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Spectrophotometric determination of antimony after 
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Abstract 

Antimony (< 20 pg) can be determined spectrophotometrically at 640 nm after its adsorptive extraction as 
Brillant Green hexachloroantimonate(V) with microcrystalline l+dichlorobenxene after dissolution of the solid 
phase in toluene. The effects of reagent concentration, order and timing of addition, diverse ions and masking studies 
are reported. The system has been applied to the determination of antimony in steels. 
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The use of Brilliant Green permits sensitive 
and precise determination of several elements in 
anionic form [1,2] provided that care is taken in 
method development and their routine operation. 
It is necessary to allow for the effects of the 
acid-base equilibria [2-41, purity [2-51, surface 
adsorption properties [6] and possible dimerisa- 
tion [7] of the reagent, and in the case of anti- 
mony determination, the nature of the oxidant 
[2]. Brilliant Green methods for cobalt as te- 
trathiocyanate cobaltate [8], rhenium as per- 
rhenate [93 and perchlorate [lo] have been 
adapted for use with microcrystalline solid phase 
organic extractants. The only solid phase extrac- 
tion for antimony, so far available is that based 
on extraction of antimony(II1) morpholine-4- 
carbodithioate with naphthalene followed by re- 
placement by copper [ll]. 
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The present paper reports on the novel ad- 
sorptive extraction of Brilliant Green hexachlo- 
roantimonate(V) with microcrystalline l,Cdichlo- 
robenzene based on earlier liquid-liquid extrac- 
tion studies [2,3]. 

EXPERIMENTAL 

Apparatus 
Pye Unicam SP 8-400 and SP 6-550 W-visi- 

ble spectrophotometers were used for recording 
absorption spectra and for routine measure- 
ments, respectively, with matched l-cm quartz 
cells. pH measurements were made with an EIL 
Model 39A pH meter. 

Reagents and solutions 
Brilliant Green (Aldrich, dye content ca. 95%) 

was used as supplied. Elemental analysis gave 
66.9% C, 7.0% H, 5.6% N (theor. for C,,H,Nz- 
0,s: 67.2% C, 7.1% H, 5.8% N). A 0.5% (w/v) 
solution was prepared in pure ethanol, and stored 
in a dark brown glass bottle. 
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A stock antimony(II1) (200 pg ml-‘) was pre- 
pared by dissolving 0.2669 g of antimony potas- 
sium tartrate (AnalaR, BDH) in 500 ml of water 
in a volumetric flask. More dilute solutions were 
prepared daily, as required. 

A cerium(IV) solution (0.1 M) was prepared by 
dissolving 6.33 g of diammonium cerium(IV) sul- 
phate (AnalaR, BDH) in 100 ml of 1 M sulphuric 
acid. 

Hydroxylammonium chloride solution (1% w/v 
AnalaR, BDH), was freshly prepared, as required 
in water. 

1,4-Dichlorobenzene was used as a 20% (w/v) 
solution in acetone. 

All other reagents were of analytical grade and 
doubly distilled water was used throughout. 

General procedure 
Place an aliquot of antimony(II1) solution (ca. 

6 pg Sb) in a cooled (5°C) conical flask fitted with 
a ground glass stopper containing 3 ml of concen- 
trated hydrochloric acid and 4 ml of 50% (v/v) 
hydrochloric acid. Add 10 drops of cerium(IV) 
solution and mix the solutions for 1 min. Reduce 
the excess of cerium(IV) by dropwise addition of 
hydroxylammonium chloride solution until the 
yellow colour disappears. Without delay, dilute 
the mixture with 25 ml of ice-cold water, add 0.5 
ml of Brilliant Green solution, mix and add im- 
mediately 3 ml of 1,Cdichlorobenzene solution. 
Shake vigorously for 1 min. Filter the separated 
solid through a sintered glass filter (No. 21, wash 
with a small volume of distilled water and suck 
dry. Dissolve the solid in toluene and make up to 
25 ml in a volumetric flask. Remove any residual 
water by addition of 0.2 g of anhydrous sodium 
sulphate. Cover the flask with aluminium foil to 
protect the contents from light. Measure the ab- 
sorbance at 640 nm against a reagent blank pre- 
pared in the same way. 

Procedure for steel samples 
For samples containing 0.007-0.07% (w/w) of 

antimony dissolve accurately weighed 0.5-g sam- 
ples in 10 ml of concentrated hydrochloric acid in 
250-ml conical flasks. Oxidise by addition of 1 ml 
of concentrated nitric acid and boil to expel ni- 
trous fumes. Cool and if necessary filter (What- 

man No. 541) into a 100~ml (larger or smaller 
according to the antimony content) volumetric 
flask. Wash the residual solids (silica) with con- 
centrated hydrochloric acid, add the washings to 
the sample solution and dilute to volume with 
concentrated hydrochloric acid. Complete the 
analysis within 1 h as follows. Place a 3-ml aliquot 
of the sample solution in a cooled (ice bath) 
conical flask containing 3 ml of water and 4 ml of 
50% (v/v) hydrochloric acid. Add 10 drops of 
cerium(IV) solution and mix for 1 min. Continue 
as in the general procedure except use 25 ml of 
ice-cold 10% w/v) sodium hexametaphosphate 
solution in place of water in the dilution stage, to 
mask iron(II1). 

Prepare a calibration graph over the range 
O-20 pg antimony, adding aliquots of high-purity 
iron equivalent to the sample weight of steel 
samples and proceed as for the steel samples. 

Examination of the main experimental variables 
Naphthalene, diphenyl, benzophenone and 

1,4-dichlorobenzene were each examined as ex- 
tractants for 6 pg of antimony as in the general 
procedure for their adsorptive-extractive proper- 
ties using the microcrystalline solid formation 
precedure from acetone solution. l,CDichloro- 
benzene gave the highest apparent molar absorp- 
tivity in toluene and a low (0.015 absorbance) 
reagent blank. The separated solid was easy to 
dry so that it required little drying agent. 

Various solvents with a range of functional 
group types, including alcohols, ketones, esters, 
ethers, and chlorinated and aromatic hydrocar- 
bons were examined for dissolving the ion-pair 
and the 1,Cdichlorobenzene. Lower reagent 
blanks were found using aromatic hydrocarbons. 
Solutions in xylene were unstable; toluene and 
benzene gave the same molar absorptivity (A, 
= 640 nm). Toluene was chosen on grounds of its 
lower toxicity. 

In earlier work [2,3] it was recommended that 
the extracting solvent be added prior to the Bril- 
liant Green to reduce the effect of reagent proto- 
nation. For solid phase extraction the reverse 
order is necessary in order to achieve precise 
results. The effect of protonation of Brilliant 
Green in 1.7 M hydrochloric acid with time prior 
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to extraction was examined by introducing a vari- 
able time delay after the addition of Brilliant 
Green prior to extraction. Absorbances de- 
creased with protonation time (25% loss in 8 
min), but the effect can be neglected provided 
extraction takes place within 0.5 min. The effect 
of hydrolysis of hexachloroantimonate(V) upon 
dilution of the acid to 1.7 M was studied similarly 
by introducing a time delay between dilution prior 
to addition of Brilliant Green. Absorbances de- 
creased with hydrolysis time (20% loss in 8 min). 
The effect can be neglected provided that the 
Brilliant Green is added with 0.5 min of sample 
dilution. The absorbance of extracts was found to 
be independent of oxidation time over 0.5-2.0 
min but to decrease slightly thereafter; it was 
independent of the amount added (0.2-1.0 ml). A 
1-min oxidation time with 0.5 ml of cerium(IV) 
solution was used subsequently. The extent of 
extraction was independent of the concentration 
of Brilliant Green solution added, over the range 
0.2-0.8% (w/v>; 0.5% (w/v) was chosen for fur- 
ther use. Absorbances were found to increase 
with the volume of 1,Cdichlorobenzene solution 
added up to 2 ml and remained constant there- 

TABLE 1 

Effect of diverse ions on the determination of antimony (6 

clgl 

Ion a Ion/Sb Absorbance 
ratio change 
(w/w) (%I b 

Na, K, Mg(III, AI(III), CafII) 
As(III), Co(B), Mn(IIl > 
Zn(II), PMII), MofVI), Ni(II) 
Se(IV1, Nb(V) > 
Cu(II) 

NH:, HPO,z-, SO;-, NO;, Cl- 
F- 
Fe0111 

500 <3 

100 <3 

500 -5 
200 <3 

2000 <3 
2000 -32 
500 <3 

1000 +7 
2500 +13 
2500’ <3 
5000’ +6 

a Cations added as chloride, sulphate or nitrate; anions added 
as sodium salts. b Ions causing less than a 3% change in 
absorbance are regarded as non-interfering. ’ 25 ml of 10% 
(w/v) sodium hexametaphosphate solution added instead of 
water in the dilution step. 

TABLE 2 

Determination of antimony in steel samples 

BCS steel 
No. 

456 
457/l 
458 
459 

Antimony in steel (%, w/w) 

Certified a Found b 

0.011(0.010-0.013) 0.0107 f 0.0005 
0.038 (0.036-0.040) 0.0372 f 0.0014 
0.07 (0.063-0.082) 0.0646 f 0.0019 
0.007 (0.006-0.008) 0.0867 f 0.0003 

a With certified range in parentheses. b Meanf95% confi- 
dence limits for 6 replicates. 

after, so 3 ml was adopted for the general proce- 
dure. The extracts dissolved in toluene were found 
to be stable for up to 8 h in diffuse daylight but 
fade slowly in direct sunlight. 

The composition of the complex was estab- 
lished spectrophotometrically by Job’s method of 
continuous variations [12] and by the mole ratio 
method [13] to be 1: 1. 

RESULTS AND DISCUSSION 

A linear calibration graph was obtained over 
the range O-20 pg of antimony at 640 nm (ap- 
parent molar absorptivity 9.89 X lo4 1 mol-’ 
cm-‘). For the determination of 6 pg of anti- 
mony the relative standard deviation was 1.35% 
(ten results). 

The possible interferences of a number of 
cations and anions was checked for the determi- 
nation of 6 pg of antimony under the conditions 
of the general procedure. The results are sum- 
marised in Table 1. Iron(II1) was the only ion to 
interfere significantly and this was largely over- 
come by masking with sodium hexametaphos- 
phate. The results for the determination of anti- 
mony in British Chemical Standard Steel (unal- 
loyed) samples (Table 2) were in good agreement 
with the certified values. The method is rapid and 
more convenient than the only previously de- 
scribed liquid-solid extraction of antimony [ll]. 
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