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Interacciones Particula-Particula
Porqué controlarlas?

Monodispersed Colloidal Cerium(IV) Compounds Langmuir, Vol. 4, No. 1, 1988 37

0.05 um

Figure 8. Formation of CeO, particles by forced hydrolysis of an acidic (4.0 X 1072 mol dm™ H,S0,) solution of Ce(SO,), (1.0 X 107
mol dm™) heated at 90 °C during a 6-h period.
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Interacciones Particula-Particula
Porqué controlarlas?

Scanning electron micrographs of compacts m
Z{llca S?h““ and (B) compact containing close-
1Spersion). From Sacks and Tseng [48].
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Fuerzas de Interaccion

Responsables de la estabilidad de los soles

1. Dispersivas (London - van der Waals)
2. Electrostaticas (repulsivas o atractivas)
3. Estéricas (repulsivas)

4.
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Interacciones Intermoleculares

Dipolo permanente 1 — dipolo inducido 2
(Debye)
oty + o)

X6

Dipolo permanente 1 — dipolo permanente 2
(Keesom)
2 lul luz
3KT x°

Dipolo inducido 1 — dipolo inducido 2
(London)
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e
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Interaccion entre Cuerpos Macroscopicos

—_x° Bloques de igual espesor
o=—p ¢=—AF+ L }
1( pN, 2 P 127 h? (h+2d)* (h+d)?
¢ = _E M 154 J‘J‘ X dVldVZ Bloques espesor infinito
B A
=T
Esferas
b é{ 2rr, N 2rr, }
6| h?+2rh+2r,h  h?+2rh+2r,h+4rr,

A( h?+2rh+2r,h j

——In| —
6 \h°+2rh+2r,h+4rr,

Esferas igual radio

Al 2r? 2r? h? + 4rh
0=-— T3 7 +In| = 2
6| h“+4rh h°+4rh+4r h* + 4rh + 4r

Esferas igual radio (r >> h)
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La Constante de Hamaker

00 - 00 - 00 - 00
A(I):(I)11+(I)22_2(|)12

A=A, +A,-2A, =( 112_ 1/22)2
A12:\/A11A12

A=1-15kT =4-60x10"*J
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Fuerzas de Interaccion
Responsables de la estabilidad de los soles

1.
2. Electrostaticas (repulsivas o atractivas)

3. Estéricas (repulsivas)
4.
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Interaccidon Electrostatica: La Carga Superficial
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El Punto de Carga Cero NO es
necesariamente igual al Punto
isoeléctrico

Puntos de carga cero oxidos metalicos

Oxido pHo
MgO ~12.0
Al,O3 9.0
o-Fe>,03 8.6
Zn0O 8.0
Cr,03 ~8.0
B-MNOOH 7.3
y-FeOOH 6.7
Fes;0O,4 6.8
COFezo4 ~7.0
NiFe,0O4 6.6
TiO, (a) 6.5
yA(O] 6.4
TiO, (r) 5.8
SnO, 4.5
SIiO, ~2.0
6-MnOOH 1.5
V505 1-2
WO; <1.0
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Interaccidon Electrostatica: La Carga Superficial
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Interaccion Electrostatica: Los Sitios Superficiales

Superficies de Anatasa

e Ti @ oxo ® Dicoordinated OH . Singly-coordinated OH
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Mecanismo de Precipitacion de HDLs de Ni(ll)-Cr(lII)

Hidrolisis. Formacion de especies heteropolinucleares por ataque
nucleofilico de Cr(H,0),(OH),* sobre Ni(H,0)¢>*; notar los diferentes
valores de kH,O.

A

A e AR F—

Triple-coordinated OH

BRUUERINIEE. ) Double-coordinated OH
primarias por Cous

bruciticas.
ruciticas Single-coordinated OH

Agregacion orientada de
particulas primarias.
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La Carga Superficial
>MeOH," & >MeOH + H*; K2,
>MeOH & >MeO™ + H'; K2,

MeOH}
S —KS, exp(ey/kT) =L
Qal al p( Yo ) {>|\/|€OHJ2r}aH
MeO™}
S _KS, expley/kT) =L
Qa2 =Kaz exp(eyo/KT) {>MeOH)

= F({>MeOH;}} - {>MeO})

2.3RT

2. 3RT log {>MeO"}

Ho — pH) +
(PHo —pH)+ = {>MeOH}}

Yo =

PHo = —(IOK +pK2
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Equilibrios de Complejacion Superficial

>MeOH + L™ + H' & >MeOH,"...L"; K>

>MeOH + L" + H* <5 >|\/|e|_(n—1)— + HZO!(EJS

KS’OS B {>MeOHZLn_}

7 = Moo 5a, T PEMY ~Yo)KT]

S,08 _ {>Me|—(n_1)_}

KSIS = KSWK exp[—e(n — D /KT
L L I\ >MeOH) a.a. p[—e( JWolKT ]

|‘<|_S’IS = exp[_ (“ﬁﬁ + ME"‘— + HgMeOH B HSMeL(n'l)— )/kT]
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Complejacion en la Interfaz TiO,/Solucion

Ti(IV)—catecholate

e

Abs (a.u.)

/

Ti(IV)-salicylate

Z10]0 450 500 550 510]0)

Alnm
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Complejacion en la Interfaz TiO,/Solucion
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La Carga Superficial
>MeOH," & >MeOH + H*; K2,
>MeOH & >MeO™ + H'; K2,

MeOH}
S —KS, exp(ey/kT) =L
Qal al p( Yo ) {>|\/|€OHJ2r}aH
MeO™}
S _KS, expley/kT) =L
Qa2 =Kaz exp(eyo/KT) {>MeOH)

= F({>MeOH;}} - {>MeO})

2.3RT

2. 3RT log {>MeO"}

Ho — pH) +
(PHo —pH)+ = {>MeOH}}

Yo =

PHo = —(IOK +pK2
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La Doble Capa Eléctrica

diffuse layer

with excess
negative charges

Capacidad Constante Capa Difusa Triple Capa

Yo Vo

VI
v
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La Doble Capa Eléctrica

Capacidad Constante Capa Difusa Triple Capa
‘“ljo i \VO
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d d d
cC CD GCSG (TC)
Electroneutralidad Go = — O Go = — Cs oo = — (op + o5)
Relaciones Yo = 60/Cy Yo — yp = co/Cyq

carga-potencial
Vg — Y5 = — 5/Ca
oo = Zzi | 00,i | Kici exp(-zieyy/KT)
P 1+Kjc; exp(-zjeyp/kT)

op = e[{>MeOH3...CI"} - {>MeO"..Na"}]

o5 = 11.74 1°° sinh(—eys/kT)

X Escuela de Sintesis de Materiales: Procesos Sol-Gel “Prof. Miguel A. Blesa”
Buenos Aires, Octubre 2022



La aproximacion de Debye-Huckel: zey < kT

2
Vi = 2% px) = LY )
3 dx? d oy
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La aproximacion de Debye-Huckel: zey < kT
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La aproximacion de Debye-Huckel: zey < kT
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La aproximacion de Debye-Huckel: zey < kT

_ [ 87e’N, v
W =y, €Xp(=KX) K_[lOOO ij

vy,

1.0 La carga:
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La aproximacion de Gouy-Chapman

Vi = —4—”,0 = dz‘i’ K
£ dx
_exp(zey/2kT)-1
p=Yzen =>ze nioexp(—%j ! exp(zey/2kT)+1
Siy, >y
La carga:
9 v = 4KT v, exp(—xX)
yAS
o _i(d_\lfj
4\ dx ), Si y, es grande, y, —>1
4KT
1/2 Vv =——exp(—«xX)
£ (Snanoj { (zez//oj ( zey, ﬂ ze
o = exp —exp| —
A € 2KT 2kT
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Interacciones Electrostaticas Particula-Particula
Solapamiento de las Doble Capas

dP =—pdy
dP d\p z.ey
F,=— F, = Z,e N, ex
dx P i p=2.2€ Mo p( KT )
dp +p dy -0 Para un electrolito z:z

dx dx Ze
dP =2ze n,senh k—_Fdew

F, =P, —P, =2kTn, cosh( 2oV j —1}

Para h grande

y(X) F., = 64kTn,/* exp(~hx)
2
b, = 64KTn, exp(—hr)
K
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Fuerzas de Interaccion

Responsables de la estabilidad de los soles

1. Dispersivas (London - van der Waals)
2. Electrostaticas (repulsivas o atractivas)
3.

4.

Interaccion Particula-Particula

(I):(I)A'HbE
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Interaccidn Particula-Particula

(I):(I)A_I_(I)E

Para bloques de igual espesor

exp(—hx)

b — A{l 1 2 }r64anoy§

—_ _|_ —
127\ h?  (h+2d)?2 (h+d)

Para esferas de igual radio

A} 2 2r?

= + +1n
¢ 6{h2+4rh h? + 4rh + 4r? £h2+4rh+4r2

exp(—«xh)

2
K

h? +4rh ﬂ s 64n,KTry2
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Interaccion Particula-Particula: Cinética de coagulacion

OIKT

v =Kk,N" exp(—%)

K, «c D(r,n)

A {1 1 2 }
a=— 2 T 2~ 2
127/ h2  (h+2d)? (h+d)

h/nm
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Interaccion Particula-Particula: Cinética de coagulacion

OIKT

_ 64kTn,y; exp(—hx)

minimo secundario;
coagulacion reversible

{1 1 2

- _ + —
127/ h2 " (h+2d)?2 (h+d

coagulacion irreversible

h/nm

v =Kk,N" exp(—%)

K, «c D(r,n)
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Interaccion Particula-Particula: Efecto del Potencial Superficial

64kTn 2
G = 0 - exp(—hx)
Ne——~———~—1
80 mV .
E 60 mV ® o ®© 6 06 0 O
_e_
40 mV ]
.... ° °q Ne—~——"~—
ﬁnv ¢ .3 ..:..‘o.o.?o“

h/nm
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Interaccidon Particula-Particula: Efecto de la Fuerza l6nica

B 64anoy§ ox

8 p(=hx)
0.001 M S
- 0.01 M *e L feeeess
v
>
—| 0.1 M
Ne—~———~——
.. i °q Ne—~————~—
0.5M $ 0

h/nm
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Evitando las Interaccidnes: Peptizacion

Ne—~———~— Ne—~———~—
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Evitando las Interacciones: Peptizacion
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Peptizacion

Triple Capa

>

0

location of

particles

Interaction ener

>

Separation distance

coagulation no re-dispersion re-dispersion
a b c

zl
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Fuerzas de Interaccion
Responsables de la estabilidad de los soles

1.
2.
3. Estéricas (repulsivas)
4.
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Estabilizacion Estérica: Adsorcion de Polimeros

Extended adsorM
L A po]\mer v |
‘ / \ \ \\
N~ ——~—— e 3 ‘
[ ] @ [ ] \/.\/_v l
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o o ee0e 0000
L o0 0000
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....0 ...z o0 0..
® 00 %299
.... :

- Attraction between particles
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Teniendo en cuenta estas ideas...
PACE T I LT PR A A Bt \/ AP 7 TP
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