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Iron~Group Intermetallic Compounds 
E. KREN AND J. S. KOUVEL, el,a·i,mel/. 

Neutron-Diffraction Study of MnSn,* 

L. )L CORLISS AXD J. M . HASTINGS 

Chemistry Departmmt, BrooHlaven Nat.i01zal Laboratory, U peon, Ne",!) J'ork 

)1nSn~ undergoes an abrupt transition at ,....,i4°K from an alternating-sheet anliferromagnctic structure 
(+ - + - ) to a double-sheet structure (+ + - - ). The p ropagation vector as well as the AF spin 
axis arc directed along [110J in both structures. Keutron-intensity measurements on bulk samples confirm 
thc sharpness of the transition as well as the hysteresis observed in the susceptibility and resistivity measure­
ments of Kouvc1 and Hartelius. ]\0 change in the magnitude of the ordered AF moment is observed in 
passing through the transition. Tn the neighborhood of 90 o K, however, weak satellite reflections appear, in­
dicating the presence of a small modulated spin component. The extra reflections vanish abruptly at the 
transition and exhibit the same hysteresis shown by the main AF component. The diffraction data are 
consistent with a modulated spin of amplitude ........,0.5 IJ-B oriented parallel to the AF spin axis [110J and 
propagated perpendicular to this direction [lIoJ with a 'wavelength of ......... 31 A.. This result is discussed in 
relation to the model of Kouvel and Jacobs. 

INTRODUCTION 

The intermetallic compound MnSn!!) cr)'stallizes with 
body·centered tetragonal C16 structure shown in 
1. Each Mn atom is surrounded by a twisted cube 

Sn atoms which connect it to its nearest 
lIiI!bbors (2 .72 A) along the c axis as well as to its 

(4.65 A) and third (5.39 A) nearest neighbors. 

to each olher. The spin direction is perpendicular to 
the sheets. This structure is shown in Fig. 1 and labeled 
I . l\1easurements by Kouvel and Harteli us!! of the 
susceptibility show a very abrupt drop at ,-...·)4°K with 
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I,' •• .J;':":O: -:h.sthcture and spin arrangement in MnSnz. 1 and 
ag - and low-temperature states , respectively. 

reported,1 neutron-diffraction measure. 
. that )'fnSn!! is antiferromaO"I1etic below 

With . e. 
a Simple structure consisting of ferro-

(110) sheets antiferromagnetically coupled 

s;.;:~~m"d unde r the auspices of the U.S. Atomic 

and ). )1. Hastings, J. Appl. Phys. 34, 1192 
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FIG. 2. Fraction, a ( T), of state I in the region of the abrupt 
transition. The sol id lines are obtained from susceptibility data 
(Ref. 2) , with arrows indicating direction of temperature varia . 
tion. The open (cooling) and closed (warming) circles are based 
on neutron intensities. 

an accompanying hysteresis. The neutron data indicate 
a change in magnetic structure from an alternation 
of single ferromagnetic sheets to one in which pairs of 

2 J. S. Kouvcl and C. C. Hartelius, Phys. Rev. 123, 124 (1961 ) . 
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FIe. 3. '[odulated antiferromagnetic moments in state I of 
:\[ nSn~. 

ferromagnetic sheets are reversed, i.e., + - + - to 
++- -.' The structure is labeled II in Fig. I. Both 
the sharpness of the transition as well as the h\'steresis 
are confirmed by the neutron measurements. Figure 2 
shows the fraction, a( TL of state I as a function of 
temperature as deduced from both the neutron and 
susceptibili ty data. The solid line is based on the mag­
netic measurements,!! for which 

a ( T) ~ (XT-XII) I(XI- XII) , 

where XI and XII refer to the extrapolated suscepti­
bilities of the pure states I and II at the temperature T 
based on the limiting slopes in the neighborhood of the 
transition . XT is the measured susceptibility at tempera­
ture T. The points, on the other hand, are from the 
neutron data. Based on the neutron data, the ordered 
Nfn moment just above and just below the abrupt 
transition is 2.33 f.LB and remains essentially constant 
down to 4.2°K. 

MODULATED SPIN COMPONENT 

In the vicinity of 9OoK, several additional weak 
reflections were observed which could be indexed as 
satellites of the (110) and (200) nuclear peaks. This 
assignment predicted a relatively strong (000) satellite 
in the direction of fonvard scattering. \\lith increased 
resolution this low-angle reflection was indeed observed 
at the expected position. The satellite reflections in-

~ The present desc ription of the magnetic structure of state II 
is formally equivalent to that given in Ref. 1. The wavelength 
quoted the re should be divided by 2.,.. 

crease~l in intensity as the temperatu re was 1
0

\1,' 

and dIsappeared abrupUyat the 74' K transitio or,,! 
hlbltmg the same hysteresIs as the main antif n, t;t. . erram,. 
netIC structure. '· 

A fit of a sinusoidal modulation to the observed . 
tions of the satellite reflections yielded a tempe ~ 
independent wavelength of ..........,3 1 A (equivataturt-. 

6 - · ) d . entto 
'"': .1 ~t. spacIn¥s ~n a ?:opagatlon vector in a [11 
dIrectIOn. RelatIve mtenSltles of the sateUite reRec . 0] 
indicated that the modulation was of the formtIons 
J.l.o cos't·r with 1.' perpendicular to the propall' ~~ 

v I·' f h' . . oahOl! vector 'to ~ ... onl1a IzatlOn ate mtensltles to the nu I 
scattering gave the amplitude of the modulatio C ear 

. I 0 - n, ... as approxImate y . .) J.l.B. 

DISCUSSION 

Since the antiferromagnetic component and the 
modulated component are observed in independent 
sets of reflections, the experiment does not indicatt 
whether the modulated spin is parallel or perpendicular 
to the antiferromagnetic spin axis. In the former case 
the results are summarized in Fig. 3. The average mo­
ment per site exhibits the spacial correlation shown in 
(c) of Fig. 3, where oppositely directed arrows ref 
to the two antiferromagnetic sublattices. The mean 
sublattice moment [Fig. 3 (a) ] appears in the anti 
ferromagnetic Bragg reflections, while the oscillato 
part [Fig. 3 (b) ] is observed in the satellite reBectio . 
This picture is consistent with the model of Kouv 
and Jacobs' if we regard the low moments in Fig. 3(c) 
to be produced by thermal fluctuations in magnitude. 
These moments can be ident ified with the "paramag~ 
netic" moments of their model which are partiali. 
aiigned by a weak exchange field . Application of 
external magnetic field strong enough to overcome th 
weak exchange field would be expected, on the basis 0 

moment values obtained from our neutron data, to p 
duce a magnetization of approximately 1 J.Ls/ at., in 
agreement with the predictions and high-field measure 
ments of Kouvel and Jacobs. Still higher values waul 
of course be obtained in fields high enough 
the remainder of the spins. 

~ ]. S. Kouvel and I. S. Ja.cobs,]. Appl. Phys. 39, 467 (1968). 
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