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Single-Molecule Solvation-Shell Sensing
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FIG. 2 (color online). Histogram of the characteristic current
plateaus [/(w)] observed for molecule 3 measured under (lower)
dry argon, Uy, = +1 V, set point current = 7 nA (upper) after
subsequent readmission of ambient (wet) air to the STM cham-
ber, same conditions.

KHOBRGIT BEaV R IR A10fE



Conductance of a Single Conjugated
Polymer as a Continuous Function
of Its Length
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° 10
101 ;
G Experiment A s] B o
107 w— 3 nm
6 1 4nm
@ € 47
© g 27
8 = 0 o
..-.q....“.".' E 8 5 f,
Q -2
(e ——————. 3 4
3 ry

1 0 1 2 3

Voltage (V)
DMJZX
D
o
: ,
P & 3
< B
5 1091 R L S ——— 'g e
5 =}
3
O 10 400,. O
10 Q.
1 &906 ......'...'..
10 ! ] Z;
0 1 2 3 - 5 T T T
Tip height (A i ¥ o - » ARSI HS A5
Tip height (A)

Fig. 3. Conductance as a function of the length of the molecular wire. Experimental (A) and calculated (C)
G(2) curves (equally scaled), both exhibiting characteristic oscillations with a period of z, (the decay of a
vacuum gap is plotted for comparison). The experimental curve is composed of two data sets from
measurements below and above about 20 A, respectively, using different setups and thus ranges for current
detection (each about four orders of magnitude). (B) /-V curves (of single wires and thus not averaged) at
three tip-surface distances (2, 3, and 4 nm). (D) Schematic views of characteristic conformations during
the pulling process, just before the detachment of another molecular unit (z; =10.2 A, z, =17.2 A, and
z3 = 25.2 A). The inset in (C) shows a sketch with the characteristic parameters z, L, and @.

Science, 323, 1193, 20009.



Electronic Transport in Single Molecule
Junctions: Control of the
Molecule-Electrode Coupling through

Intramolecular Tunneling Barriers
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Highly Conductive Molecular Junctions Based on Direct Binding of Benzene

to Platinum Electrodes
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FIG. 1. Conductance histograms (normalized to the area under
the curves) for a Pt junction (black), and for Pt after introducing
benzene (filled). Each conductance histogram is constructed
from more than 3000 conductance traces recorded with a bias
of 0.1 V during repeated breaking of the contact.
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Electronics and Chemistry: Varying
Single-Molecule Junction Conductance
Using Chemical Substituents
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Figure 2. (A) Measured conductance values against the calculated
ionization potential for the series of 12 molecules tested. The
number of traces measured ranged from 12000 to 30 000 for
different molecules. For each molecule, histograms of 1000
consecutive traces were computed and a Lorentzian was fit to the
molecular peak. The mean and standard deviation of the peak
positions determined the molecule conductance and the error bar
(also listed in Table 1). (B) Square of the calculated tunnel coupling
(4 x %) against the calculated ionization potential.



Measurement of Current-Induced Local
Heating in a Single Molecule Junction
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Dependence of single-molecule junction
conductance on molecular conformation Nature, 442, 904, 2006.
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Table 1| Molecular structure and d properties

l <>
Conductance (Go) %
Molecule number Structure Measured Calculated Peak width* Twist angle (")

1 H2N—©—NH2 64x10° 64x10°° 0.4 -
2 HZNNHZ 154x107° 21x107 08 0
Ph  —

N 3 3
3 137x 10 22%10 08 17
4 HN-C ) )-NH, 116x 102 16x10° 09 34
4 3
5 H7NNH7 65x 10 12%10 13 48
F FF F
6 H,NNH? 49%x10* 71x10°* 0.6 52
F FF F
c
7 HZNNHZ 37x10°* 58x10* 0.9 62
¢ a

8 HZNNHZ 76x10°% 64%10°° NAT 88

9 HNA )~ )N, 18x107% 35%10°* 21 -

Table shows molecule structure, measured conductances, calculated relative conductances, relative widths of the histogram peaks (see Supplementary Information for details) and the
calculated twist angle, 0.
*Half-width at half-maximum of the lorentzian fit, normalized to the peak value.
The histogram peak was determined after subtracting the Au histogram from the data, as the raw data could not be fitted with a lorentzian so a width could not be determined.
Determined from actual maximum of the raw data.




Effect of Anchoring Groups on Single-Molecule
Conductance: Comparative Study of Thiol-, Amine-, and
Carboxylic-Acid-Terminated Molecules
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Thermoelectricity in
Molecular Junctions
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Reversible and Controllable Switching of a
Single-Molecule Junction**
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Figure 3. Several repeated switching cycles of the BPDN-DT: If the . . )
voltage applied to the metal-BPDN-DT-metal junction exceeds a cer- Figure 5. Memory operation of the BEDN'DT systerr]: A V\{Tlte: read,
tain positive threshold value (V. 00, the system switches from and erase voltage pulse pattern appl!ed. B) Resulting switching
the initial “off” state to the “on” state. This state is maintained when between “off” and “on” state: /; varies between 0.05 and 0.13 nA,
operating only at voltages above Veich 0. A Negative voltage sweep /o‘n between' 9-9 and.3.6 nA. Reading times of 3 s display exce!len-t
or a pulse below the negative threshold value (Vsyicnqee) resets the signal stability. The inset shows the corresponding /-V curve, indicat-

molecule again to the initial “off”’ state. ing switching at 1.4 V and reading at 1.1 V (black lines).



The Kondo Effect in the Presence

of Ferromagnetism
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Fig. 1. (A) Kondo sig-  g5/A  Au-C,-Au Ni-Ni
nal for C,, with Au

electrodes at T = 1.5
K. At B = 0 (red line),
there is a zero-bias

peak in G(V) that ‘i
V)

4

becomes split for B =

10 T (black line). (B)
Scanning electron
micrograph of a Ni
break junctifon.ldThe 0.2 :
magnetic fie is L S 3 AT
applied in the horizon- V(2\V) 3 =1 1 um 100 B(t?fl') 00
tal direction. (Inset)

Close-up of the junction region after electromigration. (C) Tunneling magnetoresistance near V = 0
at T = 4.2 K of a Ni contact after electromigration, with no C,, molecule present.
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One-Way Optoelectronic Switching of Photochromic Molecules on Gold
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FIG. 3 (color online). MCBJ results. (a) Typical IV of the
connected molecule in the closed form and (b) resistance
versus time. At +=0 a lamp is turned on (A = 546 nm).
After approximately 20 s a clear jump is observed (1 V bias).
(c) Typical IV of the molecule after switching. The line is a fit
to the Stratton formula (for details see text).
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Single-electron transistor of
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Figure 2 Experimental results. a, Measurements of the differential conductance
(d/¢4/dV ) as function of V4 and V. All red lines, and all blue lines, have identical
slopes, as discussed in the text. The full solid line at the top of the figure shows a
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