
















ELECTROMETRIC TITRATIONS 

AMPEROMETRIC TITRATIONS 
The amperometric method, which is directly related to polarography, 

may be applied in all cases where constant diffusion current and a given 
voltage occur; it does not matter whether these are due to the reagent, to 
the substance under examination, or to both, so that even non-depolar- 
izable compounds may be titrated with a reagent producing a diffusion 
current. In practice, the variations in current occurring at  a rotating 
metallic electrode to which a suitable constant voltage has been applied, 
and due to the addition of an appropriate reagent, are carefully followed. 
In special cases, two equal electrodes are used without a reference one and 
this case is identical to the dead-stop end-point mentioned earlier. 

The possibility of measuring extremely small diffusion currents extends 
the application of amperometric technique to microanalysis-e.g., 
chlorine in concentrations as low as 5 x 10-5 normallB6, halogens and 
other elements in organic substances. 

The assay of p-aminosalicylic acid with potassium b r ~ m a t e l ~ ~  can be 
carried out using a rotating platinum electrode to which the constant 
voltage of + 0.2 V. (S.C.E.) is applied. 

p-Diazobenzenesulphonic acid, which is polarographically reducible, 
may be used as the titrating agent for numerous substances such as 
sulphonamides and alkaloids, present in quantities of only 2 to 50 mg.168 
with an error of 5 3 per cent. Lead nitrate titration has been used 
for assaying glycerophosphates in solutions for injection and even for 
the assay of tartrates, while phenazone and irgapyrine can be titrated by 
precipitation with mercuric perchlorate, measuring the current due to the 
excess of reagent at a dropping mercury cathode without applied potential. 

The titration of metallic ions in pharmaceutical preparations has been 
carried out by methods based on the formation of complexes with ferri- 
cyanide ions or on precipitation with dodecylmercaptan and titration of 
the excess of reagent with silver nitrate; this second method has also been 
used for assaying micrograms of heavy metals in pharmaceutical specialities. 

The choice of reagents producing large diffusion currents is of import- 
ance for amperometric titrations. Silicotungstic acid has been used for 
alkaloids (nicotine, nornicotine) ; sodium hypobromite has been utilized 
in titrating even traces of ammonia, and the same method can be used for 
determining organic nitrogen. 

The property of ethylenediaminetetra-acetic acid to form anodic waves 
has been utilized in assaying metals, giving good results for Mn++, CO++, 
Ni++, Cd++, Hg++ and Zn++, and less satisfactory ones for the alkaline 
earthsls9. In the case of calcium, still using the same reagent, it is advis- 
able to apply a constant voltage of - 1.7 V. to the electrode, the end-point 
being when the diffusion current of the calcium finally  disappear^'^^. 

Finally, the property of forming complexes with mercury, has been 
utilized in the amperometric assay of barbiturates. 

COULOMETRIC METHOD 
Of all the electrometric methods, coulometry is the best able to provide 

results having an absolute value. It does not depend on the individual 
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judgment of the operator, nor upon the accuracy with which the strength 
of a reference sample has been determined because the measurement in 
coulombs replaces the sample of known strength. 

The method may be carried out in two ways: 1) the substance reacts at 
the electrode, and the number of coulombs required for the electrolytic 
reaction is measured ; 2) a substance suitable for reacting with the one to 
be assayed is produced at the electrode. In this case, the generating 
electrode may be immersed in the same titration solution, or in another 
from which the reagent is run into the solution being assayed. 

When the current intensity is kept constant, it is sufficient to measure 
the time for completion of the reaction, calculate the coulombs from the 
product of time and the current and, hence the exact quantity of the sub- 
stance under examination that has been electrolysed, or that of the 
reagent produced reacting with that under assay. 

The advantages of the coulometric method are most evident when the 
whole operation is completely automatic, as when automatic current- 
recording equipment is used. 

This method gives accurate macro determinations, but the chief advan- 
tage over other conventional methods lies in its application to micro-assay, 
either by direct e lec t r~ lys i s~~ '~  172 or where the reagent is electrolytically 
prepared. It is possible, by choosing the right intensity of the current, to 
prepare as little as lo-" and IO-l7g. of reagent, as well as to determine the 
end-point of titrations carried out with such small quantities, by means of 
precise po ten t i~met r i c~~~  or, better, amperometric rnea~urements'~~, using 
suitable circuits. As little as O.Olpg./ml. of ferrous iron'74 and 0.001- 
0-0005 pg./ml. of manganese may be assayed in this manner. 

Coulometric methods have been proposed for neutralization reac- 
t i o n ~ ' ~ ~ >  176, with external or internal preparation of the reagentsl7'. 

A method for the assay of sodium thiosulphate has been proposed, 
based on the electolytic preparation of iodine from potassium iodide178 ; 
the chlorine produced from hydrochloric acid by electrolysis has been used 
in titrating isonicotinic hydra~ide"~ and long chain unsaturated fatty 
acids. Similarly, salicylic acidlsO and arsenious ions may be assayed by 
producing the bromine reagent electrolytically. 

The possibility of titrating iodide ions with electrolytic silver ions has 
been reported, the end-point being determined by means of two silver 
indicator electrodes, as for the dead-stop end-point181 ; another useful 
method for assaying chlorides, bromides, iodides, and, in general, all those 
cases requiring silver ions, makes use of a potentiometric circuit for deter- 
mining the equivalent point, allowing errors of only * 0.005 mg. for 
quantities ranging from 10 to 0.2 mg.lsz. 

By allowing thiourea to react with solutions of silver bromide and 
potentiometrically titrating the bromine liberated with silver ions pro- 
duced electrolytically, it is possible to assay microgram quantities of 
thiourea, either alone or in mixtures with other sulphurated compounds183. 

The coulometric method has wide possibilities and numerous new 
procedures are being proposed by investigators. A new indirect method 
of analysing mixtures of halogens has been discovered, by combining 
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coulometric measurement with the weighing of deposited mixtures of 
silver chloride and bromidels4. 

Other investigators have proposed following the course of coulometric 
titrations by photometric measurements carried out in parallel with them. 
A photoelectric cell for use with the Beckrnann spectrophotometer has been 
designed for this purposels5. Automatic photoelectric apparatus for the 
determination of the end-point has been suggestedlS6 and even a differential 
photometric apparatus has been designed, to overcome the formation of 
air bubbles at the generating electrode1*6. 

HIGH FREQUENCY TITRATIONS 
Electrometric analysis has recently been extended by a new method 

utilizing changes in the dielectric constant, the magnetic susceptibility and 
conductivity at high frequency on altering the composition of the medium. 
For measuring the dielectric constant, the vessels containing the solution 
for assay are connected to two metallic surfaces, acting as condensers ; the 
magnetic susceptibility is measured by introducing the vessel with the 
solution into a solenoid. 

General, theoretical and critical articles have been published on this 
subjectlss? lS9, as well as those describing the various types of instrument 
in  use and the theoretical principles on which they are based. Others 
examine experimental data on various solutions, as a function of the 
various  factor^^^^--'^^. 

Although this method is very recent, several applications have already 
been described : neutralizati~n~~l,  Is8, ls9, oxidation191 and precipitation 
tit ration^^^-^^^ have all been reported. 

Dilute solutions of metallic ions have been titrated with oxime solu- 
tions204 and even the most recent forms of titration, using non-aqueous 
solutions have been successfully carried out using high frequency 
apparatuszo5* 206. 

This method, which has already found some applications in medical 
and pharmaceutical anaIysisZm, has certain disadvantages since many 
factors must be kept constant. Nevertheless, present experience has 
shown its wide range of possible application, particularly in solving special 
problems. 

For reasons of space the paper as presented at the F.I.P. has been 
abbreviated and the references have been reduced. The authors will be 
pleased to give the full references to any who write for them. 
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