Rheology: the science that is concerned with the viscosity of materials and
the ability to flow of liquids and semi solid materials (gels for example).

Interfacial Phenomena
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Surface and Interfacial Tensions
* Interface is the b(;{luﬁg)a\lry between two phases.
» Surface is a term used to describe either a gas-solid or a
gas-liquid interface.

* Interfacial phase is a term used to describe molecules
forming the interface between two phases which have
different properties from molecules in the bulk of each
phase. Lo prases 02 g\ L\ de (u3p2o\ DL 2N ) oo

Surface and Interfacial Tensions

Phase Interfacial Types & Examples of Interface
Tension
Yy
Gas - gas - No interface possible
Always misible in euth obher
Gas - liquid yLV et Liquid surface,body of water exposed
Lo to atmosphere | >
Gas - solid VE\! <apor Solid su:l_’?se, table top
Liquid - liquid yLL Liquid-liquid iTiirtipghimulsi&n
Liquid - solid yLS Liquid-solid interface, suspension -
Solid - solid ySS Solid-solid interface, powder particles
in contact.




Surface and Interfacial Tensions

Molecules in the bulk liquid are surrounded in all directions
by other molecules for which they have an equal attraction
(only cohesive forces).

Molecules at the surface can only develop cohesive forces
with other molecules that are below and adjacent to them;
and can develop adhesive forces with molecules of the other

ph ase. . et _ Surace molecile’s
e @
This imbalance in the molecular o .. FAA S e
attraction will lead to-an inward q ® ‘”‘. C KA
force toward the bulk that pulls the /@ g ( T X J ry
molecules of the interface together ® O \t 'Y
and contracts the surface, resulting | O ... '; ) )
in a surface tension. /
f : \‘ .." /Inner molecule is
\. /" pulledin all directions
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Surface and Interfaaal Tensions

Surface tension is the work per Tnit area (force per umt length) that
must be applied parallel to the surface to counterbalance the net
inward pull. It has the units of dynes/cm or N/m. /> % /52

AN/m=1%05 dynes/ecm

* The term surface tension is reserved for the tensions:

— Liquid-vapor = yLV (written simply as y L).
— Solid-vapor = }/S V (ertten 51mply as y.S).
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“Why does the cohesive forces in lipophilic
substances is weaker than s it in the
hydrophilic substances?"

Great question! It all comes down to the molecular

In hydrophilic substances, the can
form strong hydrogen bonds with water, which are cohesive
in themselves and also attract each other more strongly. By
contrast, in lipophilic substances, the molecules are
nonpolar and rely mostly on weaker van der Waals forces,
making their cohesive forces generally weaker.

- Surface and Interfacial Tensions

* Interfacial tension is the work per unit area (force per unit
length) existing at the interface between two immiscible
liquid phases (units are dynes/cm or N/m).

» The term interfacial tension is used for the force between:

— Two liquids=yLL —

— Two solids = ySS

— Liquid-solid = y LS

_ Surface and Interfacial Tensions

¢ Interfacial tensions are normally weaker than surface
tensions because the adhesive forces between two liquid
phases forming an interface are greater than that between
liquid and gas phases.  pJnesive & Surface v
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Substance Surface tension (at 20 °C) |Interfacial tension (at 20 °C)
(MN M- miinm against water (MmN m-1)
_Water 72 waler— waler (misibie)
cohesive
h.f::rm _Glyce ro' 63 Tighty iaTub]e in water
Oleic acid 33 16
n-Octanol 27 8.5
Clipophilic : wealcer

cohesive Rorces)




Surface and Interfacial Tensions

v Temp 2o\ e ol a— ol N azyn onl h
TABLE 3.1 Surface Tension of Water at Various Temperatures

Temperature (°C) Surface Tension (dynes/cm)
0 76.5
20 72.8
30 71.2
75 63.5
100 58.0
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Surface tension
It is possible to illu[‘s‘t;ate surface tension by using a wire frame
ABCD.
The ABCD part of the frame is rigid, and only the EK part can slide
along the frame sides AB and DC.

If a soap solution is placed on the frame, it will create a thin film, and
then the film will try to shrink itself, forcing the movable part of the

frame (EK) to move closer to the BC side. , L >
The new position of the movable part will
be E'K". '
The force F required to move the EK part
is proportional to the surface tension g :
times 2 (since the film has two surfaces) 22 W I K
times the length L of the EK bar: AN

- E K

F= ‘? x 2 x %ﬂmummw Oyis
sorbe part (6K) A D
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L234338 £8448800 208
pore ralecules higher
torce




W=yAA ——

Y=w
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Surface free energy

The surface layer of a liquid possesses additional energy as
compared to the bulk liquid.
If the surface of the liquid increases (e.g. when water is
broken into a fine spray), the energy of the liquid also
increases.
Because this energy is proportional to the size of the free
surface, it is called a surface free energy:
W=yAA
E{:surface free energy (ergs)
y . surface tension (dynes/cm)

AA: increase in area (cm?).

Therefore, surface tension can also be defined as the surface

free energy per unit area of liquid surface.
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=% Spreading Coefficient

When a liquid such as oleic acid is placed on the surface of |
water, it will spread as a film if the force of adhesion
between oleic acid and water molecules is greater than the
cohesive forces between oleic acid molecules themselves.

L: for layer

Spreading coefficient (S) = yS - ( yL + VLS) s tor soreger
— ) o o 31 SroorE

,ZJP.’ lens s CaS) opsinr = () (%)
Jropler LI s ) 255

7 S: surface tension of the sublayer liquid ™~

S for sub

y L: surface tension of the spreading liquid

y LS: interfacial tension between the sublayer and the
spreading liquid.
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Spreading Coefficient

« When »§ > (yL + yLS), (S is positive), Spreading
occurs.

 When )5 < (7L + JLS), (S is negative), the substance
forms globules or a floating lens and fails to spread over
the surface (e.g. mineral oil on water).

yL Qil slick Yo

Spreading Coefficient

Example o5 e sl gsis s

i or = T2 benzene= 229
Spreadlng(genzene over Water) waler =723

» If the surface tension of water ¢S is 72.8 dynes/cm at 20°C,
the surface tension of benzene, yL, is 28.9 dynes/cm, and
the interfacial tension between benzene and water, yLS, is
35.0 dynes/cm, what is the spreading coefficient?

Answer 5 9L s

S =72.8-(28.9 +35.0) = 8.9 dynes/cm




