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SSuummmmaarryy  
 
Laptops, mobile phones, computer chips: modern devices are getting smaller and 
smaller. At the moment, the many materials scientists are therefore involved in the 
preparation and study of all kinds of nanoscale (10-9 m) structures. 

One important tool in this respect is the natural phase separation that occurs 
between different polymers that are linked together in so-called block copolymers. 
The balance between the repulsive interaction between the different blocks and the 
conformational entropy loss of the blocks results in many different ordered 
nanostructures. While for diblock copolymers the number of possible structures is 
quite limited due to the few variables available, triblock copolymers have been 
shown in recent years to allow a vast number of different self-assemblies. These 
may be divided into different classes based on the amount of frustration present. 

This thesis deals with a special class of triblock copolymers, namely linear ABC 
triblock copolymers with a C block that allows complexation with low molecular 
weight amphiphiles through hydrogen bonding. Two different classes of triblock 
copolymers were synthesized: poly(tert-butyl methacrylate)-b-polystyrene-b-
poly(4-vinyl pyridine) or PtBMA-b-PS-b-P4VP and poly(tert-butoxystyrene)-b-
polystyrene-b-poly(4-vinyl pyridine) or PtBOS-b-PS-b-P4VP. 

These block copolymers were complexed through hydrogen bonding of the 
P4VP block with a low molecular weight amphiphile, pentadecylphenol or PDP. 
After their self-assembly, it is possible to remove the amphiphile by washing with 
ethanol, as was shown before in the case of diblock copolymers. In this way 
nanoporous structures may be prepared that are promising candidates for, e.g.. 
membrane applications. 

To rationalize the self-assembled structures found, first the various interactions 
involved were addressed by determining the values of the corresponding Flory-
Huggins interaction parameters. This was achieved by performing a so-called 
random copolymer miscibility study for each different monomer pair. The results 
show that 11.007.0 , << tBMASχ , 034.0031.0 , << tBOSSχ , 09.004.0 ,4 << tBMAVPχ  

and 43.039.0 ,4 << tBOSVPχ , while from previous studies, it was already known that 

35.030.0 4, << VPSχ . These values demonstrate that for the PtBMA-b-PS-b-P4VP 

triblock copolymer the P4VP phase would rather have an interface with the PtBMA 
phase than with the PS phase. Since PS is directly connected to P4VP a so-called 
type I frustration is present. No frustration is expected for the PtBOS-b-PS-b-P4VP 
copolymers. 
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The motive to use the specific PtBMA-b-PS-b-P4VP(PDP) triblock copolymer 
complexes, was the possibility to create so-called charge-mosaic membranes. 
These are thin films comprising alternating charged pores, that allow the separation 
of charged species from fluids. For instance, a device may be constructed for the 
desalinization of water. The negatively charged pores can be made from the 
PtBMA blocks, while the positively charged pores can be made from the 
P4VP(PDP) comb-block. 

The PtBMA-b-PS-b-P4VP  triblock copolymers were synthesized through Atom 
Transfer Radical Polymerization (ATRP). Unfortunately, this method has a number 
of drawbacks, the most important one being the relatively high polydispersity for 
molecular weights exceeding 10 kg/mol per block. The presence of three different 
nanophases, essential for the envisioned applications, could not be proven 
unambiguously with TEM analysis for both the triblock copolymers as well as their 
complexes with PDP. We attributed this to the high polydispersity and thus turned 
our attention to a related triblock copolymer system that can be synthesized using 
anionic polymerization. 

Sequential anionic polymerization is one of the best controlled polymerizations 
known. It has, however, a number of restrictions such as the sequence of blocks. 
The PtBMA-b-PS-b-P4VP triblock copolymers for one cannot be synthesized (in 
this block order) using a straightforward sequential anionic polymerization because 
the cross-over reaction from PtBMA to PS will not occur in a controlled fashion. 
Furthermore, the ester bond of PtBMA is susceptible to nucleophilic attack by 
polystyryl anions. 

This is why we turned our attention to PtBOS-b-PS-b-P4VP triblock copolymers 
that can be synthesized with anionic polymerization with the desired molecular 
weights and with the proper block volume fractions. The SAXS and TEM analysis 
of their self-assembled state proved to be relatively straight-forward. Core-shell 
cylindrical morphologies were found where the P4VP core is surrounded by a shell 
of PS, embedded in the matrix formed by PtBOS. These morphologies are easily 
understood on the basis of the relative values of the interaction parameters 
involved. Since the B/C interface is the most unfavorable, this interface is 
minimized, at the cost of creating more A/B interface. Since the A/C interaction is 
even more unfavorable, frustrated morphologies are not found. 

The P4VP blocks were subsequently complexed via hydrogen-bonds with PDP 
and the self-assembly of the supramolecular complex was addressed. The addition 
of PDP to the P4VP phase significantly reduces the unfavorable interaction with 
the middle block (PS), as well as increases the volume fraction of the C block. The 
resulting morphologies therefore differed from the bulk triblock copolymers. For 
most complexes with one PDP molecule per 4VP unit, three-phase lamellar 
structures were found.  
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Besides structural information, SAXS also showed some interesting scattering 
behavior. Specifically, the first order reflection reversibly appeared and 
disappeared as a function of temperature. This behavior could be ascribed to the 
unique nature of our system: the thermoreversible hydrogen bonding between 
P4VP and PDP results in the gradual diffusion of part of the PDP from the P4VP 
phase into the other two phases. This results, for certain temperature intervals, in a 
zero form factor for scattering vector values that correspond to the first order 
scattering peak. At these temperatures the first order peak is therefore absent while 
higher order peaks may remain. 

Clearly, the lamellar self-assemblies are not the most promising structures for 
membrane-type applications, since the removal of PDP could result in a collapse of 
the structure. Therefore, we also investigated the self-assembly of PtBOS-b-PS-b-
P4VP triblock copolymer complexes with different amounts of PDP. To our 
surprise, one particular sample with one PDP molecule per two 4VP repeat units 
appeared to form a gyroid structure in which the P4VP(PDP) phase formed the 
gyroid channels. This is for the first time that such a structure is formed for such 
kind of systems. The gyroid morphology has not yet been fully established, since 
the SAXS pattern are relatively poor, making it impossible to determine the precise 
nature of the morphology. To this end, additional synchotron SAXS measurements 
in combination with long-term annealing experiments should be performed. 

The removal of the amphiphiles resulted in the creation of bicontinuous 
nanochannels, stretching from top to bottom of the sample, as could be shown with 
SEM and SAXS. The potential of this material to be used as a membrane is 
expected to be high. 
 
 
 




