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a b s t r a c t

Two new Cd(II) complexes [Cd(L) (H2O)2]$(ClO4)2 (1) and [Cd(L) (SCN)2]$(H2O) (2) involving pyrimidine
based tetradentate schiff base ligand 2,2'-((2E, 20E)-2,2'-(butane-2,3-diylidene)bis (hydrazin-1-yl-2-
ylidene))bis (4,6-dimethylpyrimidine) (L) are reported in this work. Both the complexes 1 and 2 are
synthesized and characterized by elemental analyses, UV, IR, single crystal X-ray diffraction studies
accordingly. Both of them are pseudooctahedral in geometry. In this report we want to highlight the
variation of supramolecular non-covalent interactions in the solid state as a consequence of both apical
ligand substitution (replacement of neutral aqua molecules by thiocyanate ion) and substitution of
noncoordinating anionic counterions by coordinating anions. Complex 1 exhibits H-bonding, p … p
stacking, CH … p and anion … p interaction whereas complex 2 displays p … p stacking and CH … p
interaction only. The electronic transitions of both 1 and 2 were recorded and the electronic distribution
of HOMO - LUMO can be rationalized theoretically (through time-dependent density functional theory
(TDDFT)).

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

For the last few decades the construction of metal organic
framework (MOF s) arrests our interest in the field of research
because of their extensive structural variations and potential ap-
plications as functional materials [1]. Cd(II) is one of the most toxic
anthropogenic pollutants. So, detection, quantification and encap-
sulation/entrapment of this ion is a significant area of recent
research [2e6]. On the other hand the same ion in a suitable co-
ordination environment can exhibit the potentiality in optical and
electronic applications. In this respect planning and designing of
new pyrimidine based Schiff base ligands have been focused due to
their different coordination abilities which in turn reflected in their

physicochemical properties. Moreover Pyrimidine is an essential
component of many biological active substances. Various pyrimi-
dine derivatives possess antibacterial, antifungal, antimalarial and
antitumor activities. The coordination geometry of the complexes
depends upon various factors including the size, electronic
configuration of the central metal ion as well as the structure,
orientation and flexibility of binding sites of the ligand moieties
[7,8]. Being d10 electronic configuration Cd ((II) does not exhibit any
preference to any definite geometrical conformation (as d10

configuration is devoid of any CFSE) and hence wide variety of
coordination number and as well as their supramolecular archi-
tectures have been well studied and reported in the literature
[9,10]. Recently we are engaged in studying the coordination
behavior of Cd(II) towards some heterocycle based ligands and also
pay attention to supramolecular interactions involved in the solid
state of the crystals [11,12]. In this paper, we report the syntheses,
coordination behavior and electronic properties of two X-ray
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quality mononuclear Cd(II) complexes derived from a newly syn-
thesized symmetrical tetradentate pyrimidine based Schiff base
ligand (2,2'-((2E, 20E)-2,2'-(butane-2,3-diylidene)bis (hydrazin-1-
yl-2-ylidene))bis (4,6-dimethylpyrimidine) (L) with symmetrical
N4 tetradentate coordination pocket. In complex 1 (1:2 electrolyte)
perchlorate ion acts as a non-coordinating counter anions, but
when it was treated with thiocyanate ion two axial aqua molecules
are replaced by thiocyanate ion (acts as a coordinating anion) to
make complex 2 a non-electrolyte one without hampering the
equatorial assignment. Linear triatomic pseudohalide thiocyanate
coordinates to hard metal centers through the nitrogen end and
soft centers via the Sulphur end. If the metal centers are borderline
like Cd(II), then it can coordinate through either nitrogen or
Sulphur atom [13]. If the ancillary ligands increase the electron
density on the metal center, then the thiocyanate ion preferentially
uses ‘S’ end in binding to the metal by using the p-acceptor

molecular orbital (MO). On the other hand, electron withdrawing
ligands decrease the electron density on themetals and thiocyanate
ion like to binds through p-donor MO of the ‘N’ end [14]. It is
interesting to note that though Cd(II) is expected to form bond
through sulphur end of the thiocyanate ion (due to soft-soft
interaction) but as here the pyrimidine derived ligand (L) acts as
a p-acceptor moiety reinforce the central Cd(II) ion electron defi-
cient and ambidentate thiocyanate ion prefers to form bond with
nitrogen end to attain N6 chromophore instead of N4S2.

In the solid state some non-covalent interactions may play a
pivotal role to stabilize the crystal structure of the complexes. Now
the aim of this report is to elucidate the role of noncovalent in-
teractions on the structural integrity of Cd(II) complexes in pres-
ence of non-coordinating (perchlorate aion in complex 1) and
coordinating counter anions (thiocyanate anion in complex 2)
(Scheme 1). Both the complexes have 1D and 2D supramolecular

Scheme 1. Schematic diagram of ligand “L” and its Cd(II) complexes.
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architecture assisted by non-covalent interactions like H-bonding,
p٠٠٠p stacking, CH٠٠٠p and anion٠٠٠p interactions. To understand
the electronic structures of these complexes (both 1 and 2) DFT
(Density Functional Theory) calculations have been carried out and
furthermore TDDFT (Time Dependent Density Functional Theory)
calculations have been done on the DFT optimized geometries, to
interpret the electronic transitions accurately.

2. Experimental methods

2.1. General methods and materials

All chemicals were of reagent grade, purchased from commer-
cial sources and used without further purification. 2, 3-
Butanedione was purchased from Aldrich Chemical Company,
USA and used without further purification.

2.2. Physical measurements

IR spectra were recorded in the region 400e4000 cm�1 using a
PerkineElmer model 883 infrared spectrophotometer. Elemental
analysis (C, H and N contents) was carried out by a PerkineElmer
CHN analyzer 2400 at the Indian Association for the Cultivation of
Science, Kolkata. The electronic spectra of the complexes in
methanol solution were recorded on a Hitachi model U-3501
spectrophotometer.

2.3. Synthesis

2.3.1. Synthesis of ligand L [2,2'-((2E,20E)-2,2'-(butane-2,3-
diylidene)bis(hydrazin-1-yl-2-ylidene))bis(4,6-
dimethylpyrimidine)]

The ligand 'L0 was synthesized by refluxing a methanolic solu-
tion (30 cm3) of 2,3-butanedione (0.172 g, 2mmol) and 2-
hydrazino-4,6-dimethyl pyrimidine (0.552 g, 4mmol) for 2 h
(Scheme 1) in presence of two drops of acetic acid. A yellow solid
compound is separated out. The solid was filtered off, washed
several times with cold methanol and dried in vacuo over fused
CaCl2. Yield: 59.0%; Anal. Calcd for C16H22N8: C, 58.88; H, 6.79; N,

34.33%; Found: C, 58.84; H, 6.75; N, 34.38%. 1H NMR (in DMSO‑d6,
d): 10.78 (br s, 2H), 6.39 (s, 2H), 2.20 (s, 12H), 1.24 (s, 6H) (Fig S1). IR
(KBr pellet/cm�1): 3271 (m), 1630 (s); 779(m) (Fig S2).

2.3.2. Synthesis of [Cd(L) (H2O)2]·(ClO4)2 (1)
A methanolic solution (20 cm3) of Cd(ClO4)2$6H2O (1mmol,

0.419 g) was added dropwise to a solution of L (1mmol, 0.326 g) in
the same solvent (20 cm3) taken in a 1:1M ratio with constant
stirring, and stirring was continued for four additional hours
(Scheme 1). The solution turned light yellow and was kept undis-
turbed for slow evaporation at room temperature. After 1 week X-
ray quality crystals of 1 separated out and they were collected by
the usual technique. (Yield: 69%). Anal. Calcd for C16H26CdCl2N8O10
(1): C, 28.49; H, 3.85; N, 16.62%; Found: C, 28.44; H, 3.81; N, 16.66%.
IR (KBr pellet/cm�1): 3346 (m), 1089 (s), 1622 (s).

2.3.3. Synthesis of [Cd(L) (SCN)2]·(H2O) (2)
A methanolic solution (20 cm3) of Cd(ClO4)2$6H2O (1mmol,

0.419 g) was added dropwise to a solution of L (1mmol, 0.326 g) in
the same solvent (20 cm3) taken in a 1:1M ratio with constant
stirring, and stirring was continued for two additional hours. The
solution turned yellow. To this solution a minimum quantity (4ml)
of an aqueous solution of NaSCN (2mmol, 0.162 g) was added
dropwise to get clear solution, which was stirred for an additional
2 h (Scheme 1). It was left for slow evaporation at room tempera-
ture. After 1 week X-ray quality crystals of 2 separated out and they
were collected by the usual technique.(Yield: 73%). Elemental
analysis: anal. calc. for C18H24CdN10OS2: C, 37.69; H, 4.18; N, 24.43.
Found: C, 37.64; H, 4.15; N, 24.45%. IR bands (KBr pellet, cm�1):
2082 (s), 1598 (m), 745 (m). [N.B. Complex 2 can also be synthesized
in another method by adding aqueous NaSCN to complex 1 (in
methanol solvent) that can be used as a precursor one and
continued refluxing for 2 h]

2.4. X-ray crystallography study

Selected crystal data for 1 and 2 are given in Table 1 while their
metrical parameters of the complexes are given in Table S1. For 1
and 2 data collections were made using Bruker SMART APEX II CCD

Table 1
Experimental data for crystallographic analysis of complex 1 and 2.

Complexes 1 2

Empirical formula C16H26CdCl2N8O10 C18H24CdN10OS2
Formula weight 673.75 573.02
Temperature (K) 293 (2) 293 (2)
Crystal system Monoclinic Triclinic
Space group C 2/c P �1
Unit cell dimensions
a (Å) 19.863 (4) 9.6904 (4)
b (Å) 10.830 (2) 10.9219 (4)
c (Å) 14.942 (5) 13.1992 (5)
a (�) 90.00 69.746 (2)
b (�) 127.427 (2) 71.717 (2)
g (�) 90.00 76.517 (2)
Volume (Å3) 2552.6 (11) 1232.21 (8)
Z 4 2
Densitycal (Mg m�3) 1.753 1.544
Absorption coefficient (mm�1) 1.131 1.087
F (000) 1360 580
Independent reflections [Rint] 2104 [R (int)¼ 0.022] 4770 [R (int)¼ 0.031]
Data/restraints/parameters 2104, 3, 179 4770, 0, 303
Reflections collected 5743 12276
Final R indices [ I> 2s (I) ] R1¼ 0.0397, WR2¼ 0.1036 R1¼ 0.0370, WR2¼ 0.1195
Largest difference peak and hole (eÅ�3) �1.01, 0.81 �1.03, 0.99

S. Konar et al. / Journal of Molecular Structure 1178 (2019) 682e691684



area detector equipped with graphite monochromated Mo Ka ra-
diation (l¼ 0.71073 Å) source in 4 and u scanmode at 293 (2) K for
both complexes. Cell parameters refinement and data reduction
were carried out using the Bruker SMART APEX II. Cell parameters
refinement and data reduction were carried out using Bruker
SMART [15] and Bruker SAINT softwares for two complexes. The
structures of both complexes were solved by direct and refined by
full-matrix least squares based on F2 using the SHELXS-97 and
SHELXL-97 [16] programs.

2.5. Computational details

Ground state electronic structure calculations in gas phase of
the complexes (1 and 2) have been carried out using DFT [17]
method associated with the conductor-like polarizable continuum
model (CPCM) [18]. Becke's hybrid function [19] with the Lee-Yang-
Parr (LYP) correlation function [20] was used throughout the study.
The geometries of the complexes were fully optimized in gas phase
without any symmetry constraints. On the basis of the optimized
ground state geometry, the absorption spectral properties in
methanolic medium were calculated by time-dependent density
functional theory (TDDFT) [21] associated with the conductor-like
polarizable continuum model. We computed the lowest 40 triplet
e triplet transition and results of the TD calculations were quali-
tatively very similar.

We used 6e31 g as basis set for all the calculations of H, C, N, and
O atoms. For Cl, S and Cd atoms we employed 6e31 g þ d and GEN
as basis set respectively for all the calculations. The calculated
electron-density plots for frontier molecular orbitals were prepared
by using Gauss View 5.1 software. All the calculations were per-
formed with the Gaussian 09 W software package [22]. Gauss Sum
2.1 program [23] was used to calculate the molecular orbital con-
tributions from groups or atoms.

2.6. Hirshfeld surface analysis

Hirshfeld surfaces [24e26] and the associated 2D-fingerprint
[27e29] plots were calculated using Crystal Explorer [30] which
accepted a structure input file in CIF format. Bond lengths to
hydrogen atoms were set to standard values. For each point on the
Hirshfeld isosurface, 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, were defined. The
normalized contact distance (dnorm) based on de and di was given
by

dnorm ¼ ðdi � rvdwi Þ
rvdwi

þ ðde � rvdwe Þ
rvdwe

where rivdw and revdw were the van der Waals radii of the atoms. The
value of dnorm was negative or positive depending on intermolec-
ular contacts, being shorter or longer than the van der Waals sep-
arations. The parameter dnorm displayed a surfacewith a red-white-
blue colour scheme, where bright red spots highlighted shorter
contacts, white areas represented contacts around the van der
Waals separation, and blue regions were devoid of close contacts.
For a given crystal structure and set of spherical atomic electron
densities, the Hirshfeld surface was unique [31] and it was this
property that suggested the possibility of gaining additional insight
into the intermolecular interaction of molecular crystals.

3. Results and discussion

3.1. Crystal structure descriptions of complexes 1 and 2

The molecular structures of 1 and 2 with the suitable atom
numbering scheme are depicted in Figs. 1 and 2 respectively and
selected bond length and bond angle parameters of both 1 and 2 are
given in Table S1. The complexes 1 and 2 crystallize in space group
C2/c and P-1 respectively. The unit cell of 1 and 2 is comprised of
four and two molecules respectively. Structural investigation
revealed that in both complexes, the ligand ‘L’ serves as a sym-
metrical tetradentate N4 donor moiety that can be able to bind
Cd(II) ion equatorially. The title ligand ‘L’ forms three five
membered chelate rings on complexation with Cd(II) in both 1 and
2. Two remaining axial positions are satisfied by two water mole-
cules in 1 and two thiocyanato-N in 2. Cd(ClO4)2.6H2O is to be used
as a source for the metal ion for both complexes. Strategically
complex 2 was synthesized in two different ways: first one is by
direct metal, ligand and ancillary ligand (here thiocyanate) in
1:1:2M ratio in methanol and the second route of synthesis is
nothing but an axial ligand substitution reaction where two apical
aqua molecules of 1 (that can be used here as a precursor for the
synthesis of 2) is replaced by ambidentate pseudohalide thiocya-
nate ion. In 1, metal ion adopts a distorted octahedron geometry
with a N4O2 chromophore. Among four nitrogen atoms two

Fig. 1. Molecular structure of 1.

Fig. 2. Molecular structure of 2.
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azomethine nitrogen atoms, N (4), N (4_a), and two pyrimidine
nitrogen atoms N (1), N (1_a) of the tetradentate Schiff base ligand
define the equatorial periphery at distances of 2.263 (4) Å, 2.263 (4)
Å, 2.355 (5) Å, 2.355 (5) Å respectively. Two oxygen atoms [O4 and
O4_a] of water molecules are coordinated in the trans axial posi-
tions at a distance of 2.234 (4) Å. The dipositive charge of the Cd(II)
ion is satisfied by two non-coordinated perchlorate giganions. The
two axial water molecules along with the central metal ion are a
little deviated from an ideal linear arrangement, the angles being
140.38 (12)� due to geometrical restrain. In asymmetric unit, the
bond distance C6eN4 1.281 (5) Å is indicative of double bond. The
M-ligand average distance of complex is 2.359 Å. The central metal
ion sits exactly in the equatorial plane constituted by
N1eN4eN4_a-N1_a atoms (no deviation). The geometrical envi-
ronment around Cd(II) is also distorted octahedron with a N6
chromophore in 2. Four nitrogen atoms of which two azomethine
nitrogen atoms, N (4), N (5), and two pyrimidine nitrogen atoms N
(2), N (8) of the tetradentate Schiff base ligand define the equatorial
plane at distances of 2.385 (2) Å, 2.385 (2) Å, 2.464 (3) Å, 2.443 (2) Å
respectively. Two coordinated N-bonded thiocyanate ions, N (9)
and N (10), are coordinated in the trans axial positions at distances
of 2.214 (3) and 2.244 (4)Å. The dipositive charge of the Cd(II) ion is
satisfied by two coordinated thiocyanate ions. The sum of the three
chelate angles and the non-chelate angle [N8eCd1eN2] of the
octahedral plane is very close to an ideal planar structure for both
complexes. The non-chelated angle constituted by two different
pyrimidine nitrogen atoms along with the central Cd ((II) ion is
deviated much (157.31� for 1 and 159.98� for 2) from ideal cis angle
(90�) due to the absence of any spacer. The two axial N-bonded
thiocyanate ions including the central metal ions are deviated from
a linear arrangement, the angles being 137.74 (13)� due to structural
rigidity. The bond distances C9eN51.295 (3) Å and C7eN41.284 (4)
Å are indicative of double bonds. The central metal ion sits in the
equatorial plane constituted by N8eN5eN4eN2 atoms by a little
deviation (0.036 Å). In contrast to complex 1, complex 2 is a
nonelectrolyte one. As mentioned above second route of the syn-
thesis of 2 is an interconversion of N4O2 to N6 donor environment.
Here the thiocyanate ion prefers to coordinate through ‘N’ end to
minimize the steric repulsion provided by the six methyl groups at
the peripheral part of the ligand (L). Beside this here the ligand (L)
acts as a p-acid one which dictate the Cd(II) metal center to bind
with comparatively hard ‘N’ donor instead of softer ‘S’ end at the
apical site of the distorted octahedron to attain N6 chromophore
over N4S2 or N4O2 (in complex 1). The crystal structure of complex
1in solid state is stabilized by intermolecular H-bonding. There is a
hydrogen bonding existing between the hydrogen atom of a coor-
dinated water molecule with the oxygen atom of a perchlorate ion
and nitrogen atom of pyrimidine moiety forming 2D network.
Details about the H-bonding (Fig. 3) are presented in Table 3. When
complex 2 was synthesized from 1 the apical aqua molecules were
left from their position to make places for thiocyanato (N-bonded)
ion and placed itself into some void places of the crystal which is
responsible for weak H-bonding interaction that make a dimeric
unit of 2 (Fig. S3, Table 2). In 1 the extension of the dimensionality
2D architecture of H-bonding interaction in 1 is possible due to
interaction between non coordinated anion and hydrogen of apical
water molecule which is not available in 2 resulting only a dimeric
unit of said complex.

3.2. Noncovalent interactions

The complexes 1 and 2 exhibit diverse kinds of weak supra-
molecular interactions apart fromH-bonding like p٠٠٠p, anion٠٠٠p
and CH٠٠٠p in solid state structure that contributes to the self-
assembly process. For complex 1, the formation of a

supramolecular 1D chain is ensured mostly by two additional
p٠٠٠p interactions (Fig. 4) (Table 3). Firstly, the chelate ring Cg (1)
(Cd01eN1eC5eN3eN4) is stacked over the another aromatic ring
Cg (4) (N1eC5eN2eC3eC2eC8) of an adjacent molecule of sym-
metry 1-X,-Y, 2-Z (3.843 (3) Å). Secondly, the aromatic ring Cg (4)
(N1eC5eN2eC3eC2eC8) is stacked over the another chelate ring
Cg (3) (Cd01eN1_a-C5_a-N3_a-N4_a) adjacent molecule of sym-
metry X,-Y,-1/2 þ Z (3.843 (3) Å). The solid state packing of com-
pound 1 also offers a relevant CeH٠٠٠p noncovalent interaction
(Fig. 5) that is formed between the methyl group of pyrimidine ring
(C4eH4C) and the chelate ring Cg (2) (Cd01eN4eC6eC6_a-N4_a)of
symmetry related moiety (1-X,-Y, 2-Z) to make 1D crystalline su-
pramolecular building (Table 4). This distance is very short (2.90 Å)
signifying a comparative strong interaction. Another type of non-
covealent interaction like anion٠٠٠p is involved in 1 (between
noncoordinating O3 and O5 atoms of perchlorate group and py-
rimidine ring Cg (4) defined by N1eC5eN2eC3eC2eC8 (of sym-
metry X,Y,Z) with closest distance of 3.649 (7) Å and 3.072 (7) Å
respectively (Fig. S4) (Table 5). Non coordinating perchlorate anion
in 1 exhibits anion٠٠٠p interaction, but in 2 such type of anion٠٠٠p
interaction is absent due to the presence of coordinating anion.
Complex 2 shows p٠٠٠p and CH٠٠٠p interactions in solid state
structure. There are two types of p٠٠٠p interactions (Fig. 6)
(Table S2). Firstly, the chelate ring Cg (1) (Cd (1)-N (2)-C (6)-N (3)-N
(4)) is stacked over the same chelate ring Cg (1) of an adjacent

Fig. 3. 2D architecture of H bonding interaction in 1.

Table 2
Details of hydrogen bond distances (Å) and angles (�) for 1 and 2.

D̶ H٠٠٠A d (D̶ H) d (H٠٠٠A) d (D٠٠٠A) <(DHA)

Complex 1
O4eH2W/ N2 0.83 (5) 2.24 (10) 2.879 (5) 134 (11)
O4eH2W/ O1 0.83 (5) 2.57 (11) 3.099 (10) 123 (10)
N3eH3/ O1 0.8600 2.2000 3.049 (11) 170.00
C7eH7C/ O1 0.9600 2.2800 3.187 (16) 156.00
Complex 2
N6eH6 / O1 0.8600 2.2400 2.911 (4) 135.00
O1eH18 /N7 0.84 (6) 2.15 (6) 2.992 (4) 178 (7)

D, donor; H, hydrogen; A, acceptor.

S. Konar et al. / Journal of Molecular Structure 1178 (2019) 682e691686



Table 3
Geometric features (distances in Å and angles in degrees) of the p٠٠٠p interactions obtained for Complex 1.

Cg (Ring I)٠٠٠Cg (Ring J) Cg٠٠٠Cg Cg(I)٠٠٠Perp Cg(J)٠٠٠Perp a b g Symmetry

Cg1٠٠٠Cg4 3.843 (3) 3.421 3.462 3.73 25.74 27.09 1-X,-Y,2-Z
Cg4٠٠٠Cg3 3.843 (3) 3.421 3.462 3.73 25.74 27.09 X,-Y,-1/2 þ Z

a¼Dihedral angle between ring I and ring J (�); b¼ Cg(I)–> Cg(J) or Cg(I)–>Me vector and normal to plane I (�); g¼ Cg(I)–> Cg(J) vector and normal to plane J (�); Cg-
Cg¼Distance between ring Centroids (Å); CgI——Perp¼ Perpendicular distance of Cg(I) on ring J (Å); CgJePerp¼ Perpendicular distance of Cg(J) on ring I (Å); Cg (1)¼ centre of
gravity of ring [Cd01eN1eN3eN4]; Cg (3)¼ centre of gravity of ring [Cd01eN1_a-C5_a-N3_a-N4_a] and Cg (4)¼ centre of gravity of ring [N1eC5eN2eC3eC2eC8].

Fig. 4. 1D supramolecular chain generated through p٠٠٠p interactions in 1 (where, Cg (1)¼ centre of gravity of ring [Cd01eN1eN3eN4]; Cg (3)¼ centre of gravity of ring
[Cd01eN1_a-C5_a-N3_a-N4_a] and Cg (4)¼ centre of gravity of ring [N1eC5eN2eC3eC2eC8] and perchlorate molecules are omitted for clarity).

Fig. 5. 1D supramolecular chain generated through C-H٠٠٠p interactions in 1 (where Cg (2)¼ centre of gravity of ring [Cd01eN4eC6eC6_a- N4_a] and perchlorate molecules are
omitted for clarity).

Table 4
Geometric features (distances in Å and angles in degrees) of the CH٠٠٠p interaction
obtained for Complex 1.

CeH٠٠٠Cg (Ring) H٠٠٠Cg (Å) CeH٠٠٠Cg (�) C٠٠٠Cg (Å) Symmetry

C4eH4C٠٠٠Cg2 2.90 147 3.735 (7) 1-X,-Y,2-Z

For complex 1, Cg(2)¼ centre of gravity of ring [Cd01eN4eC6eC6_a- N4_a].

Table 5
Geometric features (distances in Å and angles in degrees) of the anion٠٠٠p inter-
action obtained for Complex 1.

CeH٠٠٠Cg (Ring) H٠٠٠Cg (Å) CeH٠٠٠Cg (�) C٠٠٠Cg (Å) Symmetry

Cl02 eO3٠٠٠Cg4 3.649 (7) 87.3 (3) 3.850 (3) X,Y,Z
Cl02 eO5٠٠٠Cg4 3.072 (7) 114.3 (4) 3.850 (3) X,Y,Z

For complex 1, Cg(4)¼ centre of gravity of ring [N1eC5eN2eC3eC2eC8].
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molecule of symmetry 2-X,1-Y, 1-Z (3.7110 (18) Å). Secondly, the
chelate ring Cg (2) (Cd (1)-N (4)-C (7)-C (9)-N (5)) is stacked over
the another pyrimidine ring Cg (4) (N (1)-C (4)-C (3)-C (2)-N (2)-C
(6)) adjacent molecule of symmetry 2-X,1-Y, 1-Z (3.8096 (19) Å).
Also, the solid state packing of compound 2 shows a relevant

CeH٠٠٠p noncovalent interaction (Fig. S5) that is formed between
the methyl group of pyrimidine ring (C5eH5C) and the pyrimidine
ring Cg (5) (N (7)-C (11)-N (8)-C (15)-C (14)-C (12)) of symmetry
related moiety (X, 1 þ Y,Z) to make 1D crystalline supramolecular
building (Table S3).

3.3. Geometry optimization and electronic structure

The compositions of the complexes are confirmed by Single
Crystal X-ray diffraction studies. We have done the calculations
owing the structure from CIF file (from SCXRD). The structures of all
the complexes are described above and compared with the opti-
mized geometries of complexes are shown in Fig. 7.

Simultaneously, from TDDFT calculations on complexes 1 and 2
we got the results of theoretical optical transitions values which are
very closely comparable to experimental UV/Vis values (Table S4).

In case of complex 1, in the ground state, the electron density
resides mainly on HOMO-2, LUMO and LUMOþ2 orbital occurs at
the phenyl rings along with diacetal, whereas the electron density
on LUMOþ1, HOMO and HOMOe1 orbital remains at pyrimidinyl
nitrogen along with d-orbital of transition metal with an energy
gap between HOMO and LUMO of 3.42eV (Fig. 7). In case of com-
plex 2, HOMO, LUMO, LUMOþ1 and LUMOþ2 orbital mainly orig-
inates at the phenyl rings along with diacetal, whereas the electron
density on HOMOe1 and HOMOe2 orbital remains at d-orbital of
transition metal along with thiocyanate ligands with an energy gap
between HOMO and LUMO of 10.06eV (Fig. 7).

The UVeVis absorption spectra of the ligand and its complex
(complex 1) were studied at room temperature in MeOH. The
ligand shows two well resolved peaks at 225 and 345 nm and the
corresponding calculated absorption bands are located at 219 and
342 nm.

These bands are assigned to S0/S12 and S0/S4 electronic
transitions, respectively (Fig. S6). The absorption energies associ-
ated with their oscillator strengths are given in Table S4(a).

On the otherhand, complex 2 shows two absorption bands at
270 and 340 nm (Fig. S7) in MeOH at room temperature and the
corresponding calculated absorption bands are located at 265 and
336 nm which are in excellent agreement with experimental re-

Fig. 6. p٠٠٠p interactions are involved in 2 (where, Cg (1)¼ centre of gravity of ring [Cd01eN1eN3eN4]; Cg (2)¼ centre of gravity of ring [Cd01eN4eC6eC6_a- N4_a] and Cg
(4)¼ centre of gravity of ring [N1eC5eN2eC3eC2eC8] and H-atoms ions are omitted for clarity).

Fig. 7. Frontier molecular orbital of complexes 1 and 2.
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sults (Table S4(b). These two absorption bands can be assigned to
the S0/S11 and S0/S5 transitions, respectively (Fig. S7).

3.4. Hirshfeld surface

The Hirshfeld surfaces of both complexes, mapped over dnorm
(range of �0.1 to 1.5 Å), shape index and curvedness, are illustrated
in Fig. 8. The surfaces are shown as transparent to allow visuali-
zation of the molecular moiety around which they are calculated.
The dominant interaction between O٠٠٠H/H٠٠٠O atoms can be seen
in the Hirshfeld surfaces as red spots on the dnorm surface in Fig. 8.
Other visible spots in the Hirshfeld surfaces correspond to N٠٠٠H
and S٠٠٠H contacts. The small extent of area and light colour on the
surface indicates weaker and longer contact other than hydrogen
bonds. The intermolecular interactions appear as distinct spikes in
the 2D fingerprint plot (Fig. 9). Complementary regions are visible
in the fingerprint plots where one molecule acts as donor (de< di)
and the other as an acceptor (de> di). The fingerprint plots can be
decomposed to highlight particular atoms pair close contacts. This
decomposition enables separation of contributions from different
interaction types, which overlap in the full fingerprint. The pro-
portions of O٠٠٠H/H٠٠٠O interactions comprise 43% and 1.4% of the
Hirshfeld surfaces for complexes 1 and 2, respectively. This O٠٠٠H/
H٠٠٠O interaction also appears as two distinct spikes in the 2D
fingerprint plots (Fig. 9). The lower spike corresponding to the
donor spike represents the O٠٠٠H interactions (di¼ 1.1, de¼ 0.76 Å
in complex 1 and di¼ 1.5, de¼ 1.2 Å in complex 2, respectively) and
the upper spike being an acceptor spike represents the H٠٠٠O in-
teractions (di¼ 0.76, de¼ 1.1 Å in complex 1 and di¼ 1.2, de¼ 1.5 Å
in complex 2, respectively) in the fingerprint plot (Fig. 9). Similarly

the proportion of N٠٠٠H/H٠٠٠N interactions comprises 7.8% and
15.6% of the Hirshfeld surfaces for complexes 1 and 2, respectively.
This N٠٠٠H/H٠٠٠N interaction also appears as two distinct spikes in
the 2D fingerprint plots (Fig. 9). The lower spike corresponding to
the donor spike represents the N٠٠٠H interactions (di¼ 1.3,
de¼ 0.9 Å in complex 1 and di¼ 1.2, de¼ 0.8 Å in complex 2,
respectively) and the upper spike being an acceptor spike repre-
sents the H٠٠٠N interactions (di¼ 0.9, de¼ 1.3 Å in complex 1 and
di¼ 0.8, de¼ 1.2 Å in complex 2, respectively) in the fingerprint plot
(Fig. 9). The proportion of S٠٠٠H/H٠٠٠S interactions comprises
24.5% of the Hirshfeld surface for complex 2. Relative contributions
to the Hirshfeld surface area for the various intermolecular contacts
in both complexes are shown in Fig. 10.

4. Conclusion

We have synthesized two new Cd(II) complexes using a py-
rimidine derived symmetrical N4 tetradentate ligand (L) [2,2'-((2E,
20E)-2,2'-(butane-2,3-diylidene)bis (hydrazin-1-yl-2-ylidene))bis
(4,6-dimethylpyrimidine)] accompanied by ancillary anionic li-
gands perchlorate and thiocyanate. Both the complexes (1 and 2)
are pseudooctahedral and Cd(II) ion is trapped into the equatorial
pocket constructed by the N4 moiety of the ligand. Complex 2 was
synthesized in two routes: first from direct reactions and the sec-
ond one by using complex 1 as a precursor one. The second route is
more interesting where two axial aqua (neutral) ligands were
substituted by two anionic thiocyanate ion keeping the equatorial
environment almost same. This type of axial substitution can be
reflected in changing the non-covalent interactions in the solid
state of the complexes. For better understanding of the electronic

Fig. 8. Hirshfeld surfaces mapped with dnorm, shape index and curvedness for complexes 1 and 2.
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transitions and the nature of HOMO e LUMO distributions TDDFT
(Time Dependent Density Functional Theory) calculations have
been carried out on the DFT optimized geometries.
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