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Finally, we assume the volume dependence of W 
is given by Heine ' s23 results 

(5) 

Using the above results, Eqs. (3)-(5), the volume 
dependence of Y, Eq. (2), is 12 

a InY 5 I 
(6) a InV 3 Ib ' 

which is independent of p and y and where here Ib 
is assumed independent of volume . For the density 
of states of the form given by Eq. (4), it can be 
shown that T F - W, and hence from Eq. (5), a InT F/ 
alnV =-i . Using Eqs. (1), (2), (5), and (6) the 
volume dependence of Te becomes 

In terms of pressure, Eq. (7) can be written as 

a Te=i-KT -i-K _I_ T~ 
ap e lIb Te 

(8) 

where K is the volume compressibility and we have 
used Eq. (1). 

We shall now show how pressure measurements 
of T e can be used to determine a maximum value 
for j and a minimum value for 'IF. The maximum 
value that [ can have is the bare exchange value I b ; 

thus, the maximum value for the ratio I / Ib is one. 
Hence, the experimental value of r can be used to 
determine the maximum values of i. From Eq. 
(7) we have 

(9) 

Then using values for I obtained from Eq. (9) we 
can obtain a minimum value for TF using Eq. (1) . 

For weak itinerant-electron FM's l ~ 1. 0 and for 
weak electron-correlation effects I/ Ib ~ 1. 0, the 
second term in Eq. (7) is dominant, and from Eq. 
(8) we have n;,/ ap - - l / Te • Examples of weak 
itinerant-electron FM's are the Fe-Ni, Fe-pt, and 
Fe-Pd Invar alloys where it has been experimentally 
observed that aTjap~ - _const/ Te • 24 For strong 
itinerant-electron FM's I > 1 and for strong corre­
lation effects I/ Ib < 1 such that the first term in Eq. 
(7) is dominant, and from Eq. (8) we have aTj ap 
- 7,; . An example of a strong itinerant-electron FM 
is Ni, where it is found that aTclap=tK7,; ~ O . 68 °K/ 
kbar in good agreement with experimental values 
of 0.32-0.42 °K/ kbar. 9 It is noteworthy that in the 
limit of weak itinerant-electron FM and for large 
r such that I r I » t and neglecting the volume de­
pendence of I b, the results of this paper reduce to 
the results given previouly by Wohlfarth and Bartel.12 

The localized and the itinerant, or collective, 

descriptions of magnetic electrons have been in­
vestigated by Goodenough. 25 He considered the 
case of one d electron per relevant d orbital which 
correponds to a half-filled band or to a half-filled 
localized orbital, and the magnetic order is anti­
ferromagnetic (AFM). In the absence of competing 
exchange interactions, the Neel temperature TN for 
localized-electron AFM increases with the transfer 
integral b since the exchange interaction is propor­
tional to b2; whereas, it has been shown that TN 
for a band AFM decreases with increasing band­
width25

•
26 where the bandwidth is proportional to b. 

Goodenough concludes that the magnetic moment 
and TN should vary continuously in going from a 
localized to a band description. We expect b to 
increase with increasing pressure; hence, we ex­
pect that for the localized electron description TN 
should increase with increasing pressure, and for 
the itinerant description TN should decrease with 
increasing pressure. 26 Furthermore, we expect 
that the general arguments for an AFM apply to 
the FM case of interest here. The observed de­
crease in the FM-to-PM transition temperature 
in the MnAsxffi>l_x compounds suggests that the 
itinerant-electron description is the appropriate 
one. Although these compounds are anisotropic, 
the isotropic model discussed in this paper de­
scribes the pressure effects quite well. 

2. Analysis of Experimental Results 

In Fig. 6, aTe / ap is plotted as a function of Te 
for the MnAsxSb1_x solid solutions in the concen­
tration range 0 ~ x ~ O. 8. For comparison, the 
Fe-Ni, Fe-Pd, and Fe-pt Invar alloy data of 
Wayne and Bartel24 are included. Similar to the 
Invar alloys, we observe a T~l type of behavior as 
predicted by Eq. (8) when the second term in Eq. 
(8) dominates. 

The volume derivative of Te is calculated from 
aTe / ap where the compressibility for the solid 
solutions was obtained by a linear extrapolation 
between the values of (2. 5 ± O. 5) x 10-3 kbar-1 for 
MnSb 27 and 4. 55 x 10-3 kbar-1 for MnAs. 1 The values 
for r are given in Table 1. We observe that the 
values of r increase with increasing As concentra­
tion and that the magnitude of r is of the same 
order of magnitude as the first term in Eq. (7) . In 
previous works on the Invar alloys ll.12 and ZrZn2, 9-12 

it was observed that r » i and so the first term of 
Eq. (7) could be neglected. In the case of tl;te 
MnAs"Sb1_x solid solutions, this factor of t must be 
included in any calculation of band parameters . 

In Table I, we give the results of the calculation 
of Tmax from Eq. (9) for the solid solutions 0 ~ x ~ O. 80. 
The quoted error in the compressibility for MnSb 
will introduce an uncertainty of ± O. 03 in the value 
for j max' We observe that j max decreases with in­
creaSing As concentration. According to Wohl-



5 EFFECT OF PRESSURE ON 

I I I 

8 :-

7 -
MnASo. SOSbo. 20 

0 MnASo. 75Sbo. 25 
6- 0 

A • 
.~ • 

5 :- MnAso. 5OSbo. 50 
~ 0 • 

~ul~ • 
<l) <l) 4 f- A 

0 MnAso. 25Sbo. 75 
A • • 3 f-

A 

2r-

If-

0 I I I 
200 300 · 400 Tc (OKI 500 

farth's28 classification, these values of j~u. indi­
cate that MnSb is approaching a strong itinerant 
FM, and the solid solutions' are becoming weaker 
itinerant FM's with increasing As concentration. 
These values of i'mu. for the MnAsx Sbl -x solid so­
lutions are comparable with the values for the Invar 
alloys. 29 

From Eq. (1), and using the value of j and Te 
for MnSb from Table I, we calculate T F = 1380 OK. 
Thus for MnSb we see that Te~O. 4TF which indi­
cates the Sommerfeld expansion is converging; 
however, the convergence is slower than one would 
desire. For the materials with x > 0, the conver­
gence is more rapid than for x = O. 

Using Eqs. (1)-(4), we can express Te as a func­
tion of the bandwidth W where we assume T F - W. 
Then using the value of Tc= 572 OK and the value of 
'j~u. from Table I for MnSb, we can calculate Tc as 
a function of W. The results of these calculations 
are shown in Fig. 7. These results are indepen­
dent of the value of I / I b , 30 but do not include effects 
of any volume dependence of lb, Note the critical 
bandwidth such that for W/ Wo ~ 1. 206 we do not 
have FM order, and note the quadratiC dependence 
of Te on W for W/Wo.:S 1. 206. Using the available 
x-ray data3l to estimate W/ Wo and using the ex­
perimental values for Te we Show, in Fig. 7, the 
experimental results of Teas a function of W /W 0 • 

For x= 0.25 we calculate Tc= 474 OK and T= 1.110 
in fair agreement with the experimental values. 
For the solid solutions x > O. 25 the agreement is 
only qualitative. This disagreement is not too 
surprising because of the large differences in unit­
cell volumes for the various compOSitions. For 
these large volume differences one might expect 
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significant changes in the crystal-field splittings, 
and consequently significant changes in the elec­
tronic wave functions. Any volume dependence of 
Ib would modify the results shown in Fig. 7. Lack­
ing specific-heat, susceptibility, and magnetostric­
tion data for these materials, we cannot determine 
N( €F), I, Ib , and any volume dependence of Ib 
individually. In addition, as we shall point out be­
low, we expect rather large electron-lattice and 
exchange-striction interactions for these materials, 
particularly for the solid solutions x~ O . 80. Elec­
tron-lattice and exchange-striction effects have not 
been included in the calculations displayed in Fig. 7. 

Sirota and Vasilev· have observed a Curie-Weiss 
type of behavior in the PM region for MnSb, with a 
Curie constant, C M = 1. 3 emumole-1Qe-l °K-l. 
According to the itinerant FM model of Wohlfarth9 

the susceptibility in the temperature region 
T F» T > T c and for T - Te can be written as X "" XO Tc 
x (T - Tefl which is a Curie-Weiss type of behavior 
where the Curie constant C M is given by C 1/= Xo T e' 

The quantity Xo is proportional to N( EF ) (1 -lfl. 9 

For MnSb, Xo can be calculated to give Xo= O. 227 

TABLE I. Curie temperature Te, f= alnTja lnV, and 
T moz' as calculated from Eq. (9), for various solid solu­
tions of MnAs"Sb I_x in the second-order region. 

x(at. % As) Tc r Inu 
0.00 572 2.38 1. 206 
0.25 458 2.97 1.180 
0.50 375 3.63 1.157 
0.75 292 5.18 1.122 
0.80 247 6.20 1.106 


