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[bookmark: TS1]Table S1. AIMD simulates box parameters
	x
	Atom number
	Total atoms
	Box length (Å)

	
	K
	11B
	O
	
	

	0.1
	20
	180
	280
	480
	18.1244

	0.2
	40
	160
	260
	460
	18.003

	0.3
	60
	140
	240
	440
	17.8296

	0.4
	80
	120
	220
	420
	17.9773



[bookmark: TS2]Table S2. Lennard Jones potential parameters
	Atom Type
	Lennard Jones Parameters

	
	Epsilon(kJ/mol)
	Sigma(Å)
	AW (amu)
	Charge

	B
	0.1750 
	0.5000 
	11.0000 
	1.8000 

	O
	0.1625 
	3.6000 
	16.0000 
	-1.2000 

	K
	0.1750 
	29.0000 
	39.0000 
	0.6000 



[bookmark: TS3]Table S3. EPSR simulates box parameters
	Research system
	Atom number
	Total atoms
	Box length

	
	K
	B
	O
	
	(Å)

	0.10K2O.0.9011B2O3
	200
	1800
	2800
	4800
	38.4714

	0.20K2O.0.8011B2O3
	400
	1600
	2600
	4600
	37.5618

	0.30K2O.0.7011B2O3
	600
	1400
	2400
	4400
	36.5654

	0.40K2O.0.6011B2O3
	800
	1200
	2200
	4200
	36.0966





[bookmark: FS1][bookmark: _Hlk140133298]Fig. S1 left: Experimental and EPSR diffraction spectra of potassium borate glass F(Q). Right: real space distribution function G(r) simulated by EPSR and experiments on potassium borate glass

[bookmark: OLE_LINK1][bookmark: TS4]Table S4. The interaction distance and coordination number of each atom pair obtained by AIMD, EPSR and difference (DIFF) subtraction
	x
	i-j
	ri-j/Å
	CNi-j/atoms
	Method
	x
	i-j
	ri-j/Å
	CNi-j/atoms
	Method

	0.1
	B-O
	1.37
	3.29
	DIFF
	0.3
	B-O
	1.40
	3.32
	DIFF

	
	
	1.38
	3.00
	EPSR
	
	
	1.38
	3.45
	EPSR

	
	
	1.38
	3.09
	AIMD
	
	
	1.39
	3.27
	AIMD

	
	O-O
	2.42
	4.24
	DIFF
	
	O-O
	2.41
	4.45
	DIFF

	
	
	2.40
	5.16
	EPSR
	
	
	2.40
	6.04
	EPSR

	
	
	2.40
	4.24
	AIMD
	
	
	2.41
	4.45
	AIMD

	
	K-O
	2.64
	9.76
	DIFF
	
	K-O
	2.59
	-
	DIFF

	
	
	2.58
	8.88
	EPSR
	
	
	2.58
	11.26
	EPSR

	
	
	2.84
	9.05
	AIMD
	
	
	2.74
	9.30
	AIMD

	0.2
	B-O
	1.39
	3.29
	DIFF
	0.4
	B-O
	1.41
	3.38
	DIFF

	
	
	1.38
	3.30
	EPSR
	
	
	1.38
	3.81
	EPSR

	
	
	1.38
	3.23
	AIMD
	
	
	1.40
	3.27
	AIMD

	
	O-O
	2.41
	4.55
	DIFF
	
	O-O
	2.40
	4.16
	DIFF

	
	
	2.40
	5.42
	EPSR
	
	
	2.40
	5.88
	EPSR

	
	
	2.41
	4.55
	AIMD
	
	
	2.42
	4.16
	AIMD

	
	K-O
	2.58
	-
	DIFF
	
	K-O
	2.60
	-
	DIFF

	
	
	2.55
	8.51
	EPSR
	
	
	2.46
	8.05
	EPSR

	
	
	2.82
	9.33
	AIMD
	
	
	2.72
	8.30
	AIMD





[bookmark: FS2][bookmark: _Hlk135812159][bookmark: _Hlk149209886]Fig. S2 Coordination number of the first coordination layer of xK2O·(1-x)11B2O3 (0.1≤ x ≤ 0.4) glass and KB5O8, K5B19O31, K2B4O7, K3B3O6 crystals
Effect of structural change on mass density, atomic density and molar volume
[bookmark: _GoBack]Fig. S3 shows a comparison between the density of potassium borate glass and that of potassium borate glass in SciGlass database[1]. As can be seen from the figure, our experimental density data is relatively close to that in database 1, indicating that we have obtained a good experimental result. With the increase of K2O content, the density of potassium borate glass increases gradually, but its change trend increases rapidly first, and then tends to be flat. The turning point of the change is x = 0.3. With the increase of K2O content, the void occupancy gradually decreases, so the void occupancy is inversely proportional to the density of the glass. This conclusion is consistent with the conclusions of studies on the correlation between void space and density in arsenate glass systems [2-4], indicating that this may be a common phenomenon in glass systems. As can be seen from the Fig. S4, NBO content in glass increases with the increase of K2O content, so the change of NBO content is proportional to the change of density. This conclusion is consistent with the findings of Singh et al. [5] In addition, when x = 0.3, N4 is the largest [6]. when 0.1 ≤ x ≤ 0.3, the number of rings gradually increases, indicating that the three-dimensional network connectivity of the system is enhanced; when 0.3 ≤ x ≤ 0.4, the number of rings gradually decreases, indicating that the system begins to disperse, so the density of potassium borate glass first increases rapidly, and then changes gently.
With the increase of K2O content, the atomic density first increases and then decreases, the molar volume first decreases and then increases, and the turning point of both changes is x = 0.3. Therefore, the atomic density and molar volume are related to the ring structure and N4.





[bookmark: FS3]Fig. S3 Density data of xK2O·(1-x)11B2O3 (x=0.10, 0.20, 0.30, 0.40) glass and comparison with literature values, atomic number density and molar volume curves

[bookmark: TS5][bookmark: _Hlk145777282]Table S5. The data of interaction distance, relative content and half-peak width of each atom pair obtained by atom labeling method
	Pair i-j
	x
	ri-j
	Proportion
	FWHM

	3B-BO
	0.1
	1.38 
	0.88 
	0.19 

	
	0.2
	1.39 
	0.75 
	0.19 

	
	0.3
	1.39 
	0.59 
	0.20 

	
	0.4
	1.40 
	0.57 
	0.21 

	3B-NBO
	0.1
	1.37 
	0.04 
	0.18 

	
	0.2
	1.36 
	0.04 
	0.21 

	
	0.3
	1.36 
	0.12 
	0.20 

	
	0.4
	1.35 
	0.17 
	0.20 

	4B-BO
	0.1
	1.48 
	0.09 
	0.20 

	
	0.2
	1.48 
	0.19 
	0.20 

	
	0.3
	1.48 
	0.28 
	0.20 

	
	0.4
	1.49 
	0.23 
	0.20 

	4B-NBO
	0.1
	
	
	

	
	0.2
	1.49 
	0.01 
	0.23 

	
	0.3
	1.49 
	0.02 
	0.19 

	
	0.4
	1.49 
	0.03 
	0.20 

	K-BO
	0.1
	2.87 
	0.81 
	0.61 

	
	0.2
	2.86 
	0.79 
	0.69 

	
	0.3
	2.77 
	0.62 
	0.65 

	
	0.4
	2.81 
	0.51 
	0.74 

	K-NBO
	0.1
	2.96 
	0.19 
	0.68 

	
	0.2
	2.96 
	0.21 
	0.88 

	
	0.3
	2.78 
	0.38 
	0.76 

	
	0.4
	2.71 
	0.49 
	0.55 

	BO-BO
	0.1
	2.40 
	0.94 
	0.22 

	
	0.2
	2.41 
	0.87 
	0.22 

	
	0.3
	2.41 
	0.74 
	0.23 

	
	0.4
	2.42 
	0.64 
	0.23 

	BO-NBO
	0.1
	2.40 
	0.06 
	0.23 

	
	0.2
	2.42 
	0.12 
	0.22 

	
	0.3
	2.42 
	0.21 
	0.21 

	
	0.4
	2.42 
	0.30 
	0.21 

	NBO-NBO
	0.1
	2.40 
	0.00 
	0.23 

	
	0.2
	2.42 
	0.01 
	0.19 

	
	0.3
	2.42 
	0.05 
	0.23 

	
	0.4
	2.42 
	0.05 
	0.20 





[bookmark: FS4][bookmark: _Hlk150348626]Fig. S4 Variation curve of BO and NBO content of xK2O·(1-x)11B2O3 (x=0.10, 0.20, 0.30, 0.40) glasses


[bookmark: FS5]Fig. S5 O-B-O angle distribution functions for xK2O·(1-x)11B2O3 (x = 0.10, 0.20, 0.30, 0.40) glasses
[image: ]
[bookmark: FS6][bookmark: _Hlk150422702]Fig. S6 Ring and chain structure units, the tri-coordinated boron containing three BOs in the ring structure is abbreviated, and the BO in the periphery of the ring structure is omitted.








[bookmark: FS7]Fig. S7 Schematic diagram of transformation mechanism between structural units

[image: ]
[bookmark: FS8]Fig. S8 Transport GIFs of K+ ions in0.40K2O·0.6011B2O3 glass

[image: ]
[bookmark: _Hlk150423064][bookmark: FS9]Fig. S9 (a) Time trajectory diagram of K+ at frame 600; (b) K-O coordination map at frame 600; (c) Distribution of structural units around K+ at frame 600



[bookmark: FS10]Fig. S10 The change of the mean square displacement (MSD) with the simulation time
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