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A b s t r a c t  

Investigations of the compound Ho2Fe14C by means of X-ray and neutron diffraction as 
well as by metallographic techniques and differential thermal analysis (DTA) were carried 
out. Ho2Fe~4C crystallizes in the tetragonal space group P42/mnm and is isotypic to 
Nd2FeI4B. The lattice constants are a=8.7537(3)/~ and c= 11.8156(6) ~ at 295 K. The 
nuclear and magnetic structure of Ho2Fe~4C was investigated by means of neutron 
diffraction at 673 K (above the Curie temperature Tc), room temperature, 50 K and 10 
K. The magnetic moments of the Ho atoms are oriented antiparallel to the magnetic 
moments of the Fe atoms and lie parallel to the c axis. A predicted spin reorientation 
at 35 K could neither be proved nor rejected. Measurement of the magnetization curve 
by means of neutron diffraction yields a Tc of 530 K; DTA measurements yield a Tc of 
540 K. The nuclear structure of Ho2Fe17C~ Crh2Ni~7 structure type) has been refined 
simultaneously since such an impurity phase was present in the sample. The values of 
the iron moments in Ho2Fe~4C found by means of neutron diffraction were compared 
with literature data obtained by means of 5~Fe MSssbauer spectroscopy and with values 
derived in the present investigation from augmented spherical wave band structure 
calculations. There is satisfactory agreement between these sets of data. 

1. I n t r o d u c t i o n  

Since the p romis ing  g roup  of  p e r m a n e n t  magne t ic  materials  R2FeI4B 
( R - r a r e  earth metal)  was  d iscovered  in 1984 [1], m a n y  invest igations o f  
such  new te rnary  c o m p o u n d s  have taken  place. The magne t ic  and s t ructural  
proper t ies  of  these c o m p o u n d s  are  rev iewed in ref. 2. Ano the r  promis ing  
g roup  of  p e r m a n e n t  magne t ic  mater ia ls  is tha t  of  the  isotypic c o m p o u n d s  
R2Fe14C [3 -7 ] ,  a l though their  Curie t empera tu re s  are slightly lower than  
those  of  the co r r e spond ing  R2FeI4B sys tems  (e .g .  535 K for  Nd2Fe,4C [8] 
c o m p a r e d  with 585 K for  Nd2FeI4B [2]). However ,  the R2Fe14C c o m p o u n d s  
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have the advantage of the presence of a solid state transformation at high 
temperatures which can be used to obtain high coercivity bulk material 
without the necessity of employing the powder  metallurgical route [2 ]. The 
magnetic structures of  the compounds  Lu2Fe,4C (with only a magnetic iron 
sublattice) and Tb2Fe14C (there is also a strong rare earth sublattice present 
which shows no reorientation tendency) have already been studied [9, 10]. 
In another recent independent publication [11] the magnetic structures of  
R2Fe14C (R--Lu, Er, Dy) were also determined by neutron diffraction. The 
aim of the present  work is to study the magnetic structure of  a compound 
with a predicted spin reorientation at low temperature (i.e. 35 K [12] for 
Ho2Fe14C) and to understand the magnetic behaviour of  the R2Fe14C group. 
The Curie temperature Tc is in between that of the Lu2Fe~4C compound and 
that of the Tb2Fe,4C compound.  Bulk magnetization measurements  yield a 
Tc of  516 -540  K [7, 13, 14]. 

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

The Ho2Fe14C compound was prepared by arc melting from starting 
materials of at least 99.9% purity. Afterwards the sample was wrapped in 
tantalum foil and sealed in an evacuated quartz tube. Vacuum annealing was 
performed subsequently for 6 weeks at 900 °C. The microstructure of  the 
annealed sample was studied by standard metallographic techniques. Mi- 
crohardness measurements  were carried out  to prove homogeneity. 

X-ray powder  photographs were obtained using a Guinier focusing camera 
(Jagodzinski type) with silicon as internal standard. The intensities were 
measured by means of  an automatic Guinier film scanner. 

Neutron diffraction measurements  were carried out at a high temperature 
(673 K) above the Curie point, at room temperature (295 K), at a low 
temperature (50 K) above the predicted spin reorientation temperature of  
35 K and below this temperature at 10 K. The measurements  were performed 
on the mnltidetector powder  diffractometer DMC [15] at the 10 MW reactor  
Saphir (PSI) with neutrons of  wavelength )t= 1.701(2)/~. The magnetization 
curve was measured on the two-axis diffractometer at  the reactor Saphir 
using neutrons of wavelength h- -2 .337(2) /~ .  

3. Resul t s  

3.1. Metallographic and X-ray results 
Figure 1 shows a micrograph of  the Ho2Fe14C sample. Aggregations of  

small bright areas are visible in the matrix of  the two main phases. These 
areas are assumed to be free iron while the two main phases are assumed 
to be Ho2Fe,4C and Ho2FelzC~. The dark areas are due to pores  and oxides. 
The microhardness measurements  show that this sample is homogeneous.  
The distribution of the different phases is too fine (see micrograph of Fig. 
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Fig. 1. Micrograph of Ho2Fe14C sample. The sample was polished with diamond particles (size 
less than 1 ~m) and subsequently electropolished in an ethanol-glycerin-HC10 electrolyte. 
The two main phases are assumed to be Ho2Fe14C and Ho2FelTCx, while the aggregations of 
small bright areas are assumed to be free iron. The dark areas are due to pores and oxides. 

1) to act as inhomogeneities for these measurements.  The average value of 
10 microhardness measurements  amounts to 862(18) HV. The X-ray data 
show that Ho2Fe,4C crystallizes in the tetragonal space group P42/mnm (No. 
136) with 68 atoms per  unit cell and that the sample also contains a certain 
amount of Ho2Fel~C~. The X-ray powder  photographs yield lattice constants 
a = 8 . 7 5 3 7 ( 3 ) / ~  and c= 11.8156(6) /~  at room temperature  for Ho2Fe,4C. 

3.2. Nuclear and magnetic structure 
We used as starting parameters  those published in ref. 10 for Tb2Fe14C. 

The rare earth atoms are distributed over two point positions whereas the 
iron atoms are distributed over six point  positions; the carbon atoms occupy 
one further point  position. The second phase, Ho2Fe,~C~, crystallizes in the 
hexagonal space group P6a/mmc (No. 194) with 3 8 + 2 x  atoms per unit 
cell. As starting parameters  we used those found for the Th2Ni17 type [16]. 
The rare earth atoms occupy two point positions whereas the Fe atoms are 
distributed over four point positions; the carbon atoms occupy the point  
position 6h according to ref. 17. In order to avoid the influence of magnetic 
intensities on the structure refinement, we studied Ho2Fe~4C at 673 K in 
the paramagnetic state. The occupat ion factor  of carbon in Ho2Fe~TC~ was 
refined at this temperature  and used for all other  temperatures  as a fixed 
value, i.e. Ho2Fe~TC0.T. The measurements  at room temperature  and 50 K 
yield information concerning magnetic saturation. The measurement  at 10 
K contains information about the behaviour of the magnetic moments  below 
the spin reorientation temperature  TsR. The scattering lengths used for 
holmium, iron and carbon are 0.808 × 10-12, 0.954 × 10-  ,2 and 0.665 × 10-12 
cm respectively [18]. The neutron magnetic form factors were taken from 
ref. 19 (Ho 8+) and ref. 20 (iron). It is worth mentioning that  refinements 
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with the magnetic form factor curve for iron taken from ref. 21 yield higher 
magnetic moments (ranging from 10% to 359/o). The R factors of the fits 
could be improired by using the magnetic form factor curve in ref. 20. 

A three-phase Rietveld refinement [22, 23] was carried out owing to 
the presence of the Ho2Fe17C~ phase and traces of free iron. The amount 
of Ho2Fe,TC~ phase was too small to allow a determination of the magnetic 
moments of the different point positions; therefore the magnetic moments 
of the Ho atoms were refined as a single value and the same procedure was 
adopted for the four iron moments. The orientation of these magnetic moments 
is perpendicular to the c axis at 10 and 50 K since this delivers significantly 
better refinements. At 295 K only a slight improvement in the refinement 
is achieved by the orientation perpendicular to the c axis. The results of 
the structure refinements are summarized in Tables 1-4 and three patterns 
are shown in Figs. 2-4.  

To obtain the magnetization curve of Ho2Fe~4C, the temperature de- 
pendence of the integrated neutron intensity of the partial magnetic 
reflection 110 was measured (Fig. 5). The magnetization M is proportional 
to (Im~) '~ and also to (1-T/Tc)~: 

TABLE 1 

Structural parameters of Ho2Fe14C and Ho2Fel~Cx at 673 K. The standard deviations of the 
lattice constants do not include errors from the neutron wavelength, AM)t 

Atom Site Parameter 

x y z 

Ho(1) 4f 0.2605(8) 
Ho(2) 4g 0.1417(8) 
Fe(1) 16kl 0.2256(5) 
Fe(2) 16k2 0.0343(4) 
Fe(3) 8j~ 0.0964(5) 
Fe(4) 8j2 0.3160(4) 
Fe(5) 4e 0.000 
Fe(6) 4c 0.000 
C 4g 0.3692(10) 

Results of refinement of second phase Ho2Fel~Cx 
Ho(1) 2b 0.000 
Ho(2) 2d 0.333 
Fe(1) 4f 0.333 
Fe(2) 6g 0.500 
Fe(3) 12j 0.336(1) 
Fe(4) 12k 0.167(1) 
C 6h 0.849(5) 

BHo ffi 0.96(8) ~2 BF, ffi 0.83(2) _~2 
H o 2 F e l a C :  a,b ffi 8.7382(4) ,~. 
Ho2FelzC~: a,b ffi 8.543(1) /~ 
Occupation (C in Ho2FeITCx): 23(3)% 
Rnucl~  ffi 4 .0% Rprome ffi 6 . 2% 

0.2605(8) 
0.8583(5) 
0.5631(5) 
0.3566(5) 
0.0964(5) 
0.3160(4) 
0.000 
0.500 
0.6308(10) 

0.000 
0.667 
0.667 
0.000 
0.961(1) 
0.334(1) 
0.698(9) 

0.000 
0.000 
0.1217(3) 
0.1757(4) 
0.2030(4) 
0.2453(5) 
0.6080(7) 
0.000 
0.000 

0.250 
0.750 
0.104(1) 
0.000 
0.250 
0.987(1) 
0.250 

Bc = 1.32(21)/~2 
c ffi 11.8194(7) .~ 
c =8.3376(7) 
Others: 100% 
.Reffipected ffi 3.8% 



165 

TABLE 2 

Structural and magnetic parameters of Ho2Fe~4C and Ho2Fe~TC~ at 295 K (magnetic moments 
of Ho2Fe14C are fixed parallel to the c axis, magnetic moments of Ho2Fe~TC~ perpendicular 
to the c axis). The standard deviations of the lattice constants do not include errors from the 
neutron wavelength, AM)~ 

Atom Site Parameter ~ (~B) 

x y z 

Ho(1) 4f 0.2593(11) 0.2593(11) 0.000 -5.5(1) 
Ho(2) 4g 0.1428(10) 0.8572(10) 0.000 -5.1(2) 
Fe(1) 1 6 k ~  0.2253(7) 0.5627(7) 0.1212(5) 2.3(1) 
Fe(2) 1 6 k 2  0.0346(6) 0.3583(7) 0.1750(5) 2.3(2) 
Fe(3) 8j~ 0.0969(6) 0.0969(6) 0.2019(6) 2.2(2) 
Fe(4) 8j2 0.3160(6) 0.3160(6) 0.2443(6) 3.1 (2) 
Fe(5) 4e 0.000 0.000 0.6087(10) 1.7(2) 
Fe(6) 4c 0.000 0.500 0.000 2.1(2) 
C 4g 0.3706(14) 0.6294(14) 0.000 0.0 

Results of refinement of second phase Ho2Fe,TC~ 
Ho(1) 2b 0.000 0.000 
Ho(2) 2d 0.333 0.667 
Fe(1) 4f 0.333 0.667 
Fe(2) 6g 0.500 0.000 
Fe(3) 12j 0.337(2) 0.963(1) 
Fe(4) 12k 0.167(1) 0.333(2) 
C 6h 0.845(6) 0.691(12) 

BHo = 0.58(12) /~2 
Ho2Fe14C: 
Ho2FelTCx: 

BFe = 0.76(2) /~2 
a , b = 8 . 7 4 9 9 ( 4 )  ~, 
a , b = 8 . 5 3 1 ( 2 )  ~, 

Occupation (C in Ho2FelTCx): 23% 
Rnude~ = 3.9% Rma~uc = 5.1% 

0.250 - 2.3(4) 
o. 750 - 2.3(4) 
0.094(2) 3.3(3) 
0.000 3.3(3) 
0.250 3.3(3) 
0.987(1) 3.3(3) 
0.250 0.0 

B c  = 1.15(29) ~2 
c =  11.8125(9)/~ 
c=8.341(1)/~ 
Other: 100% 
Rp~e = 6.2% Re,pected = 4.3% 

o(1 ) 
L I~ucl j 

The m a g n e t i z a t i o n  curve  o b t a i n e d  in th is  way  is a s u p e r p o s i t i o n  o f  the  
m a g n e t i z a t i o n  curves  of  the  h o l m i u m  m a g n e t i c  sub la t t i ce  a n d  the  i ron  m a g n e t i c  
sub la t t i ce .  Because  o f  th is  s u p e r p o s i t i o n ,  i t  is no t  p o s s i b l e  to  d e t e r m i n e  the  
c r i t i ca l  e x p o n e n t  ~ fo r  e a c h  m a g n e t i z a t i o n  curve.  The m a g n e t i z a t i o n  curve  
shows  a smal l  d e c r e a s e  a t  10 K wh ich  l ies  wi th in  the  s t a n d a r d  devia t ions .  
In f ac t  the  d e c r e a s e  is t o o  smal l  to  p rove  a sp in  r eo r i en ta t ion .  

4. B a n d  s t r u c t u r e  c a l c u l a t i o n s  

Band  s t ruc tu r e  c a l c u l a t i o n s  w e r e  m a d e  for  the  c o m p o u n d  Y2Fe14C. This  
c o m p o u n d  d o e s  no t  ex i s t  as  a s t ab le  equ i l ib r ium p h a s e  bu t  it c an  be  a s s u m e d  
tha t  i t s  3d  e l e c t r o n  m a g n e t i s m  is r e p r e s e n t a t i v e  for  the  se r i e s  of  R2Fe~4C 
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TABLE 3 

Structural and magnetic parameters of Ho2Fe14C and Ho2Fe]TCx at 50 K (magnetic moments 
of Ho~Fe14C are fixed parallel to the c axis, magnetic moments of Ho2Fel~Cx perpendicular 
to the c axis). The standard deviations of the lattice constants do not include errors from the 
neutron wavelength, AMA 

Atom S i t e  Parameter ~ (PB) 

x y z 

Ho(1) 4f 0.2587(6) 0.2587(6) 0.000 -9.3(1) 
Ho(2) 4g 0.1427(6) 0.8573(6) 0.000 -9.3(1) 
Fe(1) 16k~  0.2255(6) 0.5628(6) 0.1213(5) 2.3(1) 
Fe(2) 1 6 k ~  0.0346(5) 0.3583(6) 0.1748(4) 2.6(1) 
Fe(3) 8jl 0.0972(6) 0.0972(6) 0.2015(5) 2.4(1) 
Fe(4) 8j2 0.3160(5) 0.3160(5) 0.2445(6) 3.1(1) 
Fe(5) 4e 0.000 0.000 0.6087(9) 1.9(1) 
Fe(6) 4c 0.000 0.500 0.000 2.1(1) 
C 4g 0.3709(13) 0.6291(13) 0.000 0.0 

Results of refinement of second phase Ho2FelTCx 
Ho(1) 2b 0.000 0.000 
Ho(2) 2d 0.333 0.667 
Fe(1) 4f . 0.333 0.667 
Fe(2) 6g 0.500 0.000 
Fe(3) 12j 0.337(2) 0.966(1) 
Fe(4) 12k 0.165(1) 0.331(2) 
C 6h 0.844(6) 0.689(11) 

Bso = 0.53(10)/~2 
HozFe14C: 
HozFeITCx: 

BFe ffi 0.46(2) .~2 
a,b= 8.7606(4) .~ 
a,b= 8.5262(1) /~ 

Occupation (C in Ho2FeI~C~): 23% 
Rn.¢l~ = 3.9% R~euc = 4.0% 

0.250 -8.8(2) 
0.750 -8.8(2) 
0.094(2) 2.3(1) 
0.000 2.3(1) 
0.250 2.3(1) 
0.989(1) 2.3(1) 
0.250 0.0 

Bc ffi 0.84(26) /~2 
c = 11.8045(8) 
c ffi 8.3533(7)/~ 
Others: 10096 
Rproffi e = 5 . 5 %  Rexpected = 2.9% 

compounds .  The calculat ions  were  pe r fo rmed  in the  same  way  as descr ibed 
previous ly  for  Y2Fe~4B [24], us ing the a u g m e n t e d  spherical  wave (ASW) 
m e t h o d  and t reat ing exchange  and  corre la t ion within the local spin densi ty  
funct ional  approximat ion .  A m e s h  of  6k points  in the irreducible par t  of  the 
Brillouin zone was  used  toge the r  with lattice d imens ions  equal to those  of  
Y2Fe14B. Results  of  the calculat ions are p resen ted  in Table 5, where  the  
local  m o m e n t s  of  the Fe  a toms  occupy ing  the six crys ta l lographic  sites are 
defined as the in tegra ted  spin densit ies in the co r r e spond ing  a tomic  spheres.  

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

The c o m p o u n d  Ho2Fe14C crystall izes in the same space  g roup  P42/mnm 
as r epo r t ed  previously  for  Nd2Fe~4B [25]. The lattice cons tan t s  o f  Ho2Fe~4C 
at  r o o m  tempera tu re  de te rmined  by  X-ray diffraction me thods  are  a --- 8 .753  7(3) 
/~ and  c - 1 1 . 8 1 5 6 ( 6 )  /~. The lattice cons tan t  a decreases  with increasing 
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TABLE 4 

Structural and magnetic parameters of Ho2Fe14C and Ho2Fel~Cx at 10 K (magnetic moments 
of Ho2Fe~4C are fixed parallel to the c axis, magnetic moments of Ho2Fe17C~ perpendicular 
to the c axis). The standard deviations of the lattice constants do not include errors from the 
neutron wavelength, AMA 

Atom Site Parameter P (~B) 

x y z 

Ho(1) 4f 0.2588(7) 0.2588(7) 0.000 - 9.0(1) 
Ho(2) 4g 0.1431(7) 0.8569(7) 0.000 -9.0(1)  
Fe(1) 1 6 k ~  0.2257(6) 0.5630(7) 0.1220(5) 2.2(1) 
Fe(2) 1 6 k 2  0.0340(6) 0.3589(7) 0.1755(5) 2.3(1) 
Fe(3) 8j~ 0.0972(6) 0.0972(6) 0.2020(6) 2.3(2) 
Fe(4) 8j2 0.3152(5) 0.3152(5) 0.2447(6) 3.0(2) 
Fe(5) 4e 0.000 0.000 0.6094(10) 1.9(1) 
Fe(6) 4c 0.000 0.500 0.000 2.4(1) 
C 4g 0.3714(13) 0.6286(13) 0.000 0.0 

Results of refinement of second phase HogFe~vC~ 
Ho(1) 2b 0.000 0.000 
Ho(2) 2d 0.333 0.667 
Fe(1) 4f 0.333 0.667 
Fe(2) 6g 0.500 0.000 
Fe(3) 12j 0.334(2) 0,965(1) 
Fe(4) 12k 0.166(1) 0.332(2) 
C 6h 0.844(6) 0.688(12) 

BNo = 0.44(10) /~ 
Ho2Fe~4C: 
Ho2FelTCx: 

BF =0.55(2 ) /~2 
a,b = 8.7612(4) /~ 
a,b=8.526(2) -~ 

Occupation (C in Ho2Fe~vCx): 23% 
Rnuele*r = 4.4% R~s~eu c = 4.0% 

0.250 - 7.8(2) 
0.750 - 7.8(2) 
0.095(2) 2.8(1) 
0.000 2.8(1) 
0.250 2.8(1) 
0.989(1) 2.8(1) 
0.250 0.0 

Bc = 0.79(28) /~2 
c = 11.8053(8)/~ 
c=8.353(1) /~ 
Others: 100% 
Rprofile = 5.8% Rexpec~ = 3.0% 

temperature from 10 to 295 K by A a = 0 . 0 1 1 3 ( 6 )  /~, while c increases by 
hc =0 .007(1)  /~, as determined by neutron diffraction measurements  under 
identical experimental conditions. The increase in unit cell volume with 
decreasing temperature is due to magnetovolume effects, which were discussed 
in more detail elsewhere [26]. The magnetic moment  per  formula unit 
determined by neutron diffraction at 10 K (14.9 ~B) is found to be higher 
than the value found by bulk magnetization measurements  at 5 K (10.5-10.9  
lZB) [7, 13]. 

The compound Ho2Fe,~C~ crystallizes in the space group P6a/mmc 
(Th2Nil~ structure type [16]). The lattice constants at room temperature 
determined by neutron diffraction methods  (in comparison with the X-ray 
results for Ho2FelaC) are a = 8 . 5 3 4 ( 2 )  /~ and c = 8 . 3 4 4 ( 1 )  /~. The lattice 
constant a increases with increasing temperature from 10 to 295 K by 
A a = 0 . 0 0 4 ( 2 )  /~, while c decreases by Ac=0 .012(1 )  ~, as determined by 
neutron diffraction measurements  under identical experimental conditions. 
The magnetic moments  of the Ho atoms in Ho2Fe~C~ are oriented antiparallel 
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Fig. 2. Observed and calculated neut ron diffraction pat terns  of paramagnet ic  Ho2Fe14C at 673 
K. The lines at  the top indicate the  posit ions of the following reflections: upper  row, Ho2Fe~4C; 
middle row, a-Fe; lower row, HozFelrCx. 

to those of the Fe atoms. The easy magnetization direction is always 
perpendicular to the c axis, although the refinement at 295 K is only slightly 
improved by choosing this magnetization direction. 

A spin reorientation of Ho2Fex4C at 35 K as predicted in ref. 12 could 
neither be proved nor  rejected by the structure refinement or by the mea- 
surements of the magnetization curve. The temperature dependence of the 
latter curve (Fig. 5) shows a small decrease at 10 K which lies within the 
standard deviations. The structure refinement at 10 K shows a small decrease 
in the magnetic moments. The R factors could not be improved significantly 
by canting the magnetic moments from the c axis by a fixed angle. Furthermore, 
no "forbidden" reflections were observed, in contrast to the results of 
investigations made on a single crystal of Ho2Fel4B [27]. However, the 
changes in magnetic intensity expected for such processes are very small 
and may therefore be close to the detectability limit of powder experiments 
[281. 

It is interesting to compare the values found for the various types of 
iron moments in Ho2Fe14C with other experimental values and with the results 
of the band structure calculations described in the previous section. 

In Fig. 6(a) we compare the presently determined iron moments  with 
those reported from neutron diffraction studies on Lu~Fe14C by Yethir~j et  
al. [11 ]. It is seen that both neutron diffraction studies lead to satisfactory 
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agreement, although the moment values determined for Lu2FelaC by Yethiraj 
e t  a l .  are slightly higher for several sites than our values. 

In Fig. 6(b) we compare our moment values in Ho2Fe14C with values 
of the 57Fe hyperfine field reported by Long et  al .  [29] for the same compound. 
The broken line in the middle part corresponds to the conversion factor 
14.5 T ~B -1 commonly employed to transform hyperfine field values into 
moment values. It is seen that the agreement is also satisfactory. The largest 
deviation is that of the 8j2 site, for which the M6ssbauer data suggest a 
lower moment value than our neutron data. The assignment of the 4e and 
4c sites still poses a problem in the interpretation of the 57Fe M6ssbauer 
spectra of R2Fel,C compounds. The agreement between M6ssbauer spectra 
and neutron data would be improved if the lower hyperfine field were attributed 
to the 4e site rather than the 4c site in Fig. 6(b). However, making the 
comparison shown in Fig. 6(b), one should bear in mind that it is still an 
open question whether it is justified to assume the same proportionality 
factor between the hyperfine field and moments  for all sites [30l. 

The iron moments derived from the neutron data and those obtained 
from band structure calculations axe compared in Fig. 6(c). There is again 
good agreement, although the 8j2 site was found to have a somewhat higher 
moment  value than predicted from the band structure calculations. A similar 
situation exists in the corresponding boride compounds [24]. 
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Fig. 4. Observed and calculated neutron diffraction patterns of ferromagnetic Ho2Fe14C at 10 
K. The lines at the top indicate the positions of the following reflections: upper row, Ho2Fe14C; 
middle row, oL-Fe; lower row, Ho~Fe17C=. 

As mentioned above, the magnetic moments  of the iron atoms Fe(4) in 
the 8j2 position show a large deviation in comparison with other investigations. 
Its value determined by the present neutron diffraction study is higher than 
those determined by Mbssbauer spectroscopy for similar compounds 
(Ce2Fe14C, Ho2Fe14C, Gd2Fe14C and Lu2Fe14C ) [29, 31, 32] but  is lower than 
those for similar compounds determined by neutron diffraction methods 
(Nd2Fe,4C and Lu2Fe,4C) [11, 33]. 

6. Conc lus ions  

The neutron diffraction data obtained for Ho2Fe14C in the course of the 
present  investigation confirm that this compound has the tetragonal Nd2FeI4B 
structure and orders ferrimagnetically below the Curie temperature with 
moments  oriented along the c direction. The magnetic ordering is accompanied 
by strong magnetovolume effects, the thermal expansion anomalies being 
mainly restricted to the basal plane. No clear indication of the occurrence 
of a spin reorientation was obtained. 

ASW band structure calculations made in the course of  the present  
investigation show that the values of  the magnetic moments  of  the various 
types of  Fe atoms present in the Nd2Fe,4B-type structure are the same in 
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TABLE 5 

Results of ASW calculations for Y2Fe14C (~ve(C)) and Y2FeI4B 0zFe(B)). The moment  values 
l isted for the  boride, which were reported in ref. 24, have been  included for comparat ive 
purposes  

Fe site 

16kl 16k2 8j ] 8j2 4c 4e 

~Fe(C) (~.LI~ 2.06 2.29 2.21 2.51 2.41 1.94 
/ZFe(B) (/za) 2.11 2.31 2.22 2.51 2.40 2.01 
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Fig. 6. Comparison of  iron moments  at 10 K determined in the present work with (a) those 
reported by Yethiraj et al.  [ 11 ] for Lu2Fe14C, Co) those  of  the 57Fe hyperfine field for Ho2Fe14C 
reported by Long et al .  [29] and (c) those obtained from band structure calculations. 

the borides and carbides to within 3%. We found satisfactory agreement 
between the moment values determined by neutron diffraction and those 
derived from the ASW calculations. 
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