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iNTRODUCTI OK

We have collected in this volume data on the optlcal properties of
the elewental noble metats, aluminum, the lanthanides inctuding Sc and Y,
and the actinides. A companion volume (Vol. |) considered the optical
properties of the elemental transition metals Ti-Ni, Zr-Pd, and HF-Pt.
In this way we have gathered together for easy reference the optical
properties of most of the elemental metals as they are known today, 1980,
In this data compilation we present tables summarizing the work that
has been done for each element {techniques, sanple preparation, spectral
range, etc.). Figures for each element display the most frequently used
optical gquantities, i.e. the normal incidence reflectance or reflectivity,
the real and imaginary parts of the frequency-dependent dielectric function
or the optical conductivity, and the absorption coefficient. Tables of
these quantities and the loss function are also given for each element.
This data compilation covers the wavelength range 25 Asasg 25 wm or
the photon energy range -0.05 s hv s 500 eV {hv(ev) = 12398/ (l)]. Most
of the published data fall between -1 eV and -6 eV, in the range where
photomultiplier detectors and conventional laboratory sources are available.
In the vacuum ultraviolet for -6 < hv s 30 eV, synchrotron radiation sources,
rare gas continua, and discrete line sources have been used to measure the
reflectance at near normal incidence for the noble metals and aluminum

i of
but for few of the other metals discussed here. For photon energies

~30-200 eV the absorption coefficient has been measured with synchrotron
radiation for most of the metals but rarely at higher energy.  Unfortunately,
we have found that there is not a complete set of data for most of the metals
throughout the entire range. Data for wavelengths shorier than about 25 &
are quite sparse because of the difficulty of obtaining monochromatic
radiation, Particularly between 1 and 3 kev, Honochromator development
Programs now underway at Many synchrotron radiation facilities around the
worid should Imprave the situation within the next few years.

The comparative tables and flgures which describe the available datga
pofnt out regions where reliable data are not available or where the present
data are still Insufficient or ambiguous. In Mmany cases when we seek to
provide a set of 'most reliable" optical data, we have chosen to use our
own data, accumulated for many of these metals over the last ten years,

The reader can readily compare those tabular results to the rest of the
literature through perusal of the figures. For the heavy lanthanide metals
and Sc and Y, we tabulate our data for both polarizations of the electric
fleld vector ¢ relative to the crystallographic é-axis of the hcp lattice.
For the ilghter lanthanides we include no tabular results. Before using

our tables, the reader should consult the Methods of Measurements and Errors
section and that devoted to The Use and Misuse,

The data have been obtained from a number of sources. To supplement
the references collected by the authors over the years, we have searched
via computer the abstraces appearing in the Physics Abstraces and Chemistry
Abstracts, the former from 1969 to present and the latter from 1970 to
present. In addition we have solicited unpublished data from colleagues,

We have omitted much of the data obtained in the 1950's and essentially



-10-

all data obtained before 1950. We have generally excluded nonspectral
optical data, e.g. values of the complex refractive index obtained ellipso-
metrically at the wavelengths of one or several spectral lines, and
emissivity measurements at one wavelength. It is inevitable that we have
overlooked some data or reference that we would llke to have included.

for such omissions we apologize.

The compilation has a large number of appiications. For example,
reliable optical constants are needed to design mulciple-layer films for
application in solar-energy-systems or reflecting opitcal elements. The
data can be used to ubtain spectral emissivities for measurements of the
temperatures of hot transition metals. Of course, it can be used for a
fundamental comparison between experimental optical properties and those
calculated from first principles.

We begin with several definitions, then briefly discuss methods of
measurement and the associated errors of each. Finally, before presenting
the data in tabular and pictorial form, we offer several caveats about the

use of the data.

-i1-

DEFINIT oS

are combined into a Frequency-depanasns

b i —.wsul complex conductivity, § = gy + iop,
€ =g * €3, or a ¢-

with

Elw) =V + 45id{w)/uw {1)

and €; = ¢ and o) = o. Note that a metal, with its finite conductivity at
1

w = 0, has e5{w) + = as w » 0, but this causes no problems in the wave
equalion.*

For non-cubic materials, o and € will be tensors’*8, but for all
elemental metals which have been measured this tensor is diagonal in the
crystallographlc axis system, and there are no more than three independent
components. One should be aware, however, that evaporated films of non-
cubic metals may not always have isotropic optical properties, for there
often is a preferred texture, with close-packed planes preferred. (n the
ensulng discussion we assume, for simplicity, an optically isotropic metal,

either a cubic crystal or randomly-oriented grains in a polycrystalline film.

* The time-dependent Maxwell's eQuatlon? are Fourier aqalyzed. !n §0mp|ex
notation the time dependence of all fields is then either expglw; or
exp{-fwt). Either may be used and the resultan; real parts of ¢ f )
fields, the measurables, are the same. The cholce‘of s:gn d?es, \o:eve ,
affect the signs of the imaginary parts of‘t@e opglcal unctions. e
have used exp{-iwt) which leads to the posltlve sign on Fhe lmag!n?r:t
parts of the complex quantities above. Thfs choice ls_mur: consiste
with the microscopic interpretation of optical properties based on

quantum mechanics. The other choice of sign also is widely used, however.
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Optical studies describe the response of matter to an applied electro-
magnetic field at optical frequencies (~10'® Hz). As discussed above, this is
done through the frequency-dependent complex dielectric function, €(w) =
£l + iep or, equivalently, the complex conductivity, 5(w) = 3, + igy, which
are used with Maxwell's equations, but which are descriptions of the material
being studied. These are fundamental quantities, and can be calculated
quantum mechanically from microscopic models of the solid. Either represents
the elementary excitation spectrum, i.e., €2 (interband) or o, (interband)

provides a measure of interband absorption. €, (interband) can be written as

2 ef?
w‘e? i

e 2] arlplinl s (-5 R, (@)
mm 0

where the electric dipole approximation has been used for the electron-photon
Interaction Hamiltonian, |i> and |f> are the initial (occupied) and final
(empty) states, and R. the electron wave vector, has been conserved through
direct transitions.

A complete calculation of ¢, from first principles is difficult, but
can be simplified by assuming that matrix elements are independent of k,

i.e. are constant throughout the Brillouin zone. Then

™

wep = E[a% 6((R)-E; (K) ), 3)

o
which is termed the joint density of states (JDOS). The JDOS reflects the
shape of the electronic energy bands, but obscures any Information regarding
transition probability variation.
Evaluations of equations (2) or (3) for the transition metals have-

shown that structures in the experimental €; can arise from extended volumes

of k-space, and the importance of critical points is diminished in transition

-13-

metals. Further, it has been shown that volumes of k space which are removed
from high-symmetry lines can be the source of interband structures.

The dielectric function for the transition metals also includes contri-
butions from intraband absorption. The free-carrier or intraband (or free-

electron or Drude) absorption is described by

. wp? (4)
) [P
ki) wlw+i/T)

where wp is the free-electron plasma frequency and T is the electronic
relaxation time. The plasma frequency is defined by mpz = hnNe?/m, where
N is the number of electrons of mass m per unit volume. For a free-
electron gas with wr >> 1, the absorptivity reduces to A = Z/wpr which

is small. |In figure 1, the free electron dielectric function is shown
qualltatively.: At low energy, €; is large and positive while ) is large
and negative. Both approach zero with increasing photon energy; € ulti-
mately crosses zero at the plasma frequency and approaches unity at infinite
frequency. In an experimental spectrum of the dielectric function for a
real metal, the deviation from this simple behavior can be taken as an
indication of interband absorption; see Fig. | for sketches of free
carrier behavior.

For transition metals, where the d bands intersect the Fermi level,
Interband absorption begins at arbitrarily low energy, and it is impossible
to separate the interband and intraband contributions completely. Never-
theless, it may be possible to fit the measured spectrum with a Drude-like
spectrum over a limited energy range. The Drude parameters obtained in
that way should not be taken too seriously. Nevertheless, they are often
useful for separating approximately the low-energy interband and intraband

contributions to #(w) facilitating comparison of theory with experiment.
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The real and imaginary parts of the dielectric function are not
completely independent. They are related in an integral-transform fashion

by the so-called Kramers-Kronig or dispersion integrals:2~>

= gylw’) - buwolo)

gy w) -1 =s"1 p —_— Y et (5)
o w2
ala) - M) ey [ "
" = o ]
where P denotes principal value. I(f a set of optical data such as v (w)

and ¢, (w) is self-consistent, It must satisfy the above relations, when
sultable extrapolations to zero and infinity are appended to the data
measured over some finite spectral range.

By letting w ~ «, a limit in which we expect the electrons in the
solid to behave as free electrons, we obtain the sum rule?,>

’ wes {w)de = 212 Eii o Ly02 (7)
0" m 2

which forms a very useful test of the data. This 1s equivalent to the
f-sum rule of atomic physics. It states that the integral of £, weighted
by w is proportional to N, the number density of electrons in the sample.
8y Integrating to a finite upper VImit, partial sum rules are obtained,
but thelr use Is somewhat restricted by assumptions necessary for their
use.

There are several other sum rules?3 that are useful for testing data
for consistency. These are

f fey{w) = 1] dw = -2n20 (o), (8)

o
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which relates the real part of the dielectric function to the d.c. conduc-

tivity, and
[m (nfw) =~ 1)de = 0 | (9)
.

which states that the average value of the refractive index Is unity.
These, and others®~!?, have been applied to optica! data for aluminum and,
to date, there are departures from self-consistency even when the best
available data are used!3.

The boundary conditions on the electric and magnetic flelds, implicit
in Maxwell's equations!~®, give vatues for the reflected and transmitted
fields in terms of the dielectric function, €, the angle of incidence, ¢,

and the state of polarization, s or p. If r Is the ratio of reflected

electric field to incident electric field at a vacuum-solid interface,

then®
r=_l={g=-1/(g+1) (10)
Ej
with § = v/t cos ¢~ for s-polarization
and 3 = cos ¢°//% for p-polarization,

in which v sln $° = sin ¢. The phase shift wupon reflection, 8, is included
intasrt =re® At this point 1t may be useful to introduce the complex

index of refraction, defined® as
flen+ika=/E, (1)

Then €y = n? - k? 2n? = (+¢] + Vg ? + g,?)
and

€2 = 2nk k2 = (-g; + Ye1? + g,2)

5 N is sometimes written as a(l + 1K).

-17-

If ¢ + 0 then the reflectance at normal incidence becomes

Roafrj2 e 0212 42 (12)
{n+1)2 + K2

tn any case, the measured reflectance is

R= (72 . (13
The absorption coefficient u is

o= 45 k/2 (14)

where \ is the wavelength in vacuum and udx = -di/| is the fractional loss
of flux in distance dx, leading to the decay of the photon flux in the
materlal as exp(-ux).

One can also study the optical properties of a solid with electrons
rather than photons. The probabiltity that a fast electron loses energy E
in traversing a thin film of material with dielectric function £(E) is

proportional tol%-16
In{-1/2) = ¢;3/{e|? + €,2) (12)

8y making suitable corrections to the measured intensity of the transmitted
electron beam and by the use of a dispersion integral, it is passible to
determine #(E). (There are additiona! corrections to be made for surface
effects, for Cerenkov radiation, and for cases in which the incident electron
is not sufficiently energetic.)

If the photon energy becomes high, larger than -50 eV depending on the

material, the above expressions simplify to

ne1l-§ (13)
with k << 1 and § << 1, Then
€p =n2 - k2 <1, (14)
ge D242 g2 4 -
(n+1)2 + k2 by - 28

Im(-1/8} = € .



A useful optical quantity in the visible and infrared is the spectral
emissivity, e(w), the fraction of blackbody radiation with a particular
polarization emitted into a differential solid angle by the sample surface!”.
For an opaque sample with a flat surface this is equal to the absorptance,

A =1 - R, with the foregoing expressions giving R, the reflectance. (This

is Kirchhoff's law.) The spectral hemispherical emittance is the sum of the
integrals of the above emittance over 2n steradians for each polarization.

The total hemispherical emittance at temperature T is the integral of the
latter over the blackbody spectrum, divided by the blackbody spectral integral,
both at temperature T. The hemispherical spectral emittance can be put into

closed form as'®

& 2 2
£~ [ epor .ad) cos ada = kn - ka in 1’2"2""2”‘ ) (18)
L} n“ + k
pol hemis
v )
: Ln(n k?) tan-) ( k
k n+n? +k?
hn 4n?

— - In(1 + 2n + n? + K?2)
n2 + k¢ (n? + k2)2

2 .2
4 inln k%) tan! ( k
k(n? + k2) 1 +n

where dil = sinadad8. a and B are the polar and azimuthal angles (a = ¢, the
angle of incidence used previously, and often there is no B-dependence).

[The factor of = represents f 1 cos adl, the spectral hemispherical

hemis
emissivity of a blackbody of unit spectral emissivity, i.e. the normalizing

factor.)
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METHODS AND MEASUREMENT AND ERRORS

In general, any measured quantity can be expressed in terms of g
and €; or n and k, but, since both real and imaginary parts of the dielectric
function appear in the expression, two measurements are needed at each
frequency to obtain two equations from which € or N can be found. There
are four general categories of measurement: (1) photometric, (2) photo-
metric with dispersion integrals, (3) ellipsometric, and (4) electron energy
loss with dispersion integrals. Space limitations preclude a detailed
discussion of each, but a few general statements seem to be in order!?.

(1) Photometric?9-40, Two quantities involving the reflected photon
flux, or possibly the flux transmitted through thin films, are measured.
Examples are the reflectance of p-polarized light at two angles of incidence;
the angle at which the p-polarized reflectance Is a minimum and the value

of Rp there; and even R_ and dRp/do at some ¢. More than two measurements

P
may be made, e.g. Rp vs. ¢, and the data fitted to Rp(o). Experimental
errors may involve all of the following: nonlinearity of the detector, non-
homogeneity and polarization sensitivity of the detector, failure to collect
all reflected flux, and the use of different surface areas if two angles

of incidence are used. These measurement errors may be very difficult to
estimate. |If an estimate can be made, it Is relatively easy to determine
how the errors will propagate to produce errors in n and k. Such an error
analysis can be used to select the best, or at least better, quantities

to measure for a sample of assumed optical properties. In general there

Is not a universal best method. The sample, its properties, and the wave-

length region make some methods better than others.
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(2) Photometric with dispersion integrals?++1°55  Here one measures

R ar fixed $ (often near-normal incidence) and fixed polarization over as
wide a frequncy range as possible. The real and imaginary parts of the

reflection coefficient r = reid or of

inr = In{rei®) « In(/Reid) = { I1nR + i6 (13)

obey a dispersion or Kramers-Kronig integral. With suitable extrapolations
beyond the range of the data, one can obtain 8{w) from R{w). Errors in the
measured reflectance then appear in the derived dielectric function as with
other methods, but there are additional errors associated with the extra-
polations. In general, the extrapolation errors affect the magnitude of
£y and e€» much more than they affect the positions and shapes of spectral
structures. We have found, for example, that in Mo our dielectric function
results obtained using dispersion integrals and measurements of R{u) for
0.1-30 eV agree with ¢ data obtained by photometric and ellipsometric methods
to within 10%, while an error analysis yields an estimate of possibile errors
of up to 50%.

The availability of some transmission or electron energy loss data
abuve 30 eV reduces the expected extrapolation errors, as does requiring
the extrapolation to give reasonable values for the sum rule on e; in the
region of the extrapoltatlon. A 'variation' of the Kramers-Kronig method is
to fit a reflectance spectrum with a series of oscillators, whose dielectric
function then is represented by that of the sum of oscillators38757,

(3) Elligsometricss. The ratio of reflected electric Fields for p-

and s-polarization is
;P/FS = (l'p/rs)ei(ep—es) a peiA (20)

The change in the state of polarization of reflected llght can be measured,
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giving p and &, from which & can be found. Ellipsometry has been carried
out on metals since the time of Drude, but only relatively recently have
data been taken at morL than a few discrete wavelengths. Automatic ellipso-
meters now exist, often yielding ¢ vs. w directly with an on-line computer.
Errors in ellipsometry can be different from those in photometry. The
alignment of the polarizing elements is very important and can lead to
errors. Ellipsometry is rarely carried out at energivs above 6 eV for lack
of effective polarlzing elements.
l4-1€

(4) Electron energy loss As mentioned previously, energy analysis

of energetic electrons passing through thin films can give Im{~1/Z). This
quantity is related to Re{-1/&) by a dispersion integral. Thus with suitable
extrapolations, and possibly with a normalization factor based on other data,
£ can be obtained. In the measurement of electron energy loss spectra one
must subtract out not only the surface losses but also multiple losses., I(n
fact, the response of the solid to fast electrons is governed by the longi-
tudinal dielectric function while the response to photons is governed by the
transverse function. To date, experimental differences between them are
negligible for purposes of this document,

Al these methods are difficult to apply to metals in the infrared
because R + 1 for all ¢ and p » 1. For photometric methods one can measure
the absorptance, A = { - R, in methods (2} or use large angles of incidence
in methods (1). In ellipsometry one can also use large angles of incidence
and multiple (m) reflections to obtaln pMexp{ima}. Finally, electron
energy loss measurements usually do not have sufficient resolution to be
used for metals in the Infrared, i.e. hv s 1 eV, since the zero-lass
spectrum may have a width of up to 0.5 eV,

Above -30 eV the reflectance of all materials quickly falls to values

below 0.01 except at large angles of incidence. The primary methods of
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determining g€{w) then consist of fitting R vs. ¢ for large values of ¢,
transmission measurements which give u, or electron energy loss measurements
which then require significant corrections for multiple scattering. The
latter two require the use of dispersion integrals to get rea) and imaginary
parts of é. New types of errors arise, such as pinholes in'thin-film samples,
increased scattering from surface roughness as the wavelength decreases, and
incompletely collimated radiation.

tn all cases the most important kinds of error have not yet been
mentioned. All methods make use of the Fresnel relations, derived for a
flat smooth interface between two media. (This is so for the electron
energy loss measurements, too, for the surface corrections rely on a
description of the interface between the sample and vacuum.) Surface
roughness, oxide films, and surface stresses all cause errors because the
actual sample departs from the Ideal strain-free material with a smooth,
abrupt vacuvum interface. The errors which can arise from these departures
from ideality are different for each type of measurement. A rough surface,
for example, will make the measured reflectance too low if any scattered
radiation fails to reach the detector®® 2. A new structure, typically a
reflectance dip, may appear in the reflectance if non-radiative surface
plasmons are excited at the rough surface. Ellipsometric methods are less
sensitive to roughness, but only insofar as the scattered radiation Is not
preferentially of one polarization. A transparent oxide will lower the
measured reflectance, but in the infrared such an effect Is negligibly
small for a metal, while submonolayer coverages of transparent oxides can
be measured ellipsometrically, causing significant error if unsuspected. In
the ultraviolet, oxides are strongly absorbing and cause significant errors
in all types of measurement, but those sampling the bulk more than the surface,

¢.g. electron energy loss measurements, are less sensitive to oxides.

In order to obtain the dielectric function of a metal a strain-free,
clean, flat crystalline surface is needed. In principle, the surface should

be cleaned in situ, with cleanliness verified by Auger spectroscopy, and

checked for crystallinity, and perhaps strain, by LEED or high-energy electron
diffraction {RHEED). This must be done In uitra high vacuum to insure
subsequent surface cleanliness. Only then should the optical properties be
measured. Unfortunately, such studies have not been performed for most
metals in even limited spectral ranges. Moreover, in data taken just at
one or at a few fixed wavelengths on truly clean surfaces, evaluations of
surface roughness have not been made. Most surface cleaning techniques
e.g., Art bombardment followed by an anneal, can lead to roughened surfaces.
Certainly the older techniques of cleaning by Ar'* glow-discharge sputtering
creates rough surfaces. One may have to choose between a rough, atomically
clean surface and a smooth "dirty' one with a few monolayers of oxide,
although in some cases a compromise may be reached. A compromise often
used has been to electropolish the samples. This leaves a smooth, strain-
free surface, but one with an overiayer of oxide, often containing Cl as
well if perchloric acid, H,C203, is used as the electro!yteﬁ“. Such treat-
ment causes little error in the infrared reflectance, but above about 6 eV
the 2p electrons of oxygen absorb and cause errors. Of course the amount
of error varies from sample to sample because of the oxidation processes
itself; the oxldation rate also varies for different crystalline faces of
a single crystal.

Thin films may be evaporated onto flat substrates, but they are
inherently strained, polycrystalline samples. Strain will broaden structure
in the optical spectra and the polycrystalline character may introduce

special effects due to graln boundaries or voids. Annealing of the film



during deposition (hot substrate) or afterward will reduce the strain but
at the expense of surface roughness. Recently it was shown that many
conflicting spectra obtained on thin films of Au could be reconciled by
assuming different degrees of porosity in the films, up to 102 maximum.

In general, such voids lower the magnitudes of £, and e,, an effect which
€dan be viewed in zero order as an averaging in the dielectric Function of
the film with that of the voids, approximated by vacuum®®. The spectra of
many films measured over the years have agreed in shape but not in @magnitude.
In another view of grain boundaries in films the infrared energy dependence
of €{w)} has been interpreted with a two-medium model in which the grain
boundary material has a lower electron density and a higher electron
scattering (damping) ratef%.57,

For purposes of calculating mirror or interference filter performance,
it may be desirable to use data taken on fllms, voids and all, in order to
model better the performance of samples which will, in fact, be vapor
deposited films. For this purpose, the tabular data reported in this volume
are less suitable than some of the data we have shown in our comparison
figures since the tabular data were measured with bulk samples. Furthermore,
for some of the hcp metals we present tabular data for orlented single
crystals with ENG and ELE to disptay the optical anisotrepy of the material.
In principle, for a polycrystalline film with randomly-oriented grains,
elw) = 1/3 ¢, (w) + 2/3 & (), but in practice the film may grow preferentially
with basal plane orientation along the surface (¢ perpendicular to the

surface).

e e o . - - . _ - - o o L o

USE AND HISUSE OF THE DATA

The data presented in this document represent our assessment of the
literature. Some idea of the discrepancies between the data presented and
other data is also given. A glance at some of the data we do not present
but list only by reference will show that there can be extremely large
dlscrepancies, not only in the magnitudes of € and G but even in the
occurrence and non-occurrence of spectral features. We believe that the
data tabulated are good to within $10% in most cases (except near places
where ¢ crosses zero, for which a relative error ls meaningless). The
potential user should keep this 10% figure in mind for critical applica-
tions. Exceptlons can be ldentified by examination of the figures.

The data are intended to represent the optical properties of pure,
flat, strain-free, oxide-free samples. Effects of overlayers can be calcu-
lated In a straightforward manner. Departures from flatness are another
matter. Slight surface roughness can be handled but in extreme cases,
such as gold btack or dendritic tungsten surfaces, the optical properties
of the sample do not resemble those of the metal at all, purely for morpho-
logical reasons. The data could, however, be used to model such materials
and cermets unless the particle size becomes too small.

We shouid also mention that the data are appropriate only for the
normal room temperature or liquid helium temperature phase of the material.
The data for fcc N1 are not at all close to those for amorphous Ni (not
given), nor can the data for bcc Fe be used for the high temperature fcc
phase of that metal. The effects of magnetic ordering are less extreme,
but are sometimes important. For example, the data for Cr taken at 4.2 K

show a small peak near 0.1 eV which is a result of the antiferromagnetic
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ordering. As the temperature increases, this peak weakens and broadens and
is very difficult to see at room temperature, even though Cr is still anti-
ferromagnetic.

The functions € and d can be calculated theoretically. As presented
here they are local functions, [.e. the material is presumed to have no
special effects due to the surface, and the anomalous skin effect has been
ignored in obtaining ¢ from the measured data. This latter effect?:5 can
be significant for single crystals at and below room temperature in the
near, and especially the far, infrared. The data can be applied without
carrection to evaporated films, whose mean free path is usually short. To
deal properly with single crystals in the iafrared, whenever interband
absorption does not dominate, one should abandon the & concept and work
with the reflectance itself or the surface impedance?, 2 = (4n/c)E/H, where
the fields are the tangential components evaluated at the surface. Then
r= (&n/cfi)/(kn/c+i) at normal incidence.

Finally, we have presented room temperature or liquid hellium temper-
ature data only. Many applications require data at high temperature,

e.g., optical pyrometry and solar-thermal energy applications. Provided
oxides or surface roughness do not increase at the higher temperatures,

one can use the room temperature data for many applications. There are two
ways to obtain the temperature dependence. One can make measurements, e.g.
of the reflectance at all temperatures of interest, but in addition to the
problems of enhanced oxidation and possible surface roughenlng at high
temperature, problems with sample evaporation and the blackbody radiation
of the sample itself arise. At temperatures above -1000 K the emissivity
is usually what is measured, by comparing the radiation from the sample

with that from a cavity, often in the sample itself. The other method
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measures directly the temperature derivative of the reflectance or absorp-
tance of the sample, by modulation spectroscopic techniques with a calibra-

tion determined by a steady-state calorimetric method.
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Table |. List of abbreviations used in the figures and tables.

€],€2

“Im(E"1),~Im(g+1) 7!

KK

RT

n,k

tne, ELe

€6y EY
MP

Ex, In
uhv
TEM
LEED
AES
Trans
Refl
m=8
Ellips
Sput
EP

cP

real and imaginary parts of the complex dielectric function,
Elw) = ) + iey

volume and surface loss functions

Kramers-Kronig analysis

absorption coefficient

room temperature, ~300 K

index of refraction and extinction coefficient, N(w) = n + ik
optical conductivity, o = epw/ln

temperature; transmission (if it appears in data presentation
column)

absorptivity, A=1-R
reflectivity or reflectance

t = electric field vector; & = crystallographic c-axis for hcp
metals where c¢ is orthogonal to the basal plane

emissivity, hemispherical emissivity, normal emissivity
mechanical polishing

ex situ, In situ

ultra high vacuum (generally =107% Torr or better)
transmission electron microscopy

low energy electron diffraction

Auger electron spectroscopy

transmission

reflection

multi-angle

ellipsometry

Argon-sputtering, generally implies post-sputtering annealing
electropolish

chemically polished
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Authars Energy Range Technique Temperature Sample Data Presentation Remarks
(eV) (K) —
RT uniess E| 3l X|Prep Cu-2
specified o = 3
HKS68 35-250 Trans x u absorption measurements with synchrotron
radiation
Ps693 1.7-5.9 Ref] 77-920 x [Heat e/ temperature dependent absorption
measurements
SeS70 0.5-11.8 Refl x |EP R
JC72 0.5-6.5 Trans, Refl X Ex n,k,eq.80
SN72 0.41-1.24 Ellips x |Heat s
HGK74 13-150 Trans x Ex KK: el,sz,n,k,u,R, absorption measuresments with synchrotron
Im{e™*) radiation
WelG74 20-120 x u energy loss spectroscopy
HGKTS 13~150 Trans x in KK: u absarption measurements with synchrotron
radiation
Je7s 0.5-6.5 Trans, Refl |78, 300, 423 | x n,k,ez same data as JC72
RT75 2-6 Trans, Refl x Ex €2 thin films
HGK76 30-150 Trans x KK: u absorption measurements with synchrotron
radiation
MR76 0.4-0.8 Refl t0-3i10 x x {EP A absorptivity measurements by calorimetry
Authors Energy Range Technique | Temperature Sample Data Presentation Remarks
{eV}) (K} =
RT uniess El 8| Xlprrep Cu-1
specified ol | 3
Sa3g 2.6-27.6 Refl x Ex R
JK54 ~2.07-4.96 Ellips x -€1,0
Schsh 1.31-2.76 Trans, Refl x k
Ellips
Sc5h 0.41-1,24 Trans, Refl x n/x,k/x
ST54 1.31-3.1 Refl x KK: n R measured at 45° angle of incidence
Ho55 0.08-1.24 Ellips x [
Bios6 0.38-4.13 Ref) 4.2 x [EP A absorptivity measured by calorimetry
Schs57 1.31-3.1 Trans X n,k
ottél 1.88-2.82 El}lips x -€1,692
DHEL 0.06-5.64 Ref1 x R
SGE4 1.88-2.82 Ellips x in €1
Beabs 2.7-27 m-3 x |EP R,e1,e2, and
KK: €1,¢»
DoMb5 0.09-0.99 Ellips x n,k
80668 0.11-1.,24 Refl 4.2 x [EP A absorptivity measured by calorimetry,
see also BiaSe
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Fig. 2 Survey of available data on Cu.
Authors Energy Range Technique Temperature Sample Data Presentation Remarks
(eV) (K) =
RT unless E| ®l %|prep Cu-3
specified ol x| 3
8777 18-31 m=38 x In log R R measured at 30° angle of incidence
with synchrotron radiation
FDS77 0.5-40 Trans x KK: €7,€e2 energy loss spectroscopy
RYE77 150-1000 EH emissivity
Sm77 1.96, 2.27 Eilips x {Sput n,k extensive surface studies, MP, anneal,
sputtered, AES
8CT79 18-35 m-8 x In E1,E2,4
8en Unpl} 0.16~4.3 4.2 x JCP A absorptivity measured by calorimetry
We Unpl 0.2-1.8 k.2 x |CP A absorptivity measured by calorimetry
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publication by H.J. Hagemann, W. Gudat, and C. Kunz in J. Opt. Soc.
742 {1975} based on the following tabulation

Energy (eV)

U.lt
u.510
1.00
1.0V
1.70
1.75
l.oU
1.0%
1.90
2,00
2.10
2.20
2.130
4440
2a.tU
2.8V
3.00
3,20
3,49
3.no
3,00
4.uU
4,20
4.40
4.0V
4,80
S.UG
9.2u
5.40
5.60
5.60
6.U0
6.50
7.00
7.50
.00
4.50
9,09
4.54
1u.00
11.00
12,00
13.00
14,00
14,50
15.00
19,5u
16,0u
17.9uU

€1

-4240,00
~3u3, 09
-71.8v
~27.6u
=1Y.6v
~13.00
=1b6,30
14,4590
~13.40
~19.4v
=7.67
=0.UY
-%.64
-3.52
4 .Yy
-4,22
-3.41
=2.7¢0
~2.2u
~1.79
-1.44
“l,15
~0,08
0,47
“G.47
=Q.5Y
-1.01
-1.33
=1.55
-1.01
=1.58
-1,.4b
~0.96
~u.5u
0,1y
=U,01%
0.10
G.20
0.31
0,41
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Authars Ener%y ?ange Technique | Temperature Sample Data Presentation Remarks
eV {K) —
RT unless E| 3] X|Prep Ag-3
specified b BT
Sch72 2-40 Trans x im(e”!); KK: €;,e2 |energy loss spectroscopy
HGK74 13-150 Trans x Ex KK: e),¢2,n,k,u,R, absorption measurements with synchrotron
im(e~1) radiation
WeG74 A25-100 Trans x Ex I energy loss spectroscopy
FS75 1.4-5.25 Ellips x Ex €1,€2 substrate T = 100°C
HGK75 13-150 Trans X € x KK: u absorption measurements with synchrotron
radiation
RI7S 2-6 Trans, Refl x €2
MR76 0.4-0.8 Refl 10-310 x |EP A absorptivity measured by calorimetry
WKL76 0.5-5.4 Ellips 40-840 x| x |EP €2
RYE?77 150-100C €4 emissivity
MWe Unpl 0.165-3.0 Reft 4.2 x cP A absorptivity measured by calorimetry
1
()
et
Authors Energy Range Technique Temperature Samp le Data Presentation Remarks
{ev} (x) =
RT unless | E| B X(Prep Ag-2
specified <t &
DoM65 0.09-0.99 Etlips X Ex n,k
¥S65 0.89-4.64 Eilips x n,u
BB6S 0.04-2.5 Refl X [ 33 R uhv_films on fused quartz (rms roughness
~3 A)
FS66 ~2.2-4.3 m-3 x R,n,K,e1,€9
Rob6 3-60 Ref) X Ex R,ey,62, Im{e"!) plottad R at = 18°; plotted <y,e; from
two-angles of incidence technique
Dané7 Trans x Im{e=1), Im{e+1) 1} energy loss spectroscopy
MFKE7 2.1-4.7 Ellips. x Ex n,k,eq,€z
8BA68 0.05-0.31 Ref1 X R
HKS68 35-250 Trans x u absorption measurements with synchrotron
radiation
Dané9 5-75 Trans x Ex im{c™1), KK: €,,c5 | enargy loss spectroscopy
{HW71 2-11 Ref! X in KK: n,k uhv films measured in situ
irH71 1.1-11.5 Refl 300 x In R; KK: ey,ca,Im{e-1) uhv fiims measured in situ; Ag and Ag alloys
JC72 0.6-6.5 Trans, Refl x Ex n,k,£),€2
1
-
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Authors Energy Range Technique Temperature Sample Data Presentaction Remarks
(eVv) (X} =
RT unless Ei st Xlprep Au-2
specified ol o=l a
DoM65S 0.09-0.99% Ellips X n,k
BB66 0.04-2.5 Refl X Ex R uhv films on fused quartz (rms roughness ~3A)
FS66 ~2.2-4.3 m-8 x R,n,k,e),€2
JME6 103-477 Trans x Ex u absorption measurements with synchrotron
radiation
MFKET 2.1-4.7 Ellips x n,k,ey,€2
Scob7 2-10 Refl X Ex R, &R/R temperature moduilated reflectance,
AR/R measured
HKS68 35-250 Trans x u absorption measurements with synchrotron
radiation
Ho68 0.5-6.0 Refl X KK: -€),€2 goid-silica interface
PS69 0.5-5.9 Refl 295-770 x [Heat [e2/X temperature dependent absorption
measurements
DFR70 25-30 u energy loss spectroscopy
Th70 0.6-6 Trans, Refl x Ex €/X,-€1,€2 ghv films annealed and characterized
Hu71 0.62-60 Refl x Ex R
1HW71 2-11 Ref1 x In KK: n,k uhv films and Au-Al alloys
1HW72 1.1-11.5 Ref1 300, 100 x in R; KK: €y,e2,n,k, uhv films
Im{e-1)
.
uh
wy
t
Authors Energy Range | Technique | Temperature Sample Data Presentation Remarks
(ev) (x) =
RT unless E| 8} 2|Prep Au-}
spacified =l 3
Sa39 2.6-27.6 Refl x Ex R
JKS4 ~2.07-4.43 Ellips x ¥, £
Sc54 0.41-1.24 Trans, Refl x n/x,k/x
Schsh 1.31-2.76 Ref1,E111ps x K
STSh 1.31-3.1 Ref | : X KK: n R measured at 45° angle of incidence
Ho55 0.08-1.24 Ellips x log nkv,
tog (1-5y),0
Sch5?7 1.31=3.1 Trans X n,k
otté1 1.88-2.82 Ellips x €1,€E2
BVK62 0.12-0.62 Ellips x n,k,ey,e3,R
Wesb3 1.8-5.0 Ref! x {EP R Au-Ag alioys
CHHBA 6.2-41.3 m=9 x Ia R 107% Torr
DHE4 0.03-5.64 Refl x R
LSEbY 109-539 Trans x Ex u
Beab5s 2.7-27 m-9 x |EP £1,€2, and KK:ej,ea
CEPRS ~1-60 R: KK: €1,e2,Im{e"1] KK analysis of data from Has63 and CHHEY
2
o
Ll




Authors | Energy Range | Technigue | Temperature Sample Data Presentation Remarks
(eV) (K) =
RT unless Ei ®| %|Prep Au~b
specified ol <l &
8CT79 18-35 m~9 x in E1,E2,U
SJ79 0.31 300-430 x A absorptivity measured by calorimetry at
different temperatures
AKB8O 1.5-5.8 Ellips X E1,€2 studied sample effects
Hun Unpl| 1.31-4.13 4.2, 300 x Ex A absorptivity measured by calorimetry
Th Pvt Q0.6-6 Trans, Refl x Ex R uhv films annealed and characterized
We Unpl | 0.26-4.2 Ref! 4.2 x Ep A absorptivity measured by calorimetry
T
™~
o
1
Authors Ener?y ?ange Technique | Temperature Sample Data Presentation Remarks
eV {K) —
RT unless | Ei 8| X[prep Au-3
specified wl =l 3
Jc72 0.5-6.5 Trans, Refl x Ex n,k,e3,€2
Li72 6.2-31 m=9 x R,n,k
Sch72 2-40 Trans x tm{e"1}; KK: ey,e energy loss spectroscopy
'
Aks74 0.12-1.24 373-673 EN emissivity
HGK74 13-150 Trans X Ex KK: ei,ez,n,k,u,R, absorption measurements with synchrotron
Im{e~1) radiation
WeG74 2-120 Refl x n energy loss spectroscopy
FLS75 0.08-4.1 Refl x R; KK: n,k Au-Cr alloys RF sputtered on !50°C giass
HGK75 13-150 Trans x Ex KK: n absorption measurements with synchrotron
radiation
GH76 0.5-4.13 Trans x T ultra fine gold particles
MR76 0.4-0.8 10-310 x x |EP A absorptivity measured by calorimetry
WKL76 0.5-5.4 Ellips 4o-840 x [EP €2 plotted fiqure is at T = 295°K
8T77 18-35 m=3 x In log R R measured at 30° angle of incidence
with synchrotron radiation
HKL77 1.85-2.43 Ellips 1.5, 300 x —ey,60 plotred data Is at T = 300°K
MHS77 v2-2.6 Tranas x Ex n,k
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Fig. 16 Absorption coefficient for Au. Results by HGK75 (—); HKS68 (— - —);
DFR70 (==-=); WG74 (——}.
10 ! T T Y T T
H
! Au
Bhi ]
! i
] ‘2 6'—3“ i
3 i
"
ab i
1
!
':
°r ~.
muin-dngle = —— ==
\ \ . Imeihod )
% 5 10 5 20 25 30

PHOTON ENERGY (eV)
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Gold

Unpublished reflectance data for electropolished Au{110) by J.H. Weaver
{0.2 ~ hv < & ev) and C.G. O)son and D.W. Lynch {~% < hv < 30 eV).
constants determined by Kramers-Kronig analysis.
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Remarks

Authors Energy Range Technigue Temperature Samplie Data Presentation
(eV) (K} = Al-2
RT unless | E] 3i X[Prep
specified bom O =
MCHE3 6.2-12. 4 Ref1l x In R
DHbL 0.04-5.64 Refl x R
Hunbd 2.07-41.3 Ref? x n,k,R
LSEGA 169-539 Trans x Ex u
S864 0.5-2.25 Refl x R
LT65 0.6-4.6 Ellips x
8B66 0.04-0.25 Ref't x Ex R uhv&;ilms on fused quartz (rms roughness
"3
Kunbé X energy loss spectrascopy, uhv (~107? Tarr)
LT66 0.06-0.31 Ellips 3 -£1,€2/}
FL67 30-525 Trans X Ex u
BG68 0.11-1.23 Refl 4.2 x| EP A absorptivity measured by calarimetry
HSK6Y 35-310 Trans x I absorption measurements with synchrotron
radiation
Motég review paper
Bol.70 0.2-5 Refl 4.2 x| &P A; KK: o absorptivity measured by calorimetry
GB7Q 70-190 Trans x Ex u absorption with synchrotron radiation
)
v
Authors Energy Range | Technique | Temperature Sample Data Presentation Remarks
(ev) RT z.(u:?ess E E *1Prep At-1
specified ol o= 8
Sa39 2.6-27.6 Refl x R
TPS1 20.7-155 Trans x n
SchS4 1.31-2.76 Trans, Refl x k
STS4 1.31-3.1 Ref1 x KK: n R measured at 45° angle of incidence
8eaks 0.1-0.62 Ellips x £1,€4.0,k,R
Ho55 0.08-1.24 Ellips x log nkv, log(1-ey),
g
BeaS57 0.01-0.25 Ellips X k/A,0/x2
Schs§7 1.31-3.1 Trans X n,k
BHM6Q 6.2-12.4 m=8 x R
GMS60 0.14-1.55 Eltips 78, RT x n,k
HW6 1 1.91-5.64 Trans, Refl x Ex R,n,k
MEET 6.2-24.8 Trans, Refl x R
M62 12-18 Trans KK: €),€2 energy loss spectroscopy
BSALY 0.77-6.2 Refl x R
EPSE3 0-22 Ref 1 R; KK: €),e2,0, plots show XK analysis of reflectance data
im{e-1) from HW61, MCH63, BSA63
2




T 1
$439
TRSY
Schik
STSh
8e255
OS5
Bea5) Al_‘
sens7
1 a0
GMS60
vy
—_— MCs1
— W62
BsAS3
€PS63
| wesd
oH6h
Munbd
- 5864 !
™~ LY6S t
0866
LT86
37 S —
668
HSKES
{ | O | l | I S I | 1 § S I B W O
| 10 100
PHOTON EMERGY lev)
Fig. 17  Survey of avallable data on Al.
Authors Energy Range Technique Temperature Sample Data Presentation Remarks
(ev) (k) =
RT unless | E| 2| Z|Prep Al-3
specified o | &
HKS70 ~72-210 Trans X KK: n absorption measurements
LMM71 0.6-2.5 Ellips 198, 298, x In a uhv films
4ob, 552
MHTY 0.7-2.5 E¥lips 298 x €1,€2
MamM72 n0.5-2.6 Ellips 140-552 x In g uhv films
8HM73 0.6-4 Ellips x 3,1-gy,€2 film farmed by evaporation at 25 K onto a
previously RT-deposited film
HCN73 1.96 Ellips x studied deposition conditions with
one photon energy
Hun73 0.7-2.5 Elllps 140, 198 x €],0
BL7S 0.2-3 Refl 5.2 x EP A; KK: o absorptivity measured by calorimetry
HGK75 13-150 Trans x Ex KK: u absorption measurements with synchratron
radiation
HGK76 30-150 Trans X KK: 1 absorption measurements with synchrotron
radiation
HKLT7 1.77-2.95 Ellips 1.5, 300 x €1,€2 plotted data is at T = 300 K
RYE77 150-1000 [ emissivity
&
™~
'
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Fig. 18 Reflectivity of Al. Results by SS80 (——); SH64 (+++); DH6L (VVV);
MM71 (xxx); HKL77 (eee); BL70 (ooo); EPS63 (0om); HW6! (aasa);
BG68 (mem); BB66 (www); HGK7S (---); GMS60 (aaa).
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Fig. 17 Survey of available data on Al.
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Fig. 20 ey for Al. Results by $580 {—); LM6Z (xxx, ~12-18 eV};
HGK7S (——); EPS63 (-=-); MM71 (xxx, ~1-3 eV}; GMS60 (+++);
HKL77 (o00).
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Fig. 19 &, for Al. Results by $580 (—); EPS63 (---); MM71 (xxx};

LMB2 (++4); HKL7I (00o); HGKZ5 (-.—); GMS60 (Aa2a).
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publication by E. Shiles, T. Sasaki, M.
22, 1612 (1980) based on the following tabulation

Energy (eV)

O.udn
U, a2
U,044
u,04n
(TR}
U, usy
0.05%%
v,u%49
U,05c
0,653
0.060
UV.0b2
0.064
0,006
uv.00H
u,07¢
0,072
0.074
N.,uln
V.07
G.UB1
0.0b2
PEY:]
0.0ue
V.08
2,090
U.092
U.0Y4
0.09%¢8
0,094
0,100
U,109%
d.110
[P B -
v.120
V.12%
0.130
0,135
V.140
0,145
U.150
0.155
0.160
U,105
O.170
U178
u,180
0.185
v,190
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=31773.00U0
-30u76,000
~2n184.01¢
-26413.000
-45374.0v0
=24028,000
=227150,000
~21370.0uu
~20374.0490
19502000
=187%90.0U00
-17989.000
=17360,000
=jlobl2,0un
=15%29.0vuy
=13467.090
“14962,.000
=14511.000
-14072,000
-13634,000
=13214,000
=12h17.000
~1244u,.00u0
=12097,000
=118C8.00uU
=11447,00u
=11144,.000
=1GHB0G, 000
=105846,0u0
-10245,000
=93963,594
~9365,29/
-8769,398
=9263,000
“7787.199
~7342,297
~0330,098
~6549.699
«~6204,0639
-5dBY%.297
-5577.89¥
-5287.09H
=501%.749}
~4757.59%
=4512,09n
-4275.89y
«30eS, 1y
=3575,400
=-3702,6uUy

€2

401lne 004
Jo207.uL0
12941 ,000
Juzvl.uuu
21491.00u
25H29,0010)
23%943.000
22441 .00y
21225.0u00
20uly,000
lodab,ul0
1/8%6,u00
1890U,000.
15902,000
15245.00u
14527,000
14u39 ,00v
13178000
12542 .,0Gu
11934.000
11330,.00v
1UgUb.000
10349¢,0060
Yy 319,291
Y493, 71v?
4049.59y
bo17.297
B240,19Y9
Td91.39b
1571.000
1274,b48
6574.64%Y
HY 319,65
9399, 39s
+uvye ., 5%
4450, 19y
4009.100
3119.300
3409 .,.000
121,500
2b56.00C
2022.000
2407,200
2221.700
2uS3.dvu
1910, 70u
17491,000
lew] ,$0u
157,700
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n

Y4,59%
92,177
Bb,.973
B2.999
te,534d
14,997
11.0An
bY, s40
h7,2406
65,150
n2,%92
bU.bS2
58,599
56,6383
53,310
53,799
$2.027
30,452
48,877
47,391
45,784
44,434
43,391
92,187
4N, hdo
J¥.651
3d.obU
37,364
Jo,233
38,4172
14,864
32,229
30,185
20,352
26,970
24,905
23,494
22,162
0,919
19.099
1,572
17.514
10,549
15.7C3
14,924
14.274
13,731
13,214
12.€91

k

203,701
196.399
149,001
1nd,400
177,001
172,199
in7. .00y
161,500
157.501
154,098
150,799
147,200
144,2ul
140,04
117,840
135,500
132.99¢%
130,0uUls
128,300
125.9499
123,734
121.620
119.01%
117.600
11n, 1062
114.102
112.401
110,793
108, 89n
107,201
195,600
102.000
Yg,390
95,220
92,100
BY,250
B6.500
83,410
E1.500
T¥.23u
Jo.4960
Ta.g6UL
12,730
1u.740
od .80
06,630
65,220
63.540
52.100

Inckuti, and D.Y. Smith in Phys.
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v.u0n
0,400
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Vauih
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Energy {eVv)

0.19%5
0, 240
9,210
v,.Z220
.30
0./4y
Y220
U, 40U
0,270
U, 240
U, 240
v, 3ty
U Y 31}
U, 320
G,o330
G.390
U, 350
0,300
.3ty
U, 380
0,3vu
[ 1T}
u.420
(YY)
(L1 1))
U,400
v,500
G52y
U.940
Y-1.14
fh.508C
J.b00
V.ESU
4. teu
U750
V.Ul
U, kS0
¢L.9uu
3.%50
1.000
1.050
1.100
1,100
1,200
1,220
1,440
1.400
40U
t.300
1.320
} . 340
Vo300
1,380
) emiold
1.3%0
1.49440
J .00

Ll

~353%,5u0
=338 /.100
=JuYn.ouv
=284%, 30V
~2d82s.200
=2124.300
=22%¢.,90u
=7uva.3uy
“1v&3,5v0
~1440,9u4
~173C,.vu0
«lod2.0ny
=134du.un
1453 .%uu
“1373,8u0
-13u2,30u
=1237,.7vuu
=117 ,000
=1121,000
=-1vol,duU
=tdtZ.p0ly
~9r1.410
-d5%0, Tovu
~glb.vdu
“Tha 300
“bY0.694
“h44.95%0
~h92,2u0
=558,930
=51d.300
~4d4.2110
“3452,4920
-3Be,15u
«332,7b84
~28Y,0a24
“2%2.,40u
~221.40u
=194,49%¢
-172.1g0
=153.800
=-137.6v0
~123.974
“110.51u

“9y.012

=63,474

-44,971

~db, 200

-dz2.,2MN

=17,922

=12.227

“eb5,ui2

~fe, 705

“t4,44n

“b¢,440

=al, Ui

~c{.93Y

*nl.7us

£

1381.900
1393,¢u0
123,900
11¢3,.000
94,940
Sub. 1M
sib, 204
Tou,b3u
1dl.420
047,030
Sye,74u
3%3,71¢
Sit.o1v
473,790
441.5%¢cv
313,000
je?.14v
Svl.lHO
337,730
315,760
2Y0 .83
28,450
249,35%0
221 ,viv
L¥0.50U
175,420
157.160
141.40u
128.0%v
116,5K0
tUo,lbU
91,295
Tv.53%¢
04,87y
54,3132
46,070
39,919
35,454
32,434
30,049
28,360
26,060
23.605
25.231
45,474
25,923
Zn,100
2v.11u
2b.27K
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32,5135
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ib, 736
3y.264
41,511
+3.0719
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12.207
11,733
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3.041
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7.043
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54.301
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+0,900
19,767
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24.h20
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17.015
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14,021
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3,200
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134,000
14,.1u¢
14,200
14,300
14,400

€1

~00,9n5
~el,5¢3
-£2.0%2
62,953
-b4,3uy
-6t ,212
~t7.029
=0b.5¢5
~hb,910
=bb.nlb
-t4,292
-hn,.901
=%4.23b
~4Y,.05%
“4S5.m29
-42.140
=3k, 7492
-35,#12
-33.154
~30.717
-28.0 40
=2e,704
=-24,967
=21.4951
~19.424
17,24k
-1%.46¥
-13,901
=12.545
=11.30b
~10.1333
-9.423
~d.617
=5.700
“4.711
-3.923
-3.245
=2.702
~2.,327
“1.902
“1.051
=1.346
-1.157
=0.9%6
“G,77Y
=u.b624
=0.449
=1y,37u
~u, 317
=d,2b0
“C.24?
=J.171
=0.154
~0.137
=0.120
=0.103

€2

44,504
+%.00y
40, 3n0
47.und
41,318
ab,b6172
45.129
41 .vbo
ib.742
3l1.9Yb
i8.512
24,21y
1y,.5u¢
lo.42>
13,944
11.9%¢0
1u,3dnt
.111
§.066
T.1bb
b.d40
9.19Y
9.459b
4,327
J.b6u0t
3.035
2.57%
2,203
1,949
l.o47
1.437
1.200
balzv
0.021
v.379
0,375
0.297
0,231
0.192
u,156
D.1et
0,1u4d
G,u85
v.0lv
0,Ub5u
U,ud¢
V.04u
0,040
U.udd
v.UsZ
U,u4al
G.U4U
Vau40
U,C3Y
0,03y
0,030

-81-

2,049/
.74
2.1
2.197
2.7%0
2.7
2,025
2.413
2.143
1.90n
o741
1.4R8
1.304
L.148
1.01y
V.912
U,H2b
v,755
0.n9S

0,554

0.036
0,033
0.03)
0,034
U.034d
6,039
0.041
Hh.ud4
Vv,.0486
[VRRVA-TV
0,083
Q. 08%
V.05d

¥,20t
Ye3UYy
8,352
v8.413
H.4v1
CRE-LE]
8.597
8.622
g.%73
He3ud
5,205
T.u2t
T.479
T.15a
t.640
6.554
6,243
6.032
5.600
5.58%
3.368%
Dalue
3,024
4,708
4.42n
3.174
3.Y940
3.740
1,552
3.349
3,222
3.07¢
2.942
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Fig. 23 Reflectivity for Sc. Single crystal results by W077 for
EHE (—) and ELE (---).
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publication by J.H. Weaver and C.G. Olson in Phys. Rev.

based on the following tabulation
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publication by J.H. VWeaver and €.G. Olson in Phys.
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Petb9 1.5-6.2 Trans X T
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lNé (—) and ELE (---); polycrystalline results by
CGT79 (—e—); results by CGWBO (:-+) derived from electron
energy loss measurements.
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vitrium single crystal with Ene

publications by J.H. Weaver and C.G. Olson in Phys. Rev.
for energies above 4 eV and by J.H. Weaver and D.W. Lynch in Phys. Rev. B 7,
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publications by J.H. Weaver and C.G. Olson in Phys. Rev. B 15, 590 (1977)
for energies above 4 eV and by J.H. Weaver and D.W. Lynch in Phys. Rev. 8 7,
4737 (1973) for energies between 0.1 and 4.4 eV based on the following
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Fig. 31 Survey of avallable data on La.
Authors | Energy Range [ Technique | Temperature Sample Data Presentation Remarks
{ev) () =
RT untess Ei 3| Xi{Prep La
specified bral B -]
FI1G67 95-105 x u absorption measurements
IFG67 50-520 Trans absorption measurements
MSB72 1.92 1073-1500 € emissivity of liquid La
ITK72 0-50 Trans 1123 x im(e~1) energy loss spectroscopy
KN73 1.13-4 .42 Ellips x| EP n,k,s
BKS74 826-861 x u absorption measurements
Kun75 50-550 Trans X u absorption measurements with synchrotron
radiation
Si1S75 100-160 Trans x u absorption measurements
BKB76 1.92 >1000 x{ EP EN emissivity
KN77 review paper
Liu77 review paper covering band structure,
optical and photoemission properties
we Unpl 0.2-4.2 Refl k.2 x| EP,Ex|A absorptivity measured by calorimetry
é
n
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Authors Energy Range Technique Temperature Sample Data Presentation Remarks
(eVv) (x) =
RT unless El By X|Prep Ce
specified =l <t &
FI667 102-11§ Trans x{ u absorption measurements
IFG67 50-520 Trans x| u absorption measurements
HRS70 100-180 Trans p In u absorption measurements with synchrotron
radiation
GK72 95-160 m absdrption measurements
MSB72 1.92 1100-1500 3 emissivity of molten Ce
Pat72 1.55-6.2 Trans, Refl o T,R,0
ITK72 0-50 Trans q tm(c-1) energy 'oss spectroscopy
8KS74 873-906 x u absorption measurements
Kun75 50-550 Trans X u absorption measurements with synchrotron
radiation
$1S875 100-160 Trans X u absorption measurements
8KB76 1.92 >1000 1 EP EN emissivity
WBR76 100-150 1600~-1900 u absorption measurements with synchrotron
radiation, vapor sample
KN77 review paper
Liu?7 review paper covering band structure,
optical and photoemission properties
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Fig. 34

Absorption coefficient for La.
below the onset of the large maxima.
polated by 2ZFG67 in the expanded cnergy range.
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Fig, 37 Survey of available data on Pr.
Authors Energy Range Technique Temperature Sample Data Presentation Remarks
(eVv) {K) —
RT unless E| Bf =|Prep Pr
specified ol < 3
F1G67 112-120 Trans X n absorption measurements
IFG67 50-520 Trans x B absorption measurements
HRS70 100-180 Trans x In u absorption measurements
GK72 90~170 u absorption measurements
MSB72 1.92 1100-1500 € emissivity
ITK72 0-50 Trans 1323 x Im{e™1) energy loss spectroscopy
KN73 1,13-4.42 Elllps x| MP n,k,o
TCT73 120-170 x B energy loss spectroscopy
Kun75 50-550 Trans x u absarption measurements with synchrotron
radiation
8KB76 1.92 >1000 EP ey emisslvity
KN77 review paper
Liu77 review paper covering band structure,
optical and photoemission properties

1

o

o~

W VO VT



-123-

CONDUCTIVITY (10%c.)

~-122-

REFLECTIVITY

1 ] ) T
e
16 * —
" Pr
+
+
12+ IR i
+
-'-
+t .o
8 - * + 4+ T
o,

Li- ~

0 | | ! t

1 2 3 4

PHOTON ENERGY (eV)
Fig. 39 Optical conductivity of Pr. Polycrystalline results by KN73.
10— . : :
Pr
ﬁ'*"*"-
+
— ., -
+¢-¢* hene ® . .

+ . +F ¢
0.4~ -
0.2 -

i 1 { I
00— 2 3 L

PHOTON ENERGY(eV)
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Authors

Ener?y ?ange Technique Temperature Sample Cata Presentation Remarks
eV (K} =
RT unless [ Ei B| X|Prep Nd
specified ol i &
Ker57 1.41-3.t4 Trans, Refl x R,n,u
F1667 109-122 Trans x n absorption measurements
IFGET7 50-520 Trans x u absorption measurements
HRS70 100-180 Trans x in u absorption measurements with synchrotron
radiation
Pet72 1.55-6.2 Trans, Ref! x T,.,R,0
ITK72 0-50 1123 x Im(e™!) energy loss spectroscopy
KN73 1.13-4.43 Ellips X n,k,o
TC73 114-150 x u energy loss spectroscopy
Kun75 50-550 X n absorption measurements with synchrotron
radiation
BKB76 1.92 >1000 EP 3 emissivity
KN77 review paper
Liu?7 review paper covering band structure,
optical and photoemission properties
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Authors Energy Range Technique Temperature Sample Data Presentation Remarks
{eV) (K) =
RT unless E|l 8| X|Prep Sm
specified ol [ I3
FIG67 125-135 Trans X U absorption measurements
IFG67 ~50-500 Trans X b absorption measurements
HRS70 110-180 Trans x In in absorption measurements with synchrotron
radiation
KN70 1.13-3,96 Ellips x |MP n,k,a,ey, lm{e™ 1) measurements taken with N gas
KN72 0.06-2.4 Ellips 80, 293, 460 x n,k,o0,€,
T€73 126-173 x u energy loss spectroscopy
Kun75 50-550 x n absorption measurements with synchrotron
radiation
KNT7 review paper
Liu?7 review paper covering band structure,
optical and photoemission properties
Tra7? 18-36 Trans vapor u absorption measurements of metal vapor
with synchrotron radiation
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Fig. 50 Survey of asvailable data on Eu.
Authors | Energy Range | Technique | Temperature Sample Data Presentation Remarks
(ev) (x) =
RT unless E|l ®B| =|Prep Eu
specified ol x| a8
Mulé5 0.3-5 Refl x R reflectance measured through sapphire
window using existing n for sapphire
Mul6é 0.3-4 Trans, Refl x g
Schbé 0.3-5 Trans, Ref) X R
FZG67 130-138 Trans X u absorption measurements
Mul67 0.3-4 Trans, Refl x R,T,ey,€2.0
IFG67 “50-560 Trans x u absorption measurements
ES70 1-11.6 Ref1 x in R; KK: £1,€2,0,4
Im(e=1}, Im(e+1) =}
TC73 130-180 Trans X u energy 0SS spectroscopy
Kun7s 50-550 x " absorption measurements with synchrotron
radiation
Pet76 1.6-6.2 Trans, Refl x a
KN77 review paper
Liu77 review paper covering band structure,
optical and photoemission properties
Tra77 19-39 vapor X u absorption measurements of metal vapors
with synchrotron radiation
PD78 1.6-6.2 Trans, Ref! X R,o ‘
| |
pVa)
- l
T
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Fig. 51 Reflectivity of Eu. Polycrystalline results by ES70 (—); Mulé7 (---);

Mul65 (—-—); Schéé (xxx); PD78 (—..—).
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Authars Energy Range Technique Temperature Sample Data Presentation Remarks
(ev) (K} =
RT unless El 8| X|Prep Gd
specified ol o= 3
8SY66 1-11.8 Refl x In R uhv fiims
Schéb 0.3-4 Trans, Refl X a author confirms in private communicatiaon
with HC {of HC69) that a(w) is too high
F2G67 137-146 x n absorption measurements
IFG67 v50-560 x u absorption measurements
HC69 0.5-5.6 Refl 105, 293 x a,T
KN70 1.13-3.96 Eilips x|MP n,k,o,ep, lm{e!) measurements taken in Ny gas
Dan71 2~50 x Im(e'l),sl,sz,R,u energy 1oss spectroscopy
KN71 0.2-1.2 Ellips 80-460 x g temperature varied
KnN71 0.06-1.24 Ellips 80, 293, 460 x n,k
Pet72 1.55-6.2 Trans, Ref} x T,R,o
TRZ72 3-48 x im{e=1) energy loss spectroscopy
£rs73 Refl x tn magneto-optic Kerr rotation and ellipticity
used to calculate magnetic contribution to
the conductivity tensor
TC73 138-170 X u energy loss spectroscopy
EBF74 1.5-5.5 Etlips x in g uhv films
MIT74 1.8-3.1 Refl X In R,n,k,a uhv films
KT75 0.35-2.5 Etlips 20-300 X G,E1
Kun?5 50-550 X B absorption measurements with synchrotron
f radiation
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Fig. 56  Survey of available data on Gd.
Authors Energy Range | Technique | Temperature Samp le Data Presentation Remarks
{eV}) {K) =
RT unless | E| B8] X[Prep Gd
specified ol =t &
wL75 0.2-4.4 Refl 4.2 x £P A; KK: o for E lc plotted results extended to 5 eV with
and Efi ¢ reflectivity measurements taken at room
temperature; examined optical anisotropy
CGT76 Trans x Im(e=1) energy loss spectroscopy
EF76 b=12 x In u absorption measurements
Mye76 0.5-5 Eilips t0, 100, 295 | x a uhv films
XN77 review paper
Liu77 review paper covering band structure,
optical and photoemission properties
MPF77 0.5-5 Ref) 10-300 x R; n,k
PMFT77 1.5-5 Ellips 10~300 x n,k,a,e; temperature varied
GZN78 0.5-3.1 Ellips 77-293 x|MP a temperature varied
Lyn78 review paper
£Gw8o n2-65 x R,u fast electron energy 10ss spectroscopy
Lof Pvt | 2-13 m-9 x In KK: €y,e2,0,1,R
Nil Pvt 13-25 Trans X T synchrotron radiation
'
=
et
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Fig. 58 Optical conductivity for Gd. Polycrystalline results by
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Fig. 57 Reflectivity of Gd. Single crystal results by WL75 (—) for

E11¢ and ELC.

Polycrystallline results by BSY66 (— - —); EBF74 (o0o00);

MJT74 (AAA); KN70 and KN71 (+++); HCBY (xxx); and QLJIBI (—-.=).
Results by CGWCO (+++) were derived from electron energy loss
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Fig. 60 Absorption coefficient for Gd for 0 < hv ¢ 60 eV. Polycrystalline
results by EF76 (——); results of Dan71 (---) and CGW 80 (— =)
derived from electron energy loss measurements.
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publication by J.H, Weaver and D.W. Lynch in Phys. Rev.

based on the following tabulation

Energy {eV)

3,00
G140
v.32
.14
d.1n
O,1y
0.20
9.22
V.24
0.26
0,29
0.30
0.32
G.34
0,30
0.3y
J, 30
0.42
0.44
0,46
0,48
0.54u
0,52
0.54
0,56
.59
0,60
0,62
0.b4
0,066
0.68
0,70
0,72
u.74
0.7
0.74
0,80
0.4
0,8%
0.92
¢,96
1,90
1.05
1.10
1.15%
1.20
1,25
1.30
1.35

€1

=711.91
-446,20
~3N3,04
-215.99
-162,89
-125.1h
~99,62
-79,92
-64,29v
~52,82
-42.30
=34,96
~28.87
-23.1n
-19.34
~16.23
=13.47
~11.7¢
~9.h3
-8.15
~6.84
~5.72
-4.81
-4.36
«4.03
-3.17
-3.19
-3.9
-4.14
-4,44
-4.,78
=5.08
=5.32
=5,4u
-5.63
=8.71
=5.78
-5.63
-5.54
~-5.33
=5,22
=-5.01
-4,71
-4,44
~4.22
-3.85
-3.49
~3.13
-2.84

€2

171,53
133,28
105,87
Y4 ,5b
82,25
14,593
el.lo
60,73
96.32
51.48
49,15
46.97
44,177
43,37
42,45
41,39
40,49
39.64
38,93
37.78
37.17
ip .65
36,30
36,05
35.03
35.26
14,93
34,47
33.97
33.13%
32.8%
31.R3
30,95
3u,47
29.20
26,33
27,40
25,84
24,417
23.16
21.97
20,40
19.063
1B.50
17.5%
16,60
15,02
15,114
14,013
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3,19
1,12
3.00
3. 15
3.13
3.20
3.20
3,20
3.2%
i.26
3. 36
3.43
3. 49
J.bd
3. 70
3.76
3.R2
3.85
1,87
3,90
3.93
3.9¢
3.99
4,00
3,99
3.98
3,986
31,92
3.98
3.82
3.76
3,68
3.61
3.54
3,47
3.4
3,34
3,23
3.1
3,03
2.95
2,87
2,78
2.
2,063
2.57
2.52
2,49
2,46

1.26
1.25
1.22
1.2%
1.2%
1,21
1.27
1.26
1.24
1.249
1.30
1.31
1.32
1.34
1.36
1.37
1.38
1.39
1.39
1,40
1.40
1.41
1.41
1.4}
1.41
1.41
1.41
1.40
1,39
1.3H
1.37
1.3¢

Im{-1/¢)

o.o00
0,00
0,00
0.00
0.00
O,un
G,00
0,01
0.01
0.01
0,01
0,91
.02
0,02
¢.n2
0,02
U,.02
G,02
0,02
0.03
v,03
G.03
0.03
0,03
¢,03
n,03
0.03
0,03
0,03
DK
0,01
y,.0a3
0,13
0,03
0.03
0.03
0.a3
0,04
0.u4
V.04
0,04
0.08
0.05
V.uS
J.0%8
0.0b
U.0b
¢,06
v.u?

Lett. 34, 1324 (1975)

R(¢=0)

2112
107
.99
104
S 007
12
J112
.112
116
116
.123
«12M
<132
1139
138
150
<154
.15b
J157
+ 100
62
J163
.105
.1h8
. 165
165
R
LY
. 154
J154
450
145
L1430
L1135
R
120
<12t
.114
107
101
LU95
LAG0
+URS
JURN
RUR A
L0711
JURR
«UAhB
JURS



Gd Elre
Energy (eV)

1,40
1.4%
1.dv
1.52
1.94
1.5h
1,58
1.c0
L.eS
1.7v
1,79
1,80
1.ua5
.90
.95
.00
2.05
2.10
2.18
2.20
2.25
2.30
2.35
2.40
.45
¢e20
2.tuU
2,70
2.80
2.90
3.00
.10
3,20
3,30
3.40
1.50
3.60
3,76
3.H0
3.90
4,00
4,10
4,20
4.3u
4.40
4.50
4,00
4,80

€1

“2.54
=2.1Y
-1,81
=1,64
~1.55%
=1.45
“1,45
=1,y
=1.1y
“2.33
=2.85
-3,27
=3.nl
-3.457
“4,04
~4,10
-4,13
4.1t
~3.24
-4,34
4,41
-4,45
~4,45
-4,40
-4,132
=4.14
-3,8¢9
=3.60
=3.30
~3.07
~2.79
“2.58
=2.37
=2,15
-1,95
“1.78
“1.57
-1.4v
“1.26
-1.29
«-1.01
=0,%0
-0.80
=0.7¢
«0,613
=0.406
~0.3b
~0.24

€2

td.13
13,73
13.49
13,47
13.47
13.54
13.04
13,73
15,47
13.91
13.50
13.08
12,54
12.00
11.42
1u.8Y
1U.43
1u,01
9.65
Y,24
8,60
.34
.80
1.43
1.090
5,01
5.95
S.a1}
4.96
4,56
.23
3.43
3. 65
1.41
J.2u
3.02
2.86
2.74
2.04
2.449
2.37
2.30
2.21
2,13
2.03
1.96
1.%4
1.8
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2.43
2,42
Z.43
2.44
2.45
2.47
2.44
2,48
2.47
2.42
2,34
2,26
2,17
2,09
2.0t
1.94
1.8y
1.8
1,77
1.1
1,05
1.598
1.52
1.6
1,40
1.35
1.27
1,20
1.15
1,10
1.07
1.04
1.00
0.97
0,95
0.93
n,92
0,92
0,91
0,498
U,Bb
0,89
0.8
N.RE
0,86
[
0.90
0,9

1.10
1,10
1.10
1.10
1.11
1.11
1.11
.11
1.1t
1,10
1.8
1,08
1,04
1,02
i.00
¢,99
497
U.9%
d.94
0.93
[URCD |
ey
W.HT
u,85
0,R1
0,82
0.80
0,74
.76
n,74
0,73
V.72
0.7
u.70
u,69
0,64
0,64
0.68
uU,68
V.67
u.67
0.07
N.66
¢.66
0.66
4,66
0.67
0.67

tml-1/€)

0.u7
w07
0.0
.07
¢,.G7
0,07
0.07
0,07
0.07
0.07
V.07
4,07
¢.07
d.uy
0,0u
0,0n
0,04
v,0u
0,049
0,499
V.99
§.09
Q.11
u,10
¢,19
0,11
0,12
0.13
u,.14
0.15
G.1n
0.18
0,19
J,.21
0.23
06.25
.27
0,29
0,31
0,33
0,36
0,38
0.40
0,42
0,45
0.448
U.50
.82
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R($=0)
LUb 3
Jubd Gadolinium single crystal with € 1.8
.0Un3
LUnd publication by J.H. Weaver and D.W. Lynch in Phys. Rev.
VLY based on the following tabulation
MUY
.0ht Energy {eV) €y €; a k
LYY
065 4,16 -593.173 163.42 3,32 1.29
02 .12 -409,71 124.33 3.04 1.214
ROLE 0.t4 -298.43 99.91 2,89 1.19
.053 .10 -225.1317 43,U5 2.72 1.17
L49 u,t8 =-174,.9%06 71.51 2.09 1.15
JUAS 0,20 «138.93} b2.01 2.57 1,13
LU4n 0,22 =-111,59 54,49 2,51 1.12
037 0.24 ~q0,20 4i5.H3 2.47 1.11
LU 0,206 -72.9% 43,04 2.45 1.11
U3 0.28 -54,.5% 40.22 2.50 1.12
L0130 V.30 ~46,081 37.a0 2,58 1.13
LS23 .32 -36,06 36,17 2.74 1.18
«929 0,434 -24,20 db.33 2.99 1,22
RIVE 0,30 -21,24 16,59 3.2% 1,27
LU21 N.34 ~16.52 37,10 3.47 .32
019 0.40 -12.71 37.41 .66 1.35
LUl V,42 -9.8¢6 37.60 i.sl t.39
016 6.44 ~7.32 37.51 3,93 1.40
L0118 0,36 ~4.90 37.49 4,05 1.42
U114 v.48 =2.81 31,72 4,18 1.45
013 0.59 =1,02 34,30 4.32 1.47
L0113 0.52 0.20 3Yy,22 4.44 1,49
2013 0,54 0,80 40,28 4,53 1.51
12 0,58 0.30 41,21 4,59 1,51
012 0,59 0.42 42,00 4.61 L.b2
D12 ¢.60 -1 ,44 42,53 4.59 .51
<Ut3 0,62 ~1.48 42,61 4.54 teb1
«U13 d.64 =2,64 42.01 4,47 1.50
013 0.60 -4.16 42,35 4,34 1.44
LU13 U.68 -5.83 41.53 4.2% 1.4b
L013 0.7¢ -7.30 40.20 4.10 1.43
013 0,72 -B.56 38,53 3,93 1.40
V13 0.74 =9.42 36,54 3.7 1,37
L0113 ¢,.76 -9.77 34.44 3,61 1.34
L0113 ¢.79 =-9,63 32,47 3.4% 1.32
013 0.80 ~9,12 30.83 3.39 1.40
013 u.Y¥4 ~y.10 26,47 3.28 t.28
L013 0.88 ~6.98 26,74 3,21 1.27
ul3 0,92 ~6.04 25,59 3. 18 t.20
.0113 0.96 -5.49 24.70 3.15 1.25%
1.00 4,63 23.97 1,15 1,29
1.05 =4.11 23.77 3.16 1.26
1.10 -4,34 23.76 3.15 1.25
1.158 -5,00 23.50 3.08 1.24
1.20 -6,04 22.04 2.97 1.22
J.29 =7.07 21,78 2,81 1.19
1.30 =7.86 20,135 2.64 1.15
1.35% ~8.40 18.08 2.46 .11
1.40 =d. 36 lo.9n 2,30 1.07
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Im{-1/8)

0,00
V.00
.00
0,00
0.00
0,00
0,00
v.00
u,01
u,nl1
.01
n.nt
0,02
0,02
V.02
0,02
H.02
0,03
0,03
[VR ]
0,03
9.0
0,02
L 4
0,02
9,02
V02
U.,u2
0,02
0,02
v.02
v.02
0,03
0,03
0.613
0,03
0,03
0.04
2.04
0,04
4,04
v,04
0,04
J.04
.04
N.04
n,04
V.04
0,05

R(¢=0)

120
L1101
LR
LD
078
071
JUBN
Suné
.64
L0567
w012
RIE-EY
JOYR
S5
L1130
+143
.151
.1no1
«lo9
178
.147
«195
201
.20%
L2090
. 20%
202
197
. 191
« 1873
112
161
. 150
140
L1311
125
117
113
111
. 108
.1on
Ao
L 10R
104
L0497
U817
U786
.Jas
U586



G ELé
Energy (eV)

1.45
I.he
1.52

o Sa
1.5¢
(P-1.1
1,00
1.65
1.7G
Lo15
1.60
.82
1.9
1.94%
2,00
2.09
2.1
2415
2.2Q
2.2>
2,30
2.35
2.40
2.45
2.50
2.60
2.9
2.80
2.90
3.u0
3.10
3,20
3. 40
EE Y
3,50
3.00
3. 00
3,90
3.5%0
4,06
4.10
3.20
4,30
4,49
4,50
4,60
4.80
5.00

=

-8.00
-7.59
=7.50
=7.1v
-n.YJ0
-0.72
~b.44
-n,0b
=5,.hb
=5.217
-3.47
~4,70
=4.561
“4.52
-4.46
-4,40
-4.37
~4.33
-4.32
-4,32
-%,32
-4.32
-4,30
-4.28
4,24
~4.15
~4,94
-3.90
~“3,76
-3,54
-3.13d
~3,.16
-2.91
-2.b67
~2.12
=2,14
~1.95
=1,76
~1,58
-1.40
-1,.24
~1.409
~0.94
=0,79
3,63
~0.53
~0,39
=0.24

€2

15,94
14,139
13,92
13,4n
13.14
12,484
12,59
12,04
11,52
11.1¢
1U.52
1t.%0
10,30
16, ud
9.74
$.52
9,2%
B,94
.72
¥.45
a,1/
7.44
7.59
7.30
T.ul
.46
S.¥3
5.44
4,9}
4,51
4,09
3.
3.3
1.0%
¢, 85
2,659
2,49
2,135
2,22
2.11%
2.01
1.92
1.45
1.78
1.75
1.75
1,69
1.04
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PN
2.u8
2.04
2.91
1.9y
1.97
1,96
1,92
.99
1.88
1.86
1.85
1.683
1.40
1.717
1.74
1.71
1,64
1.64
1.¢e)
1.57
1.5%3
1.99
.45
1.41
1.33
1.2%
.18
t.11
1,04
0.9
0,93
.88
N.84
0.41
N.,79
0,78
0.27
0.76
0,178
0,75
0.7%
0.75
6,76
0.74
3.d1
0.82
.44

1.u4
1.02
1.u1
1,040
1.0v
D4y
0,49y
(t,94
4,497
H, Q7
U,.9%
J.Y0
.96
0,45
0,494
.93
V.93
0,92
3,91
.90
.8y
0,87
V. Hh
D.HS5
H.H4
0.81
0,79
0.17
0.75
0.172
0.70
V. 6k
0,66
0,65
.64
0.03
3,62
0,862
t,os
Uah)
0,61
0.01
0,61
V.02
.63
N.63
0.64
¢,b5%

Im{-1/¢)

Q.05
0,05
U,0h
v.0h
[},
UL ub
0.06
0,07
v.ut
.07
0,04
.UM
U, 08
U,0h
0,08
0,09
y,n9
4,09
U.uYy
.0y
[ )]
0,10
U,10
0.10
U.16
0,11
0,12
0.12
0,13
0,14
0.15
0,16
0.17
0,1y
v,20
0,23
0.25
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0,30
0.33
0.36
0.39
0,43
9,47
0.51
0.52
0,56
0.60
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Flg. 63

2
PHOTON ENERGY (eV)

Reflectivity for Thb.

Ellé and ELE; polycrystalline results by KN75 (+++);

3

Single crystal results by WL75 for

EBF74 (~--); and MJT74 (---).
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Survey of available data on Tb.
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Fig. 65 Absorption coefficient of Tb for 130 s hv s 190 eV. Results by oL81.
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Fig. 64
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Optical conductivity of Tb. Single crystal results by WL75 for
Ell¢ and EL¢; polycrystalline results by KN7§ (— - =); KT75 (—..=);
MJT74 (---); and EBF74 (—-—).



Terbium single crystal with Eue
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publication by J.H. Weaver and D.W. Lynch in Phys. Rev. Lect. 34, 1324 {1375)

based on the following tabuiation

Energy (eV)

(,10
0.12
v.l4
Talh
Dalo
U.20
4,22
24
D.zn
J.2h
.30
U,.32
U, 34
u.3b
0.3
(VY
.42
V.44
G.4d
U, 4
V.50
0.2
.54
.56
U.o8
.00
u.62
O.b4
0,va
0,64
v.70
U.74
0.78
U,82
V.86
0,90
6,95
P.ov
1.0
1,10
1.15
1.40
1.¢5
1.30
1.35
1.40
1.45
1.50
1.55

£)

=593.90
-375.0y
~20l.9t
-200.42
-154.51
-121.62
=36.90
-13.432
-nS5.37
-54, 31
~44,97
=3g.11
-34.00
-iH.37
=24.52
=21.05
~l¥.t8
-15.98
-14,03
~12.hd
-11.1$
-9,.94
-4.17
=49.15
~7.44
=6.30
-6,31
-5.82
=-5.57
~5.31
“5,03
~4,.90
-5,03
-5.13
=5.1%
~4.99
-4,9]
=4,.89
=4,71
~4.60
-4,44
-4,134
-4,21
-4.00
-3.91
-3.712
-3.549
~3.3
“3.11

€2

ld0.93
115.1¢
EL
db,.9u
1170
Tu.206
64,92
61,54
S7.170
54.19
Hl.u89
510,14
4¥,13
46,17
44,41
2,94
1.7y
40.74
iv. 80
In, A4
3.4
37.00
316,25
35,3y
34,70
34,10
33.45
$2.91
32.41
31.82
31.30
30,40
29.33
28,07
26,40
25,01
24,34
23.10
21,90
20,47
19,90
19,04
18,21
17.49
16,70
1e,14
15,01
15,1y
14,92

1,09
2.94
2.97
3.u0
3.04
3,47
3.14
3,26
3.30
3.35%
3.43
3.53
3,56
31,59
3.62
3.b6
3. 70
3. N
3.7y
3.75
3.76
3.17
3.76
3.7
3.75
1.74
3,12
3.7
3,70
3.87
3.65
3.00
3.52
3,42
3.3
3.2%
3.16
3.06
2.97
2.90
2.82
2.7
2,69
2,63
2.54
2,54
2.50
2.47
72.46

1.24
1.21
1.22
1.23
1,23
1.2%
1,25
1.2
1.29
1.29
1.31

1,33
1.3
1.34
1.135%
1.35
1.3m
1,37
1,137
1.37
1.137
1.137
1,37
t1.37
1.3}
1.317
1.3h
1.36
1.36
t.35
1.35%
1.349
1.33
t.31
1.2y9
1.27
1.26
1.24
1.22
i.20
1.1Y
1.17
1.to
1.15
1.14
1.13
1.12
1.11
1.11

Im(=1/¢)

D.n0
TR}
.00
1,00
u,08
u,0uU
0.un
.01

u,01

g.01

1,01

0,01

0,01

.02
0.02
0,02
0.02
02.02
0.02
V.02
V.02
0.01J
V.03
0.03
0,03
0.03
0.0
0,03
0.0
0,03
0,03
0.013
0,03
0.03
V.94
.04
u,N4
0,04
.04
U.0h
0,05
0,0%
.05
0,05
v.0o
u,.Vh
0,un
.00
4,00

R{$=0)

UL
<09
LV97
L399
L0l
L103
L1083
b
.119
. 122
.123
.134
.118
139
140
<143
+14n
.148
. 149
139
150
+150
150
.149
. 149
<l4n
<147
147
146
144
142
119
.133
127
<121
.115
109
2103
LU7?
L1182
VAT
MOLE]
LUl
JUIS
Q12
Ry
Lunl
MULI
L1165

™ ENé

Energy (eVv)

1.00
1.65
1.70
1.0
1.20
2.0V
2,10
2.20
2.30
2,40
2.50
2,60
2.70
2,80
2.90
3.00
3.10
3.20
3.3
3. 40
3.50
.00
.70
3.80
3.30
4.G0
+.10
4.20
4,30
4.40
4.50
4,60
4,40
5.00

£}

=3.1v
=3.27
=3.59
-4.26
=4.14
=5,07
-5, 20
=5.19
=S5.11
-4,94
-4.7
=4.45
“4.1lu
=3.86
~3.00
=-3,33
~3.12
=2.90
-2.70
=-2.50
-2.31
«2.11
-1.94
=1.74
=1,h2
-1.48
-1.3%
-1,29
~1.08
-0,97
~0.91
-0.80
~0.63
=0.48b

£2

ld .4y
14,04
14.47
13.70
12,07
11.5%0
10,50
Y.50
Med7?
7.73
0.Y%
0,34
5.76
5.2%
4,84
4.9
4.21
3.93
J.bb
3,42
3.y
3.0v
2.R4
2,09
2.50
2,43
2,132
2,24
2.14
Z.0H
2,00
1.92
1.80
1.71
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¢ 45
2.43
2.1338
2,4%
2.09
1.94
t.bt
t.5R
1.50
1.45
1,30
1,24
1.21
1.16
1.11
1.07
1.0}
1.00
0,96
0.93
u,90
1,88
O K7
N.6%
N,u4
G.u3
0.4d2
0.81
0.81
0,81
0,80
0.80
6,40
0.81

Im(-1/€)

[e1Y.]
Q.0h
.07
.07
[V
0,07
U,Ve
0.08
d.hY
G0
b.10
.11
u.11
0,12
.13
u.14
U.15
Halt6
D,18
0.19
v.21
0,22
0,24
U.26
0,28
9,30
0.32
0,35
0.17
6,49
O.41
U.44
U.49
V.58

R{$=0)

b4
L0613
L8610
L0813
<145
.37
it
U260
22
JU1lY
L0t?
SO
L1
»ul3
LUt
<013
012
“Ut2
.012
.13
<013
L0113
SU13
014
<014
MR
014
N
014
RURRY
SULS
~u15
LU1S
U014
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Terbium single crystal with E4¢

publication by J.H. Weaver and D.W. Lynch in Phys. Rev.
based on the following tabulation

Energy {eV)

U,08
. tu
.12
J.14
.16
uv. it
0,20
G.22
0,24
0,245
0,24
0.30
.32
0.34
U, 3p
0.3%9
U,40
0,42
.44
Q.46
0.48
0.50
U.5¢
0.54
9.56
0,58
.60
0.62
0,04
V.66
(U1 4
0.70
0.74
0.78
0.482
0.86
0.90
0.9%
1.00
1.064
L.ty
1.15
1.20
1.22
1.30
1,49
1,40
1.4
1.50

£

-390 ,29
-570.18
-392,5y
-285.419
-219.42
-164,36
-127.29
-99,45
-74.9y
=-h3,5H
“51.71
-12.,97
-35.3
-28.b60
-22.90
=13.44
-14,31
“11,37
-9,16
~7.20
-5.52
~3.95
~2.66
-1,715
«0.89
=-0,20
0,23
0.71
1,01
1.03
0.85
0,51
~0.54
~2.22
-3.73
-4,42
-4,44
-4,04
-3.62
~3.04
-2.49
-2,1H
-2.117
-2.31
-2.73
~3.17
-3.7u
=4.19
~4,50

€2
211.17
141.55
1ud,.63
44,20
ot .NA
95,40
d.113
44,39
42,07
40,29
39.2¢0
37.45
35.170
34,43
33.10
33.09
32.79
32.85
3z.74
32,413
32.09
31,87
31,42
31.HU
31.¢69
31,09
31.73
31,09
31,87
32.10
32425
32.133
32,20
31.5%
29.57
27,12
25,73
23.8u
22,33
21.18
2u,39
19.96
19,07
149,36
16,94
16,49
17,4%
17.09
1o.15

d.01
2.94

.34
.21
1.14
1.11
1.08
1.03
1.02
1,04
1.07
1.10
1.13
1.15
1.17
1.19
1.22
1,25
1.24
1.31
1.33
1.34
1.30
1.37
1.38
1.39
1.40
1.41
1.41
1,42
1.42
1,43
1.43
1.42
1.41
1.3y
1.35
1.3
1.28
1.26
1.24
1,21
1.23
1,22
1,22
1.21
1,20
1.1
1.16
1.14
i.11

Lett. 34, 1324 (1975)

im(-1/2)

9,00
u,00
0,00
g.00
0,00
N.00
u,N0
0.00
0,01
.01
0.01
U,01
0,01
0,02
0.02
B.02
0,013
H.03
0,03
0.03
n.n3
.03
0,03
0,03
0,03
0,03
0.03
0.3
0,03
0,03
N3
u,n3
0,01
0.03
0,03
V.04
H,04
.04
V.04
0.0%
0,08
0,08
0.0%
4,08
CL45
U.05
0.98
[P LY
v,Uh6

R($=0)

133
LU9S
U074
D65
<052
JUd?
045
L0389
055
.Ub?2
U714
U706
081
L
Jva
106
«117
127
<134
.139
144
. 149
.154
.158
Winl
<164
LY
.16Y
170
<171
71
.169
165
. 1585
<141
.128
.113
110
104
DY
LU9Y
. 09H
097
L0944
L, 040
LORY
079
JU72
T

™ ELd
Energy (eV)

1.55
1,00
1.65
1.10
1.d0
1.90
2.00
2.10
2.20
2,30
2.40
2,50
2,80
2.70
2.80
2,90
3.00
3.10
3,20
3.30
3.40
3.50
3,00
3.70
3.00
3.90
4.00
4.10
4,20
4.30
4,40
4.50
4,60
4,80
5.00

€}

~4.7)
-4.61
~4,3H4
“4,17
~3.82
=-3,%7
-3.47
=-3,35
-3.50
=3.60
-3.70
-3.80
=-3.45
=3,4?
-3.d6
-3.81
=3.170
=3.46
=3.19
=2.%6
-2,71
=2.47
-2.24
-2.04
-1.806
~-1,68
-1.52
-1.36
-1.22
-1,09
~0.97
=0.84
-G.74
=0.57
-9, 40
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(5.14
14,20
13.94
12,66
11,92
11.22
10,03
10,14
9,68
9.3
B.9Y
8,01
7.43
o.b5
6,24
5.71
5.11
4,5k
4.17
3, H2
3.51
3.25
3.03
2.80
2.69
2.54
2.41
2,30
2.19
2.10
2.02
1.95
1.90
1.79
1.70

.36
2.27
2,21
2.16
2,09
2,03
1.96
1.91
1.84
1.76
1.6h
1.59

1.4}
1,33
1.74
1.14
1.07
1.01
0.97
.93
3.90
0,87
0.96
0,894
G,.43
0.82
0.81
0.80
6.49
0,80
0.40
0.81
0,861
N.82

1.0y
1,07
1.0%
1.04
1,02
1,01
0,99
¢.9%
U.9%
1,94
0,92
0.89
0.817
0,H4
.6l
V.79
0,76
0.73
[T |
2.7u
U,6u
0,07
U.oh
J,b0b
0.65
0,64
0.64
0,64
0,63
0.63
0,61
0.6
0,63
0.64
v,64

Im(~1/8&)

0,06
n,un
0,07
¢,.u?
¢.u8
0.0b
V.09
0,09
0.09
0,u9
u.10
u,.10
u.lt
0.11
D,12
0,12
0.13
U.14
u.15
.16
VN ]
0,20
0.21
0.23
0.25
0.27
0,30
0,32
Q.45
0,34
0.40
0,43
U.46
0.51
u,56

R{¢=0)

«u39
054
51
L0494
<udd
NULY
.03y
036
L33
YR D]
26
W23
021
018
«Ule
AR}
.013
13
U112
012
013
.U13
L33
L3
N4
.014
L4
.14
.18
.015
2019
.U15
L0014
.014
Jo14



Authors Energy Range | Technique Temperature Sample Data Presentation Remarks
(eV) (K} =
RT unless El ®| 2lPrep Oy-2
specified ol =<| 8
WL75 0.2-4.4 Refl 4.2 x EP A; KK: a for Elc absorptivity measured by calorimetry;
and Ell¢ examined optical anisotropy
CGT76 Trans X energy loss spectroscopy
KN77 review paper
Liu77 review paper covering band structure,
optical and photoemission properties
Tra77 20-39 Trans vapor X N absorption measurements of atomic vapor
with synchrotron radiation
Lyn78 review paper
CGWBo ~2-60 X u,R fast electron energy loss spectroscopy
toi Pvt | 2-18 m=8 x In KK: :i,cz,u,a, R,
Im{e™"}
1
Fal
-
T
Authors | Energy Range | Technique | Yemperature Sample Data Presentation Remarks
(ev) (x} —
RT unless El 81 X|Prep Dy-1
specified ol <[ 3
CR65 0.26-0.85 Trans 87-235 x T examined effect of magnetic ordering
FZG67 147-157 Trans x n absorption measurements
IFGE7 ~70-500 Trans x n absorption measurements
KN70 1.13-3.96 Ellips x| MP n,k.a,z;,lm(e‘]) measurements taken in No gas
Dan71 n1-50 Trans x Im{e™1) ,e1,60,u energy loss spectroscopy
TRZ72 3-48 Refl x Im{e™1) energy loss spectroscopy
KnN73 0.06-1.24 Ellips 80, 293, 460 x n,k,g1,£0w,0
TC73 147-175 Trans x u energy loss spectroscopy
E£BF74 1.5-5.5 Ellips x In o
K775 0.35-2.5 Ellips 20-300 x ag,€)
Kun75 50-550 x u absorption measurements with synchrotron
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Fig. 67 Reflectivity of Dy. Single crystal results by WL75 for EIl & and
LE. Polycrystalline results by EBF74 (-=--), QLJBI (eee and
—-+=); KN70, KnN73 (+++). The results shown in the inset by
CGW80 (---) were derived from electron energy loss measurements.
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Fig. 66  Survey of available data on Oy.
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Fig. 69 Absorption coefficient for Dy for 5§ < hv s S0 eV. Polycrystatline

results by Dan71 (---) and CGWBO {---). Results of CGWBO were
derived from electron energy loss measurements.
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Fig. 68 Optical ¢ nductivity for Dy. Single crystal results by WL7S for
Ellc and ELE. Polycrystalline results by EBF74 (--~); KN70,
KnN73 (+++); KT75 (——=}; and Loise}l (pvt. comm. —-.—}.
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Dysprosium single crystal with Ell ¢

publication by J.H. Weaver and D.W. Lynch in Phys. Rev. Lett. 2&, 1324 (1975)
based on the following tabulation

w(arbitrary units)

*abues ABuaua papuedxs 3yl u|

-ew|xew abise| ayi jo 33500
*Ag 40 1U31D134200 uo)idiosqy

Sy 24n21oNJ1S BUl4

L9947 Aq paiejodiaiul

b3

0L

s [99Z4

3yl MO|@q 24N3IDNJIIS BULJ MOY

l T l Energy (eV) €] €2 n k Im(-1/8) R(¢=0)

| — 0.05 1844.97 351,34 43.15 4.64 0.00 L8532

- 0.06 1255.67 219.92 35.57 4,22 0.00 .80

0.0 -890.41 152,19 2.54 1.13 0.00 L070

- v.ub -654.75 132.,.u0 2.51 1313 0.00 071
g" = 0,09 -499,80 118,85 2.64 1.15 0.00 L076
= Bl 0.10 -393.12 116,89 2.91 1.21 D) L0493
S 0.12 -204.09 96.56 2,92 1.21 V.00 L0934
u.l4 -182,12 yi.80 3.37 1.30 0.u0 .124

F:';l 0.10 =135.44 90.5% 3.70 1.3n0 v,00 .l4de
= 0.18 -107,83 R3.07 3.74 137 V.00 L150
- 0,20 ~46.20 To.u5 3.79 1.8 u.ut .152
e > V.22 -70.05 70.45 3.85 1.39 0.01 .156
— &r u.29 -59.10 0d.y2 3.79 1.34 n.01 .152
[39) 0.2¢ -48.35 60.91 3.84 1. 3K 0.01 .155
= V.28 -41.56 57.70 3.ha 1.3y 0,01 .155
G.30 -36.3b 54,11 3.40 1.8 0,01 .152

(1/s:32 -31.43 S1.Ub 3. la 1.37 0,01 .151

0.34 -28,25 47.94 3.70 1.3b 0.02 L1115

0.36 -24.45 45,05 3.6€ 1.35 V.02 L143

0.138 -21.57 42.481 3.63 1.35 0,02 L1141

0.30 -19.34 40.48 3.57 1.34 V.02 .137

0.42 -16.76 3K, 34 3.54 1.33 0,02 L1135

bt t 0.44 -14.70 36.61 3.52 1.33 0.02 L133

) V.46 -12.64 35,03 3.51 1.32 0.03 .13)

u(ar I rary units U.48 -10.55 33.97 3.54 1.33 0,03 .115

N O~ o0 o o 0.50 -9.47 33.24 3.54 1.33 0,03 L1135

(== T T T T T T T U.52 -4.29 32.29 3.54 1:33 V.03 L1358
0.54 -7.43 31.50 3.53 1.33 0.03 L134

- 0.56 -6.05 30.b4 3,51 1.33 V.03 L1133
=2 Fr / 0.58 -5.91 29,63 3.50 1.32 V.03 L1132
= 0.60 -5,13 29.18 3.50 1.32 V.03 2132
= oSl 0.62 -4,90 26,64 3,48 1,32 0.03 131
5 0 D 0.b4 =-4.46 27,78 3.44 1 ) 0.04 .128
- 0.66 -3.94 27.04 3.42 1.31 V.04 127
S L, g< V.68 -3.59 26.32 3,39 1.30 0.04 .125
) 0.70 -2.91 25.59 3.38 1.30 0.04 124
g = 0,72 -2.33 25.18 3,39 1.30 0.04 .125
~ 8”‘ 0.74 ~1.85 24.91 3.40 1.30 0.04 .125
=y V.76 -1.59 24.72 3.40 1.30 0.04 L1286
- 0.748 -1.38 24.48 3.40 1.30 0.04 L1286
— 0.80 -1.27 24.27 3,39 1.30 0.04 .125
o 0.84 -1.21 23.77 3,36 1.30 0.04 +123

o 0.b8 -1.27 23.19 3.31 1.29 0.04 120

(= 0.92 -1.24 22.63 3.27 1.28 0.v4 L1107
0.96 -1.88 22.05 3,18 1.26 0,05 L1t

1.00 -1.70 20,97 3.11 1.2% 0.05 L1068

1.05 -1.78 20,206 3.05 1.23 0.05 .102

1.10 -1.84 19.45 2.97 1,22 0,05 L097

1.1% -1.91 1H.72 2.91 1.21 V.05 L093
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Dy EHE
Energy (eV) €] €, n k tn(-1/¢) R{¢=0)
L. 2¢ ~2.u1 18.02 2.84 1.19 H.0% Oy
1.25% -2.Ub 17.31 2,17 1.14 0, 08 LUAY Dysprosium single crystal with g1e
1.3 -2.10 16,03 2.171 1.1n ¢.to LN
1.3% -2.U8 16,01 2.55 1,15 o, 00 LU publication by J.H. Weaver and D.W. Lynch in Phys. Rev. Lett. 34 6 1324 (1975)
1,410 -2.02 15.40 2.60 1.14 J.uo L0074 based on the following tabulation -
1,45 “1.97 14.97 2,50 i.113 0,87 LO71
1,50 ~1,85 14.55 2.53 1.13 .07 069 Energy (eV) €] € n k tm{-1/8) R{3=0)
1.5% “1.78 14.2¢ 2.51 1.12 V.07 JUbY
1.60 ~1.82 14.10 2.49 1,12 0,07 JUn? G.0n 1500.82 3do.lo 34,4y 4.46 U.90 .H20
1,05 -1.97 13.94 2,46 1.11 0.07 068 ¢,07 1135.9n 149,23 34.83 4,11 Q.00 192
1.70 -2.24 13.75% 2,41 1.10 0.0u7? SUb?2 .08 -4349.0a tdo.29 .53 1.13 V.0C LURY
1,79 -2.61 13,42 2,35 1.08 .07 LS9 Q.09 -695.5813 124,93 2.39 1,09 H.00 et
1.H0 “2.,92 13.uv1 2.24 1,67 0,07 058 0,19 -51n.24 ful,p4 2,23 1.0% 0,u0 L1052
1,45 -3.17 12.5% 2.21 1.05 0.u7 L051 v.12 ~347.02 Yo0,uY 2.56 1,13 V,00 AT
[TV -3, 12.0e 2,14 1,01 0,08 a7 u,14 -243.30 64,0l 2.05 1,01 .00 LU43
1.95 =3.%2 {1.5%6 2.07 1.02 o, 0H U413 V.1 ~ltd.64 1d,.bY 2.81 1.19 J.00 LA
2.0¢ =31.60 11.07 2.U1 1.00 DRI} 030 U, 1t 131,65 13,92 3. 1.25 0,00 .10
2.5 ~3.4h5 10.b1 1.95 0,99 9,04 u37 V.20 =-10%.R% 69,72 3,23 1,27 V.00 .114
2.10 -3.04 19,19 1.89 0,97 9.09 +U35 Uad2 ~bb,H4 6%.37 3. n 1.29 9.0% A1y
2.1 =3.03 3.8 1.85 U.96 0,09 L0313 v, 24 ~72.25% ol.12 3.35 1.29 0.0l o122
2.2V -3.063 9.51 1.81 0,95 3,09 U3 0,26 =-nl,.44 So,/n 3,33 1.29 v,n1 121
2.25 “3.61 9,22 1.77 0,94 U.09 030 0,8 =52.84 51,70 3.25 1,27 ¢,01 Y -]
2.3y =3.75 .90 1.72 9,93 v.10 .28 v.3u 44,14 47,175 3,23 1,21 v,01 14
2.3> -3.81 B.5% 1.67 v.91 0,19 .026 v.idz ~30.97 9.9 3.27 1.28 2,01 L7
2.40 -3.97 B.21 1.61 0.90 V.10 .N24 0.4 -31,85 42.0Y 3,27 1.29 6,02 117
Z2.45 «3,90 7.84 1.56 Q.HB 0,19 L0022 u,36 =26,91 40,50 3.3u 1.28 0,02 119
2.5y -3.H4 T.41 1.51 0.87 0,11 021 0,38 -23.430 FE -1 3,30 1.29 u,u2 119
2.55 ~J.8b 7.13 1.406 0.85% V.11 .019 0,40 =-19,.813 de.51 3.30 1.28 0,02 .118
2.t0 ~3.82 .78 1.4} 0.84 n.11 LUld V.42 -16.3% 33,81 3.32 1.29 0,12 <120
2.n5 ~3.74 b.4b 1.36 0.43 v.12 Lo17 .44 -13.18 33,05 3.39 1.30 u.n3 . 125
i1y =3,6d 6,15 1.32 0,91 u.12 .0lo U.4h -10.54 32,49 3.40 1.32 n.03 130
2.7% -1,57 5.87 1.28 n.80 0,12 .015 U.d4b -8,33 32.33 3.54 1.33 N, N3 L1135
2.61 -3.49 5.61 1.25 0,79 v.13 S015 0,50 =6,52 31 .Hn 3.61 1.34 9,03 <140
2.H5 =3.139 5.36 1.21 0,78 0,13 LUld 0.52 -4,.61 31.59 3,10 .38 U,013 . 146
2,50 -3,29 9,1z 1,18 0.77 Yy,14 JU14 .54 =3,31 FAPR ¥ .79 1.38 v,03 152
2.9% -1,19 4,90 1.15 u.74 0,14 013 0.56 -2.983 32.17 3.84 1.39 0,03 .155%
J. Uy =310 4.0d 1,12 .75 .15 Ut U.5% “2.03 32.08 J.84 1,39 0.03 . 158
E ) ~2.H6 4,28 1.07 0.73 0,16 L0113 0,60 ~2.76 ERIN X 1,81 1.34 .03 <153
1.9 =2.63 3.90 1.03 0.72 Nn,1R L0172 V.02 =2.%9 30,74 3.76 1,37 0,03 21540
3.30 “2,4) 3.p7 1.00 0,71 0,19 L0172 0.64 -2.48 25.67 i. N 1.36 0.03 .1l40
1,44 -2.19 3.42 0.97 0.740 n,21 L0112 v.b6 “1.67 29,75 l.en 1,30 Q.03 145
3.5 -1.998 3.2 0,95 0.09 0.21 L0103 0.68 =0,.43 29,186 1.70 1.3h 0.v4 .146
3,60 -1.79 3,04 0.93 0.6u 0.24 013 0,10 0,006 27.1% 3.73 1.37 0,04 .148
3,70 ~1.,b1 2.49 0.92 0.68 0,26 .013 0.72 1.1b 27.64 3.d0 1.38 n,04 <152
3,40 ~1.4h 2.717 0.91 0,68 uv.28 013 0,74 1.383 28, 3v 3.89 1.39 u.u4d L1548
3.490 -1,32 2.8 0.91 u.67 0.30 L013 .76 2,01 9.1 3.95 1,41 0,03 163
4.0u0 =1.19 2,50 0,99 0.67 0.32 13 V.78 1.18 30,09 3.96 1.4 0.03 .163
4.10 ~1,06 2.51 6.91 0.64 0,34 SU13 v.80 0,02 30.11 I L) 1,39 0.03 . 158
4,21 -0,94 2,64 0,90 0.869 V.34 12 V.84 =-1.54 29,02 3. 1.3n .03 136
4. 3v “1.52 2,30 0.79 U.63 u.30 JU15 L,dH -2,54 27,49 1,54 1.33 0,04 . 135
4.430 -1.18 1,70 G.n? 0.54 0,40 U209 0,92 -2,97 25.80 3.39 1.30 L,04 . 125
3.5v -0,54 1.72 .79 0.63 0,52 NUE 0.96 -2.98 44,29 3,28 .29 0,04 117
4,60 -0.52 1.82 0.H3 U,64 0,51 RO 1.00 -2.74 23,00 3,20 1.20 G.04 L1142
4,8U -0.37 1.7} 0,85 V.65 0,54 R 1.0% 2,62 21.4do 1.1 1.2% 0.0% .1uh
5.0U0 -,22 1,70 O.kn 0.66 U,54 W13 1.10 “2,13 20,7y .00 1.4 H.0% 2103
1.1% -1.80 0,0y 1.913 1.23 n.us L1101

1.20 -1,67 19,50 7.9 1.22 2,05 L]
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Holmium single crystal with flle

publication by J.H. Weaver and D.W. Lynch in Phys.
based on the following tabulation

Energy (eV)

0,02
J.ug
12,00
v, U8
Bty
1,12
[N )
d.10
U.lb
0.20
0.22
v.éd
Jadh
U, 28
Q.30
0,32
V.34
G.3n
v.3d
0.40
D,z
0,44
[V}
0,48
6.50
0,52
0,54
H.50
V.58
U.bo
N.02
0,64
0.0h
.68
u.70
0.72
0,74
.76
0.9
0.bU
U.82
L)
[ 1}
0.u6
U.90
0.92
0.64
N,96
U.Ys

€1

1503,19
174,33
1394,31
=766.914
-489.90
-324.31
-238.01
“1490.75
140,40
-111.2¢
83,60
“7T1.,41
«59.34
-49.54
-42.21
=36,53
-31.64
28,07
=24.40
=22.64
-20.,72
-19.,29
-18.186
“17,03
-16,15
-15,27
~14,31
“13,57
=12.46
-11,32
-10,21
-9.1%
-7.97
-6,9Y
-5.77
4,69
-3.
=2.99
~2.49
=2.13
=-1.49
-1.79
~l.ht
=1.57
=1.51
~1,47
-1.39
-1,36
=1.30

En

2

532.95
dun.3z
jlb.00b
192,29
143,23
i1h,15
¥9,h8
82,50
74.d4
67.17
oU.32
%b.54
93,54
51,25
49.21
47.11
45,30
43,11
42,23
40,849
39.47
3g.06
36,51
34,44
3339
11,73
3,17
28.5b
26,94
25.%9
24,49
23,131
22.39
21,61
20,93
20,50
20,39
20,39
20,42
20,43
20,41
20.34
20,16
2G,uh
19,80
19,99
19,135
iv,13
1y.fy

-180-

3y, 3m
56,79
37.58
3.45
3,23
3.6
3.18
3.1n
3.00
3. 06
3.03
3. 13
3,21
3.30
3.36
3.40
3,44
.40
3.47
3.47
3.45
3.42
3.348
1.130
3.24

3.09
1,00
2.93
2.89
2,45
2.82
2,81
2,60
2.82
2.86
2.92
2.97
3.0t
3.03
3,05
3.05
3,05
3.04
3,03
3.01
3.o0
2.98
.97

Rev.

4,44
5.33
4.33
1.131
1.27
1.26
1.20
1.25
1,24
1.24
1.23
1.25
1.21
1,248
1,30
1,30
1,131
1.31
1,132
1,32
1.31
1.31
.30
1.29
1,27
1.26

1.23
.21

1.20
1.19
1.19
t.19
i.18
1.19
1,20
1.21
1.22
1.23
1.23
1.23
1.24
1.23
1.23
1.23
1.23
1.22
1.22
1.22

Im(-1/2)

G.u0
4,00
0.00
u.00
¢,00
0.00
O,u0
6,00
0.u0
a4, 00
9.01
g,ut
0.01
o,01
1,01
v.01
U.01
0,92
v,02
.02
.02
Qg 12
0,02
0,0?2
0,02
0,03
0,03
Q.03
3,03
0.03
0,03
0,04
0.04
V.04
¢.04
0.0%
0.0%
0,08
V.08
0.0%
V.0S
Q0,05
0,05
9,05
V.,.0%
0,0%
0,08
H.ns
G.0S
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R{$=0)

<H1H
R0
FEARE
124
.114
. 109
110
<105
<103
L1103
.10t
107
11
L1119
<123
.125
128
129
<131
.130
.129
27
<1213
L0119
114
.109
1058
099
094
.091
+URY
.0R7
U886
JU8s
.8/}
+U9u
.093
.097
<099
LA01
<102
L1102
<102
A0
<101
.100
JU3Y
093
097

-
Ho EN¢

Energy (eV)

1,00
1.0%
1.10
1.15
1.20
1.25
1.3¢0
1.35
1.40
1.45
1.5%¢
1.55
L.60
L.65
1,70
1.7%
1,60
1,85
1.90
1.95
2.00
2.05
Z.10
2,15
2,20
2.30
2,30
2.50
2.60
2.70
2.90
2,90
3,00
3.10
3,20
3,30
3.40
3.50
3.60
3,70
3,80
1,90
4,00
4.10
4.20
4.30
4,40
4.50
4.60
4,80
5,00

€]

-1.23
=l.13
-1,12
-i.t1
=1.17
~1.23
=1.35
=1.4H
~“1.60
~1.74
-1.85
“1.9b6
-2.07
“2.24
~2.40
-2.74
=2.99
=3,29
=3.51
=3,10
~3,85
=3.92
-3.93
-3.95
~3.90
-3.74
=-3.58
~3.56
-3.53
~3.41
~-3.25
=3,04
-2.79
-2,54
~2.29
=2.09
=1.49
=1.6Y9
-1.50
~1.33
=-1.17
~1.03
-0,.88
=0.76
=0.68
~0,56
~0,44
-0,42
-0, 36
=0.25
=0.1¢6

€2
1d.05
ta.l1lo0
17.09
11,22
lo.80U
16,37
15.99
12.97
15.tu
14,77
td.37
14.02¢
13.71
13.44
13.15
12,43
12.45
12,05
11.57
11.0»
10,5n
10,058
g.57
g.11
8.67
7.93
7.36
b,b2
.24
5.67
5.13
4,69
4.24
3.89
3.62
3.37
3.1¢
2.96
2.40
2,07
2,55
2,44
2,35
2,29
2,21
2.1¢%
2.13
2.09
2,03
1,93
1.83

-181-

2.95
2,42
2.8R
2.84
2.480
2.76
2.7
2.66
2.b1
2.50
?2.51
2,417
2.43
2.3y
2.34
2.28
2.22
2,15
2.07
2,00
1.92
1,45
1.79
1.73
1.67
1.5y
1.52
1.44
1,38
1.27
1.19
t.12
1,07
1.03
1,00
0,97
0.95%
0,93
06,92
Q.91
0,99
0,90
0.90
0,91
0.91
0,92
0,92
0,93
0.92
0,92
0.92

1.1
1.10

.08
1.07
1.08
1.04
1.02
1.00
U.9n
0.9
0,95
6,93
G,92
N.8Yy
0,47
u.ys
0,42
0.8u
6,77
0,75
0.73
0.72
0.71
0,70
0.b9
0.68
0.64
0.67
0.67
0.67
0,67
0.67
Q.68
0,bu
0.68
0,68
0,68
0.68
0.08%

tm(-1/2)

0.05
v.05
J,.0b
0.06
O,Uh
V.00
0.u6
9.06
0,07
0,07
0.07
0.07
0,07
u.07
0.07
o,u7?
V.08
y,08
0.na
[T
0,049
0,09
0.09
0,09
0.10
3,10
0.11

0,12
0,12
0.13
0.14
0,15
0.10
0.1R
0.20
0,21

n.23

U.25
.24
6.30
0,32

0,35
n.37

0,39
0.41

0.413

0,45

0.46

0,44

n.51

0,54

R{$=0)

990
SO
<091
. 039
UG
LGH3
.0y0
L0717
.074
JU71
LUBR
+U63
<0h3
VLYY
05
LT
.US1
.047
.043
.N40
.36
033
LU
uz28
020
.023
L0021
019
016
Ot5
014
£013
«013
.H12
012
2012
013
013
2013
U1l
.013
L0113
013
013
013
L0173
.G13
+U13
L0t
L0113
013



Holmium single crystal with £1¢

publication by J.H. Weaver and D.W. Lynch in Phys. Rev.
based on the following tabulation

Energy (eV)

U.in
u, b2
Jg, 13
G.le
.18
9.20
N.22
Vecd
d.40
3,28
V.30
9.32
vesd
J, 40
esn
0,40
0.42
U.44
G.odo
v.48
Yy.H0
0.5
U.h4
0,56
1,38
0.6
60
v,64
J.on
(-]
a.70
u.12
v.73
0,70
U,y
0.80
0.42
u,84
V.vao
U.HH
.96
(LW
U.v4
U.%o
0.94
.09
lLeus
1.1
1.15

£

-4713,26
~319,14
=225.53
“1b4.91
“124.10
=J95.64
~l3i,01
“57.90
=47 .4y
-38.94
-3]1,414
-~2b, 04
21,9
-19,44d
=19.54
=21,1y
=23.31
-25.53
-27.47
-29.43
-29.%0
~24.99
=27.40
=25,746
-23,74
~41,.6H
=19.15
-17.74
-15.,91
=14,1v
~12.99
“1u,.86
=9.133
-7.91
“0,.%2
-5,00
-3.72
-2.12
-2.19
-1.82
~1.172
=1,170
=1.76
=1.79
-1.,76
~1.62
-1.2%
-1,43
=0,05

€2

133,73
111.1)
93,44
43,88
17.11
1.z
67,.%
bh,2n
64.23
be¢,UU
a0.b%
60,17
by, 24
h1.17
62.11
ol,.%0
o, 37
57.74%
S4,1b
49,51
34.3%
19,45
35.15
31,76
28.68
26,148
24.01
2¢.24
20,78
19.54
ib.41
17.52
1h,.88
16,38
15.92
15.74
15.91
1n,30
16,279
17.11
17.42
17.52
17.49
17.31
17,04
16,76
1b.22
15,74
19,33

-182-

1.20
1,24
1.24
1.26
1.29
.31
1.35
1,39
1,42
1.44
1,47
.49
1,52
1.%4
1.54
1.53
1,51

1.04
1,08
1.10
1.12
1.15
1.17
1,14
1.19
1.19
b.19
1.18
1.1
1.17
1.17
1,17
l.le

Im(-1/2)

0,60
U,00
0,00
0,00
G,00
v.ot
0,01
1.ul
u,01
DN ]
U, 01
0,01
u,01
u,01
V.ol
v.0]
0,01
0.061
0,0t
0.ut
0.62
0,02
u.02
0.02
0,02
0,02
.02
0.03
0.03
0.03
0,04
U,04
0.0%
u.05
g.05
0,06
0,06
6,06
6.06
0.06
0.04
u,06
N.06
O.ub
0.06
0,00
4,06
0,06
V.07
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R{¢=0})

S0t
103
L1013
<110
S 120
o120
42
18R
.lol
L1735
188
. 190
208
PR
£217
212
202
<189
<10
. 1a9
<124
«109
.95
VLR
LT3
LYY
060
FULY
L0S4
«052
.050
051
“u52
.054
«US6
U6l
«UbY
L0078
.080
.0R4
+IRb
047
87
<UBS
.084
LR
082
JuB1
.40

Ho E1¢

Energy (eV)

1.20
1,23
1.3v
1.35
1.40
1,45
1,5u
1.55
1.60
1L.65
1.70
1.7%
1.bu
L.uS
1.90
1.95%
2.UG
2,09
2,10
2.15
2,20
2.30
Z.40
2.50
2,60
2,170
2,890
2,949
3.00
3.10
3.20
3,30
3,490
3.5¢u
3.6n
3,70
J.bu
3.90
3.0u
4.19
4,29
4.3
4.40
4.50
4,60
4,80
5,00

£]

=y, 34
-0.07
0.ta

t,348

J.54
0,54
.34
g.10
~3.27
-3.12
-1.00
-1.93
~1.94
-2.43
=2,70
=2.76
-2.178
=2.73
=2.71
-2.73
~2.82
=3.01
-3.27
-3.47
=3.862
-3.64
-3.59
~3.39
-3.3%
~3.20
-3.02
-2.480
=-2.58
~2.35
-2.1)
~1.91
-1.72
-1.54
-1,38
-1.23
~1.00
-0.96
~0.44
-0.76
=0,6v
~0,52
-0.40

la.vb
l4.0>
14,46
14,30
14.¢0
14,38
14.47
14, %0
14.45
14,29
14.04
13.41
13.43
12.%4
12,31
11,72
11.25
10,95
10.5%
10,31
10,67
Y.55
9,60
8,30
7.68
7.0u
.38
9.H1
5.29
4,82
4.37
3.9
3.6>
3,3
3.12
2,92
2.70
2.62
2,49
2.37
2.29
2.22
2.10
2.10
2,04
1.90
1.79

0,66
U.b5
0,05
0.6%
0.6%
V.66
0,66
0.6%
0,65
0,05

R{$=0)

A79
L0749
RUED)
080
981
D82
Y
079
L0177
L0374
NURD]
»Von
Y
57
L1572
AT
U4
U043
Ju4]
L0110
039
<033
LU0
+U2n
W022
.019
LU 7
.U1S
014
W13
U133
012
L0122
L0113
L0113
013
<013
013
014
2014
013
L0144
L0111
L1
«Ut4
014
<114
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Fig. 75 Survey of available data on Er.
Authors Energy Range Technique Temperature Sample Data Presentation Remarks
{ev) (x) =
RT unless E| 3| x|Prep Er
specified | %] &

FIG67 161-180 Trans X u absorption measurements
IFGE7 60-470 Trans x u absorption measurements
B8S71 1-50 Trans x im{e™1) energy loss spectroscopy
TC73 160-200 Trans x u energy loss spectroscopy
Kun7§ 50-550 Trans X B absorption measurements with synchrotron

radiation
KT75 0.35-2.5 ElllIps P o
WL7S 0.2-4. 4 Refl 4,2 x EP A, KK: @ for £1c absorptivity measured by calorimetry;

and Ellc examine optical anisotropy

CGT76 Trans x energy loss spectroscopy
KN77 review paper
Liu77 review paper covering band structure,

optical and photoemission properties
Tra77 24-38 Trans vapor x n absorption measurements of metal vapor

with sypchrotron radiation
Lyn78 review paper
L
3
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Erbium single crystal with Ell¢

wlarbitrary units)

publication by J.H. Weaver and D.W. Lynch in Phys. Rev. Lett. 34, 1324 (1975)
based on the following tabulation

*abues ABssua papuedxs syl ui

(9947 Aq pRaejodizju| S| 24Nn15NI1S Buld

‘ewixew abie| ay1 jo 33swo
*43 JO 1ua1D141900 uo|3diosqy

614

B4l MO|3Q 3JNIDNJIS BUl4 MOYS /9974

[ |
m Energy (eV) €] €2 n k Im(-1/8) R($=0)
o | 0.10 -5950.04 249,34 5.00 1.58 0.00 L2131
— D.14 -306.76 142,33 3.96 1.41 0,00 JAnd
0.18 -185.78 102.50 l.04 1.35 0.00 L1410
> C’T 0.22 -126.85 Te.51 3,34 1.29 0.00 122
9 0.26 -92.u5 vl,24 3.04 1.23 Nn.01 L1022
o 0.30 -68,29 50.40 2.H4R 1.20 v.01 091
=) 0.34 -52.33 42.08 2.72 117 0.01 .08 1
= 0.3y -39.84 36.90 2.69 l.lo V.01 L0749
S SAr 0.42 =31.09 33.55 2.71 1.16 0.02 LORY
) 0.46 -25.14 30,55 2.69 1.16 0.02 L0749
3 0.50 =20.07 24.29 2.70 1.16 0.02 NN
— 0.54 -16.61 26.40 2.70 1.16 0.03 .07y
. 0.58 -13.91 24,39 2.66 1.15 0.u3 077
m — 0.02 =11s13 22,62 2.65 1.15 0.04 L0177
- S 0.60 -8.75 21,27 2,87 1.16 0.04 074
- 0.70 -6.52 20.25 2.72 .11 0.04 LUKO
0.75 -4.00 19.60 2.83 1.19 .05 L08R
0.80 -2.40 19.56 2.94 1.21 0.05 L0395
0.85 ~1.139 19.63 3.02 1.23 V.05 L1900
== V.90 -0.93 19.09 3.06 1.24 V.05 .103
o 0.95 -0.72 19.57 3.07 1.24 0.05 L1104
1.00 -0.66 19,38 3.06 1.24 V.05 .103
. : 1.05 -0.76 19.13 3.03 1.23 V.05 .10
u(arbltrary units) 1.10 -0.94 18.79 2.99 1.22 0.05 098
— 1.15 -1.16 18.37 2.94 1.21 0.05 L0395
R i — 1.20 -1.34 17.87 2.4 1.20 0.06 Y
= TT T o T 1A 1.25 -1.50 17,40 2.83 1.19 0.06 Lu87
1.30 ~1.65 16.93 2:717 1.18 0.06 .084
= 1.35 -1.80 16.47 2472 117 V.06 .08l
o 1.40 -1.92 16,02 2.67 1.15 0.06 L077
5" ~No 1.45 -2.03 15.59 2.62 1.14 0,06 074
5 9 1.50 -2,12 15.21 2.51 1513 v.0o 072
o 1.55 -2.23 14,90 2.53 143 0,07 .069
":,"' I 'l 1.60 -2.37 14.64 2.50 1/:12 0.07 L0867
o -3 1.65 ~2.60 14.42 2.45 I C 0.07 L0b4
S &~ 1.70 -2.91 14.14 2.40 1.09 v.07 061
=5 1,75 -3.30 13.76 2.133 1.08 0.07 .057
—_ D 1.80 -3.66 13,35 2.26 1.06 0.07 L0513
18 1.85 -3.98 12.86 2.18 1.04 0.07 LU4Y
— 1.90 -4.28 12.34 2.10 1.02 0.07 .045
1.95 -4.49 11.74 2.01 1.00 0.07 L041
o 2.00 -4.0b 11,14 1.93 0.98 V.08 016
o 2.10 -4.72 19,01 1,78 0.94 0.08 Lu30
(== 2.2v ~4.64 9.02 1.66 0.91 0.0y L0286
2.30 -4.45 ¥.23 1,57 0,48 0.0 .022
2.40 -4,33 Te 57 1.48 U.H6 0,10 .020
2.50 -4,24 ©.95 1.49 0.84 0.10 L0138
2.60 -4.16 6.32 1.30 0.41 0.11 L0106
2.70 -4,01 5.70 1.22 0.4 0.12 014



er Elie
Energy (eV)

2.30
.90
3.0
3. 10
3. 20
1.30
3,30
.50
J.on
3.0
J.H0
3.9
4.9U
4.10
1.20
4.30
4,40
4.50
1,040
1.40
S5.04G

€

~),82
~“3,54
“3,2
-3,n%
-2,70
“2,448
-2.23
=2,90
~1,80
-1,p00
“l.ad
“1.24
-1.0vy
0,99
~0.81
“-t.07
=0.55
~J.45
-3.35
«0,23
=0,11

5.12
.61
4.19
3.82
3,49
.21
2.98
2.b60
2.63

1.94
1.9u
1.47
1.44
1.79
1.74

0,15
n,73
n.71
.69
U,6n
0,n7
N.66
.65
Dend
0,64
0.b4
V.b4
0,648
0,64
N.6h43
V.64
.65
J.ho
0.6a
g.67
doh?

Im{-1/%)

U.13
0.14
0,15
h,1ln
u.18
.20
0,22
0.24
0.26
.24
.1
v.34
0.37
V.40
0.43
U.46
d,49
¢,.51
0.592
0.55
0.57
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R($=0)

L0

LO013 Erbium single crystal wich EL¢

LU12

Lo12 publication by J.H. Weaver and D.W. Lynch in Phys. Rev. letrt. 34, 1324 (1975)

Lul3 based on the following tabutation -

.U13

L013 Energy (eV) €4 L n k im(-1/¢&) R{4=0)

014

.ui4 0,08 =311,67 554.79 HoA2 2,10 t, L L4221

014 V.16 ~0d1.01 sna,ul 6.9k 1,87 0.00 342

014 .14 =351,05 1dy.33 3,45 1.50 0,90 L2721

S04 0.18 -220,93 113,30 3.66 1.3% (] Slas

014 v, 22 -1%i,.00 41,14 3.17 1.2b u,J0 L1110

AR Q.20 =112.5% an.St 2.76 1.17 .00 L6083

014 G.30 ~H4,94 46.dU 2.45 1.11 U, 00 U6

.14 0,34 ~0%, )4 3.4/ ?2.2) 1.00 ¢.01 LY

D14 U, 3y -50.79 31.41 2.11 1.04 [ONTD] RUEE]

2013 0.42 “3v.93 27.17 2.6S 1,01 Hout L0422

013 0,46 ~31,7y 24,44 ?2.04 1.01 .02 L0472

.013 u.50 -25.78 24,43 2.03 1.0l u,.u2 R Y]

013 v.54 -21.04 20,56 2.0 1.0} N2 U422
[P -17.52 16,92 2,013 1.0 v.ul L0432
y.b2 “14,494 17,29 2.01 1.00 PIRTE] VY
N,ob ~11.5% Ib, 08 2.01 1,00 0,04 LUudl
0.0 =6.7% 14,91 2.07 1.02 w.05 NIBR|
u.?s -5.54 14.49 2,23 1.96 u,06 L0872
0,80 ~3.44 14.57 2.40 1.16 u,u7? 061
v.85 ~2.04 4.7y 2.54 1.13 n.u? LAY
V.90 -1.t1 14,46 2.4 I 0.07 U7y
9,45 ~0.53 1%.0b 2.10 t.lb 0,07 019
1,00 -0,22 15.006 .72 1.17 0,.u7? 061
1.05 ~0,04 14,91 2,173 1.17 u,n7 LUt
1.10 0.05 14,07 2.71 1.18 UV} D
1.15 0.23 14,135 2.70 1.16 u.n? 019
.20 0,31 14.10 z2.64 1.16 d.u? L0794
1.25 0.4 13.7% 2.60 1.15 u.u7 017
1.30 0.47 13.42 2.h4 1.18 0,07 076
1.3% 0.65 13,13 2.h3 1.15 0.04 L0715
1.4v u.84 12.84 2.62 1.14 J.uB TR
1.45 1.1 12,68 2.63 1.15 0,048 015
1.50¢ 1.48 12,62 2.60 1.15 0,08 077
1.55 1.78 12,60 2.72 1.17 G.UY L0H89
1.09 1.73 13.37 2.76 1.17 0,07 .0H3
1.05 1.38 13.481 2.76 1.13 v,07 NLE!
1.70 0.09 14,09 .72 1.17 o.u7 L0M1
1,78 0,00 14,00 2.05% 1.15 0.0 016
1.0 -0,89 13.74 2.6 1.1 0.0 071
1.85 1,20 13,27 2,46 1.11 13,07 .0nS
1,90 ~1.50 12,71 2.13¥ 1.0y 0.8 U8
1.99 -1.77 12,30 2.1 1.07 0.08 050
¢ 00 -1.97 11,91 2.2% 1.0b 0,06 L0513
2,10 =-2,25 11,2y 2,14 1.03 V.09 047
2,20 -2.53 1u, 60 7.05 1,01 0.09 042
2,30 -2.483 10,03 1.95 U.99 0.09 NRE)
2.40 -3.15 9.3 1.84 0.90 6.14 L0313
2,%0 =3.40 T ) 1.73 0.93 0,10 024
2.69 ~3.,72 B.07 1.t U.90 V.10 024
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Fig. 80 Reflectivity for Tm. Single crystal results by WL7S (—=—) for EI1¢
and EL¢; polycrystalline results by Kny77 (+—+).
41’y J—
sas’
Par’?
Kunl5
ans
Ky 77
— Tcall
Tm
;
1 I Ll I [ [ A

PuOTaM ENERGY fev)

79  Survey of available data on Tm.

10

100



plarbitrary units)

-197-

K

-196-

" Tm

—_—
(e

Tm

= |-
= B
5
o -
5 or
m b
. E
[ L 1 ] Lt I 1 1
170 175 180 185 0 200 400 600
Photon Energy (eV) Phaton Energy (eV)
Fig. 82 Absorption coefficient of Tm. F2G67 show fine structure belaow the
onset of the large maxima. Fine structure is interpoltated by ZFG67
in the expanded energy range.
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Fig. 81 Optical conductivity for Tm. Single crystal results by Wt75 {(—)

for £11¢ and ELE: polycrystalline results by Kny77 {(+++).
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19 Te BNl 199
Energy {eV) €1 € n k Im(-1/2) R($=0)
. 1.bv 1,85 14.9% 2.1 1.241 u. 07 U933
Thulium single crystal with EIIC 1.6% 1.2¢ 14,51 2.41 1.19 v.u7 JUNh
1.70 O.tg 14.24 2.13 1,07 TN ST
publtication by J.H. Weaver and D.W. Lynch in Phys. Rev. Lett. 34, 1324 (1975) 1.7% 0.1 13.44 2.64 1.1 ' u.u7? Wl
based on the following tabulation 1.40 -U.24 13,40 2.57 1.13 V.07 L0102
1.n% =0.62 13.0% 2.50 1.172 0.uk L0687
Energy {eV} ) €2 n k bn{-1/2¢) R{¢=0) 1.90 =0.93 12,7 2.43 1.1v U.us .063
1.95 -1,21 12.35 2.37 1.09 u.04 U559
U,1u -217.18 bh.Ye 2.21 1,05 0.0 LUS1 2.00 -1,52 12.00 2.30 1.07 O.u8 056
.12 ~131.83 52.91 2.24 1.0n 0,60 L0583 2.10 ~2.,02 11.26 2,37 1.04 u,09 JO4y
Ul -74,2n 23.34 2,85 1.1y 9.1 089 2.¢0 -2.49 10,55 2.u4 1,91 0.uY 42
0,10 ~4¥.42 53,82 3.%0 1,32 ool 130 2.30 -2.90 Y.h5 1,92 V.98 Q.04 JUdn
U.ll -27.54 54,33 4,08 1,43 .0l 172 2,4u -3.42 9,03 1.77 V.99 Gl 030
VL2V ~13,177 95,09 4.b3 1.5%2 0,02 209 2.50 =3.nS 5.00 1.61 V.90 0.10 .24
0,21 -8, 31 S0.13 4,92 t.57 u,N2 426 2.60 -3.12 7.14 1.47 0,40 .11 029
G,2e¢2 -4.14 571.51 5.17 1.61 .02 «242 2,10 =3.00 6,31 1,135 0,62 1,12 JUul?
0.23 0.8 S8.90 5.39 1.04 0,02 «255 lohU -31,43 2,59 1.25 0,79 0.13 U115
V.24 1.4 60,32 5.56 1,07 0,02 . 203 2.9u -3.18 4,90 .10 0,76 .14 Lulld
u,25 3.17 61,47 5.72 1.69 0.u2 .274 EHG -2,898 4.45 1.10 0.74 .16 <013
V.20 5.92 CEET] 5.44 1.71 H.02 “2H3 j. o -2.00 4.04 1,08 0.72 U.ld V2
0,27 0.40 05.76 6,02 1.73 1,02 +291 3.20 ~2.33 3,70 1.0% 0,71 0.19 012
[VIRPL] 0,34 bh .20 o,13 1.7% 0.01 . 297 3.3 -2,07 3.42 0.98 d.7v V.21 L0112
U,.29 3,98 71.44 6,15 1.7% .01 .29% 3.40 -1,93 3.19 .96 0.09 v,24 L2
0.3v 1.11 72,33 6,08 1.74 0.01 <293 3. 50 -1.63 2.9Y 0.94 0,69 0,26 LUE
v, 3¢ -4, 72.23 S.81 1.1 0,61 .230 J.ol ~1.44 2.4 0.93 0.b8 V.28 .13
U. 34 ~10,79 69RO 5.47 1.65 ¢.u1 +259 3.7v =1.206 2.67 0.92 U.oH G,31 L1013
V.30 -15,92 65.44 5.07 1.59 0.01 .233 3,80 ~l1.10¢ 2.53 0.91 V.67 v, 33 LU13
u,3s ~19,84 6U,01 4,66 t.23 0,02 .209% J.Ju =0,95 2.41 0.91 D.n? 0.30 LU
0,.4v =22,60 53.92 4,23 l.40 0,62 <182 4. 0v =(0.4d1 2,31 0,9v u,07 .3y L0113
U,4a2 =23.84 +7.64 3. 84 1.138 0.02 .155 4.10 ~0,67 2,21 0.v1 0.b7 0,41 VAR
v,64 =213.47 41.85 3.49 1,32 Q9,02 1131 4,20 =0.545 2.13 0,91 0.nl .44 LulL3
Y.40 ~23.40 3o.50 3,16 1.26 0,02 <109 4,30 -U,42 2.07 0.92 9,.6H 0,46 LU13
v, 4d -22.23 31.43 2,85 1.19 0.02 .089 4,40 =0,.32 2,U03 0.93 d.bH U.4s I3
0.50 ~20.26 20,63 2.57 1.13 0.02 071 $.50 -0,24 1.9y 0,94 0,64 0,50 D1
.54 =14,.43 21,24 2.3 1.09 0.0 .060 4.60 -0,.t5 1.94 V.95 .09 0,51 L0013
U.oY =10, 30 iv.do 2.32 t.o4d u.04 L0S57 4.40 -0,04 1.47 0,96 0.69 0.53 012
V.0l 7.1 1o,3v 2.3 1.07 9,08 U056 5.00 0,us 1.4y 0.96 0.bY% .56 <12
0.n6 -3,98 15,04 2,41 i.10 0,ue 62
0,170 -1.87 L l4.51 2.54 1.12 v.07 LR
u.74 -0,24 14,13 2.64 l.1% 0.07 L0175
0.78 1.00 13.92 2.73 1.17 0.07 .UB2
O.u2 2,00 13,79 2,82 1.19 v.n? L0817
0,40 .80 13.71 2,90 1.21 .M} L0913
u.90 3.5Y 13.8) 2.99 1.22 0,07 .098
U.9Y 4,02 I4.l0 3,06 1.24 .l A0
1.v0 4.14 14,30 3,09 1.24 B.ub L1095
1.05 4.21 14.39 3.10 1.24 .06 <108
t.10 4.13 14,42 3,09 1.24 0.06 .105
.18 3,97 14.238 3,07 1.24 0,06 .04
1,20 3.e2 14.24 3.05 1.23 0,07 .102
1.2% 3,64 1e.10 3,02 1.2 0,07 LS00
1.130 3,59 13,95 3.00 1.22 v.07? NICT
1,135 3.54 li.w2 2,94 1.42 .07 <UYA
1.40 J.oi 13.73 2.99 1.22 Q.07 LU9%
1.45 3,61 13,99 3.01 1,23 0,07 100
1.50 3.43 14.43 3.02 1.23 0n.07 L0y

1.5% 2.79 14,5806 2,99 1.22 06.07 +UYH
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publication by J.H. Weaver and D.W. Lynch in Phys. Rev. Lett. 34, 1324 (1975)

based on the following tabulation

Ene rqy (eV)

L I ¥
0,12
0,14
Q.16
[t ]
v,
0,21
U,24
u.dd
.24
Wa2h
v,2h
U.21
J.28
ue2y
.40
U, 12
Vadd
0,30
.36
v, 40
0,42
d,.34
U.40
0.4y
0.%0
G54
U.58
y.02
0,60
Q.70
0,74
V.73
U.02
9,80
.90
U.Y%b
1.00
1.0%
1.10
1.15
1.40
1.25
1.30
1.3%
1.40
.45
1,50
L.55

€1

-207.5%4
-ibl.49
~¥35.13%
~59,130
~35,80
~lo.99
-10,02
-3.33
2.84
8,81
14,380
19,b4
22,0
23.24
20,74
15,31
~1.60
-17,43
=20 ,91)
~39,02
~43,4%
~d40,.32
-45,72
~44,32
-41,%97
~38,.81
=-312.n4
«“27.14
-22.28
-148,400
=14,57
~11,22
-d4,45
~6.51
-4,32
-2.99
~0,3u
VU.bH
1.72
2,28
2,63
2.8b
3.02
3.lu
3. 14
i. 1y
3,33
3.6l
3,02

€2
91.2Y9
172.76
75.39
75,16
73.11
71,08
71.93
12.03
J2.v4
T4.22
To.u48
Hl.74d
80,5V
95.83
103,09
11V0.23
116,85
112,33
104,136
93.90
dl.%0
Tu.b2
00,17
51.5e
44,34
3n.25
29.45
23,41
19.1%
16.26
14.93
12,44
11.64
10.85
1u.32
19,13
17,4086
10.23
10,69
11,19
11.45
11,04
11.78
11,08
11.93
11,9¢
11,48
12.01
12,53

2.15
2.80
3.62
4.27
4,78
3.42
5.59
5.86
8.1%
6.47
.33
7.21
7.5%
7.81
7.95
7.96
7.58
6,94
h.30
$.60
4,417
4,37
3.87
3.44
3.10
2,80
2,138
2.09
1.88
1.717
1.07
1.06
1.72
1,78
1.85
1.98
2.16
2,34
2.50
2.62
2.08
2.12
2.76
2,117
2.74
.79
2.80
2.4
2.89

1.99
1.99
1.bb
1.27
1.67
1.5d
1.44
1.39
1.1
1.24
.18
1.0y
1.02
3.97
3.94
G.91
N.91
0.91
0.94
V.96
1.00
1.04
1.08
1.12
1.14
.16
1.17
1.17
1.14d
1.18
1.18
1.1
1.19%
1.20

tm(~1/%)

.00
[{ Y]
w01
v,Gi
H.01
0,01
0.01
W.ul
n.01
V.01
J.ul
u.01
v,01
.Ul
d.ul
0,01
.01
0,01
u,01
u.01
0,01
u,01
U,01
0,01
0,01
.01
0,02
0,02
0,92
0,93
0.03
0.04
.06
0.07
0,08
0,09
G,10
9.10
Q,09
0,09
).0u
Q.08
[V
0,98
u,08
.0y
0,04
U.0B
o,u’

R{$=0)

L3
I
J110
184
.217
L2350
L2617
. 2082
. 294
. 415
. 334
.35
3oy
LI
.387
387
370
339
. 3086
. 267
224
<190
.157
124
. 10%
088
Lunh
J044
L0134
LU0
.026
S22
~u24
U2
L33
019
04y
. USH
U6y
074
.ulB
081
MUK
G-E
UL R
D1
JUHA
CHHY
<091

TmELE

Energy (eV)

1.60
1.6%
l.10
1,75
l.bv
1,89
1.90
1.95
2,00
2,10
2.2u
2,30
2,49
2,30
2.00
2.0
2.0
2.90
3.00
3.10
3. 20
3.30
3. 4qu
3.Su
J.n0
3.0
3,48
3.90
4.0V
4,10
4,20
4,30
4,40
4.9V
4.0UL
4,80
5.00

€]

3,37

L.92

2.30

1.77

1.64

1.01

u.37
“U.04
=0.36
=0,8b
-1.24
=1.63
-1,89
-2.1%4
-2.63
=3.,11
-3,49
=3.73
-3,80
=3.75
=3.82
=3.41
~3,14
-2.8u
=2.51
2,25
-2,02
-lL.40
-1.61
=1.44
-1.27
=1,10
=0,95
-0,84
~0,174
=-0,57
-0.40

€2

12.94
13,21
13.39
13.51
1a.u/
1d.3«
13.05
12,00
12.31
1l1.6¢6
11.u8
1,02
10,.0¢
Y.b2
9,21
H,bY9
7.94
7.1b
o, 3d
Y.05
4.9Y
4,40
$.67
3.4b
3. 19
2.96
2,15
2.58
2.44
2.31
2.19
2.10
2.04
1.9y
1.93
1.u1
1.1
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2.6%
2.77
2.42
2.7h
2.72
2,08
2,59
2.51
2,44
2.33
2,22
2.1v
2.04
1.96
1.30
I 2
l.01}
1,37
1,35
.23
1.13
1,04
0,90
.91
0.8u
U, 86
u.a3
0,42
V.41
0.40
0.79
U, HY
0.u1
0,91
.81
0.8
N,42

1.20
1.20
1.19
1.17
1.17
l.1o
1.14
1,12
1.11
1.08
1.05
1,02
1.01
d.9Y
G,u?
.93
.40
U.8n
3,82
0,74
v.1y
4.72
o669
Q.bH
U.bo
0.6%
N.65
0,64
0,63
.63
v,03
.03
0.61
0.64
0.64
0.64
H,.64

Im(-1/8)

UV.u7
O,u?
0.u?
v.L?
O.0H
v.0?
v,ug
J.ue
OU.u8
0.0M
Q.09
U.0Y
.10
u,10
V.10
U.50
u.ll
v.11
0,12
u,12
U.13
V.14
U.lo
0,47
v.19
0,21
.24
V.26
U.2Y
0,31
v, 34
0,37
1).40
0,44
u.45
0.%0
0.55

R($=0})

P92
LUN0
.0n7
.ub3
LN
LUy
073
.O6H
.Uo4
L0057
0%
4%
ui2
RVER)
V34
LU2Y
.u24
LU20
<Ulb
MR
LUl
S22
2012
Uil
L0113
2013
MUK
V14
<14
015
015
L0118
14
IR
NUR ]
+014
LOEd
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Fig. 83 Survey of available data on Yb.
Authors Energy Range Technique Temperature Sampie Data Presentation Remarks
& (eV) (K) =
S AT unless El 3! X|Prep Yb
' specified bog IO I
Mu165 0.3-5 Refl x R reflectance measured through window
using existing n far sapphire
Schbé 0.35-5 Trans, Refl x R
GZF67 167-187 Trans x u absorption measurements
Mulé? 0.3-4.0 Trans, Refl x R; KK: €1,€3,0
IFG67 60-520 Trans X u absorption measurements
ES70 1.0-11.6 Refl x In R; KK: €1,£2,3,n
BBS7) 1-50 Trans X Im(e~1) energy loss spectroscopy
CK73 0.83-10.33 Trans x| n absorption measurements
TC73 175-196 Trans X 9 energy loss spectroscopy
Pet74 1.55-6.2 Trans, Ref) i T,R,0
Kun?5 50-550 « u absorption measurements with synchrotron
radiation
CGT76 Trans x energy loss spectroscopy
KNT7 review paper
Liu77 review paper energy band structure, optical
and photoemission properties
Tra77 22-39 Trans vapor absorption measurements of atomlic vapor
with synchrotron radlation
Cle Pvt 0.5-3 Trans, Ref} P R,0




-205-

~204-

I
T
S0
-3 40k~ A
H
=
o 12
;30— hv {eV)
=
> — .
—_
020—
2
(=)
Z
8 10~ —
0 ] | k L {
0 1 2 3 4 5
PHOTON ENERGY (eV)
Fig. 85 Optical conductivity for Yb. Polycrystalline results by
ES70 (~——); Cleyet (pvt. comm. with Pet74 (—H—}; Pec7h (w};
and Mulé7 (—- -—-Y.
10 | T I [} T I
=\ Yb
08 -%L -
i
8
0.6~ -
D
ot
=
3
Q ol 4
]
u.
Ll
[o's
0.2+ -
0.0 | [ | 1 L ]
0 2 4 6 8 10 12
PHOTON ENERGY (eV)
Fig. 84 Reflectivity for Yb. Polycrystalline results by ES70 (—1);

Cleyer (pvt. comm. with Pet74) (=H—); Pet7h (~~);
Mul67 (—.=); and Sché& (asa).



Authors Energy Range Technique Temperature Sample Data Presentation Remarks
(eV) (x} =
RT unless El o 2{prep Lu
specified ool 2
Schéb 6.3-5.5 Refl x R
2FG67 60-470 x W absorption measurements
Xun75 50-550 X W absorption measurements with synchrotron
radiation
WL7S 0.2-4.4 Refl b2 x £P A; KK: o for Elc absorptivity measured by calorimetry;
and Ellc discuss anisotropy
CoT76 Trans x energy loss spectroscopy
Pet76 1.6-6.2 Trans, Refl x g
KN77 review paper
Liu??7 review paper covering band structure,
optical and photoemission properties
Lyn78 X review paper
0TM80 0-60 x tm{e~1) energy toss spectroscopy
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Lutetium single crystal with Elié

publication by J.H. Weaver and D.W. Lynch in Phys,
based on the following tabulation
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Lutetium single crysta! with tLe

~214-

publicatfon by J.H. Weaver and D.W. Lyach in Phys. Rev. Lett. 34, 1324 (1975)

based on the following tabulation
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reflectivity) for the heavy rare earths reported by WL75 for

Summary of the optlcal absorptivity (A = 1-R where R is the
single crystals at 4.2 K.
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Fig. 91 Summary of the optical absorption coefficients for the rare earths,

showing fine structure below the onset of the large maxima. Reported
by F2G67.



Authors Energy Range Technique Temperature Sample Pata Presentation Remarks
(eV) {K) =
RT unless El 8] X|Prep Th
specified bnd IRV -4
VKF73 0.5-6 Refl x (EP, R; KK: a surface roughness resulting in plasmon-
Sput related artifact
weQl77 0.2-8 Refl 4.2, 300 x |[EP,Ex| R; KK: © absorptivity measurad calorimetry for
hv < 4. b4 eV, reflectivity measured with
synchrotron radiation for 2.5 < hv < 30 eV
w0177 80-150 Trans x b optical absorption measurements,
synchrotron radiation
cDG78 64-130 Trans x u (absorption optical absorption measurements with
measurements) ; synchrotron radiation; fast energy loss
KK: u (energy loss spectrascopy with KK analysis
spectroscopy) ,
im{c=1)
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Thor ium

publication by J.H. Weaver and C.G. Olson in Phys.
based on the following tabulation
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from J.H. Weaver, J. Opt. Soc. Am. 70, 1030 (1980); dielectric function computed

by KK analysis based on measurements over a |imited spectral range,

spectrum for range of greatest reliability
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