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Clausius–Clapeyron Equation:
51

 

𝑙𝑛 𝑃 =
−∆𝐻𝑣𝑎𝑝

𝑅
(
1

𝑇
) + 𝐶                                            (1) 

Where, lnP is the natural logarithm of the vapor pressure, ΔHvap is the enthalpy of vaporization, 

R is the universal gas constant [8.314 J/(mol•K)], T is the temperature in kelvins, and C is the y-

intercept constant. 

The evaporation enthalpies of water, ethanol and ethylene Glycol are summarized in Table 

S1. It is noteworthy that these three types of solvents have significantly different saturated 

vapor pressures and surface tensions. To exclude the influence of surface tension of solvent on 

the substrate, we measured the contact angles of these three solvents on the substrates of 2D 

NCP unary Au nanoparticle array before and after the hydrophilic treatment by UV-ozone 

cleaning, as shown in Figure S16. Although these three solvents have total different contact 

angles on the substrate before hydrophilic treatment, all of them show ultra-small contact 

angles (< 5
o
 for water, and 0

o
 for EG and ethanol) on the substrate after the hydrophilic 

treatment. These results indicate the substrates after the treatment are super-hydrophilic, and 

thus the surface tension difference of these three solvents should have a negligible effect on the 

self-assembly process.  

 

The enhancement factor (EF) calculation 

The enhancement factor (EF) of the 2D NCP binary Au NP arrays was calculated by the 

equation of:
52

 

EF = ( ISERS / NSERS) / (Inormal / Nnormal)                              (2) 

Where, ISERS is the intensity of 1080 cm
-1
 peak acquired from 4-ATP molecules with a 

concentration of 10
-6

 M on the binary Au NP array. Inormal is the intensity of 1080 cm
-1
 peak 

obtained from 4-ATP molecules with a concentration of 10
-1
 M on Si substrate. NSERS and Nnormal 

are the number of the 4-ATP molecules absorbed on the binary Au NP array and the Si 

substrate, respectively. Herein, ISERS and Inormal were measured from the SERS spectra. The 

Nads/Nnormal was estimated from the concentration ratio of 4-ATP molecules dropped on the 2D 

binary array and Si substrate. Here, the ISERS and Inormal are 21970.70 and 345.13, respectively, as 



 

shown in Figure S17, and the Nads/Nnormal we used in here is 10
5
, and thus the EF of 2D binary 

array is ca. 6.37×10
6
. 

 

 

 

 

Table S1. Comparison of the parameter properties of water, ethylene glycol and ethanol.
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 Water  Ethylene Glycol  Ethanol  

Density (g/mL) 1.0 1.1 0.8 

Surface Tension (mN/m) 72.06 44.98 21.91 

Saturated Vapor Pressure (Pa) 3169 (25 °C) 266 (60 °C) 8000 (25 °C) 

ΔHvap (kJ/mol) 40.65 65.6 38.6 
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Figure S1. (a) Schematic illustration of the fabrication of 2D NCP Au nanoparticle array. (b, c) 

The typical SEM images of 2D NCP unary Au nanoparticle array used as the self-assembly 

template. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Figure S2. The SEM images of the colloidal Au NPs assembled on the NCP unary Au NP array 

by using different carrying solvents at a given temperature, which are ethanol solvent 

evaporated at 25 °C (a), water evaporated at 25 °C (b) and 4 °C (c). 

 

 

 

 

 

 



 

 

 

 

 

 

 

Figure S3. Typical SEM images of the arrays after the carrying EG solvent evaporated at 40 °C 

(a), 60 °C (b), 80 °C (c), and 100 °C (d). 

 

 

 

 

 

 



 

 

 

 

 

 

 

Figure S4. The SEM image of 2D NCP binary Au NP array with core-satellite-structured unit in 

a 45
o
 tilted-view.  

 

 

 

 

 

 

 



 

 

 

 

 

  

Figure S5. The extinction spectra of 2D NCP unary Au nanoparticle array measured at different 

incident angles (θ). Note: θ is the angle between the incident light and the normal direction of 

2D array. The diffraction peak is dramatically red-shifted with increasing the angle, while the 

LSPR peak does not change.  

 

 

 

 

 

 

 



 

 

 

 

 

 

 

Figure S6. The SEM image of 2D NCP binary Au NP array with the satellite Au NP size of 10 nm. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

Figure S7. The SEM image of 2D NCP binary Au NP array with the satellite Au NP size of 25 nm. 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

Figure S8. The SEM image of 2D NCP binary Au NP array with the satellite Au NP size of 55 nm. 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

Figure S9. The SEM image of 2D NCP binary Au NP array with the satellite Au NP size of 85 

nm. 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Figure S10. The SEM image of 2D NCP binary Au NP array with a period of 350 nm. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Figure S11. The SEM image of 2D NCP binary Au NP array with a period of 750 nm. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Figure S12. The SEM image of 2D NCP binary Au NP array with a period of 1000 nm. 

 

 

 

 

 

 



 

 

 

 

 

 

 

Figure S13. The SEM image of ‘satellite’ Au NPs assembled on a template randomly arranged 

with a serial of irregular ‘core’ NPs. 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

Figure S14. The SEM image of 2D NCP binary Au NP array with the PVP modified ‘satellite’ Au 

NPs. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Figure S15. (a) The SERS spectra of 4-ATP molecules collected from five different NCP binary 

Au nanoparticle arrays with eight spectra per sample. (b) The analysis of intensity distribution 

of 1080 cm
-1
 peak in (a). Note: RSD refers to the relative standard deviation. The 2D binary Au 

nanoparticle array demonstrates a low relative standard deviation of 10.05% in intensity.  

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Figure S16. The Photographs of the contact angle (CA) of water (a, a1), ethylene glycol (b, b1), 

and ethanol (c, c1) solvents measured on the Si wafer substrate of 2D NCP unary Au 

nanoparticle before and after the hydrophilic treatment of UV-ozone cleaning. 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Figure S17. (a) The Raman spectra of 4-ATP molecules on 2D NCP binary Au nanoparticle array 

after dropping 5 μL of 10
-6

 M of 4-ATP ethanol solution. The surface area of the substrate of 2D 

NCP binary Au nanoparticle array is 0.5×0.5 cm
2
. (b) The Raman spectra of 4-ATP molecules on 

Si substrate after dropping 5 μL of 10
-1
 M of 4-ATP ethanol (the surface area of Si substrate is 

0.5×0.5 cm
2
).   
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