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We have grown single rystals of R2 MIn8 ompounds (R=La, Ce, Pr;
M = Rh, Ir) and measured magneti and transport properties of these
rystals in the temperature range 1.8300 K. We have found that Ce2 RhIn8
is an antiferromagnet with a Néel temperature TN =2.8 K and Ce2 IrIn8 is
in a paramagneti state down to 1.8 K. The Ce-based ompounds are dense
Kondo materials with the Kondo temperatures of several tens of Kelvins
and nearly a hundred Kelvin for Ce2 RhIn8 and Ce2 IrIn8 , respe tively. The
Pr ions in the Pr-based ompounds are in the singlet ground states.
PACS numbers: 75.30.Kz
1. Introdu tion

The ompounds Cem MIn3m+2 (m = 1; 2; M=Co, Rh, Ir) have attra ted
mu h interest sin e the dis overy of a new heavy fermion super ondu tors for
the CeMIn5 ompounds [13℄. These materials rystallize in the quasi-twodimensional tetragonal Hom CoGa3m+2 stru ture, where m layers of HoGa3
units sta k sequentially along the -axis with intervening layer of CoGa2 .
The super ondu tivity observed in the CeMIn5 ompounds an be onsidered to be mediated by spin u tuations that are present at a boundary
of magneti ordered phases, as in the ase for other heavy Fermion superondu tors [4℄. For magneti ally mediated super ondu tivity, quasi-twodimensional rystal stru ture is favorable to stabilize the Cooper pairing [2℄.
Thus a family of Ce2 MIn8 ompounds is expe ted to be in the super ondu ting state under ambient or high pressures [57℄. To investigate a quasitwo-dimensionality of the ele tri al band stru ture for R2 MIn8 ompounds,
we have measured the de Haasvan Alphen ee t on La2 RhIn8 and reported
in [8℄.
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In this work we have grown the single rystals of the R2 MIn8 ompounds
(R=La, Ce , Pr; M=Rh, Ir) and reported magneti sus eptibility, ele tri al
resistivity and Hall ee t measurements on these single rystals to larify
the ground state properties at ambient pressure.
2. Experimental

Single rystals of R2 MIn8 were grown from an In ux starting from the
initial ompositions of R:M:In=2:1:10 by a similar method des ribed in [8℄.
The purities were 3N for R and M elements and 5N for In. The rystal
stru ture and phase purity were onrmed by an X-ray powder dira tion
method. The latti e parameters a ( ) of R2 RhIn8 are obtained as 4.691
(12.30) Å for R=La; 4.664(12.25) Å for R=Ce; 4.658(12.19) Å for R=Pr
and those of R2 IrIn8 4.703(12.36) Å for R=La; 4.701(12.20) Å for R=Ce;
4.652(12.17) Å for R=Pr. The latti e parameters for the La- and Ce-based
ompounds agree with [6,7,9℄; those for Pr-based ompounds are rst reported and are onsistent with the extrapolated values from the La- and
Ce based ompounds. The ele tri al resistivity and the Hall oe ient were
measured by a usual four probes DC method. The magneti sus eptibility
was measured by a SQUID magnetometer.
3. Result and dis ussion

We plot the temperature T dependen e of the magneti sus eptibility
( ) for an applied eld H along the -axis and (a ) for the a-axis of the
Ce2 MIn8 and Pr2 MIn8 ompounds (M=Rh, Ir) in gures 1(a) and (b), respe tively. The La2 MIn8 ompounds showed only a temperature independent diamagnetism between 1.8 K and 300 K.
The sus eptibility for the Ce-based ompounds was found to be des ribed
well by the CurieWeiss law for both eld dire tions at T  150K . The effe tive Bohr magneton values Pe are 2.6 for Ce2 RhIn8 and 2.3 for Ce2 IrIn8
in two dierent magneti eld dire tions. The latter values is redu ed somewhat from the Hunt's rule value of 2.54 for Ce3+ ion. The paramagneti
CurieWeiss temperatures  are 15 K and 85 K for H k and H ka ,
respe tively. The  values of Ce2 IrIn8 are nearly the same as those for
Ce2 RhIn8 , indi ating that rystal eld ee ts a t to the same extent on the
magneti properties for both Ce ompounds.
At low temperatures, a for Ce2 RhIn8 in reases with de reasing temperature, take a maximum at about 5K and then de rease, while  ontinues to
in rease down to about 3 K and takes a kink. The inset presents variations
of  and a for the lowest temperature part, in whi h both the kink in 
and a rapid de rease in a appear at 2.8 K. The inset also ontains the temperature dependen e of the ele tri al resistivity, whi h shows a sharp hange
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at 2.8 K. The behavior for  and  shows that the Ce2 RhIn8 ompounds
order antiferromagneti ally at 2.8 K and take the magneti moment in the
-plane. On the other hand, the  urves for Ce2 IrIn8 indi ate that this
ompound is in a paramagneti state down to 1.8 K. The behavior of  for
Ce2 RhIn8 and Ce2 IrIn8 is very similar to that for CeRhIn5 [1℄ and CeIrIn5 [3℄,
respe tively, ex ept that CeRhIn5 has a Néel temperature of 3.8K.
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Fig. 1. Magneti sus eptibility for Ce2 MIn8 (a) and Pr2 MIn8 (b), where M= Rh
and Ir. The inset in (a) presents temperature dependen e of sus eptibility and
ele tri al resistivity at low temperatures.

Figure 1(b) shows that the temperature dependen e of  for Pr2 RhIn8
and Pr2 IrIn8 are similar for ea h eld dire tion of H ka and . The values
of Pe obtained from the CurieWeiss law agree with the Hunt's rule value
of 3.58 to within an experimental error. The  values are 15K for H k
and 36K for H k for both ompounds. As T de reases, ea h  urve
deviates downward from the CurieWeiss law and tends to onstant value
nearly independent of the M elements for both eld dire tions. This low
temperature dependen e of  indi ates that the ground state of Pr ion in
Pr2 MIn8 is in a singlet state and observed temperature independent  is due
to a Van Vle k ontribution.
Figure 2 shows the temperature dependen e of the ele tri al resistivity
 with the urrent parallel to the a dire tion for the R2MIn8 ompounds
(R =La, Ce, Pr; M=Rh, Ir). The resistivity of Ce2 RhIn8 de reases slowly
with de reasing temperature down to 150 K, in reases logarithmi ally, takes
a maximum at 5 K and then de reases sharply. This feature learly indi ates
that the CeRhIn8 ompound is a dense Kondo material of whi h Kondo temperature is several tens of Kelvins and a oherent state develops at about 5K.
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As already shown in gure 1, this ompound be omes an antiferromagnet at
2.8 K. The  urve for Ce2 IrIn8 shows the similar temperature dependen e.
But it takes a maximum at about 50 K, indi ating that the Kondo temperature is an order of 100 K. This explains the reason why the ee tive Bohr
magneton for Ce2 IrIn8 is somewhat smaller than the Ce3+ Hunt's value, beause the magneti moment should be redu ed at high temperatures by the
Kondo ee t.
The resistivity for the Pr-based ompounds shows rapid in rease at T 
100 K, and varies linearly for T  100 K. The low temperature variation of
 should be due to spin disorder s attering be ause Pr ion in the tetragonal
symmetry an take a singlet ground states in whi h magneti moment is
noti eably redu ed in omparison with that of a free Pr3 + ion.
A very pe uliar behavior in  is observed in La2 RhIn8 ;  in reases rapidly
up to 50 K and varies linearly for T  100 K. For T  15K,  is proportional
to T 3 . A similar temperature dependen e of  is observed in La2 Rh3 S5 [10℄.
Qualitatively, this dependen e agrees with the Wilson's sd interband s attering model. But the problem remains unsolved from a quantitative view.
No anomaly is observed in the resistivity of La2 IrIn8 .
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Fig. 2. Temperature dependen e of resistivity for R2 MIn8 (R=La,Ce,Pr; M=Rh,Ir).

Figure 3 shows the temperature dependen e of the Hall oe ient measured with H k for the La- and Pr-based ompounds (a) and the Ce-based
ompounds (b). RH of the La-based ompounds show a very weak temperature dependen e down to about 50 K and upturn at low temperatures.
For the Pr-based ompounds RH is also temperature independent for 50
K T  300 K. The low temperature de rease in RH for the Pr-based ompounds should be an anomalous Hall ee t owing to the large paramagnetism
as shown in gure 1(b). RH of both Ce-based ompounds show weak tem-
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perature dependen ies with de reasing temperature down to 100 K, in rease
gradually below 100 K, take a maximum at the temperature where the resistivity takes a maximum, and then de rease remarkably. These behavior
agree with an universal temperature dependen e of RH for heavy ele tron
materials [11℄.
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Fig. 3. Temperature dependen e of the Hall oe ient for La2 MIn8 and Pr2 MIn8
(a) and Ce2 MIn8 (b) for M=Rh, Ir.

In summary, we have studied magneti and transport properties of the
ompounds R2 MIn8 (R=La, Ce, Pr; and M=Rh, Ir) in the temperature
range 1.8300 K. The Ce2 RhIn8 and Ce2 IrIn8 ompounds are dense Kondo
materials with the Kondo temperature of several tens of Kelvins and a hundred Kelvin, respe tively. The former orders antiferromagneti ally at 2.8
K. The Pr ions in the Pr-based ompounds are in the singlet ground state.
A pe uliar temperature dependen e appears in the resistivity of La2 RhIn8 ,
whi h remains unsolved.
We thank A. Baba and K. Yokoi or their helpful assistant throughout
the present work. One of us (S.O.) was nan ially supported by Nitto
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