THE USE OF THE TUNGSTEN ELECTRODE, ETC. 829

CXVIL.—The Use of the Tungsten Electrode in
Potentiometric Titrations and pg Measurements.

By HuserT THOMAS STANLEY BRITTON and Eric NormaxN Dopb.

THE exact determination of py values of alkaline solutions con-
taining substances that render the hydrogen electrode useless is
often a problem of some difficulty, particularly in the case of com-
plex cyanide solutions which we are now investigating. We there-
fore undertook an examination of the possibilities of bare tungsten
as an electrode, since this metal has not yet received comprehensive
study, though it is the subject of a recent patent. It has, however,
as the following record shows, been found to give satisfactory results
in certain solutions. Baylis (Ind. Eng. Chem., 1923, 15, 852;
see also Parker and Dannerth, ¢bid., 1925,47, 637; U.S.P. 1,513,558/
1924) used the tungsten filament of an electric lamp to measure the
pu values of river water over the range 6-:5—8-6, but his data reveal
the extraordinary difference of 0-09 volt for each py unit change;
he has, however, recently patented this form of electrode (U.S.P.
1,727,094/1929).
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Parker (Ind. Eng. Chem.,1925,417,737) studied tungsten electrodes,
both bare and in intimate contact with various metal oxides, in
four different buffer solutions of py values ranging from 4 to 9 and
concluded that those coated with specially prepared manganic
oxide were the most satisfactory.

Bare wire electrodes were considered by Holven (ibid., 1929, 21,
965) to be capable of yielding accurate py measurements of sugar
liquors for periods of a day, after they had undergone immersion in
a solution of normal sodium phosphate for two days, followed by a
further two days in a solution of the substance which was subse-
quently to be tested. This possibility appeared worthy of further
investigation in presence of substances of widely different types.

Preparation and Calibration of the Electrodes.—As in a previous
communication (Britton and Robinson, this vol., p. 458), the cali-
bration of the electrodes was based on the neutralisation with sodium
hydroxide of the modified Prideaux-Ward universal buffer mixture.
100 C.c. of the latter were titrated with 0-2N-alkali, the liquid being
mechanically stirred. Stirring was discontinued prior to the taking
of each potentiometer reading, but had no appreciable effect on the
value of the final E.M.F. reading. There was no indication of
polarisation of the electrode, and a steady reading was usually
obtained within 1—2 mins. of the addition of the alkali. From
Pu 4 to pg 2, 5-minute periods had to be allowed owing to slight
initial drifts in the voltages. By means of the buffer titration it was
possible to obtain a series of £.M.F. readings of the three electrodes
at various py values between 2 and 12, and hence to construct
calibration curves. The potentials of three different tungsten elec-
trodes were measured against the normal calomel electrode, with
respect to which they gave a negative £.M.F. A saturated solution
of potasgium nitrate was used as the ““ salt-bridge.”

The tungsten used for the electrodes was in the form of a filament
and of rods of various sizes, and was provided through the courtesy
of Dr. C. J. Smithells of the General Electric Co. Research
Laboratories, Wembley. In order to test any influence that the
form of the tungsten might have upon the electrode potential, three
electrodes (filament, 0-:016 mm. in diameter ; and two rods, 1 mm. and
5 mm. in diameter) were used simultaneously. The larger rod had
been subjected to a process of recrystallisation by heating to 3000°
Abs. in an atmosphere of hydrogen for 2 mins. and was therefore
quite free from oxide, and the smaller one was covered with a film
of oxide and graphite as a result of being drawn. Before use, both
were well rubbed with emery paper, and each presented a clean,
metallic surface. The filament was wound on a piece of glass rod,
the ends being bound to a piece of copper foil fastened to the upper
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portion of the rod, through which was also made the connexion to
the potentiometer circuit. The copper foil and contacts were
coated with paraffin wax. The two rods were supported in such a
way that the three electrodes were simultaneously immersed in the
solution under investigation, and the E.M.F.’s were recorded after
each addition.

As the behaviour of tungsten as an electrode is essentially that of
the metal-metal oxide type, attempts were made to coat it with
oxide films by anodic oxidation. The electrodes were placed in a
0:04N-solution of caustic soda, and a current of 7-5 milliamps.
was passed for 30 minutes. This destroyed the filament, but a
buffer titration with the two rod electrodes showed only a very
small variation in E.M.F. over the whole py range 2—12. The
electrodes appeared to have become passivated, and rubbing with
emery-paper and repetition of the buffer titration with the bright
electrodes enabled satisfactory variations in potential with change
of pyu to be obtained.

Since anodic oxidation failed to produce a sensitive oxide film,
the three electrodes were kept immersed in a strongly alkaline
buffer solution, with free access of air. By this means a very thin
film of oxide was probably formed on the surface of the tungsten,
though its presence was not visible. A series of potentiometric
titrations of acids was carried out with the electrodes during a
period of several days following the construction of the three
calibration curves, and gave pg values that became more discrepant
as the electrodes aged.

This suggested that the observed E.M.F.’s were not in strict
accordance with the original calibration curve, and this was con-
firmed on re-calibration. The buffer titration was repeated fre-
quently for several days following, and a series of distinct calibration
curves was obtained. Although their farm usually remained about
the same, these showed that the potential of the electrodes, whilst
sometimes altering in the contrary sense, tended to become more
positive on ageing. This gradual change in the electrode potential
of the tungsten is possibly connected with the gradual formation
of a very thin oxide film through oxidation by the air during the
immersion of the electrodes in the alkaline buffer. The necessity for
the latter treatment has been recognised by Parker (loc. cit.). Hence
as the tungsten electrodes did not retain their calibration for a period
of days, calibration curves were obtained immediately before per-
forming a titration. The pg values used to calculate px values
were read off from the calibration curve of the particular electrode
immediately preceding the titration.

Fig. 1 gives the calibration curves of the filament and thin rod at
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various times during 10 days. The effect of ageing of the two
forms of electrode is seen to be somewhat different, the filament
becoming much more positive than the thin rod. Judging from the
smaller and also more uniform change of the potential of the rod it
would appear that the tungsten in the massive form should be a
more satisfactory electrode than the filament. Similar small
variations were observed with a thicker rod.

Fig. 1.
H.M.F. of tungsten filament against N-calomel.
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E.M.F. of tungsten rod against N-calomel.

1t the tungsten—tungsten oxide electrode behaved simply as a

hydrogen electrode, then the E.M.F. of the cell \X’[solution]H2
should be constant whatever the py of the solution. This was not
the case, and extrapolation shows that with, e.g., the thin rod, after
4 hours in a solution at py 2, the E.M.F. was 0-322 volt; at p, 6
it was 0-446 ; whilst at py 12 it was 0-510 volt. After nine days these
values became respectively 0-354, 0-464, 0-523. Very different
values were given by the filament. After the lapse of a period from
4 hours to 9 days at py 2 the P.D. increased from 0-361 to 0-389
volt; at py 6 from 0-451 to 0-487; and at py 12 from 0-543 to
0-581 volt. Parker (loc. cit.), using a tungsten filament, obtained
E.M.F.’s ranging from 0-371 to 0-453 volt over a py range of 4 to 9.
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Had the tungsten electrode been sensitive to py changes in a
reversible manner, and therefore such that the E.M.F. of the cell
W/solution|N-calomel = E.M.F. of Wisolution|H, — 0-058 pu, the
slope of the calibration curve would have been that of the broken
line in Fig. 1, which would have been that of the calibration of thin
rod taken after a period of 4 hours.

Potentiometric Titrations.—A number of acids were titrated
against the tungsten electrode to ascertain the extent to which the
latter could be used in the determination of titration end-points
and the calculation of dissociation constants. The three acids acetic,
boric, and phosphoric, to which the hydrogen electrode can be
applied, on titration gave the normal type of titration curve, the
end-points being plainly and cortectly indicated. Though a distinct
curve was obtained for each of the three varieties of tungsten electrode
employed, the contour of each was similar and all three coincided
at the end-points. The px values obtained are shown in Table I,
and are the mean of seven values calculated from points on the
curve corresponding to successive one-eighths in the degree of
neutralisation. Comparison of these values with the published
values shows that on the whole there is a remarkably good agreement
irrespective of the form of the electrode employed.

The px_ values for phosphoric acid are not trustworthy, since the
curve is here situated in the region of py 2, in which the behaviour
of the tungsten electrodes is rather erratic. Similar objections
apply to the extreme end of the titration (py 12—13) affecting py,.

Tasie I.

Acids to which the hydrogen electrode is applicable : 100 c.c. of
0-05N-acid titrated with 0-2N-NaOH.

Previous values.
Elcc- Mean
Acid. trode. pg. DK range. PE-. Method. Refcrence.

a 476 4:60— 5-00 474 Conductivity Ostwald (Z. physikal. Chem.,
1889, 3, 170, 241, 369).

CHyCO,H

b 453 4-35— 4-60
{ b o3 gE— 40 } 474 N Kendall (J., 1912, 101, 1283).
[ e 919 910— 9-23 1 926  Hydrolysis Lm;ggl; glﬁgi‘)tm physigue,
HEBO, ‘l” 882 870890 9-20 . Lundberg’  (Z.  physikal.
. 910 9:00— 925 J Chem., 1909, 69, 442),
11.PO " a 1-98 1:95— 2-00
PO, 3 203 1-95— 215 203 EALL. Britton (J., 1927, 614),
PR\ ¢ 198  1-95— 2:00
a 7-09 6-99— 7-13
meo, [ 3 T4t ais | ess " "
o ke
a o7 -68—11-
HPo, 1171 11411188 | 1157 .
PR \

]

c 11-70 11-51—11-86
a = Filament electrode; b = thin rod electrode; ¢ = thick rod electrode.
Solutions of acids in which the hydrogen electrode cannot be used

were next titrated, to see whether the electrode possessed any
EE
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particular advantages. Fairly consistent values were obtained for
the dissociation constants, which are compared in Table II with
the values obtained previously by other workers.

The titration curves of hydrocyanic, hydrazoic, and sulphurous
acids, as obtained by the back-titration of their salts, are shown in
Fig. 2. The curves given by the three different electrodes are not
coincident, although the p, values calculated from them are in fair
agreement. This is due to each electrode possessing its own cali-
bration curve.
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Equivalents of HCL.

For hydrocyauic acid, 100 c.c. of a solution of 0-053-potassium
cyanide were back-titrated with 0-24N-hydrochloric acid : the px
values obtained from the curves were consistently higher than those
usually accepted. A similar procedure was adopted in the case of
Iydrazoic acid, 100 c.c. of 0-046M-sodium azide being back-titrated
with the same acid. The almost identical values given by the two
rod electrodes are in better agreement than the filament value with
those determined by previous workers.

In the case of sulphurous acid, a solution of potassium sulphite
containing an equivalent of sodiwvm hydroxide was titrated with
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hydrochloric acid. It was only possible to calculate pz, values;
the mean values obtained were considerably higher than that of
Kolthoff.

For telluric acid, 100¢.c of 0-025M-acid (as dihydrate) were titrated
with 0-2N-sodium hydroxide. Consistent values for pg, were
obtained, but the second half of the curve gave py values of the
order of 12, and it was not considered justifiable to calculate values
for px,; the curve, however, plainly indicated the dibasic nature
of this acid.

Although Britton and Robiuson (loc. cit.) have found py, = 7-84
for telluric acid, 1o determination of this dissociation constant has
been made by the standard methods, and consequently one was
made colorimetrically in a series of partially neutralised telluric acid
solutions. The value so determined, viz., 7-68, shows that the tung-
sten electrode functions satisfactorily in these solutions :
... 0125 0-256 0-375 0-60 0625 O

Cerreeereenaas . ... 676 7-20 7562 775 785 8
2 SR P 7-60 7-68 774 775 763 7
Mean value for pg, = 7-68.

In the case of tellurous acid, 100 c.c. of 0-03 M -potassium tellurite
were back-titrated with 0-24N-hydrochloric acid; the solution
remained clear until 1 equiv. of acid had been added, after which
a white precipitate, probably of hydrated tellurium dioxide was
formed, precipitation being complete when 2 equivs. of acid had been
added. The course of the titration followed the characteristic
curve of a dibasic acid, except at the extreme end, where the E.M.F.
of the tungsten electrodes suddenly assumed a positive value,
corresponding to an impossible py value. An attempt to calculate
Pk, from the first half of the curve gave values ranging from 10-00
to 11-50. These values are of the correct order, being similar to
that, viz., 10-22, which we have determined -colorimetrically.
Conductometric titrations by Blanc (J. Chim. physigque, 1920, 18, 8)
gave the values pgr, = 2-52 and pg, = 7-70 for this acid, the
latter value being obviously in error.

Maleic and cinnamic acids were chosen for titration because they
are unsaturated and render the hydrogen electrode inapplicable.
The former gave a good curve, from which it was possible to calculate
values for both pg, and pr,. Comparison of these with the pub-
lished values show that they are approximately correct, although,
since it relates to the region py 1-—2, the first constant is not con-
sidered trustworthy.

The titration of cinnamic acid followed an altogether abnormal
curve, but the end-point was correctly indicated by the usual sudden
inflexion.

Fraction neutralised ....
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Tasre II.
Acids to which the hydrogen electrode is tnapplicable.

Previous values.
Elec- Mean

Acid. trode. pg. px Tange. »g.  Method. Reference. h
a 10-38  10-05—10-48 ‘ 9:35  Indicator Britton and Robinson (this
v vol., p. 469)
HON & 1000 975—1014 [ 960 E.ILF. S
l c 10-22 9-91—10-54 J 9-41  Vapour Harman and Worley (Trans.
pressure ggxzr)aday Soc., 1924, 20,
o 535  5-01— 555 474 Conductivity ~West (J., 1900, 77, 705)
BN, Ty 510  4-97— 5:23 4-59  Glass clectrode Hughes (J., 1928, 4901)
\ ¢ 508  5:04— 510 4.92
202 Gonductivity  Oliver-Mandald  (Gaszettc,
510 | ¥ 1916, 48, ii, 137, 298)
a 874  8:48— 9:35
.80 ‘ 7:00  Indicator Kolthoff (Z. anorg. Chem.,
el 10 917 9-03— 939 1020, 109, 69)
3 l 774 E.ALF. Britton and Robinson (loc.
¢ s-sg 8-71— 8-94 cit.)
; e 75 7:51— 7-60
H,pl‘eO. { b 706 700— 710 | 784 " "
£ ¢ 743 785— 750 J
Maleic  fa = 201 176— 242 Mizutani (Z. physikal. Chemn.,
acid b 198 181— 213 | 134 i 1925, 118, 518)
Py e 215 197— 231 J| » 118,
. a 2 34— 662 7
Malele ( b 644  630— 652 | 694 " Mizutani (loc. cit.)
Pz l J 6-29 ,, Larsson (Z. anorg. Chem.,
2 ¢ 604  592— 610 1924, 140, 292)

Britton and Robinson (J., 1930, 1261 ; this vol., p. 458) attempted
the titration of sodium orthovanadate with hydrochloric acid, using
the hydrogen, oxygen, and antimony electrodes, but were unable
to obtain satisfactory results. The tungsten electrode also proved
useless.

It has been found that no py values could be extrapolated from
the oxygen electrode titration curve of silver nitrate with caustic
soda (Britton, J., 1925, 127, 2148). With the tungsten electrode
the inflexions were also clearly defined, but the E.M.F.’s too were
out of harmony with the calibration curve. The behaviour of the
antimony electrode was similar. The foregoing observations
together with the data in Table 1) reveal that solutions containing
readily oxidisable or reducible substances may seriously interfere
with the electrodic reaction and so lead to £.M.F.’s that are not in
accord with the calibration curve determined in the manmer herc
adopted. As the pj; values corresponding to each titration arc
fairly consistent, it would appear possible that the tungsten electrode
might be calibrated for the particular solution in which it is to be
used, but this point has not been pursued.
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