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Performance-characteristics of analytical methods-II 43

degrees of freedom. The description of the experimental design will make it clear how
many determinations were involved and how they were arranged in batches.

It is also useful to summarize concisely the main performance-characteristics.
Table IV does this but a briefer statement giving concentration, s.; and St would
indicate whether the method was worth consideration by a potential user. The concise
statement of performance-characteristics will be dealt with in Part V.

CONCLUSIONS

Determination, reporting and discussion of the errors of analytical results are of
great importance to all analysts, and it is clearly desirable that all analysts should use
the same basic terminology in this field. The first part of this paper reviews some of
the definitions proposed for the terms precision, bias and accuracy, and shows that
differences existed between some of these definitions. These differences are both
undesirable and easily avoidable. The definitions proposed by the American Society
for Testing and Materials are very suitable, and it would be beneficial if they were
used by all analysts.

Although there is general agreement that the term precision be used to denote the
variability of analytical results, various suggestions have been made for the parameters
to be used as quantitative indices of precision. There are two main aims for such
quantification: (1) to characterize the precision achieved when a given method was
used, and (2) to set confidence limits on particular analytical results; only the first
is of interest in the context of performance-characteristics for which the best param
eter for quantifying precision is the standard deviation.

The second part of this paper discusses factors that may affect precision, and
proposes a set of principles for experimental designs of tests for estimating precision
as a performance-characteristic. The aim has been to express these principles in such
a way that they are applicable to all analytical methods. General adoption of these
suggestions would help analysts in several ways: (1) by reducing problems arising in
interpreting published data; (2) by facilitating comparison of the performances
obtained with different methods, and (3) by encouraging a critical approach to experi
mental designs for precision tests.

Acknowledgements-I should like to acknowledge the valuable discussions with many of my colleagues
and, in particular, with Mr. R. E. Fry and Mr. I. R. Morrison.

Zusammenfassung-Angaben tiber die Fehler analytischer Ergebnisse
sind ein wichtiger Teil der Kennzeichnung analytischer Methoden.
Die allgemeinen Eigenschaften zufalliger und systematischer Fehler
werden kurz diskutiert und Methoden betrachtet, die zufalligen
Fehler numerisch zu definieren. Es wird vorgeschlagen, die Standardab
weichung analytischer Ergebnisse ausschlielslich als quantitatives
Genauigkeitsma13 im Rahmen der Gtitekennzeichnung zu verwenden.
Verfahren zur Ermittlung der Standardabweichung und dabei zu
beobachtende Vorsichtsma13regeln werden kritisch diskutiert. Auf
dieser Grundlage werden allgemeine Regeln vorgeschlagen, die man
bei Experimenten zur Ermittlung der Standardabweichung, wenn
irgend moglich, beobachten sollte.

Resume-s-l.es rapports sur les erreurs de resultats analytiques sont un
aspect important de la caracterisation des performances de methodes
analytiques. On discute brievement de la nature generate des erreurs
de hasard et systematiques, et considere des methodes de definition
numerique des premieres. On suggere que l'ecart-type de resultats
analytiques soit utilise exclusivement comme la mesure quantitative
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N-ACETYLSALICYLOYL-N-PHENYLHYDROXYLAMINE
AS AN ANALYTICAL REAGENT

DETERMINATION OF NIOBIUM AND TANTALUM IN
THE PRESENCE OF EACH OTHER

C. P. SAVARIAR and JOY JOSEPH
Department of Chemistry, University of Calicut, Kerala, India

(Received 3 June 1969. Accepted 29 July 1969)

Summary-N-Acetylsalicyloyl-N-phenylhydroxylamine is proposed
for the separation of niobium(V) and tantalum(V) and their gravi
metric determination. Niobium is precipitated at pH 5'5-6,5 by the
reagent and the complex is weighed directly. Tantalum is precipitated
from I-2M hydrochloric acid solutions and the complex is ignited to
tantalum pentoxide. The method is fairly selective. In the presence
of thiocyanate the reagent forms an extractable complex with niobium.
The reaction forms the basis of a selectiveand sensitive spectrophoto
metric determination of niobium.

SOME of the derivatives ofhydroxamic acid have proved most useful for the determina
tion of niobium and tantalum in the presence of each other. Thus, N-benzoyl-N
phenylhydroxylamine has been used for the spectrophotometric determination of
niobium, in the absence of titanium and tantalum;' for the separation of niobium
from tantalum by precipitation- and for the gravimetric determination of tantalum.
Improvements in selectivity might be brought about by the introduction of suitable
substituents into N-benzoyl-N-phenylhydroxylamine. N-Benzoyl-N-o-tolylhydroxyl
amine" has been used for the separation of niobium from tantalum, and in this paper
we show that N-acetylsalicyloyl-N-phenylhydroxylamine can be used for the
separation and gravimetric determination of niobium and tantalum in presence of a
number of other associated ions.

EXPERIMENTAL
Reagents

N-Acetylsalicyloyl-N-phenylhydroxylamine. The reagent is prepared by condensing acetyl
salicyloylchloride and phenylhydroxylamine in the presence of sodium hydrogen carbonate, by the
method of Bamberger,' modified by Lutwick and Ryan," the acetylsalicyloyl chloride being prepared
by the method of Riegel and Wittcoff," The white needle-shaped crystals of the reagent (recrystallized
from ethanol-water) melt at 128°. Found: C, 66'9%; H,4'8%; N, 5·1%; calculated for C16H180.N:

C,66'42%; H,4'79%; N,5·16%.
A 0·3 % w/v solution of the reagent in purified chloroform is used for spectrophotometric work.

For gravimetric experiments a 4 % solution of the reagent in ethanol is prepared.
Ammonium thiocyanate, 4M. Prepared just before use.
Chloroform for spectrophotometric work. Purified by washing several times with half its volume

of distilled water and finally distilled.
Solutions ofmetal ions. Standard niobium and tantalum solutions are prepared by fusing about

1 g of the appropriate pentoxide with about 10 g of potassium hydrogen sulphate in a silica crucible
and extracting the cooled melt with 500 ml of 1M tartaric acid solution. The metal ion content is
determined gravimetrically with cupferron.

Ammonium acetate, 1M.
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Determination of molybdenum and tungsten 69

further 2 ml of sulphuric acid and 20 ml of water in order to remove all traces of fluoride. Add a
further 2 ml of sulphuric acid and 20 ml of water and digest at slightly below the boiling point for
30 min while stirring at intervals. Dilute to about 150 ml and boil gently until a clear solution results.
After cooling, add 4 ml of 30%hydrogen peroxide and dilute to 200 ml with water. Pass the solution
through the resin column at a flow-rate of 1-2 ml/min, After washing the column with 50 ml of 1M
ammonium sulphate-Q'025M sulphuric acid solution, strip the molybdenum and tungsten by elution
with 50 ml of 0·5M sodium hydroxide-Q'5M sodium chloride solution at a flow-rate of 0'5 mljmin.
Discard the first 20-rnl fraction of the effluent and collect the subsequent 25-ml fraction for the
determination of both elements.

Transfer the fraction containing molybdenum and tungsten into a Kjeldahl flask. Add 2 ml of
sulphuric acid and heat until dense white fumes of sulphuric acid are evolved. After cooling add a
few drops of 30%hydrogen peroxide and heat again until white fumes evolve. Add a few ml of water
and three drops of 85% phosphoric acid, make alkaline with ammonia and expel the excess of
ammonia by boiling. Add 1 ml of 5M sulphuric acid to the resulting solution and dilute to about 18 ml
with water. Add 3 ml of the dithiol solution and warm on a steam-bath for 30 min. After cooling,
extract the dithiol complexes of molybdenum and tungsten with 5 ml of n-butyl acetate and filter into
a 10-mm cell. Measure the absorbance of the extract at 630 and 670 nm against the blank solution.
Calculate the amounts of molybdenum and tungsten from the following equations

Mo = A.7o. a~o - A.so • a~r/a"J.g . a~o - aUg . a~o

W = A.so • a"J.~ - A.7o. artg/a"J.g . a~o - artg . a~o

where Am and A670 are the absorbances at 630 and 670 nm, respectively, a~o, a~o, art: and a"J.g are
constants which are determined experimentally with standard solutions, and the result is expressed
in pg.

RESULTS AND DISCUSSION

Adsorption on Dowex I ion-exchange resin

Kd values for molybdenum(VI) and tungsten(VI) in acid sulphate media on Dowex
I are tabulated in Table I as a function of the sulphate concentration. Kd values for

TABLE I.-DISTRIBUTION COEFFICIENTS OF Mo(Vn AND W(VI) AS A FUNCTION
OF CONCENTRATION OF AMMONIUM SULPHATE

(Free acid concentration kept constant at 0'025M H2S04)

Mo(VI)

W(VI)

0·050

4·0 X lOs
>104

0·10

2·5 X io
>104

0·25

2·0 X io
>104

0'50

1·2 X ro
>104

1·00

0·8 X io
>104

the two metals in sulphuric acid media of varying concentration are listed in Table II.
The values in parentheses indicate the Kd values for molybdenum and tungsten in the
presence of 0·8%hydrogen peroxide. The Kd values for molybdenum and tungsten
generally decrease monotonically with increasing sulphate or sulphuric acid concen
tration in the range covered. It can be seen that the Kd values for molybdenum and
tungsten in slightly acidic sulphate media are much higher than the respective values
in sulphuric acid media. The presence of hydrogen peroxide makes molybdenum
favour the resin phase to a greater extent, but lowers the Kd values for tungsten in
sulphuric acid media.

TABLE n.-DISTRIBUTION COEFFICIENTS OF Mo(VI) AND W(VI) AS A FUNCTION
OF CONCENTRATION OF SULPHURIC ACID

Mo(VI)
W(VI)

0'050

937
2130

0'25

187(625)
566(353)

0'50

52(227)
229(153)

0'75

28
125

1'00

12(72)
21(63)

Values in parentheses are the distribution coefficients in the presence of 0·8 %H.Oa-
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