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INTRODUCTION

We have cotlected In this volume data on the opt jca l properties

of the elemental transltlon metals Tl-NI, Zr-Pd, and Hf-Pt. A companlon

volume to follow will consider the optfcal properties of the noble metals

and alumlnum, the lanthanldes Including Sc and Y, and the actinides. A

thlrd volume will contain Information on the alkall metals, the alkatine

earths, Zn, Cd, Kg, Ga, In, T l f Sn, and Pb, In this way we wi l l gather

together for easy reference the optlcal properties of all the elemental

metals äs they are known currently, 1980.

In this data compllation we present tables Sunvnarlzing the work that

has been done for eaco elernent (technlques, sample preparation, spectral

ränge, etc.). Flgures for each elernent display the most frequently used

optlcal quantlties, I.e. the normal incidence reflectance or r e f l ec t i v i t y ,

the real and lmag inary parts of the frequency-depenüent dielectrlc functlon,

and the absorptlon coefflcient. Tables of these quantities and the loss

functlon are given for each elernent.

t>
This data compllation covers the wavelength ränge 25 A 5 X s 25 \im, f . e -

the photon energy ränge 0.05 S hv s 500 eV |hv(eV) * 12398A(A)]. Host

of the published data fall between -l eV and -6 eV, In the ränge where photo-

multlpller detectors and conventlonal laboratory sources are available. In

the vacuum ultraviolet for 6 5 hv S 30 eV, Synchrotron radiation sources,

rare gas contlnua, and discrete l ine sources have been used lo measure the

reflectance at near-normal incidence. For photon energies of -30-200 eV,

the absorptlon coefficlent has been measured wi th Synchrotron radiation



for most of the transitlnn raetalb but rarely at higher energy. Unforlunately,

we have found that there is not a complete set of data for many of the

transition nietals throughout the er» t Ire ränge. Data1 Tor wavelengths s hur t er

than about 25 A are qulte sparse because of the d l f f i cu l ty of obtalnlng

monochromatlc radiation, parllcularly between 1 and 3 keV. Honochromator

development programs now underway at many Synchrotron radial Ion facl l l t les

around the world should iiuprove the Situation wlthin the next few years.

The comparative tables and flgures which describe the avallable data

point out reglons Mhere rellable data are not avaNable or where the present

data are s t i l l insufflcient or amblguous. In many cases when we seek to

provide a set of "most rellable" optlcal data, we have chosen to use our

own data, accumutated for nearly all of the transition metals over the

last ten years. The reader can readtly compare those tabular results to

the rest of the Ilterature through perusal of the flgures. The advantage

of this formal has been twofold: f l r s t , we have studied these metals over

a wide spectral ränge (typlcally 0.1 to 30 eV) and therefore the tabulated

optlcal constants represent a slngle study rather than a patchwork of many

and, second, the results were avallable to us in a formal whlch was quantl-

tat lvely more rellable than could haue been dupllcated fay extracting numbers

fron journal-slzed flgures. Ue hope that the reader will forglve our

chauvlnism; there are cases, of course, where the results of others are

superlor. Before uslng our tables, the reader should consult the Hethods

of Heasuremenis and Errors sectlon and that devoted te The Use and Hlsuse.

The data have been obtained from a nuinber of sources. To supple-

inenl the references collected by the authors over the years, we have

searched via Computer the abstracts appearlng In Physlcs Abstracts and

-9-

Chemlstry Abstracts, the former from 1969 to present and the latter from

1970 to present. In additlon we have soltclted unpubllshed data from

colleagues. Ue have omltted much of the data obtained in the 1950's and

essentlalty all data obtalned before 1950. Ue have generally excluded non-

spectral optlcal data, e.g. values of the complex refractlve index obtained

elHpsometricatly at the wavelengths of one or several spectral llnes, and

emlsslvlty measurements at one wavelength. It Is Inevltable that we have

overlooked sorae data or reference that we would like to have Included.

For such onlsslons we apologlze.

The compilatlon has a large number of applIcations. For example,

rellable optical constants are needed to deslgn multiple-laycr films for

appllcatlon In solar-energy-systems or reflecting optical elements. The

data can be used to obtain spectral enlsslvlties for measurements of the

temperatures of hol transition metals. Of course, it can be used for a

fundamental comparlson b«tween experimental optical propertles and those

calculated from flrst prlnclples.

Ue faegln wlth several definltlons, Inen brlefly discuss nethods of

neasurement and the" assoclated errors of each. Finally, before presentlng

the data In tabular and plctorlal form, we offer several caveats about the

use of the data.
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DEFINITIONS

In a macroscopic v iew, t he propagation of electromagnet ic waves in

an absorbing medium is governed by a frequency-dependent conductivity,

o(u), and a frequency-dependent dlelectric constant, e(w)1"6 . These usually

are cornbined into a frequency-dependent complex dielectrlc function

e = E] + i £2 . or a frequency-dependent complex conductivity, 5 * O] •+• Io2,

with

and E] = e and oj = o. Note that a metal, with I ts f ln l te conduclivlty at

u * 0, has e2(*») -v - äs u •* 0, but thls causes no prob l ans In t he wave

equation.*

For non-cublc materials, o and e wi l l be tensors7'8, but for all

eleniental nietals whlch have been nteasured thls tensor 1s diagonal in t he

crystallographlc axis System, and there are no raore than three independent

components. One should be aware, however, that evaporated f l lms of non-

cubic nietals may not always have Isotropie optlcal propertles, for there

often is a preferred texture, with close-packed planes preferred. In the

ensulng dlscusslon we assume, for slmpllci ty, an optlcal ly Isotropie nietal,

elther a cublc crystal or randomly-orlented grains In a polycrystalI Ine film.

- The tlme-dependent Maxwell's equatlons are Fourler analyzed. In complex
notation the thne dependcnce of all f lelds Is theo either exp( iwt) or
exp(-i(ut). Either may be used and tlie resultant real parts of the
fields, the measurables, are the same. The choice of sign does, however,
affect the signs of the Imaglnary parts of the optical functions. Ue
have used exp(-lut) which leads to the positive sign on the imaginary
parts of the complex quantlties above. This ctiolce Is more consistent
wilh the mlcroscoplc interpretation of optical properties based on
quantum tnechanics. The other choice of sign alio is w ide ly used, however.

studies descrlbe the response öl matter to an appllcil elcctro-

magnetlc Meld at optical frequencles (-I01(i Hz). As. discusseJ above, this Is

done Ihrough the frequency-dependent complex d ie lectr lc function, e(iu) =

ei + ie; or, äquivalent ty , the coniplex conduct ivi ty, ö{i.i) = oj +• i«;, frfilch

are used wi th Maxwell 's equatlons, but which are descriptions of the material

belng studtect. These are fundamental quantities, and can be calcutated

quantum mechanlcally fron» microscopic models of the solid. Either represents

the elementary excltatlon spectrum. I.e., E; (interband) or o j (Interband)

provldes a measure of Interband absorptlon. &2 (Interband) can be wri t ten äs

(2)

where the electr ic dipole approximatIon has been used for the electron-photun

Interactlon Hamlltonian, |l> and |f> are the Ini t ia l (occupled) and final

(empty) states, and k, the electron wave vector, has been conserved through

dlrect transitlons.

A complete calculatlon of e2 from f lrst prlnclples is d l f f lcu l t , but

can be slmpllf ied by äsSumlng that matrlx elernents are independent of k,

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

(3)

whlch Is termed the joint density of s tates (JDOS). The JDOS reflects the

shape of the electronlc energy bands, but obscures any Information regarding

transitlon probablllty Variation.

Evaluations of equations (2) or (3) for the. transition nietals have-

shown that structures In the experimental 12 can arise from extertded volumes

of k-space, and the liitportance of cr l t ica l poinls is diniiulstied in transition
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The real and imag lnary parts of the dlelectrlc functlon are not

completely (ndependent. They are related In an Integral-transform Fashlon

by ihL- Mi-ial lud Kiamerb-Kroni<| or dlspersinn Inlugrals:2"5

£3(111*) -

2-i.i*

'tun (o)

(5)

(6)

where P denotu:. princlpal value. If a set of optkal data such äs c] (u)

and cjfui) is seif-consistent, It must satlsfy the above relatlons, when

sultable extrapolatIons to zero and infinity are appended to the data

tneasured over some finite spectral ränge.

By lettlng u -* •>, a Ilmit In whlch we expect the electrons In the

solid to behave äs free electrons, we obtaln the $un rule2t5

/
/ \; ((i)) (7)

whlch forms a very useful test of the data. This is equlvalent to the

f-sum rule of atomlc physlcs. It states that the integral of e2 welghted

by ui Is proportional to H, the number denslty of electrons In the sample.

By integratlng to a flnlte upper Ilmlt, partlal sinn rules are obtained,

but thei r use Is someuhat restricted by assuraptlons necessary for their

There are several other sum rules'>3 that are usefut for testlng data

for conslstency. These are

ic,(ü.) - 1} du = -2»2o(o), (8)

-15-

whlch relates the real pari of the dlelectrlc f und Ion in Uns d-<- . conduc-

t i v l t y , and

0 . (9)

whlch stateä that the average value of th« rcfiMctive Index Is unlty.

These, and others l(>, have been applied to optlcal d<iLJ for aluniinun and,

to date, there are departures froni sei f-conslstency even wlien the best

avallable data are used13.

The boundary conditions on the electric and magnetlc f le lds, iinplictt

In Maxwell 's equatIons1"6, give values for the reflecled and transmltted

flelds In terms of the dlelectrlc function, e, the an<||(! of Incidence, $,

and the state of polarlzatlon, s or p. If r is the ratlo of reflected

electric fleld to l neiden t electric field at a vacuuni~s<>l id Interface,

then6

r - 11= (g - l) /(g + 1) (10)

with

and

g - /t cos +' for s-polarization

g • cos $'//£ Tor p-polarlzation,

In whlch /i sin $' * sin >. The phase shl f t upon ref lect ion, o, Is included

In f äs f » re'e. At this point it may be useful to fntroducc the complcx

Index of refraction, defined* äs

H = n + ik . /f . (,,)

Then 't, - n7 -
and

* H is soiiietiines »ritten äs n(l + iK).
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IT <f -* 0 tlien the refleclance at normal Incldence becomes

k*

In any case, the measured reflectance 1s

The absorptlon coefflclent |i Is

k/l

(12)

(13)

(IM

where l Is the wavelength In vacuum and ndx • -dl/l Is the fractlonal loss

of flux In dlstance dx, leadlng to the decay of the photon flux in the

material äs exp(-ux).

One can also study the optlcal proper11es of a solid wlth electrons

rather than photons. The probability that a fast electron loses energy E

in traversing a thln film of material wlth dlelectrlc functlon £(E) Is

proportional to1*1'16

M-1/e) = £2/(ei2 + £22> (12)

By maklng sultafole correctlons to the measured Intenslty of the transmltted

electron beam and by the use of a dispers Ion Integral. It Is possible to

determine E(E) . (There are additlonal correctlons to be made for surface

ef fec ts , for Cerenkov radlatlon, and for cases In whlch the lneident electron

Is not suff Icfent ly energetlc.)

tf the photon energy becomes high, (arger than -50 eV depending on the

tnaterlal, the above expressions siittplify to

n - l -5 (13)

wi th k « l anrf fi « 1. Then

ei '

R =

• n2 - k? = I.

<n-l); + k2

(n+l)2 -f tf

(IM

k - 2A

-17-

A ir.uful optlcal quantlty In the vlsible and fnfrared is l he spoclral

einlsslvity, e(<n), the fraclion of blackbody radlatlon wi lh a pürticular

polarfzatlon emitted Into a dlfferentlal solid aiigle'by th«: sample surface17.

For an opaque sample wlth a f lat surface this Is equal lo l de absoiplance,

A - l - R, wlth the foregolng expressions glvlng R. the reflectance . (This

is Kirchhof f 's law.) The spectral hemlspher ical emittance is t de sum of the

Integrals of the above emittance over 2* steiadlans for each poldrizat Ion.

The total hemlspherical emittance at temperature l l'j the Integral of the

latter over the blackbody spectrum, divlded by tlte blackbody spectral integral

bot h at temperature T. The hemlspherical spectral emlltance cao be put into

t.l'ised form äs18

f epol (u'a-»> cos
n •*

pol hernls

08)
n7 * k2

'.n lin2

n2 + k1" (n2 + k7)2

n2 + k2

i(l + 2n

k(n2 + k2)

k

1 + n'

where dll - slnndadß. a and 0 are the polar and azlmuthal angles (u = 4-, l he

angle of Incldence used prevlously, and often there Is no fl-dependence).

[The factor of i represents l l cos adii, the spectral hemispherical

hemls

emissivlty of a blackbody of unlt spectral emlsslvlty, i.e. thc normalIzing

factor.)
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HETHODS AND HEASUREMEMT AND EURORS

In general, any measured quantity can be expres'sed in terms of ej

and ±2 or n afl(1 *<> kut, slnce bot h real and Imaginary parts of the dielectrlc

functton appear fn the expression, two measurements are needed at each

frequency to obtain two eq.ua t ion s fron whlch e or N can be found. There

are four general categories of roeasurement: (l) photometric, (2) photo-

inetrlc with dlsperslon Integrals, (3) eil Ipsometrlc, and (I|) electron energy

loss wlth dlsperslon Integrals. Space l Imitations preclude a detalled

discusslon of each, but a few general Statements seem to be In Order19.

(1) Photometrlc20"1*0. Two quantltles Involvlng the reflected photon

flux, or posslbly the flux transmltted through thln fllms, are measured.

Examples are the reflectance of p-polarlzed llght at two angles of Incldence;

the angle at whlch the p-polarlzed reflectance Is a mlnimum and the value

of R» there; and even R and dRp/df at some f. Höre than two measurements

may be made, e.g. ftp vs. 4. and the da t a f l t ted to RpU). Expertmental

errors may Involve all of the fotlowlng; nonlinearity of the detector, non-

homogene l ty and polarlzatlon senslt lvlty of the detector, fallure to collect

all reflected flux, and the use of dlfferent surface areas If two angles

of Incldence are used. These measurement errors may be very dlff icult to

estlmate. If an estlmate can be made, It Is relatlvely easy to determlne

how the errors will propagate to produce errors In n and k. Such an error

analysls can be used to select the best, or at least better, quantltles

to measure for a sample of assumed optlcal propertles. In general there

Is not a universal best method. The sample, Its propertles, and the wave-

length regIon make some methods better than others.
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(2) Photometric wl th dlspcr;.ign

R at flxed if (often near-nontiül incidence) and fixtiJ pol.iri/.il inn over äs

wlde a frequncy ränge äs possible. The real and inwMiiuiry pari s uf the

reflection coeff ic ient r = relfl or of

Inr = In(re'O) = In{/Rel") - i InR + i» (l'j)

obey a dlsperslon or Kraniers-Kroniy Integral. W l l h sultabie exlrapolatIons

beyond the ränge ot the data, one can obtain MI») From R(I.I) . Enors in llie

d«äsured reflectance then appear In the derived d ie lectr lc functiun a* wilh

other methods, but there are additlonal errors associated with the ext ra-

polatlons. In general, the extrapolation errors a f fec t the magnltude of

EI and £2 nlucn more than they affect the posltlons and bhapes of spectidl

structures. We have found, for example, that In Ho our d ie lectr ic function

results obtalned using dfsperslon Integrals and (iteasurentents of R(<i) for

ü.l-30 eV agree with e data ubtained by photonietrrc and el l i|>soruelric method s

to withln 10%, while an error analysis yields an estiinate of possible errors

of up to 50%.

The aval labi l i ty of some transmission or electron encrgy luss d.itd

above 30 eV reduces the expected extrapolation errors, äs does lequiring

the extrapolation to glve reasonable values for the sum rule on \.y in the

regfon of the extrapolation. A "Variation" of the Kramers-Kronlg method ib

to fit a reflectance spectrumwith a series of osci l lators, wtiose dleleclric

function then Is represented by that of the sinn of osci l lators' r '~S7.

(3) El l lpsometricss. The r a t f o o f reflected eleclric Tie lds for p-

and s'polarlzatIon Is

?p/rs - (rp/rs)e'(V°s) = .»e'A (?0)

The cdange in the state of polarlzatlon of ref lected liulu can be measured,
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givlng p and A, from whlch i can be found. El l Ipsometry ha s been carrled

out on metals s l nee the tlme of Drude, but only relatively recently have

data been taken at «ore than a few discrete wavelengths. Automatic elllpso-

meters i*ow exist . often ylelrflng l vs, u dlrectly wlth an on-llne conputer.

trrors in elllpsomelry can be dlfferent from those In phoiomelry, The

al (grauem of the polarlzing e lernents Is very Import an t and can lead to

errors, El l Ipsoinetry Is rarely carrled out at energles above 6 eV for tack

of effective polarlzing elements.

Ct) Electron energy loss1*1"16. As mentloned prevlously, energy analysU

of energetlc electrons passing through thln fllms can glve lm(-l/£). Thls

quantiiy Is related to Re(-l/e) by a dlsperslon Integral. Thus wlth sultable

extrapolatlons, and posslbly wlth a normalIzation factor based on other data.

l can be obtalned. In the measurement of electron energy loss spectra one

must substract out not only the surface losses but also multiple losses. In

fact, the response of the solid to fast electrons Is governed by the longl-

tudinal dlelectrlc functlon whlle the response to photons Is governed by the

transverse functlon. To date, experlmental dlfferences between then are

neglfglble for purposes of thls docuroent.

All these methods are dlf f lcult to appty to metals In the Infrared

because R -*• \r all 4 and p •> l. For photometrlc methods one can measure

the absorptance, A - 1 - R, In methods (2) or use l arge angles of Incldence

In methods (1) . In elllpsometry one can also use large angles of Incldence

and multiple (m) reflectlons to obtaln p'txpOmn). Flnally, electron

energy loss measurements usually do not have sufflclent resolut Ion to be

used for metals In the Infrared, I.e. hu s l eV, slnce the zero-loss

spectrum may have a wldth of up to 0.5 eV.

Above ~30 eV the reflectance of all naterials qulckly fal ls to values

below 0.01 except at large angles of Incldence. The prlmary methods of
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deternilnlng e(u) then conslst of f i t t lng R vs. * for l arge values ul* 4> ,

transmlsslon raeasurements whlch glve v, or electron energy loss mcasurements

whfch then require slgnlflcant correctlons for multiple -scatterlny. Th«

latter two require the use of dlsperslon Integrals to get real and imag i nary

parts of £. New types of errors arlse, stich äs plnholes In thln-f i lm samples,

increased scatterfng from surface roughness äs the M.v«:length decreases, and

Incompletely colllmated radialion.

In all cases the most Important klnds of error have not yet buen

mentloned. All methods make use of the Fresnel relatlon^. derlved for a

flat smooth Interface between two medla. (Thls Is so for the electron

energy loss neasurements, too, for the surface correctlons rely on a

descrlptlon of the Interface between the sample and vacuum.) Surface

roughness, oxide fllms, and surface Stresses all cause errors because lhe

actual sample departs from the ideal straln-free matcrlal willi a smooth,

abrupt vacuum Interface. The errors whlch can arlse from these departures

from Ideal lty are dlfferent for each type of measurement. A rough surface,

for exanple, wil l make the measured reflectance too IOM If any scattered

radlatlon falls to reach the detector59'63. A new struclure, typlcally a

reflectance dip, may appear In the reflectance If non-radlatIve surface

plasmons are exclted at the rough surface. El lIpsometric methods are less

sensitive to roughness. but only Insofar äs the scattered radiatlon Is not

preferentlally of one polarlzatlon. A transparent oxide will lower the

measured reflectance, but fn the Infrared such an effect Is negllglbly

small for a metal, while submonolayer coverages of transparent oxides can

be measured ellIpsometrically, causlng slgnificant crror if unsuspected. In

the ultravlolet, oxides are strongly absorblng and cause siqnificaiit errors

in all types of measurement, but those sampllng the bulk nwre than the surface,

e .g . electron energy loss nieasurenieiits, are less s e n s i t i v e lo oxides.
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Itt order to obtatn the dle lectr ic functlon of a metal a straln-free,

clean, f la t crysiall ine surface is needed. In prlncfple. the surface should

be cleaned In s i tu , wilh cleattl iriess verlf ied |jy Anger spectroscopy, and

checked for crystall In)ty, and perhaps strain, by LEED or high-energy electron

dlftractlon (RtlEED). This must be done In ul tra high vacuum to Insure

subsequent surface cleanlIness. Only then shuuld the optlcal propertles be

mea&ured. Unforlunately, such slud les have not been performed for most

metals In ev«n llmlted spectral ranges. Horeover, In data taken just at

one or at a few flxed wavelengths on truly clean surfaces, evaluatfons of

surface roughness have not been made. Host surface cleanfng technlques

e.g., Ar* bombardment followed by an anneal, can lead to roughened surfaces.

Certalnly the ölder techniques of cleanfng by Ar* <|low-dlscharge sputterlng

creates rough surfaces. One may have to choose between a rough, atomlcally

clean surface and a smooth "dlrty" one with a few monolayers of oxide,

although In some cases a compromlse may be reached. A compromlse often

used has been to electropolIsh the sanples. This leaves a smooth, straln-

free surface, but one with an overlayer of oxide, often contalnlng Cl äs

well If perchlor l c acid, H^CtOj, Is used äs the electrolyte6 1*. Such treat-

inent causes Ilttle 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 varles from sample to sample because of the oxfdatlon processes

f lse l f ; the oxldatlon rate also varles for d l f ferent crystallloe faces of

a single crystal.

Thln f i lms may be evaporated outo flat Substrates, but they are

Inherently stralned, polycrystatl Ine samples. Strahl wi l l broaden structure

in the optlcal spectra and the polycrystall Ine character may Introduce

special e f fects due to graln boundaries or voids. Annealidg of the f i lm

-23-

durlng depositlon (hol Substrate) or afterward w i l l reditcc Hie slrain but

at the expense of surface roughness. ftecently It wa,s sltown that irrany

confllctlng spectra obtalned on thin fllms of Au could be reconciled by

assumlng dlfferent degrees of porös i ty In the films, uu to (O'l maxinium.

In general, such volds Iower the magnltudes of EI and ty , an effcct wliich

can be vlewed In zero order äs an averaglng In the dlelectric functlon of

the f i lm with t ha t of the volds, approxlmated by vacuum*'1'. llie spectra of

many films measured over the years have agreed in sk.|>e but not In magnitude.

In another vlew of graln boundaries in films the infrared energy deptmdence

of E(U) has been Interpreted with a two-inedlum model In wliich t de graln

boundary materlal has a Iower electron denslty and a higher electron

scattering (damplng) rate66»67 .

For purposes of calculating mlrror or Interference f l l ter pertormance,

It may be desirable to use data taken on fllms, volds and all. In order to

model better the performance of samples whlch w i l l , in fact, be vüpor

deposlted films. For thls purpose, the tabular data reported in this voturne

are less sultable than some of the data we have shown In our comparison

flgures slnce the tabular data were measured with bulk sainples. Furthermore,

for some of the hcp metals we present tabular data for orlented single

crystals with llc and EJ.c to dlsplay the optlcal anlsOtropy of the nialerial.

In prlnclple, for a polycrystall Ine film with randomly-oriented grains,

l(io) * 1/3 £M(ÜI) + 2/3 £z(u), but In practlce the f i lm may grow preferentlal ly

with basal plane orlentatlon along the surface (c perpendicular to the

surface).
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USE AND Hl SUSE OF THE DATA

The data presented in this document represent du r assessment of t he

Ilterature. Some idea of the discrepancfes between the data presented and

other data is also given. A glance at some of the data we do not present

but I l s t only by reference »111 show that there can be extremely l arge

discrepancles, not only In the magnitudes of e and o but even In the

occurrence and non-occurrence of spectral features. We believe that the

data tabulated are good to wlthln 110$ In most cases (except near places

whcre ej crosses zero, for whlch a relative error is meaningless). The

Potential user should keep thls 10% flgure in mind for crltlcal applica-

tions. ExceptIons can be identlfled by examlnatlon of the flgures.

The data are intended to represent the optical properties of pure,

f lat , strain-free, oxlde-free samples. Effects of overlayers can be calcu-

lated In a stralghtforward manner. Departures fron flatness are another

matter. Slight surface roughness can be handlect but in extreme cases,

such äs gold black or dendritlc tungsten surfaces, the optical properties

of the sanipte do not reseinble t hose of the metal at a l l , purely for morpho-

logical reasons. The data could, however, be used to utodel such materials

and cennets unless the particle slze becomes too small.

We should also mention that the data are appropriate only for the

normal room temperature or liquid hell um temperature phase of the materlal.

The data for fcc Ni are not at all close to those for amorphous H! {not

given), nor can the data for bcc Fe be used for the high temperature fcc

phase of that metal. The e f fec ts of magnetic ordering are less extreme,

but are sometimes Important. For example, the data for Cr taken at k.2 K

show a small peak near 0.1 eV which is a result of the antiferromagnetic

ordering. As the temperature Increases, Ihis peak weakens and broadcns and

Is very diff icult to see at room temperature, even thougli Cr is st i l l anti-

ferromagnet ic.

The functlons E and a can be calculated theoretically. As presented

here they are local functlons. I.e. the material is presumed to have no

specla) effects due to the surface, and the anomalous skln effect has been

Ignored In obtainlng e froni the measured data. Thls latter e f fect 2 * 5 can

be slgnificant for single crystals at and below room temperature In the

near, and especlally the far, Infrared. The data can be applled without

correction to evaporated fllms, whose mean free path Is usually short. To

deal properly wlth single crystals in the infrared, whenever Interband

absorption doe,s not domlnate, one should abandon the e concept and work

wlth the reflectance I tself or the surface Impedance2, 2 • Ci*/c)E/H( where

the flelds are the taugent i a) components evaluated at the surface. Then

r - Cm/c-Zl/Ctn/c+Z) at nonnal tncldence.

Flnally, we have presented room temperature or liquid heIIum temper-

ature data only. Hany applicatlons requlre data at high temperature,

e.g., optical pyrometry and solar-thermal energy applicatlons. Provided

oxides or surface roughness do not Increase at the higher temperatures,

one can use the room temperature data for many applicatlons. There are two

ways to obtaln the temperature dependence. One can make measurements, e.g.

of the reflectance at all temperatures of interest, but in additlon to the

Problems of enhanced oxldatlon and posslble surface rouijlienlng at high

temperature, problems wlth sample evaporation and the blackbody radial Ion

of the sample t tself arise. At temperatures above MOOO K the emlsslv i ty

is usually what Is measured, by comparing the radiatlon from the sample

with that from a cavl ty , often in the sample i tself . The other method
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«teasiiies d i rect ly l he temperature i lerlvative of t he reflectance or absorp-

tance of the sample, by inodulation spectroscopic technlgues wlth a calIbra-

liun determined by a steady-state calorlnietrlc mctliod.
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1100-1800

4.2 K for
hv < 4. k eV
RT for
tvu > 4.4 eV
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Data Präsentation

lm(C-»)

CN at X - 6450 A

R, n, k

n,k,a

KK: u

u.lrnte'1); KK: El,c2

A,R; KK: e1,e2i<i.
Me'1) .Imfc*!)-1

R. n, k

R

eN at A - 6530 Ä

R; KK: ci,e2

Remarks

TI

technlque: energy loss spectroscopy, AES

emisslvl ty

ultra high vacuum. LEED, single crystal

technlque: en«rgy loss spectroscopy

technlque: energy loss spectroscopy

technique: absorption measured by calorimetr
for hv < 4.4 eV, reflectlvity measured for
hv > 4.4 eV with Synchrotron radiation

also emittance 400 < T < 850 K

emissivlty

AES used to characterize Ti and TiOx
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2.21

?.lo

?. 1 *
2.1 U
2.11«
i. <i7
7. Ob
'/.«l
?.Üfc
2.05

7.04

2.U4

2 . 0 4

2.04

2.05

2.0t)
i.07

2.12

2.17
1.95

2 . 02
2.03
2.03

£. O1)

2.06

^.07

2.07

?.Uh
V.O«

2.00
2. UM
2.07
2.01

2.0h

2.0h

2.04

2.03

2.01

2.00

.97

.*b

.93

.^U

.07

. t4

.hl

.öl

.77

.M

. l't

,_

n

.12

.11

.09

.0«

.07

.05

.05

.04

.04

.05

.05

.05

.05

.06

.07

.07

.07

."7

.00

.OH

.04

.09

.10

.11

.13

.OH

.07

.04

.10

.1»

.11

.11

.11

.11

.11

.10

.10

.10

.04

.09

.09

.04

.07

.Ob

.05

.04

.03

.«2

.02

.00
J.94

1.99

J.^B

1.97

11.46
1.9S

>.95

k

.19

.Irt

.16

.,1 4

.11

.10

.''t)

.00

.03

.02

.00
0.94

0.4 H
0.97
0.97
0.97
0.96

0.95

0.95

0 .44

0.44
0.94
0.94
0.04
0.44

1.01

0.91
0.92
0.43
0.92
0.43
0.93
0.91

0.93
0.44

0.44

0.94

l .95
',.95
».95
0.95

0.95

0.95

U. 96
0.95

0 . i 6

0.15
0. -5
U. '4
0.91
0.4*

0 . 9 V

0.*J3

»1.91
0.41

0.4l

0.91

ta(-IA-)

l». U
0.3»

0.34

0.41

0.42

0.43

0.44

0.45

(1.46
0.47

0.47
0.48
0.48
0.44

0.4H

0.48
0.48
0.4H

0.4t»
0.48

0.4H

0.4t)
0.47

0.47

0.45

0.46

0.50

0.48

0.48

0. 4t)
0 . 4 7

O.t7
0.47
0 .47
0.47
ü.47
0.47

0.47

11.47
0 . 4 7

0.4H

0.4ri

0.4d

0.49

0.49

0.50

0.50

0.51

0.52

0.^>3

11.51
0.54

O. 54
0.55

D.Sfi

0.57

0.5h

RU-0)

..MI

.2411

.2 f '

.211

,2 'X4

.225

.214

.212

.201

.19K

.141

.144

.IHo

.1*2

. 1H2

. 1 Hl

. 17H

.171

.174

.172

.17.»

.164

. Ibrf

. 1* 'l

. tbS

.143

.lh)

.Iht»

.1*5

. Inl

.!»<*

. 1*5

. lh 1
« 1 b ?>

B 1 n H

. Ill

.IM

.171

.1 n

.17-1

.IM

.175

.17;

.1 f"

.17*

.1«!

. IH1

.1»!

. t H »

. 1«^

.1*2

. 1 -«'

. 1 -M

. IH/

. 1.-* t

.111
* ] H tr

Tl

Energy (eV)

.1,5-

•*.3->
V.-il

••.favi
'«.7o
9 . 4 4

9.'*2
'>. *9

l'j.04
1 II . 1 6

in.;»
10.33
10.42
Itl.iU

Hl. 59
l'i.brt
Ü).7t)

1*>.47
Iu.v7
u. o;
11.17
11.27
11.37
11.4*
11 .5H

11.69
11. HO
11.92
U. 01
12.09
12.15
12.21
12.2V
12.33
12.39
12.45
12.50
W. 5-1
12.63
12.71

12. 7d
2. fl4
2.91
2.')a
i. 12
3.1H
3 .2S
3.13
i. 40
J.U
».54

3 . 0 ^

i. II
».15

*.*»/
t 4. (Hl

M.ud
I4.lt,

0.0-, ,7ij

O.db . t>H
0.05 .65
0.04 .63
0.04 .6U

O.tU ,5U
0.02 .55
0.02 .51
0.02 .40
0.02 .«4
0.02 .42
0.02 , IM
'J.oj .15
0.03 .32
0.05 .2H
0.05 .25
0.06 .21
U. OH .16
O.lU .14
0 . M .12
0.17 .12
0.1B .12
0.17 .12
0.16 .10
0.16 .07
O.lfa .04
O.lh .01
0.1» 0.99
0.20 0.97
0.20 0.96
0.20 0.95
0.21 0.94

U. 22 0.93
0.22 0.92
0.7) 0.90
0.?} O.Ü9

0.2 i 11.8 H
0.25 O.H7

0.26 O.H5
0.2fi U.t!4
0.27 O.B3
0.2U O.B2
0.29 U. «2
0.30 i». ao
0.31 0.79

0.32 0.7B
VJ .32 0.77
0 .33 0 .76
0.14 0 .76
0.3» 0.75

0.34 o.M
0.37 0 . / 1
0 .37 0.70

U. 3« 11.69

U. 3* 0.69

0.39 O.KH

'1.40 W . 67

0.94

0.93

0.92
0.91
0.91

0.90
0.89

0.87
0.86
0.86
O.B5
0.84

0.83
0.62
0.81
0.81
O.fiy
0.79

0.79
0.80
O.MI

O.tll

0.81

0.80

•1.19
0.78

o.n
0.77
0.77
0.77
0.77
0.76
0.76
0.76
H.76

0.76
0. 76
0.76
0.76

0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.76

H.76

0.76

0.76

0.77

0.77
0 .77

0.77

0.4.| «..V

O. 4t) <J .*!>*

O.til u.f.lt

,".M4 <*.M

o . h ri o . t. ;
0 . M K ii . i> 1
O.HH H. ». 5
O.Ht, (i.l'l

0.«5 U.hH

O.H4 O.b't
O.H3 u. 7l

0 . h 2 0 . / >
0 . h 1 0 . 1 4
O . H O it. 76
0.79 0 .7H

0 . 7 U 0 . b (l

0.7n 0 .82

t . U O.M5

1.72 0 . H 7
1.70 O.Mft
'.f>9 It.HH

0.69 O . U 7

0.69 0 .87

0,6V O.t»9

f».i H 0 .42

0 . i 7 0.9»

U.f.5 0.9o

O . S 4 0.9H

O.fi.t 0.9'l

0.6 i 0.91
0.6/ .01
O.fl .02
0 . b 1 . U 3
O.»jü .03
O.I>9 .04

0.59 .05
O.S8 .(**»
0.57 .07
0.5b ."17

n.Sh .08
0.55 .WR
0.54 .09
0.54 .04
0.52 .10
0.5? .10
0.51 .10
0.50 .10
it. SO .111

».51l .10
0.49 . l
0.4h . 2
o.*7 . 1
' . 4 6 . ?
1 .41 . 1
'-.45 .10
1.44 .10
0.44 .10

. 1 M

. l't"

. 1 .(ii

. l«n

.1 M
,l«'l

. iH'l

. M

. 7H

. 7»

. '5

. M

. / 2

. '')

. ö /

. an

.1*2

.I-IH

.1VJ

. 145

.1 »4

.117

.1 J*

.140

.1 »<

.IU

.1 J2

.1 *<>

.127

.m

.12^

.124

.\>.t

.120

.119

.111

.MS

.11!

.1 H)

.10t

. l u n

.104

.102

.11 -19

.01;

.l)*!!»

.04}

.011

.U 10

.OH*

.OH ;

.OM2

.01)1

,o /e
.1177
,H7S

.1174
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-jtnors

Wi.074

CGS76

BDL77

GCS79

NC80

NCC30

•\

Energy ftanqe
(eV)

Technique

0-1-35 iftefl

0.32-5.5

0.03-3.1

0.32-5-6

0.5-6.5

0.5-6.5

Trans, Refl

Refl

Trans, Refl

Trans, Refl

Trans, Refl

Tempera t u re
U)

RT unless
spec if ied

k. 2 K for
h'. < k. 88 eV
RT for

h\ it. 88 eV

Sanole

LL.

X

X

X

X

(t
*-l
X

.*

3
A

X

X

Prep

EP

In

MP

In

Ex

Ex

Data Präsentation

A, R; KK: £;,£;,

M-:*1) , lmic+1)~!

-

R

c

n, k, o

o

nenarK*

V

.
absorpt ion measured bv calor imetry
ac n-, < it.SS eV, re*'iect i vi-y measured
for h-, ~- k. 88 el' witi svncnrofon radiatic
See a i so RCF80

Also emissivity for 400 < T < 850 K

ultra high vacuur- f i i m deposition

authors consider U values only siight'y
improveo over JC71*

Authors

BVK62

KC65

LT66

LTA66

Lefc7

VAK67

SHK69

SR70

SS72

BB7A

CGS74

JC7^t

St?'*

W« G 7 i*

UGa/'*

Energy Range
(eV)

0.12-0.62

0.05-5

0.06-0.25

0.1-3.5

0.1 -A

3-lk.k

AO-300

1-50

0-30

0.32-5.5

0.64-6.6

0.8-4

^25-130

2-120 ,

Technique

Ellips

E l l i p s

E l l i p s

Ellips

El 1 !ps

Trans

m-9

Trans, Refl

Trans, Refl

E l t i p s

Trans

Trans

Temperature
(K)

RT unless
spec i f ied

1100-1750

RT and 77

Samp 1 e

E

u.

X

X

X

X

X

X

X

i
i
X

jt

B

X

X

X

X

X

X

X

X

Prep

MP

MP

MP

MP

Ex

Ex

Ex

In

Ex

MP

Ex

Data Presentation

n.k.ej ,£2, R

n,k,c

e;A,e1

€2/'^ , t ;

S-/X

R

L

R; ei.e2.ME~1)

Mt'1)

EN at > - 6450 A

T,o

n,k,o

e2/Ä,ei

•*

u . 1 m { E " - ) ; KK : e i , 1 2

jtemarks

V

data taken frorn LT66 and LTA66

polarimetry for 3 < h v < 5 eV.
reflectance for 4 < hv < 7 eV.
and photoemission for 7-5 < hv < 14.4 eV

optical absorpt ion measurements with
Synchrotron radiation

optical constants determined by both
KK analysis and two-angies of incidence
technigue.

energy loss spectroscopy

ultra High vacuum fltm deposition

table of E, n, k

energy loss spectroscopy

energy !oss spectroscopy
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Photon Energy (eV)
25

Flg. 8 Reflect iv i ty of V.
••* BVK62

WLO?'*; NC80; 4AA BDL77; ooo SR70;
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F'9- 7 Survey of avallable data for V
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sr V. WLO?'-; ™ NC80; St?1»; 896 SR70.



Vanadium

publlcatlon fay J.H. Weaver, D.U. Lynch, and C.G. Olson fn Phys. Rev. B |0.
501 (1973) based on the followlng tabulatIon

Energy (eV) e, ez n k lm(-1/e) Rl

U. 10
1.12
U. 16
) .20

).24
i>. /«
U. 12
U.3b
t). 4U
J.44

0.48

0.52

0.56
0.60
U. 64
U. 68
U. 72
0 . /6

0.80

O.H5

0.90
0.95
.00
.05
.1U
.15
.20
.2b
.30
.35
.40
.45
.50
.55
.60

.65

.70

.75

.dl"

.«5

.90
2. HO
2.U5
2.10
2.1*
2.2u
2.25
2.3ti
2.1^

-1141.45
-1428.27

-H6&.69
-h/5.21
-4114.94
-296.58
-224.17
-175.15
-139.72
-111.7»
-93.94
-78.42
-6b.29
-bb.47
-48.48
741. 6J

.-36.01
-J1.03
-26.91
-22.53
-18. «3
-15.52
-12.64
-10.19
-8.06
-6.16
- .59
- .31
- .'/y
- .62
- .24
- .14
- .1«
- .32
- .46
- .72
- .94
-2.11
-2.29
-2.41
-2.56
-2.42
-2.J7

-?.4«l
-2.4;
-2.64
-V. H 4
-1.02

-J.H

1177.2h 12.83
741.24 9.51
346.81 5.77
IB9.43 3.90
114. hl 2.82
71.91 2.13
5J.9H
41.04
32.91
27.59
23.32
20.64
18.30
1h. 74
Ib. 00
14.04
12.90
12.28
11.70
11.17
lü.ftS
10.30
10.22
1U.26
10.42
10.69
11.10

.79

.54

.38

.?«

.19

.16

.11

.10

.07

.07

.06

.08

.10

.14

.18

.25

.34

.46

.60

.76

.93
11.61 2.09

12.21 2.25
12.8H 2.38
13. bO 2.48
14.02 2.54
14. 3b 2.57
14. b6 2.5R
14.64 2.57
14. bb 2.55
14.51 2.52
14.32 2.49
14.10 2.45
11.81 2 .41
13.44 2.16
13,14 2 .34
12.92 2.12
17. 8b 2 .31
U. 81 7 .30
li.TI 2.24
U.b« ?.«
l/.bu 7 .21
12.52 2.19

45. B9
3«. 97
10.03
24.30
20.32
17.35
15.08
13.32
11.90
10.74

9.77
fl.93
R. 22
7.59
7.04
6.54
6.09
5.67
5.30
4.88
4.50
4.13
3.80

1.51
3.26
3.04
2.88
2.77
2.71
2.70
2.72
2.76
2.79

2. «2
2. M
2.87
2.88
2.H8
2.8H
2.R7
2.85

2.81

2.78
2.7«
2.79
2.80

2.81
2.H3
2.8b

O.nn
11.00
o.no
0.<iO
0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.01
o.ol
0.01
0.01

0.01

0.02
0.02
0.03
0.04

o.us
0.06
O.U7
0.08
o.uu
O.uR
0.08
0.07
0.07

0.07

0.07

0.07

U. 07
0.07

0.07

0.07

O.li7
0.07
O.U7
0.07

O.llft
0.08

0.08

II. OH
O.OH

0.07

.977

,97«,
.-i/1)
.974

.971

,f 3ri

,921

,121

.'1.19

.864

,mi
. 8 1 1
.775
,J»0
.bd2
.632
.583
.543
. S I S
.49»
.491
.491
.49*»

,ao;
.SU
.512
.514
.515
,51S
.514
. 5<l>*
,5Ub
,5l)*»
.507
.älO
.51 t
,51"
.'S?1/



2<io*

»SiO*
5SO*
9CO*

/ S « *

6 SO*

090*
d>)0'
110'

Z9li*

't 90'
»mi*

S9(i"
(90*

6!*(l*
oto'
1(11*
U»*
*( H*

S t O *
1 1 n *
*»(0*

6 /.O'

IIRH*

f «0*
Zen*

füll*

seo*
180*

<*8d*

6(1(1*

680*
HfO*

If 0*

Zlif

ZU*
II? 1*
?»Zl*

tZf
t t l *
M f
«( f
ht 1 *

2*1 *
!•»! *
<,*!*
f M*
9t f
7 S I *

«.Sl*

ts l "
Z1*!'
t 'tl "
0 L \

(0=+)«

Zfi*0

Z6*0

Z h ' O

Z6 '0

lo'd
16*0
06*(l

06 '(1
6f t *0

6R*0
88*0

81*0
Bfl 'O
«H'O

6ß*0

(JB'O
R O ' O

tf l 'O
tB'O

(B 'O

(B 'O

(H'O

9B*0
S«'0

S B ' O
»B 'O

f B * 0

E 8 * 0

Z 8 * 0

Z 8 * 0
IB*0

IM'O
08*0

OB'O

28'0
fa'o
ZB'I)
6t 'Ü

st-o
Zf 1)
It 'O

69*0

/ 9 * 0

s«**o
»9'0

Z 9 ' H

19*«

I9'0

tl 'O

04 '0

6S'0

6S"li

HS'U

BS'ii

t«.*!!

(?/!-)"!

tf 0
tE*0
MC*«
hf 0

tfo
If 0
z»*o
f »*0
fc»'0
»»•o
Sf 0
s»*o
9»*0
9»*0

tf 0
t»'0

8**0

6f 0
6f 0
OS'O

OS'O

IS'O
zs*o
CS'O
fS*0

rs*o
SS 'O
SS 'O

SS'O
95*0
/ S * o
t S ' O
05*0

HS'O

8ä*0

O S ' O
Z9'0
S9*0

B9'0
tfo
Z t * 0

»f 0
Sf 0
tfo
B t ' O

6fO
IR*0

14*0
IB'O

!B*ü
F8"0

S't'O,
S4*i l

tH'U

(H'U

KH'II

^

ZB 'O

ZB'n

EM*»I
E (t* (l
te 'o
tB 'O

»f 0
»8*0

S M * O
58*0
SB 'O
*JB*Ü

9B*0

9P*0

9fl'0

98*0
9«*0

98*0

98*0

9B'0
98'0
98*0

t8*0

tB 'O
tB'O
tU'O
BB'O
Bf 0
BB'O
88*0

68*0

68*0

68*0

Of 0
06*0

68*0

tf 0
tf«
88*0
6fl*0

16*0
16*0
f f i 'O
»6*0

56*11
96*0

tfo
B6'0
86*0
B6'0

t6'0

B6*U

8h* U
8fi*n

flh'O
(fi'll

U

-*s-

09*0

r.t'i

»«*!
•»9*1
H9'(

69*0

l t*0

ff
t fO
Sf
ti'l
B/ *l
Bf
Oß*0

08*1

Ifl'U

C B ' C

»8*1

S8*l

•*8*n
tfl'ü
6B*(,
06*f

Z 6 * f
E6* r
*b*r

96*1

/.&'(
B6'(
66'(

10'
10'
fo*
SO'
*0"
10*
to'
ff
61'
'l?,*
tf
SE*
«f
»f
B»'

ZS'
9S*
65*
fcS*

/»s*
Z9'
S9*
/ • * *

OC

If
H.'

23

*-c,*o

t ^f 0

ES*0

f S* II
«s*o

• f S ' O

'f> 4 * 0
E S ' O
IS'O
f S ' O
f S ' O
zs*o
f <; *o
IS'O
05*0

OS'O
OS'O

O S ' O
bf II
B»* U
B»*0

Bf 0
t*'ft
/» 'o
(»'0

t»*o
t »" 0

) t»'o
tf 0
t»'0
Hf n
t»'n
t»'o
»f 0
/f 0
ff 0
Of (1
62*0

If 0

B Z ' O
68*0
ff (1
f f n
cz*u
62*0

62*0

If 0
62*0
S2*fl

f 2 * 0

f Z ' O
«1*0

«1*0

5 1 * 0

13

(t 1 ' B |

fr«'( 1

»f * 1

tt 1 ' 1 1

LH'M

f S * 1 1

If 91
01*91

Oft'Sl
0 1. * 1 1
OS'SI

nf St
F.O'ül
V 6 * t > 1

9f»l

6S*M

Zf »1
sr*n
10'VI
f 6 ' f
ftf (
Z9* t
Bf f
«f t
6l* f t
SC'M
Z6'Zl

zf n
HS' f t

9»'ZI

B Z ' Z I
»O'Zt
Z 6 * I 1

6S'l l

t?" 11
f f 01
6<>'IM
Z»*01
BO'O i

Z6'h
H9*f i

<tfr *6
01 *f

H6* f -

f-f B
19*P
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Fig. 13 Reflect ivi ty of Cr. BL70 and ÖL (unpub); ++* KN68-
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— • ~~- Ud72.

1 1 1 1 1 1 1 1

tsTä

i i l l i 1 l l

Cr

l i i i i i i i
0.1 ! 10

PHOTON ENERGY (eV)

100

Fto . 12 Survey of avai lab ie data for Cr



6 8 10

Photon Energy (eV)
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energy losi spectroscopy

energy loss spectroscopy

Synchrotron radlatlon, Ac-sputterad In situ

absorptlvlty measured by calorlmatry
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Cobalt slngle crystal wlthlllc

pubHcallon by J.H. Weaver, E. Cotavita, O.W. Lynch, and R. Rose! In Phys.
Rev. B 19, 3850 (1979) based on the following tabulatlon

Energy (eV) M-i/e)

0.10
0.13
0.15
0.17
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.00
1.05
t. 10
1.1*
1.20
1.25
1.30
1.35
1.40

.45

.50

.55

.60

. frS

.70

.75

.90

.85

.90

.95
2.00
2.10
2 .20
2 .30
2.40
2 . 5 U
2.60
2 . 7 0
2.30

-1389.33
-902.53
-126.49
-458.71
-339.95
-197.03
-131.53
-90.33
-65.39
-4«. 05
-32.27
-21.42
-13.48
-8. 99
-6.78
-6.52
-a. 02
-7.84

-11.01
-12.97
-14.41
-14.92
-14.86
-14.67
-14.27
-14.12
-14.12
-14.27
-14.56
-14.89
-14. 99
-14.96
-14.69
-14.21
-U. 86
-13.70
-13.42
-12.84
-12. 18
-11.62
-11.13
-10.23
-9.41
-4.86
-B. 43
-0.04
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-7.5J
-7 . i »b

508.32
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180.74
133. 3d
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98.34
86.85
77.50
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63.48
61.01
60.17
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60.94
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55.56
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48.69
45.63
43.05
40.87
39.09
37.46
35.89
34.29
32.53
30.68
28.84
27.08
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24.34
23.06
J1.65
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14.32
Id . 47
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13. e»
12. »l
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.55
.98
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4.70
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3.70
3.60
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3.23
3.10
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2.84
2.74
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2.56
2.45
2 ,37
2.31
2.26
2,2t
2.13
2.07
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1 ,««
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1.73
1.6h

37.87
30.52
25.47
21.81
18.78
1*.59
13.16
10.38
9.13
8.12
7.19
6.56
6.13
5.93
5.85
5.85
5.89
5.82
5.95
5.92
5.86
5.74
5.61
5.48
5.36
5.28
5.20
5.14
5.09
5.03
4.46
4.87
4.77
4.66
*.57
4.50
4.41
4.30
4 .14
4 .09
4.110

3.15
i. 70
3. V*
i. 44
J . 4 0
« . 3 2
3 . 2 4
1.1 3

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
O.ü2
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.0)
0.04
0.04
0 .04
0.04
0 .04
0.05
0.05
0.05
O.r tU
O . C t f i
0 . 0 S
0 . i) 7
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.962
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.817
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.782
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.71fl

.713
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.720
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.719
.715
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.706
.703
.701
.70t
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.701
.701
.700
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.'»93
.h90
,bB9
.647
.632
.675
.6ti4
.i»o4
.651
.h-t'^
, E > 3 4
.n3T

. b 2 2

.M 9

.«IS

. ™ r i

Co t II c

Energy (eV)

2.90
3.00
3.10
3.20
3.30

.40

.50

.60

.10

.80

.30

.00

.10

.20

.30

.40

.50

.60

.70
,80
.90

5.00
5.10
5.20
S. 30
5.40
5.50
5.60
5.70
5. 80
5.90
6.00

6.20

b.40
B. 60
6.80
7.00
7.20
7.40
7.60
7.80
a. oo

el

-6.6*
-6.3b
-6.01
-5.70
-5.39
-5.07
-4.76
-4.44
-4.10
-3.81
-3.54
-3.28
-3.05
-2.83
-2.66
-2.51
-2.36
-2.22
-2.13
-2.04
-1.95
-1.87
- .81
- .76
- .72
- .71
- .71
- .72
- .76
- .79
- .79
- .76
- .66
- .47
- .29
- .08
-0.92
-0.76
-0.62
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E2

9. dl
9.22
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8.17
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7.26
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5 .24
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4.65
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4.35
4.29
4.23
4.15

4.07
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3.15

2.88
2.^6
5.51
2.39
2.30
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2.16
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2.07

n
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.46

.42

.38

.34

.31

.29

.28

.36

.26

.25

.25

.25

.24

.24

.24

.24

.23

.23

.22

.22

.21

.21

.19

.18

.16

.13

.10
1.07
1.03
3.97
J.94
3.91
0.91

0.91

9.91
i. 92
f>.93
f).94
0.95

k

3.05
2.9*
2.f a
2.80
2.72
2 .64

2. So
2.4*
2.40
2 . 3 3
2 . 2 7
2.2«
2.15
2.10
2.05

2. IM
1.98
1.94
1.91
I.R8
1.86
1.93
1.B1
1.7«

1.1»
1.77
1.76
1.75
1.75
1.73
1.71
1.68
1.62
1.53
1.46
1.38

1.32
1.26
1.21
1.17
1.13
1 .04

M-i/e)

0.07

0.07

O . O R

0.08

0.09

0.09

0.10

0.10

o.tl
0.12
0.13
0.13
0.14

0.15

0.15

0.16

0.17
0.17
0.18

0.18

0.19
0.19

0.19

0.20

0.20

0.20

0.21
0.21
0.21
0.21
0.22
0.23
0.25

0.28
0.30
U. 34
0.36
0. 19
0.42
0.44

0.46
0.47

R(+-0

.bO<>
,b-*4
.3>J6
.574

.b72

.5-3)

.554

.544

.531

.514

.507

.i«» -i

.4*3

.471

.461

.452

.444

.435

.42"

.423

.417

.411

.407

.403

.400

.39<*

.399

.400

.403

.406

.40«)

.407

.401

.386

.368

.345

.326

.305

.286

.269

.253

.'£3'i



-96-

Cobalt slngle crystal wlth flc

publlcatlon by J.H. Ueaver, E. Colavita, D.U. Lynch, and R. Rosel In Phys.
Rev. 6 |9, 3850 (1979) based on the fotlowlng tabulatlon

Energy (elf) M e2 n k 1ra(-1/2)

0.10

0.13
«.15

0.17
0.20
U. 25
0.30
0.35
0.40
0.45

0.50
0.55
0.60
0.65
0.70
0.75

0.80
'».85
0.90
Q.tS

1.00

1.05

1.10

1.15

1.20
1.25
1.30
1.35
1.40
1.45
1.50

1.55
1.60

1.65

1.70

1.7S
1.40

1.45

1.90
l.**
2.uO

2. iw
2.20
2.10
2.40
2.50
2.3')
J.7.J

^.d"

-1013.25
-646.91
-436.85
-MO. Ab
-226. 40
-129.44
-81.36
-51.09
-32.03
-18.06

-6.37
1.45

6.S1
9.88

10.8h
9.26
b.58
0.80

-4.11
-8.88

-11.92
-13.11
-12.79
-12.48
-12.39
-12.35
-12.33
-12.43
-12.85
-13.34
-13.62
-13.45
-13.29
-13.17
-13.14
-13.19
-13.04
-U. 7S
-12.41
- 1 2 . 'J 2
-1 1. a*
-10. t>i
-9.6S
- 9 . 7 3
-•».<M
"7.34

-7.21
- 7 . 0 j
-•>.1<J

377 .34
247.56
18I.2J
145.32
120.11
101. hO
86.92
76.0V
b8.&9
62.77
59.48
58.96
59.70
61.14
63.94
66.64
68.20
67.99
66.03
62.48
57.42
52.35
48.24
45.36
43.00
40.1)8
39.02
37.41
35. db
34. OB
32.11
30.27
28.74
27.36
26.05
24.65
23.21
21.87
20. 6 J
19.32

U. 42
1 b.60
13.20
1 4 . 1 7
U. 4D

12. M
lk.lt
1 1 .41
10.71

5.H3
4.7P

.24

.02

.87

.19

.34

.54
4.66
4.86
5.17
5.50
5.77
5.99
6.15
6.19
6.08
5.86
5.57
5.21

.83

.52

.31

.16

.02
3.90
3.78
3.67
3.55
3.41
3.26
3.14
3.03
2.93
2.83
2.72
2.61
2.51
2.41
2.1-1
2.25
2.13
3.04
1.9«
1.95
1.9U
1 .«6
1.7-J
I . 7S

32.36
25.88
21.37
18.08
15.53
12.12
10.01

M. 47
7.39
6.46

5.75
5.36
5.17
5.10
5.20
5.39
5.61
5.80
5.93
6.00
5.94
5.7<I
5.60
5.45
5.34
5.25
5.16
5.09
5.05
5.00

4.93
4 .83
4.74

4.66

4.t>0
4 .54

4.45

4 .36

4 . 2 7

4 .1H

4.09

»."»*
3 . 7 2
J.5iS
1. 44
*.3l

1.2*

J. l "

j.n

0.00

0.00

0.00

0.00
0.00

0.00
0.01
0.01

0.01
0.01

0.02
0.02
0.02
0.02
0.02
U. 01
0.01

0.01

0.02

0.02
0.02
0.02
0.02
0.0?
0.02
0.02
0.02
0.0?

0.02
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.04
').04
0.0-i
0.04

ri»05
n. 05
0.05

(1.06
o . ') n
0.0-S
0.01

.979

.973

.965

.954

.942

.904

.865

.823

.7H5

.744

.709

.690

.682

.6fl<)

.6H5

.693

.702

.709

.715

.720

.721

.717
,7tl
.705
.701
.697
.694

.69?

.692

.693

.692

.689

.687

.03*

.b»4

. ÖJ-*

.6*3

.690
,h77

. 6 7 ?

.«J7i'

.*59

.5*,,

. f t*1

.•i^.i

.-all

.b')*

. 0 ^ 2

.S""

Co tj.c

Energy (eV)

-97-
M-i/e)

2.90
3.00
3.10
3.20
3.30
3.«0
J.SO
3.60
3.70
3.80
3.90
4.00
4.10
4.20
4.30
4.40
4.50
4.60
4.70
4. BÖ
4.90
5.00
S. 10
5.20
5.30
S. 40
S.SO
5.60
5.70
5.80
5.90
6.00
6.20
6.40
6.60
6. BÖ
7.00
7.20
7.40
7.60
7.80
8.00

-6.41
-6.09
-5.78
-5.48
-S. 16
-4 .U3
- .52
- .23
- .94
- .67
- .4^
* .18
-3.01
-2.85
-2.67
-2.51
-2.36
-2.22
-2.13
-2.04
- .95
- .86
- .81
- .75
- .72
- .71
- .71
- .72
- .76
- .79
- .80
- .77
- .67
- .48
- .2«
- .09
-0.92
-0.76
-0.62
-0.50
-0.39
-0.29

10. OS
«.43
8.87
8.35
7.86
7.44
7.07
6.73
6.43
6.18
5.96
5.7«
5.61
5.44
5.28
5.14
5.02
4.92
4. tU
4.73
4.64
4.5fi
4.49
4.41
4.35
4.28
4.21
4.12
4.01
3.86
3.69
3.51
3.18
2.90
2.69
2.53
2.41
2.31
2.24
2.17
2.12
2. OH

.66

.60

.55
,*0
.46
.42
.39
.36
.34
.33
.31
.31
.30
.28
.27
.27
.26
.26
.26
.25
.24
.24
.23
.22
.22
.21
.1»
.17
.14
.11
.07
.04

1.98
).94
).92
).91
).91
J.91
).92
).93
).94
3.95

3.03
2.94

2. »6
2.78
2.70
2.S2
2.54
2.47
2.40
2.13
2.27
7.21
2.17
2.12
2.07
2.03
1.99
1.95
1.9?
1.90
1.67
1.84
1.82
1.40
1.79
1.7«
1.77
1.76
1.75
1.74
1.72
1.69
1.62
1.54
1.46
1.38
1.32
1.26
1.21
1.17
1.1]
1.09

0.07
«1.07
0.08
0.08
').09
0.0<»
0.10
0.11
0.11
0.12
0.13
0.13
0.14
0.14
0.15
0.16
0,16
0.17
0.17
o.i a
0.19
0.19
0.19
0.20
0.20
0.20
0.20
0.21
0.21
0.21
n. 22
0.23
0.25
0.27
0.30
0.33
0.36
0.34
0.42
0.44
0.46
0.47

.b-M

.54S

.578

.571

.36?

.553

.543

.5)3

.522

.511

.500

.4-1«

. 4<Jfl

. 4 7 )

.4M

.452

.444

.435

.429

.42)

.417

.411

.407

.403

.400

.399

.399

.4DO

.403

.406

.407

.407

.401

.39*1

.31»

.345

.3?b

.3 OS

.2»*

.2*9

.25*

.234



Authors

BGK71

LRW71

SN71

St71

ZR71

JPT72

Ki72

GSS73

VP73

JC74

VteG?*

WGa7*

RG7S

SH75

Energy Range
(eV)

56-84

o: 08-4

0.07-4.13

2-3

0.02-0.5

0.06-4.9

1.1-4.9

2-3

0.64-6.6

2-130

2-120

0.07-4.13

Techrt 1 que

Trans

Refl

El l ips

Elllps

Refl

Ell lps

E 111 p*

Refl

Trans, Refl

Trans

Trans

El lips

Temperature
(K)

RT unless
speclf ied

4.2

77, 290, 500

400-1100

8, 300

130, 295

1300-1550

Sample

E

U.

X

X

'

>

>

>

n

X

X

X

X

a
a

X

X

X

X

X

X

Prep

In

EP

Heat

EP

MP

EP,
Sput

Ex

Ex

Ex

Heat

Data Presentatlon

u

A; KK: o

n, k, EI ,o

o/c

-
A

n, k, a, u

R, n, k ,o

R

n, k, a

KK: u

ii.tmtc'1); KK: EI, £2

E at X • 6500 A

a

Remarks

N!

optlcal absorption wlth Synchrotron
radlat Ion

absorptivlty measured by calorimetry, data
extended to 20 eV using data of others
hv > 4 eW

table A , n, k

heated ^10'7, -\-670 K in situ after HP

technlque: caliorimetry; emiss lv i ty
calculated

table A , n, k

heated ^725 K, MO"6 Torr ex situ after MP

high praclsion reflectance wtth AI
reference; electropolished, annealed,
Ar sputtered and films

Tabla £,n,k

energy loss spactroscopy

energy loss spectroscopy

heated ^750 K ex situ after MP

Authors

Sa39

Rob59

EP063

DM65

LT66

Le67

LTA66

NS66

CL68

BG6B

FSH69

SHK69

SP69

VA69

SS70

St70

Energy Range
(eV)

2.6-27.6

0.47-3.4

0. 1-11

0.1-1

0.06-0.25

,4

0.1-3.5

•v.0. 1-3

2-5.6

O.l-i.24

0.2-10

40-300

0.46-5.86

4-24

0.5-12

2-35

Technlque

Refl

Elllps

Refl

Elllps

Ell ips

El l ips

Elllps

m- 6

Refl

Refl

Trans

Ell lps

Raf]

Refl

El l lps

Temperature
(K)

RT unless
speclf ied

88, 298, 473

-

4.2

77-770

77, 500

Sample

J

X

X

X

X
3

CD

X

X

X

X

X

X

X

X

X

X

X

X

Prep

Ex

EP

EP

MP

MP

MP

Heat

MP

Ex

Heat

In

Heat

EP

Oata Präsentation

R

n,k.ci.«2

R; KK: Ei,E2,

n, k

«2/X.c,

E2 /X

«2/*.«i

a

c2A.«i

A

R

U

E2A

ft; KK: n,k,ei,c2f

R

a/c

Remarks

Hl

tabl« A, n, k

data from LT66 and LTA66

heated MO"6, ^725 K aft«r MP

absorptfvity measured by calorimetry

optical absorption with Synchrotron
radlat Ion

heated In situ ^770 K after EP

also photoemlsslon

Mi and NiCu annealed in situ.
also photoemisslon



1 1 1 1 1 1 1 1

MM

1 1 1 1 1 1 1 1

NM

FWM

1 1 1 1 1 1 1 1

0.1 l 10

PHOTON ENERGY leV)

32 Survay Of Aval labt« data for Nl

IOO

Au t ho r s

St75

HKN76

HR076

Sm77

ST77

TDB77

GSB78

SJ78

FSS79

SJ79

i

Energy Rang«
(eV)

1.8-3.5

-v2. 5-5-0

2-27

1.96, 2.27

0.05-0.1

^O.k-6.5

0.37-3.1

2-3

0-150

0.46-5.7

Techn i que

Elllps

Refl

Refl

Ell lps

Ell ips

Refl

Elllps

Elllps

Trans

Ell lps

Temperatur«
(K)

RT unlecs
specifled

4.2, 300

295

RT.1673, 1873

160-685

Sample

_E

X

X

X

X

i
K

X

X

X

Jt

I
X

X

X

X

Prep

EP

Sput

Sput

HP

Ex

Hei t

Heat

Ex

Heat

Data Präsentation

R.H.c2

KK: C)

R; EI , e;

n, k

t2/X.«i

KK: a

n, k, a

C2<hv)WA

KK: G i .E2.lJ.ft,

••"

Remarks

Nl

high preclslon t

Synchrotron radlation

extensive surfaca itudies, HP, annealed,
sputtered, AES

dlfferential beam studies of NICu;
f i t ms annealed ^75 K

plotted dtat is at RT; table X,n,k

heated -vIO"7, ^700 K In situ after HP

•nergy loss spectroscopy

heat«d in situ MO"3 , ^700 K
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33 ««flectivlty of NI. W» LRW71; +++ JC?*; KI72; ooo EP063-
44A SS70; xxx KA69; 777 MHD76; A*AFSS79; ••• GSS73: DDQ DM65;
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Flg. 32 Survey of «vall«blc dat« for Nl



•30
W B 20
Photon Energy (eV)

35 - ej for Hl. LRW71; +++ JC7*; xxx K172; UA V«9; ooo HRD76;
AA*FSS79; ••• SS573; m GSB7B; ODG SH71.

2 3

Photon Energy (eV)

Flg. 3<i R a f l f l e t l w l t y of N l for 0 < hv < 6 «V. LRW71; FSS79;
A44 JPT72; DDDVA69; ***KI72; *** DM65: - — - VP73; «ex CSB78;
— GSS73; ••• JC7»*: ooo SN71; ••• SS70; AAA EP063; ?V7 St75;

OOO6G68.
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10 50 100 ISO 200
Photon Energy (eV)

250 300

Flg. 37 Absorption cocfflclent for MI. — SHK&9; -•- BGK71; — FSS79;

10 15 20
Photon Energy (eV)

Fig. 36 c2 tor Hl. ... LRW71 ; +*+ JC7*;
ooo MR076; WV FSS79; »»» GSS73;

•• — '̂72; xxx VÄ69;
GS87Ö; AAASH7K
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Nl

-109-

Energy (eV) M-1/O R<+-0)

Nickel

publlcatlon by O.W. Lynch, R. Rose), and J.H. Ueaver In Solid State Coimun. 9,
2195 (1971) uslng VUV reflectance from llt«rature based on the followlng tabulatIon

Energy <«V) (•H/t) R(*-0)

0.10
o.u
0.12
0.13
0.1«
0.15
0.16
0.17
0.18
0.19
0.20
0.21
0.22
0.23
0.24
0.25
0.26
0.27
0.2t)
0.29
0.30
0.31
0.32
0.33
0.34
0.35
0.36
0.37
0.38
0.39
0.40
0.45
0.50
0.55
0.60
O.bS
0.70
Ö./5
O.HÖ
U. 85
0.90
0.95
.00
.Ob

-IC
.15
.20
.25
.30

-2008.21
-1679.25
-1414.43
•1204.89
-1040.11
-903.95
-794.89
•698.48
-616.88
-547.89
-488.59
-434.83
-391.90
-354.15
-322.31
-294.62
-272.59
-253.62
-237.13
-222.59
-208.87
-195.53
-183.84
•172.61
-162.93
-154.06
-145.49
-137.66
-130.47
-123.03
-115.85
-S6.1B
-76.62
-64.35
-54.9»
-49.03
-43.03
-38.64
-35.06
-31.77
-28.69
-26.10
-23.64
-21.71
-20,16
-19.02
-17. fit
-16.94
-U.OU

873.91
678.58
544.30
454.96 (
3t)2.26 '
332.75 <
2U6.10 <
251.24
224.46
204.67 4
185.06 '
175.40 '
165.99 '
159.46
153.52
150.21
146.36
142.05
137.40
132.03
126.17
121.47
116.70
112.83
109.11
105.17
101.57
98.24
94.54
91.2*
87.79
85.49
77.71
69.57
64.04
Stf. 49
93.76
4V. HO
46.03
42.5t.
39.64
37.13
35. '»S
33.42
11.*°
10. SO
24.05
27.77
2o.57

».54
».12
.11
>.44
>.83
i.4S
>.oo
1.68
1.45
1.30
1.12
1.13
1.11
.14
.16
.25
.29
.30
.30
.26
.19
.16
.12
.10
.07
.03
.00
.97
.9t
.88
.84
.20
.03
1.90
1.84
1.69
).59
».49
1.34
1.27
).ID
1.11
1.06
i. 01
i. »7
>.9|
2. Da
2.4D
Z. 74

45.82
41.78
38.20
35.31
32.77
30.56
28.63
26.84
25.23
23.80
22.48
21.26
20.22
19.27
18.43
17.68
17.06
16.50
15.99
Ib. 51
15.05
14.59
14.17
13.76
13.40
11.05
12.71
12.39
12.07
11.75
11.43
10.19
9.64
8.92
8.35
7.92
7.44
7.13
6,b2
6. 51
6.23
5.94
S. 74
5.5*
5. 30
S. 24
b.10
4.97
4. »S

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.oo
o.oo
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.oo
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.02
U. 02
U. 02
O.D2
0 . II l

U.02
0.03
U. »M

.983

.982

.981

.980

.979

.978

.977

.975

.973

.971

.969

.965

.962

.958

.955

.950

.946

.943

.939

.937

.934

.930

.927

.924

.921

.918

.914

.911

.908

.904

.900

.872

.8b4

.449

.835

.826

.813

.803

.794

.JH5

.774

./64

.753

.MJ

.734

.723

.121

.714

. fOS

1.35
.40
.45
.50
.55
.60
.65
.70
.75
.80
.«5
.90
.95

2.00
2.10
2.20
2.30
2.40
2.50
2.60
2.70
2.80
2.90
3.00
3.10
a. 20
3.30
3.40
3.50
3.60
3.70
3.80
3.90
4.00
4.10
4.20
4.30
4.40
4.50
4.60
4.7U
4.80

4.90
5.00
5.10
S. 20
S.3U
5. 40
5.50
5. 60
5.70
5.1U
5.*0
6.20
b.4u
b.bV
6.60

-15.15
•14.42
•13.99
-13.52
•13.02
-12.65
•12.45
-12.27
-11.87
-11.48
-10.99
-10.51
-10.06
•9.65
-8.67
•7.85
•7.10
-6.41
-5.80
-5.15

• -4.65
-4.17
-3.72
-3.36
-2.98
-2.67
-2.3»
-2.11
-1.82
-1.57

' -1.32
-1.12
-0.99
-0.93
-0.95
-0.99
-1.12
-1.31
-1.49
-1.49
-1.90
-2.09
-2.30
-2. M
-2.50
•2.54
-2.51
-2.41
-2.29
•2.16
-2.04
-l.-IO
-1.7S
-1.36
-1.11
•0.93
-0.7N

25.47 I
24.55 t
23.62 4
22.63 :
21.72 I
20.92 !
20. 07 4
19.06 S
18. 1)5 J
17.11 J
16.24 '4
15.47 ;
14.77 1
14.07 1
12.91
11.96
11.15
1U. 44
9. BÖ
9.30
0.87
8.48
«.16

7.87
7.61
7.40
7.20
7.01
6.87
6.78
6.73
6.74
6.80
6.88
6. 95
6.99
7.04
7.02
6.94
6.82
6.66
6.45
6.19
5.05
5. SO
5.1«
4.8U

4.49
4 .22

3.**
J.78
4.51»
1 .43

3.09
2.yi
;.84

2.7-*

.69

.65

.59

.53

.48

.43

.36

.28

.21

.14

.08

.02

.98

.92

.85

.80

.75

.71

.67 J

.65 t

.64 '.

.63

.62

.61

.61

.61

.61
,62
.63
.64
.6b
.69
.72
,73
.74
.74
.73
.71
.67
.63
.59
.53
.41
.40
.33
.27
.21
.16
.12
.09
,0h
.04
.02
.00
.01

1.01

1.02

1.7] 0.03
.63 0.03
.55 O.OJ
.47 0.03
.3H 0.03
.3t 0.04
.25 0.04
.18 0.04
.09 0.04
.01 0.04
.91 0.04
.82 0.04
.74 0.05
.65 O.OS
.48 0.05
.33 0.06
.19 0.06
.Ot> 0.07
.93 0.08
.81 o.ua
t. 7l 0.09
1.61 0.10
1.52 0.10
t. 44 U. 11
1.36 0.11
1.30 0.12
t. 23 0.13
t. 17 0.13
t. 11 0.14
1.07 0.14
1.02 0.14
.99 0.14
.98 0.14

1.98 0.14
Z. 00 0.14
KOI 0.14
1.03 0.14
1.06 0.14
1.07 0.14
1.09 0.14
1.10 0.14
t. 11 ».14
1. 11 o.M
Z. 10 0.15

Z. 07 0.15

1.04 0.16
.91* 0.16

l. M 0.17
l.H-i O.H
I.b3 0.19
t. 7H ü.20

.73 <>.2i

.fil u. 23

.b4 n .27

.4r u. 3')

.40 0.32

.3ä 0 .34

.701

.695

.692

.601

.643

.079
.678
.677
.673
.670
.665
.659

.054

.649

.634

.620

.605

.590

.575

.551

.'i42

.525

.509

.495

.440

.467

.454

.441

.423

.416

.405

.397

.1^*3

.392

.394

.396

.402

.409

.415

.421

.424

.135

.143

.449

.4SI

.454

.454

.44*

.443

.43*

. t 2o

.117

.40-»

. 371

.345

.325

.30»
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Nl

Energy (etf)

7.00
7.20
7.4t
7.60
7.80
8.00
8.20
0.40
U . b O
8.80
9.00
9.20
9.40
S. 60
9.KO

10.00
10.20
10.40
10.60
10.80
11.00
11.25
11.50
11. 75
12.00
12.25
12.50
12.15
13.00
13.25
U.SO
13.75
14.00
14.25
14.50
14.75
15.00
15.25
IS. 50
15.75
16.00
16.30
17.00
17.50
18.00
U.SO
19.00
19.50
20.00
20.50
21.00
ii.so
22.00
22.50
2 J . O O
23.50
24.00

-0.63 2.63 .03
-0.56 2.63 .03
-0.49 2.56 .03
-0.43 2.4« .02
-0.37 2.40 .01
-0.31 2.33 .01
-0.27 2.27 .00
-0.24 2.19 0.99
-0.19 2.11 0.98
-0.15 2.03 0.97
-0.10
-0.05
0.00
0.04
0.10
0.14
0.20
0.26
0.37
0.43
0.50
0.56
0.60
0.62
0.63
0.64
0.65
0.65
0.66
0.66
0.6S
0.65
0.63
0.62
0,61
0.59
0.57
0.56
0.55
0.54
0.53
0.51
0,51
0.49
0,49
0,49
0.50

.96 0.97

.89 0.96

.83 0.95

.76 0.95

.70 0.95

.64 0.95

.58 0.95

.52 0.95

.48 0.97

.49 0.99

.47

.49

.51

.52

.53

.53

.53

.53

.52

.52

.51

.51

.50

.49

.49

.47
.44
.41
.39
.36

.01

.04

.05

.07

.07

.07

.00

.08

.08

.08

.07

.07

.07

.06

.05

.04

.03

.02

.01

.00
.34 0.99
.29 0.98
.23 0.96
.10 0.94
.12 0.92
.Ob 0.91
.01 •0.9l)

0.51 0.90 0.9U
0.54 0.92 0.89
0.55 O. t j t f U. 89
0.50 O . b S 0.90
0.61 0.63 0.91
O.b2 Ü.62 0.91
O . b J O . b l 0.91
0,65 0.0» 0.92
0,64 U. BÖ 0.91
0.63 't.1* 0.90

.30

.27

.24

.22

.18

.15

.13
1.11
1.08
1.05
1.01
0.99
0.96
0.93
0.89
0.87
0.83
0.80
0.76
0.75
0.73
0.72
0.71
0.71
0.71
0.71
0.71
0.71
0.71
0.71
0.70
0.70
0.71
0.70
0.70
0.70
0.70
O.b9
0.69
0.68
0.67
0.66
O.b4
0.63
0.61
O.S8
0.6o
0.54
0.51
0.49
0 . 4 7
U.4o
y.4i
0.44
0.44
U. 44
'>.<!)

0.35
0.36
0.38
0.39
0.41
0.42
0.43
0.45
0.47
0.49
0.51
0.53
Ü.5S
0.57
O.S9
0.61
0.62
0.64
O.t>4
0.62
0.61
0.59
0.57
0.56
0.56
0.56
0.55
0.55
0.55
0.55
0.56
0.56
U. 56
0.57
0.58
0.59
0.60
0.61
0.62
0.63
0.65
0.67
0.69
0.72
0.75
0.77
0.79
0.81
0.81
U. 01
U. 80
0.79
0.77
rt.77
0.76
0.77
0.77

.291

.202

.273

.265

.256

.248

.242

.235

.228

.220

.211

.203

.194

.185

.175

.166

.155

.145

.129

.123

.115

.111

.109

.108

.108

.107

.106

.106

.105

.105

.105

.105

.106

.106

.106

.107
.107
.106
.105
.104
.103
.101
.098
,096
.092
.087
.002
.077
.U71
. < ) 6 b
.061
.057
.055
.05J
.051
.U5i
.051

Hl
-III-

Energy (eV) M-1/2) R(*-0)

24.50
25. UO
26.00
27.00
28.00
29.00
30.00
35,00
40.00
45.00
50.00
60.00
65.00
60.00
70.00
75.00
BÖ. 00
90.00

0.62
0.61
0.62
0.62
O.t>3
U. 63
0.64

0.68
0.71
0.76
0.83
0.91
0.95
0.91
0.89
0.80
0.88
0.89

0.77
0.74
O.t>9
U. 65
O . o ^
0.54
«.55
0.41

O.J1

0 . 2 3

0.1B

0.16
O.J7
0.24
U. 20
O.lb
0.14

0.11

0.90
0.89
0.88
0.47
0.87
0.8o
0.96

0.86
0.87
0.99
0.92
0.96
0.99
0.96
0.94
0.94
0.94
0.94

11.43
0.42
0.39
U. 37
0.35
0.34
0.32
0.24
0.18
0.13
0.10
0.08
0.09

o.u
0.11

0.09

0.07
0.06

0,79
0.80
O.B1
0.80

O.dO
0.7V
0.77
0.66
0.5t
O.Jb
0.25
0.18
0.18
0.27
0.25
0.20
0.17
0.13

.051

,.050
.046
.U42
.040
.0)7
.0)4
.022
.014
,008
.004
.002
.002
.004
.004

.003

.UU2

.002
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(eV)

0.03-3.1
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RT for
hv > 4.4 eV
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BaB74
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table X,n,k

data from LT66 and LTA66

polarlmetry 3 < hv < 5 «V,
reflectance 4 < hv < 7 eV,
and photoemisslon 7.5 < hv < 14.4 eV

data from VAK67, KK analyzed

absorpttvlcy measured by calorimetry
hv < 4.4 eV, reflectivlty measured
hv » 4.4 eV

optlcal abtorptlon, Synchrotron radltion
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ZIrconlun

polycrystallIne results «s published In D.W. Lynch, C.G. Olson, and J.H. Meaver,
Phys. Rev. B H_. 3617 (»975)

k M-i/e) R(4-o)Energy (eV)

0.10
0.15
0 . 1 7
0.20
0.22
0.24
0.26
0.28
0.30
0.32
0.34
0.36
0.38
0.40
0.41
0.42
0.43
0.44
0.45
0.46
0.47
0.48
0.49
O.SO
0.92
0.54
O.S6
0.5M
0.60
0.61
0.62
0.63
0.64
0.65
0.66
0.68
0.70
0 .72
0 .74
0.76
0 .78
0.80
0.82
0.34
O.*b
0.8(1
0.90
0.92
0.9t

•812.14
•376.96
•269.76
•196.79
•154.08
•121.81
-96.52
-76.58
-60.81
-49.05
-41.04
-35.74
-31.69
-27.38
-24.86
-21.99
-18.89
-15.75
-12.65

-9.60
-6.63
-3.76
-l
l
4
7
8.13
8.00
6.59
5.46
4.
3.
2.
0.89

-0.26
-1.97
-3.18
-3.87
-4.34
-4.65
-4.76
-5.10
-i».09
-4.59
-«.50
-4 .14
-3.74
- 3 . 4 1
-3.0J

.02

.32
,70
.05

.30

.18

.05

360.46
132.86

90.19
6b.5b
56.06
49.19
45.07
42.87
42.57
43.24
43.66
42.96
40.74
37.54
35.67
33.98
32.64
31.66
31 .01
30.67
30.63
30.92
31.68
32.72
35.20
38.05
41.19
44.10
46.56
47.34
47 .74
47.91
47.93
47.76
47 .32
45.95
44 .34
42.60
41.19
3 9 . 7 o
3)1.45
37 .^ i
3S .79
3 4 . 4 H
3 3 . 2 5
32 .40
3 l . b t *
3 0 . M b
10.2*

n

6.18
3.37
2.71
2.34
2.22
2.19
2.24
2.36
2.59
2.86

.07
, 1 7
.16
.09
.05
.04
.07

3.13
3 .23
3.36
3.51
J .70
3.92
4.13

,48
.78
.01

14
18
15

.11
5.06
5.00
4.93
4.85
4.69
4 .54

,41
, 3 1
, 2 1
, 1 2
,03

3.94
3 .06
3.11
3.79
3.74
3 . 7 2
3,70

.76

.30

.16

.08

.05
.05
.06
.09
.14
.20
.24
.26
.26
.24
.24
.23
.24
.25
.27
.30
. 3 3
.36
.40
.44
.50
.55
.58
.60
.61
.61
.60
.59
.58
.57
.56
.53
.bl
.49
.47
.45
.44
.42
.40
.39
. iO
.37
.37
.36
,3b

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.02
0.02
0.02
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.03
U.OJ
0.03
O.U3
0.03
0.03
0.03
0.03
0 .03

.300

.123

.Of lO

.058

.051

.049

.052

.059

.073

.090

.104

.110

.109

.105

.102

.101

.103

.108

.114

.123

.111

.146

.160

.175

.198

.217

.231

.240

.242

.240

. 2 3 H

.235

.231

.227
.221
. 2 1 1
.202
.193
. 196
.180
. 1 7 4
.16*

.162

.157

.149

. 1 4 7
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Zr

Energy (eV)

6.60

R(*-0)

D.80
9.00
9.20
9.40
9.60
9.80

10.00
10.20
10.40
10.50
10.60
10.80
11.00
11.20
11.40
11.60
11.80
12.00
12.20
12.40
12.60
12.80
13.00
13.20
13.40
13.60
13.80
14.00
14.20
14.40
14.60
14.80
15.00
IS.20
15.40
15.60
15.80
16.00
16.20
16.40
16.60
16. hO
17.00
17.20
17 .40
17.60
17.40
18.00
U.20
18.40
Id.bO
10.80
19.UO
19.20
19.40
19.60

2.24
2.14
2.03

.88

.71

.53

.33

.12
0.91
0.71
0.63
0.56
0.48
0.44
0.42
0.41
0.41
0.41
0.43
0.42
0.42
0.41
0.41
0.40
0.40
0.40
0.40
0.41
0.42
0.43
0.45
0.49

0.54
0.60
0.64
0.69
0.73
0.77
0.81
0.85
0.90
0.94
0.99

.04

.09

.14

.19

.23

.26

.32

.H

.40

.4]

.4t>
1.4«
1.50
1.51

2.53
2.64
2.77
2.19
2.96
3.02
3.03
3.02
2.96
2.84
2.77
2.67
2.50
2.35
2.22
2.10
2.00
.91
.84
.78
.72
.65
.59
.53
.46 (
.40 (
.33 (
.27
.20
.13
.05

0.98
0.92
0.87
0.84
0.81
0.79
0.76
U. 74
0.71
0.70
0.66
0.66
0.65
O.bS
0.65
U. 66
O.b7
0.7Ü
0.72
0.75

ü.)8

y.uj
0.97

0.92

0.97

Uü2

.68

.66

.65

.63

.60

.57

.52

.47

.42

.35

.32

.28

.23

.19

.16

.13

.11

.09

.OH

.06

.05

.03

.01

.00
>.98
).96
1.95
).93
).92
1.91
}.89
).89
).90
).91
).92
).94
}.95
1.96
1.99
).99
.01
.02
.04
.06
,09
.11
.13
.15
.17
.19
.21
.23
.24
.26
.27
.29
.2*

0.92
0.91
0.91
0.90
0.89
0.89
0.87
0.86
0.84
O.b2
0.81
0.80
0.78
0.77
0.76
0.75
0.74
0.74
0.73
0.73
U.72
0.7J
0.71
0.71
0.70
0.69
0.69
0.66
0.69
0.67
0.67
0.67
0.67
0.67
0.68
0.68
0.69
0.69
0.70
0.70
0.71
0.72
0.72
0.73
0.74
0.74
0.75
0.76
0.76
0.77
0.78
0.78
t). 79
0.79
O.ÜÜ

O.«)0
O . S O

0.22
0.23
0.23
0.24
0.25
0.26
0.28
0.29
0.31
0.33
0.34
0.36
0.39
0.41
0.43
0.46
0.48
0.50
0.52
0.53
0.55
0.57
0.59
0.61
0.64
0.66
0.69
0.71
0.74
0.77
0.80
0.82
0.81
0.78
0.75
0.72
0.68
0.65
0.61
0.58
0.54
0.51
0.47
0.43
0.40
0.38
0.36
0.34
0.33
0.32
0.31
0.30

0.30

<>. 3(1
O.JU
0.3Ü

u. 31

.026

.026

.025

.025

.024

.023

.021

.020

.018

.016

.016

.015

.014

.014

.013

.013

.013

.013

.013

.013

.012

.012

.012

.012

.012

.012

.013

.013

.013

.013

.013

.013

.013

.013

.013

.013

.013

.012

.012

.012

.012

.012

.012

.013

.013

.013

.013

.013

.014

.014

.U14

.014

.014

.015

.(•15

.015

.015

Zr
-125-

energy (eV)

19.80
20.00
20.20
20.40
20.60
20.10
21.00
21.20
21.40
21.60
21.80
22.00
22.20
22.40
22.60
22.80
23.00
23.20
23.40
23.60
23. «0
24.00
24.20
24.40
24.60
24.80
29.00
25.20
25.40
25.60
25.60
26.00
26.20
26.40
26.60
26.80
27.00
27.20
27.40
27.60
27.80
28.00
28.20
28.40
28.60
28.BÖ
29.00
29.20
29.40
29.60
29.80
30.00

fi(*-o)

51
50
48
45
42
37
32
27
22
17
12
07
02

0.98
0.94
0.90
0.87
0.84
0.81
0.78
0.76
0.74
0.72
0.70
0.68
0.66
0.64
0.62
0.61
0.59
0.57
0.56
0.54
0.52
O.SO
0.41
0.46
0.45
0.44
0.44
0.44
0.45
0.45
0.46
0.47
0.48
0.49
O.SO
O.SO
0.52
0.53
o.ss

.08

.14

.20

.26

.30

.35

.38

.40

.43

.44

.44

.44

.43

.42

.41

.40

.38

.36

.34

.32

.30

.28

.26

.24

.22

.21

.19

.17 (

.15 <

.13 (

.11

.10

.08 (

.06 (

.03 (
1.01 <
0.98
0.94
0.90
U. 87
0.83
0.80
0.78
0.75
0.73
0.70
Ü.6U
0.66
O.b4
0.62
U. 60
0.59

.30

.30

.30

.30

.29

.28

.27

.26

.24

.23

.21

.20

.18

.16

.15

.13

.12

.10

.09

.08

.06

.05

.04

.03

.02

.01

.00
>.99
1.90
).97
1.95
).95
>.93
>.92
>.91

).89
).88
>.«6
».85
>.84
).83
).83
>.«2
}.82
>.«2
1.82
>.8l
J.8I
9.81
1.82
J.H2

1.82

0,81

O.DI
0.81
U. 81
0.80
0.80
O.UO
0.79
0.79
0.78
0.78
0.77
0.77
0.76
0.76
0.75
0.75
0.74
0.74
0.73
0.73
0.73
0.72
0.72
0.71
0.71
0.71
0.70
0.70
0.69
0.69
0.69
0.6B
0.68
0.67
0.67
0.66
0.66
0.65
0.65
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0. 64
0.64

U. 64
11.64
0.64

0.31
0 .32
0.33
0.34
0.35
0.36
0.3H
0.39
0.40
0.42
0.43
0.45
0.46
0.48
0.49
0.51
0.52
0.53
0.55
0.56
0.57
0.59
0.60
0.61
0.63

• 0.64
0.65
0.67
O.b«
0.70
0.71
0.72
0.74
0.76
0.79
0.81
0.84
0.87
0.90
0.92
0.94
0.95
0.96
0.97
0.97
U. 97
0.97
0.96
0.97

0.95
0.94
0.91

.015

.015

.015

.015

.1)15

.U15

.015

.015

.014

.014

.014

.014

.014

.013

.013

.013

.013

.013

.013

.013

.013

.013

.012

.012

.012

.012

.012

.012

.012

.012

.012

.013

.013

.013

.013

.013

.013

.013

.014

.014

.014

.014

.014

.014

.014

.014

.014

.014

.014

.014

.014

.014
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-128-

Energy (eV)

7.40
7.60
7.80
9.00
8.20
8.40
8.60
8.80
9.00
9.20
9.40
10.00
10.20
10.40
10.50
10.60
10.80
11.00
11.20
11.40
11.60
11.80
12.00
12.20
12.40
12.60
U. 80
13.00
13.20
13.40
13.60
13.90
14.00
14.20
14.4»
14.60
14.80
15.00
15.20
IS. 40
15. »0
IS. 90
16.00
16.20
16.40
16.6(1
16. dO
17. 0->
17.2«)
17.40
1 7 . »0
17. 80
IS. 00
l«.iO
18. 40
tu. «u
18. dt)

2.24 1.57
2.30 1.72
2.35 1.87
2.38 2.03
2.38 2.19
2.35 2.36
2.28 2.51
2.19 2.66
2.08 2.79
1.94 2.91
1.77 3.00
1.18 3.08
0.96 3.03
0.75 2.93
0.66 2.85
0.59 2.76
0.50 2.59
0.45 2.44
0.42 2.30
0.41 2.18
0.40 2.08
0.41 .99
0.41 .91
0.41 .85
0.40 .78
0.39 .72
0.39 .65
0.38 .59
0.38 .52
0.38 .45 1
0.38 .39
0.38 .32
0.39 .25
0.40 .17
0.43 .10
0.46 .03 <
0.51 0.96
0.56 0.91
0.61 0.88
0.66 0.84
0.70 0.41
0.74 0.79
0.78 0.76
0.82 0.73
0.87 0.71
0.91 0.7«
0.96 0.68
.01 0.67
.06 0.6ö
.11 0.6o
.16 0.67
.21 U. 68
.26 0.70
.31 it. 72
.35 0.75
.39 0.73
.43 U.tU

.58

.61

.64

.66

.68

.68

.68

.68

.67

.65

.62

.50

.44

.37

.34

.31

.25

.21

.17

.15

.12

.10

.09

.07

.06

.04

.02

.00
).99
).97
).95
).94
).92
J.91
1.90
).89
).89
).90
3.92
).93
B. 94
9.95
9.97
U. 98
.00
.01
.03
.05
.07
.10
.12
.14
.10

.18

.20

.22

.24

0.50
0.53
0.57
0.61
0.65
0.70
0.75
0.79
0.84
0.88
0.93
1.03
1.05
1.07
1.06
1.06
1.03
1.01
0.98
0.95
0.93
0.90
0.88
0.86
0.84
0.83
0.81
0.79
0.77
0.75
0.73
0.70
0.68
0.65
0.61
0.58
0.54
0.51
0.48
0.45
0.43
0.41
0.39
0.37
0.36
0.34
0.33
0.32
0.31
U. 30
0. )')
U. J-)
<).3U
0.30
0.31
0.32
0.33

0.21
0.21
0.21
0.21
0.21
0.21
0.22
0.22
0.23
0.24
0.25
0.28
0.30
0.32
0.33
0.35
0.37
0.40
0.42
0.44
0.46
0.48
O.SO
0.52
0.53
0.55
0.57
0.60
0.62
0.64
0.67
0.70
0.73
0.76
0.79
0.81
0.81
0.79
0.77
0.74
0.71
0.68
0.64
0.60
0.57
0.53
0.49
0.46
U. 42
0.39
0.37
0.35
n. 34
0.32
0.31
u. 31
U.3U

.089

.097

.105

.113

.121

.129

.136

.144

.ISO

.15«

.164

.183

.187

.191

.191

.190

.186

.181

.175

.169

.163

.157

.152

.148

.145

.141

.137

.133

.130

.125

.120

.US

.109

.103

.094

.085

.075

.066

.058

.052

.047

.042

.037

.034

.010

.028

.D2ö

.024

.023

.023

.OÜ-*

.025

.U2f>

.02d

.U)u

.ul?

.JJS

Zr

-129-

wrgy (ev)

19.00
19.20
19.40
19. bO
19.80
20.00
20.20
20.40
21.20
21.40
21.60
21.80
22.00
22.20
22.40
22.60 <
22.80 (
23.00 (
23.20 (
23.40 (
23.60 4
23.80
24.00 4
24.20 1
24.40 <
24.60
24.80

«1

.46

.49

.51

.52

.53

.52

.51

.48

.33

.27

.22

.16

.11

.01

.02
1.98
).94
).90
1.87
).83
).80
1.78
).7b
).73
).7t
).69
).67

C2

).B6
>.91
).96
.02
.08
.14
.20
.25
.43
.45
.47
.48
.48
.48
.48
.47
.45
.44
.42
.41
.39
.37
.35
.33
.31
.29
.28

n

.26

.27

.28
,29
,30
.31
.31
.31
.28
.27
,25
.23
.22
.20
.19
.17
.15
.14
.13
.11
.10
.08
.07
.06
,05

L. 04
L. 03

k

0.34
0.16
0.37
0.39
0.41

0.43
0.46
0.48
0.56
0.57
0.59
0.60
0.61
0.62
0.62
0.63
0.63
0.63
0.63
0.63
0.63
0.63
0.63
0.63
0.62
0.62
0.62

lm(-1/E)

0.30
0.30
0.30
0.30
0.31
0.31
0.32
0.33
0.38
0.39
0.40
0.42
0.43
0.44
0.46
0.47
0.49
0.50
0.51
0.53
0.54
0.55
0.56
0.58
0.59
0.60
0.61

M*-o

.038

.041

.044

.047

.051

.054

.058

.061

.073

.075

.077

.079

.080

.082

.083

.084

.084

.085

.085

.085

.085

.085

.085

.085

.085

.085

.085



Au t ho n

KN78

TLT78

GCS79

NC.80

NCC80

LA Unpl

KNB68

*>

Energy Range
(eV)

0.07-4.66

6.6-23

0.32-5.6

0.5-6.5

0.5-6.5

1.5-5.5

5-12

Techn 1 que

El l ips

m- 9

Trans, Refl

Trans, Refl

Trans, Refl

Ellips

Ellips

Tempera t ure
(K)

RT unless
spec i f i ed

Samp 1 e

£

u.

X

X

X

X

X

X

3
B

X

Prep

EP

Heat

In

Ex

Ex

Data Präsentation

n, k, a, EI ,£j

R.EJ, £2, lm(e~ l)

a

n, k, a •

o

E! ,E2,n,k,R,ii

R; KK: ö.Mc"1),

Remarks

Nb

tabla X,n,k

foll heated to 2000 K in uhv

uhv

Substrate 975-1175 K

private comnunicat ion

KK analyzeö data from VAK67

Autbors

KC65

AU66

Ba66

LT66

LTA66

Le67

VAK67

GLM69

WL073

SCG75

SCGP75

CGS76

W076

BDL77

Energy Range
(eV)

0.05-5

-V2.5-55

0.6-2.6

0.06-0.25

0.1-3-5

0.1-4

3-14.4

0.12-3-1

0.1-36.4

0.32-5.5

0.32-5-5

0.32-5.5

20-250

0.03-3.1

Techn I que

Ellips

Trans

ETl Ips

Ell ips

Ell ips

Ellips

enip«

Refl

Trans, Refl

Trans

Trans, Refl

Refl

Tempere t ure
(K)

RT unless
speclf led

-v-2000

4.2, 78, 293

4.2 K for
hv < 4.5 eV
RT for
hv > 4.5 eV

Sample

E

U.

X

X

X

X

1
X

X

Jt
=

X

X

X

X

X

X

X

X

X

Prep

Heat

HP

HP

HP

Ex

EP

EP

In

in

in

Ex

HP

Data Presentatlon

n, k, a

..(.-«>

n, k

C2/^ i G!

CT/^ t £l

€2 /X

ft

n, k

A, R; KK: ei,62,

e

T

a

u

R

Remarks

Nb

energy loss spectroscopy at several
temperatures

ftlacnentery samples at several Cemperatures

data from LT66 and LTA66

polarlmetry 3 < hv < 5 eV,
reflectance 4 < hv < 7 eV,
photoemtssion 7 - 5 < hv < 14.4 eV

plotted RT data, table i, n, k

absorptlvlty measured by calorlmetry
hv s 4.5 eV, reflectance hv a 5 eV wlth
Synchrotron rediation. See also RCF&0 and
BL077

uhv evaporatlon

uhv evaporatlon

uhv evaporatlon

optical absorptlon measurements wlth
synchrot ron rad 1 a t i on

also emlssivity 400-850 K
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t>
73

01ce

Nb

M) 15 20
Photon Energy (eV)

25 30

Flg. Refleetlvlty of Nb. - WL073J — VAK67; -- TLT78; xxx GLM69;
+++ KN78; ooo HC80; AM U unpub.

•

1 1 1 1 1 1 1 1

_rU

1 1 1 1 1 1 1 1

UU

Nb

t i i i i i t i
0.1 l 10

PHOTON ENERGY (eV)

100

Flg. I»3 Survey of «veilable date for Nb



20-

JO

Nb

Flg.

5 » 15 20
Photon Energy (eV)

c2 for Nb. WL073; *•• TLT78; ooo GLM69; UA HC80;
xxx LA unpub.

25 30

KN7&;

-16-

M) B 20
Photon Energy (eV)

Flg. EI for Nb. - WL073; ••* TLT?8; ooo GLH69; iiü NC80;
xxx LA unpub.
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H lob l IM

Subltcatlon by J.H. Ueaver, D.U. Lynch, and C.G. 01son In Phys. Rev. B 7
311 (1973) based on th« foltowlng tabuUtlon

Enargy (aV) EJ e2 n k lro(-1/e)

0.12
0.16
0.20
0.24
0.28
0.35
0.45
0.55
0.65
0.75
0.65
0.95
1.05
1.15
1.25
1.35
1.45
1.55
1.65
1.75
1.85
1.95
2.05
2.15
2.25
2.35
2.45
2.55
2.65
2.75
2.85
3.00
3.10
3.20
3.30
3.40
».50
3.60
3.70
3.40
3.90
4.10
4.20
4.40
4.60
4. 80
b . O ü
s. 20
b. to

-2574.77
-1630.82
-1112.93
-803.91
-604.16
-391.64
-237.62
-157.19
-109.67
-79.07
-SB. 04
-43.10
-32.21
-24.44
-18.68
-13.97
-9.78
-6.68
-4.21
-2.51
-1.09
-0.25

0.12
0.29
0.32
0.24

-0.04
-0.52
-0.90
-1.14
-1.16
-0.88
-0.65
-0.40
-0.04

0.39
0.72
.10
.38
.52
.61
.57
.10

-0.12
-<)."4
-0.9»
-1 .47
-2.2u
-J.15

1701.03
853.53
494.79
316.12
212.42
124.40

71.15
46.47
33.33
25.42
20.97
18.09
16.84
16.08
15.25
14.51
14.37
14.49
14.77
15.17
15.56
16.13
16.56

•46.75
16.83
16.83
16.78
16.52
15.93
15.22
14.43
13.43
12.90
12.42
11.9t)
11.71
11.59
11.51
11. 0)

11.31
12.00
12.29
12. 7*
12. 9*
1 2 . a 1
1t . D U
11.62
11.31
1 il . T 3

15.99
10.24

7.25
5.47
4.26
3.11
2.28
1.83
1.57

.41

.35

.35

.44

.55

.65
1.76
1.95
2.15
2.36
2.54
2.69
2.82
2.89
2.92
2.93
2.92
2.89
2.83
2.74
2.66
2.58
2.51
2.48
2.45
2.44
2.46
2.49
2.52
2.56
2.51
2.52
2.64
2.64
2.53
2.3»
2.32
2.?i
2. 10
2.0-1

53.20
41.66
34.14
29.99
24.95
20.03
15.56
12.67
10.59
9.00
7.74
6.70
5.86
5.18
4.63
4.13
3.68
3.37
3.13
2.99
2.89
2.86
2.87
2.87
2.87
2.88
2.90
2.92
2.90
2.96
2. BÖ
2.68
2.60
2.53
2.45
2.30
2.33
2.29
2.27
2.28
2.25
2.33
2.42
2.5*
2. So
2. 32

2.57
2.62
2 . h d

0.00
0.00
0.00
0.00
0.00
0»00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.02
0.03
0.04
0.05
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.07
0.07
0.07
o.oa
0.00
0.08
0.09
0.09
0.09
0.0*
II. Öd
0.01
n. 08
O . O ü
0.08
0.09
U . ' IM
y . n q
o.rty
i). 39

.979

.978

.97*

.975

.974

.970

.964

.95«

.947

.935

.91»

.893

.857

.814

.768

.715

.650

.595

.552

.527

.510

.505

.505

.505

.505

.506

.50»

.512

.511

.507

.500

.495

.475
,4öS
.451
.442
.435
.429
.426
.427
.4?y
.414
.447
.4-S7
.47^
.4»>5
, 47S
.4-0
.505



b lO* ÜS'O 17' 0
MO' IS 'O tf 0
(»20* £t.T; tf 0
1^0' SS'O PZ*U
?ZO* iS'C- P T ' y
UO- fe«*0 öZ 'u
ten- Z9*o 6Z'o
bZO- t-9*0 6Z*(»
tro* i«*f, ufd
bZO* OfO OfO
eco* frf u tc'o
»EO- u*o zc 'o

b6*f
it'O

•fi-'lt
S6*0
t6*0
( 6 *0

T6 'C

I(.*Ü
06 '0

e s * o
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Holybdenum

publlcatlon by J.H. Weaver, D.U. Lynch, and C.G. Olgon In Phys. Rev.
SOI (1973) based on the followlng tabulatlon

Energy (eV) EI e2 n k lm(-l/g)
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).*fl J.
».7* J.

51
07
42
37
71
54
72
17
90
95
99
29
74
31
98
75
63
SB
59
66
80
B4
44
SO
91
55
36
34
44
67
99
38
63
35
89
48
58
85
22
74
41
30
M
51
59
5«
52
4b
41

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.01

.01

.Dl

.01

.02

.03

.04

.04

.05

.04

.04

.04

.D4

.<>4

.»»4

.04

.04

.985

.995

.995

.985

.985

.985

.985

.985

.985

.985

.995

.985

.984

.984

.984

.964

.9*4

.994
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Ho

Energy (eV)
•151-

n M-1/1) M+-0)

2.30
2.40
2.50
2.60
2.70
2.90
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3.00
3.10
3.20
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3.50
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4.40
4.50
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6.00
6.10
6.20
6.30
6.40
6.50
6.60
6.70
6.80
6.90
7.00
7.10
7.20
7.30
7.40
7. SO
7.6»
1.10
7.U»
7.90

1.
-1.
-2.
-2.
-2.
-2.
-1.
-1.
-1.
-0.
-0.
-o.
-0.
-1.
-1.
-1.
-2.
-3.
-4.
-6.
-8.
-9.
-10.
-10.
-10.
-u.
-11.
-10.
-10.
-10.
-9.
-9.
-a.
-8.
-7.
-7.
-6.
-6.
-5.
-5.
. t

, t

. t

. .
m *

. t

- t. .
™ *

. .

- ,. .

- .. .

•i
-2.
-2

34
39
61
66
47
19
7t>
47
13
82
76
82
96
17
47
70
35
26
97
32
22
35
07
48
87
07
08
98
69 .
20
66
09
56
02
52
06
64
27
91
61
26
96
67
41
15
90
70
52
36
25
16
13
12
Oo
•u
7*
65

'27.34 3
27.17 3
25.03 3
23.23
21.<»9
21.03
20.31
19.87
19.51
19.39
19.47
19.52
19.60
19.72
19.87
20.11
20.64
21.11
21.36
20.96
19.9«
18.55
17.10
15.77
14.48
13.14
11.86
10.61
9.40
8.36
7.50
6.81
6.22
5.73
5.34
5.02
4.75
4.50
4.30
4.07
3.88
3.73
3.60
3.49
3.39
3.33
3.24
3.25
3.2-
3.22
3.19
3.14

J.02
2. «3
2.HJ
2.üy
2.4'

.79 3.61

.59 J.7H

.36 3.73

.22 3.61

.13 3.51

.09 3.42

.05 3.33

.04 3.27

.03 3.21

.05 3.18

.06 3.18

.06 3.19

.06 3.21

.05 3.23

.04 3.27

.04 3.31

.04 3.40

.01 3.51
t. 91 3.67
1.77 3.77
1.59 3.86
1.39 3.68
1.21 3.97
1.06 3.94
1.90 3.81
.75 3.76
1.61 3.70
1.46 3.62
1.33 3.53
1.22 3.42
1.13 3.31
1.07 3.20
1.01 3.09
0.96 2.99
0.92 2.89
0.6<» 2.80
0.67 2.72
0.65 2.64
O.B4 2.57
0.81 2.50
0.60 2.43
0.79 2.36
0.79 2.30
0.79 2.24
0.7f> 2.10
0.78 2.13
0.79 2.09
0.60 2.0«
Q. 41 2.00
0.91 .9»
0.02 .*»b
1.81 .«b
0.7-t .«J
0.75 .Qft
).7J .bb
'».71 .»1
0.70 .77

0.04
O.U4
0.04
0.04
0.04
O.HS
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
U. 05
0.05
0.05
0.05
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.05
0.05
0.05
0.05
o.os
0.05
0.06
0.05
0.06
0.07
0.07
O.OB
O.OB
0.09
o.ny
0.10
0.10
0.11
0.12
0.13
0.13
0.14
U. 15
0.15
0.16
o.u
0.16
w. IS
n. |7
".14
'J.19

.51i*

.544

.5̂ 1

.582

.573

.565

.San

.550

.544

.540

.540

.541

.543

.546

.550

.554

.564

.576

.595

.610

.627

.640

.650

.«58

.668

.678

.6RA

.695

.702

.70$

.707

.706

.704

.700

.694

.688

.660

.674

.665

.660

.«51

.MI

.630

.619

.607

.5*2

.5AO

.S6>

.55«

.5-*«

.5<>2

.54?

.S47

.S52

.5-7

.542

.53»
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KuthenluM slngle crysta l wlth Eil*

D.U. Lynch, C;0. Olaon, and J.H. Uaaver (unpuB}

Energy («V) e\2 n (•M/t) Ä<*-0)

D. 10
D. 15
9.20
U. 25
0.30
0.35
0.40
0. 45
B.SO
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
.00
.05
.10
.15
.20
.25
.30
.35
.40
.45
.50
.55
.60
.65
.70
.80
.90
2.00
2.10
2.15
2.20
2.25
2.30
2.35
2.40
2.50
2. 00
2.70
2. HO
2.9«)
i. 00

-2508.09
-1197.06
-701.41
-461.75
-323.68
-239.55
-182.29
•142.11
-MI. 82
-87. U
-68.18
-54.35
-46.61
-42.20
-37. SD
-32.34
-26.90
-21.30
-16.06
-12.72
-9.93
-7.63
-«.M
-4.78
-3.62
-2.61
-1.39
-0.26
0.80
1.73
2.12
2.19
1.80
0.18
-2.81
-6.77
-10.45
-11.43
-12.06
-U. 33
-12.52
-12.4»
-12. 2y
-11.80
-11.09
-10. SO
-10.02
-10. 04
-10.56

1181.78 11.50
537.39 7.59
322.17 5.93
215.31 4.89
160.20
124.09
100.48
J3.SS
70.34
62.3t!
58.31
57.19
55.93
52. «1
47.94
43.46
39.81
37.51
36.13
35.44
35.33
35.22
35.15
34.77
34.47
34.09
33.71
33.67
33.85
34.39
35.31
36.19
37.17
38.59
39.51
38.86
36.15
14.16
32.32
30.61
29.05
27.58

.33

.89

.60

.37
-te
.16
.2«
.50
.62
.55
.42
.30
.25
.30
.39
.33
.66
.77
.84
.89
.94
.97
.02
.09
.16
.25
.33
.39
.42
.40
.29
.04
.69
.51
.35
.21
.09
.98

26.24 2. «9
24.13 2.74
22.49 2.64
21.31 2.58
J0.51 2.54
in..,) 2.49
l't.lt 2.38

51.38
35.42
27.14
22.04
18.50
15.96
13.97
12.39
11.04
9.85
8.R9
8.16
7.73
7.40
7.02
6. SB
6.12
5.68
5.33
5.02
.83
.67
.57
.47
.38
.29
.19
.12
.07
.04
.08
.13
.21
.38
.61
.81
.90
.87
.02
.76

4.70
4.b2
4.55
4.40
4. 20
4.14
*.05
4.03
4.0J

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.02
0.02
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.02
0.03
0.03
0.03
0.«3
0.03
0.03
0.03
0.03
0.04
0.0«
U. 04
0.04
').04

.984

.977

.970

.962

.953

.944

.933

.922

.909

.889

.86$

.839

.822

.812

.801

.786

.766

.740

.713

.691

.673

.662

.654

.645

.639

.632

.624

.618

.614

.613

.615

.«19

.624

.636

.651

.667

.679

.682

.683

.682

.681

.674

.177

.671
,6-jJ
.656
,t>50
.öS n
.*s*

Ku

Energy (eV)
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M+-0)

).10
i. 20
3.30
.40
.50
.60
./O
.80
.90
.00
.10
.20
.30
.40
.50
.60
.70
.80
.90
.00

5.10
5.20
5.30
5.40
5.50
5.60
5.70
5.80
5.90
6.00
6.20
6.40
6.60
6.00
7.00
7.20
7.40
7.60
7.90
8.00

8.20

fl.40
H. 60
0.40

9.00

4.20
9.4U
9.60
9. dt»
(l.'JO
U. 20
J.4Ü
It.qü

U . *i 0
1 .Cd
l . <0
1.40

-10

-1»
-11
-11
-10
-10
-10
-9
-9
-tt
-e
-7
-7
-7
-6
-6
-6
-5
-5
-5
-5
-5
-4
-4
-4
-4
-1
-3
-1
-3
-3
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-0
-0
-0
-0
-0
-0
-0

0
0
W
'J
0
0
'J
0
0

.91 19.13

.16 16.93

.29 15.61

.U 14.33

.87 U. 18

.57 12.09

.12 11.14

.72 10.26

.20 9.40

.65 8.89

.20 8.40

.81 7.94

.42 7 .54

.11 7.14

.76 6.80

.46 6.47

.16 6.19

.90 5. «»2

.46 5.67

.43 5.44

.24 5.20

.03 4 .97

.04 4 . 7 3

.63 4.48

.19 4.27

.15 4.11

.94 3.90

.76 i. Mb

.59 3.74

.44 3.62

.15 3.42

.93 3.21

.70 3.00

.49 2.80

.29 2.54

.05 2.41

.84 2.25

.61 2.12

.42 2.02

.25 .92

.07 .83

.91 .75

.76 .64

.63 .60

.4; .54

.34 .49

.21 .44

.07 .40

.06 .36

.20 .34

.1) .31

.45 .Jj

.57 .JS

.«7 .39

.7o .42

.04 .45

.•»i .4^

2.21» 4
2.13 1
2.00 3

.07 3

.74 3

.66 1

.57 3

.49 3

.42 3

.17 3

.33 3

.29 J

.26 1

.22 2

.19 2

.16 2

.13 2

.11 2

.08 2

.06 2

.03 2

.01 2
0.99 2
0.95 2
0.93 2
0.92 2
0.91 2
0.90 2
0.89 2
0.88 2
0.87
0.84
0.82
0.79
0.76
0.75
0.73
0.73
0.71
0.72
0.72
0.73
0.74
0.74 1
0.75 1
0.77 U
0.79 0
O.H2 n
0.85 »)
0.8« i)
O . V 2 ()
0.96 M
.')! 0
."15 l»
.0-» 0
.12 0
.15 0

.00

.9h

.91

.8)

.74

.65

.55

.45

.35

.24

.1h

.litt

.n.)

.93

.06

.79

.73

.67

.61

.So

.51

.46

.41

.35

.29

.23

.18

.14

.10

.05

.90

.91

.84

.77

.69

.61

.54

.46

.39

.33

.2h

.2o

.M

.08

.»2

.«7

.*!

.36

.Hl

. 't>

.73

. «i9

.67

. *»*!

.«5

.65

.**>

0
i>
0
0
0
0
0
0
0
u
l)
1)
0
0
0
0
0
0
0
u
0
0
u
0
0
0
u
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
n
0
0

0
ü
II
0
0
0
0
'1
0
i)
r,

.04

.04

.04

.04

.05

.05

.05

.05

.05

.06

.06

.06

.Of

.07

.07

.08

.08

.08

.09

.09

.10

.10

.10

.11

.11

.12

.13

.13

.14

.IS

.16

.17

.18

.20

.22

.24

.27

.30

.33

.37

.41

.45

.49

.54

.59

.64
,6H
.71
.73
.71

.11

.^7

.u )

.5"

.5S

.52

.4"

.•>M

.DO*

.*.71

.h73

."M
,*>T)
.673
.67?

.6*3

.661

.f>55

.649

.641

.639

.63)

.628

.622

.617

.612

.607

.604

.AOO

.597

.593

.506

.576

.567

.559

.5*2

.545

.531

.52t

.510

.S'MI

.44')

.472

.455

.433

.411

.391

. Jhb

.14 2

.31J

.2**$

.267

.241

.21 '

.19'!

.167

.1-1 t

.12?

.111

.i-n

.'•^ *

. 0 1 ."i

f't^t
.0 *7
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Ruthen t um slngle crystal wlth llc

D.U. Lynch, C.B. Olson, «nd J.H. Wesvcr (unpub)

Energy («V) ej ez n (•M/1) R(fO)

0. 10
0.13

0.20
U. 25
0. 10
D. 35
0.40
0.45
U. 50
0.55
0.60
0.65
0.70
0.7S
D. 80
D. 85
J. 90
0.95
1.00

.05

.10

.15

.20

.25

.10

.35

.40

.45

.SO

.55

.60

.65

.70

.40

.90
2.00
2.10
2.15
2.10
2. 25
2.»0
2. »5
i. 40
2.50

J.60

2.7u

2.*>»
2.^0
l.uO

-2440.73
-1163.96

-694.01
-4o4.10
-333.61
-253.16
-195.40
-155.44
-124.65
-100.73
-02.08
-67.50
-55.87
-46.03
-37.59
-30.00
-22.76
-16.55
-11.02
-6.20
-1.66

2.07
4.94
6.80
7.90
8. M
9.23
9.62
9.72
9. 81
9.59
4.16

8.48
6.21
1.81

-4.26
-B. 12
-4.89
-9.53

-10.15
-11. IS
-11.72
-11.96
-12.0*
-11. 3o
-t I.b7

-12. IU
-13. 1*
-IS. -15

1204.06
589.65
363.06
249.97
186.97
141.56
113.11

91.74
J6.13
64.94
56. 78
50.47
45.10
40.59
36.73
33.44
31.25
29.89
29.09
28.75
2H.B9
29. BS
31. J7
33.15
34.63
35.75
36.85
37.79
38.86
39.73
40.95
41.99
43.19
45.4]
47.42
46. b«
42.43
40.02
39.40
30.1)
)6.7u
3S.U
1J.63
11.17
29. 3ü
2M.11
2.7. tu
26. 5*
24.11

11.85
8.39
6.68
5.61
4.94
4.30
3.90
3.54
3.27
3.09
2.98
2.90
2.82
2.77
2.73
2.73
2.82
2.97
3.17
3.41
3.69
4.00
4.28
.51
.66
.77
.86
.93
.99

5.04
5.08
5.11
5.12
5.10
4.96
4.61

4.21
4.05
3.94
3.82
3.69
3.56
3.44

J.27
1.14

1.06

2.O9

2.Ü7

2.61

50.41
35.13
27. 18
22.27
14.92
16.48
14.51
12.96
11.63
10.50

9.54
8.71
7.99
7.33
6.71
6.12
5.54
5.03
4. 59
4.22
3.91
3.73
3.66
3.6d
3.72
3 .75
3.79
3. 83
3.69
3.94
4.03
4.11

4.22
4.45
4 . 7 S
S.Oo
5.09

S. 03
5.00

4.99

4.97

4.94

4.R9

4 .77

4,6h

4. S4*
4.59

4.64

4.h'J

o.oo
0.00

0.00

0.00
0.00

0.00

0.00
0.00
U. 00
0.00
0.01

0.01

0.01
0.01
0.01
0.02
0.02
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
O.D2
0.03
0.03
0.03

0.03

0.03

u.') 3
0.01

t). 03

.981

.975

.966

.951

.950

.943

.933

.925

.915

.903

.888

.873

.656

.837

.815
,7«7
.751
.711
.670
.634
.604
.589
.585
.589
.593
.597
.601
.604
.609
.613
.618
.623
.629
.042
.06(1
.677
.642
.681
.6H1
.661
.M4
.685

,T>IH

.641

.»77

.«74

.676

.li'»*.

.701

Hülle

Energy (eW)
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5
5
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S
S
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5
6
6
6
6
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70
80
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00
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70
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90
00
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30
40
50
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70
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00
20
40
60
80
00
20
40
60
80
00
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40
60
00
00
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40
60
40
00
2<»
40
60
80
00
20
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-15.
-15.
-15.
-15.
-14.
-13.
-13.
-12.
-11.
-lü.
-10.
-9.
-8.
•8.
-7.
-7.
-7.
-6.
-6.
-6.
-6.
-6.
-5.
-5.
-S.
-4.
-4.
-4.
-4.
-4.
-3.
-3.
-3.
-J.
-2.
-2.
-2.
-2.
-1.
-l.
-1.
-1.
-1.
-o.
-0.
-0.
-0.
-o.
-0.
0.
3.
0.
0.
0.
0.
0.
0.

76
95
65
U
42
70
00
24
47
75
11
50
93
44
95
56
24
90
74
52
28
03
78
51
22
99
73
51
31
12
77
49
26
01
79
56
32
08
85
63
43
23
06
87
71
55
37
20
04
04
22
35
47
57
66
74
81

22.29
19.H9
17.70
15.81
14.22
12.80
11.69
10.66
9.81
9.13
8.54
8.03
7.61
7.23
6.94
6.70
6.47
6.22
5.96
5.68
5.39
5.11 (
4.84 (
4.59 (
4.41 t
4.21 (
4.06 r
3.93 (
3.80 (
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1.62 l
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1.37 L
1.37 (
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13
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34
39
43
49
S4
61
67
71
7J
72
71
h 'l
63
59
bS
52
b(>

,7nt
.717
./2l
.721
.721
.722
.721
.71H
.711
.7«J7
.101
.694
.000

.679

.670

.662
,656
.652
.650
.648
.646
.641
.640
.635
.627
.622
.613
.605
.598
.591
.576
.564
.556
.545
.sia
.527
.511
.496
.476
.454
.430
.4') 3
.37H
.346
.317
.296
.251
.21»
.IHi
,1-ii
.141

.137

.115
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Ru E lC

Energy (eV)

11.6U
11.40
12.00
12.20
12.40
12.60
12.00
13.00
13.20
13.40
13. bO
13. HO
14.00
14.20
14. 4U
14.60
14.00
15.00
15.20
15.40
15.60
15.80
16.00
16.25
16.50
16. rs
17.00
17.25
17.50
17.75
10.00
18.25
10.50
18.75
19.00
19.25
19.50
19.75
20.00
20.25
20.50
20.75
21.00
21.25
21.50
21. ;s
22.00
2 2. SO
23.00
23.50
24.00
24.3V
25.00
25.50
26. Oü
2o .SU
27.00

c,

0.87
0.92
0.96
0.97
0.99
0.9»
0.94
0.94
0.97
0.95
0.93
0.90
0.00
0.87
0.87
0.0»>
0.05
0.85
0.85
0.86
0.06
0.97
0.09
0.89
0.86
0.01

0.75
0.67
0.56
0.45
0.33
0.22
0.15
0.09
0.04

-o.oi
-0.06
-0.10
-0.15
-0.20
-0.24
-0.27
-0.29
-0.30
-0.30
-0.3Ü
-0.29
-0.27
-0.25
-0.22
-0.19
-0.15
-0.12
-0.09
-0.0»
-0.03
o.ot

-16

«2

1.66
.72
.79
.85
.90
.94
.97

2.01
2.05
2.00
2.09
2.11
2.11
2.10
2.10
2.10
2.10
2.10
2.10
2.11
2.12
2.13
2.14
2.22
2.29
2.35
2.40
2.45
2.40
2.48
2.47
2.42
2.35
2.20
2.23
2.10
2.12
2.07
2.01
.95
.08
.80
.72
.64
.06
.50
.44
.33
.23

1.13
l.uS
0.98
0.93
0.9h
0.81
o.;«
0.71

>•"

n

.17

.20

.22

.24

.25

.25

.26

.27

.27

.27

.27

.26

.26

.25

.25

.25

.25

.25

.25

.25

.25

.26

.27

.28

.28

.28

.28

.27

.25

.22

.19

.15

.12

.09

.07

.94

.02
0.99
D. 97
D. 94
0.9t
0.88
0.85
0.82
0.80
0.79
0.77
0.74
0.71
0.64
0.67
0.65
i). 64
0.62
t. 61

O.bO
Ü . Ü O

k

0.71
0.72
0.73
0.75
0.76
0.77
0.78
0.79
0.81
0.82
0.83
0.83
O.M
0.84
0.84
0.84
0.84
0.44
0.84
0.84
0.85
0.85
0.85
0.07
0.89
0.91
0.94
0.97

.00

.02
.04
.05
.05
.05
.05
.Ob
.04
,04
.04
,i»4
.03

1.02
l .oi
0,99
0.97
0,95
0.94
0.90
0.87
0.83
0.71
0.7».
0.73
O . b 9
O.i6
U . b 3
O.S<)

ImH/E)

u. 41
0.45
0.43
0.42
0.42
0.41
0.41
0.40
0.40
0.40
0.40
0.40
0.40
0.41
0.41
0.41
0.41
0.41
0.41
0.41
0.41
0.40
0.40
0.39
0.39
0.38
0.39
0.38
0.39
n.39
0.40
0.41
0.42
0.44
0.45
0.46
0.47
0.40
0.49
0.51
0.52
0.54
0.57
0.59
0.62
0.64
0.67
11.73
Q . 7 D
0.85
0.92
0.9«

.07

.14

.23

.32

.41

R(*-0)

.102

.104

.107

.111

.113

.116

.Hfl

.121

.124

.127

.129

.131

.132

.132

.132

.133

.133

.133

.133

.133

.134

.134

.134

.139

.145

.151

.158

.165

.175

.102

.190

.14»

.200

.202

.205

.200

.212

.215

.219

.223

.220

.231

.23«
»23b
.234
.234
,231
.234
.22°
,2?i
.214
.212
. 201)
.200
. 1^4
.115
.177

Ru

Energy («V)

-167-
(•(-I/O

27 .50
28.00
2)1.50
29.00
29.50
30.00
30.50
31.00
31.50
32.00
32.50
33.00
33.50
34.00
34.5')
35.00
36.00
37.00
38.00
39.00
40.00

0,05
0.08
0.11
0.15
0.17
0.18
0.19
0.21
0.24
0.28
0 .31
0.33
0.35
0.37
O.J9
0.42
0.45
0.48
0.52
0.55
0.58

0 .67
O . b J
u. 6l
O.S8
U. 37
0.55
O . S 2
0.48
0.45
0.43
0.4?
0.41
0.39
0.38
0.37
0.36
0.35
O.J4
0.33
0 .34
0.35

0.60
0.60
0.61
0.61
0.62
0.62
0.61
0.61
0.62
0.63
0.64
0.65
0.66
0.67
0.68
0.70
0 .72
0.73
0.75
0.77
0.79

0.56
0.53
0.50
0.48
0.46
0.45
0 .43
0.4U
0.37
0 . 3 4
0 .32
0 . 3 1
0.30
0 .20
0 .27
0.26
0.25
0.23
0 .22
0.22
0.22

1.49
1.55
1.59
l .b l
1.61
1.64
1.70
1.74
1.72
1.65
1.5«
1.49
1.42
1 .34
1.28
1 .18
1.07
0.97
0.87
0.81
0.77

.165

.15*

. 1 4 4

.1«

.126

.123

.12«

.114

.104

.0*)

.0*3

. 0 7 7

.071

.060

.060

.054

.047

.1)41

.035

.031

.02»
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Oa Unpl
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Energy Range
(etf)
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•vS-34

Technlque

Trans

Refl
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RT unless
spec 1 f i ed
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hv < <t .4 eV
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hv > 4.4 eV
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Ex

EP

Data Präsentation

u

R; KK: ej ,t2,a,
Me-M.ME+O'1

Remarks

Rh

dlscustlon paper

optlcal absorption measurements wt th
Synchrotron radiation

absorption measured by calorimetry at
hv < 4. k eV, ref lect iv l ty measured at
hv > lt. 't eV wi th Synchrotron radition;
aqua regia + vacuum annealing

en*rgy loss spectroscopy

Au t hör a

KT59

MC 6l

LP62

DH64

BC.67

VAK6?

KNB68

SR70

CHH71

Hu71

CoH73

PS73

Energy Range
(eV)

5-64-20

6.2-24.8

1.88-2.82

0.06-5.64

0.11-3.1

3-14.4

5-12

1-50

6.2-82.6

6.2-53

0.56-6.2

0-5-11.7
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Refl

Trane, Refl
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Refl
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(K)

RT unless
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n\rC2r'nt(C J

R rn,k,ei Fe2

R

FL,n,k

R; KK: c j , 62 •**>

Remarks

Rh

table A , n, k at 4 energles of Rh-Pt alloys

polarimetry 3 < hv < 5 «V, reflectance
4 < hv < 7 eV, photoemission
7.5 < hv < 14.4 eV

data taken fron VAK67, then KK analyzed

opttcal constants determlned by bot h
KK analysit and t wo angle* of Incldence
technique

plotted data are for Substrate T » 573aK;
evap. at slO-6 Torr

three technlques used:
reflectance + transmittance, el 1 ipsometrt
and multl-angle. Plotted data are for
Substrate T - S73*K

uhv film p reparat fön in situ
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Flg. 58 for Rh. - WOL77; — HC6l ; ODO CHR73; «•• Hu?l i
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Rhodium

publlcatlon by J.H. Weaver, C.6. Olson, and D.W. Lynch in Phys. Rev. B,
'M 15 (1977) based on the fol Iowing tabulation

En«rgy («V) E{ e2 n k In

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

J
2
2
2
2
2
2
2
2
3
)
3
1
j
J
1
3
J

.10

.15

.20

.25

.30

.35

.40

.«S

.50

.55

.60

.65

.70

.75

.80

.85

.90

.95

.00

.05

.10

.15

.20

.25

.30

.40

.50

.60

.70

.80

.90

.00

.10

.20

.30

.40

.50

.60

.70

.9U

.00

.10

.20

.30

.40

.50

.60

.7U

.8<>

-4478
-2228
-1327
-891
-638
-475
-369
-294
-2*0
-200
-167
-143
-123
-107
-93
-82
-74
-66
-61
-57
-54
.-52
-50
-49
-47
-44
-40
-37
-34
-31
-28
-25
-23
-22
-20
-19
-U
-17
-16
-16
-16
-15
-1*
-14
-1J
-12
-11
-11
-l'J

.50

.19

.94

.09

.87

.63

.43

.14

.71

.17

.48

.33

.86

.19

.74

.95

.93

.24

.37

.36

.72

.53

.78

.31

.60

.34

.85

.29

.24

.01

.34

.92

.86

.12

.64

.18

.05

.29

.87

.36

.05

.*>5

.02

.31 "

.51

.67

.80

.02

.3')

2565.
1117.
649.
429.
303.
234.
187.
157.
134.
116.
104.
94.
86.
79.
74.
Tl.
67.
65.
64.
62.
60.
58.
55.
52.
49.
43.
39.
34.
JO.
27.
25.
23.
21.
2n.
19.
14.
n.
16.
16.
14.
13.
U.
10.
<*.
s.
7.
7.
b.
f>.

33 18.48
16 11.50
5* 4). 66
88 7.01
34 5. SS
24 5.22
84 4.74
51
97
57
53
73
11
71
98
44
70
99
40
70
67
29
70
74
75

.45

.20

.97

.87

.77

.67

.63

.63

.64

.62

.69

.71

.72

.t>7

.60

.51

.38

.26
96 3.01
69 2.78
45 2.60
63 2.42
69 2.30
29 2.20
34 2.12
75 2.05
4l 2.00
14 .94
1» .90
48 .88
9» .85
IH .00
26 .63
1" .53
b4 .41
*>* .30
55 .20
55 .11
VI .04
06 .91
S 4 0.95
l ' J 0.91

69
48
37
30
25
22
19
17
16
14
13
12
11
10
10
9
9
4
8
8
9
9
7
7
7
7
6
6
6
6
5
S
5
5
4
4
4
4
4
4
4
4

4
3
3
3
3
3
3

.43

.5H

.46

.66

.94

.43

.80

.72

.07

.69

.51

.55

.72

.97

.34

.61

.36

.94

.67

.44

.26

.09

.94

.HO

.63

.31

.97

.64

.33

.02

.76

.51

.30

.11

.9«
,7H
.65
.55
.49
.3*.
.29
.70
.0<»
.97
.«4
.M
.S*
.45
.34

U
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
u
0
0
0
0
0
0
0
0
0
0
0
0

. 0
n
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.01

.01

.01

.01

.01

.01

.01

.01

.0|

.01

.01

.01

.01

.01

.01

.02

.02

.02

.02

.02

.02

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.04

.04

.04

.04

.986

.982

.977

.972

.967

.961

.955

.94U

.941

.934

.925

.916

.908

.898
,8«7
.076
.967
.855
.1*48
.841
.«37
.834
.832
.831
.829
.827
.823
.81t)
.813
.805
.798
.7H9
.78»
.172
.76«i
.756
.749
.743
.142
.74.4
./S)
. /to'J
.764
.767
,7r,4
.7M
.7 h. 4
.JbS
.751
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R<*-0)

3.90

4.00
4.10
4.20
4.30
4.40
4.50
4.60
4.70
4.40
4.90
5.00
5.20
5.40
5.60
5.80
6.00
6.20
6.40
6.60
6.80
7.00
7.20
7.40
7.60
7.t*0
tt.oo
H. 20
8.40
8.60
8.80
9.00
9.20
9.40
9.60
9.«0

10.00
10.20
10.40
10.60
10.80
11.00

U.Ju
11.40
11.60
11.40
12.00
12.20
12. *0
12. «0
12.80
U. 00
13.^0
13. *0
11.60
U.aO

14.00

-S
-i
-(
-1
-1
-(
-<
-(
-s
-a
-s
-
-
--
-
-
-3
•3
-3
-3
-1
-1
-I
-1
-<
-f
-(
-(
-(
(
(
(
<
(
(
(
(

.64 '.

.00 !

.4*

.93 4

.49 4

.97 4

.54 4

.12 4

.74

.41 ]

.09 3

.84

.34

.93

.61

.37

.16 ;

.89 ;

.6s ;

.38 ;

.u ;

.86

.62

.39

.18

.98

.78

.56

.38

.18

.00

.18

.36

.52

.65

.78

.88

.96

.01

.06

.08

.10

.12

.12

.10

.114

.07

.06

.05

.Ob

.05

.'H

.')•*

.0)

.US

.02

.00

1.7« C
.J9 C
.11 C
.69 C
.SB o
.39 fl

1.21 C
.06 C
.97 0
.86 0
.79 0
.69 0
.54 €
.41 fl
.30 a
.15 C

t. 92 a
.71 «
.50 C

l. 31 C
1. 15 C
f. 02 C
.89 C
.79 (
.70 (
.62 (
.53 C
.48 (
.43 (
.40 (
.38 <
.37 C
.39 (
.42
.48
.53
.62
.69
.77
.84
.91

L. 96
1.01
1.07
Z. 12
2.14
t. 15
2.1«

2.17
2.17
2.1H
2.19
2.21
2.22
2 .23
2.2o
l.D

.88

.86

.84

.83

.80

.80

.79

.78

.79

.79

.79

.79

.79

.80

.80

.79

.76

.73

.70

.68

.67

.66

.66

.66

.67

.68

.69

.71

.74

.78

.83

.88

.95

.01

.07

.12

.17

.21

.24

.26

.28

.29

.31

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.12

.12

.12

3.23
3.12
3.03
2.94
2.85
2.76 '
2.68
2.60
2.52
2.46
2.39
2.34
2.23
2.14
2.06

.00

.93

.85

.77

.69

.60

.52

.43

.35

.27

.20

.12
1.04
0.97
0.69
0.83
0.77
0.73
0.71
0.69
0.69
0.69
0.70
0.72
0.73
0.75
0.76
0.77
0.79
0.80
0.81
0.1)2
0.82
0.82
0.82
0.83
O.R1
0.84
0.84

O.H5

O.Ü5

O.H6

0.05
0.05
0.05
0.06
0.06
0.06
0.07
0.08
0.08
0.09
0.09
0.10
0.11
0.13
0.14
0.15
0.16
0.17
0.19
0.21
0.24
0.27
0.30
0.35
0.40
0.45
0.52
0.59
0.65
0.70
0.73
0.72
0.68
0.62
0.57
0.52
0.48
0.45
0.42
0.41
0.40
0.39
0.38
0.37
0.37
0.37
0.37
0.37
0.37
0.37
0.37
0.37
U. 17
0.37

0.37
0 .37
0.37

.747

.739

.731

.722

.71«

.70«

.696

.6M4

.670

.659

.645

.635

.613

.591

.573

.561

.556

.544

.534

.518

.498

.476

.452

.423

.394

.363

.329

.288

.252

.212

.179

.148

.125

.110

.102

.098

.098

.100

.104

.106

.110

.113

.116

.120

.124
,126
.127
.128
.124
.129
.130
.131
.132
.133
.134
.11*
.113

Rh

Energy («V)
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n (•(-I/O R<+-0)

14
14
14
14
15
15
15
15
15
16
16
16
1«
17
17
17
17
18
18
18
18
19
19
19
19
20
20
20
20
21
21
21
21
22
22
22
22
23
23
23
23
24
24
24
24
25
25
25
25
26
2o
26
2o
27
27
27
27

.20

.40

.60

.80

.00

.20

.4U

.60

.80

.00

.25

.50

.75

.00

.25

.50

.75

.00

.25

.30

.75

.00

.25

.50
*75
.00
.25
.50
.75
.00
.25
.50
.75
.00
.25
.50
.75
.00
.25
.50
.75
.00
.25
.50
.75
.00
.25
.50
.75
.00
.25
.50
.75
.00
.25
.50
. '5

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1>
-0
-0

-0
-0
-0
-0
-0
-0

-0IQ
-0
-0

-0
-0

-0
-0
-0
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-0
-o
-0

-0
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-0
0
0
p
0
0
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.
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,
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.

97 1.
94 2.
9l 2.
87 2.
83 2.
80 2.
7l» 2.
76 2.
75 2.
73 2.
72 2.
72 2.
71 2.
71 2.
71 2.
72 2.
73 2.
74 2.
73 2.
70 2.
65 2.
56 2.
43 2.
29 2.
17 2.
03 2.
09 2.
t» 2.
25 2.
27
28
25
24
21
19
19 .
19
19
19
19
18
17
17
16
14
12
11
09 0.
08 0.
06 0.
04 0.
01 G.
01 ü.
|J2 0 .
04 0.
OS 0.
•J7 J.

29
30
31
31
30
29
25
24
21
20
18
16
15
14
14
13
15
18
23
30
36
43
47
47
44
38
30
18
05
92
81
72
64
SB
54
50
46
42
37
32
27
23
U
14
10
06
02
99
S5
92
H9
87
ß-i
<*3
H 1
dO
">d

.32

.31

.30

.29

.28

.27

.26

.25

.24

.24

.23

.23

.22

.22

.22

.22

.23

.23

.24

.25

.23

.24

.21

.18

.14

.10

.05

.00
>.95
).91
).88
).86
).84
),83
).82
J.81
).80
).79
).77
).75
).74
).73
).72
J.70
).69
).69
1.68
).<7
1.66
1.66
Q.6S
0.65
>.6S
D. 63
f>.*>3
1.65
ß.bS

0
0
0
0
0
0
n
0
0
0
0
0
0
0
0
0
0
n
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
!>
y

.87

.88

.89

.8«

.90
„*»0
.90
.90
.89
.89
.89
.06
.88
.88
.88
.87
.88
.88
.90
.92
.95
.98
.02
.05
.07
.09
.09
.09
.08
.05
.03
.00
.97
.95
.93
.92
.91
.90
.89
.87
.86
.84
.83
.81
.79
.77
.75
.74
.72
.70
.68
.*>6
.63
.6*
.62
.toi
.60

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
n
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.37

.37

.37

.38

.38

.39

.40

.40

.41

.41

.41

.42

.42

.-42

.42

.42

.42

.41

.40

.40

.39

.39

.39

.40

.41

.42

.43

.45

.4«

.51

.54

.57

.60

.62

.64

.66

.08

.69

.72

.74

.77

.80

.83

.86

.90

.93

.97

.00

.04

.08

.12

.15

.17

.20

.23

.25

.27

.14')

.142

.144

.146

.147

.14d

.147

.147

.147

.147

.146

.145

.145

.144

.144

.143

.144

.145

.149

.153

.162

.172

.183

.193

.202

.213

.221

.230

.233

.234

.232

.228

.224

.219

.215

.214

.213

.213

.214

.214

.212

.210

.210

.208

.206

.202

.199

.19S

.1*3

.18H

.112

.17t.

.171

.16:»

.163

.IS1*

.155
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(•M/t) R<*H»
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31.00
32.00
33.00
34.00
3S.OO
34.00
37. DO
30.00
39.00
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0.17
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0.34
0.41
0.4S
0.46
0.47
0.49

0.76
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0.71
0.6t)
0.67
0.62
0.54
0.44
0.39
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0.40

0.41
0.40
0.38
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0.65
0.65
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0.64
0.61
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0.49

0.44
0.37
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Fig.
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Palladlw

publlcatlon by J.H. Weaver and R.L. Benbow in Phys. ftev. B 1_̂ . 3509 (1975)
based on the followlng tabulatlon; data above k eV fron other groups

Energy (eV) R(t-O)

0.10
0.11

0.12
0.13
O.M
0.15
0.1«
0.17
0.1B
0.19
0.20
0.22
0.24
0.26
0.28
0.30
0.32
0.34
0.36
0 .38

0.40
0.42
0.44
0.46
0.4$
O.SO
0.92
0.54
0.56
0.59
0.60
0.64
0.68
0.72
0.76
O.AO
0.84
0.88
0.92
0.96
l.ttO
1.05

1.10

1.1S

1.20
1.25

1.3<)
1.3)

1.40

-2914.61
-2406.19
-2019.55
-1712.91
-1469.42
-1273.00
-1108.90
-979.48
-«72.71
•779.59
-697.50
-569.33
-472.90
-396.17
-332.20
-265.46
-250.16
-216.10
-191.72
-172.12
-158.00
-146.39
-136.80
-128.36
-120.94
-114.16
-106.97
-100.56
-94.79
-89.77
-64.80
-76.39
-69.24
-63. 4b
-58.15
-53.71
-49.93
-46.65
-43.52
-40.76
-38.52
-36.10
-J3.8to
-Ji.es
-30.17
-28. SJ
-27 . 1*
-2*.u^
-24.76

447.22 <
378.64
324.33
214.30
254.73
224.57
212. 2H
201.10
187.30
172.30
163.07
149.17
138.31
125.38
122.41
122.99
115.55
115.24
114.66
114.79
113.37
110.83
107.33
103.32
98.95
93.92
89.51
«5.67
82.25
78.78
75.67
70.16
65.46
61.09
57.29
53.94
50. 8*
47.96
45.35
43.16
41.13
38. hü
36 .33
3J.29
3 2 . 3 3
30.54
2B.^s ;
ii.n
25. 7i

.13

.85

.60

.16

.31

.13

.17

.20

.15

.07

.07

.10

.15

.11

.30

.56

.56

.80

.98

.17

.27

.31

.31

.27

.20

.10

.03

.97

.92

.85

.80

.70

.61

.51

.4)

.35

.27

.18

.11

.»5

.99
'.10

[.•»1
.7*
.üb
.*a
.5"
.42

» .34

54.15
49.21
45. OH
41. b2
38.48
35.82
31.45
11.46
29.71
28.09
26.59
24.06
21.97
20.15
18.52
17.27
16.21
15.18
14.41
13.77
13.27
12.85
12.46
12.11
11.77
11.44
11.10
10.79
10.49
10.23

9.96
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2.63
2.61
2. d l
2 .«1

.37

.37

.36

.36

.36

.35

.35

.35

.35

.35

.35

.35

.35

.34

.33

.32

.31

.30

.29

.28

.28

.27

.26

.26

.26

.26

.26

.26

.26

.26

.26

.27

.27

.27

.28

.28

.29

.30

.30

.31

.31

.32

.32

.31

.33

.33

.34

.34

.35

.)5

.35

.36

.3h

.3o

.36

.37
1.38

.66

.ob

.63

.61

.60

.58

.56

.55

.54

.53

.52

.51

.50

.50

.49

.48

.47

.45

.43

.41

.40

.38

.37

.15

.33

.31

.29
.28
.26
.25
.23
.22
.20
.19
.18
.16
.15
.14
.13
.13
.12
.11
.11
.10
.09
.09
. U M
.07
.0?
.06
.Ob
,05
.03

.04

.03

.02

.<'2

0.21
0.21
0.22
0.22
0.23
0.23
0.23
0.23
0.24
0.24
0.24
0.24
0.24
0.25
0.25
0.25
0.26
0.26
0.27
0.27
0.28
0.28
0.29
0.29
0.30
0.30
0.31
0.31
0.31
0.32
0.32
0.32
0.31
0.33
0.13
0.33
0.13
0.33
0.31
0.11
0.33
0.33
0.33
0.31
0.33
0.33
u. 13
0.13
0.11
o.u
0.31
0.31
0..1J
6.33
0.33
0.33
0.31

.352

.348

.345

.141

.136

.332

.328

.324

.321

.319

.316

.314

.312

.311

.310

.308

.306

.303

.299

.295

.291

.287

.28)

.27«)

.273

.267

.263

.2sa

.254

.250

.245

.240

.236

.212

.228

.224

.220

.216

.214

.212

.214

.208

.200

.204

.202

.200

.19*

.197

.1*5

.m

.1*2

.l«l

.189

.187

.1«5

.181

.1B*



-202-

Hf tllc

Energy (eV) RU-0)

7.90
7.95
B. 00
d.US

a.io
a.is
6.20
a. 25
8. 30
8.35
8.40
8.45

*. 50
B, 60
8.70
8.80
8.90
9.00
9.10
9.20
».10
9.40
9.50
9.60
9.70
9.80
9.90

10.06
10. 1U
10.20
10.30
10.40
10.50
10. bO
10.70
10.80
10.90
11.00
11.10
11.20
11.30
11.40
11.40
U.SO
11.00
11.70
11. du
11.90
12.00
12. lu
12.20
12.30
12. 4U
12. SO
12.oO
12.70
12.80

O.H9

0.92
0.94
0.96
0.99

.01

.02

.04

.05

.07

.08

.08

.09

.10

.11

.12

.11

.10

.07

.02
0.97
0.91
0.83
0.73
0.62
0.52
0.44
0.37
0.30
0.24
0.19
0.14
0.10
0.06
0.03
0.00

-0.03
-0.05
-0.07
-0.0*
-0.11
-0.1J
-0.13
-0.14
-o.is
-0.16
-0.17
-0.17
-o.u
-O.U
-0.19
-0.19
-0.1*
-0.19
-o.i a
-n. u
-O.IH

2.81
2. «2
2.S3
2. »4
2. US
2. ob
2.87
2.H9
2.90
2.92
2.94
2.95
2.97
3.00
3.04
3.08
3.13
3.19

.24

.30

.34

.38

.42

.45

.44

.41

.37

.32

.28

.22

.17

.11
3.05
2.»9
2.93
2. «B
2.42
2.76
2.71
2.66
2.60
2. US
2. SS
2.49
2.44
2.39
2.34
2.29
2.24
2.19
2.14
2.09
2.04
2.uO
1.95
1.91
1.3°

.39 1

.39 |

.40 1

.41 |

.41 1

.42 1

.43 ]

.43 1

.44

.44 I

.45 |

.45 1

.46

.47

.47

.48 1

.49

.49

.50

.50

.49

.48

.47

.46

.43

.41

.38

.36

.34

.32

.30

.28

.25

.24

.22

.20

.16

.16

.15

.13

.12

.10

.10

.09
,0)
.06
.04
.03
.02
.00

0.99

d.94
li.96
J .95

n. 94
U. 93
L). 92

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.02

.02

.02

.03

.04

.05

.07

.08

.10

.12

.14

.16

.18

.20

.21

.22
1.22
1.22
1.22
L. 22
.22
.22

1.21
L. 21
.20
.19

L. 19
1.18
1.17
.16

1.16
1.16
1.15
.14

1.13
1.12
1. 11
.10

1.09

l. OH
1.07

L.Ob

I.Ob

1.04

i. 01
l.'H

0.32
0.32
0.32
0.32
0.31
0.31
0.31
0.31
0.30
0.30
0.30
0.30
0.30
0.29
0.29
0.29
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.29
0.29
U. 30
0.10
0.31
0.31
0.32
0.33
0.33
0.34
0.3fr
0.35
0.36
0.37
0.3«!
0.38
0.3V
0.39
0.40
tl.41
0.42
0.41
0.43
0.44
0.45
0.46
0.47

d.49

0.50

O.bl
0. 52
0.5J

.180

.179

.179

.178

.176

.178

.178

.178

.179

.179

.180

.181

.181

.183

.184

.186

.189

.193

.197

.201

.206

.211

.216

.222

.227

.230

.233

.235

.237

.238

.240

.240

.241

.241

.242

.242

.242

.242

.241

.241

.241

.241

.241

.240

.239

.23»

.210

.217

.23«

.235

.214

.213

. 2 3 2

.330

.J29

.m

.225

Hf E" II E

-203-

Energy (eV)

12.90
11.00
11.10
13.20
13.30
13.40
13.50
13.60
13.70
13.80
13.90
14.00
14.10
14.20
14.30
14.40
14.50
14.60
14.70
14.80
14.90
15.00
15.10
15.20
15.30
15.40
IS. SO
15.60
15.70
15.00
15.90
16.00
16.10
16.20
16.30
16.40
U.SO
16.60
16.70
16.80
16.90
17.00
17.10
17.20
17.30
17.40
17.50
17.60
17. 7u
17. 80
17.90
18. DU
18.20
14.40
16.60
18.30
19.00

-0.17 1
-0.17
-0.16 1
-0.16 1
-O.IS 1
-0.13
-0.12
-0.10 ]
-0.08 1
-0.06
-0.04
-0.01

0.02
0.05
0.06
0.06
0.06
0.06
0.06
0.07
0.08
0.10
0.11
0.13
0.14
0.16
0.19
0.21
0.25 (
0.29
0.31
0.32
0.32
0.31
0.30
0.30
0.10 (
0.10
0.31 t
0.12 t
0.13 (
0.34 t
0.36 {
0.3(1 (
0.39 l
0.41
0.42 \3 (

0.44 (
0. 45
0.47

0.49

0.52
0.5o
U. 60
U. 64
O.eä

.82

.78

.73

.69

.64

.60

.55

.51

.48
.44
.41
.18
.36
.34
.34
.33
.31
.26
.26
.22
.19
.16
.11
.11
.08
.05
.01
.00

).98
).98
1.99
t. 00
.01
.00

1.99
>.97
).9S
).92
J.90

J.88

t. 85
) .D3
).«!

>.79
.7*
.77

i.lt,
).M
.71

J.M
J.6S
l.bti
J .63
1.63

).Dl

> .ÖÜ

i.S-i

0.91
0.90
0.89
0.68
0.87
0.86
0.65
0.84

0.84
0.81
O.ttl
0.83
0.83
0.81
0.84
0.83
0.83
0.82
0.81
0.81
0.80
0.79
0.79
0.79
0.76
0.78
0.78
0.79
0.79
0.81
0.82
0.81
0.81
0.81
0.82
0.81
0.80
0.80
0.79
0.79
0.79
0.79
0.79
0.79
0.80
0.80

0.80

O . Ü Q
0.80
O.SO
0.81

0.81

0.82

0.84

Ü.85

0 . 9 7
O.i)9

1.00

0.99

0.9«

0.96
0.95
0.91
0.92
0.90
0.88
0.87
0.8S
0.81
0.82
0.81
O.f tO
0.80
0.79
0.78
0.77
0.76
0.75
0.73
0.72
0.70
0.69
0.67
0.65
0.64
U. 62
0.61
0.60
0.60

0.61

U. 61
0.61

0.60

0.59

0.58
0.57
0.55
0.54
0.53
0.51
0.50
0.49
0.48

0.47
0.46
0.45
0.44

0 .43

0.42
0.3*
U. 3«
0.36
O.M
0.13

0.54
0.56
0.57
0.59
0.61
0.62
0.64
0.6b
0.68
0.69
0.71
0.73
0.74
0.74
0.75
0.7S
0.76
0.76
0.79
0.81
0.84
0.85
0.87
0.89
0.91
0.91
0.94
0.96
0.96
0.94
0.92
0.90
0.90
0.91
0.92
0.94
0.96
0.98
1.00
1.01

.02

.03

.03

.03

.02

.02

.01

.00

.00

.00
y.99
o.vd
U. 93
U. 49
o. tu
o.;«
0.71

.224

.222

.220

.219

.216

.212

.209

.205

.201

.196

.191

.186

.UO

.175

.172

.172

.171

.170

.169

.167

.1.64

.160

.157

.153

.148

.143

.138

.132

.124

.117

.112

.111

.112

.114

.115

.114

.113

.111

.100

.105

.102

.096

.094

.089

.086

.083

.080

.077

.015
.072
.U*H
.Uo4
.037
.051
.U4ä

.010

.'»36



Hf

-20*-

Energy (eV)

19.20
14.40
19.60
19.80
20. UO
20.20
20.40
20.60
20.80
21.00
21.20
21.40
21. 6ü
21.80
22.00
22.20
22.40
22.60
22.80
23.00
23.20
23.40
23.60
23.80
24.00
24.20
24.40
24.60
24.80

R(*-0)

D. 71

a. 73
lt. 76
I». 78
9.80
0.82
D. 84
0.86
0.88
0.90
0.91
0.93
0.95
0.97
0.98
.00
.02
.04
.05
.06
.07
.08
.09
.10
.10
.11
.12
.12
.13

0.59 C
0.59 C
O.S9 1
O.S9 (
0.59 C
0.58 (
0.58 (
0.57 (
0.58 <
0.57 <
0.57
0.57
0.57
U. 58
0.58
Ü.58
0.58
0.59
0.60
0.61
0.61
0.62
0.64
0.65
0.65
0.66
0.67
0.67
0.68

.90

.92

.93

.94

.94

.95
>.96
».97
».98
).99
.00
.01
.01
.02
.03
.04
.05
.06
.06
.07
.07
.08
.09
.09
.09
.10
.10
.10
.11

0.33
0.32
0.32
0.31
0.31
0.30
0.30
U. 30
0.29
0.29
0.21»
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
6.28
0.29
0.29
0.29
0.30
0.30
0.30
0.30
0.31
0.31

0.70
0.67
0.64
0.62
0.60
0.58
O.S6
0.54
0.52
0.51
0.49
0.48
0.47
0.45
0.44
0.43
0.42
0.42
0.41
0.41
0.40
0.40
0.40
0.40

0.40
0.39
0.39
0.39
0.39

.033

.031

.030

.028

.027

.026

.024

.023

.023

.022

.022

.021

.020

.020

.020

.020

.020

.020

.021

.021

.021

.022

.022

.023

.023

.023

.024

.024

.025

-205-

HafnliM

slngU crystal wlth Jlc. These resulcs by O.W. Lynch, C.G. Olson, and J.H. Ueaver
(unpub) lupercede those of LOU75 fPhys. Rev. B \±, 3617 (1975)1

Energy (eV) KI ez n k lm(-1/e)

0.51
0.52
0.53
0.54
0.56
0.58
0.60
D. 62
0.64
D. 66
0.68
0.70
0.72
9.74
0.76
0.78
0.80
D. 82
D. 84
0.86
0.88
0.90
0.93
0.95
0.98

.00

.02

.05

.08

.10

.15

.20

.25

.30

.35

.40

.45

.50

.55

.60

.65

.70

.75

.80

.45
I.SO

1.95
2.0t>
2.05

-18.31
-16.52
•14.49
-12.18
-7.93
-3.76
-U.2S

2.99
5.70
8.23

10.76
13.22
19.47
17.45
19.25
21.02
22.9»
22.33
20.81
U. 5t
16.20
14.12
12.14
10.69
9.58
8.57
7.66
6.81
6.01
5.18
3.66
2. 54
1.96
1.78
1.70
1.77
2.20
2.78
3.36
3.75
4.08
4.29
4.36
4.25
3.92
3.31
2.5b
1.71
0.91

22.74
20.96
19.46
18.35
17.14
16.52
16.40
16.49
17.05
17.40
17.94
18.84
20.08
21.53
23.18
25.15
28.33
31.78
35. U6
36.73
37.72
37.79
37.42
36.81
36.26
35.79
35.25
34.71
34.17
33.60
32.17
30.41
28.58
26.96
25.61
24.29
23. Öd
22.25
21.76
21.61
21.5U
21.59
21.74
22.11
22 .47
22.41
22.92
22.tio
22.01

1.33
1.25
1.21
1.22
t. 34
t. 57
1.84
.14
.44
.71
.98
.26
.52 ;
.75
.97
.19
.41 ;
.53 ;
.55
.46
.35
.22
.07
.95
.85
.76
.68
.59
.51
.43
.24
.07
.91
.79
.70
.61
.5b
.55
.56
.58
.60
.63
.65
.6b
.66
.63

1.5D
1.51
1.43

1.87
1.65
1.40
1.14
1.66
1.22
1.89

t. 62
1.48
t. 35
1.25
t. 21
1.22
t. 27
t. 33
t. 42
t. 62
t. 87
.16
.36
.53
.62
.69
.72
.74
.76
.77
.78
.79
.80
.79
.74
.65
.55
.46
.3*
.24
.13
.Ob
.01

Z. -»8
1.98
2.44

1.02
i.«>/
1.14

1.2»

l.^b

1.30

0.03

0.03

0.03
0.04
U. 05
0.06
0.06
0.06
0.05
0.05
0.04
0.04
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.03
0.03
U. 03
0.03
0.03
0.03
0.03
0.03
0.03
0.04
0.04
0.04
O.U4
0.04

0.04

O.D4

0.1)4
0.04

O.U4

0.04

0.04

0.04

0.04

0.04

0.04

.735

.723

.705

.600

.623

.559

.512

.482

.473

.469

.473

.482

.495

.500

.521

.535

.554

.570

.58S

.593

.599

.001

.603

.602

.602

.602

.602
.601
.60t
.401
.599

.594

.587

.578

.570

.5bl

.550

.b40

.SU

.b29

.525

.52»

.527

.530

.S*f t

.511

.54o

.501

.555



-206-

Hf

Energy (eV) R(4-0)

.10
1.15
1.20
1.25
1. 30
2.35
1.40
Z. 45
2.50
2.55
2.60
2.65
2.70
2.75
2.80
2.85
2.90
2.95

.00

.05

.10

.15

.20

.25

.30

.35

.40

.45

.50

.55

.60

.65

.70

.75

.«0

.85
.90
.95
.00
.05
.10
.15
.20
.25
.30
.35
.40
.45
.50
.55
.60

.65

.70

.75

.HO
4.bS
4.4U

0.15
-0.56
-1.22
•1.85
-2.51
-3.10
-3.50
-3.59
-3.62
-3.72
-3.91
-4.07
-4.20
-4.33
-4.45
-4.53
-4.64
-4.80
-4.97
•5.06
-5.08
-5.05
-4.97
•4.85
•4.70
-4.55
-4.42
-4.29
-4.16
-4.03
•3.90
-3.76
-3.67
-3.56
•3.46
-3.35
•3.26
-3.17
•3.08
-2.98
-2.86
-2.75
•2.64
-2.5S
-2.45
-2.34
-2.23
-2.13
-2.05
-1.96
-1.87
-1.76
•1.69

-l.fcO
-1.51
-1.44
-1.38

22.27
21.85
21.3J
20.86
20.27
19.52
16.66
17.84
17.25
16.79
16.33
15.83
15.35
14.88
14.42
13.98
13. SB
13.15
12.66
12.12
11.58
11.05
10.56
10.11
9.71
9.36
9.04
9.74
8.45
8.19
7.95
7.72
7.50
7.29
7.10
6.91
6.72
6.54
6.36
6.18
6.01

S.B!»
5.12
5.59
5.45
5.32
5.21
5.12
5.0;
4. »2
4. «3
4.74
4.66

4.5o
4.52
4 . 4 7

4.41

1.35
3.26
3.18
3.09
2.99
2.89
2.78
2.70
2.65
2.60
2.54
2.48
2.42
2.36
2.31
2. 25
2.20
2.14
2.08
2.01
1.94
1.88
1.83
1.78
1.74
1.71
1.68
1.6S
1.62
1.60
1.57
1.55
1.53
1.51
1.49
1.47
1.45
1.43
1.41
1.39
1.38
1.36
1.35
1.34
1.33
1.32
1.31
1.31
1.30
1.29
1.24
1.28
1.2*
1.28
1.2«
1.2ti
1.27

3.33
3.35
3.36
3.38
3.39
3.36
3.35
3.30
3,26
3.23
3.22
3.20
3.17
3.15
3.13
3.10
3. ÜB
3.07
3.05
3.02
2.98
2.93
2.88
2.83
2.78
2.73
2.69
2. 65
2.61
2.56
2.52
2.49
2.45
2.42
2.38
2.35
2.32
2.28
2.25
2.22
2.1B
2.15
2.11
2.08
2.05
2.02

.99

.si«>

.93

.91

.»6

.85

.42

.80

.77

.75
1.7J

0.04

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.07
0.07
0.07
0.07
0.07
0.07
0.08
0.08
0.08
0.09
0.09
0.09
0.10
0.10
0.10
0.10
O.lt
0.11
0.11
0.12
0.12
0.12
0.13
0.13
0.14
0.14
0.14
0.15
u. 15
0.16
0.16
0.17
0.17
0.18
0.1«
ü.lu
0.19

0.19

0.20

0.20

U. 21

.558

.560

.563

.565

.568

.569

.569

.565

.562

.560

.560

.560

.559

.559

.558

.558

.558

.559

.561

.561

.560

.538

.555

.552
,547
.542
.538
.533
.529
.524
.519
.515
.510
.506
.501
.497
.493
.489
.484
.480
.474
.468
.462
.457
.4SI
.445
.43*
.432
.427
.421
.415
,40d
.402

.395

. 304

. i«4

.379

-207-

Hf Sie

Energy («V)

4.95
5.00
5.05
5.10
5.15
S.20
5.25
5.30
5.35
5.40
5.45
5.50
5.55

M-i/e) nU-o)

60
65
70
75
ao
es
90

5.95
00
05
to
15
20
25
30
35
40
45
50
SS
60
«5
70
75

6.60
6.85
6.90
6.95
7.00
7.05
7.10
7 .15
7 . 2 0
7.25
7.30
7.35
7 .4»
7.45
7.50
7 . 5 5

60
6%

7 .70

1.3U .35
1.23 .30
1.17 .26
1.12 .21
1.07 .16
1.01 .12
0.96 .OB
0.91 .05
0.86 .02
0.85 .98
0.83 .94
0.79 .89
0.75 .85
0.72 .82
0.70 .79
0.69 3.75
0.67 3.71
0.65 3.67
0.64 3.62
0.63 3.56
0.60 3.50
0.57 3.44
0.54 3.38
0.51 3.33
0.47 3.26
0.43 3.23
0.40 3.18
0.36 3.13
0.31 3.U8
0.26 3.04
0.22 3.01
0.17 2.97
0.12 2.94
0.07 2.92
0.03 2.91
0.01 2.89
O.D4 2.87
0.07 2.86
0.10 2.64
0.13 2.82
0.16 2.UO
0.20 2.78
0.23 2. H
0.26 2.75
0.28 2.74
0.31 2.72
0.34 2.70
0.3« 2.66
0.42 2.6«
0.45 2.67
0.4d 2.67
0.51 2. o /
0.53 2 . 6 7
0.5S 2.o7
0.57 2.oo
0.5* 2.6b
0.62 2. i>4

.27

.27

.27

.27

.27

.27

.27

.27

.27

.27

.26

.26

.26

.26

.26

.25

.25

.24

.23

.22
,21
.21
.20
.20
.19
.19
.18
.18
.18
.18
.18
.18
.19
.19
.20
.20
.21
.21
.21
.21
.22
.22
.23
.23
.23
.23
.24
.24
.25
.26
.26
.27
.27
.28
.28
.29
.2?

.71

.0»

.61

.65

.64

.62

.61

.59

.56

.57

.56

.54

.53

.52

.51

.50

.49

.48

.47

.46

.44

.42

.41

.39

.38

.36

.34

.32

.31

.29

.27

.25

.24

.22

.21

.20

.19

.10

.17

.16

.15

.14

.13

.12

.11

. 10

.09

.08

.07

.'16

.06

.05

.US

.04

.«4

.03

.02

U. 21
0.21
0.22
0.22
0.23
0.23
0.23
0.23
0.24
0.24
0.24
0.25
0.25
U. 25
0.26
0.26
0.26
0.26
0.27
0.27
0.28
0.28
0.29
0.29
0.30
0.3U
0.31
0.32
0.32
0.33
0.33
0.34
0.34
0.34
0.34
0.35
0.35
0.3S
0.35
0.35
0.36
0.3l»
0.36
0.36
0.36
0.3»
0.36
0.37
0.36
0.36
0.36
0.3o
0.36
0.)*>
0.3t.
U.3b
0.36

. 3 / 3

.367

.363

.354

.354

.349

.345

.341

.338

.335

.333

.329

.325

.322

.320

.318

.115

.313

.311

.309

.306

.302

.298

.294

.290

.285

.280

.275

.270

.265

.260

.254

.249

.244

.241

.237

.233

.230

.227

.224

.221

.217

.214

.211

.209

.206

.203

.199

.146

.194

.192

.190

.189

.187

.185

.183

.m



£(0' 6 t * (
fr£0* tfl'l
S fP* »(«•(
6to* £8 '<
1*0* 06* '
frfrG* Cb'
£*«' S6* (
(»SO- B6*'
eso* 10*
ISO* £0*
090* t-0*
€90* SO*
S90* SO*
890' 90*
HO* *0*
€£0* 10*
£ £ 0 * 80*
180* 60*
580* 60*
680' 80*
zeo* 10*
$60* 90*
160' SO*
OOP tO*
tof in*
»OP 66*
tOP £6*
IOP 96*
660* 96*<
660* £6*<
»01* tO*
eif eo*
6tP tO*
f i t f tO*
OEP 00*
STP 06*1
0»P 96"
»»P »6*
£»f Z6*
DSP 06*
»Bf 48*
ISP 98*
6SP »B*
09P *«•
091* Zff
Z9P U*
S9P !»*(
OM* Ofl'(
ttl' 6i*
E 8 T * tf
B8P S£*
«61* f t ' (
9«f U*(
102- 69*(
SOZ* i«t*(
POE' S9*(
HZ* t9* {

i f C * 0
) f € * 0
) » C ' O
) SfO
) Q f ' O

1 «*€*0
» ( C ' O

l flt'O
6f*0
I**0
Z»*0

C»*0
h»*0
S»*0
9»*0
t»*0
e»*o
6**0
O S ' O

ZS'O
ts*o
»s*o
SS'O
95*0
t s *o

) 85*0
) 65*0
> 65*0
> 85*0
> / S * 0

«S'O
65*0
19*0
€9*0
59*0

1 99*0
> 89*0
) 69*0
) O t *0
) ZfO
) t£ *0
1 f£ *0
> S£*0
J 9£'0
1 t£*0
1 £ £ ' 0
) 8£*0
) bt'O
) 18*0
) f 8 * 0
) V 8 * 0
) 98'0
> 88 *0
> 68*0
) 16*0
t Z*' 0
» »6*0

*8'0

svo
¥B'(I
«P 'O

Z B ' Ü
?8 '0

IP*0
09*0
08*0
61*0
6£ '0
61'0
fi£*ft
8£*0
8 £ * 0
8£*0
£ £ * 0
t£*0
£1*0
£ £ * 0
£i*0
£1*0
£ £ * 0
8£*0
81*0
6£*0
08*0
IfO
18*0
08*0
8£*0
£t'0
9£'0
91*0
9£*0
91*0
9£*0
9£*0
£ £ * 0
U'O
ti'O
8£*0
6£*0
61*0
08*0
08*0
61*0
6£*0
6£*0
6£ 'Q
6£'0
08*0
08*0
18*0
*.8*0
Z8*0
te*o

15*0 t9'0

£5*0 1<»'0
f ? * 0 fS'l)
BS'O £S* f )
K S ' O Sfi 'O
f>9*0 »S'O
19'0 Z S ' O
t9'1 05*0
fVft P»*0
»0*0 9t*0
9«'0 S»*0
B9'0 f»*0
6«*0 l»*0
Oi 'O t»*0
rco o»*o
f £ *0 6t*0
*£*0 £ t *0
S £ * 0 SF'O
£1*0 »t*0
6t*0 ZC'O
I«*0 U'O
f8*0 Of 'O
S8'0 6t*0
£8'0 6Z*0
06*0 BJ*0
Z6'0 BC'O
»6*0 6C*0
»6*0 IfO
E6*0 lf*0
16*0 OE*0
06*0 £ Z * 0
16*0 CC*0
f 6 '0 OZ'O
56*0 £1*0
«*6*0 SPO
00" CPO
fO* tPO
SO* OPO
80* 60*0
01* 80*0
€1" 90*0
91* 90*0
61* 50*0
IZ* 50*0
lf SO 'O
er* »0*0
»2' Z0*0
SE* 00*0
£f tO 'O
OE" 90*0
»f BO'O
£ C * OPO
0»' ZPO
»f »PO
8** 91*0
ZS' 8PO
tS' 6PO

O B * P I
0 £ * 8 I
09*81
(*S*81
O l ' f l l
P E ' B l
O Z ' B I
O I ' B l
00*81
06*£ l
O B * £ 1
0 £ * £ 1
09*11
OS*£1
0»'£I
O t * £ I
O Z ' l l
O f £ !
00*£1
06*91
08*91
0£'91
09*91
OS*»I
0»'9I
Ot* 91
OZ*9I
01*91
00*91
06*51
OB'Sl
0£*S1
09*BI
OS*SI
0»*SI
OE'SI
OZ'SI
Ol 'SI
00*51
06*»I
08*»t
0£'»l
09*»t
OS*»I
0»'»1
Of » l
O Z * » !
Of »l
00*»l
06*tl
08*t l
0 £ * E 1
09*tl
OS*t l
0»*tl
Of f l
O Z ' f l

El?*
SIt"
m*
6 I3T*
1ZZ*
t c z *
szr*
9*r*
atz'
ttz~
O E Z *
t E Z *
ZEZ*
Z E Z *
tff
»Et*
scz*
S E T *
9tt*
9EI*
£fl*
£ tZ*
£«'
8EZ*
£ E Z *
£Et*
£ E Z *
9CZ*
StZ'
SEC*
»cz*
2€t*
0«'
Itf
tzt*
8U*
»IZ*
60Z*
»0£*
66P
r«f
881*
»81*
Itf
8£f
9£P
»£f
f£f
t£1*
Z£f
E£f
E£l*
»£P
S£f
9£f
8£P
OB P

t O ' O
<i9'(i
BS'O
£5*0
55*0
» S ' O
ES*0
Z S * 0
OS'O
6**0
8»'0
£»*0
9»'0
9»'0
S»'0
»»'0
£»'0
Z»'0
1»*0
J»'0

0»*0
6E'0
BE*0
£t*0
£ f *0
9E*0
SE*0
»r*o
»E*0
tt 'O
EE*0
«•o
IfO
IfO
OE*0
OPO
or*o
6Z*0
6Z*0
6*'0
ot*o
Of 0
OE'O
IfO
IE*0
ZE'O
Zf 0
tf 0
tf 0
tf 0
»f 0
»f 0
Sf 0
Bf 0
SE*0
9f 0
9f 0

S6T
£6 ' f

Pf C
f.6'1
00'
Zö'
to*
*0*
50*
90*
£0*
80*
60*
60'
Of
IP
ZI*
EP
»P
51*
91*
91*
£1*
tf
6l'
61*
oz*
Ot"
OZ*
IZ*
IZ*
u*
IZ*
oz*
61*
£f
91*
»P
ZI*
01*
80*
90-
»0*
to*
ZO*
10*
00*
00*
66*
«6*
66*
00*
00'
00*
00"
10*
ZO*

SP*C
99 '0
t B ' C
9 8 * C
6BT
06T
16*C
r.ft
f 6 *e
»6'(

96*C
£6*(
86 'C
86'(
00*
10*
SO*
»0*
«0*
£0'
80*
OP
ZI*
tf
SP
£P
6P
l«'
tz*
BZ*
£Z*
6Z*
Zf
»E*
Lf
6f
0»*
Z»*
E»*
»»*
S»*
»»*
£»"
C»*
Z»'
I»'
0»*
6f

» tf
» 9t*
> Sf

»t*
Et*
Zf
1t*
oe*
OE*

!fl'I
S«'
*<>•

»t*
«P
ZP*
£«'
16'
<»fi*
tfl'Z
5u*Z
Oft
SPZ
S T * Z
OZ'Z
SC'Z
OE*Z
Sf Z
o»*z
9»*Z
IS'Z
9S*Z
Z9'Z
89'Z
E£'Z
6£*Z
»8*Z
06*Z
96* Z
10*
£0*
EP
tf
EZ*
SZ*
9Z*
SZ*
»Z*
IZ*
£P
II'
»0'
B«*Z
f 6 'Z
88 'Z
»B'Z
oe*z
u*z
»£*Z
U'Z
«9*Z
IV'l

s«*z
»o*z
E9'Z
t«t*t
»9'Z

6PO
OZ'O-
IfO
IZ 'O
ez*o
fC 'n
rz 'o
tZ 'O
»Z 'O

»Z'O
»Z'O
t z *o
tz *o
t Z ' O
ZZ 'O
zz*o
U'O
oz*o
61*0
8PO
9PO
»1*0
fl 'O
OPO
BO'O
SO'O
zo*o
zo*o
90*0
OI'O
SPO
IZ*0
B Z ' O
9E*0
9»'0
SS*0
t9*0
U'O
6 £ * 0
£8*0
t6*0
£6*0
F6'0
86*0
86*0
£6*0
S6*0
E6'0
06*0
88*0
»8*0
OB'O
£ £ * 0
»£ '0
U'O
89'0
59*0

OPf l

0 £ * M

0 » ' Z I
O t ' Z I
Of t«
O P Z I
O O ' M
06*11
O6't l
0 8 * 1 1
Ot 'H
09*11
05*11
Ol ' l l
Of U
O Z ' I l
O I ' l l
00*11
06*01
08*01
0 £ * O I
09*01
05*01
0 » * O I
Of 01
oz*ot
OP01
00*01
06*6
08'6
0£*6
09*6
05*6
0»'
OC'
oz1
or
00'
06*8
oe*B

05'8
0»*8
oft
O Z ' B
Oft

S6
06
se

(O-f)M

-60Z- -80Z-



Authors

LFJ64

AU66

8.66

LT66

La67

LTA66

JCF68

JLH68

HRS69

BB74

Wl.074

Zfto74

KNN75
i

t̂

Energy Range
(aV)

7.1-23.6

•V2.5-55

0.6-2.6

0.06-0.25

0.1-4

0.1-3.5

•».78-̂ 506

2.1-23.1

30-600

0.1-35

•

0.07-4.09

Technique

Rafl

Rafl

Elllps

Elllps

R-fl

Trans

Reft

Elllps

Temperatur«
(K)

RT uniess
spac 1 f i ed

.2000

1200-2600

k. 2 for
hv < 4.88 eV
RT for
hv > 4.88 aV

>1000

Sample

t
u.

X

X

1

X

X

J*
aa

X

X

X

X

X

X

X

X

X

Prep

Heat

Ex

HP

HP

HP

Ex

Heat

Ex

EP

EP

Data Präsentation

R

..(.-»>

n.k

E2/^ tCl

C2/ 1

C2/^ t'l

U/P

R, n, k, £!,£;, Im (t"1)

W

CH at i m 6450 Ä

wi-J?:^-.
c

..k..,..

Ramarks

Ta

heated in sftu -v-io*9 Torr

energy los» spactroscopy at several
tamperaturas

filaments at varlous T

data from LT66 and LTA66

soft x-ray absorption with Synchrotron
radlatlon

heated %2600 K at -vIO"9 Torr

optica) absorption maasurements with
Synchrotron radlatlon

absorptlvlty nwasurad by calorimatry for
hv < 4.88 eV, reflectlvlty for hv > 4.88 eV
with Synchrotron radlatlon, säe also RCF&0

«Mlsslvity

(110) cryttal

o ^o Ä p f c ( o * ^ ' H ^ c * ^ ^ * o o ^ o * ö * f f > < B a i c & Ä ^ o * o o * ^ ^ * * r * ^ < ^
^ O O O O O O O 3 O O O O O O O O O O O O O - 9 O O O O O O 9 O 3

o o o o o o o o o o o s o e o

O O O O O O O O O O O O O Ö O O O O O O O O O O O O O O O O O

990 900

o o e o o o o o o o o o o o e o o o e e o o e a o s



l-*7

,LI**7

To

0.1 l 10

PHOTON ENERGY («V»

. 73 Survey of avellable data for Ta

IOO

Authors

TT76

BOL77

HTT77

GCS79

HC80

t
N

M

Energy Rang*
(eV)

0.5-5

0.03-3.1

0.5-5

0.32-5.6

0-5-6.5

Techn 1 que

Ellips

R*f1

Elllps

Trans, Refl

Trans, Refl

Tempera ture
(K)

RT unless
tpec 1 f 1 ed

k. 2

k. 2-1100

Sample

_•

iZ

X

X

n
Wi
X

-X

CB

X

X

X

Prep

In

In

In

Ex

Data Präsentation

•2 (Interband)

R

e2 (Interband)

o

n,k,o

Remarks

Ta

h«ated to 2000 K in uhv

also cmlstlvity iiOO-850 K

heated to 2000 K In uhv

uhv evaporation

polycrystall Ine thln fllms,
Substrate T: 1275-1«5 K



0 2 4 6 8 0 20 30

Photon Energy(eV)

Fl"- 75 ci for T«, WL074; ++*

5(T

KNH75; MC80; ooo JLM68.

10 ß 20

Photon Energy (eV)
25

Fig. 1k Reflectlvlty of Ta.
LFJ64.

UL07<i: ee« HCÖO; *** JLM68; — BOL77;



60 100 140 160 200 300

Photon Energy(eV)
400

Flg. 77 Abiorptlon co«ff1cl*nt for T* r«port«d by HRS69.

500

T T l l l l l l

J i

Ta

0 2 6 8 10 20 30
Photon Energy (eV)

50

Flg. 76 e2 for Ti. WLO?*; **+ JLH68- ooo HC80; ••• TT76-



-216-

TantaltM

publlcatlon by J.H. Ueaver, D.U. Lynch, and C.G. Olson In Phys. Rev. 8 10,
50t (1973) based on the followlng tabula t loii

Enargy (eV) R(*-0>
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Tungsten

publlcatlon by J.H. Ueaver. D.W. Lynch, and C.C. 01son In Phyr. 8«v. B J2_,
1293 (1975) based on the followlng tabulatIon
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0.70
0.72
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51.26
48.43
44.13
39.12
33.97
29.50
26.00
23.24
21.49
19.95
19.27
19.33
19.41
19.63
19.61
19.50
19.78
20.23
20.76

.83

.72

.71

.82

.86

.94

.92

.82

.69

.53

.40

.30

.23

.20

.17

.21

.28

.36

.45

.52

.59

.70

.83

.97
21.37 2.12
21. SS 2.22
21.75 2.36
22.11 2.47
22.94 2.62
24.21 2.80
25.49 2.92
26. J3 3.00
76.93 3.05
21.66 3.11
27.46 3.14
27 .97 3. IS
27.77 3.15
27.45 3.15

82.90
71.85
65.29
51.96
5« .71
46.39
10.16
15.32
•1.46
'.8.30
22.44
18.32
16.93
15.71
14.70
13.88
13.18
12.63
12.11
11.59
11.06
10.52

9.98
9.45
8.94
8.44
7.96
7.52
7.14
6.7«
6.45
6.13
5.81
S. 52
5.2'
5.0*

.81

.61

.47

. »7

.13
,'tl
.3<t
.42
.44
.45
.43
.41

4.36

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
o.ot
0.01
0.01

0.01
0.02
0.02
0.02
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.0)

0.03
0.03
0.03
0.<i)
U. u 3

.983

.903

.983

.983

.983

.982

.982

.9*2

.982

.981

.980

.979

.977

.971

.967

.963

.957

.954

.993

.952

.952

.952

.950

.948

.943

.938

.924

.917

.904

.888

.873

.856

.834

.810

.785

.759

.7)8

.710

.642

.l>71

.662
,bhl

.060

.•>(>'}

.*60
,*.M>
.638

.ftS«!

.oSJ

-233-

Energy (eV)

00
OS
10
15
20
25
30
35
40
45
SO
SS
60
65
70
75
80
85
90
95
00
05
10
15
20

2.25
2.30
2.35
2.40
2.45
2.50

M-i/e)

2.55
2.60
2.65
2.70
2.75
2.80
2.85
2.90
2.95

00
05
10
IS
20
25
30
35
40
«S
SO
35
60
95

3.7Ü
3.75

b.eo
7.91
7.00
5.51
4.23
2.23
0.76
0.78
2.07
3.30
4.32
5.25
6.28
6.92
6.99
6.64
6.09
5.46
5.05

.77

.61

.55

.49

.43

.60

.78

.80

.70

.52

.30

.20

.26

.30

.34

.46

.54

.70

.85

.02

.21

.37

.51
5.66
5.74
5.78
S. 73
5.41
4 . 9 f

4. 3H
3.70
3.1V
2.9(1
2.6*
2.50
2 .42
2.3»
2.41

27. H
26.04
24.63
33.15 .
21.88
20.68
20.18
19.63
19.44
19.28
19.38
14.46
19.69
20. SS
21.39
21.99
22.22
22. IS
21.71
21.33
20. W 6
20.45
20.09
19.70
19.24
19.08
19.04
16.94
18.80
18.54
18.11
17.73
17.48
17.19
16.91
16.74
16. 48
16.38
16.25
16.20
16.22
16.27
16.37
16.60

16.82
17.19
17.64
17. b5
1«.02
17.62
17.52
17.11
16.75
16,40
lb.(l<(
15.67
15.311

.14

.11

.OS

.07

.00

.05

.12

.20

.29

.38

.48

.56
3.67
3.78
3.84
3.85
3.82
3.76
3.70
3.65
3.60
3.57
3.54
3.51
3.49
3. SO
3.49
3.48
3. 45
3.41
3.38
3.35
3.34
3.32
3.31
3.31
3.31
3.31
3.32
3.33
3.35
3.37
3.39
3.41
3.43
3.4S
3.45
3.43
3.3«
3.32
3.24

3.19
3.11
1.09

i. OS
3.02
2.99

t. 32
i. 19
.04
.83
.64
.39
.24
.07

2.96
2.95
2.79
2.73
2.6H
2.72
2.79
2.86
2.91
2.95
2.94
2.92
2.89
2. 86
2.84
2.81
2.76
2.73
2.72
2.72
2.72
2.71
2.68
2.64

2.62
2.59
2.55
2.53
2.49
2.47
2.4S
2.43
2.42
2.42
2.41
2.43
2.45
2.49

2.55
2.60
2.66
2.70
2.70
2.69
2. (--7
2.6b
2.6;
2.oO
2.i6

0.03
0.0«

0.04

0.04
0.04
O.OS
0.05

0.05
0.05
0.05
0.05
0.05
0.05
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.05
0.05
0.05
0.05
0.05
0.05
O.OS
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
O.OS
0.05
0.05
0.05

0.05
0.05
0.05
U. OS
i».0fc
0.06

O . O S

0.06

O.Oo

0.06

O.Oc

.649

.639

.627

.608

.590

.563

.545

.527

.515

.SOS

.500

.446

.494

.500

.507

.514

.518

.520

.518

.516

.512

.509

.506

.502

.497

.494

.494

.493

.493
,49t

.487

.483

.480

.476

.472

.470

.466

.464

.4hl

.440

.459

.45-)

.460

.462

.465

.4S9

,47o

.440

.415

.4H9

.4*9

.4<?S

.4P2

.4H1

.47fr

.472

.46*



W

Energy (eV)

3.85
3.90
3.95

.00

.10

.70

.30

.40

.50

.60

.70

.dO

.90
5.00
S. 10
5.20
5.30
s.«o
5.50
5.60
5.70
5.80
5.90

.00

.10

.20

.30

.40

.50

.bO

.10
6.80
6.90
7.00
7.10
7.20
7.30
7.40
7.50
7.60
7.70
7.80
7.90

8.00

8.10
8.20
B.3G
8.40
8.50
4.60
8.70
n. 80
H. 90
9.00

9.10
*.JO
9. JO

ei

2.46
2.52
2.66
2.83
3.23
3.68
4.0o
4.38
4.62
4.69
4.67
4.50
4.19
3.44
2.10
0.00

-2.05
-4.31
-6.35
-7.78
-8.66
-9.00
-9.01
-8.85
-8.62
-8.35
-7.93
-7.51
-7.10
-6.76
-6.41
-6.04
-5.72
-5.41
-5.10
-4.86
-4.57
-4.31
-4.04
-3.85
-3.62
-3.38
-3.14
-2.93
-2.77
-2.58
-2.38
-2.20
-2.04
-1.91
-1.79
-1.6«
-1.61
-1.54
-1.44
-1.35
-1.2*

-23*- -235-

15.06
14 .79
14.51
1 4 . 3 3
14.07
14.02
14.21
14.52
14.99
15.63
16.30
17.14
1 8 . 1 U
19 .37
20.58
21.40
2 1 . 3 4
20.90
19.68
17.98
16.15
14.41
12.90
11.63
10.54
9.53
8.68
7.99
7.43
6.92
6.46
6.08
5.73
5.42

18
91
68

4.49
31
14

3.97
3.03
3 . 7 3
3.66
3.57
3.48
3.41
3.37
3.3t>
3.35
3.33
3 .32
3.3d
3.2b
3 . 2 1
3 . 1 7
3 . 1 «

2.98
2.96
2.95
2.95
2.97
3.02

.07

.13

.19

.24

.29

.33

.37

.40

.38

.27

.11

.92

.68

.43

.20

.00

.83

.70

.58

.47

.38

.32

.26

.21

.16

.12

.09

.06
.04
.01

0.99
0.98
0.96
0.95
0.94
0.93
0.93
0.94
0.94
0.94
0.94
0.96
0.07
0.99

,00
.01
.02
.01
.02
.02
.01

2.53
2.50
2.46
2.43
2.37
2.33
2.31
2.32
2.35
2.41
2.48

.57
,68
,85
,05
,27

3.43
3.58

,60
.70
,67
.61
.52
.42
.33
.24
.14
.04

2.95
2.87
2.78
2.70
2.63
2.56
2.49
2.43
2.36
2.30
2.24
2.18
2.12
2.06
2.00

,95
.91
,86
,81
.76
.73
.70
.67
.65
.63
.*>•>
.57
.55
.52

0.06
0.07
0.07
0.07
0.07
0.07
0.07
0.06
0.06
0.06
0.06
0.05
0.05
0.05
O.US
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.06
0.06
0.06
0.07
0.07
0.07
0.08
O . O B
0.09
0.09
0.10
0.10
0.11
0.12
0.12
0.13
0 .14
0.15
0.16
0 . 1 7
(1.17
0.19
0.20
0 .21
0.22
0 .23
0 .23
0.24
0.24
U.25
0 .26
0 , 2 1
n. 27

M*-o>

.464

.460

.455

.4SI

.444

.440

.440

.442

.447

.455

.464

.475

.487

.505

.525

.548

.566

.586

.604

.618

.629

.637

.641

.643

.644

.646

.643

.640

.635

.631

.626

.619

.613

.607

.598

.593

.Sd)

.573

.565

.556

.546

.533

.518

.505

.494

.481

.465

.44*

. 4 J 4

.422

.411

.401

.394

.17*

Energy (eV) M-I/O

9.40

9.50
9.60
9.70
9. MO
9.90

10.00
10.10
10.20
10.30
10.40
10.50
10.60
10. fO
10.80
10.90
11.00
11.10
11.20
11.30
11.40
11.50
11.60
11.70
11. DO
11.90
12.00
12.20
12.40
12.60
12.80
13.00
13.20
13.40
13.60
13. BO
14.00
14.20
14.40
14.60
14.80
15.00
15.20
15. 4U
15.60
15.80
16.00
16.20
16.40
16.»0
16.80
17.00
17.20
17.40
17.60
17.80
14.00

-l.U
-1.06
-0.96
-0.85
-0.73
-0.63
-0.52
-0.41
-0.34
-0.27
-0.24
-0.22
-0.22
-0.24
-0.28
-0.32
-0.37
-0.41
-0.46
-0.51
-0.56
-0.62
-0.68
-0.72
-0.76
-0.81
-0.84
-0.90
-0.94
-0.97
-0.99
-1.00
-0.99
-0.96
-0.93
-0.89
-0.81
-0.75
-0.69
-0.62
-0.55
-0.47
-0.40
-0.35
-0.33
-0.32
-0.34
-0.37
-0.42
-0.47
-0.53
-0.5*
-0.04
-0.70
-0.74
-0.77
-0.80

3.09 1
3.05 I
3.03
3.02 I
3.01 1
3.02
3.05
3.10
3.16
3.23
3.32
3.39
3.47
3.53
3.59
3.62
3.64
3.65
3.66
3.66
3.66
3.64
3.61
3.57
3.54
3.49
3.44
3.34
3.23
3.12
2.99
2.87
2.75
2.64
2.53
2.43
2.34
.2.27
2.21
2.16
2.12
2.10
2.11
2.13
2.17
2.20
2.74
2.26
2.27
2.27
2.25
2.21
?.l»
2.11
2.05
1.99
1.91

.03

.04

.05
.07
.09
.11
.13
.16
.19
.22
.24
.26
.27
.28
.29
.29
.28
.28
.27
.26
.25
.24
.22
.21
.20
.18
.16
.13
.10
.07
.04
.01

3.98
1.96
0.94
9.92
0.9t
0.91
D. 90
0.90
0.90
0.92
0.93
0.95
0.97
9.98
0.9*
0 .44

0.97
0.96

>).9<*
0.92
D. 99
0.97
O . A S
U. 82
O.«0

.50

.47

.44

.41

.38

.36

.34

.33

.33

.33

.34

.35

.36

.34

.39

.41

.42

.43

.44

.45

.46

.47

.48

.44

.41

.48

.48

.48

.47

.46

.44

.42

.40

.37

.35

.32

.28

.25

.23

.20
1.17
1.14
1.13
.12
.12
.13
.14
.15
.17
.1«
.19
.20
.21
.21
.21
.20
.20

0.29
0.29
0.30

O.J1
0.31
0.32
0.32
0.32
0.31
0.31
0.30
0.29
0.29
0.28
0.28
0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.26
0.29
0.29
0.30
0.31
0.32
0.33
0.35
0.36
0.38
0.40
0.41
0.43
0.44
0.4S
0.46
0.46
0.45
0.44
0.44
.1.43
0 .43
11.42
0.42
0.42
•1.42
0.4?

0.41

0.44

0.45

.352

.340

.329

.310

.307

.29?

.287

.274

.274

.271

.270

.271

.27*

.278

.282
.246
.290
.293
.297
.301
.305
.309
.313
.315
.114
.321
.323
.327
.329
.332
.331
.333
.332
.329
.325
.320
.312
.304
.296
.246
.276
.264
.255
.241
.246
.246
.24«
.23)
.260
.2-»7
.271
.242
.28**
.2*7
.30*
.110
.317
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R«

1 i i i t i i i
0.1 l 10

PHOTON ENERGY (ftV)

Flg. 84 Survay of avallabl« data for (U

100

Au t ho r s

LFJ64

Ba66

JLM68

H R 56 9

R070

Hu71

CHR72

Log 72

HKN73

Zho74

TT76

WO L Unpl

i
so
m
M

Energy Range
(eV)

7.1-23-6

0.6-2.6

2.15-23.09

30-600

•\-25-M70

6.2-4.1.3

6.2-41.3

0.08-4.13

0.5-5

0.1-60

Techn 1 que

Refl

Elllps

Refl

Tränt

m-6

Refl

Refl

Elllps

Ellips

Refl

Tempera t ure
(K)

RT unless
specifled

300-2400

77. 295

>1000

k. 2

<t. 2 K for
hu < 4.4 eV
RT for
nv > 4.4 eV

Sample

J

u.

X

X

X

0
W

K

X

X

^
3
m

X

X

X

X

X

Prep

Heat

Heat

Heat

Ex

Ex

Ex

EP

Heet

EP

Data Präsentation

R

n, k

R; KK: n,k,e l le2

\i

R, n, u

R

R

c

n (k,o,c]

c

C2 (tnterband)

R; KK: n.k,cj ,e2 ;
?_L£ and EM S

Remarks

fte

crost-sactlon fllaments *t vartous T

heatad ^2600 K at -x.lO"' Torr

optical abaorptlon measurements with
Synchrotron radiatlon

«roltilvlty

table X.n.k

eraisilvity

^2000 K In uhv

absorptlvlty measured by calorimetry for
hv < 4.4 eV, raflectivity measured for
hv > 4.4 eV with Synchrotron radiatlon



10 ß 20

Photon Energy (eV)
25 30

Flg. B6 cl for ta. ^Slngla crystal rtsults shewn •• «•• for tlld and
ooo for Elc by LOW (unpub). PolyeryttalllM raculta » follows:
•H -̂ TT76; *** HKN73; AAA JU*68.

06

Re

0.0
10 15 20
Photon Energy (eV)

25 30

Fig. 85 Reflaetlvity for Fta. tosults for slngl« cryttal ihown «s
for Illc and for Elc by LOW (unpub). Polycrystat Itne

result« äs foMows: ooo CHR72; xxx JLH68; — Hu71; *+* TT76;
NKN73i ••• LFJ6A.



Re

SCALE CHANCE

50 200 300

Photon Energy(eV)
400 500

flg. 88 Absorption co«fflc)*nt for R«. — HRS63; —- Ro70.

10 15 20

Photon Energy (eV)
25

Ftg. B? ej for (U. SlngU cryital ihown äs — for tlle and — for I
by LOW (unpub). PolycrystallIn* rcsults «s follows: ooo TT76;
DDONKN73.
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10.10
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14.60
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Rhenium slngle crystal wlth EJ.C

U.V. Lynch, C.G. Olson, and J.H. Ueaver (unpub)

Energy (eV) cl t^ n R(*-0)

0.10

a. 15
0.20
D. 25
0.30
D. 35
0.40
0.45
0.50
0.55
0.57
0.60
0.63
0.65

O.t>8
0.70
0.73
0.75
0.17
0.80
0.95

0.90
0.95

.00

.05

.10

.15

.20

.25

.10

.35

.40

.45

.50

.Si

.60

.65

.71"

.75
,SO
.US
.90
.95

2.0l*
2.05
2.10
2.15
2.20
2.25

-1916.64
-778.04
-416.01
-252.76
-160.75
-117.68
-87.19
-64.14
-49.42
-3l*. 90

-36.37
-34.27
-33.09
-33.00
-33.13
-33.19
-32.61
-31.33
-29.27
-27.40
-23.91
-20.77
-17.72
-14.99
•12.20
-10.00

-7.84
-5.70
-3.85
-2.42
-1.49
-0.98
-0.23

0.69
1.52
2.51
3.2?
4 .03
4.71
5.1t)
5.75
6.27
6.9,*
7 . 3 4
7.82
U. 2l
4. 55
9. 9o
9 . J 3

364.47
184.09
135.30
112.95
100.42
90.77
Dl. 09
75.32
71.64
68.74
67. B4
67.07
66.05
64.42
61.88
58.56
54.74
50.88
47.6*1
44.91
40.40
36.58
13.37
30.65
28.48
26.74
25.17
23.97
23.22
22.78
22.43
21.87
20.94
20.14
19.53
19.93
18.67
18.34
18.14
17.99
19.05
17.69
17.6»
17.64
17.75
17.92
1B.-J7
IÖ.2J
1«,*7

4.25
3.28
3.2t)
3.47
3.73
3.9»
1.99
4.17
4.34
4.4S
4.51
4.53
4.5)
4.44
4.30
4.13
3.94
3.77
3. 65
3. SS
3.39
3.26
3.17
3.09
3.07
3. OS
3.04
3.0Q
3.14
3.20
3.24
3.23
1.22
3.23
3.25
3.29
3.34
1.38
3.42

3.47
l.Si
3.54
3.59

l.*»3
3.69
3.74
1.7«

».•*!

*.•»•*

42.83
28.08
20.66
16.27
11.44
11.54
10.15

9.03
8.26
7.73
7.53
7.40
7.31
7.26
7.19
7.09
6.94
6. 75
6. 53
6.32
5.95
5.61
5.27

.96

.65

.39

.14

.99

.70

.56

.46

.38

.25

.12

.01

.88
2.80

2.72
2.65
2.59
2.57
2.50
2.46
2.4i
2.41
2.4«
2.3«
2. IS
2.40

0.00
0.00
0.00
0.00

0.00

0.00
0.01
0.01
0.01
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.199

.191

.186

.183

.179

.174

.172

.170

.169

.169

.1*8

.165

.161

.156

.151

.149

.144

.140

.138

.140

.142
«147
.152
.157
.162
.167
.172
.178
.184
.199
.194
.200
.205
.210
.214
.211
.22)
.227
.21t
.214

Os

Energy (elf)
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M-l/e)

20
20
20
21
21
21
22
22
22
23
23
24
24
24
25
25
26
26
26
27
28
28
28
29
29
30
31
32
33
34
35
36
37
38
39
40

.40

.60

.80

.00

.20

.60

.00

.40

.80

.20

.60

.00

.40

.80

.20

.60

.00

.40

.80

.20

.00

.40

.80

.20

.60

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

-0
-0
-0
-0
-0

-0
-0
-0
-0
-0

-0
-0
-0
-0
-0
-0
-0
-0
-0
u
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.31

.32

.32

.31

.31

.30

.28

.25

.22

.21

.18

.17

.15

.14

.12

.11

.09

.06

.03

.03

.06

.09

.12

.14

.16

.19

.22

.77

.33

.38

.42

.47

.51

.55

.59

.64

1.03
.95
.88
.81
.75
.64
.55
.46
.39
.33
.27
.22
.17
.11
.06
1.00
).95
J.B9
).84
).61
).76
).73
).7I
).69
).66
).64
1.59
).S4
>.SO
).47
}.45
}.43
).42
9.42
9.41
D. 43

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

93
91
49
87
86
83
80
78
77
75
75
73
72
70
69
67
66
65
63
65
64
64
65
65
65
65
65
66
6«
70
72
74
77
79
41
04

0
0
0
0
0
0
0
0
0
•1
0
0
l>
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.0* (

.0*. (

.05 C

. 14 (

.'.2 C

.«-9 l

.!6 (

.93 (

.90 1

.88 (

.RA (

.64 (
,B2 (
.80 (
.77 (
.75 (
.72
.69
.66
.62
.59
.57
.55
.53
.51
.49
.45
.41
.37
.34
.31
.29
.27
.26
.26
.26

.48

.50

.52

.54

.55

.59

.63

.66

.10

.74
i. 77
>.BO
). 14
). 18
».n
>.«. 9
.05
.11
.19
.24
.30
.35
.37
.40
.42
.43
.48
.47
.39
.29
.18
.06
1.96
9.87
9.80
9.72

.240

.241

.240

.23)1

.217

.235

.230

.226

.220

.217

.211
,20'J
.207
.205
.242
.149
.195
.189
.183
.1«
.136
.148
.140
.114
.120
.121
.111
.095
.079
.068
.057
.04 S
.040
.035
.031
.02fi
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PHOTON ENERGY <eV)

Flg. 9* Survay of avatlabla data for Ir

100

Authors

Ba66

HJHÖ7

SPS67

HRS69

Hu71

KNN72

Wa75

WOL77

Gl Ünpl

i .
IM

CM

Energy Range
<eV)

0.6-2.6

6.2-2*1.8

•07.7-41

35-300

•*. 3-1.1
0.08-l|.08

0.2-iiO

M-25

Tachn 1 que

Ellips

m-8

Trans,
Refl

Trans

Refl

Ellips

Refl

m-0

Tempera t ure
(K)

RT unless
»pec 1 f i ed

300-2*1 00

77, 295

lt. 2 for
hv < k. k eV
300 for
hv > 4. k eV

Sample

Ll.

X

X

X

X

n

X B)

X

X

X

X

Prep

Haat

Ex

Ex

Ex

Ex

Ex

Ex

He» t

Data Präsentation

n, k

R, n. k

R, T

V

R

n(k,C] , 62 ,o

R; KK: ei,c2,o,
(rate-1) , lm(e+1)~

•

R,£j,E2,n,k,'n|(t"1},

ftemarks

(r

fit amen t» at varlout tamparatures

varlous Substrate temperatures

lasar-evaporated films

optlcal abKorption measuramants wlth
Synchrotron radiation

HP and anneallng at ^925 K ̂ 10~6 Torr

dlscuislon paper

absorptlvlty maatured by calorlmetry for
hv < k. k eV, reflectlvlty meaiured ftjr
hv > k.b eV with Synchrotron radiation,
sample bolled In aqua regl*, heated in
vacuo M0~7 Torr

studlas done at 2 x 10"9 Torr



10 15 20

Photon Energy (eV)
25

Flg. 96 EI for (r. UOL77; — KNN72; *** Gl (unpub); xxx Ba66;
M« and ooo HJH67-

10 15 20

Photon Energy feV)
25

Flg. 95. Raflactfvlty of lr. WOL77; +++ HJH67; ooo Hu71i AAA d (unpub)i
•••5PS67; xxx Ba66; — HHM7Z; Th« r«solt» of HJH67
t h« effact of tubttra» tawparatura on tha vuv ref lectlvlty.



60 60 100 120

Photon Energy (eV)
»40 ISO 200 250 300

Flg. 98 Afasorptlon co«fflcl«nt for Ir by HRS6g.

20

15

10

5 -

400

300

200

00 W OJ 12 1.6 2.0
Photon Er»rgy<«V)

573 "K

l

Ir

10 15 20

Photon Energy (eV)
25 30

Flg. 97 e2 for Ir. WOL77;
••••nd ooo HJH&7.

61 (unpub); xxx 0*66; — KMN72;
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Irldlun

publlcatlon by J.H. Weaver, C.G. Olson, and D.W. Lynch In Phys. Rev. B
(1977) based on the followlng tabulatIon

Energy (eV)

0.10
0.15
0.20
0.25
0.10
0.35
0.40
0.45
0.50
0.60
0.70
0.80
0.90
1.00
1.10
1.20
1.30
1.40
1.50
1.60
1.70
1.80
1.90
2.00
2.10
2.20
2.317
2.40
2.50
2.60
2.70
2.80
2.90
3 . U O
3.10
3.20
3.30
3.40
3.50
3.60
3.70
3.(90
3.90
4 . 0 U
4.10
4.2'!
4.30
4.40
4. 50

-2863.28
-1803.22
-1164.96

-704.80
-561.50
-415.50
-314.40
-241.09
-188.67
-126.33
-87.00
-64.17
-51.92
-43.51
-37.61
-32.32
-28.72
-25.51
-22.05
-18.66
-17.00
-16.15
-15.34
-14.68
-14.33
-13.93
-13.42
-12. 8d
-12.07
-11.23
-10.53

-9.79
-9.19
-8.76
-8.39
-7.97
-7.49
-6.94
-6.31
-5.57
-4.97
-4.64
-4.43
-4.4b
-4.64
-4.84
-5.02
-3.10

-5. U

3454.30
1383.59
684.50
394.84
250.49
170.77
123.53
96.36
83.67
64.50
57.20
54.12
50.21
46.03
41.59
37.96
34.63
31.26
28.53
27.21
26.46
25.36
24.06
22.84
21.53
20.06
18.60
17.11
15.78
14.74
13.82
13.07
12.47
11. OH
11.23
10.56
9.90
9.31
*.9i
8.55
8.54
8.62
0.73
8.91
8.75
3.52
S. 17
7,77
7.2H

28.49
15.32
9.69
6.85
5,16
4,11
3,42
3,05
2.98
2.79
2,93
3,14
3,19
3.15
3.04
2,96
2.85
2.12
2.65
2.68
2.69
2.64
2.57
2.50
2.40
2,29
2.18
2.07
1.98
1.91
1.85
1.81
1,77
1,73
1.69
1.62
1.57
1.53
1,50
1.52
1.57
1.61
1.64
1,64
1,62
1.5t*
1.51
1.45
1.37

60.62
45.15
35.34
28.84
24.25
20.79
18.06
15.82
14.06
11.58

9.78
6.61
7.88
7.31
6.84
6.41
6.07
5.74
5.39
5.08
4.92
4.81
4.68
4.57
4.48

.38

.26

.14

.00

.86

.73
.61
.51
.43

3.35
3.26
3.15
3.05
2.93
2.81
2.72
2.69
2.67
2.60
2.7»
2.71
2.70
2. öl
2.65

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.02
0.02
0.02
0.03
0.03
0.03
0.03
0.03
0.03
0.04
0.04
0.04
0.04
0.05
0.05
0.05
0.05
0.06
0.06
0.06
0.07
0.07
i). 08
n. 09
0.09
0.09
0.09
0.09
0.09
0.04
(1.09
0.09

.975

.973

.972

.969

.967

.964

.960

.954

.944

.925

.895

.662

.840

.822

.808

.791

.779

.767

.750

.728

.716

.710

.704

.699

.697

.69S

.692

.689

.682

.673

.665

.655

.64'i

.640

.635

.629

.621

.610

.595

.57)

.553

.541

.5)5

.535

.541

.549

.55*

.5hl

.567

Ir

Energy (aV)
•269-

n M-i/E)

4.60
4.70
4.90
4.90
5.00
S. 10
5.20
5.30
5.40
5.50
5.60
5.^0
5.90
5.90
«.00
6.10
6.20
6.90
6.40
6.50
6.60
6.70
6.80
6.90
7.00
7.10
7.20
7.30
7.40
7.50
7.60
7.70
7.80
7.90
8.00
8.10
8.20
8.30
8.40
8.50
8.60
8.70
8.80
8.90
9.00
9.10
9.20
9.30
9.40
9.50
9. 6U
9.'0
9.80
9.9U
10.00
10.20
10.40

-5.06
-5.04
- .81
- .57
- .34
- .09
- .85
- .61
- .37
- .14
-2.94
-2.74
-2.54
-2.37
-2.26
-2.09
-1.92
-1.78
-1.64
-1.49
-1.37
-1.23
-1.10
-0.97
-0.87
-0.74
-0.64
-0.52
-0.41
-0.33
-0.25
-0.12
0.04
0.13
0.22
0.31
0.39
0.46
0.52
0.60
0.65
0.71
0.76
0.82
0.89
0.93
0.96
0.99
1.02
1.05
1.0»
1.09
1.09
1.0«
1.07
1.01
0.95

6.84
6. Jb
5.87
5.49
5.16
4.87
4.61
4.38
4.18
4.02
3.86
3.71
3.60
3.52
3.39
3.27
3.17
3.08
2.99
2.92
2.84
2.77
2.71
2.66
2.61
2.56
2.52
2.47
2.45
2.42
2.37
2.31
2.30
2.32
2.32
2.34
2.35
2.37
2.38
2.39
2.41
2.43
2.45
2.47
2.50
2.54
2.58
2.62
2.65
2.69
2.74
2. BÖ
2. «5
2.11
2.̂ 4
3.03
3.07

t. 31 3
1.24 3
1.18 3
l.U 1
1.10 3
1.07 3
1.04 2
1.02 2
1.00 3
0.99 3
0.98
0.97
0.96
0.97
0.95
0.94
0.94
0.94
0.94
0.95
0.94
0.95
0.95
0.96
0.97
0.98
0.99
1.00
1.02
1.03
1.03
1.05
1.08
1.11
1.13
1.15
1.18
1.20
1.22
1.24
1.26
1.27
1.29
1.31
1.33
1.35
1.36
1.38
t. 39
1.40
1.42
1.43
1.44
1.44
1.45
1.45
1.44

.60

.5t>

.49

.42

.35

.29

.22

.15

.09

.03

.90

.92

.86

.82

.78

.73

.68

.63

.5"

.54

.50

.46

.42

.38

.34

.30

.27

.23

.20

.18

.14

.10

.06

.05

.03

.01

.00
J.99
1.98
3.97
9.96
D. 95
T. 95
9.94
0.94
0.44
0.95
0.95
0.95
0.96
0.97
0.53
0.0-J
l. 00
1.01
1.04
I.OI

0.0<t

0.10
0.10
0.11
0.11
0.12
0.13
0.14
0.14
0.15
0.16
0.17
0.19
0.20
0.20
0.22
0.23
0.24
0.26
0.27
0.29
0.30
0.32
0.33
0.35
0.36
0.37
0.39
0.40
0.41
0.42
0.43
0.44
0.43
0.43
0.42
0.41
0.41
0.40
0.39
0.39
0.38
0.37
0.36
0.36
0.35
0.34
0.33
0.33
•>.32
0.32
0.31
n. »l
0.30
n. 30
n . 30
0.30

.567

.572

.570

.564
,559
,551
.543
,533
.522
.510
.499
,43H
.474
,461
.454
,441
.427
.414
.401
.387
,375
.360
.345
,330
.318
.302
.290
.275
.262
.252
.241
.225
.208
.201
.191
.185
.179
.175
.171
.167
.164
.102
.160
.158
.157
.15H
.l*1*
.161
.1*1
.lo|
.l«1
,1-i^
.U1»
.173
.1*5
.133
.107



Authors Enargy Range
(aV)

Tachnlque Tanpareture
(K)

RT unlais
speclflad

Sample

Prep

Data Präsentation Ranarkt

Pt

Sa39

HT59

MC61

JHC63

Ba66

LT66

LTA66

La67

JCF68

YSH68

HRH69

Ro70

Hu71

JPT72

2.6-27-6

5.6-21.2

6.2-2li.8

5.6-24.8

0.03-5.6

0.6-2.6

0.06-0.25

0.1-3.5

<4

^78-^506

0.06-21.2

6. 2-12.lt

6.2-41.3

Rafl

Refl

Trans, ftefl

Refl

Rafl

Elllp«

Elllps

Eil 1p»

Elllps

Trans

Rafl, nr-e

Rafl

ft-fl

Rafl

Refl

300-1900

Ex

Ex

In

In

Ex

Haat

HP

HP

HP

Ex

Ex

Ex

Ex

Ex

Ex

R

R

R

R, n, and k at
X - 58*1,735,1216 A

R

n. k

V/o

R; KK: ti,c2.U,

substrata tanperatura 373 K

fllananti at varloui T

data froat LT66 and LTA66

soft x-ray afasorptlon

tabla E.R(e)

verlad Substrate», Substrate T,
and thlckncst

_ ^c>>«onttcm9>M«mir i i r ) f^r<«<««^« |3i
T w s c eeee9C>«^ 'e i />*^ - in<nf>*
» ^P IC<^<P i f * *« * * ^ ^ ^^<»*^^^^^^
tC • • • • • • • • • • • • • • • • * * •

5* oo»*r*«nw<ap»««r«mwi/tin*'«'»ieit
2 '^'^'^'*''^'^«*n^)^»»»**'*'T»»
l • • • • ! • • • • * , , • > • * * • *

-—• c o o e > ± > o o o o o o o o o o o o o o

9 ^ M ^ V ^ ( ^ I O A 1 ^ ^ O t f ) ^ f f ^ ̂  ffl^O(P<*^^'flH*O '̂  (O ^0 Ift ^ ̂ * O 9 ^ i C d r ^ ^ O ^ * O ^ < 9 i O M v 4 9 ^ * i ^ ^ i ^ t f t f ^ ^f*i
O ^ ^ ^ ^ ^ ^ O O O 9 ^ 9 ( A A 9 V C C I f l C B < t t V 9 O ^ O O O O O O O O Q ^ O ^ Q V Q & Q D ^ ^ ^ * t O 4 } 4 > i A I ^ V > I O t f > V ^ f 4 I O ' f ^

—• • * • * . , . • * * • • • • * • * • * , * • • • • • • , > « • • • • • • • • , • • • • • • • . • • • • • •

M « ^ ^ ^ ^ ^ « v i M o o o o o o e o e o o o o e - 4 v a > * v < * * ^ _ i M i o o o o e o o o o o o o e e o o o o o oo

'n^9^* tQp i^^ > «40 t fB^ . to r^QP9o^ ' v > invoo^ h ^o tno^o i ^^^o^ io^oo t9^ r^^>^ i to^o tn^^ f *<^o ^i^

c 3jj2jjjjjjj22"*j2jjjjj3jjjl!l3Iij0 '0 '**r"P"r~*r '«*««***««»»•*«•«^^

w •••••*oo**r«ia(ni^ 'nc*M3Ooeooo-"C«»*»»»'^-»oo*r- iöy>w(^*«ooff>oi«>i>«Br*p-r-*m^">'«i ' "w * . * . * . . * . . • • • . • . . . * * . * • • . • . . • . • • • • • • • • # • . * * . • • . • « . . . .

u o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o s o o o o e - o o
l l l l t l l l t l l l l l

W
**"" 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 o o o o c
m , ~.
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Pt

jcru—

_MWM

•"""-1 — ' ' » - ' 1 1
0.1 l 10

PHOTON ENERGY UV)

IOO

Flg. 99 Surv*y of avallable dato for Pt

Authors

KNN72

LI7Z

5R72

Hks74

HH74

1SM74

JG74

Je75

ST77

HAH79

OHU80

i•j

i

Energy Range
(•V)

0.17-4.7

6.2-31

3-50

0.12-1.24

6.2-82.7

2-M20

0.1-30

0.05-0.1

5.6-82.7

0-120

Techn i que

Elllps

IB-fl

Refl

Refl

Trans

Refl

Elllps

m-8

Trans, Refl

Tamperature

RT unless
speclflad

295. 77

373-773

1100-1800

4.2

295

Sample

l

X

X

X

X

X

X

W

X

X

X

t»

X

X

X

Prap

Ex

Ex

Ex

Ex

Ex

EP

HP

Ex

In

Data Präsentation

n,k,R,ei,62,cr

M.k.«i,«2.»«<«-»>

R; KK: e i ,e2« ' D I * c J i
lm(e+1)-r,y

*N

R

e at 1 - 6450 l,
\ 5460 A

KK: v

R; KK: e2

«2/X..1

R.n,k.ei,e2,lm(c-)

u

Remarks

Pt

HP and annealed -v.1025 K. 10~6 Torr

emlsslvlty

Substrate temperature 573 K

emisslvity

energy lots spectroscopy, then KK

sample bolled In auqa regla;
absorptlvity measured by c'lorlmetry for
hv < 4.88 eV

Substrate tempereture 313, 573 K;
•^tO"5 Torr

alectron loss spectroscopy and optical
abaorptlon wlth Synchrotron radiatlon



0.0 äs 1.0 05 2.0

Photon Energy (eV)

Fifl. 101 teflutlvlty of Pt for 0 $ Kv ä 3 «W. W«75f
*** JPT72; — OHM; «- ST77-

KHH72;

tt 15 20

Photon Energy (eV)
25 30

Flg. 100 tofUctlvIty of Pt. U«7Si >wx KNN72;
ooo YSH66; ••• JMC63; ——HAH79.

•- SR72; — DH61|;



ÖD 03 a*, o* o* u>

0 2 A 6 8 10 20 30
Photon Energy (eV)

40

Flg. 103 c2 *or Ft. 1|»75; — U71; *» KHM72; +** U72; ooo YSMoo;
HÄH73.

4 6 8 H) 20 30

Photon Energy (eV)
40 50

Flg. 10Z for Pt. — — W«75; —
— HAH79.

SR72; XXK KNN72; +++ LI72; ooo YSH68;
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Platlnum

publlcatlon by J.H. Ueaver In Phys. Rev. B 1̂ , 1*16 (1975) uslng results of
G. Hass and W.R. (hinter In the VUV based on the followlng tabulatIon

Energy («V)

0,10
0.13
0.15
0.17
0.20
0.22
0.25
0.28
0.30
0.32
0.35
0.38
0.40
0.43
0.45
0.47
0.50
0.52
0.55
0.57
0.60
0.63
0.65
0.68
0.70
0.73
0.75
0 . /7
0.80
0.82
o.as
0.88
0.90
0.95
.00
.05
.10
.15
.20
.30
.40
.50
.60
.70
.40

l .'»0
^.i}')
l. 10

'1825.31
'1250.94
-903.9«
-691.50
-538. H6
-432.56
-354.25
-293.87
-245.74
-208.49
-175.95
-147.76
-121.61
-96.56
-77.61
-59.29
-44.21
-36.30
-30.02
-23.88
-19.15
-16.36
-13.90
-13.26
-14.07
-16.08
-18.26
-19.96
-21.44
-22.43
-23.32
-24.16
-24.96
-25.59
-25.79
-25.2')
-24.lt
-23.2*
-22,48
-20.61
-l«.6o
-17.23
-15.7»
-M. 56
-13. 35
-12.4«
-11.2*
-10.37

2.20

728.18
509.65
36«.54
2b2 .83
224.77
142.48
149.85
126.85
106.27
89.67
75.96
63.92
59.91
56.35
äo.47
60.25
01.70
45.46
67.00
69.25
71.1)0
73.03

78.05
78.83
78.16
76.62
74.72
72.57
70.47
ö M . 2 9
65.89
61.02
56.31
3l. 96
48.15
44.9»
42.02
36.91
32.42
2V. i l

24. 3i
22.27
20.3.1
1*1.73
17 .44
1*>.4(J

1 3 . 2 1
9.91
t . l f l
6 .74
5.90
5.24
4.70
4.24
3.92
3.57
3.28
3.03
2.81
2.92
3.03
3.36

91
30
58
86
13

5.34
5.52
5.66
5.71

67
57
44
31
17
05
91
77
50

4.25
0-J
86
7«)

3.55
3.29
3.10
2.92
2.76
2.63
2.51
2.31
2.30
2.21
2.17

44.72
36.71
31.16
27.16
23. *5
21.45
19.40
17.66
16.16
14.88
13.66
12. 5J
11.38
10.25
9.31
ri.4o
7,71

7.40

7.14
6. Ö<»
6.75
6.70
6.66

6 .73
6.83

02
.04

04
.01
.98

6.95
6.91
6.77
6.62
*>.4*
«.24
6. a«
•i. 92
5.61
5.32
5.07
4.1-4
4.64
4.1J
4.26
1.07
i. *2
3.77

(l.Oil
O.OU

0.00

0.00

0.00

0.00

0.00

u. ao
u.00
0.00
0.00
0.00
0.00
0.00
0,1)1
(1.01
0.01
0.01
0.01
0.01
0.01
V.01
0.01
0.01
0.01
0.01
0.01
o.ol
0.01

o.ol
U. 01
0.01

o.ol
0.01
0.01
0.02
0.02
0.02
0.02
0.02
0.02
0.03
t), n)
O.OJ
O . n )
il.it 4
tl.ti*
11.1)4

9/3
4«9
9o6
962

.958

.954

.950

.945

.941

.93*i

.9*«)

.922

.903

.8M2

.850
,UU
.7*3
.777
.7t»2
.753
.749
.746
.74«
.751
.756
.751
.761
.7*2
.763
.763
.764
.765
.761

7*9
740

71..
70»»
o-U
ö-la
67-.
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2.JQ
2. -1U
a. so
2.60
2.70
2.90
2.90
J.'JO
3.10
3.20
3.30
J.40
3. SO
3.60
i. 70
1.80
3.90
4.00
4.20
4.40
4.60
4.90
5.00
5.20
b.40
5.60
5.70
5.80
5.90
6. 00
*>. 10
6.20
6.10
6. 40
6. SO
6.60
b.70
6.80
6.90
7.00
7.20
7. 40
7.t>0
7.90
b.OÖ
3.20
B. 40

t .OU

o .10
a. oo
*.20
9.40
4.60
•J. -g

l'J.OO
|i*.20
1 U . -4J

-9. Ob
-8.40
-7. öl
-7.23
-b.73
-6.29
-5.86
-5.47
-5.14
-4.80
-4.51
-4,2t
-3.9S
-3.67
-3.44
-3.28
-3.ÜJ
-2.87
-2. 40
-2.12
-1.86
-1.51
-1.24
-0.95
-0.72
-0.53
-0.40
-0.30
-o.ia
-0.06
0.04
0.13
0.25
0.34
0.43
0.51
0.59
0.64
0.68
0.71
0.69
0.70
0.71
0.73
0.77
O.äO
0.83
0.97
0.90
0.43
Q.«M
0,4*
') . V t

0.17
0.7 M
0.4*
O.bi-

15.37
14.32
13.42
12.64
11.9«
11.33
10.76
10.24
9.76
4.31
a. 9o
8.5l
».15
7.02
7.55
7.24
o. 96
6.70
6.21
5.81
5.43
5. 00
4. HO
4.56
4.37
4.17
4.06
3. -»H

3.90
3.H5
3.80
3.75
3.6*
1.60
3.67
3.66
3.b7
3. DU
3.70
3.72
3.73
3.Ä7
3.62
3.55
3.48
3.43
3.39
3.35
3.32
3.30
J.JO

3.34
3.37
l.JH
i.)ö

J.31
3.2i

.10

.03

.9t>

.91

.87

.63

.7°

.75

.72

.68

.65

.63

.60

.59

.56

.53

.51

.49

.45

.43

.39

.3fl

. 36

.36

.36

.36

.36

.36

.37

.38

.38

.39

.40

.42

.43

.45

.47

.49

.49

.50

.50

.49

.4«

.4»

.47

.47

.47

.47

.47

.44

.4^»
1.49
.44
.4H

L. -»6
.13

l. 4 U

i. 67
3.54
3.42
3.30
3.20
3.10
3.G1
2.92
2.H4
2.76
2,69
2.62
2.55
2.48
2.42
2.37
2.31
2.25
2.14
2.04
1.95
1.85
1.76
1.67
1.61
1.54
1.50
1.47
1.43
1.40
1.37
1.35
1.32
1.29
1.28
1.26
1.25
1.24
1.24
1.24
1.25
1.23
1.22
1.20
1.10
1.17
1.15
1.14
1.13
1.12
1. 1 1
1.12
1.13
l.lb
t. 15
l.lfi
1. IT>

0.1)5
o.us
0.1)6
0.06
0.06
0.07
O.U7
u, oa
0.00
0.08
0.09
0.09
0.10
U. 10
0.11
U. 11
0.12
0.13
0.14
0.15
0.16
0.18
0.20
0.21
0.22
0.24
0.24
0.25
0.26
0.26
0.26
0.27
0.27
0.27
0.27
0.27
0.27
0.26
0.26
0.26
0.26
0.26
0.27
0.27
0.27
0.28
0.26
0.2»
o.2ä
0.28
0.23
0.?Ö
0.2H
0.7«
0.2H
0.29
0.3 U

.63o

.o2f)

.61o

.r,D5

.395

.3*5

.575

.565

.556

.546

.537

.527

.516

.507

.490

.491

.410

.472

.452

.432

.419

.392

.372

.350

.332

.315

.304

.295

.2H5

.276

.269

.201

.252

.246

.2*1

.23o

.2J3

.231

.230

.230

.231

.22«

.225

.221

.21°

.214

.200

.205

.202

.2)0

.I9d

.2')')

.203

.^07
,2'M
.211
.21')

PC

Energy (eV)
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n

l ' J .60
10.30
11.00
11.20
11.40
11.60
U. HO
12. 00
12.20
12.40
12.60
12.90
13.00
H. 20
13.40
13 .oO
13.80
14.00
14.20
14.40
14.60
14.80
15.00
15.20
15.40
15.60
15.80
16,00
16.25
16.50
16.75
17.00
17.25
1 7 . 5 0
17.75
18.00
18.25
18.50
18.75
19.00
19.25
19.50
19 ,75
20 .00
2 U . 2 5
20.50
20.15
21.00
21. i5
21.50
21.75
22 .00
2 ^ . 2 5
22. 5u
22. J5
2J.U4
23.25

0.58
0.57
0.56
0.56
0.50
0.61
0 .64
0.67
0 . 7 U
0 . 7 3
0 .75
0.79
0.82
0.84
0.86
0.86
O . H 5
0.65
0.83
0.61
0.78
0.74
0.79
0.75
0 .73
0.73
0 . 7 4
0.75
0.76
0 . 7 8
0.80
0.82
0.85
0.90
0.93
0.94
0.89
0.82
0.75
0.65
0.56
0 .46
0 .37
0 . 2 6
0.17
0.05

-0.05
-O.M
-0.23
-0.2*
-».ja
-o.n
- O . H
- U . 3 u
- 0 . 2 »
-0 .23
-0.22

3. U
3.02
2.93
2 . 8 4
2.75
2 .69
2 . 6 2
2.59
2.53
2.50
2 . 4 7
2 . 4 4
2.43
2 . 4 3
2 . 4 3
2 . 4 4
2 . 4 3
2 . 4 3
2 . 4 3
2 . 4 2
2 . 4 1
2.37
2.31
2.35
2 . 3 0
2 . 2 7
2 .23
2 .21
2.19
2.17
2.15
2 . 1 4
2 . 1 4
2.16
2.21
2 .29
Z.Jfl
2 .44
2 . 4 8
2 .52
2.53
2 . 5 3
2 . S 2
2. S«
2.i6
2.42
2.35
2 . 2 7
2.16
2. ' ) 3
1. J l
1 .7<i

1.69
1.5*
1.51
1.43

1 .3o

1.37
1.35
1.33
1.31
1.30
1.29
1.29
1.29
1.2*»
1.29
1.29
1.29
1.30
1.31
1.31
1.31
1.31
1.31
1.30
1.30
1,29
1.27
1.27
1.27
1.25
1.25
1.24
1.24
1.24
1.24
t. 24
1.25
1.26
1.27
1.29
1.31
1.31
1.30
1.29
1.28

.25

.23

.21

.19

.15

.11
1.07
1.1,3
0.9^
0.94
0.9-»
O.B7
0.94
0 . A I
0 .7«
0 . 7 7
i). Jft

1.14
1.12
1.10
1.0«
1 .06
1.04
1.01
1.00
0.90
0.97
0.96
ft.94
0.93
0.93
0.93
0 .93
0 .93
0.93
0.93
0.93
0 .94
O.y3
0.91
0.93
0.92
0.91
0.90
0 . 8 9
0.88
0.67
0.87
0.86
0.85
0.85
0.86
0.00
0.91
0.94
0.9o
0.99
1.01
1.03
1 .04
1.06
1.07
1 .O1»
1 .09
l.tu
1.1"
l. ' l f .

1 .On

1 .04
1.111
') . 9^
' ) .9b
l . 9 2
•).f»4

0.31
0.32
0.33
0.34
0 .35
0 .35
0. 36
0.36
0.37
0.37
0 .37
0.37
0.37
0.37
0.37
0.36
0 .37
0.37
0.37
0.37
0 .38
0.38
0.39
0.39
0.39
0 .40
0 .40
0.41
0.41
0.41
0.41
0.41
0 .40
0.40
0.38
0.37
0.37
0.37
0.37
0 .37
0. 38
0.33
0. 39
0.40
U. 40
0.41
0 . 4 3
0 . 4 4
0 .46
0 . 4 3
0.51
0.54
0 . 5 7
D. M

O . U 4

u . a ^
a. ii

. 2 0 7

.203

. 199

.1^4

.M9

. 1 U J

.177

.173

.16^

.165
,lbj
.158
.15o
.155
,154
.155
.155
.155
.156
.156
.157
.157
.150
.15-5
.153
.151
.148
.Uo
.144

.142

.140

.138

.13b

.135

.137

.142

.IST

.157

.163

.171

.177

.134
,190
.197
.203
.212
,2H
.2^
,2i-t
,2H
. 2 t l
.240
.2)?
. 2 3 ?
.*H
.2-^
.22«



Pt
Energy (eV)

23.50
23.75
24.00
24.25
24.SU
24.75
25. 00
25.25
25.50
25. 75
26.00
26.25

26 .75
27.00
27.25
2?. 50
27.75
28.00
28.25
28.50
28.75
29.00
29.25
29.50
29. 7S
30.00
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R(fO)

o . iy .31
O . l b .26
0.11 .21
0.10 .17
0.07 .U
0.04 .10
0.01 .07
0.02 .04
0.04 .02
0.07 .00
0.09 U. 99
o.n o.yu
0.11 0.96
0.14 0.95
0.15 0.94
0.16 0.93
0.17 0.91
0.19 0.90
0.19 O . V > )
0.20 0.89
0.21 0.88
0.22 O . B 7
0.22 0.87
0.22 0.87
0.2t O.t)7
0.20 0.66
0.19 0.84

0.75
0.75
0.74
0.73
0.73
0.73
O . T 3
0.73
0.73
0.73
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.75
0.7S
0.75
0.75
0.75
0.75
0.75
0.74
0.74
0.73

0.37 0.75
0.04 0 . 7 B
O . H 2 U. 82
O.BO O. t fS
0.77 O. f lB
0.75 0.91
0.73 0.93
0 .72 0.96
0.70 0.98
U. 68 0.99
0.67 .00
O.bfc .01
0.6S .02
0.64 .03
0.63 .04
0.62 .05
0.62 .06
0.61 .06
0.60 .07
0.59 .07
0.59 .08
0.58 .08
0.54 .08
0.58 .08
0.58 .09
0.58 .11
0.58 .13

.213

.^07

.201

.194

.187

.181

. IM

.168

.162

.155

.ISO

.145

.142

.139

.136

.133

.1)0

.127

.125

.123

.121

.119

.118

.119
.120
.122
.124
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