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LiNGs 165
NaNO; 140
KNO3 136
RbNO3 126
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0. Emulstons

E mu's ms

- Mixdyes of o immietble ,L',m‘o(g

~ Sepues rapidly wilhoud slbali zedion

- Is bvoheelly shllized (neods ooy fo foe)
- Z—Phw. System oot -
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— Polydispuse daps , avwrnge. stzes 0= Do
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Microemisions
Vs, awlsiwmg

- Generally microemulsions contain droplets at least on order of

magnitude lower than for emulsions % ﬁ o *
\ ) e g P
- Microemulsions are clear, emulsions are cloudy - will is wod el => toulston, us} wic roemlsion

- Microemulsions form spontaelusly, emulsions require energy input
- Microemulsions: thermodynamically stable, emulsions: kinetically stable

- Microemulsions are highly dynamic systems, emulsions are relatively
static systems (in terms of surfactants)

No continuum from micelles/microemulsions to emulsions

Important: main difference is not drop size
— microemulsion can be a misleading term!
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Factors enhancing stability: = 5‘1‘&(1'6 s-LML,”izc.‘LiUY\

* Low interfacial tension

Requirements for surfactants:
* A mechanically strong and elastic interfacial film - Reduce the o-w interfacial tension

Anionic

surfacmm/ Elc;llr}\la\\c
stabilization e & .
- * Eletrical double layer repulsions - Rapid diffusion to newly created interfaces
Noeloni2 + Relatively small volume of dispersed phase ) ) ] )
\ i o - Low molecular weight surfactants are superior when creating emulsions
» Narrow droplet size distribution

L=0%

- High molecular weight polymers, particles, proteins and liquid crystals diffuse
slowly to the interface, may play a larger role in stabilisation

Steric
stabilization

Good solvent  Poor solvent Steric stabilization
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EmASt\en ~We v\uJ- { &6\',y| ‘H/lb emulsion S0 'le |‘b hes P ﬂ‘j“ Frnfm')'us
deston ~ Buntloffs rule

« water-soluble surfactants: o/w emulsions
s oil-soluble surfactants: w/o emulsions

Water
X Water
oil N h 5 22
oil
Emulsifier is wetted by water Emulsifier is wetted by oil

- BLB: Hydﬂpb\ﬂl‘(‘,‘ Lipq)lni'l'(, Balinee
. Gives o ouph idun of Yo opphcadions of o omilsion, Ever with seveal sufoclns
+ Relubomship Ltheen BLB -vumbs, hibikly mod agplcchion

HLB  Behavior of emulsifier in water HLB  Applications

1-4  Not dispersible 3-6  W/O emulsions Il\ ,Aﬂr'ﬁ‘u"

3-6 Poorly dispersible 7-9  Wetting agents

6-8 Unstable milky dispersion 8-15  O/W emulsions

8-10  Stable milky dispersion 13-15 Detergents L J L"‘
1013 Semi ispersion/solution | 15-18 ilizati yenphiit
13— Transparent solution

Ly Rough ruke; BLB & 8 => Wb emulston
ALB >  => o/w wmulsin

« For mixbwes of emulsifiess: RLB,., Z; W HLB; | Where W 13 Yo W“?” pascibgs o enefos & bbbl ok e
ol BLB; s )5 W vile.

e To (dcwledy HLB F( I\ 5urfwbw+ }:u,,, s chonitel Shuche :

HLB= 7 + Zlvh' HLB, | whert Wi s th wambes of the dyee of grups i Ho mobecube) anel BB, 15 e gous HLD wike (dbulated)

Table 11.5 HLB numbers of molecular groups

' 66W‘b BLB velues ﬂP Commn erutlss f fers: Chemical group HLB | Chemical group HLB
-SOsNa 387 -O- 13
-COOK 21.1 -OH (sorbitar 0.5
Chemical Commercial name HLB €0 (sorbitan)
= -COONa 19.1 -(CH,-CH,-0)- 0.33
Sorbitan monolaurate Span 20 8.6 SON: 110 CH,CH,CH,O 0.15
Sorbitan monostearate Span 60 4.7 s a. ) i -(CH.CH,CH;0)- .
Sorbitan tristearate Span 65 2.1 -N (tertiary amin) 94 -CHp-, (H -0.475
Sorbitan monooleate Span 80 43 Ester (sorbitan ring) 6.8 -CH3 -0.475
Polyoxyethylen(20) Tween(polysorbat) 20 16.7 Phenol residue, -CsHs-O- ~6.5 =CH,- -0.475
Sorbitan monolaurate F ter 24 CF 087
Polyoxyethylen(20) Tween(polysorbat) 60 149 Tee ester. group . & :
Sorbitan monostearate -COOH 2:1 -CF; -0.87
Polyoxyethylen(20; Tween(polysorbat) 65 10.5
sor] ita%’ tris)t,ean(ite) (poly ) -OH 19
Polyoxyethylen(20] Tween(polysorbat) 80 15.6 . B
S onoaisnte (polysorbat Qbs\ = CyHy- (bendoe rin) is viewed 08 b Corbons

= WB; = ((-a47s) - - 2,85
« Shruclu oP IS fw/ COmnon surfmlmls:

Category Name Structure

Anionic Sodium stearate CH3(CH3)1,COO ™ Na”™
Sodium oleate CH;(CH;);CH=CH(CH,),COO ™ Na"*
Sodium dodecyl sulfate (SDS) CH4(CH3),,50,4 Na'
Sodium dodecyl benzene sulfonate CH;3(CH,) 1CeHLSO, " Na™

Cationic Dodecylamine hydrochloride CH;(CH3)y{NH;'Cl
Hexadecyl(trimethylammonium bromide (CTAB)  CH4(CH,),sNICH)5 " Br

Non-ionic Polyethylene oxides (C.E, or C,EQ,) CH;(CH;),1(OCH,CH,),OH
Nonylphenvy| ethoxylates (Xgo is the number CH;3(CH3)g-CeHa{OCHCH; ) x 0, OH

of ethylene oxide groups)

o PIT - phose. inverstom lawpurhne
- Tempersdure whert non-ion. ewulsifiers Cl/wges /:m« ofw {o wh

- Below PIT, e quSl‘}\m (s 54%9/‘7 poler) Aboe, 1} indyacts Less Wil wele
- T%f(m{-urﬂ, is nod dahen who accound }L« HLB
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Volume fraction dispersed phase: 0.5-0.9
Sizes: 1 mm — several cm (but also nm)

Plateau border
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Lamella thickness:
30 um in «young» foams
0.1 um after gravitational drainage
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Local mechanism Higher local
caused a thin section surface tension developed
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Low surfactant Action of elasticity Surfactant molecules a J ,D« ]lk vt '
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concentration gradient pulls back surfactant diffuse from bulk + '!NI' 5 Mu«vg
(no elasticity) molecules into thinned section solution to surface
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easily ruptured by surface transport easily ruptured
mechanism



me ‘[’Jn[, o clseb

Erucise | - Susperston: ol pochichts Suspuld in - Conlimats plost (Jauid or i)
- Collotds -aee erLl'o[ (Me, ))u.m:u.-,c) , Soluions e Chear
- Parbithes [ose size dudvg 0’1%56:‘10 (luo-lm; invecutm) due b voledile wodher (ndsorbed mather Lie uade) chsorbes and evapoeales dumy L“"\"
- Characteristic for van der Waals forces:
- almost always attractive (but might be negative between particles with
different composition)
- long-ranged (compared to other surface forces)
- strong at short distances
- always present
EX%’/CBL 2 b. The vapour pressure of water is lower inside the pore than the normal vapour
pressure for water. This means that water vapour will condense at the curved water
film inside the pore at a lower pressure compared to a horizontal water film (capillary
condensation).
Exveise 4

Assum}vg f;mm'b
- -L PP e n dipesdds on e sysho (2 foc shos thetlolyhed, s bosk)

ti IJ; déssaci adion oC(J)@’S)

For anionic surfactant, adding ions decreases the molecular area as the ions
can shield the surfactants, making them come closer and increasing the
packing.

For non-ionic surfactant, adding ions shows no change as the ions do not
affect the packing as the surfactant doesn’t dissociate.

The ionic surfactant is bigger than non-ionic; this could be due to solvation of
the ions and charge in the head group due to SDS will cause repulsion and
will also result in a larger molecular area.

| Exeise D

b.

The results show that the area per molecule is lower for the short chained fatty acids
(acetic acids and propionic acid) than for the long chained fatty acids (palmitinic acid
and stearic acid). This means that the short chained fatty acids are much more
densely adsorbed onto the Fe203 particles than the long chained fatty acids.
Consequently, the 2-dimensional states are different between the short chained and
long chained fatty acids. The short-chained acids are in a condensed state, while the
long-chained acids are in a gaseous state (analogous to condensed and gaseous
states of Langmuir monolayers).

d. The adsorption of surfactant increases with increase in CPP, irrespective of the
surface. All factors that increases the CPP increase the adsorption on hydrophobic
surfaces as high CPP will lead to cylindrical shape and cylindrical shaped surfactant
are better adsorbed on to the surface. A similar trend, increase in adsorption while
CPP increases, can also be seen when surfactants are adsorbed on polar surfaces.

| Exvuise 3

Vo upressions fa et qumehrits:

A. Plane, parallel surfaces separated by a distance H.
Assumption: k'H>> 1V = 64C NAkTys (k') exp (— kH) 9.2)
B. Spherical surfaces.

1. A general expression for the repulsive energy between two spherical particles 2+ Assumptions: Low potentials and ka >> 1.
separated by a distance H, has been given by Reerink and Overbeek (35). V, = 27[8&“/% In(l + exp(~K H)) ©.5)

Assumptions: kH>>1 and 1 <«ka<10.

If kH >> 1, i.e. a modest overlapping of the electric double layers, Equation

64mea,a,k’T?
Ve = [Mje@(—ﬂ{) 93) (9.5) reduces to Equation (9.4) because In (1+x) = x for small values of x.

(a, +a,)e’z

where v, (for radius a,) and y, (for a,) is defined analogous to vy, (Eq. 8.13). 3. Assumptions: Low potentials and ka < 1.

For particles of equal size (a; = a,), the Debye-Hiickel approximation (low
280
4nea‘yg

potentials) reduces Equation (9.3) to:
Vi =
2a+H

—«H 9.6
V, = 2rneaylexp(-x H) 9.4) ]CXP( «H) 9.6)

This case is especially relevant for non-aqueous dispersions of small particles.
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