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ABSTRACT

The spectrophotometric determination of titanium (1V) using
gallacetophenone phenylhydrazone (GPPH) is a sensitive and fairly selec-
tive method when compared to other spectrophotometric methods. Tita-
nium (1V) is determined by measuring the absorbance of the orange colored
complex at 375 nm in the pH range 2.3-2.8. Beer’slaw is obeyed over the
range0.1-1.2 ng ml~. Themolar absorptivity and the SandelI’s sensitivity of
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the complex are found to be 3.254 x 10* mol-*cm? and 0.0015 pg cnr?
respectively. The stoichiometry of the complex as determined by job’s con-
tinuous variation and Asmus methodsis 1:2 (metal:ligand) and its stability
constant at 30°Cis2.73 x 107. Themethod isapplied for the determination of

titaniuminilmenite.

INTRODUCTION

Themost common spectrophotometric reegentsem-
ployed for the determination of titanium (1V) are hy-
drogen peroxide¥ and tironlZ. However, N-benzoyl-
N-phenylhydroxylamine®4 and N-phenyllauro-
hydroxamic acid® areintroduced for extractive spec-
trophotometric determination of titanium (1V).
Aroylhydraones such as pyridoxal salicyloylhydra-
zone®, diphenylglyoxal bis(benzoylhydrazone)” and
dipyridylglyoxd bis(benzolyhydrazone)”, sdicylade-
hyde 2-methyl isonicotinoylhydrazone®, 1,2-
cyclohexanedione bis (benzoylhydrazone)® areal so
extensively empl oyed for the spectrophotometric de-
termination of titanium. Sane et d™ havedeveloped a
spectrophotometric method using 5,6-dibromo-
gallacetophenone as areagent. The hydrazones em-
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ployed, sofar, though reasonably sensitivearelessse-
lective. Titaniumisninth most abundant element and it
has excellent corrosion resistance, especialy seawa
ter. Titaniumisimportant inthemanufacture of sted as
acarbon and nitrogen stabilizing element toinhibitin-
tergranular corrosion. Itsoxide, TiO, isinert and non
toxic and used in cosmetic and pharmaceuticd indus-
tries. In view of its importance, the usefulness of
gdlacetophenone phenylhydrazonefor the spectropho-
tometric determination of titanium (1V) isinvestigated
indetall and appliedto theandysisof ilmenite.

EXPERIMENTAL

Reagents

All chemica sused wereof anaytical reagent grade,
unlessstated otherwise. Standard Titanium (1V) solu-
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tion was prepared by taking about 2.0g of titanium di-
oxide. It was accurately wei ghed and fused with potas-
sium pyrosulphatein aplatinum crucible. Themelt was
extracted into 1M sulphuric acid. The solution was
standardised gravimetrically with cupferron™, Work-
ing solutionswere prepared by appropriatedilution of
thestock solution. Gallacetophenone phenylhydrazone
was prepared as per the standard procedure given by
Blatt!*? and Curnisset al*¥, Themolecular formulaof
the compound is C ,H, N,O, and it melts at 146-
147°C. Thereagent solution (2.5 X 10°*M) was pre-
pared in 95% ethanol just before use. Sodium acetate
buffer of pH 2.5 was prepared from 10% sodium ac-
etateand 0.5M sulphuric acid.

Apparatus

Recording spectrophotometer modd SHIMADZU
UV-240and Elicodigital pH meter modd LI-120were
usedinthe present investigation.

Procedure

Anaiquot of solution containing 1.2 ug of Ti/ml
wastransferred into aclean beaker. 5.0ml of 2.5 X 10
3M GPPH solution (i.e. ten fold excess) were added.
ThepH of the solution wasadjusted to 2.5 by the addi-
tion of 10% sodium acetate solution. The contents of
the beaker weretransferred into a50-ml standard flask
and diluted to themark with ethanol. The ethanol con-
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Figurel: A.Absorption spectraof GPPH and B. Ti(1V)-GPPH
complex
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centration was maintained at 30% V/V and then the
absorption spectrum of the complex recorded against
thereagent blank. Similarly, the absorpti on spectrum of
the reagent was recorded using ethanol asblank. The
absorption spectraof thereagentand Ti (1V)-GPPH
complex areshowninFigure 1. Itisseen that thecom-
plex has A __ at 375 nm and the reagent has a weak
absorption a thiswavelength. Hence absorbance mea:
surements have been made at 375nm.

Effect of pH, reagent concentration

Thedetermination of titanium (IV) wasstudied over
the pH range 1.5-3.5. The absorbance of the complex
was maximum and constant in the pH range 2.3-2.8.
At optimum pH, absorbance measurementswere car-
ried out by varying the reagent concentrations. It isob-
served that the addition of a10-fold excess of reagent
issufficient for maximum and constant absorbance.

RESULTSAND DISCUSSION

Beer’slaw range, sensitivity and reproducibility

A gtraight line passing through the origin was ob-
tained between absorbance and concentration of ti-
tanium in the range 0.1-1.2 ug ml-, thus obeying
Beer’slaw. The optimum concentration range as per
Ringbom plot was 0.3-1.0 ug of Ti/ml. The molar
absorptivity and the Sandell’s sensitivity are 3.254 X
104 mol* cm* and 0.0015 pg cm2 respectively. The
reproducibility was good and the standard deviation
for aset of ten measurementsof 1.0 ug ml-* of Ti(1V)
was 0.008 ng.

Composition of the complex

The composition of thecomplex wasarrived at by
Job’s continuousvariation and Asmusmethods. In Job’s
method the graph plotted between mol efraction of the
reagent and absorbance shows that each mole of the
meta ion reactswithtwo molesof thereagent. INAsmus
method plotsdrawn between1/V, 1/V2,I/V/3valuesand
|/m (Figure2) whereV istotal volumeof the solution
and M istheextinction modulus, reved theformation
of 1:2 complex between Ti(1V) and GPPH whichisin
conformity with the above method. The stability con-
gtant of thecomplex cal culated from theAsmus method
wasfoundto be2.73 X 107 at 30°C.
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Figure2: Composition of Ti(IV)-GPPH complex by Asmus
method

The formula of the complex may be written as
TiO(GPPH),. However, it iswell known that all the
oxotitanium speciesare not monomers. For example,
TiO(acac), isfound to be dimeric™ and other smple
oxotitanium compounds such as TIOSO,. H,O and
TiOX, (X=F Cl,Brorl) arepolymeric™. Inthe present
complex aso, polymerisation cannot beruled out.

Effect of foreignions

Theeffect of foreignionsinthe determination of
1.0 ug mi2 of titanium(1V) was studied. Thetoler-
ancelimit wastaken asthe amount required to cause
+ 2% error in the absorbance. Thetolerance limits of
theionsaregivenintheTABLE 1. Only afew cations
likeMo(VI),V(V), W(VI) interfere serioudly. Thein-
terference of Cu(ll) can be masked using sodium
thiosulphate. Theinterferenceof dluminium (111) isnot
serious. Considerableamountsof Al(l11) i.e. (10-fold
excess) can betolerated when the determinationis
carried out at lower pH 2.0-2.3. Among the anions
tested fluoride, oxalate, citrate, tartrate, EDTA and
phosphateinterfere serioudly in the determination by
bleaching thecolor.

—— Fyll Peper

TABLE 1: Effect of foreignionson thedeter mination of 1.0
pogmitof Ti

lon Tol_er ance lon Toller ance
added limit. added limit.

pg ml pg ml
Al(lN* 10 W(VI) Nil
Be(Il) 20 Zn(11) 50
ca(ll) 100 Br- 100
Co(ll) 50 Cl- 100
cr(l) 50 C,0.* Nil
Cu(ll)** 20 Citrate Nil
Fe(Il) 20 EDTA Nil
Fe(I11) 20 F- Nil
Mg(ll) 100 I 50
Mn(ll) 50 NO5 100
Mo(V1) Nil H,PO," Nil
Ni(11) 50 ol 100
Pb(I1) 50 S,0;% 100
U(Vv1) 20 SCN’ 50
V(V) Nil Tartrate Nil

*AtpH 23

** In the presence of S,0.%.
Determination of titanium in ilmenite

The proposed method was applied for the deter-
mination of titanium(1V) inilmenite. About 100 mg of
the powdered orewasweighed accurately, transferred
to aplatinum crucibleand treated with 10ml of amix-
tureof sulphuric acid and hydrofluoric acid (1:5) anda
few dropsof nitricacid. It wasevaporated tothefumes
toexpe HF. Theresiduewastreated withalittleH,SO,
and the sol ution made upto 100mi™*>, Thesolution fur-
ther diluted to get lower concentrations. An aliquot of
thissolution wastreated with 5.0ml of 2.088 X 10°*M
reagent solution. ThepH of the sol utionwasmaintained
at 2.3 by adding 10% sodium acetate solution and the
absorbance of the complex measured at 375nm. The
amount of titanium present in the orewasfound to be
24.64% (n=3) which wasin near agreement with 24.4%
(n=3) asobtained from the standard hydrogen perox-
ide procedure™®l.

CONCLUSIONS

The results show that gallacetophenone
phenylhydrazoneisafairly sensitiveand selectivere-
agent for thedetermination of titanium (1V). Itismore
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sensitivethantiron (e=1.59 X 10*I mol* cm?). The
determination of titanium (1) in the presence of con-
Sderableamountsof iron and aluminium makesit suit-
ablefor theanalysisof titanium when present inrocks,
minerdsand sliciousmaterid. Thecomparativeadvan-
tagesof thereagent aregivenin TABLE 2.

TABLE 2: Comparison of thespectr ophotometric methodsof
deter mination of titanium.

Molar

Reagent ermax Agil—('ji/ty ?brirletémt%/ Interferingions
x 10°
Dil Fe(l11), Mo(V1),
Hydrogen peroxide 410 HSC 0.7 V(V), U(\VI), F,
e C,0/7, Citrate
Fe(l11), Al(II1),
Tiron 390 4.3-96 15.9 Cu(ll), U(vi),

Mo(V1), Zr(IV), V(V)
Fe(l11), V(V), Mo(V1)

Mo(VI), W(V1),
cr(in).F

N-Benzoyl-N-Phenyl
hydroxylamine

Pyridoxal saicyloyl 390 0.9-25 55
hydrazone 440 o 39

Diphenylglyoxa bis

340 1.7-1.85 5.0

520 4.7 0.81
(benzoylhydrazone)
Dipyridylglyoxal bis 395 47 8.9
(benzoylhydrazone) 470 ) 24
Salicylaldehyde 2-
methyl isonicotinoyl 425 1.8-38 4.4
hydrazone
y ' ca(ll), zn(11), Hg(11),
éi'i (%gz%@ﬁ%%gﬂg 477 1830 105  Po(ll), As(lIl),

Co(I1), Al(I11), Cd(11)
5,6-dibromo V(V), Zr(IV), Th(1V),
gallacetophenone 3% 30 175 Fe(ll), U(VI)

Mo(VI), W(VI),
Gfe'naclﬁ"g:‘a?)‘;';e 375 2328 325  V(V),F, GOz,
phenyiny Citrate, H,PO;, EDTA
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