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Experimental techniques. A series of lithium-rich Li2+2xFe1-xSiO4 compounds (0 ≤ x ≤ 0.3) was prepared using the hydrothermal assisted gel synthesis method first described by Gong et al.  Iron (II) acetate (Strem), lithium acetate (Aldrich) and tetraethyl orthosilicate (Aldrich) were stirred for 45 minutes in ethanol together with 1.5 ml of acetic acid. The solution was then transferred to a Teflon-lined autoclave (45 ml) which was heated at 130 °C for 12 h. The resulting gel was dried at 100 °C then mixed with sucrose (10 wt. %) and ball-milled with 10 ml of acetone for 30 minutes. Following evaporation of the acetone, the sample was pelletized and calcined under flowing Argon at 650 °C for 3 h. All subsequent handling was carried out in an Ar-filled glove box (oxygen and water levels < 1 ppm) as a precaution given the unknown sensitivity of these new samples to oxygen and moisture.
Powder X-ray diffraction data were collected on a Stoe STADI/P diffractometer operating in transmission mode with FeKα1 radiation (λ = 1.936 Å) to eliminate Fe fluorescence. 
Composite electrodes (Li2+2xFe1-xSiO4, Super S carbon and Kynar Flex 2801 [a co-polymer based on PVDF] as binder, with weight ratios 80:10:10), were prepared by casting using the doctor blade technique.  The mixture was first prepared as a slurry in N-methyl 2-pyrrolidinone (NMP) and spread on to aluminum foil in an Ar-filled glovebox. These electrodes were then incorporated into electrochemical cells with a lithium metal (Aldrich) counter electrode and LP40 electrolyte (Merck, 1 M LiPF6 in 1:1 vol/vol ethylene carbonate:diethyl carbonate). Electrochemical measurements were carried out at 30 °C and at 60 °C in two electrode coin cells with Li counter/reference using a Maccor Series 4200 battery cycler.
Time-of-flight powder neutron diffraction data were obtained on the Polaris and GEM instruments at ISIS at the Rutherford Appleton Laboratory. Since lithium is a neutron absorber the data for as-prepared materials were corrected for absorption. The structures were refined by the Rietveld method using the program TOPAS Academic. Powder neutron diffraction data were also obtained on a Li2.6Fe0.7SiO4 sample discharged to 1.5V vs. Li+/Li. The electrode was removed, washed with dry dimethyl carbonate (DMC) and dry THF and dried by evaporation. The resulting powder was then transferred to a 2 mm quartz capillary and sealed. 
Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) and X-ray Fluorescence (XRF) were performed to confirm the chemical composition of the materials. 
Particle size analysis by laser diffraction was performed on a Malvern Mastersizer while scanning electron microscopy (SEM) images were obtained using a Zeiss Merlin in secondary electron mode.
Atomistic Modeling. This study employs interatomic potentials based simulation methods, which are well established and detailed elsewhere including a recent review on lithium battery materials. The interatomic forces are treated by Buckingham potentials with parameters fitted simultaneously to all of the known polymorphs of Li2FeSiO4 (supporting information, table S2). The position of the interstitial sites was examined by a screening process using a 0.1 Å grid of points using the GULP code. For finite temperature lithium diffusion calculations we have used molecular dynamics (MD) methods (DL-POLY) with an NPT Berendsen ensemble and a timestep of 1 fs for MD runs of about 3 ns with supercells containing over 3500 atoms for good statistics. Such MD computational methods have been applied successfully to other Li-ion battery materials. 


