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Method S1. Calculation of EF values on Ag, and Ag-TiO,.
The EF of Ag and Ag-TiO: substrates was calculated according to Equation (1)[1]:

Isers/Nsers Igprs  PRA,

_ X —_—
EF = oule/Nogy — Ly ©VM )

In the experiments, 5 pL of WSIF solution was drop-cast onto a Si wafer with an effective sampling
area of Agy, = 0.02 cm?. and the laser confocal depth was set to # =2 um. The molecular parameters
of representative WSIF components were used for EF estimation: tyrosine (M= 181.19 g/mol, p =
1.46 g-cm3), uric acid (M= 168.11 g/mol, p = 1.89 g-cm™), phenylalanine (M= 165.19 g/mol, p =
1.29 grem?). The Raman peaks at 854 cm™ (tyrosine), 893 c¢cm™ (uric acid), and 1020 cm™!
(phenylalanine) were selected to evaluate the corresponding EFs.

EF ag(tyrosine) = 4.63%x10°

EF ag-Tio2(tyrosiney = 1.61x108

EF ag(uric aciay = 4.77x10°

EF pg-Tio2(uric acia) = 1.79%10°

EF Ag-Tio2(phenylalanine) = 5.70%10°

EFAg—TiO2(phenylalanine) =6.17x1 06

Method S2. Calculation of the chemically enhanced specific gravity (pct) of probe molecules.

The contribution of CM to SERS enhancement can be quantitatively characterized by the chemical-
enhancement specific gravity, pcr, larger values indicate a greater relative contribution of CT to the
observed SERS intensity[2, 3]. For a given vibrational band «, pcr(x) is defined as:

I(CT) - I'(SPR)
per(i) = I(CT) + 1°(SPR) )

where [¥(CT) is the observed intensity of a non-totally symmetric vibrational band x, for which CT
is expected to contribute significantly to the SERS intensity; [“(SPR) is the contribution of the EM
mechanism to the same band «; I°(SPR) is the intensity of a totally symmetric reference band that
is assumed to arise predominantly from the EM mechanism. If the x-band is totally symmetric, the
contribution from SPR dominate the intensity, and I“(SPR) = I°(SPR). If a band « is purely totally
symmetric, its intensity is dominated by SPR and I* (CT) = 0. Conversely, for strongly CT-enhanced
(non-totally symmetric) bands I(SPR) is often small and can be neglected in first approximation.
per(x) = 0 indicates negligible CT contribution; pcr(x) = 1 indicates CT strongly dominates the
observed intensity. Intermediate values reflect mixed contributions. For quantification of the CM
contribution we computed pcr(x) according to Eq. (2). Peak areas were integrated for the CT-
sensitive bands and totally-symmetric reference bands using the following windows (cm™): tyrosine
I¥ 846, I° 1609; uric acid ¥ 907, 1° 1022; phenylalanine I 1045, 1° 1003.

Method S3. Calculation of the work functions of TiO2 and Ag-TiOx.
The work functions (®) of TiO: and Ag-TiO: were determined from the ultraviolet
photoelectron spectroscopy (UPS) spectra. According to the standard equation[4]:
© =21.22 eV — (Efermi — Ecutofr) (3)
where Egeqy; 18 the Fermi edge and E . is the secondary electron cutoff. Using this method, the
work functions of TiO: and Ag-TiO: were calculated to be -4.75 eV and -3.73 eV, respectively.
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Figure S1. Zeta potenial of TiO,, TiO,-PEI, AgNPs and Ag-TiO,.
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Figure S2. XRD of TiO,, AgNPs and Ag-TiO,.



Figure S3. SEM images of Ag-TiO: composite substrates under different preparation conditions:
(a-c) 0.01 g TiO2 (20 nm) assembled with one, two, and three layers of AgNPs; (d-f) 20 nm TiO:
with different masses (5 mg, 10 mg, and 15 mg) combined with one layer of AgNPs; (g-1) 0.01 g
TiO: (5 nm) assembled with one, two, and three layers of AgNPs.
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Figure S4. UV—-vis absorption spectra of Ag-TiO: composite substrates under different preparation
conditions: (a) 0.01 g TiO2 (20 nm) assembled with one, two, and three layers of AgNPs; (b) 20 nm
TiO- with different masses (5 mg, 10 mg, and 15 mg) combined with one layer of AgNPs; (c) 0.01
g TiO: (5 nm) assembled with one, two, and three layers of AgNPs.
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Figure S5. (a) Batch-to-batch WSIF SERS spectra obtained from five independently prepared Ag-
TiO- substrates. (b) Corresponding RSD of the 1326 cm™ Raman band, indicating good batch-to-
batch reproducibility.
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Figure S6. (a) FDTD model of Ag substrate. (b) Simulated electric field distribution of Ag
substrate. (c) FDTD model of Ag-TiO- composite substrate. (d) Simulated electric field
distribution of Ag-TiO- composite substrate.
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Figure S7. (a) SERS spectra of tyrosine acquired on Ag and Ag-TiO: substrates. (b) SERS spectra
of uric acid acquired on Ag and Ag-TiO: substrates. (¢c) SERS spectra of phenylalanine acquired
on Ag and Ag-TiO: substrates.
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Figure S8. CT degree (pcr) of the tyrosine, uric acid and phenylalanine in Ag and Ag-TiO,.
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Figure S9. UV-vis absorption spectra of WSIF.
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Figure S10. Tauc plots of (ahv)? versus photon energy (hv) for Ag-TiO2/ WSIF hybrid system,
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Figure S11. Gaussian-simulated HOMO and LUMO energy levels of (a) tyrosine, (b) uric acid, and
(c) phenylalanine, showing their relative frontier orbital positions relevant to charge-transfer

pathways.
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Figure S12. Schematic illustration of charge transfer (CT) between the Ag and Ag-TiO: substrates

and a uric acid molecule under 785 nm laser excitation.
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Figure S13. Schematic illustration of charge transfer (CT) between the Ag and Ag-TiO: substrates
and a phenylalanine molecule under 785 nm laser excitation.
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Figure S14. (a) XPS survey spectrum, (b) Ag 3d, and (c) Ti 2p high-resolution spectra of the Ag-

TiO2/WSIF hybrid system.
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Figure S15. (a) SERS spectra of anaerobic and aerobic bacteria on the Ag-TiO: substrate. (b)
Comparison of the SERS spectra of infected and non-infected WSIF with those of bacteria, showing

that no characteristic bacterial peaks were observed in the WSIF spectra.
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Figure S16. Confusion matrices of the SVM algorithm on the (a) training set and (b) test set.
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Figure S17. Confusion matrices of the RF algorithm on the (a) training set and (b) test set.
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Figure S18. Confusion matrices of the LR algorithm on the (a) training set and (b) test set.
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Figure S19. Confusion matrices of the DT algorithm on the (a) training set and (b) test set.
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Figure S20. Confusion matrices of the CNN algorithm on the (a) training set.

Table S1. WSIF SERS peak and vibration mode assignments of Ag substrate and Ag-TiO, substrate
based on the literature[5-8].

Peak position (cm™!) Major assignments Ag Ag-TiO,
624 Phenylalanine \/ V
650 Tyrosine \ \
723 Hypoxanthine \ \
742 Thymine \ \
781 Cytosine - \
801 Uric acid - \
854 Tyrosine - V
893 Uric acid - v
954 Amino acids V V
1020 Phenylalanine - \/
1092 Lipid V V
1127 Uric acid - \/
1182 Tyrosine - \
1212 Lipid \ \
1324 Lipid \ \
1436 Protein \ \
1579 Phenylalanine \ \

Note: V: Presence of related substances; -: No related substances.

Table S2. The detailed assignments of tyrosine characteristic peaks[9, 10].

SERS Peak position (cm™) Major assignments
640 Ring breathing + C-C torsion
846 C-H bending + ring breathing

(para-substituted aromatic ring)



1181
1609

C-H in-plane bending
Aromatic C=C symmetric

stretching

Table S3. The detailed assignments of uric acid characteristic peaks[11, 12].

SERS Peak position (cm™")

Major assignments

664
907
1022
1217

N-C-N bending in imidazole ring
C-N stretching + ring vibration
Ring breathing / C-C-N modes
C-N-H bending

Table S4. The detailed assignments of phenylalanine characteristic peaks[10].

SERS Peak position (cm!)

Major assignments

1003
1045

Totally symmetric ring breathing
Ring in-plane C-H bending + C-C
stretching

Table S5. Performance indicators of the five models on the training set.

Algorithm type  Accuracy  Sensitivity ~ Precision  F1 score

Logistic 0.920 0.920 0.930 0.920
regression

Decision tree 1 1 1 1

Support vector 0.854 0.854 0.856 0.854
machine

Random forest 1 1 1 1

Convolutional 1 1 1 1

neural network

Table S6. Performance indicators of the five models on the test set.

Algorithm type ~ Accuracy  Sensitivity =~ Precision  F1 score
Logistic 0.825 0.825 0.840 0.828
regression
Decision tree 0.838 0.838 0.838 0.836
Support vector 0.813 0.813 0.847 0.811
machine
Random forest 0.863 0.863 0.876 0.856
Convolutional 0.956 0.956 0.958 0.956

neural network




Table S7. Demographic and clinical information of osteomyelitis and control groups.

Variable Osteomyelitis (n = 20) Fracture without infection (n =20)
Sex
Male 15 13
Female 5 7
Comorbidities
Hypertension 4
Diabetes
Coronary heart disease
Lifestyle factors
Smoking 4
Drinking 3
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