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Figure 1 (Color online) Schematic of the slippery sensing platform based on digital SERS (SD-SERS). The PDMS slippery surface enables efficient
enrichment of drug molecules with AgNPs. Signals are acquired via SERS mapping, and positive signals are identified based on preset thresholds.
These are then converted into digital SERS mapping, ultimately enabling quantitative drug analysis through positive signal probability.
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Figure 2 (Color online) Investigation of SD-SERS Platform Performance. (a) Contact angle hysteresis (CAH, A6), advance angle (6,), and retreat
angle () of water and anhydrous ethanol on PDMS membrane. (b) Sliding of 10 uL. water droplets and anhydrous ethanol on PDMS membrane.
(c) Formation of CuSO, crystals after water evaporation from a CuSO, droplet on the PDMS surface. (d) Comparison of drying patterns after adding
10 pL of a mixed solution of AgNPs colloid and CV (1 x 107 mg mL_l) on different substrates. (¢) Aggregate micrograph. (f) SERS spectrum
corresponding to (d). (g) Gradient SERS spectrum of CV. (h) SERS mapping results at 1616 em™ for CV at different concentrations.
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Figure 3 (Color online) SERS spectra of illicit drugs. (a) Heroin; (b) cocaine; (c) etomidate. Insets show the corresponding structural formulas of the

drugs.
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Table 1 Vibrational assignment of drug molecules”
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a) v: stretching, J: in-plane bending, y: out-of-plane bending, p:
rocking, sym/asym: symmetric/asymmetric.
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Figure 4 (Color online) Threshold setting and selection of feature and
noise windows. From top to bottom: background spectral data from the
blank control group, and SERS data for heroin, cocaine, and etomidate,
with each group comprising 30 spectra.
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Figure 5 (Color online) Quantitative digital SERS for illicit drugs. (a) Log-log relationship between positive probability and concentration for three
drugs. (b) Representative digital SERS mapping at different concentrations for drugs.
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Figure 6 (Color online) Digital SERS detection of illicit drugs in complex matrices. (a) SERS detection of morphine in urine (I), SERS detection of
cocaine in Crack (II), SERS detection of etomidate in E-cigarette (III). (b) Corresponding digital SERS quantification results for (a). The black solid
line represents the calibration curve, while the red, blue, purple, and green dotted lines indicate the actual detection results for each sample. Each

measurement was repeated three times to generate the error bars.
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Figure 7 (Color online) Identification of poly-drug abuse and BiASERS analysis. (a) Representative SERS spectra of different drug combination

abuse patterns. All drugs except etomidate (10~ mg mL™") were at 10 mg mL™

! concentration in the mixed drugs. Single-molecule sensitivity tests

for dual analytes: heroin and cocaine (b), etomidate (c), and Magu (d). In the typical SERS mapping, different colored pixels represent signals from
distinct drugs. The histogram shows the probability distribution of heroin. (¢) Typical spectrum illustrating fluctuations in the proportion of heroin and
Magu in mixed drugs, along with the calculation process for heroin probability distribution.
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Figure 8 (Color online) Poisson distribution validation for digital SERS detection of illicit drugs. (a) Dependence of the mean positive count (yellow
bar chart) on heroin concentration at a fixed sampling area (20 pm x 20 pm). Error bars indicate standard deviation (n = 3). Relative standard deviation
(RSD, blue dots) and Poisson-based expected values (red line) are also shown. (b) Mean positive counts at the same concentration (10_4 mg mL™
heroin) across different total sampling areas (20 pm x 20 pm, 20 pm x 40 pm, 30 um x 40 um, 40 pm x 40 pm, 40 pm X 50 pm), along with their
relative standard deviations and expected values based on Poisson statistics.
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Digital surface-enhanced Raman spectroscopy sensing for
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Abstract: Seized illicit drugs encountered in drug control efforts often present challenges such as low analyte
concentrations and complex matrix interference, leading to potential false-negative results in drug detection. This
significantly compromises detection accuracy and hinders the effectiveness of drug control efforts. This study
innovatively constructed a slippery sensing platform based on digital SERS (SD-SERS). By leveraging the slippery
surface for efficient enrichment of target analytes, thereby enhancing detection sensitivity, and combining it with the
reliable quantitative capabilities of digital SERS, this platform significantly reduces false negatives in drug detection.
Using heroin, cocaine, and etomidate—representative substances subject to severe societal abuse—as model analytes,
the SD-SERS platform achieved sensitive identification of all three drugs at concentrations as low as 1 ng mL ™" It also
provided accurate quantification of morphine in urine (1 ng mLﬁl), cocaine in Crack (10 ng gfl), and etomidate in e-
liquids (10 ng mLfl). Furthermore, the SD-SERS platform effectively identified characteristic signals from binary and
ternary drug mixtures. It also demonstrated potential for single-molecule detection at low concentrations. By integrating
the enrichment capability of the slippery surface with the quantitative reliability of digital SERS, this research provides a
novel solution to mitigate false negatives in drug detection arising from complex interfering factors.
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