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Uhlikové nanostruktury - grafén

Grafén je alotropem uhliku, jehoz struktura

pfedstavuje jednu vrstvu grafitu. Tvori 2D
nanodestiCku skladajici se z jediné vrstvy sp2

vazanych atomu uhliku sloZzenych do Sesti-
nikové krystalové struktury podobné vcelim
plastvim o tlouStce jednoho atomu uhliku
S meziatomovou vzdalenosti 0,142 nm.

Grafen prenasi elektrony vysokou rychlosti

a vede tak elektricky proud lépe nez kremik,
diky silnym vazbam mezi atomy uhliku patri K
nejpevnéjSim materialim, propousti svétlo

a je vybornym vodiCem tepla.

Elektrony v grafenu maji jiné vlastnosti, nez by
meély mit. U zadného jiného materialu nebylo
dosud pozorovano, ze by se jeho elektrony
chovaly, jakoby nemély Zzadnou efektivni
hmoltnost a pohybovaly se téméF rychlosti
svétla
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Mechanické vlastnosti

Modul pruznosti grafenu podel zakladni roviny je skoro stejne velky
jako u diamantu, pfesto vS§ak muze byt roztazen o ¢tvrtinu

sve délky. Pritom jeho pevnost v tahu |e
asi 125krat vetsSi nez u oceli; je to zatim
nejvétsi znama pevnost. Je velmi tenky,
ale pro plyny a kapaliny neprostupny.
Nanopasky z grafénu mohou byt polovo-
divé a lze z nich zkonstruovat tranzistor, &
ktery je rychlejsi nez tranzistor kremlkovy
(az do frekvence 1 THz). Grafenové filmy ﬂ,‘
nabizeji levnou alternativu k indium-cino- &€
vému oxidu, ktery slouzi jako pruhledna
elektroda pro slunecni Clanky, navic pro- &
poustegji i Cast IR spektra zareni Slunce. !
Nove materialy na bazi chemicky modifiko-
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Energeticka struktura grafénu
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1he graphene story: how Andrel Geim and
Kostya Novoselov hit on a scientific
breakthrough that changed the world... by
playing with sticky tape

 They were playing about with flakes of carbon graphite in
an attempt to investigate its electrical properties when they
decided to see if they could make thinner flakes with the
help of sticky Scotch tape.

* The original idea of working with graphite was to see if it
could be used as a transistor — the fundamental switching
device at the heart of computing.

* |n fact, Novoselov says, they had almost given up with
graphite when they heard about how microscopy
researchers working along the university corridor used
Scotch tape to clean the mineral before putting it under
the lens.




Vyroba grafénu metodou
mikromechanického Stipani (metoda

izolepy)

Pozn:
Obycejna lepici paska mUze produkovat naptiklad i rentgenovské fotony !

doi:10.1038/nature07378



doi:10.1038/nature07378
Fyzika a lepici pasky

Relative motion between two contacting surfaces can produce
visible light, called triboluminescence.

This concentration of diffuse mechanical energy into
electromagnetic radiation has previously been observed to
extend even to X-ray energies.

Here we report that peeling common adhesive tape in a
moderate vacuum produces radio and visible emission, along
with nanosecond, 100-mW X-ray pulses that are correlated
with stick—slip peeling events.

For the observed 15-keV peak in X-ray energy, various

models give a competing picture of the discharge process, with
the length of the gap between the separating faces of the tape
being 30 or 300 um at the moment of emission. The intensity of
X-ray triboluminescence allowed us to use it as a source for X-
ray imaging. The limits on energies and flash widths that can be
achieved are beyond current theories of tribology.

Depilace jako vySetrovaci metoda??

©

http://www.nature.com/news/2008/012345/full/news.2008.1185.htm



Vyroba grafénu jinymi metodami

1. Priprava oxidu grafénu ( grafén s navazanymi hydroxylovymi a epoxidovymi
skupinami) a nasledujici redukce. Existuje Siroka Skala redukénich metod

zahrnujici napfiklad vyuziti chemikalii, UV svétla, mikrovin, vysokych teplot atd.

2. Depozice metodami CVD - dnes Casto pouzivané postupy, vyuzivajici
pfechodové kovy jako katalyzatory pro tepelny rozklad plynych uhlikovych
prekurzoru. Z pouzivanych prechodovych kovu ma pro své vlastnosti zvlastni
postaveni méd.

3. Epitaxe na karbidu kifemiku SiC. Metoda spociva v zahrivani karbidu
kfemiku na teploty nad 1300°C, coz ma za nasledek sublimaci kfemikovych
atomu z jeho povrchu a grafitizaci prebyteénych atomu uhliku a tvorbé
grafénove vrstvy.

4. Chemicka exfoliace, spocCiva ve vystaveni grafitovéeho prasku smichaného s
organickym rozpoustedlem intenzivnimu ultrazvuku. Rozpoustédlo oslabi
mezivrstvou soudrznost a ultrazvuk vrstvy odtrha.

Tento vycCet vSak rozhodné neni konecCny, naopak, stale jsou vyvijeny nove a
zdokonalovany staré zpusoby pfipravy grafénu.



Priprava oxidu grafénu

Schematic diagram: (left)

Na* cannot be electrochemically
intercalated into graphite because
of the small interlayer spacing;
(middle) electrochemical
intercalation of Na* into GO is
enabled by the enlarged interlayer w
distance resulting from oxidation;
however, the intercalation is
limited by steric hindering from
large amounts of oxygen-
containing groups; (right) a
significant amount of Na* can be
electrochemically intercalated into
EG owing to a suitable interlayer
distance and reduced oxygen-
containing groups in the
interlayers. Below are high-
resolution TEM images showing
cross-sectional layered structures vy [ A y' - T
for PG, GO, EG-1 h and EG-5 h. o - - = = w oo
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GO XP
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nanocomposite syntheses was
investigated. The expected element C
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. |Fig. 1: AFM image of exfoliated GO sheets with three height profiles acquired in different
' locations (Stankovich et al. 2007)

SEM images of the characteristic structures of flake
graphite (A, B) and expanded graphite (C, D). DOI: 10.1039/c5nr07855e



V. Stengl et al. / Ultrasonics Sonochemistry 24 (2015) 65-71

Ultrazvukem

For ultrasound treatment procedure was used industrial processor UIP2000hd (20 kHz,
2000 W, Hielscher Ultrasonics, GmbH) with water cooled pressurized stainless-steel
reactor (100 ml).

Method of exfoliating graphite in an alkaline environment is based on a process
related to the cavitation phenomenon. KMnO4 and KOH react at elevated

temperatures to form dark green unstable potassium manganate (K2MnO4),
N =@~ 12nm |[§ s9hm| [ 2L ]
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AFM images of the exfoliated graphite using (a) KOH and KMnO4, (b) NaOH and NaMnO4 and (c)
LiOH and LiMnO4.
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B funkcionalizovany grafén

Carborane functionalized graphene oxide, a
precursor for conductive self-assembled
monolayers.
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Scheme of o-carborane edge-functionalized GO layer.

http://dx.doi.org/10.1016/j.carbon.2013.10.003



Blue and green luminescence of
reduced graphene oxide quantum dots

Photographs of blue (a) and green photoluminescent GQDs (b) prepared by refluxing GO in
ethylene glycol (EG_GQDs) and dimethylformamide (DMF_GQDs) and excited at 365 nm (right
images). The red tracks in left images are along a laser beam.



Nanopéna




Nanopéna

Zajimavou formu uhliku se podafilo vytvorit vystavenim uhlikoveho
terCiku v argonoveé atmosfére pusobeni vykonného pulzniho laseru.
Mikrostruktura (predchozi slide), jez se vytvorila po zahrati na teplotu
10 000°C, pfipomina vzajemné pospojovaneé sité uhlikovych trubiCek 5
nm dlouhych

Tato forma pevné latky byla oznaCena jako nanopena a po studiu
elektronovym mikroskopem Ize novou strukturu povazovat za patou
formu uhliku.

Vzorky pripravene z uhlikove nanopeny vykazuji feromagneticke
vlastnosti, coz je u latky z Cistého uhliku nanejvys prekvapiveé. Vsechny
ostatni znamé formy uhliku se totiz az dosud chovaly jako latky bez
mefitelneho magnetickeého momentu. Efekt za pokojove teploty vymizi
po Inekollka hodinach, ale muze se udrzet mnohem déle za nizkych
teplot.

Uhlikova nanopéna by mohla napriklad poslouzit pfi IeéCbé rakoviny. Po
vstriknuti latky do nadoru by totiz bylo mozné jej zniCit lokalnim
zvySenim teploty po pohlceni infraCerveného zareni nanopénou.




Saze

* Mezi znamé uhlikové nanocastice Ize zaradit
napriklad saze o rozméru (10-500nm ) vznikajici
nedokonalym spalovanim organickych latek.

Castice saze

Schématicky znazornéna
struktura sazi




