
 

 

 

 

 

 

 
 
 
 
 
 
 

Study of the effect of solvent and 

molecular weight of TQ1 on the 

morphology of TQ1:PC60BM and 

TQ1:PC70BM spin coated systems 
 
Effekter av lösningsmedel och TQ1:s 
molekylvikt på morfologin hos filmer av 
TQ1:PC60BM OCH TQ1:PC70BM tillverkade 
med spin-coating 
 
 

Thijs De Vlaemynck 

 

 

 

 

 
 

Faculty of Health Science and Technology 

Chemistry 

15 hp 

Supervisor: Jan van Stam 

Examiner: Maria Rova 

July 5, 2018 

Serial number 

 



 

 

 

The time I have spent here in Sweden was an experience like no other. I have learned a lot of new practical and 

theoretical things about science, and more about a subject which sparked my interest from day one. But even 

though scientific research was the main purpose of my stay here, I have also learned more about the country, 

the customs and the people.   

I would like to offer thanks to my supervisor during my stay at Karlstad University, Dargie Deribew. He has 

helped me understand more about the subject, about the techniques that I used and he was able and ready to 

answer every question that I had about the subject. I am grateful for the advice that he gave me when I was 

about to do new things that I did not know a lot about at the time. 

Also, my thanks goes out to my promoter at the university, Jan van Stam. He gave us a nice welcome in Sweden 

when we arrived and even dropped us of at the campus where we would live for the next four months. 

Many thanks to Vanja Blazinic and Axel Hedengren for helping me with the equipment and for helping me out 

when it was necessary. 

Moreover, I would like to thank Laurent Jacoby, University Colleges Leuven Limburg and Karlstad University for 

giving me this opportunity to do research in a relatively new field of science in Sweden. 

I would also like to thank Sep Schillebeeckx for bringing a piece of home to Sweden, so that Belgium was never 

far away. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Acknowledgements 



 

 

 

Green, and environmentally friendly, ways of generating energy have been around for a long time, but fossil 

fuels have been the more popular alternative for over a century. But with the rapid increase of the global 

population, this demand for energy has been rising as well. Fossil fuels are running out and have caused a lasting 

imprint on the environment. To counteract this, green energy sources need to increase in popularity and 

efficiency. One of the most used green energy sources is solar energy, but the cost of making inorganic solar 

cells is also increasing. The techniques used to fabricate inorganic solar panels are not that good for the 

environment. 

Organic solar cells could be a possible future, with it being low-cost, light-weight and flexible. 

 

In this thesis, the main focus is a morphology study of the active layer of a spin-coated polymer:fullerene blend. 

The polymer used is TQ1 (Poly[[2,3-bis(3-octyloxyphenyl)-5,8-quinoxalinediyl]-2,5-thiophenediyl]) and the two 

fullerene derivatives are PC60BM (phenyl C61-butyric acid methyl ester) and PC70BM ([6,6]-phenyl C71 butyric 

acid methyl ester). Two different TQ1 molecules are used, a light and a heavy variant. The only difference 

between these molecules is the length of the polymer chain. 

These two components were dissolved in three different solvents (chloroform or CF, chlorobenzene or CB and 

ortho-dichlorobenzene or o-DCB), and spin-coated on silicon substrates under a protective environment. These 

coatings were then analyzed with atomic force microscopy (AFM) and steady state fluorescence spectroscopy. 

The solutions these coatings are spun from were analyzed with UV-Vis spectroscopy. After analyzing, it was 

noticeable that the morphology of the active layer was different when different solvents, different fullerene 

derivatives and different TQ1 molecules were used.  
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Green, renewable, energy has become more and more popular over the last few years and is still increasing in 

popularity. It has also become more important to invest in these kinds of energy production, since fossil fuels are 

running out. 

The principal sources of green energy are wind energy, solar energy and geothermal energy, the last one being 

especially interesting for heating up small households. 

 

Although solar energy has a relatively small market share at the moment, only 1,3% of the global power 

generation[1], new advances in technology will increase this number. 

Conventional solar cells are made of crystallized silicon and are very popular because of their high photoelectric 

conversion efficiency. On the other hand, these solar cells are relatively expensive to make and they need to be 

made in very clean environments.  

Organic solar cells can be made in less clean environments and they could produce less polluting waste, these 

factors could make it interesting to research this new kind of solar cell. 

Organic solar cells are currently not as efficient as conventional solar cells, but this is changing at a rapid pace. In 

the near future, organic solar cells could be used everywhere, since they are relatively cheap to make and very 

lightweight.  

However, organic solar cells are less stable in harsh environments and not as strong, which is a challenge that 

needs to be overcome. Most importantly, since the solar cells are organic, they are more susceptible to oxygen 

and water.[2] This needs to be taken into account if these solar cells are to be used outdoors. 

 

The organic solar cell consists of three parts: the anode, the cathode and a donor-acceptor layer between these 

two parts. This donor-acceptor layer is mostly referred to as a bulk heterojunction (BHJ).  

The first concept of a heterojunction has been around since the 1990s, after the first research of polymers 

started. This is a relative short amount of time for the progress that has been made for this technique, so the 

future looks very promising. 

The focus in this research is on the morphology of that bulk heterojunction, since this part is a key component in 

energy transfer for organic solar cells. 

The main attention of this research of morphology is in the difference between solvent, the fullerene molecule 

and the difference that the molecular weight of donor molecule has. A polymer:fullerene mixture was spin-

coated on a silicon substrate, where two different fullerene-derivatives were used in combination with 2 

different polymer molecules. These were dissolved in three different solvents and coated at three different spin 

speeds. These spin speeds correspond with the used solvents.  

The ratio of the polymer to the fullerene, and the concentration, remained the same during this entire research. 

The morphology of the polymer blend films on these substrates were examined with atomic force microscopy 

(AFM), steady state fluorometry. The solutions these films were spun from were measured using UV-Vis 

spectroscopy. 

 

Introduction 



 
 

 

Organic solar cells 
As said before, organic solar cells (or organic photovoltaic cells) are currently less efficient than inorganic solar 

cells. This is mainly because of the fact that organic photovoltaic cells have a higher band gap (Figure 1). This 

makes it more difficult to transfer excited electrons. 

 

 

 

 

 

 

 

 

In organic solar cells, an electron-hole pair (or an exciton) is generated after absorbing a photon. Each material 

that is used in the making of organic solar cells has a HOMO, or a highest occupied molecular orbital (or ionized 

potential IP), and a LUMO, or lowest unoccupied molecular orbital. The difference in energy level between this 

HOMO and LUMO is called a band gap.  

On the other hand, the open circuit voltage (or Voc) is the difference between the HOMO of the donor-layer and 

the LUMO of the acceptor-layer. If these differences are bigger, they can make it possible for the donor-

acceptor-layer to generate stronger electric fields, which may break up the excitons more easily.[3] 

Bulk heterojunction (BHJ) 
A bulk heterojunction (Figure 2) is the most interesting morphology for these organic solar cells. A bulk 

heterojunction (BHJ) is made out of interpenetrating groups of donor and acceptor, this makes it easier for the 

excitons to reach the donor-acceptor-interface. This causes a more efficient dissociation. 

 

 

 

 

 

 

 

 

 

 

Background 

Figure 1 Schematic energy diagram of a donor-acceptor 
interface 

Figure 2 Schematic overview of a bulk heterojunction and the 
influence of light on excitons 



In a BHJ morphology the excitons have the highest chance to reach the interface of the donor-acceptor blend, in 

comparison with other morphologies of other heterojunctions. This means that the excitons have a higher 

chance to break efficiently and dissociate into free charges (electron and hole). This is only possible if the length 

scales of the polymer blend and the exciton diffusion length are comparable.[4] 

 

The materials most commonly used as acceptors are fullerene derivatives, in this research PC60BM (phenyl C61-

butyric acid methyl ester), and PC70BM ([6,6]-phenyl C71 butyric acid methyl ester) are used.  

The most common substances for the donor molecule are conjugated polymers, in this case TQ1 (Poly[[2,3-bis(3-

octyloxyphenyl)-5,8-quinoxalinediyl]-2,5-thiophenediyl]) is used. Both of these fullerene derivatives and the 

conjugated polymer are shown in Figure 3.  

Spin coating 
Spin coating has been used for a long time for the application of thin films on a flat substrate. The main 

advantage of this coating technique is that the end result is a thin, uniform film. This is a necessity in micro-

electronics, including organic solar cells. 

Using this technique, a small quantity of solution is dispensed onto a clean substrate. 

If a silicon wafer is used, like in this research, it needs to be cleaned before it is ready to be coated on. The Si 

substrates are cleaned in two steps to remove all possible impurities. In the first step organic contamination is 

removed by letting the wafers rest in a heated solution of H2O/H2O2/NH4OH in a ratio of 5/1/1. The second step 

makes sure that ionic and metallic contamination is removed by letting the wafers rest in a different heated 

solution, this time H2O/ H2O2/HCl with a ratio of 5/1/1. After these cleaning procedures, the Si substrates are 

then dried by blowing N2 gas.   

 

Prior to the starting of coating, the coating parameters are adjusted on the spin-coater. Immediately after 

dispensing the active layer solution on the Si substrate, it is then accelerated to a pre-defined speed. Most of the 

solution is ejected from the substrate during this step, so this technique is not possible with large quantities of 

solution. This method is only used in research since it is being used with small amount of solution on very small 

(2 x 2 cm2) substrate. 

During the acceleration, the film becomes thinner and moves outward because of the applied centrifugal force. 

As the film becomes thinner, the solvent can evaporate more quickly and the viscosity of the solution 

increases.[5] After the acceleration, the spin coater spins at the same speed for a set amount of time. This 

ensures that the solution evens out and that it has time to dry. After this, the spin coater slowly stops spinning. 

This process is shown in Figure 4. 

 

 

Figure 3 The donor and acceptor materials used in this research: PC60BM, PC70BM and TQ1 



 

 

 

 

 

 

 

 

 

 

The thickness of the film and the homogeneity depends on a lot of different factors, which could be a challenge 

to get a good reproducibility. Several major factors affecting the morphology and thickness of coating are: spin 

speed, acceleration, spin time, exhaust, viscosity and drying rate.[6] 

 

Glovebox 
To mix and store the solutions and the PCBM substances, a glove box is used. This is needed because the used 

chemicals are very sensitive to normal light and oxygen. The light surrounding the glovebox is yellow, to 

counteract this issue.  

The atmosphere inside the chamber is nitrogen with an oxygen (O2) and moisture (H2O) level below 0.1 ppm.  

This ensures that the substances can be stored longer without any significant degradation. 

 

To manipulate substances inside the glovebox rubber gloves are used, shown in Figure 5 

The sleeve ends of these gloves are sealed around an opening through the window of the glovebox. These gloves 

are relatively thick to increase their lifetime and reduce the chances of the formation of punctures, which causes 

leaks.[7] The gloves also make it possible to work inside the glovebox without exposing the substances to an 

oxygen-rich atmosphere.  

 

 

 

Figure 4 The process of spin-coating on, for example, a silicon wafer 

Figure 5 Two gloveboxes, under normal (left) and yellow (right) light 



A passage chamber between the outside and the glovebox is also a must, with a door on the exterior and one in 

the interior. This makes it possible for an object to be movable between the exterior and the glovebox without 

having to be in touch with the external atmosphere. This passage chamber also responds to a reduction of gas 

pressure. Because of this, the chamber is first drained of the oxygen-rich atmosphere and is filled with nitrogen. 

This is performed at least three times before the door inside the glovebox is opened, to be sure that all the 

oxygen from the outside is removed. This passage also has a slide tray, which makes it easier to place samples 

inside the passage chamber and to get it out once the atmosphere has been adjusted. 

 

Atomic Force microscopy 
To examine the morphology of the coatings made by the spin coater, atomic force microscopy (AFM) is used. 

The AFM used in this research is a Veeco di Innova, shown in Figure 6.  

 

 

 

 

 

 

 

 

The basic principle of this microscope is to measure interactions between a sharp probing tip and sample 

surface.[8] AFM uses weak interactions with the sample surface, making this a non-destructive method of 

analysis. 

The schematic of a typical AFM is shown in Figure 7, each force microscope has five essential components in 

order to characterize a surface[9]:  

• A sharp tip mounted on a soft cantilever spring 
• A way of sensing the cantilever’s, or lever’s, deflection 
• A feedback system to monitor and control the deflection 
• A mechanical scanning system that moves the sample with respect to the tip in a grid-like 

pattern 
• A display system that converts the measured data into an image 

 

 
 

 

 

 

 

 

Figure 6 Atomic force microscope 

Figure 7 Schematic of a typical AFM 



The detection mechanism of a modern AFM is mostly based on beam deflection, a form of optical detection. 

With this mechanism, light from a diode is reflected from a mirror-like cantilever surface. The direction of this 

reflected light beam is detected by a position-sensitive photodetector. 

An important factor with the use of an AFM are external vibrations. This can cause an unwanted motion of the 

tip, which in turn causes interference in the AFM image. Interference causes a decrease in resolution of the AFM 

image, in some cases so much that the image is not accurate anymore. This can be resolved by using a vibration 

isolation table on which the AFM rests in Figure 6, which uses nitrogen or compressed air.  

Fluorometry 
Fluorescence spectroscopy, or fluorometry, can provide valuable information of photophysical behavior and its 

relation to the morphological characteristics. This is essential for the research behind the morphology of organic 

solar cells. 

There are different kinds of fluorometry, but the simplest and most common type is steady-state fluorometry. 

This is also the type of fluorometry that will be used during this research. 

 

During these measurements, a continuous beam of light is directed at the sample, this causes fluorescence. The 

emission of this fluorescence is then collected at an angle of 90° (right angle configuration) or at a lower angle 

(front-face configuration). 

This is needed to prevent the interference of excitation light with the detection of fluorescence emission. The 

collected fluorescence emission goes to a monochromator and a detector to record the emission spectrum.  

When light hits the sample, photoexcitation occurs. In other words, when photons hit the sample, the electrons 

reach an excited state. For example, from the ground state S0 to the excited state S2, as shown in Figure 8.[10]  

 

 

 

 

 

 

 

 

 

 

These electrons can relax to the vibrational ground state of S1, or cross via spin-orbit coupling to the vibrational 

ground state of T1. Fluorescence is the radiative decay, or relaxation, from S1 to the ground state S0. This decay 

emits light almost instantly, with a delay shorter than 10-8 s. 

Phosphorescence is the decay from T1 to the ground state S0.  

Unlike fluorescence, phosphorescence emits light for a longer period, but also with a longer delay. This means 

that the light emitted from phosphorescence is not as intense as the light from fluorescence. This makes it not as 

accurate for measurements.  

Figure 8 The process of photoexcitation and fluorescence 



UV-Vis spectroscopy 
UV-Vis spectroscopy is used to analyze the solutions that were also used for coatings. This is because when 
coated substrates are used, the spectrophotometer could also measure impurities that are formed during the 
drying process of the solution.  
UV-Vis combines two regions of light, UV spectrum (200nm – 400nm) and the visible spectrum (400nm – 
800nm). 
A UV-Vis spectrophotometer compares two different intensities of light. First, it measures the intensity of light 
before it passes through a sample (I0). Afterwards, it measures the intensity of the light that passes through the 
sample (I). 
With the difference in intensity, it is possible to calculate the absorbance of the substance: 

𝐴 = − log
𝐼

𝐼𝑜
 

This is then compared to a reference, in the same type of cuvet as the sample is measured in. 

A double beam spectrophotometer is used in these measurements, to easily compare a reference solution and 
the sample. A schematic overview of this type of spectrophotometer is shown in Figure 8. 

 

 

 

Figure 9 Schematic overview of a double beam spectrophotometer 



 

 

 

Materials 
TQ1 (Poly[[2,3-bis(3-octyloxyphenyl)-5,8-quinoxalinediyl]-2,5-thiophenediyl]) was the polymer used as donor 

material. Two types of TQ1 are used, with different molecular weights. The ‘light’ TQ1 molecule has a molecular 

weight of 24,6 kD and the ‘heavy’ TQ1 molecule has a molecular weight of 61,57 kD. A heavier molecular weight 

means that the chain of TQ1 is longer. The shorter TQ1 is provided from Chalmers University of Technology and 

the heavier TQ1 is purchased from Ossila. 

As acceptor, PC60BM (phenyl C61-butyric acid methyl ester) and PC70BM ([6,6]-phenyl C71 butyric acid methyl 

ester) were used. Both PC60BM and PC70BM are purchased from Solenne BV. The three solvents used for these 

donor:acceptor blends were chloroform, dichlorobenzene and ortho-dichlorobenzene. All solvents are 

purchased Sigma Aldrich. The Si wafers are purchased from Si-Mat. 

The atomic force microscope (AFM) was a Veeco di Innova microscope. The steady state fluorescence spectra 

were measured with a SPEX FL3-11TAU fluorolog fluorimeter.  

UV-Vis spectroscopy was done with a Cary 5000 UV-Vis-Nir spectrophotometer (Agilent Technologies). 

Methods 
The substrates used for the atomic force microscope and fluorometry were silica substrates, with a size of two 

by two centimeters. Solutions were used for UV-Vis absorption spectroscopy.  

The polymer:fullerene films were spin coated on these substrates. Different spin speeds were applied when the 

film was cast from different solvents, to achieve the same thickness with each film. The different spin speeds, 

with the corresponding solvents, are shown in Table 1. 

For chlorobenzene and ortho-dichlorobenzene, the spin speed was the same for PC60BM and PC70BM in 

combination with the two different TQ1 molecules since there was not a significant difference in thickness. 

 

 

 

 

Material and methods 

Table 1 Spin speeds with the correspondig solvents 



The ratio of polymer:fullerene was always 1:3 in weight to weight ratio. The concentration in the different 

solvents was also constant, at 25 mg/ml. After coating, the substrates were left to dry for at least a 30 minute 

period before measuring in order for them to be dry enough for measuring. The substrates were put back in the 

glovebox after measuring, to keep them away from an oxygen-rich environment. They were also covered with 

aluminum foil to protect them from light with a high intensity. 

Atomic force microscopy 
The AFM was used in tapping mode. The thickness of the coatings was determined using the program 

SPManalysis, the roughness was determined using the program WSxM 5.0 Develop 9.1. This last program was 

also used to process the image and convert it into a JPEG-file. 

Fluorometry 
The coated samples were analyzed using steady-state fluorometry. Using steady state, the samples were 

constantly illuminated using light with a wavelength of 380 nm for excitation. 

The sample was put at an angle and the emission spectrum was recorded from 500 nm to 750 rpm.  

A high pass filter of 400 nm was placed between the excited sample and the detector, to remove dispersed 

waves of light that could interfere with the measurement. 

The second harmonic wave from the excitation light source (380 nm) was at 760 nm, so the emission spectrum 

could not be measured after 750 nm. The second harmonic peak was at such a high intensity that the emission 

peak could not be observed. 

UV-Vis spectroscopy 
The samples were measured as solutions, to have the most accurate results possible. The samples were excited 

using wavelengths from 200 nm to 800 nm.  

The solutions were put in quartz cuvettes, since normal glass would absorb light with a wavelength lower than 

350 nm. This means that measuring in the UV-region would be impossible in normal glass cuvettes.  



 

 

Atomic force microscopy 
In the following AFM images, the bright islands are PC60BM or PC70BM rich areas[11]. These islands are formed 

when the solution evaporates during spin coating.  

Since the ratio and concentration of the solutions remain constant, and the only thing that changes is the type of 

solvent used to dissolve the components. It is possible to notice the difference the solvents make. 

All the images shown here are 5 µm by 5 µm. The AFM images shown in the appendix are 10 µm by 10 µm and 2 

µm by 2 µm. 

TQ1:PC60BM coatings 
The AFM images of the low and high molecular weight TQ1:PC60BM from different solvents are shown in Figure 

10. 

It is visible that the results vary when different solvents are used. The morphology of the coatings made from a 

chloroform solution don’t show a clear formation of islands. The reason behind this is that chloroform is not a 

good solvent for TQ1 or PC60BM, meaning that these one of these components does not dissolve completely. 

Since they cannot interact with each other as well as with the other solvents, a different morphology is formed.  

Chlorobenzene and ortho-dichlorobenzene give a different morphology than chloroform. Coatings from 

chlorobenzene have slightly larger islands and are a little bit rougher than coatings from ortho-dichlorobenzene. 

This means that o-DCB is a better solvent than chloroform and chlorobenzene. 

There is also a small difference in morphology between the two different TQ1 molecules. When the low 

molecular weight is used, it results in the formation of slightly smaller islands compared to the high molecular 

weight.  

Results and discussion 

Figure 10 AFM images of TQ1:PC60BM in different solvents, with different molecular weights 



The thickness and the roughness of these coatings are shown in Table 2. The decrease in roughness from 

chloroform to ortho-dichlorobenzene corresponds with the AFM images shown in Figure 10. Since the islands 

are getting smaller, the film is also getting smoother. If used in photovoltaic cells, this could mean that there is 

more contact between the BHJ and the anode and the cathode. If applied, this could also be a reason as to why 

these solvents make the active layer of the organic solar cell more efficient  

 

 

 

 

 

 

 

 

 

 

Table 2 Thickness and roughness measurements of TQ1:PC60BM in different solvents and with different molecular weights 



TQ1:PC70BM coatings 
The images shown in Figure 11 are AFM images of the low and high molecular weight TQ1:PC70BM in different 

solvents.  

 

In TQ1:PC70BM the same pattern as with TQ1:PC60BM is observed. The islands coated from chloroform as the 

solvent are the largest; those coated from chlorobenzene are smaller. The morphology of TQ1:PC70BM coated 

from o-DCB is again a lot different from the other two solvents. 

In contrast to TQ1:PC60BM, the morphology of coated in chlorobenzene is more similar to chloroform than to 

ortho-dichlorobenzene. This mostly means that chlorobenzene is not as good as a solvent for PC70BM as it is for 

PC60BM. 

The difference between chloroform and chlorobenzene, in both molecular weights of TQ1, is also more subtle 

than when PC60BM is used. There is also a difference between the molecular weight of TQ1. TQ162 causes the 

formation of slightly larger islands, the same effect that was caused when the other fullerene molecule, PC60BM 

was used. 

The roughness and thickness of these different coatings are shown in Table 3. It can be observed that when the 

islands are getting smaller, the film is smoother. The exception here is the coating of TQ162:PC70BM from 

chlorobenzene. In the case of CB, the surface of the film is rougher than all. It is possible that this is because 

there is more space between islands, as seen in Figure 11, which is measured as a rougher film. 

There is also a big difference in roughness between the blends made with chloroform and chlorobenzene, and 

those made in ortho-dichlorobenzene, this corresponds with the AFM images. 

 

 

Figure 11 AFM images of TQ1:PC60BM in different solvents, with different molecular weights 



It is visible that the TQ1:PCBM blends in o-DCB always have the least amount of phase separation, which makes 

it a good solvent. This is the case for both fullerenes, but also for both the TQ1 molecules with different 

molecular weight. 

Chloroform is the worst of these three solvents in terms of solubility , since it causes a high degree of phase 

separation. This could make it difficult for creating an efficient transfer of electrons (dissociation of excitons). 

Only in TQ162:PC60BM film from chloroform there is not a clear phase separation visible. Whether this is also a 

good morphology for organic photovoltaics, is not clear. The thin film morphology coated from chlorobenzene 

can be categorized in between o-DCB and CF.  This means that while this solvent is not the worst in terms of 

domain sizes, it is also not the best choice for making organic solar cells.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3 Thickness and roughness measurements of TQ1:PC70BM in different solvents and with different molecular weights 



Fluorescence spectroscopy 

TQ1:PC60BM mixtures 
The fluorescence spectrum for the TQ1:PC60BM blends with TQ124 and TQ162 is shown in Figure 12. There is a 

maximum in emission intensity around 722 nm, this is expected since TQ1 is used, with a known emission peak 

in intensity around 720 nm when exciting at 380 nm[12].  

 

 

 

 

 

 

 

 

 

 

 

 

With PC60BM, there is not a clear decrease in intensity related to the size of the islands caused by the different 

solvents. But there is still a correlation between peak intensity and the used solvent, regardless what the 

morphology is. 

The fluorescence spectra of TQ1:PC60BM in ortho-dichlorobenzene shows a peak which is barely visible 

compared to the other solvents. This is also an example of the electron transfer efficiency in this film with fine 

morphology.  

The spectra of the coatings made from a chlorobenzene solution show a higher intensity than those from o-DCB, 

meaning that these coatings have a less efficient electron transfer. This is also a confirmation that 

chlorobenzene is a worse solvent than ortho-dichlorobenzene. 

When the TQ124 molecule is used to create the coatings, it also creates a more efficient morphology for energy 

transfer. The islands created by this lower molecular weight are smaller, which also causes a more efficient 

energy transfer and a lower intensity in fluorescence. 

 

Figure 12 Fluorescence spectra of TQ1:PC60BM in different solvents, with different molecular weight of TQ1. 
The full lines represent coatings with TQ124, the dotted lines represent coatings with TQ162. 

 



TQ1:PC70BM mixtures 
The fluorescence spectra of TQ124:PC70BM and TQ162:PC70BM are shown in Figure 13. Since the donor molecule 

is the same, TQ1, the peaks in intensity are between 708 and 710 nm.  

 

When TQ1 is used with PC70BM, the peak intensity is related to the domain size from the AFM images. 

The films made with the TQ124 molecule have a lower intensity compared to the same blends made with the 

high molecular weight. This is because the TQ162 molecule is a longer molecule, which causes a higher intensity 

than its shorter counterpart TQ24. This also makes the TQ124 a more suitable candidate for the use in organic 

photovoltaics, as discussed with the previous fluorescence spectrum. 

The maximum of the emission spectrum of TQ1:PC70BM is at a slightly shorter wavelength than the 

corresponding maximum in the emission spectrum of  TQ1:PC60BM films. The peak maxima is at 722 nm for 

PC60BM  and at  710 nm for PC70BM. The only coating that does not show a shift is TQ124:PC60BM prepared 

from chloroform.  

 

 

 

 

Figure 13 Fluorescence spectra of TQ1:PC70BM in different solvents with different molecular weight of TQ1 
The full lines represent coatings with TQ124, the dotted lines represent coatings with TQ162. 



UV-Vis absorption spectroscopy 

Pure solutions 
The graphs shown in Figure 14 are the result of UV-Vis analysis on pure TQ1 solutions. This means that the only 

compounds in these solutions are TQ124, TQ162 and a solvent (chloroform, chlorobenzene or ortho-

dichlorobenzene). 

 

The most noticeable thing is that TQ1 has two absorption peaks, no matter which solvent or which molecular 

weight is used. The reason behind this is that the absorption peak around 600 nm originates from the 

intramolecular charge transfer along the backbone of the polymer[13]. The high energy absorption band 

maximum between 353 nm and 361 nm originates from the absorption of the aromatic structures, in this case 

from the TQ1 molecule. 

The other observation is that the shape of the low energy absorption band with maximum at 600 nm is slightly 

different for the different TQ1 batches with different molecular weights, where TQ124 shows a rounder 

absorption top and a lower absorption intensity than TQ162 that shows an asymmetric top with a slightly red-

shifted maximum. The maxima of TQ124 are at 602 nm, whereas the maxima from TQ162 are between 619 nm 

and 611 nm. 

 

 

 

 

Figure 14 UV-Vis absorption spectra of pure TQ1 solutions with different molecular weight in different solvents 
The full line represents solutions with TQ124, the dotted line represents solutions with TQ162 



TQ1:PC60BM mixtures 
The UV-Vis spectra of TQ124:PC60BM and TQ162:PC60BM, made in different solvents, are shown in Figure 15. 

 

Compared to the UV-Vis spectra of the pure solutions, the intensity of the low energy peak (at ±600 nm) is lower 

due to dilution of TQ1. Similar to the pure TQ1 spectra, we even here observe that the low energy peak has its 

maximum at slightly longer wavelengths for TQ62, as compared to TQ24.   

Another difference is that the wavelength of the absorbance peak at 331 nm has slightly  

blue-shifted compared to pure TQ1. The high energy absorbance peak of the TQ1:PC60BM solution also has a 

higher absorbance compared to the pure solutions. This is because the PC60BM molecule also absorbs light in the 

same region of the spectrum (with maximum at a similar wavelength). 

 

 

 

 

 

 

 

Figure 15 UV-Vis spectra of TQ1:PC60BM in different solvents with different molecular weight of TQ1 
The full line represents solutions with TQ124, the dotted line represents solutions with TQ162 



TQ1:PC70BM mixtures 
The UV-Vis spectra of TQ124:PC70BM and TQ162:PC70BM, in different solutions, are shown in Figure 16. 

 

The intensity of the low energy peak for TQ1:PC70BM solutions is similar to the peak from the TQ1:PC60BM 

solutions. Compared to the pure solutions, it is also lower in intensity due to dilution. 

The intensity of the absorbance peak at 370 nm is also less intense than the pure solutions or the TQ1:PC60BM 

solutions. The main cause of this is that the absorption spectra on coated films with PC60BM and PC70BM is also a 

lot different. Another possible explanation for this is that PC70BM is a larger molecule than PC60BM, this could 

cause steric hindrance of the aromatic groups of the molecules. This can cause a lower intensity of the 

absorbance peak and a small shift in wavelength. This absorbance peak of high molecular weight TQ1:PC70BM 

solutions has also slightly red-shifted compared to the pure solutions, from 353 nm to 371 nm. 

 

 

Figure 16 UV-Vis spectra of TQ1:PC70BM in different solvents with different molecular weight of TQ1 
The full line represents solutions with TQ124, the dotted line represents solutions with TQ162 



 

  

 

This research shows that there is a difference in morphology between TQ1:PC60BM and TQ1:PC70BM spin-coated 

systems when the molecular weight of TQ1 changes, the fullerene derivative changes or the solvent changes. 

The difference between TQ1:PC60BM and TQ1:PC70BM is the most noticeable, both in the AFM images and with 

fluorescence measurements. The effect of solvent also causes a difference, but not as big when the two 

fullerene molecules are compared with each other. The difference caused between TQ124 and TQ162 is 

noticeable, but smaller than the two other factors. 

The measurements with the atomic force microscope show the different morphologies caused by the different 

solvents, polymer molecules and fullerene derivatives. Coatings made from solutions in chloroform show the 

biggest island formation, or the formation of no visible islands. Coatings spun with chlorobenzene solutions 

showed intermediate islands, smaller than chloroform but bigger than ortho-dichlorobenzene. Coatings made 

from solutions of ortho-dichlorobenzene show very smooth and uniform films.  

This means that ortho-dichlorobenzene is a better solvent when using TQ1 and PCBM to make a bulk 

heterojunction for organic solar cells. Chloroform is the worst solution of these three that can be used, 

chlorobenzene is between these two solvents in terms of solubility. 

A higher molecular weight of TQ1 gave the formation of islands that were bigger than the lower molecular 

weight TQ1 molecule. 

Steady state fluorescence analysis also showed a difference when the coating was made with different 

components. When the TQ162 molecule was used, the fluorescence intensity was higher. When chloroform was 

used, or when the islands were biggest, the fluorescence intensity was more intense than when other solvents 

were used. The fluorescence intensities from chlorobenzene coatings were less intense than when chloroform 

was used, but higher than when ortho-dichlorobenzene was used. This last solution had the lowest fluorescence 

intensities compared to the coatings made from other solutions, since the morphology of these coatings was 

very smooth. 

From these measurements, it can be concluded that ortho-dichlorobenzene is the best solvent in terms of 

electron transfer efficiency. Chloroform does not quench the fluorescence as effectively as ortho-

dichlorobenzene or chlorobenzene. 

These findings can be related to the morphology from the AFM images, where the size of the islands also change 

when different solvents are used. 

The emission spectra are also more sensitive to the changes of solvent than the morphology, measured by AFM. 

The difference in morphology, in this research caused by changing three different factors, is an interesting 

aspect in the fabrication of organic solar cells. The coating technique might not be used for large-scale 

application, but the difference in morphology is also interesting when dip-coating or another coating technique 

is used. This research can be used in the future to help decide which components, and solutions, can be used to 

make organic solar cells with the highest energy efficiency. Which blend of components or solution is the most 

energy efficient, could be the subject of future research. 

Conclusion 
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Appendix 

Figure 17 Low and high molecular weight TQ1:PC60BM blends in different solvents, 10 µm by 10 µm 

Figure 18 Low and high molecular weight TQ1:PC60BM blends in different solvents, 2 µm by 2 µm 
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Figure 20 Low and high molecular weight TQ1:PC70BM in different solvents, 10 µm by 10 µm 

Figure 19 Low and high molecular weight TQ1:PC70BM in different solvents, 2 µm by 2 µm 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4 Roughness measurements of the AFM images of low and high molecular weight TQ1:PC70BM in different solvents 

Table 5 Roughness measurements of the AFM images of low and high molecular weight TQ1:PC60BM in different solvents 


