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Characterization of Carboxylated Graphene 
The carboxylated graphene was characterized using Thermal Gravimetric Analysis 

(TGA) (Shimadzu TGA-50H, nitrogen atmosphere, flow rate of 50 mL/min, platinum cell, 
at 10 °C/ min). Error! Reference source not found. shows the comparative TGA of gra-
phene and carboxylated graphene. The decomposition process includes three main steps: 
(i) solvent and water evaporation, (ii) decomposition of oxygenated functional groups, 
(iii) CO formation. In the evaporation step at 0 °C to 170 °C, a weight loss of ~3% and 14% 
was archived for graphene and carboxylated graphene, respectively. These weight losses 
are associated to the evaporation of solvent and constitutional water and the adsorption 
of gases on the material surface during the experiment [1–3]. The next stage registered a 
major weight loss (48%) for the carboxylic group of graphene, from 170 °C to 610 °C. The 
decomposition of the organic materials in carbonates occurs in this temperature range. 
Organic cation carbonization can be considered as the major competition reaction during 
the organic material decomposition due to the oxidation of the organic compounds in air. 
In the third stage, minor weight loss of approximately 1% for graphene and 14% for car-
boxylated graphene takes place in the 610 °C – 800 °C temperature range, which can be 
associated with the decomposition of CO species [3–7]. 

 
Figure S1. TG curves of decomposition of graphene and carboxylated graphene. 
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The carboxylation of graphene was observed by ATR-FTIR (MIRacle with a ZnSe 
Crystal Plate Pike®), which was installed on a Nicolet® 6700 FT-IR spectrometer equipped 
with a cooled MCT detector with N2 liquid (Error! Reference source not found.). It was 
characterized by a band centered at 1718 cm −1, 1573 cm−1 and 1240 cm−1, corresponding to 
the C=O stretching vibration of carboxylic groups, Ring str. of hexagonal structure and 
HOC bend of hydroxyl groups [7,8]. 

 
 

 
Figure S2. ATR-FTIR spectra of graphene and carboxylated graphene. 

The surface morphology of the bare SPCE, Graphene/SPCE and CG/SPCE was ana-
lyzed using scanning electron microscopy (SEM, Tescan, model Vega 3) operated with an 
accelerating voltage of 15 KV (INCA energy, United Kingdom). Prior to the SEM imaging, 
the surface of the SPCE was coated with a thick gold film (5 nm), and the images collected 
are represented as Error! Reference source not found.. The bare electrode had a high sur-
face roughness and flake-like irregular microstructures and cracks. Unlike the bare elec-
trode, the graphene/SPCE surface showed nanoplates, and there were some wrinkles and 
folds on the surface of the graphene nanoplates. The CG/SPCE surface was more uniform 
due to the good surface coverage of CG. Compared to Graphene/SPCE, the general struc-
ture of CG was greatly changed, and the thin plates were well exfoliated [9–11].  

Overall, the chemical and physical characterization performed on graphene con-
firmed the presence of carboxyl group on its surface. Moreover, drop casting proved an 
efficient method to deposit CG on the working surface of SPCE. 
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Figure S3. Scanning electron microscope (SEM) images of (A) bare SPCE, (B) graphene/SPCE and 
(C) CG/SPCE. 
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