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Fig. S1 a FESEM and b TEM images of ZIF-67 
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Fig. S2 XRD pattern of ZIF-67 

 

Fig. S3 FESEM images of a, b Co0.85Se-QDs/C-160, c, d Co0.85Se-QDs/C-180, and e, f Co0.85Se-

QDs/C-220 

 

Fig. S4 XRD patterns of Co0.85Se-QDs/C-160, Co0.85Se-QDs/C-180, and Co0.85Se-QDs/C-220 
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Fig. S5 FESEM images of a, b Co0.85Se-QDs/C-26, c, d Co0.85Se-QDs/C-39, and e, f Co0.85Se-

QDs/C-52 

 

Fig. S6 XRD patterns of Co0.85Se-QDs/C-26, Co0.85Se-QDs/C-39, and Co0.85Se-QDs/C-52 

 

Fig. S7 a FESEM image, b TEM images, c HRTEM, and d SEAD images of Co0.85Se-QDs/C-10 

http://springer.com/40820


Nano-Micro Letters 

S4/S11 

 

 

Fig. S8 a FESEM image, b, c TEM images, d, e HRTEM, and d SEAD images of Co0.85Se-QDs/C-2 

 

Fig. S9 a FESEM image, b TEM image, c HRTEM, and d SEAD images of Co0.85Se-QDs/C-0 

 

Fig. S10 XRD patterns of Co0.85Se-QDs/C-10, Co0.85Se-QDs/C-2 and Co0.85Se-QDs/C-0 
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Fig. S11 TEM micrographs and EDS spectra of Co0.85Se-QDs/C-20. Elemental spectra correspond to 

the Spectrum 1 point on the TEM micrograph 

 

Fig. S12 TG-DSC curves of as-prepared Co0.85Se-QDs/C-20 

Figure S12 shows the TG/DSC curves of Co0.85Se-QDs/C-20. A weight loss happened from 20 to 

150 °C is attributed to the removal of the adsorbed water on the surfaces of Co0.85Se-QDs/C-20. The 

weight loss in the range of 150 to 250 °C is contributed to the combustion of organic species in 

Co0.85Se-QDs/C-20 [S1], corresponding to a small decalescence peak located at about 220 °C in the 

DSC curve. The weight increase occurred at 400 °C due to the partial oxidation of Co0.85Se to 

CoSeO4 and SeO2, and subsequent acute weight losses occurred in the range of 500 to 550 °C due to 

the oxidation of Co0.85Se into Co3O4, the conversion of CoSeO4 to Co3O4 and the evaporation of 

SeO2 [S2]. In addition, the complex reactions are accompanied with the oxidation of carbon. The 

weight decrease corresponds to an obvious decalescence peak at 540 °C. The TG result also 

confirmed the mass content of carbon in the Co0.85Se-QDs/C-20. The total reaction can be simply 

written as: 

3Co0.85Se (S) + 4.7O2 (g) → 0.85Co3O4 (S) + 3SeO2 (g)             (S1) 

C (s) + O2 (g) → CO2 (g)                                         (S2) 

According to the final weight of the Co3O4, it can be calculated the weight of the Co0.85Se and 
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carbon. The original weight is kept for the final products is 38%. Except for the common weight loss 

of adsorption water and organic species of 13%, based on the reaction (S1), the mass content of 

Co0.85Se and carbon in Co0.85Se-QDs/C-20 is calculated as about 72 wt% (0.38×3×129.15/(0.85×241) 

= 72 wt%) and 15 wt%, respectively.  

 

Fig. S13 The survey XPS spectrum of as-prepared Co0.85Se-QDs/C-20 

 

Fig. S14 Cyclic voltammograms of Co0.85Se-QDs/C-20 in the voltage range of 0.01-2.5 V at a scan 

rate of 0.1 mV s-1 

 

Fig. S15 a Discharge/charge voltage profiles of Co0.85Se-QDs/C-20 with the 5th and 100th cycling. b 

Cycling performance of Co0.85Se-QDs/C-20 at a current rate of 50 mA g-1 when using the electrolyte 

of 0.8 M KPF6 in EC: DEC 
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Fig. S16 a Discharge/charge voltage profiles of Co0.85Se-QDs/C-20 with the 5th and 100th cycling. b 

Cycling performance of Co0.85Se-QDs/C-20 at a current rate of 50 mA g-1 when using the electrolyte 

of 1 M KPF6 in Diglyme 

   

Fig. S17 a Galvanostatic discharge/charge curves of Co0.85Se-QDs/C-20 at different rates. From right 

to left: 50, 100, 200, 500, 1000, and 2000 mA g-1, b FESEM images of the Co0.85Se-QDs/C-20 

electrode after 100 cycles at a current density of 100 mA g-1 

 

Fig. S18 The potential pseudocapacitive behavior of the Co0.85Se-QDs/C-20 electrode. a CV profiles 

at different scan rates. b the plots of log(i) vs. log(υ) (peak current: i, scan rate: υ) of Co0.85Se-QDs/C-

20. c The percentages of pseudocapacitive contributions at different scan rates. d The purple region 

shows the CV profile with the pseudocapacitive contribution at scan rate of 0.1 mV s−1 
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Fig. S19 a Nyquist plots of Co0.85Se-QDs/C-20, Co0.85Se-QDs/C-10, Co0.85Se-QDs/C-2, and Co0.85Se-

QDs/C-0 in original cycle (insert of the simplified equivalent circuit model). b Nyquist plots of 

Co0.85Se-QDs/C-20 in the original, 1st, 2nd, 5th, 10th, and 50th cycling cycles 

 

Fig. S20 The ex-situ XRD patterns of Co0.85Se-QDs/C-20 electrode at various voltage 

During the first discharge cycle, the formation of KxCo0.85-xSe by insertion of the K-ion into the 

interlayer of Co0.85Se is similar to the reaction process of Co0.85Se in LIBs [S3]. At the discharge 

voltage from 1.1 to 0.01 V, the appearance of K2Se peaks was attributed to the conversion reaction of 

KxCo0.85-xSe to form K2Se and metal Co. When the charge voltage returns to 2.5 V, the obvious 

Co0.85Se peaks show that K2Se and metal Co are converted back to Co0.85Se. 

Table S1 The element content of Co0.85Se-QDs/C-20 via EDS analysis 

Element Weight (%) Atomic (%) 

C 27.75 69.05 

Co 28.45 14.40 

Se 43.80 16.55 

Totals 100.00 100.00 
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Table S2 Electrochemical performance comparison of some reported negative materials of KIBs 

Active materials Electrochemical performance References 

Co0.85Se-QDs/C-20 402 mAh g-1 for 100 cycles at 50 mA g-1,  

228 mAh g-1 for 500 cycles at 1A g-1 

This work 

Graphite 100 mAh g-1 for 50 cycles at 140 mA g-1 [S4] 

Soft carbon 185 mAh g-1 for 50 cycles at 558 mA g-1 [S4] 

Hard carbon 216 mAh g-1 for 100 cycles at 27.9 mA g-1 [S5] 

S, O-codoped hard 

carbon 

201 mAh g-1 for 200 cycles at 200 mA g-1 [S6] 

Carbon nanofibers 80 mAh g-1 after 20 cycles at 50 mA g-1 [S7] 

NCNFs-650 248 mAh g-1 after 100 cycles at 500 mA g-1 [S8] 

RGO films 120 mAh g-1 after 100 cycles at 10 mA g-1 [S9] 

Polynanocrystalline 

graphite 

80 mAh g-1 after 300 cycles at 100 mA g-1 [S10] 

N-doped graphene 210 mAh g-1 after 100 cycles at 100 mA g-1 [S11] 

VSe2 nanosheet 150 mAh g-1 after 500 cycles at 2 A g-1 [S12] 

N, P-codoped 

carbon/CoP 

127 mAh g-1 after 1000 cycles at 100 mA g-1 [S13] 

MoSe2/C 322 mAh g-1 after 100 cycles at 200 mA g-1 [S14] 

MoS2@SnO2@C 312 mAh g-1 after 25 cycles at 50 mA g-1 [S15] 

KTi2(PO4)3@C 221 mAh g-1 after 50 cycles at 20 mA g-1 [S16] 

MoS2 65 mAh g-1 after 200 cycles at 20 mA g-1 [S17] 

a-Ti3C2 98 mAh g-1 for 20 cycles at 20 mA g-1 [S18] 

  

http://springer.com/40820


Nano-Micro Letters 

S10/S11 

 

Table S3 A comparison of the electronic conductivity of the Co0.85Se-QDs/C-20 and pure Co0.85Se 

Sample Electronic conductivity (S m-1) 

Co0.85Se-QDs/C-20 2.4×103 

Co0.85Se 2.9×10−5 

Table S4 The structure information and total energy of different compositions 
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