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NEUTRON DIFFRACTION STUDY OF SHORT RANGE ORDER 
IN r-iMnNi 

P. WELLS and J. H. SMITH 
Physics Department, Monash University, 

Clayton, Victoria 3168, Australia 

RksumC. - Un monocristal de 80 % at MnNi a kt6 obtenu par la methode de Bridgman. C'est un antiferromagn6 
tique cubique a faces centrks avec TN = 180 O C  et un moment magnetique par atome de manganese de 1,5 +. 0,l WB. 
Une etude par diffraction de neutrons rCvele l'existence d'un pic diffus au voisinage de la position 100, dQ a la fois la 
diffusion nucleaire et magnetique. Les dix premiers parametres d'ordre a courte distance ont ete calcules. L'origine de 
la contribution magnetique est discutee en fonction de l'ordre a courte distance statique et de la diffusion par les magnons. 

Abstract. - A single crystal of 80 at % MnNi has been grown by the Bridgman method. It is a face centered cubic 
antiferromagnet with TN = 180 O C  and a magnetic moment per manganese atom of 1.5 i 0.1 WB. A neutron diffraction 
study has shown a diffuse peak about the 100 position to be due to both atomic and magnetic scattering. The first ten 
atomic short range order parameters have been calculated. The magnetic contribution to this diffuse peak is discussed 
in terms of static short range order and magnon scattering. 

1. Introduction. - The face centered cubic y-Mn 
structure may be retained at  room temperature by 
quenching, from the y-phase field, alloys of Mn with 
other transition or noble metals. Such alloys contain- 
ing less than about 25 at % of Cu, Au, Co, Ni or Pd 
are antiferromagnetic (Meneghetti and Sidhu [I], 
Hicks and Browne [2], Hicks et al. [3] and Bacon and 
Cowlam [4]). The paramagnetic to antiferromagnetic 
transition is often accompanied by a martensitic 
shear transformation to a face centered tetragonal 
phase with cla -- 0.96 [I]. The MnNi and MnPd 
alloys, however, remain cubic on cooling through 
the NBel temperature TN but transform to the tetra- 
gonal phase at some lower temperature [3]. The 
moment per manganese atom is reduced by the addi- 
tion of Cu, Au and Ni but is increased by adding 
Pd [3]. Extrapolation to pure y-Mn yields a moment 
of 2.4 yB in agreement with the neutron diffraction 
results of Smith and Vance [5] on hydrogen stabilized 
electrolytic y-Mn. The magnetic structure was deter- 
mined [I] to be of ferromagnetic 100 sheets coupled 
antiferromagnetically along the 001 direction, although 
Umebeyashi and Ishikawa [6] have suggested other 
possible structures. All neutron diffraction of y-Mn 
alloys has shown a broad diffuse peak near the 100 posi- 
tion that has variously been attributed to magnetic 
S. R. 0. [I, 71, magnon scattering [2] and atomic 
S. R. 0. [4]. In order to study this discrepancy a 
single crystal of 80 at % MnNi was grown by the 
Bridgman method. It is antiferromagnetic with 
T, = 1800C and a moment per Mn atom of 
1.5 + 0.1 y,. At room temperature the alloy is still 
cubic. Neutron diffraction 8 - 2 8 scans were obtained 
at room temperature along the directions of high crys- 
tal symmetry to locate the diffuse peak. The scattered 
intensity throughout the reciprocal unit cell was also 
measured at  both low and high scattering angles to 
separate the atomic and magnetic contributions to 
the diffuse scattering. 

the differential cross-section for neutron scattering is 

do  
- dQ = m~ m~(b, - bd2  i = o  ai exp i(K.Ri) (I) 

where ai  = 1 - Pi/mA(,, are the Cowley [8] S. R. 0. 
parameters expressing the deviation from randomness 
of the ci atoms in the ith shell, distance Ri from a cen- 
tral atom, and Pi is the probability of an atom A(B) 
at  Ri. Fourier inversion of this formula enables these 
individual ai to be calculated from the measured 
values of the scattered intensity throughout the reci- 
procal unit cell. 
Similarly, the diffuse magnetic scattering may be 
expressed as : 

x mi exp i(K.Ri) (2) 
i = O  

wheref(K) is the magnetic form factor, m, the concen- 
tration of the magnetic species possessing a localized 
spin S, and 

m i =  (<S,.Si> - < S o > . < S i > ) / [ S ( S +  I)] (3) 

Equation (2) reduces to the usual paramagnetic cross- 
section above the transition temperature where 
< Si > = 0. 

3. Results and discussion. - The 8 - 2 9 scan along 
[hOQ] (Fig. I), shows that the diffuse peak is centered 
at the 100 position. The 100 peak is also more intense 
than the 300 and 500 peaks, but because of the form 
factor dependence of the magnetic scattering the 300 
and 500 peaks must be due entirely to atomic S. R. 0. 
scattering. 

Fourier inversion of the scattered intensity throu- 
ghout the reciprocal unit cell at high scattering angles 
around the 300 position yields the atomic S. R. 0. 
parameters. a;. for the first ten co-ordination shells 

2. Diffraction Theory. - For a binary alloy contai- as shown in tible I. The large decrease in the magni- 
ning atomic fractions m, and m, of the two consti- tude of ai  beyond i = 3 indicates that ordering is 
tuents, with scattering lengths b, and b, respectively, significant only for a few neighbours. These broad 
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FIG. 1. - 6-  2 6 scan along [I1001 in 80 at % 
MnNi (T = 295 OK). 

TABLE I 

Values of atomic S .  R. 0. parameter ai (T = 295 O K )  

mi i 
- - 
1 .OOO 6 

- 0.047 7 
0.062 8 

- 0.008 9 a 
0.001 9 b  
0.006 10 

Error & 0.005 

diffuse peaks are in contrast to the much sharper peaks 
found by Wells and Smith [9] in MnCu at the 1 + 0 
positions and where the ordering extends at least to 
the tenth shell. 

The remaining magnetic contribution to the 100 peak 
may be from either static magnetic disorder or from 
magnon scattering or both. There is certainly some 
evidence for magnon scattering in MnNi alloys [lo] 
although Elliot and Lowde [l 11 show that for a simple 
antiferromagnet this magnon scattering intensity 
will vary as l/q; away from the 100 position, where 
q, is the magnon wave-vector. Figure 1 shows that 
the 100 peak does not have this pronounced cusp- 
like appearance and in electrolytic y-Mn where magnon 
scattering should be evident, there is no diffuse peak 
[5 ] .  In fact the diff~~se peak always decreases with 

increasing manganese content. It  thus appears that 
the major magnetic contribution arises from static 
disorder in the y-Mn structure and increases with 
solute content. Assuming the spin on the manganese 
sites is localized, equation (2) may be used to calculate 
the mi parameters (Table 11). 

Values of magnetic S .  R. 0. parameter mi  (T = 295 OK) 

i 
- 

mi - 
0 1 .oo 
1 - 0.11 
2 0.21 Error + 0.02 
3 - 0.02 
4 0.10 

The temperature dependence of the 100 peak 
(Fig. 2) has the typical critical scattering maximum 
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FIG. 2. - Temperature variation of 100 peak intensity. The 
dotted line shows the paramagnetic scattering estimated at 

100 for a moment of 1.5 ,UB. 

expected at the N6e1 temperature. The respective 
contributions to this peak have been estimated. 
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