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GRAPHITE INTERCALATION COMPOUND WITH CESIUM 
SUPEROXIDE : X P S ,  UPS and STM STUDY. 

H. ESTRADE - SZWARCKOPF", B. ROUSSEAU", V.Z. MORDKOVICH~ 
"CRMD, UMR 6619 CNRS-Universite, 45071 Orleans Cedex 2, France. 

ICMR, East 601, KSP, Sakado 3-2-1, Takatsu-ku, Kawasaki 213, Japan. 

XPS, UPS and STM are used to characterize a first stage CsO,C, compound. 
The charge distribution and the cleavage localization are discussed. 

Kevwords : XPS, UPS, STM, Graphite-Intercalation-Compound, Cs-Oxide 

INTRODUCTION 

A lot of X P S  and U P S  studies have been devoted to binary alkaline Metal- 
Graphite Intercalation Compounds (M-GICS)"-~~ giving informations about the 
charge distribution in both host and guest lattices. Concerning the oxygen- 
alkaline GICs, a first X P S  and STM study has been yet performed[3741 but it 
seemed interesting to reproduce such study on the Cs-0 compound and to 
extend it to U P S  observation in order to compare the new sample to clean and 
slightly oxidized binary Cs-GICs (called CsCs or CsG4 for stage 1 and 2 
re~pec t ive ly)~~~~.  Moreover, we had thus, the opportunity to compare this Cs- 
Oxygen GIC (called CsO,C,) with a quite similar Na-O-GIC[? 

PREPARATION AND EXPERIMENTS 

A HOPG pellet (0 = 7 mm, h = 0.5 mm) was treated with Cs30 as earlier 
de~cr ibed~~ '~]  in order to obtain a stage 1 blue sample, with an identity period of 
9.84 A and the intercalated layer composed of 4 layers Cs-0-0-Cs. The 
corresponding NaO-GIC was composed of 5 layers, i.e. Na-0-Na-0-Na but 
with a smaller repeat distance'61. 

The intercalated pellet was fixed, in air, on our sample holder and introduced 
into the photoemission spectrometer analysis chamber. While the pressure was 
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238 H. ESTRADE-SZWARCKOPF 41 uI. 

about 6. 10 -I1 Torr before introduction, it increases to 2. Torr unless the 
sample was cooled at 100 K, temperature for which the pressure decreases to 
about lo-’’ Torr. The sample being at 300 K, for instance for STM 
experiments, the pressure remained at its high value during several days after 
which, it decreased again to its normal value limited by pumping. Thus, it is 
sure that the sample lost part of its content, probably the outermost layers and 
this instability under vacuo made the observations a bit unreliable. 

In order to limit this instability (without stopping it completely), X P S  and 
UPS experiments were done at 100 K after in-situ cleavage performed on the 
cooled sample. This procedure is different from what we used in our previous 
work‘41 where the X P S  experiments were run at 300 K and at substantially 
higher pressure of I .  10 -’ Torr. In these conditions, a kind of instability was 
detected in 14] by the O/Cs ratio drift from 1, immediately after a cleavage, to 
2.5 after 24 hours under vacuo. 

No pressure increase was detected in presence of the NaO,C, sample. 

EXPERIMENTAL RESULTS 

X - Photoemission SDectroscoDy 
The whole XP-spectra (Mg source 1253.6 eV) did not show any other peaks 
than those expected from the sample composition: carbon, oxygen and cesium 

Curiously, the carbon 1s  core level peak (fig. I )  is very similar to that of 
the binary second stage CsCZ4 and also to that of the NaO,C, sample studied in 

one unique peak, at binding energy equal to 285.0 eV, dissymmetrically 
shaped. As for the CsCzS 12], it was not possible to fit it with an unique 
component, even with a dissymmetrical shape due to an electron-hole pair 
creation process”]. Another component (about 15% of the total Cls  peak 
area), eventually double, had to be introduced, located at about +I  eV from 
the main peak maximum, we attributed both to carbon atoms located in 
crumpled domains created during the intercalation and to an intra-band 
plasmon specific of GIC and not present in pure graphite 

From the position and the shape of the main one, in CsO,C,, we conclude 
that the carbon atoms are bearing the same charge as in CsC24 , and that this 
charge located in the rI hnctions and/or in the interlayer orbital, contributes to 
the conduction band. 

The only feature which differenciates the C l s  line of the CsO,C, from the 
CSCU one, is the inter-band plasmon located at 5.5 eV from the main 
component (to be compared with 5.1 eV in NaO,C, and 6.8 eV in C S C ~ ~  ). 

The 3 cesium core level doublets could all be fitted with broad symmetrical 
lines in which a 10% small component had to be added, 2 eV high binding 
energy shifted. The main peaks 5p3/2,4d5/2 and 3d5/2 (fig. 2) have respective 
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Fig1 CsOxCy XPS CIS spectrum. 
(See Color Plate IX). 

EB = 12.1, 77.3 and 726.8 eV, very close to the respective peaks in C S C ~ ~  but 
quite different from the oxide ones which are all low energy shifted from the 
metal (= -1 eV for the Cs3d). The position of the Cs peaks are difficult to 
compare with pure metal[*] or compounds even in an energy scheme which 
takes into account the shifts relative to the vacuo level191. Indeed, except for the 
case of sodium, in oxides, the alkaline core levels are low energy shifted 
contrarily to the classical electrostatic rule. In the binary M-GICs, relatively to 
vacuo, the metal appears partly discharged compared to the free metal, and 
when their surfaces are slightly oxidized the alkali lines shift abruptly to the 
oxide position below the pure metal oneLs1. In NaO,C,16’ , the situation is 
simpler and the sodium atoms are surely completely discharged. In CsO,C, , 
from the sole binding energy no conclusion could be deduced but, as in 
NaO,C,’6’ , the Cs line shapes, broad and symmetrical, surely prove that no 
charge remains on the Cs atoms, contrarily to CsC24, in which the lines are 
much narrower and asymmetrical, signature of remaining conducting charge on 
the alkaline atoms. 

The oxygen Is core level spectra 
depend on the cleavage. When cleaved 
in air and immediately introduced in the 
vacuum chamber, the spectrum shows 
an unique peak at EB = 533.1 eV. If 
the cleavage is performed in situ, the 
oxygen spectrum intensity is a lot 
weaker (see below the stoichiometw) 
and may be decomposed into two 

Fig3 In situ cleaved CsOxC, XPS peaks (fig. 3), the main one, A, at EB = 

0 1 s  spectrum (See Color Plate XI). 533.7 eV and a smaller one, B, ( 25% 
of the total) at EB = 53 1.1 eV. 

The first peak is due to an 0; superoxo-species and the smaller peak to an 0;- 
peroxo-species. This last species represents 90% of the oxygen present on in 
situ cleaved NaO,C,’6] with 10% of 0 0x0-species. 

Fig.2 CsOxCy XPS Cs3d 9 2  peak 
fitted as a main broad peak. 
(See Color Plate X). 
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The stoichiometry was deduced from photoemission X spectra. The 
calculated chemical formula for the in situ cleaved surface is C S O ~ . ) + O ~ C L ~ ~ ~ .  
This is in relative good agreement with the results of chemical analysis and 
electron probe micr~analysis[~*~'. Cleavage in air resulted in the increase of the 
0 and Cs contents by some 30% with corresponding chemical formula 
C ~ 0 o . s ~  ICt~i l .  It is necessary to note that in the XPS experiments carried out 
at 300 KC4I, we observed much higher values of OKs ratio (1/1 to 2.5). 
However, the difference in OKs ratio may result from the temperature 
difference and corresponding strong departure of outermost layers, resulting in 
general instability of X P S  intensities (see discussion in the experimental part). 

21 Weak and broad spectral features 
due to 02p  levels are located at 4.0, 
5.7, 9.7 and 12.1 eV from the Fermi 
level. They might be attributed to the 
super 0x0-species 0; in agreement 
with the presence of the main 533.7 
eV peak in the 0 1 s  ~pect rum~~'"~ .  
However, as for X P S ,  a reliable UPS 
characterization of the outermost layer 

. seen by UPS remains questionable due 
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GIC WITH CESIUM SUPEROXIDE 24 I 

lattice was 1D modulated (period 14 4 about 0.1 8, deepness) (fig. 5). This 
modulation was observed during several hours and at different places on the 
surface, and then it disappears, the graphitic lattice completely flat and stable 
being restored. 
lattice was 1D modulated (period 14 4 about 0.1 A deepness) (fig. 5). This 
modulation was observed during several hours and at different places on the 
surface, and then it disappears, the graphitic lattice, completely flat and stable, 
being restored. 

Fig. 5 STM image of an 1 D 
modulated 2.5 A h.cp. lattice on 
CSO,C, surface. (See Color Hate XIII). 

Fig. 6 (O.SxO.5) pin' STM image of 
a CsOxCy sur$ace showing flat 
bottomed holes. (See Color Plate XIV). 

In spite of thorough observation of. the surface, no other lattice has been 
detected contrarily to the hexagonal or square atomic lattices observed on 
NaO,C,[6] or on CsOxC, similar samples[41, and probably due to an oxide layer : if 
such an oxide was present on the surface after the cleavage, it sublimed under 
vacuo and this sublimation explains the elevation of the chamber pressure in the 
presence of the sample. 1D modulation like that described here over, had been 
yet observed on binary alkali-GICs, after a long stay in an argon 
atmo~phere"~'~' or after an oxidation of a CsCs ~urface"~'. The origin of such 
modulations of the graphitic lattice is not clearly understood and their stability 
not yet surely established. What is sure, is that they appear on GIC surfaces 
after the intercalate outermost layer has sublimed away under vacuo or under 
"inert atmosphere", and several days after cleavage. 

Beside the atomic lattices, larger images 0.5 x 0.5 pm2, like that given on 
figure 6, have been obtained. At this scale, we see a mean flat level out of which 
several flat pellets, about 1000 A diameter and 5-6 8, thick, seems to have been 
cut away. No defects of this kind had been observed before, neither on HOPG 
nor on GIC surfaces, except on NaOxC, ['I. It is, of course, tempting to 
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242 H. ESTRADE-SZWARCKOPF et al. 

interpret them in a similar manner : contrarily to what occurs during alkaline 
metal intercalation in HOPG to form binary GICs, the oxide or superoxide 
intercalation loosens the interconnections between the pristine HOPG 
cristallites, and some of them may be taken away by a cleavage. It is their prints 
which appear as flat bottomed holes cut out of the outermost graphene plane, 
with more or less regular contours. Those STM images reveal thus a specific 
mechanism of the alkali-oxide intercalation, different fiom the intercalation of 
alkaline metals. 

CONCLUSION 

In this study, we compared a ternary Cs-0-GIC both with slightly oxidized Cs- 
GICs and with a ternary Na-0-one. The results are instructive and should be 
pursued with new samples. Moreover, our study shows how coupled surface 
techques ( X P S ,  UPS and STM)  may give informations even on bulk 
properties. The use of low temperature (100 K) measurements and higher 
vacuum allowed us to obtain more accurate X P S  results compared with our 
previous work. However, our STM results are completely different fiom the 
previous ones obtained on samples thought to be identical. The reproductibility 
of the ternary Cs-0-GIC surface properties which are characterized by identical 
X-Ray diffraction patterns, should be more thoroughly studied. 
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