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Introduction  
About the laboratory 

My internship take place in Karlstad in Sweden, a Scandinavian country known for its 

calm and environmental conscience. Karlstad is a town of 62,000 inhabitants located on the 

edge of the largest Swedish lake called Vanern. Surrounded by numerous lakes and forests, in 

spring, life is quiet and pleasant. 

Like most universities, Karlstad university covers all education fields. Here I will focus 

on the physico-chemical research area and about the solar organic cells films research because 

my project is related to it. 

The team is made up of: 

Jan van Stam, professor physical chemistry, Complex fluids and molecular interactions 

Ellen Moons, professor materials physics, Organic solar cells 

Leif Ericsson, research engineer physics 

Dargie Deribew, post-doc materials physics 

Ishita Jalan, Ph.D. student physical chemistry 

Vanja Blazinic, Ph.D. student materials physics 

 

Solar Cells 
The solar cells are the devices that convert the sun light energy into electricity by 

photovoltaic processes. The solar cells are mainly use like sustainable energy way1,2.  

Solar cells can be made by different technologies. The current state-of-art technology 

is based on inorganic materials, such as silicon and other thin film based solar cells. 

However, in the last two decades another generation of solar cells is discovered. This 

technology is based on solution processable organic materials. It is called Organic solar cells. 

The difference between the traditional solar cell and the new technology is summarized in 

table 1. 
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Table 1: Difference between Inorganic and organic solar cells 

From table 1, we could see that organic solar cells could be easy to fabricate and are 

cheap as compared to the inorganic solar cells. However, their performance must be increased 

to rival with the inorganic ones. So, on the following part we will see the composition of an 

organic solar cell and how to increase its efficiency. 

Materials 
As seen previously the organic solar cell is made up with two organic semiconductors, 

either polymers or fullerenes.  

  

Function Inorganic1 Organic3,4 

Composition 
Silicon can be doped with boron or 

phosphor to make as P: donor N: acceptor 
atoms 

Two semiconducting organic 
compounds (polymer or 

fullerene), one electron donor 
and one electron acceptor 

Structure 

 
Figure 1: Inorganic solar cells structure  

Figure 2: Organic solar cells structure 

Shape 
Inconvenience: rigid, heavy = constraint of 

hanging 

Advantage: film, flexible, light 
= easier to handle and 
possibility of hanging 

everywhere 

Production 

Inconvenience: a lot of energy and steps 
necessary. 

(1st step) melt sand to height temperature 
(2nd step) cooling low temperature 
(3rd step) layer chemical treatment 

Advantage: Few steps and little 
energy required.  

(1st step) polymer and fullerene 
synthesis  

(2nd step) dip 
coating/printing/roll-to-roll 

coating 

Efficiency Advantage: more of 20% 
Inconvenience: maximum in 

laboratory 14%5,6 
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 Polymer 
A polymer is made up of many of monomers. These monomers are linked together by 

covalent bonds to build a longer chain called polymer. The molecule repeated to form the 

chain is called repetition motif. 

Polymers can have different size of chains, so different molecular weight and different 

properties7. However, it is difficult to produce all the same size of chain in the same polymer’s 

production. Thus, the molecular weight of the polymers is an average. There are two averages 

according to the number of chain with the Number Average Molecular Weight Mn and the 

other according to the weight of each chain the Weight Average Molecular Weight Mw. 

Mn =
∑ ni Mi

∑ ni
 or Mw =

∑ mi Mi

∑ mi
 

Mi: Molecular mass of one chain  ni: Number of chains with mass Mi 

mi: mass of each chain    With Mw ≥ Mn 

As said previously the polymer have different properties according to its chains size. 

So, it is interesting to have a polymer production with almost the same chain size. The 

distribution of the size is described by the term polydispersity index or PDI.  

PDI =
Mw

Mn
 ≥ 1 

In figure 3 the abscise axe 

represent the molar mass of a chain and 

the ordinate axe represent the number 

of chains. This figure show that when 

the PDI≈1 (green line) there are many 

polymer chains with about the same 

size. Yet, when the PDI is higher than 1 

(blue line) there are many different 

sizes of polymer chains. 

 Fullerene 
The fullerenes are a family of a carbon atom assembly that builds a kind of spherical 

cage. This family of molecules has been found in certain clays and meteorites. It possible to 

produce fullerene by burning graphite. Moreover, the principal characteristic of this family is 

the conjugate of the carbon bonds, indeed all carbons are link with three other carbons8. 

 On the case of organic solar cell film, the fullerenes and the polymers, these organics 

compound are semiconductors. But what is a semiconductor? 

Figure 3: Comparison of the molar mass distributions for two samples of 
comparable Mw but different PDI 
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Semiconducting properties  
 The particularity of the semiconductor compounds is that the electrons can move from 

a stable state to and excited state, where they become mobile. When 

different semiconductor compounds are together, in a device, it 

could transport the electrons and thus create an electric power. In 

this part we will see why an organic molecule could be semiconductor 

in which case it could produce a power4. 

Figure 4 represents on the right and on the left the atomics 

orbitals and on the middle the molecular orbital. The HOMO 

represents the Highest Occupied Molecular Orbital and the LUMO 

represents the Lower Unoccupied Molecular Orbital3. The gap 

between these two orbitals represents the excitation energy also 

called energy gap. This energy can be bringing by different way but 

in the case of the solar cells the light brings this energy, called a 

photon. 

E = hv =
hc

λ
 

E: light energy h: Planck constant ν: frequency of the ray c: speed of light      λ: 

wavelength of the ray 

The light excites the stable electron which pass on the LUMO, it is the excited state. 

Then it wants to go back to the stable ground-state, the HOMO. This action releases energy, 

for example light or heat.  

 Organic semiconductor 
In general, the polymers and the organic 

compounds are insulators because the energy gap is 

big, to excite this compound we need a lot of energy. 

Nevertheless, there are semiconducting organic 

compounds. Indeed, the gap can be reduced by the 

electron moving or delocalisation on the molecule 

(Figure 5)9,10. So, the more there are conjugation and atoms with nonbonding doublets to be 

delocalised, the more the energy gap is reduced. If the reduction is large enough, the light 

energy can excite the electrons, and this compound is a semiconductor.   

Also, we could see in the previous equation that the wavelength is inversely related to the 

energy, so light with short wavelengths will easier excite the electrons. The most efficient solar 

cells can create energy with long light wavelengths.   

Figure 4: LUMO / HOMO 
Representation 

Figure 5: Electron delocalisation 
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 Organic solar cell 
To conduct the power, the 

electrons have to pass on an electric 

circuit. This is possible in the organic 

solar cell film thanks to the electron 

donor and the electron acceptor. The 

difference between the acceptor and the 

donor is that the donor has a LUMO 

higher in energy. We could see on the 

figure 6 that the light energy excites the 

electron to the donor LUMO and creates 

a lack in the donor HOMO. The electron 

passes on to the acceptor LUMO, then from the cathode to the anode to come back to the 

donor HOMO. Thus, a current is created. 

In Karlstad University the laboratory team studies a few organic solar cells. 

  

Figure 6: Conduction of organic solar cell 
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Research Project 

Team research project  
One of principal study in Karlstad laboratory is about the part of donor acceptor film. 

The aim is to increase the efficiency of these films. Different compounds are used to create 

the films.  

Electron acceptor compound 

 Electron donor compound 

 

To increase the efficiency, we must know the film efficiency parameters. 

▪ A fullerene: [6,6] -Phenyl-C61-

butyric acid methyl ester 

(PC60BM)  

Figure 10 : PC60BM structure 

 

 

▪ A polymer: poly {[N, N'-bis (2-

octyldodecyl) -naphthalene-

1,4,5,8-bis (dicarboximide) -2,6-

diyl] -alt-5,5 '- (2,2'-bithiophene) 

(N2200) 

 

Figure 9 : N2200 repetition motif 

 

 

 

▪ Polyfluorene: Poly (9,9-di-n-

octylfluorenyl-2,7-diyl) (F8) 

 

Figure 7 : F8 repetition motif 

 

 

 

▪ A polymer: poly [[2,3-bis (3-

octyloxyphenyl) -5,8-

quinoxalinediyl] -2,5-

thiophenediyl] (TQ1) 

 

Figure 8 : TQ1 repetition motif 
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 Efficiency 
The efficiency of the solar cell depends of the electron number which move from the 

cathode to the anode. One most important parameter which influence it, is the morphology 

of the film. Indeed, the more there are contact between the donor and acceptor compounds 

on the film, the more electron could move. A film morphology looks like the figure 11 and 12 

where the white clusters are the 

PC60BM and the orange clusters are the 

TQ1. On the one hand when the cluster 

are small and on the other hand when 

the donor and acceptor cluster have 

almost the same size there are many 

surfaces of contact between the two 

compounds. So, on this figure the film 

12 is better than the one in figure 12. 

This type of morphology is due 

to several parameters: 

▪ Production method 

▪ Ratio of each compound 

Donor/Acceptor 

▪ Solubility of each compound on the 

prepare solvent11 

My project  
During my internship I took interest in one morphology film parameter, the prepared 

solution film solubility. So, I have to find solvents which make the two film compounds soluble. 

Nowadays we use halogen solvents which are difficult to use industrially because they are 

dangerous for our health and for the environment. Thus, the aim is to change this practice and 

find best green solvents which make soluble the compound’s solar cell film.  

We will know how a solvent can make soluble a compound and how to foresee that.  

 Solubility 
In this part we will see what the solubility is and how a solvent makes a compound soluble. 

The solubility represents the maximum amount of a compound that can be dissolved in a 

given solvent. In this report we will be interested in why a compound is more or less soluble 

in a given solvent. 

There are several interactions within a compound which provide it some cohesion, the 

strong which bring cohesion in one molecule and the weak which bring cohesion between 

different molecules. Below there are few useful weak interactions. 

▪ Surface of the substrate 

▪ Overall concentration of donor 

and acceptor 

▪ Process parameters (temperature, 

speed, withdrawal...) 

Figure 12: Film of 
TQ1:PC60BM prepared 

from Chloroform 

Figure 11: Film of 
TQ1:PC60BM prepared 
from dichlorobenzen  
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Dipole-dipole interaction 
What is a dipole? A dipole characterizes the distribution of positive and negative charges 

in a molecule. A dipolar molecule is made up of more or less electronegative atoms, that is to 

say with a capacity to attract electrons towards it more or less strong. A pole consisting of a 

more electronegative atom than the others, will have a negative charge while the less 

electronegative atoms will constitute the positive poles. A molecule is polar when we can 

observe a non-zero dipole moment, that corresponds to a vector. Indeed, a molecule can have 

dipolar moments which vanishes according to their orientation. 

 In figure 13, the red part is 

positively charge and the blue part is 

the negatively charged. We can see 

that the water molecule (H2O) is polar 

(b), the oxygen atom being more 

electro-negative than the hydrogen 

atoms. But in carbon dioxide (CO2) or 

(a), because of the symmetry of the molecule, the dipole moment vanishes, so the molecule 

is not polar. 

Polar molecules can create weak interactions called dipole-

dipole. In fact, the positive poles being attracted by the 

negative poles, the different molecule will be placed in a way 

such as to create the greatest affinity. As seen in figure 14, the 

negative pole (δ-) is near the positive pole (δ+) of the next 

molecule by attraction, and far to the other negative pole by 

repulsion.  

Non-polar force  
All molecules are concerned by this interaction, also called 

dispersing force. This interaction is the force between two non-polar molecules in which it 

forms a spontaneous / instant dipole. The electrons might at a given moment be organized 

unevenly around the core to create a dipole in the molecule. Moreover, when a dipole is 

formed it can influence the electron orientation of molecules 

close to the dipole. Thus, we can observe for a short time the 

presence of a dipole-dipole interaction with non-polar 

molecule, also called induced-dipole (Figure 15).  

Figure 13: Explanation of polar or non-polar molecule 

Figure 14: Dipole-dipole interactions 

Figure 15: Temporary fluctuating induced-
dipole 
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Hydrogen bond 
A hydrogen bond is formed between an electronegative 

atom and a hydrogen atom bonded to an electronegative atom 

(figure 16). Indeed, like the previous interaction a positive pole 

have a lack of electron, so it attracted by the rich electron 

atoms. This bond is a bit stronger than the dipole forces, we 

need from 2 to 5 kcal/mol to break it. 

Principle 
The solubility is based on the idea of “likes dissolve likes”. Indeed, these interactions must 

be replaced by solvent-compound interactions. So, to break and replace the intermolecular 

interaction the solvent must have the same or stronger 

interaction than the compound alone. In the case of the 

organic solar cell film we have to make soluble two 

compounds on the same solvent. So, like we can see on the 

figure 17 the solvent S have to break and create two 

intramolecular interactions with the molecule A and the 

molecule B.  

In this field of research, the difficulty is to find a solvent which make soluble two different 

compounds. Indeed, if the solvent has more affinity to one compound the cluster on the film 

morphology would be bigger for the other compound. For instance, we could see on the figure 

12 that the Chloroform have more affinities with the TQ1 than with the PC60BM. 

 
 A software, the Hansen Solubility Parameters in Practice (HSPiP), can help to determine 

the best solvent to dissolves a mix of compounds. To use this software, we need to know the 

Hansen Solubility Parameters (HSP) of each compound in the solution mix12,13. We will see 

what the HSP are. 

  

Figure 16: Hydrogen bond structure 

Figure 17: Interactions compounds solvent 
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Hansen Solubility Parameters 
In 1924 Joel H. Hildebrand establish the solubility parameter14 which predict the 

compatibility between a solvent and a polymer15. This parameter is based on the cohesive 

energy E.  The cohesive energy is bigger with the size of the molecule, so, to compare different 

molecular weight of polymer and different polymer, we need to use de cohesive density 

energy 
E

V
 . It is the energy divided by the molecular volume V. Moreover, the square root of 

the cohesive energy density is the Hildebrand parameter δh. 

δh2 = 
E

V
 

The cohesive energy is assimilated to the evaporated energy: 

E = Hv − RT 

R: universal gas constant T: absolute temperature Hv: latent heat of vaporization 

But this theory can be used only with non-polar and non-hydrogen bonding molecules. 

Indeed, some experiment show that some solvents with the same Hildebrand parameter than 

a compound cannot make the compound soluble16. 

In 196717, Charles Hansen decided to separate the Hildebrand parameter by three 

parameters to take into account the difference between polar and non-polar molecules and 

between hydrogen-bonding and non-hydrogen-bonding molecules. Indeed, the cohesive 

energy can be described by three forces which correspond to the weak molecular forces seen 

in the previous part18,19 : 

E = ED + EP + EH 

D: dispersion force P: dipole-dipole interaction H: hydrogen bond  

Hansen used, like Hildebrand, the cohesive density energy and the solubility parameter 

δ. With δ2 =
E

V
.  

Thus, we can write: 

δ2 = δD2 + δP2 + δH² 

The principal of HSP is the same as the Hildebrand parameter, a compound and a 

solvent with the same or close parameters are compatible.  

In Hansen work we could see that in general HSP’s compound with a distance lower 

than 8 are compatible16. This equation allows to calculate the distance between two HSP: 

Ra² = 4(δD1-δD2) ² + (δP1-δP2) ² + (δH1-δH2) ² 

Ra: distance between two compounds’ HSPs. 
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These parameters permit a lot of applications. Thanks to the principal of “like dissolve 

likes” we can in our case: 

▪ Determine the HSP of an unknow compound 

▪ Determine the best solvent for a blend of compound 

▪ Determine the ratio of two solvents which don’t make soluble a compound to give a 

blend of solvent which make soluble a compound. 

 

Thus, my aim during this internship is to determine the Hansen Solubility Parameters of 

the different organic film compounds, the PC60BM, the F8, the TQ1 and the N2200. I will also, 

compare the different HSP of different molecular weight of TQ1. These parameters will serve 

to find solvents which make soluble the mix of electron donor and acceptor compounds, 

useful for the organic solar cell film manufacture.  

The following part introduce the experimental way of HSP determination. 
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Materials and Methods 
Experimental HSP Determination 

 Experimentally determines the solubility parameters of a compound? 

▪ Choose a list of test solvents 

▪ Prepare at least 20 samples at same concentration with the studied compound and 

one of the solvents in the list 

▪ Stirring the samples to solubilize as much as possible of the studied compound 

▪ Wait for possible sedimentation of the studied compound 

▪ Collect of data, presence of solid, suspension or total solubilisation 

▪ Establish a solubility ranking 

The experimental conditions are detailed on the “Experimental condition” part page 24. 

Software Hansen Solubility Parameters in Practice HSPiP 

As seen previously the HSPiP software allow to determine solvent which make soluble 

a mix of compound. But in this report we are only interested about the determination of HSP’s 

compound. The methods are described below. 12,13,20 

General  

 

Figure 18 : Home page of HSPiP N°1: Score column N°2: studied compound’s HSP N°3:3 dimensions space N°4: 2 dimensions space N°5: 
Core or Uncertainty 

N°1 

N°4 

N°2 

N°3

 
 N°1 

N°5

 
 N°1 
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This software gathers more than 10 000 HSP of solvents and polymers. Thanks to the 

results of the experiments and the integrated HSP of solvents set, the software determines 

the HSP of the studied compound. The results of the experiment are entered in the program 

thanks to a score. 1 it is to say that the solvents solubilise the compound, called a good solvent, 

and 0 the solvent do not solubilise the compound, called a bad solvent. 

So, the software calculates the coordinates of the compound. It is represented by the 

middle of the green sphere in the 3 dimensions and 2 dimensions space. The blue spheres 

represent the good solvents and the red cubes the bad solvents. In general, the solvents on 

the green sphere (with a Ra ≤ Sphere Radius) are soluble, thus, the bigger is the Radius the 

more solvents make the studied compound soluble. But, it is possible that bad solvents are in 

the sphere because the Hansen model is not perfect.  

It exists another way to do an HSP calculation. We could establish a ranking of 

solubility. So, 1 is a good solvent, 0 is a bad solvent, and between from 2 to 5 it goes from the 

better solvent towards the bad. We could see for example solid in the sample with the score 

from 2 to 5. In this report there is a description of each score in the result part. With this 

practice solvents from 2 to 5 are considered like good solvents by the software, but these 

solvents do not solubilize the studied compound. Thus, the radius of the sphere is incorrect. 

For all in this report I will try to do a ranking when it is possible to obtain a better HSP. Indeed, 

with the ranking the software put more or less far the solvent’s HSP than the compound’s HSP 

or, with another word, the middle of the green sphere. Like you understand, there are not 

rules to determine the compound’s HSP, it is subjective, and the HSP result can differ 

according to the scientist. 

The program can express the error of each coordinates, represented by the “Core”, the 

lower core or uncertainly the better is le result of HSP according to the software calculation. 

Do It Yourself (DIY) 
Thanks to the studied compound structure, the DIY option allows to estimate its HSP. 

When the studied compound isn’t present in the software’s database we can estimate the 

HSP by the compound’s SMILEY which is the international chemical compound code. 

 

Figure 19 : Y-MB command on the DIY option of HSPiP N°1: HSP estimation N°2: compound’s SMILEY  

  

N°1 

N°2 
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Results  

This part presents the obtain HSP result about the PC60BM: Molecular weight=911 Da, 

the F8 Mw=40 to 150 kDa, different molecular weight of TQ1, Mn=61 kDa: TQ1(61), Mn=44 

kDa: TQ1(44) and Mn=32 kDa: TQ1(32), and the N2200 Mn=48 kDa. Before that, note the 

different solid structure of each studied compounds.  

Table 2: Studied compounds solid structure 

Structure Powder Cluster of filaments Compact thin slab 

Compounds PC60BM, TQ1(32) F8, TQ1(44) TQ1(61), N2200 

PC60BM  

In this part the PC60BM’s HSP calculated for the report is compared with the Defaru 

Nagera PC60BM’s HSP. On the table 3 there is a summary of the PC60BM’s solubility ranking 

choice according to the set of solvent. 

Table 3 : PC60BM's Score of Solubility 

Score 
0:  solid with transparent 

solution 
1: solution without solid 

2: solid with 
dark 

solution 

3: solid 
with light 
coloured 
solution 

Sample 

    

Solvents 

2-Propanol, Water, 
Glycerol Ethylene, Glycol, 

1,3-Propanediol, 
Diethylene Glycol, Ethanol, 

Dipropylene Glycol 

Mesitylene, o-Difluorobenzene, 
Chlorobenzene, 2-

Methylnaphthalene, Benzaldehyde, 
Fluorobenzene, o-Fluorotoluene, 
Cyclohexanone, Tetrahydrofuran 

Isobutyl 
Acetate, n-

Butyl 
Acetate 

Ethyl 
Acetate, 
Isopropyl 
acetate 
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Comparison  
Table 4 : comparation of HSP with D. Nagera's results 

D. Nagera results21 In this report 

Number of 
solvents 

HSP 
Number 

of 
solvents 

HSP Radius Delta Core 

20 D= 18.23 P=3.75 H=4.51 

21 
D= 16.96 
P=4.65  
H=4.15 

5.8 
Δd=1.32 
Δp=0.20  
Δh=0.81 

± [0.20, 
0.35, 
0.40] 

39 D= 17.58 P=3.73 H=4.79 

53 D= 18.28 P=4.45 H=4.96 

 
In the table 4 the report’s results are compared 

only with the 53 solvents test of D. Nagera. Even though 

his three HSP data are close, there is a better data with 

most of the solvents. 

 The table present a low difference between these 
two results, Δd=1.32, Δp=0.20 and Δh=0.81, the two HSP 
results show little difference. Also, the report’s HSP 
uncertainty is low. Furthermore, the figure 20 shows that 
the bad solvents (red cubes) are far from the radius limitation (big green sphere). 

F8  

For the F8 we haven’t any scientific work to compare with. Thus far, we will compare 

the F8’s HSP result with the software estimation as it’s described under part “DIY” from the 

“Materials and Methods” part. 

To note a first laboratory experiment with 30 minutes of stirring was not enough time 

to make soluble the F8 in all solvents from the list. But after one night of stirring several 

solvents, I was able to make soluble the F8. On the table 5 there is a summary of the F8’s 

solubility score choice according to the set of solvent with one night of stirring. 

The table 5 also indicate that for the F8 it was difficult to take a decision about a 

solubility ranking. Then the F8’s HSP is calculated with a binary score. The solvent with the 

score 1 make soluble the F8, so in this case the green sphere corresponds. Like I explain at the 

beginning of the “HSPiP” part, to the space where the solvents make soluble the F8 have a 

Ra ≤ Sphere Radius. 

  

 

Figure 20: 3D space view of PC60BM's HSP 
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Table 5 : F8's Score of Solubility 

Score 0: sedimentation or suspension of solid 1: translucent and without solid 

Sample 
 

  

Solvents 

o-Difluorobenzene, Cyclohexanone, Benzaldehyde, d-
Limonene, Ethyl Acetate, n-Butyl Acetate, Cyclohexane, 

Isobutyl Acetate, Methyl Cyclohexane, Dimethyl 
Formamide (DMF), Dimethyl Sulfoxide (DMSO), 2-

Propanol, N-Methyl Formamide, Formamide 

Fluorobenzene, o-Dichlorobenzene, 
Chlorobenzene, o-Fluorotoluene, 2-

Methylnaphthalene, Chloroform, Toluene, 
Tetrahydronaphthalene, Tetrahydrofuran 

(THF), Mesitylene, Ethyl Benzene 

Comparison 
Table 6: Comparation of HSP with software's estimation 

Estimation data In this report 

HSP Number of Solvents HSP Delta Radius Core 

D= 17.60 
P=1.1 
H=1.9 

23 
D= 18.08 
P=4.75 
H=2.61 

Δd=0.48 
Δp=3.65 
Δh=0.71 

4.6 ± [0.55, 0.70, 1.45] 

 

The table 6 present a close F8’s experimental HSP results 
compare to the HSP estimation except for the parameter P. 
Indeed, the difference between the HSP estimation is Δp=3.65. 
Also, we could note that the uncertainty is a bit high, with ± [0.55, 
0.70, 1.45]. Moreover, the figure 21 permit to see that there are 
solvents which doesn’t make soluble the F8 which is on the green 
sphere.  

TQ1 

In this part the HSP of different TQ1’s molecular weight is compared to the TQ1(61), 

the TQ1(44) and the TQ1(32). Furthermore, these HSP are compared with the Nathalie 

Holmes’s HSP22. 

To note a first laboratory experiment with 30 minutes of stirring was not enough time 

to make soluble the TQ1(61) samples unlike the TQ1(32) samples. With one night of stirring 

the good (score 1,2,3,4,5) and bad (score 0) solvent are the same for all different TQ1 

molecular weight. 

Figure 21: Zoom of 3D space view of 
F8's HSP 
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Below you can see the ranking score table of the TQ1(61) and in the appendix there 

are the ranking score table of TQ1(44) and TQ1(32). For all these table we could have find 

these following scores: 

1: solution without solid  

2: solution without solid but residue on the 

glass  

3: suspension or sedimentation  

Table 7: TQ1(61)'s Score of Solubility 

Score 0 1 2 4 5 

Sample 

     

Solvent 
Water, 

Dipropylene 
Glycol 

Cyclohexanone, Benzaldehyde, 
Chloroform, d-Limonene, o-

Dichlorobenzene, 2-Methylnaphthalene, 
o-Fluorotoluene, Fluorobenzene, o-
Difluorobenzene, Chlorobenzene, 

Tetrahydronaphthalene, Toluene, Ethyl 
Benzene, Mesitylene, Tetrahydrofuran 

n-Butyl 
Acetate 

Ethyl 
Acetate, 
Methyl 

Cyclohexane, 

2-Propanol, 
Cyclohexane, 

Dimethyl 
Formamide 

Comparison 
Table 8: Comparation of TQ1's HSP with N. Holmes's results 

N. Holmes results22 In this report 

Number 
of 

solvents 

Molecular 
weight 

HSP Radius 
Number 

of 
Solvents 

Molecular 
weight 

HSP Delta Radius Core 

30 

Mn = 
24 kDa 

Mw = 63 
kDa 

PDI = 2.6 

D= 17.70 
P=2.87 
H=4.41 

5.4 

23 

Mn = 
61.57 kDa 
Mw = 150 

kDa 
PDI = 2.44 

D= 16.55 
P=5.56 
H=7.48 

Δd=1.15 
Δp=2.69 
Δh=3.07 

9.2 
± [0.75, 

0.65, 0.60] 

23 
Mn = 44.1 

kDa 
PDI = 3.03 

D= 16.69 
P=5.30 
H=8.96 

Δd=1.01 
Δp=2.43 
Δh=4.55 

10.3 
± [0.90, 

1.65, 1.05] 

32 

Mn = 32 
kDa 

Mw = 99 
kDa 

PDI = 3.11 

D= 16.67 
P=6.02 
H=9.60 

Δd=1.03 
Δp=3.15 
Δh=5.19  

11.2 
± [0.90, 

1.20, 0.90] 

 

4: bit of solid and coloration of the solution  

5: big bit of solid and light coloration of 

solution  

0: solid and solution without coloration 
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Firstly, we can talk about the different molecular weight HSP’s result. In general, the 

HSP of my three different molecular weight are on the same space, we can see a parameter P 

from 5.30 to 6.02 and the H from 7.48 to 9.60. Moreover, the figure 23 shows that the radius 

increases when the molecular weight decreases, which results in that there are more good 

solvents (blue spheres) for the TQ1(32) compare to the TQ1(44) and compared to the TQ1(61).  

 

 

Figure 22 : 3D space from left to right respectively TQ1(61), TQ1(44) and TQ1(32) 

Now, what is the difference between these experimental results and N. Holmes’s 

results? The differences are represented by the deltas on the table 8. All these values are high, 

especially with the TQ1(32) (Δp=3.15 Δh=5.19).  

To understand these differences, we could compare these results with the software 

estimation HSP, resumed in the table 9.  

Table 9: Comparation of TQ1's HSP of N. Holmes and mine with the estimation results 

Estimation 
data 

N. Holmes result In this report 

HSP 
Mw 

(kDa) 
HSP Delta 

Mw 
(kDa) 

HSP Delta 

D= 19.7 
P=13.2 
H=3.1 

24 
D= 17.70 
P=2.87 
H=4.41 

Δd=2.0 
Δp=10.33 
Δh=1.31 

61 
D= 16.55 P=5.56 

H=7.48 
Δd=3.15 Δp=7.64 Δh=4.38 

44 
D= 16.69 P=5.30 

H=8.96 
Δd=3.01 Δp=7.90 Δh=5.89 

32 
D= 16.67 P=6.02 

H=9.60 
Δd=3.03 Δp=7.18 Δh=6.5 

We could see thanks to the table 9 that the HSP estimation software and the other HSP 

are far, until Δp=10.33 for N. Holmes’s results and until Δp=7.90 for the TQ1(44)’s HSP. 

N2200  

As the F8 we haven’t any scientist’s work about the N2200 to compare with. Thus, we 

will compare the N2200’s HSP result with the software estimation. On the table 10 there is a 

summary of the N2200’s solubility ranking choice according to the set of solvent. 
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Table 10: N2200's Score of Solubility 

Score 
0: solid and solution 
without coloration 

1: solution without solid 
2: 

suspension 
4: small bit of solid 
and hard coloration 

5: big bit of 
solid and light 

coloration 

Sample 

 

 

   

Solvent 
 
 
 
 
 

Ethylene Glycol, 
Glycerol, 1,3-

Propanediol, Water, 
Dimethyl Sulfoxide, 
Dipropylene Glycol, 

Dimethyl Formamide, 
Diethylene Glycol, 

Ethanol, 2-Propanol, 
Ethyl Acetate 

Chloroform, o-
Dichlorobenzene, o-

Fluorotoluene, o-
Difluorobenzene, 
Chlorobenzene, 

Tetrahydronaphthalene, 
Toluene, 

Ethyl 
Benzen 

Cyclohexane, 
Fluorobenzene, 

d-Limonene, 
Tetrahydrofura, 
Mesitylene, 2-

Methylnaphthalene, 
n-Butyl Acetate 

Methyl 
Cyclohexan, 

Isopropyl 
Acetate, 

Cyclohexanone, 
Benzaldehyde 

 

Comparison 
Table 11: Comparation of my N2200 HSP with software's estimation 

Estimation data In this report 

HSP Number of Solvents HSP Delta Radius Core 

D= 19,7 

30 

D= 16,99 Δd=2,71 

5,9 ± [0,15, 0,30, 0,35] P=0,2 P=4,39 Δp=4,19 

H=3,0 H=4,07 Δh=1,07 

 

 The table 11 indicate that the difference between the 

estimation HSP and the experimental HSP is a bit far 

especially for the Δp=4,19 and the Δd=2,71. Moreover, on 

the figure 23 we can note that there are two bad solvents 

near to the radius of the sphere. 

  
Figure 23: 3D view of the N2200's HSP 
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Discussion 

At first, we could specify that the Hansen coordinates are more exact when there are 

few bad solvents near the green sphere. Thus, all these experiments could be improved thanks 

to new experiment with more solvents but mostly with HSP’s solvents close to the radius of 

the green sphere. So, we could find some bad solvent which allow more HSP precisions. 

Furthermore, to have a better idea of these HSP result we could compare with more scientific 

works. 

The previous TQ1 results show that it is easier to make soluble a polymer with a low 

molecular weight than a high molecular weight. If we relate the compound molecular weight 

with the solid compound structure, we can note that the more the molecular weight is, the 

more compact the compound. We can explain this observation by a high molecular weight 

corresponding to a tall or big molecule. In the polymer case the higher the Mn the more there 

are different polymer chains and there are interactions between these chains. Also, the higher 

the Mw is, the longer are the polymer chains which results in the chains to fold up more on 

themselves, and more stronger interaction. Thus, it is more difficult for a solvent to break high 

molecular weight interactions to make soluble the higher molecular weight compounds or 

polymers.  

The TQ1 result also shows that it’s easier to solubilise a sample of polymer with a high 

PDI. Indeed, like we could see on the figure3: Comparison of the molar mass distributions for 

two samples of comparable Mw but different PDI (“Polymer” part) there are some small 

polymer chains in the high PDI sample and we have seen previously that it is easier to solubilise 

low molecular weight chain. Thus, the small chains of the sample help to solubilise the big 

chains. 

Furthermore, the three different molecular weight TQ1 have close HSP after one night 

of stirring. Thus, we could imagine that a compound with different molecular weight has the 

same HSP if we stir with a proportional time compare to the polymer molecular weight.  

In the “Results” part we used HSP estimation software, all these estimations are 

consistent with the molecular compound structure. We could study the F8 case, software 

estimation: D= 17.60, P=1.1, H=1.9, and molecular structure figure10: F8 repetition motif 

(“Team research project” part). We could notice that the dP and dH data are low, it is 

consistent because the F8 is constitute only by carbon atom. Thus, the F8 is a non-polar 

molecule and it can’t build dipolar forces and hydrogen bonds. 

 We could notice the high difference HSP between the estimation and the experimental 

results, from Δp=3.65 for the F8 to Δp=10.33 for N. Holmes TQ1 or to Δp=7.90 for TQ1 of this 

report. There might some other interactions to consider for the perfect solubility parameters. 

Thus, it is important to make experimental determination of the compound’s HSP.  
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Also, we could see a high difference between N. Holmes’s HSP and the HSP in this 

report, until Δh=5.19 for the TQ1(32). The high delta of the TQ1(32) seems odd because the 

N. Holmes’s molecular weight is close, Mn=24 kDa. Also, her radius is small, R=5.4 compared 

with RTQ1(32) = 11.2. As said on the “HSPiP” part the HSP depend of the scientist, here N. Holmes 

used a different experimental way and a different method of score calculation than in my 

report. Thus, as see on the first paragraph, we could compare these results with more of 

scientific works. But these reports results are enough to continue the other part of my 

internship. 
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Conclusion & Perspective 
The first part of my internship was to determine the Hansen Solubility Parameters of 

different compound use in Karlstad University to creates solar cell films. 

After few experiments I found these following HSP: 

▪ PC60BM: D= 16,96 P=4,65 H=4,15 

▪ F8: D= 18,08 P=4,75 H=2,61 

▪ TQ1(61): D= 16,55 P=5,56 H=7,48  

 

 These results are rather accurate compare to other work or even compare to the 

software estimation. But we can say on one hand, that every experiment way and calculation 

are different according to the scientist. On the other hand, the HSPiP estimation is not perfect, 

it doesn’t consider all possible solubility parameters. Thus, to be sure of my result I should 

compare it with more literature experiments. I should also do other experiments with more 

solvents with various HSP near the border of the Hansen sphere. 

Moreover, these result show that the lower a compound molecular weight is, or if the 

sample PDI is high, the more easier and faster solubilise the compound is. 

 

 On the following step of my internship I will look for the best green solvents or blends 

of solvent to create an efficient solar cells films. I hope to finish these tasks before leaving 

Sweden: 

▪ Establish a green solvent list 

▪ Thanks to HSPiP and thanks to the previous determined HSP: find the coordinate/HSP 

of the best solvent for the two solar cells compound 

➢ Great solubilisation = homogeneous film morphology = a lot of electron 

exchange surface = great film conductivity efficiency  

▪ Thanks to these coordinates the HSPiP can find on the green list solvent the closer 

solvent. 

▪ With two bad solvents the HSPiP can give the ratio to have a solvent with the previous 

coordinates 

➢ Do solubility test of solvent alone and blend of solvent 

➢ Do morphology film test 

 

Perhaps in the future we could build organic solar cells. Yet more environmentally friendly 

than the inorganic solar cells manufacture energy-hungry, with solvent less dangerous for 

work person and for the environment. 

  

▪ TQ1(44): D= 16,69 P=5,30 H=8,96  

▪ TQ1(32): D= 16,67 P=6,02 H=9,60 

▪ N2200: D= 16.99 P=4.39 H=4.07 
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Experimental conditions 
PC60BM  

o 21 different solvents: list on the result part page 

o Concentration 1.0mg/mL 

o 1 minute of stirring under ultrasound 

F8 

o 25 different solvents  

o Concentration 0,5mg/mL 

o 1 night of stirring  

TQ1 

o 23 different solvents for TQ1(61) and TQ1(44) and 32 different solvents for the 

TQ1(32) 

o Concentration 1mg/mL 

o 1 night of stirring  

N2200 

o 30 different solvents  

o Concentration 1mg/mL 

o 1 night of stirring  
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appendix  
Table 12: TQ1(44)'s Score of Solubility 

Score 0 1 2 3 4 5 

       

Solvent 
 
 
 
 
 

Water 
 
 
 
 
 

Cyclohexanone, Benzaldehyde, 
Chloroform, d-Limonene, o-

Dichlorobenzene, 2-
Methylnaphthalene, o-Fluorotoluene, 

Fluorobenzene, o-Difluorobenzene, 
Chlorobenzene, 

Tetrahydronaphthalene, Toluene, Ethyl 
Benzene, Mesitylene, Tetrahydrofuran 

Ethyl 
Acetate, 
Methyl 

Cyclohexane, 
n-Butyl 
Acetate 

 
 
 

Cyclohexane, 
Dimethyl 

Formamide 
 
 
 
 

 
2-

Propanol 
 
 
 
 
 

Dipropylene 
Glycol 

 
 
 
 

 

Table 13: TQ1(32)'s Score of Solubility 

Score 0 1 2 3 4 5 

       

Solvent 
 
 
 
 
 

Ethylene Glycol, 
Glycerol, 1,3-

Propanediol, N-
Methyl 

Formamide, 
Formamide, 

Water 
 

Cyclohexanone, n-Butyl Acetate, 
Benzaldehyde, Chloroform, d-

Limonene, o-Dichlorobenzene, 2-
Methylnaphthalene, o-

Fluorotoluene, Fluorobenzene, o-
Difluorobenzene, Chlorobenzene, 
Tetrahydronaphthalene, Toluene, 

Ethyl Benzene, Methyl Cyclohexane, 
Mesitylene, Cyclohexane, 

Tetrahydrofuran, Isopropyl Acetate 

Ethyl 
Acetate, 

2-
Propanol 

 
 
 
 
 

Dipropylene 
Glycol, 
Ethanol 

 
 
 
 

Dimethyl 
Formamide, 
Diethylene 

Glycol 
 
 
 
 

Dimethyl 
Sulfoxide 
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Abstract 
This report focuses on the study of Hansen Solubility Parameter(HSP) of different 

compounds. The HSP allow to predict the compound solubility in whichever solvent thanks to 

the principal of “likes dissolve likes”. A solvent makes probably a soluble compound if their 

HSP are close. The HSP is made up of three parameters δD the dispersion δP the polar 

interaction and δH the hydrogen bond which correspond to the different molecule’s cohesive 

energy.  

These data will allow to build an efficient organic solar cell film because we will find a 

solvent which make soluble the film compounds. This type of film is made thanks to a 

homogeneous solution of two semiconductor compounds. One electron acceptor like the 

PC60BM or the N2200 used in Karlstad University, and one electron donor like the TQ1 or the 

F8. The efficiency depends to the surface of electron exchange which correspond to a 

homogeneous film morphology. For that we need to know the best solvents or blends of 

solvent which make soluble these two compounds. 

The HSP are determined thank to laboratory experiment and thanks to the software 

HSPiP (Hansen Solubility in Practice). The solubility of these previous compound is studied in 

a set of almost 20 solvents. These observations allow to do a ranking of solubility useful for 

the software calculation. 

After this work, thanks to the compound’s HSP the software allows to predict the best 

HSP of solvent which make soluble a mix of electron donor and acceptor then, find this solvent 

on a solvent list. 

 

 


