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ABSTRACT

The reaction between Ti (IV) and 3, 4-Dihydroxybenzaldehyde isonicotinoyl hydrazone (3, 4-DHBINH) has been
investigated in sodium acetate and acetic acid buffers. A highly sensitive and simple procedure for the determination of Ti
(IV)is suggested. The orange coloured complex shows maximum absorption at 420 nm in a buffer solution of pH6.0.
Thecompositionofthecomplexisl:1(M: L). Beers law is obeyed in the range 0.478ug/ml to 2.394ug/ml. The molar
absorptivity and Sandell’s sensitivity are calculated as 1.4933 x 10* L mol™ cm*0.00317ug/cmrespectively.
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1. Introduction

Titanium exists in nature in its most common oxidation Titanium is used as an aloy metal. Many organic

dtate as titanium (IV). The lower oxidation states are quite
readily oxidized to titanium (1V) by air, water or other
reagents. Titanium compounds are highly corrosion
resistant to chloride solution, sea water, nitric acid, chlorine
dioxide, sulphur dioxide and to other bleaching agents.
Journal of Pharmaceutical and Biomedical Analysis Letters

compounds of titanium such as phthalates, oxaates,
gluconates, tetracthylate and butyltitanate are widely
synthesized and used extensively. Titanium is a constituent
of a number of azodyes. The analytical applications of
hydrazone derivatives for the spectrophotometric
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determination of metal ions have been reviewed by R.B.
Singh et a'. Very few hydrazones are reported for the
spectrophotometric determination of titanium?®.  Among
the sensitive methods reported, most of them involve
extraction processes’? and suffer from lack of selectivity.
Classical methods using hydrogen peroxide™ and
chromotropic acid* suffer from the disadvantages of
interference and critica pH maintenance respectively.
Srilalitha e & described a method for the
spectrophotometric determination of titanium with 2N'-(2-
hydr oxybenzylidene)-3-oxobutanehydrazide (HBOBH),
Cejar et al® determined titanium with pyridoxal nicotinoyl
hydrazone. V. Vojkovié, V.A. Zivci¢ *' is used thiocyanate
complex to determine Ti (1V) spectrophotometrically. The
survey of literature shows that isonicotinoyl hydrazones are
not widely employed for the determination of titanium.
Hence, spectrophotometric investigations are made with
3,4-dihydroxybenzal dehyde isonicotinoyl hydrazone for the
determination of Ti (I1V). The results obtained are presented
in this research article.

2. Materialsand Methods

General Methods.

3,4-dihydroxybenzaldehyde and isonicotinic acid was
purchased from sigma Aldrich (Milwaukee, WI,
USA).Methanol and dimethyl formamide (DMF) of
analytical grade quality were purchased from qualigens
(Mumbai, Maharashtra, Idia).Titanium alloys (Udimet-500
,700) were purchased sigma Aldrich and used without
further purification. For all absorption measurements, an
ELICO SL-164 double beam U.V. Visble
spectrophotometer is used. p™ measurements were made by
using an ELICO LI 160 digital pH meter.

Synthesis of 3, 4-DHBINH:

The 3,4-DHBINH was prepared by equimolar reactions of
3,4-dihydroxybenzal dehyde(0.500g;3.6 mmol), isonicotinic
acidhydrazide(0.496g ; 3.6 mmol) in methanol through
refluxing for 3hrs. It was alowed to stand at room
temperature until the yellow colour crystals were formed.
The yellow colour crystals were dried and used for the
complex preparation.

Preparation of Ti (V) sample solution:

Stock solutions of 0.01 M titanium (IV) was prepared by
dissolving appropriate quantity of analytical grade
potassium titanyl oxalate (Merck India)indouble distilled
water and standardized. Lower concentrations were
prepared by diluting the stock solutions. The 5 ml of buffer
solution of pH 6.0, 1 ml of Ti (1V) (1.0 x 10°M) and 1.0 ml
of reagent (1.0 x 10°M) were taken in a 10 ml standard
flask. The contents of the flask were made up to the mark
with double distilled water. Solutions were shaken well for
homogeneous appearance. Blank solution was prepared
without metal ion .0.01M solution of 3, 4-DHBINH was
prepared by dissolving appropriate quantity in DMF.
Preparation of titanium alloy sample:

Required amount of the alloy sample (1. Udimet 500, 2.
Udimet700) was dissolved in 2 mL of concentrated
hydrochloric acid and 10 mL of concentrated nitric acid.
The solution was evaporated to a small volume; 5 mL of
1:1 aqueous sulphuric acid was added and evaporated to
Journal of Pharmaceutical and Biomedical Analysis Letters
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dryness. The residue left over was extracted with 15 mL of
water and carefully transferred into a 100 mL volumetric
flask. The solution was made up to the mark with double-
digtilled water. This served as the stock solution. A suitable
aliquot of the sample solution is added to a 10 ml standard
flask containing 5ml of buffer solution of pH 6.0 1ml of
0.1M tartrate or 1 ml of 0.1M hypo [to mask Mo(VI) or
Cu(l1)] and 1 ml of the reagent (1.0 x 10M) solution and
made up to the mark with distilled water. The absorbance
of the solution is measured at 420 nm against the reagent
blank. The absorbance values are referred to the
predetermined calibration plot at 420 nm to compute the
amount of titanium (IV) present in the sample.

3. Resultsand Discussion

Absor ption spectra

The complexes formed a very intense and dark coloured
solution and thus, very low concentrations have been used.
Absorption spectrum of the complex against 3,4-DHBINH
as blank and 3,4-DHBINH against buffer as blank were
recorded in the wavelength ranging from 350 to 500 nm .
Since the complex showed maximum absorbance (A max =
420 nm) at pH 6.0. Hence, pH 6.0 is selected for all
experimental studies. At this wavelength 3, 4-DHBINH has
low absorbance which is shown in fig. 1.The effect of 3,4-
DHBINH concentration on absorbance spectra was also
studied by varying amounts of 3,4-DHBINH with fixed
amount of Ti(IV).It was also observed that 10 fold excess
of reagent is sufficient for complete color development ,
and there was no substantial change in the absorbance
values even when adding excess amount of reagent. The
stability of the complexes was evaluated by the effect of
time on complexation and addition of organic solvents to
the complex solution. complex solution containing fixed
concentration of Ti(IV) and 3,4-DHBINH, measuring the
absorbance for every 10 min and after the addition of every
organic solvent .There were no appreciable change in
absorbance for more than an hour and after the addition of
any organic solvent , which indicates the stability of
complex.
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Fig .1: Absorption Spectrum of Ti(lV) and 3,4-DHBINH

System; Curve 1: Ti(1V) and3,4-DHBINH Vs reagent blank

;Curve 2: 3,4-DHBINH-SystemV's buffer blank. [Ti(IV)] =

1x 10™M; [3,4-DHBINH] = 1 x 10°M
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Beer’s law

We tested whether the present method obeys Beer’s law by
varying the volumes of Ti(IV) solutions in the range 0.478
po/ml to 2.394 pg/ml. Blank solutions was prepared
without metal ion and the absorbance val ues were measured
at 420 nm against blank and 3,4-DHBINH . A linear
relationship was found between the absorbance (Amax) and
the concentration of the metal ion complex in the
concentration range range 0.478 pg/ml to 2.394 ug/mL. The
experimental data referred into straight line equation A =
mc + b, Where A is the measured absorbance, c is the
concentration of metal ion in mol/l, m is angular
coefficient, and b is y-intercept .The relationship were
obtained as A4y - 0.0469C +0.0611.The other statistical
parameters were aso caculated by applying various
statistical methods. For example, the molar absorptivity and
Sandell’s sensitivity are calculated as 1.4933 x 10*L mol™
cm?, 0.00317 pg cm? respectively.

A,,, = 0.0469C + 0.0611

Absorbance

Concentration of Ti(IV) x 10°

Fig .2: Beer's law range of Ti (IV) and 3, 4-DHBINH
System; [Ti (1V)] = 1x 10°M:; [3, 4-DHBINH] = 1 x 10“M

Composition of the complex:
The composition of Ti (IV) — 3, 4-DHBINH complex is
found to be 1:1. It was determined by studying jobs method

CODEN (USA): JPBACO | ISSN: 2347-4742

& mole ratio method. The stability constant calculated by
the Job’s method is 11.75 x 10°.

Effect of diverseions

Under optimum conditions the effect of diverse ions on
determination of Ti (IV)is studied. The tolerance limit of a
diverse ion was taken as the amount of diverse ion required
to cause an error of 2% in the absorbance. The tolerance
limits of various diverse ionsin the determination of 0.2394
pg/ml titanium are shown in table 1.

Applications

Procedure

A suitable aliquot of the sample solution is added to a 10 ml
standard flask containing 5ml of buffer solution of pH 6.0
1ml of 0.1M tartrate or 1 ml of 0.1M hypo [to mask Mo(V1)
or Cu(l)] and 1 ml of the reagent (1.0 x 10*M) solution
and made up to the mark with distilled water. The
absorbance of the solution is measured at 420 nm against
the reagent blank. The absorbance values are referred to the
predetermined calibration plot at 420 nm to compute the
amount of titanium (IV) present in the sample. The results
are tabulated in table 2.

Antimicrobial and Antifungal Activity of Ti (1V)-3, 4-
DHBINH: In this method antimicrobial and anti fungal
activities of titanium (IV) — 3, 4-DHBINH complex is
studied. Agar diffusion method™® and tube dilution™
methods are used for biological studies. Microorganism
belongs to gram negative and gram positive bacteria such as
E-coli, Pseudomonas aureginosa, Basillus subtilis,
Streptococci were used to examine antibacteria activity of
palladium complex and results are incorporated in Table 3
& 4. In similar lines antifungal activity for Aspergillus
niger, Penicillium notatum, is determined and results are
shown in Table 5 and compared with standard.
Antibacterial

Antibacterial study was carried out by agar diffusion
method using streptomycin as standard. Activity studies of
the compounds on each organism were done in triplicate,
and the average has been considered.

Table 1: Effect of diverseions (Ti (IV) =0.2394 pg/ml)

Diverseion Tolerancelimit Diverseion Tolerancelimit Di_verse Tolerancelimit
(Hg/ml) (ng/ml) ion (Hg/ml)
Fluoride 200 Mo (V1) 25 Ni (I1) 3
Chloride 270 Pb (11) 27 Ag () 5
Citrate 1920
iodide 1190 W (V1) 15 Hg (I1) 18
nitrate 420 Co (1) 3 Mg (1) 1
Acetate 310 Cr (V1) 3 Th(1V) 9
oxaate 1235 Cu (1) 135 -
Phosphate 175 Fe (1) 4 - -
tartarate 1785
thiosulphate 1448 - - - -
Table 2: Determination of titanium in alloys
a Composition (% Composition
Alloy oo tifiod ) (%)E‘)ound* Recovery (%)
(i) Udimet-500 2.90 2.86 98.6
(i) Udimet-700 3.50 3.52 100.6
(iii) Titanium based alloy” 70.14 70.01 99.8
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* Average of five determinations.
Composition of samples (%) as follows:
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ai. Cr, 18; Co, 18.5; Al, 2.9; Mo, 4.8; C, 0.08; B, 0.006; Zr, 0.05; Ti, 2.9;
a ii. Cr, 15; Co, 18; Al, 4.3; Mo, 5.21; C, 0.08; B, 0.003; Ti, 3.5;
b. Ti, 70.14; Ni, 15.03; Cu, 14.83;
Table-3
Diameter of Zone of Inhibition in mm
Compound Pseudomonas aureginosa E-Cali
200 400 800 200 400 800
png/0.1 ml | pg/0.1 ml ng/0.1 ml ng/0.1 ml ng/0.1 ml ng/0.1 ml
Ti (IV) 3,4-DHBINH 10 13 15 11 16 18
Std 24 - - 30 - -
STD : Streptomycin
Solvent : DMF
Table-4
Diameter of Zone of Inhibition in mm
Compound Bacillus subtilis Sreptococci
200 400 800 200 400 800
ug/0.1ml | pug/0.1ml ng/0.1 m ng/0.1 m ng/0.1 m ng/0.1 ml
Ti (IV) 3,4-DHBINH -- 11 13 14 13 15
Std 22 - - 28 - -
STD : Streptomycin
Solvent: DMF
: Not active
Table-5
Diameter of Inhibition Zonein mm
Aspergillus niger Penicillium notatum
Compound 60 120 400 60 120 400
pg/0.1ml | pg/0.lml | pg/0.lml | pg/0.1ml | pg/0.1ml ng/0.1 ml
Ti (IV) 3,4-DHBINH 12 14 17 13 15 18
Std 20 - - 23 - -
STD : Griseofulvin
Solvent DMF
----- Not active
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