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S1. Effect of the precursor molar ratio

The composition of the precursors plays a crucial role in determining the enzyme-
mimicking properties of the carbon dots. Consequently, the molar ratio of GO-
PAMAM: potassium ferricyanide: urea was systematically examined to optimize the
multi-enzymatic performance of PAMAM-Fe CDs. As listed in Table S1, PAMAM-
Fe CDs synthesized from eight precursor compositions (designed CDs-1 ~ CDs-8)
were studied. Fig. S1 depicts the UV-vis spectra for characterizing the POD, OXD,
CAT and SOD-mimetic activities of the CDs using the methods described in Section
2.4 of the manuscript. To facilitate evaluation, the enzymatic activities of the CDs
were categorized as strong, medium, weak, or undetectable (N.D.) based on their
absorbance values, according to the criteria outlined below.

POD: N.D., Ags2 nm (0-0.030); weak, Agsy nm (0.031-0.120); medium, Agsy nm (0.121-
0.600); strong, Agsy nm (>0.600);

OXD: N.D., Agsz nm (0-0.010); weak, Agsy nm (0.011-0.050); medium, Agsp nm (0.051-
0.200); strong, Agsy nm (>0.200);

CAT: N.D., Aysp nm (0.460-0.466); weak, Aysr nm (0.440-0.459); medium, Aysy om
(0.200-0.439); strong, A4s: nm (<0.200);

SOD: N.D., Asgonm (1.200-1.221); weak, Asgonm (1.100-1.199); medium, Asgpnm
(0.800-1.099); strong, Asgonm (<0.800).

Our results indicate that the optimal multi-enzymatic performance of PAMAM-Fe
CDs was achieved using precursors GO-PAMAM, potassium ferricyanide, and urea at

a molar ratio of 1:1:0.5.

Table S1 Influence of precursor composition on the multi-enzymatic performance

Enzyme- The molar ratio of GO-PAMAM: Potassium ferricyanide: Urea
like 1:1:0 1:0:1 0:1:1 1:1:1 1:1:.0.7 1:1:0.5 1:1:0.3 1:0.5:0.25
activity CDs-1 CDs-2 CDs-3 CDs-4 CDs-5 CDs-6 CDs-7 CDs-8
POD medium  weak weak weak medium strong medium weak
OXD weak weak weak weak medium  strong weak N.D.2
CAT medium  weak N.D. weak medium strong medium N.D.
SOD medium medium medium weak medium strong medium weak
“undetectable
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Fig. S1 Influence of precursor composition on multi-enzymatic performance. (A)
UV-vis absorption spectra of the peroxidase-like colorimetric system after 15 minutes
of reaction; (B) UV—vis absorption spectra of the oxidase colorimetric system after 15
minutes of reaction; (C) UV—vis absorption spectra of the catalase-like evaluation
system after 30 minutes of reaction; (D) Visible absorption spectra of the superoxide
dismutase-like evaluation system following a 10-minute incubation under 365 nm light
irradiation at an intensity of 12.80 mW/cm?. The molar ratios of the precursors for CD-1
through CD-8 are listed in Table S1.




Fig. S2 High-resolution TEM image of the PAMAM-Fe CDs
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Fig. S3 (A) -OH verification test in the (a) absence or (b) presence of IPA; (B) 'O,
validation analysis in the (a) absence or (b) presence of HD; (C) h* verification test in
the (a) absence or (b) presence of EDTA; and (D)fluorescence spectra of the PAMAM-
Fe CDs, DHE, and PAMAM-Fe CDs + DHE after a reaction time of 30 min.
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Fig. S4 Stability of PAMAM-Fe CDs stored for different durations (0, 15, 31, 46, and
62 days). (A) Response of dichlorvos at a concentration of 0.01 pg/mL using a detection
system comprising PAMAM-Fe CDs, H,0,, Rh6G, and KI; (B) Response of Cr(VI) at
a concentration of 2.5 uM using a detection system comprising PAMAM-Fe CDs and
TMB.
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Fig. S5 (A) Visible absorption spectra of a mixture solution of NBT, riboflavin,
methionine and EDTA under various conditions. (a) Blank control without light
irradiation, (b) in the absence of nanomaterials with light irradiation, and (c) in the
presence of PAMAM-Fe CDs with light irradiation; (B) scavenging efficiency of
superoxide radicals with various concentrations of the PAMAM-Fe CDs toward
superoxide radicals. (a) 0 mg/mL, (b) 0.5 mg/mL, (c) 1.0 mg/mL, (d) 1.5 mg/mL, (e)
2.0 mg/mL, (f) 3.0 mg/mL, and (g) 4.0 mg/mL; and (C) the relative SOD-like activity
of the PAMAM-Fe CDs.
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Fig. S6 Time-dependent absorbance changes at 652 nm for the PAMAM-Fe CDs +
TMB system at various TMB concentrations (0.05, 0.10, 0.15, 0.20, 0.30, and 0.50
mM).
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Fig. S7 Enzyme kinetics of the (A) oxidase-like activity and (B) catalase-like activity
of the PAMAM-Fe CDs.
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Fig. S8 Zeta potentials of the CDs, dichlorvos, and the CDs + dichlorvos at pH 9.8.
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Fig. S9 UV-vis absorption spectra of several systems. (a) Cr(VI) + CDs +TMB, (b)
CDs +TMB, and (c)Cr(VI) +TMB. The peak height at 652 nm (AAg¢s, nm) Of curve a
exceeded the combined peak height of curve b and curve c, which suggested that Cr(VI)
had a synergistic effect on the CD-catalyzed oxidation of TMB.
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Fig. S10 Difference in peak absorbance (AA) between the Cr(VI)+CDs +TMB system
and the Cr(VI)*TMB system at 652 nm as a function of the Cr(VI) concentration. AA
increases with increasing Cr (VI) concentration, which indicated that Cr (VI) enhances
the oxidase-like activity of CDs and synergistically oxidizes TMB.
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Fig. S11 Optimization of the experimental conditions for dichlorvos detection. (A)
Incubation temperature, (B) incubation time, (C) concentration of the PAMAM-Fe
CDs, (D) reaction time, and (E) pH of the buffer.
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Fig. S12 Optimization of experimental conditions for Cr(VI) detection. (A) Incubation
temperature, (B) incubation time, (C) reaction temperature, (D) reaction time, (E)
concentration of the PAMAM-Fe CDs, (F) concentration of TMB, and (G) pH of the
buffer.




Table S2 Comparison of kinetic parameters of the PAMAM-CDs and other reported
oxidase-like materials

Catalyst Substrate ( nl?l\l/l[ ) ( 10_;/13[1 s Reference

PAN AN TMB 0.357 18.7 This work
CeO, TMB 0.420 10.04 1
PAA-CeO, TMB 0.597 3.05 2
Fe-N-C TMB 1.81 0.06 3
CoNsSA/CNF TMB 0.682 0.177 4
H,0,-nanoceria TMB 0.76 4.50 5
CuO NPs-POM TMB 0.90 3.72 6
Cuz/ND@G TMB 2.89 11.5 7
Co-SAs@NC TMB 348 0.459 8
Fe-NDs T™B 0.55 4.01 o
CDs/AgNPs TMB 0.60 0.12 10

Cu-CeO, NPs TMB 0.71 5.56
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Table S3 Comparison of kinetic parameters of the PAMAM-CDs with other reported
catalase-like materials

Catalyst Substrate ( nl?l\l/l[ ) ( 10_2/13[1 s Reference

PAN AN H,0, 593 17.3 This work
AgPt NPs H,0, 62.98 6.10 12
Co304 nanocubes H,0, 63.90 1.23 13
Ti3C2TX H202 85.58 0.01 14
Co,N-CNC H,0, 65.08 9.86 15
N-PCNSs-3 H,0, 66.25 0.268 16
N-PCNSs-5 H,0, 154 0.246 16
Pd cubes H,0, 102.4 22 17
Pd octahedrons H,0, 135.1 5.9 17
Fe3'/AMP CPs H,0, 112.2 2.4 18
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Table S4 Comparison of different assays for the detection of dichlorvos

. Linear
Material/Platform D;z;gzn ( L?III?L) Range Reference
He (ng/mL)

PAMAM-Fe CDs Fluorometry 0.0000169 0.0001-10  This work
DTAB-ZnTPyP Colorimetry 0.00102 0.005-0.045 19
Cu-CDs Colorimetry 0.0017 0.004-0.07 20
FeMnOx Colorimetry 0.000267 0.001-3 21
AuNRs@MS@TiO,-CS/GC Electrochemistry 0.0012 0.004-3 2
AChE@PILs@Au NPs/GCE Electrochemistry ~ 0.000039  0.00013-1.4 2
nanogold/mercaptomethamidophos  Electrochemistry 0.000022 0.0001-1.5 24
CD-CdTe QD Fluorometry 0.00038 0.001-0.04 %
MnO, NSs-CQDs/AR Fluorometry 0.0012 0.004-0.120 26
SiQDs/CuNCs Fluorometry 0.00134 0.005-2 27
CDs-Fe Photothermal 0.00485 0.005-0.65 28
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Table S5 Comparison of different assays for the detection of Cr(VI)

Material/Platform Detection method LOD (uM) Reference

PAMAM-Fe CDs Colorimetry 0.0418 This work
IMBO NCs Colorimetry 0.50 29
H-Fe-POP Colorimetry 0.23 30
FP CoS Colorimetry 0.0756 3
PANI/GQDs Electrochemistry 1.87 32
PZrS nanocomposite Electrochemistry 0.0643 3
TA-CDs Fluorometry 0.57 34
CS-CDs Fluorometry 0.59 3
CPCTA-3 Fluorometry 1.12 36
PcOP-Fe Photochemistry 0.18 37
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S2. Detect of dichlorvos and Cr(VI]) in soil samples

Soil treatment: Soil samples were collected from the vegetable garden within the Green
Garden at BNU and processed according to established protocols®® with minor
modifications. Briefly, after removing stones and plant roots, the samples were crushed
and dried at 60 °C until a constant weight was achieved. Subsequently, the dried soil
was finely ground using a mortar and passed through a 100-mesh sieve. A 1 g aliquot
of the sieved soil was transferred into a centrifuge tube, to which 1 mL of Cr(VI) or
dichlorvos solutions at varying concentrations was added, resulting in Cr(VI)
concentrations of 0.5, 1, and 2 uM, and dichlorvos concentrations of 0.0005, 0.1, 0.15,
0.25, and 0.5 pg/g. The samples were then extracted at room temperature for 2 hours,
followed by centrifugation at 16,000 rpm for 10 minutes. The supernatant was
collected, filtered through a 0.22 pum membrane filter, and adjusted to a final volume of
1 mL with triple-distilled water.

Table S6 Detection of dichlorvos in soil samples (n=3)

Sample Added (ug/mL) Found (ug/mL) Recovery (%) RSD (%)
0 - - -
Soil 0.0005 0.000487 97.4 2.90
ol 0.1 0.102 102 0.876
0.15 0.150 100 2.61
Table S7 Detection of Cr(VI) in soil samples (n=3)
Sample Added (uM) Found (uM) Recovery (%) RSD (%)
0 - - -
Soil 0.5 0.484 96.8 1.60
ol 1 1.03 103 438
2 2.01 100 1.47

19



S3. Comparison with commercial detection kits

S3.1 Commercial dichlorvos detection kits

Rapid detection of dichlorvos was conducted using a commercially available colloidal
gold test kit (Yuxiang Biotechnology, Jiangsu, China), which includes a control line
(C line) and a test line (T line). The detection limit of the kit was established at 0.2
mg/kg, equivalent to 0.2 pg/mL under the conditions of this study. Samples with
dichlorvos concentrations exceeding this threshold were classified as positive, while
those below it were considered negative. During analysis, if the color intensity of T
line was equal to or greater than that of the C line, the result was interpreted as
negative, indicating either the absence of the analyte or its presence at concentrations
below the detection limit. Conversely, if the color intensity of T line was weaker than
that of the C line or if the T line failed to develop color, the result was deemed
positive, signifying that the analyte concentration in the sample met or exceeded the
detection limit.
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Fig. S13 Schematic diagram of dichlorvos detection strip
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Fig. S14 Rapid detection of dichlorvos using commercial colloidal gold kits. 1-7
showed negative results for tap water, river water, rain water, cabbage, spinach,
rapeseed, and soil samples with a spiked concentration of 0.15 ug/mL of dichlorvos;
1’-7° showed positive results for these samples with a spiked concentration of 0.25
pg/mL of dichlorvos; 1°°-7°" showed positive results for these samples with a spiked
concentration of 0.5 pg/mL of dichlorvos.
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S3.2 Commercial Cr(VI) detection kits
Detection of Cr(VI) was performed using a commercially available water quality test

kit (Luheng Environmental Technology, Zhejiang, China). The kit’s detection range
was 0.01-1.0 mg/L, with calibration points at concentrations of 0.01, 0.025, 0.05, 0.10,

0.25, 0.50, 0.75, and 1.00 mg/L, corresponding to 0.192, 0.481, 0.962, 1.92, 4.81,
9.61, 14.4, and 19.2 uM, respectively.
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Fig. S15 Schematic diagram of Cr(VI) detection card
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Fig. S16 Detection of Cr(VI) utilizing commercially available water quality test kits.
Panels 1 through 4 present the results for tap water, river water, rain water, and soil
samples, respectively. Panels 1’ to 4’ display the outcomes for the same samples
spiked with 0.5 uM of Cr(VI). Panels 1’ to 4’ correspond to the samples with a
spiked concentration of 1 uM Cr(VI), while panels 1°°’ to 4’*” show the results for
samples spiked with 2 uM Cr(VI).
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Table S8 Detection of dichlorvos in real samples (n=3) and comparison with
commercial detection kits

Sample Added Found Recovery RSD Commerciql Eptry in
(pg/mL) (ng/mL) (%) (%) detection kits ~ Fig. S14
0.15 0.159 106 0.716 Negative 1
Tap water 0.25 0.259 104 1.42 Positive r
0.5 0.497 99.4 1.56 Positive 1
0.15 0.146 97.3 2.63 Negative 2
River water ~ 0.25 0.257 103 0.752 Positive 2’
0.5 0.497 99.4 0.907 Positive 27
0.15 0.153 102 1.00 Negative 3
Rain water ~ 0.25 0.256 102 1.26 Positive 3
0.5 0.524 105 1.77 Positive 3”
0.15 0.151 101 1.20 Negative 4
Cabbage 0.25 0.245 98.0 3.48 Positive 4
0.5 0.474 94.8 2.89 Positive 4
0.15 0.159 106 3.04 Negative 5
Oilseed rape  0.25 0.238 95.2 1.45 Positive 5’
0.5 0.473 94.6 1.52 Positive 5”7
0.15 0.150 100 4.03 Negative 6
Spinach 0.25 0.239 95.6 2.31 Positive 6’
0.5 0.507 101 3.60 Positive 6>’
0.15 0.150 100 2.61 Negative 7
Soil 0.25 0.251 100 1.77 Positive 7
0.5 0.524 105 2.19 Positive 7’

Table S9 Detection of Cr(VI) in real samples (n=3) and Comparison with commercial

detection kits

Sample Added Found Recovery ~ RSD Commercial Entry in
(uM) (uM) (%) (%) detection kits (uM) Fig. S16
0 i - i - 1
0.5 0.432 86.4 2.36 0.481 1’
Tap water 0.992 99.2 1.81 0.962 1
2 1.97 98.5 1.69 1.92 1’
0 0.156 - 2.27 - 2
River 0.5 0.587 86.2 4.06 0.481 2’
water 1 1.12 96.4 2.24 0.962 2”
2 2.28 106 4.51 1.92 277
0 - - - - 3
Rain water 0.5 0.456 91.2 3.52 0.481 3’
1 1.08 108 2.29 0.962 3
2 1.96 98.0 0.640 1.92 37
0 - - - - 4
Soil 0.5 0.484 96.8 1.60 0.481 4
1 1.03 103 4.38 0.962 4>
2 2.01 100 1.47 1.92 4>
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