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Abstract  
Unsustainable energy sources are running out and global warming is getting worse. 
Therefore the need for renewable energy sources is growing. Solar cells are a popular 
options used as an energy source. Most popular are the inorganic photovoltaic cells. 
With their high efficiency and long lifetime, they make a very good energy source. 
Unfortunately the costs for inorganic solar cells are rather high. Organic solar cells can 
make a good replacement for inorganic photovoltaic. They are easy to make, light and 
rather cheap.  

In this thesis, the morphology of a model system of the active layer of organic solar 
cells will be discussed, using dip coating as well as spin coating as a technique to 
prepare the films. The films consist of a blend of poly(9,9-dioctylfluorenyl-2,7-diyl) 
and [6,6]-phenyl C61-butyric acid methyl ester in different ratios and different 
solvents. The films that were made were prepared by spin coating or dip coating a 
glass substrate. After analysing the samples using atomic force microscopy, 
fluorescence spectroscopy and absorption spectroscopy it was clear that the 
morphology, as well as the position of the polymer chains can be influenced by using 
different dipping speeds, ratios or solvents.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



Samenvatting  
Niet-duurzame energiebronnen geraken uitgeput en de opwarming van de aarde 
wordt steeds erger. Daarom wordt de nood aan hernieuwbare energiebronnen steeds 
groter. Zonnecellen zijn een populaire optie als energiebron. De populairste 
zonnecellen zijn de anorganische.  Met hun hoge efficiëntie en lange levensduur, zijn 
ze een erg goede energiebron. Helaas is de productie van deze zonnecellen duur. 
Organische zonnecellen kunnen een goede vervanging bieden voor anorganische 
fotovoltaische cellen. Ze zijn eenvoudig te maken, licht en relatief goedkoop.  

 In deze thesis, zal de morfologie van een model systeem van de actieve laag in 
organische zonnecellen besproken worden. Hierbij worden de films bereid door 
gebruik te maken van dip coating of spin coating. De films bestaan uit een blend van 
poly(9,9-dioctylfluorenyl-2,7-diyl) en [6,6]-phenyl C61-butylzuur methylester in 
verschillende verhoudingen en verschillende solventen. De films werden gemaakt 
door het dip coaten of spin coaten van glazen substraten. Na analyse van de stalen, 
waarbij gebruik werd gemaakt van atomic force spectroscopy, fluorescentie 
spectroscopie en absorptie spectroscopie, werd duidelijk dat de morfologie, alsook de 
positie van de polymeerketens kunnen beïnvloedt worden door verschillende dip 
snelheden, verhoudingen of oplosmiddelen te gebruiken. 
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1. Introduction  
Ever since the Industrial Revolution started in the 18th century, humans have been 
using fossil fuels as a source of energy. Unfortunately the fossil fuels are getting 
exhausted. When these energy sources are being used, CO2 is produced, which 
increases the effects of global warming. For these reasons, much research is done 
concerning renewable energy sources, one of these is solar energy. The sun provides 
us with a large amount of energy. The conversion of the solar light into electricity is 
called the photovoltaic effect. [1,2] 

In 1977, the first conductive polymer, polyacetylene doped with iodine, was 
discovered. Twenty-three years later this discovery was awarded with the Nobel price 
in Chemistry. [2] Although conjugated polymer solar cells have not reached the same 
efficiency as inorganic solar cells, research on this subject can help closing this gap. 
Organic solar cells have a lot of benefits compared to inorganic solar cells. First of all 
organic solar cells are less expensive. They can be made under less clean conditions 
and with cheaper techniques. Second, organic solar cells are light and flexible, which 
makes it possible to use flexible or bendable substrates. Last, polymers can be 
synthesised with a wide variety of properties. Adding different side-chains, for 
example to improve the solubility, or by co-polymerization, can change the physical 
and mechanical properties.  There are also disadvantages. A first disadvantage is, as 
already mentioned, that the energy efficiency is not high enough. Another 
disadvantage is that conjugated polymers are sensitive to photo-oxidation and 
unstable when they come in contact with oxygen or water. [3,4] 

In this thesis a model system for preparation and the morphology of the active 
layer in organic solar cells will be discussed. The films are prepared by coating a 
substrate with a polyfluorene/fullerene blend by dip coating or spin coating. Films 
prepared by these two methods of synthesis will be compared in terms of their 
morphology and their spectral characteristics. Here there will be looked into the 
influence of the amount of PC60BM, the dipping speed and the solvent. The used 
solvents are choloroform, toluene and methylcyclohexane. These last two are poor 
solvents compared to chloroform. Which morphology is best to use in solar cells will 
not be discussed.  

 
 
 

  



2. Theoretical background 
2.1. Organic solar cells  
A specific feature of semiconductors is the band gap. With inorganic semiconductors 
it is a crystal property. The energy gap can be explained by the difference between the 
highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital 
(LUMO). The band gap is therefore a molecular property in organic semiconductors, 
which depends on the size of the conjugated system and on the influence of 
functional groups. The band gap of organic semiconductors used for solar cells is 
usually between 1.5 and 3 eV. These values can be calculated with Equation (1) for 
wavelengths with values of 400 nm and 800 nm, the bordering wavelengths for visible 
light.  [5, 6, 7] 

 𝑒𝑉 =
1240
𝜆 

 (1) 

Organic materials have a different electronic structure than inorganic molecules. 
Organic semiconductors have, because of the double bonds, a conjugated π-electron 
system. The π-orbitals contain less tightly bound electrons, which can be excited into 
anti-bonding π*-orbitals. The band gap for organic semiconductors is the energy gap 
for the π to π* transition. This is also the energy gap between the HOMO and the 
LUMO. To increase the power conversion efficiencies two materials with two 
different electron affinities are mixed. One of these materials has a preference for 
conducting electrons, which is called the electron acceptor; the other material has a 
preference for conducting the holes and is called the electron donor. The electron 
acceptor can be referred to as an n-type semiconductor and the electron donor as a p-
type semiconductor.  [4, 8] 

If light with higher energy than the band gap illuminates the material it will absorb 
a photon and create an excited state. This excited state can be seen as an exciton or 
electron-hole pair. To obtain charge transfer, it is important that the LUMO of the 
donor is around 0.5 eV higher than the LUMO of the acceptor, while the HOMO of 
the acceptor should be lower than the HOMO of the donor (see Figure 1). [3] 

 
Figure 1: The HOMO and LUMO of a donor and an acceptor molecule. The exiton formation is 

shown in step 1 and the electron transfer is shown in step 2.  
It is possible to combine a polymer with other materials, such as fullerenes to 

obtain photovoltaic cells. Fullerenes or fullerene derivatives will work as the acceptor 
molecules, while the polymer is the donor molecule. One of the fullerene derivatives 
that is used is [6,6]-phenyl C61-butyric acid methyl ester or PC60BM, sometimes 
referred to as PFO. Poly(9,9-dioctylfluorenyl-2,7-diyl) or F8 can be used as the 
polymer donor molecule. Both of these molecules are shown in Figure 2. [3, 9] 
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Figure 2: Structures of PC60BM (A) and F8 (B). 

2.2. Coating techniques 
2.2.1. Dip coating 
Dip coating is one of the easiest, fastest and cheapest ways to prepare thin films from 
chemical solutions. A substrate, which can have a wide variety of shapes, is immersed 
into a solution. The wetted substrate is than withdrawn from the solution. After 
evaporation of the solvent, a thin film of the product that was dissolved in the solvent 
is left behind on the substrate. The process is shown in Figure 3. [10] 

 
Figure 3: The process of dip coating 

Several forces are responsible for the formation of the film. The most important 
forces are viscous drag, gravitational force, capillary force and inertia force. The 
viscous drag causes the liquid to go upward with the substrate when the substrate is 
withdrawn. This force is proportional to the liquid viscosity and the withdrawal 
speed. Gravity causes the solution to move downwards. The thickness of the film can 
be defined by the withdrawal speed. The faster the substrate is withdrawn, the thicker 
the film is. Another parameter that defines the thickness is the concentration of the 
solution. A picture of a dip coater is shown in Figure 4. [10, 11, 12] 

 
Figure 4: The dip coater that was used in this research. 
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2.2.2. Spin coating  
Spin coating is the most popular method used for the preparation of a thin uniform 
film onto a substrate in research laboratories. Just like dip coating, it is a fast, cheap 
and easy coating technique. The technique cannot be used for large-scale substrates, 
which is a big disadvantage. Figure 5 shows an image of a spin coater. [13] 

 
Figure 5: The spin coater used in this research. 

For spin coating, a substrate is covered with the solution of the dissolved product. 
The substrate is made to rotate at large velocity. Because of the spinning motion, the 
solution is spread out and the solvent evaporates. After this process a thin film is left 
on the surface. [13] 

First, the substrate is covered in solution. Than the spin speed is accelerated to the 
desired speed. The biggest part of the solution is flung off the substrate and a thin 
layer is left behind on the rotating substrate. The third stage determines the thickness 
and the uniformity of the film and is caused by fluid viscous forces. When the fluid 
viscosity increases, the fluid flow decreases.  The fourth and last stage begins when 
this fluid flow is so low that it can be neglected. At this stage the solvent will 
evaporate leaving a thin film behind. The stages of the spin coating process are shown 
in Figure 6. [13, 14] 

 
Figure 6: The four stages of spin coating. 

The thickness of the film is mostly determined by the concentration of the solution 
and the spin speed in the third step. A higher concentration of the solution will cause 
a higher solution viscosity early in the process that will lead to thicker films. A higher 
speed will lead to high centrifugal forces, which cause the film to be thinner. The 
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relation between the thickness of the film d and the spin speed ω is given by Equation 
(2). Where k and α are empirically determined constants. These constants are 
dependent on properties of the solution and the substrate. The value of α is mostly 
around 0.5.  [11] 

 𝑑 = 𝑘 ∙ 𝜔! (2) 

2.3. Analysis techniques  
2.3.1. Atomic force microscopy  
Atomic force microscopy or AFM is a technique to visualise the surfaces of materials. 
This technique can be used for conductive as well as for isolating materials. [15] It was 
first discovered in 1985 and improved in 1986. [16] 

The technique is based on the interaction between a sharp tip and the surface of a 
sample. AFM can be used for the analysis of a large variety of materials going from 
semiconductors and metals to soft polymers and bio-molecules. [3] 

 
Figure 7: The atomic force microscope that was used in this research.  

The atomic force microscope, shown in Figure 7, measures the repulsive or 
attractive forces between the tip and the sample at close distance. The tip is connected 
to a cantilever and scans the surface of the sample.  The force between the probe and 
the surface causes the cantilever to bend. When the cantilever bends, the laser beam 
that shines on the cantilever deflects, which can be measured with a position sensitive 
photo detector. The atomic force microscope is schematically shown in Figure 8. [15, 
17] 

 
Figure 8: A schematical drawing of the atomic force microscope. 

The two mostly used modes are contact mode and tapping mode (Figure 9). When 
using the contact or static mode, the tip is in contact with the sample surface. The 
cantilever is constantly bent. The tip is not in contact with the sample if the AFM is 
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being used in the tapping or dynamic mode. In this case the cantilever oscillates 
above the surface. The forces of the sample affect the resonance frequency of the 
cantilever. [15] 

 

 
Figure 9: The two different modes for atomic force microscopy.  

The interaction between two molecules that are electrically neutral and non-
magnetic at one to tens of nanometres is mostly caused by van der Waals interaction. 
These interactions consist of three different components. The first one, polarization, is 
caused by an interaction of molecules with a permanent dipole. The second 
component is induction. This is caused by the interaction between a polar and a 
neutral molecule. The last component, dispersion, is the interaction between two non-
polar molecules. [18, 19] 
2.3.2. UV-Vis spectroscopy  
When electromagnetic radiation hit a molecule, the radiation can interact with the 
molecule. This causes the molecule to absorb the radiation either partially or 
completely. The outgoing light will be less intense. The absorbed light has the same 
energy that is required for excitation of the electrons. UV-Vis spectroscopy is an 
absorption spectroscopy technique where the light beam is in the UV spectrum and 
the spectrum of visible light. [20] 

 
Figure 10: A graph of the energy absorption. 

The amount of absorbed energy, EA, can be calculated using Equation 3. In this 
equation h is the Planck constant, c is the speed of light and λA is the wavelength of 
the light. For excitation to occur the amount of energy has to be higher than the 
difference in energy between the electronic ground state, E1, and the next higher 
electronic state, E2. This is shown in Figure 10. [20] 

 𝐸! =
ℎ ∙ 𝑐
𝜆!

 (3) 

The absorption, A, can be calculated using Equation 4. In this equation I0 stands for 
the ingoing light and It is the outgoing light. [20] 

 𝐴 = log
𝐼!
𝐼!

 (4) 
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The UV-Vis spectroscope (see Figure 11 and Figure 12) consist of a light source that 
shines light through a slit. Than the light shines onto a dispersion device, for instance 
a prism, which causes the light to disperse into light with different wavelengths. This 
light shines onto a slit to isolate the light beam with the desired wavelengths. This 
light shines onto the sample. The outgoing beam shines onto a detector. In this way 
the amount of outgoing light can be measured and an absorption spectrum can be 
draft. [20] 

 
Figure 11: Schematical image of a UV-Vis spectroscope. 

 
Figure 12: The UV-Vis spectroscope that was used in this research. 

2.3.3. Fluorescence spectroscopy  
To identify molecules using fluorescence spectroscopy, the sample is exposed to light 
with certain wavelengths. The light gets absorbed by the molecules and causes them 
to go to an excited state.  When the electron relaxes to there ground state, it loses 
energy. Most of it will be in the form of heat. In many cases, energy can also be 
emitted as light, often by fluorescence. [20] 
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Figure 13: The energy absorption and fluorescence. 

In Figure 13 E1 is the electronic ground state and E2 is the next higher electronic 
state. This state can be achieved by light absorption. Every one of the electronic states 
has an amount of vibrational states.  Every vibrational state contains rotational states 
but these will not be discussed because of their irrelevance. [20] 

The light, with wavelength λA, which is needed for excitation causes a transition 
shown in Figure 13A. The amount of energy needed for this transition is called EA. This 
amount of energy can be calculated using Equation (3). [20] 

If the electron of the fluorescent molecule relaxes to its ground state, it emits light 
with the energy EF. When the energy of the emission is the same as the energy needed 
for the excitation it is called resonance fluorescence (see Figure 13B,C, D and E). In 
most cases a part of the absorbed energy is released in the form of heath as shown in 
Figure 13C, D and E. This causes the fluorescence energy, EF, to be lower than the 
absorbed energy, EA. Which means that the wavelength of the fluorescent light is 
higher than the light that caused the excitation. Figure 14 gives a photo of the used 
fluorescence spectroscope. [20] 

 
Figure 14: The fluorescence spectroscope that was used in this research. 
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3. Material and methods  
3.1. Material 
The chemicals that were used for this research process were solid PC60BM, solid F8, 
chloroform, toluene and methylcyclohexane. The substrates were glass plates of two 
by two centimetres.  
The absorption spectra were measured using a Cary 5000 UV-Vis-NIR 
spectrophotometer. The fluorescence spectra were measured by a SPEX FL3-11TAU 
Fluorolog fluorimeter. The used atomic force microscope was a Veeco di Innova. 

3.2. Methods  
3.2.1. Sample preparation  
To be able to compare spin coated F8:PC60BM films with dip coated films the films 
were prepared with these two methods. Solutions of different F8:PC60BM ratios, i.e., 
1:1, 1:4, 2:1, 1:2 and pure F8, were used. The solutions were made using chloroform, 
toluene or methylcyclohexane as solvent.  

To make sure that the film would adsorb to the glass substrates, the substrates had 
to be carefully cleaned. First they were cleaned with soap. Subsequently they were 
rinsed with water and ethanol and dried. Finally they were placed in a container with 
the solvent and only taken out and dried prior to the experiment. 

The concentration of F8 and PC60BM in the chloroform solutions used for spin 
coating was 12 mg/ml. The solutions were blended into mixtures with the right ratios. 
Next they were spin coated for 80 seconds at a speed of 1500 rpm onto a glass 
substrate. [9] 

To dip coat the substrates, 1 mg/ml solutions were made and mixed into the right 
ratios using chloroform as a solvent. The substrates were dipped with five different 
dipping speeds. These speeds were 1 mm/s, 5 mm/s, 10 mm/s, 20 mm/s, and 40 mm/s 
respectively. 

When toluene and methylcyclohexane were used as solvent, the concentration was 
lowered to 25 µg/ml. Due to the lower solubility in these solvents, the samples were 
prepared in the same way as before. The low concentrations made it not possible to 
spin coat these solutions onto the substrates. The samples were made for pure F8 as 
well as for the 1:1 and 2:1 F8:PC60BM ratios.  
3.2.2. Atomic force microscopy  
AFM was used in tapping mode. The obtained images were processed using the 
computer program SPIP. 

Images were obtained for films prepared from chloroform solutions. In the two 
other solvents, the films were too thin to analyse with AFM.  

Processing the images yields both height and phase information. Both kinds show 
the same morphological information. For the analysis presented here, the phase 
images were used. In Figure 15, both kind of images are shown and the formation of 
islands is clearly visible. 



 
Figure 15: AFM images of the 1:1 F8:PC60BM dipped with a speed of 1 mm/s where the left image 

shows information about the phase and the right image shows information about the height.  

3.2.3. Fluorescence spectroscopy  
The samples as well as the solutions were analysed using fluorescence spectroscopy. 
The measurements were performed in steady state mode, meaning that the samples 
were constantly illuminated. The measurements were preformed from a right angle 
with the sample ad 30°. The excitation wavelength was 380 nm and the emission was 
recorded from 410 to 600 nm. A longpass filter of 400 nm was placed between the 
sample and the detection when the films were measured. 
3.2.4. Absorption spectroscopy  
Just like the fluorescence spectra, the absorption spectra of the films and the solutions 
were taken in steady state mode. The absorption spectra were recorded from 700 to 
350 nm. They were taken from the films and the solutions.  

 
 
 
 
 
 
 

  



4. Results and discussion  
4.1. Atomic force microscopy  
The AFM images show the morphology of the samples where chloroform was used as 
the solvent. The islands, which were formed, are rich in PC60BM. [9]  

  
Spin coated 1 mm/s 

  
5 mm/s 10 mm/s 

  
20 mm/s 40 mm/s 
Figure 16: The AFM images for the 1:1 F8:PC60BM ratio. 

When the F8:PC60BM ratio stays constant, a significant difference in the size of the 
islands can be noted for different dipping speeds. This is shown in Figure 16. The 
islands for the spin coated sample are in the range of 200 by 300 nm. Samples made 
with a dipping speed of 1 mm/s and 5 mm/s have islands that are in the range of 200 
by 300 nm. When the dipping speed is 10 mm/s, 20 mm/s and 40 mm/s, the islands are 
noticeably smaller with diameters around 50 nm. 

The faster the substrates were dipped, the smaller the islands became. This is 
contradicting to what is known about the film thickness. In paragraph 2.2.1. the 
thickness of the film is discussed. It is mentioned that the film becomes thicker when 
the substrate is dipped faster. This would mean that the islands have more time to 
form when the film is thicker and therefore larger islands should be seen when the 



dipping speed increases. The experiments show that this is not the case. The AFM 
images show large islands for slow dipping speeds and significantly smaller islands 
for fast dipping speeds. This can be explained by the amount of time that the 
substrate is located right above the solution. Chloroform, which was used as solvent, 
evaporates very easily. Therefore, right above the solution there is a large amount of 
evaporated solvent. The films stayed for a rather long time in an environment rich in 
evaporated solvent. This leads to what is known as solvent annealing. This gave the 
blend more time to continue the phase separation, yielding the larger islands. 

  
2:1 1:1 

  
1:2 1:4 

Figure 17: The samples that were dip coated at 10 mm/s with different ratios of F8:PC60BM.  
The sizes of the islands are different when different ratios of F8:PC60BM were used 

when only looking at one dipping speed at a time. The islands, which are rich in 
PC60BM, become larger if the ratio changes and the amount of PC60BM increases. [9] 
Figure 17 shows these islands for the different ratios of F8:PC60BM for samples that 
were dip coated with a dipping speed of 10 mm/s. 

The islands are larger if the amount of PC60BM increases. For the lowest amount of 
PC60BM in the film, the 2:1 ratio, the islands have a diameter of about 40 nm. The 
islands in the 1:1 films have the same diameter. When the ratio is changed to 1:2, the 
islands have a diameter of about 100 nm. The film with the largest amount of PC60BM, 
the 1:4 ratio, shows islands with diameters of 200 nm. 

The AFM images that were during this research and were not discussed here can 
be found in the appendix. 

4.2. Fluorescence spectroscopy 
When looking at the fluorescence spectra of the films as well as the solutions, there 
are three main emission wavelengths: the first one is the wavelength for the α-phase 
and is visible between 410 and 420 nm. The α-phase is also called the glassy phase or 
random coil. The second main wavelength is the β-phase, which is located between 
440 and 500 nm. This phase is described as a more coplanar zigzag conformation of 
the F8 backbone. The mechanism of the formation of this zigzag structure is poorly 



understood but it has been found in both films and in solutions. Lastly there is a wide 
peak around 500 to 550 nm. This peak is mostly visible in the spectra where only F8 
was used. There are two possibilities for this emission wavelength: the first one being 
charge transfer state where charges are transferred inside the F8 molecule. The second 
possibility is the photo-oxidized state where photo oxidation occurs causing an 
emission. Because this emission is mostly visible in the spectra where only F8 is used, 
it can be said that photo-oxidation is a possibility, but there also must be a charge 
transfer. When PC60BM is added to F8, the charges are transferred to PC60BM what is 
invisible in the spectra. [21, 22, 23]  

 
Figure 18: The fluorescence spectra for the F8 films dip coated from chloroform with different 

dipping speeds. 
In Figure 18 the spectra for the dip coated F8 films from chloroform are shown. The 

emission maxima for these films stay more or less constant regardless of the dipping 
speed. The β-phase is mostly visible, but in every spectrum there is also a wide peak 
between 500 and 550 nm. In the film that was dipped at a dipping speed of 40 mm/s 
there is a third peak visible. This is the peak of the α-phase and has a height of 87% of 
the highest peak. The spectrum of the spin coated F8 film from chloroform (see Figure 
19) also shows a peak for the α-phase, which has a height of 96% of the primary peak. 
The peak of the α-phase that occurs for both the film that was dipped the fastest and 
the spin coated film can be ascribed to the short time that the samples had to dry. 

 
Figure 19 The fluorescence spectrum for the F8 films spin coated from chloroform. 
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The spectra for the dip coated films from chloroform with F8 and PC60BM show 
that the peak for the β-phase decreases when the dipping speed increases. This is 
shown in Figure 20 for the 2:1 ratio. It can be explained by the amount of time the 
sample stays in the evaporated solvent above the surface of the solution. The solvent 
annealing causes the polymer to set into the β-phase. This cannot only be seen in the 
spectra for the 2:1 ratio, but for all ratios.  

 
Figure 20: The fluorescence spectra for the F8:PC60BM films in the 2:1 ratio  

dip coated from chloroform with different dipping speeds. 
For the spin coated films from chloroform the emission maxima are all more or less 

the same. Most of these spectra show dominance for the α-phase. Only when the film 
only consisted of F8, the peaks for the α-phase and for the β-phase are more or less 
equally present. This is illustrated in Figure 21. 

 
Figure 21: The fluorescence spectra for all films spin coated from chloroform. 

In contrast to the AFM images, the films that were dip coated from toluene or 
methylcyclohexane could be analyzed using fluorescence spectroscopy. The quality of 
the solvent has an obvious influence on the amount of β-phase, which increases if the 
quality of the solvent is lowered. Toluene and methylcyclohexane are poor solvents 
compared to chloroform. This is illustrated in Figure 22. 
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Figure 22: The fluorescence spectra for dip coated films with a 1:1 ratio from different solvents with 

a concentration of 25 µg/ml and a dipping speed of 5 mm/s. 
Figure 23 shows the spectra of the solutions with the different solvents and different 

concentrations. The more concentrated solutions show more of the β-phase compared 
to the solutions with lower concentrations. Also the solutions in methylcyclohexane 
show more of the β-phase. This implies that methylcyclohexane is the poorest solvent 
for these molecules. 

 

 
Figure 23: The fluorescence spectra for the different solutions in the two solvents. 

To consider if the concentration or the age of the solutions mattered, they were also 
measured. For all different solvents and concentrations, there is, more or less, an 
equal amount of α-phase and β-phase. The emission maxima for old, about three 
weeks, and new solutions are the same for chloroform as a solvent (see Figure 24).  
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Figure 24: The fluorescence spectra for old and new solutions of F8:PC60BM with the ratio of 2:1 in 

chloroform. 

4.3. Absorption spectroscopy  
In the absorption spectra, similar to the fluorescence spectra, two main absorption 
wavelengths can be described. The α-phase is shown at wavelengths around 380 to 
390 nm and for the β-phase this is around 440 nm. For these measurements, only the 
films that were spun and dipped from chloroform could be used. The films dipped 
from toluene and methylcyclohexane were too thin to bring clear results. [21, 22] 

The absorption maxima stay more or less constant for the films with the same 
F8:PC60BM ratio that were dipped from chloroform, regardless of the PC60BM content. 
This is shown in Figure 25. 

 
Figure 25: The absorption spectra for the dip coated films form chloroform dipped with a dipping 

speed of 10 mm/s.. 
The spin coated films from the chloroform solutions give the same absorption 

maxima for the different ratios (see Figure 26). The maxima are located at shorter 
wavelengths that the corresponding dip coated films. The content of the β-phase is 
lower for the spin coated films than for the dip coated films. This can be explained by 
the short time there is for the films to dry while spinning.  
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Figure 26: The absorption spectra for all films spin coated from chloroform. 

When looking at one ratio at the time, the absorption maxima decrease for 
increasing dipping speeds. This is similar to what is seen in the fluorescence spectra. 
There is a shift from the β-phase to the α-phase for increasing dipping speeds. Figure 
27 shows an absorption spectrum for the 2:1 F8:PC60BM. 

 
Figure 27: The absorption spectra for films with a 2:1 ratio of F8: PC60BM dipped from chloroform 

with different dipping speeds. 
The absorption spectra show, similar to the results for fluorescence spectroscopy, 

the same results for the old and the new chloroform solutions (see Figure 28). The 
absorption maxima are located around the same wavelengths for all chloroform 
solutions. This means that the solutions can be prepared in advance without any 
change in the amount of β-phase.  
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Figure 28: The absorption spectra for old and new solutions of F8:PC60BM with the ratio of 2:1 in 

chloroform. 
The wavelengths for the absorption maxima for the toluene and 

methylcyclohexane solutions are identical. The absorption maxima are located at 
slightly lower wavelengths than for the solutions in chloroform.  

Using the values of the absorption at 390 nm and 440 nm the amount of the β-
phase can be determined. The absorption at 440 nm is divided by the absorption at 
390 nm. This means that the higher this value becomes, the more β-phase there is 
present. [22] Table 1 shows these values for the dip coated and spin coated films from 
chloroform in different ratios and with different dipping speeds.  

 
Table 1: The quantified amount of β-phase in the films that were dip coated and spin coated from 

chloroform. 
 F8 2:1 1:2 1:4 

1 mm/s 0 0.33 0.69 0.91 
5 mm/s 0.06 0.10 0.34 0.73 
10 mm/s 0.02 0.06 0.17 0.61 
20 mm/s 0.06 0.07 0.18 0.54 
40 mm/s 0.05 0.10 0.20 0.52 
Spin coated 0.01 0.06 0.23 0.28 

 
The values in Table 1 show very low values for the dip coated F8 films, which stay 

more or less constant. Therefore it can be concluded that very little amounts of β-
phase are present.  The F8:PC60BM  films from chloroform show an increasing value 
for A440/A390 for increasing dipping speeds and increasing amounts of PC60BM. This 
can be explained by solvent annealing. When more PC60BM is added, the amount of 
β-phase also increases. This is because of intermolecular interactions between the F8 
molecules. 

These calculations can also be done by for the old and the new solutions in 
chloroform. These values are shown in Table 2. 

 
Table 2: The quantified amount of β-phase in the old and new solutions in chloroform.  

 F8 2:1 1:2 1:4 
Old 0.02 0.03 0.02 0.04 
New 0.03 0.04 0.03 0.04 
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Finally this can also be calculated for the solutions in toluene and 
methylcyclohexane with the two different concentrations, being 25 µg/ml and 5 
µg/ml. This is visible in Table 3. This shows that the values in toluene are more or less 
equal to the values in chloroform. The values in methylcyclohexane are slightly 
higher. This means that methylcyclohexane less good of a solvent is compared to 
toluene and chloroform.   

 
Table 3: The quantified amount of β-phase in the solutions with different concentrations in toluene 

and methylcyclohexane. 
  F8 1:1 1:2 

Toluene 25 µg/ml 
5 µg/ml 

0 
0.03 

0.05 0.05 

Metylcyclohexane 25 µg/ml 
5 µg/ml 

0.09 
0.03 

0.10 0.09 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

  



5. Conclusions  
Dip coating is an easier technique to prepare thin films than spin coating. From this 
research, it can be stated that the morphology of the F8:PC60BM films can be altered 
by making dip coated films and using different dipping speeds, solvents or ratios. 
This makes dip coating even more interesting. 

The atomic force microscopy images show that the size of the PC60BM rich islands 
changes when different dipping speeds are used. At slow dipping speeds, the islands 
are big, while the islands are smaller when the dipping speed is increased.  

The results from the fluorescence and UV-Vis spectroscopy show that there is a α-
phase and a β-phase in the films and the solutions. The dipping speed, the solvent 
and the ratio influences the amount of each phase. The β-phase content increases at 
lower dip speeds. It increases for increasing PC60BM ratios. A lower quality of the 
solvent also increases the β-phase. The spectra also showed that the solutions remain 
good over time. This is important information for knowing how much time there is to 
prepare the samples. 

The difference in morphology, which can be changed when dip coating, opens 
doors for future research. This thesis did not discuss what the best morphology is for 
organic solar cells, but this might be a subject of interesting research in the future. 
Using a very easy technique, the morphology of the samples can be altered as wished. 
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Appendix 
AFM images 
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