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1. Molecules used in this study

In this study the 6 molecules were selected, the structures of which are shown in Fig. S1. These systems
demonstrate both positive and negative Seebeck coefficients and were selected to compare their
measured Seebeck values compared to those predicted by the ABC model.
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Figure S1: Structures of the molecules studied in this work (synthesis reported previously)3s 3¢

2. Experiment data (I — v characterisation)

Molecular conductance was characterized by conductive AFM (CAFM). Single molecule equivalence
values were calculated by dividing the total conductance by the number of molecules in the junction,
where the number of molecules contacted by the probe was calculated using contact area between
sample and probe dividing the occupation area of a single molecule derived from QCM. The contact
area between sample and probe was estimated by Hertzian model:
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where r the contact radius, F the loading force from probe to sample, R the radius of the probe (~18 nm
from the supplier), vi and v the Poisson ratio of the material, E; and E the Young’s Modulus for probe
(~ 100 GPa) and SAMs (~10 GPa).

The electrical transport properties of the SAMSs were characterized using a custom cAFM system. The
CAFM setup is based on a multi-mode8 AFM system (Bruker nanoscience). The bottom gold substrate
was used as the source, and a Pt/Cr coated probe (Spark 70Pt, Nunano Ltd) was used as the drain. The
force between probe and molecule was controlled at 2 nN, as this force is strong enough for the probe
to penetrate through the water layer on the sample surface but not too strong so as to destroy the
molecular thin film. The driven bias was added between the source and drain by a voltage generator
(Aglient 33500B), the source to drain current was amplified by a current pre-amplifier (SR570, Stanford
Research Systems), and the 1V characteristics of the sample was collected by the computer. In this
section, nearly a thousand I — V' curves were collected for each molecule, examples of which are shown
in Figs. S2-S7.
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Figure S2: 1 — v curves for 1.
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Figure S3: 1 — V curves for 2.
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Figure S4:1 —V curves for 3.
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Figure S5: I — v curves for 4.
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Figure S6: I — v curves for 5.
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Figure S7: I — v curves for 6.



3. Proof that I(V,a,b,c) = I(V,a,—b,c)

From equations (1) and (3) of the main text

](V’ a,b, C) = (Zf) f_oooo dxe(a+bx+cx2) = —

wherex = E — Epandv = eV /2. ie
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After making the substitution y = —x and replacing b by - b, equation (S.1) becomes
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Since equations (S.2) and (S.3) are identical, this completes the proof and demonstrates that only |b|

can be predicted by ABC theory.

4. Curve fitting

We gathered several hundred 1 — v curves for each molecule utilising an STM device, and then applied

the fitting procedure described in the main text to calculate the modulus of the corresponding Seebeck

coefficients. Figure S8 shows an example of a single raw 1 — v curve. The left panel of Fig. S9 shows

the ratio 1/V used to obtain the finite-voltage conductance G. After eliminating the spike close to zero

voltage (red-dashed rectangular), the resulting 6 — v curve is shown in right panel of Fig. S9. Fig. S10

shows the fitted curve from 6 — v data.). This process is applied to individual I — vV curves of each

molecule within this study (1-6).
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Figure S8: An example of an I — V curve
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Figure So: (Left panel) Experimental G — V data. (Right panel) The same curve after deleting the
spike close to zero volts.
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Figure S10: A comparison between experimental values of G /G, versus voltage V (blue-circles) and
the fitted curve from ABC theory (red-solid line).

5. Curve fitting for molecules studied

Here, we present an example of fitting to an I — V curve for each molecule. This was achieved using

the MATLAB routine ‘FIT’ to find the minimum of x7 (a, b, ¢), defined in equation (2).
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Figure S11: A comparison between experimental values of log (G /G,) versus voltage V (blue-circles)
and the fitted curve from ABC theory (red-solid line) for molecule 1.
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Figure S12: A comparison between experimental values of log (G /G,) versus voltage V (blue-circles)
and the fitted curve from ABC theory (red-solid line) for molecule 2.
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Figure S13: A comparison between experimental values of log (G/G,) versus voltage V (blue-circles)
and the fitted curve from ABC theory (red-solid line) for molecule 3.
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Figure S14: A comparison between experimental values of log (G/G,) versus voltage V (blue-circles)
and the fitted curve from ABC theory (red-solid line) for molecule 4.
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Figure S15: A comparison between experimental values of log (G/G,) versus voltage V (blue-circles)
and the fitted curve from ABC theory (red-solid line) for molecule 5.
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Figure S16: A comparison between experimental values of log (G /G,) versus voltage V (blue-circles)
and the fitted curve from ABC theory (red-solid line) for molecule 6.

6. Histograms of Seebeck coefficients

Experimental measurements provide histograms for molecules 1-6 (green histograms of Figs S17-S22).
By applying the fitting process on each ¢ — v curve and using Equ.4 we obtain the Seebeck coefficient
values. From that data, a histogram has been generated for each molecule (red histograms of Figs S17-
S22), from the 1 — v experiment data (see Figs S2-S8). It is worth mentioning that the ‘ABC’ model
predicts the absolute value of the Seebeck histogram |S|, whereas experimentally-measured Seebeck
histograms, which could be positive or negative as shown in the green histograms of Figs S17-S22. To
compare theory predicted Seebeck histograms against experimentally-measured Seebeck histogram the
absolute value has been taken for the experiment results (yellow histograms). Figures S17-S22 show a
comparison between the experiment and theory absolute histograms |S| (yellow and red histograms).
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Figure S17: Experiment and theory histograms along with their Gaussian and folded fit curves (black-
and blue-solid lines) for 1 (green experiment, yellow absolute experiment and red absolute theory)
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Figure S18: Experiment and theory histograms along with their Gaussian and folded fit curves (black-
and blue-solid lines) for 2 (green experiment, yellow absolute experiment and red absolute theory)
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Figure S19: Experiment and theory histograms along with their Gaussian and folded fit curves (black-
and blue-solid lines) for 3 (green experiment, yellow absolute experiment and red absolute theory)
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Figure Sz20: Experiment and theory histograms along with their Gaussian and folded fit curves
(black- and blue-solid lines) for 4 (green experiment, yellow absolute experiment and red absolute
theory)
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Figure S21: Experiment and theory histograms along with their Gaussian and folded fit curves (black-
and blue-solid lines) for 5 (green experiment, yellow absolute experiment and red absolute theory)
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Figure S22: Experiment and theory histograms along with their Gaussian and folded fit curves (black-
and blue-solid lines) for 6 (green experiment, yellow absolute experiment and red absolute theory)

7. Histogram fitting

In section 7, the experimental and theoretical histograms S and |S| are plotted. Gaussian fit has been
made for all histograms (black-sold line). Figure S23, shows the experimentally-measured Seebeck S
(green-circles), the absolute experimentally-measured Seebeck |S| (yellow -circles) and the absolute
predicted Seebeck |S|(red-circles) along with their folded fit curves (blue-sold line)
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Figure S23: Experiment and theory absolute averge Seebeck coefficient <|S|> (yellow- and red-
circles), measured and calculated histograms from I — V curves and S experiment (green-circles)

8. The effect of the parameter c of predicted Seebeck coefficients

Herein, we compare predicted Seebeck coefficients generated when the parameter c is set to zero, with
the values obtained when c is allowed to be non-zero. Table S1 shows that allowing ¢ to be non-zero
improves the agreement with experiment, though the improvement is rather slight.

Table S1: Absolute theoretical Seebeck coefficient |S| (wV/K) in two cases when ¢ =0 and ¢ # 0 and
Absolute experiment Seebeck coefficient.

9. Seebeck coefficient obtained from I — V fit versus G fit
The above results are obtained from G fit (see curve fitting section), in this section we choose 12 single

I — V curves (two for each molecule). Curve fitting applies directly to the I — V curve to find (a, b, ¢)
constants that are then used to calculate the Seebeck coefficient. Table S2 shows a comparison between
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Seebeck coefficients obtained from different curves ( G and I—V ), the two results
Sc—ric and S;_y_r;; are comparable.

Table S2: Seebeck coefficient |S| (WV/K) obtained from two fits, G fitand I — V fit.

Sample (I — Vcurve) Su-v)-fit

2.6
2.7
4.1
3.2
2.8
2.6
8.0
1.5
3.7
4.6
3.8
2.5

OO N[D[O|D[WIN|F-

10. Mean square deviations y versus standard deviations ¢

Distributions of the root mean square deviations y; (see Eq. 2) from each individual ¢ — V fit (i), for
the 6 molecules, are shown in Figure S24. The mean values () of these values of y; are shown in
Table S3 for each molecule. This correlation between () and Ac is shown more clearly in Figure S25
and demonstrates that the fitting parameter () is an indicator of the accuracy of the predicted value of
|S| made by ABC theory.

<>
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Figure S24: Distributions of root mean square deviations (y) from individual G —V fits for

molecules 1-6.

Table S3: A comparison between the differences in standard deviations between theory and
experiment (Ac), and the average root mean square deviations ( (x)) from G — V fits.

AG = GaBC - GExp

7.71
12.97
0.75
-3.26
4.23
7.47
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Figure S25: A plot of table 1, showing the correlation between Ac and () for each of the 6
molecules.

Experimental measurements
11. Histograms

The experiment histogram Seebeck data S, (green histograms of Fig.3 in the maintext), was obtained
by an AFM instrument as illustrated in Figure S26 (top panel). The Seebeck histogram was obtained
from a modified conductive AFM system. The substrate temperature was controlled by a Peltier stage
underneath. The temperature difference between bottom substrate and top probe, AT, was obtained by
Tsampte — Tprobe- The yellow box in Figure S26 was the averaged thermal voltage, <Vrperm >, at
different AT. Each <V}, 0> Was averaged from ~2000 Vop,.rm data points, and the histogram in Figure
s24 (bottom panel) represent the distribution of the Vi, . at €ach AT.

The linear fitted Seebeck Coefficient S;;,¢q, Was obtained from the plot of <Viperm> vs. AT, and <S>
was the negative slope of the linear fit. The top panel of Figure S27 shows the measured thermal voltage
at different values of AT. Each data point represents a measured Viper-m at specific AT (separate by

colours), and the Seebeck coefficient of the corresponding point was obtained S = — w.

A histogram of the Seebeck coefficient was obtained by collecting the Seebeck value of all data points
at the bottom panel of Figure S27. The bin in the histogram with highest probability was denoted as
Smost prob.- 1he histogram was fitted with Gaussian distribution, and the peak point of the Gaussian

curve was denoted as S¢qussian-
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Figure S26: Scheme of instrumental setup for Seebeck coefficient measurement (Top panel).
An example of obtaining averaged Seebeck coefficient, <S>, using linear fit method (Bottom
panel).
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Figure S27: Collection of measured thermal voltage point at different AT (Top panel). An
example of obtaining averaged the most probable value S,,,s¢ prop. and the Gaussian fit value
Scaussian (BOttom panel).
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