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Table S1. Elemental composition      

        

  at.% 

  O1s Co2p C1s F1s P2p Li1s Al2s 

c-LCO 55.1 16.9 0.4 0.0 0.0 27.7 0.0 

p-LCO-400 55.8 15.0 0.2 0.0 0.0 28.9 0.0 

p-LCO-550 87.3 11.5 1.2 0.0 0.0 0.0 0.0 

p-LCO-700 78.5 19.8 1.7 0.0 0.0 0.0 0.0 

w-LCO 50.6 3.7 2.5 34.0 4.9 0.0 4.3 

r-LCO 77.9 20.3 1.8 0.0 0.0 0.0 0.0 
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Figure S1. Survey scans of LCO samples showing all the elements identified. a) c-LCO and p-LCO-

T, b) w-LCO and r-LCO-based samples.  

 

  

  



  

Figure S2. Li1s signal of LCO samples (black arrow). a) c-LCO, b) p-LCO-400, c) p-LCO-550, d) p-

LCO-700, e) w-LCO, f) r-LCO. The Co3p peak is also reported and complicates the evaluation of 

Li1s.  

 



 

Figure S3. O1s spectra of LCO samples. a) C-LCO, b) P-LCO-400, c) P-LCO-550, d) P-LCO-700, 

e) W-LCO, f) r-LCO. 

Fitting criteria for Co2p and O1s core levels. 

The Co2p spectra were deconvoluted into two main components and two characteristic satellites. The 

Co(III) at 779 - 780 eV and the corresponding satellite at 790 eV, the Co(II) at 780 – 781 eV with its 

satellite at 785-786 eV. [1–3] An additional peak was also included between 782 – 783 eV according 

to the literature of Co3O4 and ascribed to multiple transitions. [4]The peak was required due to the 

similarities in terms of the spectra’ shape of the samples with that mixed Co compound. C 1s core 

levels were acquired as well and fitted according to previous studies (data not shown). [5, 6]Within 

the O1s fitting, seven different components were identified and associated with O double bonded to 

metal (M=O, < 528 eV), [7]O in the crystalline lattice ( O lattice, 528.5 – 529.5 eV), [8] O defects 



and vacancies (O vacancies, 530 – 531 eV, [9] surface adsorbed O and OH groups (ads O/OH, 531 – 

532 eV), [10]various forms of organic O adsorbed over the surface (organic O, 532 – 533 eV), 

[11]carbonate and CO groups (CO3
2-/CO, 533 – 534 eV), [12] and adsorbed water (>534 eV). [6] 

 

 

Table S2. Chemical Speciation of identified elements 

  c-LCO 
p-LCO-

400 

p-LCO-

550 

p-LCO-

700 
w-LCO r-LCO 

Comp 
BE 

(eV) 

rel.

% 

BE 

(eV) 

rel.

% 

BE 

(eV) 

rel.

% 

BE 

(eV) 

rel.

% 

BE 

(eV) 

rel.

% 

BE 

(eV) 

rel.

% 

M=O     527.2 
11.

8 
527.4 

16.

5 
527.6 7.6 527.4 

13.

8 

O lattice 529.7 
62.

6 
529.6 

61.

4 
529.4 

42.

8 
529.3 

47.

6 
529.3 

13.

3 
529.5 

46.

1 

O 

vacancies 
530.7 

13.

5 
530.8 7.4 530.8 

24.

4 
530.3 

26.

6 
530.8 

25.

2 
531.1 

31.

3 

ads O/OH 531.6 
16.

2 
531.6 

14.

6 
531.5 9.8 531.9 5.0     

organic O 532.5 6.2 532.3 
11.

0 
532.5 

11.

2 
532.8 4.4 532.4 

28.

1 
532.8 8.9 

CO3
2-/CO 533.6 1.6 533.2 3.1     533.9 

21.

3 
  

water   535.0 2.4     535.5 4.3   

                          

Co(III) 780.0 
41.

7 
779.9 

46.

0 
779.6 

60.

1 
779.5 

67.

5 
779.5 

38.

7 
779.7 

58.

4 

Co(II) 781.0 
38.

3 
781.0 

35.

1 
780.7 

23.

9 
780.8 

20.

8 
781.1 

40.

5 
780.9 

30.

5 

multiplet 782.5 
19.

9 
782.5 

18.

9 
782.9 

15.

9 
783.2 

11.

7 
782.5 

20.

8 
782.8 

11.

0 

sat Co(II) 785.1 0.0 785.0 0.0 785.7 0.0 786.0 0.0 785.7 0.0 785.6 0.0 

sat Co(III) 790.0 0.0 789.9 0.0 790.2 0.0 790.2 0.0 790.2 0.0 790.5 0.0 

             

                          

C defect         284.0 
24.

3 
  

C-C/C-H 285.0 
66.

9 
285.2 

37.

8 
  285.0 

100

.0 
    

C-OH/C-

O-C 
286.3 

16.

7 
286.6 

11.

7 
286.1 

100

.0 
  286.5 

61.

9 
286.0 

100

.0 

C=O 288.6 
10.

5 
288.7 

18.

5 
    289.9 

13.

8 
  

O-

C=O/O=C-

OH 

290.3 5.9 290.3 
32.

0 
        

Shake-up 292.9 0.0 291.2 0.0         



                          

F1         687.4 
82.

2 
  

F2         684.8 
17.

8 
  

                

P1         132.9 
33.

4 
  

P2         136.1 
66.

6 
  

                

Li1s             

                

Al         120.9 
100

.0 
  

 

 

The electrochemical analysis was commenced with the acquisition of cyclic voltammograms (CVs) 

in the working electrolyte of 1M KOH and the achieved trends have been displayed in Figure S4. 

When the glassy carbon electrode was deposited with the electrocatalytic samples i.e. p-LCO-700 

and r-LCO in their pristine form several redox peaks appeared in the positive window whose 

intensities were further enhanced when the sample r-LCO was mixed with KJB and Vulcan XC72R 

in 20/80 ratio and the corresponding samples i.e K-r-LCO and V-r-LCO inferred to be relatively more 

redox active. However, the electrochemical redox events above 0 V vs RHE remain beyond the scope 

of the presented study. Nevertheless, it's important to highlight that beyond such redox events 

(particularly below ca. -0.2 V vs RHE) the HER initiated. Comparatively earlier onset of HER of r-

LCO was further improved with the addition of carbons i.e. KJB and Vulcan XC72R, enhancing the 

HER rates as indicated by the sharper peaks.  

 



 

Figure S4: Cyclic Voltammetry (CV) run without any sample on the electrode surface (Blank) and 

with the deposited (0.6 mg cm-2) on the glassy carbon electrode in the N2-saturated 1M KOH under 

stationary conditions at 5mV s-1 scan rate. CV was performed on the p-LCO-700 and r-LCO in pure 

form while the sample r-LCO with the 80 wt.% addition of KJB (K-r-LCO) and Vulcan XC72R (V-

r-LCO) was analyzed separately.  

 

Figure S5: HER activities of pure carbon black i.e. KJB and VulcanXC72R, and benchmark Pt/C 

(containing 40 wt.% Pt). LSVs at 5mV s-1 (a) and overpotential estimated at -10 mA cm-2 (b) for the 

0.6 mg cm-2 electrocatalyst loadings on RDE rotating at 1600 rpm in N2-saturated 1M KOH.  

 



 

Figure S6: Tafel plots obtained for K-p-LCO-700 (a), K-r-LCO (b), V-p-LCO-700 (c) and V-r-LCO 

(d) with different ratios of active material and carbon back (0 to 80%).  



 

Figure S7: Accelerated Stability Test over the sample V-r-LCO (20/80) acquired by applying 2000 

CV cycles under the stationary conditions with the electrocatalyst loading of 0.6 mg cm-2 loading in 

N2-saturated 1M KOH. The initial and final CV were recorded at the scan rate of 5 mV s-1 while in 

between the sample was cycled at a 50 mV s-1 scan rate.  

Table S2: Comparison of the performance with other Co-based electrocatalysts for HER 

Sample Overpotential at -

10 mA cm-2 (mV) 

Tafel Slope 

(mV dec-1) 

Electrolyte Reference 

K-p-LCO-700 (80/20) 262 136 1M KOH This Work 

V-r-LCO (20/80) 273 130 1M KOH This Work 

CoS2/MoS2/NC-25% 215 80 0.5 M H2SO4 [13] 

Co-NCNTs-10 204  1 M KOH [14] 

CoP@BCN-1 215 52 1M KOH [15] 

Co/N-C-700 84 128 1M KOH [16] 

Fe–Co–O/Co@NC-

mNS/NF 

112 96 1M KOH [17] 

Cu@Cu-Ni-Co 125 79.1 1M NaOH [18] 

Fe-Co3O4/NF 196 109 1M KOH [19] 

Waste LCOd 277 - 1M KOH [20] 

Co/Co3O4 90 44 1M KOH [21] 

CoN-Gr-2 128 67.35 1M KOH [22] 
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