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A b s t r a c t  

The Ce:FetTH, ternary hydrides with x ~ (1.8 and 2 have been studied under external pressures up to 1.2 GPa in order to 
check the ~t~tbility of H-induced ferromagnetism. The resulting T vs. P pha.~ diagrams allow valuable comparisons with the x 
vs, T ones if hydrogen (x) is assumed to act as a negative pressure tool. ~) 1~,~7 Elsevier Science S.A. 
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I, |ntrt~uction 

Th~ C¢:Fet~H, series of metal hydrides was r¢o 
¢¢ntly ~nd systematically studied for its structural and 
magnetic characteristics [1=4]. Most of the R~Fe~o: 
binary alloys exhibit ferromagnetic characteristics, ex- 
cept ~3me of the compounds with a small R element 
(i.e. Ce, Yb, Lu). At low temperatures in these com- 
pounds, some I~al antiferromagnetic Fe~Fe interac- 
lions stabilim a long period oscillating structure. The 
ab~]rption of hydrogen, e.g. in the Ce:Fe,~ alloy, 
increa~s the interatomic distances and consequently 
the FeoFe distance. ~) that ferromagnetic correla- 
tions are hvoured again [1]. In a recent article, the 
magnetic characteristics of the R,Fet~H, series of 
hydrides have been analysed in temps of the Io¢illised 
vs moving picture of the 3d magnetic moment: the 
magnel~lastic parameters ~ing ~ctivated by a s(~ 
called negative pressure via hydrogen insertion in the 
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interstitial sitc~ [3L In order to confirm the magnetic 
cllaracteristics of these systems and the related re,~ 
verse transformations, the application of an external 
pressure on hydrides appears fully relevant. Owing to 
the approximate ~ale factor, i.e. I hydrogen atom is 
approximately ~.0.8 GPa [41, here we have gathered 
results obtained mainly on the lightly H-charged hy- 
drides (x ~ 0.8, 2L with reference to the upper pres- 
sure limit of the experimental set-up (approx. 1.5 
GPaL 

2, Experimental 

Tile polycrystalline ~mples were synthesised start- 
ing from high purity elements (3 N grade) melted it) 
the cold crucible of a high frequency furnace. After 
verification of the phase quality by X-ray diffraction, 
which showed a unique C%Fem~ rhombohedral phase, 
weighted amounts of crushed and sieved powder (40 
tim grain size) were introduced in a dedicated stain- 
less steel autoclave. High purity (5 N grade) hydrogen 
gas was admitted at ~lected pressures to reach the 
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final stoichiometry. Next, a gravimetric method was 
used to control the exact hydrogen composition. 

In this article, systematic magnetic studies under 
pressure with Ce :Fe~H,  compounds with x=0 .8  
and 2 are presented. The a.c. susceptibility measure- 
merits under l 0 0 e  of excitation field were carried 
out in the fully hydrostatic pressure mode up to 1.2 
GPa, in the temperature range of 80-400 K. An 
GCA-10 compressor was used with helium gas as the 
pressure transmitting medium. A manganin pick-up 
coil placed in the chamber was used to calibrate the 
pressure. 

3. Results and discussion 

The a.c. susceptibility curves recorded between 80 
and 300 K for x = 0.8 in the pressure range 0.01-0.7 
GPa are plotted in Fig. 1. Two anomalies are pointed 
out, the first one TI is a kink that takes place at the 
highest temperature, the second one ~ is related to 
the zero pressure behaviour. It corresponds to an 
inflexion point taking place at a lower temperature, 
and is more difficult to detect. The T vs. P phase 
diagram shows a decrease of both these temperature 
T~ and 7"., when the pressure is increased Fig. 2. 

The first temperature concerns the phase transition 
between the long period AF state and the paramag- 
netic one. The relative variation of the ordering tem- 
perature with pressure is dT~/dP=-25 K/GPa.  
The second temperature, ~ ,  corresponds to the phase 
transition between the ferromagnetic phase and the 
long period AF state [5]. Under low pressure and in 
the 180++230 K temperatuce range, the long period AF 
slate is slabilised. However, under higher pressures 
(¢,g, greater than O. ~) GPa), the AF state is observed 
down to 80 K and the ferromagnetic phase is rapidly 
shifted to the lowest temperatures, then fully super+ 
sealed. When an external pressure is applied, a new 
magnetic state takes place at a pressure greater than 
0.7 GPa. This pressure-induced state corresponds to 
the incommensurate long period antiferromagnetic 
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Fig. I. a.c. susceptibility runs vs. tempera ture  for C c : F e l T H , K  at 
different pressure values. 

2/.O , , • , . . . . .  

" o e o r Q ~  ~ z e  220 - " ' ~ - - o . . . . o . .  " 

200  " " o ~ . ~ . . ~ . .  ~ T~ " 

~ '  180 - " " ' , ~  ¢ " ' ~ ~ ~  ' 

160 

g u,o 
F . ~ , , ,  . 

120 
I 0 0  " Ferromagnetic state ~ T  a 

80  G ~  Fer~ Ho.a 
& 

6 0  I . , , ! , i , ~ , I I I , 
0 .0  0.2 0.~ 0.6 O.e 1.0 1.2 t A  

Pressure [GPa] 

Fig. 2. A pressure vs. temperature  magnet ic  phase diagram for 
Co,  F e r I H ,  s. 

ordering as it was previously observed for the pure 
Ce,Fel7 and parent alloys [5-7]. 

Figure 3 plots the a.c. susceptibility records of 
Ce2Fe~TH: measured vs. the temperature and under 
external pressure. For the richer hydrogen compound 
which is spontaneously ferromagnetic, no shoulder 
corresponding to an AF long period to a paramag- 
netic state was observed above 7'1. Only the inflexion 
point corresponding to Ta is pointed out. For the 
pressure range of 0.01-1.2 GPa, the x = 2 compound 
exhibits ferromagnetic properties only. However, un- 
der a pressure of 1.25 GPa the a.c. susceptibility curve 
shows evidence of slight changes of shape. It cm,ld be 
suggested that a new AF state is induced as was found 
in the case of Ce~FelTH,~, when an external pressure 
greater than 1.4+1.5 GPa was applied. The relative 
variation of the ordering of temperature with pressure 
is dT~/dP + +t~2 K/GPa. It corresponds to a much 
faster rate in comparison with the previous com~und 
(x ~ 0.8). However, the normalised variation of the 
ordering of temperature vs. pressure to the hydrogen 
content is exactly the same for both compounds, i+e. 
-31  K/GPa per H atom. This is fully consistent with 
what was already measured (~n different members of 
the series of ternary hydrides Ce:Fe~H+~ with x ~ 0, 
0.8, 1, 2 and 3 (Fig. 4). The greater the increase of the 
ordering temperature (mostly Curie temperature, that 
is found proportional to the absorbed hydrogen 
amount), the untidier the decrease (dT2/dP) due to 
the external pressure application. When expanding 
the lattice upon hydrogen insertion, the negative pres+ 
sure effect has been estimated from ~ increat+cs 
measured on different ternary hydrides with Y, 1++!1 
and all the rare earth series, to about +40 K per I4 
atom [8]. In the present experiment one must account 
for the presence of the additional interstitial atoms in 
the cell even if they are small, but making the lattice 
much more rigid. Moreover, changes in the d band 
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Fig~ 3, a,¢, susceptibility runs for Cc: F ¢ ~  I t :  at different pressure values. At a pressure of 1.25 G Pa, a kink is obscn,  ed  on  the susceptibility 
¢ur~¢ aro~md 211) K. 
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filling should result from some s~d electron transfers 
upon hydrogen in~rtion. 

it is not~orthy that in Fig. 4 all the plots corre- 
sponding to different hydrogen contents can ~ ¢x° 
tral~lated to a single point, that is 150 K × 3 GPa. 
We estimate that this singular point should corre- 
spond to the disappearance of any magnetic ordering 
in the series, i,e. as the result of competing positive 
aM more and more negative exchange interactions 
and simultaneously ~ progressive det~darig~tion of 
the d buM, Please note that when manganese is 

tuted to iron the m~g~otic ordering turns to 
~intiferromagnetism and the corresponding ordering 
t~mpera~ure rapidly decrca~s [9], 

Xoray measurements of the lattice parameters were 
carri¢d ~ t  ~tween T ~ 100 K aM T ~ 3(~ K. All 

have been indexed within the frame of R-3m 
~ c e  group A comparison with the c¢11 dimensions 

of the starting alloy shows that the thermal expan- 
sions in the hydride are comparable to what was 
observed for the a and c parameters in systematic 
analysis [8] In reference to this work it could be 
proposed that the decrease in the Fe-Fe dumbbell 
distance under pressure should I considered the 
pertinent one for the change from positive to negative 
exchange d=d couplings. With the moderately charged 
C e : F ¢ ~ H  hydrides (x ~ 0 8  2)this is in relation to 
the range of weak aiid imermediate pressures only. 
i~¢. when magnetic ordering turns from ferromag- 
netism 10 the iongorang¢ antifcrromagnetic type of 
ordcring~ 

4, Co,¢luslo, 

We conclude that in the Ce:FctTH, series with 
0 < x < 4,8, the compen,~tion of an internal chemi{:al 
pressure created by hydrogen atom insertion may be 
almost achieved for an external pressure of approxi 
mately i=2.5 GPa de~nding on the hydrogen con- 
tent. in light of the present results, a systematic 
neutron diffraction analysis would be highly desirable 
to fully characteri~ the magnetic structure under 
pl~egsur¢, Not only must this ~ performed on differ- 
ently charged hydrides and at intermediate pregsur¢ 
ranges in order to clue;date the AF long ~riod 
ferromagnetic transformation, but also in the limit 
pre~.~ure range of a~u t  3 GPa where magnetism 
should h¢ unstable, Th¢~ ¢xt~riments are now 
scheduled in forthcoming investigations at JINR 
Dubna (Russia) With reference to a previous analysis 
[3A] magnetism in the R:Fct~H, ternary hydrides 
should ~ considered as mostly of the Iocalised type 
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this character being reinforced upon hydrogen inser- 
tion. Under limited external pressure this should ap- 
ply again, but at the limit of 3 GPa the moving picture 
of magnetism should apply even better. 
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