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Chemistry. - "1I1etal~ anc! Nón-Metals". By Prof. A. SMl'rs. (Oom-. , 
mumcated by Prof. P. ZEEMAN). 

(Commumcated In the meeting of May 3, 1919). 

1 nt1'oduction 

In a few pl'evlOUS communications I already dlscubsed the un
attackable electt'odes and then' efficleney a'3 gas-electl'odes. Only the 
hydrogen electrode was, however, dlscnssed m detail. lt was pomted 
out th at the l1nattackable electloues are among the most mert metals, 
being so inert th at even 111 C'ontact wJth all electrolyte they do not 
assume intel'Ual eqll1librwm, so that they are almost always 111 

dlstm'bed condItlOlI, and we do not even know the potentIalof the 
l'eally unal'y meta!. 

When sneh a metal IS unmel'sed in tile aqueous &OllltIOn of an 
aCId, wlllie hydl'ogen is passed thl'Ough, the electron cOllcentl'ahon 
of the metal eqUilIbrIUm 111 rhe electl'olJ te, whieh we l'epl'esellt by 
the equatlOn. 

ML';:!.M~ + v(\ 
beeomes equal to the electl'On <,oneentratlün of the bydl'ogen eqUlhbl'wm. , 

R2L~ 21IL -+- 2(} L 

in agreement with the pressul'e of the hydl'ogen that IS passed thl'ough, 
which means that the hydrogen phase and the hydl'o~en-conhtinmg 
metal-phase possess the same potentIal, the electt'omotl\'e force of 
the circuit metal-electrolyte-hydl'ogen bemg glven by the equlttlOn 

R'l' ((}L)J11 
E= -y in «(}L) " ,.' (1) 

H2 

Rence tile hydrogen-electrode mdlcates the potentlal belonglllg to 
the thl'ee-phase eql1ilibl'l\lm meta\ phase + hydl'ogen phase + electl'olyte 
10 accol'dance with the pl'e\'ailing pl'essul'e, tempel'atul'e, and total ion 
concentl'ation (H) + (111'). As, howevel', as was aheady stated 111 

the dlscusslOn of the E,X-fig., the sald electlOlyte contains all elltil'ely 
negliglble concentratJon of ions of tile so-called unattackable e!ech'ode, 
we may substitute the words' hydl'ogen-lOn-eoncentratJon fol' "total
ion-concen tration" 
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When we now consider the case that an unattackable electrode 
is placed in an electl'olyte, chlol'ine being led through, we get the 
same thing in so fal that the electron concentration of the metal 
equilibrium in the electrolyte is e1ltil'ely dominated bJ' the electron 
concentration of the chlorine equilibl'Îum: 

Cl~ + 28~2Cl' , . , . . (2) 

111 agl'eement with the pressllre of the chlorine that ió led through, 
fl'om which follows that the chlol'ine-gas phase and the chlorine
containing metal phase will possef,s the same potential with respect 
to the electl'olyte. OU1' more recent dews about the electromotive 
eqnilibl'ia lead to the assumptioll of an electro-ionisation equilibrium 
in chlorine gas, though the concentl'ation of lOns and elE'ctrons in 
this gas-phase is exceedingly smal\. That there exists snch an electro
ionisation for chlo1'ine, is proved by the exceedingly slight electrical 
conductivIty. Now, however, the aboye mentioned equilibrium (2) 
does not suffice, for in electl'lcally neutral chlorine this equilibrium 
cannot occur alone, because here there is only question of particles 
charged negatively electrically. Besides the chlO1'ine electrode could 
not assume a positive charge with I'espect to the electrolyte, 

Unàollbtedly this difficlllty has also been felt in the formel' view 
about the elect1'omotive eqUIlibrium. The negative charge which zinc 
assumes on immersion into an electl'olyte was explained as follows : 
The zinc tends to go into solution as zinc-ion, and it has evidently 
always been imagined that this happened through a simultaneous 
splitting up of the zinc-atom into zinc-ion' + electrons, in which, 
ho wever, the zinc-ions only went mto solution, and the negatively 
charged electrons l'emained on the metal. 

Wh en we wish to account for the positive charge which the chlorine 
electrode assumes with respect to an electrolyte in an analogous 
way, we get into se1'Ïous difficulties, whiclt have led to the assumption 
by some physicists that besides the free negatively charged electrons 
there exist also free positi vely charged electl'ons, and that these could 
render important services for the rhlorine electrode and for the other 
non-metal electrodes. FOl' just as the splitting up 

Zn~Zn" +28 

was assumed when the zinc went into soluhon, the pl'ocess 

Cl~ ~ 2 Cl' + 2 EB 

was sllpposed to take place at the chlorine electrode when chlorine 
went into solution. 'fbe chlorine ions fOl'med go into solution and 
the positive electrons wOllld be left behind in the chlorine electrode 
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This solution should, however, be denied all signifiration, because 
as yet fl'ee positive ions have not been met with, and everything 
points to the existence of ollly one kind .of electl'ons, viz, the 
negati "e ones, 

Hence in spite of a desperate attempt, the difficulty remained un
dimmished of force, 

'Phe Chlorine-Elect1'ocle, 

When considermg tbe just-discllssed -dlfficIlIty, i have come to the 
conclusion that we must necessal'Ily assume th at the chlorine atom 
possesses the power to split oif electrons and to absorb them, and 
that these two processes take place side by side, which we can 
l'epJ'esent by the following equations: J) 

XCl2G;:'2XCl~ +-2X8 G (1) 
and 

YCl'G- + 2Y8 G ~ 2YCl'G 
(2) 

in whieh X and Y indicate the fractions of the original number 
Cl, mol. which have undel'gone a positive resp, negative ionisation. 

As the electrons, which are absorbed according to (2) pl'oceed 
f!'Om the electron-ionisatlOn (1) it is elear that 

y< X, 

In lhe IlInitmg case Y = ..tI the chlorine would contain all equal 
nllmbel' of positive and, negative iOIlS, and no electrons at 'all. As 
we have to do here with a non-metal, X and Y will be exceedingly 
small. 

It is 1l0W the qnestion how the positive charge of the chlorine 
electrode is to be explained. It is clear th at for this we should 
have to assnme that tOl' the non-met~l, chlorine, it is the negative 
ions that go practically exclnsively mto solution, and possess, there
fore, a much greater solllbllity toan the positive ones, 

jlfetals and ~Von-lI1etals, 

These r.onsiderations about the non-metal, chlorine, which necessa
rily resllit fl'om the consistent application of the pl'Înciples of the 
theory of allotl'opy to the eleetl'omotive, equihbl'Ïa, lead us to the 
point of view ft'om which we ean sUl'vey the metals and the non
metal/! in a very satisfactory way. 

1) For the sake of snnplicity we assume here that the positive ions at'e also 
univalent, 

\ 
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Tt is, indeed, cleal' th at as the metallic and non-metallic properties 
in the; periodie óystem of the elements gradually pass into eaeh ~ 

other, theol'y wil! have to make clear that bet ween the metallic and 
the non-metallic state thel'e exist only quantitatIve diffel'ences, and -
that there are therefore all kinds of intel'mediary states possible. 

This demand cao l'eally be satisfied by án in evel')' way plausible 
extension. 

Fo!' this pnrpose we mm'lt assume that the atoms of all the 
eiements, hence both metals and non-metaJs, ean split oft' and absorb ~ 

electrons 80 that the following reactions take place side by side: 

. . • ~ (3) 

and 

. . (4) 

in which En denotes the molecule of an element and 

E 'I' d E'2' tI . mi an (1112 Je lons. 

As is known for metals mi is mostly = 1, and pt'obably m 2 will 
as a 1'nle also be = 1. For non-metals rn bas of ten' been found I 

= 1, but seveml times also gl'eater than 1. Of the factor mi no 
doubt the same thing may be expected. 

With perfect rel'tainty we may only say this that 
n n 

Y-v<X-v 
2 = I 

m 2 mi 
. (5) 

from which follows that when 

and 
V, = v, 

the number of positive ions wi1l be gl'eater than the llnmber of 
negative ones. 

When now the ques(ion is put in what I'espects metals and nOll
metals wil! differ, Ihe answer is as follows: 

In the first p]ace the factor X is comparatively great tor metaJs 
and exceedingly small fo!' non-metals, so thai fol' non-metals also 
the factor Y is exceedingly small. 

This IS among othel' thing'3 in accol'dance wiLh tlle greal electric 
conductivity of metals and the exceedingly slight conductivity of 
non-metals. 

In the serond place fot' the metals the positive ion..s possess the 
greatest solubility, and fol' the non-metals the negative ions. This 
accounts among othel' things for the difference in electl'omotive 
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behavioul' uetween metals and non-metals. 111 tlllb it is noteworthy 
that the dift'erence 111 solubility between the positive and the neg;ative 
ions fol' the elements with exclusively metallic resp. exclusively 
non-metallic pl'operties, is so great as to justlfy I1S in taking only 
positive I'esp. negative ions into account in the coexisting solution. 

For the intel'mediate amphibious elements as Iodine, Sulphl1r, 
Selenium, Tellurium, Al'senic, and Antimony the existence of posi
hve and negative ions also in soluhon, should certainly be taken 
into account to obtaiu a deepel' insight, and here hes still an exten
sive field to be studied more closely, led by the more recent views 
about the electromotive equilibria. 

Polm'isatwn f01' non-metal~. 

When we indicate the non-metal by .N, we may represent the 
formation of negative ions by the equation: 

Nu + nv (J ~ nN"' '. (6) 
I 

Applying the well-known thermodynamic derivation for the poten-
tial difterence, we get: . . 

, "'"7V ' Rl' K I'J.' 

l::. = ~ ln N p (7) 
1,J? (Ni') 

in which(.N~) represents the concentl'ation of the negative ions in the 

phase of which the electrode consists, this ma)' be eithel' a gas, Ol' 

a liqllid, or asolid phase. Starting from the electron formula: 

l::. = RT ln K'o (8 p). . (8) 
F (8L) 

which is general, because the electron is the common constItuent 
part of all matter, we may substitnte for (OL) the value that follows 
fl'om (6) for the liquid phase, applymg the law of the chemical mass 
action ; thm: we Rl'rive at the already known eql1atlOfl: 

RT K'(NllL ) 
l::. =-ln ---- (9) 

nvF (J/)n , NL 
In order to study the polarisation phenomenon we camlot make 

use of eqûation (9), bn t we can use the ne wel" eq llation (7). To get 
a good insight into this question it is desirabie that we indicate the 
equilibria in the electrode completel}' ; aecordingly we must also 
express the splitting oft' of electrons, and write therefore: 

X Nn ;t X n NV + X nv 8 " p p p . . (6a) 

and 
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YNn + Ynl'fI p ~ YnN/ . . (6b) 
p p 

W hen we now make the non-metal electrode .N anode, we 
withdraw the eleetrons. If we had to deal with a metal, hence if -
J..V was a metal, tbe electrode could maintain its potential in con se
quence of the faet that the withdrawn eleetrons are supplied in time 
by the reaction (6a), the positive lons formed going into solution. 

~ \ 

As N is however a non-metal, and the ~positive ions N' do not 
practieaUy go into sollltion, the reaction (6a) wiII not take place ~ 

to a degl'ee of any 'irnportance. 
The only way in which the non-metal lV wiII be able to maintain 

its potential in the case supposed here, is this tbat negati\'e ions N
Y

' 

fl'om the electrolyte are deposited on the electrode, and there supply 
the deficit of electrons by the splitting olf of electl'Ons. 

The processes tbat take place may be represented as follows: 

t 
N" + nv{}p ~nN;' 

P t 
N " n L 

As the heterogeneous equilibrium in the boundary layer between 
the negative ions in the electrode and in tbe electrolyte must set 
in with very great rapidity, it is cleal' that it will depend on the 
velocity of the splitting olf of electrons of the'negative ions whether 
the electrode maintains its potentialol' whether it does not. Above 
a definite CUl'l'ent density, i.e. above a definite velocity of withdl'awal 
of electrons this wiII no longer be the case, and a ronsequence of this 
wiJl be that the electt'ode will contain too few electl'ons and too 
many negative ions. 

It follows from equation (7) for this case that the potential dilfe
rence will become more strollgly positi ve. 

This phenomenon of polarisation is called "supe1'tension" in the 
case of gases, but it is not essentially different from the phenomenon 
of anodic polal'isation for metals. 

It is deal' that when we now procéed to the cathodic polal'isation 
fol' non-metals this phenomenon should be ascl'Îbed to this that the 
added. electl'Ons are not quickly enough absorbed by the Ilnchal'ged 
mole('(ules or atoms, so the electron possesses a too high concentra
tion of electl'ons, and a too small concentration of negati ve ions. 
Aceording to our equation (7) this gives ri8e to a le8s..positive value 
of the potential dilferenc'e. 

A.s we do not measure the potential difference, but the expel'i-
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mental electric potential it is obviou& that the polarisation pheno
mena should be discussed in connection with tbe formula th at holds 
fOl' the "exp. electric potential" in the case that we have to do with 
a lIon-metal. This fOl'OlUla !s as follows: 

0.058 QN 
E = -- log -- + 2,8 

l' (Nt) 
. . . . . (10) 

in whieh: 

F,'om (7) and (8) follows: 

(N / ) (0 )' 
L P 

(N;' )(OL f 
K , . ' . . . . (11) 

lt has further been shown just now that with anodic polal'isation 

(() p) decl'eases and (Np) increases; it follows therefore from this 
that in this case the quotient of solubility must increase, and the expo 
elp-ctrical potentialof the non-metal wiII there~ore beeome more str'ongly 
positive. 

FOI' eathodlc polal'isation the quotient of solubility deel'eases, hence 
the experimental electrical potentiaol of the non-metal becomas less 
strongly positive, 

A1nphibio'ltS Elements, 

As has al ready been said the amphibious elements are charaete
rized by this that they send both positive and negative ions into 
solution. 

Ir sueh an element is made anode, positive ions can go into solu
tion, or negative ions can be deposited from the electrolyte on the 
anode, Ol' the two processes ean take place simultaneously. 

[f the element is made cathode, positive ions can, be deposited on 
the electrode, or negative ions can go into solution, or the two 
pl'ocesses can take place side by side, 

The closer study of these amphibious elements, which we hope 
soon to undertake, following the new theol'y on the electromotive 
equilibria, will pl'obably give a deeper insight into tile character of 
these so remarkable elements. 

La60l'atol'y for Geneml and An01'f!anic 
C/temistl'y 0/ t/te Unive1~<;ity. 

Amste1'dam, April 10th 1919. 


