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e Nanostruktury v prirodée
e Nanotechnologie a nanomaterialy (trocha historie)

2. ,,Nano“ soucasnost

e Nano“ neni revoluce ale evoluce
e Co vSechno je ,nano”

e Jak Ize ,nano” vyrobit

e Jak Ize ,nano“ zkoumat

3. Proc¢ je ,,nano“ jiné
e Vliv velkého povrchu (poctu povrchovych atomii)
e Vliv malého objemu (poctu vSech atomii)

4. K ¢éemu je ,,nano‘“ dobré
* Nanokatalyza

e Nanomedicina

e Nanoelektronika

5. ,,Nano“ (ne)bezpecnost
e Jak se nanomaterialy dostavaji do Zivotniho prostredi
e Jak jsou nanomaterialy Skodlivé
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Figure 1. Semantic Wave (Source: Norman Poire, Merrill Lynch, 2006)
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.Nanho“V prirods ...

Interference Structures in Butterfly Wings

Magnified View
of Wing Snales\

—Plates

— Air
Spaces

Attachment
to Lamella

Figure 3

Morpho didius

Structural colours

Barevny vjem je dan interakci
(interference, lom, difrakce)
viditelného svetla (400-800 nm)

a strukturovaného povrchu (200 nm).

V mnoha pripadech je tento vjem zavisly
na uhlu, pod kterym objekt pozorujeme

-

(iridescence, goniochromismus) vl Tam  x19, 888




,Nanho“ historie ...

Lykurguv pohar (4. stol.)
nanocastice Au a Ag

Savle z damascénské
oceli (13.-18. stol.)
uhlikové nanotrubky

a vlakna z cementitu Fe,C




.Naho“ sou¢asnost ...

Pamét'ova média (oxidy, FePt, ...)

Elektronika si komponenty, polymery
QDs (ZnS, CdSe), lasery, biosenzory

. . Lékarska diagnostika (kontrastni media pro MR — magnetickeé Castice Fe;0O,,
Medicina v-Fe,05 nebo Pt-Fe, pro XRCT — Au, Ta,O;, fluorescenéni znacky - QDs)
Farmacie Cileny transport léCiv (funkcionalizované CNT a fullereny, polymerni NP)

Nanostrukturované biomaterialy, nanomembrany pro dialyzu

Chemi Cky Katalyzatory a fotpkatz,alyzétory
Nanostrukturovany uhlik

pl'lc:l mysl Pigmenty, ferofluidy

Li-iontove akumulatory (LiCoO,, LiMn,0,, Li,TisO,,, ...)

Energetika Fotovoltaika (ZnO, Ti0,)
Materialy pro akumulaci vodiku (hydridy, C-nanostruktury)

Auto Katalyzatory vyfukovych plynu
o ) Barvy a laky, ochranné povlaky
prumysl sazeazno pri vyrob& pneumatik

Textilni nanovlakna, antibakterialni Uprava textilii

Kosmetika (deodoranty, antiperspiranty, prostredky na opalovani)
Nanomembrany pro cisténi odpadnich vod,

Fe-NP pro cisténi odpadnich vod
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.Naho“ sou¢asnost ...

,Nano“ neni revoluce, ale evoluce

Cilené kroky v oblasti nanomateriall a nanotechnologii
1857 - Priprava koloidnich castic Au (M. Faraday)
1871 - Kelvinova rovnice (tenze par nad zakrivenym rozhranim)

1909 - Snizeni teploty tani nanocastic (teoretické odvozeni P. Pawlow)

1931 - Sestrojen prvni elektronovy mikroskop (M. Knoll, E. Ruska)

1950 - Navrzen postup pripravy koloidnich suspenzi nanocastic (V. LaMer, R. Dinegar)
1954 - Snizeni teploty tani nanocastic (experimentalni potvrzeni M. Takagi)

1959 - Prednaska R. Feynmana (CIT) o nanotechnologiich

1981 - Sestrojen prvni skenovaci tunelovy mikroskop (G. Binning, H. Rohrer)

Pripraveny QD ve sklenéné matrici (A. Ekimov)

1985 - Objev fullerenu (R. Smalley, H. Kroto, R. Curl)
Pripravena koloidni suspenze QD (L. Brus)

1991 - Pripraveny uhlikové nanotrubky (S. lijima)

2000 - Nanomaterialy a nanotechnologie v predmétech bézného
zivota (spotrebni zbozi a sluzby)

2007 - Viz “semantic wave“ nanotech

National
Nanotechnology
Initiative
http://www.nano.gov




.Naho“ sou¢asnost ...

Nanomaterialy a nanotechnologie

Individualni nanoobjekty (jeden z rozméru v rozmezi 1-100 nm)
0D - nanocastice (ruzny tvar/struktura, chemickeé slozeni, funkcionalizace)
1D - nanovlakna, nanopasky, nanotycky, nanotrubky, ...

2D - nanovrstvy

Kompaktni nanostrukturované materialy
Nanokrystalické materialy

Nanokompozity

Nanoporézni materialy

Nanotechnologie

Postupy (technologie), kterymi jsou cilené vytvareny, modifikovany nebo
charakterizovany objekty s rozméry 1-100 nm, které maji novée vlastnosti
vyplyvajici z jejich rozméru a tvaru.

Manipulace na atomarni/molekularni urovni.



.Naho“ sou¢asnost ...

NANO -5 —

\pubs.acs.org/MNanolet

Shape Control of Gold Nanoparticles by Silver Underpotential
Deposition
Michelle L. Personick, Mark R. Langille, Jian Zhang, and Chad A. Mirkin®

Department of Chemistry and I Institute for gy, North University, 2145 Sheridan Road, Evanston,
Hllinois 60208, United States
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Top-down

Jak |ze ,,.naho“ vyrobit...

Top-down

Mechanické déleni (mleti, ...)

Termické metody (naparovani, naprasovani,
laserova ablace, pyrolyza, spalovani, ...)
Chemickeé a elektrochemické metody (leptani,

anodicka oxidace, ...)
Litografie (UVL, XRL, EBL, ...)

Bottom-up

Chemické metody - kapalna faze (precipitace z
roztokl, hydrotermalni/solvotermalni syntéze,
sol-gel metody, ...)

Chemické metody - plynna faze (CVD, MOCVD,

ALD, MBE, ...)




Jak |ze ,,nanho* vyrobit ...

Priprava nanostruktur pomoci litografie

PMMA
S10), (3811}

/ é

Step 1: Clean Watar Step 2: PMMA Dzposttion

Au {1l )

T1 (111111) X
I_-_l
.

Step 3: Matallization

Step 4 Development

e=beam

11
I

Stzp 3. E-beam Exposwuie

Step 6 Lift-ott

http://www.dileepnanotech.com/articles/Lithography.html




Jak |ze ,,nanho* vyrobit ...

Priprava nanodratu Si, Ge a Si,Ge,_,

Cc 1600

S

400 1 361C
- 200 e

0 20 40 60 80 100
Compaosition (% Si, Ge)

http://www.tms.org/pubs/journals/jom/1004/picraux-1004.html|




Jak |ze ,.hnaho*“ Zkoumat ...

Mikroskopické CLSM - morfologie
SEM - topologie/morfologie povrchu
metody EPMA - lokalni chemicka analyza
TEM/HRTEM - tvar a velikost castic
Spektroskopické XRF - chemicke slozeni
metod Fotoelektronova spektroskopie (XPS, AES) - chemické
y slozeni povrchu
RTG absorpcni spektroskopie (XAS, EXAFS, XANES) -
lokalni atomova a elektronova struktura (CN, NND)
FTIR, RS, SERS
Difrakéni RTG difrakce (XRD, SAXS) - struktura, velikost nanocastic
metody SAED - lokalni strukturni analyza (tani)

RHEED - struktura povrchu
LEED - struktura a vazebné poméry na povrchu (adsorpce)
ND - struktura

Dalsi metody

STM, AFM - topologie/morfologie povrchu

DTA/DSC - termofyzikalni a termochemické vlastnosti
BET - stanoveni velikosti povrchu

SIMS - chemickeé slozeni

DLS - velikost Castic v suspenzich



Jak |ze ,,hano* zkoumat ...

AFM - mikroskopie atomarnich sil

RT 300°C

Laser Diode
Pasition-sensitive

Fhatodetectar

Cantilever Spring




Jak |ze ,,hano* zkoumat ...

HRTEM - TEM s vysokym rozlisenim

HRTEM

V.

Chem Soc Rev RSCPublishing

Controlled synthesis of colloidal silver nanoparticles in
organic solutions: empirical rules for nucleation

Cite this: Chem Soc Rev, 2013,

TEM 42,2097 engineeringt

Yugang Sun*



Teplota tani nanocastic Sn
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VOLUME 77, NUMBER 1 PHYSICAL REVIEW LETTERS 1 JULY 1996

Size-Dependent Melting Properties of Small Tin Particles: Nanocalorimetric Measurements

S.L.Lai! 7.Y. Guo.! V. Petrova.? G. Ramanath,' and L. H. Allen!
! Department of Materials Science and Engineering, University of Illinois at Urbana-Champaign, Urbana, Illinois 61801
Center for Microanalysis of Materials, University of lllinois at Urbana-Champaign, Urbana, llinois 61801
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Na rozmerech a tvaru castic zavisi:

e Hustota, koeficient teplotni roztaznosti, koeficient objemové stlacitelnosti
e Kohezni energie, mrizkova energie

e Povrchova energie, povrchové napéti

e Teplota vyparovani/sublimace, tani, strukturnich transformaci

e Entalpie vyparovani/sublimace, tani, strukturnich transformaci

e Tenze nasycenych par

e Entalpie, Gibbsova energie a rovnovazna konstanta chemickych reakci

e Rozpustnost a vzajemna misitelnost

e Aktivacni energie adsorpce a aktivacni energie chemickych reakci

e Katalyticka aktivita a selektivita

e Debyeova teplota, molarni tepelné kapacity

e Energie vzniku vakanci, aktivacni energie difuze

e Tepelna vodivost

e Curiova teplota, Neélova teplota, teplota prechodu do supravodivého stavu
e Sitka zakazaného pasu polovodi¢l
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Pro¢ je ,haho“jiné...

Jednotlivé atomy — Atomoveé klastry — Nanoobjekty — Makroobjekty (bulk)
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O O

n=0,5 n=0,9
r=1,73 nm r=0,96 nm

d,=0,288 nm
Vazeny prumér vlastnosti povrchovych a nepovrchovych atomt
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Pro¢ je ,haho“jiné ...
Nanocastice ~ velka molekula

Atom Na (Z = 11)
el. konfigurace 1s?, 2s?, 2p®, 3s!

Nanocastice Na (N, = 8)
Jellium model (152, 1ps, 1d%9, 252, 14, 2ps, ...)
el. konfigurace 1s?, 1p®

»Magic numbers“

N_,=N_=2,8,18, 20,34, 40,58, 68, 70, 92,
106, 112, 138, 156, ...




Pro¢ je,nano“jiné

Magic numbers

1.0
Cd,,
Stablllota atomclwych . - cd, 5 N
klastru Cd, v zavislosti = 3 158
v c
na poctu atomu Cd =
£ 06—
s
=
S
3 04
£
0.2

? L L ! L L L L L | L LEL L L L R L |

10 100 1000
Number of atoms N

PCCP N, = ..., 20, 34, 40, 58, 68, 70, 92, 106, 112, 138, 156,

Physical Chemistry Chemical Physics An international journal
www.rsc.org/peep Volume 9 | Number 34 | 14 September 2007 | Pages 4725-4832 1 1 0 2 0 3 5 6 9
Formation and properties of metal clusters isolated in helium droplets N /2 17 26 34 46 53 56

Josel Tiggeshiiumker” and Frank Stienkemeier”




K ¢emu je ,haho* dobré ...

—4—C,H /cubes
—0— C,H, /cuboctahedrons
—o— C,H,/cuboctahedrons (10X)
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Nanokatalyza

Hano Today (2009) 4, 81-95

o
o
I

available at www.sciencedirect.com UQhQE@?Y

=27 . .
*s” ScienceDirect

o
er]
|

journal homepage: www.elsevier.com/locate/nanotoday

REVIEW
Shape-controlled synthesis of platinum nanocrystals
for catalytic and electrocatalytic applications

Jingyi Chen*, Byungkwon Lim, Eric P. Lee, Younan Xia*

0.24

Turnover rate (molecules / Pt site. s)

. , . . . r . r . .
300 320 340 360 380 400
+ H2 Temperature (K)

Figure 10 Turnover rates of cyclohexane (CgHyz2) and cyclo-
hexene (CgHig) formation for benzene hydrogenation on Pt
cubes enclosed by {100} facets and cuboctahedrons enclosed

E EE by both {100} and {11 1} facets (modified with permission from
H,C ~ H‘H‘Q“EH HoC ~ H“"‘“CH) [24], copyright 2007 American Chemical Society). Note that only
| | | | CgHyz was formed on the Pt(100), while both CgHqz and CgHio
Hl - H,C ~ /CHE were produced on the Pt(1 1 1). The nanocrystals not only retain
EE E the catalytic selectivity for the hydrogenation of benzene, but
’ increase the reactivity by three times compared to that of bulk
single crystals.
c6H10 C6H12

cyklohexen cyklohexan



K ¢emu je ,haho* dobré ...

0.8 nm 1.2nm  1.5nm 2.0 nm 2.9 nm
o \ U0
& L =L ; i
Nanokataly “e ‘é |
dencrimer dendrimer PVP dendrimer PVP
JAICS |I-| Iil
Publishad on Wab 10/04/2008 N +2 H .|H 2 M -I"'lz
Structure Sensitivity of Carbon—Nitrogen Ring Opening: Impact of Platinum < 7 _Zb N — HZN T— N +N H3
Particle Size from below 1 to 5 nm upon Pyrrole Hydrogenation Product \ /
Selectivit M di Plati N ticles Loaded ont &
electivity over Mono Isr?li?:por?)l:r;ué?lic:nupar icles Loaded onto n-,hutylamme Butane and
John N. Kuhn, Wenyu Huang, Chia-Kuang Tsung, Yawen Zhang,! and Gabor A. Somorjai* Pyrrole Pyrr0| idi ne ammon |a
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2
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70
60 -
50
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&
20 - ' _
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10 - P
0 - v
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K ¢emu)e ,,haho“ dobré ...

Nanomedicina

Oblasti vyuziti

Zobrazovani (MRI, XRCT, fluorescencni znacky)
Léciva (kontrolované uvolnovani, cileny transport)
Terapie (magneticka hypertermie)

Antibakterialni a dezinfek¢ni Ucinky

Jaké nanocastice
Kovy - Ag, Au, Pt-Fe, Co-Fe,
Dalsi prvky - Si, nanostrukturovany uhlik (fullereny, CNT, nanodiamanty)
Oxidy - Fe;O,, y-Fe, O, Ta,O.
Dalsi anorg. slouceniny - slouceniny typu A'BV! (A!' = Zn, Cd, BV! = S, Se, Te)
Organicke latky - liposomy,
Polymery — PEG (poly-ethylenglykol, PDLA (poly-D-mléCna kyselina),
PLL (poly-L-lysin),



K ¢emu je ,,nhano“ dobre ...
Diagnostika — MRI, XRCT

P ' ...’ ™~ : ; ® PEG-silane/ Lai. .:‘- ¢ ‘ 5] ’

g Ta(OEt), ! ' * RITC APTES \ A~ W * Purification 8
Poge’ll,  5mi | . O ¢

oI T WY : ) ’. 1 % ‘ n

Microemulsion (ME) Fe,0,/Ta0,-Me Fe,0,/TaO,-RITC-PEG-ME Fe.0,/Ta0,-RITC-PEG

Funkcionalizované nanocastice
Fe,0,/Tal,

RITC = izothiokyanat rhodaminu
PEG = polyethylenglykol

C)

Multifunctional Fe;0,/Ta0O, Core/Shell Nanoparticles for
Simultaneous Magnetic Resonance Imaging and X-ray Computed
Tomography

MNohyun Lee, l_l ¢ Rim Cho .\l\'u\lng Hwan Oh,"" Soo Hong Lx Kangmin Kim,

Byung Hyo Kim,’ k_ nELSOC \J TaeYol ng Ahnf Jin Woo Choi,” Yo L\\ n Kim,"
Seung Hong Choi,*" and ln,h\ an Hyeon™®

nstitute of Chemical Proceses, and School

n Medicine, Medical Research Center, Seoul




K ¢emu)e ,,haho“ dobré ...

Zlepseni biodostupnosti

¥
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Window of
absorptlon
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Large Drug Particles Drug Nanoparticles

Minimal Absorption Maximal Absorption



K ¢emu je ,haho* dobré ...

Cileny transport léCiv

i Gold nanorods

Qﬂéh ¥ | W Targeted liposomes

Targeting of drugs and nanoparticles to tumors




.Naho“ (he)bezpe¢nost ...

Toxicita nanocastic (nanomaterialu)

Stale vzruastajici produkce ,,nano“ a jejich nové aplikace vedou k zvysené
emisi a kontaminaci zivotniho prostredi (vzduch, voda, puda).

« Vyzkum v oblasti nano-toxicity (nano-bezpecnosti) dlouhou dobu
zaostaval za vyvojem novych nanomaterialt a nanotechnologii. Prvni
studie o TiO, na pocatku 90-tych let (G. Oberdorste, J. Ferin).

« Vznika specificka legislativa, vyviji se jednotna metodika testovani. EU-
Scientific Committee on Emerging and Newly Identified Health Risks
(SCENIHR): Risk Assessment of Products of Nanotechnologies (2009).

« Testy in-vitro a in-vivo, zjisténé akutni toxické Ucinky (cytotoxicita,
zvysena produkce volnych radikald a ROS, ...).

« U pokusnych zvirat poskozeny vnitrni organy (plice, jatra, ledviny,
slezina).



.Nano“ (ne)bezpeenost ‘

Kolobéh ,,nano“ v prirode

J Nanopart Res (2013) 15:1692
DOI 10.1007/511051-013-1692-4

Global life cycle releases of engineered nanomaterials

Arturo A. Keller - Suzanne McFerran -
Anastasiya Lazareva - Sangwon Suh
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suggestion of a
Nanotoxicological classification system (NCS)

A

==

size above 100nm
biodegradable

| no endocytosis of particles |

I class |l |

size above 100nm
non-biodegradable

‘ class Il '

size below 100nm
biodegradable

‘ endocytosis of particles I

class |V

size below 100nm
non-biodegradable

persistancy

European Jourmal of Pham sceutics and Biopharmaceutics §4 (2013) 445-418

101 review (expert opinion)
Nanotoxicological classification system (NCS) - A guide for the risk-benefit
assessment of nanoparticulate drug delivery systems
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(A)
) (a) Micro-Cu (b) Nano-Cu (c) Control
Metal-based nanoparticles
and their toxicity assessment
Amanda M. Schrand,’ Mohammad F. Rahman,? Saber M. Hussain,'
John J. Schlager,’ David A. Smith' and Ali F. Syed?*
||1||tll||||IIIIIIIIIHIlIIIIIIIIIIIIIIIIIIIIIII
0 1 2 3 4 cm
(a) Micro-Cu (b) Nano-Cu (c) Control
..
" J IllIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIlllllllllllll

4 cm

23,5 hm

LD FIGURE 4| (A) The appearance of mouse kidneys in various
50 treatment groups: (a) micro-Cu (1077 mag/kg), (b) nano-Cu

413 mg/kg (nano) _ jako Cu2+ (1080 mg/kg) and (c) the control. (B) The appearance of mouse spleens

. in various treatment groups: (a) micro-Cu (1077 mg/kg), (b) nano-Cu
>5000 mg/kg (mlkro) (1080 mg/kg) and (c) the control (Reprinted with permission from

Ref 135. Copyright 2006 10P Publishing).



.Naho“ (he)bezpe¢nost ...

DISEASES ASSOCIATED TO NANOPARTICLE EXPOSURE

Nanotoxicology C. Buzea, I. Pacheco, & K. Robbie, Nanomaterials and nanoparticles: Sources and toxicity, Biointerphases 2 (2007) MR17-MR71
NANOPARTICLES — Brain Neurological diseases:
INTERNALIZED Parkinson's disease
IN CELLS \ ? Alzheimer's disease

Mithocondrion

Nanoparticle inhalation

;

T Lungs

Nucleus o_
Cytoplasm e Asthma

Bronchitis
Emphysema
Cancer

Circulatory Artheriosclerosis
system \Vasoconstriction

Thrombus
High blood pressure

sHeart Arrythmia
Heart disease
Death

Membrane +—

P
Lipid vesicle «

Nanoparticles
ingestion

informa ¢

Gastro-intestinal system

Crohn's disease

\. Y Diseases of

Colon cancer Other organs iknown

= = oL // " ) Y etiol 2y n
CytOtOX| Clta Orthopedic implant x ~— . kidneys, liver
wear debris —Lymphatic o '
n r y W ~ ) . N TR J >0 '!H!—f.'.’-.
toxicky ucinek na bunky o immne disases (Il oo
Urticaria T A . e
Auto-immune diseases

Vasculitis _ P i
Skin dermatitis

Oxidacni stress
zv;’/éené tvorba radikalu http://en.wikipedia.org/wiki/Nanotoxicology

obsahujicich kyslik (ROS)
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ZnO v krémech na opalovani

- b,

5 dni (rano a v poledne) 2-3 g krému
zjistovan pomeér 68Zn/¢4Zn v krvi a moci

0.4455 ~ —+—Subject 1M |
PN —-Subject 2M
‘ "‘\.‘_ ~&-Subject 3F

1S5k b= Znm BB8B8 23 Z6 SEI
3

NP-ZnO (1 um) 0.4355 - ‘
687Zn 18,8 % - 52 % '
18 hm.% ZnO v krému

Science of the Total Enviranment 420 (2012) 313-118

687n/64Zn

0.4255 lj

Contants ists available at SciVerse ScienceDirat S
ot

Science of the Total Environment
o et o i3

Comparison of dermal absorption of zinc from different sunscreen formulations and
differing UV exposure based on stable isotope tracing D 41 55

erbert Wong % Michael Korsch ®, Laura Gomez % Philip Casey ©, Maxine McCall ¢, : : : : ‘
e 0 10 20 30 40 50 60

Brian Gulson *"*, H ra Gom
Malcolm McCulloch €, Julie Trotter ¢, Jenny Stauber {, Gavin Greenoal




DéKkWi Za poZornost

Ustav inZenyrstvi pevnych latek
VSCHT Praha
http://old.vscht.cz/ipl/materialy.html




