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Methods
Synthesis of NaFe[O3PCH(OH)CO2]. A mixture of FeSO4·7H2O (0.278 g, 1.0 mmol), NH4Cl (4.86 g, 90 mmol), NaF (0.798 g, 19 mmol), CH(OH)(CO2H)(PO3H2) solution (1.4 mL, 2.0 mmol), and H2O (20.0 mL) was stirred, then transferred to a 50-mL Teflon-lined stainless-steel autoclave and heated at 150°C for 96 h. The final mixture was repeatedly rinsed with distilled water under ultrasonic treatment and dried at 70°C for 24 hours to obtain pure colorless crystals.
Synthesis of maricite NaFePO4. Fe(NO3)3·9H2O (1.616 g, 4 mmol), (NH4)2HPO4 (0.46 g, 4 mmol), NaOH (0.16 g, 4 mmol), citric acid (1.26, 6.0 mmol), and H2O (60.0 mL) was mixed homogeneously in a beaker, then the pH of the mixed solution was adjusted to be about 7 with ammonia. Further, the beaker was placed in a constant temperature oil bath at 80 ℃ and the mixed solution was stirred to a transparent sol. Subsequently, the transparent sol was vacuum dried at 60 ℃ for 12 h, then calcined at 350 ℃ for 3 h and continued to raise the temperature to 700 ℃ for 10 h in N2 atmosphere.
[bookmark: _Hlk133149467]Electrochemical measurements. The active materials NaFe[O3PCH(OH)CO2] were ball-milled with Super P (weight ratio of 7.5:2.5) at a speed of 400 rpm for 12 hours. The obtained mixture was then mixed with Super P and polyvinylidene fluoride (PVDF) binder that to dissolve in N-methyl-2-pyrrolidone (NMP) solution at a weight ratio of 8:1:1, then evenly coated on the Al plate and dried in a vacuum oven at 100 °C for 12 h. The CR2032 coin cells were assembled in an argon-filled glovebox where the content of O2 and H2O was less than 0.1 ppm. The cells were composed of Na anodes, NaFe[O3PCH(OH)CO2] cathodes, Waterman GF/C glass fiber separators and 150 μl cm-2 electrolyte (1 mol/L NaClO4 in a 1:1 mixture of ethylene carbonate (EC) and dimethyl carbonate (DMC) with 5.0% FEC). Galvanostatic discharge-charge tests were performed at 25 ℃ using LAND electrochemical testing system. Cyclic voltammetry (CV) measurements were carried out on Bio-logic VSP between 1.5 V and 4.2 V at a scan rate of 0.5 mV s-1. The preparation conditions and testing environment of NaFePO4 cathode materials were identical to those of NaFe[O3PCH(OH)CO2]. 
[bookmark: _Hlk130403135][bookmark: _Hlk159790787]Characterizations. The crystal structures of materials were examined by powder X-ray diffraction (XRD, Bruker D8 Advance) using Cu Kα radiation between 10° and 60° with a scan speed of 2° min−1. For in situ XRD experiments we have developed our own 35 mm inner diameter electrochemical cell, equipped with a Be window as a current collector, operating in reflection geometry. The in-situ cell was charged/discharged at a rate of 0.2 C with a sampling interval of 30 minutes for X-ray collection. The morphology of the samples was investigated by scanning electron microscope (SEM, FEI Verios G4). The elemental distribution was characterized by energy dispersive spectrograms (EDS). The cells after discharging and charging were disassembled in argon-filled glove box, the samples were washed by 1,2-dimethoxyethane (DME) for 0.5 h and then dried for 2 h under vacuum to remove the residual solvent. The valence states of the samples were investigated with X-ray photoelectron spectroscopy (XPS, Escalab 250). The Fourier transform infrared spectroscopy (FTIR) measurements were implemented on a Nicolet 6700 spectrometer (Thermo) in the range 4000-750 cm-1.  
Density functional theory calculations. The first-principles calculations were conducted within the formalism of spin-polarization density functional theory (DFT) and the generalized gradient approximation (GGA) of the exchange-correlation function as formulated by Perdew, Burke, and Ernzerhof1. The valence electron−ion interaction was treated by the projector augmented wave (PAW) potential2 in the Vienna Ab initio Simulation Package (VASP)3-4.The van der Waals-augmented density functional theory (vdW-DFT) was used to modify exchange and correlation energies5. For the organic materials, the function of DFT is limited because of the proverbially poor ability to depict the long-range van der Waals (vdW) interaction between the molecules6. So the empirical dispersions of Grimme (DFT-D2) was applied to account for the long-range vdW interactions7. The DFT+U approach has been successfully applied in systems with strongly correlated d and f electrons. The Ueff values of 3.9 for Fe are taken. 
The wave functions were expanded in plane-wave basis set up to a kinetic energy cutoff of 520 eV. Brillouin-zone integrations were performed by using the k-point sampling of the Monkhorst-Pack scheme with a 2×2×2 grid8. The convergence of total energy with respect to the kinetic energy cutoff and the k-point sampling has been carefully examined. The convergence criterion of energy and structural relaxation were set as less than 1.0×10-5 eV and 0.01 eV/Å, respectively. Minimization of the total energy was realized with a full relaxation of the atomic positions and cell parameters for each structure.
The phonon dispersion calculations were performed by using the Parlinski–Li–Kawazoe methodology implemented in the PHONOPY code9, based on the Hellmann–Feynman forces calculated with the VASP code. The force constants are determined from the Hellmann–Feynman forces induced by the displacement of an atom in a sufficiently large supercell (2×2×2). The phonon frequencies and polarization vectors are then obtained by diagonalizing the dynamical matrices. In this work, the atomic displacements are set to 0.01 Å. The minimum energy path (MEP) for Na-ions migration is obtained from the climbing image nudged elastic band (CINEB)10 method with a force convergence tolerance of 0.01 eV Å-1. The BVSE calculations were performed using the SoftBV code11 and the visualization of isosurfaces was carried out using VESTA software12.
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[bookmark: _Hlk164157187]Figure S1. The XPS of NaFe[O3PCH(OH)CO2].
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Figure S2. The XRD of maricite NaFePO4
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Figure S3. Galvanostatic charge-discharge curves of maricite NaFePO4 at 0.1C (1C=120 mAh g-1).
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Figure S4. Cycling performance of maricite NaFePO4 at 2C for 400 cycles.



Table S1. The comparison of ACTP (Actual Capacity (CA) to Theoretical Capacity (CT) Percentage) between our work and reported cathode materials for sodium ions batteries.
	
	Cathode Material 
	Theoretical Capacity (CT) 
	Actual Capacity (CA)
	ACTP

	Layered Transition Metal Oxides
	Ca0.07Na0.26MnO213
	70.5
	40.0
	56.7%

	
	Na0.4MnO213
	111.3
	38
	34.1%

	
	Na2/3[Ni1/3Mn2/3]O214
	172.5
	150
	86.9%

	
	Na2/3[Mg0.28Mn0.72]O215
	190.7
	162.5
	85.2%

	
	Na0.5Ni0.22Co0.11Mn0.66O216
	135
	98.8
	73.2%

	
	Na2/3Li1/6Fe1/6Co1/6Ni1/6Mn1/3O217
	186.8
	160.5
	85.9%

	
	O3-Na3Ni2BiO618
	163.6
	97
	59.2%

	
	Na0.7Ni0.35Sn0.65O219
	128
	64 
	50%

	
	P2-Na0.78Co1/2Mn1/3Ni1/6O220
	194.3
	129
	66.3%

	Metal-Organic Framework Materials
	Na2Fe(C2O4)SO4 ·H2O21
	176
	75
	42.6%

	
	Na2Fe(C2O4)(HPO4)22
	187.2
	104
	55.6%

	
	Na2Fe(C2O4)F223
	248
	69.4
	56%

	
	NaFe[O3PCH(OH)CO2]
	113.6
	106.1
	93.4%

	Polyanionic Compounds
	Na3(VOPO4)2F24
	195
	130
	66.7%

	
	Na4MnCr(PO4)325
	221.3
	108.4
	48.9%

	
	Na3V2(PO4)2F326
	192
	128
	66.7%

	
	Na3V1.9(Ca,Mg,Al,Cr,Mn)0.1(PO4)2F327
	192
	118.5
	61.7%

	
	Na3MnPO4CO328
	240
	97
	40.4%

	
	Na3FePO4CO329
	248.8
	113
	45.4%

	
	NaFePO430
	155
	104.9
	67.6%

	
	NASICON-typeNa4Fe3(PO4)2(P2O7)/C31
	129
	113.0
	87.6%

	Prussian Blue Analogues
	Na1.73K0.13MnFe(CN)6
	148.7
	136.6
	91.8%

	
	Na1.72MnFe(CN)6
	150.3
	121
	80.5%

	Organic Sodium Slat
	Na2AQ26DS32
	130 
	119 
	91.5%

	
	Na4C8H2O633
	223
	184
	89%
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[bookmark: _Hlk164156611]Figure S5. Ex-situ XRD analysis of NaFe[O3PCH(OH)CO2] cathode during different charging and discharging process.
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Figure S6. The electrostatic energies of Na1-xFe[O3PCH(OH)CO2] (x=1/8, 2/8, ···, 7/8, 8/8) crystal structures were screened by Supercell software. 
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[bookmark: _Hlk45799786][bookmark: OLE_LINK47]Figure S7. The Na-ions de-intercalation sites and the structural evolution of Na1xFe[O3PCH(OH)CO2] (x=1/8, 3/8, 5/8, 7/8)
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[bookmark: _Hlk164157059]Figure S8. The crystal structure of NaFe[O3PCH(OH)CO2] along a-axis direction and c-axis direction.
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Figure S9. Changes in Fe-O bond lengths in the [FeO6] octahedron during the de-embedding of sodium ions from the NaFe[O3PCH(OH)CO2] structure.
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Figure S10. The bottleneck size of Na-ions passing through between (a) two co-side polyhedrons (Na1→Na1), (b) Na1→Na2
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Figure S11. a. The olivine structure of NaFePO4 and the activation energy of sodium ions migration in the ab plane. b. The maricite structure of NaFePO4 and activation energy of sodium ions migration along the c-axis direction.
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