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Common surfactant molecules

Five common surfactantCTAB Five common surfactant 
molecules. Top row: SDS also 
called sodium lauryl sulfate (a 
leading ingredient in house-
hold cleaning products lie 

d t t d

SDS
CTAB

soap, detergent, and 
shampoo, the cationic cetyl 
trimethyl ammonium bromide 
(CTAB). Bottom, the 
phospholipid 1-palmitoyl-2-

POPC

AOT
p p p p y
oleoylphosphatidylcholine 
(POPC), sodium bis(2-
ethylhexyl)sulfosuccinate 
(AOT), pentaethylene glycol 
monodecyl ether (C12EO5)

POPC

C12EO5 monodecyl ether (C12EO5). 
Witten Fig. 7.1
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Surfactant structureSurfactant structure

Air/Oil/Solid Hydrophobic portion

W t

y

H d hili tiWater Hydrophilic portion
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Insoluble monolayers

(I have a 30 minute B&W VCR tape, narrated by Langmuir with Blodgett – any interest?)
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Langmuir - Blodgett Filmsg g
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EtymologyEtymology
English Greek Latin English meanings are not literal 

translations but interpretations
oil lipo- oleo- 
water hydro- aqua- 
solvent lyo- solvo- 
both amphi-

translations, but interpretations 
of how the words are 
understood in this branch of 
science.both amphi

flow rheo-  
affinity -philic  
lack-of-affinity -phobic  
nature -pathic

Technical terms (neologisms) 
are formed by combinations of 
these words, such as the p

science -logy  
 

following adjectives:

amphipathic = combining both natures (oil and water understood) 
amphiphilic = with affinity for both (oil and water understood)amphiphilic = with affinity for both (oil and water understood)
hydrophilic = with affinity for water 
lipophilic = with affinity for oil 
lyophilic = with affinity for the solvent 
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Classification of surfactants

• Anionic – The surface-active portion bears a negative charge
• Alkane carboxylic salts (soap)Alkane carboxylic salts (soap)
• Alkane sulfonic salts (detergents)
• Alkyl-aromatic sulfonic salts
• Others: Phosphates, phosphoric salts

• Cationic – The surface-active portion bears a positive charge
• Amine salts
• Quaternary ammonium salts

• Zwitterionic – The surface-active portion bears both charges
• Long-chain amino acid salts
• Betaines

• Nonionic – The surface-active portion contains no charge
• Long chain ethers
• Fatty acid esters
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Large volume aqueous surfactants

• Fatty alcohols and alkylphenol ethoxylates:

Alk l id

OR
R O R (OCH2CH2)nOH

• Alkanolamides:

OHCN

OH

O

R

• Alkylbenzene sulphonates

OH

SO3NaR

• Fatty alcohol and fatty alcohol ether sulphates: R OSO3Na
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Oil-soluble surfactantsOil soluble surfactants

S bit l t (S 80)Sorbitan mono-oleate (Span 80)

O

Solsperse 17000O N

N

O

S
O

O
O

( )n

N

S
O

O
O

O

Polyisobutylene succinimide
(OLOA 11000)
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Adsorption lowers the energyp gy

At the air/liquid interface: And the solid/liquid interface:

Lowers surface tension. Stabilizes dispersions.
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Adsorption at interfaces

Air-water surface Air-oil surface Oil-water interface

Strong 
adsorption, 
substantial 

Little adsorption, 
little lowering of 
surface tension

Strong 
adsorption, 
substantial 

lowering of 
surface tension.

surface tension.
lowering of 
interfacial 
tension.
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Adsorption at solid surfacesp

The surfactant must be soluble in the liquid!
Solid-water interface

Solid-oil surface interface

The adsorption is 
driven by both strong The adsorption is y g
tail/solid interaction 
and entropy – the 
hydrophobic effect.

driven by strong 
head group/solid 
interaction.
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Adsorption from solution

Tit t th The moles adsorbed is Titrate the 
surfactant the total number of 

moles added minus the 
concentration in 
solution aftersolution after 
adsorption times the 
volume of the solution.

Since adsorption is 
“spontaneous”, the 
interfacial energies must be 
lower.

Ian Morrison© 2009 Lecture 1: Surfactants 13



Langmuir adsorption isothermg p
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nm is called the monolayer 
capacity and has units of 

E ilib i t ti

M
ol

es
 a moles per gram of solid.

K is called the Henry’s law 
constant and is a measure ofEquilibrium concentration

of adsorbate in solution
constant and is a measure of 
the solid-adsorbate 
interaction.
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Ionic surfactantsIonic surfactants

If the organic tail is not too large, the surfactant dissolves in water and 
dissociates into an anion (negative) and a cation (positive):

O S

O

O Na+

dissociates into an anion (negative) and a cation (positive):

O The highly charged 
ions are completely 

solubilized.
Some of the anions remain in solution.

O

SO O

O

And some of theAnd some of the 
anions are 
adsorbed at 
surfaces.
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Adsorption of ionic surfactantsp

At the air/water interface: At the solid/water interface:

Lowers surface tension. Charges the particle and
t bili th di i
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Polymer adsorption

Lost:Lost: 
polymer -solvent

solvent - solid

Gained:
polymer – solid
solvent - solvent

+
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Common polymeric stabilizersp y

 
Aqueous dispersions 

Anchor polymer 
 

Stabilizing moieties 

Polystyrene Poly(oxyethylene) 
Poly(vinyl acetate) Poly(vinyl alcohol) 
Poly(methyl methacrylate) Poly(acrylic acid) 
Poly(acrylonitrile) Poly(methacrylic acid)

Napper, D.H. 
Pol meric stabili ationPoly(acrylonitrile) Poly(methacrylic acid)

Poly(dimethylsiloxane) Poly(acrylamide) 
Poly(vinyl chloride) Poly(vinyl pyrrolidone) 
Poly(ethylene) Poly(ethylene imine) 
Poly(propylene) Poly(vinyl methyl ether) 
Poly(lauryl methacrylate) Poly(4-vinylpyridine) 

 
N di i

Polymeric stabilization 
of colloidal 
dispersions; Academic 
Press: New York; 

Nonaqueous dispersions
 

Anchor polymer 
 

Stabilizing moieties 

Poly(acrylonitrile) Polystyrene 
Poly(oxyethylene) Poly(lauryl methacrylate) 
Poly(ethylene) Poly(12-hydroxystearic acid)

1983.

Poly(ethylene) Poly(12-hydroxystearic acid)
Poly(propylene) Poly(dimethylsiloxane) 
Poly(vinyl chloride) Poly(isobutylene) 
Poly(methyl methacrylate) Cis-1,4-poly(isoprene) 
Poly(acrylamide) Poly(vinyl acetate) 
 Poly(methyl methacrylate) 
 Poly(vinyl methyl ether) 
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Adsorption of PMMA (base) on silica (acid)p ( ) ( )

Stronger acid solventsStronger base solvents
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Acid/Base scale: Drago E and C parametersg p

 
Bases 

 
Cb 

 
Eb 

Pyridine 13 09 2 39
Acids Ca Ea 
Iodine 2 05 2 05Pyridine 13.09 2.39

Ammonia 7.08 2.78 
Methylamine 11.41 2.66 
Dimethylamine 17.85 2.33 
Trimethylamine 23.6 1.652 
Ethylamine 12.31 2.80 
Di th l i 18 06 1 771

Iodine 2.05 2.05
Iodine monochloride 1.697 10.43 
Thiophenol 0.405 2.02 
p-tert-Butylphenol 0.791 8.30 
p-Methylphenol 0.826 8.55 
Phenol 0.904 8.85

Diethylamine 18.06 1.771
Triethylamine 22.7 2.03 
Acetonitrile 2.74 1.812 
p-Dioxane 4.87 2.23 
Tetrahydrofuran 8.73 2.00 
Dimethyl sulfoxide 5.83 2.74 
E h l 3 56 1 994

p-Chlorophenol 0.978 8.88 
tert-Butyl alcohol 0.614 4.17 
Trifluoroethanol 0.922 7.93 
Pyrrole 0.603 5.19 
Isocyanic acid 0.528 6.58 
Sulfur dioxide 1 652 1 88Ethyl acetate 3.56 1.994

Methyl acetate 3.29 1.847 
Acetone 4.76 2.018 
Diethyl ether 6.65 1.969 
Isopropyl ether 6.52 2.27 
Benzene 1.452 1.002 

Sulfur dioxide 1.652 1.88
Antimony pentachloride 10.49 15.09 
Chloroform 0.325 6.18 
Water 0.675 5.01 
Methylene chloride 0.02 3.40 
Carbon tetrachloride 0.00 0.00

p-Xylene 3.64 0.851  
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Acid/Base scale: Gutmann Acceptor-Donor Numbersp

Acidic Solvents AN
kcal mol-1

Basic Solvents DN
kcal mol-1

Basic Solvents DN
kcal mol-1

Hexane (reference solvent) 0 1,2-Dichloroethane Tetrahydrofuran 20.0
Diethyl ether 3.9 Benzene 0.1 Diphenylphosphonic chloride 22.4
Tetrahydrofuran 8.0 Sulfuryl chloride 0.1 Trimethyl phosphate 23.0
B 8 2 Thi l hl id 0 4 T ib l h h 23 7Benzene 8.2 Thionyl chloride 0.4 Tributyl phosphate 23.7
Carbon tetrachloride 8.6 Acetyl chloride 0.7 Dimethoxyethane ∼24
Diglyme 9.9 Tetrachloroethylene carbonate 0.8 Dimethylformamide 26.6
Glyme 10.2 Benzoyl fluoride 2.3 N-Methyl-2-caprolactam 27.1
HMPA 10.6 Benzoyl chloride 2.3 N-Methyl-2-pyrrilidinone 27.3
Dioxane 10.8 Nitromethane 2.7 N,N-Dimethylacetamide 27.8
Acetone 12.5 Dichloroethylene carbonate 3.2 Dimethyl sulfoxide 29.8
N-Methyl-2-pyrrolidinone 13.3 Nitrobenzene 4.4 N,N-Diethylformamide 30.9
DMA 13.6 Acetic anhydride 10.5 N,N-Diethylacetamide 32.23.6 ce c a yd de 0.5 N,N e y ace a de 3 .
Pyridine 14.2 Phosphorous oxychloride 11.7 Pyridine 33.1
Nitrobenzene 14.8 Benzonitrile 11.9 Hexamethylphosphoramide 38.8
Benzonitrile 15.5 Selenium oxychloride 12.2 Hydrazine 44.0
DMF 16.0 Acetonitrile 14.1 Ethylenediamine 55.0
Dichloroethane carbonate 16.7 Sulfolane (tetramethylene sulfone) 14.8 Ethylamine 55.5
PDC 18.3 Dioxane 14.8 Isopropylamine 57.5
CH3CN 18.9 Propanediol 1,2-carbonate 15.1 tert-Butylamine 57.5
DMSO 19.3 Benzyl cyanide 15.1 Ammonia 59.0
Methylene chloride 20 4 Ethylene sulfite 15 3 Triethylamine 61 0Methylene chloride 20.4 Ethylene sulfite 15.3 Triethylamine 61.0
Nitromethane 20.5 Isobutyronitrile 15.4
Chloroform 23.1 Propionitrile 16.1
Isopropyl alcohol 33.5 Ethylene carbonate 16.4
Ethyl alcohol 37.1 Phenylphosphonic difluoride 16.4
Formamide 39.8 Methyl acetate 16.5
Methyl alcohol 41.3 n-Butyronitrile 16.6
Acetic acid 52.9 Acetone 17.0
Water 54.8 Ethyl acetate 17.1
CF3COOH 105.3 Water 18.0
CH3SO3H 126.3 Phenylphosphonic dichloride 18.5
SbCl5 as ref. in DCE 100 Diethyl ether 19.2

W.B. Jensen
The Lewis Acid-Base Concepts:

An Overview
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Wiley-Interscience: NY; 
   An Overview

1980



Acid-Base scale:
Hamlet-Taft solvatochromic scale

Marcus Y The properties of organic liquids that are relevant to their use as solvating
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Marcus, Y. The properties of organic liquids that are relevant to their use as solvating 
solvents. Chem. Soc. Rev., 22, 409-416, 1993.



Solvatochromic dyes as acid/base probesy p

Soukup, R.W.; Schmid, R. Metal Soukup, R.W.; Schmid, R. Metal 
complexes as color indicators for complexes as color indicators for 
solvent parameters. solvent parameters. J. Chem. Ed., 62J. Chem. Ed., 62, , 
459 459 –– 462, 462, 19851985. . 
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Where do I start?
  

Surfactant suppliers providing on-line help 

Byk Chemie http://www.byk.com/additives/controller.aspx?cid=192  

Schibley Chemical http://www.schibley.com/  

Surfactants, Inc. http://www.surfactantsinc.com/  

Surfactant manufacturers providing on-line help 

Akzo Nobel  http://surface.akzonobelusa.com/  

Arizona Chemical http://www.arizonachemical.com/  

BASF http://www.basf.com/index.html  

Cognis http://www.cognis.de/  

DeForest Enterprises http://www.deforest.net/  

Dow Corning http://www.dowcorning.com/  

McIntrye Group http://www.mcintyregroup.com/  

Rohm and Haas http://www.rohmhaas.com/  
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Solsperse® Surfactantsp

Now from Lubrizol Corp.
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From Byk Chemie – Low MWsy

Ian Morrison© 2009 Lecture 1: Surfactants 26



From Byk Chemie – High MWsy g
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From Byk Chemie – Media propertiesy p p
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Micelles and liquid crystalsq y

Surfactants “self-associate” at 
hi h t tihigher concentrations

Ian Morrison© 2009



Surfactants “create their own surfaces”

Adsorption and micellization are competing processes
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Adsorption and micellization are competing processes.



A lower limit in surface tension

sucrose

~0.05%

soap

concentration of solute

The surface tension drops but reaches a limit.
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Other limits in surfactant propertiesp p

The critical micelle concentration - cmc.

10

Detergency Density change

6

8 Conductivity

ar
y 

un
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Surface tension
Osmotic pressure

Equivalent 
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rb
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0

Interfacial tension
qu va e t

conductivity

% Sodium dodecyl sulfate
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% Sodium dodecyl sulfate



Micelle formationMicelle formation

Solution surface tension versus sodium 
dodecyl sulfate (SDS) concentration. 
(Note the logarithmic scale.) 

The Gibbs adsorption isotherm equation is:

2 2

2
2 2

1
ln T

d d

d d
d kT d c

σ μ

σ σ
μ

= −Γ

⎛ ⎞
Γ = − − ⎜ ⎟

⎝ ⎠2 2 Tμ ⎝ ⎠

Warning – this may be more interesting than you might think.
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g y g y g

Evans. Fig. 1.1, p. 6



The Krafft temperaturep

Note the rapid increase in 
solubility of the surfactant at

Krafft temperature is the

solubility of the surfactant at 
a critical temperature.

Krafft temperature is the 
temperature at which surfactant 
solubility equals the critical micelle 
concentration. Above the Krafft
temperature surfactants form 
micellar dispersions; below the 
Krafft temperature the surfactant 
crystallizes out of solution ascrystallizes out of solution as 
hydrated crystals. (Evans, Fig. 1.3, 
p. 9) 
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Solubilization above the CMC

Solubilization of 2-
nitrodiphenylamine in aqueous

Solubilization of dye in aqueous 
solutions of Triton X-100 versus 

5

nitrodiphenylamine in aqueous 
solutions of potassium laurate. solvent action by acetone. 

lu
bi

lit
y 

gL
 x

 1
02

2

3

4

Percent potassium laurate

0 1 2 3 4 5 6 7 8 9

So

0

1

Percent potassium laurate

The solubility of gas increases sharply 
after micelles form (at the CMC).
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McBain, 1950, Fig. 17.24, p. 264.



Effect of temperature on solubilization
in nonionicsin nonionics

ta
ne

.
re

, a
dd

 h
ep
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te

m
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ra
tu

r
Fi

x 
th

e 

Solubilization of n-heptane in 1% aqueous solutions of POE(9.0) nonylphenyl 
ether (I) and PEO(9.2) dodecylphenyl ether (II). Filled circles are cloud points. 
Open circles are solubility limits (Rosen p 188)
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Open circles are solubility limits (Rosen, p. 188).



Oil “surfactants” form inverse micelles

Th i llThe micelle 
core is highly 
polar. p

The diameters 
are 10’s ofare 10 s of 
nanometers.
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Conductivity vs concentrationy

Conductivity of OLOA 17000
oin dodecane ( 25o C )

100

vi
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 (p
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λ = 58.6 * concentration

Concentration (wt %)
0.0 0.5 1.0 1.5 2.0

0
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Electrical charges in nonpolar media

Liquid Conductivity Half-timey

(Ω-1cm-1) (sec)

Highly purified 10-17 12 000Highly purified

hydrocarbons

10 12,000

16 13Light distillates 10-16 to 10-13 1,200 to 1.2

Crude oil 10-11 to 10-9 0.012 to 0.00012

Distilled water 10-6 4.8 x 10-6
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Charge separation in inverse micelles

0
Coulomb Energy of Attraction

1

0

alkane 2.2 e0.

The Coulomb attraction
between oppositely
charged ions in water is

2

er
gy

 (u
ni

ts
 o

f k
T)

water 78 e0.

charged ions in water is
much less than in oil.

Th f i i il

4

3En
e Therefore ions in oil

must be prevented from
coming too close 

0 10 20 30 40 50
5

Separation (nm)

together.
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Charging of particles in oilsg g p
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Charge/mass ratio in oil

SampleA sample of carbon black 
dispersed in oil with OLOA 
17000 is put on a filter.

Electrometer

re
nt

A flow of pure oil 
through the dispersion 
removes all the 

t h !

cu
rr

ti

countercharges!
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Surfactant phasesp

Nicola Pinna Max Planck Institute of Colloids and Interfaces
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Nicola Pinna, Max Planck Institute of Colloids and Interfaces



Kinetics in surfactant systems*y

T iti b

M l l t i i ll

Transitions can be 
between all phases.

Molecule entering micelles -
microseconds

Micelles  to molecules  -
order of a minute.

Micelles to vesicles –
order of hours
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*Gradzielski, Current Contents in Colloid & Interface Sci, 8, 337, 2003.



Surfactant phase diagramsp g

Butanol
Phase diagram of the E P E

8020

Phase diagram of the E100P70E100–
butanol–water system at 25oC. 
The tie-lines are represented by 
full straight lines. L1 denotes the 

60

60 40

40

L2

g 1
water-rich (micellar) solutions 
region, I1 the normal (“oil”-in-
water) micellar cubic liquid 

t lli i H th l

80

40

20

2

Lα

H1

crystalline region, H1 the normal 
hexagonal liquid crystalline 
region, Lα the lamellar liquid 
crystalline region, and L2 the

80604020 E P E100 70 100Water

H1
I1L1

crystalline region, and L2 the 
alkanol-rich solution region. 

Ian Morrison© 2009 Lecture 1: Surfactants 45

Morrison, Fig. 13.21, p. 272.



Phase diagrams can be constructedg

(Consider taking the ACS short course on emulsions for much more information.)
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Surfactant structure is significantg

Structure affects adsorption, stability, solubility, 
and temperature dependence, etc.
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http://surfactants.net/huibers/Huibers1997.pdf



Effect of structure on micelle formation

The linear molecule (a) 
forms micelles quickly.

6

8

n
(m

N
/m

)

C16H33O K+
C8H17O K+

(b)(a)

The branched molecule 
(b) does not form 
micelles so readily but 
lowers surface tension

4
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SO3
- CH3

K
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-

OC8H17

lowers surface tension 
more.
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Packing parameters can “explain” shapeg p p p

a0a0V is the volume of the micelle
lc is the length of the surfactant
a0 is the optimum packing

lc

a0 is the optimum packing
of the head groups

Value of 
0c

V
l a

 
Structure of micelle 

0 1/3 S h id l i di0 - 1/3 Spheroidal in aqueous media
1/3 - 1/2 Cylindrical in aqueous media 
1/2 - 1 Lamellar in aqueous media 

> 1 Inverse micelles in nonpolar media
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> 1 Inverse micelles in nonpolar media



Surfactant(SDS) – Polymer interaction( ) y

Polymer saturated 
with surfactant.

Apparent CMC.

Onset of surfactant/polymer interaction. Holmberg et al p 278
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Onset of surfactant/polymer interaction. Holmberg et al., p. 278



Surfactant (SDS) – Protein interactions

The effect of gelatin on the surfaceThe effect of gelatin on the surface 
tension of solutions of SDS (circles) 
and Triton-X100 (triangles). Without 

l ti (fill d) d ith l tigelatin (filled) and with gelatin 
(open).

For Triton X 100: noFor Triton X-100: no 
protein/surfactant interaction.

For SDS: a plateau corresponding to aFor SDS: a plateau corresponding to a 
protein/surfactant association.
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Named surfactant phenomenap

Name Brief statement 

Lundelius’ rule Decreasing solubility increases surface activity. 

The Ferguson effect A balance between lyophilic and lyophobic nature maximizes surface 

activity. 

The HLB scale Surface-active solutes can be put on a graded scale from W/O to O/W 

emulsifiers.emulsifiers.

Bancroft’s rule The liquid in which the emulsifier is more soluble is the continuous 

phase. 
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Reference material
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Dispersantsp
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Typical entries in Nelsonyp
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McCutcheon’s Handbook

Ian Morrison© 2009 Lecture 1: Surfactants 57



Typical entry in McCutcheon’syp y
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Chemcyclopedia (ACS annual publication)y p ( p )
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Typical page in Chemcyclopediayp p g y p
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