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Abstract 

Ac susceptibility and electrical resistivity studies were carried out on some RT.,X 2, RTX., and RTX intermetallic 
compounds. The N6el temperatures of these compounds are between 3 K for TmCo2Si2 up to 75 K for TbRh,Ge2. The 
temperature dependencies of the electrical resistivity at high temperatures are typical of metallic conductivity. Anomalies in 
the temperature dependence of the resistivity near the N6el temperature are observed. © 1997 Elsevier Science S.A. 
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I. Intrmluction 

Recently, RoToX compounds, where R is a ra re  

earth, 3" is a transition metal and X is a poelectron 
metal have been investigated extensively since they 
show interesting magnetic properties Ill. 

In this work, the magnetic and electric properties of 
the following R-T-X compounds with different com- 
positions are reported: the RTeX: composition: 
laiFe:Si:, TmCo:Si,, (Dy,Er)Ru~Si,, TbRh:Ge:, 
TbCo:Ge:: the RTX~ composition: GdRhSi:, 
(Tb,Er)Mn,,Ge: and the RTX composition: 
(C¢,Dy)AgSn, GdRhSi. The influence of the composi- 
tion and of the type of crystal structure on the electri- 
cal resistivity is investigated. 

2. Experiments and results 

The exp~:riments were carried out o,1 the samples 
prepared by melting the constituent elements (purio 
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lies 3N for the rare earth and 4N for other elements) 
in an arc furnace under an argon atmosphere. A 
homogenization was carried out at 800°C for a week 
in evacuated and scaled quartz tubc~. 

The single-phase structure of the compouuds was 
checked by X-ray analysis, Th~ 1:2:2 coalpounds have 
the tetragonal ThCraSi~-type of structure. The 1:1:2 
compounds crystallize in the orthorhombic CcNiSi~o 
type while the I:l:! compounds appear in the hexagoo 
nal LiGeGa-type (RAgSn) and the orthorhombic TiN- 
iSi-type (GdRhSi) of crystal structure [l]. 

The ac magnetic susceptibility was measured using 
a mutual inductance bridge in the temperature range 
between 2 and 30 K. 

The electrical resistivity R measurements without 
and in the magnetic field H up to 12.4 kOe were 
taken in the temperature interval 2~300 K using a 
conventional four.point-probe method. 

The temperature dependence of the magnetic suso 
ceptibility shows a low temperature maximum typical 
of the transition between antiferro- and paramagnetic 
states. For some compounds an additional phase tran- 
sition to an ordered state is observed. LaFe:Si: is a 
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Pauli paramagnet. The determined values of the N6el 
Tn and the phase transition temperatures T t are 
listed in Table 1. 

The electrical resistivity R(T) of all investigated 
compounds increases with increasing temperature, 
which is characteristic of metallic conductors. The 
data for some compounds are shown in Fig. 1. 

According to Mattheissen's rule [2], the total resis- 
tivity of a magnetic material can be written as R(T) = 
Ro + Rp~(T) + Rmag(T) where R0 is the residual resis- 
tivity, ~ph(T) is the contribution of an electron-pho- 
non interaction and Rm~,~(T) is the contribution of an 
electron-spin wave mattering. 

The temperature dependence of the resistivity 
above Ts is described by the function R(T)--Ro + 
R~T+R2T:. The determined values of R0, Rt and 
R: parameters are given in Table 1. The TbMn,Ge., 
and ErMnsGe: samples have large values of the 
residual resistivity R, which results from a non- 
stoichiometric composition of these compounds. 

In all samples at low temperatures, anomalies 
around the N6ei temperature are obmrved. The 
anomalies are clearly visible in the temperature de- 
pendence of the dR/dT. The de Gennes and Friedel 
theory [3] describes well the anomalies observed near 
critical temperatures. 

The foll~in~ observations were made: 

® for GdRhSi 2, the anomalies in the temperature 
dependence of the electrical resistivity are 
observed in Tn --- 20.5 K and T t = 5.3 K; 
the temperature dependence of the electrical re- 
sistivity of TbMnxGe 2 and ErMnxGe 2 in the whole 
temperature region between 2 and 300 K was 
presented in [4]. In this paper, the data at low 
temperatures only are presented. The anomalous 
temperature dependence of the electrical resistiv- 
ity at low temperature for TbMnxGe 2 and 
ErMnxGe 2 is presented in Fig. 2. The resistivity of 
TbMnxGe 2 has a minimum at T t = 4.67 K. The 
value of T t decreases linearly with increasing mag- 
netic field (see insert in Fig. 2a); 

® in zero magnetic field the electrical resistivity of 
ErMnxGe., has a minimum at T~ = 17 K which 
disappears with an increase of the magnetic field 
(see Fig. 2b); 

® for GdRhSi, CeAgSn and DyAgSn only a bend 
near the N6el temperature is observed. For 
CeAgSn near 30 K a bend-point of the electrical 
resistivity appears which indicates the Kondo ef- 
fect; 

The results of the electric resistivity measured in a 
varying magnetic field for all the cumpounds are 
presented below: 

® the electric resistivity curve of LaFe:Si: has a 
small minimum at T~ ~ I0 K and above T~ it 
increases linearly with temperature (me Fig. la) 
which suggests the Kondo effect: 

® the temperature dependence of the electrical re o 
sistiviv of TmCo:SI:, ~ C o : G e :  and TbRh,Ge: 
shows an anomaly at ?'n and a linear dependS'nee 
above TN (see FIg, Ib): 
for DyRu~Si: the anomaly in R(T) at ;/~ and a 
minimum of the resistivity at 3.2 K is observed; 

® for ErRu:Si~, an anomaly only at T~ ~ 5.7 K is 
ob~rved: 

T~b!¢ I 

® for LaFe:Si:, the electrical resistivity increases 
with an increase of the magnetic field. This depen- 
dence is described by the function R ( H ) -  R(0) 
a(T)H: with a(T}~-1.4× 10 ~'~ /~I! cm/(kOe): 
~,t T ~ ,*,2 K: 

® for TmCo2Si~, the electrical resistivity decreases 
with an increase of the magnetic iield. The a(T) 
coefficient is equal to ~ 2,0 x 10 ~:/xl!  eml{kOeF 
at T ~ 4.2 K (in the parama~netic state~ and to 
- 3 . 5 x  I0"" /~i! cml(kOe)- at 2.0 K (in the 
antiferromagnetic state); 

. for DyRu:Si:, the external magnetic field H ~ 12.1 

Magnetic and electrical tcsi~ctivity data fl~t some RT: X:, RTX: and RTX compounds 

Compound Tn (g) '1~ (g) R ( wI! cm) R,,( u l l  cm) Ra ( ~t|l cmlK) R: ( v i i  ca t /K: )  

LaF¢:SI: Pauli Patamagnet JI9.4 220 Ii) qII.~ 1.13 × I0 : 
TmO~ Si: 3 2o 54t) 30 2.2 0 

~gu:Si: 
~gRu:S~ 
~gh:O¢: 
LJdghSi: 
TbMn~G¢: 

GdRhS~ 
CeA$Sn 
~a~sn 

32 54 121 ~o, n 2! 0 
28~ 32 ~ 32 0 O. 12 0 

5,7 4.5 34 0 O, ! t~ 0 
?5 10,~'~ c~,2,5 14 0,23 *o-3,7 × lO ,a 
2¢),5 5,3 5,1 t52 ~X OA| ~ 5.7 × I 0  ~ 
27 179 41~'~ I%) 0,~ ~ L2 × I0 : 
3A 212,5 2~,.I 183 2.34 I.,1 x tO" " 

I,~:; 313 126 2,1 0.55 - i.2 x | 0 -  
~,5 27 150 41 0,~ 1,5 × I0- .~ 
9.7 ~'~ 165 40 0,51 5,2 × tO -~ 
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Fig. I. Temperature variation of the electrical resistivity R and the differential resistivity dR/dT for: (a) LaFc~Si~, (b) OdRhSi, (c) OdghSi~ 
and (d) TbCo~Ge:. 

kOe causes a disappearance of the minimum at 
3.2 K and a decrease of the N6el temperature 
from 28.5 K to 26 K. The magnetic field depen- 
dence of the electrical resistivity of DyRuaSi: 
differs at 4.2 K from that at 2.0 K and it has a 
complicated character. These results are in good 
agreement with the magnetic data presented in [5] 
which gave a complicated magnetic phase diagram 
(H,T) for DyRu:Si: at low temperatures with 
different magnetic orderlngs at T = 2 K (square 
modulated) and at 4.2 K (sine modulated). The 
R(H)  dependences give the values of the critical 
fields which are in good agreement with those 
presented in [51; 

® the magnetic field dependences of the electrical 
resistivity of ErRuaSi.~ have a similar character at 
2.0 and 4.2 K. At both temperatures the effect is 
large and like that observed for DyRu~Si 2 at 2 K 
which suggests a square modulated structure below 
TN which agrees with the neutron diffraction data 
[61: 

® the electrical resistivity of GdRhSi 2 is a linear 
function of the magnetic field at T = 2.0 and 4.2 K 
with a(T)~ 1.2x 10 =2 /.t~ cm/(kOe) at both 
temperatures; 

® the electrical resistivities of GdRhSi, CeAgSn and 
DyAgSn are square functions of the external mag- 
netic field with a(T) coefficients equal to 2.2 × 
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Fi~, .~, (~) Tcm~tatutc de~nden¢¢ of the electrical t~si~tivity of I~Mn~Gc: in the temperature range 2=311 K, l~w tcm~ratttre pert of the 
clccttlc tc~istlvity of (b) TbMn~Gc: linnet show~ the Tt v~, H) and (c) ErMn~Gc: and (d) tield dependence of the electric rcsistivily of 
EtMn~G~: at 22 and 42 K, 

10 '~ ~1! cm/(kOe): at T--4.2 K and to 2.7 × 
10 ~:~ /~i! cm/(kOe): at 7'-~ 2.0 for GdRhSi and 
2.9× 10 ~:~ t~i! cm/(kOe): at T~4.2 K for 
CeAgSn and 3.0 x 10 ~ ~ ~ti! cm/(kOe): at T-~ 4.2 
K for ~AgSn. 

3. Conclusions 

Except for ~Fe:Si : ,  all the compounds studied are 
antiferromagnets at low temperatures. 

The results presented in this work indicate the 
metallic character of the electrical conductivity of all 
the co m~unds investigated. The parameters charac- 
terizing the electrical resistivity of these compounds 
arc similar. 

The anomalies in the temperature dependence of 
the electrical resistivity observed at low temperatures 
are connected with the change in the magnetic order- 
ing. For example, a change in the magnetic order 
from the ~uare modulated to the sine modulated was 
observed in DyRu:Si:. 

For RT, X, (excluding L~Fe,Si,) and for RTX, 
compounds the electric resistivity decreases with in- 
creasing magnetic field whereas for RTX compounds 
it increa~s. 
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