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Coloides, colar em grego “koA1€”

Thomas Graham (1805-1869)

Superficies, latim “superficiem”

extensao de terra ou ao limite de um corpo
aspecto exterior de alguma coisa

16-08-2018

magnitude/grandeza que indica a extensao de um corpo em duas

dimensoes (comprimento e largura)
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Coloides: estruturas esféricas com dimensoes

tipicas na faixa de 1nma 1 um.
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Dispersoes coloidais sao compostas por uma fase
dispersa (coloides) e uma fase continua.

Continuous phase

Solid foam
(polystyrene cup)

None

Liquid aerosol (fog, .
mist) Gel (gelatin)
Dispersed

phase

Solid aerosol (dust,
smoke)

Solid sol (Stained
glass)



Como diferenciar dispersoes coloidais de solucoes verdadeiras?

coloides dispersam fortemente a luz, pois as particulas
dispersas tém tamanhos semelhantes ao comprimento de
onda da luz visivel - efeito de Tyndall

Macromoléculas dissolvidas em um solvente assumem

dimensodes coloidais (< ~20 nm) e causam espalhamento de
luz dificil de ser observado a olho nu




FORCAS INTERMOLECULARES

" Atuam na formacao e no comportamento dos
coloides e superficies

= Dependem da:

Natura quimica das moléculas

Posicao das moléculas (energia potencial)
Temperatura do meio (energia cinética)



Have studied INTR Amolecular

orces—the forces holding L -

f the f holdi Inter-
atoms together to form O '
molecules. WIFLJI%L—III@E

MNow turn to forces between r@if‘ﬁ-:@:&
molecules —

INTERmolecular forces.

Forces between molecules,
between ions, or between
molecules and ions.




Tipo de
interacao

Ion - ion

Ion-dipolo
permanente

Dipolo perman. -
dipolo
permanente ‘
(Keesom)

Dipolo perman. -
dipolo induzido
(Debye)

Dipolo induzido

Potencial x Energia
tipica
Distancia (kJ/mol)
(ze)1(ze),
100 a 600
(4mege)T
(ze),u,cos8 15-60
(4mege)r?
2
2(ze) pupcos6
3(4mege)?kpr®
| _aiudtazu 2
(41EGE)%TO
3h wiws X107 la2

-dipolo induzido -
(London)

2 (w1twy) (Amege)?rs

€, = const. dielétrica
vacuo =
8.854 x 1012 C4Jim™?

-| Forcas de van der Waals

- Ligacoes de H:

~ 10 a 40 kd/mol



Tipo de r o

lon-ion interactions

strong electrostatic interaction

V,,= (ze)q(ze),

"~ (4mege)r

NaCl

p.f. =801 °C

p.e.=1413 °C
Solubilidade

359 g/L (H,0), e =80

14,9 g/L (CH,0H), € = 32,7
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_Tipo de fon - dipolo permanente Vy, = (Ze)apzc059
interagdo (4meoe)r?

5+ +
_ o & H\\ o H
ClommmmnH—0
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\ — /
/4 5+ H
H

1D =3.336 x 103°C m



Attraction Between _—
Ions and Permanent (vt -l

Dipoles e
O. e (: . _'“.;(z

M g2+ it Na . B+

1922 kJfimol 405 kJ/imol -263 kJimol

Attraction between ions and dipole depends on
ion charge and ion-dipole distance.

Measured by AH for M™ + H,0 --> [M{H,0), ]
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Tipo de ; ~ F N
ﬁ'.ﬁnhn J'e-..-
van der Waals f}m +
van der Waals radius of O . ' o

anvelo = 1.4A .
DD\ ‘\“-“‘- Hvdrogen bond
0—H covalent A= /
bond distanca Bt ';Et . a
van der Waals = 0.958A e
Bt fi

radius of H
= 1.2A

~ 3,5 ligacoes de H/molécula na agua
liquida, alta E, ~ 1012 s
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Hydrogen Bonding in H,O

- H-bonding is especially
| strong in water
H becalse
o~ Hydregenbond o ¢he O—H bond is very
-
“/Jﬁ polar

o
,w*n‘..}-ua + there are 2 lone pairs
f‘J A_} on the O atom
Accounts for many of

water's unique
o properties.
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Gelo (baixa E_, ): 4 ligacdes de H-> as moléculas estao mais afastadas
que no liquido, formando estrutura hexagonal e cavidades -
menor densidade que liquido

oo —og—Bc
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Hydrogen Bonding in H,O

Ice has open lattice-like structure.

Ice density is < liquid and so solid floats on water.

Water

[ce

T~

5.8

13m07an?.mowv

B 642024 6 810
Temperature (*C)
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p.e. CH;CH,OH =79 °C, momento dipolar=1,7D
p.e. CH;0CH; = - 25 °C, momento dipolar=1,3 D

p.e. H,0 =100 °C
p.e. H,5=-60°C

Cazaning

Cylening
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FORCAS DE VAN DER WAALS

- SAO INTERACOES ENTRE DIPOLO-DIPOLO OU DIPOLO-DIPOLO
INDUZIDO QUE GOVERNAM PROPRIEDADES MACROSCOPICAS DA
MATERIA (KEESOM + DEBYE + LONDON);

-SAO SEMPRE INTERACOES ATRATIVAS;
-SAO DE CURTO ALCANCE (E,qtencial);

-ESPECIAMENTE IMORTANTES PARA MOLECULAS ORGANICAS.

Implicacoes macroscopicas:
-Calor de vaporizacao de liquidos

-Viscosidade
-Coesao ou adesao
-Auto-associacao

-Estabilidade coloidal ;



FORCES INVOLVING Forcas de Debye
INDUCED DIPOLES

How can non-poelar molecules such as O, and |-
dissolve in water?

The dipcds of water 1nduces
a dipake 1 0, by distorting
the -"'_:: glectiomn cloid

oo .,

The water dipole INDUCES a dipole
in the O, electnic cloud.

= ut
i “h Dipole-induced
P Dipale: M-H_g' dlpﬂIE
1dm0d5ana.mov
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FORCES INVOLVING
INDUCED DIPOLES

Solubility increases with mass the gas

Table 13.2 * The Solubility of Some Gases in Water®

Maolar Mass Solubility at 20 °C
T (g /mal) (g gas/100 g water)t
Ha 2.01 0000160
Nz 2.0 0000190
0 32.0 00004634

The dipols of water induces
a dipake 1 05 by distorting
fh= l'_-EE election clod

>0 .,




Forcas de London

FORCES INVOLVING
INDUCED DIPOLES

The magnitude of the induced dipole depencds
on the tendency to be distorted.

Higher molec. weight -—> larger induced
dipoles.

Molecule Boiling Point (°C)
CH,; (methane) -161.5%

C,H; {ethane) -88.6

Cs;H; {(propane) -42.1

C,iH,, (butane) -0.5
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€, = const. dielétrica
vacuo =
8.854 x 1012 C4Jim™?

Tipo de Potencial x Energia
intgragﬁo o tipica
Distancia (k3/mol)
fon - fon (ze),(ze),
100 a 600
(4mege)T
fon-dipolo (ze) u,cos6 15-60
ermanente
P (4mege)r?
Dipolo perman. - 2 ]
dipolo . 2(ze) 1 uzcos0
ermanente | =
Dipolo perman. - 2 2 2
dipolo induzido ( -Z1K212l1
(Debye) (4mege)?re
Dipolo induzido 3h w10y s 1a?2

-dipolo induzido -
(London)

2 (w1twy) (Amege)?rs

-II Forcas de van der Waals

- Ligacoes de H:

~ 10 a 40 K¥/mol




Para calcular como varia o potencial de atracao de
van der Waals (®,) com a distancia entre 2
moléculas iguais em funcao da distancia (x):
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Video: tensao superficial da agua
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(o = G1d -+ 0'1P

Liquid Name Surface Tension Disperse Polar
Part Part
N,N-dimethyl-Formamid 37.1 29.0 8.1
n-Decane 23.9 23.9 0.0
n-Heptane 204 20.4 0.0
n-Hexane 18.4 18.4 0.0
n-Octane 21.8 21.8 0.0
n-Tetradecane 25.6 25.6 0.0
nitro-Ethane (Schultz) 31.9 27.5 4.4
nitro-Methane (Schultz) 36.8 29.8 7.0
Phthalic-acid-diethylester 22° 37.0 30.0 7.0
sym-tetrabromo-Ethane (Strom) 49.7 49.7 0.0
sym-tetrachloro-Ethane (Strom) 36.3 36.3 0.0
tetrachloro-Methane (Schultz) 27.0 26.7 0.3
Toluene (Schultz) 28.4 26.1 2.3
Tricresyl-phosphate (Fowkes) 40.9 39.2 1.7
Water 72.8 26.0 46.8
Water (Busscher) 72.1 19.9 52.2
Water (Rabel) 22° 72.3 18.7 53.6
Water (Strom) 20° 72.8 21.8 51.0
a-bromo-Naphthalene (Busscher) 44.4 44.4 0.0

a-brom-Naphthalene (Strom)20° 44.6 44.6 0.0




g é Entre duas esferas
Se D << R, R,

_ _@m)RiRy

Da = 6D R,+R,

constante de Hamaker
(para dois materiais idéntico no ar/vacuo ~ ;)

Entre uma esfera ¢ um plano (R, - o)

e | .

~ 76D
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Microscopia de forca atomica (AFM)

Detector and
Feedback

Electronics
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Referéncia: Hermann et al. Polimeros: Ciéncia e Tecnologia - Out/Dez — 97, pag. 51-61


https://www.veecoprobes.com/search.asp?GroupID=43

Microscopia de forca atomica (AFM)

oL Photodetector
Tip is in hard contact

with the surface;
repulsive regime Tip is far from the
’ surface; no deflection

Lasar Beam

Cantilesar

Lima Scan

iy

= 4

© 0 g ™\

— Tip Atoms
'\\ Tip is pulled toward the l
surface - attractive regime t Force
e383c0c0s
Probe Distance from Sample (z distance) % Burace AlGme

https://www.youtube.com/watch?v=s6KqJS1GZNE
https://www.youtube.com/watch?v=8gC{f1sEn0UU
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Topografia

Espessura

Rigidez

Forcas de adesao

Condutividade elétrica ou magnética

AFM )

120

0 1 2
Sec¢do transversal (mm)
Figura 4. Ilustracao da determinacdo da espessura dos filmes por AFM através da medicao da

distancia pico-vale em uma micrografia (2x2) um? obtida de um filme de éster de celulose
Tese de Doutorado de Leandro S. Blachechen, IQUSP, 2014
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