Exercise 1:

a. Adispersion of negatively charged Agl particles is prepared using two different

agueous el

lectrolyte solutions at 25°C: a) LiNO3 (165) and b) NaNOs (140). The

critical coagulation concentration (CCC) is given in parenthesis in mmol/l.
For each electrolyte solution draw one particle and its immediate ionic
environment, indicating the co-ions and counterions. Explain what the CCC is
and why the CCC value of LiNOs is higher than that of NaNOs.

b. Draw the potential energy curves for two particles approaching each other in
the case when the electrolyte concentration is above CCC and in the case
when the electrolyte concentration is below CCC. Which of the two conditions

would you

6)

b)

describe as stable?

CCC ig the minimum electrolyte concentration necesgary for a digpersion to coagulate

The reagon why the CCC of LINO3 ig higher than NaNO3 ig that Li ie more lyotropic
(Hofmaigter gerieg), and ie more eagily hydrated. Thig meang that in order to have
coagulation, it will take mare Li-iong than Na-ione. Which in turn i why Li hag the
highest CCC
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Ulig when the electrolyte concentration i¢ below CCC, there is an energy barrier preventing coagulation.

V2 ig when the electrolyte concentration ie above CCC, the energy barrier (from the gecondary minimum) i¢ quite small, and the
potential i negative, which meang that particles will gpontaneously move closer to each other, causing coagulation.

Baged on thig, the system with an electrolyte concentration below CCC (V1); ie the most etable.



Exercise 2 (or NEW):

Colloidal gold particles dispersed in water at 20- C were flocculated by adding NaCl.
The radius of the gold particles was Rs = 3,69 nm. The number of particles where
experimentally determined at different times, as shown in the Table below:

[120 [195
[11,2 x 108 [ 7,3 x 108

[270
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[t(s)
[N (cm?)

Determine the second-order rate constant kexp that describes the flocculation
process.

Calculate the stability ratio (W).
Based on W, what can you say about the stability of the dispersion?

kg = 1,38 x 10723J /K n=10"3kg/ms

Fesh Congu lecdiom « %Q%: “kea

L 1<y

i<kt -4

2.754

2.50 4

2.254

2.00 4

1/N [cm3]

150

1.25 A

1.00

le-9

175 1

—— Regression line
® Data Points

150 200 250 300 350 400
t[s]

Plob ‘yl‘; agm‘yns{ t, 5]of¢ < ks =§—,M

e’
W= k_q_ 12
.S rn

QigT 4138067 3K- 203K

ki’ 3V] ) 310" by fug

k; _\BH»DALCV’%‘,: . 3%
W=, ® a5 0

547 w/s =50 07

Wig quite cloge to |, when W ig I, the concentration of electrolytes in the solution ie at CCC. Thig meang that the eystem ig very cloge to

coaqulating, therefore it ie ungtable.




Exercise 3:
The number of oil droplets in an emulsion is measured to 9,5 x 10'® droplets/m? and

average radius is 0,05 um. The droplets are stabilised by an anionic surfactant Na*R-

with a bulk concentration of 1,5 x 10~ mol/dm3.

NaNO:s is added to the emulsion, resulting in a concentration of 0,004 mol/dm3.
After 60 minutes the number of droplets were reduced to 8,9 x 10'% droplets/m3.
T =25C kp = 1,38 x 10723J /K n =89 x 10~*kg/ms

a. Determine the second-order rate constant (kexp) that describes the flocculation
process. Calculate the stability factor W

b. If the resulting concentration is 0,01 mol/dm? upon NaNO3z addition, the
stability factor is W = 1,9.

Use the following three relationships to verify that the surface potential (y,) is

-32 mV:
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Exercise 4:

An aqueous dispersion of negatively charged gold particles contains 6,3 x 106
particles/dm3. The radius of the particles is Rs = 10,3 nm. The coagulation kinetics
was investigated by adding various amounts of Na*ClO4™ at 25°C. The following
relationship between the electrolyte concentration and the stability factor was found:

c (mol/dm?3) 0,002 0,003 | 0,005 | 0,008
w 48 31 17 8,9

a. What is the half-time (t1:2) of the dispersion if ¢ = 0,002 mol/ dm3?
b. Evaluate the reason for the resulting value of the half-time
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lj) The half-time ig low.

Thig ie moat likely due to high concentrationg of both gold particles and electrolyte, ag well a the surface potential of the gold particles having a quite low value. Thig

caugeg rapid spontaneoug coagulation.



Exercise 5:

A biotechnology company produces industrial enzymes by fermentation on a large
scale. After the fermentation with enzyme-producing microorganisms, the biomass
(i.e. the living cells) are killed using heat treatment and high pH. The dead biomass is
removed from the enzyme-containing liquid by coagulation or flocculation followed by
centrifugation. The moist biomass is finally sold as fertilizer to farmers.

The coagulation/flocculation process takes place in a so-called thickener using the
coagulation agent CaClz and adjustment of pH. The concentration of CaClz used in
the thickener is 100 mM. The thickener liquid has a viscosity of 10 kgm's™, a
density of 1000 kgm-3, a relative permittivity of 80.2 and a Hamaker constant (in
vacuum) of 3.7x102° J. The temperature is 20°C. The individual cells can be
assumed to be spherical, rigid and have a diameter of 1um. The Hamaker constant
(in vacuum) of the cells considered is 6x102° J. The cell surface (phospholipid
membrane) zeta potential, at the pertinent pH, is assumed constant at all times and
equal to -15 mV. Any potential influence of steric stabilisation and retardation effects
can be neglected.

€0=8.854*10 12 C %/Jm

a. Calculate the composite (overall) interaction energy between two cells in the
thickener when the closest distance between the surfaces of the particles is
0.1, 1, 2, 5, 10 and 25 nm. Comment on the stability of the cell dispersion.

b. For economic reasons, it is suggested to replace CaClz2 by MgCl: as
coagulation agent and use the new salt at the same concentration as CaCl2
was used in the thickener. Explain how this can be expected to affect the
efficiency of the coagulation process.

c. Provide a crude estimate of the critical coagulation concentration of MgCla.
Comment on the result.
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All of the interaction energies are negative, this meang that coagulation will happen spontaneougly, ag there ig no positive energy barrier preventing coagulation. The
cell digpersion ig therefore unstable.

b) The tendency of different ions to become hydrated varies strongly. Thus, anions and
cations can be arranged in a lyotropic ("solvent seeking") series of decreasing salting-out
power, a so-called Hofmaister series:

Kationer:  Mg*" > Ca®* > Ba®* > Li" > Na* > K" > NH,

Anioner:  Citrat™ > SO > CI” > NO; > CNS~

Looking at the Hofmeister gerieg, magnesium iong are more eagily dicgolved into the solvent than calsium iong, and therefore, Mg-iong wil
interact lege with the celle in the golution than the Ca-iong.

Thig meang that there will be lese “shielding” of the repulsive forces between the cells, cauging MgClZ +o be a worse coagulation agent than

CaCl2

The coagulation will be slower and/or lege of the celle will coagulate.
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Ag MgCI2 i a worse coagulation agent than CaCl2, it is expected that the CCC of the MgCl2-gyetem ig higher.



