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Ve 5145 nm (241 eV) , BEIIE 40 mW, BEJE 100%, BEYCRE 10s, BRERE
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™
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. N —_—
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[ 1 Ru-COF AR R 7R kI

Figure 1. Schematic illustration of the synthetic procedure for Ru-COF.
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Figure 2. (a) XRD patterns of COF and Ru-COF composites. (b) FT-IR spectroscopy of COF and Ru-COF

composites. _ns of/ Ct)‘hd) N3 sorption isotherms of Ru-COF.
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BB, BT R (SEMD SRS ST TSR . B 3a W) A,
COF Ff it 230 AU ) ZoIRHE B 54, o Y M i) e AR R RS . TAESI A Ru &,
Ru-COF &ty (18 3b) FHEREE T 232454, (HJZ I HES SR 308, SRR A i,
RKET TR IINA BT 2% COF 45 i 8 5 45K 5 — 1% . 458 Ru-COF oWt (& 3c.
d) , FTLUEMILEES] C. Ny O M Ru PURP TR AERE i P I8 21 0 AGE0, 2 —BER] T Ru J&

T IR COF B 3FSEIl T2 45 & o
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¥
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3(a) COF AHI(b) Ru-COF [1] TEM [£{%. (c)Ru-COF [1] SEM /5. (Q)Ru-COF 11 C. N. O. Ru [0/ WG
ENUS

Figure3. TEM images of (a) COF and (b) Ru-COF. (¢) SEM images of Ru-COF. (d) The corresponding elemental
mappings of C, N, O, and Ru in Ru-COF.
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Figure 4. (a) SERS spectra of MB at COF and Ru-COF substrate. (b) SERS spectra of MB atvarious
concentrations on the Ru-COF substrate. (¢) The linear relationship between Raman intensity and different MB
concentration. (d)The corresponding normalized Raman strength of the Ru-COF when it'is.cycled 5 times.(e) SERS
intensity of Ru-COF sample at different storage times.(f) MB SERS spectra of Ru<COF at'10 differentlocations.
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Figure 5. (a) SERS spectra of MB at COF and Ru-COF substrate. (b) SERS spectra of MB at various
concentrations on the Ru-COF substrate. (¢) The linear relationship between Raman intensity and different MB
concentration. (d)The corresponding normalized Raman strength of the Ru-COF when it is cycled 5 times.(e) SERS
intensity of Ru-COF sample at different storage times.(f) MB SERS spectra of Ru-COF at 10 differentlocations.
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Figure 7. (a) SERS spectra of Methylene Blue (MB) detected on the Ru-COF substrate in different water samples

(tap water and river water). (b) Comparison of SERS intensities of MB with various concentrations in tap water on

the Ru-COF substrate. (¢) Comparison of SERS intensities of MB with various concentrations in river water on the

Ru-COF substrate. (d) Signal retention ratio of Ru,COF substrate after five repeated detections in water samples.
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Abstract

Covalent Organic Frameworks (COFs) are regarded as aclassofpromising

Surface-Enhanced Raman Scattering (SERS) substrates, owing to their highly ordered porous
structure, excellent molecular adsorption capacity, and structural stability have attracted widely
attention. However, traditional COF materials lack plasmonic properties, making it difficult to
achieve a high-intensity Raman enhancement effect, which limits their applicationin high-sensitivity
detection. To address this issue, a novel ruthenium-based covalent was choosen. Organic framework
composite material (Ru-COF) was designed and fabricated in this study for coustructing
high-performance SERS-active substrates. By directly incorporating ruthenium complexes into the
COF skeleton, astable Ru-IN/Ocovalent coordination structure was formed, which effectively
improved the loading capacity and dispersibility of ruthenium, while significantly enhancing the
electromagnetic field coupling strength and electron transfer capability ofthesubstrate. Compared
with pure COFs, the Ru-COF substrate exhibited excellentSERS response performance in the
detection of MethyleneBlue (IMB) molecules. Specifically,it achieved a low limit ofdetection (LOD)
down tolO[1 ' moleL[] ' alincarcorrelation coefficient (R?) oftio less than 0.99, and a high
enhancement factor (EF) of up to 1.83x10" . Additionally, the substrate showed good signal
reproducibility(relative standard deviation, RSD < 5%) and tetained over 90% o its initial signal
intensity even after exposure to air for four months, demenstrating outstanding stability and
durability. Further application studies indicated that the Ru-COF substrate could still realize stable
detection of trace MB molecules in complex water samples, with the LOD remaining at thel0] 12
moleL[ ]! level, along with excellent anti-ioninterference ability and signal consistency. This
suggests that the substrate notonlyexhibits

exceptional sensitivity and reproducibility under standard conditions but also holds potential for
high-sensitivity quantitative detection n real environmental samples.The
designstrategyofthismaterialprovidesanewresearchdirectionformetal-organic synergistically
enhanced SERS systems and lays a crucial foundation for their practical applications in fields such as
environmental pollutant detection,foodsafety analysis, and clinical diagnosis.
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