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Table 1  Average fitting errors for pressure (4A,) by using four EOSs(T=298 K)
Fitting Pressure A,/ (%)
No. Material

points p/(GPa) Vinet Morse BM Baonza

1 n-H, 53 0~590 2.675 1.165 3.579 7.867
2 Cu 53 0~450 1. 050 0.746 4 0.6246 0.676
3 Mo 52 0~350 1. 468 0.9033 1. 293 1. 507
4 w 18 0~270 0.239 0.2210 0.208 0.483
5 Zn 48 0~250 1. 147 0.6632 0.5953 0.670
6 Ag 48 0~200 0.821 0.6352 0.4904 0.617
7 Pt 48 0~200 1. 046 0.7536 0.7265 1.053
8 Ti 49 0~200 0. 590 0.4222 0.3826 0.763
9 Ta 48 0~180 0.932 0.6010 0.595 0. 838
10 Au 47 0~180 0.938 0.6848 0.646 6 0. 957
11 Pd 46 0~160 1. 059 0.7572 0.7395 1. 111
12 Zr 47 0~140 0. 689 0.4707 0.8131 0.620
13 Cr 44 0~120 1. 586 0.9858 0.979 1. 655
14 Co 44 0~120 0. 951 0.6279 0.6266 0. 957
15 Ni 44 0~120 0. 870 0.6447 0.6317 0. 860
16 Al,0; 45 0~120 1.132 0.7472 0.7474 1.158
17 Nb 44 0~100 2. 885 1.7751 1.7352 2.945
18 Cd 43 0~100 0. 824 0.461 0.4478 0.462
19 Al 40 0~100 0.787 0. 8056 0.8492 1. 059
20 Th 44 0~100 0. 383 0.3100 0.3112 0.473
21 \Y% 44 0~100 0.811 0.6191 0.6318 0.691
22 In 42 0~90 1. 020 0.772 0.6357 0.784
23 MgO 41 0~90 0.481 0.3836 0.3755 0. 546
24 Brass” 39 0~85 0.601 0.468 0.4529 0.516
25 Be 40 0~80 0.629 0.411 0.4172 0.597
26 LiF 39 0~80 0.571 0.4133 0.3621 0. 380
27 Pb 39 0~75 0. 559 0.4423 0.3498 0.392
28 Sn 36 0~60 0.637 0.552 0.415 0.410
29 Mg 35 0~55 0. 258 0.2433 0.2461 0. 363
30 CsBr 36 0~55 0.442 0.2987 0.3148 0. 386
31 Tl 26 0—34 0.501 0.3471 0.3242 0. 348
32 NaCl 24 0~31 0.296 0.186 0. 154 0.131
33 Lil 24 0~28 0.378 0.3231 0.4990 0.433
34 LiBr 21 0~24 0. 340 0.2859 0.2821 0. 354
35 NaBr 21 0~24 0.372 0.2991 0.2952 0. 351
36 Nal 22 0~24 0.219 0.2059 0.2048 0.376
37 KF 21 0~24 1.276 0.8971 0.8551 0.965
38 RbF 21 0~24 0. 347 0.2129 0.2109 0.219
39 LiCl 20 0~22 0.478 0.4296 0.4271 0. 338
40 Li 20 0~20 0. 386 0.2873 0.3534 0. 361
41 Na 20 0~20 0. 356 0.2754 0.2992 0.298
42 KI 19 0~18 0. 489 0.3317 0.3171 0. 289
43 Rbl 19 0~18 0. 389 0.2547 0.2382 0.194
44 RbBr 18 0~16 0.682 0.4570 0.4327 0. 385
45 K 17 0~14 0.228 0.1681 0.3315 0. 365
46 Rb 17 0~14 0.299 0.1832 0.3152 0.293
47 NaF 16 0~14 0.604 0.4804 0.4802 0. 569
48 RbCl 15 0~12 0.493 0.3595 0.3125 0.319
49 As 14 0~10 1.737 1.7151 1.706 1.710
50 Nd 14 0~10 1. 493 1.1953 1. 495 1. 569
Total average error 0.7889 0.5576 0.6151 0.8333
Average error for No. 2~No. 50 0.7504 0.5452 0.5546 0.6897

Note: A, = (pet — Pexp)/ Pexp 3 Brass” —Cu; Zn(80 % Cu.20%Zn by mole).
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Table 2 The atomic numbers Z,experimental data of V, , and fitted parameters B, and B, (T=298 K)
Voo Vinet Morse BM Baonza
No. Solid
/(cm®/mol)  B,/(GPa) B, B,/(GPa) B, B,/(GPa) B/, B,/(GPa) B/,
1 n-H, 2 22.90 0.15185 7.6902 0.1692 7.061 0.1603 7.4736 0.16692 7.0021
2 Cu 29 7.115 138.30 5.1701 138.0731 5.0819 138.712 4.9957 139.52 4.7349
3 Mo 42 9. 387 269.38 3.8616 267.4642 4.0339 266.9805 4.0537 270.43 3.6002
4 w 72 9.550 312.68 3.9604 312.13 3.6954 312.05 3.7157 312.19 3.7864
5 Zn 30 9.166 59.377  6.0725 59.91 5.7992 59.6404 5.8095 60.076 5.6176
6 Ag 47 10. 27 104.45  5.9867 104. 3 5.9023 104.7154 5.7804  105.94  5.4429
7 Pt 78 9.098 280.00 5.1620 280.0148 5.2419 280.4513 5.18 280.460 5.1458
8 Ti 22 12.01 98.406  3.5575 98.4588 3.5576 97.8565 3.6441 99.036  3.3427
9 Ta 73 10. 80 198.54  3.6885 198.0556 3.7709 197.7817 3.7998 199.01 3.4461
10 Au 79 10. 22 184.44  5.1570 183.5067 5.2506 183.4765 5.1908 184.82 4.9917
11 Pd 46 8. 896 194.80 5.2162 194.4654 5.2968 195.16 5.2034  195.29  5.1499
12 Zr 40 14.02 94.970  2.7474 95.0358 2.7647 93.8153 3.0151 95.612 2.5964
13 Cr 24 7.231 189.99  4.8848 190.5081 4.9660 190.6974 4.9264 190.12 4.9672
14 Co 27 6. 689 196.48  4.2767 196.1216 4.3617 196.1849 4.3434 196.41 4.2801
15 Ni 28 6.592 188.56  4.7642 187.6701 4.8672 187.6484 4.8371 188.67 4.7105
16 A1,0; 50 26.62 251.88  3.8205 250.142 4.0161 250.2987 4.0106  251.53  3.9437
17 Nb 41 10. 83 168.32  3.7533 168.7712 3.9555 169.2891 3.9254 168.83  3.5699
18 Cd 48 13. 00 49.400  6.1040 49.5012 5.823 49.8447 5.8296 50.101  5.6458
19 Al 13 10. 00 76.330 4.7230 76.5619 4.6366 76.8685 4.5714 @ 76.994  4.3745
20 Th 90 19.79 51.934 4.2363 52.0404 4.1759  52.055 4.163 52.820  3.8753
21 \% 23 8. 365 158.86  3.7217 158.3514 3.8056 158.1365 3.8288 159.00 3.5752
22 In 49 15.73 39.348  5.6088 39.382 5.4966 39.5659 5.3819 39.880 5.1100
23 MgO 20 8. 465 147.46  5.8983 147.2552 5.9125 147.7056 5.8054  147.71 5.7158
24 Brass™ 146 37.82 116.87 4.8303 116.83  4.8573 117.0606 4.7963 117.00 4.6238
25 Be 4 4. 890 120.00  3.5312 120.0535 3.5585 119.8714 3.6034 120.23 3.3721
26 LiF 12 9.789 62.226  4.9560 62.5071 4.9104 62.6082 4.8514 63.079 4.6296
27 Pb 82 18. 27 43.666  5.4797 43.8294 5.3015 43.8522 5.2975 44.085 5.0932
28 Sn 50 16. 32 42.937 5.6978 43.0491 5.6201 43.2281 5.4984 43.613 5.2463
29 Mg 12 14. 00 34.355  4.1284 34.4684 4.0712 34.4206 4.0755 34.794  3.7959
30 CsBr 90 47.93 21.754  4.1331 21.8632 4.084 21.8104 4.0892 22.230 3.7511
31 Tl 81 17.23 35.098 5.8010 35.363 5.6104 35.3288 5.6281 35.502 5.4481
32 NaCl 28 27.00 23.438 5.1538  23.651 4.9132  23.497 5.0914  23.770 4.7797
33 Lil 56 32. 80 32.991  2.4185 33.0396 2.4173 32.5199 2.7425  33.240 2.2658
34 LiBr 38 25.07 21.861 4.6531 21.8965 4.5867 21.9045 4.5818 22.195 4.3201
35 NaBr 46 32.15 20.813  4.3974 20.7683 4.3945 20.7944 4.3611 21.081 4.0692
36 Nal 64 40. 84 19.819  3.9219 19.8735 3.8807 19.8645 3.8972 20.092 3.6097
37 KF 28 23.43 11.602 6.1528 11.8365 5.786 11.8062 5.7914 11.941  5.5873
38 RbF 46 37.44 14.823  4.9412 14.9726 4.7872 14.9752 4.7853 15.174  4.5067
39 LiCl 20 20. 60 32.673  4.1310 32.6897 4.1192 32.7057 4.1084  32.899  3.8924
40 Li 3 13.02 10.526  3.6899  10.576  3.6292 10.4914 3.7125 10.789  3.3088
41 Na 11 23.71 5.8815 4.1242 5.9322 4.0435 5.9061 4.0618 6.1149 3.6429
42 KI 72 53.29 9.2468 4.7315 9.3148 4.6098 9.3242 4.6114  9.5044  4.2960
43 Rbl 90 59. 82 9.3451 4.7388 9.4296  4.5873  9.4031 4.603 9.5816  4.2871
44 RbBr 72 49. 36 7.5420 5.1800 7.5742 5.0057 7.5976 4.9971 7.6839 4.7191
45 K 19 45.62 2.9852 3.8477 3.0157 3.7669 2.9711 3.8585 3.1296 3.3558
46 Rb 37 56. 08 1.9622 4.1031 1.9852 4.0087 1.9611 4.0568 2.0844 3.5401
47 NaF 20 15.10 46.363 4.1080 46.5664 3.9609 46.5712 3.9655 46.604  3.9019
48 RbCl 54 43. 81 5.6335 6.0242 5.7573 5.6776 5.7701 5.6747 5.8219 5.4522
49 As 33 12. 96 37.418 12.034 37.4968 11.8577 37.479 11.943  37.816 11.452
50 Nd 60 20. 60 31.496  4.8864 31.7395 4.5739  31.507 4.823 31.595  4.6903

Note:Brass” :Cu, Zn(80%Cu,20% Zn by mole).
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Table 3 ©v/w, as a function of pressure for Au at 298 K

v/vo “U/Y}o
No. p/(GPa) No. p/(GPa)
Exp. Cal. Exp. Cal.
1 2.0 0.99 0.9895 25 34 0. 877 0.8765
2 2.5 0.987 0.9870 26 36 0.871 0.8715
3 3.0 0.985 0.984 5 27 38 0. 867 0.8666
4 3.5 0.982 0.9821 28 40 0. 862 0.8619
5 4.0 0.98 0.9797 29 42 0. 857 0.8573
6 4.5 0.977 0.9773 30 44 0.853 0.8529
7 5.0 0.975 0.9749 31 46 0. 846 0.8485
8 6.0 0.97 0.9703 32 48 0. 844 0.844 3
9 7.0 0.966 0.9659 33 50 0. 84 0.8402
10 8.0 0.962 0.9615 34 55 0. 83 0.8304
11 9.0 0.957 0.9573 35 60 0.821 0.8212
12 10 0.953 0.9532 36 65 0.812 0.8124
13 12 0.945 0.9452 37 70 0. 804 0.804 2
14 14 0.938 0.9376 38 75 0.796 0.7963
15 16 0.93 0.9303 39 80 0. 789 0.7889
16 18 0.923 0.9234 40 85 0. 781 0.7818
17 20 0.917 0.9167 41 90 0.775 0.7750
18 22 0.91 0.9103 42 95 0.768 0.7685
19 24 0. 904 0.904 2 43 100 0.762 0.7622
20 26 0.898 0.8982 44 120 0.739 0.7395
21 28 0.893 0.8925 45 140 0.719 0.7199
22 30 0. 887 0.8870 46 160 0.702 0.7025
23 32 0. 882 0.8816 47 180 0. 686 0.6870
Total average erroe for v/v, 0.0268%
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Comparative Research of Applicability of
Four Isothermal Equations of State

HU Jing' .SUN Jiu-Xun?,CAI Ling-Cang'

(1. Laboratory for Shock Wave and Detonation Physics Research ,
Institute o f Fluid Physics ,CAEP ,Mianyang 621900,China;
2. Department of Applied Physics ,University of Electronic

Science & Technology sChengdu 610054 ,China)

Abstract: It is pointed out that four equations of state are popular in literature,including Morse, Vinet,

Born-Meyer (BM) and Baonza equations of state. The four equations have been applied to fit the ex-

perimental compression data of 50 materials. The optimized values of bulk modulus and its first-order

pressure derivative at zero-pressure have been determined,and the average errors are compared. The

results show that for all materials the Morse equation gives the best results with average error

0.5576% ,BM, Vinet and Baonza equations subsequently give inferior results with average errors

0.6151%,0.7889% and 0. 833 3% ,respectively. For materials at wide pressure range,we recommend

the Morse equation,but at middle and low pressure ranges, we recommend the Baonza equation as it

can be expressed as both pressure analytic form and volume analytic form.

Key words: universal equation of state; bulk modulus and its derivative with respect to pressure;com-

pression curve at high pressure;error of pressure



