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Physics. — “Thermodynumic potenteal and  velocities of reuclion.”
By Prof. Pu. Kounstamm and Dr. F. E. C. Scuererg. (Cow-
municated by Prof. J. D. van per Waars).

(Communicated in the meeting of Decemher 24, 1910).

§ 1. In the preceeding communication one of us has shown that
the number of molecules of a substance in a homogeneous phase
which is able to escape from the attraction of this phase in the
unity of time is indicated by the expression:

2

N=cyrlL, L)
in which @' represents the thermodynamic potential of this substance
in that phase deprived of its mere {emperature functions, and £ the
molecular gas constant. This formula was applied there to find the
condition of the stationary state, in which an equal number of
particles enter a solution as leave it through a semi-permeable mem-
brane, but another use of this formula is conceivable. We may,
namely, pul the question: When there is no equilibrium of exchange
between solution and solvent through the membrane, how many
more particles per unit of time will then leave the solution than
enter it, or in other words how great will be the velocity in a
certain state with which the whole sysiem tends lo reach equilibrium ?
It will be expected that in the case mentioned the velocity may he
represented by the differcnce between lwo expressions of the form
(1), the former of which represents the number of particles which
leaves the solution, and the second the number of molecules that
leaves the solveni, and so eniers the solution. We then get for

this velocity the expression:
1 e
N=clyrd -yl

Such a formula would, of course, have to hold fov all analogous
cases; e.g. for that of the osmotic pressure and for ihe evaporation
of liquids. These velocities, however, do not act a very prominent
vOle in physics, and application of the formula to these cases does
not seem to open new vislas, the less so as there would hardly ,be
any experimental malerial to test them by. The problem of the velo-
cities ol reaction, on the confrary, plays a most imporiant part in
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chemislry, and in this department there is a rich experimental”

-material at our disposal. When we now consider that with these

chemical velocities also a great number of particles leaves the reacting
mixture with formation of new subslances, the question naturally
suggests itself whether the expression found will not De able to
throw some new lighi on this region.

So we shall have to investigate whether the velocity of reaction -
can be expressed in the following form:

v I+F1 /‘II+1' 2

-—%:—:C(d RE —~—eRT). )

in which g and g, are the sum of the molecular thermodynamic

potentials retsp. for the disappearing and forming systems, and £, and
F, functions of the temperature, and further of coustants which
vefer to the reacting substances or perhaps to the intermediate states
occurring in the reaction *). The two functions [, and £, have the
dimension of an energy, and the value of the constant C accounts
for the choice of our unity of concentration and time. For iis
dimension is c¢/¢, and accordingly may be taken equal for the two
partial reactions.

§ 2. Now in the first phase we shall show thal both for rarefied
gases and for dilute solutions equation (2) leads fo the well-known
expression for the law of mass-action. If in (2) we substitute the
value of p for a mixture of ravefied gases:

Cp

1
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1) According lo cqualion (2) nol the lhermodynamic polential itsell, bul an
exponential function of it would he Uwe funetion charnelerislic of the reaction. CIL
also Chem. Weekblad 7, p. Y20 (1910).
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in which 1T, T and Its, | ‘Il pepresent the product of the concentrations

of the first, resp. the sccond member of the equation of reaction,
taking the number of molecules into account. If we' call:

Evls —1T=y 12(,1-}-314 j Coy dT—T=y f——- dT+1 —{—lxl’y
RT

Ce =k,
and
Sv s, 15w n +30 e, dT- Uy 4, RT3
=Prforr =P logm=" f S i)y + 10
Ce RT . =A:2
(3) reduces to:
' 17t 5
— T e Tk, L L ()
dé 11

In the second place we must prove the validity of this formula
for reactions in dilute solution. For this purpose we introduce a new
.quantity, g',, determined by the relation:

=, Rl logn, . . . . . . . (5

So BT lgwn, is that part of the thermodynamic potential that
is in connection with Gses’s paradox, and p'; the remaining part.
Now as is known, the differential quotient of ', with respect to
the concentrations ') remains finife, whereas that of the second part

) In conlradiclion lo whal is usual in the treatmenl ol velocilies of reaction,
we deline Lhe concentrations here as molecular percenlages of a ccrlain substance in
a definite mixlure, and nol as (his quantity divided by the lolal volume. Bul it is
clear hat this does not affecl the conclusions aboul (he conslancy of &, and i,
as in every reaction in a dilule solution the change of volume duving this reaction
is disregarded.
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becomes infinile for exceedingly dilule solations. For the (of course
also very slight) changes to which the concentrations iu an exceedingly -
dilute solution can be subjected we may, therefore, consider u',, i,
etc. as invariable, independent of the concentrations, when we take
the variations of RB7 logn, ete. with the concentration into account.
If we now substitute the value (5) for w,, and bring down the lerm
RT loyn, from the exponent, we gel sgain:

de ,
———%:/clﬂul . 1 € )]
where:
Eyll + Fl E{'I’z + 'F_’
RT RT
ki=c¢ en ky ==¢ N ()]

may be considered as constants according to the above, as is required
by the law of the mass-action.

We conclude from this equation (4 and 4a) that really equation (2)
can properly account for a highly nmportant property of the course
of the reaction. This result was by no means to be considered as
certain beforehand. For we have drawn up chis equation by analogy,
and drawn altention to the close agreement with the use of equation (1)
in this and the preceding communication, but not to the existing
differences. [t is here the place to set forth these differences. 1t is
true thal in the case of the ““osmotic temperatores” the final stale
Is no state of equilibrium, but each of the fwo homogeneous phases
may yet be considered as in equilibrinm, i we leave the immediate
neighbourhood of the membrane oul of consideration. So we are
undoubledly justified in speaking of quantities as temperature, entropy,
thermodynamic potential in each of the phases, and there the formula
was applied only to that final state “of equilibrium of mass exchange’.
But not without justification it might be doubted whether the same
thing is allowed for states in which the equilibrinm of mass exchange
has not yet sel in, and a fortiort this lholds for the case under
consideration. Wor the howmogeneous phase in which the reaction
takes place, is nol in equilibrium in ilsell; it is not certain that
Maxwent’s disteibution of velocities holds theve, and even if with
Bortzmany  we want o introduce a definition for the eniropy of a
state of non-cquilibrium, it will, of course, in general have another
value than the 7 from cequation (2). ;

Now it appears from eqnation (4) that all the same thesc undoubt-
edly weighiy objections need not lead to a rejection of equafion (2).
For the very exlensive malerial of faclts concerning lhe reaction




( 793 )

velocities proves conclusively that equation (4) applies {0 a great
number of reactions that proceed with measurable velocities. Parti-
cularly it has been ascertained by numerous measurements that £,
and £, are really constants in reactions thal proceed normally *),
so they are not quantities that depend on the time. If the influences
which we mentioned, made themselves so strongly felt that equation
(2) had to be rejected, this result would be impossible. For as the
mixture more and more approaches the state of eqailibrinm during
the reaction, and at last veaches it, the difference between the entropy
which really exists al any moment (Borrzmany’s H-function) and the
entropy of the state of equilibrinm will continually decrease, and at
last become zero; and this remark applies to all the other mean
values occurring in equation (2). Buv then also the 4, and #, would

necessarily become dependent on {he time, and not only the ITcl’I

and f[cHJII, as experiment teaches. So we must conclude thal the

systems with measurable velocities of veaction may be considered as
quasi-siationary sysfems, for which not only an entropy. a thermo-
‘dynamic polential etc. exist, but for which these quantities (leaving
the influence of the concentration unconsidered, of course) even differ
immeasurably little from the corresponding quantities in the siate of
equilibrium. Now an experimenially firm basis has been given as
a support for us in our further examination and development of
equation (2). More particularly it has now been proved, that /7, and
I', can really only depend on guantities which avre constant during
the reaction as we supposed in § 1. However more ensues from
this supposition than has been proved yet. We come back to this
in § 5.

§ 3. Ouv second step is now {o show that equation (2) differs from
the equation {11) of the preccding paper holding for “osmotic
temperatures” in this that herve /7| does not compuise the pure {empe-
rature functions of the thermodynamic potential with negative sign,
as it did there. Ior the equation of the equilibrium requires the
equality of the sums of the thermodynamic potentials of the two
systems, and so for rarclied gases:

) We mean here by *abnormal™ reaclions of course reaclions lov which further
investigalion makes il plausible thal the inconstancy of % is lo he aseribed lo
alter reactions, by-reaclions, calalysis or loo greal concentrations.
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on the other hand equation (2) reqyuires that:

m+Fo=ux+r,. . . .. 0 .. ®
for the equilibrium, where the velocity == 0. )

If I, were the same function as in equation (11) of the preceding

paper, this would lead to:
See + BRIZv + RE 2w oy = 2o 8,1+ RT 2 + RIS jlne;  (9)
and this equation is in conflict with the undoubtedly valid
equation (7) as in general the specific heats of the reaction products
and of the reacting subsiances ave not equal and the consiants of
entropy do not occul in the latter equation. This observation is not
new. It is namely at botiom identical with the argumentation on p.
45351 in Mr. pr Laxeux’s Thesis for the dJoctorale?), that the
omission of the pure functions of the femperature from the formuia
for the thermodynamic potential for chemical reactions brings us in
collision with Vax v How’s equalion. For {he lalter is imine-
diately obtained by differentiation from (7), whereas diffeentiation
from (9)-yields the equation of p. 46 of Mr. pr Laneen’s Thesis for
the doctoraie, which is in opposition to it. Mr. pu Laxeex concludes
from this that the kinetic gas theory and thermodynamics are here in
confliet.

But this conclusion cannot be maintained. For il has been over-
looked that for the kinetic derivation of the thermodynamic potential
of a mixture of chemicaliy interacting substances, we shall have lo
take Bornrzmany’s?) “kritische Rdume” into consideration, and that
when the heai of reaction varies with the temperature, terms must
appear which are dependent on the difference of the specific heats®).
What the relation must be between these terms and the lemperature
and the specilic heats, could only be revealed by a perfectly developed
kinetic theory, which could at the same time give an accouni of
the value of the specific heat of the different substances. So at preseni
thermodynamics leads us further in this respeci, though it naturally

s

v

1) Groningen 190%.
2) Gastheoric Il Abschnilt VL
% loc. cil. p. 199.
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imust leave (he question undecided why and how the specific heal
varies with (he {emperature and with the characier of the substaices.

r

§ 4. I we now compare cquation (7) and (8), it appears that:
Fo=F,. . . . . . . . . (0
and as according to § 2 neither /7, nor /7, can be dependent on
the {ime during the reaction, equation (8) is safisiied hroughout
the reaction. The same reasoning holds of course with very little
change for dilute solutions too, and then also leads to eguation
(10y. So it appears that in § 1 we have defined these functions
not. closely enough, when we introduced them as fumctions of
the temperalure and of conslants characleristic of the reacling
substances, and cventually of the occurring intermediale states. For
the supposition:
Po= B gy by g )
Fo=F, (Tya, b, ...
would be in accordance with this definition, in which «,, 6, ¢, are
characteristic of the gystem Dbelore the veaction, a,, 0,, ¢, for the

system after the reaction, and mufually independent. Nay, this .

supposition would even Dbe the most obvious one. Equation (10),
however, shows that it must be vejected. The constants in /7, cannot
be independent of those in [; they must be quantities which in
some way or other are equally in relation with the two systems,
that before and thatl after the reaction ).

The simplest supposition then would he that all these constants
were = 0, and so that /7 would be a pure general funclion of the
temperature, like the '/, R7"In1’?) from equation (11) of the preceding
paper, ov that possibly this too would be wanting, and /7 = 0
‘might be put. However, on this sapposition we come to just such
an absurdity as made us reject equation (4) in the preceding paper.
For from experimental determinations of:

Co

I
< TS ‘.\: . lr1___~ IVE /A 12
2D 8y 1 20, v[{oLT al'— 1 vlf 7 a7 <+ R1 v,

k, = Ce i R
and Cogg
E - "E I_E . . 7 ‘_ "\: | "‘E
Ppfory L2V oy T2 n.f""ndl T=ry f g T+ RTZ
RT
ky,=Ce

1) So the above considerations Icad to the assumption of two opposed reactions,
which ave, however, not ‘independent’ of each other. Wor the funelions F ocenrsin
both velocilies, i.e. both parlial veloeitics depend om the same “intermediale states,

%) If the ¥'T"is brougltt into the exponent.
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al two temperatnres (or the corresponding expressions for diluté
solutions) we counld defermine Euyr o0 Mo and 1,,,, in other words
we could find the absolute values of the emergy aud of the entropy
experitnentally, thongh both contain indefinite additive constants
according lo our definition, so that only differences of cnergy and
entropy are liable to be mcasured.

" So we are certain that’ /7 must coufain values of energy aud
entropy which reduce the values of the energy and the entropy in
the exponent io differences of energy and entropy. And, lo confine
ourselves for ihe present to the difference of cnergy, one difference
of energy must delermine one velocity of reaction, the other the
other, their algebraic sum Leing the total diffevence of energy in the
conversion, so the heal of reaction. Accordingly it is not possible
that the folel Leal of veaction appears in both the velocities of reaction,
as we might be inclined to suppose. Ov in other words the total
heat of reaction must be split up into two parts, of which the first
_ determines one velocity, the second the other velocity. What is now
_ the “intermediate slate”, which delermines thie splitting ap of the
heat of reaction? IFirst of all we might think of the slate in which
the reacting compounds are enlively split up into their atoms, so that
one velocity 1s determined by the energy of dissociation of the reacting
substances, the other by that of the reaction prodncts. But this
supposition has sense only when we assume that the reaction veally
takes place over the free atoms. How in the opposite case the really
occurring process would be entirely determined by the then altogether
fictitions heat of dissociation in the atoms, is difficult to see'). And
though for the kinetic theory the supposition of dissociation may
have some altraction, because it is an analogue to the thesis thal
every substance has a vapour-pressure however slight, and admits of
continuous {ransitions, it is easy to see that the assumption of such
a cowrse ‘‘over the aloms” does not decide the guestion, but on
the contrary only displaces and complicates the difficulty. *

For when the reaction takes place over intermediate bodies present
in an appreciable quantity, whatever they be, the lotal reaction will
no longer consist of two, but of four parlial reactions, because also
these intermediately formed bodies will be converted to the original
and the forming subsiances with delinile velocities. The process of
the reactivn then becomes more complicaied, and,can be expressed

1) In our opinion quile arbitrarily Travrz introduces as delerminative for reactions
wilhout inlermediate prodacts the heal of splilting up of the reacling subslances
intlo aloms deprived of their kinclic energy, and a part of their polenlial energy
absolute zero, solid slale). Sce Travrz, Zeilschr. phys. Chem. 64 et seq.
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by the following eqnations:

-— ddl
it

= /\71]201 *—M/\/'(,l HG(L

and

P b e — kI
—;E-v— (N )(/,,'-—- By oﬂ

in which the change in concentration of the intermediale product
is indicated by :

deg . izfl: . deyy

~d’7 - ft dt

So in gencral the velocity will nol be represented by the simple
expression of the law of mass-action *); this is the case only when
ko, ond Lq, are both very great with respect to 4, and Z,, in other
words when no appreciable guantities of the infermediate produets
ocear in the reaction mixture?).

An example of this furnishes the reaction Ni - 4CO Z Ni(CO),,
it which the measurements of the velocily show that the reaction
fakes place from the left to the right over Ni(CO),, which, however
is so quickly decomposed, and combines so vapidly with an excess
of CO (ke and kg great), that it cannot be demoustrated in the
reaction mixture. '

But theve is liltle reason to assume that everv reaction should be
thought to be such that the reacting substances break wmp into pieces
(either atoms or groups of atoms), which unite again as free compo-
nents in another way; on the contrary room should be left for the
possibility that throughout the reaction no other independently moving
particles occur than the molecnles of the initial and the final products.
This snpposition is nndoubiedly greatly supported by the fact that
substances which are in themselves exceedingly stable, and do not
present the slightest trace of dissociation n pure condition at a
definite temperature, are yet liable to be analysed by means of an
added substance. 1f to lake a concrete example, we consider the

veacfion

= ky Ile; — kg, Heq — kg, Mog 4~ k, ey .

H, + Cl, = 2HQL

1y That in this case the reaction heal mus( be split up inlo two parls one of
which is the heat of reaction of Lthe decomposing substances in the intermediate produet,
the other that of the forming substonces inlo (he inlevmediale body, seems to us
not doubtful; this refers, however, o the splitting up of a constant of equilibrinm
info (wo other conslants of equilibrium, each of which must then again be split
up into two constants of velocity.

2y Zie Scurunenaxers Chem, Weekblad 1 625 (1904).

-10 -
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al least the possibility will not be denied that the reaction does not
take place so, that 1i, and Cl, are dissociated to aloms H and Cl, and
these aloms meel again with formation of "HCI, but so that a molecule
H, meels a molecule Cl,, and thai with a suitable position of these
molecules the bond between the H atoms and the Cl atoms inter se
is only broken in consequence of (he mutual attraction of the Hand -
the Cl atoms and immediately passes into a new bond. If we
imagine the course of the reaction in this way, a value of the
energy may be indicated which undoubtedly with grealer justice
may be expected {o determine the velocity of reaction than the heat
of dissociation in the atomns which is here devoid of any chemical
significance. In consequence of the approach of the molecules M,
and Cl, there is, namely, a certain loss of polential energy through
the action of the attracting fovces; when the {wo molecules have
approached each other o a cerlain dislance, the polential energy will
attain a minmum  value, a condition which is indicated by what
is contained between the hrackets in the following symbolic represen-
1ation :

H cifp H Cr
HO oql 0—0 0—0

J+] | 1=
H ol O O—0
H Jd H 0

X

It then the molecules of hydrochloric acid again separate, the poten-
tial energy will rise again in consequence of the work done against
the attractive forces.

Now in our opinion it may certainly not be considercd asimpos-
sible that this state of minimum potential energy is to be considered
as (he above-mentioned “intermediate state”. In the value of {7 of
equation {10) the corresponding potential energy and entropy, a4
least the corresponding constants, will have o occur.

We may state once more that we by no means mean (o say
that in the mentioned reaction, or any other reaction, the process
must be exactly as we sketched it. We only wanted to make clear
first of all that it necessarily follows from the value for Z thal
“Intermediate stales” play a part; further thal these intermediatc
stales may be of various kinds, and can be entirely different in onc
reaction from that in another. So a wuniversally holding splitling up
of the heal of reaction into two parls, for reactions in which no
infermediate producis occur, as of laic was lried by Travrz, will
probably be impossible. There is still less chance that it is to be

-11 -
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decided now, wwhether besides the cuantities deternined by the
“intermediaic state” there is still a general function of the tempera-
ture, as 1/2R7In7T which occurs in £.1) Only a further development
of the Lkinetic theory and an accnrate analysis of the experimental
malerial in the light of such a theory, can lead us further.

§ 5. We must now roturn to the conclusion of § 2. We said there
that there is more involved in our suppositions ahout K, and F,
than conld be proved by the facts mentioned there. For these prove
that I7 can only depend on quantities constant in the veaction. If
we now imagine a reaction in rarefied gas stale, in which the total
number of molecules changes, then the conceniralions, the pressuve,
and the specific volume change during the reaction. So in this case
these quantities cannot occur in /. But by far the most important
part of the material concerning the law of the mass-action refers to
reactions in dilute solutions, and during these reactions the pressure
does mnot change. If we want to compare our supposition that /£
does not depend on the pressure with the experiment for these
reaclions, we wmust examine the influence of the pressure on the
velocity of reaclion. In this we must, however, take note of a cir-
camslance, which it was unnecessary (0 mention expressly in the
foregoing discussion: the influence of catalylic agents®), and fhat
becanse in gencral the possibility exists that the solvent itsell
works as a calalytic agent, i.e, that the solvent participates in the
“favourable” collisions, and thus occasions the cxchange of the
ahsorbed resp. generaled heat. So we shall have to keep the possibility
in view that the presence of the solvent, or of other dissolved sub-
stances, whose quanlity remains invariable (calalytic agents) is yet
of great influence on the velocity of reaction. According as this influence
in this sense exists or does not exist, the thermodynamic potential of
these substances must be added to the other thermodynamic potentials
in equation (6).

Let us now first consider the case thal neither the solvent nor
the catalylic agent takes part in the collisions favourable for the reac-
tion, we shall have to sum tihe ', of the different reacting substances

1) See TrauTz papers Zschr. {. phys. Ch. 64, et seq. and SAcKUR’s eriticism of them
Zeitgeh. [ LElektroch. 15 (1909).

2) We refor to homogeneous catalysis, as appears from the text, Also elsewhere
in lhis paper we have disregarded heterogeneous catalysis, particularly in the gas-
reactions discussed in § 2, which we assumed to fake place in the Liomogeneous
phase, leaving undecided whether such reactions really oceur, or whether cvery
gas-reaclion represents o case of helerogencous calalysis.

i 52

Proceedings Royal Acad. Amslerdam. Vol XIIL

-12 -
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under the = sign in equation (6), whereas 7 is only dependent on
the {emperature and on the quantities characteristic of the different

substances according to our suppositions. Hence
dk 1 Sdu,

dp ~ RT dp
or as according 10 equation (5) ' .

oW, ou
O dp
>
aﬂczia‘“‘).......m)
p  RT\ op

Now for a mixture of n components, of which resp. n,.n,...m,
gram-molecules are present

de = T'dy — pdo + p,dn, + p,du, . . .. ppdny

where u is the molecular thermodynamic potential.
Or:
dg == — ndl 4 vdp + p, dn, + p, dny, .. .y, dig

617 Tggee.on, anl Ty, .. n,

in consequence of which (11) passes into:

dik 0v 0v dv
RT —=Z=( — . =| — 4+ =— +ete. (12)
d;D an[ s Ty g g ety 6711 e, ang Ty wly

So in order lo examine the change of the velocity of reaction
with the pressure, we have lo determine for every substance of the
disappearing system (resp. the forming system) the change of volume,
which takes place when we add one gram molecule 1o the whole
system (reacting substances, reaction producis, solvent), the quantity
of this last being thought so great that it does not change the con-

) dall
cenirations. The sum of these variations gives R
p

It is clear that it will be a great exception if one of the quantitics

and so:

ov
(—a—— becomes negative. For this would mean that there was a
n

contraction so considerable that the mix{ure occupies a smaller volume
after the mixing than the solvent alone. Yet it must not be consi-

. . . . oo
dered as impossible a priori; and a negative value of 5, ) seems
"

-13 -
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even to occur for some agueous solutions. It is, however, regnired

. . . dl]c . av ,

for a negative value of o that the sum of 5 becomes negalive
p "

for all the substances of the system, and this is of course, still less

probable. Hence it may bLe safely assumed that a negative value of

dalk
- will not occur in the case considered up to now. When the

yu

solvent takes part in the reaction (in the above-mentioned sense, that
only those collisions are favourable in which also the solvent parti-
cipates, so withoat change of its ¢uantity during the reaction), also
the thermodynamic potential of the solvent will have to be inserled
under the I sign in our equation. So in equation (12) one more ferm

on
will, however, not easily affect our conclnsions about the sign of

dlk
- It is, however, a different matter, when also a catalytic agent
7Y
plays a part. If e.g. we think the H-ions of an added acid active
as a catalyser, the change of the thermodynamic poiential of these

H-ions with change of the pressure will not be represented by a term

0 . . . . :
(——> will occur on the right side, which refers to the solvent. This

v - . cn . :
as (5_)’ because there neither the possible modification of the degree of
"

dissociation by the increase of pressure, nor the appearance of hydrate-
ions has been taken inio account. So the fact that Rormuxp found

. . c l: 3 - g .

a negative value of - in the conversion of cane-sugar under influence
ap

of HCI, need not be in contradiction with equation (2), and equation

(12) derived from it. In the few other cases known to us, where
the influence of {he pressure on the velocily of a reaction has been
examined, a positive value is found, but this experimental material
is cerfainly sfill too scanfy to justify a conclusion concerning equation
(2). A more complele knowledge of the facts, preferably concerning
reactions where the last mentioned complications do not oceur, might
possibly cnable us to decide about the suppositions which lead to
equation (2). *

Other conclusions from equation (2), which may be tested by
experiment, will be found for concentrated solutions. For it is clear, that
then the values g/, etc. must no Jonger be considered independent of
the concentrations, in other words that the £, aud %, can no longer be
constant, so thal deviations from the law of mass-action present
themselves, as has actually been found in the inversion of cane-
sugar. We hope to rewurn to this point later on.

D2¥
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§ 6. Here we intend only to add some general remarks in
connection with the above-given considerations. IFor even though
we emphatically point out that we are entirely in the region
of suppositions about the nature of the “intermediate states” holding
for every ureaction, we consider it proved by the consideralions of
§ 4 that for every reaction') such “intermediale states” musl possess
a veal signification as far as their velocity is concerned. And
in consequence of this we think we are able, also in connection
with the other considerations which we have given in this commu-
nication, to make an attempt {o give a more general and lucid
classification of the conception catalysis and allied phenomena, than
had been possible up to now. In doing this we shall have {o distin-
guish steictly — as Vax ’v Horr already does in Lis Vorlesungen
Heft [ p. 210 et. seq. — between influences which only affect the
velocily, the real catalytic agents and “shifters of the equilibrium”.
Hence we distinguish the following cases:

1. A reaction which does not take place between the pure sub-
stances, or which only proceeds slowly, is started or accelerated by
a subslance which is present in small quaniily and does not take
part in the reaction. The equilibrium that establishes itself is, Low-
ever, independent of the nature of the catalylic agent. We think c.g.
of the equilibrium acetaldehyde, paraldehyde, metaldehyde or of the
conversion of oxyhydrogen gas. For each of these cases we have
undoubtedly to do with phenomena of refardation. false equillibria;
the condirion without a catalytic agent is, indeed, a Jocal maximum
ol entropy at given energy, but not an absolute maximum. The
catalytic agent does not change the specific energy or enirvopy of the
subsiances in any respecl, but only enables them to reach the absolute
maximum of entropy by change of concentration. So it may be
compared fo a crystal brought into a supercooled liquid. But what
was said in § 4 can make this action somewhal clearer to ws. This
aclion consists in the creation of an intermediate state, or it this
existed already in changing its potential energy in consequence of
which the dilference of energy which delermines the velocity, is
increased. Different calalytic agents act differently in this respect,
and so they give rise to another velociby.

2. A substance which is added in an exceedingly slight quantity
not only changes the velocity of reaction, bul also ihe equilibrium.

1) Perhaps pure dissocialions e.g. N;O, == 29NO, will only have to be cxeepted.
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Such an influence?) would oceur, if the specific entropy of the parts
of the reacting mixture should be changed by the catalytic agent,
but not the specific cnergy. The mutual cntropy of the system
catalytic agent 4 reacling mixtare in the ideal gas stale would have
another value in this case, than is given by Gipss’s paradox, while as
usually in the ideal gas state no mutnal encrgy would oceur. To explain
this we should have to accept & change of the chemical volumes (Bowrz-
MANN'S “kritische Rédume”) of the reacting mixture by the eatalytic agent.
A modified inlermediate state would, of course, occur here too;
henee the equilibrinm will be reached with another velocily,

3. By the addition of a substance which does not take partin the
reaction also the specific energy of the reacting substances is changed
either becanse only the muinal attraction in the mixture becoines
different — new a’s appear in the equation of state — or becanse
stronger causes arc active (associalion of the solvent with one of the
reacling substances,. Of course also the velocity of reaction will change
in both cases. To this category belong all “milieu” influences, of
course, (c. g. changes of elecirolytic dissociation with change of
solvent). Also the displacements of the equilibrium under influcnce
of light or clectric discharges may belong to it, e.g. thelight-equili-
brinm of sulphur in CS,, which sets in with a certain intensity of
illumination, and which refurns to ils former stale when the old
state of illumination is rcsiored. Here {00 it must be assumed that
in consequence of ihe illumination the encrgy of (he reacting sub-
stances 15 modified *).

4. The last mentioned cases, however, can also belong, either all
of them or parlly, fo another category. For it is possible that they
are no real equilibria, but are in the same relation to them as the
casc of the “osmolic femperatures” fo that of real equilibrium, or
in other words that the modified slate must always be accompanied
by a “current of energy”, an absorption of heat or electric cnergy
and emission of heat. Then the displacement would not be maintained

1y We will leave it an open question whether the cases cited as such in the
literalure should not really be ranged under 3, bul think that we should al least
mention this possibility for compleleness’ sake because the consideralions of van 't
Horr lc. p. 21 which indeed only scem to be inlended for heterogeneous catalysis,
do mol prove as far as we can see, lhal & case of lomogencous catalysis of this
kind is excluded by the second law of thermodynamics.

9 Cf. Smirs. These Proc. XII p. 856. Of course the false equilibria, which arc
reduced to the absolutely stable state by light or an electric spark do not belong
to ihis calegory; they belong under 1. )
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if we could enclose the system between absolutely reflecting walls
in the new stale, and if we could thus maintain the same stale of
radiation, but without absorption of new energy. Such a sysiem
would no longer respond to the laws of thermnodynamics, even if
we inclnded among them the thermodynamics of radiation, in the
same way as we found that for the “osmotic temperatnre” the ther-
modynamic law of constancy of the thermodynamic potential is not
fulliled. Our experimental and theorctical knowledge is not sulficiently
advanced {o decide whether the photo- and electrochemical “equilibria”
helong 1o this or the preceding calegory ).

Physiocs. — “Some remarks on the mechanical foundation of thermo-
dynamics.” I By Dr. L. S. Orxsroiy. (Communicaled hy Prof.
H. A. Lorwiz).

(Communicated in the meeliug of December 24, 1910).

In order to dednce the second law of thermodynamics the theory
of ensembles of systems is often unsed. This theory has been largely
discussed by J. W. Gmss in his well-known Elementary Principles
of Statistical Mechanics. In his book two kinds of ensembles, the
canonical and the microcanonical, come lo the fore. The latter kind of
cnsembles lins been used hy Drv. Pavr. Hertz who held some views
which give roe occasion for a few remavks ?).

§ 1. In the beginning of his paper Dr. Hrrrz explains that it is
ralional to use for the study of the phenomena shown in a given
svstem  the ensemble of states taken by that system when left to
itself. Such an ensemble is usually termed a time-ensemble. As
the observed phenomena must be considered as the result of many
phases adopted by the system during the time of observation, we
have every veason to presume, thal our observation leaches us
something of the mecan value in the time-ensemble By using the
terminology of poly-dimensional geometry we can pul the following

1) We will point oul that it is sometimes still impossible to assign a place
in this classification to a phenomenon in the department of calalysis It 1 e g.
difficult to cxplain in whai comneclion with the mentioned cases the fact is
that the thermodynamic polential of perfectly dry solid NHCl is so considerably
modified by the addition of the slightest {race of moisture, as appears (rom the lotally
modified parlial vapour pressure of the NH,Cl molecnles. Perhaps this case will
appear to be an example of 2,

2} Ann, der Phys. Bd. 30, p. 236, 1910.
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