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Abstract: In this study, a new equimolar (1:1:1) mixed ligand Cu(Il) polymer, [Cu(IDA)(ImP)], (1)
with iminodiacetato (IDA) and imidazo[1,2-a]-pyridine (ImP) was synthesized and characterized by
single crystal X-ray diffraction analysis. X-ray crystallography reveals that compound (1) consists
of polymeric zigzag chain along [010] the carboxylate carbonyl oxygen atom by two-fold symmetry
screw axis. The solid-state structure is stabilized through C-H::-O hydrogen bonds and C-H---7
interactions that lead the molecules to generate two-dimensional supramolecular assemblies. The
intricate combinations of hydrogen bonds and C-H.---mt interactions are fully described along with
computational studies. A thorough analysis of Hirshfeld surface and fingerprint plots elegantly
quantify the interactions involved within the structure. The binding energies associated with
the noncovalent interactions observed in the crystal structure and the interplay between them
were calculated using theoretical DFT calculations. Weak noncovalent interactions were analyzed
and characterized using Bader’s theory of “atoms-in-molecules” (AIM). Finally, the solid-state
supramolecular assembly was characterized by the “Noncovalent Interaction” (NCI) plot index.

Keywords: Cu(II)-IDA polymer; crystal structure; noncovalent interaction; Hirshfeld surface; density
functional theory(DFT); atoms-in-molecules (AIM); noncovalent interaction (NCI) plot

1. Introduction

Coordination polymers (CPs) and/or metal-organic framework (MOFs) [1-3] represent
multi-dimensional periodic structures of metal ions that are interconnected by organic bridging
ligands, and have attracted great interest from scientists in the fields of crystal engineering, materials
science, and supramolecular chemistry [4,5]. The rational design of CPs has increased significantly,
owing to their fascinating structural architectures and their emerging application areas, including gas
adsorption/separation, catalysis, magnetism, luminescence, sensors, etc. [6-9]. The most effective
route to construct CPs is to use metal ions with mixed bridging ligands, especially with the bridging
ligands containing O/N atoms [10-12]. In the construction of CPs, carboxylates and N-donor ligands
have been widely chosen [13-15] as building blocks mainly due to two aspects: (i) They can exhibit
rich coordination modes and (ii) they can participate in hydrogen bonding interactions by acting
as donors and/or acceptors. The rational design of CPs is the control of linkage between the
metal ions that allows the construction of particular structural motifs and the chemical properties
of the crystalline solids [16,17]. Though there are suitable ligands and metal ions to obtain CPs,
it is still a prodigious task to predict the final structure, depending on reaction conditions in the
self-assembly [18,19]. The interconnectivity of organic spacers and the presence of ancillary ligands
plays a substantial role in estimating the final structures [18,20]. Moreover, CPs can organize their
final solid-state structure by employing a variety of non-bonded interactions such as electrostatic
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attraction, hydrogen bonding, interactions involving 7-ring [21-24]. In this respect, C-H---7t [25-27],
mi-stacking [28-31], anion---7r [32-35] and lone pair---7t [36,37] interactions have been successfully
used in building supramolecular networks [38]. A proper understanding of these forces is extremely
significant, since the problem of prediction is often limited to the recognition patterns or supramolecular
synthons of different functional groups. The control of the topology of crystal packing through
covalent and noncovalent interactions is the main goal of crystal engineering. Therefore, proper
understanding of noncovalent forces is crucial to design and predict new supramolecular entities
based on mono-dimensional coordination polymers.

Keeping this in mind, a new Cu(Il) polymer [Cu(IDA)(ImP)], (1) (H2IDA = Iminodiacetic acid
and ImP = Imidazo[1-a]-pyridine]), has been synthesized (see Scheme 1) and characterized by single
crystal X-ray diffraction. The title 1D polymer is stabilized through hydrogen bonds and C-H:--nt
interaction in building 2D layered structures. The structural descriptions have been corroborated with
theoretical calculations. The weak noncovalent interactions observed in the title polymer have been
analyzed both energetically and using Bader’s theory of “atoms in molecules” by means of Density
Functional theory (DFT) calculations.
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Scheme 1. Chemical diagrams of the primary ligand (a), secondary ligand (b) and the title metal
compound (c).

2. Materials and Methods

2.1. Materials and Measurements

The reaction was carried out in aerobic conditions and in an aqueous medium. Iminodiacetic
acid (Aldrich, St. Louis, Missouri, United States), basic copper(ll) nitrate trihydrate (Sigma, St. Louis,
Missouri, United States), and Imidazo[1,2-a]-pyridine (Aldrich, St. Louis, Missouri, United States)
were used as received. Double distilled and then freshly boiled water was used throughout. IR spectra
(KBr disk) was performed on a Perkin-Elmer RXI FI-IR spectrophotometer (Perkin Elmer Inc.,Waltham,
MA, USA). Elemental analysis was carried out on a Perkin-Elmer 240C elemental analyzer.

2.2. Synthesis

Basic copper(Il) nitrate trihydrate [purum > 98.0%], Cu(NOs3),-3H,0 (0.483 g, 2.0 mmol), was
reacted with iminodiacetic acid [purum > 98.0%] (0.266 g, 2.0 mmol) in water (25 mL) nearly at 70 °C
until a clear solution resulted in an open glassware. A warm (~40 °C) aqueous solution (20 mL) of
Imidazo[1,2-a]-pyridine [purum ~ 99.0%] (0.236 g, 2.0 mmol) was then added dropwise to the above
solution with continuous stirring for about an hour at normal laboratory temperature (~30 °C). The
solution mixture was then left undisturbed for a few days when block shaped; light blue crystals
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suitable for X-ray diffraction analysis were obtained. The crystals were collected by filtration, washed
with cold water, and dried in air (yield = 60%). Anal. Calcd. for C1;H;1CulN3Oy4 (Myy = 312.74): C,
42.24; H, 3.54; N, 13.43%. Found: C, 46.21; H, 3.51; N, 13.46%. FT-IR (cm~1): 3185 (b), 3120 (s), 3081 (s),
3046 (s), 2922 (b), 1657 (s), 1615 (s), 1503 (s), 1435 (s), 1411 (s), 1375 (s), 1338 (s), 1315 (s), 1288 (s), 1238
(s), 1164 (s), 1127 (s), 1109 (s), 1026 (s), 1011 (s), 959 (s), 905 (s), 870 (s), 788 (s), 762 (s), 747 (s), 727 (s),
663 (s), 637 (s), 608 (s), 580 (s), 556 (s), 506 (s), 456 (s).

2.3. X-ray Crystallography Study

The single crystal X-ray diffraction intensity data of the title compound was collected at 293(2) K
using a Bruker APEX-II CCD diffractometer equipped with graphite monochromated MoK« radiation
(A =0.71073 A). Data reduction was carried out using the Bruker SAINT [39] program and an empirical
absorption correction was applied based on the multi-scan method [40]. The structure of the title
compound was solved by the direct method and refined by the full-matrix least-square technique on
F? using the programs SHELXS-14 [41] and SHELXL-18 [42], respectively. All the hydrogen atoms
were placed at their geometrically idealized positions and refined isotropically. All calculations were
carried out using the WinGX system V2014.1 [43] and PLATON [44]. A summary of crystal data and
relevant refinement parameters are given in Table 1. CCDC 1,868,166 contain the supplementary
crystallographic data of this paper.

Table 1. Crystal data and structure refinement parameters for title compound.

Empirical formula (C11H11CuN3Oy)n
Formula weight 312.77
Temperature 293(2) K
Wavelength 0.71073 A

Crystal system, space group
Unit cell dimensions

Volume
Z, Calculated density
Absorption coefficient
F(000)
Crystal size
0 range for data collection
Limiting indices
Reflections collected /unique
Completeness to 6
Absorption correction
Max. and min. transmission
Refinement method
Data/parameters
Goodness-of-fit on F2
Flack parameter
Absolute structure parameter
Extinction coefficient
Final R indices [I > 20(I)]
R indices (all data)
Largest diff. peak and hole

Monoclinic, P2¢
a=8.178(3) A; o = 90°
b =7.155(2) A; B = 102.324(3)°
c=10.118(3) A; y = 90°
578.5(3) A3
2,1.796 Mg/m?
1.902 mm~!
318
0.12 x 0.07 x 0.04 mm
2.060 to 24.998°
—-9<h<9,-8<k<8,-11<1<12
5093/1883 [R(int) = 0.0244]
100.0%
Semi-empirical from equivalents
0.93 and 0.85
Full-matrix least-squares on | F|2
1883/174
1.092
0.051(18)
0.051(18)
0.012(2)
R; =0.0186, wRy = 0.0489
R; =0.0191, wR, = 0.0496
0.192and —0.181 e-A~3

Ri =Y 1B =1 F L1 /T 1By |, wRy = [L{(Fo2-Fc2)2}/ T {w(E 22112, w = 1/{0%(Fo2) + (aP)? + bP}, where a = 0.0087

and b = 0.1805 for the title structure.

2.4. Hirshfeld Surface Analysis

The molecular Hirshfeld surface [45-49] is created based on the electron distribution of a molecule
and has been calculated as the sum of spherical atom electron densities [50,51]. For a given crystal
structure and set of spherical atomic electron densities, the Hirshfeld surface is unique [52]. The
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normalized contact distance (dy0) calculated by Equation (1) was used to locate both inner and outer
intermolecular interactions simultaneously on a single Hirshfeld surface [45]. Where, d_ is the distance
from the point to the nearest nucleus external to the surface, d; is the distance to the nearest nucleus
vdw are the internal and external van der Walls (vdW) radii of the
two atoms to the surface, respectively. The 2D fingerprint plot provides a summary of intermolecular
contacts in the crystal [52-56]. The Hirshfeld surface presented here was generated using Crystal
Explorer 3.1. [57].

internal to the surface; riz’dw and r,

d; — podw d, — yodw

I M)

vdw vdw
7’1- Te

dnorm =

2.5. Theoretical Methods

The energies of the title compound included in this study were performed using Gaussian 09
calculation package [58] at the B3LYP level with a large basis set 6-311++G(d,p). The visualization of
the results is accomplished with GaussView 5.0. The B3LYP method of DFT is quite reliable for the
prediction of geometric and electronic properties of neutral [59] and charged species [60], ranging from
simple molecular to polymer structures [61]. For the theoretical analysis of the noncovalent interactions
present in the solid state, we have used crystallographic coordinates. The Bader’s “ Atoms in molecules”
theory [62] has been used to analyze the interactions studied herein by means of the AIMall calculation
package [63]. The topological properties of the charge density (p(r)) characterized by their critical
points (CPs) and its Laplacian, which is expressed in terms of L(r) = —V? (p(r)), were calculated using
the Atom In Molecule (AIM) theory [64]. It is noted that electron density is concentrated where V2
(p(r)) < 0 and it is depleted where V2 (p(r)) > 0. The calculations for the wave function analysis have
been performed using Gaussian09 calculation package [58]. The NCl is a visualization index based
on the electron density and its derivatives [65]. Since the noncovalent interactions are represented
using isosurfaces instead of critical points, it enables their efficient visualization and identification. The
isosurfaces may correspond to either favorable or unfavorable interactions, which are differentiated
by the signs of the second density Hessian eigenvalues and defined by the isosurface color. NCI plot
facilitates the assessment of host-guest complementarity and the extent to which weak interactions
stabilize a complex. However, the information delivered by NCI plots is fundamentally qualitative,
i.e., which molecular regions are interacting. The color scheme is a red-yellow-green-blue scale with
red for p*cut (repulsive) and blue for p~cut (attractive). Yellow and green surfaces correspond to weak
repulsive and weak attractive interactions, respectively [65].

3. Results and Discussion

3.1. Structural Description

Crystal structure analysis reveals that compound (1) is a one-dimensional metal-organic
coordination polymer constructed from Cu(Il) ion, iminodiacetic acid, and imidazo[1,2-a]-pyridine.
An ORTEP drawing is presented in Figure 1 with atom numbering scheme. Two carboxylate oxygen
atoms and one nitrogen atom of the IDA ligand and one nitrogen atom of the ImP molecule define
a distorted square base coordination geometry. The Cu(Il) atom is displaced only 0.051(1) A from
the mean plane P(1) generated through the atoms (O1-O4-N1-N2). The Cu(ll) is displaced towards
the fifth donor atom O2' (symmetry code i =2 — x, 1/2 +y, 1 — z) of the adjacent IDA ligand
that is related to the former molecule by two-fold symmetry screw axis. The Cu(II) atom lies in
a rather common distorted square base pyramidal environment of the type (4 + 1) and therefore,
the Cu-O2! bond-length is typically longer in comparison to other four coordination bonds (Table
S1). The imidazo[1,2-a]-pyridine is strictly planar and Cu(II) atom lies 0.082 A out from this plane
P(2) that defines a dihedral angle of 36.29° with plane P(1). The percentage of trigonal distortion
of the square pyramidal stereochemistry [66], obtained from trans angles 6 = N(1)-Cu(1)-N(2) and
p = O(1)-Cu(1)-O(4), is T = 100(6 — p)/60 = 19.5. This value is comparable with the reported analogous
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five-coordinated compounds [Cu(IDA) (4-aminopyridine)(H,O)] [36] and [Cu(IDA)(5MelmH) [67]
and significantly higher than [[Cu(MIDA) (ImH)] [68] and low value compare to the compound
[Cu(DA)ImH)(H,O0)]-H,O [69]. Again, the dihedral angle between the mean planes for the
two Cu-glycinate five-membered rings (¢ = 22.30°) shows almost coplanar conformation of the
five-membered chelate rings of Cu(IDA) moiety. This structural feature agrees well with the nearly
coplanar chelate rings in the Cu(IDA) moiety of the 1:1:1 Cu/IDA /N-heterocyclic donor compounds
reported earlier [36,67,68,70].

Figure 1. An ORTEP view (ellipsoids of thermal oscillations with 30% probabilities) with atom
numbering scheme of compound (1). The atoms that are labelled with (*) are generated through
symmetry operation (2 — x,1/2+y, 1 — z).

In compound (1), the molecules are propagating along [010] direction through
coordination-bonding mode and generating a 1-D coordination polymer (See Figure 2). The
solid-state structure of (1) comprises a combination of N-H---O, C-H---O hydrogen bonds and C-H:--7t
interactions (Table 2). The [Cu(IDA)(ImP)] units are interconnected to generate the polymeric chain
through the coordination bonding in between parent Cu(1) atom and carbonyl oxygen atom O(2) of
the partner molecule (Figure 2). The 1D polymeric chain network is further strengthened by N-H---O
hydrogen bonding contacts, where the nitrogen atom N(1) acts as a donor to the carboxylate oxygen
atom O(1) in the molecule at (2 — x, 1/2 +y, 1 — z) (See Figure S1). The ring carbon atom C(8) acted as
a donor to the carbonyl oxygen atom O(3) of the parallel chain structure in the molecule at (1 + x, y, z),
thereby generating a two-dimensional layer network in (110) plane (Figure 2).
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Figure 2. 1D polymeric chains are interconnected through C-H:--O hydrogen bond to generate a
layered assembly in (110) plane.

In another substructure, the molecules are self-assembled through two C-H:--O bonding
interactions. Interconnection in between carbon atoms C(8) and C(6) with carbonyl oxygen atoms O(3)
and O(2) in the molecule at (1 + x, y, z) and (x, y, 1 + z) respectively, leads the molecules to generate a
two-dimensional supramolecular network in (101) plane (Figure 3).

Figure 3. Perspective view of the supramolecular network generated through hydrogen bonds.
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Table 2. Relevant Hydrogen Bonding Parameters in (1).

D-H.--A D-H H---A D---A D-H---A Symmetry
N(1)-H(1)---O(1) 0.98 2.05 2.910(4) 146 2-x1/2+y,1—-z
C(2)-H(2B)---O(3) 0.97 2.57 3.057(5) 111 1-x1/2+y,1-z
C(6)-H(6)---O(2) 0.93 241 3.175(4) 139 x,yl+z
C(8)-H(8)---O(1) 0.93 2.49 3.089(4) 122 ---
C(8)-H(8)---O(3) 0.93 2.59 3.405(5) 146 1+x,y, 2z
C(6)-H(6)---Cg(4) 0.93 2.94 3.424(4) 114 2-x,1/2+y,2—2z

Cg(4) is the centroid of the (N3/C7-C11) ring.

In the final substructure, the 1-D parallel chain is juxtaposed through self-complementary C-H::-7t
interactions. The carbon atom C(6) in the molecule at (x, y, z) acts as a donor to the 7-cloud of the
pyridine ring at (2 — x, 1/2 + y, 2 — z) (Table 2); therefore generating a two-dimensional supramolecular
self-assembled structure in (011) plane (Figure 4). Consequently, this entire assembly as a whole
produces a supramolecular combination of C-H---m interactions that illustrates the occurrence of a
self-assembled two-dimensional supramolecular layered structure of a polymeric compound.

&
C A

Figure 4. Formation of supramolecular layer network in (011) plane.
3.2. Hirshfeld Surface

The Hirshfeld surface [45-49] emerged from a unique attempt to define the space occupied by
a molecule in a crystal to partition the crystal electron density into molecular fragments [50,51]. In
this study, the contacts that are responsible in the crystal packing are estimated with respect to their
contribution to the crystal structure. The Hirshfeld surface of the title compound is illustrated in
Figure 5 showing surfaces that have been mapped over d;o;; and d.. The information concerning
intermolecular interactions that are presented in Table 2 are noticeable by the spots on the dyorm
surface. The large circular depression (deep red) on the d,,q;, surface, which is evident just above
the metal ion, designate the Cu---O bonding contacts. Other light-colored depressions on the d;iorm
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surface are an indicator of weaker contacts. Fingerprint plots are the key tools for the calculation
of the density of intermolecular contacts present in a crystal and can be decomposed to quantify
individual contributions of intermolecular interactions related to each structure. The combination
of d, and d; in the form of a 2D fingerprint plot [52-56] provides a summary of the intermolecular
contacts in the crystal, where one molecule acts as a donor (d, > d;) and other as an an acceptor
(d; > de). The Cu---O/0O---Cu contacts are evidenced by two distinct spikes in the (d;, d,) region
(1.262 A, 1.171 A) of the fingerprint plot that comprised 4.8% of the total Hirshfeld surface area of
the molecule (Figure S2). The N---H/H---N contacts are evidenced by the scattered points on the
fingerprint plot (Figure S2), where N---H interaction contributed more [2.4%; (d; = 1.818, d. = 1.242)]
compared to the H---N counterpart [1.8%; d, = 1.188, d; = 1.242)]. The O---H/H.:--O interactions
contributed 29.6% and are evidenced by the distinct spikes in the (d;, d.) region of (1.171 A,0.831 A)
(Figure 6). The C---H/H---C interactions appear as two spikes in the fingerprint plot, where the
proportion of C---H/H:--C interactions comprise 18.4% of the total Hirshfeld surface area of (1). The
C---H interactions are represented by the spike in the bottom right region (d; = 1.552 A, d, = 1.056 A),
whereas the H-:--C spike is located at (d, = 1.562 A, d; = 1.056 A) and comprises 10.7% and 7.7%,
respectively (Figure 6).

(a)

Figure 5. Hirshfeld surface of compound (1) mapped with d,orm (a) and de (b).

Apart from the hydrogen bonding contacts, the structure is stabilized through C-H-- -7 interaction
and is visible on the d. surface as well as in the fingerprint plot. The ‘bright-orange’ spot and
consequently a large depression on the d, surface above the m-cloud of the aryl ring indicates the
existence of a C—H---m interaction (Figure 5). Moreover, the C-H---7 interaction is also evidenced by a
pair of ‘wings’ in the fingerprint plot, where the left wing region (d; < d,) correspond to the points on
the surface around the C-H donor and the right wing region (d. < d;) corresponds to the points around
the m-acceptor. From Hirshfeld surface calculations, it is not possible to individuate the C---H/H---C
contacts for hydrogen bond and C-H: -7 interactions. The decomposed d;,o;; plots corresponding to
each type of interactions involved within the structure are included in Figure S3. The decomposed
fingerprint plots corresponding to various interactions that contributed more than 5% are included in
Figure 6, whereas the others are included in Figure S1. A detailed analysis of intermolecular contacts
reveals that the title compound comprises C:--O/0O---C, C:--N/N-:-C and N:--O/O---N contacts that
comprised only 1.5%, 1.9% and 1.0%, respectively (Figure S2). Significant molecular interactions of
the title compound in terms of O---O and C---C contacts are reflected in the distribution of scattered
points in the region of (d; = d, = 1.805 A)and (d; =d, = 1.813 A) respectively (Figure S2). Moreover, the
distribution of scattered points in the fingerprint plot that spread only up to (d; = d, = 1.101 A) designate
H---H contacts that comprises 33.9% (Figure 6) of the total Hirshfeld surface area of compound (1).
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Figure 6. Fingerprint plots: Full (a) and resolved into O---H/H:--O (b); C---H/H---C (c¢) and H---H
(d) interactions showing percentages of contacts (more than 5%) to the total Hirshfeld surface area of
the molecules.

3.3. Theoretical Calculations

Computational studies are included herein to analyze the noncovalent interactions using
theoretical DFT calculation. This study mainly focused on two issues: First, the energetic features of
the interactions are studied and second, the interplay of noncovalent interactions are characterized
by Bader’s theory of “atoms-in-molecules” (AIM). The crystallographic coordinates have been used
in the computational studies. To evaluate formation energies, few models were prepared following
self-assembled X-ray structure (Figures 7 and 8). Following the X-ray fragment (Figure 7a), the
imidazo[1,2-a]-pyridine moiety is simplified (see the black arrow in Figure 7b) to avoid the short
contact in between the pyridine ring carbon atom and the carbonyl oxygen atom. In this model
(model-1), the formation energy of the C-H---O hydrogen bond is AE; = —5.6 Kcal/mol. Following
Figures 2 and 3, we are interested to evaluate the formation energy of the C8-HS:--O3 hydrogen bond.
In model-2 (Figure 7c), it is observed that another pyridine ring carbon atom C9 is in contact with the
carboxylate oxygen atom O4 (see red dotted line). Mutual interactions displayed the formation energy
of AE, = —3.5 Kcal/mol.

Again, following an X-ray structure (Figure 8a), we carried out formation energy of C-H---mt
interaction in some models; the results are included in Figure 8b—d. In model-3, we computed the
interaction energy using two uncoordinated imidazo[1,2-a]-pyridine moieties (Figure 8b). As a result,
the interaction energy is modest (AE3 = —0.9 Kcal/mol). In another model, we analyzed the effect
of metal coordination, including IDA moiety, keeping other imidazo[1,2-a]-pyridine moiety fixed
(Figure 8c). As a result, the interaction energy increases to AE4 = —2.2 Kcal/mol, therefore confirming
the reinforcement of the C—H- -7t interaction due to the metal coordinated moiety. In the fifth model, we
studied the effect of the coordination mode in both moieties to analyze the strength of the interaction.
It is expected to have a stronger effect on the strength of the interaction. As expected, the interaction
energy of the theoretical model (Figure 8d) is AEs = —3.0 Kcal/mol, which is much more favorable
than AE3 = —0.9 Kcal/mol.
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Figure 7. (a) X-ray fragment. (b,c) theoretical models used to estimate the formation energies.

e
o 3>

AE3=-0.9 keal/mol

IAE,= -2.2 keal/mol

Figure 8. (a) X-ray fragment. (b—d) Theoretical models used to estimate the C-H- -7 interaction.

We performed the Bader’s theory of atoms in molecules (AIM) analysis of compound (1) by using
the models described above. The AIM analysis has been included for visualization and characterization
of the noncovalent interactions following the distribution of the critical points and bond paths. The
existence of a bond critical point (CP) and bond path connecting two atoms designate the interaction
between those two atoms [62]. The hydrogen bonding interactions are characterized by the distribution
of CPs and bond paths of the models used for compound (1) (see Figure 9). In Figure 9a, the hydrogen
bonding interaction is characterized by the presence of a bond critical point that is represented by a
red sphere and corresponding bond path between the hydrogen atom of the parent ring carbon atom
and carbonyl oxygen atom of the partner molecule. The p(r) value (0.0109 a.u.) of the bond CP is
also analyzed to verify the strength of the interaction. In the second model, the hydrogen bonding is
characterized by the bond CP (ppcp = 0.0068 a.u.) and bond path connecting hydrogen atom of the
pyridine ring and carbonyl oxygen atom. As discussed earlier (red dotted lines in Figure 7c), another
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interaction is evidenced by CP (ppcp = 0.0060 a.u.) and the corresponding bond path. Therefore, a ring
CP is generated due to the formation of a ring motif and is represented by a yellow sphere.

t '%0.0060

ofbos1 00,0068

0.0022

Figure 9. AIM analysis of different models (a—c). Red and yellow spheres represent bond and ring
critical points, respectively. The bond paths connecting bond critical points are shown as dashed lines.
The values of p(r) at the bond critical points are given in atomic units (a.u.).

The intramolecular C-H---O bonding and O---O contacts are also evidenced in AIM analysis and
are characterized by the bond CPs, 0.0091 a.u and 0.0022 a.u, respectively (Figure 9b). The inspection of
the results indicates that the values of p(r) are larger in model 1 (0.0109 a.u.) than model 2 (0.0068 a.u.),
in good agreement with the energetic analysis commented above. Furthermore, we analyzed the
C-H---minteraction, depicted in Figure 9¢c. The bond CP (ppcp = 0.0076 a.u.) and bond path connecting
hydrogen atom of the imidazo ring carbon atom and carbon atom of the pyridine ring characterized
the C-H:--mr interaction in (1). Finally, we further characterized the C—H---7 interaction using the NCI
index. The representation of NCI plot obtained for dimer that highlights the C—H- -7t interaction of
compound (1) is shown in Figure 10. The n-facial noncovalent interaction involving the C-H donor of
the ring carbon atoms is characterized by the extended green isosurface. The green isosurface has been
identified over the rings of the imidazo[1,2-a]-pyridine ligand and directed towards the C-H bond,
thus characterizing the C-H.- -7 interaction. Moreover, the small blue-green isosurfaces characterize
the hydrogen bonding interactions in between ring carbon atoms and carboxylate oxygen atoms and
are in agreement with the energetic study.

Figure 10. NCI plot of the self-assembled dimer in (1). The NCI plots only show the intermolecular
interactions.
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4. Conclusions

In summary, the title polymeric compound reported herein exhibit C-H---O and C-H---m
interactions in the solid state that have been characterized using Hirshfeld surface and high-level
theoretical calculation. Noncovalent interactions play a decisive role in building supramolecular
self-assemblies that have been evaluated by DFT calculations, AIM and NCI plot analyses. The
contribution of noncovalent interactions in the self-assembly process was estimated by providing
individual energy values through computational studies. The results reported herein are expected to be
useful to understand the solid-state structure of coordination polymers and have possible importance
for research studies in supramolecular chemistry and crystal engineering.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com /2073-4352/8 /12 /455/s1,
One crystallographic file (CIF), CCDC-1868166; Table S1: Selected Bond-lengths (A) and angles (°). Figures S1-54:
N-H---O bonded motif; Decomposed fingerprint plots; Decomposed plots of ;o surface and PXRD.
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