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Thomas S. Kuhn
(1922-1996)

Paradigmawechset— das Wort wird Thomas
S. Kuhn einfach nicht mehr los. Es machte ihn
zum bekanntesten Wissenschaftshistoriker
unserer Zeit und sickerte selbst in die
unwissenschaftlichste Plauderei ein. An
Lavoisiers Sauerstofftheorie etwa oder
suhrkamp taschenbuch Rontgens Entdeckung demonstrierte Kuhn,
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polymers seine Karriere am MIT kronte, in seinem

= ¢ Buch "Die Struktur wissenschaftlicher
Revolutionen", wie wissenschaftliche
Wahrheit entsteht.

S E Die Zeit, 1995
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Paradigma— nach Thomas S. Kuhn ist es
die ,Gesamtheit aller eine Disziplin in einem
Zeitabschnitt beherrschenden
Grundauffassungen hinsichtlich
Gegenstandsbereich und Methode.*”

(Der Grol3e Brockhaus, 20. Auflage)

Center for Spectro-
electrochemistry
at IFW Dresden

http://www.ifw-
dresden.de/iff/14
Paradigmen— nach Platon ,die Urbilder der
sinnlich wahrnehmbaren Dinge.*”
(Der Grol3e Brockhaus, 20. Auflage)



Hexagonaler Graphit: splybridisierung
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Bandstruktur der p-Elektronen in der Graphitschicht
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Diamant: sp Hybridisierung

35670 A°




Kumulene ...C=C=C=C=C
sp Hybridisierung
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Eine neue Kohlenstoffstruktur: C,

a Vaporization laser

Integration cup

and conducting
polymers b

Rotating graphite disk
z f =
Fig. 3 Time-of-flight mass spectra of carbon clusters prepared by
laser vaporization of graphite and cooled in a supersonic beam.
Ionization was effected by direct one-photon excitation with an
S E kMAM W ArF excimer laser (6.4 ¢V, 1 mJ cm™2). The three spectra shown
MAA)\N\/\A, differ in the extent of helium collisions occurring in the supersonic
IR, - PO AN nozzle. In ¢, the effective helium density over the graphite target
was less than 10 torr—the observed cluster distribution here is
4 believed to be due simply to pieces of the graphite sheet ejected
in the primary vaponzation process. The spectrum in b was
obtained when roughly 760 torr helium was present over the
graphite target at the time of laser vaporization. The enhancement
of Cgo and C, is believed to be due to gas-phase reactions at these

higher clustering conditions. The spectrum in @ was obtained by
maximizing these cluster thermalization and cluster-cluster reac-

Center for Spectro-
electrochemistry
at IFW Dresden

. : = e e e tions in the ‘integration cup’ shown in Fig. 2. The concentration
http:/Awww. ifw- 44 52 60 68 76 B4 of cluster species in the especially stable Cg, form is the prime
dresden.de/iff/14 No. of carbon atoms per cluster experimental observation of this study.

7 Kroto et al.Nature318, 1985, 162
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Das lkosaedermodell des ¢,

Reprinted with permission from Nature
Vol. 318, No. 6042, pp. 162163, 14 November 1985
© 1985 Macmillun Magazines Lunited

Cq: Buckminsterfullerene

H. W. Kroto', J. R. Heath, S. C. O’Brien, R. F. Curl
& R. E. Smalley

Rice Quantum Institute and Departments of Chemistry and Electrical

| Engineering, Rice University, Houston, Texas 77251, USA

' During experiments aimed at understanding the mechanisms by

which long-chain carbon molecules are formed in interstellar space
and circumstellar shells', graphite has been vaporized by laser
irradiation, producing a remarkably stable cluster consisting of
60 carbon atoms. Concerning the question of what kind of 60-
carbon atom structure might give rise to a superstable species, we
suggest a truncated icosabedron, a polygon with 60 vertices and
32 faces, 12 of which are pentagonal and 20 hexagonal. This object
is commonly encountered as the football shown im Fig. 1. The Cg
molecule which results when a carbon atom is placed at each vertex
of this structure has all valences satisfied by two single bonds and
one double bond, has many resonance structures, and appears to
be aromatic.

The technique used to produce and detect this unusual
molecule involves the vaporization of carbon species from the
surface of a solid disk of graphite into a high-density helium
flow, using a focused pulsed laser. The vaporization laser was
the second harmonic of Q-switched Nd:YAG producing pulse
energies of ~30 mJ. The resulting carbon clusters were expanded
in a supersonic molecular beam, photoionized using an excimer
laser, and detected by time-of-flight mass spectrometry. The
vaporization chamber is shown in Fig. 2. In the experiment the
pulsed valve was opened first and then the vaporization laser
was fired after a precisely controlled delay. Carbon species were
vaporized into the helium stream, cooled and partially equili-
brated in the expansion, and travelled in the resulting molecular

Fig. 1 A football (in the
United States, a soccerball)
on Texas grass. The Cg
molecule featured in this
letter is suggested to have
the truncated icosahedral
structure formed by
replacing each vertex on the
seams of such a ball by a
carbon atom.

graphite fused six-membered ring structure. We believe that the
distribution in Fig. 3¢ is fairly representative of the nascent
distribution of larger ring fragments. When these hot ring clusters
are left in contact with high-density helium, the clusters equili-
brate by two- and three-body collisions towards the most stable
species, which appears to be a unique cluster containing 60
atoms.

When one thinks in terms of the many fused-ring isomers
with unsatisfied valences at the edges that would naturally arise
from a graphite fragmentation, this result seems impossible:
there is not much to choose between such isomers in terms of
stability. If one tries to shift to a tetrahedral diamond structure,
the entire surface of the cluster will be covered with unsatisfied
valences. Thus a search was made for some other plausible
structure which would satisfy all sp” valences. Only a spheroidal
structure appears likely to satisfy this criterion, and thus Buck-
minster Fuller's studies were consulted (see, for example, ref.
7). An unusually beautiful (and probably unique) choice is the
truncated icosahedron depicted in Fig. 1. As mentioned above,
all valences are satisfied with this structure, and the molecule
appears to be aromatic. The structure has the symmetry of the
icosahedral group. The inner and outer surfaces are covered
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The new world of fullerenes
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SWCNT from graphen‘e

Armchair nT
(n=m) metal

Zig-zag nT
(n-m) = 3 metal
(n-m) # 3i semicond.

Armchair

Chiral nT
(n-m) = 3 metal
(n-m) # 3i semicond.
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Chiral vector:C,, = na, + ma,

a,, &, .... Unit vectors of 2D-hexagonal lattice
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Density of states (DOS) in SWCNT
- Van Hove singularities
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INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

Volume 347 No.6291 27 September1990 £2.50

UNDERSTANDING ANTARCTIC
OZONE DEPLETION

The cellular defect behind cystic fibrosis




Electrochemistry of “empty” fullerenes
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6_ Potential (Volts vs Fc/Fc+)
-3.0 -2.0 -1.0
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In situ ESR/UV-VIS-NIR Spectroelectrochemistry
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‘\Sj;?l |” ~06 / Two-fold degenerate transition. Should
1—_;_—55111] “1.3 be split in anions of derivatives.
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ESR spectra of electrochemically
reduced G,
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Two paramagnetic L species
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Endohedral Fullerenes
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Yang, S., Kalbac, M., Popov, A., Dunsch, L. Chem.
Eur. J. 2006 , 12, 7856.



Cyclovoltammetry of SGN@Cgq
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irreversible but chemically

reversible (Yang, S., Rapta, P., Dunsch, L. Chem. Commun. 2007)



SGN@Cy,

Spectroelectrochemistry: The stable radical cation
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Magnetic field / G
%

Spin density at SBl@GCgg"', PBE0/6-311G*Ber:
ac=-1.469 G

‘Yang, S., Rapta, P., Dunsch, L. Chem. Commun.
2007, 189.



Spin density distribution In
ScN@C,." (left) and SCN@C,4 (right)
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Trifluoromethylation of SIN@ G,

Group of S. Strauss and O. Boltalina
Colorado State University, Fort Collins, USA

Sc3N@Cg,(CF3),

Shustova, Popov, Mackey, Coumbe,
Phillips, Stevenson, Strauss, Boltalina.
JACS 2007, 129, 11676

SCN@Cgo(CF3) 1416

Shustova, Chen, Mackey, Coumbe,
Phillips, Stevenson, Popov, Boltalina,
Strauss. JACS 2009, 131, 17630
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Stevenson et al., Nature
http:/mww.ifw- 1999, 401, 55.
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Krause, Dunsch, ChemPhysChem 3\
2005, 5, 1445
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. 20 mV/s, 0-DCB, TBABF,

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5
E (V), vs Ey, of ScsN@Cg,” pair

A. A. Popov, N. B. Shustova, A. Svitova, M. A. Magk C. E. Coumbe, J. P. Philips, S. Stevenson,
S. H. Strauss, O.V. Boltalina, L. Duns€&hem. Eur. J16:16(2010) 4721-4724
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Summary of the ESR Spectra

[ScaN@Cgo(CF3),]"
. no #Sc or 1°F splitting

JJ g = 2.0018

[SCN@Cgy(CF3),]-

a(Sc) =2x9.34G, 10.7G
’ WWWM g = 1.9958

[SCN@Cqy(CF3),] >

a(Sc) =2x10.8G, 49.2G
ﬂww g = 2.0006




Spin density on the S cluster
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I e ICeI\/IZN@C80 the endohedral Cé' /CeV redox pair
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current
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E (V) vs Fe(Cp),™

Zhang, Popov, Yang, Klod, Rapta, Dunsehys. Chem. Chem. Phy§11Q 12, 7840.




_Redox-active Ti in TIM,N and TiM ,C clusters
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S¢,0,@Cg: redox-active cluster
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E(V) vs Fe(Cp),
Popov, Chen, Pinzon, Stevenson, Echegoyen, Dudséim. Chem. So2012



S, 0,@Cqy ESR spectra of
cation and anion radicals
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A New Highlight in
Endohedral Electrochemistry

=] ACS

JOURNAL OF THE AMERMAN CHEMICAL SOCIETY

S¢,0,@GC;, with mixed-valence
state of Sc atoms and metal-based
frontier orbitals exhibits unique

i by et i Pt dp i it
Clar LR a i
'Electroche =)

et electrochemical behavior: both
7z f reduction and oxidation are
localized on the SO, cluster. The
endohedral nature of redox
S E reactions is proved by hyperfine
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structure with largé>Sc coupling
constants observed in ESR spectra
of the anion and cation radicals.
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Bulk heterojunction
Class solar cell
Transparent electrode

+T 100 nm

Metal electrode

J(mA cm™2)

=10 + - ! - . :
-0.5 0 0.5 1.0 Drees et alNat. Mater.2009 8, 208

V (V)



SWCNT from graphen‘e

Armchair nT
(n=m) metal

Zig-zag nT
(n-m) = 3 metal
(n-m) # 3i semicond.

Armchair

Chiral nT
(n-m) = 3 metal
(n-m) # 3i semicond.
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Chiral vector:C,, = na, + ma,

a,, &, .... Unit vectors of 2D-hexagonal lattice
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In-situ electrochemical doping of SWCNT
anodic/cathodic= extraction/insertion of e
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Electrochemistry of ¢, and SWCNT
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Potential, V vs. Fc/Fc*
Potential, V vs. Fc/Fc*

Cg (solution)........ CH;CN/toluene + electrolyte solution (at-10°C)

SWCNT (solid)........ CH,CN + electrolyte solution



(0.2 M LiCIQ, + acetonitrile)

Vis-NIR spectra on ITO electrode of SWCN
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Raman spectra of SWCNTyh~= 2.54 eV

(0.2 M LiCIQ, + acetonitrile)
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Raman spectra of SWCNTyh~= 2.54 eV

(0.2 M LIiCIQ, + acetonitrile)
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A Faradaic process at the cathodic and anodic scale



Formation of fullerene peapod@SWCNT
An endohedral nanotube
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Raman spectra of &(single crystal) and SWCNT
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.l Raman spectroelectrochemistryy@SWCNT (v, ~ 2.54 eV)
IFw (0.2 M LiCIQ, + acetonitrile)
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| 24'i' [ Raman spectroelectrochemistry@ SWCNT (iv,

(0.2 M LIiCIQ, + acetonitrile)
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Beitrage von:

Fullerene: Shangfeng Yang, Lin Zhang Yang Zhang, Alexey
Popov (IFW Dresden) Olga Boltalina (UC Ft. Collins), Luis
Echegoyen (U El Paso), S. Stevenson (U Ft. Wayne)

Schwingungsspektroskopie: Ladislav Kavan, Martin Kalbac

Al e e o Bt s e
Clay R A e
'Electroche =)

andeondicting = (JH| Prag, IFW Dresden); Matthias Krause (IFW Dresden)

polymers

z f ESR-Spektroelektrochemie: Jan Tarabek (IFW Dresden,
|OC Prague), Peter Rapta, Michal Zalibera (STU
S E Bratislava), Alexey Popov (IFW Dresden)

NMR-Spektroskopie und Berechnungen: Michal Zalibera
seaemsy . (STU Bratislava/IFW Dresden) Steven Strauss (UC, Ft.
R Collins), Alexey Popov (IFW Dresden)

Technische Mitarbeit: S. Schiemenz, M. Rosenkranz,
aeienceiiia A, Beger, F. Ziegs and H. Zéller (IFW Dresden)
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