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Additivity of intermolecular forces at interface;

interfacial tension of immiscible liquids from their surface tensions.
The additivity rules and Girifalco-good-Fowkes equation.

Yag = Va + Vs — 2V VAT » @ semi-empirical formula that relies on the dispersion interaction
component of surface tension.
The additivity rules are based on the following assumptions:
1. surface tension of water consists of the dispersion & hydrogen bonding interactions.
d _.h
Tw =Yw +Yw
2. surface tension of mercury consists of the dispersion & metallic interactions
YHg = Y(Ii{g + Ygg
3. surface tension of hydrocarbon arises mainly from the dispersion interactions.
YHC = Y(Ii-IC
Four broad categories of molecular interactions

1. Hydrogen bonding: Hydrogen atoms serve as bridges linking
together two atoms of high electronegativity. In the present context
these atoms are in separate molecules so the molecules themselves
are mutually “attracted” by these bonds.

2. Metallic bonding: A sea of mobile electrons shared by the atoms of a
metal contributes to the attraction between metal atoms in bulk
samples.

3. Permanent dipole interactions: Polar molecules have relatively
positive and negative regions. Regions of opposite charge on different
molecules result in an attraction between these molecules. Molecules
must possess a permanent dipole moment to display this effect.

4. London forces: Deformable electron clouds in adjoining molecules
distort one another, resulting in an instantaneous polarity with
accompanying attraction between the molecules involved. The
polarizability of a molecule (see Sect. 5.3) is a measure of its tendency
to display this effect.
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Figure 4.2 Schematic representation of the contributions to an oil-water interfacial

tension

Table 6.4 Experimental Values for vy, Yg-w, and yy_pe With H=

Hydrocarbon, at 20°C (all values in mJ m™2y’

Mercury Water
(Yug = 484) (yw = 72.8)
Hydrocarbon Y YH-Hg Y?;g YH-w Yo
n-Hexane 184 378 210 511 218
n-Heptane 184 — — 50.2 226
n-Octane 21.8 375 199 50.8 22.0
n-Nonane - 228 372 199 — —
n-Decane 239 — — 512 216
n-Tetradecane 256 — — S22 20.8
Cyclohexane 25.5 — — 50.2 227
Decalin 299 —_— — 514 220
Benzene 28.85 363 194 — —
Toluene 28.5 359 208 — —_
o0-Xylene 30.1 359 200 —_— —
m-Xylene 289 357 211 — —
p-Xylene 284 361 203 — _
n-Propylbenzene 290 363 194 — -
n-Butylbenzene 29.2 363 193 — —
Average 2007 218107

“Here Yy, and 4, are calculated as in Example 6.6.
Source: Data from F. M. Fowkes, Ind. Eng. Chem., 56:40 (1964).



7.

Thermodynamics of adsorption & Gibbs adsorption isotherm

Ideal Gibbs Interface:
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Examples of two different concentration profiles giving rise to the same interfacial excess concentration, T'\",
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Table 3.1: Surface tension, surface entropy, surface enthalpy, and internal surface energy of
some liquids at 25°C.

y=f°(mNm™) 7T-s°(mNm™ ') u°(mNm')

Mercury 48548 61.1 549.6
Water 71.99. 46.9 121.1
n-hexane 17.89 30.5 499
n-heptane 19.65 29.2 50.3
n-octane 21.14 28.3 50.9
7-nonane 22.38 279 51.7
n-decane 23.37 274 52.2
Methanol 22.07 23.0 46.3
Ethanol 21.97 24.8 48.0
1-propanol 23.32 23.1 47.6
I-butanol 24.93 26.8 53.0
1-hexanol 23.81 29.8 55.6
Toluene 27.93 354 65.1
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Gibbs Adsorption Isotherm
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9. Critical micelle concentration, cmc, of surfactants.
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Detergency

Units of measurement of each property

\ Interfacial tension 5
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% sodium dodecy! sulfate

Fig. XIII-10. Properties of colloidal electrolyte solutions—sodium dodecyl sulfate.
(From Ref. 102a.)

Table 12.1: Structure of common surfactants and critical micelle concentrations (CMCs in mM) in water
at 25°C (no added salt). The CMCs were taken from Refs. [109,519,520].

Surfactant CMC
Anionic
Sodium alkylsulfate nc = 8, sodium octylsulfate 139
ne = 10, sodium decylsulfate 34
" @ n¢ = 11, sodium undecylsulfate 17
CHz—(CHp)—0—S—O0 nc = 12, sodium dodecylsulfate 8.9
e
Sodium alkylbenzenesulfonate nc = 7, sodium heptylbenzene 24
sulfonate
CH3—(CH2)_-_1-@\ /70 ng = 8, sodium octylbenzene 12
- e /S\ @) sulfonate
g o ne = 12, sodium dodecylbenzene 36
Na® sulfonate
Sodium alkylether sulfate AES
ng=12-14,m=2-4

O“{C"’QCHZ
CH3<(>CH27 m g
ne-1
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Surfactant CMC
Sodium alkylcarboxylate Sodium salt of
@ nc = 10, decanoic acid 100
0o nc = 11, undecanoic acid 50
CHs—(CHy) C/ Na® nc = 12, dodecanoic (lauric) acid 25
3 2 2 N\ nc = 13, tridecanoic acid 13
o nc = 14, tetradecanoic (myristic) acid 6.3
nc = 16, hexadecanoic (palmitic) acid 1.8
nc = 18, octadecanoic (stearic) acid
nc = 20, eicosanoic (arachidic) acid
ne = 22, docosanoic (behenic) acid
Sodium bis(2-ethylhexyl) sulfosuccinate Aerosol OT (AOT) 1.4
CoHs
CH3—(CHp)3—CH—CH,—0O,
c=0
O
HoC ] @
CHy—(CHg)3—CH—CH,—O. CH—ﬁ"‘O
x j( ®
CaHs O Na
(0]
Cationic
Alkyltrimethylammonium bromide nc = 10, decyl trimethylammonium 66
bromide
CH S nc = 12, dodecyl trimethylammonium 15
l Br bromide
CH3—(CHy) N—CHs nc = 14, tetradecyl trimethylammonium 35
ne-1 | bromide (TTAB)
CH3 nc = 16, hexadecyl trimethylammonium 0.9
bromide (CTAB)
Alkyltrimethylammonium chloride hexadecyl trimethylammonium chloride 1.3
T8 c
CH3'—(CH2);5—-T-—CH3
' CHs
Dialkyldimethylammonium bromide didodecyldimethylammonium bromide 0.15

CH;—(CH
3—( 2){1 /CHs @
/N@ Br
CH3—(CHz)11 CHg

(DDAB)
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Surfactant CMC
Nonionic
Alkylethylene glycol
C10H21(OCH2CH2)4OH | Ci10E4 0.79
C10H21(OCH2CH3)sOH Ci0Es 0.9
C10H21 (OCH2CH3)sOH Ci10Es 1.0
C12Ha25(0OCH2CH2 )sOH Ci2Esg 0.071
C14H29(0OCH2CH2)sOH Ci14Es 0.009
Alkylglucosides nc = 8, octyl-3-D-glucoside 25
CH,OH - nc = 10, decyl-3-D-glucoside 2.2
O/ (CHZ)nC-1 Ha nc = 12, dodecyl-3-D-glucoside 0.19
OH
HO
OH
Poly(ethylene oxide) m = 7,8, Triton'™ X-114 0.20
iso-octylphenyl ether m = 10, Triton™® X-100 0.24
m = 40, Triton'™ X-405 0.81
OCHchg}OH
m
Poly(ethylene oxide) R=~0OCO(CH2)10CH3: monolaurate 0.08
sorbitan monoalkanoate Tween ™20
R=~O_CO(CH2)16CH3: monostearate 0.0027
Tween™ 60

m
L\OCHZCHZ}»OH
X

y

OCHQCHz}R
mx+y+Z =20 z

Zwitterionic
Alkyldimethylpropanesultaine

CH,
CHz—(CHz)y 1——?1—(CH2)3—S“—0

CHj 0]

,(OCHZCHg)rOH
H

o
I o

N-dodecyl-N,N-dimethyl propanesultaine
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Figure 12.7: Aggregates formed by surfactants.
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