
Journal of  AUoys and Compounds, 187 (1992) 299-303 
JALCOM 317 

299 

Magnetic coupling in rare earth-nickel compounds of the 
type RuNi7 

G. F. Zhou and  F. R. de Boer  
Van der Waals-Zeeman Laboratory, University of Amsterdam, Valckenierstraat 65, 
1018 XE Amsterdam (Netherlands) 

K. H. J. B us chow 
Philips Research Laboratories, P.O. Box 80.000, 5500 JA Eindhoven (Netherlands) 

(Received March 17, 1992) 

Abstract  

The field dependence (up to 35 T) of the magnetization at 4.2 K of several compounds 
of the type R2-xYxNi7 was studied. The magnetic isotherms at 4.2 K were analysed with 
a mean-field model, from which the magnetic-coupling constant JRm between the moments 
of the rare earths and nickel in the Hamiltonian H= ~RJRNi2SR'SNi was estimated. It was 
found that the coupling constants in the R2Ni7 compounds are almost twice as large as 
in the R2Ni17 compounds studied previously. 

1. Introduct ion  

In a n u m b e r  of  p r eced ing  inves t igat ions  [1 -3 ] ,  we have  s tudied  ferri- 
m a g n e t i c  r a re  ea r th  (R) - t r ans i t i on  meta l  c o m p o u n d s  in high magne t i c  fields. 
Prof i t ing f r o m  the poss ibi l i ty  of  be ing  able to ro ta te  the  two  ant iparal le l  
sub la t t i ce  m agne t i z a t i ons  t owards  each  other ,  we  have  d e t e r m i n e d  the  cor-  
r e s p o n d i n g  in te r sub la t t i ce -coupl ing  cons tan t s  [4]. In the  p r e s e n t  s tudy,  we  
have  e x t e n d e d  ou r  inves t iga t ion  to R-Ni  c o m p o u n d s  of  the  type  R2NiT, wi th  
the  p u r p o s e  of  de t e rmin ing  how far these  coupl ing  cons t an t s  (when e x p r e s s e d  
pe r  pa i r  of  uni t  sp ins)  d e p e n d  on the  3d m o m e n t  a n d / o r  on the  3d  a t o m  
concen t ra t ion .  In con t r a s t  with the m a n y  R - C o  and R - F e  c o m p o u n d s ,  the re  
are  re la t ively  few R - N i  c o m p o u n d s  in which  the  nickel  subla t t ice  is magne t ic .  
This  is, for  ins tance ,  the  case  in c o m p o u n d s  of  the  t ype  R2Ni17 s tudied  
before .  The  nickel  subla t t ice  magne t i za t ion  is zero  in c o m p o u n d s  of  the  type  
RNi5 bu t  owing to  5 d - 3 d  hybridizat ion effects  the  nickel  subla t t ice  aga in  
acqu i re s  a smal l  m o m e n t  in c o m p o u n d s  of  the  type  R2Ni7 s tudied  in the  
p r e s e n t  inves t iga t ion  [5 ]. 

2. E x p e r i m e n t a l  deta i l s  

Var ious  c o m p o u n d s  of  the  type  R2Ni7 were  p r e p a r e d  by  arc  mel t ing,  
fo l lowed by  v a c u u m  annea l ing  at  1050 °C for  3 weeks .  It  was  conf i rmed  b y  
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X-ray diffraction measurements that all samples prepared in this way were 
approximately single phase and of the rhombohedral Gd2Co~-type structure. 

Magnetic isotherms at 4.2 K of these compounds were measured in the 
high field installation at the University of  Amsterdam [6] in fields up to 
35 T. The samples were in the form of finely powdered material, so that 
the individual particles were free to rotate into their minimum-energy direction 
during the measurements. 

Representative examples of magnetic measurements are shown in Figs. 
1-3.  In most cases the magnetization at 4.2 K was measured at discrete 
values of the field strength. For the two compounds Gd2-xYxNi7 with x = 1.80 
and 1.85, data were also taken during a field pulse in which the field decreased 
linearly in time from 38 T at a rate of 55 T s-1.  The results of the latter 
measurements are represented by the two full curves in Fig. 1. 
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Pig. 1. Field dependence of the magnetic moment in various Gd2_xYxNiz compounds at 
4.2 K obtained on fine powder particles free to rotate in the field applied. 
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Fig. 2. Field dependence of the magnetic moment in various Tb2_xYmNi ~ compounds at 
4.2 K obtained on fine powder particles free to rotate in the field applied. 
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Fig. 3. Fie ld  d e p e n d e n c e  o f  t he  m a g n e t i c  m o m e n t  in va r ious  Ho2_xYxNi7 c o m p o u n d s  at  
4.2 K ob ta ined  on  fine p o w d e r  par t ic les  f ree  to ro ta te  in the  field appl ied .  

3. D i s c u s s i o n  

As was done before, we shall analyse our data by means of a two- 
sublattice mean-field model [1-4]. For convenience we repeat here the ideal 
behaviour that may be expected on the basis of this model for compounds 
in which the rare earth sublattice magnetization MR and 3d sublattice mag- 
netization M T are sufficiently close to each other in value. In comparatively 
low fields, the moment configuration is strictly antiparallel and the mag- 
netization is equal to the values MI = ~/R --MNil. Beyond a critical field strength 
(B1 Cut= ~//R-MNilnRN.~, the exactly antiparallel moments start to bend towards 
each other and the magnetic moment is described by M=B/nRsi and thus 

dM 
- -  = n R N i -  1 ( 1 )  
dB 

The parameter nRsi Can therefore be derived straightforwardly from the high 
field slopes obtained for B>B1 ont. At higher fields, beyond a critical value 
B2C~it=~MR+MNi[nRsi, the forced ferromagnetic alignment of the magnetic 
moments is obtained, corresponding to a magnetization equal to M2 --MR +MN~. 

The saturation moment M, derived from the data displayed for Gd2Ni7 
in Fig. 1 by extrapolation to B = 0  equals Ms = 12.8/z B (f.u.) - I ,  where f.u. is 
a formula unit. With MGd= 14/ZB (f .u.)- '  this leaves 1.2/z B (f.u.) -I  for MNi. 
A similarly large difference between MR and MNi is found for the other R2Ni7 
compounds, meaning that the values of ~/R--MN~I are too large for BI crit to 
fall into the field range accessible to us. Only for the compounds with x >/1.8, 
does the difference in intrasublattice magnetization become sufficiently small 
to give rise to the behaviour needed for the determination of nRNi via eqn. 
(1). This is the reason why we considered mainly yttrium-rich compounds 
in this investigation. The values of nRNi and Ms~ have been listed in Table 
1. For Gd2Ni7 and Gdo.2Y,.sNiT, the nickel sublattice moments MNi have been 
derived from M1 = ~Y/R--MNi[- For all the other compounds, MNi has been 
derived from M 2 =MR +MNI. 
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TABLE 1 

Intersublattice magnetic-coupling constants naN~ and exchange-coupling constants Jm~/k for 
R2_~Y~Ni~ compounds, where the nickel sublattice moments MN~ were derived from the 
corresponding saturation moments ~/R--MN~I, or from MR+Ms~ (see main text), using values 
for the R moments as listed under the beading #a 

Compound nast JRNi/k P'R MNi 
(T (f.u.) -1 /~B -1) (K) (/~B atom - l )  (/IB (f.u.) -1) 

Gdo.osYl.geNi~ 24.12 - 15.1 (7) 0.83 
Gdo.lYi.9Ni7 17.8 - 11.2 (7) 0.42 
Gdo.l~Yl.ssNi~ 17.2 - 10.8 (7) 0.69 
Gdo.2Yl.sNiv 24.5 - 15.4 (7) 0.56 
Gd2Ni7 - - (7) 1.2 
Tb0.1Yi.9Niv 12.1 - 11.4 (9) 0.45 
Tbo.15Yl.ssNiv 10.3 - 9.7 (9) 0.55 
Dyo.IY1.gNi7 - - (10) 0.09 
DYo.14Yl.s6Ni~ 8.4 - 10.6 (10) 0.52 
Hoo.lYi.9Ni~ 5.4 - 8.4 (10) 0.50 
Ho0.15Yl.ssNi~ 4.8 - 7.6 (10) 0.62 
Er0.1Yl.gNi7 4.7 - 8.8 (9) 0.63 
Er0.15Y,.ssNi7 4.8 - 9.1 (9) 0.47 
Y2Ni7 - - - 0.55 
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Fig. 4. Dependence of  the coupling constant J ~ l  in R2Ni~ and RzNi ~ compounds on the R 
component. For the R2Niv compounds the average values from Table 1 are plotted. For the 
R2Ni~z compounds we used the data from ref. 7. 

The various n~Nl values listed in Table 1 have been transformed into 
coupling constants JRNi per  pair of unit spins as defined by the exchange 
Hamiltonian Hexch = ~2Jm~iSRSNi  via the expression 
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- JRsiZRNi ( g R - -  1) 
T~RN i ~ NNi~B2 g R (2) 

In the crystal  s t ructure  of  the R2Ni7 compounds ,  the average n u m b e r  ZRNi 
of  neares t  t ransi t ion metal  a tom ne ighbours  to an R a tom equals 15. The 
n u m b e r  NN~ of  t ransi t ion metal  a toms  per  formula  unit  equals  7. It is seen 
f rom Table 1 and  also f rom Fig. 4 that  there  is a t endency  of  ]JRN~I to decrease  
f rom R - - G d  towards  the end of  the lanthanide series. We have included in 
Fig. 4 the JRNi values derived by us previously  for R2Ni17 c o m p o u n d s  [7]. 
It may  be seen that  the absolute  values of  the coupl ing cons tants  JRN~ 
de termined  for  the R2Ni 7 c o m p o u n d s  in the course  of  the present  investigation 
are substantial ly larger than the co r re spond ing  values in the R2Nil7 series. 
A similar t endency  of  the JRT coupl ing  cons tan t  to increase with decreas ing  
t ransi t ion metal  T concen t ra t ion  was  obse rved  also for R - F e  and R - C o  
c o m p o u n d s .  

4. C o n c l u s i o n  

The results  obta ined in the course  of  the presen t  investigation have 
shown that  the concen t ra t ion  dependence  of  the magnet ic  coupl ing cons tan t  
JRT follows the same general  behaviour  in R - T  compounds .  Independen t  o f  
whe the r  T represents  iron, cobal t  or  nickel, there is a s t rong t endency  for  
JRT to increase  with decreas ing  T concent ra t ion .  Apparent ly  this t endency  
is no t  very  dependen t  on the m o m e n t  value of  the T componen t ,  the nickel 
m o m e n t s  in R2Ni7 being more  than an o rder  of  magni tude  smaller than the 
cobal t  m o m e n t s  in R2Co7 [3]. 
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