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The variation in the partial densities of the vibrational states of the Ni2B system in a transition 
from the crystalline to the amorphous state was investigated. The inelastic neutron-scattering 
technique was used. The measurements were carried out on samples of two isotope compositions, 
Ni,""'B1' and Ni,60BI1. It is determined that a significant portion of the vibrational state density 
of the light metalloid atoms is redistributed from the high-energy region to the low-energy region 
upon amorphization. 

INTRODUCTION 

The transition of matter from the crystalline to the 
amorphous state is accompanied by a significant change in 
its physical properties. As a result obtaining microscopic 
information on the spatial configuration of the atoms and on 
the behavior of the phonon and electron subsystems in such a 
transition is of indisputable interest. 

The most reliable and complete information on the 
spectrum of thermal excitations of amorphous substances 
can be obtained by measuring inelastic neutron scattering. 
To date this technique has been used to investigate the ther- 
mal excitation spectra for a variety of systems (metal-metal, 
metal-metalloid) in the amorphous state (see, for example, 
Refs. 1-5). Since virtually all amorphous systems are multi- 
component systems, the measured doubly-differential neu- 
tron scattering cross section is determined by the following 
expression6: 

case of a significant difference between the values of the 
weight factors in the Q ( E )  function deduced from experi- 
mental data, the vibrations of the atoms for which ca a, /ma 
is greatest will predominate. Therefore by proper selection 
of the values of c, aa /ma it is possible to obtain data on the 
vibrations of any of a variety of atoms, i.e., to measure the 
partial vibration functions. Such information makes it possi- 
ble to track variations in the vibrational properties of specific 
atoms when the material makes the transition from the crys- 
talline to the amorphous state, and to provide a more reliable 
comparison of the experimental data with results of theoreti- 
cal calculations. 

The Ni2B system was selected to investigate the influ- 
ence of amorphorization on the vibrational properties of 
atoms on the partial-function level. The high mass difference 
(mNi /m, z 5.4) should contribute to a clearer identifica- 
tion of the partial densities of the vibrations, since they 
should be concentrated in different frequency ranges. More- 
over, the fact that Ni has isotopes with strongly differing 
neutron-scattering cross sections will also make for a more 
reliable identification of the partial functions. 

-( (Qea,dE2 exp(--2Wa) )6 (E-E,, ,) ,  MEASUREMENTS AND DISCUSSION OF RESULTS 

where ko and k are the momenta of the incident and scattered 
neutrons; Q = k - 16; ( 1 + n ( w )  ) is the population factor; 
2W, is the Debye-Waller factor; c,, ma, and a, are the 
concentration, mass and neutron-scattering cross section of 
atom a ;  eaSp is the polarization vector of atom a in vibration- 
al mode p. 

Without resorting to any model representations, it is 
possible to deduce from the measurement results the func- 
tion 

e ( E )  = r, -( caoa (Qea,#)EZ e x p ( - 2 W a )  >6 (E-E, , , ) ,  
a.6 ma 

which is called the generalized frequency-distribution func- 
tion. In turn, the generalized function is the sum of the par- 
tial functions 

Specimens in the amorphous state were obtained by fast 
quenching on the surface of a rotating disk in an inert atmo- 
sphere. Two Ni2B specimens were fabricated; the specimens 
had a different Ni isotope composition. A natural isotope 
mix was used in one specimen while the Nib' isotope was 
used in the other. The B" boron isotope was used to reduce 
neutron absorption in both specimens. The Table I lists the 
weight factors c, aa /ma of the specimens in relative units. It 
is noteworth that, owing to the small neutron scattering 
cross-section by the Ni60 isotope, information on the vibra- 
tional spectrum of the B atoms was predominantly obtained 
( -94%) in the experiments on the Ni,60B1' specimen. 
Measurements of the inelastic neutron-scattering spectra 
were carried out with a time-of-flight spectrometer with a 
cold neutron source on the IR-8 reactor at the Kurchatov 

g ( E ) "  = x< /,Qea,,)E2 exp( - -2Wa)  )6 (E-EaVB)  
8 TABLE I. 

I I 

with weights determined by c, a,/m, . When the weight fac- I N ~ ~ A ' B ' ~  I NiPB1' 

tors are equal for all components of the system, the derived 
function 8 ( E )  qualitatively reflects the energy dependence C N I U N I / ~ N I  i 0.203 i 0.011 

of the spectral distribution of the thermal excitations. In the c B ( J B / ~ B  0.123 0.123 
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Institute of Atomic Energy. The incident neutron energy Eo 
was 4.8 meV, and AE,,/Eo- 10%'. The neutrons scattered 
by the specimen were recorded simultaneously at angles of 
15", 30", 45", W, 75" and 90". He3-counter cassettes were used 
as the detectors. 

Figure 1 shows a time plot of the doubly-differential 
neutron-scattering cross section in the Ni,B system of the 
two isotope compositions in the crystalline and amorphous 
states. It is clear from the figure that both the crystalline-to- 
amorphous state transition and nickel-isotope substitution 
produce significant changes in the energy dependence of the 
doubly-differential cross section. 

After the procedure corrections, assuming that the De- 
bye-Waller factors are not substantially different for the dif- 
ferent atoms, the partial vibrational state densities of the Ni 
atoms, g(E)Ni and the B atoms, g(E)' (Fig. 2)  were ob- 
tained for the crystalline and amorphous states. In the crys- 
talline state g(EINi and g(E)' are primarily concentrated 

FIG. 1. Time-of-flight spectra of inelastically-scat- 
tered neutrons. Left: Crystal specimen CNi;"'BI1, 
O-Ni,60B11. Right: Amorphous specimen 
0-Ni;"'B1l, O-N,60B". 

in different frequency ranges, although some minor overlap- 
ping does occur. For the Ni atoms the primary density of 
states lies in the low-frequency range, while for the B atoms 
it lies in the high-energy portion of the spectrum. 

The observed deformation of the functions g(E)Ni and 
g(E)B was different in the transition to the amorphous state. 
Smoothing of the principal peaks, an increase in the low- 
frequency vibration density, and shifts of the frequency 
boundary towards higher values were all observed for Ni. 
The restructuring of the partial function is more significant 
for the B atoms. There is a significant increase in the energy 
of the upper spectral boundary and a redistribution of the 
vibrational state density, namely, a steep increase in the den- 
sity of the low-energy vibrations. 

The noted changes in the spectral characteristics of the 
Ni atoms are qualitatively similar to the changes determined 
previously for a number of metal-metal systems, and can be 
attributed to fluctuations of the interatomic potentials. In 

0 20 40 60 80 E, meV 

FIG. 2. Partial phonon state densities of Ni atoms 
(above) and B atoms (below): 0--crystalline specimen, 
*-amorphous specimen. 
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G(E), rel. units 
1 

the case of B, such substantial changes cannot be attributed 
solely to fluctuations of the interatomic states. It is most 
likely that the observed changes in the nature of the partial 
function of B could be related to the significant rearrange- 
ment of the nearest-neighbor configuration of this atom. In- 
deed, Ref. 8 has established that the radial distribution func- 
tion of Ni,B in the amorphous state is not an analog of the 
Ni2B crystalline structure. Moreover the B-Ni closest dis- 
tance diminishes upon amorphization. 

The total vibrational state densities G(E)"' and 
G(E)"" of the Ni,B system in the crystalline and amor- 
phous states (Fig. 3 )  was also deduced from the experimen- 
tal data. The vibrational spectrum has two pronounced re- 
gions separated by a minimum at -43 meV for both states. 
The low-energy region is related to modes caused principally 
by the Ni-Ni interaction, while the high-energy region is de- 
termined by B-Ni interaction. The transition to the amor- 
phous state is accompanied by a smoothing of the sharp 
peaks characteristic of the vibrational spectrum of the crys- 
talline phase, by a rise in the low-energy state density, and by 
a shift (larger than in metal-metal systems) of the boundary 
frequency towards higher values. In Ref. 5 was investigated 
the deformation of the vibrational spectrum of the Ni,B sys- 
tem in the crystalline-amorphous state transition. A setup of 
a different type was used in this case, together with speci- 
mens of a single isotopic composition: Ni,""'B1'. A compari- 
son of the results reveals that the position of the principal 
peaks of the vibrational spectra accords with the nature of 
their deformation in the crystal-amorphous state transition. 
However, the data presented here show more clearly the fine 
structure of the low-energy region (due to the better energy 
resolution of the setup), with the low-energy region investi- , 

gated down to - 2 meV (to - 7 meV in Ref. 5 ) .  In this range 

FIG. 3. Phonon state density of Ni,B system: 0--crystalline 
specimen, 0-amorphous specimen. 

the spectral distribution of the vibrations of the crystalline 
and amorphous states is satisfactorily described by the De- 
bye approximation G(E) - E '. 

CONCLUSIONS 

1. The partial and total vibrational spectra of the Ni2B 
system in the crystalline and amorphous states were deduced 
for the first time from experimental inelastic neutron scat- 
tering data using the Ni isotope contrast technique. 

2. The behavior of the state density for Ni atoms is anal- 
ogous to the previously-established deformation of the gen- 
eralized vibrational state function of metallic systems with 
close masses. 

3. The transition to the amorphous state for the B atoms 
is accompanied by the onset of vibrational modes beyond the 
upper spectral boundary of the crystalline state and by a 
redistribution of the vibrational modes from the high-energy 
region to the low-energy region of the spectral distribution. 
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