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part i.

The Electrical Conductivity of Salts In Ethyl lcohol-

Water Mixtures.

INTRODUCTION.

Since the properties of electrolytes in solution

are functions of the properties of the solvent, it

follows that in mixed solvents the properties will

depend on the comr-ositlon of the solvent. As however

the solute ions may exert a differential attraction on

the two ?rinds of solvent molecules, the properties of

the solute v^/ill not necessarily be determined by the

mean properties of the solvent. From the study of

the electrical conductivity of salts in mixed solvents

it may be possible to obtain some information about

the state of solvation of the ions•

The conductivity of an electrolyte depends on the

number of Ions and on their mobility- Assuming that

jat infinite dilution the salt is completely dissociat¬

ed, the number of ions will be constant, and the

mobility may be expected to depend on the viscosity of

the solvent and on the nature of the solvation of the

ions ♦

In a series of pure solvents and over a wide

range of temperature Walden and Ulich (Uber die

Beweglichkeit der Electrolytischen Ionen,Fortschritte

der Chemle 19*26.) have found that the mobilities of
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certain large organic ions were very nearly inversely

proportional to tie viscosity of the solvent. This

h-s "been further tested by Walden (Zeit. fur phys.

Chemie 140 89, (192^.) who measured the product of the

conductivity of the electrolyte at infinite dilution

and the viscosity of the solvent. He found that for

tetra-ethylamrnonlum picrate in a number of solvents

this product was almost constant and equal to about

0.563.

In the case of simple ^organic ions it is far
from being the case that the mobility is inversely

proportional to the viscosity. Frazer and Hartley

(Proc, Royal Soc. A. 109. 351, (l98$.) have measured

the nobilities of a number of univalent inorganic ions

in methyl alcohol and compared them with the values in

water, They found that the ratio mobility in methyl

alcohol to mobility in water varies for each Ion and

in no case is as great as the ratio viscosity of water

to viscosity of alcohol; that is, the relative speeds

of the ions is smaller than v?ould be expected from the

viscosity change. Ulich has shown that the product

of ionic mobility and viscosity for simple inorganic

ions is about twice as greet In water as it Is in

methyl alcohol and the value in ethyl alcohol is

somewhat smaller still. In these cases It is there¬

fore very probable t? at changes in solvation play an

important part In determining the mobility.
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In mixed solvents Jones and his co-workers

(Carnegie Institution of Washington Publications

Pes. 00 and 180) established In some cases a parallel-

Ism between conductivity and f)uid.lty. For example,

tie conductivity of potassium Iodide in acetone-water,

acetone-methyl alcohol and acetone-ethyl alcohol

mixtures was determined. In these three mixed

solvents the conductivity varies approximately in

proportion to the fluidity. Lithium bromide In

acetone-water mixtures shows the same correspondence,

but In the other two cases the conductivity varies in

a complicated manner with the composition of the

solvent while the fluidity varies almost linearly

between the values for the pure components. Salts

of higher valency types show somewhat complicated

relations between conductivity and solvent cosmos it ion

so that it appears that some other factor has to be

considered in these cases. In general it might be

expected that tie equivalent conductivity at infinite

dilution would be Inversely proportional to the

viscosity of the solvent so long as the solvation of

tie ion remains unchanged. If the solvation varies,

then tie simple relation will no longer hold.

It would therefore appear to be possible by a study

of the equivalent conductivity at infinite dilution In

mixed solvents to obtain information about the solvation

of the ions and its variation with the composition of

the solvent.
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Some interesting investigations have been carried

out on the effect of small additions of water on the

conductivity of electrolytes in non-aqueous solutions.

Goldschmldt {Zelt. fur phys. Chem• 39, 138, (1914).)
found that in moderately concentrated solutions of

lithium chloride in ethyl alcohol there was a mnr'*ed

increase in conductivity on addition of small amounts

of water. Kraus and Bishop (J./wC.S. 43, 1568, (1921))

observed that traces of v/ater increased the conductivity

of calcium nitrate in propyl alcohol, probably due to

a change in the ionisation of the salt as a result of

the formation of a complex ion with water as the

viscosity change was not great. Ooldschmidt and his

co-workers have investigated extensively the conduct¬

ivity of acids in mixtures of alcohols and water.

For example, Ooldschmidt and Dahll (-Zelt. fur phys.

Clem. 114, 1, (19j4)«) have shown tl at the conductivity

of halogen acids in methyl alcohol is decreased by the

addition of water, which is attributed to the formation

of a hydrated hydrogen ion F30+ with low mobility as

the viscosity change alone is not sufficient to account

for the decrease. Kurray-Hust and hartley (Proc.
.

Royal Soc. a. liJJa, 84, (1929).} have made similar

observations for the strong acids investigated by them

when 0.5 water is added to the alcoholic solutions.

These tv^o investigators (.T.C.S. p.199, 1931.) have
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also observed an Increase In conductivity of salts In

nltrorcethane on addition of 0.1 £ water. In the case

of the tetraethylammonlun salts the Increase in con¬

ductivity Is nearly proportional to the fluidity.

In these investigations a trace of water was added to

a moderately concentrated solution at the end of a

series of measurements. In a recent work Hughes and

Hartley (Phil. Mag. (?) 15, 610, 1933.) have measured

the conductivity of a number of electrolytes In methyl

alcohol and acetone when water up to It Is added.

In most cases the conductivity at Infinite dilution is

decreased in proportion to the concentration of water,

and so they conclude that in the solvent atmosphere

around the ions the relative amounts of the two kinds

of solvent molecules is roughly proportional to their

concentration In the solution.

Recently in this laboratory, R. T. Hamilton

(unpublished research) determined the conductivity of

lithium chloride in pure ethyl alcohol and In some

alcohol-water mixtures containing a high percentage of

alcohol. In the present Investigation this work has

been extended so as to complete the range of solvents

from water to alcohol. The conductivity of potassium

Iodide has also been determined in a complete series

of water-alcohol mixtures.
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1. Preparation of Materials*

Conductivity V'ater. It ?/as found at the beginning of

tMs Investigation that water prepared by the method

of Bourdillon (J.C.S., 103, 79, (1913)) did not yield

a water of a sufficiently high quality with the water

supply available In this laboratory. A very simple

method w" ich gave yuite. satisfactory results has been
used. Distilled water was redistilled from a five

litre Pyrex flask through an eight bulb fractionating

column and condenser also of Pyrex glass and with a

ground glass join A stream of pure air was passed

through the water while It was being distilled. The

adapter, also of Pyrex glass, had platinum electrodes

sealed In. below which was a tap so that water could

be collected and Its conductivity measured as it dis¬

tilled over. The absolute conductivity could not be

determined as the temperature was somewhat uncertain,

but the increase in resistance was observed and accur¬

ate measurements made in the conductivity cell. The

adapter was also provided with an outlet tube through

which air and uncondensed steam escaped. When dis¬

tillation was stopped this outlet was closed by a soda

lime tube so tvat air free from carbon dioxide entered

the distilling apparatus. It was found necessary to
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distil tie first fraction fairly rapidly and allow the

greater part to escape as steam. In this way carbon

dioxide, which is the principal impurity present in

the water affecting Its conductivity. Is removed in

the air end steam. After about two litres had been

distilled the water had a conductivity of 0.5 to 0.7
— 6

x 30 reciprocal ohms. The water was distilled into

a tightly stoppered two litre Pyrex bottle provided

with a siphon tube, but It was found impossible to

preserve the water for any length of time. The water

was therefore distilled directly into the conductivity

cell when required.

Pure Air. This was obtained by drawing air from the

outside by means of a Sprengel pump arrangement and

purifying it by passing it through concentrated

sulphuric acid, concentrated potassium hydroxide

solution and through a long tube containing soda lime*

When required dry it was passed through calcium chloride

and phosphorus pentoxide and finally through a plug of

glass wool to remove any solid particles which might

be carried along in the stream.

Ethyl Alcohol* This was dried by standing over

freshly burnt lime In a four litre flask for several

weeks, refluxing for eight hours and distilling in a

current of pure, dry air. It was distilled into a

Pyrex bulb of about 1 litre capacity which had a
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ground glass stopper also provided with a tap, a side

tube through which pure air could enter the vessel and

a bent tube from the bottom through which the alcohol

could be removed. In this way the alcohol was kept

in contact only with pure, dry air.

Lithium Chloride. This was obtained by dissolving

Kahlbaum's pure reagent in absolute alcohol, filtering

through glass wool and asbestos until the solution was

clear, and removing the alcohol by distillation under

reduced pressure. The lithium chloride which separ¬

ated was transferred to a flask and heated to dOO°C.

while a stream of hydrogen made from pure zinc and

hydrochloric acid and dried by passing over phosphorus

pentoxide xvas passed in until all traces of alcohol

had been removed. The lithium chloride was kept in a

tightly stoppered bottle in a desiccator over phosphorus

pentoxide. Analysis gave S3.65^ chlorine.(Theoretical

result 83.63% chlorine.)

Potassium Iodide. Crystals were twice recrystalllsed

from conductivity water and dried to constant weight

In an air oven at 160° C.

Potassium Chloride. "Analytical Reagent" was twice

recrystalllsed from conductivity water and dried in an

electric air oven at 100 C. Before use a small

quantity was heated in the full flame of a Meker burner

for twenty minutes to complete drying and cooled in a

desiccator over phosphorus pentoxide.
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2 * Apparatus.

The conductivity measurements were carried out

by the Kohlrausch method, the arrangement of apparatus

being shown in figure I.

The source of the alternating current w-s a valve

oscillator constructed for conductivity measurements

by the Cambridge Instrument Company. All the measure¬

ments were made at a constant frequency of 1000 cycles.

In order to Increase the sensitivity of the

apparatus, a two valve amplifier was connected as

3hown. The oscillator and amplifier were enclosed in

grounded metal boxes, and a grounded aluminium screen

was Interposed between the oscillator and the rest of

the apparatus. These metal screens and also the wire

connected to the sliding contact of the bridge were

earthed.

The resistances used were a non-inductive resist¬

ance box made by Tins-ley which gave resistances in

steps of 100 ohms from 100 to 11,000 ohms and an

auxiliary box \irhieh gave resistances In steps of one

ohm from 3 to 111,111 ohms. In the higher resistances

in t\Is latter box ther was no appreciable error, but

a correction had to be applied when resistances of less

than 100 ohms were measured.

The bridge wire consisted of a length of constantin

wire stretched over a metre scale. In order to

increase the accuracy of the readings a fifty ohm
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resistance coil was connected at each end of the

straight wire. As these two coils were similar, no

unbalanced inductance was Introduced by their use.

The mean of several determinations showed the coils to

be equivalent to 573.1 cms. and 573.6 ens. of the

bridge wire, making the effective length of the wire

1345.7 cms. Except in a very few cases, the measure¬

ments were made with the end coils in circuit. The

bridge wire was calibrated by means of accurate resist¬

ances, and a calibration curve was drawn. Where

possible, the resistances were arranged so that the

position of the minimum was near the centre of the

bridge wire, where the correction was very small.

In order to balance the difference between the

capacity of the conductivity cell and of the resistance

colls, a variable condenser was connected in parallel

with the resistance arms of the bridge.

The connections in the bridge assembly were made

of tinned copper wire and were kept as si ort as possible

so that their resistance was negligible. The leads to

the cell were of constantin D.C.C. wire and were taken

tot wo mercury cups resting in the water of the thermo¬

stat. Leads of the same wire connected the'mercury

cups to tve electrode tubes. The ends of the leads

resting in mercury were carefully cleaned and amalgam¬

ated. The resistance of the leads was determined and
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subtracted from the measured resistance of the solution.

The measurements were carried out at 25"C., the

thermostat being gas heated and controlled to * .01 C.

During measurements a uniform room temperature of about

20°C. was maintained. By these precautions it is

believed that any errors due to thermoelectric effects

at t' e various junctions were eliminated.

With this form of apparatus the sound minimum

did not generally extend over more t~: an a fraction of

a millimetre with resistances up to 10,000 ohms.

Measurements of the same resistance at different parts

of the bridge in most cases coincided to within 0.1 f.

The Conductivity Cell. as only very dilute

solutions were employed, a cell of the type described

by Hartley and Barrett {Trans. Cherr;. Soe., 0.739,(1913)]
and seen in figure Z was used. It consists of a

Pyrex flask of about 500c:.c. capacity with an externally

ground cap through which pass the two electrode tube3.

There is also a small tube fitted with an externally

ground cap through which solution can be added to the

cell, and a tube with a three-way tap through which

pure air Is passed into the cell whenever the cap Is

removed from the small tube. The electrodes of

platinum are placed vertically and are held rigidly at
about 1 cm. apart by means of short pieces of Pyrex

rod. Tie electrodes were very lightly platinised so

that the surface was ,1 ist lull and then heated to
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redness In tine blow-pipe flame to convert the platinum

black to grey platinum*

3. Experimental Method*

Determination of Cell Constant* The cell constant

was determined at 25° C. using a 0.01N. solution of

potassium chloride recommended by Parker LParker and

Parker J.a.C.S., 46, 312, (1924)J . According to them
a solution made by dissolving 0.7462(5) gnu potassium

chloride in 1000 gm. -water had a specific conductivity

of 0.0014078(9) reciprocal ohms at 25°C. The solution

was made up by weighing about 1000 gm. water in a Pyrex

flask provided with a cler-n rubber stopper. The

calculated amount of potassium chloride was weighed out

as exactly as possible (£.0001 gm.) in a stoppered

weighing bottle which had been thoroughly cleaned both

outside and inside. The weighing bottle and contents

were transferred to the flask containing the water.

When solution was complete, the solution was poured

into another Pyrex flask in case any contamination

might arise from prolonged contact with the weighing

bottle. The mean of several determinations showed

the cell constant to be 0.08971. Bedeterminations

after the cell had been in use showed no appreciable

change from this number.
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Determination of Conductivity of Solutions.
ii ■ -ii m.iii i ■ ii t irit ipi ' i m ■■■in "hi i r.*—■ run- 1 ir1 —rTi ....

The method used in determining the conductivity of the

solutions is essentially that followed by hartley and

his co-workers In measuring the conductivity of electro¬

lytes In methyl and ethyl alcohols. The cell was

cleaned and dried by passing a current of pure, dry air

Into It while in the thermostat. Its weight was then

determined. voter was distilled directly into the

cell while pure air was still passing in and the whole

weighed# The cell was placed in the thermostat for

about an hour and the conductivity of the water deter¬

mined. The conductivity of a series of solutions was

now determined by making successive additions of

weighed amounts of a stock solution of known concen¬

tration from a weighing pipette.

The stock solution was made up in a 60c.e. flask

with a side tube and tap through which pure air was

passed. The flask was washed with conductivity water

and dried in an electrie air oven at 100°C. Pure air

w s passed Into it while it sss cooling, and then it

was stoppered and weighed. A quantity of salt suffic¬

ient to make a 0.1N. solution was weighed out In the

flask and conductivity water distilled into it in

presence of pure air. The whole was rewelghed, and

hence the concentration of the solution was calculated.

Some of the solution was now withdrawn into the

weighing pipette which consisted of a Pyrex glass bulb
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with a tap sealed on above and below. The tube

beneath one tap was drawn out to a jet and a cap of

Pyrex glass ground to fit this so that the solution

In the jet was not exposed unnecessarily to air. The

weight of the pipette and solution was found and a

small quantity of the solution was run into the cell

and the pipette v?as rewelghed. Whenever the cell was

opened for this operation, pure air was passed in

through the side tube. The solution In the cell was

mixed by rotating the cap and also by shaking. After

about twenty minutes several measurements of the

resistance of the solution were made. In this way a

series of measurements of the conductivity of solutions

from 0.0001R. to 0,0025". was obtained.

When a mixed solvent was required, water was first

distilled into the cell and weighed as before.

Alcohol was added from the container, pure air

being passed both into the cell and into the alcohol

vessel in the process. The weight of the cell and the

alcohol-water mixture was determined, and hence the

composition of the solvent was obtained. 50c.c. of

tie solvent was removed by means of a pipette protected

with a soda lime tube and used in making up the stock

solution. Tie cell and contents were reweighed, and

so the weight of the solvent used was determined

s far as possible the initial volume of the

solvent used was the same In each case.
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In order to calculate the concentration of the

solution in equivalents per litre of solution, It Is

necess ry to know the density of the solution. The

density of water nt 25" C. has been taken as 0.9971

and that of alcohol as 0.7851. The density of the

mixed solvents has been obtained by interpolation from

the values obtained in International Critical Tables

Volume III.

In the calculations it has been assumed that the

density of the stock solution and that o^ the solutions

whose conductivity was measured is the same as the

density of the pure solvent and that no contraction in

volume takes place on addition of the stock solution

to the cell. as only about 20c »c, of the stock

solution was added no great error Is Introduced by

this last assumption, and the variation in density of

solutions is well within the experimental error of the

method.
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Experimental Results .

The results of tie conductivity of lithium

chloride in alcohol-water mixtures are given in

Table 1* and the results for potassium iodide in

Table 2. The measurements of lithium chloride in

pure alcohol, 93.55f and 46.87^ alcohol were obtained

by Hamilton (unpublished research). In these tables

"ku denotes the specific conductivity of the solvent

in reciprocal megohms* "ca is the concentration of

the electrolyte in gm. equivalents per litre of

solution; and At is tie equivalent conductivity.

The solvent correction has been spoiled by-

subtracting the specific conductivity of the solvent

from the measured conductivity of the solution. This

correction Is the most serious source of error in

ttese determinations as the resistances of the solutions

are accurate to at least 0.1$, and the error in con¬

centration must be somewhat less than this as all

concentrations have been determined by weighing.

In figures 3 and 4 the equivalent conductivities

have been plotted against the square root of the

concentration.
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Table 1.

Conductivity of Lithium Chloride In

Alcohol- ater fixtures*

Pure "ater

k c x 104 /c x1QZ A.
0.7161 0.8412 116.25

1.463 1.210 113.88

1 .009 5.934 2.436 112.23

15 .27 3.907 111.13

28.37 5.327 109.69

42.47 6.51" 108.55

2.17 moles alcohol.

k c X IQ4'
*z_

/ex 10 Ac,
0.8062 0,9738 92.83

2.916 1.706 91.87

6.052 2.466 91.41

1.01 12 .62 3.563 90.57

18 .96 4.305 90.03

29,31 5.461 89.37

41.06 6.407 08.72
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Table 3.(contd.)

10.33 roles' alcohol.

C K lO" /C A 10 A.

0.409

0.8402

3.585

6.413

11.91

21.11

39.85

57.36

0.9166

1.893

2 . bo5

3.455

4.595

6 .313

7.575

53.15

52.72

52.14

52.11

51.54

50.92

50.35

17.19 icoles^ alcohol.

k c x id -fc x 10 A..

0.50

0.7693

2.031

6.113

9.191

14.56

28.22

40.11

0.8772

1.425

2.473

3 • 032

3 .821

5.319

6.333

44.65

43.50

43.04

42.68

42 .26

41.71

41.51
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Table l.(contd„)

46.37 moles % alec hoi1*

k C A 10 /c x 10 Ac
0.9144 0.9563 36.89

2.217 1.439 36.37

5 .561 2.358 35.72

0.192 9.668 3.109 35.22

16.05 4.006 34.62

21.39 4.625 34.24

27.39 5.281 33.84

Results obtained by R. T. Hamilton.

93.55 ?noles alcohol*""

k
<<

c x 10 Vc" * 10 Ac.

i
0.7334 0.8565 37.97

2.976 1.725 36.12

0.028 7.481 2.735 34.52

13.52 3.677 33.13

19.94 4.466 32.11

27.12 5 .200 31.19

Results obtained by R. T. Hamilton.
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Table 1. (cortd.)

100 alcohol^

k C A 10 ^ -/c~ x 10^ A,
0.5714 0.756 38.05

1.305 1.142 37.49

1.961 1.401 36.97

0.053 4.223 2 #055 36.14

7.508 8,740 35.06

11 .63 3.410 34.03

15.35 3.918 33.24

*■ Results obtained by R. T. Hamilton.
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Table 2.

Conductivity of Potassium Iodide In

lcohol- ater fixtures.

Pure inter.

k
<<

c x 10 fc A 10 A,.
1.269 1.122 149.96

2.587 1.608 149.40

1.086 5.989 8.447 148.57

14.55 3.815 147.49

22 .Id 4.704 146.09

29.58 5.420 145.51

6.85 ; olen aleor ol»

k
u

c x 10 Jc x lO2' A..
0.7019 0.8578 92.51

1.976 1.406 92.06

5.850 1.962 92.60

0.551S 7.529 2.707 92.24

11.59 5.575 91.92

19.^5 4.588 91.27

26.74 5.171 90«69
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Table 2.(contd.)

22.70 moles alcohol.

k C A 10U ~Tc x 10 j<
1.925 1.387 54.49

4.818 2.195 54.09

0.222 9.094 3 .016 53.85

14 .56 3.814 53.33

22.02 4.692 52.95

35.71 5.976 52.51

44.63 moles alcohol.

V c x 10 * /c~ x 10 z Ac.
1 ,659 1.288 47.31

3.978 1.995 <16.73

7.133 2.671 46 .34

0.192 11.52 3.394 45.73

16.92 4.114 45.35

24.16 4.915 44.9S

34 .22 5.350 44.3o
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Table 2 . (contd.)

75.50 moles % alcohol.

k C K lC* ,/cf x 10 /V

0.119

1.111

2.134

4.4 ?9

10.74

18.80

29 .05

1.054

1.461

2.116

3.2 7

4 .336

5.388

46.11

47.33

46.37

44.78

43.49

42.29

100f- alcohol.

c x io4 sfcT* 102-
0<

0.0647

1.937

v .948

4.969

7.215

10.93

26.69

1 .392

1.717

2.229

2 .686

3.306

5.166

48.03

47.23

46.21

45.21

43.82

40.88
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Vlscoslt,. of nter- Icoh.ol Solutions.

The viscosity of water-alcohol solutions bos
o

been determined at 25 C. by DunStan and Thole

[j.C.S., 93, 1556, (1909)J using an Ostwald type of
vlscosimeter which bad a water constant of about 300

seconds. Bingham, "'bite, Thomas and Cadwell
I ~ ~1

IZeit. fur phys. Chens., S3, 641, (1913)j
using a vlscosimeter of the Thorp© and Roger type,

have determined the fluidity of alcohol-water solutions

at 25.01°C. It was thought desirable to chech a few

of these values.

According to Poiseuille,s law, the viscosity of

n liquid is given by the expression
n = ' i *—h £
' si V

where r is the radius of the tube through which the

liqssld is flowing

V is its length

V is the volume of liquid flowing through in

t sees.

and p is the pressure causing tie flow.

If the time of flow of another liquid of viscosity

qQ under pressure ^ is then we have

JZ - -hi
~7» ~

The pressure causing the flow is generally the

pressure due to a column of the liquid under investig¬

ation.

Hence 17 t T>
to Do

where D and D0 are the densities of the two liquids.
1 O
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In actual practice, the viscoslrneter may not obey

PolseutnCs law, and a correction has to be applied,

and tie density also has to be corrected for the press*

ure o*" the air.

In general. It is usually sufficient, provided

the time of flow Is long, to use the formula
J7_ __ t L o~ A) p

to A)
where A is the density of air at the temperature of

the measurements,

and P Is equal to unity if the vlscosirneter obeys

Poiseullle's law, but has to be determined for each

instrument by measuring the times of flow of two

liquids whose viscosities are accurately known*

The viseosimfiter used was of the type described

by Washburn and Williams LJ.a.C.S., 35, 737. (1913)}
and Is shown In figure 5. The bulb between the two

etehe marks has a capacity of about lCe.c* The

capillary Is 0.02 - 0.03 cms. in diameter and about

20 cms. long. It opens into a large flat bulb 6 ens.

high and 8 cms. across•

The viscoslrneter was cleaned by allowing It to

stand for a day filled with a cold mixture of potassium

bichromate and sulphuric acid, and whenever It was not

In use It was filled with this mixture. Before using

it was washed out thoroughly several times with conduct¬

ivity water and drained Cor a few minutes. It was
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filled with conductivity water from a 1.00c.e. pipette,

the large bulb being then about half full of liquid.

After being'in the thermostat for about twenty minutes

the water was raised above the upper mark by gentle

suction, and the time taken for the liquid to fall

from the upper to the lower mark determined by means

of a stop watch reading to 0.1 sec.

Standardisation of the Vlscoslmeter.

After the time for water had been obtained, the

vlscoslmeter was washed out several fci es with ethyl

alcohol and allowed to drain. It was filled with

100c.c.alcohol from the pipette which had been washed

out several times with this liquid. The limbs of the
I
viscoslmeter were clos-d with c lcium chloride tubes,

and the viscosimeter placed In the thermostat. The

time taken for alcohol to flow through the capillary

was measured. The ratio
(p- ?<)t
(d0- A)r0

where D and D are the densities of alcohol and water

respectively

and t and ta the tlrres of flow

was calculated and compared with the ratio
/ "Vergil

obtained by taking rJ*Uof10L = 0.01101 and
*7*^ - 0.00891

The correction factor P was found to be 1.0028.
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Viscosity of nter-Alcohol Fixtures.

The water-alcoh ol mixtures were made up by weight

in Pyrex flasks provided with tightly fitting rubber

stoppers protected with tin foil. The vlscosimeter

was washed out several times with the solution under

investigation before filling it. ^he same volume of

liquid was used each time by filling it with lOOc.c.

from a pipette. The vlscosimeter was clamped vertic¬

ally in the thermostat which had a plate glass window

through which the etched marks were viewed. Several

determinations of the time, which usually agreed to

within 0.5 sec., were made and the mean value used in

calculating the viscosity. The water constant was

determined either immediately before or Immediately

after the measurement of a solution, and the value so

obtained used in the calculations.

All measurements were made In an electrically

heated thermostat at 25 £.01 C.

^he results are given in Table 3. The comoosition

of the solution is given in mols per cent alcohol.

The densities were obtained from International Critical

Tables, Vol. Ill, 0.116. The ratio jr is obtained from'Iwiin?/2-

the expression ,,

q _ t CD - h./ .p
~~t7 t9coD~ x

and Yj (in poise) is this value multiplied by 0.00891 the
o

viscosity of water at 25 C.
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T'able 3.

Viscosity of "ater-Alcohol Solutions.

Composition
nols alcohol

D t \mean) '7
lo 9

0.00 0.9971 S84.9 1.0000 0.00391

4.73 0.9784 1000.2 1.5645 0.01394

9.56 0.9669 1412.5 2.0123 0.01793

15.29 0.9479 1802.2 2.5140 0.02240

25.33 0.9178 1997.0 2.6835 0 • 02391

49.91 0.8597 1759.2 2 .2222 0.01930

69.54 0.8257 146S.9 1.7068 0.01592

100.00 0.7851 1072.2 1.2357 0.01101

The change in viscosity is plotted against the

composition of the solution in figure 6, together with

the values obtained by Dunstan and Thole {loc. clt.)

with which they are in good agreement.
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Discus9Ion«

(1) Fqulvalent Conductivity at Infinite Dilution.

The equivalent conductivities at infinite

dilution in the solutions referred to the values In
Ao

water, i.e. "7v7w<irea are plotted against the molar

composition of t1 e solvent in figure 7. together with

the fluidities (j> of the solvent relative to water.
The data for these curves are given In Table 4. The

values of A0 have been obtained by extrapolating to

infinite dilution the straight lines obtained when the

equivalent conductivity is plotted against the square

root of the concentration (figures 3. and 4.) The

fluidity data is obtained from the measurements of

viscosity (see Table 3.)

The composition of the solvent in the following

tables is given as mols^ alcohol*
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Table 4.

Lithium Chloride Potassium Iodide

Composition
of solvent A.

A 0

-/I o

Composition
of solvent

A0 Ao
-4 O U'/> J L I*'

0.00 115.05 1.0000 0.00 151.05 1.0000

2.17 92.97 0.8081 G.83 93.67 0.6201

10.33 53.48 0.4643 22.70 55.05 0.3644

. 17.19 44.11 C.3834 44 .63 48.12 0.3136

40.87 37.20 0.3233 75.50 49.15 0.3254

93.55 38.41 0.3338 1C0.00 50,72 0.3358

100.00 38.99 0.3389

Fluidity of ?T'ater.-Alcohol Fixtures.

Composition
of solvent f 4

0.00 112.23 1.0000

4.78 71.74 0.6398

9.56 05.77 0.4969

15.29 44.64 0.3978

25.33 41.86 0.3730

49.91 50.51 0.4501

69.54 62.81 0.5597

100.00 90,91 C.3100
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It is evident that the points for the conduct¬

ivities lie close to the fluidity curve up to about

20% alcohol and then deviate increasingly. It appears

that the change of conductivity is determined mainly

by the fluidity In this region, and it may therefore

be supposed that the solvation of the ions remains

uncharged. In solutions containing more than 20

alcohol the equivalent conductivities no longer follow

the fluidity curve, and we must t'rerefore suppose that

the solvation of the ions is gradually changing, water

molecuTes of solvation being replaced by alcohol

molecules» Id is Is in accordance with the observations

of "utlen and Tees ^Proc. Hoyal Foe., \ 131, 382,(1931)]
on the molar refraetlvitles ad volumes of lithium

chloride In alcohol-water mixtures. These measure¬

ments Indicated that the Ions remained almost completely

solvated by w-ter until between 20 and 30 mols per

cent alcohol had been added, and between t!ese values

and 100 f alcohol the proportion of water In the sheath

of solvent molecules held by the ions gradually de¬

creased.

hlgure 8. shows the value of plotted
( Po t])wnien.

against the composition of the solvent, the data for

the curves being shown in Table 5.

The viscosities of the solvents have been obtained

from figure 6.
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Table 5.

Lithium Chloride

Composit ion
o" solvent A0 7 A® 7

A« f?

(A°
0.00 115.06 0.00891 1.0251 1.0000

2.17 92.97 0.01105 1.0273 1.0021

10 .83 53.48 0.01940 1.0375 1.0121

17.19 44.11 0.02318 1.0224 0.9974

46.87 87.80 0.02050 0.7624 0.7437

93.65 38.41 0.01187 0.4559 0.4447

100.00 38.09 0.01101 0.4893 0.4187

Potassium Iodide.

Composition
of solvent

A 0 7 A0 7 A„ n
(/\ a nOhz/iTB/?.

0.00 151.05 0.00891 1.3485 1.0000

6.83 93.67 0.01605 1.5034 1.1149

28.70 55.05 0.08309 1.2711 0.9462

44.63 48.12 0.08098 1.0096 C.7487

75.60 49. L5 0.01490 0.7323 0.5430

1C0.00 50.78 0.01101 0.5584 0.4141
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In ti e ewe- of lithium chloride this ratio

remains practically constant up to nearly 20% alcohol.

In the case of potassium Iodide there Is, however, a

marked Increase, showing that the relation between

conductivity and fluidity Is not quite linear In this

region. Data on a number of other salts would be

required to decide as to the cause of this phenomenon.

(2) Variation of Slope with Composition of Solvent.

all the curves shown In figures 3. and 4. are in

reasonable agreement with the equation

A, = - x Tc
The following Table 6. gives tie observed values

of x in the different cases.



1
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Table 6.

Lithium Chloride

Composition
of solvent

X ob5. Xcdle. A(%)
0.00 100 86.5 15.6

2.17 67 72 6.9

10.33 42 47 10.6

17.19 46 43 6.9

46.87 65 62 4.8

93.55 138 128 7.8

100.00 145 139 4.3

Potassium Iodide

Composition
of solvent Xcs. &(%)

0.00 100 95 5.2

6.83 57 61 6.6

22.70 43 51 15.7

44.63 72 67 7.5

75.50 134 111 20.7

100.00 210 152 38.0
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According to Onsager (jPhyslfral* felt., 27,338, (19i6)

28, 277, <1927); Trans. Faraday Toe., iiS, 341, (1927))
the slope x Is determined by the viscosity and dielectric

constant of the solvent and the value o^ A0 , and Is

given by a
fo -in*"" co. A „ - +

"

L (°r)3/z
where D Is the dielectric constant of the solvent

T is the absolute temperature

rj Is the viscosity of the solution
c Is the equivalent concentration

2 <lr

and w - A -^=-
i

n _ Z Zt ( A* ■*where ^ ,

Cz.+^r^, A!)

z, a?'d z^are the valencies oh cation and anion

respectively, and A," and A? their zero concentration

mobilities.

In the case of a unl-unlvalent electrolyte

c. - ^ - /

and this expression becomes

^•Y^.er
A , Oh_°

(DrP/^- 0 (orftyj
The values of X calculated from t> is equation are

given In Table 6. The dielectric constants of water-

alcohol mixtures necessary for the calculations were

obtained from the values of ;\kerlof jjr.A.C.3., 54,

4125, (1930)J . In Table 6. tie percentage deviations A
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from the calculated values are also shown.

A - (**"" *wc ) icrrrV xt-t6c.y
In figure 9. the observed and calculated values

are plotted against the composition of the solvent.

The scale for lithium chloride Is shown on the left

and that for potassium Iodide on the right.

In ti e case of lithium chloride tie deviation of

tie calculated a d observed values probably does not

greatly exceed the experimental error. This agree¬

ment is to be expected for, while the conductivity at

infinite dilution depends on the solvation of the Ion,

the slope x depends on t' e properties of t' e medium

separating the ions. The agreement is a good confirm-

ation of Granger's equation.

Potassium iodide shows considerable deviations in

solutions containing a large proportion of alcohol.

It Is significant that this is true also of solutions

In pure alcohol, where the deviation Prom Onsager's

equation is 38£, a fact which has already been observed

by Copley, Turray-Hust and hartley jj.C.C., p.2492,(1931
If tils deviation Is due to association the Ions it

would appear that the association Is less in the mixed

solvents up to about 30 % alcohol where the observed

slope is close to the calculated values.
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Summary.

(1) The conductivities rt small concentrations of

lithium chloride and potassium iodide in various

water-alcohol solvents have been determined.

(2) The equivalent conductivity at infinite dil¬

ution follows approximately the fluidity curve up to

about 20% alcohol and then deviates increasingly.

In order to explain this it is supposed that the

ions remain almost entirely solvated with water until

over 20r alcohol Is present, and then the water of

solvation is gradually replaced by alcohol. Potassium

Iodide shows an appreciable positive deviation In

solutions containing less than 20? alcolol.

(3) When equivalent conductivity is plotted againsl

straight lines are obtained. In the case of

lithium chloride the slopes of the lines are in good

agreement with Onsager's equation. In the case of

potassium iodide there Is reasonable agreement in

solutions containing up to about 30% alcohol, but

between 30;? and lOOf alcohol the deviation constantly

increases. It follows that If the deviation in 100£

alcohol is due to ion association, the addition of

water decreases this.



PART II.
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Part II.

The apparent Volar Volume of Lit h 1 urn Chior 1 d e

In Alcoholic Solvents.

I THCDOCTION

Butler and Lees (J'roc. Poyal Soc.. A, 13l,o8d, (1931)J
have observed that the partial molar volume of lithium

chloride Is much less in ethyl alcohol than In water,

lor example, they found that while the molecular volume

of lithium chloride at 18 C. is ^O.Se.c., the partial

molar volume In aqueous solution at m =■ 1 Is 18.6c.c.

and in ethyl alcohol at the same concentration only

S.lc.c. Further, the p»artial molar volume in ethyl

alcohol diminished rapidly as the concentration

decreased, and was found to be negative at high dil¬

utions; that is, when a little lithium chloride is

added to pure alcohol the total volume of the solution

is less t^ an the original volume of the solvent.

It Is not possible to determine how much of this

contraction Is due to a change in the intrinsic volume

of the lit?ium chloride, either by change In degree of

dissociation or from other causes, and how much Is dxie

to contraction of the solvent. It is, however, un-

lively that the lithium chloride molecules undergo any

great change In volume, but the contraction may be

ascribed to the elecfcrostricfclon of the solvent produced
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by the attraction C the solvent dipoles to tve solute

ions through the intense electric field created by the

ions and resulting in an increased density in their

neighbourhood. It would appear that the electro-

strictlon is much greater in alcohol than in water.

The partial molar \7olume of an electrolyte is the

rate of change of t" e volume of the solution with the

amount of electrolyte. If V is the volume of a

solution containing n, mols of a solvent and tiz mols of

a solute, the partial molar volume of the solute is

defined as

\nother quantity which is closely related to the

partial molar volume is the apparent molar volume

which may be defined as follows:- If V is the volume

of the solution and V0the volume of the solvent it

contains, then

The apparent molar volume approaches and is equal to

the partial molar volume at Infinite dilution, i.e.

when n2 = o

Recently n simple relation has been noticed

between the apparent molar volume of an electrolyte

and its concentration. Pass on /jPhll. Rag., (7), 8,
818, (19H9)J has observed that, of twenty-eight electro¬
lytes investigated, twenty-two of them showed a linear

n Z.
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relation between the apparent molar volume and the

square root of the concentration, that is

cj> — a +• "no¬
where <j> = apparent molar volume

TJ = concentration in moles per 1000c .c.solution

and q and b are constants depending on the temperate

ure and on the electrolyte.

Lithium chloride and sulphuric acid showed marked

deviation from this linear relation at high, concen¬

trations, which Is attributed to formation of a defin¬

ite hydrate. The appcrent molar volumes of sodium

hydroxide and sodium carbonate at high dilution are

negative, which is explained by assuming that the true

solute is a hydrnted molecule, and when the volume of

the water in the hydrate Is added to the apparent

volume of the electrolyte then poslti^/e values are

obtained. The four "weak® electrolytes studied by

Masson showed e linear relation between the apparent

molar volume and the ~if power of the concentration.

It is therefore obvious that a very careful investig¬

ation of the validity of the relationship is necessary.

Oeffcken[selt. fur Phys.Chem., IBS, 1, (1931)J
and Scott [j. Phys. Chen., 35, ^315 and 3379, (1931J/
have tested this relationship by the extensive expert-*

mental data available, and conclude that in aqueous

solutions the apparent molar volume of electrolytes
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varies linearly with the square root of the concentrat¬

ion. The slopes of the straight lines vary for the

different electrolytes, but It appears that the slope

depends to n certain extent on the valency of the

electrolyte, thpt is, tie slope depends on the electric

forces between Ions and tie solvent molecules.

Redlieh and Hosenfeld jjieit. fur phys.Chem., 155,

65, (1931)J have derived an equation relating the

partial molar volume and the square root of the

concentration based on the Debye and huekel's theory

of electrolytes. The expression obtained Is

V = Vo + ^
where V - = partial molar volume of the electrolyte

V0 = value of V at inf'nite dilution

(M
£ Vt*c

vc = number of ions of valency
- ^-3o3 HTh ("o 'rp -ft).

'R = gas constant

7 = absolute temperature
/ V-V )3/j fzrrn

h = z 3oj (t ooOy
x = unit electric cl arge

~r> - dielectric constant of the solvent

k = Bolfczmann constant

/y - number of molecules per gram molecule

p = compressibility of the solvent
c_ ^ concentration in gran molecules per

1000c.c. solution
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Comparing this equation x^ith Masson's

empirical relation it is seen that

b = f ■

that is, the slope depends on the dielectric constant

and compressibility of the solvent and on the ionic

strength of the electrolyte.

It seemed desirable to see how the partial molar

volume of an electrolyte varied in different solvents,

and to test the validity of the square root law in

non-aqueous solutions. In the present case, the

apparent molar volume of lithium chloride in a number

of aliphatic alcohols has been measured.
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Purification of Vnterlals.

Lithium Chloride. Anhydrous lithium chloride,

supplied by B.D.T*. was dissolved in absolute alcohol

and filtered until quite clear. The greater part of

the alcohol was removed by distilling under reduced

pressure above 50°C. The lithium chloride which

separates was filtered and transferred to a flask.

The final traces of alcohol were removed in the manner

described by Pearce and Fart T,t .A...C.?.» 44,2411, (1922)?
k stream of dry hydrochloric acid was passed into it

while it was heated to 170°C. The excess of hydro¬

chloric acid was removed by a stream of pure dry

hydrogen while it was gently heated. The lithium

chloride was kept in a vacuum desiccator over

phosphorus pentoxide. Analysis of the product gave

83.62$ chlorine.(Theoretical, 83.61$ chlorine.)

Methyl Alcohol* By analysis it was found that tie

commercial methyl alcohol contained about 0.1acetone*

This was removed by adding an excess of Iodine and

sodium hydroxide solution and refluxlng until there

was no further smell of iodoform. The alcohol was

repeatedly fractionated until its boiling point was

within 1°C. of the correct value. The final trace of
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water w«s removed by refluxlng with alu iniura amalgam

for several days and then fractionating.(Hartley and

Halites, .T.C.S., 187, 584, (1985)(). Befor using, the
alcohol was distilled from anhydrous cooper sulphate.

d = 0.78707

(I.C.T.c/ - 0.78&66-)

Ethyl Alcohol. Absolute alcohol which had been

standing over freshly burnt lime "or several weeks

was refluxed for eight hours and then slowly fraction¬

ated. <\s a determination of the density gave a some¬

what high value, It was distilled twice from anhydrous

cooper sulphate, and again refluxed and distilled fran

line, the density being determined after each distill¬

ation. as there was no change In density, It was

concluded that the alcohol was of sufficient purity.
d = 0.78544

(I.C.T. c/ = 0.78506)

Normal Propyl Alcohol. is n-propyl alcohol contains

some unsaturated compounds,bromine was added until the

yellow colour persisted. After standing over right,

It was fractionated and dried by standing over burnt

lime for at least a week, refluxing for a day and

finally fractionating.

d = 0.799P0

(I.C. . d = 0.80010)

Iso- ropyl Alcohol. T! Is was dried by standing over
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lire for g reek, re fluxing and fractionating. It

was twice distilled from anhydrous copper sulphate,

when its density was found to be constant.

d = 0.73104

(I.C.T. of = 0.7810)

Formal Butyl Alcohol and iso-3utyl Alcohol. These

were dried over burnt, lime for several weeks, refluxed

for a day and fractionated.

n-Butyl alcohol cl = 0.806:15. (I.C.T. ct = 0.8059)

iso-nutyl alcohol^ 0.79845. (I.C.T. d = 0.7979)

Determination of Density.

The pyknometer was a silica bulb of about 33c.c.

capacity, h'-vlng a capillary nock of about lra.m.

diameter and fitted with a ground glass stopper. A

mark was etched on the capillary, but in order to avoid

the dlf ieult operation of adjusting the position of

the meniscus exactly to this nark, the height of the

meniscus above this mark was measured by means of a

talcroseooe with a s^ale reading to 0.00:1 cms. The

capillary was first calibrated by filling the pyknometer

wi'h water, observing the height of the meniscus above

the mark when in the thermostat and finally weighing.

In this way a calibration curve was obtained giving

the volume of the bulb when filled to different levels

above the mark.
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In order to economise solvent, the density of the

most concentrated solution was determined in this way.

j& quantity of the solution was removed by a protected
pipette with the outlet drawn out in order to allow It

to pass through the capillary neck of the pyknometer.

Pure solvent was Introduced through a thistle funnel

with a fine stem. The pyknometer was shaken to ensure

thorough, mixing and placed in the thermostat. The

position of the meniscus was determined and the

pyknometer weighed. This was repeated several times

so that a number of density determinations were made

at Increasing dilution.

The concentration of each solution was determined

by chemical analysis. A weighed portion of each

solution was analysed by addition of an excess of

standard silver nitrate solution followed by back

titration with standard ameonlum thiocyanate solution.

This method appeared to be quite satisfactory In

presence of alcohols and gave an accuracy of 0.1^.

The balance used was sensitive to 0.01 mgm. The

weights were calibrated by direct comparison with

standard weights. a pyknometer similar to the one

employed in the density determinations, and which was

kept in the balance case, was used as a counterpoise

in weighing. All weights were corrected for buoyancy

of the air.
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The thermostat was electrically heated, and had

a plate glass window through which the pyknometer

could be seen. It was kept at £5°C« - .01.

In spite of all precautions this procedure did

not prove so accurate as it He <3. been hoped. The

chief sources of error seem to be (1) difficulty of

securing complete mixture of tl e solution and added

solvent in making a dilution ; s t> e pu-'e solvent tends

to form a layer on top of ti e denser solution and

(<*.) the possibility of a small absorption of water

during filling operations. On ttis account, measure¬

ments of sufficient accuracy lm\re not been obtained

below m =*0.3
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Experimental Results*

The res-alts obtained are given In Table 7.

'd' Is tie density of the solution

'm' Is the number of mols of lithium chloride in lOQOgm

of solvent

A-V 4s tie change In volume calculated In the following

way:- The volume of 1000 gm. solvent of density

\/0* i°oo/cj0 the volume of a solution o^ density

c| which contains £ m gau of lithium chloride (& <5

molecular weight of solute) is V=(,00°* M *") / c\.

The change in volume is
= v- VQ = (fooot Mm) cj - lr»£>H0

The apparent molar volume Q> is
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Table 7.

Apparent Volar Volumes of Lithium Chloride.

Water.

d m Ay t
0.99707 — — —

0.99876 0.0688 0.2623 1.30 17.44

1.00476 0.3163 0.5627 5.67 17.91

1.00680 0.4068 0.6378 7.44 13.29

1.00959 0.5269 0.7260 9.69 13.39

1.01522 0.7693 0.8772 14.20 18.46

T .02032 0.9983 0.9990 18.55 18.58

Vethyl Alcohol.

d in afnT A V f-
0.78707 — — —

0.79768 0.3134 0.5598 0.26 0.83

0.80026 0.3950 0.6291 0.02 0.05

0.80458 0.5346 0.7311 0.52 0.97

0.80379 0.6660 0.8161 0.82 1.23

0.81414 0.8456 0.9196 1.79 2.12

0.81777 0.9674 0.9836 2.45 2.53

0.82516 1.2266 1.1072 4.38 3.57

0.82704 1.2863 1.1342 4.54 3.53

0.83579 1.6007 1.2653 7.14 4.46
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Table 7.(contd.)

Ethyl Alcohol»

d a -fm AV

0.78544 — — — —

0.79464 0.2760 0.5254 0.01 0.36

0,80026 0.4494 0.6703 0.23 0.51

0.80654 0.6548 0.8094 1.11 1.70

0.81558 0.8868 0.9417 2.18 2.46

0.85494 2.4544 1.5666 18.23 7.43

0.87705 3.3750 1.8372 30.18 8.94

n-Propyl Alcohol.

d a -fm AV

0.79990 — — — —

0.80781 0.2547 0.5047 1.12 4.40

0.01559 0.5196 0.7210 2.96 5.69

0,81776 0.5974 0.7730 3.67 6.14

0.82472 0.8492 0.9215 6.04 7.11

0.82927 1.0269 1.0134 8.22 0.00

0.83247 1.1444 1.0698 9.37 8.19

0.84113 1.5101 1.2288 14.69 9.73

0.84628 1.7201 1.3115 17.66 10.27

0.85572 2.2291 1.4929 28.89 12.96
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Table 7.(contd.)

Iso-Propyl lcohol

d Si -Taj AV

0.78104 — — — —

0.80260 0.6715 0.8194 1.01 1.50

0.80S01 0.6598 0.9273 2.32 2.70

0.31257 1.0259 1.0129 3.79 3.69

0.82093 1.5379 1.1567 6.75 5.05

0.82736 1.5732 1 .2543 8.87 5.64

0,83110 1.7347 1.3132 10.81 6.27

0.83895 2.C6I7 1.4359 15.76 7.64

0.84085 2.1493 1.4661 17.25 8.02

0.84388 2.2769 1.5091 18.99 8.34

0.84693 2.4285 1.5583 21.91 9.02

0.84946 2.5943 1.6108 26.39 10.17

0.85172 2.6699 1.6340 26.71 10.00

0.85124 2.7161 1.6480 29.63 10.91

0.85763 2.9991 1.7510 33.86 11.29
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Table 7.(contd.)

n-Outyl Alcohol.

d m -fa A v

0•80625 — — -

0,81116 0.1611 0.4014 0.91 5.65

0.81420 0.2660 0.5158 1.74 6.54

0.81514 0.3009 0.5485 2.13 7.08

0.81820 0.4084 0.6391 3.05 7.47

0.82275 0.5805 0.7618 5.03 8.67

0.82429 0.6394 0.7996 5.74 8.98

0.83013 0.8612 0.9280 8.30 9.64

0.03242 0.9590 0.9793 9.85 10.29

0.83791 1.1756 1.0843 12.65 10.74

0.83966 1.2616 1.1232 14.35 11.37

0.84194 1.3504 1.1621 15.43 11.43

0.84781 1.6295 1.2765 20.69 12.70

0.84897 1.6868 1.2988 21.81 12.92

0,85335 1.9308 1.3095 27.48 14.23
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Table 7.(eontd.)

Iso-Butyl Alcohol.

d m v

0.79845 — — — —

0.80881 0.3470 0.5891 2.14 6.17

0.81628 0.6157 0.7847 4 .66 7.56

0.S2030 0.7650 0.8748 6.18 8.08

0.82467 0.9345 0.9668 8.22 8.80

0.82567 0.9755 0.9877 8.80 9.02

0.82956 1.1357 1.0656 11.07 9.75

0.83244 1.2480 1.1171 12.48 9.96

0.83724 1.4657 1.2107 16.20 11.09

0.83949 ].5625 1.2500 17.69 11.32

0.84615 1.0839 1.3725 23.80 12.63

0.84726 1.9609 1.4004 25.97 13.24

0.84804 1.9711 1.4040 25.30 12.84

0.84905 2.1044 1.4506 30.51 14.50

0.84952 2.1256 1.4579 30.80 14.49



Picture 70.
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Discussion«

In figure 10. the values of the apparent molar

volume are plotted against the square root of the

concentration. It can be seen that In each case up

to Jib - 1.3 a linear relation Is obtained. above that

value In normal and iso propyl alcohols and in normal

and iso butyl alcohols the lines appear to curve upwards.

Unfortunately, these solutions could not be investig¬

ated at higher concentrations on account of the Insol¬

ubility of lithium chloride In these alcohols.

Previous Investigators have calculated the concentration

of the solution in mols per 1000c.c.solution. It

appears, however, that the linear relation is also

obtained when the concentration Is calculated in other

units, the slope of the line alone being somewhat

altered. The slopes of the lines are practically the

same with the exception of water, where it is less,

and Iso-prooyl alcohol, where it Is greater than In

the other alcohols. In the alcoholic solvents the

apparent molar volume Increases as fc-e molecular weight

of the solvent Increases, the value in the "Iso"

alcohols being somewhat less than In the normal Isomers.

In water, however, the apparent molar volume is much

greater than in the alcohols. At low concentrations

In methyl and ethyl alcohols, the apparent molar volume

Is negative. It would appear that tl is was also the

case in iso-propyl alcohol, but measurements at suffic-
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lently high dilution hmve not been obtained to confirm

this.

A theory of the volume change of water produced

by electrostrlction in the vicinity of an Ion has been

worked out by T. J. '$ebb jjf.A.C.S., 48, 8589, (1986)j.
If -^7 Is the fractional change of volume at a point

where the pressure Is f3 , the total change of volume

around an Ion Is given by
r

- a\i -J ■ urr r\ cjy
A

where the Integration is carried out from Tc , the

radius of the Ion (i.e. the region Into which no solvent

molecules can enter) to infinity. The fractional

volume change is given by , p

. ~\'i f, " -
Jo

where k is t\ e compressibility which must be regarded

as s function of the pressure.

In order to find the pressure In the solvent at

any point in the vicinity of an ion, "ebb gives the

follov?ing electrostatic theory.

bet D = dielectric displacement,

E = electric field strength,

P = polarisation per unit volume.

The value o^ D at a distance r from the centre of

a spheriC'-l ion of charge e Is
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But these quantities are also related by the

expression

D - t -» ltt P.

B t kf-Pand K

where If is the Internal field strength,

If A =

it follows that

Utt p
3

D = K + 2 TV
JL

(1)

The expression LPr\cl-rcan therefore be replaced by

2X) *-
44 2/v

wnere

so that

A

(k A 2 A)'
G/ /\
PTR

K,

- Av - 4-
JA (-

zw

"v
I -+ 2 A

(K + 2 /\//z
o .c/K

(2)

The pressure p ot a point in the solvent where

the internal field strength is ^is
-

where n

JL

O k I Arcy >s SIT
•A

number of solvent molecules per c.c.

optical polaris ability of the solvent

molecuie

K„.

where

kT
effectivo dlpole moment of the solvent

molecule

Boltsmann's constant

and /V VH
^ a kJT n L (a)

where h(x) Is the Langevin function coth a - *
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Knowing the pressure and the compressibilities it

is thus possible to evaluate ^ for various values of
and then to Integrate the expression (2).

The determination of the effective dipole moment

for the liquid presents some difficulty, for the

permanent dlpoles in the liquid state are certainly

associated, and it is doubtful what allowance ought to

be made for this In estimating the average dipole

moment near the ions. An effective dipole moment

has been calculated by the method used by $ebb. If

e is the dielectric constant, <A. the optical polaris-

abillty, and ^ the effective dipole moment, then
*21 . »vv

_ UTJJA ( / /-M
eel d - "J hferj
?l = molecular weight

d = density

k , Boltmaim's constant

T = absolute temperature

1 = no. of molecules per gram molecule

^ ~ ttim
= refractive index

hence x ^ ~ ^o)
In Table 8. the values used for the various

constants are shown*

where

where
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Table 8.
* 1 0'^ n * ' o~2 2 U.XI 0"*

E2O 0.814 3.35 1.46

CB-.0K
o

1.17 1.51 3 #24

C2F50h 1.37 1.04 5.04

n-CgF70H 1.47 O.Qld 6.91

lso-C4H90F 1.67 0.653 8.76

Table 9. gives the values of p for different values

of Krn according to Webb*s theory using these constants,

and Table 10. the distance from the ion at which has

the given values#

In figure 11. log p is plotted against T •

It can be seen that the values of p are almost ident-
-8"

ical at distances less than d x10 cms. At greater

distances the pressures are in the following order

ihjjO < cr3on < c2f5oe < n-c3r70H < iso-c4r9or

If the compressibilities were the sane, the

electrostrlction would be in that order. From the

values for the apparent molar volumes, the order

observed is

V.d0 < iso^C4f90r < n-C3h70P < C2F5OF < CF3OH .

This can be partly accounted for by considering

the compressibilities. In Table 11. the relative

volumes of these liquids at 10,000 atmospheres and d0°C
are given, the volume of water at 0°C. and 1 atmosphere

being unity#
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Table 9.

Values of p (megad^nes)

^rn l€4 A
5 *10"

r.

10° 6 * 105 106 2 xlO6 4 x 106

ndo 30 2 00 1.47 * 104 3.7 *104 1.15 * 105 3.9 * 1c5

cb3oii 0.97 K 2 356 1 *29 xlO4 3.1 *104 9.20x104 3.6 X 1C5

C>F-0H
4# o

1.10 62 306 1*22 x104 2 .9 *104 1.02 * 10 3.7 x 1C5

n-C3!'70k 1.75 12 595 1.18 <104 2.89*104 1.02 - 105 3.8 X 105

1so-C4f90e 1.53 74.5 497 1.16 *104 2.57"104 1.02 x 105 3.S X 105

Table 10.

Values of r (cms.;

It 104 5 *104 105 6 * io5 106 2 x 106 4 x 106
EoO 1.28*l67 5.80*108 4.25 xlO8 2.13 *108 1.71 xlO8 1.2.: xio8 9.02 x109

Gig OF 1.30*107 5.90<108 <t.47 *108 2.19xl08 1.75 *108 -8
1.27*10 9.08 xlb9

c.>r-or
4* KJ

1.31xl07 6.10*108 4.57 xl68 2.21X108 1.75 *10® 1.26*108 9.01 xio9

n-C3I;70F. 1.34*107 6.20*108 4.66 *108 2 ,21klO8 1.75*108 1.25 *108 8.94 id9

ISO-C4h9OH 1.33xlO7 6.21*108 4.68 *108 2»2lx108 1.75*10® 1.25'lO8 8.92 x lb9
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Table 11.

V A v
Z\v

V

Bde 0.8027 0.1989 0.1986

CH30F 0.7696 0.2542 0.2483

C2BgGg 0.7671 0.2541 0.2488

n-C^OH 0.7958 0.2215 0.8177

i«o-C4H9OB 0.7802 0.2393 0*2347

The compressibilities of methyl and ethyl alcohols

for high pressures are considerably greater than that

of water, and the difference is sufficient to account

for the considerably greater electrostriction. The

otter alcohols have compressibilities between those of

water and methyl alcohol, but the order is not quite

identical with the order of the apparent molar volume

curves. It would appear that the main factor deter¬

mining the apparent volume is the compressibility of

the solvent, but possibly steric factors cause certain

divergences.

It has not been possible to complete the calcul¬

ation in most cases by introducing values for for

the corresponding values of p in equation (2). The

compressibilities of these alcohols at high pressures
have beer determined by Bridgman [Proc, hmer. Academy

of Arts and Sciences, 49, 3, (191,3)j but few reliable
measurements have been made at low pressures. Fere

considerable accuracy is necessary because, although
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the volume change is small it operates over a relative

large volume. Some trials with existing data showed

that the numerical calculations, apart from the other

uncertainties referred to above, were too liable to

error to be useful.
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Summary»

(1) The apparent molar volume of lithium chloride

has been measured In water, methyl, ethyl, normal and

Iso propyl, normal and iso butyl alcohols.

(2) The apparent molar volume Is greatest In water

and decreases In the other solvents In the following

order:-

> n-C4Hg0H 7 iso-C4H9OR > n-C^OE 7 iso-C^OH 7

CghgOh 7 CP3OH.
(3) An attempt has been made to calculate the change

In volume due to electrostrlctlon In certain of these

solvents. Due to lack of sufficiently accurate data

this has not been completed, but there are indications

that the change in apparent solar volume in the differ*

ent solvents Is due to differences of eleetrostrictlon*

(4) When the apparent raol-r volume is plotted against

the square root of the concentration, straight lines

are obtained in each case up to ^ ^1.5. It thus

appears that the square root law established for

aqueous solutions Is valid also In these alcoholic

solvents,

In conclusion, I wish to thank Dr. J. A. V. Butler

for his many helpful suggestions and deep interest in

this work.


