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Abstract: The [Co(4-ampy)(NCS)]»CO, complex compound was successfully
synthesized using the reflux method from the reaction between CoCl-6H0, 4-
aminopyridine, and KSCN in methanol solvent for 6 h at 64 °C. The synthesized
compound is a dark purple cube-shaped crystal with a melting point of 209 °C. FTIR test
showed the presence of isothiocyanate anion at C=N stretching vibration wavenumber
1633 cm™, C-N vibration on amine group belonging to 4-aminopyridine ligand at
1217 em™, and C=N vibration of pyridine aromatic group at 1334 cm™. Single crystal X-
ray diffraction data refinement results show the complex compound has octahedral
geometry in a cubic lattice with space group Pn3n with lattice parameters a = b = ¢ =
16.426(3) A and a = = y = 90°. According to the crystal data, there was one molecule of
CO; in the crystal packing of the complex. Hirshfeld surface analysis showed the major
interaction contributions from C---H/H---C, H---H, S---H/H--'S, and O---H/H---O. The
antibacterial activity test results showed that the activity of the synthesized complex was
more active against Staphylococcus aureus but less effective against Escherichia coli.

Keywords: cobalt complex; 4-aminopyridine ligand; thiocyanate anion; Hirshfeld
surface

m INTRODUCTION

Co(II) metal is equivalent to complexes of V(IV), Cu(II),
Zn(II), and Pd(II) metals [9]. Co(II) based complex

Complex compounds have become an essential
topic in coordination chemistry in the last decade [1]. The
diversity of coordination patterns, crystal structures,
biological activities, and magnetic properties are studies
that attract researchers [2]. From the variety of complexes
synthesized, transition metals are used as central atoms
because they have empty valence shell orbitals that can
accept electron pairs from ligands. Complexes of
cobalt(II), nickel(II), copper(Il), and zinc(II) ions have
been synthesized and tested for their benefits as
antimicrobial [3], antibacterial [4], anticancer [5],
antifungal [6] and cosmetic industries [7].

Cobalt is a transition metal used to synthesize
complex compounds that have the potential as
antibacterial and antiviral [8] The antibacterial activity of

compounds such as [Co(2-ampy),(SCN),] (2-ampy = 2-
aminopyridine, SCN = thiocyanate) were shown to have
antibacterial properties against Staphylococcus aureus
and Salmonella typhi [10-11]. Cobalt has the ability to
form complexes with a variety of biomolecules, making
them applicable to a diverse range of biological uses.
Complexes with cobalt metal can form varied
geometries: planar quadrilateral, octahedral, tetrahedral,
and octahedral [12]. The characteristics of transition
metals can be adjusted by coordinating them with
various ligands. This adjustment encompasses
stabilizing different oxidation states and altering the
solvophilicity, electrophilic, and nucleophilic traits of
the metal jon. In the coordination chemistry field, the
properties of metal ions are not only modified, but also
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those of the ligands themselves. Utilizing different ligands
allows for the adjustment of cobalt compound properties
to closely match those of cellular processes, due to similar
ligand exchange rates [13].

Complex compounds containing pyridine ligands
and their derivatives show antibacterial properties against
[14-18].
Pyridine derivative ligands such as x-aminopyridine (x =

Gram-positive and Gram-negative bacteria

2,3, 4) have a large molecular size to expand the accessible
area against the bacterial surface, and the amino group
can interact with the bacterial cell wall to change its
structure to penetrate the bacterial lipid layer. Several
complex compounds with pyridine and aminopyridine
ligands, such as Mn(2-ampy).(dca), [19],
[Cu(py)s(SCN):I, [3], [Co(dca)s(2-ampy).] [10-11], Zn(2-
ampy)2(NCS),; [20-21], and Ni(2-ampy).(dca), [22],
(py = pyridine, [22-23] showed
antibacterial activity against Escherichia coli, S. aureus,

dca = dicyanamide)

and other bacteria. However, the antibacterial activity
value is still below chloramphenicol.

The synthesized Co(II) complex contains 2-ampy,
with an amino group in the ortho position. Aminopyridine
derivatives such as meta- and para-aminopyridine are
interestingly studied for their antibacterial properties
because they have more open amino groups than 2-ampy.
The interaction of the amino group with the bacterial
surface can be more potent. The effect of the octahedral
geometry of the complex compound on its antibacterial
properties needs to be studied considering the [Co(2-
ampy),(SCN); [10-11] complex in previous studies. This
complex has a tetrahedral geometry, where apart from the
type of aminopyridine derivative, the amount of bound
aminopyridine can also affect the antibacterial properties
of the complex.

This
characterization of complex compounds using cobalt(II)

study reports the synthesis and
salt, 4-ampy, and thiocyanate anion. Thiocyanate (SCN")
or isothiocyanate (NCS) ions can act as bidentate ligands
because they have two donor atoms of N and S. Complex
compounds with thiocyanate ligands also show good
antibacterial properties, so in this study, thiocyanate
anions were used as anion ligands. In vitro antibacterial

activity of the resulting complexes was tested against S.
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aureus and E. coli. Hirshfeld surface analysis will also be
carried out to determine the interactions in the crystal.

m EXPERIMENTAL SECTION
Materials

The materials used included CoCl,-6H,O (Emsure
ACS; p.a; 98.00%), KSCN (Aldrich Chemistry; p.a.;
98.00%), 4-aminopyridine (Emsure ACS; p.a.; 98.00%),
methanol (Merck; p.a.; 98.00%), and distilled water. The
additional

materials were directly used without

treatment.
Instrumentation

The tools used in the synthesis of complex
compounds are glassware, filter paper, stirrer, magnet,
set of reflux apparatus, and analytical balance. The
characterization of the complex was done using a
melting point apparatus (Fisher-John Scientific Melting
Point Apparatus), FTIR instrumentations with KBr
Pellet test technique (Shimadzu IR Prestige 21), and
single-crystal XRD (Bruker, D8 Quest Diffractometer, £:
Mo).

Procedure

Synthesis
compound

The synthesis method refers to the research of
Munadhiroh et al. [10] and Mariyam et al. [21]. The
Co(II) complex that was successfully synthesized by the
reflux method was Co(2-ampy),(NCS),] with 13d of
evaporation [10]. The synthesis begins with weighing

of [Co(4-ampy)«(NCS).]-CO, complex

the compound 4-ampy (0.3764g, 4 mmol), and
dissolved in 5 mL of methanol. The 4-ampy was refluxed
for 30 min at 64 °C. Then, a solution of CoCL-6H,O
(0.2379 g, 1 mmol) in 5 mL of methanol was refluxed for
3.5h. Then, KSCN solution (0.1944 g, 2 mmol) was
added and refluxed for 2h. The synthesis was then
filtered, and the resulting filtrate was put into a glass
beaker to evaporate slowly. Needle-shaped crystals and
dark purple cubes were obtained after evaporation for
18 d. Melting point: 209 °C; Electrical conductivity.:
158.5 uS; FTIR (cm™): 3460 (m) v{(N-H); 3338 (m)
v(N-H); 1516 (s) v(N-H); 1338 (m) v(C-N); 2092 (s)
v(C=N); 1633 (s) v(C=N).
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Characterization of [Co(4-ampy)s(NCS),]-CO. complexes
Melting point tests were carried out in temperatures
of 30-300°C with a temperature increase range of
10 °C/min. FTIR analysis was done in the 500-4000 cm ™!
region. Crystallinity and structural analysis were also
performed using a Bruker single crystal XRD device.

Antibacterial activity test

The antibacterial activity test used the Kirby Bauer
disc diffusion method. Firstly, Muller-Hinton agar
medium was prepared with procedures according to the
manufacturer's commercial instructions against E. coli
(ATCC 25922) and S. aureus (ATCC 25923) bacteria [19].
Then, specific bacterial colonies were suspended in 0.9%
NacCl solution. Bacterial turbidity was tested according to
0.5 McFarland standard, equivalent to a bacterial
concentration of 1.5 x 10* CFU/mL. Samples were tested
by weighing the synthesized crystals, cobalt(II) chloride,
4-ampy, and KSCN, and chloramphenicol antibiotics
dissolved in methanol solvent at a concentration of
1 mg/mL. Paper discs were sterilized with an autoclave
and then dipped in the solution for 20 min. The discs were
placed on agar media and incubated at 37 °C for 24 h, and
then the diameter of the inhibition zone was measured
and compared to the reactants and products formed.

Hirshfeld surface analysis

Using Crystal Explorer software, Hirshfeld surface
analysis aims to calculate intermolecular interactions
determined by Crystallographic Information File (CIF)
data [24-25]. CIF is the refinement data from single
crystal XRD.

m RESULTS AND DISCUSSION
Synthesis and Physical Properties of Complex

The cobalt(II) salt and ligands were reacted directly

NHz
\ o,
CoClycrzomy + 4 ,\O/ (cH30H) + 2KSCN(cHz0H) %:»

Indones. J. Chem., 2024, 24 (4), 1046 - 1057

in CH;OH as a solvent with the mol ratio Co(II):4-
NH,py:KSCN of 1:4:2. The results gave dark-purple
crystals with cube-shaped (Fig. 1). The reaction of
complex formation is presented in Fig. 2. The CO,
trapped in the crystal system is captured directly from
the air. Several previous studies have shown that some
complexes are able to absorb CO, and carry out
spontaneous fixation, such as zinc(II) tetraazacycloalkane
and [Ni(N,N-Me,en);](ClO4), (N,N-Meen = N,N-
dimethylethylenediamine). Meanwhile, in this reaction,
the complex was only able to capture CO, without a
fixation reaction occurred.

The complex was air-stable and had sharp melting
points at 209 °C. The melting point data of the complex
was higher [Co(NCS),(2-NH,py).] [10]. This could be
due to the amount of aminopyridine bound to Co is
more significant, so the size of the complex was larger
compared to [Co(NCS),(2-NH:py).]. The complex
solutions have been measured for their electrical
conductivity in 1 mg/mL using methanol solvent and
showed the result 158.5 puS. This result indicates that
complex solutions were weak electrolytes [26].

CO, NH
H2N 2
/
|| NCs 7 \
XN | N~
AN V4
/CO\ ©) + 2KCl(cHsoH)
<N | N7
\ Ncs|
Y =

HoN

Fig 2. Reaction of complex formation
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FTIR Analysis

The FTIR test was carried out to determine the
functional groups that bind to central ion in complex
compound. The test was carried out using a
spectrophotometer in the wavenumber range of 4000-
400 cm™ (Fig. 3). The characteristics of the 4-ampy ligand
are shown at wavenumbers of 3542, 3439, and 3303 cm™!
(Table 1) which are asymmetric and symmetric v(N-H)
[20]. v(N-H) bond

vibrations of 4-ampy in complex appear at 3460, 3338,

Asymmetric and symmetric
and 3209 cm™. The asymmetric and symmetric stretching
vibrations of the -NH, group experienced a slight shift,
indicating the formation of hydrogen bonds between the
-NH, group and the thiocyanate ligand. The appearance
of 3 stretching vibration bands of -NH, indicates a
primary amine group [20-21]. The presence of the 4-
ampy ligand is indicated by the N-H vibration of the
amine group, which is also observed at a wavelength of
1583 cm™', which experiences a significant shift to
1516 cm™. In addition, the considerable shift of v(C-N)
of aromatic ring from 1334 to 1338 cm™' indicates the
bond formation of the N donor atom of the pyridine ring
[22-23].

The thiocyanate ion can bind through the S or N
atoms, as observed in the FTIR spectrum. The vibration
of C=N shift
wavenumbers, indicating that the thiocyanate ion binds

experienced a towards smaller
through the N atom. In comparison, the peak of the S-C
stretching vibration will shift to larger wavenumbers,
indicating that the thiocyanate ion forms a bond through
the S atom. The characteristic absorption band of the

thiocyanate ion ligand is shown in the C=N vibration at a
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wavelength of 2160 cm™, which shifts to 2092 cm™, and
the C=N vibration appearing at a wavelength of
2080 cm™ shifts to a smaller wavelength, specifically at
2056 cm™. The observed shift in wavelength towards
smaller values indicates the presence of terminal ligand
coordination bonds on the thiocyanate ion through the
N atom, which reinforces the XRD data.

Single Crystal XRD

The reaction of CoClL-6H,O with 4-ampy and
KSCN produced a high-quality single crystal of the
complex compound [Co(4-ampy)s(NCS);]-CO,. The
single crystal was then analyzed for its structure using
single-crystal XRD. The crystallographic data of the
complex compound is shown in Table 2. The crystal
structure refinement uses APEX4 software and the
resulting structure is generated using Mercury 4.2.0
program shown in Fig. 4-6. Fig. 4 shows that the Co(II)

complex compound

4-aminopyridine

Transmittance (a.u.)

KSCN

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig 3. FTIR spectra of complex and its ligands

Table 1. Interpretation of FTIR spectra of complex and its ligands

Wavenumber (cm™)

Vibration 4-aminopyridine thiocyanate [Co(4-ampy)4(NCS),]-CO,
vs(N-H) 3542 - 3460
vas(N-H) 3439 - 3338
v(N-H) 1583 - 1516
v(C-N) 1334 - 1338
v(C-N) 1217 - 1211
v(C=N) . 2160 2092
v(C=N) - 2080 2056
v(C=N) - 1620 1633
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Table 2. Crystallographic data of [Co(4-ampy)s(NCS),]-CO,

Crystallographic data

[Co(4-ampy)4(NCS),]-CO,

Chemical formula
M; (g/mol)
Crystal system
Space group
Temperature (K)
a=b=c(A)
a=p=y()

V (A%

Z

Radiation type

p (mm™)

Crystal size (mm)
Tmins Trmax

Cr0H72C03N300556
1830.72

Cubic

Pn3n

296

16.426(3)

90

4432(2)

2

Mo Ka

0.76

0.3 x0.27 x 0.21
0.669, 0.746

No. of measured, independent and observed [I > 20(I)] reflections 13399, 872, 631

Rint

$in 0/ Amax (A7)

R[F? > 20(F?)], wR(F?), S
No. of reflections

No. of parameters

APrmaxs Apmin (€ A7)

0.023

0.651

0.049, 0.177, 1.04
872

50

1.26, -0.55

Fig 4. The structure of [Co(4-ampy)4(NCS),]-CO, complex

center ion binds coordinately with six N atoms derived
from four N atoms of the pyridine ring of the 4-ampy
ligand and two N atoms of the isothiocyanate ligand,
forming an octahedral geometry. Based on HSAB theory,
N atoms, which are borderline bases, tend to be attracted
to Co metal, which is also a borderline acid, compared to

S donor atoms, which are soft bases. The 4-ampy is a
monodentate ligand, and the isothiocyanate is a terminal
ligand because it only donates one donor atom.

The structure of the complex compound also
shows the presence of CO, molecules that are free in the
crystal lattice and not in a state bound to the molecules
of complex compounds, as shown in Fig. 5. The CO,
molecules can come from CO; in the air that comes into
the complex during the heating process with reflux.
Table 2 shows that the complex compound crystallizes
in the cube crystal system, and the space group Pn3n,
where each lattice side length and angle is the exact value
of a=b=c=16426(3)A and a=p=7=90°
respectively.

The asymmetric unit of the complex compound
structure contains only a quarter of the molecule, even
in the 4-ampy ligand, the pyridine ring also shows half
of the whole ring. One crystal lattice contains two
molecules of the complex compound [Co(4-
ampy)s(NCS),]-CO,. The absence of changes in the
position of the molecular arrangement seen in the
packing of the crystal lattice from the point of view of the
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v W -

Fig 5. Crystal packing of the complex through a-axis

a, b, and c-axes indicates the high regularity of the
arrangement of the Co(4-ampy)s(NCS),]-CO, complex.

The CO, molecules contained in the lattice occupy
an advanced position on the cube and fill in between the
intermolecular complex [Co(4-ampy)s(NCS),] as in Fig.
6. The C=0 group of the CO, molecule also appears in the
FTIR at 2398 cm™ band. The O atom of the [Co(4-
ampy)4(NCS),]-CO, molecule in one crystal lattice also
forms an intermolecular hydrogen bond with the H atom
of the amine group of the other aminopyridine molecule
(C=0---H-N). The intermolecular hydrogen bonds of
(C=0---H-N) that occur have two different lengths of
2.761 and 2.903 A as shown in Fig. 6. The intermolecular
hydrogen bonds of (C=0O---H-N) also appear on the
Hirshfeld surface, where the O---H/H---O intermolecular
interaction contributes significantly to the Hirshfeld
surface analysis (Fig. 6).
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The four Co-N bond lengths of the pyridine ring
of the 4-ampy ligand on the equatorial side have the
same length of 1.982(3) A. The two Co-N bonds of the
isothiocyanate ligand at the axial position also have the
same length of 1.903(4) A. The size of the Co-N bond in
the equatorial position is more extended when
compared to the length of the Co-N bond from the axial
position; this can be caused by the repulsion between the
four 4-ampy ligands so that the distance caused becomes
longer. The bond angle between the Co-N of the four N
atoms of the pyridine ring and the two N atoms of
isothiocyanates has the exact angle of 90°. The
could be [Co(SCN),(4-
(hydroxymethyl)pyridine),] having Co-N bond angle in
the range of 88.06(9)° and 92.66(9)° caused by the
hydroxymethyl group which gave more steric effect than

differences seen in

amino group in 4-ampy [13]. The bond lengths and
angles, as shown in Table 3, indicate the geometry
adopted by the [Co(4-
ampy)s(NCS),]-CO, complex compound is octahedral,

structure of the

as shown in Fig. 7.
Hirshfeld Surface Analysis

Hirshfeld surface analysis and fingerprint plots
were calculated to quantify the intermolecular interactions
present in the crystal structure of the compound [27].
The normalized interaction distance (dnorm) description
indicates the strength of intermolecular interactions [28-
29]. The duom is calculated by the interaction distance of
the nearest atom that is inside (d;) to outside the surface
(dc) on a scale of —0.0249 (red) to 1.7498 (blue) [28].

Fig 6. Interpretation of CO, position inside crystal lattice and intermolecular interaction
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Table 3. Bond length and bond angle of complex [Co(4-
ampy)s(NCS),]-CO,

Bond Bondlength (A) Bond angle Angle (°)
Co-N3 1.903(4) N3'-Co-N3 180.00
Co-N1 1.982(3) N3-Co-N1 90.00
S1-C4 1.628(7) N1-Co-N1' 90.00
N3-C4 1.132(7) N3'-Co-N1' 90.00
N2-C3 1.341(6) N3-Co-N1' 90.00
N1-C1 1.360(3) N1-Co-N1' 90.00
C3-C2 1.400(3) N1'-Co-N1"  180.00
C2-C1 1.361(4) N3’-Co-N1" 90.00
01-C5 1.465(5) N3-Co-N1" 90.00
- - N1-Co-N1" 180.00
- - N1"-Co-N1" 90.00
- - NI’-Co-N1" 90.00
- - C4-N3-Co 180.00
- - C1-N1-C2' 115.90(3)
- - C2'-N1-Co 122.05(14)
- - CI-N1-Co  122.04(14)
- - N3-C4-S1 180.00
- - N2-C3-C2  121.91(17)
- - N2-C3-C1' 121.90(17)
- - C2-C3-C1'  116.20(3)
- - C1-C2-C3  120.40(2)
- - N1-C1-C2  123.50(2)
- - Or’-C5-01 180.00(5)

", N4

; 80°

"Ny Ny
N3’ N3’
N3
"Ny 3 Ny
7 &
%&’- yy/
Co
q‘*’q’% © '9096’
o
W, 2 Ny’
N3'

Fig 7. Bond length and bond angle of geometry complex
[Co(4-ampy)4(NCS),]-CO,

Indones. J. Chem., 2024, 24 (4), 1046 - 1057

Fig. 8(a) shows red dots around the N and H atoms
of the 4-ampy ligand, indicating intermolecular C-H
interactions. Intermolecular interactions are weak in the
blue and white areas. Fig. 8(b) shows a red area
representing the presence of C-H-m interactions in the
center of the pyridine ring. The blue region surrounding
the red area offers the m—m exchange in the pyridine ring.
Fig. 8(c) shows the curvature map and the flat surface
represented by the blue and green areas [30]. The flat
area around the pyridine ring indicates the presence of
T—Tt interaction.

Fig. 9
representing significant participation in intermolecular
on the Hirshfeld
interatomic interactions and overall interactions [31].

shows the crystal fingerprint plot

interactions surface based on
The C---H/H---C interatomic interaction contributes the
most to crystal stability, characterized by the most
significant role on the Hirshfeld surface of 30.6%. The
H---H interaction has the second highest role with
24.3%, followed by the S---H/H---S interaction with
21.7%, and the O---H/H---O interaction with 14.5%. The
O---H/H---O interaction comes from the intermolecular
interaction between the H atom of the -NH, 4-ampy
group and the O atom of the CO, molecule. Other minor
interactions consist of S---S, N---H/H:---N, S---O/O---S,
C---C, and N---O/O---N at 5.3, 2.7, 0.4, 0.4, and 0.1%,
respectively.

Antibacterial Activity

The antibacterial activity test was carried out on
the synthesized compounds compared to reactants and
solvents with positive control of chloramphenicol using
the Kirby-Bauer agar diffusion method against E. coli
(Gram-negative) and S. aureus (Gram-positive) bacteria
[3,32-33]. The solvent used was 2% DMSO with a
2 mg/mL sample concentration. The tests were carried
out using three repetitions (triplo) for each sample (Fig.
10) and the data in Table 4 is the average result of three
inhibition zone diameter data.

The data generated is the diameter of the inhibition
zone, which will be compared with the diameter of the
positive control inhibition zone, namely chloramphenicol.
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Fig 8. Hirshfeld surface analysis: (a) dnorm, (b) shape index, and (c) curvedness

de
28]
26}
24
22
20|
1.8
16
1.4
12|
"9 All interaction al' C--H/H-C 30.6% al H--H 24.3% ar
TO T2 T3 T T8 2022 28726 7% TOU TZ TR Te T8 20 22 28 26 272% TO T2 T3 T T8 2022 28 26 2%
de
28]
2.6
24
22
20|
1.8
16
14
12
19 S-H/MH-S 21.7% =14 O-+H/H-O 14.5% 2™ S5 5.3% -
TOUTZ TX 16 I8 20 22 2% 26 7% TOU TZ TA T T8 20 22 28 26 7%
de L de :
2.8 2.8
26| 26|
24 24
22 22
2.0} 20|
18 1.8
1.6} 1.6)
14 14
12 1.2
9 N--H/MH-N 2.7% ik $--0/0--S 0.4% 2 C--C0.4%
TOU TZ T3 T T8 20 22 28 726 72% TOU TZ T3 T8 T8 2022 28 726 72% TU T2 T3 16 T8 20 22 2826 72%
de
28
2.6
24
22
20|
1.8
1.6
1.4
12
o N---0/O--N 0.1% a

TIUTZ T TE 18 20 27 2% 2% I8

Fig 9. Fingerprint plot of complex [Co(4-ampy)s(NCS),]-CO;
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[Co(4-

zone of

Fig 10. Inhibition
ampy)4(NCS),].CO; against S. aureus dan E. coli

complex

Table 4. Inhibition zone diameter of complex [Co(4-
ampy)4(NCS),]-CO,

Inhibition zone diameter

Sample S. aureus E. coli
(mm) (mm)
As-synthesized complex 7.50 7.70
4-ampy 10.80 13.00
CoCl,-6H,O 17.00 11.20
KSCN 0.00 6.80
CoCl,-6H,0 + 4-ampy + KSCN 10.80 10.30
Chloramphenicol (+) 26.10 28.20

The synthesized complex produces much less spot area
than chloramphenicol because there are more free
This
chloramphenicol more capable of making hydrogen

electron pairs on chloramphenicol. makes
bonds with bacteria. The inhibition zone diameter of the
compound [Co(4-ampy)s(NCS),]-CO, on S. aureus was
7.50 mm smaller than that of E. coli at 7.80 mm. The
equilibrium reaction between metal ions and their ligands
can reduce the polarity of metal ions because their
positive charge is shared with donor groups and
delocalized [11,34-35]. Lipids and polysaccharides are
essential cell walls and membrane constituents favorable
for metal ion interactions. Reducing the polarity of these
metal ions will increase the lipophilic character of the
ligands. Consequently, the interaction between metal ions
and lipids is favored, this can cause damage to the
semipermeable cell barrier, disrupting bacterial cell
processes [18,36].

Table 4 [Co(4-
ampy)4(NCS),]-CO, has less antibacterial activity than

shows the compound

salt, ligand, and mixture, and this is because Gram-

Indones. J. Chem., 2024, 24 (4), 1046 - 1057

negative bacteria have lipopolysaccharides in their cell
walls that are non-polar. In contrast, Gram-positive
bacteria have peptidoglycan, which is polar [37]. In the
principle of like dissolve like, complexes with polar
properties will easily penetrate thick peptidoglycan, and
complexes that are non-polar will easily penetrate
lipopolysaccharides [38-39]. The 4-ampy ligand has a
pyridine ring, which is non-polar. As a result, the 4-
ampy ligand showed an inhibition zone on Gram-
negative bacteria of 13.00 mm and Gram-positive
bacteria of 10.80 mm.

The antibacterial properties of the complex
compound [Co(4-ampy)s(NCS),]-CO,, when compared
to the complex compound [Co(2-ampy),(SCN),] [10], is
still lower. Gram-positive bacteria such as S. aureus are
more easily penetrated by more polar complex
compounds as described, so the [Co(2-ampy),(SCN),]
complex compound with the 2-ampy ligand which is
more polar than 4-ampy will be more accessible to
penetrate the peptidoglycan wall. The antibacterial
properties against Gram-negative bacteria themselves
are difficult to [Co(2-
ampy),(SCN),] study used S. typhi bacteria, and this
study used E. coli bacteria. The antibacterial properties
of [Co(4-ampy)4«(NCS),]-CO, synthesized with the
antibacterial properties of [Co(2-ampy).(SCN),] are

compare because the

difficult to compare precisely given the different test
conditions, such as the solvent concentration used in
this study is 2% DMSO. In comparison, in the study
[Co(2-ampy)»(SCN),] used 10% DMSO solvent [10,40].

CoCl:6H,O salt has a very high solubility in the
solvent, so it is effortless to penetrate the peptidoglycan
in the cell wall of Gram-positive bacteria. This follows
the results of the CoCl,-6H,O salt antibacterial activity
test, which shows the diameter of the inhibition zone on
Gram-positive bacteria S. aureus by 17.00 mm and
Gram-negative bacteria E. coli by 11.20 mm. KSCN has
non-polar  properties  that  easily  penetrate
lipopolysaccharides in Gram-positive bacteria, making
it more effective for S. aureus (6.80 mm) than E. coli
(0.00 mm).

The mixture of CoCl,-6H,0O, 4-ampy, and KSCN

compounds on Gram-negative and Gram-positive
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bacteria is only effective in killing bacteria with an
inhibition zone diameter of 10.30 and 10.70 mm,
respectively. The mixture of CoCl,-6H,O, 4-ampy, and
KSCN compounds has better antibacterial activity
because it works individually, each with different polarity
properties.

m CONCLUSION

The complex compound [Co(4-ampy)s(NCS)],-CO,
was successfully synthesized using the reflux method
from the reaction between CoCl,-6H,O, 4-ampy, and
KSCN in methanol solvent. The synthesized compound is
a purplish-red needle and cube-shaped crystal with
octahedral geometry in a cubic lattice with space group
Pn3n. The FTIR test revealed the presence of C=N
stretching vibration from NCS™ anion, C-N vibration on
amine group belonging to 4-aminopyridine ligand, and
C=N vibration of pyridine aromatic group. Hirshfeld
showed the
interactions in the complex were C---H/H:--C, H---H,
S---H/H---S, and O---H/H---O. The antibacterial activity
test of the synthesized complex was more active against S.

surface analysis highest contributing

aureus but less effective against E. coli.
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