
Analysis of the magnetic properties of R2Fe17 (R identical to Gd, Tb, Dy, Ho, Er or Tm)

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1993 J. Phys.: Condens. Matter 5 8603

(http://iopscience.iop.org/0953-8984/5/45/013)

Download details:

IP Address: 171.66.16.96

The article was downloaded on 11/05/2010 at 02:14

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/5/45
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


I. Phyr.: Condenr. Matter 5 (1993) 860W8609. Printed in the UK 

Analysis of the magnetic properties of R2Fel7 (R=Gd, Tb, Dy, 
Ho, Er or Tm) 

Han Xiu-fend, Jin Han-mint, T S Zhaot and C C Sunf 
t Deparlment of Physics. Iiin University, Changchun 130073, Peaple's Republic of China 
t institute of Theoretical Chemistry, Iilin University. Changchun 130023, People's Republic 
of China 

Received 1 I May 1993, in final fonn 27 July 1993 

Abstract The values of the R-Fe exchange field and the crystalline-elecuic-field parameters 
a e  evaluated by fining the caloulations to the experiments for RZFel, (RzGd, IB, Dy. Ho. Er 
or Tm). The exprimems include the magnetization curves along the crystal axes at 4 3  K for 
the Gd. Tb. Dy, Ho and Er compounds, the energy differences between the energy levels for 
the Ho ion in HozFe,,. and h e  spin ranentation temperature TSR and the easymagnetization 
direction above and below 'I&. for TmzFel7. 

1. Introduction 

High-field magnetization curves M ( H )  of single-crystal R2Fel7 ( R S d  111, Tb [21, Dy 
[3], Ho [4] or Er [3,5]) have been measured at 4.2 K by a number of workers; these 
CUNS have been analysed on the basis of the classic two-sublanice model in the same 
studies. The energy gaps between the energy levels for the Ho ions i n  HozFe17 have 
also been measured [6]. For Tm~Fel7, the M ( H )  curves are not available yet, but the spin 
reorientation temperature TSR and the easymagnetization directions (EMDs) above and below 
TSR have been measured [7,8]. This paper evaluates the values of the R-Fe exchange field 
H,(T = 0) and the clystalline-electric-field (CEF) parameters A,, by a fit of the calculations 
with the experimental data. 

2. Method of calculation 

Rare-earth compounds of the type RzFel7 aystallize either in the hexagonal ThZNil, 
structure or in the rhombohedral ThzZnl7 structure, There are two rare-earth crystallographic 
sites in the hexagonal structure, and one site in the rhombohedral structure. Each site splits 
into two magnetically non-equivalent sites: A and B. The rare-earth ions are assumed to be 
hiply ionized. In the coordinate system with the z and x axes along the c and a axes, the 
Hamiltonians of the CEF interactions for the rare-earth ions at the A and B sites are closely 
related, being represented as 

'&EF(A) = AnoCno -I- An3(Cn3 Cn-3) + AM(CM c 6 - 6 )  
" 4 4 . 6  n=4.6 

AnoCno - (1) 
'HcEF(B) = Ans(Cn3 + cn-3) + AM(CM t C6-6) 

n=2.4.6 n d . 6  
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where 
( 2 )  

Yn,,,(8j, qj) are the spherical harmonics, and 0, and 9j are the polar and azimuthal angles of 
the position vector T of the j th  4f electron. The signs of the second term on the right-hand 
side of equation (1) are opposite for ?&(A) and W&(B). and the contributions of each 
of them to the total energy of the compound largely cancel each other. If the second terms 
are neglected, the Hamiltonian of the CEF interaction, averaged over the crystallographic 
and magnetic non-equivalent sites, therefore, is expressed simply as 

c,, = [ 4 x m  + i )~%”~(e, ,  0). 

c 

li 
O Y  I I 

0 10 20 3 
I - i (T)  

N(T) 

Figure I. Isotherms at 4.2 K for RzFel, (R= ( U )  Gd, (b) Tb. (e) Dy and ( d )  HO): -, 
calculations; A, 0, e. experimental data f” [ M I .  
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Figure 1. (Continued) 
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The total Hamiltonian of the rareearth ion consists of the CEF interaction, the isotropic 
R-Fe exchange interaction and the Zeeman energy, i.e. 

‘H = ‘Hw + 2@Bs * Hex + ~ B ( L  + 2s )  . H. (4) 

The R-R exchange interaction, which is believed to be much weaker than the R-Fe exchange 
interaction, was neglected. 

The magnetic moment M F ~ ( T ,  be) of the Fe sublattice is anisotropic [9]. The exchange 
field H,,(T) is assumed to be proportional and antiparallel to the magnetic moment 
Mfi(T, 0%) of the Fe sublattice. They are represented as 

MFe(T> 0,) = MFc(T)[l - p ( T )  Cos2hl (5)  
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= -H.,(O)MF,(~)/MF,(O). (6) 

The relations Mk(T)/hfFe(O) = [KIF~(T)/K~F~(O)I~/~ and p ( T )  = A M F , ( T ) / M F ~ ( T )  and 
p ( 0 )  = 0.008 were taken from those for YZFel-, [9]. The values of Mp,(O) for each 
compound were also adjusted around the experimental values for Y2Fe17 (34.17p~/formula 
unit (FU) [9] and 3 5 . 1 9 ~ ~ l N  [IO]) for a better fit. 

Gd 36.9 330 351 [i] 
Tb 36.9 300 -15 -190 0 -200 285 [2] 
Dy 37.0 285 -85 -180 0 -180 286[3] 
Ho 36.8 210 -80 -170 0 -110 320[4] 
Er 35.4 255 -75 -130 0 -165 255 [I] 
Tm' 37.9 245 -75 -110 0 -lw 
' The value of A& is estimated f" exhapolation of those for the other rare earths. 

If(T) 
F w r e  2. Isotherms at 4.2 K for &Fe,?: -, calcuiationr: A. 0. 0,  experimenlal dam from 
(31: A, 0, experimental data from [5 ] .  

The matrix elements of equation (4) were calculated using the irreducible-tensor-operator 
technique [ I l l .  For a given applied field H and a direction of He&, the eigenvalues 
Ei and eigenfunctions Ini) (i = I ,  2, . . . ,25 + I )  are obtained by diagonalizing the 
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Table 2. The effect of varialion in 2!&HCr(0) or in A, by 5 or 10 K from the fitted values 
on the calculations of M(Hllc. H = 4 T) and FOMR fields H:, H i  and H:, all at 4.2 K for 
Er2Fen. 

2aeHw.QI) Am Am AM M(H(lc, H = 4  T) H& H:r H: 
(K) 6) (K) (K) (anhi) 0 (T) (V 
255 -75 -130 -165 5.23 5.0 36.4 43.7 
260 -75 -130 -165 5.17 5.a 37.1 44.5 
255 -sa -130 -165 5.3 4.1 36.4 43.7 
3 5  -75 -140 -165 5.19 4.8 36.4 43.7 
255 -75 -130 -175 5.20 5A 36.4 43.7 

F I N .  ‘ o i o J l ~ ~ a o l +  Y j/ ;b ;i/ k I,,:. 
1- (J + ‘p I + y 1 

56 5 84. 9 85. 0 Tesla7 
H= M.j* 0 

-+ I 361; ‘I- y ,- ;I‘ 
5 5 . 0  6 5 .  0 la .  1 I 60. o T...I,, 

H= 0 ’. 3 5 .  0 36. 1 35. 8 55.5 85.9TGln 

Figure 3. The varialion in the directions of M k  and MFF in Er~Felr during Lhe magnetization 
process along the a axis (upper figures), b axis (middle figures). and c axis (lower figures). 

Figure 4. The variation in the exchange field 2!.qH,,(O) across the &Fe], series f” R-Gd 
to Tm. 

(25 + 1) x (25 + 1)  matrix of equation (4). The diagonalization was carried out within the 
ground-state J-multiplet. The free energy for R2Fe.17 is given by 
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where 

KIpe(T)  is the magnetocrystalline anisotropy constant of the Fe sublattice per FU. and the 
K1F,(T)/KIF,(O)-valU~ were taken to be the same as those for Y2Fe17 191. The value of 
KIFe(0) for all compounds was taken as -47.0 WFU around the experimental values of 
YzFe17 (-42.8 W N  191 and -57.9 K / N  [IO,  121) for a better fit. The equilibrium direction 
of HEX was determined by minimization of the free energy. The magnetic moment of the 
rare+& ion and of RZFel, are given by 

MR(T) = - p ~ ( n i l L  4- 2Sl&)dxp(-Ei/kaT)/Z (9) 

M ( T )  2MR(T) + MFe(T, @e). (10) 

The magnetization curves and some other magnetic properties were calculated for a set 
of the parameters of H,,(O), A,, (nm = 20. 40, 60 and 66), M d O )  Y 35pB/N and 
K , p e ( 0 )  N 50 K/FU for each compound. From a comparison of the calculations with the 
experimental data, the values of the parm,eters were adjusted for a better fit for the next 
calculation. The procedure was repeated until satisfactory agreement was reached. The 
adjustment of the parameters was guided by knowledge of the different effects of each 
parameter on the magnetization curves [13,14]. 

3. Results and discussion 

Table I lists the values of the fitted parameters of Mp,(O), 2p~H=(0) ,  Azo. A,,, Aa..and 
A 6 .  The exchange fields ZpBHA(0) (= g,pBMTnRT/(gl  - I ) ,  nRT is the intersublattice 
molecular field coefficient). which are taken from [ 1-41, are also listed for reference. 
Figures 1 and 2 show the magnetization curves along the crystal axes at 4.2 K. The full 
curves represent the calculations and the symbols the experimental data. For ErzFel7, 
multiple first-order-moment reorientation (FOMR) transitions are observed, and figure 3 
shows the variations in the directions of MB and MFe near the FOMR fields. Table 2 
demonstrates the effect of variation in the value of 2pB&(0) or in A., by 5 or 10 K from 
the fitted values on the calculations of some magnetic properties, which would provide 
information about the uncertainty in ihe values of the fitted parameters. Figure 4 shows 
the variation in the exchange field 2 p ~ H ~ ( 0 )  across the RzFel7 series from k G d  to 
Tm. The calculated energy gaps between the lowest four energy levels for HozFel7 are 
Ez  - El = 96.1 K, E3 - E2 = 58.2 K and E4 - E3 = 48.8 K, which are in agreement with 
the experimental values of 96.3 K, 67.3 K and 55.7 K, respectively [6]. TSR for TmzFe17 
was calculated to be 73 K compared with the experimental value of 72 K [7,8]. At TSR. 
the EMD varies between the c axis and b axis. 
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