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In the literature there is no information on the electrochemical genemtion'of tin(Il) from active electrodes.
In view of the well-known advantages of the use of coulometric titrants generated from active electrodes we set our~
selves the task of determining the optimum cornditions for the production of tin(I) in this way.

In the work we used apparatus for the production of E = f(i) curves and for coulometric titration with automatic
recording of the potential—time curves (with potentiometric indication of thé end point) [1, 2]. We also used ap-
paratus for coulometric titration with automatic recording of the current—time curves (with blamperometric indjca-
tion of the end point). In the last case the necessary potential applied to platinum indicator electrodes, 0.3 cm?in
area, was obtained from a 1.5-V dry battery with a 1000-Q potential divider. The potential difference of the in-
dicator electrode was controlled by means of an M105 millivoltmeter, and the current which arose was recorded on:
the chart of an ON-101 polarograph. ‘

The generating anodes were a tin rod with 99.99% purity, 4 mm in diameter and 18 mm long, and tin amal-
gam. The tin electrode was inserted in a glass tube and soldered to a copper wiré; the space between the glass
tube and the tin was filled with paraffin wax. The amalgam was prepared by direct contact between finely divided
granules of tin and mercury under a layer of hydrochloric acid solution (1:1) whileheating to 60-70°C on a water
bath. It was then placed in the electrolysis cell which we designed for external generation of the titrant (Fig. 1),
The need for this kind of technique arose from the incompatibility of the electrochemical and chemical processes,
since the oxidizing agents are directly reduced by tin amalgam.

On the basis of the Pourbaix diagram [3] it could be supposed that in the region of pH 2-1-and at potentials .
of = 0.3 t0+0,2V (n.h.e.) a tin anode dissolves to form Sn(II) compounds. R

The current yield of Sn(I1) generated electrochemically by anodic polarization of the tin electrode was de-
termined n the following way. The electrode was submitted to anodic polarization in hydrochloric acid with various
concentrations as indifferent electrolyte for a strictly defined interval of time at specified current densities. The ob-
tained product was titrated with a standard solution of iodine with visual observation of the end point by the reaction
with starch. To avold oxidation of the tin(II) by atmospheric oxygen all the operations were carried out in an
atmosphere of purified nitrogen. '

The results are presented in Table 1. In most cases the cur-

:ABLE 1. Current Yield of Tin(rp) (m %) rent yield of tin(Il) exceeds the amount calculated theoretically
uring Anodic Polarizationof Tin Electrode by Faraday's law. Only in the case of 0,01 M hydrochloric acid
(n = 5) o solution as indifferent electrolyte with a current density of 15.5

~ |20t M HCl[ 0, 1M Hal - "M HG mA /cm? did the current yleld amount to ~ 9170. This can proba-
~ bly be explained by passivation of the electrode. The fact that a
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TABLE 2. Coulometric Titration of Oxidizing Agents with Tin(II)(4M HCL, n=5, V =30ml)

- - thod of end point
Titrated oxidiz Taken, mg < s I&/Ie 0 po
ing agent . ] etection
' 2,451 2,448 0,002 | Potentiomewry (i=0)
NI I
o el g | g | dde |
Ks [Fe (CN)] 0,680 0,67 0,05 .
. 8,265 - 8.1 0.2 "
FeClg 0,826 0,76 0,02 .
rect® 8.256 8.30, 9.08  |Blamperometry (A E = 100 mV)
3 , . '
17,006 17,00 0,08 Biamperometry (A E = 50 mV)
Ks [Fe (CN)] 0,680 0.68 0,02 AP y
“Indifferent electrolyte 2 M HCL.
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Fig. 1. Electrolysis cell for external genera-
tion of intermediate reagent: 1) Rubber tube;
2) glass inlet tube; 3) and 3') Mohr and Bun-
sen clamps; 4) anode compartment; 5) side
tubes of electrolysis cell; ) capillary; 7)
porous plate; 8) agar-agar gel containing 5%
potassium sulfate solution; 9) 5% potassium
sulfate solution; 10) auxiliary platinum elec-
-trode; 11) platinum contact; 12) tin amalgam;
13) titration vessel; 14) magnetic stirrer.
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Fig. 2. The E = f(i) curves obtained with
amalgam electrode (0.8% Sn in the amal-
gam): 1), 2), and 3) Sn(Hg) electrode in
0.01, 0.1, and 1 M HCI solutions respec-
tively.

it is advisable to use tin amalgam as generating anode, since the
difference between the standard potentials of the Sn(II)/Sn (- 0.136
V) and Hg(I)/Hg (+0.854 V) systems is considerable (0.990 V).

The current yield of Sn(II) was investigated by plotting E
= (i) curves, recorded by the commutator method, for amalgams
containing 0.115, 0.154, 0.192, 0.261, 0,385, and 0.800% of tin
and for mercury with 0.01, 0.1, and 1 M hydrochloric acid as in-
different electrolytes. During this operation the electrolysis cell
in which the investigated amalgams were placed was attached to
a laboratory shaker. The frequency of the vibrations was 1.4 Hz,
and the horizontal amplitude was 30 mm. In thisway the tin was
made to approach the surface of the amalgam not only through
diffusion but also as a result of convection. The E= f(i) curves for
mercury and tin amajgam anodes are presented in Fig. 2, Similar
relationships were obtained for amalgams with other concentra-

tions of tin. Thus, in the investigated region of polarizing current densities the generation of tin(II) is 100% effi-
cient. This was also confirmed by iodometric titration of tin(II) previously generated from an anodically polarized

tin amalgam in 1 M hydrochloric acid.

To determine the optimum conditions for biamperometric detection of the end point during the titration of
iron(IIl) in 2 M hydrochloric acid and [Fe(CN)F™ in4M hydrochloric acid [5]E = (i) curves were plotted for a
platinum electrode in the 0,001 M [Fe[CN16]*"/[Fe(CN)s]*", Fe(lll)/Fe(11), and Sn(IV)/Sn(ll) systems. When { = 20
1A the degree of reversibility of the Fe(III)/Fe(II) system amounted to ~100 mV, and that of the [Fe[Cn))37/
[Fe(CN-¢]*" system amounted to ~50 mV. An L-shaped titration curve should therefore be expected near the
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equivalence point if a potential of ~ 100 mV is applied to the two platinum indicator electrodes during titration of
oxidizing agents with generated tin(II) ions, since the Sn(IV)/Sn(II) system fs irreversible under these conditions.

The results from coulometric titration of model solutions of [Fe(III), [Fe(CN)s]®", Cr(VI), and V(V) are pre-
sented in Table 2. ‘

The same coulometric titrant was used to determine vanadium in a solution simulating the composition of
the alloy containing 97.45% of aluminum, 2.55% of vanadium, and chromium in a specimen of steel 181 (98.4%
of iron, 0.018% of sulfur, and 1.56% of chromium). Found %: 2.54 $0.02 vanadium; 1.56 +0.02 chromium (n = 3
o = 0.95).
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