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Table S1. Inorganic Crystal Structure Database (ICSD) prototype library for screening

the thermodynamically feasible structure of 5d transition metal diborides at 0 and

100GPa.

No. Prototype 1:;?;;(;? Z?:S; a b Lattice p:rameters (é) B y nu?n(;’)er Ref.
1 NbO, t196 14/a 13.696 5.981 88 1
2 Te,Br oP24 Pnma 14.921 12.843 4.005 62 2
3 SiO, mS144 Cc 18.494 4.991 25.832 117.7 9 3
4 VO, mS24 C2/m 12.030 3.693 6.420 106.1 12 4
5 SnF, mS48 C2/c 13.353 4.909 13.787 109.1 15 5
6 FeS, cP12 Pa-3 5.428 205 6
7 AlPt, oP24 Pmma 16.297 3.921 5.439 51 7
8 SrS, tI12 I4/mem 6.095 7.616 140 8
9 CasSb, mP6 P2,/m 4.746 4.177 9.084 106.3 11 9
10 TiSi, oF24 Fddd 8.267 4.800 8.550 70 10
11 BaSi, hP3 P-3ml1 4.047 5.330 164 11
12 LaS, oP24 Pnma 8.131 16.340 4.142 62 12
13 SiO, aP240 F1 9.932 17.216 81.864 1 13
14 VO, aP12 P-1 9.065 5.749 4.521 90.0 91.1 89.8 2 14
15 NdAs, mP12 P2)/c 4.108 6.820 10.443 106.7 14 15
16 GeS, mP48 P2,/c 6.875 22.550 6.809 120.4 14 16
17 Fe,Tb hR6 R-3m 5.207 5.207 166 17
18 ZnCl, oP12 Pna2, 6.443 7.693 6.125 33 18
19 CrP, mS12 C2/m 8.213 3.034 7.098 119.5 12 19
20 SrSi, cP12 P4;32 6.515 212 20
21 CuF, mP6 P2,/c 3.307 4.546 4.599 96.6 14 21
22 YbCl, oP24 Pbca 13.15 6.942 6.693 61 22
23 CdL hP18 P3ml 4.240 41.010 156 23
24 AgF, oP12 Pbca 5.529 5.813 5.073 61 24
25 VN hP9 P-31m 4917 4.568 162 25
26 Cdl, hP21 P3ml 4.240 41.010 156 26
27 CdL hP12 P3ml 4.240 27.34 156 27
28 CdL hP24 P3ml 4.240 54.68 156 27
29 CdL hP30 P3ml 4.240 68.35 156 27
30 CdL, hR18 R3m 4.240 123.03 160 28
31 TiO, tI12 14/amd 3.785 9.514 141 29
32 FeS, aP12 P1 5.417 5.417 5.417 90.0 90.0 90.0 1 30
33 F,Sn oP12 P2,2,2, 5.073 5.073 8.491 19 31
34 Cl4Ga, oP24 Pnna 7.240 7.240 9.500 52 32
35 Te,W oP12 Pmn2, 6.282 3.496 14.070 31 33
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150

187

260

261

262

263

S9



Table S2. Calculated lattice constants (A), Pugh ratio G/B, minimum ideal tensile

strength o,y (GPa) and ideal shear strength 7,;, (GPa) and their corresponding paths of

5d TMB, (TM=Hf, Ta, W, Re, Os and Ir) in four structures at 0 GPa.

Structure Compound Lattice constants Pugh ratio Tensile Omin Shear Timin NOTE
a b c

hP3[191] HfB, 3.142 - 3.489 0.907 [10-10] 352 (10-10)[-12-10] = 37.3  This work
3.144 - 3.502 - - - - - Ref. 264

- - - 0.869 [10-10] 37.3 (10-10)[-12-10] 33.3 Ref. 265
TaB, 3.098 - 3.328 0.641 [10-10] 32.6  (0001)[-12-10] 29.4  This work

3.096 - 3.346 0.71 - - - - Ref. 266

WB, 3.018 - 3.363 0.500 [-12-10] 20.9  (0001)[10-10] 11.5  This work

2.998 - 3.334 - - - - - Ref. 264
ReB, 2.952 - 3.494 0.415 - - - - This work
OsB, 2.988 - 3.439 0.339 - - - - This work
IrB, 3.106 - 3.255 0.472 - - - - This work

3.107 - 3.259 - - - - - Ref. 266

hP12[194] HfB, 3.130 - 15345 0.809 [10-10] 35.6  (0001)[10-10] 6.0 This work
TaB, 3.048 - 14638 0.809 [10-10] 36.0  (0001)[10-10]  23.4  This work
WB, 3.017 - 14.037 0.731 [10-10] 452  (0001)[10-10] 259  This work
ReB, 2.979 - 14.098  0.591 - - - - This work
OsB, 2.927 - 14908  0.898 - - - - This work

IrB, 2.980 - 15.021 - - - - - This work

2.979 - 15.045 - - - - - Ref. 267
hP6[194]  HfB, 3.064 - 8.456 0.403 - - - - This work
3.084 - 8.535 - - - - - Ref. 268
TaB, 2.993 - 8.080 - - - - - This work

2.993 - 8.081 - - - - - Ref. 266

WB, 2.926 - 7.750 0.867 [10-10] 543  (0001)[10-10]  32.9  This work

2.929 - 7.757 - - - - - Ref. 269
ReB, 2912 - 7.507 0.831 [-12-10] 60.4  (0001)[10-10]  35.3  This work

2.920 - 7.515 - [-12-10] 58.5  (0001)[10-10]  34.4 Ref. 270
OsB, 2.942 - 7.333 0.629 [-12-10] 32.6 (10-10)[-12-10] 21.8  This work

2.930 - 7.330 - - - - - Ref. 268

IrB, 3.069 - 7.067 0.489  [10-10] 29.1 (0001)[10-10] 13.9  This work

3.072 - 7.074 - - - - - Ref. 266
oP6[59] HfB, 5.039 3.076 4.532 - - - - - This work
TaB, 4821 3.001 4.356 0.635 - - - - This work
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WB,
ReBz
OSB2

IrB 2

4.824
4.651
4.627
4.702
4.71
4.547
4.55

3.002
2.920
2.906
2.890
2.89
3.149
3.16

4.355
4.231
4.130
4.093
4.10
4.038
4.05

0.809
0.805
0.667

0.448

[100]
[100]
[010]

[100]

48.1
49.2
23.8

11.6

(001)[010]
(001)[010]
(001)[010]
(001)[010]
(001)[010]
(001)[010]

28.6
28.3
9.1
9.1
7.3
7.9

Ref. 266
This work
This work
This work

Ref. 271
This work

Ref. 271
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Table S3. Calculated lattice constants (A), Pugh ratio G/B, minimum ideal tensile

strength o,y (GPa) and ideal shear strength 7,;, (GPa) and their corresponding paths of

5d TMB, (TM=Hf, Ta, W, Re, Os and Ir) in four structures at 100 GPa.

Structure Compound Lattice constants Pugh ratio Tensile Gmin Shear Tmin NOTE
a b c
hP3[191] HfB, 2.908 - 3.209 0.701  [10-10] 82.5 (10-10)[-12-10] 91.3  This work
TaB, 2.899 - 3.083 0.572  [10-10] 73.1  (0001)[-12-10] = 74.2  This work
WB, 2.846 - 3.097 0.414 [-12-10] 459  (0001)[10-10] 40.2  This work
ReB, 2.775 - 3.235 0.393 [-12-10] 44.0  (0001)[10-10] 12.4  This work
OsB, 2.799 - 3.185 0.125 - - - - This work
IrB, 2913 - 2.980 0.167 - - - - This work
hP12[194] HIfB, 2.826 - 14309  0.579 [10-10] 83.7  (0001)[-12-10]  10.0  This work
TaB, 2.813 - 13.774  0.632  [10-10] 105.7  (0001)[10-10] 37.9  This work
WB, 2.798 - 13.328  0.598 [-12-10] 103.7  (0001)[10-10] 43.5  This work
ReB, 2.770 - 13350  0.517 [-12-10] 60.0  (0001)[10-10] 30.1 This work
OsB, 2.730 - 13.726 - - - - - This work
IrB, 2.743 - 13.841 - - - - - This work
hP6[194]  HfB, 2.717 - 7.846 - - - - - This work
TaB, 2.719 - 7.590 - - - - - This work
WB, 2.706 - 7.353 0.661 [-12-10] 89.5 (0001)[10-10] 53.5  This work
ReB, 2.702 - 7.163 0.638  [-12-10] 98.8 (0001)[10-10] 59.8  This work
OsB, 2.703 - 7.082 0.552  [-12-10] 42.1  (10-10)[-12-10] 33.3  This work
IrB, 2.743 - 6.988 0.398  [-12-10] 429  (0001)[10-10] 16.9  This work
oP6[59] HfB, 4945 2295 4293 0.584 - - - - This work
TaB, 4475 2.668 4.107 0.210 - - - - This work
WB, 4315 2.697 4.006 0.616 [010] 103.5 (001)[010] 32.4  This work
ReB, 4306 2.686 3.925 0.623 [010] 83.0 (001)[010] 42.2  This work
OsB, 4373 2662 3.884 0.540 [010] 44.5 (001)[010] 9.8 This work
IrB, 4490 2.639 3.852 0.365 [010] 9.3 (001)[010] 9.6 This work
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Figure S1. Formation enthalpies of HfB, at 0 GPa calculated by means of the projector
augmented wave (PAW) method with (a) generalized gradient approximation (GGA)
and (b) local density approximation (LDA) as the exchange-correlation functional to
determine the possible ground-state phases based on the ICSD structure prototypes and

the newly reported diborides.
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Figure S8. Calculated phonon dispersion curves of OsB, at 0 GPa in four structures:
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Figure S9. Calculated phonon dispersion curves of IrB, at 0 GPa in four structures: (a)
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coupling (SOC) interaction effect for 5d TMB, (TM = Hf, Ta, W, Re, Os, Ir and Pt) in
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Figure S12. Calculated density of states (DOS) (a) without and (b) within the spin orbit
coupling (SOC) interaction effect for 5d TMB, (TM = Hf, Ta, W, Re, Os, Ir and Pt) in

hP6[194] structure at 0 GPa.
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Figure S13. Calculated density of states (DOS) (a) without and (b) within the spin orbit
coupling (SOC) interaction effect for 5d TMB, (TM = Hf, Ta, W, Re, Os, Ir and Pt) in

oP6[59] structure at 0 GPa.
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Figure S14. Calculated bulk modulus vs. pressure curves of 5d TMB; in four observed

structures: hP3[191], hP12[194], hP6[194] and oP6[59].
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Figure S15. The stress-strain curves of HfB, in different structures: (a) hP3[191] and

(b) hP12[194] at 0 GPa, and (c) hP3[191] and (d) hP12[194] at 100 GPa.
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Figure S16. The stress-strain curves of TaB, in different structures: (a) hP3[191] and

(b) hP12[194] at 0 GPa, and (c) hP3[191] and (d) hP12[194] at 100 GPa.
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Figure S17. The stress-strain curves of WB, in different structures: (a) hP3[191], (b)
hP12[194], (c) hP6[194] and (d) oP6[59] at 0 GPa, and (e) hP3[191], (f) hP12[194], (g)

hP6[194] and (h) oP6[59] at 100 GPa.

S29



100

—_—
—-—(1010)|121_0|
——(ooon1oto] 7
—e—(000D)(T2T0]

51

Stress(GPa)
4

0.4

25 § L
ok i 3
0.0 0.1 0.2 0.3
Strain
(C) 180
—a— 0Ty T2T0] | 1P6-ReB,
(0001 10TO) )
—e— (0001)[T2T0] B i
e <1270> e :
<1010> /

120 . <poo1> /

Stress(GPa)

(=)
<

Strain

(b)

80 T T T
—=—(100)[010] oP6-ReB,
—a— (001)[100] i
——(00D)I010] s
60 |+ <100> # } i
<010> /
e —— <0017
(=M |
S / |
2 40 i -
2 ‘
7} ‘
20 o
0= 1
0.0 0.1 0.2 0.3 0.4
(d) Strain
150 T T T ;
—=—(100)[010] oP6-ReB,
—4— (001)[100] e ;
—e—(00D[010]
—#—<100> /
<010> o H—
= 100 . <p01>/ /}ﬂ _
74 s
f’g 5
2 st o
A o
L / 1 v E b 1 L \\
0.0 0.1 0.2 0.3 0.4
Strain

Figure S18. The stress-strain curves of ReB, in different structures: (a) hP6[194] and

(b) oP6[59] at 0 GPa, and (c) hP6[194] and (d) oP6[59] at 100 GPa.
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Figure S19. The stress-strain curves of OsB, in different structures: (a) hP6[194] and

(b) oP6[59] at 0 GPa, and (c) hP6[194] and (d) oP6[59] at 100 GPa.
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Figure S20. The stress-strain curves of IrB, in different structures: (a) hP6[194] and

(b) oP6[59] at 0 GPa, and (c) hP6[194] and (d) oP6[59] at 100 GPa.
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Figure S21. Calculated stress vs. pressure curves of (a) TaB, in hP3[191] structure and
(b) HfB, in hP12[194] structure along the (10-10)[-12-10], (0001)[10-10] and (0001)[-

12-10] shearing paths under different pressure ranging from 0 to 100 GPa.
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Figure S22. Calculated stress/bond length vs. strain curves of (a) WB, and (b) IrB; in

hP6[194] structure at 0 and 100 GPa.
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Figure S23. Calculated stress/bond length vs. strain curves of (a) WB, and (b) IrB; in

oP6[59] structure at 0 and 100 GPa.
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