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This paperdescribesa computercodefor total-energyand electronicstructurecalculationsof an isolatedadsorbateatom
on a metal surfaceusing a self-consistentsurface Green-functionmethod. The approachis basedon density-functional
theorytogetherwith the local-densityapproximationof the exchange-correlationfunctional.Themethodallowsto calculate
the adsorptionproblemon anatomistic, semi-infinite metal surface.Thecodedoesnotrely on particularsymmetriesof the
surfaceor adsorbate,but it requiresto have the Greenfunctionof a so-called“referencesystem”projectedonto a setof
Gaussianorbitals asan input. As a typical example,we presentresultsfor the adsorptionof a single silicon atom at the
fcc-hollow site on Al(111).

PROGRAM SUMMARY

Title ofprogram: fhi93ssgf Programminglanguageused: FORTRAN77,ANSI X3.9-1978
(exceptions from the standardare the use of IMPLICIT

Cataloguenumber:ACPV NONE andDOUBLE COMPLEX).The codeis divided into
five libraries for which makefiles on UNIX machines are

Program obtainable from: CPC Program Library, Queen’s available.
Universityof Belfast, N. Ireland (seeapplicationform in this
issue) Floatingpoint arithmetic: 64 bits

Licensing provisions: Personsrequestingthe program must Memoryrequiredto executewith typical data: 50 Mbytes
sign the standard CPC non-profit use license (see license
agreementprintedin everyissue). Sizeof distributedprogram, including test data, etc.: approxi-

matelylow files, about20 Mbytes
Computer,operatingsystem,and installation:
• IBM RISC System/6000;AIX 3.2; FHI der Max-Planck- Keywords: Green function, surface, adsorbate,layer KKR,

Gesellschaft,Berlin. DFT-LDA, total energy,Hellmann—Feynmanforces
• CRAY Y-MP/4; UNICOS 7.0; IPPder Max-Planck-Gesell-

schaft,Garching. Natureofphysicalproblem
• AXP Alpha; OSF/1; FHI der Max-Planck-Gesellschaft, Thecomputercode allows to calculatethe Greenfunctionof

Berlin. an adsorptionproblemwith a single, isolatedadsorbateatom
(so-called“adsorbatesystem”) on a semi-infinite metal sur-
face.The following physicalquantitiesareavailableasoutput:
changein electrondensityfor theadsorbatesystem,changein
densityof states,totalenergyof theadsorbatesystem,and the
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Method of solution Typicalrunning time
The Greenfunction of the cleansubstrate(so-called“refer- One iteration on a CRAY Y-MP (single processor)takes82
encesystem”)hasto becalculatedin advance.This reference seconds,on anIBM RS/6000-350it takes493 seconds.About
Green function is needed as input for this code. It is 40 iterations are necessaryto convergea typical problem
obtainablewith the layer KKR method [1—3]and has to be which hasa lineardimensionof 108 in the Gaussianbasisand
projectedonto a localizedbasis of Gaussianorbitals [4,5]. The about40~points in the real-spacemeshfor ~nv (r). There
code describedbelow then solves the Dyson equation self- are threetime-consumingparts:
consistentlyfor the effectivepotential of theadsorbateatom • solutionof theDyson equation;
with the projectedGreenfunction of the referencesystem. • projection of the effectivepotential onto Gaussians;

• transformationof the densitymatrix(in the Gaussianbasis)

to the real spacemesh.

Restrictionson thecomplexityof theproblem References
At this time, only onesingle adsorbateatom can be handled [1] F. Maca and M. Scheffler, Comput. Phys. Commun.38
by thecode,althoughthe inputis madefor a finite numberof (1985)403; 47 (1987)349.
adsorbateatoms.For the evaluationof the exchange-correla- [2] F. Maca and M. Scheffler, Comput. Phys. Commun. 51
tion functional the electron-densitychange, an” (r), is (1988)381.
evaluatedon a meshin real space.This meshis restrictedto [3] B. Wenzien,J. Bormet and M. Scheffler, Greenfunction
be of cubic shape.The treatmentof f-electron systemsis not for crystal surfacesI, Comput.Phys.Commun.,submitted.
possible with the present code, although there are no [4] Ch. Droste, Ph. D. thesis, Fachbereich4 (Physik) der
limitations in principle. TechnischenUniversitätBerlin (1990).

LONG WRITE-UP

1. Introduction

Our aim is to solve the adsorptionproblem of a single adatomon a semi-infinite crystal with an
atomistic structure.The Kohn—ShamHamiltonian[1,2]consistsof the kineticenergyand the effective
potentialV~:

H= ~~v2+v~=~ (1)

We useatomicunits andmeasurethe energyin hartrees(1 hartree= 27.211562eV) and the length in
bohrs(1 bohr= 0.052917706nm). The effective potential is split into three,parts. The first one is the
externalpotentialof the ionic cores,

Vion(r, r’) = ~ ~ I r — Rk I )~(r— r’) + Vk~”(r—Rk, r’ — Rk))
k

=~ v~on~lr(Ir_RkI)~(r_r~)
k
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wherek countsthe atomsandwhicharerepresentedby ab initio, norm-conservingpseudopotentialsand
are thus non-local operatorsin real space. The second term in eq. (1) is the Hartree potential
VH (r) = f[nv(rl)/I r — r’ I]d3r’, and the third oneis the exchange-correlationpotentialV~cc(r)whichis
treatedwithin the LDA [3,4].

The ionic pseudopotentialsareavailablefrom the tablesof Bachelet,Hamann,andSchlUter[5] in the
following form

V,0n~l(r)= V,~ore(r)+ ~V,~°~’1(r) = — ~ erf(V~r)) + ~(a~+r2b~) e~’T2. (3)

Elementswith Z <55 havea non-local expansionwith a maximumangularmomentumof ‘k°’~= 2.

2. The self-consistentsurfaceGreen-functionmethod

In this section we describethe basic ideas of the method.Applications of this method to the
adsorptionof Na, Si, andCl on Al andCusurfaceshavealreadybeenpublished[6—8].It is convenientto
split the Hamiltonianof the total system(aswell as.the electrondensityn”(r)) into two parts,

H=H°+zW~t. (4)

The “referencesystem” H°= — + V°describesthe two-dimensionallyperiodic, semi-infinite sub-
stratefor a given potentialV° which is assumedto be self-consistentin the bulk region andhasa step
barrierat the surface.The heightof thisbarrier shouldbe determinedby the bulk Fermi level and the
cleansurfacework function. Whereasthe Fermi level is mostefficiently obtainedfrom a bulkcalculation,
the work function shouldbe calculatedusinga slabapproach.The electrondensitywhich follows from
H° is denotedas n”°(r). The potentialV0 is correct 1—2 interatomicdistancesawayfrom the surface,
but directly at the surfaceit is only an approximation.Therefore, the self-consistentchange,AV~,
accountsnot only for the adsorbedatom but alsofor the contributionswhich ariseto makethe surface
locally self-consistent.

Splitting the total Hamiltonianas donein eq. (4) leadsto an operator Green-functionmethodwhich
hasto treat the operatorof the kinetic energyonly in the referencesystem.Besidesthe localizationof
~ the only assumptionof the method is that the changeof the valenceelectrondensity,

~nv(r) =nv(r) _nv~O(r), (5)

of the adsorbatesystemis localized in real space.In particular for metals,the screeningproperties
guaranteethat this is fulfilled usually.Although the electron-densitychangeis localizedin realspacewe
emphasizethat the adsorbatewave functionsaretypically extended,whichis takeninto accountwithout
any constraint.

For the changeof the effectivepotentialof the adsorbatesystemwe write

= ~v’°’~+ ~V1’~+ ~ + ~v~t’~,° (6)

wherethe first term on the right is the changedue to the ionic potential of the adsorbate,the second
term is dueto the Hartreepotentialandthe third term describesthe changeof the exchange-correlation
potential, t~V’”(r)= V~~[i~nv(r)+ n’~’°(r)]— V’~’in”°(r)].The last term in eq. (6) accountsfor the local
contributionstowardsself-consistencyof the clean surface,~V~,5c,o = Veff,0 — v°.
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The Greenfunction of the referencesystem, G°(2)= (Z — H°Y~1, is calculated for all needed
complexenergies~ = � + i~as describedin refs. [9,10].OnceG°is known, the Greenoperatorof the
total system,G(Z), is given by the Dysonequation,

G(Z) =G°(z)+G°(z)~W~G(Z). (7)

Taking advantageof the localizationof i~Veff(Z)the changeof the Greenfunction can be calculated

efficiently from

= G(Z) — G°(Z)= G°(Z) = Go(Z)~Veff(1 — G0(~)~V~f)~G0(2-). (8)

With the projectionoperatorP = I x > (x3 I, definedby local basisfunctionswhichspanthereal-space
regionof i~n”(r)and i~V~(r),we havethe identity

pflvpflv (9)

The electron-densitychangeis thengiven by

2
~n”(r) = —— Im(# <rIP~G(Z)PIr) dZ). (10)

The factor 2 takesthe spin degeneracyinto account.In order to evaluateeq. (10) we usean energy
contourFE in the complexenergyplanewhich includesall occupiedvalencestates.Thus,we startat an
energy~botclearlybelow thesubstratevalanceband,go into the complexenergyplaneandcomebackto
the real axis at the substrateFermi energy,�~. The quantity PI~G(2)Pis evaluatedfrom

Pz~G(Z)P= PG°(Z)P~V~P(1— PG0(z)P1w~fpy
1pG0(z)p, (11)

which requiresonly localizedquantities.TheneededprojectionPG°(2)Pis takenfrom refs. [10,11].
In a first stepone can take the atomic electrondensityof the adsorbateatoms as a start guess,

calculatingthe effective potentialthereof,solving eq. (11) andagainextractinganelectrondensitywith
eq. (10) for the next iterationcycle until this processis converged.

3. Total energiesandHeHmann—Feynmanforces

Once the valenceelectrondensityof the adsorbatesystem,~n’1(r), is calculatedwe can evaluatethe
total energyof the adsorbatesystem.The total-energyfunctionalfor the valenceelectrondensityn”(r),
which describesall the valenceelectronsof the substrateandthe adsorbate,can bewritten as

occ 1 ~ (r’~~V,OUt ( r’ ‘~ ,jV~OUt(r~n”~( r’ ~
Et0t[n~~]= ~ ~ + —ff ‘ / , ‘ / d3r d3r’ — ff “ ‘ , “ / d3r d3r’

i~1 2 Ir—r I Ir—r I

+ f(n~’~0~1t(r)+ nc~at(r))�xc[nv~out(r)+ flc.at(r)] d3r

1 , ZkVZT

— Jnv~out(r)Vxc[nv.rn(r) + n~~~at(r)]d3r+ ~ I Rk — I + ~ dN. (12)

The indices “out” and “in” indicateif the correspondingquantity is input respectivelyoutput of one
specific iteration of the Kohn—Shamequation(in our casethe Dyson equation)and takecare of the
correcthandlingof the variationalprinciple which underliesthe total energyof eq. (12). &~standsfor
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the exchange-correlationenergyperelectronof the LDA. VXC is the correspondingexchange-correlation
potential.Althoughwe usethe frozen-coreapproximationto find ourselfsin the pleasantsituationto be
able to usethe schemeof pseudopotentialswe do not linearize the exchange-correlationfunctional
betweenthe densityof core andvalenceelectrons.This immediatelyleadsto the electrondensityof the
cores, flc~at(r) to be presentin eq. (12). The contribution .‘,,IZ~ZT/I Rk — R1 I is the electrostatic
interaction of the ionic cores.The last term, �~ dN, accountsfor the fact that our Green-function
methodusesa constantchemicalpotential ~F — the Fermi level — for the integrationin eq. (10) which
implies that there is no constraint for charge neutrality in the system. The chargediscrepancyis
characterizedby dN (in all practicalcasesof adsorptionwe find dN to be smallerthanone-hundredthof
an electron).Therefore,we actuallyminimize the Gibbs free energyif we useEtot from eq. (12).

Now it is animportantfact to recognizethatthe totalenergyof the adsorbatesystemcan beevaluated
with theknowledgeof z~n”(r)in a spatialregion ~‘2l~c in which z~n”(r)is differentfrom zero. This is true
becauseall the kernelsof the integralsin eq. (12) can be factorizedinto productsof two quantitiesof
which one is strongly localized in that spatial region f1IOC~ Nevertheless,it is necessaryto know the
valenceelectrondensity,n”°(r), of the referencesystemin (1’°~.

If we take into accountthat all integralsmust be exactlyevaluated— in the samemanneras they
appearin the term of the single-particleenergy(with respectto the spatial localization) — the total
energyof the adsorbatesystemreads

z~Et0t= 2 [�F&ut(�F) — ~bot8out(~bot)] + .~ ~~ifl(~) dZ

1 An~’~0Ut(r1) ntSt~OUt(r~)
+ —f z~n~~.0~1t(r)f , d

3r’ + Vtst.0L~t(r) d3r
2 DIoc flloc r—r

~flV.ifl(T~) ntStifl(r!)
— f ~V~OUt(~.) f , d3r’ + Vtst~~n(r) d3r

ç~loc flIoc Ir—r I

N~ ( ~ n~(Ir’_RiI)) _nvO(rl)
+f~t~[a~ifl~fl(IT_RaI)]J~I~b Ir—r’ d3r’ d3r

+ f Im( ~ (Smnv~0S_1)jjXj(r)X]K(r))
nbc ~

Nc”
~ ion! ‘_ \

a / tst,inIrc\ — ~nv,in(r\
x f a=1 , d3r’ + f / , ‘ / d3r’ — Vtst.m(r) d3r’ d3r

Ir—r I noc Ir—r I

+f (~flv~out(r) +n”°(r) +n~t(r))
floe

x (�~[~n’1~0~It(r)+ n~’°(r)+ flc~at(T)] — &o[n~’~0(r) + flc~at~O(r)])d3r

+ f (~flv.out(~)+ z~nc~at(r))�~[n\’~0(r)+ n~1t~o(r)1d3r
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— f~ioc ~out(r) + nV~O(r)) x (V~[~nv~th(r)+ nv~O(r)+ flc~at(T)]

— V5c[nv~0(r) + flc~at~0(r)}) d3r — f ~nV~OUt(r)VXC[nV~O(r) + nc~at~o(r)] d3r
liLaC

Nc” Nc” ~“~“ Nc”’

+ ~ a ~ ~ >ZaQ . (13)
a=lb=a+1 IRa~ bI a=1

The spatialregion ~sIab hastheplanartranslationalsymmetryof the referencesystemand athickness
of severalvacuumandcrystal layers— atleastasmanyas theyareincludedin QIoc Equation(13) exibits
only afew additionalnew symbolswhich are not definedso far. Oneof them is the generalizedphase
shift definedby

o(Z) = —Im In det(I— Go(~)S~VdiS~). (14)

In practice,we usea basis setof Gaussianorbitals,

X(T) = I r — O~II~eKiIc’~_0iI2Ym(r_Oj), (15)

to definethe projectionoperatorof eq. (9). 0. is calledthe orbital site, K, is the decayconstantand1, is
the angularmomentumof the Gaussianorbital i. Becausethe Gaussianorbitals arenot orthonormalwe
have to insert the inverseS’ of the overlapmatrix (elementsare definedby S~,= ~ d3r)
whereverthe projectionoperatorP occursin the formulas of the previoussection. I is the matrix of
unity. Nad countsthe (finite) numberof adsorbateatomswhereasn~°’~gives the chargedistribution of
the ionic coresof the pseudopotentials.

The quantitiesntst(r) aretestchargedensitieswith the propertythat the difference~n”(r) — ntst(r)
hasno monopoleand dipole moment.This is useful to carry out the correspondingintegralswith the
techniqueof the fastFourier transform.Furthermore,the testchargesshould providea mathematical
representationwhich allowsthe evaluationof the Poissonequation,V2VISt(r)= — 4.n.ntst(r) analytically.

In oneof the integrals,the electrondensityof the referencesystem,

Im( ~ (S n~°S~)
1~x1(r)~7(r)), (16)

with its densitymatrix n”° is calculatedin the localizedrepresentationto makesurethat the term is
treatedexactlyas it contributesto the single-particleenergy.

If one is interestedin the Hellmann—Feynmanforces one has to computethe total derivative
Fm = — dEtOt/dRm of the energyfunctionalwith respectto thepositionof the mth nuclei. Similar to the
energyfunctionalthe integralshavekernelswith two factorsof which at leastoneis localized.With the
abbreviationrm = I r — Rm I andthe property0?m/arm= — (r — Rm) the force for the mth nucleiof the
adsorbateatomscanbe written as

______ Nc”’
Fm=f m m/(—j—) ~flV~OUt(r)... ~fl1on(Ir...RI) d

3r
hoc ~lrm a=1

~ n’°”(Ir’—R I) flv~O(r;)a 10fl1 \ 1
~m~,!m) (ri) f l=Nc”+l d3r’ d3r

hoc a,~,,, flsIab Irr’I
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— }I ~ r~ (~~fl(~vout() +flV~O(T))

— Im[Tr(S1(L~nv~0+ flV~O)Sl

a c~at(?f[() +n”°(r) +n~~1t(r)] m (~~)d3r. (17)

The partial derivativeof the matrix containingthe non-local contributionsof the pseudopotentialsV’~

with respectto Rm (seeeq. (2)) is donewith the centereddifferential quotient

— V(Rm,,y~h,y)
= lim , o-=x, y, z. (18)

aRm~ h,,~0 2h~

4. Numericaldetails

Quantitieswith a local dependencyon the vector r (for examplethe changein the electrondensity
~nv(r)) haveareal-spacerepresentationon a three-dimensionalregularcubicmeshwith M meshpoints
andthe discretizationinterval h. M is typically in the orderof iO~andh is in the rangefrom 0.2, .. . ,0.6

Calculateprojection~V’°°.

Choose“arbitrary” ~n’~”~°(r)on real-spacemesh.

Calculate~V~(r) := ~V11[r, ~nv~~_l(r)] + .~V”[n”~(r)].

Projection of ~V’(r) —~~V’.

i~v~+ ~v~’”’.

Mixing: ~ := c~AV~”~’+ (1 — cs)L~V~”.

Solve: ~G(Z) =

G0(Z)S1~V~S1(I — G0(Z)S_1~V~S_1)G0(Z).

Calculatein realspace~nv~~(r).

,~v°~’converged?

Postprocessing.

Fig. 1. Iterationof theDysonequation.
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___ ____ bohr~

Fig. 2. Valencechargedensityfor a single isolatedSi atom adsorbedon thefcc-siteof Al(111).

bohrs. Any integral over such functions is evaluatedby summingup its weightedvalues at the mesh
point, for examplethe chargerepresentedby i~n”(r)is calculatedfrom

q=J I~nv(r) d3r= ~ h3bflV(Tm). (19)
BLoc m=1

Non-localquantities(dependenton r and r’) arecalculatedanalyticallywith formulasgiven in ref. [19].
The most importantpart of the programis the iteration loop. Figure1 showsa flow diagramwhich

canbe directlymappedonto a correspondingioop in the main program.At first onehasto do two things
in advance:To calculatetheprojectionof the fixed part of the effectivepotential— this is the projection
of the pseudopotential— andto choosea ratherarbitrarystartelectrondensity.The closerthisdensityis
to the convergedresult the less iterationsare to be done. In practice,we provide a start guessof a
Gaussian-likedistributionwith a chargeof approximatelythe chargeof the ionic coreof the pseudopo-
tential. Oncethe electrondensity~n”(r) is availablethe Hartreepotentialis calculatedwith the method
of the fast Fourier transform and the exchange-correlationpotential is directly evaluatedfrom the
parametrizationof Perdewand Zunger [4]. The next step is to project the two contributionsonto
Gaussianorbitals andto addthe alreadyprojectedpseudopotentialto compileup the effectivepotential.
If thereis aneffectivepotentialfrom apreviousiteration availableit is mixed suchthat thenew potential
contributeswith apercentageof abouttwo to twentypercent.Thismeansthatthe mixing parametera is

~ ,,
06 ~ Cl Si,’ Na

~ ~ II ~-12.5 -10.0 -7.5 -5.0 -2.5 0.02.5

Energy(eV)

Fig. 3. Changein the density of states(Im .7 0.2 eV) induced by the adsorptionof a single isolatedNa (dashedline), Si
(dashed-dottedline), andCl (dottedline)atom on a Al(1l1) surfacewith respectto thedensityof statesfor the cleansurfacewhich

is givenby thesolid line asa reference.Theenergyis referredto theFermi level.
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in the rangeof 0.80,. . . , 0.98. The nextstepis to solve theDysonequationwhich requirestheinversionof
a generalcomplexmatrix. After that the changein the electrondensity, ~nv(r), is calculatedfrom eq.
(10). If the effective potential is converged(the relative changeof the norm of the matricesof the
effective potential from two adjacentiterations is smallerthan some tolerancer 10—s) the iterations
are finished,otherwisethe procedureis repeatedwith the new densityas input.

5. Adsorptionof a Si adatomon Al(111)

In order to explain a typical run of the programwe have build up a test suite which treatsthe
adsorptionof a singleisolatedsilicon adatomon the fcc-siteof Al(111) [6,7].The results,i.e., thevalence
chargedensityof the adsorbatesystemand thechangein the densityof statesinducedby the adsorption
of the Si atom with respect to the density of statesfor the clean surface (comparedwith the
correspondingquantitiesfor Na andCl adsorptionas well), areshownin figs. 2 and3. Onerequirement
is to have a projected referenceGreen function. This file may be calculatedin the mannerof the
examplegiven in ref. [101.In addition, it is provided as an ASCII file togetherwith ‘a short utility
programwhich builds up the binary input file which is neededin the computation.All the other input
files arepart of the standardtestsuitestoredat CPC.

The programis called i t er • x andmaybe build by makefileswhich areavailablefor at leastthree
different UNIX-like operatingsystems(UNICOS, AIX, OSF/1).To run the test suite the executable
must be build first. The code is highly portable and might evenrun on a wide variety of different
machines(including VAX underVMS). We decidedto discussdirectly an UNIX examplescriptwhich
runs the program.If onereally needsto port it onto otherarchitecturesthe mostimportantinformation
in the UNIX script arethe numbersof input units. For example, a file namedf o r t - 8 is connectedto
the FORTRANunit 8 while the programis executing.It is usefulto introduceexplicit namesfor all files
which are physically important. Therefore,we used the UNIX link command(i. n — s f i I ename 1
f or t - 1) where f i I. ena me1 might be any valid name. Our naming conventionis as follows: The
abbreviations i meanssilicon, afile hasthe identifier ba s I s in its nameif the containedinformation
dependson the Gaussianorbital basis. v3 c4 identifies that the projection of the referenceGreen
function wasdonein a complexlayer consistingof a vacuumregion which is equivalentin thicknessto
that of threecrystal sublayersandof four crystal sublayers.The examplescript is assumedto be in any
subdirectorytogetherwith the executableI t er - x andsomeotherfiles which aredescribedbelow.

6. Descriptionof the input

The examplecan be executedjust by running the provided UNIX shell script named s c r I pt - c s h

andprinted in the following:

I!! bin / csh — f
= = = = = = = = = = = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

# creation date: 1992—09—20 author: Joerg Bormet

Library: <none> processor: UNIX, csh
abstract

# Shell script for iteration of dyson equation.

# Program: iter.x

prepare flag
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cat >iter.cn <<*E0I
* = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = == = = = = = = = = = = = = = = = = = = = == = = = = = = = = = = =

* creation date: 1992—09—24 author: Joerg Bormet

* library: <none> processor: DATA
* abstract

*

* Flags for operations of program iter.x~

*

* used by ite

*

1: 5 * ITERMX

9: 0 * LHYDRO

10: 1 * ion—ion contribution

11: 1 * LAUTO

13: 0 * LDVCOR
14: 0 * LVSTRT

15: 0 * LRDRES
17: 0 * LPLOT

18: 1 * LWRITE

19: 0 * LRHORF: calculate (0), read (1)

20: 1 * read (0) or calculate (1) overlap matrix

21: 1 * local potential, vI (1), hr (2), erf/r (3)
22: 0 * forced compare of origin of input solution

23: 0 * calculation of flag 20 is done analytically

24: 97 * startmixing (percentage of input potential)
25: 90 * lower bound for mixing (percentage of inp. potential)

26: 99 * upper bound for mixing (percentage of inp. potential)

28: 0 * add delta G to reference

31: 5 * optimization interval
32: 0 * optimize decay

*

*

*EOI

#

prepare fi lesyste
#
rm —f fort3 fort4 fort7 fort.9 fortl0 fortll fort2l\

fort.22 fort.23 fort.24 fort.40 fort4l fort.42 fort.91\

fort.96 fort98 fort.99

In—s v3c4basis,gr fort4

- - reference Green function on contour

In —s ACT fort8

- - action control file

#
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In—s basissi forthh

• • inverted overlap matrix

In—s basis.cr fort.24

- - electron density of reference system on real space mesh

#
In—s basiscd fort9ó

- - electron density of reference system as density matrix

In—s siii fort.40

- - energy and forces from ion—ion contribution

In—s sibasis.is fort9

- - if old input solution is available, use it

In—s sibasis.os forth0
- - output solution contains: density matrix, perturbation

potential and electron density

In—s iter.cn fort.99

- - flags used by iter.x

iteration

iter.x < sibasis.d

- - start program and read data from standard input

rm —f fort3 fort4 fort7 fort.8 fort9 forthl fort.h0 fort.21\

fort22 fort23 fort24 fort40 fort.41 fort.42 fort9l\

fort96 fort98 fort99

#

#

The executionof this shell script requiresthe existenceof four files which must be provided in
advance:

v 3 c 4 bas i s - g r (unit 4): Projected Greenfunction of the referencesystem. This file may be
generatedin the mannerof the exampleinput of the programpublishedin ref. [10].

s i basi s - d (unit 5, standardinput): Input data of the adsorbatesystemfor the self-consistent
iteration.This file will be discussedextensivelybelow in this paper.

ACT (unit 8): This file containsparametersto influencethe behaviourwhile i t er - x is executing.One
can changethe numbersof iterationsandthe mixing parametersfor the potential.

s I . I I (unit 40): Containsthe ~n”(r)-independentcontributionsfor the total energyandthe forces.
This file is part of the distribution of the examplediscussedin this paper.

While the script is executinga coupleof files arecreated(either by the script itself or by the executionof
i ter - x):
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i t er • c n (unit 99): Control file for the determinationof programflow. It providesflags numbered
with ito 50 which aretranslatedto INTEGERs or LOGICAL s within the code.The most importantflags
are:
i Numberof iterationsto bedone. In thisexample:five.

10 Is unit 40 expectedas input? (Yes: 1, No: 0). In this example:Yes.
15 If thereis a previousrun, shouldthe solutionbe readfor further processing?(Yes: 1, No: 0). In this

example:No.
19 Is the electrondensityand the densitymatrix of the referencesystemto be calculated(0) or to be

read(i)? In this example:To be calculated.
20 Is the inverted overlapmatrix, S~,to be calculated(1) or to be read(0)? In this example:To be

calculated.
21 Should the programusethe potential in the parametrizationof eq. (2) as externalpotential?In this

example:Yes.
24 Potentialmixing in hundredthof the old potential. In this example:97%.

After the endof the executiononewill find somenew files:

basis • si (unit 11): Invertedoverlapmatrix.
basi s • c r (unit 24): Electron density, n”o(r), calculated from the projected referenceGreen

function.
basis.cd (unit 96): Density matrixcorrespondingto basis - Cr.

s I bas i s • os (unit 10): Contains the densitymatrix of the adsorbatesystem, the matrix of the
effectivepotential,AV~”°,andthe electrondensityitself, ~n”(r).

Standardoutput: Messagesabout the programflow andthe informationabouttotal energy(variable
E TOT on the standardoutput) and force. Any messagehasthe module namewhich createdit in front.

If one likes to do further iterationswith the program(which might be necessaryto convergethe
solution) set flags 15 and 19 to one,flag 20 to zero andcopy si basis• os onto the file si basis. is
andthenrestartthe shell script. The new run againdoes five iterationsbut usesthe outputof the first
run (files basis - si, bas i s - Cr, and bas i s - cd whicharefixed andsi basis- oswhichwascopied
to sibasis.is).

All the input datarelatedto physicalquantitiesarecollectedin thefile s I b a sI s . d (standardinput).
The datarecordsin thisfiles arestructuredby groupswhereeverygroup is enclosedin a #Begi n — and
#End- environment.In this sense,the whole datain the file itself representsuchagroup — the group
called#Begin/ End—Of — Iter — Data— Set.The groupsarediscussedin detailbelow.Thereal-space
coordinatesaregiven in (x, y, z)-tripelsin units of the latticeconstantof the underlyingsubstrate.The
— z-directionis assumedto coincidewith the outwardsurfacenormal.Nameswritten in capital lettersof
a teletype are namesof variablesof the FORTRAN program.The file s i bas 1 s - d for the example
given in this paperis printedat the endof the descriptionof the groups.

# Beg i n / End — Of — I t er — D a t a — Set: At the level of this group the version of the data set
(versionis 2), the symmetryof the adsorbatesystem(this example:fcc(111)) andall the othergroupsare
defined.For selectingthe symmetryseealsothe #Begin / End — Of — Box-groupbelow.

# Beg i n / End — Of — Gaussi ans: TheGaussianorbital basisbecomesdefined.The first of the three
integernumbers,N D I M = 108, gives the linear dimensionof the Gaussianbasis.ND E F = 12 counts the
lines in the # Beg i n / End — Of — S i t es— group. N B U F F = 9 is divisorof ND I M = 108 andgives a size for
a memorybuffer usedin the calculationof the real-spacerepresentationof the electrondensityandthe
projection of the effectivepotential. Small valuesof N B U F F stand for long computationtime and less
memoryusage.Largevaluesprovide shortercomputationtime and largememoryconsumption.A very
largememoryusagemay slow down the computation.Thereforeset N B U F F to aboutten to twenty per
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centof NDIM. In any line of the #Begi n / End—Of — Si tes-grouponefinds (from the left to the right)
the three(x, y, z)-componentsof theorbital sitesO~,the decayconstantK

1, andan integernumberfor
the largestvalueof the angularmomentumwhich shouldbe usedtogetherwith eachsite anddecay.A
numberof ‘k~ = 2 meansto include s, p and d contributions.

# Begi n / End — Of — Box: N OCT gives the discretizationin oneoctantof the real spacemeshwhich
is alwaysof cubic shape.Thetotal numberof meshpoints,M, can be calculatedfrom M= (2 * N OCT +

1) * * 3. R MR BOX gives the basisvectorsfor the cubic mesh.This variableis includedfor further useand
thevaluesgiven in this exampleare the only possiblevalues. SPN = 21.693 . . . denotesthe length of one
edgeof thecubic mesh.The origin of the cubicbox is identicalwith the origin of the Gaussians.Because
the cubicbox may lower the symmetryof thesubstrate(asin the caseof fcc(111)) not all of the possible
symmetrytransformationsof the fcc(111) surfaceare usedto speedup the calculation.Only the y—z
mirror planeis includedin thiscase.For fcc(001) all symmetryoperationsareused.In bothcases,the
input setof the Gaussianorbitals and the substratemustbe orientedsuchthat their symmetryaxesare
identicalwith thoseof the cubic mesh.

# Beg i n / End — Of — Subs t rate: The pointer “13” indicates that this example deals with an
aluminum substrate.The pointeris an abbreviationfor the whole group #Begi n / End— Of — E I ement

which is discussedbelow. The secondnumber(2) tells the programto treat the d..potentialof the
pseudopotentialas local one~ = 2, comparewith eq.(2)). The nextquantitiesarethe latticeconstant
given in bohrs, the Fermi-level, the muffin-tin level relative to the (1/r)-asymptoteof the local part of
the potential,the work function of the substrate,and the z-positionof the geometricalsurface(jellium
edge,if the substrateis jellium) relative to the origin of the Gaussianorbitals. Energiesare given in
electronvolts (eV). N G F B U F determinesthe numberof energypoints which can be loadedatonceinto
the centralmemory.Thevariationof this parameterhasonly a minor effect on thecomputationtime (at
maximum10% weremeasured).

#Begin/End—Of—Perturbat ions: NADSOgives the number of adsorbateatoms, Nad. Up to
~ Nad must be equal to one. The next entry is the pointer to the lines of the # Si t e — Of —

Per t u r b a t i on-group. Becauseonly oneadsorbateatom can be calculated,onefinds only onenumber
(4) on that line labelledwith IVADSO(NADSO). The 4 points to the fourth line of the #Site—Of—
Pert u r b a t i on-group. N AD P0 counts the lines in that group.Any line contains(from the left to the
right) the (x, y, z)-coordinatesof the adsorbate(R MAD Pa),the pointer to the element(sameconvention
as in the #Begin / End— Of — Substrate-group),the valueof l~ andtwo parametersprescribinga
Gaussian-like(chargeand decay)electrondensityfor startingthe iterations. F A K z and 0 C C areusedif
one performsatomic calculationsin the vacuumwithout substrate,and in this exampletheymust be
equalto one.

#Begin / End—Of—Unique—Descriptors:Foragivenprogramunit(firstnumberoneachline),
the descriptors(or time stamps) prescribethe dataandtime of its creation.If theprogram readsfrom an
unit it checksthe time stampandthe information in the headingof any file to be consistent.If oneruns
this examplefrom scratchthenthe secondline (unit 4) of the time stampshasto bechangedto the topic
dateandtime of the Greenfunction calculatedin ref. [10].

#Begin/End—Of—Graphics:This group is used to define cuts and directions for plotting data
afterthe solution is converged.In this exampleit is of no importance.

#Begi n / End —Of — List—Of — Elements: The elements are listed in their pseudopotential
parametrization. The given examplecontains only aluminum andsilicon.

# Beg i n / End — Of — E I emen t: The first number is the pointer identifying the chemical element.
Thenfollows the charge of the nuclei. In an additional line the experimentalcovalentradius COV R AD is
provided.

#Beg in / End — Of — BHS — Potential — Parameters: These data are divided into a “local” and
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“non-local” part. In thelocal part onefinds Z,~,a~,andc~.The non-localpart containstheparameters
p~,a’,~’,andb~,separatelyfor s, p, andd orbitals.Comparethe parameterswith eq. (3).

# Co r e — Cor r e c t i on: Numberof the points to be readfor theapproximatedcorecharge(given on
a logarithmic mesh).The secondnumberis the spacingof the logarithmic mesh.This is used if the
linearizationof the exchange-correlationfunctional for the core andvalenceelectronsis not a good
approximation(so for Na).

The file s I b a s i s - d is printed at the endof this paperas TestRun Input.
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TEST RUN INPUT

File sibasis,.d

*Begin-Of-Iter-Data-Set
*Version-0f -Data-Set

2
#Symmetry

3 * (0): any symmetry, (1) fcc(O01), (3) fcc(111)
*Begin-Of-Gaussians* surfaceadaptedcoordinate systemis used

*Dimension
108, 12, 9 * NDIM, NDEF, NBUFF

#Begin—Of—Sites * Orbital sites in GF (x,y,z), decay, ang. mom.

O.ODO, O.ODO, —0.57735026918962600, O.15D0, 2
O.ODO, O.ODO, —0.577350269189626D0, 0.3800, 2
O.ODO, O.ODO, —0.577350269189626D0, O.60D0, 2

-0.35355339059327400, O.204124145231931D0, O.ODO, 0. 15D0, 2
-0.353553390593274D0, O.204124145231931D0, 0.000, 0.3800, 2

-O.353553390593274D0, O.204124145231931D0, 0.ODO, O.60D0, 2
O.ODO, -O.408248290463863D0, 0.000, 0. 15D0, 2
O.ODO, -0.408248290463863Db, 0.000, 0.38Db, 2
O.ODO, -O.408248290463863D0, 0.000, 0.60Db, 2

0.353553390593274D0, 0.20412414523193100, 0.000, 0. 15Db, 2
0.353553390593274D0, 0.204124145231931D0, 0.0Db, 0.38Db, 2

O.353553390593274D0, 0.204124145231931Db, 0.ODO, 0.60Db, 2
*End-Of -Sites

#End-bf-Gaussians

*Begin-bf—Box * (origin is the same as for gaussian orbitals)
#Octant

20 * NOCT, points in octant
#Box * (x,y,z)

1.000, 0.0Db, 0.000 * Box RMRBOX(., 1)

0.000, 1.ODO, 0.000 * Box RMRBOX(., 2)
0.000, 0.000, 1.0Db * Box RMRBOX(., 3)

*Span
21.6939363648002Db* SPN [bohr]

*End-Of —Box
#Begin—Of—Substrate* (same symmetry as gaussians)

#Type—Of—Substrate* type, local treatment (s=0)
13, 2 * Aluminum

#Lattice-Constant
7.515Db * Lattice Constant of substrate [bohr]

#Fermi-Energy * relative to Muffin—Tin—Level [eV]
8.800Db * EFERMI

#Muff in-Tin-Level * [eV]
-3.07444771Db * VMT

#Work-Functjon * [eV]
4.3Db * WORFU

#Geometric-Surface
—0.288675134594813Db* ZZERO

#Buff er-For—Green-Function
1 * NGFBUF

#End—Df—Substrate
#Begin-Of—Perturbations

*Nujnber-Of-Adsorbates
1 * NADSO

#Pointer—To—Perturbation
4 * IVADSO(NADSO)

#Nuinber-Of-Perturbations
5 * NADPO

*Site—Of—Perturbation * RMADPO(., 1), type, local, start (q, d)
1, 0.00Db, 0.00Db, —0.57735026918962600,14, 2, 3.10Db, 0.25Db
2, 0.00Db, 0.00Db, —0.533Db. 14, 2, 3.10Db, 0.25Db
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3, 0.00Db, b.OODO, -0.4886Db, 14, 2, 3.10Db, 0.25Db
4, 0.OODO, 0.OODO, -0.4540Db, 14, 2, 3.10Db, 0.25Db
5, b.ObDO, 0.00Db, -0.4194Db, 14, 2, 3.10Db, 0.25Db

*Scaled-Perturbation
1.0Db * FAKZ

#Scaled-Delta-Charge
1.0Db * DCC

*End-Of-Perturbations
*Begin-Of-Unique-Descriptors

*Number-Of-Descriptors
7

*Descriptors * logical unit, date, time. (integers)
3, 19901211, 101011 * gr (n—contour)
4, 19901211, 1011 * gr (iteration—contour)
9, 19920727, 212638 * is

11, 19920727, 172351 * Si

24, 19920804, 161240 * cr
96, 19920804, 160932 * cd
40, 19920203, 200000 * ii

#End-Of-Unique-Descriptors
#Begin—Of -Graphics

#Number-Of-Steps
25, 24 * NPLAN and NRAD

#Step-Rsnge
1.44337567297406Db, 1.22111186Db * FDELTP and FDELTR

*Nuinber-Df-Drawings
3, 1, 1, 1 * NCUT, NDIR, NWFCT, NEDEN

*Planes * al, a2, a3, bl, b2, b3, Offset: 01, 02, 03 (x,y,z)
-1.ODb,0.ODO,0.ODO, b.ODb,b.bDb,-1.bDb, 0.bDb,b.bDb,0.bDb
b.ODO,-1.bDb,b.bDb, b.bDO,b.ODb,-1.ODb, 0.bDO,b.000,0.bDO
-1.bDO,b.000,0.ODO, 0.000,-1.bDb,b.bDO, 0.000,b.bDb,b.ODO

#Directions * al, a2, a3, Offset: 01, 02, o3 (x,y,z)
b.bDb,—b.4b8248290463863Db,0.454D0,0.bDO,0.ODO,-0.454D0

#Energy-bf-Wave-Function* in eV, EWFCT, NSPWF
8.8Db, 3

*Energy—Range-For-Charge* in eV, Emin, Emax
7.0Db, 8.0Db

*End-Of-Graphics
#Begin-Of—List-Of-Elements

#Number-Of -Elements
2

#Begin-Of-Element
#Type-Of -Element * type, charge of nuclei

14, 14.0Db * Si
*Covalent-Radius * Si experimental

2.098Db * COVRAD [bohr]
*Begin-Df-BHS-Potential-Parameters* Si of FBI

*Local
4.0Db * Valency

2.16Db, 0.86Db, 1.6044Db, -b.6b44D0 * decays, constants
* dl, d2, ci, c2

#Non-Local
2.40Db, 2.67Db, 3.32Db

—31282.502929803600,26617.4089692391Db, 4675.45239398890D0
2983. 68842102636D0, 7527.63343817730Db, 990.299717554505Db
1.24Db, 1.61Db, 2.10Db

—155.801764454364Db,—42.6981043550161Db, 204.13034276620200
14.6381060580222Db, 105.550700472344Db,39.1133073194108Db
1.62Db, 1.83Db, 1.94Db
220888.470870308Db, 1525507.68136707Db, —1746392.24511167Db

—12593.8763319792Db, —150078.414567912D0, —75820.682672030800
* decays 1, 2, 3 \
* a 1, 2, 3 — three times for 1=0,1,2
* bl,2,3/
* Vi(r) (ai + r*r*bi) * exp(—di*r*r)
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#End-Of—BHS—Potential—Parsmeters
#Core-Correction * numberof radial mesh-points, log, mesh

0 0.0Db
#End-Of-Element
#Begin-Of -Element

#Type—Df—Element * type, charge of nuclei

13, 13.000 * Al
#Covalent-Radius* Al experimental

2.23Db * COVRAD [bohr]
#Begin—Of-BHS—Potential-Parsmeters* Al of FIll

#Local
3.0Db * Valency

1.77Db, 0.70Db, 1.7886Db, -0.7886Db * decays, constants
* dl, d2, ci, c2

*Non-Local
1.85Db, 2.17Db, 2.3400

—21399.2454461336Db, -149130.39838793100, 170537.043024465Db
1833.58400227064Db, 22531.5541572220Db, 11484.3848056219Db
0.9300, 1.09Db, 1.37D0

—1254 .71433301360Db, 740.969038332463Db, 517.890749424891Db
63.131814542741600, 231.970961290708Db, 50.726655726134100
1.37Db, 1.58Db, 1.75Db
60308.8537018445Db, 106243.207947003Db,—166549.260723623Db

—3575.24090697685Db,—26650.103682761100,-10755.3964881995Db
* decays 1, 2, 3 \
* a 1, 2, 3 - three times for 1=0,1,2
* bl,2,3/
* Vi(r) (ai + r*r*bi) * exp(-di*r*r)

#End—Of-BHS—Potential—Parameters
#Core—Correction* number of radial mesh—points, log, mesh

O 0.0Db
#End-Of-Element

#End—Of—List—Of—Elements
SEnd—Of-Iter—Data—Set

TESTRUN OUTPUT

*** INFO ID 1 *** MODULE INIERIt: ERROR HANDLING INITIALIZED.

*** INFO ID 1 *** MODULE ITER: BEGIN OF PROGRAM.
*** INFO ID 1 *** MODULE ITER: BASIC DIMENSIONS I. MDIM = 108. MOCT

= 20.
*** INFO ID 1 *** MODULEITER: BASIC DIMENSIONS II. MBUFF = 9.

MGFBUF = 79.
*** NOTE ID 27 *** MODULE RDBADI: CHOICE OF SYMMETRY: (0): ND SYMMETRY,

(1): FCC(001), (3): FCC(111). IFCC = 3.
*** INFO ID 1 *** MODULE RDBADI: DIMENSIONS. NDIM = 108. NDEF =

12.
*** INFO ID 1 *** MODULE RDBADI: RS BUFFER. NBUFF = 9.
*** INFO ID 1 *** MODULERDBADI: DIMENSION OF OCTANT. NOCT = 20.

BOX: l.0000E+Ob b.0000E+00 O.0000E+00

O.0000E+00 1.0000E+00 0.0000E+00
0.0000E+00 0.0000E+Ob 1.0000E+00

*** INFO ID 14 *** MODULE RDBADI: SPAN OF BOX IN A. U. SPN =

2. 1693936364800E+01.

*** INFO ID 14 *** MODULE RDBADI: LATTICE CONSTANT IN A. U. SPA =

7.SiS0000000000E+00.
*** INFO ID 16 *** MODULE RDBADI: EFERMI IN EV. EFERNI =

8 . 8000000000000E+b0.
*** INFO ID 16 *** MODULE RDBADI: MUFFIN-TIN LEVEL IN EV. VMT =

—3.0744477i00000E+bb.
ece INFO ID 16 eec MODULE RDBADI: WORK FUNCTION IN EV. WORFU =

4. 3000000000000E+00.
ece INFO ID 1 *** MODULE RDBADI: GEOMETRIC SURFACE. ZZERO =

eec —2.8867513459481E—01.
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ccc INFO ID 1 ccc MODULEDIVERG: ION-ION FILE READ, ORIGINATING FROMDATE
ccc = 19920203. TIME = 200000.

eec INFO ID 1 eec MODULE ITER: LOOP-PARAMETERSET.
ccc INFO ID 1 ccc MODULE PVMINI: NO PVM USAGE.
ccc INFO ID 1 ccc MODULE ITER: SCREENING CONSTANTS. Cl =

ccc 1.6b44000000000E+bb. C2 = -6.O440000000000E-bl.
eec INFO ID 1 ccc MODULEITER: SCREENINGDECAYS. Al =

ccc 2.l600000000000E+Ob. A2 = 8.6000000000000E—bl.
ccc INFO ID 1 ccc MODULEITER: GAUSSIAN ENERGY. VGAUS =

ccc -7.86248lb967933E-bl. VGAUSN= -7.8640062344b29E-bl.
ccc INFO ID 1 eec MODULEVVHARX: CENTEROF GRAVITY. ZCG =

eec —1. 4553737658350E+00.
eec INFO ID 1 ccc MODULEVVHARX: DIPOLE MOMENT. CHARGE=

ccc 2.507658317418bE—05.COG = 7.8257449366600E+bO.
ccc INFO ID 1 ccc MODULE VVHAR.X: AVERAGE CHARGE BEFORE FFT. DT =

eec —1 .6671363994814E—b7.
ccc INFO ID 1 eec MODULE VVHARX: 0TH FOURIERCOEFFICIENTOF POTENTIAL REAL

= -4.13b9124697007E-b9. IMAG = b.0000000000000E+bO.
ccc INFO ID 1 ccc MODULE STEVXC: ZERO VALUES OF CHARGE DENSITY. IP =

ccc 19837.
ccc INFO ID 2 eec MODULESTEVXC: SMALLESTVALUE OF RHO. RLOW=

ccc 2.379796289 1805E—36.
ccc INFO ID 1 ccc MODULEDVEXDR: LOCAL TREATED PART. ILOCAL = 2.
ccc FORCE: 1. 307b9829978E—O11 7. 29b23508254E—0b4 7. 1894b569296E—Obl
eec INFO ID 1 ccc MODULEITER: ITERATION. IT = 1.

ccc INFO ID 1 ccc MODULEITER: CHARGE. ORBITALS = 1.b85673b398416E+bl.
ccc BOX = l.085673b454969E+bl.
ccc INFO ID 1 ccc MODULEITER: CONT. PHASE = 1.1614876177755E+bl. NORM =

ccc 6. 40179b6376969E+bb.
eec INFO ID 1 ccc MODULEITER: CONT. MIX = 9.7000000000000E-bl. TIME =

eec 4. 7b60000000000E+b2.
ccc INFO ID 1 ccc MODULEITER: CONT. ETOT = b.0000000000000E+00. HARD =

ccc 0 . 0000000000000E+b0.
ccc INFO ID 1 ccc MODULEVVHARX: CENTER OF GRAVITY. ZCG =

ccc —1. 8843045052129E+Ob.
ccc INFO ID 1 ccc MODULEVVHARX: DIPOLE MOMENT. CHARGE=

ccc -2.6775474483846E—b6. COG= 6.1100219791483E+bb.
ccc INFO ID 1 ccc MODULEVVHARX: AVERAGECHARGE BEFOREFFT. DT =

ccc —8. 9924155b38517E—b8.
ccc INFO ID 1 *cc MODULEVVHAR.X: 0TH FOURIERCOEFFICIENTOF POTENTIAL REAL
ccc = -2.228185139b898E—b9. IMAG = 0.0000000000000E+bb.
ccc INFO ID 1 ccc MODULESTEVXC: ZERO VALUES OF CHARGEDENSITY. IP =

ccc 20036.
ccc INFO ID 2 c*c MODULESTEVXC: SMALLESTVALUE OF RHO. RLOW=

eec 2. 0621612997937E—36.
ccc INFO ID 1 ccc MODULEDVEXDR: LOCAL TREATED PART. ILOCAL = 2.
ccc FORCE: 3 .8590119142bE—blO 2. 22317934072E—004 3 .84308617215E—0b1
ccc INFO ID 1 ccc MODULE ITER: ITERATION. IT = 2.
ccc INFO ID 1 ccc MODULE ITER: CHARGE. ORBITALS = 7.3656821912318E+bO.
ccc BOX = 7.3656822874644E+Ob.
ccc INFO ID 1 ccc MODULE ITER: COST. PHASE = 7.79289892b4284E+bb. NORM=

ccc 3. 66008b5684710E+bb.
ccc INFO ID 1 ccc MODULE ITER: CONT. MIX = 9.7000000000000E-bl.TIME =

ccc 4. 6916000000000E+02.
ccc INFO ID 1 ccc MODULEITER: CONT. ETOT = -9.5614115180958E+bl. HARR=

ccc —1.bb608180635l7E+b2.

ccc INFO ID 1 ccc MODULEVVHARX: CENTEROF GRAVITY. ZCG =

ccc -2 .484541979512bE+bb.
ccc INFO ID 1 ccc MODULEVVHARX: DIPOLE MOMENT. CHARGE=

ccc 5.55b3b1417b617E—b6. COG = 3.7b9b72O8l9519E+O0.
ccc INFO ID 1 ccc MODULEVV}IARX: AVERAGECHARGEBEFOREFFT. DT =

ccc —4.260 1633426313E—08.
ccc INFO ID 1 ccc MODULE VVHARX: 0TH FOURIERCOEFFICIENTOF POTENTIAL REAL
ccc = -1.b556b42299554E-09. IMAG = b.0000000000000E+Ob.
ccc INFO ID 1 ccc MODULESTEVXC: ZERO VALUES OF CHARGEDENSITY. IP =

ccc 20142.
ccc INFO ID 2 ccc MODULESTEVXC: SMALLESTVALUE OF RHO. RLOW=

ccc 1.89304413 163b6E—36.
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ccc INFO ID 1 ccc MODULEDVEXDR: LOCAL TREATED PART. ILOCAL = 2.
ccc FORCE: 2.87492145113E—b10 —2.9857296422bE—bbs I .764126b7808E—bbl
ccc INFO ID 1 ccc MODULEITER: ITERATION. IT = 3.
ccc INFO ID 1 ccc MODULEITER: CHARGE. ORBITALS = 5.5827751234844E+0b.
ccc BOX = 5.582775246b461E+Ob.
ccc INFO ID 1 ccc MODULEITER: CONT. PHASE = 5.875586429b122E+bb. NORM=

ccc 1 .98b3645241134E+bb.
ccc INFO ID 1 ccc MODULEITER: CONT. MIX = 9.7000b00000000E—bl. TIME =

ccc 4 . 6959000000000E+02.
ccc INFO ID 1 ccc MODULEITER: CONT. ETOT = -4.4694508362549E+01. HARE=

ccc —4. 5921723253b45E+bl.
ccc INFO ID 1 ccc MODULEVVHARX: CENTEROF GRAVITY. ZCG =

ccc -3. b419594342496E+0O.
ccc INFO ID 1 ccc MODULEVVHARX: DIPOLE MOMENT. CHARGE=

ccc 5.4475924475838E-b6. COG= 1.4794022630014E+Ob.

ccc INFO ID 1 ccc MODULEVVHARX: AVERAGECHARGEBEFOREFFT. OT =

ccc —1.9b33608411725E—08.
ccc INFO ID 1 eec MODULEVVHARX: 0TH FOURIERCOEFFICIENTOF POTENTIAL REAL
ccc = -4.71624lb129486E-lb. IMAG = b.0000000000000E+Ob.
ccc INFO ID 1 ccc MODULESTEVXC: ZEROVALUES OF CHARGEDENSITY. IP =

ccc 20200.
ccc INFO ID 2 ccc MODULESTEVXC: SMALLESTVALUE OF RHO. RLOW=

ccc 1. 82044b1460578E-36.
ccc INFO ID 1 ccc MODULEDVEXDR: LOCAL TREATEDPART. ILOCAL = 2.
ccc FORCE: 1. 52293b553b6E-blO -1. 2581b50848OE-bb4 6 .44358274194E-bb2
ccc INFO ID 1 ccc MODULEITER: ITERATION. IT = 4.
ccc INFO ID 1 ccc MODULEITER: CHARGE. ORBITALS = 4.69447b9348687E+Ob.
ccc BOX = 4.694471b7495b1E+Ob.
ccc INFO ID 1 ccc MODULEITER: CONT. PHASE = 4.9241266998301E+bO. NORM=

ccc 1.0383738856192E+bb.
ccc INFO ID 1 ccc MODULEITER: CONT. MIX = 9.7000000000000E-bi.TIME =

ccc 4. 69S2000000000E+b2.
ccc INFO ID 1 ccc MODULEITER: CONT. ETOT= -2.2b157038b9829E+01.HARE =

ccc -2.2329524867725E+bl.
ccc INFO ID 1 ccc MODULEVVHAR.X: CENTEROF GRAVITY. ZCG =

ccc —3. 43289b1972876E+bO.
ccc INFO ID 1 ccc MODULEVVHARX: DIPOLE MOMENT. CHARGE=

ccc —6.35i79367588b6E—b6. COG = —8.432b78915b397E—b2.
ccc INFO ID 1 ccc MODULEVVHARX: AVERAGECHARGEBEFORE FFT. DT =

ccc —8.2337163701517E—b9.
ccc INFO ID 1 ccc MODULEVVHARX: 0Th FOURIERCOEFFICIENTOF POTENTIAL REAL
ccc = —2.b4b1897296619E—1b. IMAG = b.0000000000000E+Ob.
ccc INFO ID 1 ccc MODULESTEVXC: ZEROVALUES OF CHARGEDENSITY. IP =

ccc 20230.
ccc INFO ID 2 ccc MODULE STEVXC: SMALLEST VALUE OF RHO. RLOW =

ccc 1 .7916865828791E—36.
ccc INFO ID 1 cc* MODULEDVEXDR: LOCAL TREATEDPART. ILOCAL = 2.
ccc FORCE: 9. 77414248289E-011 -1. 386b581b693E-bb4 8.33261246528E-0b3
ccc INFO ID 1 ccc MODULEITER: ITERATION. IT = 5.
ccc INFO ID 1 ccc MODULEITER: CHARGE. ORBITALS = 3.54877144b391bE+OO.
ccc BOX = 3.5487716141596E+bO.

ccc INFO ID 1 ccc MODULEITER: CONT. PHASE = 3.700608432897bE+bO. NORM=

ccc 5.4932987896b83E—01.
ccc INFO ID 1 ccc MODULEITER: CONT. MIX = 9.2l50000000000E-01. TIME =

ccc 4. 6983000000000E+b2.
ccc INFO ID 1 ccc MODULEITER: CONT. ETOT = -1.1191444077290E+01. HARR=

ccc —1. 126694b842639E+bl.

ccc INFO ID 1 ccc MODULEWEDS: CHARACTERISTICSUMSFOR CMVO. SUM =

ccc -3.bl03543509492E+b2. ABS = 8.39l9391322640E+b3.
ccc INFO ID 11 ccc MODULEZSYMCL: CMVOIS HERNITIAN. IEPS = 8.
ccc INFO ID 1 ccc MODULEWEDS: CHARACTERISTICSUMS FOR CMCD. SUM =

ccc 2.2997573228b48E+bb.ABS = 5.678O5700694b9E+b2.
ccc INFO ID 1 ccc MODULEWROS: CHARACTERISTICSUMSFOR RMRR. SUM=

ccc 2.2245539305321E+bl. ABS = 7.1684653983886E-01.
ccc INFO ID 1 ccc MODULEWROS: SOLUTION WRITTEN.
ccc INFO ID 1 ccc MODULEITER: REGULAREND OF PROGRAMAFTER ITERATION
ccc CYCLE.

STOP


