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Abstract

Fullerenes have attracted interest for their possible applications in various electronic,

biological, and optoelectronic devices. However, for efficient use in such devices, a

suitable anchoring group has to be employed that forms well-defined and stable contacts

with the electrodes. In this work, we propose a novel fullerene tetramalonate derivate

functionalized with trans-1 4,5-diazafluorene anchoring groups. The conductance of

single-molecule junctions, investigated in two different setups with the mechanically

controlled break junction technique, reveals the formation of molecular junctions at

three conductance levels. We attribute the conductance peaks to three binding modes

of the anchoring groups to the gold electrodes. Density functional theory calculations

confirm the existence of multiple binding configurations and calculated transmission

functions are consistent with experimentally determined conductance values.

Introduction

For many years a wide variety of fullerene derivatives has been reported and their potential

applications as electronic, magnetic, catalytic, biological and optical materials have been

explored.1–7 In particular, C60 and its derivatives are ideal candidates for molecular-based

devices because of their interesting and unique electronic properties.8,9 One of the long-

standing challenges in obtaining functional molecular electronic devices is the transport of

electrons through single molecules;10,11 i.e. it is necessary to guarantee molecular conduction

through a single molecule rather than through a group of molecules.12 The electron transport

properties of single molecules can then be controlled electrically, magnetically, optically,

mechanically or chemically to obtain the desired functionality.13 However, in the case of

fullerene derivatives, the groups used to functionalize the carbon cage may also modify the

electronic properties of the molecule.14 In addition, the molecule needs to possess anchoring

groups that will form well defined and stable molecular junctions with the electrodes.15–17

Therefore, the orientation and nature of the anchoring groups will affect the charge transport
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properties of the molecule. Finding a suitable anchoring group to connect C60 electrically

would be an important step towards more interesting derivatives in the future.

Charge transport in pristine C60 has been studied for a long time using both scanning

tunnelling microscope break junction (STM-BJ)18,19 and mechanically controlled break junc-

tion (MCBJ)20,21 techniques and conductance values around 0.1 G0 have been reported; here

G0 is the quantum of conductance equaling 2e2=h = 77.48 �S.22,23 Taking advantage of its

affinity for metals, C. Martin et al.24 studied a ‘dumbbell’ benzene-difullerene (BDC60)

derivate in which C60, at both ends of the molecule, acts as the anchoring group. The single

peak of conductance found at 3 � 10�4 G0 for this derivative was attributed to a transport-

limiting barrier created by the nitrogen atoms of the pyrrolidine rings that are connected to

the benzene backbone.25 An analogous work with a dumbbell fullerene molecule reported a

conductance peak around 1 � 10�4 G0 confirming the low conductance values for functional-

ized fullerenes.26 Additionally, a more recent study of a dumbbell fullerene derivative shows

two different electronic transport configurations, one assigned to the transport through the

molecular bridge and the second, at higher conductance values, ascribed to a single C60 an-

choring group trapped between the two adjacent electrodes.27 These two peaks differ by two

orders of magnitude (10�1 G0 and 10�3 G0), which is relatively consistent with the previous

reported values for pristine C60 fullerenes18–21 and dumbbell C60 fullerene derivatives.24–26,28

We can also find theoretical studies that support these results29,30 and experimental studies

of other C60 fullerene derivatives, i.e. amino-terminated derivatives.31

In this work, we study the molecular conductance through single-molecule junctions

of a C60 fullerene all-equatorial tetramalonate derivate functionalized with trans-1 4,5-

diazofluorene anchoring groups32 (see structure in Fig. 1b and hereafter denoted as C60-daf

for convenience). The diazafluorene anchoring groups are perfectly perpendicularly oriented

with respect to the fullerene surface, and linearly disposed with respect to each other. Four

equatorial diethyl malonate groups were added to the C60 to avoid direct interactions between

the gold electrodes and the fullerene cage. The ethyl esters in these groups have high contact
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resistance and low binding energy to gold, which effectively renders them bulky groups that

block access to the C60 cage.33 This aspect and the evidence of direct coordination between

the diazafluorene groups and many metal ions32,34 suggest that the formation of a molecu-

lar junction occurs only through a linear arrangement of diazafluorene groups and the gold

electrodes. Such a junction structure allows the study of charge transport through the car-

bon cage of the fullerene derivative. The computational simulations performed indeed show

preferential binding of the nitrogen atoms to the gold leads and that the highest occupied

molecular orbital (HOMO) is sufficiently well communicated to allow the electronic transfer.

Because one of the biggest challenges in molecular electronics field is to have comparable

and reproducible results between different techniques, instruments, or data sets, we have

performed our experiments in two identical MCBJ setups located in two different laboratories

in Delft and Santiago de Chile.

To the best of our knowledge, the diazafluorene group has never been tested as an an-

choring group before.35,36 In addition, charge-transport studies using a C60 derivative with

trans-1 terminal groups to form molecular junctions with gold electrodes have not been

reported.

Results and discussion

The conductance of C60-daf (Fig. 1b) was measured in air at room temperature. Both MCBJ

setups (the setups are copies and made in Delft/Leiden) and the measuring technique have

been extensively described elsewhere.37,38 To fabricate the MCBJ devices (Fig. 1a), e-beam

lithography is used to deposit a gold wire with a thin (<100 nm wide) constriction on a

bendable substrate. The substrate is then bent by driving a pushing rod onto its middle

part while keeping its edges clamped. This causes the gold wire to stretch until a single gold

atom connects the two extremities. Further bending results in a breaking of the wire forming

two sharp electrodes. The single-gold atom termination can be observed in a conductance
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vs. electrode displacement trace (breaking trace) as the formation of a plateau around 1

G0. A sudden drop in conductance to about 10�3 G0 signals the rupture of the gold wire.

This point is defined as the zero displacement (d = 0) in a breaking trace. After the initial

opening of the junction, the electrodes are moved apart and the conductance is recorded

until the noise level is reached. When this sequence is finished, the electrodes are fused back

together until the conductance is above 30 G0 and the whole process is repeated.

We start each experiment by characterizing the bare device. We apply a bias voltage of

0.1 V to the gold wire and measure the current passing through it while repeatedly opening

and closing the junction. A device is used for molecule measurements only if it shows

just vacuum tunneling and a clear single-gold atom, 1 G0 plateau.39 An �30 �M solution

with the molecules under investigation is prepared by dissolving the starting compound in

dichloromethane. Two 2 �L droplets of the solution are subsequently drop-cast on the freshly

characterized device.

A data set is composed of thousands of consecutive breaking traces from individual junc-

tions recorded with the same settings and is used to construct a 2D conductance histogram

(conductance vs. electrode displacement).39 By integrating over the displacement, a one-

dimensional histogram is obtained, from which the most probable junction conductance is

usually estimated. To facilitate the identification of molecular traces, a home-made MatLab

program is used to select traces that have high counts in the conductance region of interest.

The filtering method is based on the fact that if a molecule is not trapped in the junction

the conductance decreases exponentially; the corresponding breaking trace therefore does

not display many counts in the high-conductance region. The filtering procedure can also be

used to estimate the percentage of junctions that contain a molecule. To construct the 2D

histogram in Fig. 2a, we used the following criterion: traces that have 1.2 times the average

amount of counts in the 1 � 10�4 to 1 � 10�6 G0 region are selected. The inset in the same

figure displays the traces that did not satisfy the requirements and were therefore excluded

from the selection. The sum of these two histograms thus constitutes the complete data set,
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which can be found in the Supporting Information (Fig. S1). We have furthermore verified

that when adjusting the filtering criteria the main conclusions of the paper do not change

(see Supporting Information Fig. S4-S5).

The 2D histogram in Fig. 2a shows a high-count region around 10�5 G0, which extends

up to 1.5-2 nm. The counts are concentrated mostly around two values and a log-normal fit

of the one-dimensional histogram (Fig. 2c) indicates that the corresponding most probable

conductance values are 2:3�10�5 (peak A) and 7:9�10�6 G0 (peak B). The individual breaking

traces show that the plateaus can (traces i-ii in Fig. 2b) but do not always appear together

(trace iii). Some breaking traces also show a third plateau around 2 � 10�6 G0 (traces iv-v

in Fig. 2b), but their appearance is not as frequent. Including this third peak in the fitting

increases the accuracy of the fit and yields a conductance value of 1:8 � 10�6 for peak C.

The experiment has been repeated in Santiago de Chile by the group of D. Dulić. Fig. 3a

shows the two-dimensional histogram obtained from a selection of the 5.000 traces collected

(same criterion as used in Fig. 2a; a histogram made from the rest of the traces is shown

in the inset). The same bias voltage of 0.1 V as in Delft was used, but the electrode speed

was one and a half times higher in this case. The plot confirms the same high-count region

near 10�5 G0, displaying a striking resemblance with the one measured in Delft. In addition,

the histogram measured at Santiago de Chile more clearly shows the high counts in the

low-conductance region, centred around 2 � 10�6 G0 and extending to lengths of 1.5 nm.

The one-dimensional histogram (Fig. 3b) highlights this area with a peak in conductance,

from which the most probable conductance value of 1:7 � 10�6 G0 (peak C) is obtained. The

log-normal fit of the higher conductance region yields 3:1 � 10�5 (peak A) and 7:7 � 10�6 G0

(peak B), values which are close to those found in the measurements performed in Delft.

From the conductance histograms in Fig. 2-3 it is evident that peak A represents the

most probable formation of molecular junctions in both measurements. The measurements

obtained in Delft show the presence of peak B more clearly, whereas peak C is more pro-

nounced in the measurements from Santiago de Chile. A comparison between the fit results
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obtained from fitting the data set acquired in Delft and in Santiago de Chile can be seen in

Tab. 1. The values obtained from two other samples are also included within parenthesis,

with the corresponding conductance histograms shown in the Supporting Information (Fig.

S2-S3). The conductance values for the three peaks obtained in Delft and in Santiago de

Chile match very well. The width (w) of peaks A and B is very similar in both cases, whereas

that of peak C is different. We attribute this difference to the difficulty of fitting peak C

in the sample obtained in Delft. A more refined data selection shown in the Supporting

Information shows an improved fitting of this peak (Fig. S4). Furthermore, peak A is more

prominent in the measurements from Santiago de Chile, while its importance is less striking

in those from Delft. This is true for all samples except one presented in the Supporting

Information (Fig. S3). Peak C is the smallest one in all measurements.

Recently, Seth et al.40 studied the conductance through a bis-terpyridine derivate with

the MCBJ technique, finding that multiple configurations that display short plateaus are

accessible for charge-transport with the conductance spanning several orders of magnitude.

Although we could expect a similar behaviour from the diazafluorene group, the number

of accessible conductance configurations should be less because of the reduced number of

nitrogen atoms. Moreover, the C60 and malonate groups contribute to the rigidity of the

molecule, resulting in more stable conductance plateaus, as clearly shown in the data pre-

sented in Fig. 2-3. We tested the behaviour of this molecule in our setup and to be able to

do a more accurate comparison with these previous result we measured its single molecule

conductance. In this case we did not observe well defined conductance values (see Supporting

Information, Fig. S6), again suggesting that the presence of the C60 molecular bridge plays

an important role in obtaining well defined molecular junctions. Moreover, the additional

nitrogen binding site could provide configurations with more similar conductance to each

other, thus hindering their identification.

Although the measurements cannot directly discard the involvement of the aromatic

rings in the diazafluorene units in the charge transport, we would expect a more continuous

7



Pushing rod
Gold wirePolyimide

Phosporous bronze

A
Counter-
support

Figure 1: a) Schematics of the MCBJ devices used in the experiment.37 b) Chemical struc-
ture of the trans-1-bis-diazofluorene adduct of C60-tetramalonate (C60-daf). Malonates are
designated with red balls representing the C(COOC2H5)2 groups.

Table 1: Comparison of the fitting parameters obtained from the measurements in Delft
and Santiago de Chile. The log10 of the peaks found in the one-dimensional conductance

histogram after data filtering were fitted to a triple-log normal (y = h e�
� log10(G=G0) p

w

�2

),
where p is the peak maximum expressed in log10 (G=G0), � is the corresponding conductance
in G0, w is the full-width-half-maximum of the peak expressed in log10 (G=G0), and h is the
peak height (not displayed in the table). The results obtained from two other samples are
included within parenthesis. The conductance histograms of these samples are shown in the
Supporting Information.

Delft Santiago de Chile

Peak � (10�5 G0) p w � (10�5 G0) p w

A 2.3 (2.3) -4.7 (-4.6) 0.6 (0.5) 3.1 (2.8) -4.5 (-4.6) 0.6 (0.6)
B 0.79 (0.87) -5.2 (-5.1) 0.5 (0.7) 0.77 (0.82) -5.1 (-5.1) 0.6 (1.3)
C 0.18 (0.12) -5.8 (-5.9) 0.9 (1.7) 0.17 (0.16) -5.8 (-5.8) 0.6 (0.4)
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Figure 2: a) Two-dimensional conductance histogram built from a selection of the 10.000 con-
secutive breaking traces recorded after drop-casting the solution containing C60-daf. Traces
that had 1.2 times the average amount of counts between 1�10�4 and 1�10�6 G0 were selected
(24.2% of the total). The inset shows the traces that were not selected (i.e., that have less
than 1.2 times the average count in the region under consideration, 75.8%). The breaking
traces have been logarithmically binned in the conductance axis with 49 bins/decade and
with 58.4 bins/nm in the displacement axis. The applied bias voltage is 0.1 V and the elec-
trode speed is 4.0 nm/s. b) Individual breaking traces in the presence of a C60-daf molecule.
Traces are offset along the x-axis by 1.5 nm for clarity. c) Normalized one-dimensional his-
tograms obtained by integrating the breaking traces along the displacement axis. The red
line represents the histogram obtained for the selected traces, the green line from the ex-
cluded traces, and the blue line shows the histogram of the whole data set. The dashed black
line represents the log-normal fit to the selected histogram (red line). Experiment conducted
in Delft, The Netherlands.

9



0

0.02

0.04

0.06

0.08

0.1

0.12

0 1 2
Electrode displacement (nm)

10��

10��

10��

10��

10��

10��

10�

C
on

du
ct

an
ce

 (
G

�)

Electrode disp. (nm)

10��

10��

10��

10�

C
on

du
ct

an
ce

 (
G

�)

0 1

a)

All
Selected 29.6%
Excluded 70.4%

10�� 10�� 10�� 10�� 10�� 10�� 10�
0

4

8

12

16

20
b)

C
ou

nt
s 

/ t
ra

ce

Conductance (G�)

Figure 3: a) Two-dimensional conductance histogram built from a selection of the 5.000 con-
secutive breaking traces recorded after drop-casting the solution containing C60-daf. Traces
that had 1.2 times the average amount of counts between 1�10�4 and 1�10�6 G0 were selected
(29.6% of the total). The inset shows the traces that were not selected (i.e. that have less
than 1.2 times the average count in said region, 70.4%). The breaking traces have been log-
arithmically binned in the conductance axis with 49 bins/decade and with 88.4 bins/nm in
the displacement axis. The applied bias voltage is 0.1 V and the electrode speed is 6.0 nm/s.
b) Normalized one-dimensional histograms obtained by integrating the breaking traces along
the displacement axis. The red line represents the histogram obtained for the selected traces,
the green line from the excluded traces, and the blue line shows the histogram of the whole
data set. The dashed black line represents the log-normal fit to the selected histogram (red
line). Experiment conducted in Santiago de Chile, Chile.
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decrease in conductance if they were involved, instead of the step-like plateaus observed in

the breaking traces. The more continuous decay would in turn result in a broader distribution

of the conductance values instead of the agglomeration around only three separate values,

each with a variance comparable to that of other experiments that employ amino anchoring

groups.41,42

To gain additional insight on the binding configurations of C60-daf, ab-initio density

functional theory calculations have been performed. The transmission function T (E) at zero

bias was calculated using the B3LYP functional (see Computational Details section for a

detailed description of the computational methodology). To consider the different binding

modes of the diazafluorene group, a geometry optimization of this anchoring group and a

Au20 cluster was performed. The lowest energy conformation corresponds to a geometry in

which the Au20 cluster is coordinated to the two N-donor atoms with a distance of ca. 2.45

Å. A relaxed surface scan was then run, elongating the distance between the top Au atom

and the central C atom of the diazafluorene moiety (position 9 of the fluorene moiety, see

Fig. 4). As the distance constraint is not defined with respect to the Au�N distance, the

nitrogen atoms are free to accommodate their position with respect to the gold tip during

the scan.
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Figure 4: a) Au�N distance (blue and red lines) and total energy (black line) at each step of
the surface scan of the diazafluorene-Au20 model. Snapshots of a two- and one- N coordinated
geometry are depicted in the graphic. b) Potential energy surface for the Au�H interaction.

A clear rupture of one of the Au�N bonds occurs at a Au�C(9) distance of 5.35 Å, when

one of the Au�N bonds remains short (blue line) while the other is markedly longer (red

line) (Fig. 4a). Considering the orientation change of the diazafluorene group during the

breaking of the Au�N contacts, it is also convenient to explore the possibility of a van der

Waals contact between the Au and the H atoms in the diazafluorene. Such interactions can

yield additional low-conductance peaks and have been identified in molecular junctions with

thiophene anchoring groups.43 In this way, a second surface scan was performed; this time

by elongating the Au�H distance (see Fig. 4b). A clear minimum is observed at 2.18 Å

when using a dispersion corrected density functional (D3 correction and BP86 functional).

The corresponding Au�C(9) distance is 7.49 Å in this conformation.

The three binding motifs can be combined to yield nine different anchoring patterns to

the gold tips: ranging from a strongly bonded geometry where both diazafluorene groups are

bonded through their two N atoms, to a weakly bonded case with two Au�H interactions.
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Regardless of the specific binding mode, all calculations show a relatively large band gap

(>3 eV), where the LUMO orbital tends to be closer to the Fermi level (between 1 and 1.5

eV above EF) and should therefore dominate electron transport. Despite the relatively large

extension of the molecule, pronounced conductance peaks can be observed. In Fig. 5, broad

maxima are present at �2.5 eV, 1 eV and 2-3 eV, where the Fermi level is set to 0 eV. This

is due to the delocalized nature of the conducting orbitals, associated with the �-systems

of the fullerene and the diazafluorene moieties. In this way, chemical modifications altering

the frontier orbital energies should be efficient in tuning electron transport in this system, as

these orbitals appear as efficient conduction channels due to their extensive delocalization.

It is interesting to consider how the transmission function at the Fermi level is affected

by the different coordination modes of the diazafluorene ligands (Fig. 5). As expected, the

model considering both diazafluorene groups coordinated by two N atoms (2�2 binding)

presents the highest conductance (black solid line). If one of the four N atoms is uncoor-

dinated, one side will have two Au�N bonds and the opposite electrode will present only

one bond (2�1 binding). This situation is represented with a red solid line in Fig. 5 and is

characterized with a significantly lower conductance than the completely coordinated model.

As a result, both coordination modes should correspond to different conductance peaks (A

and B). If another Au�N bond is broken to yield a 1�1 bonding geometry (red dashed line),

we observe a similar conductance to the 2�1 motif. The conductance of both situations is

remarkably similar and should be indistinguishable in break-junction experiments (both are

assigned to peak B). For the 1�1 bonding geometry, we also verified the effect of the relative

orientation of the binding N atoms, calculating the ‘cis’ like conformation (considering the

red dashed line geometry as ‘trans ’ because the Au�N bond is placed at opposite sides in

each anchoring group). Again, the change in conductance is negligible.
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Au-1H

Au-2N 2N-Au

Au-1N 2N-Au

Au-1N 1N-Au

Au-1H 1N-Au

Au-1H 2N-Au

Au-1H 1H-Au

Figure 5: Transmission function for the different binding models. The line colour represents
the number of Au�N bonds at one gold tip and the line style represents the binding mode
at the other end. The solid black line indicates binding by two N atoms at each side. The
dashed red line indicates binding by one N atom at each diazafluorene anchoring group and
the grey dotted line indicates a Au�H van der Waals contact at each side. Mixed colours
and line styles mean mixed binding modes. For instance, a dashed grey line corresponds to
a Au�H contact on one tip (for the grey colour) and one N binding on the opposite side
(dashed line). The Fermi level is located at 0 eV and is indicated by a horizontal dashed
line.

Calculations considering weak Au�H contacts are depicted in grey. We observe two

clear groups, with the one combining Au�H contacts and Au�N bonds at a markedly larger

conductance than the geometry considering only Au�H interactions (dotted grey line). To

summarize, we relate peak A with the highest conductance curve in which both diazafluorene

groups are coordinated by two N atoms, and peak B with the binding motifs which include

only Au�N bonds, where at least one of the binding modes is by only one N atom (red lines).

Peak C is consistent with the presence of one Au�H interaction and explains the lower yield

for this junction geometry, as it involves weak interactions.

The comparison of the relative values of the calculated transmission functions at the

Fermi level and the experimental conductance reinforces this assignment. In log units, the
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difference between the position of peak A and B ranges from 0.5 to 0.6, while the calculated

values for T(E) between black and red lines ranges from 0.37 to 0.46. In the experiment,

peaks A and C are separated by 1.1-1.3 log units, comparing favourably with the difference

between the black and the first group of grey curves (0.82-1.18). The lowest curve (dashed

grey line) is 1.7 log units less conductive than the most conductive mode, and is unlikely

to be detected in the experiment. Furthermore, having weak contacts at both golds tips

simultaneously leads to a weak binding mode, for which it may be difficult to obtain well-

defined conductance plateaus.

The fact that peak B and C each incorporate two different binding arrangements can also

explain why they are generally broader than peak A, which only includes one: they comprise

different configurations which have slightly different conductance values. This can result in

a broadening of the conductance peaks when enough statistics is acquired.

Conclusions

Wemeasured C60-daf with the MCBJ technique in two different laboratories (Delft and Santi-

ago de Chile). The measurements from both locations agree in identifying three most proba-

ble conductance values that we attribute to different configurations between the diazafluorene

anchoring groups and the electrodes. Through DFT calculations using the B3LYP density

functional, we relate the most conductive peak A with the configurations where both Au�N

bonds are present at each side, the middle peak B with the Au�N bonds where at least one

of the binding modes is through only one N atom, and the lowest conductance peak C with

the presence of one Au�H interaction. The presence of multiple stable arrangements and the

relatively low conductance values make this derivative as-is not appealing for employment

in single-molecule devices. However, these results show that this geometry is promising and,

with some modifications, could open the way to further studies in which the C60 backbone

can be modified with different functional groups.
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Figure S1: Two-dimensional conductance histogram built from 10.000 (a) and 5.000 (b) con-
secutive breaking traces recorded after drop-casting the solution containing C60-daf. Panel
a) shows the complete data set presented in Figure 2 while b) shows the one in Figure 3.

II Conductance histograms of two additional samples

We include here the results of the measurements performed on two other samples (Figure

S2-S3). One measured in Delft with a bias voltage of 0.2 V, the other in Santiago de Chile

with a bias voltage of 0.1 V. The results obtained from the �t are presented in the main text.
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Figure S2: a) Two-dimensional conductance histogram built from a selection of the 10.000
consecutive breaking traces recorded after drop-casting the solution containing C60-daf.
Traces that had 1.2 times the average amount of counts between 1 � 10�4 and 1 � 10�6

G0 were selected (25.3% of the total). The inset shows the traces that were not selected (i.e.
that have less than 1.2 times the average count in said region, 74.7%). The breaking traces
have been logarithmically binned in the conductance axis with 49 bins/decade and with
58.4 bins/nm in the displacement axis. The applied bias voltage is 0.2 V and the electrode
speed is 4.0 nm/s. b) Normalized one-dimensional histograms obtained by integrating the
breaking traces along the displacement axis. The red line represents the histogram obtained
for the selected traces, the green line from the excluded traces, and the blue line shows the
histogram of the whole data set. The dashed black line represents the log-normal �t to the
selected histogram (red line). Experiment conducted in Delft, The Netherlands.
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Figure S3: a) Two-dimensional conductance histogram built from a selection of the 10.000
consecutive breaking traces recorded after drop-casting the solution containing C60-daf.
Traces that had 1.2 times the average amount of counts between 1 � 10�4 and 1 � 10�6

G0 were selected (25.0% of the total). The inset shows the traces that were not selected (i.e.
that have less than 1.2 times the average count in said region, 75.0%). The breaking traces
have been logarithmically binned in the conductance axis with 49 bins/decade and with
88.4 bins/nm in the displacement axis. The applied bias voltage is 0.1 V and the electrode
speed is 6.0 nm/s. b) Normalized one-dimensional histograms obtained by integrating the
breaking traces along the displacement axis. The red line represents the histogram obtained
for the selected traces, the green line from the excluded traces, and the blue line shows the
histogram of the whole data set. The dashed black line represents the log-normal �t to the
selected histogram (red line). Experiment conducted in Santiago de Chile, Chile.

III Di�erent selection criteria

All the data presented in the main text was analysed with the same selection rule: ratio

count 1.2, region of interest 1 � 10�4 - 1 � 10�6 G0. If we allow the selection criterion to

vary slightly for each data set, more accurate �ts can be obtained in each case. For the

Delft sample this is the case when choosing a slightly di�erent region of interest (5� 10�5 -

3� 10�6 G0), while for the one measured in Santiago de Chile this is achieved for a ratio of
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1.1 in the same conductance window. Figure S4 and S5 show the conductance histograms

and the results of the �t. As mentioned, the results do not vary signi�cantly and do not

modify the main conclusions of the paper.
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Figure S4: a) Two-dimensional conductance histogram built from a selection of the 10.000
consecutive breaking traces recorded after drop-casting the solution containing C60-daf.
Traces that had 1.2 times the average amount of counts between 5 � 10�5 and 3 � 10�6

G0 were selected (23.3% of the total). The inset shows the traces that were not selected (i.e.
that have less than 1.2 times the average count in said region, 76.7%). The breaking traces
have been logarithmically binned in the conductance axis with 49 bins/decade and with
58.4 bins/nm in the displacement axis. The applied bias voltage is 0.1 V and the electrode
speed is 4.0 nm/s. b) Normalized one-dimensional histograms obtained by integrating the
breaking traces along the displacement axis. The red line represents the histogram obtained
for the selected traces, the green line from the excluded traces, and the blue line shows the
histogram of the whole data set. The dashed black line represents the log-normal �t to the
selected histogram (red line). Experiment conducted in Delft, The Netherlands.
Table S1: Fitting parameters obtained from the sample presented in the main text mea-
sured in Delft. p is the peak maximum expressed in log10 (G=G0), � is the corresponding
conductance in G0, w is the full-width-half-maximum of the peak expressed in log10 (G=G0).
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Figure S5: a) Two-dimensional conductance histogram built from a selection of the 5.000 con-
secutive breaking traces recorded after drop-casting the solution containing C60-daf. Traces
that had 1.1 times the average amount of counts between 1 � 10�4 and 1 � 10�6 G0 were
selected (32.4% of the total). The inset shows the traces that were not selected (i.e. that
have less than 1.1 times the average count in said region, 67.6%). The breaking traces
have been logarithmically binned in the conductance axis with 49 bins/decade and with
88.4 bins/nm in the displacement axis. The applied bias voltage is 0.1 V and the electrode
speed is 6.0 nm/s. b) Normalized one-dimensional histograms obtained by integrating the
breaking traces along the displacement axis. The red line represents the histogram obtained
for the selected traces, the green line from the excluded traces, and the blue line shows the
histogram of the whole data set. The dashed black line represents the log-normal �t to the
selected histogram (red line). Experiment conducted in Santiago de Chile, Chile.
Table S2: Fitting parameters obtained from the sample presented in the main text mea-
sured in Santiago de Chile. p is the peak maximum expressed in log10 (G=G0), � is the
corresponding conductance in G0, w is the full-width-half-maximum of the peak expressed
in log10 (G=G0).

IV Measurements of bis-terpyridine

The measurements of the Bis-Terpyridine compound performed in Delft as a comparison to

those of performed by Wandlowski et al.S1 can be found in Figure S6.
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Figure S6: a) Two-dimensional conductance histogram built from a selection of the 2511
consecutive breaking traces recorded after drop-casting the solution containing the bis-
terpyridine compound. Traces that had 1.0 times the average amount of counts between
2 � 10�2 and 1 � 10�6 G0 were selected (38.7% of the total). The inset shows the traces
that were not selected (i.e. that have less than 1.0 times the average count in said region,
61.3%). The breaking traces have been logarithmically binned in the conductance axis with
30 bins/decade and with 105.5 bins/nm in the displacement axis. The applied bias voltage
is 0.1 V and the electrode speed is 2.0 nm/s. b) Normalized one-dimensional histograms
obtained by integrating the breaking traces along the displacement axis. The red line repre-
sents the histogram obtained for the selected traces, the green line from the excluded traces,
and the blue line shows the histogram of the whole data set. Experiment conducted in Delft,
The Netherlands.

V Computational Details

Electronic structure calculations were performed using the ORCA 3.0.3 package.S2 The Den-

sity Functional Theory (DFT) calculations considered the B3LYP density functional,S3 in

conjunction with the Def2-SVP basis set.S4 Gold atoms were described by the SD electron

core potential (60 electrons) in conjunction with the corresponding def2-sv(p) basis set.S5,S6

The zero-bias transmission function was calculated using the Artaios v1.9 package.S7 This

software allows for the calculation of the energy-dependent transmission function based on

the Hamiltonian and overlap matrices obtained by general electronic structure packages. To

S8



achieve this, a non-periodic device must be constructed by the molecule of interest connected

to two gold clusters. For simplicity, we chose Au20 pyramidal clusters in our case. Although

the basis set is relatively small, it has been found adequate for electron transport calcula-

tions, as larger basis sets can overestimate the transmission due to the present of unphysical

low-lying excited states, yielding a so called ‘ghost’ transmission.S8 Relaxed surface scans

were performed using the BP86 density functional.S9,S10 Dispersion corrections for the scan

of the Au�H contact were included by means of the D3 atom-pairwise dispersion correction

with Becke-Johnson damping.S11

VI Materials and instrumentation

1H and 13C NMR spectra were recorded on a BRUKER 400 NMR spectrometer at room

temperature using CDCl3 as solvent. UV-vis spectrum was collected at room temperature

using a Varian UV-Vis-NIR Cary 5.000 spectrophotometer. The mass spectrum was obtained

using a Bruker microFlex MALDI-TOF spectrometer on re�ector positive mode using 1,8,9-

trihydroxyanthracene as the matrix. The all equatorial tetraadduct - C60 tetramalonate was

synthesized as previously reported.S12 All other chemicals were purchased from commercial

suppliers and used without further puri�cation, unless otherwise speci�ed.

VII Synthesis of trans-1 hexakis adduct 1

For the functionalization of C60 multiple strategies can and have been used to add di�er-

ent groups, especially while controlling the regiochemistry when more than one addend is

attached. One of the methods used for regioselective synthesis of C60 derivatives was intro-

duced by Kräutler and co-workers in 1996 and designated ‘orthogonal transposition’, which

is based in the exclusive formation of a trans-1 bis-anthracene derivative.S13 After a series

of protection-deprotection reactions the trans-1 positions in the C60 sphere remain available

for further functionalization.S12 This method was used to synthesize the trans-1 hexakis-

fullerene adduct with two diaza�uorene groups (Figure 1b).S14 The diazo�uorene group has
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been widely studied as a dinitrogen chelating ligand, which exhibits exceptional a�nity for

metal ion coordination.S15,S16 As a consequence, we expected to form a molecular junction

between the diaza�uorene containing fullerene derivative and the gold electrodes, allowing

the study of charge transport through the carbon cage of the fullerene derivative. The

compound was synthesized according to a modi�ed literature procedure.S12 CBr4 (53.7 mg,

0.162 mmol) and 4,5 diazo�uorene (27.2 mg, 0.162 mmol) were added to a solution of the all

equatorial tetraadduct - C60 tetramalonate (100.0 mg, 0.073 mmol) in anhydrous CH2Cl2.

The solution was stirred at room temperature for 15 min. followed by the addition of 1,8-

diazabicyclo[5.4.0]undec-7-ene (44.9 mg, 0.294 mmol). The reaction mixture was stirred at

room temperature during 4 hours. After removal of the solvent under reduced pressure, the

residue was puri�ed by silica gel column chromatography using DCM : 10% MeOH as the

mobile phase. A yellow solid was obtained in a 73% yield (89 mg). 1H NMR (400 MHz,

CDCl3) � 8.81 (dd, J = 4.8, 1.3 Hz, 4H), 8.70 (dd, J = 8.1, 1.3 Hz, 4H), 7.40 (m, 4H), 4.46

(q, J = 7.1 Hz, 8H), 4.23 (q, J = 7.1 Hz, 4H), 1.43 (t, J = 7.1 Hz, 12H), 1.24(t, J = 7.1 Hz

12H). UV-Vis �max (nm): 244, 285, 318, 340, 394. MALDI-TOF MS: calcd. 1684.338 [M]+,

found 1684.635 [M]+.
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