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Pro¢ je nano v kurzu?

Vlastnosti zavisi na velikosti. Na velikosti zalezi!

Tataz latka s jinou velikosti Castic

20m’ 4 Bhm 50nm 100nm 200nm

Koloid jakého kovu vidite?



Koloid Au
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Lykurguv pohar, 4té stoleti n.l. — Alexandrie?

Obsahuje koloidni (nanoskopické) Castice Au a Ag ve skle

100nm 200nm




o o0 Vidét znamena veérit

Relative Sizes and Detection Devices
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Jacques Dubochet, Joachim Frank, and Richard Henderson
za rozvoj kryo-elektronové mikroskopie
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Zjednodusené feeno, dimenze oznacuje poCet parametru, kterymi jsme schopni
kazdy vektor daného vektorového prostoru jednoznacné popsat.
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5. Jodna vrstva grafitu = grafen e




S5 e Material co nemél existovat e,

E A — ‘ | |
"‘More than'70 years ago (1937), Landau and Peierls argued that strictly two-dimensional

(2D) crystals were thermodynamically unstable and could not exist!2, Their theory
p0| ed out that.a dlvergeﬁbeontrlbuTlon of thermal fluctuatlons in low- dlmenS|onaI
crystal lattices s shotld lead to such displacements of atoms that they become

comparable to interatomic distances at any finite tempe'rature13 " Geim, AK., &

' N%voselov K&(ZOO?) The rise of graphene \Nat Mater. 6: 183 191 |
- |
- //
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A — Material co nemél existovat

... presto byl pfipraven v roce 2004 mechanickou exfoliaci grafitu




. REGIONAL

OF
S® D

10 um
Jor——————

“rwcos Jak opravdu grafen vypada?

Crystal faces

- /
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Atomoveé tenky krystal: nejtenci
material, jaky muzeme vidét

A. K. Geim & K. S. Novoselov
Nature Materials 6, 183 (2007)
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e Andre Geim je i Ig nobelista
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V roce 2000 A Geim ziskal také Ig Nobelovu cenu za vyuziti magnetického pole pro
levitaci zivého organismu zaby. Prof. Geim je dosud jedinym (indvidualnim) nositelem
prestizniho védeckého ocenéni i jeho parodie.
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The next time you write with a pencil, consider that you have one
of the world’s most powerful substances at your fingertips.
Graphene is a single atomic layer of graphite, the same stuff used
in pencil lead. Often described as having the shape of chicken wire,

the atomic material is on track to change the technology industry.

Th e Stron g ©S1{ Thematerial is a one-atom-thick sheet of carbon and almost m ITO Roplacement
completely transparent. Graphene is also considered the world's W High Strength Composites
Known Material To Man tninnest materia while being conductive, transparent and flexible. W Functional links \
M Super Capacitors (electrical) - %

W Supor Capacitors (electornic)
| Academic research Verbeck Matertals graphese Head anaounced tvelr new
Sonsors mp“m Ink was wsed in the first graphene range of graphene tenaks

: :nn) ) prd':‘hml rackets In carly 2003,

Jm'ﬁ':u’{’&‘n R » 2 'll' :::;'
Q ‘mm‘i:“m $1 US Bl lon The gropbene marked s il samall and driven by research related demand. \pptied Grapbe the London Stock Exchange i
Graphenes Market Graphite Demand JLEE mbheeycotes i e e M et e ey ‘
ndtobond mfﬂ.m ' oﬂhm‘ea mn.p.t:::‘r ard wup e R
/ Freati P i
or st \

g 97 % , " ¢ POTENTIAL APPLICATIONS

Transparency

Higher electrical conducthvity

Anti-Bacterial
/

Properties
® scicntists propose e ® . v B
graphine oxide kills : milligrams
buceral el p%rT:qumm«er

Tewer atoma per transistor -

Smaler transistors switch

’ . . Larter and uso lews power
nmwm“ Cu'hnnqrmhﬂodl:lh Owe of Ove flirst graphene app ham Jarger ones. Silkcon

”,mmzm medial ndustry P Based will be Glven the can yepport transkitorns a
semon for sagle molecule detection Nexidilicy of graphene, you'll see the ow a4 10 Banceseters

and blo devices. rise of commumer electronies with nullduehw
A Dexible . Dendred sdicon .
oo 10X~ ® & ELEXIBLE = TEIN

BETTER HEAT THAN COPPER CAN FLEX 20% : m a . Yt atom e transaor,
WITHOUT DAMAGE +
40% FLAKE FORM o

Datteries. Using

Siace Graphene I one of the Wi raphen b
. ’ 60% AMORPHOUS mm-wmll(uul:::« ::nmnn'nho Lower “band gap.” This
- and lighter planes, tratas and Improve charging Darkally measn how mach
- antomobiles. and battery power veltage you need (0 make the
by ten tmes, transhytor work. For silkcon, the
Vollage Is as bow as 0.7V, lor
Graphite demand is expected A sheet as thick as saran I- ,.::.'..m...«'«.:.o
. toincrease by +50% by 2020. wrap would take the weight LN
Demand from high tech of an elephant standing on a Schentists at he Usiversity of

»'-' ‘}, applications is projected to tip of a pencil to pucture it. e e ;
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.5 e Lze ho je$té vylepsit?

Grafen neni polovodic Grafen nerad vodu

Insulator Semi- Graphene
Water Acetone

conductor







Q- E e Jak ho vylepsit?

N’

Grafen je nereaktivni
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My chceme grafenovy polovodic! At' ma rad vodu!

Pristine Metal Doped Functionalized
Graphene Graphene Graphene
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TECHNOLOGIES Fluorog rafen

. : . . grafit fluorid
Mechanicka exfoliace grafit fluoridu P PP PTITTT Tt ceceevens

Nair RR et al. Small 6, 2877 (2010)

Chemicka exfoliace grafit fluoridu
Zboril R et al. Small 6, 2885 (2010)

Fluorace grafenu

Robinson JT et al. Nano Letters 10, o e
3001 (2010) exfoliation l exfoliation
Cheng SH et al. PRB 81, 205435 p—

™~ - ,
(2010) solvent \-— \ me;:ohr‘ir;mal

fluorografen

:
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fluorographene graphene

breaking
strenght

hybridization
A) of carbon atom

energy [eV]

grafen

fluorografen

500 1000 1500 2000 2500 3000
: -1
Raman shift [cm ]

Intensity (a.u.)

D) 1.57-1.58 A



Je to analog Teflonu?

Fluorinated graphene

Fluorographene: A Two-Dimensional Counterpart
of Teflon

Rahul R. Nair,* Wencai Ren, Rashid Jalil, Ibtsam Riaz, Vasyl G. Kravets,

Liam Britnell, Peter Blake, Fredrik Schedin, Alexander S. Mayorov, Shengjun Yuan,
Mikhail I. Katsnelson, Hui-Ming Cheng, Wlodek Strupinski, Lyubov G. Bulusheva,
Alexander V. Okotrub, Irina V. Grigorieva, Alexander N. Grigorenko,

Kostya S. Novoselov,* and Andre K. Geim*

A swichiometric derivative of graphene with a fluorine atom attached to each
carbon is reported. Raman, optical, structural, micromechanical, and transport
studies show that the material is qualitatively different from the known graphene-
based nonstoichiometric derivatives. Fluorographene is a high-quality insulator
(resistivity > 107 €) with an optical gap of 3 eV. It inherits the mechanical strength of
graphene, exhibiting a Young’s modulus of 100 N m™" and sustaining strains of 15%.
Fluorographene is inert and stable up to 400 °C even in air, similar to Teflon.

Nair et al., Small 6, 2878, 2010
CF+KI—=KF+[CI]; [C]=C+ %I, (180 °C)

starting CF powder

CF + KI in sulfolane

Py

starting CF powder

CF + KI in DMF

~— 1220 cm”!

Transmittance (%)
Transmittance (%)

A

1220 Cm‘l C-1 745 (:m_1
T T T T T T T T T T
1300 1250 1200 1150 1100 1400 1300 1200 1100 1000 900 800 700 600
Wavenumbers (cm™ ! : -1
Navenumbers (cm ) Wavenumbers (cm™ )

Zboril et al., Small 6, 2885, 2010



Fluorografen reaguje velmi
snadno napf. s NaOH
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Mechanismus
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Vysledné pokryti — 5-15%
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Nucleophilic substitution

[110;111;113] [114] [111]

[118]

Appl. Mater. Today, 9, 60-70, 2017



TECHNOLOGIES K éemu to bUde?

ACS Nano. 2017, 11, 2982 Chem. Mater. 2017, 29, 926
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4 " &%”&wﬁ‘: J. Phys. Chem. Lett. 2015, 6, 1430
‘ &@%'—0'—0 > Angew. Chem. Int. Ed., 2016, 55, 1178
Adv. Mater. 2015, 27, 2305.
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je vhodny material pro syntézu (i prumyslovou) Sirokého
spektra grafenovych derivatu s obrovskym aplikacnim
potencialem
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Graphene acid (G-COOH)
V=50mL ¢ =87 mg/mL
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Graphene
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