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Small carbon clusters

Small carbon clusters:
Structure and fragmentation
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Experiments in Tandem (Orsay)

C. "+ He->{C *} Selection of intact clusters
A " (stable at 99%)

3 Q semre B iy e Collision
N [> 7 ps

« Electrostatic g/m |

Analysis
Creation of C_ - by sputtering. \v‘/\‘

Multl detection in coincidence with
silicon detectors and current shape

e

Typical collision process C,* + He Fragmentation
Neutralization C, C, » C,+C;
Excitation / fragmentation C.,*/C. + C,* = C; > C,+C
lonization / fragmentation C,*2/C, + C,*+ C* C,
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Fragmentation models
Weisskopf method

Time dependent description of the fragmentation process.

Rate constants |of fragmentation: microcanonical statistical theory of Weisskopf

Metropolis MonteCarlo method Microscopic data
> from electronic

Obtain the maximum entropy region of a phase space. structure calculations

Evaluation of the statisticall weights.

Microcanonical ensemble: Constant{energy.

Thermodynamic equilibrium (not information on the time dependence).

S. Diaz-Tendero et al. Phys. Rev. A 71, 033202 (2005)
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Electronic Structure Calculations

Method: Density Functional Theory

« Geometry optimization.
« Stability and spin contamination analysis.

« Harmonic frequencies and Zero Point Energy correction.

* Moments of inertia.

» Electronic energies:

CCSD(T) // DFT
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Geometries

S. Diaz-Tendero et al. J. Phys. Chem. A 106, 10782 (2002)

S. Diaz-Tendero et al. Phys. Rev. A 71, 033202 (2005) :
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Fragmentation: energy dependence
C- fragmentation
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Fragmentation: energy distribution

C- fragmentation oo
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Comparison with experiment

Probability (%)
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Branching ratios (%)
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Fullerenes

Fullerenes:
Structure and fragmentation
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Experiments

H. Cederquist et al. Phys. Rev. A 61, 022712 (2000)
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Fullerene structure

Classical fullerenes
- Cage exclusively formed by hexagons and pentagons
- 12 pentagons are needed (Euler)

How many possibilities are there?
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Fullerene structure

Adjacent pentagons introduce strain

Isolated Pentagon Rule (IPR)

The most stable and abundant fullerenes only present isolated pentagons: Cy,
and C,,

Pentagon Adjacency Penalty Rule (PAPR)
If pentagons cannot be isolated, the fewer pentagon adjacencies the better.

Stone-Wales transformations
A mechanism to generate adjacent pentagons.
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Fullerene structure

Hollow sphere model for 7 electrons

Spherical model C¢o Icosahedrical (I,)
iy .
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e = T(2P)

P~R, ()7, (39

M. J. Puska and R. M. Nieminen, = 7(2s) @ 2
Phys. Rev. A 47, 1181 (1993)

Closed shells have additional stability
Number of & electrons (atoms) 2, 8, 18, 32, 50, 72 ...

Rule 2 (N+1)? — Spherical Aromaticity
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Fullerenes studied
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C.9" structures

Ce2(Cs)
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Sphericity Rule (C.,, C,%")

Non classical fullerenes (Cg,)
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S. Diaz-Tendero et al., J. Chem. Phys, 119, 5545 (2003)
G. Sanchez et al., Chem. Phys. Lett., 416, 14 (2005)
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Dissociation energies
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S. Diaz-Tendero et al., J. Chem. Phys, 119, 5545 (2003)
G. Sanchez et al., Chem. Phys. Lett., 416, 14 (2005)
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Dissociation energies
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Dissociation energies
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Fullerene derivatives
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Highly charged Cg,*

Structure C,,9* and C.g4*

lonization potentials

Dissociation

Dissociation energies

Energy E(R)

Fission Barriers
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Dissociation energies
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Dissociation energies
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Fission barriers: PES

Energy E(R)
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Fission barriers: Transition states

Cgo?" — Cggld™®* + C5*

Dissociation

Dissociation

|
Energy Release

-5+ s+
Co +C3

Distance R

S. Diaz-Tendero et al., Phys. Rev. Lett., 95, 013401 (2005)
S. Diaz-Tendero et al., J. Chem. Phys, 123, 184306 (2005)
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Fission barriers: Transition states

Cgo?" — Cygld®* + C5*
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Fission barriers: Coulomb limit
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Rational synthesis of fullerenes

CqoHso IS @ precursor of Cg,
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CGO H3O
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Rational synthesis of fullerenes
Dehydrogenation models
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Work In progress

-Deposition of fullerene derivatives on surfaces

-Structure and fragmentation of C.,4* (q = 0,14) and C-,
derivatives

-Clusters of clusters (fullerenes)
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Fission barriers: Transﬂmrﬂ; ?}ates
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