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Recently it was proposed by Anderson, Muttalib, and Ramakrishnan that the decrease of T, with disor-
der in 4 15 compounds can be attributed to an enhancement of thé effective Coulomb repulsion, resulting
from localization. We propose that the enhanced Coulomb repulsion can also be related to the quasi-one-

dimensional nature of the 415 compounds.

It has been known for some time that the transition tem-
perature T, of high-7, 415 compounds like V3Si, NbsGe,
and similar materials is unusually sensitive to disorder, and
that the depression of T, can be correlated in a ‘‘universal’’
manner with the resistivity, regardless of what caused the
disorder.! In a recent publication Anderson, Muttalib, and
Ramakrishnan? (to be referred as: AMR) have attributed
this depression to an increase in the Coulomb pseudopoten-
tial u* in a strongly disordered system. Their argument
concerns the scale size dependence of the diffusion associat-
ed with the onset of Anderson localization. The charge-
density fluctuations diffuse more slowly over a scale size
which increases with disorder and therefore interact more
strongly, leading to an increase in u*. The starting point of
AMR is the expression for the Coulomb kernel in the
strong-disordered regime

K@) =p+2Vs fat P(1) cos(at) )

where Vs is the local screened Coulomb potential, u is the
interaction parameter, u=N (ef) Vs, where N (er) is the
density of states. In (1), P(¢) is the diffusional autocorrela-
tion function between charge fluctuations, that is, it is the
probability that an electron has not diffused away in a time
t. It changes from the classical ~¥2 behavior to a slower
t~! decrease as one crosses to the localization region where
the diffusion is nonclassical. The reduced diffusion over a
length scale which increases with increasing disorder results
in a retarded and enhanced Coulomb repulsion. However,
AMR find that the critical resistivity at which localization
occurs in a free-electron gas is much higher (by a factor of
25) than the resistivities required to interpret the experi-
mental T, vs p dependence. This discrepancy is attributed
to various factors.

In the present Comment we wish to point out a different
possible cause for a reduced decay of the charge-density
fluctuations. AMR do not consider the anisotropic nature
of the 415 compounds related to the linear-chain structure
of the transition-metal atoms.> We propose that the one-
dimensional (1D) character of diffusion along the chains
plays a key role and leads to an increase in u* which is
correlated with the right order of magnitude of the resistivi-
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ty. We first exhibit this, and then summarize the evidence
for the quasi-one-dimensionality.

In order to use Eq. (1) we need a form for the autocorre-
lation function P(z). In a pure 1D system P (¢) is given by
(4w Dt) V2, where D is the diffusion constant along the
chains. When this expression is inserted into Eq. (1), the
time integral diverges. In real systems this divergence is
suppressed by the fact that electrons escape from one chain
to another after a characteristic time* r,. Thus in our
model
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We now assume that the diffusion along the chains.is classi-
cal and obtain
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In*? V;Si wpr, < 0.3, where wp is the Debye frequency, so
that Eq. (3) is independent of w at w < wp and decreases
with @ at high frequencies. To get a quantitative estimate
of the effect we take the (w7,)? << 1 limit and find
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Here we have used the free-electron expression for the dif-
fusion constant, D =vr,, where 7, is the backscattering
time along the chains, and S is the cross section of the unit
cell perpendicular to the chains.

Finally, we point out that 7, the tunneling time between
chains, is generally related to 7. In a coupled chain sys-

tem®
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where t, is the transfer integral between chains. This ex-

pression for the transition probability between chains is the
analog of the ‘‘golden rule.”” It shows that a decrease in 7
enhances the lifetime on a chain-intrachain scattering and
interferes with interchain tunneling. In 415 compounds the
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situation is more complicated. Here the transfer integrals ¢, '

between individual atoms on two perpendicular chains are
rather large, but the one-dimensional character follows in
part from a cancellation effect due to destructive interfer-
ence, for example, between the overlap of the lobes of an
atomic wave function on one chain with the lobes of wave
functions on two atoms on a perpendicular chain® or
between w-w and w-o scattering.” This results in a small
effective ;. When the electron mean free path / on a chain
is of the order of the atomic spacing this destructive in-
terference is violated and for very short 7, 7, decreases to-
gether with 7. However, as long as kr/ > 2, we expect Eq.
(5) to be valid. The condition kr/ > 2 is essential for the
validity of our model. When krl =1, P(¢) goes like ¢!
even in one dimension so that in the critical region (of the
Anderson localization) the argument of AMR is indepen-
dent of dimension. It is hard to evaluate kz/ up to a factor
of 2, but one can get an order of magnitude estimate from
the relation o = ne?//Pr. The main question is the value of
n—the density of electrons contributing to the conductivity.
From the comparison of the size of the Fermi surface to the
size of the first Brillouin zone>® we calculate that there are
approximately 2-3 conduction electrons per unit cell. The
other bands are full. Taking n =2.5, kr=m/2a, where a is
the lattice constant,>® we find for p=100 uQ cm that
kpl=2. Thus in the entire range in question (p=20-
100 . Q cm) krl = 2. Using Eq. (5) in Eq. (4),
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where o= Vs/kvrS.

We shall now check if this expression can account for the
right order of magnitude of the depression of T, with p, as-
suming that pc 77!, We use McMillan’s formula

wi 1.04(1+2)
T.= - , 7
“T 145 P T AT (1 r0.620) ™
where
pr=—& ®)

) +u'In(ef/wp)

Like AMR we neglect the effect of disorder upon the
phonon-induced attraction A, and take for V;Si A=1.2,
wp=2330K, and u=0.3. We estimate that In(ez/wp) =2
for the following reason: er is approximately the half-width
of the peak in the density of states. This peak was mea-
sured by Fradin and Zamir® in V3Ga and similar alloys, and
was found to be about 0.4 eV wide. The calculations of Van
Kessel and co-workers® for NbsSn show a peak of this
width. This peak is largely due to the = band. There are
narrower peaks, due to the & bands, but we feel that they
do not contribute much to 7,.> Thus, taking e;=0.2 eV
and wp =330 K yields In(ef/wp) = 2. With these values we
find that when 7, changes from 14 to 5 K, Au in Eq. (6)
has to increase by a factor of 10 (from 0.09 to 0.8). In this
range the resistivity changes by a factor of 5 (from
p=20-100 ©Q cm). It is needless to say that we can hard-
ly expect a better agreement from such crude estimates.
Let us now check the numerical value of Au. Vs is the
Coulomb potential due to the electrons in the peak of the

density of states screened by all the electrons. Hence « is
given approximately by
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where N (er) is the 3D density of states. Therefore a gives
the ratio of conduction electrons contained in the peak of
the density of states to the total number of the conduction
electrons. Since the peak (of width of the order 0.4 eV)
contains about 10% of the conduction electrons,® we esti-
mate a==0.1. Reasonable estimates of ¢, and 7, are
t1=0.1 eV (Ref. 5) and #/7 of the order 0.2-0.4 eV (cor-
responding to a mean free path of several atomic distances).
Thus an order of magnitude estimate of Au is in accordance
with reasonable values of ¢, and 7.

In the remaining part of this Comment we summarize the
theoretical and experimental evidence for the quasi-one-
dimensional nature of the 4 15 compounds.

The quasi-one-dimensional character of the band struc-
ture is caused by several factors:> (i) for the o and =
bands, the lobes of the wave functions point along the
chains, and therefore the interchain transfer integrals are
smaller than the intrachain ones; (ii) for certain states, in
certain regions of the Brillouin zone, there is a destructive
interference effect between interchain scattering from neigh-
boring atoms, or from different orbitals; (iii) since the
chains in close contact are orthogonal, a given interchain
transfer integral has a smaller effect in destroying the
‘“‘one-dimensionality’’ than a similar integral between paral-
lel chains.

The theoretical calculations of the electronic band struc-
ture>># indicate that the linear-chain structure gives rise to
planar sections of the Fermi surface. The destructive in-
terference effect occurs only in certain regions of the Bril-
louin zone, and therefore the planar sections do not extend
over the whole zone.

Experimentally, the anisotropic nature manifests itself in
a number of ways. (i) A very anisotropic depression of T,
is due to uniaxial stress in the (100) direction, in V3Si and
NbsSn. Stress in the (111) direction does not have any sig-
nificant effect, and hydrostatic pressure actually raises 7, of
V3Si. (ii) Tunneling experiments!® into a single crystal of
NbsSn indicate a gap corresponding to 7.,=15 K for a sur-
face in the (100) plane, T.=11 K for a surface in the (110)
plane, and T.=35 K for a surface in the (111) plane. (ii)
Positron annihilation experiments®!! indicate peaks in the
derivative of the momentum distribution in the (100) direc-
tion. (iv) In Nb3Al the NMR relaxation rate is enhanced
well above T, suggesting one-dimensional fluctuations.!?

We agree with AMR that it is unrealistic to explain the
strong depression of 7, with p by the smearing of the peaks
in the density of states with increasing disorder. The elec-
tronic density of states possesses sharp peaks which are
smeared by disorder, but these are not present in all high-T,
A 15 compounds, for example, not in Nb3;Al and thus seem
not to be essential for the high value of 7.. This point is
also emphasized by AMR who refer to tunneling datal® to
support it. There is also a somewhat broader peak near €,
but it arises from a rather large region in the Brillouin
zone,>” and therefore we do not expect disorder to have a
drastic effect on it (unless the disorder is very large and the
material is essentially amorphous). A different mechanism
for the degradation of 7, was proposed by Ruvalds and
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Soukoulis.!* It is based on the assumption that acoustic
plasmons play a dominant role in the superconductivity of
A 15 compounds and on an investigation of the effect of dis-
order on acoustic plasmons. The problem with this inter-
pretation is that there is so far no empirical evidence for the
existence of acoustic plasmons in 4 15 compounds.

Our conclusion is that the strong depression of T, can be
related to the effect of disorder on u*. Taking into account
the quasi-one-dimensional naturé of the 415 compounds,

we have found that the increase in u* is in agreement with
the depression of 7T, with p data.
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