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1. Reagents and instruments

1.1 Reagents

Telluride tungsten (WTe,) powder, ascorbic acid (C¢HgOg) and chloroplatinic acid
hexahydrate (H,PtCls*6H,O) and 3,3',5,5'-Tetramethylbenzidine (TMB) were
purchased from Aladdin Bio-Chem Technology Co. Ltd. Hydrogen peroxide (H,O,)
was supplied by Sigma-Aldrich Co. HAc-NaAc buffer solution was purchased from Ida

Technology Co. Ltd. All chemicals were used as received without further purification.

1.2 Instruments

The crystal structure of the prepared materials was characterized through X-ray
diffraction (XRD, D8, Bruker). The microstructural features of the prepared material
were analyzed by using a transmission electron microscope (TEM, Thermo Fisher-
Talos F200S) equipped with an energy-dispersive X-ray spectrometer (EDS). The
atomic force microscopy (AFM, NTEGRA) was carried out to study the thickness of
samples. The elemental composition was studied by using X-ray photoelectron
spectroscopy (XPS, Thermo Fisher-K-Alpha). The Pt content was determined by
inductively coupled plasma optical emission spectroscopy (ICP-OES, Ultima Expert).
The zeta potential of materials was measured using zeta potential analyzer (Litesizer
TM 500). The electron paramagnetic resonance (ESR) spectra were performed on a
EMX nano spectrometer. The absorbance spectra were acquired by UV-vis-NIR
spectrophotometer (Lambdal050+). The photographs during the detection process

were obtained by a smart phone.



2. Experimental Section

2.1 Preparation of WTe, nanosheets

WTe, nanosheets were prepared via one-step liquid exfoliation method.
Specifically, 400 mg commercial WTe, powder was dispersed in 40 mL deionized
water and then ultrasonic vibration in an ice-water bath for 6 hours. Afterward, the
supernatant was collected by centrifugation at 5000 rpm for 6 min to discard the large
particles and the obtained supernatant was further centrifugated by alternately washed
with deionized water and ethanol for three times to obtain WTe, nanosheets (10000

rpm, 6 min).
2.2 Preparation of WTe,@Pt nanosheets

50 uL H,PtClg*6H,0 (20 mM) was added into 2 mL WTe, nanosheets solution (2
mg/mL) followed by adding 200 pL ascorbic acid solution (20 mg/mL).! The mixture
was stirred at room temperature for 1 h. The final products were collected under
centrifugation and washed with deionized water for three times (12000 rpm, 5 min).
Finally, the collected products were re-dispersed in 2 mL deionized water and stored at

4 °C for further use.
2.3 Evaluation of Peroxide (POD)-like activity of WTe,@Pt nanosheets

The POD-like activity of WTe,@Pt was characterized based on the catalytic
oxidation of TMB in the presence of H,O,. The typical reaction process was carried out
as follows: 100 uL of TMB solution (final concentration of 0.08 mM), 100 uL of H,O,
solution (final concentration of 2.22 mM), and 50 pL of the WTe,@Pt (final
concentration of 0.04 mg/mL) were successively added into 2 mL of HAC-NaAc
buffer. The absorption spectra were recorded after incubation for 15 min. Meanwhile,
the effects of pH (3.5-7) or temperature (10-40 °C) on the POD-like activity were
investigated. Under the optimized measure conditions, the steady-state kinetics
experiment was performed under varied concentrations of TMB and H,0,. The

enzymatic kinetic parameters were determined using the Michaelis-Menten equation:?
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where V. denotes the maximal reaction velocity, V represents the initial velocity, K,

is the Michaelis constant and [S] indicates the concentration of substrate.
2.4 Colorimetric detection of H,O,

For the colorimetric assay, 50 uL of WTe,@Pt (2 mg/mL) and 100 pL. of TMB (2
mM) were mixed with 100 uL of H,O, solutions at various concentrations in 2 mL of
HAC-NaAc buffer. The reaction mixture was incubated for 15 min, after which the
absorbance was measured at 652 nm. The limit of detection (LOD) was calculated using
the 36/S method, where 6 represents the standard deviation of the blank signal and S is

the slope of the calibration curve.

Additionally, 200 images of the reaction solution at different H,O, concentrations
were recorded using a smartphone. Specifically, all images were captured by the same
model of smartphone (iPhone 17 Pro). To maximize inter-image comparability and
minimize extraneous variability, the following standardized imaging protocols were
rigorously implemented: er’All samples were photographed under the same indoor light
source; &SA fixed focal length of 28 mm was employed, with autofocus and auto-
white-balance functions enabled to maintain optical consistency while accommodating
minor sample variations; ® The smartphone was mounted on a stable, adjustable tripod
positioned at a fixed distance of approximately 20 cm from the sample, ensuring
consistent perspective, and working distance across all acquisitions; QAIll samples

were placed in identical centrifuge tubes (5 mL) against a uniform background.

Then, the information of obtained images was extracted using RF algorithm to
achieve the prediction of unknown sample concentrations. To ensure model
generalizability and prevent data leakage, a strict separation between training and test
sets was maintained throughout the modeling process. The training set with 120
samples was used exclusively for model construction and hyperparameter tuning, while

the test set with 80 samples was reserved for final model evaluation. A 5-fold cross-



validation strategy was implemented to ensure robustness. The model performance was
evaluated using coefficient of determination (R?), root mean square error (RMSE), and

mean absolute error (MAE).
2.5 Detection of H,O, in real sample

Spike recovery experiments were performed using milk sample to evaluate the
practical applicability of WTe,@Pt-based colorimetric sensors according to the
reported literature.® The detailed experimental process is as follows:

@ Prepare 2 mL of 1 M H,0, stock solution. Briefly, 204 uL of H,O, was added
into 1796 uL of deionized water in a centrifuge tube and mixed thoroughly.

(2) Prepare milk samples. The milk was purchased from a local supermarket. To
prepare the milk samples, 10 mL milk was centrifuged for 30 min at 10000 r/min to
remove the fat. The resulting defatted milk was diluted tenfold with deionized water.

(3) Spiking of H,0, into milk samples. 15.8 pL, 22.5 pL, and 45 pL of 1 M H,0,
solution were added into centrifuge tubes containing 1984.2 uL, 1977.5 pL, and 1955
uL of the diluted milk sample, respectively.

(4) Colorimetric detection was performed using the same procedure as above.
Specifically, 50 uL of WTe,@Pt (2 mg/mL) and 100 uL. of TMB (2 mM) were mixed
with 100 pL of the spiked milk samples in 2 mL of HAC-NaAc buffer. The reaction
mixture was incubated for 15 min before measuring the absorbance at 652 nm. The 100
uL spiked milk sample was diluted 22.5-fold in the 2250 pL total reaction system,
giving final H,O, concentrations of 350 uM, 500 uM, and 1000 pM.

3. Results and Discussion

The chemical states and surface composition of WTe,@Pt were investigated by
X-ray photoelectron spectroscopy (XPS). As illustrated in Fig. S2a, the peaks of W 45/,
and W 4f;,, were respectively located at 33.79 eV and 31.67 eV, indexing to the W-Te
bonds.* The peaks exhibited a negative shift of about 0.1 eV compared to the WTe,
nanosheets. Meanwhile, the similar shift was also observed for the Te 3d;,, (583.22 ¢V)

and Te 3ds;, (572.88 eV) of WTe,@Pt nanosheets (Fig. S2b), providing direct evidence



of electron transfer from Pt to WTe,.> This phenomenon can be attributed to the
difference in work function between metallic Pt and WTe,, which derived electron
redistribution at the interface upon forming the heterostructure. The increased electron
density on WTe, is expected to facilitate the adsorption and activation of H,0,
molecules, thereby accelerating the catalytic reaction. Additionally, there were W-O
and Te-O bonds were observed due to the surface oxidation in the ambient environment.
For Pt analysis in Fig. S2c, two photoelectron peaks at binding energies of 74.89 eV
and 71.57 eV attributed to Pt 4f5, and 4f;,, regions, and both metallic Pt® and Pt**
existed in the WTe,@Pt nanosheets. The result was similar with previous reported Pt

related composites.®
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Fig. S1 XRD patterns of bulk WTe, and WTe,@Pt nanosheets.
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Fig. S2 The high-resolution XPS spectrum of W (a), Te (b), and Pt (c) for WTe, and

WTez@Pt.
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Fig. S3 Relative POD-like catalytic stabilities of WTe,@Pt nanosheets under different

temperatures and pH values.
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Fig. S4 Catalytic performance of WTe,@Pt nanosheets at various time.
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Fig. S5 Cycle stability of the POD-like activity of WTe,@Pt after five consecutive
catalytic cycles, using an assay system containing 50 uLL of WTe,@Pt in acetate buffer

(pH 4.5), 2 mM TMB and 100 mM H,O0,.
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Fig. S6 Detection performance of WTe,@Pt nanosheets after storage for 15 days.
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Fig. S7 (a) Results of colorimetric in five independent experiments at concentrations of
1500 puM. Stability assessment of the POD-like activity of WTe,@Pt for H,0,

detection, (b) intra-day assay, (c) inter-day assay.



Table S1. Comparison of the kinetic parameters of different TMD-based nanozymes

and HRP.
Nanozyme Substrates K,, (mM) Vmax (107 M s71) Ref
HRP H,0, 3.7 1.0 7
TMB 0.43 0.87
WS,/graphene H,0, 10.001 0.09332 8
oxide TMB 22.406 0.09606
2D Fe-BTC H,0, 0.0334 0.265 ?
TMB 0.2610 0.795
Cu,O/Au— H,0, 22.4 0.405 10
Pt@MOF@F127
Mn-CeO, H,0, 8.67 0.752 1
TMB 0.25 0.845
MoS,/g-C3N,4 H,0, 1.32 0.727 12
TMB 0.15 1.302
WTe,@Pt H,0, 0.49 0.89 This work
TMB 1.13 2.01
Table S2. Comparison of different colorimetric sensors for H,O, assays.
Material Linear range (uM) LOD (upM) Ref
FeCo-CDs 200-1500 0.77 13
CuO 4.6-769 0.109 14
Fe-aminated lignin 10000-100000 54 15
Co;04@C 100-1000 4.08 16
1000-5000
Au/Pt/Ti1;C,Cl, 50-10000 10.24 17
Cu-BDC@FeMog 300-900 10 18
WTe,@Pt 200-2000 9.9 This work




Table S3. The result of hyperparameter tuning.

n_estimators max_depth min _samples split min_samples leaf RMSE

1 50 None 2 1 286.69
2 100 None 2 1 285.38
3 200 None 2 1 287.63
4 50 None 5 1 288.19
5 100 None 5 1 286.37
6 200 None 5 1 289.25
7 50 None 2 2 285.99
8 100 None 2 2 282.87
9 200 None 2 2 286.7

10 50 None 5 2 285.6

11 100 None 5 2 283.74
12 200 None 5 2 287.1

13 50 15 2 1 286.69
14 100 15 2 1 285.38
15 200 15 2 1 287.63
16 50 15 5 1 288.19
17 100 15 5 1 286.37
18 200 15 5 1 289.25
19 50 15 2 2 285.99
20 100 15 2 2 282.87
21 200 15 2 2 286.7
22 50 15 5 2 285.6
23 100 15 5 2 283.74
24 200 15 5 2 287.1
25 50 30 2 1 286.69
26 100 30 2 1 285.38
27 200 30 2 1 287.63
28 50 30 5 1 288.19
29 100 30 5 1 286.37
30 200 30 5 1 289.25
31 50 30 2 2 285.99
32 100 30 2 2 282.87
33 200 30 2 2 286.7

34 50 30 5 2 285.6

35 100 30 5 2 283.74
36 200 30 5 2 287.1
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