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Potentiometric methods in general give more accurate values than other

methods of titration in addition to reveaiing the nature of the acidity of a

substance. They are tndispensable for selecting the proper indicator when a non-

aqueous solvent must be employed, or for titrating very dark colored solutions

such as obtain rvith certain garnet lacs and seedlacs. Many of the advantages

ior the potentiometric method of titrating colored varnish solutions in tle
determination of acid and saponification numbers were discovered concurrently

and independentlS, at each of the above laboratories, but the junior authors and

lheir colleagues published their results first, (1) (2) (3) (4).

It is not surprising, ho$,ever, to find that the method developed bv Gardner

and Whitmore has nolt been widely used, since their procedure requires unusual

care in the preparation of the h-vdrogen electrode and ski1l 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 emploving an organic indicator even if the

end-point is not as sharp as that obtained with the potentiometric method.
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* The note for the -o.l butt is ^based.-opo'1 th. investigatiols of the senior author, Mr- Murty'
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i;;ii;-d;gr* J gucheroi.r S"i""ie ;u Chemistiy, at the Poh-technic-rnstitute qf Brookl]'n, June 1931'
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The Quinhydrone Electrode.

Since the quinhydrone electrode is obviouslv superior to the hydrogen
electrode in this respect, (5), it seemed highl1' desirable to investigate the
possibility of applying the method of Seltz and McKinne\' (6) to the determinations
of both acid and saponification nurnbers. The reagents emploved were 95./" ethyl
alcohol and 0. 1N aicoholic 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 95o/oalcohol which contains
a very small amount of quinhydrone.

The acid values obtained b1, 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 u'ith alcoholic
potash using the quinhydrone eGctrode. In Table II 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 ',vhich can also be used in the
alkaline region. One such is the antimony electrocle. This electrode has the
further advantage in not bEing subject to poisoning by hydrogen sulfide.

Many commercial grades of shellac contain arsenious sulfide (orpiment)
which unless previously removed bv filtration produces soluble s'rlfides during the
digestion with caustic in determining the saporrification number (2). On titrating
the saponified mixture, hytlrogen su1fide is generated rvhich may poison an
hydrogen, or even a quinhydrone electrode and thus cause the voltage to fluctuate
so rvidely that the titration cannot be accuratelv followed.

Since the antimony electrode is not .subject to this disadvantage, it can be
used with the calomel-lithium chloride reference electrode in g5.2. 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
be,en removed and the saponifietl 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

' and the sealed end of the tube is thgn 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 b5r other methods. The iitration curves
iliustrated it' figures 3 and 4 clearly show that steady potentials gan be.ottained
with the antimony electrode for anv region. The inflection enJ--point, however,
is not as high as with the quinh5zdrone 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 establislred inuch. r*r",
than with the hydrogen electrode in non-{eueous soloents. Thi, difficiilty of
continuall5r cleaning aqd replating the indicating electrode has been elirninated
and titration,can now be carried out in an opex vessel. The use of either.of these
electrodes places in the hands of the analvst and research worker a tool for

. ^.. i.
acidemetry-aik6lemetry in alcoholic meaia Jucfi as he has long aeeded.

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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Frc. l.

QUINHYDRONE ELECTRODE.

C.C. O.IN ALCOHOLIC POTASH

Titiation eutves.-(A) Shellac in nitroge; 
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(C) Dark shellac, (D) Kusum
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QUINHYDRONE ELECTRODE.
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fitration curves.--.(A) Pontinac, (B) Roein.
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Frc. 3.

ANTIMONY ELECTRODE.

ALCOHOLIC POTASH
'Iitration of Shellac Solution.
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Frc. 4.

ANTIMONY ELECTRODE.
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l'itration curves for

30 40 50
HYDROCHLORIC ACID

Sanonified Shellac Solution.


