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S1 Electrochemical analytical method
The galvanostatic intermittent titration technique (GITT) is performed at 50 mA/g for 5 min, followed by a relaxation period of 30 min. The value of the DMg2+ can be obtained based on the simplified Fick's second law by the following equation [S1, S2]: 


where τ is the time of current pulse. VM, mB, and MB represent molar volume, the mass, and molar mass of materials, respectively. S is the contact area of electrode/electrolyte. and  are the steady-state potential change by the current pulse and potential change during the constant current.
 The b-values of the contribution of capacitance-controlled and diffusion capacities can be obtained according to Eqs. S2 and S3. The quantifiable proportion of the pseudocapacitive/diffusion control contribution is based on Eq. S4 [S3]. 

where 𝑎 and 𝑏 both are constants, 𝑖 is the peak current value (A), 𝑣 is the different scan rate (mV/s).
The electrochemical reaction type can also be summarized via the relationship among scan rate (v) and peak current (i) in CV curves under different scan rates, which follows the equation of [S1, S3, S4]: 

 
where the b value is used to distinguish electrochemical reaction behaviors. When the b value is close to 0.5, electrochemical reactions are dominated by diffusion-controlled process; when the b value is approaching to 1.0, capacitive process become the dominant factor in electrochemical reactions.
To further confirm the capacitive contribution of the current response (i) at a certain voltage (V), the corresponding pseudocapacitance and diffusion-controlled behaviors in the CV results were measured and calculated by the following Eq. S2 [S1, S4]:

                   i(V) = k₁v + k₂v¹ᐟ²                              (S4)
where 𝑖 is the peak current value (A), 𝑣 is the different scan rate (mV/s), V is the specified voltage (V), and 𝑘1 and 𝑘2 are adjustable parameters.
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Fig. S1 Schematic illustration of the synthesis process of TiO2 (001) facet materials
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Fig. S2 XRD patterns of TiO2 (001) facets and TiO2 (100) facets
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[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Fig. S3 SEM and Elemental mapping images of a-d TiO2 (001) facets, e-h TiO2 (100) facets and i-l anatase TiO2
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Fig. S4 Brightness profiles along the dotted lines in a TiO2 (001) facets and b TiO2 (100) facets
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Fig. S5 N2 adsorption-desorption isotherm curves and Pore-size distribution curves of a TiO2 (001) facets and b TiO2 (100) facets
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Fig. S6 a The UV−visible absorption spectrum of the TiO2 samples. b-d Their corresponding plots of transformed Kubelka−Munk function versus the energy of photon
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Fig. S7 Color comparison of the synthesized sample TiO2 (001) facets (left) and TiO2 (100) facets (right)
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Fig. S8 a Schematic illustration of Mg2+ and Li+ adsorption sites on the TiO2 (101) facet, with different adsorption sites labeled as Site 1, Site 2, and Site 3. b Adsorption energies of Mg2+ and Li+ at different adsorption sites on the TiO2 (101) facet
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Fig. S9 a Diffusion energy barrier and b diffusion paths the Mg2+ at TiO2 (001) facets and (100) facets
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Fig. S10 a Diffusion energy barrier and b diffusion paths the Li+ at TiO2 (001) facets and (100) facets
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Fig. S11 Diffusion paths the Mg2+ and Li+ at TiO2 (001) facets and (100) facets in anatase TiO2
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Fig. S12 Voltage profiles of of TiO2 (001) facets, TiO2 (100) facets and anatase TiO2 at 50 mA/g in Li salt electrolyte
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Fig. S13 a Voltage profiles of the TiO2 (001) facets in MLIBs at 50 mA/g and b 1000 mA/g
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Fig. S14 a Charge-discharge curves of anatase TiO2, TiO2 (001) facets, and TiO2 (100) facets at current density of 50 mA/g in MIBs. b Rate performance of anatase TiO2, TiO2 (001) facets and (100) facets in MIBs. c Cycling performances of the TiO2 (001) facets at 50 mA/g in MIBs. d Charge and discharge curves of the TiO2 (001) facets at current densities ranging from 20 mA/g to 1000 mA/g in MIBs. e Cycling performances of the TiO2 (001) facets at 500 mA/g in MIBs 
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Fig. S15 a Voltage profiles of the TiO2 (001) facets in MIBs at 500 mA/g and b 50 mA/g
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Fig. S16 The equivalent circuits employed to analyze the EIS curves for the three materials after 20 cycles in the Mg-Li dual-salt electrolyte
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Fig. S17 The equivalent circuits employed to analyze the EIS curves for the three materials after 20 cycles in the Mg salt electrolyte
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Fig. S18 a Nyquist plots of anatase TiO2, TiO2 (001) facets and (100) facets in MIBs. b GITT profiles of the discharge process of anatase TiO2, TiO2 (001) facets and (100) facets in MIBs. c The diffusion coefficients of ions as a function of the state of discharge process in MIBs
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Fig. S19 CV curves of a TiO2 (001) facets and b TiO2 (100) facets and c anatase TiO2 at 0.01 mV/s in MLIBs
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Fig. S20 CV curves of TiO2 (001) facets, TiO2 (100) facets and anatase TiO2 at 0.01 mV/s in MLIBs
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Fig. S21 CV curves of a TiO2 (001) facets and b TiO2 (100) facets and c anatase TiO2 at 0.01 mV/s in MIBs
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Fig. S22 a-c CV curves of anatase TiO2, TiO2 (001) facet and (100) facet at different scan rates in MLIBs. d-f The diffusion and capacitive contributions of anatase TiO2, TiO2 (001) facet and (100) facet at different scan rates in MLIBs 
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Fig. S23 Ex situ XRD of TiO2 (001) facets comparing the a Mg-Li system and the reference b Mg system
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[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Fig. S24 a Ex situ XRD of TiO2 (100) facets and b anatase TiO2 comparing the at first discharge and charge states in MLIBs
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Fig. 25 The GCD curves of TiO₂ (001) material in pure Mg salt, pure Li salt and Mg-Li dual-salt electrolyte
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Fig. S26 a, b The TEM and Elemental mapping after 30 cycles of discharging and charging of TiO2 (001) facet 
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Fig. S27 The TEM and Elemental mapping after the 350 cycles of discharging and charging of TiO2 (001) facet
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Fig. S28 a SEM image, b SEM mapping and c EDS of Mg anode. d-e XPS spectra of Mg anode
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Fig. 29 The reversible capacity and cycling performance comparisons of TiO2 (001) and other typical electrode materials used for MLIBs reported
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Fig. S30a Charge/discharge profiles of the Mg||APC|| TiO2 (001) facet pouch cell at 50 mA/g, and the 20 LEDs lightened by two Mg||APC|| TiO2 (001) facet pouch cells connected in series. b Voltage profiles of the Mg||APC+LiCl|| TiO2 (001) facet pouch cell in MLIBs at 50 mA/g. c Voltage profiles of the Mg||APC|| TiO2 (001) facet pouch cell in MIBs at 50 mA/g. d Cycling performances of the TiO2 (001) facets at 50 mA/g in MIBs and MLIBs
Table S1 The fitted parameters of the EIS results cycled in Mg-Li dual-salt electrolyte for three materials
	Electrode material
	Rct ()

	Anatase TiO2
	766.3

	(100) facet
	603.2

	(001) facet
	425.8


Table S2 The fitted parameters of the EIS results cycled in Mg salt electrolyte for three materials
	Electrode material
	Rct ()
	RSEI ()

	Anatase TiO2
	2003.5
	251.19

	(100) facet
	1432.6
	202.47

	(001) facet
	1069.3
	182.03
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