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In the present work , the etectron theory of sclids
is stndied experiwentally 3§ therelore some uphyrasical piop-

erties of Gonld are meastvred .

e opticel corstants - described by ihe cefractive
index n and the extencltlon coefficient k - for spect-
rogscopically pure gold have been determined. Eence , the
concentration of conducvion electrons I , the D.C, cond-
uetivity 6%, the relawation time T , the plasma o
critical wavelength 1ﬁ s The energy corresponding to the
interband transitions , the Fermi energy B, ond the Fermi

veloclty VF were calculatbted.

Mezsurements were made at room temperature using
three uniform thtclt Tilinz fn the spectral renge from OW4 !
to 2.3 o The filns were yropared LY avencrating gold on

& glass wmicrescope s8lides under vacuurm of z2boutd 1077 mn ig.

Beattlie's method , which depends on the enalysis of
elliptirzlly nolorimed rodiaticon seilected from the metallic
surface , hao oecn used for the present messurzuonts, The
lncident radiastion was nlane nolarized ot #5Oto the plane
of incident light. This was reflected vy a mettailic €ilm |

(o)
al an angle of incidence 80 , into an analysery. 4s the

v
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anglvzer rag poctated , the vofloo TS U U RN T 1 ¥ IR TS TR I TN
usoidally. The prese and the srplituds of thie variation

gave the elements of the ellipse vibration. The resuivs

T

obtainsd rrein Lhe ellipse vioration logother vwita orosby

i
T

tableg ware ugsed o calculabte the opvtical consiants.

The caleuiated velues of the microscoplc parameters
of gold were found to bz as iollows @

= electron/cm”

(1) N = 4.7922 x 10
(11) ow= 12.0493 x 101 e.5.u. for T = 0.99 ¥107+7 sec.
(ii1) ou= 13,3460 ¢ 10%° e.s.u.  for® = 1.101 x107Y sec.
(iv) Bg= 4.805 ev.

8

(v)  Vy= 1.304 x 10

c/sec.,
These values ., calcoulated by using the optical constantbs
measwred 111 the precent work , show agreoment with those

obtained by previous authors.

The threshoid Treguancy of interband transitions for
gold was Jound te 1lie in the visible vange of ppectrum at

a0 eneIisy ﬂq = 2256 ev  ard this amrees well with the

value obbained thecvebically.

The eribical wavelolsth was found o Bo A o 1527.4 4

covresponding to s encrgy hY¥. = 8.135 ov .
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“oni o the electricar sooporties veeos g0 . [

oub 3 asing the same esvapcrated gold fllms. o0 Concanir—

o

shior 0 frce clochrona N wes deterridned oo Moo effect
12 olectrieal DLC, wonductiv Ty o s

. " - [ R - T e e e B P 7
aleo measyred. The paroicosl ceonshants moasaved U othe olge

ctrical. and cptlical uethods were comp:=red.
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DUiReDpep e

e study of thes cptical propertize ol ohsorp il
materials coceially these wileh ere Rign.y 2bicrpliog oo
electroragnetic radiation , like moetals 1z <
sigrificance. Usuzlly the optical propertiss of materials
are descrnibed by the characterisfic coasbants ¢ the ref-
ractive index 1 and the extinction coefficient x .
Tiese constanls , which cen be measurcd optically , give.
important information abcut the physical proper¥ties of the
paterial qualivabively and gquontivatively such as 3
(1)The concentration of conduction electrons in the =olid.
(2) The Ferwi ensrgy .

(3) The Ferml velccity correspondiag to the maiimuwn Thilled
encrgy Level .

(4) Te energy correspondinz to interiand transitlons .

(5) The relavetion uime .

(6) The plaswma irequency.

MHeasuremerts of the cpiical counzfants cwu be @onc
by various methods. fhe most suitable metiod iuvclves by
measuring the occvervies »f iight travsnitted ce reflected

from the surface of vae metal under considersavica.

‘neoreiical invesivigations cf the optical properties

of wetals were been carried out<l’2’3’4’5).

-1 -
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eTEl
tre goounlplion that a mobel contsins fres eleutoons which
experiznes viroous damping. Fhis ai faation ip wesoribed

by the equablion 5F motion of charos carTier o the ilsla
of incident radiatlcil. m 19060 Drude<2) preposed a formuela
cop the opbical properties of metals based on the pos -
1ated existence of two kinds of free chiarge cqrrlers. In
1904 LLude(5) sbhandored this formulatica gince it secmed
inconsistent with the electron theory which was being
developed at that time. He then restricted the charge
carriers to one kind, Since that time 1t has become evid-
ent that Drude's restricted formula may pe used with only
1imited success and does not hising optical data into har-—
mony with data fom DCe conduetivity unless the optical
propertics of the irterior are acouned to Le Gifizrent
from those derlived 1ol roeflection experiments on the

surfaoce,

i wili oo showw that Drude's more genernl lormula
dees apply wiliond 14mtt to the Tree electron contribut-

ion Lo oplicai properties in ali motals whiech heve boen
situdied , and that there need he po essential Jiffevencs

between the opulcal propertics of the gurisce snd Those
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oG TTrananI uwo o De emrstent T e R SR EL A A
Slpre QuElvwn cechanics snd Une exe Luston prineipt
were thon unknown , Druds could not have guesweld thel
clactrenz ic diilerent Cedllavin gones oIn behove i e
ently. ile have suspectsd the corie rence aad inpostaat Tone
ction of “holes. Hevsrtheless , the propertics whlsh ne
ascribed in nis carlier paper to positive ona negative

#4ons' show a rsmarkable regerhlance 1o modern Ldeas aboulb

holes and electrons.

On the Dbasis of the classical theory of free alec~
trons of a metal Drude(i) derived expressions for the
dependence of the real and the imaginary parts of the
dielectric comabent on fregquency , concentration free

electrone znd Thsim relaxation Uime.

Hhe advent of the Peuli cwelusica principle , Fermi—
e ristics . B e e riasR) apa s
Dirac statistics , the pand theory of solids and. the
concept of "effective nass" has modified the picture in
some resozct , but has nov altered the predictzd ralations
Leitween the opbical censtonts and the D.C. conductivity.

- RS X . .
T 19531 Kronlg‘)) had shown that the Trude'a Loy 1o

quianbus
\'7.-\"’ 3 d B AT LT NS JG*"OY‘ et TR N s R v A
G5 1or free «loCTIOL Vokos ety ¥l Ine SENLT S WL LO o A

interpresation of Uhe paraneiers. lhe fres electron fora-
ulae for the refracbtive ndsy. end the extiaction coerfic-

ient snould be valid for frequancies below the threshold
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Thece formulse hesve Deon macicied by Lingle i Llysse /
to allow for the anomalous siin st{cot snd obicdued &
dispersion formula IoT the optical cousTants ciomd oals L
the infrared reglon oi the spectrum. In 1948 theory of
the snomslous skin efiect was originally given by Reuter &
Sondheimer(7>. The snomalous skin effect , fox which the
slassical treatment is inadequale , exists whenever the
nean free path of the electrons is not small in compari-
son with the wavelength and pentration distance. In this
case , the current density at any point is determined not
only bty the electric tield there , but also by the motion
of electrons which srise there from other places at a

distence iess than or comparable with tre mean free path.

The optical constants of metals depend greatly upcn
the exact physical state of the metal under consideration.
Thus evaperated films do not in general have the seme opt—
ical charscterisitics &s polished wetal dpecimens.ﬂeayensﬁﬂ
has reviewed the work on the dependence of the measured
optical constants of evaporated filas o0n the Tilm thici-
ness. The principle effect 13 due bto the state ol aggreg-
ation of the fTiim. Tor thick 7Tillms Yhe optical constents

generally approzch those of bulk material.
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e ent vesrs el Cmepnil e T b el i R
on the opticel propertles of poble watals have Leen phid.-

4(9,10,11,12.15,14,15)

L] h)
leae

Dold & Mecka(9> pessurc.s the optical centvants of
tihe metals ;Au,LgkCu, 1n the spectral range from 1,25}1
to i Ao The eveluzbion of the form of Adispersion formula
particularly in regpecti off the anomelous skin effect in
the infrared region of the spectrum end the evaluatvion of
the relexation bime dependence on frequency enables Lo
determine several metal parameters ; such as the effective
electron density , Fermi energy , Ferni velocity and the

meen free path of the conduction electrons.

RobertsClo) neasured the optical properties of
solid coppsr in a wanclength Tange frem  C0.365 to 2.5 J
and at teuperaturcs 90°, 300°,znd 500°£. At lorger wave-—
lengths the optical properties ave determined almost ent-
irely by free electrons. Devistions from simple theory
sre partly explained by the anomalous skin effect and he
concluded that the electronic cellisions at the metal sur-
face sre diifuse. However , ho showed thet the enomalous
ckin eftect Lo not sufficient Lo explain the nbsorved dev--
iations and that a wore complete interpretation ought to
consider the non-spherical nacure of *the Termi curface

=nd variatican coi the re’axotion time over this surface.
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tieg o noble merals on Tk Iroraeriey oeslon T U S

S - . . S P T .
poneratized Form Ol tive Drudestormule fop the trve ootlws

Cooteous . 112

= . — - e L J- - - e Al [
O oIy g sun wavolies gwe ITTpos o ZTST o

concluded that the crntical constente in tho sroveriorn are

the same as chese measurced Ln the surface.

1 < . v - .
Schulz(‘a) neasured the optical constants of ligquid
b
metals and noble metals. Comparison was made witn the Drudes
theory , including the extension to deal with anomalous

slkkin effect.

Hodgson(lﬁ) measured the values of the vefractive
index and the extincbtlon coefficient for evaporated films
of An,ig & Cu =t wavelengths ranglng betweerx 1.0 y.and
15 p Ly a refloactocd nethod. T.ecorelbiczl Tormulae Hi the

A

infrared nroperties of metals were discussed aud he showed
that the experiaental results were not sufficiently accu—
cate 1o distinguish betwsen the classicsl free electron
+ JU S | L . S -3 - E| ;. (6j s
theory and later rnodification proposed by Dingle™ 7. His
experimental +eoalts have been comparc with ue Ttheory
by & grapiicsal coothod., Sore iaferencs @dOUT cloctronic

hand structures wore mude I00L colparigon 0% exporiacitas

points with the theoretical curves.
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Zen ! j!-;‘“ L} meered the optleal conslonts
silvor im the infrared vezion aad concluded thet the tne-
ory of uhe sncmalous ciein effect proposcd by winglie
agrees with ewperinsits in the case of silver. There is
nne free eleclron per ailver atom , and a Traction 077
of the conduction electroins were diffusely reflected a¥b
the surfacc of the metal. Since the meah free path of
electron is not small compared to the penetration depih

of radiation ; the D.C. conductivity of the silver film

was found to be 58% of the value for bulk silver.

These data justify a further analysis of the theory
of the optical properties of noble metals. In the region
between wavelengths l.olp.to 10.0 P,, where free electron
sbeorption predoninates 5 the Drude's theory predicts the
optical constants with sone success. Pul ln the region of
wavelength betwesn O.l}; ta l.O’p pronounced deviations
from the Drude's theory ocours due to the effect of inter-
band elcctronic transitions(l6), so the opbtical cuwsbants
ney be sxpected Lo deperd most strongly on the band stru-
ctbure of the metal.

The theory oi photoelectric interbsnd abaorption , 28
related tc the band structure of a solid , was first pat

forward by Krénig<5), ard later by Wi son<l/) and others.
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The Sheory hea heon Aeveleopsd fucther by oergotov

. (120 AT ) B N =1 N
Tchernlf¢vskyt Y by Fanc 77 ,and by Bulcher 7. The

necossary assuiptions sbeut the2 band strustures were made

on the basig of the nearly free electron appreximation.

SuffCZ}ﬁSkical)j

has proposed a model which allows
the calculatiocn of the contribution of interbend transi-
tions to the optical censtants of metsals , taking into
account the details which ere important near the zone
boundary. These details are ; the energy gap , the bend-

ing of the energy bands and the Fermi surface.

The principle aim of the present work is to make a
study of the optical properties for opagque gold films in
the visible and near infrared ranges of spectrum at roowm
temperature. The measurcments were carried on opague evap-
orated films of spectroscopically pure goid spocimens
where the properties may be expected to approach those of
bulk metal. Gold was chosen because it ig not easily oxi-
digsed and can be considered steble against oxide film

formation in the atmospheie.

The optical comstants, the concentration of conduc-
tion electrons, D.C. conductivity, the relaxation “me
the Fermi energy end the Fermi veloclty were ccmpered with
those of the previocus authors. The D.C, conductivity and
the effective number of free electrons determined optic—
5211ly were also compered with those measured electrically

in the present work on the same filims,
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