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1. 

1. ABB"2EVIATIONS, 8Y1ViBOLS Al\TD UNITS. 

The follo\':ing are use<l throughout the text. 

Cond. 
g. equiv./1.
nm./cm. -

a 
c 

D 

E 

f 

m 

R 

s 

T 

conductivity 
gran1 equivalents per litre 
nanomho ner centimetre = 1 x 10-9 

hm-1 -1 o • em • 

activity 
molar concentration ( in gram r:ioles 
ner 1000 millilitres of solution ) 
de~recs centigrade 
density of solvent ( water ) 
density of saturated silver halide 
solution 
demal concentration or dielectric 
constant of solvent ( water ) 
electromotive force of cell in 
Absolute Volts 
standard electron!ot i ve force of cell 
unknown liquid junction potential 
F o.raday 
frequency 
rational activity coefficient or 
stoichiometric ionic mole fractional 
activity coefficient of ionic species i 
stoichiometric mean ionic mole 
fr actional activitJ coefficient 
standRrd heat of reaction 
thern:odynamic solubility product 
or dissociation constant 
ionic product of water 
molecular weight of solvent ( water ) 
molecular weight of solute ( silver 
halide ) 
rr.ol~l concentration ( in gram moles 
~er 1000 grams of solvent ) 
1as constant per mole or 
resistance in ohms 
solubility in cram equivalents 
ner litre 
Absolute temperature 



v 

f> 
'ti 

'I± 
Xi 

J{. H20 

/\~ 
fh 
/\s 

A~ 
\)i 
(' 

2. 

- number of ions produced by one 
molecule of electrolyte 
on dissociation 

- represents either Cl or Br 
- fraction of total molality 
- valence of ionic species i 

- Debye - Ruckel limiting slope or 
constant in Onsager equation 

- constant in Onsager equation 
- molal ionic activity coefficient 

of ionic species i 
- molal mean ionic activity 

coefficient 
- specific conductance of electrolyte 

species i 
- specific conductance of water 

- limiting equivalent conductance 
of electrolyte species i 

- equivalent conductance of 
electrolyte species i 
equivalent conductance of electrolyte 
at concentration s 

limiting equivalent ionic conductance 
of ionic species i 

- velocity of ionic species i 
- ional concentration 
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Pl~l.T I. 

TEE SOLUBILITY OF SILVE~ C!!LORI:!)E _f\!\TD SIL\TE~ BR011f~ IDE 

n:; WAT"'J'J. AT 25 °0 BY CONDUCTOlV .. ETRIC 

Al\TD POTEYTimPDTRIC li!ETFODS. 

2. I!-~TRODUOTION. 

The sol~bilities of the silver halides cannot be 

determined by the convention&l r.~ethods of analytical 

chemistry because they are too s~a~ingly soluble 

( of the order 1 x 10-5 to l x 10-6 g . equiv./1. 

at 25°0.) However, electrical, and to a lesser extent 

ODtical methods, are admiraoly suited because of their 

cre2.ter sensitivity. The conductometric and 

potentiometric methods ape the tHo most impoPtant 

electrical techniques for the rr:easurer,1ent of the 

s olubilities o.::' s ·.Jaringly soluble salts, and nre the 

ones en~loyed in this research. 

'.i1here are ln:~ cre discrepancies between the published 

values for the solubility of silver chloride. Results 

obtained by the conductometric and r,>otention:etric 

methods disa2Tee. In addition, figures quoted by 

incle1)endent authors using the same method differ by 

:J.s much as 15;· • Avail '1ble published data at or near 

25°0 are shown in tables l and 2. 
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TA3LE 1. - SOLTJ'3ILITY 0~ SIL\.TS~ CHLORIDE F:tOM 

26.5 

26.0 

25.0 

25.0 

CGr·TDUCTNi~OE 5!ASUREiliEYTS . 

solvent 
s,::~ubi~i ty X··:.;:2o corrn. 

10 eq_u1v./1 mn./cr~. 7·~ total 
cond. 

1.82 

1.56 

1.304 1600 45 

1. o5 350 lG 

.:1uthors 

Holleman 

I:ohlrausch 
c.nd Rose 
Kohlrausch 

2)avies and 
Jones 

date 

1893 

189~ 

1908 

194S 

ref. 
no. 

(1) 

(2) 

( 3) 

(4) 

TABLE 2. - SOLUBILITY OF SILVE~ CHLORIDE AT 25°0 

sot,ubility 
10- eq_uiv./1 

1.25 

1.41 

2.16 

1.429 

1.8 

1.20 

1.05 

1.314 

1. 334 

methol 

e .m. f. 

e .m.f. 

analytical 

e. m. f. 

e.m.f. 

e.m.f. 

e.m.:f. 

e.m.f. 

e.m.r. 

8.uthors date 

Goodwin 1894 

Thiel 1900 

~oyes and 1902 
Xohr 
van Rossem 1912 

Rolla 1913 

~ahn · .nd 1927 
Schulze 
Hahn and 1930 
· lockrnann 

Brown ana 1935 
Mcinnes 
Owen 1938 

ref. 
no. 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 
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There are no uublished values for the solubility of 

silver bromide at 25°0 by the conductometric method. 

Furthermore ~ very few solubility determinations by 

other rnethous have recently ~een rr.ade. The available 

values are sho•vn in table 3. 

TA3LE 3. - SOLUBILITY OF SILTIR BROdi:9E AT 25°0. 

solubility method ':luthors date ref. 
lo- 7equiv./l no. 

6.66 e.m.f. Goodwin 18Sr4 (5) 

8.1 e.m. f. Thiel 1900 (6) 

8.0 e.m.f'. BodJ.i:inder 
o.nd E'ittig 

1902 (14) 

7.3 e. m. f. Abegg and 1900 (15) 
Cox 

8.8 an:->1ytic:J.l ":ill 1908 (16) 

0.5 e.m.f'. Rolla 1913 ( ~) 

1.55 e.m.f. Bahn and 1927 (10) 
Schulze 

1.8 tyndallon.etric Bedel 1938 (17) 

7.04 e.m.f. Owen and 1938 (18) 
~rinkley 

The above table reve~ls discrepancies as great as 

94~ in the published d ~ta! 

Several authors (13) (19) (20) have attributed the 

discreuancies to the variability of the physical 

condition of sam~les of the silver hulides prenared by 

different methous. This, they maintain, leads to actu~l 

differences in the solubilities of the silver h~lides; 
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e.g. the silver halides used in the conductometric 

determinations are prepared by precipitation methods, 

whereas in the potentiometric determinations they 

are usually prepared either thermally or by electrolysis. 

However, in all the conductometric work previously 

done the conductance of the water has been a very 

large fraction of the total conductivity; e.g. in 

Kohlrausch's (3) work on silver chloride the solvent 

correction was nearly 50% of the total, and this is 

undoubtedly the largest single source of error. In 

the potentiometric method the chief uncertainty 

lies in the liquid junction potential, which most 

previous investigators tried to eliminate unsuccess

fully with the aid of salt bridges. It is the opinion 

of the author that these two factors alone could 

lead to errors of sufficient magnitude to account 

for the discrepancies in tables 1, 2 and 3. 

Precision measuring apparatus has been used in 

the present work, and elaborate precautions have 

been taken to reduce all experimental errors to 

the minimum. In addition, every effort has been 

made to eliminate uncertain f2ctors such as large 

solvent corrections and liquid junctions. In this 

way it is hoped to establish whether silver halides 

prenared by different methods show real variations 

in solubility. 
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3. THE CONDUCTOMETRIC METHOD. 

3.1 Theory of the Conductometric Method. 

The specific conductance It of a salt in saturated 

solution is related to the solubility ~by the 

well-known equation 
s = /000 It 

/\s . . . . . . . . 1. 

where /\s is the equivalent conductance of the salt 

at concentration ~· The concentration is eXpressed in 

g. equiv./1. (normality.) 

As a first approximation, if the concentration of 

the solution is sufficiently small ( as in the case 

of saturated solutions of sparingly soluble salts ) 

the value of 1\s may be assumed to be equal to the 

limiting equivalent conductance The latter may 

be found by the relation 

/\

0 
::: 

. . . . . . . • 2. 

the values of A+ and X_ being the limiting equivalent 

conductances of the ionic constituents obtained from 

the conductances of more soluble salts and transport 

number data. 

For accurate work, however, it is preferable to 

use a value for the actual conductance /\s obtained by 

means of' a curve ~ or equation, connecting 1\ with the 

concentration. Since the concentrations of the 

saturated solutions studied fall within the range of 
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applicability of the ~ebye-Huckel-Onsager Theory for 

strong electrolytes, the Onsager eg~ation (21) 

As == ft- (P + t:XI\o)s!t. ........ 3. 

may be used to calculate a better value of 1\s at 

concentration s. o< and ~ are constants, and using 

the most recently published values of the fUndamental 

constants (22) have the values at 25°0 
.C .= bO·I'I 
I' - 0·2289 

Equation 3 therefore assumes the form 

1\s = 138.26 - 91.72 
1 

s2 . . . . . . . . 4. 

for silver chloride and 
1 

1\s = 140.22- 92.18 s2 . . . . . . . . 5. 

for silver bromide, since 
0 

AA3+ = 61.92 (23) 

X,,- = 76.34 (23) 

As; = 78.30 (24) 

It is now possible to calculate the true thermodynmnic 

solubility product K from the equation 

= a . 
X 

• . . • . . • • 6. 

r:here X represents either Cl or Br 

= Sill X 

= sA,. x 
represent 

sx. x ~i x ~x
s - X ~! X -
the molal ionic activity 

coefficients at concentr~tion ~ of the silver and 

halide ion res~ectively. 



9. 

The solubility£ calculated from equation 1 is 

converted f r om normality ( which is numeric&lly equal 

t o molarity in the case of uni-univalent electrolytes ) 

to molality by the relation 

1Tl - 1000 c 
- Jooodo- cMz. . . . . • . . . 7. 

The r ational activity coefficient or stoichiometric 

mean ionic mole fractional activity coef ficient of a 

strong electrolyte, which dissociates into v kinds of 

ions, is obtained from the Debye-nuckel limiting 

equation (21) 
1 

log .p = - o< / 2 8. .l..:t . . . . . . . . 
(' " ~ where = s 2: vz.. 

l l " 

and o( J..( t 'J z~)~ /·.US•/06 = 'J • i 1. (llr}h 
In the i m:!}ortant special case of solutions containing 

only a single uni-un ivalent electrolvte, the 

liniiting law may be written 

log f :r = 
i 

- o( s 2 . . . . . . . . 9. 

Since the solubilities oi' the silver halia.es are 

here expressed in molalities, the mole fractional 

mean ionic activity coefficient calculated above has 

to be converted to the molal mean ionic activity 

coefficient by the relation 

f :t = ¥t ( 1 + 0 . OOlmvM1 ) 

At the high dilutions encountered in the present 

work the last ter1 1 on the right hand side of the 
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equation can be ne&,lected, so thrtt 

= 

3.2 Description, calibration and standardisation 

of' aTJuar ntus. 

~ote: The an~aratus described here is used through

out the rese&rch. Any additional a~puratus or f'urther 

modifications are described in their aupropriate 

sections. 

The anparatus WBS that used by Gledhill (25) and 

described in his ~ .Sc. thesis, with some rr.odif'ications. 

3.21 Temperature Control Apparatus. 

3.211 Constant Te~~erature Room. 

The apparatus is housed in a constant terwerature 

room run at 24°C. The room heaters are controlled by 

a relay, and refrigeration is supplied to the room 

during the summer ~onths when the outside te~perature 

exceeds 84°C. Thermometers were hung in various parts 

of' the room to observe the distribution of' heat by 

the wall and room f'ans. A tyuical set of' te~erature 

readings are recorded in th0 accomnanying table. It 

ap")eared from observations t aken over a period of' 

\: eeks that temner nture control to ± 0. 2° is r,>ossible 

throughout the room during both vlinter and summer. 



11. 

Date Thermometer readings in oc. 
A. B. c. D. E. 

10 April 24.1 24.2 23.8 23.9 23.9 

11 April 24.2 24.3 83.9 24.0 24.0 

12 April 24.1 24.2 23.9 24.0 24.0 

13 April 24.0 24.1 23.8 23.9 23.9 

3.212 Thermostat. 

Uncertainty in the solvent correction and in 

locating the saturation point limited the final 

accuracy of the solubility determinations. This 

uncertainty exceeded 0.1%. Consequently it was only 

necessary to bring the thermostat to within 0.04° 
0 of 25 C to ensure an error of less than 0.1;& in 

the conductance values. This assumes a change of 

2.5% per degree in the conductance of the solutions. 

The thermostat was similar to the vessel employed 

by Gledhill (25), and the outer bath was filled with 

distilled water. The thermoregulator bulb contained 

strips of copper foil to make the toluene more sensitive 

to heat change. Body radiation from an observer near 

the thermostat affected the thermoregulator and altered 

the temperature slightly. This difficulty was overcome 

by screening the thermoregulator with a piece of highly 

polished aluminium. Work done on the efficiency of 
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stirring rates by Kambara, Oyamada and Mitsui (26) 

showed that a high rate of stirring was as important 

in maintaining a constant temperature as any elaborate 

relay system. The stirring rate was therefore increased 

to 250 r.p.m. 

The temperature of the outer bath was measured by 

immersing in it four thermometers. Thermometers no. 

244 and 245 are solid stem, mercury-in-glass thermometers 
0 0 0 graduated from -10 to 105 0 to 0.1 Thermometers 

no. 2314 and 26,441 are solid stem, mercury-in-glass 

type graduated from 17° to 35°0 to 0.01° They were 

calibrated to an accuracy of ±0.02° by the National 

Physical Laboratory, Pretoria. The fluctuations of 

temperature were measured on a 5° Beckmann thermometer, 
0 A3 graduated to 0.01 

The inner bath of the thermostat was filled with 

paraffin rather th~ water, because of the errors 

which are introduced by capacitative shunts if water 

is used. The fluctuation in the temperature of the 

inner bath was also measured on Beclcrnann thermometer 

A3 • A typical set of temuerature readings and 

fluctuations are recorded in the accompanying table. 

It appeared that the thermostat could be regulated to 

within 0.02° of 85°0. No temperature fluctuation was 

observed in the inner bath, and it is most unlikely 
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Time Outer Bath Inner 
Bath 

I~o. 2314 No. 26,441 :No. 244 No. 245 A3 A3 

9.30 a. n1. 24.972 24.972 25.00 24.97 4.08'7 4.087 

10.0 a.m. 24.970 24.973 24.98 24.98 4.089 4.087 

10. 30 a.m. 24.970 24.972 24.98 24.98 4.085 4.087 

11.0 a.m. 24.9'72 24.974 25.00 24.97 4.087 4.087 

that the variation in the temperature of the cell 

contents would be any greater. 

3.22 Bridge. 

The calibration and interchecking of the bridge 

resistances was abandoned by Gledhill (25) because he 

was unable to obtain standardised resistance boxes or 

any accurately known electrical standards. 'rhe General 

Radio decade resistances, however, are guaranteed to 

an accuracy of 0.1%, and it was not necessary to 

recalibrate them in the present worlc. 

When measuring low resistances of the order of 80 

ohms at the lowest frequency ( 500 cycles ) the 

sensitivity dropped off considerably, and it was 

impossible to balance the bridge to better than 0.05 

ohm. The oscillator output was therefore connected to 

the grid of a cathode follower. This prevented variable 

loading on the oscillator, which caused the oscillation 

to 11 fade out 11 when measuring low resistances. In this 
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way the sensitivity was greatly increased, and balance 

to 0.01 obiT in 10,000 was therea~ter possible. 

The oscillator freq_uencies r:ere known to dri~t 

slightly over a period o~ months. This drift '.'las 

noticed when Festenstein (27) recalibrated the oscillator 

in 1947. In the present work, however, ~requencies o~ 

500 to 2,000 cycles were only used in applying the 

11o1arisation correction in the deter1:1ination ·o~ the 

cell constants. This correction proved to be less than 

0.1~~' and recalibration of the oscillator was not 

necessary. 

The resistance o~ the bridge leads to the cell was 

determined u sing the D.C. potential drop method, and 

was ~ound to b e o. 036 ohm. All resistances ,,,easured 

directly on the bridge without a shunt were corrected 

by this amount. 

3.23 Conductance Cells. 

The cells arc shovvn in ~ig. 1. They are made o~ 

Pyrex and are similar to ones used in this laboratory 

for accurate conductometric titrations. "Parker E~~ect 11 

(28) is eliminated by the Sl!ecial design, ·which also 

enables a stream o~ gas to be bubbled through the 

contents when the cell is in the thermostat. Th e gas 

enters the ca~illary tube ut A and passe s out through 
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~. A soda-lirr.e guard tu"be ovar B very ef'f'ecti veJ.y 

excludes n.ll oac~{ diffusion of carbon dioxide f'rom 

the atmos~here. Gas can also be ~asseQ ove~ the to~ 

of the contents through C if it is necGssary to sto~ 

the stirring while takin C" readings. 

The resistance of the cell leads was determined by 

the D.O. ~otential dro~ ~ethod with the electrodes 

shorted out \rith pure . dry mercury. The value..s 1'ound 

were 1.0 ohm for c~ll I, P.nd 0.227 ohm for cell II, 

and all resistances have been corrected by this ~mount. 

Because of the long time re~~ired to leach out a 

cell ~f'ter it has contained electrolyte solution, 

cell I, with bricht ~ unplatinised elActrodes, vias 

reserved solely for measuring the snecific conductur:ce 

of the water used in each determination. Cell II was 

used f'or n•easurine: the specific cond.u~tance of the 

silver halide solutions, and its electrodes were 

lightly r.latinised using 7 coulombs -per electrode 

according to the directions nf' Jones and Bollinger (29) . 

'I'his reduced the nolarisation correction to e. minimum 

\!i thout unduly incPeasinc adsorption errors. 

A point which imrr:edio.tely occur•s is that the rate 

of' solution of' glass ( see sections 3.42~ and 3.425 ) 

in the twc cells may be different. 'fhis is known to 

be neglicible. because the results obtained with 
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different cells have been checked by various workers, 

all of whom have found about the same rate of solution 

of glass. 

3.24 Burettes. 

Grade A Normax burettes were used for the preparation 

of the silver halide precipitates. They were calibrated 

by a method approved by the National Physical Laboratory 

and given in Vogel's ~uantitative Inorganic Analysis (30). 

3.25 Weights. 

Two sets of brass weights were employed. One set 

(maximum weight 50 g.) was used for weighing the 

re~uired amounts of salts, and a second set ( maximum 

weight 1000 g.) for weighing the solutions. Each set 

was standardised separately by T.W.Richards's method 

of intercomparison (30) and ~ound to be comparable 

within 0.01%. The 20 g. weights from each set were also 

compared with a 20 g. ~uartz standard weight, making 

due allowance for the buoyancy of air. They were found 

to agree to 0.003%, well within the required limit of 

accuracy. 

3.3 Preparation and standardisation of materials. 

Note: For pre~aration of conductivity water see 
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section 3.42 

3.31 Air. 

The air, used to remove the volatile impurities 

and stir the contents of the cells, was passed from 

a compressor ( at 45 lbs. pressure ) through two 

concentrated sulphuric acid bubblers to remove ammonia 

and dry it and through a U-tube of solid cupric chloride 

to remove any traces of hydrogen sulphide. A long 

train of soda-lime tubes and a U-tube of solid meta

phosphoric acid removed all carbon dioxide and the 

last traces of ammonia. Finally it was passed through 

a water bubbler to give it preliminary saturation 

with water vapour at 24°0, and then into the thermostat 

where it was brought to 25°0 and saturated in a potash 

bulb with water vapour at that temperature. 

3.32 Potassium chloride. 

(a) Kahlbaum's G.R. potassium chloride was twice 

recrystallised from conductivity water. The salt was 

then fused in a platinum crucible, and transferred 

while still hot to a desiccator (31). It was used to 

make up the O.OlD potassium chloride solutions employed 

in the determination of the cell constant. 

(b) The potassium chloride used for the preparation 
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of the silver chloride precipitates was Kahlbaum's 

G.R. reagent dried at 250°0 for 3 weeks in an electric 

oven.It was stored in a desiccator over silica-gel. 

3.33 Potassium bromide. 

Merck's G.R. potassium bromide was recrystallised 

once from conductivity water, and dried at 115°0 for 

5 days in an electric oven. It was stored in a desiccQtor 

over silica-gel. 

3.34 Silver nitrate. 

Merck's G.R. silver nitrate was recrystallised once 

from conductivity water, and dried at 95°0 for 5 days 

in an electric oven. It was stored in a black desiccator 

over silica-gel away from light and reducing fumes. 

3.35 SilveD chloride. 

According to Stas (19) there are four modifications 

of silver chloride depending on the mode of preparation 

and the conditions of precipitation; (a) gelatinous, 

(b) cheesy-flocculent, (c) pulverulent and (d) granular 

crystalline or fused. The latter, he claimed, is almost 

insoluble in water, whereas the cheesy-flocculent 

variety has the greatest solubility on standing or if 

made pulverulent by shaking with water. He also found 
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that occlusion of silver nitrate was negligible at 

concentrations less than decinormal. 

T.W.Richards (32) prepared his pur~ silver chloride 

in the determinations of atomic weights by precipitation 

from dilute solutions of recrystallised silver nitrate 

and redistilled hydrochloric acid. Occlusion of silver 

nitrate by the precipitated silver chloride was diminished 

by allowing the latter to stand for a long time in a 

solution containing excess of neither silver nor 

chloride ions. 

In another paper Richards and Wells (33) reported 

that freshly precipitated silver chloride is more 

soluble in water at any particular temperature than 

that left in contact with the solvent for any length 

of time. This, they maintained, is due to the fact 

that the secondary growth of primary particles is a 

slow ·process, and the freshly-prepared precipitate is 

in a more finely divided st~te. 

Johnson and Hulett (34) confirm this. They found 

that a curdy, freshly-prepared precipitate could be 

washed in a measure unattainable with crystalline 

powders, showing that the innermost recesses of the 

solid are more than usually accessible. They concluded 

that the structure was very loosely knit and fine. 

Experiments by Hahn and Schulze (10) failed to 
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confirm the observations of Stas (19) that a less 

soluble form coulu be obtained under certain conditions. 

Lru1~e and Crane (35) carried out the precipitation 

of silver halides in a k .. "'lown excess of silver or 

halogen ions in red light with stirring. Special value 

~as ascribed to carefUl washing of the ~recipitates. 

As anpeared from the work of Labes (36) the electro

kinetic potential of many urecipitates denends, even 

in sign, on the type of ion present in excess during 

the precipitation. These differences became smaller 

on ir .. tensi ve v1ashing 'md finally disapDeared; the 

number of washings amounted to 25, 50 and 80. 

Johnson and Hulett (34) deterPlined the solubility 

of silver chloride at 0°0 conductometrically. Their 

silver chloride, ~re~ared by nrecipitation and washed 

by different procedures, yielded solutions in which 

a varying excess of chloride ions was present T)resumably 

due to adsorution of some kind. This, they claimed, 

~l~ces limitations on the interryretation of the results 

of solubility determinations. 

Greene and Frizzel (37) investigated the precipitation 

of silver chloride by mixing silver nitrate and 

hydrochloric etcid. They found that there were two stages: 

an initial rapid growth in o~alescence followed by a 

period of slow development to a mcximum. They advocated 
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precipitation from dilute solutions. Excess of either 

silver nitrate or hydrochloric acid \:as r>ermissable, 

but as the concentration of either reagent present in 

excess was increased, the ,article size of the ~reci~itate 

decreased. 

Careful deterrr.inations by Pinku3 and Hanrcz (38) 

also failed to confirrr. the observations of Stas (19). 

The~,r founJ. that the ionic solubility of all the 

flocculent and crystalline ~~ecipitates is the same 

within the limits of ex-.)erimental error, whereas the 

solubility of the colloidal suspension is defir.i tely 

hicher. They concluded that the solubility of silver 

chloride is a \":ell-defined constant, incle,)endent of 

the r .. oc1e of nreparation or the uhysical structure, 

exce~t in the case of the fine, colloidal suspension. 

The latter gave results 1 - 5~ higher than the 

flocculent or crystalline solids. 

Davies and Jones (4) nrepared their silver chloride 

by precipitation from ~otassium chloride and silver 

nitrate solutions. The precipitates ~ere washed 6 times 

by decqntation. Portions of the precipitate were then 

boiled in 2-litre flasks of distilled water, filtered 

hot, and the solution allowed to cool slowly in the 

dfl.rk. 'l1he crystals thus formed uere \iashed ~-,i th 

conductivity water. sus· ensions made up at 2E°C, and 
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aged for 2 weeks in the dark. 

There appears to be a distinct divergence of opinion 

amongst previous investigators as to the most suitable 

method of preparing silver chloride. The following 

precautions were taken by the author to ensure a 

precipitate that was not colloidal in nature, and in 

which adsorption errors would be reduced to a minimum; 

(a) 50 ml. of 0.01 molar silver nitrate was added 

to 50 ml. of 0.01 molar potassium chloride solution. 

This was done because silver ions are preferentially 

adsorbed on the precipitate, and an excess of the latter 

must be avoided at all times. 

(b) The silver nitrate was added very slowly from 

a burette ( 50 ml. added over a period of 45 minutes ) 

with constant shaking. As far as possible this avoided 

excess of silver ions due to high local concentrations 

at any point. 

(c) Precipitation was first carried out in the cold 

to hold back the process of secondary aggregation for 

some time.( 1 hour.) The suspension was then digested 

at 90°0 for 2 hours on an electric heating mantle to 

favour the growth of larger particles at the expense 

of the smaller ones. Under these conditions well-formed 

macrocrystals of silver chloride resulted. In this way 

adsorption was reduced to a minimum and the precipitate · 



23. 

could easily be washed. Eq~ivalent quantities of silver 

nitrate and potassium chloride solutions were employed 

to ensure excess of neither silver nor chloride ions 

when precipitation was complete. 

(d) In order to eliminate the attendant complications 

of photochemical decomposition, the precipitation and 

all subsequent treatment of the silver chloride was 

carried out in red light. 

(e) Each precipitate was washed 30 times with 

distilled water by decantation, and a further 20 - 30 

times with conductivity water. The ratio of water to 

precipitate was about 50 : 1. These washings were 

carried out in conical Pyrex flasks with glass covers. 

3.36 Silver bromide. 

According to Wilsey (39) the crystal structures of 

silver chloride and silver bromide are both simple 

cubic when precipitated from the potassium halide 

and silver nitrate. The same precautions were therefore 

taken in the preparation of the silver bromide 

precipitates as in the case of silver chloride. 

3.4 Experimental results and discussion. 

3.41 Experimental technique . 

Conductance cell I, used for measuring the specific 
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conductance of the water, was shunted with a 10,000 

ohm resistor as suggested by Shedlovsky (40). This 

General Radio Company type 500-J parallel resistor 

had a negligible change with frequency and was 

frequently measured alone. At 24°0 it had a resistance 

of 10,000.4 ohms. 

Conductance cell II, used for measuring the specific 

conductance of the saturated silver halide solutions, 

was cleaned by leaching 10 times with conductivity 

water and allowing it to stand filled with water for 

6 hours each time. This completely removed any impurities 

adsorbed on the electrodes and glass walls. 

After the contents had been added to the cell, it 

was immersed in the thermostat and purified air was 

bubbled through the contents at a rate of 4 bubbles 

per second. Resistance readings were taken at regular 

intervals until the resistance had passed through a 

maximum and was dropping at a steady rate, when the 

final readings were taken. The procedure was to balance 

the bridge with the ratio arms direct and then again 

with them reversed. The oscillator leads were then 

reversed and the procedure repeated. This gave four 

resistance readings, the arithmetic mean of which was 

taken as correct. 

Since most of the solutions investigated in this 



25. 

research had extremely high resistances, the polarisation 

correction was found to be negligible and the readings 

were taken at one frequency only. ( 1000 cycles.) For 

the same reason it was not necessary to correct for 

the lead resistances of the conductance cells. Unless 

otherwise stated, all resistance readings of the saturated 

salt solutions were measured using the 10,000 ohm shunt 

resistor. 

OIJ. the other hand, the resistance of the O.OlD 

potassium chloride solutions used in the determination 

of the cell constants was only about 84 ohms. In this 

case the polarisation correction was not negligible. 

The resistance readings were therefore repeated at each 

of the other frequencies, and resistru1ce R plotted 
1 

against p-2 ( where p = 2 1i f ) in order to apply the 

polarisation correction as suggested by Jones end 

Christian (41) . The correction for the resistances of 

the cell leaus was also applied in this case 

3.42 Conductiv~;y water. 

3.421 Intro&1ction. 

For reliable conductometric determinations at the 

extremely lOY! concentrations encountered in this •.York 

it is essential to keep the specific conductence of the 

water as low as possible. The correction to be applied 
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for its conductance depends on the nature of the impurities 

present, and the way they \Yill react Yli th the ions of 

the salt under investigation. 

A large number of papers have been published describing 

stills for the production of conductivity water. In a 

number of these the authors claim to have prepared 

"ul tra-pure 11 wetter of specific conductance less than 

100 nm./cm. Kohlrausch and Eeydweiller (42) in their 

classical experiment, whic:C involved 42 distillations 

in vacuo, prepared water \Vi th a specific conductance 

of about 62 nm./cm. ( rlecalculated to 25°C.) Kraus and 

Dexter ( 43) obtained tr1eir best wu~.:;er w:'.:th a spec 

conductance of 66 nm./cm. from their st:lll :n the 

middle of the day. 

Despite this there have been no publ ~ s:hed ra::portB 

of experimental work in which the conductivity of the 

water vras less than 120 nm./cm. 

3.422 Preuaration. 

A considerable amount of thought was given to the 

construction of a suitable still capable of delivering 

relatively large quanti ties of "ul tra-pure11 conductivity 

water required in this research. 

Previously conductivity water had been prepared in 

this laboratory by distillation of tap water. The water 
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was distilled from a flask containing alkaline 

perrnanganate, through an intermediate condenser into 

a second flask, and then redistilled through another 

condenser and collected. The best water obtained in 

this way had a s~ecific conductance of 130 nm./cm., 

but the average value was much higher. ( approximately 

300 nm. I em. ) 

Later the conductivity water was prepared by a new 

method suggested by P.K.Faure (44). The water was 

distilled fron a phos~horic acid solution, through a 

fractionating column and a condenser, and collected. 

Water prepared in this way had a low specific conductance, 

and the lowest value reached was actually 97 nm./cm., 

but in general the average conductance was 150 - 200 

nm./cm. 

The best water was obtained from a still after it 

had been running for several hours. This is probably 

due to leaching out of those parts of the still which 

have not been in contact with water when the still is 

shut down overnight. Furthermore, it was preferable 

to remove all the ammonia in the still, followed by 

subsequent removal of the carbon dioxide in the 

conductance cell. Better results were obtained in this 

way than the removal of both gases in the still. 

An automatic, recycling, electrically heated still (45) 
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was constructed which incoruorates these requil"ements. 

It O:?crates continuously and the v·a.t.er is distilled in 

two stages. The first distillation is from al~aline 

perrEanga.nate to remove all or1ranic imymri ties an.d non-

volatile acid imrmri ties. The second .:1istilla tion is 

from phosu:toric :lCid \!hich removes all non-volatile 

allcaline irn:purities u s well as arci'nonia. ':i:'he still 

delivers about 16 litres of water daily with a specific 

conductance betvveen 70 and 90 nr.;. /em. ; the best water 

obtained reaching 6k5 nttJ , /em. The water is received and 

stored in well-seasoned Pyrex flasks with outside 

ground glass cans. 

3. 423 EXPERI"I!E"TT I. 

''l·easurement of the sn_ ecific conductance '\IH 0 1\1 Cj 
1-J 

of conductivity ·:mter. 

300 ml. of conductivity water v1ere nlaced in cell I 

and nurifie<i a.ir \:as bubbled through the contents at 

a constant rate of 4 bubbles ner second. This removed 

carbon dioxide from the water Gnd stirred the contents 

of the cell. At the same time resistc:.nce reR.dings were 

taken at regular intervals. The experimenta l aata are 

recorded in anpendix A. 

-r.ron·, the plot of resistance against tirr..e in fig. 2 

it can be seen that the resistance rose rapidly to a 
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maximum value after 3.5 to 4 hours, and then proceeded 

to fall at a steady rate of 0.3 ohm/hr. This corresponds 

to an increase of 0.3 nm./cm.hr. in the specific 

conductance. The value is in good agreement with that 

obtained by P.K.Faure (44) when conducting a similar 

experiment over a period of 3 weeks in this laboratory. 

3.424 EXPERIMENT 2. 

It was also important to know the rate at which 

conductivity water deteriorated when kept in the receiving 

flasks. ~arlier workers (25) (27) in this laboratory, 

using conductivity water of specific conductance between 

300 and 800 nm./cm., found that the water deteriorated 

very rapidly when kept in Pyrex flasks with tinfoil-

covered rubber stoppers. 

To investigate this effect three 2-litre Pyrex receiving 

flasks with outside ground glass caps were filled with 

conductivity water from the still. A sample of water 

was taken from each of the three flasks and the specific 

conductance was measured. Another sample from each flask 

was measured 72 hours later. The values are recorded 

in the accompanying table. 

The mean increase in specific conductance of water 

stored in these flasks for 72 hours was 2.6 nm./cm. 

This corresponds to an increase in the specific conductance 
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Flask time in hours X H20 in nin./cm. 

1 0 96.3 

1 72 99.6 

2 0 98.5 

2 72 100.5 

3 0 97.8 

3 72 100.1 

of' 0.036 nm./cm.hr. or 0.87 nm. I em. day. This effect 

can safely be neglected in the present work, because 

at no time during an experiment was the conductivity 

water stored in a receiving flask for longer than 

72 hours. 

3.425 Theoretical considerations in the 

application of the solvent correction. 

It is possible to calculate the specific conductance 

of water at 25°0 due only to its dissociation into H+ 
and OH - ions as follows: 

K (H2o) (H+) X (oH-) 
and Kw = (H+) X (oH-) • • • • • • • 10. 

= 1.008 X 10-14 

But [ H+] = (oH-J = 1.004 X 10-7 assuming the 

activity coefficients of the H+ and OH- ions to.be 

unity at these high dilutions. Therefore the specific 

conductance l£H20, due to the ionisation into H+ and 

OH ions only, can be expressed by the equation 



= 

31.0 ~ 

1\JU.o x 'e, x d.o 
/000 . . . . . . . 11. 

0 

where /\H2o is the limiting equivalent conductance 

of water and is = AH+ + A
0
H- by the 

law of the independent migration of ions. 

= 349.8 + 198.4 

= 548.2 

and c = = 

= 
-7 

S+8 " !· 00'1- X /0 " 0. 9'17 
1000 

= 55 mn. /em. 

Since the average value of the speci~ic conductance 

of the water used was between 70 and 90 nm. / cm., 

approximately 15 - 35 nm./cm. of the conductance is 

contributed by impurities other than H+ and aH- ions. 

This residual conductance may be due to several 

contributing factors : 

(a) Incomplete removal of volatile impurities. 

The most persistent impurities are undoubtedly 

carbon dioxide and ammonia. The success achieved in 

this laboratory in the preparation of 11ul tra-pure" 

water has been largely due to the almost complete 

removal of ammonia in the still, followed by the 

removal of carbon dioxide in the cell. 

Exhaustive experiments were conducted by P.K.Faure 

(44) to investigate the extent to which carbon dioxide 
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and ammonia are actually removed in the cell by bubbling 

purified air through the contents. 3e showed that carbon 

dioxide introduced into the water is completely removed 

by the current of air in a few hours. Ammonia alone can 

also be completely removed although much more slowly. 

Carbon dioxide and ammonia together presumably form 

ammonium bicarbonatet and experiment shows that this 

too can be removed almost completely, but at an extremely 

slow rate. The removal is so slow that traces of 

ammonium bicarbonate will still be present in the water 

at the conclusion of an experiment. 

(b) Ion exchange. 

Inspection of fig. 2 shows that the resistance of 

the water rises rapidly at first and reaches a maximum 

value after 3 - 4 hours. It then falls in a slow and 

regular manner at the rate of 0.3 ohm/hr., corresponding 

to an increase in the specific conductance of 0.3 nm./cm.hr. 

The initial rise in resistance is due chiefly to the 

rapid removal of carbon dioxide from the water. The 

subse~uent regular fall is probably due to ion exchange 

between the fast-moving H+ and OH ions, which become 

adsorbed on the glass walls of the cell, and slower_ 

moving ions from the soluble constituents of the Pyrex 

glass. The most probable soluble constituents are 

+ sodium ions and silicate ions. The adsorbed H and 
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OH- ions are replaced by further dissociation of water 

molecules, so that the nett effect is the addition to 

the solution of soluble ion constituents from the 

glass. This would explain why the conductance increases 

in this manner, and also why a more rapid stirring 

rate, resulting in increased diffusional effects, 

causes an increase in the rise of the specific conductance 

with time. 

(c) Effect of oxygen. 

In the present work the contents or the cells were 

stirred with purified, compressed air. It was later 

found that when oxygen-free, purified nitrogen was used, 

the specific conductance increased more slowly under 

the same conditions of temperature and stirring rate. 

Although no s~tisfactory theoretical explanation is 

offered for this phenomenon, it is probable that the 

presence of oxygen increases the rate of solution of 

glass in some way. Purified, oxygen-free nitrogen was 

therefore employed as stirring gas in all the subsequent 

work at the other temperatures. 

Thus the most probable impurities contributing to the 

residual conductance of the water are traces of ammonia 

and carbon dioxide present as ammonium bicarbonate, and 

sodium silicate dissolved from the glass walls of the 

cell. 
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It is well-known according to the Fuoss-Onsager 

theory (46) that when more than 2 species of ion are 

present in a solution complex interactions occur. The 

greatest effect occurs when there are large differences 

between the mobilities of the ions. It seemed possible 

that the conductance due to the fast-moving H+ and 

OH- ions might be affected significantly by the presence 

of the slower Ag+ and 01- ions. 

In order to ap~ly the matrix calculation it is 

necessary to know the exact concentrations of the 

different ions. This requires a knowledge of the pH of 

both the water and the saturated solutions. No actual 

pH determinations were done on the water used in the 

present work. 

Ellis and Kiehl (47) prepared conductivity water 

by one distillation from water or sodium hydroxide 

solution. pH measurements made on successive fractions 

of the distillate were high at first (pH ~ 8.0 ), 

and only became constant after about half the distillation 

had been completed. This, they maintained, indicates 

the presence of ammonia in the first fractions. Nessler's 

reagent added to the boiler also failed to hold the 

ammonia in the first few fractions. When phosphoric 

acid was added to the boiler all the fractions had 

about the same pH, indicating that phosphoric acid 
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retains all the ammonia. A series of distillations 

using Pyrex, 11No-Solvit 11 and silver vessels as receivers 

indicated that the glass contributes a very small 

alkalinity to the water, but the effect is very slight. 

The best value for the pH of "ultra-pure" water is 

given as 7.01 at 27.5°0. 

These observations were confirmed by Cranston and 

Brown (48) who also obtained water of pH = 7.0 by 

distillation from phosphoric acid in Pyrex apparatus. 

Kol thoff and Kameda ( 49) prepared 11ul tra-pure 11 water 

of pH between 7.0 and 7.05 by a first distillation 

from sulphuric acid and two subse~uent distillations 

from water alone. The final distillate was collected 

in ~uartz apparatus, and the carbon dioxide was removed 

by a stream of carbon dioxide and ammonia-free air. 

Conse~uently there is no reason to believe that the 

pH of the water used in the present work lies outside 

the range 7.0 ± 0.1 

Edwards and Evans (50) performed pH determinations 

on potassium chloride solutions of diminishing 

concentrations made up with 11ultra-pure 11 water from 

an Ellis and Kiehl still. The values they obtained were: 

Concentratign 
in m x 10 

pH 

1011 

6.75 

112 

6.86 

13.2 

6.90 

1.3 

6.93 

0 

6.98 
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It appeared that as the concentration of the salt 

solutions diminishes the pH of the solutions approaches 

7.0. Since the concentrations of the silver halides in 

t~e saturated solutions are o~ the order 1 x 10-5 to 

1 x 10-6 g . equiv./1., it is unlikely that tt-e pH of 

the saturated solutions falls outside the range 7.0 ! 0.1 

We are now i:J. o. uosition to apnly the Fuoss-Onsager 

theory (46~ to the solvent correction. Calculation of 

the Aleuents of the interaction matrices give: 

Ionic mobilities Ionic mobilities 
corr6cted uncorrected 

0 
0 

1\~g+ = 61.7 >v ... g+ = 61.9 

Aal-
0 

= 76.1 Ac1- = 76.3 

AH+ 
0 

= 349.1 AH+ = 349.8 

AoH-
0 

= 198.0 XoH- = 198.4 

in a satu'~"ated solution of silver chloride in w::t.ter 

of pH = 7.0 at 25°0. The corresponding ionic mobilities, 

uncorrected for the mixture effect 9 are given on the 

right hand side of the table for comparison. The 

equivalent conductance of the water i n this case is 547.1 

compared ~ith 548.2 in the absence of silver chloride. 

The difference of 1 part in 550 ,,. j 11 obviousl;y t:roduce 

no significHnt cl~an[;e tn 8. solvent condur.tivity of 

less tha·1 100 nrn. /em. 9imile.rly the effect of the E+ 

and OH- ions on the cond.uctqn.ce 0f' the sil var halide 
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was found to "be negligible. The n:rmlico.tion of the 

solvent correction by simply subtracting the conductivity 

due to the water is therefore fully justified. This 

is also true of the silver bromide solutions since 

the bromide ion has almost the same mobility as the 

chloride ion. 

0.~3 Determination of the cell constants. 

rote : The cell const~nt of cell I had previously 

been determined by A.Faure (51 ) and was found to be 

0.1095 ± 0.0003. 

EYPERIJv.Ei\TT 3. 

A o. OlD pota s<:;ium chloride solution n as nx•e1_)ared 

according to the directions of Jones and Bradshaw (31). 

The specific conductance of the uotassium chloride is 

0.00140877 ohms-l .cw-1 • at 25°C , and to this must be 

added the snecific conductance contributed by the 7ater. 

Cell II was rinsed out 6 times with the solution before 

filling so that a.dsorution would take 1)lace during 

the init ial washings. 

The resistance of' the solution was lovt. ( about 84 

ohms.) Previous \/Orkers (25) (27) in this laboratory 

used cells with smooth, unplatinised electrodes. V~en 

mea.suring loY! resistances they \!ere unable to balance 

the bridge at the lower frequencies owing to the high 
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parallel capacitance required. To overcome this difficulty 

they employed a series resistor of approximately 1000 

ohms. The author found that with the light platinisation 

given to the electrodes ( 7 coulombs each ) the reactance 

of the cell was sufficiently reduced to enable the 

resistance of the O.OlD potassium chloride solution 

to be measured directly. This is a decided advantage, 

as it eliminates any errors in computing the value of 

a series resistor. By the use of a variable condenser 

decade the parallel capacitance required was found to 

be 0.006 micro-farads, which at this low resistance 
2 ~ 2 made the correction term p c 3r 3 (25) negligible. 

The final resistance readings were taken when a 

constant value had been obtained. This took approximately 

3 hours. The total resistance of the bridge and cell 

leads is 0.263 ohm, and the resistance readings were 

corrected by this amount. The corrected values of the 

cell resistance R at the different frequencies f are 

tabulated below. 
1 

Nominal frequency Resistance ~-2 

(in c.p.s.) (ohms) F 

2000 84.047 0,02132 

1000 84.060 0.02992 

500 84.137 0.04397 
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To deternine the noJ.arisation correction, and hence 

the true resistance of the solution, R was :9lotted 

( 1'- ~ against '9-~ ( where p = 81i:f.' ) according to the method 

of Jones and Christian (4·1) and extrapolated to infinite 

freq~ency ( see fig. 3 ). The final corrected value for 

the resistance was 83.955 ohms. The specific conductance 

of the water used was 115 nm. / clll. Thus the specific 

conductance of the O.OlD pot2ssiurn chloride solution 

was 0.001408? ohm-l.cw-1. , lead ing to a value of 0.11828 

for the cell constant of cell II • 

.As a checl: another o. OlD potassium cbJ.oride solution 

was ::pre"9ared, aJ'I.d the resistance of the solution was 

measured on the Faure-Goddard bridge (52) . On this 

brid<;:e the interference from harmonics £.t low freql.lencies 

is elimin~ted by the use of a cathode ray oscilloscope 

as null indicator. The tot21 resistance of the bridge 

and cell leads is 0.472 ol:h!l ~ and the r-esistance readings 

were corrected by this amount. 'l'he corrected values of 

the cell resistance R at the ::1.iffer€mt frequencies f 

are shown in the accompanying t r.ble. 

rl'he final corrected value of the resistcnce ·was 

83. 3~6 ohms ( see fig. 4 ). The s~ecific conductance 

of the o.OlD pot a ssium c~loride solution was 

9 -1 -1 t 2 o.C01408 ohm . em . , le ading o a v~lue of 0.118' 0 

f'or the cell constant of cell II. 
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Nominal frequency Resistance 
_.1. 

:p 2 

(in c.p.s.) (ohms) 

2000 83.938 0.02238 

1300 80.943 0.02768 

900 83.953 0.03333 

650 83.968 0.03924 

500 83.978 0.04472 

Since only 3 frequencies could be used on the bridge 

employed by the author, some difficulty was experienced 

in drawing the best straight line through the :points. 

A best straight line was also fitted to the 3 :points 

by the method of least squares (53). This lead to an 

extrapolated resistance of 83.896 ohms and a cell constant 

of 0.11820; in excellent a~reement with the value 

obtained on the Faure-Goddard bridge. A similar 

extrapolation of the values obtained at 5 frequencies 

on the latter bridge again lead to a value of 0.11820 

for the cell constant. 0.11820 ± 0.00004 was therefore 

accepted as the best value for the cell constant of 

cell II at 25°0. 

3.44 Silver chloride results. 

For experimental data see appendix B. 

In each determination a quantity of conductivity 

water, whose specific conductance had previously been 
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determined, was placed in cell II at 24°C with silver 

chloride in suspension. Special care was truren to ensure 

that a definite excess of solid silver chloride was 

present, because silver chloride solutions tend to 

become supersaturated in the absence of solid seed (4). 

The cell was then put into the thermostat and purified 

air was bubbled through the contents at 4 bubbles per 

second. Because 3 processes were going on sinmltaneously, 

a graphical method was used to show when saturation was 

complete. Fig. 5 shows a typical graph of resistance 

against time when saturation is approached from the 

low temperature side. (24°C.) The portion AB corres~onds 

to fast removal of dissolved gases ( chiefly carbon 

dioxide and some ammonia ) by the stirring air. The 

rapid fall BC is due to the continuing solution of silver 

chloride and glass, the effect of which then becomes 

noticeable. The steady rate of dro~ over section CD 

is due to the solution of glass alone. This was found 

to be about 0.3 ohm/hr., corresponding to an increase 

in the specific conductance of 0.5 nm./cm.hr. Thus the 

solution is completely saturated with silver chloride 

at point C, which can be located to within 4 nm./cm. 

The solvent correction, consisting of the observed 

specific conductance of the pure water plus the conductance 

due to the glass dissolved in the time taken to reach 
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the uoint C, is subtracted from the value obtained 

above. This gives the specific conductance XAgCl due 

to the silver chloride alone. The results, given in 

table 4, are calculated using equations 1 and 4. 

TABLE 4. - SOLUBILITY OF SILVER CHLORIDE. 

age 
No. of 
of ppt. 

ex:pt.days 

4 

5 

6 

7 

8 

9 

10 

20 

8 

10 

4 

5 

7 

9 

JlAgCl 
so ln. 
at c 
nm./cm. 

1972 

2135 

1926 

1935 

1942 

1951 

2160 

It H20 
nm.7cm. 

95 

96 

82 

87 

89 

96 

95 

time 
to C 
in 

hrs. 

120 

72 

12 

19 

14 

33 

72 

corrn. "' 
for ~AgCl 

glass nm./cm. 
nm./cm. 

36 

21 

4 

6 

4 

10 

22 

1841 

2018 

1840 

1842 

1849 

1845 

2043 

sol. 
equiv.f'l. 

x 10-o 

1.336 

1.464 

1.335 

1.336 

1.341 

1.358 

1.483 

In view of the unexpectedly long time taken to 

reach saturation from the low temperature side in expt. 

4, it was decided to approach saturation from the high 

temperature side in expt. 5 . For this purpose the silver 

chloride suspension was preheated at 90°0 for 1.5 hours 

in a conical Py~ex flask on an electric heating mantle. 

It was then allowed to cool down to 30°0- with constant 

shaking, and was P.laced in the cell. 

The resistance rose gradually over a period of 72 
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hours due to the precipitation of excess of silver chloride 

initially present in the solution. It then fell steadily 

at ap~roximately 0.5 ohm/hr. This is equivalent to an 

increase in the s~ecific conductance of 0.8 nm. /cm.hr. 

No satisfactory explanation is offered for the faster 

rate of drop observed in this case. The mqximurn VA.lue 

of the resistance was taken as the point at which 

saturation is attained. The solu1)ili ty value was [:<:bout 

9j~ higher than in the previous experiment. 

This phenomenon shou.ld not be attributed to a real 

change in the solubility of the silver chloride under 

these conditions. In expt. 6, 7 and 8 samples of silver 

chloride were used which had failed to give reproducible 

results from the high temperature side, simply by 

pouring off the solution and adding fresh water at 24°0 

to the precipitate remaining in the cell. Saturation 

was then reached 1auch more quickly as may be seen by 

comparing the times for expt. 6, 7 and 8 with that for 

expt. 4, where the suspension had not been preheated. 

Apparently the precipitate in expt. 6, 7 and 8 was in 

a llifferent physical state from that in expt. 4, probably 

having a smaller particle size. 

E.xpt. 9 was :performed in ar exactly similar manner 

to expt. 4. It is significant that the time taken to 

reach saturation Ytas only 33 hours as compared with 
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120 hou1~s in ex:nt. 4. ':Chis m1.y be due to the fact that 

the :Precipitate used in eJ:'l}t. 9 had been agad for only 

7 days o.s compared Yli th 20 days in exut. 4. Despite 

this the solubili tJr was not noticeably affected. 

Saturation ·vas again a·n-oro'.lched :from the high temperature 

side in ex-ot. 10. The r~te ol drop of the resistance 

vms the so.me :-- s that .:>bserved. in eJC9t. 5 which was carried 

out under the same conditions. The solubility value 

v:Fts 10% hicher ancl not in very good agreement .,,-i th the 

v&lue obtained in e~t. 5. 

t.{aving obtained concordant results from trJ.e low 

ten~erature side, it uns decided to investigate the 

anmnalous behaviour wherJ. 3'lturatior.. is apuroached I'r0111 

the high tem11err- ture side. SeverF.tl factors may account 

for the Great er solubility observed. 

(a) Supersaturation. 

It seemed unlikely that supersaturc.tion could occur 

at all, c.s great care was taken to ensure a large 

excess of solid silver chloriae in the solutions. In 

fact. narticles of solid silver chloride were visible 

in the solutions useu for the high temperature ru~s. 

(b) Smaller particle size. 

It is well-l:nown that the solubility of a crystalline 

preci:?itate increases l'reatly when the size of the 

particle is less than 0. 01 rP.m. in diat-:1eter. 'l.'his is 
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due to the increased role played by surface effects. 

It is possible that in upnroaching saturation from 

the high temperature side crystals of silver chloride 

in a very finely divided state are formed on cooling. 

If the size of the particles was less than the approximate 

limit of 0.01 rrm., this would account for the greater 

solubility observed. However, as previously stated, 

subsequent runs performed on such samples of silver 

chloride, by approaching saturation from the low 

te~erature side, indicated that the size of the particles 

in no way affected the solubility. 

(c) Errors in the solvent correction. 

Preheating the silver chloride suspensions at 90°0 

for 1.5 hours will cause a certain amount of deterioration 

of the conductivity water because of the increased rate 

of solution of glass at the higher temperature. Although 

it was anticipated that this deterioration would be 

slight, a series of eXperiments was conducted to investigate 

it. 

Samples of conductivity water of known specific 

conductance were preheated at 90°0 for 1.5 hours in 

conical Pyrex flasks similar to those used for preheating 

the suspensions. The specific conductance was then 

measured again. The results are given in tabular form. 
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X H20 in nm./cm. X H20 in nm./cm. 
Sample no. before preheat-ing after preheating 

1 98 250 

2 85 229 

3 90 237 

The increase in conductance was phenomenal and much 

greater than expected. Apparently the rate Qf solution 

of glass increases very rapidly with increase in temperature, 

and does not seem to be reproducible. 

When this additional correction for the solution of 

glass was made in eXpt. 5 and 10, it yielded 1.354 x 10-5 

-5 I and 1.373 x 10 g. equiv. 1. respectively for the 

solubility., These values are still 1. 35S and 2. 7~& respectively 

higher than the values obtained when saturation was 

approached from the low temperature side, but show much 

closer agreement. 

It was evident that the present technique for 

approaching saturation from the high temperature side 

was unsatisfactory due to the lack of reproducibility 

of the solvent correction at such high temperatures. 

In addition, the solvent correction, which had previously 

been reduced to 5 - 6j-~ in approaches from the low 

temperature side, was increased to 12<;: by the additional 

solution of glass at these elevated temperatures. It 

is believed that factor (c) alone is responsible for 
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the discrepancies observed in table 4. 

The mean of the concordant values ( excluding the 

results obtained in expt. 5 and 10 ) is 

(1.337 ± 0.004) x 10-5 g. equiv./1. 

where the limits of error have been estimated from the 

uncertainties in locating the saturation point and in 

the water correction. This corresponds to a 

thermodynamic solubility product 

( + ) -10 KAgCl = 1.778 - 0.008 x 10 • 

5.441 EXPERIMENT 11. 

Effect of ultra-violet light. 

The sensitivity of silver halides to strong light 

is well-kno,~. A considerable amount of work has been 

published on the effect of light on solid, crystalline 

silver halides and silver halide photographic emulsions. 

On the other hand there is no published data on the 

effect of strong light on the conductance of saturated 

solutions of silver halides in water. Although all the 

present work on silver halides was done in red light 

to avoid photochemical decomposition, one experiment 

was carried out to observe this effect. 

The resistance of a saturated silver chloride solution 

was measured at regular intervals until it was dropping 

steadily. The solution was then exposed to radiation 
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for 10 minutes. The source was a Philora black bulb 

mercury discharge lamp radiating ultra-violet energy 
0 

almost entirely in the 3650 A line, although a small 

amount of' visible light is also radiated in the 4047 

line. Whereas the normal drop in resistance was about 

0 
A 

o. 3 ohm/hr., the rate of drop increased to 0.8 ohm/hr. 

while the solution was exposed. After that the rate 

dropped back to normal again. 'rhis corresponds to an 

increase in the rate of drop of the resistance ( or 

the rate of increase of the conductance ) of' nearly 

30Q%. 

Further investigation of this effect fell outside 

the scope of the thesis. Nevertheless it was sufficient 

to emphasise that eXposure to strong light has a v.ery 

marked effect on the conductance of silver chloride 

solutions, and the precautions taken to exclude it 

are fully justified. 

3.45 Silver bromide results. 

For experimental data see appendix C. 

The silver bromide suspensions received the same 

treatment as the silver chloride ones, except that 

the stirring rate was increased to 6 bubbles per second. 

It was hoped to attain saturation more rapidly in this 

way. The stirring rate for the water measurements 

remained unchaneed. The results were obtained by 
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TABLE 5. - SOLUBILITY OF s·ILVER BROMIDE. 

age extrapolated to zero time 
No. of XAgBr soln. JtH20 XAgBr sol. 
of ppt. 

expt. days nm./cm. nrn./cm. nm./cm. equiv.41. 
X 10-

12 

13 

14 

15 

16 

4 192 93 99 

3 196 96 100 

5 191 89 102 

4 190 89 101 

6 193 94 99 

The mean of the concordant values is 

(7.15 ± 0.20) x 10-7 g. equiv./1. 

7.06 

7.14 

7.28 

7.21 

7.06 

The limit of error was estimated from the uncertainty 

in the extrapolations. This corresponds to a 

thermodynamic solubility product 

= + ) -13 (5.20- 0.04 X 10 • 

Even with the "ultra-pure" water used the solvent 

correction amounted to almost 50% of the total 

conductivity. 

3.46 Further theoretical considerations in 

the interpretation of the results. 

Two other factors require investigation since they 

may possibly affect the interpretation of the 

conductometric results considerably. 



51. 

(a) Hydrolytic precipitation. 

Both silver halides are the salts of strong acids 

on the one hand, and a strong, sparingly soluble base 

on the other. Consequently there is a limiting 

concentration of the pure salt in water. If it is 

exceeded precipitation of the base will take place . 

This concentration is referred to as Cmax. - the 

maximum concentration of pure salt stable in water. 

If the solubility of the salt is low enough so that 

cmax. > s, then a saturated solution of the salt is 

possible in pure water VIi thout excess of acid, and the 

salt is said to be congruently soluble in water . 

If, however, Cmax. < s , the salt is incongruently 

soluble in water , and a saturated solution of the salt 

is possible only in excess of the acid. This is due to 

precipitation of the base , silver hydroxide, and is 

usually called 11hydrolytic precipitation." In the 

latter case the conductometric method will give erroneous 

values for the solubilities of the silver halides. 

To prove that cmax.~· 

For electrical neutrality 

(H+] - (oH-) = 0 

and = 
where = 

j{AgOH 
.J K t, 
J:t . w 

1.93 X 10-S (54) 

. . . . • . • 12. 

......• . 13. 
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and ~: is the activity coefficient of a univalent ion 

according to the Debye-Huckel limiting law. 

/ ·93 "to·' 
= fj: (1 X /O·I+r 

•I 
l·iJ/311o/0 

!% = 

> s 

-5 I since s = 1.337 x 10 g. e~uiv. 1. for silver chloride 

and 7.15 x 10-7 g. equiv./1. for silver bromide, 

and 0 < f± < 1. 

Hence hydrolytic precipitation cannot take place. 

(b) Formation of the silver-ammonia 

complex ion. 

It is well-known that ammonia in the presence of a 

solution of a silver salt forms the stable silver-aiTmonia 

complex ion according to the e~uation 
+ + 

Ag + 2NH3 = Ag(NH3) 2 • • • • • • • 14. 

This accounts for the fact that sparingly soluble silver 

halides are soluble in strong ammoniacal solutions. 

The instability constant of the complex ion 

K = • • . . . • • 15. 

= 6.8 X 10-B (30) 

and its magnitude clearly shows that only a very small 
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silver ion concentration is produced by the dissociation 

o~ the complex ion. 

It has previously been suggested ( see section 3.425 ) 

that the residual conductance of the water is most 

probably due to incomplete removal of ammonia and carbon 

dioxide, and to soluble constituents dissolved from 

the glass walls of the cell. Nothing def'ini te is lmown 

about the nature of the ions and. the relative contributions 

they make to the residual conductance. We shall take 

the extreme case and assume that the conductivity of 

the water is due to hydrogenJ hydroxyl, ammonium and 

bicarbonate ions only. 

Proof that the effect of the formation of Ag(NH3); 

in saturated silver halide solutions is negligible. (55) 

To calculate the degree of hydrolysis of the ions 

the following equilibria are required: 
+ 

NH4 + OH 

where Kb = • • . • . . . 16. 

HC03 + H+ H2co3 

where Ka = 
(Hco;)x (H+) 
(H~C05) 

. . . . . . . 17. 

and + H + OH - H
2

0 

where = (n+) X ( oH-) • . . . . . . 10. 
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The hydrolysis constant Kh is convenien~ly obtained as 

= = . . . . . . . 18. 

which is the equilibrium constant for 

NH40H + H2co3 ~ 1Tfl4+ + HC03 + H20 ••••••• 19. 

Let the stoichiometric concentration of NH4Hco3 be 

£, and let a fraction ~ of the ammonium ions and a 

fraction z·of the bicarbonate ions be hydrolysed. 

Then by the above equations 

(NE4+J = c(l - x) ••••••• 20. 

(Hco3-) = c (l - y) • • • • • • • 21. 

(NH4oH) = ex • • • • • • • 22. 

( H2co3) = cy • • • • • • • 23. 

(oH-) = ~cr~~,o)J 
NH; 

= ~ I~X • • • • • • • 24. 

( H+) = K ((.c~ 
a Hco; 

= K _:j_ 
a /-Y ••••••• 25. 

Substituting into eqn. 18 from eqn. 20, 21, 22 and 23 

we get Kh 
CX . GY 

= C(l-XJ.c(t-Y) 
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= 
XY 

(1-XJ(I- Y} . . . . . . . 26. 

For electrical neutrality 

= • • • • • • • 27. 

/(d ,~y + C(I-X) = Kb·k + c(l - y) • • • • • • 28. 

By eqn. 26: 
)( K ._:f_ 'i 29. 1-X = • • • • • • • h 1-Y « 

••• X = Kh-(1- Yi 
Y + Khl-Y) • • • • • • • 30. 

and 1 - X = 
y 

y + K~a{t-Y) 
I 31. = • • • • • • • 

I + /( 1-Y 
"·-y 

Substitution :from eqn. 29 and 31 into eqn. 28 we get 

This equation is o:f the :fourth order i:f solved :for 

~, therefore we solve :for £: 

c = 
1-Y y 

~~~. Xrx - Ka: 1-Y 
y - ---:--'----;::r----

1 + /{h ~1-'1) 
• • • • • • 32. 

Values o:f z may now be chosen and the corresponding 

value o:f £ calculated from eqn. 32. ~ can be obtained 

from eqn. 30, and it is then possible to calculate all 

the concentrations in eqn. 20, 21, 22, 23, 24 and 25, 
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and hence calculate the conductivity. From a graph of 

conductivity against concentration the total concentration 

£ of NH4HC03 corresponding to any particular conductivity 

can be found. 

Using the published values 

Ka = 4.54 X 10-7 (56) 

Kb = 1.74 X 10-5 (57) 

1\v = 1.008 X 10-l4 

0 

AH+ = 349.8 
0 

AoH- = 198.4 
0 

ANH4+ = 73.4 (58) 

A~co3+ = 44.5 (59) 

it is found that 

c = 3.8 X 10-7 

for water of specific conductance = 95 nn1./cm. 

Even if all the ammonium bicarbonate were hydrolysed, 
/ -7 
~ 3. 8 X 10 

If all this combines with Ag+ ions it will only 

reduce the (Ag+) of a saturated silver chloride solution 

-5 -5 I from 1.34 x 10 to 1.32 x 10 g. ion 1. 

Under this extreme condition, which cannot be attained 

in practice ( because no ~onia could be in the complex 

if (NH3) = 3.8 x 10-7 ) we have from eqn. 15 

1·32 x/os(.J·B xJo·1 ~ 
6

• 8 X 10-8 

(A~(NHJr) 
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~ -Ill 
/•31_ X 3•8 X /0 

,.8 "ro41 

~ 2.8 X 10-ll 

in a saturated silver chloride solution 

and 
-7! -7)1 

.S·~S x 10 11.\3·8•10 1 
,.8 x lo-• 

" 1.1 X 10-lZ 

in a saturated silver bromide solution. 

Hence only a negligible ~raction o~ the silver ions 

can be in the complex, and in uractice the e~~ect can 

be neglected. 
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4. THE POTEJITTIO~lETRIO METHOD. 

4.1 Theory of the Potentiometric Method. 

The method employed here is due to Owen and the 

theory is described in detail elsewhere (13). 

In brief it involves measuring the e.m.f.s 

of the cells: 

A A Xl KX xm KNO ( ) AgN03 .xm A X A 
- g- g IOTe

3 
(1 - x)m 3 m KN03 (1 - x)m g - g + 

These cells contain solutions of varying concentrations 

of the dissimilar ions ( Ag+ nnd x- ), but are kept 

at constant ionic strength by the addition of an inert 

electrolyte ( potassium nitrate ). The liquid junction 

notential is eliminated by extrapolating the 

concentration of the dissimilar ions back to zero. 

Extrapolation to zero ionic strength eliminates the 

effect of the inert electrolyte ( potassium nitrate ). 

The e.m.f. of the cell is given by the equation 

E = 

I 

k log aa8{ 
A{ 

:!: E . 
J 

. . . • • . • 33. 

Ej is the sum of the unknovm liquid junction potentials, 

k = 2·303Rt = 
zF 

0.0001988T . and aAg+ and aAg+ represent 

the activities of the silver ion in the right hand and 

left hand solutions respectively. 



59. 

Substituting the value o~ the solubility product 

= . . • . . . . 6. 

and replacing the activities by concentrations and 

activity coefficients, extrapol ation to x = 0 yields 

an equation o~ the ~orm 

( E - 2klogxn~ = !.lx=o -klogK + (1tlog ( + ~-) ...... 34. 
lj x~o 

To facilitate graphical representation, the term 
1 

2ke( m2 is added to both sides o~ the equation. 

We then get 

(E - 2klogxm + 2k«<m~J = 
x~o 

-klogK + ( klog ~l ~

+ 2ko<m~) xao • • • • • • • 

The determin~tion of (E - 2klogxrn + 2ko<m~) ) x = 0 

35. 

by extrapolation at various values 0~ m is shovm in 

~ig. 9 and 11. Evaluation of -klogK ( see also section 

4.36 ) by subsequent extrapolation o~ these intercepts 

to m = 0 is given in ~ig. 10 and 12. 

To check the ~~aphical extrapolation a best straight 

line was ~itted to the points by the method of least 

squares (53). The intercepts so obtained were believed 

to be more accurate, and were used in the final 

calculation of the solubility products. 
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4.2 Description, calibration and standardisation 

of' apparatus. 

4.21 Thermostat. 

Measurements were made with the e.m.f. cell in the 

thermostat used for the conductance work, but with 

the inner paraffin thermostat removed. 

4.22 Measuring apparatus. 

A potentiometer of the Tinsley vernier type was used. 

It was standardised by measuring the uotential drop 

across sections of' a calibrated resistance decade box 

with mercury cup cont acts. The nominal val~e s of the 

small coil, reading the fourth and fifth decimal fractions 

of a volt, were assumed to be correct. The corrections 

to be applied to the nominal values on the other two 

coils are given in appendix D. 

The e.m.f.s are expressed in absolute volts with the 

aid of an Eppley standard cadmium cell. The cell was 

frequently compared with another Eppley cadmium cell 

of similar design calibrated to an accuracy of' 0.02 

millivolts by the National Physical Laboratory, Pretoria. 

The null-indicating apparatus consisted of a 

galvanometer with a universal shunt in circuit. The 

galvanometer was of the d'Arsonval type, and was placed 
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on a slate slab su1~ into the main wall. The galvanometer 

lamp and scale were fixed to two metal 11:parrot :perches" 

also sunk into the main wall. In this way all vibration 

of the null-indicating apparatus was completely 

eliminated. 

Reversing switches were used to investigate the 

:possible :presence of thermal e.m.f.s, but at no time 

were any such :potentials observed to exceed 0.01 

millivolt. 

4.23 E.m.f. cell. 

The cell construction is illustrated in fig. 7. 

It is similar to the one employed by Owen (13) with 

certain modifications. A central compartment Y was 

introduced for the :potassium nitrate solution, and 

:provision was made for bubbling :purified nitrogen 

through the solution in each compartment. Smaller 

Quantities of solution could be used since no transfer 

from external flasks was necessary. 

The other two compartments, X and Z, contain 3 

electrodes each let in through ground glass joints 

lightly greased with Silicone gTease. Care was taken 

not to let the solutions come into contuct with the 

greased joints. Nitrogen was bubbled into each compartment 

through A
1 

B
1 

and c
1

, and passed out again through 
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A2 B2 and 02. Both the inlet and outlet tubes Qre fitted 

·:· i th stopcocks. Two 120° three-way stopcocks were 

fitted a t D1 and Dz, and the liquid junctions were 

formed in these by the shear>ing rnethod. 

Iv=anipulation of the cell r.;.nd tho fol...,mation 

of sheared liQuid junctions. 

~ach comoartnent of the cell \:O.S filled v;i th the 

solution to the sam.e level ( o:ymroximately l em. below 

the gr•ound glass joil/cs ) • K and L , carrying vr>ste 

solutions from the cell \:ere also filled with li'0:uid. 

These tubes 1Jrotrudcd over the edge of the therrnost2t, 

and ..., measuring cylinder uas 1•l nced beneP..th each tube. 

The cell v·as 1)laced L1 th3 thermostat ::tnd puri:fj.ed 

nitrogen was oubl::led.. through the contents of each 

compartrr.ent simuJ.t::tneously for l. 5 hours. All tro.ces 

of oxygen and carl:·on dioxh:.e were thus reu1oved f:;::om 

the solutions. 

10 n,l. of notassiun nitrEtte solution v:ere then displaced 

:from Y to waste ( 5 r:·:l. through each three-VIay stopcoc~.: 

D
1 

and D2 ) by a:9,·,J.yinc a 1>re ssure of ni tr•oge .• t gas 

1Ni th stor,cock 3 3 clos~d. Sir0ilarly 10 ml. of soJ.utioH 

".ere clisplac~cl fr>om X through Dl and 10 ml. o.::' Dclution 

fr'om z throu.P.:h D"· \"fi th Dl a:nU. D·z closed, A3 B•7 and C.-:; 
- t::J - f u c... 

were openeU. for 5 seconds each to allow the nitrogen 
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1H'8StilH'G Et0ove the s..:>lutions to l/::ui:J.ibr•ti.te to r.t•nosphex•ic 

Yll"essure. All the sto·~1cocks were then closed, ::1nd 

D1 and :J2 turned to connect the three compartments. 

Fresh liquid junctions could be formed by repeating 

t:2is nrocedure. PrelimLwry CXJ?eriments uerf'ol"med with 

highly coloured -pot ;:J.ssiun "f!Cr"'•K:tne;Emate solutions showed 

r .. ) ., 1\ 
d.l .Cl .;_~2 

period o.2 8 hours. 

r il".Lce..:l. v,ri t:-:1 conductivity ws.ter ::-.<.n~..l. c'lrind \.'i t:h a 

Cltr1.. .... ent of '' iT' • 

<:r.31 
..... .J.. 

'It c. tJ ei'. 

Condn~tivity Hater fp ,Jlll the antomo.tic, recycling 

still ( see s0ct ion 3. 4S2 ) :ras used. for •(•8.~.:i:.1~ up n.ll 

the svlutio:us :.n the e. m. f. · .. OI'l{. The concentrations 

anc1 J.ry salts. Vacum(t co-c•J:ections ;:ere ~p1)lied 

thrOU[;:i.!OUt. 

4. 32 l''i tro c.·en. 

'l'he ni troc:e!l w::ts purified as f'r)llows: ft'om :.:l cylinJ..er 
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a solution of' silver ni tra.te to remove traces of' 

hydrogen sulphide; ~ solution of' acid ~otassium 

permanganate to remove reducing agents; concentrated 

sulphuric acid to dry the nitrogen and remove mamonia; 

heated copper to remove the l ast traces of oxygen; 

and a series of U-tubes containing soda-lime to remove 

carbon dioxide. Finally it was passed through a water 

bubbler to saturate the nitrogen with water vapoUI' at 

24°0, and then into the thermostat where it was 

brought to 25°0 and saturated with 'ilater vapour at 

that temperature. 

4.33 Potassium chloride. 

The ~otassium chloride was prepared in a similar 

manner to that described in section 3.32 (b). 

During the conductometric work it was noticed that 

cell constants determined using this potassium chloride 

gave results which differed from those obtained using 

fused potassium chloride by 0. 25)~. It was suspected 

that this discrepancy was due to the presence of residual 

1noisture occluded in the potassium chloride, and which 

was not removed by drying in an electric oven. 

To confirm this an experiment was carried out to 

determine the percentage moisture in this potassium 

chloride by a gravimetric method. 



F I G, 8. A p pAR AT us F 0 R G R A v I M E i R I c DE T E R MIN AT I 0 N 

PURE 

OF THE MOISTURE CONTENT OF KCL 

PORTION AB 0 F TUBE 

HEATED TO 850°C 

· /~ 
A 8 

PLATINUM BOAT 

CONTAINING I<CL 

QUARTZ TUBE 

c D 

I 
U-TUBES CONTAINING 

P20s 
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The ap~aratus used is illustrated in fig. 8. Nitrogen 

from a cylinder was passed successively through 

absorbers of silver nitrate solution to remove all 

traces of hydrogen sulphide; concentrated sulphuric 

acid to dry the gas; two U-tubes of soda-lime to 

remove carbon dioxide; heated copper to remove the 

last traces of oxygen; and finally through a U-tube 

containing glass wool dusted with phosphorus pentoxide 

to remove the last traces of moisture. It was then 

passed over a weighed sample of the potassium chloride 

\ -hich was placed in a platinum boat in portion AB of 

a ~uartz tube. The latter was heated electrically by 

a combustion furnace to 850°0 for 10 minutes. On fusion 

the potassium chloride partly sublimes, and the sublimate 

deposited on the cooler portion BC of the quartz tube. 

The liberated moisture passed out at the far end of the 

~uartz tube, and was absorbed by ~ previously weighed 

u-tube D containing glass wool dusted with phosphorus 

pentoxide. 

The moisture content was found to be 0.25%; in exact 

agTeement with the value obtained by the conductometric 

method. Addink (60) observed that potassium chloride, 

stored in an evacuated desiccator over phosphorus 

pentoxide, also contained residual moisture occluded 

in the interior of the crystals, which could only be 
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removed by heating in an atmosphere of nitrogen at 

550°0. His apparatus (61) was similar to that described 

on the previous page. 

The silver nitrate and potassium bromide were similarly 

investigated, but were found on fusion to contain no 

moisture. It was not necessary to determine the 

percentage moisture, if any, present in the potassium 

nitrate, as an inspection of the symmetry of the electrode

electrolyte system shows. The presence of moisture in 

the potassium nitrate would lead to slightly erroneous 

values of the individual ionic strengths plotted, but 

the excellent agreement obtained with the e.m.f. values 

Quoted by Owen (13) ( assuming that his potassium nitrate 

was com~letely free from moisture ) indicated that the 

percentage moisture was very small. In any case this 

error is completely eliminated on final extrapolation 

to zero ionic strength. 

4 . 34 Silver- silver chloride electrodes. 

The electrodes were prepared by Harned's method (62) 

with slight modifications. 6 inch lengths of platinum 

wire were sealed into Pyrex tubing using a graded seal 

of Uranium glass, and wound into small spirals. Pure 

silver oxide paste was prepared by adding O.lN solution 

of A.R. sodium hydroxide to an excess of O.lN silver 
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nitrate solution. The chocolate-brown silver oxide 

precipitate was washed 25 times by decantation with 

conductivity water. The paste was then applied to the 

clean platinum spirals till evenly coated, and fired 

at 500°0 for 7 minutes in an electric furnace. 

The six electrodes were then electrolysed in series 

in 0.5 molal Kahlbaum's G.R. hydrochloric acid solution 

at 3 milliamps for 3 hours. No distinction was made 

as to which electrodes were to be used in the silver 

solutions and which in the chloride solutions. They 

were shielded from strong light at all times. The 

electrodes were washed with conductivity water for 2 

hours changing the water every 30 minutes, and finally 

left overnight in some of the solution in which they 

were to be employed. 

Fresh electrodes were prepared for each set of readings 

by cleaning the silver - silver chloride coating off 

the platinum spiral with concentrated potassium cyanide 

followed by concentrated nitric acid. Electrodes prepared 

in this way were reproducible to 0.05 millivolt. 

4.35 Silver - silver bromide electrodes. 

Initially the electrodes were prepared by the method 

suggested by Keston (63) . An intimate mixture containing 

90% silver oxide and 10% silver bromate was made into 
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a ~aste. This was applied to the clean platinum spirals 

till evenly coated, and fired at 650°0 for 7 minutes 

in an electric furnace. The electrodes were washed with 

conductivity water for 2 hours and left overnight in 

the solutions in which they were to be employed. They 

were carefully shielded from strong light. 

The silver bromate was prepared in a similar manner 

to the silver oxide using potassium bromate as the 

precipitating agent. These electrodes were reproducible 

in the most concentrated 0.05 molal range, but became 

most erratic in the more dilute solutions. It was also 

noticed that on cleaning the electrodes with concentrated 

potassium cyanide followed by concentrated nitric acid 

a black deposit remained on the platinum spirals. This 

is probably due to the fact that on firing the electrodes 

at 650°0 the silver alloys with the platinum, and on 

dissolving the silver with concentrated nitric acid 

finely divided platinum black remains. This may be one 

of the reasons for the lack of reproducibility of electrodes 

prepared in this way. 

The thermal method was finally abandoned, and the 

electrodes were prepared electrolytically in a manner 

similar to that employed for the preparation of the 

silver - silver chloride electrodes. When prepared in 

this way the electrodes were reproducible to 0,05 millivolt 
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even in the most dilute solutions. 

4.36 Correction to the Potentiometric Theory 

due to 0.25% moisture in the potassium chloride. 

In the cell 

A -AgCl KCl x, m1 
- g KN03 (1 x)m 

:rrno~ (m) AgN03 xm IAgCl-Ag + ..., 1mo3 (1 - x)m 

the potassiurr, chloride - potassium nitl"ate solution 

is rr-ade up to be xm moles per 1000 g. or water with 

respect to potassiurr. chloride. In actual ract it contains 

x , m
1 

moles of potassi~ chloride. 

But x 1 m1 = xm(l - a) where a= 0.0025. It also contains 

(1 - x)m moles of potassium nitrate, so that the total 

molality is m(l - ax). On extrapolation to x = 0 we 

shall still get m. 

Equation 34 now becomes 

(E - 2klog~..; klog(l - a) = -klogK + (klog)'x- ~~g+Jx ... o 

• • • • • • • 36. 

(E - 2klogxm '\ 
l ~x•o 

= -klogK + klog(l -a) 

+ (klogl x- X~ +) • • • • • • • 37. 
~-~.g ~x=o 

o." = -kl ogK + k (-a - 2 ... ) 

+ (klogrx- ~~g+)x:~...... 38. 
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writing out log(l - a) as a :power series. Neglecting 

terms higher than the first in the series we get 

(E - 2klogxml 
!))(=0 

1 

= -klogK - ko. 

Adding 2k D( m-.I to both sides we get 

= -klogK - ka + (klog)'x_ ~1..g+ 

+ 2ko<n1~) 
)x=o • • • • • • • 

Hence the intercent in the secori.d extrapolation 

will be -klogK - ka. 

4.4 Experimental results and discussion. 

4.41 Silver chloride results. 

40 • 

The :potentiometric ~easurements reported by Owen (13) 

have been repeated here for comparison with the values 

obtained by the conductometric method. The experimental 

data are collected in table 6. 

The observed potentials were lower than those found 

by Owen (13), but only by an average of 0.08 millivolt, 

which is within the estimated limit of error of 0.1 

millivolt. At low silver ion concentrations the results 

Vlere erratic unless extra time was allowed for eq_uilibrium 

to be established. The recorded e.m.f. values are 
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TABLE 6. - OBSERVED ELECTROMOTIVE FORCES AND I NTERCEPTS 

FRmf. THE FIRST ~XTRAPOI,ATION BY THE GRAPHICAL !VJETHOD 

AND THE N.ETHOD OF LEAST squARES. ( see :fig. 9 ) 

m 

0.05 

0.03 

0.02 

0.01 

X 

0.4 

0.2 

E 

0.36491 

0.32926 

0.1 0.29362 

0.05 0.25798 

0.5 

0.3 

0.35274 

0.32622 

0.2 0.30534 

0.1 0.26955 

0.6 

0.4 

0.34298 

0.32174 

0.3 0.30695 

0.2 0.28585 

0.6 

0.4 

0.30931 

0.28819 

0.3 0.27330 

0.2 0.25227 

Intercepts :from 
:first extrapolation 

graphical least squares 

0.57934 0.57933 

o. 57841 0.57842 

0.57787 0.57782 

o. 57735 0.57734 

expressed in absolut~ volts, and each value is the mean 

of the nine pairwise combinations of the six electrodes. 
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They were generally comparable within 0.1 millivolt. 

The overall reproducibility o~ the cell was also of this 

order. This can be seen in fig. 9, where the radii of 

the plotted circles are 0.1 millivolt. The points lie 

fairly well on straight lines, and confirm Owen's 

observations (13) about the linearity of the extrapolation 

function. This is also supported by subsequent work 

done on electromotive force cells by Owen and Brinkley 

(18) (64) and Owen and King (65). 

Fig. 10 shows the plots of the intercepts, obtained 

from the extrapolations in fig. 9, against m, which 

a ccording to eqn. 40 permits the evaluation o~ -klogK - ka 

by extrapolation to m = o. These extrapolations are also 

linear within the estimated uncertainty of ±0~1 millivolt 

for the plotted points, which have radii corresponding 

to 0.1 millivolt. It is seen that the straight line 

intersects all the circles, and it appears from the 

graph that the extrapolative uncertainty in -klogK - ka 

does not exceed 0.2 millivolt. 

The intercept -klogK - ka, from the extrapolation in 

fig. 10, is recorded in table 7. The first and second 

extrapolations were also performed by the method of 

least squares, and these values were preferred in the 

final calculation of the solubility product. 

The solubility of silver chloride in pure water 
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is calculated by the equation 

1 

logm = tlogK + o< c2 • • • • • • • 41. 

where c< is the Debye-Huckel limiting slope. This assumes 

the applicability of the Debye-Huckel limiting law at 

such high dilutions. 

TABLE 7. - SOLUBILITY OF SILVER CHLORIDE. 

-klogK - ka 
graphical least 

squares 

solubility 

-logK K X 10
10 

m X 10-5 c X 10-5 

0.57695 0.57685 9.7520 +1.770 
-0.006 

4.42 Silver bromide results. 

1.336 
:!:o.oo3 

+1.332 
-0.003 

The experimental results are collected in table 8. 

As in the case of the previous determinations on silver 

chloride, erratic results were obtained with low silver 

ion concentrations unless precautions were taken to 

rinse the electrodes thoroughly with the required 

solutions and to allow extra time for equilibrium. 

The e.m.f. values quoted in the 0.05 molal range 

( and indicated by asterisks ) were obtained using 

silver - silver bromide electrodes prepared by Kesten's 

thermal method (63). When this method was finally 

abandoned due to lack of reproducibility, two of the 

e.m.f. values were rechecked using silver - silver 



m X 

0.05 J.4 

0.2 

0.1 

0.05 

0.03 0.5 

0.3 

0.2 

O.l 

0.02 0.6 

J.4 

0,3 

J.2 

0.01 0.6 

J. 4: 

0.3 

0.2 

E 

.·. 
o. 5159o··· 

o. 48031::~ 

o. 444'70~:: 

o. 40910:;: 

0 .50375 

0.47728 

0.45633 

0.48051 

0.49378 

0.472G4 

0.45780 

0.43678 

0,46032 

C.43915 

0.42414 

0.40316 

74. 

IrLter0e'T)ts frOJ•l 
first exira0olatioh 

0.73052 0.73046 

0.72944 o. '72938 

o. 7;3887 0.72882 

0.72827 0.72817 

1:>rowide electroctes :0rerarcd electrolytically. The v alues 

~).s;reed \ i thin the exrerimen".:.a:. errol., of 0. 05 r•1illi volt, 



0 
z 0 0 

II 
~ 
< ~ 
..J 

0 
a.. • ~ 
a: 
....... N 
X 0 
w . 

0 
>- II ID 

ur1 ~ 

u. 
_, 

0 X 

z 
('I') 0 0 

('I') 

~ 
. 

< 0 • z II -
~ ~ 
_J e UJ 

\ \ 
\ \ 

V") 
\ \ 
\ . 0 \ 

\ - . \ 
0 \ \ . • \ \ C) 
~ 

\ \ \ 
\ \ \ 

u.. 0 \ \ \ \ \ \ \ 
\ \ 

0 
0 0 
0 0 
0 a:> 
('I') N 

" " . 
0 0 

Y>o~~- ~X ~0~~~- 3 



75. 

and indicated that there was nothing inherently wrong 

with electrodes prepared by the thermal method. It had 

probably not been sufficiently standardised to give 

reproducible electrodes in the more dilute solutions. 

Contrary to the opinion of Stas (19) this agreement 

also indicated that there is no essential difference 

in solubility between silver bromide prepared thermally 

and the electrolytic variety. The reproducibility of 

the silver - silver bromide electrodes ( prepared 

electrolytically ) and the overall reproducibility of 

the celi was the same as that for the silver chloride 

determinations. 

The interce~ts from the first extrapolation were 

obtained both by the graphical method ( see fig. 11 ) 

and the method of least squares; the values obtained 

by the latter method being preferred. Fig. 12 shows 

the plot of the interce~ts, obtained from the first 

extrapolation. against m, which according to eq_n. 35 

permits the evaluation of - klogK by extrapolation 

to m = o. It is noted from the graphs in fig. 11 and 

12 that these extrapolations are once again linear 

within the estimated uncertainty of ±0.1 millivolt for 

the plotted points . which have radii corresponding 

to 0.1 millivolt. This offers further experimental 

confirmation of Owen's hypothesis (13). 
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The intercept -klogK from the extra~olation in fig. 12 

is recorcled in table 9. The v~lue obtained by the method 

of least squares is also recorded, and is the one used 

in the final evaluation of the solubility product. 

The solubility of silver bromide in pure water was 

calculated using eqn. 41 as in the case of silver 

chloride, 

TABLE 9. - SOLUBILITY OF SILVER BROMIDE. 

solubility 
-klogK 

graphical least 
squares 

1 K K 10
13 ~ X 10-7 C X 10-7 - og .. x • , 

0.72775 0.72765 12.298 5.04 
±o.o6 

7.09 
±o.3 

In both section 4.41 and 4.42 the limits of error 

have been estimated from the potentiometric error or 

!o.o5 millivolt and the ~ossible errors in making up 

the solutions. 

4.43 Comparison with other e.m.f. data. 

It is of interest to compare the cells 

Ag-AgCl \ KCl 
KN03 

(I) 

xm I KNO (m) \AgN03 xm) IAgCl-Ag + 
(1 - x)m 3 KN03 (1 - x m 

for which the cell reaction is 
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and (II) 

A A B KBr xm ;n,-0 (m) .M_··~N03 xm , B A 
- g- g r [(l..T.03 (1 ) J:lo.l. 3 ;rl\0 (1 -· .Ag r- g + 

_ :...J.\ - x . r·I r..J.. 3 - x ) tr! 

having the cell reaction 

with the cell '(III ) 

- A:::;-AgBr KBr :xm AgN03 xm .Ae;Cl-J.\g + 
fu~03 (1 - x )m Kl~03 (1 - x )m 

employed by Owen and King (65) . 

The overall cell reaction for the latter cell is 

AgCl + Br-~ AgBr + 01-

and the e. m. f. of the cell is given by the e~uation 

~ .,.,0 lrlo .. Q.c,· + E 
~ = .u. - ·"· ~ a.s; - j 42. 

ltn inspection of the electrode - electrol yte systems 

of these cells indicates that nt the srune overall ionic 

stren~ths and corresponding concentrations of the silver 

and. the hal ide ions (tne e.m.f. of cell (Ir))- (the e.m. f. 

of cell (r ;) = (the e.m.f. of cell (III)) (disregarding 

the unknown liquid junc~tion potentials) . 

The recorded e.m. f. values :.::;iven in sections 4.41 and 

4.42, together with the corresponding values quoted by 

owen anrl Kin,g ( 6B) , are gr•ouped in table 10 for the 

purpose of comparison. 

It is observed that the difference between the e.m.f.s 
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TABLE 10. - COJv:P.<IRISO:!'T "NITH OTHER 3 .. :Y.. F. DATA. 

e. m. f. data 
m X ceJ.J. cell cell cell cell 

(I) (II) (III) (II) - (I) 

0.05 0 . 4 0.36491 0.51590 0.15120 0 . 15099 

0.2 0.32926 0.48031 0.15125 0.15105 

0.1 0.29362 0.44470 0.15127 0.15108 

0.05 0.25'798 0.40910 0.15127 0.15112 

0.03 0.5 0.35274 0.50375 0.15116 0.15101 

0.3 0.32622 0.47722 0.15110 0.15100 

0.2 0.30534 0,45633 0.15114 0.15099 

0.1 0,26955 0.42051 0,15111 0.15096 

of cells (II) and (I) differed from the correspondi11g 

e.JJI.f,s q_uoted by 0\7en b.nd King (65) for cell (III) 

by 0,2 milliYolt or less. This discrepancy is slightly 

greater than the estimated limit of error of 0.1 millivolt 

-· for these cells. but is most probably due to- differences 

between the li~uid junction potentials in the three cells 

anu the effect of the inert electrolyte (potassium 

nitrate). 
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5. SUiv•iVARY AND CONCLUSIOliS. 

It is significant that the values obtained for the 

solubilities of the silver halides by the conductometric 

and the potentiometric methods agree within the estimated 

limits of experimental error. The best value for the 

solubility of silver chloride appears to be 

SAgCl = (1.334 ± 0.0051, x 10-5 g. equiv./1. 

It is a weighted mean of the figures obtained by the 

conductometric and the "90tentiometric methods, and is 

derived as follows: 

:w;ean weighted inversely ..-t- I 
1·337 + 0 ·004- + /·332. + "Q..o3 

I I 
O·OOf + Q.Ooi 

= 
as the limits of error 

This corresponds to e thermodynamic solubility product 

KAgCl = (1.774 ± 0.01) X 10-lO 

The conductometric value refers to precipitated 

silver chloride washed and aged for several days OI' 

weeks. The potentiometric value, on the other hand, 

refers to electrolytic silver chloride washed and aged 

for one day. It therefore seems unlikely that the 

differences in tableo 1 and 2 are caused by the physical 

condition of the silver chloride. They are most probably 

due to experimental errors &rising from the solvent 

correction or the liquid junction potentials. 

The nephelemetric technique is the only other method 

which has given reasonable values for the solubility 
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of silver chloride. The published values are given 

in table 11. 

TABL3 11. - SOLUBILITY 0F SIL\~R CF~ORIDE AT 25°C 

FRON l'1EPHEL0!~3TRIC fli·EASUREl'i E:'-!TS. 

so~ubility 
10- equiv./1 

1.42 

1.278 

1.273 

1.49 - 1.56 

1.388 

1.277 

authors 

Pinkus and 
Berkol '-i'iko 
Popoff and 
Neuman 
Neuman 

Eversole and 
McLachR.n 
Dave and 
Krishnaswami 
Pinkt.ls and 
Schepmans 

date 

1930 

1930 

1932 

1932 

1933 

1938 

ref. 
no. 

(66) 

(67) 

(68) 

(69) 

(70) 

(71) 

The mean of these results is 1.36 x 10-5 g. equiv./1. 

It agrees sufficiently well with the value found 

previously to suggest that the solubility of freshly 

precipitated silver chloride does not differ significantly 

from that of the aged precipitate. 

The best value for the solubility of silver bromide 

may be taken as 

s = AgBr 
(7.09 + 0.05) x 10-7 g. equiv./1. 

Once again this is the mean, weighted inversely as the 

limits of error, of the conductometric and the potentiometric 

figures. 
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It leads to a thermodynamic solubility product 

= (5.08 ± 0.10) X 10-l3 

This agrees quite well with the value 7.04 x 10-7 

g. equiv./1. calculated by Owen and Brinkley (18) 

from the standard potentials of the silver and the 

silver - silver bromide electrodes. 

There appears to be no significant difference in 

solubility between samples of silver bromide prepared 

either thermally, by electrolysis, or by precipitation • 

• 
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PART II. 

THE SOLUBILITY OF SILVER CHI/)RIDE Af\~D SIL"V"E:"!t BRO!.IHDE 

Il': WATER FROM 5 TO 55°0 BY THE cmmUCTOMETRIC 1\AETHOD. 

1. IKTRODUCTIOF. 

There have been no recent conductometric determinations 

of the solubilities of silver chloride and silver bromide 

from 0 to 100°0. The available values are given in 

tables 12 and 13. 

TABLE 12. - SOLUBILITY OF SILVER CHLORIDE FROM 

COEDUCTANCE N.EASUREJVENTS. 

solvent 
Temp. so~ubility corrn. authors date ref. 
coo) 10- eq_uiv./1 ~ total no. , ... 

cond. 

o.o 0.32 Johnson and 1933 (34) 
Hulett 

1.55 0.39 72 Kohlrausch 1908 (3) 

2.0 0.53 Kohlrausch 1893 (2) 
and Rose 

4.68 0.46 75 Kohlrausch 1908 (3) 

9.97 0.62 Kohlrausch 1908 ( 3) 

10.0 0.68 Kohlrausch 
and Rose 

1893 ( 2) 

13.8 0.97 Holleman 1893 (1) 

17.51 0.91 52 Kohlrausch 1908 (3) 

18.0 1.06 Kohlrausch 
and Rose 

1893 (2) 

18.0 1.12 Kohlrausch 1;!04 (72) 

18.0 1.05 23 I\flelcher 1910 (73) 
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TABLE 12. ( continued ) • 

solvent 
Tem). so5ubility corrn. authors date ref. 
(00 10- equiv./1 ;: total no. 

cond. 

19.95 1.06 60 Bottger 1903 (54) 

25.86 1.35 39 Kohlrausch 1908 ( 3) 

54.0 2.11 Kohlrausch 1893 (2) 
and Rose 

34.12 1.91 28 Kohlrausch 1908 (3) 

42.0 2.83 Kohlrausch 1893 (2 ) 
and Rose 

50.0 3.65 5 - 6 ~/:elcher 1910 (73) 

100.0 14.7 ~Jielc::qer 1910 (73). 

100. 0 15.2 Bottger 1906 (74) 

TABLE 13. - SOLUBILITY OF SILVER BROMIDE FROM 

CO:NDUCTAT\iCE ilf!EASUREN:ENTS. 

solvent 
Temo. so1ubility corrn. authors date ref. 
(oc) 10- equiv./1 'f'~ total no. 

cond. 

18.0 21.1 Kohlrausch 1893 ( 2) 
and Rose 

19.96 4.4 Bottger 1903 (54) 

20.2 27.0 Holleman 1893 (1) 

21.0 5.7 Kohlrausch 1904 (72) 

21.1 5.7 95 Kohlrausch 1901 (75) 
and Dodezalek 

38.4 68.2 Holleman 1893 (1) 

100.0 197.0 23 Bottger 1906 (74) 
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None of these values appear reliable mainly because 

of the extremely large solvent corrections. This is 

particularly noticeable in the case of the silver 

bromide deterrr.inations where the solvent correction 

sometimes amounted to more than 9~ of the total 

conductivity. Furthermore. the temperature range is 

very inadequately covered. Published data obtained by 

e.m.f. and other methods are given in tables 14 and 

15 for comparison. 

TABLE 14. - SOLUBILITY OF SILVBR CHLORIDE BY 

OTHER METHODS. 

Temo. so~ubility method author date ref. 
(oo) 10- equiv./1 no. 

5.0 0.505 e.m.f. Owen 1938 (13) 

15.0 0.841 e. m. f. Owen 1938 (13) 

20.0 1.08 e. m. f. Hahn and 1930 (11) 
Kloclanan 

20.0 o. 31 tyndallometric Bedel 1938 (17) 

21.0 1.07 colorimetric 'Nh.i tby 1910 (76) 

35.0 2.048 e. m. f. Owen 1938 (13) 

45.0 3.026 e.m.f. Owen 1938 (13) 

100.0 15.1 colorimetric Whitby 1910 (76) 

By using 11ul tra-pure" conductivity water in the 

measurements reported in part II it has been possible 

to reduce the solvent correction considerably, 
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TABLE 15. - SOLUBILITY OF SILV3R BROW.IDE BY 

Temp. so~ubility ~ethod author date ref. 
( 0 0) 10- equiv./1 no. 

18.0 6.4 e.m.f. Kolthoff 1921 (77) 

18.0 7.0 e.m.f. ~/· asaki 1930 (78) 

particularly in the case of the silver bromide 

determinations. 

2. VARIATION WITH TE!v•PERATURE OF THE THEORETICAL 

COEFFICIE?:TS o( AND fl IN THE ONSAGER EqUATION. 

These coefficients were calculated using the most 

recently published values of the fundamental constants 

by Bearden and Watts (22), viscosities by Dorsey (79) 

and the dielectric constants reported by Wyman (80). 

They are recorded in table 16. 

TABLE 16. - VALUES OF o< AND p FROM 5 TO 55°0. 

Temperature (09) o( p 
5.0 0.2216 35.12 

15.0 0.2250 46.84 

25.0 0.2289 60.19 

35.0 o. 2 ~535 75.30 

45.0 0.2387 91.59 

55.0 0.2444 108.66 
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3. - CRITICAL SURVEY OF THE LITERAT~E FOR VALUES OF 

THE LIN!ITIHG IONIC N·OBILITIES OF THE CHLORIDE, 

BROMIDE r~TD SILVER IONS FRON 5 TO 55°0. 

Several papers quote values for the limiting 

equivalent conductances of potassium chloride, 

notassium bromide1 sodium chloride and hydrochloric 

acid, as well as the limiting ionic mobilities of 

their constituent ions at various temperatures. 

These values are recorded in table 17. 

Combining the data of Owen and Sweeton (81) and 

Owen and Zeldes (82) it is possible to calculate the 

limiting ionic mobilities of the potassium ion and 

hence the bromide ion at 5 and 55°0. These values are 

denoted by asterisks in table 17. 

On the other hm1d, an exhaustive literature search 

revealed an almost complete lack of published data for 

the limiting ionic mobilities of the silver ion from 

5 to 55°0. Available values are those of Noyes (79) 

AA+ = 53.8 at 18.0°0 ), Kohlrausch (89) ( A~~ = 
9 g 

( 

at 18.0°0 ), and ¥cinnes, Shedlovsky and Longsworth 

( 
\0 0 
/\~+ = 61. 92 at 25.0 C ) • 

54.02 

(23) 

In addition, data are given in the Int. Grit. Tables 

(79) on the variation of the equivalent conductances 

of potassium nitrate and silver nitrate with concentration 

at various temperatures. From this data the limiting 



TABLJE 17. - J,IMITING EQUIV AL NT OONDUOTANCES AND IObl!C MOBILITihl3 ~·Ru.iu TO ..,..;oc. 

0 • 0 0 0 0 

Temp. 0 0 0 

Acl- ABr- AK+ AH+ A,., a+ 
re:f. 

( 00) f\ KCl /\ NaC1 AKBr " HC1 author no. 

s.o g97.6 47.0 ~iO.u Owen & (81) 
Sweeton 

94. ~6 96.0 Owen ~ ( 8~) 
Zeldes 

48.74* 47. 26* 

15.0 36:2.1 61. s 300.~ Owen t'i (81) 
Sweet on en 
Li <.)! ~'ang ( 83) -..::! l20. 8C • 

120.88 61.31 i 9. a7 Li <i Hrull (tH) 

121.09 Gordon (8 ) 

121 . 07 101.18 12~ .81 61.4~ t.:>3.l!S -~.66 300.6 6';).7 rlenson <x: (8u) 
Gordon 

Ud.09 101. 20 1~~.84 61.43 t33.17 Gunning 0; (87) 
Gor<lon 

~fi.O 4~G .2 76.3 549.~ Uwen a: (t!l) 
Sweeton 

7L).3~ lJlac!rmes, 
Jhedlovsky & 

( :.i3) 

149.84 
Longsworth 
Li & Fang ( 8~) 

149.84 76.34 73. 50 Li & Brul1 ( 84) 

149.81:1 126.45 lil.64 76.3~ 78.1-1 73.&0 319.8r. -.» 0 . 10 Benson (j· (so) 
Gordon 



0 0 0 0 0 0 • 0 0 

ANa+ 
Temn. 

f\ KG1 ANaOl /\KJ3r f\.HOl Acl- A~.r- Al(+ AH+ ref'. 
( oa) author no. 

~5.0 11:9 . 8~ 1~0 .4~ l::l110d1ovsk.t (40) 

7 .8 lloyes & Falk (88) 

149 .88 un.6s Owen & (8~) 
Zeldes 

149 .88 1~6.48 1~1.67 7n.36 7R.ln Gunning & ( 87) 
!Jordon 

30.0 84.00 Li & Fang (63) 

84-.:a~ Gordon ( 8" ) 

3§.0 489.2 9~ . 396.7 Owen & ( 81) 
Sweeton 

179 .40 ~)1.68 87.71 Li J: Brull (84) 

1.80.41Sl 153.7- 1e:a . ~-1 92.22 94. 03 88.~1 397.0 ol . ~3 .denson o:. (86) 
(X) 

Gordon Q) 

180.50·153.85 13~.3~ 92.26 94.07 Gunning <± ( 8'7) • 

Gordon 
4 0 .0 99.42 Li & FAng ( 83) 

lOO. i~ Gordon (so) 

45.0 5~0. 3 109.5 440.8 Owen & 
Sweeton 

(81) 

208 . 96 107.15 101.81 Li & tsrull ( 84) 

212.42 182.6i 214.17 108.90 110.68 103.49 441 .4 7J.77 1enson & ( Bu) 
Gordon 

212.49 182 .73 21-4.18 108.95 llO.ui Gunning &. ( 8'7) 
Gordon 

65. 0 609.i 1L7.-'l: ~8~.1 Owen d.: ( dl) 
Sweeton 

245 .69 247 .1r,; Owen & ( 8;;.) 

1S8.8o* 118. 29* 
Zeldes 





FIG. 14. EVALUATION OF ./\_0 FOR AGN03 AND KN03 

AI 18°C BY EXTRAPOLATION TO ZERO CONCENTRATION. 
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FIG. 16. EVALUATION OF /\.0 FOR AGN03 AND KN0 3 

AT 50°C BY EXTRAPOLATION T 0 ZERO CONCENTRAT tON. 
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FIG. 17. EVALUATION OF A 
' 0 

FOR AGN03 AND KN03 

AT I00°C BY EXTRAPOLATION T 0 Z E R 0 C 0 N C E NT RAT I 0 N. 
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equivalent conductances 1\ of these electrolytes were 

determined by graphical extrapolation to zero 

concentration of the plot of 1\ against cJ. The data 

from the Int. Orit. Tables are recorded in table 18, 

and the graphical extrapolations at the various 

temperatures are shown in fig. 13, 14, 15, 16 and 17. 

TABLE 18. - VARIATIO?:T OF EQUIVALENT CONDUCTANCE OF 

POTASSIUM NITRATE A!~D SILVER NITRATE 

WITH CONCENTRATION FROM 0 TO 100°0. 

Salt temp. 
(oc ) 

concentration c in mil1iformula weights/litre solution 
0 . 1 0 . 2 -0.5 1.0 2.0 5.0 10. 0 20.0 

79.29 78.89 78.25 77.09 75.60 73.70 

18.0 125. 2 124.9 124.6 123.37 122.32 120.21 117.93 114.96 

25.0 

50.0 

100.0 

AgN03 0 . 0 

140.5 138.3 135.7 132.31 

212.4 208.9 204.6 199.0 

380.2 377.7 374.7 370.6 363.3 354.8 344.1 

72.4 71.9 71.2 70.0 68.8 66.9 

18.0 114.85 114.40 113.72 113. 0 111.92 109.88. 107.62 104.9 

25.0 

50.0 

100.0 

130.1 128.7 126~6 124.1 120.9 

187 

353 

183 178 

334 

The equivalent conductances in table 18 are only 

given at 0 , 18, 25, 50 and 100°0, but the values of 
t1 

1\ at 5 , 15, 35, 45 and 55°0 were interpolated from 

173 

325 



380 

0 

<220 

180 

140 

FIG. 18. GRAPH OF /\0 VALUES FOR 

AGN03 AND KN03 AGAINST TEMPERATU~E. 

0 5 IS 20 25 35 40 45 50 55 60 80 

T EMPERAT.URE 1 N °C 
100 



90. 
0 

the :plot of 1\ agRinst tenperature in fig. 18. The 

limiting equivalent conductances obtained in this way 

by extrapolation and interpolation are given in 

table 19. 

TABLE 19. - VARIATIO~ WITH TEMPW.RATURE OF THE LIMITING 

EQUIVALENT CONDUCTJ~~CE OF POTASSIUM NITRATE 

AJ.'lD SILVER NITRATE. 
0 0 

Temperature (oC) /\AgN03 A 1rno3 

o.o 73.7 80.3 

5.0 85.5 93.5 

15.0 108.5 118.5 

18.0 115.5 126.0 

25.0 133.4 144.9 

35.0 159.5 174.5 

45.0 186.5 204.0 

50.0 194.4 218.6 

55.0 215.0 234.5 

100.0 366.0 384.5 

Because of the limitations imposed by the graphical 

extrapolations, and particulRrly the interpolations 

in fig. 18, it is unlikely that an accuracy of greater 

than ±1~ can be c1aimed for the above values. 

From the data thus assembled it is now possible to 

calculate the limiting equivalent conductances of 
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silver chloride and silver bromide, 3.S vlell as the 

limiting ionic mobilities of the silver ion, from 

5 to 55°C. They are recorded in table 20. 

TABLE 20. - LIMITING EQUIVALENT CONDUCTANCES Al.\TD 

IONIC MOBILITI3S OF SILVER CHLORIDE 

AJID SILVER BROMIDE FROM 5 TO 55°C. 

0 0 0 

f\AgN03 + 1\KCl - "¥ .. N03 

0 

::: !\gel 
5.0 85.5 + 94.3 - 93.5 = 86.3 47.0 39.3 

15.0 108.5 + 121.1 - 118.5 = 111.1 61.2 49.9 

25.0 

35.0 

133.4 + 149.9- 144.9 = 138.4 76.3 

159.5 + 180.4- 174.5 = 165.4 92.5 

62.1 

72.9 

45.0 186.5 + 212.4 - 204.0 = 194.9 109.5 85.4 

55.0 215.0 + 245.7 - 234.5 = 226.2 127.4 98.8 

0 0 0 

1\ AgNO 3 + 1\K.Br - l\rno3 

5.0 85.5 + 96.0 - 93.5 = 88.0 48.8 39.3 

15.0 108.5 + 122.8- 118.5 = 112.8 63.2 49.6 

25.0 133.4 + 151.6- 144.9 = 140.1 '78.3 61.8 

35.0 159.5 + 182.2- 174.5 = 167.2 94.0 73.2 

45.0 186.5 + 214.2 - 204.0 = 196.7 110.7 86.0 

55.0 215.0 + 247.2- 234.5 = 227.7 128.9 98.8 

0 

In the last column AAg+ values have been obtained 

from two different sets of data, and are indicative 
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of' the unce1.~tainty of' these vc.:;.lues when obtained b;sr 

indirect methcds. '.rhe ones eventually used \!Ver,:; the 

arit~uctic ~&?ns ( to the first decimal ~l~ce ) of 

the tr.o sets of data ;:riv::;n above. To ensure .Jelf'-

cm.1si ::;tent v :-..lues as r.1uch .J.s po8sible, Owen and 
0 

Sweetons 1 dc,t::t ( 81) for ~Gl-, and Benson ana_ Gordons' 

( 86) and Gunning ancl Go:~J.ons I data ( 27) for x3r-

throughout ti:1e whole temperature :::'ange .tere preferred. 

These lil!litine ionic !nobilities 9 together with the 

limiting eouivll.lent conductances of' the silver h:1.lides 

finally used, are given in t13.ble 21. 

TABLE 21. - FINAI.LY ACOEP'IED VALUES OP THE LI~HTTNG 

l1:!0BILITI3S OF THE SILVER HALIDES. 

0 0 

~r-
0 • 

Terr.;. "~-~g+ Ao,- / \_J..gOl 1\.~\.gBr 
( 0 0) 

5. 0 39.3 47.0 
.. ~ .. 

48. 7"'' 86.3 88.0 

15.0 49.8 61.2 6<3.2 111.0 11~~. 0 

35.0 73.0 92.5 94.0 165.5 167.0 

45.') 85.7 109.5 110.7 195.2 196.4 

55.0 98.8 127.4 128.9 * 226.'2 227.7 
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4. . ::)ESCRIPTION, CALIBRATION AND ST.i\NDARDISATION 

OF APP A"RATUS. 

4.1 Thermostats. 

The thermostat was completely redesigned to enable 

it to operate at any temperature from 5 to 55°0. A 

circular copper outer vessel, of similar dimensions 

to the one previously used, was built. It was fitted 

with a 5-turn helical copper cooling coil connected 

to a Frigidaire compressor unit driven by a 
I 
3 

horsepower mot or. The unit operates on the pressure 

cut-out system. An adjustable stopcock in the liquid 

line regulates the 11 on-of'f period" so that the thermostat 

is kept approximately 0.3° below the required 

temperature. With the additional aid of the ordinary 

temperature control heater the thermostat can be run 

at required temperatures below 24°0 ( room temperature ). 

An auxiliary 250 watt knif'e heater was installed 

to run the thermostat above 25°0. This heater operated 

continuously, and its wattage was cut down by a Variac 

until it ~cept the temperature approximately 0. 3° 

below the required value. The thermostat uas brought 

up to the working temperA.ture and lcept there by the 

ordinary temperature control heater. 

Because of the large differences in temperature 
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between the room air and the thermostat, the latter 

was lagged with a thick layer of granulated cork. 

The wooden 1id :previously used became saturated with 

condensed water when working above 30°0. It was 

replaced by a Pers:pex lid which is water-repellent 

and has the additional advantage of being transparent. 

The temnerature of the outer bath of the thermostat 

was measured by immersing in it two standard thermometers 

No. 244 and 245 ( described in part I, sectio~ 3.212 ). 

They were cRlibrated at 10° intervals from 5 to 95°0 

to an accuracy of ±o. 02° by the National Physical 

Laboratory, Pretoria. The fluctuations in temperature 

were measured on six 5° Beckm.a.n.n thermometers graduated 

to 0.01° ( one was set for each temperature ). 

vVhen the thermostat is o~erating at 25°0 the difference 

in temperature between the outer water bath, the inner 

paraff'in bath and the cell contents is negligible. 

This is so because the gas used for stirring the 

paraffin and the cell contents is at 24°0 before 

entering the ther-mostat. It then passes through copper 

coils in the outer bath, and because of the small 

temperature difference equilibrates readily to 25°0 

before entering the paraffin bath or the cell contents. 

However, v1hen operatinG the thermostat at the other 

ten~eratures the stirring eas enters the thermostat 
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at 24°0, but has to equilibrate to tem~eratures 

considerably removed from 24°0 in the thermostat. At 

the stirring rates emoloyed in this work the gas does 

not quite attain ten~erature equilibrium. Consequently 

the outer water bath ( mechm1ically stirred), the 

inner paraffin bath and the cell contents show slight 

differences in temperature at any one setting of the 

therrnostat. These differences become more -pronounced as 

the difference between the working temperature of the 

thermostat and the room temnerature is increased. They 

remained q_uite constant ~ however, at any one setting of' 

the thermostat nrovided the stirring rate was kept 

consta.YJ.t. 'l'able 22 shov/s these differences in temperature 

at each setting of the t hermostat, a.nd also indicates 

the temperature fluctuations as recorded on the six 

BecF~ann thermometers. 

TABLE 22. - THERMOSTAT TEMPERATURES. 

corresponding observed Beckmann thermometer reading 
(OC) reading outer water inner paraffin cell contents 

nominal Beckmann bath bath 

5.0 Al 5.300 5.130 + 0.005 5.220 + 0.005 5.300 ± 0.007 

15.0 A2 2.990 2.920 + 0.005 2.970 + 0.005 :;:;.990 + 0.005 

25.0 A3 4.115 4.115 + 0.002 4.115 ± 0.002 4.115 + 0.002 

35.0 A4 3.930 4.020 + 0.005 0.930 + 0.005 3.780 + 0.005 

A5 5.630 5.765 + 0.005 5.630 + 0.005 5.400 ± 0.007 45.0 -
55.0 A6 2.420 2.750 ± 0.005 2.420 ± 0.005 2.120 + 0.007 
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When the temperature differences between the outer 

water bath and the inner :paraffin bath were first 

observed, it was confidently expected that the paraffin 

and the cell contents would have the same temperature 

at any one setting of the thermostat. This was found 

not to be the case. As can be seen from table 22 the 

inner paraffin bath vtas set to precisely 35, 45 and 

55°0. In actual fact the cell contents were in each 

case at a slightly lower temperature. This discrepancy 

was discovered before the runs at 5 and 15°0 were done, 

and in these cases the thermostat was set so that the 

cell contents were at the required temperature. 

The failure to obt'lin reproducible results from the 

high temperature side ( see part I ) was due to the 

fact that the suspensions were l:n"eheatec.1 at 90°0. At 

this ten~erature the solvent correction became quite 

irreproducible due to the greatly increased rate of 

solution of glass. It was hoped to eliminate this danger 

in the present work by preheating the salt suspensions 

at only 5° from the working temperature. Similarly 

approaches from the low tem"9erature side would be made 

by precooling the salt suspensions at 5° from the 

workine temperature. 

For this puryose a second ther mostat was constructed. 

It was designed to run at 30, 40, 50 and 60°0, and was 
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lJeatell. by a 250 volt - 25C watt knif'e heater controlled 

to ±o.l 0 by a Sunvic bi-metallic SJJiral thermoregulator. 

The \Yater Has mechanically stirx•ed by a paddle stirrer, 

ana_ the walls were lagged with a thick layer of' 

granulated cork. 

Por the runs at 5 anc:t 15°0 the se.l t suspensions 

were pretreated in cold water oaths ke:pt at 0, 10 and 

20°0. The temperature was regulated by manual addition 

of' ice cubes and thorough stirring. In this vray 

temperature control to ±o.2° could be obtained, quite 

sufficient for the pur:9ose .• 

4.2 Variation with temperature of' the cell constants. 

The cell constants of conductance cells I and II 

at 25°0 have :previously been d.etermined ( see part I, 

section 3.43 ). The values at the other temperatures 

are calculated from the geo:r:-!etry of the cells and the 

coefficients of e~ansion of' platinum (79) and of' 

Pyrex glass (90) . At no time was the change in the cell 

constants f'ound to be greater than 0.04;~, well within' 

the lirni t of' accuracy . of' the pl"esent work. The values 

of the cell constants determined at 25°0 were therefore 

used unchanged throughout the whole temperature range. 
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4.3 Variation with temperature of the 10,000 

ohm shunt resistor. 

The 10,000 ohm ( nominal ) shunt resistor was placed 

on the lid of the thermostat. Due to thermal conduction 

through the Perspex lid it experienced slight temperature 

variations at each ne'' setting of the thermostat. 

Conseq_uently its resistance changed slightly. The true 

v~lue of the parallel resistor at each of the six 

thermostat settings are recorded i~ table 23. These 

values were checked frequently during a series of runs, 

and were found to be constant at any one setting of 

the thermostat. 

TABLS 23. - OBS3RVBD RESISTl~.NCE OF SHUNT RESISTOR. 

ThermostLt setting 
(oc) 

5.0 

15.0 

25.0 

35.0 

45.0 

55.0 

True shunt resistance 
(ohms) 

9999.8 

10,000.2 

10,000.4 

10,000.8 

10,000.9 

10,001.2 
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5. PREPA.~ATIOr Nill STA~!DAR::>I3ATION OF i\(ATE~Ii\LS. 

5. 1 Nitrogen. 

For reasons given part I, section 3.425, purified 

nitrogen was employed to remove the volatile impurities 

and stir the cell contents in all the conductance 

measurements in part II. It was purified as described 

in part I, section 4.32. After saturation with water 

vauour at room temperature (24°0) it was passed through 

a trap in the thermostat to collect any condensed 

uater. This was essential vthen the thermostat was 

operating at temperatures below 24°0 in order to avoid 

this water from being carried over into the conductance 

cell. Finally the nitrogen was saturated with water 

VR9our in a ~otash bulb in the thermostat. 

6. EXPERIMEnTAL t{ESULTS AND DISCUSSIO!~. 

:Note: The techniques and treatment described below 

are employed throughout the temperature range work, 

and are grou~ed here to avoid repitition. 

6.1 Experimental technique. 

(a) Treatment of salt suspensions. 

In approachine; saturation from the low temperature 

side the salt suspensions \Jere urecooled at 5° from 

the workinc- temuerature for exactly 30 minutes Yli th 
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constant shaking. The suspensions were kept in the 

same conical P~~ex flasks in which they had been washed. 

After 30 minutes they were rapidly transferred to 

conductance cell II, and purified nitrogen was bubbled 

through the contents at 7 bub"bles uer sec. The resistance 

was measured at regular intervals until it was dropping 

at a steady rate. 

In the approaches from the high temperature side 

the salt suspensions rre1"'e preheated at 5° from the 

working temperature for 30 minutes, and then subseg_uently 

treated in the same \fay. 

(b) Treatment of conductivity water. 

Because of the very rapid increase in the rate of 

solution of glass with temperature, the conductivity 

water samples used in each run were treated in exactly 

the same way as the corresponding salt suspensions. 

(c) Treatment of silver halide ureciuitates. 

The silver halide precipitates were washed 50 - 60 

times by decantation with conductivity water, and 

\/ere aged for neriods varying from 3 to 7 days. 

6.11 Treatment of results. 

The results were interpreted graphically. Once agai7;1 

it was found that the conductance of the saturated 

silver halide solutions increased at a greater rate 
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FIG. 20. GRAPH OF RES I STANCE AGAINST TIME 

FOR SATURATED AGCL SOLUTION AT S°C. 
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than that of water alone. Since the dro~ in resistance 

was linear with tivne. the observed resistances were 

extrapolated back to zero time both for the water and 

for the silver halide solutions. 

6.2 Determinations at 5°0. 

6.21 Silver chloride results. 

For experimental data see appendix E. 

Fig. 19 shows a tyoical graph of resistance against 

time for conductivity water. The resistance of the 

water rose rapidly to a maximum value after about 

4.5 hours, and then dropped steadily at the rate of 

about 0.1 ohm/hr. corresponding to an increase in the 

conductance of about 0.1 nrn. / cm.hr. There was no 

noticeable difference in the conductance of samples 

of water from the same batch which had been precooled 

on the one hand, and preheated on t he other. The very 

slow rate of solution of glass at these low temperatures 

-probably accounts for this. 

Fig. 20 illustrates the typical variation of 

resistance with time for a saturated silver chloride 

solution. In approaches from the low temperature side 

the saturation point was reached after about 22 hours, 

whereas it took only about 14 hours to attain saturation 

from the high temperature side. After saturation was 
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complete the resistance fell steadily at about 0.35 

ohrn/hr. , corresponding to an increase in the conductance 

of 0.45 n11./cru.hr. 

The solubilities '.'/ere calculated in the usual way 

using the Onsager e~uation 
1 

= 86.3- fi4.25 s2 

'l:he results are recorded in table 24. 

TABLE 24. - SOLUBI LITY OF SILVER CHLORIDE AT 5°0. 

extrapolated to zero mean mean 
Ho. time 

X H20 JG:...eol 
solubility solubility 

of XAgCl soln. equiv • .tl. produrb 
expt. nm. / crr;. nm.7cm. nm./cm. x 10-0 K X 10 

17 L 465 31 434 

17 H 466 31 435 

16 L 46S ::)1 438 

18 H 470 31 439 0.507 0.256 
+ 0.01 + 0.02 

19 L 471 32 439 

19 H 470 ::,2 438 

20 L 465 29 436 

20 H 465 29 436 

The limits of err•or have been estirn:::tted from the 

ur1certainty in the extrapolations anc1 trLe values of 

the lirr.i ting equivalent conductwces artd ionic 

mobilities. The solvent correction amounts to 6 - 7~~ 

of the total conductivity. It is significant that 
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approaches of the saturation point from the high 

temperature side yielded solubility values which agreed 

with those obtained from the low temperature side to 

vrithin the limit of experimental error. 

6.22 Silver bromide results. 

For experimental data see ap~endix F. 

Fig. 21 refers to the exuerimental results for a 

saturated silver bromide solution in n typical case. 

TABLE 25. - SOLUBILITY OF SILVER BROMIDE AT 5°0. 

extrauolated 
No. time 
of l AgBr soln. 

expt. nm./cm. 

21 L 50.8 

21 H 51.2 

22 L 49.0 

22 H 49.5 

23 L 50.6 

23 H 50.8 

24 L 51.9 

24 H 52.5 

to zero 

l H20 
nm.;cm. 

32.6 

32.6 

30.2 

30.2 

31.5 

31.5 

02.4 

32.4 

XAgBr 
nm./cm. 

18.2 

18.6 

18.8 

19.2 

19.1 

19.3 

19.5 

20.1 

mean mean 
solubility solubility 
equiv.ll. ~rodu~t 
x 1o-? K x lol3 

2.17 0.470 
± 0.10 ± 0.02 

The resistance rose rapidly to a maximum value after 

about 7 - 8 hours both for aJ?proaches from the high 

and the low temperature sides. It then dropped regularly 
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at the rate of about 0.4 ohm/hr. This is e~uivalent 

to an increase in the conductance of 0.4 nm./cm.hr. 

The solubilities were calculated using the Onsaeer 
1 

equation = 88.0 - 54.62 s2 

The results are recorded on the previous rage in 

table 25. Although the conductivity water had a specific 

conductance o~ only about 30 nm./cm., the solvent correction 

still amounted to about 6~G of the total conductivity. 

The solubility was not affected by the method of 

approaching the saturation point. 

6.3 Determinations at 15°0. 

6.31 Silver chloride results. 

For exnerimental data see apnendix G. 

The variation of resistance with time for conductivity 

water is shown in fig. 22. After reaching a maximum 

value the resistance fell at a steady rate of 0.2 -

0.3 ohm/hr., corresponding to an increase in the 

conductance of 0. 3 nw. /em. hr. Samples of \rater from 

the same batch shoued no difference in conductance 

whether preheated Ol"' ,.>recooled. 

til. - l.g. 23 shows a typical eraph for a saturated silver 

chloride solution. Preheated samples reached saturation 

noint after about 11 hours, whereas precooled samples 
... .. 
took about 2G hours . After saturation the resistance 
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of the solutions fell steadily at about 0.9 - 1.0 

ohm/hr. This re9resents a steady increase in the 

conductance of about 1.2 nm./cn .• hr. 

The solubilities 1;ere calculated using the Onsager 
1 

equation = 111.0- 71.81 s7 

The results ere ~iven in table 26 • 
• 

TABLE 26. - SOLUBILITY OF SILv~R CHLORIDE AT 15°0. 

extrapolated 
:r-ro. time 
of l AgCl soln. 

ex9t. nm. / cm. 

25 L 975 

25 H 970 

26 L 983 

26 H 980 

27 L 968 

27 H 975 

26 L 970 
. 

28 H 973 

to zero 

XE 0 JtAgCl 
nm.lcm. nm. 7cm. 

40 935 

40 930 

44 939 

44 936 

50 918 

50 925 

45 925 

45 928 

mean 
solubility 

eg_ui v.t.{l. 
X 10-D 

0.809 
± 0.017 

mean 
solubility 

± 

produ£8 
K X 10 

0.700 
0.035 

The sol vent correction amounted to about 5 - 67:.. 

of the total conductivity. 

6.38 Silver bromide results. 

For experimental Qata see appendix H. 

Fig. 24 refers to a typical set of exper~mental 
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results. Saturation ·.:as attained after about 6 - 7 

hours both for ai)l)roache s from the hieh and the low 

tem~erature sides. 7he resistance the~ fell steadily 

~t a rRte of about 0.6 ohm/hr., althoueh the rate of 

dro-c between individu8.l runs varied slightly. This 

drop corresponds to an increase in the conductance 

of 0.7 nn!. /em. hP. The On sager eq_un.tion 

ft\rc.Br = 113.0 - 72.26 
1 

s2 

was use<i to calculate the results uhich are given 

in table 27. 

TABLE 27. - SOLUBILITY OF SILVER BR0!·1iiDE Nr l5°C. 

No. 
of 

expt. 

extr auol at ed 
time 

XAgBr soln. 
nm. / cm. 

to zero 

X H20 
n1 ... jcm. 

JtAcBr 
nu./cm. 

mean 
solubility 
equiv. /1. 

:r.: lo-7 

mean 
solubility 

urod.uct 
K-x 1013 

29 L 96 54 42 

2<;;J E 98 54 40 

30 L 90 45 45 

30 H 87 45 44 3.85 1.48 
± 0.14 ± 0.28 

31 L 83 39 44 

31 H 84 39 45 

02 L 87 43 44 

32 H 87 43 44 

The sol vent correction amounted to about 50% 

of the total conductivity. 
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6.4 Determinations at 35°0. 

6.41 Silver chloride results. 

For exnerimental data see anpendix I. 

The vari2tion of resistance with time for conductivity 

water follows a typical curve shown in fig. 25. At 

higher working temperatures the conductance of the 

water is no longer independent of the method of 

uretreatment. Sanples from the same batch always have 

a higher s~ecific conductance when preheated than when 

precooled. This is to be exnected since the rate of 

solution of glass increases as the temperature is raised, 

end the effect becomes noticeable \/hen working above 

room temperature. In both cases the resistance rose 

rapidly to a maximum value after about 1.5 - ~ hours, 

and then fell at a uniform rate of about 1 ohm/hr. This 

renresents a steady increase in the conductance of 

1 - 2 nrn./cm.hr. 

Fig. 26 refers to the experimental results for a 

saturated silver chloride solution. Precooled samples 

reached s~turation point after about 18 hours, whereas 

~reheated samples took only 12 - 13 hours. After . 
saturation the resistance fell steadily at the rate 

of approximately 60 ohns/hr., corresponding to an 

increase in the conductance of about 6 run./cm.hr. 
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It shou1C:. oe acted t:H?.t for runs on si1 ver chlor·~de 

at 35, 45 ru1d f>5°C the resistance of t~e satur~ted 

solutlon3 is sufficiently loY! to enable it to be 

rre;a.oured directl~- '·• i thout ucing "'=-he 10, COO ohm 

shunt :~"esistor. 

The r~su1 ts were c.:1.lcu1ated. ir: the usual Ytay using 
1 

the Onsaeer equation 165.5 - 113.9 s2 

anC.. are "·i yer in table 28. 

TA5LE 28. - SOLUBI LITY CF SILv~R C~ORIDE AT 35°0. 

I:!o • 
OJ..' 

exut. 

33 L 

33 H 

54 L 

34 H 

"35 L 

35 H 

36 L 

56 E 

extran0J.ated 

19 t in.e 
/\1.:\.gOl soln. 

nrn. / ern. 

3471 

3476 

3479 

3492 

3478 

3481 

3481 

~488 

to zero 

)(g o 3t~.gcl 
nn:.7cm. nrr~./cm. 

122 3349 

128 3348 

128 3351 

135 3357 

119 3359 

130 3351 

124 3357 

133 3355 

mean 
solubility 
equiv. 11. 

X 10-b 

+ £.032 
- 0.04 

mean 
solubility 
produl~ 

K X 10 

4.13 
± 0.08 

The specific conductance uf the silver halid.es 

increases much r.Jore raDidly than .Lhat of water alone 

&s the ,. orki.ng ter'lperature j s raise<l. Corsequently the 

sol vent correction ttecreasas '.ti th rise in tempe1•ature, 

and is here only about 4~ of the total conductivity. 
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6.42 Silver "bromide results. 

For experimental data see appendix J. 

The curves in ~ie. 27 show the typical variation 

o~ resistance with time ~or R saturated silver "bromide 

solution. Preheated samples reached saturation a~ter 

only 1.5 - 2 hours, but the nrecooled samules appeared 

to be unsaturated initially and the resistance reached 

a higher maximum. It then ~ell rnnidly, as in the case 

o~ the silver chloride runs, until the saturation 

point was ~inally reacheu a~ter 5 - 6 hours. 

TABLE 29. - SOLUBILITY OF SILVER BROMIDE AT 35°0. 

extrapolated to zero · mean mean 
l''o. time 

X H20 JlAgBr 
solubility solubility 

0~ llAgBr soln. eq_uiv.~l. urodui~ 
expt. nrn./cm. nm./cm. nm./cm. X 10- K X 10 

37 L 326 116 210 

37 H 328 120 208 

38 L 315 106 209 

38 H 322 114 208 12.51 15.8 
:!: 0.25 ± 0.5 

39 L 330 122 208 

39 H 337 122 215 

40 L 315 107 208 

40 H 318 112 206 

After saturation the resistance of both preheated 

and nrecooled sarnnles fell steadily at about 
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4.5 ohm/hr., corres~onding to an increase in the 

conductance of about 0 - 4 nm./cm.hr. 

The solubilities were calculated using the Onsager 
1 

equation 1\AgBr = 167.0- 114.3 s2 

and the r~sults are given on the previous page in 

table 29. 

Although the solvent correction has decreased, it 

is still 35 - 40% of the total conductivity. 

6. 5 Deterrninat ions at 45°0. 

6.51 Silver chloride results. 

For ex9erimenta1 data see appendix K. 

A tYDical set of e~erimental data for water is 

sho'vn in fig. 28. Preheated samnles again have a higher 

conductance than those which have been precooled: the 

difference being even greater th~ in the runs at 

35°0. After rising rapidly to a maximur.1 value after 

1.5 - 2 hours, the resistance fell steadily at the 

rate of ~ ohm/hr. This represents a steady increase in 

the conductance of a·oout 6 nr.-i./cm.hr. 

Fig. 29 refers to a tynical set of experimental 

results for a saturated silver chloride solution. It 

is noticed that the time taken to reach saturation 

decreases as the working temperature is increased. This 

is true both for approaches from above and below. 
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Furthermore, the rise in concluctance after sat uration, 

though still linear uith time, is ra"?idly increasi!lg 

with temperature. Precooled samples re r1.ched aeturation 

after !:tlYnroximately 12 hours; on the other hand ~rehe:~.ted 

samT)les req_uired only auout 8 - 9 hours •. :U'ter 

saturation the resistance fell steadily at about 56 ohm/hr., 

corresponding to an i?lcrease in the conductance of 

18 nm./cm.hr . The solubilities were calcul::tted using 

the Onsnger eQuation 1\.\gCl = 
1 

195.2 - 138.2 s2 

and the results are grouped in table 30. 

TABLE 30. - SOLUBILITY OF ·SILVER CHLO"RIDE AT 45°0. 

extraT)ola ted to zero mean mean 
No. time 

Jl AgGl 
solubility sol ubility 

of ltAeOl soln. J(:~:L.:>O equiv.~1. -nrodut~ 
exnt. nrn./c!h. nm.7crn. nrn./cm. X 10- K X 10 

41 L 5984 152 5882 

41 E 6019 161 5861 

42 L 5991 152 5839 

42 H 6013 160 5853 3.010 9.11 
± 0.06 ± 0 .12 

43 L 6015 158 5857 

43 H 6001 167 5864 

44 L 6008 157 5851 

44 H 6025 166 5859 

The solv..:;nt correction amounted. to only 2.5 - 3ci.' ;o 

of the total conductivity. 
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6.52 Silver bromide results. 

For exDerimental data see appendix L. 

Typical resistance - time gr:.:tnhs for a s a turated 

silver bromide solution are shovm in fig. 30. Precooled 

samples took about 5 - 6 hours to reach saturation, 

whereas ureheated samples were saturated after 3 - 4 

hours. In approaches from both the high and the low 

temperature sides the resistance of the solutions I'ell 

rapidly after the maximum value was reached due to 

unsaturation and further solution of silver bromide. 

TABLE 31. - SOLUBILITY OF SILVER BR0!1!IDE AT 45°0. 

extrapolated to zero mean mean 
ro. time 

XH. 0 lAgBr 
solubility solubility 

of Jt4.gBr soln. equiv.~l . lJrodurt 
expt. nm./cm. nm.Jcrr.. nrn./cm. x 1o- K X 10 ° 
45 L 557 152 405 

45 H 556 153 413 

46 L 555 143 412 

46 H 563 151 412 20.9 44.4 
± 0.4 ± o.s 

47 L 560 153 407 

47 H 574 159 415 

48 L G74 156 418 

48 H 571 167 404 

AI~ter saturation, however, the resistance fell at a 

uniform rate of about 12 ohm/hr., which represents 
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an increase in the conductance of about 15 nm./cm.hr. 

The Onsager equation A AgBr 
1 

= 196.4- 138.5 s2 

was used to calculate the results which are given in 

table 31 on the previous page . 

The water accounted for about 3~& of the total 

conductivity. 

6.6 Determinations at 55°0. 

6.61 Condensation of water in the lead-out tube. 

1Nhen measuring the resistance of samples of 

conductivity water at 55°0 it was found that the 

resistance, after passing through a maximum value, fell 

very erratically. A fall of 200 ohms in 30 minutes was 

not uncommon. This effect was eventually traced to the 

condensation of water from the exit stirring gas on the 

cooler nortions of the lead-out tube of the cell. 'Vhen 

sufficient drol:)lets had formed they ran back into the 

conductance cell carrying with them impurities dissolved 

:from the unleached glass walls of the lead-out tube. 

This accounts fora the sudd.en rapid falls in the resistance. 

The effect had not been exoerienced in the previoul::) runs 

becs.use the temperature difference between the saturateJ 

stirring gas and the cooler portions of the 1ead-out 

tube ha1l not been sufficiently great. 

To px•event condensation t he lead-out t ube v:as fitted 

,_ 
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·,1i th ::u1 electricc.lly heated jacket . It consisted of £< 

leneth of Pyrex tubin~ of slightl;\~ lai'frer ctis.meter than 

the leaci-out tube . The jacket was insulated with asoestos 

1J8..per, and. ;tound \Jith 7 feet ( 28 turns) of 36 gauge 

rr;anganin resistance wire ( total resistEmce 80 ohms ) 

att £tched at e Rch end to 16 gau2;e cop·per wire ter·l!d.nals. 

The A. C. rf:~"'-ins eu,):::)ly 1 ste:)9eCL do'."!l.t to 15 volts by means 

o f a Variac , maintained the tempera ture of t >:e jacket 

at about 60°0 and very effectively prevented any 

condensation in the lead-out tube . 

It was realised that heating the lead-out tube might 

. raise the temuerature of the cell con tents due to 

thermal c onduction along the glass ·:mlls of the cell. 

This '.'/as tested by rne 'l.suring the temper E·tnre of the 

cell contettts >Ji th a Beckl!1a1m the:r·mometep . The thermometer 

showed a o·. 4° rise in ten·.Der_=tture v!hen the lead- out 

tu.be w1:.1.s heated 9 out t £lis uas found to be due to heating 

of the l!iercury thread above the bulb and net to an 

Retual :d .se in the tem'9erature of the cell contents. 

Sj_nce the uniform fall of the J:esistance after 

s aturrtion &t 55°0 was con~iderfule, the stirring rate 

vms reduced fro:<i! 7 to 5 1)Ubbles/sec . both for the r ;_ms 

on the conductivity water awl t:'le saturated silver 

~"ls.licle solutions. 
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6.62 Silver chloride results. 

For experiment al Jat~ see appendix M. 

Note: The resistances of the saturated silver chloride 

soluti8ns in ex~t. 49 and 50 were measured using the 

10,000 ohm shunt resistor, '.!hereas in expt. 51 2nd 52 

they were weasured directly. 

Fige 31 refers to the variation of resistanre with 

time for conductivity water. The resist~nce of both the 

precooled and the 1')reheated sam"9les rose steeply to a 

naximum value after au~roximately 1 hour, and then fell 

steadily at ~bout 9 ohm/hr. This is equiv~lent to an 

increase in the conductance of 12 nm. /cm.hr. Preheated 

TABLE 32. - SOLUBILITY OF '3ILVE::Z CHLORIDE AT 55°0. 

extrapolated to zero mean mean 
:t-To. X time 

X AgCl 
solubility solubility 

of AgCl so1n. X·rr 0 equiv.tl· T'roduS:b .. } 
expt. nm./cm. nm. em. run. lcm. X 10- K X 10 

49 L 10,394 220 10,174 

49 H 10,430 234 10,196 

50 L 10,402 219 10,183 

50 H 10,432 230 10,202 4.52 20.7 
±o.o9 ± 0.18 

51 L 10,405 B28 10,17? 

51 H 10,440 244 10,196 

52 L 10,400 231 .10,169 

52 H 10,410 247 10,163 
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samples always had a higher condL1ctance t1:1an those 

which hnd "been ?recoolea. 

The variation of re.Jist ::'.nce ':::.th tir0e for a sBturated 

silver chloride solution follows the typical curve 

of fig. 32. W'ne:n approached. f'ron ·l)elo!/ sc.turation was 

reached after anout 10 .hours; pre::eated s8.r.Iples, on the 

other hsnd, v:ere saturutecl after only b - 9 hours. 

After saturntion the resistance :fell 3.t a uniform rate 

of about 9 ohm/hr. ( Y!hen using the 10,000 o!un shunt 

resistor ), and at 36 ohm/hr. when the resistance was 

measured uirectly. These rates of' fall represent an 

increase in the conductance of 36 - 40 nm./cm.hr. 

The resu.l ts were c .llculdted using the Onsager 

eo_uation /\AgCl = 225.1 

nnd are siven in table 32 on the previous page. 

The wa ter contri"'.:>uted only 2 - 2. 5~~ to the total 

conductivity. 

6 c:_ r • • o<=> Silver orumide results. 

For exnerimental data see ap~endix N. 

A ty-pical set of enerimental data is shown in 

fig. o5. Sc.turation 'Nas reached in anout 3 hours both 

:Lor :9recooled and ·preheated sam:9lcs. Thereafter the 

resistance fell steadily at anout 20 oh:rn/hr. cori'Gspondi~g 

to an increa~e in the conductance of 28 nm. /cm.hr. 



The Onsager equation = 
1 

227.7 - 164.3 s2 

was used to cn.lculate the results which u.re given 

in table 33. 

TABLE 33. - SOLUBILIIJ:'Y OF SILVER BROJVi.IDE AT 55°0. 

ext1~a_pol ~1.ted 

:r-r o • 11 t ime 
of 1\.1 AgBr so ln. 

expt. run. I em. 

53 L 1009 

53 H 1048 

54 L 1037 

54 H 1048 

55 L 1016 

55 H 1033 

56 L 1028 

56 H 1043 

to zero 

X:-r 0 X.AgBr 
nm.Jcm. nm.7cm. 

233 776 

258 790 

248 '(89 

257 791 

228 788 

241 792 

239 789 

253 790 

mean mca.n 
solubility solubility 
equiv.ll. product 

X 10-~ K X 10~0 

34.7 123o4 
:1: 0.7 :1: 1.4 

The sol vent correction amounted to 20 - 25~£ of 

the total conductivity. 

6.7 Correction of the observed solubilities 

in sections 6.4, 6.5 and 6.6 to values 

at the integral temperatures. 

In the experiments performed at 35, 45 and 55°0 

the tem::->erature of the cell contents was in each case 

slightly lotler tha11 the nomin"l.l value ( see -oart II, 
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section 4.41 ). Since the limitin?; equivalent conductances 

of' the silver salts ill table 21 are stated for exact 

integral temperatures. it is pre£erable to correct the 

values of the Sl;)ecific conductanc.3s to the integral 

tenrperatures. The correction is complicated by the fact 

that the snecific conductances are by no means linear 

functions of terr.perature. Even a fourth order equation 

does not fit well enough for interpolation. 

On the other hand, the logarithms of the specific 

conductances vary almost linearly with temperature. 

The second differences are only about one tenth of the 

first order ones, ao that a linear interpolation over 

a short interval can be made. The variation of 

log XAgCL nnd log X.Ag:Sr \':i th tempera ture is shown in 

tables 34 and ~S5 respectively, which also include the 

first, second nnd third differences . 

TABLE 34. - Vii.RL\TIOr 

Temp. log X AgCl 
(oc) 

25.00 3.26553 

34.85 3.52543 

44.77 3. 76?31 

54. 70 4.00784 

OF log ')l.AgOl WITH TEiv:P~RNfURE. 

~1 (+) Lf (-) tr (-) 
o. '35990 

0.24188 

0.24053 

0.01802 

0 . 00135 

0.01667 



TABLE 35. - VA."RIA'l'ION 

Temp. 
( oc) 

log X AgBr 

25.00 2.00000 

34.85 2.32015 

44.77 2.61384 

54.70 2.69764 

119. 

OF 1og)t,AgBr WITH TE!:JIPEHA:I'URE. 

L? (+) ~ (-) ~ (-) 

0.32015 

0.29369 

0.28379 

0.02646 

0.00990 

0.01656 

Tne corrected values for the snecific conductances, 

together \lith the corresponc.line; solubi1i ties and 

solubility products . are given in table 36. 

•r.t\BLE 36. - CORRECTED SOLU3ILITIES OF SILVER CHLORIDE 

.L\l~D SILV:SR BB.mtiiDE AT 35, 45 .AND 55°C • 

:"ean solubility soly. Drod. 
Tem1). J!AgOl lo-5equiv./l K X 1010 
coc) corrected corrected corrected 

Ag01 35.00 3381 2.049 + 0.04 4.20 + 0.08 

45.00 5928 3.049 + 0.06 9,35 + 0.12 

55.00 10350 4.60 ± 0.09 21.40 ± 0.18 

uean so7uoility soly. l?r£%· 
Terrm. X AgBr 10- equiv./1 K X 10 
coc) corrected corrected corrected 

AgP·r 35.00 211 12.63 ± 0.25 16.0 ± 0.5 

45.00 417 21.2 ± 0.4 45.6 + 0.6 -

55.00 806 35.4 ± 0.7 128.2 + 1.4 
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7. SUMMi~Y AND CONCLUSIOJ.IIS. 

The best values for the solubility of silver chloride 

and silver bromide from 5 to 55°C are given in tables 

3'7 and 38. Owen and Brinkleys' figures (18) for silver 

chloride and silver oromide are included for comparison. 

TABLE 37. - SOLUBILITY AND SOLUBILITY PRODUCT OF SILVER 

CHLORIDE FROM CONDUCTANCE MEASUREd:ElTrrs. 

solubility e:. eg_ui v. /1. X 10-5 
KA~l X 1010 

Temp. author Owen s.nd au tho Owen and 
(oc) Brinkley Brinkley 

o.o 0.42 ± 0.03 

5.0 o. 507 ± 0.01 0.506 0.256 ± 0.020 0.254 

10.0 0.62 ± 0.02 

15.0 0.839 ± 0.017 0.842 0.700 + 0.035 0.705 

18.0 0.95 ± 0 .03 

20.0 1.02 ± 0.03 

25.0 1.337 ± 0.004 1.337 1.780 ± 0.010 1.782 

30.0 1.64 ± 0.05 

35.0 2.049 ± 0.04 2.038 4.20 ± 0.08 4.16 

40.0 2.50 ± 0.07 

45.0 3.049 ± 0.06 3.002 9.35 ± 0.12 9.07 

50.0 3.70 ± 0.10 

55.0 4.60 ± 0 . 09 21.40 ± 0.18 



FIG.34. SOLUBILITY CURVE FOR 

AGC L F R 0 M 5 TO 5 5° C. 
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FIG. 35. SOLUBILITY CURVE FOR 

AGBR FROM 5 TO 55° C 
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TA.3LE 38. - SOLU3ILITY AND SOLUBILITY PRODUCT OF SILVE~ 

'3RO:I:I!}~ FROTVJ CONDUCTANCE MEASUREMENTS. 

1 b 'l't . /1 10-7 SO U 1 1 y g.eqU1Vo • X K X 1013 
auth-3-fBr Owen and author Owen ~nd 

Brinkley 

o.o 

5.0 

10.0 

15.0 

18.0 

20.0 

25.0 

1.8 + 0.30 

2.17 ± 0.10 

2.8 ± 0.20 

3.85 ± 0.14 

4.7 ± 0.20 

5.3 ± 0 .25 

7.15 + 0.20 

30.0 9.6 ± 0.30 

35.0 

40.0 

45.0 

12.63 ± 0.25 

16.5 + 0.5 

21.2 ± 0.4 

50.0 26.0 ± 1.0 

55.0 35.4 + 0.7 

2.03 

3.80 

7.04 

12.13 

19.97 

Brinkley 

0.47 ± 0.02 0.41 

1.48 ± 0.28 1.51 

5.20 ± 0.40 4.98 

16.0 + 0.5 14.9 

45.6 + 0.8 40.6 

128.2 ± 1.4 

The solubility curves for these salts are given in 

fig. 34 and 35. From these curves additional values 

have been obtained by interpolation and extrapolation, 

and these are included in tables 37 and 38. 'l'he limits 

of error have been extended Accordingly. 

It is significant that the solubilities for silver 

chloride agree with Owen and Brinl{leys' figures (18) 
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to within the estimated limits of' exnerimental error. 

For silver brorr,id.e the discrepancies are slightly 

greater than the e~)erimental error; the conductometric 

values being definitely higher tha~ the potentiometric 

ones, es:!}ecially at the 11p_yer teii!Deratures. However , 

£.n uncerta inty of' ±1~[ in the values for the liniting 

equivalent conductances in table 21 may account for 

this. Nevertheless, the agreement is sufficiently close 

to suggest that samples of the two salts ~repared 

either by electrolysis or precipitation show no real 

difference in solubility. 

An alternative way of exnressing the results 

graphically is shown in fig. 36 and 37, where logK is 
. I 

nlotted aga1nst ·:r . The varis.tion is almost linear 

both for silver chloride and silver bromide, which 

is what one woulU. exuect thern!odynamically by 

inspection of the van't Hoff isochore 

( J 1nK' 
\ () T l p = ~H~ 

RT ••••• 6 • 43. 

At the extreme dilutions encountered in this work the 

solutions approximete to ideal behaviour. If' the 

coefficient of' thermal expansion of the solutions is 

neglected, and 6 1!0 is assumed to remain constant over 

the whole temperature range, integration of' eqn. 43 

yields 
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lnK = - ~Ho 
+ I 44. RT : ••••••• 

or logK 
.OHO 1 + I • • • • • • • 45. = 2.303R . T 

Equation 45 and fig. 36 and 37 permit evaluation of 

AE0 ( the standard heat of reaction ) for the reaction 

AgX (solid) ----) Ag+ + x-

This leads to the values 

= 

and = 

15.77 k.cal./mole for silver chloride 

20.25 k.cal./mole for silver bromide. 

In view of the simplifying assumptions made above 

these figures are only averages for the temperature 

range from 5 to 55°0. An uncertainty in the limiting 

equivalent conductances of the silver halides does 

not justify a more rigorous evaluation of ~H0 • 
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APPENDIX. 

l':ote: In nur;,bering the experiments L indicates 

q~proach of the saturation point from the low temperature 

side, whereas H indicates approach from the high 

temperature side. 

A, Variation with time of the resistance of 

conductivity water at 25°0. 

EXPER IMEJ:-:T 1. 

Time from Time from 
start of resistance stu.rt of resistance 

expt. (hrs . ) (obms) expt. (hrs.) (ohms) 

o.o 9560.2 28,5 9910,6 

1.0 9800.0 31.5 9910.2 

2.0 9850.1 34.5 9909.3 

2.5 9870.4 47.5 9905.1 

2.75 9890.7 50.5 9904 .• 3 

o.o 9905.8 52.5 9903.4 

3.5 9915.2 55.5 9902.8 

4.0 9917.0 58,5 9902.5 

4.5 9Sl7.1 71.5 9898.4 

5.5 9917.0 74.5 9897.8 

8.5 9916 ,5 76.5 9896.6 

23.5 9911.8 79.5 9896.1 

26.5 9911.0 81,5 9895.2 
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B. Silver chloride data at 25°0. 

EXPERIIVlE"~'~T 4. 

L . Saturated silver chloride solution. 

Time from Time from 
start of resistance start of resistance 

expt. (hrs. ) (ohms ) expt. (hrs.) (ohms) 

o.o 8974.1 61.0 8655.1 

4.0 9016.4 64.0 8640.1 

8.0 8975.9 72.0 8610.2 

10.0 8959.8 78.0 8600.4 

24.0 8862.4 82.0 8595.5 

29.0 8837. 1 86.0 8585.9 

34.0 8820.0 96.0 8575.4 

37.0 8807.3 101.0 8573.0 

48.0 8775.7 105.0 8571.1 

53.0 8683.9 109.0 8570.0 

57.0 8670.5 120.0 8567.1 
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EXPERIMENT 5. 

:::: 96 nrn./cm. 

H. Saturated silver chloride solution. 

Time from start of 
experiment (hours) 

0.5 

5.0 

11.0 

21.0 

23.0 

27.0 

32.0 

45.0 

48.0 

53.0 

57.0 

61.0 

69.0 

72.0 

80.0 

resistance (ohms) 

7350.0 

8020.1 

8110.4 

8235o5 

8260.2 

8290.0 

8530.9 

8410.4 

8420.3 

8435.5 

8450.6 

8465.1 

8470.1 

8468.6 

8464.0 
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EXPERIMENT 6. 

82 nrn./cm. = 

L. Saturated silver chloride solution. 

Time fror.1 Time from 
start of resistance start of resistance 

expt. (hrs.) (ohms) ex~t. (hrs.) (ohms) 

o.o 8996.0 5.5 8614.C 

0.5 9015.0 5.83 8611.0 

2.16 8738.5 7.5 8600.0 

2.5 8705.5 10. 75 8599.5 

3.25 8650.0 21.0 8596.2 

4.0 8633.4 23.0 8595.8 

4.83 8621.0 

= 87 nm./cm. 

L. Saturated silver chloride solution. 

Time from Time from 
start of resistance start of resistance 

expt. (hrs.) (ohms) expt. (hrs.) (ohms) 

0,0 8800.0 17.0 8595.4 

0.34 8860.0 18.0 8594.0 

0.67 8794.3 19.0 8593,4 

1.34 8693.4 20.5 8593.0 

3.5 8650.1 22.0 8592.5 

7.0 8625.2 26.0 8591.1 
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SXPERDI!E::T 8. 

= 89 nm. /cm. 

L. Saturated silver chloride solution. 

Time from Time from 
start of resistance start of resistance 

expt. (hrs.) (ohms) expt. (hrs.) (ohms) 

o.o 8830.0 9.0 8596.1 

1.5 8810.1 10.5 859le5 

3.0 8700.4 12.0 8589.3 

4.0 8670.2 14.0 8588.9 

5.0 8650.0 24.0 8586.3 

6.0 8630.0 27.0 8585.4 

EXPERIMEP.T 9. 

= 96 nm. I cr.1. 

L. Saturated silver chloride solution. 

Tirre from Time from 
start of resista..Dce start of resistance 

expt. (hrs.) (ohms) exut. (hrs . ) (ohms) 

o.o 8990.4 28.0 8590.3 

4.0 8870.0 30.0 8586.1 

9.0 8709.8 33. 0 8583.0 

14.0 8645.2 36.0 8582.2 

24.0 8600.4 49.0 8579.5 

26.0 8594.0 
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= 95 nm. / cm. 

H. Saturated silver chloride solution. 

Time from start of 
experiment (hours) 

c.o 

26.0 

52.0 

66.0 

68. 0 

72. 0 

82.0 

94.0 

100.0 

resistance ( ohms) 

7994.0 

8240.1 

8380.6 

8446.4 

8455.4 

8455.7 

8445.9 

8439.2 

8435.8 
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c. Silver bromide data at 25°C. 

L. Conductivity water. 

Time from start of resistance (ohms) experiment (hours) 

0.75 9868.5 

1.5 9898.5 

2.5 9913.0 

3.5 9914.5 

4.5 9914.8 

6.5 9914.5 

L. Saturated silver bromide 501ution. 

Time from start of 
experiment (hours) 

0.67 

1.67 

].92 

2.18 

2.42 

2.67 

3.17 

L67 

5.16 

19.5 

22.5 

resistance (ohms) 

9702.0 

9821.5 

9826.3 

9830.3 

9831.8 

9832.5 

9801.6 

9832.7 

9831.0 

9804.3 

9798.6 
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3XF3RDtE!TT 13. 

L. Condu.;tivity water. 

'.rime f'porn start of' x•esistance (ohms) experiment (hours) 

1.0 9758,5 

1.5 9888.5 

2.5 9902,0 

5,0 9907,3 

8. 5 9911.0 

19.5 9907,5 

L. Saturated silver bror.1ide solution. 

Tims from start of' 
experiment (hours ) 

1 .0 

1 .5 

2.25 

3.0 

3.5 

5.0 

6,5 

11 . 5 

r•es i stance (ohms ) 

9786.5 

9820,5 

9829.1 

9829.5 

9827.7 

9825.3 

9881.0 

9809.3 
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EXPERIIviEI\lT 14. 

L. Conductivity water. 

Time from staT•t of resistance ( ohmb) experiment (:tours) 

1.0 9908.5 

1.75 9913.0 

2.5 9918.6 

3.0 ~918.8 

3.5 9918.7 

5.0 9918.3 

L. Saturated silver bromide solution. 

Time frow start of 
ex:pel"'iment (hours) 

0.5 

1.67 

2.5 

3.0 

10.0 

22.5 

re::>istr.mce (ohms) 

9781.7 

9831.9 

~835.0 

9836.~ 

9835.5 

9821.0 

9796.1 
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L. Ccnclucti-rity water. 

Time .:'rom stg_rt of 
ex::>eriment (hour s) 

1 .0 

1.75 

2.5 

3.0 

5.0 

resist a11ce ( ohr11s) 

9s:'08.5 

9918.0 

9918.6 

9912.8 

9918.7 

9918.3 

L. 3:lturat3d ::;ilver oromicle solution. 

Time frorr~ "'tart of 
experiment (hours) 

1.2E 

1.75 

2.25 

2.5 

3.0 

4.5 

13.5 

resistance ( ohrus) 

9811.5 

9889.1 

983-1.0 

9834.5 

9834.5 

983~.6 

98'-34. 5 

9615.4 
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3XP3Rllv1E~:T 16. 

L. Condueti vi t:/ v!ater. 

Tirr1e f'~o;n st.qrt of' 
experiment (hours) 

1.0 

2.0 

3.0 

5 5 

6.5 

reststa~ce ( o~ms) 

9881'5.0 

9910.4 

9915.0 

9914. 7 

9914.6 

9914.3 

I.. Satur ·1te 1 stl ver 'hrornide so1".1. tion. 

Time f'x>o~ Btc.rt of 
expcri~ent (hours) 

1.25 

1.7E 

2.5 

3.75 

4.75 

6.0 

10.75 

?.0.75 

22.75 

resistance (ohms) 

9821.9 

9830.3 

9832.8 

9833.9 

9833.5 

9829.5 

9821.5 

9805.0 

9801.9 
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D. C3.l i1)ration o::':' Tir.1sley p9tentiometer. 

KeG.:i.um ~~oil. 

Set tins correction 3ettinc; co·t,.•:>ect ion 

0.00100 0 . 00000 0.02100 - 0.00001 

0.00200 0.00')00 0.02200 - 0.00001 

0.00300 0.00000 0.02300 - 0.00001 

0.00400 O.OJOOO 0.02400 - 0.00001 

0.00500 o. ·)0000 0.02500 - 0.00001 

0.006u0 0.00000 0.02600 - 0.00001 

0.00700 0.00')00 0.02700 - 0.00001 

0.00800 0.00000 0.02800 - 0.00001 

0.00900 ').00000 0.02900 - 0.00001 

0.01000 0.00000 0.03CJO - 0 . 00001 

0.01100 0.00~00 0.031')0 - O.OC001 

0.01200 0 00000 0.03200 - 0.00001 

0.01300 O.OCJJO 0.03300 - C.OOOCl 

0.01400 0.00000 0.03400 - 0.00001 

0.01500 J.OOOOO 0.03500 - 0.00001 

0.01600 0.00000 o.u3600 - 0.00001 

0.017')0 0.00000 0.03700 - 0.00001 

0.01800 0.00000 0.05800 - 0.00001 

0.01900 0.00000 0.03900 - 0.00001 

o. 0~~000 ().00000 0.04000 - 0.00001 
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Medium coil. (cJnt 'd. ) 

Setting co~t>ectton 3ettine; cort>oction 

0.04100 - 0.00001 0.06099 - 0.00001 

0.04200 - 0.00001 0.061 99 - 0.00001 

0.04300 - 0.00001 0.06299 - 0.00001 

0.04400 - o. ooo::n 0.06399 - 0.00001 

0.04500 - 0.00001 0.06499 - 0.00001 

0.046CJ - 0.00001 0.0659S - 0.00001 

0.04708 - 0.00001 o.o6G99 - O.OOJOl 

0.04800 - 0.00001 0.06799 - 0.00001 

0.04900 - O.OOCOl 0.06899 - 0.00001 

0,05000 - 0.00001 0.06999 - O.COOOl 

0.05100 - 0.000:)1 0.07099 - 0.000:)1 

c.052oo - 0.00001 0.07lg9 - 0.00001 

0.05.300 - 0.00001 0.07'399 - 0.00001 

0.05400 - 0.00001 0.07399 - 0.00001 

0.05500 - 0.00001 0.07499 - 0.00001 

O.OE600 0.00000 0,07[99 - 0.000)1 

0.05700 0.00000 0.07699 - 0.00001 

0.05800 - O.OOCOl 0.07799 - 0.00001 

0.05900 - 0.00001 0.07899 - 0.00001 

0.05999 - 0.00001 0.07998 - 0.00001 
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Iv:ediurn co~l . ( cont 'd.) 

Setting correction Setting corl'ection 

0.08099 - 0.00001 0.09098 0.00000 

0.08199 - 0.00001 0.09198 o.ooooo 

0.08299 - 0.00001 0.09298 0.00000 

0.08399 - 0.00001 0.09398 o.ooooo 
0.08499 - 0.00001 0.09498 o.ooooo 

0.08598 'J.OOOOO 0.09598 o.ooooo 
0.08698 0.00000 0.09698 0.00000 

0.08798 0.00000 0.09798 o.ooooo 

0.08898 o.ooooo 0.09898 o.ooooo 

0.08998 o.ooooo 0.09998 o.ooooo 

LnrgG coil. 

Setting correction Setting correction 

0.0::1999 - 0.00001 0.99995 + 0.00002 

0.20000 - 0.00001 1.09998 - 0.00003 

0.30002 - 0.00002 1.19997 - 0.00001 

0.40007 - 0.00001 1.29996 + 0.00002 

0.50006 - o. 00001 1.39995 + 0.00008 

0.60005 - 0.00001 1.50001 + O.CJOOl 

0,70004 - 0.00001 1.60002 - 0.00001 

0.80006 o.ooooo 1.70003 - 0.00003 

0.89999 + 0.00001 1.80002 + o. ooccn 
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E. Silver chloride data at 5°C. 

Time from 
start of 

e xp t • ( hr s. ) 

2.0 

3.0 

3.5 

4.0 

EXPERilV!ENT 17. 

L. Conductivity water. 

Time from 
resistance start of 

(ohms) expt. (hrs.) 

9821.5 4. 5 

9937 .l 5. 0 

9961.9 14.0 

997C.4 

resistance 
( oh!.1s) 

9970.9 

9971.0 

9969.9 

Saturated silver chloride solution. 

Time from 
:?tart of 

expt. (hrs.) 

o.o 

2.0 

4.0 

6.0 

8.5 

13.0 

23.0 

24.0 

25.0 

27.0 

28.0 

31.0 

L. 

resistance 
(ohms) 

9804.0 

9890.7 

9795.4 

9726.7 

9681.6 

9646.9 

9616.1 

9615.2 

9615.1 

9614.5 

9614.4 

9613.7 

Time from 
start of 

e xp t • ( hr s • ) 

o.o 

1.0 

2.5 

3.5 

13.5 

15.0 

16.0 

17.5 

18.5 

1S1.5 

21.0 

22.0 

H. 

resistance 
(ohms) 

9784.0 

9815"6 

9727.5 

9706.7 

9617.8 

9616.3 

9615.6 

9615.0 

9614.3 

961·1. 3 

9613.'3 

9e13.4 



139. 

H. Conductivity water. 

Time from start of resistance (ohms) experiment (hours) 

3.75 9970.5 

4 . 25 9970.7 

4.75 9970.7 

14.75 9969.8 

15 . 75 9969.8 

Saturated silver chloride solut ion. 
L. H. 

Time from Time from 
start of resistance start of r~ sist8.nce 

exnt. (hrs.) (ohms) exnt . (hrs . ) (ohms) 

1E.O 9610.9 13.0 9611.2 

17.0 9609.8 14.0 9610.4 

18.0 9609.2 15.0 9610.0 

20.0 9608.7 16.75 9608.7 

21 . 0 9608. 2 19.5 9607.4 

30.0 9603. 7 21.5 9606,9 

23.0 9605.8 



140. 

EXPERIMENT 19. 

L. Conductivity water. 

Time from start of resistance (ohms) exneriment (hours) 

2 .0 9842.1 

3.0 9959.3 

4.0 9S70.3 

5.0 9970.2 

6.0 9970.0 

Saturated silver chloride solution. 
L. H. 

Time from Tine from 
st~rt of resist£nce start of' resistance 

expt. (hrs.) (ohms) ex,t. (hrs.) (ohms) 

16.0 9611.6 14.0 9613.4 

17.0 9610.8 15.0 9612.7 

18.0 9610.5 16.0 9612.4 

20.0 9610.2 18.0 9612.2 

21.0 9609.9 19.0 9611.8 

22.0 9609.2 21.5 9611.0 

24.0 9606.7 23.5 9610.1 

27.0 9608.9 

28.0 9E08.8 



141. 

3XPE~Il\JIE:!\!T 20. 

H. Conductivity water. 

Time from start of resistance (ohms) exueriment (hours) 

2.0 S872.1 

3.0 9956.3 

~.o 9972.9 

5.0 9972.9 

6.0 9972.8 

8.0 9972.7 

Saturated silver chloride soluticn. 
L. H. 

':.'ime :.'rom Time f'rom 
start of resistance start of resistance 

expt. (hrs.) ( oruns) expt. (hrs.) (ohms) 

16.0 9615.5 14.0 9614.9 

17.0 9614.9 15.0 9613.9 

18.0 961'±.1 16.0 9613.4 

19.5 9613.8 18.0 9612.9 

21.5 9612. 7 19.0 9612.3 

23.5 9612.2 20.5 9611.3 

25.0 S611.3 23.5 9609.9 

27.0 9608.7 



142. 

F. Silver bromide dnt~ at 5°0. 

H. Conductivity water. 

Time from start of resistance (ohms) experiment (hours) 

3.0 9960.1 

4.0 9069.5 

5.0 9969.3 

6.0 9969.2 

6.5 9969.2 

8.0 9969.0 

Saturated silver bromide solution. 

Time frorr.. 
start o:f 

e xp t • ( hr s • ) 

1.5 

3.0 

4.0 

5.0 

8.0 

9.25 

13.0 

14.0 

24.0 

L. H. 

resistance 
(ohms) 

9877.~ 

9S48.7 

9052.6 

9953.8 

9953.9 

9<)53.2 

9951.8 

9951.5 

9947.6 

Time frmL 
start of 

expt. (hrs.) 

3.0 

4.0 

5.0 

6.0 

6.75 

7.5 

12.0 

15.0 

14.0 

15.0 

resistance 
(ohms) 

9937.6 

9949.3 

9952.0 

9953.0 

9953.3 

9953.4 

9951.5 

9951.2 

9951.0 

9950.4 



143. 

EXPERT~~K'T 22. 

H. Conductivity water. 

Time from star't of resisto.Pce (ohms) experiment (hours) 

3 .0 9967.1 

4.0 9971.3 

4.5 9971.7 

5.0 9971.7 

5.5 9971.6 

6.0 9971.6 

7,5 9971.4 

Saturated silver bromide solutio~. 

Time frorr: 
start of 

expt. (hrs.) 

2.0 

3.0 

~.o 

5.5 

6,5 

7.5 

14.5 

16.0 

18.0 

21.0 

L. 

resistance 
(ohms) 

9913.5 

9947.0 

9951.8 

9954.8 

9955.7 

9955.7 

9953.2 

9952 .. 6 

9952.1 

9951.0 

Time from 
start of 

ex:ot. (hrs.) 

2.0 

3.0 

4.0 

5.0 

7.0 

8.0 

9.0 

17.0 

18.0 

19.5 

H, 

resistance 
(ohms) 

9906.3 

9938.2 

9945.7 

9953.0 

9954.5 

9954.6 

9954.3 

9950.9 

9950.7 

9949.0 



144. 

H. Conductivity water. 

Time from start of' resistance (ohms) experiment (hours) 

2.0 9922.5 

3.0 996?.9 

4.5 9970.4 

5.0 9970.5 

6.0 9970.4 

7.0 9970.2 

8.0 9970.2 

Saturated silver brmnide solution. 
L. H. 

Time from 'I'ime from 
start oi' resistance start oi' resistance 

expt. (hrs.) (ohms) expt. (hrs.) (ohms) 

9.0 9954.6 10.0 9953.4 

11.0 9954.0 11.0 9953.0 

12.0 9953.7 12.0 9952.8 

13.0 0953.4 13.0 9952.5 

14.0 9953.2 14.0 9952.2 

16.0 9952.7 16.0 9951.3 

17.5 9952.3 18.0 9950.6 



145. 

!l}XPERIIViEET 24. 

L. Conductivity water. 

Time :from stc.rt of resistance (ohms) experiment (hours) 

3.0 9963.9 

4.0 9969.6 

5 . 0 9969.7 

6.0 9969.5 

6.5 9969.5 

12.5 9968. 9 

Saturated silver bromide solution. 
L. H. 

Time i'rom Ti!'1e from 
stflr t of resistance start of resistance 

expt. (hrs. ) ( o:b .. .ms ) expt. (hrs. ) (ohms) 

10.0 9952.2 10.0 9951.2 

11.0 9951.5 11.0 9950.6 

13.0 9950.9 12.0 9950.4 

14.0 9950.4 14.0 9949.5 

15.5 9950.0 15.0 9949.0 

18.0 9S48.9 16.0 9948.3 

20.0 9947.8 18.0 9947.5 

22 . 0 9947.2 19.5 9947.2 



146. 

G. Silver chloride data at l5°C. 

Time from 
start of 

expt. (hrs. ) 

2.0 

3.0 

3.5 

4.0 

5.0 

6.0 

3XPERIMK~T 25. 

Conductivity vvater. 
L. H. 

resistance 
(ohms) 

9952.1 

9961.5 

9962.5 

9962.7 

9962.5 

9960.8 

Time from 
start of 

expt. (hrs.) 

3.5 

4.0 

4.5 

5.5 

6.5 

resistance 
(ohms) 

9962.5 

9962.6 

9962.5 

9962.2 

9962.1 

Saturated silver chloride solution. 
L. H. 

Time from Time from 
start of resistance start of resistance 

expt. (hrs.) (ohms) ex:pt. (hrs.) (ohms) 

0.0 9490.0 o.o 9330.0 

2.0 9551.1 2.0 9411.5 

3.5 9425.4 4.0 9330.5 

7.0 9292.7 6.0 9274.0 

8.0 9271.5 8 .0 9252.9 

18.0 9221.5 9.5 9242.[; 

19.0 9220.4 · 13.0 9230.2 

20 . 0 9218 ~ 5 14.0 9228.0 

22.0 9217.2 23.0 9218.8 

23.0 9216.6 24.0 9217.8 



147. 

Saturated silver chloride solution. (cont'd.) 
L. H. 

Time from Time from 
start of resistence start of resistance 

CXl)t • (hrs.) (ohms) expt. (hrs.) (ohms) 

24.0 9215.7 25.0 9215.9 

26.0 9213.2 26.0 9215.1 

28.0 9211.1 28.0 9213.4 

3XPE1{IMENT 26. 

H. Conductivity water. 

Time from start of resistance (ohms) experiment (hours) 

2.0 9951.1 

3.0 9953.8 

3.5 9955.0 

4.0 9957.5 

4. 5 9957.1 

5.0 9957.1 

6.0 9956.8 

8.0 9956.2 



148. 

Saturated silver chloride solution. 
L. H. 

Time from Time from 
start of resistance start of resistance 

exut. (hrs.) (ohms) expt. (hrs.) (ohms) 

12.0 9220.9 12.0 9220.8 

13.0 9219.4 13.0 9220.3 

14.0 9218.3 15.0 9217.8 

16.0 9217.0 16.0 9216.1 

17.0 9215.6 17.5 9214.5 

19.0 9214.1 18.5 9213.4 

21.5 9210.9 20.0 9211.6 

25.0 9207.6 22.0 9210.0 

26.0 9207.4 23.0 9208.9 

EXPERIMENT 27. 

H. Conductivity water. 

Time :from sto.rt of l"'e sistance ( ohl~s) experiment (hours) 

2.0 9948.2 

3.0 9951.9 

3.5 9953.0 

4.0 9954.0 

5.0 9953.9 

6.0 9953.5 



149. 

Saturated silver chloride solution. 
L. H. 

Time from Time from 
start of resistance st nrt of resistance 

expt. (hrs.) (ohms) expt. (hrs.) (ohms) 

14.0 9229.4 12.0 9225.5 

16.0 9227.4 14.0 9224.6 

17.0 922G.6 15.0 9223.4 

19.0 9223.5 16.0 9221.7 

20.0 9223.2 17.0 9220.6 

21.5 9222. 1 18.5 9219.9 

23.0 9220.2 19.5 9217.7 

25.0 9218.3 22.0 9216.1 

EXPERI~.!EFT 28. 

L. Conductivity water . 

Time from start of resista..'1.ce (ohms) exneriment (hours) 

2.0 9949.4 

3 . 0 9953.5 

4.0 9959.1 

5.0 9S;58.7 

6.0 9958.5 

7.0 9958.4 



150. 

Saturated silver chlo:>ide solution. 
L. H. 

Time from Time from 
start of resi.3tance start of resistance 

ex"Y)t. (hrs.) (ohms) ex-_0t. (hr s.) (ohms) 

12.0 9233.5 12.0 9230.0 

13.0 92~1.9 14.0 9227.4 

15.0 9230.0 15.0 9227.0 

16.0 9~28 .5 17.0 9226.0 

17.5 9228.0 18.0 9224.2 

21.0 9225.2 21.0 9222.6 

22.0 9223.6 24.0 9219.3 

'33.0 9222.9 



151. 

H. Silve~ bromide data at 15°0. 

j;XP"3:RP' 3N1' 29. 

L. Conductivity water. 

Time from start of 
( o:b.ms) experiment (hours) resistance 

2.0 994.4.6 

3.0 9951.4 

3.5 9952.0 

4.75 9953.8 

6.25 S953.7 

10.75 9953.1 

14.25 9949.0 

Saturated silve~ bromide solution. 

Time from 
start of 

expt. (hrs.: 

2.0 

3.25 

4.0 

5.75 

6.75 

7.75 

19.0 

20.5 

22.0 

L. 

resistance 
(ohms) 

9913.7 

9917.7 

9917.5 

9916 . 0 

9915 . 5 

9915.0 

9907.5 

9906.1 

9905.6 

Time from 
start of 

expt. (:hrs.) 

1.5 

2.25 

3.25 

3 . 75 

5.0 

6.75 

9.25 

20.0 

22.0 

H. 

resistance 
(ohms) 

9899.0 

9910.3 

9914.6 

99ln.6 

9916.5 

9915.7 

9915.0 

9911.5 

9910.5 



152. 

EXPERIMEITT 30. 

L. Conductivity 'I:Jater. 

Time from start of resistance (ohms) experiment (hours) 

2.0 9955.3 

3.25 9958.7 

5.75 9958.7 

7.75 9958.5 

8.75 9958.4 

9.75 9958.4 

Saturated si1 ver bromide solution. 
L. H. 

Time f'rom Time from 
start of resistance start of resistance 

expt. (hrs.) (ohms) expt. (hrs.) (ohms) 

3.0 9883.7 2.25 9896.5 

4.0 9890.7 6.0 9920.5 

6.5 9920.7 8.25 9920.0 

8.0 9919.9 10.75 9918.0 

16.5 9914.5 23.75 9908.0 

18.5 9913.7 25.75 9906.2 



153. 

EXPERD!tENT 31. 

H. Conductivity water. 

Time from start of reoistance (ohms) experiment (hours) 

1.75 9960.0 

2.5 9963.0 

4.0 9963.7 

5.0 9963.7 

6.75 9963.4 

9.25 9962.5 

11.25 9959.9 

Saturated silver bromide solution. 

Time from 
start of 

expt. (hrs.) 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8 . 5 

11.5 

14.5 

24.5 

L. H. 

resistfu:ce 
(ohms ) 

9900.5 

9919.7 

9027.0 

9927.5 

9987.7 

9926.9 

9926.2 

9925.5 

9923.5 

9919.6 

Time from 
start of 

expt. (hrs.) 

2.5 

3.5 

5.G 

6.5 

7.5 

11.0 

21.() 

22 .. 0 

resistance 
( ob.rrs) 

9913.6 

9925.0 

9926.9 

9926.4 

9925.0 

9923.1 

9917.9 

9917.3 



154. 

H. Conductivity uater. 

Time :fl~Or:! start of' I'esistauce (ohms) exp er i1r.eu t (hours) 

2.0 9951.6 

3.0 9059.3 

4.0 9959.9 

4.5 9959.9 

5.5 9959.7 

8.5 9959.3 

19.5 9956.6 

Saturated silver bromide solution. 
L. H. 

Tir!Je .Prom 
start of resistance 

expt . (hrs.) (ohms) 

2.0 9905.0 

3.0 9917.5 

4.0 9923.9 

5.0 9924.9 

(.5 9925.1 

7.3 £'924.3 

8.5 9924.1 

10.0 9923.8 

13.5 9922.2 

23.5 9918.8 

Time fl"'Orr 
start of 

expt. (hrs.) 

2.5 

3.5 

4.5 

6.0 

7.5 

9.0 

12.5 

2~.5 

resistance 
(ohms) 

9915.1 

9921.6 

9923.3 

9923.5 

9922.9 

9922.3 

9920.1 

9915.5 



155. 

I. Silver chloride data at 35°0. 

Time from 
start of 

expt. (hrs.) 

1.0 

1.5 

2.0 

2 . 5 

3.0 

4.0 

Conductivity water. 
L. H. 

resistance 
(ohms) 

9880.6 

9886.0 

9888.5 

9888 . 1 

9887.6 

9886.7 

Time from 
start of 

expt. (hrs. ) 

1 . 0 

1.5 

2.0 

2 . 5 

3.0 

4.0 

resistance 
( ohn'.s) 

9872.1 

9877.7 

9883.0 

9882.6 

9882.1 

9881.2 

Saturated silver chlorio_e solu tion. 
L. H. 

Time from ~rime from 
start of resistance start of resistance 

expt. (hrs.) (ohms) expt. (hrs.) ( oh_ms) 

0.0 42,900 0.0 36,100 

1.0 44 . 045 2.0 37,505 

3.0 38,765 4.0 35,497 

5.0 36,245 6.0 34,311 

7.0 34,785 8 . 0 33,761 

9.0 34,115 10.0 33,366 

11.0 33,605 11.0 33,293 

12.0 33,347 12. 0 33,254 

13.0 33, 295 22.0 32,605 



156. 

Satur2ted silver chloride solution. (cont'd.) 

Time from 
start of 

expt. (hrs.) 

14.0 

23.0 

24. 0 

25.0 

Time from 
start of 

ex-pt. (hrs. ) 

1.0 

1.5 

2.0 

2.5 

3.0 

4.0 

L. H. 

resistance 
(ohms) 

33,218 

32 , 698 

32 .631 

32,575 

Time from 
start of 

CX})t. (hrs.) 

23.0 

24.0 

EXPERii'f:Ef.iT 34. 

Conductivity water. 
L. 

Time from 
resistance start of 

(ohms) expt. (hrs. ) 

9878.3 1.0 

9880.9 1 . 5 

9883.5 2 .0 

9883.1 2 .5 

9882.6 3.0 

9881.6 4.0 

resistance 
(ohms) 

H. 

32,520 

32,460 

resistance 
(ohms) 

9863.5 

9872.9 

9876.7 

9876.2 

9875.8 

9874.7 



157. 

Saturated silver chloride solution. 
L. H. 

Time from Ti me from 
start of resiste.nce start of resistance 

expt. (hrs.) (ohms) expt. (hrs.) (ohms) 

10. 0 33,586 9.0 33,423 

11.0 33,428 10.0 33,343 

12.0 33,334 11.0 33,268 

14.0 33,226 12.0 33,216 

15.0 33,147 14.0 33,128 

17.0 33,044 15.0 33,077 

19.0 32,933 17.5 32,956 

22.0 32,795 19.5 32,827 

EXPERIMENT 35. 

Conductivity water. 
L. H. 

Time from Time from 
start of resistance start of resistance 

expt. (hrs.) (ohms) expt. (hrs.) (ohms) 

1.0 9879.8 1.0 9871,9 

1.5 9883.9 1.5 9878.0 

2.0 9891.6 2.0 9881 . 5 

2.5 9891.0 2.5 9881.1 

3.0 9890.5 3.0 9880.5 

4.0 9889.6 4.5 9879.0 



158. 

Saturated silver chloride solution. 

Time from 
start of 

expt. (hrs.) 

12.0 

13.0 

14.0 

15.0 

17.0 

19.0 

21.0 

Tirre frorn 
start of 

expt. (hrs.) 

1.0 

1.5 

2.0 

2.5 

3.0 

4.0 

5.0 

L. H. 

resistance 
(ohms) 

33,242 

33,186 

33,106 

33,041 

32,940 

32,816 

32,668 

Time from 
start of 

exp t. (hrs.) 

11.0 

12.0 

14.0 

15.0 

16.0 

17.0 

18.0 

20.0 

EXPERD/ENT 36. 

Conductivity water. 

resistance 
(ohms) 

33,242 

33,199 

33,072 

33,005 

32,926 

32,857 

32,794 

32,693 

L. H. 

resistance 
(ohms) 

9873.1 

9882.9 

9886.5 

9885.9 

9885.6 

9884.5 

9883.6 

Time from 
start of 

expt. (hrs. ) 

1.0 

1.5 

2.0 

2.5 

3.0 

4.0 

resistance 
(ohms) 

9864.7 

9875.7 

9878.6 

9878.0 

9877.6 

9876.7 



159. 

Saturated silver chloride solution. 
L. H. 

'l'ime :from Time f'rom 
start of' resistance start o:f resistance 

exnt. (hrs.) (ohms) expt. (hrs.) ( o:b . .ms) 

11.0 33 , 396 10.0 33,326 

12.0 33,343 11.0 33,265 

13.0 33,289 12.0 33,182 

15.0 33,164 13.0 33,154 

16.0 33,114 15.0 33,044 

17. 0 33,058 17.0 32,902 

18.0 33,009 18.5 32,845 

20.5 32,885 21.0 32,693 

24.0 32,683 



160. 

J. Silver bromide data at 35°c. 

Time f'rom 
start of 

expt. (hrs. ) 

1.0 

1.5 

2.0 

2.5 

4.0 

6.0 

3XP"SRI~El~T 37. 

Conductivity water. 
L. 

resistance 
(ohms) 

9885.0 

9892.2 

9893.8 

9893.0 

9891.4 

9889.5 

Time from 
start of 

expt. (hrs. ) 

1.0 

1.5 

2.0 

2.5 

4.0 

H. 

resistance 
(ohms) 

9881.5 

9889.7 

9890.5 

9890.0 

9888.6 

Saturated silver bromide solution. 
L. H. 

Time from Time frorr-
start of resistance start of resistance 

expt. (hrs.) (ohms) expt. (hrs.) (ohms) ·. 

1.0 9755.5 1.0 9716.5 

1.5 9751.0 1.5 9723.7 

1.65 9730. 5 2.5 9719.0 

3.5 9721.4 3.5 9715.0 

4.5 9712.7 4.5 9711.0 

6.0 9706.0 6.5 9701.6 

7.5 9700. 5 16.5 9759.6 

12.5 9677 . 5 

. .. 



Time from 
start of' 

expt. (hrs. ) 

1.0 

1.5 

2.0 

2.5 

5.5 

161. 

Conductivity water. 
L. 

resistance 
(ohms) 

9896.9 

9901.6 

9902.5 

9903.0 

9901.1 

Time fror. 
start of' 

expt. (hrs.) 

1.0 

1.5 

2.0 

2.5 

3.0 

4.0 

H. 

resistance 
(ohms) 

9891.5 

9896.1 

9895.5 

9394.7 

9893.8 

9892.9 

Saturated 8i1ver bromide solution. 
L. H. 

Time from Til!le from 
sta rt of' resist P..nce start of' resistance 

exu t. (hrs.) (ohms) expt. (hrs. ) (ohms) 

1.0 9757.6 1.0 9731.6 

1.5 9749.5 1.5 9729.3 

2.0 9741 . 5 2.0 9727.5 

2.5 9735.4 2.5 9725.7 

3.0 9731.8 3.0 9723.3 

4.0 9729. 3 4.0 9719.6 

5.0 9725.6 5.0 9716.4 

6 . 0 9721.7 6.0 9711.8 

8.0 9715 . 6 8 . 0 9704.6 

10.0 9709.3 10.0 9695.8 

14.0 9695.8 



Time from 
st3.rt of 

e x:p t . ( hr s. ) 

1.0 

2.0 

2.5 

3.5 

4.5 

162. 

3XPERIMENT 39. 

Conductivity water. 
L . 

resistance 
(ohms) 

9891.0 

9895.5 

9895.5 

9894.2 

9893. l 

Time from 
start of 

expt. (hrs. ) 

1.0 

1.5 

2.0 

2.5 

3.5 

H. 

resistance 
(ohms) 

9882.6 

9884.9 

9888.5 

9888.1 

9887.2 

Saturated silver bromide solution. 
L. H. 

Time from Time from 
start of resistance start of resistance 

expt. (hrs.) (ohms) exut. (hrs.) (ohms) 

1.0 9754. 0 1.0 9700.5 

1.5 9741.6 1 !:; • <.; 9713.8 

2.5 9726.5 2.25 9710.1 

3.5 9714.5 3.0 9705.9 

5.0 9702.7 6.0 9687.0 

5.5 9699.7 10.0 9662.5 

8.0 9687.3 20.0 9601.6 

10.0 9675.6 



Time f rom 
start of 

ex21t. (hrs. ) 

0.5 

2.0 

2.5 

3.5 

5.5 

163. 

EXPERIMENT 40. 

Conductivity ·water. 
L. 

resistance 
(ohms) 

9900.1 

9902.3 

9901.9 

9901.2 

9899.8 

Time :from 
start of 

eXl)t. (hrs. ) 

1.5 

2.0 

2.5 

3.0 

5.0 

H. 

resistance 
(ohms) 

9894.0 

9897.5 

9807.3 

9896.7 

9894.9 

Saturated silver bromide solution. 
L. H. 

Time from Time from 
start of resistance start o:f resistance 

ex1)t. (hrs.) (ohms) expt. (hrs.) (ohms) 

1.0 9748.5 1.0 9735.0 

1.5 9744.5 1.5 9732.0 

2.0 9739.0 2.0 9726.5 

2.5 9729 .5 2.5 9723.5 

3.25 9723.2 5.5 9705.6 

5.25 9713.3 7.0 9697.1 

7 . 25 9701.9 

9.25 9693.0 



164. 

K. Silver chloride data at 45°0. 

Time from 
start of 

ex:pt . (hrs.) 

1.0 

1.5 

2.5 

3.5 

4.5 

5.5 

Conductivity water. 
L . H. 

resistance 
(ohms) 

9856.1 

9857.6 

9852.7 

9848.5 

9843.8 

983~.6 

Time f'rorn 
start of 

eX:!! t • ( hr s • ) 

1.0 

1.5 

2.0 

~.5 

7.0 

reststance 
( ObrllS) 

9851.1 

9848.5 

9846.1 

9838.5 

9821.6 

Sc.turate<i silver chloride B0lution. 
L. H. 

Time from Time from 
st2.rt of resistance stc.rt of resistance 

exut. (hl~ s. ) ( r)bms ) expt. (hrs.) (ohms) 

0.0 24,750 0.0 23,990 

3.0 26,207 1.0 24,605 

4.0 23,723 4.0 21,464 

6.0 20 ,940 8.0 19,104 

8.0 }.9' 604 9.0 19,008 

10.0 10,106 10.0 18,936 

11. 0 19,030 12.0 18,813 

12.0 l9,GOl 21.0 18,224 

14.0 18,855 22.0 18,153 

16.0 18,728 



Time f'rcm 
sto .. rt of 

expt. (hrs.) 

1.0 

1.5 

2.0 

2.5 

3.5 

4.5 

165. 

Conductivity we.ter. 
L. H. 

resistance 
(ohms) 

9851.5 

985r/. 7 

9855.1 

9852.7 

9847.9 

98~3.2 

Time from 
start of 

exnt. (hrb. ) 

1.0 

2.0 

2.5 

3.5 

4.5 

5.5 

resistance 
( 01ll.1S) 

9849.5 

98~:7.6 

9844.7 

9840.1 

9835.5 

9830.7 

Satur2ted bi1 ver chloride sc1ution. 
L. H. 

Time from Time from 
start of resistance stc..rt of resistance 

expt. (hi' So ) (ohms) expt. (hrs.) (ohms) 

10.0 19,204 12.0 18,929 

11.0 19,1~9 13.0 18,875 

12.0 19,078 14.0 18,785 

13.0 19,041 15.0 18,753 

14.0 18,985 16.0 18,686 

15.0 18,923 17.0 18,627 

1o.o 18,874 18.0 1C,538 

17.0 18,825 



166. 

EXPBRIWENT 43. 

Conductivity 1-vater. 
L. r:. 

Time f'ro:rr Time f'rom 
st~rt of resistance ;::;tart of resistance 

0xpt. (hrs. ) (ohms) expt. (hrs.) (ohrls) 

1.0 9850.2 1.0 9846.1 

1.5 9851.5 1.5 9843.6 

2.0 9849.1 2.0 9840.8 

2.5 9846.6 2.5 9838.5 

4.0 9839.2 3.5 9833.6 

5.0 9834.4 7.0 9816.1 

Satur2ted silver chloride solution. 
L. H. 

Time from Time from 
start of resistance start of resistance 

eXl.)t. (hrs.) (ohms) expt. (hrs. ) (ohms) 

10.0 19,245 10.0 19,078 

11.0 19 , 140 1~. 0 18,977 

12.0 19,097 14.0 18,868 

14.0 1S,027 15.0 18,812 

15.0 18,978 16.0 18,754 

16.0 18,930 18.5 18,652 

17.0 189887 20.0 18,554 

19.0 18,784 



Time from 
start of 

exl?t. (hrs.) 

1.0 

1.5 

2.0 

2.5 

3.5 

4.5 

167. 

Conductivity water. 
L. 

resistance 
(ohms) 

9851.6 

9253.5 

9851.5 

9849.3 

9844.5 

9840.6 

Time from 
start o:f 

ex:pt. (hr s. ) 

1.0 

1.5 

.s. o 

3.0 

4 . 5 

H. 

resistance 
( ObJ!lS) 

9846.9 

9844.5 

9842.2 

9837.4 

9829.9 

Saturated silver cllloriue solution. 

Time from 
start o:f 

expt. (hrs. ) 

10.0 

11.0 

12.0 

13.0 

l.S .• 0 

16. 0 

L. H. 

resistance 
( obJns) 

19,279 

19 , 193 

19,140 

19,079 

19,030 

18,954 

Ti1Te :from 
start o:f 

eJq)t . (hrs.) 

10.0 

11.0 

12.0 

13.0 

14.0 

lE.J 

resistance 
(ohms) 

19,106 

19,032 

1S,000 

183893 

18,839 

18,740 



Tj_me from 
start of 

ex:~ t • ( hr s. ) 

0.5 

1.0 

1.0 

2. 0 

3.0 

5.0 

168. 

EXP~RH!~EET 45. 

ConductiviJc~r water. 
L . 

resistance 
(ohms ) 

9781. g 

9851.5 

9856.5 

9855. 6 

9851.5 

9842.5 

Ti:-1e frcm 
start of' 

cxpt. (hrs. ) 

0 .5 

1.25 

1 r:-ov 

2.0 

2.5 

3.0 

4.5 

H. 

resistance 
( ohms ) 

9801 .5 

9848 .5 

9849 .5 

9848.8 

9846 .0 

9843.0 

9032.5 

Satur ·~ tea. siJ.vei' br•cTiide so1utior.~.o 
T 
...L.J • ~!. 

'l1 ime from Ti111e frcm 
start of' resist8.nce start of r~sistance 

exr>t. (llr s. ) ( ohms ) e:.qYt. . (hrs. ) ( ohms) 

0.5 Y547. 7 0.5 9568. 9 

1 . 0 9615.5 1 .0 9562.0 

1.5 9593.7 2.5 9515.2 

2.0 9567.7 3.0 9502.5 

2o5 95·1f. 9 4.0 9489.1 

5.0 9483.6 5.5 9467.7 

6.0 94.-71.9 6.5 9452.8 

7.0 0457. 7 8.5 9425.8 

8.0 94':14,. 6 ll.f' 9&04.6 

9.5 04'?.0.7 



~r ir'le from 
st r.~1" t of 

ex:9t . (hr s . ) 

1 . 0 

1 . 5 

2. 0 

3. 0 

5 .G 

1 69. 

3 Y •. FSR B~3l':T 4-6 . 

Condi.lc t i vi ty 1::ater . 
L . H. 

i'CS i Bt "l.:nce 
(ohms ) 

9858 . 0 

9866 . 0 

9864. 9 

9860 . 5 

9860 . 0 

s:'hne from 
s t art of' 

cx:!:lt • (hrs.) 

0 . 5 

1 . 0 

1 . 5 

2 . 0 

2 . 5 

3.5 

r esis t ance 
(ohms ) 

9763 . 5 

9853.0 

9855 . 8 

9855.0 

9853 . 5 

~848. 5 

Saturt-ttec:1 silver bromide s o1utj_on. 

1.0 

1.5 

2.0 

2.5 

6.75 

5.0 

7.0 

9.0 

L. 

pe:;; i s t an ce 
(ohm::;) 

9583.5 

9560.7 

9537.7 

9522.9 

9506.3 

9490.0 

9466.7 

9441.3 

Tirlle f'rom 
s t f-n.,t o:f 

expt. (hrs.) 

0.75 

1.25 

1.5 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

10.5 

H. 

resistance 
(ohms) 

9542.7 

9562.3 

9557.0 

9540.0 

9525.1 

9508.6 

9500.0 

9490.4 

9481.3 

944'7.8 



'O:iwe .froo,n 
st'-lrt or 

expt. (hrs.) 

1.0 

1 . 5 

2.5 

3 . 0 

..., t-:' 
c:>.u 

4.0 

170. 

Conductivity wateP. 
I.. 

resit:>tt:tnue 
( u! ws) 

S851.8 

9256.0 

9850.5 

,... n~.- r C 
~ot.JcJo\... 

S;8Gl. 9 

9849.4 

Tj_JJ1e :l:' ~/)c.~rn 

st 1.rt ..:>f 
eXlJt. (hrs.) 

1 . r) 

l.G 

2.0 

2.5 

7 . 5 

resiGtanc"'3 
( oh·ns ) 

0841.4 

S'rl49.9 

98?.9oG 

J8LL7.6 

9880.7 

s~turated silver bromide solution. 

Til•te :('1~om 

start of 
expt. (hrs.) 

1.0 

]_.!) 

2.0 

3.5 

4.0 

5.0 

6.0 

7.0 

9.J 

L. H. 

x•esistanc0 
( ohm3) 

SG')8.5 

9542.6 

9525 . 1 

9507.7 

9G01.6 

9490.6 

9478.0 

9467.3 

g .. 'l,4L1.. 1 

Tlme fro··n 
sta1.,t of' 

expt. (hrs. ) 

C.5 

1.75 

2.2G 

2.7G 

3.75 

5.0 

6 . 0 

11.0 

resistance 
(ohms) 

9506.1 

9527.5 

9511.1 

94CJ8.8 

9485.1 

9466.3 

9451.8 

S37::...5 



Tin1e from 
start of 

CX.Jt • (hr S. ) 

1.5 

2.0 

2.73 

4.0 

5.0 

171 .• 

EXP3RI. : ~!~T 48. 

Conductivity wntei'. 
L. H. 

res:.stc.n~e 
( hm ~ \0 .S I 

9851.5 

S851.5 

9811~8. 7 

984~.8 

S83S.4 

Time fro1.1 
start of 

ex:nt. (hPs.) 

1.0 

1.5 

2.0 

3.0 

3.75 

resist ;:-,_lee 
( oh.ms) 

c,...,.. , ... a 
~oo;::;.~ 

9343.5 

C'843.3 

98/~0. 7 

9837.5 

:3atur .. ted sil v ·j,.., O"'omide solution. 
L. H. 

rein~ f"f'QTi, 

st .:.rt o·r rF::3ist ..,_:nee 
ex-)t (hr<- ) ( ollr!'•E\, 

- .1. • - . ... • 

1.0 S613.8 

2.0 9554.7 

0 0 9521.7 

5.5 9506.3 

1:.5 9L.i-91. 5 

5.5 9480.5 

5.5 9469.0 

11.3 9420.3 

Time :L'rom 
st2rt o-:' 

exot. (hrs. : 

l.C 

1.5 

2.0 

2.5 

~:r.O 

5."35 

6.0 

7.5 

10.5 

ras.:.stance 
(vhvs ) 

9cOS.5 

9586.6 

9566.0 

954~,. 3 

S515.1 

S4S3.7 

9490.8 

~481.8 

915c.6 



172. 

M. Silver chloride data at 55°0. 

TiLle from 
start of 

expt. (hrs.) 

1.0 

1.5 

2.0 

2.5 

3.0 

4.0 

EXPERIIv:ENT 49. 

Conductivity vmter. 
L. 

resistance 
( ohws) 

9792.7 

9788.5 

9783.6 

9778.4 

9773.3 

9763.1 

Ti me from 
start of 

expt. (hr s.) 

1.0 

1.5 

2.0 

2.5 

3.0 

4.0 

H. 

resistance 
(ohms) 

9780.9 

9775.4 

9770.5 

9764.7 

9759 . 1 

9747.7 

Saturated silver chloride solution. 
L. H. 

Time from Time from 
start of resistance start of resistance 

expt. (hrs.) (ohms) expt. (hrs.) (ohms) 

o.o 6300.0 3.0 5426.6 

0.5 6356.6 3.5 5382.2 

9.0 5257.0 4.5 5346.3 

10.0 5236.6 5.0 5325.6 

11.0 5223.9 6 . 0 5299.1 

12.0 5211.3 7.0 5282.3 

14.0 5197.5 s.o 5257. 7 

15.0 5184.6 9 . 0 5 236 . 9 

16.0 5178.9 10.0 5221 . 4 



173. 

Su.tur::.ted si 1 ver c111CI'icle solution 
T~. 

T h!,e f'rm.' 
st:::rt of' 

expt. (hrs. ) 

1'7.0 

18.0 

resi st::-.nce 
(ohms) 

5170.0 

5159.0 

Time t""'rom 
s·c "l.rt of 

e v....)t (h')'l<• '\ J)..:. • \ --i:,}e 1 

1;::;.o 

14. 0 

15.0 

25.0 

GonductiYity water. 

(cant' U.,. 
t .. f ... 
resistance 

(ohms) 

5191.9 

5184.5 

5170.3 

5080.3 

L. H. 
TiiPe f'rort1 
start of 

exnt. (hrs.) 

1.0 

l.C 

2.0 

3.0 

4.0 

resistance 
( oh..1ns) 

9794.5 

£790.5 

9785.6 

9775.9 

~765.5 

Time from 
start of 

expt. (hrs.) 

1.0 

1.5 

2.0 

3.0 

6.5 

resistance 
(ohms) 

9784.5 

S779.6 

9775.0 

0765.3 

9730.2 



174. 

3~turated silver chloride solution. 

Time f'rorr: 
s C. 2.r·c of 

ex:9t. (hrs.) 

1.0 

r-.o 

10.0 

11.0 

12. 0 

13.0 

14.0 

15.0 

24.0 

L. H. 

resistance 
( ohn1s) 

6943.S 

G286.6 

5256.-± 

5253.9 

5216.2 

5:302.5 

5193.6 

5189.2 

5109.6 

Time .L'·: mn 
start of' 

expt. (hrs.) 

1.0 

4. 0 

5.u 

6.0 

7.0 

8 .0 

9.5 

11.0 

10.0 

14.0 

Conclul!t i vi ty water. 

resistance 
(ohms) 

6150.2 

54~1.9 

5357.2 

5301.5 

6273.3 

5251.5 

5234.2 

5822.4 

5205.6 

51S7.5 

L. H. 
r:i:ime f'rom 
start of' 

ex:9t. (hx•s.) 

1.0 

1.5 

2.0 

3.J 

3.5 

4.0 

5.0 

I•esist'lnc6 
( ohrrs) 

9786.8 

9782 .5 

9777.8 

9768.3 

9763.5 

9758.7 

S749.0 

'l' ime :t'r om 
start o:f 

e xpt. (hrs.) 

1.0 

1.5 

2.0 

3.0 

6.5 

resist'lnce 
(ohms) 

97?3.5 

9768.6 

9763.0 

9755.5 

9719.5 



175. 

Saturated silver cD1oriQe solution. 

Time .:'rotl 
stapt of 

expt. (hrs. ) 

o.o 

9.0 

10.0 

11.0 

12.0 

14.0 

15.0 

16.0 

17.0 

18.0 

20.0 

L. H. 

resistance 
(ohms) 

18,521 

11,333 

11,057 

10 , 931 

10,876 

10,793 

10.763 

10,72~ 

10,682 

10 640 

10,575 

Time from 
st art of 

expt. (hrs. ) 

o.o 

10.0 

11.0 

12.0 

14.0 

15.0 

16.5 

18. 0 

20.0 

22.0 

EXPERilv!ENT 52. 

Conductivity water. 

resist <tnce 
( oblns) 

14,108 

10,920 

10,805 

10,824 

10, 75}. 

10,711 

10,636 

10,590 

10,512 

10,433 

L. H. 
Time from 
start of 

expt. (hrs. ) 

1.0 

1.5 

2.0 

2.5 

3.5 

4.5 

resistance 
(ohms) 

9784.0 

9781.6 

9776.5 

9771.2 

9761.1 

9751.3 

Time from 
st 'lrt of 

expt. (hrs.) 

1.0 

1.5 

2.0 

3.0 

4.0 

5.0 

resistance 
(ohms) 

9771.9 

9767.5 

9762.9 

9753.8 

9745.1 

9735.3 



176. 

Satur"::.teii. silver chlOl'ic1e solution. 
L. H. 

Time from Time from 
sta.rt of' resistance start of resistance 

ex,t. (hrs.) (ohms) ex:~t. (hrs.) (ohms) 

o.o le,990 0.0 13,350 

1.0 17,G57 1.0 14,058 

3.0 13,820 5.0 12,252 

4.0 12~84Z 10.0 10,979 

5.0 12,182 11 .• 0 10,938 

3.0 11,800 12.0 1 0,883 

7 . 0 11,585 13.0 10,863 

9.0 11,~43 14.0 10,804 

10.0 11,123 :t5. 0 10,772 

11.0 11,052 16.0 10,748 

12.0 11~021 18.0 10,673 

13.5 10 , 980 

14.5 10,941 

20.0 10,794 



177. 

F. Silver oromide data at 53°C. 

Time from 
start of 

expt. (hrs. ) 

0.75 

1.0 

1.5 

2.0 

3 . 0 

5.0 

Condu~tivity water. 
L. H. 

resistance 
(ohms) 

9776 . 6 

9784.0 

9779.5 

0775.1 

~766.3 

9750. 9 

'rime from 
ste.rt of' 

expt. (hrs.) 

0.5 

1.0 

1.5 

2.25 

3.0 

4.0 

resistance 
(ohms) 

9750.7 

9762.0 

9757.0 

9749. 9 

9743. 5 

9734. 2 

Saturated silver bromide solution. 
L. H. 

Time f'ror. Tj.me from 
start of' resistc=mce start of resistance 

ex:pt. (hrs.) ( ob.rns) expt. (hrs.) (ohms) 

0.0 9260.0 0.0 9170.0 

0.5 S311. e 0.5 9~01.5 

1.0 9252 . 1 1.5 9181 . 5 

1.5 9196 . 7 2 . 5 9151.0 

1. 75 9176.6 3 . 0 9128. 9 

2.0 S168.7 5.75 9067 . 6 

3 . 0 9144.6 6.75 9051.8 



178. 

Saturated cilver bromi<le solution (co:nt'd.) 

Time :fron 
start of 

exr>t. (hrs . ) 

3.5 

4.0 

10.0 

11.0 

Time from 
s·~A.rt Jf 

e :-cp t . ( hr s • ) 

1.0 

1.5 

2.0 

3.0 

6.0 

7.0 

L. H. 
Time :from 

resist3.nce start of' resistance; 
(ohms) expt. (hrs.) ( ohrrs) 

9132.2 10.5 8976.7 

0124.5 11.5 8952.5 

&985.7 

8966.6 

EXPERIIV:Ei:1J1 54. 

Conductivity v:ater. 
L. H. 

I'Csist:lnce 
( ohr.ts) 

9772.6 

9772.0 

9767 .2 

9?48.3 

9720.7 

9712.). 

Time from 
st 'trt of 

expt. (hrs. ) 

1.0 

1.5 

2.0 

2.5 

4.0 

5.0 

resistance 
(ohms) 

9751.6 

9757.9 

9754.3 

9749.6 

9736.7 

9727.8 



179. 

Saturat~d silver bromide solution. 
L. 

Time f'rom 
start of resistance 

exnt. (hrs.) (ohms) 

0.5 9194.7 

1.0 91£)1.0 

!3.0 9159.7 

~.5 9146.9 

3.0 9138.6 

4.0 9121. 2 

5.0 9102.3 

7.5 9057.0 

10.0 9011.4 

Time f'r 0111 
start of' 

e_::nt. (hrs.) 

0.5 

1.0 

2.0 

2.5 

4.0 

6.0 

12.0 

13.5 

EXPERDfE111T 55. 

'Iime f'ron 
start of' 

expt. (hrs.) 

1.0 

1.5 

3.5 

5.0 

6.0 

Conductivity Vldter. 
L. 

resistance 
( o!uns) 

9773.5 

9784.9 

9756.6 

9758.0 

974.8.7 

Time frou, 
start of 

expt. (hrs.) 

1.0 

1.5 

2.0 

2.5 

4.0 

5.0 

E. 

resistance 
(ohms) 

~156.0 

9186.2 

9166.4 

9161.4 

9141.7 

9119.6 

9052.3 

9004.5 

T.T .. 
resistr-mce 

( ohl:~s) 

9757.8 

9773.6 

9769.5 

9765.1 

9753.5 

9745.6 



180. 

Saturated si1v8r bromide solution. 
L. H. 

'i'ime fron. Time :from 
start of resist A-nce start of' resistance 

ex1Jt. (hrs.) ( ohms) ex;) t . (hrs. ) (ohms) 

1.0 9296.7 0.5 9231.3 

1.5 9221.7 1.0 9:G01.5 

2.C 9181.3 1.5 9176.3 

2.5 9161.9 2 . 0 9160.4 

3.0 9146.9 2.5 9141.8 

3.5 9136.3 3.0 9131.7 

4.0 9126.2 4 . 0 9109.4 

5.0 9109.5 5.0 9091.3 

6.0 9084.2 6.0 9064.0 

7.0 9061.8 8. 0 9025.6 

8.0 9046.0 

10.0 9004.1 



Time :from 
start of 

expt. (hrs.) 

1.0 

1.5 

2.0 

2.5 

3.5 

4.5 

181. 

EXPERD~:E!\fT 56. 

Conductivity ·nater. 
L. H. 

resistrmce 
(ohms) 

9770.0 

9774.0 

SJ769.5 

9765.2 

9756.5 

9747.8 

Time f'rom 
start of 

ex:pt. (hrs.) 

1.0 

1.5 

2.0 

3.0 

4.0 

5.0 

6.0 

resistance 
(ohms) 

9752.6 

9761.9 

9757.5 

9748.7 

9739.6 

9731.0 

9722.3 

Saturated silver -oromide solution. 
L. H. 

Time from Time from 
start o:f resistance start of resistance 

expt. (hr s. ) (ohms) expt. (hrs.) (ohms) 

0.5 9231.7 0.5 9206.4 

1.0 9241.3 1.0 9196.6 

1.5 9211.2 1.5 9176.3 

2.0 9182.2 2.0 9159.7 

3.0 9151.7 3.0 9140.6 

4.0 9126.0 4.0 9127.5 

5.0 9107.5 5.0 9115.4 

6.0 9092.5 7.0 9078.9 

7.0 9074.9 9.0 9053.9 

10.0 9019.0 10.0 9034.5 



182. 

"'3I3LIOGR.APHY. 

(1) HollemQn, z. physik. Ohern., 12, 132, 1893 

(2) Kohlrousch & Rose, Z. ~hysik. Ohern., 12, 242, 1893 

(3) Kohlrausch, z. physik. Chem., 64, 129, 1908 

(4) Davies & Jones, Faraday Soc. Discussions, 5, 103, 1949 

(5) Good';:in, Z. physik. Ohern., 10s 645, 1894 

(6) Thiel, z. anorg. Ohem., 24, 57, 1900 

(7) Noyes & Kohr, J. ~er. Ohern. Soc., 24, 1141, 1902 

(8) van Rossem, Cherr!. '.•teekblad, 9, 203, 1912 

(9) Rolla 9 Atti accnd. Lincei, 22, 104, 1913 

(10) Hahn & Schulze, z. anorg. Ohem., 166, 213, 1927 

(11) Fahn & IG.ockr'ann, Z. !Jhysik. Ohem., 14-6, 373, 1930 

(12) BroYm & T•,:acinnes, J. lu-r.er. Ohem. Soc., 57, 459, 1935 

(13) O';Ten, J • .Aner. Ohern. Soc., 60, 2229, 1938 

(14) Bodlander & Fittig, z. physik. Ohem., 39, 597, 1902 

(15) Abegg 0:. Cox, z. physik. OheP1., 46, 1, 1903 

(16) Hill, J. Amer. Chern. Soc., 30, 6e, 1908 

(17) Bedel, Oompt. rend., 207, 632, 1938 

(18) Owen & Brinkley, J. Amer. Ohern. Soc., 60, 2233, 1938 

(19) Stas, Ann. Ohim. Phys. (5), 3, 289, 1874 

(20) Glowczynski, Kolloidchem. Beih., 6, 147, 1914 

(21) HarneU. & Owen, The Physical Chemistry of Electrolytic 

Solutions, Reinhold Publishing Corporation, 

New York, 1st. ed., 1943 pp. 139, 117 



183. 

(22) Bearden & Watts, Physic. Rev., 81, 79, 1951 

(23) Nacirwes, Shedlovsky 6: Longsworth, J • .Alner. 

Ohern. Soc., 54, 2758, 1932 

( 24) Yaciru1es, J. Franklin Inst., 225, 661, 1938 
3 

( 25) Gledhill, M. Sc. Thesis, Uni v. of South Afric~-., 194:~ 

(26) Kamrn .. ra, Oyarrada & Jvlitsui, J. Soc. Ohern. Ind. 

Ja~an, 34, 361, 1931 

(27) Festenstein, M.Sc. Thesis, Univ. uf South Africa, 1947 

(28) Jones & Bollinger, J. Amer. Che~. Soc., 53, 411, 1931 

(29) Jones & Bollinger, J. Amer. Che~. Soc., 57 , 280, 1935 

(30) Vogel, A Text Book of 1uantitative Inorganic 

k1alysis. Longmans, Green & 00., London, 1947, 

~n. 250. 212, 23 

(31 ) Jones & Bradshaw, J. Amer. Ohern. Soc., 55, 1780, 1933 

(32 ) Richards, Carnegi.e Inst., Washin~ton. D.C., 1907 

( 33 ) 

(34) 

(35) 

(36) 

(37) 

Richards & Wells, 

Johnson & Hul ett, 

Lange & Crane, z. 
Labes, z. "PhYSik. 

Greene & Frizzel, 

J. Amer. Ohern. 

J. .Amer. Chen. 

:physik. Ohern., 

Chern., 116, 1, 

J. A.mer. Ohern. 

Soc., 27, 465, 1905 

Soc., 55, 2258, 1933 

(A) 141, 225, 1929 

1925 

Soc., 58, 516, 1936 

(38) Pi~kus & Hanrez, Bull. Soc. Chim. ~elg., 47, 532, 1938 

(39) Wilsey, Phil. ~ag., 42, 262, 1921 

(40 ) 

( 41 \ - ) 

(42) 

I/.( II 

Shedlovsky, J. Amer. Ohern. Soc., 54, ~' 1932 

Jones & Christian~ J. Amer. Chern. Soc., 57, 272, 1935 

Yohlrausch & Eeyctweiller, z. nhysik. Chem. , 



184. 

14, 317, 1894 

(43) Kraus & Dexter, J. Amer. Chern. Soc., 44, 2468, 1922 

(44) P.K.Faure, Ph.D. Thesis, Rhodes Univ.s South 

(45) 

(46) 

(47) 

(46) 

(49) 

(50) 

(51) 

(52) 

(53) 

(54) 

(55) 

(56) 

Africa (to be submitted) 

Faure, Faure c: Gledhill, J. South African Chem. 

Inst., 4, (1) 19, 1951 

Fuoss & Onsager, J. Physic. Chen., 36, 2689, 1932 

Ellis & ~(ie:h~, J·. Amer. Chern. Soc., 57, 2145, 1935 

Cranston & Brovm, Trans. Farada;y Soc. , 33, 1455, 1937 
5 

Kolthoff & Kameda, J. Amer. Chern. Soc., 53, 82~, 1931 

Edwards & Evans, J. Chern. Soc., 41, 1938, 1937 

A.Faure, Ph.D. Thesis, Rhodes Univ., South 

Africa, 1953 

Goddard, M.Sc. Thesis, Univ. of South Africa, 1948 

Nargenau & ~urphy, ~athematics for Chemists and 

Physicists. van Nostrand Co., New York, 1943, p. ~500 

Bottger, z. physik. Chern., 46, 521, 1903 

Gledhill, (uri vate comrrrur.ication) 

Macinnes & Belcher, J. Amer. Chern. Soc., 55, 

2630, 193<:> 

(57) Bates & Pinching, J. Arr.eP. Chern. Soc., 72, 1393, 1950 

(58) Handbook of Chemistry and Physics, Chemical 

Rubber Publishing Co., Cleveland, Ohio, 30th. ed., 

1946, pp. 1424. 1972 

(59) Kendall J. ~1\!ner. Chern. Soc., 38, 1480, 1916 



185. 

(60) Addink, Rec . trav. chirn., 70, 202, 1951 

(61) Addiru~. (private communication) 

(62) Harned, J • .Ar.er. Chertl. Soc. , 51, 416, 1929 

(63) Keston, J. Amer. Chern. Soc., 57, 1671, 1935 

(64) Owen & 3rinkley, J • .Amer. Chern. Soc., 64, 2071, 1942 

(65) Owen & Ying, J. Amer. Chern. Soc., 63, 1711, 1941 

(66) Pinkus & 3erkolaiko, J. Chirn. Physique, 27, 364, 1930 

(67) Popoff & Neuman, J. Physic. Chern., 34, 1853, 1930 

(68) Nemr.an, J • .Amer. Chern. Soc., 54, 2195, 1932 

(69) Eversole & McLachlan, J. Amer. Chern. Soc., 54, 

864, 1932 

(70) Dave & Krishnaswami, J. Indian Inst. Sci., 16, 

150, 1933 

(71) Pinkus & Schenrnans, Bull. Soc. Chim. Belg., 47, 

337, 1938 

(72) Kohlrauscb, Z. physik. Chen., 50, 356, 1904 

(73) ?iJelcher, J • .Amer. Chern. Soc., 32, 50, 1910 

(74) Bottger, Z. physik. Chern., 56, 93, 1906 

(75) Kohlrausch & Dodezalelc, Si tz. Ak:ad. Wiss. Berlin, 

1021, 1901 

(76) ~fuitby, z. anorg. Chern., 67, 107, 1910 

(77) Kolthoff, Z. anorg. Chern., 119, 202, 1921 

(78) Masa~i, 3ull. Chern. Soc. Japan, Q, 345, 1930 

(79) Int. Crit. Tables, McGraw-Hill ~ook Co., New York, 

1929, vol. 5, u. 10. vol. 6, pp. 231, 237, 240 



186. 

vo1. 2. :'!• 461 

(80) Wyman. Physic. Rev., 35, 623, 1930 

(81) owen & Sweeton, J. Amer. Ohern. Soc., 63, 2811, 1941 

(82) Owen & Ze1des, J. Chern. Physics~ 18, 1083, 1950 

(83) Li & Fang, J. Amer. Chern. Soc., 64, 1544, 1942 

(84) Li & Bru11, J. Amer. Ohern. Soc., 64, 1635, 1942 

(85) Gordon, J. Juner. Chern. Soc., 64, 1544, 2517, 1942 

(86) Benson & Gordon, J. Chern. Physics, 13, 473, 1945 

(87) Gunning & Gordon. J. Chern. Physics, 10, 126, 1942 

Gunning & Gordon, ibid, 11, 18, 1943 

( 88) Noyes & Falk, J. l~..rher. Chern. Soc. , 34, 454, 1912 

(89) Koh1rausch, Z. E1ectrochem., 13, 333, 1907 

(90) V.orey, Properties of Glass, Reinhold Publishing 

Coruoration, I~r-v; York, 1938, p. 23 



187. 

Publications of uresent work. 

(a ) Gledhill & Iv·alnn. The Solubilities of Sparingly 

Soluble Salts in Water. Part 1. The Solubility 

of Silver Chloride &t 25°0. Trans. Faraday Soc., 

48, 258, 1952 

(b ) Gledhill & Valan, The Solubilities of Sparingly 

Soluble Salts in Water. Part 2. The Solubility 

of Silver Bromide at 25°C. Trans. Faraday Soc,, 

49, 166, 1953 

( c ) GledhilJ & "~'alan, The Solubilities of Sparingly 

Soluble Salts in ,Nater. Part 3. The Solubilities 

of Silver Chloride and Silver Bromide from 5 to 

55°0 Trans. Faraday Soc., 50, 126, 1954 


	MALAN G M-T408a
	MALAN G M-PhD-T408b
	MALAN G M-PhD-T408c

