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Densities of states and nuclear spin-lattice relaxation rates are
calculated for Cu,~Pt,_, Effects of short-range order are included 1n
terms of the fully relativistic Embedded Cluster Method Specific heats
are calculated and compared with experimental results

1 INTRODUCTION

SINCE IN SUBSTITUTIONAL alloys nuclear spin—
lattice relaxation rates map neighbourhood dependent
partial local densities of states at the Fermi energy,
these rates offer the possibility to discuss effects of
short-range order and segregation 1n a compact form

The rates can be calculated as a function of the neigh-
bourhood configuration and can be displayed vs the
number of atoms of one component occupying a par-
ticular shell of neighbours or vs the short-range order
parameters, respectively A comparison with the cor-
responding results for the statistically disordered case
allows a quantitative illustration for the validity of the
Coherent Potential Approximation (CPA) A com-
panison with experimental values can be used to inter-
pret data corresponding to one and the same “macros-
copical” concentration, however, obtained from sam-
ples of different preparational origin and therefore
different stages of order In the present Communica-
tion the theoretical Pt nuclear spin-lattice relaxation
rates in Cu,—Pt,_, are discussed for a sertes of con-
centrations constdering all possible configurations of a
first shell of neighbours cluster and are compared with
available experimental data For CusyPts, short-range
order effects resulting from a shell of second neigh-
bours are also taken into account In addition experi-
mental order-dependent specific heats are interpreted

All calculations are performed using the fully relativis-
tic Embedded Cluster Method (ECM) [1] and are
based on results obtained within the frame-work of
the fully relativistic KKR-CPA method [2] In the
following section the applied methods are very briefly
recalled

2 THEORETICAL ASPECTS

For cubic lattices with only one atom per unit cell
the off-diagonal scattering-path operator for sub-
stitutional alloys 1s defined as follows [1]
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t, 1s the effective single site -matrix [2] and G(k) are
the KKR structure constants The matrices D(S) con-
tain blockwise the Clebsch—-Gordan coefficients for
the irreducible projective representations of 0 € 0,, the
matrices {S} are the I';; (#,,)-like vector represen-
tatives of 0, [3] Qp; 1s the volume of the Brillouin
zone, €5, of 1ts irreducible wedge Only a very restric-
ted number of off-diagonal scattering path operators
has to be calculated [3], namely 4 for the first shell and
2 for the second shell using the relation
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In terms of the ¢’ the density-of-states corresponding
to a particular site 1 occupred by species o and cluster

X

09

693



694 NUCLEAR SPIN-LATTICE RELAXATION Vol 65, No 7
Table 1 Shell occupation of an equiatomic CuPt lattice ( Pt-atom at the center)
Shell Atoms Distance Disordered Ordered
from center

Cu Pt Cu Pt
0 1 0 0 1 0 1
1 12 V212 6 6 6 6
2 6 1 3 3 6 0
3 24 J6/2 12 12 12 12
4 12 ﬁ 6 6 0 12

configuration J can be obtained from the expression

A(E) = — & Imu R, @)

where the supermatrix 7’/ 1s defined by 1its elements

[7], = {(tgy — "9, + [z7'),}" C)]

The size of the supermatrix 1s N 2 (I, + 1)?, where
N 1s the number of atoms 1n the cluster and [, 1s the
maximmum angular momentum In equation (4) t, 1s the
single site #-matrix of species « and in equation (3) R*
1s a matrix of radial integrals {4] over the Wigner—Seitz
cell

e = [ Z50) ZZ ) &r, Q= (x, p) Q)

Restricting the integration 1n equation (5) to the muf-
fin-tin sphere, partial local densities of states for spe-
cies o positioned at the center of origin (1 = 0), corres-
ponding to a particular configuration J, can be cal-
culated

ma(E) = ) m*(E) ©

K

In equation (6) ny (E) 1s the corresponding muffin-tin
density-of-states The configuration dependent den-
sities of states can now be used to calculate configura-
tion dependent nuclear spin—lattice relaxations rates
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where the R, , (E) are renormalized radial integrals In
the present paper all BZ-integrals including the ones
m the KKR-CPA calculations are calculated using the

21 directions of Fehlner and Vosko [6] The KKR-
CPA calculations are based on potentials obtained by
a Mattheiss construction using Slater exchange only

3 RESULTS

As the number of atoms of a particular species in
the first shell varies from 0 to 12 for a fc ¢ lattice a
total of 144 configurations has to be calculated Going
beyond a first shell of neighbours, the number of
configurations increases dramatically For Cug Pts,
however, 1t was argued that in accordance with the
CuPt structure (Table 1) short-range ordering seems
to occur not 1n the first shell, but in the second shell or
beyond This particular case can easily be handled in
the present approach, because by putting “‘effective”
(CPA) atoms to the positions of the first shell only 10
different second shell configurations have to be con-
sidered Including the second shell, however, implies
that the size of the matrix 1n equation (4) increases
from 234 for one shell only to 342

In Figs 1(a) and 1(b) the vanation of the density-
of-states (equation 3) 1n Cuy,Pts, at the Fermi energy
1s shown with respect to the number of Cu(Pt) atoms
1n the first shell Each cross represents one configura-
tion Since 1n this particular alloy the Fermi energy
falls into the edge of the Pt-d-band, the vanation with
respect to the different occupations 1s considerably
large In Fig I(c), showing the effects of short-range
ordering with respect to the second shell, the vanation
of the Pt density-of-states 1s only slightly smaller than
mn Fig 1(b) It should be noted that Fig 1 serves as a
beautiful illustration for the fact that the CPA indeed
represents a configurational average

Turning now to the Pt nuclear spin-lattice relaxa-
tion rates shown in Fig 2, one can see that in Cus,Ptg,
effects due to local arrangement are quite pronounced
these effects are large for both cases, namely for the
first shell cluster (Fig 2a) and the second shell cluster
(Fig 2b) In Cu,, Pty effects due to local arrangement
are much less drastic than in CugPty, This of course
has to be expected since in Cu,, Pt,, the Ferm1 energy
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Fig 1. (a) Density-of-states at E 1n a first neighbour
cluster in Cug,Pty, with Cu at the center (b) Density-
of-states at E; 1n a first neighbour cluster in Cuy, Pty
with Pt at the center (c) Density-of-states at E. 1n a
second neighbour cluster in which the first shell cons-
1sts of CPA atoms (statistical disorder) and Pt 1s at the
center In a—c the crosses correspond to the possible
configurations, the circles to the KKR-CPA results
Densities of states are girven in (states/ry atom)

falls into the onset of the s-band above the d-band 1t
should be noted from Figs 1 and 2 that values to the
rnight of the CPA value are due to “like-wise” ordering
(segregation), whereas the values to the left incor-
porate the cases with “anti-like-wise” ordering (short-
range order) In terms of the Warren-Cowley SRO-
parameters a,, which are defined for an 4 atom at the
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Fig 2 (a) Pt-nuclear spin-lattice relaxation rates in
Cu,, Py, with the occupation 1n the first shell vared
(b) Pt-nuclear spin-lattice relaxation rates mn Cuy, Pty
with the occupations m the second neighbour shell
varied and CPA atoms in the first shell (c) same as (a)
in Cu; Pty In a—c the crosses correspond to the poss-
ible configurations, the circles to the KKR-CPA re-
sults Note that for matters of convenience the imnverse
of the relaxation rate (1/(sec k)) 1s shown

center as

o, = I - n,/(cgnf’),

)
(n, 15 the number of all atoms 1n the r-th shell, #? that
of B atoms) values to the right of the CPA value in
Figs 1 and 2 correspond to positive «, and vice versa
Figure 3 finally summarizes the obtained results with
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Fig 3 Pt-nuclear spin-lattice relaxation rate in
Cu,Pt,_, full circles experimental data [7], open cir-
cles KKR-CPA results, full bars range of vanation
with respect to first neighbour shell configurations,
dashed bar range of vanation with respect to second
neighbour shell configurations and CPA atoms occ-
upying the first shell

respect to the “macroscopical” concentration and
compares them with the experimental values [7] This
figure indicates that for Cu-rich Cu,Pt,_, alloys such
as Cu, Pty local arrangement effects are of mnor
importance whereas for Pt-rich alloys these effects
gam importance By comparing the theoretical values
with the experimental data (7], 1t 1s seen from Fig 3
that for Cu-rich or Pt-rich Cu,Pt,_, alloys the agree-
ment indeed 1s excellent Unfortunately n [7] no acc-
ount 1s given of how the samples were prepared 1t 1s
therefore difficult to comment on the fact that for
Cu,, Pts, the experimental value 1s considerably below
the CPA value, 1¢ 1n the regime of segregation

By approximating the DOS for the long-range
ordered state in Cu,,Ptg, by a two shell cluster corres-
ponding to the occupations 1n the CuPt structure, one
effectively includes also a third shell, since this third
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shell contains 1n the ordered structure 6 atoms of each
kind (Table 1), a situation which 1s well represented by
the embedding CPA medium Together with the DOS
for the statistically disordered case (CPA) this ap-
proximated DOS for the ordered case, can be com-
pared with expenmental y values of the linear coef-
ficient of the specific heat [8] According to [9] how-
ever, the values of [8] contain an arithmetic error and
have to be multiplied by a factor of 193 The coef-
fictent y 1s predicted by the calculations to change
from 134 to 108mJKmol™' due to ordening This
result 1s 1n nice agreement with the experimental find-
ings for disordered (1 59 mJ K mol~') [9] and ordered
(1 03mJ K mol™") [8, 9] Cuy,Pts,
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