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"In Science the credit goes to the man who convinces the world,
not to the man to whom the idea first occurs."
Sir Francis Darwin.
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Nanotecnologia

La palabra nanotecnologia proviene del prefijo griego nano (enano).
En el lenguaje actual un nanometro es una millardésima de metro ;
aproximadamete el tamafio de diez atomos colocados en fila.
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Prefix Symbol 1000™ 10n Decimal Short scale Long scale Sincel» 1
yotta Y 10008 10%# 10000000000%2%22 Septillion CUADRILLON 1991
zetta VA 10007 10% ! 000000000000033% Sextillion “TRILLARDO” 1991
exa E 1000° 10" 100000000000000003 Quintillion |TRILLON 1975
peta P 1000° 10 1000000000000000 Quadrillion | BILLARDO” 1975
tera T 1000¢ 10" 1000000000000|Trillion BILLON 1960
gig G 10003 10¢ 1000000000 Billion MILLARDO 1960
mega M 1000° 106 1000000 MILLON 1960
kilo k 10007 103 1000 MIL 1795
hecto h 100073 10? 100 CIEN 1795
deca da 100073 10! 10 DIEZ 1795
1000° 10° 1 METER UNO —
PREFIJOS METRICOS

deci d 1000713 107! 0.1 DECIMO 1795
centi c 1000-%3 10~ 0.01 CENTESIMO 1795
milli m 100071 1073 0.001 MILESIMO 1795
micro u 1000 10°¢ 0.000001 MILLONESIMO 1960
nano " 100073 10 0.000000001 Billionth MILLARDESIMA 1960

ico P 1000+ 1072 0.000000000001 Trillionth BILLONESIMA 1960

emto f 1000 105 0.000000000000001 |Quadrillionth MILBILLONESIMA |1964
atto a 1000°¢ 1018 g 00000000000000000 Quintillionth \TRILLON 1964
zepto z 100077 10 2'00001000000000000000 Sextillionth |\ TRILLARDESIMA 1991

, )

yocto y 100078 107 0.00000000000000000 Septillionth \CUADRILLONESIMA 1991
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LOS GOBIERNOS INVIERTEN MILLONES
y cada afno se publican miles de articulos sobre ello, pero
¢ Qué es exactamente la NANOTECNOLOGIA?

Se define la NANOCIENCIA como el estudio de los fendmenos y la manipulacion
de materiales a escalas atdmica, molecular y macromolecuar, donde las
propiedades son significativamente diferentes de las habituales a mayor escala

Se define la NANOTECNOLOGIA como el disefio, caracterizacion, produccion y
aplicacion de estructuras, dispositivos y sistemas por la manipulacion controlada en
forma y tamafo a la escala nanométrica (atdmica, molecular y macromolecular)
dando lugar a dispositivos y sistemas que presentan, al menos una propiedad nueva o
una mejora.

El requerimiento mas importante de le definicion de nanotecnologia es que la nano-
estructura en cuestion posee propedades especiales debidas exclusivamente a sus
proporciones nanométricas.

Nature Nanotechnology 1, 8 - 10 (2006); doi:10.1038/nnano.2006.77



La influencia del tamano

Las propiedades de los nanomateriales pueden ser diferentes por dos razones principales

En primer lugar, Los ~ "ntan una elevada area superficial

co . s 1 5

omo las propiedades ZEFFRERNS i
fuerzas cuanticas que arSSES IEISUSESIESSEEMOS, segun se va disminuyendo €
tamafio, se alcanza un punto en el que ya no sirve el promedio

Los Materiales pueden ser nanométricos en :
una dimension (por ejemplo, recubrimientos muy delgados),
dos dimensiones (por ejemplo, nanohilos y nanotubos) 7
las tres dimensiones (por ejemplo, nanoparticulas).
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EL VISIONARIO / THE FORESIGHTER

n Richard Feynman (1918-1988) fué un fisico tedrico

€ de CALTECH. Obtuvo el Premiuo Nobel por sus Vs

trabajos en Electrodindmica Cuantica También trabajo Hamaay=t/

K en el proyecto Manhatan. Se le conoce ademas por ser
Somrm— un magnifico profesor y conferenciante, con un

Los Alamos. tremendo sentido del humor y la infrecuente cualidad =&

de explicar con facilidad cosas muy complejas Cracking safes!

ALTECH

En una charla dada en 1959: “There's Plenty of Room at the Bottom™
“Al fondo hay sitio” Feynman predijo: 1a nanotecnologia, la
compresion de datos y las microcomputadoras.
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http://www.zyvex.com/nanotech/feynman.html

FEYNMAN

Feynman [ecture in nanotechnology: 25 vears later (25-X-1984)
http://www.nanorev.in/nanorev---nanotechnology.html

Feynman ldont like honours:Nobel Prize, Academiesiij
http://www.youtube.com/watch?v=f61KMw5zVhqg
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There'

An Invitat

“Imagino que
menudo a pers
el camy
Superconducti

Ehrenfest, Lorentz, Bohr,Kamerlingh Onnes

“Esa persona es un lider y tiene por un cierto tiempo el monopolio de una aventura cientifica”

M.A. Alario & J.L. Vicent
Superconductividad. Eudema, Madrid 1991

“O Percy Bridgman (PN Fisica 1946) , que disefio la
Presiones abriendo otro campo nuevo y lle

L_aboratorio Complutense de Altas Presiones
http://www.ucm.es/info/labcoap/index.htm
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“Me gustaria describir un campo en el que se ha hecho muy
poco pero en el que, en principio, se pueden hacer una enorme
cantidad de cosas”

“Mas aun, un punto muy importante es que tendra un nimero
enorme de aplicacciones técnicas.

“De lo que voy a hablar es de la manipulacion y el
control de las cosas a pequena escala’.

“Los principios de la Fisica no se oponen, en ningun caso, a la
posibilidad de manipular las cosas &tomo a atomo”

“¢Porgue no podriamos escribir los 24 volumenes de
la Enciclopedia Britanica en la cabeza de un alfiler?”

11



Norio Taniguchi of Tokyo Science University definid por vez primera
la nanotechnologia en 1974

La nano-Tecnologia consiste esencialmente en el proceso de separar, consolidar y
deformar materiales &tomo a &tomo o molécula a molécula’

(N. Taniguchi, "On the Basic Concept of 'Nano-Technology'," Proc. Intl. Conf. Prod.
Eng. Tokyo, Part II, Japan Society of Precision Engineering, 1974.)
(cita completa: http://nanodot.org/articles/01/06/04/1217257.shtml).

12
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THE COMING

\I\ T

Pero la nanotecnologia tal y como la conocemos hoy, esto es, L - oS
NANOTECNOLOGIA, se le ocurri6 a a un discipulo temporal d Qs D%EEXTEH
Eric Drexler. L T

Drexler present6 sus vision de la nanotecnologia en un articulo de Ingenieria
Molecular publicado en 1981 y desarrollo dichas i1deas en plan divulgativo en el
libro Engines of Creation, publicado por Doubleday en 1985 (que puede
consultarse en linea en el Foresite Institute).

Drexler obtuvo un Doctorado unico “en el campo de la nanotecnologia” en
el MIT en 1991, bajo la direccion de Marvin Minsky, el célebre pionero en
Inteligencia Artificial

El ano siguiente piblico un libro mas técnico: Nanosystems: Molecular
Machinery, Manufacturing and Computation, que describe los principios y
mecanismos de la Nanotecnologia Molecular 13
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NANOTECHNOLOGY MOLECULAR MACHINES THAT MIMIC LIFE Fred Hapgood

HQI.H.‘I.H.I.II MACHINES THAT HIMIE LIFE

ROBERT JARVIK'S THE FIGHT TO FREE
BIONICS 2000 LAB ANIMALS

La difusion generalizada del termino nanotecnologia tuvo lugar, sin embargo,
cuando se publico, en Noviembre de 1986, un articulo en la revista OMNI, que
para entonces tenia mas de ;un millon de lectores;

A partir de ahi el término y el concepto pasaron al comun. 14


http://www.e-drexler.com/p/06/00/EOC_Cover.html

Norio Taniguchi,basdndose en la miniaturizacion de las tecnologias existentes lleg6 a la
nanotecnologia, en 1974, desde el punto de vista “de arriba a abajo” ('top-down’), ¢l
punto de vista de un ingeniero de precision

K. Eric Drexler , por su parte, introdujo la nanotechnologia en 1986, utilizando un
modelo “de abajo a arriba” ('bottom-up’) el punto de vista de fisicos y quimicos

15


http://en.wikipedia.org/wiki/File:Eric_Drexler_2007.jpg

¢.,Cual fue la influencia real de : “Al fondo hay sit10”?

Afos despué¢s de la muerte de Feynman (1988), los investigadores que
analizaron el desarrollo historico de la Nanotecnologia, basdndose en escritos
y entrevistas con los cientificos que han trabajado en el campo de
nanotecnologia en los anos 80 y 90 han concluido que la influencia de la
charla para catalizar la nanotecnologia fue muy limitada

En particular, Chris Toumey, un antropologo cultural de la Universidad de Carolina
del Sur ha reconstruido la historia de la publicacion y reedicion de la charla de
Feynman y de las citas que ha recibido ““Al fondo hay sitio’” en la literatura
cientifica.

Tal y como recoge en un articulo de 2008 “Leyendo a Feynman en Nanotecnologia”
encontro que la version publicada de la charla ha tenido una influencia minima en los
veinte afos siguientes a su publicacion de acuerdo con las citas que ha recibido en la
literatura cientifica.
...y tampoco tuvo mucha influencia en la década que siguid a la invencion y el

desarrollo de la microscopia tunel en 1981.
16



Microscopia de Efecto Tunel/ Scanning Tunneling Microscope IBM (1981)

Control voltages for piezotube

Tunneling Distance control
current amplifier  and scanning unit

with electrodes

Piezoelectric tube

~/

— Sampie <
Gerd Binning ronctog N \

|

Heinrich Rohrer

Data processing

and display

An STM 1mage of a single-walled

17

Atomic resolution Aul(00 carbon nanotube
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El Microscopio de Fuerza Atomica, no solo permite estudiar la superficie de los
solidos. Mas importante aun, permite manipular los &tomos uno a uno

El primer ejemplo de este tipo de proceso se desarrollo en los laboratorios de IBM el
11 de November de 1989, cuando Don Eigler y su equipo consiguieron, literalmente,
mover 35 atomos de Xenon en un sustrato de cobre para formar el logo de la
compaiiia. (Nature , Abril 1990)

Don Eigler en 2007 con sus dos perros Neon & Argon




PUBLICACIONES EN NANOTECNOLOGIA
Nanotechnology aparece en 1989

1. Nature Nanotechnology, Impact Factor = 20.571,

Publisher: Nature Publishing Group
2. Nano Letters, Impact Factor = 10.371, Publisher:

“Nanotechnology” emerges (71986 - 2000)

The initial “nane” concept 20000

[{molecular machines for

manfacturing and products) -

generated initial support

and ongoing publicinterest
b

D000 =

MNumber of
nanatechnology-related
= research publications

Engines of Creation:

1 | |
]u-a.nc:::nmu.u:;-: a0

THAT MIMIC LIFE

OMNI cover story,
ane million readers:
the start of imtensive
PrEss coverage.

The Coming Era of il
Nanotechnology
L
‘I I:I ‘ r v v T L T ‘
1688 1SET SRR rGeS 15D 1ED1 1BE2 1553 18sd 1
NANOTECHNOLOGY: First NSF “nano” Congress funds the National
MOLECULAR MACHINES solicitation, funding Nanotechnology Initiative

Federal programs vs. public expectations (1990-2000)
Programs funded nanoscience and materials research...
...but the public expected “atom-by-atom” manufacturing

Informa Healthcare

10. Plasmonics, Impact Factor = 3.488, Publisher:

Springer
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A pesar de que el analisis bibliografico de Toumey demostro que “Al
fondo hay sitio” no influyo mucho en el desarrollo de la nanotecnologia, es
evidente que su fama y elevada estatura cientifica ayudo a los pioneros de
la nanotecnologia y proporciono una union con el pasado..

Mas aun, dicha fama y meérito —de Feynman- jugaron un importante

papel en la provision de fondos para desarrollar la investigacion en
Nanotecnologia:

Y asi, en su presentacion del presupuesto federal para el aiio 2000, el
presidente Bill Cliton indicaba: “Mi presupuesto apoya una nueva Iniciativa
Nacional en Nanotecnologia con 500 millones de dolares”.

Y seguia Clinton: “Caltech no es ajeno a la idea de Nanotecnologia, - el
manipular la materia a las escalas atomica y molecular-. Hace mdas de 40
anos, el profesor de Caltech Richard Feynman se preguntaba ; “Qué pasaria
si pudiéramosorganizar los atomos uno a uno a nuestro antojo?”

http://nano.gov/ WWW.Nanospain.org 20
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A menudo se predice que la Nanotecnologia sera
el motor del proximo ciclo de crecimiento...

Cptical Dofences
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Source; Economist Norman Foire
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HASTA AQUI, LA “HERENCIA” DE
FEYNMAN

PASEMOS AL ENFOQUE “QUIMICO”

22



ASTROQUIMICA

La ASTROQUIMICA es el estudio de las especies quimicas -elementos y
compuestos- que existen en el espacio exterior mas alla del Sistema Solar, en
particular en los cuerpos celestes - estrellas, galaxias... - y en las nubes de gas
estelar asi como de su formacion y reactividad.

Constituye pues una zona de conjuncion entre
la Quimica y la Astronomia.

La ASTROQUIMICA utiliza los telescopios para determinar las caracteristicas fisico-
quimicas de dichas especies: temperatura, composicion, estructura..., complementados
por el trabajo espectroscopico realizado en los laboratorios terrestres

Observatorio del Teide Milky Way From Atacama Large Millimp@r
(I AC) The Alabama Hills Array (ALMA)
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ASTROCHEMISTRY

Pilares de la creacion de estrellas en la
Nebulosa del Aguila (M16): 6.500 LY

" 9anos|luz

ROJO: AZUFRE ; VERDE: HIDROGENO; _
AZUL: OXIGENO Nube de gas

LA PALETA DEL HUBBLE desprendido de la 24

nebulosa Carina




ASTROQUIMICA

The Periodic Table

|&——— Atomic Number

'i_’l-— Standard Atomic Weight

P Metals B Transition Metals Metalloids

" Non-metals B Lanthanoids ¥ Halogens
B Alkali Metals M Actinoids Noble Gases
B Alkali Earth Metals

87 88 1 89103 104 ]05 106 107 108 'Il]
gl | g sclgis'| s g | sooagion| bohghin | 1gih | noggglin H _H Cp F Lv

Hydrogen H (1 ) , Helium He (2), Lithium Li (3)...Copernicium Cp (112), Flerovium

1 89 90 21 93 100 101 102
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Al A A AR L G Wl Il el Bl




ASTROCHEMISTRY

Hasta ahora se han descubierto unas 140 especies quimicas en el
espacio exterior (¢.f. jmas de 75x10¢en la Tierra!) incluyendo
especies moleculares tales como alcoholes, aldehidos, cetonas, etc

También se ha postulado el descubrimiento de
aminodcidos, en particular de Glicina
(NH,CH,COOH), en el espacio y, de ahi, sugerido la
posible venida de la vida del espacio exterior. Pero la
cuestion no ha sido aceptada de modo unanime

Snyder et al.The Astrophysical Journal, Volume 619, Issue 2, pp. 914-930(2005)

http://www.nrao.edu/pr/2013/newchem/ <o
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Algunas Especies Quimicas detectadas en el Espacio

Radical metilidino (CH*) la primeraen 1937
Diatomicas (33): C,, AICI; AlF, PN, SO™...

Triatomicas(37): AINC, C,H, HCN, HNC, H,O ...
Tetratomicas(22): c-C;H, H,CN, HCCN, NH;, S1C;...

Pentatomicas (16): CH, HCOOH, NH,CN

Hexatomicas(14): ¢-H,C;0, C;H, CH,(

Nonatoémicas(8):, CH,C,H, CH,CH,C
Decatomicas:, (CH,),CO, CH,CH,CH(E

The detection has been made by an international team of

r s . researchers at the Instituto de Astrofisica de Canarias (IAC), Spain.
Dodecatomlcas., CH3OC2H5, C6H6° .. D. A. Garcia-Hernandez ,S. Iglesias-Grothl, et al. The

Astrophysical Journal Letters, 737:L30 (7pp), 2011 August 20
Terdecatomicas: HC,,CN: cianodecapentojjs ’

Cyy, C-o, GRAPHENE...


http://www.iac.es/

ASTROCHEMISTRY

Un primer descubrimiento sorprendente

Nature 318, 162 - 163 (14 November 1985)

""""""

£ \ § &
e | P
’ 3 b- p . ;-;r -.: f i
/ :I -.: | N\ 4 II x
Vefm 7 H n1c1“r'\n AY O Q '3 ) SA

Rice Uni
Curl, Kroto &Smalley
FULLERENES 1986

“Permanent address: School of Chemistry and Molecular
Sciences, University of Sussex, Brighton BN1 9QJ, UK.

http://www.youtube.com/watch?v=0Vh8PQXC9po&feature=youtu.be%20( KROT%%



http://www.youtube.com/watch?v=0Vh8PQXC9po&feature=youtu.be%20(KROTO

“During experiments aimed at understanding the mechanisms
by which long-chain carbon molecules are formed in
Interstellar space and circumstellar shells... *

HCN H-C=C-C=C-C=N
HC-N H-C=C-C=C-C=C-C=N
HC,N H-C=C-C=C-C=C-C=C-C=N

iEstaban buscando hidrocarburos poli-insaturados de cadenas largas..

iNo fullerenos!

29



graphite has been vaporized by laser irradiation, producing a
remarkably stable cluster consisting of 60 carbon atoms..

¢ Ceo & Crg
optimum
FOCUSED DETECTOR —|T|
_—M&SPSEIZATION s
GAS GROWTH l MM&M
HELIUM  pOPPET |4 Rt !
: g CLUSTER | b
|
_.
760 Torr
= TIME;&)EéF:SLIGHT &
/ ROTATING ShECHMETR il A H WA FEUTYTS
GLUSTER SOURGE RN PISK A AUUUUN VU VUUUMAAA,
c
Graphite evaporation apparatus (R. Smalley) h
0Torr L itk
MJWUUL WAV

e A .

44 52 60 68 76 B4
No. of carbon atoms per cluster
30
Mass spectra of the product of graphite in helium



En relacion con la cuestion de qué tipo de estructura atomica
puede ser la de C,, sugerimos la de un icosaedro truncado, un
poligono con 60 vértices y 32 caras, 12 de las cuales son
pentagonales y las otras 20 hexagonales

7 S
\
I".III . ] IIII,-

Lo que hace un tota 1 0 elementos de simetria
Y resulta ser la molécula mas simétrica que se conocej

Este objeto se encuentra comunmente en los campos
de balompi¢ y se le denomina balon de Futbol



http://jcrystal.com/steffenweber/gallery/Fullerenes/c60bf.wrl

Un reactor para la preparacion

masiva de fullerenos

Graphite
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OBTENCION DEL POLIMORFO C,,

SINTESIS: EVAPORACION DE ELECTRODOS DE
GRAFITO EN

ATMOSFERA DE . HELIO (~100 TORR)
HOLLIN
Disolucion en Benceno

Filtracion

Liquido rojo + solido negro
FILTRACION
Liquido rojo
DESTILACION SUAVE
CRISTALES (ESTABLES AL AIRE)
SISTEMA HEXAGONAL
a=10.02A c=16.36A
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W. Kratscchmer et al: Nature 347 354 (1990)



Molecular imaging:AFM

NMR Spectra of Cyyy C,
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A new Chemistry:NANOCHEMISTRY

EXOEDRICA
0
EXOQUiM]CA

@@@

S‘/zﬁ@ﬂ

. @ anmm

51 guest
oornplexes [ 1

Organometallic
derivatives

FUNCIONALIZACION de Cq,

ENDOEDRICA O
ENDOQUIMICA

GraFitO + LaCl;+ hv = La@C,

C
/SD Cgola

4244 45 |
Nc W




MAS ENDOQUIMICA:Cirugia Molecular

lAgua en Cg,)?

5b 88%

(A) Synthetic route of open-cage C60 5 (1-chloronaphthalene being abbreviated as 1-CINp)
(B) the x-ray structure of 5a at the 50% probability level.

iy ﬂ'@ HO P(Oi-Pr)s
tolouene toLuene .
Encapsulation of an H,0 molecule 15000 atm 1.
to open-cage C60 5b i HeOQSh arent H0@2b 50% H,0@Cso 29%
and T q
restoration of the opening for the Wi ki
synthesis of H20@C60.

e —
H,O0@4b

Kei Kurotobi and Yasujiro Murata:Institute for Chemical Research Kyoto University, Uji, Kyoto 611-0011, J a%gn.



MAS EXOQUIMICA en C,,

SUPERCONDUCTIVIDAD EN C,,

Orbitales Moleculares
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-1.,0 -2.0 -3.0
Potential (Volts vs Pc/Pc+)

Cathodic cyclic and differential pulse voltammograms
of C60 in CH3CN/toluene at -10°C showing successive
reversible reductions to C60% (Fullerides /Fulleruros)

6 Aniones Fulleruro Cgy™

-C 22-C.3-C_ 4-C 5-C_6
Ceo 3 Coo 3 Coo™ 5 Ceo™ 3 Coo™ 5 Ceo

2 Cationes Fullerenio :Cgyt*; Cg?t
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Un segundo descubrimiento sorprendente

Reaction Kettle
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... HABIA ANTECEDENTES de los NANOTUBOS

Hughes and Chambers (US Patent), and Schitzenberger and
Schitzenberger(c.r. Acad.Sci 111, 774(1890)2 reported the growth of
filamentous carbon in 1889 and 1890, respectively.

d Y 2

Fig. 1. Low-resolution transmission
electron micrograph depicting three

hollow carbon fibers at MAG 20 000.

These fibers were first reported by
Radushkevich and Lukyanovich in
1950.

First viewgraph of what today
1s called SWNT or DWNT.
Based on this image, it is
difficult to determine the exact 5g
number of walls.



SINGLEWALL NANOTUBES SWNT

Nanotubes formally derive from Graphene

‘&8 0.
GRAPHITE Y <Y (4. 57

298

~-
€ » ) p-a
b® pee o® 60

¥

GRAPHENE

39




NANOGUISANTES
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Into carbon nanotubes may

boost their superconductivity threshold to high temperatures.

Hot threads. Packing fullerene spheres

40
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Some example of nanotech products

—

Smith & Neghew
Acticoat wound dressing

Mano Care Technology Lid
Antibactenal kitchan wars

Manochemical Systems Holding

Automotive SunScreen
- — i,
 mam
E'I..
Samsung “Silver Blano” - Sabalat ) Gap Inc
Washing Machine Marogate Technologies GmbH Manodesu X Bowling Ball M= Tour tennis racket Mangcare Stressfree Khakis
Functional coatings American Bowling Service Company
Mon-stick self-
assembling
nancfilms for
glass bakeware
MancFilm Ltd
RF shiglding paint
NaturalNano Inc

Boots, Cxonica Ltd
Soltan® Facial Sun Defence

NanoSEE






http://iopscience.iop.org/0957-4484/8/3/001/media

Nano-ENGRANAIJE EPICICLOIDAL
Nano-RODAMIENTO

http://vivelavapeur.tumblr.com/post/14811502361/universe-of-waves-nano-machines-source
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http://vivelavapeur.tumblr.com/post/14811502361/universe-of-waves-nano-machines-source

THE NANOCAR/EL NANOCOCHE

Rice scientists build world's first single-molecule car
‘Nanocar' with buckyball wheels paves way for other molecular machines
Rice University scientists have constructed the world's smallest car -- a single molecule
'nanocar"’ that contains a chassis, axles and four buckyball wheels.
The ""nanocar™ is described in a research paper that is available online and due to
appear in an upcoming issue of the journal Nano Letters. 46


http://www.rice.edu/media/stm_nanocar_pr1.tif
http://www.rice.edu/media/stm_nanocar_pr1a.tif
http://www.rice.edu/media/stm_nanocar_pr2.tif
http://www.rice.edu/media/stm_nanocar_pr2a.tif
http://www.rice.edu/media/NanoCarWithoutSpirals.tif
http://www.rice.edu/media/NanoCartriangle.tif

NANOCAR/NANOCOCHE
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Figure 1. Svnthesis and structure of nanocar 1. The synthesis of nanocar 1 mnvolves extensive Pd-catalvzed coupling reactions, and four
fullerene “wheels” were attached in one reaction step.?! Structure was defimtively characterized spectroscopically.?® Through the synrhesis
and study of several related structures including trimers 2 and 3. 1t was clear that the alkvl units were cntical for the requisite sodiibility of
these molecules. Fullerene whezls and chassis parts can rotate because of the alkyne connections, giving the nanocar the ability to roll on
the surface and flexibility orthogonal to the surface plane.



Figure 2. Manocar 1 on Au(l11) surface (a) STM imaze (biaz veoltage [[{] — 0.4 V., tinneling current [E] — 10 pA; mage size 1z 73
70 nm?) of the nanocars (1) deposited on Au{111) by dosing valve. Bright features are fullerene wheels; intramolecular OPE and alkyl
groups are not visible, (b) High-resoluiion 5TW mmage [, = 0.4 V. I, = 60 pA). The onentation of the molecules can be determmed by
the fullerene peak-to-peak distances. with () modeled distances at 3.3 nm across the width and 2.1 nm acress the length, or the axle and
chassis directions, respectively, as shown in this allvl-free space-filling moedel. The red fingers indicate the expected direction of rolling
perpendicular to the axles.
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NANOCAR/NANOCOCHE
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Figure 4. Structure and pivot motion of f the tmmers. (a} Structure
of trimers 2 and 3. A sequence of £5TM i images (b—e) acquired
appmxlmateh 1 min apart during annealing at ~225 “C show the
pivoting motion of 2 (both cirel led molecules) and lack of translation
m b—e of any molecules. These mages were taken from a much

Figure 3. Nanocar 1 rolling on Au surface. (a—e). A small s»ecliou
of a sequence of images taken during annealing at =200 "C (I, =

—095V, =200 pA; u.uacre sizeis 31 x 23 nm?). The arientation
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En Route to a Motorized Nanocar (Org. Lett., 8 (8), 1713 -1716, 2006. )

Jean-Francois Morin, Yasuhiro Shirai, and James M. Tour*
Departments of Chemistry and Mechanical Engineering and Materials Science, and the Smalley Institute for
Nanoscale Science and Technology, Rice University, Houston, Texas 77005

With the eventual goal of demonstrating a motorized nanocar, the key structure has
been synthesized which bears a light-activated unidirectional molecular motor and an
oligo(phenylene ethynylene) chassis and axle system with four carboranes to serve as
the wheels. Kinetics studies in solution show that the motor indeed rotates upon
irradiation with 365 nm light, and the fullerene-free carborane wheel system is an
essential design feature for motor operation

50



Y LLEGAMOS AL GRAFENO...!

Qué es el GRAFENO? Es una forma alotropica “bidimensional”(*) del Carbono en la que
cada atomo esta unido a otros tres, por enlace covalente a través de orbitales hibridos sp?,
dando lugar a una estructura hexagonal, como en los panales de abejas. ES, en cierto modo,
como una capa individual de grafito.

(De acuerdo con la termodinamica, el grafeno es inestable con relacion a otros fullerenos
por debajo de 6000 atomos y solo es la forma mas estable por encima de 24.000. Tambi¢n es
inestable con respecto a la estructura arrugada (**), que es el estado de menor energia)

Puede considerarse como la estructura madre de
otras formas alotropicas del carbono

| i g _'f_"(‘f_;sl_"
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LT T ot
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Micrografia electronica de barrido
de una capa arrugada de grafeno




El GRAFENO...

El Premio Nobel que sali¢ del cubo de la basura...

“por sus experimentos pioneros en el material bidimensional GIHAXFENO”



Dislocaciones y vacantes en grafito: Thomas et al 1968 y siguientes...

The occurrence of emergent screw
dislocation (of opposite chirality) at the

Ficure 6. (a) Optical micrograph of ((G00) face of partially cleaved basal surface of graphite may be
oxidized graphite, showing intersecting tilt boundaries rendered visible by the gold- decoration
made up of cdge-dislocations of the kind schematized
in (b). (See Thomas & Roscoe 1968.) technique

Ficvre 8. Gold-decoration (see text) confinns the picture O. P. Bahl, E. L. Evans and J. M. Thomas,

schematized in figure 7. Cireles have been drawn for clarity Proc. R. Soc. London, Ser. 55.A, 1968, 306, 53.
on the micrographs of the indigenous (a) and ercated (b)
vacancies (Davies 1972).

53
John Meurig Thomas and Paul A. Midgle. Chem Comm 2004



Imagenes del grafeno

AFM

Figure 2. One-atom-thick single crystals: the thinnest material you will ever see. a, Graphene visualized by atomic-force microscopy
(adapted from ref. 8). The folded region exhibiting a relative height of =4 A clearly indicates that it is a single layer. b, A graphene sheet
freely suspended on a micron-size metallic scaffold. The transmission- electron-microscopy image is adapted from ref. 18. ¢, scanning-
electron micrograph of a relatively large graphene crystal, which shows that most of the crystal’s faces are zigzag and armchair edges as
indicated by blue and red lines and illustrated in the inset (T.J. Booth, K.S.N, P. Blake & A.K.G. unpublished). 1D transport along zigzag

edges and edge-related magnetism are expected to attract significant attention.

THE RISE OF GRAPHENE A K. Geim and K.S. Novoselov:Manchester Centre for Mesoscience and Nanotechnol@éy,
University of Manchester, Oxford Road M13 9PL, United Kingdom



Imagenes del grafeno

Bright-field TEM image of a suspended graphene
membrane. Its central part (homogeneous and
featureless region indicated by arrows) is monolayer
graphene. Electron diffraction images from different
areas of the flake show that it is a single crystal
without domains. We note scrolled top and bottom

edges and a strongly folded region on the right. Scale
bar, 500 nm.

a, b, TEM 1images of folded edges for
monolayer and bilayer graphene, respectively,

1 using a Philips CM200 TEM. Scale bars, 2 nm.

The structure of suspended graphene sheets: Jannik C. Meyer, A. K. Geim, M. 1. Katsnelson, K. S. Novoselov, T. J55

Booth & S. Roth:Nature 446, 60-63(1 March 2007)



Graphite oxide
prepared by
Schathaeut!, Brodie.
Staudenmaier,
Hurmmers, ard others

Morgan and Samarjai
obtain LEED patterns
produced by small-
molecule adsorption
anto Pt(100)

N

Blake y and co-workers
prepare monolayer
graph te by segregating
carbon on the surface of
Ni{100}; several
subsequent reports follow

Boehm and co-workars
recammend that the term
“‘graphene’ be used to
describe single layers of
graphite-like carbon

Ruoff and co-workers
micromechanically
exfoliate graphite into
thin lamellae
comprised of multiple
layers of graphene

HITOS PRINCIPALES EN EL DESCUBRIMIENTO Y PREPARACION DEL GRAFENO

Geim and co-wo'kers
prepare graphene via
micromechanical
exfoliation; numerous
reports follow
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Boehm and co-workers
prepare reduced graphene
oxide (r-GO) by the chemical
and thermal reduction of
graphite oxide

May interprets the data
collected by Morgan and
Somorjai as the presence
o a monolayer of graphite

cnthe Ptsurace

van Bommel and
co-workers prepare
Tenolayer graphite by
sub imirg silicon from
silicon carbide

IUPAC formalizes the definition of
graphene: “The term graphene shovld
bz used only when the reactions,
structural relations or other properties
of individual layers are discussed.”

H.P. Boehm:Angew. Chem. Int. Ed. 2010, 49, 9332 — 9335
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Polémica por el Premio Nobel de 2010

Walter de Heer says that
background information
supporting the physics award

contains inaccuracies.

De Heer says in his letter that
Novoselov and Geim did not
report measurements on single-
layer graphene until 2005 (ref. 2).

According to Nobel Committee, Geim and Novoselov
galvanized the field with a widely cited 2004 paper. In a
caption, the Nobel document describes a figure from the
paper as showing data on graphene’s electronic properties —
but the data were actually collected from a few layers of
graphene stacked together, a material better known as
graphite. The distinction is significant because the two have

different electronic properties.

1. Novoselov,K.S.etal.Science306,666—669 (2004).

Other alleged errors in the document down play the
work of Philip Kim of Columbia University in New
York, who many think should have shared the prize.
When the Manchester group published crucial
electronic measurements on graphene in Nature in 2005

4. Novoselov, K. S. et al. Nature 438, 197-200 (2005)

2.Novoselov,K.S.etal.Proc.NatlAcad.Sci.US
A102, 10451-10453 (2005).

He also says that a 2004 paper by his own
group( ref 3) included measurements made on
a single layer of graphene, although he did not

realize it at the time.

3. Berger,C.etal.J.Phys.Chem.B108,19912—-19916 (2004).

The paper appeared back-to-back with one from
Kim’s group (5).

“He made an important contribution and I would
gladly have shared the prize with him,” says

Geim.
5. Zhang, Y. et al. Nature 438, 201-204 (2005).

57
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.Y, CUALES SON LAS PROPIEDADES DEL GRAFENO
QUE LE HACEN TAN IMPORTANTE Y FAMOSO?

Graphene is a one atom thick layer made of carbon. It i1s a transparent and
flexible metal, which shows a number of unique features, not found together in
any other material: graphene conducts electricity better than copper and silver, it
1s the stiffest material known, chemically intert and biocompatible, it can be
stretched reversibly much more than other systems, the electrons inside behave in
a similar manner to relativistic high energy elementary particles, ...

GRAFENO: UNA ACCION MOVILIZADORA EN UN CAMPO
EMERGENTE Accion complementaria MAT2010-12279-E

F. Guinea: http://www.gecarbon.org/Boletines/articulos/boletinGEC 019 art.2.pdf

http://graphene-flagship.eu/
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http://graphene-flagship.eu/

Y, PARA TERMINAR...

IBM researchers make world's smallest movie
using atoms (w/video)

FIN
THE END
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http://www.nanowerk.com/news2/newsid=30271.php?utm_source=feedburner&utm_medium=email&utm_campaign=Feed:+NanowerkEmergingTechnologiesNews+(Nanowerk+Emerging+Technologies+News)#at_pco=cfd-1.0
http://www.nanowerk.com/news2/newsid=30271.php?utm_source=feedburner&utm_medium=email&utm_campaign=Feed:+NanowerkEmergingTechnologiesNews+(Nanowerk+Emerging+Technologies+News)#at_pco=cfd-1.0
http://www.nanowerk.com/news2/newsid=30271.php?utm_source=feedburner&utm_medium=email&utm_campaign=Feed:+NanowerkEmergingTechnologiesNews+(Nanowerk+Emerging+Technologies+News)#at_pco=cfd-1.0
http://www.nanowerk.com/news2/newsid=30271.php?utm_source=feedburner&utm_medium=email&utm_campaign=Feed:+NanowerkEmergingTechnologiesNews+(Nanowerk+Emerging+Technologies+News)#at_pco=cfd-1.0
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Nanotubes in Catalysis

The Nanotube Effect j

62



Nanotubes in Catalysis

Exemple of an oxidation reaction: H, + %2 O, = H,O

Initial State Final State Without a
catalyst
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Nanotubes in Catalysis

Exemple of an oxidation reaction: H, + %2 O, = H,0

With a

Initial State Final State

catalyst

TEM of catalyst
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Nanotubes in Catalysis

Ethanol production from Syngas

1) CO + 3/2 H, = CH,OH

CH;-COOH
(Belgian Patent 824822) CH,;-COH
3) CH,-CH,OH
CH;-COOH + H, = CH;-CH,OH

CH,-COH
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Nanotubes in Catalysis: Yield
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Nanotubes in Catalysis

(Schematic)

Enhanced ethanol production inside carbon-nanotube
reactors containing catalytic particles
Xiulian Pan, Zhongli Fan, Wei Chen, Yunjie Ding,
Hongyuan Luo & Xinhe Bao
Nature Materials 6, 507 - 511 (2007)

Carbon nanotubs

Rh-based catalyst

Nanotube Effect j

Ethanol
67


http://www.nature.com/nmat/journal/v6/n7/full/nmat1916.html
http://www.nature.com/nmat/journal/v6/n7/full/nmat1916.html

Nanotubes in Catalysis: Selectivity
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Feynman ldont like honours:Nobel Prize, Academiesijjj
http://www.youtube.com/watch?v=f61KMw5zVhqg

Richard Feynman: Not Knowing Things
http://www.youtube.com/watch?NR=1&feature=fvwp&v=E1RqgTP5Unr4

FEYNMAN: Disrespect for authority
http://www.youtube.com/watch?v=yhD0MxacnlE&feature=endscreen&N
R=1

FEYNMAN: Space Shuttle Challenger Investigation
http://www.youtube.com/watch?v=UCLgRyKvfp0&feature=topics

Richard Feynman on pseudosciences:
http://www.youtube.com/watch?v=HtMX_0jDsrw&feature=related

FEYNMAN: The importance of a father 70
http://www.youtube.com/watch?v=695FIhmimo4&feature=related



http://www.youtube.com/watch?v=f61KMw5zVhg
http://www.youtube.com/watch?v=yhD0MxacnIE&feature=endscreen&NR=1
http://www.youtube.com/watch?v=yhD0MxacnIE&feature=endscreen&NR=1
http://www.youtube.com/watch?v=695Flhmjmg4&feature=related
http://www.youtube.com/watch?v=UCLgRyKvfp0&feature=topics
http://www.youtube.com/watch?NR=1&feature=fvwp&v=E1RqTP5Unr4
http://www.youtube.com/watch?v=HtMX_0jDsrw&feature=related
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Ya que tenemos AUTO-MOVIL...podemos terminar-...

iGracias por su atencion!
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Feynman ldont like honours:Nobel Prize, Academiesijjj
http://www.youtube.com/watch?v=f61KMw5zVhqg

Richard Feynman: Not Knowing Things
http://www.youtube.com/watch?NR=1&feature=fvwp&v=E1RqgTP5Unr4

FEYNMAN: Disrespect for authority
http://www.youtube.com/watch?v=yhD0MxacnlE&feature=endscreen&N
R=1

FEYNMAN: Space Shuttle Challenger Investigation
http://www.youtube.com/watch?v=UCLgRyKvfp0&feature=topics

Richard Feynman on pseudosciences:
http://www.youtube.com/watch?v=HtMX_0jDsrw&feature=related

FEYNMAN: The importance of a father 73
http://www.youtube.com/watch?v=695FIhmimo4&feature=related



http://www.youtube.com/watch?v=f61KMw5zVhg
http://www.youtube.com/watch?v=yhD0MxacnIE&feature=endscreen&NR=1
http://www.youtube.com/watch?v=yhD0MxacnIE&feature=endscreen&NR=1
http://www.youtube.com/watch?v=695Flhmjmg4&feature=related
http://www.youtube.com/watch?v=UCLgRyKvfp0&feature=topics
http://www.youtube.com/watch?NR=1&feature=fvwp&v=E1RqTP5Unr4
http://www.youtube.com/watch?v=HtMX_0jDsrw&feature=related

“This field 1s not quite the same as the others in that it will not tell
us much of fundamental physics (in the sense of, = *What are the
strange particles?") but it is more like solid-state physics in the
sense that it might tell us much of great interest about the strange
phenomena that occur in complex situations”.

View the Milky Way at 10 million light years from the Earth. Then move through
space towards the Earth in successive orders of magnitude until you reach a tall
oak tree just outside the buildings of the National High Magnetic Field Laboratory
in Tallahassee, Florida. After that, begin to move from the actual size of a leaf into
a microscopic world that reveals leaf cell walls, the cell nucleus, chromatin, DNA
and finally, into the subatomic universe of electrons and protons.

http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersof10/
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EN CIENCIA ;VALE TODO?

EN CIENCIA: ; TODO VALE!

http://www.nanowerk.com/news2/newsid=30271.php?utm_
source=feedburner&utm_medium=email&utm_campaign=
Feed%3A+NanowerkEmergingTechnologiesNews+%28Na
nowerk+Emerging+Technologies+News%29#at pco=cfd-

1.0
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The properties of mai g

‘P

First, nanomaterials h -
same mass of materia

nanoparticles with increasing Au concentratlon (d),
Au nanorods of increasing aspect ratio (¢), and Ag
nanoprlsms with increasing lateral size (f).

=T ey

Materials can be produced that are nanoscale n :
one dimension (for example, very thin surface coatings),
two dimensions (for example, nanowires and nanotubes)
all three dimensions (for example, nanoparticles). 76



http://en.wikipedia.org/wiki/File:Mesoporous_Silica_Nanoparticle.jpg

Sir Harry Kroto:
http://youtu.be/0Vh8PQXC9po

http://youtu.be/B9QK4w]1Cyw

Feynman on Pseudoscience

http://voutu.be/Ys0Ov2ciUgY

http://youtu.be/SVrkfiQHEsI

FEYNMAN ON HONORS;

Feynman on Certitude
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http://youtu.be/Ys0Oy2cjUgY

UHV STM of 1nm C60 molecules

http://www.nanoscience.com/education/gallery/c60_ani.html

UHV-STM image of three one-nm-diameter C60 molecules adsorbed on Si
missing dimmer rows. Courtesy: Dror Sarid, University of Arizona.
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Graphene 1s the future. Plain and simple.
It's 200 times stronger than steel, thinner
than a sheet of paper, and more conductive
than copper.

Researchers the world over are using it for critical
advances 1n a variety of industries. Graphene makes:
Solar — 50x-100x more efficient

Semiconductors — 50x-100x faster

Aircraft — 70% lighter

We're talking batteries that charge 10x faster and store 10x
more power...

Phones and computer displays that bend and fold...

And even the potential to make people and things
completely invisible.

Indeed, the Huffington Post notes graphene will “change
the world.”

It's so vital to our future that it's been named a "supply
critical mineral" and a "strategic mineral" by the United

States and the European Union. £



Imagenes del grafeno

Bright-field TEM image of a suspended graphene
membrane. Its central part (homogeneous and
featureless region indicated by arrows) is monolayer
graphene. Electron diffraction images from different
areas of the flake show that it is a single crystal
without domains. We note scrolled top and bottom

edges and a strongly folded region on the right. Scale
bar, 500 nm.

a, b, TEM 1images of folded edges for
monolayer and bilayer graphene, respectively,

1 using a Philips CM200 TEM. Scale bars, 2 nm.

The structure of suspended graphene sheets: Jannik C. Meyer, A. K. Geim, M. 1. Katsnelson, K. S. Novoselov, T. Jg1

Booth & S. Roth:Nature 446, 60-63(1 March 2007)
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Since the announcement of the prizes in October,
there has been controversy over the physics prize.
The Nobel Committee awarded Geim and Novoselov
for "groundbreaking experiments regarding the two-
dimensional material graphene". However, the
document issued by the Nobel Commitee for Physics
to explain its awarding is reported to have contained
several errors that raised questions about the
decision. Among them, was data cited from a 2004
paper of the prize winners showing the electronic
properties of graphene, yet the data actually related to
thin sections of graphite, which has different
electronic properties. According to Walter de Heer,
Georgia Institute of Technology, Atlanta, USA, Geim
and Novoselov did not report measurements on
single-layer graphene until 2005.
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Andre Geim Konstantin Novoselov

for groundbreaking experiments regarding
the two-dimensional material graphene"
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Why are they called FULLERENES?

5%

-
B
ﬁ 7

R. Buckminster Fiiller

Ceo :Buckminsterfullerene


http://en.wikipedia.org/wiki/Image:Buckminsterfuller.png

The biggest fullerene? The smallest fullerene?

C,, : Pentagonal Dodecahedron

o )

Cage Bowl Ring

3 Isomers

89

LIVING FULLERENES: these radiolarians—protozoans having siliceous skeletons—
appear in D’Arcy Thompson’s 1917 classic, On Growth and Form.


http://jcrystal.com/steffenweber/gallery/Fullerenes/c100f.wrl
http://jcrystal.com/steffenweber/gallery/Fullerenes/c540f.wrl

SOLID Cg,: Electrical Conductivity & Superconductivity

Huckel Molecular Orbitals
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The A;Cq, phase is a conductor at room temperatura due to the partial
filling of the t;, '"conduction band". Electrons can move between Cg,
molecules through the radiating m-orbitals. At low temperatura, A;Cg,
becomes super-conducting. In contrast, the A;Cy, phase is an insulator 90
due to the complete filling of the t,,_ orbitals.
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Nanotubes Bundles: Cuerdas de nanotubos

l??'

Micrografia electronica de una “cuerda” de Un Manojo (Bundle)
unos 100 nanotubos monopared de
diametro uniforme
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An interesting application of nanotubes;

A Gallium thermometer in a carbon nanotube

& 400 @ Increase temperature
4 ¥ Decraase temperature -
= 3004 --- Average E
e ] P
= 200- »
- i %
7 g
L 100~ F
58 04 "’
— T ¥ | T | = J— T
100 200 300 400 500
Temperature ("C)

Expansion of gallium inside a carbon nanotube with increasing temperature. a—c, Changing level of the gallium
meniscus at 58 T (a), 490 T (b) and 45 T (c); scale bar, 75 nm. d, Height of the gallium meniscus plotted against
temperature, measured in steps of 30-50 T; results are averaged (green curve) from closely similar measurements
obtained during heating (red) and cooling (blue). The nanothermometer was synthesized in a vertical radiofrequency
furnace (which differs from a one-step arc-discharge method). A homogeneous mixture of Ga203 and pure,
amorphous, active carbon (weight ratio, 7.8:1) was reacted in an open carbon crucible under a flow of pure N2 gas:
at 1,360 T, the reaction Ga203(solid) + 2C(solid) Ga2O(vapour) + 2CO(vapour) occurs. However, on the inner
surface of a pure graphite outlet pipe at the top of the furnace, the temperature is lower (around 800 ), causing the
reaction Ga20(vapour) + 3CO(vapour) 2Ga(liquid) + C(solid) + 2CO2(vapour) to occur, during which the
‘nanothermometers' are created. 93



N

BAZA
http://www.youtube.com/watch?feature=endscreen&NR=1&v=05SWSOWN7zMQ

Feynman ldont like honours:Nobel Prize, Academiesijjj
http://www.youtube.com/watch?v=f61KMw5zVhqg

Richard Feynman: Not Knowing Things
http://www.youtube.com/watch?NR=1&feature=fvwp&v=E1RqTP5Unr4

FEYNMAN: Disrespect for authority
http://www.youtube.com/watch?v=yhD0MxacnlE&feature=endscreen&N
R=1

FEYNMAN: Space Shuttle Challenger Investigation
http://www.youtube.com/watch?v=UCLgRyKvfp0&feature=topics

Richard Feynman on pseudosciences:
http://www.youtube.com/watch?v=HtMX 0jDsrw&feature=related

FEYNMAN: The importance of a father 94
http://www.youtube.com/watch?v=695FIhmjmqg4 &feature=related



http://www.youtube.com/watch?v=f61KMw5zVhg
http://www.youtube.com/watch?v=yhD0MxacnIE&feature=endscreen&NR=1
http://www.youtube.com/watch?v=yhD0MxacnIE&feature=endscreen&NR=1
http://www.youtube.com/watch?v=695Flhmjmg4&feature=related
http://www.youtube.com/watch?v=UCLgRyKvfp0&feature=topics
http://www.youtube.com/watch?NR=1&feature=fvwp&v=E1RqTP5Unr4
http://www.youtube.com/watch?v=HtMX_0jDsrw&feature=related
http://www.youtube.com/watch?feature=endscreen&NR=1&v=05WS0WN7zMQ

FEYNMAN: EL PLACER DE DESCUBRIR
https://www.youtube.com/watch?v=1Nz7Pml40PY

LA INCERTIDUMBRE DEL CONOCIMIENTO
https://www.youtube.com/watch?v=xjGjcNgIGQw

Feynman ldont like honours:Nobel Prize, Academiesiij
http://www.youtube.com/watch?v=f61KMw5zVhg

FEYNMAN: Disrespect for authority
http://www.youtube.com/watch?v=yhD0OMxacn | E&feature=endscreen&NR=1
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Algunas aplicaciones -POTENCIALES- de los nanotubos

Nanoelectronica
NANOMECANICA
Catalisis

Sensores de gases
Ceramicas

Materiales compuestos

96



Ceo + CeHp

Nano + C,H;




Ceo + CeHp

Nano + C,H;




abricacion” de nanoengranajes




"In Science the credit goes to the man who
convinces the world, not to the man to
whom the 1dea first occurs."

Sir Francis Darwin.

The 1dea of a hollow carbon cage structure was first proposed by David E.
H. Jones writing in the New Scientist under the name of 'Daedalus' (New
Sci. 32, 245 1966). He suggested that it may be possible to create giant
hollow molecules by distorting a plane hexagonal carbon net by the
addition of impurity atoms. This, he claimed, could introduce curvature,
and hence close the net into a spherical shell. He did not explain how this
might be achieved.

In his book 'The Inventions of Daedalus' (Freeman 1982), Jones expands
this 1dea, and even quotes from the work of Thompson. Anyone who has
ever read 'Daedalus' will know that his 'inventions' lie somewhere in the
hazy borderline between the feasable, and the fantastic, and as such are not
to be taken too seriously. At least not until 1985!

100



Perhaps the first mention of the C60 molecule in the literature was in an article
by E. Osawa (Kagaku 25, 854-863 1970). Osawa predicted that such a molecule
would be stable, and expanded this in more detail in a book on aromatic
molecules the following year (Z. Yoshida and E. Osawa 'Aromaticity' 1971).
Both these articles are in Japanese.

o in 1970, R. W. Henson , with no prior knowledge of
edalus', nor of Osawa's work, proposed the structure and
de a model of Carbon 60. At the time he was a member of
- Graphite and Carbon Studies Group at the Atomic Energy
search Establishment, Harwell, UK. studying radiation
nage in the graphite moderator of nuclear reactors. The
evidence for this new form of carbon was very weak and was
The photograph not accepted, even by his colleagues! It was never published.
shows a copy of thel he 'Carbon' journal contains a belated acknowledgement of
paper model of cedlenson’s work in an editorial by Dr.P.A.Thrower. Carbon Vol

made by 37 No.11 1677-1678 (1999).

R.W.Henson at

AERE Harwell in
1070
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This new form of carbon was named after Richard Buckminster Fuller who
was a pioneer in the design of the Geodesic dome often used 1n large building
structures. A prime example of this was the dome for the 1967 Montreal World
Exhibition. Fuller patented the geodesic dome in 1954!

However, the first dome with this structure was built at the Carl Zeiss optical
works at Jena in Germany in 1922 by Dr. Walter Bauersfeld. The design of the
dome was almost incidental to his even more remarkable technical
achievement: the invention of the 'Planetarium Projector’.

The history of this structure 1s long and varied, but one early and interesting
study was by D'Arcy Wentworth Thompson. In his book 'On Growth and Form'
(Cambridge University Press 1942) Thompson shows that a hexagonal grid, of
any size, can be closed into a polyhedron by the inclusion of twelve pentagons
in its network. It is interesting to note that C60 would be the smallest size of
such a symmetric net. Thompson's interest was in the study of the skeletons of

microscopic sea creatures 102



The occurrence of emergent screw
dislocation (of opposite chirality) at the
cleaved basal surface of graphite may
be rendered visible by the gold-
decoration technique, as described in
refs. 2 and 66. The preferential growth
of gold microcrystals enables step

heights of 0.33 nm to be imaged.

John Meurig Thomas*ab and Paul A.
Midgle. Chem Comm 2004
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A. Fasolino, J. H. Los & M. I. Katsnelson, Nature Materials 6, 858 - 861 (2007)



. Que es el GRAFENO? Es una forma alotropica del carbono “bidimensional”(*) en
la que cada atomo estd unido a otros tres, por enlace covalente a través de

orbitales hibridos sp?, dando lugar a una estructura hexagonal, como en los panales
de abeias. Puede considerarse como una capa individual de grafito.

(C estable con relacion a otros

fu )rma mas estable por encima de
24 Ictura arrugada, que es el estado
de

arbon. It 1s a transparent

unique features, not

> conducts electricity

naterial known,
stretched reversibly
nside behave in a
nentary particles, ...

GRAFENO: UNA ACCION MOVILIZADORA EN UN CAMPO
EMERGENTE Accion complementaria MAT2010-12279-E 105



La influencia del Tamafio ROMPER EL
Las propieda CUBOjhttp://www.youtube.com/watch?v ones principales

, =luxmfsKsi3g ) ,
En primer T 'a area superficial
cuando se c
hace _a _Ins »

Fotografias de diferentes soluciones coloidales de :
cl(:hiv2RingainitlG il nanoparticulas de una aleacion AuAg de contenido
creciente en Au (d). Nanovarillas de Au de relacion

I} acicular creciente (e), y nanoprismas de Ag de tamafio

LUENGIE [ateral creciente (f).
dos dimensiones (por ejemplo, nanohilos y nanotubos

las tres dimensiones (por ejemplo, nanoparticulas).
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http://en.wikipedia.org/wiki/File:Mesoporous_Silica_Nanoparticle.jpg
http://www.youtube.com/watch?v=1uxmfsKsj3g
http://www.youtube.com/watch?v=1uxmfsKsj3g

En segundo lugar, los efectos cuanticos empiezan a controlar el comportamiento
de la materia a la escala naométrica, particularmente a la mas pequeiia —
afectando el comportamiento optico, magnético, eléctrico, etc. de esos materiales .
Como as propiedades de un material resultan simplemente de promediar las fuerzas
cuanticas que afectan a todos sus atomos, segiin se va disminuyendo el tamafo, se
alcanza un punto en el que ya no sirve el promedio

Los Materiales pueden ser nanométricos en in :
una dimension (por ejemplo, recubrimientos muy delgados),
dos dimensiones (por ejemplo, nanohilos y nanotubos) 107
las tres dimensiones (por ejemplo, nanoparticulas).



Las propiedades de los nanomateriales pueden ser diferentes por dos razones principales

En primer lugar, Los nanomateriales presentan una elevada area superficial
cuando se compara con la del mismo material preparado a mayor escala ; esto
hace a los materiales mas reactivos y afecta a sus propiedades

http://www.youtube.com/watch?v=1uxmfsKsj3g
Por ejemplo, los metales con un tamafio de grano de unos 10 nanometros son hasta
siete veces mas duros y tenaces que sus equivalentes con tamanos de particiula de

cientos de nano-metros
En segundo lugar, los efectos cuanticos empiezan a controlar el comportamiento

de la materia a la escala naométrica, particularmente a la mas pequeiia —
afectando el comportamiento optico, magnético, eléctrico, etc. de esos materiales .
Como las propiedades de un material resultan simplemente de promediar las fuerzas
cuanticas que afectan a todos sus atomos, segun se va disminuyendo el tamafio, se
alcanza un punto en el que ya no sirve el promedio

Los Materiales pueden ser nanométricos en in :

una dimension (por ejemplo, recubrimientos muy delgados
dos dimensiones (por ejemplo, nanohilos y nanotubos) . -
las tres dimensiones (por ejemplo, nanoparticulas). § . [



http://www.youtube.com/watch?v=1uxmfsKsj3g
http://en.wikipedia.org/wiki/File:Mesoporous_Silica_Nanoparticle.jpg
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