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Large Anisotropic Vibrational Correlations in A15 Nb3Ge
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(Received 19 January 1983)

Extended x-ray-absorption fine-structure measurements on Nb3Ge at temperatures
from 8 to 300 K using the Nb K edge show large anisotropies in nearest-neighbor vibra-
tional correlations arising from one-dimensional transition-metal chains in the A15
structure. A simple view of these vibrations involves combinations of optical phonons
which cause chains of Nb atoms to vibrate, nearly undistorted within the bcc lattice of
Ge atoms, uncorrelated with vibrations of adjacent, perpendicular Nb chains.

PACS numbers: 63.20.Hp, 74.70.Ps

Nb, Ge and some other A, B compounds having
the A15 (or P-W) structure are of particular in-
terest because of their high-temperature super-
conductivity and other unusual properties. ' Much
effort has been devoted to investigating the struc-
tural, vibrational, and electronic properties of
these materials, and especially the interplay of
these properties in giving rise to superconduc-
tivity. This Letter provides new information
from extended x-ray-absorption fine-structure
(EXAFS) measurements about the vibrational
properties of Nb, Ge, showing clearly that the
anisotropic chain-type ordering of the Nb atoms
very strongly affects vibrational correlations be-
tween intrachain Nb-Nb neighbors, between inter-
chain Nb-Nb neighbors, and between Nb-Ge
neighbors.

EXAFS measurements were made at the Cor-
nell High Energy Synchrotron Source (CHESS) on
two different samples of Nb, Ge, designated sam-
ple I and sample II, with the Nb K absorption
edge. The polycrystalline samples were obtained
by annealing amorphous, sputtered films at 760 K
for 24 h. ' Microprobe measurements gave com-
positions 22.5+ 1 at % Ge for sample I and 23.2
+ 1 at.% Ge for sample II with less than 0.5 wt. %
oxygen. Values of the lattice parameter of the
crystallized films were 5.164+ 0.001 A for sam-
ple I and 5.150+0.002 A for sample II. Only weak
Nb, Ge, lines accompanied the expected Nb, Ge dif-
fraction lines, and relative peak intensities were
similar to those reported by Cox et a/. ,

' for a
chemical-vapor-deposited sample of Nb, Ge. Fol-
lowing Cox et a/. ,

' we estimate that at least 75%
of the Nb atoms in our samples occupy A-type
sites in the AQ structure. We measured a T,
onset of 13.5 K for sample I. The fragility and
small size of sample II prevented T, measure-
ments for it. T, values reported' for Nb, Ge
range from about 4 to 21 K. EXAFS measure-
ments were also made on a foil of bcc Nb.

The EXAFS function y(k) can be obtained from
the absorption coefficient g(E) by appropriate
background removal and normalization. ' In the
usual expression for y(k),

y(k) =P, (N, /kr. ,') exp(.-2k'o, .')E,. (k)

x D, sin[2kr, .+ cp, (k)],

E,. (k) is the backscattering amplitude from each
of the N,. equivalent neighbors of type j, and

p,. (k) is the total phase shift experienced by the
photoelectron, including central atom and back-
scatterer contributions. 0,.' is the mean square
width of a Gaussian distribution of distances to
atoms of type j in a single shell of average radi-
us r,. about the absorbing atom, resulting from
thermal vibrations and perhaps static displace-
ments. The scale factor D,. takes approximate
account of the photoelectron losses due to inelas-
tic scattering processes. The Fourier transform
of k'y(k) is a radial structure function, 4, (r).
Frequently occurring distances r,. produce maxi-
ma in IC, (r) I.

The absorption measurements for A15 Nb, Ge
and bcc Nb were reduced to obtain k'y(k) func-
tions, which were Fourier transformed over the
interval k = 3.7-16 A ' to obtain radial structure
functions C', (r). Nearly identical results were
obtained for the two Nb, Ge samples. The 14,(r) I

functions are shown in Fig. 1.
Near-neighbor distances and coordination num-

bers calculated for Nb atoms in bcc Nb (ab„
= 3.30 A) and in A15 Nb, Ge(a», = 5.16 A) are list-
ed in Table I. In l4, (r) I the maxima are shifted
from these values to smaller distances by about
0.35 A because of the y,. (k) phase shift in Eq. (1).
The first three near-neighbor shells for Nb, Ge
are contained within the split maximum between
1.5 and 3.5 A of l4, (r)l shown in Figs. 1(b) and
1(c).

As expected, the amplitudes of y(k) and C (r)
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FIG. 2. Temperature dependence of Ao, (T) = o, (T)
—o, (8 K) for bcc Nb shown with circles, and for A15
Nb3Ge shown vrith filled squares for Nb-Nb intrachain
pairs, open squares for Nb-Nb interchain pairs, and
triangles for Nb-Ge pairs. Values plotted for Nb3Ge
are averages for samples I and II, and vertical bars
extend to individual values for these samples. Lines
are drawn simply connecting data points.

given coordination shell. For uncorrelated dis-
placements, as expected for distant neighbors
and high temperatures, y,. = 1, but for correlated
displacements, y, w 1.

For an AQ A 15 compound, (u-') is isotropic
for B site but is a two-component tensor for the
A site: (u~~') and (u '). Likewise, y, and o,.' are
expected to be different for Nb-Nb intrachain
nearest neighbors, for Nb-Nb interchain nearest
neighbors, and for Nb-Ge nearest neighbors.

We cannot give a definite interpretation for in-
dividual values of o'(T) obtained from fitting our
EXAFS measurements. These values can be af-
fected by errors in the shape of calculated E,.(k)
functions and by k dependence of inelastic loss
processes, as well as by true distributions of
the near-neighbor distances, either static or
thermal in origin. Interpretation of b,o, (T )
=o,'(T) —o,.'(8 K) as the increase in mean square
thermal fluctuation in distance x,. for temperature
increases from 8 K involves fewer uncertainties,
since the nonvibrational factors are expected to
be temperature independent. As shown in Fig. 2,
ho'(T) data for the different types of nearest
neighbors in Nb, Ge have very different tempera-
ture dependences and magnitudes. Differences
between intrachain and interchain Nb-Nb values
of b, o'(300 K), i.e. , anisotropy in the distance

are much larger than anisotropies reported' in

Bragg x-ray-scattering Debye-Wailer factors
(u') for A15 compounds: 0.355 for Nb, A1, 0.208
for V,Si, and 0.121 for Cr,Si. No anisotropic
(u') values have been reported from scattering
measurements on Nb, Ge.

The large differences between b, oNb»~„„'(T)
and b, aNb Nb,.„„,(T) could arise, in principle,
either from anisotropy in the mean square vibra-
tions of Nb atoms with respect to their equilibri-
um lattice sites (u ) or from anisotropy in the vi-
brational coupling function y(r) Sin.ce the ob-
served anisotropy in 60» ~b is much larger than
anisotropies in (u') for other A15 compounds

(Nb, AI, V,Si, Cr,Si),' the anisotropy in a crNb.

for Nb, Ge probably reflects a large anisotropy in
the vibrational coupling factor y, , i.e. , Nb-Nb

intrachain nearest-neighbor atoms tend to vibrate
in phase to a much greater degree than do Nb-Nb

interchain nearest neighbors. A very simple view
of these vibrations involves combinations of opti-
cal phonons which cause chains of Nb atoms to
vibrate, nearly undistorted within the bcc lattice
of Ge atoms, uncorrelated with vibrations of ad-
jacent, perpendicular Nb chains. These types of
optical modes would be inaccessible by ultrason-
ic measurements. Our values of AoNb o, (T) are
less reliable than those for Nb-Nb, since the Nb-
Ge contribution is weaker and is not resolved as
a separate maximum in l@,(r) l. Our value of
oNb G,'(300 K) —oNb o,'(80 K) is 40% smaller
than that reported by Claeson, Boyce, and Ge-
balle, "from Ge K-edge EXAFS, but our value of
oNb Nb „,'(300 K) —obtb Nb,.„„,'(80 K) is the same
as their value for Ge-Nb second and fourth shell
neighbors.

Although the information provided by our EXAFS
measurements, Ao, '(T), could be c. alculated from
an accurate lattice-dynamics model for the A15
compound, ' ' it seems unlikely that such a model
can be developed without extensive inelastic neu-
tron-scattering measurements requiring single-
crystal samples. In the absence of a systematic
understanding of lattice dynamics in A15 Nb, Ge,
the EXAFS results illuminate a new aspect of
atomic vibrations which may play a, role in A15
superconductivity.

We gratefully acknowledge materials and ad-
vice provided by C. C. Tsuei, microprobe anal-
ysis provided by F. Cardone and R. J. Savoy,
programming done by A. A. I evi, and assistance
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