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Abstract 

Poly(9,9-dioctyfluorene-alt-benzothiadiazole), F8BT, thin films were successfully deposited using spin coating 

and drop-casting methods on glass and silicon substrates. Films with thicknesses varying from tens to 

hundreds of nanometers were obtained as a result of variation in the deposition conditions, such as 

concentration or coating methods. The trends in manifestations of 0-0 and 0-1 vibronic transitions in UV-VIS 

absorption and photoluminescence (PL) spectra correlate with the thickness of the thin films. A threshold in 

the intensity ratio of the two transitions was observed at the thin film thickness about 250 nm. The observed 

spectral features are interpreted in terms of the competitive effects of J- and H- aggregation of the 

macromolecular chains.  
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1. INTRODUCTION 

The possibility of processing the conjugated polymers to form useful and potent structure is the main 

advantage of polymeric organic semiconductors over non-polymeric organic semiconductors [1,2]. Conjugated 

polymers with various structures have been used in light-emitting diodes, photovoltaic cells, laser, and field-

effect transistors mainly due to their absorption and electroluminescence feature. An important class of 

conjugated polymers are polyfluorenes that have attracted noticeable attention on the basis of their ease of 

spin coating or drop casting, and their ability to tune a wide range of optical and electronic properties. Poly(9,9-

di-noctylfluorene-alt-benzothiadiazole) (F8BT) is a yellowish-green light emitting copolymer with a high 

luminescence quantum yield (60−80%), relatively high electron affinity, and large ionization potential which 

plays an important role as a host with electron transport [3-5]. According to previous reports on charge carrier 

mobilities and the time-of-flight studies on F8BT; however, the electron transport is dispersive, it is still the 

fastest charge carriers with mobility (10−3 cm2 V−1 s−1). Charge and energy transport in soft organic assemblies 

can be understood properly by considering the intermolecular (excitonic) coupling and electron-vibrational 

coupling using the concepts of H-and J-aggregation. Electronic interactions that occur either within a given 

chain or between chains stem from the aggregates of the conjugated polymer. J-aggregates (H-aggregates) 

occur when “head-to-tail” (side-by-side) orientations dominate. According to Kasha’s work on the effect of 

molecular aggregation on the optical response, in J-aggregates (H-aggregates) the couplings are negative 

(positive), resulting in a spectral red shift (blue shift). But distinguishing these two aggregate types using the 

usual spectral shifts can be misleading. In case of poly(3-hexylthiophene) (P3HT), despite its H-aggregate 

nature, there is a considerable red shift which is attributed to improvement in intrachain planarization. The 

obtained information about the exciton bandwidth, the nature of disorder, and the exciton coherence length 

from the changes in the vibronic line strengths as a result of interaction are more distinguishing traits between 

these two types of aggregates [6-8]. Film thickness can impact on the microstructure of the thin conjugated 

polymer film and photoluminescence because of the various levels of manifestation of nonlocalized (aggregate 

states) and localized(intrachain) transitions. With increase of the thickness to some extent more ordered 

structure can be achieved and there is a thickness threshold in which the mesoscale (between nano-and micro-
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dimensions) effects such as self-healing mechanism will be revealed [10,11]. The effect of film thickness on 

optoelectrical properties and the correlation between the thickness and vibronic transition manifestations are 

presented in this study. 

2. EXPERIMENTAL PROCEDURES AND DETAILS  

Poly(9,9-dioctyfluorene-alt-benzothiadiazole), F8BT materials and toluene (p.a.) were purchased from Sigma-

Aldrich and PENTA Czech Republic respectively and used without further purification. F8BT films were spin 

cast from toluene solutions with concentration ranging from 0.5%-3.0% to provide films with thicknesses 

varying from tens to hundreds of nanometers. To obtain films with thickness higher than 200 nm, F8BT 

solutions with 1.5% and 3.0% concentrations were drop cast onto the prepared substrates. All substrates were 

cleaned by successive 12 min sonication in distilled water plus hellmanex, acetone and isopropyl alcohol, 

followed by UV ozone treatment for 10 min. After deposition, the films were dried in vacuum furnace in 150 ˚C 

for 1 hour. The UV-Vis absorption spectra were recorded on a Perkin-Elmer Lambda 1050 Spectrometer. 

Fluorimeter FSL 920 from Edinburgh Instruments was used for the measuring of PL spectra. The thickness 

was measured by mechanical profilometer with 1 nm resolution (Bruker). The thickness of the F8BT films are 

shown in Table 1.  

Table 1 Thickness of prepared F8BT films 

   
Concentration 

(%W) 
  

 0.5 % 1.0 % 1.5 % 2.0 % 3.0 % 

Spin speed   Thickness (nm)   

1000 rpm 25 45 75 120 165 

2000 rpm 20 27 47 75 118 

3000 rpm 13 30 45 55 85 

4000 rpm 10 30 45 60 105 

5000 rpm 10 23 45 60 95 

3. RESULTS AND DISCUSSION 

3.1. UV-Vis spectroscopy 

The UV-Vis spectra of F8BT films with different 

thicknesses are depicted in Figure 1. It can be 

noted from the graph the main absorption peak 

is observed at 460 nm. With an increase of 

thickness the absorption spectra show a tiny 

blue shift of maxima approximately 5 nm and 

the bands are broadened with increasing 

thickness. This may indicate the formation of a 

new energy state due to interchain aggregate 

states between polymer chains resulting in 

broadening of the absorption band [4]. On the 

other hand, one can expect that the formation of 

H-aggregates, which are more favored in thicker 

films, broadens the absorption spectra toward 

longer wavelengths. This contradiction can be 

Figure 1 UV-Vis spectra of F8BT with different 

thicknesses on glass substrates 
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explained by JH-aggregates creation, where the interplay of these two aggregation modes results in the 

broadening toward higher energies. Similar explanation is introduced in [4], where it is described as alternating 

π-stacking of polymer chains. 

3.2. Photoluminescence (PL) spectroscopy 

The representative room temperature 

photoluminescence (PL) spectra of F8BT films 

are illustrated in Figure 2. From the graph, it can 

be seen that 0-0 peak is slightly red-shifted with 

increasing thickness. The spectral intensity for 

the second peak 0-1 relatively increases with 

increasing thickness. The 0-0 PL transition of the 

thinnest film is situated at 537 nm. For the thicker 

films up to 200 nm, the emission maxima of 0-0 

transition are shifted towards 545 nm. For  

the films with a thickness higher than 200 nm, the 

0-0 transitions are disappeared from the 

spectrum, and the 0-1 transition is prevailing. 

The shift of 0-0 transition can be attributed to  

a change of polymer chain packing [4], where the 

J-aggregation of chains supports this transition. 

Nevertheless, with increasing thickness, the 

polymer chains can form a film with a more 

organized structure, and thus the H-aggregation with alternating π-stacking of polymer chains is more 

favorable and changes the spectral features of the material. For the thickest films, the structural ordering of 

chains causes prevailing 0-1 with longer conjugation length resulting in low energy radiative states [4,10].  

As emission spectra, excitation spectra can be 

analyzed in the same framework. The positions 

of excitation maxima and the shape of excitation 

spectra are influenced by the thickness of the 

films as illustrated in Figure 3. A slight blue shift 

and considerable broadening of these peaks are 

obvious with increasing thickness varying from 

45 nm to 120 nm. In the case of the thickest film, 

significant change of spectrum shape and 

redshift of excitation maxima were observed. 

These phenomena can be plausibly explained by 

extension of conjugation length whereas the 

longer is the length of conjugated segments the 

higher delocalization of exciton and higher 

lowering of energy of transiting vibrational levels 

in excited states [11]. 

The PL emission spectra were analyzed in more 

detail. We introduced the ratio of spectral 

intensities of 0-0 and 0-1 transitions, I0-0 PL /I0-1 PL. The dependence of this ratio is shown in Figure 4. It is clearly 

seen that the ratio is steeply decreasing with increasing thickness to the thickness about 120 nm. For the 

samples with higher thickness, the ratio is close to value 1, for extra thick sample (360 nm), the ratio decreases 

below value 1.  

Figure 2 Emission spectra of F8BT with different 

thicknesses on silicon substrates 𝜆ex= 460 nm. 

Figure 3 Excitation spectra of F8BT with different 

thicknesses on silicon substrates 𝜆em= 576 nm. 
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Figure 4 The ratio (0-0)/(0-1) transitions dependence on thickness 

This behaviour can reveal that the structure in thinner films (below 120 nm) is prevailing organization of polymer 

chains in J-aggregation because of this structural ordering is related to radiative transition from the lowest 

exciton state to the vibrationless ground state. On the other hand, in case of thicker films (over 120 nm), the 

0-1 transition starts predominate. This can indicate the structural ordering in more favorable H-aggregation 

and lowering of potential energy [13,14].  

4. CONCLUSION 

In our contribution, we investigated the optical and optoelectrical properties of F8BT films depending on the 

films thickness. We analyzed the absorption and photoluminescence spectra. There is a correlation between 

the thickness of the films and manifestation of 0-0, 0-1 vibronic transitions that can stem from the intrachain 

(J-aggregates) and interchain (H-aggregates) structure of the films. We have argued that the structural 

ordering of the thin conjugated polymer film may vary with the film thickness in a non-trivial way and that it is 

allied to different levels of manifestation of nonlocalized (aggregate states) and localized (intrachain) 

transitions. Such findings can contribute to the utilization of conjugated polymers in polymer electronic, 

concretely in light emitting diodes, where the optical and optoelectrical properties play a most important role. 
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