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Abstract. 57Fe MBssbauer spectra have been obtained at room temperature and 
at 15 K for RzFe17 and R ~ F ~ I ~ N J - J  (6 21 0.4) with R E Ce, Pr, Nd, Sm, Gd, 
Tb, Dy, Ho, Er, Tm, Lu and Y. The easy diredion of magnetization of the R2Fe17 
compounds can be identified by analysis of the hyperfine field and quadmpole inter- 
actions. For rare-earth elements with J > 3, the sixth-ardu crystal-field parameter 
&a detelmines the easy magnetization direction in the basal plane. In the nitlides, 
the average byperfine field at 15 K increases by approximately 13% above the value 
in the parent compounds. from about 31 to 35 T, and it is anisotropic, being greatest 
when the magnetization lies along the caxis. There is also an increase in the isomer 
shift of 0.12(2) mm s-l. Spin reoridation transitions occur in the nitlides of Er 
and Tm; only the samarium nitride has an easy caxis at room temperature, but Sm, 
Er and Tm all have easy caxis magnetic structures at 15 K. 

1. Introduction 

Recent interest in rare-earth iron magnetic materials has shifted to  the novel ternary 
nitrides R,Fel,N3-, [l-51. It is known that the magnetic properties of R,Fe,, inter- 
metallics can be improved by the interstitial atoms H I6-91 and C [lo, 111, which raise 
the Curie temperature T, by up to 200 K. The effect of nitrogen on T, is even greater, 
producing increases of about 400 K .  A t  room temperature, the R,Fel,X, compounds 
(X  H, C and N) usually have the same easy direction, with the magnetization lying 
in the basal plane as it does in R,Fe17. The exceptions are the Sm,Fe,,X,-, (X z 
C and N; 6 5 2.5). Sm,Fe,,C shows a uniaxial anisotropy field of 5.3 T at room 
temperature [12, 191, whereas the room temperature anisotropy field of Sm,Fe,,N, 
has been found to be 14 T [3]. The combination of high Curie temperature of 749 K 
[2], high saturation polarization of about 1.5 T [1,3] and strong uniaxial anisotropy 
make Sm,Fe,,N3-6 a most promising material for permanent magnets. 

The iron-rich R,Fel, compounds have been studied for many years [13, 141. They 
exist across the whole lanthanide series, except for La itself, crystallizing in the 
rhombohedral Th,Zn17 structure for rare earths lighter than Gd, and in the hexagonal 
Th,Ni,, structure for rare earths heavier than Tb; both structure types may coexist 
for R E Gd, T b  and Y [14]. In this paper, the site notation is given first for the 
hexagonal structure, with the notation for the corresponding sites for the rhombc- 
hedral structure in brackets (e.g. 4f(6c) for the dumbell site). The magnetic structure 
is governed by the predominantly ferromagnetic Fe-Fe coupling, the R-Fe exchange 
which tends to align rare-earth and iron spins antiparallel, the rare-earth crystal-field 

0953-8984/91/223983+13$Cr3.50 0 1991 IOP Publishing Ltd 3983 



3984 Bo-Ping Hu el a /  

interactions and Fe sublattice anisotropy. At low temperature the easy magnetization 
direction in R,Fe,, coincides with one of the main axes of the basal plane [15], except 
for TmZFe,, which has an easy c-axis [16,17], and Ce,Fe,, [MI, Yb,Fe,, (201 and 
Lu,Fe,, [18] which all have canted or helical structures. 

57Fe Mossbauer investigations of R,Fe,, have been performed by Gubbens and 
others [8, 16, 21-25]. Because of the complex crystal structure, only an average 
hyperfine field (211 or the distinctly separate contribution of the 4f(6c) dumbell site 
was determined [22] in the early studies. Gubbens, however, used six independent iron 
subspectra to analyse the spectra of %Fe,,. There is one subspectrum for each of 
the 4f(6c) and 6g(Qd) sites, but the lZj(l8f) and 12k(18h) sites split into two groups 
in a 2:l ratio due to the different angles between the magnetization direction and the 
principal axis of the electric field gradient [23]. Tm,Fe,, is an exception below its 
spin reorientation at 72 K [16, 171; four subspectra suffice when the magnetization 
lies parallel to c-axis. A further complication is caused by the magnetic dipolar field 
when the magnetization is along the a-axis ([loo]) or the baxis ([lZO]). The observed 
hyperfine field is the sum of an atomic contribution and a dipolar contribution due 
to the moments of all the other atoms. The resulting sum of these contributions 
need not have a single value at particular crystallographic sites. In fact seven or 
eight subspectra are necessary to analyse the Mossbauer data on compounds with the 
Th,Zn,, or Th,Ni,, structures respectively (241. 

Structural considerations indicate that the only interstitial sites large enough to 
accommodate nitrogen atoms in R,Fe,,N,-, are 6h(Qe) [5]. The same is true for 
interstitial carbon atoms in R,Mn,,C,-, [26]. This has been confirmed by EXAFS for 
Sm,Fe,,N,, [5], by neutron diffraction for Nd,Fe,,N,-, [27] and by x-ray diffraction 
for R,Fe,,C,-, [28]. The crystal structures of rhombohedral and hexagonal R,Fe,,N, 
are shown in figure 1.  

"., 
Figure 1. 
varieties of RzFeiiN3. 

Crystal structures of the hexagonal (left) and rhombohedral (right) 
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In this work, "Fe Miissbauer effect measurements have been performed at 15 K 
and room temperature on a series of R,Fe,, compounds and on the corresponding 
R2Fel,N,-6 nitrides, with a view to developing an understanding of the magnetic 
properties of the nitrides on the atomic scale. 

2. Experimental methods 

The R,Fe,, compounds were prepared by arc-melting 99.9% pure elements and an- 
nealing the ingots of the lighter rare earth compounds up to Gd in vacuum at 1000°C 
for about 50 h. Analysis by x-ray diffraction showed that the compounds of rare earths 
lighter than T b  have the rhombohedral Th,Zn,, structure whereas the others have 
the hexagonal Th,Nil, structure. X-ray patterns also showed some traces of a-Fe in 
the Nd and Sm compounds. 

The nitrogen absorption characteristic was then observed for each compound by 
heating a small amount of fine powder (- 50 mg) at  10°C min-' in approximately 
1 bar of N, gas in a thermopiezic analyser [29]. A suitable temperature for nitrc- 
genation was determined, which is always in the range of 450 to 550'C. The nitrogen 
concentration in the alloy was deduced from the pressure drop observed on cycling 
up to the maximum temperature T,, and back to room temperature. X-ray patterns 
showed that some poorly crystallized a-Fe is present in all the nitrides. 

57Fe Mossbauer spectra were collected using a conventional constant acceleration 
spectrometer with a 20 mCi source of 57C0 in rhodium. The velocity scale was cali- 
brated using an a-Fe absorber at room temperature. Samples consisted of about 
15 mg cm-' of R,Fel,N,-6 powder mixed with icing sugar to form homogeneous 
and isotropic absorbers. Low temperature data were obtained using a closed-cycle 
two-st,age helium refrigerator (Air Products Model, H C 2 ) .  

3. Experimental results and analysis 

In order to determine the number of subspectra employed in the fit, dipole fields were 
estimated for the whole R,Fe,, series by summing the contributions of atoms within 
a 1.0 nm sphere. (We are only concerned here with the local symmetry of the dipole 
field rather than its magnitude.) Regardless of whether the magnetization lies along 
the (I or b-axis, all the Fe sites (except the dumbell sites) split into several groups 
with different dipolar fields. When the magnetization lies along the e-axis ([OOl]), 
the dipolar field at each type of site has a common magnitude. In the Th,Znl7-type 
structure, 9d, 18h and 18f each split into two groups with an intensity ratio 21, while 
in the Th,Ni,,type structure 6g and 12k split into two groups with an intensity ratio 
2 1 ,  and 12j splits into three groups with an intensity ratio 1:l:l. This result agrees 
with a similar calculation for Y,Fe,, [24]. 

Under the combined effects of the hyperfine fields (including dipolar fields) and 
quadrupole interactions, each of the seven or eight sextets exhibits specific values for 
the magnetic hyperfine interaction and quadrupole splitting. Since the dipolar fields 
at  two of the three groups of 12j sites in the Th,NilTtype compounds are very close, 
we treat them in the same way as for the ISf sites in the Th,Zn,,type compounds, 
splitting them into two groups with an intensity ratio 21. Hence the spectra of all 
the R,Fe,, compounds were fitted to the seven independent Lorentzian sextets by 
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least-squares computer minimization, with an overall intensity ratio of 1:2:24:2:4:2 
for the 6g,(9d1), 6g,(9d2), 12j1(18f1), 12j2(18f2), 12k,(18h1), 12k2(18h2) and 4f(6c) 
subspectra. The spectra of &Fe,, together with the envelope of the fits are shown 
in figure 2 (at 15 K) and figure 3 (at 293 K). Different linewidths were permitted for 
outer, middle and inner pairs of lines (r3,4 < rz,s < rl,Jr but these linewidths were 
all in the range 0.2s0.36 mm s-l full width at half maximum. 

R2Fej7 T 15 K 
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Figure 2. The 57Fe Mkbauer spectra of R2Feli at 15 K with the fits shown as 
full curves. 

For the nitrides of the 217 compounds, the pressure drop in the thermopiezic 
analyser indicates that there are fewer than three nitrogen a t o m  in a 2 1 7  formula. 
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Figure 3. The 57Fe Mhsbauer spectra of RzFelr at 293 K with the fits ahown BS 

full m s .  

The IZj(l8f) and 12k(18h) iron sites have one neighbouring octahedral interstitial 
site, hence they can have only one or no nitrogen neighbours. The probability for one 
neighbour in hFe17N3-6 is much larger than that for no neighbours when 6 is close to 
0. For example, if 6 = 0.5, these probabilities are 0.83 and 0.17, respectively. Hence, 
it is reasonable to fit the Mksbauer spectra of R,Fe17N3-, using the same procedure 
as for R,Fe,,, and to ignore the small effect of zero nitrogen nearest neighbours on the 
12j(18f) and 12k(18h) sites. The Mossbauer spectra of R2Fel,N3-6, together with 
their envelope of the fits are shown in figure 4 (at 15 K) and figure 5 (at 293 K). 

During the fitting, a small cr-Fe spectrum was included for Nd,Fe,, and Sm,Fe17 
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- 5  0 5 - 5  0 5 
velocity (mm/s) 

Figure 4. The 5’Fe Mcssbaua spectraof R2FqrNa-a at 15 K with the fits shown 
89 full curves. 

and for all the nitrides. The parent compounds of the light rare earths do not melt 
congruently, and further a-Fe is usually produced during nitrogenation. In addition, a 
weak central paramagnetic doublet of uncertain origin (< 3% of total absorption) was 
introduced for some of the spectra. The hyperfine fields at the four crystallographic 
sites of R,Fe,, and R,Fe,,N,-, are listed in tables 1 and 2, respectively; where two 
or three subspectra arise from a particular crystallographic site, the weighted average 
has been taken. The overall average hyperfine fields are plotted in figure 6. No values 
are shown for parent compounds at room temperature for R < Nd and R > €Io since 
their Curie temperatures are less than (or in the case of Er,Fe,, practically equal to) 
the measuring temperature [2]. 
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R2Fel7N3-8 T = 293 K 

- 5  0 5 - 5  0 5 

velocity (mmls) 

Figure 5.  The s7Fe Mcssbauer spectra of RzFq,N,-6 at 293 K with the fits shown 
as full CUTYeS. 

4. Discussion 

To assign the components of the spectra to the iron sites, we had to  consider nearest 
neighbour environments, using the same arguments as for the R(FellTi) series [30]. 
The number of nearest-neighbour atoms for 4f(6c), 6g(9d), IZj(18f) and 12L(18h) 
sites are (1, 3, 6, 3, I), (2, 0, 4, 4, 2), (2, 2, 2, 4, 2) and (1 ,  2, 4, 2, 3) respectively, 
where the numbers in brackets refer to 4f(6c), 6g(9d), laj(l8f) and 12k(18h) and 
26, 2d(6c) site neighbours. There is no doubt that the 4f(6c) dumbell site should 
have the largest hyperfine field since it has the most iron, and the fewest rare-earth 
neighbours. Similarly, the 12j(18f) site has a larger hyperfine field than the 12t(18h) 
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Figure 6. Ovaall average hyperfine fields for R,Felr and of RzFelrN+s mm- 
pounds: (a) at 15 and ( b )  at 293 K. 

Table 1. Hyperfine fields for each crystallographic site of the RzFerr deduced from 
"Fe Mikbauer spectra (averagingover subspectra where appropriate), and the over- 
all average value: (a) at 15 and ( 6 )  at 293 K .  In the last column of (a), the vdus 
of z are given. where z is defined as in the formula R%-.Felr+z=. 

R 6g(9d) lZk(18h) lZj(l8f) 4f(6c) (Eh, )  z 
(TI (T) (TI (TI (T) 

(.I 
Ce 27.7(5) 23.6(3) 25.5(5) 33.1(2) 25.9(3) -0.17(6) 
Pr 31.6 27.2 29.2 35.5 29.6 -0.03 
Nd 32.0 27.5 28.9 35.8 29.7 -0.13 
Sm 34.0 28.1 30.0 35.9 30.7 -0.14 
Gd 34.0 29.1 31.8 37.2 32.0 0.20 
Tb 33.8 29.1 29.9 37.2 31.3 0.11 
Dy 33.4 28.5 31.5 37.5 31.5 0.06 
Ho 34.2 29.1 30.0 36.9 31.3 0.09 
Er 33.4 28.7 31.5 37.0 31.6 0.16 
Tm 33.6 29.7 33.0 41.6 33.1 0.15 
Lu 32.8 28.0 30.5 36.7 30.9 0.17 
Y 32.5 28.2 30.6 36.5 30.8 0.00 

( b )  
Nd 17.8(5) 16.1(3) 16.5(5) 20.9(2) 17.1(3) 
Sm 23.4 20.3 22.1 26.5 22.1 
Gd 26.1 23.5 26.1 30.5 25.8 
Tb 23.9 21.1 22.7 27.7 23.0 
Dy 21.8 19.5 20.2 25.5 20.8 
Ho 17.5 15.7 16.8 21.5 17.1 

9.4 Y -  - - - 
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Table 2. Hyperline fields for each crystallographic site of the RzFezrNJ-s deduced 
from “Fe M6ssbauer spectra (averaging over subspectra where appropriate) and the 
overall average value: (e)  at 15 K and ( b )  at 293 K. 

( a )  
Ce 
P, 
Nd 
Sm 
Gd 
Tb 
DY 
Ho 
Er 
Tm 
Lu 
Y 

(*) 
Ce 
Pr 
Nd 
Sm 
Gd 
Tb 
DY 
Ho 
Er 
Tm 
Lu 
Y 

36.7(5) 
35.6 
36.1 
39.4 
36.7 
37.2 
37.3 
36.8 
40.7 
39.9 
37.1 
36.8 

33.6(5) 
34.2 
34.1 
37.3 
34.6 
34.6 
33.8 
33.8 
33.5 
34.5 
34.2 
34.0 

31.4(3) 34.2(5) 
30.8 33.3 
30.5 33.3 
31.1 35.6 
31.5 34.8 
31.6 34.6 
32.6 35.3 
32.3 35.8 
33.5 35.9 
33.1 35.3 
31.7 35.5 
31.6 35.2 

28.9(3) 
29.2 
28.7 
29.5 
29.6 
29.2 
29.2 
29.0 
28.5 
28.7 
28.4 
28.5 

31.9(5) 
31.3 
31.2 
33.3 
32.0 
32.3 
32.6 
32.2 
31.9 
32.0 
31.9 
32.2 

38.3(2) 
37.7 
38.8 
41.6 
38.8 
39.5 
40.1 
40.7 
42.5 
41.7 
40.4 
40.2 

35.9(2) 
36.6 
36.9 
39.0 
36.7 
37.2 
37.3 
37.2 
37.0 
36.5 
36.6 
36.9 

34.1(3) 
33.3 
33.5 
35.4 
34.5 
34.6 
35.3 
35.3 
36.8 
36.2 
35.0 
34.8 

31.6(3) 
31.7 
31.5 
33.3 
32.2 
32.2 
32.2 
31.9 
31.6 
31.8 
31.6 
31.8 

site. The 6g(9d) site can be distinguished by its intensity from the IZj(1Sf) and 
12k(18h) sites. Hence we find hyperfine fields for the iron sites that decrease in the 
order 4f(6c) > 6g(9d) > lZj(l8f) > 12k(18h). This attribution of hyperfine fields is 
consistent with neutron diffraction results on the Nd2Fe,i compound [31] and band 
calculations on Y,Fe,, [32]. 

From figure 6 we can see that the hyperfine field a t  15 K for Tm,Fe,, is higher 
than for any of the other compounds (especially on the dumbell site, tables I (a )  and 
2 ( a ) ) .  This is related to the magnetization direction of Tm,Fe,,, which is along the 
e-axis below 72 K [16,17], while the magnetization directions for the other compounds 
are in the e-plane. This anisotropy of hyperfine field is due to the unquenched 3d 
orbital moment, which was measured in Y,Fe,, [25]. 

The subspectra for the site with the smallest hyperfine field 12k(18h) can be 
used to distinguish the easy magnetization direction in the e-plane. There are two 
subspectra: one with onethird of the intensity, 12k,(18h1), and the other with two- 
thirds, 12k2(18h,). In table 3, the quadrupolar splittings (QS) of these two components 
are listed for R2Fe17 series. Negative values correspond to the small peak on the inner 
edge of the outer line at positive velocity (see figure 2). It can be seen that for R 
E Ce, Pr, Sm, Gd, Dy and Er the 12k,(18h1) component has a negative QS while 
for R E Nd, Tb,  Ho, Lu and Y the 12k2(18h,) does. According to the single crystal 
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Table 3. Quadrupole splitting (in units of mm 5-l) for the two components arising 
from lZk(18h) sites of RzFelr at 15 K. The lZki(18hr) and IZks(18hz) subspectra 
have an intensity ratio of 1:Z. TJ is the sixth-uder Stevens coefficient of the trivalent 
rare earch. 

R Easy-axis lZkj(18hi) lZkz(18hi) TJ 

Ce D -0.7(1) 0.4(1) 0 
Pr a -0.7 0.3 + 
Nd b 0.5 -0.4 - 
Sm b 0.5 -0.3 0 
Cd a -0.6 0.3 0 
Tb b 0.6 -0.4 - 
DY 5 -0.6 0.4 + 
€Io b 0.7 -0.4 - 
Er n -0.6 0.3 + 
Tm c 0.1 - 
Lu b 0.6 -0.2 0 
Y b  0.6 -0 11 0 

magnetization measurements on R2Fe,, compounds [15], Dy,FelT and Er,Fe,, have 
an easy a-axis while Tb,Fe17 and Ho,Fe17 have an easy b-axis. By comparison, it can 
be concluded that the sign of QS of the IZk(18h) site components is related to the 
easy direction in the basal plane. Table 3 also lists the sixth-order Stevens coefficient 
y, of the R3+ ions; positive y, correlates with an easy a-axis whereas negative y, 
correlates with an easy b-axis. The only off-diagonal crystal-field term at 26 and 2d 
rare-earth sites in the hexagonal structure is E,,O,,, therefore it is the sign of the 
sixth-order crystal-field parameter E,, which influences the easy axis in the basal 
plane. The magnitude of the B43043 and B,,O, terms at the 6c rare-earth site in 
the rhombohedral structure is expected to be relatively small compared with that of 
E,,O,,, because the two structures are very similar and have roughly the Hame planar 
environment for rare-earth atoms. The iron sublattices also contribute to the in-plane 
anisotropy, as is evident from the data in table 3 for rare earths that are either non- 
magnetic or have J < 3. I t  seems that the preferred direction for iron changes from a 
in the rhombohedral structure to b in the hexagonal structure. 

A t  15 K,  the average hyperfine fields of R,FelTN3-, are about 4 T higher than 
for the parent %Fe,, compounds. Ce,Fe,,N3-6 is an exception; there an increase of 
about 8.0 T is observed. If the usual proportionality of hyperfine field and magnetic 
moment can be applied [33], the increase of hyperfine field corresponds to a 13% 
increase in the iron moment and thus will contribute to the increase in T,. The 
main reason for the increase in T, across the series is nonetheless the change in Fe-Fe 
exchange related to the volume expansion of approximately 6-7% (table 4) which will 
cause a narrowing of the 3d-band, and a corresponding tendency to localization of the 
Fe moment. 

There is an increase in the average 67Fe isomer shift (IS) on nitrogenation of 
0.12(2) mm s-'. In particular, there is large (0.16(3)) increase in the isomer shift 
at 12j(18f) site where the iron is closest to the nitrogen, but the isomer shift at 
4f(6c) dumbell sites is unchanged or decreases for most of the series. The volume ex- 
pansion will also provoke a volume scaling of 4 s  conduction electroil density, which is 
largely responsible for the volume dependence of the isomer shift. A volume coefficient 
6IS/6ln 1' = 1.31 mm s-' has been obtained for a-Fe [34]. Values of 1.0(2) mm s-l 
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Table 4. Overall average isomer shift (IS) at 15 K (with reSpect to the IS of or-Fe) for 
RiFelr and R~FelrNa-6 compounds. The volumes, the relative change in volume 
cm nitrogenation and the vd-e coefficient of the isomer shift are ag0 given. 

RzFexr (15 K) RzFelrN3-6 (15 K) 
R IS V IS V 61s 6V/V 6IS/ShV 

("5-1) (nm3) ("8-1) nm3 ("%-I) (%) ( m m S - 1 )  

Ce -0.09(2) 0.255(1) 0.04(2) 0.278(1) 0.13 8.85 1.5 
Pr -0.06 0.264 0.07 0.258 0.13 6.47 2.0 
Nd -0.06 0.263 0.04 0.280 0.10 6.15 1.6 
Sm -0.07 0.262 0.04 0.278 0.11 6.27 1.8 
Gd -0.06 0.260 0.05 0 . m  0.11 6.18 1.8 
Tb - 0 s  0.258 0.03 0.274 0.09 6.40 1.4 
D y  -0.08 0.257 0.04 0.273 0.12 6.43 1.9 
Ho -0.06 0.255 0.06 0.272 0.12 6.48 1.8 
Er -0.09 0.254 0.04 0.271 0.13 6.85 1.9 
Tm -0.07 0.253 O B 4  0.270 0.11 6.96 1.5 
Lu -0.07 0.252 0.04 0.270 0.11 7.13 1.5 
Y -0.11 0.257 0.04 0.274 0.15 6.42 2.3 

are found for various close-packed matrices. The experimental value of 61S/61nV on 
nitrogenation is in the range of 1.4-2.3 mm s-l, which suggests that some interband 
electron transfer occurs on nitrogenation. 

The Ce compound is exceptional; i ts  volume expansion, 6 In V = 9%, is much 
bigger than others, and there is a correspondingly large change in hyperfine field 
and Curie temperature. This may well reflect a change in the Ce valence state. In 
Ce,Fe,,, the cerium is close to quadrivalent 4f0 [I31 whereas in CezFe17N3-6 it i s  close 
to trivalent 4f'. 

Further influences of nitrogenation on the magnetic properties are observed. At 
15 K,  it was found that Sm,Fel,N3-,, Er,Fe,,N,-, and Tm,Fe,,N,_, all have an 
easy c-axis. By contrast, only Tm2Fel7 has  an easy c-axis in the parent series. This 
change in anisotropy is mainly due to the change of rare-earth local environment, as the 
magnetic measurements show that the Fe sublattice anisotropy is not much changed 
(remaining in the basal plane [4]). As can be seen from figure 1, for each R ion 
there are three nitrogen neighbours located in the same oplane [5]. This excess basal- 
plane electronic charge density will enhance the magnitude of a negative second-order 
crystal-field coefficient A,, [35]. Therefore R ions with a positive second-order Stevens 
coefficient a, (Sm, Er, T m  and Yb) will have uniaxial anisotropy. The competition 
of R and Fe anisotropy in the latter group (positive for Sm, Er, Tm and Yb, and 
negative for Fe) is confirmed by the observation of spin reorientation transitions for 
Er,Fe,,N,-, at  120 K and for Tm,Fe,,N,-, a t  200 K [4]. At room temperature, only 
SmzFel7N3-, exhibits an easy c-axis. 

The Th2Nil, and Th2Zn17 structures are both derived from the CaCu,-type struc- 
ture in which one-third of the R atoms are substituted by pairs of transition-metal 
atoms (dumbells). The difference between these two structures is in the sequence 
of the dumbell substitution. Furthermore a random substitution gives the TbCu,- 
type structure [36]. There is often a deviation from the ideal substitution in that the 
number of rareearths substituted by transition-metal dumbells differs from exactly 
one-third [25]. Writing the formula more generally as R,-,T,,+,,, I is found to be 
negative for light rare-earth compounds with the Th,Znl, structure and positive for 
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heavy rare-earth compounds with the Th2Ni,, structure. Figure 7 shows the value of 
2 deduced from the intensities of the 4f(6c) sites (which were unconstrained in the 
fits for this purpose), as a function of rare-earth element for the R,Fe,, series. The 
step seen in this figure corresponds to the change in structure, except that Gd lies on 
the ‘wrong’ side. A similar feature has been discussed by Gubbens 1231. 

0.2 %-xFe17+2x f 1 f- 
0.1 

x 0.0 

5. Conclusion 

Systematic 67Fe Mossbauer studies on R,Fe,, and R,Fe,,N,-6 at 15 K and room tem- 
perature revealed several interesting features of the novel nitride series. The spectra 
are complex and the fits may not be unique in all their details, but definite conclusions 
can nevertheless be drawn. 

The overall average hyperfine field at 15 K increases by approximately 13% in the 
nitrides above the value in the parent compounds. The hyperfine field in both series 
shows an anisotropic character, most pronounced For 4f(6c) and 6g(9d) sites. The 
average field at these two sites is approximately 3 T higher when the magnetization is 
along the e-axis. The increase in the average isomer shift is larger than expected from 
volume expansion, which suggests electron transfer between N 2p and Fe 3d orbitals. 
It is also suggested that in Ce,Fe17N,-d the Ce ion has a valence state close to 3 t  
whereas in Ce,Fe,, it is close to 4+. 

For pure R,Fe,,, the easy axis can be distinguished by analysis of the hyperfine 
fields and quadrupole interactions. In particular, the easy magnetization direction of 
those compounds having easy cplane anisotropy can be determined unambiguously 
by the quadrupole splitting of the 32k(lBh) site. It was found that the easy direction 
in the basal plane is largely determined by the sixth-order Stevens coefficient yJ of 
the rare-earth trivalent ions. 

Easy c-axiS anisotropy is observed for SmzFel,N3-6, EK,F~,,N,-~ and 
Tm,Fel,N,-6 at 15 K,  but it only persists at rwm temperature for Sm,Fe,7N,-8, 
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