Supporting Information
Sand’s equation

   (1)

Where zc is the charge number of the cation, co is the bulk salt concentration, F is the Faraday’s constant, J is current density and ta = 1- tLi.
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Fig S1. XRD of Li3N film obtained under N2 flow without plasma. 

Calculation of diffusion coefficient
Li ion diffusion is a key factor which influence the electrochemical performance of the battery. The temperature dependence of Li ion diffusion coefficient (D) was determined by the EIS. The low frequency region of the EIS relates to the Warburg impedance (ZW) was employed to determine the diffusion coefficient. The Warburg impedance coefficient can be derived from linear fitting of Z-real vs. ω-1/2 (= (2 π f)-1/2) [1].  The diffusion coefficient was then obtained as
 (2)
Where, R is the gas constant (8.314 J.mol-1.K-1), T is the absolute temperature (K), A is the surface area of the electrode, F is the Faraday constant (96,485 C/mol),  is the Warburg impedance coefficient and C is the molar concentration of Li ion in the electrode.
Arrhenius equation
The dependence of diffusion coefficient D on temperature T can be approximately described by an Arrhenius relationship as 
   (2)
Where,  is the diffusion coefficient (m2.s-1), Do is the temperature independent pre-exponential constant (m2.s-1), Ea is the activation energy (eV or kJ.mol-1), R is the molar universal gas constant (=8.314 J mol-1.K-1), and T is temperature (K).
The relationship between ln and 1/T is linear and the activation energy can be obtained from the slope of the fitting line.


Fig S2: Correlation between ln D and reciprocal temperature (Arrhenius-plot) for TEMED treated Li and Bare-Li.

Phase-field simulation method
A phase-field model is developed to simulate the Li dendrite growth behavior from both bare and treated Li anodes. A phase-field variable (), whose value changes continuously from 0 to 1, is used to describe the Li metal phase (1) and the liquid electrolyte (). The total free energy of the system is expressed by:
                                                       (3)
where  is the Helmholtz free energy density,  is the gradient energy density associated with surface energy, and   is the electrostatic energy density.  and  denote the local Li ion (Li+) concentration and the electrical potential. Detailed expressions of these energy densities can be found in Ref. [1]. The Li dendrite growth is described by the temporal evolution of the phase-field variable ξ ,  by solving the following governing equation [2]:
              (4)
where  is time,   is interfacial mobility, and  is the electrodeposition reaction constant.  is the first derivative of a double well function  , in which  is the barrier height.  is the gradient energy coefficient,  is the first derivative of an interpolating function .  and  are symmetric factors, where ,  is the charge number of Li ion, F is the Faraday constant,  is the overpotential, R is a universal gas constant, and T is the absolute temperature.
The temporal evolution of the Li ion concentration () is obtained by solving the Nernst-Planck equation,
                  (5)
where  is the effective Li ion diffusivity. Its value is determined by the interpolating function , i.e.,   where , and denote the Li-ion diffusivity in the electrode, electrolyte, and the electrode-electrolyte interface, respectively.   is the source term for Eq. (5), where K is the accumulation constant.
Assuming that the total charge remains neutral in the system, the conservation of current density is expressed by the current continuity equation,
                               (4)
where  is the effective electrical conductivity of the system,  and  are the electrical conductivities of electrode and electrolyte, respectively.  is the current constant for source term, which describes the charge entering or leaving the system due to the chemical reactions,  is the site density of Li metal.




The ionic conductivity of Li3N can be calculated using the equation   , in which, L is the thickness of Li3N, R is the resistance of Li3N and a is the area.


Fig S3: Nyquist plot of bare Li and TEMED treated Li after 10 plating/stripping cycles
[image: C:\Users\jyotshna.pokharel\Pictures\TEMED\EDX_1.tif]
Fig S4: Energy dispersive spectroscopy (EDS) for TEMED treated Li and corresponding elemental mapping. 
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Fig S5: Comparative EIS measurement for different treatment time for TEMED treated Li and Bare Li.
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Fig S6: The voltage profiles of symmetrical cells with bare Li and different treatment time at a current density of 2 mA cm−2 to achieve a capacity of 1 mAh cm−2.
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Fig S7: Comparative voltage profiles of 12 hour treated TEMED symmetrical cells with bare Li at a current density of 2 mA cm−2 to achieve a capacity of 1 mAh cm−2.
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Fig S8: The voltage profiles of symmetrical cells with bare Li and different treatment time at a current density of 5 mA cm−2 to achieve a capacity of 1 mAh cm−2.
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Fig S9: Comparative voltage profiles of TEMED treated symmetrical cells with bare Li at a current density of 5 mA cm−2 to achieve a capacity of 1 mAh cm−2.
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Fig S10: The voltage profiles of symmetrical cells with bare Li and different treatment time at a current density of 0.5 mA cm−2 to achieve a capacity of 1 mAh cm−2 for LiPF6 as an electrolyte.
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Fig S11: Comparative voltage profiles of TEMED treated symmetrical cells with bare Li at a current density of 0.5 mA cm−2 to achieve a capacity of 1 mAh cm−2 for LiPF6 as an electrolyte.
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Fig S12: The voltage profiles of symmetrical cells with bare Li and different treatment time at a current density of 1 mA cm−2 to achieve a capacity of 1 mAh cm−2 for LiPF6 as an electrolyte.
                                  [image: ]                                                                     






Fig S13: Comparative voltage profiles of TEMED treated symmetrical cells with bare Li at a current density of 1 mA cm−2 to achieve a capacity of 1 mAh cm−2 for LiPF6 as an electrolyte.
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[image: C:\Users\jyotshna.pokharel\Pictures\TEMED\cross_section_after100 cycle.tif] Fig S14: Nucleation overpotential for Bare Li and TEMED treated Li

Fig S15: Cross section after 100 cycle of charge/discharge (a) Bare Li and (b) TEMED treated Li.



Fig S16: Charge/discharge voltage profiles of LFP coupled with bare Li as anode at different C-rate.


Fig S17: Charge/discharge voltage profiles of LFP coupled with TEMED treated Li as anode at different C-rate.
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Description automatically generated]Fig S18:  Charge/discharge voltage profiles at fifth cycle for NMC coupled with bare Li and TEMED treated Li at 1C.







                             
Fig S19:  Charge/discharge voltage profiles at fifth cycle for NMC coupled with bare Li and TEMED treated Li at 1C.
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Fig S20: Long-term cycling performance of NMC coupled with bare Li and TEMED treated Li at a current density of 1C. 
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