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Abstract: A high molecular weight natural sodium alginate (HMWSAS) was depolymerized by hydrogen
peroxide (HoO9) with ultrasonic irradiation. The effects of the reaction conditions such as reaction
temperature, reaction time, hydrogen peroxide concentration and ultrasonic irradiation time on the molecular
weights and the end groups of the depolymerized alginates were investigated. It was revealed that
depolymerization occurred through the breakage of 1,4—glycosidic bonds of sodium alginate and the
formation of formate groups on the main chain under certain conditions. The changes in molecular weight
were monitored by GPC—MALS. The molecular weight of 2 wt% alginate solution decreased from 450
to 15.9 kDa for 0.5 hrs at 50 ‘C under an appropriate ultrasonic irradiation. The PDI (polydispersity index) s
of the alginate depolymerized in this study were considerably narrow in comparison with those obtained
from the other chemical degradation method. The PDIs were in the range of 1.5~2.5 in any reaction
conditions employed in this study.
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Figure 1. FTIR spectra of HMWSA (a); LMWSAs treated with
2 wt% HoaO2 (b); 6 wt% Ha0s (0); 15 wt% HeO2 (d). (2 wt% in reactant
concentration; at 50 ‘C for 30 min with ultrasound).
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Figure 2. FTIR spectra of HMWSA (a); LMWSAS treated at 30
(b); 40 (0); 50 T (d). (2 wt% in reactant concentration and 3 wt%
H,0, for 30 min with ultrasound).
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Figure 3. FTIR spectra of HMWSA (a); LMWSAs treated for
0.5 hr (b); 3.0 hr (¢). (2 wt% in reactant concentration and 3
wt% H0z at 50 C with ultrasound).
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Figure 4. "H NMR Spectra of HMWSA (a); LMWSAs treated for
0.5 hr(b); 3.0 hr(c). (2 wt% in reactant concentration and 3
wt% HO, at 50 C with ultrasound).
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Figure 5. °C NMR spectra of alginates in C1—C5 region (a); C6 region (b). G—i and M—i are the different carbon number of guluronate
and mannuronate units in sodium alginate (2 wt% in reactant concentration and 3 wt% HxO at 50 C with ultrasound).
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Scheme 1. Oxidation of sodium alginate. M: mannuronate unit, G: guluronate unit.

Table 1. Molecular Weight and Viscosity of Low Molecular Weight Sodium Alginate Obtained Using Ultrasound in H,O,

Sample No. H,0; (wt%) Temp. (C) Time (hr) My, M, PDI 7 Yield (%)
HMWSA® 450200 228500 1.97 6.44
1 1 50 0.5 100600 45500 2.20 2.68 52
2 2 50 0.5 73600 32900 2.23 2.20 64
A 3 3 50 0.5 15900 9300 1.70 0.75 71
4 4 50 0.5 33500 15600 2.13 1.30 76
5 9 50 0.5 38000 17500 2.17 1.42 68
6 15 50 0.5 33900 15800 2.14 1.31 53
B 1 3 30 0.5 96400 43500 2.21 2.61 82
2 3 40 0.5 28900 13900 2.08 1.17 77
1 3 50 0.25 101300 45800 2.20 2.69 83
2 3 50 1.0 13000 6400 2.02 0.64 60
C 3 3 50 1.5 6000 6600 2.28 0.33 52
4 3 50 2 2500 1100 2.25 0.14 51
5 3 50 2.5 2800 1500 1.86 0.10 44
6 3 50 3 2400 1000 2.35 0.07 41

“Inherent viscosity of the solution was measured at a concentration of 0.5 g/dL in distilled water at 35 C. "HMWSA; High molecular weight

sodium alginate.
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Table 2. Molecular Weight and Viscosity of Low Molecular Weight Sodium Alginate Obtained Using H,0,

Sample No. Hz02(wt%) Temp.(C)  Time (hr) My, M, PDI n’ Yield (%)
HMWSA? 450200 228500 1.97 6.44
1 1 50 0.5 116300 53100 2.18 2.93 64
2 2 50 0.5 113700 51900 2.19 2.89 78
A 3 3 50 0.5 100000 45300 2.20 2.67 84
4 4 50 0.5 109300 49700 2.19 2.82 86
5 9 50 0.5 80500 36100 2.23 2.33 73
6 15 50 0.5 106800 48500 2.20 2.78 68
B 1 3 30 0.5 137300 63400 2.16 3.24 85
2 3 40 0.5 129000 59300 2.17 3.12 81
1 3 50 0.25 120200 55000 2.18 2.99 90
2 3 50 1.0 88900 40000 2.22 2.48 82
C 3 3 50 1.5 72500 32400 2.23 2.18 76
4 3 50 2 48300 21700 2.22 1.67 71
5 3 50 2.5 44900 20300 2.21 1.59 68
6 3 50 3 32100 15100 2.12 1.26 58

“Inherent viscosity of the solution was measured at a concentration of 0.5 g/dL in distilled water at 35 C. "HMWSA ; High Molecular Weight

Sodium Alginate.
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Figure 6. GPC profile of HMWSA (a); LMWSAS treated with 1
wt% HoOs (b); 2 wt% HoOs (0); 3 wt% HsO (d); 6 wt% HsOo
(e); 9 wt% Ho0s (0); 15 wt% Hz05 (g). (2 wt% in reactant con—
centration and at 50 C for 30 min with ultrasound).
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Figure 7. GPC profile of HMWSA (a); LMWSAs treated at 30 C
(®); 40 T (0); 50 C (d). (2 Wt% in reactant concentration and 3
wt% Hy0, for 30 min with ultrasound).
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Figure 8. GPC profile of HMWSA (a); LMWSAs treated for 0.5
hr(b); 3.0 hr(c). (2 wt% in reactant concentration and 3 wt%
Ho09 at 50 C with ultrasound).
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Figure 9. GPC profile of HMWSA (a); LMWSAs treated without
ultrasound (b) ; with ultrasound(c). (2 wt% in reactant concen—
tration and 3 wt% HyOz at 50 C for 30 min).
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Figure 10. Effect of ultrasound on polydispersity index of LMWSAs
(2 Wt% in reactant concentration and 3 wt% H.Os at 50 C for
30 min).
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Figure 11. Effect of ultrasound on polydispersity index of LMWSAs

(2 wt% in reactant concentration and 3 wt% H.O2 at 50 C for
30 min).
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