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Determination of the elementary jump of Co in CoGa by quasielastic neutron scattering
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Quasielastic neutron scattering at the backscattering spectrometer IN16 at the ILL has been used to deter-
mine the elementary jump vector of diffusing Co atoms in theB2 phase of CoGa. Measurements have been
performed on Co single crystals with 54 at. % Co and 64 at. % Co. For both compositions a maximum of the
quasielastic broadening has been observed near a reciprocal lattice point corresponding to aB2 superlattice
reflection. This gives unambiguous evidence of Co diffusion via nearest neighbor jumps. From the residence
times on the antistructure sites high defect concentrations are deduced. The correlation of Co diffusion has
been found to be surprisingly weak. A diffusion mechanism is suggested which takes advantage of the high
degree of disorder and, therefore, cannot be described in terms of defined cycles.
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I. INTRODUCTION

B2 structures~or CsCl structures! are derived from bcc
structures via a different occupation of the two simple cu
sublattices by two types of atoms. Since self-diffusion
intermetallicB2 alloys is generally believed to be vacan
diffusion, the high defect concentrations found in these
loys play an important role in the diffusion process.1 Va-
cancy diffusion in these compounds can be imagined in
ways: The diffusing atoms may perform jumps to near
neighbor ~NN! sites creating antistructure defects, or th
may stay on their ‘‘own’’ sublattice by performing jumps t
next nearest neighbor~NNN! sites. While NNN jumps are
believed to be dominant in intermetallic alloys with hig
ordering energies, such as NiAl,2 NN jumps have been found
in the intermetallicB2 alloys FeAl~Ref. 3! and NiGa.4 Ex-
tensive studies on CoGa using tracer diffusion have b
performed by Boseet al.5 and Stolwijket al.6,7 On the basis
of upward curvatures of the Arrhenius plots of the diffusi
coefficients and equal activation energies of both com
nents obtained from measurements of the diffusivities
various temperatures and compositions, Stolwijket al. pro-
posed a coupled diffusion of Co and Ga, the so-called trip
defect mechanism: The Co atom performs two subseq
NN jumps through a divacancy which are followed by
NNN jump of a Ga atom. The intermediate state constitute
triple defect, i.e., two vacancies on the Co sublattice and
Co antistructure atom, and is considered to be relativ
stable, since triple defects seem to be the dominant typ
defects in CoGa.8–11 On the other hand, Monte Carlo simu
lations showed that both, the upward curvature as well as
coupling, do not necessarily require the triple-defect mec
nism but can be explained by more generalized diffus
models.12,13 However, up to now, nodirect investigations of
the diffusive jump of any constituent of theB2 phase of
CoGa have been performed.

In this paper we present a direct observation of the jum
of Co atoms in CoGa using quasielastic neutron scatte
~QNS!. QNS is the only method that allows an investigati
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of the diffusive jump in CoGa on the atomic scale, sin
CoGa contains no suitable Mo¨ssbauer isotopes~Mössbauer
spectroscopy being practically limited to57Fe). While neu-
trons are excellent as a probe for the motion of Co atom
CoGa in terms of incoherent scattering cross sections, t
have, however, one important drawback: The high neut
absorption cross section of cobalt. We have overcome
problem by growing single crystals cut as sufficiently th
and large disks. Together with long measuring times and
high flux of the backscattering spectrometer IN16 at the
stitut Laue-Langevin the obtained statistics was high eno
to follow the comparably slow Co diffusion in th
10213 m2/s range.

II. THEORY

The quasielastic broadening of the incoherent scatte
function S(Q,v) of atoms diffusing on a Bravais lattice14 is
described by

G~Q!5
1

t S 12
1

n
S D with S5(

k
exp~2 iQlk!, ~1!

where G is the line width of the single Lorentzian whic
constitutesS(Q,v), t the mean residence time on a lattic
site,n the number of target sites, andlk a jump vector to the
kth target site. InB2 structures this model applies to dire
NNN jumps, but also to jumps via antistructure sites w
negligibly short residence times on these sites. The com
nation of these two NN jumps can be approximated by
effective jump on the simple cubic sublattice in^100&, ^110&
or ^111& direction3 ~corresponding to jumps into the secon
third, and fifth coordination shell!. As a general rule for all
such models it can be said thatG(Q) has a minimum near
reciprocal lattice points of thejump lattice and a maximum a
the boundary of its Brillouin zone.
©2001 The American Physical Society03-1
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The situation is different for NN jumps where the jum
lattice is no longer a Bravais lattice.15 For B2 structures
S(Q,v) is the sum of two Lorentzians with widthsG i and
weightswi :

G i~Q!52Mi~Q! and wi~Q!5U(
j

Acj@bi~Q!# jU2

.

~2!

Mi and bi denote thei th eigenvalue andi th eigenvector of
the matrixA with components

A1152
1

tCo
, A125

S

ntGa
, A215

S

ntCo
, A2252

1

tGa
,

~3!

tCo andtGa denote the average residence times of a Co a
on a site of the Co and Ga sublattice, respectively, andcj the
Co concentration on thej th sublattice.

Still, the broadening of the total line shows a minimu
near reciprocal lattice points corresponding to fundame
reflections of theB2 jump lattice. However, at reciproca
lattice points that correspond to superlattice reflection
considerable broadening ofS(Q,v) due to a maximum of
intensity of the broad line can be observed. This is due to
fact that wave functions associated to scattering processe
different sublattices are no longer in phase in these di
tions. QNS measurements ofS(Q,v) near these points in
reciprocal space are therefore particularly suitable to de
between NN and NNN jumps.

III. EXPERIMENT

A. Sample and sample environment

Two CoGa single crystals, one with 54 at. % Co and o
with 64 at. % Co were grown using the Czochralski meth
From these single crystals disks with a diameter of 25 m
and a thickness of 4 mm were cut. The large diameter
lowed to take advantage of the 333 cm neutron beam. The
disks were mounted into niobium sample holders with th
rotation axes parallel to the incoming neutron beam. In or
to avoid contact melting of Nb with CoGa, an Al2O3 fiber
paper ~thickness 0.5 mm! was placed between the samp
and the sample holder.

Between different measurements the disks were tur
around their rotation axis by an anglez ~counterclockwise,
when seen from the neutron source! in order to obtain dif-
ferent orientations. The orientation of the crystal lattice w
determined by x-ray diffraction and was such that the^100&
axis was in the scattering plane whenz5176 ° and z
5125 ° for Co54Ga46 and Co64Ga36, respectively. In both
cases thê 100& axis pointed into the direction 2Q5155 °
~see Fig. 1!. In this position thê 001& plane was inclined
relative to the scattering plane by245 ° (Co54Ga46) and
6 ° (Co64Ga36) around the^100& axis ~counterclockwise
seen from the origin!. For both orientations theQ vectors
with Q51.77 and 1.89 Å21 come very close to thê100&
reciprocal lattice point~see Fig. 1!.
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B. Measurement

The measurements have been performed at the b
scattering spectrometer IN16 at ILL using the unpolish
Si-̂ 111& analyzers. In this setup a Gaussian shaped res
tion with a full width at half maximum~FWHM! of about
0.9 meV is obtained. The neutron wavelength is 6.27
We used six single3He-detectors counting neutrons co
lected by the analyzers at 2Q530 °, 50 °, 69 °, 106 °,
125 °, and 141 ° covering aQ range from 0.5 to 1.9 Å21.
The Doppler frequency of the monochromator was 4 Hz a
hence an energy range from24.1 to 4.1 meV could be cov-
ered.

The exact resolution functions have been measured
room temperature using a nickel disk with the same dim
sions as the CoGa single crystals. The Gaussian shape o
resolution function is especially convenient for the detect
of Lorentzians exhibiting weak quasielastic broadening. T
is due to the different shape at the wings of these two curv
In order to determine the background, measurements w
the empty sample holder as well as with the sample ho
containing a cadmium disk have been performed. Th
measurements indicate that the main part of the backgro
was not caused by the sample environment behind
sample, which incited us to perform no absorption correct
and subtract the background as a whole. Some channels
fered from comparably high background~especially 2Q
550 ° between -3.0 and20.7 meV, but also 2Q530 °,
69 °, and 106 ° all between -4.1 and23.5 meV) and were
discarded from the fits in the final data evaluation.

The recently installed diffraction multidetector at IN1
allowed to scan for possible Bragg peaks from the Al2O3
paper, but no such peaks were detected. The first Bragg

FIG. 1. Schematic representation of the orientation of the re
rocal lattice of the two samples Co54Ga46, z5176 °, and
Co64Ga36, z5125 °, seen from above. The full circles represe
reciprocal lattice points lying in the scattering plane. The poi
represented by empty circles are out of the scattering plane, s
the ^001& plane is inclined around thê100& axis. The arrows rep-
resent the scattering vectorsQ5k in2kout in the QNS experiment a
IN16. Each vector corresponds to one of the six analyzers. Pl
note that for two of the orientations where QNS measurements w
performed, Co54Ga46, z5184 °, and Co64Ga36, z5125 °, in
each case twoQ vectors are very close to a^100& reciprocal lattice
point which corresponds to aB2 superlattice reflection.
3-2
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DETERMINATION OF THE ELEMENTARY JUMP OF Co . . . PHYSICAL REVIEW B 63 054303
of the sample itself is expected atQ52.17 Å21 and there-
fore out of the experimentalQ range. Multiple scattering
could be neglected because of the short average neutron
length due to high absorption. The strong difference in
incoherent neutron scattering cross sections of the two c
ponents (s inc

Co54.8 b, s inc
Ga50.16 b) allowed to study the

Co diffusion without a noticeable interfering signal of the G
atoms.

Sample measurements were performed on the single c
tal with 54 at % Co at 1120 °C withz555 ° and 184 ° and
on the single crystal with 64 at % Co at 1130 °C withz
5125 °, 235 °, and 330 °. The average counting time
orientation was 20 h. Figure 2 shows two typical spectra.
two of the orientations the vector of the momentum trans
Q for 2Q5125 °, and 141 ° came very close to the^100&
reciprocal lattice point~Fig. 1!. These orientations werez
5184 ° for the Co54Ga46 and z5125 ° for the Co64Ga36
single crystal.

IV. RESULTS

For all fits the quasielastic lines calculated on the basi
different jump models were numerically folded with th
measured resolution function. In the following we conce
trate on the two orientations given in Fig. 1, since they all
a very clear decision between different models.

A. Fit with models based on Bravais jumps

The spectra have first been refined with a single Loren
ian as predicted for jumps on a Bravais lattice@Eq. ~1!#.

FIG. 2. QNS spectra taken atQ50.52 Å21 ~a! and 1.78 Å21

~b! on the Co64Ga36 single crystal in the orientationz5125 °. The
solid lines represent the resolution functions~scaled to maximum!.
Counting time: 20.5 h.
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Figure 3 shows the so obtained linewidths for the two orie
tations described in Fig. 1, in comparison to the linewid
calculated on the basis of various models assuming jump
a Bravais lattice. All these models have in common a p
nounced minimum of the line width at the higherQ values.
However, the line widths obtained with a single line fit sho
a maximumat this position~Fig. 3!. The experimental con-
tradiction to these models is also obvious from Fig. 2: Wh
the Bravais models predict asimilar line broadening forQ
50.52 Å21 and Q51.78 Å21 @Fig. 3~b!#, there is a pro-
nounced difference in the quasielastic broadening of the
experimental spectra. Therefore, jumps to NNN sites,
also jumps into the third and fifth coordination shell have
be discarded.

B. Fit with jumps to antistructure sites

The strong broadening at the highQ values for the two
orientations described in Fig. 1 can easily be explained
the presence of a second, broader line@Eqs. ~2! and ~3!#
resulting from jumps of Co atoms to antistructure sites wh
the residence time has to be shorter than on the Co si4

Since the data did not allow a free fit of a single spectr
with two Lorentzians~mainly due to the convolution with the
resolution function which tends to smear out the differen
in the line shapes of a single Lorentzian and the sum of
Lorentzians!, we proceeded as follows:

The spectra with the highest quality corresponding
2Q5125 ° and 141 ° have been fittedsimultaneouslyfor all

FIG. 3. Comparison of line widths obtained by a fit of Co54Ga46

~a! and Co64Ga36 ~b! assuming a quasielastic line broadening
form of a single Lorentzian. The lines show the calculated wid
for NNN-jumps ~solid! and jumps to the third~long dashed! and
fifth ~short dashed! coordination shell.
3-3
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M. KAISERMAYR et al. PHYSICAL REVIEW B 63 054303
orientations of each sample on the basis of the NN-ju
model Eqs.~2! and ~3!. The model dependent fitting param
eters were the diffusion constant and the ratiotGa/tCo. We
obtainedtGa/tCo50.29(5) for 64 at. % Co. For 54 at. % th
x2 dependence was very flat, probably due to the smaller
broadening. A local minimum ofx2 was detected attGa/tCo
0.16~5!. A second minimum was found at 0.24, however, t
value was discarded, since it corresponds to unprobably
defect concentrations.

In a second step, in order to show that the obtained res
are consistent with all measured spectra, each spectrum
refined individually by coupling a broad line to a narrow lin
with a ratio of weights and linewidths calculated accordi
to Eqs. ~2! and ~3! on the basis of thetGa/tCo values ob-
tained with the simultaneous fit. The free parameter was
linewidth of the narrow line. Figure 4 shows a fit with tw
coupled Lorentzians assuming a ratio of the residence ti
tGa/tCo of 0.29. The comparison of the fit results with th
calculated widths is shown in Fig. 5. The agreement is
cellent. This is due to the fact that a broad line resulting fr
jumps to antistructure sites has been taken into acco
From this we conclude that the Co atoms perform NN jum
to and from Ga sites.

C. Defects

Using the detailed balancetGa/tCo5cCo
b /cCo

a , we get a
concentration of antistructure Co atomscCo

b 50.074(20) for
Co54Ga46 at 1120 °C andcCo

b 50.146(20) for Co64Ga36 at
1130 °C, referred to the number of lattice sites. Vacan
concentrations have been calculated fromcCo

b according to
Neumannet al.16 assuming that triple defects are the dom
nant defect type.8–11 We obtaincV50.067(40) for Co54Ga46
at 1120 °C andcV'0.008 for Co64Ga36 at 1130 °C, again

FIG. 4. Lorentzians as fitted for Co64Ga36, z5125 ° at Q
51.88 Å21 before the convolution with the resolution functio
Thin lines: Broad and narrow Lorentzians. Thick lines: Sum. In
left: Q dependence of the relative weight of the broad line. In
right: Ratio of line widths of the broad and the narrow Lorentzia
~Both insets for Co64Ga36, z5125 °). The proportion of the two
Lorentzians can be determined from the values given in the inse
Q51.88 Å21.
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concentrations appear reasonable in the context of studie
the defect concentrations in CoGa at low
temperatures10,17–20where vacancy concentrations at stoich
ometry up to 5%~at 900 °C) have been found.10
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FIG. 5. Comparison of widths of the narrow lines predicted
the NN jump model (tGa/tCo50.16 and 0.29,DCo as given in Sec.
IV D ! with those obtained experimentally~fit with coupled widths!
for Co54Ga46, z555 ° ~a! and 184 ° ~b! as well as for
Co64Ga36, z5125 ° ~c!, 235 ° ~d!, and 330 °~e!.
3-4
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D. Diffusion constants and correlation factors

In this section we propose a direct access to correla
factors which otherwise can only be determined indirectly
means of the isotope effect. This is done by comparing lo
range diffusivities with individual jump frequencies.

According to21

DNi5
a2

4~tGa1tCo!
, ~4!

the diffusion constants obtained in the QNS experiment
DCo

QNS50.73(15)310212 m2/s for Co54Ga46 at 1120 °C and
DCo

QNS52.15(20)310212 m2/s for Co64Ga36 at 1130 °C.
Please note that Eq.~4! does not contain the correlatio
factor22 f, defined as the ratio of the mean square displa
ment of an atom after a large number of jumps with a
without correlation,

f 5
^R2&

^Rrandom
2 &

. ~5!

Therefore, with a given jump length, theDQNS depend only
on the jump frequencies, since they have been fitted in thQ
range from 1.77 to 1.89 Å21 which reflects the atomic mo
tion on the Å scale. On the other hand the diffusion consta
from tracer experiments contain inherently the correlat
factor since they are obtained from long range diffusio
This allows to estimatef from a comparison of diffusion
constants obtained by the two methods

f 5
D tracer

DQNS
. ~6!

There are no values from tracer experiments for exactly
at. % Co, that is why we have interpolated the data of S
wijk et al.7 and getDCo'0.68310212 m2/s at 1120 °C for
54 at.% Co. Since the diffusion constants obtained by
two methods are similar the correlation factor must eff
tively be close to unity. Taking into account the uncertaint
of our measurements and the interpolation of the tracer
we get a lower limit for f Co of about 0.65. This result is
supported by the fact that for both samples there is a g
agreement of the line broadenings predicted by the~long
range diffusion! model with those measured at highQ values
~sensitive to local motion! as well asat smallQ ~sensitive to
long range diffusion!. Figure 6 shows theQ dependent line-
widths calculated according to the hydrodynamic limes

G52\DQ2 for Q→0, ~7!

assumingDQNS multiplied by f 50.5 andf 51. A compari-
son with the linewidths at 0.5 Å21 limits the correlation
factor f Co in Co54Ga46 to values between 0.5 and 1.0.

For Co64Ga36 a determination off Co from a comparison of
the difffusion constants is not possible due to the absenc
tracer diffusion data. However, the linewidths at smallQ
which are fairly consistent with the uncorrelated mod
~Figs. 5 and 6! indicate thatf Co is at least as close to unity a
for 54 at. % Co54Ga46. An overview is given in Table I.
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FIG. 6. Thick lines: The hydrodynamic limes in the range of
approximate validity assuming a diffusion constant that is the pr
uct of DQNS obtained at highQ and a correlation factorf 51.0
~solid! and f 50.5 ~dotted!. Thin line: NN jump model. The letters
~a!–~e! indicate the same single crystal orientations as given in F
5. The Q range between 0 and 0.6 Å21 is rather influenced by
macroscopic diffusion than by the microscopic diffusion. The lin
width atQ50.52 Å21 can therefore be taken as a reference for
macroscopic diffusion constant. Obviously, there is no deviat
towards smaller line widths@exept for~b! which can be attributed to
statistical deviations# which indicates thatf is close to unity. The
two orientations~a! and ~b! of the Co54Ga46 sample are well de-
scribed by a correlation factor 0.5, f <1, the three orientations~c!,
~d!, and ~f! of the Co64Ga36 single crystal indicate a correlatio
factor of at least 0.7.
3-5
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TABLE I. Diffusion constants according to the QNS and tracer experiments~interpolation of the data of
Stolwijk et al.! as well as correlation factorsf as determined from a comparison of the QNS and tra
diffusion constants~fourth column! and from the linewidths atQ50.52 ~fifth column!.

sample DQNS(m2/s) D tracer(m2/s) f from D tracer/DQNS f from linewidths

54 at. % Co at 1120 °C 0.74(15)310212 0.72310212 0.65< f <1 0.5< f <1
64 at. % Co at 1130 °C 2.15(20)310212 - - 0.7< f <1
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E. Conclusions on the diffusion mechanism

Since the QNS experiment shows that Co diffuses
antistructure sites we will concentrate on mechanisms ba
on Co NN jumps as there are the six-jump cycle~6JC!, the
anti structure bridge mechanism~ASB! and the triple-defect
mechanism~TDM!.

Thesix-jump cycle23 has been proposed by Boseet al.5 as
a possible diffusion mechanism in CoGa. It consists of
subsequent jumps, where the first three jumps lower the
gree of order while the consecutive jumps restore the orde
its initial level. The importance of this mechanism for high
ordered stoichiometric alloys is uncontested and this mec
nism permits under certain circumstances a correlation fa
close to unity for one of the components.24 However, as has
been pointed out by Kiguchi and Sato,25 this mechanism is
not relevant for systems where the degree of order is s
ciently low to allow the temporary persistence of locally d
ordered regions. Such a deviation from perfect order
clearly present in CoGa at elevated temperatures.10,26

Another model assuming NN jumps of Co atoms is ba
on diffusion viaantistructure bridges~ASB!.27 According to
Monte Carlo simulations this mechanism cannot contrib
to long range diffusion as long as the concentration of a
structure atoms is smaller than 13 %.28 This is clearly the
case for the near stoichiometric composition investigated
the present paper. However, we can exclude this mecha
also for the far-off stoichiometric composition for the fo
lowing reason: If the ASB mechanism would be effecti
beyond the percolation threshold and only be limited by
insufficient number of antistructure atoms at the near s
ichiometric compositions, there would nevertheless rem
jumps on small, nonpercolating ‘‘ASB islands.’’ This wou
lead to an additional elastic line at smallQ values due to the
confined diffusion and in addition to a smaller correlati
factor for the near stoichiometric composition. Howev
such an effect has not been observed in the QNS experim
On the contrary, the data for both compositions can be fi
with a model based on long-range diffusion as has b
shown in Sec. IV B.

The triple defect model has been proposed by Stolwijket
al.7 to explain the coupled activation energies of Co and
diffusion obtained in tracer diffusion measurements at
merous temperatures and compositions ranging from 45.
60 at. % Co. In this model the Co atoms perform jum
through divacancies being limited to their actual unit c
until a Ga atom moves one of the two vacancies to an a
cent unit cell by means of a NNN jump. The activation e
ergies of both components are then coupled, since thenet
diffusion of Co is strongly coupled to the diffusion of G
The differences in the jump frequencies of Co and Ga can
05430
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compensated by different correlation factors.29 Yet, if the Co
atoms performed numerous NN jumps in their unit c
‘‘waiting’’ for the Ga atom to free the divancy, these jump
would not contribute to net diffusion and the correlation fa
tor should therefore be considerably lower for Co than for
~Fig. 7!.

Taking into account the weak correlation for Co diffusio
found in the QNS experiment, the triple-defect mechani
appears only possible under the assumption that the ju
frequencies forindividual NN jumps of Co are smaller o
comparable to the frequencies of NNN jumps of Ga atom
This would mean that the energy barrier for Co NN jum
would not be lower than the one for Ga NNN jumps. In t
light of the easiness at which Co antistructure atoms form
CoGa~Ref. 30! this, however, seems improbable.

A possible solution can be found in a mechanism wh
takes advantage of the high degree of disorder and is th
fore not restricted to the maintenance of perfect local or
as long as the overall degree of order is preserved. T
mechanism could be either based on NN jumps ofbothcom-
ponents or NN jumps of Co and NNN jumps of Ga—
without, however, requiring the strict binding of two vaca
cies and therewith the coupling of the diffusion of the tw
components. At a first glance both models appear to con
dict the results of Stolwijket al., but—as Monte Carlo simu-
lations have shown—also a diffusion mechanism based
NN jumps of both components is able to account for t

FIG. 7. Schematic representation of aB2 unit cell in two di-
mensions. The sites at the corner of the square are assumed
part of the Co sublattice, the center of the square represents a
lar Ga site. Co atoms are symbolized by full circles, Ga atoms
open circles and vacancies by empty squares. The arrows symb
atomic jumps according to the triple-defect mechanism: The
atoms perform numerous jumps in the unit cell until a Ga at
from an adjacent unit cell ‘‘frees’’ the divacancy by performing
NNN jump. This leads to a low correlation factor for Co diffusion
NN jumps of Co are more frequent than NNN jumps of Ga ato
~Ref. 13!.
3-6



g

on
la
be
i

y

av
o
a

on

pa
n
a
d

in
m
G
ion
n
i
th
o
rr

-
the
o-
c

ec-
re

the
n
nd

has

at

rre-
ly
be
-
is
be
bar-
as

ms,
gh
d in

age
ted
ned
ly
.

DETERMINATION OF THE ELEMENTARY JUMP OF Co . . . PHYSICAL REVIEW B 63 054303
upward curvature of the tracer diffusion coefficient12 and the
coupling of the two components.13

A more generalized diffusion mechanism is also su
gested by a comparison with similar results on NiGa~Ref.
4!, where all models based on strictly defined diffusi
cycles failed to explain the experimental data. The corre
tion factors close to unity found in the experiment could
quite naturally be explained by a difference of the atom
interactionsECo-Co and EGa-Ga. This has been shown b
Kikuchi and Sato using the path probability method25,31 and
later by different authors using Monte Carlo simulations.32 In
both cases very high values for the correlation factors h
been found for one of the components as a consequence
difference in the respective atom-atom interactions. Such
asymetry is realized in CoGa where antistructure atoms
Co form much easier than of Ga antistructure atoms.11 This
effect might be further enhanced by the high vacancy c
centrations found in the investigated systems.

In addition, recently performed Monte Carlo simulations33

assuming high vacancy concentrations indicate that the
of the diffusing atoms in NiGa is influenced by second a
third-nearest neighbor interactions between vacancies
atoms—a phenomenon that has already been observe
Monte Carlo simulations on FeAl~Ref. 34! assuming a
single vacancy. Further these simulations show, in comb
tion with QNS measurements, that the differences in the
croscopic diffusion mechanism observed in FeAl and Ni
can be explained by differences in atom-vacancy interact
solely and do not require principally different diffusio
cycles. In this context we suggest that details of diffusion
CoGa are determined by atom-vacancy interactions in
second and third coordination shell while an asymmetry
the Co-Co and the Ga-Ga interactions accounts for a co
lation factor close to unity for Co diffusion.
io
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V. SUMMARY

Quasielastic neutron scattering~QNS! on the backscatter
ing spectrometer IN16 at ILL has been used to determine
diffusive jump of Co in CoGa. For both investigated comp
sitions ~54 and 64 at. % Co! a maximum of the quasielasti
broadening has been observed near a reciprocal^100& lattice
point. This can only be explained by the presence of a s
ond, broader Lorentzian arising from jumps to antistructu
sites. If this second Lorentzian is taken into account in
data treatment~via a coupling to the smaller Lorentzian i
the refinement! a good agreement between experiment a
theory is achieved. The elementary jump of Co in CoGa
therefore been identified as anearest-neighborjump between
regular Co sites and antistructure sites.

On the basis of a comparison of the line broadening
high Q values with the line broadening at lowQ as well as
with diffusion constants from tracer measurements, a co
lation factor for Co diffusion not smaller than approximate
0.65 was found. Hence, Co diffusion in CoGa appears to
surprisingly effective in terms of long range diffusion com
pared to frequencies of individual jumps. With regard to th
weak correlation, the triple-defect mechanism can only
operative in CoGa under the assumption that the energy
rier for nearest-neighbor jumps of Co atoms is at least
high as the one for next-nearest-neighbor jumps of Ga ato
which seems improbable in the light of the unusually hi
concentrations of Co antistructure atoms that can be foun
CoGa.

We suggest a diffusion mechanism which takes advant
of the high degree of disorder present in the investiga
system and can therefore not be described in terms of defi
cycles. The high correlation factor for Co diffusion probab
originates in an assymetry of the atom-atom interactions
s.
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