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FREQUENCY DISTRIBUTICN AND DYNAMICAL STRUCTURE FACTOR OF A METALLIC GLASS
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Instiitut Laue-Langevin,

Neutron inelastic scattering techniques are a
well established method for the investigation of
the atomic dynamics of crvstals, but have not often
been applied tc study the atomic motions in amor-
chous metals. We are reporting first results from
the determination of the dvnamic structure factor
(scattering law) and the generalized frequency

distribution of the merallic glass Ca and

70 "B30
the same sample after crystallization. From the
theoretical point of view, this sytem is particular-
ly interesting, because the pair potential of these
two metals can be calculated so that the experimen-—-
tal results can finally be interpreted by model cal-
Caulations and M.D sirwlation of this system. From
the experimentalist point of view,this system

turned out to be a very difficult choice, as the
hYergen, still left in even the purest Ca, produces
2 nigh background of incoherently scattered neu-
‘rons. As a heat treatment to reduce the H con-—

tent [1] is not possible with an amorphous metal
(Crystallization) we have tried to reduce the

SPoiling effect of H on our results in the data

‘Teatment after the experiment.

Eﬁperiment and Data Treatmrent

The experiment was done at the tHermal neutron
L~0-~f Spectrometer IN4 at the HFR of the ILL in
{hEHOble with an incident energy of 60.6 meV. The
"tallic glass was measured at 6 K and (shortly) at
273?K, and the same sample at 6 K again after CTys-—

tallization 1n a furnace at 470 K. The data were

L : : '
‘eated as described for CuZr [2] with the exception
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that the 5 degree-spectrum was subtracted from all
other spectra to reduce the influence of the inco-
nerent background from the H in the sample. Wé
therefore hesitate to give S(Q,w) in absolute values
[1/meV] as it was originally calculated. As the
scattering from H mainly contributes to the inelas-
tic spectrum for energies above 40 meV, the inelas-
tic spectrum of Calg shéuld not be strongly éffected
by this subtractive correction. More details about
experiment and data treatment will be given eise-

where [3].

Results and Discussion

Fig. | shows a cut through the measured dynam-
1cal structure factor S(Q,w) at a momentum transfer
G_l |
of Q = 2.04 A ', 1.e. just before the main peak of

-1

the static structure factor S{(Q) at Q = 2.11 A
Follﬂwiﬁg simple arguments [4] we would expect a
preferred excitation of transverse modes at this Q
value. In fact,we find the strongest excitations
tor energies below 12 meV for the polyervstal and
very much more enhanced for the amorphous sample at
6 and 273 K. The shoulder at 16.3 meV is mainly due
to longitudinal excitations as can be inferred from

Fig. 2 where a strong excitation is seen at this

energy in the spectrum of the polycrystal. Fig., 2

i

shows a cut through S(Q,w) at Q = 4.38 A , l.e,

between the second and third maximum of S(Q), where

one wounld expect preferred excitations of longitu-

dinal phoneons in the polycrystal [4]. No such sharp

excitations of longitudinal phonons are seen in the

spectrum of the amorphous sample. The intensity in
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the region below 12 meV is reduced compared with

S(Q = 2.04,w) but 1t is still higher than for the

polycrystalline sample.
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Fig. 1I. Ez?amical structure factor of Ca?OMEBO at
Q = 2.04 A . X polycrystal 6 K, o glass 6 K,

—— glass 273 K (scaled down by a factor 2). Two

lines indicate the foot of the elastic peak.
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Fig. 2. Dynamical structure factor of Ca7OMg30 at
Q = 4.38 A_l. (See caption.of Fig. 1).

From the sum of all t-o-f spectra a generalized
frequency distribution has been determined in the
same way as described for Cu.Zr [2].

For the polycrystal we find two peaks at 6.4 and
30.3 meV which, following the discussion of S(Q,w)
may be attributed to mainly longitudinal excita-—
tions. The shoulder at 10.9 meV represents the main
part of the transverse modes. Two further shoulders
are seen at 18.4 and 22.3 meV which are also seen

1n the scattering law. For a reliable more detailed
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Fig. 3. Normalized frequency distribution of
Ca7OMg30 X polycrystal 6 K, e glass 6 K, — glasq

273 K.For energies below 5 meV, not accessible dye
to the final resolution of the spectrometer (regiog
of elastic line) a Debye spectrum has been artifi-

citally inserted.

discussion of the spectra model calculations or M
simulations are necessary, but not having these
aiready the comparison with the phonon density of
states of the pure metals can give some further
indication. The spectrum of Ca shows two peaks : 3t
13 (tramnsversal) and 18 (longitudinal) meV [1]. It
1s therefore very likely that the peaks in the poly-
crystalline spectrum at 10.9 and 16.4 meV are main-
ly caused by transverse and longitudinal movements
of the Ca atoms, which should be predominantly seen
1n our experiment (70 7 with 3.05 b); The spectrum
of pure Mg shows van Hove singularities at 16, 21.8,
23.5 and 27.2 meV [5] . We therefore tentatively
attribute the weaker shoulders and peaks at 18.4,
22.3 and 30.3 meV mainly to the movement of Mg atoms
(30 7 with 3.7b). The origin of the intensity above
30 meV 1n the frequency spectra is not clear. It

might be caused by the incomplete correction for

the hydrogen contribution to the spectrum.

Very similar results are found for the fre-
guency spectra of the metallic glass with only small

differences between the spectra at 6 and 273 K.
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seaks and shoulders are found at about the same framework of linear screening of (empty core)
snergies as for the polycrystal, but there 1is a pseudopotentials for the two ilonic species.
-onsiderable broadening of all the regions of the (ii) calculation of Mﬁ(Q) using this potential and
spectra. the PY hard sphere pair correlation function. The
0.08 1 [ T e ' parameters in (i) and (11) are determined such as to

fit the potentials and 2 of Heimendahl [7].

3
006 - (111) calculation of those terms of M6(Q) which
’El contaln 88 only, as the terms containing the
EE e N unknown triplet EOTrT. funétion hﬁBY can be shown
 § to cancel with M&(Q) in (2) to a good approximation,
C 0.02 i 1f h@BY is suitably decoupled [8].

(iv) termination of the continued fraction choosing

3 16 24 39 40 a Gaussian form for RE(Q,Z) [9]. Its parameters are

hw [MeV _ _
- UM determined such that the final term of (2) yields

Fig., 4. Frequency distribution of Ca (not

70" 30
normalized for the glass). See caption of Fig. 3.

the correct moments I , Mz, M4 and Mé in the chosen

-

approximation.

This is even better seen when the frequency spectra _ _
The corresponding S(Q,w)} 1is shown 1n Fig. 5
of the metallic glass are plotted in a way that all _
for various Q values. Two features are of 1nterest :
three main maxima at 16 meV colncide. One should

therefore expect that interatomlc potentials giving - s

-y

2 reasonable description of the phonons 1in the

P
crystalline alloy should also be applicable to the ::3
U]

o

metallic glass,if the disorder 1s taken properly (j
S’

into account.

We have also performed analytic calculations

0f the dynamical structure factor of a binary

glassy alloy of simple metals of the type'Mg7OZn30.

Such a dynamical correlation function cam be eva-

luated in a continued fraction representation [6].

For a classical system the pertinent relations

read

S(Q,w)
F(Q, z)

S(Q) = Re F(Q, z = w + ie) (1)
[z + 61 [z + ... + Sn [z + Rﬂ(z)]m1 !

095

"
(2)

35(Q) is the total static structure factor, and the

Q~dependent 6i as well as Rn(z) can be expressed by ]
(even) frequency moments MZn of S(Q,w) with n>1 [6]. 5 (J.) [1013 5”13

01.1 . % 3
I calculation of (1) is proceeded as follows Fig. 5. Calculated dynamical structure factor for

iiﬁ evaluation of the pair potential VaB(R) 1n the the metallic glass MgypZn,,.
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there 1s a strong quasielastic peak with a strong

}

maximum at k_ = 2.46 A , where S(Q) has its first

P
peak. Unless there are very important low energy
excitaticns in the system, this peak, representing
scattering from the rigid ion configuration , is
expected to be very narrow. Its width 1s certainly
overestiﬁated by the chosen truncation of ( 2).
Besideé this peak,there is an important Q-dependent

°=-1

inelastic tail. For Q & 1.13 A  there is even a

secondary maximum.

In order to clarify the nature of this struc-
ture 1n S{Q,w) we also calculated the one-phonon
part D(Q,w) of it, which 1s essentially the dis-~
placement correlation function, using a continued
fraction representation of H(Q,w) = sz(Q,m). Qur
H(Q,w) agrees qualitatively with Heimendahl's
calculation of the same quantity [7]. It has a max-
imum at some frequency.mm(Q) representing the

energy of the most important longitudinal excita-

tions for that Q value mi(Q) 1s approximately equal
to the 4~th mﬂment'ﬁ;'cf D(Q,uvi),divided by kBT

— 3 - -

M, {(Q) = k_T E R jd r{li — cos Q . r)

4 BaQaB
T 2
(Q.V)
X \Y
85 ') 7 Vo™ (3)

Q

(ca 1s the concentration of comstituent a). Its Q-

dependence 1s similar to that of the phonon-roton

., & : :
spectrum of superfluid He. It is linear for small

o

Q values (spound waves), has a maximum at Qvi.13 A !
and 2 minimum at Q ~ k .
B

S and D are the sums of partial functions S

R

and DGB' We nave decomposed D, for small Q, into

partial contributions by diagonalizing the matrix

M4 of the 4-th moments, which corresponds to the
ol |

longitudinal part of the dynamical matrix of a bina-

ry alloy. This defines an "optic" and an “acoustic”

branch of frequencies. By introducing a width, which

was somewhat smaller than the one dictated by our
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One phonon part D(g,w) for §Q = 0.38 and
}

Fig.b.
Q= 0.76 A

termination technique, we were able to distinguish
the contributions of these optic and acoustic modes
to D(Q,w). They occur at the same place and with
about the gsame weights as in Heimendahl's results,
which suggests that the structure in the frequency
dependence of his H(Q,w) is due to predominantly ip-
phase {(acoustic) and out-of-phase (optic) nearest

neighbour motion.
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