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Viastnosti povrchu NPs
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Pocet atomu v nanocastici
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Realne soustavy NPs
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Koule aproximujici objim a povrch realné NPs:
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Povrchova energie a povrchove

napeti
Gibbsova en. Sledované
soustavy:
G = Gy + Ay
Liquid //// N[ Diferencial:
Y
Fim ™ 7| F dG = vdA + Ady | — FdA
1N mt
% Tedy:
dy
F= + A—
T aA
Pokud dv/d4 =0 Tj. povrchové napéti se neméni s velikosti rozhrani

Toto plati pro kapaliny a Ize zhruba pouzit pro tuhé latky
blizko bodu tani. V tuhych latkach je tfeba uvazovat i
energii nutnou pro presuny atomu z objemu na povrch

(tenzory napéti)).

Pak plati: I =

. . B ~2 . wor o N m” )
Tj. povrch o povrchové energii ¥ 3 ™ Vyviji povrchové napéti v N m
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Odhad povrchove

Povrchova energie nano¢astic Ag Sigma Ag bulk= 1120 mJ/m2

m [mg]= 10 T;j. 9,27E-05 mol

M [g/mol]= 107,9

Hustota [g/cm3]= 10,49

V=m/V= 0,00095 cm3=  9,53E+17 nm3

d/nm 1 5 10 50 110,561 200 500
r/nm 0,5 2,5 5 25 55,2805 100 250
V®/nm3 0,5236 65,45 523,6 65450 707629 4E+06 7E+07
S®/nm2 3,1416 78,54 314,16 7854 38402,1 1E+05 8E+05
n kulicek/ks 1,8E+18 1E+16 1,82E+15 1,46E+13 1,3E+12 2E+11 1E+10
S kuli¢ek/nm2 5,7E+18 1E+18 5,72E+17 1,14E+17 5,2E+16 3E+16 1E+16
S kulicek/m2 5,71973 1,1439 0,571973 0,114395 0,05173 0,029 0,011
Powrchova energie/d  6,4061 1,2812 0,64061 0,128122 0,05794 0,032 0,013
Povrch en./(Jmol-1) 69121,8 13824 6912,183 1382,437 625,192 345,6 138,2
dH(nano-

bulk1000)/(Jmol-1) 69052,7 13755 6843,061 1313,315 556,07 276,5 69,12

y

Experim hodnota DSC
60 J/1mg Ag-nanc
60000 J/1g Ag-nano
556,0704356 J/mol Ag-nanc

Nanodéa

energie Ag-nano

Pi= 3,1416
V=4/3 Pi *r**3
S=4Pi*r**2

1000 2,631E+06
500 1315360,8
SE+08 9,533E+18
3E+06 2,174E+13

2E+09 0,1
6E+15 2,174E+12
0,0057 2,174E-06
0,0064 2,435E-06
69,122 0,0262749
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Ag-nano - s bimodalnim
distribucnim rozdelenim

Vyplavana,
nerelaxovana
dislokace

Silver nanoparticles. Overview (left, TEM) and detail (right, HRTEM). Silver fcc lattice
(a=0.424nm, tabulated value for Ag: 0.40862nm).

SKODA, D. a A. STYSKALIK a V. VYKOUKAL a J. BURSIK a J. SOPOUSEK, PINKAS, J. a J.
VRESTAL a P. BROZ
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Ti102 :

Anatas

Wulff

construction:

Povrchové energie
TiO2
Rutile (11 0) 0.31

Anatase (10 1) 0.44
(100)0.53
(001)0.90
(103)f0.83
(103)s0.93
(110)1.09
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Tabulka 1
Izotropni povrchové napéti vybranych vzacnych kovii ve struktufe foc
stanovené z kontrakce miizkového parametru u nanocastic

Povrchové napéti
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Ohrizek 4
Relaxace povrchové a podpovichové vrstvy atonl (ds je rovnovazna meziatomova vzdalenost v objemu
materialu, Adyz < 0, Adys = 0)




Preference krystalovych rovin

“ Om)
Increasing time

Tvar krystalu zavisi na podminkach ristu. Pokud
roste za rovnovaznych podminek mize byt vysledny
nano krystal dan Wulffovym diagramem. Druhou
Castou alternativou nanokrastalu je rist v podobé

magickych clustert .
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Vliv prostredi na povrchovou energii a tim
i na syntéezu Ag NPs
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DOI: 10.1002/smll.200701295

Shape Control of Colloidal Metal Nanocrystals

Andrea R. Tao, Susan Habas, and Peidong Yang*
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Tvar nanocastlc Fizeny zménoupa T
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Surface free energies of low-index orientations
of MgO as a function of pressure, estimated for
T =300 K. Insert: Wulff equilibrium shapes of
MgO crystallites at the same temperature. Light
grey: clean MgO(100) facets, medium grey:
hydroxylated MgO(111) facets, dark grey:
hydroxylated MgO(100) facets. Only the three
low-index surfaces were taken into account in
the Wulff construction.

http://pubs.rsc.org/en/content/articlehtml/2009/cp/b812376d

PH10= 10 atm 10° atm

m@@.

300K

200K

[ Jelean (100) [ hydroxylated (111) [l hydroxylated (100)

Wulff equilibrium shapes of MgO
crystallites as a function of the
temperature and pressure. Light grey:
clean MgO(100) facets, medium grey:
hydroxylated MgO(111) facets, dark grey:
hydroxylated MgO(100) facets. Only the
three low-index surfaces were taken into
account in the Wulff construction.
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Mearum-energy 1on-scartering study of the temperature dependence of the structure of Cu(111)

K. H. Chae, H. C. Lu, and T. Gustafsson
Department of Physics and Astronomy, and Laboratory for Surface Medification, Rutgers University,
P.O. Box 8§49, Piscataway, New Jersey 08855-0849




Stabilita tvaru nanocastic

Déje zpuisobujici zménu povrchové energie: zmény ve
vnéjSim prostredi (pH, iontova sila,...) , povrchova
adsorpce, povrchové reakce, stabilizace NPs,...

Dodani energie ,,poSkozuje tvar. Vyssi teploty vedou k
nedodrzovani idealnich tvaru, nebo agregaci.
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Diskuse

Plasticka deformace nano vzorku (movies)

http://www.nature.com/ncommes/journal/v1/n9/full/nc
omms1149.html
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