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Studies on Soluble Alginates

(I) The viscosity of the soluble alginates including Lithium alginate,

Sodium alginate, Potassium alginate and Ammonium alginate
Miki OGURO and Noboru SUZUKI

Abstract

The purpose of this series of reports is to compare the colloidal and chemical properties of
various soluble alginate solutions which were made from a batch of alginic acid. Alginic acid
was prepared after Suzuki’s method from a brown algae, Laminaria Angustata KJELLM.
From the alginic acid samples of soluble alginates were prepared, such as lithium alginate,
sodium alginate, potassium alginate and ammonium alginate.

The methods for the determination of the moisture and acidity of alginic acid as well as the
viscosity of the alginate solutions were examined.

The results obtained are summarized as follows :

1. The estimation of moisture of the materials, both alginic acid and various alginates, should
be performed by heating in Abderhalden’s apparatus at boiling point of ethanol for 5 hours
avoiding the decomposition of the materials because certain materials, such as lithium and
ammonium alginate, are colored by heating at 100° C for a few hours.

2. The method for acidity determination of alginic acid was examined with or without the
addition of sodium chloride.

From the examination, it is demonstrated that the determination of acidity should be done
with the addition of an excess of simple electrolyte.

3. The 7/ value was arranged as follows :
Lithium alginate>> Sodium alginate>> Potassium alginate”™> Ammonium alginate

Ina gel region, log 7Msp/c —1og Msp/c i Nact curve of each soluble alginate solution is
rectilinear.

The exponent (n) obtained from the gradient of the curve is considered to correspond to the
shape of the molecules in alginate solution.

The n values are as follows :

Lithium alginate 0.98
Sodium alginate 0.52
Potassium alginate 0.40
Ammonium alginate 0.25

From the above data, it is suggested that the molecules of sodium alginate, potassium
alginate and ammonium alginate in solutions are folded into random coils whereas the chain of
lithium alginate molecules is unfolded.
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-Table 1. - Gel formation by solvents

Alginate Ethyl alcohol Methy! alcohol Acetone
Li-alginate Jellified Uncoagulated Coagulated
(Hygroscopic)
Na-alginate Coagulated Coagulated Coagulated
K-alginate r 7 7
NHi~alginate Slightly Uncoagulated Coagulated
coagulated (Hygroscopic)
(Hygroscopic)
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Fig. 1. Spectrum dizagram of alginic acid
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lig. 1. Spectrum diagram of alginic acid (Continued)
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Table 2. Molecular weight calculated from titration

Sample weight Molecular weight Molecular weight
€:)) (obsd.) (caled.)
0.1753 141.5 176.1
0.0764 168.2 176.1
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Table 3. Molecular weight calculated from titration with addition ‘of Nacl

Electrolyte

Molecular weight

(1 N NaCl)

Calculated from
Direct titration

Calculated from
Back titration

Without adding
electrolyte

Adding electrolyte

185.0

180.5

188.9

184.9
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0 © e 10
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Fig. 5. Viscosity of alginate solutions at 25°C
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Li-alginate solution

Table 4. Viscosity of alginate solutions at 25°C
Na-alginate solution

K-alginate solution

C(#/ay)

NH.-alginate solution

nsp T/ C(e/a l)l nsp Nup/o

2375°64 1088.95  1.050: | 130.36 | 124.13
506.14 |386.52  0.630. | 63.45 |100.71
138.56 | 176.34  0.378) | 20.18 | 77.18
52.22 |110.79  0.226s | 16.77 | 73.96
24.83 | 87.79  0.136. | 9.119 | 67.01
12.97 | 76.48  0.0816 | 6.042 | 73.98
7.288 | 71.59  0.0486 | 3.976 | 81.13
4.900 | 80.34 0.024 | 2.815| 95.74
3.373 | 91.91  0.0176 |  1.911 | 108.36
2.180 | 99.11  0.0106 |  1.123 | 105.94
1.367 | 103.56  0.0063 |  0.858:| 138.34
0.877| 111.09  0.0038 |  0.461s| 121.46
0.587¢ 112.01  0.0022

CC&/a)l msp Nayfc 7sp Maplo C(#/ay)
2.1150 | 4615.71 2181.44  2.158 | 3363.43 (1558.16  2.182s
1.269; | 981.%40 | 773.49  1.205. | 686.75 | 530.27  1.309s
0.7611 | 242.85: | 318.84  0.777. | 188.02 | 242.00  0.785¢
0.457: | 65.69 |143.75 0.466s | 58.83 |126.21  0.47L
0.274: | 31.02 |113.14  0.279 | 28.99 |103.62  0.282s
0.164s | 18.24 |110.91 0.167% | 15.85 | 94.46: 0.169%
0.0987 | 12.72 |128.86  0.100: | 10.01 | 99.44: 0.101s
0.0592 8.365 | 141.31  0.0604 6.388  105.74  0.0610
0.0355 6.517 | 183.54  0.0363 4.147 | 114.40  0.0366
0.0213 3.919 | 184.03  0.0218 2.706{124.44 0.0219
0.0128 2.204 | 179.19  0.0131 1.700 § 130.28  0.0132
0.0077 1.450 | 188.35  0.0078 1.075 | 137.31  0.0079
0.0046 0.9757| 212.11  0.0047 0.690:| 147.08  0.0048
Table 5.

Li~alginate solution

Na-alginate solution

K-alginate solution

Viscosity of alginate solutions in 1 N NaCl solution at 25° C

0.239;

104.05

NH-alginate solution

CC“/dD} 7sp

1.058) | 283.18 | 267.572
0.634s 70.21s | 110.115
0.3800 21.72: | 57.034
0.228; 7.239 | 31.684
0.1372 3.038 | 22.148
0.0823 1.485 | 18.048
0.0494 0.8843| 17.903
0.0296 0.473s| 16.009
0.0178 0.268:! 15.067
0.0107 0.155y) 14.572
0.0064 0.093¢! 14.617
0.0039

0.054:] 13.859

1.079 ]
0.6475 |
0.388;5 (
0.233¢ [
0.139s |
0.0839 |
0.0503 |
0.0302
0.0181 |
0.0109 |
0.0065 [

0.0039 |

Msp/c C(e/ al): 7nsp Twp/c

66.13: | 102.132
17.81s | 45.867
5.986 | 25.680
2.741 | 19.603
1.208 | 15.503
0.660) 13.139
0.366s| 12.139
0.207:] 11.458
0.126s 11.619
0.0752| 11.575
0.049; 12.628

C(#/an)

1.0912
0.6547
0.392
0.2357
0.1178
0.0849
0.0508
0.0305
0.0183
0.0110
0.0066
0.0039

235.51
66.93:

17.727 |

6.140
1.808
1.161
0.610;
0.327;
0.181s
0.107s
0.0633
0.035s

( N/ c

215.816
102.220
45.119
26.052
i 15.346
| 13.676
12.022
10.698
9.922
9.753
9.587
14.901

ce/adl msp | mafe

0.5251 ‘ 29.92s | 56.998
0.3151 9.389 | 20.797
0.18% 3.680 | 19.472
0.113: f 1.604 | 14.147
0.0680 | 0.769s| 11.304
0.0408 |  0.386) 9.461
0.0245 | 0.24o  8.775
0.0147 | 0.1147 7.805
0.0088 | 0.055;] 9.834
0.0053 0.032(| 6.065
0.0032 0.022:] 6.991
0.0019 0.013/| 7.199
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Fig. 7. Relation between 7s,/c and concentration at 25°C
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Table 7. The intrinsic viscosity of alginates

in the presence of electrolyte at 25°C
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LOBERYMIRT 5 &, FIROINE
EBIRSE LN B0 DR OEM

K-alginate . X o i
A NHgalginate LV Boni Ay, BRER @ %

FEDOTOT, BINL Y, BRIEH@D
PRDBZE, BEEROIMITH 30
Table 8. Values of the gradient (n) of

alginate solutions in highly concentrated solution
at 25°C; log (Ma/c)=K +nelog (Mep/cIN.Nact

Alginate /)] Alginate n
Li-alginate 14.0 Li-alginate i 0.98
Na-alginate . - 10.7 Na-alginate l 0.52
K-alginate 9.30 K-alginate » 0.40

- NHjalginate " 6.70 NHs-alginate 0.25
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