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Chemickeé metody pripravy nanocastic

*Chemicka syntéza z plynné faze (Chemical Vapor Deposition — CVD)
*Termicky rozpad metastabilnich organometalickych sloucenin

*Spray pyrolysis CVD=PVD +
*Koloidni metody chemicka reakce
*Sol-gel syntéza

*Srazeni

*Z prekurzorii
*Redukéni elektrochemicke redukce soli kovi
*Combustion synthesis

CVD péstovani diamantii na substratu
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Kondenzace z plynné faze doprovazena chemickou

reakci CVD
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* Chemicka reakce s
primésemi v inertnim

plynu

Priklady typu primési a produkce NPs:

* 02...vznik NPs oxidu (AI1203,
Zr02,

* N2... nitridy (Si3N4, ...)

*  C obsakujici latky (SiC,

* Pary kovi (NPs slitin a
intermetalika,

Pridavek v rizné fazi procesu
* Povlakované NPs,
e dual core, ...

Nanod&astice PS 2012 3




Priprava NPs laserovou pyrolyzou
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Vytézky cca 100g/h(ﬁ, continualni proces,
dobfre Fiditelné, velmi tizké log normal 15-
50nm sférické , vysoce Cisté produkty,...
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DalSi alternativy
Nap¥. vyuziti nestability:

SiHy( —% Sigs) + 2Hag)
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3SiHy(g) +4NHygy —5  SigNyg) + 12Hyg, |
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SiHyg) + CHagg) — SiCy) + 4Hyy ,
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DalSi uplatnéni metody
prlprava NPs:

Cu, Fe,Ni,Co, Ag
Mo

FeC, B4C, TiC,
WC, TiB2, YrB2,
Al203, TiO2,
Al203,....




Priprava CNTs pomom CVD

Plyn: process gas (such as
containing gas (such as

Katalyzator: Ni, Fe, Co a
jejich slitiny
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Figure 1. Fabrication of dense CNT micropillars by patterned growth followed by self-directed
capillary densification. The densification 1s initiated by condensation of a solvent onto the

substrate.
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Figure 2. Example SEM 1mages of cylindncal CNT mucrostructures before (a.b) and after
densafication (c.d) by the self-directed capillary method. Close-up images (b.d) show the
ssdewalls of the microstructures, emphasizing the sigmficant mcrease 1 ONT densaty and th
mamtenance of the aligned topology. Companson between vapor densification methods (¢) :

umnersion method (f)
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Priprava CNTs
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Carbon nanotubes CNTs rostou od SpOdU
a) Schematic of vertical SWNTSs embedded in holes drilled in SiO,
http://www.intechopen.com/books/carbon-nanotubes-synthesis-characterization- film on Si substrate. (b) SEM image of SWNT cylindrical pillars of
applications/aligned-growth-of-single-walled-and-double-walled-carbon- 800 nm in diameter, grown from the bottom of holes drilled in SiO,
nanotube-films-by-control-of-catalyst-prepa film. ( ) - reproduced with permission from

Institute of Pure and Applied Physics
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Pestovani metal NPs
encapsulated v CNTs pomoci CVD
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Optical bandgap (eV)

Priprava vrstev pomoci CVD

Fotovoltaika — solar cells
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Schematic structure of the Sanyo HIT solarcell. Note that the
surface of crystalline Si is textured although not shown in the
image.
Nano&astice PS 2012 http://iopscience.iop.org/0268-
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Priprava vrstev pomoci CVD

Control of microstructure coarsening of a Ti
substrate during diamond film deposition using

Ar/H,/CH,gas mixture
http://www.sciencedirect.com/science/article/pii/S0040609099007506
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Auger optics

Leak Valve

Viewport

Leak Valve ¥

¥ Sputter Gun Temperature
Controller
Mass
Spectrometer
Ultra High Vacuum (UHV) System

http://uhv.cheme.cmu.edu/peopl




Poznamky k PYD a CVD

* Nutny vhodny systém k produkce plynné faze a omezeni
nezadoucich déju

* Kondenzaci vznika velké mnoZstvi malych NPs rozhoduje
kriticka velikost a rychlost nukleace které jsou funkci

presycenti :
« M (P/Po)"*

T T NETm(E/R) [In(P/Py)]*

* Nutna pokondenzacni kontrola (teplotni gradient, gradient
parcialniho tlaku kondenzujicich slozek).

* Nepriznivé déje: koalescence, nekontrolovany riist,
aggregace, vedlejsi produ’ EEE ‘B

Technologicky A
drahy proces * = | s

£ ;] 5
= “‘" 2 b . . %
Nanocastice PS 2012 P N 2 ) ¢




Synteza v strukturovanych
mediich

Ovlivnéni kinetiky rastu vnéjSimi podminkami
(tvarem matrice):

Micelles/Microemulsions
V zeolitech

Na pevnych vrstvach
Molecularni sita

Gely

Polymery

Skla
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Disperzni
soustavy

Disperzni systém
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/ /
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less than between greater than
10™%em 10" 7cm and 10 "em 10 ‘cm
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Netvori
(Plyny (mlha)
jsou Priklad:
misitelné)
Priklady: 2
, krémy
na ruce
Tuha
péna
Priklady:
,  Priklad:

b

Tuhy sol
Priklady:

)
barevna
skla

http://cs.wikipedia.org/wiki/Koloid#Agregace
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True solution

<l nm

Colloidal solution

— 1az100 nm ——

Suspensions

Nad 100 nm
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Koloidni metody pripravy NPs

Priprava NPs = Vznik micely v polarnim rozpoustédle (voda)
Renesance
koloidni chemie

(pod 1um)

Su rfaktanty - Fig. 18.1. Formation of a micelle. (a} Surfactant with bulky polar head and short
latky s hydrofilnim a chain. (b) Surfactants join together. (¢} A micelie forms
hydrofobnim koncem

Vznik reverzni micely v nepolarnim rozpoustédle (alkany, oleje)

Nano¢&dstice PS 2012 Fig. 1¥.4. Formatwon of a reverse micelle. (a) Surfactant with small polar head and
ramified chain. (b) Surfactants join together. (¢) A reverse micelle forms




Surfaktanty (PAL)

CHy ~CHy
CHy—(CHy)» — CH CH,
o, 0

o

GHSOy~ Nat

CH,_(CHy), —cr_ci, @ 0
I
CH, — CH,

Bis[ 2-ethylhexyl) sodium sulfosmesinate
MNa(AQT)

Fig. 18.7. Chemical formulas of the most commonly used surfactants

Interakce PAL s NPs (lze
nahradit jinou PAL s
vysSi afinitou k NPs)
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Surfactant Structure Chemical Name
F sodium bis (1H.1H-
F
di-CF4 ;‘; perfluoropentyl)-2-
- F
s \MEF sulfosuccinate
~UHz By
CHs—(CHah "N “Em al FF sodium bis (4H,4H,5H,5H,5H-
- F A ALEF
Cetyltrimethylammonium chloside di-CF2 S F F pentafluoropentyl)-2-
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'CHJ_--{':H :I -} =804 -+
i o5 N _ 0 c F | sodium (4HAHSH.SHSH-
Sodium dodeoylsulfate hybrid o’\/\l(kr tafl tyl-3.5.5
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8DS CF2/AOT4 0 F .
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Dynamika chovani reverznich micel

Vzajemna vyména obsahu v diusledku Brownova pohybu

Definice obsahu
vody v soustavé:

w = [H,0}/[SA]

Fig. 18.3. Exchange of aqueous cores. (a) Reverse micelles subject to Browrian mo-
tion. (b} Collapsed reverse micelles and mixing of aqueous contents. (c) Formation
of two micelles, identical to the initial micelles

Stredni objem
reverznich micel
zavisi ¢asto linearné
naw

R:;g 18.4. Controlling the size of reverse micelles by water content w, (a) w = 2.
1w = 20

Nanocastice PS 2012
http://www.sciencedirect.com/science/article/pii/S0958694603001444




Morfologie micelarnich struktur

Ovlivnéni tvaru % G ﬁ
micel tvarem PAL: / \
i (A N\
: ' W . \\\H%
: T, Z
T 2
. | = —
. crysta 7‘ §

_—+ Lipidicka struktura

K samostudiu: http://soft-

matter.seas.harvard.edu/index.php/Surf
actant_phases
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Morfologie reverznich micel

superagregat

superagregat

Fig. 18.11. Copper nanocrystals synthesised in different phases of she wa-

ter/surfactant,/oil system. (a) Spherical nanocrystals synthesised in reverse miolelles. Na tvar m | CE| USUZUj eme z tvaru
(b) Spherical and cylindrical nanocrystals synthesised in the interconnected cylinder ) . : v
phase. {¢) Mixture of nanoerystals of different shapes synthesised in superagzregates NPS, ktere % nlCh Vznlka i

Vliv tvaru reverznich
micel na vysledky
produkt (NPs médi).

Fig. 18.12. Bffect of NaCl concentration on the aspect ratio of copper nﬂmcylin-
Nanodéastice PS 2012 ders. (A) [NaCl] = 0M. (B) [NaCl] = 5 x 107 M. (C) [NaCl] = LLx 107" M




r ’ Nejjednodusi pripad micelarniho
Rovnovazny stav n01f diagramu
B & 4 = solid + solution
micelarniho roztoku E ellar solution
E 0.008 + + Monamers
=
r L3 1 4 r m
V danem micelarnim roztoku se = _
. we, r . - _—'—'—_—_——ﬁ_ﬁ
ustaluje uréita velikost (Ize ° 0006 —
. o - Krafft FnonoMmer
napomoci napr. ultrazvukem) solubi ooint solution
o oo o CLre
a tvar micel (minimaliyace I I | I .
: 10 20 30 40
energ|e) ternperature/oC
Syntéza Ag v micelach
|
Mila micela block copolymer solution

dialysis

L2131 42 5263 7083

associates of

Vérsi micela
polymeric micelles

sonication

hydrophobic inner core

L]
10213142 526373 83
‘ 0 ‘ I polymeric micelles

Fig. 18.8. Controlling the size of silver nanccrystals via the size uxhetizscmm;;
Nanocrystals with average diameter (a} 5.2nm and (b) 6.3nm, toge ;

corresponding size histograms hydrophilic outer shell




Fazovy diagram soustav polarni-nepolarni-
surfaktant

Funkcionalizovany
surfaktant:
surfaktant je
svazan s
prekurzorem
nanocastice.

Reaktant ve formé
protiiontu:

%8 imerconnocted exlinders
¥ Reverse micelles
FS] lamellar phase :

Cu(AOT)2 nebo Ag(AQOT)
Piipraveny ve vodném
prostiedi smichanim
Na(AOT) s CuSO4 ¢i
AgNO3

N 06 0.7 0.8 0.9
voda ’ Hlsooctans

Fig. 18.6. Phase diagram of the water/Cu({AOT)z/Isooctane ternary s:.:stem. By
gradually increasing the amount of water in a solution of Cu{AOT); in isooctane,
seven regions appear in the phase diagram. Each corresponds to 2 different asso-
ciation of phases. The boundaries of sach region appear along a ]'me of constant
w = [H20]/[SA], i.e., a line of constant water content. These transitions correspond
to discontinuities in the level of surfactant hydration in the complex fluid. They are
numbered from 1 to VIL, with two- and three-phase systems indicated by b or §,
respectively




Transport hmoty v micelarnim roztoku

Reorganizace micelarnich

struktur (vymeénné reakce s
disperznim prostredim)

SloZeni micelarni vrstvy
(zbytkova voda, adsorb¢ni
Vrstvy)

Transport latek pres
micelarni membran (02,
CO2, jednoduche latky

Surfactant

et Note: The polar end of the surfactant molecule attaches to
Nanocastice PS 2012 water, the non-polar end attaches to the ink particle. An
emulsion is formed of the two components




Nanoreaktory (1-s000nm3)

Mixcure of two micelle solytions, Reverzibilni micela =
AP nanoreaktor= template (forma)

pro syntézu NPs

Rexotion and formation
nanoerystals during exchange
AGUeHUE COTES

A+B=C

Addition of moleoulés of passivating agent
to prevent the aggregation of nanoorystals

Passivating molecules react with the
surface of the nanoerystals

Manoorystals extracted from micelles

by washing T;'tilﬂ; mzktiﬁ? redispers Tyiangular CdS nanocrystal obtained using a reverse micelle system

Fig. 18.9. Synthesis and extraction of nanocrystals Nanoreakto ry jSOll velmi ti¢inné

- Kontrola velikosti, distribuce, ,,tvaru*
(synergie s preferenci krystalovych
rovin),..NPs
- Je mozno pripravovat NPs citlivé na béZné
lab. prostiedi (Metal NPs)

Nanocastice PS 2012




Priklad pouziti nanoreaktoru - priprava Ag NPs na UCh

« 1 KROK: Priprava dusi¢nanu (bis) dodecylamin stribrného v acetonitrilu
AGNO, + 2NH,CypHa, — [ AG(NH,C,oH,: ), INO, Acetonitril rozpoucti AgNO3 i surfaktant, komplex s
dodecylaminem je funkcionalizovany surfaktant,

3hod michani, filtrace, suSeni c ye . . . .
3 ’ rozpustnost i disociace v acetonitrylu je potlacena.

+ 2 KROK: Solvotermdalni rozklad dusi¢nanu bis(dodecylamin) stribrného

»10 g dusi¢nanu bis(dodecylamin) stfibrného Jedna se o reverzni micelarni nanoreaktor v némz
$ 20 g dodecylaminu a 0,25 ml ethanolu® probiha redukce Ag+ za vzniku nanokrystalu Ag NPs.
r e _ e (o] ()
[Ag(NH,C_H,. ), INO, 25 . Jaka je role NO3- pri rustu nanokrystalu ?

Jaky je tvar micely ? (zfejmé koule)

»PFi teploté okolo 170°C se objevuje charakteristické ~ Co se oxiduje ? (NH2 skupina na N?, nebo alkohol?)
modré zrcatko na hladiné smési a po sténach reakéni

Co brani agregaci ? Maji byt AgNPs modré ¢i hnédé?
baiiky. Reakéni smés je poté 15 min udrZovana eresg J1 Dy ’gw L
Vv rozmezi teplot 190-200 °C.« Jsou Ag NPs modré ¢i hnédé?

« 3 KROK: Proplachovani a prevod Jaké déje probihaji pii promyvani a pievodu do
do jiného rozpoustédla( toluenu) toluenu ?

V kterém Kkroku se odstranuje prebytecny
dodecylamin?

»Pro stanoveni metodou DLS byla 3krat promyta hexanem, odstfedéna a dekantovana. Vysledna

sraZenina byla roztrepana v toluenu a ponorena do ultrazvukové 1azné po dobu asi 20 sekund. ,,

»Pro nizkoteplotni sintraci byla reakéni smés 3krat promyvana acetonem, odstred’ovana a vysledna
sraZzenina roztirepana v toluenu. ,,




Priklad pouziti reverzni
micelarni syntezy:
Priprava Ag NPs na UCh

Dodecylamin

Metanol + NO3-

: *Ag (NH2-C12H25)2

Q

Redukce Ag+ (t=190-200stC)

Riist Ag krystalu (krystalové CH3O0OH +4[Ag (NH2-C12H25)2]* +H20 >4Ag+CO+4H*

roviny ovlivnény NO3-).

Nanocastice PS 2012




Velikost syntetizovanych Ag

Vzorek adsorbujici pii 600nm se jevi modry

Pri 400nm hnédozluty

NPs + info z literatury —9mm
<25 — sy
' ’ - nm
Results E —_ gg am
. nm
Size (d.nm... % Intensity = 60 nm
@ — 70 nm
Z-Average (d.nm): 16,02 Peak 1: 17,00 96,3 2 -+ 80 nm
—1.25 ==+ 90 nm
Pdl: 0,224 Peak 2: 4754 3,7 8 = - 100 nm
a
Intercept: 0,775 Peak 3: 0,000 0,0 O
Result quality Good | . e L
300 400 500 600 700 800
- ) Wavelenath (nm}
Size Distribution by Intensity Extinction (the sum of scattering and absorption)
LB e - e spectra of NanoXact silver nanoparticles with
- : diameters ranging from 10 - 100 nm at mass
L 4 N concentrations of 0.02 mg/mL. BioPure
1P R AR LR e nanoparticles have optical densities that are 50-
R T1] SRR TR R PR PP T times larger.)
] SRR R EERE [EEERERES R ERE FETET R
L L ko L T — 0min
E B : [ ! : : 1.0 — 2 min
i ' ' \ ' — 4 min
L e I 5 — 6 min
r i 8 min
R R LR L e R T LR R — 10 min
L : / . : . _ 5 — 25 min
EI T T T LI Ii T T T UL i T T I\ L Ii T T T T T Ii T T -.I -"a |
0.1 1 10 100 1000 £ 05
Size (d.nm) w
Record 71: VV_Ag3 _toluen, filtr 450nm z ultrazvuku 2| L L T f
300 400 500 600 700 800

http://nanocomposix.com/kb/silver/optical-properties

Wavelength (nm)

Extinction spectrum of 50 nm NanoXact silver
nanoparticles undergoing aggregation.




Mikroskopie ,,spravnych“ Ag NPs na UCh

Obr.1. Bimodalni distribuce Ag-nanocastic po syntéze (vlevo) a po 250 dnech skladovani v toluenu (v pravo). TEM.

Nanocastice PS 2012




Mikroskopie ,neoptimalnich“ Ag NPs na UCh

Whovuje
DLS
velikosti
17nm

Obr.3.: Ag-nanoc¢astic po neoptimalni syntéze.
Bimodalni distribuce (v levo). Zakazana symetrie dodecaedru fcc Ag (s pétiCetnou osou
symetrie) na obrazku uprostred (v pravo). TEM.

Problém: jak zajistit optimalni
mnozstvi zbyvajiciho surfaktamtu

Nanocastice PS 2012




Vliv jinych latek a PAL na pripravu NPs

Br™ (H hy | N0y

Anionty
ovlivitujici
povrchovou
energii kryst.
rovin

PAL podporujici
vznik nanodisku
ruzné velikosti

. Fig. 18.14. Controlling the size of silver nanodisks by the amount of reducing agent.
Nanocastice PS 2012 Solutions of silver nanodisks of different sizes. See also the colour plate




Vyuziti nanoreaktoru pfi
synteze WO(3-x) nanotycek

(Trimethylamine N-oxide)

TANO

»
“8.50 nm i1 1
/ \— B 2 R el LA
W oxid NPs — riizné formy
http://pubs.rsc.org/en/content/articlentml/

2008/dt/b711529f
WO, , N‘anorods
{I’I
' v
OREOR
ORI
AR
N ]
ligands
—> e
TR

e
4 s é}g b
Pl ) ;,,‘* e

Nanocdastice PS 2012

http://cnx.org/content/m23038/latest/




Redukcni priprava Au
Hydrazinem v reverznich -
micelach

N
N
¥

- - = Sy T —_—
= = | ¥4z |=—=]| =
m‘ *i‘: H.'\u(fl.;/ - t Vacuum . _
. water - drving LA :
AN ying ,‘W
HAuCly containing I‘II\UCIU.'_\OT
w/o microemulsion composite n-heptane

N
¥

o
Py,
F11

$mm—— ) ,,*3' {é

| 4O | s | 40E
& A THF e
Gold nanoparticles + Gold nanoparticles containing HAuCly cluster containing
AOT/ethanol solution reversed micelles reversed micelles

Nanodastice PS 2012 Au NPs:

“@..frappéd water
® Free water
® Bound water

Na(AOT),
obsahuje
zbytkovou vodu

d

THF: Tetrahydrofuran




A co CuNi NPs?

The Cu-Ni alloy nanoparticles were prepared by
solvothermal reaction from nickel acetylacetonate
Ni(acac), and copper acetylacetonate Cu(acac),
precursors in a particular stoichiometric ratio under an

: inert atmosphere of nitrogen [08Zha]. The molecular

, &l precursors were dissolved in oleylamine and this solution

A \\\ \\\\ | 0 owas injected into a hot solvent composed of 1-octadecen
‘\ \\\ \‘ ‘\1& * and oleylamine at 230 °C. As a heating bath, Sn-Pb solder

% «+ wasused. In the reaction mixture, the precursor metal

y. 1 cations were reduced at this temperature and formed the

' Cu-Ni nanoalloy colloid. The product was precipitated

, With methanol and washed with hexane several times and
separated by centrifugation for 20 min on a Heraeus

Labofuge 400 at 3000 rpm. The powders were washed to

remove organic-soluble residues by three cycles of

resuspending them in hexane or light petroleum and

subsequent centrifugations. Thus the colloidal solution of

Nanocastice PS 2012 ) -
the Cu-Ni NPs in hexane was prepared.




M?* + z (acacH) -> M(acac), + z H*

i L :
N___O../‘ O___.f

‘\
[Ni(acac),],

Metal acetylacetonates viz:
http://en.wikipedia.org/wiki/Metal_acetylacetonates

The molecular precursors were dissolved in oleylamine and this solution was
injected into a hot solvent composed of 1-octadecen and oleylamine at 230 °C. As a
heating bath, Sn-Pb solder was used.

Vznik micel (vstéiknuti, michan)? ~ if — U U U
Redukce smési M(acac), ? § 0 0 0
Jak je to s redox potencialen Cu a °y (> Ly &

Ni z prekurzoru?
1-octadecen
*Ag-nano,SnAg-nano, SnAgZn-
nano, CuNI



http://en.wikipedia.org/wiki/File:Mn(III)_acac.png
http://en.wikipedia.org/wiki/File:Bis(acetylacetonato)nickel(II)-3D-sticks.png
http://en.wikipedia.org/wiki/File:Cu(II)_acac.png

Syntéza Me NPs v roztoku reverznich
micel:

Organické prekursory Redukeni Cinidla:

kovu: - Organické alkoholy (CH30H,

olymerni: PVA,...
-  Komplexy kovu (Me(AcAc)z, e I

- Silna anorganika: NaBH,,,

-  Funkcionalizované .
Hydrazin,..

surfaktanty (viz Ag NPs)
- Jiné organicke latky

Ovlivnéni tvaru:

- Molekularni adsorbce béhem A =
ristu Promyvani rozpoustedly:
- Rozpoustédlo v rev. Micele « Dle vlastnosti
R ciypU micel) Vymyvani primarniho rozpoustedla

Stabilizace: . Srazeni pred odstred&nim..

-PAL

Nanocastice PS 2012




Diskuse

a Ni@5i0, b Pt@fe

a, Size-controlled Ni nanorods coated with SiO,. b, Pt
nanoparticles embedded in hexagonally shaped Fe
nanoparticles. c, Self-assembled cubic FePt nanoparticles
with their (100) planes parallel to the substrate.

Syntéza MeO NPs: http://cnx.org/content/m23038/latest/

http://www.nature.com/nmat/journal/v8/n2/fig_tab/nmat2363_F1.html

Nanocastice PS 2012




