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GLOSSARY OF ABBREVIATTIONS ANL SYMBOLS.

Below are listed the abbreviations used throughout the

text,

= = =" =2 o

=]

nm/ cm
°C

ppm

constants in the Debye-Huckel formula.

activity of ionic species i.

molar concentration.

density of water,

total electromotive force of a cell in absolute volts,
standard electromotive force.
liquid junction pcotential.

Faraday.

thermodynamic equilibrium constant.
ionic product of water.

molar

molal concentration.

millivolts.

normal,

nancimho per centimeter. 1077 bt em™l.
degrees centigrade.

parts per million,

cell constant.

ideal gas constant per mole.

registance in ohms.

extrapolated resistance from resistance-time curve,
revolutions per minute,

absolute temperature.

molal ionic activity corfficient.

specifiic conductance of a saturated mercurous chloride
solution,

specific conductence of water.

equivalent conductance at molar concentration c.
eqguivalent conductance at infinite diluticn,

equivalent ion conductance at infinite dilution.
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5 INTRODUCTION

In 1955, Dry and Gledhill, both formerly ofrthis Department,
published their paper on the Sclubility of Mercurcus Chleride in
Water at 25°C, (1), and it was originally intended that this thesis
should be en extension of the study to cover the tempsrature rande
firom 5 to 55°C.

A preliminary investigation at 2500, however, falled to yield
results which were consistent with their findings, even though their
apparatus and expocrimental technique were used, In an effort to
resolve these difficulties their method of saturating the calomel
in the conductance cell was thoroughly investigated, and as this
procedure was found to be responsible, 1t was necessary to evolve
an entirely new approach.

The technique finally adopted was to saturate the mercurous
chloride solutions by mechanical stirring in siliconed vessels and
to carry out the conductance, pH, and totel mercury concentration
measurements on the filtered solution, This methed gave good
results, .and was free fram the many extrapolations prevalent in the
original procedurc.

As Dry and Gledhill (1) pointed out, the following equilibria
are established when mercurcus chloride dissolves, as a result of

dissocliation, hydrolysis, and complex-—ion formation:

2+
(1) Hgz Clo (s) ¥ Hg2 + 2017
2+ -~ 2+
(2) Hg™ + Hg(;y == Heo
(3) H 4+ 010 = mg o1t
(4) Hg™r + 201" = Hg 01
g+ = Hg Clp
(5) Hg®™ + 301" = Hg Cly”
(6) Hg™ + 4 01" == Hg CL,2
(7) Hee™ + Hp0 = HgyoH* + H
(8) Hg™ + Ho0 = HgoH' + H'
24 —_ +
(9) Hg™ + 2 Hp0 = Hg(OH)p + 2H
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The values emerging from these researches differ considerably;
those for the sclubility and for the solubility prcduct being

equally discordant.

In 1893, Behrend (5) measured the e.m.f. of the chain

Hg-Hg,C1, | KLL(O.lN) l HgZ(NOB)z (0.1N) * HNO; | Hg
at 18°C, and calculated the solubility of calomel in pure water to be
.5 x 10°% gn/litre. Wnile Ogg (6), in 1898, cbtained the value 4.7 x

1074 gn/litre from the potential of the cell

He-Hg,Cl, | KCL( o 1y | B(N05), (o ) » H¥03 (g 1) 1Hg

Five years later, Sherrill (7) deduced the solubility to be 4.5 x
10""+ pm/litre from his work on the complex formation of mercury halides,
and gives the solubility product as 3.5 x 10718,

In 1904, Ley and Heimbucher (8), reviewing previous potenticmetric
work, contended that inconsistent results arose since, due to hydrolysis,
the mercurocus ion concentration was not accurately defined, and the
diffusion petential of the free acid underestimated, In order to cvercome
these difficulties they used the strongly dissociated perchlorate salt, and
having determined its degree of hydrolysis, measured the e,m.f. of the
chains

|
(i) Hg-Hg,C1, ‘KCl(O'lN): KNO I Hg2(010

! Weo (o.m) | B8

3 (0.1N)

(41) Hg-Hg,Cly| K011y gy, KNO5 (o 3y, Bep(C10)5 (o 1) | e
at 20°C, They then showed tﬁe diffusion éotential of the free acid to
be negligible, and assuming the satureoted sclution to be completely
dissociated, obtained the scmewhat lower value of 3.8 x 1074 gm/1itre
for the solubility, and, at icnic strengths of 0.1N and 1.N respectively,

2,0 and 3,5 x 10‘18

for the scolubility product.
Brodsky and Scherschewer (9) in their paper, The Solubility Products
of Mercurcus Halides in Water, also point out that hydrolysis, and oxidation

of the mercurcus ion, may well be responsible for the inconsistency of the

published data.






















































































































































measurements,

However, in the light of precision liquid junction potential work
(45) being carried cut in this Department at the time, it appeared that due
to the ligquid junction potential errors imvolved, too great an accuracy mig
nave been claimed in their final result, 5.085 Tom units, and it was
decided to investigate the degree of this error practically before proceeding
with the pH measurements envisaged in this work.

6.2 A PRACTICAL INVESTIGATION OF THE LIQUID JUNCTION POTENTIAL

ERROR TN pH MEASUREMENTS WITH A GLASS ELECTRODE.

6,2.1, Introduction.

In order to supplement the conductivity and totel mercury measurements
in calculating the solubility of calomel in water the pH of the saturated
solution must be luiown accurately to at least 0.0l pH unit,

Although pH's aré generally quoted and regarded accurate to 0,01 — 0,02
PH units, theoretical considerations indicate that residual liguid Jjunction
potentials invclved must give rise to errors far in excess of this limit,
Dole (46) mentions that these mey be as great as 0.1 pH unit, but does not
appear to have adequate experimental support for this statement, It was,
hence, essential thet these conflicting views should be resolved before the
accurate determinations envisaged could be carried cut. The purpose of this
investigation is, therefore, to demonstrate the order of magnitude of the
error due tc the ligquid junction potentials under the conditicns pertainming
during pH measureents, and in addition show the significance of the ccmmon
neglect of certain fundamental properties of ligquid junctions.

It has been shown (47) that the magnitude, s >ility, and
reprodueibility of liquid junction potentials depend, amon~ other things,
on the wey in which the liquid junction is made. & satisfactery junction
should give a stable, reproducible potential, and, in eddition, when used
with pi meters, should be simple to set up. The junctions usually embodied

in the electrodes of commercial meters are chosen primarily to satisfy the





























































































