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1. General Information

1.1 Experimental conditions

All chemicals were purchased as reagent grade from commercial suppliers (Merck, Alfa Aesar, 
TCI) and used without further purification. The solvents used (Merck, ChemPur, PoCh) were of 
analytical grade quality. Deuterated solvents were purchased from Armar Chemicals. Methylene 
chloride (DCM) and acetonitrile (ACN) were dried over CaH2 and distilled under argon 
atmosphere. Acetone was dried over 4A Linde molecular sieves and then distilled under argon 
atmosphere. Methanol (MeOH) was dried over 3A molecular sieves and then distilled under 
argon atmosphere. Deionized water (18.3 MΩ·cm) was obtained from Milli-Q station. 
Experiments were performed at room temperature unless otherwise noted. The progress of 
organic reactions was monitored by thin layer chromatography (TLC) using Merck silica gel 60 
F254 (0.2 mm) on alumina plates. The products were purified by column chromatography (CC) 
using Merck silica gel 60 (230-400 mesh ASTM). NMR spectra were recorded on Bruker 400 
MHz instrument, and analyzed using MestReNova software. The chemical shifts (δ) are given in 
ppm relative to TMS, coupling constants are (J) in Hz. Quartz cuvettes were purchased from 
Hellma Analytics. Absorbance spectra were recorded using Evolution220 spectrophotometer 
from Thermo Scientific, and analyzed using Origin software. Photoswitching was accomplished 
using RF-6000 spectrofluorometer from Shimadzu. High-resolution ESI mass spectra were 
recorded on SYNAPT spectrometer. X-ray photoelectron spectra (XPS) were recorded on a PHI 
5000 VersaProbe (ULVAC-PHI) spectrometer, and analyzed using CasaXPS software. TEM 
images were recorded on FEI TECNAI and analyzed by ImageJ program. Thermogravimetric 
analysis (TGA) was performed using Mettler Toledo TGA/DSC 3+ instrument.

1.2 Computational methods

Atomistic models
The gold (Au) core of the nanoparticle model considered here is an icosahedron of ~3.0 nm in 
size, built using the Atomistic Simulation Environment (ASE)1, a lattice constant of ~0.41 nm 
and a material density of 19.3 g/cm3. Each nanoparticle is decorated with 155 ligands uniformly 
arranged on the Au surface. Interactions between Au atoms were described using the 
parameters of INTERFACE2 force field for metals. The PT, SAT, and HDT ligands were 
parametrized according to the gaff23 force field. The RED server was employed to derive the 
atomic partial charges, applying the RESP fitting method.4-8 To account for the photoinduced 
isomerization of the azobenzene we adopted the modified dihedral potential proposed by Heinz 
et al.9-11, which is able to produce a spontaneous trans→cis and cis→trans isomerization of the 
azobenzene within picoseconds of molecular dynamics (MD) simulations, by temporarily 
changing the central CNNC dihedral potential term of the azo group. 
Due the presence of the complex Ru metal center, a fragment based approach was adopted for 
the derivation of gaff2-compatible bond parameters and atomic charges for the SAT(Ru) ligand; 
accordingly, the ligand was divided into two parts, the first one containing the Hoveyda-Grubbs 
catalytic center and the second one the remaining atoms; the blocks were parametrized 
separately first and then merged together. In particular, the Hoveyda-Grubbs group molecular 
model was built starting from literature12 and then the geometry was optimized in gas phase at 
the DFT level of theory using the B3LYP13 hybrid functional, a 6-31G(d,p)14,15 basis set for the 
main group elements, and the quasi relativistic effective core pseudo-potentials (RECP) of the 
Stuttgart group16,17 for Ru.12,18  DFT calculations were carried out within the ORCA19 program. 
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The atomistic force field parameters for the metal-containing group were derived using the 
Seminario’s method following the VFFDT protocol.20 Partial atomic charges were calculated as 
explained above on the energy-minimized molecular structure.

The tleap program implemented in AMBER 2021 suite of programs was used to solvate the 
functionalized nanoparticle with a cubic box of dichloromethane molecules, placing at least 18 Å 
of solvent from each solute atom. 

Molecular dynamics simulations
The MD simulations were performed using the GPU (CUDA) version of PMEMD engine22-24 

implemented in AMBER 20. The position of the Au atoms and the sulfurs of the thiol groups 
were restrained during the simulation steps. The solvent was first minimized while keeping the 
other atoms fixed, to avoid bad contacts between the solvent molecules and the solute, then the 
whole system was subjected to minimization. Both the steps used a combination of steepest 
descent and conjugate gradient, and a cutoff of 10 Å for the nonbonded interactions. 
Temperature was then slowly brought to 300 K (integration step of 1 fs) in the canonical NVT 
ensemble. Later, the system was equilibrated (integration step of 2 fs) at constant temperature 
(300 K) and pressure (1 atm) using the Berendsen barostat for 10 ns and the Monte Carlo 
barostat for the following 10 ns. Production phase was then carried out in NPT canonical 
ensemble (T=300 K, Monte Carlo barostat) for further 100 ns. In all the simulations, the SHAKE 
algorithm was used to restrain the bonds involving hydrogen atoms. Periodic boundary 
conditions (PBC) were employed, and the electrostatic interactions were computed with the 
Particle Mesh Ewald (PME) algorithm, with a cutoff of 10 Å. 

1D Umbrella sampling
The C-N-N-C dihedral of the azobenzene linker was chosen as a single collective variable to 
investigate the conversion from the cis to the trans isomer by means of Umbrella Sampling (US) 
calculations. A total of 64 windows was simulated, spanning from 0.00 to 3.14 radians, and 
spaced by ~0.05 radians.  A constant of 100 kcal/mol∙rad2 was used to define the harmonic 
potential. For the unbound ligands (free in solvent, used as a reference) each window was 
simulated for a total of 150 ps, discarding the first 50 ps as equilibration, while for the ligands 
grafted to the NP the total time was of 1.2 ns, and the first 200 ps were not considered. The 
same settings used for the MD simulations were used also here. The windows were simulated in 
series, using the last frame of the previous window as starting point. The free energy curve was 
then reconstructed using the Weighted Histogram Analysis Method (WHAM)25-28.

2D Umbrella sampling
The dihedral C-N-N-C and the angle N-N-C of the azobenzene group were chosen as the two 
collective variables along which study the conversion from the cis to the trans isomer at a more 
in-depth level. The angle was first sampled through US simulations in series to obtain starting 
configurations at different angles.  The N-N-C angle was sampled using a constant of 1000 
kcal/mol∙rad2, from 1.74 to 2.94 radians, with a spacing of 0.10 radians (13 windows). The 
dihedral was then sampled in series while keeping fixed the angle, running in parallel the US 
simulations at different angle values. A constant of 100 kcal/mol∙rad2 was used, sampling from 
0.00 to 3.14 with a spacing of ~0.15 radians (22 windows). A total of 286 windows for each 
system was sampled, each window being simulated for 1.5 ns, with the first 500 ps discarded as 
equilibration. The Free Energy Surface (FES) was then reconstructed using WHAM.
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2. Synthesis of ligands
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Figure S1. Synthetic route to SAT ligand.

O-ethyl S-(11-hydroxyundecyl) carbonodithioate (1): To a stirred solution of 11-bromo-1-
undecanol (5 g, 20 mmol) was added potassium ethyl xanthate (3.83 g, 24 mmol) in acetone (60 
mL) at room temperature. The reaction mixture was stirred for 24h. The insoluble material was 
filtered off and the filtrate was concentrated under vacuum. Purification by flash column 
chromatography on silica (hexane/EtOAc = 4/1) gave 1 (5.6 g, 96%) as a colorless oil. 1H NMR 
(400 MHz, CDCl3): δ 4.64 (q, J = 7.1 Hz, 2H), 3.64 (t, J = 6.6 Hz, 2H), 3.15 – 3.07 (m, 2H), 1.67 (tt, J 
= 7.5, 6.6 Hz, 2H), 1.62 – 1.50 (m, 2H), 1.44 (bs, 1H), 1.42 (t, J = 7.1 Hz, 3H), 1.44-1.28 (m, 14H). 
The NMR data agree with those published in the literature.29

11-((ethoxycarbonothioyl)thio)undecyl methanesulfonate (2): 1 (5.6g, 19.1 mmol) and 180 
mL of dry DCM were added to a 250 mL round bottomed flask under argon atmosphere. The 
mixture was cooled down to 0 0C. Then, triethylamine (4 mL, 28.7 mmol) was added followed by 
dropwise addition of MsCl (1.78 mL, 23.0 mmol). The reaction mixture was allowed to warm up 
to room temperature and was stirred for 2 h. The solution was washed with 500 mL of brine, 
dried with anhydrous MgSO4 and concentrated under vacuum to give 2 (7.1 g, 97%) as a 
colorless oil. 1H NMR (400 MHz, CDCl3): δ 4.64 (q, J = 7.1 Hz, 2H), 4.21 (t, J = 6.6 Hz, 2H), 3.14 – 
3.07 (m, 2H), 2.99 (s, 3H), 1.81 – 1.61 (m, J =6.6, 4H), 1.36-1.27 (m, 14H). 13C NMR (100 MHz, 
CDCl3): δ 215.4, 70.3, 69.9, 37.5, 36.0, 29.5, 29.5, 29.5, 29.2, 29.2, 29.1, 29.0, 28.5, 25.5, 13.9. 
HRMS (ESI) m/z: calc. for C15H30O4S2Na: 393.1204 [M+Na]+; found: 393.1208.
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 (E)-4-((4-(hydroxymethyl)phenyl)diazenyl)phenol (3): Compound 3 was synthesized 
according to the literature procedure.30

 (E)-O-ethyl S-(11-(4-((4-(hydroxymethyl)phenyl)diazenyl)phenoxy)undecyl) 
carbonodithioate (4): A solution of 3 (1.5 g, 6.6 mmol) in dry ACN (180 ml) was treated with 2 
(2.83 g, 7.36 mmol) and K2CO3 (1.36 g, 9.86 mmol) and a small amount of KI under argon 
atmosphere. Then, the reaction mixture was refluxed overnight. K2CO3 was filtered off and the 
filtrate was concentrated under vacuum. The crude product was purified by flash column 
chromatography on silica (hexane/EtOAc = 7/3) to give 4 as an orange solid (2.1 g, 64%). 1H 
NMR (400 MHz, CDCl3): δ 7.95 – 7.85 (m, 4H), 7.52 – 7.46 (m, 2H), 7.03 – 6.97 (m, 2H), 4.77 (s, 
2H), 4.64 (q, J = 7.1 Hz, 2H), 4.04 (t, J = 6.6 Hz, 2H), 3.15 – 3.07 (m, 3H), 1.87 (bs, 1H), 1.82 (dd, J 
= 8.2, 6.5 Hz, 2H), 1.72 – 1.64 (m, 2H), 1.50 – 1.25 (m, 16H). 13C NMR (100 MHz, CDCl3): δ 215.5, 
162.0, 152.3, 146.9, 143.3, 127.6, 125.0, 122.9, 114.9, 69.9, 68.5, 65.1, 36.1, 29.7, 29.6, 29.6, 29.5, 
29.3, 29.2, 29.0, 28.5, 26.1, 14.0. HRMS (ESI) m/z: calc. for C27H39O3S2N2: 503.2402 [M+H]+; 
found: 503.2398.

 (E)-S-(11-(4-((4-(bromomethyl)phenyl)diazenyl)phenoxy)undecyl) O-ethyl 
carbonodithioate (5): To a solution of 4 (1 g, 2 mmol) in dry DCM (100 mL) was added PBr3 
(190 μL, 2 mmol) under argon atmosphere at 0 0C. The resulting mixture was stirred at room 
temperature overnight. The solution was concentrated under reduce pressure. The residue was 
purified by column chromatography (hexane/EtOAc = 9/1) to give 5 as an orange solid (860 mg, 
77%). 1H NMR (400 MHz, CDCl3): δ 7.95 – 7.88 (m, 2H), 7.92 – 7.81 (m, 2H), 7.58 – 7.48 (m, 2H), 
7.04 – 6.88 (m, 2H), 4.63 (dq, J = 14.0, 7.1 Hz, 2H), 4.55 (s, 2H), 4.04 (t, J = 6.6 Hz, 2H), 3.11 (td, J 
= 7.6, 1.7 Hz, 2H), 1.81 (q, J = 6.9 Hz, 2H), 1.77 – 1.64 (m, 2H), 1.53 – 1.30 (m, 17H). 13C NMR 
(100 MHz, CDCl3): δ 215.5, 162.1, 152.6, 146.9, 139.9, 130.0, 125.1, 123.1, 114.9, 69.9, 68.6, 36.1, 
33.1, 29.7, 29.6, 29.6, 29.5, 29.3, 29.3, 29.0, 28.5, 26.2, 14.0. HRMS (ESI) m/z: calc. for 
C27H38O3S2N2Br: 565.1558 [M+H]+; found: 565.1561.

4-isopropoxy-3-vinylphenol (6): Compound 6 was synthesised according to the literature 
procedure.31

 (E)-O-ethyl S-(11-(4-((4-((4-isopropoxy-3-vinylphenoxy)methyl)phenyl)-
diazenyl)phenoxy)undecyl) carbonodithioate (7): To a stirred solution of 5 (38 mg, 0.068 
mmol) and 6 (11 mg, 0.062 mmol) in dry acetone was added K2CO3 (17 mg, 0.124 mmol) and KI 
(11 mg, 0.068 mmol) and refluxed for 48 h. The solution was concentrated under reduced 
pressure. The residue was purified by column chromatography (hexane/EtOAc = 95/5) to give 
7 as an yellow solid (15 mg, 37%). 1H NMR (400 MHz, CDCl3): δ 7.95 – 7.85 (m, 4H), 7.59 – 7.46 
(m, 2H), 7.14 (t, J = 1.7 Hz, 1H), 7.10 – 6.96 (m, 3H), 6.86 – 6.79 (m, 2H), 5.70 (dd, J = 17.8, 1.4 Hz, 
1H), 5.24 (dd, J = 11.1, 1.4 Hz, 1H), 5.11 (s, 2H), 4.65 (q, J = 7.1 Hz, 2H), 4.39 (hept, J = 5.8 Hz, 
1H), 4.05 (t, J = 6.6 Hz, 2H), 3.16 – 3.08 (m, 2H), 1.82 (p, J = 6.6 Hz, 2H), 1.75 – 1.65 (m, 2H), 1.42 
(t, J = 7.1 Hz, 3H), 1.52 – 1.31 (m, 20H). 13C NMR (100 MHz, CDCl3): δ 215.4, 161.9, 153.1, 152.6, 
149.9, 147.0, 139.7, 131.9, 129.5, 128.1, 124.9, 122.9, 116.9, 115.3, 114.8, 114.4, 112.7, 72.4, 
70.4, 69.9, 68.5, 36.1, 29.7, 29.6, 29.6, 29.5, 29.3, 29.2, 29.0, 28.5, 26.1, 22.4, 14.0. HRMS (ESI) 
m/z: calc. for C38H51O4S2N2: 663.3290 [M+H]+; found: 663.3289.

 (E)-11-(4-((4-((4-isopropoxy-3-vinylphenoxy)methyl)phenyl)diazenyl)-
phenoxy)undecane-1-thiol (SAT): To a solution of 7 (15 mg, 0.023 mmol) in dry MeOH/DCM 
(2 mL, v/v 1:1) was added ethylenediamine (9 μL, 0.136 mmol) under argon atmosphere. The 
temperature was raised to 40 0C and kept overnight. The solution was concentrated under 
vacuum. The crude product was purified by flash column chromatography on silica 
(hexane/EtOAc = 95/5) to give the product as a yellow solid (6.2 mg, 48%). 1H NMR (400 MHz, 
CDCl3): δ 7.91 (t, J = 8.5 Hz, 4H), 7.56 (d, J = 8.2 Hz, 2H), 7.14 (t, J = 1.8 Hz, 1H), 7.10 – 6.96 (m, 
3H), 6.86 – 6.79 (m, 2H), 5.70 (dd, J = 17.7, 1.4  Hz, 1H), 5.25 (dd, J = 11.1, 1.4 Hz, 1H), 5.11 (s, 
2H), 4.39 (hept, J = 6.0 Hz, 1H), 4.04 (t, J = 6.5 Hz, 2H), 2.53 (q, J = 7.4 Hz, 2H), 1.88 – 1.74 (m, 
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2H), 1.71 (bs, 1H), 1.61 (p, J = 7.2 Hz, 2H), 1.54 – 1.20 (m, 20H). 13C NMR (100 MHz, CDCl3): δ 
162.0, 153.1, 152.5, 149.9, 147.0, 139.7, 131.9, 129.5, 128.1, 125.0, 122.9, 117.0, 115.3, 114.9, 
114.4, 112.7, 72.4, 70.4, 68.5, 34.2, 29.9, 29.7, 29.6, 29.5, 29.3, 29.2, 28.5, 26.2, 24.8, 22.4. HRMS 
(ESI) m/z: calc. for C35H47N2O3S: 575.3307 [M+H]+; found: 575.3309. 
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Figure S2. Synthetic route to ST ligand.

O-ethyl S-(11-(4-isopropoxy-3-vinylphenoxy)undecyl)carbonodithionate (8): A solution of 
6 (200 mg, 1.10 mmol) in dry ACN (25 ml) was treated with 2 (470 mg, 1.26 mmol), K2CO3 (230 
mg, 1.67 mmol) under argon atmosphere. Then, the reaction mixture was refluxed overnight. 
K2CO3 was filtered off and the filtrate was concentrated under vacuum. The crude product was 
purified by flash column chromatography on silica (hexane/EtOAc = 95/5) to give 8 as a yellow 
oil (430 mg, 84%). 1H NMR (400 MHz, CDCl3): δ 7.09 – 6.96 (m, 2H), 6.82 (d, J = 8.9 Hz, 1H), 6.75 
(dd, J = 8.9, 3.0 Hz, 1H), 5.75 – 5.65 (dd, J = 17.7, 1.4 Hz, 1H), 5.23 (dd, J = 11.1, 1.4 Hz, 1H), 4.64 
(m, J = 7.1 Hz, 2H), 4.37 (hept, J = 6.0 Hz, 1H), 3.92 (t, J = 6.6 Hz, 2H), 3.15 – 3.07 (m, 2H), 1.82 – 
1.62 (m, 4H), 1.50 – 1.29 (m, 23H). 13C NMR (100 MHz, CDCl3): δ 215.28, 153.49, 149.33, 131.88, 
129.29, 117.06, 114.76, 114.03, 111.91, 72.34, 69.73, 68.49, 35.92, 32.19, 29.53, 29.47, 29.43, 
29.41, 29.39, 29.10, 28.87, 28.35, 26.06, 22.24, 13.80. HRMS (ESI) m/z: calc. for C25H40O3S2Na: 
475.2317 [M+Na]+; found: 475.2318.

11-(4-isopropoxy-3-vinylphenoxy)undecane-1-thiol (ST): To a solution of 8 (63.5 mg, 0.14 
mmol) in dry MeOH/DCM (1:1, 16 mL) was added ethylenediamine (112.4 μL, 1.68 mmol) 
under argon atmosphere. The temperature was raised to 400C and kept overnight. The solution 
was concentrated under vacuum. The crude product was purified by flash column 
chromatography on silica (hexane/DCM =3/1) to give ST as a colorless oil (15 mg, 30%). 1H 
NMR (400 MHz, CDCl3): δ 7.14 – 6.97 (m, 2H), 6.82 (d, J = 8.9 Hz, 1H), 6.75 (dd, J = 8.9, 3.0 Hz, 
1H), 5.70 (dd, J = 17.8, 1.5 Hz, 1H), 5.23 (dd, J = 11.1, 1.4 Hz, 1H), 4.37 (p, J = 6.1 Hz, 1H), 3.92 (t, J 
= 6.6 Hz, 2H), 2.52 (q, J = 7.5 Hz, 2H), 1.76 (tt, J = 6.7 Hz, 2H), 1.63 (tt, J = 14.8, 7.3 Hz, 2H), 1.45 – 
1.23 (m, 21H). 13C NMR (100 MHz, CDCl3): δ 153.49, 149.33, 131.88, 129.30, 117.06, 114.76, 
114.03, 111.91, 77.20, 72.35, 68.50, 31.50, 30.12, 29.69, 29.53, 29.49, 29.40, 29.38, 29.05, 28.37, 
26.06, 24.65, 22.23. HRMS (ESI) m/z: calc. for C22H37O2S: 365.2514 [M+H]+; found: 365.2516. 

O

HS HS
PT HDT

11-phenoxyundecane-1-thiol (PT) and hexadecane-1-thiol (HDT): Ligands 9 and 10 were 
synthesized according to the literature procedure.32
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N,N-diallyl-4-methylbenzenesulfonamide (11): Substrate 11 was synthesized according to 
the literature procedure.33

3. Characterization of ligands 

Figure S3. 1H NMR spectrum of 1 in CDCl3, 298 K.

Figure S4. 1H and 13C NMR spectra of 2 in CDCl3, 298 K.
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Figure S5. 1H and 13C NMR spectra of 4 in CDCl3, 298 K.

Figure S6. 1H and 13C NMR spectra of 5 in CDCl3, 298 K.
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Figure S7. 1H and 13C NMR spectra of 7 in CDCl3, 298 K.

Figure S8. 1H and 13C NMR spectra of SAT in CDCl3, 298 K.
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Figure S9. 1H and 13C NMR spectra of 8 in CDCl3, 298 K.

Figure S10. 1H and 13C NMR spectra of ST in CDCl3, 298 K.
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Figure S11. Mass spectrum of 2 under electrospray ionization in positive ion mode.

Figure S12. Mass spectrum of 4 under atmospheric pressure chemical ionization in positive ion 
mode.
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Figure S13. Mass spectrum of 5 under atmospheric pressure chemical ionization in positive ion 
mode.

Figure S14. Mass spectrum of 7 under atmospheric pressure chemical ionization in positive ion 
mode.
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Figure S15. Mass spectrum of SAT under electrospray ionization in positive ion mode.

Figure S16. Mass spectrum of 8 under electrospray ionization in positive ion mode.
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Figure S17. Mass spectrum of ST under electrospray ionization in positive ion mode.

4. Synthesis and functionalization of AuNPs

Synthesis of thiol-coated AuNPs
HAuCl4·3H2O (2.4 mg, 6 μmol) was dissolved in the presence of dodecylamine (21.6 mg) in 0.6 
mL of 0.1M didocelydimethylammonium bromide (DDAB) toluene solution and then reduced by 
tetrabutylammonium borohydride (6 mg dissolved in 0.24 ml of 0.1M DDAB toluene solution) 
added in one portion under vigorous stirring. The resulting mixture was stirred for 1h. Then, 
the prescribed amount of SAT or ST and PT or HDT (total number of moles: 1.8 μmol) in DCM 
(200 μL) was added in one portion, and the resulting mixture was stirred for 1h. 

Purification of χSAT(PT)@AuNPs and χST(PT)@AuNPs
PT-containing NPs were precipitated by pouring the reaction mixture into MeOH (6 mL) and 
collected by centrifugation. The NP precipitate was redispersed in CHCl3 (80 μL), precipitated 
by MeOH (6 mL) and centrifuged. The procedure was repeated two times. For the third time, the 
NPs were redispersed in CHCl3 (80 μL), precipitated with pentane (7 mL) and centrifuged. 
Finally, the NP sediment was dried and redispersed in 400 μL of deuterated DCM to give 7 mM 
(in terms of gold) NP dispersion.

Purification of χSAT(HDT)@AuNPs
HDT-containing NPs were precipitated by pouring the reaction mixture into MeOH (6 mL) and 
collected by centrifugation. The NP precipitate was redispersed in CHCl3 (80 μL), precipitated 
by MeOH (6 mL) and centrifuged. The procedure was repeated two times. For the third time, the 
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NPs were redispersed in 80 μL of CHCl3-pentane mixture (1:1 v/v), precipitated with acetone (7 
mL) and centrifuged. Finally, the NP sediment was dried and redispersed in 400 μL of 
deuterated DCM to give 7 mM (in terms of gold) NP dispersion.

Generation of Ru precatalyst
To a stirred solution of χSAT(PT)@AuNPs (7 mM) or χSAT(HDT)@AuNPs (7 mM) or 
χST(PT)@AuNPs (7 mM) in 400 μL of deuterated DCM was added Grubbs catalyst 2nd 
generation (0.18 mg, 0.21 μmol) in 100 μL of deuterated DCM, and copper(I) chloride (0.02 mg, 
0.21 μmol), and the resulting mixture was stirred for 2h. Final NPs were used in metathesis 
reaction without any purification.

5. Characterization of AuNPs

Sample preparation for TEM 
20SAT(PT)@AuNPs and 20SAT(PT)Ru@AuNPs dispersions were dropcasted on 300 mesh Cu 
grids and used for further analysis. 

Sample preparation for TGA 
20SAT(PT)@AuNPs and PT@AuNPs dispersions were transferred to ceramic crucibles, dried 
and used for further analysis. 

Sample preparation for XPS
A 500 μL dispersion of 20SAT(PT)Ru@AuNPs (7 μM) in DCM was concentrated under vacuum, 
redispersed in DCM (80 μL) and precipitated with pentane (7 mL). The procedure was repeated 
three times. Finally, the NP sediment was washed twice with methanol (10 mL), dried and 
dispersed in 80 μL of DCM. The resultant NP dispersion was dropcasted on a silicon wafer and 
used for further analysis. 

Figure S18. TEM micrographs and size analysis of 20SAT(PT)@AuNPs before and after the 
reaction with G2.
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Figure S19. Thermograms of AuNPs coated with neat PT (A) and HDT (B) monolayers.

Figure S20. XPS spectra of 20SAT(PT)Ru@AuNPs revealing the presence of: (i) neutral and  
oxidized gold, indicating the presence of gold nanoparticles and the thiol monolayer on their 
surface; (ii) reduced sulphur, which is another proof for adsorbed thiolates; (iii) reduced 
nitrogen, indicative of the presence of azo bond/NHC ligand; (iv) reduced chlorine, which is an 
additional indication of the presence of H2 moiety. 
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Figure S21. Full 1H NMR spectrum of 20SAT(PT)Ru@AuNPs with indicated proton resonances 
integrated to determine the ratio between SAT and PT ligands and the percentage of SAT 
reacted with G2, DCM-d2, 298 K.

Figure S22. 1H NMR spectrum of 20ST(PT)Ru@AuNPs, DCM-d2, 298 K.
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Figure S23. Normalized absorbance spectra of AuNPs coated with SAT and PT ligands in 
different ratios  before and after agitating with G2 for 2h.

Figure S24. Normalized absorbance spectra of AuNPs coated with SAT and HDT ligands in 
different ratios  before and after agitating with G2 for 2h.
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6. Isomerization experiments

Figure S25. 1H NMR spectra of SAT (1.1 mM) in the dark (top) and after being irradiated with 
365 nm for 30 min (bottom) showing only the traces of the cis isomer in the photostationary 
state, CDCl3, 298 K. 

Figure S26. Absorbance spectra of SAT (0.006 mM) in the dark and after being irradiated with 
365 nm for 2 min in DCM, 298 K. 
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Figure S27. Normalized absorbance spectra of SAT/PT coated AuNPs (0.14 mM) in DCM in their 
initial states, after irradiation with 365 nm light and under thermal relaxation in the dark. The 
increase in the intensity of the π-π* band and the broadening of the plasmon peak indicate the 
aggregation of AuNPs.
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Figure S28. Normalized absorbance spectra of SAT/PT coated AuNPs (0.14 mM) in DCM kept 
after irradiation in the dark overnight. The decrease in intensity and appearance of a new broad 
peak indicate further aggregation and sedimentation of AuNPs, visible to the naked eye as a 
color change from red-brown to dark violet.
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Figure S29. Normalized absorbance spectra of SAT/PT/Ru coated AuNPs (0.14 mM) in DCM in 
their initial states, after irradiation with 365 nm light and under thermal relaxation in the dark. 
The appearance of a new peak around 500 nm during irradiation, which does not disappear in 
the dark, indicates a strong interaction between the metalated SAT ligand and the surrounding 
monolayer.

Figure S30. Comparative kinetics of the back isomerization of SAT/PT coated AuNPs without 
and with Ru.
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Figure S31. Normalized absorbance spectra of 20SAT(HDT)@AuNPs without and with Ru (0.14 
mM) in DCM in their initial states, after irradiation with 365 nm light and under thermal 
relaxation in the dark. Similar to PT containing AuNPs, the irreversible appearance of a new 
peak around 500 nm was observed in the presence of Ru.

Figure S32. Comparative kinetics of the back isomerization of free SAT (0.006 mM) and SAT 
immobilized on AuNPs (0.14 mM in terms of Au) at different ratios in the presence of different 
background ligands with/without Ru. As can be seen, the presence of Ru has the most 
significant influence on the isomerization behaviour of SAT. 
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7. Catalytic experiments

Figure S33. Time-resolved 1H NMR spectra of the progress of metathesis reaction catalyzed by 
10SAT(PT)Ru@AuNPs for nonirradiated (black) and preirradiated (blue) samples.

Figure S34. Time-resolved 1H NMR spectra of the progress of metathesis reaction catalyzed by 
20SAT(PT)Ru@AuNPs for nonirradiated (black) and preirradiated (blue) samples.
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Figure S35. Time-resolved 1H NMR spectra of the progress of metathesis reaction catalyzed by 
40SAT(PT)Ru@AuNPs for nonirradiated (black) and preirradiated (blue) samples.

Figure S36. Time-resolved 1H NMR spectra of the progress of metathesis reaction catalyzed by 
100SAT(PT)Ru@AuNPs for nonirradiated (black) and preirradiated (blue) samples.
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Figure S37. Time-resolved 1H NMR spectra of the progress of metathesis reaction catalyzed by 
20ST(PT)Ru@AuNPs for nonirradiated (black) and preirradiated (blue) samples.

Figure S38. Time-resolved 1H NMR spectra of the progress of metathesis reaction catalyzed by 
20SAT(PT)Ru@AuNPs keeping the sample first in the dark (black), then in UV light (20 min), 
and again in the dark (blue).
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Figure S39. Time-resolved 1H NMR spectra of the progress of metathesis reaction catalyzed by 
10SAT(HDT)Ru@AuNPs keeping the sample first in the dark (black), then in UV light (20 min), 
and again in the dark (blue). 

Figure S40. Time-resolved 1H NMR spectra of the progress of metathesis reaction catalyzed by 
20SAT(HDT)Ru@AuNPs keeping the sample first in the dark (black), then in UV light (20 min), 
and again in the dark (blue).
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Figure S41. Comparative kinetics of metathesis reaction catalyzed by SAT/Ru coated AuNPs 
with PT and HDT ligands at different ratios and irradiation conditions. In all cases, the molar 
ratio between the immobilized SAT ligand and substrate was kept constant (1:10).

Figure S42. (A) Metathetical activity of free H2 at different substrate concentrations while 
maintaining a constant precatalyst loading (10% mol); (B) Comparison of the metathetical 
activity of free (10 % mol and 3.7 % mol precatalyst loading) and immobilized H2 (3.7 % mol 
precatalyst loading). 

Figure S43. Comparative kinetics of metathesis reaction catalyzed by 20ST(PT)Ru@AuNPs (0.14 
mM in terms of Au) in the dark and UV light. The molar ratio between the immobilized ST ligand 
and substrate was 1:10.
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Figure S44. Partial 1H NMR spectra of 20SAT(PT)Ru@AuNPs before and after mixing with the 
substrate for 165 min (before measurement, the NPs were purified by the redispersion-
precipitation method), showing the partial initiation of the immobilized precatalyst, DCM-d2, 
298 K.

8. Additional computational results

Figure S45. Molecular structure of χSAT(PT)@AuNPs extracted from equilibrated atomistic 
simulations as a function of the monolayer composition χ; χ =10, 20, 40, 100. SAT ligands are 
initially considered in the trans form (top row) and then converted in the cis form (bottom row). 
SAT chains are coloured by element (C, grey; N, blue; O, red, H, white) and PT chains as white 
spheres. 



S30

Figure S46. Free energy landscape for cis → trans isomerization as a function of the CNNC 
dihedral angle and the NNC angle for (a) the free SAT ligand and (b) one bound SAT ligand in 
100SAT(PT)@AuNP with neighbouring SAT ligands in trans state. 2D maps are obtained from 
umbrella sampling calculations.

Figure S47. Molecular structure of χSAT(PT)Ru@AuNPs extracted from equilibrated atomistic 
simulations as a function of the monolayer composition χ; χ =10, 20, 40, 100. SAT ligands are 
initially considered in the trans form (top row) and then converted in the cis form (bottom row). 
SAT chains are colored by element (C, grey; N, blue; O, red, H, white), with those presenting the 
catalytic group in green, and PT chains are portrayed as white spheres. The Hoveyda-Grubbs 
moiety is highlighted as a green transparent surface.
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Figure S48. Voronoi tessellation based on the centre of mass (COM) of the ligands projected 
onto a bi-dimensional (φ, cos (θ)) plane for 20SAT(HDT)@AuNPs (A) and 20SAT(PT)@AuNPs 
(B). Each dot corresponds to a different COM. Each polygon is coloured according to its value, 
where darker (lighter) regions represent smaller (larger) area with higher (lower) ligand 
density with respect to the average.

Figure S49. Visual comparison of solvent molecules in close contact (in blue) with the 
precatalytic group in 20SAT(PT)Ru@AuNPs (A) and 20SAT(HDT)Ru@AuNPs (B), showing one 
SAT(Ru) ligand (in green) as a representative example. SAT ligands are in trans conformation.
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