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effects physico - chemical properties
- first order phase transition, or even higher
- solubility, oxidation, ...
- activity (indirectly biological effect)

- Classical: bulk value (above 50-100 nm materials)
*(-) sublimation almost [1-2]
*metals scaling [1-2]
*we know its effect on physico-chemical properties

AH,—AH, =AH 5 -AH Vs

- Under 50-100 nm

*bulk (inside) cohesion
*surface cohesion

(4%



Approaches:

- First Approach: bulk cohesion energy
- Second Approach: surface cohesion energy and its effect on total
cohesion energy




2002, W.H.Qi, et al, [3]
size dependency of cohesion energy.

[J/atom of bulk] or [J/mol] (1)

The fundamental hypothesis behind Eq(1) are,

/. when a spherical particle is separated into its atoms/molecules by applying the
cohesion energy, if the volume remains constant, then we may write:

II . by defining the surface area change during applying the given energy for

separation of a particle into n atoms which apparently equals to surface energy of
solid materials multiplying by the total surface area, then we may write:

/l]. cohesion energy per atoms from the previous two points will be:
E=r-6°-d2)1-d,/D,)

/v. these two energies (ii. and iii.) phenomenologically are equal, then we can write:
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in [3], regarding the steps i.
condltion of constant volume
real materials volume packing factor

[J/atom of bulk] or [J/mol] (2)

Comparing Eq(71) and Eq(2),
usual metallic crystal structure with fcc
packing factor of 0.74
we expect 35% faster size variation effect respectively
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original not corrected Eq(1) [3]

original corrected Eq(2)
new: approach 2 with surface energy (latter)

—+— original corrected

—&— NEW

—— original not corrected




Al metal

—— sutface

—=— original corrected
—k— new total

original not corrected Eq(1) [3]
original corrected Eq(2)

surface: approach 2 (latter)

new: approach 2 with surface energy (latter)

— original not corrected
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from where the surface cohesion energy is mare stable than only
bulk cohesion energy, so increass af stability rate relativiv.




o sp heve

B=H, ta,

respectively for A1, Ga, W and &g metals:
atormic diameters [mm]: 0.286, 0,244, 0.274, 0.288
molar volumes [m3imol]: 10 * 10-6, 11.80 * 10-6, 247 * 10-6, 10.27 * 10-6
volume packing factors [-] 074, 0451, 068, 0,74

percentage of monolayer surface atoms and total number of atoms
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Xie, Qi: 2004 [4] from embedded NP in matrix got the wholly free standing
. coefficient as 3/4 in Eq(1) and said it is the surface effect

Schematics
of surface
and Gibbs

free energy

related
things.

w oo

By considering the amount of materials gathered in surface as well as bulk

total Gibbs free energy of a system

for sphere

n=n,n, —oser oo A _Mm_pV_p,7D,
w

Consequently through Eq(3), we can write similar algorithms for any physico-
chemical quantity of materials like cohesion energy

then

E=n,-E,+n, -E, —)(Ep:ni-EiJrns-Es [J] (5)
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from Eq ( 2 Schematics of surface energies at outer layers

As here we assume mono atomic/molecular surface layer. then we can summarize
such estimation, as:

v
E=%-Ei+EfDM—>Ep:ni‘Ei+”s!\%‘ i,'\sl [J/mol] (6)
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Schematics

of cohesion

energies
atotnic I ortion T surface mo 1'1-:2:-1;?1}.:' Er and su[‘face
volume of ' monolayer

monola VET = T inside |::}::- 1 ]l-'ll

- suppose there is a virtual 2D monolayer surface
- an amount of energy equal to in order to separate it into atoms/molecules
S

use the algorithm similar bulk (inside)

- the energy required to separate the atoms from the first layer (the one needed for
compensating the 2D stability) proportional to making the surface area changed from
Initial state to areas of total separated atoms/molecules building the monolayer
surface

- the proportionality factor is the surface energy of solid material, thus:

ESZD _ 5AA32D — 5.(Asfinal _ Asinitial) (7)




During the separation: assumption of constant volume rule

f, < f,

s —

Regarding the Fig.1. and Wl from volume constant condition we get:

(9)

Then Eq(7) changes to:

[Jj (10)

1--- g

f, * (10-x-D?-12-x*.D, +8-X°)

Combining the Eq(117) and Eq(6) regarding Eq(5), the total surface cohesion energy
for complete sphere will be in [J/atom surface]

f, (12)

f, (10-x-D?-12-x>.D, +8-X°)




What we have till now:

original not corrected

[J/atom of bulk] or [J/mol] [3] (1)

[J/atom of bulk] or [J/imol] (2)

original corrected

[J/atom surface] (12)

D,’
f, (10-x-D;—-12-x*-D, +8-x°)

Xie, Qi: 2004 [4] from embedded NP in matrix got the wholly free standing
. coefficient as 3/4 in Eq(1) and said it is the surface effect




Al metal

-
»

——E-2D-5

—+— Fs total

—— (1/6) of bulk
— new bulk value

- the differences in surface and bulk
- ctlse the point of dowmination change which would mean different surface rearrangement
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Comparison of coefficient of different cohesion energies for Al metal




difference between surface
and inside cohesion ensrgy

- = = = Ez/Eb for Al metal
tndar which the surface Ep/Eb for Al metal
\aﬂzemﬁmﬂ energy dominates - = = = E</Eb for Ga metal
Ep/Eb for (Ga metal

- = = = Es/Eb for W metal
Ep/Eb for W metal

- - - = Es/Eb for Ag metal
Ep/Eb for Ag metal

respectively far AL, Ta, Wand Ag metals:
atomic dicmeters [meme o 0286, 0.244, 0.274, 0288
malar valumes [m” fmal]: 10%107°, 10.80*10°°, 0.47 *10°°, 1027 * 107°
valume packing factors [- - 074, 0481, 068, 0.7 4
surface packing factar being equal to volume packing factor,
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vadue af X in surface monc-layver famr 2/3 of atomic diameters,
malar surface areas [m* fmal]: 1.082 *10°, 2,213 * 107, 10113 *10°, 2.0175 *10°
densities [gim J: 2.7 *10°, 5.0 *10°%, 10.250 *10°, 10.400 *10°

Comparing the coefficient of cohesion energies for different metals




Dy [fum]

2004 [4] fitted by 3/4 the point 30 and 6 nm E,, bull macroscopical cohesion: -822.57 klfmol [4]

—e— surface energy Es experimental values from
—=— original corrected bulk cohesion energy Eq(2) oxidation enthalpy formation
and its mostly happen in
surface, then at point 30 nm
shows the closeness of
experimental point to the

surface cohesion
=

—— new total cohesion energy Eq(12), Eq(D) and Eqi2)
— origimal not corrected bulk cohesion energy Eqil)

& expenmental data [6]

=
£
24,
?
=}
)
g
)
o
it}
=)
o
[x3

from where the surface cohesion energy is more stable than bulk (inside) cokesion
ehergy, sa aX increase af stability rate relatively and surface reconstruction
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Comparing the calculated and experimental observation of
cohesion energies for W metal




- new scale of properties of nano-materials (via Cohesion scale)

I. introduction of bulk (inside) cohesion energy of nano-materials

/ii. development of a thermodynamical mode/ for surface cohesion energy of nano-
materials,

/ii. series of computational analysis for comparing the materials like: Al, Ga, W and
Ag metals,

Iv. discussion the critical size and its relation to surface cohesion energy
domination,

v. comparison the experimental values of W metal with computational simulation,

- activity of nano-particles ... (under construction)

-shape effect on cohesion phenomena

-globalizing the activity of particles and experimental comparison (if any)
-size and shape effect of first order phase transitions

-size and shape effect on higher order phase transitions ?

-mixing or solving the particles together or in a bigger system
-phase diagram (state equation) of mono-particle
-state equation of multi- particles




Nomenclature

E. G : respectively cohesion and Gibbs free energy [kI/mol] or [kT].
f: packing factor.
d,. D, respectively diameter of atom and diameter of particle [nm].

n : number of mole [mol].

A : area of material [111]].

0° surface energy per unit area at 0 K [J.-"mz].

A symbol showing the difference between two states of a quantity,

b.i. p,s,2.v: in subscribe and superscript respectively: bulk, inside, particle, surface, total and volume,

: 2 : f
w, o, V. M. m. x: respectively molar surface area [m*mol]. density [g/m’]. volume [m?®]. molar mass

[g/mol]. mass [g] and actual atomic height of mono surface layer [nm]
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