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The computations of the static and vibrational préips of four equiatomic Rb-based binary alloys. By sLigs,
RbysNay 5, Ry Ko s and R sCs 5to second order in local model potential is disedsis terms of real-space sum of Born
von Karman central force constants for the firsteti The local field correlation functions due tartdee (H), Ichimaru-
Utsumi (IU) and Sarkar et al. (S) are used to itigate influence of the screening effects on theresfaid properties.
Results for the lattice constan@;, Ci5, Ca4, Cio —Cas, C15/Cas , and bulk modulusB, obtained using the Hartree

(H) local field correction function, have higherlwas in comparison to the results obtained forséwme properties using
Ichimaru-Utsumi (IU) and Sarkar et al. (S) locatldi correction functions. The results for the Shemdulus C'),
deviation from Cauchy’s relation, Poisson’s ratip Young modulu¥ , propagation velocity of elastic waves, phonon

dispersion curves, and degree of anisotrddyare highly appreciable for the four equiatomic Riséx binary alloys.

1. Introduction

In the study of various properties of solids, one
frequently requires the knowledge of interaction
energy between the ions or atoms. The studies of a
pair effective interionic interaction in simple rakst
have a long history and originally they were not
systematized and were concerned with individual
groups of metals. In recent years considerable
attention has been devoted to the theoretical study
of the nature of effective interaction between the
constituent atoms or ions in simple metals [1-4].
The bcec A_y By (A=Rb; B=Li, Na, K, Cs) alloy
system forms a substitutional solid solution in the
overall region of concentration X of the second
component and the crystal binding of the solid
solution remains unchanged as compared to that of
the pure alkali metals. Theoretical studies ablet t
lattice dynamics of the alloy systems have been
devoted to Rislips RlysNays RbysKes and

Rby Cs 5 Systems since the lattice dynamics of the
pure alkalis have been investigated in detail. But
the work on the comprehensive study of static and
vibrational properties of their binary alloys is
almost negligible [1-9]. Only Soma et al. [7] have
studied the phonon dispersion curves of £8 s,
CoRbys CeaRby7 and RRB71Cs 29 alloys. Vora
and co-workers [1, 2] have reported the static and
vibrational properties of equiatomic Na-based
binary alloys using the model potential formalism
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Very recently, Gajjar et al., have studied theidatt
dynamics of bcc GsKor; alloy [3].
Experimentally, Kamitakahara and Copley [8] have
studied the lattice dynamics of RiKyx alloys
with X=0.06, 0.18 and 0.29 by neutron scattering.

Recently, Chushak and Baumketner [9] have
reported the dynamical properties of liquid
Cs.Koralloy.

From a theoretical point of viewA_, By
(A=Rb; B=Li, Na, K, Cs) is a good system to
study. Both constituents are members of an alkali
metal group of the periodic table which, because of
their relatively simple band structure, are gergral
the least complicated of all metallic systems talde
with. Assuming that a good description of both
and B metals can be utilized, a study of the alloy
systems will shed a great deal of light on the
general usefulness of the technique employed.

Hence, in the present article, we have decided
to work for the first time on four equiatomic Rb-
based binary alloys RBlLios Ry sNays RbyKos,
and RRCss Well-known single parametric local
model potential of Gajjar et al. [1-3] is used to
describe the electron-ion interaction. For thetfirs
time, an advanced and more recent, the local field
correlation function method due to Ichimaru-
Utsumi (IU) [10] and Sarkar et al. [11] has been
employed in such investigations. This helps in
identifying the influence of exchange and
correlation effects in the static form of Hartréé) (
(only static) dielectric function [12].
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2.  Theoretical M ethodology

The phonon frequencies can be obtained by solving
the standard secular determinental equation [1-5]

de*Daﬁ (q)- 47%v2m Jaﬁ‘ =0 1)

Where, M is the ionic massy is the phonon
frequency andD (q) is the dynamical matrix in

which the force between two ions depends only
upon the distance between them is given by,

d*ofr)

2
dr, drg - @

Daﬂ (Q)=Z(1— eiqr )
n
Here, qJ(r) is the inter-ionic pair potentiat,, and
rg are @™ and B Cartesian components of the

position vector ofn'" ion, respectively.
This dynamical matrix element used in the
present calculation finally takes the form,

0up(a)= e ) 6+

(K, —Kt)} @3)

Here K, and K, are the force constants between a

pair of ions interacting through a central intei@tt
and n specifies shell index.

K, = 1 do(r)
rodr
Z2%e? Q, © )
= - + F
r3 anZ(J) (a)a
sin(qr)
cos(qr)— dg (4)
qr
d?o
ke = dr 2
27e>  Qq © )
F
r3 * nzrzg (a)a
Zsin(qr) :
. —2cos(qr)—qrsm(qr)dq (5)

Where, F(q) is the energy wave number
characteristic given by

14

lew (@) - 1]
1+[e, () -1][2- (q]
(6)

Q q2 2
F(a) == |w,
@ =25 Wa (0)

Here, Qo , W (q),gH (q) and f(q) are the atomic
volume, bare-ion pseudopotential, static Hartree
dielectric function and local field correlation
function, respectively.
The bare-ion pseudo-potential due to Gajjar et
al., is given by [1-3]
J 7

Here,Z and r. are the valence and parameter of

the model potential, respectively. The detailshef t

model potential are narrated in the literature J1-3
Using these atomic force constants, we can

generate inter atomic force constanis,; , which

W)= 522 codor) - (1)

od +(are Y

can then be employed to investigate the elastic
constants

_ d?o(r)
@ dr,drg

r,r r,r (8)
- [ S

Under the long wave phonon method, the elastic
constants are studied by [1-5]

Cu = - ENMIXE KE +y2K, +2KE] ©
n
C :LZN(n)
44 24an
[(y2 +22)K{(‘X +(22+x2)2K;‘y+22KQZ}
10}
C,,+C - N [ o+ XK D+ K“]
12 T Caa —agnl (MlyzK y, + XK 5 +xy Ky
(11)

Where, a is the lattice constant anbll(n) is the

number of atoms at the'™" neighbor separation.

The shear modulu€’ and bulk modulusB are
given by equations as follows [1-5]:
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Cc = K—Cﬂ ;C” H (12)
B = |:(Cll +32C12)} (13)

The extent to which the interatomic forces are
non-pair wise can be obtained by investigating the
breakdown of the Cauchy relation. The Cauchy
ratio is obtained by using,,/C,, .

Poisson’s ratiog is the second independent
elastic parameter that is determined as [1-5],

o= ( Cro (14)

Cit C12)

From the calculated values of the bulk modulus
and Poisson’s ratio, Young modulis is derived
as [1, 2],
Y = 3B(@l-20) (15)
In the cubic system, the propagation velocity of

longitudinal and transverse waves in [100], [110]
and [111] directions are given as [1-5]

v [100]—[ET/2 (16)
S

v, [110]= [(Cyy + Cilzo*‘ 2C44) T/z (17)
[(Cy3 +2C 1, +4C ) %2
v, [111]= 30 (18)
Cyy |2

v;[100]= vy,[110]= {7} (19)
) %

Vr,[110]= [‘C%;“)} (20)
_ %

vT[111]:{(Cll C;j; 2Cas) } ’ (21)

15

The behavior of phonon frequencies in the limit
and independent of the direction is given by [1-5]

2
Y1 - I|m Z a)l gq) — |:(Cll+2C44):| (22)
a-0i q P
and
w )" _[(Cus - Ciz)
a-0\ &ry 2Cy,

The degree of elastic anisotrofy is the
inverse ofY, [1-5] and given as

_ 2Cy,

e

The value of A is unity when the material is
elastically isotropic and differs from unity
otherwise.

(24)

3. Resultsand Discussion

The constants and parameters employed for the
present computational study are listed in Table 1.
In the evaluation of integrals in equations (4) and
(5), the upper limit of integral is taken to be KO

so that a complete convergence of the model
potential is achieved at higher momentum transfer
and covers all oscillations of the form factor.
Therefore, any artificial or fictitious cut-off ithe
present computations is avoided. In the present
computation, the error associated will be of the

order ofl0 ™k /2. We have performed the real

space sum analysis up to 33 sets of nearest
neighbours in r-space, which are found sufficient
for computing the elastic constants and bulk
modulus using interatomic force constants to into
account the long-range character for proper
convergence of the calculation and to achieve
desired accuracy. The present model is valid for
both ordered and disordered alloys [1-8].

In the present computation, the bcc crystal
structure is considered for all solid solutionseTh
lattice constantsaare obtained from the well-

known reIatior(ZQo)]/3. Tables 2-5 display the

computed values of some static and vibrational
properties of four equiatomic Rb-based binary
alloys. It is noted from Tables 2-5 that our result
calculated for C;;, Cip, Cyy, Ci,—Cyy,

Ci,/C44 , and bulk modulusB from H-local field
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correction function give higher values than those
obtained for the IU and S-local field correction
functions. There is a good agreement for the
calculated values of the Shear modul,
deviation from the Cauchy relation, Poisson ratio
o, Young modulusY, propagation velocity of
elastic waves, phonon dispersion curves (PDC),
and degree of anisotrop using H, IU and S-
local field correction functions.

Table 1: Input parameters and constants for ecuiato
Rb-based binary alloys.

Metal z ke (au) Qo (auf rc(au)
Li 1 0.5890 144.9 0.7738
Na 1 0.4882 254.5 1.0765
K 1 0.3947 481.4 1.388(
Rb 1 0.3693 587.9 1.4837
Cs 1 0.3412 745.5 1.9108

Table 2: Static and vibrational properties ofyRbg 5
alloy.

Properties H U S
Cu in 10°° dyne-cn? 10.98 8.01 4.53
Cyzin 10°° dyne-cn? 10.26 7.17 4.00
Cuain 10°° dyne-cn? 3.63 3.89 2.83
C'in 10° dyne-cn? 3.61 4.21 2.65
B in 10°° dyne-cn? 10.50 7.44 4.18
(C1-Cad) in 10 dyne-cn? 6.63 3.27 1.17

Cauchy’s ratio (G/Cas) 2.82 1.84 1.41
o) 0.48 0.47 0.47

Y in 10" dyne.cn? 1.07 1.24 0.78
v, [100] in 1C cm-sec 2.79 2.38 1.79
vr[100] in 1 cm-sec 1.60 1.66 1.42
v, [110] in 10 cm-se¢ 3.17 2.85 2.24
vr1[110] in 10 cm-sed 1.60 1.66 1.42
v12[110] in 10 cm-sec 0.51 0.55 0.43
v, [111] in 10 cm-sed 3.29 2.99 2.37
vr[111] in 1 cm-sec 1.01 1.06 0.89
Y, in 10 dyne-cn? 12.90 11.17 7.22
Y, 0.10 0.11 0.09

A 10.05 9.23 10.72

It is noticed from the present study that the
percentage of influence of the IU-local field
correction function with respect to the static H-
local field correction function on vibrational
properties of Ridlios RbhsNags RbysKos and
RbyCs s is found to be 3.75%-50.68%, 2.17%-
69.92%, 0%-1.08%, and 1.59%-33.44%,
respectively. Such influence of the S-local field
correction function with respect to the static H-
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local field correction function on the vibrational
properties, for Rxlips is 2.08%-82.35%, for
RipsNays is 1.45%-57.42%, for RKys is 0%-
45.86%, and for RpCss is 0%-40.36%. This
clearly indicates that the local field correlations
play a very effective role in explaining correctly
the static and dynamic properties of such solid
solutions. These static and vibrational propenies
Rby 5K 5 solid solution computed from H and 1U-
local field correction functions are found to be th
same.

Table 3. Static and vibrational properties of) Rt 5

alloy.

Properties H U S
Cu1in 10 dyne-cn? 8.00 4.98 5.26
Cyzin 10°° dyne-cn? 7.45 4.30 4.67
Casin 10°° dyne-cn? 2.73 2.87 2.66
C'in 10 dyne-cnt 2.78 3.43 2.96
B in 10 dyne-cn? 7.63 4.53 4.87
(C12-Cas) in 10°° dyne-cn? 4.72 1.42 2.01
Cauchy’s ratio (G/Cas) 2.73 1.49 1.76
o 0.48 0.46 0.47
Y in 10" dyne.cn? 0.82 1.00 0.87
v, [100] in 1 cm-sec 2.35 1.86 1.91
v7[100] in 10 cm-se¢ 1.38 1.41 1.36
v [110] in 1 cm-sec 2.69 2.28 2.30
vr1[110] in 10 cm-sec 1.38 1.41 1.36
vr2[110] in 1 cm-sec 0.44 0.49 0.45
v [111] in 1 cm-sec 2.79 2.41 2.41
vr[111] in 1¢ cm-sec 0.87 0.91 0.87
Y, in 10 dyne-cn? 9.33 7.43 7.33
Y, 0.10 0.12 0.11
A 9.83 8.39 8.98

The H-local field correction function [12] is
purely static and it does not include the exchange
and correlation effects. The IU-local field
correction function [10] is a fitting formula fohé
dielectric local field correction function of the
degenerate electron liquids at metallic and lower
densities, which accurately reproduces the Monte-
Carlo results as well as it satisfies the self
consistency condition in the compressibility sum
rule and short range correlations. Therefore, the |
local field correction function influences the
longitudinal phonon branches only. On the basis of
IU-local field correction function [10], Sarkar et
al., have proposed a simple and analytical form of
the local field correction function [11].
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Table 4: Static and vibrational properties 0pBy 5 which are displayed in Figs. 1-4. We have found
alloy. that the phonon frequencies in the longitudinal
branch are more sensitive to the exchange and
Properties H v S correlation effects in comparison with the
Cu in 10 dyne-cnt 6.14 6.13 4.26 transverse branches. The phonon frequencies in the
Ci2in 10° dyne-cn? 5.50 5.50 3.71 longitudinal branch are suppressed due to IU-local
Caqin 10°° dyne-cn? 2.36 2.36 2.01 field correction and enhanced due to S-local field
C'in 10° dyne-cri? 315 313 273 correction functions as compared to the frequencies

due to static H-local field correction function.
While in the transverse branch, the effects of
exchange and correlations enhanced slightly the

B in 10° dyne-cn? 5.71 5.71 3.90
(C12Cad) in 10 dyne-cn? 3.14 3.14 1.70

Cauchy's ratio (&/Cas) 2.33 2.33 1.84 phonon modes. It is found that at the zone
5 0.47 0.47 0.47 boundaries of [100] and [111] directions of high
Y in 10" dyne.cn 0.93 0.92 0.80 symmetry, i.e., for the larger momentum transfer,
v [100] in 16 cm-sed 2.17 2.17 1.81 the effects of local field correlations are almost
v7[100] in 16 cm-sed 1.35 1.34 1.24 negligible. These dispersion curves do not show
v [110] in 16 cm-sed 250 250 214 any abnormality in the three regions of high
v [110] in 16 cm-sed 135 134 124 symm_etry _ direction_s and exhibit qualitative
Veo[110] in 10 cm-sed 0.49 0.49 0.45 behaviour like metallic elements.
v [111]in 1C cm-sec 2.61 2.60 2.25
vr[111] in 16 cm-sed 0.87 0.87 0.81 .
Y. in 10 dyne-cn? 8.32 8.31 6.34 e (200 | Rboslios (111 (1101
Y2 0.13 0.13 0.14 S
A 7.49 7.53 7.38 gz.o I
z
Table 5: Static and vibrational properties ot Bbg 5 él.s -
alloy. <
g 1.0
Properties H U S £ os |
Cu in 10°° dyne-cn? 6.04 4.26 4.29 |
Cy; in 10°° dyne-cn? 5.59 3.77 3.88 00 o5 0 o5 ) o5
Cusin 10° dyne-cn? 1.74 1.77 1.60 Reduced wave vector
C'in 10° dyne-cn? 2.26 2.43 2.05
B in 10° dyne-cn? 574 3.03 4.02 Fig.1: Phonon dispersion curves of gl salloy.
(C1-Cad) in 10 dyne-cn? 3.84 2.00 2.29
Cauchy’s ratio (G/Cas) 3.20 2.13 2.43 25
o 048 | 047 | o047 T GOl RbogNegs [l (10
Y in 10 dyne.cn? 067 | 071 | 060 2ot o
v [100] in 1 cm-se¢ 1.81 1.52 1.53 £ e
vr[100] in 1 cm-seé 0.97 0.98 0.93 g“’
v [110] in 10 cm-se¢ 2.03 1.77 1.76 g
vi[110] in 10 cm-se¢ | 0.97 0.98 0.93 54|
v12[110] in 10 cm-sec 0.35 0.36 0.33 §0l5
v, [111] in 10 cm-sed 2.10 1.86 1.83
v7[111] in 10 cm-sed 0.63 0.64 0.60 00 |
Y. in 10° dyne-cn? 519 | 424 | 408 o0 o8 o WA o 00 o8
Y, 0.13 0.14 0.13
A 7.73 7.29 7.80 Fig.2: Phonon dispersion curves ofRla, salloy.

We have also studied the PDC of four
equiatomic Cs-based binary alloys viz. jRb s,
RbysNags RbyKos and RisCss along [100],
[110] and [111] directions of high symmetry,
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Fig.4: Phonon dispersion curves ofBBsh, salloy.

The phonon frequencies computed from [U-
local field correction functions diverged from gtat
H-function in [100] [111] and [100] directions of
high symmetry are about 0%-21.24%, 0%-
129.95%, 0.07%-0.78%, and 0%-16.25% for
Rbyslios RysNags RiysKos and RlgsCs s solid
alloys, respectively. While the phonon frequencies
computed from S-local field correction functions
differed from static H-function in [100], [111] and
[100] of high symmetry directions are 0%-99.19%
for Rbyslios 0%-142.92% for Rp:Nays 0.63%-
144.88% for RpsKos, and 0%-13.22% for
Rby sCs 5 solid solutions.

Also, we observed from the PDC that, when we
move from Rpeligs — RIysCss alloys, the
phonon frequency decreases with an increase in the
average volume of the solid alloys. The
experimental phonon frequencies of such alloys are
not available in the literature for further
comparison and remarks. But, in the absence of
experimental information, such calculations may be
considered as one of the guidelines for further
investigations, either theoretical or experimental.
Hence, such a study could be extended for the other
types of binary alloys.
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4, Conclusions

We concluded that the present model is successful
in explaining the static and vibrational properiés
equiatomic Rb-based binary alloys and hence it
could be explored for predicting the behavior of
other such solid solutions. The comparison of
present theoretical findings helps us note that the
binding of A_yx By (A = Rb and B = Li, Na, K,
Cs) is comparable with pure metals and hence
behaves like a solid metallic alloy. This can be
confirmed by investigating its total crystal energy
and heat of solution. Such study is under progress
and the results shall be reported in due course of
the time. From the present study, we conclude
furthermore that it should be interesting to apply
other  local pseudopotentials  for  such
comprehensive study in order to judge and confirm
its wider applicability.
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