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1. Chemical component analysis 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S-1.  (a) FT-IR (ATR) spectroscopy and (b) Raman spectra of boehnmite NSs; (c) FT-IR (ATR) 

spectroscopy and (d) XPS analysis of Al2O3 NSs. 

    Figure S1a illustrated that the characteristic peaks of boehmite NSs in FT-IR (ATR) spectroscopy 

were located at 3307, 3097, 1651, 1070, 748 and 646 cm
-1

.
1-3

 The peaks at 3307 and 1652 cm
-1

 

belonged to the stretching vibration of -OH group and the bending mode in the absorbed water, 

respectively. The peak at 3097 cm
-1

 discharged from the symmetric stretching vibration of AlO-H. 

The intense peak at 1070 cm
-1

 ascribed to the bending vibration mode of Al-O-H and bands at 748 

and 646 cm
-1

 consisted with the vibration mode of AlO6. The Raman spectra in Figure S1b further 

proved the existence of boehmite NSs including the bands at 357, 497 and 676 cm
-1

.
4
  

     As showed in Figure S1c, the peaks at 3402, 1645 and 812 cm
-1

 were identified after the RTA 

process.  The peaks at 3402 and 1645 cm
-1

 were from -OH groups of the adsorbed water, while the 

peak at 812 cm
-1

 were classified into AlO6.
5
 Compared with Figure S1a, it found that the strong peak 
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of 3097 cm
-1

 (the symmetric stretching vibration of AlO-H) and 1070 cm
-1

 (the bending vibration 

mode of Al-O-H in boehmite) disappeared obviously. Therefore, it demonstrated that the 

dehydration reaction of boehmite NSs occurred during the RTA process. In addition, by the XPS 

analysis of Al2O3 NSs in Figure S1d, two peaks located at 74.1 eV and 118.9 eV were assigned to Al 2p 

and Al 2s, respectively. The peak of 531 eV was consistent with O 1s in Al2O3 NSs, while 284.8 eV was 

from C 2s.
6-7

 The atomic ratio of Al:O was closely around 2:3. Thus, the XPS tests further confirmed 

the chemical components of Al2O3 NSs. According to the analysis above, we suggested that the 

formation of Al2O3 NSs could be explained as following steps: firstly, Al reacted with H2O at 120 ℃ to 

synthesize boehmite NSs on the surface of Al foil; secondly, the large scale of vertical morphology 

might be due to physically attack of dihydrogen and air bubbles between the interface of H2O/DMF 

and Al foil; finally, boehmite NSs dehydrated into generate Al2O3 NSs after RTA process.
8-9

 

 

 

2. Morphologies of Al2O3 NSs and sandwich-like Au@Al2O3@Au hybrids 

 

 

 

Figure S-2. (a) TEM image of Al2O3 NSs and (b) side-view SEM image of vertical Al2O3 NSs arrays 
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Figure S-3. (a) and (b) Higher magnification SEM images of sandwich-like Au@ Al2O3@Au hybrid 

nanosheets. 

 

3. AFM test of Al2O3 NSs and contact angle performance of PSHNs substrates 

 

 
 

Figure S-4.  AFM images of Al2O3 NSs on Si substrate. 
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Figure S-5. Contact angle test of 2DT-PSHNs substrate. 

 

 

4. Analysis of Raman signals 

 

 

 

 

 

 

 

 

Figure S-6. Raman spectroscopy: (a) original spectral line from Al foil as the non-enhanced substrate; 

(b) as-used and washed 2DT-PSHNs substrate. 
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Figure S-7. (a) batch-to-batch and (b) point-to-point SERS reproducibility of 2DT-PSHNs substrates. 

Table S-1. Estimation of Raman Enhanced Factors of 2.14 ×10
-16

M and 10
-18

M Rh B solution on 1DT-, 

2DT- and 3DT-PSHNs substrates. 

Sample 

( 3D PSHNs substrates) 

Raman shift 

(996~1000 cm
-1

) 

Raman shift 

(1527~1532 cm
-1

) 

1DT-EF-16M 0.16*10
10

 0.22*10
10

 

2DT-EF-16M 1.47*10
10

 2.98*10
10

 

3DT-EF-16M 0.62*10
10

 0.49*10
10

 

1DT-EF-18M none 0.20*10
12

 

2DT- EF-18M 0.36*10
12

 1.27*10
12

 

2DT-C2-EF-18M 0.43*10
12

 1.09*10
12

 

2DT-C3-EF-18M 0.71*10
12

 1.30*10
12

 

2DT-C4-EF-18M 0.90*10
12

 0.80*10
12

 

2DT-C5-EF-18M 0.36*10
12

 1.20*10
12

 

3DT-EF-18M 0.46*10
12

 none 
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