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Kohezni energie bulku

Kohezni energie je rozdil energie atomu vazanych v pevné latce
a energie jednotlivych atomu v plynné fazi

E; = Eqot (A9) + Ey (B.9) — Et (AB,S) > 0

Zavisi na charakteru vazby:

ionty, lokalizované elektrony, vysoka
vazebna energie.

Kovalentni vazba - sdileni valenénich
elektront mezi sousednimi atomy,
orientované vazby, vysoké az stredni
energie vazeb.

Kovova vazba - sdileni malého
mnozstvi elektront vS8emi atomy krystalu,
volné elektrony, nizka vazebna energie
Slabé vazby - van der Waalsovy sily

(dipdl-ion, dipdl-dipdl, indukované dipoly),
H-vazby
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lontova vazba - elektrostatické sily mezi 1 mol nebo

Tvori-li se viceatomové molekuly v
plynné fazi:

E, = % Etot (A2.,9) — Eot (AS)

Ei
vypocteny z TPy
ab-initio a Ciste kovy
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Obriazek 2
Korelace mezi povrchovou a kohezni energii pro kovove prvloy

0.5360 300 500 700 1000




C.H. Li et al. / Journal of Physics and Chemistry of Solids 64 (2003) 201-212

T, = 0.0302 E/Kg
r=0.899

Alloys containing’
divalence metal
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Lavesovy faze

C14 - MgZn, (hex)
C15 - Cu,Mg (cub)
C36 - MgNi, (hex)

400 500 600 700 800
Coheslve Energy
Fig. 4. Melting temperature vs. cohesive energy for Laves phases.




Kohezni energie NPs
(pfepoctena na 1atom)

Kohezni energie neni vSude

% 5.0 ' . oL stejnd (ab-initio vypocet):
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Kohezivni energie 1 atomu pro Mista nachylna k adsorpci
nanocastice raznych tvara a velikosti kysliku a pod.

jako funkce podilu povrchu k objemu.
U nano materiali je posuzovani

kohezni energie pro relativni

http://www.sfu.ca/eikerlingreseart posuzovani NPs uZitené.
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Kohezni energie povrchu NPs

kohezni energie E

Povrchové atomy jsou vazany kratsimi
a pevnéjSimi vazebami, ale je jich méné nezliu atomu v core —
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Relaxace povrchovych vazeb NPs

Sicda vy

203 Projevuje se i u
i bulk materialu
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Zakrivena rozhrani ;

(tlak par nad malymi kapkami)

Youngova-Laplaceova rovnice (1805)

2 f Odvozeno pro systém I-g z
Ap — pin — pOUt —p— mechamc!(e rovnovaky na
r rozhrani o povrchovém
napéti f. (viz bublifuk) pout Napiiklad pro
1 kapky Hg
Pro relativné velké kapky (r>10nm) lze pouZzit: f:'y . - kfivost povrchu
Pro malé Ob]@kty a solidus lze /surf(sg) (7) _ E.on (1) nebo: /surf(s/g) () —1— AgublSm Tat
pouzit napriklad aproximaci: ... E.;. ' Y surf(s/g) o 3R 7
Malé kapky mayji vétsi vnitini tlak neZli je pod rovnou hladinou. Kelvinova rovnice
L = 27V
Dusledky: chemicky potencial slozZky uvniti kapky je vyssi nez vné. po rRT
Malé kapky se snadnéji odparuji. Prenesené plati i pro rovnovahu W= ps9 4 RT In,
solid/liquid, kde je navic anisotropie Y. f. =p/py
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Zavislost povrchové energie nanocastic Ag na poctu atomu ¢astici tvoiicich

DFT (Ref." e, . , .
EAM((R;_MQ) Teoreticky vypocet rozdilu tlaku vné a

DFT (Ref."') uvniti Au:
DFT (Ref."?) *

—f=1Jm’

—f=3Jm°

—f=7Jm’
fo,=1,2-7,7Jim2

(SDLP)
fo, = 1,4 — 8,8 J/m2
(SDE)




Jiné vysvétleni tani NPs : Bilance povrchové energie

1. Povrchové tani objemoveho materialu

Vapor

Solid

AF

Vapor

ST

Solid

2. Velky pomér povrch/objem
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K tani dojde kdyz:

Vsl T Vg < Vsg
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Prisun energie do bulku.
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Fig. 3.1, Schematic phase diagram of a simple body




Twao Theta (deg)

Sledovani elektronovou
difrakci (zruSeni mrizky)

Tani realnych NPs
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mikrokalorimetrie

Lat. teplo jednoslozkové soustavy

bulk/

e HTEM (problém kalibrace na teplotu

NPs deponované na
substratu. Vliv
distribuce rozdéleni
velikosti.
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Tenka vrstva In na
inertnim substratu:

dy =0,387nm, T =600,6K

15

dy =0,3685nm, T =429,8K

5 10 15
h (nmy)



Existuji zvlastni efekty ale lze
predpokladat priblizné stejné
zmény transformacni teploty

solid/liquid.
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oT) (meV K1)
a2

The heat capacity, ¢(T), and caloric curve U(T) of the
Na,q," anion. The peak position of ¢c(T) determines the
melting temperature and q is the latent heat of fusion. The MPD a DH pro Sn N PS'
melting temperature and latent heat of the bulk are

shown. Reproduced with the permission of Macmillan -
Publishers Ltd. (Nature) from Schmidt et al.[41]. — —~
e
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Termodynamickyzaklad: Gibbs-
Duhem equation (popis chemického
potencialu) + Laplace equation
(popis povrchu):

1 model (solid,
liquid, gas) :

2 model
(solidcore,liquid shell,

gas):

Model pro 3% W T ()
latentni teplo: L(oo) — L(r) = ” (p_s - ;l) + f [Cp 1iq(T) — Cp.snl(T)]dT

Fon(r)




Na- klastry:
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Fig. 8.6. Solidliquid transition temperatures and latent heats [Fp) for sodium
clusters, measured by Haberland and coworkers [6]. (b} is a magnified view of (a}.
Given the broadening of the transition, no exact value can be attributed to the latent
heat. However, the experiment provides the differences from one size to another in
a precise manner. The Fy scale is thus a relative scale
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Physics Letters A 372 (2008) 6030-5034
Contants lists available at ScienceDiract
Physics Letters A

www.elsevier.com/locate/pla

A universal relation for the cohesive energy of nanoparticles
S.C. Vanithakumari, K.K. Nanda*

Marerials Research Centre, Indian iritute of Science, Bangal are 550012, India
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Krystalizace NPs - velmi malo informaci

Podminkou je zachovani velikosti v kapalném stavu.
* Encapsulation
* Individualni ¢astice (aerosol, substrat)

Simulace:

¥ el
el

http://www.mse.t.u-tokyo.ac.jp/shibuta/research.html

Extrémni podchlazeni
* Nahodny déj

* Lokalni impulz
Nanocastice PS 2012
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Tani a krystalizace In NPs
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DSC /(mWi/mg)
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T (Termperature), "C
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AgSn nano:

DSC (mWimg)
1 exo

1.6

Onset: 210.7 °C_

14 Nanoparticle melting)
2 3 5wt%Ag-Sn (FOmIABN/min, 10K/min)

1.2
Nanoefect 6.3 deg C Onset: 216.7 °C

1.0 Onset: 217.0 °C

{mikroparticle melting)

08
Peak: 1233 °C

{nanoparticle solidification)
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DSC krivky ohrevu a ochlazeni pro
nanoslitinu Ag-Sn pripravenou pii -
10 °C. SEM
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TEMPERATURE_CELSIUS
TEMPERATURE_CELSIUS

AgSb_ORTHO

AgSb_ORTHO
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Tm,Sn=231 oC

Teut.,SnAg=2220C

B Sn-nano

— =— Lai's model
— - — Line/Scatter Plot 33

CALPHAD (J.V.)
DSC experiment
Jiang

Bao

Pande
- Line/Scatter Plot 37

20 40 60 80
Nanoparticle size / nm 4 60 80
particle size / nm




.Klasické prace‘“: Vliv velikosti na teplotu
tani/tuhnuti nanocastic

J.J. Thomson (1888)

Applications of Dynamics to Physics and Chemistry
... Effect of surface tension on the freezing point

P. Pawlow (1909)

Melting point dependence on the surface energy of a solid body

M. Takagi (1954)

Electron-diffraction study of liquid-solid transition of thin metal films

K.K. Nanda (2009)

Size-dependent melting of nanoparticles: Hundred yers of
thermodynamic model

Chem. Listy 103, 174-185 (2011)
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& .prozkoumat tani in-situ:

http://www.purdue.edu/discoverypark/nanotechnology/research/malis.php
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