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The changes of the electronic structure of Cu-Pt undergoing an order-disorder transition have
been investigated by measuring the linear coefficient of the low-temperature specific heat v and
the nuclear spin-lattice relaxation time Ti of *¥*Pt. The observed changes of the values of v and
Ty can be interpreted by comparing them with theoretical values based on relativistic Korringa-
Kohn-Rostoker coherent-potential-approximation and embedded-cluster-method calculations. The
influence of short-range order on the electronic structure has also been investigated.

L. INTRODUCTION

Order phenomena in binary alloys and their electronic
structure are closely related to each other. The electronic
energy may be order dependent and therefore causes
the formation of ordered or disordered structures. Nu-
merous theories have been developed to predict the oc-
currence of order from the knowledge of the electronic
structure.! This paper however deals with the reverse
problem: How does a given degree of order influence cer-
tain electronic properties? Experiments and theoretical
calculations have been carried out in order to answer this
question. We concentrated on observables which depend
on properties of electrons on the Fermi surface, namely,
the linear coefficient of the low-temperature specific heat
v and the nuclear spin-lattice relaxation time T;. Both
quantities can be measured. The order dependence of the
specific heat of alloys has been measured for some alloy
systems (e.g., Cu-Pd,? Cu-Pt3*), whereas that of T} has
not yet been investigated as far as we know.

The density of states (DOS) and the spin-lattice re-
laxation time can be calculated from the one-particle
Green’s function. In this work we confine ourselves to
the change of the observables mentioned above under a
transition between the disordered and the long-range or
short-range ordered state. For the calculations we choose
a description for the electronic structure of both the or-
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dered and the disordered states based on the same numer-
ical procedure, namely, the relativistic Korringa-Kohn-
Rostoker coherent- potential-approximation (KKR-CPA)
and the relativistic embedded-cluster-method (ECM)-
CPA.

The alloy system Cu-Pt is especially suitable to be
studied.

() The phase diagram of Cu-Pt (Ref. 5) is compar-
atively simple. Occurrence of short-range order (SRO)
and long-range order (LRO) can easily be observed and
the kinetics of SRO and LRO formation were investi-
gated by resistivity measurements.®? The order-disorder
transition of CugoPtsg is of first order® and does hardly
change the lattice constant® therefore facilitating the cal-
culations.

(if) The NMR transitions of %Pt in Cu-Pt are not
disturbed by quadiapolar interactions and are sufficiently
intense therefore allowing a precise determination of the
spin-lattice relaxation time:

(iii) This alloy system was already investigated theo-
retically by us.10713

(iv) The energy dependent DOS has a large slope at the
Fermi energy at least for the Pt component. Therefore
order in this alloy system should strongly effect v and 73.

We first describe experimental details and the theo-
retical procedures and then discuss the results for the
different types of ordered structures.
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II. EXPERIMENTAL
A. Sample preparation

Alloy samples of various compositions were prepared
by Degussa (Hanau) by melting together appropriate
amounts of Pt (99.99%) and Cu (99.999%). The alloy
ingots were cut into small pieces and cold rolled step by
step to foils of 50 um thickness. Between the steps the
samples were annealed in a purified argon atmosphere
and then quenched into water of 20°C . This quench-
ing procedure is important in order to prevent the alloys
from order hardening.

The cold-rolled alloy samples were assumed to be in
a highly disordered state (see, e.g., Ref. 9). The alloy
CuspPtso was thermally treated to allow ordering into the
L1, structure (CuPt). The temperature and duration of
the thermal annealing treatment to achieve a long-range
order equilibrium were determined from the relaxation
behavior as obtained by resistivity measurement.%7:14
The annealing steps used were 850°C: 1 h, 750°C: 1
h, 700°C: 2 h, 600°C: 8 h, 500°C: 18 h, 450°C: 20
h. By resistivity measurements it has been proved that
these annealing steps are sufficient for the alloy to reach
equilibrium. On the one hand it is unnecessary to hold
the temperature at 750°C for several days as some au-
thors have done (e.g., Refs. 15 and 16) because the re-
laxation time is very short at this temperature.® On the
other hand the atomic mobility is minute below 450°C
and therefore no annealing was undertaken below this
temperature.

The resistivity measurements suggested that it is pos-
sible to prepare states of pure short-range order in some
Cu-Pt alloys even below the transition temperature to
long-range order by making use of the different relax-
ation times of the various kinds of order. We prepared
three different states of short-range order in CugsPtss by
means of the following heat treatment: The cold-rolled
alloy samples were first exposed to a homogenizing pre-
treatment consisting of a slow heating up from room tem-
perature to 850°C and, after holding this temperature
for 2 h, a slow cooling down to room temperature. Then
the alloy was heated up to 850°C again and quenched
in water. To allow the development of short-range or-
der the samples were annealed at 700°C for 20 min and
then quenched. One third of the samples was removed
for measurement (— sample 1). The rest was annealed
a second time at 550°C for 30 min and then quenched.
One half of the samples was removed (— sample 2) the
remaining material annealed at 400°C for 200 min and
then quenched (— sample 3). According to the results
of the resistivity measurements on CugsPtas (Refs. 6 and
7) samples 1, 2, and 3 were then in an equilibrium state
of SRO corresponding to temperatures 700, 550, and
400°C .

B. Specific heat measurements

The specific heat measurements were performed by
means of a quasi-adiabatic method between 1.5 and 8 K.

A newly developed apparatus used for the experiments
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operates automatically and has a temperature regulation
based on a Cryocal germanium resistor.

Usually the specific heat of a metal or alloy obeys the
law C(T") = 4T + BT®, where the first term stands for
the electronic contribution and the second for the lattice
contribution. The density of states at the Fermi energy
n(Ep) can be deduced from v and the Debye temperature
Op from B. In fact enhancement by electron-phonon
(Ae-p) coupling and spin fluctuations (Asp) can increase
the bare DOS, so that v is given by

¥ = %Wzk% (1 +'Ac-p -+ )\SF + - ‘) n(EF) * (1)

The accuracy of the raw data, plotted as C/T versus T?
(see Fig. 1) is better than 1% for our samples. The excel-
lent linearity of this plot down to 2 K yields an accuracy
of about 1% for ¥ and 3% for ©p. The slight devia-
tion from linearity below 2 K for the disordered sample
is discussed in Sec. IV A.

C. NMR measurements

A Bruker pulsed NMR-spectrometer (SXP) was used
for measuring the spin-lattice relaxation time of °5Pt in
Cu-Pt alloys. An Oxford Cryomagnet was operated at 7
T corresponding to a resonance frequency of about 63.5
MHz. The steady-flow cryostat allowed cooling down to
3.9 K. The temperature of the alloy was measured by
a carbon glass resistor mounted very close to the sam-
ple limiting the inaccuracy of the temperature measure-
ment to less than 3%. Fifteen m/2 (20 us) saturation
pulses were applied in order to destroy the longitudinal

-magnetization in the sample. After a delay time 7 two

#/2 pulses transferred the recovering magnetization into
a spin echo, the intensity of which was determined by in-
tegrating the echo. The intensity was assumed to be pro-
portional to the longitudinal magnetization M, (7). The
relaxation time 77 was determined by numerical analysis
of the approximately 40-50 points corresponding to an
appropriate choice of delay times 7. A model function of
the form

M, (1) = Mo + (Mo — Mp) (1 — e 7/T) 2)
5 A*)
o
o
° o
- ° .
0® b
a [ .
1¥4 ° o
L o
g 3f 0 ° e
> o®° .
3 0® «®
c A
g} °°° .o‘.
oL ...o‘
1 L 1 1 1 1
) 10 20 30
T2 {K?)

FIG. 1. C/T vs T® plot for disordered CusoPtso {open
circles) and ordered Cu-Pt (solid circles).
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was fitted to the experimental data by least-squares ap-
proximation in order to determine the relaxation time T3.
M, is the rest magnetization not rémoved by the satu-
ration pulses, M, the equilibrium magnetization. The
statistical error for T3 was between 2 and 10 % depending
on the intensity of the signal.

III. THEORETICAL APPROACH

A. Disordered state

Disorder is treated in the framework of the coher-
ent potential approximation (CPA), namely, the rela-
tivistic KKR version of the CPA. The relativistic CPA
equations!” were solved for an angular momentum up to

]

n*(E) = ——1-ImTr [G*(E)] =

Zn“(E
(TLT)7" = 4koh (15 ) Z 27+ 1
e 22Ty 6i(7 +1)

R are normalized radial matrix elements, x and j are the
usual angular momentum quantum numbers, v5 is the
gyromagnetic ratio of the nucleus of the atom of type a,
and T is the temperature. (737!, the relaxation rate,
is the quantity which enters the theoretical calculations,
whereas T}, the relaxation time, or T1T are the quantities
occurring in experiments. In this paper T3 T isused where
experimental values are discussed. (71T")~! is used for
theoretical discussions. Note also that in this paper all
values for the DOS are taken at the Fermi energy.

B. Short-range order

Because of the single-site character of the averaging the
CPA cannot account for the case of local order. An ade-
quate theory requires a more complex averaging scheme.
There is no alloy theory in existence yet which treats SRO
on the same level of self-consistency as the CPA does for
the case of disorder. Therefore a number of non-self-
consistent theories have been proposed. The embedded
cluster method (ECM) based on the CPA (Ref. 22) is one
of these and has been proved to give a good description
of SRO. It treats clusters of real atoms embedded in the
single-site averaged CPA medium and yields scattering-
path operators and Green’s functions for clusters of defi-
nite configurations. For details of the calculation see Ref.
13. Several aspects of the application of the ECM to the
system Cu-Pt have been discussed extenswely in earlier
papers.1o1t

C. Long-range order

Alloys with long-range order have translational sym-
metry and therefore the standard band-structure meth-
ods can be applied [e.g., the Linear-Muffin-Tin-Orbital

a(EF) nn(EF) + Z
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lmax = 2. The Brillouin-zone integration of the KKR
matrix was carried out using 21 special directions!® and
between 30 and 900 k points in each direction. For the
iterative solution of the CPA equations an improved it-
eration scheme for the KKR-CPA was used.!® The Fermi
energy was determined by use of Lloyd’s formula for the
integrated density of states.!” All calculations were based
on site potentials according to the Mattheiss description
and on experimental lattice constants.? The CPA yields
scattering path operators closely related to one-particle
Green’s functions G*(E) corresponding to a real impu-
rity of*type o embedded in the averaged CPA medium.
From these Green’s functions the density of states n®(E)
(Refs. 17 and 20) and the nuclear spin-lattice relaxation
rate (T37)~* (Ref. 21) can be calculated:

3)

GOk [Rz,_n_l(Ep)]z) @
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(LMTO) method]. However, for the purpose of this work,
where physical observables of alloys in the ordered and
disordered states were to be compared, the use of such
methods did not appear to be suitable. As the numerical
treatment of the band-structure problem requires other
numerical methods than the realization of the CPA the
sources of numerical errors of both methods are quite
different. For example, the Fermi energy in the KKR-
CPA is determined using an explicit formula for the inte-
grated DOS whereas in the LMTO the peaky differential
DOS has to be integrated numerically. Changing the nu-
merical parameters of the LMTO calculation one could
produce values for the DOS at the Fermi energy vary-
ing over a considerable range making predictions about
the (sometimes tiny) order effect on the density of states
(and the spin-lattice relaxation time) rather speculative.
We therefore tried to treat the LRO on the same foot-
ing as the SRO, namely, on the base of the CPA. The
idea is to approximate the global LRO structure locally
by considering clusters occupied with atoms in the same
arrangement as in the long-range ordered structure (see
Fig. 2). For CuPt the sites of two or four shell clusters
surrounding a central atom are occupied by either Cu or
Pt in a manner that all atoms belonging to a particular
(111) plane are all of the same type. The local DOS at
the center of such an “ordered” cluster of a small num-
ber of shells can then be calculated and compared to the
CPA-DOS. So the change of the electronic structure un-
dergoing an order-disorder transition can be determined.
This approximation works well for CuPt because of the
following facts.

(i) It had been observed that the influence of shells
more distant from the center (i.e., beyond the second
shell) on the DOS is very small.!®. Therefore to get a
good approximation it is sufficient to consider the first
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FIG. 2. The ordered CuPt structure (L11) (Ref. 9).

two or four shells.

(ii) The lattice constants of the ordered and disordered
phases are similar. Furthermore ordering does hardly
affect the spatial positions of the atomic sites in the
crystal.®

(iii) The energy-dependent CPA-DOS and the corre-
sponding DOS of the two-shell “ordered” cluster are sim-
ilar. If the DOS n(E) is integrated over the energy for
both structures in order to obtain the integrated DOS
and the Fermi energy, the Fermi energy level is found to
be nearly identical for both cases. Therefore the use of
the same Fermi energy for both the disordered and the
ordered structure is justified.

For the calculation of the electronic structure of the
long-range ordered state approximated in this way one
merely has to calculate the scattering path operators
(and from these the Green’s functions) for two “ordered”
clusters, one with a Cu atom and one with a Pt atom at
the center.

IV. RESULTS AND DISCUSSION

A. Disordered state

The linear coefficient of the low-temperature specific
heat v and the spin-lattice relaxation time T} of %Pt
were measured for four different compositions of disor-
dered (cold rolled) Cu-Pt alloys (30, 50, 65, 71 at.% Cu)
and compared with the corresponding calculated values
based on the results of the KKR-CPA in order to check
the agreement between experiment and theory.

1. Specific heat

In Fig. 3 the measured values for v and the calculated
densities of states at the Fermi energy n(E ) are shown.
For the ordinate units of the DOS (1/Ry) and units of
the specific heat coefficient [mJ /(mol K?)] are used [with
the relation ¥ = ix2k}3n(EF)]. Of course this formula
neglects the enhancement of y by electron-phonon cou-
pling, spin fluctuations, etc. For Pt spin fluctuations
contribute predominantly to the enhancement factor. So
1t is not surprising that the difference between n(Er) and
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FIG. 3. Linear coefficient of the low-temperature specific

heat v and density of states at the Fermi energy n(Er) of
CuPt. Open circles: measured « [disordered alloys: this work,
pure Pt: (Ref. 25), pure Cu: (Ref. 26)]. Solid circle: measured
v for the ordered alloy CuPt. Triangles: calculated n(Er)
[disordered alloys: this work, pure Pt: (Ref. 27), pure Cu:
(Ref. 28)].

v grows as the Pt content increases. The experimental
and theoretical results thus agree with each other quite
well. All vesults are listed in Table I including the Debye
temperatures © p which were derived from the slopes of
the temperature-dependent experimental specific heats
in Fig. 1. The C/T versus T2 curve for the disordered
(cold-rolled) sample exhibits a small deviation from lin-
earity below 2 K. This may possibly be an effect of posi-
tional disorder (“amorphization”) caused by cold rolling.
In spite of this effect our result for the disordered sample
CusoPtso [1.55 mJ /(mol K?)] agrees well with the result
of Ref. 15 [1.59 mJ/(mol K?)).

2. Spin-lattice relazation time

In Fig. 4 the experimentally determined values for T1 T
are compared with values measured by other authors?

TABLE 1. Results of the measurements of the specific
heat (linear coefficient v and Debye temperature ©p) and
the spin-lattice relaxation time T;T.

% Op T
at. % Cu Structure [mI/(molK?)] (K) (msK)
30 Disordered 2.92 254 71
50 Disordered 1.55 250 82, N0

Ordered 1.04 265 132
55 Disordered . 0.96 253 85
SRO 700°C ) 84
SRO 550°C . 86 .
SRO 400°C 1.04 264 82
71 Disordered 0.82 270 87
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FIG. 4. TiT of ***Pt in Cu-Pt. All values except the one
marked (L1,) are for the disordered {cold-rolled) state. Trian-
gles: experimental values (this work): T = 3.9 K, Bo=6.95 T,
v=~63.5 MHz. Squares: experimental values (Ref. 23). Solid
circle: experimental value for pure Pt (Ref. 29). Open circles:
calculated values. Dashed line: general tendency.

and also with our theoretical values calculated from the
KKR-CPA densities of states using Eq. (4). Apparently
the experimental values for the Cu-Pt alloys indicate an
increase of 1T with increasing Cu content. The exper-
imental values of this work agree with those of Itoh et
al. The calculated values reflect the general tendency of
the experimental results. It should be noted that the
calculated values in this work differ slightly from those
published earlier!®! due to a more precise determination
of the Fermi energy in this work.

B. Long-range ordered state

1. Density of states

Figure 5 shows the DOS for the disordered and the or-
dered structures. The CPA-DOS for the disordered alloy
is compared to the DOS of an ordered alloy calculated

40
z
= 20
)
(]
(=] N

0

0.2 0.4 0.6
E (Ry)
FIG. 5. Density of states of CusoPtso. Solid line: CPA-

DOS, dash-dotted line: ECM-DOS for two shell ordered clus-
ters. The Fermi energy is marked by a vertical line.
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with the two-shell approximation to the ECM. The dif-
ference between the CPA- and the ECM-DOS is compar-
atively small. This is due to the fact that the transition
from the disordered to the ordered state leaves the occu-
pation numbers of the first shell around a specified atom
unchanged. This means that the first shell around, for
example, a Pt atom consists of 6 Cu and 6 Pt atoms in
the disordered (on the gverage) and in the ordered (ex-
actly) alloy. The effect of the disorder-order transition on
the first shell can therefore be seen as merely a change in
the positions of some Cu and Pt atoms within the shell
in order to form the ordered pattern. The local DOS
at the central Pt atom however depends mainly on the
number of Cu and Pt atoms in the first shell which is
6:6 in both cases, not on their spatial position.!® So the
changes arise from the more distant second shell where
the occupation numbers change from Cu:Pt=3:3 for the
disordered state to 6:0 (0:6) for the ordered state with Pt
(Cu) in the origin and are therefore less pronounced.

The main feature in the ECM-DOS in Fig. 5 is that
there are less electrons near the Fermi energy than in
the CPA-DOS. These electrons appear at lower energies
around 0.4 and 0.23 Ry. The sum of all one-electron
energies (which is of course not the binding energy) is
therefore lower in the ordered structure.

2. Specific heat

The coefficient ¥ was measured for the ordered CuPt
alloy. The result [1.04 mJ/(molK?)] is in an excel-
lent agreement with values measured by other authors
(1.02,'® 1.040,'® note that the first result has been cor-
rected following the arguments given in the second refer-
ence). Thus ordering leads to a drastic decrease of 4 by
35% (Fig. 6 left side). The calculated density of states

150
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FIG. 6. Comparison of the measured and calculated quan-
tities for the disordered (DO) and ordered (L1;) states. Left
part: measured specific heat coefficient v (dashed lines) and
corresponding calculated DOS (solid lines). DOS for the dis-
ordered state by the CPA, DOS for the ordered state by the
2- and 4-shell approximations to the ECM. Right part: mea-
sured 71T (dashed lines, two results for DO) and calculated
T7T (solid lines). Values for the disordered state by the CPA,
for the ordered state by the 2- and 4-shell approximations to
the ECM. All displayed values are contained in Tables I, II,
and ITI.
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TABLE II. Angular momentum resolved DOS of disordered CusoPtso and ordered CuPt cal-

culated with the CPA or the ECM-CPA, respectively. Units: 1/Ry.

Structure Atom S1/2 P1/2 D32 d3/2 d5/2 Sum Total

Disordered Cu 0.29 0.16 0.39 1.19 2.11 4.14 7.74
Pt 0.26 0.14 0.25 2.26 8.42 11.34

Ordered Cu 0.29 0.16 0.38 1.08 1.91 3.82 6.21
(2 shells) Pt 0.26 0.15 0.25 1.61 6.32 8.59

Ordered Cu 0.24 0.17 0.44 1.11 1.98 3.93 6.99
(4 shells) Pt 0.28 0.13 0.23 1.90 7.52 10.06

11 629

shows the same behavior. Applying a two-shell cluster
approximation the DOS drops by about 20% from the
disordered state (CPA) to the ordered state, however by
only 10% applying a four-shell cluster approximation. A
calculation with six shells (not yet feasible) would prob-
ably lead to a decrease between 10 and 20 % because the
sixth shell is occupied by Pt atoms only. This means that
the cluster approximation of LRO is able to explain the
general behavior of the DOS. More details of the change
of the DOS associated with the order-disorder transi-
tion can be seen from the angular momentum resolved
DOS in Table II. Apparently the s and p contributions
to the DOS are nearly independent of the state of order.
Merely the d components are strongly order dependent.
The main change is due to the local DOS of Pt. As
already mentioned the number of Cu atoms in the first
shell around a Pt atom does on an average not change by
ordering but the number of Cu atoms in the second shell
increases from three to six, causing a strong decrease of
the DOS. One could think that the inclusion of a higher
number of shells in this kind of approximation would lead
to a convergent sequence of densities of states, but prob-
ably this is not the case owing to the non-self-consistency
of the ECM-CPA.

In the discussion so far we assumed that the contribu-
tions to v due to nonelectronic mechanisms [represented
by the various A in Eq. (1)] are the same in the ordered
and the disordered states (Aio¢ & 0.15). This does not
have to be true. If A changed under an order-disorder
transition this would give rise to an extra increase or de-
crease to . As our calculations are approximations we
cannot estimate this effect here.

8. Spin-lattice relaxation time

Ordering causes the measured Ty T of %3Pt to increase
drastically (Figs. 4 and 6). The increase of 1T is re-
lated to the decrease of the DOS at the Fermi energy
which causes a weaker coupling of the nuclear spins to
the electrons on the Fermi surface and therefore leads to
a slower relaxation due to the interaction with the lattice.
However, the spin-lattice relaxation time gives different
information compared with the DOS or v. Firstly the
spin-lattice relaxation time is a local probe because it
measures only the Pt contributions to the DOS and sec-
ondly the various angular momentum contributions are
weighted in a different manner [compare the right-hand
side of Eq. (3) with Eq. (4)]. The most important dif-
ference between DOS and 71T is the large s-like contri-
bution to 71T due to the hyperfine interaction betweeen
the electrons and the Pt nuclei, having no counterpart in
the DOS.

The change of the spin-lattice relaxation time is more
pronounced (more than 50%) than that of the DOS. In
Fig. 6 the experimental and theoretical values for T1T are
compared. The two-shell approximation leads to an in-
crease of Ty T of 30%, the four-shell approximation to an
increase of 36%. Again the theoretical approach yields a
correct qualitative description of the behavior of a phys-
ical observable. Table III lists the calculated angular
momentum resolved components of (T17)~!. As in the
case of the DOS the main contribution to the order de-
pendence is due to the d components of (TyT)~t. Con-
trary to the case of the DOS the result of the four-shell

TABLEIIL. Relaxation rates (T T) ™! of **Pt in disordered CusoPtso and ordered CuPt calcu-
lated with the CPA or the ECM-CPA, respectively. Columns 2-6: 5 diagonal components (15, 1;),
columns 7 and 8: (piy2, p3j2 ) and (daj2 , dss2 ) components (abbreviated as p-p and d-d). Units

of relaxation rates (Ks)™*.

Structure 8172 P1/2 P3/2

d32 ds/2 P d-d Sum

Disordered 5.24 0.17 0.03

Ordered (2 shells) 5.28 0.17 0.03
Ordered (4 shells) 6.10 0.14 0.02

2.61 5.46 0.002 0.07 13.57

1.45 3.42 0.004 0.08 10.44
0.93 275 0.003 0.07 10.02
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approximation for (T1T)~! is closer to the true (experi-
mental) value than that of the two-shell approximation.
This is due to the large-s contributions from the fourth
shell not present in the DOS. Looking at the values of
the s- and p-contributions to (T3T)~! in Table III it is
apparent that the difference between the two- and the
four-shell approximation is larger than that between the
two-shell approximation and the CPA result. This again
demonstrates that we are not dealing with a convergent
sequence when the number of shells is increased.

4. Remark on the magnetic susceptibility

The magnetic susceptibility of CusoPtsy decreases
from +1.8 to —3.8 cm3/mol (Ref. 24) at the transition
from the disordered to the ordered state. Although only
part of the magnetic susceptibility is directly propor-
tional to the density of states, the total susceptibility
shows the same tendency as the DOS.

C. Short-range ordered state

1. Spin-lattice relaxation time

The spin-lattice relaxation time was measured for the
alloy CugsPtgs in three different states of SRO. In Fig. 7
Ty T for the short-range ordered state is shown together
with the result for the cold-rolled (disordered) state (cor-
responding to an “infinite” temperature). Apparently
T1T is nearly constant in the investigated temperature
range. This is in accordance with the calculated SRO de-
pendent T3 T'. Figure 8 shows the calculated T, T of 195P¢
in CugsPtas depending on the short-range order param-
eter of the first and second shells o; and a, (for details
of the calculation see Ref. 13). In Fig. 7 the abscissa is
given in units of the temperature, in Fig. 8 in units of the
SRO parameter o. We know that SRO (negative values
of a) is destroyed by high temperatures and that o = 0
for T — co. a(T) is therefore a monotonously increasing
function. The exact function is not known. Now, the cal-
culated T1 T varies by only about 6% over the whole range
of ain Fig. 8 (1—1/ max{ca,cp} < @ < 0; c4, cp are the
concentrations of the components A and B). The range
of the experimentally prepared short-range ordered states

+ Cugg Ptyg (SRO)

il ! 1 1
400 500 600 700 800 L
T (°C)
FIG.7. TiT of ®*Pt in CuesPtss in equilibrium states of

SRO belonging to the temperature 7" and in the cold-rolled
(disordered) state belonging to temperature T=co.
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only covers a fraction of this range because on the one
hand due to the long relaxation times of short-range or-
dering at low temperatures one cannot achieve the maxi-
mum value of SRO and on the other hand even the ”dis-
ordered” experimental probes have still some SRO. So
the variation of T1T" over the whole temperature range
would be less than 6% and T, T is therefore constant in
the limits of experimental accuracy.

2. Specific heat

A similar behavior as for 71T is found for the linear
coeflicient of the specific heat. For CugsPtzs with short-
range order corresponding to a temperature of 400°C the
value of 7 is 1.04 mJ /(mol K2), nearly the same as for the
disordered sample [0.96 mJ/(molK?)]. The calculated
SRO dependence of v is also very small,'2 similar to the
SRO dependence of 71T shown in Fig. 8.

V. CONCLUSION

(i) Experiments and calculations indicate a strong in-
fluence of LRO on v and T3 7', reflecting the close relation
between order and electronic structure.

(i) The ECM method is well suited for an approximate

‘treatment of LRO.

(iii) In CugsPtgs no significant change of v or 737 is
observed for the relatively small changes in the SRO pa-
rameters accessible to experiments.
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