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ABSTRACT. A new solid complexes of Ti(IV), Y(III) and Ce(IV) have been synthesized with ofloxacin. The formulae and

structure of the complexes have been proposed in the light of analytical, spectral (1H NMR, IR and UV-Visible), magnetic,

molar conductivities and thermal studies. The complexes are soluble in DMSO-d6 and DMF. The measured molar conduc-

tance values indicate that, the three complexes are electrolyte in nature. The results support the formation of the complexes

and indicated that ofloxacin reacts as a bidentate ligand chelate to the metal ion through the pyridone oxygen and one carboxylato

oxygen. The kinetic parameters of thermogravimetric and its differential have been evaluated by using Coats Redfern (CR) and

Horowitz-Metzeger (HM) methods. The thermodynamic data reflect the thermal stability for all complexes. The metal- ligand

binding of the Ti(IV), Y(III) and Ce(IV) complexes is predicted using density funcational theory at the B3LYP-CEP-31G level

of theory and total energy, dipole moment estimation of different Ti(IV), Y(III) and Ce(IV) ofloxacin structures. The biologi-

cal activities of the ofloxacin, inorganic salts and their metal complexes were assayed against different bacterial species.
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INTRODUCTION

Ofloxacin is a racemic mixture, which consists of 50%
levofloxacin and 50% of its mirror image or enantiomer
dextrofloxacin.1,2 Ofloxacin (HOfl) (Scheme 1) is one of
the 4-quinolone synthetic antibiotics with high activity against
a wide range of Gram-negative and Gram-positive bac-
teria.3,4

The coordination chemistry of fluoroquinolone drugs
with metal ions of biological and pharmaceutical importance
is of considerable interest. There have been several reports
in the literature about the synthesis and crystal structure of
metal complexes with ofloxacin.5−15

In continuation of our interest on synthetic and struc-
tural characterization of some ofloxacin complexes of
transition metals,16 this work describes the synthesis of
Ti(IV), Y(III) and Ce(IV) ofloxacin complexes. Character-
ization of the complexes was effected by melting points,
magnetic properties, molar conductivity, elemental anal-
ysis, thermogravimetric and differential thermograimet-
ric (TG and DTG) analyses, UV-visible, IR, 1H NMR and
biological studies. Density functional theory (DFT) was
used to compute the cation type influence on theoretical
parameters of the Ti(IV), Y(III) and Ce(IV) complexes of
ofloxacin and detect the exact structure of these com-
plexes with different coordination numbers and show if

the two oxygen atoms (Opyr and Ocar) of ofloxacin lie at
trans or at cis positions so the two diastereoisomers of the
studied complexes were calculated. Such computational
characterization reduces time consuming experiments for
biomedical and pharmaceutical studies of the drugs and its
complexes. Profiles of the optimal set and geometry of
these complexes were simulated by applying the GAUS-
SIAN 98W package of programs17 at B3LYP/CEP-31G18

level of theory.

EXPERIMENTAL

All the chemicals and solvents were analytical reagent
grade and were used as purchased without further puri-
fication. Ofloxacin was purchased from Egyptian Company

Scheme 1. (RS)-9-fluoro-3-methyl-10-(4-methylpiperazin-1-yl)-
7-oxo-3,7-dihydro-2H-[1,4]oxazino[2,3,4-ij]quinoline-6-carbox-
ylic acid.
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for Chemicals & Pharmaceuticals (ADWIA), Ti(SO4)2 and
YCl3, (99.9%), Aldrich Chemical Co. Ce(SO4)2 (99.9%),
NaOH and all solvents were purchased from Fluka Chem-
ical Co.

Synthesis of the Complexes

The complexes have been prepared by direct reaction
between HOfl and the corresponding metal cations in
presence of NaOH solution in order to improve solubility
of HOfl.

The Yellowish-white solid complex [Y(Ofl)2(H2O)2]Cl.
7H2O was synthesized as follows, Ofloxacin (361.37 mg,
1 mmol) and NaOH (40 mg, 1 mmol) were dissolved in
ethanol (50 ml). After 40 min. of stirring we dropping wisely
0.5 mmol of YCl3 (195.4 mg) to the mixture. The reaction
mixture was stirred for one day at room temperature. The
solution was reduced in volume and left for slow evap-
oration. The Pale-brown precipitate was filtered off, washed
several times by bidistilled water and dried under vacuum
over CaCl2 in a dissector. 

The pale-brown and buff solid complexes were prepared
in a similar manner described above by using ethanol as a
solvent and Ti(SO4)2 or Ce(SO4)2 metal salts. We did not
manage to obtain a crystal of the complexes suitable for
the structure determination with X-ray crystallography. 

Instrumentation

Elemental C, H, N and halogen analysis was carried out
on a Perkin Elmer CHN 2400. The percentage of the metal
ions were determined gravimetrically by transforming the
solid products into oxide, and also determined by using
atomic absorption method. Spectrometer model PYE-UNI-
CAM SP 1900 fitted with the corresponding lamp was
used for this purposed. IR spectra were recorded on FTIR
460 PLUS (KBr discs) in the range from 4000−400 cm−1,
1H NMR spectra were recorded on Varian Mercury VX-
300 NMR Spectrometer using DMSO-d6 as solvent. TG-
DTG measurements were carried out under N2 atmosphere
within the temperature range from room temperature to
600 oC or 800 oC using TGA-50H Shimadzu. Electronic
spectra were obtained using UV-3101PC Shimadzu. The
solid reflection spectra were recorded with KBr pellets.
Magnetic measurements were carried out on a Sherwood
scientific magnetic balance using Gouy method and Hg[Co
(SCN)4] as calibrant. Molar conductivities of the solutions of
the ligand and metal complexes in DMSO at 10−3 M were
measured on CONSORT K410. All measurements were
carried out at ambient temperature with freshly prepared
solutions. 

Antimicrobial Investigation

Antibacterial activity of the ligand, metal salts and its
metal complexes was investigated by a previously reported
modified method of Beecher and Wong,19 against differ-
ent bacterial species, such as S. aureus K1, B. subtilis K22,
Br. otitidis K76, E. coli K32, P. aeruginosa SW1 and Kleb-

siella oxytoca K42. The tested microorganism’s isolates
were isolated from Egyptian soil and identified according
to the standard bacteriological keys for identification of
bacteria as stock cultures in the microbiology laboratory,
Faculty of Science, Zagazig University. The Müller-Hing-
ton agar (30.0% Beef extract, 1.75% Casein hydrolysate,
0.15% Starch and 1.7% Agar) was prepared and then
cooled to 47 oC and seeded with tested microorganisms.
After solidification 5mm diameter holes were punched by
a sterile cork-borer. The investigated compounds, i.e., ligand,
metal salts and their complexes, were introduced in holes
(only 100 µL) after being dissolved in DMSO at 10−3 M.
These culture plates were then incubated at 37 oC for 20 h.
The activity was determined by measuring the diameter of
the inhibition zones (in mm). Growth inhibition was cal-
culated with reference to the positive control, i.e., oflo-
xacin.

RESULTS AND DISCUSSION

The isolated solid complexes were characterized by ele-
mental analysis. The metal content was determined by
atomic absorption and thermogravimetrically. The water
content in the complexes also determined gravimetrically.
The formation of the complexes was confirmed by IR,
UV-vis and 1H NMR spectroscopic. Table 1 shows the
data of the elemental analysis of the compounds obtained
serving as a basis for the determination of their empirical
formulae. Besides analytical data the molar conductivi-
ties, magnetic moments and melting points of the compounds
are also reported and all the complexes are diamagnetic.
The molar conductance values of all complexes were in
the range of 73.2−85.7 S cm2 mol−1 indicating that the com-
plexes electrolytes.

IR Spectral Studies

The mode of bonding of the ofloxacin to Ti(IV), Y(III)
and Ce(IV) ions was elucidated by recording the infared
spectra of the complexes as compared with those of the
free ofloxacin. IR spectra of the compounds were recorded in
solid state as KBr discs in the range from 4000−400 cm−1

(Fig. 1). The IR spectra of the complexes exhibited char-
acteristic band in the region 3406−3200 cm−1 which cor-
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responding to ν(O−H) indicate that the complexes containing
water molecules in their formulae. Also, the presence of
coordinated water molecules in the metal complexes are

indicated by the appearance of two weak bands in the
region 844−815 and 745−700 cm−1 due to ν(O−H) rocking
and wagging modes of vibrations, respectively.20

However, the absence of the absorption band at 1720 cm−1

arising from the carboxylic group (COOH) for under inves-
tigation complexes, states that the hydrogen ions in the
ofloxacin molecules are substituted by the metal ions and
the carboxylate group is coordinated with metal ions.21

The stretching asymmetric (νas) of carboxylate group at
1624 cm−1 and the symmetric vibrations (νs) at around
1405 cm−1 confirm the coordination of the metal ions via
oxygen of carboxylate.22 The ν values for complexes fall
around 219 cm−1 indicating a monodentate coordination
mode of the carboxylato group of the ofloxacin ligand.11,21,23

The characteristic band for the pyridone stretch ν(C=O)
found at 1620 cm−1,24,25 this band is shifted to around 1573
cm−1 upon coordination.23

The coordination of the metal ions via oxygen atoms is
confirmed by the ν(M−O) bands at 606 and 502 cm−1 for
Ti(IV), 598, 517 and 486 cm−1 for Y(III) and 617 and 559
cm−1 for Ce(IV). According to the above discussion the
ofloxacin is coordinated with the metal ions as a bidentate
through the pyridone and the carboxylic group.26,27 These
results are consistant with the results we obtained from
(V(IV), Zr(IV) and U(VI)).16

Electronic Spectroscopy of the Complexes

The UV-vis spectra of ligand have two types of absorp-
tion bands at λmax. 220 nm and 312, 369 nm, which can be
assigned to π-π* and n-π* transitions within the organic
molecule. While the UV-vis spectra of its their metal com-
plexes has three types of absorption bands at λmax. in the
regions of 217−275 nm, 301−407 nm and 512−657 nm,
which can be, respectively, assigned to π-π* and n-π* tran-
sitions of the larger conjugated organic molecules and
ligand to metal ions charge transfers (L→Mn+).28−31 The band
shifts of λmax. to higher or lower and the presence of new

Table 1. Elemental analysis and Physico-analytical data for ofloxacin (HOfl) and its metal complexe

Compounds
M.Wt. (M.F.)

Yield%  Mp/ οC Color
Found (Calcd.) (%) µeff  (B.M)

Λ

(S cm2 mol−1)

C H N M Cl S

HOfl 361 (C18H20N3O4F) − 240 White
59.80 

(59.83)
5.54

(5.51)
11.60

(11.63)
− − − Diamagnetic 10 

[Ti(Ofl)2(H2O)2]SO4.3H2O 
953.67 (TiC36H48N6O17F2S)

95 355 Pale-brown
45.29

(45.30)
5.00

(5.03)
8.60

(8.81)
4.99

(5.00)
−

3.30
(3.36)

Diamagnetic 73.2

[Y(Ofl)2(H2O)2]Cl.7H2O 
1006.4 (YC36H56N6O17F2Cl)

88 320 Yellowish-white
42.90

(42.93)
5.50

(5.56)
8.31

(8.35)
8.83

(8.83)
3.50

(3.53)
− Diamagnetic 85.7

[Ce(Ofl)2(H2O)2]SO4.4H2O
1064.12 (CeC36H50N6O18F2S)

98 295 buff
40.55

(40.60)
4.62

(4.70)
7.89

(7.89)
13.16

(13.17)
−

3.01
(3.01)

Diamagnetic 75.3

Figure 1. Infrared spectra for (A) ofloxacin, (B) [Ti(Ofl)2

(H2O)2]SO4.3H2O, (C) [Y(Ofl)2(H2O)2]Cl.7H2O and (D) [Ce(Ofl)2

(H2O)2]SO4.4H2O.
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bands for complexes in comparison with ligand indicate
the formations of the complexes. Since the crystal struc-
tures of the metal complexes have not been obtained yet,

we characterized the complexes and determined its pos-
sible structure by elemental analyses, melting point, molar
conductivities, magnetic properties, IR, 1H NMR, UV-vis

Table 2. Infrared frequencies (cm−1) and tentative assignments for (A) ofloxacin, (B) [Ti(Ofl)2(H2O)2]SO4.3H2O, (C) [Y(Ofl)2(H2O)2]Cl.7H2O
and (D) [Ce(Ofl)2(H2O)2]SO4.4H2O

A B C D Assignments

3044vs 3400m,br
3400m,br
3348m,br

3406m,br
3200m

ν(O−H); H2O; COOH 

- 3044w 3054vw 3044s ν(C−H); aromatic 

2974s
2932vs
2891ms
2839m

2950vw
2963w
2858vw

2959w
2855m

ν(C−H); aliphatic 

2789vs
2754m
2685m
2600w

2743w
2719ms
2608w

2731s ν(O…..H); H-bond

1720vs − − − ν(C=O); COOH 

− 1624vs 1624s 1624vs νas(COO−)

1620vs
1554m
1524vs 

1580sh
1528vs

1574s
1524ms

1566w
1531vs

ν(C=O); phenyl breathing modes

1478m,br
1450vs
1400s

1470vs 1477vs 1477vs −CH; deformations of CH2 

− 1400w 1412vs 1404s νs(COO−)

1373w
1355w
1296vs

1378vw 
1342ms
1281vs

1300vs
1254m

δb(−CH2)

1242vs
1199vs
1142vs

1223s
1130s
1049ms

1250w
1126ms
1096m

1200w
1119vs
1053vs

ν(C−O),
ν(C−N), and
ν(C−C)

1122sh
1100sh
1053vs
1007vs

1035vw 1053vs 1022w
δr(−CH2),
ν(SO4

2−)

978w
957vs
880vs
853ms
833ms
802vs

979s
900sh
878w
844w
806ms

980vs
899ms
824m
818vs

980vs
900w
876ms
815w
806vs

νCH-bend; phenyl 

779ms
745ms
710vs

745s
745ms
700ms

745ms
706s

δb(COO−)

667s
633ms
622m
567vs
544sh
494vs
455sh
413vs

677w
598vs
517s
486s
455s

650w
606w
566w
502vs
466vw
444vw

617vs
559ms
494ms
413vs

ν(M−O)+ring deformation 
δ(SO4

2−)

as=strong, w=weak, sh=shoulder, v=very, br=broad, bν=stretching and δ=bending
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spectra and thermogravimetric analyses. The ligand and metal
ions can form mononuclear complexes with 1:2 metal to
ligand stoichiometry at the metal ions.

The 1H NMR Spectra

The 1H NMR spectra of ofloxacin and its metal com-
plexes in DMSO-d6 are measured (Fig. 3) and analyzed to
confirm the complexes formation (Table 4). A survey of
the spectral data reveals chemical shifts of the proton in

Figure 2. Electronic reflection spectra for (A) ofloxacin, (B)
[Ti(Ofl)2(H2O)2]SO4.3H2O, (C) [Y(Ofl)2(H2O)2]Cl.7H2O and (D)
[Ce(Ofl)2(H2O)2]SO4.4H2O.

Table 3. UV-vis spectra of ofloxacin (HOfl.) and its metal complexes.

Assignments (nm) HOfl
HOfl complex with

Ti(IV) Y(III) Ce(IV)

π-π* transitions 220 217, 251 222, 253, 275 245

n-π* transitions 312, 369 310, 392, 407 301, 328, 374 314, 336

Ligand-metal charge transfer − 512−625 521−657 544−635

Figure 3. 1H NMR spectra for (A) ofloxacin, (B) [Ti(Ofl)2

(H2O)2]SO4.3H2O, (C) [Y(Ofl)2(H2O)2]Cl.7H2O and (D) [Ce(Ofl)2

(H2O)2]SO4.4H2O. in DMSO, δTMS.
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the complexes spectra relative to the free ligand. The ligand
shows a peak at 15.12 ppm due to the carboxylic proton.10

This peak is absent in the spectra of the complexes due to
the deprotonation of the carboxylic group. Hence, NMR
results support the IR inferences and confirms the coor-
dination of ofloxacin through oxygen of the carboxylic
group. Also, according to the 1H NMR data for all com-
plexes δ 4.35−4.95 [H, H2O] which not found in the free
ofloxacin (Table 4), indicate the presence of water mol-
ecules in all complexes.21,22

Thermal Studies

Thermogravimetric (TG) and differential thermogravi-
metric (DTG) analysis were carried out under flow of N2

and at a heating rate of 10 oC min−1 over the temperature
range of 25−800 oC in order to study the decomposition
and structure of the ligand and the formed solid complexes.
Fig. 2A-D show the thermograms of ofloxacin, [Ti(Ofl)2

(H2O)2]SO4.3H2O, [Y(Ofl)2(H2O)2]Cl.7H2O and [Ce(Ofl)2

(H2O)2]SO4.4H2O, respectively. Table 5 summarizes the
thermogravimetric data for all compounds. The maximum
temperature values along with the weight losses for each
compound within the corresponding temperature ranges
are listed in Table 5. These data support the proposed com-
plexes formulae and also indicated that the decomposi-
tion of ofloxacin occurs in one main degradation step and
is accompanied by a weight loss of 93.35% correspond-
ing to the loss of 8C2H2+HF+NH3+2NO2.

The determined temperature ranges, percent mass los-
ses, and thermal effects accompanying the changes in the
coordination compounds on heating revealed the following
findings. The TG curves of the three solid complexes show
two decompostion ranges of 50−150, 50−200 and 150−600,
200−700, 200−600 oC, respectively. The first estimated
mass losses for all the complexes may be attributed to the
loss of three, seven and four water of crystalization. The
second estimated mass losses is attributed to the decom-
position of two coordinated water and ofloxacin molecu-
les.32,33

The proposed structure formula on the basis of the

results discussed in this paper located in Scheme 2:

Kinetic Data

The kinetic thermodynamic parameters were evaluated
using the following methods and the results obtained by

Table 4. 1H NMR values (ppm) and tentative assignments for (A) ofloxacin, (B) [Ti(Ofl)2(H2O)2]SO4.3H2O, (C) [Y(Ofl)2(H2O)2]Cl.7H2O
and (D) [Ce(Ofl)2(H2O)2]SO4.4H2O

A B C D Assignments

1.25−2.26 1.44−2.87 1.41−2.72 1.43−2.68 δH, −CH3

3.30−4.25 3.36−3.51 3.17−3.53 3.36 δH, −CH2

− 4.38−4.95 4.36−4.93 4.35−4.93 δH, H2O

7.57−8.66 7.61−9.01 7.61−8.97 7.57−8.98 δH, −CH aromatic

15.12 − − − δH, −COOH

Figure 4. TGA and DTG diagrams for (A) ofloxacin, (B)
[Ti(Ofl)2(H2O)2]SO4.3H2O, (C) [Y(Ofl)2(H2O)2]Cl.7H2O and (D)
[Ce(Ofl)2(H2O)2]SO4.4H2O.
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these methods are compared with one another.
The Coats-Redfern equation34

Where α and ϕ are the fraction of the sample decomposed
at time t and the linear heating rate, respectively, R is the
gas constant, and E* is the activation energy in KJ mol−1.
A plot of left side against 1/T was found to be linear.

From the slope, E*, was calculated and A (Arrhenius con-
stant) can be deduced from the intercept. The enthalpy of
activation, ∆H*, and Gibbs free energy, ∆G*, were calcu-
lated from

∆H*=E*–RT, ∆G*=∆H*–T∆S*

The Horowitz-Metzger equation35

Where θ=T−Ts, wγ=wα–w, wα=mass loss at the comple-
tion of the reaction; w=mass loss up to time t. The plot of

 versus θ was drawn and E* was calculated
from the slope. The pre-exponential factor, A, was calculated
from the equation

The data are summarized in Table 6. The greater positive
values of activation energies (E*) reflect the thermal sta-
bility of the complexes and the positive ∆H* values pos-
tulate an endothermic nature of the formed complexes.
The entropy of activation was found to have negative
values in all the complexes which indicate that the
decomposition reactions proceeded with a lower rate
than the normal ones and activated complexes have more
ordered systems than reactants or the reactions are
slow.36,37

Biological Activities Test

The antibacterial studies suggested that, the metal com-
plexes were found to be biologically active and showed
significantly enhanced antibacterial nearly for all microbial
species except for S. aureus K1 (non-detectable) (Table 7).
A possible mode for increase in antibacterial activity may

ln 1 α–( )–

T
2

-----------------------ln
E

*
–
RT
-------- ln AR

ϕE
*

---------+=

log log
wα

wγ

------⎝ ⎠
⎛ ⎞ E

*θ

2.303RTs

2
---------------------- log2.303–=

log log
wα

wγ
------⎝ ⎠
⎛ ⎞

E
*θ/RTs

2
A/[∅exp E*/RTs–( )=

Table 5. Thermogravimetric data of HOfl and their metal complexes

Compounds
TGA range
(oC)

DTG max

(oC)

% Estimated (calculated) Assignment 

Mass loss Total mass loss Lost species

C18H20N3O4F 50−700 327, 534
93.55 (93.35)
6.45 (6.65)

93.55 (93.35)
8C2H2+HF+NH3+2NO2

2C (Residue)

[Ti(C18H19N3O4F)2(H2O)2]
SO4.3H2O

50−150
150−600

63, 129
193, 278, 332, 400, 484

5.58 (5.66)
71.71 (71.72)
22.71 (22.62)

77.29 (77.38)
3H2O
15C2H2+2HF+4NO2+2NH3+2H2O
TiSO4+6C (Residue)

[Y(C18H19N3O4F)2(H2O)2]
Cl.7H2O

50−200
200−700

73
338, 463, 534, 617

14.28 (14.30)
68.08 (68.13)
17.64 (17.57)

82.36 (82.43)
8H2O
12C2H2+3C2H4+HCl+2HF+6NO+1.5H2O
0.5Y2O3+6C (Residue)

[Ce(C18H19N3O4F)2(H2O)2]
SO4.4H2O

50−200
200−600

65
288, 338, 548

6.56 (6.77)
77.22 (77.05)
16.22 (16.17)

83.78 (83.82)
4H2O
18C2H2+2HF+4NO+2NO2+2H2O+ SO2

CeO2 

Scheme 2. The coordination mode of Ti(IV), Y(III) and Ce(IV)
with ofloxacin.
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be considered in light of Overton’s concept38 and Tweedy’s
chelation theory.39 Coordination reduces the polarity of
the metal ion mainly because of the partial sharing of its
positive charge with the donor groups40,41 within the che-
late ring system formed during coordination. This process,
in turn, increases the lipophilic nature of the central metal
atom, which favors its permeation more efficiently through
the lipid layer of the micro-organism42 thus destroying
them more aggressively.

A Comparison between Ti(VI), Y(III) and Ce(IV)

Biological Results and Zr(IV),V(IV) and U(VI)16

Biological Results

The biological results we obtained of this paper16 showed
that Ti(IV), Y(III) and Ce(IV) complexes had a strong effect
on E. coli K32, P. aeruginosa SW1 and Klebsiella oxytoca

K42 and a weak effect on S. aureus K1, B. subtilis K22, Br.

otitidis K76, this was compared with the biological results of
Zr(IV), V(IV) and U(VI) complexes we obtained.

Table 6. Thermal behavior and kinetic parameters determined using the Coats-Redfern (CR) and Horowitz-Metzger (HM) operated for oflox-
acin and their complexes

Compounds
Decomposition 
Range (K)

Ts (K) Method

Parameter

Ra SDb
E*

(kJ mol−1)
A

(s1)
∆S*

(J mol−1 K−1)
∆H*

(kJ mol−1)
∆G*

(kJ mol−1)

HOfl C18H20N3O4F 293−862 600
CR
HM

30.09
27.57

3.30
10.92

−240.79
−230.85

25.10
22.58

169
161

0.94
0.98

0.18

0.06

[Ti(C18H19N3O4F)2(H2O)2]
SO4.3H2O

309−573 336
CR
HM

11.31
10.81

0.49
2.60

−251.83
−237.95

8.52
8.02

93
88

0.92
0.90

0.27

0.15

573−808 551
CR
HM

49.47
34.88

30.91
132.09

−221.49
−209.41

54.05
30.29

176
146

0.96
0.96

0.16

0.09

[Y(C18H19N3O4F)2(H2O)2]
Cl.7H2O

302−573 346
CR
HM

10.73
20.63

0.93
127.28

−246.75
−205.85

7.85
17.75

93
88

0.90
0.91

0.26

0.20

573−923 611
CR
HM

36.08
35.74

7.29
61.73

−234.36
−216.60

31
30.66

174
163

0.92
0.96

0.25

0.10

[Ce(C18H19N3O4F)2(H2O)2]
SO4.4H2O

305−573 338
CR
HM

2.99
8.75

0.013
0.98

−282.06
−246.12

0.18
5.94

96
89

0.92
0.91

0.15

0.20

573−823 561
CR
HM

35.67
30.13

2.00
34.71

−244.40
−220.67

31
25.46

168
149

0.94
0.96

0.21

0.09
acorrelation coefficients of the Arrhenius plots and bstandard deviation.

Table 7. The inhibitation diameter zone values (mm) for HOfl and their complexes

Compounds
Microbial Bacteria species

E. coli K. oxytoca P. aeruginosa B. subtilis Br. otitidis S. aureus

HOfl 26±0.02 17±0.05 28±0.19 32±0.46 30±0.02 45±0.33

Ti(IV) / Ofl 41+2±0.06 18NS±0.69 33+1±0.19 42 +2±0.31 47+1±0.12 ND

Y(IIII) / Ofl 32+1±0.09 26 +1±0.60 37+2±0.79 44+3±0.09 44+2±0.14 ND

Ce(IV) / Ofl 29NS±0.04 20NS±0.77 29NS±0.53 39+1±0.01 41+2±0.89 ND

Ti(SO4)2 − − − 8±0.15 17±1.51 -

YCl3 − − − − 14±0.7 10±0.1

Ce(SO4)2 − − − − − −

Control (DMSO) − − − − − −

standard

Ampicilin − − − 28±0.40 − −

Amoxycillin − − − 22±0.11 20±0.10 18±1.73

Cefaloxin 24±0.34 − − 27±1.15 35± 0.27 16±0.52

ND: non-detectable. i.e., the inhibition zones exceeds the plate diameter
(-): no activity observed aginst microbial bacteria species
Statistical significance PNS P not significant, P<0.05; P+1 P significant, P>0.05; P+2 P highly significant, P> 0.01; P+3 P very highly significant,
P >0.001; student’s t-test (Paired)
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COMPUTATIONAL DETAILS

Computational Method

The geometric parameters and energies were computed

by DFT at the B3LYP/CEP-31G level, using the GAUS-
SIAN 98W package of programs, on geometries that were
optimized at CEP-31G basis set. The high basis set was
chosen to detect the energies at a highly accurate level.
The atomic charges were computed using the natural
atomic orbital populations. The B3LYP is the hybrid func-
tional,43 which is a linear combination of the gradient
functionals proposed by Becke44 and Lee et al.,45 together
with the Hartree-Fock local exchange function.46

Structural Parameters and Models

Ofloxacin

The biological activity of floroquinolones (ofloxacin) is
mainly determined by its structure, the ofloxacin has many
characteristic structural features. Table 8 gives the optimized
geometry of ofloxacin as obtained from B3LYP/CEP-31G
calculations. The molecule is a highly sterically-hindered.
Values of geometric parameters (bond lengths and bond
angles) of ofloxacin are calculated by using B3LYP/CEP-
31G and compared with parameters experimentally obtained

Figure 5. Statistical representation for biological activity of oflox-
acin and its metal complexes.

Table 8. Equilibrium geometric parameters bond lengths (Å), bond angles (o), dihedral angles (o) and charge density of ofloxacin ligand
by using DFT/B3LYP/Cep-31G

Bond length (Å)

C7−O9
C7−O8
C3−C7
N5−C11
C20−N19

 1.26 (1.30)48−50

 1.38 (1.41)49,50

 1.49 (1.46)50

 1.50 (1.49)49,50

 1.48 (1.45)49

C1−C3
C3−C4
C1−O10
C11−C26
C22−N19

1.48 (1.47)47,50

1.42 (1.48)48,49

1.27 (1.22)49,50

1.55 (1.52)48

1.49 (1.48)48

Bond angle (o)

C3C7O8 C3C7O9
O8C7O9
C1C3C7
C4C3C7
N5C11C26
O13C12C11C26 

115.3249,50

124.0649

120.6249

126.3049,50

114.0649,50

110.4649

86.93

C3C1O10
C20N19C22
C15N19C22
C15N19C20
C14C15N19
C16C15N19
C12C11C26

125.6749,50

113.7949,50

122.2249,50

123.0149

121.6449

121.6649

113.8449

Dihedral angles (o)

C15N19C20C21
C15N19C22C23
C14C15N19C20 
C14C15N19C22
C4C3C7O9
C4C3C7O8
C4C3C1O10

−117.50
116.88
−136.11
−55.94
−0.03
−179.89
−179.66

C3C4N5C11
C4N5C11C26
O13C12C11C26
C7C3C1O10
C1C3C7O8
C1C3C7O9

−177.63
86.93
95.81
−0.16
0.58
−179.54

Charges

C1
O10
C7
O8
O9

−0.682
−0.005
−0.511
−0.246
−0.125

O13
N5
N19
N24

−0.189
0.456
0.138
−0.045

Total energy/au
Total dipole moment/D

−222.062
 9.186
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from crystal geometries.47 The methyl group and piperazine
ring are out of plane of the molecule. This observation is
supported by the values of calculated dihedral angles for:
C4N5C11C26 and O13C12C11C26 are 86.93o and 95.81o,
respectively, while the dihedral angles for C14C15N19C22
and C15N19C22C23 are −55.94o and 116.88o, respectively,
where the values are neither zero nor 180. Fig. 6, shows
the optimized structure of ofloxacin, the dihedral angles
for C4C3C7O9 and C1C3C7O8 are −0.03o (almost 0.0) and
0.58o (almost 0.0). Also, C1C3C7O9 and C7C3C1O10
are −179.54o and −0.16o which confirms that the O8 and
O10 lying in the same direction. The C7O8 bond lying in
the same plane of C1O10 bond while O9 and O10 are
lying in the opposite direction to each other so, the C1O10
of carbonyl group of pyridone not in the same plane of
C7O9 of carboxlate group. The ionized bond lengths of

C−H of piperazine and benzoxazine rings are calculated to
range from 1.09 to 1.12 and from 1.102 to 1.104 as compared
to the observed values of 1.422 and 1.440, respectively.

The bond distance of C7−O8 and C7−O9 are 1.38Å and
1.26Å while, C1−O10 is 1.27Å. The value of bond angle
C1C3C7 is 126.30o reflects a sp2 hybridization of C3, the
same result is obtained with C1 and C7. The values of bond
distances are compared nicely with that obtained from X-ray
data.47

Charge distribution on the optimized geometry of oflox-
acin is given in Table 8. There is a significant built up of
charge density on the oxygen atoms which distributed over
all molecule so ofloxacin molecule behaves as bidentate
ligand (Opyr and Ocar) and molecule is not highly negative
dipole µ=9.186D and the energy value of the optimized
geometry of ofloxacin molecule is −222.06au.

The Yttrium-ofloxacin complexes

The Y(III) chelated with two molecules of ofloxacin
through four oxygen atoms (Opyr and Ocar atoms) forming
four coordinate bonds. The complex is six-coordinate with
four coordinate bonds with two ofloxacin molecules and
the other two coordinate bonds may be water and chloride
ion or two water molecules. We studied [Y(Ofl)2(H2O)Cl]
and [Y(Ofl)2(H2O)2]+.

Description of the structure of [Y(Ofl)2(H2O)Cl]:

The structure of complex with atomic numbering scheme
is shown in Fig. 7. The complex consists of two units of
ofloxacin molecule and one water molecule beside one
chloride ion with metal ion Y(III). The complex is six-coor-

Figure 6. The optimized geometrical structure of Ofloxacin by
using B3LYP/CEP-31G.

Figure 7. Optimized geometrical structure of [Y(Ofl)2(H2O)Cl] complex by using B3LYP/CEP-31G.
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dinate with distorted octahedral environment around the
metal ion. The metal ion Y(III) is coordinated to one Opyr

atom and one Ocar atom of ofloxacin ligand and one OH2O

atom for water beside one chloride ion. The bond distance
between Y−O3 and Y−O8 are 2.245Å and 2.238Å51 while
the distance between Y−OH2O is 2.308Å52 and the distance
between Y−Cl12 is 2.597 Å.51,52 Also, the angles around the
central metal ion Y(III) with surrounding oxygen atoms
and chloride ion vary from 78.54o to 164.00o; these values
differ legally from these expected for a distorted octahe-
dron. The distances and angles in the quinolone ring system,
as well as those of piprazin rings are similar to those found
in reported structure of free ciprofloxacin.51 The energy of
this complex is −596.53 au and total dipole moment is
18.84 D (Table 9).

Description of the structure of [Y(Ofl)2(H2O)2]
+:

The structure of complex with atomic numbering scheme
is shown in Fig. 8. The complex consists of two units of
ofloxacin molecule and two water molecules with Y(III).
The complex is six-coordinate with distorted octahedral
environment around the metal ion. The Y(III) is coordi-
nated to one Opyr atom and one Ocar atom of ofloxacin ligand
and two water molecules. The Y−O3 and Y−O8 bond
lengths are 2.249Å and 2.193Å,38 while the Y−OH2O bond
length is 2.321Å.52 Also, the angles around the central
Y(III) with surrounding oxygen atoms vary from 76.62o to
154.45o; these values differ legally from these expected for
a distorted octahedron. The distances and angles in the
quinolone ring system, as well as those of piprazin rings
are similar to those found in reported structure of free
ciprofloxacin.51

Table 9. Equilibrium geometric parameters bond lengths (Å), bond
angles (o) and charge density of [Y(Ofl)2(H2O)Cl] by using DFT/
B3LYP/CEP-31G

Bond length (Å)

Y−O3
Y−O8
Y−O29
Y−O34
Y−Cl12
Y−O55
C4−C6
C6−C7

2.245 
2.238 
2.256 
2.187 
2.597 
2.308 
1.393
1.335

C30−O31
C30−O29
C7−O8
C4−O5
C4−O3
C33−O34
C30−C32
C32−C33

1.31755

1.28955

1.32755

1.31655

1.28855

1.33055

1.392
1.334 

Bond angle (o)

O29YO34 
O8YO29 
O29YCl12 
O29YO55 
O3YO8
O34YCl12

82.4653

81.3853

102.75 
91.85 
80.5316

85.50 

O3YO34
O3YCl12
O3YO55
O8YCl12
O8YO55
Cl12YO55

102.4953

95.07 
86.05 
164.00 
78.54 
85.84 

Charges

Y
O8
O3
O5
O31
C30

1.668
−0.378
−0.389
−0.507
−0.540
0.472

Cl12
O55
O34
O29
C4

−0.445
−0.294
−0.374
−0.413
0.471

Total energy/au
Total dipole moment/D

−596.532
18.843

Figure 8. Optimized geometrical structure of [Y(Ofl)2(H2O)2]+ complex by using B3LYP/CEP-31G.
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The bond distances between Y(III) and surrounded oxy-
gen atoms of ofloxacin in water complex are shorter than
that in chloride complex, so that the Y(III) metal ion is
bonded strongly with surrounded oxygen atoms of oflox-
acin in water complex more than that in chloride com-
plex. Also, the charge accumulated on Ocar are −0.375 and
−0.376 and for Opyr are −0.333 and −0.332, for water com-
plex while, for the chloride complex the charge on Ocar are
−0.378 and −0.389 and Opyr are 0.374 and 0.413 (Table 10).
There is a strong interaction between central Y(III) metal
ion which has become charge equal 0.155 and more neg-
ative oxygen atoms in water complex greater than that in
chloride complex. The energy of this complex is −549.149
au and total dipole is 12.25D. For all these reasons the
water complex is more stable than chloride complex and
Y(III) favor coordinated with two water molecules more
than water and one chloride ion to complete the octahe-
dron structure. These data agree quite well with the exper-
imental data which indicate that the complex is electrolyte
and the chloride ion found outside the complex sphere.
These data agree quite well with the experimental data
which indicate that the complex is electrolyte and the chlo-
ride ion found outside the complex sphere.

The Titanium (IV)-ofloxacin complexes:

The Ti(IV) chelated with two molecules of ofloxacin
through two coordinate bonds (Opyr and Ocar atoms) from
each molecule. The experimental data set that the result
complex is six-coordinate so, the complex consists of four
coordinate bonds with two ofloxacine molecules and
there are other two coordinated bonds may be with water
molecules or with two oxygen atoms of sulphato group. In
this part we study theoretically the two structures of
[Ti(Ofl)2(SO4)] and [Ti(Ofl)2(H2O)2]2+.

Description of the structure of [Ti(Ofl)2(SO4)]

Fig. 9 shows the optimized geometrical structure of the
complex with the atomic numbering scheme selected
bond distances and angles are given in Table 11.

The titanium ion, at a crystallographic inversion center,
is in a distorted octahedral environment. In the equatorial
plane the metal ion is coordinated by four oxygen atoms
(Opyr and Ocar) of two ofloxacin ligand at the distances
vary from 1.934Å to 2.091Å, these bond lengths are sim-
ilar to those observed in related compounds.55−59 The dif-
ference in the carboxylate O58−C2 and O3−C2 (1.349Å and
1.211Å),61 confirms the formation of bond between the
ionic carboxylate oxygen atom and titanium ion. The
octahedral coordination environment is completed by two
oxygen atoms of sulphato group. The bond distance between
Ti−O58 is 1.938Å29−31 and Ti−O6 is 2.091Å,58,59 while the
distance between Ti−O of sulfato group are 1.843 and
1.852Å.47,48 The bond angles around the central metal ion
Ti(IV) vary from 70.35o to 177.10o; these values differ sig-
nificantly from these expected for a regular octahedron.

Table 10. Equilibrium geometric parameters bond lengths (Å), bond
angles (o) and charge density of [Y(Ofl)2(H2O)2]+ by using DFT/
B3LYP/CEP-31G

Bond length (Å)

Y−O3 
Y−O8
Y−O29
Y−O34
Y−O2
Y−O55
C4−C6
C6−C7

2.249 
2.193 
2.247 
2.193 
2.321 
2.321 
1.394
1.335

C30−O31
C30−O29
C7−O8
C4−O5
C4−O3
C33−O34
C30−C32
C32−C33

1.32255

1.28455

1.32655

1.32255

1.28455

1.32655

1.394
1.336

Bond angle (o)

O29YO34 
O8YO29
O29YO2
O29YO55
O3YO8
O34YO2

82.7753

99.0453

90.74 
87.47 
82.7716

86.02

O3YO34
O3YO2
O3YO55
O8YO2
O8YO55 
O2YO55

99.0953

86.01 
89.34 
78.62 
154.45
76.62

Charges

Y
O8 
O3
O5
O31
C30

0.155
−0.333
−0.375
−0.559
−0.559
0.471

O2
O55
O34
O29
C4

−0.286
−0.286
−0.332
−0.376
0.471

Total energy/au
Total dipole moment/D

−549.149
  12.254

Figure 9. Optimized geometrical structure of trans-isomer of
[Ti(Ofl)2(SO4)] complex by using B3LYP/CEP-31G.
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In the equatorial plane the titanium ion bonded with two
oxygen atoms (O27 and O32) of one ofloxacin molecule
in the same plane which perpendicular to the other plane
occupied by other two oxygen atom (O6 and O58) of the
second ofloxacin molecule. The bond angle O6−Ti−O27
is 90.89o and O56−Ti−O32 is 88.02o. The sulphato group
not lying in the same plane but out of plane in twisting
form, the bond angle O56−Ti−O6 is 169.24o, so the oxygen
atom of sulphato group lying trans respect to one oxygen
atom (Opyr) of one ofloxacin molecule, while the angle
O57−Ti−O27 is 176.05o, so the other oxygen atom of sul-
phato group lying trans respect to the oxygen atom (Ocar) of
other ofloxacin molecule. The dihedral angle O54−S53−
O57−Ti is 108.12o and O55−S53−O57−Ti is −110.74, which
means that the two oxygen atoms of sulphato group (O54
and O55) lying in opposite direction to each other and out
of plane occupied by other atoms.

The energy of this complex is −591.844 au and the dipole
moment is weak (12.351D) so, this complex is less stable.

Description of the structure of [Ti(Ofl)2(H2O)2]
2+

Table 12 lists selected inter atomic distances and angles.
The structure of complex with atomic numbering scheme

is shown in Fig. 10. The complex consists of two oflox-
acin molecule and two water molecules with metal ion
Ti(IV). The complex is six-coordinate with distorted octa-
hedral environment around the metal ion. The Ti(IV) is
coordinated to one Opyr atom and one Ocar atom of oflox-
acin ligand and two OH2O atoms for water. The Ti−O3 and
Ti−O29 bond lengths are 1.895Å and 1.889Å, respectively,
which are shorter than that Ti−O8 and Ti−O34 (1.934Å and
1.951Å, respectively). Also, the angles around the central
metal ion Ti(IV) with surrounding oxygen atoms vary from
68.98o to 178.38o; these values agree with a distorted octa-
hedron. The two ofloxacin molecules are perpendicular to
each other they are not lying in the same plane the bond
angle O8−Ti−O34 is 89.69o and O3−Ti−O34 is 88.87o, which
confirm that the two ofloxacin molecules not exist in the
same plane. The two water molecules bonded with Ti(IV)
not exist in trans position to each other but exist as cis to
each other, the bond angle O2−Ti−O55 is 90.68o.

The metal ion Ti(IV) is bonded strongly with surrounded
oxygen atoms of ofloxacine in water complex more than
that in sulfate complex. Also, the charge accumulated on
Ocar (−0.441) and Opyr (−0.389), in water complex while,

Table 11. Equilibrium geometric parameters bond lengths (Å),
bond angles (o) and charge density of [Ti(Ofl)2(SO4)] by using
DFT/B3LYP/CEP-31G

Bond length (Å)

Ti–O6
Ti–O58
Ti–O32
Ti–O27
Ti–O56
Ti–O57
C2–C4
C4–C5

2.091 
1.938 
1.998 
1.934 
1.852 
1.843 
1.365 
1.363 

C2−O3
C2−O58
C5−O6
C28−O29
C28−O27
C31−O32 
C30−C31
C28−C30

1.21154

1.34954

1.21154

1.21154

1.34954

1.21054

1.361
1.365 

Bond angle (o)

O6 Ti O27 
O58 Ti O57
O56 Ti O32
O27 Ti O32
O58 Ti O56
O56 Ti O27
O57 TiO32

90.89 
92.13 
88.02 
94.43 
91.09 
100.85
87.17

O6 Ti O58 
O32 Ti O58
O56 Ti O6
O57 Ti O6
O57 Ti O27
O57 Ti O56
O27 TiO58

90.56 
177.10
169.24 
93.87 
176.05
70.35
88.66

Charges

Ti
O6
O58
O3
O27
O3 -0.334

0.895
−0.349
−0.418
−0.435
−0.439
−0.334

O29
O56
O57
S53 
O54
O55

−0.446
−0.511
−0.542
1.415
−0.607
−0.624

Total energy/au
Total dipole moment/D

−591.844
12.351

Table 12. Equilibrium geometric parameters bond lengths (Å),
bond angles (o) and charge density of [Ti(Ofl)2(H2O)2]2+ by using
DFT/B3LYP/CEP-31G

Bond length (Å)

Ti−O34
Ti–O29
Ti–O8
Ti–O3
Ti–O2
Ti−O55
C6−C7 
C4−C6 

1.951 
1.889 
1.934 
1.895 
1.986 
1.986
1.363 
1.366 

C4−O5
C4−O3
C33−O34
C30−O29
C30−O31
C30−C32
C32−C33

1.21154

1.34854

1.21254

1.34754

1.21154

1.366 
1.364 

Bond angle (o)

O34 Ti O3 
O8 Ti O3
O8 Ti O29 
O34 Ti O29 
O3 TiO29
O29 TiO55
O3 TiO2

88.87 
91.03 
68.98 
91.67 
178.58
88.29
89.25

O55 Ti O34
O2 Ti O55
O2 Ti O34
O34 Ti O8
O8 Ti O55
O29 TiO2
O3 TiO55
O8 TiO2

90.83
90.68
178.38 
89.69 
175.58
89.79
92.78
89.19

Charges

Ti
O3
O8
O5

0.937
−0.441
−0.389
−0.561

O31
O2
O55
O29
O34

−0.560
−0.285
−0.286
−0.437
−0.409

Total energy/au
Total dipole moment/D

−609.183
21.394
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Ocar (−0.439) and Opyr (−0.334), in sulphate complex. There
is a strong interaction between central metal ion Ti(IV)
which become has charge equal +0.937 and more nega-
tive oxygen atoms in water complex greater than that in
sulfate complex, at which Ti(IV) becomes has less pos-
itively charge (+0.895) in sulfate complex. The energy of
this complex is −609.183 au and highly dipole 21.394D.
For all these reasons the water complex is more stable than
sulfate complex and Ti(IV) favor coordinated with two
molecules of water more than one sulphato group to com-
plete the octahedron structure.

The Cerium(IV)-ofloxacin complexes:

The Ce(IV) chelated with two ofloxacin molecules
through four oxygen atoms (Opyr and Ocar atoms) forming
four coordinate bonds. The experimental data shows that
the complex is six-coordinate so, the complex consists of
four coordinate bonds with two ofloxacin molecules and
the other two coordinated bonds may be water molecules
or sulphato group. In this part we study theoretically the
two structures of [Ce(Ofl)2(SO4)] and [Ce(Ofl)2(H2O)2]2+.

Description of the structure of [Ce(Ofl.)2(SO4)] 

Fig. 11 shows the optimized structure of complex with
atomic numbering schema. Table 13 lists selected inter
atomic distances and angles. The complex consists of two
ofloxacin molecule and one sulphate group with Ce(IV)
ion. The complex is six-coordinate with distorted octa-
hedral environment around the metal ion. The Ce(IV) metal
ion is coordinated to one Opyr atom and one Ocar atom of
two ofloxacin molecules in equatorial plane. In the equa-
torial plane the metal ion is coordinated by four oxygen

atoms (Opyr and Ocar) of two ofloxacin molecules at the
distances vary from 2.311Å to 2.357Å, these bond lengths
are similar to those observed in related compounds.62−66

The difference in the bond length for the carboxylate
O58−C2 and O3−C2 (1.349Å and 1.212Å),60 confirms the
formation of bond between the ionic carboxylate oxygen
atom and Cerium ion. The octahedral coordination envi-
ronment is completed by two oxygen atoms of sulfato group.
The bond distance between Ce−O58 and Ce−O6 are
2.314Å65,66 and 2.355Å63−65 while the distance between
Ce−O of sulphato group is 1.992−1.993Å.67−69 The bond
angles around the central metal ion Ce(IV) vary from
87.52o to 166.13o; these values differ significantly from

Figure 11. Optimized geometrical structure of trans-isomer of
[Ce(Ofl)2(SO4)] complex by using B3LYP/CEP-31G.

Figure 10. Optimized geometrical structure of trans-isomer of [Ti(Ofl)2(H2O)2]2+ complex by using B3LYP/CEP-31G.
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these expected for a distorted octahedron.
In the equatorial plane the cerium ion bonded with two

oxygen atoms (O27 and O32) of one ofloxacin molecule
in the same plane which perpendicular to the other plane
occupied by other two oxygen atom (O6 and O58) of
ofloxacin molecule. The bond angle O6−Ce−O27 and O56−
Ce−O32 are 91.08o and 87.52o. The sulphato group not
lying in the same plane but out of plane in twisting form,
the bond angle O56−Ce−O6 is 166.13o, so the oxygen
atom of sulphato group lying trans respect to one oxygen
atom (Opyr) of one ofloxacin molecule, while the angle
O57−Ce−O27 is 174.31o, so the other oxygen atom of sulf-
ato group lying trans respect to the oxygen atom (Ocar) of
other ofloxacin molecule. The dihedral angle O54−S53−
O57−Ce and O55−S53−O57−Ce are 105.31o and −109.99o,
which means that the two oxygen atoms of sulphato group
O54 and O55 lying in opposite direction to each other and
out of plane occupied by other atoms. The energy of this
complex is −517.05 au and the dipole moment is weak
8.431D, so this complex is less stable.

Description of the structure of [Ce(Ofl)2(H2O)2]
2+

Table 14 lists selected bond distances and angles. The
optimized geometrical structure of complex with atomic

numbering schema is shown in Fig. 12. The complex con-
sists of two ofloxacin molecule and two water molecules
with metal ion Ce(IV) ion. The complex is six-coordinate
with distorted octahedral environment around the metal
ion. The Ce(IV) is coordinated to one Opyr atom and one
Ocar atom of ofloxacin ligand and two OH2O atoms for
water. The Ce−O3 and Ce−O29 bond lengths are (2.309Å
and 2.315Å, respectively) are shorter than that Ce−O8 and
Ce−O34 (2.347Å and 2.351Å, respectively). Also, the angles

Table 13. Equilibrium geometric parameters bond lengths (Å),
bond angles (o) and charge density of [Ce(Ofl)2(SO4)] by using
DFT/B3LYP/CEP-31G

Bond length (Å)

Ce−O6 
Ce–O58
Ce–O32
Ce–O27
Ce–O56
Ce−O57
C2−C4
C4−C5

2.355 
2.314 
2.357 
2.311 
1.993 
1.992 
1.365 
1.363 

C2−O3
C2−O58
C5−O6
C28−O29
C28−O27
C31−O32 
C30−C31
C28−C30

1.21254

1.34954

1.21154

1.21154

1.34954

1.21154

1.365 
1.365 

Bond angle (o)

O6CeO27
O58CeO57
O56CeO32
O27CeO32
O56CeO27

91.08 
94.01 
87.52 
90.77 
102.78

O6CeO58
O56CeO6
O56CeO58
O57CeO27
O57CeO58

91.11 
166.13 
89.82 
174.31
94.00

Charges

Ce
O6
O5
O3
O27
O32

0.738
−0.325
−0.403
−0.418
−0.423
−0.321

O29
O56
O57
S53 
O54
O55

−0.423
−0.503
−0.538
1.309
−0.601
−0.615

Total energy/au
Total dipole moment/D

−517.050
  8.431

Figure 12. Optimized geometrical structure of trans-isomer of
[Ce(Ofl)2(H2O)2]2+ complex by using B3LYP/CEP-31G.

Table 14. Equilibrium geometric parameters bond lengths (Å),
bond angles (o) and charge density of [Ce(Ofl)2(H2O)2]2+ by using
DFT/B3LYP/CEP-31G

Bond length (Å)

Ce−O34
Ce–O29
Ce–O8
Ce–O3
Ce−O2
Ce−O55
C6−C7
C4−C6

2.351 
2.315 
2.347 
2.309 
1.986 
1.985
1.363 
1.366 

C4−O5
C4−O3
C33−O34
C30−O29
C30−O31
C30−C32
C32−C33

1.21154

1.34854

1.21254

1.34754

1.21154

1.365 
1.363 

Bond angle (o)

O34CeO3
O8CeO3
O3CeO29
O34CeO29

88.88 
92.46 
178.57 
92.05

O55CeO34
O2CeO55
O2CeO34
O29CeO8
O8CeO55

89.98
91.31
177.78 
86.48 
174.75

Charges

Ce
O3
O8
O5

0.889
−0.461
−0.365
−0.493

O31
O2
O55
O29
O34

−0.469
−0.281
−0.282
−0.449
−0.379

Total energy/au
Total dipole moment/D

−593.519
  19.342



Synthesis, Characterization, DFT Modeling and Antimicrobial Studies on the Ti(IV), Y(III) and Ce(IV) Ofloxacin Solid Complexes 589

2013, Vol. 57, No. 5

around Ce(IV) with surrounding oxygen atoms vary from
86.48o to 178.57o; these values agree nicely with a regular
octahedron. The two ofloxacin molecules are perpendic-
ular to each other they are not lying in the same plane the
bond angle O8−Ce−O29 is 86.48o and O3−Ce−O34 is
88.88o, which confirm that the two ofloxacin molecules not
exist in the same plane. The two water molecules bonded with
Ce(IV) not exist in trans position to each other but exist as
cis to each other, the bond angle O2−Ce−O55 is 91.31o.

The Ce(IV) is bonded strongly with surrounded oxygen
atoms of ofloxacin in water complex more than that in sul-
phato complex. Also, the charge accumulated on Ocar (−0.461)
and Opyr (−0.368), in water complex while, Ocar (−0.423)
and Opyr (−0.321), in sulphato complex. There is a strong
interaction between central metal ion Ce(IV) which become
has charge equal +0.889 and more negative oxygen atoms
in water complex greater than that in sulphato complex, at
which Ce(IV) becomes has less positively charge (+0.738) in
sulphato complex. The energy of this complex is −593.519
au and highly dipole 19.34D. For all these reasons the water
complex is more stable than sulphato complex and Ce(IV)
favor coordinated with two molecules of water more than
one sulphato group to complete the octahedron structure.

A Comparison Between Ti(IV), Y(III) and Ce(IV) and

Zr(IV), V(IV) and U(VI) [16] in Theory and Experiment

As for Spectroscopic, thermal analyses, structural and
antibacterial studies on the interaction of some metals with
ofloxacin,16 we studied if the two oxygen of atoms of
ofloxacin ligand of [VO(Ofl.)2(H2O)].5H2O and [ZrO(Ofl.)2

(H2O)].4H2O were in cis or trans position. We found the
energy of the most stable trans Oc isomer [ZrO(Ofl.)2

(H2O)].4H2O complex is −1009.915 au and the dipole moment
was 21.09 D and for [UO2(Ofl.)2(H2O)].2H2O complex
the energy was −552.623 au and the total dipole moment
is 12.81 D. So that Zr(IV) and V(IV) preferred trans iso-
mer (trans Oc) which were more stable than cis Oc.

On the other hand in this paper we studied SO4
−2 or Cl−

of [Ti(Ofl)2(H2O)2]SO4.3H2O, [Y(Ofl)2(H2O)2]Cl.7H2O
and [Ce(Ofl)2(H2O)2]SO4.4H2O complexes were located
outside or inside the complex sphere. We experimentally
found that SO4

−2 or Cl− ions are located outside the com-
plex sphere so we tried to prove this in theory which indi-
cated that SO4

−2 or Cl− are located outside the complex sphere
for the three complexes.

CONCLUSION

The complexes of Y(III), Ti(IV) and Ce(IV) with oflox-

acin in the solid state were synthesized. Infrared and
1H NMR spectra of the complexes indicate bonding of the
metal ions to ofloxacin forming complexes through two
pyridone and two carboxylic oxygen atoms of two ofloxacin
molecules. Thermal analysis indicates that water molecules
are included as lattice and coordinated water in the crystal
structure. Magnetic susceptibility measurements and molar
conductivities show that the complexes are diamagnetic
and electrolyte in nature. The results of the biological activ-
ities of the complexes indicate that the complexes showed
activity compared with ofloxacin against all bacterial spe-
cies except S. aureus KI.

The ofloxacin has two donating centers Opyr and Ocar

when chelated with Yttrium ion Y(III) there are six-coor-
dinated bonds are formed four with two ofloxacin mol-
ecules and other two with two water molecules. The water
complex is more stable than chloride complex for some
reasons (i) bonds between Y(III) with surrounded oxygen
atoms in water complex are shorter and stronger than that
others in chloride complex. (ii) in water complexe there
are more negative charges are accumulated over oxygen
atoms and large positive charge is formed over central
metal ion. (iii) water complex is highly dipole greater than
chloride complex. The product complex is treated as dis-
torted octahedral complex. Also for the same reasons Ce(IV)
and Ti(IV) ions favor coordinated with two water mole-
cules more than one sulphato group to complete the octa-
hedron structure.

Acknowledgments. The publication cost of this paper
was supported by the Korean Chemical Society.

REFERENCES

 1. Nelson, J. M.; Chiller, T. M.; Powers, J. H.; Angulo, F. J.

Clin. Infect. Dis. 2007, 44, 977. 

 2. Kawahara, S. Nippon. Rinsho. 1998, 56, 3096.

 3. Aleixandre, V.; Herrera, G.; Urios, A.; Blanco, M. Anti-

microb. Agents Chemother. 1991, 35, 20.

 4. Chu, D. T. W.; Fernandes, P. B. in: B. Testa (Ed.) In Advances

in Drug Research; Testa, B., Ed.; Acodemic Press: London,

1991, 21, 39−144.

 5. Park, H. R.; Chung, K. Y.; Lee, H. C.; Lee, J.-K.; Bark,

K.-M. Bull. Korean Chem. Soc. 2000, 21, 849.

 6. Kapetanovic, V.; Milovanovlc, L. J. Talanta 1996, 43, 2123.

 7. Yoshida, A.; Moroi, R. Anal. Sci. 1991, 7, 351.

 8. Macias, B.; Villa, M. V.; Sastre, M.; Castineras, A.; Bor-

ras, J. J. Pharm. Sci. 2002, 91, 2416.

 9. Macias, B.; Villa, M. V.; Rubio, I.; Castineras, A.; Borras,

J. J. Inorg. Biochem. 2001, 84, 163.

10. Drevensek, P.; Kosmrlj, J.; Giester, G.; Skauge, T., Sletten, E.;



Journal of the Korean Chemical Society

590 Sadeek A. Sadeek, Wael A. Zordok, and Walaa H. El-Shwiniy

Sepcic, K.; Turel, I. J. Inorg. Biochem. 2006, 100, 1755.

11. Sagdinc, S.; Bayari, S. J. Mol. Struct. (Theochem) 2004,

668, 93.

12. Xu, M.; Ma, Z.-R.; Huang, L.; Chen, F.-J.; Zeng, Z.-Z.

Spectrochim. Acta, Part A 2011, 78, 503. 

13. Sagdinc, S.; Bayarl, S. J. Mol. Struct. 2005, 744–747, 369.

14. Li, Y.; Chai, Y.; Yuan, R.; Liang, W. Russ. J. Inorg. Chem.

2008, 53, 704.

15. Sagdinc, S.; Bayarl, S. J. Mol. Struct. 2004, 691, 107.

16. Zordok, W. A.; El-Shwiniy, W. H.; El-Attar, M. S.; Sadeek,

S. A. J. Mol. Struct. 2013, 1047, 267.

17. Frisch, M. J.; et al. Gaussian 98, revision A.6; Gaussian

Inc.: Pittsburgh, PA, 1998.

18. Stevens, W. J.; Krauss, M.; Bosch, H.; Jasien, P. G. Can.

J. Chem. 1992, 70, 612.

19. Beecher, D. J.; Wong, A. C. Identification of Hemolysin

Bl-Producing Bacillus Cereus Isolated by a Discontinuous

Hemolytic Pattern in Blood Agar. Appl. Environ. Micro-

biol. 1994, 60, 1646.

20. Rupini, B.; Mamatha, K.; Mogili, R.; Ravinder, M.; Sri-

hari, S. J. Indian Chem. Soc. 2007, 84, 629.

21. Efthimiadou, E. K.; Sanakis, Y.; Katsaros, N.; Karaliota,

A.; Psomas, G. Polyhedron 2007, 26, 1148.

22. Efthimiadou, E. K.; Katsaros, N.; Karaliota, A.; Psomas,

G. Bioorg. Med. Chem. Lett. 2007, 17, 1238.

23. Efthimiadou, E. K.; Psomas, G.; Sanakis, Y.; Katsaros, N.;

Karaliota, A. J. Inorg. Biochem. 2007, 101, 525. 

24. Nakamoto, K. Infrared and Raman Spectra of Inorganic

and Coordination Compound, Part B; Wiley: New York, 1997.

25. Roeges, P. G. A J. Chem. Educ. 1995, 72, A93.

26. Ruiz, M.; Ortiz, R.; Perelló, L. Inorg. Chim. Acta 1993,

211, 133.

27. Ruiz, M.; Perelló, L.; Ortiz, R.; Castiñeiras, A.; Maichle-

Mössmer, C.; Cantón, E. J. Inorg. Biochem. 1995, 59, 801.

28. Moawad, M. M.; Hanna, W. G. J. Coord. Chem. 2002, 55,

439.

29. Ismail, T. M. A. J. Coord. Chem. 2005, 58, 141.

30. Ruiz, M.; Ortiz, R.; Perelló, L. Inorg. Chim. Acta 1993,

211, 133.

31. Lever, A. B. P. Inorganic Electronic Spectroscopy; Elesvier:

Amsterdam, 1984.

32. Brzyska, W.; Hakim, M. Polish J. Chem. 1992, 66, 413.

33. Tagawa, H. Thernochim. Acta 1984, 80, 23.

34. Coats, A. W.; Redfern, J. P. Nature 1964, 201, 68.

35. Horowitz, H. W.; Metzger, G. Anal. Chem. 1963, 35, 1464.

36. Nair, M. K. M.; Radhakrishnan, P. K. Thermochim. Acta

1995, 261, 141.

37. Frost, A. A.; Pearson, R. G. Kinetics and Mechanism-A

study of Homogenous Chemical Reaction; Wiley: New York,

1961.

38. Raman, N.; Kulandaisamy, A.; Jayasubramanion, K. Pol-

ish J. Chem. 2002, 76, 1085.

39. Tweedy, B. G. Phytopathology 1964, 55, 910.

40. Balhausen, C. J. An Introduction to ligand field; McGraw

Hill: New York, 1962.

41. Chohan, Z. H.; Scozzafava, A.; Supuran, C. T. J. Enzym.

Inhib. Med. Chem. 2003, 17, 261.

42. Chohan, Z. H. Appl. Organomet. Chem. 2002, 10, 17.

43. Kohn, W.; Sham, L. J. Phys. Rev. A 1965, 140, 1133.

44. Becke, A. D. Phys. Rev. A 1988, 38, 3098. 

45. Lee, C.; Yang, W.; Parr, R. G. Phys. Rev. B 1988, 37.

46. Flurry Jr., R. L. Molecular Orbital Theory of Bonding in

Organic Molecules; Marcel Dekker: New York, 1968.

47. Hyper Chem 7.5 Release for Windows; Hypercube Inc.:

USA, 2003.

48. Turel, I.; Golic, L.; Bukovec, P.; Gubina, M. J. Inorg.

Biochem. 1998, 71, 53.

49. Turel, I.; Leban, I.; Klintschar, G.; Bukovec, N.; Zalar, S.

J. Inorg. Biochem. 1997, 66, 77.

50. Yang, Y.; Gao, H. Spectrochemica Acta, Part A 2012, 85, 303.

51. Andrews, P. C.; Beck, T.; Frasr, B. H.; Junk, P. C.; Massi,

M. Polyhedron 2007, 26, 5406.

52. Khoshnavazi, R.; Salimi, A.; A. Ghiasi-Moaser Polyhedron

2008, 27, 1303.

53. Chen, Q.; Chang, Y. D.; Zubieta, J. Inorganic. Chemica.

Acta 1997, 258, 257.

54. Shen, L. L. In Quinolone Antimicrobial Agents, 2nd ed.;

Hopper, D. C.; Wolfson, J. S.; Eds.; American Society for

Microbiology: Washington, DC, 1993; p 77.

55. Jacobsen, E. N.; Pfaltz, A.; Yamamoto, H. Comprehensive

Asymmetric Catalysis, Vol. 1−3; Springer: Berlin, 1999.

56. Noyori, R. Asymmetric Catalysis in Organic Synthesis;

Wiley: New York, 1994.

57. Davis, T. J.; Carroll, P. J. Walsh, P. J. J. Organomet. Chem.

2002, 663, 70.

58. Liu, Y. Y.; Ma, J. F.; Xie, Y. P. Acta Crystallogr. 2006,

Sect. E E62, 3786.

59. Garima Singh Baghel; Chebrolu P. Rao Polyhedron 2009,

28, 3507.

60. Turel, I.; Leban, I.; Gruber, K.; Bukovec, N. J. Inorg. Bio-

chem. 1996, 61, 197.

61. Tjaden, E. B.; Swenson, D. C.; Jordan, R. F.; Petersen, J.

L. Organomet. 1995, 14, 371.

62. Coles, S. J.; Hursthouse, M. B.; Kelly, D. G.; Toner, A. J.;

Walker, N. M. J. Organomet. Chem. 1999, 580, 304.

63. Gao, H. L.; Yi, L.; Zhao, B.; Zhao, X. Q.; Cheng, P.;

Liao, D. Z.; Yan, S. P. Inorg. Chem. 2006, 45, 5980. 

64. Aghabozorg, H.; Motieiyan, E.; Salimi, A. R.; Mirzaei,

M.; Manteghi, F.; Shokrollahi, A.; Derki, S.; Ghadermazi,

M.; Sheshmani, S.; Eshtiagh-Hosseini, H. Polyhedron

2010, 29, 1453.

65. (a) Hubert-Pfalzgraf, L. G. New J. Chem. 1995, 19, 727

(b) Hubert-Pfalzgraf, L. G.; Guillon, H. Appl. Organomet.

Chem. 1998, 12, 321.

66. Pang, M.; Meng, G. Y.; Xin, H. W.; Chen, C. S.; Peng, D.

K.; Lin, Y. S. Thin Solid Films 1998, 324, 89.

67. Daniele, S.; Hubert-Pfalzgraf, L. G.; Perrin, M. Polyhe-

dron 2002, 21, 1985.

68. Asakura, K.; Imamoto, T. Bull. Chem. Soc. Jpn. 2001, 74,

731.

69. Berthet, J.-C.; Nierlich, M.; Ephritikhine, M. Polyhedron

2003, 22, 3475.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


