INTERFACIAL CHEMISTRY CH-341

Week 1 - Solutions

1.1 The total interaction energy of two molecules (or atoms) is described by the

Lennard-Jones potential:
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e What is the relation between parameters C;, C, and parameters ¢,0?
Calculate the minimum potential energy between two molecules (or atoms) and
the distance that corresponds to this minimum.
e For argon the parameters are as following: ¢ =3.4-107°m and ¢ = 1.65 -
10721 ]. Calculate the value of the potential energy at the minimum and the

corresponding distance between argon atoms.

Solution:
The relation between parametersis C; = 4e0'? and C, = 4&0°

In the minimum of the potential energy, the derivative of the potential is equal to
W o= 125 1652
dr ri3 = g7
rr?u'n =20 = Tun= 2%a
c;
ac, . °
For argon, the corresponding distance and potential energy are:
Trin = 3.82-1071%m
Vipin = —1.65-10721].
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1.2 Calculate the surface tension work done when spherical droplets with an average

radius of 1.0x10~3 mm agglomerate to form a sphere of 1 litre of water at 20°C.

The surface tension of water is 72.8x1073 J/m2 at 20°C.

Solution:

Volume of the sphere: 1, = %nr3

Total volume of the liquid: V

Number of the spheres: N = r-

Vs 4mr3

Surface of the sphere: S, = 4nr?

Y gt =
4773 r

Total surface of N spheres:  S;,; = Sg*N =

Total surface energy before the aggregation is:

3V 3-107%m?

Einitial = yStot = 7]/ = m 72.8 - 10_3] : ‘m‘z = 2184]

After the aggregation, one sphere with a radius R is formed:

W[ =

4 3V,
Vo =3mR® =R = (4—;) Ss = 4mR? = (4m)'/3(3V)2/3

The final surface energy is then:
Efinal =ySs = )/(477:)1/3 (3V)2/3 =35-1073 |

Therefore, the surface work is  Esyrrace = Efinai — Einitiat = —218.4]



1.3 Droplets of mercury are deposited on a glass plate. What is the pressure

difference between the inner and the outer part of a droplet (supposed to be

spherical) if its diameter is Tmm or 0.1 mm? (y,, = 484 mNm™" at T = 20°C). What
fraction of an atmosphere does this difference in pressure represent?

Solution :

The difference between inner and outer pressure of the droplet is given by Young

equation:
2y
Ap = T
Pe The pressure difference:
P, Ap =p;i = pe

L
Surface work needed for one droplet:

. dw = yds = yd(4nr?) = 8myrdr

Force exerted by the presssure

difference:
dw' = —ApdV = —Ap4nridr

The equilibrium condition between the force induced by pressure and the surface work:
dw+dw' =0

By combining this condition and the equations above, we can derive Young equation:
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Calculate the difference between inner and outer pressure:

r, = 0.5mm, r, = 0.05mm, YHg = 0484% T = 20°C, latm = 1.01325-10°Pa
m

2y  2%0484 % N
P1 7 5:-10~*m 936 [mz a]
2y 2% 0.484% N
Apy=—=——"7"7"——F—=19 — =P
Pz r, 5-1075m 360 [mz a]



We can compare these pressures with the atmospheric pressure:

. Apy _ 1936Pa .
latm  1.01325-105Pa

F Op, _  19360Pa o
latm 1.01325-105Pa

* * *





