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Alginate
Alginate (Alg) is a linear copolymers that is quite abundant in nature and there is as a structural component in marine brown algae (phaeophyceae). The structure of Alg consists of (1→4) linked α-L-guluronate (G) and β-D-mannuronate (M) (Scheme 1) 1-4.
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Scheme 1. The chemical structure of the Alg 5.

Based on our findings in all spectrums of FTIR of Alg, the broad absorption peak observed near 3455 cm⁻¹ corresponds to the O–H stretching vibrations in alginate. Peaks appearing at 1229, 1150, and 1027 cm⁻¹ are attributed to the stretching modes of C–O, C–C, and C–O–C bonds within the alginate structure, respectively 6-8. When comparing the spectrum of oxidized alginate (OAlg) to that of native alginate, a new absorption band emerges around 1735 cm⁻¹, which confirms the formation of aldehyde functional groups resulting from oxidation within the polysaccharide structure (Figure 1) 9.


Figure 1. FTIR analysis of Alg and oxidized Alg (OAlg) different samples.(a) alg, (b) 0.5 h, (c) 1h, (d) 1.5h .

The 1H NMR spectrum of Alg reveals characteristic signals for the guluronic acid units (G) and mannuronic acid units (M) within the chemical shift range of 3.6 to 4.9 ppm. 10,11. A novel resonance appearing at 4.88 ppm corresponds to the proton in the hemiacetal structure formed through interaction between the aldehyde group and an adjacent hydroxyl. In addition, one new peak at8.1  ppm further confirmed that  Alg has been converted into OAlg 12. The 1H NMR results were in agreement with the FTIR results (Figure 2).  
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Figure 2.  Comparison of 1H NMR spectra of Alg with OAlg.


Xanthan gum 
Xanthan gum (XG) is an anionic polysaccharide which composed of a glucan backbone linked through β-1,4 glycosidic bonds and substituted on every second unit with a charged trisaccharide side chain containing a D-glucuronic acid between two D-mannoses (Scheme 2) 13,14.



Scheme 2. The chemical structure of the XG 15.

The FTIR spectra of XG and Oxidized xanthan (OXG) are depicted in Figure 3. The effectiveness of the oxidation procedure was confirmed by analyzing and comparing the FT-IR spectra of the pristine  XG and the oxidized OXG. Both spectra showed characteristic absorption bands at 1000-1220 cm⁻¹ corresponding to C–O and C–O–C stretching vibrations, a peak near 1415 cm⁻¹ related to bending vibrations of OH groups, signals around 2920 cm⁻¹ attributed to CH stretching, and a broad band between 3000 and 3600 cm⁻¹ associated with OH stretching vibrations. The original XG showed absorption peaks at 1736 cm⁻¹ and 1620 cm⁻¹, which correspond to the carbonyl groups of acetate and pyruvate in each repeating unit. A distinct new peak appearing at 1741 cm⁻¹ was assigned to the C=O stretching vibration of aldehyde groups in OXG, demonstrating that the oxidation reaction was successfully carried out. 16,17. 


Figure 3. FTIR spectra of XG and OXG. (a) xantan, (b) 0.5h, (c) 1h, (d) 1.5h
As shown in Figure 4, a singlet appears at a chemical shift of 1.77 ppm, which is attributed to the methyl protons present in the pyruvic acid moieties. The signal observed at 2.01 ppm corresponds to the acetate groups. Moreover, two peaks appearing between 3.86 and 5.26 ppm are attributed to the protons of the pyranosidic rings found in the monosaccharide units of the biopolymer's structure. The peak at 8.16 ppm confirms the presence of aldehyde groups and successful oxidation 18-20.
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Figure 4. 1H NMR spectra of XG and OXG.
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B- D- mannuronic acid (M ) - L- guluronic acid (G )

B- (1—> 4) glycosidic bond o (1— 4) glycosidic bond
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