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Electronic structure, superconductivity, and spin fluctuations in the A15 compounds A3B:
A =V, Nb; B=Ir,Pt,Au
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The electronic structure of six 215 compounds V3Ir, V3Pt, V3Au, Nb3Ir, Nb3Pt, and
Nb3Au has been determined by means of self-consistent semirelativistic linear muffin-tin or-
bital band calculations. Parameters related to superconductivity such as electron-phonon
coupling, transition temperature, electronic specific heat, and magnetic exchange enhance-
ment are derived from the electronic-structure results. Generally the results obtained agree
well with experimental values, with the exception of Nb3Pt and V3Au. In the former com-
pound the density of states (DOS) has a sharp increase at E~ making the exact DOS value
uncertain. In V3Au the high calculated T, and the Stoner factor indicate that spin fluctua-
tions may be limiting the T,.

I. INTRODUCTION

In the preceding paper, Ref. 1, we presented vari-
ous experimental results for AzB compounds with
A15 structure; particularly those in which A is vana-
dium or niobium, and B is iridium, platinum, or
gold. These six compounds are not so well studied
and famous as the other group with B atoms, such
as Si, Ge, Ga, or Sn in which the highest-known su-
perconducting transition temperatures T, occur, but
they are suitable systems for studying influence of V
and Nb, since stable well-defined A15 structures ex-
ist for all the VsB and NbsB combinations. In addi-
tion the effect of the B element is strong so that the
Ir compounds have low T, 's and electronic specific
heat coefficients y, whereas the Au compounds have
relatively high T, 's and y's. In this paper we
present theoretical results for the electronic struc-
ture in the six compounds, and derive various physi-
cal properties. Use of phonon moments determined
in Ref. 1 allows us to calculate the electron-phonon
coupling parameters A, from the electronic structure,
which subsequently are used to get theoretically
determined values of T, and y. Special attention
has been paid to the possible role of spin fluctua-
tions and its T, limiting effects, and magnetic ex-
change enhancement factors have been derived but
otherwise we have not attempted to use available
theories for directly calculating the spin-fluctuation
contributions to A, . These theories ought to be tested
first on less complicated systems.

Here we have used the linear muffin-tin orbital
(LMTO) band method '4 for the electronic-structure
calculations, which have been applied earlier to A1S

compounds. ' We have improved the accuracy of
the results mainly by improving the k-point sam-
pling. Of the group of compounds presented here
only V3Au was studied in the earlier calculations;
otherwise this is to our knowledge the first
electronic-structure calculation done for A15 com-
pounds of this composition.

The A1S structure is by now very well known.
The unit cell consists of two formula units. The B
atoms occupy bcc-type positions in the simple cubic
unit cell whereas the A atoms sit in pairs on the cube
surfaces, which contribute to three sets of "linear
chains" each parallel to one cube axis. Non-
stoichiometry and lattice instabilities are common
among the A15's but not so much in the systems
studied here; the calculations assume a perfect unit
cell. We used the experimental lattice constants
given in Ref. 1.

In Sec. II some details of the elcetronic-structure
calculation are given. Section III describes the cal-
culations of the various physical parameters, the re-
sults obtained, and discusses the results and approxi-
mations involved.

II. DETAILS OF THE CALCULATIONS

As in our earlier calculations we determined the
electronic structure for each compound with the use
of the self-consistent semirelativistic linear muffin-
tin orbital band method (LMTO). This method
uses spherically symmetric potentials in overlapping
muffin-tin (MT) spheres with the "combined correc-
tion" terms included to correct eigenvalues for the
overlapping geometry and to improve I convergence.
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The basis set included s,p, d for all atoms and s,p, d,f
in the three-center terms. " The wave vectors
AJ"L, are constructed so as to account for tail contri-
butions4 and the final wave function has the form

PP (r)=AJ."L,Rqi(EJr)1'r. (r)

—Q Rr(Eq r )AJL, Srr,
k k

L'

where Rqi is radial wave function for agom q and an-
gular momentum l (L =q, l, m) and SL",L is the struc-
ture matrix. By allowing the wave function to in-
clude f (l =3) from the second term in Eq (1)., it is
to a good approximation possible to take the f char-
acter in the wave function into account without hav-
ing to include it in the direct terms of basis func-
tions. Thus the eigenvalue problem is of rank 72 in-
stead of 128 as it would be otherwise. In a calcula-
tion on V3Si a reduced basis set using no direct d
basis for the Si sites, was tried in order to reduce the
eigenvalue problem froin rank 72 to 62. The main
features of the band structure were similar as for the
normal basis; however, on a fine energy scale essen-
tial differences could be seen. In particular, the high
peak in the density of states (DOS) coming from the
very fiat I'i2 state was about 4 mRy below EJ; using
the reduced basis, while 2 mRy above Ez otherwise.
Mattheiss and Weber, with the use of a tight-
binding fit to augmented. plane wave (APW) results
also obtained the I ~2 state about 2 mky above E~
which is important to explain the tetragonal distor-
tion in V3Si. We have therefore used the normal
basis set in all calculations (i.e., with d also for the B
site), even though the d DOS for Si or Au is very
low at Er. Moreover the Fermi surface obtained for
V3Si agrees very well (to within 3 mRy) with results
obtained from positron annihilation experiments.
Thus a similar degree of accuracy is expected also
for the compounds studied here as long as no rela-
tivistic spin-orbit coupling corrections become im-
portant. The radial valence functions were deter-
mined using a semirelativistic solution of the Dirac
equation and the core functions are fully relativistic
and recalculated in each iteration. This is in con-
trast to the earlier A 15 calculations" where the core
functions were frozen. The self-consistency pro-
cedure is made efficient by using a canonical band
scheme in the initial stage of the iterating process.
The Madelung contribution to the potential was
determined in a nonoverlapping-sphere geometry" in
which the itinerant and localized charge distribu-
tions are treated differently. The overlapping
Wigner-Seitz (WS) spheres, which were chosen to
have identical radii in the earlier 315 calculations,
are now 0.320a for B sites and 0.307a for A sites,
where a is the lattice constant. The self-consistent

convergence is less than +2 mRy for states below
Er which is somewhat better than for the earlier
A15 calculations.

All mentioned improvements and differences in
the calculations with respect to the earlier 315
LMTO calculations are probably of minor impor-
tance. However, here we have in the final iteration
used 120 k points in the irreducible Brillouin zone
(IBZ) compared to 35 or 20 earlier. Morixiver, we
now also use tetrahedron integration' and/or 27-
point quadratic interpolation to improve the DOS
determination. This allows us to give DOS values at
E~ within 3 mRy resolution compared to 10 ear-
lier. '" On the other hand we have not yet tried to
include the effects of band crossing on the DOS
determination, but such effects are probably small.

The quadratic interpolation method works as fol-
lows: Around each k point, the bands are interpo-
lated quadratically in k„, k», and k, using the 27
nearest k points, refiected in the zone boundaries if
necessary, to create an analytical description of the
bands in the inscribed volume. (Trying to use only 7
points to interpolate independently along the k„, k»,
and k, directions occasionally gave poor bands along
the [111] direction. } The bands are then locally
described by a function e(k~, ks, k, ) from which an
arbitrarily fine k mesh can be generated. For find-
ing the x, y, and z components of the band velocities
it is easy to analytically take the k„,k», or k, deriva-
tives of E and generate their values in the saine
mesh.

III. RESULTS

In the corresponding Figs. 1(a)—6(a) the band
structure is shown and in Figs. 1(b)—6(b) the density
of states versus energy is given for all compounds.
The DOS figures are obtained directly from the 120
k points by use of tetrahedron k-point integration
method. ' One can see in V3Pt and Nb3Pt that the
Fermi energy falls on a sharp rise in the DOS versus
energy curve, making the exact value for N(EF)
somewhat uncertain. In another calculation the 120
points were used to interpolate into a finer mesh of
2024 points in the irreducible Brillouin zone (IBZ)
from which another value of N(EF~ was obtained.
The two methods give very similar values. In Table
I we give their average. The widths of the energy
bins of the histograms used to construct the DOS
was 2 mRy. The error limits shown are defined
from the DOS values in the adjacent energy bins.
As seen for V3Pt and Nb3Pt the DOS values are un-
certain to about 20%%uo, while for the other com-
pounds the DOS values are more certain. From
Table I it is also seen that the V- or Nb-d contribu-
tions always dominate the bands around Ez. The
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FIG. 1. (a) Band structure along symmetry directions
obtained from 120 k points in the IBZ for V3Ir. (b) Total
density of states (DOS) obtained using tetrahedron k-
point integration for V3Ir.

0.2

B--atom d-band contributions are very small, except
in Nb3Ir where it is 20% of the total, so that the ef-
fects of neglecting the spin-orbit coupling are prob-
ably minor for properties which are dependent on
the N(EF). Going from the Ir to Au compounds
one sees from the figures how the B atom d bands
separate out due to increased localization of the
wave function. Here the effect of spin-orbit cou-
pling is of course important. For comparison with
x-ray photoemission spectroscopy (XPS) spectra, for
example, an additional splitting of about I eV has to
be included for the Au d band.

The function of the B atoms in our compounds is
to stabilize the structure and to determine the Fermi
energy. On the other hand, it seems from our
preceding remarks on band separation and localiza-

0.2
I

0.6 0.8

Energy (Ry)

FIG. 2. (a) Band structure along symmetry directions
obtained from 120 k points in the IBZ for V3Pt. (b) Total
density of states (DOS) obtained using tetrahedron k-
point integration for V3Pt.

tion that the B atoms are not directly involved in the
superconductivity. The local d DOS on the B site is
low at EF despite the fact that at least fcc Pt and Ir
have large amounts of d electrons at E .

Looking at the charge content within spheres
F

within radii nearly equal to nonoverlapping muffin
tins, and within the remaining interstitial region (see
Table II) one notes a localization of the B-site
charge when going from the Ir- to the Au-
compound result. The charge difference within B
spheres between Ir and Pt, and between Pt and Au is
larger than one unit and charge is pulled away from
the interstitial region, whereas the charge on V or
Nb remains nearly constant. Somewhat unexpected-
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FIG. 3. (a) Band structure along symmetry directions
obtained from 120 k points in the IBZ for V3Au. (b) To-
tal density of states (DOS) obtained using tetrahedron k-

point integration for V3Au.

FIG. 4. (a) Band structure along symmetry directions
obtained from 120 k points in the IBZ for Nb3Ir. (b) To-
tal density of states (DOS) obtained using tetrahedron k-
point integration for Nb3Ir.

TABLE I. Density of state values, total and pa~lal, per rydb rg, unit cell, and spin at the Fermi energy for each corn
pound. Nbgt yg is with E~ moved 4 mRy upwards. The errorbars indicated for the total DOS, are obtained from DOS
values within 2 mRy from the correct Fermi energy. See the text for details about the DOS determination.

V3Ir
V3Pt
V3Au
Nb3Ir
Nb, Pt I

II
Nb3Au

0.8
0.7
1.7
1.2
0.5
0.8
1.6

3.4
5.4

10.7
3.7
3.0
4.9
8.2

26
72

133
29
44
62
93

0.4
1.0
1.8
0.8
0.9
1.3
1.8

0.5
1.1
1.2
1.1
2.0
2.5
2.7

1.3
2.1

3.4
1.8
2.5
3.4'

4.4

5.4
11
9.0
9.3

13
15
7.5

0.0
0.1

0.2
0.1

0.1

0.3
0.4

Total

38+1
93+20

161+10
47+4
67+)05

90+ jL5

120+5
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FIG. 5. (a) Band structure along symmetry directions
obtained from 120 k points in the IBZ for Nb3Pt. (b) To-
tal density of states (DOS) obtained using tetrahedron k-

point integration for Nb3Pt.
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FIG. 6. (a) Band structure along symmetry directions
obtained from 120 k points in the IBZ for Nb3Au. (b) To-
tal density of states (DOS) obtained using tetrahedron k-
point integration for Nb3Au.

TABLE II. Number of electrons per 2 and B MT sphere and interstitial charge, calculated pressures using overlapping
spheres and obtained band velocities at E~. The MT spheres are approximately the same as the touching nonoverlapping
spheres so that R MT ——0.253a, R MT ——0.296a, and interstitial volume is then 0.375a where a is the lattice constant taken
from Ref. 1.

Interstitial

Valence charge distribution
(electrons)

B

Pressure
(kbar)

B Total (UF) [105 rn/s]

V3Ir
V3Pt
V3Au
Nb3Ir
Nb3Pt
Nb3Au

3.48
3.47
3.48
2.99
3.00
3.01

8.31
9.50

10.65
9.19

10.31
11.47

10.52
10.20
9.80

11.66
11.40
11.02

—160
—240
—310
—100
—140
—210

420
500
620
660
740
877

—1
—35
—53
104
99
88

2.69%0.05
1.16+0.03
1.08+0.03
3.01+0.15
1.57%0.05
1.84%0.03
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found for the type of A15 compounds with nontran-
sition elements on the B site. Finally, one can ob-
serve from the charge values that the V atoms are
relatively more localized than the Nb atoms. This is
due to the different behavior of the 3d and 4d elec-
trons and affects the lattice stiffness and electron-
phonon coupling properties. The atom on the B site
is less localized in the V compound than in the Nb
compound.

The electron-phonon coupling A, has been calcu-
lated from the LMTO results using isotropic wave
functions and constant phonon frequencies separat-
ed from the electronic part. Thus A, is separated into
an electronic numerator and the phononic denomi-
nator' and using LMTO parameters we have

(2)

where

(3)

ly, one finds no charge transfer to the A sites when
the B sites give additional electrons to the structure
but the Fermi energy moves upward filling the A-d
band. This can be interpreted as a delocalization of
the A-d electrons of high energy. The interstitial
charge is not increasing, but the B-site localization
attracts the interstitial electrons to a larger extent.
This rather complex behavior of the charge rear-
rangement during the increased occupation of the
A-d band indicates that a rigid-band model of the
A-d band would not apply to these systems. Also
from Figs. 1—6 it is seen that in detail the band
structures differ substantially from compound to
compound.

Taking the lattice constants into account and us-

ing the interstitial charge values one finds that the
interstitial charge densities decrease going from V to
Nb and from Ir to Au. This correlates with the
phonon frequencies so that low charge density gives
low Debye temperature. The same trend was also

t

(1+1)NtNi+i(Pi+i Pt) Rt R—i+i7l= N, 2(21+1)(21+3)(j,P, —n, )'(j,+,P, +,—nt+, )'

DI+ l+1
Pi =(21+1)

I

(4)

DI is the logarithmic derivative, RI is the radial part
of the wave function, and j& and ni, the amplitude of
the wave-function Bessel and Neumann functions.
RI, jI, and n~ are evaluated at the %S radius. M is
atomic mass. ((co ) )'/ the averaged phonon fre-
quency taken from the measured data by Junod
et al. ' is defined as

f a F(ro)hodr@
(CO )= f a F(co)droll

(5)

with the assumption that a -co
Unfortunately, the measurements give no infor-

mation about the partial character of the phonon
spectrum. This would be very valuable information
since one then could separate k into 3 and B atom
contributions,

QA IB

Mg (cog ) Mg(a)ti)
(6)

As was implied from the local DOS data, and con-
firmed from calculated il values, 71& is much larger
than 71~ by almost two orders of magnitude. Thus it
is of importance to know the local (oiq ) rather than
the total (co~ ti ) moments, since they couple direct-

ly with the il~ electronic part. To get a local (to )

decomposition we have assumed that they scale with
the Debye temperatures 8 of this pure A and B ma-
terials. Thus (co~ ) and (co~) values are determined
from the measured (coq, ti ) and 8&,8& values from

the following equations:

(N, +N, )(,',, ) '"=N, (,') '"

2)i/2 8 ( 2)i/2

where N~ and N~ are the number of A and 8 atoms,
respectively. The results of this decomposition are
shown in Table III; somewhat surprisingly it is
found that the local values of (co )'/ for any ele-
ment always are the same to within 2 K, indepen-
dent of which compound it is part of. This implies
two things: First, the measured (coq, ti) values are

probably accurately and consistently derived.
Second, the six compounds have all similar phonon
spectra; no unique phonon softening takes place in
any of the compounds since then the measured

(co&,z ) value would not fit within the model with

constant (coq) and (co~) values. It would be in-
teresting to do a similar analysis for the other types
of A 15's with 8 atoms like Al, Ga, Ge, Si, and Sn,
where, for instance, Nb3Sn is believed to exhibit
phonon softening related to the superconductivity.
However, here precise phonon data are missing part-
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TABLE III. Measured phonon moments (in K) for the
different compounds (/oq ~ ) '/ and co~,g of Ref. 1 and the

component derived (co&) and (coq) using Eq. (7). The
Debye temperatures used in this derivation are taken from
C. Kittel, Introduction to Solid State Physics, 4th ed. (Wi-
ley, New York, 1971), and are V:380, Nb:275, Ir:420,
Pt:240, and Au:165 K.

A3B (~2 )1/2~~3a ( 2)l/2 ( 2)1/2

ly due to material problems. Since not all of these B
elements form stable 315 structures with both V and
Nb, no complete comparison can be made.

As seen from Table III, the use of local (co )
values rather than the measured (co& ii) directly,

3

tends to decrease the calculated A, values, in particu-
lar for the ViAu and NbsAu compounds. This is of
course a result of the soft, low-frequency Au eD
values compared to those for V and Nb.

In the calculation of i) the I summation goes from
0 to 2. Thus it is important to have the accurate
partial f DOS to get the proper 1 fscatter-ing con-
tribution. The procedure to approximate the f char-
acter by use of Eq. (1) is convenient and accurate.
In the earlier LMTO values for A, in 215 com-
pounds the f DOS was assumed to be equal to the
DOS of the "free scatterer. " However, the tail f
DOS used here is more accurate, comparable to the
one obtained by using the full f basis.

The resulting A. values are shown in Table IV to-
gether with the decomposition from the different
sites. It is evident that the V and Nb atoms make
the main contribution. This is the situation also for
315's with Si, Ge, etc., on the B sites. On the other
hand, with Ir or Pt on the B site, one might have ex-
pected a substantial contribution to A. since the pure
elements have a high DOS. The theoretical value
obtained for NbiPt is unexpectedly low since its T,
is over 10 K. However, here the EF falls just on the
low side of a sharp rise in the (Nb-d) DOS. In
another value for Nb&Pt, labeled II, the Fermi ener-

gy has been increased 4 mRy, which corresponds to
50.5 electrons per unit cell instead of 50.0. The
DOS value has now increased about 50% as well as
A, , which now is more realistically 0.90. This ex-
treme sensitivity for NbiPt, due to the rapid varia-
tion of the DOS around EF, makes small inaccura-
cies in the band calculation very prominent. The ex-
act cause for the shghtly too-low Fermi energy in

Nb3Pt is difficult to point out. However, errors at
the order at 4 mly at this energy could be due to
the neglect of spin-orbit coupling and nonspherical
corrections to the potential. Another cause could be
that the exact Fermi energy would be misplaced be-
cause a band crossing at Ez could have been missed
in the DOS determinations. As can be seen in Fig. 4
such a case occurs in Nb3Ir along the M-I line. In
V3Pt the DOS has a rapid variation near E~. As
seen earlier in the case of NbsPt this can lead to er-
rors, but our value for A, in VsPt is reasonable, and
therefore we did not try to change EF. The com-
pounds with Ir and Au do not show the same sensi-
tivity because their DOS does not vary rapidly near
EF

The electronic specific heat coefficient y can now
be derived from the calculated DOS and A, values us-

ing the formula

The results are shown in Table IV together with
measured values. ' (Note the calculation has not in-
cluded effects from spin fluctuations. ) As seen the
agreement between calculated arid experimental
values is quite good except for V3Au where the cal-
culated y is about 25% too high and also for NbiAu
where the deviation is about 30%. In V&Au it was
found experimentally' that extended heat treatment
during several weeks or months, steadily increases y.
It is difficult to estimate at which value y finally
saturates for "perfect" A15 VsAu, but the mentioned
discrepancies between calculated and measured y
values will be reduced to some extent but not corn-
pletely. This is an indication that the calculated
DOS or A, are somewhat too high for the high DOS
compounds V3Au and Nb3Au.

Next, in Table IV we show the calculated super-
conducting transition temperatures T„obtained
from the calculated k values, the measured values
for to&,s (Ref. 1) and the parametrized values for p~.
The p* was calculated using'

0.26N
1+W '

where N is the DOS per eV atom (otherwise in this
paper N is per Ry, cell, and spin) and T, is given by
the McMillan formula'

V3Ir
V3Pt
V3Au
Nb3Ir
Nb3Pt
Nb3Au

254
225
211
203
175
164

247
248
246
179
180
182

273
156
107
274
158
109

204
180
154
172
141
122

olios 1.04(1+A, )

1.2 A, —p~(1+0.62K, )
(10)

For our values of N, p~ falls within the range be-
tween 0.12 and 0.20 when going from the low to the
high DOS materials. To calculate the T, 's is a more
difficult task than the y's. A complete calculation
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requires information about the phonon spectra. We
have used the McMillan expression; therefore the
values obtained must be viewed as very approximate.
In general the Nb compounds give too-low values.
The low T, compounds with Ir on the 8 sites are
less interesting because it is doubtful that a strong
coupling formula such as Eq. (10) is applicable. For
the compounds containing Pt, there is as mentioned
before, additional uncertainties of the exact DOS
value at E~. In V3Pt the obtained T, is of the
correct magnitude, as well as its y value. For V3Ir,
V3Pt, Nb3Ir, and Nb3Au, the T, results can be con-
sidered as being within realistically defined "error-
bars" for this type of calculations. Surprisingly the
T, value for Nb3Pt is too low by almost 1 order of
magnitude. Not even the result indicated Nb3Pt II,
obtained from a rigid-band shift of the EF at 4
mRy, gives a correct T, . It is still only 55% of the
measured value.

It is interesting to compare the results for the two
compounds containing Au. As seen Nb3Au gives a
nearly correct T, (-9 K), whereas in V3Au 10 K is
obtained, which is almost 1 order of magnitude too
high and is outside the generously defined errorbars.
This implies that some other mechanism, such as
spin fluctuations, is present in V3Au and limits its
otherwise very high T, . On the other hand, from
the quite good calculated T, for Nb3Au, with the
use of the approximate theory which does not in-
clude spin fluctuations in Nb3Au, one may preclude
strong effects of spin fluctuations in Nb3Au.

The calculated T, 's in V3Pt is nearly correct but
in V3Au the experimental value is much lower. Ex-
perimentally there is practically no difference be-
tween the two compounds.

In the previous paper, Ref. 1, the McMillan equa-
tion (10) was inverted to obtain an experimental A,

from the measured T, . These values differ some-
times significantly from the calculated A, 's shown in
Table IV; for instance, for V3Au by a factor of 2.
Using these "experimental" A. values together with
the measured specific heat, Eq. (8), an experimental

DOS value is derived. By this procedure one obtains
fairly good agreement with the calculated-band DOS
values, usually around 20% ever& for V3Au and
Nb3Pt. However, this agreement is not always real-
istic concerning the A, , which connects the y and T, .
,For example, in the case of V3Au it would be diffi-
cult to understand why from the measured T, and y,
one obtains a very high DOS (1.72 states per
eV atom) together with a very low A, (0.62). In reali-

ty A, is probably higher (and DOS lower), but T, is
lowered by spin fluctuations, whose influence we did
not include.

To proceed to investigate the possibilities for spin
fluctuations in these systems we calculated the Ston-
er factors which tell how close to the ferromagnetic
regime a compound is. Usually one writes the Ston-
er factor S as exchange enhancement of the magnet-
ic susceptibility X:

X 1 1=S=
Xo 1 —NI 1 S '

where X is the DOS and I is an exchange-correlation
integral. For multiband compounds there is a com-
bination of several contributions, but without going
into detail it is possible to derive a corresponding
number of S also for a compound. ' In the case of
compounds the S values are quadratically dependent
on the local DOS and thus it is clear that the V and
Nb atoms gives the dominant contributions to S,
about 98%. In Table IV the calculated 8 values are
shown with the use of the Gunnarson-Lundqvist
local-spin-density (LSD) functional' in the evalua-
tion of the exchange-correlation integrals. In V3Au
S is 1.2 which is beyond the limit for ferromagne-
tism and therefore too high. Also for the other ma-
terials it seems that the calculated S values are
somewhat too high. Using another LSD functional
might give as overall reduction of -5%%uo through the
I integrals. But still 10—15% has to be accounted
for in V3Au to bring S below one. The results indi-
cate furthermore that the calculated DOS value, N,
is also too high, of the order of 10% or more in

TABLE IV. Calculated A. values, its site decomposition, specific heat y, superconducting transition temperature T„and
Stoner parameter Sfor each compound. Experimental y and T, values of Ref. 1 are given as comparison.

Total
y(m J/g-at. K')

Calc. Expt. Calc.
T, (K)

Expt.

V3Ir
V3Pt
V3Au
Nb3Ir
Nb3Pt I

II
Nb3Au

0.30
0.64
1.23
0.50
0.53
0.80
1.18

0.01
0.04
0.06
0.02
0.06
0.09
0.09

0.31
0.68
1.30
0.52
0.60
0.90
1.27

2.1

6.8
16.6
3.1
4.7
7.4

11.8

1.9
7.1

13.1
2.0
6.2

9.0

0.1

3.0
10.2
1.8
1.8
5.5
8.5

(0.015
2.7
2.8
1.5

10.0

10.6

0.25
0.64
1.2
0.23
0.43
0.51
0.74
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V3Au. In the other compounds it is more difficult
to say.

The enhancement factors obtained from experi-
m.ent' allow one to determine S values for Nb3Au,
Nb3Pt, and V3Au. The value for Nb3Pt agrees quite
well with the calculated Nb3Pt (II) value, but here
other properties indicated that the DOS was too low.
For Nb3Au the calculated value is about 30% too
high and in V3Au, 60%. Similar calculations' of
Stoner factors in pure elements usually work satis-
factorily, within 10—15%. By self-consistent spin-
polarized band calculations including an applied
field, ' a more accurate determination of S and S is
possible but then the computational effort increases
drastically.

In consideration of the difficulties in obtaining
realistic and exact S values, we have not attempted
to use the approximate prescriptions of deriving
spin-fluctuation contributions to A, (A,-spin) from the
S values. Instead we want to use the S values for a
qualitative internal comparison among the com-
pounds.

Obviously, V3Au with the highest S is likely to
have spin fluctuations. Experimentally, with pro-
longed heat treatment the susceptibility is steadily
increasing indicating that V3Au is not far from the
ferromagnetic transition, probably more enhanced
than any other 315 compound. This compound,
V3Au, with its still observable T, of 2.8 K, might be
a good system for studying spin fluctuations, espe-
cially if with magnetic impurities or some other
treatment, the susceptibility can be enhanced further
until its T, is suppressed. Of the other compounds
V3Pt and Nb3Au have quite large S values, 0.64 and
0.74, respectively. Whether it is enough to reduce

T, is an open question. However, for comparison
these S values are larger than obtained for pure V or
Nb.

In Table II the Fermi velocities (uF ) are given as
obtained from the quadratic interpolation. A direct
comparison with experiment is difficult to make,
but one might try a comparison with H,*2, the orbital
upper critical field' which is inversely proportional
to (UF'):

(12)

For Nb3Au the calculated H,*2 is only about 15% of
the experimental value, whereas for the other calcu-
lated properties Nb3Au is a system which gave good
agreement with experiments. This stresses the fact
that it is particularly difficult to calculate H,*2 from
calculated properties only. Of the compounds for
which comparison with experiment is possible, the
calculated values are far too low, except for V3Au

where it is too large. This latter exception might be
due to spin Auctuations.

The results obtained from the band calculations
have clearly shown the trends and differences for
the six compounds and the physically interesting
properties have been revealed. But, as has been
mentioned, Nb3Pt has its problems due to the sharp
rise in the DOS at EF and various indications have
implied that the obtained DOS at Ez in V3Au and
perhaps also Nb3Au is somewhat too high. Possible
causes of the difficulties in Nb3Pt have been dis-
cussed earlier; neglect of spin-orbit coupling and
band crossing around Ez may have led to a displace-
ment of the Fermi energy. Also the effects of
neglecting nonspherical contributions to the poten-
tial are possible, and this may cause a band-
narrowing effect to explain the too-high DOS in
V3Au. Namely, the V atoms form the "linear-
chain" structure in the 315 compounds and a non-
spherical V potential would be likely to open up a
"channel" for increased d-d interaction along the
chain directions. In general increased interatomic
interaction results in a band widening which leads to
lower DOS values.

The calculated pressures shown in Table II indi-
cate a possible insufficient interatomic interaction
especially for the V compounds. The total pressures
being negative for V3Pt and V3Au hint that the lat-
tice parameters used in the calculation were slightly
too large to give stable interatomic interactions.
Next, by looking at the partial site decomposed pres-
sure results we see that the V and Nb sites always
have negative pressures, i.e., insufficient interatomic
interaction. The Nb and especially the V atoms are
in the calculations too isolated and this may of
course show up as too-narrow d bands. Pressures of
the order of 100 kbar are very large on an experi-
mental scale, but they correspond only to about 1%
in the lattice constant for not-too-soft materials. It
is possible that using slightly smaller lattice con-
stants than the experimental ones used in these cal-
culations, would describe the d bands more in agree-
ment with the true situation. However, other parts
of the band structure would be affected and the best
approach would of course be to include the nons-
pherical effects self. -consistently.

Next one can ask if one can get values for the
DOS which is too high while at the same time ob-
taining a good Fermi surface (FS). As was men-
tioned earlier positron experiments indicated that
the calculated FS was good to within 3 mRy for
V3Si, while de Haas —van Alphen (dHvA) measure-
ments in the low DOS A1S compound Nb3Sb
claimed that the earlier LMTO calculation was
mainly correct apart from a 30 mRy deviation at the
M point. Obviously a uniform scaling of a given
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band structure does not change the FS at all, while it
changes the Fermi velocity or band mass.

Relative shifts of different bands change in prin-
ciple the FS topology and may be caused by non-
spherical potential corrections. The important fac-
tor is how the symmetry of a given state projects on
the symmetry of the potential correction and the
amplitude of the shift scales with the amplitude of
the correction term. The very good result for V3Si
may be due to the high DOS of a flat band which
"pins" the Fermi energy to it, whereas in a low DOS
material the Fermi energy does not follow a certain
band to the same extent. Thus a correct FS topolo-

gy is possible in V3Si and V3Au even with too-high
DOS at Ep.

IV. CONCLUSION

The electronic structure has been calculated for
six A15 compounds and physical properties related
to superconductivity have been extracted from it.
The complete set of experimental data for all these
compounds has made systematic comparison be-
tween calculation and measurements possible. There

is in general a good agreement and for most proper-
ties in these A15 compounds, the behavior is under-

stood within the existing theories for superconduc-
tivity. The results for Nb3Pt is less good, since the
DOS at Ez increases rapidly making the exact DOS
value uncertain. Also V3Au is an exception in that
its experimental T, is much too low to follow the
trends for the other compounds. Several indications
such as the calculated very high exchange enhance-
ment suggest that spin fluctuations are the likely
mechanism which reduce its T, . This compound is
a good candidate for studying spin fluctuations,
since it still has an observable T, and its electronic
specific heat and magnetic susceptibility show

strong variation with heat treatment and structural
order. The compounds V3Pt and Nb3Au are quite
well described without assuming strong spin fluctua-
tions.
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