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XXXIII. -The Velocity of Ionisation at Low 
Temperatures. 

By ALEXANDER ROBERT NORMAND. 

IT is known that ionisation proceeds very rapidly at Inc ordinary 
temperature, but no direct estimation of the velocity of ionisation 
bas as yet been attempted. 

As most chemical processes are greatly retarded at low tempera- 
tures, it was suggested to the author by Professor Walker that it 
might be possible to observe and measure the velocity of ionisation 
by a method the principle of which is as follows: 

A solution of a salt in ethyl alcohol is kept in a bath at about 
-100° until its temperature and its conductivity become constant. 
An equal quantity of the solvent, cooled to the same temperature, 
is then quickly added to the solution, and the whole well stirred. 
The conductivity is read off at intervals. 

If the additional ionisation due to dilution proceeded slowly 
enough at this low temperature the conductivity of the diluted 
solution would, immediately after mixing, be half the conductivity 
of the original solution, and would then gradually rise to the 
value of the conductivity of the solution at half the original con- 
centration; and from a curve showing the variation of the conduc- 
tivity with time, a measurement of the velocity of ionisation would 
be possible. As a result of the work it was found that at - 98° 
and even at -118° ionisation is complete in less than three minutes, 
and from a study of the time -curves it is probable that ionisation 
is completed within one minute at the lower of these temperatures. 

Since there is a difference in temperature of 130° between - 118° 
and ordinary room temperature, and if we assume from the rule 
that a rise of 10° doubles the velocity of a reaction, it follows 
that at the ordinary temperature ionisation is completed in 
(1 minute)/213, or in something less than 1/100th of a second. In 
all probability this estimate of the velocity is much too low, since 
the effect of 1° change in temperature becomes greater as the 
temperature diminishes. 

EXPERIMENTAL. 

I. A Simple Low -temperature Bath. 

Most of the thermostats designed for low temperatures have 
pentane as the bath- liquid, the cooling being carried out by means 
of the evaporation of liquid air in a coil immersed in the pentane. 
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These all require very close attention, and besides being expensive 
do not give a constant temperature. 

It was necessary for the purpose of this research to construct a 
thermostat which should give a temperature of about -100° 
constant to a degree. It was thought that the use of a pure liquid 
and the corresponding solid might satisfy the required conditions. 
Methyl alcohol freezes at - 97.80, a temperature near enough to 
-100° for the purpose. 

The apparatus employed consisted of a small, silvered vacuum 
flask of 3'5 cm. internal diameter and 15 cm. in depth, and a 
hollow, pointed glass rod used as a stirrer. The methyl alcohol 
filled the vacuum flask to within 2'5 cm. of its brim. The liquid 
air was siphoned over into the alcohol in successive small quanti- 
ties, and, being denser than the alcohol, evaporated in the body of 
the alcohol whilst sinking in it. The cooling thus proceeded rapidly 
until solid formed, which was denser than the liquid and sank 
in it. When the freezing point was nearly reached a solid cake 
was formed at the surface after every addition of liquid air. This 
was broken and pushed down into the liquid by means of the rod. 
By repeating this process until a fairly large quantity of the solid 
was formed, and stirring the mixture of solid and liquid, the bath 
was ready for use. The addition of small quantities of liquid air 
from time to time and occasional stirring maintained the tempera- 
ture nearly constant. 

After a little experience in its use this arrangement was found 
to be very satisfactory. In different experiments the limits of 
temperature as registered by a pentane thermometer (with 5 cm. 
of the pentane column above the level of the bath) were: 

I. -97.5 and -98.9 for 120 minutes. 
II. -97.3 -98.1 100 

III. -97.0 -97-8 180 
IV. -97.5 -98-4 200 

The cold methyl alcohol, on keeping for some hours, absorbs 
water from the air, with consequent lowering of the equilibrium 
temperature, which is no longer so easy to maintain constant. It 
is advisable, therefore, to use fresh alcohol for each experiment, 
or to allow the vacuum flask to attain room -temperature in a bell - 
jar desiccator. 

Ethyl alcohol (f. p. - 117'6 °) was also used as a thermostat 
liquid; it is, however, not so useful, as near its freezing point it 
becomes very viscous and is difficult to stir. 

Other liquids with different freezing points may be used in a 
similar way. 
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II. Variation of Conductivity with Temperature. 

Advantage was taken of the conductivity apparatus described 
in the next section to obtain a curve showing the variation of con- 
ductivity with temperature of a solution of potassium iodide (1'055 
grams) in ethyl alcohol (100 grams) between the limits -100° and 
+ 25 °. 

Three test -tubes (15 cm. x 1'2 cm.) were used, two of these being 
arranged as electrolytic cells; in the third was placed the pentane 
thermometer previously mentioned and a quantity of solution. 
The three test -tubes were arranged symmetrically in a vacuum 
flask, the thermostat arrangement being that previously described. 
It was found that the time required for the contents of the vacuum 
vessel to rise in temperature from -100° to +5° was about 
eighteen hours, and it was assumed that the pentane thermometer 
immersed in. tube 3 gave at any moment a fairly accurate approxi- 
mation to the temperature of the solutions in the other two tubes. 

Alongside the three tubes was placed a stoppered graduated tube 
of ordinary 5 mm. glass tubing containing a quantity of solution. 
The volume -readings of this tube were taken as giving the volume 
of the solution at successive temperatures. 

The specific conductivity of the solvent alcohol was 0'86 x 10 -e 
at 25 °. At temperatures from -100° to - 80° the alcohol with 
the apparatus used gave no measurable conductivity, and is thus 
negligible in comparison with the specific conductivities found for 
the potassium iodide solution at the various temperatures. 

The figures obtained were : 

Tempera- Specific 
ture. conductivity. Volume. 

Tempera- Specific 
tune. conductivity. Volume. - 101.0° 25.9 x 10 -" - -43.5° 261.7 x 10 ' 63.5 

-95.0 32.7 61.0 -37.9 311.0 64.0 
-S9.5 42.5 61-5 -30.1 386.8 64.5 - 84.1 55.0 62.0 -23.0 469.3 65-0 - 79.9 67.1 62-0 -19-0 521.4 65.0 
-74-2 85.9 62.5 -15.2 571.6 65.0 

70.0 101.6 02.5 -10.0 648.3 65.0 
-625 136.5 63.0 -4.0 746-9 65.5 
-60-5 147.7 63.0 +0.1 827-0 66.0 
-55-2 178-9 63.5 +8.8 981.9 66.2 
-49.2 219.3 63.5 +24.9 1288.0 - 

From these the following values for a solution of 1 gram of 
potassium iodide in 100 grams of alcohol have been calculated: 

Tempera- 
ture. 

Specific 
conductivity. Volume. 

Tempera- Specific 
ture, conductivity. Volume. 

-100° 25.7 x 10-" 60.7 -40° 277 x 10-" 63.9 
-90 39.5 61.3 -30 367 64.4 
-80 64 61.8 - 20 483 649 
-70 97 62.3 -10 614 655 
-60 143 62.9 0 778 66.0 
-50 204 63-4 +25 1223 67.8 
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It is noticeable that the temperature- coefficient of the conduc- 
tivity is considerably greater at the lower than at the higher 
temperatures. 

III. Velocity of Ionisation. 

A solution of potassium iodide in ethyl 'Alcohol was chosen 
because ethyl alcohol freezes ht a lower temperature than methyl 
alcohol, the bath liquid, and because the variation of molecular 
conduëtivity (and therefore of ionisation) on doubling the dilution 
is favourable, potassium iodide being about half ionised in ethyl - 
alcoholic solution nearly saturated at -100 °. 

It was necessary to operate with a solution which should remain 
unsaturated at the temperature of freezing methyl alcohol. A 
saturated solution of potassium iodide in absolute alcohol was 
therefore prepared at this temperature and its concentration deter- 
mined. The results obtained were as follows: 

I. 100 grams of alcohol dissolved 1.134 grams of.pcàtassinm iodide 'at -98° 
II. 1.142 ,> 

III. 1.139 ,, 

Mean I.138 

A solution of 1'O55 grams of potassium iodide in 100 grams of 
alcohol was then prepared, which corresponds approximately with 
a 2V/20- solution at room temperature. 

It was necessary to construct a cell which should permit of the 
addition of the pure solvent, maintained at the temperature of 
the bath, to the solution, and of mixing the resulting solution as 
rapidly as possible. 

The form of cell finally adopted is shown in the figure. The 
electrodes and solution were placed in A and an equal volume of 
solvent in B. The apparatus was then placed in the thermostat 
(a bath of freezing methyl alcohol). When the conductivity of 
the solution in A reached a constant value, the solvent in B was 
blown over into A. The pipette C was added to ensure that as 
far as possible only cold air should come in contact with the 
solutions. Mixing was carried out by raising and lowering the 
electrode piece, which was provided with a bulb that nearly fitted 
the tube A, 

The conductivities were determined by a modification of the 
rotating commutator method described by Whetham (Phil. Tran.., 
1900, [A], 194, 330). It was found that at low temperatures the 
most satisfactory results were obtained when the electrodes were 
platinised and then "greyed " by heating to redness for a short 
time. The galvanometer used was a unipivot dial instrument, 
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which was found to be very suitable for the rapid determination 
of a changing conductivity. 

The results at first obtained from both forms of cell seemed to 
show that ionisation was proceeding with measurable slowness, but 
this was afterwards found to be the result of imperfect mixing, the 
increase of conductivity which was observed being probably due 
to the alteration in the concentration of the solution around the 
electrodes. Ethyl alcohol and solutions made from it become 
viscous at temperatures below - 90 °. Much stirring was therefore 
needed to produce a homogeneous 
solution when the alcohol was 
added to the potassium iodide 
solution. Sufficient stirring (100 
strokes) could, however, be com- 
pleted in less than a minute. 

Blank experiments showed that 
the temporary disturbance caused 
by mixing and stirring -in the 
case of the cell described an in- 
crease of the conductivity, which 
then diminished to the constant 
value -disappeared in two or at 
most three minutes from the 
time the operation of mixing and 
stirring commenced. 

Apart from this temporary dis- 
turbance, no indication could be 
observed that any change of con- 
ductivity, which could be attri- 
buted to a gradual increase of 
ionisation, was proceeding in the 
diluted solution; for example, 
the conductivity in one instance Á á C 

- 1 from the original reading of 
185 to 111'5 within one minute of the time of dilution with an 
equal volume of alcohol, remaining thereafter constant at 110'5. 
There was thus no indication of " a fall to 185 +2=92'5 due to 
mere dilution, and a subsequent increase to 110'5 due to increased 
ionisation. 

The experiment was repeated at the temperature of freezing 
ethyl alcohol, namely, - 117'6 °, the solvent in this case being an 
equimolecular mixture of methyl and ethyl alcohols. 

The solution used was an approximately 1 per cent. solution of 
potassium iodide in the above alcohol mixture. Here also an 
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exactly similar result was obtained, the conductivity obtained on 
dilution remaining constant apart from the initial temporary 
disturbance. 

The equimolecular mixture of ethyl and methyl alcohol behaves 
like a glass, having no definite freezing point. If a test -tube con- 
taining the mixture of alcohols is immersed in liquid air the volume 
is seen to diminish most markedly; at about -130° the mixture 
becomes very viscous, and at about -150° it is a hard solid which 
adheres to glass. On further cooling the volume continues to 
diminish noticeably, and unless the test -tube is cooled by very 
gradual immersion in the liquid air the whole mass cracks violently 
into small fragments. 

The author has to thank Professor Walker, not only for the 
line of inquiry suggested; but for advice and encouragement 
received during the progress of the work, which was carried out 
in the Chemistry Department of the University of Edinburgh. 
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The Boiling Points of Solutions in Methyl Alcohol under Reduced 

Pressure. 

By Alexander Robert Normand. 

1. Ghosh (J.C.S., Trans.,918, 113,449; 113,627; 113,707) 

describes a new theory of solution. For a solution in methyl 

alcohol of a substance like potassium iodide which dissociates 

into two ions 

KI =K. +I/ 

Ghosh's theory gives a satisfactory relationship between the 

molecular conductivity at any one dilution and the molecular 

conductivity at any other dilutions, as the following figures show: 

Solute KI; solvent CH3OH; temperature 25 °C. 

, 

V 8 

(Cart 
-ara) µv-Obs. 

µV cale' 
1J, calc 3.7 

16 

67.4 

® 

32 64 

73.8 79.5 

75.3 80.3 

75.7 80- . 5 -- 

128 

84.5 

84.5 

84. 5 

256 

88.5 

88.0 

18%8, 

512 1024 

91.0 

90.8 

92.2 

DO 

- 102.8 

90. 6, 92.7 101.8 - -- - 

The calculated results are based on the conductivity figure 

for e =128. See p.6. 

Ghosh quotes equally good results for NaI, NaBr, NaC1 

dissolved in methyl alcohol. (J.c,,) Trans.) 113, (,)29) 

2. But when the theory is applied to the corresponding 

conductivity results for tetraethylammonium iodide dissolved in 

methyl alcohol, the theory seems to break down. 

Solute NEt4I; solvent CH3011; temperature 25°C. 

V 641 -128 256 

(Wakeh) f.l,vobs 83.8 92.2 99.3 

talc. 87.8 92.2 95.8 

512 1024 2048 ao 

104.0 108.5 

1 

98.8 101.2 

The calculated results are based on the conductivity figures 

for v = 128 on the assumption that NEt4I dissociates according to 

Results a-s Ghosh J, C. S Tra-ns. 19 1 $ 113 G2-9 
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NEt4I = NEt4 + I/. 

3. When however the assumption is made that tetraethyl- 

ammonium iodide is associated in solution and that ionic 

dissociation takes place according to 

(NEt4I)2 = 2NEt4 + I2 

i.e. a double molecule giving at infinite dilution three free 

ions, a case mechanically similar to 

SrI2= Sr- +21', 
Ghosh's theory gives the following figures: 

A. Solute SrI2; solvent CH3OH; temperature 25°C. 

V 64 128 256 512 

(CA"-rara.) VA,J obs. 115.3 128.6 141.4 153.5 

IA, calcf 114.6 128.6 141..0. 151.2 200.4 

1-k^, calc. 115.0 128.6 140. 150.9 197.9 

The calculated results are based on the conductivity figure 

for v = 128. See p.7 

B. Solute NEt4I; solvent CH3OH; temperature 25°C. 

V 

(Waldn) slobs. 

1.,ca1c. 

)- obs. 

t 1 t ! f 

64 128 256 512 1024 

83.8 92.2 99.3 104.0 108.5 

84.3 92.2 99.0 104.6 109.4 

82.1 91.1 98.0 103.6 108.6 

F,rcalc. 83.1 : a 91.11 97.71104.01108.9; 130 ) T. 113, 630. 

The calculated results are based on the conductivity 

figures for v= 128 on the assumption that the dissociation takes 

place according to 

,_ 

124 

129.8 

) Quoted by 
) Ghosh. J.C.S. 

(NEt4I ) = 2NEt4 + I2 
(See p. 7. ) 

4. On applying this theory to the conductivity figures 

available for tetramethylammonium iodide, which is very slightly 

soluble in methyl alcohol, almost equally satisfactory results 

are obtained if the assumption is made that here also dissociation 
- 

* 2esatFs as ccxtculat-ea by c{,osh .T,C. S T-o-ns.) 19 g, ii3 629. 
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takes place according to 

(NMe4I)2 = 2NMe4 + I; . 

Solute NMe4I; solvent CH3OH; temperature 25 C. 

V 32 64 128 256 512 1024 2048 s. 

Cari^ a ) obs. (67. 5)81.4 1 9..3 97.4 .03.4 106.5 110.6 } ... 

v.calc. 
í 

74.2 83.0 90.8 97.41103.0 107.71111.6127.7 

The calculated results are based on the conductivity figure 

for v = 256. See p.7. 

5. The calculated and observed figures for tetraethyl - 

ammonium iodide and for tetramethylammonium iodide show close 

agreement when this assumption is made as to the association 

and dissociation of these substituted ammonium compounds 

dissolved in methyl alcohol. But the correctness of this 

assumption seems to be fundamental. It was suggested to the 

writer by Professor Sir James Walker that it would be useful 

to investigate, at 25°C. if possible, some property other 

than conductivity, of methyl alcohol solutions of potassium 

iodide and tetraethylammonium iodide, which depends on the numbe 

of free ions present in the solution. It was decided to 

investigate the boiling points at 25 °C. of solutions of these 

substances in methyl alcohol. 
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Sketch of Ghosh's Theory and Conclusions drawn therefrom. 

6. The fundamental assumption ruade is - "In solutions of 

strong electrolytes only ions are presentli and the attractive 

forces between ions are governed only by the physical laws of 

electrostatic attraction ". Such a salt solution is analogous 

to a gaseous system, the electrical attraction between oppositely 

charged ions corresponding to the molecular forces in an imperfect 

gas. Due to this attraction a field of force exists in the 

interior of a salt solution, the potentie1 of which may be repre- 

sented by A, i.e. A is the work done when the ions constituting 

a gram molecule go beyond one another's sphere of attraction. 

Only those ions can escape from the electrical field inside the 

solution which have a kinetic energy greater than the work to 

be donenand these ions must therefore have a velocity greater 

than the critical velocity vol where vo is defined thus: 

imvo2 = A /uN, where m is the mean mass of the ions present and 

A /nN is the work to be done by each ion (n is the number of ions 

into which the molecule dissociates and N is Avogadro's number.) 

Byanaloey with gaseous systems, if V' is the most probable speed 

of an ion, the fraction of the total number of ions having a 

speed greater than vo is e If c is the square root of 

the mean of the squares of the speeds, c2 = 3,-V'2 ; thus the 

fraction becomes 

e 
Z/3 ez 

_ e _ 2 N Nrri o2/ -1g 2 r Nhi C 

= e 

The total number of ions is nll , hence the number of free ions 

nli_a/Rr i ,e 
7. As Ohm's law holds in the case of electrolytes, it 

follows that during electrolytic conduction no energy is lost in 

overcoming the forces of electrical attraction; therefore only 

those ions can take part in the conduction of electricity which on 

account of their kinetic energy can overcome the forces of mutual 
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attraction. Hence the number of free conducting ions in a 

_A 
gram molecule is n.Ne hrz' where Ai is the work at the 

dilution considered. The molecular conductivity is proportional 

to el_Ne-A/nRre At infinite dilution A _ . Therefore 

I- pc, 
_ N 

-A /nRr 
= 

A 
Hence A - ke RT in µ 

8. To obtain a numerical relationship it is necessary 

to calculate the value of A . For this purpose Ghosh makes 

the further assumptions that the arrangements of the ions of a 

salt in solution is (1) definite, regular and geometric, and 

(2) analogous to the arrangement of its atoms in the crystalline 

form of the salt, as discovered by Bragg in his X ray method 

of examination. Also, if we consider each molecule as a 

separate entity and sum up the results, we finally arrive at 

the result given below: 

The work required to separate the component ions of 

a molecule may be regarded as the electrical work done in 

removing the ions from their fixed mean positions to an infinite 

distance apart, e.g. the work done in separating the potassium 

ion from the iodide ion in a solution of a binary salt like 

potassium iodide is E2 /Dr. , where E is the charge on the ion, 

D the dielectric constant of the solvent, and r the distance 

between the oppositely charged ions at the dilution considered. 

Similarly the work required to separate the ions of barium chloride 

Cl/ Ba'- C1` is 3 EYDr because the removal of the first chlorine 

ion involves E2 /Dr, of the second, 2E2 /Dr, 

9. The value of r is obtained by using the assumption 
already mentioned. In solutions of potassium iodide, for 

example, it is assumed that the sets of points corresponding to 

the mean positions of the ions form a cubic space lattice. As 

there are 2217 ions in a gram molecule, the total volume occupied 

is 2Nr3= V . Therefore A _ lE ?^%2N 
D. V 

= 2RT In - - ergs. (1) 
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10. For a solution of a substance like barium chloride, 

on the analogy of fluorspar as worked out by ragg, the unit 

cube r3 is associated with half an ion of barium. The chlorine 

ions are in the centres of these cubes; hence the distance 

between the barium ion and the chlorine ion is 2r; r as before 

is defined by 21Vr3 = V . Hence the electrical work required to 

separate the components of a gram molecule of barium chloride is 

A 3 NF? 22N 
,/3. /V 

3 RT 1n 
1-4 

J ergs (2) 

11. Application of these relations to Calculation. 

Consider 

I. a solution of potassium iodide in methyl alcohol at 25 °C. 

Equation (1) may be written (in C.G.S. units) 

218/ ln °= 
µ 

NEV 
v 2RTD 

. ---1 -- . Vis the volume expressed In V;(res) 
,1000 Y 

Here N (Avogadro °s number) = 6.16 x 1023 

E = 4.7 x 10 -1° (E.S.U.) 

D = 31 

Hence ln.L.V = 0.9399 x 
4/V v 

Therefore log = x 0.9399 x 

µv 2.3026 a/V- 

= 0.4083 x 

(3) 

Therefore lo flog 

whence we obtain 

= 1.6109 - ? lo V 3 g 

--- -- - 
2 2 3 log log 

v 
= 1.4689 log ̀  = 1oó t - 0.2944 

4 1.4102 .2571 

8 1.3099 .2041 

16 1. 2095 .1620 

32 1.1092 .1286 

64 1.0088 .1021 

128 .9085 .0810 

256 2.8082 .0643 

512 2.7078 .0510 

1024 i.6075 .0405 

2048 2.5071 .0322 
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II. a solution of strontium iodide in methyl alcohol at 25 °C. 

Equation (2) may be written (in C.C.S. units) 

ln Z-0° - 3NF222N i 
(Vis the volume expressed 

µv 3RT D.N/3 ,000ir 
= 2.171 X 

Therefore log E= = 0.9428 x 
T 

Therefore log lop. µ = 1.9745 - 31og Y , o 
v 

whence we obtain 

}A4) 
53 113g log = 

IA v 
1.7322 log 

4 1.7738 

8 1.6735 

16 1.5731 

32 1. 47 28 

64 1.3724 

128 1 272.1 

256 1.1718 

512 1.0714 

1024 2.9711 

2048 2.8707 ¡ 

v 
= log100 - 

(4) 

0.5398 

.5940 

.4715 

.3742 

.2970 

.2358 

.1872 

.1486 

.1179 

.0936 

.0742 

From these tables the figures given on pages 1, 2 and 3 

are calculated. 

12. It may be here noted that the value of ln E in equations 
(1) and (2) (pp. S and e ) depends not at all on the substanee 

dissolved so long as it is of the type of KI or NaC1 but only 

on the solvent and on the temperature, as equation (1) reduces to 

equation (3), viz., 

µ k ln - 

Fly- 

where k is a constant independent of the nature of the substance 

(assayed, so long as the substance dissolved has the sameuspace 
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lattice ". A similar statement holds good for all substances of 

the type of SrI2 or (NEt4I)2. 

13. The application of this theory to the relationship 

between the electrical conductivity and the osmotic pressure of 

a solution is given by Ghosh in J.C.S., Trans.,1918, 113, 707. 

xmcpz He uses Clausius' theorem (Phil. Mae., 1870, (iv) , 40, 122.) 

which takes into account the forces of molecular attraction, 

here electrical attraction between the ions, 

PV = 3 Kinetic Energy -3 Virial. 

The virial here is A and it has already been shown that at may 

dilution V 

g = n RTln µ°° 

Thus PV _ . Kinetic Energy - 11 
nRT - 3 nRTln µ 
7tRT(1 3 In µ°°) 

-31RT(1 - 3 In : 

) 

Hence Z = n (1 - In 
oc 

as compared 

) where i is van 'E HoFF's conskantl 

with the relation derived from Arrhenius' theory 

i = 1 + (n - 1)cK. 

14. The elevation of the boiling points of solutions of 

known concentration of potassium iodide and of tetraethylammonium 

iodide, or of substances of these 

25 °C. can thus be calculated from 

for methyl alcohol at 25 °C. which 

data or by direct experiment, and 

the cOtaktration required. The 

value of ln as Z = m(1 

types, in methyl alcohol at 

(1) the ebullioscopic constant 

may be obtained from physical 

(2) from the value of i for 

value of i depends on the 

in ) and the value of 
FLU- 

ln 
µv 

depends only on the nature and temperature 

and on the type of the solute. 

of the solvent 

15. The molecular elevation K per 1000 grams of solvent 

methyl alcohol may be calculated thus: 
K = R 2 

/1000 A ( 5 ) 
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where A is the latent heat per gran of solvent: 7: is also 

related to other data by the equation 

ldp L MA 

p dT RT2 RT2 
(6) 

where L is the molecular latent heat. From (5) and (6) the 

following relation i obtained: 

M dT 
K = , 

1000 dp 
(7) 

The latent heat of methyl alcohol is given by 

Ramsay and Young (Landolt-- Börnstein, 4th edn., p. 840) as 

289 at 0 °C. and as 274 at 50 °C. The value at 25 °C may be taken 

as 282. From equation (5) 

2 x (299 )2 
K 

1000 x 282 

= 0.63 

The value of K may also be obtained from equation 

(7). From Ramsay and Young's values for the vapour pressure 

of methyl alcohol (Landolt ®Börnstein, 4th edn., p. 385) the 

vapour pressure of methyl alcohol at 25 °C is 124 mm. and 

dT /dp = 0.156 °C per mm. 

32 
Hence K = x 0.156 x 124 

1000 

= 0.62 

We shall assume that K = 0.63. 

16. Calculation for the value of i for potassium iodide, 

or similar substance, in methyl alcohol solution at 25 °C at 

the dilutions V = 16,V = 8, V = 4, V = 2i. 

From the relation i = i+- (1 
3 

ln 
f v 

) the following 

results are obtained: 

V = 16. = 

= 

2(1 

2(1 

- 
3 
ln ) 

2.3026 x 0.1620) See p.6- ® 
3 



l0 . 

= 

= 

2(1 

1.75. 

- 0.1244) 

V = 8. 7, = 2(1 2'3 x 0.2041) - 

= 2(1 - 0.1566) 

= 1.69. 

V = 4. Z = 2(1 2 3Q x 0.2571) - 
3 

= 2(1 - 0.1973) 

P = 2 

= 1.61. 

r2 

3 L = 2(1 - -----m x 0.2944) 
2.3026 

3 

2(1 - 0.2259) 

= 1.55 

17. If Ghosh's assumption as to the dissociation of 
t etraethylammonium iodide is accepted, viz., 

(NEt4I)2 = 2NEt4 + I2 

we must assume for the molecular weight of tetraethylammonium 

iodide, not 257 but 514, whence the dilutions usually given as 

16, 8, 4, 23, must be taken as 32, 16, 8, b, respectively. 
Also the conductivity data usually given, viz., 

V 64 128 256 512 1024 

µyobs. 83.8 92.2 99.3 104.0 108.5 

must be written 

These figures do not take account of the viscosity of the 
solutions: it is known that 0744.. is a better value for at 
in the equation i = n (1 - 3 in l /a) than /4µte. But the 
viscosity data for solutions in methyl alcohol are not yet 
available. The difference however is probably not great enough 
to show in the boiling point figures. In the case of a water 
solution of potassium iodide at 18 °C. the following are the 
figures: 

V 

v óbs : 

2 

199: 3 

5 

_ 
1111110 

10 

11i: 9 

20 0.0 

116.7 133.8 
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V 128 256 512 1024 2048 

1"l,v 
obs. 167. 6 184. 4 

1 

198. 6 208.0 217.0 

Whence from the value of 
µi, 

for V = 256 we obtain (p. 7) 

V 5, l 8 16 32 64 128 256 512 1024 2048 

pv calc.1 74.9 187.7i109.6;131.0 150.9 168.7 184.4 1197.91209.2 1218.1 

Calculation of the value of for tetraethylammonium iodide 

or substance of similar type in methyl alcohol solution at 25°C. 

at dilutions ordinarily stated as V = 16, 8, 4, 2i, i.e. on 

the assumption made, V = 32, 16, 8, 53. 

From the relation 

i = t(1 - 
3 

ln i M 
or = n(1 - ln /oo/µv) 

the following results are obtained: 

V = 32 

V = 16 

V = 8 

ì = 3( l - 2.302L x 0.2970) 
3 

= 3(1 - 0.2312) 

= 2.31 

= 3(1 _ 23026 x 0.3742) 
3 

= 3(1 - 0.2912) 

= 2.13 

Z - 3(1 - 
2. 3026 x 0.4715) 

3 

= 3(1 - 0.3669) 

= 1.90 

V = 5l Z. = 3(1 ® 2.3026 
x 0.5398) 

3 

= 3(1 ® 0.4201) 

= 1.74 

18. The normal ebullioscopic constant for methyl alcohol 

solutions at 25°C. being taken as 0.63 the ebullioscopic constant 

for solutions of substances of the type of KI would be for 
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V = 16 T{ = 0.63 x 1.75 = 1.10 

= 8 2: = .63 x 1.69 = 1.06 

= 4 K = .63 x 1.61 = 1.01 

= 
23 g = .63x 1.55 = .98 

The ebullioscopic constant for solutions of substances 

of the type of tetraethylammonium iodide would be for 

V = 32 .g 

= 16 . 
= 8 

= 51 1: 

= 0.63X2.31 = 1.46 

= .63 x 2.13 = 1.34 

= .63 x 1.90 = 1.20 

= .63 x 1.74 = 1.10 

19. Solutions of potassium iodide asdxt§8xtuás.:tuä ïummuufumx 

xtgaiduxof approximately these strengths may be made by taking 

1000 cc. of methyl alcohol and adding the followinz weights of 

potassium iodide: for V = 16, 166/16 or 10.4 grams, for V = 8, 

20.8 grams, for V = 4, 41.6 grams and for V = 3, 62.2 grams; 

or, if 25 cc. of alcohol be taken, 0.26, 0.52, 1.04, 1.56 grams 

of potassium iodide respectively must be added: for 25 cc. of 

alcohol the following weights of tetraethylammonium iodide 

must be added to give solutions of the concentrations represented 

by V = 32, 16, 8, 5i respectively: 0.40, 0.80, 1.61, 2.41 grams. 

The actual elevations of boiling point in these cases 

should be 

(1) Potassium iodide. 
-1 

cc. methyl gms. methyl gms. KI Kper 1000 L1T 

alcohol alcohol 

25 19.83 0.26 

25 19.83 0.52 

25 19.83 1.04 

25 19.83 1.56 

(2) Tetraethylammonium iodide. 

gms. (talc.) cale. 

1.10 0.087°C. 

1.06 0.167 °C 

1.01 0.319 °C 

0.98 0.464 °C 
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(2) Tetraethylammonium iodide. 

cc. methyl gins. methyl gms. g per 1000 AT 

alcohol 

25 

25 

25 

25 

alcohol (NEt4I)2 gins. (cale.) 

19.83 0.40 1.46 

19.83 0.80 1.34 

19.83 1.61 1.20 

19.83 2.41 1.10 

talc. 

0.057 °C. 

0.105 

0.190 

0.260 

Note. A saturated solution of tetraethylammonium iodide 

contains 2.782 grams in 19.83 grams of ethyl alcohol at 25 °C. 

A solution of tetraethylammonium iodide which is strictly 

of the concentration V = 5 1/3 contains 514 grams in 5 1/3 litres 

of solution whereas the solution containing 2.41 ;rams per 25 cc. 

methyl alcohol contains 514 grams in 5 1/3 litres methyl alcohol 

or 514 grams in about 5800 cc. Hence V = 5 4/5 approximately, 

whence K becomes greater than 1.10 but less than 1.20 the figure 

for V = 8, so that the T observed for this solution should be 

greater than 0.260 °C but less than 0.280°C. 

Summary from Theory. 

Elevations of Boiling Point calculated for solutions in Methyl 

Alcohol at 25 °C. 

1. KI 

V 16 8 8 4 24 
K 1.10 1.06 1.01 0.98 

AT 0.087° 0.167° 0.319° 0.464° 

2. (NEt4I)2 

V 32 16 8 5 1/3 

AT 
1.46 

0.057° 
1.34 

0.105° 
1.20 

0.190° 
1.10 

0.260° 

3. Acetanilide.(acetanilide was chosen as a normal substance) 

V 16 8 4 2 2/3 
K 0.63 0.63 0.63 0.63 

LT 0.049° 0.099° 0.198° 0.297° 

It is also important to note thatthe figures given 
above for KI should apply equally exactly for sodium chloride, etc.; 
and that the figures for tetraethylammonium iodide should apply 

equally to solutions of barium chloride, strontium iodide, tetra - 

methylammonium iodide and tetrapropylammonium iodide, if these 

Iwo last mentioned substances dissociate in the same way as 
etraethylammonlium io e. 
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19. It is shown in the preceding section that the increments 

of temperature expected for the solutions proposed are small, 

varying from 0.049 °C. to 0.464 °C. Acetanilide is freely soluble 

in methyl alcohol but the solubilities of potassium iodide, 

tetramethylammonium iodide and tetraethylámmonium iodide in 

methyl alcohol at 25 °C. are small; the solubility of tetrapropyl- 

ammonium iodide is considerably greater than that of the two 

other substituted ammonium iodides mentioned. 

Solvent, methyl alcohol. Temperature, 25 °C. 

Grams solute per 
Solute 100 grams of saturated solution 

KI 14.7 

NMe4I 0.48 

NEt 
4 
I 12.29 

NPr4I 56.42 

As As the solutions of potassium iodide and of tetraethyl - 

ammonium iodide proposed in paragraph 18 approach saturation, it 

was clear that other than small values of temperature increase 

could not be expected even for solutions as concentrated as 

practicable. Ïetramethyiarnmoniurn iodide is not suitable for use in boihytd 

Foint cceFe.rminations. 

21. In ordér to carry out boiling point determinations in 

methyl alcohol at 25°C. it is necessary to work at a pressure of 

123 or 124 mm. of mercury. The change of boiling point temperature 

corresponding to change of pressure (dT/dp) is for methyl alcohol, 

0.156 °C. per millimeter of mercury in the neighbourhood of the 

pressure 123 mm. A change of 1/20 mm. would thus produce a 

change of 0.008 °C. in the boiling point of methyl alcohol, or of 

a solution in methyl alcohol. 

Experimental. 

22. It was desirable that an apparatus should be devised 

which would give a pressure constant to 1/20 mm.; or if this 

could not be attained it was necessary that pressure 
changes of 
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1/20 mm. or over in the apparatus should be measured and corrected 

for. 

23. Various forms of apparatus suitable for maintaining a 

constant, or nearly constant pressure, lower than atmospheric 

pressure are described in the literature. Some of these are 

designed to give pressures independent of the atmospheric 

pressure, others maintain a pressure at a constant difference 

from atmospheric pressure. As a preliminary experiment with 

a rough form of apparatus showed that a determination for 

potassium iodide could be carried out in three hours, it was 

decided to construct a simple form of apparatus which would 

maintain a pressure at a constant difference from atmospheric 

pressure, and to use it when the barometer was in a fairly 

steady state. 

24 . Apparatus_ The apparatus adopted after a number of trials 

is shown in the sketch annexed. A slightly modified form of 

the common Beckmann electrically heated boiling point tube was 

constructed (A) , This was fitted with a condenserC,and a 

connection to the vacuum part of the apparatus. The part B 

was at first fitted with a holder for containing the weighed 

and numbered pellets and a glass piston sliding in ;J long stout 

rubber joint, by which the required pellets could be pushed 

over into the boiling methyl alcohol as required without disturbing 

the pressure conditions. But it was found that sometimes the 

movement of the piston in the rubber joint altered the amount 

of leak in the apparatus and changed the pressure slightly, so a 

Speyers, Journal of Physical Chemistry, (1898),1,766. 
Rose innes, J.C.S., Trans.,(1902),81,682. 
Drucker, Zeitschr.£physik. Chem.,(1910),74,612. 
Beckmann & Liesche, Zeitschr.f,plpik. Chem.,(1914),88,24. 
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simple form of a device mentioned in the paper of Speyers, 

Journal of Physical Chemistry, (1896); 1, 767, was employed. 

Mercury raised by a screw adjustment arrangement moves the piston 

and the pellets can be added as required. As this arrangement 

is slightly less easily controlled than the piston sliding in 

the rubber joint, it was found necessary to interpose between 

the lots of pellets to be added from time to time, pieces of 

glass tibing to prevent more than the required number of pellets 

going over into the alcohol. 

The thermometer used was graduated in l /10 :ths. The 

graduations were uniform and the bore of the tube was uniform 

but no attempt was made to compare the thermometer readings with 

those of a standard instrument as only increments of temperature 

were sought. The readings were taken by means of a reading 

microscope so adjusted that 1 /100ths of a degree could be read 

directly and l /1000ths estimated. 

The boiling tube was placed in a Dewar flask and the 

whole of this part of the apparatus was enclosed in a roughly 

made plate -glass case to exclude air currents. 

The vacuum part of the apparatus was constructed on 

the idea that a constant leak might be secured. A good water - 

air pump produced a vacuum at G; K was a mercury valve to keep 

back water vapour; air from the room was admitted by means of 

a long capillary tube dipping into mercury in the tube H. The 

air was filtered through cotton wool to prevent the capillary 

tube being choked by dust. The height of mercury required in 

the tube H was adjusted to the level required to give the desired 

pressure in the apparatus and a clamp on the rubber tubing 

connecting H with its reservoir kept this level constant. This 

arrangement took charge of all the leaks at the various joints 

of the apparatus but these were made as small as possible by the 

use of the usual rubber- vaseline mixture. 

The bottles F had a capacity of about 6 litres and 

acted as a reservoir to smooth any slight irregularities in 
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pressure caused by the bubbling of the indrawn air at H. The 

guage at E was a mercury gunge with a millimeter scale attached. 

To make possible accurate readings the lower meniscus was 

observed through a reading microscope by means of which alteratio 

of 1 /100 mm. of the meniscus could be read, i.e. 1/50 ram. of 

pressure. The barometer was read at short intervals and 

readings were taken to 1/20 mm. The difference between the 

barometer and the guage reading gave the pressure inside the 

apparatus. All that is required is that the pressure should 

not vary, or if it does vary slightly, the differences should be 

measured and allowed for in the observed boiling point 

temperatures. It required usually half an hour to secure a 

constant boiling point in the pure methyl alcohol after the 

started 
apparatus was : addition of the pellets was not made 

until half an hour of constant boiling had been completed. It 

should be noted that each result is liable to an error of 0.008°C, 

if the barometer reading is taken with an error of 1/20 mm. At 1 
IS The arrangement- for connecting LT the apparatu.S) 61101 for admitting air. 

25. Materials. The methyl alcohol used was obtained from 

a good commercial sample of specific gravity 0.794 at 15 °C. 

The alcohol was allowed to stand for four weeks over quicklime 

and was distilled from quicklime and metallic calcium. The 

resulting sample gave B.pt. (corrected) 64.8 ° - 65.0 °C.; 

pyknometer test D128o = 0.7907. The alcohol was kept in 
12.8 9 

a well stoppered bottle. It was added to the apparatus from a 

25 cc. pipette. The weight of alcohol delivered from this 

pipette was tested several times and the average weight was 

found to be 19.83 grams. 

The substances to be dissolved were made into pellets; 

These pellets were numbered and weighed. They were placed in 

the container B in the required order and were added to the 

boiling alcohol in the manner described. 

A pure specimen of potassium iodide was chosen. 

Kahlbaum's tetraethylammonium iodide was available and there was 
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also a specimen of Kahibaum's tetrapropylammonium iodide. 

A rough experiment gave for the molecular conductivity 

of solutions of tetrapropylammonium iodide in methyl alcohol 

at 25 °C. the following result: 

V 8 16 32 64 128 
1 
256 512 0. 

µV obs. 47.5 54.6 64.9 75.7 78.4 90.6 100.5 - 
c aic.43.5 54.4 64.9 74,8 83.6 91.4 98.1_1128.6 

i I l _ l 
I ; --- -1 

is calculated from the value at V = 32, by Ghosh's 

method, assuming dissociation to take place as in the cases of 

tetraethylammonium iodide and tetramethylammonium iodide. 

These figures seem to indicate that from the point of 

view of conductivity tetrapropylammonium iodide behaves similarly 

to tetraethylammonium iodide and tetramethylammonium iodide in 

that it dissociates as 

(NPrI) = 2NPr 4 + 
22 

As tetrapropylammonium iodide dissolves very readily in 

methyl alcohol it was decided to use this substance also in 

boiling point determinations. From Ghosh's theory the boiling 

point elevation figures for the same concentrations of tetra- 

ethylammonium iodide and tetrapropylammonium iodide should be 

exactly the same. (p. 13). 

26. In the data and calculations which follow no correction 

is made for alcohol present on the condenset, or adhering to 

the wall of the boiling tube, or as vapour. Jones (Ztschr. f. 

Physik. Chem.,(1899), 31,114) makes an estimate for this 

alcohol which is not truly part of the solution. Speyers 

(Journal of Physical Chemistry,(1898), 1, 766) also makes a 

correction for this. The effect of course would be to raise the 

value of K found, ana hence to valve of z 

27. Results. Acetanilide was chosen as a normal substance for 

the experimental determination of the ebullioscopic constant for 
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methylalcohol at 25 °C. This was one of the substances chosen 

by Jones (Ztschr. f. Physik. Chem.,31, 114) in his determination 

of the ebullioscopic constant of methyl alcohol at normal 

atmospheric pressure. 

In the following tables A refers to results obtained 

with the apparatus provided with the arrangement for adding the 

pellets of solute by a piston raised by mercury. B refers to 

results obtained with the apparatus where the pellets are 

added by a piston sliding in a rubber joint and moved by hand. 
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ACETANILIDE. 

Initial 
Conditions 
p T grams 

I 
grams T AT 

(mm.) (°C.) 
h 

CH3OH acetanilide 

122.05 24.910 
' 19.83 0.7310 0.169° 

A 123.6 25.200 

A 124.05 25.283 

A 

B 

B 

120.8 24.781 

19.83 

19.83 

19.83 

126.9 25.542 19.83 

121.1 24.730 19.83 

0.9802 .246 

1.9584 .456 

2.4439 .622 

0.4154 

0.8271 

1.2412 

0.4140 

0.8286 

1.2356 

1.6865 

0,4865 

0.9722 

1.2146 

1.9413 - 

2. 4306 

1.0075 

2.0050 

2.5113 

0.8851 

1.6879 

2.5020 

.099 

.203 

.299 

.099 

. 200 

.292 

.394 

.113 

. 227 

.262 

. 420 

. 529 

.228 

. 449 

.558 

. 206 

.372 

.538 

K per 1000 
gms. CH3OH 

.619 

.672 

.623 

.681 

Mean .649 

.644 

.657 

.645 

Mean .649 

.640 

.646 

.633 

.626 

Mean .638 

.623 

. 625 

.578 

.579 

.583 

Mean .598 

.606 

.600 

.593 

Mean .600 

.623 

.590 

.576 

Mean .596 
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The results (A) which are believed to be more accurate 

than the results (B) give for K the value 1(.649+ ,649 + .638 + 

.598) = .633 which agrees with the results obtained from 

theoretical considerations, as worked out on p. 9. The earlier 

results (B) give for K the value i(.600 + .596) = .60. The 

mean of the six results is .62. 

Speyers (Journal of Physical Chemistry, 1896, 1, 774) 

gives figures for the elevation of boiling point of solutions of 

acetanilide in methyl alcohol boiling at 25 °C. under reduced 

pressure. From his data the following calculation has been made 

grams 
CH3OH 

grams 
acetanilide 

1AT 

.084° 

.153 

.231 

.299 

.368 

K per 1000 
gms. CH3OH 

.767 

.770 

.795 

.771 

.779 

33.13 0.490 

0.888 

1.300 

1.735 

2.111 

Mean .776 



POTASSIUM IODIDE. 

22. 

Initial 
Conditions 

p 

(mm.) 

123.2 

A 125.45 

122.9 

B 122.8 

B 128.55 

B 123.85 

B 123.4 

B 123.5 

T 

o 
( C.) 

grams 

CH3OH 

grams NT 

KI. 

K per 1000 

gms. CH30H 

24.973 19.83 0.5175 .169° 1.08 

1.0341 .335 1.07 

1.5537 .461 0.977 

25.310 19.83 0.5173 .173 1.10 

1.2975 .400 1.02 

++ 

1.5567 1 .480 ' 1.02 

25.031 19.83 0.5179 I .182 1.16 

1.0375 .341 1.08 

1.5567 .517 1.09 

24.910 19.83 0.5268 ; .190 1.19 

1.0563 .386 1.20 

2.1267 ; .721 

25.695 19.83 0.5396 .147 0.897 

1.0860 .308 0.934 

1. 626 4 .455 0.922 

24.970 19.83 0.5202 .182 1.15 

1.0400 .355 1.12 

1.5601 .551 1.16 

24.901 19.83 1.5590 .562 1.19 

24.996 19.83 .5189 .185 1.17 

1.036 .343 1.09 

1.553 .524 1.11 

Earlier experiments with a simpler form of apparatus gave: 

19.85 -1- Ó.2612 

19.85 0.2638 

19.85 0.2736 

.088° 

.09 

.10 

1.11 

1.1 

1.2 

These three results give K = 1.1 for the dilution V = 16. 



TETRAETHYLAT TONIUM IODIDE. 

A 

A 

Initial 
Conditions 
p 

: 

T grams 
(mm.) ( °C.) CH3OH 

123.3 25.140 19.83 

123.8 25.112 19.83 

122.6 24.981 19.83 

grams 
NEt4I 

0.7978 

1.5949 

2.3924 

0.8007 

1.6037 

0.8031 

1.6048 

23. 

K per 1000 
gins. CH3OH 

.135° .862 

.258 .823 

(.397) (.845)* 

.139 .884 

.261 .829 

.149 

.258 

.945 

.819 

* Approximate value only; it is difficult to get this 

quantity of the salt into solution in a reasonable time. 

The values of K shown above are calculated in terms of the 
usual molecular formula of tetraethylammonium iodide, viz. 

N (C2H5 ) 4I . 
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TETRAPROPYLAP MONIt1M IODIDE. 

t 

Init.ial 
Conditions 

grams 
CH3OH 

grams 
NPr4I (min.) (°C.) 

K per 1000 
gns. CH3OH 

---p 

I 
25.231 " 19.83 0.9710 .136° 124.8 .869 

1.9433 .262 .837 

2.9128 .383 .816 

A 122.05 24.864 19.83 0.9705 .140 .895 

1.7014 .239 .872 

2.1857 .299 .849 

2.4292 (.317) (.810) 

A 120.7 24.600 19.83 0.9926 .153 .957 

1.9919 .270 .842 

2.9854 .395 .821 

A 123.8 25.050 19.83 0.9792 .154 .976 

1. 95 42 .286 .909 

2.9324 .379 .802 

B 122.7 24.923 19.83 0.9803 .153 .969 

1.9586 .283 .897 

2.9172 .386 .822 

B 124.9 25.270 19.83 0.9706 .169 1.11 

1.9409 .293 .937 

2.9133 .412 .878 

B 123.45 25.002 19.83 0.9701 .151 .966 

1.9421 .283 .905 

1:7'9084 i .433 i .924 

Doubtful value. 

The values of K shown above are calculated in terms of 

the usual molecular formula of tetrapropylammonium iodide, viz. 

N(C3H7)42. 
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28. Summary and Average of Results for Potassium Iodide. 

B 8 

i.e. gas. KI K obs. 
per 25 cc. 

0.52 

1.04 

1.56 

1.08 

1.10 

1.16 

Mean 1.11 

1.07 

1.02 

.1.08 

Mean 1.06 

0.977 

1.02 

1.09 

Mean 1.03 

0.52 1.19 

0.897 

1.15 

1.17 

Mean 1.10 

1.04 1.20 

0.934 

1.12 

1.09 

Mean 1.09 

1.56 0.922 

1.16 

1.19 

1.11 

Mean 1.10 

0.26 Mean 1.14" 

K (Ghosh's theory) 

1.06 

1.01 

0.98 

The values for V = 16 are given on p. 22. 

1.06 

1.01 

0.98 

1.10 
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Summary and Average of Results for Tetraethylammonium Iodide. 

i.e. gms. NEt4I 
per 25 cc. 

K obs. K (Ghosh's theory) 

A 8 0.80 .862 

.884 

.945 

Mean .897 .67 = z (1.34) 

A 4 1.61 .823 

.829 

.819 

Mean .824 .60 = 1-2O) 

A 23 2.41 (.845)* .55 = i(1.10) 

Approximate value only. 
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Summary and Average of Results for Tetrapropylammonium Iodide. 

'i.e. gms. NPr4I F K obs. 
per 25 cc. 

0.98 

4 . 1.96 

A 2 '2.94 

8 0.98 

4 1.96 

2.94 

.869 

.895 

.957 

.976 
Mean .924 

.837 

.872 

.849 

.842 

.909 
Mean .862 

.816 

.810 

.821 

.802 
Mean .812 

0.969 
1.1.1 

0.966 
Mean 1.015 

.897 

.937 

.905 
Mean .913 

K (Ghosh's theory) 

.67 = (1.34) 

.60 = i(1.20) 

.55 = *(1.10) 

.67 = i(1.34) 

.60 = i(1.20) 

.822 

.878 

.924 
Mean .874 

l 

I' 
.55 = i(1.10) 
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29, From the results marked A in the averages given in 

the preceding paragraph the following table has been constructe 

to show the values of i (van 't Hoff's constant) as obtained 

by boiling point determinations at 25 °C. for solutions in 

methyl alcohol of acetanilide, potassium iodide, tetraethyl- 

ammonium iodide and tetrapropylamonium iodide of the 

concentrations indicated by V = 16, V = 8, V = 4, V = 23 if 

if the usually accepted molecular formulae N(C2H54I and N(C3H7)4 : 

are employed. 
Values of Z. (2 = K - o63) 

I 

-- 

V KI NEt4I NP r4I Acetanilide 

16 (1.75) 

8 1.76 

4 1.68 

23 1.64 

1.43 1.47 

1.31 1.37 

(1.34) 1.29 

The following table has been constructed to show the 

comparison between the value of i as obtained from boiling 

point determinations at 25 °C. and as derived from conductivity 

results by Ghosh's theory and the assumption indicated by him 

as to the method of association and dissociation of tetraethyl - 

ammonium iodide and tetrapropylammonium iodide. 

KI (NEt4I)2 

obs. theory obs. theory 

32 ® 2.31 

16 2.85 2.13 

8 2.62 1.90 

5* (2.68) 1.74 

16 (1.75) 1.75 

8 1.76 1.69 

4 1.68 1.61 

1.64 1.55 

(NPr4I)2 Acetanilid 

obs. theory obs. 

- 2.31 

2.94 2.13 

2.74 1.90 

2.58 1.74 

theo 

1 
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30. Taking into account the limitations of the experimentz 
method, the results for acetanilide agree well with the figures 

deduced from theory. 

The figures for potassium iodide agree fairly well 

with those deduced from Ghosh's theory as to the relation 

between osmotic pressure and molecular conductivity. The value 

of i found by experiment are about 4% too high. 

KI Ratio of observed to calculated. 

V = 8: 1.76 : 1.69 = 1.04 

V = 4: 1.68 : 1.61 = 1.04 

V = 23: 1.64 : 1.55 = 1.06 

The figures for tetraethylammonium iodide and tetra - 

propylammonium iodide agree with each other but they do not 

agree with those deduced from Ghosh's theory and his assumption 

as to the dissociation of these salts. 

NEt4I Ratio of i observed to i calculated. 

V = 16: 2.85 : 2.13 = 1.34 

V = 8: 2.62 : 1.90 = 1.38 

NPr4I 

V = 16: 2.94 : 2.13 = 1.38 

V = 8: 2.74 : 1.90 = 1.44 

V = SL: 2.58 : 1.74 = 1.48 

31. Relation between /tv //- m and the degree of dissociation 
n! as calculated from the values of Z found by experiment. 
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30. 

c( from 

= 3(1 - 31nd 

diff. - ocfrom r 

Z =. 1 +(3 - 

f diff. 

i' 
1)d ! Ge- 

(.73) 

.68 

.86 

(.44 ) (.84) 

.34 .81 

.44 .93 

(.55) 

.47 

.51 

.29 .66 .37 .79 .50 

.34 .77 .43 .87 .53 

.42 .94 .52 .97 .55 

It appears that Ghosh's' formula, i = n(1 - 31n ) 

best fits the results for potassium iodide. For the substituted 

ammonium salts, the supposition that dissociation takes place 

thus: (NEt4I)2 = 2NEt4 + I , yields results which are very far 

out. If the assumption is made that dissociation takes place 

according to NEt4I = NEt4 + I, the following results are obtained: 

V 
µz, a" from 

'2=E(1- 31n¡) 

diff. 

d"-µv 
d°' Qrom 

ì =1+(2-1)0e" d"diff. 
/too 

2-1 .29 (.37) (.08) (.34) (.05) 

4 .34 .36 .02 .31 -.03 

8 .42 .43 .01 .43 .01 

23 .29 .34 .05 .29 0.0 

4 .34 .40 .06 .37 .03 

8 .42 .45 .03 .47 .05 

The supposition that the substituted ammonium salts 

dissociate like potassium iodide fits the boiling point 
results 

well. Arrhenius' formula, Z = 1 + (2 - 1)a fits the results 

apparently as well as Ghosh's formula, i = 2(1 -3 lnµ) 

32. If in Ghosh's equation i= n(1 - 31nF- µ-°), i C is used 
l) 

in place of -, the following values for C are obtained: 



KI. 

V = 8: 

31. 

i = 1.76 = 2(1 - in 
µv 

+ 31nC) 

= 1.69 + 31n C whence C = 1.11 

whence C = 1.11 

whence C = 1.14 

V=4: i=1.68 

V=23: i=1.64 

(NEt4I)2 

V = 16: 

V = 8: 

(NPr I)2 

i = 2.85 = 3(1 - 31n v + 31n C) 

whence C = 2.06 

= 2.62 whence C = 2.06 

V = 16: i = 2.94 

V - 8: i = 2.74 

V-53: i=2.58 

whence C = 2.25 

whence C == 2.32 

whence C = 2.32 

The constancy of the values of C is remarkable. At 

first sight this constant would seem to arise out of a resistance 

or viscosity factor neglected in Ghosh's theory, but in this 

case one would expect C to vary with the dilution. 

33. To summarize, if Ghosh's equation for i is accepted 

without consideration of the theory on which it is based, then 

the boiling point results indicate that tetraethylammonium iodide 

and tetrapropylammonium iodide dissociate in methyl alcohol like 

binary salts. On the other hand, because of the constancy of C, 

the boiling point results do not absolutely disprove Ghosh's 

assumption as to the dissociation of tetraethylammonium iodide in 

methyl alcohol solution. 

The two substituted ammonium salts have similar boiling 

points for similar concentrations. The elevation of the boiling 

point is less than for a solution of potassium iodide of a similar 

concentration. These results are in qualitative agreement with 

Ghosh's theory and his assumption as to the behaviour of 

substituted ammonium salts. 


