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1. ¿Qué es la Nanotecnología?
p Es el estudio y control de la materia, a una 

escala entre 1 y 100 nm

1 nm= 1/1 000 000 000 m 
1 nm = 1x10-9 m

La nanociencia es el estudio de fenómenos y
manipulación de materiales a escalas atómica,
molecular y macromolecular; dónde las propiedades
difieren significativamente de aquellas a gran escala.

La nanotecnología es el diseño, la caracterización, la
producción y la aplicación de estructuras, dispositivos y
sistemas para controlar la forma y tamaño a escala
nanométrica.



1. Dimensiones
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1.1 Conceptos:  ¡Las propiedades 
dependen del tamaño!
Un material nanométrico podrá tener propiedades 
físicas y químicas diferentes a las que tiene en 
volumen.

Fenómenos de superficie:
Ej. Catálisis



1.1 Conceptos:  Confinamiento 
cuántico

Nanocristal

Cristal 
micrométrico

Confinamiento cuántico
Propiedades ópticas

CdSe



1.1 Conceptos: Escalas
p Célula: 7000 nm 
p Molécula de H2O: 0.3 nm



1.2 Un poco de Historia
1959
Feynman: primera charla hablando de máquinas moleculares de precisión atómica.

1974
Taniguchi utiliza el término "nano-technology" en un paper de  ion-sputtering 

1977
Drexler genera el concepto de “molecular nanotechnology” MIT (Engines of Creation)

1981
Primer paper con ingeniería molecular y precisión atómica
Se inventa el STM

1985
Descubrimiento de los Buckyball (Fullerenos)

1986
Se publica el primer libro
se inventa el Microscopio AFM

1987
Primer experimento sobre conductancia cuantizada

1988
Primer curso Universitario



1.2 Un poco de Historia

Nanopartículas de Oro
Copa de Licurgo:

Oro y plata



Nanopartícula de Óxido de Zinc

Propiedades ópticas:
Absorben en el UV
Transparente en el Visible
Bloqueador Solar

1.3 Productos Comerciales
Nanopartículas de óxido de Zinc y de Titanio: ZnO y TiO2



Pendrives

Incremento en la capacidad y 
velocidad del almacenamiento de 
datos

1.3 Almacenamiento de Datos



Procesadores Intel

• Más rápidos
• Más eficientes
• Ecológicos
• Menor consumo 

energético

Intel 22 
nm

1.3 Procesadores



1.3 Nueva Serie de Pantallas LED

Nanotubos de Carbono



1.3 Tecnología de Pantallas
p LCD:

n Luz Azul de fondo con filtro 
de fosforo para regular la 
intensidad de cada color:

p QDLED:
n Mantiene la alimentación

trasera, pero no hay filtro
de fosforo.

n Llega más luz y cada diodo
emite más intensidad y a 
longitud de onda más
definida.

n Samsung HD TV quantum 
dot



1.3 Baterías de ion-Litio
n Mayor durabilidad
n Mayor Carga
n Carga más rápida
n Seguridad

9

XRD and SAXS techniques, respectively, and corroborated with TEM images, we can 

assume that, in average, our nanoparticles are monocrystalline. The presence of the 

carbon coating was evidenced for undoped and cobalt-doped olivine samples, but in this 

last case, the carbon coating showed the presence of homogeneous porous channels in 

between nanoparticles. This later observation could be a promising feature to enhance the 

intercalation and de-intercalation of lithium ions when used as a cathode material for 

lithium-ion batteries applications.

Fig. 4 – Transmission electron microscopy images for (a) LiFePO4/C and (b) 

LiFe0.99Co0.01PO4/C samples. The inset shows a selected area electron diffraction pattern 

for each case. (c) Raman microscopy spectra and image (inset) corresponding to the 

olivine-rich and carbon-rich zones in the samples.



1.3 Aerogeles: Silicatos Porosos



LeGeros RZ. Chem Rev. 2008;108(11):4742–4753

1.3 Biomimética:

La naturaleza también usa la 
nanotecnología



1.3 Síntesis Biomimética: 
Nanocristales
La síntesis biomimética permite obtener
nanocristales de HAP, de tamaño similar al que se
presenta a nivel óseo.

p Largo: 30 - 50 nm
p Ancho: 20 - 25 nm
p Espesor: 1 – 4 nm

Condiciones biomiméticas:
37 ºC y  pH = 7



1.3 Más ejemplos:
Hierarchical spidroin micellar nanoparticles as the
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Many natural silks produced by spiders and insects are unique
materials in their exceptional toughness and tensile strength, while
being lightweight and biodegradable–properties that are currently
unparalleled in synthetic materials. Myriad approaches have been
attempted to prepare artificial silks from recombinant spider silk
spidroins but have each failed to achieve the advantageous properties
of the natural material. This is because of an incomplete understanding
of the in vivo spidroin-to-fiber spinning process and, particularly,
because of a lack of knowledge of the true morphological nature
of spidroin nanostructures in the precursor dope solution and the
mechanisms bywhich these nanostructures transform intomicrometer-
scale silk fibers. Herein we determine the physical form of the natural
spidroin precursor nanostructures storedwithin spider glands that seed
the formation of their silks and reveal the fundamental structural
transformations that occur during the initial stages of extrusion en
route to fiber formation. Using a combination of solution phase diffusion
NMR and cryogenic transmission electron microscopy (cryo-TEM),
we reveal direct evidence that the concentrated spidroin proteins
are stored in the silk glands of black widow spiders as complex,
hierarchical nanoassemblies (∼300 nm diameter) that are composed
of micellar subdomains, substructures that themselves are engaged
in the initial nanoscale transformations that occur in response to shear.
We find that the established micelle theory of silk fiber precursor
storage is incomplete and that the first steps toward liquid crystalline
organization during silk spinning involve the fibrillization of nano-
scale hierarchical micelle subdomains.

biomimetic materials | spider silk formation | hierarchical micelles |
natural protein nanostructures

The ability to replicate the natural silk spinning process with
an aqueous synthetic analog at bulk scale, to truly mimic the

properties of natural silks, holds tremendous promise for bio-
medical materials, architectural design, and civil and mechanical
engineering. However, to date, the development of synthetic silks
that exhibit the mechanical properties of the natural product has
been limited (1–5). Currently, we know the primary sequence of the
natural spider silk spidroins, and we have significant information on
the biochemical triggers of the spinning process and how to mimic it
(6–12). The gap in our knowledge involves the nanoscale processes
at work within the silk gland where the highly concentrated protein
precursor is stored and then on demand transformed into silk fibers
(2, 6–9, 12–16). Knowledge of this central part of the natural process
is critical to the development of synthetic analogs and key to
preparative methods, including microfluidics, for producing artifi-
cial fibers from recombinant proteins that exhibit the mechanical
properties of native silks (2–4, 6, 17–22). Beyond spider silks, analo-
gous mechanisms might be involved in the formation of protein
fibers generally, such as the detrimental nucleation and growth of
amyloid fibers from oligomers (23–25). Critical insights gleaned for
one fibrous protein system can potentially be translated more gen-
erally to further our understanding of how concentrated proteins are

stored and then assembled to yield structurally organized 3D
materials.
The dragline [major ampullate (MA)] silk-precursor dope

solution of Latrodectus hesperus, or black widow spiders, is pre-
dominantly composed of two proteins (spidroins) that are stored
in high concentration (26–28) (25–50 wt %) in the glands before
extrusion, acidification, and fiber formation in the duct (12).
These spidroins, MaSp1 and MaSp2, are large and highly repetitive
(250 and 312 kDa, respectively). In the gland environment, the re-
petitive core regions of the spidroins are predominantly unstructured
(26–29) (random coil), whereas the termini exhibit pH-sensitive he-
lical bundles (8, 14, 30). The pH sensitivity of the termini has been
implicated as an important characteristic for the assembly of spider
silk (8, 14, 30, 31). The hydropathy plots for the spidroins are roughly
sinusoidal in form, with rapidly alternating hydrophilic–hydrophobic
units (approximately +0.3 to −0.6; SI Appendix, Fig. S1) (10). The
C- and N-terminal domains contain the units with the highest hy-
drophilicity in each monomer, whereas the long, central, repetitive
domain is generally neutral and hydrophobic, giving these proteins
an amphiphilic character analogous to a complex block copolymer
amphiphile (32, 33). This amphiphilicity suggests, according to the
micelle theory of silk assembly (2, 6–9, 14, 16), that the concentrated
protein dope solution is composed of nanoscale assemblies (34)—the
essential starting structures needed for the formation of robust,
microscale silk fibers (7, 8, 14). Microscopic characterization of

Significance

The true physical form of the proteins within the silk glands of
spiders that permits storage at very high concentrations rather
than as precipitated material prior to being transformed into
solid silk fibers remains one of the fundamental mysteries that
has limited our ability to produce artificial silks of the quality of
natural silks. Here we determine that spider silk proteins are
stored as complex micellar nanoparticles composed of assem-
bled subdomains. When extruded during the silk spinning pro-
cess, these subdomains undergo fibrillization while remaining
assembled in micelles. Knowledge of the nanostructured protein
assemblies in the dope is critical to the basic understanding of
the spinning process and to our ability to mimic the natural
material properties in synthetic analogues.
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FEI (FEI Company) Polara cryo-TEM operating at 200 keV equipped with a
Gatan (Roper Technologies) K2 direct electron detector (FEG extraction,
4350 V; FEG emission, 110 μA; spot size 5, 70-μm objective lens aperture, 70-μm
condenser lens aperture). The Polara cryo-TEM is a cartridge-loaded microscope,
where the column is continually maintained at L-N2 temperature (less than −
175 °C). The grids that were prepared previously and stored in L-N2 were loaded
into the microscope’s cartridge while submerged in L-N2, and the cartridge with
grids was inserted into the microscope. The Polara was aligned for low-dose
imaging, measuring the dose rate on the K2 detector through vacuum (no grid
inserted). The dose rate used was 1.25 e−/Å2 s for high-magnification [50,000×
magnification (50 kx)] images (4.096-Å pixel size, 3,708 × 3,838 pixels; Figs. 2 B–E
and 3 B–E and SI Appendix, Fig. S4 B–D). The dose rate was not measured for the
low-magnification images (Figs. 2A and 3A and SI Appendix, Fig. S4A), because
the dose rate was orders of magnitude lower for those images (1-s exposure
time, 10.1034 nm pixel size, 1,852 × 1,918 pixels, binning 2). The high-
magnification images associated with tomography tilt series (Figs. 2 C–E and
3 C–E) were acquired using a 2-s exposure time (cumulative dose, 2.5 e−/Å2 per
image), and all other high-magnification images (not part of tilt series; Figs. 2B
and 3B and SI Appendix, Fig. S4 B–D) were acquired using a 3-s exposure time
(cumulative dose, 3.75 e−/Å2 per image). All imaging and tomography tilt
series acquisition was done using SerialEM software (bio3d.colorado.edu/
SerialEM/), which applies autofocusing on adjacent regions of the grid to
minimize dose on the sample and uses an automated cross-correlation drift/
shift correction during acquisition of tomography tilt series. Raw cryo-TEM
images were saved as .MRC stacks.

All cryo-TEM tomography tilt series were acquired using 3° tilt intervals.
For the tilt series in Fig. 2 C–H, the range covered was +49° to −59 (37 images
in the series), and the total cumulative dose experienced was ∼92.5 e−/Å2.
For the tilt series in Fig. 3 C–H, the range covered was +38° to −58 (33 images
in the series), and the total cumulative dose experienced was ∼82.5 e−/Å2.

Tomography Reconstruction of Cryo-TEM Tilt Series and 3D Rendering/
Visualization. The raw cryo-TEM tilt series images (.MRC stack) were manually
aligned (Movies S1 and S5) using IMOD software (bio3d.colorado.edu/imod/) (45).
The negative logs of the TEM intensities were used to form a pseudo–dark-field
image and convert the intensity of the object into a positive value, with the
background intensity close to zero. The total variation regularized discrete al-
gebraic reconstruction technique (TVR-DRAFT) tomography reconstruction al-
gorithm (39, 46) was downloaded fromGitHub (https://github.com/astra-toolbox/
ContributedTools) and was implemented to generate the reconstructions of the

protein nanostructures in Fig. 2 F–H (Movie S4) and Fig. 3 F–H (Movie S8). A value
of 50 was used for the lambda parameter to reduce noise contributions, and 100
iterations of the simultaneous iterative reconstruction technique algorithm were
usedwith three gray levels (object, background, and vacuum). After reconstruction,
a 3D Gaussian filter was applied to further reduce noise and remove isolated
voxels, and the objects were globally thresholded and visualized using FEI Avizo 9.0
software (FEI Company). Fig. 2 uses sigma relative (rel.) of 1, kernel size of 7, and
threshold value of 80 after the Gaussian filter was applied. Fig. 3 uses sigma rel. of
1, kernel size of 5, and threshold value of 100 after the Gaussian filter was applied.
Threshold values were applied using the magic wand tool, which only selects
connected pixels. Fig. 2F (Movie S2) and Fig. 3F (Movie S6) are isosurface renderings
of the reconstructions, and Fig. 2 G andH (Movie S3) and Fig. 3G andH (Movie S7)
are 1-voxel-thick orthoslice images (0.8 nm thick) from the reconstruction at various
z heights. Movies S2 and S6 show first the isosurface rendering as it is rotated
around the y axis (360°), andMovies S3 and S7 show the rendering of 1-voxel-thick
orthoslices sequentially, going down the z height of the rendered volume from the
top to the bottom.

Magnetic Resonance Imaging of Black Widow Spider. Gradient echo (GRE)-MRI
images of a black widow spider (Fig. 1A) were collected using an 18.8T magnet
(800 MHz) with a Varian VNMRS console and Doty Scientific 12 mm ID triple
axis MRI gradient probe capable of producing up to 300 Gs/cm PFG along each
axis. GRE-MRI images with 40 μm × 40 μm in plane resolution and 300-μm slice
thickness were collected using a 4-ms echo time and 50-ms repetition time.
Localized spectra utilized the STEAM2, a stimulated echo acquisition mode
localization scheme, with an echo time of 2.3 ms, a mixing time of 4.5 ms, and a
repetition time of 2 s. Additionally, outer voxel suppression pulses and variable
power radiofrequency pulses with optimized relaxation delays (VAPOR) water
suppression was employed (47). A 1.6-μL volume of interest was selected in the
interior of the MA gland using pilot gradient echo images.

PFG-STE NMR Acquisition and Analysis. NMR diffusion experiments (Fig. 2 and
SI Appendix, Figs. S2 and S8) were conducted using the same magnet as used
for GRE-MRI imaging (18.8T), and with an 800 MHz Agilent spectrometer
and a Doty diffusion probe using an STE pulse sequence with bipolar pulse-field
gradient pulses lasting 2ms (δ) with a 50-msΔ diffusion delay and a 10-s d1 recycle
delay (48, 49). To reduce the effects of eddy currents in the probe, a 2-ms delay
was added at the end of each phase of the bipolar gradient pulses. The diffusion
experiments were collected by incrementing the gradient magnetic field strength
in 10 steps. The probe gradients were calibrated using anhydrous glycerol sample.

Fig. 4. Graphical interpretation of the cryo-TEM and diffusion NMR data; illustrative scheme of the modified micelle theory. (A) Spidroin monomer at infinite
dilution [the building blocks for the nanoassemblies that form at native gland conditions (B)]. The C- and N-terminal domains (green and red) form helical structures,
and the long, central domain (blue and gray) is in the molten-globule state (rH ∼ 20–25 nm) (8, 26–29). (B) At neutral pH and native concentration within the MA
gland, the spidroin monomers assemble into small, flake-like subdomains (here shown composed of 12 monomers) that hierarchically assemble into larger, spherical
micellar structures (several hundred nanometers in diameter). (C) When sheared, the initial transformations occur at the subdomain level. Individual subdomains
transform into narrow, elongated fibrils that remain assembled (disordered and interwoven network) within the spherical hierarchical assemblies.
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1.3 Conceptos: Metodologías: Top-
Down & Bottom-Up 
p Top-down: 
Reducción de tamaño. Los mecanismos y las estructuras 
se miniaturizan a escala nanométrica. Este tipo de 
Nanotecnología ha sido el más frecuente hasta la fecha.

p Bottom-Up: 
Auto ensamblado. Se comienza con una estructura 
nanométrica como una molécula y mediante un proceso 
de montaje o auto ensamblado, se produce el 
crecimiento. Este enfoque, que algunos consideran como 
el único y "verdadero" enfoque nanotecnológico, ha de 
permitir que la materia pueda controlarse de manera 
extremadamente precisa.



1.3 Top-Down & Bottom-Up 



grafito
sp2

diamante sp3

2. Materiales de Carbono



2. Otras formas alotrópicas



Curl, Kroto y Smalleys son desbubiertos en 1985

Reciben el Nobel de Química en 1996

Domo geodésico diseñado por 
R. Buckminster Fuller

2. Fullerenos: C60, C70, etc.



E. Osawa, predijo la posibilidad de una molécula estable de C60 en 1970 
usando un simple modelo de Hückel. 

Fue su único artículo publicado en Japonés!

Russian quantum chemists D. 
Bochvar and E. Galpern predicted
the stability of C60 ”footballene” in 
1973 [Doklady Akademii Nauk
1972]
B 1973 году московские химики Дмитрий Бочвар и
Елена Гальперн подсчитали, что квантовая химия
теоретически допускает существование и некой новой
разновидности углерода, молекула которого должна
быть копией футбольного мяча: сфера, составленная из
шестигранников или пятигранников. 

2.¿Pero fueron los primeros?



Fullerenes in Space.

Maier JP, Campbell EK. Angew Chem Int Ed Engl. 2017 Apr 24;56(18):4920-4929.



2. Fullerenos: Aplicaciones

p Lubricantes: aditivito para 
aceites (Bardhal)

p Almacenamiento de 
Hidrógeno

p Aceptor para celdas solares
p Nanovehículo para 

liberación de principios 
activos



2. Nanotubos de Carbono:
"Helical microtubules of graphitic carbon", 

S. Iijima, Nature 354, 56 (1991)



(0,0)

Ch = (10,10)

Plegamiento quilaridad (10,10) SWNT

a1
a2

x

y

Animation: Shigeo Maruyama, Tokyo University

(n,n) son forma silla

(n,0) son zig-zag



2. CNT: Propiedades electrónicas



2. Tabla Periódica de los SWCNT



2. CNT: Aplicaciones
p Electrónica: pueden ser 

conductores y asilantes
p Refuerzo de polímeros: 

propiedades mecánicas.
p Sensores
p Transporte de Calor
p Fibras



2. Grafeno:
Premio Nobel de Física 2010
Novoselov, et al Science 306 (2004),666 



2. Grafeno:  Propiedades
p Copmortamiento fermiónico de masa cero
p Velocidad de portadores cercana a la de la luz
p Alta conductividad eléctrica
p Alta conductividad térmica
p Es el material con mayor dureza conocido hasta 

el momento



2. Microscopio de Fuerza Atómica

Contacto AC Mode



2. Microscopio Raman+AFM

Centro NanoMat, Facultad de Química. UdelaR



2. Grafeno: Microscopia de Fuerza 
Atómica (AFM)

Hoja de Grafeno preparada por mixer de alta velocidad y 
tensoactivos.



2. Grafeno: Puntos Cuánticos



2. Puntos Cuánticos de Grafeno
p Puntos cuánticos de grafeno (GQD)
p 60 nm de diámetro y 12 nm de alto



5A

Síntesis
Caracterización: 

XRD, SAXS, Raman

Prototipos Modelado

Método hidrotermal 
bajo presión endógena

(Anatasa(A) , Rutilo(R), o A/R 50% p/p)

120° C <Tr<150°C
24h<tr<68h

NaOH(ac) 10M

Cálculos teóricos 
por primeros principios



2. Celdas Solares:
-Nanotubos de óxido de titanio.



2. Celdas Solares:
p Respuesta



2. Celdas Solares: Medias de Eficiencia

Simulador solar AM 1.5
n FF = 0.59
n Eficiencia= 7.7 %
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2. Celdas Solares: Simulación
Si el colorante se adsorbe sobre las nanopartículas de óxido
de titanio, la absorción óptica se ubica en la región visible.

λ(nm)



3. Conclusiones Finales
p Nanotecnología ya está entre nosotros.
p La región cuenta con herramientas par para 

investigar en Nanociencia y desarrollarse  
Nanotecnología.

p Aspectos de Control y Regulación.
p Nanociencia: interacción teórica-experimental 

es clave
n Predecir el comportamiento de los materiales
n Entender el comportamiento de los materiales

p Nanotecnología: Existen recursos estratégicos 
en la región como para desarrollarse en la 
nanotecnología.
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