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S 1. Optimized crystal structures of HEBs
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Table 18S. Elastic Stiffness Matrix of HEBs Compositions

Elastic Stiffness Matrix of HEB-1 Tio_stro.stfo_sto.z5B2

556.73010 94.76918 64.57952 -18.95585 7.03240 0.96530
94.76918 420.39065 83.95105 56.06512 -1.68843  8.58305
64.57952 83.95105 512.74995 23.71075 0.98542 -2.18970
-18.95585 56.06512 23.71075 187.43625 3.75173 -5.98627
7.03240 -1.68843 0.98542 3.75173 232.58915 19.76888
0.96530  8.58305 -2.18970 -5.98627 19.76888 218.69535

Elastic Stiffness Matrix of HEB-2 Ti0_42ZI'0.25Hf0.08V0_25B2

557.66860 84.32350 77.49202 10.62817 4.58682 21.37685
84.32350 465.65750 78.46952 -35.35498 5.03257 38.86912
77.49202 78.46952 568.85335 -18.38748  9.22737 -8.79690
10.62817 -35.35498 -18.38748 209.49205 18.17192 14.98347
4.58682 5.03257 9.22737 18.17192 244.39960 -18.53375
21.37685 38.86912 -8.79690 14.98347 -18.53375 210.20650

Elastic Stiffness Matrix of HEB — 3 Ti0.42Zl’0_25Hf0_17V0_]7B2

395.09865 107.33282 99.90845 1.30212 1.58060 -5.08320

107.33282 575.90755 65.62825 -4.18423 -1.56265 2.38890
99.90845 65.62825 572.69825 031182 -3.21023 -1.86418
1.30212 -4.18423 0.31182 257.13920 -2.17433 -0.92395
1.58060 -1.56265 -3.21023 -2.17433 232.05190 -3.17850
-5.08320 2.38890 -1.86418 -0.92395 -3.17850 218.53865

Elastic Stiffness Matrix of HEB — 4 Tiy 4,Zr( 7Hf) 25V ¢.17B>
572.50975 84.10615 73.27365 -7.51578 -6.32955 4.85642
84.10615 532.07540 72.00245 33.53967 -10.00598 12.97077
73.27365 72.00245 544.00370 38.36005 -6.99473 5.76902
-7.51578 33.53967 38.36005 204.32300 9.01498 -18.18430
-6.32955 -10.00598 -6.99473 9.01498 237.01965 16.69183
4.85642 12.97077 5.76902 -18.18430 16.69183 248.10825

Elastic Stiffness Matrix of HEB — 5 Tiy4,Zr 0sHfy 25V .25B>
576.02840 76.52787 85.72152 3.14812 -10.94648 24.74930
76.52787 511.34005 88.48008 24.43950 -8.60465 48.46077
85.72152 88.48008 605.64050 6.15990 -13.52150 -12.55242

3.14812 24.43950 6.15990 226.47210 24.44458 -22.41320
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-10.94648 -8.60465 -13.52150 24.44458 256.87855 16.69590
24.74930 48.46077 -12.55242 -22.41320 16.69590 206.2656

Elastic Stiffness Matrix of HEB — 6 Ti 4,Zr(25sHf) 25V .0s8B2
569.78985 70.82425 86.59593 -8.23865 5.32390 28.99487
70.82425 539.08805 106.82252 -5.27685 8.55492 28.03510
86.59593 106.82252 576.20345 -13.68095 1.14785 -10.32463
-8.23865 -5.27685 -13.68095 248.24590 15.65032 26.38250

5.32390 8.55492 1.14785 15.65032 255.24390 -17.05457
28.99487 28.03510 -10.32463 26.38250 -17.05457 212.26245

Elastic Stiffness Matrix of HEB — 7 Tig 4,Zr 17Hf) 17V .25B>
589.52175 83.00212 80.56850 -5.99030 -6.97918 6.14145
83.00212 535.67120 86.31212 41.36855 -4.66110 16.88107
80.56850 86.31212 552.32635 33.23707 -12.30785 7.70350
-5.99030 41.36855 33.23707 207.14195 10.46945 -17.15182
-6.97918 -4.66110 -12.30785 10.46945 239.35265 19.72975

6.14145 16.88107 7.70350 -17.15182 19.72975 241.80205

Elastic Stiffness Matrix of HEB — 8 Tig sZr 2sHf) 4,V .25B>
571.32870 109.59583 89.14262 12.85165 -7.73948 -2.48430
109.59583 466.40560 103.19507 -47.61845 -5.35143 -41.68485

89.14262 103.19507 575.16140 -4.50110 1.14190 8.33082
12.85165 -47.61845 -4.50110 204.21110 -12.31523 -22.73065
-7.73948 -5.35143 1.14190 -12.31523 241.67585 -15.11855
-2.48430 -41.68485 8.33082 -22.73065 -15.11855 211.78420

Elastic Stiffness Matrix of HEB — 9 Tig g3Zr »sHf) 25V ¢.4:B>
553.94970 80.32500 92.26710 -15.39128 -10.05208 7.79600
80.32500 485.52050 98.23570 48.53663 -1.16930 29.31372
92.26710 98.23570 476.43920 40.26717 -12.81543 3.96252
-15.39128 48.53663 40.26717 182.60070 12.11595 -16.50077
-10.05208 -1.16930 -12.81543 12.11595 213.64435 22.82308
7.79600 29.31372 3.96252 -16.50077 22.82308 221.81825

Elastic Stiffness Matrix of HEB — 10 Tig gZr53Hf) 33V .25B>
362.82115 123.17542 106.59197 9.10832 -2.14823 0.36360
123.17542 553.35200 53.82307 -2.26595 1.54510 4.16042
106.59197 53.82307 562.17545 -0.29020 1.00355 0.18040

9.10832 -2.26595 -0.29020 252.60605 0.77153 -0.71152



-2.14823  1.54510 1.00355 0.77153 215.05375 -4.90680
0.36360 4.16042 0.18040 -0.71152 -4.90680 213.66880

Elastic Stiffness Matrix of HEB — 11 Ti sZr,sHfy 33V 3382
467.58330 79.80223 87.30005 -4.59910 43.04692 -25.29508
79.80223 540.31055 82.76798 2.50850 -13.11825 -2.44885
87.30005 82.76798 496.14070 23.26842 33.93590 3.42392
-4.59910 2.50850 23.26842 217.18745 -14.00335 19.32183
43.04692 -13.11825 33.93590 -14.00335 184.99240 14.35162
-25.29508 -2.44885 3.42392 19.32183 14.35162 208.70090

Elastic Stiffness Matrix of HEB — 12 Tig gZr33Hf) 25V .33B>
54723280 83.77102 81.36687 2.53177 25.44882 11.45492
83.77102 560.44530 84.82408 -10.67760 -8.81205 8.01735
81.36687 84.82408 501.06355 -32.27535 37.53530 5.62170
2.53177 -10.67760 -32.27535 207.68830 24.68105 21.28740
25.44882 -8.81205 37.53530 24.68105 193.92280 -21.87167
11.45492 8.01735 5.62170 21.28740 -21.87167 230.44595

Elastic Stiffness Matrix of HEB — 13 (Tig.17Zr.,5Hf)33V(.25B)
537.82250 101.42677 85.25675 -1.14600 37.86535 3.93957
101.42677 571.07480 97.04162 -0.51515 -17.23470 4.40348
85.25675 97.04162 522.27650 -20.43298 41.05105 6.73597
-1.14600 -0.51515 -20.43298 229.76560 18.37783 18.84150
37.86535 -17.23470 41.05105 18.37783 182.95820 -12.80665
3.93957 4.40348 6.73597 18.84150 -12.80665 242.18260

Elastic Stiffness Matrix of HEB — 14 Tig 17Zr,5Hf) 33V .25B>
539.60185 88.65400 83.43545 -0.19723 -23.57785 27.06627
88.65400 532.60925 89.10010 29.48322 4.31877 23.14602
83.43545 89.10010 520.92235 28.89537 -22.58273 -2.74870
-0.19723 29.48322 28.89537 190.99165 25.00425 -24.70265
-23.57785  4.31877 -22.58273 25.00425 209.23360 28.02603
27.06627 23.14602 -2.74870 -24.70265 28.02603 211.73150

Elastic Stiffness Matrix of HEB — 15 Tig 17Zr53Hf) 25V .25B>
563.29415 102.72135 85.33273 -10.82603 1.58240 6.38740
102.72135 501.70630 74.56733 36.83750 -1.81498 -3.96750
85.33273 74.56733 542.27780 37.13712 -8.07965 -0.27903
-10.82603 36.83750 37.13712 189.77870 -1.35582 -10.33822



1.58240 -1.81498 -8.07965 -1.35582 226.43030 12.87295
6.38740 -3.96750 -0.27903 -10.33822 12.87295 238.50375

Elastic Stiffness Matrix of HEB — 16 Ti33Zr(,sHfy 17V ¢.25B2
468.65590 90.40512 91.29852 7.27140 -39.51085 39.44737
90.40512 576.35020 76.00615 4.14102 8.65962 13.49837
91.29852 76.00615 573.43790 6.35937 -13.16955 -9.20032
7.27140 4.14102 6.35937 248.14090 15.85870 -15.70337
-39.51085 8.65962 -13.16955 15.85870 215.10370 16.62148
39.44737 13.49837 -9.20032 -15.70337 16.62148 212.97485

Elastic Stiffness Matrix of HEB — 17 Ti33Zr25Hf) 25V .17B>
559.48155 81.78723 79.77320 3.48107 20.17102 -31.34403
81.78723 561.53950 86.60227 17.74230 4.29137 -26.26570
79.77320 86.60227 595.68225 9.00087 10.39120 12.06605
348107 17.74230 9.00087 238.86350 -16.64142 28.11625
20.17102  4.29137 10.39120 -16.64142 236.17810 24.23778
-31.34403 -26.26570 12.06605 28.11625 24.23778 209.68495

Elastic Stiffness Matrix of HEB — 18 Tig 33Zr 17Hf) 25V .25B>
566.10345 85.54028 92.62707 -0.78413 23.25277 7.57020
85.54028 579.35605 83.14775 -16.82805 -9.07100 7.14685
92.62707 83.14775 525.37955 -25.02680 38.09272 11.43040
-0.78413 -16.82805 -25.02680 223.19910 25.47757 18.37398
23.25277 -9.07100 38.09272 25.47757 206.46930 -27.52515

7.57020 7.14685 11.43040 18.37398 -27.52515 231.57425



S 2. 2D projected Young’s modulus, shear modulus and Poisson’s ratio in (100), (010) and (001) planes with respect to rotation angle
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S 4. Mulliken partial charge analysis of HEBs
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S 5. Bond population and bond length analysis of HEBs
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S 6. Electron localization function of HEBs
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S 7. Spin-up and spin-down total and projected density of states of d-orbital of HEBs
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S 8. Overall contribution of partial density of states (PDOS) of d orbital’s Spin up and Spin down in bonding of all HEBs
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