
Optical properties of CeAl2 and LuAl2

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1993 J. Phys.: Condens. Matter 5 5971

(http://iopscience.iop.org/0953-8984/5/32/025)

Download details:

IP Address: 171.66.16.96

The article was downloaded on 11/05/2010 at 01:37

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/5/32
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


1. Phys.: Condens. Matter 5 (1993) 5971-5974. Printed in the UK 

Optical properties of CeAlz and Lu.412 

Kwang loo Kimt and David W Lynch$ 
r D e p m m t  af Physics, Kon-Kuk Unireniry, Seoul 133.701. South Korcn 
1 D c p m e n t  of Physics and Amcs Labomor)., US Depvrmenr of Energy, Iowa Sero 
University. Ams, LA 50011, kSA 

Received 1 December 1992, in final form 2 April 1993 

Abstract. ?he optical properlies of CeAI2 and LuAlz were investigated in the O.W.5 eV region 
using ellipsomehy and reflectivity measurements. At low energies. the optial conductivity for 
CeAl2 showed two smchues at about 0.1 and 1 eV, which were not found for LuAi2. These 
SWctureS can be understood as due to interband transitions, d + f and f + d. between band- 
&e 4f and 5d character near the Fermi level. At hi!& energies above 1 eV, the optical 
conductivity spectra for both compounds show similar behaviouk with structures at about 2 eV 
for both compounds and a strocture at about 3 eV for CeAl2 and at about 4 eV for LuAl2. The 
2 eV structures for both compounds can be assigned as d + p bansitions with the p character 
existing just above the f bands and the 3 and 4 eV structures may contain s + p transitions 
in addition to d -, p transitions, with the s character existing near the Fermi level through 
hybridization with the d bands. 

The electronic structures of Ce and its compounds have been under a great deal of theoretical 
and experimental investigation because of their various electric, magnetic and optical 
properties caused by the interaction of the 4f electrons with their environments. For example, 
valence band spectra of Ce [ l ]  and some of its compounds 12.1 obtained from ultraviolet 
photoemission spectroscopy measurements show two peak structures associated with the 4f 
electrons, one near the Fermi level EF and another about 2 eV below EF, which gives crucial 
evidence for the coexistence of the two configurations (a core-like state and a hand-like state) 
that the 4f electrons can occupy. Here, the most important physical quantity in describing 
the solid Ce system by the above concept of intermediate valency is the wavefunctions of 
the 4f states. The 4f wavefunctions in the solid state Ce are radially more extended than in 
atomic Ce, having some degree of itineiacy because of the overlap between neighbouring 
Ce sites, producing narrow 4f bands near EF. Also, owing to near degeneracy in the energy 
of the 4f bands with othet valence bands (e.g. 5d and 69, hybridization is effective to give 
a more 4f-type bandwidth. 

The itineracy of the 4f electrons in elemental Ce is known to be the most important 
factor in explaining the physical difference between the two phases in Ce, the y-phase with 
higher volume and local magnetic moment with the susceptibility following a Curie-Weiss 
law and the a-phase with a lower volume (volume collapse by 17%). loss of local magnetic 
moment, and superconductivity [3]. As in elemental Ce, competition between core-like 
and band-like behaviour of 4f elect” is an important factor in determining the physical 
properties of various Ce compounds. 

CeAlz is one of the well studied Ce compounds crystallizing in the cubic Laves 
(MgCu,) structure in which Ce atoms form a diamond sublattice [4]. The nearest-neighbour 
distance between Ce atoms is smallest in the MgCuz structure compared with other types 
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of compound [5] so that in CeA12, which has a C e X e  nearest-neighbour distance closer to 
that of a-Ce, 4 f 4 f  overlap becomes significant to give a finite 4f bandwidth as in a-Ce. 
CeA12 has been paid particular attention because of its heavy-electron behaviour near the 
Fermi surface, e.g. large electronic specific-heat coefficient [6] and resistance anomalies [7], 
which indicate the existence of sigficant 4f character near EF. 

In the following, we report the optical properties of CeAl2 and LuAlz studied by 
ellipsometry and reflectivity measurements. LuAlz was used as a reference material for 
resolving optical transitions involving the 4f states in CeAh located near EF because the 
4f states in LuAlz are completely filled and located well below EF [SI so that low-energy 
(less than 5 ev) optical spectra could not contain excitations involving them. Both samples 
were polycrystals and were mechanically polished with abrasives, the final grade being 
a paste of alumina of 0.05 p m  diameter. Unlike CeSn3, CeAl2 and LuAl2 are not very 
reactive; therefore all the optical measurements were performed in the air. Ellipsometry 
measurements were done with a rotating-polarizer-analyser ellipsometer to determine the 
dielectric functions (e = €1 + icz) of the samples at room temperature in the 1 .545  eV 
region. Near-normal-incidence reflectivity measurements were carried out at 0.04-4.1 eV 
using two spectrometers (0.04-0.5 eV and 0.5-4.1 eV). We obtained the dielectric functions 
of the two compounds in the low-energy region (0.04-1.5 ev) by Kramers-Kronig analyses 
of the reflectivity data. For energies larger than 4.5 eV up to 20 eV, reflectivities were 
assumed to decrease as w-p ( p  < 2) and for still higher energies as o - ~ ,  where p is an 
adjustable parameter to produce the resultant dielectric functions, which differ by less than 
&5% in magnitude from the ellipsometry data in the 1.5-4.5 eV region. For energies below 
0.04 eV, reflectivities were assumed to increase by 1 - AW''~. The peak positions of the 
structures for both compounds were not sensitive to values of p .  
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Figure 1. Real p m  of the optical conductivities of Figure 2. Normal-incidence reflectivity spectra of 
CeA12 and LuA12. Note that the zem of the optical CeA12 and LuAl2. Note that the zero of the reflectivity 
conductivity is suppressed. is suppressed. 
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Figure 1 exhibits the real part of the optical conductivities (u1 = w62/47r) of CeAlz 
and LuA12, in which low-energy structures can be resolved better than in the imaginary part 
of the dielectric function because of its slower 0-l divergence at low energies compared 
with w-2 divergence for the dielectric function. The reflectivity spectra for both compounds 
used to construct U, are shown in figure 2. It is seen that the optical conductivity spectra 
for both compounds have similar interbaud structures at about 2 eV and at higher energies 
(3 eV for CeAlz and 4 eV for LuAlz). At lower energies, CeA12 shows two interbaud peaks 
at about 0.1 and 1 eV, while LuAl2 shows no such structures in the same energy region. 
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The valence band electronic structure of CeA12 was theoretically investigated from band- 
structure calculations [5,9,10]. In [lo], the band structure of CeAlz was calculated, treating 
the 4f-electrons as in core states. However, the density of states at EF calculated from 
the band structure was too small (only about 5%) compared with the experimental value 
[6]. When the 4f electrons were treated as in band states, the density of the 4f character is 
peaked just. above Ep [5] so that the density of states at EF becomes larger by a factor of 
three than when treating the 4f electrons as in core-lie 4f states. 

The difference between the electronic structures of CeAlz and LuAlz is the existence 
of band-like occupied and unoccupied 4f character near EF in CeA12, which can contribute 
to interband transitions as initial or final states of the transitions, while no band-like 4f 
character exists in LuAlz owing to the strongly localized nature of completely filled Lu 4f 
states [SI in LuAIz. Therefore, the existence of the 0.1 and 1 eV structures in CeAlz can 
be understood as due to interband transitions involving band-like 4f character as initial or 
final states of the transitions, the possible electric dipole transitions being d + f and f + d 
transitions. 

Because of the flat nature (weak dispersion) of the 4f bands in CeAlz obtained from a 
band-structure calculation [5] it is possible to assign the main contlibutions to the 0.1 and 
1 eV structures. The 4f character in CeAlz is peaked just above EF so that the density of 
5d character is expected to be small near EF. Hence, the 0.1 eV structure is temporarily 
assigned as mainly due to the interband transitions between occupied 5d character just 
below EF and unoccupied 4f character just above EF (d + f transitions). On the other 
band, the 1 eV structure can be contributed by b0th.d + f and f + d transitions owing 
to the well dispersed nature of the 5d bands across EF. The interband structures located 
at higher energies for both compounds (2 and 3 eV for CeAlz and 2 and 4 eV for LuA12) 
are expected to have similar origins because the band structures of the two compounds are 
similar except for the existence of the 4f bands near EF in CeAIz. For the 2 eV structures 
for both compounds the p character hybridized with and located above f bands is e x w e d  
to be involved as final states of the interband transitions, i.e. d + p transitions. The 3 eV 
structure for CeAl2 and 4 eV structure for LuAlz may involve contributions from the s 
character hybridized with d bands and located closer to EF as initial states, i.e. s + p 
transitions in addition to d --f p transitions. 

Low-energy interband structures below 1 eV were also found in the optical spectra 
of CeCu6 1111 and CePd, [12,13]. In [ll], the optical conductivity for CeCu6 showed 
interband structures at about 0.1 and 0.3 eV at 6 K while, for Lacus. only a structure at 
about 0.1 eV was resolved. At higher energies above 2 eV, both CeCus and LaCu6 showed 
similar behaviours with structures at about 3 and 5 eV for both compounds. In [12,13], two 
low-energy peaks were found for CePd3 at 0.25 eV and 0.8 eV, which are close in energy 
to the two low-energy peaks in CeAlz (0.1 eV and 1 eV) and were assigned as d + f and 
f + d transitions, respectively, in [13]. The existence of the band-like 4f states near EF for 
the above Ce intermetallic compounds can cause interband transitions involving these states, 
which can be identified by comparing the optical dielectric functions of the Ce compounds 
with those of other rare-earth compounds having different 4f-state properties. 

In summary, the optical conductivity of CeAlz has two additional structures at about 
0.1 and 1 eV, while that of LuAlz has only two structures at about 2 and 4 eV, for which 
CeA12 also has corresponding structures at about 2 and 3 eV. The difference between the 
electronic structures of CeAlz and LuAlz is that CeAlz bas band-like 4f states near EF 
owing to a relatively better extended nature of its 4f wavefunctions than LuAh which has 
completely filled and well localized 4f states located well below EF. Other parts of the 
valence bands of the two compounds are expected to be similar owing to the flat nature 
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and weak hybridization with s -pd bands of the f bands of CeAIz. From a comparison of 
the electronic structures of the two compounds the 0.1 and 1 eV structures of CeAlz can be 
assigned as the interband transitions involving the Ce f character existing near EF, d --f f 
and f + d transitions. The structures at about 2 eV found for both compounds are expected 
to be due to d + p transitions with the p character a p p k n g  just above the f bands and 
the structures in the 3-4 eV range for both compounds may involve the s character located 
close to EF owing to $4 hybridization, causing s + p transitions. 
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