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2-dimensinal - 3-dimensional
sp-sp?-graphyne sp-sp3-yne-diamond
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Large scale separation
of pure fullerenes

Fullerene Chemistry
CSO C70
(24 Smin) (26.1min)

' Kl, [18]-crown-6,

toluene, reflux - [<I } Ceg

polystyrene as stationary phase Diels-Alder-reactions

A. Gugel, K. Mllen, at al. Angew. Chem. 1992, 104, 666.
SCA P. Belik, A. Gugel, J. Spikermann, K. Mtllen, Angew. Chem. 1993, 105, 95

Synthetic Carbon Allotrapes SFBY5 7



http://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&docid=x9rjdj8PteGvQM&tbnid=Q9Zh1WrqrOrlAM:&ved=0CAgQjRw&url=http%3A%2F%2Fwww2.mpip-mainz.mpg.de%2Fgroups%2Fmuellen%2FDirector&ei=DTlrU-2bAceo0QWg1oDoDA&psig=AFQjCNHeqDHMHayCysForGOYP3j8pK2xtw&ust=1399622285155796

FRIEDRICH-ALEXANDER
= UNIVERSITAT _
~—— ERLANGEN-NURNBERG

Fullerenes
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101.6° [A] g\ 0
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2') Cego - adduct (sp3)

Ceo ('sp
\_ J

—>» relief of strain energy by about 10 kcal/mol per double bond
—® reactive outer surface, rich exohedral addition chemistry

A\ /A
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Fullerenes

R = broad variety of groups including functional units
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Fullerenes
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Fullerenes

trans-2

<«— parent disubstituted porphyrin shortest interplanar MM3-distance 2.9 A
H'g 400 -
2 300 |
= <— conjugate Photoiduced electron transfer
G 2001 porphyrine to fullerene
® back electron transfer: Marcus-Inverted region
0 | ttoluene: 619 PS
gL AN trye 385 ps
250 300 350 400 450 500 550 600 650 700 { methylenechioride: 121 PS

SCA o tbenzonitrile: 38 PS
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Fullerenes

binding motifs
in Cg, based dyads

covalent

SCA H-bonding
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Heterofullerenes

R =CgN, H, Ar,
O

I
P C\Rl

ttttttttt Carbon Allotropes SFB953 16






Heterofullerenes
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Fullerenes

i

CsoN* - A key intermediate for azaheterofullerene functionalization:

o+
Br. N; Br -
2 [AQ(CBllH6C|6)2| + (CsoN)2
Br Br Br Br
\ODCB ©
B B
NN r
2’C59N”A9(CBllH6C|6)ZI + 2 O O
Br Br Br Br

MULLIKEN-Partialladung ( \

9 N

< 0.050

Qo 0.001

Q 0.079

Q -0.047
( ] 0.159
|

S . 19
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Fullerenes

/ : /

octahedral topology within Cg, hexakisadduct
T,, symmetrical addition pattern
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Globular Heptafullerenes

defined oligoelectrolyte
with 60 positive charges!

TFA

> R= A~~~ NH;*CF3C00"
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CNT-Functionalization S

Non Covalent
Functionalization

SWCNT

Defect Group Functionalization

< -

Endohedral Functionalization
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Side Wall Reactivity

I H radical 100 -

100 1 F radical |
80- 801
g 60 60 -
T .
£
T 401 40 ~
m ] MM * ] B3LYP/6-31G*
20 - 20
04 -|-|-|-|-._‘ O‘ —T - 1 - 1 1 1 71 1
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
Ceo Ceo

(n,n) SWCNT (n,n) SWCNT
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Side Wall Reactivity S e

® the diameter of a (5,5) tube (6.7 A) can
be compared to the the diameter of
Ceo (7.1 A)

Pyramidalization Angle:

®P ™ (@)cn_go)c

@® CNT sidewalls are bent in 1D in contrast
to the 2D curvature of Cg,

TRIGONAL TETRAHEDRAL -
0, =90 0, =109.47 - (5,5) Qp = 60A’
Ceo: Q= 11.6A
® Only the smallest (and probably unstable)
©p= 0 ®p = 19.47 a (2,2) (2.75 A) tube has a higher

pyramidalization angle than Cg,
a) diagram of pyramidalization angle

b) p-orbital misalingnment angle

St Ottt =

PO} Sz P £y
N ) S
AN
_ SN Lelp iy

m=) end cap reactivity is higher
than side wall reactivity!!!

=~

A

Reactivity
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Alkylation of SWNTs
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(9,3)

ﬁ 3,= 532 nm (metallic)

I/ a.u.
1/ a.u.

—— pristine SWNTs
—— n-Bu-SWNTs (n-BulLi)
— t-Bu-SWNTs (t-BulL.i)

. . . . = . . : — O reactivity inversely
100 150 200 250 300 1200 1300 1400 1500 1600  nronortional to diameter

Raman shift / cm™
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HOOC COOH HOOC COOH

HN
HOOC, . ‘ COOH
HOOC H N i i HOOC

J 0 “ Nonpolar Chain
HOOC HN s 3 HOOC MN \ / N
HOOCJKRCOOH HOOC

HOOC
Solvophylic Moiety

SCA

Synthetic Carbon Allotropes SFB953 32

HOOC COOH
HOOC




Dispersion Behavior
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Dispersion Behavior F
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Pure Per,pH =7
HiPco-Per, pH=7

HiPco-Per, pH =10
Perl Per2 Per3 Per5 Per6

U Red-shift of CNT spectral absorption features (VHS)
compared to SDBS except for Per6 A micellar adsorption

U Larger amount of nanotubes stably dispersed after
centrifugation for pH = 10 compared to pH =7

Perl Per?2 Per3 Per5 Per6 | SDBS ESIBlE3s
(0.2g/1) | (0.2g/1) | (0.2g/1) | (0.2g/1) | (0.2g/l) | (O0.19/) EEEKelTi)}
pH=7 33% 23% 34% 31% 18% got 68 %

PH= " 6606 30% 73% 73% 33% | e | 69 %
10 Det.
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