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X-Ray Structure

Sideview L Ly
) 5.64 A
CyoH (4 N,0,S 0.5C,Hy, Triclinic, P-1, 100K,
a=100158(8) A, b= 13.1987(10) A, ¢ = 17.5019(14) A, 275 A

a=98.638(2)°, = 91309(2)°, y=98.317(2)°,
R1 =5.59%, wR2 = 14.39%.
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HOLEY FULLERENE
OPENS WIDE FOR H,

Open-cage derivative is first to provide
H,-encapsulated complex in 100% yield

APANNAL CHIEAMASTS PO TIRE compound to hvdrogen pas st
| tirst time have prepared an | 800 stm and 200 °C m an ato

pen-Cuge fullerone dorive clave, 1009 encapsulation iy

|
tive with an onfice burge enough | achieved withincight hours, thes
to allow o hydeogen modecude o report
be mserved inm the cage in 100% None of the encapsulated by

yield {7 tm Chem No drogen escaped when o so

125, 7152 2003) 4 lutson of the endohedra
i R,

I thank in s o complex was moni
postant advance for thixy O tored for more thar
Held, simoo | can see this three months at roon

|

type of matem being uses temperature. Floweyer

tor Hy storage once ( hvdrogen was released
2 | v .
sowlv when the sobstior
was heated above 160 (

Komats) sayy

l-n-vuu .l‘ll .,nl,' oam
ments Yver Rubin, »
chemistry |-:~-"c".x i nt the

University of Califorsia, Los Draring nsass specerl soudios
K |
Angeles the Kyoto group discove red that
I
Sclentisty are looking for eft) bor ivadation can caase the en

cient methods for stuffing | dohedral complex 1o regenerite

ulerene coges withmetsdatoms | pristine buckminsterfuller
OF SASCS tO make

Tunc thomal mate riads
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o ywars ago, Rubin and ha
collsboratorns at UCLA snd Yake
Unsversity reparted the synthess
of a tullerene derivatve featunng
2 mouth” lnge enosgh 1o weept
and trap 2 H, molecule in 59 yackd
(CARENApnl 23, !II,;-n)c‘u 1))
Although the vield has since been

improved o | thas syt mall

1740 (2083)),

cannot compete with the new

Japanese mokecule, which Rubun

Tracey K. Tromp, Yuk L. Yung. ana thekr

DITED BY WILLIAM G. SCHULZ & MELISSA BRADDOCK

ho g

The epen-cage
fullerene shown at
rlght is filed with »
H, molecule, In the
represontation at
left, the cage is
empty

P \
K

ene with H, inside < that iy,
HL @, inthe gas phase. This
suguests thae endobedral fol
lerene complexes might one day
be prepared entirely by organic
synthesis, Komats te hC&EN
[n fact, his group s now siming to
chose the ontice cheascally 1o
achieve i Chemical synthess of
H,RC,,, ~RON DADA

ATMOSPHERIC SCIENCE
High-Flying Hydrogen's Hazards

eplacing petroleum with fydrogen as

(he printipsl energy Carriar —as o

sioned in a future ydrogen economy-
may have detrmantal comsequences for the
aimasphere, stcordng to résearchers at Cal-
Ifor e Inatitute of Technology [Sclence, 300,

of K, to the ervvironmaent caused by leaks
and lssses during commercial ranspert
storage, and usage weuld amount to about
TO% of Lhe totsl producad per year, The pro
jected emissions are roughly five times
groster than estimates of current anihro
pogenic H, emissions—leading to & doubling
or trpling of almospheric M, froam all

Chem. & Eng. News,
June 16, 2003.
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Figure 8.18

An open-cage fullerene, serving
as a nanocontainer, is filled with
a H, molecule, shown in white.
Also: red = oxygen,

yellow = sulfur, and

blue = nitrogen.

Allotropes were defined in
Section 2.1.

Nanotechnology was defined in
Chapter 1 and will be discussed
further in Chapter 9.

ENCYCLOPAEDIA

Britannica

Physical Sciences

uclear Chemistry. In 2003
the International Union of
Pure and Applied Chem-
istry approved darmstadi-
ium as the official name
and Ds as the symbol for element 110
on the periodic table. Scientists work-
ing at the Society for Heavy Ion Re-
search, known as GSI, in Darmstadt,
Ger., synthesized element 110 for the
first time in 1994 and proposed the
name. It took some years, however, to
verify their work and approve the pro-
posal. Darmstadtium replaced the ele-
ment’s interim name, ununnilium
(scientific Latin for 170 with an -z
suffix), which had appeared in class-
room textbooks and periodic tables.
Carbon Chemistry. All-carbon fullerene
molecules, such as the soccer-ball-pat-
terned buckminsterfullerene (C,,), have
cage structures with open interiors
that are ideal for holding metal atoms
or small gas molecules. During the
vear chemists continued to look for
ways to trap such substances inside
fullerenes in an effort to make new
materials that would have scientific or
industrial applications
Koichi Komatsu and colleagues at
Kyoto (Japan) University reported syn-
thesis of a fullerene derivative that
readily accepts and holds a molecule of
hydrogen (H,). Prepared from C,, the
molecule has a tailored "mouth”—an
opening in its cage—that is slightly
larger than previous versions. Other re-
searchers had made fullerene deriva-
tives that could incorporate hydrogen
in as much as 10% yield. Komatsu's de-
rivative, in contrast, can be filled to
100% yield, In laboratory tests no hy-
drogen leaked from a sample of the

filled molecules during more than three
months of monitoring at room temper-
ature. The trapped hydrogen was re-
leased slowly, however, when the
molecules were heated to temperatures
above 160 °C (320 °F). Researchers
sought to develop materials that could
safely hold and release hydrogen,
which because of its high flammability
poses an explosion hazard, for possible
applications in new generations of hy-
drogen-fueled vehicles. Molecular en-
capsulation and slow release could
solve that problem.

A derivative of the fullerene C,, with a
tailored “mouth” in its spherical cage
encapsulates a molecule of hydrogen
(large white spheres) in this computer
model. During the year Tapanese
chemisis reported synthesis of the
structure.

Courtesy of Koichi Komatsu
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LLERENE

page 5). In the latest work, Ko-
matsu and coworkers Michihisa
Murata and Yasujiro Murata syn-
thetically“sew” this hole to make

‘ontainer.

key pOiI‘lt “is that we |uccess depends on the

of a readily removable

d, for the first time, the m on the rim of the ori-
yotential of organic syn- |atsusays Oncethehy

s trapped within the

FOI' the pdeUCtiOH Of €11~ |the researchers oxidize

. e group to a sulfoxide.
ral fullerenes, which thus |5&0 P T Gedpho.
relied on hardly control- |y shrinking the hole

sm. Titanium-mediat-

hy51cal methods under ex- 1g of carbonyl groups

1€ opening to an eight-

-~ 144 ” .
-onditions,” says chemistry |; ;'
sor Koichi Komatsu, who |ening is then small

eaded the effort.

\at the team can heat
und without losing the

FOTCSSOT TSOTCTIT IS OTITTS T, Wito
searheaded the effort.
Previously, Komatsu’s group
ad prepared a Cy derivative con-
lining a 13-membered-ring ori-
ce that they quantitatively filled
ith H, (C&EN, June 16, 2003,

Tyl Ogcll cargo. The fullerene de-
rivative rearranges— presumably
via thermally allowed electrocy-
clization—restoring the Cy, cage
and eliminating 2-cyanopyridine
and diphenylacetylene in the
process.—BETHANY HALFORD
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K. Komatsu et al., Chem. Lerr., 2000, 1016,
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Cigo (75232 A)

16.5nm x 16.5 nm
l,=0.375nA
Es =+035V
E,=-039V

0180 (759:/3 7 B)

12.2nmx 12.2 nm
L=09nA
Es =+0.38V
Ei=-041V

18.1 nm x 18.1 nm
lL=1.0nA
Es =+0.10V
E,=-0.05V

M. Kunitake, K. Komatsu et al. Angew. Chem. Int. Ed. 2002, 41, 969,
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1.575 1.585  3-21GLDA Souserta,

Chem Plys Lett
1.584 1.606 3-21G B3LYP 1996

1.575 1.584 3-21G HF
1.583 1.540 DF-TE Porezag, Phys Rev B, 1995

i i AMA Kiirti, Chem Phys Len B 19996
1.546 1.603 O=awa, JPC A, 1997

4\ Osawa et al.. J. Phys. Chem. A, 101, 1378 (1997).
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Osawa et al.. Full. Sci. & Tech., 3, 565 (1995). Strout et al., Chem. Phys. Lert., 214, 576 (1993,
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