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CONTRIBUTIONOFCOLLECTIVE EXCITATIONS TO ThE SURFACEENERGYOF METALS
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We reportan RPA..calculationof the high-frequencycontributionto the
surfaceenergyof metals.Further,on the samebasis,we derivedthe
Lifshitz expressionfor theVan derWaalsenergybetweenmetallichalf-
Spaces.

RECENTwork on theelectronicpropertiesof metallic from the following expression6for the interaction
surfacesshowsthat the ‘variational’1 andthe ‘single’2 energyof an inhomogeneouselectronsystem
particle’2 treatmentof the Hohenberg—Kohn—Sham3’4 1 1
theory (HKS) for ajellium modelleadsto negative = — ~ dw aK(Z, 2, w) (1)
surfaceenergiesif r, <2.5. Two approacheshavebeen 2 K 2iri -

carriedoutin orderto correctthis discrepancy:I. Lang whereK is a wavevectorparallelto the surface,z is
andKohn2 modified thejellium modelby introducing the directionperpendicularto the surfaceand-Sis a
(non.selfconsistently)thepseudopotentialof the contouraroundthepositivew-axis. Herea is the
surfaceions,which,for thematerialsconsidered,leads linear densityresponsefunction definedthroughthe
to (positive) surfaceenergiesof the correctmagnitude. following relation:
2. On theotherhandSchmit and Lucas5andCraig,6
within the jellium model addedsurfaceplasmon ~p(l) = 5 d2 a(1,2) ~pext(2) (2)
contributions(obtainedin a semi-quantitativeway) where6Pext is an externaltest-chargeand ~p is the
to the HK-energyfunctional in order to completeits inducedchargein the system.
non-localpart.This treatmentleadsalso to reasonable
results,althougha numberof detailshavebeen The function a canbe relatedto a linear density
criticized.79 responsefunction~(l, 2) definedby

Presumably,bothsurfacestructureand surface ~ = 5 d2 ~3(1,2)[6Pext(2) 8p(2)1 (3)
plasmonsplay an importantrole. The fact,however, throughthe following integralequation:
that jellium HK-theoriesof the imagepotentialand , ,,

of Vander Waalsforces(bothsurfaceplasmoneffects) aK(z, z ) ~K(Z, z ) —5 dz ~K(Z, z ) ciK(z , z ) (4)
also fail2’1°suggestto studythe surfaceplasmon wherewe have Fourier-transformedaand~3in a
contributionsto the surfaceenergyin moredetail. In directionparallelto the surface.If we now replace.in
thepresentwork we reportan RPA-calculationof the equation(4), ~3by thedensityresponsefunction a°
high-frequencycontributionsto the surfaceenergy of thenon-interactingsystemwe obtainan integral
whichleadsto the result of reference5 andshows equationfor a in the RPA.” This equationcontains
someof its underlyingassumptions.The detailsof alreadythe effectsof the collectiveexcitations.
thecalculationwill be publishedelsewhere.We start

_______________ Restrictingourselvesto frequencieshigherthan
* . . the single-particleexcitationsoneis able to express
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areable to show that the highfrequencylimit’3~5 bewritten as
of a0 canbe written as

1 N’(z) 1
urn w2a°(r

1,r2w) = ~(z, z ) = 2(1 —N(z)) I —N(z’)

—~1.~(n(r1)6(r1 —r2)—Vjn(r1)V1v(r1 —r2)) (5) [8(z_z~)eKz_O(z~_z)e_K2’1
0

where~ 4irn1e
2/m. v is the coulombpotentialand 1 N’(z) f d~sgn (z — ~ z’)

n(r) = po(r)/n, is thereduceddensityof the non- 2 1 N(z) -

—o
interactingsystem. (10)

This integralequationcanbe transformedinto a first
It is now convenientto split ainto two parts orderdifferentialequationwhich canbesolved im-

a = a~+
0S (6) mediatelyto give

in whichriB and a
5 correspondto a bulk andsurface ~(z, z’ N’(z) [ 1 1

term asit will becomeapparentin equations(13)and = (1 —N(z))2 O(z —z) 2 _N(_oo)j

(l4)below.Here (11)

N(z) for—a~z~0and—a~z’~0.Theconstant
— ~(z—z’) (7)

— N(z) appearingin the solution of the first order differential
where equation has been determined directly through (10).

.W(z) (w2/w2)n(z)
In the expression(1) for theenergy

Thus,combining(4), (5), (6), and (7) we obtain within
the RPA the following integral equation for aS :16 a5( z) = — N’(z) N(—oo)

(12)
1 N’(z) sgn (z —z’) 2(1 —.N(z))2 2 —N(—~)a5(z, z’) = — e~
2(1 —N(z))(1 —N(z’)) is required.

+! N’(z) J d ~sgn (z — ~)e2~aS(~, z’) (8) Insertion of a5 and (12) into (1) and integration

2 1 —N(z) alongthe contour leadsto the following expression
for the energyasa functionalof the density:where thecoulombpotential v has been already

Fourier-transformedin the directionparallel to the I
surfaceand N’(z) dN(z)/dz. =

Foran arbitraryKoneobtainsc4~tobecomplex ~ b(0) — 16 \/n(\/n + l/~/2)2]. (13)
correspondingto a decayof surfaceplasmonsinto 2
electron—holepairs. A solution of (8) leadingto stable Integrationoverz givescorrespondingly
surfaceexcitationsand thusto a well definedsurface
energycanbe obtainedif we confineour attentionto: I ~ 6(0)L + ~ ‘1 1 \

Emt — 2 k 2
(i) a chargedensityprofile describedby k 2~2~ ~2) (14)

n(z) = 1 for z <—a where L repiesentsthe dimensionof the systemin the
directionperpendicularto the surface.Herethe first

n(z) = arbitrary decaying function for — a ~ 2 ~ 0 term is thewell knownbulk energyterm.The second

wherea is a measureof the surfacediffuseness. term is thesurfaceenergyand it originatesfrom the

(ii) valuesofK and a suchthat term proportionalton’ in equation(13).

Ka ~ 1 (9) Thus,if we areallowedto introducea cut-off

Under these conditions the integral equation (8) can wavenumber K~in the secondtermof (14) this will
becomeidentical to the result obtainedin reference5

by intuitive arguments.In additionwe would like to
emphasizethat this quantity is not composedof bulk
andsurfacecontributionsas suggestedin reference7.
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Furtherwe reportthat we have appliedthesame (The total energiescorrespondingto (14)and (16),
procedureas aboveto calculatetheLifshitz-formula17 by useof Feynman’stheorem,aretwice the interaction
for theattractionenergyof two metallichalf-spaces energies.)
separatedby a distanced. The functional form As summarywe cansay that in the calculation
(correspondingto (13))turnsout to bequitecompli- surfaceenergiesaspresentedherethebasicassumptions
cated.However,sincein theexpressionfor the energy

are:the weightof the termswithK do not contributeap-
(i) thevalidity of the RPA,

preciablywe are ableto write the functionalcorre-
spondingto theVan derWaalsenergyapproximately (ii) a relativelysharpelectrondensityprofile,
as correspondingto Ka ‘~ I

Emt = — J dz ~ e2’~’~n’((7v’2/8) + .,/n) (iii) the validity of thehigh-frequencyexpansion
16 (s/n + 1 /y’2)4 (15) of a°.

If we further assumethat thesumoverK is limited
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Im Rahniender RPA-Naherungwurde der Hochfrequenzbeitrag zur
Oberfiachenenergievon Metallen und die Van derWaalsWechselwirkung
von metallischenHalbraumenberechnet.


