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Abstract 

The magnetic structures of CePd2Ge 2 and C%Pd3Ge 5 are determined by neutron powder diffraction. Both com- 
pounds show antiferromagnetic stacking of ferromagnetic planes of Ce moments, with moment values of 0.851~R (parallel 
to the stacking vector k) and 1.25p. u (perpendicular to kl, respectively. ~C 1998 Elsevier Science B.V. All rights reserved. 
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The behavior of the series CeT2M2 ( T =  
transition metal, M = Si,Ge) is governed by the 
competition of magnetic exchange and the Kondo 
interaction [1]. This series can be mapped onto the 
Kondo-lattice phase diagram, assuming ~d  hy- 
bridization to be the dominant parameter [2]. Only 
a few studies have been carried out on the struc- 
turally related series CezT3M5. Recently, a new 
compound, Ce2Pd3Ges, has been shown to exhibit 
an antiferromagnetic (AFM) transition at 
TN = 3.8 K [3]. Studies of the related compound 
C e P d 2 G e 2  (TN = 5.1 K)  have been reported pre- 
viously [4]. Here, we report the ordered magnetic 
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structures of both these compounds as determined 
by neutron powder diffraction. 

A polycrystalline Ce2Pd3Ge5 sample has been 
prepared and characterized as described previously 
[3] and CePd2Ge2 was prepared by a similar pro- 
cedure. The neutron diffraction studies have been 
carried out at the Chalk River Laboratories, Cana- 
da. Analysis of the data was carried out using 
GSAS [5]. CePd2Ge2 crystallizes in the tetragonal 
ThCr2Si2-type structure, space group I4/mmm, 
witha = 4.316(1)A a n d c =  10.041(1) A at T = 1.SK. 
Ce2Pd3Ge5 crystallizes in the orthorhombic 
UzCo3Sis-type structure, space group Ibam. At 
T = 40K, we find the lattice constants a = 
10.145(1) A, b = 12.080(1) A, c =  6.1460(5) A. The 
atom coordinates are close to those reported tbr the 
prototype compound. 

Fig. 1 shows the difference of the diffraction pat- 
terns measured at T =  1.8K < TN and T =  
5.6 K > TN for both compounds. On the basis of 

0921-4526/98/$19.()0 ~ 1998 Elsevier Science B.V. All rights reserved 
PII S 0 9  2 I - 4 5 2 6 ( 9 7 ) 0 0 6 7 8 - 9  



644 R. k~verherm et al. /Physica B 241 243 (1998) 643 645 

•0" 0.5 
v 

f f l  

I -  

0 

" 0.0 

-0.5 

VaV21 [ C e P d 2 G e 2  [ 

= 2.3705 

1/21/22 1121123 3/21122 
1121120 + + a/2 l/;z 1 ~  

I II I I I I 

10 20 30 40 50 60 

1.0 
o 

(,9 
= 0.5 o 
¢- 
O 

0.0 

I II I I III III  I 

020 220 Ce2Pd3Ge5 / 
t X = 1.5050 ~, 

101 rl 

r i i i i h 

5 10 15 20 25 30 
2 Theta (deg.) 

35 

Fig. 1. Difference of the diffraction patterns measured at 
T = 1.8 K < TN and T - 5.6 K > TN; top: for CePd2Ge2, bot- 
tom: for Ce2PdsGes.  Some Bragg reflections are indexed on the 
basis of the crystallographic unit cells. 

the tetragonal unit cell, the observed magnetic 
Bragg reflections (hkl) in CePd2Ge2 can be in- 
dexed with half-integers h and k and integer l, 
indicating a doubling of the unit cell in the basal 
plane. The resulting magnetic structure (see Fig. 2) 
is characterized by an AFM stacking of (1 1 0) 

ferromagnetic (FM) planes. The absence of the 
(½ ½0) reflection shows that the magnetic moments 
are oriented perpendicular to these planes. We find 
the ordered moment /~ = 0.85(5)1a~ at T = 1.8K. 
The same structure has been observed in 
CePd2Si2 (/z = 0.62p.B) [6]. 

The observed magnetic reflections in Ce2Pd3Ges 
can be indexed with integers h, k, l, indicating that 
the magnetic and the crystallographic unit cells are 
identical. The magnetic Bragg pattern is consistent 
only with an AFM stacking of (0 1 0) FM planes 
(see Fig. 2). The absence of the (002) reflection 
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Fig. 2. The magnetic structures of CePd,Ge2 ('122"1 and 
Ce 2 PdsGe 5 ('2 3 5'), projected onto  the basal plane of the '1 2 2' 
and the be-plane of the '2 3 5' structure, respectively. 

shows that the magnetic moments are oriented 
parallel to these planes. The ordered moment is 
/L = 1.25(5)gB at T = 1.8 K. The very similar ar- 
rangement of Ce atoms in both germanides as well 
as the relationship of the magnetic structures is 
vizualized in Fig. 2. Notably, the stacking of the 
magnetic moments is equivalent, but their orienta- 
tion differs by 90. 

Usually, the orientation of the magnetic mo- 
ments in the ordered state is determined by the easy 
direction produced by the crystal electric field 
(CEF). In the case of CePdzSi2 and CePd2Ge2, 
however, the reported CEF level schemes corres- 
pond to a magnetically easy c-axis [4,7]. The actual 
orientation of the moments perpendicular to this 
direction has been discussed in terms of a hybrid- 
ization-induced anisotropic exchange mechanism, 
which favors for Ce 3 + ions the formation of FM 
coupled planes with the moments perpendicular to 
these planes [6]. Therefore, the small values of the 
ordered moments appear not to be due to Kondo 
screening but to the interplay of the CEF and the 
anisotropic exchange interaction. In Ce2PdsG% 

as a result of the smaller number of T ions per Ce 
and an correspondingly reduced hybridization 

the ordered moment is of ordinary size. In this 
case, the moment orientation appears to be solely 
determined by the CEF. 
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