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I . INTRODUCTION 

Experimental work up to date indicates that KMnF 3 undergoes 
a series of structural and magnetic phase transitions. At room 
temperature KMnF3 is a paramagnet with the cubic, perovskite 
structure; the space group is Pm3m(O~). At T = 186,6K it 
undergoes the structural phase trans1tion to the tetragonal 
structure olg (14/mcm)111 and at T = 91.5K another structural 
phase transition occurs to the tetragonal structure D~h 
(P 4/mbm) /2/. At T = 88. SK KMnF3 becomes antiferromagnetic 
with the sublattice magnetization parallel to the z-axis, and 
around the Curie temperature Tc = 81. SK another magnetic phase 
transition takes place to the weak ferromagnetic phase in the 
plane perpendicular to the z -axis 131• 

The mutual interrelation of the magnetic and structural 
phase transitions is evident. For instance, weak ferromagnetism 
is not possible in the crystal with the cubic symmetry. Although 
the nature of this correlation has not yet been clarified. 

The phenomenological approach to this problem is presented 
hy Tzynmnv et al / 41 . however these authors investigate the 
influence of the first structural phase transition only on the 
magnetic one. 

The microscopic model describing a complete sequence of 
the phase transitions observed in KMnF 3 is presented in 15"81• 

The purpose of this paper is to re-examine the problem con
cerning the relation between both of the structural and magne
tic phase transitions on the basis of the Landau theory. 

The paper is organized as follows. In Sec.2 we construct 
the Landau free-energy functional for the crystal. In Sec.3 
we shall discuss the occurrence and stability of the structural 
and magnetic phases. Further we compare some results of this 
paper with those obtained in /6·81 • 

2. FREE-ENERGY FUNCTIONAL 

A d . . k" . 1 111 d H"d k 121 h ccor 1ng to M1n 1ew1cz et a . an 1 a a t e structu-
ral phase transitions exhibited by KMnF3 at 186.6K and 91.5K 
are mainly due to rotations of the Mn-F octahedra. The former 
phase transition is accompanied by a softening and the conden
sation of the M2+ lattice mode (troughout this paper, the ir
reducible representations will be labelled in accordance 
with 191 , and a K-site was used as the origin). 
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The atomic displacements are schematically illustrated in 
Fig. I: (a) shows one component of R5- and (b) M2+ representation. 
The transition at 186. 6K brings the F -ions to the positions 
shown by the arrows. The resulting tiltings of the neighbouring 
octahedra have the same magnitude but are in the opposite 
direction. In the case of the lower structural transition the 
tiltings of the octahedra appear in the same direction around 
the z -axis. 

a) b) 

Fig. I. Directions of shifts 
of F -ions on MnFe octa
hedra: a) a component of REI
mode b) Mzt -mode. 

Fig.2. Spin arrangement in 
the antiferromagnetic re
gion. 

The magnetic structure below the transition temperature 
TN =88K is of the 0 -type and is schematically presented in 
Fig.2. It belongs to the three-dimensional irreducible repre
sentation R5- of the Pm3m group. 

Examining all possible second- and fourth-order invariants, 
which may be constructed with the use of the basis functions 
of the above representations, we obtain the following Landau 
free-energy functional 

8 8 
F = F0 +a 1 (I. r~) + {3 1 ( I. r~)+y 1 ( I. r~rJ2 ) + 

1=1 1•1 1"j 

3 3 
+ a2 ( I. m ~) + {32 ( I. m ~) + y 2 ( I. m21 m J2) + 

1-=1 1=1 1"j (I) 

3 2 s 4 2 2 
+a 8 ( I. 8 1 ) +{3 8 ( I. 8 1 ) + y

8
( I. 8 1 8j) + 

1 .. 1 1=1 1~j 

8 3 3 
+ A 1 ( I. r1

2)( I. m~) +A (I. r~m~) 
1•1 1=1 2 1=1 

' ~ . -
oj I ~· 

3 



3 3 2 3 2 3 
+ B 1 ( I. r 1

2 )( I. s 1 ) + B2 . I. (r 1 s 1 ) + B3 ( I. r ~ s ~ ) + 
1=1 1=1 1=1 1=1 

3 2 3 2 3 22 +Cl(I. si)(I. mi) +C2(.I. simi). 
1=1 1=1 1=1 

The n =3 vector structural and magnetic order parameters 
(r1,r

2
,r

3
), (m 1,m 2,m 3 ), (s 1,s 2,s 3) transform according 

to the R5-, M2+, R5- representations, respectively. 
It is assumed that only temperature dependent coefficients 

are a1 , a2, a
8 

and 

a 1 =af(T-T~); a 2 =a~{T-T~); a 8 =a~{T-TN ), 

where T~, TM, TN are respectively the critical temperatures 
of (r1,r2,r3 ). (m 1,m2 ,m 3 ) and (sl's2 ,s 3 ) separately. 

3. THERMODYNAMICAL BEHAVIOUR AND STABILITY OF POSSIBLE PHASES 

In this section we shall discuss the critical behaviour 
of KMnF3 in the Landau-theory ap)lroximation. 

According to experimental data 1' 31 , we shall restrict our 
consideration to the phases which are characterized by the 
following values of the n =9 component order parameter 

l(r1,r2 • ra)• (m1,m2,m a), (~1' s2' sa )I: 

R: I 0, 0, r 
3
).. (0, 0, 0), (0, 0,0)! ; R- M: I (0, 0, r 

3
), • (0, 0, m 

3
), (0, 0, 0)1 ; 

R-M-8 
3

: 1(0,0, r
3

), (O,O,m
3

), ( O,O,s
3 

)I; R-M-81: {(O,O,r
3

), (O,O,m
3
), (s1,0,0)I. 

Let us consider the stability conditions and values of the 
order parameters for the above-mentioned phases. R-phase: An 
algebraic discussion of the minima of the potential (I) shows 
that the R-phase is stable if the following conditions are 
fulfilled 

a 1 < 0' 

Y1 /2{3 1 > 1, 

a 2 + Ar~ > 0, 

2 a2 + ~ r 3 > 0, 

2 
a 

8 
+ B

1 
r 

3
> 0, 

a
8

+Br:>O, 

where A= A 1+ A2 and B = B1 + B2+ B.J.The 
structural order parameter is 
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(2a) 

(2b) 

(2c) 

(2d) 

(2e) 

(2f) 

corresponding value of the 

• 

2 a1 
r3=---· 

2{31 

R-M phase: The stability of R-M phase requires 

a1 +y1 r:+A1 m: > 0, 

f3t > 0 • 

4{31{32- A2 > 0' 

a 2 + y2 m~ +A 1ri> 0, 

a 8 + B1 r ~ + C1 m ~ > 0, 

a 8 +Br:+Cm~>O; C=C 1 +C 2 

and the 

2 
r 3 

m2 -
3 -

order parameter 
-2a1 f3 2 + Aa2 

4{31{32- A2 
-2a2 {31 + Aa1 

4{31{32 -A2 

of this phase is 

(3) 

(4a) 
(4b) 

(4c) 

(4d) 

(4e) 

(4f) 

(Sa) 

(Sb) 

R-M-83 phase: As has been mentioned above, at TNKMnF 3 un
dergoes a transition to an antiferromagnetic phase with the 
~"h1~rrirP m~~nPri?.~tion along z -axis. The examination of the 
minimum of the form (I) shows that 

2 
(6a) r: = [-a1 (4~{3 8 -C ) -a 2(BC-2Af3 8 ) -a8 (AC-2B{32)]/\\M\\, 

m~ = [-a 1 (BC- 2Af3 8 )- a 2 (4{3 1{3 8 - 8 2) -a8 {AB- 2C{3 1)]/\\ M\\, 
(6b) 

s: = [-a1 (AC -2B~) -a 2(AB-2C{31 ) -a
8

(4{31{3
8
-A2)]/\\M\\, (6c) 

where 

\\M\\ = 8{31{32{3 8 -2A2{3 8 -2C 2{31-2B 2{32 +2ABC 

and stability conditions read 

liM\\> 0, 

{31 > 0' 

4{31{32- A2 > 0' 

a 1 + y 1 r! + A 1 m2
8 + B1 s: > 0 , 

a 2 + y 2 mi + A 1 r : + C 1 s: > 0 , 

(7) 

(Sa) 

(8b) 

(Be) 

(8d) 

(Be) 
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a 8 + y s s ~ + 81 r: + 01 m~ > 0. (Sf) 

R-M-81 -phase: At T 0 = 81.SK another phase transition to the 
magnetically ordered phase is observed. In this new phase the 
magnetic moments are directed along the x (or y )-axis. Simi
larly as for R-M-83 -phase, we obtain 

r~ = [...a 1 (4{32{3
8

- 0~) - a 2(810 1 -2Af3 
8
)-a

8
(A0 1 -281{32)]/IIM111. (9a) 

m~ =[...a 1 (B1 0 1 - 2A{3
8
)- a 2(4{3 1{3

8 
- B[} - a

8 
( AB1 -201 {31 )]/II~ II, (9b) 

s ~ = [...a 1 (A0 1 -2~ {32)-~ (AB 1- 20 1{3 1)- as (4{31{32 - A
2

)]/ liM 111, (9c) 

where 
2 2 2 8 IIM 111 =8f31{32 {3s-2A {3

8 
-201 {3 1 -281{3 2 +2A 10 1 . (tO) 

Comparing the free energies of the neighbouring phases we ob
tain the following expressions for the critical temperatures 

T R = T~ , 

TM = TM + 

TN= TN+ 

(Ita) 
Aa 0 

1 (To -To ) 
A o 2{3 o R M' al- la2 

(lib) 

[a 01 (AO- 28{32)(T~- TN)+a ~ (A8-20{3 1)(TM- TN)] 

[a~ (AO- 2B{32 ) +a~ (A8-20{31) +a~ (4{3~ {3 2- A2 )] (II c) 

The tra~sition temperature Tc can be found from the condition 

[a 2(.1o 2 -2R {3) + a 2(.!..82-2{3 f3) +a 2 (.!..A2 -2{3 {3 ) + 
12 "'1!s 22 1s 82 12 

+ a 1as (28{3 2 - AO) + a 1a 2 (2Af38 - 80) +a 2a 8(20{3 1 - A8}]/ II Mil = 

(12) 

=[a21(;0~-2{32{38) +a~(i B~-2{31{38)+a:(;A2-2{31{38) + 

+a 1as (28 1{32 - A0 1 ) + a 1 a 2 (2A{3 8 - ~0 1 ) +a2a
8

(20 1{3 1-AB1)]/IIM 111. 

One can easily check that the squares of the order parameters 
r~ , mj, sj vanish for the temperatures TR, TM, TN, respecti
vely. So, the transitions to the R-M- and R-M-8 3 -phases are 
of the second order. 

On the other hand, from the condition (12) it follows that 
at T = T c the order parameter s1 is nonvanishing, hence this 
transition is of the first order. 

The temperature dependence of the structural order parame
ters r 3 and m3 is schematically presented in Fig.3 (a,b). 
For TM< T < TR (the phase R) we have 
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i} 

) 

2 a!(T-T~) 
r 3 (T) = - --"--=-- (13) 

2{31 

In the region TN<T<TM(the R-M-phase) 
2aof3 -Aao Aao 

r 2 (T) = 1 2 2 [To + 2 (To _ To ) _ T] 
3 4{31{32- A2 R 2af {32- Aao2 R M ' 

(14a) 

2ao {3 Aao Aao 
m2 (T) = 2 1- 1 [To + 1 (To _To)- T] • 

3 4{3 f3 - A2 M Aao-2{3 ao R M (14b) 
1 2 1 1 2 

Similarly as for the R- M-phase, we have for T 0 < T < TN 
1 ' r: {T) = r[T~ + ;jjMj'j"(a ~ (80- 2Af3s )(TM- ~)+a~ (A0-28{32)(T~- T~))-T], 

(!Sa) 

m:(T)= m[TM+ ml ~M II (a~ (BO- 2Af3 JCT~-TM) +a~ (AB-20{3 1)(~-T~)-T], 
where 

(ISb) 

r = [af (4{32{3 8 - 0
2

) +a; (80- 2A{38 ) +a~ (AO- 2B{32)]/ IIMII, 

m.,[a~(B0-2A{3 8 ) + a~(4{3 1 {3 8 - B 2 ) +a~(AB -20{3
1
)]/IIMII. 

(16a) 

(16b) 

It should be also noted, that the comparison of the stabi
lity condition of the R- and R-M-phases at the temperature 
TM yields the additional condition 

A 2 < 0. ( 17) 

Besides, if we compare the stability conditions of the R-M-8 3 
and R- M- S cphases with those for the R-M -phase (Eqs. (4e, f)), 
we find that for the R-M-Sg-phase 

(B - B 1 ) r ~ + (0 - 0 1) m ~ < 0 ( 18a) 

13 

Tc TN TM TRT 

and for the R-M-Scphase 

(B- B 1)r~+ (0 -0 1)m~> 0. (18b) 

So, one can see that for 
(B-8 1)<0 and (0-01)>0 the in
crease in the m3 order parame
ter, caused by the temperature, 
makes the transition to the 
R- M-S 1 -phase more easy. At this 

Fig.3. A schematic temperature 
dependence of the structural 
order parameters. 
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. h 11 . 1 141 • • po1nt we s a note that accord1ng to Izyumov et a . , 1t 1s 
enough to account for the R-point phase transition alone to 
obtain the proper sequence of magnetic phase transitions. 
Our results indicate that the influence of the M -point phase 
transition is also important. 

Secondly, the supposed by these authors the Dzialoshinskii
Moriya mechanism must have the smaller effect on the phase 
transition to the weak-ferromagnetic phase because Mn 2+- is 
in the S -state. 

Now we shall present the phase diagrams obtained for our 
model. We confine ourselves to the first two structural tran
sitions only. The phase diagrams for a full sequence of phase 
transitions discussed above are quite complicated and will not 
be discussed here. 

In order to analyze the phase diagrams, it is convenient 
to define, as it has been done in 1101, some additional parameters: 

I) The ratio of the free-energy densities of the separate 
order parameters at T=O, r = FR(O)/FM(O), where 

(To o )2 

b) 

Am I' --- ,-----, 'R ' I 
t --
\ rc: d'W J T.f 

-~) 
T AecrJ 

lRTt1 
R-H 

0 

8 

F (O) = R,t.rl1,2 
R,M flt,2 

(19) 

2) The strength of the coup
ling A=A1 +A2 , a convenient 
measure for which is A/A 0 ,Ac 
being equal to 2y {3 1 {3 2 . We shall 
--""-- -- ~- /10/ +-~ +-1-.~ 
~ .............. .L' ......... .a........ ' _.... _ ... ._. 

coupling as weak or strong ac
cording to whether A/Ac<l or 
A/Ac>l,respectively. First, 
consider the case ~ > T 0 

• 

a) F~ (0) > FM (0) ~se~ t.pig.4a). 
For T>TR the system is in dis
ordered state (para-phase). For 
T just below TJi the R -phase 
appears. It exists until the 

Fig.4. Phase diagrams in tne 
A-T-plane for: a) FR(O) > Fy(O), 
T R > T M ' b) F R (0) < F y(O), 
1\ > TM• c) F (0) = .Fy(O) , 
TR. ='JM.The fufl thick lines are 

second-order phase transition 
lines. The broken thick lines 
are limits of stability. The 
T 0(A) line is a first order 
transition line. 
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temperature becomes equal to T R(A) given by the solution of 
equation 

A=2f3ta2/at• (20) 

The low-temperature phase (under the TR(A)-line) is the R-M -
phase. For this case the curve TR(A) is characterized by the 
following relations: 

TR(O) =- TM; TM < TR(-Ac) < T~; TR(Ac/yf) = 0. (21) 

b) FR(O)< FM(O). For T>TR. we deal with the para-phase. For 
T just below~ the situation dependens on the strength of 
coupling. For the weak coupling we have the R-phase up to 
the line given by Eq. (20). Then the R-M-phase appears. When 
the temperature is lowered further, T crosses TM(A) given by 
the equation 

A = 2{32a 1/ a 2 (22) 

and we have M-phase in which m3 has a nonvanishing value. 
For TJA) w.:__ obtain 

TM(Acyf) = 0; TM(A)< TR(A); TM(Ac) =TR(Ac). (23) 

In the case of strong coupling TR(A)and TM(A) are defined by 
the same equations as above. 10(A) is a first-order transition 
line where M replaces R as the absolute minimum. 

c) FR(O)=FM(O), T~=T0 • For T>~Rwe have, as in the pre
vious cases. oara-ohase. for T< ~we have R-M -phase for the 
weak coupling and the phase equilibrium between R or M -ordering 
for the strong coupling. In this case the TR(A) -line coincides 
with Ac(T). 

Finally, we want to compare the above results with those 
obtained on the basis of the microscopic theory 1 7~ In parti
cular, we shall limit ourselves to the discussion of the problem 
which of the possible phases occurs below the M-point. In or
der to do that we have to determine the parameters in the free 
energy expansion (1). It can be shown that they are connected 
with those proposed by Konwent and Plakida 171 by means of 

Y1 =Y2 =f'2; A1=f'2; A2= 3f'1-f'2; {31={32=: 1 1· (24) 

Additionally we have a1-a2. 
Now it is easy to check that for such values of the para

meters the stability conditions for the R-M -phase are not 
fulfilled. Moreover, since these values correspond to our 
c-ease for the strong coupling, the first-order phase transi
tion from the R- toM-phase does not exist. On the other hand; 
the experimental data indicate the existence of the R-M -
phase. The authors of paper 1 71 suggest that the interactions 
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of. the R- and M -modes with the displacements of K -ions could 
provide such phase. This possibility has been studied in the 
other paper 1111 • 
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ITOAOnbcKa-CTpb~apcKa A. El7-82-888 
~eHOMeHonorH~ecKaa TeopHH CTPYKTypHb~ H MarHHTHb~ ~a30Bb~ 
rrepexoAOB a KpHcTanne KMnF3 

UaHo TepMOAHHaMH~ecKoe orrHcaHHe CTPYKTYPHb~ H MarHHTHb~ 
~asoab~ rrepexoAOB a rrepoacKHTHOM KPHCTanne KMnF3 . B ~aCTHOCTH, 
paccMOTPeHo anHHHHe CTPYKTYPHOro ~asoaoro rrepexoAa a TO~Ke M 
Ha rrocneAoaaTenbHOCTh MarHHTHb~ ~asoab~ rrepexoAOB, ITpoBOAHTca 
CpaBHeHHe C pesynbTaTaMH MHKPOCKOITH~eCKOH TeOpHH, 

Pa6oTa BbmonHeHa B ITa6opaTopHH TeopeTH~eCKOH ~H3HKH ORHH. 

npenpHHT 06~eAHHeHHOro HHCTHTYTa RAePH~X HCCfleAOBaHHH. AY6Ha 1982 

Podolska-Strycharska A. E17-82-888 
Phenomenological Theory of the Structural and Magnetic 
Phase Transitions in KMnF3-Crystal 

Thermodynamical description of the structural and magnetic 
phase transitions in the perovskite-type crystal KMnF3 is 
presented. In particular, the influence of the structural 
phase transition at the M-point on the sequence of magnetic 
phase transitions is discussed. The comparison with the re
sults of the microscopic theory is performed. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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