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Figure S1. XRD pattern of Co(OH)2-NS and Co(OH)2-B. Inset shows the photograph of the 

corresponding colloidal dispersion that display the Tyndall effect.  

As well known, it is infeasible to perform X-ray diffraction pattern (XRD) 

characterization on an individual nanosheet. Therefore, XRD pattern was recorded for 

an ultrathin nanosheet-based film which was fabricated by a layer-by-layer assembly 

strategy. As shown in Figure S1, the ultrathin Co(OH)2-nanosheet-based film 

displayed a highly preferred (001) orientation without any desirable impurity peak. 

The clear Tyndall light scattering is discerned for the colloidal suspension, which 

reasonably indicates a large amount of Co(OH)2 nanosheets dispersed in solution. All 

diffraction peaks of bulk-phase in this pattern can be indexed to α-Co(OH)2, as 

reported in ref. 1 
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Figure S2. High magnification SEM image of the as-obtained Co(OH)2-B.  

Typical SEM images shown in Figure S2 reveal that Co(OH)2-B displayed a 

plate-like morphology, consistent with those previously reported. The width of sheets 

was in the ranges of 2-3 μm, and the thickness of plates was about 50-60 nm. 
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Figure S3. (a) and (b): Tapping mode AFM image and the corresponding height profile of the 

as-obtained α-Co(OH)2 nanosheets deposited on a mica substrate. The height profile was 

corresponding to the height of nanosheets. The bar in (a) is 500 nm.  

AFM image shows that the thickness of Co(OH)2-NS was about 12.2 nm (about 5 

Co layers), which provides a direct evidence for the successful exfoliation of 

Co(OH)2-B. Moreover, the number of Co(OH)2 layers was corresponding to the 

LiCoO2-NS layers. 
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Figure S4. a) Tapping mode AFM image of LiCoO2-NS, b) the thickness distribution of LiCoO2 
nanosheets. 

All thickness of LiCoO2 nanosheets in Figure S4 is distributed in a range, 2.2-2.8 
nm. Taking into the consideration that one Co-O layer thickness is about 0.46 nm, we 
can infer that the thickness LiCoO2 nanosheets we obtained is about five to six layers 
of Co-O layers. 
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Figure S5. Photograph of a colloidal suspension of the LiCoO2-NS displaying the Tyndall effect.  

The well-defined Tyndall effect of the LiCoO2-NS solution as displayed in the 
inset of Figure S5 indicates the presence of highly monodispersed ultrathin 
nanosheets in water. 
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Figure S6. Raman spectra for LiCoO2-NS and LiCoO2-B.  

For the layered structure, these are the A1g+Eg+2A2u+2Eu, among which A1g and 

Eg bands are Raman-active. Two active Raman bands of the layered structure, at 593.7 

and 483.2 cm−1, correspond to A1g and Eg.2 Obviously, when compared to the bulk 

counterpart, the Raman bands shifted towards the lower wavenumbers, which could 

be ascribed to the phonon confinement effect associated with the ultrathin thickness 

feature. 
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Figure S7. XPS spectra of LiCoO2-NS: (a) XPS survey of various elements; (b) high resolution Li 

1s XPS spectra, (c) high resolution O 1s XPS spectra, and (d) high resolution Co 2p XPS spectra.  

O 1s core level spectra can be deconvoluted into two peaks: one at 529.4 eV is 

ascribed to the oxygen atoms bound to metals, while another at 531.0 is attributed to 

the surface oxygen species such as hydroxyls that might be absorbed at oxygen 

vacancy site. In addition, full width at half maximum (FWHM) of Co 2p3/2 peak in 

LiCoO2-NS is 2.25 eV, which is broadened when comparing to 1.95 eV for bulk 

LiCoO2.3 These facts observed suggest that Co ions in LiCoO2-NS should be in a 

mixed valence state. The valence and electronic state of LiCoO2-NS were further 

demonstrated by temperature-dependent magnetic susceptibilities.  
  

535 534 533 532 531 530 529 528 527

In
te

ns
ity

 (a
.u

.)

  

 

Binding Energy (eV)

 LiCoO2-NS

 LiCoO2-B

O 1s

36.8 %

24.0 %

810 800 790 780

 Co 2p

Binding Energy (eV)

Co 2p3/2

Co 2p1/2
In

te
ns

ity
(a

.u
.)

58 56 54 52

 

 

 Li 1s

In
te

ns
ity

(a
.u

.)

Binding Energy (eV)
1000 750 500 250 0

Binding Energy (eV)

C
o 

3s

O
 K

L
C

o 
2s

C
o 

LM
M

Li
 1

s

C
 1

s

O
 1

s

C
o 

2p
3/

2

C
o 

2p
1/

2

In
te

ns
ity

(a
.u

.)

d)c)

b)a)



S‐9 
 

                                                                                                               

 

Figure S8. EXAFS curves-fitting result of the sample: (a) bulk and (b) nanosheet LiCoO2. 

 

Table S1. Structural parameters around Co atoms determined by fitting EXAFS data for LiCoO2‐B 

and LiCoO2‐NS. 

Sample Path N R (Å) σ2(10-3Å2) E0 (eV) 

LiCoO2 

Theory  

Co-O 6.0 1.94 - - 

Co-Co 6.0 2.86 - - 

LiCoO2 

Bulk 

Co-O 6.0 1.92 2.9 -3.2 

Co-Co 6.0 2.82 2.7 -6.1 

LiCoO2 

Nanosheets 

Co-O 5.8 1.90 3.1 -4.0 

Co-Co 5.8 2.81 3.0 -8.2 

 

To compare the bonding length and coordination number of the nearest Co-O and 

next nearest Co-Co for LiCoO2-B and LiCoO2-NS, their EXAFS data were processed 

according to the standard procedures using ATHENA and ARTEMIS module 

implemented in the IFEFFIT software packages. The obtained data are listed in Table 

S1, which include the coordination number (N) of Co ion, average bonding length (R), 

Debye-Waller factor (σ2) and edge-energy shift ( E0). The distances and coordination 

number of LiCoO2-NS reduced remarkably, when comparing to the theoretical value 

as well as that of LiCoO2-B, suggesting an increase of disorder due to surface 

distortion.   
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Table S2. OER performances of the samples relative to those of other typical samples 

reported in literature 

catalyst Loading 
(mg cm-2)

electrolytes Onset 
overpotential 

(mV) 

Overpotential 
@10 mA cm-2 

(mV) 
LiCoO2-NS* 0.10 0.1M KOH 300 410 
LiCoO2-BD* 0.10 0.1M KOH 360 510 
LiCoO2-B* 0.10 0.1M KOH 400 — 
LT-LiCoO2

5 0.25 0.1M KOH 330 470 
Fe-Co3O4

6 0.12 0.1M KOH 349 486 
Co3O4-CuCo2O4

7 0.12 0.1M KOH 321 498 
Zn-Co-LDH/CNT8 0.28 0.1M KOH 340 548 
Zn-Co-LDH  
nanosheets9 

0.21 0.1M KOH 230 480 

Mn3O4/CoSe2
10

 0.20 0.1M KOH — 450 
Pt-LiCoO2

11 0.07 0.1M KOH 340 440 
CoO/CNT12 0.15 0.1M KOH 320 390-450 
Co3O4/Ni foam13 1.00 1.0M KOH — 320-380 
Co3O4/C14 0.20 1.0M KOH 240 290 
Porous Co3O4

15 0.10 0.1M KOH — 410-450 
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