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Kontogeorgis & Kiil, Introduction to Applied Colloid and Surface Chemistry-John Wiley & Sons (2016)



Origin of the Term “Colloid”

Figure 1.2 Thomas Graham (1805-1869), the pioneer in the study of colloidal systems, used the term “colloids”
derived from the Greek word for glue (“colla”). He thought that their special properties were due to the nature of the
compounds involved. Later, it was realized that the size of particles (of the “dispersed phase”, as we call it) is solely
responsible for the special properties of colloidal systems. (Right) T. Graham, H407/0106. Courtesy of Science Photo

Library

Kontogeorgis & Kiil, Introduction to Applied Colloid and Surface Chemistry-John Wiley & Sons (2016)




Surfaces and Interfaces




Types of Interfaces/Surfaces

Surface
tension

Interfacial
tension

Interfacial
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Liquid B

Liquid-gas
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Liquid-liquid
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L Solid-liquid
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Solid-gas
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Kontogeorgis & Kiil, Introduction to Applied Colloid and Surface Chemistry-John Wiley & Sons (2016)



The Surface of a Liquid




Molecules on the
Surface and in the Interior (bulk) of
a Liquid







The Surface Tension

makes the water drops
spherical.

Why?



Surface

Intermolecular
Interactions
absent above the
molecules at the
surface

Interior

Intermolecular
interactions
surrounding the
molecules in the
interior of the liquid.



Surface Interior

Intermolecular Intermolecular
Interactions I interactions
absent above the - | - surrounding the
molecules at the _— = = molecules in the
surface interior of the liquid.

The ENERGY of a molecule at the surface is HIGHER
than that of a molecule in the interior of the liquid!




Surface Interior

Intermolecular Intermolecular
Interactions I interactions
absent above the - | - surrounding the
molecules at the _— = = molecules in the
surface interior of the liquid.

What would happen if the ENERGY of a molecule at the surface were
LOWER than that of a molecule in the interior of the liquid?




Surface Interior

Intermolecular Intermolecular
Interactions I interactions
absent above the - | - surrounding the
molecules at the _— = = molecules in the
surface interior of the liquid.

We have to do WORK to create a surface or interface!

Work = Surface (or interfacial) tension x Area of the Surface (or Interface)




The Surface Tension

makes the water drops
spherical.

Why?
Minimization of surface area.



drops
spherical.

Why?

Minimization of
surface area.

Arc is outside stream.
R; is nagative.

Intermediate stage of a jet breaking into drops.
Radii of curvature in the axial direction are
shown. Equation for the radius of the stream is
R(z)=Rp+Ag cos(k=z), where Ry is the
radius of the unperturbed stream, A is the
amplitude of the perturbation, ¥ is distance
along the axis of the stream, and & is the wave
number
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Utilizing surface tension to
produce perfect glass spheres
(and sort them by size).
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azenda Anhumas, Botucatu, SP




Botucatu and Bofete, SP 22

#  ANTONIO CANDIDO

Rafate 27-04-1880

O Gigante Adormecido (Bofete)

http://misteriosantiguidade.blogspot.com.br/2015/07/0-gigante-adormecido.html

As Trés Pedras (Botucatu/Bofete)

Sitio Queréncia
(Bairro Anhumas, Botucatu)




Measuring the Surface Tension”
Stalagmometry




Surface

Intermolecular
Interactions
absent above the
molecules at the
surface

Interior

Intermolecular
interactions
surrounding the
molecules in the
interior of the liquid.



Interface Interior

Intermolecular
interactions

Intermolecular
Interactions are

different above surrounding the
and below the molecules in the
molecules at the interior of the liquid.

interface
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Olive Oil in Water

http://www.dreamstime.com/royalty-free-stock-photography-olive-oil-water-image6224407



Raw Material Silos

1200° C. 600° C. Window in Jena (from Wikipedia)
Cutting &
Storage

Annealing

Melting Float Area Lehr

Inspection

Heaters

Matenials are Mix is melted in Molten glass is floated on Glass is slowly Glass is Glass is
weighed and furnace top of a bath of molten tin cooled in lehr to automatically — automatically
mixed and starts to cool slowly pravent build up of inspacted to cut 10 size

siress detect flaws


http://upload.wikimedia.org/wikipedia/commons/1/10/Windowfloatnofloat.jpg

Interfacial Tension

Adhesion,
Wetting and
Contact Angle

28



Hydrophilic Surface Hydrophobic Surface

Adhesion, Wetting and Contact Angle
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Work of Adhesion

Y12 1

Y1

We have to do WORK to separate surfaces at an interface!

Work of adhesion =y, + vy, - 745




Hydrophilic Surface > Hydrophobic Surface
cleaned surface contaminated surface
Drganic
modecules

/

AT,







Hydrophilic Surface
0° 180°

Hydrophobic Surface

v

Note: Higher contact angle = greater drop depth



Estimating Surface
Tensions

from

Molecular Structure



Table 2.2. The surface tensions of some common pure liquids at the
vapour-liquid interface at 20°C. (From Jasper, 1972.)

Liquid Surface tension,  Liquid

ymNm™

Acetic acid 27.6 n-hexane 18.4
Acetone 25.1 Isobutyl alcohol 229

Benzene 28.9 Methanol 22.5
#-butyl alcohol 254 Mercury 486.5
Carbon tetrachloride ~ 27.0 n-octane 21.6
Chloroform 27.2 Oleic acid 32.5
Cyclohexane 25.2 Propanoic acid 26.7
Ethyl acetate 240 n-propyl alcohol  23.7
Ethanol 224 Pyridine 372
Di-ethyl ether 17.0 Toluene 28.5
Glycerol 634 Vinyl acetate 24.0

Ethylene glycol 48.4 Water 7.8




Surface Interior

surface?

An obvious component is
van der Waals or dispersion
forces.




Table 2.2. The surface tensions of some common pure liquids at the
vapour-liquid interface at 20°C. (From Jasper, 1972.)

Liquid

Surface tension,

ymNm™

Liquid

Acetic acid
Acetone
Benzene
#-butyl alcohol
Carbon tetrachloride
Chloroform
Cyclohexane
Ethyl acetate
Ethanol
Di-ethyl ether
Glycerol
Ethylene glycol

27.6
25.1
28.9
25.4
27.0
27.2
251
240
224
170
634
48.4

Mercury 486.5

n-hexane 184
Isobuty! alcohol 22.9
Methanol 22.5

n-octane 11.6
Oleic acid 3.5
Propanoic acid 26.7
n-propyl alcohol ~ 23.7

Pyridine 372
Toluene 28.5
Vinyl acetate 24.0
Water 72.8




Surface

Interior

lost by the
molecules at the
surface?

One obvious one are
the van der Waals or
dispersion forces.

The second are the
dipole-dipole
interactions.

But what about
hydrogen bonds?




s

Ethanol Water
22 dynes/cm 72 dynes/cm



Table 2.2. The surface tensions of some common pure liquids at the
vapour-liquid interface at 20°C. (From Jasper, 1972.)

Liquid Surface tension,  Liquid Surface tension,
ymNm™ yimNm ™!

Acetic acid 27.6 n-hexane 18.4
Acetone 25.1 Isobutyl alcohol 229

Benzene 28.9 Methanol 22.5
#-butyl alcohol 254
Carbon tetrachloride  27.0 n-octane 21.6
Chloroform 27.2 Oleic acid 32.5
Cyclohexane 25.2 Propanoic acid 26.7
Ethyl acetate 240 n-propyl alcohol  23.7
Ethanol 224 Pyridine 372
Di-ethyl ethe 17.0 Toluene 28.5

Glycerol 63.4
————
Ethylene glyco 48.4

Vinyl acetate 24.0

Water 72.8




LINEAR SOLVATION FREE ENERGY RELATIONSHIPS (LSERs)
Q)H Cavity (ﬂ H

Formation
1O
Dispersion effects (=alkane)

Introduce Hydrophobicity
solute

Solute Parameters:

V — solute molar volume

Solvent cohesion

S - solute dipolarity
Transfer

Free Energy

E — solute excess polarizability

9

Non-Specific | ¢ A — solute H-bond acidity
Interacti
reractions E B — solute H-bond basicity
(H-bonding) ffici .
Specific Coefficients:
..!"teracuons Relative importance of each
A B contribution

AG°=c + aA + bB + sS + rE + vV




42

Relationship between the chemical structure of the
molecules of a pure liquid and its Surface Tension

50

!

40+

30

Y, (calc.)

0 20 30 40 50
Y, (€xp.)

Figure 1. Comparison of calculated (eq 8) and experimental
values of the surface tensions of 299 organic liquids at 20 °C.

vy=148+11.4E+106S +3.4 (A X B)Y2+295 V+0.87 N,

Freitas, Quina & Carroll, Langmuir, 2000, 16, 6689—-6692
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Relationship between the chemical structure of the
molecules of a pure liquid and its Surface Tension

4 4 4

vy=148+11.4E+106S +3.4 (A X B)"2+295V+0.87 N,

| f

For linear alkanes only

Major: Hydrogen bonding (minor)
Dispersion, Polarizability and Dipolarity |:>

Fails for 3-D hydrogen bonded liquids!

Freitas, Quina & Carroll, Langmuir, 2000, 16, 6689—-6692 Ethanol




Ethanol Water
22 dynes/cm 72 dynes/cm

Correlation works for 2-D or 1-D hydrogen bonded liquids,

but fails for 3-D hydrogen bonded liquids



Work of Adhesion between Organic Liquids and Water

Organic

Y12 Wiz Organic

Y1

Wi =7+ 7 - g2

Freitas, Quina & Carroll, J. Phys. Chem. B, 1997, 101, 7488-7493.



Work of Adhesion between Organic Liquids and Water “©

120

110 L Vg |
.

80

Organic

Y12 W,,

Organic

W, {calc), dynesicm
=
1

Y1

30 T I T I T T T T
3 40 50 60 TO &0 90 100 110 120

W, (exp), dynesicm

Figure 1. Correlation of #$71; calealated from eq 7 with experimental
W7, for compounds 1 —103 in Takle 1.

W, =53+31S+39A+51B-24E-99V+1.8 N,

Freitas, Quina & Carroll, J. Phys. Chem. B, 1997, 101, 7488-749



Work of Adhesion between Organic Liquids and Water #f

Organic

Y12

Organic

Y1

Wi =7+ 75 - g2

W, =53+31S+39A+51B-24E-99V+1.8 N,

waor. /|

Dispersion + Dipolarity + Hydrogen bonding

L/

/

For linear alkanes only

Freitas, Quina & Carroll, J. Phys. Chem. B, 1997, 101, 7488-7493.



Measuring Contact Angles

Adhesiveness

Wettability

Solid surface free
energy
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Contact Angle Measurement: Tilting Plate Method




Commercial Contact Angle Goniometer
and an In-House Version if None is Available
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Contact Angle Measurement
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Static Contact Angle Hysteresis of a Drop on an Inclined

Surface or the Dynamic Contact Angle Hysteresis at a
Surface Being Inserted and Withdrawn from a Liquid

Receding and Advancing Contact Angles

0]

cost,

Ly

(a) ()

From: Stanley Hartland, Surface and Interfacial Tension_ Measurement, Theory, and Applications, CRC Press (2004)



Causes of contact angle hysteresis:

Hﬁfs = Uady — trec

 surfaces are not (almost never) absolutely smooth, i.e., they have some
roughness (perhaps the most important reason);

e equilibrium is not reached;

» surfaces can be contaminated (adsorbed liquids or even solid particles, e.g.,
dust);

» surfaces may undergo some changes during contact with the test liquid;
 the spreading pressure may be significant for low values of contact angle.

Kontogeorgis & Kiil, Introduction to Applied Colloid and Surface Chemistry-John Wiley & Sons (2016)



Contact Angle: The Young Equation

Thomas Young (1773-1829)

Ys = YsLt YL COS O

cos 0 = (ys -vsU)/vL

Reproduced from hitp:/fcommons.wikimedia.org/
wiki/File:Thomas_Young_(scientist).jpg

Kontogeorgis & Kiil, Introduction to Applied Colloid and Surface Chemistry-John Wiley & Sons (2016)



The Effect of Surface Roughness

Kontogeorgis & Kiil, Introduction to Applied Colloid and Surface Chemistry-John Wiley & Sons (2016)



COS esmooth = (YS B YSL)IYL (Young Eq-)

contact angle.

COS erough = Rf ('YS - 'YSL)I'YL (Wenzel)

where R; = co0s 0,,,4,/COS O 0th = 1

If Osmooth < 90° (partial wetting) then 0,5, < 04,001 (Petter wetting)

If Osmooth > 90° (partial non-wetting) then 6, > O5,00tn (POOTer wetting)

Kontogeorgis & Kiil, Introduction to Applied Colloid and Surface Chemistry-John Wiley & Sons (2016)



Lotus Plants at Nankai University, Tianjin, China




Non-Wetting & Self-
Cleaning Surfaces

‘\

http://library.thinkquest.org/27468/images/fig_8_2.jpg

Lotus e Taro
(http://plantsrescue.com/tag/green-taro/)_

Lotus effect on a taro leaf
(Wikipedia “Lotus effect”)



Feng et al., Petal Effect: A Superhydrophobic State with High Adhesive Force, Langmuir, 2008, 24, 4114-4119.



Superhydrophobicity: Petal & Lotus Effect




Petal (Cassie impregnating wetting state) Lotus (Cassie’s state)

Feng et al., Petal Effect: A Superhydrophobic State with High Adhesive Force, Langmuir, 2008, 24, 4114-4119.



Kock-Yee Law - Hong Zhao

Surface
Wetting

Characterization, Contact Angle, and
Fundamentals




Solids and Liquids:

63

Work of Cohesion vs. Work of Adhesion

Cohesion of the Liquid

L

s I

Adhesion to the Surface

We

2y,

YLt ¥s - VsL



Cohesion vs. Adhesion and Contact Angle

0=0° 6 =90° 0 =180°

W, =W, W, = 2W,, W, =0




Surface Tension of Solids: The Zisman approach

Tolueng Plroplyleﬁe éarbnn'me' Zisman found that cos is usually a
107 =rm-"g 1 monotonic function of
! : : Vi
| = Dimethyl sulfoxide
I !
0.8- | 'If Ethylene glycol  {  cosf=a-by,=1- ,8( Y- ;fﬁ,)
[ .
.«'-t-. | \ 1
% 06- i \\\ |7, 1s called the “critical surface tension™
9~ | ‘ak Glycerol|  ofasolid and is a characteristic property
: A | ofany given solid
0.4 | "Water -
7, =38 mlim’ & | Aoy liquid with y <y will wet the
—t | surface
30 40 S0 60 70 80
Surface Tension (mN/m) It 1s found that critical surface tension 1s
Zisman plot for PMMA using various testing liquids close to _[he solid surtace tension of
polymer
;VS N }/Cf

web.mit.edu/nnf/education/wettability/summerreading-2005short.pdf



The Critical Surface Tension, ycrit

Polytetrafluoroethylene
(20°C)

0 10 20 30 40 50 60 70 80

¥ /mN m™

Kontogeorgis & Kiil, Introduction to Applied Colloid and Surface Chemistry-John Wiley & Sons (2016)



Table of Critical Surface Tensions, yc'it

T Solid

xeftroTOpTOpY [Ene 162 Poly(vinylidene chloride)
Pnlytetraflunmethylene (PTFE, Teflon) 18.5 Poly(ethylene terephthalate) (PET) 43
PolyTriftoores 72.0 Nylon 6,6 43
Pnly{dmethylmlnxane} 24.0 Poly(acrylonitrile) 44
Poly(vinylidene fluoride) 25.0 Cellulose - from wood 3642
Poly(vinyl fluoride) 28.0 Cellulose - from cotton 42
Butyl rubber 27.0 Wool 45
Polyethylene (PE) 31.0 Urea-formaldehyde resin 61
cis-Polyisoprene 31.0 Polyamide-epichlorohydrin resin 52
cis-Polybutadiene 32.0 Casein 43
Polystyrene (PS) 33.0 Starch 39

Polww ‘ Resorcinol adhesives 51
Poly(methy!| melhar:rylate} (PMMA) 39.0 Aluminium ~500
Polyv 39.0 Copper ~1000

Simple applications: Painting the Surface, Gluing surfaces
Kontogeorgis & Kiil, Introduction to Applied Colloid and Surface Chemistry-John Wiley & Sons (2016)




Contact Angle of Powders

Comparison of the weight gain with
that of a totally wetting liquid with
contact angle zero.

Powder size and packing must be

reproducible. Wettability of the Tube,
etc.

Review: Alghunaim et al., Powder Technology 2016, 287, 201-215.

Alghunaim & Newby, Colloids and Surfaces A: Physicochem.

Eng. Aspects 2016, 492, 79-87.

sleeve

(powder holder)

T Absorption of liquid

Lactose wettability with different liquids

- f Hexane 0 = 0°
- / _IpOH 0 = 67.5°

- Y4

~ Water 6 = 85.5°

Tine [3]

Isopropanol — water — hexane|
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Surface Rheology

) ===
e

i R

Amplitude — Elasticity

Phase Shift — Surface Viscosity

Pressure Sensor
BUBBLEDROP ANALYZER

OpTREL GBR



Make cavity the

size of the solute: Cavitation energy:

Vsolute X sAﬁvapl\_/ solvent)}
|

(Hildebrand parameter §,,?)

Insert solute in the

cavity: Dispersion Energy

Energy Required to Insert the Solute = |Cavitation Energy| - |[Dispersion|



Gas Phase-Water Partitioning Insensitive to Solute Volume! 71

Henry’s constant (L) for air-water partitioning

logLy= -1+25S+3.8A+48B+0.6E-09V

Dipolarity + Hydrogen bonding /1

Relatively insensitive to the size of the solute!

Energy Required to Insert an Alkane (S = A =B = E = 0) into Water =
|Cavitation Energy| - |Dispersion| ~ 0

Cavitation energy necessary to make the cavity in water ~ energy gained
from dispersion when an alkane solute is placed in the cavity!

Entropy much more important than Enthalpy in the Hydrophobic Effect

Abraham et al., J. Chem. Soc. Perkin 2, 1994, 1777-1789.



Fig. 1 Snapshot of the simulated water/vacuum interfaces. Black
spheres (red. online) represent oxygen atoms, and white ones represent
hydrogen atoms.

Y. Wang, N. O. Hodas, Y. Jung and R. A. Marcus, Phys. Chem. Chem. Phys., 2011, 13, 5388-5393



Sum Frequency Generation (SFG) Vibrational Spectrum of the Air-Water Interface

Free OH 2

Pt
-
l

Tetrahedral
Waters

Signal (a. u. )
j—
Ln

| 1
3000 3200 3400 3600 3800

|

Wavenumber (cm'l)

ANNALES DE PHYSIQUE
E. F'I'CySZ, Q Du* and Y .R. Shen* Colloque C1, supplément au n°5, vol. 19, octobre 1994



SFG Spectra of Other Interfaces

Tetrahedral

Waters Destructured :' 1-:/ Air'Water
Waters [

«

E Air-Ethanol/Water
% 0.5

i Quartz-lce

Spectrum of air-water interface (- - -), air-alcohol-water interface (¢) and
quariz-ice interface (___)

ANNALES DE PHYSIQUE
Colloque C1, supplément au n°5, vol. 19, octobre 1994

E. Freysz, Q. Du* and Y R. Shen¥*



SFG Spectra of Quartz-Water Interfaces

Quartz (hydrophilic) Hydrophobic Quartz
7 A —— v o’ ] - . - 1.0 . ' I . : .
L
- 8 __— Free||OH
= st Tetrahedral i 08 - A -
o oL Waters R ‘.
~— S  os 3 -
‘n 5F & ";
o ®
_ Q.4 - ® -
a LV YT
1 - =
ol @ o VA
) 300 3500 2000 S .\, g
Wavenumber {cm™") 5000 S300 +0CQ

Wavenumber (cm™)

ANNALES DE PHYSIQUE
E. F'I'CySZ, Q Du* and Y .R. Shen* Colloque C1, supplément au n°5, vol. 19, octobre 1994



SFG Spectra of the Hexane-Water Interface

Free OH

| DO PR

L.
-

—
= . ' .
5 08r e o .
- ) : [
) Vo= = . . -
= Y e L |
U] ; ) [} :
2.2 ~ z 3 % -
i ‘; 'o. .
3.0 :
2000 SZ2C -ZCC

Vavenumoer ‘cm™ !

ANNALES DE PHYSIQUE
E. F'I'CySZ, Q Du* and Y .R. Shen* Colloque C1, supplément au n°5, vol. 19, octobre 1994



Ab initio Molecular Dynamics Simulations

Scheme 1. (a) Depiction of Double Donor (DD), Single Donor
(SD), and Non-donor (ND) Water Orientations at Air—Water Inter-
face”; (b) Schematic of Structure of Water Molecules near the
Air—Water Interface from Our Ab Initio MD Simulations”.

(a) air SFG experiment
o f" ) A( bulk surface surface
DD SD ND DD 0.84 0.49
SD 0.15 0.45
(b) ND 0.01  0.06
air F(free OH) 0.08 0.29 0.25
interface (Mys) 3.7 2.9 3.0

Thomas D. Keuhne, Tod A. Pascal,
Efthimios Kaxiras, and Yousung Jung

T J. Phys. Chem. Lett. 2011, 2, 105-113
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concave
meniscus

Adhesion Forces
< Between Water and Glass

Are GREATER than the

HoOin a

Glass tube Cohesion Forces

Between molecules of
Water



convex
meniscus

Adhesion Forces
< Between Mercury and Glass

Are SMALLER than the

Cohesion Forces
Between molecules of

WaterMercury










Dry Wet

Immersed



Try making a sand castle out of dry sand!




Capillary Rise

f,=2zrycosd

For Water (06 =0): h =14.8/r (in mm)

2rrycosf=xrhpg

Diam. r h
1000 mm 500 mm 0.03 mm
T h p g 40 mm 20 mm 0.74 mm
;V — 1 mm 0.5 mm 29 mm
2 CON E} 0.4 mm 0.2 mm 74 mm
0.1 mm 0.05 mm 296 mm

http://zzm.umes.lublin.pl/Wyklad/FGF-Ang/2A.F.G.F.%20Surface%20tension.pdf



ey

Ethanol Water
22 dynes/cm 72 dynes/cm



+—— Pure water

TGy
Surface . Wy
. '~ ’(/’.
Tension . e
| Pure
Alcohol
0 1

Mole Fraction of Alcohol



0.08

0.06

0.04

oloa

T

0

0.2 0.4 0.6 0.8
volume fraction of EtOH

1

0.8

0.6

0.4

0.2

surface fractions

EtOH

water

1 i | I

¢ 0.2 0.4 0.6 0.8 1

volume fraction of EtOH

Lamperski, JCIS, 1991, 144, 153-158.



The molecules of the liquid with the LOWEST surface tension concentrate
at the surface (or interface).

Because they lower the surface (or interfacial) tension the most, they
diminish the work required to create the surface (or interface) the most.



IHEAL SYSTEM REAL SYSTEM



N

IHEAL SYSTEM REAL SYSTEM

—dy = 1ydpy + Dadpo
I'; = Surface Excess M; = M°+RTIna

1 oy
I = BT (ﬂln G*')TDP Units of mol/m?




1 vy
T I'; = ( )
RT S]HGT I'\p . . . .

Inorpanic Eltcirol vies .
Negative Adsorption . .

B T e g
Positive Adsorption ‘ . . . . ‘.

Limple Organic Solutes

Concentration of Component i






) ! Hydrophobic  Hydrophilic

CH3(CH2)11'OSO3- Na+ SDS
H C,,H,s-Phenyl-SO,- Na* SDBS
CysH3,-NMe,* CI- DODAC

/
C18H37 Cream Rinse/Fabric Softener



1

CMC = critical micelle concentration

Log [Detergent]







Vesicles

and Bilayers

~

Form Micelles Form Vesicles

or Bilayers

Packing (Radius of Curvature)
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The Universe of Emulsions and Microemulsions

SURFACTANT
crystals of surfactants
inverted
bi hexagonal packing
pglclkilﬁg inverted

cubic packing

lamellar

\ hexagonal structure
packing
cylindrical inverted cylindrical
micelles micelles
Sphc:al inverted
micelles spherical

WATER OIL micelles

disordered medium

http://leng.thesaurus.rusnano.com/upload/iblock/a32/amfi1.jpg



New/Nouveauy

Eau Micellaire

Removes Makeup

+ Cleanses
+ Soothes
Démaquille
+ Nettoie

Format généreux

:_1 LEN-1

WATERPROOF MAKEUR O IMPUTITIES. DERTINESS :I_': o MAKEUPR RESIDUES CCLEAN SKIN

: e

)

w

A multi-purpose cleanser
that contains Micellar
technology. Like a magnet,
micelles capture and lift
away dirt, oil and makeup
without harsh rubbing,
leaving skin perfectly clean,
hydrated and refreshed
without over-drying.



AQUA / WATER,
HEXYLENE GLYCOL,
GLYCERIN, DISODIUM
COCOAMPHODIACETATE
DISODIUM EDTA,
POLOXAMER 184,
POLYAMINOPROPYL
BIGUANIDE, FIL
B162919/3

Micelles

GARNICR

AQUA/WATER,
CYCLOPENTASILOXANE,
ISOHEXADECANE, POTASSIUM
PHOSPHATE, SODIUM
CHLORIDE, HEXYLENE
GLYCOL, DIPOTASSIUM
PHOSPHATE, DISODIUM EDTA,
DECYL GLUCOSIDE,
POLYAMINOPROPYL
BIGUANIDE




P

Sometimes called the Gibbs-Marangoni effect

Mass transfer along an interface due to a surface
tension gradient. A surface tension gradient causes the
liquid to flow away from regions of low surface tension.
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The Marangoni Effect

The Soap Boat propelled by Isopropanol

Video from: http://www.jce.divched.org/blog/soap-boat-20

C. Renney, A. Brewer, T. J. Mooibroek Easy Demonstration of the Marangoni Effect by Prolonged and Directional
Motion: “Soap Boat 2.0” J.. Chem. Educ., 2013, 90 (10), pp 1353-1357. DOI: 10.1021/ed400316a






Not formed by:
Pure water,
Pure alcohol
or

In a closed glass




https://youtu.be/m97odI-NEwk




http://www.globalmanufacture.net/home/communities/engineering/dry.cfm
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The Coffee-Ring Effect vs. Dried Drops of Whiskey

Coffee evaporates more quickly at the edges, which leads to a change
in surface tension, which causes more coffee (and the bean residue) to
be pulled to the edges, where it dries.

Whiskies that did not leave behind a coffee ring type pattern when they

evaporate have two important features:

(1) Tensoactive biomolecules - as the liquid evaporates they collect on
the edges of the drying surface which in turn creates a surface
tension gradient that pulled the liquid back inward;

(2) plant-derived biopolymers that channel particles in the liquid to the
base material (the drinking glass) where they stick.

Hyoungsoo Kim et al. Controlled Uniform Coating from the Interplay of Marangoni Flows and Surface-Adsorbed
Macromolecules, Physical Review Letters (2016). DOI: 10.1103/PhysRevLett.116.124501 ,



Surface

Intermolecular
Interactions
absent above the
molecules at the
surface

Interior

Intermolecular
interactions
surrounding the
molecules in the
interior of the liquid.
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https://youtu.be/3BKgB0YSpd4




Esthetics of Foam in Beer

Beer Foam:

Head (proteins)
Height

Whiteness

Persistence
Texture

Lacing (Hops)



Bubbles are unstable

Slow-Motion Video by

Dr. Edvaldo Sabadini _
IQ-UNICAMP https:/lyoutu.be/Yx14dpeMArc



Soap Bubble Science

THE SCIENCE OF
SOAP FILMS AND
SOAP BUBBLES

Cyril Isenberg

SOAP BUBBLES : os;;epi‘i:':“h
Their Colors
and the Forces Which Mold Them

by C.V. BOYS

GINAL ILLUSTRATIONS ADAPTED 3Y ROZERT HALLOCK
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Oil on Troubled Waters
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Oil on Troubled Waters
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Oil on Troubled Waters &

Olympic Rowing Pond vs. Pinheiros River
24/01/2014
[photos Jair Menegon]
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Fish Pond at Fazenda Anhumas,
Botucatu, SP




Before

During Spreading
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Mosquito larvae breathing at
the water surface
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http://keranews.org/post/how-tiny-bit-

vegetable-oil-could-save-texas-billions-
gallons-water
Posted October 14, 2013
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Nanotechnology

o
i

Increase of the net surface area

eeee - X Ceeee

Increase of the fraction of the material at the surface
Result:

The surface dominates the properties of the material
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Nanodrops or Nanocrystals

Monomer

Nanoparticle

Bulk

Nanodrops and nanocrystals are less stable than the
bulk.

Nanodrops have a higher vapor pressure than bulk
drops (nucleation of rain).

Nanocrystals and nanodrops are more soluble than
bulk solid or bulk liquid (nucleation in crystallization
and Ostwald ripening of emulsions).



In (Pdro/PfIat) = (leiq/RT)(ZYIRC)

The fundamental difficulty of nucleation!

R¢: 1 mm 100 nm 10 nm 1 nm

Pyoo/Pras : 1.001 1.011 1.11, 2.95

drop

[Valid down to at least 2.5 nm for organic liquids and 1.5 nm for water]

Kontogeorgis & Kiil, Introduction to Applied Colloid and Surface Chemistry-John Wiley & Sons (2016)



Kelvin curvature effect

Pdropl Pflat

1.5

0 8 10 15 20 25 30
particle radius (nm)

Kontogeorgis & Kiil, Introduction to Applied Colloid and Surface Chemistry-John Wiley & Sons

1O9NA1 .\



In [S(Rc)S(Rc—>»)] = (V,"YRT)(2ys,/R¢)

Small crystals or drops are more soluble than large ones.

http://www.weizmann.ac.il/c
omplex/stavans/ostwald-
ripening-nonequilibrium-
liquid-solid-thin-layers

Kontogeorgis & Kiil, Introduction to Applied Colloid and Surface Chemistry-John Wiley & Sons (2016)



Ostwald ripening

Smaller Drops have a
higher energy and hence
are more soluble than large
drops. Material migrates
through the continuous
phase and accumulates in
the large drops.

Rate of Ostwald Ripening
can be reduced by
incorporating an insoluble
oil into the oil phase in an
O/W emulsion.



Nucleation increases the radius
of curvature and hence
diminishes the Kelvin effect on
condensation.

Kontogeorgis & Kiil, Introduction to Applied Colloid and Surface Chemistry-John Wiley & Sons (2016)



Barrier to Nucleation and Drop Size

cleaned surface combaminated surface
Drganic
modecules
/




Colloidal Polymers 140

Rheology Modification Superadsorbent Polymers
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http://www.businessinsider.com/this-amazing-liquid-flows-uphill-2013-12



Colloidal Polymers 141

Slow-Motion Videos by
Dr. Edvaldo Sabadini
IQ-UNICAMP

Pure Water Drop

https://youtu.be/VudmLmjfgLQ
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Slow-Motion Videos by
Dr. Edvaldo Sabadini
IQ-UNICAMP

Drop with Poly(ethylene oxide)

https://youtu.be/XKnu-ZJeOL8
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Colloid Stability
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