Electrochemical Performance
Na2/3[Ni1/4Mn7/12Fe1/6]O2 and Na2/3[Ni1/6Mn1/2Fe1/3]O2 were cycled galvanostatically between 1.5 and 4.5 V (vs. Na+/Na) along with the Fe-free compound, Na2/3[Ni1/3Mn2/3]O2, as a point of reference. Figure 2a-c shows the electrochemical load curves of these three compositions. A summary of the subsequently discussed performance values is presented in Table 1. An increasing Fe content along the Na2/3[Ni1/3-y/2Mn2/3-y/2Fey]O2 series (y = 0, 1/6, 1/3) was found to result in a slight decrease of the discharge capacities during the first cycle, from 212 mAh g-1 for y = 0, to 202 mAh g-1 for y = 1/6 and 201 mAh g-1 for the y = 1/3. Nevertheless, given the relatively high average discharge voltages (3.01 V for y = 0, 2.96 V for y = 1/6 and 2.91 V for y = 1/3), the observed capacities for all three compositions correspond to high specific energies of 640, 599, and 587 Wh kg-1, respectively, which are among the best reported for Na-ion insertion compounds.20 Moreover, while a lower Ni-content makes the material more environment friendly, the increase in Fe content was also found to significantly improve the capacity retention (shown in Figure 2d) during prolonged cycling where the y = 1/3 sample maintained a discharge capacity of almost 136 mAh g-1 (67% of the initial capacity) after 50 cycles, while the corresponding value for the Fe-free sample, y = 0, was 81 mAh g-1 (38% of the initial capacity). The rather low capacity retention of the Fe-free sample is not unexpected as capacity retention does tend to decrease for compounds charged to high states of deintercalation (low Na contents). A potential explanation for the improved capacity retention for the Fe-containing samples is a difference in the high voltage phase transition mechanism, as seen in Figure S5. Further work is currently being carried out to better understand the capacity degradation mechanism and will be reported separately. In order to understand the charge compensation mechanism on Na extraction and re-insertion, x-ray absorption spectroscopy was carried out at each of the transition metal K-edges.
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