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1. ATR-FTIR and TGA analysis 

 

1.1. Materials and Methods and Data processing:  

ATR-FTIR spectra of PBI containing samples presented in Figure S1A were normalized to the 
common at peak 1443 cm-1 and experimental conditions to obtaining those spectra can be found on 
the main manuscript.  

Thermogravimetric analysis (TGA) of the fiber mats was studied under controlled air 
atmosphere (20% oxygen), with a flow of 100 mL.min-1, using a computer-controlled Hitachi STA 
7200 (Chiyoda, Tokyo, Japan) at a constant heating rate of 5 °C.min-1 up to 600 °C. The onset 
temperature of degradation and corresponding mass losses were calculated for each sample using 
the thermograms and corresponding first derivative curves. 

 

 

Figure S1. (A) ATR-FTIR spectra, (B) Thermogravimetric analysis (TGA) (20 % oxygen) and (C) respective first 
derivative of the various samples produced in this work: (x) PEDOT:PSS pellet, (y) PEDOT:PSS:GOPS pellet, (z) 
pristine electrospun PBI fibers and cross-linked PEDOT:PSS-coated PBI fibers obtained either by (a) spin coating 
or (b) dip coating.  

 

1.2. Brief Results and Discussion  

ATR-FTIR analysis of pellets: The ATR-FTIR spectra of PEDOT:PSS and PEDOT:PSS pellets with 
GOPS are depicted in Figure S1A (spectra x and y, respectively). PEDOT:PSS spectrum (Figure S1Ax) 
presents several characteristic peaks in the region 500-1800 cm-1 [1,2], namely at 665 cm-1 and 860 cm-

1 (thiophene ring, ν (C-S) and δ (C-H)), and at 1000 cm-1, 1026 cm-1, 1123 cm-1 and 1158 cm-1 (cyclic 
ethers, C-O stretching in PEDOT and sulfoxide in PSS) and at 1300 cm-1 (C-C) and 1519 cm-1 (C=C), 
from the thiophene ring. The peak at 2660 cm-1 is possibly due to alkane C-H bonds stretching [1]. 
The ATR-FTIR spectrum of PEDOT:PSS pellets with GOPS (Figure S1Ay), besides the presence of the 
PEDOT:PSS peaks, evidences the presence of GOPS reaction products. GOPS may react via 
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condensation between Si-OCH3 groups or via ring opening polymerization of the epoxy (oxirane) 
group. Peaks at 1096 cm-1 and 1030 cm-1 are attributed to the Si-O-Si stretching vibrations indicating 
the formation of a siloxane network via condensation of the methoxy groups [3]. The presence of 
unreacted methoxy group Si-O-CH3 is identified by the peak at 1196 cm-1 and possibly also at 1096 
cm-1. The absence of characteristic bands from the GOPS´s epoxy (oxirane) group, namely at 1250 cm-

1 [4], suggests that the majority of the oxirane groups have reacted by ring opening polymerization, 
during the cross-linking step, possibly by reaction with the sulfonate group of PSS. A double peak is 
found at 2855/2924 cm-1, attributed to GOPS C-H bond stretching. The broad band centered at ca. 
3380 cm-1 is related to the presence of OH groups, from residual water and/or from Si-OH groups. 

ATR-FTIR of coated fibers: The spectra of the cross-linked PEDOT:PSS-coated PBI fiber samples 
obtained by spin and dip coating are depicted in Figure S1Aa and S1Ab, respectively. Again, ATR-
FTIR spectra of PBI containing samples presented in Figure S1A were normalized to the common 
peak at 1443 cm-1. They combine the characteristic peaks of the starting materials, PBI and PEDOT:PSS 
with GOPS, confirming that the coating was successful for both spin and dip coated samples. The 
intensity of the PEDOT:PSS:GOPS peaks was higher for the spectrum of the PBI fibers modified by 
dip coating than for the ones modified by spin coating. Therefore, as the spectra z, a and b of Figure 
S1A were normalized to the intensity of the peak at 1443 cm-1 (ascribed to PBI), we may clearly 
conclude that the amount of PEDOT:PSS is larger in cross-linked PEDOT:PSS-dip coated PBI fibers. 
This result is consistent with the SEM results showing that the average diameter of dip coated fibers 
is larger than those modified by spin coating. 

TGA studies. The TGA results revealed a significant reduction of the thermal stability of the PBI 
fibers upon coating with PEDOT:PSS:GOPS (Figure S1B and S1C, and Table S1). The mass loss of 
neat PBI fibers is negligible up to ca. 400 °C, where a significant degradation starts, stabilizing at ca. 
500 °C with a residue of 12.3% of the initial mass. The first derivative indicates that the mass loss is 
maximum at 464 °C. The coating of the PBI fibers with PEDOT:PSS:GOPS reduces the thermal 
stability of the PBI/PEDOT composite. Mass loss starts at ca. 150 °C, with a more pronounced loss 
above ca. 400 °C (onset of the main peak in the first derivative, Figure S1C) as observed in the pristine 
PBI fibers. The increased in mass loss percentage at temperatures up to ca. 400 °C is attributed to the 
degradation of the PEDOT coating. A higher mass loss percentage, within this temperature range, 
was observed for the PEDOT:PSS-dip coated sample than for the PEDOT:PSS-spin coated sample; 
which is consistent with a relatively larger amount of PEDOT:PSS on the former samples.  

The maximum mass loss rate (maximum of the first derivative) for pristine PBI and PEDOT:PSS dip 
coated PBI fibers occurs at similar temperatures (ca. 464 °C), though the mass loss occurs over a wider 
temperature range for the PEDOT:PSS-dip coated PBI fibers. The profile of mass loss in the 
PEDOT:PSS-spin coated samples, instead, shows a maximum mass loss rate at higher temperatures 
(ca. 500 °C). This results points to a slightly higher thermal stability of the PEDOT:PSS-spin coated 
samples, which we attribute to a higher efficiency of the cross-linking process. A possible cause is the 
difference in the GOPS content of the material adsorbed at the PBI fibers mat. In spin coating, we 
expect that the material making the PEDOT:PSS-coating has the same composition as the bulk 
composition of the dispersion, being the amount of material adsorbed controlled by the dispersion 
viscosity, the spinning speed and the surface adhesion of the dispersion materials. In the dip coating 
process, the adsorption depends on the interactions between the material in the suspension and the 
surface of the fibers. In view of the acidic nature of the PEDOT:PSS:GOPS dispersion (pH ≈ 1 - 2) in 
combination with the 24 h immersion time, we expect that protonation of PBI amine groups will occur 
at larger extent enhancing the adsorption of the negatively charged PSS via electrostatic interactions. 
In a simplistic picture, this would, in turn, promote the adsorption of the doped PEDOT chains, 
following a mechanism similar to that described by Decher et al. [5]. In our case though, we do not 
expect a sequential deposition because the positive and negatively charged polymers are entangled 
in the dispersion. It is the deposition of the material as “bundles” that ensures that the additives, 
namely the GOPS, are also adsorbed. However, there may be a lower GOPS content in the adsorbed 
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film when comparing to the content of the dispersion bulk, which would, in turn, lead to a loser 
network formation in the film. We believe this could explain the lower thermal stability of the dip 
coated samples when compared to the spin coated ones. 

 

Sample PBI 
PEDOT:PSS/PBI 

spin coating 
PEDOT:PSS/PBI 

dip coating 
PEDOT:PSS:GOPS 

pellet 

Onset T1 (o C)    124.8 152.8 

Peak T1 (o C)    181.1 185.9 
Weight Loss T1 
(%) 

   8.5 12.2 

Onset T2 (o C)   193.7 281.2 230.6 

Peak T2 (o C)   275.7 333.2 301.9 
Weight Loss T2 
(%) 

  12.1 12.4 13 

Onset T3 (o C) 373.6 353.4 376.3 337.1 

Peak T3 (o C) 463.7 506.8 476.5 359.2 
Weight Loss T3 
(%) 

81.1 76.6 71.6 4.7 

Onset T4 (o C)      393 

Peak T4 (o C)      416.8 
Weight Loss T4 
(%) 

     4.5 

Onset T5 (o C)      440 

Peak T5 (oC)      529.7 

Weight Loss T5 
(%) 

     47.5 

Residue (%) 12.3 11.6 7.6 18 
 

Table S1: TGA data compilation for the tested PEDOT:PSS/PBI fibers, and respective controls of PBI 

fibers and PEDOT:PSS pellet with GOPS, containing onset/peak temperature degradation (° C) and 

corresponding weight loss (w/w%). 
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2. Contact angle measurements 

2.1. Materials and Methods  

Contact angle measurements were performed through the sessile drop method using a Kruss 
DSA25B goniometer. PEDOT:PSS thin films cross-linked with GOPS were used as comparison. 
Those films were prepared by spin coating the aqueous PEDOT:PSS-coating dispersion (see Section 
2.1) onto a clean glass coverslips as described in Section 2.3. The films obtained were annealed at 
150 °C for 2 min. A drop of 2 µL of glycerol (Sigma-Aldrich) was deposited on the surface of the 
different fiber mats and films prepared (n = 7 independent samples per condition) and the Drop 
Shape Analysis 4 software was used to take measurements every 5 s for 2 min. 

2.2. Brief Results and Dicussion  

Contact angle analysis with glycerol was performed to assess the wettability of the nanofibrous 
scaffolds. The results of the analysis are shown in Figure S2.  

 
22 ± 2° 47 ± 9° 87 ± 6° 49 ± 5° 

Figure S2. Contact angle analysis of pristine electrospun PBI fibers, cross-linked PEDOT:PSS-spin coated PBI 
electrospun fibers, cross-linked PEDOT:PSS-dip coated PBI electrospun fibers and cross-linked PEDOT:PSS 
films. The corresponding values of the contact angles (expressed as mean ± standard deviation (n=7 independent 
samples)) are shown below each photograph. 

 

Pristine PBI nanofibers were shown to be highly hydrophilic, with a contact angle of 22 ± 2°. This 
value is lower than the value of 55 ± 5° measured in a flat PBI film, that is, the nanofibers mat is more 
hydrophilic than the flat PBI film despite its nanostructured surface. Flat films of cross-linked 
PEDOT:PSS show a contact angle of 49 ± 5o, approaching the value measured in PBI films. The coating 
of the PBI nanofibers with PEDOT:PSS, by either spin or dip coating, leads to surfaces that are more 
hydrophobic than the surface of pristine PBI fibers. More specifically, the samples modified by spin 
coating show a contact angle of 47 ± 9° while for those modified by dip coating the contact angle is 
87 ± 6°. The contact angle of the PBI modified by spin coated PEDOT:PSS is similar to that of the flat 
cross-linked PEDOT:PSS films, while the high contact angle of the sample by dip coating is likely 
related to differences in the surface chemistry as a result of a more selective materials adsorption 
process, as discussed above. The details of the phase separation (between PEDOT and PSS-rich 
domains) will be different from those present in spin-coated films. 

Surface wettability of the scaffold has a strong impact on stem cell behavior [6]. Kim et al. [7] 
have studied the response of hBMSCs on polymer surfaces with different wettability and they found 
that the cell adhesion was significantly higher on highly hydrophilic and rough surfaces than in 
hydrophobic and smooth surfaces. In particular, Hao et al. [8] reported that the adhesion and 
spreading of hMSCs is enhanced by highly hydrophilic substrates, while moderate hydrophilic 
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surfaces promoted osteogenic differentiation.  The surface properties of both our PEDOT:PSS-coated 
PBI scaffolds can potentially benefit MSC proliferation and still be suitable for other biomedical 
applications.  
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