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Potentiometric methods in general give more accurate values than other
methods of titration in addition to revealing the nature of the acidity of a
substance. They are indispensable for selecting the proper indicator when a non-
aqueous solvent must be employed, or for titrating very dark colored solutions
such as obtain with certain garnet lacs and seedlacs. Many of the advantages
for the potentiometric method of titrating colored varnish solutions in i
determination of acid and saponification numbers were discovered concurrently
and independently at each of the above laboratories, but the junior authors and
their colleagues published their results first, (1) (2) (3) (4).

It is not surprising, however, to find that the method developed by Gardner
and Whitmore has not been widely used, since their procedure requires unusual
care in the preparation of the hydrogen electrode and skill in manipulation, in
addition to the complete exclusion of air from the titration vessel in order to obtain
the proper equilibrium. With these disadvantages the average analyst would
naturally choose one of the methods employing an organic indicator even if the

“end-point is not as sharp as that obtained with the potentiometric method.

# This bulletin is a joint contribution from the Indian Lac Research Institute and the Polytechnic
Institute of Brooklyn, Brooklyn, New York, U. S. A. It is alsc Research Note No. 2, and contribution
No. 18 of the Shellac Research Burean and contribution No. 26 of the Department of Chemistry “of the
Polytechnic Institute of Brooklyn, co-operating with the United States Shellac Importers, Association.

+ The note for the most part is based upon the investigations of the senior author, Mr. Murty.
The data for the direct titration of the alkaline solution in the determination of saponification number
is taken from a section of the thesis submitted by Mr. Weinberger, in partial fulfilment of the requirements -
for the degree of Bachelor of Science in Chemistry, at the Polytechnic Institute of Brooklyn, June 1931,
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- The Quinhydrone Electrode.

Since the quinhydrone electrode is obviously superior to the hydrogen
electrode in this respect, (5), it seemed highly desirable to investigate the
possibility of applying the method of Seltz and McKinney (6) to the determinations
of both acid and saponification numbers. The reagents employed were 959 ethyl
alcohol and 0. 1IN alcoholic potash. A lithium chloride-agar bridge was used for
establishing the liquid junction. The reference half-cell consisted of a gold
electrode inserted into a solution of lithium chloride in 95 9%alcohol which contains
a very small amount of quinhydrone. '

The acid values obtained by this method, as also those determined by other
methods, are given in Table I. It can be seen that the absence of inert atmosphere
does not make any appreciable difference in the determination of the acid value.
When the titration is carried out in a nitrogen atmosphere the curve can however
be traced for a greater distance into the alkaline range as illustrated in figure 1.
This procedure, nevertheless, is not suitable for titrating alkaline solutions
obtained in determining saponification numbers.

For such determinations a known amount of standard acid can be added in
excess to the saponified solution and this excess can then be titrated with alcoholic
potash using the quinhydrone efectrode. In Table IT are given some saponification
values obtained in this manner.

The Antimony Electrode.

Under certain circumstances, it may indeed be desirable to use an electrode
~which is even simpler in manipulation, and one which can also be used in the
alkaline region. One such is the antimony electrode. 'This electrode has the
further advantage in not b&ing subject to poisoning by hydrogen sulfide.

Many commercial grades of shellac contain arsenious sulfide (orpiment)
which unless previously removed by filtration produces soluble sulfides during the
digestion with caustic in determining the saponification number {(2). On titrating
the saponified mixture, hydrogen sulfide is generated which may poison an
hydrogen, or even a quinhydrone electrode and thus cause the voltage to fluctuate
so widely that the titration cannot be accurately followed.

Since the antimony electrode is not subject to this disadvantage, it can be
used with the calomel-lithium chloride reference electrode in 959, ethyl alcohol
solutions and a complete titration curve (figure 4) can be obtained for the
constituent acids liberated on saponification even if the arsenious sulfide has not
been removed and the saponified solution has a strong odor of hydrogen sulfide,
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The electrode is easily prepared by melting powdered antimony in a piece of
glass tubing which has been sealed at one end. On cooling the antimony solidifies
and the sealed end of the tube is then broken off giving an exposed metallic
antimony tip. The top of the tube is “filled with mercury to serve as a contact
for the electrical connections.

The other details of the method, the potentiometer and reference electrode
have been fully described in a previous contribution (1). In table I are given
values for acid numbers determined by using this electrode, and it will be seen
that they agree with the values obtained by other methods. The titration curves
illustrated in figures 3 and 4 clearly show that steady potentials can be obtained
with the antimony electrode for any region.v The inflection end-point, however,
is not as high as with the quinhydrone electrode and hence the precision is not
quite as great, but still superior to that obtained with organic indicators.

Using either of the new electrodes, equilibrium is established much sooner
than with the hydrogen electrode in non-aqueous solvents. The difficulty of
continually cleaning and replating the indicating electrode has been eliminated
and titration can now be carried out in an open vessel. The use of either of these
electrodes plages in the hands of the analyst and research worker a tool for
acidemetry-alkalemetry in alcoholic media such as he has long needed.

In conclusion, the authors wish to thank Mrs. Norris, Dr. Aldis, and
Mr. Gibson for their assistance in reviewing and publishing of this paper.
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QUINHYDRONE ELECTRODE.

2405
oS a
S L

\W

9 \
L

40 ‘
o | BLANK TITRATION X
w!| o OF SOLVENT \
ore-
41 A
® -40l3o
5 N 7 l % 3
o - old
5 -80P&13 4
T | 1 g
= |g|>cc. 0IN ALC. KOH
s POls 60 62 04 06 (‘ ¥ M
o e ek
u INFLECTION CURVE i f 0 L
=
w
-200
¢
e = t \
-240H3
S }
: .}
sodatl ]
280[2 = R
-320[{—-C.C. 0.IN ALC. KOH L ~
U e AR ToRE o e 4 B
B 0. R A B8 0 e
£ .0 Bl BB L S I0=NEaUNE
DO, "2 4 & O
E O 4 6

C.C. O.IN ALCOHOLIC POTASH

Titration curves.—(A) Shellac in nitrogen atmos., (B) Shellac in air, (C) Dark shellac, (D) Kusum
seed lac, (E) wax-free lac.
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FIG. 2.

QUINHYDRONE ELECTRODE.
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Titration curves.—-(A) Pontinac, (B) Rosin,










