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ABSTRACT

Redox reactions of Fe+?/ Fe?? was investigated in the solutions IL,80,, FeSO,, NaS,0,,
(NH,),S,0, and mixture of these compounds by electrochemical nethods (pH = 2.8). For this
purpose, current—potential curves were obtained for gold and platinum rotating disc electrodes
by eyclic voltammetric and with the dropping mercury electrode by cyclic voltammetric, dif-
ferential pulse polarography and D.C. polarography methods were used, The rotation rate of
the disc electrode was 2200 rpm, the potential sweep rate was 3000 mV /min with the solid elec-
trode, and the potential sweep rate was 6000 mV / min, and one drops per second were selected

for the mercury drop electrode.

INTRODUCTION

Fe3+ | Fe2+ redox reactions were studied in different solutions on
various electrodes!—10, The standard electrode potentials for the mate-
rials in the solution are given belowll.

$0,2- 4 2H+ 4 2~ = S0.2~ - H,0 E =020 V (1)
Fedt+ L e~ 2= Felt E=0771V (2)
$,042~ + 2~ = 2802~ E =201V (3)

According to these standard electrode potentials S,042~ oxidizes
Fe2+ and SO,2- but Fe3* oxidizes only 50,2~ to SO,2~. For this reason,
the following reaction may occur in S,042~, 80,27 and Fe2* containing

solutions:
8,042~ 4 2e~ — 2502 4)
Fe2t+ — Fe3* - e~ (5)
$0y2- + H,0 - 502~ -+ 2H+ + 2e~ (6)

If the solutions contain only SO,2~ and Fe3* the following reactions
can be observed.
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Fe3+ 4 = = Fel2t (7)
50527 4 H,0 > 50,2~ 4 2H+t 4 2e~ (8)

According to the equations (4-6) SO,2~ and Fe3+ are produced
in the media containing (NH,),S,04, FeSO, and Na,S,0s. If the solu-
tions contain Na;3,0; and FeSO, no reaction can be observed.

Nay5;05 react with water by following
Naz8,05 + 1,0 - 2NaHS0, )

reaction. For this reason, in aqueous solution could be find 50,2~

EXPERIMENTAL PROCEDURE

Gold and platinum wire electrodes with a diameter of 1 mm were
embedded into epoxy resin and prepared as disc electrodes (Figure 1).
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Figure 1. Working electrode (1. Brass 2. Teflon 3. Epoksi 4. Sample).

The studied solutions were prepared with technical (NH,),S,0,,
NayS,05, FeSO,. 6H,0, Merck H,S0, and double distilled water. Ex-
periments were carried out under deareated conditions where the nit-

rogen was purified of its oxygen using the BASF-RC-11 catalyzer.

Experiments with solid electrodes were carried out using Tacussel

PRT-30.01 potentiostat. Tacussel EPL2 vecorder and Tacussel EDI
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rotating disc electrode in the electrolytic cell which is given in Figure 2.
The rotation rate of the disc electrode was 2200 rpm, while the potential
sweep rate was 3000 mV / min. The working temperature was chosen to
be 45°C.

L"__:_'——'f-H 20

Figure 2. Working cell.

The experiments with the dropping mercury electrode using the
cyclic voltammetric, differential pulse polarographic and D.C. pola-
rographic methods were done with the BAS—-model 100B polarography
equipment. The working temperature was chosen to be 25°C, the po-
tential sweep rate 6000 mV / min and the drop time one second in this
experiment.
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All potentials were measured against SCE and referred to the SCE
in this paper.

The electrolytes combinations mainly studied are given below

(pH = 2.8).
a) H,S0,
b) H,S0, + TeS0,
¢) 1,80, -~ Na,$,0,
d) H,80, - FeSO, -- Na,S,0,
¢) H,80, - (NH,),S,0
£) HyS0, - FeSO, -- (NH,),8,0,
g) HyS0, -+ (NH,),8,0, -+ NayS,0,
h) H380, + FeSO, - (NH,);8,0, + Nay$,0.

RESULTS

a) With dropping mercury electrode

The parameters {rom current—potential curves obtained by ecyclic
voltammetric, differential pulse polarographic and D.C. pelarographic
methods between —30 mV and -1030 mV are given in Table 1. These
results contain anodic and cathodic peak potentials and currents half-
wave poteatials and wawe currents (E,,,.; I,..). These experiments
were carried out in a mixture of 1 cm3 of the aforesaid solutions and 5
cm3 of 1M KCl solutions.

b) With solid electrodes

The reduction and oxidation potentials obtained from current—
potential curves between —1200 and 1400 mV by eyclic voltammetric
method with gold and platinum rotating disc electrode are given in
Tables 2 and 3. The experiments were done with carbon electrode,
but agreable results could not be obtained, so these results are not
given in this paper.

Steady state potentials measured in the studied solutions are given
in Table 4. The variation of these potentials with the addition of Na,S,0,

in the solution containing H,80, - FeSO, - (NH,),S,04 (pH :2.8)
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Table 2. The Reduction and Oxidation Potentials on Gold and Platinium Elecirode in Studied
Solutions (pH == 2.8).

System pH E q mV) ] E, mV) | Electrodes
H,80, 0.5 -|-750 +1050 Au
0.5 -4-250 450 Pt
H,50, + 28 ppm FeS0, 2.77 +150 +400 Au
2.17 -100 4300 Pt
Il S() i- "8 ppm I‘cgU
6600 ppm Na 5,0, 2.83 ~700 -150 An
2.83 -700 -150 P
H, 50 ()600 ppm ]\dJSQOS 2.83 ~700 ~100 Au
2.83 ~700 -100 Pt
H SO, 4 900 ppm (\H ).5,0, 2.80 ~-650 Au
2.80 -650 Pt
H S0, -+ 6600 ppm Na 8,0,
900 ppm (NH,),8,0, 2.82 650 150 Au
2.82 -650 -150 Pt

H,S50, -+ 23 ppm Fe80, -
6600 ppm Na,S,0, + 900 2.83 -700 -100 Au
ppm (NH) 8.0,

2.83 -650 -100 Pt

Table 3. The Rreduction and Oxidation Potentials on Gold and Platinium Electrode in the
Solutions Containing Different Values of Fe?i and Na,8,0, (pH = 2.8).

System pH E,q (mV) Eyy (mV) | Electrodes

H,80, - 28 ppm FeSO, 4- 900 2.83 400 Au
ppm (\H) .0 2.83 0.0 and —400 200 Pt
H,S0, + 112 ppm FeSO, - 28 -350 Au
900 ppm (NH,),S,0, 2.8 0.0 and -400 ~-200 Pt
H,S0, + 112 ppm FeSO, + 2.8 +100 and --350 +250 Au
360 ppm Na,S,0, 2.8 0.0 +250 Pt
H,S0O, -+ 28 ppm FeSO, - 95 28 0.0 and -350 --200 Au
ppm Na,5,0, + 900 ppm

(NH,),8,0, 2.8 0.0 and -400 -200 Pt
112 ppm FeSO, - 360 ppm 2.8 -+100 and -350 --250 Au
Na,S,0, + 900 ppm

(NH,),S,0, + NaOH 2.8 0.0 250 Pt

are given in Table 5 (Figure 3). Steady state potentials measured with
the addition of Na,S,0; in the solution containing H,50, 4 (NH))
25,04 are given in Table 6 (Figure 4).
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Table 4. Steady State Potentials Measured Aganist Standart Calomel Electrode (SCE).

System E q (mV) l Electrodes
H,80, 4 112 ppm FeSO, -+-200 Au
--160 Pt
H,50, + 900 ppm (NH,),S --730 Au
+-689 Pt
H,50, 4- 360 ppm Na5,0, —~140 Au
+4-10 Pu
H,50, - 112 ppm FeSO, - 360 ppm Na b 0 +90 An
~60 Pt
H,80, + 112 ppm FeSO, + 900 ppm (NH,),S,0 --820 Au
+670 Pt
112 ppm FeSO + 360 ppm Na,S,0. + 900 ppm
(NH,),8,0, + \IaOH +740 Au
+370 Pt

Table 5. Change of Steady State Potentials With the Amount of Nay$,0, Added lato

the H,SO, - 112 ppm FeS0, + 900 ppm (NH,),5,0, Solation.
Gold Platinium
Na5,0, (o) By, V) NaS,0, (opm) E, (V)

a 0 e 820 | ""'**“‘*0‘ ur}»— 670
o 2].()' T 750 o 180 B -+-620
o we | ame | a6 L
e | o [ e +330
e | o0 | e | g

3360 R 5 | 2880 -+140

620 | 105 | sw0 \_ T
- ] sesz m!_’mﬁ BT
T - 1 14442 l—ﬁ -120 o
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Figure 3. Change of steady state potentials versus of gold (o) and platinium (/\) with the amount
of Na 5,0, added in the H50, 4 112 ppm FeSO, - 900 ppm (NH,),S,0, solution.

Table 6. Change of Steady State Potentials With the Amount of Na;8,0, Added
Into the H,80; + 900 ppm (NH3),S,0; Solution.

NazS20, (ppm) E*“l (mV) Gold E, a (mV) Platinium

680

DISCUSSION
a) With dropping mercury electrode

It can be seen from Table 1, that only Na,S,05 is reduced and oxi-
dized between studied potentials and media, because, there is only
one anodic and cathodic current peak observed from current-potential
carves between —30 and-1030 mV. On the other hand, characteristic

values k and I,  for the reduction reactions are approximately
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Figure 4. Change of steady state potentials versus of gold (o) and platininium (/\) with the
amount of Na,S,0, added into the H;S0, + 900 ppm (NH,),8,0, solution.

constant in different solutions. These values show that only one com-
pound could react on the mercury electrode in the studied solutions.
These could also be scen from current-potential curves obtained by
cyclic voltammetric method (peak potentials for reduction between
-563 and -590 mV, peak potentials for oxidation between —445 and
~466 mV). The variation of peak currents is the result of increasing
conductivity and ratio of SO,~2/ 80,2 with the addition FeSO, and
(NH,),S,0;4 in the solution containing NayS;05. The peak currents
obtained increased from 1.29 x 10-5 A to 2.65 x 105 A for the reduc-
tion reaction and from 1.37 x 105 A to 3.60 x 10~5 A for the oxidation
reaction.

The reduction reaction of Fe3* is at —600 mV on the mercury
electrode!2. No current peaks could be observed in H,;SO, 4 FeSO,
solution, because therc wasn’t enough Fe3*t jons in this medium.

b) With the solid electrodes

According to the standard electrode potentials of Fe3*/ Fe2+,
S,042-/S0,2- and SO,2-/S0;2-, there can only be Fe3* ions in the
solution containing enough (NH,),S,0; or Fe2* ions in the solution
containing cnough Na,S,0..
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Nay3,05 was oxidized at ~100 mV in the H,50, 4 Na,S,04 solu-
tion (Table 2). Also Fe2* ions were oxidized to Fe3* ions at --400 mV
and Fe3* ions were reduced to Fe2+ ions at +150 mV in H,S0, + FeSO,
aqueous medium on the gold clectrode (Table 2). These values are
approximately agreable with the literature result10. These potential values
change with the electrode material and composition of the solution.

The reduction reactions were observed at 0,0 and —400 mV in
H,50, 4 (NH,),S,04 solutions. The current value at —400 mV inc-
reased with the addition of FeSO, into the H,S0, -+ (NH,),S,0,
solution. For this reason, Fe3* could be reduced to Fe2* at this potential.
Steady state potentials were 4+ 820 mV on gold and -+ 670 mV on
platinum in the H,S0, - FeSO, + (NH,),5,05 aqueous solutions.
These potential values show that only Fe3* ions could be present in
this medium.

Reduction reactions at -+ 100 and -350 mV and oxidation reac-
tion at - 250 mV in the aqueous H,S0, + FeSO, -+ (NH,),S,04 -+
NayS,05 solutions were observed (Table 3). The steady state poten-
tials were seen to be + 740 mV on gold and +- 570 mV on the platinum
electrode in these medias (Table 4). This shows why only Fed' ions
could be found in this media. From this result it can be said that Fe3+
ions could reduce to Fe2" jons at about ~-350 mV. Hydrogen gas evo-
lution was observed at the —650 mV in the studied solutions. For this
~cason electrode protentials must be kept between —200 and —650 m V.
if we want the reduction of Fe3* ions to the Fe2* ions without the oxi-

dation of 502~.

Potentials decreased slowly with the addition of Na,$,0; into the
aqueous H,SO0, -- FeSO, + (NH,),S,04 solution. The inflection point
was observed with the addition of a certain amount of Na,S,04 and
afterward the potential was seen to stabilize (approximately ~100 mV,
Figure 3). According to the upper section of Figure 3 must belong to
the Fe3*/ Fe2* redox system while the section below must belong to
the 50,2/ 50,2 equilibriam.

The added amount of Na,S,05 (5mM) up to the turning point is
equal the total of (NH,),5,04 (3.95 mM) and FeSO, (2mM). This shows
that while Na;S,05 reduces Fe3* to Fe2*, the reduced Fe2+ with (NH,)
25,04 oxidized Fe3* at the same time. The steady state potential dec-
rease to the redox potantial of SO,2-/S0,2- after the exhaustion of
(NH,),S,04 and Fe3t in the media.
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The equilibrium potentials on gold and platinum were seen to
decrease suddenly to the redox potential of SO,2—/SO,2~ with the
addition Na,S,04 to H,SO, - (NH,),S,0, aqueous solution (Figure 4).
These equilibrium potential values are favorable with the oxidation
potential curves (on gold -+ 200 mV, on platinum -100 mV).

CONCLUSION

1-) Geold is the best electrode for the reduction of Fe3*. This is
agreable with the experimental result of Vielstich and et alls.

2—‘) Only Fe3 ions are present in the solution containing (NI’I4)
2-2Yg

3-) The electrode potentials must be held between —200 and -650
mYV for the reduction of Fe3* ions to Fe2t ions.
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