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ABSTRACT 

Studies on the Extraction and Spectrophotometric 

Determination of Titanium (I\') using Nt. Hydroxy • N',N'.diphenylbenzamidine and 

Thiocyanate 

By Yirgalem Yigzaw 

Research Advisor Dr, B,S Chandravanshi 

Titanium (IV) has been found to react with N'·Hydroxy.N',N2.diphenylbenzamidine ( 

HDPBA) and thiocyanate to form an orange colored mixed ligand complex which was 

quantitatively extractable into toluene from 0.5 . 0.25 M HCl solutions. The complex 

exhibited an absorption maximum in the visible region at 400 nm with a molar absorptivity 

0[20,000 M" cm" and the system obeyed Beer's law in the concentration range of 0.29·3.6 

ppm of Ti. The composition of the complex has been established spectrophotometrically 

to be 1: 1:2 (Ti: SCN:HDPBA). The effects of foreign ions and several other experimental 

variables have been studied to establish the optimum conditions for the extraction and 

determination of titanium. On the basis of these studies a new method has been developed 

for the determination of titanium (IV) with HDPBA and thiocyanate by solvent extraction 

and spectrophotometry. The method is precise, fairly sensitive and highly selective and free 

from rigid control of experimental variables, Moreover, the method has been successfully 

applied to the determination of titanium in several synthetic samples corresponding to 

titanium containing ores, minerals and alloys. 
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1. INTRODUCTION 

1.1 Occurrence and Uses of Titanium [1-5] 

Titanium is a relatively abundant element, the average 

content of the lithosphere being 0.63 % by weight; it is the ninth most abundant 

element in the earth's crust, in which it is widely distributed. 

The main ores of titanium are ilmenite, FeTi03, and rutile, one of the several 

crystalline varieties of Ti02 . The former is widely distributed as a black sand on 

many marine beaches and constitutes the principal source of the element. 

Other titanium containing minerals are titanomagnetite Fe04(Ti), ramsayite 

(lorenzenite) Na2 (Ti0 2 h Si2 07 , titanite CaTiSi05 , lamprophillite 

(Ba,Sr,K)Na(TiFe )TiSi2(0,OH,F)gbenitoite BaTiSi 3 09 Warwickite (MgFe hTiB20e 

Osbornite TiN, and the Perovskite CaTi03. 

Titanium is a silvery metal with considerable industrial potential owing to its 

rare combination of properties. It is less dense than iron, much stronger and having 

a higher melting point than aluminium and almost as corrosion resistant as platinum. 

These properties make it ideal for use in jet engines, aircraft frames, missiles, some 

marine equipment, etc., where light weight, strength, and ability to withstand 

extremes of temperature are important [~31. 

Certain of its properties, such as tensile strength, may be improved by alloying 

with aluminium. The metal also forms useful alloys with molybdenum, manganese, 

iron and other metals. 
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Many diversified applications have been found for titanium and its alloys. 

Moreover, the number of these applications tend to increase steadily as greater 

production and improved processes reduce costs [4,5]. 

Titanium and its alloys are widely used in compressor blades, turbine discs and 

many other forged parts of the jet engine. Here they offer resistance to high 

temperature, as well as weight saving. The latter quality is increasing their use in 

structural aeroplane parts, ranging from engines and air frames to skin and 

fastenings. Titanium sheet finds application in shroud assemblies, capable shrouds 

and ammunition tracks. 

Titanium alloy sheet is formed into ribs for use as stiffeners, as well as 

fuselage frames and bulk heads. Other uses of titanium in aircraft include channel 

sections, flat rubbing strips, landing gear doors, hydraulic lines, baffles, tail cones, 

longerons, etc. Other uses of titanium alloys include bulk heads, ducts, fire walls, etc. 

The light weight of titanium and its alloys, coupled with their corrosion 

resistance, has brought them into use in ships, especially naval ships. Here many 

investigations show the important advantages of the metal and its alloys as wet 

exhaust muffles for submarine diesel engines, and as meter discs, and heat exchanger 

tubes which offer improved service for widespread use in salt water. 

Military applications of titanium extend from cannon and guided missiles to 

light weight armorplate for tanks. 

Throughout the chemical industry, titanium is used extensively both in plant 

and in the laboratory. Among important present day applications are heat 
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exchangers, autoclave heads, autoclave coils for cooling and heating, chemical 

processing racks, and valves and tanks where corrosion resistance is necessary. 

Titanium is used in some stainless steel in order to stabilize the carbon as 

carbide. Titanium carbide is an important abrasive. 

Ferrotitanium is used as a "scavenger" for the removal of oxygen and nitrogen 

from molten iron and steel, and copper-titanium and manganese-titanium for brass 

and bronze. 

Smaller quantities of titanium are used for making artificial bones and skull 

plates for surgery. Titanium metal is considered to be physiologically insert. [2, 4, 5) 

1.2 Chemistry of Titanium [1-8] 

Titanium is a silvery - white, ductile metal, relatively light (with a density of 

4.5 gnU-~, high melting (I677°C) and has a very high electrical resistivity (42 micro-

ohm-em at 20°C). It is dimorphic, with a transformation temperature of 882SC; 

below this temperature it exists in a hexagonal lattice, but above in a cubic lattice. 

[1]. 

Titanium is a d-block transition element and has the electronic configuration 

3d 2 4s2 . Titanium (IV) is the most stable and common oxidation state; compounds 

in lower oxidation states, -I, 0, II and III, are quite readily oxidized to TiIVb~ air, 

water or other reagents. The energy of removal of four electrons is so high that the 

TiIVion doesn't have a real existence and TiIVcompounds are generally 

...... , ... 
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covalent in nature. [3] 

The standard electrode potentials in an aqueos medium at 25° C(with 

reference to the standard hydrogen electrode) are as follows: 

Ti -1.630 V 

TiO + 2H+ + 2e- ) -1.306 V 

-0.368 V 

Ti02 + + 2H+ + e+ ) -0.100 V 

The metal has a tremendous affinity for oxygen, nitrogen and hydrogen at 

elevated temperatures, but only in the case of hydrogen is the absorption reversible. 

It is not attacked by mineral acids at room temperature or even by hot aqueous 

alkali. It dissolves in hot Hel, giving Ti11iPecies, whereas hot nitric acid converts it 

into a Ti4+hydrous oxide which is rather insoluble in acid or base. It is also attacked 

by four organic acids in the form of hot, concentrated solutions, namely: oxalic, 

formic, trichloroacetic and trifluoroacetic, as well as by aluminium trichloride. The 

best solvents for Ti4+ are HF or acids to which fluoride ions have been added. Such 

media dissolves titanium and hold it in solution as fluoro complexes. 
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Titanium reacts with many metals and non-metals forming interstitial or inter-

metallic compounds, for example, with Al, Sb, Be, Cr, Fe and B. 

Titanium dioxide is one of the stable compounds of titanium which occurs in 

minerals like rutile. Pure dioxide is colorless. With strong acids Ti02 reacts to form 

[Ti(OHh]+or [Ti(OHh]2"brTiO.H20,commonly represented as Ti02+(titanyl ion) 

as their structures are uncertain. In strong alkalies it dissolves slightly to form 

oxide. [8] 

Refractory Ti02 is best brought into solution by fusing it with KHS04 and 

dissolving the cooled melt in dilute H2S0.pr HC!. Another good method is to fuse 

with Na2C03,extract the soluble salts from the cooled melt with water and then 

dissolve the residue of Na2Ti03in dilute HCI or H2S04 The former method is 

usually used for the preparation of standard titanium solution. [6,8] 

In aqueous solutions of Ti IVthere are only oxo species; basic oxo salts, or 

hydrated oxides may be precipitated. Although these oxo salts have formulas such as 

TiS04·H 20and (NH4H'iO(C:P4)JI:P no discrete Ti02+ ion is known. Instead, 

chains or rings, (Ti-O-Ti-O) occur. [3] 

One of the most characteristic reactions of aqueous Ti IV solutions is the 

development of an intense orange color on addition of H 20 2This reaction can be 

used for the colorimetric determiAation of either Ti or of H2 0 2. 

Aqueous solutions of the [Ti(H20)6]3ton are obtained by reducing aqueous 

TiIVeither electrolytically or with zinc. The violet solutions reduce 02 and, hence 



- 6 -

must be handled in a N2 or H2 atmosphere. 

.. "-' , 
. - -.,-,~:--,,-",~ 

There is no aqueous chemistry of TiI because of its ready oxidation but a few 

TiLtomplexes such as TiCl4 2can be made in non-aqueous media. 

1.3 Analytical Methods for the Determination of Titanium [9-14] 

There are many methods, chemical as well as instrumental, for the analysis of 

titanium in its various samples. The whole coverage of the literature can not be 

presented here and only a few of the most commonly used ones are described below. 

The Gravimetric procedure for the determination of titanium involves the 

precipitation of the hydrous oxide by ammonium hydroxide (at pH 6-7) followed by 

the ignition of the latter to the anhydrous oxide. If other metals are present, it may 

be necessary to use first a selective precipitating agent to separate the titanium, and 

then ignite this complex to the dioxide. One example of such selective precipitating 

agent is tannin (in slightly acidic medium containing acetic acid.) [9] 

The standard volumetric method for the determination of titanium involves 

the reduction of titanium (IV) in a nitrogen atmosphere, by zinc amalgam to the 

tervalent state. The resulting solution is then titrated against a standard oxidizing 

agent (one such example is Fe(III)), with thiocyanate as indicator. [11] 

Titanium may also be determined potentiometrically in the presence of Iron 

or molybdenum or vanadium by reduction and titration with a standard oxidizing 

solution. 
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Atomic absorption spectroscopic methods are common for the determination 

of titanium in a variety of samples (eg. in cement, nickel alloys, polypropylene, rock. 

samples, steel, etc.) in a fuel rich nitrous oxide /acetylene flame at the 364.3 nm. 

resonance line. The sensitivity for 1 % absorption is about 2 J.Lg/m1 and the limit of 

determination is 0.2 - 0.4 J.Lg/ml. [12, 13] 

Of the colorimetric determinations of titanium, the one with hydrogen 

peroxide which produces a yellow color when added to an acidic titanium (IV) 

solution, has long been utilized for the determination of small amounts of the 

element (up to 0.5 mg of Ti02 per mI.). Important advantages of hydrogen peroxide 

for the determination of titanium lie in the high acidity of the medium in which the 

reaction is carried out and in the lack of interference by the common metals. The 

great deficiency of the hydrogen peroxide method in trace analysis is its low 

sensitivity. [14] 

Since in the present investigation a spectrophotometric method is employed, 

a more detailed literature review for the determination of titanium by 

spectrophotometry or spectrophotometry coupled with solvent extraction is given in 

the following section. 

1.4 Reagents Used for the Spectrophotometric Determination of Titanium 

The literature survey revealed that there have been manv reagents used ior 

the spectrophotometric determination of titanium. Although all of the reagents 
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reported could not be presented here, some of the most selective and sensitive 

reagents that have been recently reported in the literature are mentioned below. 

(The unit of € is M-1cm lfuoughout the text). 

A method has been described for the spectrophotometric determination of 

Ti(IV) with nitrilo triacetic acid (I), 4, 5 - dibromophenylfluorone (II), and 

hexadecyltrimethylammonium bromide (III) based on the color reaction of the multi 

component complexation of Ti(IV) with the cited reagents as Ti - I - II - III (1: 1: 2: 

2) at pH 2.5 - 4.0 which has an absorption maximum at 576 nm (€ = 213000) Beer's 

law was obeyed for::; 0.4 JLgml- ~f Ti IV .[ 15] The method has been used for the 

selective determination of Ti in steel without pre-separation. 

Puzanowska - Tarasiewiez et al. have developed the spectrophotometric 

determination of Ti(IV) (2 - 22 JLg) with chlorpromazine hydrochloride in the 

presence of thiocyanate in HCl medium after extraction of the complex into 

chloroform. [16] The absorbance was measured at 417 nm (€ = 26000). Beer's law 

was obeyed for 0.2 to 2.2 JLgml- bf Ti, and the Sandell sensitivity was 1.8 ngcm -.brhe 

coefficient of variation was 0.5 to 1.5 %, depending on the concentration of Ti. 

Titanium (IV) was found to react with N-pivaloyl-p-chloro­

phenylhydroxylamine to form an intensely yellow complex, which can be extracted 

from 7 to 11M - HCl medium into chloroform. The € value at 380 nm. was 5300, 

Beer's law was obeyed in t~e range 0.2 to 12 Jlgml- bf Ti, and the Sandell sensitivity 

was 9 ngcm- 2Yarious accompanying ions did not interfere but VV, MoVI,WV~nd 

Nbv interfere seriously, and FeI~SnI~nd F-to a lesser extent. [17] 
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Gunawardhana, H.D. (18) has proposed a spectrophotometric determination 

of titanium with N - phenyldodecanohydroxamic acid (I) and phenylfluorone (II) in 

HCI - ethanol medium forming the TiI'Z I - II (1: 2: 1) complex, the absorbance of 

which was measured at 560 nm. (€ = 123000). Beer's law was obeyed for:5 0.4 ppm 

of TiIVand the detection limit was 10 ppb. FeI~\:,V, MoV1,F-and NbV did not 

interfere in molar amounts:5 350, 4, 5, 3, 200, and 0.5 times (respectively) that of 

Ti, nor did ZrI"in up to 0.5 fold molar amount, or in 50 - fold amount if 100 ppm 

of F-was added. 

A method has been described by Shijo, Yoshio et al. (19] which uses 

tridodecylethylammoruum bromide, a quaternary ammonium salt, for the extraction 

of the catechol violet complex of TiI"into carbontetrachloride from acetate - S04 = 

medium (pH 5.1 - 6.4). The absorption maximum is 586 nm. (€ = 51700). The 

calibration graph is rectilinear from 0.06 to 1.0 J.lgml- tJf Ti I"in CCI4 

An extraction - spectrophotometric method was developed by Lopez Nunez, 

R. et al. (20) with alizarine and fluoride which involves treatment of Ti IVsolution in 

1 M - H2S04with aq. F-buffer (pH = 10) and extraction with alizarine solution in 

isobutyl methyl ketone. The absorbance was measured at 513 nm. (€ = 70000); in 

the determination of 11 J.lg of Ti, the coefficient of variation was 1.4% (n= 11). 

Investigation of the reaction of titanium with 3 - hydroxy - 2 - methyl - 1 - P -

tolylpyridine - 4 - one in H2S04H.C1 and HCI04media has led to the'formation of 

a complex in an excess of CIO 4 lhat can be extracted into chloroform. The complex 

has an € value of 16000 at 355 nm. The optimum concentration range is 0.5 to 6 
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ILgml-1Qver which Beer's law was obeyed. [21] 

A spectrophotometric method is described for the determination of Ti I'tsing 

2, 3, 7 - trihydroxy - 9 - 0 - chlorophenylfluorone (I). The Ti- I complex (1:4) 

possessed an absorption maximum at 540 nm (£ = 207000) in 0.05 to 0.2M - H2S04 

Most other metal ions do not interfere except for ZrIV,5n IV,WV'f- Mo VI ,Ge IVand 

Nb v, all of which could be masked. The method was applied to alloys, rocks and 

minerals with satisfactory results. (22) 

Titanium was determined spectrophotometrically at 535 nm (£ = 107000) as 

its complex with 6, 7 - dihydroxy - 2, 4 - diphenyl - 1 - benzopyrylium chloride (I) in 

the presence of Triton X - 100 at pH 1.6 - 2.1. [23] The ratio of Ti to I was 1: 3. The 

calibration graph was rectilinear up to 360 ILgI-:tf Ti. Interference from VV, Nb V, 

Mo VI;Z:rIVand FeI~Jas masked by the addition of appropriate reagents. The method 

was applied to determine Ti in steels. 

The determination of titanium under high sensitivity condition with 2 - (5 -

Chloro - 2 - pyridylazo) - 5 - dimethylaminophenol has been described by Marini, 

H.J. et al. [24] The reaction between TiIVJ-I2021nd the cited reagent (I) was applied 

to the determination of TiIVin nodular cast iron and nickel based alloys. The 

absorbance was measured at 354 nm. (£ = 45900). Beer's law was obeyed up to 0.7 

ppm. FeIIJ(;:uIINiI,I CoII,WV1, NbV,TaV and VV interfered seriously but the 

extraction procedure in the method removed them. 

The analytical promise of N - 4 - methoxyphenyl - 2 - furylacrylohydroxamic 

acid was investigated. [25] The complex formed between Ti and the cited reagent was 



. ".I. '.\. .' .... ';,-./ .'d . ........... "i ' .. ,.~ ....... '-.~~ ..• _._"_. ','."' ,"' 
. ', .... ':.- -. -~-' ""''''--'.'-.'~.--.--- . 

- II -

extracted into chloroform. The absorbance of the CHCl 3extract was measured at 390 

nm (€ = 19000) against a standard solution of the reagent. Beer's law was obeyed 

over the range 0.1 - 2.5 ppm of TiIVand the Sandell sensitivity was 3 ngcm- 2The 

method was used to determine Ti in minerals, alloys, steel, plant tissue and water. 

Spectrophotometric study of the ternary complex of titanium (IV), Eriochrome 

red B and hydrogen peroxide has led to the formulation of a method for its 

determination. The absorbance of the resulting 1: 1: 1 complex at pH (7.8 - 8.0) was 

measured at 550 nm (26); Beer's law was obeyed from 0.33 to 3.35 ppm of Ti IVThe 

coefficient of variation was 1.21 % for 2.4 ppm of TiIV. 

Nazarenko, AYu. [27) has described a method for the determination of Ti(IV) 

with disulphonylfluorone and complex cationic surfactants. The Ti IV -

disulphonylphenylfluorone (I) (1:2) complex can be stabilised in solution by a K+ -

Triton X-305 complex and exhibits maximum absorption at 592 nm (€ = 140000) and 

Beer's law was obeyed for 2 - 150 ngml- ~f Ti under optimum conditions (pH 3.1 -

3.4). The coefficient of variation is < 15 % (n=4). 

The spectrophotometric determination of titanium with 5 - sulphosaJicyJic acid 

was reported by Kalianova, M. and Sommer, L. [28) Optimum conditions for this 

determination are pH: 2.6, I:'> 1.5, Ti concentration:'> 60 J.lM, reagent concentration 

0.15 M, measurement wavelength 360 to 380 nm. Tartrate, citrate, oxalate and 

ascorbate interfe'~e, but:,> 80 mM ascorbic acid can be used to reduce FeI\{Yhich 

otherwise interferes) with only a small decrease in the € value. Fluoride, H 2 P04', 
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Mixed ligand complexes of titanium (IV) with bromopyrogallol red (I) and 1 • 

hexadecylpyridinium ions (II) have been used for the spectrophotometric 

determination of TiI \f29]. A Ti· I· II (1: 2: 4) complex was formed under optimum 

conditions. This complex extractable into chloroform, exhibits a maximum absorption 

at 630 run (€ = 25900). Beer's law was obeyed from 0.2 to 2 JLgml-1Yolerable 

amounts of other metals (relative to Ti) are FeI~iI~nd Al1\liO); MnI{15), ZnII 

(25) VV (800) and ZrIV,I-UIVand Ta V (1). 

1.S Analytical Applications ofN1• Hydroxy· N~ N2.diphenylbenzamidine (HDPBA) 

N1. Hydroxy· N~ N2·diphenylbenzamidine, I, and its analogues, II are typical 

monobasic and bidentate chelating agents having the functional grouping III, 

Ph - C - N - Ph R-C=N-R' - C = N -
I 

Ph-N-OH 
I 

R"-N-OH 
I 

- N- OH 

I II III 

where R, R', R" are phenyl or substituted phenyl rings. 

Hydroxyarylbenzamidines are pale yellow crystalline solids which are stable 

\ 

towards heat, light, and air and can be stored indefinitely without deterioration. 

These compounds are soluble in common organic solvents like alcohol, acetone, 

chloroform, benzene and toluene but insoluble in water. Their solutions in organic 
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solvents are light yellow and stable for several days at room temperature. 

Hydroxyamidines have a wide scope as analytical reagents in that, by 

substitution of a particular group in the three phenyl groups attached to the 

functional grouping, their complexing properties can be modified. Hence, the 

sensitivity, selectivity, and other analytical characteristics for a particular method can 

be improved. Some of the metal chelates can be used for gravimetric determinations 

of metal ions. Most of the metal complexes of hydroxyamidines are intensely colored 

and are stable. These reaction products can be employed for spectrophotometric 

determinations in aqueous systems or for the simultaneous extraction and 

spectrophotometric determination of metal ions. 

N1 
- Hydroxy - Nl, N2_ diphenylbenzamidine (HDPBA), the parent compound, 

was introduced as an analytical reagent for the first time in 1974 by Satyanarayana 

and Mishra [30] for the extraction and spectrophotometric determination of 

Vanadium (V). Since then many workers have tried to exploit the analytical 

potentialities of HDPBA and its analogues. Several investigations have been being 

carried out recently into the detection and determination of different metal ions in 

gravimetric analysis, solvent extraction and spectrophotometry. 

N1 
• Hydroxy· Nl, N2

• diphenylbenzamidine has been used for the gravimetric 

determination of nickel [31], spectrophotometric determination of iron (III) [32], 

solvent extraction and spectrophotometric determination of iron (III) [33, 34], Cobalt 

(II) [34], Cobalt (III) [35], manganese (VII) [36] and most recently for Mo(V) [37]. 
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From the successful application of the reagents (HDPBA and KSCN) for the 

extraction and spectrophotometric determination of Mo(V), it was thought to worth 

to extend the analytical application of HDPBA/KSCN to the extraction and 

spectrophotometric determination of tungsten(V). Hence at the beginning the 

objective of the research project was to study the reaction of tungten(V) with 

HDPBA and thiocyanate and the extraction of the resulting mixed ligand complex 

if any; in order to develop a method for the extraction and spectrophotometric 

determination of tungsten using the cited reagents, with this objective the research 

project was undertaken and the first step was to find out a suitable reducing agent 

for the reduction of W(VI) to W(V). The litrature survey revealed that the most 

effective reducing agent for the reduction of W(VI) to W(V) is SnCl2 /HCI. 

Unfortunately the complexing ligands, HDPBA and/or KSCN were found to be 

attacked by the reducing agent and hence the complexing ligands and the reducing 

agent (HDPBA/KSCN and SnCl2 /HC1) could not coexist together for the system to 

work. Other reducing agents were found to be weak and slow. Therefore the 

original research project was modified to the extraction and spectrophotometric 

determination of titanium(IV) with HDPBA and thiocyanate. 

1.6 Aim and Scope of the Present Investigation 

The foregoing literature survey reveals that several spectrophotometric 

methods involving a variety of reagents for the determination of titanium (IV) as a 
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binary or mixed ligand complex have been reported. These reagents have different 

advantages and disadvantages in terms of their selectivity, sensitivity, precision, speed, 

convenience, etc. However, no report has been presented in the literature on the 

application of HDPBA alone or with other auxiliary reagents for the determination 

of titanium (IV). Hence, it was worthwhile to study the formation of the mixed ligand 

complex between Ti (lV),the thiocyanate ion and HDPBA in detail under different 

experimental conditions in order to develop a new, precise, sensitive and selective 

method for the extraction and spectrophotometric determination of Ti (IV). 

Hence, the detailed objectives of the research project were: 

1. to study the extraction and spectral properties of the Ti (lV)-SCN-HDPBA 

ternary complex in the UV -visible region; 

2. to establish the optimum conditions for the extraction and 

spectrophotometric determination of Ti 1v with HDPBA and thiocyanate; 

3. to determine the stoichiometric composition of the Ti (IV) -SCN-HDPBA 

ternary complex species; and 

4. to evaluate the sensitivity, selectivity, precision, accuracy and applicability 

of the system to artificial and! or real samples. 
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2. THEORETICAL CONSIDERATIONS 

2.1 Fundamentals of Solvent Extraction [38 • 44] 

Solvent extraction is understood as the partition of one or more components 

between two liquids of limited miscibility. Such liquid· liquid partition is caused by 

the different solubilities of a given substance in the two phases. Solvent extraction 

has been recognized as a popular and versatile technique because of its simplicity, 

speed and applicability both to major and trace components. 

High selectivity of extraction can easily be achieved if the conditions are 

properly arranged and, wherever necessary, the separation yield can be increased as 

required by means of successive batch extractions. A further advantage of extraction 

is that the extract usually has some properties on which the determination of the 

isolated constituent can be based: absorption of light, fluorescence and radio activity 

can serve as examples. 

In analytical applications the liquid· liquid partition equilibria, which are 

commonly called extraction equilibria, usually take place between an aqueous 

solution (Phase I) and an organic solvent (Phase II) which is immiscible with water. 

Hence, such a partition equilibrium can be characterized (for a given temperature 

and pressure) by a thermodynamic equilibrium constant Ko ,A' The thermodynamic 

condition for such equilibrium is that the chemical potentials, ~A> of the substance 

are equal for the two phases, i.e. 
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(PAO) , + RT In(aA), = (PAO)" + RT In(aA)" (1) 

the activities of substance A in phase I and II, respectively. 

Equation 1 can then be rearranged to give: 

= Rt In(Ko A). , (2) 

For practical applications it is necessary to convert the thermodynamic constant 

(Ko,A). into the concentration partition constant Ko,A called the distribution constant 

(3) 

where [Al"and [Al, represent the equilibrium molar concentrations of the substance 

A in the particular phase. 

2.2 Solvent Extraction of Metal Chelates 

If a metal ion is to be extracted from an aqueous solution into an organic 

soIY~nt, the metal ion must exist as part of an uncharged species which can be either 

an electroneutral complex (chelate) or an ion-association species that can be 

transferred across the liquid . liquid boundary. For this organic reagents playa 
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crucial role because they can react with metal ions to give products having the basic 

prerequisite for extractability i.e. electroneutrality. 

The extraction of a metal ion, M, with the extracting agent HL, forming a 

chelate ML" soluble in an organic solvent, is expressed by the equilibrium: 

+ MLn,otgnHaq 

which is characterized by the extraction constant: 

(4) 

(5) 

The extraction equilibrium expressed by equation 4, can be considered as composed 

of the following four equilibria: 

(i) distribution of the chelating agent, HL, between the two phases: 

[HL]o,g 

[HLJaq 
(6) 

(ii) Dissociation of the chelating agent in the aqueous phase: 

HL .. (,7) 
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(iii) formation of the extractable chelate, ML,: 

[MLJ 
Mot + nL- t% ML,; Po = (8) 

(iv) distribution of the chelate, MLn, between the two phases: 

[MLJn<g 
ML",q t% MLo,n<g; Kn.M = (9) 

Substituting equation 6 to 9 in equation 5, one gets 

(10) 

As shown in equation 10, the value of the extraction constant depends on the stability 

constant .en and the distribution constant KD ( ~f the chelate being extracted, and 

further, on the protonation constant .eHLand the distribution constant KD ( J9f the 

extracting agent HL. 

In liquid - liquid partition, a substance M can undergo in both phases various 

salvation, association, protonation and complexation equilibria. For analytical 

applications it is essential to define the partition of the substance irrespective of the 

particular forms which are encountered in the system. This can be done by expressing 

the equilibrium ratio of the total analytical concentrations of the substance M in the 

two phases, 

[Mlorg 

[Mlaq 
(11 ) 
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This quantity is called the distribution ratio. 

The completeness of a transfer of a substance M in any extractable form into 

the organic phase is given by the degree of extraction E, which is usually expressed 

in percent: 

= (12) 
100[Mlorg V org 

EM = 
[MlorgVorg+ [MlaqVaq DM+ Vaq/Vorg 

which is the fraction of the substance extracted from the aqueous phase into the 

organic phase. 

The expression in equation 5 can, thus be written for the extraction of the 

chelate MLn as, 

(13) 

or 

log (DM) = log Kex+ nlog[HLlor<t npH (14) 

As shown in equation 14, the value of the extraction constant also depends on 

the concentration of the extracting reagent and the pH of the solution. 

The distribution ration DM can also be influenced by other factors such as 

temperature, ionic strength of the system, kinetics of extraction, and choice of 

solvent, which are not explicitly expressed by the quantities in equation 14. 

A change in the ionic strength affects the value of the relative permittivity and 

so the value of Kexwhich affects the value of DM. For practical reasons the aqueous 

phase should contain a certain concentration of a salt, the formation of an emulsion 
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is thus prevented, which makes the separation of the two phases easy. 

There is no kinetic effect involved in the value of DM, since DM has been 

determined for an equilibrium state. However, in some circumstances kinetic masking 

can be utilized to get selective separation, if the rate of extraction of one species is 

much faster than that of another. 

The proper selection of a solvent for the extraction of a metal chelate requires 

a study of the behavior of the chelate in a variety of solvents. Generally, solvents are 

chosen on the basis of the following considerations: (i) the solvent should have 

negligible solubility in the aqueous phase so that its effect on the equilibria in the 

aqueous phase may be kept to the minimum; (ii) it should provide a high distribution 

ratio for the solute and a low distribution ratio for undesirable impurities; (iii) it 

must have a sufficiently low viscosity and sufficient density difference from the 

aqueous phase to avoid the formation of emulsions; and (iv) it must be stable. 

The toxicity of some organic solvents must also be considered in the choice 

of solvent; this is important not only with respect to exposure to solvent vapour but 

also as regards contact with the skin. 

2.3 Spectrophotometry [38, 39, 43-49] 

The absorption of radiant energy in the ultraviolet and visible regions of the 

electromagnetic spectrum form t~e basis for spectrophotometric methods of trace 

analysis. 

When a monochromatic beam of light passes through a homogenous absorbing 
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medium of length, I, the radiant energy will diminish in proportion to the 

concentration, c, of the absorbing substance in the light path. Beer's law is the 

quantitative statement of this phenomena, which can be written mathematically as, 

A = €cl (15) 

where A is the absorbance and € is the proportionality constant known as molar 

absorptivity or molar absorption coefficient, which is a measure of the extent of 

interaction between the molecule of substance and the monochromatic radiant 

energy. If the value of € and I are known, the concentration of the unknown solution 

can be evaluated using Beer's law. 

Spectrophotometric methods are commonly used for the determination of 

inorganic substances with organic reagents. The reliability of the method depends on 

the nature of the organic reagent used. Organic reagents used in spectrophotometric 

method should be sufficiently stable and resistant to atmospheric oxidation or to 

photo decomposition. The same should hold for the reaction products. Moreover, in 

the absorption spectrum of a product, there must be a characteristic intense 

absorption band, at a sufficient distance from that of the reagent or of substance 

being determined: A(pwd"ct)m", ~- A(",g<otlmax ;, 100 nm. 

Reagents for which A(p,oo"ct)m", ~ A(,,,g<o')m,,, are less suited for spectrophotometry and can 

be applied only when the absorption coefficients differ by a factor of at least 10>. 
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2.4 Spectrophotometric Determination of Metal Ions [38,39,43·49] 

Determination of metal ions by spectrophotometry is usually based on the 

formation of stable metal complexes. This complexation reaction requires the 

presence of acidic or basic analytical functional groups in the molecules of the 

complexing reagent (ligand), preferably in those positions which allow the formation 

of five - or six - membered chelate rings. Colored metal complexes are formed only 

when the organic reagent has 1T-electron chromophobic groups in the molecule, the 

cyclo group should also form a part of the 1T-electron system and no insulating group 

is permitted between the acid group and the conjugated system of the molecule. The 

quantification of such complexes is accessible in the visible part of the spectrum . 

Colorless species can also be investigated, since the usable range of 

spectrophotometric determinations extends to the UV region. 

The complex - forming properties of organic reagents can be influenced by 

introducing suitable substituents in to their molecules. The stability of the complex 

is usually increased by higher basicity of the ligand, this can be achieved, for 

example, when electron donor substituents (e.g. alkyl groups) are present in the 

position meta or para to the active grouping. When a bulky substituent is close to the 

functional grouping, the reactivity of the reagent may be decreased or even lost, 

owing to the steric effect - the reaction of the metal ion with the particular functional 

group is thus prevented. In this manner it is sometimes possible to increase the 

selectivity of the reagent. 
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Completeness of ComRlexation reaction. On account of the equilibrium involved and 

the fact that the amount of metal ion is unknown, it is always necessary to use a large 

excess of the reagent in order to secure a complete and, as far as possible, rapid 

reaction leading to the formation of a product of a defined composition. 

Both the accuracy ·and precision of a photometric determination depends on 

the completeness of a given reaction. A£ the reaction solution usually contains 

components competing in the reaction (buffering and masking agents), it is necessary 

to consider the conditional constant for the general complexation equilibrium 

on which the determination is based 

,,1 _ 
,... MLn-

[MLnl 
= 

(16) 

~MLn 
(17) 

where CM
1 is the concentration of metal ion that has not reacted with the complexant 

L,CL is the concentration of the ligand not bound to the central ion M; aM and aL 

are side reaction coefficients of the metal ion and ligand, respectively. 

If a reaction is considered as complete when 99% of the metal being 

determined is transformed into the particular complex MLn, it holds that, 

[MLJ 
(18) 

This expression can be used for the calculation of the necessary minimum excess of 

the reagent required for the completeness of the reaction. 



- 25 -

The selectivity of photometric determination. It is always necessary to choose a 

suitable wavelength at which the measurement is made for photometric 

determination of a given substance to achieve an adequate selectivity. Moreover, the 

absorption coefficient of the substance being determined should be high and those 

of other substances present be negligible. Selectivity can also be increased by pH 

adjustment or by masking. The masking reagent C and its complex) should be colorless 

and not form any complexes with the metal being determined or react with the 

colorimetric reagent. 

Selectivity can often be increased by extraction of the reaction product. Thus 

it is possible to separate the component to be determined from other interfering 

substances. 

In the determination of a metal ion M, in the presence of another metal N, 

if both form colored complexes MLnCp1ML@d NLnCphn>vith similar absorption 

spectra, correct results for MLn are obtained if the condition in equation 18 is 

fulfilled. At the same time the following expression must hold for the ratio of 

absorbance values of the two complexes, provided the colorimetric reagent itself 

doesn't absorb at th wavelength used: 

EMLnfMLnl 

ENLnfNLnl 

EMLnp1MLnCM[1 + jJINLnCC11)nl 

E NLnp1NLnCN[1 + jJ1MLnCCl i )nl 

where CM and CN are the total concentrations of M and N, respectively. If the 

concentrations of M and N are the same and the absorption coefficients of the two 

(t'3) 
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complexes are equal, the concentration of the complex NLn must be negligible if an 

accurate result is to be obtained for M: 

[NLJ 
10-2 = (20) 

CN
I 

combination of equations 18 and 19 gives 

W' 

If the absorption maxima of the two complexes are at different wavelengths, it is 

possible to determine both M and N by measuring the absorbance at the wavelength 

where the difference in absorbance are maximal, and solving the appropriate 

simultaneous equations. The simultaneous spectrophotometric determination of two 

solutes in solution can be achieved if there is no reaction between the two solutes. 

Since absorbances are additive under this condition, one can write 

AXI = AI(xl) + A2(X1) 

AX2 = AI(X2) + A2(X2) 

(22) 

(23) 

where A.land A.2 are the measured absorbances at the two wavelengths Aland 

A2,and the subscript 1 and 2 refer to the two different substances. The wavelengths 

A land A 2are selected to coincide with the absorption maxima of the two solutes, i.e. 

the absorption spectra of the two solutes shlluld Hot overlap appreciably, so that 

substance 1 absorbs strongly at Aland weakly at A;J and substance 2 absorbs strongly 

at A2 and weakly at A1 Now according to Beer's law A = €Cl, where €is the molar 

absorption coefficient at any particular wavelength, C is the molar concentration. and 
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I is the thickness (length) of the absorbing solution expressed in cm. If I is 1 em 

A" = EI(~I)CI + E2(~\)C2 

A~ = EI(~)CI + E2(~)C2 

The solutions of these simultaneous equations are 

= 

C2 = 

EI("l2(~) - E2("ll(~) 

EI(l.I)A~ - EI(~)A" 

(24) 

(25) 

(26) 

(27) 

The values of the molar absorption coefficients € 1 and €2 can be obtained from 

measurements of the absorbances of pure solutions of substance 1 and 2. Therefore, 

by measuring the absorbance of the mixture at ,\ 1 and ,\ 2 the concentrations of the 

two components can be calculated. 

2.5 Characteristic Terms used in Photometric Analysis [37, SO, 51) 

Accuracy and Precision of Photometric Determination. The accuracy (the agreement 

between the result obtained in photometric analysis and the true amount of the 

substance being determined) and'the precision (reproducibility of measurements, e.g. 

expressible in terms of the standard deviation) depend on the type of instrument used 

and on the chemical reaction chosen. 



- 28 -

The occurrence of apparent deviations from Beer's law limits the attainable 

precision in photometry to 0.5 - 1% (relative) within the range of absorbance values 

0.1 - 1. This practical limit is caused by many factors, namely stray light, light 

reflected on the walls of cuvette, the change in temperature during measurement 

(which may affect the molar absorption coefficient) and the band-width of the 

radiation from the monochromator. 

The equilibrium concentration of the complex is influenced by side-reactions 

with other components of the solution. The presence of a large amount of electrolyte 

(known as salt effect) causes the deformation of the complex species which results 

in a change of absorption spectrum. 

A further source of photometric error is due to the effect of a change in the 

concentration of the solution on the value of the refractive index and thus, the 

amount of light scattered from the beam passing through the cuvette. A useful 

method for the determination of concentration limits within which the photometric 

error is a minimum, was introduced by Ringbom [52]. According to this technique, 

when percent transmittance, T, is plotted against the logarithm of concentration, a 

sigmoid or S-shaped curve is obtained. The concentration range within which the 

relative photometric analysis error is a minimum is obtained by constructing tangents 

to the steepest portion of the curve. 

Sensitivity and limit of determination. The sensitivity of a photometric method is 

defined as the slope dA/dC of the calibration curve C = f(A) at the origin [53]. 
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where C is the concentration of the substance to be determined, and A is the 

absorbance of the solution. The initial linear portion of the curve can be expressed 

as: 

C = (A - Ao)(dAjdq-l (28) 

where Ao is the absorbance of the blank. The steeper the slope of the. calibration 

line, the higher is the sensitivity of the determination; it is thus proportional to the 

absorption coefficient of the species which is measured and to the path length 

through the cuvette. Thus, the sensitivity can be increased if the wavelength is chosen 

in the region of a high absorption maximum (where € is maximum) and if a long 

enough cuvette is taken for the measurement. 

The limit of determination is defined as the lowest concentration (Cmingf a 

given substance which can be determined by employing a specified procedure. This 

can be expressed as the lowest weight amount (eg. /lg) or as the lowest molar 

concentration, M, or in any other convenient way, ego as /lgml-~ercentage, ppm, 

which shows a statistically significant difference from zero or the average value of the 

blank. 

Of the several method of evaluating the limit of determination, two of the 

most commonly used methods are described below. According to Kaiser [62] Cmih~ 

evaluated as: 

(29) 

where So is the standard deviation for the blank determination. Sandell [43, 50] 

defines the limit of determination (or "sensitivity" according to him) as the weight in 
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I'gml-\Jf solution which corresponds to an absorbance A = 0.001 measured in 

cuvette of cross-sectional area 1 cm 2 and = 1 cm. Its dimensions are I'gcm- 2. 

According to this definition, C is given by 

M 
Cs =- (30) 

" 

where M is the molar mass or atomic weight of the analyte metal ion. 

In this mode of expressing the limit of determination the spread of the blank 

determination is not taken into account. 

2.6 Spectrophotometric Methods for the Determination of the Composition of 

Metal Complexes [54, 55] 

The stoichiometric composition of metal complexes can be determined by 

several spectrophotometric techniques. However, the most commonly used ones are: 

the method of continuous variations [46, 56], the mole ratio [47], and the extraction 

[44] methods. 

Method of continuous variation. The underlying principle of this method is that the 

+ Cd-~re varied between 0 and 1 maintaining the total concentration constant, 

\ 
CL + CM = CT, in the whole series of solutions. Considering a single defined 

equilibrium: 

M + nL MLn (31) 
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if the absorbance is measured at the wavelength where neither the metal ion nor the 

ligand but only the complex absorbs, the coordinates of the maximum of the plot A 

= f(X L) or f(XM), gives the stoichiometry of the complex being formed in solution: 

XL(max) l-XM(max) 
(32) n = = 

1 - XL(max) XM(max) 

The mole ratio method. For a single and stable complex in solution, the 

stoichiometry can be simply determined from the break on the absorbance versus 

component concentration plot, maintaining the concentration of one component 

constant (usually the metal). The absorbance increases approximately linearly with 

the mole ratio and then becomes constant. The abscissa of the point of intersection, 

i.e., the break, of the two tangents gives the number of ligands in the complex, if it 

was the ligand concentration that was varied. 

Extraction method. Considering the formation of a mixed ligand complex MLnXmin 

an extraction system, the equilibria involved can be represented by: 

(33) 

MXm + nHLorg .. MXm(HL)n, org (34) 

summing 33 and 34, 
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The extraction constant for MXm(l-IL)nis given by 

Rearrangement of equation 36 gives 

[MXm(HL)nlorg 

[Mlaq 

Since [Mlaq= eM - [MXm(HL)dor~quation 37 can be written as 

[MXm(HL)nlorg 

eM - [MXm(HL)nlorg 

(36) 

(37) 

(38) 

where eM is the total concentration of the metal ion. If only one stable complex, 

MXm(HL)nJs formed, which has selective light absorption at the selected wavelength, 

then it follows from Beer's law that 

[MXm(HL)nl = A/ € and eM = Amah 

(for I = 1 cm), where A is the equilibrium absorbance in the presence of excess 

concentration of auxiliary ligand, X. Rewriting equation 38, 

.A 
= ! 

(Amax-A)/€ 

Equation 39 can be expressed in logarithmic form as, 

log (A/ Amax A) = logKex+ mlog[Xlaq+ nlog[HL]org 
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Thus, the slope of the plot of log(A/ Amax A) against log[Xlacjlt constant 

concentration of HL in the organic phase gives the number of ligand ions, X, in the 

mixed ligand complex; similarly the slope of the plot log(A/ AmaX'" A) versus 

log[HLJorcjt constant [XJa~ives the number of ligand, HL, in the mixed ligand 

complex, MXm(HL)n. 
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3. EXPERIl'vtENTAL 

3.1 Synthesis of N1 _ Hydroxy - N~N2-diphenylbenzamidine (HDPBA) 

HDPBA was prepared by the condensation of N - phenylbenzimidoyl chloride 

with N - phenylhydroxylamine at O°C in ether medium [30]. Thus, the preparation of 

N1 - Hydroxy - N~ N2_ diphenylbenzamidine required the synthesis of N -

phenylbenzimidoyl chloride and N - phenylhydroxylamine. 

Ph - NH - OH + Ph - C = N - Ph ~~~h~eT~~> Ph - N - OH + HCl 
I O~ I 
Cl 

Ph - C = N - Ph 

Preparation of N-Phenylbenzimidoyl Chloride. The synthesis of N-phenylbenzimidoyl 

chloride was made by chlorinating bezanilide using thionyl chloride as a chlorinating 

agent [57]. A 20 % excess of thionyl chloride (BDH) was mixed with benzanilide (20 

g, 0.1 mole) and heated for 30 minutes at 110°C. The mixture was further heated 

under reflux (150 - 160°C) until the reaction mixture turned to a clear brownish 

liquid. TIle excess thionyl chloride was removed by distillation under partial vacuum. 

The imidoyl chloride was used as such for the synthesis of HDPBA. 

150 ·160 ·c 
Ph-CO-NH-Ph + 80C12 ) Ph - C = N - Ph + HCl+ 802 

reflux I 
Cl 
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Benzanilide which was used for the synthesis of N - phenylbenzimidoyl 

chloride was prepared by the addition of a slight excess of benzoyl chloride to aniline 

in aqueous (10 % w/v) sodium hydroxide solution with continuous shaking followed 

by crystallization from boiling ethanol. 

NaOH 
Ph - CO - Cl + Ph - NHz --"-"-'''-----'Jo) Ph - CO = NH - Ph + HCl 

reflux 

Preparation of N - Phenylhydroxylamine. N - Phenylhydroxylamine was prepared by 

the reduction of nitrobenzene with zinc and ammonium chloride in aqueous solution 

at 60 - 65°C [57]. 

Ph - NOz 
Zn/HH4Cl 

60-6S'C 
) Ph - NH - OH 

Nitrobenzene (50 g. 41.6 ml.) was added to 800 ml of distilled water to which 

25 g of ammonium chloride was already dissolved. To the mixture 60 g of zinc dust 

was added gradually over twenty five minutes by mechanical stirring. so that the 

temperature of the reaction mixture did not rise above 60 - 65°C due to the 

exothermicity of the reaction. The product was separated from the zinc oxide and 

unreacted zinc by filtration under suction. Sodium chloride (150 g) was added to the 

filtrate to effect the crystallization of N - phenylhydroxyl amine. The product was 

recrystallized from benzene. yield 11 g. The final product was immediately used for 

the synthesis of HDPB1. 
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Preparation of N1 - Hydroxy - N\ N2_ diphenylbenzamidine. 

N - phenylhydroxylamine (10.9 g, 0.1 mole) in ether (100 ml) was added in small 

portions from a separatory funnel to a solu tion of N - phenylbenzimidol chloride 

(21.5 g, 0.1 mole) in ether (100 ml), stirred continuously and placed on an ice bath. 

The light yellow crystals were obtained from ether phase by overnight standing 

together with the one obtained just at completion of the reaction. The crystals were 

filtered and washed with ether. The hydrochloride salt was treated with 32 ml of 1 

N ammonia. The precipitated free base was filtered off, recrystallized twice from 

benzine to give pale yellow crystals yield 10 g. 

3.2 Apparatus and Reagents 

Apparatus. A Beckman model 24 UV -visible spectrometer equipped with 1 cm 

matched quartz cells and Beckman recorder was used for recording the absorption 

spectra and absorbance measurements of the complex in the visible region."G 

Standard titanium (IV) solutions. The standard solution of Ti(IV) (7.5*10'3 M) was 

prepared by fusing 0.3 g of Ti02 with 2.5 g of potassium hydrogen sulphate. The 

cooled melt was leached with 10 % (v Iv) sulphuric acid and diluted to 500 ml with 

10 % (v Iv) sulphuric acid. 

Reagent (HDPBA) solution .. A 7.5*10'3 M solution of the reagent(HDPBA) was 

prepared by dissolving the right amount in 

doublly distilled toluene. 
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Standard thiocyanate solution. A 4.0 M solution of potassium thiocyanate (Riedel de 

Haen) was prepared by dissolving the appropriate amount of the salt in distilled 

water.y 

Solvents. Toluene and other solvents were used after double distillation. 

Hydrochloric acid. Dilute hydrochloric acid (2 M, Riedel de Haen) was used to 

adjust the acidity of the solution. 

Drying agent. Anhydrous sodium sulphate (Riedel de Haen) was used for drying the 

organic extracts. 

Solutions of diverse ions. Solutions of Zr(IV), 10 mgmr 1 and Pd(II), 5 mgmrl, were 

prepared by dissolving ZrCl4 (BDH), and PdCl2 (SPEX) in concentrated hydrochloric 

acid. 

S I · f L'+ N + K+ B 2+ H 2+ eu2+ M 2+ Z 2+ M 2+ C 2+ S 2+ o utlons 0 1, a, , e, g, ,g, n , n, 0, r , 

dissolving the respective nitrate salts (BDH or Riedel de Haen) in distilled water to 

give 10 mgmr 1 of the ion in solution. 

Molybdate, tungstate, vanadate, arsenate, citrate, phosphate, sulphate, tartrate, 

antimonate, oxalate, acetate, fluoride, EDT A, and perchlorate solutions were 

prepared by dissolving sodium, potassium or ammonium salts (BDH or Riedel de 

Haen) in distilled water to give 5, 10 or 20 mgmr 1 of the ion in solution. 

Appropriate concentrations of Pt(IV) solutions were prepared from 5 % 

(w /w) stock solution of chloroplatinic acid (H2PtCI6.6H20, SPEX). 
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Sample solutions. Stock solutions of synthetic matrices of compositions similar to the 

ones present in ores and minerals were prepared by mixing known quantities of the 

solution of constituent ions. 

3.3 Procedures 

3.3.1 Extraction and Detemlination of Ti(lV) 

An aliquot of the solution containing up to 100 #g of Ti(IV) was placed in a 

100 ml separatory funnel. To this were added 0.5 ml of 2 M hydrochloric acid and 

1.0 ml of potassium thiocyanate (40 % w/w) and the aqueous phase volume was 

made to 10 ml with distilled water. A 10 ml aliquot of 7.5 x 10-3 M solution of 

HDPBA in toluene was added to the funnel, the mixture was shaken vigorously for 

2-3 minutes, and the funnel was allowed to stand for 2 minutes. The organic phase 

was collected in a 50-ml beaker containing 2 g of anhydrous sodium sulphate and 

stirred with a glass rod. The aqueous phase was shaken with another 10 ml of 

HDPBA solution, the organic phase was again collected in the same beaker. The 

aqueous phase was equilibrated with yet another 5 ml portion of HDPBA solution 

in the funnel and the organic extract was added to the 50-ml beaker for the third 

time. TIle dried extract was then transferred to a 25-ml volumetric flask and filled 

to the mark with pure solvent. The spectrum of the extract was taken over the range 

700 - 350 nm using the reagent blank as the reference. 
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For calibration, 0.05, 0.10, 0.15 and 0.20 ml of the standard Ti(IV) stock 

solution (360 ~gmr 1) were used through the general procedure. 

3.3.2 Examination of Experimental Variables 

The effect of a particular experimental variable was studied by measuring the 

absorbance of the system by following the general procedure described for the 

extraction and determination of Ti(IV) in section 3.1.1, keeping all the experimental 

variables constant except the one under study. 

3.3.3 Investigation of the Effect of Diverse Ions 

The effects of diverse ions were studied by adding known amounts of the 

foreign ion to a solution containing 36 ~g of Ti(IV). The extraction and 

determination of the metal ion were made according to the procedure described in 

section 3.3.1. 

3.3.4 Determination of the Stoichiometric Composition of the Complex 

Extraction Method. To determine the Ti(IV) to HDPBA ratio in the complex, Ti -

seN - HDPBA, a series of solutions were prepared in which the concentration of 
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Ti(IV), SCN- and HCl were kept constant at 3 x 10- 5 M, 004 M and 0.1 M 

respectively. The concentration of HDPBA was varied in the range 2.5 x 10-4 
- 3 X 

10-3. The complex was extracted by the general procedure described in section 3.3.1. 

The same was done for the determination of the Ti(IV) to SCN- ratio in the complex, 

Ti(IV) - SCN - HDPBA, by keeping constant the concentration of HDPBA at 7.5 x 

10-3 M and others as in the previous case, and varying the concentration of SCN­

from 1.25 x 10-3 
- 3 X 10- 2 M. The volumes of aqueous and organic phases(10 rn1 

each) were also constant. The complex was extracted by the general procedure 

described in section 3.3.1. The quantity 10g(A/(Anax - A)) was plotted against 

10g(SCN-) and 10g(HDPBA) respectively. 

3.3.5 Procedure for Testing the Presence of Ti(/V) in the Extract 

The extract was evaporated nearly to dryness and the residue was decomposed 

with about 5 ml of concentrated H2S04, The solution was heated to dryness to 

evaporate most of the sulphuric acid and cooled. The residue was leached and 

diluted to 10 ml with 10 % (v Iv) sulphuric acid. A drop of the sulphuric acid test 

solution was treated with a drop of 3 % hydrogen peroxide on a spot plate. 

Appearance of an intense yellow color indicated the presence of Ti(IV) in the test 

solution [58]. 
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4. RESULTS AND DISCUSSION 

4.1 Reaction Conditions and Absorption Spectra 

The extractability of titanium (IV) as the Ti(IV)- SCN binary complex from 

aqueous solutions of different acidity (1.0, 0.5, 0.3, 0.2, 0.15, 0.1, 0.07, 0.05 and 0.03 

M HCI) into toluene was examined. However, the organic phase was found to be 

colorless. These resul ts indicated that there was no formation and / or extraction of 

Ti(IV)-SCN in the organic phase. This was further supported by the absence of 

Ti(IV)in the organic phase by the H 20 2 spot test [58]. 

In the second trial the extractability of titanium(IV) from aqueous solutions 

of different acidity as above was tried with HDPBA solution (7.5 x 10-3 M) in 

toluene as a binary complex species [Ti(IV) - HDPBA] and it was found that there 

was no colored reaction product in the organic phase. These results again indicated 

that there was no formation and / or extraction of a Ti(IV) - HDPBA binary 

complex. This was further evidenced by the absence of Ti(IV) in the organic phase 

by the H20 2 spot test [58]. 

In the third trial, attempts were made to extract Ti(IV) in the presence of 

thiobyanate from aqueous solution of different acidity (1.0, 0.5, 0.3, 0.2, 0.18, 0.15, 0.1, 

0.07, 0.05 and 0.03 M HCI) into a toluene solution of HDPBA. These attempts 

resulted in the extraction of titanium (IV) as a mLxed ligand complex, Ti(IV)-SCN -
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HDPBA , from aqueous solution into toluene as indicated by the orange colored 

extract in the organic phase.This was further supported by the presence of Ti(IV) in 

the organic phase by the H20 2 spot test [58]. 

These studies confirmed that there is no formation of an extractable Ti(IV) -

SeN or Ti(IV) - HDPBA binary complex, and there is only formation of a Ti(IV) -

SeN - HDPBA ternary complex, extractable into toluene under the experimental 

conditions used. 

The absorption spectrum of the complex in toluene was recorded using the 

reagent blank as reference in the spectral range 700 - 350 nm. The absorption spectra 

of the complex extracted at different acidities were more or less similiar , indicating 

the extraction of titanium (IV) as a single complex species i.e., Ti(IV) - SeN -

HDPBA , ternary complex. This ternary complex species exhibited maximum 

absorption at a wavelength of 400 nm with a molar absorptivity of 20,000 M· 1cm- 1(fig 

1). 

\. 
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4.2 Effect of Variables 

The effects of different experimental variables on the extraction and 

determination of the Ti(IV) - SCN - HDPBA ternary complex have been investigated 

in order to establish the optimum conditions for the extraction and determination of 

Ti(IV). 

Choice of solvent. Different organic solvents were tried for the extraction of the 

ternary complex, Ti(IV) - SCN - HDPBA, from the aqueous phase. The results are 

summarized in Table 1. 

Table1 Spectral behavior of Ti(/V) - SCN - HDPBA complex in different organic 
solvents. Ti(IV) = 36 ~g, [HDPBA] = 7.5 x 10-3 M, [Hel] = 0.1 M, 
[SCN"} = 0.4 M 

Solvent "max,nm * M-1 -1 
(max' em 

Benzene 400 20,000 ± 135 
Toluene 400 20,000 ± 160 
Xylene 400 20,000 ± 1416 
l-Chlorobenzene 400 16,400 ± 750 
1,2-dichlorobenzene 400 12,800 ± 1000 
Carbon tetrachloride 400 22,300 ± 1850 
Chloroform 400 1,500 ± 150 
Ethylacetate 385 15,500 ± 905 
Amylacetate 375 11,300 ± 50 

• Extinction coefficient ± average fluctuation for three 
determinations. 
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These results show that benzene and toluene gave the most sensitive and 

reproducible results and therefore toluene was selected for further work for its lesser 

carcinogenicity than benzene. 

Effect of acidity. The dependence of the absorbance (the degree of extraction of 

Ti(IV) as the Ti(IV) - SeN - HDPBA ternary complex) on the acidity of the aqueous 

phase was examined by varying the molarity of He!. The results are given in Table 

2. The extraction of Ti(IV) as the ternary complex species was found to be complete 

in the range 0.05 - 0.15 as is shown by the absorbance values and therefore the 

middle one (0.1 M Hel ) was chosen for subsequent work. When the acidity of the 

aqueous phase was less than 0.05 M Hel , the decrease in extraction was probably 

due to formation of anionic or hydroxocomplexes . Similarly when the acidity of the 

aqueous phase was greater than 0.15 M Hel the extraction of Ti(IV) decreased 

because the free ligand concentration may not be sufficient due to protonation to 

give complete complex formation. 
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Effect of acidity of the aqueous phase on the extraction of Ti(IV) " SCN -
HDPBA temary complex Ti(/V) = 36 pg , [HDPBAJ = 7.5 x 10"3 M, 

(SCN) = 0.4 M 

[Hel] A at 400 nm 

2.00 0.204 
1.00 0.236 
0.50 0.396 
0.30 0.450 
0.25 0.493 
0.20 0.568 
0.18 0.582 
0.15 0.600 
0.10 0.600 
0.07 0.605 
0.05 0.601 
0.03 0.568 
0.00 0.204 

Effect of potassium thiocyanate. The effect of the concentration of thiocyanate has 

been studied over a wide range at constant and optimum acidity (0.1 Hel). The 

optimum thiocyanate concentration for quntitative extraction of the Ti(IV) - SeN -

HDPBA ternary complex was found to be 0.2 - 1.0 M . At lower thiocyanate 

<:oncentration , lower absorbance values were obtained due to incomplete formation 
\ 

of the mixed ligand complex , while at higher concentrations of thiocyanate, 

formation of the mixed ligand complex was retarded resulting in low absorbance 

values. The results are summarized in Table 3. 



.' .. ' , 

Table 3 

- 47 -

Effect of potassium thiocyanate concentration in the aqueous phase on 
the extraction of Ti(lV) - SCN - HDPBA complex; Ti(IV) = 36 JJ8, 
[HDPBA} = 7.5 X 10 ·3 M, [HCI} = 0.1 M 

[KSCN] 

2.0 
1.5 
1.0 
0.8 
0.6 
0.5 
0.4 
0.2 
0.1 
0.08 
0.06 
0.05 

A at 400 run 

0.467 
0.500 
0.594 
0.591 
0.591 
0.598 
0.600 
0.596 
0.586 
0.575 
0.554 
0.525 

Effect of concentration and mode of introduction of the reagent. HOPBA. The effect 

of concentration and mode of addition of the extractant (HOPBA in toluene) was 

studied to determine the minimum concentration of HOPBA required and the right 

mode of its addition for the complete extraction of Ti(IV) - SCN - HOPBA from a 

fixed volume of the aqueous phase ( 10 ml) . 

The results in Table 4 show that a minimum of 7.5xlO'3 M HOPBA (a molar 

ratio of 1:120 [Ti(IV):HOPBA]) was required with (10 + 10 + 5) ml mode of 

introduction of the reagent for quantitative extraction of the ternary complex. 

Increasing the HOPBA concentration to 1.0 x 10'2 M (a 160 - fold molar excess) was 
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found to have no effect on the extraction of the ternary complex. Higher 

concentrations of the reagent greater than 1.0 x 10.2 M (molar ratio> 160 - fold) 

were not expermentally possible due to the limited solubility of HDPBA in the 

solvent (toluene) 

Table 4 Effect of concentration of the reagent (HDPBA) and its mode of 
introduction on extraction of Ti(/V) - SCN -HDPBA complex 
Ti(IV) = 36 pg, [SCN" j = 0.4 M, [HClj= 0.1 M, Vaq = 10 ml 

Mode of introduction 
25 ml (15 + 10) ml (10+ 10+5) ml 

[HDPBA] 
Absorbance at 400 nm 

0.0100 0.470 0.565 0.594 
0.0075 0.438 0.554 0.600 
0.0050 0.464 0.543 0.585 
0.0025 0.197 0.322 0.365 
0.0010 0.063 0.294 0.315 

Effect of ionic strength of the aqueous phase. The molarity of KCI was varied from 

0.0 - 2.0 M in the aqueous phase in order to see the dependence of the degree of 

extraction of the ternary complex on the ionic strength of the aqueous phase. The 

results obtained (Table 5) indicate that it is independant of the ionic strength of the 

aqueous phase. 
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Effect of ionic strength of the aqueous phase on the extraction of the 
Ti(lV) - SCN -HDPBA complex; Ti(IV) = 36 ~g, {HDPBA] = 7.5 x 10' 
3, {HCI] = 0.1 M, (SCN'] =0.4 M 

[KCI) A at 400 nm 

0.0 0.601 
0.5 0.606 
1.0 0.595 
1.5 0.594 
2.0 0.605 

Effect of volume ratio. It was found that complete extraction of the Ti(IV) - SCN -

HDPBA ternary complex from the aqueous phase was possible from 1:1 to 2.5:1 

ratios of the aqueous phase to the organic phase. At higher volume ratios, the 

extraction was found to be incomplete (Table 6) 

Table 6 

10 
25 
30 
50 
100 

Effect of the volume of the aqueous phase on extraction of the Ti(lV) -
SCN- HDPBA complex. Ti(lV) = 36 ~g, Vorg (10+ 10+5) ml, {HCI] = 
0.1 M, {SCN'] = 0.4 M {HDPEA] = 7.5 x 10'3 M 

1.0 
2.5 
3.0 
5.0 
10.0 

• Initial volume ratio 

A at 400 run 

0.603 
0.595 
0.537 
0.494 
0.347 
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Extraction time and stability of the com-l2l~& The Ti(IV) - SeN -HDPBA complex 

required 2 -3 minutes of shaking time for the quantitative extraction of the complex 

from the aqueous phase into the organic phase. The stability of the complex was also 

studied and it was stable up to 2 hours from the time of extraction. 

Table 7 Stability of the complex 

Time (min.) 

o 
30 
60 
90 

120 
150 

A at 400 nm 

0.600 
0.604 
0.607 
0.608 
0.609 
0.667 

The higher absorbance value beyond 2 hours was due to precipitate formation 

by the decomposition of the complex. 

The optimum conditions for the quantitative extraction and determination of 

Ti(IV) with HDPBA in the presence of thiocyanate are summarized in Table 8. 
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Table 8 Optimum experlllentai conditions for extraction and detennina/ion of 
Ti(/V) with HDPBA and thiocyanate ion 

Parameter 

Aqueous phase, [HCI] 
Aqueous phase, [SCN-] 
Concentration / mode of 

introduction of the extractant 
Extraction time 
Stability of the complex 
Solvent for extraction 

Optimum condition 

0.05 - 0.15 M 
0.1 - 1.0 M 

7.5 xlO- 3/(1O+1O+5)m1 
2 - 3 minutes 
2 hours 
Toluene 

Thus the proposed method is free from the rigid control of experimental 

variables. 

4.3 Evaluation of photometric characteristics 

Using the optimum conditions of the experimental variables, the agreement 

with of Beer's law was examined and it has been found that the colored system 

obeyed Beer's law from 0.29 - 3.6 ppm. The optimum concentration range in which 

the photometric analysis error is minimal has been evaluated from Ringbom's plot. 

The results are given in Table 9, and the curves are shown in Figures 2 and 3 

\ 
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Table 9 Data for calibration clIlVe and the Ringbom's plot 
[HCI] = 0.1 M, [SCN"] = 0.4 M, [HDPBA] = 7.5 x 10.3 M 

Ti(IV) 
#g ml·' 

0.14 
0.29 
0.72 
1.44 
2.90 
3.60 
4.30 

[Ti(IV)]x1O·6 A at 400 nm log[Ti(IV)]x1O·6 

3 
6 
15 
30 
60 
75 
90 

0.073 
0.119 
0.298 
0.600 
1.198 
1.431 
1.694 

-5.5 
-5.2 
-4.8 
-4.5 
-4.2 
-4.1 
-4.0 

Transmittance 
(%) 

84.53 
76.03 
50.35 
25.12 
6.34 
3.72 
2.02 

The Sandell sensitivity of the method, i.e., the concentration that corresponds 

to an absorbance of 0.001, and the limit of determination, i.e., the minimum 

concentration that corresponds to an absorbance value three times the standard 

devation of the blank[50] have also been evaluated. The reproducibility (precision) 

of the method has also been evaluated from the relative standard deviation of ten 

measurements each containing 36 #g Ti(IV) (Table 10). The summary of the 

photometric characters tics are given in Table 11. 
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Fig. 2 Calibration curve for the determination of Ti(IV) 
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Fig. 3 Ringbom \s plot for the evaluation of optimum concentration 
rangefor the determination of Ti(IV) 
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Table 10 Data for evaluating the limit of detennination and precision 

Measurements 
n 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Absorbance at 400 nm 
Blank Sample 

0.107 
0.093 
0.096 
0.092 
0.096 
0.099 
0.100 
0.095 
0.097 
0.096 

x' s = 0.602 

0.598 
0.605 
0.602 
0.600 
0.607 
0.605 
0.597 
0.605 
0.599 
0.604 

0b = 4.3 X 10.3 as = 3.2 X 10'3 

These results show that the proposed method for the extraction and determination 

of Ti(IV) with HDPBA and thiocyanate is highly sensitive and gives reproducible 

results. 
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Table 11 Photometric characterstics of the complex 

Amax 
M-' -, (max' em 

Sandell Sensitivity,~gcm-2 
Concentration range from 

Beer's law, ppm 
Optimum concentration range 

from Ringbom's plot, ppm 
Limit of determination, ppm 
Relative standard deviation, 

(n = 10) 

4.4 Stoichiometry of the complex. 

400 nm 
20,000 
2.4xlO-3 

0.29 - 3.6 

0.29 - 2.9 
0.029 
0.53 % 

The Stoichiometry of the complex was determined by the extraction method. 

The other most frequently used methods (the mole ratio [47], and the continuous 

variation [46,56]) were found to be unsuitable for the present study due to the 

necessity of excess molar fold of the reagent (HOPBA) and thiocyanate to initate the 

complexation equilibria. 

Using the extraction method the ratio of Ti(IV) to HOPBA was determined 

by plotting the quantity log AI Amax - A = ( log OJi ) against 10g[HOPBA] ,where 

A is the absorbance at an equilibrium concentration of HOPBA , and Amax is the 

absorbance at the optimum concentration of HOPBA. The slope of the plot was 

found to be 2.3, which indicates a 1:2 ratio of Ti(IV) to HOPBA in the ternary 

complex (Table 12, Fig 4 ) 
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Table 12 Results of the extraction method for the detennination of the ratio of 
Ti(/V) to HDPBA in Ti(/V) - seN - HDPBA temary complex. 
[Ti(JV)] = 3 x 10-5 M, [Hel] = 0.1 M, [SeN"} = 0.4 M 

[HDPBA]x1O"3 A at 400 nm Anax-A log AI Anax-A 10g[HDPBA] 

7.50 *0.600 - - -
3.00 0.447 0.153 0.47 -2.52 
2.50 0.391 0.209 0.27 -2.60 
2.25 0.364 0.236 0.19 -2.65 
2.00 0.256 0.344 -0.13 -2.70 
1.50 0.190 0.410 -0.33 -2.82 
0.75 0.078 0.522 -0.82 -3.12 
0.50 0.029 0.571 -1.30 -3.30 
0.25 0.005 0.595 -2.10 -3.60 

• 

Similarly the plot of log AI Anax- A versus 10g[SCNl was made to determine 

the ratio of Ti(IV) to thiocyanate. The slope of the curve was found to be 1.23 which 

indicated the Ti(IV) to SCN- ratio in the ternary complex to be 1:1. The results are 

given in Table 13 and Fig 5. 
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Table 13 Results of extraction method for the detennination of the ratio of Ti(/V) to 
SetV in the Ti(IV) - SeN ·HDPBA temary complex [Ti(/V)] = 3 x 10'5 M, [Hel] = 
0.1 M, [HDPBA] = 7.5 x 10.3 M 

[SCN'] A at 400 nm Amax-A log AI Anax-A 10g[SCN'] 

0.40000 *0.600 
0.03000 0.473 0.105 0.650 -1.52 
0.02000 0.448 0.130 0.540 -1.70 
0.01000 0.332 0.246 0.130 -2.00 
0.00500 0.187 0.391 -0.320 -2.30 
0.00250 0.106 0.472 -0.650 -2.60 
0.00125 0.055 0.523 -0.980 -2.90 

Anax 

Thus the overall stiochiometry of the Ti(IV) - SCN -HDPBA ternary complex was 

found to be 1:1:2 (Ti : SCN : HDPBA ). 

From the extractability of titanium as an electroneutral species and from the results 

of stoichiometric studies, the following structures are proposed for the ternary complex 

species. 

L) 

'Ph - N - c- Ph 
\ \\ 

I-l - P'"' 
0 ....... !L 

seN -1\ 
/It... 

ON-Ph 
\ It 

Ph-N _c-Ph 

?h-N - C - Ph 
\ \ \ 
C N - Ph 
,It 

o 1\=NCS 
/"-o N - PI,-, 

I II 
p~- N - C- - Ph 
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From soft-hard acid-base (SHAB) theory the linkage of SCN-to the metal would be 

more likely through the nitrogen atom. However, for an accurate structural elucidation 

further structural investigation is required which is not the objective of this research 

project. 

4.5 Effects of Diverse Ions 

To evaluate the selectivity of the proposed method, the effects of several ions on the 

extraction and determination of titanium (IV) have been studied. The ions that react with 

Ti(IV) or that undergo complexation with thiocyanate and/or HDPBA as to cause 

insufficient reagent for the complete complexation to be present in solution affect the 

determination by reducing the absorbance value ( negative interference) ; whereas those 

ions which react with thiocynate and/or HDPBA and give extractable colored products and 

whose absorption bands overlap with that of Ti(IV) - SCN - HDPBA ternary complex 

interferred by increasing the absorbance value (positve interference). As a result these ions 

have lower tolerance limits. 
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Constant = G. 179Q!i IntNccpt :::: 2.201836 

Log [liDe'Be,] 

Fig. 4 Curve for the determination of Ti(IV) to H DPBA ratio in Ti(IV)-SCN­
BDPBA system by extraction method. 

_(' ~) I -----,~-----------.----~--
_ (l) - (1 S) -(2 6) - (2 .) -(2~) - P) - (' ~) -- c s; ~ (' .) 

I~ rSC'I~1 

Fig.S Curve for the determination of TiCIV) to SCN" ratio in Ti(IV)-SCN­
BDPBA system by extraction metAod 
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Table 14 Tolerance limits of diverse ions in the detenninatioll of Ti(IV). 
Ti(/V) =36 J.Lg, [HDPBAj =7.5 x lO-3M, [HClj=O.l M, [SCN] = 0.4 M 

Ion Tolerance limit, mg Direction of interference 

U+ Na+ K+ Be2+ Ca2+ 
Ba2+,Sr2+,Cd 2+,Pb2+ 
Al3+,As5 +,Sb5 +,C02+ 
Ni2+,Mn2+,La3+,y3+,Tl+ 
Ag+ 20 each • 
Th4+ 10 b 
UOj2+ 10 a 
Hg + 5 b 
Ce4+ 5 a 
Sn2+ Bi3+ 2.5 each b • 
Zr4+ 2.5 a 
Cr3+ 1.0 a 
Pd2+ 1.0 b 
pt4+,eu 2+ 0.125 each a 
Ta5 + 0.0625 a 
Nb5 + W6+ 0.0500 each a 
V0 22+ 0.0280 a 
Mo~+ Fe3+ 0.0125 each a , 
N03- 30 • 
Cl- 700 • 
S04 2-,r-.Cl~C";' 20 each • 
Citrate,Tartrate 50 each b 
Borate 20 • 
Oxalate 2.5 b 
EDTA 10 b 

• Not studied beyond the indicated level 
a Amount more than the tolerance limit results in positive interference 
b Amount more than the tolerance limit results in negative interference 
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The tolerance limits of diverse ions taken as an amonnt (mg) which causes an error 

less than 2% are given in Table 14. These results show that most of the ions which are 

normally associated with titanium in ores do not interfere when present at 100 times to the 

weight of titanium, by the proposed method. However the ions Ta v, Mo VI,WVI ,FeIMJ v, 

yV, Cull and PtIVhave lower tolerance limits. The proposed method is also free from 

interference by some common masking agents and hence the ions WV I, Nb V ,Ta V, having 

lower tolerance limits could be further improved by the use of masking agents. Hence the 

proposed method could be applied for the analysis of titanium in ores, alloys and industrial 

samples. 

4.6 Applications 

The analytical potentiality of the proposed method was testedbyapplying it to the 

determination of titanium in various samples. Due to the absence of real samples, synthetic 

matrices corresponding to ores and mineral samples were used. 

The results are given in Table 15. These results indicate that the proposed method 

is precise and reliable for the determination of titanium in ores and minerals containing 

trace amount of titanium. 
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Composition of synthentic matrices 

Sample I 

Ti lV;36 Ilg ; Ta V ,36 Ilg; Nb V ,36 Ilg ;Fel~6 Ilg; Sn2+,500 Ilg;Cr3+, 500 Ilg ; Mn2+ 

,1000 Ilg ;AJ 3 +, 1000 Ilg. 

sample II 

TilV,18 Ilg ; AJIl,l3000 Ilg ; Znl~250 Ilg ; CrIl,500 Ilg ; Mgl~2000 Ilg ;Cal~ 2000 

Ilg ; Fel~l3 Ilg ;Col~1000 Ilg ; Hgl~ 1000 Ilg; PbIllOO Ilg. 

Sample III 

Til"; 12 Ilg ; Cul~5 Ilg ; VV ,6 Ilg ; Mo Vl,6 Ilg ; WVl,12 Ilg ; Nil~ 100 Ilg ; MnIl 

,100 Ilg ; FeII,3 Ilg ; AJIl,IlOOO Ilg ; Nal ; 1000 Ilg . 

Sample IV 

TilV;12 Ilg ; UVI,1000 Ilg; Th l V;2000 Ilg ,Cel V;1000 Ilg; ZrlV;1000 Ilg; Lal~3000 

Table 15 Detennination of titanium in synthetic matrices by the proposed method. 

Sample Titanium *Titanium 
added, Ilg found, Ilg 

I 36 36.16 + 0.17 
II 18 17.65 + 0.17 
III 12 12.37 + 0.45 
IV 12 12.56 + 0.15 

\ 

• Mean + 95% confidence limit of three determinations 
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4.7 Comparison with Other Spectrophotometric Methods 

A comparison has been made for the determination of titanium by the proposed 

method and other spectrophotometric methods with respect to the sensitivity and selectivity. 

Even though some of the reported methods are more sensitive than the propsed method, 

their selectivities are poorer than the proposed method (Table 16). 

Thus the proposed method is fairly sensitive and highly selective and therefore could 

be applied for the determination of titanium in diverse samples. 
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Table 16 comparison with other SpectrophotometriHethods 

No. Reagent Interference 

Cone. Range. ppm 

1. Nitrilotriacetic 

acid, 4,5 - dibro-

mophenylfluorone 

and hexadecyl-

trimethylammonium 

bromide not studied {IS} 

2. Chloropromazine not studied {16} 

hydrochloride 0.2 - 2.2 ppm 
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3. N-pivaloyl -p-

chloro - phenyl-

hydroxylamine 

4. N-phenyldode-

Canohydroxamic 

acid and phenylf 

luorone 

5. Catechol Violet 

and tridodecyl 

ethylammonium 

bromide 

6. Alizarin and 

7. 

fluoride 

3-hydroxy-2-

methyl-1-p-tolyl-

pyridine-4-one 
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0.2 - 12 ppm 

5,300 M-lcm- 1 

~ 0.4 ppm 

\ 
'0.5-6 ppm 

VV+,Mo VI+,WVI+,Nb v, 

{I7} 

NbV+, ZrIV+ 

{lS} 

{19} 

{20} 

{21} 



No. Reagent 

9-o-chlorophenyl 

Fluorone 

9. 6,7-dihyodroxy- 2,4-

diphenyl-l-benzopyry­

lium chloride and 

Triton X-lOO 

10. 2-(5-chloro-2-

pyrdylazo)-5-dimethyl 

aminophenol and 

hydrogon peroxide 

- 66 -

Interference 

Cone. Range. ppm 

and Nbv, 

107,000,M-l:m -1 yV,Nb V,No VI ,ZrIV+, 

and FeIII , 

{22} 

{23} 

0- 0.7 ppm FeIItmIIi;HI,EoII, {24} 

45,900 M-l:m- 1 WVI,Nbv , TaV and yV 



11. N-4-methoxyphenyl-

2-furylacrylohydro­

xamic acid 

12. Eriochrome red B 

and hydrogen peroxide 

13. 5-sulphosalicylic 

acid 

14 Bromopyrogallol red 

and 1- hexadecyl 

pyridinium ion 
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0.33 - 3.35ppm 

17,300 

0.2 - 2ppm 

Tartrate, citrate, 

oxalate, ascorbate, 

FeIIF;-,Nb v,UV~ZrIV, 

Mo VI,WVI,cuI,ruIII 

and VV, 

25,900 M-t:m-1 Zr, Hf, Ta 

{25} 

{26} 

{28} 

{29} 
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S. CONCLUSION 

A new method has developed for the determination of titanium (IV) with N1 . 

hydroxy . N1 , N~ diphenylbenzamidine and thiocyanate by solvent extraction and 

spectrophotometry. The proposed method is fairly sensitive and highly selective. The 

method is precise and free from rigid control of experimental variables. It is believed that 

the method could be applied to the analysis of diverse samples containing titanium. 
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