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Abstract. - Specific heat and the resistivity of the ErCo2Ge2 and ErMnaGez compounds have been studied. Magnetic 
phase transitions are observed at temperatures 4.9 K and 5.1 K for ErCo2Ge2 and ErMnzGez respectively. From the 
low-temperature data of the heat capacity measurements the values of magnetic moments have been estimated. 

Intermetallic compounds of the general formula 
RT2X2, where R-rare earth, T-transition metal and 
X-is either Si or Ge, have been extensively studied 
for their electronic and magnetic properties. The re- 
views of these properties were published recently in 
reference [I]. 

This paper reports the heat capacity and resis- 
tivity measurements performed for ErMnzGez and 
ErCozGez compounds. 

Both compounds crystallize in the tetragonal, 
ThCrzSip type structure (I4/rnmm space group) [2, 31. 
Neutron diffraction and magnetic measurements indi- 
cate that in: 

- ErMnzGez below T~1=(8.5 F 3) K the magnetic 
moments of Er atoms order ferromagnetically [5], while 
below T~2=475 K the antiferromagnetic ordering of 
the magnetic moments of Mn atoms are observed [4,5]; 
- ErCozGez below TN= 4.2 K the magnetic mo- 

ments of Er atoms order antiferromagnetically with 
the moments perpendicular to c-axis [6]. 

Both compounds studied have been prepared by arc 
melting stoichiometric amounts of the elements in ar- 
gon atmosphere, followed by annealing in an argon 
filled quartz tube at 800 OC for 100 h. 

The samples have been analysed by X-ray diffraction 
(Fe - K, radiation). The diffraction patterns were in- 
dexed assuming the ThCrzSiz type structure. 

Heat capacity measurements were performed in a 
3 ~ e - 4 ~ e  dilution refrigerator using a semi-adiabatic 

calorimeter [7] in the temperature range 0.1 + 50 K. 
Resistivity measurements were carried out on a thin 
section cut from the arc-melted pellet used for heat 
capacity experiment. We used a standard four-probe 
ac method (at 100 Hz with a measuring current of 
10 mA) in a gas-flow cryostat (2 K <T < 300 K). Our 
results of the total specific heat are shown in figure 1. 
At low temperatures the onset of antiferromagnetic or- 
der in the case of ErCozGez and ferromagnetic order 
for ErMn2Ge2 causes a A-shaped anomaly. The NBel 
or Curie temperatures, as estimated from the positions 
of the Cp maximum, are T~=4.9 K for ErCozGez and 
T0=5.1 K for ErMnzGe2. In the case of ErMnzGez an 
additional phase transition is observed at 2.85 K. The 
analysis of our data was made assuming that the heat 
capacity of both compounds can be written as a sum: 

Ce= yT denotes the electronic contribution to heat ca- 
pacity, determined by the total density of states of the 
conduction electrons near the Fermi surface. 

Clott denotes the contribution to the heat capacity 
due to the phenon excitation. Within the Debye a p  
proximation it reads CI,~~=/?T~. 

CN denotes the nuclear heat capacity arising from 
hyperfine electron-nucleus interactions which can be 
approximated for 0.1 K < T < 1 K with cN=~T-~.  

CM denotes the magnetic contribution. 

Fig. 1. - (a) Heat capacity vs. temperature for ErCo2Ge2. (b) Heat capacity vs. temperature for ErMnzGez. 
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The electronic specific heat coefficient y and the De- 
bye temperature OD were obtained by fitting the part 
of the curve at low temperatures (T  = 17 t 28 K) to 
TT + ~32'~. 

The following results have been obtained: 

? = 0.19 J/mol K ~ ,  OD= 95.5 K for ErCo2Ge2 
y = 0.21 J/mol K ~ ,  OD= 99.3 K for ErMn2Ge2. 

The observed large value of the coefficient for 
both compounds is in agreement with the calculated 
electronic structure of isostructural LaMn2Ge2 and 
LaCozGez compounds. In the case of LaMnzGez 
the Fermi level intersects the Mn-band, whereas for 
LaCozGez the Co-band is below Fermi level [8]. 

In the second step we analysed also the magnetic en- 
tropy Smag (T) calculated by using the following ther- 
modynamic relationship: 

Smag ( T I )  = Gag (T) /T dT. 

Comparing the maximum values of Sm, (about 
7.5 J/mol K for both compounds - Fig. 2a) to the value 
given by R In (w) (where wnumber of non-degenerate 
energy levels occupied at the temperature T) we get 
w = 2.5. It suggests that the magnetic interactions 
admix excited, low-lying states to the simple doublet 
ground state. 

At the low temperatures (Fig. 2b) a pronounced up- 
turn in.the heat capacity is seen which is the onset of 
the Schottky anomaly due to nuclear hyperfine split- 
ting. From the data in this temperature region we can 
estimate a hmerfine field and because of the fact, that - - 
the nuclear magnetic hyperfine field is closely propor- 
tional to the electronic magnetic moment for rare-earth 
ions we can calculate the magnetic moment in the crys- 

Fig. 2. - (a) Magnetic entropy us. temperature 
for ErCo2Ge2 (solid line) and ErMnnGe2 (dotted line). 
(b) Low-temperature heat capacity of ErCozGe2 (+++) 
and ErMn2Ge2 (x x x). The solid and dotted lines corres- 
pond to the theoretical curves of the full and 80 % of the 
full free-ion value of ~ r + ~ .  

tal ground state. We obtain b ~ r = ~ 9  pB and N 7.2 , u ~  
for Er-ions in ErMnzGez and ErCozGez compounds 
respectively. 

The temperature dependences of electrical resisti- 
vity for both compounds (Fig. 3) are typical for other 
RTzXz compounds [5]. Only at low temperatures the 
anomaly corresponding to  the magnetic phase transi- 
tions is observed. In the case of ErCo2Gez the broad 
maximum in the temperature range 4.5 f 6.5 K is 
observed (TN determined from the heat capacity mea- 
surements is 4.9 K), whereas for ErMn2Ge2 near 5.1 K 
the jump of the resistivity is observed (no anoma- 
lies appears at 2.85 K). The sharp jump observed for 
ErMnaGez compound is similar to the anomaly obser- 
ved in other RT2Ge2 compounds (R =Gd + Ho) which 
correspond to the disorder of magnetic moments in 
rare earth sublattices. 

Fig. 3. - Electrical resistivity vs. temperature for 
ErCo2Ge2 and ErMnzGe2. 
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