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In this work, the reaction between the drug gatifloxacin (as a ligand) with Ru(III) ions was investigated
and the resulting complex was structurally and morphologically characterized. The structural properties of
the complex were assessed using elemental analyses, molar conductance, thermogravimetry, UV-Vis, and
IR spectroscopies, where the morphological characteristics were evaluated using SEM-EDX and XRD
methods. The analyses suggested that two ligand molecules were coordinated to the Ru(III) ion via the
nitrogen atoms of piperazine rings. The complex was formulated as [Ru(L),(Cl),]Cl, where the Ru(IlI) ion
has a six-coordinate mode, and the coordination sphere is complemented by chlorine atoms. The interaction
of the ligand with the Ru(III) ions leads to the product having an organized smooth plate-like structure
with a main diameter of 39.42 nm. The RuO, oxide in the nanoscale range was generated by the thermal
decomposition of the [Ru(L),(Cl),]Cl complex at 600 °C for 3 hours. SEM micrographs indicated that the
RuO, material possesses uniform and organized microstructures with many internal cavities enabling it to

be used as a catalyst for the heterogeneous degradation of dyes and organic pollutants.
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INTRODUCTION

Metal complexes are an important class of compounds
due to their wide applications ranging from catalysis and
material sciences to biology and medicine. Several metal
complexes are potentially biologically active and useful
as antibacterial, antifungal, and anticancer agents'™.
Interactions of quinolones drugs with metal ions have
attracted great attention due to their interesting biologi-
cal and pharmaceutical applications. Numerous research
indicated that the interaction between quinolone drugs
and metal ions improves their pharmaceutical profiles
and more potent biological activity®®,

Gatifloxacin, or 1-cyclopropyl-6-fluoro-1,4-dihydro-8-
methoxy-7-(3-methyl-1-piperazinyl)-4-oxo-3-quinoline
carboxylic acid, is a third-generation fluoroquinolone
antibiotic. Its structure is shown in Figure 1. The drug
gatifloxacin has a broad spectrum of antimicrobial acti-
vities against Gram-negative and Gram-positive bacteria.
This drug also possesses anti-inflammatory and antifungal
activities’. Gatifloxacin molecule can be complexed with
metal ions as a uni-dentate ligand using the terminal
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Figure 1. Chemical structure of gatifloxacin

piperazine nitrogen atom, or as a bi-dentate ligand using
the carbonyl and carboxyl groups of quinolone ring or
the nitrogen atoms of piperazine ring. The interactions
of gatifloxacin with several metal ions, like Pd(II), Zn(II),
Cr(I1I), Ni(II), Cd(II), Pt(II), Fe(I1I), and Co(II), have
been investigated and reported in the literature'®!s.
Table 1 lists several examples of gatifloxacin metal
complexes.

The purpose of this study was to investigate the metal
complex of gatifloxacin (L) with Ru(III) ions and the
metal oxide (RuO,) generated from the thermal decom-
position of the metal complex at 600 °C. The resultant

Table 1. Examples of gatifloxacin metal complexes (L: gatifloxacin ligand)

mll_a)r ratio Complexes Biological Activities References
1:1 [ﬁ-fﬁgﬁh[ﬁlféﬁg ())(;‘])]7 antimicrobial activity [8]
- 2
1:1 [PACly(L)] - [9]
Antimicrobial activity
1:2 [Pt(L)2] DNA cleavage ability [10]
DNA binding
[Ni(L)2(H20).]-4H,0
1:2 [Co(L)2(H20).]-4H,0 Antimicrobial activity [11]
[Zn(L)z(H20)2]4H20
[CU(L)z(Hzo)lezo
[Zn(L):(H20).]-2H,0 Antiiinflamatory
1:2 [Fe(L).CI(H20),]CI-2H,0 Antifungal activity [12]
' [Mn(L),(H20).]-6H,0 Antimicrobial activity
[Mg(L)2(H20)ICl>-H-0
[Cr(L).CI(H,0).]CI-2H,0
. : Helicobacter pylori
13 [Bi(L)s(HzO)] Antimicrobial activity [13]




[Ru(L),(Cl),]Cl complex was characterized by CHN
elemental analysis, magnetic susceptibility and molar
conductance measurements, and spectroscopic data
(UV-Vis, and IR). The [Ru(L),(Cl),]Cl complex was
thermally decomposed at 600 °C for 3 hours to obtain
the nanostructured RuO, oxide, and the resultant oxide
was characterized by scanning electron microscopy (SEM)
and X-ray diffraction (XRD) methods.

EXPERIMENTS

Chemicals and instrumentation

The chemicals used in this work were analytical grade
chemicals and included gatifloxacin (C,yH,,FN;O,;
375.4 g/mol) obtained from the Fluka Company (Seelze,
Germany), and ruthenium(III) chloride hydrate (RuCl,
xH,0; 207.43 g/mol) obtained from the Sigma-Aldrich
Company (St Louis, MO, USA). Analytical measurements
were conducted using a Jenway 4010 conductivity meter
for determining the conductivity of complex dissolved in
DMSO at a concentration of 1x10~ M, and a Perkin—
Elmer 2400 series CHN elemental analyzer for collecting
the carbon, hydrogen, and nitrogen contents. Ruthenium
and water contents were determined gravimetrically.
Thermal measurements were acquired using a Shimadzu
TG/DTG-50H thermal analyzer in a nitrogen atmosphere
for obtaining the TGA and DTA thermograms over the
temperature range of 25-1000 °C. The spectral mea-
surements were acquired at room temperature using an
X’Pert Philips X-ray diffractometer for recording XRD
spectra with 20 between 20° and 100° a Perkin-Elmer
Lambda 25 UV/Vis spectrophotometer for scanning
UV—Vis spectra (DMSO solvent) from 200 to 800 nm,
and a Shimadzu FT-IR spectrophotometer for scanning
infrared (IR) spectra from 4000 to 400 cm™. A Quanta
FEI 250 scanning electron microscope (SEM) (20 kV
accelerating voltage) integrated with an EDAX detector
was used to visualize the structural morphologies and
record the EDX profile.

Preparations

The [Ru(L),(Cl),]Cl complex was prepared from the
reaction of gatifloxacin as a ligand (L) with Ru(III) ions
with a 1:2 metal to the ligand. An aqueous solution
(25 mL) containing 2 mmol of RuCl; xH,O was mixed
with a methanolic solution (25 mL) containing 4 mmol
of the ligand. The pH of the mixture was adjusted to
7-8 using ammonium solution (5%), then the mixture
was refluxed for 6 hours at 80 °C. After cooling, the
resulting dark-brown precipitate was filtered off, tho-
roughly washed, and oven-dried at 70 °C. The purified
complex was next characterized by elemental, thermal,
and spectral analyses. The [Ru(L),(Cl),]CI complex was
calcined at 600 °C for 3 hours in an electric furnace to
generate RuO, metal oxide.
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RESULTS AND DISCUSSION

Characterization the metal complex

Elemental and Molar conductivity measurements

To prepare the metal complex, the ligand was dis-
solved in methanol solvent, where the Ru(IIl) ion was
dissolved in Milli-Q purified water. Refluxing the Ru-
(III)-ligand mixture (1:2 metal to ligand ratio) generated
a dark-brown solid material which was formulated as
[Ru(L),(Cl),]Cl. The complex was insoluble in water and
most organic solvents, except N,N-dimethylformamide-
based (DMF), and dimethyl sulfoxide (DMSO) solvents.
Carbon, hydrogen, and nitrogen contents in the complex
were determined using elemental analysis, where the Ru
element was determined gravimetrically. A sample of
the solid complex gave the following elemental results
in (%) (C 47.35, H 4.84, N 8.52, and Ru 10.76). These
elemental results suggest that the complex was formulated
as [Ru(L),(Cl),]Cl. The gross formula of the complex is
C;sH,FoNOgRuCl, (958.15 g/mol). The theoretical ele-
mental results in (%) (C 47.59, H 4.59, N 8.77, and Ru
10.54). The molar conductance value of the free ligand
was 0.15 uS. After the ligand complexed with Ru(I1I) ion,
the molar conductance increased to 0.68 uS. The molar
conductance of the complex suggested that one chloride
ion exists outside of the complex’s coordination sphere.

UV-Vis spectra

Figure 2 contains the UV-Vis spectra of the free ligand
and [Ru(L),(Cl),]CI complex. The free ligand molecule
showed three absorption bands at 339, 354, and 367 nm
in its UV-Vis spectrum. The band that resonated at 339
nm was assigned to the m—n* transitions for the aro-
matic rings, whereas the bands that appeared at 354 and
367 nm were attributed to the n—n™* transitions for the
ketonic and carboxylic groups and piperazine ring. After
the ligand complexed with Ru(I1I) ion, these absorption
bands were shifted to a lower wavelength and appeared
at 339, 352, and 361 nm. The shifting to a lower wave-
length could be due to the intra-molecular interaction.
The band at 339 nm is due to the *T,,—"T,, transition,
whereas the band at 352 nm is due to the *T,—A,
transition'® 17,

IR spectra

Figure 3 contains the IR spectra of the free ligand and
[Ru(L),(Cl),]CI complex. The free ligand molecule has
several different functional groups: N—H, C—N, O—H,
C=0, C-0, C=C, and C-F These groups generated
several stretching and bending vibrations, namely v(N—H)
piperazine> V(O_H)’ Vsym(C_N)’ V(Czo)carboxylic’ V(C=O)
retonics V(C=C), v(C—0), and v(C—F), which appeared at
3397, 3223, 1318, 1721, 1622, 1546, 1207, and 1146 cm™,
respectively. The bands located at 2957 and 2844 ¢cm™
resulted from the v,,,,(C—H) and v,,,(C—H) vibrations
of CH;, CH,, and CH moieties. Free ligand molecule has
five —CH, groups. These methylene groups generated
absorption bands at 1349, 1268, 730, and 643 cm™ due
to the 6sciss((:H2)7 6rock(CH2)’ 6wag(CH2)7 and 6twist(C:HZ)
vibrational modes, respectively’®. Free ligand molecule
also has two —CH, groups. These methyl groups gener-
ated absorption bands at 1438 and 821 cm™ due to the
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d,0c(CH;), and d,,,(CHj) vibrational modes, respectively
[18]. The IR spectrum of the complex contained absorp-
tion bands at 3380, 3153, (2950 and 2832), 1723, 1620,
1510, 1439, 1320, 1270, 1213, 1139, 1045, 995, 891, 800,
735, and 650 cm™ that originated, respectively, from
the bending and stretching vibrations of V(N—H) i caines
V(O_H)> vasym(C_H) and vsym(C_H)’ V(C=O)carb0xylic7
V(C=())kctonic’ V(C=C)7 6rock(CH3)7 6sciss(CHZ)’ 6rock(CHZ)’
Vasym(C—N), V(C=F), vy,,(C—N), 8(C-C), 8,4(C—H),
,4g(CH;), 8,,,(CH,), and &, (CH,), respectively. The
complexation of the ligand with Ru(Ill) ion affects the
band resulting from the V(N—H); ;sine Vibration. The
band become broader, and its frequency was shifted to
a lower wavenumber. The complexation of the ligand
with Ru(III) ion doesn’t affect the bands resulting from
the V(C=0)rpoxytic aNd V(C=0)y (i Vibrations. Several
bands that were generated from the CH; and CH, vi-
brational modes were shifted due to the complexation
process. New broadband with medium intensity appeared
at 510 cm™" in the IR spectrum of the complex and
could be assigned to the v(Ru—N) vibration'®. All these
observations suggest that the ligand coordinated with the
Ru(III) ion via nitrogen atoms of the piperazine ring.
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Figure 2. The UV-Vis spectra of the free ligand and [Ru(L),(Cl),]
Cl complex at a concentration of 1x10° M
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Figure 3. The IR spectra of the free ligand and [Ru(L),(Cl),]
Cl complex

XRD spectra

Figure 4 presents the observed XRD patterns of [Ru-
(L),(CI1),]CI complex. The complex displayed one broad
peak ranging from 20~25° to ~60°. This broadband
contains a strong and sharp line at Bragg’s angle 26
32.6607°. This XRD profile suggests that the complex
mainly possesses an amorphous structure. A group of
low-intense lines was also observed in the XRD diffrac-
togram of the complex. These lines are located exactly at
20 46.758°, 52.791°, and 58.413°. The intense diffraction
line at 32.6607° corresponded to the reflection plane (002)
for typical Ru. The low-intensity lines appeared at 46.758°
and 52.791° associated with Bragg’s reflections (100) and
(101), respectively, for typical Ru*. The broadening of
the most intense diffraction line (32.6607°) was used in
calculating the average particle diameters (D) using the
Debye-Scherrer’s formula®: [D = 0.941 /B cos 0]. The
calculated D value was 39.42 nm, suggesting that the
synthesized [Ru(L),(Cl),]Cl complex was nanoscale-sized.
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Figure 4. The XRD diffractogram of the [Ru(L),(Cl),]Cl com-
plex

Thermal measurements

Figure 5 contains the TGA and DTA thermograms of
the free ligand and [Ru(L),(Cl),]Cl complex. The free
ligand molecule decomposed in three degradation steps
and showed complete degradation without any remaining
carbon. The three decomposition steps for the free ligand
occurred within the temperature ranges of 220-315,
315-450 and 450-700 °C. The first step was assigned to
the removal of a methoxy and a cyclopropyl group and
corresponding to weight losses of (cal. = 19.18%, obs. =
18.95%). The second step was assigned to the removal of
1-methyl piperazine and corresponding to weight losses
of (cal. = 26.37%, obs. = 26.55%). The weight losses
in the last step were (cal. = 54.45%, obs. = 54.30%),
corresponding to the release of the 6-fluoro-1,4-dihydro-
-4-ox0-3-quinoline carboxylic acid organic moiety. The
[Ru(L),(Cl),]CI complex exhibited a three-stage degra-
dation process, and the decomposition of the complex
resulted in Ru as the final degradation product. The three
decomposition steps of the complex occurred within the
temperature ranges of 70-200, 200-375, and 375-600 °C,
corresponding to weight losses of (cal. = 11.10%, obs. =
11.32%), (cal. = 39.18%, obs. = 39.35%), and (cal. =
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Figure 5. A) The TGA plots of the free ligand and [Ru(L),(Cl),]
Cl complex; B) The DTA plots of the free ligand and
[Ru(L),(Cl),]Cl complex

39.18%, obs. = 93.02%), respectively. The three chlorine
atoms in the complex were released in the first step. The
release of the first ligand molecule began and finished
in the second degradation step, whereas the pyrolysis of
the second ligand molecule began and finished in the
last degradation step. The final decomposition product
of the complex was Ru (cal. = 10.54%, obs. = 10.80%)
free of any residual carbons. The DTA thermogram of
the complex shows a strong endothermic peak in the
840-900 °C range without any weight loss. This broad
peak was assigned to the formation of nanostructured
Ru metal with transformation change in the physicoche-
mical properties'” 22,

SEM-EDX analysis

Microstructure, porous structure of the surface, surface
topology, and other outer surface-related information
about the material can be collected using a scanning
electron microscope (SEM). SEM micrographs of the
[Ru(L),(CI),]CI complex were captured at different
levels of magnification (i.e., x1000, x2500, x5000, x10000,
and x20000) using a Quanta FEI 250 SEM instrument.
Figure 6 illustrates the SEM-EDX data of the complex.
The SEM micrographs indicated that the particles of
the complex have distinct sizes and morphology. The
complex had a large and well-smooth plate-like structure.
This morphology gives the complex a large surface. The
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plates have several clear visible cracks, and small granules
of different sizes and shapes accumulate on the plate’s
surface. The EDX spectrum of the complex evidenced
the presence of F, Cl, O, C, and Ru elements. The Ru
element displayed a strong, intense line at 2.55 keV.

Proposed complex’s structure

Spectral, thermal, and elemental results proposed that
the ligand acts as a bidentate ligand coordinated to the
Ru(IIl) ion through the nitrogen atoms of piperazine
rings. The complex has the general formula [Ru(L),(Cl),]
Cl. The Ru(Ill) ion has a six-coordinate mode, and the
coordination sphere is complemented by chlorine atoms

(Fig. 7).

Characterization the metal oxide

Spectral properties

The metal oxide (RuO,) was generated by the direct
thermal decomposition of the [Ru(L),(Cl),]Cl complex.
The decomposition was processed in an electric furnace
for 3 hours at 600 °C. The nanostructured RuO, ma-
terial was ground into a fine powder with particle sizes
of ~5 mm. The IR spectrum of the RuO, material is
shown in Figure 8. The spectrum was characterized by
three IR absorption bands with medium intensity in
the region 1700-1200 cm™ and could be assigned to
the vibrations of physically adsorbed water (moisture)
on the RuO, surface. Also, a broad band was observed
at around 420 cm™. The three medium-intensity bands
located at 1735, 1360, and 1215 cm™, and attributed to
the vibrations of v(O-H) of molecular water (v6), pe-
roxo groups (v5), and peroxo groups (v4), respectively.
The absorptions at 420 cm™ could be assigned to the
(vl) asymmetric stretching vibration characteristic of
RuO,? ?. The RuO, material was scanned by an XRD
instrument to confirm its framework structure and phase
purity, and the XRD patterns are shown in Figure 9. The
XRD profile displayed a narrow sharp and very strong
diffraction pattern at a 20 44.070°. This diffraction peak
suggests that the RuO, material is crystalline in nature and
has a well-defined and well-organized morphology. The
RuO, displayed three XRD reflections with a medium
intensity that was observed at Bragg’s angle 20 value of
28.105°, 35.082° and 54.330°. Also, the profile of RuO,
displayed a group of low-intensity peaks appeared at
diffraction angles 26 of 38.427°, 42.059°, 58.208°, 69.473°,
78.358°, and 84.801°. The XRD reflections located at
Bragg’s angle 260 value of 78.358°, 69.473° 54.330°,
44.070°, 42.059°, and 28.105°, could be assigned to (311),
(301), (220), (210), (020), and (110) reflections of crystal
RuO, phase, respectively. The observed XRD patterns
indicated that the RuO, material has an orthorhombic
structure (JCPDS No: 88—0323). This profile matches
well with the profiles previously reported by K.A. Alibra-
him et. al., 2019 and M.S. Refat et. al., 2021 [26]. The
D value of the RuO, material was determined from its
XRD patterns based on the highest-intensity line at 260
44.070°. The calculated D value was 38.5 nm, suggesting
that the RuO, crystallites are nanoscale.
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Figure 7. Proposed chemical structure of the synthesized com-
plex; [Ru(L),(CI),]Cl
Morphological properties
SEM micrographs of the RuO, material were captured
at different degrees of enlargement (i.e., x1500, x2500,
x5000, x10000, and x15000) using a Quanta FEI 250
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SEM instrument. The well-focused SEM micrographs
presented in Figure 10, indicate that the RuO, material
has a distinct morphology. The highly magnified (x10000,
and x15000) micrographs indicated that the RuO, material
consists of granules of semi-spherical or oval shapes fused
and forming large pieces. The micrographs captured at
low magnification (x2500, and x500), indicated that the
large pieces were agglomerated and formed long, twisted
chains, resembling the walls of a maze. This morphology
provides the RuO, material with many internal cavities
that enable it to absorb other substances inside it. Based
on this morphology, the RuO, material can be used as
a catalyst for the heterogeneous degradation of dyes
and organic pollutants. The EDX spectrum (Fig. 10)
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of the RuO, material evidenced the presence of oxygen
and ruthenium elements without any organic impurities.

CONCLUSIONS

In this study, the antibiotic drug gatifloxacin was com-
plexed with Ru(IlI) ions at a 1:2 metal-to-ligand ratio.
The synthesized complex was structurally characterized by
physicochemical and spectroscopic techniques, the results
of which supported that the formulae of the complex was
[Ru(L),(Cl),]Cl. In the complex, the Ru(III) ions are co-
ordinated with the two nitrogen atoms inside the ligand’s
piperazine ring. The Ru(IIl) ion has a six-coordinate
mode, and the coordination sphere is complemented
by chlorine atoms. The average particle diameters (D)
of the [Ru(L),(Cl),]Cl complex was 39.42 nm, and this
value indicates that the particle sizes of the complex are
within the nanoscale range. The [Ru(L),(Cl),]Cl complex
was used to generate the nanostructured RuO, material
via direct thermal decomposition in the air. The XRF
analysis confirms the orthorhombic structure of RuO,
with a crystallite size of 38.5 nm. SEM data showed
that the RuO, material possesses uniform and organized
microstructures with many internal cavities enabling it to
be used as a catalyst for the heterogeneous degradation
of dyes and organic pollutants.
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