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,Nanomanie*“

NANO ...
Medialni bublina,
nebo novy impuls védeckého pokroku ?
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Figure 1. Semantic Wave (Source: Norman Poire, Merrill Lynch, 2006)
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Proc jsou ,jiné"

Vliv povrchovych atomu na ,,prumérné* vlastnosti nanocastic

Journal of
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Monitoring

Cite this: J. Environ. Monit., 2011, 13, 1135

WWW.rsC.org/jem CRITICAL REVIEW

The devil is in the details (or the surface): ﬁmpact of surface structure
e behavior of nanomaterials in the

environment

Imali A. Mudunkotuwa and Vicki H. Grassian™
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Velikost a tvar nanocastic

DOI: 10.1002/smll.2z00701295

Shape Control of Colloidal Metal Nanocrystals

Andrea R. Tao, Susan Habas, and Peidong Yang*

Volné nanocastice 10°-10° nm
- atomova struktura jako bulk (vliv zvyseného tlaku)
- vngjsi tvar odpovida min F  (Wulffova konstrukce)




Velikost a tvar nanocastic

Volne nanocastice ~1 nm
- atomova struktura jako bulk
- pseudokrystalicka struktura (péetiCetna osa symetrie)

- struktura s nizkou mirou usporadani

Temperature-Dependent Stability of Supported

Five-Fold Twinned Copper Nanocrystals Cu

Fabien Silly, and Martin R. Castell
ACS Nano, 2009, 3 (4), 901-906- DOI: 10.1021/nn900059v - Publication Date (Web): 26 March 2009



Povrchova energie

4
" . a=1
Vytvoreni noveho povrchu l ' "
—p

a=1/2

(Vo) - Reversibilne vykonana prace pri vzniku jednotkove plochy noveho
povrchu bez elastické deformace (skalarni velic¢ina). Jsou preruseny vazby mezi
atomy, na novém povrchu se objevi nové atomy, jsou zachovany délky vazeb,
nemeéni se atomova hustota povrchu.

5Wsurf = Vsurf d4, Wsurf = Ysurf 4

, _(an _(aHj _(aFj _(66)
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. 0A S,V.n 0A S,p.n 0A T,V ,n 0A T,p,n

Povrchova energie pevnych latek:

* se liSi od povrchového napéti (surface stress)

* je anizotropni (hkl)

* |ze vypocitat (ab-initio, semiempirické metody, empirické metody a korelace)




Povrchova energie

Rozpousteci kalorimetrie
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Peng Zhang,” Alexandra Navrotsky,*” Bing Guo,? Ian Kennedy.¥ Alisha N. Clark,"
Charles Lesher," and Qingyuan Liu’

JoPhys. Chem. C 2008, 112, 932038



Povrchova energie

Rozpoustéci kalorimetrie

Enthalpy relative to bulk rutile
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Teplota tani

Region beyond the thermodynamic limit considered

http://en.wikipedia.org/wiki/Melting-point_depression
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DSC

Teplota tani
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Chemical Physics Letters 429 (2006) 492-496 ==
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Size-dependent melting properties ol tin nanoparticles

Hongjin Jiang ®, Kyoung-sik Moon , Hai Dong *, Fay Hua ., C.P. Wong **
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Tepelna kapacita
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Tepelna kapacita — oblast nizkych teplot (7 < 300 K)
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Tepelna kapacita

Material (velikost)

Metoda (obor teplot)

Ref.

Cu (8 nm) DSC (150-300 K) Rupp, PRB 1987
Pd (6 nm) DSC (150-300 K) Rupp, PRB 1987
Se (10 nm) DSC (225-500 K) Sun, PRB 1996
Ni (40 nm) AC (78-370 K) Wang, TCA 2002
CoO (7 nm) RT (0,6-40 K), AC (10-320 K) | Wang, CM 2004

a-Fe,O5 (15 nm)

RT (1,5-38 K), AC (30-350 K)

Snow, JCT 2010

Fe;O, (13 nm)

RT (0,5-38 K), AC (50-350 K)

Snow, JPC 2010

~ |~ |~ |7/ N |/ |/

SiO, (20 nm) AC (9-354 K) Wang, JNCS 2001
Al,O5 (20 nm) AC (78-370 K) Wang, JNR 2001
TiO, (14-26 nm) AC (78-370) Wu, JSSC 2001
ZnFe, O, ( 8-39 nm) | RT (1-40 K) Ho, PRB 1995

ZnO (30 nm)

AC (83-350 K)

Yue, WHX 2005

DSC ... diferencni skenovaci kalorimetrie, RT ... tepelné-pulzni kalorimetrie (méreni

relaxacniho casu), AC ..

. adiabaticka kalorimetrie



Tepelna kapacita
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Pure Appl. Chem., Vol. 81, No. 10, pp. 1871-1880, 2009.
doi:10.1351/PAC-CON-08-09-15
© 2009 IUPAC, Publication date (Web): 25 September 2009

Study of heat capacity enhancement in some
nanostructured materials*

Zhi-Cheng Tan¥, Lan Wang, and Quan Shi



Molarni entalpie
H_(298,15 K) = 0 (p° = 100 kPa)

pro prvky v termodynamicky stabilnim stavu
(skupenstvi resp. strukturni modifikaci)

H._(298,15 K) = A H (p° = 100 kPa)

pro prvky v jiném stavu

H_(298,15 K) = A.H (p° = 100 kPa)

pro slouceniny

Strukturni modifikace uhliku

Coval e nt bond
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Molarni entalpie

Strukturni modifikace uhliku

Fullereny

Duté struktury tvorené atomy uhliku vazanymi
v péti- resp. sestiatomovych cyklech

- Sférickeé (buckyball) - konvexni polyedry se
sténami ve tvaru pravidelnych péti- resp.
sestitihelniki: Buckminsterfulleren C,, (Buckminster
Fuller), komoly ikosaedr, jehoz povrch je tvoren 20
sesti- a 12 petiuhelniky, vyssi fullereny C,,, ..., C,.,.
- Cylindrické (buckytube), téz uhlikové nanotrubky
(single-walled, multi-walled)

- Fullerity (krystalova forma fullerent)
- Fulleridy (fullereny dotované atomy jinych prvku)

*-i Y p”_-_‘ﬁl" Ei"lg“ﬂ-

walled
r » '3 nanotube
. i,p-_‘.l
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2005 Encyclopaedia Britannica, Inc.



Molarni entalpie

Spalovaci kalorimetrie

w.sciencedirect.com
....... @n..!u- thermochimica
acta

ELSEVIER Thermochimica Acta 437 (2005) 126-133 —
wivw,glsevier.comlocate/tea

Enthalpies of combustion and formation of fullerenes by
micro-combustion calorimetry in a Calvet calorimeter

Setaram C80 + Aarén Rojas-Aguilar *, Melchor Martinez-Herrera

fif
%4

Cn (S) +n O2 (g) =n CO2 (g), A(:ombl]

| §‘ - Acomb = AcompU + P AV
gt \h ‘a = AcombU +An g RT

| =
2

¥ : Hm(cnos):nHm(C029g)_nHm(O2’g)_A00mbH

J /| Faze |H.(298.15 K) (kd mol)
B SN Grafit 0

N C60 2285,4
1 : C70 2547.9




Stabilita forem uhliku

Faze
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Molarni entalpie

Grafit

0

Diamant
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C60
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BON 49 (201

1) 949-954

available at www . sciencedirect.com
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Energetics of single-wall carbon nanotubes as revealed
by calorimetry and neutron scattering

Andrey A. Leuchenko %, Alexander I. Kolesnikov ¥, Olga Trofymluk €,
Alexandra Navrotsky >
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Zaver

1. Kalorimetrie je velice uéinny a uziteény
nastroj pri studiu nanocastic.

2. Vztahy pro nanocastice plati ,,primérené*“
i pro jiné nanostrukturované materialy
(vlakna, vrstvy, kompozity).

3. Dalsi informace:

http://www.vscht.cz/ipl/nanomaterialy/uvod.htm F@H

NANO



http://www.vscht.cz/ipl/nanomaterialy/uvod.htm

Na velikosti zalezi !!!
-

Dékuji Vam za pozornost
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