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Abstract

The field-induced magnetic phase transitions of the helical phase g#feGGe,Mn, alloys (x = 1.3 and 1.7) and their hydrides of
CeFer_Mn.H, (y = 1) were investigated by isofield magnetization curves in external magnetic fields Hip=td0 kOe. The temper-
ature dependence of the critical field% inducing phase transition between ferromagnetic (F) and helical antiferromagnetic (HAFM) state
are determined. On the basis of the experimental resultg/+figphase diagrams are established. The multiple magnetic phase transitions
observed in the low magnetic field are discussed in terms of competing exchange contributions within the iron magnetic sublattices. Hydro-
genation leads to a considerable enhancement of ferromagnetic-like exchange interactions, which causes the increase of the Curie temperatur
and drastically reduces the critical fielft of a metamagnetic transition.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction at Tt = 94K where magnetization strongly increases
corresponds to the spontaneous magnetization characteristic
Among the binary RFe;7 compounds the G&e 7 and its for ferromagnetic ordering. In the antiferromagnetic helical
solid solutions with other 3d metals exhibit unique magnetic phase betweerfy and Tr the magnetic moments form
properties[1]. A general characteristic of binary gFee7 ferromagnetic layers with a resulting magnetization parallel
compound is that the cerium atoms carry no magnetic to the basal plane. The direction of the magnetic moments of
moment[2] hence the Fe sublattice fully determines the the layers rotates from layer to layer according to a temper-
magnetic properties. Previous neutron diffraction stuflifs  ature dependent angle of rotation. Such an arrangement of
have shown that G&e;7 compound undergoes successive magnetic moments is due to a compromise between positive
magnetic phase transitions, accompanied by changes ofand negative Fe—Fe exchange interactions. It is well known
the ordering mode which is from paramagnetic state to that in magnetic iron compounds, the Fe—Fe distances and
helicoidal antiferromagnetic and finally to the ferromagnetic the number of nearest neighbour Fe atoms play essential
spin structure at low temperatures. The thermal variation roles. It has been established that ioE&7 the magnetic

of the magnetization under a field of 100 Oe forEeq?7 is structure is determined by the shortest Fe—Fe interactions
peculiar[3]. A magnetization peak characteristic of @l [1].
temperature is observed & = 206 K. Another anomaly The intermetallic RFe7_.Mn, solid solution with

the manganese have attracted large attention because of
the very interesting magnetic behaviour. For example, in
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antiparallel to Fe moments and carry upg [4]. Substi- compounds after a short thermal activation procedure at
tution of Mn for Fe causes a monotonic decrease of the 500°C. Atthis temperature high purity hydrogen obtained by
Curie temperature and the saturation magnetization in thethe thermal decomposition of titanium hydride was admitted
NdzFer7—.Mn, compoundg5]. Neutron diffraction studies  at a given pressure to reach the expected stoichiometry. To
of CexFej7—Mn, solid solution show that Mn prefers the achieve good homogenization, the product was slowly cooled
6¢ site and avoid completely the 9d site, whereas the 18fdown (about 20 K/h) to room temperature. The hydrogen
and 18h sites are occupied almost randofély Mn, as a concentration was determined by a volumetric method with
third component can essentially influence the magnetic statean accuracy of:0.02 hydrogen atom per formula unit.
of CeFe7_.Mn, solid solution due to the existence of All the studied samples were controlled by X-ray diffrac-
three different exchange interactions: Fe—Mn, Mn—Mn and tion using DRON diffractometer with Co &« radiation.
Fe—Fe. It has been found that the@é\l temperature of the  The magnetization measurements were carried out using a
CeFer7_ Mn, compounds decreases monotonously with SQUID magnetometer in the temperature range of 1.7-350K
the Mn contentincreasingintherange 6 < 2. Whereas  andin magnetic fields up to 50 kOe. The magnetization curves
the variation of the antiferro-ferromagnetic transition tem- were recorded on the bulk samples not free to rotate in the
perature, Tt, is non-monotonous. The low temperature sample holder.
ferromagnetic state of the parent compound gradually
vanishes when increases fronx = 0 to 0.5. Finally, the
compounds appear as antiferromagnets at all temperatureg. Results and discussion
below Ty for x comprised between 0.5 and 1.0. Surprisingly,
a re-entrance of ferromagnetic ordering takes place again3s.i. Structural analysis
when the Mn concentration reache% 1.3[7,8]. Then,Tt is
shifted to higher temperatures with the Mn contentincreasing  X-ray powder diffraction patterns analysis has indicated
[6]. that all the investigated GEe;7_.Mn, compounds and their
To enlighten more the complex magnetic behavior of the hydrides crystallize in the TZn;7-type structure (space
CeFer7—Mn, system we performed magnetization mea- group R-3m)). Besides, it appears that the fraction of free
surements versus temperature in different applied magneticiron (a-Fe) as impurity was not larger than 1 wt.% in start-
fields. On the basis of these data a magnetic phase diagraming alloys, but it is comprised between 5 and 7wt.% af-
were constructed. Besides, we also studied the influence ofter hydrogenation. The lattice parameters are presented in
hydrogenation on structural and magnetic properties of se-Table 1 It is worth to stress that hydrogenation does not
lected CeFer7_.Mn, compounds, which may lead to abetter change the crystal-type symmetry even for the highest val-
understanding of magnetic states existing in this system.  ues of hydrogen content. However, hydrogenation leads to a
highly anisotropic cell expansion that takes place mainly in
the hexagonal base plane.
2. Experimental details Neutron diffraction analysig9] has revealed that in
RoFer7 (ThoZny7-type structure) hydrogen is accommodated
CeFe7_Mn, (x = 1.3 and 1.7) compounds were pre- in octahedral (2R—4Fe) and tetrahedral (2R—2Fe) sites. The
pared by induction melting Fe and Mn of 99.99% purity and hydrogen atoms in octahedral sites were found more stable
Ce metals of 99.5% purity, with subsequent annealing of the than in the tetrahedral one. Such scheme of occupation causes
ingots at 900C for three days. X-ray powder diffractionwas the a-cell parameter to linearly increases wittthe hydro-
employed to determine the phase composition, the structuregen concentration whereas theell parameter remains al-
and the lattice parameters. most constant (or slightly decreases upte 3). It is worth
The hydrides Cgrer7—Mn,H, with hydrogen concen-  to note that the:i-cell parameter expansion observed in our
trationy = 1, 2 and 3 were prepared using a vacuum glass experiment agrees well with a progressive filling of the octa-
apparatus through the direct absorption of hydrogen by thehedral sites.

Table 1

Structural data of G e;7_.Mn,H, compounds

Compound a(A) cA) Vv (A3 Aajag (%) Ac/co (%) AV/ Vo (%)
CeFeis7Mny g 8.500 12.393 775.4

CeFes7Mng3H1 8.528 12.408 781.5 0.3 0.1 0.79
CeFeis7Mnq 3H> 8.555 12.401 787.0 0.6 0.06 1.50
CeFes57Mnq 3H3 8.581 12.416 791.8 0.9 0.18 211
CeFessMny 7 8.497 12.410 775.9

CeFes3Mng 7H1 8.523 12.412 780.8 0.3 0.02 0.63
CeFeis3Mny 7H» 8.562 12.416 788.2 0.8 0.05 1.59

CeFers3Mny 7H3 8.592 12.439 795.2 11 0.23 2.48
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Table 2
30 CeyFeqs,Mn, 5H, Magnetic data of C&Fe17_ Mn,H, compounds
25 H =500 Oe Compound Tn, (K) T, (K) Tc, (K) Hc max (kOe)
CeFes7Mn 3 187+1  20+2 7.5+£0.5
20 4 CeFessMnisH;  187+1  63+2 45+0.5
D T CeFeis7Mng 3Hz 22542
3 15 CexFers7Mny 3Hs 248+ 2
5 CeFes3Mny 7 177+1 622 8.0+ 0.5
b 10 CeFessMni7H; 17741 94+2 3.0+ 05
CeFers3Mny 7H; 193+ 2
5 CezFe15,3Mn147H3 2284+ 2
0 It has been showil] that positive exchange interac-
0 80 100 150 200 250 300 350 f[ions (ferr_omagnetic-_like) are intensified ipRey7 if the
(@) TIK] interatomic Fe—Fe distances become larger. It was found
that in CeFe 7 the ferromagnetic phase is favoured when
20 dre—re is larger than a critical value of 0.25nm whereas
antiferromagnetic phase is stabilized wheg_geis smaller
0, y than 0.24nm[1]. From precise diffraction experiments
- W <>\ performed on a series of,Re;7 hydrides it was shown
° R that the most important changes in the Fe—Fe distances
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Fig. 1. (a) Magnetisation as a function of temperature fopReg;7
Mny 3H,, and (b) for CeFeis3Mny 7H,. The anomaly on the magnetization e
curves for the hydride witly = 3 will be discussed in a forthcoming paper. 04 1;.,1111:{11111
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3.2. Magnetic studies @) ]

Fig. 1 presents the magnetization dependence versus 7oz
temperature of G#es57Mny3H, and CeFeissMny7H,
hydrides ¢ =1, 2 and 3) together with those of their 60
parent compounds, in magnetic field of 500 0e. These |
traces clearly demonstrate that hydrogenation changes the

CeyFeqs /Mny gH,

temperature of the ferro—antiferromagnetic phase transition, §’ 40+

Tz, which rises withy increasing. Here, th& symbol was g
specially introduced to distinguish the helix-ferromagnetic © 30__
transition from the para-ferromagnetic transition labelled 20

by Tc. The Neel temperature is not so sensitive to hydrogen

insertion as long as is lower than 2. As is seen iRig. 1 109

the antiferromagnetic—paramagnetic transition of the parent O"’ s
materials is no longer observed for the hydrides with 0

y > 2. In the whole range of temperature and for all the (b)
applied fields, the Cd#e7Mn,H, hydrides with y > 2

are ferromagnetic. Thé& and Tc determined as inflection Fig. 2. (a) Temperature dependence of magnetization in various mag-
netic fields for CeFe;s7Mn;y3 (1-80 Oe; 2-500 Oe; 3-1kOe; 4-2kOe,

pOIﬂFS onthe magnetlzatl_on (_:ur 9], and7iy d_efme_d asa 5-3kOe, 6-4kOe; 7-5kOe; 8-6 kOe; 9-7 kOe; 10-10kOe), and (b) for
maximum on the magnetization curves, are givefiahle 2 CeFers7MngsH1 (1-80 Oe; 2-500 Oe; 3-1kOe; 4-2kOe, 5-3 kOe, 6—
versusy. 4kOe; 7-5kOe; 8-6 kOe; 9-7 kOe; 10-10kOe).
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Fig. 3. The H-T magnetic phase diagrams for ££@s57Mni3 and

CeFes3Mng 7 compounds and their related hydrides with- 1.

magnetic field on critical temperatures we have carried out
magnetization measurementsjersusl in various magnetic
fields. For example irFig. 2, the selected typical isofield
magnetization curves are presented forof®s7Mng3

and CeFes7Mni3H10. From these typical traces the
thermal dependence ofic the critical field transitions
between ferromagnetic, helical, and paramagnetic states
were established; can be determined only approximately,
because the transition between the two regions takes place
continuously. The corresponding/-T phase diagrams
are presented irFig. 3. For fields H > Hpay, Only the
ferromagnetic state is stabilised for the studied materials.
The critical transition fields for the hydrides are reduced by
more than 50% reference to the pure compounds. This fact
indicates that hydrogen stabilizes ferromagnetic couplings.
Fig. 3a and b reveal an almost linear temperature dependence
of the critical fieldH¢ for AFM to FM state transition.

The magnetic phase transition from helical to the ferro-
magnetic state in zero field can be explained by the increasing
importance of the magnetoelastic forces as well as the basal-
plane anisotropy with decreasing temperatirg]. Such a
phase transition can be achieved at higher temperatures un-
der the action of a magnetic field.

4. Conclusion

The CeFey7—Mn.H, hydrides retain the host alloy sym-
metry. However, hydrogenation leads to a noticeable lattice
expansion and marked modification of the magnetic proper-
ties reference to the parent compound. TheReg;_.Mn,
compounds undergo an antiferro—ferromagnetic transition ei-
ther by hydrogenation or by application of external field. The
metamagnetic transition fields quench the hydrides in ferro-

concerns the so-called dumbbell distanided. The positive  magnetic state in much lower critical fields than observed for
exchange interactions appear to be much more intense whefhe parent compounds. This behaviour indicates that hydro-
hydrogen atoms occupy the octahedral site i.e. when thegenation weakens the interlayer antiferromagnetic-like cou-
Fei—Fe short distance (parallel to the axis), is markedly  pling within the dumbbell 6c site atoms and thus induces
expanded. The increase fifand its final transformation to  ferromagnetic exchange interactions. The transition temper-
Tc in CeFe7Mn,H, hydrides can likely be correlated to  atures;, 7c of the hydrides strongly increase with hydrogen

the expansion of the FeFe dumbbell distance. content as the result of the unit cell volume increase.
The antiferromagnetic—ferromagnetic transition tempera-

ture, T;, depends on the exchange interaction between the

p_asal planes F:ontainiljg th_e Fg and Mn.atom. It can be pos- Acknowledgements
itive or negative, but its sign is determined by the atomic
distances between these plafit2]. When this distance in-
creases upon hydrogenatidr3,14]the exchange interaction
becomes positive and ferromagnetic couplings prevails in the
hydride withy >> 2.

The characteristic features of the magnetization
curves for both the G&e7_.Mn, compounds and their
CeFer7Mn,H, hydrides withy = 1 are specially interesting
in temperature ranging betwe@hand 7. It is the u_nlque [2] O. Isnard, S. Miraglia, C. Giorgetti, E. Dartyge, G. Krill, D. Fruchart,
range of temperature where the HAFM phase is stable. J. Alloys Compd. 262-263 (1997) 198—201.

Additionally, magnetic phase transitions can be induced [3] Y. Janssen, H. Fuijii, T. Ekino, K. Izawa, T. Suzuki, T. Fujita, F.R. de
by means of magnetic field. To study the influence of Boer, Phys. Rev. B 56 (21) (1997) 13716-13719.

We are very grateful to S. A. Nikitin and I. S. Tereshina
for fruitful discussion.
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