
Journal of King Saud University – Science 35 (2023) 102620
Contents lists available at ScienceDirect

Journal of King Saud University – Science

journal homepage: www.sciencedirect .com
Review
Investigating the properties and biological activity of a new Cu(II)
complex with a 2-Dimethyaminopyridinium cation (C7H12N2)2[CuCl4]
https://doi.org/10.1016/j.jksus.2023.102620
1018-3647/� 2023 The Author. Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier

E-mail address: aaalotaibi@su.edu.sa
Abdullah A. Alotaibi
Department of Chemistry, College of Science and Humanities, Shaqra University, 11911 Ad-Dawadmi, Saudi Arabia
a r t i c l e i n f o a b s t r a c t
Article history:
Received 23 September 2022
Revised 5 February 2023
Accepted 20 February 2023
Available online 25 February 2023

Keywords:
Cu (II) complex
Single crystal
X-ray diffraction
FT-IR spectroscopy
Hirshfeld surface
Biological activity
A new single crystal of (C7H12N2)2[CuCl4] was developed at room temperature using the gradual evapo-
ration technique, resulting in an interesting structural arrangement. The crystal is composed of alternat-
ing organic and inorganic layers that are held together by the cohesive force of H-bonds formed between
the organic and inorganic groups, as well as interactions controlled by Van der Waals forces. The distri-
bution of intermolecular interactions was explored using Hirshfeld surface analysis, revealing that H. . .H
contacts make up a substantial portion of the Hirshfeld surface. To uncover the vibrational features of this
structure, infrared spectroscopy was employed, and the vibrational bands were assigned by comparing
the frequencies to those of similar compounds. With the increasing issue of multi-drug-resistant bacteria,
the potential for a synergistic effect between antibiotics and metal ion complexes is becoming more crit-
ical. This was tested by combining antibiotics with (C7H12N2)2[CuCl4] and investigating their antibacterial
activity using disk diffusion techniques, which showed a synergistic increase in activity against oppor-
tunistic nosocomial pathogen bacterial strains.
� 2023 The Author. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Table 1
The crystallographic results for (C7H12N2)2[CuCl4].

Crystal Data

Chemical Formula (C7H12N2)2 [CuCl4]
Mr (g.mol�1) 453.71
Crystal System, Space group Monoclinic, C2/c
Temperature (K) 298
a (Å) 34.336 (4)
b (Å) 8.5501 (6)
c (Å) 16.346 (2)
1. Introduction

Recently, there has been an incredible advancement in the
study of medicinal chemistry, with a particular focus on the
research of metal compounds, which have been used to control
many different kinds of diseases (Krasnovskaya et al., 2020). For
therapeutic reasons, Cu (II) is one of the most significant metal ions
in biological systems. It is indeed playing a key role in physiological
processes involving ceruloplasmin, albumin, and other proteins
(Oliveri, 2020; Duncan and White, 2012). Copper may serve as an
antioxidant too, by neutralizing free radicals and perhaps prevent-
ing some of the harm they cause, as well as contributing to the
development of Alzheimer’s disease (Robert et al., 2015;
Krajčiová et al., 2014). Furthermore, Cu-containing metallic mate-
rials demonstrated exceptional cardiovascular and antimicrobial
activity (Schmidt et al., 2017; Wang et al., 2021). Thus, we
designed the pyridine moiety, an important heterocyclic pharma-
cophore with tremendous applications (Mali and Chaudhari,
2018; Zakharychev et al., 2020), especially in the field of agro-
chemical products (Guan et al., 2016). Current interest in pyridine
and its derivatives stems from its prospective use as an antimicro-
bial, antidiabetic, anti-inflammatory, anticonvulsant, and antitu-
mor agent (Kamat et al., 2020; Prachayasittikul et al., 2017).

Given the importance of Cu(II) and the pharmacological signif-
icance of pyridine, copper (II) compounds are an important class in
chemistry not only for their intrinsically interesting properties but
also for their widespread application (Althobaiti et al., 2022;
Mohammad Abu-Taweel et al., 2022). These latter are well recog-
nized because of their immense biological significance as anti-
cancer, anti-inflammatory (Psomas, 2020), anti-tuberculosis
(Buczkowska et al., 2011), antioxidant agents (Ragab et al., 2022)
and exceptional activity with toxicity profiles (Smolková et al.,
2017; Sunitha et al., 2020; Khan et al., 2021; Hashem et al.,
2022; Himasekar et al., 2019). Additionally, the coordination of
antibiotics with certain transition metals is known to increase their
antimicrobial activity.

Our research focuses on the characterization of the crystal
structure and vibrational properties of a novel hybrid material,
bis-(2-dimethylaminopyrimidinium) tetrachloridecuprate (II).
Then, we look into the antibacterial activity of some pathogenic
bacteria strains.
b (�) 124.60 (2)
V (Å3) 3949.9 (11)
Z 8
Radiation type MoKa radiation
l (mm�1) 1.65
Crystal size (mm) 0.12 � 0.1 � 0.05
Form, Color Prism, Colorless
Data Collection
Diffractometer Xcalibur, Ruby,

Gemini
Absorption correction Analytical
hmin, hmax (�) 2.5–25.2
No. of measured, and observed [I > 2r(1)] reflections 6799, 1661
Rint 0.143
(sinh/k)max (Å�1) 0.599
Refinement
R[F2 > 2r(F2)], wR(F2) S 0.115, 0.183, 1.12
No. of reflections 3555
No. of parameters 265
No. of restraints 246
Dqmin, Dqmax (e.Å3) �0.39, 0.40
CCDC No. 2,203,998
2. Experimental and methodology

2.1. (C7H12N2)2[CuCl4] preparation

(C7H12N2)2[CuCl4] or bis-(2-dimethylaminopyrimidinium)
tetrachloridecuprate (II) (Mw = 453.71 g.mol�1) was synthesized
by the slow evaporation technique. An aqueous solution of CuCl2-
�2H2O (1 mmol) and 2-dimethylaminopyridine (2 mmol in 5 mL of
pure ethanol) were mixed in a round-bottom flask. Then, 10 mL of
concentrated hydrochloric acid was added to the solution, which
was allowed to stir mechanically for about two hours at 50 �C.
After a few days of progressively evaporating, prismatic crystals
appropriate for X-ray research were formed. Recrystallization of
the crystals from the water was required to increase their quality.
2

2.2. Instrumentation

2.2.1. SEM/EDX examinations and powder X-ray diffraction
In the remaining portion of our investigation, we employed a

wide range of methods to investigate (C7H11N2)2CuCl4. The SEM/
EDX was used to examine the crystal structure and elemental com-
position of the title chemical, which were carried out at 15 KV uti-
lizing a JEOL-JSM 6610LV EDX detection system instrumentation
piece. In addition, the XRD powder pattern was generated using
a Siemens D5000 XRD system equipped with a Cu anticathode
(1.54056).
2.2.2. Single crystal X-ray diffraction analysis
On a Calibur Ruby Gemini diffractometer equipped with Mo-Ka

radiation (0.71073) at room temperature, diffraction data from a
single crystal was recorded at ambient temperature. The CrysAlis
PRO software was used to analyze the data (Betteridge et al.,
2003), and the setting angles of 3555 reflections were used in
the process of adjusting the lattice parameters, with h between
2.5 and 19.2. Analytical numeric absorption adjustments were
used to create empirical absorption corrections. Analyses of the
structure were done with monoclinic symmetry and the space
group C2/c. The full-matrix least squares approach (SHELXL-97
software) was used to refine the data and it converged to an appro-
priate final agreement factor (Sheldrick, 2008). Anisotropic tem-
perature parameters were used to refine all non-hydrogen atoms.
Table 1 shows the refined and crystallographic data.



Fig. 1. SEM image observation and related EDX analysis from three separate zones (A) and experimental and theoretical X-ray diffractograms of (C7H12N2)2[CuCl4] (B).
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2.2.3. Hirshfeld surface analysis
Many studies have shown the usefulness of visualizing a surface

using the Hirshfeld method. Surfaces were mapped with various
3

attributes, and the 2D fingerprint maps were generated via Crys-
talExplorer 17.5 software, (Spackman et al., 2021) in order to
examine intermolecular interactions in this compound.



Fig. 2. (C7H12N2)2[CuCl4] structure projection along the b-axis (A), atomic arrangement parallel to the [001] direction (B), interaction between two cations type A (C), C–H. . .

p interaction (D) p. . .p, and interaction between two cations type B (E).
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2.2.4. Antibacterial activity
The disc diffusion technique was utilized to assess the antibac-

terial activity of (C7H12N2)2[CuCl4] against Klebsiella pneumonia,
Serratiamarcescens, and Staphylococcus aureus, as well as its syn-
ergistic impact when combined with antibiotics (NOR-10; Novo-
biocin (NV-5); Erythromycin (E-15) and Nalidixic acid (NA30)).
The disc diffusion procedure was performed in accordance with
the guidelines provided by the NCCLS (National Committee for
4

Clinical Lab Standards). In fact, the whole nutritional agar (Scharlau
Microbiology) was swabbed with each bacterial strain’s inoculum
suspension, where the four dilutions of substance were poured into
the three bacterial strain plates using sterile 4 mm filter paper
discs. However, allowing for extra pre-diffusion, after 15 min at
room temperature, the plates were incubated at 37 �C for 24 h. A
solution of (C7H12N2)2[CuCl4] was dipped into the discs of Nor-
floxacin (NOR-10); Novobiocin (NV-5); Erythromycin (E-15) and



Table 2
H-bonds for (C7H12N2)2[CuCl4].

D—H. . .A D—H (Å) H. . .A(Å) D. . .H (Å) D—H. . .A(�)

N1—H1. . .Cl4 0.89 2.76 3.2259 114
N3—H3A. . .Cl2 0.89 2.75 3.2419 116
C2—H2. . .Cl3 0.93 2.80 3.6819 159
C5—H5. . .Cl1 0.93 2.68 3.5968 168
C7—H7B. . .Cl3 0.96 2.82 3.7179 156
C9—H9. . .Cl1 0.93 2.63 3.6714 151
C10—H10. . .Cl3 0.93 2.74 3.6544 167
C11—H11. . .Cl1 0.93 2.81 3.6986 161

Table 3
Experimental geometrical parameters of bis-(2-dimethylaminopyrimidinium) tetra-
chloridecuprate (II).

Distances (Å) Angles (�)

[CuCl4]2-

Cl3-Cu1-Cl1 100.19 (12)
Cu1-Cl1 2.247 (3) Cl3-Cu1-Cl4 133.09 (12)
Cu1-Cl2 2.275 (3) Cl1-Cu1-Cl4 100.33 (12)
Cu1-Cl3 2.242 (3) Cl3-Cu1-Cl2 99.79 (12)
Cu1-Cl4 2.259 (3) Cl1-Cu1-Cl2 128.73 (12)

Cl4-Cu1-Cl2 99.35 (11)
(C7H12N2)+

C1—N1 1.379 (9) C2—C3—C4 119.5 (9)
C1—N2 1.306 (10) C5—C4—C3 120.2 (10)
C5—N1 1.366 (10) C4—C5—N1 119.0 (10)
C6—N2 1.462 (10) C5—N1—C1 123.9 (8)
C7—N2 1.442 (11) C1—N2—C7 123.2 (8)
C8—N4 1.320 (16) C1—N2—C6 121.1 (8)
C8—N3 1.388 (14) C7—N2—C6 115.4 (8)
C12—N3 1.385 (18) N4—C8—C9 122.8 (15)
C13—N4 1.438 (16) N4—C8—N3 119.7 (14)
C14—N4 1.440 (17) C9—C8—N3 117.2 (15)
C15—N6 1.319 (19) C10—C9—C8 121.0 (16)
C15—N5 1.394 (16) C9—C10—C11 120.1 (17)
C19—N5 1.374 (19) C12—C11—C10 120.9 (18)
C20—N6 1.448 (18) C11—C12—N3 118.4 (17)
C21—N6 1.441 (19) C12—N3—C8 122.3 (14)
C1—C2 1.391 (11) C8—N4—C13 122.3 (15)
C2—C3 1.354 (11) C8—N4—C14 121.0 (14)
C3—C4 1.412 (12) C13—N4—C14 116.7 (16)
C4—C5 1.325 (11) N6—C15—C16 125 (2)
C8—C9 1.388 (15) N6—C15—N5 118.3 (19)
C9—C10 1.337 (19) C16—C15—N5 115.6 (19)
C10—C11 1.413 (19) C17—C16—C15 122 (2)
C11—C12 1.330 (18) C16—C17—C18 120 (2)
C15—C16 1.391 (17) C19—C18—C17 121 (2)
C16—C17 1.34 (2) C18—C19—N5 118 (2)
C17—C18 1.41 (2) C19—N5—C15 123.5 (18)
C18—C19 1.33 (2) C15—N6—C21 124 (2)

C15—N6—C20 121 (2)
C21—N6—C20 115 (2)
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Nalidixic acid (NA30) to investigate the synergistic impact of our
produced chemical and the employed antibiotics. The widths of
the inhibitory zones were then measured, either alone or in combi-
nation with antibiotics. Finally, it is worth mentioning that Nor-
floxacin (NOR-10); Novobiocin (NV-5); Erythromycin (E-15) and
Nalidixic acid (NA30) were utilized as experimental positive con-
trols in a microbiological susceptibility control test.
3. Results and discussion

3.1. Powder XRD and SEM/EDX observations

SEM image examination reveals that the hybrid’s surfaces seem
to be flat. Areas of strong contrast were used for EDX analysis dur-
ing SEM. To verify the existence of heavy element compositions in
5

the crystal. As may be seen by the presence of the typical signals
from the elements carbon, copper, chloride, and nitrogen
(Fig. 1A). In addition, there were no differences discovered between
the simulated and experimental XRPD patterns of (C7H12N2)2[-
CuCl4] when comparing both sets (Fig. 1B). This provides further
evidence that the product that was synthesized is pure and con-
firms the crystal data that was used in the process of synthesizing it.
3.2. Structure of the crystal

Fig. 2A shows the asymmetric unit of the structure generated
with 50% probability thermal ellipsoids for non-hydrogen atoms,
which contains two non-equivalent cations: bis-(2-dimethylamino
pyrimidinium) tetrachloridecuprate (II) (cation A made up by: C8-
C12/N3, and cation B made by: C1-C5/N1) and one tetrahedron
anions [CuCl4]2-. As can be observed, the N atoms of the pyridine
ring are protonated, whilst the amine groups remain unprotonated.
Therefore, the charge of each organic cation is increased by + 1. As
a result, the structure matches each tetrachlorocuprate anion with
two 2-dimethylaminopyridinium cations in order to preserve the
charge balance.

(C7H12N2)2[CuCl4] packing along the b-axis reveals that the title
compound’s structure is made up of mixed cation–anion layers
that run parallel to the (110) plane and are held together by
C11-H11. . .Cl1 H-bonds and Van der Waals interactions. The H-
bonds, on the other hand; C5-H5. . .Cl1, C9-H9. . . Cl1, N3-H3A,
Cl2, C7-H7B, Cl3, C2-H2. . . Cl3, C10-H10. . . Cl3 and Cl4 connect
two neighboring layers to form a three-dimensional network
(Table 2, Fig. 2B).

A mixed layer is formed by paralleling organic (cations type A)
and inorganic columns to the [010] axis (Fig. 2C). Cations A gener-
ate organic columns with centroids spaced at 3.646 (Fig. 2D) and
CAH. . . p interactions (3.299 Å) (Fig. 2E), whereas cations B inter-
act via offset face-to-face p. . .p interactions with centroids spaced
at 3.588 Å (Fig. 2F).

The geometric characteristics of organic cations (C7H12N2)2+ are
listed in Table 3. These findings are consistent with those seen in
similar compounds (Kumar et al., 2020; Sundaraganesan et al.,
2008; Szafran et al., 2005). The sum of the angles that surround
thenitrogenatomsN(4) andN(2) in the cationsAandB, respectively,
is close to being equal to 360�. The CAN bond distance of the NH2

group is 1.320 (16) Å for cation A and 1.306 (10) Å for cation B. This
distance is consistent with an imino resonance form, which is often
seen for a CAN single bond containing sp2 hybridizedC andNatoms.
The delocalization of the ring density with the p-orbital electrons of
the amino group is most likely the cause of the decrease in the dis-
tance between the CAN amino bond and the amino group. Because
of this, the basicity of the nitrogen atoms at positions N(2) and N
(4) decreases, which makes protonation of the nitrogen atoms at
positions N(1) and N(3) on the pyridine ring more likely. A pyri-
dinium cation will almost always have a larger CANAC angle when
compared to the parent pyridine molecule. Both the C1AN1AC5
angle of 120.83 (10) � and the C8AN3AC12 angle of 122.3 (14) �



a. dnorm b. Shape-index

c. Curvedness d. 2D Fingerprint.

Fig. 3. Hirshfeld surface mapped with dnorm (a), shape index (b), curvedness (c), 2D fingerprint plots (d).

Table 4
EXY’s reports for bis-(2-dimethylaminopyrimidinium) tetrachloridecuprate (II).

Atoms Cu Cl N C H

% Surface 0.55 18.75 2.55 6.45 71.7
Cu 1.39
Cl 0.94 0.16 1.35
N 0.94 6.15 3.34 0.63
C 0.16 3.34 3.60 0.91
H 1.39 1.35 0.63 0.91 0.93
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are typical for the protonated forms of pyridine that have been
described in the literature (Vembu et al., 2003; Majerz et al., 1995).

The CuACl distances of the tetrahedrally coordinated [CuCl4]2--
anion range from 2.242 (3) to 2.275 (3) Å and the angle ClACuACl
ranges between 99.35 (11) � and 133.09 (12) �. These bonding
lengths and angles are consistent with those observed in other
compounds (Table 3) (Nasr et al., 2016; Halvorson et al., 1990).

The values for dissociation constants (DI) were as follows: DI
(ClACu) = 0.0049, DI(ClACl) = 0.078, and DI(ClACuACl) = 0.124.
In comparison to ClACl distances, the angles ClACuACl in these
measurements are significantly distorted. The anions [CuCl4]2-

are thought to be made up of chlorine atoms in a regular configu-
ration, with the copper atom slightly dislocated from the tetrahe-
dron’s center of gravity. Additionally, the Yang parameter s4 may
be utilized, with a value of zero suggesting a perfect square planar
geometry and a value of one indicating a perfect tetrahedral geom-
etry (Yang et al., 2007). The estimated value of 0.69 indicates that
the tetrachlorocuprate anions have almost a tetrahedral structure.
6

3.3. HS surface study

The Hirshfeld surface (HS) is drawn over the dnorm surface to find
the interactions between molecules in the complex’s solid phase
structure (Fig. 3a). The blue sections indicate distances greater than
the total of the vanderWaals radii of the associated atoms,while the
red parts indicate lesser distances. The circular red spots are actually
caused by the NAH. . .Cl and C–H. . .Cl connections, while the white
spots are caused by other contacts. The HS shape-index is used to
visualize the p. . .p stacking by detecting the presence of adjacent
red and blue triangles (Fig. 3b). The title structure, (C7H12N2)2[-
CuCl4], clearly demonstrates the presence of p. . .p stacking interac-
tions, where a flat region surrounding the pyridine rings on the
Hirshfeld surface, plotted against curvedness (Fig. 3c). Moreover,
the 2D fingerprint graphs can be used to separate the interactions
between molecules in a structure, which makes it possible to
observe how much each one contributes. The overall two-
dimensional fingerprint pattern is shown in Fig. 3d.



Fig. 4. The 2D fngerprint map for (C7H12N2)2[CuCl4] illustrating the contribution all contacts.
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Fig. 3d depicts the 2D fingerprint of all contacts contributing to
the Hirshfeld surface. The enrichment ratio computation for a pair
of elements (X, Y) EXY is presented in Table 4. According to the plot
shown in Fig. 4a H. . .H are the most frequently detected interac-
tions, with a relative contribution of 47.7%.and with an enrichment
ratio slightly under-represented by EH. . .H = 0.92. The H. . .Cl/Cl. . .H
interactions account for 36.2% of the total HS area (Fig. 4b).Due to
the abundance of chloride and hydrogen on the molecular surface
(SCl = 18.75% and SH = 71.7%), these are significantly favored with
an enrichment ratio of EH. . .Cl = 1.35. The C. . .H/H. . .C interactions
account for 8.4% of the overall area (Fig. 4c), and are preferred con-
tact in the crystal packing (EC. . .H = 0.91). The hydrophobic C. . .C
contacts account for 1.5% of the overall surface area (Fig. 4d) and
are considered as more pronounced since the associated enrich-
ment ratio is EC. . .C = 3.60 as a result of p. . .p stacking between
the aromatic pyridine rings. In contrast, the N. . .H interactions
make about 2.3% of the Hirshfeld surface (Fig. 4e), followed by
C. . .N/N. . .C and Cu. . .H/H. . .Cu that both count for 1.1% of the
whole Hirshfeld surface area (Fig. 4f and Fig. 4g). However, the
N. . .Cl/Cl..N (Fig. 4h), C..Cl/Cl. . .C (Fig. 4i), and N. . .N (Fig. 4f) con-
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tacts, each contribute around 0.9%, 0.4%, and 0.4% of the total sur-
face, respectively, and are particularly poor. It is important to note
that the remaining contributions do not accurately reflect their
contribution to the structure’s stabilization.

We conclude from this analysis that H. . .H and Cl. . .H contacts,
followed by C. . .H, account for most of the total surface, reflecting
the driving force in this crystal packing.These findings support the
notion that the presence of p. . .p stacking, CAH. . .interactions, and
H-bonds plays an important role in the stability of crystalline
structures (Munawar et al., 2023; Chalkha et al. 2023). Therefore,
the absence of these interactions in solution may be a contributing
factor to instability and subsequent dissociation.
3.4. IR-Spectroscopy of (C7H12N2)2[CuCl4]

Fig. 5 depicts the IR spectra of (C7H12N2)2[CuCl4], which is in
excellent agreement with the structural X-ray study findings. The
different vibrational modes of this compound are compared with
other compounds having the same organic cation (Karaa et al.,
2012; Thanigaimani et al., 2015). The two bands located at 3068
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Fig. 5. The infrared spectrum of (C7H12N2)2[CuCl4] at room temperature.
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and at 2976 cm�1 correspond to the vibrations of asymmetric
lengthening of the CAH bond of the methyl groups-CH3 and of
the CAH bond of the aromatic ring. The pyridinium NAH group’s
elongation vibrations can be at 3383 cm-1and at 3245 cm�1, on
the other hand, the two peaks located at 1646 and at 1613 cm�1

are attributed to the deformation vibrations d(NAH). The stretch-
ing vibration of the C@C bond in the infrared spectrum of the title
compound is characterized by a peak observed at 1547 cm�1.

The –CH3 groups’ deformation vibrations are positioned by
three successive bands, the first at 1455 cm-1, the second at
1410 cm-1, and the last at 1383 cm�1. Frequencies between
1259 and 1000 cm�1 are assigned to the vibrations of m (CAN)
and m (CAC). The remains of the bands (between 1000 and
400 cm�1) are attributed to the out-of-plane bending modes for
CAH, CAC and CAN bonds.

3.5. Antibacterial activity

Using the disc diffusion method, different concentrations of bis-
(2-dimethylaminopyrimidinium) tetrachloridecuprate (II); 100 lg.
mL�1; 50 lg.mL�1; 25 lg.mL�1 and 12.5 lg.mL�1 were tested
against three opportunistic nosocomial pathogen bacterial strains:
Klebsiella pneumonia and Serratiamarcescens, which are both gram-
negative; and Staphylococcus aureus, which is a Gram-positive bac-
terial strain (Sarangi et al., 2020; Azam et al., 2021; Azam et al.,
2022; Al-Resayes et al., 2017). The zone (mm) of inhibition, the
compound showed high antibacterial activity against Serratia-
marcescens even in small concentration 12.5 lg.mL�1, whereas
the antibiotics control Norfloxacin (NOR-10) and Nalidixic acid
(NA30) did not inhibit cell viability but Novobiocin (NV-5); Ery-
thromycin (E-15) agent, was observed either by using high concen-
trations of 50 g.mL�1 and 100 lg.mL�1 from the compound
(C7H12N2)2[CuCl4] or by the four used antibiotics (Fig. 6). The com-
bination of the compound (C7H12N2)2[CuCl4] with the four antibi-
otics was tested against two Gram-negative bacterial strains
(Klebsiella pneumonia and Serratiamarcescens) and Gram- positive
bacteria (Staphylococcus aureus) using the disc diffusion method.
8

The zone of inhibition (mm) of different antibiotic discs with (C7-
H12N2)2[CuCl4] against test three strains was measured and
revealed that the free compound or the reference used four antibi-
otics had the highest antimicrobial activity. A Copper (II) complex
with 12.5 lg. mL�1 produced a maximum fold increase of 60%
antibacterial activity against Serratiamarcescens. In the case of Kleb-
siella pneumonia and Staphylococcus aureus, the synthesized com-
pound 100 lg.mL�1 together with the antibiotics shows as 10%
fold increase against both strains. In the current investigation,
the antibiotics’ synergistic efficacy against the three different
pathogens was significantly increased in the presence of
(C7H12N2)2[CuCl4].

The increasing antimicrobial activity of Cu (II) compounds can
be explained by the cell permeability. Because the lipid membrane
surrounding the cell preferred only fat-soluble substances to pass,
fat solubility is an important factor in antimicrobial control activ-
ity. Cu (II) increases the lipophilic character of the central metal
atom, allowing it to penetrate the cellular fat layers membrane
and inhibit bacterial growth (Anjaneyulu and Prabhakara Rao,
1986; Chandraleka et al., 2014).
4. Conclusion

For this study, we synthesized (C7H12N2)2[CuCl4] and analyzed
its physical–chemical properties. At room temperature, this chem-
ical crystallizes in the monoclinic, system (C2/c space group). Our
compound’s crystal packing is determined by NAH. . .Cl, CAH. . .Cl
H-bonds, p. . .p and CAH. . .p interactions. The Hirshfeld surface
(HS) analysis in the form of deconstructed fingerprint plots
allowed for the decoding of these types of intermolecular interac-
tions. Organic and inorganic groups are confirmed by FT-infrared
investigations. Antibiotics were added to the compound (C7H12-
N2)2[CuCl4] and antibacterial activity was determined using disk
diffusion techniques, demonstrating a synergistic enhancement
in action against opportunistic nosocomial pathogens.

http://g.mL


Fig. 6. A) Antimicrobial activity of the compound (C7H12N2)2[CuCl4]; B) Antimicrobial activity of the antibiotics Norfloxacin (NOR-10), Novobiocin (NV-5), Erythromycin (E-
15), and Nalidixic acid (NA30); C) Antimicrobial activity of the compound (C7H12N2)2[CuCl4] combined with the antibiotics.
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