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The Néel temperature in Mn;_,Fe,F; has a parabolic dependence on concentration with a maximum near
£=0.75, indicating that the effective exchange energy for unlike ions is significantly greater than the geo-
metric mean of those for manganese and iron. Comparison with NMR results suggests that this is due to
an enhanced near-neighbor ferromagnetic exchange between unlike ions.

N arecent study of the critical-point behavior of Fe**
in MnF,, it was noted that the Néel temperature
T of MnF; is modified more by the presence of FeF,
than is predicted by a linear interpolation based on
concentration.! A linear behavior was reported some
years ago in mixed cobalt and manganese oxides.? It
was, there, shown using molecular field theory that such
a behavior is predicted only if the unlike-ion exchange
has a particular value, namely, the geometric mean of
the like-ion exchange interactions. This is plausible in
the context of superexchange theory for the case of the
Anderson exchange mechanism. However, it was sub-
sequently found by Hashimoto?® that the Néel tempera-
tures in mixed perovskite fluorides are not linear func-
tions of concentration. Such small deviations from
linearity may be indicative of the limited validity of
molecular field theory or that mechanisms other than
that of Anderson may be important.

Although molecular field theory is quite inaccurate at
predicting T, it is relatively successful at predicting
quantities which depend on ckanges in the effective field
and not its absolute value, e.g., the susceptibility. Thus
one might expect molecular field theory to be more
appropriate for predicting the concentration dependence
of Ty in mixed crystals than Ty for the pure crystals.
If we consider the case of a two-sublattice antiferro-
magnet occupied randomly by two magnetic ions
(denoted by subscripts ¢ and b), molecular field theory
yields

Ty=3oTot+(1—0)Ty ]+ {[cTet (1—0)T:
+0'(1_0')(Tab2_ TaTb)}1/2) (1)

where ¢ is the concentration of @ ions, To=2S5,(S.+1)
X |21J12— 25T 3| / 3k is the Néel temperature of a lattice
of a ions, T, that of b ions, and

Tos=2[S2(Se+1)Ss(Ss+1)]"2| 51T 120 — 22T | /3k.
Subscripts 1 and 2 refer to interactions between ions on
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the same and opposite sublattices, respectively. Like-
wise, the susceptibility of such a system is

0cCot+ (1—0)Cst+e(1—a)DT!
X= ,
T+ o8+ (1—0)0s ]+ (1—a)ET

where C, is the Curie constant of a lattice of @ ions, C3
that of b ions; 6, is the paramagnetic Curie point of a
lattice of @ ions, 6, that of  ions;

E= 0.,01,—0,,1,2; D= 0aCa+0be_20ab(CaCb)1/2;

2

and
0a5=2[Sa(Sa1)S5(Ss+1)]12| 2. 125+ 25T 528 | /3.

(Notice the similarity to the susceptibility derived for
ferrimagnets.)

In the perovskites, the exchange is dominantly with
the six nearest-neighbor (nn) magnetic ions on the
opposite sublattice,* i.e., =6, and only one exchange
constant is needed. In the rutile structure, the two
nearest neighbors are on the same sublattice and have
weak ferromagnetic coupling while the eight next-
nearest neighbors (nnn) on the opposite sublattice have
antiferromagnetic exchange. It is apparent from Eq. (1)
that, within the confines of molecular field theory, these
two exchange interactions appear additively in the
definition of T,, Ts, and T, and, therefore, cannot be
separated experimentally on the basis of 7'y alone. How-
ever, measurements of T3 and 6,5 would permit both
J190 and J.® to be determined. The special case
T.s*=T,T5 corresponds to the linear behavior of Ref. 2.
As an index of the deviation from this case we define

[Jao— (T 0)"2]
=2,

| Ja— T3]

where J o= (22J5%—351J1%) with a=a, b, or ab. Thus, for
the special case where Jop is the geometric mean of Ja
and Jb, Rab= 0.
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EXPERIMENTAL

We have examined the concentration dependence of
Ty in the rutile structure system Mn;_,Fe,F, using the
5"Fe Mossbauer effect (ME). Samples were prepared by
melting together weighed amounts of MnF; and FeF, in
an argon atmosphere. Differential thermal analysis
showed solid solubility over the entire range of composi-
tion. ME absorbers were prepared from crushed powders
incorporated into a plastic binder. The actual composi-
tion of the materials used was obtained by wet-chemical
analysis. The perovskite RbMng sFe.;F; was examined
as a loosely packed powder. Data were taken either with
the sample immersed in liquid nitrogen, in which case
the temperature was controlled via the vapor pressure,
using a Cartesian diver manostat, or with the sample
on a heater-and-thermocouple-controlled cold finger in
the Dewar vacuum. The ME studies utilized a con-
ventional constant-acceleration doppler effect spec-
trometer with a %Co-in-palladium source.

Tx was determined by two independent techniques.
Data below T'x were analyzed to obtain the effective
magnetic field H at the iron nucleus. The ordering
temperature was obtained as the intercept of a linear
extrapolation to H®=0 on a H? versus T plot. Data
above Ty were analyzed to obtain the fraction of the
absorption remaining in the paramagnetic, quadrupolar
doublet. Tx was defined by the vanishing of the para-
magnetic absorption. A temperature range of about 3°K
was covered in each case in order to locate Ty to
+0.1°K.

RESULTS AND DISCUSSION

The ME results on Mn;_.Fe,F, are summarized in
Fig. 1. They are well represented by the parabolic be-
havior of Eq. (1) with T4,=383.4°K, which corresponds
to Rymmre=-+0.57. In RbMn;_,Fe,F;, we obtain Ryre
= —0.28. The Ty of RbMnF; was taken as 83.0°K® and
that of RbFeF; as 102°K.7

The result in the mixed Mn-Fe perovskite, where the
exchange is predominantly with the nn ions, shows that
in the context of molecular field theory the exchange
between Fe?* and Mn?* is not necessarily equal to the
geometric mean of the like-ion exchanges. This is in
accord with the work of Hashimoto® in other mixed
perovskite fluorides. Using his data for KMn; ,Ni,F;
and KMn,_,Co,F;, we obtain Ruy,nxi=—0.15 and
Rutaco=+0.21 from the variation of 7'y with concentra-
tion. The small deviation of R from zero in the three
perovskites may result from a change in the antiferro-
magnetic exchange between the sublattices or from
implicit limitations of the molecular field description of
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F16. 1. Néel temperature in the system Mn;_,Fe,F;. The point
for pure MnF, is taken from P. Heller, Phys. Rev. 146, 403 (1966),
that for FeF; and Mng.g93Fe€.007F2 from Ref. 1.

Tn. This could be settled by meaningful paramagnetic
Curie-point measurements.

In the pure rutile-structure fluorides the nn ferro-
magnetic exchange within a sublattice is usually weak
compared to the #nn exchange between ions on different
sublattices.® Thus the relatively large Ry, (it is twice
as great as that in any other case) could be due either
to increased #nn ferromagnetic exchange or increased
nnn antiferromagnetic exchange. Néel temperature
measurements cannot distinguish between these two
alternatives. However, ¥F NMR studies in MnF; below
T'x with Fe** impurities® indicate strong ferromagnetic
exchange between n# impurity and host ions. In the
light of the NMR results the increased effective unlike-
ion exchange obtained from the T'» may be attributed
largely to the nn ferromagnetic coupling. The rela-
tively weak Mn-F-Fe antiferromagnetic coupling in
RbMn,_,Fe,F; supports this interpretation although it
is not known to what extent this result obtained in a
perovskize would apply in the rutile structure. Further
work is in progress to obtain meaningful paramagnetic
Curie-point data.
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