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Abstract. The x-ray diffuse scattering intensity from disordered Cu-R alloys whose 
compositions were Cu-7.0, 10.0. 16.0, 24.5, 32.0 and 75.0 at.% R was measwd at rwm 
temperabre. Twofold and fourfold splittings of diffuse scattering due to short-range order 
(SRO) were observed at 100, 110 and their equivalent positions o( points), respectively, for 
Cu-16.0. 24.5 and 32.0 at.% €i alloys, where the separation of split diffuse maxima increases 
monotonically with increasing R content. On the other hand, no splitting of diffuse scaltering 
was observed at Cu-< 16.0 at.% R alloys. Extra diffuse maxima were observed at f $ 4  and its 
equivalent positions (R points) for all samples, the intensity being related to the concentration. 
The SRO parameters were determined from dl six alloys. The sign and magnitude of uzm 
sMngly depend on the ratio of R- to X-point diffuse intensities. Synthesized data indicated 
that the first few SRO parameters dominate the R-point maxima, though the sign and magnitude 
of higherarder parameters play an important role in causing the appearance of split diffuse 
maxima It is proposed that there are two types of mrrelakion in the disordered state of the 
Cu-Pt alloy system i.e. between the consecutive (I  1 I )  atomic layers and due to Fermi surface 
imaging. 

1. Introduction 

Measurement of the short-range order (SRO) diffuse scattering intensity from materials in 
order to aid the understanding of structural fluctuations is important. In the Cu-Pt alloy 
system, the existence of three kinds of ordered phase, Cu,Pt, CuPt and CuPt3, has been 
established. In the CyPt  phase region, the Llz- and Llz-s-type structures appear below 
the composition-dependent transition temperature Tc. The CuPt phase has a rhombohedral 
superstructure of the L11 type consisting of alternating (111) planes of Cu and Pt atoms 
(Johansson and Linde 1927, Schneider and Esch 1944). In the CuPts phase region, the 
existence of the three different superlattice structures (rhombohedral, orthorhombic and 
cubic) has been established, each of which depends on composition and temperature (Miida 
and Watanabe 1974). Above the transition temperature, this alloy system shows the face- 
centred cubic structure over the whole composition range. 

X-ray studies of the SRO in the Cu-Pt alloys, CuPt walker 1952) and alloys with 
compositions ranging from 4 to 43 at.% Pt (Kaplow 1958), have been made and the 
SRO parameters determined. However, the detailed distribution of the diffuse scattering 
intensities in reciprocal space was not given, because powder samples were wed in the 
studies. The SRO diffuse scattering from disordered Cu-Pt alloys with compositions ranging 
from 24 to 76 at.% Pt were studied by electron diffraction (Ohshima and Watanabe 1973). 
Twofold and fourfold splittings of diffuse scattering were observed at 100, 110 and their 
equivalent positions in the composition ranges up to about 45 at.% in their study. The 
result was interpreted in terms of the Fermi surface imaging theory proposed by Krivoglaz 
(1969). They also observed the diffuse maxima at iii and its equivalent positions in 
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addition to the split diffuse maxima. Chevalier and Stobbs (1979) have reported that the 
SRO in quenched CuPt can be approximately classed as microdomain in nature. This was 
determined by electron diffraction and microscopy. Recently, Banhart et al (1989) have 
investigated the effects of SRO on the electronic structure of the Cu-Pt alloy system using 
the fully relativistic Korringa-Kohn-Rostoker embedded-cluster method (KKR-ECM). The 
results show the density of states behaviour at the Fermi energy with respect to the SRO 
parameters for the first- and second-nearest neighbours. A theoretical study of the pressure- 
induced phase transition for CuPt alloy has also been carried out by Takizawa ef al (1991). 
They calculated the rhombohedral distortion of the LI I structure along the ( I  I 1  } direction 
with a maximum value of 1.98" and pointed out that it is not possible to realize the Bz-type 
structure in the CuPt alloy even at high pressure due to high relativistic effect. 

It is therefore of great interest to obtain a series of composition-dependent SRO diffuse 
intensities and SRO parameters by using x-ray diffuse scattering techniques for the disordered 
Cu-Pt alloys to understand local atomic arrangements. In particular, there have been no 
reports on the shape of diffuse scattering from < 24 at.% Pt alloys, even by electron 
diffraction studies, and there have been no reports on SRO diffuse intensities from single- 
crystal Cu-Pt alloys using the x-ray method. In this study we have measured the x-ray 
diffise intensities from six disordered Cu-Pt alloys. SRO parameters were determined after 
analysing the composition-dependent diffuse intensities. Local atomic arrangements of Pt 
atoms were constructed by computer simulation. 

D K Saha and K-i Ohshima 

2. Experimental procedure 

Alloys with compositions less than 20 at.% Pt were prepared in evacuated silica tubes 
by melting 99.99% pure Cu and h, and those with compositions higher than 20 at.% Pt 
were prepared in high-punty alumina crucibles and melted several times to homogenize. 
Finally, single crystals were grown by the Bridgman technique. Sample slices of different 
dimensions from 10 x 8 x 3 mm3 to 15 x 9 x 3 mm3 were cut parallel to a (210) plane 
from their original ingots. The slices were polished mechanically and etched chemically 
and electrically to remove the distorted surface layer. For Cu-24.5, 32.0 and 75.0 at.% Pt 
alloys, chemical etching was performed using 30% HN03, 10% HCI, 10% H3P04 and 
50% CH3COOH solution at 75°C in a hot water bath. For Cu-7.0, 10.0 and 16.0 at.% Pt 
alloys, electrical etching was performed by using 50% H3P01 and 50% HzO solution using 
a copper bar as a cathode. All the specimens were annealed separately in evacuated silica 
tubes at 1050°C for four days, 1000°C for one day and 900°C for ten days successively 
to homogenize the specimens and were finally quenched by being dropped into iced water. 
The surface of the specimens was etched again to remove the oxide layer. 

Lattice parameters of the specimens, which were prepared separately, were measured 
with an x-ray DebyeScherrer camera using Cu Koc radiation. Specimen compositions 
were determined with an accuracy of 10.3 at.% by means of the lattice parameter (a)- 
composition relation (Pearson 1958). The six compositions were determined as Cu-7.0, 
10.0, 16.0, 24.5, 32.0 and 75.0 at.% Pt, respectively. 

The x-ray intensity measurements were performed at room temperature by using a four- 
circle goniometer attached to the rota unit of an x-ray generator (Rigaku, RU-300). The 
incident beam, Cu Kcc radiation, from a Cu target was monochromated by a singly bent 
HOPG crystal. In order to eliminate the h/2 harmonics the Ross balanced filter technique 
was used. This method uses Ni and CO filters with balanced thicknesses placed in front 
of the scintillation counter alternately. The diffuse intensities were measured by scanning 
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a volume of reciprocal space at intervals of Ahi = 1/40 in terms of the distance between 
the 000 and 200 fundamental spots. Both background and air scattering were estimated by 
irradiating an Si single crystal and were subtracted from the measured intensity. 

After subtracting both the Bragg intensity near the fundamental spots and the 
contribution from Compton scattering, the measured intensities were converted to absolute 
units by comparing them with the intensity scattered from polystyrene (CsH8) at 28 = 100" 
and integrated intensities from a powdered A1 sample. The conversion factors of these 
two independent methods agreed within 15%. The intensity distributions due to SRO 
were separated using the Bone and Sparks (1971) method after removing the size-effect 
modulation. the Huang scattering and the thermal diffuse scattering from the total diffuse 
intensities for all the samples. 

20 

200 ZOO 
IO1 I bl 

r20 

W 

20 

200 200 
I el I f )  

Figure 1. Bird's eye drawings of SRO diffuse scattering 
intensity distributions on the (hkO) reciprocal lattice 
plane in Laue units for Cu-pt alloys with (a) 7.0, (b) 
10.0, fc) 16.0, ( d )  24.5, (e) 32.0 and (f) 75.0 ar% pt. 

3. Results and analysis 

The SRO diffuse intensity distributions for all the six alloys are shown on the ( M O )  reciprocal 
lattice plane in Laue units in figure 1. As seen in figure I ( d )  and (e), twofold splitting at 
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the 100 position and fourfold splitting at the 110 position have appeared. The separation 
between split diffuse maxima at the 110 position related to the distance between the two 
fundamental spots 000 and 200, which was denoted by m and defined in figure I(@), was 
measured for the samples and is shown in table 1. The values obtained from an electron- 
diffraction study (Ohshima and Watanabe 1973) are also given in table 1. The agreement 
between the two is good. For Cu-16.0 at.% Pt alloy, we found splitting with a very small 
value of m after carrying out a fine-step scan with Ahj = 1/200. though it cannot be 
seen in figure l(c). On the other hand, no splittings were found in figure I(a), (b) and 
(f). In attempting to detect such splitting for dilute cases, we tried the diffuse scattering 
measurements from Cu-10.0 at.% Pt alloy with the use of a four-circle diffractometer at 
the B M C  in the Photon Factory, National Laboratory for High Energy Physics, Tsukuba, 
Japan using synchrotron radiation. We did not detect any splitting for the sample. From 
16.0 to 32.0 at.% Pt alloys, we found that the value of m shows a monotonic increase with 
increasing Pt content. The intensity distribution for Cu-75.0 at.% Pt alloy is different from 
that for copper-rich alloys: no splitting of diffise maxima is seen at 100, 110 and their 
equivalent positions. 

D K Saha and K-i Ohshima 

Table 1. Values of sepantion m measured in terms of the distance between 000 and 200 spots 
and those from ao electron diffraction (Ohshima and Watmbe 1973) study. 

m obtained 
from electron 

0.1 Pt m measured diffraction study 
I 7.0 0 
- 10.0 0 

16.0 0.007 1 0.005 - 
24.5 0.080 + 0.005 0.085 1 0.005 
32.0 0.131 i0.005 0.13010.005 
75.0 0 - 

The diffuse intensity distributions on the (hhl) reciprocal lattice plane i n  Laue units are 
shown in figure 2 for all six alloys. Diffuse intensities are obtained at ;+$ (R point) and its 
equivalent positions for all the samples in addition to the diffuse maxima atlaround 110,001 
and their equivalent positions. In figure 2 it can be seen that with the increase of Pt content 
the R-point diffuse maxima get sharper. We calculated the full width at half maximum 
(FWHM) for all diffuse peaks. In figure 3 we plotted both the peak intensities in Laue units 
and the values of the WHM in terms of the distance between 000 and 100 spots (a; unit). 
The value of the FNHM for the R-point diffuse peak increases and its intensity decreases with 
decreasing Pt content. On the other hand, the FWHM for the diffuse peak atlaround the 110 
position decreases monotonically with decreasing Pt content. In Cu-32.0 and 75.0 at.% Pt 
alloys. R-point diffuse maxima are much higher than that from (211-24.5 at.% Pt alloy. This 
may be due to the effect of the L 11 -type rhombohedral structure in the ordered CuPt phase. 
On the other hand, in Cu-32.0 and 75.0 at.% Pt alloys, X-point (atlaround 100 or 110 point) 
diffuse maxima are much lower than that from the Cu-24.5 at.% Pt alloy. This may be due 
to the effect of different ordered smctures in the low-temperature phase. 

By Fourier inversion of the SRO diffuse scattering intensities, Warren-Cowley SRO 
parameters qmn were determined up to the 50th shell for all six disordered Cu-Pt alloys, 
with an error estimated to be less than 2 5 % .  These values are listed in table 2, where 
1. m and n are integers. The values of am are very close to unity for all the data. To 
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Figure 2. Bird's eye drawing of suo diffuse scanering 
intensity distributions on the (hhl) recipmcal IaFce 
plane in h u e  units for Cu-FI alloys with (0)  7.0, (b) 
10.0, ( e )  16.0, (d) 24.5, (e) 32.0 and (f) 75.0 aL% R. 

understand the characteristics of sign and magnitude of the SRO parameters clearly, we try to 
determine the partial SRO parameters for Cu-16.0 at.% Pt alloy, a: and a:, for X-point and 
R-point diffuse intensities, respectively. The first eight values are listed in table 3. a m  is 
characteristically negative (-0.095) for R-point diffuse intensity and positive (0.065) for X- 
point diffuse intensity. On the other hand, a m  and a m  are positive and 01110 is negative for 
both cases. Total SRO parameters (a:+"+.:) are negative for 110,200,211 and 321 shells and 
positive for 2.20, 310, 222 and 400 shells. Compared with the experimentally determined 
SRO parameters, ai, for the Cu-16.0 at.% Pt alloy in the fifth column of table 3, the 
agreement between the two is good. It is, therefore, recognized that the sign and magnitude 
of the SRO parameters depend on the diffuse intensity ratio between the Rand X points. We 
have explained in the introduction that the CuF't ordered phase has a rhombohedral structure 
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Figurr 3. (a) Intensity of diffuse maxima in h u e  units and (6) ~ w t l ~  in 
0 d m u n d  the 100 point and A at the 4 4 f poinL 

units versus at.% pt: 

consisting of alternating (11 1) planes of Cu and F’t atoms, where the superlattice reflections 
are observed at f f i  and their equivalent positions in reciprocal space. Long-range order 
(LRO) parameters for the stoichiometric composition are given as 0, - L O ,  f l ,  0 and so on 
from the first. In the disordered state, the sign of the SRO parameters are of the same order 
and their magnitudes decrease gradually with increasing interatomic distance. The present 
values of the Cu-16.0 at.% Pt alloy in table 3, a;, are a little different from those above 
because of the non-stoichiometric composition. 

In table 2, we have seen that the sign of all0 is negative for all cases and its absolute 
values increase with increasing pt content except for the 75.0 at.% F’t alloy. On the other 
hand, the sign of a200 is negative for all cases except for the Cu-24.5 at.% Pt alloy. From 
Cu-7.0 to 16.0 at.% Pt alloys, the absolute values of a m  decrease with increasing Pt 
content. In these three cases R-poinGdiffuse intensity increases a little but X-point diffuse 
intensity increases monotonically with increasing F’t content. In Cu-24.5 at.% Pt alloy, 
a m  is positive (0.075) due to the higher intensity at the X point (18.2) than that at the R 
point (3.5). Kaplow (1958) has measured the SRO parameters from a powdered sample of 
Cu-24.0 at% Pt alloy; a negative (1110 with a larger magnitude than that of the positive 
am, with the largest value of a m  being 0.14. In comparison with our data for Cu- 
24.5 at.% Pt singlecrystal alloy, similar trends in parameters were observed. For Cu-32.0 
and 75.0 at.% F’t alloys the sign of a m  is negative and its absolute value increases with 
increasing F’t content due to the high-intensity effect at the R point (11.4. 13.3) compared 
with that at the X point (6.7, 3.5). The sign of and a m  is positive for all the cases 
whose absolute values are large and increase monotonically with increasing F’t content. This 
inclination is understandable in considering the partial SRO parameters described above. 

To investigate how the split diffuse maxima for Cu-24.5 and 32.0 at.% Pt alloys are 
reflected by the SRO parameters the diffuse intensity map was synthesized using a limited 
number of them. We have noticed that the sign and magnitude of higher-order parameters 
play an important role in causing the appearance of split diffuse maxima near the 100 
and 110 positions, though their absolute values are very small compared with those of 
the lower-order ones. Only the first few SRO parameters are needed to reconstruct the R- 
point diffuse scattering for all the samples. We can deduce the so-called correlation length, 
which is inversely proportional to the FWHM in figure 3@). The correlation length for R- 
point diffuse maxima increases almost linearly and for X-point diffuse maxima decreases 
gradually with increasing Pt content except for in the case of the 1211-75.0 at.% Pt alloy. 
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lhMe 2 SRO p m e r S  determined f" the Fourier "sfom of tbe silo diffuse scaaeriOg 
intensities and one set ofthose for Cu-24.5 at.% R alloy calculated from the model by computer 
simulation. where N i s  the shell number. 
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I10 
200 
211 
220 
310 
227. 
321 
400 
330 
411 
420 
332 
422 
431 
510 
521 
440 
433 
530 
442 
600 
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541 
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631 
444 
543 
550 
710 
640 
552 
633 
721 
642 
730 
651 
132 
800 
554 
741 
811 
644 
820 
653 
660 

- 
7.0 

1.004 
-0.054 
-0.052 
-0.027 
0.017 
0.020 
0.012 
0.006 
0.019 

-0019 
0.018 
0.016 

-0.002 
0.W 

-0.01 1 
-0.016 
0.001 

-0.012 
0.003 
0.01 1 

-0.W 
-0.039 
-0.001 
-0.012 
-0.006 

0.W 
-0.002 
0.003 
0.007 
0.001 
0.004 
0.006 
0.014 

-0.002 
0.WO 
0.003 
0.001 

-0.M 
-0.002 
-0.002 

0.021 
-0.003 
-0.001 
0.013 
0.001 
0.014 
0.W 

-0.005 

- 
10.0 

- 
1.006 

-0.063 
-0.047 
-0.016 
0.036 
0.019 
0.005 
0 . W  
0.025 

-0.012 
0.004 
0.011 
0,000 
01105 

-0.012 
-0.011 
-0.001 
-0.004 
0.002 
0.013 
0.002 

-0.013 
0.000 

-0.01 1 
-0.001 
-0.001 
0.003 
0.001 
0.002 

-0.001 
-0,001 
0.004 
0.013 
0.w2 

-0.003 
0.W 
0 . m  

-0.003 
-0.003 
-0.001 
0.014 

-0.001 
-0.003 
0.m 
0.002 
0.008 
0.W 

-0.005 

- 
16.0 

- 
1.007 

-0.088 
-0.030 
-0.020 
0.081 
0.002 
0.020 

-0.004 
0.046 

-0.018 
0.006 
0.017 
0.001 
0.026 

-0.006 
-0.011 
-0.004 
-0.003 
0.000 
0.009 
0.005 
0.007 

-0.001 
-0.019 
-0.005 
0.001 
0.002 

-0.002 
0.005 

-0.001 
-0.006 
0.007 
0.011 
0.001 

-0.003 
0.002 
0.001 

-0.003 
-01103 

O.Oo0 
0.020 
O.0Ol 

-0.001 
0.009 
0.W 
0.014 

-0.002 
-0.010 

at.% pt 

24.5 

Expt. Simul. 

1.010 1.ooo 
-0.108 -0.107 
0.075 0.075 

-0.038 -0.038 
0,124 0.123 

-0.005 -0.005 
0.056 0.055 

-0.019 -0.019 
0.056 0.056 

-0.021 -0.021 
-0.029 -0.028 
0.043 0.043 

-0.009 -0.009 
0.035 0.034 

-0.022 -0.022 
-0.006 -0.006 
-0.004 -0.004 
0.019 0.019 

-0.006 4.w 
0.009 0.009 
0,020 0.020 
0.021 0.021 

-0.001 -0.001 
-0.029 -0.028 
0.016 0.016 

-0,005 -0.005 
0.019 0.019 

-0.01 1 -0.01 1 
0.013 0.013 

-0.006 -0.006 
-0.003 -0.003 
0.006 0.006 
0.016 0.016 
0.001 0.001 

-0.014 -0.014 
0.001 0.001 
0.008 0.008 

-0.OOl -0.001 
-0.m -0.006 
0.001 0.001 
0.012 0.011 
0.WO 0.W 

-0.002 -0.002 
-0.013 -0.013 
0.008 0.008 
0.018 0.018 

-0.002 -0.002 
-0.001 -0.001 

- 
32.0 

- 
1.030 

-0.167 
-0.050 
-0.024 

0,159 
0.012 

-0.013 
-0.004 
0.059 

-0.031 
-0.005 

0.005 
-0.013 
0.022 

-0.015 
-0.012 
-0.003 
-0.010 
0.016 
0.009 
0.001 
0.W 
0.002 

-0.023 
0.003 
0.013 
0.006 
0.008 
0.004 

-0.010 
-0.018 
0.008 
0.013 

-0.006 
-0.015 
0.003 

-0.007 
-0.006 

0.wO 
-0.003 
0.011 
0.007 
O.Oo0 
0.004 

-0.003 
0.016 
0.011 

-0.029 

- 
75.0 

1.005 
-0.053 
-0.126 
-0.019 
0.133 
0.008 

-0.066 
0.003 
0.058 

-0.014 
0.001 

-0.018 
-0.004 
0.023 

-0.012 
-0.007 
-0,004 
-0.0m 

0.014 
0.009 

-0.003 
-0.012 
0.003 

-0.008 
-0.001 
0.006 
0.002 
0.010 
0.001 

-0.010 
-0.W 
0.003 
0.013 
0.001 

-0.016 
0.002 

-0.006 
-0.004 
-0.007 
-0.001 
0.002 
0.008 

-0.004 
0.007 
0.001 
0.010 
0.010 

-0.014 
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Table 2. (continued) 

aL% Pt 

7.0 10.0 16.0 211.5 32.0 75.0 

N lmn 

822 -0.001 
35 743 0.002 

750 0.002 
831 -0.007 

36 662 -0.001 
37 752 -0.001 
38 840 -0.013 
39 833 0.003 

910 -0.004 
40 842 -0.004 
41 655 0.W 

761 0.000 
921 0 . m  

42 664 -0.001 
43 754 0.000 

930 0.001 
851 0.002 

44 763 0.W 
932 0.001 

45 844 0.004 
46 770 0.002 

853 0.m 
941 -0.001 

47 8M) 0.003 
1000 0.m 

48 772 0.001 
1011 -0.015 

49 862 0,000 
1020 0,000 

50 943 0.000 
950 0.000 

- 
0.W 
0.002 
0.005 

-0.007 
0.001 
0.001 

-0.009 
0.002 

-0.001 
0.000 

-0,001 
0.000 
0.000 
0.001 
0.000 
0.002 
0.001 

-0,001 
0.001 
0.003 
0.002 

-0.001 
-0.001 

0.003 
0.000 
0.000 

-0.01 1 
0.000 

-0.001 
0.000 
0.000 

- 
0.002 
0.001 
0.004 

-0.006 
0.001 
0 . W  

-0.007 
0.001 

-0.002 
0.003 

-0.001 
0.W 
0 . W  
0.002 

-0.001 
O.OM 
0.001 

-0.001 
0 . W  
0.003 
0.001 
0,000 
0.000 
0.003 
0.000 
0,001 

-0.016 
0.m 
0.W 
0.000 
0.W 

Expt. 

0.007 
0.001 
0.002 

-0.016 
0.006 
0.W 
0.000 

-0.002 
0.002 
0.007 

-0.004 
0.001 
0.001 
0.005 

-0.002 
0.006 

-0.001 
-0.002 
0.00I 
0.005 
0.001 

-0.005 
0.001 
0.W 
0 .W 

-0.002 
-0.019 

0.000 
-0.001 
-0.001 

0.000 

Simul. 

0.007 4.004 -0.008 
0.001 0.008 0.005 
0.002 -0.002 0.005 

-0.016 -0.015 -0.011 
0.006 0.003 0,009 
0.000 -0.003 0.001 
0.000 -0.020 -0.017 

-0.002 0.014, 0.016 
0 . m  -0.002 0.000 
0.007 0.006 0.010 

-0.004 -0.006 -0.007 
0.001 0.010 0.003 
0.001 0.000 0.000 
0.005 0.002 -0.002 

-0.002 -0.005 -0.004 
0,006' 0.002 0.003 

-0.001 0.010 0.005 
-0.002 -0.003 -0.005 

0.001 0.001 0.000 
0.005 -0.001 -0.003 
0.001 -0.003 0,005 

-0.005 -0.007 -0.011 
0.001 0.004 0.001 
0.W -0.004 0.001 
0.W 0 . m  0.000 

-0.002 -0.003 0.000 
-0.019 -0.016 -0.007 

0.W -0.013 -0.009 
-0,001 -0.006 -0.006 
-0.001 0 . m  -0.001 

0.000 0." 0.000 

Table 3. 
respectively, and experimenWly determined SRO parameters ai for the Cu-16.0 at.% Pt d o y .  

Partial SRO parameters .;" and a! for X-point and R-point diffuse intensities. 

110 -0.05 -0.040 -0.093 -0.088 
200 0.065 -0.095 -0.030 -0.030 
211 -0.007 -0.014 -0.021 -0.020 
220 0.058 0.027 0.085 0.081 
310 -0.020 0.026 0.006 0.002 
222 0.030 -0.006 0.024 0.020 
321 -0.010 0.W -0,010 -0.004 
400 0.024 0.022 0.046 0.046 

The correlation length for the Cu-32.0 at% €3 alloy in both cases is about 5ao. 



Short-range order in Cu-Pt alloys 4107 

4. Local structure 

A possible local atomic arrangement could be constructed by using the observed SRO 
parameters and a simulation program (Suzuki et af 1982, Ohshima et af 1987, Saha et 
a1 1992). More than 40th shell SRO parameters were adjusted so as to fit the experimentally 
determined aimn values for the atomic arrangements of 10 x 10 x 10 KC unit cells. TWO 
se& of results for Cu-16.0 and 24.5 at.% Pt alloys are shown in figure 4(a) and (c) for 
the ideally random arrangement (RANDOM) in which all the SRO parameters an fitted to 
zero except for am = 1 and (b )  and ( d )  for the observed SRO StrucNres. The computer 
simulated SRO parameters were compared with those determined by experiment and one set 
of these parameters is shown in table 2: the agreement between them can be seen. It has 
been confirmed that the results are fairly good. Similar results were found for other Cu-Pt 
alloys in this study. 

It is difficult to identify structural differences between the RANDOM and SRO states of 
figure 4(a) and (6) for the Cu-16.0 at.% Pt alloy because the numbers of Pt-Pt atom pairs 
of second-nearest neighbours in both cases are almost equal (313 and 275 for RANDOM 
and SRO, respectively). On the other hand, in figure 4(c) and ( d )  for the Cu-24.5 at.% Pt 
alloy, it is easy to see the difference between the RANDOM and SRO structures because 
the numbers of Pt-Pt atom pairs of second-nearest neighbours are higher in the SRO state 
and the numbers of first-nearest neighbours are higher in RANDOM. In figure 4(a) and (c) 
some equilateral triangles are seen which are connected by first-nearest neighbours and the 
numbers increase with increasing Pt content. In figure 4(c), four equilateral triangles are 
joined together and form a large equilateral triangle at the top right corner of the front face. 
We expect such large equilateral triangles in altemate (1 11) atomic planes in SRO states. 
Though there are some equilateral triangles in figure 4(b) and (d) ,  we do not assume such 
structural characteristics from the figures directly. 

To find the characteristics of the layered StrucNre we separated all the (1 11) planes 
from the simulated structures. In figure 5 the Pt atoms on four consecutive (1 11) planes 
are represented, where 1 + m + n are 20, 18, 16 and 14, for the 0-24.5 at.% Pt alloy ( U )  

for a RANDOM and (6) for an SRO state. Some Pt atoms are found at the same positions on 
alternate (1 11) planes (filled circles) where the interceding alternate (1 11) planes have Cu 
atoms (not shown) at the same equivalent positions. On the other hand, open circles indicate 
Pt atoms on the (1 1 I)  planes where the interceding alternate (1 11) planes have no Cu atoms 
at the same equivalent positions. The number of filled circles in the RANDOM state is very 
small but in the SRO state this number is around 40% of the total Pt atoms in the plane. 
This is an example of the layered structure. Due to non-stoichiometric composition, we 
could not find the abovementioned Cu and Pt atom symmetly at all equivalent positions. 

5. Discussion 

We have several reasons for measuring the SRO diffuse intensity from Cu-Pt single-crystal 
alloys using x-ray diffraction. One is to observe the shape of diffuse intensity in the whole 
range of Pt content, in particular, from Cu+ 24.0 at.% Pt alloys. Unfortunately, we did not 
select a sample of Cu-40.0 to 60.0 at.% Pt alloys due to their high Tw The other reasons 
are to determineiconfirm the existence and origin of R-point diffuse maxima throughout 
the system. It is peculiar to find this R-point diffuse intensity in the Cu-< 24.5 at.% Pt 
alloys. We could not expect such R-point diffuse intensity from the Cu,Pt ordered phase. 
To find out how R-point diffuse intensity would be changed in the ordered state, three 
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F*pa& PModlmhddsll-of R O D r m m  W Z O X  * O K  l O K C  d 
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I + m  + n = 2 0  I + m +n=18 I + m + n  =16 

I t m + n =20 I + m + n-18 I + m + n  -16 

I +m+n=14 

I + m + n = l 4  

F i e  5. Four consecutive ( I  1 I) planes where 1 + m + n are 20, 18, 16 and 14, for the Cu- 
24.5 a ~ %  R alloy separated from figure 4(c) and (d): (a) for a RANDOM state and (b) for an SRO 
mte. Filled circles indicate the R atoms on the (111) planes where the interceding alternate 
( I 1  1) planes have Cu atoms at the same equivalent positions (not shown). On the other hand, 
open circles indicate the R atoms on the (111) planes where the intmding alternate (111) 
planes have no CO atoms at the same equivalent positions. 

state and that the correlation develops into ordered structure in the CuPt and CuPt, regions. 
It is also concluded that there is no correlation originating from the Fermi surface imaging 
in the ordered state of the Cu-32.0 at.% Pt alloy though it is present in the disordered state. 
We, therefore, propose that in the disordered state, there are two types of correlation, i.e. 
between the consecutive (111) atomic layers and due to Fermi surface imaging. There has 
been no report of such structural fluctuations in the disordered alloys. This is of interest in 
calculating the phase stability from the theoretical point of view. 
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