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Ais Tonce Surface tension: the molecules at the surface of a liquid are much moreuractcd to
= - . = . .
Ole lfxy\ their counterparts below or adjacent to them than to air, leading them to experience a nct

At R A 5

S I 5| inward drag force into the bulky This force pulls the surface molecules together contracting the

" 70 S.—- surface and so giving rise to surface tension.( vsB) Ce abrac Honwil) id\cu\ p‘“i“a mhidfls o
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urface tension can be defined as the force per uu},t length that has to be aé’ﬁ(é& parallel to

e
P 26 2 = (:J surface in order to counterbalance the aforementioned pull force. Or, it could be defined as the
4 Work (surface free energy increase in this case) per unit increase in surface area required for

S b :
S, 25\ 2 expanding the area of the liquid surface. expankhimna sl 400 Lwonk )g.t=s < s\
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Surface tension is a measurement of the coﬁesgve eﬁerg present at an iterface. The molecules
of a liquid attract each other. The interactions of a molecule in the bulk of a liquid are balanced
Dby an equal attractive force in all directions. Molecules on the surface of a liquid experience an

imbalance of forces as indicated below.

. 5,31 The cohesive forces between liquid molecules are responsible for the surface tension. The

molecules at the surface do not have other like molecules on all sides of them and consequent!
0?2 S
. o, they cohere more strongly to those directly associated with them on the surface. This forms a
Suw Q—ace surface "film" which makes it more difficult to move an object through the surface than to

REAS e om move it when it is completely submersed.

The cohesive forces between molecules down into a liquid are shared with all neighboring
atoms. Those on the surface have no neighboring atoms above and exhibit stronger attractive

forces upon their nearest neighbors on the surface. This enhancement of the intermolecular

attractive forces at the surface is called surface tension.
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The surface tension of water is 72 dynes/cm at 25°C . It would take a force of|72/dynes to

-

hreak 4 surface film of water 1 cm long. The surface tension of water decreases significantly

with temperature as shown in the graph. The surface tension arises from the polar nature of the

&

water molecule.

A v:‘:—'

st .

.‘“.,,c' Semps U ntemaction 4K Jfu hot watew

Y

.- -

N Ay Mre/qeaty
Surface tension is typically.measured in dynes/cm, the force in dynes required to brgak a film

T

of length 1 cm. e uivalently, it can be stated as surface energy in ergs per square centimeter.

e

Water at 20°C has a surface tension of 72.8 dynes/cm compared to 22.3 for ethyl alcohol and
e AR

465 for mercury.
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How is surface tension measured?

As mentioned above, surface tension can be measure using lforce tensiometers or optical

6 2 A5 A\ (‘Wr_s_ (also known as contact angle meter or gonjom'cte'_r); Specific technolo gies such as

B M 'J.Lf-\ vw and bubble tensiometry can also be used.
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achieved by using probes with high energy surfaces. probes are made of a platinum/iridum

alloy which insures complc@nd easy and reliable cleaning.

s
The mathematical interpretation of the force measurements depends on the shape of the probe

used. Two types of probes are commonly used, the Du Noiiy ring and the Wilhelmy plate. A

.tal rod can also be used to limit the liquid sample volume. . - - S
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DuNouy fensiometer will measure the force required to @latinum-iﬁdium ring
immersed at the surface which is directly proportional to the surface tension.

This method utilizes the interaction of a platinum ring with the surface being tested. The ring is

submerged below the interface and subsequently raised upwards. As the ring moves upwards it

raises a meniscus of the liquid. Eventually this meniscus tears from the ring and returns to its

original position. Prior to this event, the volume, and thus the force exerted, of the meniscus ' :

passes through a maximum value and begins to diminish prior to the actually tearing event.

The process 1s shown in the diagram below:
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between ring and surface.

Th ‘ | i -_é_i'f" o= _ |
© ring must be pushed throu gh the surface (due to the surface tension) w 5 G L
d Smal] egativ force. . . T A
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4. The ring breaks through the surface and a small positive force 1s measured (e 10 the

Pos, -""é'\ i o < supporting wires of the rnng.
5. When lifted through the surface the m

* - ce |
6. The force keeps increasing until the maximum for

e | | " 3 force until the lam
L ZLP':A JSY &~ 7. After the maximum there is a small decreasc of in the clla brcaksi

AYXVYACHwe lml ue is based on the m
The calculation of surface or mtcrfaual tension by thls techniq casurer, |

. . ¢level to w
£l e.o of this maximum force. [The depth 01" immersion of the ring and th hich it ig Faisgy

1 ond  When it experiences the maximum pull are irrelevant to this techmqug_.]l_he original
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Iy Vw calculations based on the ring technique were based on theorics which apply to r‘“gm

easured force starts {0 Increase.,
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diameter and do not consider an additional volume of liquid which 1s raised due to the
m

proximity of one side of the ring to the other. This additional liquid lifted 1s diagrammeq beloy
as the darker turquoise portion: ) beLaJ S ‘éL V- (-49 Ls 0sCC G501 4\-\
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Basic rule for Du Noiiy ring measurements:
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o> 1Y Al parts of the apparatus must to be coming in to contact with the liquid to be measured havc

L\e e e e

to be kept meticulously clean since the interfacial tension reacts in a very sensitive way to all

kinds of contamination.

emQreruvyg €—The enrichment of molecule active in the surface or the interface generally takes place very

-

) g (2 JTJL‘J slowly, that is to say tliec parameter age and temp. influence the measurements significantly,

\ o) - during any measuring series its therefore essential to maintain constant test condition like

-

GAY) temp.

s E,.-L_f ¢ The Du Noiiy ring is highly sensitive prope which gets useless when deformed (Don’t ever

-—ﬂ.

.60 \Wv touch the ring it self with your fingers it can easily get deformed by even low forces) to handl¢

g0 8'5 the ring take the opening between your fingers so that the ring can fall in to the palm of you!
s M hand, clean the ring you must rlnse it under warm flowing water and D.W

—
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When a capillary tube is pl: ced in a liquid contained in a beaker, the lic 1id rises up the tube a

certain distance because the liquid molecules and capili ary wall 1s greater than cohesion

e ———

between liquid molecules.

e ————

The liquid continues to rise n the tube due to the surface tension, until he upward movement

is balanced by downward fc ce of gravity due to the weight of the liqu d-~ '/Mq‘ :"(': ’E’ s t:) i.‘-: :\

“"*"0_.-»» Gre U

The best known method for . etermining surface tension, and one whi h is capable of
- .

considerable accuracy depen 1 on the measurement of the rise of the 1 juid svrface in a 3 :
capillary tube 1f the helght b to which the liquid ascends @‘ and the radius r of the

tube is known the surface tension can be calculated by mean of egu: lon.
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Capillary rise method is based on the fact that if the forces >f adhe' on between the liquid

molecules and the glass surface exceed the cohesive forces : nong t 2 liquid molecules, the

liquid will spread over the capillary wall and its surface ten on wil result in an upward drag

force resulting 1n the liquid level rising through the capillar until this upward force is

balanced by the downward gravitational forcel, Tha ’s why vate' .ises and forms a concaye ol
: : I e

surface in glass capillaries. It is clear that the greaf r the s1 fa - iension, the greater is the

L\ Saface.fosa oSy Uk el L
capillary rise. Surface tension can be calculated frr m capii2 y rise by the followmg equatlon

D
- v=U2r \pg
R - p

Where Y is the surface tension,

e e ——

i

r1s the capillary radius,
p 1s the density of the liquid,— 0 =

g 1s the acceleration due to gravity
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will decrea
ctive forces between the hydrophobic groups are

' as the surfactant molecules 1
Upon adding surfactant, S€ .

accumulate at the surface because the attra
urface tension of water will be decreased

less than that between walter molecules, so that the s
urface until the CMC 18 reached.['l'he decrease
' \

444 rithm of surfactant concentration. But,

. __  as more surfactant molecules are added to the s
s e X4 _ - L
suvace Yensiow in surface tension will t)c ) \}{1 :‘f;léitlon tot
lvab gw —® Limcar \oq4r; ) : : :
Il aﬂa reachin‘gl CMC, most of the added surfactant molecules will go to the micelles in the bulk
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Vo Y  resulting in a drastically rediiced slope
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Part 1: Du Nouy tensiometer denionstration

Part 2: Capillary rise method

Materials and equipment:

Buik ow \11;\'3()-'01_9
sudace tensms | Capillary tubes, beakers, graduated ruler, rubber band, v. pipette, pipette filler,
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