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S1 Materials and methods
S1.1 Materials
The cellulose fibers were provided by a paper company in Shandong province, China. Choline chloride (ChCl, 99%) and phytic acid (PA, 50%) were purchased from Shanghai Macklin Biochemical Technology Co., Ltd. Acrylamide (AM, 99%) was purchased from Tianjin Damao Chemical Reagent Factory. Ammonium persulfate (APS, 99%) was purchased from Tianjin Jindong Tianzheng Fine Chemical Reagent Factory. N, N'-methylene bisacrylamide (MBA, 99%) was purchased from Shanghai Bider Pharmaceutical Technology Co., Ltd. Dulbecco’s Modified Eagle Medium (DMEM) was purchased from XP Biomed Ltd. Fetal Bovine Serum was purchased from ExCell Bio Co., Ltd. L929 cells (a mouse fibroblast cell line) were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). The Live/Dead Cell Viability/Cytotoxicity Assay Kit and the Cell Counting Kit-8 (CCK-8) were purchased from Jiangsu KeyGen Biotech Co., Ltd. Phosphate-buffered saline (PBS) buffer and Ethylenediaminetetraacetic acid (EDTA) anticoagulant were purchased from Beijing Solarbio Science & Technology Co., Ltd. All other chemicals were of analytical grade.
S1.2 Preparation of Layered MXene
Lithium fluoride (LiF) was dissolved in a hydrochloric acid (HCl) solution. A quantified amount of Ti3AlC2 was then gradually introduced into this solution under continuous stirring for 24 h. Following the reaction, the solid product was isolated via centrifugation. To purify the product, it was sequentially washed with HCl three times to eliminate any remaining LiF, followed by thorough washing with distilled water until a pH value above 6 was achieved. Subsequently, the precipitate was vacuum-dried, taken out and ground into powder, thus obtaining layered Ti3C2Tx MXene powder.
S1.3 Pretreatment of Cellulose Fibers
The pulp fibers were first manually torn into approximately 1 cm × 1 cm pieces. These pieces were then ground using a pulverizer. The resulting fibrous material was sieved, and fibers retained on 40–60 mesh sieves were collected for subsequent use.
S1.4 Characterizations of the DCMP eutectogels
[bookmark: OLE_LINK10]To evaluate the long-term anti-oxidation capability of the solvent system, the MXene/CP-DES dispersion was monitored for a long time. The dispersion was placed in a transparent glass vial (leaving an air head-space) and stored under ambient laboratory conditions. The environmental temperature was maintained at approximately 25 ± 2 °C with a relative humidity of 45~55%, and the samples were exposed to standard ambient indoor lighting. The chemical structures of samples were analyzed by FTIR spectrometer (Model 650, Tianjin Gangdong Sci. & Tech. Development Co., Ltd., China) within 4000 to 800 cm−1. The internal bonding analysis of the samples from 30 °C to 120 °C was carried out by variable temperature Fourier transform infrared spectroscopy (VT-FTIR, 32 times of scanning, resolution of 4 cm−1, invenio-s, Bruker, Germany). Raman mapping was used to analyze the composition distribution of the samples, using a ThermoFisher Scientific DxR instrument (USA). The water states in the samples were analyzed by low-field nuclear magnetic resonance (LF-NMR) (NMI20-015V-1, Niumag, China) based on relaxation time differences. The chemical component and interlamellar spacing of MXene was determined by an X-ray diffraction (XRD) (D8 Advance, Bruker-AXS, Germany) at a scan rate of 5 ° min−1.
The surface morphology and the cross-sectional morphology of samples were analyzed with SEM (JSM-IT 300LV, Japan), and further determined with software of Nano Measurer 1.2. Thermal stabilities of eutectogels were analyzed using TGA (Q50, TA, USA) from room temperature to 800 ℃ under N2 atmosphere. The thermal properties of the eutectogels were analyzed by a differential scanning calorimeter (DSC 8000, PerkinElmer, Inc., USA) from −60 to 200 ℃ at a heating rate of 10 ℃ min−1. The water retention of the eutectogels was evaluated by monitoring their weight loss after exposure to a controlled temperature and humidity environment.
[bookmark: OLE_LINK11][bookmark: _Hlk228128791]The tensile and compressive strengths of the samples were tested using a universal testing machine (LE5106, Shanghai Lishi Co., Ltd., China). For tensile property testing, the mixed liquid was poured into a mold to form a dumbbell-shaped specimen (30.0 mm × 10.0 mm × 1.0 mm), and stress-strain testing was conducted at a rate of 20 mm min−1. For compression property testing, the mixed liquid was poured into a mold to polymerize and form a cylinder with a diameter of 33.0 mm and a height of 15.0 mm. The strain range was set to 10–70%, and stress–strain testing was performed at a compression rate of 20 mm min−1. The DCMP eutectogel (1 cm × 2 cm) was cut in half lengthwise, and the two halves were then allowed to bond for a specified period to complete the self-healing process. The DCMP eutectogel (2 cm × 4 cm) was stored at −50 °C for 12 hours, followed by twisting and tensile tests. The transmittance and reflectance of the eutectogels were characterized employing a UV-Vis-NIR spectrophotometer (UV 3600 Plus, Shimadzu, Japan) over 200–2600 nm, with a scan speed of 2 nm min−1, a slit width of 20 nm, and a threshold setting of 0.1.
The electrical signals of the eutectogels under different stimuli were recorded using a Keithley 2400 SourceMeter (Keithley, USA). The detection of human motions including graphomotor, body, and throat movements was performed with a volunteer who was also an author of this study (Chuang Jiang, male, 28 years old). The study protocol conformed to the ethical guidelines of the Declaration of Helsinki. Resistance and photoelectric conversion performance of eutectogels was analyzed with a multimeter (UNI-T, UT33A+). The photothermal conversion properties of the eutectogels were analyzed by monitoring their temperature changes using an infrared thermal imager (HM-TPH23-3AQFW, Hangzhou Hikmicro Sensing Technology Co., Ltd., China).
S1.5 Water retention tests
The water retention capacity was evaluated by subjecting test samples to controlled temperature and humidity conditions. Specifically, weight changes were recorded periodically over a 3-day period using an electronic scale. The retention ratio was then calculated according to the standard formula (S1):
                         (S1)
where Wi and W0 represent the weight of the sample at time = i and 0, respectively.
S1.6 Calculation of photothermal conversion efficiency (PCE)
[bookmark: _Hlk211024975]Specifically, PCE is defined as the ratio of the net heat output produced by the DCMP eutectogel sample to the total energy of the incident light irradiated onto the sample surface, which was calculated using the following equation (S2):
[bookmark: OLE_LINK23][bookmark: OLE_LINK22]                      (S2)
where Qtotal is the total heat generated by the sample under irradiation, Qblank is the heat loss from the empty quartz container, I is the incident light intensity (0.1 W cm–2), and S is the effective irradiated area (1.0 cm2). A thermocouple (precision: ± 0.1 °C) was attached to the sample surface to record real-time temperature changes over 300 s. An empty quartz container (same size as the sample holder) was used for the blank control experiment. The total incident energy (E) over a duration time (t) is given by E = I · S · t, where I is the light intensity and S is the irradiated area. The calculated incident energy is 30 J when t is 300 s.
[bookmark: OLE_LINK25]The heat output (Q) of test sample was determined based on the observed temperature change (ΔT) and its heat capacity, according to the relevant thermodynamic equation (S3):
                           (S3)
where m is mass of test sample (0.5214 g), Cp is specific heat capacity (Cp = 1.8 J·g–1·K–1 for DCMP eutectogels), ΔT represents the temperature rise measured after 300 s of irradiation (ΔT = 21.7 K).
S1.7 Calculation and simulation
The partial charges of cellulose, PA (phytic acid), and ChCl molecules were calculated using the Gaussian 16 code with the 6‑311G(d,p) basis set. The general Amber force field (GAFF) was used to parameterize all atoms, including bond parameters, angle parameters, and dihedral angles. The interaction between MXene and different molecules was studied by molecular dynamics (MD) simulations, which were performed using the GROMACS 2021 software package. The steepest descent method was applied to minimize the initial energy of each system with a force tolerance of 1 kJ mol−1 nm−1 and a maximum step size of 0.002 ps before MD calculations. Periodic boundary conditions were imposed in all three directions. The leapfrog algorithm was used to integrate Newton's equations of motion. MD simulations were carried out in an NPT ensemble, and the simulation time was 20 ns.
S1.8 Cytotoxicity test
[bookmark: OLE_LINK26]L929 cells in logarithmic phase were seeded at densities of 4×103 cells/well in 96-well plates and 1×105 cells/dish in confocal dishes. The outer wells of the 96-well plate were filled with 100 µL sterile PBS to minimize evaporation. Subsequently, all cultures were incubated overnight at 37 °C in a 5% CO2 atmosphere. After 24 h of incubation, cells were treated for an additional 24 h with either gel extracts at various concentrations (5, 10, 15, 20, 25, and 30 mg L–1) or with complete medium alone (control). The gel extracts were prepared by autoclaving the gels, followed by extraction in complete medium for 24 h at a stock concentration of 60 mg L–1, which was then serially diluted. For the CCK-8 assay, cells treated with the extracts in 96-well plates were incubated for an additional 24 h. Then, each well was supplemented with 10 µL of CCK-8 reagent, incubated at 37 °C under 5% CO2 for 2 h, and the absorbance at 450 nm was measured using a microplate reader (EnSight, PerkinElmer, USA). For live-dead staining, cells in confocal dishes were first treated with extracts (15–30 mg L–1) for 24 h. Separately, Calcein AM (4 mM) and propidium iodide (PI, 16 mM) stock solutions were equilibrated at room temperature for 30 min. A working solution (2 µM Calcein AM, 8 µM PI) was then prepared by adding 5 µL of each stock to 10 mL of PBS. Finally, this working solution was applied to the cells for staining. Cells were washed with PBS, stained with working solution for 30–45 min at room temperature, then observed under confocal microscope (Leica TCS SP8, Leica Microsystems, Germany).
S1.9 Cytotoxicity test
To prepare a 2% erythrocyte suspension, 200 µL of anticoagulant was first placed in a microcentrifuge tube. Then, 2 mL of mouse whole blood was added and stirred with a glass rod for 10 min to remove fibrinogen, thus obtaining defibrinated blood. After adding 20 mL of PBS and mixing, the mixture was centrifuged at 1000–1500 rpm for 15 min, and the supernatant was discarded. The erythrocyte pellet was then washed 2–3 times with PBS under the same centrifugation conditions until the supernatant became colorless. Finally, a 2% (v/v) suspension was prepared by diluting 1 mL of the packed erythrocytes with 49 mL of PBS.
Eight EP tubes were numbered: 1–6 for test samples, 7 as negative control, 8 as positive control. The 2% erythrocyte suspension was mixed with PBS or deionized water and immediately incubated at (37 ± 0.5) °C. Hemolysis was monitored and recorded every 15 min in the initial phase, with photographs taken after 1 h. Subsequently, the supernatants were transferred to a 96-well plate, and the absorbance at 540 nm was measured using the microplate reader. The hemolysis rate was calculated as follows (S4):
             (S4)
where Ah, Ap, and An denote the absorbance values of the sample (DCMP), the negative control (PBS), and the positive control (H2O), respectively.
S1.10 In vitro coagulation test of the DCMP eutectogels
Gauze and DCMP were formed into cylinders (8 mm in diameter, 5 mm in height) in 24-well plates. Before starting the experiment, all key components, including the calcium chloride solution, anticoagulated whole blood, and the 24-well plates, were preheated at 37 °C for 10 min to simulate physiological conditions. Immediately after sample preparation, 0.1 mL of recalcified whole blood (containing 10 mM CaCl2) was applied to the surface of each test sample, using gauze as the control. After incubation at 37 °C for 1, 2, 3, 4, and 5 min, respectively, 2 mL of deionized water was added to each well to lyse and remove unbound red blood cells. The absorbance of the resulting supernatant was then measured at 540 nm using a microplate reader. The absorbance of 100 μL recalcified whole blood diluted in 2 mL deionized water was measured and used as the reference standard corresponding to 100% hemolysis. The blood clotting index (BCI, %) was calculated using the following formula (S5):
                      (S5)
where OD2 is the absorbance value of the sample, and OD1 is the absorbance value of the reference.
S1.11 In vivo hemostatic assay of the DCMP eutectogels
[bookmark: _Hlk204616452][bookmark: _Hlk196845896][bookmark: _Hlk196845903][bookmark: _Hlk196896162]All animal procedures were approved by the Laboratory Animal Welfare and Ethics Committee of the Institute of health and Medicine, Hefei Comprehensive National Science Center (IHM-AP-2025-006-R5). The hemostatic properties of DCMP in vivo were evaluated by rat tail amputation hemorrhage model and rat liver perforation hemorrhage model. The study comprised four groups: a control group (no treatment), a gauze-treated group, a xenon lamp irradiation group, and a group treated with eutectogels combined with xenon lamp irradiation (wound temperature maintained at 60 °C during irradiation). There were 3 male Sprague-Dawley (SD) rats in each group (180–220 g).
[bookmark: OLE_LINK28]Tail amputation hemorrhage model in rats: After anesthesia, SD rats were cut with scissors at a distance of 3 cm from the tail root of the rats. The wound hemostasis time and bleeding volume of the four groups of rats were recorded, i.e., the peeling filter paper was placed at the tail root to absorb blood, and then weighed as bleeding volume. Each rat was recorded and photographed separately.
Liver perforation hemorrhage model in rats: After anesthesia, a 2 cm incision was made in the chest after local shaving. SD rat liver was pulled out of the body, and a circular wound with a diameter of 8 mm was cut on the liver with a punch. The wound hemostasis time and bleeding volume of the four groups of rats were recorded (peeling filter paper was placed in the liver to absorb blood, and then weighed as bleeding volume). Each rat was recorded and photographed separately.
S1.12 Ethical statement
[bookmark: _Hlk204629007]All animal procedures were approved by the Laboratory Animal Welfare and Ethics Committee of the Institute of health and Medicine, Hefei Comprehensive National Science Center (IHM-AP-2025-006-R5). Informed consent has been obtained from all participants or their legally authorized representatives for this study.
S2 Results
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Fig. S1 (a) Large-volume mixture solutions composed of DES, cellulose, and MXene. (b) Optical image of the large-area DCMP eutectogel
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Fig. S2 Optical and thermal imaging tracking the rapid formation of the DCMP eutectogels within 70 s
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[bookmark: _Hlk186791738]Fig. S3 (a, b) SEM images of the cellulose fibers after ultrasonic treatment in deionized water (DI). (c, d) SEM images of the cellulose fibers after ultrasonic treatment in DES. (e) Diameter distribution of cellulose fibers after ultrasonic treatment in water and DES, respectively
 [image: ]
Fig. S4 (a) Rapid oxidation of MXene in deionized water after 60 days. (b) Ultra-long-term stability of MXene dispersed in CP-DES after 690 days
[image: ]
Fig. S5 (a) XRD patterns of Cellulose, MXene, CMP, and DCMP. (b) Raman spectra of Cellulose, MXene, CMP, and DCMP
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[bookmark: OLE_LINK17]Fig. S6 (a) SEM image and (b) corresponding EDS elemental mapping (Ti, F, N, O) of the DCMP eutectogel 

[bookmark: _Hlk186753989][image: ]
Fig. S7 DSC curves of DCMP and CMP
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Fig. S8 Optical microscopy images of the DCMP before and after self‑healing
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[bookmark: _Hlk186761053]Fig. S9 Static water contact angle measurement of the DCMP
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Fig. S10 Stress-strain curves of DCMP eutectogel under 60 continuous loading-unloading cycles
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Fig. S11 Internal resistance and conductivity of self-healed DCMP eutectogel
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Fig. S12 Demonstration of the ionic conductivity of the DCMP using a commercial smartphone. 
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Fig. S13 (a) Schematic diagram of the sensing performance test of DCMP in the detection of human motion. (b) Signal changes of saying "hello". (c) Signal changes of swallowing. (d) signal changes of coughing. (e) Signal changes of bent fingers. (f) Signal changes of elbow bending. (g) Signal changes of knee flexion. (h) The schematic diagram of the sensing performance test of DCMP in the detection of writing. (i) Response signals for writing "TUST". (j) Characteristic signal patterns for writing numbers "1–9"

[image: ]
Fig. S14 (a) Transmittance and (b) reflectance of DCMP
[image: ]
Fig. S15 Thermal imaging image of DCMP under a radiation intensity of 0.3 W cm–2 
[image: ]
Fig. S16 Time-dependent voltage changes of CMP and DCMP under a radiation intensity of 0.3 W cm–2

Table S1 A comprehensive comparison between DCMP eutectogels and previously reported works in freezing resistance, conductivity, self-healing capability, gelation time and biocompatibility
	Sample
	Conductivity (mS cm–1)
	Freezing resistance (°C)
	Biocompa-
tibility
	Self-healing capability
	1/gelation time 
	Ref.

	DCMP
	2.99
	50
	[bookmark: OLE_LINK6]Yes
	Yes
	70 s
	This work

	PETGs
	0.65
	20
	Yes
	Yes
	24 h
	[S1]

	MNOH
	≈0.18
	40
	No
	Yes
	2 d
	[S2]

	IHG
	2.40
	/
	No
	No
	30 min
	[S3]

	LSN-Fe/PAM
	1.60
	/
	No
	No
	60 s
	[S4]

	PSDIC-gel
	0.016
	/
	No
	Yes
	2 h
	[S5]



Table S2 Comparison of mechanical properties of DCMP with previously reported eutectogels
	Sample
	Tensile strain
(%)
	Tensile stress
(kPa)
	Compressive
strain (%)
	Compressive
stress (kPa)
	Ref.

	DCMP
	757
	217
	70
	115
	This work

	ATH6
	~880
	~38
	80
	~111
	[S6]

	PAA/DES/CNF
	~330
	142
	70
	~150
	[S7]

	PETGs
	~245
	163
	-
	-
	[S8]

	HPC-MDES
	~190
	~140
	-
	-
	[S9]




Table S3 Comparison of photothermal conversion ability between DCMP eutectogels and previously reported works
	Sample
	Intensity
(W cm–2)
	Irradiation time (min)
	Temperature
(℃)
	Ref.

	DCMP
	0.1
	15
	45.7
	This work

	
	0.3
	8
	140
	

	eT-patch
	0.5
	10
	62.4
	[S10]

	PM/C-EP-2
	0.1
	60
	38.7
	[S11]

	PPM@C-DES
	0.3
	2
	65
	[S12]

	LAMC-C@M@P
	1.0
	10
	63.3
	[S13]

	KMGHCa
	2.0
	1.67
	90
	[S14]

	PG-Pg
	0.3
	0.83
	63
	[S15]

	COL
	0.5
	5
	37.9
	[S16]

	TFSFP
	0.1
	10
	40
	[S17]

	PPN
	0.8
	1.67
	49
	[S18]

	MPI-2
	0.4
	5
	120
	[S19]

	Cu-NP
	0.3
	10
	36
	[S20]

	PNIPAM
	0.1
	11
	35
	[S21]

	MXene/PAA 
	0.3
	5
	42.5
	[S22]

	PTC-HA
	2.0
	15
	69.4
	[S23]

	CA-CT/CA
	0.1
	15
	40.2
	[S24]

	FMMIHs
	0.1
	5
	35.0
	[S25]

	MCGH
	0.1
	30
	38.6
	[S26]

	Agar/PVA/MXene
	0.75
	3.33
	≈55
	[S27]

	PNIPAm/CMC/CMCNT
	0.1
	6
	40.5
	[S28]

	CZTS-PH
	0.1
	10
	34.8
	[S29]

	PSS/PNIPAM
	1.01
	0.33
	60
	[S30]

	CCHONCD 
	0.3
	3.5
	36
	[S31]

	NMPA-CS
	2.0
	5
	50
	[S32]




Table S4 Comparison of photoelectric conversion ability between DCMP eutectogels and previously reported works
	Sample
	Intensity
(W cm–2)
	Irradiation
time (s)
	Electric current (μA)
	Ref.

	DCMP
	0.1
	20/450
	11.5/37.3
	This work

	PET
	0.1
	20
	22
	[S33]

	STEIG
	0.1
	250
	2.54
	[S34]

	G/ZnO@G/BN
	0.1
	5
	1.5
	[S35]

	KM15G8H0.5Ca5
	0.5
	19
	0.59
	[S14]

	BPTP-5
	0.5
	20
	0.57
	[S36]

	Si-based photo-driven electronic skin
	0.5
	N/A
	0.016
	[S37]



Table S5 Hemostatic parameters (hemostatic time and total blood loss) of different groups in the rat tail-cutting model
	Group
	No.
	Hemostatic time (s)
	Total blood loss (g)

	Control
	1
	167
	0.496

	
	2
	176
	0.533

	
	3
	188
	0.666

	Gauze
	4
	153
	0.319

	
	5
	146
	0.326

	
	6
	132
	0.268

	Simulated sunlight
	7
	142
	0.329

	
	8
	133
	0.266

	
	9
	135
	0.257

	Eutectogels
	10
	126
	0.186

	
	11
	132
	0.233

	
	12
	124
	0.208

	Eutectogels+simulated sunlight
	13
	98
	0.134

	
	14
	102
	0.149

	
	15
	114
	0.166


Table S6 Hemostatic parameters (hemostatic time and total blood loss) of different groups in the liver perforation model
	Group
	No.
	Hemostatic time (s)
	Total blood loss (g)

	Control
	16
	196
	0.593

	
	17
	189
	0.558

	
	18
	212
	0.689

	Gauze
	19
	129
	0.456

	
	20
	116
	0.426

	
	21
	109
	0.331

	Simulated sunlight
	22
	106
	0.328

	
	23
	126
	0.396

	
	24
	117
	0.425

	Eutectogels
	25
	98
	0.267

	
	26
	102
	0.301

	
	27
	106
	0.315

	Eutectogels+simulated sunlight
	28
	90
	0.216

	
	29
	68
	0.196

	
	30
	84
	0.208
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