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A N D  E u T e  

In th i s  l e t t e r  the p r e p a r a t i o n ,  c r y s t a l  s t r u c t u r e  
and m a g n e t i c  p r o p e r t i e s  of EuS, EuSe and EuTe  a r e  
d e s c r i b e d .  We have found EuS and EuSe to be p u r e l y  
f e r r o m a g n e t i c ,  i n s u l a t i n g  compounds  with Cur i e  
po in t s  of 16°K and 6°K,  r e s p e c t i v e l y ,  w h e r e a s  EuTe  
p r o b a b l y  i s  weakly  a n t i f e r r o m a g n e t i c  with an a s y m p -  
to t ic  Cur i e  point  of - 5 ° K  and a N~el t e m p e r a t u r e  of 4000 
about  6°K. EuO has  a l r e a d y  been  d e s c r i b e d  to be 
f e r r o m a g n e t i c  with a Cur i e  point  of 77°K by Ma t -  
t h i a s  et  a l .  1). Th i s  has  r e c e n t l y  been  con f i rmed  by 
m e a n s  of n e u t r o n  d i f f rac t ion  2). 3000 

These  compounds  were  p r e v i o u s l y  m a d e  by 
K l e m m  and Senff 3) f r o m  EuC12 and by Domange  et  
a l .  4) and Qui t t a rd  et  a l .  5) f r o m  E u 2 0  3. We p r e -  
p a r e d  EuS, EuSe and EuTe  by a d i r e c t  r e a c t i o n  b e -  
tween the e l e m e n t s  i n e v a c u a t e d ,  s ea l ed  qua r t z  2000 
tubes  at  t e m p e r a t u r e s  of 445oc ,  690oc and 1230oc,  
r e s p e c t i v e l y .  The p roduc t s  ob ta ined  w e r e  s ing le  
phase  and have the r o c k s a l t  s t r u c t u r e .  The l a t t i ce  
p a r a m e t e r s  a, d e t e r m i n e d  f r o m  powder  d i a g r a m s ,  /000 
a r e  given in  t ab le  1. These  v a l u e s  a r e  somewhat  
l a r g e r  than  those  r e p o r t e d  in the l i t e r a t u r e  3-5).  

Table 1 

Compound 

EuO 1) 
EuS 
EuSe 
EuTe 

saturation 
a (A) 0 (OK) P moment PB 

5.141 77 7.9 7 
5.968 + 0.001 16 8.0 6.5 
6.197 + 0.002 6 8.2 7.0 
6.603 + 0.001 - 5 7.4 - 

(T N = 6) 

The e l e c t r i c a l  r e s i s t i v i t y  at  r oom t e m p e r a t u r e ,  
as  m e a s u r e d  on p r e s s e d  powder s ,  was  found to be 
about  10 q 12cm fo r  a l l  t h r e e  compounds .  

M e a s u r e m e n t s  of the m a g n e t i c  s u s c e p t i b i l i t y  as  
a func t ion  of the t e m p e r a t u r e  a r e  shown in  fig. 1. 
Wel l  above the C u r i e  point  the s u s c e p t i b i l i t y  v a r i a -  
t ion  can be d e s c r i b e d  by the C u r i e - W e i s s  law X = 
C/(T - O) with C = Np 2 ~B2/3k. For EuS and EuSe 

the e x p e r i m e n t a l  po in t s  l ay  wel l  on s t r a igh t  l i ne s  
po in t ing  to r e s p e c t i v e l y  O = 16OK and 6OK, i n d i c a t -  
ing that  these  compounds  a r e  f e r r o m a g n e t i c .  F o r  
E u T e ,  however ,  a m a r k e d  devia t ion  at  low t e m p e r -  
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Fig. 1. 
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Magnetic susceptibility as a function of the tem- 
perature. The measurements on EuS were made 
with a field of 640 Oe up to 40OK, with 1370 Oe 
from 50°K to 61OK and with 1820 Oe up from 
62OK. The measurements on EuSe with a field of 
1820 Oe up to llOK, with 2700 Oe from 12OK to 
40°K and with 4550 Oe up from 44°I{ and those on 
EuTe with 3080 Oe. 

a t u r e s  i s  obse rved .  Th i s  m a y  be expla ined  by a s -  
s u m i n g  EuTe  to be weakly a n t i f e r r o m a g n e t i c ,  with 
a N6el t e m p e r a t u r e  of about  6OK and an a sympto t i c  
Cur i e  point  6 = - 5°K. The va lues  found for  the 
Cur i e  po in ts  O and for  the effect ive m o m e n t s  p a r e  
l i s t ed  in table  1, toge the r  with the l i t e r a t u r e  data  
for  EuO 1). The va lues  obta ined  for  p a r e  in  good 
a g r e e m e n t  with the t h e o r e t i c a l  va lue  p = g 
= 7.94,  ca lcu la ted  a s s u m i n g  eu rop ium to be in the 
divalent state (g = 2, S = ½). 

The magnetisation as a function of the tempera-  
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ture for  severa l  f ieldstrengths (ranging f rom 8.2 
kOe to 32.1 kOe) in the tempera ture  region 4OK - 
100°K was measured  for  both EuS and EuSe. It 
appears  that the tempera ture  and f ie ld-s t rength 
dependence of the magnetisation can be descr ibed 
sa t is factor i ly  by the Weiss field theory.  Values for  
the Curie t empera tu re  T c of 16°K and 6°K have 
hereby been found, which are  equal to those found 
for  the Curie points f rom the susceptibili ty m e a s -  
urements .  For  the saturation magnetisation per  
Eu-ion at 0°K values of 6.5 NB and 2.0 ~B have been 
obtained, which are  in good agreement  with the 
theoret ical  value KS = 7.0. These measurements  
and their  interpretat ion will be descr ibed exten- 
sively in the Phil ips Resea rch  Reports  6). 

It is interest ing to relate  the increase  of the 
lattice pa rame te r  going f rom the oxide to the te l -  
luride to the decrease  of the positive interaction 
and even the change of sign of this interaction for  
the telluride.  In our opinion this provides strong 
evidence that there  is in these compounds a compe-  
tition between a positive direct  exchange interaction 
and a weaker negative indirect  exchange interaction,  
the fo rmer  being dominant in the oxide, sulfide and 
selenide. It is  likely that the direct  exchange will 
decrease  s trongly with increas ing lattice pa ramete r .  

On the other hand it is  general ly found that the in-  
d i rec t  exchange i n c r e a s e s  with increas ing covalent 
charac ter  going f rom the oxide to the telluride.  

Recently we learned that Busch et al. 7) are  also 
working on the magnetic proper t ies  of these com-  
pounds. 

We wish to thank Dr.  J. Smit for  many st imulat-  
ing discussions and Messrs .  J. F. Fas t ,  Th. P. M. 
Meeuwsen and H. A. M. Paping for  their  invaluable 
experimental  ass is tance.  
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The aim of this work is the study of the magnetic 
proper t ies  of highly saturated iron (with hydrogen 
contents up to 2~ atom.). 

It has been suggested by Galperin 1), that an in- 
c rease  in the lattice pa ramete r  of iron would cause 
an increase  in the atomic magnetic moment. 

Marburger  2) found that atomic magnetic mo-  
ment in iron (ferromagnet ic  region) increases  
l inearly with the t empera ture ,  showing in this way 
the dependence of atomic magnetic moment upon 
lattice spacing. 

Therefore ,  the author has suggested that the 
magnetic saturation induction of a highly saturated 
iron should augment with the amount of absorbed 
hydrogen because inters t i t ia l ly  entered hydrogen 
(in the form of protons) produces  some change of 
the lattice spacing. 
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The f i r s t  stage in this ser ies  of experiments 
was the saturation of the iron until the value 1% - 
2°~ atom. of hydrogen was reached. The samples 
were 1 mm thick laminated sheets of commerc ia l  
iron with 0.05% carbon content. 

The diff iculty of the iron saturation with such a 
high quantity of hydrogen was overcome by an 
electrolyt ic  method. The electrolyt ic  solution con- 
sisted of 20% H2SO 4 and a small  quantity of As20  3 
dissolved in hot water. The current  density was 
relat ively high (0.16 A/em2) 3). 

X - r a y  d iagrams (fig. 1) show broader  lines in 
the hydrogenated sample than in the sample that 
did not contain hydrogen, thus showing the lattice 
distortion due to the high proportion of hydrogen 
atoms present .  

The quantity of hydrogen absorbed by the iron 


