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Supplemental Method 1. Optimization of carbon quantum dots synthesis

conditions

Initially, with the amount of spent coffee grounds fixed at 1.0 g and the heating
time set at 4 minutes, carbon dots were synthesized under different microwave power
levels (119, 280, 462, 595, and 700 W). The fluorescence intensity of the resulting
carbon dots was measured at an excitation wavelength of 335 nm. Following the
identification of the optimal microwave power, the amount of spent coffee grounds was
maintained at 1.0 g, and the heating time was varied (2, 4, 6, and 8 minutes) to
synthesize carbon dots, whose fluorescence intensity was subsequently determined.
Finally, under the optimal microwave power and heating time conditions, carbon dots
were synthesized using different amounts of spent coffee grounds (0.5, 1.0, 1.5, 2.0,

and 2.5 g), and their fluorescence intensity was measured.
Supplemental Method 2. Optimization of tetracycline (TC) detection conditions

To ensure the sensitivity and optimal performance of the coffee ground-derived
carbon quantum dots (B-CQDs) in practical TC detection, several key parameters were
optimized, including the concentration of B-CQDs, pH, and detection time. First,
different concentrations of B-CQDs (50, 100, 150, 200, 300, 400, and 500 mg/L) were
used to detect TC (100 uM) in a total reaction volume of 2 mL. The fluorescence spectra
were recorded under an excitation wavelength of 335 nm. The influence of B-CQDs
concentration on detection performance was evaluated based on the fluorescence
quenching efficiency (Qg), calculated using the following formula:
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Where Fjand F represent the fluorescence intensity in the absence and presence of TC,
respectively. Next, the optimal pH was determined using BR buffer solutions at various
pH values (2.18, 3.29, 4.52, 5.80, 7.00, 8.32, 9.70, 10.31, and 11.92). The reaction
mixture contained B-CQDs at a concentration of 150 mg/L, TC at 100 uM, and 1.5 mL
of BR buffer, with a total volume of 2 mL. Fluorescence spectra were acquired, and the

Qg was used to identify the best pH condition. Finally, the detection time was optimized
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by monitoring the fluorescence spectra of the mixture over a time range of 0 to 30
minutes. The Qg values were calculated at different time points to determine the optimal

detection time.



Supplemental Table 1. Comparison of quantum yields of B-CQDs in this study with
other spent coffee grounds (SCG) derived carbon dots in the literature.

Carbon dots Quantum yield (%) Reference
CQDs 6 [1]
CDs 2.9-5.8 2]
C-dots 5.5 [3]
C-dots 3.8 [4]
CDs 5 [5]
Fe-CQDs 4.18 6]

B-CQDs 11.2 This work
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Supplemental Table 2. Comparison of fluorometric detection of TC

Probes Material Linear range (uM) LOD (uM) Reference
RBP-CDs  Red beet pigment 0.5-90 0.36 [7]
LLCDs Wild lemon leaves 0-27 0.42 [8]
Eucheuma
E-CQDs denticulatum 20-100 0.47 [9]
CJ-CDs Carrot juice 4-15.5 1.33 [10]
B-CQDs Spent coffee 0-140 036 This work
grounds
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Supplemental Fig. 1 Normalized fluorescence intensity of B-CQDs synthesized at
different microwave powers (A), different reaction times (B), and different dosages of

spent coffee grounds (C).
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Supplemental Fig. 2 Quantum yield of B-CQDs in different solvents, WAT: water >

MET: methanol, ETH: ethanol, ACE: acetone.
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Supplemental Fig. 3 Fluorescence quenching rate (QE) at different B-CQDs

concentrations (A), different pH (B), and different detection times (C).
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Supplemental Fig. 4 Photographs of B-CQDs solutions under UV light (365 nm)
irradiation with different interfering substances and TC. From left to right in the first
row: (1) TC, (2) kanamycin sulfate (KAN), (3) streptomycin sulfate (STR), (4)
spectinomycin (SPE), (5) gentamycin sulfate (GEN), (6) Zn*", (7) Ni**, (8) Na*, (9)
Mg?*, (10) K, (11) Fe?*, (12) Fe*', (13) Cu?*, (14) Co?', (15) Ca?*, (16) PO+*~, (17) NOs",

(18) CI, (19) SO+, (20) CO=>".




