Zaklady nanomaterialt

Prednasejici: doc. Ing. Jakub Siegel, Ph.D.

05230 Ustav inZenyrstvi pevnych latek
C. dv.: 359, tel.: 22044 (5159)

Casova dotace predmétu: 2/0 zk (3 kredity)

Kontrola studia v prubéhu semestru: Zadna
Forma zkouSky: pisemna (14. tyden semestru)

https://ipl.vscht.cz/studium/studijni-materialy/zaklady-
nanomaterialu




x  +

Motivace

nce.com/wos/alldb/summary/e8e22885-6b0c-4333-84c0-31f416adb2cb-26acT 1ab/date-descending/1

English -

3 Clarivate

Web of Science”

Search »

Results for nanc® not nano... »

Search Marked List History Alerts

Results for nano® not nano2 not nano3 not nanosomia not nanosomie (Title)

(1,733,316 results Pom All Databases for:

‘ Q, nano* not nano2 not nano3 not nanosomia not nanosomie (Title)

‘ Analyze Results Cit

o« Copyquery link

Publications

Refine results

Quick Filters

O Highly Cited Papers
D 0 Hot Papers

O B Review Articles
D o] Open Access

O £ Associated Data

Publication Years

O 2022
O 2021
[ 2020
[ 2019
[ 2018

Seeall =

You may also like...

D 0/1,733,316 Add To Marked List l l Export v Sort by: Date: newest first v <
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JOURN. MAR. BIOL. ASSOC. vol. xxxu 129

COMPARISON OF THE DIFFERENT METHODS
OF ESTIMATINGQNANOPLANKTON

By Dorothy Ballantine

From the Plymouth Laboratory

An assessment of the abundance of nanoplankton in the sea cannot be made
until a reliable method for counting has been found. The object of the present
investigation was to compare the efficiency of a number of methods. The
organisms concerned range in size from less than 1 to about 10, most
being less than 5 u, and belong to the classes Chrysophyceae, Cryptophyceae,

Motivace

Dinophyceae and Chlorophyceae.

The larger planktonic diatoms and armoured
the plankton in numbers insufficient to give acq
under comparison, have been omitted. Ute
method gives the best results for these larger f ===
not suitable for naked nanoplankton, since 1 """
discovered which will leave these organism
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Polulace s dosazenym tercialnim vzdélanim
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Podil na vyzkumu dle instituci Motivace
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Podil vyzkumu dle instituci Motivace
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156. University of Cambridge
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1 320. University of Chemistry and
Technology Prague

The Czech Academy *

of Sciences Karlsruhe Institute of Technology

==l Hilbom MINA]

il Nus | Tio |
Hlf 1LV | MEA |
oz |
A S

==



https://www.cuni.cz/UK-1.html

Podil vyzkumu dle instituci Motivace

Narodni vyzkumné centrum

dépasser les frontiéres Le CNRS Larecherche Travaillerau CNRS Actualités

* nejvetsi evropska vyzkumna a vyvojova instituce se sidlem v Pafrizi « Nobelova cena za fyziku
» 11600 védeckych pracovnikd (26 000) » 1970 Louis Néel

*» 1991 : Pierre-Gilles de Gennes
* rozpocet v roce 2014 Cinil 2,2 miliardy EUR

o « 1992 : Georges Charpak
. 1997 : Claude Cohen-Tannoudji
« Nobelova cena za chemii

« vlastnikem velkého mnozstvi patentd a licenci

« licence na vakcinu proti Hepatitide B LB, B e En

« licence na , Diagnose-Kits" proti viru HIV « Nobelova cena za ekonomii

« nositelem 6 Nobelovych cen v oblasti fyziky, chemie a ekonomie S

Select Fleld: Institutions Record Count % of 1,425,031 Bar Chart
CHINESE ACADEMY OF SCIENCES 52458 3.681% 1
CHINESE ACAD SCI 36698 2.575% ]

2. CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE CNRS 28808 2.022% 1



Publikované vysledky - roky

Select Fleld: Publication Years
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’ 75 %

75 % veskerého vyzkumu z oblasti
nanotechnologii bylo od roku 1958
; publikovano za poslednich 10 let



Publikované vysledky - jazyk
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Nanostruktury v prirodeé

Morpho didius

Morpho cypris

TOP PUBLISHING REPORTS ON PROGRESS IN PHYSICS
Rep. Prog. Phys. 71 (2008) 076401 (30pp) doi: 10.1088/0034-4885/71/7/076401

Physics of structural colors .
Skv 1um x15, 668

S Kinoshita, S Yoshioka and J Miyazaki
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Nanostruktury v prirodeé

wing scales
(each ~100 um long)

cross ribs

lower lamina trabeculae

Fig. 2. General architecture of a butterfly scale.
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Je to bezpecné?

Toxicita nanocastic (nanomaterialu)

e Vzristajici produkce nanomateriali a jejich nové aplikace vedou k zvysené
emisi a kontaminaci Zivotniho prostredi (vzduch, voda, puda).

e Vyzkum v oblasti nano-toxicity (nano-bezpecnosti) dlouhou dobu zaostava za
vyvojem novych nanomaterialu 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)
(http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_02

3.pdf).

« Testy in-vitro a in-vivo, zjisténé akutni toxické UcCinky (cytotoxicita, zvysena
produkce volnych radikalt a ROS, genotoxicita...)

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

16


http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_023.pdf

Kontaminace zivotniho prostredi (ENM)

Technosphere

ENM
production

Fabrication of
ENM enabled

1Y)

¥
U&i

Product use/
applications

A

/

=g

v
T

STP WIP Landfill Recycle
Sewage Waste
Treatment Plant Incineration Plant
| ry 1 A 3

(

_/

Sail

Water

Sediment

Ecosphere

Environmental Pollution 185 (2014) 69-76

Contents lists available at ScienceDirect

POLLUTION

Environmental Pollution

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

Comprehensive probabilistic modelling of environmental emissions of @ms\m
engineered nanomaterials

Tian Yin Sun*®, Fadri Gottschalk >, Konrad Hungerbiihler ”, Bernd Nowack **

=Empa — Swiss Federal Laboratories for Materials Science and Technology, Technology and Society Laboratory, Lerchenfeldstrasse 5, CH-9014 St. Gallen,
Switzerland

® Institute for Chemical and Bioengineering, ETH Ziirich, CH-8093 Ziirich, Switzerland
CETSS, CH-7558 Strada, Switzerland
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Produkce priimyslovych nanomaterialit (ENM)

1. Cosmetics 48,000 5. Electronics & Optics 48,700
2. Coatings, Paints, & Pigments 80,500 6. Automotive 23,500
3. Medical 13,400 7. Catalysts 37,500
4. Energy & Environment 43,700 8. Other 22 900

J Nanopart Res (2013) 15:1692
DOI 10.1007/s11051-013-1692-4

Global life cycle releases of engineered nanomaterials

Arturo A. Keller * Suzanne McFerran *
Anastasiya Lazareva - Sangwon Suh 3



Produkce priimyslovych nanomaterialit (ENM)
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Global life cycle releases of engineered nanomaterials

Arturo A. Keller * Suzanne McFerran *
Anastasiya Lazareva - Sangwon Suh 19



Produkce priimyslovych nanomaterialit (ENM)

—
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e s P Textiles
- m Aerospace
u Sensors
- 200,000 - == ® Plastics
%‘ ® Packaging
g Medical
':; 150,000 - = Composites
'5 u Catalysts
g u Automotive
‘m' 100,000 - ® Electronics & Optics
§ = | Energy & Environment
T ®m Cosmetics
o 50,000 - m Coatings, Paints, & Pigments
0 o I

LandfillLandfill Soil Seoil Water Water Air Air
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s (2013) 15:1692
DOI 10.1007/511051-013-1692-4

PERSPECTIVES

Global life cycle releases of engineered nanomaterials

Arturo A. Keller + Suzanne McFerran -
Anastasiya Lazareva - Sangwon Suh 20



—— E Toxikologicka klasifikace ENM

European Journal of Pharmaceutics and Biopharmaceutics

uuuuuuuuuuuuuuu : www.elsevier.com/locate/ejpb -

Shert review [expert opinion)

Nanotoxicological classification system (NCS) — A guide for the risk-benefit
assessment of nanoparticulate drug delivery systems

Cornelia M. Keck®®*, Rainer H. Miller?

* Depuriment of Pharmoceatics, Biopharmaceuiics & Mutricasmetics. Freie Universitoi
® University of Applied Sciences Kaiserslautern, Applicd Pharmacy, Mrmasens, Germarey

suggestion of a
Nanotoxicological classification system (NCS)

| I | class|l I

size above 100nm size above 100nm
biodegradable non-biodegradable

| no endocytosis of particles I

size below 100nm size below 100nm
biodegradable non-biodegradable

size

l endocytosis of particles I
. ‘ >

persistancy

21



European Journal of Pharmaceutics and Biopharmaceutics 78 (2011) 1-9

Contents lists available at ScienceDirect

European Journal of Pharmaceutics and Biopharmaceutics

ELSEVIER journal homepage: www.elsevier.com/locate/ejpb )

Review article

State of the art of nanocrystals - Special features, production,
nanotoxicology aspects and intracellular delivery

Rainer H. Miiller?, Sven Gohla®, Cornelia M. Keck *<<-*

= Department of & Nutricosmetics, Berlin, Berlin, Germany.

*La Prairie Group, Volketswil, Switzerdand

€ Department of Applied Logistics and Polymer Sciences, University of Applied Sciences Kaisersiautern, Pirmasens, Germany
 institute of insciences {1BS), University Putra Malaysia (UPM), Serdang-Kuala Lumpur, Molaysia

Toxikologicka klasifikace ENM

1. saturation solubility c,:

= f (size - d)

= f (curvature)

= f (dissolution pressure - p,)

macroparticle
d =1000um d=10um d=200nm

microparticle

2. dissolution velocity dc/dt:
= f (saturation solubility - c.)
= f (diffusional distance)

= f (total surface area- A)

d=10pm

1000 125 000 000

macroparticle microparticles nanoparticles
d = 100um decrease in d: /10 decrease in d: /500
A = 60,000um? increasein A: @ 10 increasein A: @ 5000

3. adhesiveness:

= f (size)
= f (contact area) 1
microcrystal =125 000
10um nanocrystals
200nm

1 contact point versus 125,000 contact points

nanoparticle

22



Nanotoxicology

NANOTOXICOLOGY

)

informa

Cytotoxicita
toxicky uc€inek na bunky

Oxidaéni stress
zvysena tvorba radikalu
obsahujicich kyslik (ROS)

Je to bezpecné?

DISEASES ASSOCIATED TO NANOPARTICLE EXPOSURE

C. Buzea, I. Pacheco, & K. Robbie, Nanomaterials and nanoparticles: Sources and toxicity, Biointerphases 2 (2007) MR17-MR71

* Brain Neurological diseases:

NANOPARTICLES s al
INTERNALIZED i 11;'/\11.1‘\011’\ (/1'.\1'(1.\('
IN CELLS \ ? Alzheimer's disease

Mithocondrion « Nanoparticle inhalation
Nucleus o __

Cytoplasm «— Asthma

Bronchitis
Emphysema
Cancer

'\

N
\ 'Circulatory Artheriosclerosis
\_system Vasoconstriction

\ Thrombus
N ¢ High blood pressure

Membrane «—

Lipid vesicle

Nanoparticles
ingestion
¢ eHeart Arrythmia

/ Heart disease

v
Gastro-intestinal system Death
\
Crohn's disease Y . ;
Disease:
Colon cancer . Oth e
ther organs ,uknown
P etiology in
Orthopedic implant « \ . kidneys, liver
wear debris “Lymphatic
X L
Auto-immune diseases system Ivm/ux (.’.}ll("\l'\
Dhivmicii T Kaposi’s sarcoma
(.’-”(‘(”'"f’ Auto-immune diseases
Vasculitis —*Skin

dermatitis

http://en.wikipedia.org/wiki/Nanotoxicology
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Table 1. Description

of the Functional Textiles Investigated in this Htud}f"

product identity

rd

Je to bezpecné

product parameters

product labeling
“silver i.ntL‘gratL"d it
polyamide fiber”
AgNPY
“silver ions”

S B
AgCLNP (200—-400 nm)
contains na.nu-'l'in
contains nano-TiD,"

containg Ti0, {incorporated
Hunhlutkﬂr]

containg Ti0:

contains Ti0,

mass of

textile (g)
42 (pair)

89 /64°
71
345/300°
203
68
176

187

183

content Ti content
(mg Ag'kg textile) (mg Ti'kg textile)

18 + 2

183 + 10 2153 £ 35
45+ 8
41+ 0

71459 £ 725

6772 £ 112

2983 + 11

B343 £+ 32

4482 4+ 98

no, type composition of fabric
1 socks 41% polypropylene, 31% polyamide, 18%
cotton, 10% wool
2 shirt 83% polyester, 17% wool
3 shirt 100% polyester
4 trousers 93% polyamide, 7% elasthane
5 shirt 80% polyamide, 20% polyester
6 pants {children) 82% polyamide, 18% lycra
7 lung sleeved shirt 46% Lenzing ModalSun (cellulose), 46%
cotton, 8% elastane
8 long sleeved shirt 91% polyamide, 9% clastane
i children)
9 long sleeved shirt 53% polyester, 47% polybutylene
(children) terephthalate, PBT
14
12 4
e 10 4
=
=
W
= '
>
=]
= 6 -
=
on
=t 4
=
VRONMHENTRL 3,
nce & lechnology ) |
Migration of Ag- and TiO,-(Nano)particles from Textiles into Artificial
Sweat under Physical Stress: Experiments and Exposure Modeling 0
. _

N. von F.m:n.,""i C. Lnn::n.,f‘¢ L. \\'l‘ndlcr,: B. l\'c»\»’.\ck,$ M. Heuberger,

TETH Ziirich, Institute for Chemical and Bi

and K. Hungerbiihler’

Switzerland

ing, 8093 Zilrich, Switzerland
*Empa — Swiss Federal Laboratories for Materials Science and Technology, Technology and Saciety Laboratory, 9014 5t. Gallen,

#Empa — Swiss Federal Laboratories for Materials Science and Technology, Labaratory for Advanced Fibers, 9014 St. Gallen,

Switzerland

Ag Shirt (m)

acidic dissolved
acidic particulate
alkaline dissolved
alkaline particulate

Ag Shirt ()

Ag Trousers (m)

Ag Trousers (f)  Ti Shirt (m)

Ti Shirt (f)

?
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5 60 pilot trial 68Zn §
-g 52% enrichment §
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% 40 §
g- 66 §
2 68 %
2 20t %
\

67 §

0 1 N

Zinc Isotope

NP-ZnO (1 um)
68Zn 18,8 % > 52 %
18 hm.% ZnO v krému

Science of the Total Environment 420 (2012) 313-318

Contents lists available at SciVerse SclenceDirect

Science of the Total Environment

journal homepage: www.alsevier.com/locate/scitotenv

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

Brian Gulson *"*, Herbert Wong * Michael Korsch ®, Laura Gomez *, Philip Casey ¢, Maxine McCall ¢,
Malcolm McCulloch €, Julie Trotter €, Jenny Stauber !, Gavin Greenoak ®

* Groduae Schoot of the Environment. Macquarie University, North Ryde NSW 2109, Australio
¥ CSIRO Farth Scence and Rescwrce Engineering, North Ryde NSW 2113, Austrafia
o

' CSIR0 Land end Water, ights, Menat, NSW, 2232, Austrofia
¥ Auwstrafian Phombiology Testing Facility. Sydney University, NSW 2006, Awstrolia

687n/647n

rd

Je to bezpecné

5 dni (rano a v poledne) 2-3 g krému

zjiStovan pomér %8Zn/%4Zn v krvi a moci

0.4455 —e—Subject 1M

-O-Subject 2M
—-&--Subject 3F

0.4355 +

1M is a Caucasian male
aged 66 years

2M is an Asian male aged
{0 28

' ; 3F is a South American
female aged 48

0.4255 i

0.4155 . T T
0 10 20 30 40 50 60

?
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Chem. Res. Toxicol 2008, 27, 17261732

Copper Oxide Nanoparticles Are Highly Toxic: A Comparison

between Metal Oxide Nanoparticles and Carbon Nanotubes

Hanna L. Karlsson, Pontus Cronholm., Johanna Gustafsson, and Lennant Miller®

Uiait for Anahtical Toxicology, Department of Biosciences and Nutrition at Nowum, Karolinska Iastituler,
SE-141 57 Huddinge, Stockholm, Sweden

Non-viable cells (%)
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Je to bezpecné?

bunky plicniho epitelu
18 hod expozice 40 a 80 ug/mL
separace bunék

identifikace mrtvych buneék (trypan blue)
sodna sdl toluidin-diazo-diaminonaftoldisulfonové
kyseliny




Je to bezpecné?

(@)
Metal-based nanoparticles (a) Micro-Cu (b) Nano-Cu (c) Control

and their toxicity assessment

Amanda M. Schrand,’ Mohammad F. Rahman,? Saber M. Hussain,’
John J. Schlager," David A. Smith! and Ali F. Syed?*

ledvina

uu||||n||u||uu||n|||u||un|u|||||n||||
0 1 2 3 4 cm

(b) (a) Micro-Cu (b) Nano-Cu (c) Control

1)

4 cm

slezina

L D50 FIGURE 4| (A) The appearance of mouse kidneys in various
treatment groups: (a) micro-Cu (1077 mg/kg), (b) nano-Cu

413 mg/kg (nano) — jako Cu?* (1080 mg/kg) and (c) the control. (B) The appearance of mouse spleens

>5000 mg /kg (mikro) in various treatment groups: (a) micro-Cu (1077 mg/kg), (b) nano-Cu
(1080 mg/kg) and (c) the control (Reprinted with permission from
Ref 135. Copyright 2006 0P Publishing).



Vliv Au nanocdstic na riist Arabibopsis Thaliana ] e tO bezp eéné ?

A 18 nm 14 nm 10 nm
10

SRRERRNERIERE

Contral 1 10 100 Control 1 10 100 Contral 1 10 100

i & -

Length of lateral roots {em)

A:
14
2

Number of lateral roots
E —

(=T S - -

Control 1 10 100 Control 1 10 100 Contral 1 10 100

= « D

i

0 — -

Length of primary roots (cm)

Control 1 10 100 Control 1 10 100 Control 1 10 100

Concentration of AuNPs (mgfl)
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Vliv Au nanocdstic na riist Arabibopsis Thaliana

AuNPs 1 mg/|

~ i

e

s
4

e Au

NélOmg/l e AuNPs 100 mg/|
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Nanotechnologie - soucasnost

Pamét'ova média (oxidy)

Elektronika Si komponenty, polymery
LED, lasery, biosenzory

Medicina Nanocast1’ce jako kontrastni rT’13d1um
. Nanosystémy pro transtport [écCiv
Farmacie Nanostrukturované biomaterialy, nanomembrany pro dialyzu

Chemicky Katalyzatory a fotf)kat?lyzatory
Nanostrukturovany uhlik

]
prumysl Pigmenty, ferofluidy

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

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

Automobi lovy Katalyzatory vyfukovych plynu

Barvy a laky, ochranné povlaky

prl'.'lmySl Saze do pneumatik

Textilni nanovlakna, antibakterialni Uprava textilii
Ostatni Kosmetika
Nanomembrany pro ¢isténi odpadnich vod




Vlastnosti jsou funkci velikosti!

* Kohezni energie

* Povrchova energie/napéti

* Energie vzniku vakanci, aktiva¢ni energie difuze

« AH, AS tani, vyparovani, fazové transformace

» Teplota tani, vyparovani

» Tenze nasycenych par

» Curioeva teplota, Néelova teplota, teplota prechodu do supravodivého stavu
* Einsteinova a Debyeova teplota, C,, C,

» Hustota, koeficient teplotni roztaznosti

» Koeficient objemové stlaéitelnosti, moduly pruznosti
* Rozpustnost a vzajemna misitelnost

» Reaktivita a selektivita katalytickych ucinku

» Tepelna vodivost

- Sifka zakazaného pasu




Metrika nanosvéta

Podil povrchovych atomu n (surface-to-volume ratio)

N V V (4/3)7z|’3 r
peNe Vo _ Vo _
Npuk  Vouk vV =V,
. 47Z'|’2 ’dat . 3dat
(4/3)7r® —4zr® dy T —3dy
Fmin :3dat
"_ N 'Apart/Aat 47”‘2/7”5 2dat

N part /V at (4/ ) I’3/ (4/3) rat !

Fmin = 2dat




Top-down vs. Bottom-up

To wn
Vztahy platné pro

Top-down

Bottom-up

makroobjekty (kolektivni
vlastnosti velkého poctu
atomu/molekul) jsou

.interpolovany “
na nanoobjekty

Bottom-up
Vztahy platné pro
castice (individualni
vlastnosti jednotlivych
atomu/molekul) jsou

,extrapolovany® na

nanoobjekty



Teorie: Top-down

Teorie platné pro makroskopické objekty jsou
interpolovany na objekty velmi malych rozméru,
pricemz rozmér objektu se stava dalsi proménnou:

« Klasicka termodynamika rovnovaznych soustav.

« Dynamika krystalové mrize na zakladé Einsteinova resp.
Debyeova modelu.

e Mechanika elastického kontinua.

POZOR

Existuji urcita omezeni v pristupu top-down,
napr. klasickou rovnovaznou termodynamiku nelze
uZit pro nanocastice mensi nez cca 2 - 3 nm.



Molecular mechanics

Potential-based methods

d

L 4
o 0
2

Molecules,
clusters

Periodic
systems

Energy minimization

Lattice dynamics

Muolecolar dynamics
(MD)

Monte Carlo (MC)

L 4
Structure

Thermodynamic properties

Kinetics

Quantum mechanics

HY = F¥

Hartree—Fock

Density functional
theory (DFT)

Ab dndtio molecular
dynamics

Quantum Monte Carlo

Teorie: Bottom-up

Chemical Thermodvnamics of Materials: Macroscopic and Microscopic Aspects.

Svein Stelen and Tor Grande
Copyright © 2004 John Wiley & Sons, Ltd. ISBN: 0-471-49230-2

11

Thermodynamics and
materials modelling

Neil L. Allan, University of Bristol



Top-down vs. Bottom-up

Top-down

Bottom-up

Struktura nanocastic

Wulffova konstrukce: min Fg g,
anizotropie povrchové energie

Kvazikrystalické klastry,
optimalizace geometrie vypoctem,
,magicka cisla“

Hustota nanocastic

Youngova-Laplaceova rovnice,
izotropni komprese elastického
kontinua

Nanocastice jako ,,velka molekula“,
vypocet d, , ab-initio (10'-10% atomu)
resp. MD (102-106 atomu)

Kohezni

energie

Nanocastice jako ,,mala castice“,
korekce na mensi pocet vazeb
povrchovych atomd

Nanocastice jako ,,velka molekula“,
vypocet E,, ab-initio (10'-102 atomu)
resp. MD (102-106 atomu)

Teplota tani nanocastic

Lindemannova teorie (msd = f(r))

Ecoh(r)/Ecoh(oo)
Rovnovaha (s)-(l)

Tfus(r)/ Tfus(w) =

Nanocastice jako ,,velka molekula“,
vypocet E,..(T ) ab-initio (10'-102 atom{)
resp. MD (102-106 atomu)




Teorie vs. experiment

Struktura a velikost nanocastic

Experniment - XRD Teone — MD simulace

- Poloha piku (260) — parametry

elementarni bunky (Braggova rovnice) dournal of
. o o 5 Computatonal and Theoretical Nanoscience
— meziatomoveé vzdalenosti. Vol. 6, 635639, 2009
- Sirka piku v poloviné vysky — Bond-Length and -Energy Variation of
velikost nanocastic (Debye- Small Gold Nanoparticles
Scherrerova rovnice). Weihong Qi"2*, Baiyun Huang*, and Mingpu Wang"?
1600 2.90
1400 [ ath 2881
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1200 k- ‘_C 2.86—_
; 1000 |- 19, 2.84 4
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VOLUME 77. NUMBER 1

Teorie vs. experiment

Teplota tani nanocastic

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 Illinois at Urbana-Champaign, Urbana, Hlinots 61801
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Experiment

Mikroskopické | CLSM- morfologie
SEM - topologie/morfologie povrchu

metOdy EPMA (EDX) - lokalni chemicka analyza
TEM/HRTEM - tvar a velikost cCastic

Spektroskopické | XRF - chemickeé slozeni
metody Fotoelektronova spektroskopie (XPS, AES) - chemické

slozeni povrchu

RTG absorpcni spektroskopie (XAS, EXAFS, XANES) -
lokalni atomova a elektronova struktura

FTIR, SERS

Difrakéni RTG difrakce (XRD, SAXS) - struktura, velikost nanocastic
tod SAED - lokalni strukturni analyza (tani)

metody RHEED - struktura povrchu

LEED - struktura a vazebné pomeéry na povrchu (adsorpce)

ND - struktura

Dalsi metody STM, AFM - topologig/ ,mo,rfologie povrchu , .
DTA/DSC - termofyzikaln1 a termochemicke vlastnosti
BET - stanoveni velikosti povrchu

SIMS - chemické slozeni

DLS - velikost cCastic v suspenzich




Experiment

A RHEED pattern obtained from electron
diffraction from a clean TiO, (110)
surface. The bright spots indicate where
many electrons reach the detector.

Intensity




Nanotechnologie

—— Nanotechnologie je vyzkum a technologicky vyvoj na atomove,
AeyEeoiela?  molekularni nebo makromolekularni Urovni, v rozmérové Skale
priblizné 1—100 nm.

CINITIATIVE

Je to téz vytvareni a pouzivani struktur, zafizeni a systémdu, které maji v dusledku
svych malych nebo intermediarnich rozmért nové vlastnosti a funkce.

Je to rovnéz dovednost manipulovat s objekty na atomové urovni.
(NNI, brezen 2003)

EXCELLENCE
IN SCIENCE

e

Eﬁ THE ROYAL SOCIETY

Nanotechnologie je aplikaci znalosti o studiu hmoty na atomové a molekularni
urovni (obvykle v rozmérové Skale 1 — 100 nm) pfi vytvareni uziteCnych materialu,
struktur a zarizeni jez maiji praktické vyuziti.

(The Royal Society, 2003 )



Vybrané mezniky v déjinach nanotechnologie

4. stol. n.l. Lykurgovy pohéry

73 % SiO2, 14 % Na,O a 7 % CaO
Sklo poharu vSak obsahuje i malé mnozstvi zlata a stfibra (cca 10tky ppm). Tyto

kovy se ve skle nachazeji ve formé nanokrystalll o rozméru cca 70 nm. Nanokrystaly
jsou slitinou zlata a stfibra v pomeru 3:7.

50 nm




Vybrané mezniky v déjinach nanotechnologie

1905 - Albert Einstein publikoval praci, v niz stanovil prdmér molekuly cukru na cca
jeden nanometr

1931 — M. Knoll a E. Ruska vyvinuli elektronovy mikroskop, umoznuijici zobrazit
objekty mensi nez 1 nanometr

1959 - Richard Feynman predklada prvni vizi nanotechnologie

1960 - ve sborniku Caltech vychazi Feynmanova hypotéza o moznosti budovani
nanosystéma

1968 - Alfred Y. Cho a John Arthur z Bell Laboratories vynalezli pomoci molekulovych
svazk( epitaxi —

1974 - Norio Taniguchi navrhl pouzivani terminu nanotechnologipe Oro0bra
s toleranci mensi nez 1 nm .

1981 - prvni ¢lanek o nanotechnologii ve védeckém casopi

1981 - Gerd Binning a Heinrich Rohrer vytvorili skenuijici t
mUze zobrazit i jednotlivé atomy

feedback
loop




Vybrané mezniky v déjinach nanotechnologie

1990 - pomoci tunelového skenovaciho mikroskopu napsal tym védcd na niklovou
desticku 35 xenonovymi atomy pismena IBM

s "
e e %a %

N DD
A bH H

é 6
» 3 L
> DL 6

1990 - metoda sériové vyroby buckminsterfullerenu
2000 - rozlusténi lidského genomu - prvni nanomotorek na bazi DNA (Bell Labs)

2001 - R,

Designer: Mark Sims
Date: August 31, 2005
Number of components: 4
Number of atoms: 15,342
, Width: 11.3 nm

Sorsd Height: 7.5 nm
Depth: 5.6 nm
Gear Ratio: 13:6
Speed Ratio: 2.167:1

Zdroj: http://nanoengineer-1.com/content/index.php?option=com_content&task=view&id=42&Itemid=52, Nanorex, Inc.



http://nanoengineer-1.com/content/index.php?option=com_content&task=view&id=42&Itemid=52

Vybrané mezniky v déjinach nanotechnologie

2001 - tranzistor z nanotrubicek (IBM) - prvni nanolaser, zaklad pro opticky prenos
dat v inteligentnich nanosystémech - logicky obvod v jedné molekule, tvoreny
dvéma tranzistory

Jeevsttaanroey o
e

L. e e
3 BT

“Electrode Nanotube

: Silicon oxide

Gate electrode

2003 - prekrocena hranice 50 nm

2004 — Andrei Rode, John Giapintzakis objevili patou formu C - nanopénu, ktera ma
feromagnetické vlastnosti




Vybrané mezniky v déjinach nanotechnologie

23. duben 2010 - Prtlomova 3D mikroskopicka technika zjednodusuje vyvoj
nanometrickych struktur a zafizeni

Védci spolecnosti IBM vytvorili 3D mapu svéta tak malou, Ze by se tisickrat vesla do
jednoho zrnka soli.

——

20nm

25 nm vysoka 3D replika proslulé alpské hory Matterhorn (4478 m.n.m.), byla vytvorena
z molekularniho skla v méritku 1:5 miliardam.



Vybrané mezniky v déjinach nanotechnologie

10. 7. 2015 — IBM ve spolupraci s firmou SAMSUNG predstavuje 7 nm Cip

Cisty kiemik nahrazen slitinou kiemiku a
germania

Vyssi elektronova vodivost v malych
rozmérech

EUV litografie

iang i Y|
15077NRI006
46CI0245MMEG




Charakteristické znaky nanomateriald

NANOOBJEKTY vs. NANOMATERIALY

NANOOBIEKTY - jsou individudlni rozmérové (priimér, délka, tloustka) i tvarové
definované Ccastice, které maji definovanou atomovou strukturu, krystalinity,
mezifazové rozhrani a chemické slozeni. Jsou tvoreny zpravidla atomy, molekulami Ci
jejich shluky, ovsem velikost téchto castic je limitovana intervalem 1 - 100 nm
alespon v jednom z rozmérd.

NANOMATERIALY — Zpravidla jsou takto oznadovany rozmérnéjsi (makroskopické)
materialy vhodné pro technické aplikace napr. ve stavebnictvi, textilnim, leteckém Ci
automobilovém priimyslu, atd. Stavebnimi jednotkami jsou nanoobjekty. Jedna se
zejména o kompozitni, sendviCovité Ci nano-krystalické materialy.

TEM/BF ; Snimek z HRTEM zobrazujici

mlkrof(?tpgrafle nanokompozit ZnFe,O, v matrici

ukazujici core- SiO,. Nanocastice ZnFe,O, se

shell AgAu zobrazuji tmavé, svétlé plochy

nanokrystaly jsou matrice SiO,. Stfedni
velikost nanocastic je 5nm.
Pruhy na dvou nejvyraznéjSich
Casticich zobrazuji pfimou mfiz
krystalu.




Charakteristické znaky nanomateriald

SAMOUSPORADANI
Samousporadani (Self-assembly) je proces pri kterém neusporadany systém castic
(atomy, molekuly, isolované nanocastice) tvori organizovanou strukturu nebo vzor v
disledku specifickych, lokalnich interakci mezi samotnymi cCasticemi sledovaného
systému. Tento proces je zcela samovolny a probiha bez impulzu z vné systému.

Charakteristiky samousporadani: spontanni process
role slabych vazebnych interakci
bez vnéjsich impulzl, Ize vSak z vnéjsku ovliviiovat

Samousporadani: spontanni a reversibilni organizace Castic systému do
usporadanych celkdl nekovalentnimi interakcemi — nanostruktury tvori sami sebe.



Charakteristické znaky nanomateriald
SAMOUSPORADANI - Kvazikrystaly

Kvazikrystaly (Quasicrystals) predstavuji novou strukturni formu latek, ktera je
usporadana avSak nevykazuje periodicitu jako klasické krystalicke latky. Tvori vzory,
které vyplnuji prostor, ale postradaji translacni symetrii.

Dodnes (1984-2014) znamo prfes 100 kvazikrystalickych latek, vSechny uméle
syntetizovany v laboratofich.

Binarni smési sférickych nanoéastic ¢asto vedou v dusledku samouspoiadani
ke vzniku kvazikrystalu !!!

Vhodné smési pro tvorbu kvazikrystalt: 3nm Pd + 9nm PbS, 5nm Au + 13.4nm Fe, 0O,
4.7nm Au + 12.6nm Fe;0,*

Cetnosti Translaéni Vyskyt Poruchy
rotacnich os symetrie
symetrie

kvazikrystaly nejCastéji 2,3,5,8 neexistuje laboratorné vyjimecné (Al-Li—

pfipraveny (~100) | Cu)

krystaly 2,3,4,6 podminkou prirodni bézné

*D. V. Talapin et. al., Nature 461 (2009) 964-967.



Charakteristické znaky nanomateriald
SAMOUSPORADANI

HRTEM snimek 2D kvazikrystalické struktury HRTEM snimek samousporadné struktury
vytvorené samousporadanim nanocastic Au stfibrnych nanocastic. Ag nanodraty (50nm)
(5nm) a Fe,05(13.4 nm). byly  zformovany na substratu y

polymethylmethakrylatu.



Techniky pripravy nanoobjektii a nanomateriald

Konvencni produkty (makro objekty) jsou vyrabény tzv. top-down procesy, vstupem
do procesu je objemovy (bulkovy) material. Pozadovany produkt je ziskan postupy
mechanického nebo chemického zpracovani. Material je zpracovavan krok za krokem
az do sub-mikronové oblasti.

block or sheet structured
of material part

mechanical or
chemical
forming

Vsoucasnosti je mozné pripravovat NO a NM v radech desitek nm sofistikovanymi
metodami top-down technologii napr. rentgenovou a elektronovou litografii, STM a
SPM nanoobrabénim, nebo iontovym a plazmatickym leptanim.



Techniky pripravy nanoobjektii a nanomateriald

Bottom-up procesy jsou zalozeny na ,vystavbé" materidlu atom po atomu di
molekulu po molekule. Nezbytna je dokonala znalost sil kratkého dosahu jako jsou
Van der Waalsovy sily, elektrostatické sily a rozmanité maziatomarni a
mezimolekularni interakce.

Dllezitou Ulohu pfi Bottom-up procesech maji kovalentni a nekovalentni vazby,
nebot’ vzajemna silova plsobeni urcuji zplsob usporadani castic (Samousporadani).
Kovalentni vazby jsou silné (jednoducha vazba C-C ma energii ca 90 kcal/mol) a jsou
odpovédné za vazby mezi molekulami v makromolekulach.

Mnohem slabsi nekovalentni vazby jsou vyvolany témito interakcemi:

(1) Van der Waals interakce (~0.1 kcal/mol),

(2) vodikové mustky (~1 kcal/mol),

(3) iontova vazba (~3 kcal/mol ve vode, 80 kcal/mol ve vakuu),
(4) hydrofobni —hydrofilni interakce.
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Gold nano-wires and nano-layers at laser-induced nano-ripples on PET
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ARTICLE INFO ABSTRACT
Article history: Gold nano-layers were deposited onto laser irradiated polyethyleneterephthalate (PET) surfaces. For
Received 4 September 2009 irradiation, we used the linearly polarized light of a pulsed 248 nm KrF and 157 nm F; laser, respectively.
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In a certain range of irradiation parameters, the irradiation resulted in the formation of coherent ripples
patterns with a lateral periodicity in the order of the wavelength of the laser light and with a corrugation
height of several 10 nm. The deposited layers were then prepared by sputtering. The layers were
analyzed by atomic force microscopy (AFM), focused ion beam (FIB) cuts, scanning electron microscopy
(SEM ), and angular resolved X-ray induced photoelectron spectroscopy (ARXPS). Gold sputtering on KrF
laserirradiated PET led to the formation of separated *'nano-wires” at the ridges of the nano-patterns and
not to a continuous metal layer, as we obtained in case of gold sputtering onto F, irradiated PET. The

Keywords:
KrF and Fz laser
Polyethyleneterephthalate

Ripples S ) e g s

Au sputtering results of the XPS analysis indicated, that the KrF irradiation caused degradation on the ridge of the
MNano-wires ripples, whereas no noticeable degradation occurred for F, laser treatment. We attribute the different
Mano-layers growth mechanisms of the deposited gold layers mainly to the difference in surface chemical

composition of laser irradiated PET with the two different lasers employed.
@ 2009 Elsevier B.V. All rights reserved.




