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ABSTRACT
Objective: To synthesis a series of novel titanium (IV) complexes with corresponding antibiotic drugs.
Methods: A series of novel titanium (IV) complexes have been synthesized by reacting titanium tetrachloride with corresponding antibiotic drug (L)
i.e. (L = A1 (tetracycline hydrochloride); B1 (Streptomycin); C1 (Cefixime); D1 (Ampicillin); E1 (Amoxicillin) in fixed 1:2 molar ratios using methanol
as a solvent. All the synthesized complexes were characterized by microanalysis (titanium and chlorine were estimated by gravimetrical and
Volhard’s method respectively) and spectroscopic methods (FT-IR, UV-Visible, 1H-NMR, Raman, SEM and Mass spectrometry). These complexes
were screened for their antibacterial activity against ten pathogenic bacterial strains.
Results: Zone of inhibition diameter and MIC data indicated that [Ti(E 1)2Cl2] was highly effective against all the bacterial strains than parent ligand.
Conclusion: From the spectral data an octahedral geometry was tentatively proposed for all the new titanium (IV) complexes. All the complexes
exhibited promising antibacterial activity.
Keywords: Titanium, Antibiotic drugs, Methanol, Antibacterial strains, SEM, Raman.

INTRODUCTION
Antimicrobial agent represents a main therapeutic tool to control
and treat a variety of bacterial infections diseases. The modern era
of antimicrobial therapy started with the discovery of penicillin in
1929 and sulfonamides in 1935 [1, 2]. These discoveries were soon
followed by isolation of streptomycin, cefixime, ampicillin,
amoxicillin and tetracycline antibiotic drugs. Out of these,
streptomycin and tetracycline belongs to a group of broad and
narrow spectrum antibiotic drugs respectively whereas cefixime
was a third generation drug. The use of metal complexes as
biological probes represents one of the most important applications
of bio-inorganic chemistry [3]. Karthikeyan et al. reported that
complexes of tetracycline with Co(II), Ni(II), Pd(II) and Ln(III) were
more active against gram positive bacterial strains of order of ca. 90100% than gram negative [4-6]. Metal complexes with Streptomycin
were found to possess better activity than streptomycin. It may be
due to more hydrophobicity and solubility of metal complexes [7].
Out of Mn, Co, Ni and Cd complexes of cefixime, Co(II) and Ni(II)
complexes found more potent against bacterial strains than other
metal complexes [8]. In case of β-lactamic antibiotics, Anacona et al.
reported that Cd(I1) and Zn(I1) complexes with ampicillin showed
best activity against Salmonella sp [9]. Gamel had synthesized and
characterized amoxicillin and ampicillin complexes with different
metal ions like Mg(II), Ca(II), Co(II), Ni(II), Cu(II), Zn(II), Ce(III)
Nd(III), Th(IV). It had been found that copper complexes were most
potent against B. subtilis and E. coli bacterial strains than with other
metal ions [10]. It indicated that incorporation of metal in the parent
antibiotic drug modified its toxicological and pharmacological
properties. Recent researches showed that titanium complexes have
interesting properties because of its low toxicity, oxophilicity nature,
different oxidation states (4+, 3+, 2+) and ability to bind with DNA
[11,12]. However, this oxophilicity also makes complexes of
titanium(IV) of organic and inorganic ligands highly susceptible to
hydrolysis, a characteristic that should be taken into account when
biological applications are considered. Ligands having electron
donor atoms like N, O, S, P can interact with metal ion through the
formation of coordinate bond [13, 14]. Chelation causes drastic
changes due to synergistic effect of metal ion and ligands both [1517]. It has been suggested that metal complexes having
antimicrobial activity may act either by killing the microbe or
blocking their active sites [18]. In addition, activity also depends
upon the nature of microorganisms. Due to change in structural as

well as toxicological properties of antibiotics, when coordinated to
metal ion, their biological efficacies have been changed. Therefore it
is necessary to synthesize metal complexes with antibiotic drugs and
screen newer complexes for their antimicrobial activity. In the
present work, we are reporting the syntheses, spectral
characterization and biological screening of titanium complexes
with respective antibiotic drugs.
MATERIALS AND METHODS
Materials and Instrumentation
Titanium tetrachloride, tetracycline hydrochloride, amoxicillin
trihydrate, cefixime, streptomycin and ampicillin were obtained
from Aldrich and Merck products and used as such after checking
their melting point/ boiling point. All the reagents and solvents were
of AR grade and were purified by standard procedure [19]. Infrared
spectral measurements for the free ligands and its metal complexes
were recorded in KBr pellets in the region 4000-200 cm-1 using
Perkin Elmer 1600 FT-IR spectrophotometer. The absorbance
maxima (λmax) were recorded on Perkin Elmer Lambda 750 UVVisible spectrophotometer in the range 300-1100 nm in methanol.
1H NMR was recorded on Bruker Avance II 400 NMR spectrometer,
using DMSO as solvent. Scanning Electron Micrograph with Energy
Dispersive Spectrometry associated (SEM/EDS) was used for
morphological evaluation. Ranishaw Raman spectrometer, 514nm
radiation from an argon ion laser (Coherent Radiation Laboratories
Model 52B) was used to excite the spectra.
Synthesis of [Ti (E1)2Cl2]; (Ti Cl2C32H36N6O10 S2)
The solution of TiCl4 (1.3 mmols, 0.2588 g) in methanol was added
drop wise into 20 mL methanolic solution of amoxicillin (E 1) (2.6
mmol, 1 g) with continuous stirring in 1:2 molar ratio. After
addition, the reaction mixture was refluxed for 10 hr. After cessation
of evolution of HCl gas, reaction mixture has concentrated to onethird of its volume through distillation. A dark yellow colored
product was extracted by adding diethyl ether as a solvent which
was then filtered, washed with methanol and then dried over
vacuum. Recrystallization of metal complexes was done in methanol.
Yield 72%, Dec. Temp. 295 ºC; %Ti exp(cal.): 5.3(5.6), %Cl exp(cal.):
8.0(8.3); UV (EtOH) (λmax/nm): B-band(π→π*) 379 nm, R-band
(n→π*) 277 nm, K-band (π→π*) 220 nm; FT-IR (KBr, cm-1): 3430 (-
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OH stretch intermolecular hydrogen bonding), 2932 (aliphatic C-H
stretch), 1627(-C=O stretch), 1424 (C=C ring stretch), 1266 (C-O
stretching and O-H in-plane bending vibration), 575 (Ti-N stretch),
448 (Ti-O stretch); 1H-NMR (400 MHz, DMSO-d6, δ/ppm): 7.55 (1H,
s, =CH),15.54 (-C=C-OH, s), 6-75 (Phenolic-OH, broad(s) ),1.53- 2.54
(-CH3, s); LC-MS (m/z, (relative abundance, %): C7H8ON(122),
C9O4N2SH11(242),
C8O3N2SH11(214),
C8O4N2SH8(227),
C7O4N2SH5(212), C7H7N(105), TiCl2 (118). (Shown in Table II).
Same procedure will be followed for the synthesis of titanium (IV)
complexes with other antibiotic drugs i.e. [Ti(A1)2Cl2]:
(TiCl2C44H48N4O16), [Ti(B1)2Cl2]: (TiCl2C42H78N14O24), [Ti(C1)2Cl2]:
(TiCl2C32H28N10O14S4), [Ti (D1)2Cl2]: (TiCl2C22H28N3O9S).
Analytical Data for [Ti (A1)2Cl2];(Ti Cl2C44H48N4O16)
Yield 65%, Dec. Temp. 276 ºC; %Ti exp(cal.) 4.0(4.2); %Cl
exp(cal.) 6.0(6.3); UV (EtOH) (λmax/nm): B-band(π→π*) 396 nm,
R-band (n→π*) 283nm, K- band (π→π*) 229 nm; FT-IR (KBr, cm1 ): 3395 (-OH stretch intermolecular hydrogen bonding, 2967 (
aliphatic -C-H stretch), 1626 (-C=O stretch), 1453 (-C=C ring
stretch), 1246 (-C-O stretching and O-H in-plane bending
vibration), 529 (Ti-N stretch); 460 (M-O stretch); 1H-NMR (400
MHz, DMSO-d6, δ/ppm): 7.55(1H, s, =CH ), 15.35 (-C=C-OH, s),
6.55-7.25 (Phenolic-OH, broad(s) ), 1.56-2.53 (-CH3,s); LC-MS
(m/z, (relative abundance, %): C 22H24N 2O 8(444), C 22H19N
O 7(410), C 22H22N 2O 7 (427), C 21H19NO 6((364), C20H12O 7(365),
C 19H12O 6 (337), TiCl 2 (118).
Analytical Data for [Ti (B1)2Cl2];(TiCl2C42H78N14O24)
Yield 72%, Dec. Temp. 267ºC; %Ti exp.(cal.) 3.7(3.65); %Cl
exp.(cal.) 5.2(5.5); UV (EtOH) (λmax/nm): B-band(π→π*) 315 nm,
R-band (n→π*) 267nm, K- band (π→π*) 220 nm; FT-IR (KBr, cm1 ): 3384 (-OH stretch intermolecular hydrogen bonding), 1623(C=O stretch), 1459 (-C-N stretch), 1369 (-C-H bending), 1142 (C-O stretching and O-H in-plane bending vibration), 480 (Ti-N
stretch), 458 (Ti-O stretch); 1H-NMR ( 400 MHz, DMSO-d6,
δ/ppm): 2.55 (s,-CH-OH), 3.44-4.32(s,-OH); LC-MS (m/z,
(relative abundance, %): C 13H33N 4O 10(393), C 14H35N 4O11(423),
C 15H35N6O11(475),
C 8N2O4(187),
C 8H7N 2O 4(194),
C 13H24N3O10(371), C 8H7N 2O 11 (147), TiCl 2 (118).
Analytical Data for [Ti (C1)2Cl2];(TiCl2C32H28N10O14S4 )
Yield 85%, Dec. Temp. 310ºC; %Ti exp.(cal.) 4.25(4.6); %Cl exp.(cal.)
6.3(6.9); UV (EtOH) (λmax/nm) B-band(π→π*) 300 nm, R-band
(n→π*) 257nm, K- band (π→π*) 215 nm; FT-IR (KBr, cm-1): 3417 (OH stretch), 2921 (-C-H stretch), 1615 (-C=O stretch), 1430 (-C-H
def), 1066 (-C-N stretch), 586 (Ti-N stretch), 486 (Ti-O stretch); 1HNMR (400 MHz, DMSO-d6, δ/ppm): 8.12 (-NH, s), 3.45(-OH, s),
2.54(=CH2, s); LC-MS (m/z, (relative abundance, %): C3H5O3SN3
(187), TiC16N5H7O7S2 (475), C13N2O4S (256), C4H5N3O4S(215),
C5H5N4O5S2(289), C7H6N5O7S2(360), TiCl2 (118)

Analytical data for [Ti(D1)2Cl2];(TiCl2C32H36N6O8S2 )
Yield 67%, Dec. Temp. 284 ºC; %Ti exp.(cal.) 5.5(5.8); %Cl exp.(cal.)
8.5(8.7); UV (EtOH) (λmax/nm): B-band(π→π*) 359 nm, R-band
(n→π*) 271nm, K- band (π→π*) 218 nm; FT-IR (KBr, cm-1): 3463 (OH group stretch), 2932 (-CH stretch), 1626 (-C=O stretch), 1259 (C-O stretch), 1453 (-CH def), 101 (-CN stretch), 561 (Ti-N stretch),
468 (Ti-O stretch); 1H-NMR (400 MHz, DMSO-d6, δ/ppm): 8.25 (H-NC=O, s), 8.27 (Ar-H, m), 3.45 (-OH, s), 2.53 (-C-H, s); LC-MS (m/z,
(relative abundance, %): C8H13NO3S (203), C8H6N2O (146),
C17H17N3O4S (360), C16H14N3O4S (345), C13H18O5N (268), TiCl2 (118)
Antibacterial activity
Antibacterial activity was determined by the Agar well diffusion
method [20]. The investigated microorganisms were B. cereus MTCC
6728, S. epidermidis MTCC 3086, A. faecalis MTCC 126, S. aureus
MTCC 3160, M. luteus MTCC 1809, K. pneumonia MTCC 3384, P.
aeroginosa MTCC 1035, S. Sonnei MTCC 2957, A. hydrophilla MTCC
1739, S. typhmurium MTCC 1253. The titanium (IV) complexes were
dissolved in DMF solvent to obtain a final concentration 1 mg/1 mL.
A loop full of the given test strain was inoculated in 25 mL of Nbroth (nutrient broth) and incubated for 24 h in an incubator at 37
ºC in order to activate the bacterial strain. 28-30 mL of the nutrient
agar media was added into a 100 mm diameter petri-plate.
Inoculation was done by the Pour-plate technique. 0.1 mL of the
activated strain was inoculated into the media when it reached a
temperature of 40-45 ºC. The complete procedure of the plate
preparation was done in a laminar airflow to maintain strict sterile
and aseptic condition. The medium was allowed to solidify. After
solidification of the media, a well was made in the plates with the
help of a cup-borer (0.85 cm) which was then filled with one of the
test sample solutions. Controls were run (for each bacterial strain
and solvent), where pure solvent was inoculated into the well. The
plates were incubated for 24 h at 37 ºC. The inhibition zone formed
by these compounds against the particular test bacterial strains,
determined the antibacterial activities of the synthesized compounds.
The mean value obtained for two individual replicates was used to
calculate the zone of growth inhibition of each sample [21].
RESULTS AND DISCUSSION
Titanium (IV) complexes have been synthesized by reaction of TiCl 4
and respective antibiotic drug(s) in predetermined 1:2 molar ratio
in methanol with continuous stirring followed by refluxing. The
analytical data of the ligands and their complexes with the general
formula [Ti(L)2Cl2], was summarized in Table 1. It can be
rationalized in terms of following chemical equation:
MeOH

TiCl 4 + 2 L

Ti(L)2Cl2 + HCl

Reflux 5-6 h

Where L= A1 (tetracycline hydrochloride); B1 (Streptomycin); C1
(Cefixime); D1 (ampicillin); E1 (amoxicillin)

Table 1: Analytical data of titanium (IV) complexes with corresponding antibiotic drugs
S. No.

Metal complexes

Color

Dec. Temp. / C
̊

Yield %

1.
2.
3.
4.
5.

Ti(A1)2Cl2
Ti(B1)2Cl2
Ti(C1)2Cl2
Ti(D1)2Cl2
Ti(E1)2Cl2

Light Black
Yellow
Yellow
Brown
Dark yellow

276
267
310
284
295

65.0
72.0
85.0
67.0
72.0

FT-IR Spectra
In order to study the binding mode of corresponding antibiotic
drugs with titanium in synthesized complexes, the FT-IR spectrum of
the free ligands were compared with the spectrum of the respective
complexes (Figure 1). In case of [Ti(A1)2Cl2], data revealed that
stretching vibration mode due to -OH group, which appeared at
3450 cm-1 in free ligand, suffer no shift in the complexes suggesting
no involvement of -OH group in chelation with metal ion. Spectrum
of [Ti(B1)2Cl2] showed that spike peaks for -NH2 group appeared
around 3454 cm-1 in free ligand were found to be absent in titanium
complexes indicating the participation of -NH2 group in binding. In

Exp.(cal.)
% Ti
4.0(4.2)
3.65(3.7)
4.25(4.6)
5.5(5.8)
5.3(5.6)

% Cl
6.0(6.3)
5.2(5.5)
6.3(6.9)
8.5(8.7)
8.0(8.3)

case of [Ti(C1)2Cl2], [Ti(D1)2Cl2], [Ti(E1)Cl2] data revealed that
stretching vibration mode due to -OH group appeared at 3580-3600
cm-1 in free ligand(s) are missing in complexes, supporting the
deprotonation of -COOH proton. The remaining carboxylate peaks
formerly ʋs(COO-) at 1380 cm-1 also changed as a result of
coordination. In free ligands, a strong band appeared at 1690 cm-1
region due to -C=O stretching vibration but a negative shift of 30-40
cm-1 present in all the synthesized metal complexes due to binding
to titanium. There were appearance of new peaks in far IR region of
spectra at 465- 480, 550-580 cm-1 due to υ(Ti-O), υ(Ti-N) modes which
further confirmed the complex formation [8,22]. The peak due to
υ(Ti-Cl) mode was observed at 320-385 cm-1.
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Fig. 1: FT-IR Spectra of Titanium (IV) complexes with
corresponding antibiotic drugs

Fig. 2: UV-Vis spectra of Titanium (IV) complexes with
corresponding Antibiotic drugs

Electronic spectra

Raman Spectra

UV-Vis spectra of the ligands and newly synthesized titanium
complexes have been recorded in methanol (Figure 2). Titanium
complexes with corresponding antibiotic drugs displayed three
prominent bands i.e. B-band (π→ π*), R band (n→ π*) and K band
(π→π*) at 305-390 nm, 257-285 nm and 215-235 nm respectively
upon coordination with titanium. The bands suffered red shift with
increased intensity due to donation of lone pair of electron of oxygen
atom of the ligand to metal ion i.e. (L→M) charge transfer [23]. This
further supported the coordination of ligands to metal through
oxygen and nitrogen atoms as well as formation of complexes. Since
titanium ion (Ti+4) has d0configuration, so there is no possibility of dd transitions. The broading of the bands can be taken as an
indication of distortion from perfect octahedral geometry.

In general, Raman spectra were indicative of the relative intensity
pattern found for any excitation within the range of available argon
frequencies that fall within the absorption band at a point where the
absorbance was half-maximum or higher. The Raman spectra of all
the synthesized complexes showed only two polarized bands at 510550 cm-1 being very strong and at 450-500 cm-1 being weak
correspond to ʋ(Ti-O) & ʋ(Ti-Cl) respectively. So υ(Ti-O) band indicating
the coordination of ligands to metal through oxygen atom [25].

1H-NMR

spectra

1H-NMR

The
spectra of the ligands and their titanium complexes were
recorded in DMSO-d6 solution. In the spectrum of [Ti(A1)2Cl2], signals
corresponding to phenolic and enolic protons observed at 9.00 ppm and
14.52 ppm respectively were present indicating absence of participation
of these group with titanium [24,6]. In all the synthesized titanium
complexes, signal due to Ar-NH2 protons at 7.23-7.55 ppm was
experienced downfield shift and appeared at 7.85 ppm indicating the
participation of lone pair of -NH2 group. In [Ti(C1)2Cl2], [Ti(D1)2Cl2],
[Ti(E1)2Cl2] complexes, signal in the downfield region 12.33-15.25 ppm
due to proton of -COOH group was absent indicating the deprotonation
of the -COOH group and involvement of the oxygen atom in
complexation. Complex formation further established by integration of
signals in NMR spectrum.

Electrospray mass spectral data of titanium complexes
The formation of complexes was further established by recording
the mass spectrum of each of the complexes. The mass spectrum of
titanium complex [Ti (A1)2Cl2] gives peaks at m/e = 427, 410,
392,364, 377, 365 were assigned as [M+H–H2O]+, [M+H-NH3]+, [M+HNH3-H2O],
[M+H-NH3-H2O-CO]+,
[M+H-NH3-H2O-CH3]+,
[M+H(CH3)NH]+, [M+H-(CH3)NH-CO]+ fragments respectively. The mass
spectrum of [Ti(B1)2Cl2] complex gives a peak at m/e = 401, 371,
313, 284 and were assigned for [M+H-(C6H12O5)]+, [M+H-(C6H12O5)2CH3]+,
[M+H-(C6H12O5)-2CH3-N=C(NH2)2]+,[M+H-(C6H12O5)-2CH3N=C(NH2)2-OH] fragments respectively. The mass spectrum of
titanium complex [Ti(C1)2Cl2], [Ti (D1)2 Cl2] gives peaks at m/e = 187
due to C7H5O3SN fragment and 360 (C17H17N3O4S), 345
(C17H17N3O4S-CH3), 268 (C13H18O5N ),146 (C9H8ON, base peak)
fragments respectively. MS-data of synthesized metal complexes
were given in Table 2. The presence of different fragment peaks in
these complexes may be considered to support their stoichiometric
formulation.

Table 2: Mass spectra data of titanium (IV) complexes with corresponding antibiotic drugs
S. No.

Complex

Major Peaks (m/z)

1.

Ti(A1)2Cl2

C22H23N2O7(427), C22H21N O7(410), C22H19NO6 (392), C21H19NO5((364), C21H16NO6(377), C20H14O7 (365), C19H14O6 (337)

2.

Ti(B1)2Cl2

C15H27N7O12(401),C13H21N7O12(371), C12H17N4O12(313), C15H16N7O11 (284)

3.

Ti(C1)2Cl2

C7 H5O3SN (187), C7N2H5O4S (214+ 13C or 15N ), C16H15N5O7S2 (453), C16H13N4O7S2 (436), C16H13N5O7S2 (451), C17H13N5O7S2
(463), C18H16N5O8S2 (494),TiCl2 (118)

4.

Ti(D1)2Cl2

C17H17N3O4S (360), C17H17N3O4S-CH3 (345), C13H18O5N (268), C9H8ON (146)

5.

[Ti(E1)2Cl2

C7H8ON(122),C9O4N2SH11(242), C8O3N2SH11(214),C8O4N2SH8(227), C7O4N2SH5(212), C7H7N(105), TiCl2 (118)

Scanning electron micrograph (SEM)
The morphology and particle size of the titanium (IV) complexes
have been illustrated by the scanning electron micrograph (SEM). To
run the SEM spectrum of titanium (IV) complexes, 20 KV

accelerating voltage was applied towards the sample and 10,000
times magnification power.
A single phase formation of [Ti(C 1) 2Cl2] complex having spherical
shaped with particle size 741.8 nm was displayed in (Figure 3A).
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An ice granular like shape was observed in the [Ti(E 1)2Cl2] complex
with the particle size of 3.6 µm (Figure 3B) [26].

growth of the tested bacterial species. [Ti(A 1) 2Cl2] was effective
against A. hydrophilla and M. luteus with 11 mm and 14 mm
inhibitory zone diameter respectively. For [Ti(B1)2Cl2], there was
enhanced of antibacterial activity with respect K. pneumonia
showing 13.5 mm diameter of zone of inhibition (Figure.5A)
Titanium complexes i.e. [Ti(C 1) 2Cl 2] and [Ti (D1) 2Cl2] were less
potent against all the bacterial strains. [Ti (E 1) 2Cl2] was highly
effective against all the bacterial strains with zones of inhibition
of 8-12 mm (Figure 5B).

(A) [Ti(C1)2Cl2],

(A) [Ti (B1)2Cl2] complex against K. pneumonia bacterial
strain

(B) [Ti(E1)2Cl2]
Fig. 3: SEM images of titanium (IV) complexes with Cefixime (A)
and Amoxicillin (B)
Antibacterial Activity
The in-vitro biological screening of the complexes were tested
against various pathogenic bacterial strains i.e. B. cereus MTCC
6728, S. epidermidis MTCC 3086, A. faecalis MTCC 126, S. aureus
(B) [Ti (E1)2Cl2] complex against P. aeroginosa bacterial
MTCC 3160, M. luteus MTCC 1809, K. pneumonia, MTCC 3384, P.
strain
aeroginosa MTCC 1035, S. Sonnei MTCC 2957, A. hydrophilla
MTCC 1739, S. typhmurium MTCC 1253. The standard error (SE)
Fig. 5: Zone of Inhibition diameter of Titanium (IV) complexes
for the experiment was ± 0.001 cm and the experiment was
A comparative study of MIC values of ligands and its complexes (MIC
repeated two times under similar conditions. DMF was used as
values) indicated that [Ti(A1)2Cl2] exhibit higher antibacterial
negative control and tetracycline hydrochlorides, Cefixime,
activity than tetracycline angainst S. aureus, M. luteus, A. hydrophilla
ampicillin, amoxicillin were used as positive standards for
bacterial strains, [Ti(B1)2Cl2] was more potent against M. luteus,
antibacterial activities. The compounds were tested at a
K.neumonia, [Ti(C1)2Cl2] was more active against S. epidermidis and
concentration of 1 mg/ 1 mL in DMF using Agar Well diffusion
[Ti(D1)2Cl2] was more effective against M. luteus than the other
method. The growth inhibition zones of novel Titanium (IV)
bacterial strains respectively. When the ligand and metal complexes
complexes were measured in diameter (mm) and summarized in
have the same MIC value the complexes are considered to be more
Table 3. The susceptibility zones measured were clear zones
active because of the lower molar concentration of the complexes
around the discs killing the bacteria. All the ligands and their
due to higher molecular mass [27].
complexes exhibit varying degrees of inhibitory effects on the
Table 3: Zone of Inhibition diameter of newly synthesized titanium (IV) Complexes with corresponding antibiotic drugs
S.
No.

Microbial species

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

S. typhi
B. cereus
S. epidermidis
A. faecalis
S. aureus
M. luteus
A. hydrophilla
K. pneumonia
P. aeroginosa
S. Sonnei

Zone of inhibition diameter / mm
[TiCl2(A1)2]
[TiCl2(B1)2]
(A1)
(B1)
14.5 (15)
8 (9.5)
6 (6.5)
10 (10)
9 (10)
7 (9)
11 (12)
7 (8.5)
12 (14)
10.5 (12)
14 (14)
9.5 (11.5)
11 (9)
6 (7.5)
6.5 (8)
13.5 (10.5)
8.5 (11.5)
9.5 (10)
5.5 (6)
8.5 (10.5)

[TiCl2(C1)2]
(C1)
7 (9)
5 (6.5)
5 (6.5)
6.5 (8)
7 (10.5)
6 (7)
7 (9.5)
6 (7.5)
6.5 (8.5)
5 (6.5)

[TiCl2(D1)2]
(D1)
8.5 (10.5)
6.4 (7.5)
5 (5)
6 (7.5)
6.6 (8.4)
6 (8.5)
5.5 (6)
6.5 (7)
6.5 (8)
6.5 (8.5)

[TiCl2(E1)2]
(E1)
12.5 (10)
10.4 (9)
8.5 (6)
13.5 (12)
10.5 (8.8)
7.7 (5.6)
10 (9.5)
12.4 (11)
11.4 (9.9)
10 (8.5)

A1 (tetracycline hydrochloride); B1 (Streptomycin); C1 (Cefixime); D1 (Ampicillin); E1 (Amoxicillin)
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CONCLUSION
Five antibiotics ligands and their titanium (IV) complexes were
synthesized and characterized by stoichiometric and spectroscopic
studies. These ligands act as bidentate molecules and coordinated to
metal through oxygen and nitrogen atoms. The zone of inhibition
diameter (mm) and MIC value indicated that titanium complexes
exhibit a higher activity against different bacterial strains at higher
concentration. Out of all complexes titanium complex with
amoxicillin showed higher activity with zone of inhibition 8-12 mm.
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