
Resonance Raman scattering from üre High Frequency Intralayer
Phonons in Graphite-H2 so4 via Interband Absoiption

P.C.  Ek lund,  J .G.  Spo lar ,  c .D.  Mahanr
Health and Safety Research

oak Ridge National f,aborátory, Oak

and E.T. Arakawa
DivLsion
R:Ldge, TN 3793I

Introductlon

The Raman-active (e2q), graphit lc
in¿ralayer ¡¡¡odes (-f6OO g¡t l)  i , ,  l raphltein te rca la t ion  com¡roundg (c IC¡e)  h ive  ¡een
studied extensively over the lrast geveral
years [ l ] .  These zone center phonons have
been shown in a variety of acc¿ptor- and
donor-type GIC,g to provide val iable stage
index lnformation ln a probe aepitr ot
about fOOO A. The-rrcde in prisi ine
graphite (1582 glr-r) is periurbed by thé
insert lon of the intercalate layers to
produce a Raman-actlve doublet igtage n>2)
or a Ra¡nan-actlve elnglet (n-1,2) in the
spectra of GIC,e. The high- and
low-frequency componen¿s óf ¿he doublet
have been identl f ied [1] wlth lntralayer
carbon. atom displacementE taking place
pr rmar t ry  tn  the  bound ing  and in te r to r
layera ,  respec t ive ly .  S tud iee  o f  the
stage dependence of the relat lve l lne
in tens i t les  (o r  re la t i ve  Raman croas
sections) of the doublet were made to
establ ish this identl f icat ion. Holrever,
no attentlon hae been given to the laser
freguency dependence of the Rarnan cror¡a
section of these graphit ic intralayer
modes. In this paper we present the flret
results of auch a study. For the atage
1.,2..9lpolndg of graphlte-a2So4, we f ind
rhat the Raman croas sec¿ioñ dées inaleed
exhlblt  a rnarked dependence on lagar
frequency. ly€ present results of npdel
calculaLlona ¿hat' ghow thls frequency
dependence 1s assoclated rr i th t l ie
threshold for lnterband abaorption bettdeen
valence and conduction band slatee located
uithln a few eV of the Ferml surface.

Experimental Detal ls

. The experlmenta rrere carried out in
si. tu Lhrough the quartz walls of the
electrochemlcal cel l  used to prepare the
compounde. Detal ls of the cel l  have been
given elsewhere [2].  The samples were
intercalated eLectrochemical ly by
submerging - one half of a f¡fénfl  orlented
pyrolyt ic graphite (r¡opc) plafe into
concentrated (96-98t) gakei Analyzed
¡299¿. The Raman croaa aection áa¿a were
col lected in the Breweter-angle
backscatterLng geometry trith the laser
beam 1-3¡.!¡w)'  incident on the c-face
region of the cfC plate above the acid

level. Varloua lager l ines from Argon andKrypton lasers were ueed to study the
l_ncident photon frequency aepenaÉnce of
¿he Ranan cror¡a sec{ion.- usinq results
frorn previoug coulometric ana i- i iy
studiee. o_n. graphlte-_H2SO4 [ 3],  the srage
and stoichiometry of fhe'samli"s ,"r"
determlned from the electrochemical chargepasEed dur lng  the  reac t ion .  Us inc  th is
tnfornration, ln addit ion to receni reoults
of Raman scattering gtudlea oe-st iging

I1i":1:: tn eraphlie-H2so4 [4], siase r.
and z con¡rounds rdere prepared for ¿ñe
present study. The stoichiometry of these
com¡rounde have been shown [3] to-be of theform- cn+(Hso4- )  (H2so4).  wi 

- i r ." ."r

resulta on the stage f CZgl, C21+ and
stage 2 C5g+, C4g. con¡rounos.

Regu l ts  and D iscuss ion

_ In Flg. I  we show the normalized
Raman croas section data vs fncfáenc
photon energy for ! l r9 respective stage 1,2
com¡rounds. The sol id l ines in the f igure
are guides for the eye. t{e define the
normalized cross sectlon in thls study to
?:- l l :  

lnregrared Raman l lne intenslty
(counts) per lnclden¿ laaer power (¡¡wj
dlvided by the cube of ¿he elattere¿
photon fr_equency. AB can be seen ln the
Ergure, t l ¡e crosa section data appear to
be well-descrlbed by a serles of ' |eaks
several tenths of an eV rr ide whlcñ shlf t
to hJ.gher photon engrgy ryftf¡ increaelng
charge t rans fer  f - f  /p -  ( f  .  e .  e t /AO, - i i íe ,
L /28 ,  L /2Lr .  Theae leaks  are  poa i i ioned
near the anticipated thresholai for
interband transit ione in these componds.

i tre ¡an¿ atructure [5] for a atage I
a-cceptor-type compound near the K_poini in
the Bri l louln zone i .s shown schemalical ly
ln the inset to Fig. 2, where the
electronlc energy is plot¿ed vs basal
plane rrravevector. ThA threshold for
interband absorption is inaica[ea-Uy._tne
vert ical arrorr marked ro,¡ (=2Ep). The band
atructure for tt¡e stage 2 comlound J.s
similar ¿o that shoer¡, except two parallel
valence and two paral lel conauctioi bande
( r ¡p l ¡ . t  t y  -  .4  eV)  a re  p resent ,  wh ich
generate the same form of interband
absorption r¡ l th ¿hreshold energy 2E¡ [5J.
In Fig. 2 we show the results ói rnohef
calculat ions for the Raman scatteri_ng
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F i g .  I

Experimental valueg for the normalized

Raman cross section vs photon energy for

the cfo, . i* cj,  ana cj, sraehite-H2so4
compounds.

cror¡s sectlon ut l l iz ing the p.A
interactÍon and the standard three step
proceg!¡ involvlng ( l)  t f¡e abeorption of,
the lncident photon causlng an lnterband
transl. t ion, (2) the scat¿ering of the
excited electron or hole r*t¡ i le creatlng
the phonon and (3) the emlseion of ¿he
scattered photon while reco¡nbinlng the
electron and hole. The calculat ione r,rere
carrled out uslng the framework for
backscattering in metals developed by
Camely  and Mi l le  [6 ] .  T ] re  s tandard
aasumptlon ¿ha¿ elect¡q¡-phonon and
hole-phonon matrlx elements are
independent of inLerband energy was used.
Also, since the data rs6 not avai lable, a
conatant refract ive index for the'GIC u¡as
used. As can b€ seen in the f igure, the
model calculat lona predlc¿ a peak ln the
croEE section at or1. Tt¡e widLh of the
calculated peak steme from the
incor¡rorat lon of a damping factor -.3 eV
to simulat€ the l i fe¿lme of, the excited
electron-hole pairo. The calculat iong arc
in good agreement wl¿h the da¿a. Our
analyaie sugg€st8 that the peak ln the
croga E€ctlon data can therefore be uced
a!¡ a measure of the Ferml level poeLtlon.
Accordinglyr rrG flnd that the charge
transfer within a given stage lndex in t t¡e
stage 1,2 graphite-H2SO4 compounde shlf ts
the Ferml level about -. 15 eV.

t.5 2.o 2.5 3.O

Phofon Energy (eV)

F i g .  2

Calculated values for the normalized p,aman

cross section vs photon enerqy for the

in te rband absorp t ion  th resho lds  o f  2 .1  and

2 . 4  e v .
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t r ¡= 2.1 eV
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