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A new binuclear copper (II) complex [Cu2L2Cl4(H2O)2] (1) derived from 4,4',6,6'-tetramethyl-
2,2'-bipyrimidine (L) has been synthesized and characterized by the single crystal X-ray 
diffraction method. Single crystal analysis of complex 1 reveals that it crystallizes in the 
space group P21/n under a monoclinic system (β = 97.995(2)°, a = 7.6483(2), b = 7.2158(3) 
and c = 17.8477(6) Å). The ligand acts as a bis-bidentate one and each copper (II) center 
bears a square pyramidal geometry exploiting N2Cl2O chromophore. In the solid state, the 
complex is stabilized through classical O-H···Cl intermolecular hydrogen bonding 
incorporating coordinated water (as a solvent) and chloride ions and lone pair···π 
interactions. The Hirshfeld surface analysis demonstrates H···H/H···H, H···Cl/Cl···H, 
H···C/C···H, and C···Cl/Cl···C intermolecular interactions as the major contributor 
interactions in the solid-state packing of the molecular crystal. Interaction energy 
calculations carried out employing the wavefunction generated via B3LYP/6-31G(d,p) 
highlight the dominance of electrostatic energy and the contribution of polarization and 
dispersion energy towards the total energy of complex 1 in the solid state.  
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1. Introduction 
 

Non-covalent interactions, namely, intra- and inter-
molecular hydrogen bonding, hydrophobic interactions, disper-
sion interactions, halogen bonding, carbon bonding, π···π, 
cation···π, C-H···π, lone pair···π, salt bridge···π, anion···π etc. 
have arrested recent attention of the chemists as they play a 
pivotal role in the self-assembly of well-defined molecular 
components into tailor made large supramolecular aggregates 
[1-3]. Although the structure-directing role of weak 
noncovalent interactions was perceived about almost three 
decades ago, the discovery of new interactions with quantifi-
cation still attracts interest as it is able to regulate molecular 
aggregation into supramolecular assembly [4-12]. The judicial 
choice of heterocyclic aromatic systems is very much important 
in the design and development of functional materials. Among 
heterocyclic polydentate nitrogen donor ligands, pyrimidine-
derived ligands have attracted the attention of researchers due 
to their versatile application in various fields [11,12], especially 
in crystal engineering [13,14]. In the recent past, a new type of 
non-covalent supramolecular interaction involving an aromatic 
molecule (Homo- or hetero-cyclic) has been considered, 
namely, the binding association between anion or lone pair and 

electron deficient aromatic ring. Such interactions can be 
exploited in synthetic anion receptors only when the aromatic 
system has sufficient π-acidity [15]. The higher π-acidity and 
the presence of more than one heteroatom in pyrimidine play 
an important role in this regard. 2,2'-Bipyrimidine has been 
widely used in the synthesis of metal complexes [15]. As a 
versatile ligand, it is able to coordinate metal ions in either 
strong bidentate or bis-bidentate bridging mode leading to 
mono-, di- or poly-nuclear complexes [15-18]. Extensive 
research has been devoted to the synthesis and study of bridged 
binuclear copper complexes with structural and functional 
diversities that include coordination chemistry, magnetism, 
material chemistry, and biology [19,20]. In 2009, Luo et al. [21] 
and in 2012 Marino et al. [22] had reported some Cu(II) 
complexes with 2,2′-bipyrimidine as a bridge ligand. In 2014, 
Ma et al. reported complexes of dicobalt [23] and dinickel [18] 
with 2,2'-bipyrimidine substituted with tetraphosphate. 

To understand such a system, we succeeded in synthesizing 
a Cu(II) complex of 4,4',6,6'-tetramethyl-2,2'-bipyrimidine that 
is characterized by single-crystal X-ray analysis. Here, the title 
ligand acts as a bis-bidentate ligand and bridges two copper 
centers separated by a distance of 5.693 Å. As expected, the 
electron-deficient   pyrimidine   moiety   (both   nitrogen   in   the  
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Scheme 1. Schematic representation of the synthesis of ligand and complex 1. 
 
pyrimidine ring is coordinated with the metal Cu(II) centers) 
participates in the lone pair···π interaction along with the 
intermolecular hydrogen bonding between hydrogen atoms of 
coordinated water molecules and coordinated chloride ions.  

To the best of our knowledge, it is the first report of lone 
pair···π interactions present in a substituted bipyrimidine 
bridged binuclear Cu(II) complex. Such kind of supramolecular 
interactions help in enhancement of the dimensionality of the 
complex in the solid state. We have also performed a detailed 
investigation of the intermolecular interactions by Hirshfeld 
surface analysis. The contribution of each interaction to the 
formation of the self-assembly has been analyzed through a 
Hirshfeld surface calculation, which enables quantitative 
contributions to the crystal packing in a novel visual manner. 
The structural descriptions have been corroborated with 
theoretical calculations [24-27]. 
 
2. Experimental 
 

All chemicals were of reagent grade, purchased from 
commercial sources and used without further purification. 4,6-
Dimethyl-2-hydroxy pyrimidine hydrochloride was purchased 
from Aldrich Chemical Company, USA and used without further 
purification. All reactions were carried out in aerobic condition 
and in aqueous-methanol medium. The Perkin-Elmer RXI FT-IR 
spectrophotometer was used to record the IR spectra in the 
range of 4000-400 cm−1 and an elemental analysis (carbon, 
hydrogen, and nitrogen) of the metal complex was determined 
with a Perkin-Elmer CHN analyzer 2400. The mass spectrum of 
the ligand was performed with a JEOLJMS-AX 500 mass 
spectrophotometer. 

2.1. Synthesis of protonated ligand (L) 
 

The ligand L was synthesized using 4,6-dimethyl-2-hydroxy 
pyrimidine hydrochloride as the starting material and the 
synthesis was carried out following the procedure reported 
[28] as shown in Scheme 1. Yield: 59%. M.p.: 132-134 °C. FT-IR 
(KBr, ν, cm-1): 2960, 2910 (νC-H, CH3), 1575 (νC=N), 1497 (νC=C), 
1358, 1093 (Ring str.), 802 (νC-H), 637 (Ring bend.). Anal. calc. 
for C12H14N4: C, 67.27; H, 6.59; N, 26.15. Found: C, 67.17; H, 6.49; 
N, 26.11%. MS (m/z (%)): 214 (M+, 100%). 
 
2.2. Synthesis of [Cu2L2Cl4(H2O)2] (Complex 1) 
 

The aqueous methanolic solution of CuCl2·6H2O (0.485 g, 2 
mmol) was added to the synthesized ligand (4,4',6,6'-tetra 
methyl-2,2'-bipyrimidine (L)) in the same solvent (0.214 g, 1 
mmol). The mixture was stirred for 3 hours (Scheme 1) under 
aerial condition. The color of the solution turned blue and the 
solution was left for slow evaporation, and after two weeks a 
blue-colored X-ray quality crystal of complex 1 was isolated. 
Color: Blue. Yield: 67%. Anal. calc. for C12H18Cu2N4O2Cl4: C, 
27.74; H, 3.46; N, 10.78. Found: C, 27.53; H, 3.39; N, 10.71. FT-
IR (KBr, ν, cm-1): 3443 (νO-H), 2959, 2917 (νC-H, CH3), 1560 (νC=N), 
1519 (νC=C), 1433, 1393 (Ring str.), 650, 643 (Ring bend.). 
 
2.3. X-ray crystallographic analysis  
 

Data collection was carried out using a Bruker SMART APEX 
II CCD area detector equipped with a graphite monochromated 
MoKα radiation (λ = 0.71073 Å) in φ and ω scan mode at 293 K 
for complex 1.  
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Table 1. Crystal data and structure refinement for complex 1. 
Empirical formula C12H18Cl4Cu2N4O2  
Formula weight (g/mol) 519.20  
Temperature (K) 293(2)  
Crystal system Monoclinic  
Space group P21/n  
a, (Å) 7.6483(2)  
b, (Å) 7.2158(3)  
c, (Å) 17.8477(6)  
α (°) 90.00  
β (°) 97.395(2)  
γ (°) 90.00  
Volume (Å3) 976.80(6)  
Z 2  
ρcalc (g/cm3) 1.765  
μ (mm-1) 2.736  
F(000) 520.0  
Crystal size (mm3) 0.33 × 0.28 × 0.21  
Radiation MoKα (λ = 0.71073)  
2Θ range for data collection (°) 4.6 to 52.78  
Index ranges -9 ≤ h ≤ 9, -9 ≤ k ≤ 9, -22 ≤ l ≤ 22  
Reflections collected  10093  
Independent reflections  1986 [Rint = 0.0333, Rsigma = 0.0247]  
Data/restraints/parameters  1986/0/145  
Goodness-of-fit on F2  1.031  
Final R indexes [I≥2σ (I)]  R1 = 0.0247, wR2 = 0.0596  
Final R indexes [all data]  R1 = 0.0314, wR2 = 0.0626  
Largest diff. peak/hole (e.Å-3) 0.39/-0.26  
CCDC no 2192141 
 

 
 

Figure 1. Perspective view of complex 1, displacement ellipsoids are drawn at 30% probability level. 
 
Cell parameter refinement and data reduction were carried 

out using Bruker SMART and Bruker SAINT software [29]. The 
structure of the complex was solved by conventional direct 
methods and refined by full-matrix least squares method using 
F2 data. The SHELXS-97 and SHELXL-97 programs [30] were 
used for the solution and refinement of the structure of the 
complex, respectively. CCDC 2192141 (1) includes additional 
crystallographic information. Selected crystallographic featu-
res for complex 1 are given in Table 1 and the selected metrical 
parameters of the complex are shown in Table 2. The molecular 
representation with atom numbering scheme (only selected 
atom numbering was done for maintaining the clarity of the 
picture) of complex 1 is shown in Figure 1. 
 
2.4. Hirshfeld surface analysis 
 

Hirshfeld surfaces [31-33] and the associated two-dimen-
sional (2D) fingerprint [26,34-36] plots were calculated using 
CrystalExplorer [37] with bond lengths to hydrogen atoms set 
to standard values. Two distances, de (the distance from the 
point to the nearest nucleus external to the surface) and di (the 
distance to the nearest nucleus internal to the surface), are 
defined for each point on the Hirshfeld surface. The normalized 
contact distance (dnorm) based on de and di is defined as: 
 

𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = (𝑑𝑑𝑖𝑖−𝑛𝑛𝑖𝑖
𝑣𝑣𝑣𝑣𝑣𝑣)

𝑛𝑛𝑖𝑖
𝑣𝑣𝑣𝑣𝑣𝑣 + (𝑑𝑑𝑒𝑒−𝑛𝑛𝑒𝑒𝑣𝑣𝑣𝑣𝑣𝑣)

𝑛𝑛𝑒𝑒𝑣𝑣𝑣𝑣𝑣𝑣
    (1) 

 
where rivdw and revdw are the van der Waals radii of the atoms. 
The dnorm value is negative or positive depending on inter-
molecular contacts being shorter or longer than the van der 
Waals separations. The parameter dnorm displays a surface with 
a red-white-blue color design, where bright red spots highlight 
shorter contacts, white areas in the same surface represent 
contacts around the van der Waals separation and the blue 
regions are devoid of close contacts [38]. 
 
3. Results and discussion 
 

Single-crystal X-ray structural analysis confirms that the 
Cu(II) complex consists of a substituted bipyrimidine-bridged 
binuclear entity having the formula [Cu2LCl4(H2O)2] (1) with a 
ligand (L: 4,4′,6,6′-Tetramethyl 2,2′-bipyrimidine), chloride 
ions and solvent water molecules. In this neutral complex, each 
copper(II) center adopts a square pyramidal geometry 
exploiting one nitrogen of the ligand moiety, two chloride ions, 
and one oxygen atoms of the coordinated water in an equatorial 
and another nitrogen atom of substituted bipyrimidine 
occupies at the apical position. The ligand forms a five-
membered chelate ring around each central Cu(II) center.  
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Table 2. Bond distances and angles for complex 1. 
Atom Atom  Length (Å)  Atom Atom  Length (Å) 
Cu1 Cl1  2.2773(7)  N1 C1  1.333(3) 
Cu1 Cl2  2.2748(7)  N1 C4  1.347(3) 
Cu1 N21  2.2748(18)  C3 C2  1.379(4) 
Cu1 N1  2.0105(19)  C3 C4  1.383(4) 
Cu1 O1  1.960(2)  C1 C11  1.491(4) 
N2 Cu11  2.2748(18)  C2 C6  1.486(4) 
N2 C1  1.328(3)  C4 C5  1.489(4) 
N2 C2  1.350(3)      
Atom Atom Atom Angles (°)  Atom Atom Atom Angles (°) 
Cl2 Cu1 Cl1 163.55(3)   C1 N1 Cu1 118.33(15) 
N21 Cu1 Cl1 97.91(5)   C1 N1 C4 117.7(2) 
N21 Cu1 Cl2 98.03(5)   C4 N1 Cu1 123.71(16) 
N1 Cu1 Cl1 91.45(5)   C2 C3 C4 120.0(2) 
N1 Cu1 Cl2 87.93(5)   N2 C1 N1 125.96(19) 
N1 Cu1 N21 77.85(7)   N2 C1 C11 117.3(2) 
O1 Cu1 Cl1 90.40(8)   N1 C1 C11 116.7(2) 
O1 Cu1 Cl2 88.93(8)   N2 C2 C3 119.8(2) 
O1 Cu1 N21 106.67(10)   N2 C2 C6 118.0(2) 
O1 Cu1 N1 174.84(10)   C3 C2 C6 122.2(2) 
C1 N2 Cu11 109.48(13)   N1 C4 C3 119.3(2) 
C1 N2 C2 117.26(19)   N1 C4 C5 118.1(2) 
C2 N2 Cu11 133.22(16)   C3 C4 C5 122.7(2) 
1 2-x, -y, -z. 
 
Table 3. Details of hydrogen bond distances (Å) and angles (°) for complex 1. 
D–H···A D (D–H) (Å) D (HA) (Å) D(D···A) (Å) ∠ DHA (o) Symmetry 
O1–H11···Cl1 0.72(5) 2.47(5) 3.161(3) 161(5) 5/2-x, -1/2+y, 1/2-z 
O1–H13···Cl2 0.66(4) 2.42(4) 3.077(3) 172(4) 5/2-x, 1/2+y, 1/2-z 

 

 
 

Figure 2. 2D architecture utilizing the hydrogen bonding interactions in complex 1. 
 

3.1. Structural description of complex 1 
 

The molecular structure of complex 1 with the atom 
numbering scheme is shown in Figure 1, while its bond lengths 
and angles are listed in Table 2. Complex 1 crystallizes in a 
monoclinic system with the space group P21/n and its unit cell 
contains four molecules. Complex 1 is a symmetric binuclear 
species comprising neutral [Cu2(L)(H2O)2Cl2] where ‘L’ is 4,4′, 
6,6′-tetramethyl 2,2′-bipyrimidine compound. The symmetry 
adopted Cu(II) ions are placed in a square pyramidal pocket 
having the τ value is 0.19 (ideally τ = 1 for the trigonal 
bipyramidal geometry and τ = 0 for the square pyramidal 
geometry) [39] where the equatorial plane around each Cu(II) 
is constituted by one pyrimidyl nitrogen (N1), two chloride ions 
(Cl1 and Cl2) and one oxygen (O1) of coordinated water 
molecules while the apical position is occupied by another 
nitrogen atom (N2) of the substituted bipyrimidine system.  

In complex 1, each Cu(II) ion is shifted by a distance of 0.202 
Å towards the apical pyrimidine nitrogen (N2) from the 
equatorial mean plane N1/Cl1/O1/Cl2. Here, the title ligand 
acts as a bis-bidentate manner and acts as a connecter between 
two copper centres separated by a distance of 5.693 Å. The 
equatorial Cu-Cl distances are almost the same (Cu1-Cl1 = 
2.277(7) and Cu1-Cl2 = 2.2748(7) Å) while the Cu-Naxial bond 
distance (2.2748(18) Å) is larger compared to the Cu-Nequatorial 

bond distance (2.0105(19) Å), which is quite usual due to the 
utilization of a lower s character of the orbital involved in the 
coordination. The average axial-equatorial and equatorial-
equatorial (cis) bond angles are 95.11 and 89.67°, respectively 
(Table 2). Equatorial trans angles (N1-Cu1-O1 = 174.84(10) and 
Cl1-Cu1-Cl2 = 163.55(3)°) are deviated from the ideal trans 
angle 180° due to stereo-electronic obligations. The electrical 
charge of the copper (II) centres is taken care by four 
coordinated chloride ions.  

The crystal structure of complex 1 is stabilized through 
classical intermolecular O-H···Cl (between hydrogen of 
coordinated water and equatorially coordinated chloride ions) 
hydrogen bonding interactions (O1-H11···Cl1 and O1-
H13···Cl2) (Figure 2, Table 3) and helped to construct a 2D 
architecture utilizing R22(8) supramolecular synthons. There-
fore, it is the perfect self-assembly of a [Cu2LCl4(H2O)2] 
coordination motif held together by O-H···Cl hydrogen bonding 
interactions. In this 2D arrangement, the water molecule 
bearing one complex unit forms two O-H···Cl hydrogen bonding 
interactions simultaneously with the other two complex units 
(one provides Cl1 and another Cl2) of an almost parallel plane.  

In structure of complex 1, between two coordinated 
chloride ions around each copper center, Cl1 is located above 
and below the electron deficient bipyrimidine ring (electron 
deficiency is generated from coordination to the central copper  
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Table 4. Geometric features (distances in Å and angles in degrees) of lone pair···π interaction obtained for complex 1. 
Lone pair···Cg Lone pair···Cg (Å) Lone pair···Perp (Å) γ (o) Cu–Cl···Cg (o) Symmetry 
Cu1–Cl1···Cg (3) * 3.7421(11) 3.389 25.1 151.91(3) 2-x, 1-y, -z 
* Cg(3) = Centre of gravity of ring N1/C1/N2/C2/C3/C4. 
 

 
 

Figure 3. 1D architecture of lone pair···π interaction in complex 1. 
 

 
 

Figure 4. 2D architecture combining the hydrogen bonding interaction and the lone pair···π interaction in complex 1. 
 
(II) ion) to form an effective lone pair···π interaction and 
generate a one-dimensional architecture (Figure 3). To the best 
of our knowledge, it is the first report of lone pair···π interaction 
using the title ligand 4,4′,6,6′-tetramethyl 2,2′-bipyrimidine.  

This one-dimensional architecture formed by the lone 
pair···π interaction extends the dimensionality to 2D (Figure 4, 
Table 4) in association with intermolecular hydrogen bonding 
interactions (between equatorially coordinated chlorides and 
the hydrogen atoms of the coordinated water molecules).  
 
3.2. Hirshfeld surface analysis 
 

The Hirshfeld surface analyses of the complex 1 was carried 
out on its asymmetric unit to quantify the intermolecular 
interactions and to provide a detailed account of the supra-
molecular assembly by hydrogen bonding and lone pair···π 
interactions. The crystallographic information file (CIF) was 
used as the input to generate the Hirshfeld surfaces and 
fingerprint plots using CrystalExplorer program. The red-blue-
white color scheme is utilized for quantifying the interactions 
and provides a resource to analyze the strength of the contacts. 
The Hirshfeld surfaces of the title complex are mapped over the 
dnorm (range: -0.29 to 1.13 Å), de, di, and shape index (Figure 5). 
The shape-index surface has been shown to convey information 
about each donor–acceptor pair in the complex. The surfaces 
are made transparent to enable visualization of the molecular 
moiety around which they are calculated. The shape index 
curve exhibits complementary red (pit) - blue (bump) that 
correspond to the negative and positive surface property value, 
respectively, the former representing the location of an 
acceptor atom and the latter pointing towards a donor atom.  
The dominant interactions observed in complex 1 are H···H 
(41.2%), H···Cl (39.8%), H···C (7.9%) and C···Cl (5.5%) which 
appear as red spots on the dnorm surface in Figure 5. 

Furthermore, the 2D fingerprint plots represent all 
intermolecular interactions that are involved within the 
structures. To quantify each individual contact, we have 
demonstrated the full fingerprint plots in unique visual mode. 
The intermolecular interactions appear as distinct spikes in the 
2D fingerprint plot showing the different spikes with their 
corresponding interactions. Figure 6 represents the 2D 
fingerprint plot for hydrogen bonding interactions. Figure 7 
represent the Hirshfeld surface view of dnorm and curvedness of 
O–H···Cl hydrogen bonding interaction. Figure 8 represents the 
2D fingerprint plot for lone pair···π interactions in complex 1. 
Figure 9 represents the Hirshfeld surface view of the dnorm and 
the curvedness of the lone pair···π interactions in complex 1. 
Figure 10 represents the fingerprint plots of all interactions, 
H···H interaction and C···H interaction in complex 1. 

The H···Cl/Cl···H interactions appear as two distinct spikes 
in the fingerprint plot and comprise 39.8% of the total Hirshfeld 
surface for complex 1. The H···C/C···H and C···Cl/Cl···C 
interactions contribute 7.9 and 5.5%, respectively, whereas the 
contribution H···H/H···H interactions is 41.2% to the total 
surface area of the complex. This analysis quantifies the inter-
molecular interactions involved within the crystal structure by 
providing a full understanding of these interactions in a facile 
way. 

The method allowed calculation of energies based on 
unperturbed electron distributions computed at the B3LYP 
level of theory employing the 6-31G(d,p) basis set. As complex 
1 contains no atoms heavier than krypton, the 6-31G basis set 
was used and the total energy Etot (kJ/mol), which is the sum of 
four contributing factors, electrostatic (Eele), polarization (Epol), 
dispersion (Edis) [40-42] and exchange repulsion (Erep) was 
calculated for pairs of molecules (Table 5).  
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(a) (b) 
  

(c) (d) 
 

Figure 5. Hirshfeld surfaces mapped with (a) dnorm, (b) de, (c) di, and (b) shape-index for complex 1. 
 

 
 

Figure 6. Fingerprint plot for hydrogen bonding interaction in complex 1. 
 

(a) 

(b) 
 

Figure 7. The Hirshfeld surface view in (a) dnorm and (b) curvedness showing the prominent O-H···Cl hydrogen bonding interaction. 
 

 
 

Figure 8. Fingerprint plot for lone pair···π interactions in complex 1. 
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Table 5. Interaction energies of complex 1 using Crystal Explorer in kJ/mol. 

 

Color N Symop R Eele Epol Edis Erep Etot 
 4 -x+1/2, y+1/2, -z+1/2 9.92 -104.2 -32.9 -25.6 83.3 -83.1 
 2 x, y, z 7.65 -61.1 -25.3 -52.2 31.0 -100.7 
 2 x, y, z 7.22 -36.8 -21.8 -32.7 21.2 -64.0 
 4 -x+1/2, y+1/2, -z+1/2 10.77 0.5 -4.9 -8.0 6.8 -4.5 
 2 x, y, z 10.51 6.8 -3.3 -15.2 4.4 -5.4 

 

(a) (b) 
 

Figure 9. The Hirshfeld surface view in (a) dnorm and (b) curvedness shows the prominent lone pair···π interactions in complex 1. 
 

(a) (b) (c) 
 

Figure 10. Fingerprint plots (a) Full, (b) H···H, and (c) H···C interaction in complex 1. 
 

   
(a) (b) (c) 

 
Figure 11. Energy framework showing (a) the electrostatic potential force (coulomb energy), (b) the dispersion force and (c) the total energy diagrams in a 
1×1×1 unit cell. The radii of the cylinders were proportional to the relative strength of the energy and was adjusted to the same scale factor of 50 with a cut-off 
value of 0 kJ/mol. 

 
The total energy is delineated into the electrostatic 

potential energy/Coulomb energy, polarization energy, 
dispersion energy due to the van der Waals interaction, and the 
repulsion energy. The total energies, only reported for two 

benchmarked energy models, are the sum of the four energy 
components, scaled appropriately. The scale factors employed 
for the CE-B3LYP...B3LYP/6-31G(d,p) are kele = 1.057, kpol = 
0.740, kdisp = 0.871, krep = 0.618. 
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The energy frameworks were simulated to give a visual 
understanding of the individual components’ contribution to 
the total energy through cylinders that joined the interacting 
pairs of molecules. The radius of the cylinder was fixed at 50 
kJ/mol to quantify the contributing energies, and a suitable cut-
off (0 kJ/ mol) was chosen for clarity purposes. A 1×1×1 unit cell 
was selected for the creation of a cluster. The red, green, and 
blue cylinders were used to depict Eele, Edis, and Etot, respectively 
(Figure 11). This approach allowed for the evaluation of the 
mechanical behavior of the complex at the molecular level and 
proved significant in terms of crystal engineering. The thickness 
of the cylinders is comparable to the relative strength of the 
interaction energy. For the studied cluster, the total electro-
static energy is -194.8 kJ/mol, dispersion energy is -133.7 
kJ/mol, polarization energy is -88.2 kJ/mol, repulsion energy is 
146.7 kJ/mol and the total interaction energy is -257.7 kJ/mol. 
The results reveal the electrostatic energy as the major 
component in stabilizing the molecular structure of complex 1 
in solid state. 
 
4. Conclusions 
 

A new binuclear copper (II) complex [Cu2L2Cl4(H2O)2] (1) 
has been synthesized using a 4,4′,6,6′-tetramethyl 2,2′-
bipyrimidine ligand in aqueous methanol solvent and charac-
terized by elemental, spectral and single-crystal X-ray crystallo-
graphic analysis. Complex 1 is distorted square pyramidal and 
crystallizes in a monoclinic system with the space group P21/n. 
The ligand acts as a bis-bidentate one using the four nitrogen 
donor centers and bridges two copper (II) centers separated by 
a distance of 5.693 Å. The complex is stabilized by classical O-
H···Cl intermolecular hydrogen bonding interaction utilizing 
coordinated water and equatorially coordinated two chloride 
ions. By exploiting such interaction complex 1 generates a 2D 
supramolecular architecture. The charge-assisted terminal 
chloride ions interact with electronically poor π-rings of 
pyrimidine, and such a lone pair···π interaction provides a 1D 
chain, which in turn enhances its dimensionality in association 
with O-H···Cl hydrogen bonding interaction. Hirshfeld surface 
analysis was carried out to quantify the interactions and an 
interaction energy analysis was performed to study the 
interactions between pairs of molecules. The 2D fingerprint 
plots associated with the Hirshfeld surface unambiguously 
prove the existence of each significant interaction involved in 
the structure by quantifying them in an effective visual manner. 
The calculation of the interaction energy depicts the dominance 
of the electrostatic energy in the stabilization of complex 1 in 
the solid state. 
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