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Oxidation of Low Valent Sulphur Compounds with Lead Tetraacetate:
Part III —Determination of Tri- & Tetrathionates & the Redox
Potential of Sulphate-Trithionate System
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The oxidation of tri- and tetrathionate solutions with Icad tetraacetate is investigated. As
little as 2 mg of Pb(IV) can be estimated by potentiometric titration in glacial acetic acid
medium. The direct titration of the thionate solution with Pb(IV) acetate is also satisfactory
and demonstrates the feasibility of determining amounts ranging from 0:27-123 mg and 0-5-12 mg
of 8,02 and S,0% respectively. The net reactions representing the oxidation of tri- and tetra-

thionates with Pb(IV) acetate are given.
tion to pH = 0 is 0-71 V.

REVIQUSLY®2, we studicd the reaction

between lead tetraccctate and bisulphite,

thiosulphate and metabisulphite. The quan-
titative course of the reactions were appiicd for the
direct potentiometric determinustion of the lecd(IV)
rcagent. The estimation of polythioratcs  hive
been the subject of few titrimetric investigetions®?.
In the present study, the recaction with leed tetre-
acetate has been applied for the detcrmination of
tri- and tetrathionates. The oxidation reactiors
of the two sulphur compounds are discussed.
Attempts have also been made to evalucte the redox
potential of the sulphate/trithiorate system.

Materials and Methods

Pb2*-free solution of lead tetraacetate (0-05M)
was prepared by a method similar to that of Berka
et al.® and standardized potentiometrically cga inst
standard Fe(II) sulphate solution in 1N sulphuric
acid. Sodium tri- ond tetrathionatce solutions were
prepared from analytical grade reegents 1. d stander-
dized, by reaction with mercunc chlorides.  Con-
centrated solulions of S,0% S,05 (>0-05M)
were found unsatisfactory due to dccomposition
by atmospheric oxygen. The thionute content of
diluted solutions did not alter appreciably when
preserved in a well stoppered vessel. Testing of
solutions having <0-04M concentration gave ro
evidence for the production of SO, or sulphurous
acid when allowed to stand for several deys. Other
reagents were prepared using the analar products
and doubly distilled water.

The potentiometric set-up corsisted of a titration
half-cell and SCE as the reference. A platinum
rod was uscd as indicator electrode. When the
thionate solution wes used ¢s the titrent, the
reference half-cell wes connected to the cell with
KCl (sat.) and NaOAc (sat.)-acetic ccid (glaciel)
salt bridges. The e.m.f. of the titration cell was
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The titrations at the optimum conditions proceed fast
and exhibit a large potential change at the end-point.

S;0%- system has been determined at different pH values.

The formal redox potential of the SO}/
The E; value obtained by extrapola-

meesurcd by a dircet recding millivoitmetear of
type radiometer (Mb 28).

Drrect titration — A meesurced volume of thionate
solution wus placed in the titration cell and mixed,
if required, with the cppropriate amount of 1M
H,S0,. The volume wes mede up to 100 ml with
doubly distillcd water, and then titrated with lead
(IV) acetate at room temperature (~25°).

Reverse titration— A known volumec of the ](ad (Iv)
reagent solution wis pleced in the titiztior cddl ard
diluted to 50 ml with glacial acctic acid. The
solution was then titrated with the thionate semple
solution.

Determination of the formal redox potential — The

cells of the types (A) and (B) were used for the deter-
mination of the formal redox potentials.

Hg[HgQCIA Pb(II) Pt
(sat.) l Pb(IV) 1
(A)
Hngg2Clg (|SO% [Pt
(sat.) 1S;0%
(B)

The potentials, Ey, of both Pb(IV)/Pb(II) end
SO%/S;0% systems were meesured at different pH
values. %yﬁt(ms hzving the composition 1:1 [Ox]/
[Red] molar ratio were examined. The electrodes
were  immersed in the cell for sufficient time
(~1 hr) before the Ep mecsurements. The E°
values were obleined by extrapoletion the Ey vs

pH plots to pH =
Results and Discussion

Determination of Trithionate

Titration of trithionate with lead tetraacetate —
As shown in Fig. 1, the end point is cherecterized
by a single large inflection (~100 mV/0-02 mi of
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titrant). The volume of lead(1V) acetate consumed
at the end-point indicate that the reac'ion procecds

in accordance with Eq. (1).

4Pbr 45,05 +6H,0=24P)*" 43505+ 12H* ...(1)

which is b: sed on the two partial recctions (2¢1d 3)

S302°++6H,0 = 3S0% 8¢ -+ 12H* ...(2)
--(3)

Pb(OAc),-2¢ -+ 4H* = Pb2*-1-4AcOH NE

The formal redox potentizl of the Pb(IV)/Pb(II)
system have been thoroughly studied in cceric ecid?
as well as in dilute mineral «.cids®%. On (he other
hand, the mechavism of the reaciion

S,0+3H,0 = 3H,S0,+2¢(E° = —0-3V)
is no doubt comp’icutcd and the overa!l poten icl
is probably noi very significantl. Any oxidizing
agent capable of oxidizing the trithioncte will be
sufficienily stroag to oxidize the sulphurous acid
to sulphate. This is appurently the case when

trithionate is oxidized with Pb(IV) acetate. The
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Fig. 1 -—(A) Direct titration of trithionate with DPb(IV)

OF TRI- & TETRATHIONATES

formation of sulphate is confirmed, however, by
an absorption band ot 310 nm.

The oxidation of trithionate with the le: d(IV)
recagent proceeds quantitatively in cccordence with
reaction (1) when the process is curried out «t pH
3-5-5. It is, however, nccessery for these titrations
thot the final pH (et the end-point) of the solution
to be titroted should be >2:5. Decomposition
of trithionate to yield SO, does not take place ur der
these corditiors. This wes confirmed experimen-
tally by doing the {itration in a closed system cnd
testirg the ¢tmosphere above the titrated solution
for SO,, which wes fourd to be absent. The titration
procecds rapidly et the start but ¢s the end-point
epprocches the clectrode equilibration  becomces
less rapid needing ~2 min ofter the addition of
titrent. This is recdily understenduble from the
liberation of HY iors cccording to rewciion (1). At
pH =5-5 trithiorate is slowly hydrolysed and the
results obtained are not relizble. The method hes

proved successful for titratirg amounts of S;02-
B
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acetate [Titration of (a) 1 ml of 2:5x1072M S,0} with

0-070N PbL(OAc); at pH 4:5; (D) 1 ml of 2:5 x10°2M S;0% with 0-035N Pb(OAc), at pH 4; (¢) 2 ml of 62 x 103M

5,08 with 0-0058N Pb(OAc)y at pH 4-5; (d) 2 ml of 2-1
of 2:1x1073M S,0% with 0-0035N Pb(OAc); at pH 3-5;
at pH 2-2]. (B) Reverse titration of Pb(IV) acetate with
21%x103M S;0%; (b) 5 ml 0-0175N Pb(OAc),

$;0%7; and (d) 5 ml 0-0087N

x 1073M S,0% with 0-0058N Pb(OAc); at pH 4-8; (¢) 1 ml
and (f) 2 ml of 2:1 x103M S,0% with 0-00358 Pb(OAc),
trithionate [Titration of (a) 2 ml 0-0175N Pb(OAc), with

with 2-1 X 103M S$;0%; (¢) 5 ml 0-070N Pb(OAc), with 6-2 x10730/

Pb(OAc), with 21 x1073M S,0%]
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corresponding to 0-13-65 mg sulphur, the error being
generally less then 0-59%,.

Formal redox potential of SO%|S;0% system — The
formal redox potentials were determined from
potentials of the cells (A) and (B). The potentials
were measured in the pH range 2-4-5. The values
of E° for the SO%/S,0% and Pb*/Pb?* two half-cells

were determined from the Nernst equation (4),
neglecting activity coefficients

o, RT [Ox]*  RT _
Ey=E +nF1n[Red]m+nFln[H] .. {4)

where X represents the number of H* ions and »
and m are the number of molecules of oxident and
reductant in the half-cell reactions

Hence, for the reaction

Pbi* 426" — Pb2+
00591, [Pb*] 00591
R %wa% — 20 %, (5)

and for the reaction
S,05 +6H,0 = 35Oy +8¢+12H*
0-0591 [SOz2] 0-0591
i E° | 6
IIEH IIE + 8 log [830(_.;2] 8 ( )
where X; and Xy represent the numbers of H* ions
involved in the two half-cell reactions.

Plots of Ey vs pH are linear (Fig. 2A) with slopes
of 0-115 and 0-075 for the Pb*"/Pb** and SO%/S;0%
systems respectively. On extrapolation to pH = 0,
the curves give Eg volues of 1-32 and 0-71 'V respec-
tively. The formal redox potential (Ej),, for the
two systems at any required pH (x), con be deduced
from Egs. (5) and (6) with the krowledge of E, value
at pH = 0.

It is possible to calculate the valucs of the
equilibrium constant (K) cnd the extent of comple-
tion («) for reaction (1) from a knowledge of the

X pH ...
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redox potentials of the systems under investigation
for log K is given by Eq. (7) where Z is the number

log K = WE—nE)Z weskd)

0-0591
of electrons involved in the overall reaction (8 in
this ccse) and #; and #, are the oxidation-number
changes for both systems. The results, obtained
for K and «, show that the reaction is essentially
quantitative at pH 2-5-4-5.

Since the slope of Eg vs pH plot is equal to
0-0591X/n, where X is the number of H* ions
perticipating in the reaction then, for the Pb#+/Pb2+
system X1 is 4 and for the S0%7/5,0% system Xip
is 12. Accordingly, the followirg equations (8 and
9) may be written to represent the reactions.
Pb(CH,CO0),+2¢-+4H* = Pb**+44CH,COOH ...(8)
350} +12H* 8¢ = S;0% +6H,0 ...(9)

The overall reaction is in accordarce with Eq. (1).
The validity of the latter equation is verified
by determining the slope of the Ecn vs pH curve
(Fig. 2B) for the overall cell reaction. According
to Egs. (5) and (6), when Pb*//Pb?* = SO%-/S,0%"
=1, then Ecq is given by Eq. (10)

0-0591
Ecy = Eg+—5— (2Xn—X1)pH ...(10)

Substituting the values of X1 =4 and Xy = 12
in Eq. (10), we get Eq. (11)

Ecen = E.ﬁw pH = E,+0-1477 pH

and o = Kim+n

. (11)

The slope found experimentally was 0-149, in
excellent accordance with that expected (cf. Fig. 2).
Titration of Pb(IV) acetate with trithionate — The
reverse titration of Pb(IV) acetate with S,0% is
characterized by a single Jarge inflection at which
8 equivalents of trithionate have been consumed

vp"
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Fig. 2— (A) En vs pH plots
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Fig. 3 — Direct titration of Pb(IV) acetate with tetrathio-

nate [Titration of (a) 25 ml 0-009N Pb(OAc), with 1-13

%x10"3M S,0%; (b) 15 ml 0-009N Pb(OAc), with 1-13 x10-2M

S4«0%; (c) 10 ml 9-018N Pb(OAc), with 1-13 x102M S,0%;

(d) 15 ml 0-072N Pb(OAc), with 3-39x102M S,0%;

() 2 ml 0-072N Pb(OAc), with 570 x10"3M S,0%"; and
(f) 4 ml 0-072N Pb(OAc), with 1-13 x1072M S,03"

(Fig. 1B). Theinflection at the end-point decreases
as the concentration of Pb(OAc), solution increeses.
The method can be applied successfully for titrating
2:2-40 mg of Pb (IV).

Determination of Tetrathionate

Direct titration of S,0% with Pb(IV) acetate —
The results obtained indicate that the reaction

appears to proceed quantitatively in accordance
with Eq. (12)

5Pb(0Ac),+S,0% -+ 6H,0=5Pb(0Ac),+-2S,05+
10AcOH +-2H* ...(12)
which is based on the two partial recctiors (13and 14)
S, 0% +6H,0 = 25,03 +12H*+10e ...(13)
5Pb%*4-10e” = 5PL** ...(14)

The titration curves show onc reesoncble inflection
which amounts to 80 mV/0-02 ml titrent (Fig. 3).
Amounts of tetrathionate solution contzining as
low as 0-28 mg of sulphur can be titrated success-
fully in this way provided that the final pH of
solution (at the end-point) is between 2 and 4.
The formation of dithionate 2s an oxidation product
is confirmed by recording the absorption spectra
of the titrated solution both prior to and at the
cquivalence point. The solution exhibits in each
case an absorption band at 240 nm characterizing
S;0%. The formation of S,0% is verified by preci-
pitating the Pb(II) formed, at the end-point, as
PbSO, and estimation of S,0% in the filtrate by
analysis by the method of Murthy!2.

Indirect titration of Pb(IV) acetate with S,0% —
The results obtained on titrating Pb(IV) acetate
corresponding to 0-9-75 mg of lead are in accordance
with Eq. (12). The titration curves have a single
sharp inflection at the end-point, the error being
generally less than 19,.
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