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S U M M A R Y 

The work of Hotz showed the lack of knowledge of the 

behaviour of electrolytes in acetone solutions as well as 

the uncertainty as to the pos~ibility of preparing anhy­

drous acetone and the stability of this solvent, if it 

could be prepared. 

An extensive study was therefore undertaken in which 

the efficiency of various desiccants vJas studied in pro­

ducing acetone as anhydrous as could be obtained. 

A very efficient still was designed and the average 

water content of the acetone produced was of the order of 

0.006 per cent which is much lower than reported by any 

previous investigator. Moisture determinations were 

done using a modified Karl Fischer reagent. 

Stability studies of "anhydrous" acetone extending 

over a period of about fifteen months showed·no remar­

kable increase in the moisture content and it was con• 

eluded that "anhydrous" acetone, if treated with care, is 

exceptionally stable to self-condensation. 

Hydrogen chloride was shown to be an extremely weak 

acid in acetone solutions with an apparent dissociation 

constant of about lo-7, whereas perchloric acid proved to 

be a relatively strong acid in a.cet.one solutions with a 



. -4 
d~ssociation constant of about 10 • Extremely high values 

were obtained for the limi~ing equivalent conductances. In 
• 

view of the fact that the limiting equivalent conductances 

of most electrolytes are up to 20% higher in acetone so-

lutions than in water, these high values are acceptable. 

Although solutions of hydrogen chloride in acetone 

are relatively stable at low temperatures C78o0 c), at or-

dinary temperatures hydrogen chloride catalyses the self-

condensation of acetone to mesityl oxide. An extensive 

study was made of this reaction and a mechanism proposed 

for the self-condensation of acetone to mesityl oxide. 

The work of Everett and Rasmussen on the cell 

Pt,H2/HCl/AgCl,Ag in acetone was repeated and an improved 

equation was used for calculating the standard electro-

motive force of this cell. Remarkable agreement was ob-

tained between the present results (•0.488 volt) and the 

recalculated value (-0.491 volt) from the results of 

Everett and Rasmussen. 

Transport measurements, although in agreement with 

the work of Erdey-Gru~ proved to be extremely difficult 

under present conditions, due to excessively high cell 

resiptnnces. 

Diffusion measurements were done on solutions of 

hydrogen chloride in acetone, using hydrogen chloride 



labelled with chlorine-36 and employing the capillary tube 

method developed by Anderson and Saddington. 

The shape of the diffusion coefficient-concentration 

curve showed a resemblance to the corresponding plot for 

sodium chloride in aqueous solution, but the much more 

pronounced minimum possibly indicates strong association 

or changes in the degree of association. Extrapolation 

of the plot gave a diffusion coefficient at infinite dilu­

-5 2 -1 tion of about 5 x 10 em sec , which is in agreement with 

the value of 4.63 x l0-5cm2 sec-l calculated by the Nernst 

relation. 

---ooOoo---
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1. 

I N T R 0 D U C T I 0 N 

Our present day knowledge of the behavio.ur of so­

lutions of electrolytes in non-aqueous organic solvents 

is rather meagre and even the latest monographs on elec­

trochemistry hardly mention work in non-aqueous media. 

Since 1926 a number of papers have been published 

covering different aspects of the electrochemistry of 

solutio.ns of electrolytes in acetone. As there was much 

conflicting evidence ~elating to the electrochemistry of 

solutions in this solvent, the present investigations 

were undertaken in an attempt to improve on existing 

knowledge. 

This thesis opens with a review of all previous work 

done in "anhydrous" acetone and proceeds to state the aims 

of and reasons for the present work. 

Sections II and III deal with the preparation and 

stability of "anhydrous" acetone and conductance measure­

ments on solutions of hydrogen chloride and perchloric 

acid in this solvent, respectively. The investigation 

of the stability of solutions of hydrogen chloride in 

acetone is described in section IV. 

In sections V and VI are the results of electro­

motive force and diffusion coefficient measurements re-



spectively on solutions of hydrogen chloride in ~cetone. 

The thesis concludes with section VII in which 

ideas are presented for further research. 

---ooOoo---



S E C T I 0 N I 

SURVEY OF PREVIOUS WORK 

1.1 INTRODUCTION 

Since 1926 about nine papers have been published 

on electrochemical studies in acetone solutions, yet very 

little is known about the state of electrolyte solutions 

in this solvent and results reported in some of these pa­

pers are contradictory. For example, Sackur1 , in 1902, 

determining the conductance of solutions of hydrogen 

chloride in acetone, found it to behave as a strong acid. 

2 
His results were accepted by Braude , who, using Sackur's 

-1 2 extrapolated value of 12 ohm em for the limiting equi-

valent conductance, reported hydrogen chloride to be large-

ly dissociated in acetone solutions. His results were based 

on spectrophotometric measurements. Ross Kane, quoted by 

Hartley and Hughes3 , Mackor and Spaarnaay quoted by 

Everett and Rasmussen4 , and also Hotz5 in 1958, came to 

the conclusion that hydrogen chloride is a weak acid in 

acetone solutions with an apparent dissociation constant 

of 10-? to 10-8• 

Conductimetric studies of solutions of-potassium 

iodide in acetone, although not contradictory, revealed 

widely differing results. 

A possible explanation for these contradictory and 
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differing results is the variation in quality of the ace­

tone used in these studies or in the possibility of con­

tamination of solutions by atmospheric moisture. 

It was therefore thought appropriate to examine and 

compare all methods for the preparation of "anhydrous" 

acetone which have been described and to make a compa­

rative survey of all previous electrochemical studies in 

anhydrous acetone solutions. 

1.2 METHODS FOR THE PREPARATION OF "ANHYDROUS" ACETONE 

All methods were essentially similar and involved 

desiccation of either commercially pure acetone, or ace­

tone purified through the bisulphite addition compound, 

over suitable drying agents followed by refluxing and 

fractionation or distillation over the same or different 

drying agents or without drying agents. 

Calcium chloride, potassium carbonate, sodium sul­

phate, copper sulphate, magnesium sulphate and phosphorus 

pentoxide have been used·as desiccants, acetone being re­

fluxed over these drying agents followed by fractional 

distillation. As criterion of purity the specific con­

ductance of the purified acetone was used and widely 

differing results were reported. 

Everett and Rasmussen6 purified their acetone through 



the bisulphite addition compound, followed by distillation, 

kept the liquid over potassium permanganate for several 

days and finally fractionated the liquid. Their product 

-9 -1 -1 had a specific conductance of 3.5 x 10 ohm em • Dippy, 

Jenkins and Page7, using analar acetone as starting ma-

terial, as they considered this superior to the bisul-

phite purified liquid, examined the efficiency of va-

rious dehydrating agents e.g. phosphorus pentoxide, an-

hydrous sodium carbonate, sodium sulphate and magnesium 

sulphate. All these desiccants were, however, ineffi-

cient, phosphorus pentoxide reacting strongly with ace-

tone. 

Their final method was to fractionate acetone, 

which has been kept for two weeks over ground fused cal-

cium chloride to which a little potassium carbonate has 

been added, through a long column packed with glass 

beads. They obtained a liquid which had specific con-

-8 -8 -1 -1. ductanees varying between 6 x 10 and 13 x 10 ohm em 
8 . 

This method was also ado~ted by French and Roe who ob-

tained a product with specific conductance 
-8 -1 -1 . 

9.99 x 10 ohm em • 

Walden)Ulich and Busch9 used acetone purified 

through the bisulphite compound, dried the liqu~d over 

potassium carbonate followed by fractionation. The re-

6 -8 -1 -1 sulting acetone had a specific conductance of xlO ohm em • 
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Daly and Smith10 refluxed acetone over anhydrous copper 

sulphate, fractionally distilled it from a fresh sample 

of the salt and obtained a specific conductance of 

-8 -1 -1 6 x 10 ohm em for their solvent. 

11 
Lannt.tng dried Merck "pro"-artal;rsi" acetone for one 

day over potassium carbonate followed by a vacuum distil-

lation of the liquid from fresh potassium carbonate in 

an all glass apparatus, producing acetone with a specific 

-10 -1 -1 conductance of about 10 ohm em • He claimed that po-

tassium carbonate drying followed by normal distillation 

leaves 0.15% water which can only be removed by efficient 

fractionation. 12 
Reynolds and KrBus agitated acetone 

over calcium chloride for several days followed by a dou-

ble distillation from activated alumina and obtained a 

solvent with a specific conductance of 1-2 x l0-9ohm-1 cm-1 • 

Dippy and ,Hughes13 prepared a "Grade I" acetone by 

shaking analar acetone over calcium chloride for four days 

followed by refluxing for two to three hours. 

The liquid was then allowed to stand over alumina 

for seven to ten days after which the acetone was fil-

tered on to fresh alumina and the procedure repeated. 

Finally the acetone was fractionated and the product col-

lected in a "dry-space" under an atmosphere of dry air. 

Manipulation inside the "dry-space"was performed through 

surgical gloves let into one side. Acetone so prepared 



had 

and 

-8 specific conductances varying between 2.08 x 10 

-8 -1 -1 
2.36 x 10 ohm em and their ~owest recorded spe-

Hotz5 slightly modified the procedure of Dippy and 

Hughes13 by reducing the periods of standing to twelve 

and twenty four hours respectively between the first and 

second reflux and the fractionation. Acetone was·de-

canted from the first reflux flask on to freshly baked 

out alumina, twelve hours after refluxing; refluxed for 

three hours in the dark, allowed to stand for twenty four 

hours, then blown over, using dry nitrogen, on to baked 

out alumina in the distilling flask. The liquid was 

fractionated through a 1.1 metre column packed with glass 

rings and the product collected in a specially designed 

container inside a "dry-box" which was kept under a slight 

positive pressure of nitrogen. 

No mention was made in his thesis of the spesific 

conductance of his acetone, but as a check on the quality 

of his solvent, he compared the conductance of solutions 

of potassium iodide in acetone with that obtained by 

Reynolds and Kraus12 and Dippy and Hughes13 • His results 

were intermediate between those of these investigators. 

14 Dorofeeva and Kudra measured conductances o£ so-

lutions of hydrogen chloride in acetone, but did not re-

port either their method of preparation of "anhydrous" 
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acetone or the specific conductance of their solvent. 

In the present investigation the procedure of Dippy 

and Hughes13 was adopted and slightly modified by having 

two refluxes for three hours over activated alumina with 

periods of three to four days between the refluxes and 

fractionation. An improved acetone still was used and 

acetone dried over calcium chloride only came into con-

tact with the atmosphere on being introduced into the 

apparatus. All further operations were carried out under 

an atmosphere of dry nitrogen 1 which is in itself a great 

improvement on all previous procedures, except perhaps 

11 for the vacuum distillation method of Lannung • 

1.3 THE DETERMINATION OF THE MOISTURE CONTENT OF "AN­
HYDROUS' ACETONE 

Very few of the previous investigators determined 

the actual moisture content of their purified acetone. 

Everett15 was of opinion that acetone under conditions 

of low water corlent would seif-condense with the pro-

duction of water, so that truly anhydrous acetone could 

not exist. Eck
16 

claimed that absolute purification is 

impossible and small traces of water always persist. 

. 17 
Mysels made use of the conductances of saturated 

solutions of the alkali metal chlorides and ca~sium-and 

potassium fluorides in acetone to determine the moisture 
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content of acetone. His results indicated that in truly 

anhydrous acetone the conductances of saturated solutions 

of the alkali halides would be close to zero. 

A modified Karl Fischer reagent18 for use with ke­

tones as described by Mitchell and Smith19 was used by 

Dippy and Hughes13 in a potentiometric titration to de-

termine the moisture content of their acetone. This 

titration was also performed by Hotz5 who used a special-

ly designed "moisture proof" apparatus. "Grade I" acetone 

as prepared by Dippy and Hughes had a water content of 

0.18 per cent and Hotz's acetone had a water content va-

rying between 0.08 and 0.13 per cent. 

In the present investigations the modified Karl 

Fischer reagent was used and acetone having a water con-

tent less than 0.01 per cent was obtained. 

1.4 CONDUCTIMETRIC STUDIES IN ANHYDROUS ACETONE 

Since 1926 seven papers have been published on the 

conductance of solutions of potassium iodide in acetone. 

Dippy and Hughes13 redetermined the conductance of 

solutions of potassium iodide in their "Grade I" acetone, 
· 2o 

applied the Fuoss treatment to their results and all 

previous results for comparisson. Widely differing values 

were obtained for the limiting equivalent conductance, the 
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-1 2 highest value of 196.6 ohm em , being that of Dippy and 

8 -1 2 Hughes themselves, the nearest to this being 192. ohm em 

12 I 

from the results of Reynolds and Kraus • Their study 

suggests that the variable factor in the solvent grades 

is the water content. 

The effect of water on solutions of potassium iodide 

in acetone has previously been shown by Hughes and Hart-
21 

ley to be preferential solvation of the potassium ion, 

increasing its effective radius and thus reducing the 

value of 1\ 00 • As a further test Dippy and Hughes added 

weighed quantities of water to their "Grade I" acetone 

and redetermined the conductances of solutions of potas-

sium iodide in these acetone-water mixtures. 

The following table gives their results of the 

effect of added water on conductances. 

TABLE 1.4.1 
EFFECT OF ADDED WATER TO ACETONE ON THE CONDUCTANCES OF 

SOLUTIONS OF POTASSIUM IODIDE 

-. --------------------------~~--------------------------~ 
. /\KI 

Per cent water 

0.18 ("Grade I") 

0.22 

o.87 
1.65 

at c = 10-4 mole litre-l 

188.0 

187.5 
184.0 
178.0 



11. 

Conductance measurements were carried out by Walden, 

Ulich and Busch9 on solutions of lithium picrate~ sodium-

and potassium iodide and several tetraethylammonium and 

related organic salts in acetone. The Debye-Huckel-

Onsager square root law was·valid iri many cases, but 

limiting slopes were greater than those calculated by 

the Onsager equation. 

Conductances of solutions of perchloric acid and 

some of its salts in acetone were determined by Ross 

Kane3 who found these to behave as strong electrolytes 

in acetone solutions. Accascina and Schiavo•~2conduc-

tance measurements on solutions of the alkali perchlo-

rates in acetone, however, showed these salts to behave 

as weak electrolytes which do not obey the Onsager 

equation. 

Ross Kane•s3 results for solutions of tetramethyl-

ammonium salts agreed fairly well with those of Walden, 

but his limiting equivalent conductances for the alkali 

metal salts were about 3 per cent higher. 

12 Reynolds and Kraus repeated some of Walden's work 

and extended their measurements to several substituted 

ammonium salts. 
20 

Fuoss analyses were applied to their 

conductance results and ion conductances calculated on 

Fowler's assumption that the conductances of the tetra-
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butylammonium and triphenylborofluoride ions were equal23. 

Anion conductances were fOuhd to be greater than 

corresponding cation conductances which is in accord 

with Ross Kane's suggestion that specific interaction 

occurred between solvent and cation. This observation 

24 
has also been made by Pullen and Pollock in their 

infra red studies of solutions of silve~and lithium 

picrate in acetone. These workers concluded that the 

cation is solvated by two acetone molecules. 

The conductance of the fluoride ion as determined 

12 
by Reynolds and Kraus was found to be abnormally low 

and they discussed this in the light of ionic size and 

solvation of the alkali metal ions and steric effects 

on the dissociation constants of salts of organic acids 

and bases. 

McDowell and Kraus25 determined the conductances 

of solutions of ammonium salts and substituted ammonium 

salts in acetone and calculated the limiting equivalent 

conductances of the ammonium-, tetramethylammonium, 

tetrapropylammonium, tetraamylammonium ions and the 

chloride ion. Dissociation constants were determined 

by the Fuoss method. 

They regarded viscosity changes as being insuf-
I 

ficient to account alone for the change in mobility 
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and were of opinion that structural and constitutional 

properties of the solvent must also be considered. 

Conductances of solutions of picric acid, perchlo-

ric acid and hydrogen chloride in acetone were determined 

by Ross Kane3. He found hydrogen chloride and picric 

acid to behave as weak electrolytes, whilst perchloric 

acid was a strong acid in acetone solutions. He observed 

the perchloric acid solutions to be unstable and turn brow~ 

on standing with a decrease in hydrogen ion concentration. 

Added water stabilised these solutions. 

Extrapolation of ·the plots of/\ agaizist rc· produced 
. -1 2 

limiting equivalent conductances of 199 ohm em and 

-1 .2 
207 ohm em for the hydrogen chloride and perchloric 

acid solutions respectively and gave a calculated limi-

88 -1 2 ting equivalent conductance of ohm em for the hy-

drogen ion. This low value for the proton conductance in-

dicated the impossibility of a Grotthus-type proton trans-

fer mechanism. 2 Braude , however, in his spectrophotome-

tric determinations of acidity functions has shown the 

existence of theMe2COH+ ion so that a form of Grotthus 

conduction could possibly occur. 

4 4 Mackor and Spaarnaay , measuring the conductance 

of solutions of hydrogen chloride in acetone, found this 

acid to be an extremely weak electrolyte in acetone 
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solutions with an apparent dissociation constant between 

10-7 and 10-8. On the other hand, Braude2 concluded that. 

hydrogen chloride is almost completely dissociated in 

acetone solutions, but he based his calculations on a li­

-1 2 
miting equivalent conductance of 12 ohm em as obtained 

by Sackur. 

6 
Everett and Rasmussen determined the solubility of 

silver chloride in solutions of hydrogen chloride in ace-

tone and on the basis of a complexity constant of 5 for 

the reaction 

AgCl + Cl ~- AgCl2 

as determined by 

tion constant of 

26 Mackor , found the apparent 

-8 the acid to be about 10 • 

dissocia-

Measurements of the conductance of solutions of 

hydrogen chloride in acetone were also made by Hotz5 and 

14 by Dorofeeva and Kudra • These workers came to the same 

conclusions as Everett and Rasmussen. Hotz, extrapola-

ting a plot of 1\ against ./c obtained a limiting equivalent 

-1 2 conductance of 210 ohm em and an apparent dissociation 

constant of about 10-7 for hydrogen chloride in acetone 

solutions. 

A new conductance equation.was developed by French 

and Roe
8 to fit their results of the conductance of so-

lutions of picric acid in acetone. They postulated 

triple ion formation, which was first suggested by Fuoss 
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and Kraus 27 , the ion being (Pi-H-Pi)-, and explained the 

variation of conductance with concentration on this hy-

pothesis. 

Griffiths and Lawrence28 measured the conductance 

of solutions of silver nitrate in acetone and concluded 

that triple ions would be largely dissociated to simpler 

species. 

1.5 E.M.F. AND TRANSPORT STUDIES 

Ulich a.nd Spiege129 made a study of metal-metal 

halide electrodes in acetone solutions. Their results were 

irreproducible and they considered this to be due to the 

(n-m)-formation of ions of the type M X • m n 

However, Everett and Rasmussen
6 

found the silver-

silver chloride electrode to behave satisfactorily in 

acetone solutions and Arthur and Lyons30 have used calomel 

electrodes successfully for their polarographic studies 

of solutions of acid halides in acetone. 

Everett and Rasmussen 6 studied the cell Pt,H2/HCl/AgCl,Ag 

in acetone solutions. Their results indicate that the acid 

is a weak electrolyte in acetone solutions and using an 

approximate dissociation constant they were able to cal-

culate the standard electromotive force of the cell. 

Erdey-Gruz31 determined transport numbers in acetone 
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and acetone-water mixtures, making use of the cell 

Pt,H2/0.0lM HCl#Q.lM HC1/H2 ,Pt. Values of 0.22 and 0.79 

were obtained for the cation and anion transport numbers 

respectively. Birkenstock32 determined transport numbers· 

in solutions of lithium chloride and bromide and sodium 

iodide in acetone by the Hittorf method. 

1.6 AIMS AND OBJECTIVES OF THE PRESENT WORK 

In view of the uncertainty as to the state of elec­

trolytes in acetone solutions, investigations described 

in this thesis were undertaken with the following aims: 

(i) The view has been expressed that anhydrous acetone 

could not be prepared as small amounts of water 

would always persist. An improved still was there­

fore designed and the efficiency of various desic­

cants investigated for the preparation of "anhydrous" 

acetone, such that the quality of the product would 

be as nearly the same from batch to batch as pos­

sible. 

(ii) Everett15 was of opinion that anhyirous acetone 

was unstable and would self-condense with the for-

mation of water. Batches of acetone, hav~ng the 

lowest water content that could be obtained under 

present conditions, were therefore prepared and 

stored in sealed tubes for periods up to fifteen 
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months. Conductance and moisture determination 

were carried out on these samples at various in-

tervals. 

(iii) Ross Kane 3 was not able to reproduce his conduc-

tance measurements on solutions of hydrogen chloride 

in acetone to a sufficient degree of precision and 

furthermore, although most investigators confirmed 

that hydrogen chloride behaves as a weak electro-

lyte in acetone solutions with an apparent disso-

-8 ciation constant of 10 , some contradictory re-

sults have been reported. 

In an attempt to clarify the position conductance 

measurements on solutions of hydrogen chloride in 

acetone were repeated and extended to the highest 

obtainable dilution in order to obtain a more ac-

curate extrapolation to infinite dilution. Special 

precautions were therefore taken in the preparation 

of anhydrous hydrogen chloride gas and its acetone 

solutions. 

Solutions of perchloric acid in acetone had been 

studied by Ross Kane3 who found that this acid be-

haves as a strong electrolyte in acetone solutions. 

Similar conclusions were arrived at by Coetzee and 

McGuire33 in a publication, which appeared whilst 
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this thesis was in preparation, on conductance 

studies of solutions of perchloric acid in acetone. 

Neither Ross Kane or Coetzee and McGuire used a 

method for the preparation of their solutions which 

would give a pure solution of perchloric acid in 

acetone. 

Fresh investigations of the problem were therefore 

desirable. 

(iv) It has been observed by Ross Kane3 and other wor­

kers34 that solutions of perchloric acid and hydro-

gen chloride in acetone turned brown on ageing. 

Hotz5 could not detect any change in conductance 

at low hydrogen chloride concentrations over pe-

riods up to twelve hours. Apart from this no other 

investigation into this problem of the stability 

of solutions of acids in acetone has been reported. 

Since a knowledge of the rate of this reaction could 

throw light on the validity of conductance and other 

electrochemical studies of solutions of acids in 

acetone, it was desirable to make a detailed study 

of this reaction. 

(v) In calculating the standard electromotive force 

of the cell Pt,H2/HCl/AgCl,Ag in acetone Everett 

6 5 . 
and Rasmussen , and also Hotz used the approximate 
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-8 value of 10 for the dissociation constant, since 

conductivity data were not sufficiently reliable to 

calculate ~egrees of dissociation and mean ionic 

activity coefficients. 

The present investigations therefore aimed at re-

peating Everett and Rasmussen's electrochemical 

studies. Combining these results with improved 

conductance data, use can be made of the equation35 

E + 2k logo<m - 2k'A·lO<m = E0 -2k'Cm 

to obtain a more accurate value for the standard 

e.m.f~ of the cell. 

All limiting equivalent ionic conductances reported, 

were calculated on Fowler's assumption that the te-

trabutylammonium and triphenylborofluoride ions 

have equal limiting equivalent conductances23. 

Accurately known cation and anion transport numbers 

were therefore highly desirable. The cells 

Pt,H2/HCl/AgCl,Ag,AgCl/HCl/H2 ,Pt 
ml m2 

and . 
Ag,AgCl/HCl:HCl/AgCl,Ag 

ml •m2 

in acetone solution were therefore investigated. 

(vi) Mackor26 was of opinion that hydrogen chloride di­

merised in acetone solutions and Hotz5 expressed 
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the view that aggregates containing up to twelve 

hydrogen chloride molecules could exist in equi-

librium with lower aggregates and postulated the 

equilibrium 

xHCl;=.-=' (HCl) .-·' H+ + (H Cl )'":.-::' 
X x-1 X ..-

...... 
where x = 1, 2, 3, •.•••• 12. 

It was considered that a knowledge of the variation 

with concentration of the diffusion coefficient of 

hydrogen chloride in acetone solutions, might con-

tribute to the solution of the problem. Diffusion 

coefficients of solutions of hydrogen chloride in 

acetone were therefore measured. 

---ooOoo---



S E C T I 0 N II 

THE PREPARATION AND STABILITY OF ANHYDROUS 
ACETONE 

2.1 METHODS 

21o 

The method developed by Dippy and Hughes13 (p6) for 

the preparation of anhydrous acetone, was used' and slight-

ly modified. Analar acetone containing 1 per cent water 

was used as starting material. The liquid was shaken for 

four days over baked out calcium chloride, allowed to 

stand, then filtered on to activated alumina (Spence,Type 

A) in the first reflux flask,A, (fig. 1). The entire ap-

paratus was then gassed out with dry nitrogen after which 

refluxing was commenced and continued for three to four 

hours. All stopcocks immediately to the left and right 

of A were then turned so that this flask was isolated 

from the rest of the still. 

The liquid in A was allowed to stand in the dark 

for four days. The liquid was then blown over with dry 

nitrogen to flask B, containing fresh alumina, and the 

procedure repeated. This was followed by blowing over 

the acetone to the first fractionation fla~k, C, and frac-
' 

tionating the liquid slowly through a 1.1 metre column 

1 t " packed with 78 Dixon gauze rings. 

Acetone was first refluxed for about one hour in 

the column after which it was allowed to pass over into 



22. 

the second fractionat~on flask, D. 

The final fractionation column was similar to the 

first, except that the top third of its length was packed 
11
16

11 

with 7l gauze rings. Both still heads were so designed 

that most of the liquid returned to flasks C andD. 

Fractionated acetone from D passed into a dry-box 

which was previously gassed out with dry nitrogen and 

kept at a slight positive pressure of the gas. All mani-

pulations were carried out through neoprene gloves let 

into one side of the dry-box. 

Anhydrous acetone so prepared was collected in a 

specially designed receiver (fi~ 2) and kept in the dry-

box. Most of the opera~ions in preparing acetone were 

initially carried out in the dark, following Dippy and 

Hughes13 , to reduce the possibility of the photolysis 

o+ acetone. 

However, it was found that carrying out the same 

procedure in dimmed light, did not seem to have any ill 

effect on the quality of the product and all further pre-

parations were carried out under these conditions. 

Dippy, Jenkins and Page7 examined the efficiency 

of several drying agents and found phosphorus pentoxide, 

anhydrous potassium carbonate, sodium sulphate and mag-

nesium sulphate inefficient. 
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In the studies described in this thesis, three des-

iccants were examined. In all three cases, the initial 

drying was over calcium chloride. The alumina in flasks 

A and B was consecutively replaced by calcium sulphate 

and barium oxide. 

All three desiccants were found very efficient and 

the acetone so prepared contained approximately 0.005 

per cent water. 

The lowest specifj.c conductance was obtained for 

the acetone prepared by the "alumina method", but the 

yield of product was higher for acetone prepared by the 

"calcium sulphate method" as in both cases where the basic 

desiccants were used, an appreciable fraction of the ace-

tone was lost due to condensation of the starting material 

to mesityl oxide. 

2.2 RESULTS 

Several batches of·"anhydrous" acetone were pre-

pared using the three desiccants. The percentage water 

varied between 0.002 and 0.006 per cent and specific con-

-7 -8 -1 -1 ductance were in the range 10 to 10 ohm em • 

Very few of the previous investigators made a care-

ful study of the moisture content of their acetone, most 

workers comparing the conductance of solutions of potassium 

iodide in acetone as a check on the quality of their solvent. 



TABLE 2o2.1 

THE VARIATION OF WATER CONTENT AND SPECIFIC CONDUC­
T~NCE OF ACETONE AS PREPARED BY DIFFERENT 1NORKERS 

USING VARIOUS DESICCANTS 

25. 

Investigator !Desiccant 
! P t ! s ·r· c d I 
1 ercen age : pee~ ~c on uc-1 
I water ! tance ohm-lcm-1 

1 

thesis 

Hotz5 

Dippy and Hughes13 

I 12 

Lannung36 

I 
I Alumina 

Caso4 BaO 

Alumina 

Alumina 

'

Reynolds and Kraus 

! . 

TABLE 2.2.2 

THE EQUIVALENT CONDUCTANCE OF SOLUTIONS OF POTAS­
. SlUM IODIDE IN ACETONE 

Equivalent Conductance 
4 Cone. x 10 1 This work Hotz mole litre-

I 

6.250 171.8 170.7 

9.000 166.4 164.7 
I 

12.25 161.0 159.0 I 

I I 
I I 

2.3 THE STABILITY OF ANHYDROUS ACETONE 

2.3.1 Introduction 

-1- Dippy and 
Hughes 

171.5 

166.0 

160.7 
I 
j 

i 

I 

I 

Reynolds 
and Kraus 

168.2 

163.1 

158.0 

In view of Everett's15 opinion as to the instabi-

lity of anhydrous acetone, batches of acetone were pre-

pared, using the three desiccants alumina, calcium sulphate 

I 



26. 

0::: 
w 
> 
w 
u 
w 
0::: 

w 
z c 0 c (; 1-
w 
u 
<( 

C\l 

0'1 ·-
LL 



27. 

and barium oxide and having the lowest water content 

that could be obtained. 

A number of samples of each batch were sealed in 

carefully cleaned and baked out glass tubes. At intervals 

over fifteen months, moisture determinations and specific 

conductance measurements were carried out on these sam-

ples. 

The determination of the water content of "anhydrous" 
acetone 

(a) The Karl Fischer reagent and apparatus 

The reagent has been described by Mitchell and 

Smith19 and modified by Ehmke18 and consisted of 

a mixture of 270 ml pyridine, 668 ml benzene, 84.7 

gm iodine and 64 gm sulphur dioxide per litre of 

reagent. 

Standardisation of the reagent was achieved by ti-

trating a known weight of "anhydrous" acetone, then 

taking further samples of the same batch, adding 

known weights of water to each sample and titrating 

each "wetted" sample. These readings enabled the 

calculation of the number of milligrams of water 

equivalent to one millilitre of rea5ent. 

A special weight pipette, previously cleaned and 

baked out and kept inside the dry-box, was filled 

with acetone in an atmosphere of dry nitrogen. It 
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was then removed from the dry-box, reweighed and 

fitted to the titration vessel of the "moisture 

proof" apparatus designed for the Karl Fischer ti-

tration. The apparatus was gassed out with dry ni-

trogen after which the sample was allowed to run 

into the titration vessel and titrated with the 

reagent. The end point was determined electrome-

trically using a titri~eter built by the Instruments 

Division at African Explosives. 

As a result of the very low water content of the 

acetone, the original stock reagent had to be di-

luted with anhydrous benzene and restandardised. 

(b) Results of Karl Fischer Titrations and specific 
conductance Measurements 

TABLE 2.3.1 

ACETONE PREPARED BY THE . "ALUMINA METHOD" 

BATCH I 

r~--- Time 
I days after Water Content 

preparation % 

0 0.0058 

2 0.0059 

15 0.0067 

123 0.0100 

456 0.009 



I 
!· Time 
1ldays after 
preparation 

0 

31 
137 
426 

TABLE 2.3.2 

"ALUMINA METHOD" 

BATCH II 

Water Content 
% 

0.003 

0.003 

0.003 

0.003 

TABLE 2.3.3 

Spec. Cond .j 
-1 -1 I 

ohm em 1 
I 
i 

I 
2 8 10-8 I 

• X 

1.6 X 

ACETONE PREPARED BY THE "CALCIUM SULPHATE 
HETHOD" 

' ! Time 

ldays after 
preparation 

0 

122 

395 

Water Content 
% 

0.0028 

0.0035 

0.0034 

Spec. Cond.l 
-1 -1 I ohm em· 

1 5 10-7 
• X 

I 
I 
I 
I 
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TABLE 2.3~4 

ACETONE PREPARED BY THE "BARIUM OXIDE 
METHOD" 

Time 
ldays after 
I t. prepara J.on 

2.4 DISCUSSION 

0 

15 
76 

357 

Water Content 
% 

0.0023 

0.0023 

0.0029 

0.0033 

Spec. Cond. 

-1 -1 
ohm em 

Although Everett and Rasmussen6 criticised the use of 

strong dehydrating agents as these catalyse the self-

condensation of acetane, most workers used strong desic-

cants and noted, especially in the cases where basic 

desiccants were used, the formation of a brownish con-

densation product. This condensation product is readily 

removed by fractionation, but its formation implies a 

loss of acetone. In the present work the wastage amoun-

ted to approximately 30-40% of the starting material 

when using alumina or barium oxide as dehydrating agents. 

Calcium sulphate does not appear to catalyse this con-

densatione Acetone prepared by this method had a water 

content of 0.002 - 0.006%, but the specific conductance 

was higher than that of the acetone prepared by the alu-

mina method. 
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The only objection to the use of basic desiccants there-

fore, is the loss of starting material as other prepa-

rative methods have not been studied sufficiently for 

a complete comparisson to be made. 

Some of the views expressed by earlier investi­

gators have been proved fallacious. Mysels17 consi-

dered it impossible to dehydrate acetone to below 0.05% 

water, but in the present work acetone containing as 

little as Oo002% water (by Karl Fischer titration) has 

been prepared •. It is possible that with three to four 

very efficient fractionation colums and the greatest 

care in han.dling the "anhydrous" acetone inside a very 

well designed dry-box, acetone having still lower water 

content could be prepared. 

The further opinion as to the instability of ace-

ton~ under conditions of extremely low water content 

has also been controverted since stability studies oi 

acetone containing between 0.002 and 0~006% water gave 

no indication whatsoever of this phenomenon. 

Hotz5 considered the mechanism of conduction in 

anhydrous acetone to be due .to the ionisation of the 

-4 enol form, which exists to the extent of 2.5 x 10 per 

cent as determined by Schwarzenbach37, according to the 

reaction: 
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yH3 ?H3 ?H3 ?H3 
i 

' 
c- OH c = 0 c- 0 - COH+ + ~ + _. 
'I !1 I !I I 
CH2 c~3 CH2 CH

3 

In th,e presence of small traces of water the conduc-

tance may proceed according to the reaction: 

••• Eqn. 2.1 

. 13 
The work of Dippy and Hughes indicated the water con-

tent to be the variable factor in the solvent grades. 

However, a tenfold change in the moisture content of 

acetone between 0.002 and 0.02 per cent has very little 

influence on the specific conductance and no correlation 

could be found between specific conductance and water con-

tent. This suggests that other impurities, for example 

ions desorbed from the glass apparatus, may play an im-

portant role. 

---ooOoo---



S E C T I 0 N III 

CONDUCTIMETRIC STUDIES OF SOLUTIONS OF HYDROGEN 
CHLORIDE AND PERCHLORIC ACID IN ACETONE 

3.1 BRIEF OUTLINE OF RESULTS 

34. 

2 
Braude in his studies of acidity functions, claimed 

hydrogen chloride to be largely or completely dissociated 

in acetone solutions. However, he based his calculations 

on the results of Sackur1 who obtained a limiting equiva­

-1 2 lent conductance of 12 ohm em for solutions of hydrogen 

chloride in acetone. 

Ross Kane3 , and all subsequent workers in this field 

concluded that hydrogen chloride behaves as an extremely 

weak acid in acetone solutions with an apparent dissocia­

. -8 
tion constant of 10 • Contrarily to Braude's view, hy-

drogen chloride seems to be highly associated in acetone 

solutioris, Hotz5 being of opinion that as many as twelve 

hydrogen chloride molecules could associate. 

The plot of/\ against J; for solutions of hydrogen 

chloride in acetone is extremely steep at high dilutions, 

-1 2 making extrapolation inexact. The value of 223 ohm em 

obtained for the limiting equivalent conductance by this 

method has no meaning except as a comparisson with Ross 

-1 2 -1 2 
Kane's value of 199 ohm em and Hotz's value of 210 ohm em • 

A Fuoss plot20 of the conductance results of solu-



tions of hydrogen chloride in acetone, instead of pro-

ducing the expected straight line, showed marked varia-

tions in the slope of the curve as in the case of Hotz's. 

No comparisson could be made with Ross Kane's work as his 

results.have never been published in detail. 

Hotz could not extrapolate his Fuoss plot to zero 

concentration, but in the present work measurements have 

been extended'to slightly lower concentrations and extra-

polation of this plot produced a limiting equivalent con­

-1 2 ductance of 444 ohm em • 

Perchloric acid was claimed to be the only strong 

acid in acetone solutions. Its conductance has been 

measured by Ross Kane as quoted by Hughes and Hartley 

His solutions of the acid in acetone were prepared by 

passing excess hydrogen chloride gas into a solution of 

silver perchlorate in acetone, precipitating silver chlo-

ride and using the decanted liquid as stock solution. A 

,-·· plot of 1\ against ·'IC proved to be linear and extrapolated 

-1 2 to 207 ohm em for the limiting equivalent conductance • 

. Coetzee and McGuire33 prepared solutions of per-

chloric acid in acetic acid, diluted this with acetone 

and measured the conductance of these solutions. They 

reported a value of 205 ohm-1cm2 for the limiting equi-

valent conductance of solutions of perchloric acid in 

acetone. 
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In the present investigations solutions of pure an-

hydrous perchloric acid in pure anhydrous acetone were 

studied (p 39). A plot of A against ~c was found to. be 

linear and extrapolated to a value of about 509 ohm-1cm2 

for the limiting equivalent conductance. A plausible ex-

planation for this very high value is given on page 53. 

3,2 APPARATUS 

All apparatus used in the present conductimetric 

studies had been described by Hotz5 and short descrip-

tions are given in appendix 1. 

THE PREPARATION AND ANALYSIS OF SOLUTIONS OF HYDROGEN 
CHLORIDE IN ACETONE 

The hydrogen chloride gas generator 

Pure anhydrous hydrogen chloride gas was prepared 

by running analar concentrated hydrochloric acid through 

a capillary tube into analar concentrated sulphuric acid 

producing a steady stream of the gas! The gas was bubbled 

through analar concentrated sulphuric acid, then passed 

through a column packed with anhydrous magnesium per-

chlorate containing some indicating silica gel and into 

a saturator (fig. 4) filled with anhydrous acetone in the 

dry-box. The open end of the saturator was connected to 

a drying train consisting of a number of glass tubes 

packed with magnesium perchlorate and indicating silica 

gel. Hydrogen chloride gas was allowed to pass through 
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the acetone in the saturator for 10-15 minutes. All 

stopcocks were then closed and the saturated acetone so-

lution returned to the dry-box. 

Before use, the saturator was thoroughly rinsed with 

soap solution, then with distilled water fol~owed ~y ana­

o lar acetone after which it was baked out at 120 C. 

A sample of the saturated solution was analysed by 

titration to give a rough estimate of the hydrogen chlo-

ride concentration. Three or four stock solutions were 

then prepared from this saturated solution and from each 

of these stock solutions a maximum of two dilutions, by 

accurately pipetting samples into a volumetric flask and 

making up to volume, or by weighing a portion of the stock 

solution in a weighed volumetric flask, filling up with 

acetone and reweighing. The stock solutions were accu-

rately analysed gravimetrically. 

It has been observed by Ross Kane 3 and 'Hotz5 that 

acid solutions of acetone turned brown on standing. Hotz 

found no appreciable change in the conductance of the ~cid 

solutions over a period of twelve hours. Consequently 

all conductance measurements were done on the day of pre-

paration. This procedure was followed in the present work 

and the conductance of solutions older than eight hours 

had never been measured. 

r 



Conductance measurements on solutions of hydrog~ 
chloride in acetone 

39. 

0 Conductance measurements were carried out at 25 C 

using the Jones-type bridge described in appendix I and 

equivalent conductances calculated. 

TABLE 3.3.1 

THE CONDUCTANCE OF SOLUTIONS OF HYDROGEN CHLORIDE 
SOLUTIONS IN ACETONE 

Concentration f 2 (i 2 
l07K f" mole 1itre-1 ,-.. / 

'· ~" "' + ohm em a 

I i 
2.280 ' 0.3534 I 0.9968 160.75 4.389 I ! 

6.77 o.2250 1 0.9956 102.40 4.407 I 
13.54 f o,119o I 0.9954 54.18 3.433 i 

I 

o. 0681 I 27.14 

I 
0.9951 31.01 1.344 

67.70 0.9949 13.36 5.958 0.0293 ! 
I 

o.o233 I 135.4 
I 

0.9936 10.62 7.478 1 
I I 

181.0 I 0.0110 i 0.9949 5.02 2.204 

541.6 
I 

o.oo6o I 1.948 l 0.9935 2.73 

K = 5.13 X 10-7 
av 

3.4 THE PREPARATION OF ANHYDROUS PERCHLORIC ACID AND ITS 
SOLUTIONS IN ACETONE 

1 

' I· 
\ 

The method for the preparation of anhydrous perchlo­

ric acid employed was developed by G.F. Smith38 and is 

essentially a vacuum distillation of 72-84% perchloric 

acid over anhydrous ·magnesium perchlorate. 
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3.4.1 

41. 

The still as described by Smith for the preparation 

of macro quantiti0s up to 100 gms or more of acid was not 

suitable as such since small quantities less than 1 gram 

of acid were required at a time. Consequently the still 

was scaled down considerably. 

The apparatus consisted of e 150 m~ distillntion 

flask, A, (fig. 6) with a thermometer fitted to the bulb. 

by means of a spherical ground joint. The delivery tube 

led into a collecting vessel, B, the latter being con­

nected through a side arm to an absorption tower, C, 

packed with soda lime and sodium hydroxide pellets to pre­

vent any acid vapour passing through to the vacuum pump. 

The absorption tower was connected to a vacuum train 

through a trap cooled in liquid nitrogen. The collecting 

vessel was kept in dry ice. The whole apparatus was built 

on a stand which was fixed to the bench top and walls and 

screened by perspex screens. 

Method 

The reagents used were anhydrous magnesium perchlo­

rate and 72% perchloric acid. Approximately 5 grams mag­

nesium perchlorate were added to the distillation vessel. 

Chilled perchloric acid ( 1 gram) was added slowly td th 

stirring to ensure complete mixing. During the addition 

of the acid, the base of the distillation flask was chilled 
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3.4.3 

in a bath of dry ice. The distillation vessel was then 

connected to the receiving vessel which was cooled in a 

flask containing dry ice. The mixture of acid and salt 

was then allowed to .attain room temperature whilst eva­

cuating the apparatus to a pressure { 0.5 mm. 

The temperature of the mixture was steadily in­

creased from room temperature to approximately 60°C em­

ploying an isomantle heater and an energy input regulator. 

The total distillation time was about three hours. 

In order to prove that the acid collected was an­

hydrous, the method of Smith was followed. Pure oxonium 

perchlorate, a white solid with a melting point of 49.9°C 

may be prepared by adding 64.286 gms of 72 per cent per­

cWoric acid to 54.170 gms of anhydrous perchloric acid. 

Following this procedure addition of 0.59 gms of 72 per. 

cent perchloric acid to 0.5 gms of the collected acid pro­

duced a white solid with a melting point of 50°C, proving 

the acid prepared to be anhydrous. 

Solutions of Perchloric acid in acetone 

Accurately weighed samples of perchloric acid were 

transferred to weighed volumetric flasks, made up to volume 

with anhydrous acetone and reweighed. From each of these 

stock solutions a maximum of two dilutions were made. As 

in the case of the solutions of hydrogen chloride in 
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acetone, the solutions of perchloric acid also turned brown, 

but much more rapidly than in the former case. This showed 

perchloric acid to be a much more efficient catalyst in the 

observed reaction. 

3.4.4 Conductance measurements on solutions of perchloric 
acid j_n acetone 

Measurements were carried out under the same condi-

tions as for the hydrogen chloride solutions (p 39). Equiva-

lent conductances were calculated and a linear plot was ob­

tained for 1\ against ,[c which extrapolated to 509 ohm -lcm2 

for the limiting equivalent conductance. The ratio of the 

experimental slope to the Onsager slope was found to be 4.75. 

TABLE 3.4.1 

THE CONDUCTANCE OF SOLUTIONS OF PERCHLORIC ACID IN 
ACETONE 

Concentration j\ I 
p mole li tre-1 -1 2 I 

ohm em l 
' 

I 
i 

r 2.545 501.3 

6.922 49?.2 

7.168 499.8 

12.800 493.0 

14.00 492.9 

21.26 485.3 

27.21 491.7 

42.84 478.5 

43.37 479.8 

43.69 481,39 

72.42 469.84 

115.62 463.7 

I 
O( I 

i 

i 
o. 9581 ! 
0.8692\ 

0.8774! 

0.8261 \ 
! 

o. 8206 j 

i o. 7700 i 
! 

o. 7709 I 
o. 6932 ! 
o.6956 I 

I 

f 2 
± l 

i 
i 

0.9945 

o. 99081 
0.9906 l 
0.9877 

0.9872 

0.9845 

0.9826 

0.9786 

0.9786 

0.9786 o.6994) 

o.6152 : 0.9731 
I 

0.5405 j 0.9671+ 
i l 

104K 

I 
0.5546! 

1.442 

1.517 

1.315 

1.689 

1.736 

1.778 

1.827 

2,056 

2.283 

"4 
10 K = 1.738 av 
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Experimental slope = 4.102 x 103 

Onsager slope = 863.1 

Ratio = 4.75 

3.5 THEORY OF ELECTROLYTIC CCNDUCTANCE AND DISCUSSION 
OF RESULTS 

The Onsager39 limiting law for electrolytic conduc-

tance, taking into account electrophoretic and relaxation 

effects, takes the form 

t '.=j\-
' 6 12.810 x 10 jz1z2 lq/\oe 
t ·(E T)}/2 (1 + .Jq) 

41.25 < jz11 + lz21 )l Jr 
+ 1 (e- T) 2 J 

\ \A 

. . . . . . . Eqn. 

i.e. of the form 

(\ = /\00 . . . . . . . Eqn. 3.5.2 

40 which was found by Kolrausch to describe the variation 

of conductance with concentration in dilute solutions. 

The effect of finite ionic size on conductivity was dis­

cussed by Pitmand Falkenhagen41 , leading to an extended 

limiting law in which the ion size was introduced: 

I 5(\ 1\ = 1\ ~ - I 8 • 2 04 X 10 <>0 

L . (€ T/;2 

• • • • Eqn. 3.5.3 
which may be rewritten as 

I r l 1 Jc \ 
\ = j\C/J - IL Bl /\,.>0 + B2! ( 0 ,-· ,. • ••• 

J\l+Ba .. /c, 
Egn. 3.5.4 

This may be rewritten as 

[\ 1\ / - + I .. ;~,-
( Bl/\ + B2) /J-; 

0 ,-. 
1 + ( Bel - B

1 
) .J c 

• • • • Eqn. 3.5.5 

I 



For a weak uni-univalent electrolyte the Onsager -

F t . 20 t k th f uoss equa lon a es e orm 

Replacing the factor in braces by 

o" " { 1 -ij 
F(z)=l-z\1-ztl-z_•••J 1 

4 2 -1 r ,...._ .l 
= 3 cos t cos l (-3 .J3z)/2_ 

where z = (B1/\,:; + B2 ) Ji\-~/ 1\~ 

giving o< .. ,:= /\/!\ "'" F ( z) 

2 2 
Now Ka = o',c cf:t / (1 - c><.,) 

• 0 • • Eqn. 3.5.6 

-t 1 -t 

. . . . Eqn. 3.5.7 

To obtain 1\~, a rough estimate is made from the 

plot of1\ against~~. z is then calculated, and F(z) found 

from tables of F(z) as a function of z42 • This enables 

the calculation of .~G and hence f+ by means of the Debye-

Ruckel limiting equation. 

Combination of the expressions for otc and Ka leads 

to 

F(z )//\ = 1//\oc 1\ 2/ ) K 1\ 2 + c f± F(z a oO . . . 
A plot of F(z);/\ against c/\ f± 2 /F(z) extrapolates to 1/1\ 00 • 

The procedure is rep~ated with the newly found /\,"» until 

a constant 1\.x: is obtained. From the slope of the final 

plot K may be calculated. If K is extremely small, the a a 

plot is rather insensitive. 

The Onsager-Fuoss equation may also be rewritten 
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after Shedlovsky4
3 as 

= u< '\ - ex [ B 1\ ,:1/ . ' ' l C>o 

• • • • Eqn. 3.5.9 

putting -.x., = S (z )/\/(\._,) 

where S(z) ( 1 z (1 t; z)t\ 2 = r~ + + 
J 

1 + t z 
2 

= + z + ..... 
and z = (B{\c., + B) ~l\c!l\.!2 

The equation may therefore be rewritten as 

1//\ S ( Z) = 1//\.~c . . . . Eqn. 3.510 

A plot of 1/1\S(z) against c/\S(z)f+2 has a slope -
of 1/Ka/\~ and intercept 1//\

00 
• Values for S(z) as 

42 a function of z have been tabulated • 

In the range 10-3{ K ~ 1 Shedlovsky's function is 

recommended. When K < 10-3 both the Shedlovsky and Fuoss 

methods are equal and when K~lo-6 the plots do notes-

tablish 1\ or K with much precision and the only sa-
""' a 

tisfactory method to deal with this is by applying the 

L~o 
Kolrausch rule 

/\JHA) = ,!\.:><>( HCl) - 1\ 00(NaCl) + 1\ 
00 

( NaA ) 

but the success of this depends on the hydrogen chloride, 

sodium chloride and salt of the weak acid being at least 

largely dissociated in the solvent used. 

It has been claimed by Ives and Ives44 and by Sames45 
-5 1\ that if Ka "9:: 2 x 10 , !'{)<) may be obtained directly from 

the conductance of the weak acid. K may be obtained 
a 
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simultaneously. 

The procedure is to add /\~ to both sides of the 

equation 

.1\ - !\ 
X 

..... Eqn. 3.5.11 

where /\ is the sum of the conductances of the cation 
X 

and anion in a completely dissociated electrolyte solu-

tion, 

Then 

• • • 

ex. c 
t; . 

1\ 1\ /\ = /iX . X c 

/\+ (Bi\,_, + B2)J;(:c = f',oo- j\2f!2
c/I\XK 

This may be rewritten as 

••• Eqn. 3.5.12 

Y = /\,x:o - m 1 X ••• Eqn. 3.5.13 

A plot of y against x has a slope of m' = 1/K and an 

intercept ./\ 00 

A reasonable value of /\:,"3 is taken for the first 

plot, cx<: and f+ calculated. Then y and x are calculated 

for each measurement and a new value of /\00 obtained by 

the method of least squares 

!\~= {i=(x) [(xy) - I_(x2 )[(y)} !{!).=_ex)] 2- nLcx2 )1 

• • • Eqn • 

where n is equal to the number of experimental points. 

The process is repeated until /\"" is constant. 

The upper concentration limit is 0.003N to 0.005N. K 
a 

is also calculated by the method of least squares 
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{ - ,. ,l rr 2 2 } 
-1/Ka= L(x) L(y) - nL(xy)J / [li:(x)] - n[(x ) 

••• Eqn. 3.5.15 

Kilpatrick46 found these equations to be suitable for K a 
-6 values as low as 10 • 

Application of the Fuoss-Shedlovsky analyses pro-

duc~d a plot with varying slope from the conductance re-

sults of the solutions of hydrogen chloride and a straight 

line with a single change in slope at extremely high di-

lutions, from the. results of the solutions of perchloric 

acid. 

44 -1 2 These plots extrapolated to 4 ohm em and 

509 ohm-1cm2 for the limiting equivalent conductances for 

hydrogen chloride and perchloric acid in acetone solutions 

respectively. 

The Ives44 calculations applied to the conductance 

results of hydrogen chloride solutions produced a limiting 

equivalent conductance of 187 ohm-1cm2 and a value of 

about 1 for the dissociation constant. 

These calculations are given in appendix 2. 

3.6 MECHANISM OF PROTON CONDUCTANCE IN ANHYDROUS ACETONE 
AND EFFECT OF ADDED WATER ON CONDUCTANCE 

Hotz5 considered the conductance of solutions of 

hydrogen chloride in acetone to be due to the partial dis-

sociation into solvated protons and riegatively charged 
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anionic complexes, of the associated hydrogen chloride 

molecules, according to the reaction 

••• Egn. 3. 6.1 

+ In view of the precence o~ ions of the type Me2COH , a 

Grotthus-type conductance is possible, At high acid con-

centrations the degree of dissociation is extremely small 

so that very few Me2COH+ ions exist, and the mobility of 

the anion (H 
1

c1 )- is small for high values of x. A 
x- x 

very low conductance is therefore expected as is observed 

experimentally. 

At very low acid concentrations more ions of the 

type Me2COH+ will be present, the anionic complex will 

be smaller and a large increase:in the conductance is ex-

pected. 

If the very high conductances as obtained for so-

lutions of perchloric acid in acetone are true, a proton 

jump mechanism must occur comparable to that in aqueous 

solutions. The following two mechanisms are proposed, 

the one involving keto-enol tautomerism, the second in-

+ volving only the ion Me2COH • 

The acid catalysed enolisation of acetone has been 

pro.posed to proceed through the following mechanism 47 : 

CH3 
CH

3 I fa~.t., I 
OH+ c = 0 + HCl ,-~-fast c = + Cl-

i I 
H - c - H H - c - H 

I I 
H H 

••• Eqn 3.6.2 



and 

?H3 
C = OH+ + Cl-
i 

H - C - H 
I 
H 

slow ?H3 
C - OH + HCl 
II 

H - C 

H 

54. 

••• Eqn. 3.6-3 

A push-pull mechanism for the enolisation of acetone 

48 has also been postulated : 

0 ---> E 
i 

N-~H- C - H 

H 

slow 

u 
C - H 
I 

H ••• Eqn. 3.6.4 

where N and E are nucleophilic and electrophilic groups 

or molecules respectively. 

On the basis of the push-pull mechanism, the proton 

jump mechanism proposed is as follows: 

CH
3 

R C ,, '?Y 
'c 

l 
HO ••• Eqn. 3.6.5 

+ The mechanism involving the ion Me
2

COH only is given 

as: 
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• • • Eqn • 

I 

The mechanism as depicted by Eqn. 3.6.5 does not 

agree with experimental results since the rate of enoli-

sation appearsto be too slow. The second mechanism given 

by Eqn. 3.6.6, based on Eqn, 3.6.2 could produce fast 

proton jumps, provided the transfer of charge from one 

acetone molecule to another as depicted, is faster than 

the transfer of the proton on the carbonyl group to a 

chloride ion or a complex anion. 

A trace of water added to a solution of hydrogen 

chloride or perchloric acid in acetone causes a marked 

drop in the electrical conductivity3• This is due to 

partial suppression of proton jumps resulting from cap­

+ ture of protons from the .Me2COH ion according to the 

reaction 

••• Eqn. 3.6.7 



A small trace of water produces a large effect, 

and the magnitude of the effect· suggests that the equi-

librium of equation 3.6.7 lies far over to the right, 

indicating that the water molecule dissolved in acetone 

provides a vacant level for an additional proton that 

lies lower than the level occupied by the proton in the 

' + + /COH group of the Me2COH ion. A proton captured in 

this lower level of the water melecule cannot jump baek 

to an acetone molecule until it receives the necessary 

~ + energy • In the meantime the H
3 

0 ion can only contri-

bute to the conductance by drifting slowly in the field. 

Only when the proton has returned to an acetone molecule 

can rapid proton jumps be resumed. 

3.7 COMPARISSON OF LIMITING EQUIVALENT CONDUCTANCES OF 
ELECTROLYTES IN ANHYDROUS ACETONE AND AQUEOUS SO­

. LUTIONS 

A comparrisson of limiting equivalent conductances 

of various electrolytes in "anhydrous" acetone and in 

aqueous solution~ shows the very striking feature that 

the'conductances are up to 2~~ and even higher in acetone 

solutions than in water. This is most probably due to 

the non-solvation of the anion and the much lower· visco-

· sity of the solvent. 

On the assumption of Fowler23 the chloride ion con­

ductance at infinite dilution is 111 ohm-1cm2 ; Calculation 

of cation conductances using this value, shows cations to 
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have limiting equivalent conductances very nearly the 

same as in water. Furthermore, in view of the possibi-

lity of a proton jump mechanism in acetone, solutions of 

acidsin acetone may be expected to have limiting equiva-

lent conductances similar to or even higher than those 

found in water. 

The very high limiting conductances obtained for 

solutions of hydrogen chloride and perchloric acid in 

acetone in the present investigations, can therefore be 

understood to some extent. If the proton conductance at 

infinite dilution was exactly the same in acetone solu-
'I 

tions as in water, /\,;,.,. for the solutions of perchloric 

'acid in acetone should be at least 470 ohm-1cm2 • ·That 

the experimental value exceeds this, may be due in part 

to viscosity effects. There is also the possibility of 

enhanced enolisation in the acid solution~ catalysed by 

the platinum black of the &lectrodes in the conductivity 

cell. 

TABLE 3.7 .. 1 

LIMITING EQUIVALENT CONDUCTANCES OF SOME ELECTROLYTES 
IN ACETONE AND IN A~UEOUS SOLUTIONS AT 250C 

! I Acetone Solutions Aqueous Solutions52 I Electrolyte 
/\.,. Reference /\IX' 

I 
I I I AgCl04 181.5 i 50 ' 129.3 I l I I LiCl04 1187.3 51 I 106.1 

NaClO 191.2 I 

" 117.5 4 



Acetone 
i 

521 Solutions j 
I Electrolyte -j 

Aqueous Solutions 
I 

/\~ 
I I /\,'J Reference I 

! 

KC104 188.7 51 140.9 

KI 196.6 II 150.3 
LiPi 158.1 II 69.1 

NaPi 163.7 II 80.5 

KPi 165.9 II 103.9 
NH4Pi 180.2 II 103o9 

(nC4H
9

)4Nclo4 182.4 II 86.9 

(nc4H
9

)4NPi 152.4 II 49.9 
(nc4H

9
)4NI 179.4 II 96.3 

(nC4H
9

)4NC1 172.3 II 95.3 
HCl 444.4 426.2 

HC104 509.0 417 ,,2 

---ooOoo---



S E C T I 0 N IV 

KINETICS OF THE ACID CATALYSED SELF-CONDENSATION 
OF ACETONE 

4.1 THE STABILITY OF SOLUTIONS OF HYDROGEN CHLORIDE IN 
ACETONE 

59. 

The stability of pure anhydrous acetone has been 

discussed in section II and in relation to the conductance 

measurements in section III it was necessary to consider 

the stability of solutions of electrolytes in acetone. 

The earliest relevant observations have been made 

by Bayer53 in 1886. A saturated solution of hydrogen 

chloride in acetone was allowed to stand in a closed ves-

sel for fourteen days. The solution turned dark brown 

and on adding water aft·er this period an aqueous and an 

oily layer were obtained. Analysis of the oily layer 

showed the presence of mesityl oxide and phorone. 

Similar colour changes have been observed by numerous 

later workers for example Ross Kane3 • None of these in-

vestigated the ·phenomenon thoroughly. 

It therefore appeared desirable to investigate whether 

this condensation, in which water is produced, proceeds 

sufficiently rapidly as to have a significant effect on 

the conductance and other electrochemical measurements. 

4.1.1 Preliminary experiments 

The following methods were considered for the in-
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vestigation of the condensation: 

(a) Karl Fischer titrations 

(b) Conductance measurements 

(c) Ultra violet absorption studies 

(d) Infra red absorption studies 

(a) Karl Fischer titrations 

Small quantities of water may be determined in non-

aqueous media by means of the Karl Fischer titra­

tion19. Since water is produced in the condensation 

reaction, the Karl Fischer method was thought sui-

table for following the rate of the reaction by de-

termining the rate of formation of water. However, 

it has been stated that in acid media the reagent 

is unreliable; hence this method was rejected. 

(b) Conductance measurements 

The conductance of solutions of hydrogen chloride 

in acetone would change with time with the formation 

of water, but would not be a true measure of the 

water produced since any other product or inter-

mediate in the condensation reaction might contri-

bute to the total conductance. 

(c) Ultra violet absorption studies 

0 
Pure acetone has absorption bands at 2790 A and 

1880 Ao 54 .and t h inbe ween t ese two bands the absorp-

tion falls to practically zero. It has been observed 
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0 
that in the presence of water, the band at 2790 A 

is shifted towards the shorter wavelengths and a 

solution of acetone in water absorbs at 2650 ~ 55. 

If relatively large quantities of water are pro-

duced in the condensation reaction, the rate of for-

mation may be determined by measuring the shift it 
0 

produces in the absorption band at 2790 A. 

Mesityl oxide has an extremely strong absorption 
0 

band at 2310 A with a molar extinction coefficient 

of 1,2 x 104 G6 ~ The formation of this product could 

therefore easily be followed by this method. The 

absorption of diacetone alcohol in the ultra violet 

region is very poorly defined with no sharp absorp-

tion bands, 

(d) Infra red absorption studies 

Water may be detected by the OH absorption band, but 

any alcohol(~)that may be produced during the course 

of the reaction, will also absorb at more or less 

the same frequency and no true measure of the water 

produced will be obtained. 

A camparisson of the infra red absorption spectra 

of acetone and mesityl oxide and various synthetic 

mixtures of these, showed some absorption bands of 

the two components to be very well resolved, providing 

a further method for investigating the reaction. 



4.2 

4.2.1 

4.2.2 

THE CONDENSATION OF ACETONE TO MESITYL OXIDE 

APPARATUS AND EXPERIMENTAL METHODS 

62. 

Absorbanc~ measurements on solutions of hydrogen 

chloride in acetone of various acid concentrations were 

carried out using 1 em and 0.2 em quartz cells. Preliminary 

experiments were made on a Beckman DU ultra violet-visible 

spectrophotometer and final measurements on a Zeiss 100 

point instrument. 

Solutions were either kept at constant temperature 

in a thermostat or in the cells in the thermostatically 

jacketed cell compartment of the sp~ctrophotometer. 

The undiluted reaction mixtures were used in the 

0.2 em cells during the initial stages of the reaction. 

During the later stages, dilution of the reaction mixtures 

was necessary and for this purpose spectroscopically pure 

cyclohexane was found to be suitable. Optic~l measurements 

on these dilute solutions were made using the 1 em cells. 

Dilutions of reaction mixtures in cyclohexane were 

prepared by dissolving a weighed quantity of the reaction 

mixture in a weighed quantity of cyclohexane. 

ACID BASE CATALYSIS AND PROPOSED MECHANISM 

The condensation of acetone to mesityl oxide cata­

lysed by hydrogen chloride, although taking place through 



a number of intermediate steps may be formulated ge­

nerallj7as follows: 

A + HCl 

AH+ + A 

kl 
~ 

k2 

~ 

••• Eqn. 4.2.1 

Products ... Eqn. 4.2.2 

Application of the steady state method leads to: 

and 

k1 [4j[Hc~ 
= k3 rAJ + k2 c c1 1 

d EProduct] 
dt-

k
1 

k
3 

[A-} 2\Hcil 

= k
3 

(A1 + k
2 

[Cl -) 

••• Eqn. 4.2.3 

••• Eqn. 4.2.4 

Two limiting possibilities arise: 

(a) 

(b) 

k
3 

(A] >) k
2 

[ Cl -_1 
k1 k3 

\_Al 2[HC1} whence d [PJ = 
dt k3 lAl 

= · kl [A j(HCl) ••• Eqn. 4.2.5 

k3 (Al << k2 [ Cl -J 

and 
k1k

3 
[AJ

2
(Hcl] d fp] = 

dt k2 [cl-] 

= kl k3 [ Al2[H+] 
••• Eqn. 4.2.6 

k2Ka 

where K is the ionisation constant of HCl 
a 

Equation 4.2.5 corresponds to general acid catalysis 

and equation 4.2.6 to specific catalysis by H+. 

The reaction is therefore either first order or second 

order in acetone and the rate will vary from run to run 
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with acid concentration. 

The reaction was found to be extremely slow and 

following any particular reaction mixture for up to three 

weeks, no appreciable change could be observed in the 

acetone concentration. 

At low acid concentrations rates were found to vary 

approximately linearly with acid concentration, becoming 

independent of concentration above 1.5M ~cid. 

The rate of condensation being exceedingly slow, 

the change in the concentration of acetone could be neg-

lected, especially as it was present in great excess; the 

reaction mixtures being dilute solutions of hydrogen chlo-

ride in pure acetone. 

The acetone concentration could therefore be con-

sidered constant and as the catalyst is regenerated in 

the final stages of the reaction, its concentration will 

be constant. The rate may therefore be expressed as 

d [Pj 
dt 

= k ••• Eqn. 4.2.7 

Previous studies of this condensation have been 

carried out in aqueous58 acetone and no record of a study 

in the anhydrous medium has been found. The depolymeri-

sation of diacetone alcohol catalysed by sodium hydroxide 

has also been studied59 and the acid catalysed dehydration 

of diacetone alcohol to mesityl oxide 60 • 



It is probable that in anhydrous media the self-

condensation of acetone to mesityl oxide catalysed by an 

acid (or a base) would proceed through diac$tone alcohol 

as an intermediate. 

Infra red spectra of reaction mixtures were com-

pared with those of the pure substances acetone, diacetone 

alcohol and mesityl oxide and synthetic mixtures of these 

three components. A relatively strong absorption band of 

-1 diacetone alcohol was resolved at 920 em in these syn-

thetic mixtures. In the reaction mixtures, a weak band 

could be detected at 920 cm-1 , indicating the presence 

of diacetone alcohol. This band was too weak for quan-

titative measurements to be made. 

The following two mechanisms have therefore been 

proposed: 

First alternative: 
kl 

AH+ - Eqn. 4.2.8 A + HCl ' + Cl ••• R2 

AH+ + A 
k3 

mr+. 4.2.9 ~ Eqn. 
~ ••• 

DH+ + A 
k5 

M + H20 + AH+ Eqn. 4.2.10 ~ ••• 

where A represents acetone, AH+ the ion Me2COH+, DH+ 

+ 
the ion H3c,c/OH2 

/ " H
3

C CH2COCH
3 

and ~mesityl oxide, 

CHCOCH
3 
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The final stage as depicted by equation 4.2.10 

is considered irreversible for all practical purposes, 

since a synthetic mixture of acetone and mesityl oxide 

with a minute quantity of diacetone alcohol inaqueous 

hydrogen chloride solution, separated into two layers and 

no detectable decrease in the oily (mesityl oxide) layer 

could be observed over a period of one month. This final 

stage must therefore be irreversible or the reverse reac-

tion must be exceedingly slow compared to the forward re-

action. Furthermore, mesityl oxide itself will condense 

slowly with acetone to produce phorone. This has been 

demonstrated by allowing a saturated solution of hydrogen 

chloride in anhydrous acetone, to stand for one to two 

days, after which phorone could- be detected by infra red 

spectroscopy. 

Consider equations 4.2.8 to 4.2.10. 

Assume .... Eqn. 4.2.11 

• • • Eqn. LJ-.2.12 

= k 3 [AH"j[A]- k 4 (DH1- k 5 ~H+][A] 
••• Eqn, 4.2.13 

adding equations 4.2.12 and 4.2.13 

••• Eqn. 4.2.14 

••• Eqn. 4.2.15 



and 

Assume 

whence 

,.._. k for any one run. 

Second alternative: 

kl 
A Hcl ----=:....1 AH+ + C1-+ J:C-

2 

AH+ +A ~ 
k4 

DH+ k5 ). 

· Assume d [AH+] = !!_[DH1 = 0 
dt dt 

••• Eqn. 4.2.16 

••• Eqn. 4.2.17 

••• Eqn. 4.2.18 

••• Eqn. 4.2.19 

... Eqn. 4.2.20 

d [AH+) = k
1 

[A J~c~ - k
2 

lAH+_l~l -J - k
3 

[AH+] [A] + k 4 [nH+] 
dt ... Eqn. 4.2.21 

Eqn. 4.2.22 

Adding equations 4.2.21 and 4.2.22: 

~ [ij [Hcl] - k
2 

[AH1 [cl-] - k
5 
[nH~ = o 

1- -P.I- ] 
Jrj Ji.H J LA 

k4 + k5 

... Eqn. 4.2.23 

From 4.2.22 

Substitute in 4.2.23 

k
1 

(A][Hc:(\ = k 2 (AHj[cl J + k
3 

[AH~I [A] ... Eqn. 4.2.24 
k4/k5 + l 



• • [AH~ = 

Assume k
2 

[c1 -J >'> k
3 

[A] 

Then 

Now 

[ AH+l J 

d [Ml __ J 

dt = 

= 

= 

= k 1 [A][Hci] 

k
2 

lCl-J 

k rDHj 
5l! 

k
1 

[A][Hclj - k
2 

[AHj [ca j 

2k
1 
[!J[HC~ 

= k for any one run. 

68 • 

... Eqn. 4.2.25 

... Eqn 4.2.26 

••• Eqn. 4.2.27 

••• Eqn. 4.2.28 

The final rate equations in both alternatives yield 

on integration 

••• Eqn. 4.2.29 

Experimental plots of product concentration or 

absorbanc~ ~against time were found to be linear, with 

slopes depending only on the acid concentration. Extra-

polating these plots to zero time, the intercepts, A , 
0 

were found to coinside with the absorbances of fresh 
I 

solutions of hydrogen chlori'de in acetone of the same 

acid concentrations. 

Plots of absorbance against time for various acid 

concentrations for the three temperature~vi~20°C, 30°C 

and 40°C are given in fig. 10 to fig. 12~ 

The zero ord~r velocity constants k have been cal­
z 

culated from the slopes of these lines and catalytic co-
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efficients k~· from them by dividing by the acid concen-

tration. 

TABLE 4,2,1 

RATE CONSTANTS FOR VARIOUS CONCENTRATIONS OF HYDROGEN CHLO­
RIDE IN ACETONE 

10
2 C~c1] _1 102k lOk 1 [Hcl] kl-1 .. z mole l~tre mole -1 -1 z -1 

min. -1 litre hr. hr. 

2.148 1.375 6.400 

3.129 1.990 6.361 1.062 X 10 -2 

3.542 2.260 6.382 

11.74 7.520 6.404 

29.67 18.85 6.353 

102~c1] -1 l02k k I [He~ kw .z z -1 mole litre -1 -1 -1 mole litre hr. hr. min. 

1.092 1.40 1.280 

1.725 2.06 1.187 

4.280 5.08 1.210 2.007 X 10 -2 

17.48 20.68 1.183 

10~IC1] -1 102k k I [Hcl] kH+ 
~ole litre z z -1 . -1 mole -1 -1 min. litre hr. hr. ·, 

1.285 2.70 2.200 

5.572 1.16 2.082 

8.710 1.90 2.177 3.603 X 10 -2 

38.21 82.4 2.153 

105.9 223 2.201 
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Using catalytic coefficients a plot of log k against 

1/T produce a straight line (fig. 13) and from the slope 

the activation energy EA is found to be 11.21K cal. mole-l 

for the overall condensation of acetone to mesityl oxide. 

Calculation ot the frequency factor gave an average value 

of 106.386. 

4.3 THE DEHYDRATION OF DIACETONE ALCOHOL TO MESITYL OXIDE 

In order to obtain support for the assumption made 

in postulating the mechanism for the overall condensation 

reaction, the dehydra~ion of diacetone alcohol to mesityl 

oxide was investigated. 

When dry hydrogen chloride gas was passed into pure 

anhydrous diacetone alcohol the dehydration was so rapid 

that it was impossible to follow the reaction spectre-

photometrically. 

Dilute solutions of diacetone alcohol in spectre-

scopically pure cyclohexanewere therefore used in this 

investigation, cyclohexane being chosen as a solvent be-

cause of its previous use as a diluent (p. 62 ). 

The solutions of diacetone alcohol were mixed with 

solutions of hydrogen chloride in cyclohexane of known acid 

concentration. 

In any particular series, the initial diacetone al-

cohol concentration was lcept constant and the acid con-

centration varied from run to run. 
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These studies were carried out at various tempera-

tures so as to enable the calculation of the activation 

energy and as in the previ6us studies product concentra-

tions were .measured at various time intervals by following 
0 

the change in absorbance at 2310A of the reaction mixture. 

Plots of product concentration against time proved 

to be linear and slopes varied with acid concentration. 

Because of the high molar extinction coefficient of 

4 0 
mesityl oxide (1.2 x 10 at 2310A) measurements could only 

be made during the initial stages of the reaction over a 

time period where the diacetone alcohol concentration re-

mained virtually constant. 

Plots of product concentration against time for va-

rious temperatures and differing acid concentrations are 

given in fig.l4 to fig.l6. 

Runs werl also made in order to determine the order 

of the reaction with respect to either reactant and final 

measurements were made at a diacetone alcohol concentra-

tion which would produce a first order reaction with re-

spect to this reactant. Acid concentrations were varied 

over a region where the reaction is very nearly first 

order with respect to acid concentration. 

Results were calculated similarly as in par. 4.2 

and are summarised in table 4.3.1. 
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TABLE 4.3.1 

RATE CONSTANTS FOR THE REACTION DIACETONE ALCOHOL TO 
MESITYL OXIDE 

(a) At 19°C. 

Diacetone alcohol concentration: 1.022x102mole litre-1• 

103 [Hcl] 1 !mole litre-

(b) 

2.248 

5.187 

0 At 31.5 C. 

' 

l03k z . . -1 mole lJ.tre 
min.-1 

5.70 

13.14 

H52
k I [HCl]IPAA] -2 z2 -2 10 kb. litre mole J.m 

min,-1 

2.479 

2.481 2.480 

Diacetone alcohol concentration: 1.001 x 102 mole litre-l 

103 f!Ic1] _1 
l03k 1o2k 1 [HclJrpAA] -2 z -1 z2 -2 10 kbim mole litre mole litre litre f!'':'le 
min.-1 min.-1 

1.294 4.7 3.628 

2.575 11.8 3.636 3.632 

3.441 12.5 3.630 

-2 -1 Diacetone alcohol concentration: 1.001 x 10 mole litre • 

I 

l02k l02k I [HCl][pAA] 103 [Hci! 102~. -1 z -1 z2 -2 
!mole litre mole litre litre mole J.m 

min.-1 min.-1 

1.962 o.8oo 4.075 

4.295 1.750 4.070 4.071 

7.053 2.873 4.068 
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4,4 CALCULJl.TION OF THERMODYNAMIC DATA 

I 

'Tlemp. 
OK 

293.0 
303.0 
313.0 

Temp. 
OK 

292.0 
304.5 
311.0 

TABLE 4.4.1 

THE CONDENSATION REACTION 

102 k EA A 

min.-1 -1 min. -1 Kcal mole 

1.062 106.386 

2.007 11.21 106.389 

3.603 106.384 

TABLE 4.4.2 

THE DEHYDRATION REACTION 

-2 10 kb. 
~m 

s 
e.u. 

-31.25 
-31.34 
-31.43 

A 

l 't 2 1 -2 . -1 
~ re mo e m~n. 

2 -2 , litre mole min.-~ 

2.480 

3.632 
4.071 

105.16 
105.31 
105.30 

4.5 DISCUSSION 

Complicated molecules are involved in the reactions 

studied, and in agreement with the transition state theory61 , 

the expected low values.are obtained for the frequency fac-

tors as well as negative entropies of activation for the 

overall reaction. This is because of a conversion of 
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rotational degrees of freedom into vibrations in the 

activated complex. 

The large negative value of the entropy of activa-

tion for the overall reaction is in agreement with the 

slow rate of reaction. Although the dehydration reaction 

is known to be fast, an extremely low value was obtained for the 

frequency factor. However, combination of this low value 

with the small activation energy, may explain the fast rate 

of reactiono 

Koelichen
62 

studied the base catalysed acetone-dia-

cetone alcohol reaction in aqueous medium and has measured 

the equilibrium constant. He obtained a standard entropy 

0 changeD S =-32 e. u. Comparing this value with the value 

of the entropy of activation, L)St= -31.4 e.u., as found in 

the present studies, it seems likely that the activated 

complex must be similar in structure to diacetone alcohol. 

In each of the two possible mechanisms proposed for 

the acid catalysed self-condensation of acetone to :mesityl 

oxide, the formation of diacetone alcohol .(Egn. 4.2.9 page 

65 and Eqn. 4.2.19 page 67) was assumed to be the rate de-

termining step. 

A possible activated complex can be formulated as: 
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This is a four centre complex, hence its entropy of 

formation6s"' will be negative and large in magnitude. There-

fore, the frequency factor will be low for both the forward 

and reverse reactions, but A
3 

will be less than A4 because 

the carbon-carbon bond already exists in DH+ whereas in 

forming DH+ from acetone and the .ion AH+, the partial bond 

must be formed and the translational entropy of one mole­

cule lost. However, ~E4"> 6E; (probably) because of bond 

breaking. 

In the first alternative (p.65) k4 is assumed very 

much less than k
5

• Now k
5 

is known empirically to be high 

and bE; small. bs5 is also likely to be small. 

In alternative two (p.67) k4 is again assumed very 

much less than k
5 

and k
3

[A] is assumed less than k 2[cl-]so 

that k
3
«k2 • 

The reverse reaction in equation 4.2.8 (p.65) and 

4.2.18 (p.67) occurs between oppositely charged ions, one 

being very simple. This has been shown to be an extremely 

fast reaction in aqueous acetone and acetone solutions48 • 

The entropy loss in such a reaction may be expected to be 

small and the activation energy (~~) also small. 

---ooOoo---
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S E C T I 0 N V 

POTENTIOMETRIC MEASUREMENTS IN ANHYDROUS ACETONE 

5.1 E.M.F. MEASUREMENTS ON SOLUTIONS OF HYDROGEN CHLORIDE 
IN ACETONE 

Ulich and Spiege129 made a study of metal-metal ha-

lide electrodes in acetone and came to the conclusion that 

most of the systems gave irreproducible resultse They con-

sidered this to be due to the formation of complex ions of 

the type M X (n-m)-
m n • 

Everett and Rasmussen6 found the silver-silver chlo-

ride electrode to behave satisfactorily and made an exten-

sive study of the cell Pt,H2/HCl/AgCl,Ag in acetone. Their 

results show hydrogen chloride to be a very weak acid in 

acetone solutions and using an approximate dissociation 

-8 constant K =10 , they calculated the standard e.m.f. of 
a 

the cell. 

31 Erdey-Gruz determined transference numbers in ace-

tone and acetone-water mixtures using the cell 

Pt,H2/0.0J.N HCl,.f O.lM HC1/H2 ,Pt in acetone. 

Although the work of Everett and Rasmussen was fairly 

extensive, they based their calculations on an uncertain 

dissociation constant for hydrogen chloride in acetone 

solutions. 

Anequation given by Glasstone35 was employed, making 
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use of activity coefficients and degrees of dissociation 

which were derived from conductivity work described in 

section III. Theqell Pt,H2/HCl/AgCl,Ag in acetone was 

reinvestigated and a new value for the standard e.m.f. 

of the cell determined. 

The value of ~o.488 volt for the standard e.m.f. of 

the cell found in the present investigation~ agrees re-

markably well with the value obtained when applying Eve-

rett and Rasmussen's results to Glasstone's equation. 

Measurements were also made on concentration cells 

with and without transport in an attempt to evaluate trans-

port numbers. This could only be done at relatively high 

concentrations of hydrogen chloride in acetone as the 

cell resistances were exceptionally high. Values of trans-

port numbers of the positive ion over high concentration 

regions are in reasonable accord with those of Erdey-Gruz31 • 

Preparation of the Electrodes 

(a) The silver-silver chloride electrode 

(i) Method: 

Stout platinum wires were sealed in glass tubes 

which were to serve as electrode holders. The 

tips of the platinum wires were either fused or 

sandpapered to remove sharp edges formed on 

tt . 63 t 64 1 d cu ~ng • Carmody's me hod was then emp oye 

for cleaning the platinum wires in boiling 
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concentrated nitric a~id, After rinsing the 

electrodes with distilled water, silver was 

plated on the platinum and the surface chlo­

ridised electrolytically. 

(ii) Silver plating solution 

Potassium silvercyanide was prepared by adding 

excess silver cyanide to a hot filtered solution 

containing 20% potassium cyanide. The solution 

was stirred for about half an hour 7 undissolved 

silver cyanide filtered off and the solution 

allowed to cool. Potassium silvercyanide crys­

tallised from the solution and was dried by 

centrifuging on sintered glass filters. 

The silver plating solution63 was made up by 

dissolving about 10 grams potassium silver­

cyanide in 1000 ml. water. Free cyanide was 

reduced by adding sufficient dilute silver 

nitrate solution to produce a feint cloud of 

silver cyanide which was allowed to settle. 

The clear solution was decanted. 

(iii) Electrolysis 

As an electrode vessel a beaker was used, co­

vered with a perspex disc through which holes 

were drilled for insertion of the electrodes~ 



A platinum electrode was .used as anode and 

contamination of the cathode solution was pre-

vented by separating anode and cathode com-

partments by means of a sintered glass dia-

phragm. 

Electrolysis was carried out for about two 

hours at 2mA and the electrodes were then care-

fully rinsed and left in distilled water. 

The electrodes were then chloridised by elec-

trolysis for half an hour at 2mA in a O.lN 

hydrochloric acid solution. A platinum elec-

trade was used as cathode. 

The silver-silver chloride electrodesso obtained 

had a purplish colour and as was stated by 

63 Brown , who developed this method, these elec-

trodes were not affected by light. There was 

therefore no need for the preparation of the 

electrodes to be carried out in dimmed light. 

Before use, these electrodes were allowed to 

stand interconnected, for two weeks in the 

electrode vessel in a dilute hydrochloric acid 

solution in order to come to equilibrium. 

Basset and Corbet 65 claimed an average repro-

ducibility for electrodes prepared in this 
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manner as 0.02mV in a concentration range 

In the present investigations 

no difference in potential could be detected 

in these electrodes when put in the same so-

lution. 

(b) !pe hydro~en electrode 

Stout platinum wires sealed in glass tubes were treated 
I 

and cleaned as described on page 83. They were then 

platinised over a period of ten minutes by reversing 

the current every 30 seconds. 

The platinising solution66 used was made up by dis-

solving 3 gm. of platinum chloride and about 0.03 gm. 

of lead acetate in 100 ml. distilled water. 

5.2 APPARATUS 

(i) Potentiometric cells 

The following c~lls were investigated: 

(a) Pt,H2/HCl/AgCl,Ag . 
(b) Ag,AgCl/HCl:HCl/AgCl,Ag 

. ml "m2 

(c) Pt,H2/HCl/AgCl,Ag,AgCl/HCl/H2 ,Pt 
ml m2 

Diagrams of these cells are given in fig. 18. 
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(ii) The hydrogen train 

Commercial hydrogen was purified by passing the gas 

through a tube packed with copper gauze inside a 

furnace, at a temperature of about 600°C, then through 

a drying tower containing anhydrous magnesium per-

chlorate followed by a trap cooled in liquid air. 

The gas was then bubbled through pure anhydrous ace-

tone and finally through a solution of hydrogen chlo-

ride in acetone of the same hydrogen chloride con-

centration as th~t in the cell. The volume of the 

liquid in each saturator was about 4 to 5 times the 

volume used in the ce116 • 

In all runs ,the bubble rate was regulated between 

60 and 80 bubbles per minute. It was, however, no-

ted that a bubble rate up to 100 per minute did not 

affect the e.m.f. measurements. 

The hydrogen train is depicted in fig. 19. 

(iii) The thermostat 

A large glass tank water thermostat was used and the 

temperature was kept constant to within O.Ol°C. Cir­

culation and fast heating of the water were obtained 

by a Braun Thermomix II whose temperature was set 

at one degree below the required temperature. The 

0 0 bath was heated to 25 ± 0.01 C by a normal heating 

spiral in glass, the filament being covered by oil 
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and fine regulation was .by a mercury-toluene regu-

later connected to a Sunvic hot wi~e vacuum switch. 

RESULTS OF.E.M.F. MEASUREMENTS 

The cell Pt,H2/HCl/AgCl,Ag 

6 Everett and Rasmussen found their cells to require 

6 to 12 hours to reach equilibrium whereas in the present 

studies cells came to equilibrium within 3 to 4 hours. 

The Nernst relation for the e.m.f. of the cell is~ 

given by 

E -- Eo 2RT l - F n a ... Eqn. 5.3.1 

E0 
- ~ ln 0(. m (( = F ••• Eqn. 5.3.2 

This may be rewritten as 

E + 2RT lno<. m = Eo - 2RT ln~ 
F F ••• Eqn. 5.3.3 

Reverting to common logs 

E + 22.3~3RT logo<.m = Eo_22.3~3RT log)( 

••• Eqn. 5·3.4 

Now ~ is. given by the Debye-Huckel-Br¢nsted equation 

as 

lri.~ = -A~o<. m + Cm ... Eqn. 5.3.5 

where A is a constant for a particular solvent depending 

on the'dielectric constant and temperature. 

-A~~+ Cm 
•• = 2.303 

Substitution of this value for logg in eqn. 5.3.4 leads to 
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••• Eqn. 5.3.6 

or 

.c-~ o 
E' = E + 2k logcxm- 2k'A'Vo<m = E -2k 1 Cm 

where 

k = 2.,303RT 
F 

and k' = RT 
T 

... 

A plot of E' against m should be a straight line 

with slope -2k'C and intercept E
0

• 

It has been observed th~t in aqueous solutions plots 

of E' against m for strong electrolytes produce straight 

lines which tend to curve slightly at very high dilutions, 

but the curvature is such that extrapolation to zero con-

centration could still be obtained relativ~ly accurate­

ly67. The observed e.m.f. measurements for various hy-

drogen chloride concentrations are tabulated below with 

the calculated values forE'. A detailed table showing 

all calculations in arriving at E' is given in appendix 4. 

TABLE 5o3el 

CALCULATED VALUES FOR E' AT VARIOUS HYDROGEN CHLORIDE 
CONCENTRATIONS 

m 
X 103 

E volt E' volt 
molality observed calculated 

5 0.1040 -0.4431 

20 0.0470 -0.4900 



m 
X 103 

E volt E' volt 
molality . observed calculated 

50 0.0098 -0.4895 

75 -0.0060 -0.4848 
100 -0.0178 -0.4787 

171 -0.0274 -0.4553 
210 -0.0286 -0.4390 

TABLE 5.3.2 
CALCULATED VALUES FOR E' FROM THE RESULTS OF EVERETT 
AND RASMUSSEN 

m 
X 103 

E volt E' volt 
molarity observed calculated 

5.6 0.0938 -0.4513 
9.0 0.0811 -0.4749 

21.9 o.o483 -0.4859 
29.0 0.0392 -0.4845 

55 0.0226 -0.4729 
67 0.0226 -0.4620 

79 0.0126 -0.4628 

93 0.0092 -0.4623 
128 I -0.0004 -0.4496 
149 -o.oo46 -0.4422 

92. 

Plots of E 1 against m extrapolate to -0.4882 volt 

(this work) and -0.4914 volt (Everett and Rasmussen). In 

their original work, making use of an approximate dis­

sociation constant of 10-8 for hydrogen chlcride in ace­

tone, Everett and Rasmussen obtained a standard e.mefo 
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for the cell of -0.52 volt. Linear extrapolation 

of the plot on the present measurements gives a value of 

-0.508 volt. 

The values for the constant C in equation 5.3.7. 
were -6.229 for the present investigation and -6.929 
from the recalculated results of Everett and Rasmussen. 

The standard e.m.f. results agree remarkably, which 

is a further proof bf the suitability and reproducibility 

of the silver-silver chloride electrode in acetone solu-

tions. 

Attempts were also made at determining transport 

numbers using the cells (b) and (c) (page 86), but proved 

difficult for accurate work as cell resistances were ex­

tremely high in the case of cell (b). The latter cell (c) 

could be ~alculated from measurements on the cell 

Pt,H2/HCl/AgCl,Ag in acetone. It was only possible to 

obtain three transport numbers over a relatively high 

concentration region and these are tabulated below. 

The value of the transport number at infinite dilu­

tion was determined from conductance data using calculating 

ion conductances. 

TABLE 5.3.3 
OBSERVED TRANSPORT NUMBERS FOR THE POSITIVE ION FOR 
VARIOUS HYDROGEN CHLORIDE CONCENTRATIONS 

m t Molality + 

-
0 0.775 (calc.) 

0.0751 o.455 
0.1705 o.267 
0.2098 0.220 
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5.4 DISCUSSION OF RESULTS 

In view of the remarkable agreement between the 

values obtained for the standard electromotive force of 

the cell Pt,H2/HCl/AgCl,Ag in acetone in this work and 

Everett and Rasmussen's work, it is clear that this elec­

trode is very suitable for studies of solutions in an­

hydrous acetone. Furthermore, Arthur and Lyons30 used 

this electrode and the calomel electrode successfully in 

non-acqueous media for their polarographic studies. Hotz5 

also employed the calom~l and silver-silver chloride elec­

trodes in acetone solutions and found them reproducible. 

Ulich and Spiegel 1 s 29 conclusions are therefore proved 

to be fallacious. 

The differences in measured e .m. f. values for 

more or less the same acid concentrations as shown in ta-

bles 5.3.1 and 5.3.2 may possibly be ascribed to differences 

in solvent quality and experimental conditions. For example, 

Everett and Rasmussen reported their cells to require 6 

to 12 hours. to reach equilibrium, after which the poten­

tial was constant to ± 0.5mV, whereas in the present stu­

dies equilibrium was attained in three to four hours. 

Such long equilibration times could introduce errors ar­

rising from concentration changes and ingress of mois-

ture. With this there is also the possibility of a slight 

degree of self-condensation. 



Although extreme difficulty was encountered 

in the attempts to measure transport numbers, the results 

obtained compare fairly well with those of Erdey-Gruz31 

and exact transport numbers will not be obtained until 

more refined methods are employed. 

---ooOoo---



S E C T I 0 N VI 

DIFFUSION STUDIES OF SOLUTIONS OF HYDROGEN CHLORIDE 
IN ACETONE 

6.1 THEORY OF ELECTROLYTIC DIFFUSION 

98. 

Both diffusion and electrical conductance involve 

the motion of ions and a relation might exist 68 between 

these two phenomena. 

The major differences are:-

(i) In conductance positive and negative ions move in 

opposite directions whereas in the diffusion process 

they move in the same direction. 

(ii) At infinite dilution the various ions move indepen-

dantly of one another in the case of conductance, 

but in diffusion they move at equal speeds otherwise 

separation of electrical charge will result. 

In diffusion each diffusing entity may be regarded 

as moving under the influence of two forces: 

(a) The gradient of the chemical potential for that 

ionic species. 

(b) The electrical field produced by the motion of the 

oppositely charged ions; the resultant speeds of 

both species must, however, be the same. 
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For a single electrolyte producing V. cations and 

1/; anions per molecule and of algebraic valencies zl, and 

z2 respectively, the chemical potential of the solute as 

a whole is given by69 

+ •!f!, y~ ... ••• Eqn, 6.1.1 

where f-1 and )Jz. refer to the separate ions, assuming com­

plete ~issociation, 

The forces acting on single ions due to the gra-

dient of the chemical potential are therefore: 

1 ~~ 
N ax 

1oth and- - ~ N ex 

where N is the Avogadro number. 

The unequal mobilities of the ions produce an elec-

trical field of intensity E which excerts additional forces 

on the ions given by z1eE and z2eE respectively. The total 

forces are therefore: 

= _l~ N vX 
+ z

1
eE 

= -~~· + z2eE 

These forces acting on ions of absolute mobilities 

u 
+ 

and u produce equal·velocities v given by 

v.= u (- 1~ 
+\. Nox 

I ' 
+ z1 eE) = u_l- ~~+ z2eE) 

••• Eqn. 6.1.2 

If ct be the concentration of solute in mole cm-3 at the 

point considered, on eliminating eE in equation 6.1.2 and 

using the condition of electrical neutrality: 

= o, 



the flux, J, of the solute is 

J = c 1 v = 
u u 

+ -

given by 

c 1dl' 
N Cfc 1 

100. 

••• Eqno 6.1.3 

The flux also defines the diffusion coefficient, D, in 

terms of the concentration gradient: 

rl C I 
J = -D :;;.-

ox 

Therefore, D is given by: 
u u 

D = + -
t'1u_ + .v2u+ 

! "djJ 
N oln-c 1 

••• Eqn. 6.1.4 

••• Eqn. 6 .1.5 

Replacing c' by the ordinary molar concentration, 

Ci since dlnc 1 = dlnc and from the definition of mean 

molar activity coefficient, the differential in equation 

6.1.5 is: 

••• Eqn. 6.1.6 

Writing u in terms of the limiting equivalent conduc-

tances, !\~ , 

= 

Equation 6.1.5 then becomes: 
6n h'Xl 

6.469 x 10 ~ T (Y1 + V 2 ). /\ + /\.x>_ 
D = • (1 + 

V 1 1 z11 </'\: + /',: ) 

••• 

or 

D = 

... 
and is known as the Nernst-Hartley relation. 

dln 't ± 
dlnc ) 

Eqn, 6.1.7 

Eqn. 6.1.7a 



dln.tt. 
dlnc 

-
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The limiting value of D at infinite dilution where 

.,...... o, is 

/\+./\_ 
<1\"4 + !\ ) 

+ 

••• Eqn. 6.1.8 

68 an expression due to Nernst • 

Now 

or 

and -r' 
+ = If 1<1\ + 1\ ) 

+ + -

dln '({ + 
~Aeo. r t011 c1 + - ) 

+ dlnc 

••• Eqn. 6.1.9 

dln (( ± 
D D0 (1 + ) = -dlnc -... Eqn. 6.1.10 

However,the effects present in conductance i.e. 

relaxation and electrophoretic effects have to be con-
. 70 

sidered • '· 
It can be shown in the case of a single diffusing 

electrolyte that the symmetry of the ionic distribution 

is not disturbed so that the relaxation effect is absent. 

As a result of the electrophoretic effect, the ve­

locity of an ion is increased by D. v and pro.vided b.v 
+ 

and ~v is small compared to v, the electrophoretic ef-

feet in diffusion may be treated by increasing the mobi-
1). v [::, v-

lities of the ions by factors 0.+ --!.) and (1 + -) re-
v v 

spectively. 
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If we now replace the factor /'\,'" ;\~ /(!'\ + 1\V'_. ) in 
+ - + 

the Nernst-Hartley relation (Eqn. 6.1.7a) by 

A(' A"': ( 1 + D.v +) ( 1 + Av _) 
I ·t./\- V V 

I I 

1\t/\_ = 
/\'.,.. 1• /\.'- j'i·"c 1 ~+) f\'"(1 + ~v -) ··•· +v +- v 

••• Eqn. 6.1.11 

Putting 

A: = t:/\ 110 and f:: .. = (/\._/: and expanding the series 

4n ~-v+ and~- f th f" t t• • as ar as e ~rs powers, equa ~on 
v v 

6.1.11 becomes 

I I 
/\1. /\_ 

A't- + /\'-
= f.-' f·"' /\ j.) 

+ 
+ toe too /\J. tllO /:,. V- + 

+ - + v 

• • • 

t""' .6v +) 
- v 

Eqn. 6.l.lla • 

and inserting values for~v+ 
v 

and L':.v_ 
v 

we obtain 

dln~+ -_.;...- ) 
de ... Eqn. 6.1.12 

where D0 is the Nernst68 limiting value given by equation 

6.1.8 

6 
n 

and the electrophoretic terms, An, 

= 1.546 X 10-?RT • 
F2 

( n.&."'.._ n.al)ol')2 
zl"- + z2~+ 

A 
n aon . \ 

i zlz2: 

are given by 

••• Eqn. 6.1.13 

The coefficients A are functions of the dielec­
n 

. trio constant and viscosity of the solvent, the tempe-

rature and the dimensionless concentration-dependent 

quantity xa and are 
(-l)n108n 

An = n! 6rrr; 

defined by 
t 2'n-1 

• i e ; 
'· £f'E1 

n 



103. 

For symmetrical type electrolytes, first and se-

cond order electrophoretic terms are sufficient: 

jj 
1 ••• Eqn. 6.1.14 

b.2 

••• Eqn. 6.1.15 

where 

rco_y -1 
Ei (x) = Jve y dy 

.X 

y being a variable of integration. 

The complete equation therefore becomes, for com­

pletely dissociated electrolytes7° 
dln 't + 

D = (Do +~1 + .62)(1 + c de -) ••• Eqn. 6.1.16 

In associated electrolytes a large fraction of the 

transport of solute may occur as result of motion of ion 

pairs or larger aggregates. 

Ion association reduces the activity of the solute 

as compared to the fully dissociated electrolyte leading 

to lowering of the free energy gradient with concentration; 

secondly, when two p~ticles merge into one they offer 

less resistance to motion through the liquid, whichhas 

the effect of increasing the diffusion coefficient. 

If the mobilities of ions are given by u and u , 
+ 

and that of an ion-pair or molecule by u12 , and with a 

degree of dissociationO(, we obtain for associated sym-



metrical electrolytes in dilute 

dln ?5 + t u u 
D = 2RT (1 + c d -)~ + -

c u + u 
+ 

Equation 6.1.17 reduces to7l 

solution 
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••• Eqn. 6.1.17 

••• Eqn. 6.1.18 

0 where D12 represents the diffusion coefficient of an 

isolated ion-pair at infinite dilution and is defined as 

6.2 METHODS FOR MEASURING DIFFUSION COEFFICIENTS 

Numerous methods have been described for the mea-

surement of diffusion coefficients of electrolytes e.g. 

diaphragm cell method, radioactive tracer techniques, 

conductance and optical methods. 

The diaphragm cell method only gives relative re-

sults, conductance methods are unsuitable owing to the 

instability of solutions of hydrogen chloride in acetone, 

for in this method a single run takes up to seven days. 

Optical methods would not be adequate since dilute so-

lutions were to be studied and refractive indices would 

not change sufficiently from solution to solution. A radio-

active tracer method therefore appeared to be the only 

method applicable. 
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Three radioactive tracer raethods have been repor-

ted: 

(a) Jehle72 allowed active material to diffuse verti-

cally from one tube into another tube across an 

originally sharp boundary. He measured concentra-

tion changes with time at a known distance from the 

original boundary. A screened collimated counter 

was used and a diffusion coefficient calculated from 

the data obtained. 

This method involves difficulties in operation due 

to the necessity of eliminating convection in the 

tube and vibration of the apparatus. 

According to Wang and Kennedy73 , this method does 

not produce results accurate to better than 1%. 

(b) A porous diaphr~gm cell method incorporating radio­

active materials74 • Here the cell has to be calibrated 

with material \·lith known diffusion coefficient and 

is therefore only a relative method. 

(c) A capillary tube method developed by Anderson and 

Saddington75 and modified by Wang76 ., A tube of small 

diameter and sealed at one end, filled with a solu-

tiori of active material is immersed in a large bulk 

of inactive solution of the same electrolyte concen-

tration as the active solution to ~n~llre that dif-
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fusion does not affect the originally established con-

centration gradient of active to inactive material. 

The activity of the solution in the capillary tube 

is determined before and after diffusion has taken place 

and the diffusion coefficient calculated77. 

The equation 

de d2c 
o t = D .d x2 

may be solved as follows: 

Put the concentration c = F(x)f(t). 

Then 

Oc d crt = F(x)dt f(t) 

a2c2 = f(t) d: F(x) 
Ox dx 

Equation 6.2.1 then becomes: 

1 d 
Df(t) • dt' f(t) = 

1 d2 
F(x) 2 F(x) 

dx 

••• Eqn. 6.2.1 

••• Eqn •. 6 .2.2 

Now both sides are respectively functions of t and x 

only and the equation can only be satisfied if each side 

is separately equal to the same constant - k 2 

i.e. d dt f(t) = ••• Eqn. 6.2.3 

d
2 

2 
~ F(x) = -k F(x) 
dx 

••• Eqn, 6.2.4 

A physically permissible solution is 

-k2Dt c = be • F(x) 
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where F(x) is a solution of equation 6.2.4 and b and k 

are constants. 

In the capillary tube method, boundary conditions 

for a tube closed at x = 0 and open at x = a are: 

att=O,c=c forO-'xLa; c=Oforx?a . 0 

Oc 
at t) 0, c = 0 at x = a and ox = 0 at x = 0. 

2n + 1 .1T These conditions can be satisfied only if k = 2a 

where n = 0, 1, 2 since F(x) must be a sine or 

cosine function. 

The solution is therefore: 

{\S«l r 2 2 2] 
\B e -L11 (2n + 1) Dt/4a L • cos 

1'1~0 n 
c = T{ (2n + l)x 

2a 

••• Eqn. 6.2.5 

The coefficients B are given by the Fourier analysis. 
n 

B = (-l)n4c /1T(2n + 1) 
n o ••. Eqn. 6.2.6 

+ 1) 2Dt/4a2 

••• 

7( (2n + l)x 
2a 

Eqn. 6.2.7 

The average concentration in the tube at time t is: 

whence 

1 [a. ' 
cav = aocd>.. 

c av 
c 

0 

.e 

••• Eqn. 6.2.8 

2 2 2 - 1r ( 2n +J) Dt/4a 

••• Eqn. 6.2.9 
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6.3 APPARATUS 

Diffusion tubes and cells 

The diffusion tubes were constructed following a 

method developed by Davies78 • The tubes were about 2cm. 

long with an internal diameter of about 0.05 em. They 

were fused at one end to give a flat inner base and with 

a B? ground cone sealed on to the base end of each tube. 

The open ends were ground to cones of approximately 30 

degrees to ensure a smooth flow of bulk solution over these 

ends when filling the diffusion cell. The tubes were ca-

librated using a traveling microscope for measuring their 

internal lengths and mercury for volume determinations. 

The cell construction is depicted in figs. 22 and 

23. Prior to each run the capillary tubes were mounted 

in the B? ground sockets on the stem which also served 

as a stirrer. The coil served to ensure an even inflow 

of inactive solution. Since it was not possible to assem-

ble the diffusion train in the open atmosphere a blow-over 

vessel, B, had to be incorporated as a storage vessel for 

inactive solution. 

6.4 THE PREPARATION OF SOLUTIONS OF ACTIVE HYDROGEN CHLORIDE 
!l'f.AcEToNE.,_ ·-·--

(a) Apparatus 

The hydrogen chloride gas generator used for the 

J 
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preparation of the active gas was exactly similar 

to the generator described in section III page 36 

except that it was scaled down to about i the ori-

ginal size since only small quantities of active 

hydrochloric acid solutions were available. 

(b) Preparation and Analysis of Solutions 

For the preparation of active hydrogen chloride gas, 

2 ml. of 2N hydrochloric acid containing 50?c 

chlorine-36 were mixed with about 5 ml analar con-

centrated hydrochloric acid. This was allowed to 

pass through a capillary tube into analar concentrated 

sulphuric acid, generating the the active gas. 

Active solutions of hydrogen chloride in acetone 

were prepared and analysed similarly to the inactive 

solutions (section III p. 36) used in the conductance 

and other studies. 

(c) Storage of solutions of active hydrogen chloride 
in acetone 

Since only small quantities of active hydrochloric 

acid were available for the preparation of the active 

solutions, series of solutions had to be prepared 

from a saturated stock solution and had to be stored. 

Now solutions of hydrogen chloride in acetone are 

unstable and attempts were made to slow down the 

reaction by cooling the solutions rionsiderably. 
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Experiments were performed on inactive solutions 

by cooling them to -80°C. At various time intervalQ 

ranging over about 10 days ultra violet absorption 

spectra of these inactive solutions were taken and 

over this period no change in the molar extinction 

coefficient could be observed in the region of 
0 

2310A where mesityl oxide, one of the products of 

the reaction, has a very intense absorption. 

It could therefore be assumed that at a temperature 

of -80°C the self-condensation of acetone catalysed 

by hydrogen chloride virtually ceases. Hence all 

active solutions were seale~ in pyrex glass tubes and 

kept at -80°C and all diffusion measurements on these 

solutions were done within 10 days of preparation. 

6.5 EXPERIMENTAL PROCEDURE 

(a) The filling of the tubes 

The diffusion tubes were thoroughly cleaned with 

chromic acid, rinsed with distilled water, followed 

by washings with analar acetone and then dried. 

The tubes were filled using a 1.0 ml. hypodermic 

syringe with a stainless steel needle bent in the 

shape of a shallow u78 • In order to avoid the for-

mation of bubbles inside the tubes, the needle was 

lowered to the bottom and the active liquid slowly 



injected with the slow lifting of the needle such 

that the liquid level was always above the tip of 

the needle. The diffusion tubes were filled in 

all cases with an excess of solution on top of 

the tubes. 

(b) Starting the run 

All solutions in acetone were handled inside the 

dry-box. Having filled the capillary tubes, they 

were placed in the cups on the cup holder which in 

turn was fitted in the diffusion cell containing 

sufficient inactive solution, of the same hydrogen 

chloride concentration as the active solution, to 

cover about two-thirds of the length of the capil­

lary tubes. The blow-over vessel, B, (fig. 23) was 

filled with inactive solution. Having closed all 

stopcocks, the complete train was removed to a ther­

mostat at 25° ± O.Ol°C and quickly assembled. When 

the complete apparatus and liquid reached tempe­

rature equilibrium, inactive solution was very care­

fully blown over with dry nitrogen, from B, through 

the coil into the complete cell and the exact time 

taken when inactive solution just covered the dif­

fusion tubes. The final level of the inactive solu­

tion was about 1 to 2 em. above the diffusion tubes. 

Diffusion was allowed to proceed for about ten hours 
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when the bulk solution was blown back to B and 

the exact time taken when the diffusion tubes just 

appeared above the level of the inactive solutiono 

(c) Emptying the capillary tubes 

(d) 

On completion of the run the hypodermic syringe was 

filled with distilled water. The capillaries were 

then removed from the diffusion cell and flushed out 

thoroughly with water into volumetric flasks which 

in turn were filled up to the mark with distilled 

water and the activity of these solutions determined. 

The efficiency of washing out the capillary tubes 

was checked by collecting further washings and de-

termining the activity of those washings. 

The determination of the initial activity c 
~----~--------~------------------------~---0 

In order to determine the initial activity, c , of 
0 

the solutions in the capillary tubes, the exact 

procedure for a normal diffusion run was repeated 

up to the point just before blowing over the inac-

tive solution from the storage vessel, B, to the 

diffusion cell, A. The capillaries were then emptied 

into volumetric flasks as above (c) and the activi-

ties, determined. 



6.6 CALCULATION OF THE DIFFUSION CCEFFICIEN'l' 

The equation77 

c av 
c 

0 

may be rewritten 

cav = ~ 8 ( = 
7T 2 c 

0 

where 

1 

'(2n + 1)
2 

as 

-e -9e -25e -49e 
e e e e 
-+ + + 49 -1 9 25 

••• 

-8e -24e 
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+ ... ) 

Eqn. 6.6.1 

8 . '6 -e (1 e e ... ) •• = e + 9 
+ 25 

+ 
7T2 

8 -e 
.F = 

IT 2 
e 

0 •• Eqn. 6.6.2 

Taking logso, 

8 2 2 log '6 = log --:-2 - 1t Dt/4a • loge + log F rr . 
••• Eqn. 6.6.3 

and 

D 
4a2 8 = 2 (log 2 - log 

l( t loge 7T 

+ log F) 

••• Eqn. 6.6 .4 

For a given temperature D is constant and so is a 

for a given tube. The only·variable in e is therefore t. 

By choosing suitable values of e a plot of F against e was 

constructed. 
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c 
The rat -:o av ~ th 1 1 t d f · .... - was en ca cu a e or var~ous c -

0 

values of F according to equation 6.6.2. A plot of F 

against~ was made and hence equation 6.6.4 was solved 

for D. 

EXPERIMENTAL RESULTS 

ULTRA VIOLET ABSORPTION MEASUREMENTS ON SOLUTIONS OF 
HYDROGEN ClfLORIDE IN ACETONE AT -S0°C 

0 
These measurements were done at 2310A on a solution 

of o.65M hydrogen chloride in acetone, which was a much 

higher acid concentration than the highest used in the 

diffusion runs. The total mesityl oxide concentration 

after 250 hours was about 5 x 10-
8 

moles per litre. The 

results of these measurements are summarised in table 

6.7.1 and mesityl oxide concentrations calculated for the 

final measurement using a molar extinction coefficient 

4 0 
of 1.2 x 10 for mesityl oxide at 2310A. 

TABLE 6.7.1 

HYDROGEN CHLORIDE CONCENTRATION 0.65M 

Absorbance 
I 

Mesityl Oxide 

Time corr. for equal concentration 
wts. of soln. I moles litre-1 

I 
Sample I Sample 

Hours 1 2 1 2 

0 0.7011 0.7000 

20.10 0.6671 0.6761 

44.30 0.7039 0.7190 

68.20 
I 

0.7211 0.7204 
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I ·-
Absorbance l Mesityl Oxide 

Time corr. for equal concentration 
wts. of soln. I 

moles litre-1 
I Sample Sample 

Ho1~::. s 1 2 1 2 
i 

102.45 0.7273 0.7186 
I I I 

150.20 0.7900 0.7359 

200.30 0.7457 I 0.7436 

250.60 0.7661 I 5 X 10-8 -8 0.7521 4.2 X 10 

I 

The diffusion coefficients 

All diffusion results are summarised in table 6.7.2.(~118) 

The calibration values for the capillary tubes and cal-

culated values for F and ~ for various values of e are 

given in appendix 5. 

A plot of diffusion coefficient against the square 

root of the concentration is given in fig. 24. 

6.8 DISCUSSION 

The curve of D against ~c is similar in form to 

the corresponding plot for sodium chloride in aqueous 

solutions79 , but the minimum is much more pronounced in 

the prese~t case. Extrapolation to infinite dilution 

is unreliable since only two values of D could be ob­

tained at low concentrations, but gives a D0 value of 



TABLE 6.7.2 

RESULTS OF DIFFUSION COEFFICIENT MEASUREr1ENTS 

I ! 

I 
I 
I 

Hydrogen Chloride I Initial Cone. ) Final Cone. Ratio 
Cqnc. mole litre-1 c Carr. C.p.m. I c Carr. C.p.m. c /c = '(S 

Time of 0 1 av av o 

Run : I ' I . 
' I - I 

Active Inactive J Seconds I I I 
Solutions Solutions ! Tube I Tube II Tube I !Tube II I Tube I I Tube II I 

I 
I i i i 

! I 

I I I . 

I 
I 

\0.58,09 
! 

0.0171 0.0178 36115 31.5 39.7 18.3 115.6 0.3929 
I I 

I 
0.0410. 0.0396 36105 83.4 97.1 45.0 55.4 '0.5395 0.5706 

I 

0.0635 0.0620 36060 141.4 136.9 55.4 54.6 0.3918 0.3988 

0;.0833 0.0835 36150 277.7 258.9 95.9 I 92.2 0.3453 0.3561 

I 97.0 0.1296 0.1255 36120 449.8 457.0 133.1 0.2160 0.2954 
I 
I 

l I 
I 

I i i I ! --· 

105n 
2 -l em sec 

I 

~. ~ 

' i I l II 
I 

I 

I 
I 1.527 13.339 

I 
- 11.649 

3.262 3.275 

3.818 3.789 

5.903 4.637 
I 
' I 
I 
I 
i 

105n 
2 em sec 

t Average 

3.340 

1.649 

3.268 

3.803 

4.637 

-l 

1-' 
1-' 
CX> 
• 
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Fig. 24 HYDROGEN CHLORIDE IN ACETONE 

VARIA TON OF DIFFUSION COEFFrCIENT WITH Vc 
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about 5 x l0-5cm2se6-1~ Calculation of' D0 from the 

Nernst relation
68 

(equation 6.1.8 page 101), using ap-

' 
proximate limiting equivalent conductances of the ions, 

gives a value of 4.63 x 10-5cm2sec-1 • 

The very pronounced minimum in the plot of D against 

~possibly indicates a change in the deg~ee of associa-

tion of the hydrogen chloride molecules. 

Attempts were made to calculate the theoretical curve 

using equation 6.1.18 for associated electrolytes. Arbi-

trary assumptions had to be made as to the ion size para-
e o 

meter a and n12 , the diffusion coefficient at infinite 

dilution of an ion pair. 

The diffusion coefficient at infinite dilution of 

an ion pair, n;2 is given by the relation71 : 

d
8o an 

= 

~T 
D = €. 

2 0 0 u u 
( + - ) 

0 0 
u + u 

+ 

Using values for u0 and u 0 the mobilities of the 
+ 

proton and the chloride ion in acetone solutions calcu-

lated from approximate transport numbers and assuming these 

to be the diffusing entities, an estimate was made of the 

0 0 value of ~ • Calculation of n12 gave a value of 

3.1 x l0-5cm2sec-1 • 
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SUbstituting the values 4.63 x l0-5cm2se6~1 for D0 

-5 2 -1 0 and 3.1 x 10 em sec for n12 in equation 6.1.18 and 
0 

using an ion size parameter a = 6.5, produced extremely 

high and nearly constant values for the calculated dif-

fusion coefficient over the entire concentration range 

studied. This could be partially due to the fact that the 

term 

in equation 6.1.18, is extremely small as compared to n;2 • 

When diffusion coefficients for sodium chloride79 

in aqueous solutions were calculated using equation 6.1.16 

(p.l03), the theoretical curve fitted the experimental 

only over the very low concentration region. In .the case 

of calcium chloride corrections had to be made for solvent 

transport, and although the shape of the calculated curve 

is similar to the experimental, the fit is highly unsatis-

factory. 

---ooOoo---
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CONCLUSION AND PROPOSED FURTHER WORK 

122,, 

This work was undertaken in an attempt to improve 

our knowledge of the behaviour of acids in acetone solu­

tion and to this end the two acids, hydrogen chloride and 

perchloric acid, were studied. The first acid was chosen 

because of contradictory results of previous investigators; 

the latter because it has never before been studied in 

pure acetone solutions. Perchloric acid was also said to 

be the only strong acid in acetone solutions. 

The stability studies of pure acetone and solutions 

of hydrogen chloride in acetone, pro~ed their value in 

that they indicated that anhydrous acetone is very stable 

if sufficient care is taken in storing and that solutions 

of weak acids in acetone are sufficiently stable for short 

term studies on a particular solution. 

No evidence could be found for the actual degree of 

association of hydrogen chloride in acetone solutions, but 

the change of slope in the Fuoss-Shedlovsky plots and the 

very pronounced minimum in the diffusion coefficient plot, 

possibly indicates that association takes place. 

Remarkable agreement was obtained between the pre­

sent e.m.f. results and that of Everett and Rasmussen 

which is strong evidence that metal-metal halide electrodes 
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can be used satisfactorily in acetone solutions. 

The following is a list of proposed further work. 

(a) Redetermination of the conductance of solutions 

of hydrogen chloride by an improved potentiometric 

method in order to establish conductances at very 

low concentrations. 

(b) Redetermination of the conductance of solutions 

of anhydrous perchloric acid in acetone by a poten­

tiometric method using bright platinum electrodes, 

as it is possible that platinised electrodes might 

affect the conductance of a strong oxidising agent 

such as perchloric acid in acetone solutions. Re­

establishment of the limiting equivalent conductance 

of perchloric acid together with measurements of 

conductances of solutions of sodium perchlorate 

and sodium chloride in acetone will enable the cal­

culation of the limiting equivalent conductance of 

hydrogen chloride in acetone solutions~ 

(c) Measurem0nt of transport numbers at very low con­

centrations in acetone solutions, by a moving boun~ 

dary method to enable the calculation of ion con-

ductanceso 

(d) Re-determination of the diffusion coefficient of 

solutions of.hydrogen chloride in acetone. 
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(e) The self-diffusion coefficient of anhydrous acetone 

and of solutions of petchloric acid and a perchlo­

rate in acetone. 

(f) Re-investigation and extention of the kinetics of 

the acid catalysed self-condensation of acetone. 

---ooOoo---



APPENDIX I 

APPARATUS 

(a) The Oscillator 

A R-C oscillator designed and built by the late Mr. 

Charles Gingold, B.Sc. (Elect. Eng.) was used. This 

instrument employs a bridged double 11 T11 R-C network 

which provides positive feedback at the frequency 

desired. This network gives a large phase change 

at other frequencies, ensuring stable frequency of 

oscillation and the magnitude of the feedback is 

adjusted to obtain a good sinusiodal wave form. 

A push-pull power amplifier is incorporated and 

fixed frequencies of 240, 480, 1000 c/sec. were 

provided. These frequencies were measured by com-

parisson with a calibrated oscillator. 

A circuit diagram is given on page 129e 

(b) The Tuned Detector 

An R~c network identical to that of the oscillator 

is employed here, but the positive feedback is ad­

justed to a point below oscillation to obtain ade­

quate selectivity. Fine tuning to match the fre­

quency of the oscillator is provided by an addi­

tional trimming condenser across the bridge. The 



amplifier drives the Y-plates of a cathode ray 

·cube which serves as a bnlance indicatoi1 ~ The 

X-plates are driven from the oscillator through 
l 

a phase shift amplifier to obtain the required 

pattern on the cathode ray tube screen. 
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This instrument was also designed and constructed 

by Mr. Gingold and a circuit diagram is given on 

page 130. 

(c) The Jones-type Bridge 

The circuit used wns similar to that described by 

Bender, Bierman and Winger
81

, but a few modifica-

tions were incorporated. A circuit diagram is given 

on page 131. 

The measuring arm MA consisted of a series of Muir-

head type A5 decade resistance units, covering a 

range from one ohm to one megohm and an A2A 1.2 

ohm slide wire. Every setting of these units was 

calibrated using NPL-certified Muirhead D333 ce-

ramie encased resistors, which were subsequently 

mounted on Muirhead type B704-B/4 switches and 

built in as the ratio arms. These ratio arms, RA, 

permitted a choice of ratios between 1000 : 1 and 

1 : :1.0000 in tenfold steps and different combinations 

for greater sensitivity. 
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The Wagner earth, W, was made up of two banks of 

stable wire wound resistances joined by a 50 ohm 

10 watt potentiometer; for satisfactory balancing 

of the earthing system it was found necessary to 

each bank of resistances ~o earth. 

c_. from 
I' 
~ 

A bank of variable air and fixed mica condensers, 

c2 , having a range of 0-2200pF, was connected in 

parallel with the measuring arm to balance the ca-

pacity of the cell. When the bridge was used with 

solutions of very high resistance, it was found 

that the capacity of the measuring arm was greater 

than that of the cell; accordingly a l20pF mica 

condenser, C~, was arranged in parallel with the 
) 

cell and switched in when required. 

Both the input from the oscillator and output to 

the detector were transformer coupled to the bridge, 

the input transformer having tappings which permit-

ted a variation of input voltage~ 

The measuring ar~, ratio arms, Wagner earth system, 

balancing capacitances and transformers were each 

encased in an earthed screen, and the cell leads 

were carefully shielded and let out through the 

bridge casing directly into the air thermostat. 

Lengths of internal wires were kept as short as 
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possible and shielded only where necessary to 

avoid large internal earth capacitances. The 

bridge was connected to the oscillator and de­

tector through short leads of heavy coaxial cable. 
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APPENDIX 2 

THE CONDUCTANCE OF SOLU'riONS OF HYDROGEN CHLORIDE 
IN ACETONE - FUOSS PLOT 

1\ Concentratio~ f2 l02F(z) -1 2 F(z) i)Jmo1e litre- ohm em ± 
1\ 

I 
1 

2.280 160.75 0.99813 0.9968 0.621 

6.770 102.40 0.99742 0.9956 0.974 

13.54 54.18 0.99735 0.9954 1.841 

27.14 31.01 0.99716 0.9951 3.216 

67.7 13.36 0.99706 0.9949 7.463 
135.4 10.62 0.99629 0.9936 9.381 
181.0 5.02 0.99705 0.9949 19.86 

541.6 2.72 0.99624 0.9935 36.89 

t 
THE CONDUCTANCE OF SOLUTIONS OF HYDROGEN CHLORIDE IN 
ACETONE - IVES PLOT 

Concentration j\X 
fl mole 1itre-1 y X 

2.280 208.06 161.26 123.58 
6.770 222.32 103.10 46.86 
13.54 222&23 54.90 13.12 
27.14 222.13 31.79 4.30 
67.7 222.96 14.16 0.79 
135.4 222.18 11.71 0.53 
181.0 222.12 5.80 0.11 
541.6 221.92 3.75 0.03 

I 

103cN'~ 
F~zJ 

0.366 
0,692 

0.732 
o.84o 

0.902 

1.435 
0.906 
1,470 

103/\2f ~ -

25.713 
10.419 

2.916 

0.955 
0.177 
0.117 
0.025 
0,007 



THE CONDUCTANCE OF SOLUTIONS OF PERCHLORIC ACID 
IN ACETONE - FUOSS PLOT 

Concentratio~1 ~1 2 F(z) f2 l03F(z) 
jJ mole litre ohm em ± 1\ 

2.545 501.3 0.97279 0.9945 1.9_41 
6.992 lt97. 2 0.95491 0.9908 1.920 
7.168 499.8 0.95397 0.9906 1.908 
12.80 L~93, 0 o. 938~·0 0.9877 1.904 
14.00 492.9 0.93547 0.9872 1.898 
21.26 485.3 o. 920'+4 0.9845 1.897 
27.21 491.7 0.90890 0.9826 1.848 
42,84 478.5 0.88568 0.9786 1.850 
43.37 479.8 0.88483 0.9786 1,844 

43.69 481.4 0.88419 0,9786 1.837 
72.42 469.8 o. 84963 0.9731 1.808 
115.6 463.7 0.80699 0.9674 1.740 
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102cf\ f; 
F~z' 

. 0.1304 

0,3608 
0.3720 
0.6639 
0.7283 
1.104 
1.480 
2.266 
2.301 
2.382 
3.895 
6o472 



APENDIX 3 

THE SELF-CONDENSATION OF ACETONE 

Typical data for the variation of absorbance 
with time 

At 2d'c At 30°C 

Time Co-rrected Time Corrected Time 
Hours Absorbance Hours Absorbance Hours 

42 6.75 10 1.30 21.5 

61 9.75 23 2.08 27 

66 10.90 30 2,41 32.5 

97 16.35 52 3.57 45.5 

109 19.80 57 3.85 56.8 

121 22.20 90 5.40 72.0 

157 29.00 130 7.52 

182 33.00 

134. 

At 4o0 c 
I 
i 

Corrected 
Absorbance 

5.36 

6.32 

7.40 

10.15 

12.05 

14.83 

6 -1 HCl cone : 2.9 7 x 10 8 -2 HCl cone : 4.2 0 x 10 HCl cone : 8 • 710 x 10-j 

THE DEHYDRATION OF DIACETONE ALCOHOL 

Typical data for the variation of absorbance with 
time 

At 19°C At 32°C At 

Time Corrected Time Corrected Time 
Mins. Absorbance Mins. Absorbance Mins. 

15.0 0.35 20.0 0.21 10.0 

25.0 0.46 30.0 0.26 20.0 

30.0 0.53 4o.o 0.30 30.0 
41.0 0.67 50.0 0.'35 40.0 

45.0 0.73 60.0 o.4o 50.0 

55.0 0.85 60.0 

64.0 1.00 

38°c 

Corrected 
Absorbance i 

! 
' 

0.23 I 
i 

0.31 j 

0.39 
0.47 

I 0.55 
0.63 

I 
1 

' 

~Cl cone : 5,187 x 10-3 lo-3 "')!' 

HCl cone : 1.294 x HC1 cone : 1.962 x 10-_.. 
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APPENDIX . 4 

CALCULATION 01!' E' IN THE EQUATION 

E' = E + 2k logo<. m - 2k 'A-/ex.; rn = E0 -2k' Cm 

(a) Calculation ofCX. 2 the degree of dissociation 

Run I Concentration 1\m 
lOt/\; 103z F(z) No 

1 
molality x 103 -1 2 ohm em m· 

I I 
1 5.00 2.40 1.095 8.3036 0.99167 

lOtx 

4.840 
2 20.00 0.73 1.208 9.1605 0.99080. 1.474 

3 50.00 o.6o 1.732 
4 7.5.00 o.61 2.139 

5 100.00 0.65 2.550 
6 170.00 0.74 3.536 

7 210.00 0.84 4.200 

(b) Calculation of E' 

Run 
No 

1 
2 

3 
4 

5 
6 

7 

2k logcx m 

-0.54617 
-0.53603 
-0.49880 
-0.47699 
-0.45877 
-0.42499 
-0.40680 

k = 2.303RT 
F 

A = 3.6308 

I i 

I 
I 
I 

I 

2k 1 A.J(;.m x 103 

0.9175 
1.0127 
1.4544 
1.7989 
2.1488 
2.9845 
3.5627 

k' = RT 
F 

13.1341 0.98678 1.216 
16.2205 0.98365 1.240 

19.3372 0.98408 1.326 
26.8142 0.97282 1.521 

31.8494 0.96762 1.736 

E E' Measured 

I 

0.1040 -0.4431 
0.0470 -0.4900 
0.0098 -0.4895 

-o.oo6o -0.4848 
-0.0178 -0.4787 
-0.0274 -0.4553 
-0.0286 -0.4390 

' 
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APPENDIX 5 

(a) Calibration of the Capillary Tubes 

Tube 
Internal Length -,. Internal volume 

. em. _, ml • 

I 2.0450 0.0183 

II 2.0050 0.0166 

(b) Calculated values of F and ~ 

e F ~ 

0 1.1715 Oo9499 

0.2 1.02275 0.6789 

Oc3 1.01011 Oe6067 

0.4 1.00453 0.5459 

0.5 1.0020 0.4927 

0.7 1.0004 0.4028 

0.9 1.00008 0.3299 

1.0 1.00004 0.2983 

1.1 1.00002 0.2699 

1.2 1.00000 0.2442 

1.4 1.00000 0.1992 



APPENDIX 6 

DIFFUSION STUDIES OF SOLUTIONS OF HYDROGEN CHLORIDE IN ACETONE 

CALCULATION OF THE THEORETICAL CURVE 

'· ( dln ~ ±) lo76 lo74 105D Concentration2 lo3o<. ~+ . 1 + c . 1 2 2 calc~. molality x 10 . de em sec-1 

1.5 1.715 0.9585 0.9906 -0.685 0.920 5.475 

2.0 1.474 0.9557 0.9875 -0.798 1.066 5.461 

4.0 1.214 0.9434 0.9750 -0.988 1.516 5.391 

6.0 1.197 0.9315 0.9625 -1.210 1.819 5.321 

8.0 1.220 0.9206 0.9500 -1.417 2.076 5.252 

10.0 1~285 0.9097 0.9375 -1.636 2.492 5.182 

12.0 1.391 0.8976 0.9250 -1.876 2.986 5.113 

13.0 1.475 0.8906 0.9188 -2.018 3.311 5.079 

I 
I 

I 

l05D 
2 obs. 

em sec-1 

3.45 

2.88 

1.66 

3.13 

3.70 

4.10 

4.46 

4.63 

I-' 
.. VJ 

-...J. . 
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