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Common surfactant molecules

lan Morrison© 2009

CTAB

Surfactants

Five common surfactant
molecules. Top row: SDS also
called sodium lauryl sulfate (a
leading ingredient in house-
hold cleaning products lie
soap, detergent, and
shampoo, the cationic cetyl
trimethyl ammonium bromide
(CTAB). Bottom, the
phospholipid 1-palmitoyl-2-
oleoylphosphatidylcholine
(POPC), sodium bis(2-
ethylhexyl)sulfosuccinate
(AOT), pentaethylene glycol
monodecyl ether (C12EQO5).
Witten Fig. 7.1



Surfactant structure

Air/Oil/Solid Hydrophobic portion

Water Hydrophilic portion
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(I have a 30 minute B&W VCR tape, narrated by Langmuir with Blodgett — any interest?)

Insoluble monolayers

Solid condensed
Liquid condensed
L
2 T3>To>Tq
[72]
&)
oS
= .
= Intermediate
=3 Liquid expanded
n
T Gaseous
k
expanded
Fig. 3.4. Langmuir’s original film balance [reproduced from J. Am. Chem. Soe., Area per molecule
39, 1869 (1917), by permission].
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Figure 12.3  Structures of stearic acid, isostearic acid, and tri-p-cresyl phosphate at the
air—water interface.” Area, nm2/m0|ecu|e
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Langmuir - Blodgett Films
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Etymology

English meanings are not literal
translations, but interpretations
of how the words are
understood in this branch of
science.

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

combining both natures (oil and water understood)
with affinity for both (oil and water understood)

English Greek Latin

oil lipo- oleo-

water hydro- aqua-

solvent lyo- solvo-

both amphi-

flow rheo-

affinity -philic

lack-of-affinity -phobic

nature -pathic

science -logy
amphipathic =
amphiphilic =
hydrophilic = with affinity for water
lipophilic = with affinity for oil
lyophilic = with affinity for the solvent
lyophobic =

lan Morrison© 2009

lack of 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 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

* Amides
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Large volume aqueous surfactants

. Fatty alcohols and alkylphenol ethoxylates:

— V) B Crensd

» Alkylbenzene sulphonates Q @

« Fatty alcohol and fatty alcohol ether sulphates:
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¢ Alkanolamides:



Oil-soluble surfactants

0
L 0
Di ?‘DH Sorbitan mono-oleate (Span 80)
HO CH
I
ad
" NV Sol 17000
o nN@ (0] Sperse
o0y
I /N
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P

* Polyisobutylene succinimide
(OLOA 11000)
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At the air/liquid interface: And the solid/liquid interface:

A
o S

Adsorption lowers the energy

A

SO

Lowers surface tension.
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Stabilizes dispersions.
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Air-water surface

Adsorption at interfaces

Air-oil surface

Air
_cfegestcel Lo d o
I XIM AT EEI)
o, _o 2D N 0
‘z.ﬂ o 0::.5 \ Oil
%  Water 5 5
Strong | Little adsorption,
adsorpthn, little lowering of
substantial surface tension.
lowering of

surface tension.
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Oil-water interface

Strong
adsorption,
substantial
lowering of
interfacial
tension.
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Adsorption at solid surfaces

The surfactant must be soluble in the liquid!

Solid-water interface o .
Solid-oil surface interface

Solid Solid
R EASAEA
? N % ey e

S J®  or .
! o  Water 37 o Oil
The adsorption is o
driven by both strong The adsorption is
tail/solid interaction driven by strong
and entropy — the _head gr_oup/sohd
hydrophobic effect. Interaction.
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Titrate the
surfactant
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Adsorption from solution

The moles adsorbed is
the total number of
moles added minus the
concentration in
solution after
adsorption times the
volume of the solution.

Since adsorption is
“spontaneous”, the
interfacial energies must be
lower.
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Moles adsorbed per gram

Langmuir adsorption isotherm

n ¢
n K+cC

m

n., is called the monolayer
capacity and has units of
moles per gram of solid.

K is called the Henry’s law

Equilibrium concentration
of adsorbate in solution

lan Morrison© 2009

constant and is a measure of
the solid-adsorbate
interaction.
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lonic 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—lsl— Na*
The highly charged

Some of the anions remain in solution. ions are completely

solubilized.
N
O—Ss—=0
And some of the 0
anions are
adsorbed at S N A
lan Morrison® 2009 Lecture 1: Surfactants
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Adsorption of ionic surfactants

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

Charges the particle and
stabilizes the dispersion.

L_owers surface tension.
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Polymer adsorption

7N

Lost:
polymer -solvent

solvent - solid
Gained:
polymer — solid
h solvent - solvent
(N e o
+
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Agqueous d

Ispersions

Anchor polymer

Stabilizing moieties

Polystyrene

Poly(oxyethylene)

Poly(vinyl acetate)

Poly(vinyl alcohol)

Poly(methyl methacrylate)

Poly(acrylic acid)

Poly(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)

Nonaqueous

dispersions

Anchor polymer

Stabilizing moieties

Poly(acrylonitrile)

Polystyrene

Poly(oxyethylene) Poly(lauryl methacrylate)
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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Common polymeric stabilizers

Napper, D.H.
Polymeric stabilization
of colloidal
dispersions; Academic
Press: New York;
1983.
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Adsorption of PMMA (base)

on silica (acid)

ccl,

Stronger base solvents
<

= 3x10“gm/m’

Dioxane

[ L 1 1 1 1
15 kd/mole 5 0 5 10 15
AH® vs. BUOH AH® vs, EtAc
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Stronger acid solvents

>
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Acid/Base scale: Drago E and C parameters

Bases Cp Ep Acids Ca Ea
Pyridine 13.09 2.39 lodine 2.05 2.05
Ammonia 7.08 2.78 lodine monochloride 1.697 10.43
Methylamine 1141 2.66 Thiophenol 0.405 2.02
Dimethylamine 17.85 2.33 p-tert-Butylphenol 0.791 8.30
Trlmeth)_/lamlne 23.6 1.652 p-Methylphenol 0.826 855
Ethylamine 1231 2.80 Phenol 0.904 8.85
Diethylamine 18.06 L.r7l p-Chlorophenol 0.978 8.88
Triethylamine 22.7 2.03

Acetonitrile 274 1812 ter.t-ButyI alcohol 0.614 4.17
p-Dioxane 4.87 293 Trifluoroethanol 0.922 7.93
Tetrahydrofuran 8.73 2.00 Pyrrole 0.603 5.19
Dimethyl sulfoxide 5.83 2.74 Isocyanic acid 0.528 6.58
Ethyl acetate 3.56 1.994 Sulfur dioxide 1.652 1.88
Methyl acetate 3.29 1.847 Antimony pentachloride 10.49 15.09
Acetone 4.76 2.018 Chloroform 0.325 6.18
Diethyl ether 6.65 1.969 Water 0.675 5.01
Isopropyl ether 6.52 2.27 Methylene chloride 0.02 3.40
Benzene 1.452 1.002 Carbon tetrachloride 0.00 0.00
p-Xylene 3.64 0.851

lan Morrison© 2009
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Acid/Base scale: Gutmann Acceptor-Donor Numbers

Acidic Solvents AN Basic Solvents DN Basic Solvents DN
kcal mol™* kcal mol™ keal mol™*
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
Benzene 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 32.2
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
CH;CN 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 61.0
Nitromethane 20.5 Isobutyronitrile 15.4
Chloroform 23.1 Propionitrile 16.1
Isopropyl alcohol 335 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
CF;COOH 105.3 Water 18.0
CH5SO;H 126.3 Phenylphosphonic dichloride 18.5
ShCls as ref. in DCE 100 Diethyl ether 19.2
W.B. Jensen
The Lewis Acid-Base Concepts:
An Overview

Wiley-Interscience: NY; 1980
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Acid-Base scale:
Hamlet-Taft solvatochromic scale
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Solvatochromic dyes as acid/base probes

increasing solvent 'ucidify sﬁifts Amax
10
- Figure 3. Salvent dependent spectra oi" Fe[pﬁelll);(CN}g (;s) and Fe(bhan)z(cN) + 08F
. B ; : 2 )
(B). (A) [Fe(phen)o(GN)a] = 1 X 10~* M sach in dimethylformamide (1), nitro- g
methane (2), dilute hydrochloric acid (3), and concentrated sulfuric ackd (4), St
Broken line: [Fe(phen)s?*] = 5 X 105 Min acetonitrile. Path fength = 1 om, g
(B) [Fe{phen){CN);*] = 1 X 1073 Meach in nitromethane (1), formic acid (2') 2
70% perchloric ac}d {3")' and pﬁncen__ tﬁd sulfuric aCId (4() ‘Brmn “nﬁ: IFﬂ- 0,-'4 -
(phen)s®*] = 5 X 10=* Min gcetoritrile, Path length = 1 om.
e = _ 0zl
] L ) -
0 Somm &0 S0 &0 0
K increasing solvent acidity Shiffs Amey
\ , ‘ :
Soukup, R.W.; Schmid, R. Metal o6\ B
complexes as color indicators for :

05 H v/ “~
solvent parameters. J. Chem. Ed., 62, ’

] 7 "l
{ .
\ £
459 — 462, 1985. 8 0k AT
g_ ‘.\ K \
g 03 1 - \
< \ /! Y
\\ Fi \
02r N\ 4 N
== \
\.
01 "\\~~
y i — ..- 1 N . b ‘ \
0 400 nm 500 600 Wuvelena;r(lm 80
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Where do | start?

lan Morrison© 2009

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/

Lecture 1: Surfactants
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Solsperse® Surfactants

Aromatics
(toluene, xylene, solvesso 100,
solvent naphta)

Aliphatic
{whiite spirit,

mineral spirit,
petroleum distillates,
paraffin solvent,

vegetable oils) 13300
19000 0
11200
16000 5000 26000 3600
17000 21000
13650 53095 3000

1arganic pigment

40000
41090

Universal
[ethylene glycol,
propylene glycal,
hexylene glycol,
glycol/water)

Water

lan Morrison© 2009
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Now from Lubrizol Corp.

Aromatic/
Ester Mixtures

uUv Monomer
[acylates,
vinyl ether)
41000 7
36000

1
36000 38500
32500 35100
34750
31845
20000

Mixtures of
54000 Ester/Ketone
{butyl acetate,
MPA, EEP/MEK,
MIAK, MIBK,
Acetone)

Alcohol

(ethanol)

725



From Byk Chemie — Low MWs

A
E Solvent-Based Systems
:

BYK®-P 104 S

= Disperbyk®
-E} BYK®-220 S
D
= Anti-Terra®204
@ Anti-Terra® 202
0
g  Disperbyk®130
o
=| Disperbyk>-108
2  Disperbyk®-101
3

lower Polarity higher

L] Deflocculating B controlled flocculating

lan Morrison© 2009 Lecture 1: Surfactants
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From Byk Chemie — High MWs

Solvent-Based Systems
Disperbyk®-166
Disperbyk®-161 Disperbyk®-170
Disperbyk®-171

higher

Disperbyk®-162/168
Disperbyk®-163/167
Disperbyk®-174
Disperbyk®-164

Disperbyk®-182

Molecular Weight

Disperbyk®-103 Disper;byk®-1 10/111
Disperbyk®-106 Disperbyk®-102 Disperbyk®-180

lower

lower Polarity higher

Deflocculating
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From Byk Chemie — Media properties

Acrylic-Melamine I
Polyester-Melamine I

Low polar TPA SIS Ester soluble "IPAI
(aliphatic soluble)l  short oil alkyd

Medium oil alkyd I &

Long il alkyd I Two-pack PU I NC I
Hydrocarbon resin Two-pack Epoxy I
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Micelles and liquid crystals

Surfactants “self-associate” at
higher concentrations

lan Morrison© 2009



Surfactants “create their own surfaces”

%

O

e

. /

Adsorption and micellization are competing processes.
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A lower limit In surface tension

72

35

~0.05%

concentration of solute

Sucrose

soap

>

The surface tension drops but reaches a limit.

lan Morrison© 2009
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Other limits in surfactant properties

The critical micelle concentration - cmc.

10

Detergency Density change
Conductivity

Surface tension
Osmotic pressure

Arbitrary units

Equivalent

; Interfacial tension conductivity
| -

0.0 0.2 0.4 0.6 08

% Sodium dodecyl sulfate
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Micelle formation

=

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

_'_'_r._,_*-"'-'-.

4%

-
-
E
-
-
S L
=
|
|
|-
e
-

The Gibbs adsorption isotherm equation is:

\ do=-T"du,
: rz__dcrz 1[daj
.

du, kT ldlInc,

40

IIII'I ] ] | |
5 10 i

Warning — this may be more interesting than you might think.

Evans. Fig. 1.1, p. 6
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Concentration (Molarity)

03 -

0.2

01 =

The Krafft temperature

Note the rapid increase In

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 as
hydrated crystals. (Evans, Fig. 1.3,

L L A
10 o ™ 30

Temperature (C)

lan Morrison© 2009

“ p. 9)
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Solubilization above the CMC

Solubilization of dye in agueous
solutions of Triton X-100 versus
solvent action by acetone.

Solubilization of 2-
nitrodiphenylamine in agqueous
solutions of potassium laurate.

—_—
8. ]

—

(ziamg dye per mol. detergant
&

Solubility gL x 10?

Tritaa X =100

T T T T T T T T
0 1 2 3 4 5 6 7 8 9

Percent potassium laurate ¥

The solubility of gas increases sharply
after micelles form (at the CMC). porvmae s b e o

McBain, 1950, Fig. 17.24, p. 264.
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Effect of temperature on solubilization
IN nonionics

ol B

o))
O

ture (°C)

Temper.

] I
0 15
Amount of n-Heptane {g/L)

Fix the temperature, add heptane.
S

Solubilization of n-heptane in 1% aqueous solutions of POE(9.0) nonylphenyl
ether (1) and PEO(9.2) dodecylphenyl ether (11). Filled circles are cloud points.
Open circles are solubility limits (Rosen, p. 188).
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Oll “surfactants” form inverse micelles

The micelle
core is highly
polar.

The diameters

are 10’s of
nanometers.
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Conductivity vs concentration

Conductivity of OLOA 17000
in dodecane (25° C)

100

80

60 —

40

Conductivity (pS/cm)

A = 58.6 * concentration

20

0 I I I
0.0 0.5 1.0 1.5 2.0

Concentration (wt %)

lan Morrison© 2009 Lecture 1: Surfactants



Electrical charges in nonpolar media

Liquid Conductivity Half-time
(Qem™) (sec)
Highly purified 10" 12,000
hydrocarbons
Light distillates 10"°to 10 1,200t0 1.2
Crude oil 10+ t010° | 0.012to 0.00012
Distilled water 10° 4.8 x10°

lan Morrison© 2009
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Charge separation in inverse micelles

Coulomb Energy of Attraction
0 BT EEE e, = T T

alkane :=2.2.e0

water :=78-e0

Energy (units of kT)

| | | |
0 10 20 30 40 50
Separation (nm)

lan Morrison© 2009 Lecture 1: Surfactants

The Coulomb attraction
between oppositely
charged ions in water is
much less than in oll.

Therefore ions in oil
must be prevented from
coming too close
together.

40



Charging of particles in olls

150

125 -
. (b)

(a) Without particles. 100 -

(b) With particles N

(a)

50 A

Conductivity (pS/cm)

25

O . T T T
0.00 0.25 0.50 0.75 1.00

Concentration of OLOA 1200 in dodecane (wt%)
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Charge/mass ratio in oll

Solvent
I

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

Bectrometer

Insulator I
A flow of pure oil
through the dispersion —
removes all the S
countercharges! %
o
time
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Surfactant phases

Unimers Normal micelles
cylindrical

spherical

;\zt—’%

o

Inverted hexagonal phase Reverse micelles

Bllayar lamella
e
y

Nicola Pinna, Max Planck Institute of Colloids and Interfaces
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Kinetics In surfactant systems*

Transitions can be
between all phases. e

Molecule entering micelles -

microseconds i

Micelles to molecules - fi
order of a minute. crystal

Micelles to vesicles —
order of hours

*Gradzielski, Current Contents in Colloid & Interface Sci, 8, 337, 2003.
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Surfactant phase diagrams

Phase diagram of the E1oP70E100—
butanol-water system at 25°C.
The tie-lines are represented by
full straight lines. L; denotes the
water-rich (micellar) solutions
region, I, the normal (“oil”-in-
water) micellar cubic liquid
crystalline region, H; the normal
hexagonal liquid crystalline
region, L, the lamellar liquid
crystalline region, and L, the
alkanol-rich solution region.

E100P70E100
Morrison, Fig. 13.21, p. 272.
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Phase diagrams can be constructed

Decanol

Water Sodium Octyl Sulfonate

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

NN AOCHOH ~~1O\
(OC2H)nOH

@vfﬂ CoHy)nOH M@
(0C,H,),OH

(OC,H,)OH O/(DCquJanH

Structure affects adsorption, stability, solubility,
and temperature dependence, etc.

http://surfactants.net/huibers/Huibers1997.pdf
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8
7/~
£ (b)
Z 6
é K*
c
9
- 4 SO3
) OCgHy7
S
Q
S
©
o 2
[
<
0
0.00 0.02 0.04 0.06 0.08 0.10 0.12
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Effect of structure on micelle formation

The linear molecule (a)
forms micelles quickly.

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

48



Packing parameters can “explain” shape

V
. . aO
V 1s the volume of the micelle
| Is the length of the surfactant
a, IS the optimum packing
of the head groups S R
IC
value of v Structure of micelle
.8,
0-1/3 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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Surfactant(SDS) — Polymer interaction

(a) | |
PVP concentration = 0 g/

3 60 Polymer saturatgd
;Zé 3 o with surfactant.
8
2 50 -~ Apparent CMC.
: /
o
5 yd

40 o —

| CMC )
/ 0.001 } 0.0 0.1
Concentration of surfactant (M)
Onset of surfactant/polymer interaction. Holmberg et al., p. 278
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surface tension (mNm-1)

Surfactant (SDS) — Protein interactions

70

60

Ln
<
T

8

(7
<
T

20

-5 -4 -3 -2
log of molar
surfactant concentration

lan Morrison© 2009

-1

- The effect of gelatin on the surface

tension of solutions of SDS (circles)
and Triton-X100 (triangles). Without
gelatin (filled) and with gelatin

(open).
For Triton X-100: no
protein/surfactant interaction.

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

Name

Brief statement

Lundelius’ rule

The Ferguson effect

The HLB scale

Bancroft’s rule

Decreasing solubility increases surface activity.

A balance between lyophilic and lyophobic nature maximizes surface
activity.

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

emulsifiers.
The liquid in which the emulsifier is more soluble is the continuous

phase.

lan Morrison© 2009
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Dispersants
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DISPERSING
POWDERS
IN LIQUIDS

RALPH D. NELSON, Jr.,
Consultant Engineering Services Division,
E.I. du Pont de Nemours & Co., Inc., Newark, Delaware, U.S.A.

ELSEVIER
PAERS.  Amsterdam — Oxford — New York — Tokyo 1988
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Typical entries in Nelson

212 Dispersing Powders in Liquids Properties of Surfactant 213
Nonionic and Cationic Class Characteristics Table C-7 Anionic Class Characteristics Table C-8

class — Al Fa Fe Gr Ge Ao Ag Aa PmSo Pp Fc Si An Qa Im Da chemical class — Sf Sd To AbIs Ss Ta As St Ap Ip Ai Pl
CHARGE OF SURFACTANT IN WATER CHARGE OF SURFACTANT IN WATER

low pH 0 0000 0DO0OGOT OGO OGO OO0 + + + + Jow pH 0 - . . . ..
mid pH 0 0 0o 0 0O00OOO O OOTUOTU OGO + Z + mid pH - - - = - - - - - - -1 -
high pH 00 0 00 O0OO0COOUOU OO O -0 high pH - - - - - - - - - - - = -
SOLUBILITY OF SURFACTANT IN LIQUID SOLUBILITY OF SURFACTANT IN LIQUID

acidwater Y Y Y Y Y . . .Y Y YY. N acid water Y YYYYY Y. Y YY Y
basewater Y Y Y Y . Y Y Y NY . Y base water NYYYYYN Y YNY
H-b org Y YY H-b org A 4

polar Y Y Y Y S polar Y

nonpolar .. .. Y. YY. Y. . . YYYY nonpolar e Y

fluoroc O fluoroc Y . .Y Y .
DISPERSING AGENT FOR PARTICLE (SURFACE) DISPERSING AGENT FOR PARTICLE (SURFACE)
metal Y 000 L LY . Y oL metal T 4
carbon e e .Y Y carbon
salt PN Y . Y . . salt L .
oxide/h . Y . . . . . Y Y Y Y . oxide/h oY : Y.
Hbog . . . . . . Y. YY. Y Y H-b org Y yyy
protein R 4 Y . Y proteins S Y. Y Y Y
polar . . . . . YY Y . Y Y polar e - Y Y yYyvyy Yy
nonpolar .. . . .Y Y Y Y Y nonpolar s XYY Yy Y
fluoroc . . . A Y fluoroc ..
STABILITY AND BEHAVIOR STABILITY AND BEHAVIOR
high IS OK Y v high IS OK N . . Y . Y Y

i P . . e e . . . . . di cat OK NYYYY . Y. Y N
dicat OK . . . . . Y . . Y . . . . . . . . Y Y Y YYYYNN
foams . N. N. . NY. . . . . .. NY foams

STABILE TOWARD

EEJQZILE RN Y N .Y Y biodeg N N Y
oxidation . N N Y . ::(;i::ni(;: L. .
reduction Lo . . Y . . hot acid Y . Y NN N .
hot acid Y N N N Y . Y warm acid Y N Y . N Y
warm acid Y N N Y . Y Y cold acid Y Y Y . N Y
coldacid . Y N. N Y . Y. Y cold base Y YY. YYY
cold base Y Y Y Y Y . N Y warm base Y .Y Y . YYY
warm base Y Y . Y Y Y . N Y hot base Y NNY Y NYY
hot base Y YN Y Y Y . N Y ’
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McCutcheon’s Handbook
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1994

McCutcheon’s
VOLUME 1:

Emulsifiers & Detergents
International Edition

¢-6
Copyrighted 1994. McCutcheon’s Division
The Manufacturing Confectioner Publishing Co.
175 Rock Rd., Glen Rock, NJ 07452, USA
Telephone: 201-652-2655. Telefax: 201-652-3419
All rights reserved
ISBN 0-944254-28-4 LC# 82-644576

printed in USA.

CONTENTS

Ci y Index v
Food Emulsifier INAeX .....ccuessessssssassenseas ix
Textile Surfactant INdeX .......vceeseessecsesaser xi
Surfactants .

Formulated Detergent/Shampoo
Ci d Bases

198
Intermedi 202
HLB Index 209
CAS Index 229
Tonic Type Classification ........ce.euseessseessens 245
Chemical Classification ...............cveeesecresese 257

1994/ Emuisifiers & Detergents / International it
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Typical entry in McCutcheon’s

lan Morrison© 2009

Span ICI Surfactants
Span 20
Chemical Description: Sorbitan monolaurate
Form: liquid Conc.%:100 Type: nonionic HLB: 8.6
Span 40
Chemical Description: Sorbitan monopalmitate
Form: powder Conc.%:100 Type: nonionic HLB: 6.7
Span 60
Chemical Description: Sorbitan monostearate
Form: powder Conc.%:100 Type: nonionic HLB: 4.7
Span 65
Chemical Description: Sorbitan tristearate
Form: powder Conc.%:100  Type: nonionic HLB: 2.1
Span 80
Chemical Description: Sorbitan monooleate
Form: liquid Conc.%:100 Type: nonionic HLB: 4.3
Span 85
Chemical Description: Sorbitan trioleate
Form: liquid Conc.%:100  Type: nonionic HLB: 1.8

Remarks: Emulsifiers. Lipophilic surfactants, insoluble or dispersible in
water but generally soluble in oils or organic solvents. Used as o/w
emulsion stabilizers and thickeners. Used in the textile industry as fiber
Jubricants and softeners, used as oil additives for corrosion inhibition.
Food emulsifiers.
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Chemcyclopedia (ACS annual publication)

CHEMCYCLOPEDIA 1995

USING CHEMCYCLOPEDIA

CHEMCYCLOPEDIA provides users and purchasers of chemicals with a unique
opportunity to obtain information helpful in making buying decisions. In addition to the listing
of a given chemical, suppliers have been asked to furnish trade names (if any), available
forms, packaging, special shipping requirements, and potential applications. CAS Registry
Numbers are supplied if available. To further aid readers ot CHEMCYCLOPEDIA in locating
specific products, chemicals are listed in categories consistent with accepted patterns of
use. The categories are:

Organic Chemicals

Oils, Fats, and Waxes

Fatty Chemicals

Surfactants

Inorganic Chemicals

Industrial and Specialty Gases
Pigments and Dyes

Plastics, Additives, and Synthetic Elastomers
Catalysts and Process Chemicals
Environmental Chemicals and Services
Pharmaceuticals and Fine Chemicals

SO0 NIO AWM

Within each category the respective chemical i are listed alpt ically. Under
those headings, suppliers of the chemical are listed ically. Descriptive ir ion
as furnished by suppliers is included.

Preceding the listings in each category, CHEMCYCLOPEDIA presents a concise editorial
overview of activity in that category with emphasis on those factors likely to affect price and
availability in the near future.

continued on page 6

Shown below is a sample CHEMCYCLOPEDIA listing showing
treatment of descriptive information supplied

lan Morrison© 2009

Chemical name. As far as possible, the
common or industrial chemical name is
used rather than its precise chemical
name, which could be somewhat less
familiar. For example, acetone is used
rather than dimethyl ketone, and allene

CAS Registry Number. Concise and
unique means of substance
identification that is independent of, and
therefore bridges, the many systems of
chemical nomenciature currently in use.

rather than propadiene or

dimethylenemethane.

l—ﬁ[OCWLDIMETHVLAMINE (7378-99-6)
TAlbemarle

- ADMA C8 [One grade. Tank car, tank truck, 55-gal.

Name of supplier. Boldface

Grades and physical forms in which
chemical is available from each supplier
including purities and other physical
data as appropriate.

type
indicates supplier is an advertiser in this crum.[UN 1760, Suilable in biocidal quats, inferme-

issue of CHEMCYCLOPEDIA (see diate in production of microbiocides, corrosion inhib-
Advertisers Index, p. 491) itors, hair and textile conditioners, dye levelers,
amine oxides, betaines, and oil field chemicals.

Trade name or product code when Information on applications and end
available. uses of the chemicals and any other
specific information of possible interest

to users.

Special shipping or handling

irements. The DOT four-digit UN
number indicates the hazard class to
which the chemical belongs. in other
cases the nature of the hazard,
“flammable gas.” the DOT shipping
Iabel form, “red DOT label,” or other
special shipping or handling information
is given. NA codes are similar to UN
hazard codes but do not have
international acceptance as do the UN
codes.

4 CHEMCYCLOPEDIA 1995
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Typical page in Chemcyclopedia
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SURFACTANTS

AACETAMIDE MONOETHANOLAMINE (MEA)
Croda, Inc. INCROMECTANT AMEA-70 and -100.

Weintyre Chemical MACKAMIDE AME 75 Cosmetic
grade. Tank car, tank truck, 55-gal drum, 5-gal pall
NA 1760, Mid amids wih humectant propertcs
Colisgen sol

Scher Chemi CHERCOMID AME. Liquid
i sy coupling
agent, solubilizer

Tri-K Industries, Inc. 75% and 100% grades. 55-gal
‘drum. Completely water soluble. antistatic effect in
hair products; humectant with excellent conditioning

ACETYLENIC DIOL

‘Air Products and Chemicals, Inc. SURFYNOL 104,

Liquid form, defoamer and weting agent for coat-

g, ks, adhesives, e Tank rick.¢5-gal dum.

-0z samples. SURFYNOL DF-110 SE

RIS P2 cracs, E 130, OF 1105 BETI0L OF

110S. Defoamer for cement systems, metalworking

fluds, pressure sensitve adhesives, aex systems
inks, fountain solutions.

ings, w
ALGOHOL ALKoxvur:
PLURAFAC/ICONOL. Liquid, solid
qvm "Fark car,tank o0k 55.0a . Wonng
Sgerts_ emuisiirs. coterger
Norman,
octer § Gambie Co. The
ALCOHOL and ALCOHOL ETHER SULFATES
Ashland Chemical Industrial Chemicals and
1

olvents Div.
Gnemron Corp. SULFOCHEM SERIES. Liquids, pow-
o tes. Tank car, tank tuck, 55-gal drum
Sgaipai Shampoos. buber bane.cleaning prop.
arations, industrial uses.

Dispersants

* SOKALAN”

* VULTAMOL”
* PLURONIC®
* PLURAFLO®

We don’t make the product.
We help you make it better.

BASF Corporation
Performance Chemicals

BASF

Call BASF 800-367-9861

CIRCLE 121 ON READER SERVICE CARD

272 CHEMCYCLOPEDIA 1995

NORMAN, FOX & CO.

specializing in

NORFOX

SOAPS « SURFACTANTS « AMIDES « ESTERS
SILICONES + EMULSIFIERS « DEFOAMERS
POLYOLS « LUBRICANT ADDITIVES
PRESERVATIVES « NATURAL OILS « FATTY ACIDS
FOOD GRADE WHITE OILS * STEARATES

BRAND

From Denver to Honolulu
and throughout the Pacific Rim—
Your quality source for quality chemicals

P.O. BOX 58727 Vernon, CA 90058
Tel 800-632-1777 + Fax 213-583-9769

CIRCLE 273 ON READER SERVICE CARD

Harcros Chemicals, Inc. T-DET. Tark tuck, 55.9a
dru

Henkel Cmp  Emery, Group, CospnaCD Div. STAN-
s

270 g, Tark ca tnk wuck. S5.gal drum. For
s In Shampoo. bubble bath, denrces, ceansmg
preparations.

, Fox & Co,
Pilot Chemical Co. CALFOAM. Liquid forms. Tank car.
tank truck, 55-gal drum
Sentry/Custom Services Corp.
ALCOHOL-ETHOXYLATED-PROPOXYLATED
SURFACTANT DEFOAMER
BASF Corp. PLURAFAC RA. Liau. 4 grades. Tark
car, tank truck, 55-gal
Harcros Chemicals, Soc FET. Tank ek, 55 gal

TransGhemea, Inc. TRANS 227 Industral grade.
Tank tuck. $5-Gal orum, S-a pai. Oi-feld mud
foam

ALCOMOL ETHOXYSULFATES
Harcros Chemicals, Inc. T-DET. Tank truck, 55-gal
drum.

Norman, Fox & Co.
ALCOHOLS, ALKOXYLATED LINEAR
Einox Cremicals Inc. L1225, 2407, 2408, 2680
GRADE uck, 55-gal drum. Low-foam
tergent, d»s

e
Harcros Chamicals, Inc. T-OET. Tank tuck. 55.ga

arur
Norman, Fox
Olin Corp. PoLy TERGENT S L SERIES, & radss.
Tank car, tank truck, 55-gal drum. Biodegrad:
a0 low ioaming; emuishers, Gapersante. weiing
nts.

ALCOHOLS, DETERGENT
Atbemarle Corp. EPAL 1214, ov/14% (1265):

0%/29% blen auzm) 66%/27%/7

(a1 Tank ca. ank rack. 56 gas . Eony.

(ot iarmedate. Specia suiie wmmotay.

oling ol additive, Gefoamer. and foam stabilzer.

Ashland Chemical Co., Industrial Chemicals and
Solvents Div.

Mcintyre Chemical

Norman, Fox & Co.

Shell Chemical Co. NEODOL. Cy-C.s graces. Tank
car. tank truck Base for 1apidy biodegracae

Vista Ghémical Go. ALFOL. Wi range ofsaightcut
alcohols and alconol biends available. Tank car,
tank iuck. Highpurty. syntnetc, inear prmay &
conols and al lends C4.C221..

ALzotoLs, Emoxvuvso (74432-13.6)
ical Co., Industrial Chemicals and

Chemax, Inc. CHEMAL SERIES. 22 grades oased on
various alcohols and various moies of ethylene
oxide. Tank car, tank truck, 55-gal drum. 5-gal pail.
80z sample quantities. Emulsifiers, detergents.
wetting agents, lubricants, coupiing agents and so-

wbiizers;
Harcros Chemicals, Inc. T-DET. Tank truck, 55-gal

Fox
PPG Industnes, Specialty Chemicals MACOL. Liqued.

55-gal drum, 5-gal il Compits range of Shon
laed taty derved and synineic acorals. Mary
cosmetic, industrial toiletry and topical pharm:

gal
 Cometic omolients, detorgorts, wetng
zgenls cleaners, emuisifiers. Bro:

ication.
RITA
Shell Chemical Co. NEODOL GG 1 ClBise
tnear prmary sicon) grades Tarkca Tk rock-

Rl brosbgadae nomont suraciin
Union Ca rp.
Vista Chemical Co. ALFONIC, NOVEL Il. Wide range

Lecture 1: Surfactants

60



lan Morrison© 2009

Lecture 1: Surfactants

61



