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2.6. FTIR Spectroscopy 

FTIR spectra of PANI-GAH-Oct and PSU-TMA + PANI + GAH-Oct, recorded before 

and after the electrocatalytic experiments, are presented in Figure 13 in order to analyze 

the stability of the ORR electrodes in alkaline solution. 

 

 

Figure 13. FTIR spectra of nanocomposite ORR electrodes before and after use (Q: quinoid, ES: 

emeraldine salt, EB: emeraldine base). (a) PANI + GAH-Oct; (b) PSU-TMA + PANI + GAH-Oct  

PANI-ES is neutralized to PANI-EB after immersion in the alkaline solution used for 

the ORR (Scheme 1b). The formation of the emeraldine base is evident in the FTIR anal-

ysis. Figure 13a shows the FTIR spectra of the electrodes formed by PANI + GAH-Oct 

before and after the measurements in alkaline condition. The adsorptions in the range 

2820–3000 cm−1 originate from the C-H stretch of octyl groups attached to CQD. The main 

difference in the spectra is the shift to higher wavenumber of the peak due to the 

stretching vibration of the nitrogen quinoid ring, which is responsible for the catalytic 

activity of PANI [22–24], present at 1600 cm−1 for EB, and 1565 cm−1 for ES [40,41]. The 

Figure 13. FTIR spectra of nanocomposite ORR electrodes before and after use (Q: quinoid, ES:
emeraldine salt, EB: emeraldine base). (a) PANI + GAH-Oct; (b) PSU-TMA + PANI + GAH-Oct.
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fibers were electrospun at an applied voltage of 15 kV with a needle/collector (carbon 

paper) distance of 16 cm.  

3.4. Electrode Characterization 

SEM micrographs (ZEISS Gemini SEM 500, acceleration voltage 5 kV) of a typical 

electrospun electrode containing PSU-TMA, PANI and GAH-Oct are shown in Figure 14 

with two different magnifications. The three phases present in the fibrous electrode are 

not miscible, so they can be observed separately: the microfibres are PSU-TMA, whereas 

PANI and GAH-Oct are agglomerated on top.  

Despite much effort, similar attempts to prepare electrospun fibers with GAH or 

without PANI were, unfortunately, unsuccessful. 

 

 

Figure 14. SEM micrographs with a different magnification of PSU-TMA + PANI + GAH-Oct fibers. 

X-ray diffractograms were recorded using a Bruker D5000 diffractometer with Cu 

K�… radiation (�• = 0.15406 nm, 38 kV, 30 mA), 0.04° steps, and 2 s step time.  

FTIR spectra were recorded using a Perkin Elmer Spectrum Two spectrometer 

(Waltham, Massachusetts, United States) equipped with an ATR crystal diamond mod-

ule in a wavenumber range of 500�.4000 cm�º�W with a resolution of 0.5 cm�º1. 

  

Figure 14. SEM micrographs with a different magnification of PSU-TMA + PANI + GAH-Oct fibers.

3.5. Electrochemical Measurements

Cyclic voltammetry (CV), linear sweep voltammetry (LSV), and electrochemical
impedance spectroscopy (EIS) measurements were performed using a Biologic VMP3
potentiostat with a three-electrode cell.

A glassy carbon rotating disk electrode with 0.07 cm2 area (RDE, OrigaTrod, OriaLys)
was used as the working electrode. The coated carbon paper samples were fixed on the
glassy carbon disk. A 4 cm2 platinum foil was the counter-electrode and saturated Ag/AgCl
served as reference electrode (E = 0.197 V vs. NHE). All experiments were conducted at
room temperature. The O2- and N2-saturated 1 M aqueous KOH solutions were obtained
by bubbling the pure gases for at least 40 min through the liquid.

The scan rate for the CV and the LSV measurements was 20 mV/s with various
rotating speeds of the RDE between 250 and 2000 rpm. The long-term cycling tests were
performed between −0.2 and −0.7 V vs. Ag/AgCl at 1500 rpm with a 50 mV/s scan rate.
The impedance spectra were recorded using a Biologic VMP3 with an a.c. amplitude of
20 mV in a frequency range between 1 Hz and 1 MHz.

4. Conclusions

We studied the electrocatalytic properties for the ORR of nanocomposites combining a
hydroxide ion-conducting ionomer (PSU-TMA), polyaniline (PANI), and CQD prepared
by hydrothermal synthesis from glucosamine (GAH) without, and with, N-octylamine
(GAH-Oct).


