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Figure S1. The periodic model (17.03 Å × 17.03 Å × 22.06 Å) used to simulate Au(111) 

surfaces by a four-layer slab with 36 (6 × 6) atoms in each layer. The slabs were separated by 

a vacuum space of 15 Å to avoid the interaction between the molecules and the adjacent slab 

surface. Periodic boundary conditions were applied in all directions of space. 

 

 

 

 

 

Figure S2. (a) STM image of a bare Au(111) surface using a mechanically cut Pt-Ir tip. (b) 

Corresponding profile of the scan indicated by the white line in (a). Atomically flat areas and 

single-atom steps were observed. The bias voltage was 0.1V, and the tunneling current was 1.0 

nA. 
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Figure S3. Optimized molecular structure and height of pCTP and pATP in vacuum. 

 

 

Figure S4. Schematic illustration of the TERS setup and corresponding dimensions of the 

working areas. The top-illumination configuration allows for exciting and collecting the Raman 

spectra along the same optical pathway. The incident laser illuminates the sample surface 

perpendicularly along the tip apex from the top. The curvature radius (r) of the laser beam focus 

(pink area, r ≈ 1000 nm), Ag tip (gray circle, r ≈ 50 nm), and hotspot (red circle, r ≈ 5 nm) 

have been discussed in our previous work.1 Note that more photocatalytic reactions (e.g., pATP 

to DMAB) could be triggered simultaneously in the gray area during TERS imaging because 

this area is close to the Ag tip/Au substrate nano-gap and under laser irradiation. Additionally, 

since all the TERS maps (100 nm × 100 nm, 32 × 32 pixels) are recorded from bottom to top, 

the upper half part of the TERS image allows for the photocatalytic conversion even longer. 

This, accordingly, leads to the fact that we can observe stronger DMAB signals (1440 cm-1) 

and peak ratios (I1440 to I1586) at the latter/upper half of the map (Figure 2e).  
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Figure S5. Time-dependent TER spectral evolution of pATP and DMAB in the STM-TERS 

nanogap (0.1 V, 1.0 nA) under laser excitation (633 nm, 0.5 mW). Serial TER spectra were 

acquired with an integration time of 1 s. All measurements were carried out by positioning the 

Ag tip on a fixed location within the pATP/Au(111) SAMs. The characteristic bands of DMAB 

at 1144 and 1440 cm-1 are highlighted in gray areas. The peak ratios (I1440 to I1586) of the spectra 

recorded at 4 s and 5 s are estimated to be around 0.17 and 0.43, respectively. Based on the 

quality of these two spectra, we suggest that the peak ratio (I1440 to I1586) between these two 

values (ca. 0.3) could indicate the formation of DMAB. 
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Figure S6. Optimized Au-thiolate geometries using B3LYP/6-311+G** level and LANL2DZ 

basis set in vacuum.2 To simplify the calculations, metallic cluster models were used to extract 

the adsorption structures and simulated spectra of pCTP, pATP, and DMAB on Au(111), based 

on previous methods proposed by Wu et al.2-5 The selected Au5 metal clusters allow the thiol 

S atom to bind to bridge sites, which is the ‘standard model’ for monothiolates binding on 

Au(111).6 Note that the relative intensities of simulated spectra are different from 

corresponding TERS results (Table S1), which is probably due to a lack of consideration of 

charge transfer effects and surface selection rules in the DFT calculations.3-5, 7  
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Table S1. Theoretical frequencies and assignments of selected fundamental vibrational bands 

of pCTP, pATP, and DMAB.8, 9 

TERS 

frequencies 

(cm-1) 

DFT  

frequencies 

(cm-1) 

Assignments 

pCTP  

1080 1068 ν(C-S) + α(ring breathing) 

1182 1180 in-plane δ(C-H) 

1586 1596 in-plane α(ring) + in-plane δ(C-H) 

2230 2285 ν(C≡N) 

  

pATP  

1082 1072 ν(C-S) + α(ring breathing) 

1180 1181 in-plane δ(C-H) 

1587 1603 in-plane α(ring) + in-plane δ(C-H) + ω(H-N-H) 

  

DMAB  

1082 1064 ν(C-S) + α(ring breathing) 

1144 1136 ν(C-N) + in-plane δ(C-H) 

1183 1190 in-plane δ(C-H) + ν(C-N) 

1395 1460 ν(N=N) + in-plane δ(C-H) + in-plane α(ring) 

1440 1498 ν(N=N) + in-plane δ(C-H) + in-plane α(ring) 

1590 1598 in-plane α(ring) + ν(N=N) + in-plane δ(C-H) 

Abbreviation: ν, stretching; α, in-plane ring deformation; δ, in-plane bending; ω, wagging. 
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Figure S7. SEM image of a typical Ag tip used for STM-TERS imaging. 
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Figure S8. (a) Photo of the upgraded TERS system with the acoustic/atmosphere box. This 
acoustic isolation box is helpful to reduce ambient noise. (b) Photo of the old piezo scanner (～
100 μm × 100 μm). (c) Photo of the new piezo scanner (～6.0 μm × 6.0 μm). The smaller 
scanner ensures highly precise control of the tip–substrate gap and xy coordinate with a < 0.1 
nm step size.  

 

 

 

Figure S9. Ex-situ high-resolution STM images of pCTP/pATP binary SAMs on Au(111) with 

different coadsorption time using mechanically cut Pt-Ir tips: (a) 10 min; (b) 1 h; (c) 2 h; (d) 6 

h. 
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Figure S10. Typical TER spectra of pure and binary pCTP/DMAB adsorbed on Au(111) with 

different peak intensity ratios (R, I1440 to I2230). The color coding of these spectra is in line with 

their pixel colors in Figure 3. Since the C≡N stretching mode at 2230 cm-1 for pCTP was 

visible in all the binary SAMs at all times, it was used as a standard peak to produce the 

intensity ratio maps, and the peak intensity ratio was used to indicate the presence of DMAB 

in the binary SAMs. Compared to pure pCTP (R=0.06) and DMAB (R=127) SAMs, the 

intensity ratios of typical binary SAMs lie in the 0.6-0.8 range (Figure 3b). Based on the quality 

of the spectrum with R=0.21, we suggest that the peak ratio (I1440 to I2230) over 0.2 (R ≥ 0.2) 

could indicate the presence of DMAB within the binary SAMs. 
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Figure S11. Top view of the optimized configuration of (a) pCTP and (b) pATP adsorbed on 
Au(111) in vacuum. 3 × 3 thiolate molecules were placed on the 6 × 6 Au(111) surface with 
coverage of 1/4 monolayer.  

 

 

 

 

 

 

 

Figure S12. Top view of the optimized configuration of (a) pCTP and (b) pATP adsorbed on 
Au(111) in methanol. 3 × 3 thiolate molecules were placed on the 6 × 6 Au(111) surface with 
coverage of 1/4 monolayer.  
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Table S2. Calculation of the adsorption energy of individual pCTP molecules on Au(111) in 
vacuum and methanol. 

 Adsorption energy of individual pCTP (∆𝑬𝐚𝐝𝐬 , eV) 

 -0.62 -0.92 

Systems in vacuum (eV) in methanol (eV) 

Complex -145570.2259 -145582.3106 

Slab -130305.9122 -130315.2191 

pCTP -1711.212955 -1711.212955 

H2 -31.59022997 -31.59022997 

 

 

 

 

 

Table S3. Calculation of the adsorption energy of individual pATP molecules on Au(111) in 
vacuum and methanol. 

 Adsorption energy of individual pATP (∆𝑬𝐚𝐝𝐬 , eV) 

 -0.82 -0.84 

Systems in vacuum (eV) in methanol (eV) 

Complex -144477.9881 -144487.4326 

Slab -130305.9122 -130315.2191 

pATP -1589.64543 -1589.64543 

H2 -31.59022997 -31.59022997 
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