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1. Supporting Notes

1.1 Discussion on crystal orientation

To determine the crystal orientation of LiFePO,, the particles were first
ultrasonically dispersed in ethanol and then dried on an amorphous silicon substrate. In
contrast to the as-synthesized LiFePO, powder with random orientation, the dispersed
sample exhibits a strong [100] and [010] texture (Fig. S8a), which is apparently
indicated by the decrease of /(p20)//200) from 2.9 in the as-synthesized powder to 1.5 in
the dispersed sample. The degree of [100] and [010] texture was quantified using the
Lotgering factor, f, which is defined by:!

f=W®-py)/(1-py) (1)

Where, an oriented sample (value p) and for the non-oriented material (value p), p =,
Lhoo/Y. T or p =D Ioo/Y. Ina for the dispersed sample and py = Y. Inoo/Y. Th O po = D,
Iyo/Y. I for the as-synthesized powder. The Lotgering factor value for the dispersed
sample is f1o0 = 20.8% and fy;0 = 27.1% respectively. The strong [100] and [010] texture
in the dispersed sample implies that the O-LiFePO, nanocrystals have both [100] and
[010] orientations, which is further confirmed by selected-area electron diffraction
(SAED), as shown in Fig. S8b and c. The LiFePO, nanocrystals have both [100] and
[010] orientations. It can be seen from TEM morphology that the LiFePO, nanocrystals
present two different morphologies, i.e., hexagons and rectangles. The rectangular shape
of LiFePO, particles show [100] orientation, while the hexagonal shape of LiFePO,
nanocrystals show [010] orientation. This is because the nanocrystals are projected in
different directions as shown in Fig. S8d—f. According to Islam and coworkers,? the
relaxed surface energies of LiFePO, (100), (010), and (001) are 0.87, 0.72 and 1.11 J
m~2, respectively. Since the surfaces of (100) and (010) are small and close, it is easier

to form [100] and [010] orientations. Thus, the size in both orientations is similar.

1.2 Discussion on EIS
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Having firmly established the relevance of excellent electrochemical performance
of O-LiFePO,/C and R-LiFePO,/C to lithium ion diffusion coefficient, electrochemical
impedance spectroscopy (EIS) is adopted to gain insight into the electrochemical kinetic
behavior and the interfacial properties between electrode and electrolyte. The Nyquist
plots of LiFePO, nanomaterials show two different parts, a loop at high-frequency
regions followed by a sloping line at low-frequency regions (Fig. S14a). The high
frequency semicircle corresponds to the charge transfer resistance R, between the
electrode and electrolyte, while the low-frequency oblique line indicates the Warburg
impedance (Zy), which is attributed to the Li* diffusion in the electrode materials.
According to the equivalent circuit (Fig. S15a), the values of above indicators are
displayed in Table S2, from which we can see that the indicators for electrochemical
kinetic behavior and the interfacial properties between electrode and electrolyte are
comparable for O-LiFePO,/C and R-LiFePO,/C. Additionally, the D;;" of the
LiFePO,/C samples can be calculated according to the equation?

R*T?

D ,= (2)
Lit 2AZn4F4€(2)02

where R is the gas constant, 7 the absolute temperature (298 K), F the Faraday constant

and ¢ the Warburg factor associated with Z,. by the equation?
Z =K+ ow ? 3)

According to the above equations, the Dy ;" were calculated to be 6.6 x 10713
and 6.3 x 101 cm? s! for O-LiFePO4/C and R-LiFePO,/C samples,

respectively.
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2. Supporting Figures
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Fig. S1. As-synthesized suspension sample and the filtrate separated from the suspension. Photograph
of (a) as-synthesized sample and (b) the filtrate. (¢c) SEM image of BaSO, precipitate. Inset shows the
photograph of filter cake containing most of BaSO, precipitate. (d) EDS spectra of BaSO, precipitate,

indicating that the presence of minor iron species.
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Fig. S2. Illustration of two different heating methods. (a) Microwave heating and (b) oil bath heating.

(c) Photograph of microwave workstation. The reaction vessel is 100 mL-capacity Teflon autoclave
whose top and bottom are reinforced with microwave-transparent ceramic components. Moreover, a

stirring function was supplemented at the bottom of microwave workstation.
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Fig. S3. XRD patterns of LiFePO, synthesized by (a) microwave heating and (b) oil bath heating.
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Fig. S4. Adsorption isotherms of LiFePO, samples by two different heating methods. The adsorption
isotherms were analyzed and used to calculate the specific surface area (SSA) using the BET equation.
P/P, values between 0.05 and 0.2 were used to calculate the SSA via multi-point BET. The slight
hysteresis loop (0.8 < P/Py < 1) indicates the presence of macro-pores. The calculated SSA of (a) O-
LiFePOy is 18.0 m? g'!, (b) Oil-LiFePOy4 is 12.2 m? g,
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Fig. S5. Selected TEM images of O-LiFePO4 nanocrystals synthesized by microwave heating for sizes

statistics.
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Fig. S6. Selected TEM images of LiFePO4 nanocrystals synthesized by oil bath heating for sizes

statistics.
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Fig. S7. Adsorption isotherms of O-LiFePO,4 and R-LiFePO, samples. The adsorption isotherms were
analyzed and used to calculate the SSA using the BET equation. P/P, values between 0.05 and 0.2
were used to calculate the SSA via multi-point BET. The slight hysteresis loop (0.4 < P/Py < 1)
indicates the presence of meso- and macro-pores for (b) O-LiFePO,/C and (d) R-LiFePO,/C. The
calculated SSA of (a) O-LiFePO, is 18.0 m? g1, (b) O-LiFePO4/C is 37.8 m? g'!, (c) R-LiFePQ, is
17.6 m? g'and (d) R-LiFePO4/C is 36 .1 m? g1
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Fig. S8. Crystal orientation determination of O-LiFePO,. (a) XRD patterns of the as-synthesized O-
LiFePOy, crystals and those first dispersed in ethanol and then slowly dried on an amorphous silicon
substrate. (b) TEM morphology of the O-LiFePO, with rectangular geometry and the corresponding
SAED pattern, indicating that the predominantly exposed facet is (100). (¢) TEM morphology of the O-
LiFePO, with hexagonal geometry and the corresponding SAED pattern, indicating that the
predominantly exposed facet is (010). (d) Diagrammatic drawing of LiFePO, and its projections along

(e) the [010] and ® the [100] direction.
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Fig. S9. TEM images of O-LiFePO,/C. Inset shows carbon film coated on O-LiFePO,/C.
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Fig. S10. FTIR spectra of the samples for (a): O-LiFePO,, O-LiFePO,/C and (b): R-LiFePO,, R-

LiFePO,/C.
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Fig. S11. Typical charge/discharge profiles of (a) O-LiFePO,/C and (b) R-LiFePO,/C.
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Fig. S12. Fitting results of the PITT experimental data of O-LiFePO,/C and R-LiFePO./C. The
coefficients of determination for O-LiFePO,4/C is R?> = 0.9928 at a step of 150 mV, while for R-

LiFePO,/C is R?> = 0.9507 at a step of 150 mV.
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Fig. S13. CV profiles of the (a) O-LiFePO,/C and (b) R-LiFePO,/C at various sweeping rates of 0.05,

0.1, 0.3, 0.5, and 0.7 mV s~'. (c) Peak current density as a function of the square root of the scanning

rate derived from the sweeping-rate-dependent CV profiles.
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Fig. S14. EIS spectra of O-LiFePO,/C and R-LiFePO,/C. (a) Nyquist impedance spectra of O-
LiFePO,/C and R-LiFePO,/C at room temperature and (b) Linear fittings between Z,. and the
reciprocal of the square root of the angular frequency in the low frequency region. The real part of the

Warburg impedance (Z,.) versus the square root of frequency (o~"?) at open circuit voltage for the O-

LiFePO,4/C and R-LiFePO,/C.
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Fig. S15. Equivalent circuit of EIS spectra. Equivalent circuit adopted in the simulation of EIS spectra
for (a) O-LiFePO,/C and R-LiFePO,/C electrodes. R;: electrolyte resistance; CPEy;: electrical double
layer capacitor; R.: charge transfer resistance; CPE;: constant phase angle element and Z,,: Warburg
impedance. (b) and (c) O-LiFePO,4/C at redox voltages. R.;: the interface resistance between electrode

and electrolyte; R the migration of  Li* ions in the electrode.
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3. Supporting Tables

Table S1. Compare the volume specific yield of LiFePO, that was prepared by hydro(solvo)thermal synthesis.

H: hydrothermal, S: solvothermal.

Year Method Raw materials Morphology Size Yield (mol/L) Ref.
2010 H LiOH-H,0 FeSO,4-7H,O H;PO,  Platelike [-2 pm 0.56 4
2011 S LiOH FeSO4 H;PO, Quasi- 2-5 pm 0.10 5
spherical
2012 H LiOH-H,0 FeSO,4-7H,0 H;PO, Nanoplates  width: 50 nm, b: 0.38 6
SDBS Nanorods 20 nm;
b: 90 nm
length: 200 nm—1
pum
2012 S Li,SO,4Fe(NO3);-9H,0 P,0Os  Microspheres 1.6 ym 0.17 7
2013 S LiOH-H,0 FeSO,4-7H,0 H;PO, Agglomeratio  300-500 nm 0.15 8
n
2013 H LiOH-H,0 FeSO,4-7H,0 Ellipsoid 300-500 nm 0.08 9
NHH,PO4, PVP Spindle 500 nm—2 um,
NasP,0;-10H,O Sheet width: 100 nm
Plate 300 nm
Nanoparticle 100 nm
2013 H LiOH-H,0 FeSO,4-7H,O H;PO,4 Hexahedron 200 nm 0.33 10
2013 H LiOH-H,0 FeSO,4-7H,O H;PO,  Particles 150 nm 0.33 11
2013 S LiH,PO4FeSO, 7TH,O DMAC  Flower-like 10 pm 1.00 12
2013 S LiOH-H,0 FeSO,4-6H,0 H;PO, Nano- 80 nm, 30 nm 0.20 13
particles
2013 S LiOH FeCl,-4H,0 H;PO, hollow I pm 0.40 14
spheres
2014 H  LiOH-H,0 FeSO,4 7H,0 H3;PO, Plate 350 nm 0.11 15
Spheroidal 100—150 nm
2014 H CH;COOLi-2H,0 Spherical 2-4 ym 0.67 16
Fe(NO;);-9H,0 NH4H,PO,
2014 H LiOH FeSO,4-7H,0 H5PO, (001) 11.8 ym 1.00 17
Microplate, 2.3 um
(010)
Microplate
2014 H LiOH FeSO,4-7H,0 H5PO, Particles 50-200 nm 0.80 18
2014 H LiOH FeSO4 H;PO, Nanoparticles 50-150 nm 0.20 19
2014 S LiH,PO,4FeCl,-4H,0 Nanowires 5 um, 40 nm 0.15 20
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2014

2014

2014

2014

2015

2015

2015

2015

2015

2015

2015

2015

2015

2015
2015

2016

LiOH-H,0 FeSO,4-7H,0 H;PO, Nanoplates

Nanorods

LiOH-H,0 FeSO,4-7H,0 H;PO, Nanoplates
Rectangular

prism
Hexagonal

prism
LiCl-H,O FeCl;-6H,0
NH4H,PO4N,H4-H,O

Microplates

Microflowers

LiOH-H,0 FeSO,4-7H,0 H;PO, Nanoplates
CH;COOLi-2H,0 Starfish-like
FG(NO3)3 : 9H20

NH4H,PO,
LiOH-H,0 Fe(NO3)-9H,0 Spherical
NH4H,PO,
Li,CO; (NHy),Fe(SO4),-6H,O Spherical-like
(NH,4),HPO, Cubic

LiOH-H,0 FeSO,4-7H,0 H;PO, Nanoplates
LlOHHzO FGSO47H20 H3PO4 Elhpsmdal

Platelet
LiOH FeSO4 H3POy4 Nanorods
LlOHHzO FGSO47H20 H3PO4 Hollow
nanoparticles
LlOHHzO FGSO47H20 H3PO4 Rod-like

Tween-80
LlOHHzO FGSO47H20 H3PO4 Splndle-hke

LlOHHzO FGSO47H20 H3PO4 Plates
LiOH-H,0 FeSO,4-7H,0 H;PO, Nanoplates

LiOH-H,0 FeSO,4-7H,O HsPO, Nanoflakes

100-150 nm, 100
nm
250 nm, 40 nm
<100 nm
a: 100 nm
100 nm

length: 2.5 pm
width: 1.5 pm,
thickness
:200-500 nm
90-250 nm
10 uym

4 um

200-500 nm
200-500 nm
50-100 nm
230 nm, 160 nm.
length and width
3 um
length: 50-100
nm, width: 30-50
nm
150-300 nm

&30 nm

long axis: 650 nm
short axis: 300
nm
thickness: 25 nm
a, b, c: 60-80
nm,
~30 nm, 80—100
nm
a,b,c: 12,134,

0.30

0.38

0.21

0.20

0.27

0.25

0.13

0.30

0.11

0.03

0.14

0.50

0.80

0.38
0.25

0.99

21

22

23

24

25

26

27

28

29

30

31

32

33

34
35

36
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2016
2016

2016
2016

2016

2016

2016

2016

2016

2017

2017

2018

LiOH-H,0 FeSO,-7H,0 H;PO,
LiOH-H,0
(NH,),Fe(SO4),-6H,0
NH,H,PO,
LiOH-H,0 FeSO,-7H,0 H;PO,
LiOH-H,0 FeSO,-7H,0 H;PO,

LiOH- Hzo FGSO4 : 7H20 H3PO4

LlOHHzO FGSO47H20 H3PO4

LlOHHzO FGSO47H20 H3PO4

LlOHHzO FGSO47H20 H3PO4
CH;COOLi-2H,0

Fe(N03)3 ' 9H20 NH4H2PO4

LlOHHzO FGSO47H20 H3PO4
LlOHHzO FGSO47H20 H3PO4

LiOH- Hzo FGSO4 : 7H20 H3PO4

280 nm
Nanosheets  thickness: 50 nm
Plat-form 0.5-1 pm

Plate-like 300 nm
Rectangular ~ width: 100-150

particles nm, length:
300—-600 nm
Hexagonal 1-2 ym
hollow
crystal
Plates thickness: 200
nm
Nanoflakes 150 nm
Nanorods length: 90-150

nm, diameter: 70

nm
Nanoparticles diameter: 200 nm
Nanoplates thickness: <100

nm
Particles 80 nm
Rectangular 180 nm
shape
Nanorods a, b, c: 65,62,

134 nm

0.05
0.17

0.13
0.33

0.40

0.40

0.11

0.13

0.25

0.20

0.30

1.32

37
38

39
40

41

42

43

44

45

46

47

this

work
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Table S2. Simulation results of the equivalent circuit in Fig. S15(a).

O-LiFePO,/C R-LiFePO,/C
Elements
Values Error/% Values Error/%
R, (ohm) 3.1 1.2 3.9 1.3
R (ohm) 102.4 0.8 105.8 0.7
CPEy (F) 2.3x10° 3.0 1.5x10°° 3.3
CPE, (F) 3.1x1073 1.8 3.5%x1073 1.8
Z,, (ohm) 1.2x104 7.6 1.3x104 7.5
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Table S3. Simulation results of the equivalent circuit in Fig. S15(b) and (c).

Charge: 3.50 V

Charge: 3.55V

Elements
Values Error/% Values Error/%
R (ohm) 3.6 6.5 6.1 3.7
R, (ohm) 37.4 8.2 17.6 7.7
Ceei (F) 1.7x10°6 4.7 5.6x107* 18.2
R (ohm) 173.2 23 17.6 34
Ca/CPEq (F) 5.1x10 13.6 2.8x107° 8.5
R,, (ohm) 93.0 4.4 10.2 10.5
Cn (F) 4.0x10°6 7.8 1.1x107° 6.8
Z,, (ohm) 2.0x1072 6.8 1.3x1074 7.5
Discharge: 3.30 V Discharge: 3.40 V
Elements
Values Error/% Values Error/%
R, (ohm) 59 53 4.8 2.1
R, (ohm) 24.8 6.9 4.0 5.7
Ceei (F) 5.0x107 17.8 2.1x1073 13.3
R (ohm) 37.1 8.0 29.1 1.5
Ca/CPEy, (F) 2.1x1073 17.8 1.6x107° 8.9
R,, (ohm) 12.4 12.8 1.6 15.2
Cn (F) 1.1x107° 8.4 2.2x10°6 12.6
Z,, (ohm) 2.6x1072 5.7 3.6x1072 0.6
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