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T ig well-known that in the theory of iomns as given to us
by Faraday, van’t Hoff, Arrhenius, and Ostwald, there

occur some gaps, which are very surpriging if we consider
the wonderful completeness of the theory apart from these,
and also the advanced state of the kinetic theory. The gaps
are:—(1) Ignorance of the cause of ionization. (2) lgnorance
of the reason why Ostwald’s law for the ionization of weak
acids- and ‘bases does not apply to erdinary binary elec-
trolytes. (3) Ignorance of the connexion between the ionic
velocities and the other physical properties of the atoms, =

The present paper is a contribution towards bridging these
gaps, and consists of three parts, namely :-—

1. The cause of ionization.,

2. The laws of ionization in binary electrolytes.

3. Deduction of ionic velocities from the other physical
properties of the atoms, and their use as a definite means of
caloulating the absolute sizes of the atoms. |

1. The Cause of lonization.

To J. J. Thomson and Nernst we owe the sagacious sug-
gostion that ionization of a solute is caused by the high
dielectric capacity of a solvent, whereby the electric force
between the oppositely charged atoms or radicals is sufficiently
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reduced. Others have advanced the hypothesis that associa-
tion of the molecules-of the solvent is somehow the apparent
canse of the dissociation of the solute molecule into ions,
T think that both these suggestions can be combined in the
proposition, that exceptionally high dielectrie capaeity, high
power of ionization, and marked tendency to molecular
association, are three effects traceable to tl'}e sume cause,
which I propose to call the latent or potential valency of
certain atoms. I.et us consider the case of water as a solvent,
In a paper on the Molecular Constitution of Water (Phil.
Mag. [5] vol.1. Nov. 1200), L have shown that while in steam we
have H,0, in ice we have (H,O);, and in water o mixture of
(H,0); and (H30),, varying with temperature. Now the
dielectric capacity of steam is not so abnormal as that of
water, being given by Lebedew (Wied. Ann. xliv.) as of the
order 1-001 under ideal standard gas conditions, at which the
index of refraction » is 1:00025. Maxwell’s law K=n?,
or K—1=n?~1, is therefore much more nearly complied
with by steam than by ice and water in which K is of the
order 80, while n® is only of the ovder 2. Obviounsly it is
necesgary for us to study the formula for ice or trihydrol in
relation to the electrons which hold together the three H,0O
constituents of its molecule, and similarly with (H;0);. As
it would be convenient to have symbols different from the
operational + and — to distinguish the two sorts of electrons,
I propose to use the musical types £ for the + clectron and
b for the — electron, and § for the neutron, which consists
of the # and p united to form that electric doublot which
gives to the wmther its electric and magnetic properties. Tri-
hydrol (H,O); would be represented graphically thus

| H H |
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The usual chemical graphic bonds ave replaced by the pairs
of electrons required by electrical theory. This strictly
symmetrical representation of the trihydrol molecule brings
out the very important fact that, while oxygen appears as’a
tetrad, it is very different from the ordinary chemical tetrad,
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since the four electrons attnched to the oxygen atom are not -
of the same sort, there are three p electrong to one‘:ﬁ: - (I)'.f‘
(H;0); gots dissocinted it will yield three parts )

H

4

b
i
bgb H

which could be wmore briefly represented by the for
$O0bs(4H);. From the graphie formnla we see {hat in i%i;n;i‘:
b and the # of tho ox(fgen atom are not in positions of
equilibrium, and will tend to rush together to form g neutron,
b, in which the p and # are much closer together than in thejr
initial position when the dissociation of the (H,0), first
occurred. According to this conception Hy0 in steam Woguld be
represented by the formula § O po(# H),. But the change from
$Obs(#H); to § O be(H), would oceupy some time, during
which the b and the #, which ultimately coalesce to form f
would be at a certain average distance apart, and would
have a certain average electric moment obtained by multi-
plying the amount of either of the electrons by the average
distance between them. This electric moment being much
reater than that of the neutron confers on water ity high-
dielectric capacity, though the special neutron in the steam
molecnle probably has a greater moment than that in sethor.
The ficld of electric force between b and # at their average
distance apart is the direct cause of electrolytic dissociation
produced by water. With a solute like #NaOlp we may

expect to have
H

3
Nﬁ#bgbﬁﬂ

&

as an intermediate configuration from which the Nag and Clp
are broken off, when too far apart to recombine.
We have now seen how high dielectric capacity, molecular

~ association, and ionization in water are all consequences of

the latent or potential valency of oxygen. But as this valency
has the peculiar character of being associated with o posite
electric chargoes in the atom, and gives us in #Ob's(ri;]tI;I)2 a
radicul with electric charges, yet not an ion, because its
charges are equal and o’ppo?iga. I propose to call such «




164 Mr. W. Sutherland on lenization,

-radical or atom a stion, as in static electricity it bears the
‘same important relation to dielectric capacity as the ion to
conductivity in current electricity. The neutron and ‘the
stion differ as do the electron and the ion ; the neutron and
electron are the molecule and atom of electricity, the stion and
the ion are atoms of matter with associated electrons.
According to this line of thought those substances which
fail to conform to the law K=n? fail, when K is measured
electrostatically, because they contain stions, which are
doublets of exceptionally large electric moment.
. 'We spoke above of the time taken by the ¥ and p to rush
‘together to form 4, and that they do so ultimately rush together
is proved by the not very abnormal dielectric capacity of steam
(Lebedew, loc, e¢it.), but before they settle down to the
stationary state which characterizes them in the molecule of
steam, they will. revolve in their relative orbits, dissipating
their energy till it falls to its stationary value. But a
#0bs(#H), group broken off from {#O0ps(#Hs) s in water can
~ enjoy only a certain average time .of independent existence.
“ . /Again, given u number of stions with the electric axes of
- their: doublets uniformly distributed as to direction, and a
field of electric force suddenly created where they are, it will
e -a certain time for the axes to adjust themselves to the
directions giving maximum dielectric capacity to the region.
If the field of electric force is an alternating one, and if its
period of alternation is only a fraction of the time required
to produce maximum dielectric capacity, we see dielectric
capacity must appear to be a function of the period of alterna-
tion, with limiting values K=2 and K=80, With an order
of frequency about 10® per second Perot ( Compt. Rend, 1894)
found K =204, while with 10° alternations per second,
J. Hopkinson and Wilson (Proc. Roy. Soc. Ix.) found K to
be less than 3. It would appear then that the time taken for
the stion axes to be maximally directed in a field of electric
force is of the order 10—8 second. This time would be an
interesting subject of ecalculation if we knew more of the
relations between electrons and atoms.

2. The Laws of Binary Electrb'lg/tés.

. Let 7 be the degree of ionization of an electrolytic solution
dontaining m gramme-equivalents of solute per litre of
tion, or 1/m (=v) litres of solution per gramme-equivalent
olute, then Ostwald’s well-known reasoning gives the rate
sociation proportional to (1 —2), say equal to em(1—1),
iat of recombination equal to ¢m2? with the condition
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for equilibiinm A o

TR em(l—i) =cm%2 _
o e 1 o o
| | .. | 1_—?-_67"—);1; =kl’. ’.- "‘,' N N (l)
This is the simple mass-action formula which Ostwald found
to be true for over 200 weak organic acids dissolved in water,’
and to fuil completely for ordinary binary electrolytes. ' lt'is:
to be noticed that the solvent is supposed to exert no effect*
except in so far as it influences the values of ¢ and ¢/. These-
being determined, the processes of dissociation and combina-
tion are supposed to go on as if the solute were in a vacaum.”
Recently in volume xvii. of Zeit. /. phys. Chem. Rudolphi’
has given an empirical formula for the ionization of an ordinary
binary electrolyte, namely, o R 1

O A==k, . . . ... . (2)
which in vol. xviii. van’t Hoff has proposed to replace by
BI(l—iy=ky, . . . . . . (3)

as perbaps a better and more easily interpreted form. ‘In.
vol. xix. Storch uses #/(l—:}=~Fkv?—1, where p like % is a’
parameter varying .from one electrolyte to another, Kohl.

rausch (Beibl. Ann. d. Ph. xxv. p. 35) finds
1—1fir=ko=t . . 0 o . (4)

to be an accurate empirical formula for dilute solutions from
m='1 to m=-0001 (v=10 to »=10%),

~All these formulse are empirical and applicable only
dilute solutions. In them ? is taken to be given by the r
of the specific molecular conductivity of the solution ¢
strength m to that at infinitely small strength, that is .a
infinite dilution. Now, no stipulation is made here about
the viscosity of solutions, because the formulse apply only to-
dilutions where the difference of the viscosity ot the solution
from that of pure water can be merged. in the’ experimental
ervors in the measurement of molecular conductivity. ~But:
to satisfactorily investigate dissociation in solutions we must =
be free to push the investigation to far higher strengths than
hitherto, in fact right up to saturation, and therefore we must
take account of the effect of viscosity on‘conduectivity.. 1t
has been argued that because an electrolyte dissolved in a
stiff jelly has nearly -the stme conductivity as a pure aqneous
solution " of the same strength, viscosity can be of little
importance ; but it is obvious that the: vorrect inference is-
that in the jelly the water is se immersed in the gelatiné-

toq -
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that it exhibits great viscosity and quasi-solidity as regards
bulk movements, while to ions moving through its meshes
quitefreely the confined water exhibitsalmost only the viscosity
of ordinary water. Many experiments could be mentioned to
illustrate how the resistance of electrolyfes is proportional
to viscosity, other things being equal, but a reference to those
of Manoulier ( Compt. Rend, CXXX, P. 773) with mixtures of
glycerine and water and CuSO, will suffice, as the importance
of viscosity appears at once in the following elementary
theoretical treatment. |

Let us regard an ion as a sphere of radius a, moving
with jonic velocity V through a solution of viscosity #, then
for the frictional resistance R experienced by the sphere, if
there is no slipping at its surface, we have by Stokes’s
formula

R= GWV??GJ. . . - . N . (5)

Now if the fall of electric potential is at the rate dB/da
in the direction of motion of the # ion when a current is
traversing the solution, then the force on each such ion is
édBi[dx where e is its charge. For steady ionic velocity V
the condition is | |

*

e——=6mrVyna,., . . . .
da K

(6)
For the b ions with velocity U we have likewise
dE . -
-_ BZ‘L:" = ﬁ'ﬂ'U"]ag-

In a c. c. of solution 10-3 mi molecules are split up into as
many ions of each sort, and the current C per cm.? is

C=10"%*nie(V—T)

.1 /1 1\dE
—10-3 -
=10 ?;128.6”( -+ )c’la:’ - e (D

a " ag |
therefore by Ohm’s law and the definition of specific con-
ductivity the latter is |

10~3mie? , —l— L -+ 1 s
V(k/} (/2] o J

and A the specific molecular conductivity is given by
. 1 1,1y -
=i, = (1 4+ L1
h—.ze : .6 ”.(al C&2 - - - LN L] L 4 (8)

taken to be constant, as is ugmally' done with dilute
8, V and U are hoth constant for all dilutions, if
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dB/de=1; and if at infinite dilution ¢ is assumed 1o become
1, then ¢ is given by the ratio of the specific molecular
conductivity at strength m to that at Strengt}l 1/o. But for
solutions in - general we take 7 to be the viscosity of the
solvent, and % to be that of a solution of strength m, and if
‘again we assume that i becomes 1 at infinite dilution when A
becomes Aq, then S . -

Jonic- Velocities, and Atomic Sizes.

An

= ———

T Ao

Thus the ionization is found by multiplying the usual A/X,
b‘ N Mo : S : . ;

| YN é‘W this simple theory must have been writton down by
many a physicist and found to be wanting, for it makes the
ionic velocities of the differént atoms at infinite dilution stand
to one another inversely as their radii, a result which a hrief
study of data as to ionic velocities and relative atomic  sizes
shows to be not verified. S N

But we need to introduce a correction into the oo simplified
equation (6). The electron of the ion must be treated as if it
were embedded in the atom, which has a different dielectric
capacity from that of the water or other solvent.

Now if K, is the dielectric capacity of water, and K that
of the matter of the atom of our lon, and if all the ions
gathered into a single slab ai right angles to the current
would give it a thickness ¢ in & distance 1D between the elec-
trodes whose potentials are &, and B,, then the electric force -
in the slab I, would be K,/K times that in the water, which .
may be denoted by F, and o B T PR e T

B,—B,=F(D—1) + ¥t

=F(D—t+tK/K),
oo =g T

Sa-p-x) o

As (B,—E,)/D is the same 'aS"'dE]dQs&; of ourp
ing, we find the electric. force acting on the elec

iom 40 be K o/K11—t/D(1—Ko/K)jtimes what we ssumed it
to be according to the ordinary. too simplified: method of
treating ions in the theory of: electrol; 'We. therefore

amend equation (8) to the following forn

).L ?e T 6wy’ (I{_lal + Kfza’ez) 1—“(]—K0/Kl)t1/D
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‘This introduces some interesting considerations. In the firsg
‘place it shows that the dielectric capacity of each electrolytic
‘solution must be taken into account in a complete investiga.-
tion of ionization, It should be noticed that t/D iy pro-
portional to the strength of the solui:,ion. ] '_I‘h.e dielectric
capacity of solutions demands special investigation. But if
we conzider only solutions so dilute that /D may be neglected,
we find from (9) that in different solvents the specific velocity
of a given ion must vary as K /n. Now ‘Whetham bas pointed
out (Phil. Mag. [5] xxxviii., xliv.) that with water, methyl
aleohol, and ethyl alcohol as solvents, the conductivities for
given electrolyte are approximately as K. /n, one estimate of
An/K, for the three substances in an arbitrary unit giving the
relative values 1, 09, and 1'1, and another giving 1, 12, and
1'3, the conductivities standing in the ratios of 1 to ‘78 and
‘84, Whetham considers the dielectric capacity of the solvent
to have most bearing on its lonizing power, in accordance
with the suggestion of JJ. J. Thomson, but according to our
reasoning the effect of dielectric capacity on lonization is
secondary to its immediate effect on ionic velocities. But
Whetham’s results verify in a broad way our equation (D)
when applied to very diluie solutions. .

It is important to remark that this equation might appear
to violate the law of the conservation of energy by seeming
to make the work done in carrying a charge ¢ from potential
B; to E, in a very dilute solution to be Koe(B,—B,)/K

instead of ¢(E,—1,). But the difficulty disappears if energy
(Ko/K—1)e(E;—FE,) is assumed to - be taken from the
dielectric. The total energy ultimately given to the dielectric
is ¢(E;—E,) in the form of the heat generated by the friction
of the ion carrying the charge e. Evidently the dielectric
has a profound role to play in ionic matters. It should be
noticed that the introdiiction of K the dislectric capacity
of the atomn into the expression for ionic velocity is important,
and is to be returned to in the final section. =

From equation (9) with the assumption that at infinite
dilution i=1 we can write the general value of ¢ thus :—

= '{.\‘;’:‘ (1—(1~K,/Ky)t,/D—(1—K/Ky)t/D}. . (10

A - L o . .

To realize the order of nmagnitude of the effect of dielectric
capacity here, let ns consider the case of an electrolytic ion
-~ having the same volume as. a molecule of HyO in a solution
- containing 0'1 gramme-equivalent of it per litre, then, in

v

“eules of HyO to each ion. so t/D=1/555. For an ordinary

~round numbers, we can say that we .have 104/18= 055 mole- . -
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ion we-may take K .as of the order 2, while K, is 80, and
therefore (1—Ko/K)#/D is of the order 1/14; for m=-Q]
this expression will be 1/140, for m=-001 it will be 1/14001
For dilute solutions itis therefore negligible, but for solutions
of the order m=-01-it cannot safely be neglected, especially
in the study of formule where 1—i plavs an important
part, for though the error in ¢ may be relatively small, that
in 1—¢ may be relatively large. In the case of an ion for
which K is larger, say 20 instead of 2, then the effect of
dielectric capacity becomes less important. But this line
of thought does not lead direct to the explanation of the
diverse hehaviour discovered by Ostwald for- weak acids and
ordinary binary electrolytes ; because if a large value of K
secures that ¢ measured in the usual way is nearly correct
for. CH4COO in acetic acid, it ought also to act i1 the same
way for. sodinm acetate, and. so bring this electrolvte under
Ostwald’s law for weak acids like acetic, whereas sodium
acetate ranges itself with the ordinary binary electrolytes.
It seems to me that the following is a probable explanation
why Ostwald’s formula applies to weak acids. Many of these
acids are known to polymerize. Acetic acid is probably
(CHsCOOH),, and when dissolved in water is partly dis-
sociated into CHgCOOOH, which is practically all ionized into
CH,;C0OO0 and H at the dilutions of Ostwald’s experiments. The
conductivity measurements of Ostwald thus give him the
amount of (CHRCOOH), which has been dissociated into
CH3;COOH, and his law for acetic acid is probably the ex-
pression tor equilibrium between di-acetic acid and the
products of its dissociation, namely, mono-acetic acid. ~A:
similar explanation will apply to all his cases of weak acids.
In the case of acetates like that of sodium, we must consider
that the polymerization is not so stable in the presence of
water as that of acetic acid, and that in dilute solutions the
di-acetate is practically all dissociated into mono-acetate,
in which form the acetate is usually assumed to be present in
aqueous solutions, and, finally, that with the acetates it is
really the dissociation into CHZ;COO, and Na or K that we
investigate by means of conductivities, and not as in acetic
acid the relative amounts of diacetate and monoacetate.

~ As it has been shown that we must have an experimental
invesfigation of dielectric capacity in golutions before we
can determine ionizations satisfactorily, I do not propose to
dwell at length on the wealth of existing data, but a brief
discussion of a few typical solutions is necessary. The
solutions chosen arve those of NaCl, Ba(ly, CaCl,, (NH,),S0,,
and ZnSO,. For solutions of NaCl we have the latest
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determinations of Kohlrausch (Beibl. xxv.) for strengths from
m=-0001 to m=-1 at 18° C., with which we ean join on his
previous determinations from m=1 to m.=_5. Kohlrausclh
estimates the specitic molecular conductivity of NaCl at
infinite dilution in water as 108'99 cm=1! ohm—1. We need
ive then only A/A, in the following table along with %/
und by interpolation from Hoskmg’s data (Phail. B@qg. [5]
xlix.), the viscosity of water at 18° being taken as 01059 ¢.q.s.

Tasre I.—NaCl Solutions.

+

Mavsunnean 1/0 0001 -001 01 1 1 -2 3 4 5

mla 00 0464 10 2154 464 1-0 1-26  1-442 1-387 1710
V2 A 10 9918 -9770 -9854 -8443 ‘G822 594 -p17 450 301
Naln ceenne 10 10 10 9095 995 927 832 7386 ‘645 358

aiz=Anp/\ ... 10 9018 977 936 849 736 7158 701 897 700
aéeale,... 1°0 983 964 925 851 V4l 712 701 -B97 ‘699

¢ ie put for 1/41—(1—KyK)t/D—(1—K/K;)t,/D}
which for the small values of m differs so little from 1°0 that
2i may be taken to give an approximate value of 7 for very
dilute solutions. In .the second row values of m12 have been

iven, because Kohlrausch found several years ago that for

ilute solutions AfAyis a linear funection of m13, so that a:
must also be nearly a linear function of m*3 when m is small.
But the rest of the data show that #/ reaches a minimum
value at nearly the strongest solution. In the graph of these
data, given in the figure (p. 171) with m!? as abscissa and a7 as
ordinate, we see that the graph instead of being a straight
line for small values of 13is a curve with a point of inflexion
separating two parts of small opposite curvature. Some
graphs given by Whetham (Proc. Roy. Soc. 1900) for AfXg
showthe same effect. Kohlrausch’s straight line is the simplest
approximation to this part of the curve ; but the whole graph
looks like a parabola wbich at small values of w3 gets
distorted. The cause of the distortion is probably this,
Kohlrausch pointed out that in experiments on molecular
conductivity for dilute solutions it is necessary to subtract
from the conductivity of the solution that of the solvent,
assuming that the conductivity of the solvent is not altered
by the addition of the solute. Now, for a liquid like water
which contains (H,0); and (H;0), in delicately equilibrating
amount, it is not safe to assume that its conductivity iz not
altered by the mere presence of a small amount of electrolyte.
The fact that the electrolyte is dissociated makes it probable
that the slight ionization and conductivity of water are
altered by the presence of the electrolyte. In fact it is well
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known 'that some. s.tr_ong acids _appear  to 1.mve maximum
molecular conductivities before infinite dilution is attained.

xi

'|.o - .
; -9 b \\\\
a -8
| | \ V& | T /
. < S O P
—lea | |
- R
8 \ \ p.

Wy, g0, | LT

-5

r -3 | , - ""“'—"/ : > 7z /3
<2154 464 7594 10 -26 1-442 20

This seems to be only an exaggerated manifestafion of the

1 change of curvature shown in our graph for Na(ll solutions,

and to be ascribable to the same cause, namely our present

inability to estimate the change in the ionization of the water

‘brought about by the presence of the electrolytic solute. In

spite of the experimental refinements in recent measurements

of electrical conductivities, our knowledge of the molecular

-~ conductivities of solutions at infinite dilution is less definite

than most physical chemists have assumed it to be.. If we

i take the Na(l graph to be a parabola whose vertex is the
point mBA=1-62, 2i="697, we find its equation to be

| 2t—697="1155(1-62—m?)?, , . . (11)
the values of ai given by this being entered up in Table I.

as &t cale. The discrepancies between the actual and
ca,lculated values of &i are probably due to the distortion of
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the graph, which has been already discussed. As, theoreti-
cally, # must generally diminish with increasing values of m;
becaunse K /K is generally large compared to 1, it follows
from the existence of a minimum value for #z that 7 must have
a minimum value. This is important, because a formula like
Ostwald’s for weak acids could not give such a result. It
appears that even when we can measure 7, and especially

1 —i, with the requisite accuracy, we shall not be able to use -

Ostwald’s formula for binary electrolytes.
The data for the other typical solutions are contained in
Tuble II., the vesults being graphed in the figure. The con-

ductivities are Kohlrausch’s, and the viscosities derived by =

interpolation from Sprung’s measurements (Pogg. 4Ann, clix.)
and Grotrian’s for ZnS0, (ibid. clx.), The temperature is
137("., at which the equivalent conductivities at infinite dilution
in ¢ni.—! ohmm—! are :—

1BaCl,. 1CaCl,. 3(NH,),S0,. 17180,
1252 118Y 1339 117-2
TasLe I1.
%Bﬂ.Olg.
M veeinrnne 01 1 10 30
my3 ... 2154 464 10 1-442
Y VO ‘868 748 567 420
NofM oennen 099 *989 -895 698
2i=AyfAgy, ... 869 751 634 602
zicale. ...... -859 751 630 607
%GQUIQ. :
M oeiiainne ) ] 2 3 4 5 6 7 8 9
w3, 794 1'0 126 1-442 1687 171 1:82 191 20 208
A e, 622 566 484 -414 -356 ‘208 245 ~197 ‘153 116
N/ N wevnee 927 863 T4l ‘G40 537 437 -85B -285 214 -150
ri=MpA ... 671 666 653 638 662 682 693 ‘691 716 776
$(NH,):S0,. -
HE wurnen D 1 2 3 4 5 6
ANy ... 0BT 511 449 -406 -368 331 295
Ho/N oov "O40 002 ‘813 731 647 588 487
X *589 ‘568 552 656 569 583 60T
$ZnS0,. -
Mmoo e 200001 0L 1 .1 8 B
mL3 L. 02154 2154 464 1. 1449 171
1 V) 962 6317 . -391 926 182 0742
NS e 1-0 -997 068 - 724 357 168
&F e, 062 623 404 912 370 443

wicale. ...... 909 565 402 308 ‘347 440
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These tables and their graphs bring out more clearly the
important fact that @i or An/Aym passes ‘through a minimum.
The .curves are parabolic, those for BaCl,, (NH,),S0,, and
7ZnS0, baving axes inclined to the axis of @i, The sinuosities
of the CaCl; curve are smoothed out in the dotted curve.
The equations for the BaCl; and ZnSO, graphs are respectively

(969mYe —i —-8350)2="7-18; +824mB—535 . (12)
(969t j —442)? =851 +403m13— 1483 . (13)

with which the wvalues marked ¢ eale. in Table IL. have
been found. For reasons which are obvious atter what has
been said in discussing the NaCOl graph, little importance
attaches to these equations. The main point about the graphs
is that they make it plain that #i attains a minimum value at
a certain strength of the solution. In interpreting the form
of these equations we must first consider how m'® and m?3
come in. On general principles it is clear that they do not
enter because of a direct dependence of ionization on the
distance apart of the molecules of solute, which is proportional
to m~13. It is possible that the »!¥ enters on account of the
following train of circumstances. The solute molecules in a
watery solution, such as that of NaCl, probably change a
certain amount of (Hy0); into (Hy0)s, as is shown by the
occurrence of shrinking on solution, and they also probably
dissociate into £Op.(FH)p a number of trihydrol molecules.
Tuet 4 be the average part of each second for which 20p,(£H).b
is separate, 1—y the part for which it is combined with others,
then the actions producing fresh stions do so af a rate
¢(1—yYym, while those forming trihydrol ount of the stions do so
at a rate ¢’y®m%, and for equilibrium e¢(l—g)m=c¢"y"m?, and
when y is small, y*« m™2 and y varies as m =23,

Now the rate at which the stions. $Opy(FH)sp form the
labile compound ClpfOb.(#H),bfNa will be proportional both
to.y and to m, that is to say, it varies as m'3, and therefore
the index 1/3 enters because of the 3 in the formula for
trihydrol. Our equations connecting @i and m!# are there-
tore equations of chemical equilibrium, expressimg-that a rate
of combination denoted by a square is proportional to a rate
of dissociation denoted by a linear, whence the parabolic
graphs. It would not be profitable to follow this train of
thought further, until the. dielectric capacities of solutions
liwve been quantitatively studied. The complete theory of
the ionization of binary electrolytes in aqueous solutionsis
111'.011;9 complicated even than it has been hitherto supposed
. to pe. | -
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Similar considerations to those adduced for water must
apply to other ionizing liquids. Take for e:‘«_:a,mple liquid
NH,. The constitution of NHCl suggests for it the formula

H H
:.:b b#
b & b

B ¥ ﬁ fu

Gl

whence gaseous NH;, like steam, has a neutron associated
with each molecule, though this neutron need not have the
same electric moment as the neutrons of free sther. Liquid
NH; may consist of di- or tri-ammonia, the molecules of which
on dissociation yield stions #Nps($¥H):b, whence .the lonizing’
power of liquid NH;. For PCl; we can imagine the
constitution
Cl bCl
D
¥ _0#

P
ab ¥ %ﬁb(ﬂ
Al

in which one of the Cl atoms is quite differently attached
from the other four, being ready to form Cl§pCl and PCl;
when PCl; dissociates. The easy dissociation of NH,Cl
would be explained in the same way, and probably a large
part ot the phenomena connected with variable valency could
receive a similar electrical treatment. ’

3. Ionte Velocities and Absolute Sizes of Aioms.

For what is usually called the velocity A of an ion at any .
dilution we have from (9) the equation

1 K, 1 (14)
.. 6’:77]631 ’ K] 1— (1 “KO/Kl)tllD — (l -_ Ko/Kg)tz/D
At infinite dilution
Mo=eKo/6ma, Ky, . o . ., (15)
Of the quantities entering into this last ¢?, ¢, and K, are not
capable of direct physical measurement like the others, but
if K, were known, then since we know M, /e from the electro-

chemical equivalent of the ion of mass M,, and as M, = 4mp,a,
where p) is the limiting density of the substance at absolute’

4 2
I =1e
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zero, which can be closely estimated, jequation (15) would

become a definite one for a, the atomic radius. For an ion

of valency v, ¢ must be. replaced by 1%¢* and ;)¢ by ¥;A and
Y I . 0 PY ViAo |

(15) becomes o

Ao=ve!K [6mrne, Ky, . . . ., (16)
We can derive values of K, from the relation K, =N* where
N, is the index of refraction of the stuff of the atom. In
a recent paper (“The Cause of the Structure of Spectra,”
Phil, Mag. [6] ii.) I have given values of N, for a number
of metals of known density, which may be taken to be the
limiting density, and so the data are to hand for caleulating
a, for a number of elements. But before proceeding to
absolute values we can test how the equation behaves
relatively for a number of elements. As &%, n, and K, are
the same for all ions when we deal with infinitely dilute
aqueous solutions, we must have A K /v the same for all
ions. To test this relation we gather for several atoms and
radicals in Table III. the values of Nj, and of B which is
the limiting volume of a gramme-atom or gramme-radical,
of A, according to Kohlrausch, and of A,BY2N*/v which
by (16) is to be constant. The values of N, are derived from
the refraction formula (n—1)M/p= (N—1)B with the values
of (n—1'M/p given in the text-books as atomic refractions
(zee for example L. Meyer’s < Modern Chemistry °), and with
values of B 'as given in * Further Studies on Molecular
Force > (Phil. Mag. [5] xxxix.) and reproduced here. v=2
for Mg, Ca, Sr, Ba, and Zn, and v=1 for the rest.

TasLe 1IT1. _
Ti. Na. K. . Rb. Cs. Mg, Oa. S, Ba.

N o- 855 444 653 G673 678 48 53 54 573 .
B... 2 T4 186 344 b6 56 8-6 106 166

N... 29 1-6b6 1-44 141 1-24 2:25 221 9228 195

W BLBN?*/p 375 230 360 485 400 215 265 310 277

Zn.
475
106

1-96.

2060

F. Ol B, 1. H. OH.

Ry e 461 859 875 667 818 174

B ... 9 19 26. 36 45 - 95

N ... 116 1-56 1-65 1476 137 144
ABUSN2 ... 130 480 545 680 980 765

HGOO. CGH,000. O,H,000. GC,H,;C00. C,H,C00. O;H;000

1 VO 47-2 354 31-8 28-3 26+5 25'8

B ... 245 42 595 7 94'5 112

N ... 1494  1°469 1458 1454 1450 1+448.

ABUBN2/» . 805 2656 - 264 256 253 256
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Among the metals though AgBYN2/y varies from 200 to
400, the approach to constancy appears reniarkable when
it is noticed that N2 varies from 1'53 to 8'4, and BY® from
126 to 3'8. In the six fatty acid radicals from formic to
caproic the approach to constancy is satisfactory. In the
halogen atoms AoBIEN2/y fails to approach constancy in a
striking manner, ranging from 130 to 680, Itis probable that
the discrepancy here is due to the assumption that in these
atoms K=N2. . If we remember that the halogens are heptads
as well as monads, and that therefore each halogen atom con-
tains three pairs of £ and p as neutrons, or as doublets, giving
each the possibility of acting as a tri-stion, we can see that the
assumption K=N? is unsafe. The exceptional behaviour of
H and OH in having such large values as 980 and 765 for
A BLY3N?/y is probably due to the fact that these are the ions
of water itself. It is possible therefore that these two ions
have their real ionic velocities largely increased by a sort of
Grotthus-chain action, whereby an H or an OH, instead of
passing through the space of a water wolecule which is
in front of it, simply combines with part of the molecule
and liberates the other part at the other side, so that the same
effect is produced as if' the ion had traversed the space of the
molecule with a higher velocity than the true ionic velocity.

To proceed with our equation (16) to the calculation of a;
absolutely, let us fix our attention on the ion of Ii. We
must first convert 1A, its lonic velocity per gramme equivalent
& into the velocity of an atom by dividing by 3G/4mp,ar’,
which is the number of atoms In a gramme equivalent.
Again, to express 1A, in C.G.S. units we must multiply »,
¢m,~t ohm~! by 10—? to pass to: the electromagnetic unit of
resistance, and by 9 x10% to get the appropriate C.G.S.
expression. Again, the electrochemical equivalent of hydrogen
is “0001035 in E.M. units, and therefore for Li

My/e=+000725/3 x 1070

in electrostatic units. As G/p;=B given along with 1A, and
N in Table III., we have for Li with K =80,v=1,%="01059,
and p1=3'5.

9% 10% x 80

| jé”é as® x 855 x 9 10" = (4rpya®
O a12= 3‘8 x 10—18,
w =2 X 10"'9,

STald="T5x 10~

2
) ‘0007252 x 67r x 01059 x 2°9%a,
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Now Kelvin’s estimate of the volume of an ordinary mole-
cule is between 3 X 10-2 and 10-2¢ ¢.¢c. with which the value
just caleulated for Li, the smallest of the ions in Table III.,
is in agreement. The molecular radius of ordinary gases, as
found by the kinetic theory from measurements of gaseous
viscosity, is of the order 5 x 10~8 cm., which is about 25 times
our value of a; just found for the ILi ion. The process of
calculating the size of a molecule from its. observed ionic
velocity might prove helpful in the case of large organic ions
such as physiologists have to deal with, for the molecnlar
weight could be estimated from the size when other recognized
methods of determining it fail. Ostwald’s measurements of
the ionic velocities of a large number of organic radicals
(Wied. Ann. Beibl. xiii.) might supply useful material for a
preliminary study in making equation (16) available for the
ostimation of very large molecular weights.

Melbourne, October 1901. :

XIX. On the Variation with Temperature of the Thermo-
electromotive Force, and of the Hlectric Llesistunce of Nickel,
Tron, and Copper, between the Temperatures of —200° und
+1050°, By E. Pamie Harrisow, University College,
London *, .

FPVHLE main objects of the investigation which forms the
subject of this paper are as follows :—

To trace over as wide a range as possible the change with
temperature of the thermoelectromotive force and the resist-
ance of Nickel and Iron, using in all experiments the same
specimens of metal ; to investigate any singularities that may
be present in the curves representing the change ; and o
determine whether they occur at the same temperaturé in
each of the curves. It was originally intended to investigate
the magnetic properties of the same specimens, but time has
not sufficed for this.

SeorioN L.
THERMORLECTRIC PROPERTIES.

(1) Results of Previous Observers.

Tn his researches on thermoelectricity + Tait gives the
results of some of his measurements for iron which extended
from 0° to the melting-point. The second portion of his iron

# Communieated by the Physical Society : read Octobex 25, 1901,

+ Proc. Roy. Soc.” Edin, December 1873 ; ‘Natuve,’ Rede Lecture,
May 1st, 1878, :

Phil. Mag. S. 6. Vol. 3. No. 14. Feb. 1902. N
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