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SUMMARY

The antimonous-antimonic half cell formal potential
hes been found to be ~0,746 in 3.5 weight farmél HC1,
=0,784 in 4.5 welght formal HCl, and -0.818 in 6.0
walght formal HCl when the total antimony concentration
1s 3.20x10°2 welght formal.

The dependence of the formal potential upon total
antimony concentration and the ratio Sb*III/sb*v

has been studied,

Trivositive sntimony has heen determined in
q&antitieé ranging from 10 to 1,500 mlerogrems by
coulometric titration in hydrochloric aclid solutions
containing bromide with electrolytically generated

bromine using an amperometric end point,
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PART I

THE COULOMETRIC TITRATION OF TRIPOSITIVE ANTIMONY
WITH ELECTROLYTIGALLY GENERATED BROMINE
USING AN ANPEROMETRIC END POINT



Introduetion:

In the course of an investigation made to measure
the values of the antimonous-antimonic potential in
hydrochloric ascid solutions, the necessity arcse of
determining quantities of antimony from 10 to 1,000
mierogrsme. The method and apparatus described by
Myers and Swiftl for the determination of arsenic
which involved the titration with electrolytically
generate& bromine and an smperometric end point ceemed
to orrerméiptinct advantages. Therefore, an investi-
gation of its application to the titration of
antimonous solutions in hydrochloriec acid was under-
taken. £ince iodine was present in the'selutions
on which potentlal measurements were being made, the
study was extended to determine the effect of its
presence.

Experimental Part:
Chemlicalsg: |

A standard sntimony solution was. prepared by
dissolving in hydrochliorie acid the appropriate
welght of antimony trioxide which had been prepared
aecording to the proecedure described by Schumann.?
The sglut;aﬁ.pgs.stan&ardized by titration with
permanéanaﬁegagcording to the procedure of Hillebrand
and Lundell.>
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The ilodide solution was prepared gravimetrically
from dried reagent grade potassium iodide which had
been tested for carbonate and lodate,

For reasons discussed below, most of the
titrations were made in solubtions 2 F in hydrochlorie
acld and 0.2 P in sodium bromlide, Reagent grade
concentrated hydrochloric acid was found to give a
titer corresponding to approximately 4x10~7 equivalents
of reducing material per 10ml. This was sliminated
by the addition of a calculated amount of diluted
30 per cent hydrogen peroxlide and then bolling the
solution. At times the distilled water contalined
as much as 2x10~7 equivalents of an oxidizing agent,
believed to be chlorine. This was eliminated by
bubbling air through the water while it boiled.

Pitratior Procsdure:

The apparatus and the procedure used were
esgentially the same as those deécribad by Myers
and Swift.l 4s shown in Figure I, a simplified
schematic diagram of the appsaratus, there are two
sets of electrodes. One set 1s used for the
electrolytic generation of bromine. The other set
has a mmch larger area, and a potential of about
200 MV impressed across them. If the solutlon is
stirred &t a conatant high rate, the current flowing

between them is determined by the concentrations of

#



the reversible couples present; this 1s called the

indicator current. Since antimony does not form a
reversible couple in 2 P hydrochloric acid at low
concentrations, fthere willl be & negligible current
flowing between the indicator electrodes until all
the antimony 1s oxidized and there is an excess of
bromine. A variable speed motor stroboscopically
controlled was used for the stirrer. Preliminary

- eXperiments showed that antlmony was deposited on
the generator cathode and therefore it was necessary
to isolate thls electrode from the solution being
titrated., This was done by enclosing the generator
cathode In a tube wlth & sintered glass plug in the
bottom as shown in Pigure I. To prevent diffusion
of solution from the titration cell into the
cathode comparthent, the solutlion therein was kept
at a higher level and greater ionic strength.

The desirsd quantitles of antimony taken as
Sbo0z dissolved in 2 F hydrochloric acid were
plpetted into the titration vessel and the
appropriate volumes of HCl, NaBr and water were
then added to give the concentrations indicated,
The titration procedure was then carried out as
daseriﬁed by Myers and Swift.+ The end point
correction was determined by interpolation after

generating bromine in solutions of the same acild



and bromide concentration as those of the tltration
for fixed intervals untll an Indlcator current
greater than that at the end of the tltration was
cbtained. Thls procedure was modifled when lodlde
was present. The value of the current at the mini-
mum ﬁoint was subtracted from that found at the end
point in order to obtain the current value to use

in the interpolation for the end polnt correction.
The tltratlon Iln the presence of lodlde 1s discussed
below.

Discuasion of the Method:

The data ocbtained from tltrations made under
various condltions are collscted in Table I.
Experiments were made to determline the optimum
hydrochlorlec acld concentratlion. At concentrations
of 1.5 formal there is a slight tendency towards
negative errors, and at lower concentratlons
hydrolysis of the antimony became pronounced.
When 4.0 formal hydrochloric acld was used, the
Indicator current gradually Increased as the
titration proceeded in the neighborhood of the end
point with the result that the change in current
in the vicinlty of the equlvalence point was not
adequate to give a clearly deflined end point.
Measurements have shown that for the purpose of
calculation of potentlals in 3.5 formal HC1

solutions whara rapld oxidation ls desired, the
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antimonous-antimonic potentlal ls 0,84 volis.
The potential_increasas with the acid concenitration.
(See Part II for further detaila.) Use of this
potentlal and the bromine potentisl in & calculation
of the equilibrium, Sb'TIT + Br, » 2Br- + $b*7, ghows
that there ls appreciable egullibrium concentration
of bromine and tripositive antimony at the equivalsnce
point. Becauses of these facts, 2.0 formal acid was
used for most of the work.

Because certain of the solutlons employed in
the potentlial measurements belng made might have
lodine present in amounts ranging up to 20 atomlc
welght per cent of the trlipositive antimony,
titrations were made of solutions contalning both
lodide and trlpogitive antimony. As these titrations
proceeded, a rapldly increasing indicator current
was obtalned, followed by a relatively stable
maximum, then a decrease %o & sharp minimum.
Flgure II shows a titration of 1.43x10™° formula
welghts of tripositive antimony in a solution
B.O.formal in HC1 and 0.2 formal in bromide and
another with the same amount of antimony plus
6x10=7 formula weights of potassium todide. The
minimum was taken as the end point and the
assumption was mede that the lodine was unipositive

at this polnt. A detailed study of the titration



of iodide and the phenomena at the end polnt is
being madse by another investigator.

The data collected in Table I show that in
solutions 2.0 formal in hydrochloric acld and 0.2
formal In bromide tripositive antimony can be
titrated in quantities ranging from 10 to 1,500
micrograms with an average devliation of about
1 microgram. When iodlde was present in quantities
of about 2 atomic welght per cent of the tripositive
antimony, the average érror in the determination of
1,500 mlcrograms was about 1 mlcrogram; with lodine
present in 20 atomic welght per cent an average
error of plus 8 micrograms was obtalned.

Summary :

Tripositive antimony can be determined in
quantities ranging from 10 to 1,500 mlcrograms by
coulometric titration in hydrochloric acid solutions
containing bromlde with electrolytically genserated
bromine; the end point is determined amperometrically.

Iodide may be present in relatively small amounts.



TABLE I

2N Hel-0.2XN EKBr

Time (sec) End Polnt Current Sb (Microgranms)
Correction(sec)Millliamperes Taken Found Error
26645 =08 : 944635 1585 1586 +]
267.0 0.0 n " 1589 +3
2667 -l.4 n " 1584 -1
"Average 1586 t1
134.8 ~led 944675 796 ¢ 1 796.8  +047
134.8 =1.2 n " 798.,0 +1,9
154-.;8 ”105 " b 79704 + 105
" Average 797.4  *1.3
141.8 -5 o2 0.8325 79445 73995 *0,5
142 .8 =5+ 6 " a 80,72 +1.3
142 08 “‘5 04 # " 80 084 + 104
142.3 = =5.5 1 1 81,07 +1.5
" Average 80,59 +1,1
74 .68 -5 e3"7 0,9325 39.90 40,19 +0,3
T4 .50 =5 62 " " 50452 *0,6
T4 .38 -3 o4 : it w 41,79 t1.8
" Average 40,83 Q.9
20,60 =5 o 00 0.9325 7496 0.18 +1.2
19 .65 “4 .34 bl " 9.01 flgO
19.61 -4 ,00 1" n .18 +1.,2
204,60 =5.50 t " 8429 *0.3

" Average 8,92 +1.0



TARBIE I (Continued)

1.5N HC1l~C.2§ KBr

Time (sec) End Point Current Sb (Miorograms)
Correctlon(sec)Milliamperes Taken Found Error
261 .4 =29 97175 1585 1585 0
25046 =1.5 " % 1582 -3
25945 -1l u " 1584 -]
*iverage 1584 -l

4N HC1l-0.2N KRy

Time (gasc) End Point Current Sb (Micrograms)
Correction(sec)¥illiamperes Taken Found Error
259,.9 -2 a3 G710 1585 1579 b
250.,.2 =15 " it 18580 -5
259 o4 ~1ed 1 1 1582 -3
"Average 1580 -5

ON HC1=0.2N KBr=2.405%10~7fw KT

Time (sec} End Polint KI Correction Current(Mi) Sb (Micrograms)

Correclilon(sec) (sec) Taken Found Error
204 4,3 -1s5 =4 o8 Q8715 1585 1585 o
264 .2 w o8 -l o8 w it 1582 =3
264 .7 -8 wi o8 “ i 1584 <=1

"iveragels84 =1

2N HC1~0.2N KBr-2.409X10 6fw xT

Time(sec) End Point KI Correctlon Current (MA) b (Mlcrograns)

Corrsction(sec) {seq) Taken Found Error
309 .4 -1.1 ~47 49  9.7075; 1585 1595 +10
30845 ~0.2 i " n 1581 ++6
30043 ~le3 " w W 1593 +*+8

"Averagels93 +8
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PART II

THE FORMAL POTENTIAL
OF THE ANTIMONOUS-ANTIMONIC HALF CELL
IN BYDROCHLOKIC ACID



Introduction:

‘4 formal potential 1s the potential of a half
cell éoﬁtaining_one formule welight total concentratin
of éaéﬁ oxidation state measured against the standard
hydrogen electrode. There is no estimate in the
liﬁérature of the formal potentisl of the antimonous-
antimonic half cell in hydrochloric acid. Since this
value is of considerable interest and use in
anaiytical'an§ inorganic work, 1t was declided to
investigate the possibility of determining it. The
medium most commonly used for work with antimony is
hydrochloric acid. Consequently, the investigation

was carried out in hydrochloric acid solutions.

Experiméntal Details:
Apparatus: |

Randall and Youngl have determined the molal
potential for the calomel half cell with hydrochloric
acid in the presence of air to be =0,2689. Since 1t
is readily reproducible and would eliminate junction
pqtéhtial when working with hydrochloric acid
solutions of the same concentration, it was chosen
as the reference electrode. The values for the half
cell in different acid concentrations were calculated
using Rendall ‘and Young'sl activity coefficients.

The cells were made up with Merck's "reagent® grade
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calomel and distllled mercury. With one exception,
mentioned later, the cells checkéé within 0.1 MV
against each other, _ )

A student type potentiometer with a Leeds Northrup
type HS galvonometer number 2285-F was used to make
all potential measurements., The standard cell was
callibrated sgalnst another which had been checked by
the Bureau of Standards within the past year. All
measurements were carried out in a constant temperature
bath at 25.02+0,02' ¢,

Solutions:

All concentrations are in formula welghts per
1,000 grams of solvent. A4An antimony stock solubtion
was made from Sbglsz purified according to a procedure
outlined by Schumann.® A known amount of Sbg0z was
addedlto a definite quantity of approximately 6 welght
formal standardized hydrochloric scid, The amount of
HC1 consumed In dissolving the Sby0z was oalculated
and corrected for assuming the solution reaction to be:
SbpOz+6HCL ® 28bClz+3Hg0 . The stock solution was
checked with permanganate. A stock solution of HC1
was standardized against potassium acid phthalate by
means of sodium hydroxide. All solutions were made
up from these stock solutions.

Several methodas were used for the analysis of

the antlimony concentrations. In the'petentiometric
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titration method for determining the antimoncus~antimonic
potenti&l; tripositive antimony wgs.titrateﬂ using a
hydrochloric acid solution of chlorine as the oxidlzing
agent. Stock solutlons were standardlized with KMnOy4
| using the procedure of Hillebrand and Lundell.® For
determining the ratlio of tripositive to pentapositive
antimony, Kmn04 was in general used for large c¢oncen-
trations of tripositive antimony and the c¢oulomstric
method, outlined 1n Part I, was used for dllute .
solutions. Those figures marked with an asterisk in
the tables were determined coulometrically.

Electrodes:

Platinum eiectrcdes in antimony solutions gave
erratic values which changed with stirring. It was
found that gold electrodes gave more reproducible
results although both electrodes seemed to approach
the same potentlal, The presence of a small amount
of iodine (about 0.5 % by formula weight of the total -
antimony concentration) increased the reversiblllty
of the cells markedly. The iodine was added in the
form of ICl. The latter was made by passing chlorine
into 6 welght formal HCl contalning lodine. Carbon
tetrachloride was used as an end point lndiecator,

Potential Measurements:

An attempt was made to measure the potentlals in

2.0 weight formal HCl by means of a potentiometric
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titration using 2.0 weight formal HCl partially
saturated with chlorine as the oxidizing agent. It
was found impossible to maintain s constant Clg
concentration even in a closed system. Although
tripositive antimony 1s stable in 2.0 weight formal
HCl, it was found that a precipltate formed after
several days in these solutions when the antlimony wés
half oxidized to the pentapositive state. The preci-
pltate was not of conatant composition_but corresponded
approximately to the formula Sb508016 « The results
of one titration are given in Table T and graph I.
They should give an indication of the potential in
2.0 weight formal HC1.

A different technigue was used for the
determinations in higher acld céncentrat.ions. Stop-
pered gas bottles connected by a capillary tube
containing a stopcock were used as cell containers,
Thehgolﬁ electrode used was made by fusing gold leaf
to platinum wire and then sealing the wire into a
glass tube containing the usual mercury connection.
The calomel electrode consisted of a platinum wire
sealed in glass and dipped into the mixture of mercury
and calomel, 7 _

Tec the antimony half cell container was added an
antimony solution which had been partially oxidized
with a hydrochloric acid solution saturated with

chlorine. In all cases the acid concentrations in



-17-

the antimony half cell and the calomel half cell werm
the same. The stopcock between the two half cells
was kept closed except during readings. The cells
were kept in the constant temperature bath until
readings became constant. _

The tripositive antimony was determined by
titration and the pentapositive by difference. In
the calaulafians all iodine was assumed to be 1ln the
form of Ig .

Table I:and Graph I glve the results of the
potential measurements in various acid concentrations.
The values obtalned in 6.0 weight formal HCl are not
very consistent., It is believed that the calomel
cells were responsible. There was disagreement by as
much 88 2.5 Evlbetween the various.cells. It may be
that the oxygen present prevents equilibrium from
being obtained.

In the tables E represents voltage me asured,

E” voltage corrected for the ratio of tripositive
to penta?ositive antimony and EM the formal potential.

I3

. | 111
B = E+ E calomel -~ BRI 1n Sb
ZF SE+ ¥V

Thammeasurements shown 1in Table I were done with
total antimony concentration egual to 3.2x10"2 welght
formgl becansefthe cells were found_to be reversible

and ceme to equilibrium in a relatively short time at
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this cencentration. Upen going te lower

antimony concentrations, the cells became less
reversible and took longer te come to equilibriua.
It took six days for the cells with 2x10™%
weight formal total antimony concentration to
come 1o equilibrium. The potential becsme mere
pesitive with time, It was found that the
formal peotlential depended on the total antimeny
concentration., Table II znd graph II éh@w the
dependence of the potentials upen tetal anti-
mony concentration, The vertical lines in the
graph represent the average deviation of the
fermal potential in the respective t@tal.
concentrations.

The change of petential with tetal
concentration suggested the pessibility that
the feormal petential might change with very
large or very small values of the ratie
Sb+II1/Sb*V. Table IIl gives the results of

some measurements in which vhie ratic was

changed over a ten fold range, In these



experiments the iedime cencentration was
decreagsed to one tenth that used in the

experiments of Table I and Ii in order te
increase uhe preéisign of the determination
ot small quantities or uripesitive antimony.
It is te be noted that at this low concentra-
tion of iedine the tormal potential with the
Sb*lll/f%b+V ratie roughly equivalent to one _
is 1.2 #V lower than that in the determination
wiiii ten times as much iedine preseat. When
beth the iedine and ihe antimony are reduced
by a facter of ten, the differencd was ©.0
MV,

The ceulemetiric titratien methed eof Part I
with beth antimony and iedide present suggests
a second methed of ebltaining the antimonous~
antimenic potential, Werk by Mr. Weoster in
these laberatories has shewn that the indicater
current in an iedide titration is appreximately
propertional to the iedine concentratien. As

eutlined in Fart I, it is believed that iodide is
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first oxidized to iodine and then iodine to icdine
monobromide in an antimony titration with iodide and
bromide present. The iodine monobromide has béen
observed to give a relatively large indicator ourrent
while the current with lodine monochloride under the
same conditions is not significant. Therefore if one
takes a definite amount of KI in hydrochloric acid,
oxidizes it all to iodine and observes the indicator
current, he may, by observing the indicator current,
caleulate the amount of lodine and lodine monochloride
in any partially oxidized antimony solution with the
seme concentration of acid and of KI. It must be
assuméd that there is no contribution to the indicator
current by the antimony, that there is no association
of the ilcdine with the antimony, and that the ilodine
and antimony reach equilibrium during the measurement.
From the eencentfationa of the lodine and iodine
monochloride one may calculate the iodine-iodine
monochloride potential and, assuming equilibrium,

the antomonous~antimonic potentidl.

The concentrations used were:; total antimony
squals 3.67x10"%, potassium lodide 2.57x10~5, and
hydrochloric acid 3.,5. The indicator current was
17.8 microamperes for the potassium iodide titration
at the midepoint and 10,1 microamperes for the
antimony titretion at the point where the tripositiwe
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and pentaposiiive antimony are equal and the iodide
has all been converted to iodine. The above values
are the resulb-df two titrations which gave only
slightly different results. Usling these figures and
Latimer's? value for the iodine monochloride potential,
E’ = «1,06, one finds -0.84 for the antimonous-
antimonic formal potential. This is about 0.1 volt
more negative than that obtained with the cells of
corresponding acid concentration. The discrepanecy
between the value obtained by this measurement and
that obtelned from the cell mesasursment indicates that
one or more of the assumptions is not correct. It is
believed that they are all reasonably true with the
exception that in antlimony solutions of these concen-
trations the antimonous-antimonic half cell does not
come to an equilibrium. Experience with the cells
has shown this to be true. The disagreement will be.
discussed later,

Sensitivity of Elsctrodes:

In an atﬁempt to explain the lower electrode
gsensitivity of cells with low antimony concentration,
an experiment was carried out as follows. In the
titration apparatus described in Part I was placed
various antimony solutions in 3.5 formal HCl and the
indicator current was observed. For concentrations
legs then 0.01 weight formal in total antimony no

appreciable indicator current was observed regardless
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of the oxidation state. In more concentrated solutions
experiments have shown that there is no indicator
eurrent whéh the antimony is all in elither tha triposi-
tive or pentapositive state; but that there is
considerable current when both are in aﬁproximataly
equal amounts. Graph IIT shows that the indicator
current plotted against the squars of the total
concentration for solutions made up of equal amounts

of tripositive and pentapositive antimony 1s a straight
line. S8ince the two concentrations are equal, the same
result would have been achieved 1f the indicator
current had been plotted against the product of the
tripositive and pentapositive antimodﬁ. It is belleved
that tﬁis phenomenon is due to a complex made up of
equal amounts of the two oxldation states. Solutions
at thééé.conéenﬁrations show the characteristic color
which has been obsafved for such complexes. Preliminary
experiments by Mr. Whitney in these laboratories on the
absorption spectra of the plus four complex indicate
that the amount of associlation of tripositive and
pentapbsitivé antimonyfgl normal HC1l into the plus

four complex 1s=proportional to the product of the two
concentrations which is in sgreement with the above
results. A4s was pointed out in Part I, the indicsator
current is dependent upon the presence of rsversible
couples. Thersfore the reversibility of the antimony

half cell electrode should decrease as soms function
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of the square of the total concentration to agres with
the results of the experiment described above, This
checks qualitatively with the facts.

Discussion of results:

The dependence of the values of the formal
votential npon aecid concentration and time can be
eXplained by several reasonable assumptions.

Lingane and Nishida® in some polarographlic
experiments have found that pentapositive antimony 1s
not reversibly reduced in dilute HOl concentrations
but does give a good half-wave potential in 6 normal HC1.
They believe that pentapositive antimony exists in
solution in two forms:. 8bClg and an inert compound
probably an oxychloride. Only in strong HCl is there
sufficient 8bClg to give a reversible reaction. The
oxychlorides of antimony are in general insoluble and
a better assumption might be that the second species
is of the form Sb(0H),Cls. Experimental evidence is
that tripositive antimony 1is reversibly oxidized in
moderate concentrations of HCl.

In moderate HCl concentrations probably all the
tripositive anbtimony 1s subgtantially in the form of
sbczg. If one assumes that Sbclg and Sb(0§)401§ are
the two pentapositive species present, the rsactions
talkking place when tripositive antimony is oxidized in

HC1l scolutlions may be written as follows:
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I 8bGl; + 201 = SbClg + 2e”
Il 8bClg + 4HOH = Sb(OH)40l; + 4H +401°
IIT SbClg + SbCl; = SbyGll,

The above are type reactions esnd only represent '
reasonable formulas for the qoordination complexes,

The molal half cell potentisl for I is:

=2 - BT 1n~ﬁ%.—)-z |

Since by equation II the Sbclg should increase with
the acid concentration, the solution potential should
become mopre negative with increasing HC1l strength.
Thé slope of the plot of EMF against the logarithm of
the HCl activity should be approximately -6X0,02957
or =0.177 assuming that thetSb(OH?éclg concentration
remains constant. Uslng the EMF found for solutions
in 3,5 formel and 6.0 formal HCl and the respective
activities, the experimental slope is found to be
-0.129 in agresment within the error of the aésumptions.
At low concentrations of HC1 the SEGIE shéuld begin to
hydrolize and the slope become less negative. This is
observed at around 2.0 formal HCl. B

It is belleved that reaction IXI, the hydrolysis
of Sbclg, procesds at & rather slow rate and that when
tripositlive antimény in hydrochloric acid solutions
is oxldiged, equation I represents the reaction; and

consequently Sbclg is the predominate species. Thereforse
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a freshly oxidized antimony solution will have a

more negative potentlal then one which has been allowed
to come to equilibrium. This explains the discrepancy
between potentials found under equilibrium conditions
from the cells and that found by the coulometric
titration method. This implies that in analytical
work where one wants rapid and complete oxidation of
the antimony, the titration value -~0,84 should be

used for potential calculations,

In support of the above assumptions, it has been
obgserved that in 3,5 formal hydrochloric acld a
sclution of partlally oxidized antimony which has been
freshly oxldized has the deep yellow c¢olor which has
been found to be characteristic of the plus four
complex and that this color fades upon standing, In
12 formal hydrochlorice acld where there is little
tendency towards hydrolysis the color does not fade,
The concentration of the plus four complex decreases
as the SbClg hydrolizes as shown in eguations IT and III.

The variatlon of the formal potential with total
antimony concentration and the ratio sb¥IIl/gptV 44
undoubtedly in part due to the hydrolysis of the
antimony with the consequent change In acid concen-
tration, The change in Sbgclia concentration with
total antimony eoncentrﬁtion and the ratic-Sb*IxI/sb*v

may also be a factor.
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Supmary:

The antimonous-antimonic half cell formal
potential in hydrochloric acid has been found to be
-0.746 in 3,5 welght formal HC1l, -0.784 in 4.5 welght
formal HG1, and =0,818 in 6.0 weight formal HC1 when
the total antimony concentration 1is 5.29319‘2 welght
formal. The depeéndenceé of the formal potential upon
total antimony concentration and the ratio SE*III/sb*V
has been studied.
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