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1. Experimental Section 

1.1. Chemicals and reagents  

Titanium aluminum carbide (Ti3AlC2, 98 %, 200 mesh) was purchased 

from Jilin 11 technology Co., Ltd (China). Hydrofluoric acid (HF, 50 

wt%) was obtained from Shanghai Aladdin Biochemical Technology Co., 

Ltd. Aniline (ANI, C6H7N, 99.5 %) was provided from Bailingwei 

Technology Co., Ltd. Chitosan, ammonium persulphate (APS, 

(NH4)2S2O8, AR), lactate (C3H6O3, AR), lithium chloride (LiCl, AR, 

99 %) and hydrochloric acid (HCl, 36 wt%) were supplied by Sinopharm 

Chemical Reagent Co., Ltd. Nafion-117 (5.0 wt%, AR) and phosphate–

buffer solution (PBS, KH2PO4 and K2HPO4) and ascorbic acid (C6H8O6, 

≥ 99.0 %) were obtained from Sigma Aldrich Chemicals Co. Ltd (USA). 

Glucose (C6H12O6, ≥ 99.0 %) and methylene blue (MB, C16H18ClN3S, 

AR) were purchased from Shanghai Macklin Biochemical Co. Ltd. 

Potassium ferricyanide (K3[Fe(CN)6], AR), Potassium hexacyanoferrate 

(II) (K4[Fe(CN)6], ≥ 99.0 %), Uric acid (C5H4N4O3, ≥ 99.0 %), potassium 

chloride (KCl, ≥ 99.0 %), and sodium chloride (NaCl, ≥ 99.0 %) were 

purchased from the Alfa Aesar (China) Chemical Co., Ltd. Glucose 

oxidase (GOx, S10020-50ku, 250 u/mg) was purchased from Shanghai 

Yingsuo Biotechnology Centre (China). Different fabrics (nylon, cotton, 

linen, cupro, polyester), Janus textile (Quick-wicking fabric) and 
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polyethylene glycol terephthalate (PET) were purchased from Taobao e-

commerce platform (China). Artificial sweat was obtained from 

Guangzhou Deli Chemical (China) Co., Ltd. The screen-printed carbon 

electrodes (SPCE) were made from carbon ink and silver/silver chloride 

ink, with two carbon electrodes acting as the working electrode (WE) and 

counter electrode (CE), respectively. The Ag/AgCl electrode was made 

from silver/silver chloride ink as a reference electrode (RE). Both carbon 

and silver/silver chloride inks were purchased from Shenzhen D-MAX 

Technology Co. Ltd. (Shenzhen, China). Insulation ink was purchased 

from Shitiao Printing Equipment Technology (Pinghu) Co., Ltd, China. D 

Milli-Q water with 18.2 Ω cm-1 was generated in the water purifier. 

(Pinching Technology Co., Ltd.) and used throughout the experiment. 

These chemicals were used without further purification. 

1.2. Sample characterization 

X-ray diffraction (XRD) analysis was carried out on a Bruker D8 

Discover (Germany) X-ray diffractometer with a Cu Kα X-ray source (λ 

= 1.5418 Å). Field emission scanning electron microscopy (FESEM) 

images were conducted using Hitachi S-4800 with 5 kV under high 

vacuum conditions. Characterization of MXene/polyaniline was 

completed by transmission electron microscopy (Talos F200S, FEI 

NanoPorts, USA). The compositions and chemical states of samples were 
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confirmed by X-ray photoelectron spectroscopy (XPS) using a Theta 

Probe (Escalab 250Xi, Thermo Fisher Scientific, USA). The contact 

angle of fabrics was characterized using a contact angle analyzer 

(OCA40Micro, Germany). In addition, the resistance variation was 

measured by the digital multimeter (VICTOR VC890C+, Victory 

Instrument Equipment Co., Ltd., China). Glucose content in sweat was 

quantified using an enzyme-labeled instrument (TECAN Infinite F50, 

Switzerland) and assessed with a glucose content assay kit (Shenggong 

Bioengineering (Shanghai, China) Co., Ltd). 

1.3. Fabrication of nylon fabric-based screen-printed electrodes 

A three-electrode pattern suitable for sweat detection on human surfaces 

was designed using Adobe Illustration software, and a screen-printing 

plate for screen printing was customized from the pattern. The fabric-

based electrochemical sweat sensor electrodes were fabricated as follows. 

Appropriately sized fabrics (nylon, linen, cupro-ammonia, polyester, and 

cotton materials) were placed under an appropriate number of screen-

printing plates. Highly conductive carbon paste (as working electrode, 

counter electrode, respectively) and silver/silver chloride paste (as 

reference electrode) were screen-printed on it in batches and then dried in 

an oven at 70 °C for 2 minutes. Ultimately, various fabric electrodes were 

obtained. 
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1.4. Comparison and selection of fabric-based materials 

1.4.1 Electrochemical performance comparison of fabric-based 

sensor electrodes 

In a comparative test of the electrochemical properties of different fabric 

substrates, the electrode stability of the fabric substrates was tested using 

CV with electrochemical workstation (CHI 760D). PBS solution (80 μL, 

pH = 7.2) was dropped on the surface of bare electrodes based on 

different fabrics for CV test. The initial voltage was -0.5 V, the final 

voltage was 0.7 V, and the scanning was performed 3 times at a scanning 

speed of 20 mV/s. According to the CV curves, the electrochemical 

stability of each fabric base was observed. Electrochemical impedance 

spectroscopy measurements were carried out in a 0.1 M KCl solution 

containing 5.0 mM [Fe(CN)₆]³⁻/⁴⁻ over a frequency range of 100 mHz to 

2 MHz, utilizing a Bio-logic SAS VSP-300 workstation. Unless 

otherwise stated, all reported potentials are referenced against the 

Ag/AgCl electrode. 

1.4.2. Electrode stability comparison of fabric-based sensors 

Based on the electrochemical performance results of various fabric-based 

sensor electrodes, two substrates with good electrochemical stability were 

selected to compare the physical stability of the electrodes and to further 
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explore their feasibility for applications in wearable electrochemical 

sensors. The specific experiments included treating the screen-printed 

electrodes, based on the two stable substrate fabrics, with vigorous 

stirring in water, ultrasonic cleaning, and oven heating. Changes in 

electrode resistance over time under different conditions were then 

observed. Cleaning and stirring were conducted at a magnetic stirrer 

speed of 1500 rpm and an ultrasonic power of 200 W. Heating 

experiments were conducted in an oven at 60℃.  

1.5. Modification of nylon-based electrochemical sweat sensor 

electrodes 

The working electrode of the nylon-based electrochemical sweat sensor 

was modified using a layer-by-layer drop-coating method, as detailed 

below. First, the nylon-based working electrode's surface was rinsed with 

100 mM PBS buffer (pH = 7.2) and dried in an oven at 30°C. A 20 μL 

Ti3C2Tx/PANI dispersion (0.5 mg mL⁻¹, containing 0.1% Nafion) was 

evenly applied to the electrode surface using a microsampler and dried at 

10°C to obtain Ti3C2Tx/PANI/SPCEs. Next, 10 μL of 5 mM MB solution 

was added dropwise to the surface of the Ti3C2Tx/PANI/SPCEs using a 

microsampler, dried at room temperature, and stored at 4°C for 3 h. 

Finally, a glucose oxidase solution (60 mg mL-1, containing 5% chitosan 

and 2% acetic acid) was applied to the surface of the 
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MB/Ti3C2Tx/PANI/SPCEs, dried at room temperature, and stored at 4°C 

for future use. 

1.6. Electrochemical performance test of nylon-based electrochemical 

sweat sensor 

1.6.1. Sensing performance test of nylon-based electrochemical sweat 

sensor 

In the sensing performance test, the current-time (i-t) method of the 

electrochemical workstation was used to test the relationship between 

glucose concentration and current, and a standard concentration curve 

was drawn based on the concentration–current relationship. First, glucose 

standard solutions of 1 mM, 2.5 mM, 5 mM, 10 mM and 20 mM were 

first prepared using 100 mM PBS buffer solution (phosphate–buffer 

solution was used for the preparation of subsequent solutions). First, 50 

μL of PBS buffer solution was placed on the surface of the three 

electrodes and scanned using the i-t method at an operating voltage of -

0.18 V until the baseline was stabilized (approximately 100 seconds). The 

solution was removed and 50 μL of PBS buffer solution was again taken 

on the electrode surface and scanned at the same voltage for 50 s as a 

signal from the blank substrate. Glucose standard solution (2 μL) was 

then gradually added to the fabric electrode surface to increase the 
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concentration gradient of glucose test solution (0, 0.04, 0.08, 0.18, 0.28, 

0.48, 0.68, 1.08, 1.48, 2.28 and 3.08 mM). For each addition, the solution 

was pipetted with a micro-syringe for 15 seconds to allow glucose 

oxidase to fully catalyze and oxidize the solution to be tested. The i-t 

curve was recorded after each concentration change and the glucose 

concentration-current relationship was fitted. 

1.6.2. Anti-interference performance test of nylon-based 

electrochemical sweat sensor 

In the anti-interference performance test of the nylon-based 

electrochemical sweat sensor, 50 μL of PBS buffer solution was applied 

to the electrode surface. The baseline was stabilized using the i-t method 

at an operating voltage of -0.18 V for approximately 100 seconds. Then, 

the current-time curve was recorded, and histograms were generated 

using a glucose standard solution (0.15 mM) and its interference solutions. 

The interference solutions consisted of 1 mM lactic acid, uric acid, 

ascorbic acid, NaCl and KCl, each containing 0.15 mM glucose. 

1.6.3. Long-term stability test of nylon-based electrochemical sweat 

sensor 

A batch of nylon electrochemical sweat sensors was prepared and stored 

in a sealed refrigerator at 4℃. The sensors were removed daily and 
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subjected to i-t scanning in a 2 mM glucose standard solution. 

Additionally, every two days, the sensors were also scanned in the same 

solution, and the steady-state current values were recorded each time. 

1.6.4. On-body evaluation of sweat Glucose. 

On-body assessment of sweat glucose was conducted. During in situ 

monitoring, a wearable sensor integrated with the Janus textile was 

attached to the subject's arm. To induce sufficient sweating, the subject 

ran continuously for ten minutes. Electrochemical signals were then 

recorded using chronoamperometry. Sweat samples were analyzed using 

commercial device, including an enzyme-labeled instrument and a 

glucose content assay kit. Sweat samples for ex situ analysis were 

collected using capillary tubes from the same skin site as the on-body 

measurement, and the volunteer’s arm was disinfected with alcohol after 

each sampling. The applicability of the electrochemical glucose sensor 

was validated by comparing sweat glucose concentrations measured by 

the sensor with those obtained from standard analytical methods. 

Results and Discussion 

Selection and analysis of fabric-based materials 

Hydrophilicity characterization of fabric-based materials 
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It is essential for sweat to remain on the sensor surface briefly, when 

selecting substrates for electrochemical sweat sensors. This ensures that 

the biomarkers in sweat react with the surface-modifying enzymes on the 

working electrodes to detect chemical signals. Consequently, nylon, 

cotton, linen, cupro, and polyester fabrics were characterized for their 

hydrophilic properties to evaluate changes in contact angle over a brief 

period. Nylon fabrics are synthetic fibers characterized by lipophilic 

organic groups within the macromolecular chain. These fabrics lack polar 

groups, such as -OH, -NH, and C=O, that form hydrogen bonds with 

water molecules. Furthermore, nylon has a relatively large crystalline 

area and a small amorphous region, resulting in a compact molecular 

structure. This makes it difficult for water molecules to penetrate the 

fiber's internal space. As shown in Figure S1a, b, nylon demonstrates 

good stability within one minute. The contact angle of cotton also 

changes minimally during this time. Both fabrics exhibit characteristics 

suitable for electrochemical sweat sensor substrates. As shown in Figure 

S1c-e, linen, cupro, and polyester fabrics diffuse rapidly upon contact 

with water droplets, either after one minute or one second. This rapid 

diffusion prevents sufficient contact between sweat and the working 

electrode surface, failing to meet the requirements for an electrochemical 

sweat sensor substrate. 
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Figure S1. Contact angles of (a) nylon, (b) cotton, (c) linen, (d) cupro, 

and (e) polyester fabrics after 0 sec and 1 min, where the (d, e) plots show 

photographs of the fabrics' contact angles taken after 1 sec. (H = height, 

D = diameter). 

Morphological characterization of bare electrodes on fabric surfaces 

The surface morphology of the bare electrodes of the cotton and nylon-

based sensors was observed by field emission scanning electron 

microscopy. As shown in Figure S2, it can be observed that Ag/AgCl 

paste and carbon paste have been uniformly coated on the nylon fabric 

substrate surface by screen printing process. However, cotton fabric 
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cannot achieve the same dense effect as nylon fabric in terms of weave 

count, which causes the surface of cotton fabric electrode to be loose and 

porous at the microscopic level, affecting the conductivity of the 

electrode. 

 

Figure S2. FESEM images of silver/silver chloride reference electrodes 

on cotton (a) and nylon (c) fabric substrates, and carbon working 

electrodes on (b) cotton and (d) nylon fabric substrates. 

Stability testing of bare electrodes for pure cotton and nylon-based 

sensors 

The resistance changes in cotton and nylon fabrics were tested under 

different conditions so as to compare the physical stability of fabric-based 
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electrodes. As shown in Figure S3, the electrode resistance of the cotton 

substrate increased significantly after 90 minutes of agitation during 

vigorous agitation in water, and the nylon-based electrode resistance 

changed less with time. During ultrasonic water washing, the electrode 

resistance of the cotton substrate was more affected, and the electrode 

resistance of the nylon-based had a small change after 150 min of 

ultrasonication. Under heating conditions, the electrode resistances of the 

two fabric substrates changed less, indicating that the effect of 

temperature on the electrode properties was not significant, while 

ultrasound had a significant effect on the fabric electrodes. After washing 

test, the cotton-based electrode resistance change is more obvious, which 

is not suitable for long-term reuse requirements; relatively speaking, it is 

more suitable for constructing this kind of sweat glucose electrode on 

nylon fabric. There is more covalent bonding with carbon ink, the peak 

potential shift is not obvious after many CV tests, and the electrode 

impedance change is not significant after many ultrasonic washings, 

which is more suitable as the substrate material of the carbon-based 

electrode. Therefore, nylon fabric was used as the substrate material, and 

ink was used as the collector material to prepare the collector layer of the 

screen-printed fabric-based sweat glucose sensing electrode in this 

experiment. 
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Figure S3. Resistance changes in pure cotton and nylon-based electrodes 

under stirring, ultrasonic washing and heating conditions. 

XPS characterization of bare electrodes on pure cotton, nylon and 

their fabric surfaces 

As can be seen from Figure S4a, d, since cotton is mainly composed of 

cellulose fibers and nylon is polyester, both substrates before and after the 

printed electrodes are enriched with a large number of C and O elements, 

as well as a small number of impurity signal peaks containing Si. By 

etching the fabric samples with printed electrodes for 1 min and 

collecting the elemental signals, it can be seen that the fabric-based 

electrode samples have more Cl 2p characteristic peaks, which come 
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from the additives in the carbon paste used for the printed electrodes. As 

shown in Figure S4b, c, the following phenomenon can be observed in 

the C 1s narrow spectrograms of the untreated cotton fabric and the 

fabric-based electrodes: for the untreated cotton substrate, there are three 

characteristic peaks at the positions of 284.8, 286.4, and 286.9 eV, which 

correspond to the C-C bond, the C-O bond, and the C=O bond, 

respectively[44] (Figure S4b). After screen-printed carbon paste, the 

intensity of the signal peak of C-O bond was significantly enhanced, and 

the half-height width of the signal peak of C=O bond was reduced and the 

intensity increased (Figure S4c), which indicated that the conductive 

carbon paste printed on the surface of the cotton and the fiber did not just 

simply have a physical adhesion effect, but also had a certain chemical 

bond binding effect, which led to an increase in the bonding of the active 

conductive material with the fabric substrate. As shown in Figure S4e, f, 

the C 1s fractional peak fitting of nylon and its nylon-based electrodes is 

different from that of pure cotton fabrics. First, there is no C=O bonding 

signal peak in the pure nylon fabric, but a new peak position attributed to 

O-C=O bonding appears at 291.9 eV[45]; second, the intensity of the O-

C=O bonding signal peak on the surface of the modified electrodes is 

weakened, while the signal peak of C=O bonding appears at 288.7 eV, 

which proves that the multiple chemical bonding interactions also existed 
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between nylon and its printed electrodes. The above analysis fully proves 

that the valence state of C 1s is changed in the screen printed modified 

flexible fabric electrode so that the electrode printed material is closely 

adhered to the fabric substrate. 

 

Figure S4. XPS spectrum of fabric and fabric/SPCE surface (a) XPS 

spectrum of pure cotton and cotton/SPCE, (b) element spectrum of pure 

cotton C1s, (c) element spectrum of cotton/SPCE C1s, (d) XPS spectrum 

of pure nylon and nylon /SPCE, (e) element spectrum of pure nylon C1s, 

(f) element spectrum of nylon/SPCE C1s. 
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Figure S5. (a, b) One-way moisture absorption of Janus textiles. Water 

droplets penetrate from the hydrophobic surface and spread on the 

hydrophilic side. 

 

Figure S6. FESEM images of (a) PANI and (b) Ti3C2Tx. 

Figure S6 shows the FESEM images of conducting polyaniline and 

Ti3C2Tx nanosheets. As can be seen in Figure S6a, the synthesized 

conductive polymer PANI mainly exhibits a nanorod-like morphology, 

which clearly demonstrates the reliability of the chemical oxidation 

method employed to generate PANI through the polymerization reaction 

of ANI monomers. In addition, the highly conductive PANI exhibits a 

dark green color on the macroscopic scale, and its electrochemical 
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performance is significantly better than that of intrinsically black PANI. 

As shown in Figure S6b, Ti3AlC2 has been successfully etched and 

layered into Ti3C2Tx nanosheets, which exhibits an obvious layer 

structure and the prepared nanosheets are very thin and transparent, 

which well illustrates the 2D properties of MXene. 

To further investigate the composition and structure of Ti3C2Tx/PANI, 

the compositional components of PANI, Ti3C2TxMXene, and Ti3C2Tx 

/PANI nanocomposites were analyzed using XRD spectroscopy. Figure 

S7 presents the XRD spectra of the two-dimensional layered materials: 

Ti3C2Tx, PANI, and Ti3C2Tx/PANI. A series of characteristic periodic 

peaks of Ti3C2Tx appear at 2θ = 7.1°, 13.1°, 19.8°, and 26.7°, 

corresponding to the (002), (004), (006), and (008) crystal faces[46]. A 

strong (002) peak appears at 2θ = 7.1°, with a calculated d-spacing of 

6.21 Å based on the Bragg formula. Pure PANI exhibits a characteristic 

crystallization peak at 2θ = 14.9°, representing a regular periodic signal in 

the polyaniline molecular chain, consistent with the literature report[47]. 

Ti3C2Tx/PANI composite nanomaterials exhibit characteristic peaks at 

15.1°, 20.5°, and 25.6°, attributed to the layered structure introduced by 

Ti3C2Tx and the crystallization peaks of polyaniline. Additionally, 

because PANI is coated on the surface of Ti3C2Tx, its amorphous 

structure broadens the full width at half maximum of each peak. In 
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summary, the XRD characterization results confirm the successful 

compounding of the material based on its phase structure.  

 

Figure S7. XRD patterns of Ti3C2Tx, PANI and Ti3C2Tx/PANI. 

The Ti 2p spectra (Figure S8a) exhibited typical peaks at binding 

energies of 454.9 eV, 461.1 eV, 455.6 eV, 461.2 eV, 456.82 eV, and 

462.0 eV, which are in good agreement with previous reports and are 

assigned to Ti-C, Ti(II)-O, and Ti(III)-O, respectively. Additionally, the 

peaks observed at binding energies of 458.5 eV and 463.2 eV, as well as 

459.6 eV and 464.3 eV, confirm the binding of Ti(IV)-O and Ti(IV)-F[48], 

respectively. The C 1s spectrum (Figure S8b) exhibits three peaks at 

282.0 eV, 284.8 eV, 286.6 eV, and 288.8 eV, corresponding to Ti-C, C-C, 

C-N, and C=O[49], respectively. As illustrated in Figure S8c, the O 1s 
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spectrum can be decomposed into three peaks at 533.3 eV, 531.9 eV, and 

531.0 eV, corresponding to C=O, C-O, and O-N, respectively, based on 

the bonding interactions between carbon (C), nitrogen (N), and oxygen 

(O)[50]. The high-resolution N 1s spectrum (Figure S8d) was fitted with 

four components at 399.4 eV, 400.3 eV, 401.7 eV, and 402.7 eV, 

corresponding to Ti-O-N, -NH-, -N+=, and -N+H-, respectively. This 

increase in Ti-O-N content may result from the reaction between the -

NH2 group of polyaniline (PANI) and the -COOH group of Ti3C2Tx
[48,49]. 

 

Figure S8. High-resolution XPS spectra of (a) Ti 2p, (b) C 1s, (c) O 1s, 

and (d) N 1s for Ti3C2Tx/PANI. 
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Figure S9. Fluorescence images of live and dead cells after cell viability 

test using CCK-8 assay. 

 

Figure S10. Photographs of the forearm taken before (a), during (b), and 

after (c) 24 hours of wearing the Janus textile integrated with the Ti₃C₂Tₓ 

MXene/polyaniline-modified nylon fabric electrode, affixed using 

medical adhesive tape. 

 

Figure S11. Schematic diagram showing the working mechanisms of 

glucose sensor. 
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Figure S12. Detection of glucose concentration in sweat samples by a 

self-made glucose sensor and a commercial device, respectively. 

As shown in Figure S13, bending durability was evaluated by 

subjecting the flexible electrode to repeated bending on cylindrical 

supports with radii of approximately 10 mm, 15 mm, and 18 mm. A 

representative configuration at a curvature radius of 10 mm is shown, 

where the electrode was subjected to 100 manual bending cycles, with 

each cycle defined as one complete bending and unbending motion. 

Electrochemical performance, particularly the glucose-induced current 

response, was assessed every 10 cycles. CV measurements were 

conducted at each bending radius, and the oxidation peak current (Ip) was 

extracted to assess the impact of mechanical deformation on 

electrochemical performance. Electrochemical measurements taken 
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before and after the 100 bending cycles revealed minimal signal 

degradation, indicating that the electrode maintained excellent structural 

integrity and electrochemical stability under repeated mechanical stress. 

 

Figure 13. The ratio of the current (I/I₀) obtained from CV signals of the 

nylon-based sweat glucose electrochemical sensor after 100 bending 

cycles under various bending radii, where I and I₀ represent the peak 

oxidation current after and before bending, respectively. 

As shown in Figure S14, a systematic amperometric evaluation was 

conducted over a 10-day period to assess the long-term stability of the 

sensor in a simulated sweat environment. During this period, the sensor 

maintained a stability rate exceeding 90%, with a relative standard 

deviation (RSD) of 3.29%, indicating that the fabricated working 

electrode exhibits good stability under physiologically relevant conditions. 
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Figure S14. Storage stability of the biosensor in artificial sweat ([glucose]

—100 µM). 
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Table S1. Comparison of the performance of the fabricated screen-

printed electrochemical glucose sensor with other reported ones. 

Electrode 

materials 

Linear-

range (mM) 

Sensitivity 

(μAmM−1cm−2) 

LOD 

(μM) 

Potential 

(V) 

Ref. 

PPy/PB/GOx-

modified graphite 

0.05-0.5 1.9 / 0.05 [51] 

Pt-Ir-alloy-PEEK 0.11-21 2.55 0.11 0.60 [52] 

GOx/NiHCF/PB/Au/P

ET 

0-0.2 0.0418 10 0.05 [53] 

GOx/CVD 

graphene/Au mesh 

0.01-0.7 1 10 −0.05 [54] 

GOx/PB/MWCNT-

Fe3O4/SPCE 

0.001-0.4 4.495 0.38 0.23 [55] 

GOx@PPtNPs@MW

CNTs/PEDOT@PB 

0.0025–1.250 21.6 2.5 -0.1 [56] 

GOx/Pt-SilkNCT 0.025-0.3 0.0063 5 -0.2 [57] 

GOx/Pt/rGO/ P3ABA 0.25-6 22.01 44.3 0.5 [58] 

ZnO/MXene/GOx / 27.87 17 −0.21 [59] 

PEDOT:PSS/MXene/

GOx 

0.094-1.294 8.3 1.9 -0.375 [60] 

Nafion/CHI-GOx/PB 

CBNPs 

0.005-1.25 14.64 4.83 -0.05 [61] 

Au/PET 0.02-1.11 22.05 2.7 0.1 [62] 

Au/PB/GOx/CTS/GS 0.008-1 1.79 2.45 0.075 [63] 

GOx/GTA/BSA/glyce

rol/Au 

0.025-2 1.76 55 0.7 [64] 

GOx/GO-Pt black/Pt 0.001-2 0.466 1 0.5 [65] 

GOx/MB/PANI/Ti3C2Tx 0.04-3.08 3.11 4.82 -0.18 This 

work 
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