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Fig. S1. TGA analysis of pristine Na4[Mn2Fe](PO4)2(P2O7) composite between 30°C and 

550°C.
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Fig. S2. (a) Electrochemical profiles of Na4[Mn2Fe](PO4)2(P2O7) during desodiation process. 

(b) Electrochemical profiles of K4[Mn2Fe](PO4)2(P2O7) during Na+/K+ ion-exchange process 

for 50 cycles.
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Fig. S3. XRD pattern of sample obtained by direct synthesis of K4[Mn2Fe](PO4)2(P2O7). 

K4P2O7 (97%, Sigma Aldrich), MnC2O4∙2H2O (Alfa Aesar, 93%), FeC2O4∙2H2O (99%, Sigma 

Aldrich), and NH4H2PO4 (Daejung, 98%) in a molar ratio of 1:2:1:2 were used as precursors, 

and 5 wt% pyromellitic acid (PA, C6H10O2) (Alfa Aesar, 96%) was additionally prepared. The 

precursors were mixed by high-energy ball milling for 12 h and sealed in an Ar-filled glove 

box. The mixed powder was calcined at 300°C under Ar flow to remove the organic residues. 

After calcination, the 5 wt% PA was added and mixed, and the powder was pelletized. The 

pelletized sample was sintered at 550°C for 12 h under Ar flow.
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Fig. S4. XPS spectra of Na4[Mn2Fe](PO4)2(P2O7), K3Na1[Mn2Fe](PO4)2(P2O7) and 

K4[Mn2Fe](PO4)2(P2O7) during ion-exchange process: (a) K 2p (2p1/2: 293.1 eV and K 2p3/2: 

295.9 eV) and (b) C 1s peaks (C-C: 284.78 eV and C-O: 286.2 eV).1,2
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Fig. S5. Characterization of Na4[Mn2Fe](PO4)2(P2O7) and K4[Mn2Fe](PO4)2(P2O7): (a) XRD 

patterns in the range of 8°–50° and (b) TEM and corresponding EDS mapping of Na, Mn, Fe, 

and K elements.
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Fig. S6. SEM images of (a) Na4[Mn2Fe](PO4)2(P2O7) and (b) K4[Mn2Fe](PO4)2(P2O7).
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Fig. S7. CV profiles of K4[Mn2Fe](PO4)2(P2O7) with a scan rate of at 1 mV s-1 at the voltage 

range of 2.0-4.3V (vs. K+/K).
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Fig. S8. Cycle performance of K4[Mn2Fe](PO4)2(P2O7) at a high current rate of 5C for 200 

cycles in the voltage range of 2.0–4.3 V (vs. K+/K).
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Fig. S9. (a) Initial charge/discharge profile of K4[Mn2Fe](PO4)2(P2O7)//potassiated hard-

carbon full cell in the range of 1.9–4.2 V at C/20. (b) Cycling performance of 

K4[Mn2Fe](PO4)2(P2O7)//potassiated hard-carbon full cell at C/5 over 200 cycles.
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Fig. S10. (a) Power-capability and (b) cycle performance of Na4[Mn2Fe](PO4)2(P2O7) in the 

voltage range of 2.0–4.3 V (vs. K+/K) under the KIB system.
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Fig. S11. CV profiles of the (a) Na4[Mn2Fe](PO4)2(P2O7) and (b) K4[Mn2Fe](PO4)2(P2O7) 

electrode measured at scan rate of 1 mV s-1. GITT profiles of (c) Na4Mn2Fe(PO4)2(P2O7) and 

(d) K4[Mn2Fe](PO4)2(P2O7) at a current rate of C/10 (1C = 117 mA g-1). EIS profiles of (e) 

Na4[Mn2Fe](PO4)2(P2O7) and (f) K4[Mn2Fe](PO4)2(P2O7). The experiments above were 

performed under the KIB system.
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Fig. S12. Full operando XRD patterns of Kx[Mn2Fe](PO4)2(P2O7) (1.2 ≤ x ≤ 4.0) between 27° 

and 35.5°.
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Fig. S13. (a) SEM image, (b) TEM image, and (c) XRD patterns of Kx[Mn2Fe](PO4)2(P2O7) 

(1.2 ≤ x ≤ 4.0) electrode after cycling for 300 cycles in the range of 8°–50°.
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Table S1. ICP analyses on the atomic ratio of Na, Mn, Fe, and K of various KxNa4-

x[Mn2Fe](PO4)2(P2O7) phases formed during the ion-exchange process from 

Na4[Mn2Fe](PO4)2(P2O7) to K4[Mn2Fe](PO4)2(P2O7).
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Table S2. Comparison of lattice parameters and volume of Na4[Mn2Fe](PO4)2(P2O7) and 

K4[Mn2Fe](PO4)2(P2O7).
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Ta

ble S3. Detailed structural information for K4[Mn2Fe](PO4)2(P2O7) obtained through Rietveld 

refinement.



18

Table S4. Electrochemical properties of various cathode materials for KIBs.
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