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Fig. 1.1 Schematic illustrate of LIB structure.
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Fig. 1.2 Typical phase diagram of two-component eutectic system.
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Fig.1.3 Crystal growth by flux cooling method.
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Fig.1.4 Crystal layer fabrication by flux coating method.
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Table2.1 Growth conditions for LiCoO2 crystals by a NaCl flux method.

 

run
solute flux

solute conc.
(mol%)

holding temp.
/ ºC

holding time
/ h

cooling rate
/ ºC h-1Co3O4

/ g
LiOH·H2O

/ g Li/Co rate NaCl
/ g

2-1 1.323 0.869 1.25 18.380 5 900 5 200
2-2 1.323 0.869 1.25 18.380 5 1000 5 200
2-3 1.323 0.869 1.25 18.380 5 950 5 200
2-4 1.323 0.869 1.25 18.380 5 800 5 200
2-5 0.273 0.318 1.25 19.667 1 900 5 200
2-6 2.573 2.019 1.25 10 10 900 5 200
2-7 1.323 0.869 1.25 - 100 900 5 200
2-8 1.323 0.869 1.25 18.380 5 900 5 5
2-9 1.323 0.869 1.25 18.380 5 900 5 quench
2-10 1.323 0.869 1.25 18.380 5 900 3 200
2-11 1.323 0.869 1.25 18.380 5 900 10 200
2-12 1.323 0.695 1 18.380 5 900 5 200
2-13 1.323 6.952 10 18.380 5 900 5 200
2-14 1.323 6.952 10 18.380 5 900 5 5
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Fig.2.2 XRD profiles of (a) pulverized crystallites grown from a NaCl flux (run 2-1) and (b) 
ICDD data of LiCoO2 (PDF 75-0532).
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Fig.2.3 (a-c) SEM images of LiCoO2 crystals grown from a NaCl flux (run 2-1). (d) Schematic drawing 
of a LiCoO2 crystal surrounded by {001}, {101}, {012}, and {104} faces.
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Fig.2.4 (a) Bright field TEM image, (b) selected area electron diffraction (SAED) pattern, and (c) 
lattice image of a LiCoO2 crystal (run 2-1).
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Fig.2.5 XRD profiles of pulverized crystallites grown at holding temperatures of (a,b) 1000ºC 
(run2-2) (c,d) 950ºC (run2-3), and (e,f) 800ºC (run2-4). ICDD data of (g) LiCoO2 (PDF 
75-0532), (h) CoO (PDF 09-0402), and (i) Co3O4 (PDF 42-1467).
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Fig.2.6 SEM images of pulverized crystallites grown at holding temperatures of (a,b) 1000ºC
(run2-2) (c,d) 950ºC (run2-3), and (e,f) 800ºC (run2-4).
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XRD Fig.2.7 1 mol% LiCoO2

Co3O4 LiOH Co3O4

Li/Co 1.25 5 mol% 1 mol%

LiOH H2O g

LiOH g 1 mol% LiOH %

Co3O4 10 mol%

LiCoO2 003LiCoO2 {001}

100 mol% LiCoO2

SEM Fig.2.8 1 mol% 0.5 m

10 mol% 1 20 m

{001}

Co3O4
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Fig.2.7 XRD profiles of pulverized crystallites grown at solute concentrations of (a,b) 1 mol% 
(run2-5), (c) 10 mol% (run2-6), and (d) 100 mol% (run2-7). ICDD data of (e) LiCoO2 (PDF 
75-0532) and (f) Co3O4 (PDF 42-1467).
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Fig.2.8 SEM images of LiCoO2 crystals grown at solute concentrations of (a,b) 1 mol% 
(run2-5), (c) 10 mol% (run2-6), and (d) 100 mol% (run2-7).
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Fig.2.9 XRD profiles of pulverized crystallites grown by (a) a cooling rate of 5ºC h-1 (run2-8), (b) 
quenchi (run2-9), and (c) ICDD data of LiCoO2 (PDF 75-0532).
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Fig.2.10 SEM images of LiCoO2 crystals grown by (a) a cooling rate of 5ºC h-1 (run2-8), (b) 
quenchi (run2-9).

1 m

(a) (b)

1 m



32 
 

900ºC 5 mol%

200ºC h-1 3 h run2-10 10 h run2-11

XRD Fig.2.11

LiCoO2 SEM Fig.2.12
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Fig.2.11 XRD profiles of pulverized crystallites grown at holding times of (a) 3 h (run2-10), (b) 
10 h (run2-11), and (c) ICDD data of LiCoO2 (PDF 75-0532).
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Fig.2.12 SEM images of LiCoO2 crystals grown at holding times of (a) 3 h (run2-10) and (b) 10 h
(run2-11).
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Fig.2.13 Digital photograph of product of LiCoO2 crystals and NaCl flux.
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Fig.2.14 XRD profiles of pulverized crystallites grown at Li/Co rates of (a,b) 1 (run2-12) and 
(c,d) 10 (run2-13). ICDD data of (e) LiCoO2 (PDF 75-0532) and (f) Co3O4 (PDF 42-1467).
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Fig.2.15 SEM images of LiCoO2 crystals grown at Li/Co molar rates of (a,b) 1 (run2-12) and 
(c,d) 10 (run2-13).
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Fig.2.16 (a) SEM image and (b) digital photograph of LiCoO2 crystals grown at a Li/Co molar 
rates of 20 (run2-14).
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Fig.2.17 XRD profiles of (a) as obtained crystals and (b) pulverized crystallites grown at a Li/Co 
molar rates of 20 (run2-14). ICDD data of (c) LiCoO2 (PDF 75-0532) and (d) Si (PDF 42-1467).
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LiCoO2 LIB

NaCl LiCoO2 run2-1 LIB 0.1C

Fig.2.18 138 mAh g-1 LiCoO2
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Ni Mn C 10C
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Fig.2.18 Voltage-capacity profile of a LIB using NaCl-flux grown LiCoO2 crystals (run 2-1) 
measured at 0.1C.
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Fig.2.19 Ratecapabilities of LIBs using (a) flux-grown LiCoO2 crystals (run2-1), (b) flux-grown 
Li0.96CoO2 crystals (run 2-3), and (c) commercially available LiCoO2 powders.
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Fig.2.21 LiCoO2 samples used in LIBs for rate property investigations.
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Fig.2.20 Retantion ratios of C-rate capacities at LIBs using each LiCoO2 samples.
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LiCl-KCl Li1+xMn2-xO4 LIB

 

LiMn2O4 LIBs 1-4LiMn2O4

Fig.3.1 Fd3
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4 V 2 LiMn2O4 Li1-xMn2O4 + xLi+ + xe-

3 V 3 LiMn2O4 + Li+ + e-
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Li+ 3MnO6 Jahn-Teller 1,8
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Fig. 3.1 Crystal structure of LiMn2O4.
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LiMn2O4
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LiCl-KCl Li1+xMn2-xO4

MnCO3 Li2CO3

LiCl KCl

MnCO3 Li2CO3 4:1

LiCl KCl 59.5 : 40.5

Table3.1 15

min 30 cc 15ºC min-1

500 900ºC 5 h 50ºC h-1 500ºC

100ºC

X XRD Mini Flex X

CuK = 1.54518 Å International Centre for Diffraction 

Data Powder Diffraction File ICDD PDF 400LiMn2O4

2 = 43.8º
23 ICP-OES

SPS5510

FE-SEM JSM-7000F SEM

100

HRTEM EM-002B

200 kV SAED
24

Table3.1 Growth conditions for Li1+xMn2-xO4 crystals by a LiCl-KCl flux method.

 

run

solute flux
solute

concentration
(mol%)

holding
temperature

/ ºC
Li2CO3

/ g
MnCO3

/ g
LiCl
/ g

KCl
/ g

3-1 0.544 3.383 3.999 6.785 10 900
3-2 1.191 7.413 1.898 2.272 30 900
3-3 1.564 9.732 1.068 1.278 50 900
3-4 1.806 11.238 0.528 0.632 70 900
3-5 1.564 9.732 - - (100) 900
3-6 1.564 9.732 1.068 1.278 50 1100
3-7 1.564 9.732 1.068 1.278 50 600
3-8 1.564 9.732 1.068 1.278 50 500
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Li1+xMn2-xO4 LIB

Li1+xMn2-xO4 R2032 LIBs

Li1+xMn2-xO4

80:10:10 N- -2-

120ºC 12 h 99.9%

1 M

1 M LiPF6 in 7EC/3DMC O2

H2O 1 ppm Ar LIBs

LIB HJ1001SD8

constant current cc 3.0 4.5 V 25ºC
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LiCl-KCl Li1+xMn2-xO4

LiCl-KCl Li1+xMn2-xO4 900ºC

10 100 mol% run3-1 5 XRD Fig.3.2

XRD LiMn2O4 ICDD PDF 35-0782

LiMn2O4 50 mol% XRD

a = 8.244 Å a = 8.247 Å 5

ICP Li/Mn 0.610 Li

Li1.14Mn1.86O4 LiMn2O4

Li LiCl K Cl

Li1.14Mn1.86O4

 

Fig.3.2 XRD profiles of pulverized crystallites grown at solute concentrations of (a) 10 mol% 
(run3-1), (b) 30 mol% (run3-2), (c) 50 mol% (run3-3), (d) 70 mol% (run3-4), (e) 100 mol% 
(flux-free condition, run-3-5), and I CDD data of (c) LiMn2O4 (PDF 35-0782).
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Li1+xMn2-xO4 SEM Fig.3.3 50 mol%

Fig.3.3(c,d) 0.6 1.8 μm
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Fig.3.3 SEM images of Li1+xMn2-xO4 crystals grown at solute concentrations of (a) 10 mol% 
(run3-1), (b) 30 mol% (run3-2), (c,d) 50 mol% (run3-3), (e,f) 70 mol% (run3-4), and (g,h) 100 
mol% (flux-free condition, run3-5).
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Fig.3.4 (a) Low- and (b) high-magnification SEM images, and (c) XRD profile of Li1+xMn2-xO4

crystals grown at a flux evaporation rate of 66% (run3-6).
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50 mol% 600ºC run3-7 500ºC run3-8

XRD Fig.3.5

600ºC XRD LiMn2O4 ICDD ICP

Li/Mn 0.567 Li1.09Mn1.91O4

500ºC LiMn2O4 Mn2O3 ICDD PDF 41-1442

SEM Fig.3.6 600ºC

0.2 μm 900ºC

500ºC

Fig.3.5 XRD profiles of pulverized crystallites grown at holding temperatures of (a) 600°C 
(run3-7) and (b) 500°C (run3-8).
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Fig.3.6 SEM images of Li1+xMn2-xO4 crystals grown at holding temperatures of (a,b) 600°C 
(run3-7) and (c) 500°C (run3-8).

100 nm1 μm

(a) (b)

100 nm

(c)



52 
 

900ºC Li1.14Mn1.86O4 run3-3 600ºC

Li1.09Mn1.91O4 run3-7 TEM Fig.3.7

SAED

SEM

{111}

{100} Fig.3.8

50 mol% 900 ºC 600 ºC

Li1+xMn2-xO4

 
Fig.3.7 (a) Bright-field TEM image, (b) SAED patterns, and (c) lattice image of a Li1.14Mn1.86O4

crystal (run3-3). (d) Bright-field TEM image, (e) SAED patterns, and (f) lattice image of a 
Li1.09Mn1.91O4 crystal (run3-7).
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Fig.3.8 Crystal shapes of typical flux-grown Li1+xMn2-xO4 crystals.
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Li1+xMn2-xO4 LIB

900ºC Li1.14Mn1.86O4 run3-3 600ºC

Li1.09Mn1.91O4 run3-7 LIBs 0.33C

Fig.3.9(a) 3.8-4.1V

103 97 mAh g-1 99 97%

Li1+xMn2-xO4
11,12

LIBs 0.33C Fig.3.9(b)

Li1.14Mn1.86O4 Li1.09Mn1.91O4 50 90

88% 2

Li Li1+xMn2-xO4 Mn

LiMn2O4 Li1.14Mn1.86O4 Li1.09Mn1.91O4 Mn

+3.5 +3.785 +3.545 LiMn2O4 Mn+3 MnO6 Jahn-Teller
10-12Mn Li1+xMn2-xO4

Jahn-Teller Li1+xMn2-xO4 Mn3+/Mn+4

{111} {100}

Li1+xMn2-xO4 Mn3+

{111} {100} {110} {211}

Mn3+

9 LIBs Fig.3.9(c) 1C

88% 93% 5C 69% 80% 10C 50% 65%

Li1.14Mn1.86O4 Li1.09Mn1.91O4

Li1.09Mn1.91O4 Li1.14Mn1.86O4



55 
 

 
Fig.3.9 (a) Voltage-capacity profiles at 0.1C rate and first cycles, (b) cycle properties, and (c) rate 
properties of LIBs using Li1.14Mn1.86O4 crystals (run3-3) and Li1.09Mn1.91O4 crystals (run3-7).
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3 LiCl-KCl Li1+xMn2-xO4 LIB
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Fig.4.1 Crystal structure of Li5La3Nb2O12.
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La2O3

2O Nb2O5

Table4.1 La2O3 2O Nb2O5

Li5La3Nb2O12 LiOH

15 min

30 cc 99.9% 500ºC h-1

10 h 200ºC h-1 300ºC

100ºC

X XRD Mini Flex X

CuK = 1.54518 Å International Centre for Diffraction 

Data Powder Diffraction File ICDD PDF

FE-SEM JCM-5700

HRTEM EM-002B TEM 200 kV

SALD-7100

Table4.1 Growth conditions of Li5La3Nb2O12 crystals by a LiOH flux method.

 

run

solute flux
solute

concentration
(mol%)

holding
temperature

/ ºC
LiOH·H2O

/ g
La2O3

/ g
Nb2O5

/ g
LiOH·H2O

/ g

4-1 1.209 3.005 1.634 4.902 5 500
4-2 0.421 0.981 0.533 8.336 1 500
4-3 1.738 4.049 2.202 4.902 10 500
4-4 2.104 4.902 2.666 1.683 20 500
4-5 1.209 3.005 1.634 4.902 5 900
4-6 1.209 3.005 1.634 4.902 5 400
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500ºC 5 mol% run4-1

Li5La3Nb2O12 Li5La3Nb2O12 SEM Fig.4.2 60 m

{211} {110}

 
Fig.4.2 (a) Low- and (b) high-magnification SEM images of Li5La3Nb2O12 crystals grown at a 

holding temperature of 500°C and a solute concentration of 5 mol% (run4-1). (c) Schematic 

drawing of a Li5La3Nb2O12 crystal surrounded by {211} and {110} faces. 

100 μm

(a)

{211}

{110}

20 μm

(b) (c)
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Fig.4.3 95% 47 71 m

59.2 m SEM Li5La3Nb2O12

XRD Fig.4.4 XRD

Li5La3Nb2O12 ICDD PDF 75-0532 Li5La3Nb2O12

XRD a = 1.281 nm

a = 1.282 nm 4

 
Fig.4.3 Particle size distribution for Li5La3Nb2O12 crystals grown at a holding temperature of 
500°C and a solute concentration of 5 mol% (run4-1) measured using a laser diffraction method.
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Fig.4.4 XRD profile of pulverized crystallites grown at a holding temperature of 500°C and a 
solute concentration of 5 mol% (run4-1).
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Li5La3Nb2O12 TEM Fig.4.5 [113] [012] SAED

Li5La3Nb2O12

[113] SAED d220 d211

0.455 0.525 nm Li5La3Nb2O12 d220 = 0.455

d211 = 0.525 nm

Li5La3Nb2O12 LiOH

Li5La3Nb2O12

 
Fig.4.5 (a,b) TEM SAED patterns and (c) lattice image of a Li5La3Nb2O12 crystal grown at a 
holding temperature of 500°C and a solute concentration of 5 mol% (run4-1).
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500ºC 1 run4-2

10 run4-3 20 mol% run4-4 XRD

Fig.4.6 1 10 mol% XRD Li5La3Nb2O12

ICDD PDF 45-0109 Li5La3Nb2O12

20 mol% Li5La3Nb2O12

La(OH)3 ICDD PDF 36-1481 La2O3 H2O

La(OH)3 La2O3

LiOH3 SEM Fig.4.7

1 mol%

30 m 5 mol% 10 mol%

50 m 5 mol%

5 mol%

1 mol%

10 mol%

Li5La3Nb2O12

 
Fig.4.6 XRD profiles of pulverized crystallites grown at solute concentrations of (a) 1 mol% 

(run4-2), (b) 10 mol% (run4-3), and (d) 20 mol% (run4-4).
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500ºC LiOH Li5La3Nb2O12

5 10 mol% 20 mol%

Li5La3Nb2O12 La2O3 La(OH)3

Fig.4.7 SEM images of Li5La3Nb2O12 crystals grown at solute concentrations of (a, b) 1 mol% 

(run4-2), (c, d) 10 mol% (run4-3), and (e, f) 20 mol% (run4-4).
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(c) (d)
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5 mol%

900ºC run4-5 400ºC run4-6 XRD

Fig.4.8 900ºC Li5La3Nb2O12

400ºC Li5La3Nb2O12 LiNbO3 ICDD PDF 74-2237 Nb2O5

ICDD PDF 76-0977 La(OH)3 SEM Fig.4.9

900ºC 60 m

500ºC 900ºC

0.9 wt% 31.2 wt%

31.2 wt% 7.1 mol%

Li5La3Nb2O12 Li-rich

200ºC h-1

Li5La3Nb2O12 400ºC

LiOH 471ºC 9

 
Fig.4.8 XRD profiles of pulverized crystallites grown at holding temperatures of (a) 900°C

(run4-5) and (b) 400°C (run4-6).
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4 Li5La3Nb2O12 LiOH 5 mol%

500ºC {211} {110} Li5La3Nb2O12

59 m XRD

Li5La3Nb2O12 a = 1.281 nm a =

1.282 nm TEM Li5La3Nb2O12

1 mol%

30 m Li5La3Nb2O12 10 mol%

60 m Li5La3Nb2O12 20 mol%

Li5La3Nb2O12 LiNbO3 LaOH3

5 mol%

Li5La3Nb2O12 10 mol%

900ºC Li5La3Nb2O12

Li5La3Nb2O12

400ºC Li5La3Nb2O12 LiNbO3 Nb2O5 LaOH3

 

Fig.4.9 SEM images of Li5La3Nb2O12 crystals grown at holding temperatures of (a) 900°C

(run4-5) and (b) 400°C (run4-6).
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LiCoO2 LIB

1
1-7

LIB
8

Li+ e-

9-11

5-7

LiCoO2

12 LiCoO2 10-2 S cm-2

2 NaCl LiCoO2

LIBs 900ºC

LiCoO2

LiNO3-LiOH 186ºC

60.1 : 39.1 mol 13

LiNO3-LiOH LiCoO2

LIB LiNO3-LiOH

LiCoO2 LIB LiCoO2

Pt LiCoO2

LIB
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LiNO3-LiOH LiCoO2

Co(NO3)2 6H2O 98% LiNO3

2O Co(NO3)2 6H2O LiCoO2

Co 2.496 g Li LiNO3

LiOH H2O 6.828 g 2.676 g Co 5 mol%

LiNO3 LiOH LiNO3 : LiOH = 60.4 : 39.6 mol

30 cc 99.9% 15ºC min-1

200 500ºC 3 h 200ºC h-1 100ºC

100ºC

X XRD Mini Flex X

CuK = 1.54518 Å International Centre for Diffraction 

Data Powder Diffraction File ICDD PDF 003LiCoO2

104LiCoO2 2 = 18.9º 2 = 45.2º

14 ICP-OES SPS5510

FE-SEM JSM-7600F

SEM 200

TEM EM-002B

SAED
15

LiNO3-LiOH LiCoO2 LIB

LiCoO2 R2032 LIBs LiCoO2

80:15:5 wt%

N- -2-

120ºC 24 h

99.9%

1 M

1 M LiPF6 in EC/DMC/EMC

O2 H2O 1 ppm Ar

LIBs LIB HJ1001SD8

cc 2.5 4.2 V 25ºC
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LiCoO2

Pt 14 t0.1 mm 30 cc

99.9% Pt LiCoO2

10 10 mm Pt

500ºC LiCoO2

15 min

700ºC h-1

700ºC 1 h

XRD X CuK = 1.54518 Å

ICDD PDF 003LiCoO2 104LiCoO2

2 = 18.9º 2 = 45.2º
14

FE-SEM TEM SEM 200

SAED
15

LiCoO2 LIB

LiCoO2 Pt 120ºC 24 h

1 M LiPF6 in EC/DMC/EMC O2

H2O 1 ppm Ar LIBs

LIB HJ1001SD8

cc 2.5 4.2 V 25ºC

CV EIS

VSP-300 CV 3.0 4.2 V

0.1 2 mV s-1 25ºC EIS 106 10-3 Hz

10 mV 25ºC
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LiNO3-LiOH LiCoO2

500ºC LiCoO2

SEM Fig.5.1

160 nm 50 nm XRD Fig.5.2

XRD LiCoO2 ICDD PDF 75-0532 LiCoO2

XRD a = 2.784 Å

c = 14.248 Å a = 2.816 Å c = 14.052 Å 16 a

0.032 Å c 0.196 Å

Li+ Co3+ 3a 3b Li+

Co3+ 3a 3b 17,18 ICP

Li Co 1.00

LiCoO2 Li+

LiCoO2
19 LIB

LiCoO2 TEM Fig.5.3

SAED LiCoO2

LiCoO2

LiNO3-LiOH

500ºC LiCoO2

 
Fig.5.1 (a) Low- and (b) high-magnification SEM images of LiCoO2 crystals grown at a holding 
temperature of 500ºC.
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(a) (b)

300 nm
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Fig.5.2 XRD profiles of (a) pulverized crystallites grown at a holding temperature of 500ºC and (b) 
ICDD data of LiCoO2 (PDF 75-0532).
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Fig.5.3 (a) Bright-field TEM micrograph, (b), lattice image, and (c) SAED pattern taken from a 
single LiCoO2 crystal.
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300ºC 200ºC

XRD Fig.5.4 300ºC LiCoO2

200ºC Co3O4 LiCoO2

Co(NO3)2 6H2O Co3O4

SEM Fig.5.5 300ºC

500ºC 200ºC

 
Fig.5.4 XRD profiles of pulverized crystallites grown at holding temperatures of (a) 300ºC and
(b) 200ºC. ICDD data of (c) LiCoO2 (PDF 75-0532), and (d) CoO (PDF 09-0402).

10 20 30 40 50 60 70 80

In
ten

sit
y 

(a
rb

. u
ni

ts)

2  / degree

(a)

(b)

(c)

(d)

 
Fig.5.5 SEM images of (a) LiCoO2 crystals grown at 300ºC and (b) Co3O4 powders obtained at 
200ºC.

300 nm

(a) (b)
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LiNO3-LiOH LiCoO2 LIB

500ºC LiCoO2

0.1C Fig.5.6 LiCoO2 1

143 mAh g-1 78 % 2 3

130 123 mAh g-1 92% 93%

NaCl LiCoO2

LiCoO2
17-19 Li+ CoO-

Li+ LixCoO2

700ºC

900ºC 20

LIB

 

Fig.5.6 Voltage-capacity profile of a LIB using flux grown LiCoO2 crystals mesured at 0.1C.
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LiCoO2

LiNO3-LiOH LiCoO2 Pt

Pt LiCoO2

Fig.5.7 Fig.5.7(b)

SEM Fig.5.8

430 nm 10 nm 43

370 nm 60 nm

6

LiCoO2

 
Fig.5.7 Digital photographs of the (a) as purchased Pt substrate and (b) after the growth of the 
LiCoO2 crystal layer by flux coating.
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LiCoO2 Pt XRD Fig.5.9

XRD LiCoO2 ICDD PDF 75-0532 Pt ICDD PDF 

04-0802 LiCoO2

ICDD 003LiCoO2 104LiCoO2 101LiCoO2

LiCoO2 {001} {104} {101}

LiCoO2 HMFW

10 nm

a = 2.812 Å c = 14.011 Å HMFW

XRD

LiCoO2 HMFW XRD

HMFW

LiCoO2

a = 2.793 Å c = 14.041 Å LiCoO2

Fig.5.8 Surface SEM images of LiCoO2 crystal layers grown on the Pt substrates with difference 
magnifications (a, b) as grown and (c,d) after annealing at 700 C.
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a = 2.816 Å c = 14.052 Å 16

LiCoO2

 

Fig.5.9 XRD profiles of LiCoO2 crystal layers grown on the Pt substrates (a) as grown and (b) 
after annealed at 700 C. ICDD data of (c) LiCoO2 (PDF 75-0532) and (d) Pt (PDF 04-0802).
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LiNO3-LiOH

500ºC 600ºC 400ºC

LiCoO2 Pt XRD Fig.5.10 600ºC

Li2PtO3

600ºC LiCoO2

400ºC Co3O4

 

Fig. 5.10 XRD profiles of LiCoO2 layers grown on Pt substrates by the flux coating at (a) 600°C 
and (b) 400°C. ICDD data of (c) LiCoO2 (PDF 75-0532) and (d) Pt (PDF 04-0802).
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LiCoO2 Pt TEM Fig. 5.11
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Fig.5.11 (a) Cross-sectional bright-field TEM micrograph of annealed LiCoO2 crystal layer, (b) 

bright-field TEM micrograph of single LiCoO2 crystal in (a) highlighted with the arrow, (c) 

schematic illustration of a LiCoO2 crystal surrounded by {001}, {101}, {012}, and {104} faces, 

(d) SAED pattern of the single LiCoO2 crystal in (b), and (e, f) high-magnification bright-field 

TEM micrograph of the interface between a LiCoO2 crystal layer and the Pt substrate.
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Fig.5.12 Schematic illustrations of growth mechanism of hexagonal-plate shaped LiCoO2 single 

crystal from the substrate.  

(a) (b) (c) (d) (e)
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Fig.5.13 Voltage-capacity profiles of LIBs using LiCoO2 crystal layers grown on the Pt substrates 

(a) as grown and (b) after annealed at 700 C.
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LiCoO2 Pt LIB CV Fig.5.14
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Fig.5.14 CV profiles of a LIB using a LiCoO2 crystal layer grown on a Pt substrate after 

annealing at 700 C.
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LIB EIS Fig.5.15(a-c) LIB 3.0 3.8 V

3.9 4.2 V 3.8 V Co3+

Co4+ LiCoO2 Li+

Li+ LiCoO2

3.9 V LiCoO2

Li+

25,26

Fig.5.15(d) Rsurface Rbulk 16~20

20 50

Fig. 5.15 (a-c) Nyquist profiles of a LIB using a LiCoO2 crystal layer grown on a Pt substrate

after annealing at 700 C, measured at each LIB voltages. (d) Table on resistors obtained from the 

Nyquist profiles.
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Fig.5.16 (a) Voltage-capacity profiles and (b) cyclecapability during 500 cycles of annealed

LiCoO2 crystal layer measured at 1C.
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