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Abstract—The periodical classification of the chemical elements has remarkable consequences also upon
their thermodynamical properties. In particular it is shown in this paper that on (log p)/{1/T) diagram the
lines of vapor pressure p of the equiatomical chemical elements, for each group or subgroup of the
Mendeleev’s classification, have a convergence point which is sufficiently determined. For each group or
subgroup it is then sufficient a unique equation in which the single element is represented by the coordinates

of a point only.

This new rule, even with some exceptions, and approximations, may be able to fill lacking informations,
to sever discordant experimental results, to induce values of thermodynamical parameters which are
dependent from the law of pressures, as heats of evaporation and specific heats.

Numerical examples are done on-rare-earth elements and rare gases of the atmosphere.

NOMENCLATURE

p,  absolute pressure;

T,  absolute temperature;

R, universal gas constant;

m, mole;

r,  heat of evaporation;

v,, U;, orthobaric volumes of vapor and liquid
(or solid);

¢,, ¢;, orthobaric specific heat of vapor and
liquid (or solid) on boundary lines.

THE PERIODICAL classification of chemical ele-
ments has important consequences in various
fields of physical properties, and in particular,
as it is demonstrated in this paper, for thermo-
dynamical properties joined with the law of
vapor pressure.

An ample critical work on this argument has
been made in a recent treatise by Professor A. N.
Nesmeyanov [1] for many elements and for
pressures between 10~ % and 760 Torr, excep-
tion made for atmospherical gases, for hydrogen
and helium and also for a certain number of
lantanides, for which other sources have been
utilized [2].
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The above mentioned results have been repre-
sented in Figs. 1-10 on diagrams (log p)/(1/T)
in which p is the pressure of saturated vapors (in
Torr) and T is the absolute temperature (in °K).

In almost all cases and with good or sufficient
approximation there is a systematical con-
vergence of the curves in characteristical points
or poles P for each group or subgroup of
Mendeleev of equiatomical vapors.
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In fact groups I, 111, VII and VIII are divided
in subgroups.

In the IV Group values of C. Zwikker [3] for
Hf and of A. J. Darnell [4] for Th are adopted.

In the group 1, V, VI the convergence in their
poles is not verified for biatomic gases, as
respectively for normal hydrogen (75 per cent of
ortho-hydrogen), N, and O,.

Let us set:

y=logp;, x=_ (§8]
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FiG. 10. Group VIIIL.

The Table 1 gives the values of y, and x, of
poles P for various group and subgroups.

The numerical values of Table 1 are given with
the approximation permitted by the graphical
method, however for very large intervals of
parameters y and x. This approximation is also,
in many cases, about the same permitted by
experimental methods.

The points cr p (critical point), b p (boiling
point), tr p (triple point) and also little vertical
lines for m T (melting temperature) are indicated
on the curves.

In the figure of rare-earth elements the lines
of Ce according to A. H. Daane [5], of Pr
according to D. H. Ahmann [6] and also the
unique experimental point, given by K. W.
Foster [7] for Ac, are indicated.

The pressures for ly and Er have been
calculated from the values ofheats ofevaporation,
as it is shown in the following paragraph.

Other results are given in Fig. 11 for Ne,
normal H, and He.
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Table 1. Coordinates of poles P

Group Yp *p
1, —Li—Na—K—Rb-—Cs -Fr 6 24 x 1074
I, --Cu ~Ag-—Au 9  —02x107*
11, —Be—Mg—Ca—Sr--Ba -Ra 8 06 x 10°¢
11, —Zn—Cd—Hg 8 0-6 x 107*
111, —B—Al—Sc—Y—La 74 09 x 107
111, —Ga—In—TI 74 09 x 1074
111, —-Ce --Sm --Eu ~Gd—Tm ~Yb - Lu
—Ac 72 12 x 107*
1v, —Ti—Zr—Hf--Th 65 13 x 107*
v, —C, -Si --Ge-Sn—Pb 65 13 x 1074
v, —V—Nb—Ta—Pa 8 06 x 107*
v, ~P—As —Sb --Bi 8 06 x 1074
VI, ~Cr ~Mo -~ W—-V 78 07 x 107*
VI, —-S$—Se—Te—Po 78 07 x 1074
VI, —Mn-—Ma—Re 82 05 x 1074
vII, ~F; ~ClyBry,—J,—At, 67 12 x 107*
VI, -Fe—Co—Ni 12 —13x107%
VI, —Ru—Rh—Pd—Os—Ir —-Pt 83 06 x 1074
10-4

0) —Ne—Ar—Kr—Xe—Rn

64 10 x

FiG. 11.

The polar property of vapor pressures al-
though not rigorous, is certainly useful to fill
lacking informations*, to sever discordant ex-
perimental data, to induce value of thermo-
dynamical parameters which are dependent from
the law of pressures as heats of evaporation
and specific heats.

So, from known relations, neglecting little
terms:

B
1 =A-— 2
0810 P T 2
(A, B constants)
r dp
T vy — v daT 3)

(r heat of evaporation, v, v; orthobaric volumes
of vapor and liquid, or solid)

* Perhaps also for transuranium elements.
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and when:
vs > vi (4)
RT
vy = — (5)
mp

(R universal constant of gases, m mole)
we have:

d mrdT
f=i? ©)
and from the equation (2):
mr
= 7
B 2,302R @

For the points P and M (chosen distant from P)
we have:

yp= A — Bxp; yu=A—Bxy (8

and therefore :

Yo — Yum;

B = : A = yp + Bxp. 9)

xM—-)Cp

For instance, for the rare gases of the atmo-
sphere and putting y,, = + 2 we obtain the
results given by Table 2.

Table 2. Values of A and B for rare gases

Element Xy A B
Ne 456 x 1074 65 98
Ar 140 x 1074 67 338
Kr 100 x 1074 69 490
Xe 73 x 107 71 700
Rn 55 x 1074 65 980

In the Table 3 values of r for the same rare
gases, deduced from the equation (7), are com-
pared with those indicated by F. Henning [2]
for the corresponding boiling points. .

The difference (¢, — ¢;) is given by :

dr r

C; — C,

= . 1
- a= g (10)
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Table 3. Values of t for rare gases

Element m (cal /g) ¥
(Henning)
Ne 39-94 22:2 25
Ar 20-18 387 376
Kr 837 267 28
Xe 1313 24-3 23
Rn 222 20-6 —

Neglecting, for boiling points, the term (dr/dT),
we obtain:

Ne Ar Kr Xe Rn
¢, — ¢; = 050 025 0-13 0-09 (0-07) cal/(g°K)

The Table 4 give values of x,,, A, B for rare-
earth elements, excepting for Pm, Te, Ho for
which no experimental data are given.

For Pr, Dy, Er the above mentioned constants
have been derived from experimental values of
heats of evaporation (respectively 79-69-63
cal/g atom) given by Professor Nesmeyanov.

Table 4. Values of A and B for rare-earth elements

Element Xpr A B
Ce 93 x 107¢ 97 212 x 10*
Pr 112 x 107# 9-3 172 x 104
Nd 112 x 107¢ 9-2 1-72 x 104
Sm 17-3 x 10™4 85 107 x 104
Eu 199 x 107 83 092 x 10*
Gd 175 x 1074 85 2:05 x 10*
Dy 127 x 10™# 90 150 x 10*
Er 121 % 1074 91 1-58 x 104
Tm 155 x 1074 86 120 x 104
Yb 213 x 1074 82 086 x 10*
Lu 1119 x 1074 91 161 x 10*
Ac 118 x 1074 91 162 x 10*

Another example of regularity of values of
constants is given, for alkali-metals, in the
Table 5.
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To permit calculations of constant 4 and B

in all cases, together with Table 1, the Table 6
gives values of x, corresponding {with some

exceptions) to the value — 10 for y,,.

Table 5. Values of A and B for alkali-metals

1
2.
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PRESSION DE VAPEUR ET CLASSIFICATION PERIODIQUE DES ELEMENTS
CHIMIQUES

Résumé—La classification périodique des éléments chimiques a de remarquables conséquences sur leurs
propriétés thermodynamiques. On montre en particulier sur le diagramme (log p), (1/7) que pour chaque
groupe ou sous-groupe de la classification de Mendeleev, les lignes de pression de vapeur p des éléments
chimiques équiatomiques ont un point de convergence bien déterminé. Pour chague groupe ou sous-groupe
il existe une équation unique, dans laquelle I'élément simple est représenté par les coordonnées d’un point.
Cette régle nouvelle, méme avec quelques exceptions et approximations, peut combler certaines lacunes
dans les informations pour séparer les résultats expérimentaux discordants et pour induire les valeurs
des paramétres d’évaporation et leschaleurs spécifiques.

On donne des exemples numériques concernant les terres rares et les gaz rares dans I'atmosphére.
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DAMPFDRUCK UND PERIODISCHE ORDNUNG DER ELEMENTE

Zusammenfassung—Die periodische Ordnung der chemischen Elemente hat bemerkenswerte Konsequenzen
auch beziiglich der thermodynamischen Eigenschaften. In diesem Bericht wird im besonderen gezeigt,
dass in Diagrammen fiir (log p), (1/T) die Linien des Dampfdruckes p der gleichatomigen chemischen Ele-
mente. fiir jede Gruppe oder Untergruppe der Mendeleevchen Einteilung, einen Konvergenzpunkt haben
der hinreichend bestimmt ist. Fiir jede Gruppe oder Untergruppe ist dann eine einzige Gleichungausruichend,
in der das einzelne Element durch die Koordinaten nur eines Punktes wiedergegeben wird.

Diese neue Regel kdnnte in der Lage sein, mit einigen Ausnahmen und Niherungen, fehlende Informa-
tionen zu geben, widersprechende experimentelle Ergebnisse auszusondern und Werte thermodynamischer
Parameter anzufiihren, die abhéngig sind vom Druckgesetz, wie die Verdampfungswérme und die spezifische
Wirme.

Numerische Beispiele werden durchgefiihrt an Elementen der seltenen Erden und den Spurengasen der

Atmosphre.

JABJEHHNE HAPA U NNEPUOINYECHKAA HJACCUPHUKAIINA
XUMNYECKNX 3JIEMEHTOB

Annoramua—Ilepuognyeckan KiacCUPUKAMA XUMUUECKUX DIIEMEHTOB OKAsHIBAET 3aMETHOE
BJIMAHME HA X TepMOJWHAMHYECKHE CBOCTBA. B 4acTHOCTH, B 8TOH CTATbe MOKA3AHO, YTO Ha
anarpamme (log P), (1/T) nvHuM JaBIeHHA 0apa XHMHUYeCKHX BIEMEHTOB ONMHAKOBON
ATOMHOCTH ([JIA KaAOH TPYNNBI MIM NOATPYNNH Tabaunn MeHJeneeBa) CXOOATCA B OXHOM
BMOJIHE oONpefeieHHOW Touke. Torma, MaAsA Kamgol rpynnsl WM TOATPYHOH HMEETCA
eUMHCTBEHHOE YDaBHEHHe, B KOTODOM OTHEJILHBI 3JEMEHT NpeJCTABIeH KOOPAWHATAMH
TOJBKO ONHOH TOUKM.

Jladte mpU HEKOTOPHIX WCKIIOYEHHWAX N NPUGIMMEHMAX 5T0 HOBOE NPABHIO HO3BOJMUT
BOCMOJIHUTL HEOCTATOK WHOOPMAIMU, MCKIKYHTL HECOrVIACYIOIMecH HKCHEPUMEHTANIbHAIE
AaHHBE, ONMpEfeNUTh 3HAYEHHA TEPMOIMHAMWYECKUX NAPAMETPOB, 3ABUCAIIMX OT 3aKOHA
NABJEHMA, KAK HANIpUMep, TEIJIOTA MCIAPEHUA U YACIbHAA TeIIOEMKOCTD,

JlaloTcA uMCIICHHKIE NPUMEPH AJA PeJKO3eMeNbHBIX 3JIEMEHTOR U GIarOpOJHHX Tra3os

armocdephl.
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