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Fig. S1 (a) Top view SEM images of 3D MP array PMMA film. (b) Top view AFM images of 3D MP array
PMMA film. (c) Top view SEM images of 3D MHS array PDMS film. (d) Top view AFM images of 3D MHS

array PDMS film.
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Fig. S2 Optical photographs of Au NPs self-assembly process.
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Fig. S3 SERS spectra of Au NPs-MHS array film without any detection molecular. The insert optical
photograph showed the MHS array film with Au NPs on the surface.



Fig. S4 SEM images of Au NPs with different sizes: (a) Au NPs-15 nm, (b) Au NPs-25 nm, (c) Au NPs-55 nm,
(d) Au NPs-80 nm.

151 523 im 537 nm
549 nm
518 nm

N Au NPs-15 nm
5 109 Au NPs-25 nm
e AuNPs-55 nm
Q
g Au NPs-80 nm
£
-
2
£
< 0.5

0.0 | ; ; : ; ; |

400 500 600 700
Wavelength (nm)

Fig. S5 UV-Vis absorbance spectra of Au NPs colloids with different sizes.



Fig. S6 Top view SEM images of Au NPs-MHS array films with different Au NPs sizes: (a) Au NPs-15 nm, (b)
Au NPs-25 nm, (c) Au NPs-55 nm, (d) Au NPs-80 nm.
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Fig. S7 SERS spectra of pure CV powder.
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Fig. S8 SEM images of Au NPs \;vith different sizes: (a) Au NPs-95 nm, (b) Au NPs-115 nm, (c) Au NPs-135
nm. (d) The relevant UV-Vis absorbance spectra of Au NPs.
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Fig. S9 (a) Top view SEM images of Au NPs-MHS array films with different Au NPs sizes: (i) Au NPs-95 nm,
(ii) Au NPs-115 nm, (iii) Au NPs-135 nm. (b) SERS spectra of CV at 10" M from Au NPs-MHS array films
with various Au NPs size (80, 95, 115 and 135 nm). (c) The SERS peak intensity at 1173 and 1619 cm™ of Au
NPs-MHS array films with Au NPs size from 15 to 135 nm.



10k o
Crystal Violet
5
A
ERS
% ]
= ] Log(I)=6.166+0.294log(C)
11 R’=0.995
100 4+ ———rrr———rrr—
1072 1ot 10°1° 10° 10°¢ 107

Concentration (M)
Fig. S10 Raman intensity of CV on the Au NPs-MHS array film at 1173 cm™! as a function of the molecule

concentration. The linear relationship between log(I) and log(C) can be transformed to [ =

106.166 X C0.294
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Fig. S11 (a) SERS spectra of CV at 107 M detected by the Au NPs-MHS array films with different storage
times of 0, 1, 3, 5, 7, 10, 13, 15, and 20 days. (b) corresponding SERS intensities of CV at 1173 cm™ of (a).
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Fig. S12 UV—vis spectra of monodispersed AuNPs colloids, planar film, Au NPs-planar film, MHS array film

and Au NPs-MHS array film

Fig. S13 SEM images of Au NPs-planar film with low magnification (a) and high magnification (b).
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Fig. S14 SERS spectra of CV (from 1077 to 10-* M) on Au NPs-planar films.
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Fig. S15 SERS spectra of CV collected on the 3D Au NPs-MHS array film and Au NPs-planar film with
concentration of CV 102 M and Raman spectrum of pure CV solution in the capillary with concentration of
102 M for comparison.
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Fig. S16 Schematic of MHS array film to calculate the enhancement factor (EF).
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Fig. S17 (a) TEM image of AuNPs assembled on copper grid. (b) Statistical histograms of nanogap distance

between adjacent Au NPs. Statistical average size of nanogap is ~1.20 nm.
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Fig. S18 SEM images of AuNPs assembled on MHS array film (a) and planar film (b).
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Fig. S19 Schematic diagram of Au NPs-MHS array film for FDTD model.
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Fig. S20 (a) Side view (x-z plane) image of 3D Au NPs-MHS array model. The FDTD simulations showed
the electromagnetic enhancement for different z site (x-y plane): (b) -(h) corresponding to ii-viii in (a).
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Fig. S21 Top view (x-y plane) images of 3D Au NPs-MHS array model (a, g). The FDTD simulations show the

electromagnetic enhancement for different y site (x-z plane): (b)-(f) corresponding to ii-vi in (a). The FDTD
simulations show the electromagnetic enhancement for different x site (y-z plane): (h) corresponding to i in (g),
(i)-(n) corresponding to iii-vi in (g).
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Fig. S23 FDTD simulations show the electromagnetic enhancement of Au NPs-planar film for different location:
(a)-(f) corresponding to i-vi in Fig. S22b.
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Fig. S24 Raman spectra of (a) pure MG powder and (b) pure carbendazim powder.
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Fig. S25 SERS spectra of (a) MG water solution, (b) carbendazim methanol solution, (c) parathion methanol

solution. (d) SERS spectra of carbendazim taking down from tomato surface using Au-MHS array films.
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Fig. S26 The response of Raman intensity (MG extracted solution on the Au NPs-MHS array film) at 1174

cm ! to the molecule concentration.
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Fig. S27 (a) Raman intensity of carbendazim on the surface of tomato at 1259 cm! as a function of the molecule

concentration. The linear relationship between log(I) and log(C) can be transformed to I =

10*156 x (0233 (b) The response of Raman intensity at 1341 cm! to parathion concentration on the surface

of tomato.
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Text S1 Enhancement Factor (EF) Calculation
To further demonstrate the SERS performance of the Au NPs-MHS array film and Au
NPs-planar film, the enhancement factor (EF) was calculated according to the following

formula:

I N
EF — -SERS  TVbulk

Ibuik  Nsers
Herein, Isers and lpuik are the intensity of the SERS and Raman signal of CV molecules
obtained from SERS substrates (Au NPs-MHS array film and Au NPs-planar film), and
Nsers and Npuik represent the corresponding number of molecules from SERS substrate and
reference sample under the laser (785 nm) illumination (Fig. S15), respectively. In this
study, the characteristic band of CV at 1173 cm™ was selected for the calculation. The
Nsers for Au NPs-planar film can be expressed as:
S ar?

Nsgrs = 5= —

Where S is the surface area illuminated by laser, r is the radius of the laser spot (~ 52 pm
in our experiment), o is the area occupied by a single CV molecule (~4 nm?),* respectively.
Thus, the number of molecules from Au NPs-planar was:
Nsgrs—planar = X (52 }0_6 m)” ~ 2.124
4 %1072 m?

For the Au NPs-MHS array film, the surface illuminated by laser (Fig. S16) is:

(%x47t><12><2+5><2.5—27T><12)><10_12m2

Sl
(5 % 2.5 X 10~12 m?2) S
Similarly, the number of molecules from Au NPs-MHS array film was:
s’ X (52 X 1076 m)?
NSERS—MHS == E == 1502 X Y 10_9 mz ~ 3190

In the reference capillary sample, the Npuik can be calculated as:

Npux = mr2hcNy
Where r is the radius of the laser spot (~ 52 |m), c is the concentration of CV solution in
the capillary (102 M), h is the illuminated depth of laser (~2 pm in our Raman
spectrometer),? 2 and the Na is the Avogadro’s constant.
Thus, the number of molecules from reference sample was:
Npuxk =T X (52X 107°m)? x (2x 107°m) x 1072M x (6.02 x 1023) ~ 1.023 x 108
According to the above formula, the final calculated value of the SERS EF:

IsgRs—planar . Npuik _ 662 cnts . 1.023 x 108
Ibulk NSERS—planar 578 cnts 2.123

EFgu nps—plan = =552 x 107
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ISERS—MHS Nbulk . 1651 cnts 1.023 X 108

- - = . =9.16 x 107
Au NPs—MHS Tpulk NSERS—MHS 578 cnts 3.190
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