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Figure S1 depicts FTIR spectra for untreated as well as 1 and 5 min nitrogen-plasma-treated LBSA graphene 
films. The FTIR spectra of the samples show bands near 880 cm−1, in a spectral region associated with the 
formation of epoxides (C-O-C) at graphene edges [1], bands at 1285 cm−1 and 1020–1045 cm−1 associated 
with the C–O stretches of the hydroxyl and alkoxy groups [2], the peak at 1600 cm−1 due to vibrations of 
aromatic C=C bonds, and vibrational modes for carbonyl (C=O) and carboxyl groups (COOH) in the region 
at 1600–1750 cm−1 [3]. We also distinguish a broad band in the 3000–3700 cm−1 region before nitrogen 
exposure, corresponding to the presence of hydroxyl and carboxyl groups, as well as absorbed water. After 
exposure of graphene films to the nitrogen source, the intensity of peaks associated with these groups is 
reduced, and the peaks associated with nitrogen-containing groups appear. FTIR spectra of nitrogen-
exposed samples (1 and 5 min) reveal a peak at 1134 cm−1, an IR fingerprint of pyrrolic N [4]. The intensity 
of this peak increases with exposure. After 1 min of nitrogen plasma exposure, C–N stretching vibrations 
can be detected at 1430 cm−1 [5]. Also, in the spectra of 5 min treated film, a peak appears at 1187 cm−1 
indicating the formation of nitrogen-containing groups [6]. 

 



 

 

Figure S1. FTIR absorption spectra of (a) untreated (black), (b) 1 min (red), and (c) 5 min (blue) N-plasma-
exposed LBSA graphene films. We indicate vibrational modes for hydroxyls (possible C-OH, COOH, and 
H2O contributions) at 3000–3700 cm−1, carbonyl (C=O) and carboxyl groups (COOH) at 1600–1750 cm−1, sp2-
hybridized (C=C) at 1600 cm−1, the C–O stretches of the hydroxyl and alkoxy groups at 1285 cm−1 and 1020–
1045 cm−1, respectively, C-N at 1430 and 1187 cm−1, pyrrolic N at 1134 cm−1, and epoxides (C-O-C) near 900 
cm−1.  
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