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Electric polarizability of isolated C,, molecules
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We present the gas phase measurement of the static electric dipole polarizabiligfufeZenes. The value
is 102+ 14 A3, The increase in polarizability fromdgto Cyq is discussed and compared to different theoretical
predictions.
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The electric dipole polarizability is of primary importance in the extraction region of a time-of-flight mass spectrometer.
in understanding electronic properties of molecules and clustwo different wavelengths were used for the ionizati@83
ters [1-3]. In this respect, precise experimental measureand 213 nm The electric fields in the extraction and accel-
ments are crucial to test theoretical methods and calculationsration regions of the time-of-flight mass spectrometer are
For fullerenes, two main experimental approaches are posxdjusted so that the arrival time at the detector is sensitive to
sible. First, the measurements may be performed on molectke initial position of the molecule in the extraction region
lar solids or fullerites. The molecular polarizability is ob- (position-sensitive time of flight3]). The profile of the beam
tained from the dielectric constant provided that local fieldis directly obtained from the arrival time distribution at the
corrections can be reliably estimated. In practice, people usdetector.
the Clausius-Mossotti relation. Second, direct measurements When the fullerene rod is vaporized, the only peaks ob-
on isolated molecules are possible, for example, by molecuserved in the mass spectra corresponddgafd G,. Figure
lar beam deviation experimenit$,5]. Both methods lead to 1 shows beam profiles ofgand G, molecules measured
valuable results, but clearly the indirect approach is depenwith and without an electric field in the deflector using neon
dent on the bulk structure that must be perfectly known foras the carrier gas. The profiles measured with the electric
each measurement. Moreover, approximations must be dorfield are slightly shifted toward the high electric field region
in the extraction process, in particular, deviations from thein the deflector. In Fig. 1, the deviation of the beamdis
Clausius-Mossotti relation may occur. Measurements on iso-
lated molecules do not suffer from these restrictions.

For Gy, recent molecular beam experiments have led to * 0kV
precise values for the dc and ac electric polarizabfyb). 100 Ceo o 25kV
For G, the only available values have been deduced from "'-?i
bulk sampleqd6,7]. As outlined in a recent revieW3], the
size evolution of fullerenes polarizability is of great impor-
tance because fullerenes are cage molecules with electrons
delocalized in a thin shell. The investigation of electric po- § \3
larizability of hollow objects is a new and interesting prob- 0. @;f
lem both on theoretical and experimental sides. We report in
this paper the direct measurement of the electric polarizabil-
ity of C,o. The results are discussed and compared to differ-
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ent theoretical predictions.

The fullerene beam is produced with a pulsed laser vapor- 50 * Okv
ization source. A commercial powder of fullerer(®8% Gy, c, ’M °  25kV
10% G, purchased by MER corporatiptis pressed into a Py N
rod. We use the third harmonic of a Nd-3YAG (yttrium . ;g \.,%‘%@
aluminum garnetto vaporize the rod and neon or helium as E ‘. N
carrier gagthe velocity of the beam depends on the carrier 38 Py %%%
gas. A low laser power is used in order to avoid any frag- ;& \%%
mentation of the fullerenes. The clusters leave the source 0 4

through a 5-cm long nozzle and the beam is collimated by
two slits. It is deflected after the slits by an inhomogeneous
electric fieldE. The value of the electric field in the deflector
is 1.5< 10" V/m for a voltage of 25 kV across the two cylin-  FiG. 1. Beam profiles of & and G, molecules measured with-
drical poles. The clusters are ioniz& m after the deflector oyt electric field in the deviator(@ kV) and with E=1.5
X 10" V/m in the deviator(25 kV). The measurement was per-
formed at room temperature with neon as the carrier gas. The ve-
*Email address: dugourd@lasim.univ-lyon1.fr locity of the beam was 593 m/s.
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TABLE |. Experimental and theoretical results for the averaged static polarizabilityphtl G,. For
Ceo and Gy films, the polarizability value is extracted from the experimental dielectric function by using the
Clausius-Mossotti relation.

Method a(Ced (A% a(Cr) (AY)  a(Cr)la(Ceo)
Experiment
Gas phase
Molecular beam deviatién 76.5+8 102+ 14 1.33-0.03
Ceo and G films
Optical measurements: ellipsometry 79.0 97.0 1.23

and reflection/transmissiBn
Electron energy-loss spectroscopy 83.0 103.5 1.25
Theory
Iterative coupled Hartree-FodlSTO-3G basis st 45.6 57.0 1.25
Pariser-Parr-Pople Hamiltonian 49.4 63.8 1.29
Atom monopole-dipole interactién 60.8 73.8 1.21
Semiempirical calculatiofMNDO/PM3)? 63.9 79.0 1.24
Ab initio SCF 6-3% + G basis sef’ 75.1 89.8 1.20
Tight binding linear response 77.0 91.6 1.19
Bond polarizability modél 89.2 109.2 1.22
Valence effective Hamiltonidn 154.0 214.3 1.39
Model
Additivity model 1.17
Conducting shell model 1.22
&This work.
®From Ref.[6]. In the Clausius-Mossotti relation, we used a lattice consaanfi4.17 A for G, and a
=15.01 for Gy

°From Ref.[7].

9From Ref.[11].

®From Ref.[12].

fFrom Ref.[10].

9From Ref.[13].

"From Ref.[16].

"This work. The static polarizability is obtained by applying the linear response theory withip’sk
tight-binding model that reproduces accurately the valence bands and the lowest conduction bands of dia-
mond carbor{P. Vogel, H.P. Hjalmarson, and J.W. Dow, J. Phys. Chem. Solids 44(B#8]. This last
feature is essential since the static polarizability depends implicitly on the electronic excitation spectrum. The
dipole transition matrix elemert=(2s|r|2p)~0.91 bohr has been calculated from the carbon Slater orbitals
tabulated in the literature. Screening effects are taken into account by self-consistently evaluating the local
field and the induced charge and dipole modifications at each carbon site.

IFrom Ref.[14].

KFrom Ref.[15].

=0.19 mm for Gy andd=0.215mm for G, The deviation a%/acso:[d(Cm)/d(CGO)](?O/GO). Simultaneous mea-
d is proportional to the averaged polarizabili#yof the mol-  surements were performed at different beam velocities. The

ecule,

data analysis give&c70/a060=1.33. The precision on the

ratio is 3%. The uncertainty is mainly due to the uncertainty
d=K a EVE (1) of the deviation values. Using the value of the static polariz-
mo? ' ability that was previously measured for,d3(76.5+8 A3
[4]), the value of the polarizability of & is 102+ 14 A3,

whereE and VE are the values of the electric field and its ~ As discussed at the beginning of this paper, the size evo-
gradient in the deviatom andv are the mass and the veloc- lution of the polarizability of fullerenes is of particular inter-
ity of the cluster, ank is a geometrical factor. The velocity est. Different behaviors have been suggested in the literature.
v is selected and measured with a mechanical chopper that &mple additivity of atomic contributions would lead to a
directly located in front of the first slit. The polarizability of polarizability proportional to the number of atomsnd to a

C;o was determined relative to the polarizability oggC  ratio of &(C;g) to a(Cgo) of 1.17. An opposite approach is to
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consider that the fullerene behaves as a conducting shell. Tlean be fully neglected at room temperature. It is clear that the
polarizability would then, in first approximation, increase asshape of the cage has also an influence on the value of the
the volume of the cluster that for a cage scales®s For  averaged polarizability. This effect is not taken into account
Cso, the outer radius of the conducting shell can be obtainegh the crude conducting spherical shell model but it isin

by adding the radius of the ionic frant@.51 A) and half the  initio or semiempirical calculations. From the experimental
thickness of the electron cloud.5 A) [3]. This corresponds point of view, one cannot exclude the fact that the desorption
to a shell with an outer radius of 4.26 A and a polarizability jaser induces some isomerization of fullerene molecules into
equal to 77 & This value is very close to the experimental gifferent structureg18]. Preliminary results show that the
value. For I_arg.er fullerenes, it is r_easonable to scale the SUBolarizability of carbon clusters obtained from graphite va-
face of t_he ionic frame as a function of the number of atomsporization(Cn clusters with only even sizes and=58 in the

(the radius of the cage scales m¥’) and to use the same pass spectrujmare significantly larger than those obtained

thickpesg for the electron.cloud. For 4 these crude ap-  from Gy, and Gy fullerenes desorptiofil9]. The isomeriza-
proximations lead to a radius equal to 4.54 A and a polarizsjo of 3 small amount of & molecules into structures hav-

ability of 94 A% The calculated ratio ai(Crg) 0 a(Ceq) is ing a polarizability higher than that of tH2s;, isomer would
1.22. The same behavior is obtained when fullerenes arggect the experimental result. However, as previously out-
modeled as classical dielectric shefli. , _ lined, low laser power is used for the desorption, in particu-
_Beyond these two extreme approaches, a discussion of thg, o fragmentation is observed in the mass spectrum. Fi-
size evolution of fullerene polarizability based on semi-pa)y the finite temperature of the experiment is not taken
empirical models can be found in Ref8,10]. For G and 10" account in the calculations. While temperature effects
Cyo several calculated values are available in the literature, o expected to be smaller than those for sodium clusters
Results of calculations that were performed on both sizes a0, a temperature dependence different betwegg add
given in Table I(a more extended set of calculations fgy, C C,, may account for part of the discrepancy observed be-

can be found in Ref3]). The ab initio values of Jonsson yeen calculations and experiments. Further experimental
et al.[16] are in agreement with our experimental values, alng theoretical investigations of the polarizability of

least for G Among semiempirical approaches, only the fierenes, in particular, measurements for fullerenes with
bond polar|zab|I|Fy and the tlght?blndlng approaches lead tQ;jeg larger than & or smaller than @, [21], are necessary
absolute values in agreement with experiment. Other modelg) ~onclude.

lead to values that clearly differ from experimental values. |, summary, we have reported the gas phase measurement
Concerning the size evolution, most of the calculations preys the static p;olarizability of G. The measured value is
dict a ratio ofa(Cyq) to a(Ceo) greater than 7/6 and close 10 19p+ 14 A3, The increase in polarizability fromdgto Cyg is

the ratio expected for a conducting shell. slightly larger than the increase that is expected for a con-

The calculations slightly underestimate the experimentajjucting shell or predicted by more refined models.
behavior. We have no clear explanation for this difference,

but a few leads might be developed. First,@as a lower The authors thank V. V. Kresin for having suggested these
symmetry than g, and its polarizability is not isotropic. In  measurements and C. Guet and F. Chandezon for stimulating
beam deviation experiments, the main effect of anisotropy isliscussions. Financial support from CNRS and University

to induce a broadening of the prof{&7]. For G, this effect  Lyon | is gratefully acknowledged.
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