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EXPERIMENTAL METHODS 

Preparation of LiMPO4 nanosheets. The preparation of LiMPO4 nanosheets involves 

the synthesis of LiMPO4 nanosheet assembled powders and exfoliation of the powders 

into thin nanosheets. The powders were obtained in a solvothermal reaction with 

diethylene glycol as solvent and Poly(vinylpyrrolidone) (PVP) as surfactants. In a typical 

experiment, 1 mmol of MnCl2/FeCl2/CoCl2, 0.5 mmol of LiAc and 50 mg PVP were 

dissolved in 7.5 mL diethylene glycol. To avoid the oxidation of the metal ions, the 

suspensions were bubbled with N2 gas for sufficient time. 1 mmol of LiH2PO4 was 

dissolved in 0.4 mL water and the as-formed aqueous solution was drop-wisely added 

into the diethylene glycol with constant stirring until a homogenous suspension was 

formed. The suspension was thermally aged in a stainless steel autoclave at 220 °C for 20 

hours. The powders were washed with water and ethanol for three times after the 

solvothermal treatment, and dried in a vacuum oven at 80 ˚C for overnight. The LiMPO4 

nanosheets can be obtained by exfoliating the as-obtained powders in ethanol in the bath 

sonication equipment.  

 

Carbon coating of the LiFePO4 nanosheets and fabrication of the LiFePO4 nanosheets 

electrode. Carbon coating of the as-exfoliated LiFePO4 nanosheets was achieved by 

annealing the LiFePO4 nanosheets with sucrose in the inert atmosphere. In a typical 

procedure, the as-prepared LiFePO4 nanosheets, sucrose (10% in weight ratio), and 

proper amount of deionized water were mechanically mixed in Thinky centrifugal mixer 

(ARE-310) for 30 min, dried in vacuum, and annealed in pure Ar atmosphere at 650 ˚C 

for 12 hours. The electrode was prepared by mixing the as-prepared carbon-coated 

LiFePO4 nanosheets, Super P carbon (Timcal Graphite & Carbon), and polyvinylidene 

fluoride binder (Fisher Scientific) with a weight ratio of 80: 15: 5 in N-methyl-2-

pyrrolidone (anhydrous, Fisher Scientific). The mixture was thoroughly mixed in Thinky 

centrifugal mixer to form the homogenous slurry, which was then casted on aluminum 

foil and dried in vacuum at 115 °C for 12 hrs. 

 

Cell assembly. The electrochemical performance was evaluated with a standard 

CR2032 coin cell using metallic lithium as the anode, Celgard 2500 as the separator, and 

LiPF6 in 1:1 ethylene carbonate and diethyl carbonate (BASF Corp.) as the electrolyte. 

 

Characterizations. Powder X-ray diffraction (XRD) patterns of the as-synthesized 

LMPO4 nanosheets were performed on the Miniflex equipped with Cu Kα radiation. 

Scanning electron microscopy (SEM) and transmission electron (TEM) of the LMPO4 

nanosheets were characterized by Hitachi S-5500 and JEOL (2010F), respectively. FT-IR 

and Raman spectrums were performed on Thermal Scientific FT-IR spectrometer 

(NicoletTM iSTM5) and Renishaw Raman system equipped with a 633 nm argon ion 

laser, respectively. Electrochemical characterization was performed on LANHE battery 

cycler (CT2001A) and Bio-logic potentiostat (VMP3) equipped with impedance modules.  

 

 



 

Figure S1. EDX mapping of P, O and Fe elements of LiFePO4 nanosheets. 

 

 

 

 

 

 

 



 

Figure S2. EDX mapping of P, O and Co elements of LiCoPO4 nanosheets. 

 

 

 

 

 

 

 

  



  
 

Figure S3. SEM images of the LiFePO4 nanosheets obtained with the molar ratio of Fe:P 

of 1:0.5 (a), 1:1 (b) and 1:2 (c). (d) Thickness distribution of the LiFePO4 nanosheets 

obtained with the molar ratio of Fe:P of 1:0.5, 1:1 and 1:2. 

 

 

 

 

 

 

 

 

 

 

 

 



  
 

Figure S4. SEM images of the LiCoPO4 nanosheets obtained with the molar ratio of 

Co:P of 1:0.5 (a), 1:1 (b) and 1:2 (c). (d) Thickness distribution of the LiCoPO4 

nanosheets obtained with the molar ratio of Co:P of 1:0.5, 1:1 and 1:2. 

 

 

 

 

 

 

 

 

 

 



 

Figure S5. Charge-discharge curve of the LiFePO4 nanosheet electrodes in the first cycle 

at 0.5 C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S6. Thermal gravimetric analysis (TGA) of the carbon-coated LiFePO4 

nanosheets and pure LiFePO4 nanosheets.  

Both the LiFePO4 nanosheets with and without carbon coating show a very slight weight 

loss at the temperature around 100 ˚C, and exhibit a weight gain when the temperature 

approaches 300 ˚C. This weight gain is due to the oxidation of LiFePO4 to Li3Fe2(PO4)3 

and Fe2O3. The oxidation process of carbon coated LiFePO4 at the temperature range 

from 300 ˚C to 700 ˚C can be described as the following equation: 
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The TGA curve above 550 °C becomes very stable, indicating that the oxidation of 

LiFePO4 and carbon is complete. As read from the curve, the overall weight gain of the 

carbon coated LiFePO4 nanosheets is about 2.2%, and the weight gain of the pure 

LiFePO4 nanosheets is 4.8%. Thus, the carbon content in the carbon coated LiFePO4 

nanosheets is 2.6 % in terms of the weight. 

 

 

 

 

 

 

 

 

 



 
 

Figure S7. Rate capability and the corresponding C.E. of commercial LiFePO4 powders. 

The reason for the unstable C.E. after the 30th cycle is because the commercial LiFePO4 

electrodes are not rechargeable at that high C rate.



 

Figure S8. Charge-discharge cures of the LiFePO4 nanosheets at various C rates. 

 

 

 

 

 

 

 

 



 
 

Figure S9. Cycling stability and the corresponding C.E. of commercial LiFePO4 powders. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S10. CV curves of the commercial LiFePO4 powders at various scan rates. 

 

 

 

 

 

 

 

 

 



  

Figure S11. GITT curves and the open-circuit voltage profile of the LiFePO4 nanosheets. 

 

 

 

 

 

 

 



 

Figure S12. Real-time voltage versus time profile and the linear relationship in the GITT 

curve of LiFePO4 nanosheet electrodes. 

 

 

 

 

 

 

 

 

 

 

 

 



Materials/structures Rate performance 
Cycling 

performance 
Ref 

(100)-exposed LiFePO4 nanoplates 
146 mAh g─1 at 1 C 

96 mAh g─1 at 5 C 
N.A. 1 

(010)-exposed LiFePO4 nanoplates 
135 mAh g

─1
 at 1 C 

82 mAh g─1 at 10 C 
N.A. 2 

LiFePO4 hexagonal nanoplates 
150 mAh g─1 at 1 C 

130 mAh g─1 at 5 C 
N.A. 3 

LiFePO4 nanoplates 
160 mAh g─1 at 0.15 C 

100mAh g─1 at 3.45 C 

155 mAh g─1 after 

50 cycles (0.2 C) 
4 

LiFePO4 nanoplates 
125 mAh g─1 at 1 C 

80mAh g─1 at 20 C 

78 mAh g─1 after 

300 cycles (20 C) 
5 

LiFePO4 nanoplates 
143 mAh g─1 at 0.5 C 

47 mAh g─1 at 30 C 

48 mAh g─1 after 50 

cycles (30 C) 
6 

LiFePO4 nanoplates 
165 mAh g─1 at 0.1 C 

140 mAh g─1 at 5 C 

145 mAh g─1 after 

30 cycles (1 C) 
7 

LiFePO4 nanoplates assembled 

hierarchical structures 

145 mAh g─1 at 0.2 C 

48 mAh g─1 at 30 C 

160 mAh g─1 after 

50 cycles (0.1 C) 
8 

Sandwich-like LiFePO4/graphene 

hybrid nanosheets 

157 mAh g─1 at 1 C 

115 mAh g─1 at 10 C 

70 mAh g─1 after 30 

cycles (20 C) 
9 

Hierarchical LiFePO4 microplates 
157 mAh g─1 at 1 C 

82 mAh g─1 at 20 C 

120 mAh g─1 after 

100 cycles (5 C) 
10 

Monodisperse porous LiFePO4 

microspheres 

140 mAh g─1 at 0.5 C 

35 mAh g
─1

 at 30 C 

90 mAh g─1 after 

600 cycles (10 C) 
11 

Self-assembled LiFePO4 

nano/microspheres 

155 mAh g─1 at 0.1 C 

95 mAh g─1 at 5 C 

120 mAh g─1 after 

100 cycles (1 C) 
12 

LiFePO4 hierarchically dumbbell-

like microstructures 

110 mAh g─1 at 1/30 C 

 

117 mAh g─1 after 

70 cycles (1/30 C) 
13 

LiFePO4 nanoplate microspheres 
150 mAh g─1 at 1 C 

85 mAh g─1 at 5 C 

152 mAh g─1 after 

50 cycles (0.1 C) 
14 

(010)-exposed LiFePO4 nanosheets 
160 mAh g─1 at 0.5 C 

80 mAh g─1 at 30 C 

120 mAh g─1 after 

500 cycles (5 C) 

This 

work 

Table S1. Comparison of the overall electrochemical performance of the LiFePO4 

nanosheets with other LiFePO4 nanosheets/nanoplates reported in the literature. 
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