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on the particular properties of the substance of which the centre of

atlraction consists.
The time of revolution 77 (the time mn which ¢ increases by 2a)
can easily be calculated. It follows namely from (18%) and (19) that

. 2k
Y= Ac*y (a+Bcos)’ {1 — 5 (a3 cos )¢,

and from this, accurate up to quantities of the second order of

magmtude,
dp 2k dyp

(a8 cos )’ + ¢ a—{—ﬁc@ P
From this it easily follows, that

2 « k
AT —= —- ( —— T+ —;).
aa_ﬁz « ~‘5' ¢
Let us call @ half the major axis of the ellipse, then
a

a——m

EN L k
a a-{—c—2 :T‘:4ﬂ2.

T depends therefore still exclusively on the major axis of the orbit;
this 18, however, not the case with the time of revolution mn the
ellipse. In the first member we may substitute 4n’a’/c*T"* for k/c?,

and thus we get
2xa\*)? k
3 2 Ny £ R
“ [1 +3(611)] .2 _4”2

instead of the third law of KrprEr.

Actydt =

and we get

Chemistry. — “On gas equilibria, and a test of Prof. J. D. vaK
pir WaaLs Ji’s formula”. 1. By Dr. F. E. C. Scruresk.
(Communicated by Prof. J. D. van prr Wauls).

(Communicated in thé meeting of Dec. 30, 1914.) ;

. 7. The equilibrium I, 2 21. (Continued).

In my preceding paper') I have shown that from the determi-
nations of the 1odine equilibrium the value 0.41 10-3 cm. follows
for the radis of 1inertia of the iodine molecule; the iodine disso-
ciation can therefore be represented by equation 8, when 2 = 15u
and log M = —38.20 are there substituled. That this equation
sufficiently represents the experimentally found values, appears from

. 1) These Proc. 17, 695 (1914/15).

67*
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table V, in which the value 34690 cal. has been chosen for n Ep_,
so that in my opinion the most probable expression for the disso-
ciation constanti is as follows:

972

7589 1 —
log K = —-T—|—~2—Zog T + log (l—e r ) + 1.887 . (13)

TABLE V.
_

t (Cels) T |log K(found)| log K (calc.)| difference

8G0 1073 0.111—4 0.104—4 — 0.007
900 1173 0.692—4 0.703—4 -+ 0.0
1600 1273 0.199—3 0.206—3 < 0.007
1100 1373 0.639—3 0.634-3 — 0.005
1200 1473 0.009—2 0.003 -2 — 0.006

The discrepancies between the found and the calculated values
are smaller than the errors of observation.

8. Before proceeding with the calculation of chemical equilibria
by the aid of the expressions for the gas entropy mentioned in § 2
and Prof. van DER WaaLs Jr.’s expression mentioned in § 4, I will
discuss the results at which SterRN has avrived in his paper, which
I mentioned in the “Postseript” of my latest communication.

The expressions for the gas entropy used by SterN, deviate in a
very essential point from those mentioned in § 2. The entropy of
a gas is determnined by Stery with respect to the solid state at
T=10 as zero condition. The expression for monatomic gases
agrees with equation 1 of my first paper, when there the value

3 5
5 Bind2x 4 — B4 8 slidat 7=0
is substituted for C,. In the same way the value of a di-atomic

7
gas is indicated by equation 2, if Y R 4 Ssotid at T=0-) is taken for

C, 1t is clear that in contrast with the application of the entropy
values of § 2, therefore according to Sterx the algebraic sum of the
entropies of the solid substances at 7'=0 occurs in the expressions

1) Besides Sreny takes the vibration in the diatomic molecule into account,
which in eguation 2 necessitates the addition of an expression with ». Also the
variability of the specific heats is therefore taken into account with this expression.
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for the equilibrinm constant of the gas equilibrium. Hence whereas
the expressions of § 2, which were exclusively derived from gas
properties, leave the value for the entropy of solid out of account,
and the calculations of the gas equilibria have nothing to do with
the solid stale either, so that the determination of the entropy of
solid according to S==F%{log W remains a separate problem, the test
of STERN’s expressions can give a decision of the validity of NerxNst’s
theorem of heat. If we assume StERN’s derivations for the gas
entropy to be correct, then on application to the iodine equilibrium
it appears that the algebraic sum of the entropies of the solid sub-
stances at 7'=0 is not zero, which it ought to be according to
the heat theorem, but about — 7. In this test it is assumed that
the moment of inertia of the iodine molecules has the value that
would follow from the mean molecule radius for iodine (from the
index of refraction). We have here, however, two quantities at our
disposal: the moment of inertia and =S;e. It is clear that reversely
the assumption that the sum of the entropies of the solid substances
at =0 is zero (through which this algebraic sum disappears from
the constant of equilibrium and the expression deviates from that
of Prof. vAN pErR Waars Jr. only in this that it is assumed in the
former that the specific heat of the vibration has already reached
its amount of equipartition) changes the value of the moment of
inertia. On this assumption it gets about the value which was
indicated in my first paper.

9. The objection advanced by Stery against a small moment of
inertia, is founded on the value of the chemical constant of /,, which
was calculated by Sackur on the assumption of the mean molecule
radius (from the index of refraction) for the moment of inertia, and
with which the vapour pressure values of solid iodine can very
well be represented as appears from Sackur’s test. ') In virtue of
this, however, I do not think myself justified in rejecting the moment
of inertia calculated by me.

The said test of the vapour pressure line has been carried out
by Sackur on simultaneous assumption of the expression 2 of § 2
and of Senda T=0=0. We are then led to the question whether
these two assumptions are identical or in conflict with each other.
Discussions with Prof. van per Waars Jr. concerning this question
have led us to the following opinion. If the enlropy of a gas is determined
by means of & log W, the expressions L and 2 of § 2 are found for

1) Sackur, Ann. der Physik (4) 40 87 (1918).

¥
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it ; these values ave entirely independent of the entropy of the solid
substance. The gas entropy is namely found then by examining the
probability of {he gas state; if this is done at temperatures where
solid substance is impossible, so far above the melting-point, the
chance to a solid configuration must be entirely excluded. When the
iodine equilibritm is tested, where the temperatures amount to
1000° K. and more, the chance to solid substance (melting point
387° K.) may certainly be put zero. And therefore the expressions of
Sackur, Trrrobe, and vaN pEr WaaLs will in my opinion yield the
correct values for the moment of inertia, and the test remains entirely

outside the theorem of heat, in whatever form it be. . .
If, however, for the entropy of gas £ /og W has been chosen —
I will call these values the gas scale for the entropy — it is the

question what will be the entropy of solid. This .value might
d
either be determined by means of dS:—,fQ, or by applying the

expression %log W also to the solid state. The latter, however, 1s
only feasible on the assumption of one or more hypotheses concern-
ing the constitution of the solid substance; these derivations must,
therefore, certainly remain arbitrary in a high degree. For a mon-
atomic solid substance a comparatively simple mechanism may be
devised corresponding to the properties of solid '), but for multi-atomic
solid substances the model becomes necessarily more intricate, hence
more arbitrary. *) . N

It it is, however, assumed, as is often done, that the entropy of
solid at 7'=0 is zero, then starting from tlus the entropy of other

d
states can be determined with the aid of dS:—Q This scale of

e

entropy, which I will call the scale for solid, need not coincide,
however, with the gas scale in my opinion. And if it does so for
one substance, this need not necessarily be the case for all. At any
rate this coinciding of the two scales requires experimental verification.
The only data from the literature which can furnish such a lest,
are in my opinion:
1. the theoretical derivations of StirN’s gas entropy.

2. the vapour pressure line of mercury.

: @odQ L
3. the calculation of = - for iodine.
sobd T=0 1

1) SterN, Physik. Zeitschr. 14 629 (1913).
%) Stcey, Ann. der Physik. (4) 44 520 (1914).
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1. SteeN’s derivations rest on the above mentioned assumplions
concerning the mechanism of solid substance. SrtERN’s expressions
and those of § 2 agree in a high degree, but that in his expressions
the constant part has been accurately represented holds only for
the definite conception which Stern forms for the solid substance').
A rigorous proof for the coincidence of the two scales is in my
opinion not furnished by this derivation.

2. The testing of the mercury line seems to plead for the coin-
cidence of the two scales. In a recent paper in these Proceedings
Prof. LoreNTz carries out a similar test®). In connection with the
above I think I can state the result as follows: If coincidence of
the above mentioned scales is assumed, the dimension of the “elementary
regions” appears to be about A°, but as the coincidence of the scales
is not proved, little weight is to be attached to the conclusion con-
cerning the extent of the ‘“elementary regions”. This is probably a
too rigorous statement of the conclusion of the mentioned paper;
for the other difficulties which attend this testing) I must refer to
the cited paper. Let us now consider that the entropies of § 2 (of
my - preceding paper) rest on the assumption that the area of the
regions is really A°; then at least if the expressions are correct and
may therefore be applied to the evaporation, the coincidence of the
two scales would become probable for this case.

3. From the caloric data on 10odine StirN has calculated the
difference of entropy between solid iodine (Z,) at I"= 0 and gaseous’
iodine (in atomic state) at 7'=323°). Ster~N .now uses for the
entrogpy of the gaseous atomic iodine the expression which was
derived by him for monatomic gases, and in which (see § 8) the
entropy of solid* atomic iodine at 7'=0 is taken as zero. It is
clear that in this way the algebraic sum of the entropies of the
solid substances at 7'=0 can be calculated.

If, however, the values of § 2 are introduced for the entropy of
atomic gaseous iodine, we do not find in this way the algebraic
sum of the entropies of the solid substances, but only the entropy
of solid iodine ([,) at T=0. If, therefore, the entropies of § 2
are assumed as the correct omes, it follows from this calculation
that the entropy of solid iodine (/,) at 7'=0 does not become
zero, but — 7.6. Thus interpreted, this would plead against the
coinciding of the two entropy scales for iodine.

10. With this interpretation I think I can also get agreement with
1) Sterw, L c.

%) Verslagen Kon. Ak. Amsterdamn, 28. 515, (1914/15), (still to be translaled).
$) SterN, Ann. der Physik. (4) 44 513 et seq. (1914).
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the determinations of the vapour tension of solid iodine. The ‘“‘chemical
S'yas —o+ RinR —8,0tid T=0

2.3 R ’
in which Sy represents the entropy constant according to the gas
scale, and in which Syuq7=0 is generally also put zero (which in
~my opinion need mnot therefore be the case in the gas scale), is
3,27 according to Sackuvr'). The entropy constant of the gas is
calculated by Sackur on the assumption that the moment of inertia
calculated from the mean molecule radius (index of refraction) is
the correct one. As the radius of inertia calculated by me in my

constant” of iodine, which is given by C=

2.26 - . . .
first paper, is o 5.5 times smaller, and the moment of inertia-

therefore about 30 times smaller, the value of S'yq, in which the
moment of inertia M occurs as RlnM?*), would become Rln 30 or
6,75 times smaller when the value found by me is used. Hence if
we want to retain the value 3,27 for the <chemical constant”,
Ssolid T=0 must not be taken zero, but — 6,75, which is in satis-
factory agreement with the result at the end of § 9. I think therefore
I am justified in taking this as a confirmation of the validity of my
former calculation.

11. 1 would therefore summarize the above as follows:

1. from the vapour pressure line of mercury the entropy of solid
mercury appears to be about zero at the absolute zero point in the
gas scale.

2. it follows from the caloric data of iodine that the entropy of
solid iodine (/,) at 77=0 is about — 7.

. 3. it appears from the calculation of my preceding commuuication
that the radius of inertia of 7, is abont five times smaller than the
mean molecule radins determined from the index of refraction.

4. when this radius of inertia is used the test of the vaponr
pressure line of iodine yields for the entropy of solid iodine a
value of about — 7 in agreement with the second conclusion.

5. the cited data do not allow of a test of the theorem of heat.

6. In agreement with the third conclusion Manprrst.ootr’s calcu-
lations lead to moments of inertia which are smaller than would
agree with the mean molecule radii (index of refraction, internal
friction, and d-values of the.equation of state)*).

1) Sackur, 1. c.

%) These Proceedings, Vol. XVII p. 697, (equalion 2).

3) Manpersuoor, Thesis for the Doctorale. Ulrecht. 1914. Sec also: These Proc.
Vol. XVIL p. 702. (1914/15).
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12, Other equilibria of the type 4B A 4 B.
None of the data which are to be found in the literature on

‘other equilibria of the above type, allow of a sufficiently accurate

calculation of the moments of ineriia.

There exists a very interesting investigation on hydrogen dissocia-
fion by LanNeMulrk, who concludes to dissocialion of the hydrogen
molecules from the abnormally high energy required to keep the
tungsten wires in a hydrogen atmosphere at high temperature, and
who tries to calculate the degree of dissociation from these energy
measurements. ¥) On account of the insufficient accuracy of the
required quantities these calculations cannot yield any but rough
values. From the values of the degree of dissociation, which LaNenuir
considers the most probable, I have calculated the moment of inertia
by the aid of equation 4 and 4a, resp. 6 and 6a¢ of my preceding
communication ; the limits for the values for lng M found thus amount
to —44.3 (TerropE and vAN DER Waals at A=0), and —45.3
(vaAN DER Waals at A=20p). From this moment of inertia the
value 8.10—11 vesp. 2.5.10—1! cm. would follow for the atom distance.
The moment of inertia of hydrogen, however, is in my opinion suffi-
ciently accurately known to justify us in rejecting these values, and
in concluding that the values given by LANGMUIR, are not accurate.

Reversely it would certainly be of importance to seek an inter-
pretation of the phenomena found by Lanemuir, by the aid of equa-
tions 4 and 6 and of the value of the moment of inertia of hydrogen,
as it is found according to other methods. *).

The chlorine dissociation has been examined at temperatures
between 1700 and 2000 K. by PiEr; owing to the great experi-
mental difficulties accompanying this investigation, these values are
not accurate either.®) If we calculate for this case the value of the
moment of inertia, we find values for log M varying between about
— 54 and — 37. Now we can certainly disregard the smallest values,
because they are found from the determinations at the lowest tem-
peratures, where the degree of dissociation is very small, and a
small absolute error manifests itself greatly enlarged in the equili-
brium constant. Bul also at the higher temperatures the value of
log M varies too much to allow us to draw satisfactory conclusions,

The case of the bromine dissociation is somewhat inore favourable.
If we apply "the equations 4 and 6 to the values found by Prruan

1y Lavemuir, Journ. Amer. Chem. Soc. 84. 860. (1912).

2) Cf. for the moment of inertia of hydrogen among others Emstoy and Srerw,
Ann, der, Physik. (4) 40. 551. (1918). .

3) Pier, Zeitschr. f physik. Chemie. 62. 417, (1908).

~

Y
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and ATKNSON ') we find further that the determinations at the lowest

temperatures, where the degree of dissociation is very small, are

useless for the calculation. If the lerm with » is omitted from
equation 6, it can be brought into the following form for the bromine
dissociation :

>nE .

T M=
in which « represents the degree of dissociation at atmospheric
pressure. Application ‘of this expression to the experimental deter-
minations yields the following table :

3
+ 5 log T—38802, . (14

2

TABLE VL -
2 2nd member ATC,
t X of (14) (TOQ)AZO ( AT ))=0
900 0.0148 —30.039 35236
—40.75
950 0.0253 —30.471 37273
—39.8%
1000 0.0398 —30.845 39266
—40.75
1050 0.0630 —31.220 41304
mean —40.45

The thus found value of — 40.45 yields 4.10—120 cm. for the radius
of inertia. If the experimental determinations do not contain great
errors, a very small radius of inertia follows from this calcnlation.
And this radius would be found still smaller, if the term with » was
taken into account. I think, however, that no great importance is
to be attached to this value, because the values of the fifth column
differ too much from each other, and the determinations are less
numerous and less accurate than for the iodine dissociation. The
accuracy is here again smaller, because the equilibrium lies strongly
on one side in these determinations.

13.  The equilibrium 2ABZ A, 4 B,.

When Prof. vax DER WaaLs Jr.’s considerations are applied in a
perfectly analogous way to the equilibvium 2 ABZ2 4,4 B,, we
find for the dissociation constant:

2aEr—p Y o ok
nayns, _ T T RT migm, M1, 1— ) a5
w5 map M ) _ak
l—wg *T J\1—¢ *T
1) Perman and Atrkinson, Z. phys. Chem. 83. 215, 577 (1900) Cf. also: ABEge.
Handbuch 4. 2. 233 (1913). . . . -

’
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in which M,, M,, and A, represent the momenis of inertia, =, v,,
and », the vibrations of the molecules AB, 4,, and B,.

If by the aid of the entropy values of §2 the value of K is
determined we get, disregarding the term with the »-values, an
identical expression. Hence the expressions of Sackur, TETRODE, VAN
pER WaaLs Jr., and also those of StrrN, when at least with regard
to the latter it is assumed that NurwsT’s heat theorem is valid, yield
the same result bere.

With regard to the fest of this expression we must remark that
there occur three moments of inertia in equation 15, and that the
ratio of the moments of inertia can only be defermined from the
equilibrium values. )

The value of =nfiy—o, which naturally cannot be directly deter-
mined with the equilibrium 7,22/, can generally be calculated
here from the caloric data of Brrraeror, THoMsEN, and others.

From equation 15 follows for the transformation energy:
Nhy, Nihw, 5 Nhv,
sh vah nh

AT ] T 1 bl —1

Znll = ZnEr— + (16)

If we, therefore, know the »-values from the specific heats, the
value of =n Er—y can be determined from the thermo-chemical
determination of Znk. The »-terms are generally so small that they
do not cause appreciable deviations between these quantities.

At low temperatures in equation 15 the term with the frequencies
bhas about the value 1. The material that admits of testing, now
consists for a great part of determinations of electromotive forces of
gas cells, in which the term of vibration may therefore be left out.
Then, however, the agreement with SackUr’s expressions becomes
perfect, and 1 can therefore refer to his paper for the testing of
these determinations.!) Sackur finds good agreement between the
experimental determinations and his expressions, which are founded
on the moment of inertia, which follows from the mean molecule
radii (0 of the equation of state, index of refraction and internal
friction). At higher temperatures, however, the term with » asserts
its influence, and we shall, therefore, have to examine it; for the
sake of completeness 1| have inserted the values of the gas cells
also in the subjoined tables.

14. The equilibrium 2HCIZ H, + Cl,.
The heat of formation of 2HCI from H, and CIl, is given by

1y Sackur, Ann. der Physik. (4) 40 101 (1913).

-10 -
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TromseN and BrrTaELOT in good agreement at 44000 cal. The specific
heats of H, and HCI differ little from 5 at room temperatnre; the
energy of vibration is, therefore, still imperceptible here. Hence the
corresponding terms with » can be omitted in 16. The specific heat
of chlorine amounts to 8.130-—1.985 =6.145 at T'=616.4 according
to Srreckrr (for constant volume)'). This value corresponds to
.= 9.5 (see equation 12). If this is substituled in equation 16,
the term with », appears to have no appreciable value at room
temperature either; we may, therefore, take ZnZ and Zn L r—p
equal, and for the hydrochloric acid equation 15 may be transformed
into:

sl
44000 (1_6—7:7) M,
log K —= — 57T + log - " + log R 1,458 (17)
) )
or
(%)
Ll 1—e o — log K -+ 2%2—6 1+ 1,458 (18)

log —
og .A’.[lu + og _ /211 —_ J.]l
l1—e BT \1—¢ *T

The experimental determinations which admit of a test of 18,
are the determinations of the gas cells of Dorezarkk?) and Morner®)
and the direct determination of the dissociation of LOWENSTEIN *).

If the values found by them are filled in in 18, we find:

TABLE VIL
Second mem- MyM;
¢ T log K ber of 18 log 2 Observer
25 298 - 33.18 0.58 0.58 MiiLLER
30 303 — 382.37 0.86 0.86 DOLEZALER
1556 1829 — 5.772 0.95 0.70 LOWENSTEIN

mean 0.71

1) Strecker Wied. Ann, 17. 102 (1882). Cf. also Picr. Zeitschr. f. physik. chem.
62 416 (1908).

2) DovezaLex. Zeilschr. . physik. Chem. 26 32! (1898). Bopcnstemy and GEIGER.
ibid. 49 72 (1904).

) Mutcer. Zeitschr. f. physik, Chem. 40 158 (1902). Nomnst. Sitz. Ber. Preuss.
Akad. 1909. 263,

1) Lowrnsreiy. Zeitschr. f. physik. Chem. 54, 715 (1906). The value given in
the table VII lLas been coriected for the dissociation of chlorine into atoms. See
Nernsr, Zeitschr, [. Elektroch. 16 689 (1909).

-11 -
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In the first two determinations the »-term has no perceptible in-
fluence; in the last it has. The value of the term for chlorine will
certainly predominate here. If this is taken into account (2=29.5u),
MM,

M2
calculated from the mean molecule radii, as they are given by
Sacaur, we find 0.82, which is therefore in satisfactory agreement
with the mean value 0,71. We must therefore conclude, that if the
centres in Cl, and H, are closer together than corresponds with the
mean molecule radius, the same thing is the case in about the same
degree with HCI.

is

we find the value of column 5. When the value of log

15. The equilibrium 2 HBr 2 H, + Br,.

When for 2nk we substitute in 15 the value 24200 cal., which
was calculated by Osrward from THOMSEN'S measurements?), this
equation may be transformed into :

#h\1
(-
vk s3h
(= 3)(9)

Application to the determinations of BopENsTEIN and GEIGER*) and
VoaEL vON FALCKENSTEIN *) here yields:

TABLE VIL

ay 5294
log ﬂ}aa + log = log K + Wil + 1.968 . (19)
1

¢ T logK Se‘;:grn%ﬂeén- Obsetver

30 303 —18.43 1.01 BopeNSTEIN and GEIGER
1024 1297 — 5.20 0.85 VOGEL VON FALCKENSTEIY
1108 1381 — 4.87 0.93 "
1222 1495 — 4.53 0.98 "

At T=303 the influence of the »-term is still imperceptible;

MM . . o
log 112[:’ thevefore, amounts to 1,01 according to this determination.
1
MM,

From the mean molecule radii we find log 7

= 1,11 in good

harmony with it.

1) OstwaLp. Allgem. Chem. II. 1, 110.
* % BopeNsTEIN and GEIGER. Zeitschr. f physik. Chem. 49, 70 (1904).
%) VoGEL vON FALOKENSTEIN. Zeitschr. f. pbysik. Chem. 68, 279 {1909) and 72,
115 (1910). S

-12 -
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With regard (o the observations at high temperatures it should be

borne in mind that the term with v is positive, because the influence
of the bromine vibration will be the greatest. Hence the value of

M M, .
Zog 11273 becomes smaller than the values of the fourth column of
1

the above table. But moreover the value for log £ has been calcu-
lated on the asgumption that at the test temperatures bromine is not
dissociated into atoms. From the expression of the bromine dissociation
of § 12 (equation 14) it would, however, follow, that under the
circumstances of these experiments the bromine is split up for a
great part, and that thence a large correction is to be applied for
log K. This correction, however, makes log K smaller, hence the
value in the fourth column also becomes smaller, “which would

2

: M, 0,
render the agreement with the first value of log T
1

have not succeeded in bringing these determinations in satisfactory
concordance with the electromotive ones. If the correction which is
to be applied in VoekL voN FALCKENSTEIN's observations for the disso-
ciation of Dbromine into atoms, was sufficiently accurately known,
an attempt would be justified to get agreement between the values
MM,
M,
a smaller value for the heat of reaction; the energy term in 19
’[QMS

/i

temperature than at the higher temperatures. The consequence of

still worse. I

of log by a change in ZnlZ. We should then have to choose

then yields a greater decrease of the value of log at the lowest

U, M.
this would then be that the value of —fl——” became smaller than

2

- 1
corresponds to the mean molecule radii. But then the value which can

be derived from BrrrHELOT'S observations, and which is not smaller,
but greater than that of THomseN, would plead against this attempt,

16. The equilibrium 2 HIZ H, + I,.

The value for the reaction energy having a very great influence
on the value of the moments of inertia also at this equilibrium, I
will try ‘to derive this value directly from the observations them-
selves in ‘an analogous way as in the iodine dissociation. This is
possible here because the number of observations of the iodine
hiydrogen dissociation equilibrium is much greater than the bromine
liydrogen equilibriam. ‘

When in 15 we fill in the values for the masses of the reacting.

-13 -
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molecules, and bear in mind that in HI and H, the vibration of
the atoms at ordinary temperaiure does not yet manifest itself in
the amount of the specific heats, but that this 7s the case foviodine,
(see § 6), so that the term of vibration of the iodine molecule will
be the predominating one, then with neglect of the »-terms for
HI and H,, equation 15 may be transformed into:

nl
MM, SnEp- ( “)
i J —log K 4 log| 1—e AT | 4 2.263 . (20
lOg Mlg 4‘571 7 09 + 0g ¢ + ( )

If we now fill in the value 13 u for 2, (see § 6), the observations
of SteemirLrr (gas cells)') and of BonexstrIN (direct dissociation
determinations) *) yield the following table: (p. 1024)

If equation 20 is written in the form:

M;Ma E?lET:O
M 4571

in which € represents the value of the second member of 20, every
time multiplied by the corresponding absolute temperature, thenin a
graphical representation, in which C is laid out as function of 7,
the observations must form a straight line. Then it appears graphically
that a straight line can- be drawn tlnough the observations with the

MM, SnE
My 1184 and =" o 7f1;° = 529 the observed points

C="Tlog (21)

parameters log
1
are then spread on both sides of this line. Then follows for the

expression of the iodine hydrogen equilibrium: -

N 972
529
logK_--T-—log(l-——e T)_-1,079 C oL (22)

It will certainly be possible to make a slight modification in the
parameters without appreciably impairing the agreement between
calculated and found values; it appears from the subjoined table
that the ervors in the observations at the lowesi temperatures are
pretty large, but that the expression 22 satisfactorily represents the
other observations.

Dissociation determinations at high temperatures have been made
by Voerr von Farckesstein®), They have been carried out by
measurement of the partial pressure of the hydrogen, use being

made of the permeability of platinum to ‘this gas, and of its imper-
meablhty to the other gases The ethbuum coustants, which have

1) SrEGMirLER. Zeitschr. {. Elektrochem. 16.'85 (1910).
2) BopeNsTEIN. Zeitschr. f. physik. Chem. 29, 295 (1899).
8) loc. cit.
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TABLE IX

t T logK s term S%%?.ng?%n' Observer
31.6 304.6 — 2925 — 0.018 — 0.680 | STEGMIILLER
55.2 328.2 — 2.692 — 0.023 /-—- 0.452 ”
81.6 354.6 — 2.416 — 0,029 — 0.182 "
280 553 — 1.931 — 0.082 ~+ 0.250 | BODENSTEIN
300 573 —1.905 | — 0.088 0.270 .
320 593 — 1.878 | — 0.004 0.291 ,
340 613 — 1.851 | — 0.100 0.312 )
360 633 —1.823 | —0.105 0.335 )
380 653 — 1.79% | —0.111 0.358 ,
400 673 —1.765 | — 0.117 0.381 ,
420 603 —1.735 | —0.123 0.405 ;
440 713 — 1.705 | — 0.128 0.430 ,
460 733 — 1.6 | — 0.134 0.454 \
480 153 — 1.644 | — 0.140 0.479 |
500 3. | —1.612 | — 0.145 0.506 ,
520 | 793 — 1.580 | — 0.151 0.532 ,

_ TABLE X
-
T |logK (found)l logK (cale)| T  |log K(found)| log K (calc.)

304.6 | — 2.925 — 2.798 653 ~ 1.794 — 1.778

328.2 | — 2.602 — 2.668 6173 — 1,765 — 1.7148

354.6 | — 2.416 --2.542 693 — 1.735 — 1.7119

553 — 1,931 — 1.954 n3 — 1.705 — 1.693

573 — 1.905 — 1.914 733 ~ 1.675 — 1.667

593 — 1.878 ~ 1.871 753 — 1.644 — 1.642

613 — 1.851 - 1.842 713 — 1,612 — 1.618

633 — 1.823 -— 1,810 793 — 1.580 — 1.595
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been inserted in the above {able in the fourth column, were calen-
lated from the values of this pressure.

TABLE XL
I/
‘ T ’ l log K log K (corr.) (froorﬁ 152)
1022 1295 , 0.329 — 1.221 — 1.368 — 1.210
1217 ' 1480 ‘ 0.3755 — 1.044 — 1.384 — 1.115

The values of the fourth column have been calculated on the
assumption that all the iodine 15 present as /;7; this now is cerfainly
not the case according to the determinations of the iodine dissocia-
tion (see § 5). Al these lemperaiures the iodine has alveady percep-
tibly been split up into -atoms, and specially at the low iodine
tension of these experiments the splittmg up will be great. Through
the correction which is to be applied for this, log K of column 4
becomes smaller.

Let us suppose the iodme to be partially split up into atoms
(degree of spliting g), then the total iodine pressure is not equal
to the hydrogen pressure, hut 1 4 y times greater. Let us call the
hydrogen pressure Pg, the total pressure P, then we have for the
partial tensions of hydrogen, iodine atoms, iodine molecules and
iodine hydrogen :

Pg, + 2 Pg, » (1—y)Pr, and P—(2+y) g,

Hence the equilibrium constant for iodine hydrogen becomes :

Ph,(1—y)

ko= pearer 0 @

and that for the iodine dissociation expressed” in partial pressures :

4 <
Kj,= E-Z-zuﬂ R 7

Now from the equation for the iodine dissociation (equation 13)
follows for the equilibrium constant (in partial pressures; pressure
unity the atmosphere):

T=1295 log K7, — — 0.668

T=1490 bog K, = + 0.148
If we now introduce the values of 25 and the found values of
Py, into 24, y may be calculated from it. This value of y sub-

stituted in 23, yields the values log & (corr.) of table XI. When
68

(25)

Proceedings Royal Acad. Amsterdam. Vol. XVII .
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the value of log K is calculated from 22, we get the values of the
sixth column of table XI, which appreciably differ from those of
the fifth column. This deviation can, howover, be accounted for by
this that the terms with » of H/, and possibly also those of H,
play a part at these high temperatures; the term with HI will
render the value of log K according to 22 smaller. The iodine
vibration which prevails at low temperatures, will also continue to
do so at high temperatures. The value of the iodine term amounts
to —0.277 at T= 1295, and to — 0.319 at 7’=1490; the term,
therefore, which occurs in expression 22 through the vibration of
the atoms in A/, vemains beslow this value; and in this way an
agreement may be probably arrived at, as the discrepancies between
the values™ of the fifth and the sixth columns are smaller than the
mentioned ones. Moreover some variation is still possible in the
choice of the parametevs of the straight line (equation 21).

The equation 22, which is accordingly in satisfactory agreement
with all the determinations of the iodine hydrogen equilibrium,
MM,
M
radii, as they are given by Sackur, the value of the expression
mentioned is calculated, we find 1,21 which is therefore in good
agreement with the preceding one.

From formula 22 the value 2530 cal. follows for =nlr—son,
this value differs but little from that used by NurNst in his caleula-
tions'); most of the data which can be derived from direct caloric
determinations, are useless.

yields the value 1,184 for log If from the mean molecule

17. From the calculations of the dissociation equilibria of the
three halogen hydrogens we come therefore to the conclusion that
the quotient of the momenis of inertia agrees with that calculated
from the mean molecule radii

This conclusion, at which Sackur by the aid of his expressions
had arrived already before, but which was only meant to be roughly
valid, appears also to be in good harmony with Prof van pEr
WaasLs Jr’s expression, in which the vibrations of the atoms are
taken into account.

Amsterdam. Dec. 1914, Anorg. Chem. Lab. of the Unwersity.

1) Zeitschr. f. Tlektrochem. 15, 687 (1909).
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