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Table 1 

Crystal data for 1 . 

Formula C 17 H 13 N 4 O 6 Cu 2 
Formula weight 496.41 

Crystal system Monoclinic 

Space group C 2/c 

a / ̊A 19.2686(16) 

b / ̊A 10.7492(7) 

c / ̊A 13.2592(8) 

α/ ° 90.00 

β/ ° 101.920(4) 

γ / ° 90.00 

V / ̊A 3 2687.1(3) 

Z 4 

D c /g cm 

−3 1.227 

μ/mm 

−1 1.613 

F (000) 996 

θ range/ ° 2.16–24.92 

Reflections collected 13,243 

Unique reflections 2339 

Reflections I > 2 σ ( I ) 1977 

R int 0.0259 

Goodness-of-fit ( F 2 ) 1.057 

R 1 ( I > 2 σ ( I )) a 0.0319 

w R 2 
b 0.0642 

�ρmax/min/e Å 3 −0.21, 0.29 

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

2 − F c 
2 ) 2 )/ 
w( F o 

2 ) 2 ] 1/2 . 
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dding or changing functionalities to the carboxylate ligand can 

hange the final products’ ability to aggregate. Because of their 

daptable coordination capabilities, pyrazole-based ligand planning 

nd application have been prioritised. Because it may adopt a va- 

iety of coordination modes in conjunction with O- or N-donor 

igands, Cu(II) is a well-known candidate for the development of 

etal-organic materials [19 , 20] . 

Moreover, prediction of the electronic structures of transition 

etal complexes using density functional theory (DFT) method is 

n admired method utilized by the global scientific community. 

t assists in interpreting and elucidating molecular structure and 

roperties in a supportive way. Various properties computed from 

he energy gap between HOMO and LUMO, play pivotal role in un- 

erstanding the potential of any compound for its application in 

iomedical field and several other applications. In addition to that 

olecular electrostatic potential is an important descriptor in rec- 

gnizing the polarity and reactivity of a compound. MEP can pre- 

isely determine numerous types of molecular interaction in terms 

f hydrogen bonding, enzyme-substrate or drug-receptor interac- 

ions. The donor acceptor interactions and charge delocalization of 

he complex is explored using NBO analysis. Molecular Hirshfeld 

urface analysis [21] assists in visualizing intermolecular interac- 

ions and packing modes of a crystal by surface contours in terms 

f d norm 

, shape index and curvature. Two dimensional finger print 

lots are used to evaluate the contributions of various close con- 

acts in crystal packing. 

Taking advantage of this understanding, herein, we report the 

ynthesis and X-ray characterization of new 1D coordination poly- 

er of Cu(II) complex ( 1 ) with two different ligands i.e. 5-methyl- 

yrazole-3-carboxylic acid (mPzA) and benzoic acid (Bz). In this 

ork, we have utilized 5-methyl-pyrazole-3-carboxylic acid (mPzA) 

earing a flat pyrazole ring with two nitrogen and carboxylate oxy- 

en donor atoms, encouraged by the coordinative versatility of- 

ered by the use of benzoic acid (Bz) as an ancillary ligand as car- 

oxylate connector. So, herein we present one new CP (Coordina- 

ion polymer) namely [Cu 2 (mPzA) 2 (Bz)] n characterized using X-ray 

rystalography and DFT method. Moreover, Hirshfeld surface anal- 

sis is performed to understand crystal packing and types of inter- 

olecular interactions involved in stabilizing the molecular crystal. 

. Experimental methods 

.1. General methods and materials 

All reagents and chemicals were of AR grade and obtained from 

ommercial sources (SD Fine Chemicals, India; and Aldrich) and 

sed without further purification. 

.2. Physical measurements 

IR spectra were recorded in the region 40 0–40 0 0 cm 

−1 using 

 Perkin–Elmer model 883 infrared spectrophotometer. Elemen- 

al analyses (C, H and N contents) were carried out by a Perkin–

lmer CHN analyser 2400 at the Indian Association for the Cultiva- 

ion of Science, Kolkata. The electronic spectra of the complexes in 

ethanol solution were recorded on a Hitachi model U-3501 spec- 

rophotometer. 

.3. Synthesis 

.3.1. Synthesis of 5-Methyl pyrazole 3-Carboxylic acid (mPzA) 

The ligand ’mPzA’ was synthesized by reported method [22] . 

.3.2. Synthesis of [Cu 2 (mPzA) 2 (Bz)] n (1) 

A methanolic solution (10 cm 

3 ) of Cu(ClO 4 ) 2 ·6H 2 O (1 mmol, 

.370 g) was added dropwise to a solution of mPzA (1 mmol, 
2 
.126 g) in the same solvent (20 cm 

3 ) taken in a 1:1 M ratio with

onstant stirring, and after 30 mints. 5 cm 

3 aqueous solution of 

enzoic acid (1 mmol, 0.122 g) was added dropwise continued for 

wo additional hours. The solution turned deep blue. After stir- 

ing, it was left for slow evaporation at room temperature. After 

 weeks X-ray quality crystals of 1 separated out and they were 

ollected by the usual technique. (Yield: 71%). Elemental analysis: 

nal. calc. for C 17 H 13 Cu 2 N 4 O 6 : C, 41.00; H, 2.61; N, 11.28. Found:

, 40.57; H, 2.58; N, 11.29%. IR bands (KBr pellet, cm 

−1 ): 2086 (s),

591 (m), 1629 (s), 747 (m). 

.4. X-ray crystallography study 

A suitable single crystal of 1 was mounted on the tip of a 

lass fibre coated with commercially available super glue. X-ray 

ingle crystal data were collected at room temperature using a 

ruker APEX II diffractometer, equipped with a fine-focus, sealed 

ube X-ray source with graphite monochromated Mo-K α radiation 

 λ = 0.71073 Å). The data were integrated using a SAINT pro- 

ram [23] and absorption correction was made with SADABS. The 

tructure was solved with the help of SHELXT [24] following di- 

ect methods and refined by full matrix least-squares on F2 using 

HELXL-2014/7 [25] with anisotropic displacement parameters for 

ll non-hydrogen atoms. All the hydrogen atoms were fixed geo- 

etrically and placed in ideal positions. Data collection and struc- 

ure refinement parameters are given in Table 1 . 

.5. Density functional theory (DFT) study 

Elucidation of the electronic structure of the complex is per- 

ormed through Density Function Theory (DFT) calculations using 

aussian 16 program package [26] . DFT calculations using hybrid 

unctional deliver excellent computational accuracy with limited 

omputational cost. The geometry optimization was carried out by 

3LYP functional with 6–31 G + LANL2DZ (Los Alamos National 

aboratory 2 Double-Zeta), mixed basis set that utilizes Los Alamos 

ffective core potential on the transition metal Cu while a Pople 

asis set has been used for all other atoms. The convergence cri- 

eria were maintained at default level without any constraint on 
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Fig. 1. ORTEP diagram of complex 1 drawn with 50% ellipsoidal probability. Symmetry codes: (i) - x, y, 5-z; (ii) x, -y, 0.5 + z ; (iii) - x, -y, 1 - z; (iv) - x, -y, 2-z. 
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he geometry. Absence of negative frequency suggests the molecule 

o be a true minimum on the potential energy surface. Energy of 

OMO and LUMO is determined to understand the chemical reac- 

ivity of the compound. Moreover molecular electrostatic potential 

f the compound is calculated from the electron density to predict 

ts reactive sites. Natural bond orbital (NBO) analysis have been 

erformed using NBO program [27] as implemented in Gaussian 

6 program package to investigate the direction and magnitude 

f the donor-acceptor interactions in the complex. The interaction 

trength between filled orbital of the donor ( φi ) and the empty 

rbital of the acceptor ( φj ) has been determined by second order 

erturbation energy. 

.6. Hirshfeld surface analysis 

Crystal Explorer 17.5 program [28] was used to analyse Hir- 

hfeld surface (HS) of the compound in order to find out vari- 

us intermolecular interactions in the crystal. The Hirshfeld surface 

apped over d norm 

in the range of −1.1647 to 3.1637 a.u. highlight- 

ng the close contacts using a red-blue-white colour coded scheme. 

 high surface resolution was adopted in calculating the HS. More- 

ver, Hirshfeld surface mapping of shape index to determine the 

resence of π- π stacking interaction and curvedness to find the 

oordination of individual atoms in the crystal was also performed. 

he calculated surfaces are presented with surface transparency to 

nable clear visualization. Further 2D fingerprint (FP) plots were 

alculated to summarize the nature and type of intermolecular 

ontacts and the contribution of different intermolecular contacts 

owards crystal packing. 

. Results and discussion 

.1. Crystal structure descriptions of complex 1 

Compound 1 is crystallized in the C 2/c space group. A perspec- 

ive view of complex 1 is shown in Fig. 1 . Table 2 contains the
3 
elected bond lengths and bond angles of complex 1 . The asym- 

etric unit contains a penta-coordinated copper centre exhibiting 

eometry very close to highly distorted trigonal bipyramidal char- 

cterized by addition parameter, τ = 0.58 of Cu1 (where τ = 0 

nd 1 for perfect square pyramidal and trigonal bipyramidal ge- 

metries, respectively) [29] . The five co-ordinations of copper are 

ulfilled by O3 of the carboxyl group attached to benzene ring, two 

xygen atoms (O2) of carboxyl group attached to pyrazole ring and, 

1 and N2 from pyrazole moiety. The O2 oxygen is functioning 

s a bridge between two adjacent copper centers and that oxy- 

en atom helps for growing up the 1D coordination polymer. The 

u1–N1, Cu1–N2, Cu1–O2 and Cu1–O3 bonds lengths are 1.9434 Å, 

.9717 Å, 1.985 Å and 2.0054 Å respectively. N1–Cu1–N2, N1–Cu1–

2, N2–Cu1–O2, N1–Cu1–O3, N2–Cu1–O3 and O2–Cu1–O3 angles 

re 100.03 °, 174.92 °, 81.05 °, 93.62 °, 139.97 ° and 88.62 ° respectively. 

hese asymmetric units are connected to each other to generate 

ne dimensional chain. The dihedral angle (on the basis of copper- 

yrazole moiety and copper-benzoic acid moiety) with respect to 

ne copper atom is 57.47 ° Two adjacent one dimensional chains 

re interconnected with weak Vander-Waals interactions. 

.2. Geometry optimization and electronic structure 

The optimized geometry of the complex with atomic label is 

hown in Fig 2 . The geometrical parameters of the complex along 

ith the crystallographic data are listed in Table 2 . The computed 

eometrical parameters are found to be in well accordance with 

he experimental data. Slight mismatch in few cases might be due 

o the phase difference in experiment and computation. 

.3. Frontier molecular orbital (FMO) analysis 

In addition, various electronic properties for example energy of 

ighest occupied molecular orbital (E HOMO ) and lowest unoccupied 

olecular orbital (E LUMO ), Energy difference (E gap ) between HOMO 

nd LUMO orbitals were also computed. In accordance with Koop- 

an’s theorem [30] , ionization potential (I) and electron affinity 
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Fig. 2. Optimized geometry of the complex 1 . 
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A) of a molecule is related to E HOMO and E LUMO . Various other re-

ctivity parameters such as global hardness ( η), softness (S), elec- 

ronegativity ( χ ), Chemical potential ( μ) and electrophilicity index 

 ω) of the compound are calculated and the corresponding values 

re listed in Table 3 . 

The calculated 3D plots of frontier orbitals HOMO and LUMO 

ith the energy gap is shown in Fig. 3 . The computed energy gap

.718 eV suggests the compound to be less polarized and stable 

ntity. A stronger interaction is facilitated when target molecule 

ith high HOMO energy acts as electron donor with interacting 

olecule as acceptor with lower LUMO energy. The global reactiv- 

ty descriptors explain the chemical reactivity and kinetic stability 

f the compound. Higher the value of the global hardness, lower is 

he reactivity while higher value of global softness indicates higher 

eactivity. The observed value of η and S indicates the compound 

o be chemically less reactive. 
4

.4. Molecular electrostatic potential (MEP) 

The molecular electrostatic potential (MEP) of the complex is 

omputed using the electron density of the molecule and displayed 

n Fig. 4 . The MEP diagram indicates the electrophilic and nucle- 

philic active sites of the complex on the basis of electron density. 

he increasing order of electrostatic potential is indicated in the 

olour scale from red to blue. The green colour is associated with 

egion where potential is zero. It can be seen from the MEP map, 

he region with oxygen atom of the carboxyl group is observed as 

range to yellow shed. These are the sites of strong electrophilic 

eactivity of the compound 1 . While the regions with blue colour 

ssociated with positive electron density for nucleophilic reactivity 

re almost nil in this complex. The result of MEP map clearly indi- 

ates electrophonic reaction potential of this complex through the 

arboxyl group linked to the pyrazole ring. 
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Table 2 

Selected bond lengths and bond angles. 

Selected bonds Bond lengths ( ̊A) 

XRD DFT 

Cu1–N1 1.9434(16) 1.9761 

Cu1–N2 1.9717(16) 2.0557 

Cu1–O2 (non-bridged) 1.9850(13) 1.9877 

Cu1–O2 (bridged) 2.2274 (14) 2.0881 

Cu1–O3 2.0054(15) 2.2217 

O2–C5 1.287(3) 1.3311 

O3–C6 1.2586(19) 1.2857 

C4–N2 1.336(2) 1.3591 

C4–C2 1.382(3) 1.3999 

C4–C5 1.486(3) 1.4802 

O1–C5 1.219(3) 1.2601 

C7–C8 1.384(3) 1.4037 

C7–C6 1.503(4) 1.5196 

N2–N1 1.363(2) 1.3695 

N1–C3 1.350(3) 1.3727 

C3–C2 1.381(3) 1.4046 

C3–C1 1.497(3) 1.4940 

C8–C9 1.380(4) 1.3989 

C6–O3 1.2586(19) 1.2857 

C9–C10 1.367(4) 1.4016 

Selected bond angles Bond angles ( °) 

XRD DFT 

N1–Cu1–N2 100.03(7) 98.60 

N1–Cu1–O2 174.92(7) 177.30 

N1–Cu1–O2 97.32 (6) 109.43 

N2–Cu1–O2 81.05(6) 82.27 

N2–Cu1–O2 123.69(6) 138.21 

O2–Cu1–O2 78.05(6) 73.51 

N1–Cu1–O3 93.62(7) 93.04 

N2–Cu1–O3 139.97(6) 118.86 

O2–Cu1–O3 88.62(6) 86.35 

O2–Cu1–O3 91.10(6) 90.78 

C5–O2–Cu1 116.70(13) 115.35 

C5–O2–Cu1 135.49(14) 115.34 

Cu1–O2–Cu1 98.03(6) 103.76 

C6–O3–Cu1 129.69(16) 128.10 

C4–N2–Cu1 113.00(13) 112.07 

C3–N1–Cu1 131.18(14) 131.33 

N2–C4–C5 116.07(18) 116.69 

C4–N2–N1 107.75(15) 108.44 

N1–N2–Cu1 138.76(12) 139.45 

C3–N1–N2 108.03(16) 108.30 

N2–N1–Cu1 120.79(12) 120.09 

Table 3 

FMO energy parameters and global reactivity descriptors of the com- 

pound 1 . 

Parameters Values 

HOMO (eV) 1.569 

LUMO (eV) 2.287 

�E = (LUMO 

–HOMO) (eV) 0.718 

I = -E(HOMO)(eV) −1.569 

A = -E(LUMO) (eV) −2.287 

χ = ( I + A) /2 (eV) −1.928 

μ = - χ (eV) 1.928 

χ = (I - A)/2 (eV) 0.359 

S = 1/ χ (eV) 2.785 

ω = μ2 /2 χ (eV) 5.177 
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.5. Natural bond orbital (NBO) analysis 

Natural Bond orbital (NBO) analysis has been performed on the 

ptimized geometry of the complex using NBO program. Natural 

tomic charges, total natural populations, natural electronic config- 

rations and Wiberg bond indices of the complex is determined 
5 
nd reported in Table 4 . The data in Table 4 indicates that the 

alence orbital of both copper atoms is characterized by 5p. The 

tomic charges for the atoms that are involved in metal-ligand 

onds are listed in the same table. The oxygen atoms linking the 

wo copper atoms have the lowest atomic charge suggesting charge 

elocalization mostly happens from these atoms towards the Cu 

etal. Wiberg bond indices (WBI) of selected atoms are calculated 

o determine the nature of various bonds involving with the co- 

rdination with copper atom. The values of WBI are similar for 

u-N bonds that are positioned trans to each other. For example 

u1-N7 and Cu23-N28 have similar WBI and in the same way, 

u1-N41 and Cu23-N64 have similar WBI value. However WBI of 

u1-N7 and Cu23-N28 are higher than Cu1-N41 and Cu23-N64. 

his implies that Cu1-N7 and Cu23-N28 are weakly covalent and 

re shorter than the Cu1-N41 and Cu23-N64 bond. The axially 

ositioned Cu-O bonds e.g. Cu1-O3 and Cu23-O18 have WBI of 

.0854 indicating a very long and weak bond. The electronic charge 

ransfer from the filled orbitals to the vacant orbital indicates in- 

ramolecular delocalization. The strength of these hyperconjugative 

nteractions are calculated using second order perturbative analysis 

f the Fock matrix. NBO analysis data is presented in Table S1. The 

tabilization of the complex is arising due to the hyperconjuga- 

ive interactions between the orbitals of LP(1) C8 → π ∗ N6-N7, LP(1) 

30 → π ∗ N27-N28, LP(1) C43 → π ∗ N41-N46 and LP(1) C66 → π ∗

64-N65 with large E 2 values ranging from 750 to 973 kcal/mol. 

hese intense charge transfer interactions primarily contribute to- 

ards the stabilization of the molecular complex. 

.6. Hirshfeld surface analysis 

Numerous researches are reported on understanding metal- 

igand interaction using Hirshfeld surface analysis [31–35] . The role 

f Hirshfeld surface analysis for 1D polymer complex based on 

u(II) ion [31 , 32] , Cd(II), Ba(II), Co(II) [33] and many other metal

ons clearly establish its potential to understand structure-property 

elationships in crystalline material. 

The Hirshfeld surfaces of the polymeric compound consisting of 

hree molecules were mapped in terms of d norm 

, curvedness and 

hape index and are shown in Fig. 5 . Three molecules are cho- 

en for the calculation to reduce the computational cost. We have 

urther performed calculation with five molecules to understand 

he if it affects Hirshfeld surface analysis results. The d norm 

sur- 

aces are splitted into regions with different colour codes. The re- 

ion with red colour represents a negative electrostatic potential 

urface whereas the region with blue colour indicates a positive 

lectrostatic potential surface. d norm 

is defined as the ratio of nor- 

alized contact of any point in the surface to the nearest inte- 

ior (di) and exterior (de) atom and the VDW radii of the atom. 

he slightest modification in the surface shape will be highlighted 

y the shape index. The curvedness denotes the curvature of the 

olecule to understand planar packing modes in the crystal. 2D 

ngerprint (FP) plots delineated into various individual intermolec- 

lar contacts have been determined. The quantitative description 

f specific atom—atom contacts in a crystal is clearly shown in the 

ngerprint plots. 

The d norm 

mapping of the complex is shown in Fig. 5 (a). The 

ig red spots in the d norm 

mapping are due to the formation of 

lose contact through N ···N intermolecular interactions. The shape 

ndex [ Fig. 5 (b)] exhibit few red triangles in the concave regions 

hat signify the atoms that stacked above the plane of surface and 

lue triangles in the concave regions indicate atoms inside the sur- 

ace. Absence of adjacent red and blue triangles suggests that crys- 

al is not packed with π- π stacking interactions. The curvedness 

apping [ Fig. 5 (c)] also indicates the packing modes of the crys- 

al. Similar to shape index mapping, the signature of curvedness 
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Table 4 

Natural atomic charges, total natural populations, natural electronic configurations and Wiberg bond indices of selected atoms in the compound 1 . 

Atom Charge TNP Natural electronic configuration Bond WBI 

Cu1 1.25276 27.74724 Cu1[ core ]4s 0.28 3d 9.45 4p 0.01 5p 0.01 Cu1-O39 0.1837 

O39 −0.77485 8.77485 O39[ core ]2s 1.75 2p 5.01 3p 0.01 Cu1-O40 0.1862 

O40 −0.77204 8.77204 O40[ core ]2s 1.75 2p 5.01 3p 0.01 Cu1-O3 0.0854 

O3 −0.74381 8.74732 O3[ core ]2s 1.73 2p 5.01 Cu1-N7 0.2043 

N7 −0.40306 7.40306 N7[ core ]2s 1.37 2p 4.01 3p 0.02 Cu1-N41 0.1557 

N41 −0.40519 7.40519 N41[ core ]2s 1.38 2p 4.00 3p 0.02 Cu23-O39 0.1841 

Cu23 1.24365 27.75635 Cu1[ core ]4s 0.28 3d 9.46 4p 0.01 5p 0.01 Cu23-O40 0.1816 

O18 −0.74361 8.74361 O18[ core ]2s 1.73 2p 5.01 Cu23-O18 0.0854 

N28 −0.40106 7.40106 N28[ core ]2s 1.37 2p 4.01 3p 0.02 Cu23-N28 0.2013 

N64 −0.39938 7.39938 N64 [core]2s 1.38 2p 3.99 3p 0.02 Cu23-N64 0.1538 

C47 0.75248 5.24752 C47[ core ]2s 0.76 2p 2.45 3p 0.04 O39-C47 1.1332 

C53 0.75123 5.24877 C53[ core ]2s 0.76 2p 2.45 3p 0.04 O40-C53 1.1359 

Fig. 3. 3D plots of HOMO and LUMO and energy gap of the compound. 

Fig. 4. Molecular electrostatic potential surface of the complex 1 . 
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6 
lso reveal that π- π stacking interactions are weak in this crystal 

acking [36] . The intermolecular interaction of N ···N contacts on 

he Hirshfeld surface is shown in Fig. 5 (d). 

The two dimensional fingerprint plots of the major intermolec- 

lar contacts the title compound is shown in Fig. 6 . The two 

ost significant contacts stabilizing the molecular crystal are H ···H 

nd O ···H interactions with percentage contribution of 39.7% and 

4.1% respectively to the overall crystal packing. The other sig- 

ificant interactions are C ···H with 15.8%, N ···H with 7.0% and 

 ···O with 4.4% contribution. Further, C ···C, C ···N and N ···N in- 

eractions have minor contribution towards the crystal packing. 

he absence of characteristic bow-tie patterns in the FP plot 

f C ···H contacts indicates absence of π—π stacking interaction 

37 , 38] . Further, very less percentage contribution of C ···C con- 

acts (1.3%) which is primarily involved in π…π stacking, proves 
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Fig. 5. Hirshfeld surfaces mapped over (a) d norm , (b) shape index and (c) curvedness (d) intermolecular interaction through N ···N contacts on the Hirshfeld surface. 
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he absence of such π—π stacking interaction in packing of the 

rystal. The Hirshfeld surface analysis reveals H ···H and O ···H in- 

eraction as the primary structural features in constructing the 

upramolecular arrangement of the crystal. In addition to that 

 ···N contacts control the solid state packing of the molecular crys- 

al along X-axis. To understand whether the number of monomer 

nits present in the compound affect the Hirsfeld surface anal- 

sis results, we have also performed the calculation using five 

olecules in the polymeric compound. The mapped surfaces are 
7 
hown in Fig.S1 and the FP plots are shown in Fig.S2. It is evi- 

ent from the figures that the intermolecular interaction depicted 

y d norm 

, shape index and curvedness indicates similar results as 

btained in case of the compound consisting of three monomers. 

he percentage of each atom-atom interaction obtained from FP 

lots are almost similar to the results of polymer chain with three 

olecules. Thus it can be concluded that the number of molecules 

resent in the polymer chain do not alter the results of Hirsfeld 

urface analysis. 
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Fig. 6. Two-dimensional fingerprint plot for the compound showing the contributions of individual interactions: Outline of the full fingerprint is shown in grey. Surfaces to 

the right highlight the relevant surface patches associated with the specific contacts with d norm mapped. 
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. Conclusion 

We have synthesized a new Cu(II) 1D coordination polymer 

sing a pyrazole based ligand accompanied by auxiliary ligand 

enzoic acid. In the crystal structure of complex 1 , Cu(II) shows 

istorted trigonal bipyramidal in geometry. The DFT optimized 

tructure is in accordance with the X-ray crystallography struc- 

ure. The hardness value of the global reactivity parameter sug- 
8 
ests the complex to less reactive chemically. The colour code on 

he MEP surface also indicates the complex to be not highly re- 

ctive; however it will exhibit electrophilic reactvity through the 

rboxyl group attached with the pyrazole ring. The Hirshfeld sur- 

ace demonstrates H ···H and O ···H interaction contributing 39.7% 

nd 24.1% respectively towards crystal packing. The result reported 

ere might be useful in understanding similar kind of polymeric 

omplex. 
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