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Abstract
In this study, the potential of C38 and Si19Ge19 as anode electrodes of Li-ion, Na-ion and K-ion batteries via density functional theory investigated. The effects of C38 and Si19Ge19 adoption with halogens on ability of metal-ion battery exanimated. Obtained results show that Si19Ge19 as anode electrode in metal-ion batteries has higher potential than C38. Calculated results illustrated that K-ion battery has higher cell voltage and higher performance than Li-ion and Na-ion batteries. Results display that adoption with halogens increase the cell voltage of studied metal-ion batteries and so increase their performances. Calculated results indicated that adopted metal-ion batteries with F have higher cell voltage and higher performance than adopted metal-ion batteries with Cl and Br. Finally it can be concluded that adopted Si18Ge19 with F as anode electrode in K-ion battery has the highest performance and it can be proposed as novel metal-ion batteries with high efficiently for the futuristic industry.
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1 Introduction
Synchronous with collective promotion and extension in diverse sequences include electronics, reproducible energy production device and electric transport, the demand to meet the appending energy request is becoming a fundamental implication of novel universe. Rechargeable batteries are a engaged nomination of stashing electricity in the appearance of chemical power and for convert the proceeding via converting that back to lightning. The phrase accumulator is applied as it acquire and supply energy via a risible electronic chemical reflex.1-3
A rechargeable battery is a kind of electronic battery that has many electro-chemical various cells and it can be recharged several dignity. The cost of buying the rechargeable cells are more than corresponding disposable cells, though rechargeable cells have lower destructive effects on environment and human can recharge them several times. The rechargeable batteries commonly used in starter of car, consumer devices and battery reservoir center.4-6
In lithium-ion battery (LIB) as performance kind of rechargeable cells there are two processes; in charging process the lithium ions transfer from the positive to negative electrode and in discharge process the motion of lithium ions is the reverse of charge process. LIBs have great energy compression, high charge rate, high storage capacity, small memory effect and small self-evacuation. The LIBs are most famous kinds of rechargeable batteries used in house electronics, aerospace usages and transferable electronics.7-12 
Nevertheless, there are some indecisions whether LIBs can provide the needs of the world of industry for transferable energy reservoir in the long range. Evidence from consumers and manufacturers show that LIBs have some anxiety including low safety, high expense, small lifetime and low efficiency in normal temperature. For some usages LIBs are expensive at actual, and a leakage of Lithium currently employed in LIBs can convert to an important issue in future.13-18
Accordingly, abundant investigation have epitomized on the alternative rechargeable ion-batteries, newly.  Due  of  the  low  expense  and  vast accessibility of other metal it  is  predictable  that  the  LIBs  can be  exchanged by  other metal-ion  batteries. Some of other metals are most plentiful elements in the membrane of ground. Nonetheless novel metal-ion batteries as the electrical storage batteries must have high capacity, high performance and high rate in charge and discharge processes.18-23
Extension of appropriate electrode materials clear the road to generation the high efficiently metal-ion batteries. Generally graphite  due to  low  cost,  cyclic durability,  high  energy  stability consumed for anode  electrode,  though graphite  travail from down metal valance and  a  incapable interaction  by metal ion.  For anode electrode some compounds were exanimated such as germanium, transition metals and silicon.24-30
The appearance of all branch of technology speed up the growth of battery materials and electronics devices. Nanostructures hasten the advance of technology of ion-battery via introduce the high efficiently electrodes.31-35 In previous researches the potential and capacity of nano electrodes constructed from nanotubes, nanocages and nanocones. Obtained results demonstrated that nanotubes and nanocages have dominate metal valences and energy capacitor than the graphite.36-42
In previous studies, results confirmed that hydrogenation of nanostructures extremely enhancement their valence when they were anode materials in metal-ion batteries.43-45 In previous works results show that the proficiency of nanostructures as anode can be amended via structural manipulation such as functionalization and adoption with various atoms or chemical groups.46-48 
In previous studies, it is demonstrated that adoption of several atoms of nanostructures can modified the efficiently of metal-ion batteries and also light elements can procreated appropriate adsorption situation for ions that have weak interactions by nanostructures.49-51 Due to positive effects of nanostructure adoption on efficiently of metal-ion batteries, many works have been epitomized on the nanostructures usage as anode of metal-ion batteries.52-55 
In this study, in first step; the potential of C38 and Si19Ge19 nanocages as anode electrode in Li-ion battery via density functional theory investigated. In second step; the C38 and Si19Ge19 nanocages adopted with halogen atoms and effects of these adoptions on ability of Li-ion battery exanimated. In third step; the efficiently level of sodium-ion battery (NIB) and potassium-ion battery (KIB) calculated and compared with corresponding valued of Li-ion battery. In fourth step; the role of adoption with halogen atoms on proficiency of studied NIBs and KIBs investigated. In fifth step; novel metal-ion battery made of adopted nanostructures as anode electrode with high performance for the futuristic industry proposed.
The main questions that answered in this work are: (1) How much are the cell voltages of LIBs made of C38 and Si19Ge19 as anode electrodes? (2) Can NIBs and KIBs be suitable battery with high performance than LIBs? (3) Can halogen adoptions increase the cell voltage of LIBs? (4) How much are the effects of halogen adoption on cell voltage of LIBs, NIBs and KIBs? (5) Which metal-ion batteries have high performance and they can be proposed in future? 
2 Computational details
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this study, the geometry optimization and vibrational frequencies calculation of studied nanostructures (C38 and Si19Ge19), halogen adopted nanostructures (halogen-C37 and halogen-Si18Ge19) and complexes of nanostructures with metal and metal ion (Li-halogen-C37, Li-halogen-Si18Ge19, Na-halogen-C37, Na-halogen-Si18Ge19, K-hlogen-Si18Ge19 and K-halogen-Si18Ge19) done in GAMESS software via DFT/ M06-2X theory and 6-311+G (2d, 2p) basis set.56-58 
The adoption Gibes free energy of halogen adopted nanostructures calculated via (Gad = G (nanostructure/halogen atom) – G (nanostructure) – G (halogen atom)); where G (nanostructure/ halogen atom) corresponds to the Gibes free energy of complexes of nanostructure with halogen atom, G (halogen atom) is the Gibes free energy of the halogen atom and G (nanostructure) is the Gibes free energy of the nanostructure.59-61 
The adsorption Gibes free energy of metal nanostructure complexes calculated via (Gad = G (nanostructure/M or M+) – G (nanostructure) – G (M or M+)); where G (nanostructure/M or M+) corresponds to the Gibes free energy of complexes of nanostructure with metal, G (M) is the Gibes free energy of the metal and G (nanostructure) is the Gibes free energy of the nanostructure.62-64 
The energy difference between the highest unoccupied molecular orbital (HOMO) and the lowest occupied molecular orbital (LUMO) of studied nanostructures defined as HOMO–LUMO Gap (EHLG) and it calculated via (EHLG = ELUMO – EHOMO); where ELUMO and EHOMO are energies of HOMO and LUMO of studied nanostructures.65-67 
In the cathode and anode of LIBs, NIBs and KIBs with hypothetical nanostructure anode it can be expressed the anode reaction is (M/nanostructure ↔ M + + e−) and cathode reaction is (M + + e− ↔ M). The complete reaction for the LIBs, NIBs and KIBs can be defined via (M + + M/nanostructure ↔ M +/nanostructure + M + ΔGcel1). Finally, in order to calculate the cell voltage (Vcell) the Nernst equation are Vcell = −ΔGcell / zF; where F is the Faraday constant (96,500 C/mol) and z is the charge of M+.68-70
3 Results and discussion 
3.1 Efficiently comparison of C38 and Si19Ge19 in metal-ion batteries as anode
In this section the potential of C38 and Si19Ge19 as anodes in metal-ion batteries including LIB, NIB and KIB via DFT method investigated and novel metal-ion battery with higher performance identified. The structure of complexes of C38 and Si19Ge19 with Li, Na and K presented in figure 1. The bond lengths in Å of Li, Na and K with C38 and Si19Ge19 reported in table 1.  
The calculated values of the Gibes free energy (Gad) in kcal/mol of adsorbed metals and metal ions on C38 and Si19Ge19 surfaces presented in table 2. Results in table 2 show that, all calculated Gad values were negatives and so the studied adsorption were possible from thermodynamic view point. Results show that Gad value of K-C38 are more negative than Gad values of Li-C38 and Na-C38. Also Gad value of K-Si19Ge19 are more negative than Gad values of Na-Si19Ge19 and K-Si19Ge19. Results display that Gad values of Li, Na and K on Si19Ge19 are more negative than corresponding values on C38. 
Results illustration that, Gad values of metal ions on C38 and Si19Ge19 are more negative than corresponding values of metal on C38 and Si19Ge19 and the Gad values for studied metal and metal ions have same trends. The Gad absolute values of metal-nanostructure complexes decreased as following: Li-C38 < Na-C38 < Li-Si19Ge19 < K-C38 < Na-Si19Ge19 < K-Si19Ge19 and for metal ion-nanostructure complexes decreased as following: Li+-C38 < Na+-C38 < Li+-Si19Ge19 < K+-C38 < Na+-Si19Ge19 < K+-Si19Ge19. So it can be concluded that K or K+-Si19Ge19 and Li or Li+-C38 have the highest and the lowest Gad absolute values, respectively. 
The calculated EHOMO, ELUMO and EHLG values in eV of complexes of Li, Na and K with C38 and Si19Ge19 reported in table 3. Results in table 3 show that, EHOMO value of K-C38 are less negative than corresponding values of Li-C38 and Na-C38. Also EHOMO value of K-Si19Ge19 are less negative than corresponding values of Li-Si19Ge19 and Na-Si19Ge19. Results display that EHOMO values of Li, Na and K on Si19Ge19 are less negative than corresponding values on C38. 
Results in table 3 show that, EHLG value of K-C38 are less than EHLG values of Li-C38 and Na-C38. Also EHLG value of K-Si19Ge19 are less than EHLG values of Li-Si19Ge19 and Na-Si19Ge19. Results show that, the EHLG values of metal-nanostructure complexes decreased as following: Li-C38 > Na-C38 > K-C38 > Li-Si19Ge19 > Na-Si19Ge19 > K-Si19Ge19. So it can be concluded that K-Si19Ge19 and Li-C38 have the lowest and the highest EHLG values, respectively. 
Figure 1.  Structure of studied complexes.
[image: G:\Pajhoheshgaran-Javan\Submition\JADID\Q\Acta Chimica Slovenica\figure 1.tif]
The calculated Vcell in V of complexes of Li, Na and K with C38 and Si19Ge19 reported in table 2. Results in table 2 show that, Vcell value of K-C38 is more than Vcell values of Li-C38 and Na-C38. Also Vcell value of K-Si19Ge19 is more than Vcell values of Li-Si19Ge19 and Na-Si19Ge19. Results display that Vcell values of Li, Na and K on Si19Ge19 are more than corresponding values on C38. Results show that, the Vcell values of metal-nanostructure complexes decreased as following: Li-C38 < Na-C38 < K-C38 < Li-Si19Ge19 < Na-Si19Ge19 < K-Si19Ge19. So it can be concluded that K-Si19Ge19 and Li-C38 have the highest and the lowest Vcell values, respectively. 
Table 1. Calculated Gad (kcal/mol) and bond length (Å) values of studied complexes.
	Complex
	Gad 
	Complex
	Gad 
	Complex
	Gad 

		F-C37
	-39.99
	Cl-C37
	-37.84
	Br-C37
	-35.70

	F-Si18Ge19
	-45.98
	Cl-Si18Ge19
	-43.52
	Br-Si18Ge19
	-41.06

	Complex
	Bond
	Length 
	Complex
	Bond
	Length 

	Li-C38
	Li------C
	2.33
	Li-Si19Ge19
	Li------Si
	2.73

	Na-C38
	Na------C
	2.47
	Na-Si19Ge19
	Na------Si
	2.86

	K-C38
	K------C
	3.15
	K-Si19Ge19
	K------Si
	3.55

	Li-F-C37
	Li------F
	2.13
	Li-F-Si18Ge19
	Li------F
	2.16

	Na-F-C37
	Na------F
	2.25
	Na-F-Si18Ge19
	Na------F
	2.29

	K-F-C37
	K------F
	2.43
	K-F-Si18Ge19
	K------F
	2.43

	Li-F-C37
	F------C
	1.37
	Li-F-Si18Ge19
	F------Ge
	1.78

	Na-F-C37
	F------C
	1.34
	Na-F-Si18Ge19
	F------Ge
	1.76

	K-F-C37
	F------C
	1.36
	K-F-Si18Ge19
	F------Ge
	1.77

	Li-Cl-C37
	Li------Cl
	2.51
	Li-Cl-Si18Ge19
	Li------Cl
	2.54

	Na-Cl-C37
	Na------Cl
	2.65
	Na-Cl-Si18Ge19
	Na------Cl
	2.65

	K-Cl-C37
	K------Cl
	3.36
	K-Cl-Si18Ge19
	K------Cl
	3.34

	Li-Cl-C37
	Cl------C
	1.73
	Li-Cl-Si18Ge19
	Cl------Ge
	2.18

	Na-Cl-C37
	Cl------C
	1.77
	Na-Cl-Si18Ge19
	Cl------Ge
	2.17

	K-Cl-C37
	Cl------C
	1.75
	K-Cl-Si18Ge19
	Cl------Ge
	2.16

	Li-Br-C37
	Li------Br
	2.66
	Li-Br-Si18Ge19
	Li------Br
	2.67

	Na-Br-C37
	Na------Br
	2.87
	Na-Br-Si18Ge19
	Na------Br
	2.86

	K-Br-C37
	K------Br
	3.47
	K-Br-Si18Ge19
	K------Br
	3.89

	Li-Br-C37
	Br------C
	1.93
	Li-Br-Si18Ge19
	Br------Ge
	2.34

	Na-Br-C37
	Br------C
	1.92
	Na-Br-Si18Ge19
	Br------Ge
	2.32

	K-Br-C37
	Br------C
	1.91
	K-Br-Si18Ge19
	Br------Ge
	2.34



Finally, in according to calculated Gad, EHOMO, EHLG and Vcell values of metal-ion batteries in this section two important results can be concluded: (1) the Si19Ge19 as anode in metal-ion batteries has higher potential than C38 (2) the KIB has higher Vcell and higher performance than NIB and KIB.
3.2 Effects of adoption of C38 and Si19Ge19 with halogens on their performances
In this section the effects of adoption of C38 and Si19Ge19 with F, Cl and Br on their performance as anodes of metal-ion batteries via DFT method investigated. The calculated Gad values of adopted C38 and Si19Ge19 with F, Cl and Br presented in table 1. Results in table 1 show that, all calculated Gad values were negatives and so the adoption of C38 and Si19Ge19 with F, Cl and Br were possible from thermodynamic view point. 
Results show that Gad value of F-C37 are more negative than Gad values of Cl-C37 and Br-C37. Also Gad value of F-Si19Ge19 are more negative than Gad values of Cl-Si18Ge19 and Br-Si18Ge19. Results display that Gad values of Si19Ge19 adoption with F, Cl and Br atoms are more negative than corresponding values of C38 adoption. Results show that, adoption of C38 and Si19Ge19 with F is possible process from thermodynamic view point and F-C37 and F-Si18Ge19 can suitable candidates as anodes of metal-ion batteries.
In this section the potential of adopted C37 and Si18Ge19 with F, Cl and Br as anodes in LIB, NIB and KIB via DFT method investigated. The structure of complexes of halogen-C37 and halogen-Si18Ge19 with Li, Na and K presented in figure 1. The bond lengths of Li, Na and K with halogen-C37 and halogen-Si18Ge19 and also bond lengths of halogen atoms with bordering C or Ge atoms reported in table 1.  
The calculated Gad values of metals and metal ions adsorption on surfaces of halogen-C37 and halogen-Si18Ge19 presented in table 2. Results in table 2 show that, all calculated Gad values were negatives and so the studied adsorption were possible from thermodynamic view point. Results show that Gad value of K-halogen-C37 are more negative than Gad values of Li-halogen-C37 and Na-halogen-C37. Also Gad value of K-halogen-Si18Ge19 are more negative than Gad values of Na-halogen-Si18Ge19 and K-halogen-Si18Ge19. Results display that Gad values of Li, Na and K on halogen-Si18Ge19 are more negative than corresponding values on halogen-C37. 
Table 2. Calculated Gad (kcal/mol) and Vcell (V) values of studied complexes.
	Complex
	Gad
	Vcell
	Complex
	Gad
	Vcell

	K-C38
	-7.96
	1.44
	K-Si19Ge19
	-9.16
	1.66

	Na-C38
	-7.11
	1.29
	Na-Si19Ge19
	-8.18
	1.48

	Li-C38
	-6.35
	1.15
	Li-Si19Ge19
	-7.30
	1.32

	K-F-C37
	-17.84
	3.23
	K-F-Si18Ge19
	-20.51
	3.71

	Na-F-C37
	-15.93
	2.88
	Na-F-Si18Ge19
	-18.31
	3.31

	Li-F-C37
	-14.22
	2.57
	Li-F-Si18Ge19
	-16.35
	2.96

	K-Cl-C37
	-16.88
	3.05
	K-Cl-Si18Ge19
	-19.41
	3.51

	Na-Cl-C37
	-15.07
	2.73
	Na-Cl-Si18Ge19
	-17.33
	3.14

	Li-Cl-C37
	-13.46
	2.43
	Li-Cl-Si18Ge19
	-15.48
	2.80

	K-Br-C37
	-15.93
	2.88
	K-Br-Si18Ge19
	-18.31
	3.31

	Na-Br-C37
	-14.22
	2.57
	Na-Br-Si18Ge19
	-16.35
	2.96

	Li-Br-C37
	-12.70
	2.30
	Li-Br-Si18Ge19
	-14.60
	2.64

	K+-C38
	-41.14
	
	K+-Si19Ge19
	-47.32
	

	Na+-C38
	-36.73
	
	Na+-Si19Ge19
	-42.25
	

	Li+-C38
	-32.80
	
	Li+-Si19Ge19
	-37.72
	

	K+-F-C37
	-92.16
	
	K+-F-Si18Ge19
	-105.98
	

	Na+-F-C37
	-82.29
	
	Na+-F-Si18Ge19
	-94.62
	

	Li+-F-C37
	-73.47
	
	Li+-F-Si18Ge19
	-84.49
	

	K+-Cl-C37
	-87.22
	
	K+-Cl-Si18Ge19
	-100.30
	

	Na+-Cl-C37
	-77.87
	
	Na+-Cl-Si18Ge19
	-89.55
	

	Li+-Cl-C37
	-69.53
	
	Li+-Cl-Si18Ge19
	-79.97
	

	K+-Br-C37
	-82.29
	
	K+-Br-Si18Ge19
	-94.62
	

	Na+-Br-C37
	-73.47
	
	Na+-Br-Si18Ge19
	-84.49
	

	Li+-Br-C37
	-65.60
	
	Li+-Br-Si18Ge19
	-75.44
	



Results presented that Gad values of F-Si18Ge19 and F-C37 are more negative than corresponding values of Cl or Br-Si18Ge19 and Cl or Br-C37. The Gad absolute values of complexes of metals with halogen-C37 and halogen-Si18Ge19 decreased as following: M-Br-C37 < M-Cl-C37 < M-F-C37 < M-Br-Si18Ge19 < M-Cl-Si18Ge19 < M-F-Si18Ge19. Also mentioned trend for complexes metal ions with halogen-C37 and halogen-Si18Ge19 is: M+-Br-C37 < M+-Cl-C37 < M+-F-C37 < M+-Br-Si18Ge19 < M+-Cl-Si18Ge19 < M+-F-Si18Ge19. So it can be concluded that K or K+-F-Si18Ge19 and Li or Li+-Br-C38 have the highest and the lowest Gad absolute values, respectively. 
The calculated EHOMO, ELUMO and EHLG values in eV of complexes of Li, Na and K with halogen-C37 and halogen-Si18Ge19 reported in table 3. Results in table 3 show that, EHOMO value of K-halogen-C37 are less negative than EHOMO values of Li-halogen-C37 and Na-halogen-C37. Also EHOMO value of K-helogen-Si18Ge19 are less negative than EHOMO values of Li-halogen-Si18Ge19 and Na-halogen-Si18Ge19. Results display that EHOMO values of Li, Na and K on halogen-Si18Ge19 are less negative than corresponding values of halogen-C37. 
Results in table 3 show that, EHLG value of K-halogen-C37 are less than EHLG values of Li-halogen-C37 and Na-halogen-C37. Also EHLG value of K-halogen-Si18Ge19 are less than EHLG values of Li-halogen-Si18Ge19 and Na-halogen-Si18Ge19. Results show that, the EHLG values of studied complexes decreased as following: Li-halogen-C37 < Na-halogen-C37 < K-halogen-C37 < Li-halogen-Si18Ge19 < Na-halogen-Si18Ge19 < K-halogen-Si18Ge19. So it can be concluded that K-F-Si18Ge19 and Li-Br-C37 have the lowest and the highest EHLG values, respectively. 
The calculated Vcell of complexes of Li, Na and K with halogen-C37 and halogen-Si18Ge19 reported in table 2. Results in table 2 show that, Vcell value of K-halogen-C37 is more than Vcell values of Li-halogen-C37 and Na-halogen-C37. Also Vcell value of K-halogen-Si18Ge19 is more than Vcell values of Li-halogen-Si18Ge19 and Na-halogen-Si18Ge19. Results display that Vcell values of Li, Na and K on halogen-Si18Ge19 are more than corresponding values on halogen-C37. Results show that, the Vcell values of studied structures decreased as following: Li-halogen-C37 < Na-halogen-C37 < K-halogen-C37 < Li-halogen-Si18Ge19 < Na-halogen-Si18Ge19 < K-halogen-Si18Ge19. So it can be concluded that K-F-Si18Ge19 and Li-Br-C37 have the highest and the lowest Vcell values, respectively. 
Finally, in according to calculated Gad, EHOMO, EHLG and Vcell values of studied halogen-metal-ion batteries in this section three important results can be concluded: (1) the halogen adoption increase the Vcell of studied metal-ion batteries; (2) the metal-ion batteries adopted with F have higher Vcell and higher performance than metal-ion batteries adopted with Cl and Br; (3) K-F-Si18Ge19 has the highest performance and it can be proposed as novel metal-ion batteries with high efficiently in future.
Table 3. Calculated EHOMO, ELUMO and EHLG (eV) values of studied complexes.
	Complex
	EHOMO
	ELUMO
	EHLG
	Complex
	EHOMO
	ELUMO
	EHLG

	K-C38
	-4.09
	-1.15
	2.94
	K-Si19Ge19
	-3.78
	-1.31
	2.48

	Na-C38
	-4.20
	-1.03
	3.16
	Na-Si19Ge19
	-3.88
	-1.17
	2.72

	Li-C38
	-4.30
	-0.92
	3.38
	Li-Si19Ge19
	-3.98
	-1.04
	2.94

	K-F-C37
	-3.55
	-2.58
	0.96
	K-F-Si18Ge19
	-3.39
	-2.78
	0.62

	Na-F-C37
	-3.79
	-2.31
	1.48
	Na-F-Si18Ge19
	-3.50
	-2.65
	0.85

	Li-F-C37
	-4.02
	-2.05
	1.97
	Li-F-Si18Ge19
	-3.69
	-2.35
	1.34

	K-Cl-C37
	-3.67
	-2.44
	1.23
	K-Cl-Si18Ge19
	-3.47
	-2.65
	0.82

	Na-Cl-C37
	-3.90
	-2.18
	1.72
	Na-Cl-Si18Ge19
	-3.59
	-2.50
	1.09

	Li-Cl-C37
	-4.11
	-1.95
	2.17
	Li-Cl-Si18Ge19
	-3.78
	-2.23
	1.54

	K-Br-C37
	-3.79
	-2.31
	1.48
	K-Br-Si18Ge19
	-3.55
	-2.54
	1.01

	Na-Br-C37
	-4.02
	-2.05
	1.97
	Na-Br-Si18Ge19
	-3.69
	-2.35
	1.34

	Li-Br-C37
	-4.22
	-1.83
	2.38
	Li-Br-Si18Ge19
	-3.87
	-2.10
	1.77



[bookmark: _GoBack]4 Conclusion
In this study, the potential of C38 and Si19Ge19 as anode electrode of Li-ion, Na-ion and K-ion batteries via density functional theory were investigated. Also the effects of halogen adoption of C38 and Si19Ge19 on ability of metal-ion battery were exanimated. Obtained remarkable results in preset paper are: (1) the Si19Ge19 as anode in metal-ion batteries has higher potential than C38; (2) the KIB has higher Vcell and higher performance than NIB and KIB; (3) the halogen adoption increase the Vcell of studied metal-ion batteries; (4) the F adopted metal-ion batteries have higher Vcell and higher performance than Cl and Br adopted metal-ion batteries; (5) K-F-Si18Ge19 has the highest performance and it can proposed as novel metal-ion batteries with high efficiently in future.
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