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ABSTRACT

5-Bromo-2-hydroxy-3-methoxybenzaldehyde-p-hydroxagdiehydrazonereacts with Ti(IV) forming thick
orange coloured soluble complexin aqueouddimethylformamide in the pH range 2.0-7.0. lilas a Anax at
390nm. Studies were carriedout at pH-4.0.Tihethodobeys Beer’s law in the range 0.241 to 2.87g /ml.
The molar absorptivity is 1.44x1d¢ | mol*cm® and Sandell’s sensitivity is 0.0033g/cnf. The standard
deviation of the method for ten determinations a9 ug/m!| of Ti(IV) is 9.04x10°. The correlation
coefficient {) of the calibration equation of the experimentatalis 0.9998. Tk effect of various diverse ions
is studied. The formula of the complex is 1:1 aadiability constant is 2.28.0°. Based on the above rapid,
simple, sensitiveand selective direct spectrophotometricmethod has been developed. The method
developed was used for the determination of Ti{i)alloy and steel samples. The results are in good
agreement with the certified values.
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INTRODUCTION

Metallic titanium is well known for its excellenbrrosion resistance. It is as strong as steelnilita is one of the
important constituents of alloys. It is a lightertiheavier than aluminium. These properties matkaitim highly
resistant to the usual kinds of metal fatig@iéanium finds critical applications in civiliamd military air frame
parts, food processing plants, nuclear power plantsmarine components. It has several medicalcgbioins such
as preparation of arthritis hips, knee joints aadtdl implant& Titanium exists in nature in its most stable axion
state of +4. Titanium dioxide is an extensivelydiges a white pigment in printing ink, ceramics amdmetics.
Ferro titanium is used as a scavenger to removgayxyhydrogen and nitrogen in steel industry. Seheamalytical
techniques such as flame spectronféiryx-ray fluroscence, Stripping voltaméetryflow injectiorf, kinetic
spectrophotometfy, AAS, ICP-AES?, ICP-MS, and spectrophotomeltty” have been used for the determination
of Ti(IV). Spectrophotometric techniques remainfereed because they are cheaper, easier to handlpravides
good sensitivity other techniques involve costlgttamentation. Many of the spectrophotometric mashieported
involve relatively complicated and time sensitiveqedures, or involve extraction st&ps

Hence there is a need for the development of nemsithee, simple, spectrophotometric methods for the
determination of Ti(IV) at micro levels. A survey literature reveal that several hydrazones ardlahla for the
spectrophotometric determination of Ti(R/f2 As already stated they involve extraction stdfee potentiality of
hydrazones as analytical spectrophotometric readeave been reviewed by Singh éf.dliterature survey reveal
that no para hydroxy benzoic hydrazones are emglfiyethe spectrophotometric determination of TV
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The present paper reports a sensitive, rapid, tdspctrophotometric method for the determinatibmi@V) for the
micro level which was successively employed in maga samples, such as alloy and steel, tap water e

EXPERIMENTAL SECTION

The reagent,5-bromo-2-hydroxy-3-methoxybenzaldetptigdroxybenzoichydrazone was synthesized in the
laboratory by condensing 5-Bromo-2-hydroxy-3-metjimmnzaldehyde and p-hydroxybenzoichydrazone. AL MO
DMF solution of the reagent is used in the studies.

0.01M stock solution of Ti(l1V) was prepared by dissolving requisite amount of potassium titanium
oxalate(AR) in distilled water and standardizedvolumetrically’®. The working solutionswere preparedby
diluting the stock solutionswith distilled water. Buffer solutionsof pH 5.0 were preparedby mixing 0.2M
sodium acetatand0.2 M acetic acidin suitableproportionsandthe pH was adjustedy a pH meter.

The absorbance and pH measurements were made orerldn PEImer (LAMDA 25) UV-Visible
spectrophotometer (Model UV-160A) controlled by @amputer fitted with 1cm path length quartz cellsl am
ELICO digital pHmeter of (Model LI 613) respectively.

General Procedure:

To 5 ml of buffer solution(pH 4.0) 0.5 ml of 5-BHMBHBH (1 x 10'2M) in DMF,1.5 ml of DMFwere taken
in eachof a setof 10 ml volumetric flasks, varying amountsof Ti(1V) wereaddedand diluted to the
mark in 10 ml volumetric flasks withdistilled water. Theabsorbancef these solutions was measuredat
390 nm againstreagentblank and plotted againstthe amountof titanium A straight line is obtainedvhich
corresponds to the equatidy= 0.3035C+ 0.00354( C is the amount of copper ipg/ml).

RESULTS AND DISCUSSION

5-bromo-2-hydroxy-3-methoxybenzaldehyde-4-hydroxmchydrazone was used for the spectrophotienet
determination of the titanium(lV). Titanium(IVeacts with 5-BHMBHBH in the pH range 2.0- 7.0 tonfothick
orange coloured complex. Thabsorption spectra of 5-BHMBHBH and its titaniumfIVcomplex under the
optimum conditions were recorded in the range 3300 nm and shown in Figurel. The titanium(IV)-5-
BHMBHBH complex shows maximum absorbance aD 3®, where the reagent has negligible absorbamce
constant in the pH range 3.0- 5.0. The analyticehsurements were made at pH 4.0 as at this pthtbddrence
due to diverse ions is minimum. The absorbanc&he colour formation is instantaneous. It is stdbte48 hours.
The order of addition of various constituents sashthe buffer, the metal ion, the reagent has fectebn the
maximum intensity of the colour reaction. A sixdanolar excess of the reagent is sufficient todpie maximum
absorbance. The formula of the complex was asoedairom jobs and molar ratio methods as 1:1. Thbilgy
constant of the complex is 2.24.0°.

Analytical characteristics of [Fe(lll)-5-BHMBHBH] a nd the effect of foreign ions:
The molar absorptivity, Beer's law range, detectinit, determination limit etc., are shown in tfable-1. The
data indicate that the method is highly sensitive.

The effect of various foreign ions on the absorleaotthe experimental solution containing 1.18ym| of
Fe(lll) was studied and the results are presemtetiable.2. All the anions studied except phosphatelate,
citrate and EDTA do not interfere even if they aresent in more than 100 fold excess. Many catextept
Mo(VI), Cu(ll) do not interfere in the determinatieof Ti(IV) even in more than 10 fold excess. HoeeR0

fold excess of Fe(lll) and 50 fold excess of Cu(tuld be masked using phosphate and thiosulphate
respectively.

Applications:

The present method for the determination titaniMh{s applied to alloy and steel samples and tapew The
following general procedure is adopted for the gsialof titanium(IV) in the above sample solutions.
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a) Determination of Ti(IV) in alloy and steel sampé:
The alloy sample was brought into solution by thhecpdure An aliquot of the sample was analysedhey t
following procedure.

1gm of the alloy sample was dissolved in a mixtafe2ml of concentrated hydrochloric acid and 10rhl o
concentrated nitric acid. The solution was evamatab a small volume. 5ml of 1:1 sulfuric acid wemdded
and the solution was evaporated to dryness. Thduedeft over was extracted with 15ml of water ahd
solution was diluted to 100ml with double distilladiter. This serves as the stock solution. Thekssotution
was appropriately diluted and analyzed by the gdrm@ocedure. The results are given in table-3.

b) Determination of Ti(IV) in Water samples :
The water samples were collected from differentgpaf anantapur district. (A.P. India) and treaasdollows.

1 litre of the water sample was taken in a 2 lteaker and evaporated slowly 225 ml. 5 ml eDftwere added and
evaporated to dryness in a china dish. filteredds then dissolved in 20 ml of water and transfequantitatively
into a 100 ml volumetric flask and made up to thekowith distilled water. An aliquot the samplesaanalysed by
the following procedurelThe results are given in table-4.

Table -1 Analytical characteristics of [Ti(IV) — 5BHMBHBH]

Parameter Direct method (390nm)

Beer’s law rangeug/mI) 0.241 - 2.87
Molar absorptivity (Lmol*cm™) 1.44x 10
Sandell’s sensitivit (ug/c m?) 0.003!
Correlation coefficient ¥ 0.999¢
Standard deviation 0.00273

Y- intercept(b) 0.0035
Detection limitxg/m 1) 0.026
Composition (Metal : Ligand) 1:1
Stability constant(( 2.25x 10°

Table - 2 Tolerance limits of foreign ions

Amount of Ti (IV) = 1.197ug/ml pH = 40
lon Tolerance limit (ug/ml) lon Tolerance limit (fngf)
Thiocyanate 2850 Ba (ll) 5842
Oxalate 1500 Sr (1) 5450
Thiosulphate 1200 Zn(ll) 600
Tartrate 100( Cd (1) 31C
Chloride 80C Hg (I1) 19t
Bromide 690 Co (Il) 12
Nitrate 590 Ni (I1) 12
Carbonate 460 Pb (I) 9
Sulphate 430 Cd (Il 82
lodide 20C Cr (VI 8
Phosphat 90 W (VI) 8
EDTA 50 Cu (I)* 63
Citrate Interferes Al(1l1) 6
Fluoride Interferes Mn (1) 50
Ascorbate Interferes Se (IV) 45
Ag () 38
V(V) 5
Bi (1l 18
Ce (IV) 10
Ni (11) 5
U (V1) 4
Mo (VI)* 59
Fe (lI** 50
Zr (IV)* 16

* Masked with thiosulphate; # Masked with tartargte Masked with phosphate
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Table -3 Determination of titanium in alloy and steel samples

TCe?:Sg rgtausr:danlc?; Composition (%) certified %;’Tp%sdtr']%n Error (%)
(i) Udimet — 500 2.90 2.86 -1.38
(ii) Udimet-70C 3.5( 3.4¢ -0.57
(i) Titanium based all® 70.1¢ 70.1( -0.0¢€

* Average of five determinations
Composition of samples (%) as follows:
i. Co18.5:Cr18: Mo 4.8: Al2.9:Ti2.9: C 0:a80.006: Zr 0.05;
ii. Co18;Mo5.21; Cr1.5; Al 4.3; Ti 3.5; C 008 0.003
ii. Ti70.14; Ni 15.03; Cu 14.83;

Table -4 Determination of titanium in tap water

Ti(IV) Found*

Sample No. | Ti(IV) added Present method | AAS method Error (%)
1 5.0 5.05 5.01 -0.79
2 10.0 10.11 9.99 -1.20
3 15.0 15.12 15.01 -0.73

*Average of five determinations
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Fig.1. Absorption spectra of
a) 5-BHMBHBH Vs buffer blank
b) [Ti (IV)] - 5-BHMBHBH Vs reagent blank
[Ti (IV)] = 1.0 x10™ M: [5-BHMBHBH] = 1.0 x 102 M
pH=4.0
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CONCLUSION

The present direct spectrophotometric method détetion for the Ti(IV) using 5-BHMBHBH is a new spte ,
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highly sensitive and selective method. It can bsleapplied for the determination of Ti(IV) in alf and steel
samples. Although many sophisticated techniquels asqulse polarography, HPLC, AAS, ICP-AES, ICP;MS.
are available for the determination of titanium)(Iat trace levels in numerous complex materialstofa such as
the low cost of the instrument, easy handling, lackequirement for consumables and almost no reaartce have
caused spectrophotometry to remain a popular tgakniparticularly in laboratories of developing otiies with
limited budget. The sensitivity in terms of moldusarptivity and precision in terms of relative stard deviation of
the present method are very reliable for the detetion of titanium(lV) in real samples.
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