
114 Journal of Magnetism and Magnetic Matermls 63 & 64 (1987) 114-116 
North-Holland, Amsterdam 

N E U T R O N  DIFFRACTION A N D  MAGNETIC STUDIES OF CeZn A N D  NdZn SINGLE 
CRYSTALS 

H FUJII,  Y U W A T O K O ,  K MOTOYA*,  Y ITO** and T O K A M O T O  

Faculty o[ Integrated Arts and Sciences, Hlrosh~ma Umverstty, H~roshtma 730, Japan 
*Faculty o[ Science, Saltama Umverszty, Urawa 338, Japan 
** Insatute o[ Sohd State Physics, Umvers~ty o[ Tokyo, Tokyo 106, Japan 

Neutron diffraction studies on CeZn indicate that the Ce moment is 1 91/x B and F8 is the ground state The observed Ce 
moment suggests that the Kondo effect should be considered, while magnetic propertws of NdZn single crystal are 
quahtatlvely understood by talong into account the CEF effect 

1. Introduction 

The eqmatomlc compounds of the rare earth 
with zinc crystalhze in the CsCl-type structure 
The heavy-rare earth RZn compounds exhibit 
ferromagnetism, while the light-rare earth ones 
are antiferromagnetic Powder neutron diffrac- 
tion studies of the latter compounds [1,2] indicate 
that the magnetic structure ts described by the 
propagation vector  (0,0,  1) with a quadratic 
magnetic cell (a, a, 2a)  We consider only three 
different structures shown In fig 1 for cubic 
lattice as the (00~) magnetic reflection is absent, 
which are Indiscernible on powder neutron pat- 
terns However,  as a tetragonal distortion is 
detected below TN for CeZn and PrZn, we can 
deduce that the structure is the colhnear-type 
structure (fig la) On the other hand, since NdZn 
does not show any &stortion, It IS impossible to 
determine the magnetic structure of NdZn from 
the neutron diffraction studies, assuming multi- 
domains 

Among them, CeZn exhlbtts some anomalous 
behavior owing to posstbly the extent of the 4f 
shell and the consequent strong mtxlng with the 

( a )  ( b )  ( c )  

Fig 1 Possible three eqmvalent magnetic structures in the 
cuNc structure with the (04)  propagation vectors 
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conduction electron band states The  especially 
interesting phenomena are (1) the appearance 
of pressure-induced ferromagnetism with a 
pronounced Kondo anomaly at high pressures 
above 8 kbar [3] and (2) the damping of the 
crystal electric field excitations (CEF) which lead 
to the collapse of the Inelastic line into the 
quasi-elastic peak [4] 

2. Results 

Fig 2 shows the product  of the effective 
magnetic form factor by magnetic moment  ixf(k) 
as a function of the scattering vector  sin O[A 
(/~-1) for CeZn at 8 K and NdZn at 4 2 K The 
form factor seems to be weakly anlsotroplc in 
CeZn,  whereas that of NdZn is more anlsotroplc 
withm our experimental errors The  magnetic 
moments of CeZn  and NdZn are estimated to be 
1 91 and 2 52/~B/R-atom by extrapolating txf(k) 
to sin O/A = 0, respectively These values are in 
good agreement  with those obtained by Schmttt 
et al [1] and Morro and Pierre [2] The tem- 
perature dependence of the magnetization is 
shown In fig 3 for both CeZn  and NdZn, which 
were deduced from the (10~2 ~) magnetic 
reflections CeZn reveals a first-order transition 
at TN = 30 K, below which a tetragonal distortion 
appeared and the (c /a-  1) value reached 1 7% 
at 8 OK from analysis of the (200) nuclear 
reflection The magnetic moment  of NdZn 
decreases sensibly near TR = 18 K and vanishes 
at TN = 70 K 

B V  
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Fig 2 Etiectwe magnetic amphtude i~f(k) as a function of 
scattering vector sm 0/A The sohd hnes show the calculated 
form factors according to the formula [6] [ = 
(Jo) + ~4=2 C,(J,) ((?2 = 0 and C4 = 0 71 for CeZn, and C 2 = 
0 56 and C4=0 for NdZn, respectwely) The neutron 
dLffracUon experiments were performed for CeZn using 
PANSI of ISSP installed at the JRR-2 reactor, Tokah JAERI 
and for NdZn using ND at the Research Reactor InsUtute, 
Kyoto Umverslty m Japan 

T h e  electr ical  resistlvittes p of LaZn ,  C e Z n  
and  N d Z n  along the (100)-axis are shown m fig 
4 A r emarkab le  d i scont inu i ty  is observed  for 
C e Z n  at TN, which is character ls t tc  of a first- 
order  t r a n s m o n  T h e  magne t i c  reslsttvity Pm for 
Ce  was de t e rmined  by sub t rac t ing  the resistivity 

T 
(a) | T,R (b)  
CeZn ~ NdZn 
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Fig 3 Temperature dependence of magneUzaUon deduced 
from the (10~2) magnetic reflection for (a) CeZn and (b) 
NdZn The sohd lines are the calculated ones using the 
Hamfltonlan of eq (1) 
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Electrical reslstwlty p as a function of temperature T 
LaZn and CeZn, and (b) NdZn along the [100]-axis 

of L a Z n  The  t empera tu re  d e p e n d e n c e  of Pm is 
g iven  In the inser t ion  of fig 4a  T h e  o c c u r r e n c e  

of a m a x i m u m  in Pm can  be ascr ibed to an 
Incipient  K o n d o  effect on  the C E F  split mul t lp le t  
of Ce This  result  ts m a g r e e me n t  with that  
ob ta ined  by Pierre et al [4] T h e  t9 vs T curve  of 
N d Z n  reveals  (1) an anomaly  at TN cor respond-  
mg to a s econd-o rde r  t r a n s m o n  and  (2) a well 
defined f irst-order t rans i t ion  at TR with a thermal  

hysteresis of -~2 K as shown in the Insert  of fig 
4b, sugges t ing  a magnet ]c  o r d e r - o r d e r  t rans i t ion  

In  order  to ob ta in  direct  in fo rmat ion  on  the 
o r d e r - o r d e r  t ransi t ion,  we measured  the mag-  
ne t iza t ion  curves  a long the (100), (110) and 
( l l l ) - a x e s  above  and  below TR (see fig 5) The  

=10 

::k05 

(a) 

T=42K (riO) 
01)) 

(100) - 

(b) 

T=20K 
(ioo) 

~ 1110) 
())l) 

0 20 40 60 80 0 20 40 60 80 

H (KOe)  

Fig 5 MagneUzaUon vs magneUc field curves of NdZn at 
(a) 4 2 K < TR and (h) 20 K > TR, where TR Is the reonen- 
tatlon temperature 
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metamagnet i sm below TR can be interpreted by a 
non-colhnear  model with the Nd moments  of 
2 52/ZB directed to the ( l l0 ) -axes  (fig lb), 
assuming that the Nd moments  hold in the (110) 
directtons even though the field ts applied to any 
directions because of strong magnetic  anIsotropy 
The  magnetic structure above TR can be also 
understood by a non-coll lnear one with the Nd 
moments  along the ( l l l ) - a x e s  (fig lc) as dis- 
cussed by Kltal et al [5] as well These results 
give further confidence in the triple q to double q 
transition proposed by Morln and de Combar leu  
from the specific heat measurements  [7] 

3. Discussion 

As 1s evident f rom fig 2, the form factor is 
weakly anlsotroplc in C e Z n  and the Ce moment  
is deduced as 1 91/Xa This indicates that F8 is the 
ground state However ,  it is to be noted that the 
form factor  decreases more  sharply with increas- 
Ing sin 0/h than that expected f rom the ground 

5 5 state 1~, 7), which could be realized in the ordered 
state at 8 K On the other hand, the form factor  of 
Nd is more antsotroplc and it is possible to see 
that when the scattering vector  is near the (100) 
direction, the observed magnetic  form factors are 
larger than those near the ( l l 0 )  direction This 
simply suggests that the 4f electron density along 
the (110) direction is wider than along the (100) 
direction Then,  the domain distribution was 
confirmed to be uniform from the intensity 
measurements  of some equivalent {½03} magnetic  
peaks in the (hOl) plane, within our experimental  
errors 

As an a t tempt  to explain the temperature  
dependence of magnetizations, we introduce the 
effective single-ion HamIltonian as follows 

if( ----- U4( 0 ° + 5 044) q- U6( 0 ° - 2 1 0 4) 

- gtzaJH~ - 0 1 ( ( 0 ° ) 0 0  -4- 3(022)0 2) (1) 

Here,  B.  is the C E F  parameter ,  He. is the 
blhnear exchange field which IS given by He. = 
ngl-~B(J) and n = O*/C, and the last term expres- 
ses the magnetoelast ic  and/or biquadratic 
exchange interactions The  Ce moment  is esti- 

mated  as 2 05/Xa at 8 K in C e Z n  using 0* = 32 K, 
G1 = 0 22 K and B4 = 0 18 K (h = 65 K) accord- 
mg to Pierre et al [4] The  calculated value is 
considerably larger than 1 91/xR obtained in this 
work This difference might be attributed to the 
Kondo  moment  compensat ion,  that is the 
Kondo- type  antlparallel coupling between the 4f 
moments  and conduction electron spins Fur- 
thermore,  we cannot satisfactorily understand the 
M vs T curve of CeZn  shown in fig 3a, in which 
the solid line is the calculated value using the 
Hamll toman of eq (1) 

On the other hand, the Nd moment  is cal- 
culated to be 2 60/xB at 4 2 K  using B 4 =  

2 4 × 1 0  2K and B 6 = 1 4 × 1 0 - ~ K ,  0 * = 9 0 K  
and G1 = 0, which is in fairly good agreement  
with the observed value of 2 52ttB The  moment  
direction at 4 2 K is deduced to be along the 
( l l 0 ) - axes  and above T R - - 2 4 K ,  the Nd 
moments  are directed to the (11 D-axes under the 
condition which minimizes the free energy The  
Nd moment  calculated is shown by the sohd line 
m fig 3b The  agreement  between the calculated 
curve and experimental  points is fairly good, but 
the calculated TR lS a little higher than the 
observed TR ~ 18 K This suggests that not only 
G~ but also (32 terms must be taken into account,  
where the (32 term is expressed by G2((Oxy)Oxy + 
(Oyz)Oyz + (Ozx)Ozx) 

On the other hand, for bet ter  understanding 
magnet ism in CeZn,  the Kondo  effect should be 
considered since TK IS not negligible compared  
to the C E F  splitting 
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