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Ashcroft model potential study of latticc dynamics of o:-Iron and barium
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Ashcroft model potcntial has beco uscd to compute phonon dispcrsion relalions along the thrce principal syrnmetry directions, ;.e. [koo],
[kkD] and (kkk] for o-iron and barium. The computed phonons gavc a rcasonable agrecment with the experimental anes in a1l the three
principal surnmetry direclions expccl for the T2 hranch in (KKO] direction whcrc (he prcscnt study failed 10 reproduce the experimental

findings.
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Se ha empleado el modelo de potencial de Ashroft para evaluar las relaciones de dispersión de fonón para o-acero y bario en tres direcciones
principales de simetría: (kOO). [kkO] y (kkk). Los fonones evaluados coincidieron razonablemente con los obtenidos experimentalmente en
las tres direcciones principales. excepto para la rama T2 en la dirección [KKO). donde el presente estudio no ha reproducido los resultados
experimentales.

Descriptores: Potcncial de Ashroft; dinámica de rcdes; o-acero; bario
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Thc frequency al' vibration of a monoatornic latlice is oh-
tained by solving the secular determinant

¡; are rcciprocallatticc vcctors, 11 is the number of ions in the
primitive eell, Z is the valence of thp. ion and no is the atomic

(1)IIDo~(0-mw'[11= O,

F(q) is (he wave number eharaclerislie defined by

f!orI' , ,'(q) - 1
F(q) = - 8r. Ze' IWb(q)! (1 _ G(q)J' (4)

D~f(ii) is the Jirecl coulomb interaction betwcen ions,
D:,~(<fJis lhe core-core exehange repulsion and D~~(ifJ is
lhe clcctron ion interactioll. In the present study D~fJ(ii1 has
hcen ca1culated on the lines oí" Kellerman [3]. \Ve haye ig-
norcd D~lf3(rJ) in the prcscnt study. The eleetronic contri bu-
tion to dynamical matrix is obtained by

wherc (1 is the phonon wave vector. In is the ionic mass. J
is the 3 x 3 unit matrix and w is the angular frequcncy. Each
elcment Dn/1(r"l) is splited up into three parts. ¡.e .•

• Asherofl pOlenlial is well accepled I'or elelronie prop-
crties 01'almost all eubie metals. The lattiee dynamical
study oí"this potential has been carried out only for al-
kali melals (Asherofl [11 and Sen el 01. 12]).

• \Ve wanteo 10 know if lattice dynamics 01' a compli-
cated rnetallike barium ami Q-iron could he studied by
Asherofl pOlenlial.

• Asherofl pOlenlia! has only one adjustable parameler,
the core radius. \Ve adjusted this eore radius with the
experimental phonon 01' the one of the wave vectors
Iying in lhe bondary 01'lhe Brillouin zone.

Both Q-iron and barium bclong to the body ccntcred cubie
strueture. These metals are quite complicaled wilh regard lo
their electronic structure as they posses a spd hyhridisalion
with a part 01' Ihe d hand unfilled. While O'-iron is a transi-
[ion metal. barium is a hcavy rare carth metal. For hoth of
these metal s experimental measurcments on phonon disper-
sion relations haye been carried out. Also a numher 01'lheo-
rieal studies of lattiee dynamies 01'lhese rnctals are availablc
on various forms 01'pscudopotcntials. In the prescnt work wc
haye studicd Ihe latticc dynamics 01' these lwo Illctals on a
very simple form 01'Ashcroft potential. The reasons to carry
out sueh a work was motivated hy the following:

1. Inlroduction
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FhiURI: 2. Tlll' salllc l('xt a~ Fig. 1, hut for hariurtl.

\'OIUllll" 11"1, ((I) is thl' Fouricr transforJn 01' lhe Asheroft model
pnlclllial, gin:'1I hy

. ( '1 )
t- ,t:";

:lIld (;(1/) i" tille lo Singwi £'1 al. 151 hy lhc eXl'rcssion

Thc plOpcr eonvergcnec for Ihe summalion in Eq. (3)
has heen ohtaincd after slIlllming 1178 rcciprocallatlicc vec-
torso \Vc f1tted Ihe 1'{' wilh Ihe longuiludinal zone bound-
ur)' freqllcllcy tl,o,o for ooth o~iron anJ oarium. Thc cal.
culalcJ vabc of r,. for harilllJl is 2.01 (a. u.) and for o-iron is
Lió (a,u,)

\Ve solvcd Ihe dynamicairnalrix (1) ror several wave scc-
tors along lhe principal s)-'rnmclry dircl:tion') and plotted the
phonon dispcrsion rclaliOfh ¡¡long these dircclions in o-iron
and hariulIl in Fig"l. I <lnd2. rC"lpcctivcly. Also in these Hgurcs
are plo!tcd lhe cx.j1l'rilllcnlal phonon frequcncies uf o-iron hy
lhe \\'or\": o( Broo\.,:hllu"e {'1 (/1. 1.11 and 01' oariulll hy i\.h/uki e1

,,1. l.; l.
A criti(;lI ohservatiotl 01"Figs. I ami 1 rcveals Ihallhc lal-

Iice Jynamical sludy \lf (l-if(ln and b¡¡riulll hy Ashcroft Illodcl
pOll,ntia\ g;l\'I: <In l'.\ccllent agrccllll'llI wilh Ihe expcrimental

(5 )
..J.7f Zq"J.

II',,(,!)= ---2-cos('!r,.)
\lo'!

('1 )' [ 1 ((ler) . (' '1 )')- _.) 1 - + .11 ~ -ler lO'; - '1 I,r

( ~ ('1 )" .1 1 ( '1 )") I'! + 11,']I- - - - + - - 111
. Tj I'r 1:; G I'r '1- 1lel I'1

q
G(/'I = ~

:\1
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IinJings. Except for T2 hranch of [k,k,OI reproJuced Ihe ex-
perimental rcsults within an error 01'9%. For hariulll also the
COlllp1l1Cdcurve does 1101reproduce the T;! hranch of Ik,k,OI.
In olher t\\'U tiirectiulls ¡.c. [k,{),OI and Ik.k,kl Ihe theorical rc-
suh oeviale hy maximLlIll hy 12% uf lhe experimental result
for some 01' lhe \\'a\'e \'ectors. Abo lhe anomaly. Ihe lowcring
ofthe longitudinal hranch in Ik,O.OI i,well explained hy Ihis
model.

Thcrc is no ju~tifkation in comparing Ol1r thcOI"ctical
sludy nI' o-iron \\'ith lhe earJier sluuics 01' Anilllalu [G]. 011-
wagha [71 and Nagara ami Nakamura ISI and Bnselii l'1 al. [a]
and thO! ofhariulll hy GUptat'1 al. 1101. Chen el al. I J J 1,Wang
and Overhouser [121 ami Moriarty 113). AII these workers
have useo at Icasl two paramelers in pseudopolel1lials, cxccp-
lion of!\loriarly whose work is fmm '¡rsI principies, and their
resulls are not superior lo lhe present rcsults.

Ir one asks us ho\\' slIch a simple Ilwdel like that of
Ashcrofl gave a good descripliull orthe lattice dynamics 01' a
ti oand metal like (l-iJ 011 and harilllll. \••..e would nol he aole
to respond well. \Ve can unly say lhal prohably Ihe vnlue nI'
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re bariulll ami n-iron detcnnined hy us is rcsponsihlc 1'01' this
rac!. \Vho knows the ••..allle of rc or o.iron and hariuln deler.
minecl hy us lllay he low or l1igh as gi\'en hy olhcr physical
propertics 01' Ihese lIletals. BUl as rar knowleogc gocs Iherc is
no valllc quolcd in the Iileraturc. \Vhat is more importanl is
thal \Ve have been able lo reproduce Ihe experimental phnnon
frcqucncies 01'o-iron ano bariulIl on ont: paramctcr.

\Ve can add he re thal \\'c also Iriel! lo sllldy Ihe lalticc
dynamics 01' olhe!" bcc transilions lIlctals, lllolyhdinulll. lung.
sten. ncobium. tantalulll 011 i\shcl'Oflnwdcl potenlial bUI witll
no SUCCCSS.Thc olher rare earth mClal 01' hc£' slruclllre ¡.e.
slmntium did not also givc a good lit wilh thc eXlll'rimental
phonons.
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