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and the difficulty to determine thermically such a very small sphere
with certainty) which could be determined very sharply by the
electric process. And this seems 1o us all the more of importance
because a connection seems to exist between the appearance of solid
solutions on the one side, photoelectric or photochemical effects and
photoelectro- or triboluminosity on the other side.

We further got the impression that cerfain very small impurities
may be of influence on the sensitiveness to light, and think we have
observed at any rate an influence exerted by the kind of glass of
which the melting tubes were constrncted. In a whole series of
experiments which took place, accidentally, with iubes constrncted
of a different kind of glass, we obtained notl a single sensitive pre-
paration, but when again using tubes of the old kind of glass the
phenomenon reappeared as expected.

In this may be probably found, in our opinion, a partial expla-
nation of the fact that, contrary to JArGER’s experience, we succeeded
in remelting the native (Japanesej antimonite without this losing its
sensitiveness to light. It is, however, necessary to operate, as we did,
in sealed evacuated tubes. The compound at the melting point is
already somewhat dissociated so thal the operation in an open
tube could not take place without loss of sulphur and change in the
composition of ihe melt. According to our observations this loss of
sulphur need amount to only 0.5 at°/, to obtain a fotally inert
preparation.

The conductivity power in darkness remained, on remelting, also
quite of the same order. On the other hand it appeared that on
powdering the mineral, which was then again compressed to a very
solid pastille, the conductivily power very strongly decreased. The
light effect, however, remained unaffected.

Utrecht, van ’t Hop-laboratory.

Chemistry. — “On gas equilibria”. By Dr. F. E. C. Scusrrer. (Com-
municated by Prof. J. D. vaAN DpErR WaaLs).

(Communicated in the meeting of December 80, 1911).

1. 1t may be accepted as known that the total energy, the free
energy, the enfropy and the thermodynamic potential are quantities
which can only be determined with the.exception of an additive
constant. In the purely physical processes, i.e. changes of state, in
which the molecules of the substances do not change, these constants
need not Le taken into account, and on the other hand a physical
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change can teach us .nothing about the values of these constants.
In chemical changes, however, this is the case, at least partially. If
in a mixture of substances a chemical reaction can take place, a deter-
mination of the energy of transformation under definite circumstances
will make known to us the algebraic sum of the constants of energy
of the reacting substances, at least if we know the energy in its
dependence on the quantities that determine the state. Each of the
constants in itself remains quite indefinite just as for physical changes;
experiment only gives us the algebraic sum of the constants of
energy, in which the constants of the sabstances of one member of
the equation of reaction are taken positive, those of the other member
negative. i B

We find something similar for the entropy. The constants of entropy
for the purely pbysical processes are without any importance, but a
chemical transformation which is conducted isothermic and reversible
may make the algebraic sum of the constants of entropy known to
us, provided we know how the entropy of each of the substances
depends on the independent variables.

Of late the sum of the constanis of energy, resp. entropy, and
especially the lalter have been the subject of many a treatise. As
the sum of the constants of entropy occurs in the expression for the
chemical equilibrium as a constant, its knowledge is of the greatest
importance for the calculation of these equilibria. Hence Prof. HaBer
in his work on the “Thermodynamik technischer Gasreaktionen’
rvepeatedly calls aitention to the so-called “thermodynamisch unbe-
stimmte Konstante”, which is the aforementioned algebraic sum of
the constants of entropy. And also Prof. NerNst's theorem of heat
deals with the determination of these constants, for the so-called
“constant of integration” of the chemical equilibrium contains these
constants of entropy. .

For a calculation of the constants of eniropy from the theory a
priori an idea of the chemical action i.e. the knowledge of the so-
called forces of affinity, will be indispensable — Bortzmann carried
out a first” attempt to do so in his “Gastheorie” — for the present
we shall have to content ourselves with a calculation of these constants
from the observations.

In the first place, however, the knowledge of the energy and the
eniropy as function of the quantities which determine the state is
required for such calculations. When, to take the simplest case, we
confine ourselves to rarefied gases, we know that the molecular
energy and the entropy of a simple gas can be represented by:

s
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7
E:ET=o+fcudT. R )
- 0
) T 6, .
- H=— Hp-; - —dl'—Rilne, . . . . . (2)
v=l 1 1

in which E;— and Hr= represent the aforesaid constants of energy

u=]
and entropy, ¢, the real molecular specific heat, 7' the absolute tem-
peratnre, ¢ the concentration (number of gramme molecules per
Liter), and R the molecular gas constant (1,985 cal.).

It at a definite temperature we now measure the algebraic sum
of the energies (Enfl), i.e. the heat of transformation at constant volume,
end the sum of the entropies (ZnH), i.e. the latent heat for a
reversible isothermic transformation divided by the absolute temperature,
we can find the valves of ZnFr—y and ZnHr=, by calculation, if

v=1

we know ¢, as function of 7.

The value of =nky— is generally calculated, indeed, aceording to
equation (1) from the calorimetric data. The sum of=the constants of
entropy, on the other hand, is generally not determined directly
from 1ihe latent heat, but indirectly from the value of the constant
of eqnilibrium. )

If we suppose a reaction
‘ nd, +nd, + ..., =n A A, 4
to be’ possible, the total change of energy, resp. change of entropy
on transformation of n, gramme molecules 4, with n, gramme mole-
cules A, etc. with formation of n', gramme molecules 4', etc. is
represented by :

ZV
.'SnE:E?zET:_o-{—EnfcudT. B 0 113
0

and

m

1
SalH = Snlly— - Enf %dT—REnch .« (2q)

v=1 1
The algebraic sum of the molecular thermodynamic potentials, which
must be equal to zero in case of equilibrium, becomes therefore:
Sap = 2nl — TSnH 4 SupV )=
r Te,
EnET—_-o—}—E?i{cudTwT:S?ff g—,clT—}—RTEnlnc——TEnHT:l—}—RTEn.
0 1 u==l
If now in the stale of equilibrinm we represent Znlnc by kK,
"in which X denotes the ‘“constant of equilibrium”, then: .

1) In this ¥V is the molecular volume, p the partial pressure.
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RT v=1

So if we have now calculated ZnFEp—y from the calorimetric data
(according to equation 17), we can calculate the value of EnHpy

v=l

SnEr_ T Te,
InK—— ——n—T—B—-———an;UdT-}- —-Er‘af c,—cuur SnHypy—Sn (3)
RT E) T

from an observation of K at a definite temperature.

2. For these calculations c, is generally represented in a series
of terms with ascending powers of 7, which is then continued as
far as is necessary for agreement with the generally insufficiently
known values of the specific heats. For bi-atomic gases the series
can already be broken off after the term with 7 for tri-atomic
gases after that with 7°.

Hence if we put in general:

2ne.=a + bT 4 ¢T*
and thus determine the integrals in equation (3), we get:
2 ZEI_() y
K = — = +R T+——IZ—|— T4+ Cy . . (&)
in which
2a¢ 4- 20 - ¢
C.__—an:f;z—_-l 2”’_—2-1%—— . (5?

In the above equation (4) the constant of equilibrium is expressed
in concentrations; to find the value of the constant in partial pres-
sures from this, which is generally used for gas equilibria, we must
bear in mind that

p=RTe, . . . . . . . . . (6
in which p is the partial pressure of the gas concerned, and that
therefore :

hWK=2nlhe=Znlnp —ZnlnR—ZnlnT.

If we now put = nilnp=InK,, in which K, represents the
constant of equilibrium in partial pressures, then after some trans-
formations and transition from Neperian to common logarithms:

SnEq—9 a-+2ZnR ¢
S T m 2 1
log Ky =— 5 503RT 7 9Tt s asmsrl Teaseal T ()
in which C'=04343 C~+ZnlogR. . . . . . . . . . (8

In this we must bear in mind that the value of R should be
expressed in calories in equation (7), because the energy and the
specific heats are measured in calories, whereas in equation (8) the
unity in which R is expressed, depends on the unity of pressure
and volume in equation (6). If we express the concentrations in
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gramme molecules per liter, and so if we choose the liter as volume
unity, and the atmosphere as pressure unity, B must be expressed
in liter-atmospheres in equation (8). So in this case we must sub-
stitute B=1.985 in equation (7), on the other hand E=0.0821 in
equation (8).

From the equations (7), (8), and (5) we see accordingly that (',
the so-called constani of integration of the chemical equilibrium does
not contain only the sum of the constants of entropy, but also =n
and the constants yielded by the integrals occurring in equation (3).

C' owes its name of constani of infegration of the chemical equi-
librium 1{o this that equation (7) can also be found hy integration
of the well-known law of van 't Horr:

dinK _ Q

4T T RT
in which X represents the constant of equilibrium either in con-
centrations or in partial pressures, and Q the heat of transformation,
in the first case for constant volume, in the second case for constant
pressure. If, however, we derive equation (7) in this way, we do not
get equations (5) and (8), because in this way the constant of inte-
gration does not become known in its dependence on the constants
of the reacting substances.

§ 3, We shall now apply the calculation of the constants of

entropy to the equilibrium:
200+ 0,22 C0,

The value of ZnF can be found from the calorimetric delermi-
nations of TroMsEN and Brrrmeror, which yielded resp. 67960 and
68200 cal. for the heat of combustion of one gramme molecule CO
under constant pressure and at 18° C. From the mean value Q, = 68080
we calculate Q, = 67790, and so:

SnE=135580 at T==201 . . . . . (9)
Now we derive from equation 1¢:
SnEpeg = ZnE—aT —/,bT* — 1/, cT"

So for the further calculation we must first know ¢, as function of 7.

4. For the dependence of ¢, on the {emperature all kinds of
different expressions have been proposed in course of time. From
this large number of expressions 1 will only choose some of the
most reliable ones. In the first place I will use the expressions
which follow from the experiments of HoLsosN and Avustiv, which
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were carried out in 1905. The real specific heats can be represented
pretty accurately up to 800° C by
¢y, = 4.68 4- 0.000536 7" (bi-atomic gas)') and
¢; = 5112 4 0.00729 7~—22.05 10—7 T'* (carbonic acid) *)
From these values follows: -
Zne, — 8.82——0.01297 7' |- 44,1 10—7 1=,
So in the above equations 7, 8, and 9 must be substituted :
¢a=—2382 ; b=— —0,01297 and =441 10", . . (10)
If we substilute these values in equation 9, we get:
Sl j—o=—134980
and the expressions 7 and 8:

29550
log K, = — 7 +4-2,92 log 7—0,001419 7" 1,61 10—7 T* 4 C'. (11)
in which: B
nHre)
v=l *
O'—=————-_-285 . . . . . . (12
4571 (12)

The values of log K, in the thwd column of the following table
have been calculated from the most accurate determinations of the
carbonic acid” equilibrium, which have been inserted in the first two
columns®); in the fourth, fifth, sixth and seventh columns the values of
the other terms of the second member of equation 11 have heen
given, and the last column gives the value of (.

TABLE L
T x long —Eg?i)- 2.92 log T'| 0.001419 T |1.61 10— T2 ('
1300 |4.14.10-5| —13.456 | —22.72 9.09 1.84 0.27 1.75
1395 |1.42.10—4| —11.84 | —21.17 9.18 1.98 0.31 1.82
1400 {1.5 10-4| -11.77| —21.09 9.19 1.99 0.32 1.80
1443 (2.5 10—4| —11.11 | —20.46 9.23 2.05 0.34 1.83
1478 {3.2 10—4| —10.79 | —19.98 9.26 2.10 0.35 1.68
1498 14.71.10-4| —10.28 | —19.71 9.27 2.13 0.36 1.93
1500 {4  10—4| —10.50 | —19.69 9.27 2.13 0.36 1.69
1565 |6.4 10—4| — 9.88 | —18.87 9.33 2,22 0.39 1,49

So the value of (’ appears to oscillate round a mean - 1,75.
If this value is substituted in equation 12, we get:

1) See ABrae, Handb. 1II, 2, 181.

%) Recalculated from the expression of Hoporn and Avstiv. Sitz. Ber. preuss
Akad. 1905. 175.

%) Asece, Handb, III, 2, 183,
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EnHr= = +18.19.

v=l

~

3. The equation derived above deviates oniy litle from the
cquation given by Prof Nernst in his “Theoretische Chemie” for
“{he equilibvium of ecarbonic acid?'), which may be wrilten after
recalculation :

29600
log K, = — —“——+ 2,98 log T—0.001286 T + 1,61 10—77*4C',. (111)

jV

m which ¢’ =1.51 according to Prof. Nurnsr.
The oscillations -of €' appear from the following table:

TABLE IL
r | ngk, — 2900 | 2,08 1og T | 0.001286 T | 1.6110~77-| C*
1300 | —I8.45 | —22.71 | 9.1 1.67 0.21 | +1.60
135 | _—i1.84 | —ol22 | 921 179 031|116
1400 | —11.71 | 24 | 922 180 032 | 11.63
1443 | —i11011 | -2051 | 9.% 186 034 | -+1.66
478 | —10.79 | 20,03 | 9.2 1,90 035 | 150
1408 | 10728 | —1976 | .30 -| 1.03 036 | +1.75
1500 | 1050 | —10.73 | 9.3l 1,03 0.36 1.49
1565 | —o.88 | —I8.ol | 9.3 2.01 0:39 120

So (7 oscillates round the mddle value - 1,57, which differs
but very little from the above mentioned value of 1,51.
xFor the value of 2nHr— we find for this case - 17,9.

v=]

The discrepancies between these values and those of §4 must be
parily ascribed to another assumption about Znf, for the greater
part, however, to the changed value of 6 n the expression of the
specific heats.

6. In the second place we can use the move recent determinations
of Horsorn and Henning ?). After recalculation these yield for the
real specific heats:

&y = 4,82 4 0,00107 7' (bi-atomic gas)
¢ = 4,90 4 0,00783 7' — 2,38 10—6 T (carbonic acid),
from which follows: N
2ne, = 3,16 — 0.01245 7" 4+ 4,76 10—6 12,
So in this case we must substitute in equations 7, 8, and 9:

1) Theor. Chemie (1909) 681. See also Asree Handb. III, 2, 181,
9 Ann. der Physik. (4) 23 809 (1907).

50
Proccedings Royal Acad. Amsterdam, Vol. X1V,
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a=3,16 ; b=—=—0,01245 and ¢=4,76 10-6 . . (18)
This substitution yields :
ZnEr—¢= 135150
29570

log K[, - — -+ 2,59 log 7—0.0013627 —{: 1,74 10717 + (', . (14)
in which :
’ Sn Hpy
. 2=l 991 . . . ) 5
U= ! - (@9

The calculation from the observations will be clear from the sub-
joined table without further elucidation :

TABLE IIL
T | lgK, |- E’;ﬂ 2.50 log T | 0.001362 7 | 1.74 107 73| C’
1900 | —13.45 | —22.75 |  8.07 LT 029 |42
1305 | —I1.84 | —21.20 | 814 1.90 0.3 | 42,78
1400 | -11.71 | —21.12 | 8.15 1.9l 034 | 42.77
1443 | —11011 | —2040 | 818 1.7 036 | +2.81
1478 | —10.79 | —20.01 8.21 2,01 038 | t2.64
1408 | —-10.28 | —10.74 | 822 2.04 030 | -2.89
1500 = 1050 | —19.71 8.23 2,04 030 .| 12,63
1565 | — 0.8 | —18.80 | 8.27 2.13 043 | 12.44

So C' oscillates ronnd the mean value 4 2.71.
Now it follows from equation (15) that:

SnHr—, = -+ 22.5.

v=1
7. Tn the fivst paper on the theorem of heat!') Prof. Nernsr pro-
posed the expression :

29600
log K, = — — 4 1,75 log T— 0,00066 7" 4+ €' . . (16)

It we wuse this expression for the calculation of C' from the
observations, we have:

TABLE IV.
T | log Ky _ngLoo 1.5 log T|0,00066 7"  C'
1300 | —18.45 | —22.77 | 5.45 | 0.8 | -+4.73
1305 | —11.84 | —21.22 | 5.50 | 0.92 | -+4.80
1400 | —11.77 | -=21.14 | 5.5 0.02 | -44.78
1443 | —11.11 | —20.51 | 5.53 | 0.95 | 44.82
1478 | —10.79 | —20.03 | 5.55 | 0.98 | 44.67
1408 | —10.28 | —19.76 | 5.56 | 0.99 | -+4.91
1500 | —10.50 | —19.73 | 5.56 | 0.99 | -+4.66
1565 | — 9.88 | —18.91 | 5.50 1.03 | +4.47

1) Gott. Nache. 1906, 1.



(751 )

(’ oscillates round the mean value 4 4.78 in table IV.
If we calculate the sum of the constanis of entropy from this
value of (' we find: :
2nHyr— = 4801

v=1

8. It will be sufficiently clear from what precedes that the resulls
of the calculations of the constanis of entropy depend entirely on
the expressions which are assumed for the specific heats as function
of the temperature. Up to quite recently we had to content our-
selves with the above discussed expansions into series; notlong ago,
however, appeared a paper by Dr. Niers Bigrrum, in which {wo
expressions derived from the theory of indivisible units of energy are
proposed and tested by the lalest observations.?) It has appeaved there
that with a suitable choice of the oscillation frequencies of the atoms
in the gas-molecules it is possible to acconnt for the observed influence
of the temperature on the specific heat. The most remarkable thing
is now that with regard to the order of magnitude these frequencies
really agrec with the vibrations which occur in the absorption
specira of the gases concerned, as was predicted by theory. Accord-
ing to Nernst the specific heat of the gases can be divided into
three parts. The translatory energy, which is exclusively determined
by the motion of the gas molecules as such, is represented by */, BT
independent of the number of atoms in the molecule.

The rotatory energy is found by .multiplying the number of
degrees of freedom by '/, R7% and amounts to R7" for bi-atomic
gases, to */, RT for tri-alomic and multi-atomic gases. So for
the specific heats these two parts of the energy yield two expres-
sions independent of the temperature (bi-atomic */, B} R; tri-ov
multi-atomic °/; B+ */, B). The thivd part, the energy of vibra-
fion of the atoms in the molecule will, however, depend on the
constitution of the molecule in u much more intricate way. This
energy of vibration, which in its dependence on 7’ furnishes a part
of the specific heats which depends on 7, is now found by means
of the expressions drawn up by Eixstuiw, resp. Nernst and LINDEMANN
according Lo the theory of indivisible unils of energy.

The real specific heat of a bi-atomic gas is now found by diffes
renfiation of the said three parls of the energy with respect to 1™

d
ar

in which according to EiNstiN ¢ is represented by:

ow=2LR+R+—=RTp), . . . . . (17)

1) Zeitschr. filr Elektrochemic. 1911, 731,
50%

-10 -



according to Nekenst and LinxpeMany by :
By B3
1T Y
2 R
el — 1 e2T — 1

The universal contant 8 has here the value 4.86 101!, » being
the frequency of oscillation of the two atoms with respect {o each other.

Quite analogously the specific heat of a {ri-atomic gas is repre-
senied by:

d
ar
in which ¢,, p, and ¢, vefer to the three vibrations possible in the
tri-atomic molecule.

="/ R+, B+ {BT (p,+ .ty - - - (19)

9. If we now also apply these equations for the specific heats
to the carbonic acid cquilibrium, we find:

T
=n f 0T = (154204 + g5 2+ o+ g RT . . (19)

0
and
7 ¢, 3 T9 35— 2, + o,
Enf LTJ-‘cZT:—O—RlnT—{-Rf 2 T("‘+")+'P“)(z1'+
| & 1

T
+-R / {2(/)A+(/)B-2((/)1+‘T2+(/’3)}7 * T (20)
i
in which the indices 4, B, 1, 2, and 3 resp. vefer to carbonic
oxide, oxygen, and carbonic acid.
It now the expressions (19) and (20) arc subslituted in equation
(3), we find: ’

n K— —

7
E'nEy;:_o 15T +f 294+ 95 "';)'((/)14 ¢, +v,)
1

T 2
T dT+C,(21)

in which

1
C=—25— {2(/’11 +(/‘B—2(f/’1+(p2+(pn)§'f=l + ﬁ:77le=la

y=]

as 2n=-41 . . . . . . . (22

-11 -
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The integral occurring in equation (21) can, if we use the g-value
according to Einstmin (see § 8), be found, if we bear in mind {hat:
B/

— B8/
f‘,ﬁdi’: g" —ar= [P jﬁ) AT = — n(1—¢ T); (23)
ro(,7—1) r(1—s7 1)

if we use the value of ¢ of NurnsT and LinDEMANN, we get:

f?cw’:éf B ar
1 iad
(T —1)

By

+%f__?;__dz':__l/,znh—e"T)(L—g“g’) Coe (28

B/

'SJ
T*(eé—T——l)
Finally it appears from equation (19) that:
SnE = ZnEr—o + {1,5 + 2y 4+ ¢ - 2(¢,+ @, BT . (25)
When using the ¢-expression of EiNsTEIN we must, according to
Bierrun, substitute resp. 3.6y, 3.6 u, 14.7n, 6.2 ¢ and 6.2 u for 2,
or 4050, 4050, 992, 2350, and 2350 for pBvin ¢4, ¢35, ¥, @, and ¢,.
It the ¢-expression of NurxsT and LiNDEMANN is used, we must
substitute for 4: 2.59p, 2.59y, 81y, 5.0u and 5.0 and for gr:
5630, 5630, 1800, 2920 and 2920.
If now in equation (25) we substitute these values with the values
of Znl from equation 9, we get:
Enlyp—=o= 134850 (EINSTEIN) resp.
= 134800 (NErNsT and LINDEMANN).

Henee the expressions for the carbonic acid equilibrium become:

29500 o -2
loy 1,,:—':—1,— 4+ 2,5lg I'—8log\l—e T ]+ 2log\1—e 7 )4
_ %0
+dlog\l—e T )4Cr . . . . .+ (20)
‘ 5630 5630
log K, = — + 2.5 log T—?/, log (1—6 1 )(1—(3 21 )

_ 18w _1@) _mo\( a0
Flog\l—e T \1—¢ 2T J42log\1~e¢ T )\1—¢ 2T J4C'N.i(27)

In both expressions the constauts C'y and C'yz have the values:
C'p=04343 Cy + log 0,0821 and
C'yr = 0,4343 Cyy, -+ log 0,0821,

-12 -
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in which the constants without accents arc represented by equation

(22), because the lower limit of the integral occurring in equation -

21 may be neglected.
If we consider thai also the values for ¢ in equation (22) for
T=1 may be put zero, we get finally: _

1
C'g= C'yr=0.4343 (-—— 25+ % 211[11‘-:1) -+ log 0.0821

=l
or
EnHTzl
. =
Cp=CNp=—a —2,17 . . . . . (28
Ji NL 1571 ) (— )
TABLE V.
- 20500 | 29490 -
e | e 3 X t '
T T T !2,5 log T| Zlogp | Zlogp, | C'p C'yr
‘1300 | —22.69 | —22.68 \ 7.718 —0.80} —0.78) +2.26 -+2.23
1395 | ~21.15 | —21.14 1.86 —(.87 —0.85 +2.32 +2.29
1400 | —21.07 | —21.06 1.81 —0.87 ~0.85 +2.30 +2.27
1443 | —~20.44 | —-20.44 7.90 —0.61 -—0.88 +42.34 --2.31
1478 | —19.96 | ~—19.95 ‘ 7.92 —-0.93 | —0.91 4+2.18 [ -2.15
1498 | —19.69 | —19.69 7.04 —0.95 -—0,92 --2.42 +2.39
1500 | —19.67 | —19.66 7.94 —0.95 —0.93 +2.18 ) +42.15
1565 | ~—18.85 | ~—18.84 7.99 —0.99 | —0.97 +41.97 +1.94

So the mean values of C'z and C'yr amount to:
-+ 2.25 and + 2.22,
From equation 28 follows:

EnHr— = -+ 20.2 and -4 20.1.

v=]

10. If we now consider the results of the five tables, it appears
that all five have been calculated with {he aid of the same data
concerning the chemical equilibrium, that the same value Znli was
used for tables I, III, and V, that the values on which tables II
and IV are bascd, differ ai thc most some ienihs of percentages
from ihewn, which accordingly can only bring about a deviation of
some hundredths in the valuc of (', and that therefore the greatly
varying values of (' resp. Znflr—) must be attributed to the different

vzl
expressions which are inlroduced for the specific heats.

The term, produced Dby the constants of energy, differs at the
most 0,1 in the five tables; ihe greal influence, to which the difference
of the obtained C' values is {o be ascribed, lies chiefly in the diffevent
factor of log 7', which varies between 2.93 (table II) and 1,75 (lable IV).

-13 -
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This can bring about a difference of more than 3 in the terms
concerned, because log 7' is of {he .order 3.

Though accordingly the different assumptions concerning the specific
heats - give a maximum deviation in the constants of energy of at
the most some lenths of perceniages, they give vise to variations
from 17,9 to 30,1 for the constants of entropy. So the accuracy of
the consiants of entropy is far inferior {o that of the constants of
entropy. :

It will be clear from the above that the extrapolation of the specific
heat from the region of observation lo the lower temperatures is
the cause of the deviations. For where e.g. for bi-alomic gases the
expression Cv=qa -} 0T implies that the specific heat retains its
linear dependence with descending temperature, it becomes constant
at low {emperatures on assumption of the expression of BirrruM.
The line that represents the specific heat as function of the tempe-
rature, exhibils the same shape ‘(with a point of inflection) in the
latter case as the specific heats for solid substances, which of late
have become known specially by the investigations in the laboratory
of Prof. Nerwst.

We may call here special attention to this that all the five expres-
sions which have been mentioned for the carbonic acid dissociation
equilibrium, account equally well for the observations, for the oscil-
lations of (' have the same value in all the tables. And we have
here only to take the absolute, not the relative deviations of ¢’
into consideration.

That a change in the expression of the specific heats can have a
great influence on the value of (’, is moreover a conclusion which
is not new. Bverybody who knows the work of Prof. Haskr already
mentioned in § 1, which appeared already in 1905, and which
treats the gas-cquilibria with the facls known at the time in a very
clear way. will find back this conclusion there. As it appeared to
ine, however, that this_ conclusion is not generally known, and the
newer data have hardly modified if, I have thought it necessary
to elucidate it in what precedes by one of the wost fully studied
reactions,

If we ask which value of the constants of the entropy must be
taken as the most probable, we cowme to the conclusion that this is
certainly the value of Table V. In the first place the expression
proposed by Bsurrom has a theovetical foundation iu the theory of
indivisible units of energy, and besides this formula renders the newest
investigations of Horsorn and HunNING and those of Pier very well, as
appears with the greatest clearness from the cited paper by Bssrrua.
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A drawback mentioned by Bisrrum, exisis, however also when we
use this expression. If is namely preily certain that this formula
will not rigorously refain its validity at low temperatures, because
the rotatory energy at low temperatures will deviate from the
valuc given in the expression. This, however, does not detract from
the fact that in my opinion this theoretical formula is {o be preferred
to the empirical expansions into series.

11 If we apply Bigrrea’s data to the equilibrium of the water-
dissociation we tind at 7'=273 for =nk the value 115660, resp.
115260 according to Bertmenor and MamieNoN, rvesp. to TmonskN.

If we lake a mean from this, we get according to equation 25:

Zn By = 114650,

If the ¢p-values according to EiNeTmiN, resp. NrrNsT and LINDEMANN
are used, the expressions for the equilibrium become :

4860 4050
_ 25080 = =22
log I, = + 2.5log1"—2 log (1-—(3 r )»log( I—e T)—[~
s s
+ 2 Zog(l——e T )—}— 4 log (1—-8 r ) +Cr - .. (2D
and
72€0 7290
25080 —= =
Zogl(,,:—~——2;»— 4 2.5 log T——log\<1———e r )(l—e QT)
I

5630, 5630 6075 6075

ﬂl/nzog(l-e_"if'_)(l-e’.?>+3zOg(1_e*T) ( 1-["2?)-1_ C'yi (30)

The most accurate observations, which were carried out in Prof.
Nurnst’s ') laboratory, now yield :

TABLE VL
25080 . . :
T | logKy|—=7—| 251lgT | Zlogg | Zlogy, | Cp | Clyy
1900 | —14.01 | —19.20 | 7.78 —0.10 —0.09 | —2.40 | —2.41
1397 | -12.63 | —17.05 7.86 —0.12 | —0.10 |-2.42 | —2.44
1480 | —11.47 | —16.95 |  7.93 —0.14 | —0.12 | —2.31 | —2.33
1500 | —11.42 | —16.72 |  7.94 —0.14 | —0.12 | -2.50 | —2.52
1561 | —10.71 { —16.07 |  7.98 —0.15 | —0.13 | —2.47 | —2.49
1705 | — 9.28 | —14.71 8.08 —0.18 | —0.16 | —2.47 | —2.49
2155 | — 6.08 | —11.64 | 8.33 —0.27 | —0.26 | —2.50 | —2.51
2057 | — 5.55 | —11.11 8.38 —0.29 | —0.28 | —2.53 | —2.54
2300 | — 5.04 | —10.90 | 8.0 —0.30 | —0.29 | —2.24 | —2.25
1} Theor. Chem. 1909. 680. .
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The mean values of 'y and C'yg wnountto 2,48 and —2,44,
It appears from equation (28), which holds here unmodified that :

>n Hyey = —1,19 and — 1,28,
y==l

12. The water gas cquilibrium can be found by calculation from
the water aud carbonic acid equilibrium.

¢ 2

c e 2 ¢ ¢
H 0 o "0, o, °co, .
From K, o= Ky =" and Kpy=--"—-" it appears, that
R 25) S0, °co °m,0

log Koy =/, (log Ky o — log KCO‘_, ).

. Hence if we subtract equation 26 from 29 resp. 27 from 30, we
find afler division by 2: ‘

2210 _ den0 o sy
long:T~log(1—e T)——log(1—~e T)-—2log(1——e T)

_ 50 _ 2650 _ sb1o
+log\1—e 1 J4+log\l—e T )+ 2bg\l—e T J+ Cu, (31)

and .

2205 _. 10 _ 1290 __ 1800 _.1800
log Kyy— ~:,,—,——1/2log (1 -e T )(l—e 27 ) ~1/,log (l—e T )(l—e 2T )
2 _ 10 63 2630
—log\1l—e T J\1—¢ 2T )4 log\l——e T J\1—e 2T
+ S,log\1—e T 1—e 27 ) 4 Cl“’NL Y 19

For the caleulation of the constants we use the determinations
of Hann?).

TABLE VIL
2210 | 2205 | < . ’
T K~ logK T |7 | logp |= logp; | C wg C 'wNL
959 0.534 0.27 | 2.30 | 2.30 0.23 0.24 -2.26 | —2.27
1059 0.840 0.08 2.09 | 2,08 0.27 0.27 —2.28 | —2.27
1159 1.197 1 -0.08 | 1.91 (1.9 0.30 0.30 —2.29 | —2.28
1259 1.571 | —0.20 | 1.76 | 1.75 0.33 0.33 —2.29| —2.28
1359 1.96 —0.29 1.63 | 1.62| -0.36 0.36 —2.28 1 —2.27
1478 2.126 | —0.33 1.50 | 1.49 0.40 0.39 —2.23 | —2.24
1678 2.49 —0.40 | 1.32} 1.81 0.45 0.44 —2.17| —2.15

So the mean values amount to — 2.26 and — 2.25.
The constanis of entropy can be found from :

1) Apges. Handb. III. 2, 198.
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En_["[f[_—_l

U:l_ '
4571 ¢,

into which for this case equation (22), in which Zn =0, passes.
The calculation yields: _
SnHp— = — 10.83 and —10.8.

v=1
If we now compare the values which the direct determinations
of the watergas equilibrium have yielded, with the values which
are calculated from the constants of the water and carbonic acid
equilibrium, we find:

TABLE VI
Watergas
Carbonic acid Water
Calculated Direct

ci | ZnHpy| o [2nHp | o | EnHp| o |[SnHp

=1 y==1 =1 v=1
+2.251 ~20.2 —2.43 | —1.19 —2.34 | —10.7 —2.26 | - 10.3
—}-2.22’ 420.1 —2.44 | —1.23 —2.33 1 —10.7 —2.25 | —10.3

This agreement proves that the observalions on which fable VII
is founded, correspond sufficienily well with those of the tables
V and V1. This, however, cannot be advanced as a proof of the
accuracy of the used cxpressions for the specific heats, as such an
agreement may also be obtained on other assumptions concerning
the specific heats.

Inorganic Chemical Laboratory of
the University of Amsterdam.

Physiology. — “The e¢flusion of acoustic Tnerqy from the head,
accordimg to experiments of Dr. P. Nixirorowsky”. By Prof.
ZW AARDEMAKER.

(Communicated in the meeting of December 30, 1911).

In the months just past, Dr. P. Nixirorowsky from St. Petersburg
has carried on in the Physiological Laboratory at Utrecht an investi-
gation as to the effusion of acouslic energy from the head whilst
the sound was introduced, either from the head or from the vocal
organs or from the crown of the head along the slem of a vibraling
tuning-fork which had been placed there. The intensity of the sound
produced, was about uniform, which appeared from special measure-

-17 -



