E xercice

A bottle shaped pore consisting of two cylinders is surrounded by liquid and gas (see
1 Figure). The radii of the pore are 1um and 2 um, respectively. The surface tension of

the liquid is 70 mN/m and the contact angle with the solid surface is 30 degrees. The
pressure in the liquid is 1 bar = 105 Pa.

The gas is not soluble in the liquid.

Liquid

a. What is the minimum gas pressure required to prevent the liquid to pass
through the pore and into the gas phase?

b. At which gas pressure will the gas leak into the liquid phase?
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The main reason that only 20-30% of the oil in a reservoir is produced during the ~ a. Show that the general expression for the pressure difference required in order
primary phase (when the reservoir pressure is the driving force) is that oil drops are  to have the drop move towards right is given as follows:
trapped in “bottlenecks” in the capillaries (pores) of the reservoir.

cos( 6, +a) _cas(ﬁ1 —a)]

=P, =2
The figure below shows a (ideal) cross section through an oil drop trapped in the AP =Pt = Fia ™ Mo r n
junction between a cone shaped and cylindrical pore. The wall of the cone forms an
angle a to the wall of the cylinder. 8, and 6, is the retarding and advancing contact

angle, respectively. It can be assumed that the pressure is similar throughout the oil

drop.

b. What is the change in the total free energy (4G, ) of the system when the oil
drop has moved a distance AL = 5um into the cylindrical pore?

Assume that the changes in r, and r,are so small that they can be considered
constant during the change4L.

6, =6, = 60°
r, = 20um

r, =8um

Yow = 34mN/m

c. Assume that the chemical composition of the reservoir is so that 8, = 8, > 90°.
What is the consequence for 4G, ?
What is the consequence for the water pressure (P,,,) required to make the oil
drop move into the cylindrical pore?
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Ag dGt ig a function of the coginug of theta angle, and coginug of an angle larger than
90 degress is negative, dGt will change sign compared to question 2. Ag a reault, dGt
will be negative, and the drop will move to the right spontaneously. This meang that the
neceggary water pressure Pwl ig lower than if theta ig legg than 90 degrees.



The techniques used to study spread monolayers of insoluble substances can also
be applied to study protein films. Proteins adsorb and denaturate at high-energy air-
water and oil-water interfaces because unfolding allows the polypeptide chains to be
oriented with most of their hydrophilic groups in the water phase and most of the

hydrophobic groups pointing away from the water phase. Protein films tend to be
gaseous at low concentrations, thus permitting relative molecular weight
determination. Based on this assumption, estimate the molecular weight of the
protein haemoglobin from the following measurements of the surface pressure for
various areas at 25°C. Haemoglobin is regarded as amphiphilic:

[ Surface pressure (mN/m) [ 0.28 ] 0.16 ] 0.105] 0.06 | 0.035 |
[ Area (m?mg) | 40] 50| 6.0][705] 10.0]

The molecular weight of haemoglobin determined by sedimentation measurements is
68 000 g/mol. Compare your answer with this value and comment on it.
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numpy np
matplotlib.pyplot

SurfacePressure = np.array([

Area = np.array([ /
1.0 /

y = SurfacePressurexArea

x = SurfacePressure

08
paramsl = np.polyfit(x, y )

function = np.polyld(paramsl) 06

x_list = np.linspace(

plt.plot(x, y) 0.4 /
plt.plot(x_list, function(x_list)

plt.show()
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We get that the molar masg i¢ legg than from sedimentation
meagurements, this meang that the proteing diggolved, and we have more
particles than ageumed (approximately 7. more on average)



