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The Structure of Cerium at the

Temperature of Liquid Air*
A F, Scuucn A

J. H. STURDIVANT

[ Crellin Laboratories of Chemistry, California Institute of Technology,
i Pasadena, California

November 9, 1949

| ['. , dilatometric investigation of metallic cerium Trombe and

¢ o1 observed under certain conditions a transition at 109°K
A was accompaniced by a 10 percent volume decrease and a
+vie in magnetic susceptibility. Professor Linus Pauling sug-
_.itousin 1940 that this transition is caused by the promotion
\ if electron to a bond-forming orbital, and that the dense
_¢1e studied by x-ray diffraction. The investigation described
¢ was completed in 1948, Lawson and Tang? have recently
..ol the transition at 15,000 atmospheres; they found there
1lly the same structure which we found at the temperature

A‘..ll air.

~um containing 0.2 percent calcium, 0.2 percent magnesium,
L1004 percent beryllium was supplied by Dr. F. H. Spedding.
', duain the low temperature transition we found it essential
. emove the calcium and magnesium by melting in vacuum.?
* argon atmosphere 200-mesh filings from the remelted cerium
s ellected in thin-walled glass capillaries 0.3 mm in diameter.
< apillarics were then sealed with or without evacuation,
«:7¢ heat treated in a variety of ways including both quench-
Ll slow cooling to room temperature from as high as 575°C.
. 1 diffraction photographs were taken with K radiation from
Wlenum target filtered through zirconium, The specimen
_exas mounted on the axis of a cylindrical camera. For low
«enture photographs the sample was surrounded by a cello-
¢ tube 3 mm in diameter; a continuous stream of liquid air
:the cellophane tube full and overflowed to wash the outside

Lice,

{% face-centered cubic structure with ao=5.140A explained
< :Inaction maxima obscrved from both quenched and annealed
“unat room temperature. We observed no lines which required
+rugonal closest-packed structure. :

S A 3 :i;’""" pt;a.se hlk)fm Dh::’ and have confirmed our .originnl conclusions. They find, moreover,
that in the case of 2,3-dimethylbutane only one of the two strong,
Sk Just Joa 4I80A  polarized Raman frequencies occurs in the infra-red spectrum in
v Sir Wide 1813 220 S.128A d the 700-800 cm™ region. This would be expected if one of these
5 Bl e nr Sisy 220 4817 . Raman lines was caused by the lowest skeletal stretching mode of
' S Wide 1,457 ) 311 4832,  thelrans-molecule, but not if our alternative explanation of these
iy . {396 32 4836 two Raman lines in terms of Fermi resonance were correct, The
oD Wk 1,077 - 420 4816 combined infra-red and Raman results thus favor the presence of
T e s 8423 2 1839 two rotational isomers with small energy difference in 2,3-di-
Str Wide 0.860 531  5.088 - ’ methylbutane and, by analogy of the Raman spectra, very prob-
: ;’“\\!::"\3\71 b o & 531 4803 ghly also in 2-methylbutane. In view of the conclusion of Thomas
UM Wide o:o7 3 7M1 4,m} _snd Gwinn that steric l'a..“.lel' than dipf)le repulsit.ms are the more
Covwk o o }::?3 important factor determining the relative stabilities of the chloro-
Wk 0.628 731 4824  compound isomersalso, 1,1,2-trichloroethane appears to be anoma-
— lous in having a large energy difference. : '

145 '

Tanck 1, Diffraction maxima from quenched cerium at 90°K.
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Only with cerium which had been quenched by an air blast
from al least 300°C to room temperature could we obtain a transi-
tion at the temperature of liquid air. Data from a typical photo-
graph arc given in Table 1. v

The data show the presence in quenched cerium at 90°K of two
phases. One is the normally contracted room-temperature form.
The other is an anomalously contracted phase which is also face-
centered cubie. Its cell edge of 4.82A represents a 16.5 percent
decrease in volume below that of the parent structure.

The new dense form was produced several times. In successive
coolings of a specimen with liquid air, a smaller and smaller pro-
portion of the new structure appears. This effect has also been ob-
served by Trombe. Apparently mechanical stresses must be
present in the metal if the transition is to occur.

Ch. Contribution No. 1351 from the Gates and Crellin Laboratories of

VFelix Trombe and Mare Foex, Ann. d. chimie 19, 417 (1944),

1AW, Lawson and T, Y. Tang, Phys. Rev, 76, 301 (1949).
3 See Francoine Mahn, Comptes Rendus 223, 78 (1946).

Rotational Isomerism in Substituted Ethanes
N. SueprArD
Depariment of Colloid Science, Cambridge University, Cambridge, England
AND
G. J. Szasz

U. S. Ofice af Naval Research, London, England
November 28, 1949

HONMNAS and Gwinn' have recently presented results on the

contigurations and relative energies of the rotational
isomers in 1,1,2-trichloroethane and 1,1,2,2-tetrachloroethane
derived from vapor phase dipole measurements, We wish to draw
atlention to the analogics and difference between these results
and those obtained by us? from the study of the Raman spectra of
the corresponding methyl derivatives of ethane (2-methylbutane
and 2,3-dimethylbutane) in the liquid phase.

It was found that in both types of compounds the rotational
isomeric composition remained approximately constant over a
considerable temperature range, and further that in neither case
could the 1,1,2,2 compounds consist solely of the centrosymmetric
trans-isomer. The conclusions were all based on the observed
qualitative behavior of the dipole moments and Raman spectra,
The constant rotational isomeric composition was interpreted in
both papers in terms of a very high or a very low energy difference
between the rotational isomers. In the case of the chlorine com-

pounds Thomas and Gwinn! concluded further from quantitative

arguments that in 1,1,2,2-tetrachlorocthane the encrgy difference
is small (04200 cal. mole™) while in 1,1,2-trichlorocthane it is
large (>>2300 cal. mole™), However,.our tentative conclusion on
the methy! derivatives was that the same explanation (of a high
or a low energy difference) would apply to each hydrocarbon. As
we stated before, accurate gas heat capacities would be well
suited to choose between the alternative explanations.

Axford and Rank? have recently completed similar work on the
infra-red spectra of the hydrocarbons in the liquid and solid states,
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