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Abstract

The equations of state for solids are mostly empirical formulas, with a small number being exten-
sions based on micromechanics. The equations are complex and have low effectiveness. Estab-
lishing effective theoretical equations of state has always been a dream in the industry. This study
establishes a 2-parameter isothermal equation of state for an ideal linear elastic body from the
perspective of material mechanics. The equation takes the form of the Bridgman equation, with
only elastic modulus and Poisson’s ratio as its parameters; The elastic segment data of 75 sub-
stances were validated, and it was found that the new equation has good consistency, reliability,
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and fitting accuracy can be controlled within 3.72%. At the same time, the first-order derivative of
the bulk modulus is a single function of Poisson’s ratio, revealing the profound connection be-
tween these two parameters.
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Table 1. Comparison of errors in the equation of state for 75 substances

F 175 YIRS B RRIREL R

_ SCHRTE THEAE
Wi )
vo By/GPa By (W) SR E By(J) E/GPa Py, /MPa G, ¢
3Li )8 0362 1208  —453 CHR8]  —29.5 10 6.67  —-0.43% 53.59%
4 Be & )& 0.039 104.35 -83.1 SCHR(S) -13 28863 1924  —0.75% 6418.01%
5B E&BHFE 0.089 396.5 42 CHR[ST[9] —1.8  977.77  651.85  0.49% —331.96%
6 Cg sl EE&BHRM 027 566.51 -1.0 SCHR[8] -8.7 78178 521.19  0.35% —88.45%
d&RIA  JEEEHm 018 3515 735 SCHR8] -3.6 6749 1125  -1.10% 1920.58%
11 Na &R 0.315  7.19 -38.1 CHA[8] -14.8  7.98 532 —0.85% 157.26%
12 Mg &R 028 3522  —37.7  CEA[10] 9.7 4649 3099 -121% 289.17%
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13 Al E] 034 75.03 537 CHR[S] 209  72.03  48.02 —1.03% 156.54%
14 Si EEEBm 034 9793 -57.8  CEA[10] 209 94.02  62.68 —1.16% 176.29%
15P A dELBERR 0335  4.88 -1.0 XHR[S] —19.5  4.83 3.22 0.61% —94.86%
16S(r) JIE&BEEE 0343 1012 —41.3 CHA[8] 219 9.53 635  —0.60% 88.96%
19K &I 035 33 —40.2 CHR[S] 243 297 198  —0.47% 65.40%
20 Ca &% 031 1581  —36.7 CHA[8]  —13.9  18.02  12.01  —0.86% 164.66%
22 Ti &Jm 0345 109.17 —42.6  SCER[10]  —22.5 10153 67.69 —0.61% 88.95%
23V &R 036 142,63 —133.0  SCHEK[10] -28.6 119.81  79.87 —2.82% 365.95%
24 Cr &R 0209 197.85 —48.4 SCHR[8] 47 34545 2303  -2.48% 930.03%
25 Mn &R 024 6203  —61.1 SCHR[8] -63 9676 6451  —2.76% 866.32%
26 Fe Az 0279 175.03  —48.0 SCHR[S] -9.6 23209 15473 —1.67% 401.86%
27 Co &R 0.334 196 3.3 ICER[10][11] —19.2 19522  130.15  0.75% —117.27%
28 Ni &JE 03 193.86 —40.0 CHR[8]  —123 23263 155.09  —1.09% 226.81%
29 Cu e 0345 136.14  —72.9 WHA[8]  —22.5  126.61 8441  —1.53% 223.61%
30 Zn &8 029 6222 574 SCER[8] —10.9 7839 5226  —1.91% 428.32%
31 Ga &8 0.235 59.29 -1.0 SCHRLS) -6.0 9426  62.84  027% —83.39%
32 Ge & @ 027 8029  —455 SCHR[S) -87 1108  73.87 —1.66% 425.55%
33 As E4EHE 0335 4097 917 CHR[8] 195 4056 27.04 —2.32% 371.54%
34 Se ELEHRF 0338 8.18 —53.8 CHR[10]  —20.3  7.95 5.3 -1.07% 164.68%
37Rb K 0356 327 323 CHR[8] 268  2.82 1.88  —0.16% 20.86%
38 Sr &R 0304 11.8 -39.4 SCER[10] —12.9  13.88 925  -1.03% 206.26%
39Y &8 0.258 4494  -29.7  CER[10] 7.6 6526 435 —1.06% 290.54%
40 Zr &8 0.34 103.35 388 WHA[10]  —20.9 9921  66.14  —0.57% 85.62%
41 Nb Eoi 035 147.54 —112.0  SCER[10]  —24.3 13278 88.52  —2.54% 360.14%
42 Mo A 03 28341 254 CHA[8]  —12.3 340.09 22673 —0.52% 107.43%
44 Ru &)@ 029 333.57 2.6 SCHR[8][12] —10.4  420.1  280.06  0.56% —125.54%
45 Rh K 027 28122 284 SCHR[8] —-8.7 388.09 258.73 —0.90% 227.88%
46 Pd &R 0375 188.04 —161.4  CHA[8]  —37.0 141.03 9402 -2.99% 336.11%
47 Ag &8 037 10469  -8.0 WHA[8]  —33.8  81.66 5444  0.67% —76.49%
48 Cd &R 03 486 -56.4 WHA8]  —12.3 5833 3888  —1.73% 360.69%
49 In &Jm 0.45 4272 —463  STHR[S][13] —271.0 10.25 6.84 2.24% —82.92%
50 Sn (w) & JE 033 5634 514 CHR[8] —18.1  57.46 3831  —1.11% 183.65%
51 Sb &R 031 4249  —36.6  SCER[10]  —13.9 4844 3229 —0.85% 163.97%
52Te  AE&JBER 033 2096  —66.6  SCEA[10]  —18.1 2138 1425 -1.62% 267.66%
55 Cs &8 0356  2.11 -37.2 SCHR[10] 268 1.82 122 -030% 39.00%
56 Ba &R 028 1071 214 SCHRS] -97 1414 943  -0.51% 121.03%
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57 La &8 0.288 2526  —43.8 CHR[8]  -10.6 3213 2142 -1.38% 312.78%
58 a-Ce K 0.295 262 3.1 CER[8][14] —11.5 3221 2147  0.60% —126.78%
59 Pr K 0305 29.56  —347  SCER[10]  —13.0 3459  23.06 —0.84% 166.28%
60 Nd &R 0306 3331 356 WHA[8]  —13.2 3877 2585  —0.86% 169.94%
62 Sm &8 0352 30.57 344 CHA[8] 251 27.14 18.1  -027% 36.91%
63 Eu &)@ 0.286 153 -21.6 WHA8]  —104  19.65 13.1  —0.48% 108.48%
64 Gd &Jm 0259 36.67  -38.7  CHA[10] 7.7  53.02 3535 -1.47% 403.67%
65 Tb oA 0261 41.45 -1.0 SCHR[8] -7.9 5944  39.63  0.33% —87.27%
66 Dy &% 0243 4211  —409  CEA[10]  —6.5 6493 4329 -1.73% 527.81%
67 Ho &JE 0255 4125  -41.4 SCHR[8] 74  60.64 4043  —1.64% 461.83%
68 Er &8 0.238 4544 353 HER[10]  —6.2 7143 47.62 —1.50% 469.09%
69 Tm &R 0235 4127  —43.7 SCHR[8] -6.0 6562 4374  —1.95% 625.64%
70 Yb &)@ 0284 13.79  -23.2 WCHA8]  —10.1 17.88 1192 —0.56% 128.98%
71 Lu &R 0233 4276  —433 SCHR[S) -59 6849 4566 —1.95% 633.54%
72 Hf &Jm 03 1149 -1.0 CHRS]  -12.3 0 137.88  91.92  0.45% —91.84%
73 Ta &)@ 035 20853  —20.7 CHR[8] 243 187.68  125.12  0.11% —15.12%
74 W &)@ 0.284 336.1 18.5 CER[10]  —10.1 43558 29039 1.25% —282.51%
75 Re &JF 0.293 38626 -1.0 WCHA[8]  —11.3 47973 319.82  0.42% —91.12%
77 Ir &R 0.26 369.46 93 CHA[8][15] -7.8  532.03 354.68  0.82% —219.91%
78 Pt &8 038 28945 —15.4 WHA[8]  —40.6 2084 13893  0.60% —62.08%
79 Au &R 0.425 180.03  —51.2 HR[S]  —1143  81.02 5401 0.94% —55.23%
81Tl &R 0.444 37.35 2.6 CHR[8][16] —213.4  8.96 5.98 2.44% -101.21%
82 Pb KA 044 4469 368 CHR[8]  -1843  16.09 1072 1.76% —80.04%
83 Bi &JF 033 3273 536 CHA[8]  —18.1 3338 2225 —1.19% 195.84%
90 Th &R 0285 5331  -725 WEA[10] —102 6877 4585  —2.61% 607.40%
92U &Jm 0.191 1423 24 CHA[8][17] —40 263.82 17588  0.40% —160.46%
94 Pu o] 0.15 625 =57  SCHR[8][18] -—2.8 131.25 875  —0.20% 99.75%
PP EAT 03989 3.06 119.5 CHA[19] —49.1  2.02 135 220% —343.10%
PP T 038 342 10.2 CHR[20]  —40.6  2.46 1.64 1.22% —125.11%
PC AT 04 4l 10.2 CHA[20]  —61.0  2.46 1.64 1.43% —116.70%
iaske EH 02 5028 0.9 XHR[21] 4.3 90.5 60.33  0.32% —121.84%
TKX-50 BT H 0369 34.52 1.8 WHR[22]  -333 2713 18.09  0.92% —105.52%

M 1 AIE H, TQ)FEYD T R B S bR B A B RS, 75 RS IR R R ZE AR TR A
[-0.54%, 1.24%] A IEZ AT AR 1), S Q) BTSN REF, MR 6 PUkg s, Q)M -G8
AT HIE 3.72%LAN
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Figure 1. Maximum error distribution of equation (2)
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