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Materials

AbstrAct
Purpose: The aim of this paper is to compare optical properties of 4-(1,1,1,3,3,3-hexafluoro-2(-4(-3(4-(5-
(4-m-tolyoxy)phenyl)-1,3,4-oxadiazol-2-yl)phenoxy)phenylcarbomyl)phenyl)propan2-yl)-N-methylbenzamide 
(Oxad 6F-D) and 4-(1,1,1,3,3,3-hexafluoro-2(-4-(4-(4-(5-(4-(p-tolyoxy)phenyl)-1,3,4-oxadiazol-2-yl)
phenoxycarbaomyl)phenyl)propan-2-yl)-N-methylbenzamide (Oxad 6F-E).
Design/methodology/approach: The Oxad 6F polymer thin films were deposited onto glass and KBr substrates 
by spin–coating method under different technological conditions.
Findings: The spinning rate V and solution concentration C influenced optical properties of Oxad 6F-D and 
Oxad 6F-E thin films. The goal of this paper is to show differences in properties of these polymers.
Research limitations/implications: The electrical and luminescent properties of Oxad 6F polymers will be 
carried out in the nearest time. The different properties of these polymers are caused by benzene position in the 
polymer chain, two aromatic rings are in meta-position in Oxad 6F-D and all benzene rings are in para-positions 
in Oxad 6F-E.
Practical implications: Thin films of Oxad 6F-D and Oxad 6F-E are good potential material for applications 
in polymer optoelectronic devices.
Originality/value: The aim of this paper is to describe the optical properties of Oxad 6F polymers prepared 
under different technological conditions.
Keywords: UV-Vis spectroscopy; AFM microscopy; IR spectroscopy; Spin-coating method; Organic polymer

Reference to this paper should be given in the following way: 
B. Hajduk, P. Jarka, J. Weszka, M. Bruma, J. Jurusik, M. Chwastek, D. Mańkowski, Comparing of optical 
properties and morphology of polyoxadiazoles with CF3 groups, Journal of Achievements in Materials and 
Manufacturing Engineering 40/1 (2010) 7-14. 
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1. Introduction 
 

Polyoxadiazoles [1-5] are polymers having in the backbone 
oxadiazol group, five member ring consisting of two nitrogen, two 
carbon and oxygen atoms. In the oxadiazol group each nitrogen 
atom is linked with carbon atom by a double bond. Some 
of polyoxadiazoles can be used as a base for nanocomposites [6]. 

Oxad-6F-D and Oxad-6F-E are polyoxadiazoles containing six 
fluorine atoms [7-8] linked by single bonds to carbon atoms 
between two phenylene rings along with the polymer chain. 

Most frequently used methods for polymer thin films deposition 
are the chemical vapour deposition (CVD) [9-12], also known as 
chemical transport in vapour phase, and the spin-coating method 
[13-15]. 

Chemical vapor methods used to prepare thin films of 
polyzomethines are based on transporting monomers in vapor 
phase by transport agent towards the substrate, where polymer 
thin film is grown by polycondensation process. 

The spin coating method is based on spinning the substrate 
with some quantity of polymer solution put onto it. 

 
 

2. Experimental 
  

Two fluorine-containing polyoxadiazoles have been studied: 
(Fig. 1) 4-(1,1,1,3,3,3-hexafluoro-2(-4(-3(4-(5-(4-m-tolyoxy)-
phenyl)-1,3,4-oxadiazol-2-yl)phenoxy)phenylcarbomyl)phenyl)-
propan2-yl)-N-methylbenzamide (Oxad 6F-D) and (Fig. 2) 4-
(1,1,1,3,3,3-hexafluoro-2(-4-(4-(4-(5-(4-(p-tolyoxy)phenyl)-1,3,4-
oxadiazol-2-yl)phenoxycarbaomyl)phenyl)propan-2-yl)-N-
methylbenzamide (Oxad 6F-E). 

 
 

 
 

Fig. 1. Scheme of Oxad-6F-D polymer 
 
 

 
 

Fig. 2. Scheme of Oxad-6F-E polymer 
 
 

Both polymers, Oxad-6F-D and Oxad-6F-E, were synthesized 
in the Institute of Macromolecular Chemistry, in Romanian 
Academy Sciences in Iasi. Tetrahydrofuran (THF) used as 
a solvent was purchased in POCH. 

Two sets of THF solutions of polyoxadiazoles Oxad-6F-D and 
Oxad-6F-E were prepared, each one with three different concentrations. 
Polyoxadiazole films were spin-coated onto glass substrates and KBr 
pastilles.  

In each series thin films were spin-coated with three different 
spinning rates V: 3000, 4000 and 5000 rpm. Technological 
parameters are shown in Table 1. 
 
 
Table 1.  
Technological parameters of spin-coating process 

 
Oxad-6F-D   Oxad-6F-E  

C[%] V [rpm] t [s] 
 

C[%] V [rpm] t [s] 

3000 3000 
4000 4000 0.8 
5000 

15 0.8 
5000 

15 

3000 3000 
4000 4000 1.7 
5000 

15 1.4 
5000 

15 

3000 3000 
4000 4000 2.1 
5000 

15 2.1 
5000 

15 

 
 
UV-Vis absorbance spectra were taken on the as-prepared thin 

films with Ocean-Optics HR4000 spectrophotometer within 200-1000 
nm wavelength range.  

The topographic and sensor images were performed with 
Atomic Forces Microscope (AFM) and IR absorption spectra 
were recorded with IR spectrophotometer Specord M80 within 
200-4000 cm–1 range. All the measurements were performed at 
room temperature.  
 
 

3. Results 
 

3.1. AFM measurements 
 
Topographic and sensor images taken in contact mode on  

as-prepared thin films with Atomic Force Microscope are seen 
in Figs 3-8. 

 

 
 

Fig. 3. AFM topographic image of Oxad-6F-D polymer film 
prepared from 1.7% THF-polymer solution, deposited with 
spinning rate V=5000 rpm 

 
 

Fig. 4. AFM image of Oxad-6F-D polymer film deposited with 1.7% 
solution with spinnig rate V=5000 rpm 

 
 
 

 
 

Fig. 5. AFM sensor image of Oxad-6F-D polymer film prepared with 
1.7% solution with spinning rate V=5000 rpm 
 
 
 

 
 

Fig. 6. AFM topographic image of Oxad-6F-E polymer film 
prepared from 1,4% THF-polymer solution, deposited with 
spinning rate V=5000 rpm 

 
 

Fig. 7. AFM topographic image of Oxad-6F-E polymer film 
prepared from 1.4% THF-polymer solution, deposited with 
spinning rate V=5000 rpm 
 
 
 

  
 

Fig. 8. AFM  image of Oxad-6F-E polymer film prepared from 
1.4% THF-polymer solution, deposited with spinning rate  
V=5000 rpm 
 
 
 

The images of Oxad-6F-D and Oxad-6F-E thin films 
reveal granular morphology of surface. Surface of Oxad-6F-E 
polymer film is regular without visible holes and big grains.  

The surface of Oxad-6F-E thin film has appeared to be 
rather regular without any holes or big grains. That of the 
Oxad-6F-E thin films is not regular, big grains have appeared 
to coalesce into bigger continuous area. 
 
 
3.2. IR measurements 

 
IR absorption spectra covering 450-4050 cm-1 wave 

number range performed on Oxad-6F-D and Oxad-6F-E thin 
films are shown in Fig. 9 and Fig. 10 respectively. 

1.  Introduction

2.  Experimental

3.  results

3.1.  AFM measurements
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UV-Vis absorbance spectra were taken on the as-prepared thin 

films with Ocean-Optics HR4000 spectrophotometer within 200-1000 
nm wavelength range.  

The topographic and sensor images were performed with 
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room temperature.  
 
 

3. Results 
 

3.1. AFM measurements 
 
Topographic and sensor images taken in contact mode on  

as-prepared thin films with Atomic Force Microscope are seen 
in Figs 3-8. 

 

 
 

Fig. 3. AFM topographic image of Oxad-6F-D polymer film 
prepared from 1.7% THF-polymer solution, deposited with 
spinning rate V=5000 rpm 

 
 

Fig. 4. AFM image of Oxad-6F-D polymer film deposited with 1.7% 
solution with spinnig rate V=5000 rpm 

 
 
 

 
 

Fig. 5. AFM sensor image of Oxad-6F-D polymer film prepared with 
1.7% solution with spinning rate V=5000 rpm 
 
 
 

 
 

Fig. 6. AFM topographic image of Oxad-6F-E polymer film 
prepared from 1,4% THF-polymer solution, deposited with 
spinning rate V=5000 rpm 

 
 

Fig. 7. AFM topographic image of Oxad-6F-E polymer film 
prepared from 1.4% THF-polymer solution, deposited with 
spinning rate V=5000 rpm 
 
 
 

  
 

Fig. 8. AFM  image of Oxad-6F-E polymer film prepared from 
1.4% THF-polymer solution, deposited with spinning rate  
V=5000 rpm 
 
 
 

The images of Oxad-6F-D and Oxad-6F-E thin films 
reveal granular morphology of surface. Surface of Oxad-6F-E 
polymer film is regular without visible holes and big grains.  

The surface of Oxad-6F-E thin film has appeared to be 
rather regular without any holes or big grains. That of the 
Oxad-6F-E thin films is not regular, big grains have appeared 
to coalesce into bigger continuous area. 
 
 
3.2. IR measurements 

 
IR absorption spectra covering 450-4050 cm-1 wave 

number range performed on Oxad-6F-D and Oxad-6F-E thin 
films are shown in Fig. 9 and Fig. 10 respectively. 
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Fig. 9. IR absorption spectrum of Oxad-6F-D thin film deposited  
onto KBr pastille 
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Fig. 10. IR absorption spectrum of Oxad-6F-E thin film deposited  
onto KBr pastille 
 

It is clearly seen that the strongest peaks are seen at about 
1173, 1256, 1488 and 1601 cm-1 wave number. Lower intensity 
peaks are seen at about 721, 848, 970, 1292 and 1664 cm-1. 

IR spectra taken on Oxad-6F-E thin films are shown in  
Fig. 10 The strongest peaks are visible at 1234, 1488, 1610 and 

1669 cm-1. The peaks of lower strength are at about 745, 910, 
1013 and 2919 cm-1. 

 
 

3.3. UV-Vis measurements 
 

UV-V is absorption spectra versus wavelength taken on  
Oxad-6F-D and Oxad-6F-E polyoxadiazoles thin films are shown in 
Figs 11-16. In each figure, there are shown three absorption spectra 
taken on thin films deposited from THF solutions of three different 
concentrations. The solution concentrations are visible on every graph.  

Thin films of Oxad-6F-D and Oxad-6F-E deposited with spinning 
rate V=3000 rpm are shown in Fig. 11 and Fig. 12, respectively.  
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Fig. 11. Absorption spectra of Oxad-6F-D thin films deposited 
with spinning rate V=3000 rpm 
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Fig. 12. Absorption spectra of Oxad-6F-E thin films deposited 
with spinning rate V=3000 rpm 
 
 

It is seen in Fig. 11 that the absorption intensity increases as 
the solution concentration is on the increase. Absorption 
maxima of bands are at about 307, 314 and 325 nm for the 
solution concentration C equal to 0.8, 1.4 and 2.1%, 
respectively.  
 Similarly, in Fig. 12, the absorption intensity is seen to 
increase as the solution concentration is on the increase. The 
absorption maxima are seen at about 331, 315 and 331nm for 
the solution concentration equal to 0.8, 1.4 and 2.1%, 
respectively. 
 UV-Vis absorption spectra taken on Oxad-6F-D thin films 
prepared with the spinning rates equal to 400 rpm are shown 
in Fig. 13. Absorption maxima are seen at about 307, 316 and 
317 nm for the solution concentrations equal to 0.88, 1.70 and 
2.1%, respectively. 
 UV-Vis absorption spectra of Oxad-6F-E thin films 
deposited with spinning rate V=4000 rpm, given in Fig. 14, 
the absorbance strength taken on the film deposited from 1.4% 
solution to be higher than the one in case of 2.1% solution. 
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Fig. 13. Absorption spectra of Oxad-6F-D films deposited with 
spinning rate V=4000 rpm 
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Fig. 14. Absorption spectra of Oxad-6F-E films deposited with 
spinning rate V=4000 rpm 
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Fig. 15. Absorption spectra of Oxad-6F-D films deposited with 
spinning rate V=5000 rpm 
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Fig. 16. Absorption spectra of Oxad-6F-E films deposited with 
spinning rate V=5000 rpm 
 
 
 The absorption maxima are seen at about 319, 315 and 
317 nm for solution concentrations 0.8, 1.4 and 2.1%, 
respectively. 
 The absorption spectra recorded on Oxad-6F-D and Oxad-6F-E 
thin films deposited with the spinning rate V=5000 rpm are shown 
in Fig. 15 and Fig. 16. 

The absorbance maxima are seen at about 319 nm for 1.4 and 
2.2% solutions and at about 310 nm for 0.8% solution.  
 The absorption maxima in the spectra of Oxad-6F-E films are 
at about 319 nm for 1.4 and 2.2% solutions and at 329 nm for 
0.8% solution. 
 
 

4. Discussion  
 

The spectra of Oxad-6F-D and Oxad-6F-E thin films covering 
650-1800 cm-1 wavenumber range were put onto one graph are 
shown in Fig. 17.  

The peaks at 721, 749, 766, 789, 834, 852 and 875 cm-1 are 
attributed to ring out-of-plane deformation vibrations carbon. The 
features peaking at about 930, 970, 1070 can be attributed to  
ring-in-plane deformation CCH vibrations. Peaks at about 1100 and 
1173 cm-1 can be attributed to ring-in-plane CCH bending 
vibrations as well as to C-O vibrations connected with vibrations of 
ether linkages. Features seen within 1200-1250 cm-1 are expected to 
be due to C-O-C ether linkages and amid group vibrations in the 
polymer backbone. In this area one may expect band resulting from 
C-F stretching vibrations. Strong peaks corresponding to CF3 group 
vibrations and to –C-O-C- vibrations are in range 1200 - 1280 cm-1 
[16-17]. The strongest peaks at about 1488, 1510 and 1540 cm-1 are 
attributed to aromatic phenyl ring vibrations. Higher intensity of 
1540 cm-1 peak in the spectrum of Oxad-6F-D is attributed to meta-
substituted benzene rings in its backbone. One may expect that 
some contribution to 1540 cm-1 band comes from amid group in the 
backbone. The peak seen at about 1601 cm-1 is expected to be due 
to stretching vibrations benzene rings. The peaks in range 1650-
1700 cm-1 are attributed to -C=C- or -C=N- double bond vibrations. 

UV-Vis absorption spectra taken on Oxad-6F-D and Oxad-
6F-E thin films, normalized to maximum of absorption bands are 
shown in Figs. 18-19. 

3.3.  UV-Vis measurements
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Fig. 9. IR absorption spectrum of Oxad-6F-D thin film deposited  
onto KBr pastille 
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Fig. 10. IR absorption spectrum of Oxad-6F-E thin film deposited  
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Fig. 12. Absorption spectra of Oxad-6F-E thin films deposited 
with spinning rate V=3000 rpm 
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Fig. 13. Absorption spectra of Oxad-6F-D films deposited with 
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Fig. 14. Absorption spectra of Oxad-6F-E films deposited with 
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Fig. 15. Absorption spectra of Oxad-6F-D films deposited with 
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Fig. 16. Absorption spectra of Oxad-6F-E films deposited with 
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Fig. 17. IR spectrum of Oxad-6F-D and Oxad-6F-E thin polymer films in range 650-1800 cm-1 
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Fig. 18. Normalised UV-Vis absorption spectra of Oxad-6F-D 
thin films, deposited with the same spinning rate 3000 rpm and 
with three different concentrations 
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Fig. 19. UV-Vis absorption spectra of Oxad-6F-E thin films, 
normalised by the same spinning rate 3000 rpm and for three 
concentrations 
 
 

 Values of maxima of absorption bands are shown in Table 2. 
One can see, that maxima are shifted into higher energy with increase 
of concentration. However the difference between placement of 
individual bands is not too high. It is clearly seen that absorption 
intensity is increasing with the solution concentration on tghe 
increase, Fig. 11. This is attributed to shorter distances between 
polymer chains in thin films prepared from 1.7 and 2.0 % solution 
concentrations. Then, stronger interactions between polymer chains 
can be expected. The same displacement of absorption band were 
observed in case of Oxad 6F-E, however one can see, that changes of 
UV-Vis spectrum are more regular in case of Oxad-6F-D. 
 
 
Table 2.  
Oxad-6F-D and Oxad-6F-E absorption maxima 

 Oxad-6F-D  Oxad-6F-E 
C[%] E [eV] C[%] E [eV] 
0.8 3.81 0.8 3.74 
1.7 3.94 1.4 3.93 
2.2 4.04 2.2 3.95 

 
 
 The maximum of absorption band of Oxad-6F-D deposited from 
0.8 % THF-polymer solution is placed at about 3.81 eV and 
absorption band of Oxad-6F-E deposited from the same concentration 
is at about 3.74 eV. The -1,-3 meta position of phenylene ring in 
Oxad-6F-D polymer chain caused conformation of polymer chain 
more complex than it is the case in the Oxad-6F-E thin film. 
 The highest rotation of the backbone cause, that Oxad-6F-D is 
more amorphous then Oxad-6D-E. 

The AFM sensor and topographic images revealed irregular 
surface of polymer films. The images were taken on thin films 
deposited onto quartz substrates. To characterise roughness of 
polymer surface RMS and Ra [19] coefficients were determined with 
AFM software. 

Ra is arithmetic mean of deviations in height from the profile 
mean value. Ra is defined as: 
 
Ra =(1/N) ∑ | Zi - Z|    (1) 
 
where: Z is sum of all height values Zi divided by the N, which is 
number of data points. 
 The average RMS[18] and Ra coefficients are shown in Table 3. 
 
 
Table 3.  
RMS and Ra coefficients of Oxad-6F-D and Oxad-6F-E 

Oxad-6F-D Oxad-6F-E 
RMS 
[nm] 66 RMS 

[nm] 152 

Ra 
[nm] 55 Ra 

[nm] 487 

 
 

The RMS coefficient of Oxad-6F-E morphology and is equal 
to 152 nm and is higher then RMS of Oxad-6F-D which is equal 
to 66 nm. It is seen in AFM images that surface of both polymers 
looks similar. The morphology of polymer thin films is usually 
granular. The surface of Oxad-6F-D and Oxad-6F-E is ungranular 
- the grains are connected in bigger areas and diameter of 
connected grains is different.  

5. Conclusions 
 The polyoxadiazole thin films were prepared with different 
technological conditions. The spinning rate V and solution 
concentration C were changed. 

One can see, that both of technological parameters influenced  
UV-Vis absorption spectra. The absorption band intensity was 

increasing with solution concentration. Additionally the maxima 
of these bands were displaced towards higher photon energy with 
concentration. 

In case of Oxad -6F-E the absorbance intensity of thin film 
prepared with 2,1% solution is lower then that of film prepared 
with 1.7 % solution. 
 The peaks seen in IR spectrum, in range 1205 -1295 cm-1  are 
attributed to strength vibration of CF3 groups. The peak, which 
is seen at about 1601 cm-1 in IR spectrum of Oxad 6F-D and 
at about 1609 cm-1 in Oxad 6F-E spectrum is attributed to 
aromatic benzene ring vibrations. The observed differences on 
frequency values in IR spectra recorded on Oxad 6F-D and Oxad 
6F-E are attributed to various substitution of phenylene ring 
in polymer chain. 
 AFM topographic images reveal granular morphology of 
Oxad -6F D and Oxad 6F-E. The surface of Oxad-6F-E film, 
prepared from 2.2% solution is smoother then surface of Oxad-
6F-D film prepared from the same concentration of solution.  
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Fig. 19. UV-Vis absorption spectra of Oxad-6F-E thin films, 
normalised by the same spinning rate 3000 rpm and for three 
concentrations 
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