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An x-ray diffraction study of the substitution of gallium in Th2Fe17 to form the Th2Fe17_xGax solid 
solutions indicates that. the compounds adopt the rhombohedral Th2Zn17 structure. The unit cell 
volume and the a-axis lattice parameter increase linearly with increasing gallium content. The c-axis 
lattice parameter increases linearly from x = 0 to 6 and then decreases between x = 7 and 8. 
Magnetic studies show the Curie temperature increases by -150° above that of Th2Fe17 to reach a 
maximym between x = 3 and 4, and then decreases with further increases in x. Neutron diffraction 
studies of Nd2Fe15Ga2 and Th2Fe17_xGax , with x equal to 5, 6, and 8; indicate thaUhe gallium 
completely avoids the 9d site, occupies the 6c "dumbell" site only at high values of x and strongly 
prefers the 18/ site at high values of x. The magnetic neutron scattering indicates both that the 
terbium sublattice magnetization couples antiferromagnetically with the iron sublattice and that 
there is a change in - easy magnetization direction from planar to axial with increasing gallium 
concentration. This change in easy magnetization direction is explained in terms of a sign reversal 
of the second-order crystal field parameter, At the most important parameter responsible for 
determining the terbium sublattice anisotropy. The Mossbauer effect spectra indicate a larger 
room-temperature average hyperfine field at the iron site in the Tb2Fe1 7 _ xGax solid solutions than 
in several related R2Fe17 compounds. The large observed increase in the isomer shift with increasing 
gallium content results from interatomic charge transfer and intraatomic s-d charge redistribution in 
the presence of gallium. ,,.-

I. INTRODUCTION

The discovery1•2 of the good permanent magnet proper
ties of modified iron-based rare-earth transition-metal inter
metallic compounds has stimulated renewed research in this 
field. The interstitially modified Sm2Fe17Cx , Sm2Fe17Nx , and 
NdFe11TMNx compounds all have high-energy products at 
room temperature and Curie temperatures high enough to 
make them useful in a wide variety of magnetic applications. 
An important feature distinguishes these compounds from 
their analogous binary compounds, all of which are unsuit
able for magnetic applications because of their low Curie 
temperatures. In the interstitial compounds, the iron-iron dis
tances are increased as compared to those found in the binary 
compounds, an increase which substantially increases their 
Curie temperatures. Unfortunately, although these interstitial 
compounds appear to be promising hard permanent magnetic 
materials, they are thermodynamically unstable and decom
pose into rare-earth nitrides and a iron at high temperatures. 
Thus, the processing of these interstitial compounds, for in
stance by sintering, is difficult. An alternative route to in
creased bond distances, and hence Curie temperatures, is to 
force the lattice to expand by replacing some of the iron by 
an element with a larger metallic radius. Although the iron 

moments may be diluted by this replacement, the possibility -
of producing useful hard permanenfinagrtets is, nevertheless, 
worth pursuing. 
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We have previously reported3 that aluminum substitution 
in Nd2Fe17 to produce the Nd2Fe17_xAlx solid solutions, 
leads to an increased Curie temperature for values of x of 
less than -5. The maximum in the Curie temperature occurs 
at x = 3.5. In these solid solutions, the unit cell volume in
creases by -9 A3 per aluminum atom. Silicon substitution4 

also leads to an enhancement of the Curie temperature, al
though in this case the lattice actually contracts slightly. The 
mechanism for this enhancement is currently under investi
gation. In view of the beneficial effect of silicon and alumi
num substitution in Nd2Fe17, gallium substitution is, an obvi
ous choice for further study. Herein we report the results of a 
magnetic, neutron diffraction, and Mossbauer effect study of 
Nd2Fe15Ga2 , and several Tb2Fe17_xGax solid solutions. 

II. EXPERIMENT

The samples were prepared from 99.9% pure elements
by arc melting. The samples were then annealed at 1050 °C 
for three weeks and their phase purity was checked by x-ray 
diffractio!} with Cu Ka radiation on a Philips. _pw 1800/l O 
x-ray diffractometer equipped with a single-crystal graphite

0021-8979/94/76(1 )/443/8/$6.00 © 1994 American Institute of Physics 443 
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FIG. 1. The room-temperature lattice constants of the rhombohedral 
Th2Fe17_xGax solid solutions as a function· of gallium content. 

monochromator. X-ray diffraction results indicate that 
Nd2Fe17_xGax will form single-phase solid solutions only 
for x values up to -2. Unfortunately, for x values less than 
-1, the Tb2Fe17-xGax solid solutions crystallize in the hex
agonal Th2Ni17 structure· and, as a result, may be nonsto
ichiometric and possess a considerable degree of disorder, a
complication which has been reported previously.5 However,
samples of Tb2Fe17_xGax, with x values greater than -1,
annealed at 1050 °C for three weeks and quenched in water
crystallize in the rhombohedral Th2Zn17 structure, a structure 
which has consistently been found to be stoichiometric and 
free from disorder. Neutron diffraction studies of the 
Tb2Fe17_xGax solid solutions were restricted to samples with 
x values above 3. 

The magnetic properties of the free particle samples 
were measured on a superconducting quantum interference 
device (SQUID) magnetometer between 5 and 300 Kand on 
a Faraday magnetometer between 300 and 1000 K. The Cu
rie temperatures were determine.d in small magnetic fields of 
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FIG. 2. The room-temperature c/a lattice parameter ratio of the rhombohe
dral Th2Fe11-

x
Gax solid solutions as a function of gallium content. 
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FIG. 3. The room-temperature unit cell volume of the rhombohedral 
Th2Fe17 _ xGa

x 
solid solutions as a function of gallium c:intent. 

-0.05 T by plotting the square of the magnetization versus
temperature and extrapolating the steepest part of the curve
to zero magnetization.

The powder neutron diffraction patterns were collected 
at the University of Missouri Research Reactor by using a 
linear position sensitive diffractometer and neutrons with a 
wavelength of 1.4783 A. The data for each sample were 
collected over -24 h at room temperature between 20 angles 
of 5° and 105° on -2 g of finely powdered sample placed in 
a thin wall vanadium container. Refinements of the neutron 
diffraction data were carried out with the FULLPROF com
puter code which permits multiple phase refinement as well 
as magrietic structure refinement of each of the coexisting 
phases. Nd2Fe15Ga2 was found to contain -3% by volume of 
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FIG. 4. The Curie temperature of the rhomboheilral Th2Fe17_xGax solid 
solutions as a function of gallium content. The open symbol is the Curie 
temperature of hexagonal To2Fe17, obtained from Ref. 11. 
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FIG. 5. The temperature dependence of the magnetization of Tb2Fe17_,Gax 
obtained in an applied field of 10 kOe for x = 3 and 0.5 kOe for x = 7.  

a-iron whereas Tb2Fe17_xGax , where x is 5, 6, and 8, were
found to be essentially pure rhombohedral phase solid solu
tions.

The Mossbauer spectra were obtained at the University 
of Missouri-Rolla at several temperatures on a Harwell 
constant-acceleration spectrometer which utilized a room
temperature rhodium matrix cobalt-57 source and was cali
brated at room temperature with a-iron foil. The Mossbauer 
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FIG. 6. The percentage gallium found on the four crystallographic iron sites 
in Nd2Fe17 , Nd2Fe15Ga2 , closed symbols, and the Tb2Fe17_xGax solid solu
tions, open symbols, as a fupction of gallium content. The dashed line rep
resents random occupancy by gallium. 

absorbers, which were -30 mg/cm2 thick, were prepared 
from powdered samples which had been sieved to a 0.045 
mm or smaller particle diameter. The resulting spectra have 
been fit as discussed below and elsewhere6 and the estimated 

TABLE I. The room-temperature lattice and positional parameters, site occupancies, and moments in 
Nd2Fe15Ga2 and Tb2Fe17_xGax as measured by neutron diffraction. 

Compound Nd2Fe15Ga2 Tb2Fe12Ga5 

x 2.064 5.196 
a,A 8.628(1) 8.6371(1) 
c,A 12.5531(2) 12.6091(2) v,A3 809.30 814.62 
Nd or Tb, 6c, z 0.3415(3) 0.3411(3) 
Fe/Ga, 6c, z 0.0957(2) 0.0973(2) 
Fe/Ga, 18[, x 0.2885(1) 0.2904(1) 
Fe/Ga, 18h, x 0.1692(1) 0.1690(1) 
Fe/Ga, 18h, z 0.4891(1) 0.4882(1) 
%Ga, 6c 0.0 0.0 
%Ga, 9d 0.0 0,0 
%Ga, 18[ 8.8 43.6 
%Ga, 18h 25.6 43.0 
R factor 4.91 5.41 
Rw factor 6.63 7.33 
R

m factor 3.84 5.98 
)(" 3.34 3.61 
µ, Nd or Tb, 6c, µ8 1.8(2)" -4.5(1)3 

µ, Fe, 6c, µ8 2.9(2)3 2.7(1)'
µ, Fe, 9d, µ8 2.0(1)" 1.8(1)"
µ, Fe, 18[, µ8 2.1(2)• 2.2(1)"
µ, Fe, 18h, µ8 1.6(3)" 1.3(1)•
µ cell, µ8 102.60 42.63
µ formula, µ8 34.20 14.21
a-Fe, vol% 3.47 0.0

•Tue magnetic moments are oriented along [100].
�e magnetic moments are oriented along [001].

J. Appl. Phys., Vol. 76, No. 1, 1 July 1994
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6.180 
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FIG. 7. The magnetic moments found for the different crystallographic sites 
in the Th2Fe17 _ .. Gax solid soliltioils as a function of gallium content. 

errors are ± 1 kOe for the weighted average hyperfine fields 
and ±0.005 mm/s for the weighted average isomer shifts. 

Ill. RESULTS 

X-ray diffraction results for the Th2Fe17_xGax solid so�
lutions indicate that their. lattice parameters change. dramati
cally with increasing gallium content. As shown in Fig. 1, the 
c-axis lattice parameter increases almost linearly from x = 1
to 5 with a slope of 0.045 A/Ga, remains constant at x= 5, 6,
and 7, and then decreases slightly at x = 8. In contrast, the
a-axis lattice parameter increases monotonically and almost
linearly with increasing gallium content with a slope of
0.034 A/ Ga. This behavior is rather different than that found3 

for the Nd2Fe17_xAlx solid solutions in which both lattice
parameters increase nearly linearly from x = 0 to 9 with a
slope of 0.045 A/AI for the' c axis and 0.032 A/Al for the a 
axis.

As a result of the differing compositional dependencies 
of the lattice parameters, the c/ a ratio shows a maximum at 
Th2Fe13 Ga4, as is shown in Fig. 2, a maximum which is very 
similar to that found3 in Nd2Fe17_xAlx. Surprisingly, as is 
shown in Fig. 3, the unit cell volume shows a virtually linear 
increase of 8.3% or 8 A3 /Ga between the calculated value of 
766.2 A3 for the rhombohedral unit cell of Th2Fe17 and the 
value obtained for Th2Fe9 Ga8 . These increases are only 
slightly smaller than the increase of 9.4% or 9 A3/Al found3 

between Nd2Fe17 and Nd2Fe�8 • It should be noted that in 
both series of solid solutions the inGreases are larger than the 
6.8% and 6.6% increase in the unit cell volume of Pr2Fe17 

and Nd2Fe17 upon nitrogenation.7-9 
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FIG. 8. The Miissbauer spectra of Nd2Fel7> top, and the Tb2Fe17_xGax solid 
solutions obtained at 295 K. 

The variation of the Curie temperature with gallium con
tent is shown in Fig. 4, which reveals a maximum in the 
Curie temperature between Th2Fe14 Ga3 and Th2Fe13 Ga4 . A 
similar maximum has been observed3• 10 in Y2Fe11_x Alx , 
Nd2Fe17 -xAlx , and Ho2Fe17 _ xAlx . This figure also reveals 
that the Curie temperatures of all the Th2Fe17_xGax solid 
solutions, except for Th2Fe10 Ga7, are higher than that 
reported11

•
12 for hexagonal Tb2Fem which is shown as the 

open square in Fig. 4. The temperature dependence of the 
magnetization of Tb2Fe14 Ga3 and Tb2Fe10 Ga7 is shown in 
Fig. 5. The maximum in the magnetization occurs at -340 K 
for Tb2Fe14 Ga3 and -290 K for Th2Fe10 Ga7• Below these 
temperatures the magn�tization falls, indicating antiferro
magnetic coupling of the terbium sublattice magnetization 
with that of the iron sublattices. 

Hu et al.



TABLE II. Weighted average isomer shifts and hyperfine fields in 
TbzFe17_xGax . 

Isomer shift" (mm/s) Hyperfine field (kOe) 

Compound 85 K 295 K 85 K 295 K 

Pr2Fe1/ 0.049. -0.092 286 0 
Nd2Fe17

° 0.061 -0.071 292 157 
Tb2Fe17 0.034 -0.114 307 229 
Tb2Fe16Ga 0.045 -0.065 292 239 
Tb2Fe1sGa2 0.075 -0.039 274 235 
Tb2Fe14Ga3 0.114 -0.012 259 226 
Tb2Fe13Ga4 0.138 0.024 240 209· 
Tb2Fe12Ga5 0.192 0.070 224 190 
Tb2FeuGa6 0.240 0.130 202 163 
Tb2Fe9Ga8 0.313 0.212 174 148 

'Relative to room temperature natural abundance a iron. 
bData obtained from Ref. 7. 
<oata obtained from Ref. 13. 

The results of the refinement of the powder neutron dif
fraction patterns for the four samples studied are given in 
Table I. The neutron diffraction derived unit cell lattice pa
rameters for the Tb2Fe17_xGax solid solutions agree very 
well with those measured by x-ray diffraction and shown in 
Fig. 1. The total gallium content in the Tb2Fe17 _xGax solid 
solutions, as calculated from the refined fractional occupan
cies, is in good agreement with the nominal gallium content. 
The gallium is found only on the transition metal sites and 
the percentage gallium found on each of the four iron sites is 
shown as a function of gallium content in Fig. 6. Previous 
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10 

studies on a wide variety of rare-earth-transition-metal inter
metallic compounds have shown that the preferred occu
pancy of the transition metal is independent of the rare earth, 
and thus. it is appropriate to show the results for Nd2Fe15 Ga2 
and the Tb2Fe17_xGax solid solutions on the same plot. 

The pattern of replacement of iron by gallium is similar 
to that observed3 with aluminum. Because both aluminum 
and gallium have larger metallic radii than iron, they avoid, 
for all x values studied, the iron 9d site, the site which has 
the smallest Wigner-Seitz cell volume.7•

13
•
14 The 6c site has 

the largest Wigner-Seitz cell volume and hence it is surpris
ing that gallium does not occupy this site in Tb2Fe12 Ga5 . In 
contrast aluminum occupies3 the 6c site even at lower alu
minum concentrations in Nd2Fe17_xAlx. The occupancy by 
gallium or aluminum of the l 8h site, which has next to the 
largest Wigner-Seitz cell volume, is similar and virtually 
constant above x = 5 in Tb2Fe17_xGax and above x = 4 in 
Nd2Fe17_xAlx. In contrast, the 18/ site takes up more gal
lium than aluminum such that, in the Tb2Fe17_xGax solid 
solutions, the 18/ site contains up to -75% gallium. Once a 
specific site is occupied by aluminum or gallium, its near 
neighbors are less likely, because of crowding, to accept alu
minum or gallium. Alternatively, if a site is unoccupied by 
aluminum or gallium, as is the case for the 9d site, then its 
near neighbors are more likely to accept aluminum or gal
lium. Thus, because the 9d site has four 18/ and four 18h
near neighbors, these latter sites are more likely to accept 
aluminum or gallium, accounting, at least in part, for the 
higher aluminum or gallium occupancy of these sites. Unfor-
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FIG. 9. The bond lengths as a function of aluminum content in Nd2Fe17_,Alx (A) and as a function of gallium content in Tb2Fe17_xGax (B). 
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tunately there seems to be no simple explanation for the 
added preference of gallium for the 18 f sites. 

The magnetic behavior of the Tb2Fe17 _x Gax solid solu
tions is quite extraordinary. As expected from the variation in 
the Curie temperature, see Fig. 4, the magnetic moment per 
formula unit is largest for Tb2Fe12 Ga5 and decreases with 
increasing gallium content, see Table I. The compositional 
dependence of the magnetic moments for the different sites 
in these solid solutions is given in Fig. 7. The individual iron 
moments decrease somewhat with gallium content but the 
weighted average moment is still l.3 7  µ8 for Tb2Fe9 Ga8 • In 
agreement with the magnetization measurements, see Fig. 5, 
the terbium sublattice magnetization couples antiferromag
netically with the iron sublattice and carries a magnetic mo
ment of 4. 1 µ 8 at the highest gallium concentration. U nex
pectedl y, the easy axis of magnetization changes from basal 
in Tb2Fe12 Ga5 to axial in the higher gallium content solid 
solutions. A similar change is not observed15 in the 
Nd2Fe17_x Alx solid solutions. The reasons for these differ
ences will be discussed below. 

The Mossbauer effect spectra of the Tb2Fe17_xGax solid 
solutions measured at 295 K are shown in Fig. 8. Very simi
lar spectra were observed at 85 K. The spectra of Tb2Fe13 Ga4 

and Tb2Fe12 Ga5 were fit with seven sextets corresponding to 
the seven magnetically inequivalent iron sites expected7•13
for a basal orientation of the magnetization. The spectra of 
Tb2Fe9 Ga8 were fit with four sextets corresponding to the 
four magnetically inequivalent iron sites expected14 for an 
axial orientation of the magnetization. The relative areas of 
these sextets were constrained to those calculated for iron 
occupancies on the basis of the gallium occupancies given in 
Table I. The hyperfine parameters were adjusted to be con
sistent with those found7

•
16

•
17 for related R2Fe17 compounds. 

The resulting weighted average hyperfine fields and isomer 
shifts, 8, are given in Table II and reveal, as expected, that 
the hyperfine field is largest for Tb2Fe16 Ga and decreases 
with increasing gallium content. The dramatic influence of 
gallium on the room-temperature hyperfine field in the 
Tb2Fe17_xGax solid solutions is immediately apparent in 
Table IL 

The isomer shifts at 85 and 295 K, given in Table II, 
increase linearly with increasing gallium content and ex
trapolate to reasonable values for the isomer shifts of 
Tb2Fe17• By using these extrapolated values and that of the 
unit cell volume of Tb2Fe11 , see Fig. 3, it is possible to 
calculate values of A.8/A In V for the TbzFe17-xGax solid 
solutions. The resulting values are 3.8 mm/s at 295 K and 3.2 
mm/s at 85 K, both of which are higher than the -1.0 mm/s 
value expected18 for a close packed structure. The high val
ues of A.8/A In Vindicate that only approximately one-third 
of the increase in the isomer shift can be attributed to the 
lattice expansion. In previous investigations19•20 it was 
shown that the isomer shift increases with increasing number 
of nearest-neighbor gallium atoms as a result of the inter
atomic charge transfer and intraatomic s-d charge redistribu
tion. The observed isomer shift increases · in the 
Tb2Fe17_x Gax solid solutions can be satisfactorily under
stood on the same basis. 
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IV. DISCUSSION

With the exception of the different behavior of the c
lattice parameter, the behavior of the crystal lattice upon gal
lium substitution in Tb2Fe17 is similar to that of aluminum 
substitution in Nd2Fe17 • In contrast, as shown in Fig. 9, the 
behavior of the metal-metal bond lengths for the 
Nd2Fe17_x Alx and Tb2Fe17 _xGax solid solutions is quite dif
ferent. The most striking feature shown in Fig. 9 is the elon� 
gation with substitution of the 6c-6c bond distance, an elon
gation which is much more pronounced in the case of the 
gallium solid solutions. The 6c-6c bond length, the so-called 
metal-metal "dumbell" length, is the shortest bond in these 
solid solutions at low values of x. At high aluminum 
substitution3 this bond has an intermediate length, whereas at 
high gallium substitution, it becomes the next to the longest 
bond and shows the largest overall increase in bond length. 
This behavior is very different from that observed upon ni
trogenation of R2Fe17 in which case the 6c-6c bond length 
remains the shortest and shows an increase smaller than the 
average iron-iron bond length increase. Indeed, in Nd2Fe17, 
the 6c-6c bond length increases8

•
9 from 2.389 to 2.411 A, an 

increase of less than 1 %, whereas the average increase of all 
iron-iron bond lengths is 1.9%. 

Because of ifs short 6c-6c bond length, the 6c site is 
generally believed to be responsible for the low Curie tem
perature of the R2Fe17 compounds. However, Wigner-Seitz 
cell calculations7

•
13 indicate that this site has 13 iron near 

neighbors consisting of one Fe 6c, three Fe 9d, six Fe 18/, 
and three Fe 18h sites. In Nd2Fe17, the respective bond 
lengths are 2.389 A to Fe 6c, 2.625 A to Fe 9d, 2.741 A to 
Fe 18/, and 2.655 A to Fe 18h. With the exception of the 
bond to 6c, all of these bond lengths are expected to lead to 
ferromagnetic exchange interactions. Hence, because of its 
high coordination by iron and long bond lengths, the 6c site 
is important in determining the magnetic exchange coupling 
in these compounds. Although the comparison of the neody
mium and terbium compounds may be complex, the 
Tb2Fe17_x Gax solid solutions appear to be magnetically 
more · highly ordered at higher gallium content than the 
analogous ·Nd2Fe17_xAlx solid solutions, an improvement 
which may be related to the reduced gallium substitution on 
the 6c site in the Tb2Fe17_xGax solid solutions as compared 
to that in Nd2Fe17_xAlx. Neutron diffraction results clearly 
indicate that the initial Curie temperature enhancement in 
Tb2Fe17_xGax solid solutions is not a result of the removal 
of iron 6c "dumbell" atoms by substitution of gallium onto 
these sites. Also influential in determining the magnetic ex
change may be the changes in bonding of the 18/ site. The 
18 f-18 f bond length moves from the group of shorter bonds 
in the Nd2Fe17_xAlx solid solutions, see Fig. 9(A), to the 
group of longer bonds in the Tb2Fe1 7 _ xGax solid solutions at 
higher x values, see Fig. 9(B). In contrast, upon nitrogenation 
of Rzfem the 18f-18f bond length remains virtually un
changed whereas the 18h-18h bond length moves8

•
9•

16 from 
the group of short bonds in R2Fe17 to the group of long bonds 
in R2Fe17Nx . Of course, a,ny consideration of the distance of 
the iron-iron bonding must be weighted by the magnetic di
lution of the nonmagnetic gallium or aluminum on the iron 
sublattice. From this point of view, the 9d-18h and 18h-
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18h bond lengths are the most important and the differences 
between the aluminum and gallium substitutions are less ap
parent. 

It is interesting to compare the effect of gallium substi
tution versus nitrogenation on the Curie temperature of 
Tb2Fe17• The increase10 in Curie temperature upon nitroge
nation is -320°. In the Tb2Fe17_xGax solid solutions, an 
increase of 150° between Tb2Fe17 and Tb2Fe14Ga3 is ob
served, see Fig. 4. This increase is of course smaller because 
of the magnetic dilution by diamagnetic gallium. Thus it 
would seem that the origin of the increase in Curie tempera
ture is different in the Tb2Fe17_xGax solid solutions and in 
the nitrided compounds. 

Of particular interest is the change in the easy axis of 
magnetization from basal to axial with increasing gallium 
concentration, a change which requires more detailed discus
sion. To a first approximation, the total magnetocrystalline 
anisotropy constant is the sum of the first-order anisotropy 
constants of the rare earth, R, and iron sublattices, 

K1[ total] =K1[Fe] + K1[R]. (1) 

It is well known2 that K1 [Fe] is negative for the R2Fe17 com
pounds. Indeed this negatiye value is one of the reasons why 
the R2Fe17 compounds are not suitable permanent magnet 
materials. At room temperature the rare-earth sublattice an
isotropy is too small to overcome the iron easy plane anisot
ropy. The rare-earth sublattice anisotropy can be expressed21 

in crystal field terms as 
K1[R]= -(3/2 )aJ(ri,)(3J;-J(J + l))At (2) 

where aJ is the second-order Stevens factor, the quantities in 
brackets are expectation values, and A� is the second-order 
crystal field parameter, a parameter which is determined pre
dominantly � the rare-earth valence electron charge 
asphericity.22·" Ag is strongly influenced by the variation of 
x in R2Fe17_xGax, because of the hybridization of the rare
earth 5d and 6p valence electrons with the valence electrons 
of its neighboring atoms. Thus, substantial changes in the 
magnitude and sign of the terbium valence electron aspheric
ity are expected when gallium preferentially substitutes on 
specific crystallographic sites in the Tb2Fe17_xGax solid so
lutions, a preferential substitution which is observed by neu
tron diffraction, see Fig. 6. 

Previous investigations have shown that Ag is small and 
negative in the rhombohedral R2Fe17 compounds. Because 
aJ is negative23 for terbium(III), K1 [Tb] is negative and 
K1 [Fe] and K1[Tb] reinforce each other and produce a more 
negative total anisotropy constant, K1[total]. The uniaxial 
orientation of the magnetization in Tb2Fe16Ga6 indicates that
K1[total] is positive, probably because A 2 and thus K1[Tb] 
have changed from negative to positive between Tb2Fe12Ga5 

and Tb2Fe11Ga6 • 
The A� parameter may be viewed as an electric field 

gradient at the rare-earth 4f electron which is produced by 
the terbium valence electron asphericities. A similar, but not 
identical, electric field gradient is present at the rare-earth 
nucleus and can be observed as the quadrupole interaction in 
rare-earth Mossbauer spectroscopy. Thus it is interesting to 
note that Gd-155 Mossbauer spectra24 of Gd2Fe17_xAlx 
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show a reversal in the sign of the electric field gradient at 
gadolinium with increasing x. Hence a reversal in the sign of 
Ag is observed and supports our proposed reason for the 
change in the easy magnetization direction in Th2Fe17_xGax 

with increasing x. Similar changes could occur with decreas
ing temperature and low-temperature neutron diffraction 
studies will be undertaken in the near future to determine 
whether this occurs in these solid solutions. Finally, a similar 
change in Ag is no doubt present in the Nd2Fe17_xAlx solid 
solutions.3 However, the factors preceding A� in Eq. (2) are 
considerably smaller for neodymium(III) than for ter
bium(III) and, as a result, the positive value of K1 [Nd] may 
not be large enough to compensate the negative value of 
K1[Fe]. 
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