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S1 Results for various forms of transmission

We present below a few special cases of the transmission func-

tion expressed by eq 12 in the main text:

(c) Gaussian transmission (δ = 2 in eq 12)
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(d) Exponential transmission (δ = 1 in eq 12)
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(e) WKB-like transmission (δ = 1/2 in eq 12)
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S2 Crossover between lower and higher tem-

perature regimes

Figures S1, S2, S3, S4, S5, S6, and S7 depict results for the

crossover temperature Tc for generalized exponential trans-

mission functions characterized by several values of the ex-

ponent δ .

S3 Supplementary results on the accuracy of

the analytical interpolation formula

As noted in Section 4, eq 4 (alternatively, eq 9) represents an

approximation of the exact zero bias conductance expressed

by eq 2. In addition to Figure 1 of the main text, which refers

to the case of a Lorentzian transmission, the example pre-

sented in Figure S8 illustrates that also in the case of a general-

ized exponential transmission this approximation represents a

reasonable interpolation between the zero temperature and the

high temperature limit. Noteworthy, the parameters chosen in

Figure S8 represents a model calculation corresponding to the

smallest energy offset (ε0 = 43.14 meV) of Figure 11, which is

only moderately larger than the thermal energy at room tem-

perature (kBTRT = 25.6 meV), and one may suspect that the

two peaks of the integrand of equation 2 are not enough sepa-

rated, which is detrimental for the approximation expressed by

equation 3 underlying eq 9. However, as visible in Figure S8,
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Fig. S1 Results for the crossover temperature Tc in case of a

generalized exponential transmission of exponent δ = 0.5.

the interpolation formula, eq 9, is reasonable accurate even in

such cases.

S4 Remark on experimental data for single-

molecule junctions based on Zn-porphyrin

Figure S9 depicts experimental conductance data at variable

temperature in single molecule junctions studied in ref. 1.

They were obtained by digitizing the information presented

in Figure S12 of that work. Notice that because the tempera-

ture range sampled in experiment was not broad enough, both

in logarithmic y-scale scale (panel a) and in linear y-scale the
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Fig. S2 Results for the crossover temperature Tc in case of a

generalized exponential transmission of exponent δ = 0.5. The

difference from Figure S1 is that the range of g0K shown here is

broader.

data exhibit a roughly linear dependence. As discussed in the

main text, this makes impossible a reliable extraction of the

model parameters ε0 and ∆ (or g0K).

S5 Results for the fluorine atom

To demonstrate that the accurate determination of MO en-

ergy offset values ε0 ∼ 0.1 eV of interest in the context of the

present paper is a formidably challenging task of theory, we

will briefly discuss below the very simple case of a single flu-
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Fig. S3 Results for the crossover temperature Tc in case of a

generalized exponential transmission of exponent δ = 0.656. The

difference from Figure 4 is that the range of g0K shown here is

broader.

orine atom. Experimental and theoretical results for the lowest

ionization potential IP →−EHOMO and lowest electron affin-

ity EA→−ELUMO are collected in Table S1. Along with DFT-

values computed via the Kohn-Sham (KS) HOMO and LUMO

energies, we present theoretical estimates obtained with two

methods representing the state-of-the-art of quantum chem-

istry: coupled cluster (CC) expansions at CCSD level2–4 and

outer valence Green’s functions (OVGF)5,6. In addition to the

polarized double zeta (DZP) basis set (GAUSSIAN 097 key-

word D95V) — which represents the highest level for DFT
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Fig. S4 Results for the crossover temperature Tc in case of a

generalized exponential transmission of exponent δ = 1. The

difference from Figure 5 is that the range of g0K shown here is

broader.

transport calculations done in conjunction with nonequilib-

rium Green’s functions (NEGF) —, very high quality basis

sets were utilized (GAUSSIAN 09 keywords in parentheses)

to compile Table S1: augmented correlation-consistent Dun-

ning basis sets of triple (aug-cc-pvtz) and quadruple (aug-cc-

pvqz) zeta quality as well as the Pople’s highest quality basis

set (6-311++g(3d, 3p)).

The DFT calculations were done with the LDA and GGA-

PBE exchange correlation functionals used in refs. 1 and

8, respectively (GAUSSIAN 097 keywords SVWNS and
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Fig. S5 Results for the crossover temperature Tc in case of a

generalized exponential transmission of exponent δ = 1.5.

PBEPBE, respectively).

By inspecting Table S1 one can conclude that, as well

known,9 DFT KS-energies represent totally unsatisfactory es-

timates for the experimental values. Although much better,

CCSD and OVGF estimates using polarized double zeta func-

tions are far from being acceptable quantitatively. To obtain

reasonable estimates of the energies of the frontier molecular

orbitals, very quality basis sets are needed, which are much

too demanding computationally when used in calculations for

molecules linked to electrodes.
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Fig. S6 Results for the crossover temperature Tc in case of a

generalized exponential transmission of exponent δ = 1.5. The

difference from Figure S5 is that the range of g0K shown here is

broader.
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Fig. S7 Results for the crossover temperature Tc in case of a

generalized exponential transmission of exponent δ = 2. The

difference from Figure 6 is that the range of g0K shown here is

broader.

0 20 40 60 80 100 120 140 160 180 200
1000/T (K)

10
-5

10
-4

10
-3

10
-2

g
=G

/G
0

Exact conductance, eq. (2)

Approximate interpolation, eq. (9)

δ-transmission

ε0 =43.14  meV

∆=1.26  meV

δ=0.656

Fig. S8 The green line shown in this figure, obtained via eq 9

represents the interpolation of the exact curve (red line) for

conductance computed from eq 2 for a transmission expressed by 12

having the smallest exponent (δ = 0.656) shown in Figure 11.
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Fig. S9 Experimental conductance data (red points) on molecular

junctions based on Zn-porphyrin monomers obtained by digitizing

Figure S12 of ref. 1 depicted as lng vs 1/T (panel a) and as g vs 1/T

(panel b). Notice the almost linear dependence in both panels; a

consequence of the fact that the T -range sampled in experiment is

too narrow for the present purposes.
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