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Abstract

Iron (II) and Cobalt (II) complexes were derived from 2-thenoyltrifluoroacetone and 2,4
dinitrophenylhydrazine. The synthesized complexes were characterized by IR and UV-Vis spectral
methods. The decomposition temperature ranges from 390-375 °C and 301-291 C for Iron and Cobalt
respectively. The conductivity of 0.5bvn88 uS/cm for Iron and 0.684 uS/cm for Cobalt were obtained.
The solubility test of both complexes conducted were found to be soluble in acetone, slightly soluble in
dinitroethane, 1-propanol, 2-propanol, methanol and ethanol while insoluble in n-hexane and distilled
water. The IR spectra observed for both Iron and Cobalt complexes are 3379 cm(N-H), 3096 cm1(C-
H), 2344 cm(C-H), 1611 cm(C=C), 1640 cm(N-H), 1540 cm(C-H), 1019 cmY(N-M), 937 cm-
(M-0O), 734 cm(C-F), 1257 cm(C-O) and 3478 cm(N-H), 3089 cm-(C-H), 2113 cm(C-H), 1599
cm1(C=C), 1655 cm1(N-H), 1544 cm1(C-H), 992 cm-1(N-M), 836 cm1(M-O), 743 cm-1(C-F) and
1134 cm1(C-O) respectively. The complexes have been tested for their antimicrobial screening against
bacteria (E. coli). The antimicrobial screening of the complexes was determined in Nutrient Agar
Media. Both complexes demonstrate their antibacterial activity, in which not only minimum inhibition
zone shown but the complexes dried out the bacteria on all the plates.
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Decomposition

INTRODUCTION

Due to the development of inorganic chemistry the discovery of derivatives as antimicrobial
agent drugs prompted the search for novel metal-based therapeutic agents. Extensive
investigations are currently focus on the synthesis of metal complexes with a better
chemotherapeutic index in terms of increased bioavailability, more antimicrobial activity,
higher selectivity and fewer side effects than the corresponding drugs used. Among the main
concept and strategies of medicinal inorganic chemistry, the introduction of metal compounds
or metal ions to biological system for therapeutic purpose occupies an important component
and several examples exhibit the success of this approach (Scott et al., 2009; Hambley, 2007
and Thompson et al., 2006). Thus, coordination compounds have found their relevance in the
treatment of various diseases e.g., Ehrlich's ancient salvarsan against syphilis, (Lloyd et al.,
2005) bismuth compounds as antiulcer drugs, (Sun et al., 2004) vanadium complexes for the
treatment of diabetes (Thompson et al., 2019) and in medical diagnostics, as contrast agents
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for magnetic resonance imaging (Hermann et al., 2008 and Terreno et al., 2010, Hamze et al/.
2019) and radio-pharmaceuticals (Rey 2010 and Correia et al., 2011, Reiss et al., 2021).

The antibacterial metal complexes synthesized are having more advantages compared to the
conventional antibiotic drugs as antibacterial. The beautiful thing about these complexes is
the novel and multiple modes of action. This action involves the interaction of metal
complexes with the nucleic acids, ligand exchange reaction, ROS production and releasing
bioactive molecule which interact with the target parts (Evans et al., 2021). In complexes, metal
ions polarity reduces significantly. The reduction in term of polarity gives the chelate
character of increasing the hydrophobicity of the complex and in turn makes permeation
possible through the microorganism’s lipid layer (Kumar 2021, Devi et al., 2022). The ligand
activity against bacteria is improved base on complexation and thus the complexation
describes the concept of chelation theory (Sulaiman 2021). The applications of metal
complexes has gained less attention due to the fact that they do possess potential activity in
the treatment of bacteria, fungi, cancer, malaria and neurodegenerative diseases (Frei et al.,
2020; Jazzar et al., 2020; Nolan et al., 2022).The challenges faced by health sectors today, is that
the current antibiotics produced were becoming more friendly to the bacteria. These lead
researchers more especially from the field of inorganic chemistry over the past few years to
study the synthesis of metal complexes (Reiss ef al., 2021; Lindenau et al., 2021).

The research intends to synthesize metal complexes with a better chemotherapeutic index in
terms of increased bioavailability, more antimicrobial activity, with high selectivity and fewer
side effects than the corresponding drugs used.

METHODOLOGY

Materials

Glass wares such as 250 mL round bottom flask. 250 mL, 100 mL and 50 mL beakers,
measuring cylinders were used. Analytical weighing balance, filter papers, refluxing
apparatus, spatula, magnetic stirrers, Uv Spectroscopy, FTIR Spectroscopy, Conductivity
metre, and melting point apparatus were also used. 2-Propanol, 2-Thenoyltrifluoroacetone,
2,4-Dinitrophenylhydrazine, Iron (II) Chloride hexahydrate, Cobalt (II) chloride hexahydrate
distilled water, Sodium Sulphate Anhydrous used in the work were all of analytical grade.

Procedure for the synthesis of Fe(II) complex

The 2-Thenoyltrifluoroacetone (1.26 g) was weighed into 250 mL round bottom flask. Then,
100 mL of 2-propanol was added and then stirred, which give a golden yellow colour. About
1.123 g of 2,4 dinitrophenylhydrazine (DNPH) was added to the mixture and which gives
orange colour. Furthermore, 1.33 g FeCl,.6H>O was weighed into 50 mL beaker and 10 mL of
2-propanol was added and a deep pink colour was formed, and 2mL of distilled water was
added to it for complete dissolution of iron (II) salt. The mixture of iron salt from 50 mL beaker
was added onto the 250 ml round bottom flask mixture, the colour changed instantaneously
to deep brown colour. The mixture was refluxed for two hours and no change in colour during
refluxing was observed. The mixture was allowed to cool and 10 g of anhydrous sodium
sulphate was added, which in turned absorbed the amount of water added.

Reflux
2-TTA + 2,4-DNPH + FeCl, T’ [Fe(TTA)DNPH]CI + CI

S. Suleiman,K. Datti, A. Mustapha, DUJOPAS 8 (3a): 139-149, 2022 140



Synthesis, Characterization and Antimicrobial Screening of Fe (ll) And Co (Il) Metal Complexes with 2-
Thenoyltrifluoroacetone and 2,4-Dinitrophenylhydrazine

Procedure for the synthesis of Co (II) complex

The 2-Thenoyltrifluoroacetone (1.23 g) was weighed into 250 mL round bottom flask. 100 ml
of 2-propanol was added and then stirred, given a golden yellow colour. About 1.096 g of 2,4-
DNPH was added to the mixture which produced an orange colour. About 1.32 g of
CoCL.6H20 was weighed into 50 mL beaker and 10 mL of 2-propanol was added which
produce a deep pink colour and 2 mL of distilled water was added to it for complete
dissolution of Cobalt (II) salt. The mixture of Cobalt salt from 50 mL beaker was added onto
the 250 mL round bottom flask mixture, immediately the colour changed to deep brown
colour. The mixture was refluxed for two hours and no change in colour during refluxing. The
mixture was allowed to cool and 5g of anhydrous sodium sulphate was added, which in turn
absorbed the amount of water added.

2-TTA + 24-DNPH + COCl,  mmmmme X [CO(TTA)DNPH]CI + Cl

80°C

The synthesized complexes were heated at 82.14°C to evaporate 2- propanol from the
complex, leaving behind the powder complex.

Procedure used for media preparation and growth of the microorganisms

By following the manufacturer’s instructions the media was prepared: This medium was
originally formulated to be used in antimicrobial susceptibility testing. The agar was prepared
by dissolving 30.0g in 1 liter of purified water. It was then heated in boiling water and agitated
frequently until completely dissolved and autoclaved for 15 minutes at 121°C. It was then
poured into petri-dishes, about 16-18 ml in each and allowed to solidify at room temperature.
Both bacteria (E.coli) and fungi were grown by inoculation on seeded dishes, followed by
incubation at 37°C for 24 hours (Bacteria) and at 25°C for 72 hours (fungi).

Procedure for antimicrobial screening of the complexes

The complexes were assayed for antimicrobial screening by pouring method, and in which
different concentrations were prepared. The culture media employed for the screening of
antimicrobial activity is nutrient agar for E.coli (Bacteria). The microorganisms used had been
maintained by weekly sub-culturing and incubation at 37°C for bacteria at Rasheed Shekoni,
Federal University, Dutse Teaching Hospital. The sterile petri dishes (sterilized at 170°C for 1
hour in hot air oven) were prepared and labeled. About 25 mL of the prepared molten nutrient
agar (for bacteria) was poured into the dishes and allowed to solidify. Wells were bored in the
seeded dishes with a cork borer (5mm in diameter). Drops of each sample concentrations were
poured into the wells formed at the centre of each disc and incubated at 37°C for three days,
in which the clear inhibition zone diameter (IZD) base on Minimum Inhibition concentration
(MIC) measured and recorded after incubation.

RESULTS AND DISCUSSION

Table 1: Some Physical Properties of the iron and cobalt Complexes

S/N Complex FW (g/mol) Phase State Color % Yield
1 Fe-Complex 476.175 Solid Black 50.63
2 Co-Complex 479.263 Solid Deep Brown 48.57
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Table 2: Results for Magnetic Susceptibility of the iron and cobalt Complexes

S/N Complex Ry Ro Wo Wi LiC Xg
1 Fe-Complex 1931 -037 0.754g 0.850g 2.5cm? 51250 x 10° M
2 Co-Complex 344 x 10 -037x10 0.664g 0.838g 2.5cm1 45982.76 x 10° M

Table 3: IR Spectra of iron and cobalt Complexes

Compound Fe-Complex Co-Complex
V(N-H)cm-stretch 3379 3478
V(C-H)cm-'aromatic stretch 3096 3089
V(C-H)cm-aldehyde stretch 2344 2113
V(C=C)cm-Istretch 1611 1599
V(N-H)cmbending aliphatic 1640 1655
V(C-H)cm-1bending aliphatic 1540 1544
V(C-O)cm-lstretch 1257 1134
V(N-M)cm-Istretch 1019 992
V(M-O)cm-istretch 937 836
V(C-F)cm!stretch 732 743
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Figure 1: IR Spectra of Fe-complex
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Figure 2: IR Spectra of Co-complex

Table 4: UV-Vis Spectral Data of the iron and cobalt Complexes

Fe-complex Wavelength (nm) Assignment Geometry

310.81 n - o*
364.87 n - r* square planar
454.03n -1

Co-complex Wavelength (nm) Assignment Geometry

31771n-n
364.96 n - * square planar
437.85n - m*
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Figure 3: UV Spectra of Co-complex
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Figure 4: UV Spectra of Fe-complex
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Table 5: Solubility Test of the iron and cobalt Complexes

Solvent used [Fe(TTA) DNPH]C1 [Co(TTA) DNPH]CI
Ethanol Slightly soluble Insoluble

Methanol Slightly soluble Slightly soluble
2-Propanol Slightly soluble Insoluble

Distilled H,O Insoluble Insoluble
1-Propanol Slightly soluble Insoluble

n-Hexane Insoluble Insoluble

Acetone Soluble Soluble
Dinitroethane Slightly soluble Slightly soluble

Table 6: Conductivity Measurement of the iron and cobalt Complexes

S/N Name of Complex Unconverted Converted
Conductance uS/cm Conductance uS/cm

1 [Fe(TTA)DNPH]CI 0.588 58.5

2 [Co(TTA)DNPH]CI 0.684 684

Table 7: Melting Point Measurement

S/N Name of Complex Heat-R MP (°C)
1 [Fe(TTA)DNPH]Cl 5.0382.5
2 [Co(TTA)DNPH]CI 5.0 296

Figure 5: Disc Diffusion Assay showing Zones of Inhibition of the Complexes
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Table 8: Antibacterial Screening of Iron and Cobalt Complexes

Tested Organism Isolate Compound Concentrations
0.01M 0.001M 0.005M

Bacteria E.coli Fe-complex ++++++4+

Bacteria E.coli Co-complex +++++++

Table 9: MIC Values of the iron and cobalt Complexes

Tested Organism Isolate Compound Concentrations
0.01M 0.001M 0.005M

Bacteria E. coli Fe-complex 161212

Bacteria E. coli Co-complex 121414

The synthesized Iron and Cobalt complexes are solids, which have relatively high melting
points in the range of 375°C-390°C and 298-301°C respectively. The high melting temperatures
of the synthesized complexes shows that they are stable complexes (Mustapha et al., 2014;
Sulaiman, 2021 and Reiss 2021).

The iron complex formed a black crystalline solid and the Cobalt complex gave a deep brown
powder. The intense color of the complexes is due to the Metal ligand charge transfer (MLCT)
(Alberding et al., 2011).

The specific conductance of the complexes of Iron and Cobalt are found to be 0.585 mScm-!
and 0.684 mScm? at 25°C respectively. The above conductance values indicate that the
synthesized complexes are electrolyte (Swamy et al, 2012).

The significant IR bands for the complexes are compiled and presented in Table 3. From the
IR spectra of Fe-complex, the bands observed at 3379 cm is assigned to (N-H) mode of amine
group, suggesting coordination of amine group to the metal centre. The band observed at 3096
cm? is assigned to (C-H) stretch in aromatic and as obtained by Reiss (2021) and Sulaiman
(2021).These results are in agreement with the Royal Society of Chemistry IR correlation table.
Band observed at 1257 cm! in Table 3 is assigned to (C-O) stretch suggesting coordination of
oxygen to metal centre. This result is also in agreement with the results obtained by Mustapha
(2014) and Reiss (2021). The band observed at 1019cm-! is assigned to (N-M) and this is also in
line with the result obtained by Mustapha (2014); Bin et al., 2014; Scarano et al., 1998.
Furthermore, the band observed at 937 cm-! is assigned to (M-O), Scarano et al., 1998 and the
band recorded at 732 cm! is assigned to (C-F) stretch. The band at 2344 cm- is assigned to (C-
H) stretch in aldehyde (Subodh et al., 2009).

For Co-complex, the bands observed at 3478 cm! is assigned to (N-H) stretch, suggesting
coordination of amine group to the metal centre. (Royal Society of Chemistry IR Correlation
Table). The bands observed at 1134 cmis assigned to (C-O) stretch (Royal society of
Chemistry IR correlation table). The band observed at 992 cm is assigned to (N-M) and is in
agreement with the result obtained by Scarano et al., 1998 and Mustapha (2014). The band seen
at 836 cm is assigned to (M-O) which is also in line with the result obtained by Mustapha
(2014). The band observed at 743 cmis assigned to (C-F) stretch. The band observed at 2113
cm? is assigned to (C-H) stretch in aldehyde (Subodh, 2006, Nolan et al., 2022)

The UV-Vis spectral data of the complexes are presented in Table 3. The electronic absorption
spectra of the complexes of Co?* and Fe?* recorded in acetone in the range of (300-700 nm).

The Fe-Complex absorption peaks found at 364.87nm shifted to 373.08nm suggests the
transition of TTA as assigned and this is in agreement with result obtained by Chen et al.,
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(2015); which is approved by Royal Society of Chemistry; King (1951) and Royal Society of
Chemistry, RSC (2015). The peak also found at 454.03 nm shifted to 462.11 nm is assigned to
DNPH and are in line to the spectra obtained by Subodh, 2006. And the 502.61 nm was
assigned to the absorption by the central metal and 310.81 nm is assigned to acetone.

The Co-Complex absorption peaks found at 351.90 nm shifted to 364.96nm is assigned to TTA
and the shifts are account for the transition within the TTA. This result is in agreement with
results obtained by Chen et al., (2015); which is approved by Royal Society of Chemistry, RSC
(2015). The peak found at 437.85 nm is assigned to DNPH which is in line with result obtained
by Subodh, 2006. And also peak found at 303.22nm shifted to 317.71nm is assigned to acetone.
Thus the shifts are due to transition within the solvent.

The synthesized metal complexes of Iron and Cobalt were screened for antimicrobial activity
potential. The size of the bacterial growth was observed to spread throughout the discs
containing the media. As the complexes were applied by varying concentrations ranging from
0.01M, 0.001 M and 0.005 M indicating that the synthesized complexes had a significant effect
on the growth of the bacteria when the growth inhibition was measured (Table 8). For Fe-
Complex, 0.01M concentration showed highest activity against E. Coli than other
concentrations. The Co-complex of 0.001 M and 0.005 M showed highest activity compared to
cobalt complex of 0.01 M concentration. The activity of the complexes spread throughout the
discs not restricted to the MIC value the complexes were potent to the extent that it dried the
microorganism for the whole discs.

Conclusion

The synthesis of Fe (II) and Co (II) metal complexes derived from 2-thenoyltrifluoroacetone
and 2,4-dinitrophenylhydrazine have been reported. The complexes were characterized by
spectral methods and analytical data. Based on these square planar geometry has been
assigned for both complexes. The antimicrobial screening carried out with the complexes
confirmed that they are good antibacterial agents.
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