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Equation of State of Sodium Chloride

D. L. DECKER
Department of Physics, Brigham Young University, Provo, Utah
(Received 8 August 1966)

ECAUSE of many requests, I wish to publish the following
numerical table of results for the equation of state of NaCl
as calculated in an earlier paper! along with a few comments on
various proposed equations for NaCl. Table I gives the pressure
in kilobars at the corresponding values of Aa/a; and temperature
in the appropriate row and column. The parameter Aa/a, is the
fractional compression of the lattice parameter where the standard
value a, is the appropriate lattice parameter at zero pressure and
25°C. The increments between the values given in the table were
chosen such that one can linearly interpolate between the tabu-
lated values to an accuracy of better than 0.02 kbar.

In recent years several equations have been proposed to give
the volume change vs pressure for NaCl at room temperature.2
A comparison of these equations and the results in Table I is given
in Fig. 1 along with experimental measurements by Bridgman,*
Christian,’ and Perez—Albuerne and Drickamer.? This figure gives
the differences in AV/V, of the respective equations or experi-
mental measurements at a specified pressure to the AV/V, calcu-
lated in Ref. 1. at that pressure. Experimental values of NaCl
compression have been measured by Jeffery et al. at the pressure
of the bismuth I-II phase transition. If the value of 25.4 kbar7 is
accepted for the Bi I-I1 transition, then Jeffery’s measurement of
AV/Vy=—0.084+0.02 for the compression of NaCl at this tran-
sition gives one point at which both P and V are simultaneously
known. This point is shown by the large square in Fig. 1. Tt is
noted that all results agree to within the accuracy of the x-ray
measurement at 25.4 kbar except Murnaghan’s equation em-
ploying parameters from sound velocity measurements by
Bartles and Schuele.® The same Murnaghan equation definitely
gives too small a compression at high pressures. If one chooses a
value of By'=4.60 rather than the 5.35 reported by Bartles and
Schuele, the resulting Murnaghan equation is in good agreement

with the experimental data at low pressures. By is the pressure
derivative of the bulk modulus and is assumed to be independent
of pressure in Murnaghan’s equation. Even with the smaller choice
of By, the Murnaghan equation appears to become definitely
less accurate at high pressures.

It is concluded that the value of By’ given by Bartles and
Schuele is probably too large and that By’ for NaCl must vary with
pressure, making the Murnaghan equation a poor equation of state
at higher pressures. The experimental data is, however, too scat-
tered to make a choice between the equations of Perez-Albuerne
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Fi1G. 1. Comparison of calculated and measured compressions as a function
of pressure for NaCl. The ordinate is AV/Vo calculated by Decker minus
AV /Vocalculated or measured by others. Curve A is Murnaghan's equation
with By and By’ taken from Ref. 8. Curve B is Murnaghan's equation with
Bo as in A but By’ =4.60. Curve C is calculated by Perez-Albuerne and
Drickamer, Ref. 3. @ smoothed data from Bridgman, Ref. 4. X measure-
ments by Perez-Albuerne and Drickamer, Ref. 3. O dynamic measurements
by Christian, Ref. 5. [[] measurement by Jeffery et al., Ref. 6.
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TaBLE I. Calculated pressure at given compressions and temperatures from 0-500 kbar and 0°C-mp for NaCl.
Based on equation of state by Decker.®

—=g 0cC 25 C 100 C 200 C 300 C Loo ¢ 500 C 600 C 700 C 800 ¢ 900 C 1000 C 1200 C 1400 C 1600 C 1800 C 2000 C
0.040 0.45

0.038 1.25 4,03

0.036 2.09 4.87

0.03h 0.15 2.94 5.7k

0.032 1.03 3.83 6.63

0.030 1.9k k.75 7.55  10.36

0.028 .07 2.88 5.60 8.51  11.32

0.026 1.03 3.85 6.67 9.k9  12.31

0.02k 2.02 L.83 7.67  10.50  13.33

0.022 0.21 3.0k 5.87 8.71 11.55 1k.39

0.020 1.25 k.10 6.93 9.78  12.62  15.47

0.018 2.33 5.18 8.03 10.88 13.7%  16.59

0.016 0.60 3.45 6.30 9.16 12.02 14.88 17.74 23.47

0.014 1.7h 4.56 7.46 10.32 13.19 16.06 18.93  2L.67

0.012 0.06 2.92 5.78 8.65 11,52 1k4.ko 17.28  20.15 25.91

0.010 1.26 4.13 7.00 9.88 12.76 15.64 18.53 21.41 27.19

0.008 2.50 5.38 8.26 11.15 14,03 16.93 19.82 22.71 28,50

0.006 0.92 3.79 6.67 9.56 12,45 15.35 18.25 21.15 24.05 29.86

0.004 2.24 5.11 8.00 10,90 13.80 16.70 19.61 22,52 25.43 31.25

0.002 0.73 3.% 6.47 9.37 12.27 15.18 18,09 21.01 23.92 26.8:  32.

0.000 0.00 2.12 k.99 7.88 10.78 13.69 16.01  19.53 22.45 25,38 28,03 3k.16  Lo.02

20,002 0.7k 1.43 3.56 6.43 9.33 12,24 1516 18,08 21.01  23.9% 26.87 29. 35.68  L1.56

-0.00k.  2.21 2.91 5.03 7.91 10.8  13.74 16.66 19.5%  22.53 25.47 28.41  31.3%  37.24 43,13

-0,006  3.72 L.L2 6.56 9.k 12,35 15,28 18,21 21,15 2410 27.04  29.99  32.9%  38.84  LL.75

-0.008  5.28 5.99 8.12 11.02  13.93 .87 19.81 22,76 25.71  28.66  31.62 34.58 k0,50 L6.k2

-0.010 6.8 7.60 9.7% 12,64 15,56 18,50 2L.k5 2Lkl 27.37  30.33  33.30 36.26 k2,20  L8.14

-0.012 8,55 9.26 11.h0  14.38 17.24 20,19 23.15 26.11  29.01  32.05 35.02 37.99 143.95 49.90

-0,014  10.26 10.97 13.12 16.03 18.97 21.92 24.89 27.86 30.84 33.81 36. 39.78 45.75 51.72

-0.016 12,02 12,73 14,88 17.80 20.75 23.71 26.68 29.66 32.65 35.63  38. L1.62 7.60°  53.59

-0,018 13.83 1L.5h4 16.70 19.62 22.58 25.55 28.53 31.51 3k4.51 37.50 Lo.50 43,50 49,50 55.51 61.52

-0.020 15.69 16.h0 18,56 21,50 2L.A6  27.k  30.43° 33.42  36.42  39.43 k2,39  U5.45  5L.L6  57.48  63.51

-0,022 17.61 18.32 20.49 23.43 26,0  29.39 32.38 35.38  38.39 k1.0 4 L3 L7.hh 53.48 59.51 65.55

-0.02% 19.59 20.30 22.47 2542 28,40 31.39 34.39 37.k0  Lo.h2  L3.uhk L6.W6  L9.k9 55.54 61.59  67.65

-0.026 21.62 22.33 24.51 27.46 . 30.45 33.45 36,46 39.48 42,50  L5.53  LB.5T  51.60  57.67  63.74 .81

-0.028 23.71 2443 26,61 29.57 32.56 35.57 38,59 k1, Lk, T 50.7L  53.TT  59. 65.9% 72,03

-0.030 25.87 26,58 28,77 31.73 34.73  3T.75 43,81  L46.85 9.90 52.95 55,00  62.10 .20 Th.31

-0.032 28,08 28.80 30.00  33. 36.97 39.99 43.03 b6,07 49.12 52,17 55.24 58,29 6.4l 70.53  76.65

=0.0; 30.36 31.08 33.27 36.25 39.26 42.30 L5.3% 48,39 5145  s4.51 57,48 60.66 66.78 T2.92 19 85.20

-0.036 32.71  33.43 35.62 38,61 41,63  Lu.6T  LT.T2 50.78 53.85 56.91 .00 63.08 69.22 75.37 8153 87.69

-0.038 35.12 L84 38.04 41,03  kk.06  L7.11 50,17 53.23 .31 59.39  62.48 5s .74 T77.89 .07  90.25

-0.040 37.60  38.32 0.53 43.52 146,56 49.61 52, 55.7 58.84  61.93 64,99 68,11  T4.30 80.48 86.68 92.88

-0.0b2 ko.15 Lo.87  43.08  46.09  k9.13  52.19  55.27  58.35 s 64,54  67.65 T70.T4  76.95 83.15 89.36 95.57 10L.79
-0,04k k42,78 k3.5 L5.T1 8.72  5L.77 . 57.93  61.02 . 67.22. 70.33 72.67 T9.61 85.88 92,11  98.3h 104.58
-0.046 45.47  L46.20  LB.L1  51.43 49 57.57 B 63.76 : 69.96° T3.10 76,21 8.45 88,69 9h.9% 101.19 107.hk
-0.048 .25 48.97 51.19  sh.22  57.28 .37 63.47 .57 A 72.81  75.9%  79.08 85.32  91.57 97.84 10k.11  110.37
-0.050 51,10  5l. 54,05  57.08 60.15  63.24 .35 69.47 s 75.72 78,86  82.01  88.26  9k.54 100.82 107.10 113.39
-0.052  54.03 .7t .98  60.02 63.10 66.20 69.32 T2. - 78.71  81.86 85.00 91.29 97.58 103.88 110.18 116.k9
-0.054 57.04 57.80 60.00 63.05 66.13 69.2k T72.36  75.50 y ¥ v 119.66
-0.056 60.1% 60.87 63.10 66.15 69.25 72.36 75.50  78.64 » 84,94 88,11  91.27 97.59 103.91 110.25 116.59 122.92

-0.076 96.21  96.95 99. 102.33 105.50 108.69 111.90 115.13
-0.078 100.38 101.12 103.39 106.51 109.68 112,89 116.11 119,34
104.66 105.40 107.68 110.80 113.98 117.19 120.k2 123.67

184,53 185.28 187.62 190.81 194.12 197.43 200,80 20L.15
201,78 202.47 204.24 208,02 210,77 21k.13 217.48 220.90
218.90 219.65 222,01 225.22 228,57 231.91 235.33 238.72
238.50 239.21 240.91 24k.79 247.5% 250.91 254.30 257.76
258.01 258.76 261.12 26h.36 267.8: 271.12 274.68 278.01
280,24 281.02 282.62 286.61 289.27 292.71 296.1k 299.66
302.46 303.21 305.59 308.85 312.27 315.68 319.18 322.65
327.72 328,46 330.01 334,11 336.71 340.20 343.67 347.23
352.97 353.71 356.10 359.38 362.83 366.27 369.83 373.33
361.64 382,39 383.84 388.07 390.59 394.16 397.62 Lol.22
510,31 411.06 413,46 L16.75 Lh20.23 423.71 L27.40  430.85
442,88 L43.60 4LL.93 Lk9.30 451.73 b55.30 458.83 L62.98
475,39 476.13 478,53 LBL.B4 L485.36 1488.86 L492.50 496.08

. 91.36  9k.54 100.87 107.27 113,56 119.92 126:27
91.51 9k, 70 97.88 1ok.2k 110.59 116.96 123.33 129.71

102:85 105.27 108,47 114.88 121,29 127.72 134.14 11:0:57
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106.35 109.56 112.’{9 116,07 122,47 128, 91 135.37 141.83 148.30

207.53 210,92 214.3k 217.7h 22k.56 231:30 238.21 2&5:01‘ 251.89
242,14 245,50 2h9.11 252,25 250.4k 266,32 273.% 280,17 287.11

281.48 284.98 288.45 202,02 299.00 305.99. 313.01 320.0k  327.08
303.15 306,61 312.71 313.64 320.81 327.76 334.83 341.91 348,99
326.16 329.72 333.3% 336.86 343.95 351.01 358.13 365.26 371.39
350.76  35k.27 3&-91 356.43 368.54 375.71 382.88 390.05 397.2k

Lok.80 L408.36 412,09 L415.57 L22.96 430.08 437.35 Lbk.62 L51.91
43h.h5 438,26 LL1.85 LL5.MU5  L52.Th  L459.9T  L6T
466,11 L69.TL W73.48 477.18 LBL,36 L49l.T1  Lg9.
499.73  503.h4k4

a See Ref. 1.

and Drickamer, and the results calculated in Ref. 1 and tabulated
in Table I.

I wish to thank Dr. J. Dean Barnett for his help in preparing
the table and encouragement in this work.
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