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Experimental Details 

Sample preparation. 4-NTP and 4-ATP were purchased from Sigma-Aldrich and used without further 

purification. Solutions of 4-NTP/4-ATP were prepared by dissolving the solid sample in ethanol and further 

dilution to generate concentration series. TS-Au substrates were prepared using the procedure described in 

our previous work.1 The Au(111) single-crystal substrates were prepared by the Clavilier method.2 To 

prepare “immersion samples”, freshly prepared Au substrates were immersed in 10 mM solution of 4-NTP 

(or 4-ATP) in ethanol for 24 hours to allow formation of a SAM. To prepare “drop-cast samples”, 5 μL of 

10 mM 4-NTP (or 4-ATP) ethanolic solution was drop-cast onto freshly prepared Au substrates and allowed 

to dry naturally for ca. 1 min.  

TERS setup. All TERS measurements were performed with a top-illumination TERS setup combining an 

STM with a Raman spectrometer (NTEGRA Spectra Upright, NT-MDT, Russia). A 100×, 0.7 NA air 

objective (Mitutoyo, Japan) was used for both excitation and collection of the TERS signals. STM and 

TERS measurements were performed using electrochemically etched Ag tips.3 A 632.8 nm He-Ne laser 

(Spectra-Physics, Newport, Germany) with a power of 70 μW on the sample was used as the excitation 

source. For all TERS measurements, tunnelling current was set to 200 pA, tunnelling bias was set to 1.0 V 

and acquisition time per spectrum was set to 4 s.  

STM measurements. All experiments were performed at room temperature using a PicoLE STM (Agilent, 

Technologies, USA) operating in constant-current mode. STM tips were prepared by mechanical cutting of 

Pt/Ir wire (80/20, diameter 0.25 mm, Advent Research Materials, UK). Au(111)/mica was used as the 

substrate for STM measurements at the air-solid interface under ambient conditions. STM parameters are 

indicated in the figure captions and sample bias and tunnelling current are denoted by Vbias and Iset, 

respectively. The bias voltage refers to the substrate. High-resolution STM images were obtained after two 

hours of instrument stabilization via continuous imaging at phenyl octane/ Au(111) interface. Distances are 

determined based on the STM scanner calibration file, the accuracy of which is regularly checked by 
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measuring the atomic lattice of highly oriented pyrolytic graphite. STM images were processed using 

WSxM software.4 Materials Studio 7.0 software was used to build DFT-based molecular models (CASTEP 

simulation). 

DFT calculations. DFT calculations were carried out using Vienna ab-initio Simulation Package (VASP)5 

with optB88-vdW functional6, which accurately accounts for van-der-Waals interactions, and has been 

widely used to study the adsorption of molecules on metal surfaces.7 The lattice parameters of a variety of 

solids predicted by the optB88-vdW functional are also in good agreement with the experimental lattice 

parameters.8 A plane-wave cut-off of 450 eV was used throughout. The metal surface was represented using 

a slab with 4 layers of Au in a √7×√7 unit cell with a 7×7×1 K-point mesh. We used a 4×4 unit cell with a 

3×3×1 K-point mesh for the investigation of the rotation of non-close-packed 4-NTP. A vacuum of at least 

22 Å was placed above each surface. The bottom 3 layers of the substrate were fixed during the optimization 

while all the other atoms were flexible.  The force convergence criteria for the geometry optimization is 

0.02 eV/Å (0.04 eV/Å for the calculations in the 4×4 unit cell). 
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Figure S1. STM images of bare (a) Au(111) and (b) TS-Au substrates. The cross-section profiles under the 

STM images show topography variation along the white dashed lines marked in (a) and (b), respectively. 
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Figure S2. Top panel: Schematic diagram of the STM-TERS set up used for investigating photocatalytic 

coupling of 4-ATP → DMAB on Au(111) and TS-Au surfaces. Averaged spectra measured in the TERS 

images (1 µm2) of 4-ATP functionalised (a) TS-Au and (d) Au(111) surfaces prepared via drop-cast (blue 

trace) or immersion (red trace) protocols. Step size: 100 nm. Raman bands of DMAB at 1146, 1390, and 

1442 cm−1 are highlighted in red. Raman spectrum of 4-ATP powder (black trace) is also plotted for 

comparison. Waterfall plots of TERS spectra measured in the TERS images of 4-ATP → DMAB on (b, c) 

TS-Au and (e, f) Au(111) surfaces prepared via drop-cast and immersion protocols, respectively. All TERS 

measurements in (a- f) were performed using the same Ag probe.  
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Figure S3. (a) High-resolution STM image of 4-NTP monolayer at the air/Au(111) interface presented in 

Figure 3a. (b) - (e) Additional high-resolution STM images of the immersion samples showing well-ordered 

4-NTP domains on Au(111) surface. STM parameters: It = 0.11 nA; Vbias = –0.20 V. (f) Table listing 

measured area of well-ordered domains, total area of the STM image and domain coverage. Overall surface 

coverage of the well-ordered domains in (a) - (e) is estimated to be 74.3% ± 5.5%, where uncertainty 

represents image to image variation. 
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Figure S4. (a) - (d) High-resolution STM images of 4-NTP domains at air/Au(111) interface. STM 

parameters: It = 0.11 nA; Vbias = –0.20 V. (e) Table listing the average intermolecular distance calculated 

from the lines marked in (a) - (d). 
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Figure S5. (a) STM image of 4-NTP monolayer at air/Au(111) interface presented in Figure 3d. (b) - (e) 

Additional high-resolution STM images of a drop-cast sample showing disordered 4-NTP adlayers formed 

on Au(111) surface. STM parameters: It = 0.15 nA; Vbias = –0.20 V. (f) Table listing measured area of 

well-ordered domains, total area of the STM image and domain coverage. Overall surface coverage of the 

well-ordered domains in (a) - (e) is estimated to be 7.8% ± 1.0%, where uncertainty represents image to 

image variation. 
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Figure S6. (a) - (d) High-resolution STM images of 4-NTP domains at air/Au(111) interface. STM 

parameters: It = 0.15 nA; Vbias = –0.20 V. (e) Table listing average intermolecular distance calculated from 

the lines marked in (a) - (d). 
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Figure S7. Optimized structural model of a 4-NTP molecule calculated using DFT. The atoms are 

colored as follows: H, white; C, grey; S, yellow; N, blue; O, red.   
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Figure S8. (a) - (d) Top view of the rotation of a 4-NTP molecule adsorbed on Au(111) in a 

non-close-packed adlayer calculated using DFT. The atoms are colored as follows: H, white; C, cyan; S, 

yellow; N, dark blue; O, red; Au, gold. The most stable adsorption of a 4-NTP molecule occurs near the 

FCC site.9 The activation energy required for the molecule to rotate around the adsorbed site to adopt a 

favorable configuration for 4-NTP → DMAB reaction is ca. 0.3 eV, which corresponds to a rate on the 

order of ns at room temperature, assuming an attempt frequency on the order of fs. Therefore, even though 

it is unlikely to rotate at each attempt, it’s still fast relative to the experimental timescale of 1-4 s.  
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