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Phonon dispersion relations along the three principal syminetry directions, [100], [I101 and 
[lll], are computed for tlie Crl-,W, alloys with tungsten concentration x = 0.3,0.8 aiid 
l.G% and compared with experimental results. A close agreement lias been observed between 
t1.e tlieoretical predictions and the experimental findings. 

I. In t roduc t ion  

I11 recent past enormous efforts have been done in 
the tlieoreticd and experimental studies of the lattice 
dynamics of substitutional binary alloys. If we con- 
fine our attention to cubic crystals, experimental works 
on neutron scattering technique are available for some 

[ 11 421 of tlie important alloys like C U ~ - ~ A I ~  , Gel-,Sz, , 
[31 Rbl-,li, ,cu~-,Au[~] ~ r l - , ~ ' 5 ]  and ~i l - ,~t!] .  It 

is worth pointing out that the experimentalists faced 
more difficulty in obtaining the detailed structural in- 
formation in the phonon spectra of alloys in contrast 
to pure cryst:ds. On the other hand, theoreticians also 
have a funda~nental difficulty in developing tlieir mod- 
els due to  thc lack of perfect periodic structure in the 
alloy forrnation. In a definite manner the theoretical 
works have a proiiounced influence of the following as- 
pects: (1) Wf~ether the "host" crystal is liglit or heavy 
in comparisor to tlie impurity atom, and (2) Whether 
the atomic percent of the impurity atom in the alloy is 
low or high. It is found that heavy impurities in the 
light host lattice give rise to resonance modes corre- 
sponding to vibrations with rather low frequencies in 
comparision {,o the liost crystal. Systems with light 
impurities in heavy host lattices give rise to localized 
modes. From a theoretical point of view, the occurence 
of resonance rnodes or localized modes is predicted con- 
sidering the niass defect and force constant changes as 
rigorously as ~ossible. Some of tlie well known theories 
for binary allcys developed so far are those of Elliot and 
~ a r a d u d i n [ ~ ] ,  ~ a ~ l o r [ ~ ]  and Mostoller and ~ a ~ l a n [ ~ ] .  It 
is noted that none of the aforesaid theories has equal 

very 
have 

1. 

2. 

3. 

success in interpreting the experimental phonon spec- 
tra for a11 the binary alloys combined togetlier. MTe 
have developed a phenomenological model for Ai-,B, 
inetallic a l l ~ ~ s [ ~ ~ ] .  In order to do that we followed com- 
pletely tlie works of ~ < u t t ~ [ ~ ~ ]  and Garg et a1.[12]. TIie 
basic ingredient iii our theory was t o  select a good lat- 
tice dynamical inodel for tlie host and impurity atoms, 
A and B ,  which predicted experimental phonon spectra 

well. The dynamical matrix for the AI-,B, alloys 
the following irnportant features: 

It is a 6 x G matrix and not a 3 x 3 as for pure 
metals A and B. 
For a11 concentrations of the alloy in tlie host lat- 
tice, ie. 1% 5 x 5 99%, tliis dynamical matrix 
gives only 3 eigenfrequencies for any particular 
phonon wavevector. The other 3 roots have zero 
frequency. 
When x = 0% or x = 100%, the dynamical ma- 
trix of the alloy predicts tlie phonon frequency for 
tlie pure metals A and B. This shows that our 
clioice of an extended order dynamical matrix is 
not arbitrary but compatible with the theory. 

In our previous study of the lattice dynarnics of 
Rbi-, I(, a l l 0 ~ [ ~ ~ 1  we had studied the case of a liglit irn- 
purity in tlie heavy host giving rise to  localized modes. 
As a matter of fact localized modes are more compli- 
cated to  interpret than the resonance mode. Following 
Garg et a1.[12] we have, used a nonrandomiiess param- 
eter X to interpret the localized modes and dropped it 
out here for the study of resonance modes in Crl-,W, 
alloys. The phonon dispersion relations along the tliree 



principal symmetry directions for tlie tliree differciit 
tuiigsteii coiicentratioii iii c l i ro in i~~m,  x = 0.3%, 0.8% 
ancl 1.6% form Lhe subject i~ ia t tcr  of tliis paper. 

11. Tlieoiy 

Tlie 
pliolloll 

clyiiamical matr is  neccssary to calculntc Lhe 
frequencies of tlie alloy Ai-,B, is given l ~ ~ [ ~ ~ ]  

whcre w is tlie plioiion freclueiicy, x is tlie alloy conceii- 
trntioii, i\dA and A I n  are the masses of ato111 A aiid B ,  
rcspectively. P is tlic dynamical inatris  of tlie 11.c c. 
system, prcvioiisly iiitrodiicctl 10 s tudy Rbl-,Ir', nl- 
loys. 111 accordaiite witli the earlier stiiclies of plionoiis 
foi. lhe pure inetals o i  tuiigsteii ancl c l i r ~ n i i u m [ ~ ~ ] ,  me 
lime also considered tlic interionic iiiteractioiis iii alloys 
o i  cliromium aiid tuilgsten to  h e  effective l~ctiveen first 
two iicarest neiglil~ours. 

Tlie typical diagonal aiid iioii clic?goiial part  of tlie 
dyilainical matriccs P,, and are giveii by: 

Tlie parameters iii the above equatioils are given by 
Si = sin(7~aIr'i) , Ci = c o s ( ~ a I í , )  q, = e, 

112 
A = 0.353 (2)  ÉF,  

g(u) = 3.(sin u - u cos u)/u3, (4) 

wliere Ir', , aiid h, (i = 1 , 2 , 3 )  are respectively tlie carte- 
sian compoiients of tlie wavevector aiid tlie reciproca1 
lattice vector: u is tlie lattice parameter; kF represeiit 
tlie Fe'ermi wavevector: r, is tlie radius of atoinic sphere: 
ao is the  Bolir radius aiid b, represents tlie i~ull.: inotl- 
d u s  of tlie electroi~ gas. 

Tliere are five disposable paraineters iii our model 
and tliese are A,, B;(i = 1 , 2 )  and I<, . Tlie moclel pa- 
raineters for the pure inetal tungsten and chroiniuin are 
talten from tlie earlier work by one of us[l3]. In order 
to evaluate the moclel parameters of tlie alloy we liave 
used the linear interpolatioii sclieme 
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Tlie iilput data 1x1 calculate tlic phoiioii Sreqiien- 
cics of tlie alloys a t  tlie three differeiit, coiiceiltratioiis is 

Tablc 1 
Iiip ~t data (i11 uiiits of 10%lyii/cm) 

1% liave zolved the clyiiainical matrix for the tliree 
principal syriimetry clircctioiis. [[OO], [[(O] antl [[[[I, Table 3 
aiitl plotted flie computcd aiid csperimciital frcqueil- Calculated aiid csperiiiieiital valucs of plioiioils Srequencies 
cies iii figure? 1 lo  3. hlso giveii iii Table 2 aiid 3 are 
tlie calciilatetl aiid esperimental frequeiicics aiid devi- 
at iom betmcc~i theiii for tliose wavevectors for wliicli 
csperiiiicntal results ~ \ ~ e r e  available. 

Table 2 

Calculatetl aiid ~:xperiineiltal values of plionoiis frequeiicics 

iil tlie traiisversal I~raiicli [<, 0, 01 directioii 

E Exp. values Calc. values ( ' V e ' p - ' V c u l c )  
r 7, 

$ Exp. values Calc. values ('Vexv-'''ca'c) werp 
['r111 tTH1 

0.15 1.04 1.91 0.01 

i11 tlic traiisversal braiicli aloiig [ $ , E :  01 direction 

n. = 0.3% 

çt Esp .  values Calc. values l 'Ve' l ' - 'Vc"'c)  
L t f c z p  

[TII] F I I I  
O. 15 3.10 3.12 0.01 
0.20 4.12 4.04 0.02 
0.25 5.00 4.86 0.03 
0.30 5.78 5.56 0.04 
0.35 6.41 6.12 0.04 
0.40 G.95 6.54 0.06 
0.45 7.27 6.70 0.07 
0.50 7.52 6.87 0.09 

E Esp. values Calc. values ( w e z ~ - ' v C " l c )  

LV,," 

IV. Discuss ions  aiid Co~icl i i s io i i s  

A critical aiialysis of Fig. 1-3 reveals tliat Cuii- 
iiigliam et  a1.l" liave ineasured oiily tlie traiisverse 
brailclies of tlie plioiloils aloilg tlie [E001 and [[(O] di- 
rections, for tlie alloy coiicentratioils a: = 0.33% aiid 
z = 1.6% aild for tlie coilceiltration .i: = 0.8% oilly 
tlie braiicli aloilg tlie [[O01 was ineasured. Note tliat 
althougl-i a small amouilt OS ineasuieineiits is available 



they provide a relatively good test for the theory. Tlle 
tl-ieoretical predictions are very close to the experimen- 
ta l  ones. In  order to  show quantitative differences be- 
tween the  calculated and experimental phonons we have 
given in Table 2 and 3 these results. The maximum 
percentage deviation between the calculated and exper- 
imental values is of the  order of 10% which represents 
a good agreement. 
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Figure 1: Phonon dispersion curves in Cr - W (0.3% at W) 
along the [E, 0, O], [(.E, O] and [(, E, (1 directions. Tlie solid 
lines represent the theoretical results for longitudinal and 
transversal modes. The points represent tlie experimental 
results. 

Figure 2: Phonon dispersion curves in CT - W (0.8% at  W) 
along the [E, O, O], [E, 6, O] and [<, E, (1 directions. The solid 
lines represent the tlieoretical results for longitudinal and 
transversal modes. The points represent tlie experimental 
results. 

Figure 3: Plionon dispersion curves in Cr - W (1.6% at W) 
aloiig tlie [E, 0, O], [E, (, O] and [E, E, E] dircctions. Tlie solid 
lines represent tlie tlieoretical results for longitudinal aiid 
transversal modes. Tlie points represent the experimental 
results. 

Tliis paper is the  second one studying 11.c.c. inetallic 
alloys based on our scheme of adopting a model for al- 
loys. Tl-ie first one was for Rbi-, I í ,  a l l ~ ~ s [ ~ ~ l .  \Ve liave 
obtained liere almost the  same success as obtained in 
Rbl-,I(,. Our ~ 0 r 1 i  is based on a modification over the 
scheine of Garg et al.[12114] for Rbl-, I(, and Cri-,W, 
but  we have obtained definitively ali improveineilt upon 
their their results because we liave used a better model 
for the  individual metals. Our model takes into ac- 
count the electron-ion interaction wliicli was ignored by 
tl-iose authors and preserves tl-ie periodicity in tlie cal- 
culated phonon frequencies in the reciproca1 space. We 
would like t o  point out tha t  we liave no means to  check 
tlie validity of tlie theoretical calculations for the lon- 
gitudinal branches of the  phonon dispersion relations 
along [[OO], [[[O] and [[[(I. On the other hand ir? our 
theoretical study of Rbl-,li', we could not verify tlie 
transversal plionon frequencies. Another point to  em- 
pliasize in our study of tlie two alloys is tha t  oiie work 
is coinplementary to  tlie other as in one we have stud- 
ied the  resonance mode and in otlier the  local inode. 
To conclude we note tha t  further detailed experimen- 
tal measurements of the phonon frequencies of tlie two 
alloys studied by us is still necessary to  allow a better  
comparison witli our theoretical approach. 

Finally, we comment tha t  our theoretical scheme[15] 
was also applied for f.c.c alloys of Nil-,Co, and an 
excellent agreement was found. 
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