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Synthesis, spectroscopic and thermogravimetric interpretations of UO2(II), 
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New fi ve ciprofl oxacin (CIP) complexes of dioxouranium(II), oxozirconium(II), zirconium(IV), oxovanadium(II) 
and vanadium(IV) in the proportion 1:2 have been prepared using CIP as a drug chelate with UO2(NO3)2 . 6H2O, 
ZrOCl2 . 8H2O, ZrCl4, VOSO4 . xH2O and V2O5 respectively. The CIP complexes have been characterized based 
on the elemental analysis, molar conductance, magnetic, (FTIR & 1HNMR) spectral and thermal studies. The 
molar conductance studies of the synthesized complexes in DMSO solvent with concentration of 10–3 M indicate 
their non-electrolytic properties. At room temperature, the magnetic moment measurements revealed a diamag-
netic behavior for all CIP prepared complexes. The different formulas of the new complexes can be represented 
as [UO2(CIP)2(NO3)2] (I), [VO(CIP)2(SO4)(H2O)] (II), [V2(O)(O2)2(CIP)2] (III), [Zr(O)(CIP)2(Cl)2] (IV), and 
[Zr(CIP)2(Cl)4] (V). The thermal analysis data of the complexes indicates the absence of coordinated water molecules 
except for vanadyl(II) complex (II). The CIP chelate is a uni-dentate ligand coordinated to the mentioned metal 
ion through terminal piperazinyl nitrogen. The transmission electron microscopy (TEM) investigation confi rms the 
nano-structured form of the complexes. 
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INTRODUCTION

 Many drugs and active pharmaceutical agents included 
metal sites or metallo-pharmaceuticals binding, that can 
be coordinated or reacted with various metal ions and 
potentially infl uence their bioactivities and might also 
cause damages to their target biomolecules. Ciprofl oxacin 
(CIP) antibiotic drug belongs to the fl uoroquinolones 
family, which are bacteriostatic at low concentration 
and bactericidal at high concentrations1–4. The CIP 
drug has highly active against most Gram-negative 
pathogens including Pseudomonas aeruginosa and the 
Enterobacteriaceae. Fluoroquinolones are used to treat 
upper and lower respiratory infections, gonorrhea, 
bacterial gastroenteritis, skin and soft tissue infections 
and both uncomplicated and complicated urinary tract 
infections, especially those caused by Gram-negative 
than Gram-positive infections2, 4. Quinolones form metal 
chelates due to their ability to coordinated with differ-
ent metal ions. In its metal complexes, the quinolones 
were reacted as a bi-dentate, unidentate and bridging 
bidentate ligand. Often, the quinolones are chelated in 
a bi-dentate manner via one of the oxygen atoms of 
deprotonated carboxylic group and the oxygen atom of 
carbonyl group. In rare cases, the quinolones can be 
chelated as bi-dentate ligand through oxygen atoms of 
carboxylic group or via two nitrogen atoms of pipera-
zinyl ring. On the other hand, the quinolone drug can 
acts as a uni-dentate ligand towards the metal ion via 
the nitrogen atom of the terminal piperazinyl ring5–25. 
In literature survey, some of selected chelates of cipro-
fl oxacin towards different metal ions can be metioned 
as: [Mg(CIF)2] · 2.5H2O [5], [Mg(CIF)2(H2O)2] · 2H2O 
[6], [Mg(H2O)2(CIF)2](NO3)2 · 2H2O, [Mg(CIF)3]
(SO4) · 5H2O [7], [M(CIF)2](ClO4)2 · H2O (M 
= Mg, Ca, Ba) [8], [Mg(CIF)2(H2O)2] · 2H2O, 
[Zn(CIF)2] · 3H2O, [Co(CIF)2] · 3H2O [9], [(CIF)3Al] 
[10], [Bi(CIF)3(H2O)2] [11], [VO(CIF)2(H2O)] [12], 
[Mn(CIF)(OAc) (H2O)2] · 3H2O, [Co(CIF)(OAc)
(H2O)2] · 3H2O, [Ni(CIF)(OAc)] · 6H2O, [Cu(CIF)(OAc) 

(H2O)2] · 3H2O, [Zn(CIF)(OAc)] · 6H2O, [Cd(CIF)(OAc)
(H2O)2] · 3H2O [13], [Mn(CIF)2 (H2O)2], [Fe(CIF)3], 
[Co(CIF)2(H2O)2], [Ni(CIF)2(H2O)2], [MoO2(CIF)2] [14], 
[Co(CIF)2(H2O)] · 9H2O, [Zn(CIF)2(H2O)2] · 8H2O, 
[Cd(CIF)2(Cl)2] · 4H2O, [M(CIF)2] · xH2O (M = Ni, 
Cu, Cd) [15], [Co(CIF)2] · 3H2O [16], [Cu(CIF)2]
(NO3)2] · 6H2O [17], [Cu(CIF)2]Cl2 · 11H2O [18], 
[Cu(CIF)2]Cl2 · 6H2O [19], [Cu(CIF)2(ClO4)2] · 6H2O, 
[Cu(CIF)2(NO3)2] · 6H2O, [Cu(CIF)(C2O4)] · 2H2O [20], 
[CuII(CIF)2(CuICl2)2] [21], [Ru(CIF)2Cl2]Cl · 3H2O [22], 
[Ru(CIF)3] · 4H2O [23], [PdCl2(CIF)] [24], [Eu(HCIF)
(Cf)(H2O)4]Cl2 · 4.5H2O [25]. The preparation and 
characterization of new metal complexes with cipro-
fl oxacin antibacterial agents are of great importance for 
understanding the drug-metal interaction and taking into 
account their potential pharmacological use. The aim of 
this article is the isolation and spectroscopic characteriza-
tion of the UO2(II), ZrO(II), Zr(IV), VO(II) and V(V) 
complexes, as well as their structural using spectroscopic 
and thermal analysis techniques. 

EXPERIMENTAL

Chemicals and instruments
All chemicals used in this study were of analytical re-

agent grade. The ciprofl oxacin drug, UO2(NO3)2 · 6H2O, 
ZrOCl2 · 8H2O, ZrCl4, VOSO4 · xH2O and V2O5 were 
purchased from Sigma-Aldrich Chemical Company and 
used without further purifi cation. The instrumental ana-
lyses and their models are listed as follows:

1. Analysis: elemental analyses; conductance; FTIR 
spectra; 1HNMR spectra; electronic spectra; magnetic 
moment; thermogravimetric; TEM.

2. Models: Perkin Elmer CHN 2400; Jenway 4010 
conductivity meter; Bruker FTIR Spectrophotometer; 
Varian Mercury VX-300 NMR spectrometer, 300 MHz; 
UV2 Unicam UV/Vis Spectrophotometer; Magnetic 
Susceptibility Balance; TG/DTG–50H, Shimadzu thermo-
-gravimetric analyze; JEOL 100s microscopy.
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Synthesis of CIP complexes
The dioxouranium(II), oxozirconium(II), zirconiu-

m(IV), oxovanadium(II) and vanadium(IV) ciprofl oxacin 
complexes were synthesized by utilizing a 1:2 stoichiome-
try between metal ions and CIP ligand. A solution of 1.0 
mmol of a metal ions UO2(NO3)2 · 6H2O, ZrOCl2 · 8H2O, 
ZrCl4, VOSO4 · xH2O and V2O5 that previously soluble 
in 20 mL of distilled water was mixed to 2.0 mmol of 
ciprofl oxacin drug suspended in 50 of acetone solvent. 
The mixtures were continuously stirring with heated at 
~ 60oC under refl ux on a hotplate for about 15 hrs and 
then cooling overnight. The associated solid complexes 
were isolated by fi ltration, washed several times with 20 
mL boiling water and 10 mL acetone then dried under 
vacuum over anhydrous CaCl2. After the dissolved 
of oxozirconium(II), zirconium(IV), oxovanadium(II) 
complexes in concentrated nitric acid, the presence of 
Cl− and SO4

− − ions inside the coordination sphere of 
CIP complexes were investigated by using the AgNO3 
and BaCl2 reagents. The yield of the products was about 
71–78%. The solid complexes have a higher melting 
point above 250oC. The elemental analyses (Calc./Fo-
und) and physical meaning of the CIP complexes can 
be listed in Table 1. 

RESULTS AND DISCUSSIONS

Elemental analysis and conductance measurements
The elemental analysis vales and some of the physi-

cal meaning (color and molar conductance), as well 
as the magnetic susceptibility of the dioxouranium(II), 
oxozirconium(II), zirconium(IV), oxovanadium(II) and 
vanadium(IV) ciprofl oxacin complexes (I–V), are in-
troduced in Table 1. All synthesized CIP complexes are 
colored, slightly hygroscopic and thermally stable with 
high melting points, indicating a strong metal-ligand 
interaction. The fi ve solid CIP complexes are insoluble 
in most common organic solvents like ethyl alcohol, 
chloroform, diethyl ether, benzene, cyclohexan, carbon 
tetrachloride, but are partially soluble in DMSO and 
DMF solvents. The elemental analysis data (Table 1) of 
UO2(II), ZrO(II), Zr(IV), VO(II) and V(V) complexes 

are consistent with their general formulation as 1:2 ratio 
of the type [UO2(CIP)2(NO3)2] (I), [VO(CIP)2(SO4)
(H2O)] (II), [V2(O)(O2)2(CIP)2] (III), [Zr(O)(CIP)2(Cl)2] 
(IV), and [Zr(CIP)2(Cl)4] (V). The molar conductance 
data of the complexes in DMSO with gently heating 
at 10–3 M concentration are found to be (Λm = 7−24) 
ohm–1 · cm2 · mol–1, that indicating their non-electrolytic 
behavior26. Because of failed to isolate a pure single 
crystal, the X-ray crystal structure was not performed. 
Therefore, the solid complexes were interpreted based 
on the elemental analysis, FTIR, 1H-NMR, TG/DTG 
analysis. 

Infrared spectra
FTIR spectra of the fi ve CIP complexes are shown 

in Fig. 1a−c. The infrared frequencies of ciprofl oxacin 
drug and UO2(II), ZrO(II), Zr(IV), VO(II) and V(V) 
complexes (Table 2) were assigned. 

i. [UO2(CIP)2(NO3)2] (I) complex 
The FTIR spectrum of the [UO2(CIP)2(NO3)2] (I) 

complex (Fig. 1a) shows distinguish frequencies at 1731 
cm–1 and 1628 cm–1 which are assigned to ν(C=O) of 
carboxylic and carbonyl groups. These vibration bands 
are occur at the same or shifted to higher frequencies in 

Table 1. Elemental analysis and physical properties of CIP complexes

Figure 1a. FTIR spectrum of [UO2(CIP)2(NO3)2] (I) complex
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comparison with the free CIP drug (1707 cm–1 and 1627 
cm–1)19–25. These results confi rmed that the oxygen atoms 
of carboxylic and carbonyl groups didn’t participate in 
the coordination towards UO2(II) metal ions. Therefore, 
ciprofl oxacin ligand acts as a neutral mono-dentate and 
coordinated to UO2(II) metal ion through –N atom of 
piperazinyl ring. This coordination mode rarely took 
place and, to this knowledge, unprecedented in quino-
lone drug interactions toward metal ions. The presence 
of four new absorption bands at 1568, 1298, 1037, and 
747 cm–1 corresponding to ν4, ν1, ν2 and ν3 vibrations 
agree with frequencies reported for bi-dentate nitrate 
group27. These frequencies values confi rmed that the 
nitrate group is located inside the coordination sphere27. 
If the difference between (ν4 − ν1) is near to ~200 
cm–1, it’s favored that the nitrate group has a covalency 
character27 for the metal-nitrate chelating. The separation 
of highest frequency bands ν1 and ν4 (180–140 cm–1) in 
the complexes favors bidentate character of the nitrate 
group27. Accordingly, the most probable geometrical 
structure of this complex is shown in Formula A, where 
the two nitrato groups act as bidentate chelates while 
the two CIP molecules exhibit as mono-dentate ligands. 
The FTIR spectrum of UO2(II) complex show two 
absorption bands at 919 cm–1 and 838 cm–1 assigned 
to vasym(O-U-O) and vsym(O-U-O) vibrational modes of 
linear O=U=O moiety28, 29. The weak absorption bands 
presence at frequencies 570, 501, and 436 cm–1 are as-
signed to the coordination bonds ν(M-O) and ν(M-N) 
between UO2(II) metal ion and oxygen atoms of nitrato 
groups and nitrogen atom of CIP moieties respectively30. 

ii. [VO(CIP)2(SO4)(H2O)] (II) and [V2(O)(O2)2(CIP)2] (III) 
complexes

The infrared spectra of the [VO(CIP)2(SO4)(H2O)] (II) 
and [V2(O)(O2)2(CIP)2] (III) complexes are displayed in 
Fig. 1b and their band assignments are given in produced 
in Table 2. The FTIR spectra of these complexes have two 
distinct bands at 1707 cm–1 and ~1620 cm–1 attributed to 

Formula A. Suggested structure of [UO2(CIP)2(NO3)2] (I) complex

Figure 1b. FTIR spectrum of [VO(CIP)2(SO4)(H2O)] (II) and [V2(O)
(O2)2(CIP)2] (III) complexes

Table 2. IR frequencies (cm–1) and assignments of CIP and its fi ve complexes
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ν(C=O) of –COOH and ν(C=O) of pyridone ring. These 
vibration bands were exhibited at the same frequencies 
of CIP free ligand, this supported that the coordination 
site far away from oxygen atoms of both carboxylic and 
pyridone ring of the CIP drug ligand. So, the expected 
chelation of CIP towards VO(II) and V(V) metal ions 
occurs through the nitrogen atom of piperazinyl ring as 
a neutral monodentate ligand (Formula B & C). 

Formula D. Suggested structure of [Zr(O)(CIP)2(Cl)2] (IV) complex

Formula B. Suggested structure of [VO(CIP)2(SO4)(H2O)] (II) 
complex

Formula C. Suggested structure of [V2(O)(O2)2(CIP)2] (III) complex 

In the case of [VO(CIP)2(SO4)(H2O)] (II) complex, the 
coordination of sulfato group towards vanadium metal 
ions in a bi-dentate chelation and the ν3 and ν4 modes may 
be split27, 30. Regarding, the vanadyl(II) sulfato complex 
([VO(CIP)2(SO4)(H2O)] (II), the bidentate chelation of 
the sulfato group is assigned by the presence of bands 
at 1106 cm–1 and 627 cm–1 that attributed to ν(S-O); ν3 
and δ(OSO); ν4 respectively, which characteristic for 
the tetrahedral Td point group. The stretching vibration 
motions of υ(S-O); ν1 and δ(OSO); ν2 are IR-inactive. 
On the other hand, the infrared spectra of VO(II) and 
V(V) complexes show a medium absorption band at 
987–944 cm–1 and 833–831 cm–1 attributed to ν(V=O)31. 
The new absorption bands at regions 540–538 cm–1 and 
476–415 cm–1 are assigned to M-O and M-N stretching 
vibration motions30.

Figure 1c. FTIR spectrum of [Zr(O)(CIP)2(Cl)2] (IV) and [Zr(CI-
P)2(Cl)4] (V) complexes

iii. [Zr(O)(CIP)2(Cl)2] (IV) and [Zr(CIP)2(Cl)4] (V) com-
plexes 

Figure 1c show the infrared spectra of [Zr(O)
(CIP)2(Cl)2] (IV) and [Zr(CIP)2(Cl)4] (V) complexes. By 
comparison between the vibration frequencies of free 
CIP drug ligand and two zirconium(IV/V) complexes, it 
was found that there are two absorption bands in the 
case of free CIP ligand at 1707 cm–1 and 1627 cm–1. 
The fi rst band at 1707 cm–1 is assigned to the carbox-
ylic group, this band was observed in the spectra of the 
zirconium(IV/V) complexes with shifted to the higher 
frequency at ~ 1730 cm–1, indicating that the carboxylic 
group didn’t share in the coordination towards metal 
ion. The other stretching vibration band presence at 
1627 cm–1 is assigned to the ketone group, this band 
existed at 1628 cm–1 in the spectra of zirconium(IV/V) 
complexes in the same position of the CIP ligand, so it 
could be assigned to the uncoordinated of the ketone 
group towards metal ion. Similar to the UO2(II), VO(II) 
and V(V) complexes, the nitrogen atom of the piperazinyl 
ring is involved in the coordination to zirconium metal 
ion as shown in Formula D&E. The ν(Z=O) vibration 
in the [Zr(O)(CIP)2(Cl)2] (IV) complex is observed as 
the expected frequency at 955 cm–1 is a good agreement 
with those known for many zirconyl(II) complexes27, 30. 



49 Pol. J. Chem. Tech., Vol. 23, No. 1, 2021

Electronic spectra and magnetic susceptibility
The electronic absorption spectra of the UO2(II), 

ZrO(II), Zr(IV), VO(II) and V(V) ciprofl oxacin com-
plexes dissolved in DMSO solvent were scanned within 
the UV-Vis (200–800 nm) region. In the case of the CIP 
free ligand, there are two distinguish bands that were 
present at 275 and 325 nm due to n→π* and π→π* 
electronic transitions of the hydrocarbons, carboxylic and 
ketonic moieties. The absorption spectra of all synthesized 
complexes are similar to the free CIP ligand with slightly 
shifted, these can be confi rmed that the CIP ligand didn’t 
change to the zwitterionic structure and both carboxylic 
and carbonyl groups not involved in the complexation 
towards metal ions. The magnetic susceptibility values of 
the dioxouranium(II), oxozirconium(II), zirconium(IV), 
oxovanadium(II) and vanadium(IV) ciprofl oxacin com-

plexes (I-V) were calculated and revealed a diamagnetic 
nature of the complexes32, 33.
1HNMR spectra

The 1HNMR spectral assignments of CIP free ligand 
and UO2(II), ZrO(II) and V(V) complexes are listed 
in Table 3 in order to recognize the coordination site. 
The 1HNMR spectra of [UO2(CIP)2(NO3)2] (I), [V2(O)
(O2)2(CIP)2] (III), and [Zr(O)(CIP)2(Cl)2] (IV) complexes 
in DMSO-d6 showed frequencies at δ (15.00, 8.45–8.62, 
7.84, 7.53, 3.30, 3.50, 2.08, 3.35, 9.05, 3.84, 1.38 & 1.27), 
(15.11, 8.65, 7.86, 7.50, 3.26, 3.52, 2.09, 3.49, 9.64, 3.82, 
1.21 & 1.41) and (15.00, 8.41-8.66, 7.86, 7.55, 3.28, 3.63, 
2.08, 3.46, 10.03, 3.89, 1.34 & 1.17) ppm respectively. 
These chemical shifts are located at the same ppm as 
mentioned in the case of free CIP drug (15.14, 8.69, 7.95, 
7.61, 3.33, 3.59, 2.08, 3.37, 9.55, 3.88, 1.34 & 1.21) ppm 
except for δ H; NH signal of piperazine and aromatic 
rings in comparison with the free CIP drug, which was 
affected after chelation and shifted to up or downfi eld. 
The proton of the –COOH group didn’t change and 
present at the same chemical shift, this meaning that 
the carboxylic group not participated in coordination 
process. The structures of the complexes of ciprofl oxa-
cin with UO2(II), ZrO(II), Zr(IV), VO(II) and V(V) 
ions have been confi rmed from the elemental analyses, 
FTIR, molar conductance, UV-Vis and thermal analysis 
data. Thus, from the FTIR spectra, it is concluded that 
ciprofl oxacin behaves as a neutral unidentate ligand co-
ordinated to the metal ions via the piperazine N atom. 
From the molar conductance data, it was found that the 
complexes are non-electrolytes. As a general formula, 
the investigated complexes structures can give as shown 
in Formulas A-E.

Thermo gravimetric analysis
In the present study, the heating rate was 10oC/min 

under N2 atmosphere and the mass loss was scanned from 

Table 3. 1HNMR spectral data of CIP drug and UO2(II), ZrO(II) and V(V) complexes

Formula E. Suggested structure of [Zr(CIP)2(Cl)4] (V) complex 
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room temperature to 800oC (Fig. 2A–E). The thermal 
cracking of [UO2(CIP)2(NO3)2] (I) complex takes place 
through three DrTGA steps. The fi rst occurs at 118oC 
and it corresponds to the mass loss of 17.71% with the 
elimination of nitrato coordinated groups and other 
terminal groups. The second step presence at 268oC 
due to the start decomposition of CIP molecules with 
a mass loss 20.90%. The third decomposition step at 
410oC is assigned to the contentious decomposition of 
CIP molecule with a mass loss 15.21%. The UO2 oxide 
which was polluted with few un-oxidized carbon atoms 
is the fi nal residual solid product at 800oC. The [VO(CI-
P)2(SO4)(H2O)] (II) complex was thermally decomposed 
within four thermal decomposition steps at DrTGA = 
134, 302, 470 and 730oC, the fi rst step is assigned to the 
loss of two-terminal propyl molecules with mass loss of 
8.32%. The second, third and fourth steps are attributed 
to the loss of one of coordinated H2O, SO4 and 2CIP 
molecules with a mass loss of 81.60%. The fi nal residual 
solid Blue-black powder at 800oC was vanadium oxide 
VO2. The thermal destruction of [V2(O)(O2)2(CIP)2] 
(III) occurs at three steps. The decomposition step 
occurs at temperatures 133, 318 and 737oC corresponds 
to the elimination of 2CIP molecules with mass loss of 
60.69%. The V2O5 contaminated with few un-oxidized 
carbon atoms are the fi nal residual product at 800oC. 
The thermal decompositions of [Zr(O)(CIP)2(Cl)2] (IV), 
and [Zr(CIP)2(Cl)4] (V) complexes occurs within two-to-
-three steps at differential thermogravimetric peaks (109, 
315 & 415oC) and (320 & 414oC) respectively. These 
degradation peaks correspond to the decomposition of 
ciprofl oxacin and chlorine molecules with mass loss of 
67.14 and 58.88% for complexes IV and V respectively. 
In both zirconium complexes, the ZrO2 oxide polluted 
with few carbon atoms is the fi nal remaining product 
at 800oC. 

TEM investigation
The transmission electron microscopy images of the 

[UO2(CIP)2(NO3)2], [VO(CIP)2(SO4)(H2O)], [V2(O)
(O2)2(CIP)2], [Zr(O)(CIP)2(Cl)2], and [Zr(CIP)2(Cl)4] 
complexes are shown in Fig. 3, all complexes have 
a nanostructured form with a nanoscale range of nm, 
respectively. 

ACKNOWLEDGMENT

This research was funded by the deanship of scientifi c 
Research at Princess Nourah bint Abdulrahman Univer-
sity through the Fast–track Research Funding program. 

LITERATURE CITED

1.  Shen, G.Z., Zou, G.H., Li, H.Y. & Zou, Y.L. (2019). 
Crystal structure and antibacterial activity of polyoxometalate 
cobalt-ciprofl oxacin complex. J. Mol. Struct., 1198, 126831. DOI: 
10.1016/j.molstruc.2019.07.078.

2. Ma, J., Xiong, Y., Dai, X. & Yu, F. (2020). Coadsorp-
tion behavior and mechanism of ciprofl oxacin and Cu(II) 
on graphene hydrogel wetted surface. Chem. Engineering J., 
38015, 122387. DOI: 10.1016/j.cej.2019.122387.

3. George, J.M., Priyanka, R.N. & Mathew, B. (2020). Bi-
metallic Ag–Au nanoparticles as pH dependent dual sensing 
probe for Mn(II) ion and ciprofl oxacin. Microchemical J., 
155, 104686. DOI: 10.1016/j.microc.2020.104686.

Figure 2. TGA and DrTGA curves of A: [UO2(CIP)2(NO3)2], 
B: [VO(CIP)2(SO4)(H2O)], C: [V2(O)(O2)2(CIP)2], D: 
[Zr(O)(CIP)2(Cl)2], and E: [Zr(CIP)2(Cl)4] complexes 



  Pol. J. Chem. Tech., Vol. 23, No. 1, 2021 51

Figure 3. TEM images of [UO2(CIP)2(NO3)2] (I), [VO(CIP)2(SO4)(H2O)] (II), [V2(O)(O2)2(CIP)2] (III), [Zr(O)(CIP)2(Cl)2] (IV), 
and [Zr(CIP)2(Cl)4] (V) complexes 

4. Kumar, M., Sodhi, K.K., Singh, P., Agrawal, P.K. & Singh, 
D.K. (2019). Synthesis and characterization of antibiotic-metal 
complexes [FeCl3(L1)2H2O and Ni(NO3)2(L2)2H2O] and en-
hanced antibacterial activity. Environ. Nanotechnol., Monitoring 
& Management, 11, 100209. DOI: 10.1016/j.enmm.2019.100209.

5. Drevenšek, P., Ulrih, N.P., Majerle, A. & Turel, I. (2006). 
Synthesis, characterization and DNA binding of magnesium–cip-
rofl oxacin (cfH) complex [Mg(cf)2]·2.5H2O. J. Inorg. Biochem., 
100, 1705–1713. DOI: 10.1016/j.jinorgbio.2006.06.003.

6. Turel, I., Šonc, A., Zupančič, M., Sepčić, K. & Turk, T. 
(2000). Biological activity of some magnesium(II) complexes 
of quinolones. Met. Based Drugs, 7, 101–104.

7. Turel, I., Živec, P., Pevec, A., Tempelaar, S. & Psomas, 
G. (2008). Compounds of antibacterial agent ciprofl oxacin 
and magnesium – crystal structures and molecular modeling 
calculations. Eur. J. Inorg. Chem., 23, 3718–3727. DOI: 10.1002/
ejic.200800338.

8. Al-Mustafa, J. & Taha, Z.A. (2011). Thermodynamics of 
the complexation of ciprofl oxacin with calcium and magnesium 
perchlorate. Thermochim. Acta, 521, 9–13. DOI: 10.1016/j.
tca.2011.03.033.

9. Zupančič, M., Cerc Korošec, R. & Bukovec, P. (2001). 
The thermal-stability of ciprofl oxacin complexes with magne-
sium (II), zinc (II) and cobalt (II). J. Therm. Anal. Calorim., 
63, 787–795. DOI: 10.1023/a:1010100423044.

10. Breda, S.A., Jimenez-Kairuz, A.F., Manzo, R.H. & Oli-
vera, M.E. (2009). Solubility behavior and biopharmaceutical 
classifi cation of novel high-solubility ciprofl oxacin and nor-
fl oxacin pharmaceutical derivatives. Int. J. Pharmaceut., 371, 
106–113. DOI: 10.1016/j.ijpharm.2008.12.026.

11. Shaikh, A.R., Giridhar, R., Megraud, F. & Yadav, M.R. 
(2009). Metalloantibiotics: Synthesis, characterization and an-
timicrobial evaluation of bismuth-fl uoroquinolone complexes 
against Helicobacter Pylori. Acta Pharm., 59, 259–271. DOI: 
10.2478/v10007-009-0027-6.

12. Turel, I., Golobič, A., Klavžar, A., Pihlar, B., Buglyó, 
P., Tolis, E., Rehder, D. & Sepčić, K. (2003). Interactions of 
oxovanadium(IV) and the quinolone family member—cipro-
fl oxacin. J. Inorg. Biochem., 95, 199–207. DOI: 10.1016/S0162-
0134(03)00123-5.

13. Anacona, J.R. & Toledo, C. (2001). Synthesis and anti-
bacterial activity of metal complexes of ciprofl oxacin. Trans. 
Met. Chem., 26, 228–231. DOI: 10.1023/A:1007154817081.

14. Psomas, G. (2008). Mononuclear metal complexes with 
ciprofl oxacin: Synthesis, characterization and DNA-binding 
properties. J. Inorg. Biochem., 102, 1798–1811. DOI: 10.1016/j.
jinorgbio.2008.05.012.

15. Lopez-Gresa, M.P., Ortiz, R., Perelló, L., Latorre, J., Liu-
González, M., García-Granda, S., Pérez-Priede, M. & Canton, 
E. (2002). Interaction of metal ions with two quinolone antimi-
crobial agents (cinoxacin and ciprofl oxacin). Spectroscopic and 
X-ray structural characterization. Antibacterial studies. J. Inorg. 
Biochem., 92, 65–74. DOI: 10.1016/S0162-0134(02)00487-7.

16. Zupančič, M., Cerc Korošec, R. & Bukovec, P. (2001). 
The thermal-stability of ciprofl oxacin complexes with magne-
sium (II), zinc (II) and cobalt (II). J. Therm. Anal. Calorim., 
63, 787–795. DOI: 10.1023/a:1010100423044.

17. Hernandez-Gil, J., Perello, L., Ortiz, R., Alzuet, G., 
Gonzalez-Alvarez, M. & Liu-Gonzalez, M. (2009). Synthesis, 
structure and biological properties of several binary and ternary 
complexes of copper(II) with ciprofl oxacin and 1,10 phenanth-
roline. Polyhedron, 28, 138–144. DOI: 10.1016/j.poly.2008.09.018.

18. Wallis, S.C., Gahan, L.R., Charles, B.G., Hambley, T.W. 
& Duckworth, P.A. (1996). Copper (II) complexes of the 
fl uoroquinolone antimicrobial ciprofl oxacin: Synthesis, X-ray 
structural characterization and potentiometric study. J. Inorg. 
Biochem., 62, 1–16. DOI: 10.1016/0162-0134(95)00082-8.

19. Turel, I. & Leban, I. (1994). Bukovec, N. Synthesis, char-
acterization, and crystal structure of a copper(II) complex with 
quinolone family member (ciprofl oxacin): Bis(1)-cyclopropyl-
6-fl uoro-1,4-dihydro-4-oxo-7-piperazin-1ylquinoline-3-carbox-



  Pol. J. Chem. Tech., Vol. 23, No. 1, 2021 52

ylate) copper(II) chloride hexahydrate. J. Inorg. Biochem., 56, 
273–282. DOI: 10.1016/0162-0134(94)85107-7.

20. Jiménez-Garrido, N., Perelló, L., Ortiz, R., Alzuet, G., 
González-Álvarez, M., Cantón, E., Liu-González, M., García 
Granda, S. & Pérez-Priede, M. (2005). Antibacterial studies, 
DNA oxidative cleavage, and crystal structures of Cu(II) and 
Co(II) complexes with two quinolone family members, cipro-
fl oxacin and enoxacin. J. Inorg. Biochem., 99, 677–689. DOI: 
10.1016/j.jinorgbio.2004.11.016.

21. Drevenšek, P., Zupančič, T., Pihlar, B., Jerala, R., Kolitsch, 
U., Plaper, A. & Turel, I. (2005). Mixed-valence Cu(II)/Cu(I) 
complex of quinolone ciprofl oxacin isolated by a hydrothermal 
reaction in the presence of L-histidine: Comparison of biological 
activities of various copper–ciprofl oxacin compounds. J. Inorg. 
Biochem., 99, 432–442. DOI: 10.1016/j.jinorgbio.2004.10.018.

22. Uivarosi, V., Badea, M., Olar, R., Marinescu, D., Nico-
lescu, T.O. & Nitulescu, G.M. (2011). Thermal degradation 
behavior of some ruthenium complexes with fl uoroquinolone 
derivatives as potential antitumor agents. J. Therm. Anal. Ca-
lorim., 105, 645–650. DOI: 10.1007/s10973-010-1222-x.

23. Tanimoto, M.K., Dias, K., Dovidauskas, S. & Nikolaou, 
S. (2012). Tuning the reaction products of ruthenium and 
ciprofl oxacin for studies of DNA interactions. J. Coord Chem., 
65, 1504–1517. DOI: 10.1080/00958972.2012.675434.

24. Vieira, L.M.M., de Almeida, M.V., Lourenço, M.C.S., 
Bezerra, F.A.F.M. & Fontes, A.P.S. (2009). Synthesis and 
antitubercular activity of palladium and platinum complexes 
with fl uoroquinolones. Eur. J. Med. Chem., 44, 4107–4111. DOI: 
10.1016/j.ejmech.2009.05.001.

25. Čurman, D., Živec, P., Leban, I., Turel, I., Polishchuk, 
A., Klika, K.D., Karaseva, E. & Karasev, V. (2008). Spectral 
properties of Eu(III) compound with antibacterial agent cip-

rofl oxacin (cfqH). Crystal structure of [Eu(cfqH)(cfq)(H2O)4]
Cl2· 4.55H2O. Polyhedron, 27, 1489–1496. DOI: 10.1016/j.
poly.2008.01.014.

26. Geary, W.J. (1971). The use of conductivity measurements 
in organic solvents for the characterisation of coordination 
compounds. Coord. Chem. Rev., 7, 81. DOI: 10.1016/S0010-
8545(00)80009-0.

27. Nakamoto, K. (2009). Infrared and Raman Spectra of 
Inorganic and Coordination Compounds, Part A: Theory and 
Applications in Inorganic Chemistry, 6th, John Wiley & Sons.

28. Mansingh, P.S., Mohanty, R.R., Jena, S. & Dash, K.C. 
(1996). Synthesis and characterization of dioxouranium(VI) and 
thorium(IV) complexes of 2-(2’-hydroxyphenyl) benzimidazole 
and 2-(2-pyridyl benzoxazole. Ind. J. Chem. 35A, 479–482.

29. Di Bella, S., Lanza, G., Gulino, A. & Fragalà, I. (1996). 
Electronic Structure of Bis(2,4-pentanedionato-O,O‘)oxovana-
dium(IV). A Photoelectron Spectroscopy, Electronic Spectro-
scopy, and ab Initio Molecular Orbital Study. Inorg. Chem., 
35(13), 3885–3890. DOI: 10.1021/ic951457q.

30. Nakanishi, K. & Solomon, P.H. (1977). “Infrared Absorp-
tion Spectroscopy”, 2nd, Holden-Day, Inc., USA. 

31. Selbin, J. (1965). The Chemistry of Oxovanadium(IV). 
Chem. Rev., 65, 153–175. DOI: 10.1021/cr60234a001.

32. Srivastava, K.P., Jain, I.K. & Madhok, K.L. (1981). Va-
nadyl(V) chloride complexes of N-2 (4, 5, 6 monosubstituted 
pyridyl)-N′-substituted thio ureas. Proc. Indian Acad. Sci. (Chem. 
Sci.), 90(4), 309–316. DOI: 10.1007/BF02879405.

33. Lever, A.B.P. (1984). Electronic spectra of dn ions Inorganic 
electronic spectroscopy. 2nd Ed.


