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Abstract 
During this interesting time the need of renewable sustainable energy sources is higher than ever. Solar 

energy is one important possibility to solve our energy problem. Today inorganic solar cells are already 

integrated in our society. The problem with inorganic solar cells is that they are quite costly and difficult 

to make. The solution to this problem might be the organic solar cell. The production is relatively cheap 

and easier than the production of inorganic solar cells. The most important part of an organic solar cell is 

the active layer made of a donor and an acceptor part where the transition of light to electricity takes 

place. In this thesis, I will try to get a better understanding of the morphology of this active layer. The 

films will be prepared on glass substrates by dip coating. For this research, the active layer consists of a 

blend of poly(9,9-dioctyfluorenyl-2,7-diyl) as the donor and [6,6]-phenyl C61-butyric acid methyl ester as 

the acceptor. The ratio of the two components will be varied and different solvents will be used to 

understand the influence of the ratio and solvent on the morphology. The samples will be analysed by 

absorption spectroscopy and steady state fluorescence spectroscopy as well as time resolved 

fluorescence spectroscopy. The morphology of the active layer will be analysed by atomic force 

microscopy. The result is a better understanding of the influence of the ratio, solvent and withdrawal 

speed on the morphology of the active layer in an organic solar cell. 

Samenvatting  
We leven in interessante tijden waar de nood naar hernieuwbare, duurzame energiebronnen hoger is 

dan ooit. Zonne-energie is een belangrijke optie in de zoektocht naar de oplossing voor ons 

energieprobleem. Anorganische zonnecellen zijn op de dag van vandaag reeds geïntegreerd in onze 

samenleving. Het probleem met anorganische zonnecellen is dat de productie een vrij duur en moeilijk 

proces is. Organische zonnecellen kunnen een oplossing bieden voor dit probleem. De productie is 

relatief goedkoop en makkelijker dan de productie van anorganische zonnecellen. Het belangrijkste deel 

van een organische zonnecel is de actieve laag die bestaat uit een donor en een acceptor component 

waar de transitie van licht naar elektriciteit plaatsvindt. In deze thesis onderzoek ik de morfologie van 

deze actieve laag. De films zullen aangebracht worden op glazen substraten met behulp van dip coating. 

In dit onderzoek bestaat de actieve laag uit een mengsel van poly(9,9-dioctyfluorenyl-2,7-diyl) als donor 

en [6,6]-phenyl C61-butylzuur methylester als acceptor. Er zal gevarieerd worden in de ratio’s van beide 

componenten en verschillende oplosmiddelen zullen gebruikt worden om de invloed van de ratio en het 

oplosmiddel op de morfologie van de actieve laag beter te begrijpen. De stalen zullen geanalyseerd 

worden door middel van absorptie spectroscopie en steady-state- en time-resolved fluorescentie 

spectroscopie. De morfologie van de actieve laag zal geanalyseerd worden door middel van atomic force 

microscopy. Het resultaat geeft een beter beeld op de invloed van de ratio, het oplosmiddel en de 

dipsnelheid op de morfologie van een organische zonnecel. 
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1 Introduction 
It is a very interesting time in terms of energy supply and energy use. Fossil fuels have been the go to 

energy source for decades, but we have learned that those fuels are polluting the Earth. We can see the 

effects of climate change all over the world. Add to that that fossil fuels on this Earth are limited and we 

can conclude that it is time to change the way we look at energy. It is time to leave fossil fuels in the past 

and to switch to new, clean energy. There are different sorts of sustainable clean energy: wind energy, 

thermal energy from the ground, energy from ocean currents and solar energy to name a few. Solar 

energy is the one we focus on in this thesis, specifically the active layer in organic solar cells. Solar cells 

have gained a lot of interest the last years. They can be put on the roofs of houses and buildings or cover 

large areas in the desert. A big problem with solar cells is that they need sun to generate electricity and 

not every part of the planet has the same amount of sun hours. To solve this problem, solar cells have to 

be as energy efficient as possible. 

The commercialization of solar energy is based on three things: lifetime, efficiency and cost. There are 

two types of solar cells: organic and inorganic. Inorganic solar cells are based on silicon and are more 

energy efficient than organic solar cells. Organic solar cells have only reached an energy efficiency of 

about ten percent [1,2,3,4]. Inorganic solar cells also have a longer lifetime than their organic opponents. 

On the other hand, inorganic solar cells require a high cost to be produced while organic solar cells are 

relatively cheap to make. Also, because they are made from organic molecules, there are a lot of 

different variations in which molecules will be used for the solar cell. Organic solar cells have the 

potential to be adapted for a specific market or application. Another advantage of the organic solar cell 

is that they are a lot thinner than inorganic solar cells which saves a lot on materials. They are also 

flexible and therefore they could be printed on a roll to roll process [5,6]. 

In this thesis we will focus on the active layer in an organic solar cell. The active layer is situated between 

an anode and a cathode and is the most important part of the solar cell. The active layer consists of an 

electron donor-acceptor pair. The sunlight comes in at the anode and the electron donor gives the 

electrons to the acceptor. These electrons are alternated to electric current at the cathode. This is the 

basic principle of how an organic solar cell works. This will be explained on a deeper level in the 

theoretical background. 

The goal of this research is to try and get a better understanding of what the morphology of the active 

layer actually is, and how different parameters like thickness and morphology can be influenced by the 

use of different solvents. Normally chlorinated solvents are used to prepare the films. In this research I 

will be using chlorinated as well as fluorinated solvents. The use of fluorinated solvents gives the 

opportunity to work with faster drying solutions, as fluorinated solvents have lower boiling points and 

vapour pressures. The results of this research are important to make decisions on which solvent to use 

for the upcoming research in the autumn of 2018. In this research the dip-coated samples will always be 

under the influence of gravity. In the autumn of 2018 there will be a parabolic flight to see how the 

morphology of the films react or change if they are dipped without the influence of gravity. 
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2 Theoretical background 

2.1 Organic solar cells 
Polymers used to make photovoltaic cells must have a π-conjugated backbone structure. This is a 

structure with alternating single (σ-bonds) and double bonds (π-bonds). This is important to make sure 

the polymer is semi-conductive. If the polymer consists of σ-bonds only, it will be an insulator. When the 

polymer is π-conjugated, every carbon atom will form three sp² hybridized orbitals and one unhybridized 

p-orbital. The π-bonds have delocalized electrons which can move along the backbone. This is the reason 

why π-conjugated polymers are semi-conducting [7,8]. 

One specific quality of a semiconductor is the band gap. The band gap is an energy gap and can be 

understood as the energy difference between the highest occupied molecular orbital (HOMO) and the 

lowest unoccupied molecular orbital (LUMO). This molecular property is influenced by different factors 

such as the size of the conjugated system or the influence of functional groups. When the incoming light 

of the sun, a photon, is absorbed by the donor component of the active layer, it will result in a molecular 

exciton or excited state. An electron will excite from the HOMO to the LUMO. After the excitation, the 

electron will want to go back to its ground state. Instead of going back to the ground state, the electron 

will transfer to the LUMO of the acceptor. To make this charge transfer happen, it is important that the 

LUMO of the donor component is around 0,5 eV higher than the LUMO of the acceptor component. 

Another important detail is that the HOMO of the acceptor component should be lower than the HOMO 

of the donor component. Figure 1 shows a graphic representation of the HOMO/LUMO levels of the 

donor and the acceptor in the active layer [9]. 

 

Figure 1: graphic presentation of the HOMO/LUMO levels of the donor and acceptor in the active layer. 

2.1.1 Donor acceptor layer 
The active layer of an organic solar cell is the most important part of the photovoltaic. It consists of two 

different components: a donor and an acceptor. Exciton dissociation will occur when there is an energy 

transfer between the donor and the acceptor. As stated before, when a photon is absorbed by the 

donor, an electron will transfer from the donor to the acceptor under the right conditions and leave an 

electron-hole pair in the donor component. To increase the efficiency of the electron transfer between 

the donor component and the acceptor component, the choice of the materials is very important. To 

make sure the electron transfer will take place, the acceptor component must be a material with a 

preference for conducting electrons. While the donor component must be a material with a preference 

for conducting the holes. 
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The donor acceptor layer consists of three different phases: donor, acceptor, and a molecular mix of 

donor and acceptor components. The pure phases of donor and acceptor components are important to 

provide a continuous pathway for the free electrons. At the interface between the donor and the 

acceptor components, the electron transfer takes place, so it is important that there is a large contact 

surface between the donor and the acceptor components to make the electron transfer as easy as 

possible. In this thesis, we will look into the morphology of the active layer which is important to make 

the organic solar cells as efficient as possible [11]. 

 

Figure 2: Schematic basics of an organic solar cell. 

2.2 Dip-coating 
The active layer will be formed by making a solution of the two components and after the solution is 

mixed and dissolved completely it will be applied on a glass substrate. All the substrates, which are glass 

plates of two by two centimeters, that are used in this research were dipped with a dip-coating device. 

Dip coating is a very easy and cheap way of coating substrates. It creates very thin films which are evenly 

spread over the substrates. The substrate is pinched between a pair of tweezers. The tweezers can move 

up and down and the withdrawal speed can be adjusted. In this research the withdrawal speed will be 

adjusted to prepare films with a different thickness. A small beaker, with the prepared solution, is placed 

under the substrate and then the substrate is dipped in the solution. To pull out the substrate, the speed 

can be adjusted by desire. When the volatile solvent evaporates from the solution on the substrate, a 

thin film remains. When the films have dried, the morphology and the thickness can be measured using 

atomic force microscopy (AFM) (see further). Different withdrawal speeds can be compared with the 

different thicknesses of the films. Figure 3 shows the dip-coater used to prepare the substrates [12]. 
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Figure 3: The dip coater used to prepare the samples. 

2.3 UV/Vis spectroscopy 
UV (UltraViolet) Vis (visible) spectroscopy is based on the absorption of light. This light can be UV-light or 

visible light, the UV spectrum covers the range of 200 nm to 400 nm and the visible spectrum covers 400 

nm to 800nm. When a pulse of light with different wavelengths is send trough a coating the molecules of 

the coating interact with the pulse of light with a specific wavelength. There are different processes that 

can occur. One of the most common processes is absorption. When the molecules absorb a part of the 

emitted light pulse, the intensity of the pulse at the detector (I) is lower than the intensity of the emitted 

light pulse (I0). The difference in intensity between the emitted light pulse and the detected light pulse 

can be defined by the transmittance or the absorbance [13]. Equation (1) shows the relation between the 

intensity and the transmittance. 

 
𝑇 =

𝐼0
𝐼

 
(1) 

Equation (2) shows the relation between the absorbance and the transmittance. 

 𝐴 = − log𝑇 (2) 
 The energy of the light pulse that is absorbed by the molecules will cause a transition from the ground 

state S0 to a higher energy level Sn. Figure 4 shows a simplification of the set-up of a UV/Vis 

spectroscope. 
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Figure 4: basic presentation of a spectroscope 

Figure 5 shows the UV/Vis spectroscope used in this research. 

 

Figure 5: UV/Vis spectroscope used in this research. 

2.4 Fluorescence spectroscopy  
Fluorescence spectroscopy is based on luminescence, which is the emission of light of any substance. 

This process occurs from electronically excited states. When the molecules of the active layer absorb a 

part of the emitted light pulse, this energy is used to transfer an electron from the ground state So to a 

higher energy level Sn. However, this higher energy level is not a stable level for the electron and it will 

fall back to its original energy level, the ground state S0. When the electron is transferred back to the 

ground state it will release the energy it absorbed from the light pulse. The energy will be released partly 

under the form of heat but also under the form of light. This is the emission of the molecules. For this 

thesis there were used two different forms of fluorescence spectroscopy: steady state fluorescence 

spectroscopy and time resolved fluorescence spectroscopy [14,15].  
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2.4.1 Steady state fluorescence spectroscopy 
Steady state fluorescence is one of the most used fluorescence measurements. With this technique the 

sample is exposed to a continuous beam of light and the emission is measured. Fluorescence has a 

nanosecond timescale so when the sample is exposed to light, steady state is reached almost 

immediately. The sample is placed under an angle of 30-35° to make sure the dispersed light does not 

reach the detector and only the fluorescence is measured [13]. Figure 6 shows a picture of the steady 

state fluorescence spectroscopy equipment used for this research. 

 

Figure 6: steady state fluorescence spectrometer used in this research. 

2.4.2 Time resolved fluorescence spectroscopy 
The second form of fluorescence spectroscopy is time resolved fluorescence spectroscopy. This 

technique is used for measuring intensity decays. The decay time can be understood as the time an 

excited electron stays in the excited state before it falls back to the ground state, emitting heat and light 

while doing so. With this technique the sample is exposed to a pulse of light instead of a continuous 

beam of light. This pulse is very short and preferably shorter than the decay time of the sample. When 

we compare steady state to time resolved fluorescence spectroscopy it is important to understand that 

steady state fluorescence spectroscopy is an average of the time resolved phenomena over the intensity 

decay of the sample. It is important to do the time resolved measurements because most of the 

molecular information available from fluorescence is lost during the time averaging process [16,17]. Figure 

7 shows a picture of the time resolved fluorescence spectroscopy equipment used for this research. 
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Figure 7: Time resolved fluorescence equipment used in this research. 

2.5 Atomic force microscopy (AFM) 
Atomic force microscopy is used to analyse the morphology and the thickness of the coatings. AFM 

techniques are used to visualise the surface of a wide range of materials on an atomic level. A very sharp 

tip moves over the surface of the sample and measures the forces between the probe and the surface. 

The tip is connected to a cantilever and this cantilever is bent by the forces between the probe and the 

surface. A laser beam shines on the cantilever and when the cantilever is bent because of the forces, the 

laser beam is deflected. This deflection is detected by a position sensitive photo detector which creates 

an image of the surface of the sample[12,18,19,20]. Figure 8 shows the AFM equipment used in this research. 

 

Figure 8: AFM equipment used in this research. 

For this research, the AFM was used in tapping mode or dynamic mode. This means that the cantilever is 

not in contact with the surface all the time (this is the case in contact mode but because this technique 

was not used in this research it will not be discussed) but makes an oscillated movement over the 

surface. The forces measured on the surface of the sample will affect the resonance frequency of the 

cantilever. 
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Figure 9: Contact mode and tapping mode for AFM measurements. 

3 Materials and methods 

3.1 Materials  
The active layer of the organic solar cell consists of a donor and an acceptor pair. In this research the 

donor was the light emitting polymer poly(9,9-dioctylfluorenyl-2,7-diyl) or F8 and the acceptor was [6,6]-

phenyl C61-butyric acid methyl ester or PC60BM. The solvents used to dissolve the solid materials of the 

active layer were chlorobenzene (CB), fluorobenzene (FB), ortho-dichlorobenzene (o-DCB) and ortho-

difluorobenzene (o-DFB). All the solutions had a concentration of 1 mg/ml.  

3.2 Methods  

3.2.1 Sample preparation 
To prepare the samples, glass substrates of two by two centimeters were first cleaned with water and 

soap and afterwards with ethanol. The substrates dried in a furnace of 60°C. When they were completely 

clean and dry they were dipped in different solutions with a dip coater. The solutions all had the same 

concentration of 1 mg/ml. The different solutions were a mixture of F8|PC60BM. The ratios used in this 

research were 1|1, 2|1, 1|4 and pure F8 (1|0). After dipping, the substrates were stored in a marked box 

to remember what the different ratios were and on which substrate they were applied. Because of the 

fact that the substrates lay down, one side of the substrate might be scratched or damaged. To keep 

track of which side was the untouched side, all the sides facing upwards were marked with a small black 

line to indicate the clean sides. The mark was applied on a space where there was no coating. 

The different solvents used to make the solutions were CB, FB, o-DCB and o-DFB. Because we wanted 

coatings that were more or less of the same thickness, the withdrawal speeds were theoretically 

calculated for each solvent by the fluid mechanics department of the UL Brussels. For CB, FB, o-DCB and 

o-DFB the withdrawal speeds were respectively 17 mm/s, 23 mm/s, 13 mm/s and 16 mm/s. 
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Figure 10: Graph of the withdrawal speed calculation by the fluid mechanics department of the UL Brussels. 

3.2.2 UV/Vis spectroscopy 
For each of the samples an absorption spectrum was measured. The instrument that was used for 

recording the spectra was a Cary 5000 UV-Vis-Nir spectrophotometer (Agilent Technologies). Every 

spectrum was measured from 500 nm to 350 nm. During the absorption measurement the sample is 

compared to a reference. The reference was a clean two by two centimetres glass substrate. 

3.2.3 Fluorescence spectroscopy 
The steady state fluorescence spectra were measured by a SPEX FL3-11-TAU fluorolog fluorimeter 

(HORIBA Scientific). During the measurements of the spectra, there was a high pass filter of 400 nm 

placed between the sample and the detector. This was necessary to avoid scatters of excitation light 

reaching the detector. The samples were illuminated under an angle of around 35°. The excitation 

wavelength was set at 390 nm, this data was retrieved from the absorption spectra. Before every 

measurement there had to be done a test of the excitation wavelength of the lamp and an emission 

calibration test with a water sample. All the emission spectra were measured from 410 nm to 600 nm. 

The time resolved fluorescence spectra were measured on a Horiba/EasylifeTM X (Optical Building Blocks 

Corp.). the goal of time resolved fluorescence is to measure the decay time of the samples. The decay 

time was measured between 0 and 200 ns. The excitation wavelength was set at 385 nm. To discriminate 

the emission wavelengths the laser beam was sent through long-pass filters from Edmund Optics to be 

higher than 420 nm. To generate the instrumental response function, a clean glass substrate was 

used[13]. 

3.2.4 Atomic force microscopy 
The instrument used to make the AFM images of the morphology of the films was a Veeco di Innova. The 

settings of the AFM were put in tapping mode because the films on the substrates were relatively soft 

and might damage the needle if contact mode was used. During this research it happened a couple of 

times that a small piece of the coating got stuck on the needle and this would result in a bad AFM image. 

The data of the AFM wasn’t ready to use in this thesis after the measurement. All the images had to be 

processed by a computer program called WSxM 5.0 Develop version 9.1. With this program you could 

adjust the colour scale of the image and measure a profile in the scratched samples. Not all images 

produced with the AFM were very clear. We think this is because of the films produced by dip-coating 

are very thin. A lot thinner than for example films created by spin coating. Another problem with the 

films created in this research is that they are prepared in air and not in a protected atmosphere which 

makes it easy for them to be contaminated. And this can sometimes be visible on the AFM images. 
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4 Results and discussion 

4.1 Sample preparation: comparison of solvents 
The first part of the research had a goal to try and make films of equal thickness for the different ratios 

and solvents. Can we get an equal film thickness for the wet film as well as for the dry film? The 

colleagues of the fluid mechanics department at the UL Brussels provided us with the different 

withdrawal speeds to form a wet film of equal thickness for every solvent. We figured that if the wet film 

was the same thickness and all the other parameters stayed the same, the dry film should have about 

the same thickness for every solvent. The different withdrawal speeds for chlorobenzene (CB), 

fluorobenzene (FB), ortho-dichlorobenzene (o-DCB) and ortho-difluorobenzene (o-DFB) are 17 mm/s, 23 

mm/s, 13 mm/s and 16 mm/s respectively. For each solvent there were prepared four solutions of four 

different ratio’s. The ratios F8|PC60BM were 1|0, 1|1, 2|1 and 1|4. To create the thickness images of the 

film the surface of the film was scratched with a scalpel. The needle of the AFM equipment would go 

over the scratch and the film to make the image of the thickness. 

4.2 Atomic force microscopy: comparison of solvents 
During the making of the AFM images, I made three different sizes for the morphology images. I made 

images of 10 by 10 µm, 5 by 5 µm and 2 by 2 µm but in this thesis I will only show the clearest images 

that contain the most information. This also applies for the images of the thickness measurements. 

While there are 20 by 20 µm and 30 by 30 µm images available, only the 30 by 30 µm images are shown. 

4.2.1 Fluorobenzene  

 

Figure 11: Morphology images of the samples with different ratios prepared from the FB solution. 

We can see that if the amount of PC60BM is increased in the film (for example 1|4) the fullerene islands 

get bigger in size compared to the films with a lower amount of PC60BM. Only the difference between 

the 1|1 and the 2|1 films is a bit odd. Because the 2|1 ratio film has a lower amount of PC60BM 

compared to the 1|1 ratio film, one might expect to find more or larger fullerene islands in the 1|1 ratio 

film. But the fullerene islands of the two films are comparable in size only there seem to be more in the 

2|1 ratio film. We’re not sure yet how to explain this because the research in this subject is relatively 

new. Maybe this is a solvent-bound property or maybe one of the two images are not representative. 

This might ask for further and deeper research. A note for the 1|0 ratio image is that the spots that are 

visible are no fullerene islands but rather contaminations or unevenness in the rough surface of the film.  
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Figure 12: Thickness measurements of F8|PC60BM films prepared in FB. 

When we examine the profiles of the scratches we can see that the films which contain PC60BM have 

roughly the same thickness between 60 and 100 nm. The 1|0 ratio film is thinner compared to the other 

films. It has a thickness between 20 and 30 nm. 

4.2.2 Ortho-dichlorobenzene 

 

Figure 13: Thickness measurements of F8|PC60BM films prepared in o-DCB 

When we examine the profiles of the scratches on the coating we can see that the thickness of the 

coatings is around 60 nm. Only the 1|1 solution is a bit off. This can be because of a bad scratch or 

maybe bad imaging of the scratch. There the thickness of the coating is about 25 nm. 
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4.2.3 Ortho-difluorobenzene 

 

Figure 14: Morphology measurements of F8|PC60BM films prepared in o-DFB 

We can clearly see the influence of the amount of PC60BM in the solutions. The more PC60BM in the 

solution, the more PC60BM islands are formed in the coating. The extreme example is the morphology of 

the 1|4 coating where we can see a lot of PC60BM islands. The exception is the 1|0 coating because there 

seems to be a formation of PC60BM islands but that is of course impossible because there is no PC60BM 

present in the solution. An explanation for this could be that what is visible on the image are 

contaminations of the coating because the substrate is not prepared in a controlled environment, so it is 

exposed to air and other contaminations. 



19 
 

 

Figure 15: Thickness measurements of F8|PC60BM films prepared in o-DFB 

A note by the 1|4 image of the scratch in Figure 15, here you can see how clearly present the PC60BM 

islands actually are with this ratio. The images of the morphology are all 5 by 5 µm but the images of the 

thickness measurements are 30 by 30 µm and still the PC60BM islands are visible. 

4.2.4 Comparison of morphology in the different solvents 
The following images all show the morphology of a F8|PC60BM 1|4 ratio dipped in the different 

solutions. We chose to show the 1|4 ratio because this gave the most representative result in terms of 

the formation of the fullerene islands. 

 

Figure 16: Comparison of morphology of F8|PC60BM 1|4 in different solvents. 
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In o-DFB the fullerene islands are the smallest of all the solvents but also the most fullerene islands form 

in o-DFB. The fullerene islands in FB are much bigger than those in o-DFB but there are fewer islands 

formed. The fullerene islands in the CB and o-DCB solutions are comparable in size but in the CB-solution 

there are a lot more fullerene islands formed than in the o-DCB solution. 

4.2.5 Comparison of thickness of the films prepared from the different solvents 

 

Figure 17: Thickness of the F8|PC60BM 2|1 films prepared from the different solvents.  

When we compare the profiles of the scratches of the 2|1 films in the different solvents we can see that 

they all have a thickness of around 50-60 nm. This means that the different withdrawal speeds for each 

solvent result not only in a wet film of the same thickness but also a dry film with about the same 

thickness. 

4.3 UV/Vis absorption spectroscopy: comparison of solvents 
In the absorption spectra we can make out two main absorption wavelengths. The most obvious in the 

α-phase which can be seen around 390 to 410 nm. The second absorption wavelength is the β-phase and 

is often less clear than the α-phase wavelength. The β-phase wavelength can be found around 430 to 

440 nm. Because of the limitations of the number of pages in this thesis we do not show every 

absorption spectrum of every solution. However, you can find others in the appendix of this thesis. 
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4.3.1 Ortho-dichlorobenzene 

 

Figure 18: graph of the absorption spectrum of F8|PC60BM films prepared from o-DCB solution. 

In Figure 18 we can clearly see that a higher amount of F8 on the coating results in a higher absorption. A 

note with this graph is that the 1|4 ratio is not shown because the values were all negative. The 

absorption was too low to be measured. This might be because of the low amount of F8 in the solution. 

In the spectra of the films prepared from o-DCB we can see the peak of the β-phase very clearly around 

440 nm. The absorption peak of the α-phase is situated around 400-410 nm.  

4.3.2 Ortho-difluorobenzene 

 

Figure 19: graph of the absorption spectra of F8|PC60BM films prepared from o-DFB solution.  

In Figure 19 we get about the same result as Figure 18 in terms of ratio. The higher the amount of F8 in 

the solution, the higher the absorption of light will be. We do however, see a clear difference in β-phase. 

While the absorption for the α-phase is around the same wavelength and value, the β-phase is less 

visible compared to the film prepared from o-DCB. 
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4.3.3 Comparison of absorption spectra in the different solvents 

 

Figure 20: Graph of the absorption spectra of the F8|PC60BM 1|0 films prepared from the different solvents. 

 

Figure 21: Graph of the absorption spectra of the F8|PC60BM 2|1 films prepared from the different solvents. 

An important thing to notice in de graphs above (Figure 20 and 21) is that the chlorinated solvents show 

a much clearer β-phase compared to the fluorinated solvents. The mono-substituted organic solvents 

show a higher absorption than the di-substituted organic solvents. The fluorinated solvents show a 

higher absorption than their chlorinated companions. This is important information for the production of 

the organic solar cell because a more intense β-phase means a higher absorption of light in general [21]. 
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4.4 Steady state fluorescence spectroscopy: comparison of solvents 
For the steady state fluorescence spectra, we can see the intense peak of the α-phase around 440 nm. 

Then there is a less intense and less sharp peak of the β-phase around 460 to 470 nm. Starting at 490 

nm, a long, stretched peak with an even lower intensity can be distinguished. This wide peak is also part 

of the β-phase. 

4.4.1 Ortho-difluorobenzene 

 

Figure 22: Emission spectra of F8|PC60BM films prepared from o-DFB. 

When we compare the emission spectra of the different ratio’s in o-DFB in Figure 22 we leave out the 

solution with pure F8 because the emission intensity is too high to give a clear image of the other ratio’s. 

The result is as one might expect with the given ratio’s. We notice an increase in emission intensity as 

the amount of light emitting polymer F8 in the solution increases. Also, if we increase the amount of 

PC60BM we can notice a decrease of intensity. This means that the acceptor molecule is doing as we 

expect and the excited electrons of the donor F8 molecule are transferred to the acceptor molecule. This 

is of course not the only explanation for the lower fluorescence. When we look to the different ratios we 

see that the amount of F8, which is the light emitting polymer, also decreases (from 2|1 to 1|4). When 

there is less light emitting polymer, we can expect a lower fluorescence. So the lower fluorescence can 

be explained by a combination of increasing the acceptor PC60BM amount and decreasing the donor F8 

amount. 
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4.4.2 Comparison of solvents 

 

Figure 23: graph of emission spectra of F8|PC60BM 1|0 films prepared from the different solvents. 

 

Figure 24: graph of emission spectra of F8|PC60BM 2|1 films prepared from the different solvents. 

The graphs above (Figure 23 and 24) show that the emission of o-DCB is the most intense of the four 

solvents. When we look to the graph of pure F8 (Figure 23) we notice that the films prepared from the 

chlorinated solvents result in a higher emission intensity than the films prepared from the fluorinated 

solvents. It is also clear that the solutions with pure F8 give a higher emission intensity. This is normal 

because the solution only consists of the light emitting polymer. In the emission spectra we can see a 

sharp peak of the α-phase around 440 nm. The peak of the β-phase is less intense than the α-phase and 

can be found around 460-470 nm. At 490 nm an even lower, and very wide peak starts. This last peak is 

also part of the β-phase. These results give us more information about the emission behaviour of the 

films in the different solvents. This is important to make a decision for the production of the organic 

solar cell.  
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4.5 Time resolved fluorescence spectroscopy: comparison of solvents 
By use of time resolved fluorescence spectroscopy we research the decay time of an excited F8 

molecule. 

 

Figure 25: Time-resolved fluorescence data for CB and FB. The measuring points reflect the different ratios (1|0, 2|1, 1|1, 1|4). 

We can clearly see in Figure 25 that there is a decreasing trend of the decay time if the amount of 

PC60BM is increased in the solution. This is a result you would expect because when an F8-molecule is 

excited by a photon, normally it will fall back to its ground state after a while. But when there are 

PC60BM molecules present in the solution it might happen that the F8 molecule will pass on the excited 

electron to the PC60BM molecule. Of course, the higher the amount of PC60BM in the solution, the more 

PC60BM molecules can be found around the excited F8 molecule and the faster the excited electron will 

be passed on to a PC60BM molecule. This explains the decreasing trend in Figure 25. 
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4.6 Sample preparation: comparison of different withdrawal speeds 
For the second part of this research, the goal was to research the influence of the withdrawal speed on 

the morphology and the thickness of the coating. We used the same four solvents: CB, FB, o-DCB and o-

DFB. For each solvent we made two samples: one sample was dipped at a speed of 5 mm/s and the 

second sample was dipped at a speed of 40 mm/s.  

4.7 Atomic force microscopy: comparison of different withdrawal speeds 

4.7.1 Fluorobenzene 

 

Figure 26: Morphology of F8|PC60BM in FB dipped at 5 mm/s (left) and 40 mm/s (right). 

When we compare the morphology of the films prepared from FB with different withdrawal speeds in 

Figure 26 we can see that the films dipped with a low withdrawal speed have a formation of smaller, less 

present fullerene islands. As for the samples dipped with a high withdrawal speed, more and larger 

fullerene islands can be noticed in the morphology images. This can be explained by the amount of F8 

and PC60BM in the film. For low withdrawal speeds the solution has time to drain of the sample, due to 

gravitational forces, resulting in less material on the film. While samples dipped with high withdrawal 

speeds result in more material on the film. With more F8 and PC60BM on the film, more and bigger 

fullerene islands can be formed. Also because of the low withdrawal speed, the molecules have more 

time to complete a phase separation between the donor and the acceptor. 
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Figure 27: Thickness comparison of films prepared from FB. 

When we compare the thickness of the films with the different withdrawal speeds we can see that the 

thickness of the substrate dipped with a withdrawal speed of 5 mm/s is around 20-40 nm. The thickness 

of the substrate dipped with a withdrawal speed of 40 mm/s is around 50-70 nm. This result is as 

expected because we explained earlier that substrates dipped with a high withdrawal speed result in a 

thicker film than substrates dipped with a lower withdrawal speed. 
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4.7.2 Ortho-difluorobenzene 

 

Figure 28: AFM images of the morphology of the films prepared from o-DFB at different withdrawal speeds: 5 mm/s (left) and 40 
mm/s (right). 

What we can notice in Figure 28 is that the fullerene islands formed in the substrate dipped at a higher 

withdrawal speed are bigger than the fullerene islands dipped at a lower withdrawal speed. This can be 

explained because the low withdrawal speed gives more time to complete the phase separation. While 

with a high withdrawal speed, the two components have less time to establish phase separation. This 

results in bigger fullerene islands for a higher withdrawal speed. 

 

Figure 29: AFM images and profiles of the thickness of the films prepared from o-DFB at different withdrawal speeds. 
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When we compare the thickness measurements of the films which were prepared from o-DFB in Figure 

29. We can see that we have the same result as before. The higher withdrawal speed, with less drainage 

time due to gravitational forces, results in a thicker film compared to the lower withdrawal speed with a 

longer drainage time. 

4.8 UV/Vis absorption spectroscopy: comparison of withdrawal speeds 
In Figure 30 we present the results of the absorption spectroscopy measurements in the different 

solvents. We compare the absorption spectra of the different withdrawal speeds for each solvent 

individually.  

 

Figure 30: Absorption spectra of F8|PC60BM 2|1 dipped with different withdrawal speeds in the four solvents. 

The graphs of Figure 30 give a clear relation of the absorption and the withdrawal speed. The higher the 

withdrawal speed, the higher the absorption of the film will be. This can be explained as before, because 

the substrates dipped with a higher withdrawal speed contain more material, there are more molecules 

on the film to absorb the incoming light. That’s why the absorption of the substrates dipped with a 

higher withdrawal speed is higher than the absorption of the substrates dipped with a lower withdrawal 

speed. It is also worth mentioning that, as seen before, the chlorinated solvents have a much clearer β-

phase compared to the fluorinated solvents. The graphs show that the α-phase is visible between 390 

and 410 nm and that it is more intense than the β-phase which is visible around 440 nm.  
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5 Conclusion 

5.1 Comparison of different solvents 
A first and very important thing we can conclude from the comparison of solvents is the influence of the 

specific withdrawal speeds for each of the solvents. The fluid dynamics department in Brussels 

theoretically determined the withdrawal speeds in order to get around the same thickness for every wet 

film in every solvent. With the results in this thesis we can now confirm that not only the wet films, but 

also the dry films have around the same thickness in every solvent. In terms of the morphology we can 

conclude that the films prepared from FB form the biggest fullerene islands and the films prepared from 

o-DFB form smaller but a lot more fullerene islands. The films prepared from CB form a lot more 

fullerene islands compared to the films prepared from o-DCB. The islands in the films prepared from the 

chlorinated solvents are comparable in size. When we look to the comparison of the absorption spectra 

of the different solvents we can conclude that the films prepared from the chlorinated solvents absorb 

more light than the fluorinated solvents. This might be explained because of the atomic mass of chlorine 

is almost the double of the atomic mass of fluorine. When we compare the emission spectra of the 

different solvents we can clearly see that the films prepared from o-DCB have the highest intensity 

compared to the films prepared from the other solvents. The results of the time resolved fluorescence 

spectroscopy confirm what was expected in theory. We can clearly see that the more PC60BM in ratio in 

the solution, the lower the decay time of an excited F8 electron. This is because the excited F8 electron is 

surrounded by more PC60BM islands which makes it more likely for the excited electron to fall back to 

the LUMO of the PC60BM molecule rather than to fall back to the ground state (HOMO). 

5.2 Comparison of different withdrawal speeds 
The results of the comparison of the withdrawal speeds tell us that a high withdrawal speed results in a 

thicker film compared to the low withdrawal film. This can be explained because of a difference in 

drainage time due to gravitational forces. When we compare the morphology of the substrates dipped 

with different withdrawal speeds we can see that a high withdrawal speed results in a formation of 

bigger fullerene islands compared to the lower withdrawal speed. Because of the lower withdrawal 

speed, the film as a longer time to establish a phase separation which results in more, but smaller, 

fullerene islands. The contact surface between the donor and the acceptor is the largest at the lower 

withdrawal speed. This might be positive for the electron transfer between the donor and the acceptor. 
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7 Appendix  

 

Figure 31: AFM morphology image of F8|PC60BM prepared from CB at 17 mm/s. 

 

Figure 32: AFM thickness image of F8|PC60BM prepared from CB at 17 mm/s. 
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Figure 33: Absorption spectra of F8|PC60BM films prepared from CB. 

 

Figure 34: Absorption spectra of F8|PC60BM films prepared from FB. 
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Figure 35: Emission spectra of F8|PC60BM prepared from CB. 

 

Figure 36: Emission spectra of F8|PC60BM prepared from FB. 
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Figure 37: AFM thickness measurement of the F8|PC60BM sample with ratio 1|1 prepared from o-DCB at different withdrawal 
speeds. 

 

Figure 38: Emission spectra of F8|PC60BM dipped with different withdrawal speeds in the four solvents. 


