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Figure S1 – (A) FTIR spectra of CMC and CMC crosslinked with citric acid (CMC:CA). (B) 

Schematic representation of CMC:CA crosslinking with the formation of di-ester bonds. 
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FTIR spectrum of CMC (Figure S1A, CMC) shows the characteristic bands of CMC in the range 

of 1850-800 cm-1 and their respective assignment. The region between 1800-1200 cm-1 contains 

the contributions from carboxylate groups of CMC (asCOO- at 1650 and 1592 cm-1  and sCOO- 

at 1416 and 1324 cm-1). The C–O vibrations from hydroxyl groups (C2-OH at 1112 cm-1, C3-OH 

at 1056 cm-1, and C6-OH at 1025 cm-1) were also detected and the vibration of glycoside bonds 

( 1-4) was observed at 896 cm-1. 

After crosslinking with CA (Figure S1A, CMC:CA), carboxylic acid bands from CMC (–COOH 

bands at 1715 cm-1 and 1250 cm-1) were also observed associated with the protonation-

deprotonation of carboxylic groups (R-COOH/R-COO-) in the polymer chains due to the 

acidification promoted by citric acid. The ester bands (R1-COO-R1, R1 = CMC) formed in the 

chemical crosslinking reaction CMC:CA were observed at 1730 cm-1 and 1235 cm-1, overlapping 

the bands related to the analogous vibration of COOH in CMC. The schematic representation of 

the formation of ester bonds between CMC chains mediated by citric acid is depicted in Figure 

S1B.  

  



 

 
 

Figure S2 – (A) FTIR spectra of PVA and PVA crosslinked with citric acid (PVA:CA). (B) 

Schematic representation of PVA:CA crosslinking with the formation of di-ester bonds. 

 

FTIR spectrum of PVA (Figure S2A, PVA) shows the characteristic bands of PVA in the range 

of 1850-800 cm-1 and their respective assignment. The vibrations of alkyl groups (CH2) were 

observed at 1461-1417 cm-1 and 916 cm-1. The vibrations of hydroxyls (C-OH) were detected at 

1329 cm-1 (OH), and 1141 cm-1 and 1090 cm-1 (C-O). The bands at 1714 cm-1, 1376 cm-1, and 

1023 cm-1 are associated with C=O, CH3, and s of =C-O-C, respectively, from remaining vinyl 

acetate units (low intensity as PVA present degree of hydrolysis > 99%).  

Upon chemical crosslinking with CA (Figure S2A, PVA:CA), it was observed the increase of the 

band at 1714 cm-1 associated with C=O vibration from citric acid, and the appearance of the 

vibrations at 1730 cm-1 (C=O) and 1210 cm−1 (C-O) associated with esterification reaction (R2-

COO-R2, R2 = PVA) as schematically presented in Figure S2B.  
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