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The variation of N M R spectra and magnetization with temperature in ( R j _x R^)2Co1 4B (R = Y 
or Gd. R' = Tb. Dy or Ho 0 < .v < 1) have been measured. These compounds undergo spin reori-
entation at a temperature TSR when Y and Gd are substituted by Tb, Dy and Ho, and the 
temperature TSR increases with the fraction x. Phase diagrams of spin arrangement in these systems 
have been obtained. The results are discussed from the view point of competition between the 
crystalline electric field and the Co-R exchange interaction. 
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1. Introduction 

R 2 CO 1 4 B c o m p o u n d s (R = rate earth) exhibit out-
s tanding magnetic properties. Magnet ic anisotropics 
play a very impor tan t role in these compounds . Al-
though Y 2 CO 1 4 B and G d 2 C o 1 4 B with S-state R ions 
show only a p lanar spin ar rangement , T b 2 C o 1 4 B , 
which is characterized by a negative Stevens factor, 
prefers an axial anisot ropy at low temperatures. Due 
to the tendency of the Co sublattice to become planar, 
T b 2 C o 1 4 B undergoes a spin reorientat ion with in-
creasing temperature . Tha t is, in T b 2 C o 1 4 B the spins 
are ordered parallel to the c-axis at low temperatures, 
but in the c-plane above the spin reorientat ion tem-
perature T s r up to the Curie tempera ture TC. A wide 
variety of magnetic propert ies of R 2 C o 1 4 B arises f rom 
the fact that the R ion is subjected not only to the 
Co-R exchange field but also to the crystalline electric 
field [1]. 

In order to investigate the spin reorientat ion mech-
anism microscopically, we have measured the depen-
dence of the spin reor ientat ion tempera ture TSR on 
composi t ion by N M R and magnet izat ion measure-
ments. R 2 C O 1 4 B consti tutes an isostructural g roup 
of compounds crystallizing tetragonally with space 
group P 4 2 / m n m for R = Y, La, Pr, Nd , G d and Tb. 
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Recently we have reported the phase d iagrams of spin 
arrangements in (RX _ x T b J 2 C o 1 4 B (R = Y and Gd) 
[2] a n d (Yl _ X R ; ) 2 C O 1 4 B (R = D y a n d H o ) [3], In this 
paper we extend those works to ( G d t _ x R ^ ) 2 C o 1 4 B 
(R' = Dy and Ho). 

2. Experimental 

Samples were prepared f rom 99.9% pure elements 
by using an induction furnace, and annealed in vacu-
um-sealed quar tz tubes at 920 °C for 10 days. X-ray 
diffraction with C u - K a radiat ion at r o o m tempera-
ture shows that the compounds ( G d x _ x R ^ ) 2 C o 1 4 B 
(R' = Dy and Ho) have the same te t ragonal structure 
as N d 2 F e 1 4 B up to x = 0.7. Zero field N M R spectra 
were measured at 4.2, 77 and 300 K with a conven-
tional spin echo spectrometer by plot t ing the spin-
echo intensities with changing the N M R frequency 
step by step in the range 90 ~ 200 M H z . The magne-
tizations at 0.5 kOe were measured by a vibrating 
sample magnetometer f rom 77 K up to above the 
Curie temperatures. 

3. Results and Discussion 

The low field magnet izat ion versus temperature 
curve for a certain x shows a cusp or step like peak 
from which one can determine the spin-reorientat ion 
temperature TSR. Figure 1 exhibits some typical curves 
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Fig. 1. Magnetization versus temperature curves for 
(Gd1_xDyJ2Co1 4B. The arrows indicate the spin reorienta-
tion temperature 

of (Gd x _ , , .Dyx)2Co1 4B compounds . With increasing 
tempera ture f rom 77 K, the magnet iza t ion increases 
monotonical ly up to TSR, which implies antiparallel 
a r rangement of the R and Co sublattice moments . 
After the cusps at TSR, the magnet iza t ion again in-
creases slightly and suddenly decreases just below the 
Curie t empera ture Tc. Tc"s were determined by ex-
t rapora t ing the steep decrease to zero magnetizat ion. 
In the case of (Gd x _ x D y J 2 C o 1 4 B (x = 0.8), both the 
magnet izat ion curve and the X-ray diffraction pat tern 
were quite different f rom those of the c o m p o u n d s with 
x ^ 0.7. This means that the te t ragonal phase is stable 
up to x = 0.7. F o r small x ( = 0 ~ 0.1) the cusps are not 
clear enough to obta in precise TSR values. 

Figures 2 and 3 show the variat ion of the 5 9 C o 
N M R spectra at 4.2 K in (Gdl _ X R;) 2 CO 1 4 B (R' = Dy 
and Ho). With increasing x they change from the 
spectra for the p lanar spin a r rangement (x fS 0.04 for 
R' = Dy, x ^ 0.08 for R' = Ho) to those for the mixed 
state [4] (0.04 < x < 0.1 for R' = Dy, 0.08 < x < 0.2 

for R' = Ho) and those for the axial a r rangement 
(x ^ 0.1 for R' = Dy, x ^ 0.2 for R' = Ho). These 
changes in the N M R spectra correspond to the spin 
reorientation. 

The 5 9 C o N M R spectra at 77 K and 300 K in 
( G d t _ x D y J 2 C o 1 4 B and ( G d j _ x H o x ) 2 C o 1 4 B have 
also been measured. As seen in Fig. 4, at 300 K the 
compound ( G d , _ x D y J 2 C o 1 4 B retains the same pla-
nar type spectrum for Dy fraction x ^ 0.2 as for 
Y 2 Co 1 4 B or G d 2 C o 1 4 B . It changes to a different type 
of spectrum for x ^ 0.3. This phenomenon means 
that at 300 K the c o m p o u n d s ( G d t _ x D y x ) 2 C o 1 4 B 
undergo some change of spin-arrangement in the Dy 
fraction range 0.2 < x < 0.3. The spectra at 77 K in 
( G d t _ x D y x ) 2 C o 1 4 B change in the same way as at 
300 K, and the critical Dy fractions are 0.04 and 
0.06. This indicates that at 77 K the c o m p o u n d s 
( G d t _ ; cDy ; c)2Co1 4B undergo a spin reorientat ion in 
the Dy fraction range 0.04 < x < 0.06. 
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" Co NMR spectra in (Gd, _ x DyJ 2 Co 1 4 B at 
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Fig. 3. The 59Co NMR spectra in (Gd t _ x HoJ 2 Co 1 4 B at 
4.2 K. 

The 5 9 C o N M R spectra at 300 K in 
( G d i _ j H o ^ C o ^ B show the same planar type for 
H o fractions x ^ 0 . 6 as for G d 2 C o 1 4 B . This means 
that at 300 K the c o m p o u n d s (Gdi _ x H o x ) 2 C o 1 4 B do 
not change the spin-arrangement in this fract ion 
range. However, at 77 K it is seen from the change 
of the 5 9 C o N M R spectra that the c o m p o u n d 
( G d j _ XHOJC)2CO14B alters the spin ar rangement in the 
H o fraction range 0.1 < x < 0.2. These changes in spin 
ar rangement observed by the 5 9 C o N M R spectra cor-
respond well to the cusps in the magnet izat ion versus 
tempera ture curves. Therefore, we can say that we see 
the same spin reorientat ion phenomena in bo th mea-
surements. 
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Fig. 4. The 59Co NMR spectra in ( G d ^ D y ^ C o ^ B at 
300 K. 

F r o m the cusps in magnet iza t ion versus tem-
perature curves and the changes in the N M R spectra 
we can propose phase d iagrams of spin a r rangements 
in (Gd 1 _ X R! c ) 2 Co 1 4 B for R ' = Dy and Ho, respec-
tively. The results are shown in Figure 5. In this 
figure the bar 1 represents a Dy fract ion range 
(0.2 < x < 0.3) where the change of N M R spectra in 
( G d t _ x D y x ) 2 C o 1 4 B was observed at 300 K. The bars 
2 and 3 represent Dy and H o fract ion ranges, respec-
tively, where the changes were observed at 77 K. 
These phase d iagrams of spin a r rangements in 
(Y1_XRX)2CO1 4B (R' = Dy and Ho) obta ined in the 
previous paper [3] are cited here in Fig. 6 for compar -
ison. It is unders tood tha t these phase d iagrams are 
rather similar, because the R ions in bo th systems are 
in the S-state. 

The phenomenon of the spin reor ientat ion in these 
systems can be unders tood by taking into account the 
Co-R exchange field and the crystalline electric field 
(CEF). At low tempera tures the ( R X _ X R x ) 2 C o 1 4 B 
compounds (R = Y, G d and R' = Dy, Ho) show an 
axial spin ar rangement parallel to the c-axis like 
T b 2 C o 1 4B, because Dy and H o are also characterized 
by a negative Stevens factor. The Co sublatt ice an-
isotropy in (RJ_VRX ) 2CO 1 4B favors magnet iza t ion in 
the tetragonal basal plane and overrules the rare-
earth 4 f anisotropy due to C E F at high temperature . 
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Fig. 5. Magnetic phase diagrams in (Gd , _JCRX)2CO14B for Fig. 6. Magnetic phase diagrams in (YJ _XRX)2CO14B for 
R' = Dy (o) and R' = Ho (•). Dot ted lines are guides to the R' = Dy (o) and R' = H o (•). 
eye. Bars represent the R' fraction ranges where changes in 
N M R spectra are observed at each temperature. 

They exhibit a change in the easy direction from the 
c-axis to the basal plane at a temperature TSR. 
( R j ^ R ^ C o ^ B compounds crystallize in the same 
tetragonal structure with space group P 4 2 / m n m as 
Nd 2 Fe 1 4 B. The R and R' ions lie on the crystallo-
graphic / i , f2, glt and g2 sites. 

The Hamiltonians for an R (i) ion and an R' (i) ion 
at the /-th site (i = 1 ~ 4 denote / l 5 / 2 , gx, and g2 

sites) of the (Rx _ xR x) 2Co 1 4B structure in zero field are 
expressed by [1] (in units of /uB) 

HR(i) = HCEF(i) + 2 ( g j - l ) J H m , (1) 

and 

HR (i) = HCEFO) + 2 ( g y - l ) f • Hm, (2) 

where HCEF(i) and HcEF(I) are the Hamiltonians de-
scribing the CEF potential of the R and R' ions, re-
spectively, Hm is the molecular field due to the R-Co 
exchange field (antiparallel to the Co magnetic mo-

ment) acting on the R ion with J and g j or R' ion with 
J' and g j . . 

The Hamiltonian for the description of the whole 
system of this structure in zero field is given by 

H = I[(1 - x ) H r ( 0 + xH r . ( i ) ] + 2 8 K C o ( T ) s i n 2 6 , (3) 

where KCo(T) is the uniaxial anisotropy energy per Co 
ion, and 9 the angle between the magnetic moment of 
a Co ion and the [001] direction at temperature T. The 
summation is taken over i = 1 ~ 4 ( / i , f2, gx, and g2 

sites). 
The total free energy F of (Rj _ x R x ) 2 Co 1 4 B is given 

by 

F= -(1 — x)kTI\nZR(i) — xkTI\n ZR (i) 
+ 28/CC o(T)sin2 0, (4) 

where ZR (i) and ZR (i) are the partition functions of 
the i-th ion for R and R' with the eigenvalues of 
HR (0 and HR (0 (i = 1 ~ 4), respectively. At a temper-
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ature T the equilibrium direction of the molecular 
field 6m makes the free energy minimum. We will get 
TSR at which 6m changes from 0° to 90° by plotting 6m 

against T. 
We are now studying the fine structure of the 5 9 Co 

N M R spectra, and we are calculating TSR from the free 
energy of the system in order to understand the behav-
ior of the 4f sublattice magnetization as a function of 
temperature and rare-earth constitution. 

structure as Nd 2 Fe 1 4 B. Low field magnetization ver-
sus temperature curves show cusps due to spin-reori-
entation. The changes in spin arrangement with R' 
fraction x have been also found from the difference of 
N M R spectra between planar type and axial type at 
4.2, 77, and 300 K. Phase diagrams of spin arrange-
ment in these compounds have been obtained. 

4. Conclusion 

The prepared compounds ( G d j _ x R x ) 2 Co 1 4 B 
(R' = Dy and Ho) (x 0.7) have the same tetragonal 
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