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** * * A. Rocher R. Sinclair and G. Thomas · 

LBL-4563 

Deparement of Materials Science and Eng~neering, Un~versity of California 
Berkeley, California 94720, USA 

** .Laboratorie d'Optique Electronique du CNRS, 31044 Toulouse, France 

The critical voltage (Vc) effect, first discovered by Nagata and Fukuhara (1967) 
and Uy.eda (1968), has already been used to determine experimental values of the Atomic 
Scattering.Factor (ASF). The main interest of this study is to yield complementary 
information about ASF and Debye temperatures from data on an ordered alloy, Cu3Au, 
using the technique developed by Rocher and Jouffrey (1972, 1974). 

For ordered alloys reflections with low values of sin 6/~ ateallowed, e.g. 100 
and 110 are reflections of the L12 structure of Cu3Au whereas the first reflection of 
the disordered f.c.c. lattice is 111. The superlattice interaction potentials V100 
and V110 also perturb dynamical effects such as critical voltage and it is then pos­
sible to determine their values as a function of Vc• 

Methods of caluclations 

Two eigenvalues of the fundamental equation are equal at the critical voltage, 
which is the criterion taken for calculations of Vc. The difference b.etween the 
two eigenvalues is to a first approximation a linear function of the accelerating 
voltage. The precision of the calculation has been limited to one kilovolt. Compu­
tation times are reasonable with about five iterations, for the multi-beam value, 
from the value determined from three beam theory. By comparison, experimental results 
are only accurate to within a few kilovolts. 

Choice of parameters 

Critical voltages are calculated with a limited number of parameters. Compared 
with the experimental .values (least squares method), they permit the determination of 
the real values of the ASF of an atom in pure metals add the Debye temperature of an 
alloy. 

a) Atomic Scattering Factor 

L. E. Thomas et al. (1974) showed that the Doyle and Turner (1968) ASF in gold 
yields.calculated critical voltages very close to the experimental results for angles 
larger or equal to that for the 200 reflection .• 

The expe~imental values of the copper ASF are given by Rocher and Jouffrey (1972, 
1974) for reflections with angles larger or equal to that for the 111 reflection. 

The ASF of alloys are calculated with the assumption that the A atom in the pure 
A metal and the A atom .in the AnBl-n alloy have the same ASF •. Then for Cu3Au ASF Fg 
are correctly determined from ASF values·known for copper and gold. In the !ormulation 
used by Doyle and Turner (1968): 

(1) 

The last three terms, giving the variation for large angles, can be considered as 
correct. For copper and gold the first term only need be corrected in order to yield 
good agreement between experimental values and calculated values of Vc for the fully 
ordered alloy. · 
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b) uebye Temperature 
-2-

Shirley et al. (197 5) give an equation to define the Debye tempe_~~!ure of an alloy, 
8, a function of the mole factions MA and MB of A and B atoms, ~A and ~B their atomic 
weight and eA and 9B their pure metal Debye temperatures •. The relation is written: 

. 2 2 2 ?. 2 
OKA~A: ~~B>e = MA~AeA + MB~BeB + (T-l) (l-a) MAMB<~A9A + ~B9B> (2) 

where a is the nearest neighbour Cowley Warren short range order parameter (Cowley 
1950) and T is a characteristic constant of the interatomic forces, which is estab­
lished from the critical voltage. 

Results 

The experimental results used in this paper are those of Thomas et al. (1974) and 
Sinclair et al. (1975). Accurate measurements of the 440 critical voltage can not 
be obtained because of the high irradiation damage rates produced by the high energy 
electrons at -1400kV and only an approximate comparison is possible for this reflec­
tion. 

The ordered alloy permits the determination of the coefficient Ai for copper and 
gold, since a • 1 and the Debye temperature is well known from equation (2) and 
macroscopic data. 

The values of A (Cu) and A (Au) shown in Table I were calculated using 400 
·critical voltages taien at two aifferent temperatures, with the 222 critical voltage 
used as a check. · 

Cu 
Au 

0 

2.75 ± O.lA 
2.1s ± o.2A 

Table I 

VlOO 

· 18.5 ± 0.2V 
24~4 ± 0.4V 

v200 

11.00 ± 0.05V 
17.25 ± 0.05V 

These data show that the ASF of an atom within the gold lattice and that of a 
single gold atom have almost the same values. However, for copper the scattering 
by a free atom and the scattering by an atom within the crystal are quite different. 
It is not known at this stage whether this arises from unreliable assumptions in the 
Bartree-Fock method or from the influence of the lattice on the scattering by an 
individual atom. 

Table II shows the experimental and theoretical values of critical voltage 
calculated from these ASF's and the Debye temperatures established from equation 2. 
It can be seen that we have exact correspondence between the two, within the limits 
of experimental error. (The uncertainties in the calculated V result from experi-c mental uncertainties of the important parameters). Thus our approach is an 
improvement over the previous calculations of Thomas et al (1974) for Cu3Au by which 
the calculated values exceeded the experimental values by about 10%. The basic 
reason for the current improvement is due to the reliable values of ASF. 

Fully Ordered Cuf-u 

222 a• 1 400 
9 - 261K 400 T .. 293K 440 

Disordered cu3Au 

a • 0 222 
e .. 193K 4oo 
T .. 293K 440 

(T=461K) 

Table II 

L.E. Thomas 

175 ± 3KV 
425 ± 311 
364 ± Jll 

166 ± 311 

381 ± 3" 

et al. Sinclair et 

420 ± lOKV 

> 1400 II 

360 ± 1011 
=1300 II 

al. Calculation 

175 ± 2KV 
422 ± 3" 
363 ± 3" 

1470 ± 1011 

166 ± 2 II 

381 ± 3 " 
1285 ± 1011 
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. The variation of 222 critical voltage with degr~e of order cannot be explained - 3-

by a variation of ASF (which is the same for both ordered and disordered states) but 
is due to the variation of Debye temperature on ordering as described by Shirley et 
al (1975) using equation 2. The coefficient Twas thus found to be 0.70 ± 0.04 for 
disordered.cu3Au (a= O)x from the 222 and 400 critical voltag:s. This may be 
compared w~th the value T = 0.72 found for Fe-Cr alloys by Sh~rley et al (1975). 
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