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1. General methods

All reagents and solvents employed for the syntheses and preparation of the SAMs were of high
purity grade and were purchased from Sigma-Aldrich Co., Merck, and SDS. Compounds 1 and

2 were synthesized and characterized as previously reported.!

2. Working principle of Kelvin Probe Force Microscopy (KPFM)

When the tip and the sample are electrically connected, Fermi level alignment occurs upon
electrical contact of the materials, through an electron transfer from the sample into the tip. This
transfer induces an offset between the vacuum levels of the two materials, and a contact
potential difference Vepp = drip — Gsample- Electrostatic forces F; appear between the two charged
surfaces in close proximity from each other. These electrostatic forces are measured and a DC
bias (Vpc) equal to Vepp is applied to the tip, in order to cancel the electrostatic forces and
restore the initial offset between the Fermi levels. By using a calibrated tip with a known work

function, the determination of V¢pp allows accessing the work function of the sample.

In KPFM, the detection system for the determination of the surface potential is operated
dynamically. In order to isolate the electrostatic contribution from the other forces acting
between the tip and the sample, a modulated bias (VacS™*(@xprut)y is applied to the tip, in
addition to the static Vpc. As the tip is brought in the proximity of the sample, the cantilever
therefore experiences an oscillating electrostatic force. Since the tip-sample system can be seen

as a capacitor, the electrostatic forces can be expressed as:
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el = E[(VDC ~Vepp) + V aesinEl(wyppy )] (S1)



The development of Eq. S1 leads to three components:

Fel = Fel,DC + Fel'wKPFM + Fel’szPFM (SZ)

F .
Where the ~ “*“kPFM component is equal to:

ac

= a(VDC =V epp)V acSInE(w e pppt) (S3)

F

el

By isolating and detecting this component, the V5 bias can be adjusted in order to nullify this

signal when Vpe = Vepp.

3. Estimation of the tip-sample distance

The tip vibration is the same before (dark) and after (light) 950 nm irradiation and equal to 21
nm. However, the «electronic» signal acquired by the photodetector is different, as the
photodetector is sensible to IR light at 950 nm. The tip is vibrating at its free amplitude modifies
while the servo approaches the tip to the surface. As the surface first touches the surface (point
A) the amplitude is reduced because the tip cannot vibrate free anymore. Once the tip is indented
into the sample, the amplitude of vibration is zero. The difference between point A and point B
is the free amplitude of the tip, while we work with a set point which is 80% of this free

amplitude. This data provides us the tip-sample distance equal to 16.8 nm.
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Fig. S1. Vibration Amplitude (AU) vs Tip-Sample distance (nm) after (light) and before (dark)

irradiation with 950 nm light.

4. Computational details

As we mentioned in the main text, the methodology used in the MM/MD simulation follows
the same procedure as in Ref. S2. The atom types were described at a quantum-chemical level,
with atomic charges calculated from the ESP charges®] obtained at the MP2/cc-pvdz level of
theory!*l on the previously optimized geometries, using the Gaussian09 package.! In the case
of molecule 2, the Restricted Open-shell (RO) formalism was adopted in order to avoid the
problems in Moller-Perturbation Theory related to spin contamination.[%! The three Au layers
have been considered as an infinite rigid-body frozen in space to reduce the computational cost.
The total replicated unit cell of the SAMs has the following parameters: a=b=93.16A, c=60A
and y=60°. The resulting unit cell containing 64 molecules was first optimized at the molecular
MM level with the Universal Force Field”! using the default parameters implemented in the
Materials Studio 7.0 package.l®) The atom based summation was used to describe the non-
bonded interactions. The optimized unit cell was then used as the starting point for a quenched

MM/MD run carried out under NVT conditions (constant number of particles, volume, and
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temperature) and Nose thermostat. The quenched run was carried for 100-ps and frames were

saved every fs. The geometries were extracted every 1000 steps and minimized (i.e., quenched)

at the MM level, resulting in a total of 100 geometries.

5. Supporting Figures and Tables
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Fig. S2. KFM Phase vs Bias hysteresis cycle evolution with the bias cycle time ¢ for S2.
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Fig. S3. Hysteresis curves after (light) and before (dark) irradiation with 950 nm light for the
Au(111) substrate. Each of the lines represents a separate curve performed different randomized
spots of the sample. Note that in this case the Au substrate has been exposed as the same

cleaning and preparation processes as the conditions used during the SAMs formation.
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Fig. S4. Surface potential curves after (light) and before (dark) irradiation with 950nm light for
the Au(111) substrate. Note that in this case the Au substrate has been exposed as the same

cleaning and preparation processes as the conditions used during the SAMs formation.
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Figure S5: KFM Phase (deg) vs KFM bias (V) for our test sample composed of a gold layer
over glass substrate with 30% of RH (left) and 5% of RH (right). The curves are performed
with similar conditions as the zwitterionic sample. Our data shows no hysteretic behavior within
high humidity environments which should be expected for an electrochemical (humidity)
related phenomena. Note that in this case the Au substrate has been exposed as the same

cleaning and preparation processes as the conditions used during the SAMs formation.
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Fig. S6. KFM Phase vs Applied Bias hysteresis curves for room temperature (green), and 120°C

(red); in S1 (left) and S2 (right).
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Fig. S7. KFM Phase (deg) vs AKFM Bias (V) for the case of the sample S2. The initial state of
the sample obtained at 26 °C, a, is recovered after the full heating and cooling cycle is finished

at 32 °C, b. We observe that the system recovers its original behaviour while returning at the

initial room temperature.
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Fig. S8. Calculated Mulliken charges® for the DS-Fc (red) and PTM (blue) units as a function
of the electric field £ applied in the direction of the axis formed by the Fe atom and the central

C atom of the PTM unit. The long-range correlated hybrid functionals used were CAM-B3LYP

[10] (left) and wB97XDI!'!I (right).



Table S1. Normal component of the dipole (x,) and polarizability (a..) for the isolated molecule
S2, effective dielectric constants (e.;) and work-function modification (4¢) in the ground
neutral (D-A) and excited zwitterionic states (D™-A")’, as calculated with the (U)wB97XD

functional.l']

State D-A (DAY
U, (D) -0.35 -11.59
0 #1024 (cm?) 102.64 119.52
Eeff 1.78 1.91
A¢ (eV) 0.07 2.06
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Fig. S9. Lateral view of the unit cell employed in the MM/MD quenched simulat
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Note that in the case of S1 the SAM geometries for both temperatures (25°C and120°C) are
similar, while S2 present a considerable increase in the disorder when moving to high

temperatures (120 °C) which can be specially seen for the snapshots at 75 ps and 100 ps.
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Fig. S10. Top view of the SAM unit cell in the last quenched run performed with S1 at T=25°C.
The numbers are set over the PTM units and have been used to highlight the 8 rows and the 8

columns of molecules that made the SAM super cell.
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