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A estrutura da superficie do liquido
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Figure 2.1: Density of a liquid versus the coordinate normal to its surface: (a) 1s a schematic
plot; (b) results from molecular dynamics simulations of a n-tridecane (Cy1aHag) at 27°C
adapted from Ref. [11]. Tridecane is practically not volatile. For this reason the density in
the vapor phase is negligible.
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A estrutura da superficie do liquido
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Figure 2.10: Release of a lig-
uid drop from a capillary.




Definigdo Termodinamica da Tensao Superficial, ¥
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P. W. Atkins, Physical Chemistry, Oxford University Press, 5" ed., 1994.



Definigdo Termodinamica da Tensao Superficial, ¥

G(p,Tn,0) dG= Vdp —SdT+ z uydn; +vdo
J

Maximum non-expansion work dG = dw, d;Lm, y = <0G>
p

Force 2yl

Total area
2hl

trabalho para aumentar a area da superficie do liquido:

do=ydo

P. W. Atkins, Physical Chemistry, Oxford University Press, 5t ed., 1994.



Table 2.1: Surface tensions ~ of some liquids at different temperatures T'.

d W = 7/d o Substance T y Substance T ¥
T (mNm—1) (mNm™—1)
Nm = Nm?! m?2 Water 10°C 74.23 Mercury 25°C 485.48
25°C 71.99 Phenol 50°C 38.20
50°C 67.94 Benzene 25°C 28.22
Unidade Sl de y: Nm! 75°C  63.57 Toluene 25°C 2793
100°C 58.91 Dichloromethane  25°C 27.20
_1A-3 Argon 90 K 11.90 n-pentane 25°C 15.49
1dyn/em =107 N/m Methanol ~ 25°C  22.07 n-hexane 25°C 17.89
o 0

sistema cgs: 1 dyn =1 g.cm/s? = 10 kg.m/s? Ethanol ;ggg 3?3% -:—}c:?rjatize ?g‘f’g éggg
50°C 19.89 25°C 21.14
l-propanol  25°C 23.32 50°C 18.77
1-butanol 25°C 24.93 75°C 16.39
2-butanol 25°C 22.54 100°C 14.01
Acetone 25°C 23.46 Formamide 25°C 57.03

H. J. Butt, K. Graf, M. Kappl, Physics and Chemistry of Interfaces, Wiley-VCH, 2003.



Ascensao capilar
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Tensiometro de anel

AN INTERFACIAL TENSIOMETER FOR UNIVERSAL USE.

By P. LECOMTE pu NGOUY.

(From the Laboratories of The Rockefeller Institute for Medical Research.)

J. General Physiology 7, 625-633 (1925)




Tensiometro de anel

Du-Noiiy ring tensiometer

of a liquid by rmean of an analytical balance

Figure 7 - Measuring the surface tension
and z metal ring.
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Figure 1.22. Three stadia .
in the detachment of a ring F = w(ring) + 4n Ry
{idealized). Cross-section.

H. J. Butt, K. Graf, M. Kappl, Physics and Chemistry of Interfaces, Wiley-VCH, 2003.
J. Lyklema, Fundamentals of Interface and Colloid Science, Liquid-Fluid Interfaces, Elsevier Academic Press, 2000.



Surfactantes
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Tensao superficial x concentragao surfactante
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Fig. 1 Dependence of surface tension on concentration in SDS

aqueous solutions
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Critical micelle

concentration Aggregation
Surfactant Solution (mole liter ') number #
Molar Sodium dodecyl Water 0.00810 80
conductivity sulfate 0.02 M NaCl 0.00382 94
_E‘ 0.03 M Na(l 0.00309 100
o 0.10 M NaCl 0.00139 112
o Surface 0.20 M NaCl 0.00083 118
ol __~tension 0.40 M NaCl 0.00052 126
S .
" _Osmotic
E pressure
Fig. 19.40 The typical variation of some
CMC physical properties of an aqueous solution
of sodium dodecylsulfate close to the
Concentration of surfactant critical micelle concentration (CMC).
P. W. Atkins, Physical Chemistry, Oxford University Press, 5t ed., 1994. P. C. Hiemenz, R. Rajagopalan, Principles of Colloid and Surface Chemistry,

Marcel Dekker, 3" ed., 1997.



Estrutura dos agregados

Fig. 17.3. A sodium dodecylsulphate (SDS) micelle drawn to scale. The micelle contains
60 sodium dodecylsulphate molecules. The hydrocarbon chains pack at liquid hydrocarbon
density in the core where they are almost as disordered as in the bulk liquid state. Each
of the five spherical shells contains approximately the correct number of chain segments
to ensure even chain packing density throughout. Note that all segments of the chain
spend an appreciable proportion of time near the micelle surface. Thus, even though the
core is almost completely devoid of water each segment samples the hydrophilic
environment. Drawing based on calculations by Gruen {1981) and Gruen and de Lacey
(1984).

J. Israelachvili, Intermolecular & Surface Forces, Academic Press, 2" ed., 1991.

H. J. Butt, K. Graf, M. Kappl, Physics and Chemistry of Interfaces, Wiley-VCH, 2003.



Estrutura dos agregados
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Estrutura dos agregados

Parametro de empacotamento
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Fig. 17.1. The hydrocarbon interiors in both micelles and bilayers are normally in the fluid
state (Shinitzky et al,, 1971; Lindblom and Wennerstrom, 1977). Repulsive headgroup forces
and attractive hydrophobic interfacial forces determine the optimum headgroup area a,
at which g%, is a minimum (see Fig. 17.2). The chain volume v and chain length [ set
limits on how the fluid chains can pack together, on average, inside an aggregate. Thus,
the mean molecular conformation depends on a,, v and /..

J. Israelachvili, Intermolecular & Surface Forces, Academic Press, 2" ed., 1991.
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P. C. Hiemenz, R. Rajagopalan, Principles of Colloid and Surface Chemistry, Marcel Dekker, 3™ ed., 1997.



Termodinamica da micelizagcao

nSS S,

AGmic = ﬂsurf(mic) — :ugurf = RTln(xCMC)

aG Fig. 16.3. Association of N monomers into an aggregate (e.g,, a micelle). The mean lifetime
—_g of an amphiphilic molecule in a small micelle is very short, typically 107°~1073s.
oT
p Exemplo, se CMC =1 mM
AG = AH —TAS AG.i. =-17,1 kl/mol a 25 °C
tipico AH_;. ~ +2 kJ/mol
H. J. Butt, K. Graf, M. Kappl, Physics and Chemistry of Interfaces, Wiley-VCH, 2003. entad ASmiC ~ +65 J/Kmo|

J. Israelachvili, Intermolecular & Surface Forces, Academic Press, 2" ed., 1991.



Efeito Hidrofobico

Ordenamento de moléculas

de agua em torno de uma
molécula de soluto apolar é
entropicamente desfavoravel.
(Note que a interacao é atrativa

| >
Tetrahedraily

coordinated
water molecules

Fig. 8.4. Clathrate ‘cages’ formed by water molecules around a dissolved non-polar solute
molecule. Such structures are not rigid but labile, and their H bonds are not stronger than

in pure water, but the water molecules forming these cages are more ordered than in the
buik fiquid.

J. Israelachvili, Intermolecular & Surface Forces, Academic Press, 2" ed., 1991.

entre o soluto hidrofdbico e agua).

Interacao Hidrofdbica

Segregacao de muitas moléculas do
soluto apolar numa unica estrutura
demanda menos ordenamento
(entropia maior) das moléculas de
agua ao redor.




Tensao superficial e CMC do brometo de cetiltrimetilamonio
(CTAB, brometo de hexadeciltrimetilamonio, [(C,5H33)N(CH;);]Br)

Br
Tensao Superficial CHa
12 medicao | 22 medicao 32 medicao /\/\/\/\/\/\/\/\n'fi%
(N/m) L

CTAB (0,3 mmol/L) M = 364,45 g/mol
CTAB (0,4 mmol/L)
CTAB (0,5 mmol/L)
CTAB (0,6 mmol/L)
CTAB (1,0 mmol/L)
CTAB (2,0 mmol/L)
CTAB (4,0 mmol/L)
CTAB (8,0 mmol/L)
CTAB (10,0 mmol/L)




Concentracao superficial em excesso, /-

_— numero de moléculas de surfactante na superficie

equacao de Gibbs da tensao superficial dy = — 2 I;'dlij

dy = =I5y rdu
surf l surf ‘ isoterma de adsor¢do de Gibbs

oy
disyrr = RTd Inc Jlnc = —RT 5y

yxInc

P. W. Atkins, Physical Chemistry, Oxford University Press, 5" ed., 1994.
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