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Abstract
'Usiﬁg the ﬁseudopotentiai method we have

calculated_fhe band structﬁre, the density of.

states, and the charge déhsity for the conductiénfﬁ

eleétrons in Cs for three cell volumes. The’

sysfem was assuméd to be fee and'the'qell voiumeév.m—>~
v weréAchoseh equal to_0.5~V6, 0.4 VO and 0.3 Vé_'
where V_ is the cell volume at normal préssure.qb
Analysis.of the density of states and electronic
 charge density as’é function of volume show that

the conduction electrons become mére d-like‘as the

volume contracts. The s-d transition'appears to

be continuous rathér thaﬁvabfupt. The band struc-

ture'énd electronic chérge densities indicate that
cesium is a transition metal atvhigh'pressures.

The supercOnduétivity of cesium undef‘high préssure

is discussed in terms of the éharge distribution-,x

of the conduction electrons}



I. Introduction

In this paper we pfesent some calculations.on the
electrpnic properties of c¢esium under high preSéufe;._The o
calculations are based on the pseudopotential methéd.l |
. We have calculated the band structufe,‘the.aenéity ofvstates,T
andifhe charge density of the cbnductibn'electrons‘at_cell
volumes V equal to 0.5 Vo’ ofu Vd and‘0{3 Vo Qhere Vo’is |
the céll volume at normal pbessure. vThe_éQnduction'electrbn.
density of states is furthef separated into contributionsv
from s-, p- and d-like compbnents. In addition, fhe‘topoldgyg'
of the Fermi surfaces at the above‘volumes»ﬁasv detgfﬁined. _‘

-The present calculations were perféfmed to try to gaiﬁ
some information about the many*interesting propertiés of |
cesium under pressure. Experimeﬁtéz—s'shoﬁvthat cesium»;
Tﬁhdérgoes’thrée phase transitions in the pressure range of
one to fifty kilobars., At room temperatUre'énd under'hydrofl
_statlc pressures, -réy3 and néutr6n diffractionq meésurements.
show that there are three dlscontlnultles in the volume
versus-pfessure curve. The”f1r$t d}scont1nu1ty occurs at
23.7 kbar (_V/VO é.O.63); At thié.pféssuré>éesium'ﬁndergoes.f
a transition from a becc structure (CSI)'to.a fee structure
(CSII) with a small reduction in volume.7'The‘hext discon? E
tinuity occurs at.42.2 kbar (V/Vo.z 0.45)} The latter - -
transitibn'isva'firStvorder isostructural transition. The
structure of the new phase, CsIII, is fee as in CsII but

the volume drops by 9%.  The third tran81tlon, CsIII to CsIV

occurs at 42.7 kbars (V/V_ = 0.41)_where the cell volume



of cesium drops by 2.4%. The structure of CsIV has not been
determined. )
The above transitions are also evident in resistivity

355,86 7pe resistivity as a

versus pressufe measufements.
function of pressure decreases initially,.reaches a mipimuﬁb
~at 8 kbar. It then increases with iﬁcféaéing pressure with_:
a disconfinuous,rise at 23.7 kbar where bcc CsI-transforms
to fcc CsII; it becomes anomalous largé near 42 kbar. Twé_
spikes in the resistivity were §5served at142;2 kbar-and |
42.7 kbar;‘they.correspond.to the CsII-IIT and the CsITI-IV
. transitions respecfively. ‘Tﬂe resistiyity datavarevalso'
ihteresting at higher pressures. The resistance of cesium
dréps étéadily after the 42.7 kbar transition, and there is
Aa seééhd éﬁpmélous region héar‘IZOAkbar whefé the resistivify'
'riseé'steeply to a maximum.6 |
The‘bulk modulus ofvcesium alsovbéhaQes.anomaibuély.
‘at the higher pressures.7 Below the'42.7 kbar transition
and above 120 kilobars, the bulk modulus is a linearly
increésing function of preésure{ In between, however,-
éesium beéomes‘anbmalously‘sfiff;"tﬁé 5ﬁ1k modulus increasés
abfuptly and reaches a valﬁe-at 120 kbar which is two orders
of magnitude higher than its valﬁe at 43 kbar. 'Finally,
_cesium has the interesting property that it becomes super-
-conducting at 1ow'temperatﬁre and‘high pressure;g The
superconducting transition temperature‘is found to be i.5°K

at 120 kbar and the transition temperature is a decreasing"

function of pressure.



The CsI~II transition at 23 7 kbar was first explalned
~ by Bardeen9 and later confirmed by experlment.s .The iso~
structure’transition'at 42.2 kbar (V/V. = 0.45) is nore |
- complicated. Previous theoretical 1nvest1gatlonslO “12 have
attributed it to the change of the character of the conduction
electrons from 6s to 5d, which occurs Qhen the 1attice'is
.combreSsed to critical»volume.. This idea was firstbprOPCSed
by'Sternheimer10 in 1950. However his model‘giveébthe mixing..
of thezs-vand d{waves_at lower pressure_than.the obéervedt
: value;. - | | | B

| Recent calculatlon by Yamashltavand Asan013 havevshoun
that the cesium d- bands are broader than those obtalned
_ by Sternhelmer. Using the APW method, Yamashlta and
Asano have calculated the band structure of cesium as‘a
»:functlon;of,varlous .. .cell volumes and they have examined
the_Fermi surfaces at those volumes. Calculatlons of total
energy Versus volumelu’15 have also.been-dOne which show a
first order iaostructurai traneiticn but athtoo‘lcw pressure.

As noted by McWhan,u recent experlmental and theoretlcal

ev1dence 1nd1cate a contlnuous s~d - tran31t10n rather than an_
abrupt one as previously believed. ‘Th;s paper.ls the first
attempt using the pseudopotential method to 1ook at the
.iaostructural tranaiticn'of cesium.. A band structure.is
calculated throughout the Brillouin zone which yields a

detailed calculatlon of the den31ty of states and of the

electronic charge den81ty. The calculatlon is descrlbed



'The,form‘factors-are"defined.es'

in section II, the results are given in section III, ‘and.

some discussion of the results is preéented in section IV.
II. Methods of Calculation
A. Band Stfucture
'In applying the pseudopotential method to obtain the
electronic band structures, we have used the pseudopotentlal

Hamlltonlanl

A ¢ O )

' ~where V_ is a”weak pseudopotential which is-taken to'be.a

’superp081tlon of atomic pseudopotentlals.‘ VP whlch 1s energy

dependent = can be’ decomposed 1nto a local and a non- local

- component -

Vo TULE F U@ . @)

‘However, for a limited energy range;~the energy dependence

‘may be ignored.

In the case of cesium, for the local pseudopotential,

we used Animalu's16 screened model potential form factors.

v(G) % { v (r) e”16L d3g - v‘p(3)“»"

where Va isithe.local atomic pseudopotential, G is a reciprocal
lattice vector, and @ is the primitive cell voluﬁe. To

compute the energy bands at high pressure, i.e. differenf
primitive cell volume and different G's, the form factors

must be appropriately scaled. We scaled the form factors



in the following way. Let Q' and G' be the primitive cell

volume and the reciprocal lattice vector at a newApressure,-'
then- the new form factors are given by
.

-1 'V-
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The atomic pseﬁdopotential'is ﬁéak because the repuiéive'ﬁ
potential from the orthogonalizatioﬁ terms cancels fhe" 
strong atomic potential. However the éancéllafion ié.
' -differeﬁt-for‘the differeht angﬁlar ﬁomentﬁm compbhehté  “
 of the conduction electron wavefunction. "In using a lgcgl“'
' pseudop6tential one has assumed that the éanceilafion ié )
the same for each angular moméntuﬁ'compqnent. | |
In ceéium the core has cbnfigurat?on

(15)2(25)% (2038 (3532 (3p) 8 (30) 0 ) 2(up) (553 28 0 (5p)® (5)
The cancellation for 20 and 1 is'éxpeéted-tb bé géod over |
the whole core. For 2=2 there isrsome’canéeilatidn ariéing_ 
ffom_thé 3d and.ud core states, but‘it caﬁ only éancél the
atomic potential up to the n=u4 shell.' It leaves thé-potehtiai
in the'n=5 shell uncancelled and the dFComponent of the - |
éonduction.electrons wiil'see a deeper attractive potential‘

| At normal pressure the condﬁétidn éléctron wavefunction

is mostly s-like; the 2~dependent effebt will not be important.



However, at high pressures, there is a large s-d mixing.
The %-dependent part of the potential is then very important.
To account for the incomplete cancellation, we have added

a non-local correction to the local form_factors of the‘form

' 2,200 17 "
Vi = Ay Explr?/RD Py EENON

N A, is the well depth, R isvthe:well size,‘and 6?2vis a
projection operator acting on the d—ccmponentvof the wave-
functlon. - | - | | , | _ |

. . Since there was no experlmental 1nformatlon on‘the band
'structure of ce51um at hlgh pﬂessure, A and R weneAdetermlned
by adjustlng them to fit our band structure at V/V = O.Svto'
the band structure calculated by Yamashlta and Asanolsdat the'
samevvolume. W1th some further adjustments of VL’ we obtalned
'>a good fit for the values A2 = ~3.2 rydbergs and R = 1.275 k.
The largest discrepancy is 0.5 eV at the‘point L in the
Brillouin zone. The scaled local form factors and the d— :
potential for the varicus cell volumes are given in’Tahle i;
,(G is in units of 2w/a where a is tho 1att1ce constant ) 'We%
have not scaled the size and the depth of the d well since -
we assumed these are propertles of the atomlc core and the
vd~well is uery localized. Euen‘at V/VO : 6.15, the:nadius‘.
of the inscribed sphere is larger than R. Thus thevsame
d-well was used in the band structure calculation at _V/V0 =
0.5, O.ﬁ and 0.3. The most inpontant“band stfuctufe'effects
for V/VO;s come from the d-potentialvand the scaiing of.VL,
is not criticai. | |

B. Density of States

Once the band structure has been obtained, the density
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of states N(E) may be calculated from
N(E) = £ ] ] 6(E-E_(K)) . (7)

k n | : |
where N is the number of primitive cells and N(E) is normalized
to the number of sfates per atom. To calculate'the S, P and
d contributions to the density‘ofvstates, we define the &-

character of a wavefunction Y3 (r) in the following quantity
_ J Y (r) @ztp (r)d°r :

Cpln,k) = 5 = — - (8)

z N w (r)ﬁzw (r)d r |

where the integrals are to.be_taken_over the inscfiﬁed sphere;
By assuming that the»fractiehal mixing Qf‘the Varieuanahgular
Imomentum components.of the wavefunctioﬁ oﬁtside of the-‘ |
1nscr1bed sphere is the same as those in the 1n51de, the

Jpartlal den81ty of states may be calculated and -

zlm

N (E) = 2 I Cyln, k) §(E-E ) (9
ko | o
with

N(E) = N (E)+N(E)+N(E). Qo)

| This is a reasonable definition. for the partiai densify of
states because the inscribed sphere contains 75% of the
primitive cell volume.

Equations (7) and (9) were~numeriéaily,evaluafed USing
the Gilat-Raubenheimer technique.18 At volume V/VOY=.0.5,'
a grid of 125‘poinfs in the fecc irreducible”Bfillouin zone
was used in the calculation. At Volumes'V/Vo = O.u'ande:

V/Vo = 0.3, a grid of 308 points was used. The reason for



the grid size variation is that 308 points were'neéded for

the charge density calculation at volumes _V/VO = b.u and

V/V_ = 0.3.

O .
C. Electronic Charge Density
From the density of states we obtained the Fermi energy

Ep by the following normalization o |
o Egp ) | . L
1=[" N(E) gE . RER (11)

The band charge density;of the conduction electron in a

given band, n, may then be calculated from

P (P) = 2e X v ‘ wlz‘c_ (I')} lp (l”) " o (12) »
no- Kepz - PRoCTomke=no |
‘En(§)§EF

and the total charge density is

. . - n . ~ o . L
To obtain sufficient convergence for the charge density
calculation, the wavefunctions wnk were expanded in a basis
set of ébbut 85 plane waves. And because the Fermi-surfaées:'
:at V/VO-; 0.4 ‘and V/Vo = 0}3 are more distorted than the
Fermi surface at V/VO = 0.5, to insure good cngergence,

a. grid three times the size of the grid at V/VO = 0.5 was used..

III. Results
.The scaled form factors, d-well parameteré,'énd 1attice'
constaﬁts used in the calculatiohs are listed in Téble I.
At all three volumesvv = 0.5 Vd,.O.u VO and 0,3,VO, the

structure is assumed to be fcc.
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A. Calculated Band Structures

The band structures of cesium at V/V_ = 0.5, 0.4 and

0.3 are shown in Fig. 1. They were dalculated'with a matrix -

size determined by the cutoff energies19 El = 19.1, E2 = 40.1;
the non-local d-well was not included in the”L5wdin-perfurba-

19 The values for the d componénts of the wave-

'.tion scheme.
functions ére indicated along the symmetry directions. in
éll three cases the bottom band is mostly s—like near Tﬁénd
is méstly d;like hear X and K in the'Brilloﬁin'zdné.  There
is approximately équal mixing of s- aﬁd d{ dharacfer ﬁear
the'point L. The second band is almost éompletely'd—liké;‘
it has a small amount of p—mixiﬁg near L2,‘which becomes -
cqmpletely p—like at the L point. |

| Our calculated band structufes for ébntréctéd’volum¢3'
ape>in qualitative agreement-with‘thosé obtained by~Yaméshifa"

13 The volume dependence of the band structure

and‘Asano.
behéQes in a reaéonable Way in both’calculafioné; i;e.; the
'enefgiés‘in the region near X for the firéf twé bands'dro§ _.
with“dedreasing vqlumé with respect to”‘I‘l."'vI‘he-X3 sfate
drops below the Fermi level at V/Vé 4'0.45; The'Lz,'--Ll gap
increases as the volume decreases. The second bénd doubled
its width when the volume changeé from 0.5 vV, to 0.3 Véf
B. Calculated Densitiés of,Sfates. | |

The densities of states and the'sepafate S, P ahd'd
componenfs (as defined in section II.E) are shdwnvin'Figs.

2-4, The origin of the'energy'scale is taken to be at

E(Tl) = 0 for all three volumes V/VO = 0.5, 0.4 and 0.3.
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'As seen from Fig. 2,‘even at V/Vo = 0.5, the?e:is a-?
large d component in the density of states below the’Fermih.
level. The contribution of the d-waves to the density‘of
.states increases with decreasing volume for states Below;the
Fermi level. This is‘consistent_with'the s-d transitionv_:;
arguments ofiginally proposed bv Sternheimer. 10 HoWever -
-the transition appears to be contlnuous rather than abrupt.;
To make thls quantitative, we have calculated the total
number of states or the fractlonal amount of charge dlstrl-
'buted among the s, p and d states in the 1nscr1bed sphere'waﬂ
by 1ntegrat1ng the partlal dénsities of states,_l.e.i o

' EF R S T

Q, =_f N (E)AE .. S _(1u_)‘

v'The resultsvare‘pfesentedein TableilI ' The.d component.of
the total charge, Qd’ changes from 0. 21 to 0.31 then to 0.54
aS the volume changes-from V/Vo"= 0 5 to 0. H to 0.3.  Here
our results differ quantitatively from those of RefQ'l?vwhere
avhigher’d—mixings.was foundbatrthe above volumes. fThesemy
authors find that the mixing fatio of the'd—component changes
from 0.47 to 0.70 as the volume decreases from V/V_ = 0.5
to.O.u. The differences may_arise because of the different_.f
band structure methods involved. |

At the Fermi energy, both the den31ty of states and
the contrlbutlon from the d-waves, N(E ) and Nd(E ), 1ncrease
with decreasing volumes;v N(E ) increases from 1.64% to 1. 91
and;Nd(E ) increases from 0. 56 to 0.86 as- the volume changes
from V/VO = 0.5 to 0.3. (The density of states is 1n‘un;ts-

of states/eV-atom.) This increase in the density of
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states at the Fermi energy may be related to the fact that
" Cs becomes_superconducting at high pressures (and 1°Q»v
temperatures). “
C.' Electronic Change Densities in the (100) plane

The charge densities of the conduction electrons in
cesium are shown for the (100) plane in Figs._5—7. The
separate charge densities for the two lowest bands and the '
total charge density are given o -

At volume V/V_ = 0.5, the Fermi.level is below the
second band. Hence the charge density'of‘the bottom-band
isvtheltotal‘condnction electron,charge density. - The charge
density is»shown in a contour plot in Fig. 5 in unlts of
e/Q where Q ¥’a3/u is the volume of the primitive-cell;
Near the atomic site the charge density is,spherically-f'
symmetfic about the cesium atom. It hana maximum of 1.81

at the atomic site and decreases to a minimum of'O 65 half

way along the lines connecting the atom to the second ‘nearest g

.nelghbors.' This arises from the fact that the occupled
statesvare at the lower energies of”band 1 and they are '
thefefore:mostly>s-like. | | | |
At volume V/V = 0.4, a portion'of thevsecond band'
varound X3 is below the Ferml level. Thefefore the total
charge. denSLty has contributions from both band 1 and band 2;,
| They are shown separately in Fig. 6. As seen from Eig,VB(a),
 the charge density of the firstiband.is no ionger sphefically
,symmetficrabout the Cs atoms.' The distortion arises from

the increase in d-mixing in band 1 near X which comes from
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the.lowering of band 2 in thisvregion. vThe Xl‘wavefﬁnctions
are mainly d3z2—r2 and the Charge dénsity is moved Qut fﬁom”
the atomic sites consistent Qith fhe signature’of"the o
d322-p2 symmetry which can be seen From the‘shapés‘of the
contours. 'The charge density of the segond band haslthe
.interesting feature thatvcharges.aré coﬁéentrated along
the nearesf neighbor difection with local maximavoccurring_”
about haifway between the atoms. This is nof too'surprising
siﬁce'the chargeidensity of band 2 afiSés'froﬁfétatéé:ian
'thedregibn aréﬁnd Xq where theIWavefunctionsiéré'pfihcipéliy
Ay At VIV = 0.4, the contribution of band 2},t'o the total
charge is very small (f2%)'and the total“chargé'distribﬁtion
is mainly thatvof-thé first band.»k | | S

More charge is moved away from the atomic siteské§¥v“
the volume decreases. At V/Vé = 0.3, (see Fig. 75; the.
- total charge density has a uﬁiform backgfouﬁd‘densit§:of
~0.7 with local maximafalong the iines cénnecfihg the .
nearest'neighbbr atoms. In the'(loo) planevthe charge‘f
dénsity of band 1 is -uhiformvexcept'fof the féur lobéé-

2 states. Because of the further lowering

fromvthg d322_f

of X the second band now contributes lS%ito'fhe total -

charge. As seen from Fig. 7(b), the dhargé:density of

band 2 is almost completely dX . This gives the total charge

y _ .
density of cesium at V/VO = 0.3 a strikingly covalent-
bonding-like character.

D. Fermi Surfaces

We have examined the Fermi surface of cesium at
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V/V, = 0.5, 0.4 and 0.3. The'resﬁlting'Fermi surfacéé-
are less distorted than those given in'Ref; 13, but the
Qualitativé behavior as.a function of vOlumevis apprdxi_
mately the same. They are shown in Figs. 8-10. |

As seen.from Fig. 8, the fermi:surface at V/Vd z 0.5_
differs coﬁsiderably from the characteristic spﬁeriéal'
" behavior usually seen in the alkali metals. Sizable ﬁecks
have forﬁed-aréund the points L ande{ ,Since aviarge | |
': portion of the UXW plahe is below the Fermislevel,.this"
plahe contaiﬁs.thé region in fhe Brillouih;ione WHEre moét"
of the océupied d-like states are concentrated.:VAévthé
volume decreases to V/VOH= 0.4, the occﬁpied.conducfion |
velectron states shift towards theVZOhe.edge, i.é; téwahds
 states with larger k—values. Figure 9 shows that atvb |
' V/VO = 0.4 a’larger?portion of the UXW plane is_below the
Fermi level and contributions from the éeqond’baﬁd appears
around X. However, we do not find the ébﬁtribufion‘neér
W and K which_is found in Ref. 13;' Avnew sheet arises from :

the fact that X, drops below the Fermi level; it is almost

3
completely d-like. As the volume decreases to 0.3 Vo (the»
Fermi_surface’is shown in Fig. 10), E(Xi), E(X3) andvE(Llj

‘are all lower than E(Fi); thus most of the occupied states

are now concentrated around X and L instead of T. A’small

pocket is formed around K.
IV. Discussion
In summary, our calculation is generally consistent with

previous calculations. The conduction electrons become more
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d-like as the volume decreases (see Table II). From our':
bandvstructufé-calculatioh, X, drops below the Férmi level
at a volume.V ‘_0.45 V,. This may be.relatéd td.the'first
order isostructural transition of Cs at V/VO =’0.45}‘ |
- According tovLifshitz,2O as each bénd drops'beléw EF there
is a discontinuity in the.slope éf the densify df states as
a function of Qolume. This could léad_to a fifst'order '
isdstfuctural transition,_but the quantitative aspects'qf
, thié appfoadhlﬁnmanot beén'determinea."

S At a voiumé vV = 0;5 VO, we get a charge.dgnSity'résémblingAv
that expected of an alkali metal; i.e. the donduction electrons
~are s-like. However, at volumes smaller»than 0.4 VO'fhe:_ |
pictﬁre is quitévdiffereﬁt. Cesium becomes a tranéition»
metal. Covalent bondiﬁg charge begins fo‘build'gp along the
fline.joining fhe nearest neighbor afoms and we would expect |
a stiffening of the laftice. This change is consistent
with the anomalous behavior inrthe bulk‘modulus, McWhan7‘
.nOtedvthat almost all of the pretfansition elements and
. many of the d- and f-transition elements néar the‘béginhing '
of each series have this type of abrupt increase in the bulk
moduli. This behavior is associated with the transfer of
électrons from bands ofimainly S aﬁd p qﬁaractef to.baﬁds'
~.of mainly d éharacter. . |
| It is interésting to compare‘oub!chargé dehsity of
cesium:at V/Vé . 0.3 td_fhose of NbC and NbN. “The charge-
densities of band 5 in NbC and NbN2l have the same typé of

covalent bdnding character along the Nb-Nb direction as in
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the charge density of cesium at very high’pressure. Both
NbC and NbN have high superconductlon tran81tlon‘temperatu
Tc’ whlch are associated with the occurrence of anomalles'
vln the phonon dlspers1on curves of these compounds 22 23
.These anomalies have been attributed to 1nteract10ns involving fd
charge density with d Xy symmetry. 24 Thus . it is conceiveble
‘that the mechanism which caused high transition temperature
in NbN and NbC is respon81ble for Cs becoming superconductlng
under hlgh pressure. - The covalent nature of the bonding |
appears to be intimately connected 25 with the ocCurrehce f
of superconduct1v1ty

We have also explored the pressure dependence of.fhe
'bKnlght shift in cesium. McWhan and Gossard?6 have measured
the C8133 nuclear resonancedfrequency shifts Av/V at 4.2 9K
at pressuresfup to 50 kbar. They found that the increase
- in Av/v with pressure observed in prev1ous experlments2
extends to higher pressure, w1th Av/v (30 kbar) > 209/ v
(1 bar). At 50 kbar, however, Av/v drops by 25% relative'
to the 30‘kbar vvalue. The Hamiltonian’® for the interaction“

of the jth nuclear spin in a solid with the conduction

electrons is

' 2 : ,
: - . (s, .)-s.r, L.
- 2, 8 _ ~13 5i'%ig’ 788 13 ~1 :
Henj.- YeYnﬁ I i [3 §16F§ij) ¥ s .0 + rgi) (1)
' ij : S
where s = l—RJ -and r. is the position of the ith electron,

~

R. is the position of the jth nucleus, and Yo and Y, are the

gyromagnetic ratios of the electron and nucleus, respectively.
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One usually considers only the hyperfine contact_interaction
and neglects core-polarization effects, then the isotropic
Knight shift is given by
- ] ) R :
K= = = A }z( wk(o)l §(E, ~Ep) (16)

where A is a cdhstant in which the many body effecté have 
been absorbed. |

. To make a.rough estimate of the Knight shift as a
function of pressure in cesium, we calc@lated.ilwk(O}|26ﬁEk—EF)'
ét various cell volumes. Reiative'to‘ifs Qélu;'a;” 
voﬁe bar, £1w3(0)12§(E&_EF) increases té a maximum

=2 at V/V0 = 0.4 (~40 kbar) and then decreases'slole as

- the volume contracts further. This result

shows the same qualitative.trend as observed in Réf._QS.
The discrepéncy in the rate which K drops at.high pressuréé
may . result from the d core—polarizatioﬁ effect since tﬁe‘
d-electron paramagnetism produces_negative frequency shift
ferﬁs through core polarization mechanism.v . |
Further, following a suggestion by Heine,zs wé'have :
 ex§1oréd the effects of screening on the crystal potential.
As the volume decreases fhe Screeningrby the s and p electrons
becomes less efficient. 'And, as the potential géts stronger, 
the a—character Qf.the conduction electrons becomes more
dominant. In turn since the d-electrons are less efficient
in screenlng, the d-well deepens further. : A "run-away"
51tuatlon can then occur resultlng in a phase tran51tlon
In order to examine this p9881b111ty we have calculated the
electron~electron interaction in fhe'Hartrée—Fock—Slater, |

sense using the pseudocharge density in the manner of
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Appelbaum and Hamann.30 "We find at éach volume that the
exchange term dominates. At high pressuré; the~Haftree—Fqck
potential ig positive and a maximum at the atomié site; ahdv
is negative and a minimum at thé‘"bondihg" region; “This
lends support to Heine's speculation thch may be a possible
scheme for'uhdersfanding the phésé transition in the 42 kbar

region.
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Table Captions |
Table I. Form factors (ih.Ry), d-well depth (in'Ry),
d-well radius (in A), and lattice constants (ih A).
Table II. Calculated Fermi energies (in EV)a dehéity‘of
states and partial densities of sfates'at'EF,.apd the
amount of charge distributed fo s-, p- and d-states

as defined in text. (The density of states is in

units of states/eV-atom.)
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Table T

ViV, V@) . v vy v(11) A, R a
0.5 -0.0276 =-0.0205 0.0011 0.0001 -3.2 1.275 6.175°
0.4 -0.031% -0.0165 0.0010 0.0000 =-3.2 1.275 5.732

0.3 -0.0292 -0.0084 ~0.0004 0.0000 =-3.2 1.275 '5}2081
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Table II
0.5 0.4
1.28 1.10
l.eb 1.90
0;90 0.94
0.18 0.19
0.56. 0.77
0.70 0.62
0.09 0.07
0.21 0.31
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Figure Captions

1. Calculated band structure at three volumes for

fce Cs along several axes of high symmetrybin,the_.;

Brillouin zone. The energy is given in eV and the

energy origin is taken to be at r,. The values for

the volumes were (a) V/V_ = 0.5, (b) V/V_ = 0.4, .

(¢) V/V_ = 0.3. The numbers along the bands indicate

- the d-character of the wavefunction.

2.  Density of states for Cs at-V/VO-= 0.5 in units
Qf states/eV atom. s, p, aﬁd d denote;thé compénénté
of the density of stategzgge three angular-mémentum.
states. - | -

3. Densityvof states for Cs at V/VO = O.Q.v:S¢elFig. 2:_ >
T Deﬁsity of states for Cs at V/V_ = 0.3. ~8¢€

Fig. 2.

‘5. Electronic chargé density for the occupied'states

of Cs at V/V_ = 0.5 in the (100) plane. The chafge
density is in units of e/Q where Q is the primitivé

cell volume.

6. Electronic charge densities for the occupied states o

of Cs at V/Vo = 0.4 in the (100) plane. (a) Band 1,

(b) Band 2, () Sum of band 1 and band 2.

7. Electronic chargé densities_forvthe occﬁpied states
of Cs at V/Vo.= 0.3 in the (100) plane. (a) Bénd 1,
(b) Band 2, (c) Sum of band 1 and band 2.

8; A sectioﬁ of the fermi'surface'of'Cé.at.V/Vo i'b.s;

The hatched region represents the occupied states.
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8. 'A section of the Fermi surface of Cs at V/V_ = 0.4.
The hatched region represents the occupied states. The
cross hatched region represents the component of the

Fermi surface coming from band 2.

10. A section of the Fermi surface of Cs at V/V_ = 0.3.

~ See Fig. g,



-27-

ENERGY (eV)

-2

X UK . . T
WAVE VECTOR k |

 Figure 1



28~

. o | :

 {woin-A3/521015) SILVLS 4O ALISNIQ

ENERGY (eV)

Figure 2



~29-

(woi-A2/531015) SILVIS 4O ALISNIQ

139
m
<t
| o B :
H 2 w e |
=
2 ":
— N N — o™
U > “m_
| L 1 o
™ o~ . - _0_

ENERGY (eV)

Figure 3 -



-30~

(woi-A8/591015) SILVLS 4O ALISNIQ

P 0
T L. \., 5
O
o 0
- TR <t
.0, I
v > !
Y I Tt
- QO > i ™
t— N
P rr oo
LLd
- 10O
- - N
™ : . o~ , - nunﬂ

ENERGY (eV)

Figure 4






ﬁ

FFFFFF



=

N Fzo
< %

ENe

)

N

o3
Z
< ®

5 N
o _‘n | m
n oo :
: oN
oy :
@7z | j
O/ . |

~

41 49 . |

©
=




8
e

r
ogu

Fi



. o 03030303020 I S
S 'V'Cs ) -/
S : v/ 0.4 /S
‘. . e | E eV

p

Figure 9



9.

/ FSOD XK A A COOICHIOKIIANND
Yy sl
£ 00200 020 2020 %0 20 %0 %020 % 5

9

9:0.909:9:%:9.9.0.0.0.09.¢

.000000000‘00000%00000000000000‘
R OSSRESALEIESXREIIIRIELELEAL 0000000000«/

4
LK

Cs

= 03
0.56 eV

v/v,
Es

Figure 10



LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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