
The log k1 and k1 were evaluated by consider­
ing the degree or complex formation function (tf>) 
and graphical extrapolation method of Leden. The 
stepwise formation constants were further verified 
by Yatsimirskii's method. The results are summa~ 
rized in Table 1. 

The results of application of the methods in 
synthetic mixture are presented in Table 2. 

TABLE 2-RESULTS OF APPLICATION OP THE METHODS IN 
SYNTHETIC MIXTURE 

Synthetic mixture Reagent I Reagent II 
Pdl+- 0.1 mg, Pt4+ - 1.0 mg, 
Ir•+ -1.0 mg, Rhl+ -1.0 mg, 
Ru•+ -1.0 mg, Oso+- 0.2 mg. 
*Average of three determinations. 
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THE microanalytical spectrophotometric deter­
mination of VH, NbH or Ta5+ in presence of 
each other, in presence of other ingredients or 

in admixture is of interest. 
Niobium:V) and tantalum(V) in presence of each 

other, in presence of other ingredients and in rocks 
containing the tlements were determined using 
oxine, alizarin red S and quinizarin-3-sulphonic acid, 
as chromogenic reagents. VH, NbH, and Tall+ 
were also studied spectrophotometrically using 
haematoxylin and murexide1 •11 , 2,2'-bipyridyl8 and 
viol uric acid£. 

Experimental 
Standard solutions of IO- 8 M V s+, Nbs+, and 

Ta•+ ; and IO-£M Fes+, Fe8 +, Co 11 +, Cr8 +, Mo 8 +, 
we+, Th£+, U 8 +, Ti£+, Zr£+, Ag+, Cu 11 +, Mgs+, 
Sr 11 +, Hg:+, Hg 9 +,rns+ ,Al8 +, scs+, ys+, LaB+. Mn 11 +. 
Sn~~+, Pbu and Bis+ were prepared• from the A. R. 
grades (Riedel de Haen, BDH or Merck, 99.9%) of 
V g0 5 , Nb 110 5 , Ta9 0 11 , (NH£) 11 SO •. FeS0 •. 6H 110, 
Fe9 0 8 , CoCI9 .6H 20, K 9 Cr11 0 7 , (NH.)11 Mo 7 0 86 • 

4H 110, Na9 W04..2H 8 0, Th(N0 8 ).. U0 2 (CH 8 -

C00)11.2H20, Ti0 1110 Zr0(N03 ) 11 • AgN0 8 , CuSO&. 
5H11 0, MgSO&. 7H 110, SrC1 9 .6H 2 0. Hg11(N0 8 )a. 
H 11 0, HgCl 9 , ln 11(S0 4.) 8 .H 2 0, AlCl 8 , Sc(N08 ) 8 • 

4H 110, Y 11 (SO&}a, La(N0 8 ) 8 .6H,p, MnSO&.H110, 
SnC1 2 .2H 110, Pb(CH8 C00) 9 , and Bi(N08 )a.5Hs0· 
I0- 11M 2,2'-Bipyridyl ( bipy) was prepared 11 by 
dissolving the accurately weighted amount of bipy in 
ethanol. Buffer solutions of pH 3.90, 10.05 and 10.36 
were prepared according to standard method 7 • 

Pye Unicam SP 8000 Ultraviolet Recording 
spectrophotometer, silica cell, 1 em light path, and 
Pye Unicam Model MK. 2902 pH Meter were used 
to record the data. · 

The determination of vu, Nbu or Tau in 
presence of each other, in admixture or in presence 
of other metal ions was performed by measuring 
the spectral absorbances at 208, 210. 215, 220, 225, 
230, 235, 240, 243, 250, 260, 265, 270, 272, 275 and 
278 nm using constant [hipy) at l x Io-• M, equal 
concentration of v~~+, Nb 5 +, Ta~~+ and the other 
metal ions (Agt-, Cull+) at 1 X I0- 7 M, and larger 
concentrations of the other elements at I x I0-8 M 
and I X I0- 11 M in buffer solutions of pH 10.36 
(in the case of the determination of Va+ in, 
presence of Nb5 +, Tall+, (Nb 11 + +Tau) or in 
presence of mixture of the other elements), 3.9 (iu. 
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the case or the determination of Nb•+ in presence 
of v•+, Ta5 +, (V11 +,+Taa+) or in presence of 
mixture containing Ag+, Cu11 +, Mg 11 +, Sr~+, Hg~ ... 
Hg1 +), and 10.05 (in the case of the determination 
of Ta11 + in presence of v~~+, Nba+, (V~~++Nb~~+) or 
in presence of the other ingredients) using blank 
solution containing the same [bipy) as in the test 
solution. 
Results and Discussion 

The results obtained reveal that ys+ can be 
determined spectrophotometrically at pH 10.36 in 
presence of NbH, Tau, Co~+, Sn~+ and Fe~~+ at 
220 nm, A\11"', ThH and Mo6 + at 225, and in 
presence of Ala+ and ThH at 250 nm without 
interference, whereas Mn ~~+, Sc 8 +, La 8 ·, Zr& • and 
Crs+ positively interfere. 

Niobium can be determined in presence of equal 
or variable IV~~+]. [Ta~~+], mixture of them or 
admixture of VII+, Tali+, Feu, Co 11 +, Al8 +, ThH, 
ere+, Mo8 - and we+ at 230, 235 and 275 nm 
without interference, while Ag+, CuB+, Hg:+, Mg 11 -t, 

Sr11 +, Sc8 +, ys+, La8 +, sna+, Pb 11 +, Ti'-+, In8 +, 
uu, MnB + and Fe8 ~ seriously interfere. 

Tantalum can be assayed in presence of equal 
or variable [V6 +J, [Nb~~+], mixture of them or 
admixture of Co2 +, snu (220, 225 and 250 nm), 
ThH and Mo 8 + (225 nm), We+, Al 8 + and Ala+ 
(210 nm) without interference. Ag', Cu 11 +. Hg: ... 
Hg 2 +, Mg11 +, Srs+, Sc9 ', ys+, Las+, Ti&+, Zr&+, 
Ue+, Mn11 +, Bi~+, Fe~+ and Fes+ seriously interfere 
and underrate the determination of Ta. The method 
is simple, sensitive, accurate and useful for the 
determination of trace amounts (ppb ppm) of V~>+, 
Nbs+ and Ta a+. 
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THE reaction of vanadium~IV) with cerium(IV) in 
dilute sulphuric acid was considered slow in the 
light of the elevated temperature condition 

recommended for the potentiometric titration 1 ·s. 

A recent study•, however, shows that the main 
reaction is fast, and that the difficulty is duo to 
slow potential equilibration of vanadium system 
at the platinum electrode. It has been found that 
the titration can be done at room temperature to 
a potentiometric or visual end point, provided 
phosphoric acid is used as catalyst'· 5 • The 
use of ferroin as internal indicator for this titration 
was investigated without success8 • Later, ferroin 
indicator was successfully used'~ by employing a 
titration medium of acetic acid and sulphuric acid 
mixture (7-8.5 M+O.l-0.3 M) Other indicator~8 ' 8 
are also used in such mixed acid medium, but none 
of them is superior to ferroin. The use of ferro!n 
and some triphenylmethane dyes as indicators m 
0.1-0.25 M sulphuric acid for this titration, employ· 
ing hexacyanoferrate(lll) as catalyst, has been 
reported10• 

Tris (2,2'-dipyridyl) iron(II) is a metal complex 
of the ferroin type, but is much cheaper11 • !ts 
redox potential is reported11 to be 1.023 V. Despt~e 
the fact that the complex is much less stable in actd 
solutions than ferro in 111 , it is successfully used ~s 
indicator in titrations of iron(ll). We have investl· 
gated the use of this indicator in vanadium(IV)­
cerium(IV) titration. 

Methyl orange13 was used as indicator in the 
titration of vanadium(IV) with cerium( IV) sulp~ate 
using 0.5-1.0 M sulphuric acid as titration medmm. 
We have observed that with the use of ethyl orange 
as indicator the working acid range is improved so 
much that vanadium(IV) in high acid solutions ~an 
be titrated without dilution. Ethyl orange hkd 
methyl orange is an irreversible indicator an. 
evidently works in this titration owing to step (1) 
being faster than step (ii) : 

V(lV)+CetlV)- V(V)+Ce(III) (i} 

lnd,·ea+Ce(IV)- IndOIIl+Ce(III) (ii) 
(irreversible products) 

Experimental 
Vanadium(IV) solution in 0.25 M sulphuric 

acid was prepared and standardized by standa~~ 
method 8 • Cerium(lV) sulphate solution in 0.25 !"j 
sulphuric acid was prepared from commercia 
cerium(IV) oxide and standardized against BD~ 
AnalaR quality sodium oxalate. The strength 0 

potassium hexacvanoferrate(lll) solution was I 0k 
and that of tris (2.2'-dipyridyl)iron(Il) sulphate,~~ 
M. Ethyl orange (Chroma-Gesellschaft Schmtd 
Co.) was 0.5% solution in double distilled water· 
The indicator solutions have been found to be 
stable for more than six months. 

Titration ofvanadium(IV): 
Tris(2,2'-dipyr;dy/) iron(ll) sulphate as indicato~ ~ 

2.5-10.0 ml vanadium(IV) solution was treated WI~ 
enough 1.0 M sulphuric acid to give an over d 
acidity of 0.1-0.25 M near the end point, a~ 
diluted to 45 ml. Then 0.5-1.0 ml of potassi 


