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1. Simulation models, methods, and details
a) Simulation methods
[image: ]
Figure S1. Schematic representation of an artificial sodium channel. Four of the carboxylate groups (-COO−) are in the same plane in the center of the submerged channel (oxygen atoms of -COO− are shown in red and carbon atoms in green).
The biomimetic sodium channel is shown in Fig. S1. Initially, we fixed the sodium channel model (the functional groups in the filter region are flexible) in the center of a simulation box (perpendicular to the XOY plane) with sides of LX = 50.4 Å, LY = 51.6 Å, and LZ = 41.5 Å. Then, the sides of the phospholipids (graphene sheets) were filled with a NaCl solution (60 Na+ ions, 56 Cl- ions, and TIP3P water molecules, where four Na+ ions compensate for the charge of the carboxyl groups in the sodium channel proteins so that the whole system appears electrically neutral), and an electric field of 0.0015 V/Å in the Z direction was added as the potential of the membrane in the real biological system. The carbon atom parameters of the (8, 8) carbon nanotubes and graphene sheets in the simulated system are referenced to Lennard-Jones particles, i.e., a van der Waals radius of σ = 3.4 Å and a potential well depth of ε = 0.086 kcal/mol [60], and the ionic parameters in the solution as well as the parameters of the functional group carboxyl group are derived from the CHARMM 36 electric field. Short-range van der Waals interactions were cut off at 1.0 nm, and long-range electrostatic interactions were calculated using the particle lattice Ewald method [61]. Periodic boundary conditions were applied in all directions of the system. After energy minimization, the system is stabilized at a reference temperature of 300 K and a suitable water density is obtained; the NVT ensemble is achieved (lasting 1 μs) and the trajectories are integrated in 2 fs time steps by using a leapfrog scheme.

b) Spectrum analysis methods
The vibration spectra of ions were calculated based on the Fourier transformation of its velocity autocorrelation function [45-47].
 		     ,                       (1)
	  ,                    (2)
where ω is vibration frequency, C(t) is the velocity autocorrelation function of ion, and v(t) is the velocity of the ion at time t. 
The absorption spectrum of bulk water was calculated from the Fourier transform of the autocorrelation function of the total charge current 𝑱(𝑡) = ∑𝒊𝑞𝑖𝒗𝒊(𝑡) [62-63], where 𝑞𝑖 and 𝒗𝒊(𝑡) denote the charge of the ith atom and the velocity of the ith atom at time 𝑡, respectively.

c) Methods for potential of mean force (PMF)
	We calculated the PMF of Na+ ions through the sodium channel using the umbrella sampling method (US) [41]. Initially, a reference Na1 ion was fixed at a distance of 11 Å (in the z-direction) from the test Na2 ion, i.e., the ion was located 3 Å above the inlet of the selective filter. This Na1 ion was aligned with the center of the protein channel. The test Na2 ion was pulled along the filter for 3.0 ns at a force constant of 15 kcal/mol‧Å2 after equilibration at a pull rate of 0.03 Å/ps. During the pull, all SF residues were set to be flexible and a window of 50 was generated to explore the conduction route of the ion along the channel at 0.1 Å intervals (total length 5 Å). In each umbrella sampling simulation, the test ions were bound harmonically along the z-axis with a force constant of 15 kcal/mol‧Å2. The final free energy curves were calculated using the g_wham method [64-65] in GROMACS software.

2. Diffusion of Na+ passing through the channel in the presence and absence of 48.2 THz electromagnetic stimulation
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Figure S2. The mean square displacement (MSD) of Na+ ions passing through the channel in the presence (orange curves) and absence of 48.2 THz electromagnetic stimulation (black curves). The MSD of sodium ions was significantly increased by the effect of stimulation at 48.2 THz with a diffusion coefficient of 1.93 ± 0.15 (10-5 cm2s-1). In the presence of 48.2 THz stimulation, the MSD of Na+ ions was significantly higher, with a diffusion coefficient of 1.93 ± 0.15 (10-5 cm2s-1) compared to 0.93 ± 0.19 (10-5 cm2s-1) without electromagnetic stimulation.
In the case of 48.2 THz stimulation, the Na+ ions gained some kinetic energy due to energy transfer through the carboxyl group, resulting in enhanced diffusion and increased permeability.
3. Probability distribution of the hydration numbers
[image: ]
Figure S3. Probability distribution of the coordination numbers N for Na+ located inside and outside the channels. With or without the addition of 48.2 THz, the hydration number of ions is around 5–6 throughout the permeation process. 
Because of the negative charge around the ion, we used the radial distribution function to obtain a radius of 0.3 nm for the Na+ ion within the first coordination shell and used this to evaluate the coordination number N of the ion within the radius. We can see that, in the bulk solution, the mean value of N for Na+ is 5.3, the value of N for Na+ within the channel is 6.0, and the value of N for Na+ after the addition of terahertz light is 6.2 (Fig. S3). This indicates that the dehydrated ions can be compensated for by the oxygen atoms in -COO– as they pass through the channel.
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