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S1: Reagents and chemicals

Sodium hydroxide (NaOH) was obtained from Sinopharm group chemical reagent Co., Ltd. Cu-pric
acetate (Cu(CH3COQ),) was bought from Beijing HWRK chemical Co. Ltd. Titanium alu-minum carbide of
400 mesh (Ti3AIC,) was received from Jilin 11 technology Co., Ltd. Cholesterol was purchased from
Shanghai Aladdin biochemical Co., Ltd. Lithium fluoride (LiF) was purchased from Shanghai Macklin
biochemical Co., Ltd. Glucose was obtained from Shanghai Sigma Al-drich trading Co., Ltd. Ascorbic acid
(AA) was purchased from Shanghai Alfa Aesar chemical Co., Ltd. All other reagents were brought from
Sigma with guaranteed reagent (GR) level. The experi-ments were conducted with double- distilled water

(ultra-pure conductivity of > 18.25 MQ).

S2: Instrumentation and measurements

Surface morphology was conducted by SEM (FEI Quanta 200 microscope) and corresponding energy
dispersive X-ray spectroscopy (EDS). TEM was performed on a FEI Tecnai G2 T20 microscope with 200 kV
operation voltage. PHI 5000 VersaProbe and Ultima IV were performed for XPS and XRD analysis,
respectively. Zeta-potential was conducted under 90plus (Brookhaven instrument Corp.). Electrochemical
experiments (CV) were performed with a CHI 660D electrochemical workstation, bought from Shanghai CH
Instrument Company, China. Membrane Celgard 3501 was obtained from Jilin 11 technology Co., Ltd.
During the measurements, a three-electrode configuration was conducted with a modified self-assembled film
as the working electrode, Ag/AgCl (3 M KCI saturated) as the reference electrode, and platinum sheet as the
counter electrode. 60 mL sodium hydroxide (NaOH) was selected as the electrolyte. Cholesterol detection was

achieved by dissolving in ethanol, followed by dilution in NaOH as per requirement for a given concentration.

S3: Preparation of 2D Ti;C, Mxene

Ti;C, MXene was obtained by selectively etching of Al from the ternary layered Ti;AIC, (Scheme 1).2 g
LiF was added to 40 mL 9 M HCl aqueous solution under magnetic stirring, followed by slowly adding 2 g
Ti3AlC; in 10 min. The mixture was transferred to a 35 °C water bath, treated for 24 h, and then centrifuged
and washed with deionized water until the pH>6. Subsequently, the dispersion was under sonication and
centrifugation for 1 h respectively. The supernatant was gathered as an MXene solution and the MXene

powder was obtained after freeze-drying of the suspension.

S4: Formation of MXene/CTS film
CTS was dissolved in 3% acetic acid solution reaching a concentration of 0.5%. The 5 mL mixture of

MXene and CTS solution (4:1) with opposite charges was incubated in a refrigerator under 4 °C for 12 h for



full electrostatic interaction. The MXene/CTS film with diameter 11 mm was prepared through a simple
vacuum-assisted filtration method by a microporous monolayer membrane (Celgard 3501), followed by

vacuum drying at 60 °C.

S5: Modification of Cu;O on MXene/CTS film

Cu,0 was modified on MXene/CTS through a potentiostatic electrodeposition procedure in an 0.05 M
Cu(CH;3COO), aqueous solution with a three-electrode configuration. The fabricated film was used as the
working electrode. The electrodeposition potential was set at -0.4 V, and the time at 2000 s. Finally, the
working electrode was washed with ethanol and deionized water, and then dried under air for further

characterization.

S6: The morphology of MXene/CTS/Cu,0

The morphology of the as-synthesized film was characterized by TEM and SEM. The TEM images of
the exfoliated MXene reveal single and a few layers of flat sheets (Figs. S1a and 1b). The hexagonal lattice
characteristics of the MXene nanosheet are shown in the Selected Area Electron Diffraction (SAED) diagram
in the inset of Fig. S1a. In addition, Fig. S1b shows a constant interplanar distance of about 1.235 nm,
confirming the 2D lamellar structure of the prepared MXene. Fig. S1c further depicts the layered structure of
multilayer MXene, where the Al layers of MAX were selectively etched away by HCI. The Zeta potentials of
MXene and CTS were -20.225 mV and +1.34167 mV, respectively (Fig. S2a) and in the XPS spectra of
MXene/CTS/Cu,0O (Fig. S2b), there was one new small N (1s) peak from CTS, confirming the adsorption of
CTS on the MXene surface (Liu et al., 2017). The SEM image of MXene/CTS is shown in Fig. S1d, the
relatively smooth surface demonstrates the forceful electrostatic interaction of MXene (-) and CTS (+), and
the strip projections further confirm the successful mixture of CTS. The dense and homogeneous distributed
aggregation of Cu,0O particles on the surface with an average edge length of ~300 nm verifies the modification
by electrodeposition (Fig. S1e). Moreover, the energy dispersive X-ray spectroscopy (EDS) mapping of
MXene/CTS and MXene/CTS/Cu,0 proves the presence of Ti, C, Cu and O elements in the products (Fig.
S3).

S7: The crystal structure of the MXene/CTS/Cu,0

XRD is a widely-used technique to investigate the crystal structure of the as-prepared samples. As shown
in Fig. S1f, the peak of MAX at 40° disappears in MXene/CTS/Cu,0, confirming the removal of Al layers
during etching. The diffraction peaks of Cu,O with 20 values at 25° and 36.6° correspond to the crystal plane
(110) and (111) of crystalline Cu,0O, respectively (JCPDS 05-0667). The diffraction peak with 20 values at
5.5° belongs to the (002) plane of Mxene (Naguib et al., 2012) and the smooth peak at 17.5° is attributed to
CTS (JCPDS 21-1272). The characteristic diffraction peaks of MXene, CTS and Cu,0O appear to indicate the

successful preparation of the MXene/CTS/Cu,O film, and no diffraction peaks related to impurities are found.



S8: The chemical states and valence of composites of MXene/CTS/Cu,0 nanohybrid

Figs. S1g and 1h show the XPS profiles of MXene/CTS/Cu,O nanohybrid, which were used to
determine the chemical states and valence of composites. In Fig. S1g, the peaks located at the binding
energies of around 457.4 eV and 463.5 eV can be assigned to Ti-O 2p3/2 and Ti-O 2p1/2 respectively (Dong
et al., 2017). The high resolution XPS spectrum of the Cu 2p core level is displayed in Fig. S1h. The peaks for
Cu 2p3/2 and Cu 2p1/2 are located at binding energies of 932.8 eV and 953.5 eV respectively and match well
with the reported values of the Cu'" oxidation state of Cu,O. The presence of satellite peaks indicates the

existence of Cu®” along with Cu,0 (Dong et al., 2017; Qin et al., 2016).

S9: Selection for detecting peaks

Figs. S6a and 6¢ show CVs of MXene/CTS/Cu,O at different concentrations of glucose and cholesterol,
respectively. Peak I exhibits a linear current response only for cholesterol, and the oxidation currents at the
potential of 0.35 V which named as peak VI establishes a greater sensitivity to glucose than peak V.
Furthermore, peak IV varies both with glucose and cholesterol addition, which may be caused by the synthetic
effect of MXene and Cu,O. In addition, the current responses of peak III are very faint, which are not sensitive
to both glucose and cholesterol. As shown in Fig. S7 (inner plot), peak II has a poor linear fit with addition of
cholesterol. Therefore, peak I and VI were determined for simultaneous sensing of cholesterol and glucose
with a significant potential separation. The linear relationship between the concentration and corresponding
currents at selected peaks were plotted in Figs. S6b and 6d. As observed, the electrocatalytic currents for both
glucose and cholesterol are finely linear to their concentration, demonstrating a good application prospect for

the all-in-one monitoring of multi-metabolites.

S10: Deduction for cholesterol sensing mechanism

There are literatures supporting that hydroxyl radicals (.OH) can initiate the cholesterol auto-oxidation to
produce oxysterols (Khaliq et al., 2020; Lee et al., 1997). The Equation 4 was carefully deduced through the
analysis of experimental phenomena and comparative experiments. Firstly, by observing the CV plots, the
peakl current response (Cu'” to Cu) decreases with cholesterol addition, and there is no response to glucose,
which proves that Cu'” participates in the catalytic reaction for cholesterol. Secondly, there was no current
response in a neutral PBS solution, which proved that OH™ are essential for reaction. As shown in Fig. S8,

after a long period of testing, Cu'* was gradually consumed, which convinced the deduced mechanism.



S11: Supporting figures: Figs. S1-S10
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Fig. S1. TEM images of (a) and (b) exfoliated MXene sheets. The inset in (a) shows the selected area electron
diffraction pattern from the region marked with a yellow box. SEM images of (c) MXene; (d) MXene/CTS;
(e) MXene/CTS/Cu20. XRD patterns of MAX powders and MXene/CTS/Cu20 film (f). High resolution XPS
spectra of MXene/CTS/Cu,0: (g) Ti 2p, (h) Cu 2p.

6]

(a) (b) N 1S
O _______ I 399.1 eV

>

E Sz o Mfm-::m - -

= -5r - S

.© S

g0t %

o) | i c

o5} 2

8 £

N-20} §

_25 1 1 1 1 1 1 1 1 1

Mxene crs 380 390 400 410 420 430 440 450

Binding Energy (eV)

Fig. S2. (a): Zeta potential of the fabricated MXene and CTS (0.5wt.%); (b): XPS spectra of
Mxene/CTS/Cu,0 : N 1s.
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Fig. S3. EDS mapping of the MXene/CTS/Cu,0.
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Fig. S4. CV behaviors of MXene/CTS/Cu,0 biosensor in PBS and 0.25 M, 0.5 M and 1.0 M NaOH

electrolyte.
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Fig. S5. CV behaviors of MXene/CTS/Cu,0 electrode in 1.0 M NaOH at the range from -0.8 V t0 0.35V, 0.4
V,0.45V,0.50V,0.55V,0.60 V,0.65V,0.70 V, 0.75 V, 0.8 V. The innet plot is the potential vs. peak

current value at -0.15 V.
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Fig. S6. CV responses of MXene/CTS/Cu,0 towards (a) glucose from 0.5 mM to 3.0 mM and (c) cholesterol
from 0.2 mM to 1.0 mM with corresponding fitting curves in (b) and (d).
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Fig. S7. CV curves of MXene/CTS/Cu,O with ImM glucose towards cholesterol sensing (cholesterol: from 0

mM to 0.2 mM at 0.05 mM interval); Plotted relationship curve of MXene/CTS/Cu,O between
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Fig. S8. SEM images of MXene/CTS/Cu,O before (a) and after (b) tests



(a)

Fig. S9. MXene films after 10 minutes of ultrasound treatment without (a) and with CTS mixed (b). Scale

bars: 3 mm.
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Fig. S10. CV responses of MXene/CTS/Cu,0 electrode in 1.0 M NaOH at different scan rates from 0.01 V/s
to 0.06 V/s.



S12: Supporting table: Table S1.

Table S1 Electrochemical performances comparison of MXene/CTS/Cu,0 for glucose and cholesterol

detection with other modified electrodes based on nanomaterial and polymer.

Modified Sensitivity Linear Range LOD Enzymes
Metabolites Lo ) Reference
electrode (LA.mM™".cm™) (uM) (uM) modified
Co@MoS,/CN Not Provided - (Lietal.,
Glucose 131.69 0.08 -
Ts/GCE 5200 2019)
NC-NiS@NS- (Arivazhagan
Glucose 54.60 20 - 5000 0.0083 -
NiS etal., 2021)
(Liang et al.,
BPCNF/GCE Glucose 123.28 0.2-100 0.023 GOy
2019)
Cu,O (Khaliq et al.,
Cholesterol 6034.04 24.4 - 622 0.05 -
NPs/TNTs 2020)
(Eomet al.,
Pt-NC/SPCE Cholesterol 132 2 -486 2 ChO,
2020)
(Mokwebo et
PPI/QDs/GCE  Cholesterol 111.16 100 - 10000 75 ChOy
al., 2018)
Pt/rGO/P;AB Glucose 250 - 6000 (Phetsang et
22.01/15.94 44.3 /40.5 GO,/ChOy
A/SPCE /Cholesterol /250 - 4000 al., 2019)
CuO- Glucose 1098.37 / Not 5-600 (Wu et al.,
0.59/0.43 -/ChO,
NPs/GCE /Cholesterol Provided /1-15 2019)
MXene/CTS/ Glucose/ 52.4-2000 -
60.295/215.71 52.4/49.8 This work
Cu,0 Cholesterol /49.8 - 200
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