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AN INVESTIGATION OF THE CHEMICAL BEHAVIOUR OF 

ANTIMONY IN ACIDIC SOLUTIONS 

by 

K. R. Wilson* and C. H. McMaster** 

SUMMARY OF RESULTS 

The behaviour of antimony, in solutions of sulphuric, 
nitric, and hydrochloric acids, has been studied using pro-
cedures frequently encountered in the analytical chemistry 
laboratory. 

The unreactive species that exists in sulphuric acid 
solutions is believed to be a hydrolyzed form of antimony (V). 
This species is not extracted with isopropyl ether, but can 
be converted to the extractable form by the addition of hydro-
chloric acid. 

Antimony (III) can be lost by volatilization from hot 
hydrochloric acid solutions. The addition of nitric acid to the 
chloride solution reduces the loss due to volatilization, 
probably by oxidation of antimony to the less volatile pent-
avalent state. 

Wet ashing procedures, using sulphuric and nitric 
acids, produce mixtures of antimony (III) and antimony (V). 
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Canada. 

Research Scientist, Analytical Chemistry Subdivision, Mineral Sciences 
Division, Mines Branch, Department of Mines and Technical Surveys, 
Ottawa, Canada. 



INTRODUCTION 

In aqueous solution the two stable oxidation states of antimony are: 
antimony (III), and antimony (V). Many of the common analytical procedures 
used for the determination of small amounts of antimony in various materials 
depend on the complete conversion of the elemen.t to one of these two states. 
The trivalent state can be, obtained simply by dissolving the metal in hot 

sulphuric acid (1) or by reducing an aqueous solution of antimony with 
sulphite ,Solution (Z). Oxidation to the pentavalent state, however, is a 
rather difficult task, and only Powerful oxidants such as cerium (IV) under 
certain conditions give complete cOnverSion (3). 

A major difficulty in obtaining antimony (V) is the formation of an 
It unreactive species" during treatment of a sam.ple with various acids. This 
peculiar species of antimony, first observed by Maren (4), appears to be 
associated with neither the trivalent nor the pentavalent state. Maren found 
that this species is converted quantitatively to antimony (III) when treated 
with sulphite, yet resisted oxidation to antim.ony (V), even with cerium (IV). 
It was also noticed that the species formed in varying amounts following the 
digestion of biological tissue with sulphuric and nitric acids. A typical 
analysis of a digested sample yielded 20% antimony (V), 40% antimony (III), 
and 40% "unreactive species". The formation of the unreactive fraction was 
undesirable, since Maren had hoped to achieve quantitative oxidation to 
antimony (V), which was necessary for complete extraction into isopropyl 
ether and formation of an analytically important metal-dye complex with 
Rhodamine B. To this end he found that perchloric acid added to the 
digestive mixture prevented the unreactive species and effected complete 
oxidation to the pentavalent state. 

The appearance and peculiar nature of the unreactive species 
remains of interest. It is noteworthy that Maren had temporarily labelled 
his unreactive portion, "antimony (IV)", such as found in the tetroxide, 
Sb 2 04 . Little evidence has been found in support of the existence of a 
stable  tetravalent state in aquous solution, although Maren' s term 
"antimony (IV)" has been echoed by Ward and Lakin (5) in 1954, and by 
Lowe, et al. (6) as late as 1961. However, Kronopik and Zwiauer (7) 
concluded that 

Sb204 
in solution is actually antimony' antimonate, Sb(Sb04), 

and not a form of antimony (IV). 

The purpose of this report is to examine the behaviour of antimony 
under conditions commonly us.ed in laboratory analyses, such as the dissolu-
tion of samples in combinations of sUlphuric, nitric, and hydrochloric acids. 



The amou.nt of trivalent and pentavalent antimony produced in various 
treatm.ents in acidic media was determined using conventional procedures (8,9). 

APPARATUS AND REAGENTS 

Polarograph: 	• 	 Leeds and Northrup Electrochemograph, 
Type E. 	 • 	: 

A single corripartMeilt cell with  à rn.erctiry 
pool anode and a dropping mercury 
cathode was used  The ten-werature  of 
the cell was maintained at 30 T. 0  5.°C 

Isopropyl Ether: 	 C P grade. This reagent was stored over 
acidified ferrous sulphate  solution. 

Sulphite Solution: 	 Freshly prepa.reC1 by sa.turating distilled 
water with sulphu.r dioxide. 

Antimon.y (III) Stock Solution: 	Weigh ZOO mg of antimony metal and 
• . 	dissolve in 25 ml of hot, concentrated 

sulphuric acid. Dilute the solution to 
exactly 100 ml with water, remove ; a 
50-mLaliquot and dilute with 9 N sulphuric 

— 	acid to •exactly 500 M.1. One ml of this 
• stock solution contains 0.Z trig of 
antimony. 	 . 

• EXPERIMENTAL - 

Experiments,were designed to determine the extent of oxidation of 
antimony in sulphuric, nitric, and hydrochloric acids, and any loss due to 
conversion to ari unreactive species or by-  volatilization. Known amounts 
of antimony metal or aliquots of the stock solution were treated with various 
combinations of the above-mentioned acids, and the resulting solutions were 
analysed for antimony (III), antimony (V), an.d total antimony. 

Polarographic Cell: 
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Acid Treatm.ents: 

1. Dissolve 100 mg of antimony metal in Z ml nitric acid and 5 ml 
hydrochloric acid with slight heating on a steam bath. Cool and 
dilute to exactly 100 ml with hydrochloric aCid. Remove three 
Z-ml aliquots and analyse for antimony (III), antimony (V), and 
total antimony. 

Z. Dissolve 100 mg of antimony metal in Z ml nitric acid and 5 ml 
hydrochloric acid. Add 5 ml sulphuric acid and heat on the 
steam bath for 1-2 hours to expel the nitric and hydrochloric 
acids. While the solution is still clear, dilute to exactly 100 ml 
with hydrochloric acid. Remove three 2-ml aliquots and analyse 
for antimony (III), antimony (V), and total antimony. 

3. Dissolve 100 mg of antim.ony metal and expel the nitric and 
hydrochloric acids as in Treatment Z. Add ZO ml sulphuric 
acid and dilute to exactly. 100 Ml with water . , This solution 
is 9N in sulphuric acid. Remove three Z-ml aliquots and 
analyse for antimony (III), antimony (V), and total antimony. 

4. Dissolve 100 mg of antimony metal in Z ml nitric acid and 
5 ml hydrochloric acid. Add 5 ml 18N sulphuric acid and 
heat rapidly to fumes on a hot plate. Do not fume to dryness, 
but cool and dissolve the precipitate in hydrochloric acid, 
and dilute to exactly 100 ml with the same acid. Remove 
three Z-ml aliquots and analyse for antimon.y (III), antimony 
(V), and total antimony. 

5. To each of two beakers add 10 ml of antimony stock solution, 
ml nitric acid, and 5,m1 hydrochloric acid. Expe l  the nitric 

and hydrochloric acids by heating on a steam bath. Analyae 
one of the samples for antimony (V), by rinsing it into an 
extraction mixture (consisting of 10 ml 6N hydrochloric acid 
and 35 ml isopropyl ether) with 15 ml 6N hydrochloric acid. 
Analyse the other sample for antimony (III). 

6. To each of two beakers add 10 ml of stock solution, 2 ml 
nitric acid, 5 ml hydrochloric acid, and heat on the steam 
bath to expel the nitriC and hy'drochlo-ric acids'. Remove the 
beakers from the steam bath, place ou  ,a  hot plate, and 
evaporate to dryness. Analyse one of the saMples for antimony 
(V) by dissolving the residue in 12.5 ml hydrochloric acid and 
transferring it to an  extraction  mixture co.  nsisting of 12.5 ml 
water and 35 ml ether. Analyse the other sample for antimony (III). 



7. To 10 ml of stock solution add  Z ml nitric acid an.d 5 ml hydi.o-
chloric a.cid. Cover and heat rapidly to fumes on a hot plate. 
Cool slightly, add a.nother Z ml nitric acid and 5 ml hydrochloric 
acid, and evaporate to dryness. Analyse for total antimony by 
reducing the entire pa,mple vvith sulphite solution. 

8. To 10 ml of stock solution add Z ml nitric acid and 5 ml hydro-
chloric acid. Cover, heat rapidly to fumes, and ma,ke a second 
addition of nitric and hydrochloric acids. Fume again and a,dd 
50 drops of hydrochloric acid without cooling. Continue heating 
to expel the hydrochloric acid, then add another 50 drops to the 
fuming solution. Ftepeat until five such additions have been 
made. Fume to dryness and analyse for total antimony. 

9. To 10 ml of stock solution add  5 m1  hydrochloric acid, cover 
the beaker and eVaPorate the solution 'tO fumes. Ac1C1 50 drcipS .  . • , 
of hydrochloric...acid while fliMing. Make  a total of five-additions 
of hy-cirochloric acid  as  in Treé.trhent 8. Evaporate to di-yriesti 
and analyse for total antimony. 

10. To 10 ml of stock  solution a.cld 5 ml hydrochloric acid. Cover 
the beaker  and b.eat on a Steai-n bath for about  three hou.rs to . 

 expel. the hydrochloric acid. Analyse for total antimony'.' 

11. To each of three beakers add 10 ml of stock solution, a 12 .5-cm 
circle of filter paper, and 15 ml nitric acid. Cover the beaker 
and heat strongly. If the sample  chars  add more nitric acid, 
and continue the additions of nitric acid until a clear solution 
is obtain.ed. Evaporate to dryness and analyse one sample for 
antimony (III). Analyse a second sample for antirnon.y (V) as 
in Treatment 6, and determine total antimon.y on the third 
sample. 

Determination of Antimony: 

Antimony (III) 

If the sarriPle is  in solution  form evaPorate to dryneés, using 
a stea.m bath. for àu-sarriples cOntaining hydroChlori'c acid  
Dissolve  the reSi'clue in 11.1 ›m1'18 N . Sulphuiqc acid.. TranSfer 
to a 50-ml vOlurnetx'ic flà.sk containing . 0.5 ml triton X-100 .  as . 	 . 
a. Maximum suppresdor, and dilute to volume with .vvater . 
béaérate by bubbling' nitrogen gas thrOu.gh  the solution, and 
record the Polarog`re.M. The arnount'of antimony is obtained 
by comparing the height of the pOla.rogra.phid redu.ction step 
with a calibration curve constructed under iden.tical conditions. 
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2. Antimony (V) 

In Treatments 1-4, add the 2-ml aliquot to a 125-ml 
separatory funnel containin.g 25 ml 6N hydrochloric acid and 
35 ml isopropyl ether. In Treatments 5, 6, and 11, follow 
the procedure described for each individual case. 

Shake the solution in the separatory funnel for one minute. 
Discard the aqueous layer and transfer the ether layer to a 
beaker with an additional 5 ml ether. Allow the ether to 
evaporate using little or no heat. Dissolve the residue in 
2 ml sulphuric acid and 5 ml nitric acid. Cover the beaker , 
and heat strongly to fumes. Add another 5 ml nitric acid 
and evaporate to dryness. Dissolve the residue in 6 ml  18N 
sulphuric acid. Add 12 ml water, 15 ml sulphite solution, 
and evaporate the solution to dryness. 

Dissolve the residue in 11.1 ml 18N sulphuric acid and , 
 prepare the solution for polarographic analysis as described 

under Antimony (III). 

3. Total Antimony 

Evaporate the solution to dryness as described for Antimony 
(III). Dissolve the residue in 6 ml 18N sulphuric acid. Add 
12 ml water, 15 ml sulphite solution, and evaporate to dryness. 

Dissolve the residue in 11.1 ml 18N sulphu.ric acid and 
prepare the solution for•polarographic analysis as described 
under Antimony (III). 

RESULTS 

Table 1 shows the amounts of antimony recovered after the various 
acid treatm.ents. Antimony (III) recoveries as high as 3-4% are shown as 
nil, because a blank determination on the supporting electrolyte gave a 
value equivalent to 2% antimon.y. Recoveries are shown to the nearest 5%. 

The amounts of antimony (XII) and antimony. (V) recovered after the 
wet ash treatm.ent were not reproducible. The antimony (III) recoveries 
ranged from nil to 20%, and the antimony (V) recoveries from 25-95%. 
The values shown in Table 1 are averages. 
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TABLE I

Recovery, of Antimony After Acid T,reatment-

Treat-

m6 ►it
No..

Antimony (III) Antimony (V) Total Antimony

Summary of Treatrnent, Reçovered Reçové:

1 Dissolve Sb metal in HNO3- 5
HC'1, 'diluté with HC1:

2 Dissolve Sb:metal in. HNO3". ,, nil .. .100
HCI, couvert to sulphat•é,
dilute with HCI.

3 Dissolve Sb metal.; in HNO3 . nil.
_HC1, couvert to sulphate,, ,
dilûte with H2SO4. .

4 Dissolve Sb metal in HNO,^- nil
HC1, fume.with HzSO4,
dissolve,ppt,in H2S04.,

65

45

5 Treat Sb(III) solution with nit 40 100
HNO3-HCI; 'evaporaté to
fumes.,

6 Tréat Sb(III):solution'with n.il
I-INO3 -HC 1^ `evapo r ate to
dryness.

7 . . Evaporate Sb(III) solution ' -
with HzSO4-HN03-HC1 to
fumes.

8 Evaporate Sb(V) solution
with H11SO4-HCl to fumes'.

10

with HZSO4-HC l on 7 s"team

Evaporate. Sb(III) solution.
with HZSQ4-.HCI tô.fumes.

Evaporate Sb(III) solution

1 50

100

100"..

100

.100

- 100

45

90

1I Wet ash treatment with 10 60 100
HzSO4-HN03 .
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DISCUSSION 

Table 1 shows that, following all treatments except those involving 
sulphuric-hydrochloric acid mixtures, all of the antimony can be success-
fully recovered by reduction to the trivalent state with sulphite ion. Thus, 
during the course of such treatments, the antimony may change in form 
or in oxidation state, but none is lost by volatilization, even at fuming 
sulphuric acid temperatures. 

In some treatments there appears to be an nunreactive" fraction 
which escapes analysis as either antim.ony (III) or antimony (V). This 
unreactive species is evident not only in the wet ash treatm.ent, as Maren 
witnessed, but also in treatments which yield a sulphuric acid solution of 
antimony, and in treatments in which the antimony at some stage is allowed 
to precipitate from sulphuric acid solution. There is no unreactive fraction 
in solutions of antimon.y which are diluted directly with concentrated hydro-
chloric acid. 

The fact that this unreactive species is reduced easily and, accord-
ing to Maren, not oxidized at all, introduces the possibility that the species 
is already in the pentavalent state, but in a form which cannot be determined 
by the antimony (V) analysis employed. 

This explanation is substantiated by Bonner and Goishi (10), who 
investigated the effects of the hydrolysis of antimony (V) in hydrochloric 
acid on its extractability into isopropyl ether. They found that excellent 
extraction is exhibited by the unhydrolysed form of an.timony (V), which 
occurs quantitatively in concent:rated hydrochloric acid. If this species is 
suddenly injected into 6N hydrochloric acid, it converts slowly and almost 
completely to a hydrolysed form, which extracts poorly when shaken with 
isopropyl ether. However, if the ether is present when the unhydrolysed 
form is added, extraction takes place before an.y hydrolysis occurs (11). 
This explains why no unreactive spécies is observed in Treatments 1 and 2, 
where the oxidized antimony is.stored in concentrated hydrochloric acid. 

However, if an aliquot containing antimony (V) dissolved in 
sulphuric acid is added to the same extraction mixture of 6N hydrochloric 
acid and isopropyl ether, the highly extracting unhydrolysed species cannot 
form, since this occurs only at higher hydrochloric acid concentrations. 
Instead, the antimony (V) cçinverts at best to the poorly extracting hydro-
lysed form. This could well have o'cCurred when the antimony (V) in 
Treatments 3 and 5 was deterMinee. 

• 
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