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Titaniun amino phosphates :  Synthesis, characterization, antimicrobial and cytotoxicity 

studies. 

A. Rajini, A. Ajay kumar, S. Chirra, N. Venkatathri
* 

 
Titaniun amino phosphates  were synthesized, characterized in detail and their  antimicrobial and 

cytotoxicity properties were studied. 
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Abstract 

 

Titanium aminophosphates were prepared by using  titanium tetraisopropoxide, 

phosphoric acid and aliphatic amines. The synthesized TNPAP, TNOAP and TNDDAP 

aminophosphates were characterized by various physicochemical techniques. Powder XRD 

spectra of titanium aminophosphates suggests the presence of   -Ti–O– phase. The % of titanium 

incorporated into the frameworks of titanium aminophosphates has been confirmed from EDAX 

analysis. The infrared and Raman spectra infers the presence of peaks due to vibrational bands of 

Ti–O, P–O, Ti-N, P-N and Ti–O–P, Ti-N-P linkages. The UV–Vis diffuse reflectance spectra 

reveal the presence of tetrahedral coordination of Ti in the framework. The XPS spectra suggest 

the presence of −O–Ti–N− or −Ti–N–O− framework in TNPAP. The 
31

P MASNMR spectra of 

titanium aminophosphates indicate the presence of environmentally different two tetrahedrally 

co-ordinated  phosphorous atoms in TNPAP framework, other titanium aminophosphates are 

having unique phosphorous atoms in the framework.  The TNPAP, TNOAP and TNDDAP were 

evaluated for biological applications. TNDDAP only exhibits antimicrobial and nematicidal 

activity on M. Incognita at higher concentrations and incubation time. TNPAP and TNDDAP 

show λDNA cleavage activity except TNOAP. The in vitro anticancer activity has been studied 

on human cancer cell lines. The TNPAP and TNOAP shows anticancer activity only on HL60 
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cell line. TNDDAP shows higher anticancer activity against HeLa and MCF7 cell lines and 

moderately on HL60 cell line.  

Keywords : Titanium aminophosphates; synthesis; characterization; antimicrobial; cytotoxicity 

studies; 

Introduction 

Titanium is one of the best biomaterials known today [1]. It is one of the early transition 

metal to be investigated for its antitumor properties. Seventy-six percent of all titanium 

compounds that have been screened for their anticancer activity are derivatives of bis(β-

diketonate)titanium (IV) complexes [2]. Bis(β-diketonate) titanium (IV) complexes  are 

analogues of the titanium drug budotitane (cis-dietoxybis(1-phenylbutane-1,3-

dionato)titanium(IV) [3].  

Recent advancements in titanium antitumor research open multiple directions to yield 

more specific, stable to hydrolysis and improved anti-proliferative profile. Ti (IV) can bind to 

either negatively charged phosphate on the backbone of DNA or to the base nitrogen donors [4].  

Phosphate based materials are important in several industrial acid catalysed reactions [5]. 

In recent years inorganic phosphorous containing materials have received much attention on 

account of their ability to selectively uptake specific ions, resistance to oxidation, high thermal 

and chemical stability. In addition, the presence of phosphate in materials seems to enhance 

catalytic properties, stabilize surface area, crystal phase, improve surface acidity and make the 

material porous [6].  

    Research on phosphate based materials with open frameworks is currently in progress 

due to their applications in catalysis and gas separation [7]. Study of phosphates of transition 

metals has received great attention in recent years. Phosphate frameworks stabilize reduced 
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oxidation states, due to its high charge (PO4
3-

) and hence favour the formation of anionic 

frameworks with a high degree of chemical, mechanical and thermal stability.  

Aminophosphates are amine and phosphorous based materials. The organic functionality 

in aminophosphate framework enhances hydrophobicity and shows high activity in base 

catalyzed reactions [8]. Incorporation of transition metals such as titanium or palladium or  

vanadium in aminophosphates leads to novel materials with redox properties. In particular, 

titanium cation Ti
4+

 in framework positions is found to exhibit good activity in shape selective 

redox reactions. The materials were also evaluated for biological applications such as 

antimicrobial, nematicidal, DNA cleavage and anticancer activities.  Titanium compounds are 

known for their antimicrobial and cytotoxicity  properties.  From our earlier report, we came to 

know that palladium aminophophates are also having the same property due to the modfied 

electronic environment around palladium [9].  This tend us to extend these studies for titanium 

aminophosphates.  We have observed a better results over these compounds.   These compounds 

are also economic, non-toxic  and easy to synthesis compare to the previous one.  Further the 

characterization results shows the morphology, porosity, co-ordination, oxidation state, insertion 

of titanium over the aminophosphate framework and basic structure of all the synthesized  

compounds in the present study.  

Experimental 

Synthesis of titanium  aminophosphates was carried out at room temperature. In typical 

synthesis n-propyl amine (10.9 mL) or n-octyl amine (22.0 mL) or n-dodecyl amine (30.6 mL) 

was added to 0.05 mL of titanium tetraisopropoxide and was stirred. To this mixture, 1.87 mL of 

orthophosphoric acid was added and stirred vigorously to yield solid products (0.02 TiO2: P2O5: 
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8 RNH2). The products thus obtained were thoroughly washed with ether, dried at 40 °C for 

about  30 min and ground to fine powder to obtain respective titanium  aminophosphates. 

Qualitative phase analysis of titanium aminophosphate has been studied using a Bruker 

AXS D8 Advance diffractometer at room temperature with Cu-Kα X-ray source of wavelength 

1.5406 A
o
 using Si (Li) PSD detector. The morphology and surface elemental composition of the 

material was investigated using scanning electron microscopy (SEM-EDAX) on a JEOL Model 

JSM-6390LV. Fourier transform infrared spectroscopy (FT-IR) was recorded on Thermo 

Nicolet, Avatar 370 spectrophotometer equipped with a pyroelectric detector (DTGS type); a 

resolution of 4 cm
-1

 was adopted and provided with KBr beam splitter. Dispersive Raman 

spectroscopy was performed on Bruker senterra at a wavelength of 532 nm using laser radiation 

as source.    The coordination and oxidation state of titanium in titanium aminophosphates were  

examined by diffuse reflectance UV-Visible spectrophotometer (UV-Vis DRS) on Varian, Cary 

5000 in the wavelength range of 175 – 800 nm. .  X-ray Photoelectron spectroscopic analysis 

carried out using ESCA-3000 (VG Scientific, UK) instrument.  The 
31

P magic-angle spinning 

(MAS) nuclear magnetic resonance (NMR) spectroscopy was performed at room temperature on 

a Bruker DRX-500 AV-III 500(S) spectrometer, with a spinning rate of 10-12 KHz operating at 

121.49 MHz using a 5 mm dual probe. The 
13

C cross polarization magic-angle spinning (CP-

MAS) nuclear magnetic resonance (NMR) spectroscopy was performed at room temperature on 

a DSX-300 Avance-III 400(L) NMR spectrometer with a spinning rate of 10-12 KHz operating 

at 75.47 MHz using a 5 mm dual probe. 

Results and Discussion 

Powder X-ray diffraction patterns of titanium n-propylamino phosphate (TNPAP), 

titanium n-octylaminophosphate (TNOAP) and titanium n-dodecylaminophosphate (TNDDAP) 

Page 5 of 31 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



5 

 

are shown in Fig. 1. TNPAP exhibits peaks at 2θ degrees of 22.9°, 24.1°, 26.1°, 27.9° and 30.7° 

indicates the presence of −Ti−O− linkage [20]. Similarly X-ray diffraction pattern of TNOAP 

and TNDDAP shows peaks at 2θ degrees of 5.6°, 8.2°, 8.3°, 13.7° and 18.7° corresponding to 

presence of –Ti–O– with a mesoporous structure [10-12]. TNOAP, TNDDAP exhibits low angle 

diffraction peaks at 4.1° and 4.2° characteristic of mesoporous structure.  

 

Fig. 1: Low and wide angle powder X-ray diffraction  patterns of a) TNPAP, b) 

TNOAP and c) TNDDAP. 
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The SEM-EDAX images of TNPAP, TNOAP and TNDDAP are shown in       Fig. 2. The 

SEM images of TNPAP and TNOAP reveal that the materials possess micron sized irregular 

flakes throughout the surface of the materials. The SEM image of TNDDAP show the material 

has tubular like morphology. The EDAX analysis of TNPAP, TNOAP and TNDDAP shows the 

distribution of the constituent elements O, P, N and Ti.  
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Fig. 2: Scanning electron micrograph – Energy dispersive X-ray analysis of a) 

TNPAP, b) TNOAP and c) TNDDAP. 

  

The Thermogravimetry / Differential thermal analysis of TNPAP, TNOAP and TNDDAP 

exhibits continuous weight loss up to 400 °C. This may be due to removal of polymerized 

molecules. Thereafter, the weight remains constant which indicates the decomposition, 

combustion and crystallization of organic material present in these materials. DTA shows 

exothermic peaks for oxidative decomposition of organics and endothermic peaks  due to 

dehydration and evaporation of organic components. 

 The BET surface area analysis of titanium  aminophosphates showed 60, 80 and 100 m
2
/g 

of surface area for TNPAP, TNOAP and TNDDAP respectively.  The lesser surface area 

compared to that reported for zeolites is due to the blockage of pores by alkyl groups present in 

amines. 

The FT-IR spectra of TNPAP, TNOAP and TNDDAP are shown in Fig. 3. TNPAP 

shows a broad absorption band at 3420 cm
-1

, which corresponds to O−H or N−H stretching 

vibrations. The peaks in the range of 3020 - 2850 cm
-1

 corresponds to the alkyl symmetrical and 

asymmetrical stretching vibrations of amine groups in titanium aminophosphates [13]. Peaks in 
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the range of 1640 - 1630 cm
-1

 are attributed to O−H bending vibrations of adsorbed water in 

titanium aminophosphates. Peaks observed at 1469, 1467 cm
-1 

is due to asymmetric deformation 

vibrations of alkyl group in TNOAP and TNDDAP [14]. The bands at 1079, 1085 cm
-1

 in 

TNOAP and TNDDAP are attributed to P–O stretching vibrations [15, 16]. The bands at 1038 

and 1034 cm
-1

 in TNPAP and TNOAP are due to Ti–O–P stretching vibrations. The bands 

around 980 cm
-1

 are attributed to vibrational frequencies of P–O group in titanium containing 

aminophosphates [16]. Peaks at 1240 and 1222 cm
-1

 in TNOAP and TNDDAP correspond to the 

characteristic absorbance of C–N bonds [17]. The peaks at 887 and 892 cm
-1

 in TNOAP and 

TNDDAP are due to asymmetric stretching vibrations of P–O–P groups. The peaks at 759, 758 

cm
-1

 in TNPAP and TNOAP are attributed to non-bridging Ti–O bond vibrations [18, 19]. The 

peaks at about 725 and 723 cm
-1

 in TNOAP and TNDDAP are assigned to symmetric stretching 

vibrations of P–O–P groups. The peaks in the range of 700 - 400 cm
-1

 are attributed Ti–O and 

Ti–O–Ti vibrations in titanium aminophosphates. The peaks at 538, 492, 530 and 540 cm
-1

 in 

titanium aminophosphates are attributed to P–O bending vibrations [20, 21].  
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Fig. 3: Fourier transform Infrared  spectra of a) TNPAP, b) TNOAP and c) 

TNDDAP. 

 

The Raman spectra of TNPAP and TNOAP are shown in Fig. 5. Small peaks at 568 cm
-1

 

and 939 cm
-1

 in TNPAP corresponds to stretching vibration of Ti−O bond        [22.23]. The band 
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at 1200 cm
-1

 in TNPAP is associated with asymmetric stretching vibration of P−O bond of 

phosphate group [24]. 

 

             

Page 11 of 31 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



11 

 

 

Fig. 4:   Dispersive Raman spectra of a) TNPAP, b) TNOAP and c) TNDDAP. 

  

The UV-Visible diffuse reflectance spectra of TNPAP, TNOAP and TNDDAP are shown 

in Fig. 5. TNPAP and TNDDAP show peaks around 215 nm due to charge transfer transitions 

between empty 3d-orbital’s of Ti (IV) cations and 2p-orbitals of oxygen anions (O
2-

). The charge 

transfer transition infers the presence of titanium in tetrahedral coordination. TNPAP, TNOAP 

and TNDDAP show peaks at 343 and 325 nm respectively. These can be attributed to the 

existence of titanium in tetrahedral coordination [25,26]. 
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The X-ray photo electron (XPS) spectra of carbon, oxygen, nitrogen, phosphorous and 

titanium ion are shown in Fig. 6. In the XPS spectra of TNPAP, the carbon 1s shows peak at 

288.0 eV. This can be attributed to carbon bonded to oxygen, nitrogen and hydrogen respectively 

[27]. The peak around 534.0 eV corresponds to oxygen 1s binding energy. This is due to 

chemisorbed water and weakly adsorbed oxygen molecules on the surface. The binding energies 

of 534.2 eV and 532.4 eV are ascribed to oxygen             co-contributed from Ti–O, P–O [28].  

Fig. 5: Ultraviolet - vis DRS spectra of a) TNPAP, b) TNOAP and c) TNDDAP. 
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The peaks at 462 and 468 eV correspond to the binding energies of Ti 2p3/2
 
and 2p1/2 

electrons, which is due to nitrogen doped interstitially into the titania matrix [23]. The higher 

binding energy value of titanium is due to different electronic interaction with nitrogen compared 

Fig. 6: X-ray photoelectron  spectra of a) carbon b) oxygen c) nitrogen d) 

phosphorous and e) titanium ion in TNPAP. 

Page 15 of 31 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



15 

 

to oxygen. They suggest considerable modification of the lattice due to N substitution. Titanium 

binds to nitrogen or oxygen atoms in the lattice to form O–Ti–N or Ti–N–O [28]. The P 2p 

shows peak at 136.0 eV corresponding to the presence of phosphorous oxide (P2O5) in the 

TNPAP [24].  

The 
31

P MASNMR spectra of TNPAP, TNOAP and TNDDAP are shown in Fig. 7. 

TNPAP shows peaks at 4.654 ppm and
 
-0.73 ppm with its side bands. The peaks are in 1:3 

intensity ratios and suggest the existence of two crystallographically non-equivalent phosphorous 

atoms. The 
31

P MASNMR spectra of TNOAP and TNDDAP show peaks at 5.824 and 1.924 

ppm. The presence of only one peak in TNOAP and TNDDAP spectra indicates that there is a 

unique chemical environment of phosphorous atoms. The 
31

P peaks in the range of -5 to 3 ppm 

corresponds to the presence of mesoporous crystalline titanium phosphate framework in titanium 

aminophosphates [30]. 

 

 

 

 

                                                                              

                                                                        

  

               

Fig. 7:   
31

P Magic angle spinning Nuclear magnetic resonance  spectra of a) 

TNPAP, b) TNOAP and c) TNDDAP. 
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  The 
13

C MASNMR spectra of TNPAP, TNOAP and TNDDAP are shown in Fig. 8. They 

show peaks at 41.12 and 39.80 ppm, which corresponds to the C1, carbon bonded to nitrogen 

atom of amine group. The peaks at 34.46 and 32.12 ppm in TNOAP can be assigned to the C2 

and C3 carbons linked to C1 carbon which is directly attached to nitrogen of amine group. The 

peak at 21.47 ppm in TNPAP can be assigned to the carbon of methylene (−CH2−) group. The 

peaks at 29.93, 28.37 and 24.49 ppm in TNOAP can be assigned to the carbons of methylene 

(−CH2−) groups. Peaks at 12.30 and 14.98 ppm in TNPAP and TNOAP can be attributed to the 

carbon of terminal –CH3 group of amine molecules [14,31].  
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Fig. 8: 
13

C Magic angle spinning Nuclear magnetic resonance spectra of  a) 

TNPAP,  b) TNOAP and c) TNDDAP. 

 

Based on the above characterization, we have proposed the following plausible 

mechanism for titanium aminophosphate synthesis  and basic structure of the catalysts (Fig. 9). 

This is a trifunctional catalyst due to the presence of titanium ion (redox), amine (Lewis base) 

and exchangeable proton (acid) sites. As the reaction is carried out in solvent free condition, 

there is no residue from the synthesis of catalyst (It means 100% yield).  So all the input titanium 

and amine are present in the basic structure. The presence of solid acid sites are deduced from 

the proposed structure, which is confirmed by the NaCl ion exchange experiment.  
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Fig. 9 : Schematic synthesis mechanism and proposed basic structure of 

titanium aminophosphate. 

 

  

The titanium containing aminophosphates were evaluated for their in vitro antimicrobial 

activity. The minimum inhibitory concentrations (MIC) of the antimicrobial activity of titanium  

aminophosphates are presented in Table 1. The results reveal that the TNPAP and TNOAP did 

not show any antimicrobial activity. The inactivity of TNPAP and TNOAP in antimicrobial 

activity is due to its low lipophilicity which makes the materials not to penetrate through the lipid 

membrane. Hence the materials neither block nor inhibit the growth of the microorganism. 
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TNDDAP exhibits less to moderate activity against all the microbial strains tested when 

compared with the standard antibiotics ampicillin and clotrimazole. 

TNDDAP inhibits the growth of bacteria and the MIC values were found in the range 14 

to 26 µg mL
-1

. The TNDDAP exhibits the maximum anti-bacterial activity against S. aureus with 

MIC value of 14 µg mL
-1 

and moderate against P. fluorescens with MIC value of 26 µg mL
-1

. 

The MIC value against E. coli was found to be 18 µg mL
-1

. The anti-fungal activity of TNDDAP 

against C. albicans shows a MIC value of 16 µg mL
-1

.  

The variation in length of the alkyl chain of amine is thought to influence the extent of 

antimicrobial activity [32]. It is also reported in the literature that the antimicrobial activity 

depends on the properties of amine side chains [33]. The longer alkyl chain amine in TNDDAP 

shows higher antimicrobial activity than shorter chains in TNPAP and TNOAP.  

The electron releasing groups of dodecylamine in TNDDAP reduces the polarity by 

partial sharing of its charge with the positive charge of the titanium ion [34,35]. Further, it 

increases the electron delocalization and stabilizes the whole framework and enhances the 

lipophilicity. The enhanced lipophilicity favours the materials to penetrate into lipid membranes 

of the bacterial cell more efficiently [36,37]. 

Further, the activity of TNDDAP can also be explained on the basis of overtones concept 

and chelation theory [38,39]. According to overtones concept of cell permeability, the lipid 

membrane that surrounds the cell, favors the passage of only lipid soluble materials. 

Liposolubility is an important factor which controls the antimicrobial activity. The activity is due 

to the lipophilic nature of the material arising from chelation [40]. 
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Table 1: Minimum inhibitory concentration values (µg mL
-1

) of antimicrobial activity of 

titanium containing aminophosphates 

Compound B. subtilis S. aureus P. vulgaris P. fluorescens E. coli C. albicans 

TNPAP - - - - - - 

TNOAP - - - - - - 

TNDDAP 16 14 22 26 18 16 

Ampicillin 14 12 16 16 16 - 

Clotrimazole - - - - - 10 

 

The nematicidal activity of titanium containing aminophosphates was evaluated against 

Meloidogyne incognita with different concentrations after 24 and 48 h of incubation time and the 

results are presented in Table  2.  

Table 2: Nematicidal activity (% mortality) observed against different concentrations of 

titanium containing aminophosphates on Meloidogyne incognita. Effect of incubation time 

on % mortality 

 

 

Compound 24 h 48 h 

Concentration (µg mL
-1

) 

250 150 50 250 150 50 

TNPAP - - - - - - 

TNOAP - - - - - - 

TNDDAP 44 32 18 78 63 40 

Page 21 of 31 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



21 

 

 The results reveal that, TNPAP and TNOAP did not show any activity. TNDDAP 

exhibits 78% mortality in 250 µg mL
-1 

concentration after 48 h exposure indicating the good 

activity. Aliphatic amines having the carbon chain length of 9 to 35 are found to be highly lethal 

to nematodes and parasites [41]. However, the activity of TNDDAP depends on concentration 

and time. i.e., the activity was higher at high concentrations and was found to increase with 

incubation time. The percentage mortality in the presence of TNDDAP was increased from 18 to 

78% with increase in concentration from 50 to 250 µg mL
-1

 and incubation time from 24 to 48 h.  

The DNA cleavage activity of titanium containing aminophosphates was investigated 

using agarose gel electrophoresis on λDNA. The gel electrophoresis image of titanium 

aminophosphates is shown in Fig. 10. Control DNA (In Fig. Lane C) does not show any cleavage 

of DNA in its lane. FeSO4 (In Fig. Lane +ve) was used as standard, complete disappearance of 

bands was observed in its lane, indicating the DNA cleavage. The lanes TNPAP and TNDDAP 

clearly show the complete disappearance of control bands. Lane TNOAP does not show any 

DNA cleavage. It indicates that the titanium aminophosphates exhibit significant DNA cleavage 

without using any external reagents like H2O2. The DNA cleavage activity of titanium 

aminophosphates may be due to electrostatic interactions of titanium with the base pairs of 

λDNA molecule.  
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Fig. 11: Gel electrophoresis image of titanium containing aminophosphates: 

DNA cleavage activity of titanium containing aminophosphates against 

λDNA: Lane M. DNA + marker, lane C. DNA alone, lane +ve. DNA + 

FeSO4, lane TNPAP. DNA + TNPAP, lane TNDDAP. DNA + TNDDAP, 

lane TNOAP. DNA + TNOAP. 

 

Synthesized titanium aminophosphates TNPAP, TNOAP and TNDDAP were evaluated 

for in vitro anticancer activity against human cancer cell lines such as MCF7, HeLa and HL60 by 

sulforhodamine B assay. The growth inhibition of 50% (GI50) values of TNPAP, TNOAP, 

TNDDAP and standard drug doxorubicin obtained against selected cancer cell lines are shown in 

Table 3.  

Table 3: Anticancer activity of titanium containing aminophosphates on human HeLa, 

MCF7 and HL60 cancer cell lines using sulforhodamine B assay 

Cell 

lines 

GI50 GI50 GI50 

TNPAP Doxorubicin TNOAP Doxorubicin TNDDAP Doxorubicin 

HeLa ˃80 ˂10 ˃80 ˂10 10.6    ˂10 

Page 23 of 31 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



23 

 

 

Note: GI50 (µ Molar) = growth inhibition of 50% (GI50) drug concentration resulting 

in a 50% reduction in the net protein increase, doxorubicin = positive control 

compound, HeLa = cervix, MCF7 = breast and HL60 = leukemia cancer cell 

lines.  

 Estimation based on GI50 values shows that all the titanium containing aminophosphates 

exhibit anticancer activity. TNPAP and TNOAP exhibit activity exclusively on HL60 cell line 

with GI50 values of 12.7 and 48.3 µg mL
-1

. All the three materials have no effect on the viability 

of HeLa and MCF7 cell lines. The low anticancer activity of TNPAP and TNOAP is due to its 

low solubility or they are not taken up by the cell lines [42]. Among the three compounds tested, 

TNDDAP exhibits higher anticancer activity on HeLa (Fig. 3.18a) and MCF7 (Fig. 3.18b) cell 

lines with GI50 values of 10.6 and 13.2 µg mL
-1 

and moderate activity on HL60 cell line (Fig. 

3.18c) with a GI50 value of 39.8 µg mL
-1

.  

The anticancer activity of the titanium aminophosphates depends on lipophilicity and 

membrane permeability because they have to cross the hydrophobic cell membrane to exhibit 

their activity. Previous studies on pharmacokinetics revealed that lipophilicity of the compounds 

increases as carbon chain length increases. Increased lipophilicity leads to better permeability 

through cell membrane and results in increased potency [43,44]. The TNDDAP with 12 carbon 

alkyl chain is having higher lipophilicity passes rapidly through permeable membrane compared 

to 3 and 8 carbon atoms which contains TNPAP and TNOAP. Consequently TNDDAP exhibits 

highest anticancer activity. These results clearly indicate that the length of alkyl chain in the 

amine plays an important role in determining the anticancer activity of titanium containing 

MCF7 ˃80 ˂10 ˃80 ˂10 13.2    ˂10 

HL60 12.7 ˂10 48.3 ˂10 39.8    ˂10 
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aminophosphates. It was observed that the length of the alkylchain coordinated to the titanium is 

a significant factor which influencing the toxicity of the compounds. 

 The activity of titanium containing aminophosphates in anticancer activity can be 

understood due to following reasons. The high oxidation state of Ti(IV) in titanium 

aminophosphates may prevent oxidation in the body. The open framework, and neutral charge on 

the titanium aminophosphates allows the passive diffusion of titanium ions into cancer cells. 

Presence of amino groups in titanium containing aminophosphates also influences the anticancer 

activity. Results indicate that the compounds should possess at least one N−H bond linkage in 

order to exhibit anticancer activity.  

 Amino groups in titanium aminophosphates may increase the electron density on Ti (IV) 

centre, stabilize it and enhance its interaction with the Lewis base sites of DNA [86]. Previous 

studies on anticancer reported that titanium ions may intercalate with the DNA base pairs and 

allow the titanium−DNA interactions. This results in passive diffusion of titanium ions into the 

cancer cells and show anticancer activity [45]. These studies indicate that the titanium 

aminophosphates bind strongly to the phosphate groups of nucleotides and lead to anticancer 

activity [46]. This may be due to higher efficiency of bonding of titanium to phosphorous. 
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Fig. 11 : Anticancer activity of titanium containing aminophosphates on human 

cancer cell lines a) HeLa, b) MCF7 and c) HL60 using sulforhodamine B 

assay. 
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Conclusions 

Titanium aminophosphates were prepared by employing titanium tetraisopropoxide, 

phosphoric acid and aliphatic amines. The synthesized TNPAP, TNOAP and TNDDAP 

aminophosphates were characterized by various physicochemical techniques. Powder XRD 

spectra of titanium aminophosphates suggests the presence of   -Ti–O– phase. The % of titanium 

incorporated into the frameworks of titanium aminophosphates has been confirmed from EDAX 

analysis. The infrared and Raman spectra infers the presence of peaks due to vibrational bands of 

Ti–O, P–O and Ti–O–P linkages. The UV–Vis diffuse reflectance spectra reveal the presence of 

tetrahedral coordination of Ti in the framework. The XPS spectra suggest the presence of −O–

Ti–N− or −Ti–N–O− framework in TNPAP. The 
31

P MASNMR spectra of titanium 

aminophosphates indicate the presence of crystalline titanium phosphate framework.  The 

TNPAP, TNOAP and TNDDAP were evaluated for biological applications. TNDDAP only 

exhibits antimicrobial and nematicidal activity on M. Incognita at higher concentrations and 

incubation time. TNPAP and TNDDAP show λDNA cleavage activity except TNOAP. The in 

vitro anticancer activity has been studied on human cancer cell lines. The TNPAP and TNOAP 

shows anticancer activity only on HL60 cell line. TNDDAP shows higher anticancer activity 

against HeLa and MCF7 cell lines and moderately on HL60 cell line.  
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