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Abstract. To prepare high temperature resistant polyimide thin films, we have discussed the synthesis of 
high-purity diamine precursors in this study. We have prepared polyamide acid solutions first via two-step 
solution-based polymerization of heat-resisting diamine and dianhydride, and then obtain polyimides after 
dehydration during a high temperature curing process. The thermal, mechanical and hygroscopic properties 
of four polyimides thin films were tested and compared. 

1. Introduction 

Polyimides (PI) have been widely used. For example, they 
can be used as the flexible substrate of thin-film solar cells 
in the form of thin films [1-3]. They can also be used in 
the form of high temperature protection coatings for 
aerospace engineering [4, 5]. It has been the focus of 
researchers to synthesize polyimides with excellent 
comprehensive properties. Via molecule structural design, 
researchers discovered that the introduction of certain 
functional groups, such as imidazole ring, oxazole ring, 
pyridine, etc., can enhance the thermal endurance of 
polyimides [6]. 
To prepare high temperature resistant polyimide thin 
films, we have discussed the synthesis of high-purity 
diamine precursors in this study. We have prepared 
polyamide acid solutions first via two-step solution-based 
polymerization of heat-resisting diamine and dianhydride, 
and then obtain polyimides after dehydration during a 
high temperature curing process. The thermal, mechanical 
and hygroscopic properties of four polyimides thin films 
were tested and compared.  
 

2. Experimental 

As shown in Figure 1, the common method to produce 
polyimide thin films in the lab is a two-step procedure: 
first, under the protection of inert gases such as N2, 
diamine and dianhydride undergo low temperature 
polymerization to polyamide acid (PAA) in polar aprotic 
solvents (DMAc, DMF, etc.) under even stirring; then 
PAA is applied onto a substrate via a coater, forming films 
of 200~500 um in thickness; the coated substrate is 
transferred to a hot plate and allowed to slowly pre-dry at 
30~60℃ in order to ensure the smoothness of the film; 
finally, it is transferred to a vacuum oven and heated in 
multiple stages under the protection of inert gases such as 
N2, in which hot pressing amination and 

cyclodehydration take place (the amination temperatures 
of different thin films vary between 300 and 400℃ to 
ensure complete dehydration and optimal film properties). 

 

 

Figure 1. Schematics of the classic two-step synthesis of 
polyimide thin films. 

3. Results and discussions 

According to previous reports, the characteristic peaks of 
the vibration absorption bands of aromatic imides are 
around 1780 cm-1, 1720 cm-1, 1380 cm-1 and 725 cm-1 
[82], for the four polyimides The infrared transmission 
experiment of the film is carried out, and the infrared 
spectrum obtained is shown in Figure 2. The four films 
are all at 1780 cm-1 (respectively at 1778 cm-1, 1176 cm-
1, 1176 cm-1, and 1777 cm-1. ), 1720 cm-1 (respectively 
at 1731 cm-1, 1728 cm-1, 1737 cm-1, 1730 cm-1) and 725 
cm-1 (respectively at 735 cm-1, 742 cm-1, 727 cm -1, 733 
cm-1) near the first strong peak of the carbonyl C=O in 
the imide ring, which is caused by the large dipole 
moment of the carbonyl group, the stretching and bending 
vibration of the carbonyl group; Near 1380 cm-1 
(respectively at 1380 cm-1, 1377 cm-1, 1382 cm-1, 1374 
cm-1), there are more CN stretching vibration peaks in the 
imide ring, all at 3480 cm-1 ( The stretching vibration 
absorption peaks of NH appear near 3380 cm-1, 3483 cm-
1, 3495 cm-1, 3482 cm-1, respectively. The existence of 
these characteristic absorption peaks proves the 
aromaticity in the prepared polyimide film. The 
successful synthesis of imide groups, namely the 
dehydration and ring closure of polyamic acid. The 
infrared spectrum, on the other hand, can also reflect the 
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effect of the curing temperature we set on the degree of 
thermal imidization. 
In the infrared spectra of the above four films, we did not 
find the characteristic peak of the intermediate polyamic 
acid solution. Generally, carbonyl-C=O (carboxy-COOH) 
has a characteristic absorption peak at 1720~1706 cm-1, 
and CO (The carboxyl-COOH) has a characteristic stretch 
peak at 1320~1210 cm-1. From this perspective, it can be 
seen that the intermediate PAA solution has a high degree 
of imidization. This result also verifies the rationality of 
the laboratory setting curing temperature (BPDA-PPD, 
PMDA-ODA, 350 ℃ ; BAPBBI-BPDA, BAPBBOA-
BPDA, 370 ℃). 
Compared with the infrared spectrum of the BPDA-PPD 
film, we can see that the PMDA-ODA film exhibits 
unique strong peaks at 1166 cm-1 and 1120 cm-1. This is 
because the molecular chain skeleton structure of the 
PMDA-ODA film Containing COC bond, that is, the peak 
generated by the deformation and stretching vibration of 
the -O- bond, is not in the infrared spectrum of the BPDA-
PPD film; compared to the polyimide film containing 
bibenzoxazole groups, it can be seen The infrared 
spectrum of the polyimide film containing 
bibenzimidazole group has a relatively strong peak at 
3610 cm-1. This peak is due to the hydrogen bond formed 
between the NH bond molecules in the diamine structure. 
And the resulting peaks correspond to the infrared spectra 
of the two diamine monomers we are analyzing. 
 
 
 

 

Figure 2. (a)- (d) FTIR spectrums of BAPBBI / s-BPDA, 
BAPBBOA / s-BPDA FTIR spectrum of PMDA / ODA, and 
BPDA / PPD thin films. 
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As mentioned above, when used as the flexible substrate 
of CIGS thin-film solar cells, polyimide thin films need to 
meet high standards in thermal stability and resistance. 
The thermal stability of polymers is usually represented 
by Td in chemistry, and obtained via analyzing 
thermogravimetric curves experimentally. Due to the 
great challenge in finding the precise initial temperature 
drop point, Td5% is often used. Tg is often used to 
represent the thermal resistance in physics, which is 
generally obtained via analyzing the peak point of DMA 
or TMA curves (glass transition temperature). In this part, 
the thermogravimetric curves are collected with TGA (). 
The details are as follows: during the TGA tests, the thin 
film samples are cut to strips (5-10 mg) and placed in 
crucibles; set the measurement parameters, with 
temperature at 25-800 ℃, ramp rate at 10 ℃ / min under 
N2 protection. The detailed result analysis is as follows: 
From the TGA curves of four types of polyimide thin 
films, it can be clearly seen that film containing 
dibenzimidazole groups has Tg5% of 581 ℃ , film 
containing dibenzoxazole groups of 585 ℃ . The 
synthesized DuPont and Ube films in the lab have lower 
thermal stability, with Tg5% of 505 and 560 ℃ , 
respectively. It is apparent that polyimides with 
dibenzimidazole and dibenzoxazole groups, which have 
rigid molecular chain skeleton and strong intermolecular 
forces, have relatively higher thermal stability and can 
basically meet the requirement for temperature in the 
production of thin-film solar cells. 

 
 

 

Figure 3. TGA curves of four types of polyimide thin films. 
 

In the process of preparing thin-film solar cells, the 
polyimide thin-film substrate also needs to meet the 
physical heat resistance, which can be a measure of the 
time duration of the heating temperature of the thin-film 
material in the process of preparing the solar cell substrate. 
The higher the heat resistance of the polyimide film, the 
more it can withstand the long-term high-temperature 
environment preparation process, which plays an 
important role in the production and preparation of solar 
cells. In this part, the Q800 of American TA Company is 
used for dynamic mechanical analysis. The specific 
experimental steps are as follows: In the dynamic 
mechanical analysis (DMA) of two polyimide films 
containing bibenzimidazole and oxazole groups, first cut 

Take a 6.35 mm×6.35 mm (length×width) polyimide film 
with a thickness of about 30 um; then set the measurement 
parameters, select the stretching mode to measure, the 
temperature range is 25-500 ℃, the heating rate is 5 ℃ / 
min, nitrogen atmosphere protection. The specific 
experimental results are analyzed as follows. 
It can be seen from Figure 4 that the glass transitions of 
bibenzoxazole and imidazole polyimide films are around 
339 ℃ and 421 ℃ respectively. Both polyimide films 
have higher energy storage energy. At the glass transition 
point, the change in energy storage energy is caused by 
the rapid movement of the molecular chain. The existence 
of the biaromatic ring makes the molecular chains of the 
bibenzimidazole group and the bibenzoxazole group have 
higher rigidity. At the same time, the N atom in the 
bibenzimidazole diamine and the bibenzoxazole diamine 
The O atoms can form hydrogen bonds between 
molecular chains and within molecular chains to further 
enhance the intermolecular force, which explains the 
higher heat resistance of polyimide films containing these 
two functional groups. 

 
 

 

Figure 4. TMA curves of dibenzimidazole and dibenzoxazole 
thin films. 

4. Conclusion 

In this study, we synthesize four polyimide thin films, two 
of which are commercial ingredients. The other two high 
temperature resistant polyimide films are prepared in our 
lab with high temperature resistant diamine precursors 
and diphenyl tetracarboxylic anhydride via a two-step 
solution-based method, that is, polycondensation 
followed by cyclodehydration. The FTIR spectra, 
mechanical, thermal and water absorption properties of 
four films are characterized and the results show: 
Polyimide thin films made in the lab via reaction with 
diamine precursors (BAPBBI, BAPBBOA) and diphenyl 
tetracarboxylic anhydride possess excellent thermal 
properties, with Td5% of 581 and 584 ℃ and Tg of 421 
and 339 ℃ for BAPBBI-BPDA and BAPBBOA-BPDA, 
respectively, outperforming commercial thin films made 
in the lab. 
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