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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, Apalytical 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 antimouy (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 element to one of these two states.
The trivalent state can be obtained simply by dissolving the metal in hot
sulphurlc acid (1) or by reduclng an aqueous solution of antimony with
sulphite solution (2). 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
"unreactive species' during treatment of a sample 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 antimony (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 specles 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,0,4. Little evidence has been found in support of the existence of a
sta%ble tetravalent state in aqueous 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 Sb_O, in solution is actually antimonyl antimonate, Sb (SbOy),
and not a form of antimony (IV).

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



The amount of tr1va1ent and pentavalent ant1rnony produced in various
treatments in a01d1c medla was deterrmned using convent1ona1 procedures (8, 9)

APPARATUS AND REAGENTS

Polarographt

Polarographic Cell; =

Isopropyl Ether

Sulphiteﬁ S_'iolution: -

Antimony (III) Stock Solution::

BT Leeds and Northrup Electrochemograph

Type E.:

""‘j“A smgle compartment cell w1th a mercury'
- pool anode and a dropp1ng mercury

' cathode was used ‘The temperature of

. the cell was ma1nta1ned at 30 t 0 5 C

'_C P grade This reagent was stored over
. acidified ferrous sulphate solut1on

Freshly prepared by saturatlng d1st111ed |

o water w1th sulphur dlox1de.

| ‘We1gh 200 mg of ant1mony metal and

dissolve in 25 ml of hot, . concentrated_»'

- sulphuric acid. Dilute the solution to . -,

: exactly 100 ml with: water, remove.a: -
‘50-ml‘aliquot and dilute with 9N sulphuric

“+. acid to ‘exactly 500 ml. One ml'of this .
.- stock solution contalns 0.2 mg of
e ant1mony. o

. EXPERIMENTAL -

Exper1ments were de51gned to determlne the extent of oxidation. of
antimony in sulphuric, nitric, and hydrochloric acids,:and any loss due:to, :
conversion to an unreactive species or by volatlll_zatlon Known amounts .
of antimony metal or aliquots of the stock solution were treated.with various
combinations of the. above-mentloned acids, '‘and the resulting: solutlons were
analysed for antlmony (III), ant1mony (V), and total ant1rnony. S
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Acid Treatments:

Dissolve 100 mg of antimony metal in 2 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

2-ml aliquots and analyse for antimony (III), antimony (V), and
total antimony.

Dissolve 100 mg of antimony metal in 2 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.

Dissolve 100 mg of antimony 'metal and expel the nitric and
hydrochloric acids as in Treatment 2. Add 20 ml sulphuric
acid and dilute to exactly 100 m! with water. This solution
is 9N in sulphuric acid. Remove three 2-ml aliquots and
analyse for antimony (III), antimony (V), and total antimony.

Dissolve 100 mg of antimony metal in 2 ml nitric acid and
5 ml hydrochloric acid.. Add 5 ml 18 N sulphuric acid and
heat rapidly to fumes on a hot plate. Do not fume to drynéss,

but cool and dissolve the precipitate in hydrochloric acid,

and dilute to exactly 100 ml with the same acid. Remove
three 2-ml aliquots and analyse for antimony (III), antimony
(V), and total antimony. ‘

To each of two bedkers add 10 ml of antimony stock solution,
2 ml nitric acid, and 5 ml hydrochloric acid. Expel the nitric
and hydrochloric acids by heating on a steam bath. Analyse
one of the samples for antimony (V), by rinsing it into an
extraction mixture (consisting of 10 ml 6 N hydrochloric acid
and 35 ml isopropyl ether) with 15 ml 6 N hydrochloric acid.
Analyse the other sample for antimony (III).

~To each of two beakers add 10 ml of stock solution, 2 ml

nitric acid, 5 ml hydrochlorlc acid, and heat on the steam

bath to expel the nitric and hydrochlorlc acids. Remove the
beakers from the steam bath, place on a hot plate, and
evaporate to dryness. Analyse one of the samples for antimony
(V) by dissolving the residue in 12.5 ml hydrochlorlc acid and
transferring it to an extraction mixture consisting of 12,5 ml
water and 35 ml ether. . Analyse the other sample for antimony (I1I).
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Co11.
o "_'c1rcle of fllter paper ‘ and 15 ml n1tr1c acid, Cover the beaker
o and heat strongly.' If the sample chars ‘add more ‘nitric acid,

. 'and continue the add1t1ons of nitric ac1d until a clear solutlon o

To 10 ml of stock solutlon add 2 ml n1trlc ac1d and 5 ml hydro-(;ff;'-’
chloric ac1d Cover and heat rapidly to fumes on a hot plate.. .
vCool sl1ghtly, add another 2 ml- nitric aéid and 5 ml hydrochlorlc
" acid, and’ evaporate to. dryness. Analyse for total antlmony by '
. reduc1ng the ent1re sarnple w1th sulph1te solutlon. S

To lO ml of stock solut1on add 2 ml nitric ac1d and 5 ml hydro- o
chloric acid., Cover heat rapldly to fumes, and make a second o
' addltlon of mtmc and hydrochlonc acids .’ Furne again ‘and add ;
. 50 drops of hydrochlorlc acid without: coohng Continue heatmg
to. expel the hydrochlorzc acld, then add another 50 drops to- the :
4 fummg solutlon. : Repeat until’ five such. addxtions have been
._'vmade . Fume to dryness and analyse for total antlmony

To 10 ml of stock solutlon add 5ml hydrochlorlc ac1d cover
the: beaker and evaporate the solutlon ‘to fumes: Add 50 drops

of hydrochlor1c acid whlle fuming. Make ‘a total of five: add1t1ons:ﬂ
© of hydrochlor1c a01d as in- Treatment 8 Evaporate to dryness T

and analyse for total antlmony

To 10 ml of stock solut1on add 5 ml hydrochlorlc ac1d Cover
the beaker and heat on a steam bath for about three hours to

‘ expel the hydrochlor1c ac1d Analyse for total ant1mony. S

To each of three beakers add 10 ml of stock solut1on, a 12. 5-cm

is obta1ned Evaporate to dryness and analyse one gample for

: ant1mony (III) Analyse a second sample for antlmony (V) as
in Treatment 6 and determlne total ant1mony on, the th1rd

isample. SRS

1.

Determination of Antimon‘y,i; Ll

Ant1mony (III)

If the sample 1s 1n solutlon form evaporate to- dryness, us1ng A

a steam bath for all samples conta1n1ng hydrochlor1c acid.™
D1ssolve the res1due in ir. 1l ml18N sulphur1c ‘acid, Transfer

;v;to a 50 - ml volumetrlc flask conta1n1ng 0% 5 ml tr1ton X 100 as S
‘a max1mum suppressor, and dzlute to volume with water."

Deaerate by bubblin n1trogen gas through the’ solutlon, and

record the polarogram" ‘The amount of antimony is obtained
by compar1ng the. height of the. polarograph1c reduction step -

W1th a callbrat1on curve constructed under 1dent1cal cond1t1ons.

.': "




2. Antimony (V)

In Treatments 1-4, add the 2-ml aliquot to a 125-ml
separatory funnel containing 25 ml 6 N 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 sulph1te solutlon, :
and evaporate the solution to dryness.

Dissolve the residue in 11.1 ml 18 N 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
(I1II). Dissolve the residue in 6 ml 18 N sulphuric acid. Add
12 ml water, 15 ml sulphite solution, and evaporate to dryness.

Dissolve the residue in 11.1 ml 18N sulphuric 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 treatments. 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% antimony. Recoveries are shown to the nearest 5%.

The amounts of antimony (III) and antimony (V) recovered after the
wet ash treatment 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.




TAB LE 1

Recovery of Antlmony After Ac1d Treatment

Treat- - ‘ L L Antlmony(III) Antlmony(V) Total Antlmony
ment- Summar'y of Treatment £ Recovered .Recovered . Recovered

" No.. L - _ ‘ % o ::'-'_1% o , % L

-1 Dissolve Sb metal in HNO - 5 o 95 7 7100
HC1, "dilute with HCl o R R

2 D1ssolve Sb metal in HNO3-—« ~oomil 0100 .= . 100,

' HCl, convert to sulphate, , : '
dilute with HCIL. R - , o

3 Dissolve Sb metal in HNO,-.  nil . . 65 = - .. 100

HCl, convert to sulphate, . : .

~ dilute with~'HZSO4.‘ ' , . , e

4 Dissolve Sb metal in HNO3- -~ nil 45 ~1oo
- HCl, fume with H,50y, ' o

. dissolve ppt.in H SO4. LAt L '

5 - Treat Sb(II1) solutmn with =~ nil" Y 40 o100
HNO ~-HCl, evaporate to e o
fumes i . .

6 Treat Sb(III) solut1on With'- . nil 50 . = 100 -
HNO3 -HCI, evaporate to - ey
dryness.

7 . - Evaporate Sb(III) solutlon S B " 100
~ with H,SO,-HNO, -HCl to . » .
,fumes _ .

8 Evaporate Sb(V) solution - - o= ) - 45
© with H,S0,-HCl to fumies. _ L
9 l,'Eva.porate Sb(III) solutlon | - - .5
. with HZSO4~HC1to fumes. . L
10 Evaporate Sb(III) solution - S _ __-. o 90"
.0 with HZSO -HCI on steam T T L
'”bath Lo , » , L ) ,
11 - Wet ash treatment w1th _ .10 ) A:60 - _ ->1’00
sto HNO3 : - -
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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 volatlhzatlon, even at fumlng
sulphuric acid temperatures.

In some treatments there appears to be an "unreactive' fraction
which escapes analysis as either antimony (III}) or antimony (V). This
unreactive species is evident not only in the wet ash treatment, 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 antimony 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 antimony (V), which
occurs quantitatively in concentrated hydrochloric acid. If this species is
suddenly injected into 6 N 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 any hydrolysis occurs (11).
This explains why no uanreactive 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 6 N 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) cenverts at best to the poorly extracting hydro~
lysed form. This could well have ocqurred when the antimony (V) in
Treatments 3 and 5 was deterrnined:



From this discussion it mlght appea.r that the unreactlve spec1es
‘in sulphuric acid can be converted to the desired unhydrolysed form by
evaporating the solution and d1ssolv1ng the’ prec1p1tate in concentrated :
hydrochloric acid. 'However, the low results obtained by Treatments 4;

6, and 11, in wh1ch prec1p1tates formed, are ev1dence that the extractab).e o

o form cannot be attalned by thls procedure. '

Incomplete 1ecover1es of ant1mony are obta1ned after treatment

- with sulphurlc and hydrochl.omc acids., Under these cond1t1ons losses: can
be attr ibuted to volat111zat1on of ant1mony chloride. At fummg sulphumc
acid temper ature only 5% ant1mony (II1) remamed after several add1t10ns ,
of hydrochloric acid. The presence of nitric acid appears to reduce ‘thé®
tendency of the chloride to volatilize. This is probably due to. the formatlon
of antimony (V) wh1ch is less volatlle than ant1mony (111) (12)

- After wet ashmg with sulphurlc and n1tr1c ‘acids, var1ab1e amounts

' IOf antimony (III) and antlmony (V) are produced Slmllar results Were o
- obtalned by. Maren K : ; : : IS
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