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Optical properties of graphite
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Department of Electrical and Electronic Engineering, University of Hong Kong,
Pokfulam Road, Hong Kong

(Received 3 April 1998; accepted for publication 4 February 1999

Optical constants of graphite for ordinary and extraordinary waves are modeled with a modified
Lorentz—Drude model with frequency-dependent damping. The model enables the shape of the
spectral line to vary over a range of broadening functions with similar kernels and different wings,
the broadening type being its adjustable parameter. The model parameters are determined by the
acceptance-probability-controlled simulated annealing algorithm. Good agreement with the
experimental data is obtained in the entire investigated spectral @nt@-40 eV for ordinary

wave and 2.1-40 eV for extraordinary waveThe significant discrepancies between the
experimental data obtained by the reflectance measurements and the electron-energy-loss
spectroscopy data are analyzed in details. Inconsistency in terms of unsatisfied Kramers—Kronig
relations is discovered in the index of refraction data derived from reflectance measurements, and a
method for correcting the data is proposed. 1899 American Institute of Physics.
[S0021-897€09)02010-1

I. INTRODUCTION in flowing fluorine gas, thus leaving ppm levels of metallic
impurities such as Fe. Since high-purity natural single crys-
Graphite is a semimetalic crystalline allotropic form of tals are hard to obtain, highly oriented pyrolithic graphite
carbon. Semimetals have even number of valence electrofslOPG is often used for measurements of the physical
per unit cell of the crystal, while the presence of free carriergroperties of graphite. HOPG consists of a large number of
at T=0 K is a result of the overlap between the conductioncrystallites withc axis well aligned(within ~0.2° of the
and valence bands. Carbon atoms in monocrystalline grapkwveragec axis), so its properties are very similar to those of
ite are arranged in almost parallel layers. In each layer, cathe natural single crystaté.lt has been shown that the re-
bon atoms form a network of regular hexagons. Since th@lectance spectrum of HOPG agrees to within the experimen-
interplanar distance of the neighboring layers is around 2.fal error with the reflectance spectrum of natural single
times greater than that between the two nearest neighboringystals®®
C atoms in one layer, a large anisotropy in structural, elec-  pifferent techniques have been used to investigate the
tronic and optical properties exists. The dielectric constangptical properties of graphite. The data obtained for the or-
tensor of graphite as a solid with hexagonal lattice symmetryjinary wave show reasonable agreement among themselves.
has two independent componenis:=e€;, +i€e; and €, |n the case ofe;, however, significant disagreement exists
=€y tiey. They correspond to two different polarization among the available sets of experimental data. Ignoring the
dil’eCtiOI’]S Of the e|eCtI’iC erlE More SpeCifica”y,EJ_C de- differences inherent in the techniques umicah electron-
notes the ordinary wave arflc the extraordinary wave, energy-loss spectroscopyhis disagreement may be caused
wherec is a symmetry axis perpendicular to the basal planeby the difficulty in obtaining good surfaces parallel to the
Since the cleavage plane is perpendicular todteis, €, axis, and the fact that all optical data are derived from re-
can be easily determined by the normal incidence reflectan%ctivity measurements. Therefore, scattering among the
measurements. At the same time, thoughcannot be ob-  gata can be partially explained by errors connected to
tained in such a way, mostly because of the difficulties inramers—Kronig analysis of reflectivity at near-normal inci-
volved in preparing suitable surfaces parallel to thexis.  gence, the difficulty of obtaining absolute values of reflec-
The optical 7propert|es of graphite have been studiedjyity (particularly for large angles of incidengeand the
experimentally.”* Several attempts have been made to idenyiterent surface conditions which can significantly affect the
tify the optical transitions in the band structure of graphite, efiectivity. However, these experimental difficulties do not
which correspond to most of the characteristic features Ofexplain why there are significant differences betwegnb-
optical spectrd—** Some of the measurements have beenjneq by reflectivity measurements and that by electron-
performed on the natural single crystafs'?® However, energy-loss spectroscogELS in the range 2—18 eV. In
such crystals of graphite are very fragile and usually Contai'barticular, EELS data give a sharp peak at around 11 eV in
large concentrations of impurities. Some _of these impuriti_e%zu, which is several times larger than the estimated experi-
may be removed by chemical treatment like prolonged boilinental uncertaintywhich is absent in the optical data. Also,
ing in concentrated hydrofluoric acid or heating+@000°C  he hand structure calculations predict that there would be a
band gap of around 5 eV for the parallel polarization, but this
dElectronic mail:dalek@pppns1.phy.tu-dresden.de does not coincide with the EELS data. Despite many at-
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tempts to correlate the experimental dielectric function fea- k =
tures with the transitions predicted by band structure €®(w)=-2 ————, 3
calculations®81911.15-1%he question as to whether EELS 71 (0~ of) Hiol

data or optical data would describe the optical properties for . .

X . . A where k is the number of employed oscillators arkg
extraordinary waves in graphite more accurately is still un-_ fro?
—i%p:

resolved. . .
esolved However, it has already been revealed that Lorentzian

The main purpose of this article is to model the optical . : .
constants of graphite over a wide frequency rat@&2-40 broademng dogs not accur'ate'ly descnbe. the absorption pro-
cesses in a solitf~2°One principal reason is that the Lorent-

eV for e, and 2-40 eV fore;). We employ the modified zian shape of the spectral line is characterized by wide

Lorentz—Drude oscillator model. In this model, damping is™ . S : :
. . S wings, resulting in higher absorption and higher values of the
described with the frequency-dependent function instead of & >~ ) : .
. o . . Imaginary part of the dielectric functiog,. Here, therefore,
constant, with one additional parameter per oscillator. In this ™ . P .
L . we introduce a simple modification which allows the absorp-
way, the shape of the spectral line is an adjustable parametﬁr

of the model, thus allowing greater flexibility. Since the K?rfr: Ige;r;?%z\tlz ve;;y g;’g; ?galg%?nmtg;ozg;m?g flégzt;?gﬁt'
model is based on damped harmonic oscillators, it satisfie ' prop P 9 ping

the causality, linearity, reality and Kramers—Kronig require- with the frequency-dependent expression

ments. This enables us to assess and discuss the conflicts and ho—to 2
F;:F]exr{_a]< !

4

disagreements in different sets of experimental data. An in- T
consistency in the optical constants of graphite for the paral- J
lel polarization obtained by optical measurements has beef has been shown that for suitable values of the parameter
discovered, and a method for correcting the data in agree,; , the shape of the imaginary part of the dielectric function
ment with Kramers—Kronig relations is proposed. can closely mimic the Gaussian offeRecently, RaKicand
The article is organized as follows. Section Il presents aMajewsk?’” have shown that better agreement with the ex-
detailed description of the model of optical constants emperimental data for GaAs/AlAs can be obtained by including
ployed. In Sec. lIl, the results obtained are presented, and afie above expression in Adachi’s model of optical properties
analySiS of the EXiSting eXperimental data is given in detailof Semiconductor%? Therefore’ we emp|oy a similar modi-
The EELS and the optical data for the parallel polarizationfication of the Lorentz—Drude model, wheFe in each in-
are compared and the proposed method for correcting th@rpand transition in Eq(3) is replaced with the expression
optical data is described. Finally, conclusions are drawn. given by Eq.(4). When the dielectric function is determined,
the real and imaginary parts of the index of refractidn
=n+ik are calculated from the expressions:

n= \/1/2( €+ ei-l— e%) (5)

Il. DESCRIPTION OF THE MODEL

We shall briefly describe the model for the optical di-
electric function. It has been sho¥fi?! that the dielectric and
function ,(w) can be expressed as

k= \/1/2(—el+\/e§+e§). (6)

The model parameters are determined by minimizing the
following objective function:

e(w)=eNw)+e®(w), )

where the intraband effectd”) (usually referred to as free-
electron effectsare separated from the interband effe<f8
(usually referred to as bound-electron effgcts

i=N 2
The intraband part((w) of the dielectric function is F=>
i=1

€1(wj)— fg)(pkwi)‘

€(wi)— fgxm(wi)‘
|

described by the free-electron or Drude motfel: 7 w)) ’ e w;) ’
02 ™
eNw)=1- w(TpIF) (20 wheree (), ex(w;) are the calculated values of the real
0

and imaginary parts of the dielectric constant at frequency
whereQ,=\/fow, is the plasma frequency associated with @i ; €7®{w;) ande3™(w;) are the corresponding experimen-
intraband transitions with the oscillator strendthand the tal values.
damping constant',.

The interband contribution to the dielectric function
6(b)(a)) is described by the modified Lorentz model. ThlS“l RESULTS AND DISCUSSION
model assigns oscillators to major critical points in the joint
density of states corresponding to interband transition ener- For both polarizations, seven oscillators are employed.
giesfiw;, with some additional oscillators modeling the ab- The model parameters are determined by acceptance-
sorption between the critical points. Each oscillator is charprobability-controlled simulated annealing algorithm with
acterized by its oscillator strengf, the damping constant the adaptive move-generation procedtir& The experimen-
I'; and frequencyo; . The contribution of the interband tran- tal data used in this work are tabulatedHandbook of Op-
sitions is given by tical Constants If
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A. Discussion on the optical constants corresponding 7 -
to ELc )
. . . graphite  *1 norma.l
For €, , the data obtained by Klucker, Skibawski, and 6 polarization

Steinmanh are used in the range 5-40 eV, the data from
Greenawayet al2 in the range 2—5 eV and the data of Ne-
manich, Lucowsky, and Softhin the range 0.12-0.22 eV.
Klucker, Skibawski, and Steinmahmeasured the reflectiv-
ity of freshly cleaved HOPG samples between 3 and 40 eV
for different angles of incidence. The synchrotron radiation
was polarized either parallel or perpendicular to the plane of
incidence with a degree of polarization between 0.9 and
0.97. The relative reflectance measurements for nine angles
between 15° and 75° were performed, andand €, were
determined by fittingR with the Fresnel formula for aniso-
tropic uniaxial crystals. Absolut® at 15° (near-normal in-
cidence was used to obtaire, by the Kramers—Kronig
analysis. The overall agreement with other optical measure-
ments and with the EELS data is good.

Greenawayet al2 measured the reflectance of both natu- " 20 30 40
ral single crystals and HOPG. The HOPG samples were pre- hv [eV]
pared by cutting and mechanical polishing without the etch-
ing procedure_ The surface area had a h|gh degree of ﬂatneﬂ(}. 1. Real part of the'ind.ex of refrgcticnl of graphitg as .a function of
and R, and R, (reflectances corresponding to the electicye™ % 7T Pozalon The sl v e magnay patof
field E perpendicular and parallel to the plane of incidence gata, while the solid line represents calculated values.
respectively were measured from 1.9 to 5.15 eV at inci-
dence angles from 10° to 80° in steps of 10° and at angles of
75°, 85° and 87°. In additiorRR on polished surfaces, both Plasma frequency corresponding to collective excitations of
parallel and perpendicular to tlieaxis, was measured in the  electrons is around 7 e¥/;>"%*while the 7+ o plasmon
2-9 eV range in order to compale. ¢ andEllc under iden- ~ corresponding to the collective excitation of all four elec-
tical surface conditions. Those data were not suitable fofrons is around 27 e¥! This is in contrast with the earlier
Kramers—Kronig analysis because of the inferior quality ofwork of Taft and Philipp, which predicts ther+ o plasmon
polished surfaces compared with the cleaved ones. The valo be at around 25 eV. An effective number of electrons per
ues ofn, , k; andn,, k, from 0.9 to 15.5 eV were obtained atom, calculated for the experimental data for normal polar-
by the |east_squares f|t ﬁs and Rp at different ang'es Of ization saturates at 4 electrons E_)EI; atom abOVe 30 eV, as
incidence with the Fresnel relations for uniaxial materials €xpectedfor 1 and 3r electrong.™
The values ofn, andk, are in good agreement-10%)
with the data from Taft and Philigpand the data from B. Discussion on the optical constants corresponding
Klucker, Skibawski, and Steinmarin. to Elic

In the infrared region, the data from Nemanich, Lucaw- Contrary to thee, data, there are significant discrepan-
sky, and Solifi" are employed. They measured the reflectiv-gies hetween the EELS and the reflectance data,foiThe
ity of HOPG forEL c on the cleaved surfaces and Bfic 0N theoretical calculations also disagree in certain aspects. Ma-
the polished surfaces. The surface damage induced by pqby discrepancies between the EELS and the optical data oc-
ishing was accounted for by scaling tEé#ic spectrum with ¢ in the range from 2 to 18 eV. Beyond 18 eV, the EELS
the ratio of EL ¢ spectra obtained from the cleaved surfaceqatg by Venghadgoin smoothly with the reflectance data of
and the polished surface respectively. Klucker, Skibawski, and SteinmarinVenghaus measured

Figure 1 shows the real and imaginary parts of the index|ectron-energy-loss spectrum of HOPG samples at about
of refraction corresponding t&Lc vs energy. The open 1000 A thickness. The resulting was in very good agree-
circles represent the experimental data, while the solid “I']Qnent with the pre\/ious EELS measurements. A Sharp maxi-
represents the calculated values obtained for the parameteffum in e,,, which is absent in the optical data, was estab-
given in Table I. Good agreement between the experimentaished beyond experimental and computational errors. Band
and calculated data can be observed for both the real anstructure calculations also disagree among themselves over
imaginary parts of the index of refraction. It should be notedthis point, giving no conclusive evidence in favor of or
that the experimental data fer, obtained by the EELS and against the strong transition at11l eV. The existence of a
by the reflectivity measurements agree well among thempeak around 11 eV is in agreement with the calculations of
selves; they also agree well with the theoretical calculationsBassani and Parravicifif. The calculations of Painter and
The experimental data far,, show a sharp peak at 4.5 eV Ellis,!! though, predict the existence of transitions at 13.5 or
and a broader peak at around 14.5 eV, which can be a@ven at 16 eV, and calculations of Tossati and BaSgae:
counted for by band structure calculatiof®1115-17  dict transitions to be at around 11 and 16 eV.

Downloaded 13 Nov 2006 to 147.8.21.97. Redistribution subject to AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp



J. Appl. Phys., Vol. 85, No. 10, 15 May 1999 A. Djurisic and E. Li 7407

TABLE I. Final values for modified LD model parametel§,,w; (eV), f;,  tion for perpendicular polarization, the real and imaginary

«; dimensioniess,j =1,7. The oscillator-strength values correspond o nantg of the dielectric function for parallel polarization and
plasma frequencies 27 eV for normal polarization and 19 eV for parallel i es s L .
the degree of polarizatigris minimized in order to deter-

polarization.
mine values which give minimal discrepancy between calcu-

Material Elc Elc, EELS Elic, optical lated and measured reflectances. It is well known that this is
. 1,070 1108 0.731 not a simple problenfmainly due to the existence of mul-
fo 0.014 0.016 - tiple solutions, even in a simple case of isotropic material
Lo 6.365 0.091 - and reflectance measurements at normal incidence, where
frll g:%g gégg g:ggg only two variablesn andk, have to be determined. Hence,
o, 0.275 2358 11.418 there exists a large uncertainty of the determined values
@ 0.505 24.708 0.138 (=10%). On the other hand, the EELS may not be accurate
f2 0.056 0.072 0.003 in the low-energy range, because in this range, the relativistic
T, 7.328 4.72K 107 3.492 . S
w0y 3508 5149 4,095 (Cherenkoy effects contribute significantly to the energy
a, 7.079 0.524 29.728 loss when the momentum transfer has large components
f3 0.069 0.307 0.078 along thec axis® Another strong objection to the EELS data
23 i'jé‘l‘ 1‘;322 1%"(‘)‘(% is that they do not agree with theoretical prediction of the
aj 0362 0.217 0.516 band gap of about 5 eV. In order to check the consistency of
f, 0.005 0.380 0.131 the experimental data, finite-energy sum rules have been ap-
r, 0.046 1.797 2.529 plied in the literature:” However, the effective number of
w4 13.591 10.947 14.991 ; o
a 7426 0518 178106 electrons per atom in case of parallel polarlzatlon,_ as calcu-
fo 0262 0.065 0.280 lated from both the EELS datand reflectance dafais be-
T's 1.862 2.418 6.829 low three at 40 eMand it is far from saturation since plots
@s 14226 16.988 17.516 show slope of about 45°), so that no conclusion can be
as 3.82x10 0.286 1.01.7& 10 : .
fo 0.460 0553 0.855 drawn from that except that there are some higher-lying tran-
T's 11.922 21.395 14.541 sitions involving the valence-band electrons.
wg 15.550 24.038 30.712 Since all previous theoretical consideratiqfier recent
o é:;gg 2:22’? é:gg first-principles calculations, see Ref.)1Bave failed to re-
r, 39.091 37.025 20.314 solve the issue as to whether the EELS or the Optical data
w7 32.011 36.252 46.004 represent an accurate description of the optical constants of
az 28.963 15.101 9.388 graphite for the parallel polarization, we have tried to model

both sets of available data fef. The first set consists of the
EELS data by Venghaus in the 2—18 eV range and the data
Serious disagreement also exists in the range below 6f Klucker, Skibawski, and Steinmahin the range from 18
eV. Data from Greenawagt al> and from Erguf® show no  to 40 eV. The second set consists of the data derived from
structure in this region, which is in agreement with the bandhe reflectance measurements of Greenaeagl? in the
structure calculations employing a two-dimensional2-5 eV range and the data of Klucker, Skibawski, and
approximatior?*® However, the calculations of Johnson and Steinmanfin the range 5-40 eV. Plasma frequenciesdor
Dresselhaus predict a peak near 4.3 eV, which is also are at around 14 e\and around 19 eV’ Figure 2 shows the
present in the data from Klucker, Skibawski, andreal and imaginary parts of the index of refraction corre-
Steinmanr. A possible reason for the absence of this smallsponding toElic as a function of energy. The open circles
peak in former cases can be the slight depolarization of lightepresent the EELS experimental data, while the solid line
in their experiments. Transitions betweerbands, which are represents the calculated values obtained for the parameters
forbidden forEllc in a single layer, are not strictly forbidden given in Table I. A very good agreement between experi-
in a three-dimensional lattice. Nevertheless, the matrix elemental and calculated values can be observed.
ments are much smaller than those for the perpendicular po- As mentioned earlier, the optical data show existence of
larization, thus accounting for the small magnitude of thea band gap predicted by theoretical calculations. Therefore,
peak®1® However, the breakdown of the selection rules forin modeling the optical data we do not consider the intraband
the three-dimensional case predicted by calculations ofontributions because they would not be consistent with the
Johnson and Dresselh&usill does not justify data obtained small values ok, for low energies. However, in trying to fit
by the EELS in this region. the set of data derived from the reflectance measurements,
It is difficult to establish which of those two methods, we encountered unexpected difficulties. When we attempted
the reflectance measurements or the EELS, is correct. Refle adopt the usual objective functidmiven by Eg.(7)]
tance measurements of the optical constantEfiar cannot  which minimizes discrepancies between experimental and
be performed directly because of the difficulties in preparingcalculated data for both the real and imaginary parts of the
suitable good quality surfaces. Therefore, values of the indesielectric function, or the index of refraction, the algorithm
of refraction for the parallel polarization have to be deducedlid not converge at all. Changing the number of oscillators
from reflectance measurements at oblique incidence. For aamployed did not appear to influence this. Since we are em-
anisotropic material, at each wavelength a function of fiveploying a global optimization routine, which has been se-
variables(the real and imaginary parts of the dielectric func- verely tested for problems with up to 100 variables and up to
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FIG. 2. Real part of the index of refraction of graphite as a function of

energy for normal polarization. The inset shows the imaginary part of theFIG. 4. Coefficient of extinctiork, vs energy. The open circles represent
index of refractionk, vs energy. The open circles represent EELS experi- experimental data from optical measurements, while the solid line represents
mental data, while the solid line represents calculated values. calculated values. The inset showsas a function of energy.

159 ocal minima3° the only reason for divergence could be OUt that excellent agreement for the real part of the index of

that the experimental data cannot be described with théefractipnn|| » @8 shown on Fjg. 3, leads to poor agreement
model employed. On the other hand, there is no reason whipr the imaginary par;, andvice versaas shown on Fig. 4.
the optical constants of any material in the investigated specince the model automatically satisfies Kramers—Kronig re-
tral range could not be described with the Lorentz orlations, the agreement with the experimental data should be,
Lorentz—Drude oscillator model. Then, we tried to fit sepa-N Principle, equally good for both the real and imaginary
rately the real and imaginary parts of the refractive indexarts of the index of refraction. Moreover, it can be observed
and the results are shown on Figs. 3 and 4, respectively. [hat the refractive index experimental curve fails to show a
minimizing the squared relative errors foandk separately, ~Structure corresponding to the obvious peak in the coefficient

a very sharp peak in experimenta{w) near 5 eV, which

appears to be totally unrelated to any featurekfb). It
should be pointed out that values for the real and imaginary
parts of the dielectric function for the parallel polarization
were calculated independently at each wavelehgth,that
there is no guarantee that the experimental data satisfy
Kramers—Kronig relations. Therefore, we have decided to
check whether the experimental data are Kramers—Kronig
consistent.

We have performed Kramers—Kronig transformation for
the set of data for the imaginary part of the index of refrac-
tion k;. Since the data of Klucker, Skibawski, and
Steinmanh cover 3—40 eV range, we have used the data of
Greenawayet al2 from 2 to 3 eV. In the region where these
two data sets overlap, we have chosen to use the data of
Klucker, Skibawski, and Steinmahrbecause these data
show a weak peak ik, as predicted by the band-structure
calculations based on three-dimensional approximétibine
data for the imaginary part of the index of refraction re-
semble theoretically predicted structure. There is one small
FIG. 3. R . . . ~ peak at around 4.3 eV, which is due to the breakdown of

. 3. Refractive index, as a function of energy. The open circles rep . . .
resent experimental data from optical measurements, while the solid linS€lection rules for three-dimensional latticand a two peak
represents calculated values. The inset shkwas a function of energy.  structure at around 11 and 14 é¥Obtained results are de-
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for the imaginary part of the index of refraction, while triangles represent
the real part obtained by Kramers—Kronig transformation and the solid line

represents calculated results.
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FIG. 5. Comparison among the available sets of datanfertabulated
experimental data from the optical measuremésadid line), the result of
Kramers—Kronig transformatioridotted ling, and data obtained by the

EELS (dashed ling
Kronig transformation of these data should be employed.

: - . . The data set obtained in such a manner, which can be easily
|p|ct3d n F|g.. 5 Sh|OV\(/:;I”lg th(T_dcolr.npansog b(;tween tTe t"?bué\nd accurately reproduced by the model described here, is
I?rthe(rasxfli:grr]\?ntt?ansgf(nfgtliofdcl:tlteé q ?.2 9 E):targtsnuaitn; d internally consistent and in agreement with the theoretically

he EELS 9 ted by the d .h q i it bpredicted optical transitions. Based on the band-structure cal-
by the are represented by the dasned fine. 1t can gulations, there is reasonable doubt concerning the accuracy
observed that Kramers—Kronig transformation gives CUNVE s+ o EELS data for lower energies, especially when the
for n, which significantly differs from the tabulated data, ELS data do not confirm the existené:e of a gap of about 5
where only differences at the end (.)f range can be attribute V for parallel polarization. While Tossati an BasSamive
to th_e errors in the Kram_ers—Kr_omg ana_ly3|s. Those em.)r%ointed out that the EELS technique for low energies could
are in part due to the higher-lying transitions whose EXISHe inaccurate, other authors who have performed EELS mea-
tence can be deduced from the fact that the effecpve numbesrurements do not question its adequacy. With no conclusive
of elect.rons per atom for ”;e parallel poIanzatlon. IS fa_r fromevidence in support of our disregarding the EELS set of data
saturaU;)nhva!us at A}O e;i/ ' S'mcehthe real apdf imaginary altogether, we have decided to model both the EELS and the

Earts. 0 tl € Index Oh re racljcthg dave to ds?t'ﬁ y K.ra.lm?rs_optical data set. Yet, based on band-structure calculations,

ronig re ations, we have decide to model the origina ©Xwe believe that the data obtained from optical measurements
perimental datz_;\ given fok;, \_/vh|le for n, , W employ the should be more accurate. In any case, further experimental

Kramers—Kronig transformation of experimental valuek,of fforts to resolve this problem are highly desired

in the spectral range up to around 26 eV, and the origin::ﬂa '

experimental values afi, from 26 to 40 eV to avoid errors *V CONCLUSION

induced by the Kramers—Kronig transformation at the end o
the region. Figure 6 shows the real and imaginary parts of The optical properties of graphite are modeled using the

the index of refraction as a function of energy. The opemmodified Lorentz—Drude model with frequency-dependent
circles represent the experimental data for the imaginargamping for the perpendicular polarization in the 0.12-40
part, the triangles represent the real part obtained bgV range, and for the parallel polarization in the 2—-40 eV
Kramers—Kronig transformation, while the solid line repre-range. The significant discrepancies among various sources
sents the calculated values obtained for the parameters giveri experimental data fog, are investigated. In light of the

in Table I. It can be observed that for this composite set oexisting band-structure calculations, there is reasonable
data (original experimental values fok, and Kramers— doubt in the accuracy of the EELS data for parallel polariza-
Kronig transformation fom,), there exists good agreement tion. There also exists serious inconsistency in the tabulated
with the experiment for both the real and imaginary parts ofvalues of the real and imaginary parts of the index of refrac-
the index of refraction. tion obtained by optical measurements. The tabulated values

Therefore, to describe the optical constants of graphitef n, do not represent Kramers—Kronig transformatioikgf
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