E xercige 4

The following surfactants were dissolved in aqueous solutions:
Sodium dodecyl sulfate (SDS):
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Polyoxyethylene (20) sorbitan monolaurate (Tween 20):
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The dynamic (i.e. time dependent) interfacial tension between dodecane and
aqueous solutions has been measured by the du Nolly ring method. The wetting
diameter of the du Nolly ring is 18.7mm.

The measurements resulted in the following data sets:

Dynamic interfacial tensions:

Dodecane — pure water

Dodecane — 4 mM SDS in pure water
Dodecane — 4 mM SDS in 100mM NaCl
Dodecane — Tween20 in pure water

Dynamic force measurements:
Dodecane — Tween20 in 100mM NaCl
All the data were measured at 22°C

a. Based on the chemical structure for Tween20 given above, what can you say
about this compound?

[t ie a non-ionic surfactant with a relativetely large head group. lte COP ig expected to be low due to
the large head group taking up a lot of space.

b. Convert the dynamic force measurements to dynamic interfacial tension.
Assume that the du Nolly ring is completely wetted during the measurements.

Plot the dynamic interfacial tensions of all five systems in the same figure.
List the main information you can get aboyt the sistems from the figure.
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We can see that adding salt to the solutions decreage the interfacial tension. [t decreages more for the anionic
surfactant due to the salt iong being able to shield the head groups from the repulsive forces from other head
groups. Thig makeg it possible for more surfactante to be at the interface, which reduces the interfacial surface
tengion.
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c. Plot the dynamic interfacial tension of the dodecane-water in one figure.
Plot the dynamic interfacial tension of the Tween20 system in pure water in
another figure.
Suggest why the interfacial tension decrease.
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The interfacial tengion decrease due to the syetem not being in equilibrium at the gtart of the
meaguremente. The surfactantg need time to move to the eurface, which ig what makeg the
interfacial tengion decreage over time.

d. Based on the data, estimate the equilibrium interfacial tension for the five

systems.
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—— 4 mM SDS in 100 mM NaCl
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e. Calculate the surface excess of surfactant for the four surfactant systems.
Assume that the variation of interfacial tension with respect to concentration is
linear.

[awen 2D soludions
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f. Calculate the molecular area for the four surfactant systems.
- What is your interpretation when comparing the molecular areas with and
without salt for the anionic surfactant?
- What is your interpretation when comparing the molecular areas with and
without salt for the nonionic surfactant?
- What is your interpretation when comparing the molecular areas for the
anionic and nonionic surfactants in pure water?
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- Comparing SOS in pure water and in NaCl golution, we see that the molecular area ig larger in pure water.
Thig meang that SOS hag a low packing parameter in water golutiong, but in salt goultiong it can be packed
more dengely together (due to the extra iong blocking the repulsiong between the headgroups)

- Compraring Tween20 with and without calt, there ig a glight decreage in the molecular area after adding the
calt. Thi meang that the surfactants are packed more dengely in the galt golution, but not much. Thig might be
becauge the salt iong prefer to be in the water golution ingtead of the surface, which in turn meang that there

ig legg room in the bulk: Thig might cauge a tiny increage in the amount of eurfactants in the interface.

- The molecular area of SOS ig larger than Tueen20. Thig ie due to repulsive forces between the head groups
in SOS, Tween20 doeg not have similar repulgive forceg. For thie reagon, TweenZO can be packed more
dengely than SDS in pure water golutions.

g. Estimate the CPP of the surfactant molecules. What is the possible shape of
the surfactant molecules?
Vsurf(nm?) = (0.0274+0.0269n) m
Ic (nm) = (0.154+0.1265n)
where n is number of carbon atoms in the hydrocarbon chain and m is the
number of hydrocarbon chains.
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Match the 4 systems to the corresponding CPP values
A. ~ CPP of 4mM SDS
B. v CPP of 4 mM SDS with NaCl
C. v 4mM Polysorbate 20
D. v 4mM Polysorbate 20 with NaCl

808 in water, hag CPP between 0.5 and |, thig indicates a truncated cone shape of the surfactant molecules. (Flexible bilayers)

The regt of the molecules hag CPD above |, thig indicates that the surfactant molecules hag an inverted truncated cone (wedge) shape. (Inverted

micelleg)

h. Based on the plots from question b, which system(s) do you think would give

the most stable emulsion upon emulsification? Why?

Tween20 in 100 mM NaCl will most likely give the most stable emulsion ag it hag the lowest

interfacial tengion with dodecane, meaning that there are less forces that wil try to separate the

phages.

A.0.85
B.2.33
C.2.34
D.2.36



To measure the surface tension of a liquid, a thin cylindrical wire of r = 1 mm radius and | = 1
cm length is dipped horizontally into the liquid (see figure). The force required to pull the wire

F
out of the completely wetting liquid is measured to be 0,49 mN. What is the surface tension
of the liquid? ‘
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A 3M aqueous NaCl solution has the surface excess I} = —3 - 10~'mol/cm?.

Assume that the surface tension of the solution varies linearly with the salt concentration.
y(water) = 72,8mN/m.

a. Calculate the surface tension of the solution.
b. Explain why the surface excess is negative
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b) The-ealt iong are hydrophilie, and in a water solution; they-will prefer to be-in the bulk- phase rather than the eurface of the liquid:

Thie meang that the concentration of ealt iong at the surface ie lege than the concentration in the bulk. [f the concentration of galt iong at
the eurface is more than or equal to the concencentration in the bulk, the iong will migrate to the bulk.

Thig ig the reagon why the surface excesg ig negative.



The table shows CMC and Krafft temperatures for four sulfate esters.

Surfactant CMC (ppm) Krafft temperature (°C)
C12 2300 10
C14 700 28
C16 190 44
C18 50 62

Which sulfate ester will you choose if you are interested in cleaning with the

minimum amount of surfactant? Why?

We want to chooge a gulfate ecter with the lowest possible CMC. Which one we can choose depends on the

temperature of the water we clean with.

Cl2 ig'one of the'worst choices in almost all cases, ag'it ie beaten by Cl4 for most normal temperatures.

For cleaning by hand, Cl< might be the best choice, ag it hag a kraft temperature of 28 degrees, which ie not very
warm water, and the CMC ig lower than for Cl2.

For a washing machine on the high temperature prograrg, CI8 i the begt choice, ag for high temperatureg, it ig able

to form micelleg, and ite CMC ig the lowest.




