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ABSTRACT: Th� temperatUPe dependence of the unit ceit parameters of the meta­
stable Mn1•11At0•89 alZoy has been investigated by the X-ray diff:raction in
the tempe:ratu:re :range of 20

°
-s1e

0
c.

The strong co:r:relation between the crystalline Zattice and magnetic 
sublattice lA1a8 found, �ith the stl"UCtu:ral phase t:ransition in the viainity of 
the Curie point: 

6V = (0.06 :!: 0.02 Ji3 

Anomalous behaviou:r of the unit ceti pa:rameters, egpecia'Lty of the parameter C, 
is related to the disappeal'anee of the magnetic tong l'ange order along C-azis. 

INTRODUCTION 

The metastable alloy Mn1 •11Al0•89, T-phase<1 ,2) shows ferimagnetic

properties up to 404°c. T-phase of this alloy has a tetragonal unit cell with

dominated position of Mn atoms in (o, o, o) and Al in (1/2, 1/2, 1/2 ) in unit 
cell. Distribution of Mn and Al atoms is defined by the disorder parameter (r) 
in the unit cell, as Mn

1
_rAlr in (o, o, o) and Mn0•1 1 + rA10•89 _ r in

(1/2, 1/2, 1 /2) (3). Magnetic moments of Mn atoms are directed antiparallel into

two mentioned positions along the C-axis.

The data about the position at the Curie temperature at 404 ! 2°c
and about the type of F ---- P transition with B = 0.31 are given in the pa­
per published recently(4) . They show that the temperature dependence of the 
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disorder parameter {r) is strongly correlated with the temperature dependence 
of the magnetisation. 

EXPERIMENT 

In this paper, by the X-ray diffraction, the temperature dependence 
of the unit cell parameters in the range of 22° to 516°c are presented, for 
24 temperature points by heating and 4 by cooling. The measurements have been 
perfonned at the X-ray diffractometer Phillips, type PW 1010 in the high tem­
perature chamber NRC-X86N with X-ray wavelengths of Cr(Ka + K8). The measure­
ments have been done in vacuum (10-4 rrm Hg); the polycrystalline sample
6 x 5 x 0.8 mm was heated by a platinum heater; two additional heaters were 
mounted around the sample to decrease the temperature gradient. Additional 
heaters, platinum sensor and ARTRONIX instrument were used for automatic mein­
taining of the ambient temperature. 

The temperature was measured by the Chromel-Alumel thennocouple wel­
ded on the sample with the precision of 0.5°. From the sample temperature and 
that of the ambient we estimated that the temperature gradient within the sam­
ple is less than 2° at 40o0c. 

The temperature dependence at the position of diffraction peaks (101), 
(110) and (200) with CrKa and (110) with CrKS were measured.

RESULTS AND DISCUSSION 

Fig. 1 and Table 1 show the temperature dependence of parameters a 

and c, ratio c/a and the unit cell volume V of the Mn1•11Al0_89 alloy in the
temperature interval 22° - 516°C. These data were obtained from the reflexi­
ons (101) and (110) of CrKa rays. 

- Parameter a has a regular temperature dependence from 22° to 300°c.
From 300° to 416°c there is a slight increase, while in the paramagnetic re­
gion it is regular again. 

- Parameter c shows a slight increase from 22° to 300°c, then in
the range of 300° - 42o0c of increase sharply. Further, in the paramagnetic 
region the regular increasing is faster than in ferimagnetic one. 
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t 1 g. 1 • Tempemture dependence of the
unit ceZZ parameters a and c, ratio 
c/a and the unit ceZZ voZwne V. 
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Fig. 2. Comparison of the temperature
dependence of the magnetisation and 
the temperature dependence of parame­
ter c and ratio c/a. 

- Ratio c/a shows a slight decrease from 22° - 3oo0
c and then it in­

creases sharply till 4oo0c; further temperature dependence has a nonlinear in­
crease in paramagnetic region. 

Temperature dependence of the unit cell volume shows the structural 
phase transition in the vicinity of the Curie point with the: 

�v = (0.06 + 0.02 )�3 
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TABLE 1. 

T, "c ... c, I c/1 ,.� 
11 11.1!.f,1 J.'11 1,111 1.un ·"·"' 

11 11.1!.f,I 1.7'1!!,0IIJ l,lll!f.OIII 1,IHl!f':- "·"!!-•

II JU 

IJ &OJ.I• 

,, '" 

IJ 111.1 • 

1J u, .•• 

1.711 • 1.""!f.000, J.UU!fl.o«JI 11.11 • 

1.11�.- 1.1111:!:,l,OOU I,'*!!·- V.14!!.IJJ 

'·"''!.'·- 1.11&1:!:,f.OOOI um:,.-· 11,w:,.• 

1,1�.ooo, I,�.- l,tlll!;O,OOOI U,'1!;0,ft 

l.1IOJ!!',HOI l,IOfO!O,H01 1,1111!,0,000I 11,U • 

IJ Ill J.110f;!!,OOOI l,"11:!:,1,I/Ofl 1,1111!.f,OOIII 11,lfl!!,r, 

IJ 111 • 1,rlll • l,lll'!fl,0007 �.Ull!;0,11(/0f U,JI • 

Ill Ill 1,1'°'!,0,00CI 1,1111!,0,0IIH I.Ul1!9,0IIOf U,11!.f,ft 

m '"·' • ,.1111 • '·'"'!'·*' 1.u,1:,.ooa1 u.,,:,.n 

IIJ UO.I • J,nlO:,.OOOI 1,1111 • l,Ulf!!,000, 11,11!;0,IJ 

JIJ '"·· • 

,,, "' 

JIJ #I!! 
JIJ -· 

,,, .,,. 

11.1-:,.oooi 1,1111!,0,�I l,UII • II.JI • 

1.1'11 • l.ttU • J.U" • JI.II • 

1.1W1:!:,l,nn 1.1111,.000, 1.�.-, u.11 • 

,.,n, • '·"" • 1.uc, • u.1�• 

J,111'!:f,OOIII l,lllf:!,OOIII I.UH • U.lf!'.G 

IIJ Ill• t.1111 l,fUf!f,000, I,- • U.111 • 

"' fll. 

#I no• 

UI IIIO • 

Ill en• 

,.,m:,.00111 ,.mf!O.- ,.u�.- u.llJ!!.II 

1.1111!,0,HOI l,lll'!f,HOI 1,IHS,,//001 U.IJ!,f,A 

t,1'11!,0,0001 1,1111 • l,Ull!O,OOIII tl,"!.f,1# 

1,1111:!,0llfj l,IJJf • 1,IH'!f,OON U,U!l,A 

In Fig. 2 the temperature de­

pendence of the parameter c and ratio c/a 

is compared with the temperature depen­

dence of the magnetisation (4) which was 

measured before. 

It is obvious that the tempera­

ture behaviour of the crystalline unit 

cell is strongly correlated with the mag­

netic temperature dependence. The steep 

increase of the parameter c in the tempe­

rature region from 300
° 

to 42o
0
c is dire­

ctly related to the disappearance of the 

magnetic sublattice, i.e. the disappearan­

ce of the antiparallel order of the mag­

netic moments along C-axis. 

Above 516
°
c the existence of 

the T-phase is doubtfull; the new peaks 

111 ..,. l.1Hl!f,*' ,.Uff:!.ooo• ,.m1:,.- "·" • appear, which remain stable at room tern-
'·'"':!·- '·""!'I·- U.Kl!;f-1# 

perature. 

It should be pointed out that in the Mn
1•11

A1
0_89 

alloy the magnetic 

continual transition and the structural phase transition exist with the defined 

stepwise change in the unit cell volume in the vicinity of the Curie point. 

A model is obviously needed to describe the existence of these two phe­

nomena corresponding to the second and the first order transition practically at 

the same temperature. 

The specific heat and the latent heat of measurements of this alloy 

are in progress now. 
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