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1. Additional synthetic details, and spectra of new compounds.

Synthesis of [Co(pyterpy),](PFg);:- Prepared from the Co(II) complex for characterization purposes.
[Co(4'-(pyridin-4-y1)-2,2":6' 2"-terpyridine),](PF,), (0.01 g, 0.010 mmol) was suspended in H,O (1 cm?)
and a saturated aqueous solution of Br, (1 drop neat Br, in 1 cm® H,0) was added to give a bright
orange suspension. The reaction mixture was stirred at room temperature for 20 h, whereupon an
excess of aqueous NH,PF; was added. The orange precipitate that formed was collected by filtration
through Celite, washed well with H,0, EtOH then Et,O, and then redissolved in CH;CN. The solvent
was removed in vacuo until [Co(4'-(pyridin-4-y1)-2,2":6' 2"-terpyridine),|(PF¢); precipitated. This was
filtered off, dried, then dissolved in CD;CN for '"H NMR characterization (400 MHz): & = 9.31 (s, 4H),
9.11(d,J 6.3 Hz,4H), 8.71 (d,J 8.6 Hz, 4H), 8.40 (d,J =6.3,4H), 829 (m,J =7.8, 1.1 Hz, 4H), 7.48
(m,J6.0,1.2Hz,4H),7.39 (d,J 5.2 Hz, 4H).

Synthesis of [Fe(pyterpy),](PF),:- A solution of FeCl,-4H,0 (0.064 g, 0.32 mmol) and pyterpy (0.20 g,
0.64 mmol) in methanol (30 cm®) was stirred at room temperature for 30 minutes. Excess aqueous
NH,PF; was added. The resulting precipitate was collected on Celite by filtration, washed with H,O,
EtOH and Et,O then extracted into CH;CN. The solvent was removed in vacuo to yield the title
compound as a dark purple solid. (0.2 g, 64 %); 'H NMR (CD;CN, 400 MHz): 9.23 (s, 4H), 9.03 (m, J
4.5 Hz,4H), 8.63 (d,J 8.0 Hz,4H), 8.24 (m,J 4.5 Hz,4H),7.93 (dt,J 7.8, 1 Hz,4H),7.17 (d,J 5.1 Hz,
4H), 7.10 (dt,J 7.8, 1 Hz, 4H); *C NMR (100 MHz, CD,CN): 161.3, 158.3,153.7, 151.8, 148.3, 144.5,
139.5,128.1,124.7, 122.6, 122.32. MS (ES*, CH;0H): m/z 821.2 {Fe(pyterpy),PF}. UV/Vis (CH,CN,
1.2 x 10° mol dm™) A,,./nm (g,,,/10° dm® mol"' cm™): 569 (14.6), 324 (29.2), 284 (59.6), 276 (sh).
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Figure S1 Selected parts of (right) the 'H and (left) the “C{'H} NMR spectra of [Fe(pyterpy),](PF;), in CD,CN
(large unlabeled peak in "*C spectrum due to CD,CN).
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Figure S3 “C{'H} NMR spectrum of [Ru(dipy-pyraz),](PF), in CD,CN.

o

=—0058

|
=

L
Y Yy Y
g2 8 23 g
T T T
PPM 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0

Figure S4 'H NMR spectrum of [Ru(MeSterpy),](PF,), in CD,CN.
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Figure S5 *C{'H} NMR spectrum of [Ru(MeSterpy),](PF;), in CD,CN.
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Figure S6 'H NMR spectrum of [Ru(MeS-ph-terpy),](PF), in CD,CN.
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Figure S7 *C{'H} NMR spectrum of [Ru(MeS-ph-terpy),](PF,), in CD,CN.
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2. Data acquisition and processing for the metal | molecule | metal conductance
experiments.

2.1 Experimental details

Measurements were made using an Agilent 2500 or 5500 controller utilizing Agilent PicoScan 5.3.3
software. Gold on glass substrates (Arrandee®) were flame annealed prior to use by gentle heating
with a butane torch for approximately 2 minutes, a procedure known to produce Au(111) terraces.'
Gold tips were prepared by cutting 0.25 mm gold wire (99.99%, Goodfellows). The BMIM TFSI ionic

liquid was dried before use by heating to 100 °C under vacuum overnight.

Low-coverage monolayers were formed by immersing the flame-annealed gold substrates into dilute
solutions (typically 5 x 10~ M) of the required molecule in CH,CI, for a set time, typically 1-2
minutes. The substrate was then washed with CH,CI, then ethanol, and dried with a nitrogen stream
before being mounted in the STM. For conductance measurements denoted as recorded in ambient, the
measurements were made in the laboratory atmosphere, with no liquid environment. For measurements
in ionic liquid, an environmental chamber was used with a dry nitrogen atmosphere, and for
measurements under electrochemical control, Pt quasi-reference and counter electrodes were
employed, with the ferrocene/ferrocenium redox couple used as a reference. Once the ionic liquid was

added to the cell, the system was purged with nitrogen for 1 h prior to use.

2.2 I(s) data acquisition and data selection

Data acquisition and selection was performed using methods that are currently routine in our group.”
Single molecule conductance I(s) measurements™* were made using an Agilent 5500 STM controller in
conjunction with Agilent Picoscan 5.3.3 software. The tip was held at a constant xy position over a
Au(111) terrace previously located using scanning, and was brought to an initial height (s,) using a
fixed setpoint current (/,) of 40 nA (20 nA for the two longest molecules, as noted in the paper) and a
bias voltage (V,;,,) of + 0.6 V. The tip was then withdrawn 4 nm relative to the setpoint with the
feedback loop disabled to enable to tunneling current to be monitored; the scan duration was 0.1 s. The
feedback loop was then re-engaged and the tip was brought back to s,. All current—distance (i-s) traces
containing a plateau or plateaus longer than 0.1 nm were used in the histogram analyses; traces that
were simply noisy, or that showed only an exponential decay of i with s, were not used.

60

LI TT]

Current (nA)

0 = T
0 1 2 0 1 2 3

Withdrawal (nm)

Figure S8. Typical I(s) traces observed during tip-withdrawal experiments. (I) Examples of i-s traces showing
smooth exponential decay (typically, ca. 70 % of traces for experiments with pyridyl-contacted molecules). (II)



Examples of i-s traces showing non-monotonic and noisy characteristics (typically, ca. 20 % of traces for the
experiments in this study). (IIT) Examples of i-s traces showing step-like features as the tip is withdrawn.

2.3 Break-off distance estimation

To further confirm the formation of molecular junctions an estimated break off distance (s,,,) was
calculated and compared to the length of the molecule when trapped between two gold atoms
(calculated using Spartan®). The total break off distance s, is a sum of two components; S, = Sy +
As where As is the distance at which the current plateau ends and s, is the height of the tip above the
gold surface at the start of the experiment. The latter was estimated by a literature procedure. Briefly,
several of the I-s scans that resulted in only exponential decay are plotted as In(I) versus s in the
distance range relevant to the experiment. Linear regression was then used to determine d(/nf)/d(s). The
distance between the tip and substrate was then calculated at a given set point value (/,) using:

B In (Go . VIL:S)

din(l)/d(s)
Where G, is the point contact conductance of gold (77500 nS) and V,,,, is the bias applied. As was

S0 = So

calculated for every plateau included in the conductance histogram and often showed some variation
due to the random nature of the junction breaking process. For each data set, around 500 scans with
plateaus meeting the above criteria were collected and the data were plotted into a histogram to
calculate the conductance. The uncertainties quoted are the peak widths at half height. The ‘hit rate’
referred to in the paper is the ratio of I-s scans with plateaus to those (either noisy, or with simple
exponential current decay) without.

3. Additional I(s) data

3.1 Data sets on pyterpy complexes, recorded in ambient conditions unless otherwise noted.
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Figure S9. I(s) data recorded for [Ru(pyterpy),](PF¢)a, Iy = 40 nA, Vs 0.6 V: (a) One-dimensional histogram of
the 520 I-s traces collected that showed plateau(x), (b) two-dimensional representation of conductance vs corrected
break-off distance for all plateau(s)-containing traces, (c) histogram of uncorrected break-off distances for all
plateau(x)-containing traces, (d) some representative plateau(s)-containing /-s traces.
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Figure S10. I(s) data recorded for [Co(pyterpy),](PFe),, Iy = 40 nA, Vs 0.6 V: (2) One-dimensional histogram of
the 508 /-s traces collected that showed plateau(s), (b) two-dimensional representation of conductance vs corrected
break-off distance for all plateau(s)-containing traces, (c) histogram of uncorrected break-off distances for all
plateau(s)-containing traces, (d) some representative plateau(s)-containing /-s traces.
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Figure S11. I(s) data recorded for [Cr(pyterpy),](PFs)3, Iy = 40 nA, Viis 0.6 V: (a) One-dimensional histogram of
the 511 I-s traces collected that showed plateau(s), (b) two-dimensional representation of conductance vs corrected
break-off distance for all plateau(s)-containing traces, (c) histogram of uncorrected break-off distances for all
plateau(s)-containing traces, (d) some representative plateau(s)-containing /-s traces.
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Figure S12. I(s) data recorded for [Cr(pyterpy),](PFe); in BMIM TFSI ionic liquid under nitrogen (but not under
potential control), /y = 40 nA, Viis 0.6 V: (a) One-dimensional histogram of the 510 /-5 traces collected that
showed plateau(s), (b) two-dimensional representation of conductance vs corrected break-off distance for all
plateau(s)-containing traces, (c) histogram of uncorrected break-off distances for all plateau(s)-containing traces,
(d) some representative plateau(s)-containing /-s traces. The calculated conductance for this experiment was 2.0 +
0.3nS ((2.6£0.4) x 10° G)), identical to the value measured in ambient within experimental uncertainty, showing
that there is insignificant dependence of the conductance on the medium (air, or ionic liquid) in these complexes.
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3.2 Length dependence of conductance experiments, recorded in ambient.
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Figure S13. I(s) data recorded for [Ru(dipy-pyraz),](PF¢),, Iy = 40 nA, Vs 0.6 V: (a) Some representative
plateau(s)-containing /-s traces, (b) one-dimensional histogram of the 506 I-s traces collected that showed
plateau(s).
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Figure S14. I(s) data recorded for [Ru(py-ph-ph-terpy),](PF¢)2, Iy = 20 nA, Vs 0.6 V: (a) Some representative
plateau(s)-containing /-s traces, (b) one-dimensional histogram of the 468 I-s traces collected that showed
plateau(s).
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Figure S15. I(s) data recorded for [Ru(MeSterpy),](PFs)2, Iy = 40 nA, Vyius 0.6 V: (a) One-dimensional histogram
of the 542 [-s traces collected that showed plateau(s), (b) two-dimensional representation of conductance vs
corrected break-off distance for all plateau(s)-containing traces, (c) histogram of uncorrected break-off distances
for all plateau(s)-containing traces, (d) some representative plateau(s)-containing /-s traces.
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Figure S16. I(s) data recorded for [Ru(MeS-ph-terpy),](PF¢)2, Iy = 40 nA, Vs 0.6 V: (2) Some representative
plateau(s)-containing /-s traces, (b) one-dimensional histogram of the 528 I-s traces collected that showed

plateau(s).
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Figure S17. I(s) data recorded for [Ru(MeS-ph-ph-terpy),](PF¢)2, Iy = 20 nA, Vyis 0.6 V: (2) Some representative
plateau(s)-containing /-s traces, (b) one-dimensional histogram of the 550 /-s traces collected that showed
plateau(s). In this case, the conductance was extracted from (b) using a Gaussian to fit the conductance shoulder.



3.3 I(s) data from potential-dependence of conductance determinations.
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Figure S18: Conductance histograms of [Fe(pyterpy),](PF), under potential control in BMIM TFSI using sample
potentials of (a) 1.00 V, (b) 0.9V, (c) 0.85 V, (d) 0.8 V, (e) 0.75 V, (f) 0.7 V, (g) 0.65 V, (h) 0.6 V, (i) 0.55 V and
(j) 0.45 V obtained using the I(s) method; Vs =+0.6 V ; I,=40 nA ; 516, 502, 535, 501, 507, 501, 512, 303, 253
and 255 scans were analysed respectively. Sample potentials are with respect to the Pt quasi reference.
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Figure S19: Conductance histograms of [Co(pyterpy),](PFs), under potential control in BMIM TFSI using sample
potentials of (a) —0.80 V, (b) —0.60 V, (c) —0.40 V, (d) -0.35 V, (e) =0.25 V, (f) —0.15 V obtained using the I(s)
method; Vi = +0.6 V 5 I) =40 nA; 258, 309, 265, 510, 508 and 562 scans were analysed respectively. Sample
potentials are with respect to the Pt quasi reference.
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Figure S20: Further conductance histograms of [Co(pyterpy),](PFs), under potential control in BMIM TFSI using
sample potentials of (g) —0.05 V, (h) 0.00 V, (i) 0.05 V, (§j) 0.15 V, (k) 0.25 V, (1) 0.40 V, (m) 0.60 and (n) 0.80 V
respectively, obtained using the /(s) method; V. = +0.6 V; Iy =40 nA; 491, 540, 502, 425, 421, 365, 323 and 329
scans were analysed respectively. Sample potentials are with respect to the Pt quasi reference.
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