Optical properties of the metals Al, Co, Cu, Au, Fe, Pb, N|, Pd,
Pt, Ag, Ti, and W in the infrared and far infrared

M. A. Ordal, L. L. Long, R. J. Bell, S. E. Bell, R. R. Bell, R. W. Alexander, Jr., and C. A. Ward

Infrared optical constants collected from the literature are tabulated. The data for the noble metals and
Al, Pb, and W can be reasonably fit using the Drude model. It is shown that —e;(w) = e2(w) =~ o p/(2w

the damping frequency w = w;.

1. Introduction

Many measurements of the optical constants of
metals have been made, primarily at near IR, visible,
and UV wavelengths. Brandli and Slevelrs1 have
measured Au and Pb in the far IR. For the near and far
IR we have compiled these data and have tabulated the
real and imaginary parts of the dielectric function, €
and €, respectively, the index of refraction n and the
extinction index k for each metal. Drude model? pa-
rameters giving a reasonable fit to the data are given for
Au, Ag, Cu, Al, Pb,and W. In general, the Drude model
is not expected to be appropriate for transition metals
in the near and middle IR, but a good fit can be obtained
for W with a Drude model dielectric function.

Weaver et al.3 have compiled extensive tables or
optical properties of metals which have been recently
published. Most of their tables do not extend beyond
12-um wavelength, while our compilation extends to the
longest wavelength for which data are available. An-
other standard compilation is that of Haas and Hadley
in the AMERICAN INSTITUTE OF PHYSICS
HANDBOOK.4 However, this includes data only up
t0 1967. Except for a few cases, the data presented here
are more recent.

Bennett and Bennett® have shown that the Drude
model fits the measured reflectance of gold, silver, and
aluminum in the 3-30-um wavelength range with one
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Also —¢1(w ;) =~ — (Y) €1(0), where the plasma frequency is wp.

adjustable parameter; i.e., the Drude model parameters
were obtained from the dc resistivity and fitted with one
free electron per atom for gold and silver and 2.6 free
electrons per atom for aluminum. Brandli and Sievers
have shown that the Drude model is an excellent fit to
their far IR measurements on lead and provides a good
fit for gold with no adjustable parameters.

Il. Definitions and Equations

In keeping with IR spectroscopic notation, all
frequencies will be expressed in cm™!. The complex
dielectric function €. and the complex index of refrac-
tion n. are defined as

€. =€ +ieg=n?=(n+ik)2 1)

The Drude model dielectric function is
%
w2+ ivww,
where w, wp,, and w, have units of cm™
real and imaginary parts yields

’ 2

€ = €0 —

1 Separating the

w? v
€ = € — _2__2__2 N (3)
w* + w7
2
Wp Wy
€= — —— - 4)
w® + ww;

In these equations, the plasma frequency® is

1 {4wNe?\1/2
wplem™1) = —
2wc \ m*ea

’ (5)

where N is the free electron density, e is the electron
charge, m* is the effective mass of the electrons, and €.,
is the high frequency dielectric constant. The damping
frequency w, expressed in cm~1is
1
2mweT

where 7 is the electron lifetime in seconds and c is the
velocity of light. Note that for low frequencies

) (6)

w,{cm™1) =
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Fig.1. Aluminum: —¢;(w) and eg(w) vs frequency. The solid line Fig.3. Gold: —¢1(w) and ea(w) vs frequency. The solid line is the
is the Drude model. The data from Ref. 7 are: Shiles et al., O for Drude model. The data from Ref. 9 are: Bennett and Bennett, %
both —¢; and eo; Bennett and Bennett * for —¢; and es; Schulz, ¢ for for both —e¢; and eg; Schulz, ¢ for both; Motulevich and Shubin, o1 for
—¢; and €. both; Padalka and Shklyarevskii, O for both; Bolotin et al., X for both;

Brandli and Sievers, + for both; Weaver et al., A for both.
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Fig. 2. Copper: —¢;(w) and e2(w) vs frequency. The solid line is FREQUENCY, W (CH )

the Drude model. The data from Ref. 8 are: Schulz, ¢ for both —¢; Fig. 4. Lead: —e1(w) and ea(w) vs frequency. The solid line rep-

and e; Lenham and Treherne, % for —¢; and ez Robusto and resents the Drude model. The data from Ref. 10 are: Brandli and

Braunstein, O for both; Hageman et al., X for both; and Dold and Sievers, X for ~¢; and + for €s; and Golovashkin and Motulevich, A
Mecke, A for both. for —¢; and O for es.

1100 APPLIED OPTICS / Vol. 22, No. 7 / 1 April 1983



10 T 10 T T T T T T T T
L 4
10° - L i
] 3 0O _
10°
o 00
&
10q — - ? X o
Do -
B @ 'El
o~
W 4 WN - o:&( -
= o
& 10’ T & 10° | €, “’A;A 1
- 3 s
Y | w o,
] *8o'a
2 % 0%,
10 . i X os, ]
-1 <&
10" x _
T X
0! SILVER | i IRON -
X
- - X
Y L T PR B PR N '
10 0 1 1 1 1 1 | 1 )
10° 10! 10° 10° 10 10° 10 e ) o e
FREQUENCY,W (cM™) FREQUENCY. WM™

Fig.5. Silver: —e1(w) and ez(w) vs frequency. The solid line is the Fig. 7.
Drude model. The data from Ref. 11 are: Bennett and Bennett, %
for both —¢; and e; Schulz, ¢ for both; and Hagemann et al., X for

Iron: —e1{w) and es(w) vs frequency. The data from Ref.-
13 are: Weaver et al., X for —¢; and A for eg; Bolotin et al., ¢ for —¢;
and O for ea.
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Fig. 6. Colbalt: —e¢;(w) and es(w) vs frequency. The data from Ref.

12 are: Kirillova and Charikov, + for —e; and O for ¢g; Johnson and Fig.8. Nickel: —e1(w) and ea(w) vs frequency. The data from Ref.

Christy, ¢ for —¢; and O for €g; and Weaver et al, X for —¢; and A for 14 are: Lynchet al., X for —¢; and A for €g; Johnson and Christy, ¢
€. for —e; and O for es.
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Fig.9. Palladium: —¢;(w) and e2(w) vs frequency. The data from Fig. 11. Titanium: —ej(w) and ex(w) vs frequency. The data from
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Fig. 12. Tungsten: —e;(w) and ez(w) vs frequency. The solid line
Fig.10. Platinum: —e;(w)and ep(w) vs frequency. The data from is the Drude model. The data from Ref. 18 are: Nomerovannaya et
Ref. 16 are Weaver et al., A for —¢; and O for es. al., O for both —¢; and e5; Weaver et al., A for both.
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TABLE 1. Al, ALUMINUM

E. Shiles, T. Sasaki, M. Inokuti, and D. Y. Smith, Phys. Rev. B 22, 1612

(1980
wW(cm-1) ACHm) -¢1 €2 n K
3.23E+02 3.10E+01 3.18E+04 4.02E+04 ?.86E+01 2.04E+02
3.39E+02 2.95E+01 3.01E+04 3.462E+04 ?.22E+01 1.96E+02
3.71E+02 2.70E+01 2.68E+04 3.03E+04 8.26E+01 1.83E+02
4.03E+02 2.48E+01 2.43E+04 2.59E+04 7.50E+01 1.73E+02
4,.36E+02 2.30E+01 2.14E+404 2.24E+04 46.93E+01 1.62E402
4.68E+02 2.14E+01 1.95E+04 2.01E+04 6.52E+01 1.54E+02
5.00E+02 2.00E+01 1.80E+04 1.79E+04 6.07E+01 1.47E+02
5.32E+02 1.88E+01 1.466E+04 1.60E+04 S5.67E+01 1.41E+02
S5.81E+02 1.72E+01 1.50E+04 1.38E+04 5.20E+01 1.33E+02
6.45E+02 1.55E+01 1.32E+04 1.13E+04 4.58E+01 1.24E+02
7.10E+02 1.41E+01 1.18E+04 9.49E+03 4.09E+01 1.16E+02
7.74E+02 1.29E+01 1.05E+04 7.89E+03 3.62E+01 1.09E+02
8.87E+02 1.13E+401 8.77E+03 5.94E+03 3.02E+01 ?.84E+01
1.05E+03 9?.54E+00 6.93E+03 4.07E+03 2.35E+01 8.65E+01
1.21E+03 8.27E+00 5.58E+03 2.86E+03 1.84E+01 7.70E+01
1.37E+03 7.29E+00 4.51E+03 2.05E+03 1.49E+01 6.88E+01
1.61E+03 6.20E+00 3.39E+403 1.39E+03 1.17E+01 S5.94E+01
2.02E+03 4.96E+00 2.25E+03 8.28E+02 8.59E+00 4.82E+01
2.42E+03 4.13E+00 1.63E+03 5.54E+02 6.786E+00 4.10E+01
2.82E+03 3.54E+00 1.24E+03 3.87E+02 5.44E+00 3.56E+01
3.23E+03 3.10E+00 ?.71E+402 2.80E+02 4.45E+00 3.15E+01
4.84E+03 2.07E+00 4.53E+02 ?.73E+01 2.27E+00 2.14E+01
6.45E+03 1.55E+00 2.52E402 4.61E+01 1.44E+00 1.60E+01
8.07E+03 1.24E+00 1.54E+02 3.02E+01 1.21E+00 1.25E+01
1.21E+04 8.27E-01 6.15E+01 4.56E+01 2.73E+00 8.31E+00
1.61E+04 6.20E-01 5.42E+01 1.95E+01 1.30E+00 7.48E+00

TABLE 1. A1, ALUMINUIM (Continued)
H. E. Bennett and J. M. Bennett, Optical Properties and Electronics

Structure of Metals and Alloys, ed. F. Abeles (North-Holland, 1946),
p. 175.
w(cm-1) ACEm) -¢1 €2 n K
3.13E+02 3.20E+01 2.40E+04 5.56E+04 1.33E+02 2.09E+02
3.23E+02 3.10E+01 2.58E+04 S5.31E+04 1.29E+02 2.08E+02
3.33E+02 3.00E+01 2.56E+04 S5.08E+04 1.25E+02 2.03E+02
3.45E+02 2.90E+01 2.54E+04 4.84E+04 1.21E+02 2.00E+02
3.57E+02 2.80E+01 2.47E+04 4.59E+04 1.17E+02 1.96E+02
3.70E+02 2.70E+01 2.45E+04 4.36E+04 1.13E+02 1.93E+02
3.85E+02 2.60E+01 2.38E+04 4.12E+04 1.09E+02 1.89E+02
4.00E+02 2.50E+01 2.34E+04 3.91E+04 1.0SE+02 1.84E+02
4.17E+02 2.40E+01 2.31E+04 3.64E+04 1.00E+02 1.82E+02
4.35E+02 2.30E+01 2.25E+04 3.42E+04 ?.60E+01 1.78E+02
4.55E+02 2.20E+01 2.19E+04 3.18E+04 ?.1SE+01 1.74E+02
4,74E+02 2.10E+01 2.10E+04 2.93E+04 8.68E+01 1.69E+02
5.00E+02 2.00E+01 2.05E+04 2.71E+04 8.21E+01 1.65E+02
5.26E+02 1.90E+01 1.94E+04 2.47E+04 7.73E+01 1.460E+02
5.56E+02 1.80E+01 1.88E+04 2.24E+04 7.24E+01 1.55E+02
5.88E+02 1.70E+01 1.80E+04 2.02E+04 6.74E+01 1.50E+02
6.25E+02 1.60E+01 1.69E+04 1.79E+04 é6.23E+01 1.44E+02
6.47E+02 1.50E+01 1.58E+04 1.58E+04 S5.71E+01 1.38E+02
7.14E+02 1.40E+01 1.47E+04 1.37E+04 5.19E+01 1.32E+02
7.69E+02 1.30E+01 1.37E+04 1.18E+04 4.67E+01 1.26E+02
8.33E+02 1.20E+01 1.24E+04 9.88E+03 4.15E+01 1.19E+02
9.09E+02 1.10E+01 1.10E+04 8.04E+03 3.63E+01 1.11E+02
1.00E+03 1.00E+01 ?.84E+03 46.49E+03 3.12E+01 1.04E+02
1.11E+03 ?.00E+00 8.41E+03 5.02E+03 2.63E+01 9.54E+01
1.25E+03 8.00E+00 7.02E+03 3.72E+03 2.1SE+01 8.45E+01
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TABLE 1. Al, ALUMINUM (Continued)
L. G. Schulz, J. Opt. Soc. Am. 44, 357 (1954) and 362 ¢1954) .

w(cm—1) ACRmd -¢1 €2 n K

1.05E+04 ?.90E-01 6.92E+01 2.98E+01 1.75E+00 8.50E+00

1.11E+04 ?.00E-01 5.54E+01 3.02E+01 1.96E+00 7.70E+00
1.18E+04 8.50E-D1 4.68E+01 2,97E+01 2.08E+00 7.15E+00
1.25E+04 8.00E-01 4.57E+01 2.81E+01 1.99E+00 7.05E+00
1.33E+04 7.50E-01 4.75E+01 2.356E+01 1.80E+00 7.12E+00

1.43E+04 7.00E-01 4.64E+01 2.17E+01 1.55E+00 7.00E+00
1.54E+04 4.50E-01 4.20E+01 1.64E+01 1.24E+00 4.40E+00
1.67E+04 6.00E-01 3.51E+01 1.16E+01 ?.70E-01 6.00E+00
1.82E+04 5.50E-01 2.77E401 8.09E+00 7.80E-01 5.32E+00
2.00E+04 5.00E-01 2.27E+01 S5.95E+00 6.20E~-01 4.80E+00
2.22E+04 4.50E-01 1.84E+01 4.23E+00 4.90E-01 4.32E+00
2.50E+04 4.00E-01 1.52E+01 3.14E+00 4.00E-01 3.92E+00

TABLE 2. Cu, COPPER
L. B. Schulz, J. Opt. Am. 44, 357 and 362 (1954).

w(cm=1) A(BRm) -<1 €2 n K

1.05E+04 ?.50E-01 3.87E+01 1.62E+00 1.30E-01 6.22E+00
1.11E+04 9.00E-01 3.43E+01 1.52E+00 1.30E-01 S5.84E+00
1.18E+04 8.50E-01 2.99E+01 1.31E+00 1.20E-01 5.47E+00

1.25E+04 8.00E-01 2.57E+01 1.22E+00 1.20E-01 S5.07E+00
1.33E+04 7.30E-01 2.13E+01 1.11E+00 1.20E-01 4.62E+00
1.43E+04 7.00E-01 1.74E+01 1.00E+00 1.20E-01 4.17E+00
1.54E+04 6.50E-01 1.33E+01 ?.49E-01 1.30E-01 3.65E+00
1.87E+04 6.00E-01 ?.40E+00 1.04E+00 1.70E-01 3.07E+00

1.82E+04 5.50E-01 S5.34E+00 3.48E+00  7.20E-01 2.42E+00
2.00E+04 5.00E-01 5.08E+00 4,26E+00 8.80E-01 2.42E+00
2.22E+04 4.50E-01 4.08E+00 3.83E+00 8.70E-01 2.20E+00

TABLE 2. Cu, COPPER (Continued)
A. P. Lenham and D. M. Treherne, J. Opt. Soc. Am. 548, 483 (1944).

w(cm-1) ACHm) -¢1 €2 n K
5.00E+02 2.00E+01 1.35E+04 7.61E+03 3.16E+01 1.20E+02
5.56E+02 1.80E+01 1.135E+04 é6.11E+03 2.76E+01 1.11E+402

6.25E+02 1.60E+01 ?.00E+03 4.64E+403 2.37E+01 ?.78E+401
7.14E+02 1.40E+01 6.80E+03 3.346E+03 1.98E+01 8.48E+01
8.33E+02 1.20E+01 5.05E+03 2.29E+03 1.57E+01 7.28E+01
1.00E+03 1.00E+01 3.50E+03 1.40E+03 1.16E401 6.03£+01
1.25E+03 8.00E+00 2.20E+03 7.28E+02 7.68E+00 4.75E+01
1.67E+03 6.00E+00 1.30E+03 3.24E+02 4.44E+00 3.43E+01
2.00E+03 5.00E+00 1.00E+03 1.40E+02 2.21E+00 3.17E+401
2.30E+03 4.00E+00 6.22E+02 8.80E+01 1.76E+00 2.50E+01

TABLE 2. Cu, Copper (Continued)
P. F. Robusto and Braunstein, Phys. Stat. Sol. (b) 107, 443 (1981).

w(cm=-1) ACEm) -<1 €2 n K

1.56E+04 6.40E-01 7.869E+00 1.70E+00 3.04E-01 2.79E+00
1.67E+04 6.00E-01 S5.98E+00 1.70E+00 3.44E-01 2.47E+00
1.79E+04 S.40E-01 4.09E+00 2.20E+00 5.26E-01 2.09E+00
1.92E+04 5.20E-01 3.71E+00 5.99E+00 1.45E+00 2.41E+00
2.08E+04 4.80E-01 3.10E+00 7.01E+00 1.51E+00 2.32E+00
2.27E+04 4.40E-01 2.39E+00 6.79E+00 1.55E+00 2.19E+00
2.50E+04 4.00E-01 1.81E+00 S5.92E+00 1.48E+00 2.00E+00
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TABLE 2. Cu, COPPER (Continued)
H. J. Hagemann, W. Gudat, and C. Kunz, J. Opt. Soc. Am. 63, 742 (1975 .

@(cm=1) A(Em) -61 €2 n K
8.07E+02 1.24E+01¢ 4.24E+03 4.25E+03 2.97E+01 7.18E+01
4.03E+03 2.48E+00 3.08E+02 6.03E+01 1.71E+00 1.76E+01
8.07E+03 1.24E+00 7.17E+01 7.48E+00 4.40E-01 8.48E+00
1.21E+04 8.27E-01 2.74E+01 2.74E+00 2.60E-01 5.26E+00
1.37£+04 7.29E-01 1.94E+01 1.95E+00 2.20E-01 4.43E+00
1.41E+04 7.08E-01 1.80E+01 1.79E+00 2.10E-01 4.25E+00
1.45E+04 4.89E-01 1.63E+01 1.70E+00 2,10E-01 4.04E+00
1.49E+04 6.70E-01 1.48E+01 1.69E+00 2.20E-01 3.83E+00
1.33E+04 6.353E-01 1.34E+01 1.54E+00 2.10E-01 3.67E+00
1.61E+04 6.20E-01 1.04E+01 1.795E+00 2.70E-01 3.24E+00

TABLE 2. Cu, COPPER (Continued)
B. Dold and R. Mecke, Optik 22, 435 (1949).

wl(cm—1) ABRm) -¢1 €2 n k

1.00E+03 1.00E+01 2.27E+03 1.14E+403 1.16E+01 4,90E+01
1.11E+03 9.00E+00 1.99E+03 ?.05E+02 ?.90E+00 4.57E+01
1.25E+03 8.00E+00 1.66E+03 8.72E+02 8.10E+00 4.15E+01
1.43E+03 7.00E+00 1.31E+03 4.71E+02 6.40E+00 3.68E+01
1.67E+03 6.00E+00 ?.99E+02 3.17E+02 4.95E+00 3.20E+01
2.00E+03 5.00E+00 6.95E+02 1.92E+02 3.40E+00 2.64E+01
2.50E+03 4.00E+00 4.56E+02 1.05E+02 2.45E+00 2.15E+401
3.33E+03 3.00E+00 2.54E+02 4.80E+01 1.50E+00 1.60E+01
5.00E+03 2.00E+00 1.12E+02 1.80E+01 8.50E-01 1.06E+01
6.67E+03 1.50E+00 6.37E401 ?.28E+00 5.80E-01 8.00E+00
8.00E+03 1.25E+00 4.46E+01 6.57E+00 4,90E-01 6.70E+00

TABLE 3. Au, GOLD

H. E. Bennett and J. M. Bennett, Optical Properties and Electronic
Structure of Metals and Alloys edited by F. Abeles (North-Holland,
Amsterdam, 1948), p. 175.

w(cm=1) ACKm) ~€1 €2 n K

3.13E+02 3.20E+01 3.469E+04 2.54E+04 6.28E+01 2.02E+02
3.33E+02 3.00E+01 3.37E+04 .2.17E+04 S5.66E+01 1.92E+02

3.57E+02 2.80E+01 3.06E+04 1.84E+04 S5.05E+01 1.82E+02
3.85E+02 2.60E+01 2.73E+04 1.53E+04 4.46E+01 1.71E+02
4.17E+402 2.40E+01 2.41E+04 1.24E+04 3.89E+01 1.60E+02
4.55E+02 2.20E+01 2.08E+04 ?.89E+03 3.34E+01 1.48E+02
5.00E+02 2.00E+01 1.77E+404 7.67E+403 2.82E+01 1.36E+02
5.56E+02 1.80E+01 1.48E+04 5.78E+03 2.33E+01 1.24E+02
6.25E+02 1.60E+01 1.22E+04 4.19E+403 1.87E+01 1.12E+02
7.14E+02 1.40E+01 ?.51E+03 2.88E+03 1.45E+01 ?.86E+01
8.33E+02 1.20E+01 7.14E+03 1.84E+03 1.08E+01 8.52E+01
1.00E+03 1.00E+01 5.05E+03 1.09E+03 7.62E+00 7.15E+01

1.25E+03 8.00E+00 3.29E+03 5.48E+02 4.93E+00 S5.74E+01
1.43E+03 7.00E+00 2.54E+03 3.83E+02 3.79E+00 5.05E+01

1.67E+03 4.00E+00 1.88E+03 2.42E402 2.79E+400 4.34E+01
2.00E+03 S5.00E+00 1.31E+03 1.41E+02 1.95E+00 3.62E+01
2.50E+03 4.00E+00 8.39E+02 7.25E+01 1.25E+00 2.90E+01

3.33E+03 3.00E+00 4.75E+02 3.07E+01 7.04E-01 2.18E+01
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TABLE 3. Au, Gold (Continued)
L. G. Schulz, J. Opt. Soc. Am. 44, 357 and 362 (1954).

w(cm=-1) ACEm) -¢1 €2 n 3
1.05E+04 ?.50E-01 3.72E+01 2.32E+00 1.90E-01 6.10E+00
1.11E+04 ?.00E-01 3.27E+01 2.04E+00 1.80E-01 S5.72E+00
1.25€+04 8.00E-01 2.34E+01 1.55SE+00 1.40E-01 4.84E+00
1.43E+04 7.00E-01 1.57E+01 1.35E+00 1.70E-01 3.97E+00
1.47E+04 6.00E-01 8.77E+00 1.37E+00 2.30E-01 2.97E+00
2.00E+04 5.00E-01 2.48E+00 3.09E+00 8.40E-01 1.84E+00
2.22E+04 4.50E-01 1.57E+00 3.24E+00 1.40E+00 1.88£+00

TABLE 3. Au, GOLD (Continued)
6. P. Motulevich and A. A. Shubin, Soviet Phys. JETP 20, 540 (1945).

wlcm=-1) ACEmM) -<1 €2 n K
8.33E+02 1.20E+01 6.24E+03 2.48E+03 1.54E+01 8.05E+01
1.00E+03 1.00E+01 4.42E+03 1.55E+03 1.15E+01 4.75E+01
1.25E+03 8.00E+00 2.92E+03 8.54E+02 7.82E+00 S5.446E+01
1.67E+03 6.00E+00 1.72E+03 3.92E+02 4.70E+00 4.17E+01
2.00E+03 5.00E+00 1.23E+03 2.30E+02 3.27E+400 3.52E+401
2.50E+03 4.00E+00 7.74E+402 1.14E+02 2.04E+00 2.79E+01
3.33E+03 3.00E+00 4.40E+02 4.91E+01 1.17E+00 2.10E+01
4.00E+03 2.5S0E+00 2.99E+02 2.84E+01 8.20E-01 1.73E+01
5.00E+03 2.00E+00 1.93E+02 1.52E+01 5.44E-01 1.39E+01
4.867E4+03 1.S0E+00 1.08E+02 7.43E+00 3.57E-01 1.04E+01
1.00E+04 1.00E+00 4.50E+01 2.01E+00 2.24E-01 4.71E+400

TABLE 3. Au, GOLD (Continued
V. G. Padalka and I. N. Shklyarevskii, Opt. Spectr. U.S.S.R. 11, 285
(1961> .

wi{cm-1) ACEm) ~-¢1 €2 n K
?.09E+02 1.10E+01 3.31E+03 1.01E+03 8.71E+00 3.82E+01
1.00E+03 1.00E+01 2.80E+03 7.91E+02 7.41E+00 S5.34E+01
1.11E+03 ?.00E+00 2.32E+03 6.04E+02 6.21E+00 4.86E+01
1.25E+03 8.00E+00 1.87E+03 4.39E+02 5.05E+00 4.35E+01
1,43E+403 7.00E+00 1.45E+03 3.04E+02 3.97E+00 3.83E+01
1.67E+03 6.00E+00 1.08E+03 1.99E+02 3.01E+00 3.30E+01
2.00E+03 5.00E+00 7.62E+02 1.21E+02 2.19E+00 2.77E+401
2.50E+03 4.00E+00 4.91E+02 6.62E+01 1.49E+00 2.22E+401
3.33E+03 3.00E+00 2.78E+02 3.11E+01 9.30E-01 1.67E+01
S5.00E+03 2.00E+00 1.25E+02 1.21E+01 5.40E-01 1.12E+01
1,00E+04 1.00E+00 3.10E+01 3.44E+00 3.10E-01 5.58£+00

TABLE 3. Au, GOLD (Continued)
G. A. Bolotin, A. N. Voloshinskii, M. M. Neskov, A. V. Sokolaov, and
B. A. Charikov, Phys. Met. and Met. 13, 823 (1962).

wlcm-1) ACHm) —-<1 €2 n K
1.05E+03 ?.50E+00 2.44E+03 1.10E+03 1.09E+01 S.06E+01
1.11E+03 ?.00E+00 2,19E+03 ?.58E+02 1.00E+01 4.79E+01
1.18E+03 8.50E+00 1.98E+03 8.846E+02 9.72E+00 4,.56E+01
1.25E+03 8.00E+00 1.87E+03 6.95E+02 7.90E+00 4.40E+01
1.43E+03 7.00E+00 1.51E+03 5.22E+02 é.62E+00 3.94E+01
1.54E+03 é6.350E+00 1.37E+03 4.10E+02 5.48E+00 3.74E+01
1.67E+03 é.00E+00 1.17E+03 3.25E+02 4.71E+00 3.45E+01
2.00E+03 S5.00E+00 8.05E+02 1.54E+02 2.71E+00 2.85E+01
2,.22E+03 4.,.50E+00 &4.35E+02 1.15E+02 2.28E+00 2,53E+01
2.50E+03 4.00E+00 5.35E+02 8.72E+01 1.88E+00 2.32E+01
3.33E+03 3.00E+00 3.08E+02 4,40E+01 1.25E+00 1.76E+01
4,.00E+03 2.50E+00 2.07E+02 1.99E401 6.90E-01 1.44E+01
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TABLE 3. Au, Gold (Continued)
6. Brandli and A. J. Sievers, Phy. Rev. B 5, 3550 (1972).

w(cm—1) ACEm) -¢1 €2 n k
3.14E+01 3.18E+02 8.62E+04 6.23E+05 S.21E+02 S5.98E+02
3.72E+401 2.69E+02 8.74E+04 5.37E+05S 4.78E+02 S.482E+02
4.24E+01 2.34E+02 ?.47E+04 4.81E+05 4.45E+02 S5.41E+02
5.00E+01 2.00E+02 ?.18E+04 4.00E+0S 3.99E+02 S.01E+02
6.06E+01 1.65E+02 ?.87E+04 3.37E405 3.55E+02 4.74E+02
46.99E+401 1.43E+02 ?.460E+04 2.82E+05 3.18E+02 4.44E+02
8.00E+01 1.25E+02 ?.97E+04 2.47E+405 2.89E+02 4.28E+02
?.01E+01 1.11E+02 1.00E+05 2.15E+0S 2.62E+02 4.11E+02
1.00E+02 1.00E+02 1.06E+05 1.93E+05 2.39E+02 4.04E+02
1.10E+02 ?.09E+01 1.03E+05 1.48E+05 2.17E+02 3.88E+02
1.20E+02 8.33E+01 1.04E+05 1.49E+05 1.97E+02 3.78E+02
1.30E+02 7.69E+01 ?.72E+04 1.30E+05 1.80E+02 3.60E+02
1.40E+02 7.14E+01 ?.66E+04 1.14E+05 1.43E+02 3.51E+02
1.50E+02 6.87E+01 8.51E+04 1.00E+05 1.92E+02 3.29E+02

TABLE 3. Au, Gold (Continued)

J. H. Weaver, C. Krafka, D. W. Lynch, and E. E. Koch (with C. G. Olson),
Physics Data, Optical Properties of Metals, (Fach-Information Zentrum,

Kalsrube, FOR, 1981).
w(cm—1) ACEm) -€1 €2 n K
8.07E+02 1.24E+01 6.79E+03 1.35E+03 8.17E+00 8.28E+01
1.21E+03 8.27E+00 3.07E+03 4.12E+02 3.71E+00 5.56E+01
1.61E+03 6.20E+00 1.74E+03 1.78E+02 2.13E+00 4.17E+01
2.02E+03 4.986E+00 1.11E+03 ?.29E+01 1.39E+00 3.34E+01
2.42E+03 4,13E+00 7.73E+402 S5.51E+01 ?.90E-01 2.78E+401
2.82E+03 2.54E+00 5.67E+02 3.57E+01 7.50E-01 2.38E+01
3.23E+03 3.10E+00 4,34E+02 2.46E+01 5.90E-01 2.08E+01
3.63E+03 2.74E+00 3.42E+02 1.74E+01 4.70E~-01 1.85E+01
4.03E+03 2.48E+00 2.76E+02 1.30E+01 3.90E-01 1.64E+01
4.44E+03 2.25E+00 2,.27E402 ?.95E+00 3.30E-01 1.51E+01
4.84E+03 2.07E+00 1.90E+02 7.72E+00 2.80E-01 1.38E+01
5.24E+03 1.21E+00 1.41E+02 6.09E+00 2.40E-01 1.27E+01
5.435E+03 1.77E+00 1.38E+02 5.17E+00 2.20E-01 1,18E+01
46.05E+03 1.465E+00 1.19E+02 4.135E+00 1.90E-01 1.09E+01
6.45E+03 1.55E+00 1.04E+02 3.68E+00 1.80E-01 1.02E+01
&.84E+403 1.44E+00 ?.18E+01 3.04E+00 1.40E-C1 ?.S7E+00
7.24E+03 1.38E+00 8.12E+01 2.70E+00 1.50E-01 ?.01E+00
7.66E+403 1.31E+00 7.21E+01 2.38E+00 1.40E-01 8.49E+00
8.07E+03 1.24E+00 6.45E+01 2.09E+00 1.30E-01 8.03E+00
1.21E+04 8.27E-01 2.48E+01 7.97E-01 8.00E-02 4.98E+00
1.61E+04 6.20E-01 ?.97E+00 8.22E-01 1.30E-01 3.146E+00

TABLE 4. Pb, LEAD

6. Brandli and A. J. Sievers, Phys. Rev. B 5, 3550 (1972).
w¢cm-1) ACRm) -€1 €2 n K
&.25E+00 1.40E+03 1.99E+03 4.43E+05 4.469E+02 4.71E+02
1.17E+01’ 8.57E+02 1.74E+03 2.21E+0S 3.31E+02 3.34E+02
1.78E+01 S5.63E+02 2.21E+03 1.64E+05 2.85E+02 2.89E+02
2.61E+401 3.83E+02 2,.40E+03 1.17E+0S 2.39E+02 2.44E+02
3.38E+01 2.96E+02 2.14E+03 8.49E+04 2.03E+02 2.09E+02
4.41E+01 2,27E+02 2.10E+03 6.44E+04 1.77E+02 1.82E+02
5.38E+01 1.84E+02 2,.09E+03 5.27E+04 1.59E+02 1.84E+02
6.28E+01 1.59E+02 2,05E+03 4.47E+04 1.44E+02 1.53E+02
7.19E+01 1.39E+02 2.01E+03 3.87E+04 1.35E+02 1.43E+02
7.96E+01 1.26E+02 2.02E+03 3.50E+04 1.28E+02 1.386E+02
8.92E+01 1.12E+02 1.85E+03 2.98E+04 1.18E+02 1.26E+02
1.02E+02 ?.80E+01 1.71E+03 2.51E+04 1.08E+02 1.146E+02
1.12E+02 8.94E+01 1.44E+03 2.24E+04 1.02E+02 1.10E+02
1.21E+02 8.25E+01 1.61E+03 2.05E+04 9.72E+401 1.05E+02
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TABLE 4. Pb, LEAD (Continued)
A. I. Golovashkin and G. P. Motulevich, Soviet Physics JETP 26, 881

(1968)
w(cm—-1> ACEm) -¢1 €2 n K
8.33E+02 1.20E+01 1.04E+03 1.99E+03 2.48E+01 4.05E+01
?.09E+02 1.10E+01 ?.98E+02 1.82E+03 2.32E+01 3.92E+01
1.00E+03 1.00E+01 ?.58E+02 1.57E+03 2.10E+01 3.74E+01
1.11E+03 ?.00E+00 ?.32E+02 1.34E+03 1.87E+01 3.58E+01
1.25E+03 8.00E+00 8.40E+02 1.10E+03 1.64E+01 3.36E+01
1.43E+03 7.00E+00 7 .S6E+02 8.71E+02 1.41E+01 3.09E+01
1.67E+03 6.00E+00 6.53E+02 6.58E+02 1.17E+01 2.81E+01
2.00E+03 5.00E+00 5.33E+02 4.48E+02 ?.04E+00 2.48E+01
2.50E+03 4.00E+00 3.89E+02 2.74E+02 6.58E+00 2.08E+01
2.86E+03 3.50E+00 3.17E+02 2.01E+02 S.39E+00 1.86E+01
3.33E+03 3.00E+00 2.51E+02 1.40E+02 4.27E+00 1.64E+01
3.85E+03 2.60E+00 1.95E+02 ?.94E+0 1 3.45E+00 1.44E+01
4.00E+03 2.50E+00 1.83E+02 8.95E+01 3.22E+00 1.39E+01
4.17E+03 2.40E+00 1.465E+02 8.00E+D1 3.03E+00 1.32E+01
4.35E+03 2.30E+00 1.56E+02 7.27E401 2.84E+00 1.28E+01
4.55E+03 2.20E+00 1.42E+02 é&.42E+01 2.63E+00 1.22E+01
4.786E+03 2.10E+00 1.31E+02 5.,78E+01 2.47E+00 1.17E+01
5.00E+03 2.00E+00 1.20E+02 S.20E+01 2.32E+00 1.12E+01
S5.88E+03 1.70E+00 8.41E+01 3.58E+01 1.89E+00 ?.47E+00
6.67E+03 1.50E+00 6.62E+01 2.72E+01) 1.64E+00 8.30E+00
7.69E+03 1.30E+00 7.43E-01 S.19E+00 1.50E+00 1.73E+00
1.00E+04 1.00E+00 2.64E+01 1.47E+01 1.38E+00 5.32E+00
1.11E+04 ?.00E-01 1.99E+01 1.31E+01 1.40E+00 4.48E+00
1.18E+04 8.50E~-01 1.68E+01 1.25E+01 1.44E+00 4.35E+00
1.25E+04 8.00E-01 1.45E+01 1.23E+01 1.50E+00 4.09E+00
1.33E+04 7.50E-01 1.17E+01 1.21E+01 1.40E+00 3.78E+00
1.43E+04 7.00E-01 ?.58E+00 1.27E+01 1.78E+00 3.57E+00
1.54E+04 6.50E-01 8.67E+00 1.34E+01 1.?21E+00 3.51E+00
1.47E+04 6.00E-01 8.25E+00 1.32E+01 1.921E+00 3.45E+00
1.82E+04 5.50E-01 8.21E+00 1.24E+01 1.83E+00 3.40E+00
2.00E+04 5.00E-01 8.00E+00 1.12E+01 1.70E+00 3.30E+00
2.22E+04 4.50E-01 8.04E+00 ?.16E+00 1.44E+00 3.18E+00D

TABLE 5. Ag, SILVER

H. E. Bennett and J. M. Bennett in Optica! Froperties and Electronic

Structure of Metals and Alloys, edited by F. Abeles (North-Holland,

Amsterdam, 1966), p. 175.

wicm=1) A(Em) —-€1 €2 n 4

3.13E+02 3.20E+01 4.44E+04 2.06E+04 4.78E+01 2.186E+02
3.33E+02 3.00E+01 3.98E+04 1.74E+04 4.26E+01 2.04E+402
3.57E+02 2.80E+01 3.55E+04 1.44E+04 3.76E+01 1.92E+402
3.85E+02 2.60E+01 3.10E+04 1.17E+04 3.28E+01 1.79E+02
4.17E+02 2.40E+01 2.71E+04 ?.45E+03 2.83E+01 1.67E+02
4.55E+02 2.20E+01 2.31E+04 7.39E+03 2.40E+01 1.54E+02
5.00E+02 2.00E+01 1.95E+04 S5.467E+03 2.01E+01 1.41E+02
5.586E+02 1.80E+01 1.59E+04 4.17E+03 1.464E+01 1.27E+02
6.25E+02 1.60E+01 1.28€£+04 2.99E+03 1.31E+01 1.14E+02
7.14E+402 1,40E+01 ?.90E+03 2.02E+03 1.01E+01 1.00E+02
8.33E+02 1.20E+01 7.34E+03 1.28E+03 7.446E+00 8.40E+01
1.00E+03 1.00E+01 5.14E+03 7.49E+02 S5.21E+00 7.19E+01
1.25E+03 8.00E+00 3.32E+03 3.87E+02 3.35E+00 S.77E+01
1.43E+03 7.00E+00 2.5SSE+03 2.60E+02 2.57E+00 S5.06E+01
1.67E+403 46.00E+00 1.88E+03 1.64E+402 1.89E+00 4.34E+01
2.00E+03 5.00E+00 1.31E+03 ?.56E+01 1.32E+00 3.462E+01
2.50E+03 4.00E+00 8.34E+02 4.88E+01 8.44E~-01 2.89E+401
3.33E+03 3.00E+00 4.71E+02 2.086E+01 4.74E-01 2.17E+01
5.00E+03 2.00E+00 2.10E+02 4.15E+00 2.12E-01 1.45E+01
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TABLE 5. Ag,

SILVER (Continued)

L. G. Schulz, J. Opt. Soc. Am. 44, p. 357 and 362 (1954 .
w(cm=1) ACRm) -€1 €2 n 4
1.05E+04 ?.50E-01 4.30E+01 1.44E+00 1.10E-01 6.586E+00
1.11E+04 ?.00E-01 3.87E+01 1.31E+00 1.05E-01 6.22E+00
1.18E+04 8.50E-01 3.42E+01 1.17E+00 1.00E-01 5.85E+00
1.25E+04 8.00E~01 2.97E+01 ?.81E-01 ?.00E-02 5.45E+00
1.33E+04 7.S0E-01 2.55E+01 8.08E-01 8.00E-02 S5.05E+00
1.43E+04 7.00E-01 2.13E+01 6.93E-01 7.5S0E-02 4.62E+00
1.54E+04 4.50E-01 1.76E+01 5.88E-01 7.00E-02 4.20E+400
1.47E+04 6.00E-01 1.41E+01 4.50E-01 6.00E-02 3.75E+00

. 1.82E+04 5.50E-01 1.10E+01 3.865E-01 5.50E-02 3.32E+00
2.00E+04 S5.00E-01 8.23E+00 2.87E-01 5.00E-02 2.87E+00
2.22E+04 4.S0E-01 S.55E+00 2.84E+00 5.50E-01 2.42E+00
2.50E+04 4.00E-01 3.72E+00 2.90E-01 7.S0E-02 1.93E+00

TAéLE 5. Ag, Silver (Continued)
H. J. Hageman, W. Gudat, and C. Kunz,

J. Opt. Soc. Am. &5, 742 (1975).

€2 n kK

wl(cm=-1) ACRm) -¢1

8.07E+02 1.24E+01 8.05E+03 1.79E+03 ?.921E+00 ?.03E+01
1.61E+03 6.20E+00 2.08E+03 2.80E+D02 2.84E+00 4.57E+01
2.42E+03 4.13E+00 ?.29E+02 8.40E+01 1.41E+00 3.05E+01
3.23E+03 3.10E+00 5.23E+02 4.17E+01 9.10E-01 2.29E+01
4.03E+03 2.48E+00 3.35E+02 2.45E+01 6.70E-01 1.83E+01
8.07E+03 1.24E+00 8.15E+01 5.06E+00 2.80E-01 9.03E+00
1.21E+04 8.27E-01 3.35E+01 3.13E+00 2.70E-01 5.79E+400
1.61E+04 6.20E-01 1.74E+01 2.286E+00 2.70E-01 4.18E+00

TABLE é. Co, COBALT
M. M. Kirillova and B.

Charikov, Opt. Spectry. 17, 134 (1944).

wl{cm=-1) ACBm) ~-¢1 €2 n k
5.00E+02 2.00E+01 2.44E+03 1.57E+03 1.52E+01 S5.17E+01
S5.26E+02 1.90E+01 2.18E+03 1.46E+03 1.49E+01 4.90E+01
S5.88E+02 1.70E+01 1.84E+03 1.22E+03 1.35E+01 4,.50E+01
&6.67E+02 1.50E+01 1.51E+03 ?.07E+02 1.12E+01 4.05E+01
7.14E+02 1.40E+01 1.34E+03 7.7SE+02 1.02E+01 3.80E+01
8.33E+02 1.20E+01 1.12E+03 6.25E+02 9.00E+00 3.47E+01
?.09E+02 1.10E+01 ?.97E+02 S5.28E+02 8. 10E+00 3.26E+01
1.00E+03 1.00E+01 8.20E+02 4.19E+02 7.10E+00 2.95E+01
1.11E+03 ?.00E+00 6.97E+02 3.57E+02 6.56E+00 2,72E+401
1.25E+03 8.00E+00 S.42E+02 2.78E+02 5.80E+00 2.40E+01
1.43E+03 7.00E+00 4.08E+02 2.26E+02 5.40E+00 2,09E+01
1.54E+03 6.50E+00 3.45E+02 2.01E+02 5.20E+00 1.93E+01
1.67E403 46.00E+00 2.81E+02 1.75E+02 5.00E+00 1,.73E+01
1.82E+03 5.50E+00 2.40E+02 1.54E+02 4.746E+00 1.62E+01
2.00E+03 S5.00E+00 1.94E+02 1.38E+02 4.70E+00 1.47E401
2.22E+03 4.50E+00 1.36E+02 1.20E+02 4.,78E+00 1.26E+01
2.50E+03 4.00E+00 ?.89E+01 1.03E+02 4.70E+00 1.10E+01
3.33E+03 3.00E+00 4.78E+01 8.26E+01 4.88E+00 8.46E+00
4.00E+03 2.50E+00 3.48E+01 7.946E+01 S.10E+00 7 .80E+00
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TABLE 4. Co,

COBALT (Continued)
P. B. Johnson and R. W. Christy, Phys. B_2, 5056 (1974).

w(cm=-1) ACRm) —-€1 €2 n k
S.16E+03 1.94E+00 4.57E+01 6.03E+01 3.87E+00 7.79E+00
6.21E+03 1.861E+00 3.97E+01 5.24E+01 3.61E+00 7.26E+00
7.18E+03 1.39E+00 3.41E+01 4.63E+01 3.42E+00 é.77E+00
8.23E+03 1.22E+00 2.98E+01 4.00E+01 3.17E+00 6.31E+00
9.19E+03 1.09E+00 2.59E+01 3.46E+01 2.94E+00 S5.88E+00
1.02E+04 ?.84E-01 2.25E+01 3.08E+01 2.78E+00 5.50E+00
1.12E+04 8.92E-01 1.96E+01 2.73E+01 2.65E+00 S5.16E+00
1.22E+04 8.21E~-01 1.74E+01 2.47E+01 2.53E+00 4,.88E+00
1.32E+04 7.56E-01 1.58E+01 2.23E+01 2.40E+00 4,84E+00
1.42E+04 7.04E-01 1.45E+01 2.06E+01 2.31E+00 4.45E+00
1.52E+04 é.59E-01 1.32E+01 1.92E+01 2.25E+00 4.27E+00
1.62E+04 6.17E-01 1.21E+01 1.80E+01 2.19E+00 4.11E+00
1.72E+04 5.82E-01 1.11E+01 1.49E+01 2.13E+00 3.94E+00
1.82E+04 S5.49E-01 1.04E+01 1.57E+01 2.05E+00 3.82E+00
1.92E+04 S.21E-01 ?.68E+00 1.45E+01 1.97E+00 3.48E+00
2.02E+04 4.94E-01 ?.07E+00 1.33E+01 1.88E+00 3.55E+00
2.12E+04 4.71E-01 8.35E+00 1.23E+01 1.81E+00 3.41E+00
2.22E+04 4.51E-01 7.73E+00 1.14E+01¢ 1.74E+00 3.28E+00
2,32E+04 4.30E-01 7.28E+00 1.06E+01 1.47E+00 3.17E+00
2.42E+04 4.13E-01 6.71E+00 9.82E+00 1.41E+00 3.05E+00
2.52E+04 3.97E-01 é6.12E+00 9.20E+00 1.57E+00 2.93E+00
2.62E+04 3.81E-01 5.61E+00 8.43E+00 1.53E+00 2.82E+00
2.72E+04 3.48E-01 S5.09E+00 8.13E+00 1.50E+00 2.71E+00
2.82E+04 3.54E-01 4.59E+00 7.78E+00 1.49E+00 2.461E+00
2.92E+04 3.42E-01 4.14E+00 7.46E+00 1.48E+00 2.52E+00
3.02E+04 3.31E-01 3.82E+00 7.12E+00 1.44E+00 2.44E+00
3.12E+04 3.20E-01 3.51E+00 4.87E+00 1.45E+00 2.37E+00
3.22E+04 3.11E-01 3.26E+00 6.45E+00 1.44E+00 2.31E+00
3.32E+04 3.01E-01 2.99E+00 6.48E+00 1.44E+00 2.25E+00
3.42E+04 2.92E-01 2.72E+00 4.31E+00 1.44E+00 2.19E+00
3.52E+04 2.84E-01 2.51E+00 é.16E+00 1.44E+00 -2.14E+00
3.62E+04 2.76E-01 2.29E+00 6.02E+00 1.44E+00 2.09E+00
3.72E+04 2.69E-01 2.09E+00 S5.88E+00 1.44E+00 2.04E+00
3.82E+04 2.62E-01 1.97E+00 5.79E+00 1.44E+00 2.01E+00
3.92E+04 2.55E-01 1.78E+00 S5.71E+00 1.45E+00 1.97E+00
4.02E+04 2.49E-01 1.62E+00 5.40E+00 1.45E+00 1.93E+00
4.12E+04 2.43E-01 1.52E+00 5.58E+00 1.486E+00 1.921E+00
4.22E+04 2.37E-01 1.41E+00 5.56E+00 1.47E+00 1.89E+00
4,32E+04 2.31E-01 1.34E+00 5.50E+00 1.47E+00 1.87E+00
4.42E+04 2.26E-01 1.34E+00 5.39E+00 1.45E+00 1.84E+00
4.52E+04 2.21E-01 1.38E+00 5.29E+00 1.43E+00 1.85E+00
4.42E+04 2.16E-01 1.40E+00 5. 19E+00 1.41E+00 1.84E+00
4.72E+04 2.12E-01 1.41E+00 5.02E+00 1.38E+00 1.82E+00
4.82E+04 2.07E-01 1.32E+00 4.84E+00 1.34E+00 1.78E+00
4.92E+04 2,03E-01 1.32E+00 4.62E+00 1.32E+00 1.75E+00
5.02E+04 1.99e-01 1.26E+00 4.41E+00 1.29E+00 1.71E+00
5.12E+04 1.95E-01 1.20E+00 4.21E+00 1.24E+00 1.67E+00
S.22E+04 1.92E-01 1.19E+00 3.94E+00 1.21E+00 1.43E+00
S.32E+04 1.88E-01 1.18E+00 3.69E+00 1.18E+00 1.59E+00

TABLE 6. Co,

3850 (1979).

COBALT (Continued
J. H. Weaver, E. Colavita, D. W. Lynch and R. Rosei, Phys. Rev. B 19,

w(cm=-1) ACHm) -¢1 €2 n K
8.07E+02 1.24+01 1.39E+03 5.08E+02 6.71E+00 3.79E401
1.05E+03 ?.54E+00 ?.05E+02 3.29E+02 5.38E+00 3.046E+01
1.21E+03 8.27E+00 6.27E+402 2,.37E+02 4.646E+00 2.55E+01
1.41E+03 6.20E+00 3.40E+02 1.33E+02 3.55E+00 1.88E+01
2.02E+03 4.96E+00 1.97E402 1.16E+02 3.98E+00 1.44E+01
2.42E+03 4.13E+00 1.32E+02 ?.83E+01 4.04E+00 1.22E+01
2.82E+03 3.54E+00 ?.03E+01 8.48E+01 4.18E+00 1.04E+01
3.23E+03 3.10E+00 6.54E+01 7.74E+01 4.24E+00 ?.13E+00
3.43E+03 2.764E400 4.80E+01 6.89E+01 4.24E+00 8.12E+00
4.03E+03 2.48E+00 3.22E+01 6.34E+01 4.41E+00 7.19E+00
4.84E+03 2.07E+00 1.35E+01 6.02E+01 4.91E+400 6.13E+00
S5.65E+03 1.77E+00 6.76E+00 6.13E+01 5.24E+00 5.85E+00
&6.45E+03 1.55E+00 7.98E+00 &6.09E+01 S5.17E+400 S5.89E+00
7 .26E+03 1.38E+00 1.10E+01 S5.88E+01 4.94E+00 5.95E+00
8.07E+03 1.24E+00 1.44E+01 5.23E+01 4.44E+00 S5.846E+00
9 .48E+03 1.03E+00 1.42E401 4.08E+01 3.81E+00 S5.346E+00
1.21E+04 8.27E-01 1.50E+01 3.08E+01 3.10E+00 4.94E+00
1.61E+04 6.20E-01 1.11E+01 1.77E+01 2.21E+400 4.00E+00
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TABLE 7. Fe,

Iron

J. H. Weaver, E. Colavita, D. W. Lynch, and R. Rosei, Phys. Rev. B 192,

3850 (1979).

w(cm-1) ACHm) -<1 €2 n K
8.07E+02 1.24E+01 1.05E+03 4.24E+02 4.41E+400 3.31E+01
1.05E+03 ?.54E+00 6.79E+02 3.38E+02 6.26E+00 2.68E+01
1.21E+03 8.27E+00 4.82E+02 2.86E+02 6.26E+00 2.28E+01
1.37E+03 7 .29E+00 3.82E+02 2.58E+02 6.28E+00 2.05E+01
1.61E+03 6.20E+00 3.19E+02 1.34E+02 3.48E+00 1.82E+01
1.77E+403 S5.64E+00 2.18E+02 1.48E+02 4.80E+00 1.55E+01
1.94E+03 5.17E+00 1.88E+02 1.45E+02 4.96E+00 1.46E+01
2.10E+03 4.77E+00 1.62E+02 1.36E+02 4.98E+00 1.37E+01
2.26E+03 4.43E+00 1.43E+02 1.23E+402 4.78E+00 1.29E+01
2.42E+03 4.13E+00 1.21E+02 1.17E+02 4.87E+00 1.21E+01
2.58E+03 3.87E+00 1.11E+02 1.09E+02 4.73E+00 1.15E+01
2.74E+03 3.45E+00 ?.49E+01 1.03E+02 4.70E+00 1.09E+01
2.90E+03 3.44E+00 8.71E+01 ?.77E+401 4.68E+00 1.04E+01
3.08E+03 3.26E+00 8.00E+01 ?.32E+01 4.63E+00 1.01E+01
3.23E+03 3.10E+00 7.55E+01 8.42E+01 4.42E+00 ?.75SE+00
4.03E+03 2.48E+00 4.72E+01 6.64E+01 4.14E+00 8.02E+00
4.84E+03 2.07E+00 3.29E+01 S.46E+01 3.93E+00 6.95E+00
5.65E+03 1.77E+00 2.38E+01 4,.586E+01 3.78E+00 6.17E+00
4.45E+03 1.55E+00 1.80E+01 4.09E+01 3.65E+00 5.40E+00
7.26E+03 1.38E+00 1.42E+01 3.63E+01 3.52E+00 S5.16E+00
8,07E+03 1.24E+00 1.12E+01 3.29E+01 3.43E+00 4.79E+00
8.87E+03 1.13E+00 1.03E+01 3.08E+01 3.33E+00 4.82E+00
?.68E+03 1.03E+00 7.45E+00 2.76E+01 3.24E+00 4.26E+00
1.05E+04 ?.54E-01 6.58E+00 2.57E+01 " 3. 16E+00 4.07E+00
1.13E+04 8.86E-01 S5.24E+00 2.41E+01 ' 3.12E+00 3.87E+00
1.21E+04 8.27E-01 4.91E+00 2.30E+01 3.05E+00 3.77E+00
1.29E+04 7.75E-01 3.96E+00 2.186E+01 3.00E+00 3.60E+00
1.37E+04 7.29E-01 3.51E+00 2.10E+01 2.98E+00 3.52E+00
1.45E+04 4.89E-01 3.45E+00 2.02E+01 2.92E+00 3.46E+00
1.53E+04 6.93E-01 3.00E+00 1.95E+01 2.89E+00 3.37E+00
1.61E+04 6.20E-01 3.11E+00 1.92E+01 2.86E+00 3.34E+00

TABLE 7. Fe,

Iron (Continued)
G. A. Bolotin, M. M. Kirillova, and V. M. Mayevskiy, Phys.
27¢(2) 31 (1969 .

Met. Metall,

w({cm=-1) ©OANCEm) -<1 €2 n [
5.26E+02 1.90E+01 1.92E+03 1.09E+03 1.20E+01 4.54E+01
5.56E+02 1.80E+01 1.58E+03 ?.52E+02 1.15E+01 4.14E+01
5.88E+02 1.70E+01 1.41E+03 8.70E+02 1.11E401 3.92E+01
6.23E+02 1.40E+01 1.27E+03 8.04E+02 1.08E+01 3.72E+01
6.67E+02 1.50E+01 1.15E+03 7.62E+02 1.07E+01 3.56E+01
7.14E+402 1.40E+01 1.06E+03 7.18E+02 1.05E+01 3.42E+01
7.69E+02 1.30E+01 ?.52E+02 6.63E+02 1.02E+01 3.25E+01
8.33E+02 1.20E+01 8.43E+02 5.47E+02 9.00E+00 3.04E+01
?.09E+02 1.10E+01 7.20E+02 4.48E+02 8.00E+00 2.80E+01
1.00E+03 1.00E+01 6.06E+02 3.98E+02 7.00E+00 2.56E+01
1.11E+03 ?.00E+00 4.47E402 2.98E+02 6.60E+00 2.26E+01
1.25E+03 8.00E+00 3.46E+02 2.56E+02 6.50E+00 1.97E+01
1.43E+03 7.00E+00 2.6BE+02 1.94E+02 S5.40E+00 1.73E+01
1.67E+03 6.00E+00 1.89E+02 1.35E+02 4.65E+00 1.45E+01
2.00E+03 5.00E+00 1.39E+02 1.04E+02 4.13E+00 1.25E+01
2.5S0E+03 4.00E+00 8.36E+01 8.10E+01 4.0SE+00 1.00E+01
3.33E+03 3.00E+00 4.72E+01 6.16E+01 3.90E+00 7.90E+00
4,.17E+03 2.40E+00 4.01E+01 4.37E+01 3.10E+00 7.0SE+00
5.00E+03 2.00E+00 2.98E+01 3.97E+01 3.1SE+00 é.30E+00
6.67E4+D03 1.50E+00 2.00E+01 3.02E+01 2.85E+00 5.30E+00
1.00E+04 1.00E+00 1.51E+01 2.08E+01 2.30E+00 4,.52E+00
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TABLE 8. Ni, NICKEL
D. W. Lynch, R. Rosei and J. H. Weaver, Solid State Commun. 2,

2195 (197D .

w(cm-1) A(Em) -¢1 €2 n K
8.07E+02 1.24E+01 2.01E+03 8.74E+02 ?.54E+00 4.58E+01
8.87E+02 1.13E+01 1.468E+03 6.79E+02 8.12E+00 4,.18E+01
?.03E+03 1.11E+00 1.41E+03 5.44E+02 7.11E+400 3.83E+01
1.05E+03 ?.954E+00 1.21E+03 4.55E+02 é.44E+00 3.53E+01
1.13E+03 8.86E+00 1.04E+03 3.82E+02 5.83E+00 3.28E+01
1.21E+03 8.27E+00 ?.04E+02 3.33E+02 5.45E+00 3.08E+01
1.29E+03 7.75E+00 7.95E+02 2.86E+02 5.00E+00 2.86E+01
1.37E+03 7.29E+00 6.98E+02 2.51E+02 4.48E+00 2.68E+01
1.45E+03 6.89E+00 6.17E+02 2.25E+02 4.45E+00 2.52E+01
1.53E+03 &4.33E+00 5.48E+02 2.05E+02 4.30E+00 2.38E+01
1.61E+03 6.20E+00 4.88E+02 1.85E+02 4.12E+00 2.25E+01
1.49E+03 5.90E+00 4,.35E+02 1.74E+02 4.13E+00 2.13E+01
1.77E+03 5.44E+00 3.92E+02 1.868E+02 4.11E+00 2.02E+01
1.88E+03 5.39E+00 3.54E+02 1.60E+02 4.14E+00 1.93E+01
1.94E+03 5.17E+00 3.22E+02 1.53E+02 4.146E+00 1.84E+01
2.02E+03 4.94E+00 2.95E+02 1.50E+02 4.25E+00 1.77E+01
2.10E+03 4,77E+400 2.73E+02 1.46E+02 4.29E£+400 1.71E+01
2.18E+03 4.59E+00 2.54E+02 1.42E+02 4.30E+00 1.45E+01
2.24E+03 4.43E+00 2.37E+402 1.38E+02 4.30E+00 1.40E+01
2.34E+03 4.28E+00 2.22E+02 1.32E+02 4,26E+00 1.55E+01
2.42E+03 4.13E+00 2.09E+02 1.26E+02 4.19E+00 1.51E+01
2.66E+03 3.76E+00 1.73E+02 1.13E+02 4.10E+00 1.38E+01
2.82E+03 3.54E+00 1.54E+02 1.05E+02 4,03E+00 1.31E+01
2.98E+03 3.35E+00 1.38E+02 ?.84E+01 3.97E+00 1.24E+01
3.15E+03 3.18E+00 1.23E+02 ?.12E+01 3.88E+00 1.18E+01
3.23E+03 3.10E+00 1.16E+02 8.78E+01 3.84E+00 1.14E+01
3.63E+03 2.76E+00 8.62E+01 8.56E+01 4.20E+00 1.02E+01
4.03E+03 2.48E+00 7.67E+01 7.77E+01 4.03E+00 ?.64E+00
4.44E+403 2.25E+00 6.44E+01 &6,96E+01 3.90E+00 8.92E+00
4.84E+03 2.07E+00 5.50E+01 8.41E+01 3.84E+00 8.35E+00
5.24E+03 1.91E+00 4.91E+01 5.84E+01 3.49E+00 7.92E+00
5.65E+03 1.77E+00 4.31E+01 5.37E+01 3.59E+00 7.48E+00
4.05E+03 1.45E+00 3.87E+01 4.98E+01 3.49E+00 7.13E+00
é6.45E+03 1.55E+00 3.51E+01 4,.61E+01 3.38E+00 6.82E+00
6.88E+03 1.46E+00 3.17E+01 4.26E+01 3.27E+00 6.51E+00
7.28E+03 1.38E+00 2.87E+01 3.98E+01 3.18E+00 é.23E+00
7.68E4+03 1.31E+00 2.61E+01 3.72E+01 3.11E+00 5.98E+00
8.07E+03 1.24E+00 2.36E+01 3.51E+01 3.048E+00 5.74E+00
8.47E+03 1.18E+00 2.17E+01 3.34E+01 3.01E+00 5.55E+00
8.87E+03 1.13E+00 2.01E+01 3.20E+01 2.97E+00 5.38E+00
?.28E+03 1.08E+00 1.90E+01 3.05E+01 2.91E+00 5.24E+00
?.68E+03 1.03E+00 1.79E+01 2.91E+01 2.85E+00 5.10E+00
1.01E+04 ?.92E-01 1.69E+01 2.78E+01 2.80E+00 4,.97E+00
1.035E+04 ?.54E-01. 1.60E+01 2.68E+01 2.74E+00 4.85E+00
1.09E+04 ?.18E-01 1.51E+01 2.54E+01 2.6%E+00 4,.73E+00
1.13E+04 8.84E-01 1.44E+01 2.45E+01 2.65E+00 4.83E+00
1.17E+04 8.55E-01 1.40E+01 2.36E+01 2.59E+00 4.55E+00
1.21E+04 8.27E-01 1.36E+01 2.26E+01 2.53E+00 4.47E+00
1.25E+04 8.00E-01 1.30E+01 2,.17E+01 2.48E+00 4.38E+00
1.29E+04 7.75E-01 1.27E+01 2.09E+01 2.43E+00 4,.31E+00

TABLE 8. Ni, Nickel (Continued)
B. Johnson and R. W. Christy, Phys. Rev. B 9, 5054 (1974).

w(cm-1) ACRm) -€1 €2 n K
5.16E+03 1.94E+00 7.08E+01 6.31E+01 3.47E+00 ?.09E+00
6.21E+03 1.461E+00 5.35E+01 3.00E+01 3.14E+00 7.96E+00
7.18E£+403 1.39E+00 4.14E+01 4.19E+01 2.96E+00 7.08E+00
8.23E+03 1.22E+00 3.346E+01 3.59E+01 2.79E+00 6.43E+00
?.19E+03 1.09E+00 2.81E+01 3.14E+01 2.863E+00 S5.93E+00
1.02E+04 ?.84E-01 2.47E+01 2.735E+01 2.48E+00 5.55E+00
1.12E+04 8.92E-01 2.16E+01 2.51E+01 2,40E+00 5.23E+400
1.22E+04 8.21E-01 1.926E+01 2.25E+01 2.268E+400 4,.97E+00
1.32E+04 7.56E-01 1.78E+401 2.01E+01 2.13E+00 4.73E+00
1.42E+04 7.04E-01 1.460E+01 1.85E+01 2,04E+00 4.350E+00
1.52E+04 6.59E-01 1.42E+01 1.70E+01 1.99E+00 4.26E+00
1.42E+04 é6.17E-01 1.22E+01 1.60E+01 1.99E+00 4.02E+00
1.72E+04 5.82E-01 1.06E+01 1.49E+01 1.96E+00 3.80E+00
1.82E+04 S5.49E-01 ?.35E+00 1.39E+01 1.92E+00 3.41E+00
1.92E+04 5.21E-01 8.27E+00 1.27E+01 1.85E+00 3.42E+00
2.02E+04 4,.946E-01 7.25E+00 1.18E+01 1.82E+00 3.25E+00
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TABLE 10. Pt, Platinum
J. H. Weaver, Phys. Rev. B 11, 14148 (1975).

w(cm-l) A(Em) -¢1 €2 n K

8.07E+02 1.24E+01 1.83E+03 1.18E+03 1.32E+01 4.47E+01
1.05E+03 9.34E+00 1.25E+03 7.28E+02 9.91E+00 3.67E+01
1.21E+03 8.27E+00 ?.04E+02 5. 10E+02 8.18E+00 3.12E+01
1.37E+03 7.29E+00 6.92E+02 3.68E+02 6.78E+00 2.72E+01
1.61E+03 6.20E+00 5.39E+02 2.83E+02 5.90E+00 2.40£+01
2.42E+03 4.13E+00 2.44E+02 1.27E+02 3.92E+00 1.62E+01

3.23E+03 3.10E+00 1.22E+02 6.40E+01 2.81E+00 1.14E+01
4.03E+03 2.48E+00 4.42E+01 6.03E+01 3.91E+00 7.71E+00
4.84E+03 2,07E+00 1.92E+01 6.93E+01 S5.13E+00 6.75E+00

S.45E+03 1.77E+00 1.40E+01 7.80E+01 5.71E+00 6.83E+00
6.45E+03 1.55E+00 2.14E+01 7.48E+01 S.31E+00 7.04E+00
8.07E+03 1.249E+00 2.58E+01 S5.63E+01 4.25E+00 6.62E+00
1.21E+04 8.27E-01 1.72E+01 2.96E+01 2.92E+00 5.07E+00
1.61E+04 6.20E-01 1.13E+01 1.87E+01 2.30E+00 4.07E+00

TABLE 10. Pt, PLATINUWM (Continued)
J. H. Weaver, D. W. Lynch, and C. G. Olson, Phys. Rev. B 10, 501 (1974).

w(cm—1) ACRm) -¢1 €2 n K

8.06E+02 1.24E+01 1.62E+03 ?.28E+02 1.11E+01 4.18E+01
1.20E+03 8.30E+00 8.02E+02 4.16E+02 7.12E+00 2.92E+01
1.61E+03 6.20E+00 4.75E+02 2.30E+02 5.14E+00 2.24E+01
2.42E+03 4.13E+00 2.17E+02 1.02E+02 3.39E+00 1.51E+01
2.82E+03 3.54E+00 1.54E+02 7.19E+01 2.81E+00 1.28E+01
3.23E+03 3.10E+00 1.08E+02 S5.24E+01 2.43E+00 1.07E+01
3.62E+03 2.74E+00 6.93E+01 4.77E+01 2.72E+400 8.74E+00
4.03E+03 2.48E+00 4.33E+01 S.47E+01 3.64E+00 7.52E+00
4.44E+03 2.25E+00 3.09E+01 5.59E+01 4.08E+00 6.88E+00
4.83E+03 2.07E+00 2.21E+01 S6.01E+01 4.58E+00 6.36E+00
S5.24E+03 1.921E+00 1.89E+01 6.26E+01 4.82E+00 6.49E+00
5.45E+03 1.77E+00 1.86E+01 4.35E+01 4.88E+00 6.51E+00
6.04E+03 1.65E+00 2.00E+01 6.32E+01 4.81E+00 6.57E+00
6.45E+03 1.55E+00 2.18E+01 6.11E+01 4.84E+00 6.58E+00
6.85E+03 1.46E+00 2.37E+01 S.74E+01 4.38E+00 6.5SE+00
7.25E+03 1.38E+00 2.47E+01 5.28E+01 4.10E+00 6.44E+00
8.046E+03 1.24E+00 2.40E+01 4.49E+01 3.67E+00 é.12E+00
8.85E+03 1.13E+00 2.22E+01 3.87E+01 3.35E+00 S5.78E+00
?.71E+03 1.03E+00 2.04E+01 3.35E+01 3.07E+00 5.44E+00
1.05E+04 ?.50E-01 1.85E+01 - 2.94E+01 2.84E+00 S5.17E+00
1.12E+04 8.90E-01 1.48E+01 2.63E+01 2.68E+00 4.90E+00
1.20E+04 8.30E-01 1.55E+01 2.35E+01 2.52E+00 4.87E+00
1.30E+04 7.70E-01 1.41E+01 2.13E+01 2.39E+00 4.45E+00
1.37E+04 7.30E-01 1.30E+01 1.93E+01 2.27E+00 4.28E+00
1.45E+04 6.90E-01 1.19E+01 1.77E+01 2.17E+00 4.08E+00

1.49E+04 6.70E-01 1.15E+01 1.70E+01 2.12E+00 4.00E+00
1.34E+04 6.50E-01 1.11E+01 1.64E+01 2.09E+00 3.93E+00
1.56E+04 6.40E-01 1.11E+01 1.57E+01 2.02E+00 3.89E+00

1.61E+04 6.20E-01 1.06E+01 1.49E+01 1.98E+00 3.80E+00
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TABLE 11. Ti,

TITANIUM

M. M. Kirillova and B.

A. Charikov, Opt. Spectry 17,

134 (1964).

w(cm-1) ACBRm) -<1 €2 n K
S.00E+02 2.00E+01 8.43E+02 1.17E+03 1.73E+01 3.38E+01
5.26E+02 1.90E+01 4.85E+02 1.04E+03 1.48E+01 3.11E+01
5.56E+02 1.80E+01 6.54E+02 8.82E+02 1.49E+01 2.96E401
5.88E+02 1.70E+01 5.96E+02 7.87E+02 1.37E+01 2.80E+01
6.25E+02 1.60E+01 S.65E+02 7.05E+02 1.30E+01 2.71E401
6.67E+02 1.50E+01 5.11E+02 6.14E+02 1.20E+01 2.56E+01
7.14E+02 1.40E+01 4.74E+02 S5.25E+02 1.08E+01 2.43E+01
8.33E+02 1.20E+01 3.34E+02 3.77E+02 ?.20E+00 2.0SE+01
?.09E+02 1.10E+01 3.24E+02 3.38E+02 8.50E+00 1.99E+01
1.00E+03 1.00E+01 2.81E+02 2.90E+02 7.85E+00 1.85E+01
1.11E+03 ?.00E+00 2.22E+02 2.42E+02 7.30E+00 1.886E+01
1.18E+03 8.50E+00 2.11E+02 2.24E+02 6.98E+00 1.61E+01
1.25E+03 8.00E+00 1.76E+02 1.94E+02 &.54E+00 1.48E+01
1.33E+03 7.50E+00 1.53E+02 1.75E+02 6.31E+00 1.39E+01
1.43E+03 7.00E+00 1.38E+02 1.58E+02 5.99E+00 1.32E+01
1.54E+03 6.50E+00 1.17E+02 1.37E+02 5.63E+00 1.22E+01
1.47E+03 6.00E+00 ?.87E+01 1.22E+02 5.38E+00 1.13E+01
1.82E+03 5.50E+00 8.04E+01 1.04E+02 5.07E+00 1.03E+01
2.00E+03 S5.00E+00 6.08E+01 8.94E+01 4.87E+00 9?.18E+00
2.22E+03 4.50E+00 4.32E+01 7.51E+01 4.68E+00 8.08E+00
2.50E+03 4.00E+00 3.11E+01 6.78E+01 4.84E+00 7.27E+400
2.846E+03 3.50E+00 2,.25E+01 6.00E+01 4.56E+00 6.58E+00
3.33E+03 3.00E+00 1.31E+01 S.33E+01 4.57E+00 5.83E+00
4.00E+03 2.50E+00 8.17E+00 4.93E+01 4.57E+00 S5.39E+00

TABLE 11. Ti, TITANIUM (Continued)

D. W. Lynch, C. G. Olson, and J. H. Weaver, Phys.

Rev. B 11, 3617 (1975 .

w(cm—1) ACEm) -1 €2 n K
8.07E+02 1.24E+01 S5.21E+02 2.35E+02 S5.03E+00 2.34E+01
?.468E+02 1.03E+01 3.78E+02 1.54E+02 3.90E+00 1.98E+01
1.05E+03 ?.54E+00 3.20E+02 1.27E+02 3.49E+00 1.82E+01
1.21E+03 8.27E+00 2.38E+02 ?.43E+01 3.00E+00 1.57E+01
1.61E+03 6.20E+00 1.24E+02 4.81E+01 2.12E+00 1.13E+01
1.69E+03 5.90E+00 1.08E+02 4.33E+01 2.04E+00 1.04E+01

\
TABLE 11. Ti, TITANIUM (Continued)
P. B. Johnson and R. W. Christy, Phys. Rev. B 2, 5056 (1974).

w(cm~1) A(Emd -€1 €2 n K
S5.16E+03 1.94E+00 1.46E+01 3.464E+01 3.51E+00 S.19E+00
6.21E+03 1.61E+00 8.47E+00 3.47E+01 3.69E+00 4.70E+00
7.18E+03 1.39E+00 S5.43E+00 3.21E+01 3.67E+00 4.37E+00
8.23E+03 1.22E+00 4.12E+00 3.00E+401 3.62E+00 4.15E+00
?.19E4+03 1.09E+00 3.91E+00 2.81E+01 3.50E+00 4.02E+00
1.02E+04 ?.84E-01 4.54E+00 2.86E+01 3.35E+00 3.97E+00
1.12E+04 8.92E-01 4.84E+00 2.81E+01 3.29E+00 3.94E+00
1.22E+04 8.21E-01 2.57E+01 3.21E+00 4.01E+00

S5.78E+00

1 April 1983 / Vol. 22, No. 7 / APPLIED OPTICS

1115



TABLE 11. Ti, TITANIUW (Continued)

M. M. Kirillova and B. A. Charikov, Phys. Met. 15, 138 (1963).

w(cm=1) ACERm) ~¢1 €2 n K
2.30E+03 4.00E+00 3.17E+01 6.79E+01 4.45E+00 7.30E+00
2.84E+03 3.50E+00 2.29E+01 6.01E+01 4.55E+00 6.60E+00
3.33E+03 3.00E+00 1.44E+01 S.21E+01 4.45E+00 5.85E+00
4.00E+03 2.350E+00 8.20E+00 4.62E+01 4.40E+00 S5.25E+00
4.17E+03 2.40E+00 ?.17E+00 4.61E+01 4.35E+00 5.30E+00
4.35E+03 2.30E+00 6.94E+00 4.25E+01 4.25E+00 S5.00E+00
4.55E+03 2.20E+00 7.38E+00 4.20E+01 4.20E+00 5.00E+00
5.00E+03 2.00E+00 7.12E+00 3.93E+01 4.0SE+00 4.85E+00
5.54E+03 1.80E+00 4.74E+00 3.73E+01 4.05E+00 4.60E+00
5.88E+03 1.70E+00 S5.81E+00 3.42E+01 3.80E+00 4.50E+00
6.25E+03 1.40E+00 S5.36E+00 3.38E+01 3.80E+00 4.45E+00
6.45E+03 1.55E+00 6.98E+00 3.33E+01 3.70E+00 4.50E+00
6.67E+03 1.50E+00 4.48E+00 3.31E+01 3.80E+00 4.35E+00
6.90E+03 1.45E+00 4.37E+00 3.15E+01 3.70E+00 4.25E+00
7.14E+03 1.40E+00 S5.04E+00 2.98E+01 3.53E+00 4.20E+00
7.41E+03 1.35E+00 3.75E+00 2.80E+01 3.50E+00 4.00E+00
7.69E+03 1.30E+00 4.84E+00 2.75E+01 3.40E+00 4.05E+00
8.00E+03 1.25E+00 8.47E+00 2.90E+01 3.30E+00 4.40E+00
8.33E+03 1.20E+00 5.40E+00 2.42E+01 3.10E+00 3.90E+00

TABLE 11. Ti, TITANIUW (Continued)

G. A. Bolotin, A. N. Voloshinskii, M. M. Neskov, A. V. Sokolov, and
B. A. Charikov, Phys. Met. and Met. 13, 823 (1962).

w(cm-1) ACEmM) -¢1 €2 n K
1.00E+03 1.00E+01 2.34E+02 3.21E+02 ?.01E+00 1.78E+01
1.05E+03 ?.50E+00 2.19E+402 2.93E+02 8.54E+00 1.71E+01
1.11E+03 9.00E+00 2.18E+02 2.51E+02 7.56E+00 1.66E+01
1.18E+03 8.50E+00 2.11E+02 2.24E+02 46.96E+00 1.61E+01
1.23E+03 8.00E+00 1.74E+02 1.94E+02 6.356E+00 1.48E+01
1.33E+03 7.90E+00 1.53E+02 1.75E+02 6.31E+00 1.39E+01
1.43E+03 7.00E+00 1.38E+02 1.58E+02 5.99E+00 1.32E+01
1.54E+03 é.50E+00 1.17E+02 1.37E+02 5.43E+00 1.22E+01
1.467E+03 6.00E+00 ?.87E+01 1.22E+02 5.38E+00 1.13E+01
1.82E+03 5.50E+00 8.04E+01 1.04E+02 5.07E+00 1.03E+01
2.00E+03 5.00E+00 46.06E+01 8.94E+01 4.87E+00 9. 18E+00
2.22E+03 4.50E+00 4,.34E+01 7.52E+01 4.46E+00 8.07E+00
2.350E+03 4,.00E+00 3.11E+401 46.78E+01 4.84E+00 7.27E+00
2.84E+03 3.50E+00 2.25E+01 6.00E+01 4,56E+00 6.58E+00
3.33E+03 3.00E+00 1.31E+01 5.33E+01 4.57E+00 5.83E+00
4.00E+03 2.50E+00 8.17E+00 4.93E+01 4.57E+00 5.39E+00
5.00E+03 2.00E+00 4.24E+00 4.,24E+01 4 ,38E+00 4.84E+00

2 4 1/2 w w2\1/2]1/2
€1(0) — —(—‘“—‘i) . (7) Rlw) == (“""2’) [— 2y (1 + -5) ] . (11)
W ¢ \2wp w; z

The dc conductivity oy is related to wp, and w, by
0 = wi/(dww,) (8

with o having units of cm™1,
terms of the dc resistivity po:

This can be expressed in

oolem™1) = 1/[2mepo(s)] = (9 X 1011)/[27c po(Q cm)]. )

To analyze the data of Brandli, and Sievers! it is
convenient to write the surface impedance Z(w) for the
Drude model2:

Z(@) =R(@) + iX@) = Z (1 +1) (“"";)”2 (1 +i 3)1’2 .
c 2wp W

(10)
We shall need only R(w):
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lIl. Determination of Drude Model Parameters

All data in the form of n and k were changed to ¢; and
€. Equations (3) and (4) were solved for w,, eliminating
wp:

weég
(1—e)

W, = (12)

This equation was solved to determine w, using €; and
€2 at some frequency w. Then w, was obtained from

wd = (1—e) (w2 + wd). (13)

This was done for several values of w to obtain several
pairs of w, and wp, which produce the curve with the
best eyeball fit to the data.



TABLE 12. W, TUNGSTEN
L. V. Nomerovannaya, M. M. Kirillova, and M.M. Noskov, Opt. Spectry.

17, 134 (1964 .

w(cm-1) ACEm) -€1 €2 n K
5.00E+02 2.00E+01 4,32E+03 2.38BE+03 1.75E+01 4.80E+01
5.26E+02 1.90E+01 3.70E+03 2.05E+03 1.83E+01 é6.30E+01
S5.56E+02 1.80E+01 3.56E+03 1.90E+03 1.54E+01 6.18E+01
5.88E+02 1.70E+01 3.37E+03 1.80E+03 1.50E+01 é6.00E+01
6.25E+02 1.60E+01 3.32E+403 1.91E+03 1.60E+01 5.98E+01
6.67E+02 1.50E+01 3.19E+03 1.69E+03 1.45E+01 S.83E+01
7.14E+02 1.40E+01 2.94E+03 1.43E+03 1.28E+01 S.57E+01
7.49E+02 1.30E+01 2.6SE+03 1.13E+03 1.07E+01 5.28E+01
8.33E+02 1.20E+01 2.42E+03 1.10E+03 1.09E+01 5.04E+01
?.09E+02 1.10E+01 2.03E+03 8.80E+02 ?.50E+00 4.43E401
1.00E+03 1.00E+01 1.45E+03 6.85E+02 8.25E+00 4.15E+01
1.05E+03 ?.350E+00 1.51E+03 5.85E+02 7.40E+00 3.95E+01
1.11E+03 ?.00E+00 1.38E+03 5.49E+02 7.30E+00 3.76E+01
1.18E+03 8.30E+00 1.18E+03 4.48E+02 6.40E+00 3.50E+01
1.,21E+03 8.25E+00 1.13E+03 4,10E+02 6.00E+00 3.42E+01
1.25E+03 8.00E+00 1.07E+03 4,06E+02 é.10E+00 3.33E+01
1.29E+03 7.78E+00 1.01E+03 3.49E+02 5.40E+00 3.23E+01
1.33E+03 7.S0E+00 ?.34E+02 3.19E+02 S.15E+00 3.10E+01
1.38E+03 7.25E+00 8.43E+02 3.07E+02 5.20E+00 2.95E+01
1.43E+03 7.00E+00 7.72E+02 3.03E+02 5.35SE+00 2.83E+01
1.48E+03 6.7SE+00 6.468E+02 2.85E+02 5.40E+00 2.44E+01
1.54E+03 6.50E+00 5.90E+02 2.49E+02 5.03E+00 2.48E+01
1.40E+03 6.25E+00 5.42E+02 2.33E+02 4.90E+00 2.38E+01
1.67E+03 4.00E+00 4.87E+02 2,19E+02 4.85E+00 2.26E+01
1.74E+03 5.75E+00 5.00E+02 2.05E+02 4.50E+00 2.28E+01
1.82E+03 5.30E+00 4.82E+02 2.01E+02 4.48E+00 2.24E+01
1.920E+03 5.25E+00 4.80E+02 1.83E+02 4.11E+400 2.23E+01
2.00E+03 5.00E+00 4.37E+02 1.48E+02 3.48E+00 2.12E+01
2.11E+03 4,75E+00 3.81E+02 1.32E+02 3.33E+00 1.98E+01
2.22E+03 4.30E+00 3.88E+02 1.13E+02 2.85E+00 1.99E+01
2.27E+03 4.40E+00 3.85E+02 1.0SE+02 2.45SE+00 1.98E+01
2.38E+03 4.20E+00 3.55E+02 ?.50E+01 2.50E+00 1.90E+01
2.44E+03 4,10E+00 3.48E+02 8.45E+01 2.30E+00 1.88E+01
2.50E+03 4.00E+00 3.30E+02 8.18E+01 2,.23E+00 1.83E+01
2.56E+03 3.90E+00 3.15E+02 7.95E+01 2.22E+00 1.79€E+01
2.70E+03 3.70E+00 2.81E+02 7.44E+0 1 2.20E+00 1.49E+01
2.78E+03 3.40E+00 2.48E+02 6.60E+01 2.00E+00 1.65E+01
2.94E+03 3.40E+00 2.35E+02 7.19E+01 2.32E+00 1.55E+01
3.03E+03 3.30E+00 2.17E+02 6.73E+01 2.26E+00 1.49E+01
3.13E+03 3.20E+00 2.08E+02 6.48E+01 2.22E+00 1.44E+01
3.23E+03 3.10E+00 1.97E+02 6.25E+01 2.20E+00 1.42E+01
3.33E+03 3.00E+00 1.84E+02 7.18E+01 2.40E+00 1.38E+01
3.45E+03 2.90E+00 1.76E+02 6.89E+01 2.35E+00 1,35E+01
3.57E+03 2,80E+00 1.80E+02 6.26E+01 2.30E+00 1.34E+01
3.70E+03 2.70E+00 1.54E+02 5.29E+01 2.10E+00 1.26E+01
3.85E+03 2.460E+00 1.39E+02 S5.16E+01 2.15E+00 1.20E+01
4.00E+03 2.50E+400 1.28E+02 4,71E+01 2.05E+00 1.15E+01
4.17E+03 2.40E+00 1.28E+02 4.95E+01 2.15E+00 1.15E+01

TABLE 12. W, TUNGSTEN (Continued)

w(cm~-1) ACERm) -<1 ¢2 n K
4.35E+03 2.30E+00 ?.80E+01 4.04E+01 2.00E+00 1.01E+01
4,55E+03 2.20E+00 8.85E+01 3.65E+01 1.90E+00 ?.60E+00
4,76E403 2.10E+00 7.58E+01 3.29E+01 1.85E+00 8.90E+00
5.00E+03 2.00E+00 4.09E+01 2.80E+01 1.75E+00 8.00E+00
S5.26E+03 1.90E+00 4,86E+0D1 2.90E+01 2.00E+00 7.25E+00
5.56E+03 1.80E+00 4,12E+01 2.84E+01 2.10E+00 &.75E+00
5.71E+03 1.75E+00 3.89E+01 2.62E+01 2.00E+00 6.55E+00
5.88E+03 1.70E+00 3.34E+01 2.58E+01 2.10E+00 4.15E+00
6.02E+03 1.88E+00 3.27E+01 2.98E+01 2.40E+00 6.20E+00
6.25E+03 1.40E+00 3.88E+01 3.51E+01 2.60E+00 &.75E+00
é6.45E+03 1.55E+00 2,51E+01 2.80E+01 2.50E+00 5.40E+00
6.67E+03 1.50E+00 2.08E+01 3.13E+01 2.90E+00 5.40E+00
4.90E+03 1.45E+00 1.75E+01 3.09E+01 3.00E+00 5.15E+00
7.14E+03 1.40E+00 1.73E+01 3.36E+01 3.20E+00 5.25E+00
7.41E+03 1.35E+00 1.64E+01 3.30E+01 3.20E+00 5. 16E+00
7.69E+03 1.30E+00 1.53E+01 3.23E+01 3.20E+00 S5.05E+00
8.33E+03 1.20E+00 1.1SE+01 2.85E+01 3.10E+00 4.40E+00
?.09E+03 1.10E+00 ?.78E+00 2.61E+01 3.01E+00 4.34E+00
1.00E+04 1.00E+00 3.25E+00 2.10E+01 3.00E+00 3.S0E+00
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TABLE 12. W, TUNGSTEN (Continued)

J. H. Weaver, D. W. Lynch and C. 6. Olson, Phys. Rev. B 12, 1293 (1975).

w{cm=-1) A(Bm) -1 €2 n K
4.84E+02 2.07E+01 S5.468E+03 S5.71E+03 3.45E+01 8.29E+01
5.65E+02 1.77E+01 4.75E+03 3.91E+03 2.65E+01 7.39E+01
6.45E+02 1.55E+01 3.83E+03 2.73E+03 2.09E+01 6.53E+01
7.28E+02 1.38E+01 3.31E+03 2.04E+03 1.70E+01 6.00E+01
8.07E+02 1.24E+01 2.80E+03 1.54E+03 1.41E+01 5.47E+01
?.68E+02 1.03E+01 2.05E+03 ?.37E+02 1.01E+01 4.64E+01
1.13E+03 8.84E+00 1.56E+03 6.09E+02 7.58E+00 4.02E+01
1.29E+03 7.75E+00 1.21E+03 4.18E+02 S.92E+00 3.53E+01
1.61E+03 6.20E+00 7.86E+02 2.19E+02 3.87E+00 2.83E+01
2.42E+03 4.13E+00 3.32E+02 6.71E+01 1.83E+00 1.83E+01
3.23E+03 3.10E+00 1.70E+02 5.11E+01 1.924E+00 1.32E+01
4.03E+03 2.48E+00 1.09E+02 2.95E+01 1.40E+00 1.05E+01
4.84E+03 2.07E+00 6.19E+01 1.93E+01 1.21E+00 7.96E+00
S5.65E+03 1.77E+00 3.50E+01 1.95E+01 1.59E+00 6.13E+00
6.61E+03 1.51E+00 1.57E+01 2.18E+01 2.36E+00 4.61E+00
7.26E+03 1.38E+00 1.00E+01 2.76E+01 3.11E+00 4.44E+00
8.07E+03 1.24E+00 8.80E+00 2.71E+01 3.14E+00 4.32E+00
1.21E+04 8.27E-01 -4.33E+00 1.924E+01 3.48E+00 2.79E+00
1.61E+04 6.20E-01 -4,.461E+00 2.08E+01 3.40E+00 2.89E+00

Table 13.

Optical Parameters Found using a Drude Model Fit of the Experimental Dielectric Functions for Six Metals for which the Dielectric Functions

could be Fit; here wy is the Frequency at which the Fit is Forced, and —¢4(0) is —¢; (w) at dc; the Crossover Frequency Applies to —¢4 = ¢€,.

wplen™) | wg(en™) % @] -0 we(en™!) welen™)
for fit of IR fit R fit = -{u /mT)2 from dc crossover on
data in IR ' P resistivities -e1s €5 plot
and
P
‘Nob]e Metals and
Al and Pb
Al 1.11x10°  [6.47x102 |1.19x10° 3.37x10% 6.45x10° 7.00x10
Cu 2.00x10°  |2.78x10% |6.38x10% 5.27x10* 1.15x10° 2.55x10%
Au 8.06x10%  |2.16x10% |7.25x10* 1.13x10° 1.93x10% 2.16x102
Pb 5.00x10'  |1.45x10° |6.20x10% 1.330103 1.35x10° 1.55x10°
Ag 1.00x10%  |1.45x10% |7.25x10% 2.50x10° 1.41x102 1.52x102
Transition Metals
W 8.06x10°  [4.33x10%2 |4.84x10% 1.25x10% 2.16x10% 4.30x102
The one exception to this process was the measure- IV. Data

ments of Brandli and Sievers! for Au and Pb. They
reported values of R(w)/Zo where Zy = (4w)/c. For the
far IR, Eq. (11) reduces to

Zo ) '
w, was obtained from this data using w, from the near
IR fit. This value of w, was used for gold and lead
rather than the w, obtained from the near IR fit.

We note from Eq. (12) the frequency for which —¢;(w)
= ¢9(w) is very nearly w = w, since —¢; >> 1. Withw =
w, both components (—¢; and ¢) of the dielectric
function are w%/(2w?). Thus the Drude parameters, w,
and wp, can be determined at the crossover from w = w,
and the value of the dielectric function. Note that
—€1(0) =~ w?/w?; 50 —1he1(0) >~ —€(w,).

14
2 (14)
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Figures 1-12 are plots of —¢;(w) and ex(w) for the
twelve metals. The high frequency termination occurs
where the Drude model becomes invalid. The solid
lines are calculated from the Drude model with the
parameters listed in Table 13. Tables 1-12 present the
collected values of ¢, €5, n and k. Table 13 summarizes
the Drude model parameters from our fit (for Ag, Au,
Cu, Al, Pb, and W) as well as w, calculated from w, and
the AIP Handbook!® values of the dc resistivity. Di-
electric functions for all metals considered in this article
except Pb have been tabulated by Weaver et al. for the
UV, visible, and near IR.

Finally, we disclaim any physical signficance for the
Drude model. The intent is only to parametrize the
optical constants for these metals even when there is



some question as to the physical meaning of the pa-
rameters. The transition metals show interband
transitions and cannot be fit with a Drude model in the
IR (with the exception of W). Even the noble metals
in the IR can have small interband contributions to the
dielectric constants.20
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Optical Activities continued from page 1069

6 Close-up of polishing setup.

o
.

7 Interferogram showing creditable accuracy of the concave 8  Grinding the cone using a flat diamond wheel and the correct
surface. tilt angle. The work rotates at 100 rpm, the diamond wheel at
5000 surface ft/min.
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