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A local—orbital basedb initio approach to obtain the Green function for large heterogensgstems is
developed. First a Green function formalism is introduceded on exact diagonalization. Then the self
energy is constructed from an incremental scheme, rerglth@procedure feasible, while at the same time
physical insight into different local correlation contiions is obtained. Subsequently the Green function
is used in the frame of the Landauer theory and the wide baptbgimation to calculate the electronic
transmission coefficient across molecular junctions. Tieelty is applied to meta— and para—ditholbenzene
linked to gold electrodes and various correlation contidns are analyzed.
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1 Introduction

As of very recently, the trend in miniaturization of electiodevices indicates a possibility to ultimately
arrive at electronically active elements being constiuig just a single moleculé&][L] 2]. Specifically it
has been demonstrated in break—junction experimentsatsiagle organic molecule might be positioned
between two electrodes so as to yield what has become knosvmatecular junctiori]3,14]. Under certain
circumstances such a system allows for electron trangfar fine one electrode to the other. Based on these
experiments two far—reaching conclusions have been vetitnamely that molecular junctions might lead
the way to ultimate one—electron switches, and secondiysiich a switch behaviour can be triggered by
various rather different physical and chemical circumstsn

However, at present experiments are still notoriouslydiffiand hard to interpret, thus shifting weight
to theoretical considerations which are expected to bathtera fundamental understanding of the micro-
scopic processes involved and provide a guidance for inggtengineering.

Theoretical descriptions of the problem try to illuminatatml aspects like the role of the molecular
electronic structure [%.16] 7] or the influence of variousistinral conformation$ [819, 10]. Some progress
has been made recently on certain applications. It is thefseéthods based on the local density approxi-
mation (LDA) to density functional theory (DFT) as a stagtjpoint, which provide numerically affordable
applications to the molecular junction problerl[5, 16,1718 ®[11]. LDA-based schemes were pursued by
Rakshitet al[L1], Pantelide®t al. [6,[4] and others15.18.19] for carbon wires and benzene-sygiems.
Further approximations are introduced by Gutiémeal. in an application to an all-carbon—system with
nanotubes as electrodés][12]. Along those lines Fagak analyzed the off—resonant electron transport
in oligomers|[13], while both discussed the switch-like &&bur of aCyy ball by means of rotatiof [1.2].
Cunibertiet al. focused on the role of the contacts at the junction [14, 15].afplication predicting the
actual current-voltage behaviour of two aromatic moleswias demonstrated by Heuriehal. [16]. A
more advanced scheme developed by Xue and Ratner stickghgile approximations, but develops a
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non—equilibrium formalism[17]. An earlier attempt was ggated by Wanegt al. [18]. Further approxi-
mations are commonly built on top of LDA, like the tight bindiapproach (TB) or parameterized minimal
basis setd [12]. Another set of approaches renounces ctatypd¢tempts ofb initio calculations and re-
sorts to empirical model§ [1D, 20,1211 22]. Hettégral. completely abandoneab initio approaches and
present a semi—quantitative model in calculations on timpéransport through benzene [19]. In quite
the same spirit, several other groups try to tackle the probithout quantum chemicab initio meth-
ods,e. g. Ghosh and Datta, who rely on minimal basis set semi—empirtiakel approache$ [20]. An
elastic scattering model is introduced by Todoetal. [21]. A broad compilation of models was written
by Paulssoret al. [22]. In several applications the Kohn—Sham eigenensi@ie interpreted as excitation
energies which is to a large extent feasible. Principle oapments are available, such as time dependent
DFT [23] and the optimized effective potential ansatzl [2dpwever, it is hard to device systematically
improvable schemes in the frame of DFT.

Wave function based methods, on the other hand, are sti@igiardly applicable to both ground state
and excited state calculations alike and are amenabletersgtic improvement on the numerical accuracy
by their very construction. Subsequently, quantities tike DOS or the transport coefficieiitcan be
obtained in a reliable manner. However, the numerical dehireereases tremendously with the system
size. Recently it was shown that quantum Monte Carlo tealesdQMC), particularly diffusion Monte
Carlo (DMC), can be applied to excited states in solids$ [Z]24,28]. A second class of approaches
extend the coupled cluster (CC) scheme to excited stateslifidar response version of CC was used to
obtain excitonic transition energies Be, CH+, CO and H>O [29]. These approaches can be cast into a
reformulation which rests on the equation—of-motion (EGiinalism.

The general bottle—neck of steep increase of numericateffth system size, however, affects all wave
function based methods alike. It is precisely this obstadiEh we strive to overcome by a formulation
of electron correlations in local orbitals and a hierarchgarrelation contributions called the incremental
scheme. In earlier works we performed band structure catioms with wave function baseab initio
methods|[30[_31,_3Z,88,134]. The key enabling such cal@natfor infinite systems was an approach
based on local orbitals and a real space formulation of tfiesergy.

In the present work this idea is carried over to the case oéoudés, with applications to large, hetero-
geneous systems in mind. The purpose is to display the fdihand introduce the idea of the incremental
scheme in order to construct the Green function. We deneatestinat this particular combination of an
incremental scheme based on local orbitals and the Greetidartheory allows for numerical efficiency
and generates an analytic tool with local resolution. Ohedlteory is laid out, the use of the Green func-
tion and its underlying incremental scheme is demonstriatedsimplified application to the problem of
charge transport across a molecular junction. The junésidimought of as two gold electrodes which are
linked via thiol bridges to meta— and para—dithiolbenzém&ec[® the theory is explained. The numerical
results are discussed in SEEk. 3 and BEc. 4 contains our sasu

2 Theory

The Landauer theory used to calculate the transmissiofficieet across a molecular junction to be dis-
cussed below rests on the calculation of the one—partiadeifunction for the region between the junc-
tions. Fig.d shows a sketch of what we refer to as a molecutation. It shows an organic molecule
between two electrodes, which allow to contact the moleanttmeasure its current—voltage characteris-
tic. A molecule linked via thiol-bridges to gold electrodsgts a canonical example for such a system.
Recently we implemented a wave function baabdnitio procedure to set up the Green function for
band structure calculations in solids and polymer$[32[333, Physical insight and numerical efficiency
were derived from an incremental scheme in real spadd [3(B53[136]. Here we apply similar ideas to
the problem of molecular junctions. The calculation of theéh function is described in SécJ2.1. The
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combination of the Green function method with the so caltetémental scheme is derived in Jec] 2.2,
while Sec[ZB depicts the Landauer theory.

2.1 The Green function

The starting point of our approach are localized HartreekKblF) orbitals for the molecular region be-
tween the electrodes, which is in the simplest case the balecoie (cf. below). In terms of such orbitals

a model space P and excitation space Q are distinguishdufexaimple of virtual states (the case of occu-
pied states being completely analogous) as follows: Theatgmhce P describing the HF level comprises
of the (V + 1)—particle HF determinant|3;>, while the correlation space Q contains single and double
excitations|c) on top of|n):

‘77> = CM‘I)HF>a ‘O‘> = Cica‘n% Ciclcacb”ﬁ (1)

P=>"|n)l, =>_la)al. @)

In this local description indices provide an orbital indexhich is normally taken to indicate a local HF
orbital. The idea of locality translates into a restrictafithe area the orbital can be chosen from to one
or more contiguous spatial parts of the molecule. It is ingutrto note that by enlarging the size of the
spatial area thus covered, this approximation can be ckénla systematic way for convergence. A very
important implication of this procedure is that the cortiela methods employed must be size—consistent.
This idea is elaborated upon in SEC]2.2.

The Green function approach has precisely the merit of bieinigpsically size—consistent, so that a di-
agonalization allows to go beyond perturbative resultstaiténg to the above notation the Green function
Gum(t) = —i(T[ca(0)cf, (1)]), whereT is the time—ordering operator and the brackets denote trage
over the exact ground-state, can be obtained from Dysonaten as:

Gam(w) = [w = F = 2(w)] o - )

nm

Here the self energ¥y, (w) which contains the correlation effects, has been introduGg,  (w) is the HF
propagatm{G0 (w)} ;:1 = w — Fun. The correlated energies are given by the poles of the Grawtibn
which are numerically iteratively retrieved as the zerothefdenominator in Eq[X3). To construct the self
energy the resolvent

[w—H®+i0t] ) 4)

is needed. It can be gained from diagonalization of the Hamikn
[H®aar = (a|H — Eo|a’), (5)

where the statebw, o'} are those of the correlation space Q as in Eg. (1).
Along with a straightforward implementation several pesaitive approximations have been derived
and analyzed. Theoretical connections to the perturbetfeetive Hamiltonian[31] were also established.

2.2 The incremental scheme

The efficiency of the procedure is derived from the applaratf an incremental scheme as follows: A
sketch of the idea is given in Figl 2.

As subsets of the incremental scheme some arbitrary spatie of a molecule, representing a suitable
partitioning, are chosen for this example. An incremenedaiiption of the transmission coefficieft
could start with a correlation calculation, in which onlycéations inside one of the regions 1-\4, g.
region |, are allowed. This results in a contribution to tleerelation correction to the self energy, and
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ultimately to the transmission coefficient T. With excitats on top of this being restricted to within region

I, the so called one—body increment approximation to thestrassion coefficient is obtained from Eig.J(10)

to be discussed in detail in the next section. Here we justrasssome correlation method to calculate
T would be available. Of course, there are as many one—bodgrrents as regions chosen to map the
system. They are thus indexed with the region they are iefgto. In a next step the calculation is repeated
with excitations correlating the charge carriers beingvedld to a region enlarged by one additional part
1. The difference with respect to the one—body incremeeantisolates the effect of additional excitations
involving this additional region Il and constitutes the tbmdy increment as shown in Eql (7). This

procedure can be continued to more and more regions. In ththersummation Eq[]9) of all increments

is the final approximation to the sought transmission cdefic

ATY = T! (6)
ATLH _ TI,II _ ATI _ ATH (7)
ATI’H’IV _ TI,II,IV _ ATI’H _ ATI’IV _ (8)

ATH’IV _ ATI _ ATH _ ATIV

T = SN ATA L

v
As>p—g ATHP+ ©)

v A,B,C
Aspsc—1 AT +

From the experience gained with the incremental schemesingplication to the self energy, a rapid
decrease of increments both with the distance betweengimsinvolved and with their number included
in the increment can be expected. This means that only a feeriments need to be calculated. Itis crucial
to emphasize that the cutoff thus introduced in the summaiip [3) is well controlled, since the decrease
of the incremental series can be explicitly monitored.

Furthermore physical information can be extracted fronminbeemental scheme. In general the relative
weight of specific increments with respect to others helpdeatify important correlation contributions.

In earlier applications to band structure calculationsaswiemonstrated that the correlation correction
v = (LUMO — HOMO)ur — (LUMO — HOMO)corr Of the band gap gives a suitable measure of
the correlation effects accounted for, whéf&/ M O — HOM O)yr is the HOMO-LUMO gap on the HF
level and(LUMO — HOMO)corr is the correlated result. This correction can also be usedtaget
quantity for the incremental scheme in very much the samé ggithe transmission coefficient inserted
above.

2.3 The Landauer Theory

From the Green function, the transport coefficiéhtan be straightforwardly obtained in the frame of
the Landauer formalism [37]. This theory constitutes arrapimation, assuming zero voltage across the
junction, which is frequently adopted and finds its justifiga in the zero-current theorem21].
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In this contextl” is given by

T = Tr{l'LGTrG'} (10)
Ty = i[So— i (11)
Yo = HumoaG?, Honm (12)
a = L,R, (13)

where the indices L,R refer to the coupling to the left (L) &hne right (R) electrode and can be obtained
from the self energies of the respective coupling regiorshasvn in Eq.[(Il1). The self energies in turn are
obtained in a partitioning approach as depicted in EQ. (H#2Ye, the index M refers to the molecule. Eq.
(@2) requires in principle the exact knowledge of the ismdaead surface Green functiaif,, for both
sides of the junctiond = L, R). In the wide band approximation, which has been adopteditiirout this
work, the coupling self energies provide an overall widgrofithe molecular energy levels, in particular
at the thiol bridges, due to the interaction with the enemytinuum provided by the metall[6]. This ap-
proximation introduces a coupling between molecule anctldes parameterized by a coupling strength
§ which replaces the evaluation of EG112).

The Green functior represents the entire system and is to be obtained from aigradpproach
leading to:

—1

—1
Gmm = [G%/[M - XL —Yr| , (14)

where the superscrifit refers to the Green function of the bare molecule, obtaimedh ftheab initio
incremental scheme to be discussed below in Bek. 2.2. (Heeeeis displayed for the key quantity T,
but has been shown in earlier applications to also hold fstif energy:, hence for the Green function
itself, cf. Ref. [32] 3B _34]).

3 Resultsand Discussion

The theory presented has been applied to both meta— andditardbenzene. A Valence-double-zeta
(vdz) basis set with polarization functions was used thhoug the calculations, henceforth denoted as set
A. For the purpose of test calculations a smaller basis setvittiout polarization functions) denoted as
setB was used as well. In a first preparatory step localized HRalgbwere obtained for the molecules
employing the Pipek-Mezey option of the program package MRO [38]. The four—index transformation
was accomplished by means of the HF program package WANNBER&nd the subsequent correlation
calculations were performed by the program GREENS devedlapeur laboratory[I32,_33]. First the
self energy and the Green function were calculated for thie blecule to various levels of accuracy
according to the incremental scheme. The Green functiorntheasinserted into the Landauer formalism
in the frame of the wide band approximation to obtain thedmnaission coefficienf” across a molecular
junction with gold electrodes.

3.1 meta—dithiolbenzene

The incremental scheme leaves the partitioning of the nutdeiato different regions to the user. In the
left panel of Fig[® the partitioning underlying the follavg analysis for meta—dithiolbenzene is depicted.
The parts denoted | and IV comprise the thiol bridges, whilgll and 11l constitute the carbon ring. Of
course by intuition a partitioning of the carbon ring andritsystem would not seem physically reasonable,
and indeed this will be confirmed in the end. At this stage,dw@w, we would like to demonstrate the use-
fulness of a local analytic tool in analyzing precisely sqdestions. With this partitioning the incremental
scheme is applied both to the correctipto the HOMO-LUMO gap and the transmission coefficiéht
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Throughout this work{" is evaluated at the Fermi—level which was determined by simgpthe charge
neutrality condition for the extended system under comatitm.

To illustrate the procedure, we first performed calculaion meta—dithiolbenzene using the basis set B.
The results are summarized in Téb. 1. The calculations wene for a value of 3 eV for the external
coupling paramete#. The molecule was partitioned into four increments numtbérél, 11l and IV as
indicated in the left panel of Fifd 2. The third row of Tab. Jwels the results when we consider only all
one-body increments denoted as 'S’. The correction for tRdViD-LUMO gap amounts to 2.414 eV if
the correlation of the electrons is calculated by means o2 kgecond order Mgller-Plesset theory). This
result can be improved when next-neighbored two—body mmerds (denoted as 'nn-D’) are considered
additionally. By comparing the last two entries in the setanlumn it can be noticed that including
only one—body increments and two—body increments in theutation reproduces almost the correlation
contribution of the whole molecule. The same can be notickenithe Epstein-Nesbet theory to second
order (EN2) is applied to calculate the correlation conttitm. The results are depicted in the third col-
umn. Here the values are somewhat increased with respeut tlP2 results, because beside the Fock
contributions of the diagonal elementsif* the coulomb -and the exchange contributions of the diagonal
elements ofd * are included in EN2 while MP2 only considers the Fock contidns of the diagonal
elements of F [31]]. The calculated values obtained by applying a full diagization for all one—body
increments is given in the fourth column. The results shotediy the local properties of the correlation
contributions, since the one—body increments include thimpart of the correlation energies apart form
a little difference which mainly is included in the two—boihcrements. The same observation can be
made for the transmission coefficient. The full correlatimmtribution (in the sense that all increments
are accounted for, meaning the entire molecule has beeelatu) is approximated by just considering
one—body and two—body increments (S and D). So it can bedstait is unnecessary to include n—body
increments withn > 2. This fact gives rise to an important conclusion: The nuoaeffort for the corre-
lation calculation can be lowered drastically. For thisgmse the one—body increments are treated by full
diagonalization because they include the main part of tiheetadion while the two—body increments could
even be treated by perturbation theory.

In all of the following calculations, however, diagonalina is performed for all increments and the
basis set A is employed. Higher ordered increments willrabaishown to be of minor significance.

For this case we again start by discussing the results & shown in Talf]l2. Again the row denoted
'S’ refers to the result including all one—body incrementsiler'S+D’ also accounts for all two—body
increments.

The one—body increments account for most of the correctfothe HOMO-LUMO gap, changing
the HF value of 11.619 eV by an amount of 5.712 eV. Includidgwb—body increments brings the
HOMO-LUMO gap down by another 1.711 eV. These calculatioasvdone without coupling to the gold
electrodes.

Once the coupling is switched on, the Landauer theory altoveslculate the transmission coefficient
T. In Fig.[d T is calculated in dependence of the coupling/arying é might be thought of as modeling
different geometries at the junctions continuously, fareple the distance between the electrodes and the
molecule. In order to establish the connection to morestalilescriptions we have run a test calculation
to estimate typical values of the gold—sulfur coupling faypical covalent Au—S—distance of 2.§B[40]
with the program package MOLPRD |38] and found couplinggraés in the range of 4 to 5 eV. The HF
results are depicted by dashed lines while the solid linkides the correlation effects. The transmission
sets on as soon as a finités chosen and then increases monotonously itha peak value at around 8
eV. With still increasing coupling the transmission theglades again. The interpretation of this behaviour
is as follows: As the coupling is switched on, the thiol ssatéll hybridize with the gold atoms, leading
to a broadening of the respective molecular states at thepyapsing electron density into the former
HOMO-LUMO gap. Conductance then becomes possible. Withieeeeasing coupling the broadening
of the molecular states then leads to distributing eleatrdensity into the tales of the spectrum away
from the gap region, thus lowering the transmission agalme dverall tendency is the same for HF and

(© 2003 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



pss header will be provided by the publisher 7

correlated results. The role of the correlation corredigrio increase the transmission across the junction
quantitatively to some extent.

Selected typical values @fare taken to investigate the incremental scheme.[Tab. &gisphe results
for the transmission coefficient T. The denomination of thes is as above with 'S’ referring to one—body
increments only and 'S+D’ including the two—body corrensas well. Calculations were done for three
different values of the external coupling parametecorresponding to the increasing branch (4 eV), the
peak region (6 eV) and the decreasing branch (10 eV) of thghgreFig.[3. (As estimated above a typical
covalent situation would be expected to be situated betweard 5 eV).

In all three cases the HF values are corrected to some extahelone—body increments. The two—
body increments then only give minor corrections being ateoof magnitude smaller. Far = 6 eV
the HF value of 0.576 is corrected by the one—body incremanin amount of 0.048 or 8% to 0.624.
The inclusion of two—body increments only contributes aeot0.007. This drop establishes the rapid
convergence of the incremental scheme.

3.2 para—dithiolbenzene

For the sake of comparison and to elucidate the role ofltheystem we also did calculations on the
para—ditholbenzene, which is sketched in the right pan€igfd. Contrary to its meta—version it has an
inversion symmetry with respect to its center of mass. Nuwzless we decided to split the carbon ring
again into two asymmetric parts, a larger one (region |V,arggart) and a smaller one in the lower part,
denoted as part II. We would like to use the incremental sehtarinvestigate how the different parts
contribute to the correlation effects.

The results are shown in Tdl. 4 for both the correlation etioe v to the HF HOMO-LUMO gap
and the transmission coefficient T. The terms 'S’, 'S+D’ afd-D+T’ refer to inclusion of one—body,
two—body and three—body increments. As in the case of tha system discussed in the previous section,
most correlation corrections are assessed with the ong-horkments, which correct the HF value of
the HOMO-LUMO gap of 11.309 eV by an amount of 6.021 eV. Inidnf two—body increments leads
to an additional correction of 1.041 eV, while the three~pimttrements together only amount to another
-0.003 eV. This confirms that converged results are alreathimed on the two—body increment level and
justifies the cutoff applied to the incremental series dftetwo—body contributions for the calculations on
the meta—dithiolbenzene in the previous section. It is irtgpd to note that the incremental scheme thus
allows for a well-monitored and significant simplificationthe numerical effort, since the space to be
diagonalized for two—body increments is in general sigaifity smaller than with three regions included.
As can be seen from the last column in Tab. 4, these findingsoafirmed for the transmission coefficient
T in very much the same way. As for the case of meta—dithioleeezthe convergence is even faster than
for the gap correction. The HF value is changed from 0.274.6®0or 20% to 0.328 by the one—body
increments alone. Two—body increments only correct by0O® &nd three—body increments contribute a
meager -0.001.

We now turn to an analysis of the carbon ring contributionsthis end we check explicitly the com-
binations of the two—body increments where one part of thg i associated with the left thiol-bridge or
where both parts are included and register their influendd®ap correction. The upper and lower part
(increments IV and Il) are combined with the left thiol-gpofuegion | in the right panel of Fifll 2) to give
the combinations '1+4’ and '1+2’, respectively, in Tab. selimprovements on top of the one—body cor-
relation contributions are virtually negligible, amoungito 0.004 eV and zero, respectively. On the other
hand, the two—body increment '2+4’, which describes themeir carbon ring, gives a large contribution
of 0.543 eV. Hence the inclusion of the entire ring systensieatial for a quantitative description. This
analysis shows that the incremental scheme might not onlysbd as a method to reduce numerical cost,
but could at the same time serve as an analytic tool with d tesalution.
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4 Conclusions

This work introduces an incremental scheme based on locairHials to construct the self energy and
ultimately the Green function with correlations includedainab initio way. The scheme has been car-
ried over from the case of translationally invariant systemheterogeneous systems such as molecular
junctions. The theory combines different ideas into a fdagirocedure and has been put forth in detail.
The construction of the Green function and related quastitvas exemplified by calculations on para—
and meta—dithiolbenzene. The correlation correction @HOMO-LUMO gap was discussed in terms of
incremental contributions, and a rapid convergence ofribeemental series was found. In the frame of a
simple model, the so called wide band approximation, theemadé was then linked to gold electrodes, and
the Landauer theory was used to calculate the transmiseffigent across the thus modeled molecular
junction. This simple analysis demonstrates how the inergal construction of the Green function could
be put to use for the investigation of unconventional systeirhigh interest. The rapid convergence of
the incremental series when applied to the transmissiorestablished. Furthermore the usefulness of the
incremental scheme as a local analytic tool became manifest

In sum the presented approach allows to efficiently assasslation effects in heterogeneous systems
such as molecular junctions and allows to focus on partiqdés of the system. We believe the presented
technical analysis allows to start with a series of cal¢otet comparing the transmission profile of different
molecules in the same environmental context and could #ac o new insights into the understanding
and engineering of molecular junctions.
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10 M. Albrecht, A. Schnurpfeil, and G. Cuniberti: From A Lé&reen Function to Molecular Charge Transport

Table1 Correlation correctiony of the HF-HOMO-LUMO gap of meta—dithiolbenzene (Column.2F4e values
are given in eV)xyqiq4 labels the correlation correction obtained by full diagdization. The last column contairs
at the Fermi-level. Coupling to the electrodes is accouritedy applyingd with a value of 3 eV.

increments: IMP2 | VEN2 | Ydiag | TwMp2
HF (HOMO-LUMO gap: 12.019 eV 0.108
all S 2.414| 2.789| 3.900| 0.176
all S + nn-D 2773 | — — —

allS+D 2.919| 3.436| — 0.179
full correlation contribution 2.921| 3.439| 4.636| 0.179

(© 2003 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 2 Incremental scheme for the correlation correctigrnto the HOMO-LUMO gap. with different coupling
constants) (in eV). Row 'S’ gives the correlated results with all oned$pincrements included, row 'S+D’ also takes
into account all two—body increments.

increment| narrowing ofthegag A ||

HF HF-gap=11.619
S 5.712 5.712
S+D 7.423 1.711

(© 2003 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



12 M. Albrecht, A. Schnurpfeil, and G. Cuniberti: From A Lé&reen Function to Molecular Charge Transport

Table 3 Incremental scheme for the transmission coefficiemtt the Fermi—level with different coupling constants
6. Row 'S’ gives the correlated results with all one—body éments included, row 'S+D’ also takes into account all
two—body increments.

0=401|d=6.0| =100
HF 0.474 0.576 0.603
S 0.526 0.624 0.635
S+D | 0.534 0.631 0.640

(© 2003 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table4 Incremental scheme for the transmission coefficieiat the Fermi—level and for the correlation correction
~ to the HOMO-LUMO gap (in eV) calculated at a coupling conssan= 2¢V. Row 'S’ gives the correlated results
with all one—body increments included, row 'S+D’ also taket® account all two—body increments while 'S+D+T’
states the results up to three—body incremett@nd A+ monitor the incremental improvement.

increment | narrowing ofthegapl A T | Ar
HF gap=11.309 0.274
all singles 6.021 6.021 0.328| 0.054
1+2 6.021 0.000
1+4 6.024 0.004
2+4 6.564 0.543
all doubles 7.062 1.041 0.322 | -0.006
all triples 7.059 —0.003 || 0.321| -0.001

(© 2003 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Al Al

Fig. 1 Sketch of meta—dithiolbenzene illustrating the princgrleangement of so-called molecular junctions.

(© 2003 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Fig. 2 Sketch of the incremental scheme, exemplifying a possibiiéigning of the meta—dithiolbenzene (left panel)
and para—dithiolbenzene (right panel) comprising fourtgatenoted as |, Il, Il and IV.

(© 2003 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



16 sport

1 T T T I T

- — Correlated results
- —— HF-results
= 08— —
Q
S L -
D
O 0,6 e mm == <> _
U /// \\\\
c s N
S ~ TS |

/ SN
3 0,4 / R
é A // 1
g L // i
/
9 /
=02 // _
/
7
L/ i
0 1 I 1 I 1 I 1
0 10 15 20

5
External coupling constani [eV]
Fig. 3 Transmission coefficierif at the Fermi—level for the meta—dithiolbenzene in depecelaf the contact pa-

rameters for the HF-results (dashed) as well as for the correlatedutisswith one—body— and two—body increments
included (solid).
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