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Exam for CH4052STEVMY 
"Structuur en eigenschappen van materialen" 

3 July 2015, from 9.00 -12.00 

• FIRST, P L E A S E READ THIS PAGE CAREFULLY 

• Please mark each page of this exam with your name and student number. 

• This exam consists of 4 problems and counts 11 pages, including this cover page. Each 
problem consists of a number of questions. 

• You will have 3 hours to complete this test. 

• During the first 30 minutes of the test you are not allowed to leave the room. 

• You will be able to score 90 points for this exam, and 10 points for marking each page 
of your answers to this exam with your name and student number. 

• Mark Exam = (total number of earned points) / 1 0 

• First, study the problem carefully and prepare your answer on scratch paper. Then, 
write your answer in the open space on the problems sheets. 

• The problems should be answered in either Dutch or English, in clear hand-written text. 

• The completed exam consisting of the problem sheets with answers should be handed 
in. You are not allowed to keep this exam. 

• The exam with the correct answers will be published on the Blackboard pages for this 
course the next working day following the exam. 

• The results of this exam will be published on the Blackboard pages for this course on 
July 9. 

• This exam was composed by J. van Esch and E. Mendes. 

• Mobile telephones and other communication devices should be switched off and stored 
out of reach. 

• Before continuing, mark each page of tliis exam with your name and student 
number. 
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Problem 1 Polymer chemistry (20 points) 
(a) For each of the following polymers 1-3, (i) give the structure of the monomers it is 

composed of, and (ii) give the preferred method of polymerisation (including type of 
reaction, reagents and conditions needed) (6pts). 
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(b) Thermal polymerization of 5-hydroxypentanoic acid (4) gave a polymer with the 
following composition: 

< 

Firaction Moss (mg) A n X v V 
1 0.043 5000 i-i 4 1 ^ 
2 O108 25000 n - •1 1 ^ .On> 
3 0.132 50000 
4 0.183 75000 r>» l.i) ^ x!-
5 0.127 100000 '•' • ^ ' / .9. 0 ^ 1 0 
6 O032 150000 . ')io''l 

From these data, calculate the number averaged molecular weight, the weight averaged 
molecular weight, and the poly-dispersity index (PDI) (you can use the empty column in 
the Table above) (5 pts). 

r ^"5 i ft 

PDI M w 

3 5^7f . -^r i fh 

(c) Draw the structure of the polymer obtained by thermal 
polymerisation of compound 4. Is this polymer the result of a step-
growth, a chain growth or a controlled (living) polymerisation 
reaction? How does the weight averaged molecular weight 
increase with the degree of polymerisation? Explain your answer 
clearly (4 pts). 
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(d) Starting witli monomer 5 instead of monomer 4 results in a / \ Q 
polymer with the same chemical structure, however, with a mean c \ / 
Mw of 89 kDa and a PDI < 1.1 (Explain your answers clearly, 5 ^ 
pts). 

(i) What is the preferred method of polymerisation of 5 ? 
(ii) why does this lead to such differences in mean Mw and PDI? 
(iii) how does the mean Mw of the polymer of 5 increase with increasing degree of 
polymerisation? 

( ,\) Tlvt'. a> Ckmxv 3'TOLoHv contr ol I ê Â  U-vu^g 
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Problem 2: Polymers (20 points) (4x5) 

a) The freely jointed chain model represents well linear polymers for melts and theta 
temperature. Why is that? 

The freely jointed chain model describes a randornoA'alk chain, it represents well linear polymers in melts 
because in a rnelt monomers fill al! the space and a given monomier is always surrounded by mionomers 
of the same chemical nature. A given monomer cannot tell if a neighbor monomier belongs to its own 
chain (far apart topoiogically but on the same chain) or if it belongs to another chain. This gives the 
monomers no special preferred conformation, making the chain look as random-walk. 

In solvents, the interaction between monomers of the same chain but far apart topoiogically is described 
via aifiieffecttve pair-wise potential mediated by the solvent. This potential has usually an attractive part 
and a repulsive part. At the theta-ternperature, the probability of finding two monomers far apart from 
each other due to the repulsive part matches that of the attractive part. Under these conditions, in first 
approximation, the chain does not have any special conformation due to the interaction between 
monomers and looks random. That is why the freely jointed chain model describes well the chain at theta-
temperature. 

b) Experiments carried out on a polymeric liquid reveal that the liquid become solid at 
different temperatures that depend on the cooling rate. Eventually the liquid fully 
crystallize. What would you expect to be the slowest cooling rate of the figure? Why the 
crystal of this polymer seems denser than the two glasses of this polymer? 

Temperatufe 

The slowest cooling rate of the figure is the one associated to the crystallization {remember that we call 
the processing of making a polymer glass "super-cooling") 

The seciond slowest rate of the figure is that of "ah It gives a denser glass, reflecting the fact that polymer 
chains had more time to "accor^nmodate" during cooling. 

Page 5 of 11 



student Number: Name: 

c) A thick rubber band is attached to the roof of a barn in a sunny day of summer (~27°C) 
to hold a weight. It is therefore deformed and it doubles its size. In a very harsh winter, it 
is found that the temperature in the barn is 40 degrees lower. Is the stretched rubber 
band longer or shorter in winter? How much it changed in dimension since summer ? 

i \ 
^ J 

! I 1 , i 

d) Draw schematically the phase diagram of a polymer solution in the case? of a ÜCST. 
Identify the two phase region, the one phase region, the spinodal line and the binodal 
line. 
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QUESTION 3: Colloids (25 points) (3x5 + 10 for last one) 
a) Wtiat is flocculation and coagulation? Explain the difference between them 

Hoccuiation is the formation of thermally reversible aggregates in a colloidal solution. 

Coagulation is the formation of irreversible aggregates in a colloidal solution. In coagulates, the particle^ 
are bondsë~to each other with rauch higher energies than in flocculates 

b) The total potential describing the interaction 
between two uncharged colloidal particles coated 
with polymers is given in the figure for 4 different 
situations. They are all coated polymers of the same 
molecular weigh and grafted by the chain end. 
Order the curves as a function of increasing grafting 
density. 
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c) Which of the curves of the figure are prone to produce flocculates. Explain why. 

d) You are dealing with a water based colloidal paint that you know is stabilized via 
electrostatic interactions. The painting is too thin and you would like to precipitate the 
patina by adding salt. You go to your kitchen and find out that the salt is over. There, 
you only find, coffee powder, sugar, milk, water, soap and oil. Which of these ,• 
ingredients would you add to the colloidal paint to try to precipitate it? Explain why 

This is a very open ipitate a colioiclal suspension, 
I?!ei:Msj!o|.orih/j -lirMiimAMMvmLemMMMS^ 
ttemcjwIedflejTO J t i th l l ieccMieö^^and graded 
the answer as following: 

you pick up a good promising systemi {say soap) : you get 3 points just by picking up a good systemi 
(good system as compared to butter or water for instance) 
- you explain that the soap is a typical ionic surfactant and you want to influence the electrostatic 
interactions or change the Debye length with the soap : you get 4 points 
^ you describe well how you expect to Influence the Debye length (say for instance that the soap will form 
smiall charged micelles (and spread more counter ions in the solution) and you will try to decrease Debye 
length in this way, : you get 4 points 
rt is true that this is not the only thing soap is doing in the solution. However you picked one idea and and 
explained it well, you got a correct argument and therefore 10 points, 
or 
If you proceed by elimination: 
- you say that water, butter and oil wilt never work because the first dilutes even more the system and ttie 
other are not soluble in water. You get 4 points, 
- you suggest one possible rnechanismi for the left systems explaining 2 out of the 3 points described in 
the first answer. You get 6 points 
or 
your answer was very original, r̂ nixing systems and indeed it could work in theory under certain 
concentration and salt conditions (that you not necessarily specify). You also got from 5 to 10 depending 
on how well you defended your arguments. 
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Problem 4 Surfactants (25 points) 
(a) Clearly explain what is the role of hydrophilic interactions and of the hydrophobic effect 

in the formation of aggregates of surfactant molecules in water (5 pts).

surfactants consist of a hydrophilic (polar) and a hydrophobic (apolar ) part. 
hydrophobic effect: entropy-driven association of apolar chains in water drives aggregation 
of surfactant molecules
the hydrophilic parts prefer to interact with water molecules, and will repel each other 
because of hydration and/or electrostatic repulsion
the balance between the repulsive hydrophilic interactions and attractive interactions 
between the apolar chains will govern the morphology (or shape) of the surfactant 
assemblies. 

(b) The formation of surfactant micelles is characterised by a critical micelle concentration 
(cmc), which can be obtained by measuring the surface tension as a function of 
surfactant concentration. Below, a set of data is given for the surface tension of 
solutions of cetyltrimethylammonium bromide  (CTAB) in water at 25oC (cetyl = 
hexadecyl). 

lnC -2.70 -2.51 -2.25 -2.01 -1.85 -1.6 -1.3

Clearly explain how you can determine cmc values from surface tension-concentration  
data sets. Obtain the cmc from the data given (5 pts).

From the Gibbs adsorption isotherm

it follows that � ; so plotting γ vs ln C gives a straight line.
However, when the cmc is reached the concentration of monomer surfactant remains the 
same and hence also  γ. Again plotting of γ vs ln C above the cmc gives a straight line but 
with a different slope; These two lines intercept at the cmc.

conc (mM) 2.0 3.1 5.6 9.8 14.1 25.1 50.1

γ (mMm-1) 64.5 59.8 50.2 42.8 39.1 38.8 38.6

γ = −ΓRT lnC
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(c) What is the effect of the following changes on the cmc compared to the cmc of CTAB in 
water (for each case explain your answer clearly) (6 pts):

(i) the addition of sodium bromide salt

addition of sodium bromide increases the ion strength > screening of head group charges 
reduces electrostatic repulsion > decrease of cmc

(ii) increasing the pH

CTAB does not contain a  acidic or basic group > pH changes  do not influence surfactnat 
charge > cmc will not change

(iii) replacing the cetyl chain of CTAB by a dodecyl chain 

cetyl=hexadecyl chain = -(CH2)15CH3
dodecyl = -(CH2)12CH3
> dodecyl is a shorter chain > smaller hydrophobic effect > increase of cmc  
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(d) The Kraft temperature of  CTAB is 24.8oC. Explain clearly what is the Kraft temperature 
(4pts).

The Kraft temperature is the temperature at which the solubility of the surfactant equals 
the cmc . (this is already sufficient for a correct answer)

Above this temperature the solubility exceeds the cmc and hence micelles will be formed if 
the surfactant concentration also exceeds the cmc
Below this temperature the solubility is less than the cmc, and hence the surfactant will 
crystallise if the surfactant concentration exceeds the solubility   

(e) Draw the phase diagram of CTAB from 0-0.1 M and 0-50 oC, and clearly indicate the 
phase boundaries and nature of the phases in each region of the phase diagram (5 pts).  

 0 - 0.1 M can be considered as the dilute regime i.e. negligible interactions between 
micelles 
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