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Fig. S1 The TGA curves of Ag and Ag@MIPs.
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The enhancement factor (EF) = (Isgrs/Csers)/(Irs/Crs) was used to obtain the EF of
Ag@MIPs/AglS1-54. Among them, the Cag@mips (1.0X10°15 mol L) and Cye(1.0x10-
"'mol L) represents the lowest concentration of crystal violet. The Iagamips and Iag
represents the SERS intensity of crystal violet under Ag@MIPs and Ag as SERS
substrate, respectively. Thus, the EF of 1619 cm! Raman peak is estimated to be
1.12x10% The enhancement factor (EF) = (Isers/Csgrs)/(Irs/Crs) Was used to obtain
the EF of Ag@MIPs!5!-54, Among them, Cgggrs (1.0x10°15 mol L!) and Cgg (1.0x108
mol L) represents the lowest concentration of crystal violet. The Iggrs represent the
SERS intensity of crystal violet under Ag@MIPs as SERS substrate. And Igg is the
Raman intensity of crystal violet under non-SERS substrate. Thus, the EF of 1619 cm-
I Raman peak is estimated to be 4.42x10°. In summary, it indicated the excellent
SERS performance for crystal violet detection by Ag@MIPs as SERS substrate.
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The comparison of analytical results of this method and other methods found in the
literature for the determination of crystal violet or other dyes were shown in Table S1.
The parameters of analytical range and minimum detection concentration of this
method was comparable or superable to other methods. Compared with high
performance liquid chromatography and UV-Vis spectrophotometer methods, SERS
methods has outstanding advantages such as highly sensitive, time-saving without
tedious sample preparation process and wide applications. In addition, compared with
other SERS method, the molecular imprinting technique used in this method has high

selectivity, excellent stability and good reproducibility.



Table S1 Comparison of this method with other methods used in the literature

Minimum detection

. Analytical ranges . Analysis time LOD LOQ
Methods Materials Analytes B concentration . . . Advantages Ref.
(mol L) (mol L) (min) (mol L) (mol L)
L 9.5x10°1°
HPLC-DAD molecularly imprinted ctystal violet 0-5.4x107 . 2.7x101°(0.1 pg/L) (035 ug/L) good selectivity and S
SPE (0-200 pg/L ) 0.05 pg/kg ~oHe affinity
0.17 pg/kg
corn-silk doped 1.3x10--5.35x10 Timel highly selective and
ime
UV-Vis molecularly imprinted crystal violet 4 - Y - - effective, economically S6
response
polymer (5-200 mg/L) P feasible
molecularly imprinted . 0-5.4x107 good selectivity and
HPLC-DAD . . crystal violet - 8 - - . S7
solid-phase extraction (0-200 pg/L) affinity
LC/MS/MS molecularly imprinted acid green 16 $x106.2.40%104 i i i i great efficiency, high S8
polymer selectivity, good affinity
magnetic imprinted 7.8%x108-4.7x107 Timel 4.4x10° good sensitivities, rapid
ime . -
UV-Vis polymer-based quartz ~ methylene blue (25-1.5%10? - Y (14 pgll) - responses, and lack of S9
response .
crystal microbalance ng/L) P He need for label mean
13%109-2.7%107 13x10° Timely 1.7x10% higher sensitivity and
SERS gold colloids crystal violet - better quantitative analysis S10
(0.5-100 ng/mL) (0.5 ng/mL) response (6.45 ng/g)
results
cal violet 2.45x1071 high sensitivity and
crystal viole
SERS 1 . R achit (0.01 ng/mL ) Timely activity, cost-efficient, si1
silver nanowires malachite - - -
1.0x10710 response relatively good
reen
& (0.05 ng/mL ) reproducibility
superior
Malachite X101 1x10°8 1x10-18 Timel 3.6X 1010 enhancement factor,
-1- - - imely . - L
SERS Fe;0,@PEI@A reen, crystal - dual functionality, and S12
0/@PEI@Ag & . Y 1x10°1- 1x10°10 1x10-10 response 4.0X 101 . y K
violet, et al. excellent discrimination
capabilities
high selectivity,
LOx10-15 Timel satisfactory sensitive, Thi
. ime is
SERS Ag@MIPs crystal violet 1.0x1013 Y 2.75X 1015 2.78x10°13 considerable anti-
-1.0x1073 response work

interference ability,

excellent stability
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Table S2 Data on RSD, uncertainty, and statistical error for the reusability of Ag@MIPs.

RSD (% U(k=2, Confidence
U, (%) RSE (%)
) Level=95%) (Counts)
911 cm'! 10.22 1.04x103 10.70 -3.13
1176 cm’! 9.72 1.28%x103 9.60 -7.57

1619 cm™! 12.50 2.23x103 11.97 6.47




Ag microspheres were fabricated via a self-assembly approach. The rough surface
morphology of these microspheres enables strong electromagnetic field coupling,
which further enhances the SERS effect. A MIP layer was coated on the surface of the
spherical Ag particles, and the thickness of this MIP layer was found to significantly
influence the SERS enhancement. An excessively thin MIP layer fails to ensure the
uniformity of imprinted cavities, while an overly thick layer compromises the
electromagnetic enhancement effect of the silver core on template molecules. In this
study, the thickness of the MIP layer was controlled within the range of 5-50 nm,
which is consistent with previous literature reports indicating that MIP layers with
thicknesses between 2-40 nm can effectively generate electromagnetic-enhanced
Raman signals(S13-815], Compared with the SERS enhancement performance of silver
microspheres, the Ag@MIPs composites exhibited superior SERS activity due to the
presence of numerous imprinted cavities within the MIP layer. The SERS
enhancement mechanism was elucidated using the “hot spot” theory, which posits that
nanogaps and/or junctions between metal particles or structures generate localized
electromagnetic hot spots that dramatically amplify SERS signals. Specifically, a
small fraction of template molecules adsorbed at these hot spots contributes
disproportionately to the overall SERS enhancement. Based on this hypothesis, the
enhanced SERS activity of Ag@MIPs composites is attributed to the preferential
formation of imprinted cavities within the plasmonic hot spots of the MIP layer. To
verify this assumption, Raman mapping images of silver microspheres and Ag@MIPs
composites were acquired at the characteristic peaks of 911 cm™ and 1619 cm™. As
shown in Fig.R1, distinct hot spots were clearly observed in the Raman mapping
images. Compared with silver microspheres, the Ag@MIPs composites displayed
stronger signal intensities in the Raman mapping images, indicating the formation of
more hot spots. Additionally, the experimental results revealed that the Raman
mapping intensity at 1619 cm™ was higher than that at 911 cm™, which is consistent
with the corresponding SERS spectra. These findings confirm that SERS

enhancement arises not only from the plasmon resonance of the nanostructure but also



from the imprinted cavities within the MIP layer. Another contributing factor to the
enhanced SERS performance is the specific adsorption of template molecules by the
imprinted cavities in the MIP layer. This specific adsorption increases the signal-to-
noise ratio (SNR), thereby promoting SERS enhancement. In summary, the
remarkable SERS enhancement of Ag@MIPs composites is attributed to the

synergistic effect of electromagnetic enhancement and chemical enhancement.
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Fig. S2 The Raman mapping images of Ag particles (A and B), and Ag@MIPs (C and D)(the
characteristic peaks at 911 cm! (A and C) and 1619 cm! (B and D)).
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Fig. S3 The SERS spectrum of actual sample with and without CV (1.0x10°'! mol L-").

Table S3 Application of Ag@MIPs for quantitation of CV in waster sample and fish (n= 3).

Add (mol L) Found (mol L) Recovery (%) RSD (%)

98.5 2.13

1.0X 1011 0.985X10-1140.021
98.9 3.64

water sample 1.0X10° 0.989X10+0.036
100.2 4.29

1.0X107 1.002 X 107£0.043
96.7 3.22

1.0X 101 0.967X101140.032
99.7 4.71

fish 1.0X10° 0.997 X 10°4£0.047
100.5 2.85

1.0X107 1.005X107%0.028




Taking the characteristic peak at 1619 cm! as an example, the calculation method for
the LOD is as follows: 1. Measure 10 blank samples (samples without analytes) and
calculate the average detection value (yo) and standard deviation (SD). 2. Use the
negative logarithm of concentration as the X-coordinate and the detected Raman
signal intensity as the Y-coordinate, the fitted linear equation is Y=48792.8-3343.0X,
thus obtaining the slope k and intercept b. 3. Based on y=y,+3SD, -log C=(y-b)/k, and
C=10"(-(y-b)/k), the LOD value is calculated to be 2.75x10!> mol L-!.

Taking the characteristic peak at 1619 cm'! as an example, the calculation
method for the LOQ is as follows: 1. Measure 10 blank samples (samples without
analytes) and calculate the average detection value (yo) and standard deviation (SD). 2.
Use the negative logarithm of concentration as the X-coordinate and the detected
Raman signal intensity as the Y-coordinate, the fitted linear equation is Y=48792.8-
3343.0X, thus obtaining the slope k and intercept b. 3. Based on y=y,+10SD, -log
C=(y-b)/k, and C=10"(-(y-b)/k), the LOQ value is calculated to be 2.78x10-1> mol L.



