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9d-1. Electrical Resistivity and Hall Coefficient. The temperature-dependent
ideal resistivity values p; for very pure metals are listed in Table 9d-1 at 0 and 22°C
where these p: values are closely equal to the measured resistivity values p of pure
metals. p; was obtained either by subtracting g, the residual resistivity at very low
temperatures due to impurities and imperfections, from p or by choosing the lowest
reported values of p for high-purity metals. The ratio of the resistivity at 100,000 kg/
cm? (pp) to that at zero pressure (p) at 20°C and the Hall coefficient (R) at 20°C are
also listed in Table 9d-1.

9d-2. Ideal Electrical Resistivity at Low Temperatures. Maltthiessen’s rule
states that the measured resistivity p at a given temperature T is composed of the
temperature-dependent ideal resistivity p; due to electron scattering by lattice vibra-
tions and the temperature-independent residual resistivity p, caused by impurities and
imperfections; that is, p = p; + ps. At higher temperatures, p; = T for T S 0.254,
where 8 is the Debye characteristic temperature. At very low temperatures, p; « 7"
where n = 5 for a free-electron metal. For many transition metals, n =2 2 to 3 at
low T owing to electron-electron interactions. Tables 9d-22 and 9d-2b list values
for pi at various temperatures below 273 K, while Table 9d-1 lists values for pi at
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TanLe 9d-1. Somr ELecTricaL ProPerTIES oF Pure Mertirs

. % i -
Metal pir s ohm-em

Sluminum. ... L. 2.50, 2.44¢
Antimony........ 37.6
Arsenic........... 26
Barium........... 36
Beryllium. ... .... 2.71
Bismuth.......... 105
Cadmium........ 6.73
Calcium.......... 3.08®
Cerium........... 79, 76.7¢
Cesium........... 1S.0
Chromium........ 12.14
Cobalt........... 5.15%
Copper...........] 1.559, 1.545¢
Dy sprosium 87.3, 56¢
Erbium......... . 77
Europium........ 86
Gadolinium. ... ... 127.5
Gallium. ... ... .. 13.65
Gold............. 2.01¢
Hafnium.... .. ... 28.04
Holmium......... 74.5
Indium........... 8.0
Iridium.......... 4.654
lron............. §.7¢
Lanthanum....... 75, 62.4°
Tead. ... ... ... . 19.3, 19.2¢
Lithtum. ... .. .. .. 8.494
Lutecium. ... .. ... 49
Magnesium... .. .. 3.94
Manganese. ... ... 1367, 91°
Mercury (lig.). ... 94.1
Molybdenum . . . .. 4 844
Neodymium . ... .. 56.5
Neptunium. ... ... 116
Nickel. ... ... .. 6.204
Niobium....... .. 13.5¢
Osmium.......... 8.35%-
Palladium. ... .... 9.704
Platinum......... 9.59¢
Plutonium........ 144
Polonium......... 42
Potassium........ 6.447,. 6.1¢
Praseodymium. . .. 64
Rhenium...... ... . i6.9¢
Rhodium... .. 4.36¢
Rubidium ... .. .. 11.25
Ruthenium. ..., .. 6.694
Samarium. ... . ... 935, 88¢
Scandium. .. ... .. 42.9
Silver. . ... ... .. .. 1.474
Sodium...... .. .. 4.289
Strontium. .. ... .. 19.8
Tantalum. .. .. ... 12,14
Terbium.. ... .. .. 109
Thallium.. ... ... . 15
Thorium. ... ... .. 14.0, 13¢
Thulium. ... ..... 58

pi.* microhm-em pp/p. T at Rt

22°C 100,000 kg/ecm? | cm3/coul X 10¢

2.74 0.770 -0.30
41.3 0.605

29 0.928

39 2.618

3.25 0.876 +2.44
116 0.474

7.27 0.658 +0.60

3.35% 4.399

8t ... +0.181
10.96 5.33 -7.8
12,94 0.558

5.80¢ 0.951 -1.33

1.704 0.866 —0.55-~-
o0 L. -1.3
L) S -0.34
89
134.1 .. -0.95
14.85

2.204 0.816 -0.72
30.64

77.7

8.75 0.493 —-0.07

5.07¢ 0.886

9.8 0.841 +0.245
5 -0.8
21.0 0.487 +0.09

9.32 1.704 -1.7
53

4.30 0.767 -0.94
136¢ | ..., -0.93
95.9 0.555

5.334 0.892 +1.26
5 1 L. +0.97
118.5

7.04¢ 0.838 -0.611
14 .54 0.894

9.134

10.55¢ 0.847 —0.68
10.424 .861 —0.24
143

46

7.19 0.596 -4.2
67 1 ... -0.71
18.64

4.784 0.872 370
12.51 2.95

7.37¢

99

46 R

1.614 0.802 -0.84

4.75 0.479 -2.5
21.5 1.810

13.1¢ 0.882 +1.01
111

16.4 0.265 +0.24
15. 0.821

682
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TasLr 9d-1. Some ELecTricaL ProrerTieEs ofF Pure MEeTaLs (Continued)

Metal p:,* microhm-cm| p;,* microhm-cm p5/p.T at Rt
¢ - 0°C 22°C 100,000 kg/cm? | em?*/coul X 104
Tin.............. 10.1 11.0 0.548 -0.04
Titanium......... 39.04 ,43.14 0.916
Tungsten ........ 4.824 5.33¢ 0.895 +1.18
Uranium......... 24.1 25.7 0.724
Vanadium. ... .... 18.34 19.94 0.878
Ytterbium........ 25.5 26.4
Yttrium.......... 53.7 58.5
CZine. ..o 5.45 5.92 0.679 +0.33
Zirconium........ 38.64 42 .44 0.9836

* Unless otherwise indicated, most of the p: values were taken from G. T. Meaden, "‘Electrical Resist-
ance of M=tals,”” Plenum Press, Plenum Publishing Corporation, New York, 1965.

t po/p taken from P. W. Bridgeman, Proc. Am. Acad. Arts Sei. 81, 165 (1952).

1 R taken from J. Bardeen, *“Handbook of Physics,” pp. 4-74, E. U. Condon and H. Odishaw, eds.,
MecGraw-Hill Book Company, New York, 1958.

a L. A. Hall, “Survey of Flectrical Resistivity Measurements on 16 Pure Metals in the Temperature
Range 0 to 273°K,” N BS Tech. Note 365, February, 1968.

s F. X. Kayser and S. 1). Soderquist, J. Phys. Chem. Solids, 28, 2313 (1067).

¢J. A. Gibson et al.: "The Properties of Rare Earth Metals and Compounds,” Battelle Memorial
Institute, Columbus, Ohio, 1959.

4 (3. K. White and S. B. Woods, Phil. Trans. Roy. Soc. London, ser. A, 281, 273 (1959).

«R. B. Stewart and V. J. Johnson, eds., A Compendium of the Properties of Materials at Low Tem-
peratures (Phase [I), WADD Tech. Rept. 60-56, part IV, chap. 6, Wright-Patterson Air Force Base,
Ohio: Aeronautical Systems Division, Air Force Systems Command. December, 1961.

273 K (0°C) and at 295 K (22°C). Table 9d-2a lists p:. 8, and n for the noble metals
(Group IB) and the transition metals (Groups IVA, VA, VIA, VIIA, and VIIIA).
Table 9d-2b lists p: and 6 for the remaining groups of metals other than the noble and
the transition metals.

9d-3. Electronic Structure of Metals. The metals listed in Table 9d-3 are
divided into three. groups, simple mectals, transition ‘metals, and semimetals.
The reference list is not complete, but the numbers next to the element names
refer to recent papers which contain fairly complete references. A recent review
article [1] gives rather complete references to de Haas-van Alphen effect studies up
to 1968. . :

In the first column under the name of the metal are given the lattice constants in
angstroms and the crystal structure. Values of the lattice constants are given at low
temperatures, approximately 4.2 K, where these are available. In some cases these
have Foen estimated from low-temperature thermal expansion data. Where low-
temperature data are not available, room-temperature (R.T.) values are listed. One
useful reference is Pearson’s compilation (2.

In the next four columns the Fermi surface description 1s given. For most metals
the ideatifications are based upon band structure calculations, and in some cases the
descriy tions are extremely tentative. The lettersin the description refer to symmetry
points in the Brillouin zone following the standard convention as given, for example,
by Kester [3]. The names of the parts of Fermi surface are taken from the appropri-
ate ro-erences. e and h refer to electrons and holes, respectively. In the majority of
cases the type of carrier has been determined from band structure calculations rather
than from actual experiments. The magnetic field direction is given in column 6 and
:ofers to the normal to an extremal Fermi surface cross section. The frequencies given
in column 7 were obtained from de Haas-van Alphen effect measurements. When
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TasLE 9d-2b. IpEaL ELEcTRICAL RESisTIVITIES IN MICROHM-CM OF PURE METALS
ar Low TEMPERATURES®

Metal ¢ 20K 50 K 80 K 100K | 150 K | 200 K | 250 K |6, Kf

Group ITA i
Li. ... e I 0.015 0.27 0.995 1.714 3.708 5.704 7.613 370
Na...ooooiveeeno.- © 0.0165 0.317 0.805 1.143 1.994 2.874 3.821| 158
S I 0.1074 0.719 |, 1.389 1.836 3.005| 4.281] 5.720; 90
Rb.... ..ot i 0.433 1.57: 2.700 3.46: 5.46¢ 7.64s| 10.01 52
Cs..oiiiiiie 0.882 2.655 4.42, 5.63; 8.78: | 12.22 16.06 54%

Group 1IA:

Be. .....oiviinns 0.0004 0.0077 0.038s 0.090: 0.436 1.15: 2.136 {1160
). - S ¢ 0.008s 0.1s 0.55 0.89 | ...... 2.6 | ...... 400
Ca.ooviiieineans i 0.03 0.25 0.57 0.87 1.52 2.14 2.74 | 230
Sr... e 0.48 2.5 4.6 6.3 | ...... 14.1 | ...... 147
Ba.....iiiiienoo.s i 0.73 3.5 7.8 10.7 | ...... 25 ... 110

Group ITIAC
Se. . 0.16 2.9 8 11., 20.7 29 .4 38.3
Yoot 0.3 4.8 11.. 15.4¢ 26. 37.s 48.¢ 2143

Group [IB:

H/2 P 0.052 0.49 1.16 1.6: 2.7 3.84 4.9; | 310
Cd................ 0.13 0.87 1.7 2.3 3.6 4.9 6.2 188
Hg. ............... ©1.24 3.9 6.6; 8.6 13.3 18.4 92.2 80

Group IIIB :

Al oo © 0.0006 0.05 0.25 0.47 1.0 1.6; 2.24 | 428
Ga......cviiii 0.09 | ....... 2.7: 3.9; 8.8 9. 5 12.3 320
In. ... o 0.16 0.9, 1.8 2.3s 3.8 5.4, 7.1 108
b N 0.42 2.0 3.6 4.7 7.5 10.3s 13.5 87

Group IVB :

Sn.. ... .iieeeas ¢ 0.10 0.9 2.1 2.9s 4.9, 7.0 9.1 178
Pb.... .. .ciiinn 0.56 2.76 4.97 8.5 10.2 13.% 17.a 110

Group VB .

As. ... 0.2¢ 1.s 4.3 8.« | ..o caieii e 285:
8b... ... 0.4 3.2 7.2 10.0 17.9 25.9 34.0 207
Bi.....cooooiitn 5.8 19 30 37 55 74 96 119

Rare-earth metals:

La. .o 3.3 17 29 36 49 5 61 71 142
Pro.oiiiieeed e 8.5 23 36 46 . 54 61 7431
Nd.......coovvn 8. 17 25 29§ 38.% 46 53
Sm.......c... 14 33 52 64 73 32 91
Eu................ 8.5 33 61 78 75 78 83

Gd. 1.0 125 29 41.2 69.0 95.¢ 119.: 152%
Tbh.. ..., 0.9; 125 27 38 64 93 108 1581
Dy.....ccocov - 1.1 11.s 26.4 40., 72.% 81 83 140
Ho................ 3.4 15 31 43 58 64 71

Er. .. ... .. ... . 4.5 24 39 42 52 63 73

Tm. .. eieeaen s 2. 21 25.% 29 38 46 55

Yb. ..ol 1., 6.3 10.s 13.s 17., | 21.s 24.4
Lu................ 0.7, 6.0 11.y 16 26 36 435 1663

Actinide metals:

Th.. ... ...t 0.19 1.67 3.34 4.4 7.2 9.9 12.7 170
L 0 0.52 4.54 7.4 9.4 14.0 18.3 22.3 200
Np...ovvvviiiens 1.91 24.2 49.8 83.1 87.3 102.5 112.7
Pu.......oovinnn 20 11 - | 153 156 153 148 145

* Except for calcium, the i values were taken from G. T. Meaden, “Electrical Resistance of Metals,"
Plenum Press, Plenum Publishing Corporation, New York, 1965. The o values for calcium were
taken from F. X. Kayser and 8. D. Soderquist, J. Phys. Chem. Solids, 28, 2343 (1967).

t Unless otherwise indicated, most of the 8 values were taken from G. T. Furukawa and T. B. Doug-
iass, “American Institute of Physics Handbook,” 2d ed., pp. 4-61, D. E. Gray, ed., McGraw-Hill Book
Company. New York. 1963.

t These 8 values were taken from F. J. Blatt: “Physics of Electronic Conduction in Solids,’” pp.
48-49, McGraw-Hill Book Company, New York, 1968,
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extremal areas 4 were given in angstroms or atomic units, the conversion to frequency
F was madec, using the following rclations:

F (gauss) = 4 (a.u.7?) X 3.741 X 108
F (gauss) =-4 (angstroms~?) X 1.04728 X 108

An ~ sign is used for values estimated from graphs. Error estimates are not given
here, but can be obtained from the references. If no reference isindicated for a specific
measurement, the first reference given for that element is implied.

In columns S and Y are given cyclotron mass values obtained from de Haas-van
Alphen effect and cyclotron resonance measurements. No attempt has been made to
give a complete listing of the values obtained from cyclotron resonance even though
more accurate measurements are usually obtained by this technique.

In the final column are listed other experiments that have been performed on these
metals, using the following abbreviations:

ASE  Anomalous skin effect MA  Magnetoacoustic
CR  Cyclotron resonance MT Magnetothermal
GM  Galvanomagnetic PA  Positive annihilation
H Helicons SE  Size effect

KE Kohn effect

Descriptions of these experiments can be found by referring to the references given
in this table.
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