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Electronic Structure of Cesium under Pressure* 

Steven G. Louie t and Marvin L. Cohen 

Department of Physics, University of California 

and 

Inorganic Materials Research Division, 

Lawrence Berkeley Laboratory, Berkeley, California 94720 

Abstract 

Using the pseudopotential method we have 

calculated the band structure, the density of 

states, and the charge density for the conduction 

electrons in Cs for three cell volumes. The 

system was assumed to be fcc and the cell volumes 

V were chosen equal to 0.5 V , 0.4 V and 0.3 V 
000 

where Vo 1S the cell volume at normal pressure. 

Analysis of the density of states and electronic 

charge density as a function of volume show that 

the conduction electrons become more d-like as the 

volume contracts. The s-d transition appears to 

be continuou~ rather than abrupt. The band struc

ture and electronic charge densities indicate that 

cesium is a transition metal at high pressures. 

The superconductivity of cesium under high pressure 

1S discussed in terms of the charge distribution 

of the conduction electrons. 
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I. Introduction 

In this paper we present some calculations on the 

electronic ·properties of cesium under high pressure .. The 

calculations are based on thepseudopotential method. l 

We have calculated the band structure, the density of states, 

and the charge density of the conduction efectrons at cell 

volumes V equal to 0.5 V , 0.4 V and 0.3 V where V is 
o 0 0 0 

the cell volume at normal pressure. The conduction electron 

density of states is further separated into contributions 

f~om s-, p- and d-like components. In addition, the topology 

of the Fermi surfaces at the above volumes was determined.··· 

The present calculations were performed to try to galn 

some information about the man~ interesting properties of 

cesium under pressure. . 2-5 . Experlments show that ceSlum 

undergoes thr~e phase transitions in the pres~ure range of 

one to fifty kilobars. At room temperature and under hydro-

. X . 3 . d . ff . 4 t statlc pressures, -ray and neutron 1 ractlon measuremen s 

show that there are three discontinuities in the volume 

verSus pressure curve. The first discontinuity occurs at 

23.7 kbar (V/V = 0.63). At this pressure cesium undergoes o 

a transition from a bcc structure (CsI) to a fcc structure 

(CsII) with a small reduction in volume. The next discon-

tinuity occurs at 42.2 kbar (V/V = 0.45). The latter 
o 

transition is a first order isostructural transition. The 

structure of the new phase, CsIII, is fcc as in CsII but 

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

occurs at 42.7 kbars (V/V = 0.41) where the cell volume 
o 
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of ceSlum drops by 2.4%. The structure of CsIV has not been 

determined. 

The above transitions are also evident in resistivity 

versus pressure measurements. 3 ,5,6 The resistivity as a 

function of pressure decreases initially, reaches a minimum 

at 8 kbar. It then increases with increasing pressure with 

a discontinuous rise at 23.7 kbar where bcc CsI transforms 

to fcc CsTI; it becomes anomalous large near 42 kbar. Two 

spikes in the resistivity were observed at 42~2 kbar and 

42.7 kbar; they correspond to the CsII-III and the CsIII-IV 

transitions respectively. The resistivity data are also 

interesting at higher pressures. The resistance of cesium 

drops steadily after the 42.7 kbar transition, and there is 

a second anomalous region near 120 kbar where the resistiv:i.ty 

. ·t 1 . 6 I'lSes seep y to a maXlmum. 

The bulk modulus of cesium also behaves anomalously 

7 at the higher pressures. Below the 42.7 kbar transition 

and above 120 kilobars, the bulk modulus is a linearly 

increasing function of pressure. In between, however,. 

cesium becomes anomalously stiff; the bulk modulus increases 

abruptly and reaches a value at 120 kbar which is two orders 

of magnitude higher than its value at 43 kbar~ Finally, 

cesium has the interesting property that it becomes super-

8 
conducting at low temperature and high pressure. The 

superconducting transition temperature is found to be 1.soK 

at 120 kbar and the transition temperature is a decreasing 

function of pressure. 
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The CsI-II transition at 23.7 kbar was first explained 

by Bardeen
9 

and later confirmed by experiment. 3 The iso-

structur~ transition at 42.2 kbar (V/V = 0.45) is more 
" 0 

'I" t d P" h "1 . .". " 10-12 h comp lca e. reVlOUS t eoretlca lnvestlgatlons 'ave 

attributed it to the change of the character of the conduction 

electrons from 6s to 5d, which occurs when the lattice is 

compressed to critical volume. This idea was first proposed 

by SternheimerlO in 1950. However his model gives the mixing 

of the s- and d-waves at lowe~ pressure than the obse~ved 

value. 

. ' 13 
Recent calculatl0n by Yamashita and Asano have shown 

.. 
that the cesium d-bands are broader than those obtained 

by Sternheimer. Using the APW method, Yamashita and 

Asano have calculated the band structure of cesium as-a, 

,function of various cell volumes and they have examined 

the Fermi surfaces at those volumes. Calculations of total 

14 15 energy versus volume ' have also been done which show a 

first order isostructural transition but at too low pressure. 

4 As noted by McWhan, recent experimental and theoretical 

evidence indicate a' continuous s-d tran-si tion rather than an 

abrupt one as previously believed. This paper is the first 

attempt using-the pseudopotential method to look at the 

isostructural transition of cesium. A band structure is 

calculated throughout the Brillouin zone which yields a 

detailed calculation of the density of states and of the 

electronic charge density. The calculation is described 
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in section II, the results are given in section III, and 

some discussion of the results is presented in section IV. 

II. Methods of Calculation 

A. Band Structure 

In applying the pseudopotential method to obtain the 

electronic band structures, we have used the pseudopotential 

H '1 . 1 am1 ton1an 
, 2 
P 

(1) 

where V 1S a'weak pseudopotential which is taken to be a 
p 

superposition of atomic pseudopotentials. V which is energy 
p 

dependent can be' decomposed into a local and a non-local 

component 

(2 )' 

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. 

The form factors are defined as 

V(G) (3) 

where Va is the local ato~ic pseudopotential, G is a reciprocal 

lattice vector, and n is the primitive cell volume. To 

compute the energy bands at high pressure, i.e. different 

primitive cell volume and different Gfs, the form factors 

must be appropriately scaled. We scaled the form factors 
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in the following way. Let 0' and G' be the primitive cell 

volume and the reciprocal lattice vector at a new pressure, 

then the new form factors are given by 

= g, V(§') (4) 

The atomic pseudopoten~ial is weak because the repulsive 

potential from the orthogonalization terms cancels the 

strong atomic potential. However the cancellation is 

different for the different angular momentum components 

of the conduction electron wavefunction. In using a local 

pseudopotential one has assumed that the cancellation is 

the same for each angular momentum component. 

In cesium the core has configuration 
, 

The cancellation for 1=0 and 1 is expected to be good over 

the whole core. For 1=2 there is some cancellation arising 

from. the 3d and 4d core ~tates, but it can only cancel the 

atomic potential up to the n=4 shell. It leaves the potential 

in the n=5 shell uncancelled and the d-component of the 

conduction electrons will see a deeper attractive potential. 

At normal pressure the conduction electron wavefunction 

is mostly s-like; the I-dependent effect will not be important. 
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However, at high pressures, {her~ is a large s-d mlxlng. 
'. 

The £-dependent part of the potential is then very important. 

To account for the incomplete cancellation, we have added 

a non-loc~l correction to the local form factors of the form 

( 21 2) /.) ,17 = A2 Exp -r R ~2' (6) 

A2 is the well depth, R is the well Slze, and lj)2 is a 

projection operator acting on the d-component of the wave-

function. 

Since there was no expe~imental information on the band 

structure of cesium at high pressure, A2 and R were determined 

by adjusting them to fit our band structure at VIVO = 0.5 to 
, 13 

the band structure calculated by Yamashita and Asano at the 

same volume. With some further adjustments of VL , we obtained 

a good fit for the values A2 = -3.2 rydbergs and R = 1.275 A. 
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 various cell volumes are given in Table r. 

eG is in ,units of 2n/a where a is the lattice constant.) We
r 

have not scaled the size and the depth of the d-well since 

we assumed these are properties of the atomic core ~nd the 

d-well is very localized. Even at VIV = 0.15, the radius a 
of the inscribed sphere is larger than R. Thus the same 

d-well was used in the band structure calculation at VIVO = 

0.5, 0.4 and 0.3. The most important band structure effects 

for VIVO'S come from the d-potential and the scaling of VL 

lS not critical. 

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) = N2 L I 8(E-E (k» n _ 

k n 

(7) 

where N is the number of primitive cells and N(E) is normalized 

to the number of states per atom. To calculate the s, p and 

d contributions to the density of states, we define the ~-

character of a wavefunction IjJ k(r) in the following quantity 
n -

(8 ) 

where the integrals are to be taken over the inscribed sphere. 

By assuming that the fractional mixing of.the various angular 

momentum components of the wavefunction outside of the 

inscribed sphere is the same as those in the inside, the 

partial density 6f states maybe calculated and 

with 

N1 (E) = ~ I I tl(n,~) 6(E-En(~» 
k n 

,-

(9) 

(10) 

This is a reasonable definition. for the partial density of 

states because the inscribed sphere contains 75% of the 

primitive cell volume. 

Equations (7) and (9) were numerically evaluated uS1ng 

the Gilat-Raubenheimer technique. 18 At volume V/V = 0.5, 
o 

a grid of 125 points in the fcc irreducible Brillouin zone 

was used in the calculation. At volumes V/V = 0.4 and 
o 

V/V = 0.3, a grid of 308 points was used. The reason for 
o 
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the grid size variation is that 308 points were needed for 

the charge density calculation at volumes V/V = 0.4 and 
o 

V/V = 0.3. 
o 

C. Electronic Charge Density 

From the ~ensity of states we obtained the Fermi energy 

EF by the following normalization 

, E 
1 = f F N(E) dE . 

The band charge density of the conduction electron in a 

given band, n, may then be calculated from 

p (r) = 2e n ~ I 
kEBZ 

En(~)~EF 

and the total Charge density is 

per) = I p (r) . 
~ n -n 

To obtain sufficient convergence for the charge density 

(11) 

(12) 

(13) 

calculation, the wavefunctions ~ k were expanded in a basis , n 

set of about 85 plane waves. 'And because the Fermi surfaces 

at V/V = 0.4 and V/V = 0.3 are more distorted than the 
'0 0 

Fermi surface at V/V = 0.5 s to insure good convergence, 
o 

a grid thre~ times the size of the grid at V/V = 0.5 was used. 
o 

III. Results 

The scaled form factors, d-well parameters, and lattice 

constants used in the calculations are listed in Table I. 

At all three volumes V = 0.5 V, 0.4 V and 0.3 V , the 
o 0 0 

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 o 

0.3 are shown in Fig. 1. They were calculated with a matrix 

. d . b . 19 Slze eterm1ned y the cutoff energ1es El = 19.1, E2 = 40.1; 

the non-local d-well was not included in the Lowdin perturba-

. 19 
t10n scheme. The values for the d components of the wave-

functions are indicated along the symmetry directions. In 

all three cases the bottom band is mostly s-like near rand 

is mostly d-like near X and K in the Brillouin zone. There 

is approximately equal mixing of s- and d- character near 

the point L. The second band 1S almost completely d-like; 

it has a small amount of p-mixing near L
2

, which becomes 

completely p-like at the L point. 

Our calculated band structures for contracted volumes 

are in qualitative agreement with those obtained by Yamashita 

13 and Asano. The volume dependence of the band structure 

behaves in a reasonable way in both calculations; i.e., the 

energies in the region near X for the first two bands drop 

with decreasing volume with respect to r l' The X3 state 

drops below the Fermi level at VIVo - 0.45. The L2 ,-Ll gap 

increases as the volume decreases. The second band doubled 

its width when the volume changes from 0.5 V to 0.3 V . 
o 0 

B. Calculated Densities of States 

The densities of states and the separate s, p andd 

components Cas defined in section II.B) are shown in Figs. 

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

ECr l ) = 0 for all three volumes VIVo = 0.5, 0.4 and 0.3. 
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As seen from Fig. i, even at V/V = 0.5, there is a 
o . 

large d component in the density of states below the Fermi 

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 transition 

arguments originally proposed by Sternheimer. 10 However 

the transition appears to be continuous rather than abrupt. 

To make this quantitative, we have calculated the total 

number of states'or the fractional'amount ofcharge'di~tri-
1 • , ~ 

buted among thes, p and d states in the inscribed sphere 

by integrating the partial d~nsities of states, i.e. 

E,' -, 

Q
1 

= f F N
1

(E)dE . (14) 

The results are presented in Table II.' The d component of. 

~he total charge, Qd' changes from 0.21 to 0.31 then to 0.54 

as the Volume changes from V/V = 0.5 to 0.-4 to 0~3. Here 
o 

our results differ quantitatively from those of Ref. 13 where 

a higher d-mixings was found at the above volumes. These 

authors find that the mixing ratio of the d-component changes 

from 0.47 to 0.70 as the volume decreases from V/V - = 0.5 
o 

to 0.4. The differences may arise because of the different 

band structure methods involved. 

At the Fermi energy, both the density of states arid 

the contribution from the d-waves, N(EF ) and NdCEy )' increase 

with decreasing volumes. - NCE F ) increases from 1.64 to 1.91 

and NdCE F ) increases from 0.56 to 0.86 as the volume changes 

from V/V = 0.5 to 0.3. o 
(The density of states is in units 

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 low 

temperatures) . 

C. Electronic Charge Densities in the (100) plane 

The charge densities of the conduction electrons In 

cesium are shown for the (100) plan~ in Figs. 5-7. The 

separate charge densities for the two lowest bands and the 

total charge density are given. 

At volume V/V = 0.5, the Fermi level is below the 
o 

second band. Hence the ch~rge density of the bottom band 

is the total conduction electron charge density. The charge 

density is shown in a contour plot in Fig. 5 in units of. 

e/Q where n ='a 3/4 is the volume of the primitive cell. 

Near the atomic site the charge density is spherically 

symmetric about the cesium atom. It has" a maximum of 1.81 

at the atomic site and decreases to a minimum of 0.65 half 

way along the lines connecting the atom to the second nearest 

neighbors. This arises from the fact that the occupied 

states are at the lower energies of band 1 and they are 

therefore mostly s-like. 

At volume V/V = 0.4,a portion of the second band o . 

around X3 is below the Fermi level. Therefore the total 

charge density has contributions from both band 1 and band 2. 

They are shown separately in Fig. 6. AS seen from Fig. 6(a), 

the charge density of the first band is no longer spherically 

symmetric about 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 this region. The Xl wavefunctions 

are mainly d 3 2 2 and the charge density is moved out from z -r 
the atomic sites consistent with the signature of the 

d 3 2 . 2 symmetry which can be seen from the shapes of the z -r . . 

contours. The charge density of the second band has the 

interesting feature that charges are concentrated along 

the nearest neighbor direction with local maxima occurring 

about halfway between the atoms. This is not too surprising 

Slnce the charge density of band 2 arises from~stat~sin 

the region around X3 where the wavefunctions are principally 

d At VIV = 0.4; the contribution of band 2 to the total. xy 0 

charge is very small (-2%) and the total charge distribution 

1S mainly that of the first band. 

More charge is moved away from the atomic sites as 

the volume decreases. At VIVo = 0.3, (see Fig. 7), the 

total charge density has a uniform background density of 
I . 

-0.7 with local maxima along the lines connecting the 

nearest neighbor atoms. In the (100) plane the charge 

density of band 1 is uniform except for the four lobes 

from the d 3 2 . 2 states. Because of the further lowering z -r 
of X

3
, the second band now contributes 15% to the total 

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

band 2 is almost completely d xy 
This gives the total charge 

density of cesium at VIV = 0.3 a strikingly covalento 

bonding-like character. 

D. Fermi Surfaces 

We have examined the Fermi surface of ceS1um at 
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V/V = 0.5, 0.4 and 0.3. The resulting Fermi surfaces o 

are less distorted than those given in Ref. 13, but the 

qualitativi behavior as a functio~ of volume is approxi-

mately the same. They are shown in Figs. 8-10. 

As seen from Fig. 8, the Fermi surface at V/V = 0.5 
o 

differs considerably from the characteristic spherical 

behavior usually seen in the alkali metals. Sizable necks 

have formed around the points L and.X. Since a large 

portion of the UXW plane is below the Fermi level, this 

plane contains the region in the Brillouin zone wh~re most 
. 

of the occupied d-like states are concentrated. As the 

volume decreases to V/V = 0.4, the occupied conduction o 

electron states shift towards the zone edge, i.e. towards 

states with larger k-values. Figure 9 shows that at '. 

V/V = 0.4 a larger portion of the UXW plane is below the o 

Fermi level and contributions from the second band appears 

around X. However, we do not find the contribution near 

Wand K which 1S found 1n Ref. 13. A new sheet arises from 

the fact that X3 drops below the Fermi level; it is almost 

completely d-like. As the volume decreases to 0.3 Vo (the 

Fermi surface is shown 1n Fig. 10), E(Xl ), E(X 3 ) and E(Ll ) 

are all lower than E(f
l

); thus most of the occupied states 

are now concentrated around X and L instead of r. 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 

band structure calculation, X3 drops below the Fermi level 

at a volume V - 0.45 V. This may be related to the first 
o 

order isostructural transition of Cs at V/V = 0.45. 
o 

According to Lifshitz,20 as each band drops below EF there 

is a discontinuity in the slope of the density of states as 

a function of volume. This could lead to a first order 

isostructural transition, but the quantitative aspects of 

this approach have not been determined ... 

At a volume V = 0.5 V , we get a charge density resembling 
. 0 . 

that expected of an alkali metal; i.e. the conduction electrons 

. are s-like. However, at volumes smaller than 0.4 V the 
o 

picture is quite different. Cesium becomes a transition 

metal. Covalent bonding charge begins to build up along the 

line joining the nearest neighbor atoms and we would expect 

a stiffening of the lattice. This change is consistent 

with the anomalous behavior in the bulk modulus. 7 McWhan . 

noted that almost all of the pretransition elements and 

many of the d- and f-transition elements near the beginning 

of each serles have this type of abrupt increase in the bulk 

moduli. This behavior is associated with the transfer of 

electrons from bands of mainly sand p character to bands 

of mainly d character. 

It is interesting to compare our charg~ density of 

cesium at V/V = 0.3 to those of NbC and NbN.The charge· 
o 

densities of band 5 in NbC and NbN 2l have the same type of 

covalent bonding character along the Nb-Nb direction as ln 
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the charge density of cesium ~t very high pressure. Both 

NbC and NbN have high superconduction transition temperatures, 

T , which are associated with the occurrence of anomalies c 
22 23 in the phonon dispersion curves of these compounds. ' 

These anomalies have been attributed to interactions involving 

24 charge dens"i ty, with d symmetry. Thus it is conceivable xy 

that the mechanism which caused high transition temperature 

in NbN and NbC is responsible for Cs becoming superconducting 

under high pressure. The covalent nature of the bonding 

appears to be intimately connected25 with the occurrence 

of superconductivity. 

We have also explored the pressure dependence of the 
26 . 

Knight shift in cesium. McWhan and Gossard have measured 
133 " 

the Cs nuclear resonance frequency shifts 6v/v at 4.2 ~K 

at pressures up to 50 kbar. They found that the increase 

in 6v/v with pressure ,observed in previous experiments 27 

extends to higher pressure, with ~v/v (30 kbar) ~ 26v/v 

(1 bar). At 50 kbar, however, 6v/v drops by 25% relative 

to the 30 kbar value. The Hamiltonian 28 for the interaction 

of the jth nuclear spin in a solid with the conduction 

electrons is 

H . en) 
2 8 . = y y ~ I'L (3~ s.o(r .. ) + en... . -~ ... ~J 

~ 

2 3r .. (s,·r .. )-s.r .. 
-1J -1 -~~ -~ ~J 

r .. 
~J 

R. • 
-~ ) + -r 
r .. 

1) 

(15) 

where r .. = r.-R.and r. is the position of the ith electron, 
-1) -~ -) -1 

R. is the position of the jth nucleus, and y and yare the -) e n 

gyromagnetic ratios of the electron and nucleus, respectively. 
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One usually considers only the hyperfine contac~ interaction 

and neglects core-polarization effects, then the i~otropic 

Knight shift 1S given by 

K = ~H 
IT 

(16) 

where A is a constant 1n which the many body effects have 

been absorbed. 

To make a rough estimate of the Knight shift as a 

function of pressure in cesium, we calculated ~11J!k(O) I 26.(Ek -Er ) 
- - -

at various cell volumes. Relative to its value at 
. 2· 
one bar, ~11J!k(O) I 6(Ek -EF ) increases to a maX1mum 

J.s - -
~2 at VIVO = 0.4 (-40 kbar) and then decreases slowly as 

the volume contracts further. This result 

shows the same qualitative trend as observed in Ref. 26. 

The discrepancy in the rate which K drops at high pressures 

may result from the d core-polarization effect since the 

d-electron paramagnetism produces negative frequency shift 

terms through core polarization mechanism. 

F th f 11 . . b H' 29 h ur er, 0 oW1ng a suggest10n ye1ne, we ave 

explored the effects of screening on the crystal potential. 

As the volume decreases the screening by the sand p electrons 

becomes less efficient. And, as the potential gets stronger, 

ihe d-character Qf the conduction electrons becomes more 

dominant. In turn since the d-electrons are less efficient 

in screening, the d-well deepens further. A "run-away" 

situation can then occur resulting in a phase transition. 

In order to examine this possibility we have calculated the 

electron-electron interaction in the Hartree-Fock-Slater 

sense using the pseudocharge density in the manner of 
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30 Appelbaum and Hamann. We find at each volume that the 

exchange term dominates. At high pressure, the Hartree-Fock 

potential is positive and a maximum at the atomic site; and 

is negative and a minimum at the "bonding" reglon. This 

lends support to Heine's speculation which may be a possible 

scheme for understanding the phase transition in the 42 kbar 

region. 
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Table Captions 

Table 1. Form factors (in Ry), d-well depth (in 'Ry) , 
o • 0 

d-well radius (in A), and lattice constants (In A)~ 

Table II. Calculated Fermi energies (in eV) " density of 

states and partial densities of statesatE
F

, and the 

amount of charge distributed to S-, p- and d-states 

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

units of states/eV-atom~) 

I 
f 
! 
f 
L. 
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Table I 

.. 
V/V V(3) V(4) v (8) yell) A2 R a 

0 

0.5 -0.0276 -0.0205 0.0011 0.0001 -3.2 1.275 6.175· 

0.4 -0.0314 -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 5.208 
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Table II .. , 
v/v 0.5 0.4 0.3 

0 

E 
F 

1. 28 1.10 0.56 

N(E
F

) 1. 64 1. 90 1.91 

Ns(Er) 0.90 0.94 0.89 

Np(EF ) 0.18 0.19 0.16 

Nd(Er ) 0.56. 0.77 0.86 

Q " 0.70 0.62 0.41 
s 

Qp 
0.09 0.07 0.05 

-
Qd 0.21 0.31 0.54 
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Figure Captions 

Fig. I. Calculated band structure at three volumes for 

fcc Cs along several axes of high symmetry in the 

Brillouin zone. The energy is given in eV and the 

energy origin is taken to be at fl' 

the volumes were (a) VIVo = 0~5, (b) 

The values for 

V/V = 0.4,· 
o . 

(c) V/V = 0.3. The numbers along the bands indicate 
o 

the d-character of the wavefunction. 

Fig. 2. Density of states for Cs at V/V = 0~5 lnunits 
.0 

of states/eV atom. s, p, and d denote the components 
from 

of the density of statesAthe three angular momentum 

states. 

Fig. 3. Density of states for Cs at V/V = 0.4. 
o 

See Fig. 2. 

Fig. 4. Density of states for Cs at V/V = 0.3. See 
o 

Fig. 2. 

Fig. 5. Electronic charge density for the occupied states 

of Cs at V/V = 0.5 in the <100) plane. The charge 
o 

density is in units of e/Q where Q is the primitive 

cell volume. 

Fig.S. Electronic charge densities for the occupied states 

of Cs at V/V = 0.4 In the (100) plane. (a) Band I, 
o 

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

Fig. 7. Electronic charge densities for the occupied states 

of Cs at V/V = 0.3 In the (100) plane. (a) Band I, 
o 

(b) Band 2, (c) Sum of band I and band 2. 

Fig. 8. A section of the Fermi surface of Cs at VIVo = 0.5. 

The hatched region represents the occupied states. 
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Fig. 9. A section of the Fermi surface of Cs at V/V = 0.4. a 

The hatched region represents the occupied states. The 

cross hatched region represents the component of the 

Fermi surface coming from band 2. 

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

See Fig. 9. 



2 

o 

>
e" 2 
ec:: 
w 
Z 
w 

a) 

---------
OAO EF 

-27-

Cs 
vivo = 0.5 

0.00. 

fl 

-2~ ______ ~ __________ L_~~ ________ ~ 

6r--------r--TT----~--~------~~ 

2 

v/vo= 0.3 

-2L-______ -L ________ -L __ -L ________ ~ 

L r X U,K r 
WAVE VECTOR k 

.. Figure 1 



. " 

. -28-' 

3~---y------r~r-r-~---'-
Cs I EF 

vivo = 0.5 I 
--E 
o -o 

I 

> 
~2 

en 
Q) -o 

06-
en 

(.I) 
W 
t-« 
t-

, (.I) 

u... o 
>-1 
t--V) 

Z 
w 
o 

Total I 
______ s I 
___ p I 
.---d I I 

I 
I· 
I 

Figure 2 

5 6 7 



- . 

.---
E 
o ..... o 

I 

> 
Q) 2 

""-V) 

(1,) -- 0 -V) -
V) 
W 
t-
<! 
l
V) 

u.. 

°1 >
l-
V) 

Z 
w 
o 

Cs 

vivo = 0.4 

--Total 
------ s 
--- p 
--- d 

-29-

I EF 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

/ 

I 
I 
I 
I 
I 
I 
/ 

/\' I 
If' \ 

/ ",~ {\ I 
I 1/\ \ I 'J 
! II \ \J loA\ . 
; I I \ .' ! I I \ 1·\ .. 
, I I \ (. /' " "........ / .... -.. 
I I \, '-... '\ ,.. I , ...... .-' 
I /.~--.\ ",' ............. :~:::./.-..-.-. 

O~ __ ~ __ ~ ____ ~_·_·~ __ ~--_ .... ~-~~ .. ~' ____ ~ __ ~ __ ~ __ ~ 
-3 -2 --1 o 1 2 3 4 5 6 7 

ENERGY {eV} 

Figure 3 . 



- -" 

- -, 

--E 
o -o 
I 

> 
Q) 

............. 
CI) 

Q) -o -CI) ----
V') 
w ...... 
« 
t
V') 

U-

2 

°1 >
t-
V') 

Z 
w 
o 

I 
I 
I EF 
I 
I 
/ 
I 
I 
I 

./ 
I 

I 
I 
I 
I 
I 
I 
I 
I 

- I 

-30;.. 

Cs 
vivo = O.~ 

Total 
-----... s 
--- P 
--- d 

t- ~ 

j'f\ /\ - - - I \ 
I ~\ /" \ - I 

- , /, / 
" I \ \ -r./ '..,1 I 

jf I \ \./--..,/ ,..,.~. - '" 
/ 

I I \ - - /' '. 
I I \ /' '. I / Y''''- \~ r· __ .r· '\ -" , ~.~. .,' 

II " ., \ .... \.... ...' . 'I,' / \ _"", ..... __ --....... _ ,,'" ./ 
o~ __ ~ __ -&'~;~'~~"~~~ __ "-~-=--~-~"-=~~--_______ L-_~'~-~~~-'~'~-~~~. __ ~ 

--3 -2 -1 0 1 2 3 4 5 6 7 
ENERGY (eV) 

Figure 4 



'. -31-

, , . 



-32-

, " 

Figure 6 

,i 



-33-

. '. 

I . 

Figure 7 



· .. ~'\ 

.~ 

Cs 
vivo = 0.5 
EF =1.28 eV 

-34-

L 

Figure 8 

u 

K 

I 

.. ! 



.. ; 

'r 

-35-

L 

.----

Cs 
vivo = 0.4 
Ef = 1.10 eY 

K 

Figure 9 



Cs 
vivo = 0.3 
EF = 0.56 eV 

-36-

l 

Figure 10 

u 

K 



'" 

P------------------LEGALNOTICE--------------------~ 

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. 



co 

TECHNICAL INFORMA TION DIVISION 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 




