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Sammanfattning 
 

Löslighet hos polymerer beror på hur löslighetsparametrarna hos polymeren och det lösningsmedel man 

använder, liknar varandra. Ju mer löslighetsparametrarna liknar varandra, desto bättre löser sig polymeren i 

lösningsmedlet. Hansen´s löslighetsparametrar (HSP) talar om hur dispersionskrafter, polära krafter och 

vätebindningar påverkar strukturer hos polymerer och därigenom deras löslighet.  

För att kunna tillverka effektiva organiska polymera solceller i framtiden, behöver vi mer kunskap i hur 

polymerer och organiska lösningsmedel interagerar med varandra. Detta är en uppsats i hur man kan gå tillväga 

för att ta reda på mer om hur främst polymeren Poly{[N,N′-bis(2-octyldodecyl)-naphthalene-1,4,5,8-

bis(dicarboximide)-2,6-diyl]-alt-5,5′-(2,2′-bithiophene)} , (N2200), men också polymeren Poly[2,3-bis-(3-

octyloxyphenyl) quinoxaline-5,8-diyl-alt-thiophene-2,5-diyl], (TQ1) löser sig i olika blandningar av organiska 

lösningsmedel. Det är också ett försök till att använda dataprogrammet, Hansen´s Solubility Parameters in 

Practice (HSPiP), för att estimera löslighet hos polymererna och polymerblandningen. 

Det visade sig att HSPiP, var bra på att estimera Hansens löslighetsparametrar för löslighetstestet på N2200. 

Programmets ritverktyg i DIY (do it yourself/gör det själv), för att skapa SMILES-kod (kod för den ritade 

molekylens struktur) för polymeren, visade sig vara mindre bra. Optimeraren i HSPiP visade sig kunna föreslå 

organiska lösningsmedelsblandningar för N2200 och TQ1 som kunde lösa polymererna. 

o-Xylene och tetrahydronaftalen var de som löste N2200 i löslighetstestet på 24 h med 50 ֯C och av 

blandningarna var det toluen/1-methylnaftalen, tetrahydronaftalen/metylacetat, tetrahydronaftalen/o-Xylene 

och tetrahydronaftalene/2-metyltetrahydrofuran som kunde lösa polymererna i koncentrationer av 10.0 mg/ml. 

N2200 löste sig bra ända upp till 10.0 mg/ml för de beräknade lösningsmedelsblandningarna men däremot blev 

proverna väldigt viskösa i den koncentrationen och knappt flytande, om alls flytande. Det var svårare att hitta 

organiska lösningsmedelsblandningar som fungerade för N2200 medan TQ1 kunde lösa sig i allt som fungerade 

för N2200. 
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Abstract 
The solubility of polymers depends on how well the parameters of the polymers and solvents used resemble 

each other. The more similar the parameters are, the more likely the polymers are to be dissolved. Hansen´s 

solubility parameters (HSP) tells us how dispersion forces, polar forces and hydrogen bonding influences the 

structure of the polymers and thereby their solubility.  

To be able to manufacture effective organic polymer solar cells in the future, we need more knowledge of how 

polymers and organic solvents interact with each other. This is an essay on how you could gather more 

knowledge of how primarily the polymer Poly{[N,N′-bis(2-octyldodecyl)-naphthalene-1,4,5,8-bis(dicarboximide)-

2,6-diyl]-alt-5,5′-(2,2′-bithiophene)} , (N2200), but also the polymer Poly[2,3-bis-(3-octyloxyphenyl) quinoxaline-

5,8-diyl-alt-thiophene-2,5-diyl], (TQ1) dissolves in different organic solvent blends. It is also a test on using the 

computer software Hansen´s Solubility Parameters in Practice (HSPiP), to estimate the HSP:s for the polymers 

and the polymer blend.  

The HSPiP was good at estimating the Hansen solubility parameters for the solubility test on N2200. The 

software´s drawing tool in the do it yourself- part (DIY) that is used to create a structure code-string (SMILES) for 

the polymer, did not work as well in this project. The Optimizer in HSPiP made good suggestions of organic 

solvent blends for N2200 and TQ1, that dissolved the polymers. 

o-Xylene and tetrahydronaphthalene were the solvents that dissolved N2200 in the solubility test in 24 h and 50 

֯C and among the organic solvent blends it was toluene/1-methylnaphthalene, tetrahydronaphthalene/methyl 

acetate, tetrahydronaphthalene/o-Xylene and tetrahydronaphthalene/2-methyltetrahydrofuran that were able 

to dissolve the polymers in the concentrations of 10.0 mg/ml. N2200 dissolved very well up to 10.0 mg/ml in the 

calculated solvent blends but on the other hand, the samples became very viscous at that concentration and 

hardly fluent, if fluent at all. It was more difficult to find organic solvent blends that could dissolve N2200 than it 

was for TQ1. TQ1 dissolved in all solvent ratios that dissolved N2200. 
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Abbreviations 
 

AFM Atomic force microscopy 

BHJ Bulk hetero junction 

CF Chloroform 

DIY “Do it yourself”. A part of the HSPiP-software. 

HOMO Highest occupied molecular orbital 

HSP Hansen´s solubility parameter 

HSPiP Hansen solubility parameters in practice. A software containing large databases of solvents and 

polymers. 

LUMO Lowest occupied molecular orbital 

Mn Number-average molecular weight 

Mw Molecular weight average of the polymer 

N2200 PNDI(2OD)2T (high mobility n-type polymer) or the complete name; Poly{[N,N′-bis(2-

octyldodecyl)-naphthalene-1,4,5,8-bis(dicarboximide)-2,6-diyl]-alt-5,5′-(2,2′-bithiophene)} 

OSC Organic solar cell 

PDI Polydispersity index (Mw/Mn) 

Ra The distance between any two molecules 

RED Relative energy difference 

R0 Radius of the sphere 

SMILES Code-string for the structure of a drawn molecule 

TQ1 Poly[2,3-bis-(3-octyloxyphenyl) quinoxaline-5,8-diyl-alt-thiophene-2,5-diyl]  
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2 Introduction 
Since we are seriously trying to find out how to use energy in a more environmental-friendly way, in order to 
lower or diminish our carbon-based fuel consumption and to minimize our release of greenhouse gas emissions, 
the research on organic polymer solar cells are of big interest.  
They are less expensive than ordinary silica-based solar cells and they could possibly be used on soft materials as 

fabrics. To develop this technique of the active layer made from a bulk hetero junction (BHJ) of a 

polymer/polymer system, it demands that one understand the morphology to be able to optimize different 

parameters of importance. Chlorated and fluorated solvents are known to dissolve semiconducting 

polymer/fullerene systems and polymer/polymer systems that used in scientific research on creating organic 

solar cells. Those solvents are hazardous to both the health and the environment. They are also expensive at 

costs.  

Could it be, that one could find environmental-friendly and health-friendly organic solvents to use for 

semiconducting polymer/polymer systems as for example the active layer-system TQ1:N2200?  

Is the software HSPiP useful in estimating the HSP:s for the polymers and the solvents? There are many 

questions and some of them might not be answered within this project. But hopefully some information from 

the results can be of use.  

Within the frames of this thesis there will be a focus on trying to find organic solvents, preferably green with the 

HSPiP-software, to test on the polymers alone and in a polymer blend. The aim is to find a solvent blend that can 

dissolve the TQ1:N2200 in 10mg/ml. The TQ1 and N2200 are two of the polymers of interest in research on the 

active layers for the organic polymer solar cells of tomorrow. 

At the end and for my own interest, I will send the samples for spin coating and atomic force microscopy (AFM), 

to briefly look at the morphology to see if the blends might be interesting for future studies. But first the HSP for 

the N2200 will have to be determined in order to continue.  
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3 Background 

3.1 Solvents 
The solvents play a significant role for the polymers you want to use. It should be able to dissolve the TQ1:N2200 

blend into smaller domains where the surfaces of each copolymer have good contact with the solvent. In a good 

solvent blend, the polymers will be well dispersed. After dip- or spin-coating the solvents will dry fast, not only 

leaving the polymers in contact with both anode and cathode in polymer rich domains on the substrate, but also 

in a distance from each other that will lead to a good transfer of charges from anode to cathode. Traditionally, 

some of the solvents that has been used for organic solar cells (OSC) is for example di-chlorobenzene, o-

chlorobenzene, chlorobenzene and chloroform (CF). They are aromatic, halogenated, polar and are good at 

dissolving the polymers. Although they are well examined solvents for the polymer/polymer system, they are 

not commercially useful because of their cost and toxicity in different ways for humans and environments. More 

research on green solvents needs to be done.  

3.1.1 Green solvents 

We need to examine green organic solvents to be able to create OSC: s with good efficiency, low cost and less 

toxicity. In this thesis the different organic solvents effect on solubility will be examined, to see if there might be 

a possibility to use green solvents instead of halogenated solvents. Green solvents are those that are not toxic to 

living organisms, animals or toxic for the environment. Other organic solvents might have some toxicity issues 

but are yet better to use than most halogenated solvents. At first the GSK solvent selection guide 2009 has been 

a good start in finding alternatives for the halogenated solvents that are used today (Royal Society of Chemistry, 

2010). But other organic solvents have also been used.  

Some of the solvents that have been used in determining the HSP for the polymers, have also been used in 

creating solvent blends. Others have not, since not every solvent will work for the blends. In some blends there 

might be fewer green solvents and instead other common organic solvents. The reason for this is that it is not 

always easy to find a match between the HSP-values. Sometimes it might even be that no one is found. Still, the 

created blends are probably better to use than the halogenated ones. 

3.2 Interactions 
When you look at solvents and polymers you need to think about the interactions between the two different 

polymers used, as well as the interaction between each polymer with the solvent or solvent blend. 

In a bad solvent or solvent blend, the polymer and the solvents differ too much in the solubility parameters. 

Therefore, the polymers will not dissolve into the solvent due to lack of interactions with the solvent. They will 

stay in large clusters (domains) and will rather interact more with each other, than with the solvent. Polymer 

clusters will end up either in the solvent closely packed, or if they really dislike the solvent/solvent blend the 

polymer will be floating on the surface, trying to stay out of the solvent. The solvent will not interact with the 

polymer for the same reasons.  

In a good solvent or a solvent blend, the polymers and the solvents will interact with each other. This will 

happen when the parameter values of both components are similar. One could address it as that they are fond 

of each other. You could also address it to the phrase that” like dissolves like”. A good solvent can wet the 

polymer and then it will diffuse into the polymer and make it swell. The swelled polymer can start to detangle 

and later diffuse into the solvent. Since the polymers are much larger than the solvent in their molecular 

structure, it will take longer time for it to diffuse into a solvent, than it takes for the solvent to diffuse into the 

polymer. If a polymer dissolves, the domains of polymer-rich areas becomes smaller and the solvent blend and 

dissolved polymer becomes closer to each other in distance which allows them to interact with each other. 
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But there might also be some risk of hindrance in form of repulsions between charged particles. There might be 

steric hindrance i.e. repulsions due to the polymer chains and their inability to get closer to each other because 

of the electrostatic interactions (Lekkerkerker& Tuinier, 2011).  

3.2.1 The Hansen parameters 

To describe the different solubility parameters, we use the Hansen solubility parameters (HSP). They describe 
the forces of the different bondings within the molecules. We are looking at the dispersion forces (𝛿D), the polar 
forces (𝛿P) and the hydrogen bondings (𝛿H). These binding types describe the interactions between the solvents 
and the polymers. The distance between any two molecules is called, Ra. It tells us how alike the two molecules 
are, or more precise that the HSP-values are close to each other in the HSP-space, which is presented in 3D in 
the HSPiP-software. If Ra between two molecules has a small value, they will interact. R0, is the interaction 
radius of the sphere. And to find out the relative energy difference RED, Ra is divided by R0 (Hansen, 2000). 

 

 (𝑅𝑎)2 = 4(𝛿𝐷2 − 𝛿𝐷1)2 + (𝛿𝑃2 − 𝛿𝑃1)2 + (𝛿𝐻2 − 𝛿𝐻1)2 Hansen solubility parameter 

The dispersion force (Figure 1), also called the London force, are always positive and they affect all atoms and all 

molecules. They induce a very small polarity on a close by molecule which in turn affects the next nearby 

molecule, inducing this small polar force. That is because of the many electrons that can move around and at a 

certain moment they are partially on one side of a molecule, causing the induced polarity. The dispersion force 

could also arise when the electrons of a molecule are in a close range of another molecule. The dispersion force 

is always present, but they are weak forces that easily could be broken.  

 

 

Figure 1: Dispersion force is the attractive force between two molecules (Rice University, 2019) 

The polar force (Figure 2), also called the Debuye-force or dipole-dipole force, is the force that arise between 

two permanent dipoles. The polarity of the dipole induces polarity on another molecule, but also, they have an 

interaction between each other. The polar force is stronger than the dispersion force but weaker than the 

Keesom force.  

 

 

 

Figure 2: Dipole-dipole interaction (Rice University, 2019) 
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Hydrogen force (Figure 3) is also called the Keesom force. They are intermolecular electrostatic forces and not 

covalent bonds. It is the force between the hydrogen and a non-metallic atom with large electronegativity (such 

as O, N, S) in another molecule. The dipole momentum in these molecules is temperature-dependant and causes 

alternations to the boiling point (Atkins & de Paula, 2017). 

 

 

Figure 3: Hydrogen bonding. The picture shows an example of how hydrogen binds to the a strongly electronegative atom. (Rice 
University, 2019) 

  

The more alike the HSP-values between polymer and solvent are, the more they resemble of each other and will 

more likely dissolve into each other. The distance between solvent molecules and polymer becomes small and 

the interaction between them can occur more easily. 

To find a solvent or solvent blend to match a polymer or polymer blend, is not always that easy. When testing 

solvent blends on a polymer or a polymer system, one cannot count on that the solvents in the blend will behave 

in the same way as if there is only one solvent. It will also impact the polymers that we try to dissolve. In both 

cases, the solvent blend or the polymers will differ in the HSP-values from the ones they have when they are 

apart. You could try to find a good solvent by “trial and error”, but that is time consuming and therefore not of 

interest. Instead you could use a software called the HSPiP-software that is an effective tool in estimating HSP-

values for both solvents and polymers. The software is developed by Dr Charles Hansen, Prof Steven Abbott and 

Dr Hiroshi Yamamoto (Abbot, 2019). The software estimates HSP-values on both solvents and polymers. 

Remember though that it is an estimation, but one that gives you a good start on determining on what solvents 

to use to dissolve the polymers or polymer blends. In this thesis HSPiP will be used to calculate the 3D -spheres 

for the polymers, and for their junction (overlapping of solubility spheres) in which a solvent that lies within that 

space, will most likely dissolve both polymers. The HSP- value for the junction will be a guidance when 

optimizing solvent blends to dissolve each of the polymers and polymer blends. It will also be used to look at 

solvents at the junction area borders to see if there might be a blend close to the border.  

3.3 Polymers 
Polymers is made up of carbon-based molecules that are covalently bonded to each other to form a long chain. 

This carbon-based chain is the backbone of the polymer. Their molecular size can become very large. The 

polymer is built on monomer units that is a carbon-based molecule which bind repeatedly trough this carbon 

backbone. As for all polymers, the monomers within this large molecule can have different branches with a set 

of atoms or molecules. But for each polymer the branches are the same, for every monomer. The molecular 

weight of a polymer differs, but the minimum molecular weight is about 25000 g/mol to be ranked as a polymer. 

Low molecular weight polymers can move more freely since they do not entangle as much, while polymers of 

high molecular weight start to entangle due to interactions and lack of space (Sperling, 2006). 
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The different structures that applies to polymers depends on the monomers and their properties. A polymer 

blend will also look different due to the different properties of each polymer. For OSC:s, semiconducting 

polymers are used. They have lower bandgaps between the highest occupied molecular orbital (HOMO), and the 

lowest unoccupied molecular orbital (LUMO), than polymers that act as insulators. This helps to create excitons/ 

hole electron pairs, that can transfer the charges in a BHJ. A co-polymer is a polymer that has at least two 

different polymer-chain units that are covalently bonded to each other by its monomers. TQ1 and N2200 are 

two semi-conducting co-polymers that in a polymer blend will phase-separate, after dip-coating or spin-coating 

when the solvents evaporate. That will leave them in different conformations on the created films that is used 

for the OSC:s. How the film structure will look, depends on how the interactions between solvents and polymers 

appears. The semiconducting polymers will phase separate when the solvents evaporate, creating polymer rich 

domains on the film. It is crucial to understand the morphology to be able to construct efficient active layers. 

3.3.1 Polymer N2200 

Poly{[N,N′-bis(2-octyldodecyl)-1,4,5,8-naphthalenediimide-2,6-diyl]-alt-5,5′-(2,2′-bithiophene)} is also called 

P(NDI2OD-T2), or N2200 and has the molecular formula (C64H88N2O4S2)n. It is a co-polymer of 

naphthalinediimide- bithiophene. The structure is planar and acts as an electron acceptor. It has long ligands on 

both sides of the backbone- structure that can act interpenetrating with the solvents to simplify the solubility 

(Figure 4). The molecular weight has shown to be of importance for the morphology. In an article by Lei et.al. it 

is shown that the higher the molecular weight on N2200, the smaller band gap between HOMO/LUMO (Lei, Y. 

2016). It also results in broader absorbance spectra, better intermolecular contact and a higher mobility for the 

electrons. Although it also shows that at too high molecular weights, the polymers will aggregate much easier, 

which difficult the charge transfer. A medium molecular weight on N2200 seems to be the most ideal to create 

effective charge transfers. It has alternating single bonds and double bonds in its backbone structure, which 

makes it semiconducting because of the possibility of moving electrons. 

 

 
 

Figure 4 The polymer N2200, (Ossila, 2019) 

3.3.2 Polymer TQ1 

TQ1, or poly[2,3-bis-(3-octyloxyphenyl) quinoxaline-5,8-diyl-alt-thiophene-2,5-diyl] is the polymer that acts as 
the electron donor in many types of organic solar cell systems. It is a co-polymer of quinoxaline-thiophene. The 
molecular formula is (C40H46N2O2S)n (Figure 5). It should be easily dissolved in chloroform, toluene, xylene, THF, 
chlorobenzene and di-chlorobenzene (Ossila, 2019). As for the N2200 it has alternating single bonds and double 
bonds in its backbone structure, which makes it semiconducting because of the possibility of moving electrons. 
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Figure 5: The polymer TQ1, (Ossila, 2019) 

3.4 Organic solar cells 
There are many researchers that have come far in the field of sciences for organic solar cells, that are built upon 

the polymer/fullerene- systems. They have gained quite large efficiency, but the trend now is also to look at the 

polymer/polymer- systems, and to learn more about how they behave in order to increase their efficiency. That 

would certainly be of interest because of their flexibility in structure.  

One of the reasons for looking into polymer/polymer systems, is because a polymer/fullerene- system is not 

stable and photo-oxidise (Blazinic et.al). It also has a constraint of not being as moldable due to its structure. It 

has also shown an instability in morphology and the cost of the synthesis of the fullerenes are quite expensive. 

But their energy efficiency is yet better than the polymer/polymer- system. One of the features of the 

polymer/polymer systems are that they are lighter, formable and, they have lower bandgap between 

HOMO/LUMO energy levels. This is highly interesting for the charge transferring in the bulk hetero junction. In 

an article by Zewdneh, Wang and Andersson, this is described very well (Zewdneh, 2019). 

 

 

Figure 6: Example of the organic solar cell with the polymer active layer in red colour. The Figure is created by the Author. 
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3.5 Active layer 
An organic solar cell (Figure 6) is simplest described as containing an anode (the glass substrate), an active layer 

(the BHJ) and a cathode. The active layer could be created in different ways, but for this thesis we look at the 

bulk hetero junction as the active layer. In BHJ the electron acceptor creates small islands/domains of high 

concentrations of the N2200, lying imbedded in the electron donor TQ1.  

For example, when creating an OSC, a substrate is treated with different materials to become the anode. The 

treated anode could also be coated with a hole transport- layer and an electron transport-layer to enhance the 

transferring of holes and charges respectively. After this, the dip-coating or spin-coating takes place to create a 

thin film of active layer. When dried, it then goes through another coating process to create the cathode. In 

Figure 6, the polymer active layer shown in red, is the active layer made of BHJ. 

OSC: s use semiconducting organic materials where in this case the TQ1 is an electron donating polymer and the 

N2200 is an electron-acceptor. The donor polymer absorb energy from the sunlight in the form of photons which 

makes the electron excite from the HOMO- to the LUMO-state of the TQ1. It creates a hole (positive charge, +) in 

the HOMO state, in where a new electron can take place. This hole-electron pair will move through the 

conjugated backbone structure of TQ1 to the surface interface of the N2200 LUMO-state. There, the charge and 

the electron separate, and the electron is accepted in the N2200 LUMO-state, due to its high affinity for 

electrons. The electron (negative charge, -) can freely move through the N2200-backbone structure to the 

cathode, while the hole (+) moves back to the donor side where it is free to accept a new electron. In Figure 7 it 

is illustrated how the hole-electron pair (also called exciton) is transferring the electrons (-) and holes (+). 

 

 

 

Figure 7: Illustration of a hole-electron pair at the interface between donor and acceptor, leaving the electron in the LUMO of the 
acceptor, while the hole is moving back (Tiwari S., et al.). 

 

For this to work some properties on the polymers in the photo active layer are demanded. There must be 

interpenetrating properties between TQ1 and N2200 so that they can interact with the solvent much easier, 

making it dissolve. The TQ1-domains and the N2200- domains need to have contact with both electrodes. The 

domains cannot be too large because then it will be too much distance between the polymers as well as less 

surfaces that can interact with the donor. The distances between polymers inflect the charge-transfer through 

excitons (Fachetti, 2013). 

Polymers are monomers that repeatedly bind to each other with covalent bonds, creating very long chains, that 

folds and entangles. Polymers are often insulators due to a large bandgap between their HOMO/LUMO states. 
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Semiconducting polymers contains lower bandgap between HOMO/LUMO and are therefore able to perform 

excitation of the photons.  

The functional groups on the polymers could have interpenetrating ligands which is good to enhance solubility. 

You also want the polymers well dispersed in the BHJ, distributed in small domains after the solvent has 

evaporated, so that the charges more easily can move to the detector as well as being more efficient. This gives 

a tighter structure with good prerequisites to absorb photons, and good prerequisite for electron transfer via 

hole-electron pairs/ excitons. It also enhances the material to become softer and more flexible.  

Other characteristics that is important to understand are the functionality of active layers and also the 

interactions between polymers and solvents. Knowledge about drying times/evaporation time, solubility, photo 

voltaic properties, wetting, swelling, quenching and diffusion is also of importance. When the polymers are 

known in their characteristics, it makes it easier to develop and enhance their properties. 

3.6 HOMO/LUMO 
The energy from light in form of a photon emitted or absorbed is described according to the Bohr frequency 

condition: 

𝛥𝐸 = ℎ ⋅ 𝑣 =
ℎ𝑐

𝜆
   ℎ= Planck´s constant, 𝑣= frequency, λ= wavelength, c= the speed of light 

The light energy absorbed by the donor polymer and its electrons in the π-orbitals (HOMO), excites to the π*-

orbitals in LUMO. Between the two states is an energy hole or bandgap, where no electrons can occur. The size 

of this bandgap is of importance for the structure of the polymer. The bandgap is expressed in eV. The energy 

gap between the polymers is simply calculated with the expression of: 

ΔE= Edonator - Eacceptor 

The energy gap between the two semiconducting polymers is between the LUMO-state of each polymer. The 

acceptor polymer has a lower LUMO-state than the donor polymer, which makes it easier to transfer electrons 

within the excited state. The electrons become mobile and moves from donor to acceptor when the electron 

relaxes back to its origin state in HOMO. Energy is released as light or heat. 

 

Figure 7: Excitation from HOMO till LUMO and the transfer of the excited state from donor to acceptor. (Wikimedia commons 
contributors, 2019) 

 

4 Material/Method 
In the laboratory the HSP for N2200 will be determined in order to proceed with the creation of solvent blends. 
1.0 mg of N2200 is used in 1.0 ml of the chosen solvent from a list of single solvents. The solvents cover a wide 

https://upload.wikimedia.org/wikipedia/commons/5/5e/Energy_gap_and_electron_hopping.png
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range of HSP-space in the HSPiP-software. Scores are given the results of the samples, and the HSP-parameters 
is calculated by the HSPiP software when entering the scores. When that part is done, calculations in the HSPiP-
software’s Optimizer gives suggestions on the ratios for different solvent blends. The solvent blends is scored 
after trying to dissolve 1.0 mg, 5.0 mg/ml and 10.0 mg/ml of each polymer in 1.0 ml of the solvent blends.  
 
  

4.1 HSPiP software 
The HSPiP software is a well put software with large solvent and polymer databases. It also contains the DIY (do 
it yourself) which allows you to create your own polymer or solvent for the input to the software. The DIY allows 
you to either insert the InChI-code or SMILES-code for the polymer or solvent, and then it calculates the 
estimation of HSP-values. If none of the codes above is available, you could create it by drawing the structure 
within the software. Remember that the HSP-values are an estimation of well measured and tested solvents and 
polymers. Since solvents and solvent blends might act differently for different blends or polymers, one could end 
up with a different result in the parameters than that calculated in the software. But it is absolutely a good start 
to know the estimated HSP:s when searching for solvents or solvent blends for the samples.  
 
Given the HSP for the polymer the first thing to do is to define a sphere using some of the more than 10000 
solvents that is in the software. It is good enough to use around 30 solvents from the list and it does not have to 
be the solvents that you are testing later. Choose solvents that are in a wide range of HSP-space so that the 
radius is not too small. There must be at least two solvents that have their solubility parameters within the 
estimated solubility sphere of the polymer, but also at least two solvents whose values are outside that sphere. 
This is because you want to be able to define where the spheres border of solubility might be. A small radius of 
the sphere makes it tougher to find solvents that can dissolve the polymer. The values that are of importance 
when looking at the solvent lists, are the Hansen solubility parameters. That is the dispersion forces (𝛿D), the 
polar forces (𝛿P) and the hydrogen bondings (𝛿𝐻). You assign each chosen solvent with 1 for being inside the 
sphere (dissolves the polymer) or 0 for being outside the sphere (does not dissolve the polymer). Then you run 
the calculation to gain the HSP-parameter for the polymer. To see if the calculated parameters does not differ 
too much, the core- values in the software indicates how far from the HSP of the polymer is. There also is a Fit 
value that should be 1.000 if it is a good fit. At a Fit-value of 1.000, you will not have good solvents that dissolve 
the polymer, outside the calculated sphere and there will not be any bad solvents that does not dissolve the 
polymer, inside the sphere.  
The core-value that comes up when calculating each sphere, tells us how good the fitting is. To be good it needs 
to be under ±0,5 for each of the parameters 𝛿D, 𝛿P, 𝛿H. For example, it is written ± [0.10, 0.30, 0.30] in plain 
text and always in that order. Sometimes a fourth value is showed which then is the radius, R or R0 for the 
sphere.  
When the spheres of the polymers are defined, you can create a double sphere with the two polymers which 
gives you an overlapping of the two spheres. The overlap is the junction- area where the solvents dissolve both 
polymers.  
For creating solvent blends the Optimizer in the software is used. In Optimizer the solvents of interest can be 
optimized in different blends for the laboratory tests. The created blends can be pasted into the solvent lists and 
compared to the double spheres or each polymer sphere to find where in the HSP-space they are, and if they are 
interesting for laboratory tests. In the optimizer you also can change the ratio of the optimized volumes that the 
software suggests. When doing that, the HSP-parameters for the polymer changes and will move within the HSP-
space.  
Also, you can see the parameter Distance, which is a parameter for how close the molecules are to each other. 
The RED-number (which is the relative energy distance) is showed. RED tells us where in the 3D space the 
solvent/solvent blend are according to the HSP of the polymer. Ra is the distance between two molecules and R0 
is the radius of the sphere. All RED-values that is RED < 1.00 means that the solvent or solvent blend is close to 
the HSP-value for the polymers and will dissolve it in theory. The HSP-value is the centre of the solubility sphere. 
That is valuable to know when using the optimizer. RED correlates to Ra and R0 as follows: 
 
RED= Ra/R0  (Hansen, 2000) 
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Although, the perfect solvent is not necessarily only the one with the smallest distance. Make sure to try 
combining different solvents from all over the HSP-space. You might end up with a perfect blend that is 
somewhere in the junction. Sometimes even closer than the single solvent. A guide in form of an eBook in the 
software is very useful in learning about how to use the HSPiP. Also, there are several tutorials on the internet 
that is very useful. (Abbot, 2019). 
To determine the HSP-values for an unknown molecule or polymer, a primary solubility test with single solvents 
is necessary, to find out where in the HSP-space the polymer is. That is easiest done by creating a solvent list of 
solvents chosen in a wide range in the HSP-space.  
Which amounts of solvents and polymer to use is up to the scientist, but the HSP-value will depend on how 
much solvent are used to the amount of polymer. How long you want to wait until you give the solubility score 
are also of importance. A polymer with a large Mw will take longer to dissolve, so that would have to be 
considered.  
 

4.2 Laboratory practice 
In this thesis the solubility test of N2200 will depend on the results after 24 h. The samples will stay on the 

heater for another 72 h, to see what happens over time. The N2200 used for this project was bought from Ossila 

with the average molecular weight, Mw= 289730 g/mol. The polydispersity index PDI, is 1.9 (Ossila, 2019). The 

structure of N2200 is showed in Figure 4. The TQ1 was bought from Lumtec and has a number-average 

molecular weight Mn, of 31800 g/mol and a PDI of 3.11. The structure is showed in Figure 5. 

4.2.1  Solubility test to find HSP for N2200 

1) 1.0 mg of N2200 is diluted in small glass vials with 1.0 ml of solvent. The glass vial is put on heater 50 ֯ C 

and checked for every 24 h, 48 h, 72 h, and 96 h. Make sure to keep the temperature below each single 

solvent´s boiling point. In the scoring is shown, and in Appendix 1 the references to the solvents used 

are shown. 

The results are scored with:  

1= Dissolved. Deep dark blue colour. 
2= Almost dissolved. Polymer bits in it. Quite dark colour.  
3= Light blue colour. Polymer is partially dissolved. 
4= Even lighter blue. Very little polymer has dissolved. Mostly not dissolved. 
0= Clear solvent with no dissolved polymer. 

2) Put the scores into HSPiP-software and calculate the HSP-values for the polymer. 

3) Create solvent blends in HSPiP using the Optimizer. 

4.2.2 Creating the double sphere 

To be able to optimize solvent blends a double sphere is created in HSPiP. The junction will tell whether the 

solvent blend will work for both polymers or not. The HSP values for each polymer are inserted in a polymer list. 

Then both polymers are chosen to create a double sphere. If there is overlapping of the spheres it is called the 

junction, in where a solvent/solvent blend will dissolve both polymers. The junction is then used to calculate the 

solvent blends and the ratio between them. 

4.2.3 Solubility test for N2200 and TQ1 on the optimized solvent blends 

The list of suitable solvent blends is calculated with the HSPiP Optimizer. The TQ1 will only be tested in the 
concentration of 10.0 mg/ml. 
A scoring system is set up according to how the polymers dissolves or not in the solvent blend: 
 
 

1= Dissolved. Deep dark blue colour. 
2= Almost dissolved. Polymer bits in it. Quite dark colour.  
3= Light blue colour. Polymer is partially dissolved. 
4= Even lighter blue. Very little polymer has dissolved. Mostly not dissolved. 
0= Clear solvent with no dissolved polymer. 
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1) First, 1.0 mg of N2200 is diluted in small glass vials with 1.0 ml of chosen solvent blend. The glass vials 

are put on heating at 50 ֯C for 24 h. Make sure that you keep the temperature below each single 

solvent´s boiling point. Score the results. 

2) The blends that dissolves the polymer go through to the next part of testing where the amount of N2200 

increases with 5.0 mg/ml solvent blend and 10.0 mg/ml.  

Repeat step one in for the new concentrations. If it does not dissolve at a certain amount it does not go 

through to the next increase of the concentration. Score the results. 

 

The TQ1 will only be tested on the concentration of 10.0 mg/ml in the same way as for N2200. 

 

 

Figure 8: From left to right: 1) Completely dissolved, 2) Almost dissolved, some residues on glass, 3) Partially dissolved, darker colour but 
polymers left in the bottom, 4) Slightly dissolved, lighter coloration and polymers in the bottom, 0) not dissolved, no coloration, polymers 

in the bottom or at the top. The picture is taken by the Author. 
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5 Results and discussions 
5.1.1 Solubility test to find HSP for N2200 

Since there is no established HSP for the N2200 in the HSPiP-software, the attempts on creating an estimated 
HSP-value was needed. Through the DIY it was an attempt to create the SMILES-code that is needed to calculate 
an estimated HSP-value. The immediate confirmed molecular formula (C64H88N2O4S2)n that was able to be 
created was a molecular formula of (C62H89N2O4S2)n. Having two carbons less and one hydrogen too much. No 
matter what was tried, this was the best molecular formula that was received. This is an issue that was not able 
to be resolved in this timeframe and would be of good use for the future when working with HSPiP. Instead a 
new solubility test was made. 
 
The N2200 was easily dissolved in o-Xylene in less than an hour and it was dissolved within the following 24 h in 

the tetrahydronaphthalene. Mesitylene can dissolve the N2200 but it takes approximately 96 h on heater at 50 

֯C. It would probably dissolve faster if the temperature were higher. Ethyl benzene and toluene were very close 

to dissolve N2200. Still there where some residue on the glass. Tetrahydrofuran only partially dissolved the 

polymer. 

HSP for N2200 at room temperature (21 ֯C) was [18.8, 2.29, 2.89] (Table 1). There were two solvents inside the 

sphere and 29 solvents outside the sphere. The scores of the solubility test where determined after 24 h, but the 

solubility test went on for another three days. When scoring at 96 h, mesitylene had dissolved (Table 

2)(Appendix 2). 

The core-values for the δD was only ± 0.10. δP and δH are ± 0.69 which is a bit far from the core, but since the 
radius is so small, when using theese solvents, it is ok. The radius R were only 1.7. The reason for this is that 
there were only two solvents inside the sphere in this solvent set. 
 
 

Table 1: Result on HSP-values for N2200 from the solubility test, calculated by the HSPiP: 

Polymer δD δP δH R 

N2200 18.8 2.29 2.89 1.7 

Solvents In Out Total  
Number 2 29 31  

Core= ±[0.10, 0.65, 0.65]   
 

 

Table 2: The solvents that dissolves N2200 has a score between 1-4. 

1.0 ml solvent to each vial containing 1.0 mg N2200  Score 

Solvent δD δP δH 1h 24h 

o-Xylene 18.0 2.6 2.8 1 1 

Ethyl Benzene 17.8 0.6 1.4 3 2 

Mesitylene 18.0 0.6 0.6 3 2 

Toluene 18.0 1.4 2.0 2 2 

Tetrahydrofuran (THF) 16.8 5.7 8.0 4 3 

Tetrahydronaphthalene 19.6 2.0 2.9 2 1 

 
The complete data from the Table 1 and Table 2 is in Appendix 2 and 3. 
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5.1.2 Creating the double sphere 

N.Holmes HSP-results on the solubility test for TQ1 was used for the double sphere (Holmes, 2015) and the 
HSP for N2200 came from this project. In Table 3 there is a summary on the HSP results on each TQ1, N2200 
and for the junction of the two. When searching for the junction between TQ1 and N2200 the N2200 sphere 
ended up completely inside the sphere of TQ1. That means that all the solvents or solvent blends that 
dissolve the N2200 should also dissolve the TQ1. Thit was the reason for not testing TQ1 in all 
concentrations. It was just used for 10.0 mg/ml, to be able to use it as stock for spin-coating. 
 

Tabell 3: N. Holmes result on TQ1, the result of N2200 in this thesis and the junction- HSP of TQ1:N2200 

      
Polymer δD δP δH R  
TQ1 17.7 2.87 4.41 5.4  
Solvents In Out Total   
Number 19 12 31   
      
This project      
Polymer δD δP δH R  
N2200 18.81 2.29 2.89 1.7  
Solvents In Out Total   
Number 2 29 31   
Core= ±[0,10, 0,65, 0,65]      
 

Junction δD δP δH R 

TQ1:N2200 18.5 2.4 3.3  
 

The spheres with the grid on the right side, in Figure 9, are tilted and enlarged to make it possible to see that 

there is a double sphere. N2200 is completely inside the TQ1 sphere, which depends on the small radius 

obtained from the solubility test. It also means that in theory, anything that dissolves N2200 should also be able 

to dissolve TQ1. 

 

Figure 9: TQ1:N2200 sphere. Note that the N2200 is well inside the sphere of TQ1. Blue spots are solvents inside the spheres, red spots are 
solvents outside the spheres. The orange spot is the HSP for the junction between TQ1:N2200. The spheres are tilted and enlarged. 
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5.1.3 Solubility test for N2200 and TQ1 on the optimized solvent blends 

Immediately after each blend were done, the polymers in the samples of N2200 started to swell (Figure 10). The 

vials that had blue colours had started to dissolve the polymers. 

 

 

 

Figure 10: The solvent blends for N2200 directly after blending 1.0mg/ml. A=toluene/1-methylnaphthalene, B= cumene/benzaldehyde, C= 
tetrahydronaphthalene/methyl acetate, D= mesitylene/benzaldehyde, E=tetrahydronaphthalene/o-Xylene, F= tetrahydronaphthalene/2-
methyltetrahydrofuran, G= tetrahydronaphthalene/isobutyl acetate, H= cumene/2-methylanisole, I= ethyl benzene/2-methylanisole, J= 
cumene/anisole. The picture is taken by the Author. 

 

Table 4 and Figure 11 show the blends that were created in the HSPiP-software with the Optimizer. The samples 

are named in alphabetical order. Note that in A, they started to dissolve readily, and that in C, D, E, F, G and J 

they are starting to dissolve. In B, H and I, there were no change at the beginning. The colour is from the N2200 

that is dark blue. All polymers are swelled. 

There are no halogenated solvents, and that there are some solvents that are not quite the best choice due to 

their hazardous properties. But also, that there are some green solvents in the blends. In Table 4 one can see 

that the lowest distance between any molecule is in the blends in F and G. The largest distance to any molecule 

is in the blends I and J. I and J they are also close to the border of N2200 as seen by the RED-number. The lowest 

RED number is seen in the sample G and F.  

Sample A, C, E and F were dissolved in 1.0 mg/ml. Sample A, C, E and F were dissolved in 5.0 mg/ml in less than 

24 h. Note that A dissolved within 2 hours. Sample A, C, E and F were dissolved in 10.0 mg/ml. All the samples 

had higher viscosity, but in sample A it was fluid. The other samples had such high viscosity that it did not flow 

when cooled in room temperature. Sample E became fluid again, on heating. Sample I and J are close to the 

border of N2200 (RED close to 1.00) but did not dissolve. In sample G and J, it was almost dissolved with some 

residue on the glass. 
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Table 4: Scores for dissolving N2200. 1.0 mg/ml, 5.0 mg/ml and 10.0 mg/ml after 24 h, and on heating at 50 ֯C. 

 Solvent blends for N2200        Score Score Score 

        mg/ml mg/ml mg/ml 

Test Solvent blend V% Dist. RED δD δP δH 1.0 5.0 10.0 

A Toluene 62.0 
1.2 0.69 18.6 1.3 2.0 

   

 1-Methyl Naphthalene 38.0 1 1 1 

B Isopropyl Benzene (Cumene) 72.0 
1.1 0.64 18.5 2.9 2.3 

   

 Benzaldehyde 28.0 3 - - 

C Tetrahydronaphthalene 88.0 
0.9 0.52 19.1 2.6 3.5 

   

 Methyl Acetate 12.0 1 1 1 

D Mesitylene 65.0 
1.1 0.68 18.5 3.0 2.2 

   

 Benzaldehyde 35.0 3 - - 

E Tetrahydronaphthalene 65.0 
0.7 0.42 19.0 2.7 3.2 

   

 o-Xylene 35.0 1 1 1 

F Tetrahydronaphthalene 77.0 
0.6 0.36 18.4 2.6 2.0 

   

 2-Methyl Tetrahydrofuran 23.0 1 1 1 

G Tetrahydronaphthalene 85.0 
0.6 0.34 18.9 2.3 3.4 

   

 Isobutyl Acetate 15.0 2 - - 

H Isopropyl Benzene (Cumene) 60.0 
1.3 0.77 18.2 2.6 2.6 

   

 2-Methyl Anisole 40.0 3 - - 

I Ethyl Benzene 53.0 
1.6 0.92 18.0 2.5 3.0 

   

 2-Methyl Anisole 47.0 3 - - 

J Isopropyl Benzene (Cumene) 72.0 
1.6 0.93 18.0 2.1 2.8 

   

 Anisole 28.0 2 - - 

  

Results on the TQ1 solubility test in Table 5 on 10.0 mg/ml was tested for the same V% as for N2200 in Table 4. 

They were all, dissolved and fluid. 
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Table 5: Scores for TQ1, 10.0 mg/ml, 24 h of heating at 50 ֯C. 

  Solvent blends for TQ1             Score Score Score 

                mg/ml mg/ml mg/ml 

Test Solvent blend V% Dist. RED δD δP δH 1.0 5.0 10.0 

A Toluene 62.0 
1.2 0.69 18.6 1.3 2.0 

      

  1-Methyl Naphthalene 38.0  -  -  1 

C Tetrahydronaphthalene 88.0 
0.9 0.52 19.1 2.6 3.5 

      

  Methyl Acetate 12.0  -  -  1 

E Tetrahydronaphthalene 65.0 
0.7 0.42 19.0 2.7 3.2 

      

  o-Xylene 35.0  -  -  1 

F Tetrahydronaphthalene 77.0 
0.6 0.36 18.4 2.6 2.0 

      

  2-Methyl Tetrahydrofuran 23.0  -  -  1 

 

 

According to the information from the provider Ossila, N2200 is dissolved in CF, chlorobenzene and 

dichlorobenzene (Ossila, 2019). If their RED-value is <1.0 it would be inside the sphere and dissolve the polymer. 

It had a larger value in this project, which means that this HSP-value from this project, might only work for 

theese circumstances. When using CF for the TQ1:N2200 blend as a control sample for spin-coating, it dissolved 

well with a stirrer and heat. That implies that the radius of the solubility sphere for N2200 in this project was too 

narrow. 

The halogenated solvents were not used here to determine the HSP. Out of curiosity it was added to the solvent 

list in the HSPiP-software to see what would happen to the sphere. If they would have been used for the 

solubility test it would have given a slightly higher polarity and hydrogen bonding as well as a slightly larger 

radius. A larger radius would have been good for finding more solvent blends that might be able to dissolve the 

polymer in a 24-48 h timeframe. It would have changed the HSP for N2200. N2200 had under this project´s 

circumstances a very narrow solubility space.  

The new HSP-values that could be established for N2200 according to the solubility test in Table 4, using the 

solvent blends, are: [19.24, 1.55, 2.72] with an even smaller radius R= 1.4. The core was: ± [0.30, 0.50, 0.85]. 

When comparing Pasquier´s results in Table 6 (Pasquier, 2018), one can see that all HSP-parameters differs 

between the results. Between this project and Pasquier´s projects it also differs. That is because there are 

different prerequisites for the tests. The estimation data from Pasquier comes from the HSPiP software and that 

was compared to a solubility test on single solvents of both halogenated solvents and other organic solvents. 

This is compared to the solubility test in this thesis for both single solvents and solvent blends. When comparing 

the Δ-values for both reports there is a larger ±Δ- values in the project from Pasquier, and a lower ±Δ-value in 

this project.  
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 Table 6: Comparing of HSP of M.Pasquier with results from this thesis. 

Source Test Polymer [δD, δP, δH] R Core Delta HSP 

 This thesis 
Solubility test 
Single solvents N2200 

[18.81, 2.29, 
2.89] 1.7 

± [0.10, 0.65, 
0.65] 

±Δ = [0.43, 0.74, 
0.17] 

 This thesis 
Solubility test 
Solvent blends N2200 

[19.24, 1.55, 
2.72] 1.4 

± [0.30, 0.50, 
0.85]   

M.Pasquier Estimated N2200 [19.7, 0.2, 3.0]      
±Δ =[2.71, 4.19, 
1.07] 

M.Pasquier 
Solubility test 
Single solvents N2200 

[16.99, 4.39, 
4.07]  5.9 

± [0.15, 0.30, 
0.35]   
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6 Conclusion 
 

• Creating a SMILES for N2200 did not work. It might either be an issue depending on the practitioner or a 

software-problem.  

• HSP for N2200 in this project was [18.81, 2.29, 2.89] for the solubility test of single solvents (Table 1) 

with a radius R= 1.7. The HSP for N2200 with the solvent blends found, was [19.24, 1.55, 2.72] with the 

radius R= 1.4. 

• The HSPiP-software has been a good precursor to create solvent blends for TQ1 and N2200.  

• If there would have been known HSP-parameters on N2200 it would have been easier to establish the 

solubility sphere. N2200 has according to this solubility test, a very narrow solubility sphere R= 1.7. This 

means that there are fewer solvents in the solubility test that will dissolve the polymer.  

• With halogenated solvents there would have been a larger solubility sphere since chloroform, 

chlorobenzene and dichlorobenzene are known to dissolve the polymer. 

• There´s is a difference in trying to dissolve a small polymer as TQ1, then to dissolve a very large polymer 

as N2200.  

• TQ1 had no problems in being dissolved for any of the solvent blends suggested for N2200.  

• o-Xylene dissolves N2200 in a couple of hours. It is possible that the HSP for N2200 is close to o-Xylene. 

• Tetrahydronaphthalene is a good solvent for creating solvent blends.  

• There were some green organic solvents that worked well together with non-halogenated organic 

solvents. 

• There are a few more solvents that was scored with a “2” at 24 h on the solubility test in part 1. In this 

report a 2 means almost dissolved. Still they could be interesting when creating solvent blends. The 

solvents with a score of 2 after 24 h were toluene, mesitylene and ethyl benzene. Although, mesitylene 

dissolved after 96 h on a heater of 50  ֯C. 

• A higher temperature would probably dissolve the blends faster.  
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7 Prospective 
The HSPiP software could be useful in finding more solvent blends then treated in this project. But in order to 

determine the HSP for the N2200, a greater range of solvents are required.  

It would be a good idea, to look at the spectrophotometric properties of the solvent blends that was created in 

this project to see if they despite the high viscosity would be of interest for further projects. For the solvent 

blend A (toluene/1-methylnaphthalene) it should be more investigated.  

It would be interesting to do further research on the impact of the repulsions between charged particles as well 

as if there is steric hindrance in the polymer chains. That would be interesting for the solvent blends that came 

close to dissolving N2200 (scored with 2). Maybe the solvents or the polymers as N2200 will need to be modified 

to increase the solubility in different blends. Solvent blends of three will easily be found with HSPiP. The 

calculations of three solvents does not take much time to do with the software but that was not the aim for this 

thesis. 

The interactions between TQ1 and N2200 when phase-separating is also of interest as well as what happens 

when the solvents evaporate. Especially since there are differences in boiling temperature. How do the polymers 

align the film and why? 

The viscosity of the solvent blends for TQ1:N2200 must be further researched. There is a huge difference in 
viscosity between the concentration of 5.0 mg/ml and 10.0 mg/ml. The brief comparison of thickness and 
surface structure with AFM at two different spinning rates (Appendix 4) and the concentration of 10.0 mg/ml of 
the polymer blend with the toluene/1-methylnaphthalene, implies that the green solvent blends for TQ1:N2200 
can be compared with the TQ1:N2200 in CF (Xia, et.al, 2016). 
The other three blends that were not fluent would also be interesting to see how they look like with the AFM.  

A brief look at the film with AFM on the solvent blend of toluene/1-methylnaphthtalene and TQ1:N2200 is 

presented in Appendix 4. It is not treated as a result of this thesis, but it certainly looks interesting when 

compared to commonly used CF for the polymer blend. The samples where annealed in 120 ֯C for 10 minutes.  
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9 Appendix 

9.1 Appendix 1: Solvents used in this project 
 

Manufacturer, grade and CAS-number is listed here. 

 

Solvent Manufacture Grade CAS 

1-Butanol ACROS 99% 71-36-3 

1-Methylnaphthalene ACROS 97% 90-12-0 

1-Octanol  Sigma Aldrich ≥99.5% 111.87-5 

2-Butanol EMSURE for analysis 78-92-2 

2-Methyl tetrahydrofuran Sigma Aldrich >99.5% 96-47-9 

2-Propanol (IPA) VWR Chemicals  ≥99.7%  67-63-0 

Acetone  - 100% 67-64-1 

Amyl acetate Sigma Aldrich 99% 628-63-7 

Benzaldehyde Sigma Aldrich ≥99.5% 100-52-7 

Chloroform EMSURE For analysis  67-66-3  

Cyclohexane Merck KGaA ≥99.5% 110-82-7 

Cyclohexanone Sigma Aldrich ≥99% 108-94-1 

Cyclopentyl methyl ether  Sigma Aldrich ≥99% 5614-37-9 

Dimethyl formamide (DMF) Sigma Aldrich ≥99%  68-12-02 

Dimethyl sulfoxide (DMSO) VWR Chemicals 99% 67-68-5 

Dipropyl amine Sigma Aldrich 99% 142-84-7 

Dipropylene glycol Sigma Aldrich 99% 25265-71-8 

Ethanol VWR Chemicals 96% 64-17-5 

Ethyl acetate Sigma Aldrich ≥99.5% 141-78-6 

Ethyl benzene Janssen Chimica AnalaR Normapur 100-41-4 

Formamide Sigma Aldrich ≥99.5%  75-12-07 

Glycerol Sigma Aldrich ≥99.5% 56-81-5 

Isobutyl acetate Sigma Aldrich 99% 110-19-0 

Isopropyl benzene (Cumene) Sigma Aldrich 98% 98-32-8 

Mesitylene ACROS 99% extra pure 108-67-8 

Methyl acetate Merck KGaA ≥99% 79-20-9 

Methyl cyclohexane ACROS 99% extra pure 108-87-2 

n-Butyl acetate Sigma Aldrich ≥99.5% 123-86-4 

N-Methyl formamide Sigma Aldrich 99% 123-39-7 

o-Xylene Alfa Aesar 99% 95-47-6 

Propylene carbonate Sigma Aldrich 99.7% 108-32-7 

Propylene glycol ACROS 99% 57-55-6 

Tetrahydrofuran (THF) Sigma Aldrich ≥99% 109-99-9 

Tetrahydronaphthalene Fischer Scientific Lab. Reagent grade 119-64-2 

Toluene VWR Chemicals ≥99.8% 108-88-3 
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9.2 Appendix 2: Solubility test to determine the HSP for N2200 
 

Scores of solubilities 

1= Dissolved. Deep dark blue colour. 
2= Almost dissolved. Residues or very small diffuse polymer bits in it. Dark colour.  
3= Light blue colour. Polymer not dissolved/ is slightly dissolved solution is light blue. 
0= Clear solvent with no dissolved polymer. Although in the table all zeros are left out to make it easier to read. 
 
 

1.0 ml solvent to each vial containing 1.0 mg N2200   Score   
Solvent δD δP δH 1 h 24 h 48 h 72 h 96 h 

Acetone 15.5 10.4 7.0      
Amylacetate 15.8 3.3 6.1      
2-Butanol 15.8 5.7 14.5      
1-Butanol 16.0 5.7 15.8      
n-Butylacetate 15.8 3.7 6.3      
Cyclohexane 16.8 0 0.2      
Cyclohexanone 17.8 8.4 5.1      
Cyclopentyl methyl ether (Cpme) 16.7 4.3 4.3      
Dimethyl formamide (DMF) 17.4 13.7 11.3      
Dimethyl sulfoxide (DMSO) 18.4 16.4 10.2      
Dipropyl amine 15.3 1.4 4.1      
Dipropylene glycol 16.5 10.6 17.7      
Ethanol 15.8 8.8 19.4      
Ethyl acetate 15.8 5.3 7.2      
Ethyl benzene 17.8 0.6 1.4 2 2 2 2 2 

Formamide 17.2 26.2 19.0      
Glycerol 17.4 11.3 27.2      
Isobutyl acetate 15.1 3.7 6.3      
Isopropyl benzene (Cumene) 18.1 1.2 1.2      
Mesitylene 18.0 0.6 0.6 2 2 2 2 1 

Methyl acetate 15.5 7.2 7.6      
Methyl cyclohexane 16.0 0 1.0      
N-Methyl formamide 17.4 18.8 15.9      
2-Methyl tetrahydrofuran 16.9 5.0 4.3      
1-Octanol 16.0 5.0 11.2      
2-Propanol 15.8 6.1 16.4      
Propylene carbonate 20.0 18 4.1      
Propylene glycol 16.8 10.4 21.3      
Tetrahydrofuran (THF) 16.8 5.7 8.0 3 3 3 3 3 

Tetrahydronaphthalene 19.6 2.0 2.9 1 1 1 1 1 

Toluene 18.0 1.4 2.0 2 2 2 2 2 

o-Xylene 18.0 2.6 2.8 1 1 1 1 1 
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9.3 Appendix 3: HSP for solvents in solubility test 
 

This is the list with HSP:s for each solvent. The list is sorted by the RED-number. 

The result from scoring the solubility in of N2200 (Appendix 2) was put in the HSPiP-software to calculate the 

HSP for N2200. 

The HSP was determined in the HSPiP from the scores at 24 h.  

 

Solvent δD δP δH Score RED Mvol 

o-Xylene 18 2.6 2.8 1 0.999 120.8 

Tetrahydronaphthalene 19.6 2 2.9 1 0.999 136.7 

Toluene 18 1.4 2 2 1.239 106.6 

Isopropyl benzene (Cumene) 18.1 1.2 1.2 0 1.689 139.9 

Ethyl benzene 17.8 0.6 1.4 2 1.954 122.8 

Mesitylene 18 0.6 0.6 2 2.246 139.5 

2-Methyl tetrahydrofuran 16.9 5 4.3 0 2.878 100.2 

Cyclopentyl methyl ether  16.7 4.3 4.3 0 3.082 116.5 

Cyclohexane 16.8 0 0.2 0 3.271 108.9 

Tetrahydrofuran (THF) 16.8 5.7 8 3 3.934 81.9 

Cyclohexanone 17.8 8.4 5.1 0 4.081 104.2 

Methyl cyclohexane 16 0 1 0 4.193 128.2 

Ethyl acetate 15.8 5.3 7.2 0 4.669 98.6 

n-Butyl acetate 15.8 3.7 6.3 0 4.735 132.6 

Amyl acetate 15.8 3.3 6.1 0 4.868 148 

Dipropyl amine 15.3 1.4 4.1 0 4.885 136.9 

Methyl acetate 15.5 7.2 7.6 0 5.025 79.8 

Isobutyl acetate 15.1 3.7 6.3 0 5.581 133.8 

Acetone 15.5 10.4 7 0 5.741 73.8 

Dimethyl formamide (DMF) 17.4 13.7 11.3 0 7.545 77.4 

1-Octanol  16 5 11.2 0 7.571 158.2 

2-Butanol 15.8 5.7 14.5 0 7.646 92 

2-Propanol 15.8 6.1 16.4 0 7.948 76.9 

Dimethyl sulfoxide (DMSO) 18.4 16.4 10.2 0 7.995 71.3 

1-Butanol 16 5.7 15.8 0 8.197 92 

Ethanol 15.8 8.8 19.4 0 8.591 58.6 

Propylene carbonate 20 18 4.1 0 8.701 85.2 

Propylene glycol 16.8 10.4 21.3 0 10.467 73.7 

Dipropylene glycol 16.5 10.6 17.7 0 11.777 131.8 

N-Methyl formamide 17.4 18.8 15.9 0 12.477 59.1 

Glycerol 17.4 11.3 27.2 0 13.28 73.4 

Formamide 17.2 26.2 19 0 17.067 39.9 
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9.4 Appendix 4: Pictures from AFM 
A TQ1:N2200 sample in the ratio 1:1 and 2:1 at a total concentration of 10.0 mg/ml was blended with 1.0 ml CF 

and spin-coated at 3000 rpm to be compared with other research on CF, in order to find out if the sample would 

look alike or not (Wang, 2016). The TQ1/N2200 had the ratio 1:1 and 2:1 and a total concentration of 10.0 

mg/ml and was blended with 1.0 ml toluene/1-methylnaphthalene (ratio of 63%:37%) and spin-coated in 500 

rpm and 1000rpm, respectively. The samples where then heated on the hot plate at 250 ֯C for 60 seconds to 

ensure that all the solvent was removed. The samples were annealed in 120 ֯C for 10 minutes before AFM-

measurements. 

   
a)CF:TQ1/N2200, 1:1, (3000 rpm) thickness 133nm, b) CF:TQ1/N2200, 2:1, (3000 rpm) thickness 93.7nm, 
roughness 1.55nm    roughness 1.05nm 
   

    
c) Toluene/1-methylnaphthalene: TQ1/N2200, 1:1   d) Toluene/1-methylnaphthalene:TQ1/N2200, 2:1  
(500 rpm) thickness 189.3 nm, roughness 1.84 nm  (500 rpm) thickness 242.1 nm, roughness 2.15 nm  

   
e) Toluene/1-methylnaphthalene: TQ1/N2200, 1:1 f) Toluene/1-methylnaphthalene:TQ1/N2200, 2:1  
(1000 rpm), thickness 122 nm, roughness 1.19nm (1000 rpm) thickness 127.4 nm, roughness 2.23 nm   
 

Figure 11: CF and TQ1:N2200  in a and b. Toluene:1-methylnaphthalene (volume ratio 63%:38%) with TQ1:N2200 blend in c-f.  


