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When m is odd, W(q,m) can never be a sum of terms in 
the Fermi representation, each of which is a symmetry 
operator on | q0, 0 ) , and so neither can be XW(q, m)X~1, 
where X— U or R. Consequently Kawasaki's assertion 
that E(q, m) = E(dzq+w, —m) for m odd is incorrect, 
because ] q0,0) is nondegenerate,5 and is therefore 
transformed into itself by U and R. When m is even, 
W(q, m) should take the form 

W(q, m)=Q(a)Wa(q, m) +Q(P)Wp(q, m), 

where 

Wa(q, tn) = J2lL Z)A(ai$H \-a2nd2n~q) 
n {a} {8} 

XA(81+---+82n-in)Am(<xi- • -a2n)Fal
si. -Fa2n

8^, 

(13) 

with a similar form for Wp. Only in this form is W(q, m) 
a sum of operators F^1* "FkJn each of which spans the 
irreducible representation D(q) (Tn) = eiqn of TN. I t is 

I. INTRODUCTION 

TH E metals of the 3d transition series form with 
platinum intermetallic compounds of ordered Cu3Au 

and CuAu-I lattice type. These alloys show both 
antiferromagnetic and ferromagnetic behavior and 
their common feature is the existence of ordered 
magnetic moment on the P t atoms in the ferromag­
netic state. 

In the M n - P t system, the ordered intermetallic 
compounds occupy a considerable part of the phase 
diagram obtained by Raub and Mahler1 from x-ray 
diffraction and microscopic studies. At room temper-

1 E. Raub and W. Mahler, Z. Metallk. 46, 282 (1955). 

then easy to show that Kawasaki's theorem for m even 
is correct, but the proof is false. 

We now consider the effect of rotations R (y, ir), time 
reversal U, and reflections R(S) on the state (q,m), 
which has the properties of Eq. (5). These operations 
commute with 3C and connect the states | q,m), 
| q, — m), | — q, —m), and | —q,m), which are con­
sequently required to be degenerate. This is just what 
one would have expected; it proves that the states 
\zkq,zbm) and | ±g+7r , ±m) are not connected by 
any symmetry of 3C which has been considered, and 
consequently any degeneracy between them must be 
accidental. Nevertheless, such degeneracy can arise 
in a systematic way in the alternant spin-wave ap­
proximate theory of an antiferromagnetic ring19 for 
which N—> oo. 
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ature the ordered Mn3Pt, MnPt, and MnPt3 phases 
are stable in the 16-29-at.% Pt, 33-60-at.% Pt, and 
63-83-at.% Pt concentration ranges, respectively. 
According to the neutron diffraction measurements 
reported by Sidhu et al.y

2 in Mn3Pt two antiferromag­
netic structures, not specified in detail but having 
different Neel temperatures, coexist. The comparable 
compound Mn3Rh has a noncollinear, triangular anti­
ferromagnetic structure.3 The magnetic properties of 

2 S. S. Sidhu, K. D. Anderson, and D. D. Zauberis, Bull. Am. 
Phys. Soc. 10,352 (1965). 

3 J. S. Kouvel and J. S. Kasper, in Proceedings of the Inter­
national Conference on Magnetism, Nottingham, 1964 (Institute of 
Physics and Physical Society, London, 1965), p. 169. 
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The magnetic structures and transformations in the ordered phases of the Mn-Pt system have been 
investigated in a wide concentration range by magnetic, x-ray, and neutron diffraction methods. The 
properties of the Mn3Pti_yRh„ and Mn^FezPt systems have also been studied. The triangular and the 
collinear antiferromagnetic structures, both found in the MnsPt phase, undergo a first-order transformation 
into each other at a critical value of the lattice parameter where the next-nearest-neighbor interaction 
changes sign. In the MnPt phase a simple antiferromagnetic structure occurs with the directions of the 
magnetic moments dependent on concentration and temperature. There is no direct connection between 
the anisotropy energy and the lattice dimensions. The MnPt3 phase has simple ferromagnetic structure. 
The measured transition temperatures are summarized in magnetic phase diagrams. The magnetic 
structures and transformations of the Mn-Pt system are explained by assuming nearest- and next-nearest-
neighbor interactions dependent on the interatomic distances. The magnetic phase diagram of the Mn3Pt 
phase calculated in the molecular-field approximation is in agreement with the experimental observations. 
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TABLE I. Values of the lattice parameter a at room temperature (as measured and as extrapolated from the paramagnetic state), the 
magnetic moment /XMn at 77°K, and the transition temperatures Z\, TV, and TN' for samples in the Mn3+xPti_a; system. 

a (A) 
Meas. Extra. 

MMn 

(MZ?) (°K) (°K) (°K) 

0.17 
0.07 
0 
0.09 

0.18 
0.28 

3.850 
3.844 
3.833 
3.827 

3.827 
3.822 

3.868 
3.862 
3.858 
3.854 

3.835 
3.825 

2 .8±0 .3 
3 .4±0 .4 
3 .0±0 .3 
3 .2±0 .4 

2 . 9 ± 0 . 4 
3 .2±0 .4 

315d=10 
315±10 
365±10 
455±10 

. . . 

. . . 

430±10 
460±10 
475±10 

Could not be 
measured 

. . . 

. . . 

. . . 

510±10 
525±10 

MnPt alloys were investigated by Brun et al.f who 
observed, in addition to the basic antiferromagnetism, 
the presence of ferromagnetism below 600°K in samples 
with higher than 52 at .% Pt . The magnetic structure 
at room temperature was found to be simple anti-
ferromagnetic and the direction of the magnetic 
moment to depend on concentration.5'6 At the stoichio­
metric concentration the lattice parameters a and c, 
measured at room temperature, are at a maximum and 
a minimum, respectively. The MnPt 3 alloy is ferro­
magnetic.7 

Among the other intermetallic compounds of the 
3d metals with platinum, Fe3Pt, FePt, CoPt, and CoPt3 

are ferromagnetic,8""11 while CrPt and CrPt3 have 
antiferromagnetic and ferrimagnetic structures, respec­
tively.12 The magnetic structure of FePt3 is antiferro­
magnetic or ferromagnetic, depending on concentration 
and atomic ordering.13 The magnetic measurements 
in these compounds were analyzed and the signs of 
the exchange interactions were estimated by Sato14 on 
the basis of an Ising model of ferromagnetism. 

In order to get some insight into the nature of the 
exchange interactions of the M n - P t system, an exten­
sive study on all ordered phases of the system was 
performed using magnetic, x-ray, and neutron diffrac­
tion methods. The observation of an antiferromagnetic-
antiferromagnetic (AF-AF) transformation of first 
order in Mn3Pt 15~17 and the occurrence of a transfor­
mation associated with a turn of the magnetic moments 

4 K. Brun, A. Kjekshus, and W. B. Pearson, Phil. Mag. 10, 291 
(1964). 

6 A. F. Andersen, A. Kjekshus, R. M^llerud, and W. B. Pearson, 
Phil. Mag. 11, 1245 (1965). 

6 A. F. Andersen, A. Kjekshus, R. M^llerud, and W. B. Pearson, 
Acta Chem. Scand. 20, 2529 (1966). 

7 S. J. Pickart and R. Nathans, J. Appl. Phys. 33, 1336 (1962). 
8 E. Kren and P. Szabo, Solid State Commun. 3, 371 (1965). 
9 A. Kussmann and G. G. v. Rittberg, Z. Metallk. 41, 470 

(1950). 
10 B. van Laar, J. Phys. (Paris) 25, 600 (1964). 
11 F. Menziger and A. Paoletti, Phys. Rev. 143, 365 (1966). 
12 S. J. Pickart and R. Nathans, J. Appl. Phys. 34, 1203 (1963). 
13 G. E. Bacon and J. Crangle, Proc. Roy. Soc. (London) A272, 

387 (1963). 
14 H. Sato, J. Appl. Phys. 31, 327 S (1960). 
15 E. Kren, G. Kadar, L. Pal, J. Solyom, and P. Szabo, Phys. 

Letters 20, 331 (1966). 
16 E. Kren, G. Kadar, L. Pal, and P. Szabo, J. Appl. Phys. 38, 

1265 (1967). 
17 E. Kren, P. Szabo, L. Pal, T. Tarnoczi, G. Kadar, and C. 

Hargitai, J. ADpl. Phys. 39, 469 (1968). 

with respect to the tetragonal axis in MnPt18 have 
been already reported in short communications. The 
present paper gives a full account of the investigation 
covering a wide concentration range, including the 
results obtained for some ternary (pseudobinary) 
alloys based on Mn3Pt. 

II. EXPERIMENTAL 

The magnetic structures and their transformations 
were investigated on binary M n ^ P t i ^ , Mni+^Pti-x, 
and Mni+aPts-s, as well as on ternary (pseudobinary) 
MnaPti^Rh^ and Mn3_2Fe3Pt alloys with different 
concentrations x, y, and z. 

The alloys were prepared in an argon atmosphere 
by melting metals of 99.9% purity in an induction 
furnace. For magnetic measurements bulk specimens 
and for diffraction studies, fine powders obtained by 
filing were used. To get the ordered phases the speci­
mens were annealed in quartz tubes evacuated to 10~4 

Torr. The initially long annealing (80-120 h) at 700-
800°C was later reduced to 2-3 h, since at this temper­
ature range this proved to be sufficient for removing 
the effect of cold-working and for the ordering process. 
X-ray diffraction showed highly ordered homogeneous 
phases, with lattice parameter values listed in Tables 
I - I I I , VI, and VII, in all annealed samples but 
Mni+zPti^z with x=0.32, which was found to be con­
taminated by a trace of Mn3Pt phase. In the ternary 
and nonstoichiometric binary alloys a substitutional 
disorder occurs on the sublattice containing two com­
ponents. In the Mn3_2FezPt system, only samples with 
z lower than 0.7 were investigated, since alloys with 
higher values of z were inhomogeneous. The composition 
of the ingots was checked by chemical analysis, which 
was repeated when a loss in weight due to annealing 
was observed. The results of the chemical analysis are 
included in Tables I - I I I , VI, and VII. In Table I I I 
the compositions are specified since alloys with the 
desired concentrations could not be produced. 

Samples of the Mn3Pt type were found to have 
disordered face-centered-cubic structure after filing. 
The magnetic structure of this phase was investigated 
and reported earlier.19 

18 E. Kren, M. Cselik, G. Kadar, and L. Pal, Phys. Letters 24A, 
198 (1967). 

19 E. Kren, Phys. Letters 21, 383 (1966). 
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TABLE II. Values of the lattice parameter a at room temperature (as measured and as extrapolated from the paramagnetic state), the 
magnetic moment /*Mn at 77° K, and the transition temperatures Tt, 2V, and 2V for samples in the Mn3Pti_j,Rhy system. 

y 

0 
0.05 
0.1 

0.2 
0.5 
1 

a 
Meas. 

3.833 
3.833 
3.832 

3.828 
3.820 
3.813 

(A: > 
Extra. 

3.858 
3.854 
3.849 

3.837 
3.824 

MMn 
(MB) 

3 .0±0 .3 
3 . 5 ± 0 . 4 
2 . 8 ± 0 . 3 

3.2=fc0.4 
3.5rh0.4 
3 .6±0 .4 

Tt 

(°K) 

365dbl0 
415±10 
505±20 

• • • 

TN 

(°K) 

475dbl0 
465±10 

Could not be 
measured 

• • • 

2V 
(°K) 

• • • 
. . . 

555±10 
685±10 
855±10 

The magnetic measurements were made by magnetic 
balance in the range from liquid-nitrogen temperature 
up to 800°C. The samples for the high-temperature 
experiments were sealed in quartz ampoules at a pres­
sure of 10~4 Torr. 

For the room-temperature x-ray diffraction studies 
a Debye-Scherrer camera with Cr Ka radiation was 
used, while for high temperatures, up to 900°C, a 
furnace filled with 30% H2 and 70% N2 gas mixture 
and mounted on a Philips diffractometer was used. 

The neutron diffraction measurements from liquid-
helium temperature up to 800°C at 10~4 Torr pressure 
were performed by the automatically controlled diffrac­
tometer at the VVRS reactor in Budapest, with neutrons 
of 1.15-A wavelength. Part of the neutron diffraction 
measurements reported earlier15 was repeated with 
increased neutron flux available owing to the recon­
struction of the reactor. 

III. POSSIBLE MAGNETIC STRUCTURES 

The Landau theory of the second-order phase trans­
formations20 makes it possible to investigate the change 
in symmetry during a second-order transformation, and 
thus to determine the magnetic structures which can 
arise from the paramagnetic phase in a single second-
order transformation.21 In this method the magnetic-
moment density M(r) of the system is expressed by 
the basic functions \j/^l) of the irreducible representations 
of the symmetry group in the paramagnetic phase, as 

M(r) = £ ^ ° e « f c ( l ) ( r ) , (1) 

where ea (a=x, y, z) is the axial vector in the direction 
a. The free energy of the system, which must be invar­
iant under the symmetry transformations, can be 
given by invariant expressions constructed from the 
coefficients c*,/0, of the form 

0=0o+zi«/(2)(w°)+i:^/(4)(wo)+--) (2) 
a & 

where f{2){ca/
l)) and /(4) (ca,j

(l)) are the invariants 
of second and fourth order, respectively, while Aa 

20 L. D. Landau and E. M. Lifshitz, Statistical Physics (Per-
gamon Press, Ltd., London, 1958). 

21 O. V. Kovalyov, Fiz. Tverd. Tela 5, 3156 (1963) [English 
transl: Soviet Phys.—Solid State 5, 2309 (1964)]. 

and Bp are temperature-dependent coefficients. The 
values of caj

(l) can be determined by minimization of 
the free energy for the actual crystal structure and thus, 
by making use of the known irreducible representations, 
the spatial distribution of the magnetic moment can 
be obtained from Eq. (1). 

Since these calculations seem to be very promising 
for the interpretation of neutron diffraction data, they 
were carried out for the magnetic unit cell dimensions 
inferred from the measurements. The results are shown 
for Mn3Pt of cubic Cu3Au structure in Fig. 1 for mag­
netic unit cells coinciding with the paramagnetic one 
and doubled in the direction zy while those for MnPt of 
tetragonal CuAu-I structure, with magnetic unit cell 
of the same size as the C-centered paramagnetic 
Bravais cell, are to be seen in Fig. 2. 

As is apparent from the figures, the possible config­
urations and directions of the magnetic moments are 
strictly prescribed by symmetry. At the same time, 
the possibility of any moment on the Pt atoms is also 
determined, which is of great importance considering 
the experimental difficulties in establishing the existence 
of small moments. 

There are four possible configurations for Mn3Pt, 
models A-D in Fig. 1, if the size of the unit cell remains 
unchanged. In model A both Mn and Pt atoms may 
have magnetic moments arranged ferromagnetically 
and pointing in either [100], [110], or [111] directions. 
The structure is ferromagnetic or ferrimagnetic, de­
pending on the relative directions of the moments on 
Mn and Pt atoms. In model B one of the three Mn atoms 
of the unit cell has no magnetic moment while the 
moments on the other two are aligned antiferromag-

TABLE III. Values of the lattice parameter a at room tempera­
ture (as measured and as extrapolated from the paramagnetic 
state), the magnetic moment /* at 77°K, and the N6el temperature 
TN for samples in the Mn3_zFe*Pt system. 

Composition 

Feo.21Mn2j6Pt1.03 
Feo.41Mn2.52Pt1.07 
Feo.60Mn2.3ePt1.04 

a 
Meas. 

3.829 
3.833 
3.836 

(A) 
Extra. 

3.843 
3.846 
3.844 

2 .4±0 .4 
2 .9±0 .4 
2 .6±0 .4 

(°K) 

455±10 
415dblO 
425dbl0 

Feo.21Mn2j6Pt1.03
Feo.41Mn2.52Pt1.07
Feo.60Mn2.3ePt1.04
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netically in direction [001], The magnetic moments 
in models C and D have triangular configuration. C 
is purely antiferromagnetic no magnetic moment is 
allowed on the Pt atoms and the moments on the Mn 
atoms are confined to the (111) plane pointing in [110] 
directions (directions of the face diagonals). In D, 
besides the triangular component in the (111) plane 
pointing in [112] directions (in the center of the tri­
angle), a ferromagnetic component normal to the (111) 
plane is allowed on both Mn and Pt atoms. If the ferro­
magnetic component is zero, the structure is antiferro­
magnetic and differs from model C only in the direc­
tion of the moment within the (111) plane; if the 
triangular component is zero, the structure coincides 
with model A. 

Four antiferromagnetic structures, models E-H in 
Fig. 1, are allowed in the unit cell doubled in direction 

W:M if 
4^ 

k-
A-

z A 

/f /HIT. 
•tp 

y 
^ - i -

« • 

Mi 
M t4; 

*-*-

Y\ 
-bfV 

FIG. 1. Possible magnetic structures in the CusAu-type lattice 
with magnetic unit cells coinciding with the paramagnetic one 
(A-D) and doubled in direction z (E-H). The Mn and Pt atoms 
are represented by full and empty circles, respectively. 

z. A common feature of these configurations is that part 
of the Mn atoms have no magnetic moment. The mag­
netic moments may point in the direction of axis z 
(as illustrated in the figure) or in the directions [100] 
or [110] of the x-y plane. Magnetic moment on the 
Pt atoms is allowed only in models G and H. 

Four configurations are possible for MnPt, models 
I-IV in Fig. 2, with magnetic unit cell coinciding with 
the C-centered paramagnetic Bravais cell. Model I 
is ferromagnetic with magnetic moments pointing in 
either [100] or [110] directions of the basal plane or 
the direction of the tetragonal axis. The Pt atoms may 
have magnetic moments, too. Models II-IV are anti­
ferromagnetic with the same possible directions of 
the moment as those in the ferromagnetic case. No 
moment on the Pt atoms is allowed in model II. 

The neutron diffraction measurements described 
in the next section will be interpreted by using the 
structures of Figs. 1 and 2. 

A—7—A 

•f 

S^-
^ Z tr 

IV 

FIG. 2. Possible magnetic structures in the CuAu-I type lattice 
with magnetic unit cell conciding with the C-centered paramag­
netic Bravais cell. The Mn and Pt atoms are represented by 
full and empty circles, respectively. 

IV. RESULTS 

1. Mn3Pt Phase 

The magnetic properties of the Mn3Pt phase were 
studied by observing the effect of the deviation from 
stoichiometry in the Mn3+asPti__a, system as well as that 
of the substitution of Rh for Pt and Fe for Mn in the 
MiizPti^yRhy and Mn3_2Fe2Pt systems. The results 
obtained on these samples are treated together. 

a. Magnetic Structures 

The temperature dependence of the magnetic suscep­
tibility is shown in Fig. 3 for some typical samples of 
different compositions. An abrupt change in the suscep­
tibility occurs at temperatures depending on concen­
tration in the samples with #<0.18 and y<0.2. The 
change is accompanied by thermal hysteresis, indicating 
a phase transformation. A maximum in the suscepti­
bility can be observed, at temperatures depending 
again on concentration, only for #>0.18, yj>0.2, and 
for all investigated values of z, when the abrupt change 

2-0.6 

300 500 700 

TEMPERATURE (°K) 

FIG. 3. Temperature dependence of the magnetic susceptibility 
for some typical samples in the systems Mn3+*Pti_a;, MnsPti-j/Rhy, 
and Mn3_zFe«Pt. The values of TV and TN' marked in the figure 
were obtained by neutron diffraction. 
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TABLE IV. Values of | Fm' |2 for models in a doubled unit cell of the Cu3Au lattice. &Mn, bPt are the nuclear and pMn, ppt the magnetic 
scattering amplitudes. The Miller indices refer to the doubled (tetragonal) unit cell. 

Model h- -k = 
1= 

= 2n 
= 2n+l 

h- -k = = 2n+l h- -k = *2n 
1= = 2n 

h- -k = = 2n+l 

E 16>Mn2 0 H3bMn+bPt)
2 4:(bMn-bPt)

2 

F 0 16^Mn2 H3bMn+bPt)
2 4(bMn-bPt)

2 

G HpMn-pPt)2 HpMn + Ppt)2 HSbMn+bPt)
2 HbMn~bPt)

2 

H MpMn+pPt)2 MpMn-pPt)2 H3bMn+bPt)
2 HbMn-bPt)

2 

does not occur. The low values of the susceptibility 
and their independence of the magnetic-field strength 
suggest a pure antiferromagnetic state. 

The neutron diffraction measurements were per­
formed first at liquid-nitrogen temperature. The diffrac­
tion patterns of all specimens are essentially the same, 
consisting of reflections indexed in the unit cell of the 
Cu3Au lattice. The temperature dependence of the 
intensities, given for reflection (110) in Fig. 4 for 
various values of x, show considerable magnetic con­
tributions to the nuclear intensities. At the temperature 
of the abrupt change in susceptibility these magnetic 
contributions vanish suddenly with the simultaneous 
appearance of new reflections which can be indexed in 
a unit cell doubled in one direction. The variation of 
the neutron intensities exhibits thermal hysteresis, too. 
On further heating these new reflections also disappear, 
at temperatures depending again on concentration, 
which can be seen for %— —0.17 in Fig. 5 for the reflec­
tion indexed as (10|-) in the original or (101) in the 
doubled unit cell. Above these temperatures no magnetic 
scattering can be detected in the neutron diffraction 
patterns. The abrupt change in the neutron intensities, 
the thermal hysteresis, and the appearance of new 
reflections cannot be observed for #>0.18, y*>0.2, and 
for all investigated values of z\ the magnetic contribu­
tions to the nuclear reflections vanish smoothly in 
these cases at a temperature corresponding to that of 
the maximum in susceptibility. 

A transformation from an ordered magnetic struc­
ture with unit cell of the same size as the paramagnetic 
one into another with a unit cell doubled in one direction 
is seen to occur on increasing the temperature in samples 
with #<0.18 and y<0.2 , while on continued heating a 
further transformation, now into the paramagnetic 
state, takes place. In the rest of the samples the low-
temperature structure undergoes a transformation 
directly into the paramagnetic state. In order to estab­
lish the magnetic structures, the structure factors of the 
models shown in Fig. 1 have to be evaluated and com­
pared with the experimental intensities. Considering 
the susceptibility results, only the pure antiferromag­
netic models have to be taken into account. 

The magnetic structure factors for a collinear struc­

ture are given22 by the expression 

I Fm | 2 = W > | Z Pi exp(2irik.ry) |2 

3 

= {qhk?)\Fhkl
f\\ (3) 

where pj, k, and ly are the magnetic scattering ampli­
tude, the reciprocal lattice vector, and the atomic 
position vector, respectively. g^i2=sin2Q:, where a is 
the angle of the magnetic moment with respect to the 
[hkt] direction. The average of quu2 for the poly crystal­
line case was calculated by Shirane.23 For tetragonal 
symmetry, e.g., 

(qhki2)=l-
l2+Zi(c/a)2(h2+k2)-l2] sinVc 

(c/a)2(h2+k2)+P (4) 

where a and c are the lattice parameters of the tetra­
gonal unit cell and <pc is the angle of the magnetic 
moment with respect to the axis c. 

The structure factors of model B can be easily ob-

en 
2 

ON HEATING 
ON COOLING 

'<tw .X-0.18 

0.09 

x=0 

X=-0.07 

300 400 500 600 
TEMPERATURE (°K) 

FIG. 4. Temperature dependence of the (110) peak intensity for 
different values of % in the Mna+^Pti-ar system. 

22 G. E. Bacon, Neutron Diffraction (Clarendon Press, Oxford, 
England, 1962). 

23 G. Shirane, Acta Cryst. 12, 282 (1959). 
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FIG. 5. Neutron diffraction re­
sults for Mn2.83Pt1.17. (a) Pattern 
at 288°K. (b) Pattern at 340°K. 
(c) Temperature dependence of 
the (10J) and (110) reflections 
indexed in the original unit cell. 
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tained from (3) as 

I * A M | 2 = (8/3)pMn\ 

| * » i | 2 = 0 , 

for h, k, I mixed 

for h, k, I unmixed. 

The structure factors of the triangular models were 
evaluated by dividing the structure into three collinear 
substructures with tetragonal symmetry along the 
axes x, y, and z. 

Fhki\
2= X (<lhki,i2)\ FhhiJ |2, (5) 

where the subscripts x, y, and % refer to the substruc­
tures along the respective axes. (qhki,i2) has the simple 
forms 

< » * z . y 2 > = l - « 2 / ( ^ + « 8 + P ) , 

(qmJ)=l-l2/(h*+k*+P), 

and the structure factors for model C are 

I Fhu,x |2==^Mn2 I 1 — exp[iir(ft—/)] |2, 

I Fhkhv \2=hpMn I l — exp[ix(/—A)] |2, 

I Fhhi,z |2=-i^Mn2 I 1 —exp[>r(ft—ft)] |2, 

while for model D we have 

I FmiX |2=i^Mn2 I 2 — Qx-p[iw(h— ft)]—exp\jiir(h—/)] |2, 

I Fhu,y |2=i^Mn2 I 2 —exp[wr(ft—ft)] — exp[Mr(fc--Z)] |2, 

I ^fcz,2 |2 = i/>Mn2 I 2 —exp[ix(Z—&)] —exp[i*r(Z—fe)] |2. 

As seen from these expressions, no magnetic reflec­
tions with h, ft, I unmixed (all even or all odd) occur. 

Since the structure factors for the nuclear scattering 
are 

hkl I (&Mn— #pt)2, for h, ft, I mixed 

I Fkki | 2 = (Sbun+bpt)2, for h, ft, I unmixed 

where &Mn and 6pt are the nuclear scattering ampli­
tudes, the magnetic and nuclear scatterings appear 
together for all models in the reflections with mixed 
h, ft, /. 

The values of | Fhu |2 obtained for models E - H in 
the doubled unit cell are summarized in Table IV; 
the values of (qhki2) are given by Eq. (4) with c=2a. 
As seen, the magnetic and nuclear reflections appear 
separately. 

In the comparison of the calculated and measured 
structure factors, the experimental form factors of 
Corliss et al.u were used. In the ternary and nonstoi-
chiometric binary alloys the scattering amplitudes 
have to be substituted for by an average corresponding 
to the actual concentrations. 

At liquid-nitrogen temperature good agreement can 
be obtained in all cases with model D, except for x> 0.09, 
using the values of magnetic moment /XMn listed in 
Tables I - I I I . /xpt was taken to be zero according to 
the susceptibility results. The values of /x in Table 
I I I represent an average for the Mn and Fe atoms. 
When x>0.09, model D cannot account for all the 
observed magnetic contributions to the nuclear inten­
sities. This may be explained by the antiferromagnetic 
alignment of the magnetic moments of the excess Mn 
atoms on the Pt sublattice, which tend to form a 

24 L. M. Corliss, N. Elliott, and J. M. Hastings, Phys. Rev. 104, 
924 (1956). 

Mn2.83Pt1.17
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FIG. 6. Temperature depend­
ence of the lattice parameter for 
samples with different values of 
x and y in the Mns+xPti-a; and 
MnaPti-yRhy systems. The values 
at room temperature marked by 
arrows are extrapolated from the 
paramagnetic state. 

7-Mn-type antiferromagnetic order25 in their environ­
ment. The observed and calculated intensities are in 
good agreement for the values of / / in listed in Table I, 
assuming either the heterogeneous mixture, correspond­
ing to the actual concentration of D-type triangular 
and 7-Mn-type collinear antiferromagnetic structures, 
or the homogeneous appearance of a 7-Mn-type anti­
ferromagnetic component normal to the plane of the 
triangle. 
jf Above the transition temperature two magnetic 
superreflections, indexed as (101) and (103) in the 
doubled unit cell, can be measured in all specimens 
(Fig. 5) . A barely detectable additional (111) reflection 
was observed in the stoichiometric alloy only. As seen 
from Table IV, the absence of reflections with l~2n+l 
and h—k=2n is characteristic for model F. <pc is eval­
uated from the measured (101) and (103) intensities 
as 90° in all cases, while for # = 0 , MMn= ( 3 . 4 ^ 0 . 3 ) ^ 
at 384°K; for * = - 0 . 0 7 , (3.7±0.3)ju* at 340°K; and 
for # = - 0 . 1 7 , (3.&fc0.2)/iB at 340°K were obtained. 
The appearance of the weak (111) reflection in the 
stoichiometric sample indicates an order, like that in 
models G and H, on the magnetically disordered sites 
of model F. The ordered moment on these sites, how­
ever, must be very small as compared with the values 
for model F. Thus, the basic magnetic structure above 
the transition temperature can be considered to be 
model F with magnetic moments lying in the plane 
normal to axis z. 

b. Magnetic-Structure Transformations 

The Neel temperatures ZV for the collinear phase 
and TV for the triangular phase, when the collinear 

structure does not occur, as well as the temperature 
Tt of the transformation from triangular into collinear 
structure, defined as the center of the hysteresis loop, 
were determined from the temperature variation of the 
neutron intensities and are given in Tables I - I I I . 
Because of the closeness of Tt and TV, the latter could 
not be determined for the samples with #=0.09 and 
y= 0.1. The values of TN and TV marked in Fig. 3 
are taken from the neutron diffraction measurements. 

The abrupt variations accompanied by thermal 
hysteresis in the susceptibility and the neutron mea­
surements suggest the transformation from triangular 
into collinear structure to be of first order. Accordingly, 
the lattice parameter shows a discontinuous change 
at the transition temperature Tt as seen in Fig. 6, 
where the temperature dependence of the lattice param­
eter is given from x-ray diffraction measurements for 
typical alloys with various values of x and y. The 
magnitude of this discontinuity depends on concen­
tration. In the transition range, two discrete values of 
the lattice parameter, indicating the coexistence of the 
triangular and collinear phases, can be observed. At 
Tt the lattice parameter of the collinear phase has the 
same value, measured as 3.873±0.003 A, for all con­
centrations. This value seems to be critical. Below the 
Neel temperatures an anomaly in the thermal expansion 

TABLE V. Values of | Fhki |2 for models in the CuAu-I-type 
lattice. #Mn, &Pt are the nuclear and >̂Mn, ^Pt the magnetic scatter­
ing amplitudes. 

Model h, k, I unmixed 
h, k, I mixed 

h-k=2n h-k = 2n+l 

25 G. E. Bacon, I. W. Dunmur, J. H. Smith, and R. Street, 
Proc. Roy. Soc. (London) A241, 223 (1957). 

I I 
III 
IV 

4(&Mn-f-&Pt)2 

M&Mn+M2 

4(&Mn4-Z>Pt)2 

Hbun-bpt)2 

4(*>Mn-&Pt)2 

4(&Mn-/>Pt) 2 

4Mn2 

MpMn2+pPt2) 
4(^Mn2+M2) 
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TABLE VI. Lattice parameters a and c, magnetic moment MMn, and its angle <f>c to axis c, as measured at room temperature, and the 
values of the transition temperature Ts and the Neel temperature TN in the Mni+xPti_a. system. 

* 

- 0 . 1 8 
- 0 . 1 0 
- 0 . 0 4 

0 
0.04 
0.13 
0.24 
0.28 
0.32 

fl(A)" 

3.96 
3.97 
3.99 
4.00 
3.99 
3.97 
3.93 
3.93 
3.91 

c{k) 

3.73 
3.73 
3.67 
3.67 
3.67 
3.71 
3.73 
3.74 
3.75 

c/a 

0.943 
0.940 
0.920 
0.918 
0.920 
0.935 
0.950 
0.952 
0.960 

MMn ( M B ) 

4 . 3 ± 0 . 3 
4 .2±0 .2 
4 .2±0 .2 
4 .3±0 .2 
4 .2±0 .2 
3 .9±0.2 
3.5=b0.2 
3 .5±0 .3 
3 .6±0.2 

0c (°) 

90 
90 
90 
0 
0 
0 

90 
90 
90 

T8 (°K) 

. . . 

. . . 
< 5 

~715 
—785 

—175 
. . . 
. . . 

TN (°K) 

815±10 
905±20 
955±10 
975±10 
885±20 
695±20 
500±10 
490±10 
485±10 

is observed: The slope of the lattice parameter curve 
is seen to decrease below TV for the collinear phase and 
to increase below TV for the triangular phase, with 
respect to the paramagnetic state. The magnitude of 
this anomaly depends on concentration, decreasing 
with increasing values of x, y, and z. 

The latent heat of the triangular-collinear transfor­
mation was found by Vincze26 to be 1.7±0.2 cal/g for 
Mn3Pt. 

2. MnPt Phase 

The temperature dependence of the magnetic suscep­
tibility in the 300-1100°K interval is shown in Fig. 7 
for some typical alloys. The susceptibility exhibits 
characteristic antiferromagnetic variation with a break 
occurring at temperatures depending on concentration. 
Thermal hysteresis could not be observed; the suscep­
tibility has low values even at liquid-nitrogen temper­
ature. 

The neutron diffraction patterns at room temper­
ature consist of reflections which can be indexed in the 
C-centered Bravais cell of the CuAu-I structure. Thus, 

X—0.18__ 7 

|T|T |TN | 6 

300 500 700 900 1100 
TEMPERATURE (°K) 

FIG. 7. Temperature dependence of the magnetic susceptibility 
for various alloys in the Mni+sPti-* system. The values of TN 
marked in the figure were obtained by neutron diffraction. 

2 6 1 . Vincze (private communication). 

to determine the magnetic structure, the structure 
factors have to be calculated for the models given in 
Fig. 2. According to the susceptibility results only the 
antiferromagnetic models II-IV have to be taken into 
account. The values of | Fhki |2 are given in Table V 
for x=0 in the Mni+JPti-s system, while those of 
(qhki2) can be obtained from Eq. (4). In cases of x?^0, 
the amplitudes have to be substituted for by an average 
corresponding to the actual concentration. As seen, 
the nuclear and magnetic reflections appear separately. 
The structure factors for models III and IV coincide 
and are different from those for model II only in the 
values of {qnu?) when the Pt atoms have no moment. 
Good agreement can be obtained between the neutron 
intensities calculated and measured at room temper­
ature by taking the values of /*Mn and <pc as listed in 
Table VI and by assuming /zpt^O. The values of fXMn at 
liquid-helium temperature are, within the experimental 
accuracy, the same as those in Table VI. <pc=0° corre­
sponds to model II and <pc=90° to models III and 
IV, between which it is not possible to decide by powder 
diffraction methods. For samples with x>0 the anti­
ferromagnetic ordering of the excess Mn atoms in the 
sublattice of Pt is possible if <pc=90°. In this case these 
Mn atoms contribute to the coherent magnetic scat­
tering, too; thus jUMn may be somewhat lower than the 
values in Table VI, i.e., /zMn= (3.4=1=0.2) MB, (3.4=1= 
0.3)nB, and (3.5=1=0.2)pB for #=0.24, 0.28, and 0.32, 
respectively. It cannot be decided, within the experi­
mental accuracy, whether the excess Mn atoms are 
magnetically ordered or not. 

On increasing the temperature, the neutron intensi­
ties reveal a transformation of structure II into struc­
ture III in two narrow concentration ranges near x=0 
and 0.24. Between these two ranges the alloys have 
structure II, while, in any other range, structure III 
prevails from 5°K up to the Neel temperature. The 
transformation can be easily followed up by measuring 
the temperature variation of the (100) and (101) 
magnetic reflections, since during the transformation 
(qioo2) changes from 1.00 to 0.50, while (qm2) changes 
from 0.48 to 0.77, altering the integrated intensity ratio 
/100//101 from 4 to 1. This is illustrated in Fig. 8 for x= 0. 
The transformation takes place in a wide temperature 



582 K R E N , K A D A R , P A L , S O L Y O M , S Z A B O , A N D T A R N O C Z I 171 

% 2001 

100 

(100) 

\ 

\ 

(c) 

(101) 

300 500 700 900 
TEMPERATURE (°K) 

200 

100 

0 

200 

100 

0 . 

MnPt 

A T-803°K A 

(100)1) !|(001) (110)1) I)(101) 

£ 15 20 25 
"~ SCATTERING ANGLE, 2& 

FIG. 8. Neutron diffraction results for MnPt. (a) Pattern at 
293°K. (b) Pattern at 803°K. (c) Temperature dependence of the 
(100) and (101) peak intensities. 

range, the center of which is taken to be the transition 
temperature Ts. No thermal hysteresis can be observed. 
The temperature dependence of the (100) reflection 
is given for various alloys in Fig. 9; the values of Ts 

and TV, as obtained from these curves, are included in 
Table VI. The simultaneous investigation of the nuclear 
intensities showed no change in the atomic ordering 
in the temperature interval involved. The susceptibility 
curves of Fig. 7 show the break at temperatures corre­
sponding to the Neel temperature but do not exhibit 
any anomaly at T$. 

The temperature dependence of the lattice param­
eters was measured by x-ray diffraction and is given for 

600 800 1000 

TEMPERATURE (°K) 

x=0 in Fig. 10. Below the Neel temperature a well 
apparent anomaly can be seen. The magnitude of this 
anomaly decreases with deviation from the stoichio-
metry. The magnetic-structure transformation does 
not affect the lattice parameters. 

3. MnPt3 Phase 

The M n i + s P t ^ system has a simple ferromagnetic 
structure; the values of the magnetic moment on the 
Mn and Pt atoms were determined by Pickart and 
Nathans7 for x=Q. 

The values of the Curie point Tc, as determined 
from the temperature dependence of the magnetization, 
are given in Table VII for various values of x. Above 
Tc the susceptibility obeys the Curie-Weiss law. 

The temperature dependence of the lattice parameter 
does not show any anomaly below Tc. 

c/a 

0.92 

0.90| 

a(A) 

4081 

400 

c/a 

- * • * • * 

c(Jt) 
3.68 

3 M 

3.60 

FIG. 9. Temperature dependence of the (100) peak intensity for 
various alloys in the Mni+a;Pti_x system. 

300 500 700 900 1100 
TEMPERATURE (°K) 

FIG. 10. Temperature dependence of the lattice parameters 
a and c in MnPt. 

V. DISCUSSION 

1. Magnetic Structures 

In our earlier reports15-17 the combination of models 
F and G was suggested for the magnetic structure of 
Mn3Pt above Tt in order to account qualitatively for 
the (101), (111), and (103) reflections observed but 
then not measurable to appropriate accuracy. The 
improved experimental conditions and the study of 
other compositions led to the refinement of the struc­
ture, which turned out to be model F. The slight second­
ary ordering in the stoichiometric alloy, resulting in 
the weak (111) reflection, may be attributed to the 
effect of Mn atoms on the Pt sites due to a small 
atomic disorder. This effect is expected to be more 
significant when x>0 but this could not be verified 
because of the closeness of Tt and TV in these samples. 

The magnetic structure established for Mn3Rh is in 
agreement with the result of Kouvel and Kasper3 but 
that for Mn3Pt is inconsistent with the structures 
given by Sidhu et al? This discrepancy can be explained 
by their using a sample with x<0 in which the AF-AF 
transformation takes place near room temperature. 
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Though aware of the coexistence of two structures, 
the authors did not determine them correctly and 
failed to recognize their transformation into each 
other. 

The magnetic structures obtained at room temper­
ature or the Mni+zPti-a; alloys are in agreement with 
the results of Andersen et a/.5-6 The structure is unam­
biguous only when <pc=0°, while in the case of ^ c = 
90° there are uncertainties about the existence of 
moments on the P t sublattice and the direction of the 
moments in the basal plane. 

The MnPt3 phase has a simple ferromagnetic struc­
ture, in agreement with the earlier investigations.7 

The direction of the magnetic moments with respect 
to the crystallographic axes cannot be determined from 
powder diffraction measurements. 

The value of the magnetic moment on the Mn atoms 
in the Mn3Pt phase is not affected by the composition 
within the experimental accuracy. The values of the 
magnetic moment in the MnPt phase are consistent 
with those in other Mn alloys of similar type27 and are 
a little higher than those in the Mn3Pt phase. A decrease 
in the magnetic moment with increasing values of x 

TABLE VII. Lattice parameter a at room temperature and the 
ferromagnetic Curie point TQ for samples in the Mni+a;Pti_a; system. 

a(k) To (°K) 

0.14 
0.06 
0.20 

3.900 
3.899 
3.895 

335±20 
425±15 
540±15 

in the Mni+zPti-s system is observed, which may be 
attributed to the effect of inter sublattice Mn-Mn 
interactions existing in alloys with x> 0. 

The susceptibility in the Mn3Pt phase behaves 
unusually. No maximum can be observed at the TV 
of the collinear-paramagnetic transformation, though 
it appears in the triangular-paramagnetic transfor­
mation. Above the Neel temperature the susceptibility 
does not obey the Curie-Weiss law. The anomalous 
behavior of the susceptibility in the collinear phase may, 
perhaps, be attributed to the presence of magnetically 
disordered Mn atoms. 

In the MnPt phase our susceptibility results are 
consistent with the Neel temperatures obtained from 
neutron diffraction but are inconsistent with the 
reported magnetic data.4-6 The observed ferromag-
netism in these earlier studies may be attributed to 
impurities, probably the ferromagnetic Mn2Pt20 of 
cubic Fe4N type, the formation of which, in the presence 
of air, was observed by Yokoyama and Wuttig.28 The 
similar effect of impurities was observed in other Mn 
alloys of similar type.27 

27 L. Pal, E. Kren, G. Kadar, P. Szabo, and T. Tarnoczi, J. 
Appl. Phys. 39, 538 (1968). 

28 T. Yokoyama and M. Wuttig, Z. Metallk. 54, 308 (1963). 
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FIG. 11. Magnetic phase diagram of the Mn-Pt system. The 
letters denoting the stability regions of the various magnetic 
structures refer to the models of Figs. 1 and 2. 

The stability regions of the various magnetic struc­
tures can be seen in Figs. 11 and 12, where the magnetic 
phase diagrams, constructed from the measured 
transition-temperature data, are shown for the systems 
Mn-P t and MnsPti^Rhj,. For completeness, the Neel 
temperatures of the disordered face-centered cubic 
solid solutions19 and pure 7-Mn25 are also included. 

2. Interpretation of the Phase Diagrams 

a. Mn%Pt Region 

The anomalous thermal expansion occurring below 
the Neel temperatures (Fig. 6) indicates exchange 
interactions dependent on the atomic distances. The 
increased thermal expansion below TV of the triangular 
phase suggests that the exchange energy decreases with 
decreasing interatomic separation, indicating an effec­
tive interaction 7eff> the absolute value of which 
increases with decreasing interatomic separation. The 
opposite anomaly below TV of the collinear phase 
implies a | /eff | increasing with increasing interatomic 
separation. Considering the magnetic structures, it 
can be assumed that the effective interaction is com­
posed of the nearest-neighbor J\ and the next-nearest-
neighbor J2 Mn-Mn interactions. 

1000 

< 
.cc 

5001 

FIG. 12. Magnetic phase diagram of the Mn3Pti_yRhy system. 
The letters denoting the stability regions of the various magnetic 
structures refer to the models of Fig. 1. 
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FIG. 13. Theoretical phase diagram in the molecular-field ap­
proximation for the Mn3Pt region. A, B, C, D, and F refer to the 
structures of Fig. 1, while K denotes a collinear antiferromagnetic 
structure with eightfold magnetic unit cell. Figure (a) shows the 
magnetic interactions located on a Bethe-Slater-type qualitative 
curve. 

Assuming nearest-neighbor and next-nearest-neigh­
bor interactions, the magnetic phase diagram can be 
calculated in the molecular-field approximation using 
the method of Tahir-Kheli et al.29 The results for the 
Mn-jPt lattice are given in Fig. 13. All possible struc­
tures with single, double, fourfold, and eightfold unit 
cells, which are allowed by the symmetry to arise from 
the paramagnetic phase in a single second-order phase 
transformation, were taken into account. The stability 
regions of the respective structures are denoted by 
letters referring to the models in Fig. 1. The regions of 
B, C, and D coincide; structure K, not shown in Fig. 1, 
is collinear antiferromagnetic with an eightfold unit cell. 

The molecular-field phase diagram yields for the 
sign of the interactions in the triangular (structure D) 
and collinear (structure F) phases / i < 0 , J 2 > 0 and 
Ji<0, / 2 < 0 , respectively. The anomalous thermal 
expansion can be interpreted, if we locate these inter­
actions, as shown in Fig. 13(a), on a Bethe-Slater type 
qualitative curve,14 where the strength of the inter­
action is plotted against the ratio of the interatomic 
distance R to the 3d shell radius r. On increasing R 
in the triangular phase, both | J\ | and | J2 |, and 
thereby | Jeu |, decrease in accordance with the obser­
vations. In the collinear phase | / i | decreases while 
| J21 increases with increasing R; thus | J21 must be 
varying more strongly with R than \ Ji\ to get the 
increase in | Jeu | observed experimentally. 

The molecular-field phase diagram manifests the 
characteristic features of the experimental data. Points 
I -IV in Fig. 13 represent different values of the ratio 
J2/ I /11 in the triangular phase at 0°K. The increase 
in the temperature results in a displacement of these 
points along lines like 1-4, assuming the above depend­
ence of J\ and J2 on the interatomic distances and a 
stronger variation of J2* The magnetic transformations 

29 R. A. Tahir-Kheli, H. B. Cailen, and H. Jarrett, J. Phys. 
Chem. Solids 27, 23 (1966). 

take place where these lines intersect the phase bound­
aries. The transformation from the triangular into 
the collinear structure (D—»F) occurs when 72=0, 
which happens at a critical value of the lattice param­
eter, found experimentally as 3.873±0.003 A for the 
collinear phase. The theoretical phase diagram yields 
kT/J1S(S+l) = ~S/3 for the triple point P where 
T—TN^TN—TI. Taking the value of T from the 
experimental phase diagrams of Figs. 11 and 12 as 
r = 5 1 0 ± 1 0 ° K and taking S = § , the value of Jx can 
be evaluated for Mn atoms, which are d= 3.873/v2= 
2.74 A apart, as / i = - 5 1 ° K . 

The transformations in stoichiometric Mn3Pt can be 
represented by a line similar to 3 in Fig. 13. On sub­
stituting Mn or Rh for Pt, i.e., on increasing concen­
trations x or y, a shift from point I I I towards I takes 
place at 0°K as a result of the contraction of the lattice 
due to the smaller atomic radii of the substitutes (see 
lattice-parameter values in Tables I and II) . Thus, the 
concentration dependence of each of the transition 
temperatures obtained from the theoretical phase 
diagram is in qualitative agreement with the experi­
mental observations. There seems to be an inconsistency 
between the experiments and the molecular-field model 
when we substitute Fe for Mn. Considering the room-
temperature data of Table I I I , which show an increase 
in the lattice parameter with increasing z, a shift from 
point I I I towards IV, i.e., a simultaneous decrease in 
Tti would be expected in contrast with observation. 
However, the values of the lattice parameter at room 
temperature do not characterize the alloys since they 
are affected by the coefficient of and by the anomaly in 
the thermal expansion, both dependent on concentra­
tion. Thus, e.g., the data in Table I I I obtained by 
extrapolation from the paramagnetic state show an 
irregular sequence of the lattice parameter. The 
extrapolated values of the lattice parameter are given 
in Tables I and I I and Fig. 6, too. Comparing the lattice 
parameters for 3=0.4 and x— —0.07 with the same Pt 
concentration, it can be inferred that the substitution 
of Fe for Mn causes a contraction of the lattice, and 
thus an increase in Tt, as observed. 

The measure of the discontinuity in the lattice param­
eter at Tt depends on the composition, varying from 
Aa/a=8.0X10- 3 for y=0 to 1.5X10~3 for y = 0 . 1 . 
This variation can be interpreted qualitatively by the 
schematic drawing inserted in Fig. 6. As the temper­
ature decreases, the lattice parameter jumps, at Th 

from the curve of the collinear phase to that of the 
triangular phase. The distance between the two curves, 
i.e., the extent of the jump, decreases with increasing 
concentrations x and y, since it is determined by the 
spacing of Tt and TV and by the magnitude of the 
anomalous thermal expansion, both decreasing with 
increasing concentrations x and y. The curves for the 
triangular phase in Fig. 6 are drawn by arbitrary dashed 
lines as far as the values of 2 V estimated from the 



171 M A G N E T I C S T R U C T U R E S AND E X C H A N G E I N T E R A C T I O N S 585 

phase diagrams of Figs. 11 and 12. These curves repre­
sent the temperature dependence of the lattice param­
eter for the triangular phase, assuming no AF-AF 
transformation to occur. 

b. MnPt Region 

The anomalous thermal expansion below the Neel 
temperature (Fig. 10) can be explained by the same 
interatomic-distance-dependent interactions which we 
have assumed in the triangular phase of Mn3Pt. 

The lattice parameter a, i.e., the distance between 
the nearest-neighbor Mn atoms, is at a maximum at 
the stoichiometric concentration; therefore a minimum 
in TV might be expected, considering the decrease in 
| J\ | with increasing interatomic distance. The values 
of TV, however, show a maximum at x— 0. The decrease 
in TV for x<0 may be regarded as a dilution effect in 
the Mn sublattice, while the stronger decrease for x>0 
may be attributed to the inter sublattice Mn-Mn inter­
actions which affect the value of the magnetic moment 
too. 

The structure transformation associated with the 
turn of the magnetic moments with respect to the 
tetragonal axis reflects a change in the magnetic 
anisotropy. In contrast with the similar Morin-tran-
sition in rhombohedral a-Fe203,

3° the wide temperature 
range of the transition, the lack of a discontinuity in 
the lattice parameter, and the absence of thermal 
hysteresis seem to render it questionable whether this 
transformation is of first order. 

Considering the onset of the transformation in two 
separate ranges of concentration and the existence of 
extreme values of the lattice parameters at the stoi­
chiometric concentration, observed by Brun et al.A 

and confirmed by the present study, a direct relation 
of the anisotropy energy to the lattice dimensions might 
be supposed. This would mean the assumption of critical 
values of the lattice parameters at which the anisotropy 
energy changes sign. This idea is, however, contra­
dicted by the experimental data, showing such different 
values of the lattice parameters at T8 as a— 4.03 L 
c=3.67 A, and c/a= 0.911 for #=0 and a==3.93 A, 
c=3.74 A, and c/a= 0.951 for x=0.24. Furthermore, 
this assumption would result in a concentration depen­
dence of the transition temperature Ts different from 
that observed. The present measurements do not 
permit any explanation of the transformation; for 

30 C. G. Shull, W. A. Strauser, and E. O. Wollan, Phys. Rev. 83, 
333 (1951). 

more information, single-crystal investigations would 
be needed. 

c. MnPtz Region 

No anomaly in the thermal expansion can be observed 
within the experimental accuracy. The variation of the 
Curie temperature with composition, however, indicates 
a next-nearest-neighbor ferromagnetic interaction J^ 
near to \ Ji\ of the triangular Mn3Pt phase on the 
Bethe-Slater-type curve [Fig. 13(a)]. On increasing 
concentration x in the Mn14.JPt3._a; system, the lattice 
parameter decreases (Table VII), resulting in an in­
crease in J2 and, consequently, in TV. This effect is 
weakened by the presence of the nearest-neighbor 
Mn-Mn interaction when x>0 and is strengthened by 
the dilution of the Mn sublattice when x<0; thus the 
variation of Tc is not linear. 

In the MnPt3 region J2> 0, in spite of the fact that 
the lattice parameter is greater than ^critical, where 
J2 changes sign in Mn3Pt. This can be explained by 
assuming that the 3d shell radius r is smaller in Mn3Pt 
than in MnPt3. 

The existence of localized moment on the Pt atoms 
is an evidence of ferromagnetic nearest-neighbor Mn­
Pt interaction in the MnPt3 phase. 

VI. CONCLUSIONS 

(1) The simple antiferromagnetic and ferromag­
netic structures, established in the ordered phases of 
the Mn-Pt system, are produced by the nearest-
neighbor and next-nearest-neighbor Mn-Mn inter­
actions, which are sensitive to the interatomic distances. 
Ji is negative while 72 is positive or negative, depend­
ing on the interatomic separation. 

(2) The triangular and collinear structures of the 
Mn3Pt phase undergo a first-order transformation into 
each other at a critical value of the lattice parameter 
at which J\ changes sign. At the transition temper­
ature it was found that | J\ | = 51°K. Both the triangular 
and collinear structures are slightly modified in samples. 
with higher than stoichiometric Mn concentration. 

(3) A magnetic transformation, reflecting a change 
in the anisotropy energy, occurs in the MnPt phase. 
A direct relation of the anisotropy energy to the lattice 
dimensions could not be established. 
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