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Figure Captions in Supporting Information 

Figure S1. EDS and mapping analysis of CoNi2-OH/L-Asn. (a−d) EDS mapping of Co, Ni and Cl element, 

and (e) EDS of CoNi2-OH/L-Asn. 

Figure S2. TGA analysis of CoNi2-OH/L-Asn 

Figure S3. SEM images of the CoxNi2-x-OH/L-Asn at different Co: Ni feed ratio. (a) CoNi2-OH/L-Asn, (b) 

CoNi-OH/L-Asn and (c) Co2Ni-OH/ L-Asn. 

Figure S4. SEM images of the CoNi2-OH at different LAs. (a-i) CoNi2-OH/L-Glu, CoNi2-OH/L-Asp, CoNi2-

OH/L-Asn, CoNi2-OH/L-Phe, CoNi2-OH/L-Met and CoNi2-OH/L-Ser, CoNi2-OH/L-Arg, CoNi2-OH/L-Lys 

and CoNi2-OH/L-His, respectively. 

Figure S5. XRD analysis of CoNi2-OH and CoNi2-OH/L-Asn. (a) XRD patterns of the CoNi2-OH, CoxNi2-

x-OH/L-Asn. (b) XRD patterns of the CoNi2-OH/L-Asn during synthesis at room temperature. (c) XRD 

patterns of CoNi2-OH/L-Asn at different reaction times. 

Figure S6. XPS analysis of CoNi2-OH and CoNi2-OH/L-Asn. XPS spectra of (a, b) Cl 2p. 

Figure S7. Nitrogen sorption results. Nitrogen adsorption−desorption isotherm and pore size distribution 

analysis of CoNi2-OH, CoNi2-OH/L-Asn. 

Table 1. Surface area and pore volume results of CoNi2-OH, CoNi2-OH/L-Asn. 

Figure S8. Redox reactions of the CoxNi2-x-OH/L-Asn electrodes. 

Figure S9. Cyclic voltammetry curves of Co2Ni-OH/L-Asn, CoNi-OH/L-Asn, and CoNi2-OH. (a-c) CV 

curves at the different scan rates. 

Figure S10. Cyclic voltammetry curves of Co-OH/L-Asn, Ni-OH/L-Asn. (a, b) CV curves at the different 

scan rates. 

Figure S11. Cyclic voltammetry curves and galvanostatic discharge curves of CoNi2-OH/L-Glu, CoNi2-

OH/L-Asp. (a, c) CV curves at the different scan rates, and (b, d) GCD curves at the different current densities. 

Figure S12. Cyclic voltammetry curves and galvanostatic discharge curves of CoNi2-OH/L-Phe, CoNi2-

OH/L-Met and CoNi2-OH/L-Ser. (a, c, e) CV curves at different scan rates, and (b, d, f) GCD curves at 

different current densities. 

Figure S13. Cyclic voltammetry curves and galvanostatic discharge curves of CoNi2-OH/L-Arg, CoNi2-

OH/L-His and CoNi2-OH/L-Lys. (a, c, e) CV curves at different scan rates, respectively, and (b, d, f) GCD 

curves at different current densities. 

Figure S14. Capacitive and diffusion-controlled contributions to charge storage. (a) CV curves of CoNi2-

OH/L-Asn at different scan rates. b) The plots of log(i) against log(v) for CoNi2-OH/L-Asn. c) Separation of 
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the capacitive and diffusion-controlled currents of CoNi2-OH/L-Asn electrode at a scan rate of 5 mV s-1. d) 

Relative contributions of the capacitive and diffusion-controlled charge storage processes at different scan 

rates. 

Figure S15. Nyquist plots of CoxNi2-x-OH/L-Asn electrodes. 

Figure S16. Cyclic voltammetry curves and galvanostatic discharge curves of N-rGO. (a) CV curves, (b) 

GCD curves  

Figure S17. (a) CV curves for CoNi2-OH/L-Asn and N-rGO. (b) CV curves of the CoNi2-OH/L-Asn//N-rGO 

device obtained in different potential windows. 

Figure S18. The specific capacity values of the CoNi2-OH/L-Asn//N-rGO devices at different current 

densities. 

Figure S19. The TEM images of the electrode materials after 3000 cycles. 

Table S2. Comparison of the electrochemical performance of ultrathin CoNi2-OH/L-Asn electrode materials 

with the values in recent literature. 

Table S3. The electrochemical cycling stability of the asymmetric supercapacitors based on the CoNi2-

OH/L-Asn//N-rGO devices for recently reported ASC. 

Table S4. Comparison of the energy density and power density of ultrathin CoNi2-OH/L-Asn electrode with 

the values reported in recent literature.  
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Figure S1. EDS and mapping analysis of CoNi2-OH/L-Asn. (a−d) EDS mapping of Co, Ni and Cl element, 

and (e) EDS of CoNi2-OH/L-Asn. 

 

Figure S2. TGA analysis of CoNi2-OH/L-Asn 

The TG curve of the CoNi2-OH/L-Asn sample in the temperature range of 25-800 °C (see 

figure below). The analysis of the TGA curve is based on a previous publication.1The CoNi2-

OH/L-Asn underwent weight loss of 33.7% in four steps indicated by the zones I, II, III, and 
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IV on the graph. The weight loss below 50 °C (stage I) is ascribed to the removal of the 

adsorbed water. The weight loss (9.54%) between 50 and 145 °C (stage II) is assigned to the 

evaporation of the intercalated water molecules. The weight loss (20.36%) ranging from 145 

to 400 °C (stage III) is associated with the loss of water molecules produced by 

dehydroxylation of the hydroxide layers combined with the partial loss of Cl−. Finally, the 

stage IV ending at about 700 °C can be attributed to the loss of Cl- ions. Therefore, the 

composition of the as-prepared CoNi2-OH/L-Asn sample was estimated to be 

CoNi2(OH)4.05Cl0.34·1.79H2O (Co, 20.3%; Ni, 40.53%; OH-, 23.77%; Cl-, 4.19%; H2O, 

11.14%;). The predominant anionic species in the interlayer of the CoNi2-OH/L-Asn sample 

was Cl- ions, which were accommodated in the interlayer together with water molecules. 

 

Figure S3. SEM images of the CoxNi2-x-OH/L-Asn at different Co: Ni feed ratio. (a) CoNi2-OH/L-Asn, (b) 

CoNi-OH/L-Asn and (c) Co2Ni-OH/L-Asn. 
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Figure S4. SEM images of the CoNi2-OH at different LAs. (a-i) CoNi2-OH/L-Glu, CoNi2-OH/L-Asp, CoNi2-

OH/L-Asn, CoNi2-OH/L-Phe, CoNi2-OH/L-Met and CoNi2-OH/L-Ser, CoNi2-OH/L-Arg, CoNi2-OH/L-Lys 

and CoNi2-OH/L-His, respectively. 

 

 
Figure S5. XRD analysis of CoNi2-OH and CoNi2-OH/L-Asn. (a) XRD patterns of the CoNi2-OH, CoxNi2-

x-OH/L-Asn. (b) XRD patterns of the CoNi2-OH/L-Asn during synthesis at room temperature. (c) XRD 

patterns of CoNi2-OH/L-Asn at different reaction times. 
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Figure S6. XPS analysis of CoNi2-OH and CoNi2-OH/L-Asn. XPS spectra of (a, b) Cl 2p. 

 

 
Figure S7. Nitrogen sorption results. Nitrogen adsorption−desorption isotherm and pore size distribution 

analysis of CoNi2-OH, CoNi2-OH/L-Asn 

Table 1. Surface area and pore volume results of CoNi2-OH, CoNi2-OH/L-Asn. 

Entry Surface area (cm3 g-1) Pore volume (cm3 g-1) 

CoNi2-OH 83.3 0.7247 

CoNi2-OH/L-Asn 238.3 0.417 
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The redox reaction of CoxNi2-x-OH/L-Asn:2 

Ni(OH)2 + OH− = NiOOH + H2O + e−  

Co(OH)2 + OH− = CoOOH + H2O + e−  

CoOOH + OH− = CoO2 + H2O + e− 

Figure S8. Redox reactions of the CoxNi2-x-OH/L-Asn electrodes. 

 

 
Figure S9. Cyclic voltammetry curves of Co2Ni-OH/L-Asn, CoNi-OH/L-Asn, and CoNi2-OH. (a-c) CV 

curves at the different scan rates. 

 
Figure S10. Cyclic voltammetry curves of Co-OH/L-Asn, Ni-OH/L-Asn. (a, b) CV curves at the different 

scan rates. 
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Figure S11. Cyclic voltammetry curves and galvanostatic discharge curves of CoNi2-OH/L-Glu, CoNi2-

OH/L-Asp. (a, c) CV curves at the different scan rates, and (b, d) GCD curves at the different current densities. 
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Figure S12. Cyclic voltammetry curves and galvanostatic discharge curves of CoNi2-OH/L-Phe, CoNi2-

OH/L-Met and CoNi2-OH/L-Ser. (a, c, e) CV curves at different scan rates, and (b, d, f) GCD curves at 

different current densities. 
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Figure S13. Cyclic voltammetry curves and galvanostatic discharge curves of CoNi2-OH/L-Arg, CoNi2-

OH/L-His and CoNi2-OH/L-Lys. (a, c, e) CV curves at different scan rates, respectively, and (b, d, f) GCD 

curves at different current densities.
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Figure S14. Capacitive and diffusion-controlled contributions to charge storage. (a) CV curves of CoNi2-

OH/L-Asn at different scan rates. b) The plots of log(i) against log(v) for CoNi2-OH/L-Asn. c) Separation of 

the capacitive and diffusion-controlled currents of CoNi2-OH/L-Asn electrode at a scan rate of 5 mV s-1. d) 

Relative contributions of the capacitive and diffusion-controlled charge storage processes at different scan 

rates. 

 

Figure S15. Nyquist plots of CoxNi2-x-OH/L-Asn electrodes. 

We used electrochemical impedance spectroscopy (EIS) to evaluate the electrochemical performance 
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of the CoxNi2-x-OH/L-Asn electrodes (Fig. S15). The EIS cures show characteristic impedance semicircle 

of the transmission process in the high frequencies (HFs) zone and the characteristic straight line of the 

diffusion in the low-frequency zone. The Warburg impedance is caused by the polarization of the 

concentration difference. The inset image in Fig. S15 shows the equivalent circuit. The Nyquist plots 

obtained the intersection point of the semicircle of HFs on the real axis represents the series resistance (Rs) 

of the equivalent circuit, which mainly includes the intrinsic resistance and diffusion resistance of the active 

materials and the charge transfer resistance with the electrolyte. The diameter of the semicircle in the high-

frequency region was ascribed to the charge-transfer resistance (Rct) linked to the exchanged current as 

defined in the Butler–Volmer equation. Real electrodes behave slightly more complex because of dispersion 

factors. These factors are mainly due to geometric aspects, such as electrode porosity and electrode 

roughness, especially for pseudocapacitors, active sites, and activation energy dispersion. Such fractal 

electrodes induce frequency dispersions of the electrical parameters. It is not accurate to simply consider 

the equivalent electrode interface dual-layer to a pure capacitor. To represent the electrical dispersions 

occurring in a real electrode, we used the constant phase element (CPE) introduced into the equivalent 

circuit. Fig. S15 demonstrates the estimation of Rs of Co(OH)2/L-Asn, Co2Ni-OH/L-Asn, CoNi-OH/L-Asn, 

CoNi2-OH/L-Asn and Ni(OH)2/L-Asn material as electrodes, and the values are 0.93, 0.66, 0.62, 0.59 and 

0.45 Ω, respectively. The CoNi2-OH/L-Asn has the lowest Rs than the other CoxNi2-x-OH/L-Asn electrodes, 

which can be attributed to the excellent structural properties. 

 

Figure S16. Cyclic voltammetry curves and galvanostatic discharge curves of N-rGO. (a) CV curves, (b) 

GCD curves  
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Figure S17. (a) CV curves for CoNi2-OH/L-Asn and N-rGO. (b) CV curves of the CoNi2-OH/L-Asn//N-rGO 

device obtained in different potential windows. 

 

Figure S18. The specific capacity values of the CoNi2-OH/L-Asn//N-rGO devices at different current 

densities. 

 

Figure S19. The TEM images of the electrode materials after 3000 cycles. 
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Table S2. Comparison of the electrochemical performance of ultrathin CoNi2-OH/L-Asn electrode materials 

with the values in recent literature. 

Device Capacitance (F 

g-1)  

Cycling  

number 

Cycling 

retention 

References 

CC@NiCo2Alx-LDH 1137  10000 (5 A g-1) 100% 13 

CBC-N@LDH 1949.5 5000 (10 A g-1) 74.4% 24 

CNTs@NCDHNs 1823 ~ ~ 45 

NiCo2S4  1036 2000 (5 A g-1) 87% 56 

LDHGOS 2246 1500 (20 mV s-1) 67 67 

NiCoP/NiCo-OH 1100 1000 (5 A g-1) 90% 78 

Ni/Co-LDH 1652 2000 (5 A g-1) 100% 82 

Co3O4@Co-MOF 1020 5000 (5 A g-1) 96.7% 99 

CoNi2-OH/L-Asn 2608 3000 (5 A g-1) 100% This work 

 

 

Table S3. The electrochemical cycling stability of the asymmetric supercapacitors based on the CoNi2-

OH/L-Asn//N-rGO devices for recently reported ASC. 

Device Potential 

window (V) 

Cycling  

number 

Cycling 

retention 

References 

Ni-Co LDH//RGO 0-1.6 5000 (5 A g-1) 82 % 110 

Ni-Co LDH@rGO//rGO 0-1.5 4000 (5 A g-1) 80.2 % 211 

CoAlNi-LDH-NR//AC 0-1.6 3000 (2 A g-1) 82.2 % 312 

Ni/Co-N-350//PC 0-1.5 5000 (~) 82.4 % 413 

NiCo2S4//G/CS 0-1.6 10000 (5 A g-1） 78.6 % 56 

NSH//rGH 0-1.7 3000 (3 A g-1) 73.2 % 614 

Ni−Co1.5−O//RGO@Fe3O4. 0-1.5 10000 (5 A g-1) 79.4 % 715 

NiCo2S4/NCF//OMC/NCF 0-1.7 10000 (7.4 A g-1) 70.4 % 816 

Ni/Co-LDHs//AC 0-1.6 1000 (100 mV s-1) 75.8 & 917 

CoNi2-OH/L-Asn //N-rGO 0-1.6 5000 (10 A g-1) 82.4 % This work 
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Table S4. Comparison of the energy density and power density of ultrathin CoNi2-OH/L-Asn electrode with 

the values reported in recent literature.  

Device Energy density 

(Wh/kg) 

Power density 

(W/kg) 

References 

CC@NiCo2Alx-LDH// ZPC 44 462 13 

Ni0.7Co0.3(OH)2-0.2m-SH//AC 40.1 400.5 218 

NCH//rGH 44.4 460 314 

CBC-N@LDH//CBC-N 36.3 800.2 44 

NiCo2S4//G/CS 42.3 476 56 

Co-Ni-B-S/NF//AC/NF 50.0 857.7 619 

Co0.2Ni0.8(OH)2//NGA 45.21 199.8 720 

CoNi2-OH/L-Asn 64.9 799.9 This work 
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