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Chapter 8

Summary

This research has focused on relatively simple models that all relate to poly-
mer behaviour. Polymers occur in many shapes and sizes, from extremely
large and complex DNA molecules to relatively simple ones found in house-
hold items encountered daily. One of the difficulties in studying polymer
behaviour is describing their behaviour in a rigorous set of equations. Due to
the large variations in topology and the complexity of the object itself there is
much to be gained from studying the behaviour of polymers through computer
simulations. In a way this is still a way of analytical analysis, but on a scale
that is untractable on a blackboard or piece of paper. Computer simulations
provide a large toolbox that can be used to investigate polymer behaviour
in very controlled circumstances. This toolbox provides means to control and
measure each and every aspect, from the mass of an individual atom to mea-
surements of the long time-scale diffusive behaviour. In this work we have
taken some of the existing tools from this toolbox and attempted to improve
them, added some additional tools and combined some existing tools in way
not described in literature before.

Chapter two can be split into three parts. The first part takes an existing
tool, the Lowe-Andersen thermostat, and combines this with another complex
tool: Molecular Dynamics. The use of a thermostat in these computer simu-
lations is to explicitly control the temperature, very analogous to the heating
system in a house. Existing thermostats have some known drawbacks, they
can be very complex or slow down the system dynamics. The Lowe-Andersen
thermostat has the advantage that it does not slow down the dynamics very
much, while still being a very simple tool to use. Molecular Dynamics pro-
vide a straightforward way of simulating sets of molecules interacting on very
small length and time scales. At the time of writing nobody had applied the
Lowe-Andersen thermostat to a Molecular Dynamics system. We did so and
analysed the slowing down of dynamics by analysing the effect on the dif-
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8. SUMMARY

fusion. Think of this as the speed with which an ink drop discolours a glass
of clean water, if the diffusion is too low, the ink spreading speed will be
too slow. We found that for the Lowe-Andersen thermostat we could still
very effectively control the temperature, without affecting the diffusion sig-
nificantly. This makes it a very good drop-in replacement for the oft-used
Andersen scheme, that is almost as simple to use, but slows down dynamics
very significantly.

The second part of Chapter 2 focuses on an easily overlooked possible
problem while using the Lowe-Andersen thermostat. As this tool operates on
pairs of particles we should know what the effect is of applying the tool two
two different pairs in which one particle is shared. It turns out that if the pair
operations are performed frequently on certain pairs in the same strict order,
there is a measurable artificial dependence on the order of operations. We
show that this is easily resolved by randomizing the operations and explain
if and how this is usable in very large computer simulations that are done by
multiple computers in parallel. Lastly, Chapter 2 suggests two small changes
to the Lowe-Andersen thermostat, both simplifying the scheme a bit. The
net effect of the simplified schemes is also that it allows easier simulation of
“water-like” conditions.

The third chapter is again an application of two tools in a novel way. This
time we take a method for simulating multi-component fluids on time and
length-scales a bit larger than the previous chapter and combine it with a
known technique for keeping the system pressure constant. A key benefit of
the simulation method (Dissipative Particle Dynamics, DPD) is that it has a
very simple, yet non-trivial equation of state. Because of the simple equation
of state, some predictions can be made about the mixing behaviour of a simple
two-component mixture at a given temperature and pressure. As DPD has no
inherent way of controlling the pressure, we took an existing method that had
only been used in Molecular Dynamics simulations and successfully combined
both. The net result is a good agreement between the theoretical prediction
and the observed system behaviour.

The next chapter is the result of the initial research done on polymer
networks. Polymers are made up of small building blocks linked together,
when the polymer chains are also linked together the entire structure can
become a network. There exist many tools to do computer simulations on
polymer networks, but one thing that showed up in our earlier simulations is
that we need to be able to distinguish between something that is a network
and something that is not. Many existing methods avoid this problem by
keeping away from the “cross-over” state, so there is no need to explicitly
check it. Also we could not find anybody who had done a rigorous analysis
of this problem, especially for the type of boundary conditions we use. It
turns out that the solution is not very straightforward and it is easy to pick
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a wrong method that either overestimates or underestimates if a system is a
network. The best analogy that explains the problem is one using wallpaper
that depicts spaghetti. Assume the wallpaper pattern is perfectly aligned, so
you get identical copies of the same “unit pattern” from left to right. Now you
might wonder what happens when you pull one of the spaghetti strands, do
you get just a short piece, or is there a strand that you can keep pulling on
indefinitely because it connects to a copy of itself on one of the next sections
of wallpaper. Being able to pull indefinitely is the property that makes the
spaghetti a network (strictly speaking only in the left-right direction on our
wallpaper). This work describes a method of analysing a single non-repeating
piece of the wallpaper and give a claim about whether pulling indefinitely is
possible.

The following chapter is the result of collaborative research performed with
M. Dreischor. By applying a rigorous analysis of a more complex equation of
state we found that the theory predicts that a long polymer chain solved in
a solution consisting of its own monomers would be collapsed, forming a tiny
droplet. To verify this prediction we performed a long time-scale simulation
using Molecular Dynamics to investigate the behaviour of said polymer. It
turned out that indeed the chain collapses, and interestingly enough it does
so by encapsulating a significant amount of solvent into the collapsed state,
making it truly a tiny droplet that would precipitate if it were a real system.

Next is a short chapter that tries to solve a relatively complex problem of
creating a flow pattern with some specific properties with a simple method.
The idea again has a simple analogy, say you’re baking a cake and you have
two sets of mixers (making for 4 rotors), we have a way of setting up a flow
in the cake dough that follows some desirable properties.

The final chapter again involves polymers, but this time we pursued a new
approach to attempt to get another clue into finding the scaling exponent for
an excluded volume chain in 3 dimensions. There exist some predictions that
give this exponent as a continuous function of the dimensionality, but as can
be imagined it is hard to verify such a prediction in anything other than
1, 2 or 3 dimensions. We did attempt to measure the scaling exponent for
dimensionalities in between 1 and 2 dimensions by rigorously applying a set
of tools that had been though up by Stillinger in 1977. He thought of a way
of describing non-integer dimensional spaces that appear to be sufficient to
describe simple polymer chains as well. By only treating distances between
sets of points we figured out how to generate random polymer chain statistics
(both ideal and self-avoiding) in dimensions between 1 and 2. By measuring
the average end to end distance for many different configuration we validated
that for ideal chains we do indeed get apparently valid configurations, but
the self-avoiding chains are a bit more complex. What we see is that for
any dimensionality slightly above 1, the end to end scaling for long polymer
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8. SUMMARY

chains follows the behaviour of two-dimensional chains. We conclude that
our approach does not give additional clues for the value of the 3 dimensional
scaling exponent as apparently in the formalism we used the longer length-
scale behaviour of objects is always the same as that in the next integer
dimensionality.
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