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Methyl aud halogen substituted derivatives of N-acetylsalicyloyl-N-phenylhydroxylamine
(ASPHA) and N-p-nitrobenzoyl-N-phenylhydroxylamine are synthesised and used for the spectro-

photometric determination of niobium (V).

These reagents form deep yellow complexes wita

niobium (V) and thiocyauate in strong hydrochloric acid media which can be extracted into carbon
tetrachloride or cnloroform. The complexes absorb strongly around 400 nm and the sensitivities

iated ions including Ta(V) are tolerated.

are about 0.005 p.g. Nb per ml

-ACETYLSALICYLOYL -N- phenylhydroxyl-
amine (abbr. ASPHA) was introduced as a
very selective analytical reagent for niobium

(V)L This prompted us to modify the reagent pro-
perties by introducing suitable substituents in the
benzene ring of the phenylhydroxylamine part of the
molecule., Thus, out of the ten reagents tried, only
five reagents formed complexes of sufficient sensitivity
and stability for spectrophotometric work.

In 5-8 M hydrochloric acid media, the reagents
form yellow complexes with niobium (V) and thio-
cyanate which can be extracted into carbon tetra-
chloride or chloroform. The sensitivities of the
method are about 0-005 ug. Nb per ml. at the chosen
wavelength. The composition of the complexes is
found to be 1 :2 :1 with respect of niobium, reagent

and thiocyanate.

A large of

Experimental

Preparation of reagents : The reagents were syn-
thesised by the condensation of acetylsalicyloyl
chloride and phenylhydroxylamine derivatives in the
presence of sodium hydrogen carbontate as deseribed
in a previous publication?. N-p-nitrobenzoyl-N-
phenylhydroxylamine was prepared from p-nitro-
benzoyl chloride and phenlhydroxylamine.  The
method of preparation and purification of the com-
pounds were described earlier’. The m.p. and
elemental analyses data are given in Table 1.

Reagent solutions : 0-25%, (w|v) solutions of the
reagents (except N-p-nitrobenzoyl-N-phenylhydroxyl-
amine) were prepared in purified carbon tetrachlcride.
N-p-nitrobenzoyl-N-phenylhydroxylamine was pre-
pared in chloroform.

TaBLE 1—NEw HYDRORAMIC ACIDS

% Carbon % Hydrogen 9, Nitrogen
No. Reagent M.P. Formula
°C Found Regd. Found Reqd. Found Reqd.
I. N-.acetylsalicyloyl-N-o-
-tolylhydroxylamine 146 C16H;50,N 68.37 67.37 5.92 5.26 5.21 4,91
II. N-acetylsalicyloyl-N-m-
-tolylhydroxylamine 127 » 68.32 67.37 5.18 5.26 5.39  4.91
III. N-Acetylsalicyloyl-N-p-
-chlorophenylhydroxylamine 154 - 68.25 67.37 5.13 5.26 5.50 4.91
IV. N-acetylsalicylolyl-N-o-
-chlorophenylhydroxylamine 144 C1sH,;20,NC1 59.43 58.92 3.583 3.93 4.81 4.58
V. N-acetylsalicyloyl-N-m-
-chlorophenylhydroxylamine 94 » 59.20 58.92 3.80 3.93 5.02 4.68
VI. N-acetylsalicyloyl-N-p-
-chlorophenylhyd: oxylamine 147 ” 59.82 59.92 4.29 3.93 5.05  4.58
VII. N-acetylsalicyloyl-N-o-
-bromophenylhydroxylamine 129 C1sH,;2,0,NBr 52.80 51.44 3.50 3.43 4.16  4.00
VIII. N-acetylsalicyloyl-N-o-
-1wodophenylhydroxylamine 145 CysH,;,0,NI 46.39 45 35 3.20 3.02 4.00 3.53
IX. N-acetylsalicyloyl-N-p-
-iodophenylhydroxylamine 129 . 45.90 45.35 3.00 3.02 3.50 3.563
X. N-p-nitrobenzoyl-N-
168 Ci3H;p0,N, 60.52 60.47 4.02 3.88 10.57 10.85

-phenylhydroxylamine
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Standard niobium solution : Approximately 1 g.
of pure niobium pentoxide (BARC, Bombay) was
fused with 10 g. of fused sodium bisulphate in a
silica crucible with a few drops of concentrated
sulphuric acid. The cold cake was extracted with
500 ml. of 10%, tartaric acid solution. The niobium
content was estimated gravimetrically’. This solu-
tion was further diluted to contain 0-025 mg of the
metal per ml.

Ammontum thiocyanate solution : A 4 M solution
of AnalaR NH,SCN was prepared just before use.

All other chemicals and apparatus were the same
as used earlierl.

Procedure : An aliquot of niobium solution con-
taining 10-90 pg. of the metal was taken in a separa-
tory funnel. Added 3-4 ml. of 4 ¥ NH,SCN solu.
tion followed by enough 10 M hydrochloric acid so
as to make acid strength in the range 5-8 M. The
solution was then gently extracted with 5 ml. of the
reagent solution and 5 ml. of purified carbon tetra-
chloride or chloroform as the case may be. The
golden yellow organic layer was collected in a small
beaker containiig 2 g. of anhydrous sodium sulphate.
The aqueous layer was washed with 5 ml. of the
solvent and added the washings of the beaker. The
coloured solution was decanted to a 25 ml. volumetric
flask. The sodium sulphate was washed with small
portions of the solvent and combined the washings
with the main solution. The solution in the flask
was diluted to the mark with the solvent and the
absorbance was measured at the recommended wave-
length against reagent blank.

Discussion

Absorption spectra :  All the complexes are yellow
in colour and show no absorption maximum in the
wavelength range 370-560 nm. The general nature
of the absorbance curves is like that of the ASPHA
complex!. The most suitable wavelength for spec-

trophotometric work for each reagent is given in
Table 2.

Effect of changing conceniration of acid, thiocyanate
and reagent : The minimum amount of reagent
solution and thiocynate solution for maximum colour
intensity as well as the optimum hydrochlorie acid
strength are given in Table 2. Sulphuric acid was
found to decrease colour intensity.

Effect of varying time and temperature : At room
temperature the complexes slowly dissociated after
about 12-24 hr. Afterwards a turbidity was formed.
The colour intensity was not affected on changing
temperature from 15° to 50°.

Solvents wused : The complexes are soluble in
common organic solvents. But for convenient extrac-
tion chloroform and carbon tetrachloride were tried.
But it was found that all the complexes dissociated
rapidly in chloroform except that of N-p-nitrobenzoyl-
N-phenylhydroxylamine. Therefore, carbon tetra-
chloride was used for the study except for the latter
reagent for which chloroform was used.

Sensitivity and optimum concentration range : The
pliotometric sensitivity according to Sahdell®, the
molar absorptivity and optimum concentration range®
for the complexes of the reagents, which are of
sufficient stability for the study, are given in Table 2.

Composition of the complexes : The stoichiometric
composition of the complexes with respect to mnio-
bium, the reagent and thiocyanate were established
by the method of continuous variations’ and molar
ratio method® as given in a previous paper?.

For continuous variations method, two series of
solutions were used. In one series, equimolar solu-
tions (0-5x10-3M) of niobium and the reagent
were used, keeping a constant excess of thiocyanate,
From the maximum in the curve, the ratio of metal
to reagent is found to be 1 :2. In the other series,

TABLE 2—REGENTS APPLIED TOT SPECTROPHOTOMETRIC DETERMINATIONS

No. Name of Reagent Sensiti- Wave

: Optimum Molar Stability ~ Amount Amount Strength
vity length concen- absorp- &t room of 4M of 0-2569, of HCl,
pglem? nm. tration tivity tempera- NH,SCN (w/v) M.
Range ture, hrs.  solution Reagent
pg[ml. ml. solution
ml.
III. N-acetylsalicyloyl-N-p-
-tolylhydroxylamine 0.0029 380 0. 2-2.8 28700 12 2 1 4-8
1IV. N-acetylsalicyloyl-N-o-
-chlorophenylhydroxylamine  0.0037 390 0.25-3.5 22800 20 .2 2 4.65-8
VI. N-acetylsalicyloyl-N-p-
-chlorophenylhydroxylamine  0.0055 390 0. 6-4.6 15200 18 3.6 2.5 5-8
VII. N-acetylsalicyloyl-N-o-
-bromophenylhydroxylamine  0.0035 380 0.26-3.5 236560 24 1 3.6 4.5-8
X. N-p-nitrobenzoyl-N-
-phenylhydroxylamine 0.0050 410 0. 5-4.5 17230 12 2.6 1 4-8
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equimolar solutions (2x10-3 M) of niobium and
thiocyanate were wused, maintaining a constant
excess of the reagent. From the maximum in the
curve the metal to thioeyanate ratio is found to be
1:L

Similarly, molar ratio method was also applied to
confirm the composition using two series of equimolar
solutions.

Effect of diverse ions: Most of the associated
cations do not interfore with the dstermination in
very large excoss. Thus, Ti+, Hq?+, Pb2+, Cd?+
Zn?+, Mn?t, Mg?+, Ca?t, Sr2+, Ba?+, Fe?+, Ba?t,
Niz+, AB+, Fe3+, Crd+, Bid+, As3+, Sh3+, Lad+, Cot+
Va+, Thit, Zrt+, Vs+ W+ Mos+ and U+ are tolerated
in 1000 times excess. Cu?t is masked by EDTA.
Ta5+ can be tolerated upto 100 timos excess. Ti¢t
interfers. Of the various anions and complexing
agents, ¥~ seriously interfers. Oxalate is tolerated
upto 200 times excess. Acetate, citrate, taitrato
and EDTA do not interfere at all.

Effect of substituents on reagent properties: The
methyl and halogen substituents were introduced
with a view to improve the reasgent propsities of
ASPHA. Hnowever, reagents I and II form colomed
comploxes with niobium which are too insousitive for
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spectrophotometrio study. The failure of reacent
VIII to form any complex with niobium is a vivid
example of steric hindrance due to the large iodine;
whereas the corresponding chloro and bromo dsriva-
tives do react well. Reagent V and IX are not form-
ing stablo comploxes probably because of the weak
conjugative effect of halogen at too far positions
with respect to the coordinating centie.
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