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We report the work function Φ for single and polycrytalline α-uranium over the temperature
range 173≤T≤873K. Photoemission spectroscopy (PES) measurements were made at energies
21 eV and 40 eV. Surfaces were prepared in situ by sputter/annealing cycles under UHV con-
ditions. Like most metals the polycrystalline specimens showed little temperature dependence,
the change in the work function ∆Φ = 1 %. Conversely the single crystal changed by 5 %
over the same temperature range. A sudden temperature arrest in ∆Φ centered at 500 K was
detected in the single crystal. This arrest coincides with the ductile-to-brittle (dilation change)
transformation temperature.
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1. Introduction

Although uranium is the fundamental element to nu-
clear physics, many of its condensed matter properties
challenge modern band structure theory. The properties
are thought to originate from an unusual temperature
dependence of strong electron-phonon coupling. The sen-
sitivity of some low-temperature properties such as su-
perconductivity and the charge density wave state vary
with sample purity and crystallinity, confirming this as-
sumption.1) Surprisingly these effects persist to 500 K
resulting in a ductile-to-brittle transformation - an un-
usual plateau in the constitutive properties2) as shown
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Fig. 1. The open square symbols show the temperature depen-
dence of the macroscopic elongation under load as reported
from.2) The open circles show our work function results for the
single crystal. ∆Φ is expressed as the absolute difference from
the lowest temperature value of Φ. The squares, triangles, and
inverted triangles show our results for polycrystalline samples of
uranium, gold, and copper, respectively.
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in Fig. 1. The ductile-to-brittle transformation, shown as
open squares corresponding to the right-hand y-axis, is
a manifestation of temperature activated dislocation and
twinning mechanisms.3) Although fundamental informa-
tion on this transformation is sparse, it has long been
assumed that it is partly electronic in nature. There-
fore, it was anticipated that PES measurements would
be a sensitive probe of the ductile-to-brittle transforma-
tion. Motivated by 1) large harmonic softening of the
phonons and a sharpening of the phonon spectra of high
purity uranium single crystals,4) and by 2) large changes
in the vibrational density of states with moderate impu-
rity additions5) we investigate the high temperature PES
spectra of α-uranium.

2. Experiment

PES measurements were made using a Perkin-Elmer
Physical Electronics Model 5600 ESCA System. Excita-
tion radiation was generated using a SPECS UVS 300
lamp producing from spectral lines from He I and He II
with energies 21.21 eV and 40.81 eV, respectively. These
crystals grow as very thin, faceted parallelepipeds with
typical dimensions of 6 x 6 x 0.2 mm3. The single crystal
was oriented with the c-axis perpendicular to the instru-
ment analyzer. The crystal orientation was confirmed by
low-energy electron diffraction and back-reflection Laue.
Samples of polycrystalline copper, gold, and arc-melted
single-crystal uranium were also measured as standards.

3. Results and Discussion

We show the temperature dependence of ∆Φ for both
polycrystal and single crystal uranium in Fig. 1. In this
figure ∆Φ, taken as the absolute difference between the
lowest temperature value, pertains to the left y-axis. One
sees that the polycrystal shows little temperature de-
pendence except at approximately 800 K, where there is
a decrease in both the single and polycrystalline sam-
ples approaching the α-to-β structural phase transition

1

Proc. of 5th Int. Symposium on ASR-WYP-2005 — Advances in the Physics and Chemistry of Actinide Compounds —
J. Phys. Soc. Jpn. Vol. 75 (2006) Suppl. pp. 56–57

2006 The Physical Society of Japan

56



2

3.8

3.85

3.9

3.95

4

4.05

4.1

100 200 300 400 500 600 700 800 900

U (001)
Φ

 (
e
V

)

Temperature (K)

Fig. 2. Temperature dependence of Φ for single crystal along
(001) for α-uranium. Presumably the decrease in Φ approaching
900 K signals the impending α-to-β structural phase transition
at 935 K.

(Ttr=935K). To compare polycrystalline uranium with
free electron metals, measurements were made on copper
gold, also shown on Figure 1. One sees that the tempera-
ture dependence mirrors that of polycrystalline uranium.
So much so that the blue dashed limits marks a region in
∆Φ where polycrystal results typically fall. Similar re-
sults have been reported for polycrystalline uranium.7)

Polycrystalline results depend of crystallographic orien-
tation. The relaxation of the of the distance between sur-
face layers from the bulk-spacing distance can be positive
or negative, and they vary with different faces. So it is
better to measure a single crystal than to have an average
over orientations in a polycrystal.

To the best of our knowledge, Fig. 2 is the first mea-
surement of Φ in single crystal uranium. It shows a rather
large variation with temperature, nearly 5 times as large
as the polycrystalline samples. At present phenomeno-
logical models that rely on the temperature dependence

of the volume thermal expansivity7) are the only ex-
planation for the temperature dependence of Φ in the
light actinides. In light of this it seems reasonable to
speculate about the similarity between the temperature
dependence of the work function and the constitiutive
properties, shown on the right hand y-axis. The change
in macroscopic elongation with temperature mirrors the
temperature dependence of the work function. Although
this is simply a comparison between a bulk and a surface
property, we suspect that that there may be a common
cause for these two anomalies.

From a historical perspective it is interesting to note
that 100 years ago Albert Einstein published three pa-
pers, one explaining why dim light of higher energy could
cause the ejection of electrons from a metal surface while
intense light of lower energy could not, giving rise to
the concept of the work function.8) This work had such
an impact on science that this year has been called the
World Year of Physics 2005.

Work at the Los Alamos National Laboratory was per-
formed under the auspices of the United States Deptart-
ment of Energy.
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