
ar
X

iv
:c

on
d-

m
at

/0
61

13
31

 v
1 

  1
3 

N
ov

 2
00

6

Dirty Peierls transitions in α-Uranium

S. Cox,1 E. Rosten,2 R.D. McDonald,1 and J. Singleton1

1National High Magnetic Field Laboratory,

Ms-E536, Los Alamos, New Mexico, 87545, USA

2Los Alamos National Laboratory, Los Alamos, New Mexico, 87545, USA

Abstract

We point out that a recent model for the heat capacity of α-U that invokes CDW collective

modes is unphysical. We show instead that the features in the heat capacity of both single-crystal

and polycrystalline α-U can be accounted for by a number of Peierls transitions that are subject

to increased disorder in the polycrystalline sample.

PACS numbers: 65.40.Ba, 61.66.Bi, 61.82.Bg, 65.40.Gr
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The interpretation of Uranium heat capacity reported in [1] requires the en-

ergy/temperature scales of the charge-density-wave (CDW) collective mode (to which phe-

nomena in the heat capacity are attributed) and the CDW transitions themselves to be sim-

ilar. However, for the collective mode to be a valid description of the lowest-energy excited

state of the CDW, the temperature should be such that pair breaking is completely negligi-

ble; e.g. in the case of the CDW material (TaSe4)2I, the Peierls transition occurs at 263 K,

whereas collective mode contributions to the heat capacity are observed for T <
∼

1.7 K [2].

By contrast, the authors of Ref. [1] claim that collective mode contributions are responsible

for phenomena at and around the CDW ordering transitions. At such temperatures, the

single-particle gap is closing, and sub-gap excitations will be smeared out, invalidating the

interpretation in Ref. [1].

A more compelling explanation of the specific heat anomalies reported in [1] is the model

of Peierls transitions in a system with disorder or impurities (‘dirty’ Peierls transitions) [3, 4].

In this model the transitions in the polycrystalline sample are broadened (or destroyed

altogether) by the increased level of disorder relative to the single crystal. In order to model

the transitions the smooth background of the heat capacity data was removed [4]. Three

transitions (numbered 1,2,3) were found in the single crystal as expected (Fig. 1a and c).

In the polycrystalline sample an excess heat capacity was evident in the temperature range

of transitions 1 and 2 in the single crystal, with transition 3 absent (Fig. 1b and d). The

model of a disordered Peierls transition fits the data well in both materials (Fig. 1c and d),

with the data in the polycrystalline material modelled as two transitions. The fits to the

transitions give a disorder lengthscale for each transition [3, 4]. The disorder lengthscales for

the single crystal were L1s=11.6 Å, L2s=25.8 Å and L3s=12.3 Å, and for the polycrystalline

sample were L1p=8.3 Å and L2p=21.3 Å.

Transition 1 is the onset of the three CDWs, all incommensurate. At transition 2, qx

locks into 0.5a∗, and at transition 3, qy locks into 1

6
b∗ and qz locks into 2

11
c∗ [5]. Since the

periodicity of the CDWs which are locking into the lattice at transition 3 are so large (6b

and 5.5c), it should be the transition most affected by disorder, explaining its disappear-

ance in the polycrystalline sample. This is consistent with observations in materials with

similar ordering in which the strain in a polycrystalline sample can prevent a lockin in some

grains [6].

Therefore the CDW transitions in both single- and polycrystalline α-U can be modelled
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FIG. 1: (a) Heat capacity of α-U with modelled background and (c) heat capacity above background

and dirty Peierls models for a single crystal. (b,d) Same quantities for a polycrystalline sample.

as Peierls transitions in a system containing different levels of disorder, without reference to

pinning modes of the CDWs.
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