














The local.vibrations can be observed by means of inelastic
utron scattering, The cross-section for the interaction between the
utron and the impurity atom and the lattice distortion caused by
is entirely incoherent, With an assumed lack of change in the
‘ce constants it is expressed for polycrystal of cubic symmetry
* the formula /4/,
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is the impurity concentration, k¥ , k ,E and E, are the wave-

mbers and energies of the scattered and incident neutrons, res-
:ctively, :-10—1 , AE=E_-E | A and A, are the coherent
wutron scattering lengths for the atoms of the host lattice and the
ipurity, and 47C  and 47C, are the incoherent cross-section of the
oms of the host lattice and the impurity.

The neutron scattering cross-section increases with increasing
equency of the local vibrations, for the function (5) grows rapidly
hen ¢ tends to unity. When there is a change in the force
nstants of the impurity atom respect to the host atoms, the value
! the cross-section also changes. Notwithstanding, Eq. (3) is in
2neral sufficient for estimating the intensity of the local vibration
2ak, Table I gives a comparis -~ of the cross-section for neutron

cattering on atoms of the host iauvice and the impurity atoms,
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iniform structure of the solid solution (f.c.c, as for
phase, in the present measurements we attempted
r perhaps the observed peak is due to the ageing
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and the lattice parameter of lead ( a= 4.9497 ,&) is contracted with
increased sodium concentrations / 14/ even though the radius of Na
atoms is greater than that of Pb atoms..When the sodium concentra-
tion exceeds maximum solubility, a B phase of the f,c,c. structure
of the Cug A type ordered alloy (a=st.88 ,&)is precipitated. The
range of homogeneity of this phase lies within 26.5. to 35 at % Na,
hence, it does not include the PbyNa composition /16/.

We examined the Pb-Na alloys in the 1 to 10 at.% Na concen-
tration range, The neutron diffraction data of samples of concentra-
tions lower than 5 at.% Na, measured less than two months after
sample preparation, did not reveal any traces of the Bphase. The
diffraction pattern of sample with approx, 10 at% Na taken imme-
diately after the sample had been prepared had traces of peaks cor-
responding to the B phase structure, These peaks appeared much
more distinctly after this sample was aged for one month at a tem-
perature of about 40°C. If we compare the intensities of the peaks
corresponding to the ¢ and B phases, we can estimate that the B8
phase content in the aged sample does not exceed 5 per cent (95
per cent of the a phase would correspond to a Pb, g, ~Na,,,
composition), Differences between the inelastic neutron scattering
distributions measured under identical conditions did not exceed the
accuracy of the measurements, With an increase of the sodium con-
centration in the alloy we also observe a slight shift of the peaks
corresponding to the a phase structure, For the Pbg g —Na 4 o
sample it corresponds to a contraction of the lattice parameter of
approx, 1 per cent. These facts imply that the effects observed in
the inelastic neutron scattering distribution correspond to the @
phase structure in which the Na atoms occupy isolated sites in the
crystal lattice of lead,

In Fig.4 we have a comparison of the distributions of neutrons
scattered inelastically on lead and some Pb-Na samples of different
concentrations, In the lead distribution (curve 1) we can distinguish
peaks at neutron energy transfers of about 5 meV and about 8.5

meV, which stand in good agreement with the maxima in the fre-
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quency spectra of lead /17v18/. The severe drop in the neutron in-
tensity at .,xthe energy transfer of approx. 10 meV corresponds to
the limit of the lead frequency spectrum, The reason why the peak
at the energy of approx. 60 meV appears is expounded in Sec.lll,
In the distributions of the alloys we see an additional peak beyond
the limit of the lead frequency spectrum, the amplitude of which is
proportional to the concentration of Na atoms in the sample, This
peak corresponds to a neutron energy transfer of about 17 meV and,
in accordance with what has been said about the sample structure,

it is interpreted as due to the excitation of local vibrations of the

Na atoms in the crystal lattice of lead., The width of this peak, being
approximately 9 per cent, is in conformity with the spectrometer re-
solution at this energy /11/. By comparing the distribution shown in
Fig.4 in the \'range of the normal‘vibratiops for lead we see that

with increased concentration of Na atoms there is a rise in the scat-
tered intensity at the limit of the frequency spectrum, This implies
that in the region of the normal vibrations of lead there is an increa-
sed probability of excitation of high-frequency vibrations.

The solubility of magnesium in the solid phase of lead is much
more limited than of sodium (despite similar rations of atomic radii),
as the Mg atoms form with Pb an electronic bond, Mg,Pb , of me-
tallic properties. The structure of this compound is of the CaF,
type (a= 6.85 A).

We examined the Pb-Mg alloy in the concentration range from
1 to 5 at.% Mg, In the Pb,,, —Mg,,, and Pb, .. ~Mg,,  samples,
not hardened after moulding and measured some two months after
preparati‘on, there was no additional peak beyond the limit of the
natural vibrations of lead, Only a slight rise in the intensity of the
scattered neutrons was ohserved in the region of the maximum fre-
quences of the lead vibrations, The diffraction patterns of these
samples revealed the presence of an Mg;Pb type structure. In the

Pbygos— Mg g 95 Sample, hardened immediately after solidification and
cooled to the température of liquid nitrogen some two hours after

preparation, we observed an additional peak at a neutron energy
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equal to that of the Sinha spectrum, The assumed limit fre-

y of the ]jebye spectrum for lead corresponds to 880K. The
ealistic frequency spectra are: the Sinha spectrum for copperzl/
d the Stedman spectrum for lead / 18/, calculated from the ex-
ntally determined dispersion curves for these metals,

n order to assess the change in the force constants from the
mentally determined energy for the local vibrations of the impu-
om, we shall make use of the approximation of an extremely
npurity, With this assumption the nondiagonal elements of the
)8 L matrix are negligible, The local frequency will be given

form of the following integral equation (for cubic crystals),
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0) and ®(00) are the force constants of the host atoms and

v atoms, respectively., The impurity atom is at the site £ =0,
arameter p defines the magnitude of the change in the force
nts of the impurity atom in the zeroth cocrdination sphere, Its
for various frequency spectra are given in Tabie IIL

Chis approximatic can also be applied for rather heavier impu-
but the perturbation caused by the impurity should spread out
ier distances and at the same time the change of the force

nts of the first coordination spheres should be negligible, i.e,
JAD (0 E)|<]AD (00) | , where (>0 .

wrce constants of the zeroth coordination sphere is associated
1e remaining ones by the relationship

.
¢(00)--%¢(02) . @
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A better approximation would be obtained with a model in
which only the force constants of the zeroth and first coordination
spheres become changed. Their change can be determined from the
experimental value of the local vibration energy and the dispersion
curves of the host crystal (22). For beryllium atoms in copper the

result of such calculations is:

Al d(o0)] Ajl® (o1
|00 | 19 (on |

The estimation of the contribution of the long-range forces of Cou-
lomb, ion-electron, and electron-electron interactions (causing a
change in the force constants in the higher-order coordination sphe-
res) gives the following assessr it of the changes in the force
constants for this alloy (22),

Al® (00 | 65 % Al ® (01| 55 %

| wvul| lwiviy|

A comparison of these results with the values of the parameter p
for Cu~-Be in Table II shows the differences in the estimate of p in
dependence on the model assumed. Unfortunately, a complete solu-
tion of Eq.(1) which would give an exact value for the local fre-
quency is impossible and a simplifying model must be used.
Determination of the energy of the vibrations of light atoms
in ordered phases of the investigated alloys should enable us to
assess the effect of the force constants change of the higher-order
coordination spheres on the local vibration energy, and also faci-
litate the choice of a model corresponding closer to the actual
situation in a crystal. No changes exceeding the measurement accu-
racy were observed in the local vibration energy as a function of
impurity atom concentration within the range of the solid solution phase.
In order to get more precise and complete information on the
dynamics and interaction of atoms in the crystals of metals measu-~

rements with much better resolution should be made, Of the alloys
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ised here, the Cu-Be and Pb-Na alloys are best suited for tr
f research, owing to the high intensity of neutron scattering

e structure of the solid phase. The time-of-flight technique and
verted - filter geometry is convenient for this type of research,
rermits simultaneous measurement of the structure ard the dy-
. of the sample,

n conclusion the authors express their gratitude to Professor
wodniczanski and Professor F.L.Shapiro for their interest in
ork, and to Professor B.,Buras for discussion concerning the

s of checking the sample structure.
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Table I.

Alloy zo € 47 12 4% D ——2-=—rh°f,z;5:m : gﬁit;du- i T
max /8be %/ oq
Cu - Be 0* 2 0°858 7%0 45 + 0°133 164 866
Cu - Mg 0°383 0°617 7°0 1°3 - 0°250 ? 922
° b -7a 0" 11 0°889 11°58 2%66 - 0°063 12 300
Pb - Mg 07117 0°883 1158 2°40 + 0°086 6 253
Pb - 34 0°096 0°904 1158 1099 + 0°131 3 235



















