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Fig. S1 Crystal structures of the lowest enthalpy phases of each components in the YB system. (a) PnmaY2B, (b) P4/mbmY3B2, (c) CmcmYB, (d) ImmmY3B4, (e) P63/mmcY2B3, (f) P6/mmmYB2, (g) P121/c1Y2B5, (h) R-3mYB3, (i)P4/mbmYB4, (j) Pm3mYB6 and (k) Fm3mYB12. The red and blue spheres represent Y and B atoms, respectively.
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[bookmark: _GoBack]Fig. S2 Predicted Gibbs free energies of various Y-B compounds under ambient pressure with respect to -Y and -B at the temperatures of (a) 0, (b) 300, (c) 1000 and (d) 2000 K. Dashed lines connect data points, and solid lines represent the convex hull.
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Fig. S3 Free energy as a function of MD time at the temperature of 300 K for (a) Cmcm-YB, (b) P6/mmm-YB2, (c) P21/c-Y2B5, (d) P4/mbm-YB4, (e) Pm-3m-YB6 and (f) Fm-3m-YB12.












Table S1 The lattice constants a, b and cÅ and the occupied positions of the lowest enthalpy phases of each components in the YB system.
	
	Structure
	Lattice parameters (Å)
	Positions

	
	
	
	Atom
	x
	y
	z

	Y2B
	Pnma 
(62)
	a = 6.358, b = 3.697,
c = 11.424
	Y1(4c)
	0.99995
	0.25000
	0.75003

	
	
	
	Y2(4c)
	0.24994
	0.25000
	0.48100

	
	
	
	B1(4c)
	0.25011
	0.25000
	0.14246

	
	
	
	
	
	
	

	Y3B2
	P4/mbm (127)
	a = 6.778, b = 6.778,
c = 4.191
	Y1(2a)
	0.00000
	0.00000
	0.00000

	
	
	
	Y2(4h)
	0.17265
	0.672658
	0.50000

	
	
	
	B1(4g)
	0.41109
	0.91109
	0.00000

	
	
	
	
	
	
	

	YB
	Cmcm
(63)
	a = 3.550, b = 12.962,
c = 3.192
	Y1(4c)
	0.00000
	0.37554
	0.25000

	
	
	
	B1(4c)
	0.00000
	0.02315
	0.25000

	
	
	
	
	
	
	

	Y3B4
	Immm
(71)
	a = 3.784, b = 17.308,
c = 3.261
	Y1(2c)
	0.50000
	0.50000
	0.00000

	
	
	
	Y2(4g)
	0.00000
	0.16862
	0.00000

	
	
	
	B1(4g)
	0.00000
	0.39619
	0.00000

	
	
	
	B2(4h)
	0.00000
	0.44347
	0.50000

	
	
	
	
	
	
	

	Y2B3
	P63/mmc
(194)
	a = 3.293, b = 3.293,
c = 16.476
	Y1(4f)
	0.33333
	0.66667
	0.13898

	
	
	
	B1(4f)
	0.33333
	0.66667
	0.51116

	
	
	
	B2(2d)
	0.33333
	0.66667
	0.75000

	
	
	
	
	
	
	

	YB2
	P6/mmm
(194)
	a = 3.296, b = 3.296,
c = 3.858
	Y1(1a)
	0.00000
	0.00000
	0.00000

	
	
	
	B1(2d)
	0.33333
	0.66667
	0.50000

	
	
	
	
	
	
	

	Y2B5
	P121/c1 
(14)
	a = 7.136, b=7.159,
c = 7.183
	Y1(4e)
	0.23226
	0.19256
	0.62620

	
	
	
	Y2(4e)
	0.24228
	0.81458
	1.25293

	
	
	
	B1(4e)
	0.50341
	0.67373
	0.53959

	
	
	
	B2(4e)
	0.50109
	0.08926
	1.41081

	
	
	
	B3(4e)
	0.50347
	0.03824
	1.17433

	
	
	
	B4(4e)
	0.07411
	0.99012
	0.92498

	
	
	
	B5(4e)
	0.68603
	0.00197
	1.04120

	
	
	
	
	
	
	

	YB3
	R-3m
(166)
	a = 5.404, b = 5.404,
c = 11.886
	Y1(6c)
	0.00000
	0.00000
	0.16558

	
	
	
	B1(2e)
	0.32933
	0.00402
	0.33333

	
	
	
	
	
	
	

	YB4
	P4/mbm (127)
	a = 7.104, b = 7.104,
c = 4.022
	Y1(4g)
	0.31772
	0.81772
	0.00000

	
	
	
	B1(4e)
	0.00000
	0.00000
	0.20297

	
	
	
	B2(4h)
	0.91312
	0.41312
	0.50000

	
	
	
	B3(8j)
	0.17611
	0.03843
	0.50000

	
	
	
	
	
	
	

	YB6
	Pm-3m 
(221)
	a = 4.098, b = 4.098,
c = 4.098
	Y1(1a)
	0.00000
	0.00000
	0.00000

	
	
	
	B1(6f)
	0.50000
	0.50000
	0.19895

	
	
	
	
	
	
	

	YB12
	Fm-3m 
(225)
	a =7.495, b = 7.495,
c = 7.495
	Y1(4a)
	0.00000
	0.00000
	0.00000

	
	
	
	B1(48i)
	0.50000
	0.16879
	0.16879


Table S2 Calculated lattice parameters, a, b and c Åcell volume per formula unit V(Å3), total enthalpies per formula unit H eV and formation enthalpies per atom ∆H (eV) for the lowest formation enthalpy of each compositions of the Y−B binary system, compared with previous results.
	
	Space group
	a (Å)
	b (Å)
	c (Å)
	V (Å3)
	H (eV)
	∆H (eV)

	Y2B
	Pnma
	6.358
	3.697
	11.424
	67.13
	19.62
	0.01

	Y3B2
	P4/mbm
	6.778
	6.778
	4.191
	96.28
	33.40
	0.14

	YB
	Cmcm
	3.550
	12.962
	3.192
	146.87
	27.95
	0.41

	Y3B4
	Immm
	3.784
	17.308
	3.261
	106.78
	49.19
	0.43

	Y2B3
	P63/mmc
	3.294
	3.294
	16.476
	77.41
	31.20
	 0.36

	YB2
	P6/mmm
	3.296
	3.296
	3.858
	36.29
	21.58
	0.58

	
	
	3.298a
	3.298a
	3.843a
	
	
	

	
	
	3.288b
	3.288b
	3.836b
	
	
	

	Y2B5
	P121/c1
	7.093
	7.103
	7.125
	87.35
	
	0.61

	YB3
	R-3m
	5.404
	5.404
	11.886
	150.28
	27.11
	0.14

	YB4
	P4/mbm
	7.104
	7.104
	4.022
	50.74
	36.26
	0.60

	
	
	7.111a
	7.111a
	4.017a
	
	
	

	
	
	7.106b
	7.106b
	4.020b
	
	
	

	
	
	7.107c
	7.107c
	4.018c
	
	
	

	YB6
	Pm-3m
	4.098
	4.098
	4.098
	68.82
	49.50
	0.41

	
	
	4.113a
	4.113a
	4.113a
	
	
	

	
	
	4.102b
	4.102b
	4.102b
	
	
	

	
	
	4.110d
	4.110d
	4.110d
	
	
	

	YB12
	Fm-3m
	7.495
	7.495
	7.495
	105.25
	90.16
	0.25

	
	
	7.501a
	7.501a
	7.501a
	
	
	

	
	
	7.501b
	7.501b
	7.501b
	
	
	

	aReference 1. bReference 2. cReference 3. dReference 4.
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