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Note S1: Raman spectroscopy analysis 

The single peak around 1170 is related to the C-H bending of the semi-quinoid rings [1,2] while the signals at 

about 1615 cm-1 and 1590 cm-1 corresponds to C-C stretching vibration of benzenoid ring and quinoid rings, 

respectively [2,3]. On the other hands, the spectral region between 1220 cm-1 and 1375 cm-1 contains signals 

attributed to different C-N vibrational modes, which are diagnostic of protonation degree. 

In particular, the peaks around 1255 cm-1 and 1320 cm-1, related to the stretching of semiquinone radicals C-N+● 

polaronic band, arise from the protonated form of PANI [3,4]. Conversely, the band at 1225 cm-1 is ascribed to C-

N stretching vibrations of the benzenoid configuration in deprotonated PANI units [5]. 

 

 

 

IR analysis 

The FT-IR spectra shown in Figure S1 were acquired on the PANI (Fe) and PANIs (Fe) to study the chemical 

structure and to investigate the presence of sulfonate functionalities along PANIs backbone.  



 

Figure S1. The IR spectra of PANI and PANIs. 

As it can be seen from the Figure S1, both the PANI (Fe) polymer and the PANIS (Fe) copolymer have the 

characteristic peaks of PANI emeraldine salt. 

In detail, the peaks around 1558 cm-1 and 1485 cm-1 are ascribed to the stretching vibration of quinoid and 

benzenoid rings. The PANIs (Fe) spectra shows two peaks at 1014 cm-1 and 608 cm-1 related to O-S-O and C-S 

stretching of the (SO3-) groups. These two peaks, completely absent in the PANI (Fe) spectrum, convincingly 

confirm the presence of sulfonated moieties along the PANIs backbone, due to the copolymerization of ANI and 

ANIs monomers. 

 

Note S2: XRD analysis 

As shown in Figure 1c, the XRD patterns of both PANI and PANIs exhibit the characteristic signals at about 15°, 

20°, 25°, 27° and 29°, respectively corresponding to (001), (011), (020), (200), (121), and (022) diffraction planes of 

PANI emeraldine salt configuration [6,7]. In-depth structural details are attained by performing an X-ray Peak 

Profile Analysis (XPPA) of the polyaniline-related peaks of both the samples. In particular, the mean size of the 

polymeric crystallites (d) was calculated from position (2ϑ) and amplitude (FWHM) of the (200) reflections by 

means of the Scherrer formula [8]. 

The Scherrer formula used to calculate the averaged crystallites’ dimensions is reported in Eq (S1):  

� =  
0.89  �

� cos(�)
 (�1) 

  

where d represents the crystallite dimension, λ the specific X-ray wavelength, is the FWHM (in radians) of the 

deconvolved peak and is the diffraction angle. 

 

EIS analysis 

Table S1: EIS parameters for PEGDA-PANIs and PEGDA-PANI hydrogels. 

Sample �� [Ω] ��� [Ω] CPE ��[kσ] 

�� [µτ] α [ϕ] 



PEGDA-PANIs 409 7200 3.4 0.815 6.1 

PEGDA-PANI 440 3680 5.8 0.795 4.8 

 

 

 

Table S2: Comparison of PANI sensors in terms of sensitivity, pH range analyzed and preparation methods. 

Samples pH range Sensitivity (mV/pH) Ref. 

Chemical oxidative synthesis 

of PANI. 

Screen-printed electrode. 

2-10 63.7 [9] 

PANI electrochemical 

deposition on 

Interdigital gold electrode. 

4-9 69.3 [10] 

PANI Thin film 

electrochemical deposition 

on Graphene oxide. 

2-9 55 [11] 

Coaxial electrospun flexible 

PANI//PU fibers. 

PANI synthesis via the reverse 

microemulsion strategy. 

Screen-printed electrode. 

2-7 60 [12] 

Chemical oxidative synthesis 

of PANI. 

Screen printed electrode. 

2-10 20.6 [13] 

Chemical oxidative PANI 

synthesis. 

Spin coated interdigital 

electrode. 

5.4-8.6 59.6 [14] 

PANI electrodeposited on 

polymeric nanopillar arrays. 

2-12 60.3 [15] 

 

 

Printing apparatus  

Figure S2 shows a picture of the ELEGOO Mars MSLA printer apparatus. 



 

Figure S2. Picture of the ELEGOO Mars MSLA printer. 

 
 

Samples’ preparation 

Table S3 Lists the lists the names of produced CPs reference samples, along with the concentrations of the 

monomers and reagents used to obtain the polymerizations’ solutions. 

 

Table S3: List of the experimental conditions for ANIs and ANI polymerization processes. 

Sample 

name 

Starting solution Oxidant solution Final solution 

ANI 

(mmol) 

ANIs 

(mmol) 

DMSO 

(ml) 

HCl 

(ml) 

APS 

(mmol) 

FeCl3 

(mmol) 

HCl 1M 

(ml) 

[ANI] 

(M) 

[ANIs] 

(M) 

PANIs 2 2 2 - 4 - 80 0.025 0.025 

PANI 4 - 2 - 4 - 80 0.05 - 

PANIs (Fe) 2 2 - 2 - 8 80 0.025 0.025 

PANI (Fe) 4 - - 2 - 8 80 0.05 - 

 

Table S4 Lists the names of the produced 3D nanocomposites objects, along with the concentrations of the 

monomers and reagents used to obtain the polymerizations’ solutions. 

  

Table S4: List of experimental conditions for the in-situ polymerization processes. 

Sample 

name 

Soaking solution Starting solution APS solution Final solution 

ANI 

(mmol) 

ANIs 

(mmol) 

DMSO

(ml) 

ANI 

(mmol) 

ANIs 

(mmol) 

DMSO

(ml) 

APS 

(mmol) 

HCl 1M 

(ml) 

[ANI] 

(M) 

[ANIs] 

(M) 

PEGDA-

PANIs 

2 2 2 2 2 2 4 80 0.025 0.025 



PEGDA-

PANI 

190 - - 4 - 2 4 80 0.05 - 
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