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Calculation of limit of detection (LOD)

The LOD value was calculated based on the linear equation established for each technique (SERS,
PI-PC SERS) and the Raman signal of the corresponding analyte in its powder form. The LOD is

calculated using the following equation(1):

+ 3SD) /Y qverage = 41/B

LOD _ 10[(yaverage
= (1)

Here, Yaverage represents the average Raman intensity derived from 10 repeated measurements of
the analyte (MB or thiram) in its powder form. SD is the standard deviation of the Raman signal,
calculated from 10 measurements using the formula provided below. A and B are the intercept and
slope, respectively, of the linear equation obtained by plotting the logarithmic SERS intensity (y)

against the logarithmic concentration (x), expressed as (y = A + B*x).

SD is calculated via the well-known formula:

1

n
2
SD= n-1 x Z.(Yi - Yaverage)
i

(2)

where n=10 is the number of measurements, Y; is the Raman intensity recorded during the i
measurement, and Yayerage 1S the mean Raman intensity obtained from the 10 repeated

measurements of the analyte (MB or thiram) in powder form.
Calculation of relative standard deviation (RSD)

The RSD value of repeatability and reproducibility is calculated via the well-known formula:

SD x 100

RSD = xaverage (3)
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where SD is the standard deviation that calculates using equation 2 and X,yerage 1 the average value

of SERS signal obtained from each measurement.

Table S1. Assignments of vibrational bands in SERS spectrum of MB.

SERS peak (cm) Peak assignment
460 3(C-N-C) +5(C-S-C) (2, 3)
508 3(C-N-C) +8(C-S-C) (2, 3)
1120 8(C-H) (2, 3)
1410 Vas(C-N) (2, 3)
1615 vi(C-C) (2,3)

0 = bending; vs = symmetric stretching; v, = antisymmetric stretching.
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Figure S1. Tow-dimensional (2D) and three-dimensional (3D) molecular structures of
methylene blue (MB) (a), and the linear relationship between concentration and SERS
intensity plotted on a logarithmic scale at the peaks 1120 cm™! (b), 1410 cm! (c), and 1615

cm! (d) of MB.
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Figure S2. SERS spectra of MB in the concentration range of 107 M to 10" M with a two-

fold step decrease under normal SERS conditions.
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Figure S3. Stability of the SERS signal of MB at a concentration of 10 M on the Ag/TiO,
substrate under two storage conditions: (a) in a laboratory environment (exposed to moisture

and light), and (b) in a sealed container (protected from moisture and light).

The long-term stability of the Ag/TiO, substrate is essential for evaluating its practical
applications, particularly when utilizing the PIERS and photocatalysis effects in the PI-PC SERS
technique. To assess this, the stability of the Ag/TiO, substrate was evaluated by monitoring the
SERS signal of MB at a concentration of 10-* M over 60 days under two storage conditions: (i) a
laboratory environment (exposed to moisture and light) and (i1) a sealed container (protected from

moisture and light). SERS signals were recorded at specific intervals of 3, 7, 10, 15, 30, 45, and
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60 days after fabrication and compared to the signals collected immediately after fabrication. The
results are presented in Figure S3. Under laboratory storage conditions, where the substrate was
directly exposed to air and light, the Ag/Ti0O, substrate exhibited relatively good stability over 60
days (Figure S3a). The characteristic peaks of MB appeared clearly and showed no positional
shifts across all time points. However, the intensity of these peaks gradually decreased from day 3
to day 15. Figure S3b illustrates the changes in intensity at the 460 cm™' peak. While the SERS
signals remained largely unchanged after 3 days of storage, a notable decline was observed at 7,
10, and 15 days. This reduction is likely due to the direct exposure of Ag/TiO, to moisture and
light, which may have caused oxidation of the Ag component(4). After day 15, the SERS signals
stabilized and were maintained consistently until day 60. These results suggest that, although the
Ag/TiO, substrate retained its ability to detect MB over the 60-day storage period, the reduced
signal intensity under direct exposure to oxidative factors such as moisture and light could
compromise its sensing performance. To mitigate these effects, additional experiments were
conducted by storing the Ag/Ti0O, substrate in a sealed container, protecting it from moisture and
light. Figure S3c presents the SERS spectra recorded over various time points, while Figure S3d
highlights the stability of the 460 cm™! peak intensity. The results show that the substrate exhibited
excellent stability over the 60-day period. The characteristic peaks remained well-defined, and
their intensities showed no significant changes throughout the storage duration. These results show
that storing the Ag/Ti10; substrate in a sealed container is suitable for maintaining its stability while

ensuring practicality during experiments.
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Table S2. Comparison of SERS and PI-PC SERS enhancements for MB at 460 cm-!.

Peak Intensity (a.u.) Peak Intensity (a.u.) Enhancement
MB Concentration (SERS) (PI-PC SERS) comparison
(PI-PC SERS/SERS)
104M 12266 16608 1.35
10°M 10812 14923 1.38
10°M 6664 13310 2.00
107 M 3301 11828 3.58
104 M 1275 8150 6.39
10°M 486 3889 8.00
101 M 202 1778 8.80
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Figure S4. SERS spectrum of MB at a concentration of 1013 M collected using the PI-PC

SERS technique.
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Figure S5. SERS spectra of MB in the concentration range of 10-'' M to 10-'* M with a two-

fold step decrease under PI-PC SERS technique.
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Figure S6. Evaluation of the reliability of the PI-PC SERS experiment for MB detection at

concentrations of 10-® M through repeatability (a) and reproducibility (b).
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Figure S7. Evaluation of the stability of the PIERS effect on the Ag/TiO, substrate after the

pre-irradiation process, using SERS spectra of MB at a concentration of 10 M collected at

various time intervals (a) and compares the SERS signal intensity of MB at a concentration

of 10-°* M between normal SERS and PI-PC SERS after 60 and 80 minutes of exposure to air

(b).

S10



The spectrum at 0 minutes was recorded immediately after the pre-irradiation process and
the addition of MB at a concentration of 10-® M. Subsequent SERS spectra were collected after 10
minutes of exposure to air. The data show that the SERS intensity after 10 minutes of air exposure
for the Ag/Ti0, substrate decreased only slightly compared to the spectra obtained immediately
after pre-irradiation. However, the spectra at the 20-minute mark exhibited a significant reduction
in intensity at all characteristic peaks. This gradual decrease continued at subsequent time points
of 30, 40, and 60 minutes (Figure S6a). By 80 minutes after pre-irradiation, the SERS intensity
had stabilized, indicating that the signal reduction had plateaued. Notably, the SERS spectra at the
60-minute and 80-minute marks were similar in intensity to those obtained using normal SERS
technique for MB at a concentration of 10 M (Figure S6b). This indicates that after a sufficient
exposure time to air (60 minutes), the PIERS effect on the Ag/TiO, substrate was entirely
diminished, reverting to the normal SERS effect. This phenomenon likely results from the recovery
of oxygen vacancies on the TiO, surface due to the filling of oxygen from the air. Therefore, to
achieve optimal performance when applying the PI-PC SERS technique, SERS spectra in this

study were collected immediately after the pre-irradiation and the analyte addition process.
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Figure S8. SERS spectra of Ag/TiO, substrate collected during photocatalytic degradation
of MB, comparing the efficiency between 30 minutes and 70 minutes of photocatalytic

process.
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Figure S9. Evaluation of the cyclability of the PI-PC SERS technique over five different
cycles. It compares the SERS spectra of MB at a concentration of 10° M obtained on the
Ag/TiO; substrate during the initial use with those from the subsequent five cycles (a), and
compares the SERS intensity at the 460 cm™! peak for MB at a concentration of 10¢ M

between the initial use and the five subsequent cycles (b).

Table S3. Assignments of vibrational bands in SERS spectrum of thiram.

SERS peak (cm) Peak assignment
450 Vs(CSS) (5), 3(C-N-C) (6)
570 v(S-S) + v4(CSS) (5-7)
860 Vas(CH3-N) (5, 7)
1150 p(CH3) + v(N—CH3) (6-8)
1386 d(CHs3), v(C-N) (5, 7)

d = bending; p = rocking; v, = symmetric stretching; v,; = antisymmetric stretching.
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Figure S10. Tow-dimensional (2D) and three-dimensional (3D) molecular structures of
thiram (a), and the linear relationship between concentration and SERS intensity plotted on

a logarithmic scale at the peaks 570 cm! (b), 1150 cm™! (¢), and 1386 cm! (d) of thiram.
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Figure S11. SERS spectra of thiram in the concentration range of 10 M to 10° M with a

two-fold step decrease under normal SERS conditions.
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Figure S12. SERS spectra of thiram in the concentration range of 10 M to 10" M with a
two-fold step decrease under PI-PC SERS technique.
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Figure S13. Evaluation of the reliability of the PI-PC SERS experiment for thiram detection

through repeatability (a) and reproducibility (b).
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