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Abstract. Phonon spectra of LaRu,Al;, and CeRu,Al;, have been studied by Raman scattering
from 3.4K to 300K. Polarization dependence at room temperature gives the precise mode
assignment for the sake of first principles calculation results. The measured Raman spectra are
well explained by the space group Cmcm and there is no remarkable difference between
LaRu,Al;y and CeRu,Al;. Since we observed no anomaly at Ty = 27K in CeRu,Al, the lattice
distortion due to the structural transition has not been detected. From the temperature
dependence of the vibrational frequency of Ce and La, their vibrational amplitude is not large
in CeRu,Al;y and LaRu,Al,, that is, close to harmonic case.

1. Introduction

CeRwAlyp has the orthorhombic YbFe,Aljo-type structure with space group Cmem [1].
CeRu,Alyo shows the transition at Ty = 27K [2-4], while LaRu,Al;, shows no anomaly. It is reported
that this transition is the antiferromagnetic order [5, 6], but the Ce moments appear along c-axis
determined by neutron diffraction [5], in spite of the magnetic easy axis along the a-axis. This
discrepancy and the origin of this magnetic order are not well understood, and the transition
temperature is too high for the RKKY interaction. On the other hand, spin-Peierls transition was
suggested to explain the peculiar temperature dependence of resistivity [7]. In this case, the lattice
distortion should follow [8].

To clarify whether the lattice distortion exists or not below Ty, the phonon Raman scattering
spectra have been measured for LaRu,Al;q and CeRu,Aly. Since the lattice distortion accompanies
with new peaks in Raman scattering spectra, the additional peaks judge the existence of the distortion.
In addition, CeRu,Al,, was suggested as a cage compound [9]. In the large cage with a small guest
atom, the vibration of the guest atom becomes anharmonic and this anharmonicity is experimentally
determined by the energy decrease of the vibrational frequency with decreasing temperature [10, 11].
To clarify the characteristic feature of CeRu,Al,y, LaRu,Al;, was employed as the reference, where
LaRu,Al;, does not show the phase transition.
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2. Experimental

We employed single crystals of LaRu,Al;, and CeRu,Al;. They were grown by the Al self—
flux method. Three different surfaces with (100), (010), and (001) planes were polished by alumina
powder with 0.05 1 m in diameter to reduce the diffuse scattering of the incident light. Raman
scattering spectra were analyzed by the triple-monochromator (JASCO NR-1800) and detected by the
liquid-N; cooled charge coupled device (CCD) detector (Princeton Instruments Inc. LN/CCD-1100PB).
For excitation light, the 514.5nm line of the Ar" laser (Spetra Physics Stabilite 2017 Ion Laser) was
employed and the natural emission lines of the Ar' laser were excluded by the premonochromator. For
the measurements at low temperatures, the cryostat cooled by the GM cryocooler (SHI SRDK-205)
was used. The energy of the measured spectra was calibrated using natural emission lines of a He-Ne
laser.

YbFe,Aly, type structure gives the Raman active modes as 10A, + 9B, + 6B, + 8B;,. These
modes can be separately observed in the six polarization geometries. The polarization geometry is
denoted by (L,S), where I and S are the polarization directions of the incident and scattered light,
respectively. In this study x, y, z were [1,0,0], [0,1,0], and [0,0,1], respectively. In (x,x), (y,y), and
(z,2) polarization geometries A, modes can be observed, and B, B,,, and Bs, mode are observed in
(x,y), (z,x), and (y,z), respectively. Since there are two rare-earth atoms in the primitive cell, their
degree of freedom is decomposed as A, + By, + B3, + By, + By, + B3, and the Raman active modes are
Ag, B, and B3, among them. Other Raman active modes are the vibrations of Al

3. Results and discussion

Polarization dependence at room temperature is shown in Fig.1, where solid triangles denote
the phonon peaks in each symmetry and cross marks denote the natural emission peaks of Ar laser.
The open square marks observed in (y,y) polarization are B;, modes, because the polarization
direction of the incident laser was slightly inclined from the b-axis. The observed lattice vibrations are
10A, + 8B, + 6B,, + 8Bs,, which are close to 10A, + 9B,, + 6B,, + 8B;, predicted by group theory.
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Fig.1: Polarization dependence of Raman spectra of LaRu,Al;, and CeRu,Al;o at room temperature.
The triangle marks denote the assigned modes and cross marks show the natural emission peaks of the
incident laser. The open square marks observed in (y,y) polarization are B3, modes.
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Tablel: Phonon energies of LaRu,Al;, and CeRu,Al,, and their assignment. Energy unit is cm™.

No. 1 2 3 4 5 6 7 8 9 10
A, La 1074 133.5 180.1 197.8 246.5 2814 320.4 336.3 363.2 388.6
Ce 106.1 129.8 1747 197.3 2453 285.9 3159 3306 364.8 386.8
By, La 99.4 171.0 193.5 2174 - 288.5 319.2 334.9 3782
Ce 96.6 166.7 192.6 2159 - 288.2 322.6 336.5 384.9
By La 165.5 2349 273.6 288.2 311.7 435.0
Ce 165.7 2410 278.7 2944 314.6 4435
Ba, La 106.1 156.8 187.5 21041 2428 3134 349.6 376.6
Ce 102.2 154.7 189.3 2164 2446 3153 354.0 36903

Thus, the present result is consistent with the crystal structure with space group Cmcm, though one B,
mode is missing due to its weak intensity. Remarkable difference between LaRu,Al,y and CeRu,Al;,
has not been found.

The observed frequencies and their assignments are summarized in Tablel. The vibrational
frequencies of the rare-earth ions are about 105cm™ and 130cm™ in A, modes, 100cm™ in B, mode,
and 105cm™ in Bj,. These were determined by the comparison with the first principle calculation
result [12]. The rare-earth vibration in A, mode becomes two vibrations due to the hybridization
between the rare-earth and Al modes.

We discuss the phonon frequency difference between La and Ce from the structural point of
view. The lattice parameter of LaRu,Al,, is larger by a = 0.041 A,b=0.028A, and ¢ =0.031 A than
those of CeRu,Aly, [1]. The ionic diameter of La’" is larger by 0.054 A than that of Ce’ [13].
Therefore, the change of ionic diameter is larger than that of the lattice parameters. Thus, the force
constants between La and Al should be stronger than those between Ce and Al. While the force
constants between Al and Al for LaRu,Al,, are weaker than those for CeRu,Al,,, because of the lattice
parameter increase. Therefore, the frequency of the Ce vibration will be lower than that of La, and the
frequencies of the Al vibrations in CeRu,Al;y may be higher than those of LaRu,Al;,. The La/Ce
vibration satisfies this tendency. However, some modes of the Al vibrations violate this tendency. In
tablel, the corresponding modes with larger energy-decrease than 4cm™ are shown by square. This
anomaly can be explained by a difference of charge distribution between LaRu,Al;p and CeRu,Al.
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Fig.2: Raman spectra of CeRu,Alj at 3.4K and 300K. The triangle marks denote the assigned modes
in tablel. The cross marks are the natural emissions of the incident laser. The square marks observed
in (y,y) polarization are B;, modes, because the polarization direction of the incident laser was slightly
inclined from the b-axis.
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Temperature dependence of Raman spectra has been measured from 3.4K to 300K for
LaRu,Al;y and CeRu,Al;. Raman spectra of CeRu,Alj, at 3.4K and 300K are shown in Fig.2. If the
lattice deforms, new peaks should appear in Raman spectra. However we have not found any new
peak between 3.4K and 300K in LaRu,Al;, and CeRu,Al;y in the present experimental accuracy.
Therefore, the lattice distortion does not occur below Ty =27K in CeRu,Al;,. The vibration of La/Ce is
harmonic, since the remarkable energy decrease has not been observed.

4. Conclusions

We have investigate the phonon Raman spectra of single crystalline LaRu,Al; and CeRu,Al,.
We have successfully assigned the observed 32 peaks as 10A, + 8B, + 6B,, + 8B3, by the polarization
dependence. The observed Raman spectra are well explained by the space group Cmcm. The lattice
distortion has not been observed below T, = 27K in CeRu,Al,o, judging from no additional peaks at
3.4K. We have found the possibility of the electronic state difference by the phonon energy difference
between LaRu,Al;, and CeRu,Al.
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