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Studies on Soluble Alginates

(IIT) On the metachromasy of the soluble alginates lithium alginate,

sodium alginate, potassium alginate and ammonium alginate

Miki OGURO

Abstract

The purpose of this series of reports is to compare spectrochemical and
colloidal properties of various soluble alginate solutions which were made from
a batch of alginic acid.

The preparations of soluble alginate from the alginic acid, were lithium
alginate, sodium alginate, potassium alginate and ammonium alginate.

In the investigation, there were observed spectrochemically certain changes
in absorption spectrum of metachromatic dye of toluidine blue to the soluble
alginate solutions.

The results obtained are summarized as follows :

1. In the concentration of 0.0046 per cent of lithium alginate, the absorption
spectrum changes so remarkably that the optical density of p-band shows its
highest peak of absorption at 550 mu, even the bands of @~ and 8- fade and al-
most vanish. However, metachromatic effect occurs in sol algin where algin ions
would be able to move apart; the actual number of dissociated radicals in algin
. molecule will have influence upon both the polymolecula aggregation and the re-
sonance of the dye molecule.

From the results with concentration of 0.0046 per cent of lithium alginate
solution, it seems to be the case that the actual number of dissociated in algin
will combine all ions of the dye molecule.

2. From the results of this series of reports I and II, it is suggested that the
molecules of sodium alginate, potassium alginate and ammonium alginate in solu-
tions are folded into random coils whereas the chain of lithium alginate molecules
is unfolded.

3. The molecule of sodium alginate is not unfold as the molecule of lithium
alginate and rather it seens that the molecule sodium alginate was formed of
random coils.
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The peak of p- band occurs at 550 my in lithium alginate and at’ 552mgu in
sodium alginate, and - band seems to be the absorption at 640 my, in sodium
alginate solution of about 0.0046 per cent.

At the concentration of 0.0046 per cent sodium alginate, though the 8- band
has quite disappeared, yet the a- band is observed slightly.

It seems that its algin ion will be combine a great portion of the dye.

4. The peak of p— band oceurs at 552 mu in potassium -alginate while in the
ammonium alginate it occurs at 550 ma. On the other hand, the intensity of a-
band seems to exist at 640 myu in potassium alginate and at 650 mu in ammonium
alginate. The intensity of 8- band was seen at 590 my in ammonium alginate.

At the concentration of 0.0079 per cent potassium alginate, the intensity of
B~ band has quite disappeared, e~ band was observed to be larger in ammonium
alginate than in potassium alginate. However, the molecula of ammonium algi-
nate in solution are folded into random coils and it is seen that the radicals in
algin will combine a part of the dye.
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¥ Ay 7 uwY—%f7d Pinacyanol OmE @R AV TRADELLLRDH TS,
KRESSTERETHATAXE YD AY 70— D0 TORFEIL, EMNZ, TAX VB
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352 Griibler’s Toluidine Blue O @ 2.7mg M/L (pH 5~6) k% AV 72,

I. #l 58 5 &

FPLEYBFASVEED 20ml %20, Fhiz 2.7mg M/L Toluidine Blue %% ® 0.2ml %
M2 THRSEERES L, BoHER BEM~Y 7 < RSutEs DU 2 Ay THHRE, b
400 mp JHE 50mu 12 B> T 10 mu FIFE T Optical Density # 8% L7, BIEHRE OHIFL 0.7857
g/d1~0.00007 g/dl T %, ATOREREIZERT 17°~20°C TH 2,
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Fig. 1. Absorption Spectra of Toluidine Blue in Water and in Lithium
Alginate Solution
®—@® in HO
O——QO in 0.7617 g/dl Li-alginate
A ——oa in 0.213%X10°1 g/dl Li-alginate
[(0—[ in 0.46 X10-? g/dl Li-alginate
X —— X in 0.72 X10* g/dl Li-alginate
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Fig. 2. Absorption Spectra of Toluidine Blue in water and in Sodium
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Fig. 3. Absorption Spectra of Toluidine Blue in water and in Potassium
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Fig. 4. Absorption Spectra of Toluidine Blue in water and in Ammonium
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Table 1. The intensities of Band Maxima in 2.7 mg/L solution of Toluidine Blue
1. Li-alginate solution

$-Band

Concentrations -Band #-Band
g/dl my 0. D. muy 0. D. my 0. D.
0 640 0.792 610 0.643 - —
0.7617 640 0.255 607 0.275 555 0.312
0.213x10! 640 0.208 600 0.300 575 0.325
0.46x10-2 640 (0.124) (600) 0.197) 550 0.376
0.72x10* 640 0.296 610 0.299 555 0.246
2. Na-alginate solution
Concentrations «-Band A-Band #-Band
g/dl mu 0. D. mp 0. D. mp 0. D.
0 640 0.792 610 0.643 -— —
0.2796 640 0.258 590 0.288 560 0.304
0.219x10™! 640 0.165 (600) (0.275) 559 0.336
0.46 X102 640 0.164 (600) (0.223) 550 0.368
0.7x10* 640 0.433 610 0.892 558 0.255
3. K-alginate solution
Concentrations -Band A-Band #-Band
g/dl mu 0. D. my 0. D. mu 0.D
0 640 0.792 610 0.643 — —
0.7857 640 0.3811 600 0.305 550 0.274
0.219x 10! 640 0.233 605 0.282 550 0.320
0.47x10-2 640 0.161 (600) (0.216) 550 0.350
0.74%x10* 640 0.343 600 0.315 550 0.278
4. NH,-alginate solution
Concentrations a—Bari #-Band #-Band
g/dl mp 0. D. mu 0. D my 0. D
0 640 0.792 610 0.643 —_ —
0.6301 640 0.270 605 0.279 550 0.283
0.294%x10! 640 0.233 600 0.303 570 0.329
0.38x10°2 640 0.158 (600) 0.205 548 0.340
0.8x10* 640 0.317 600 0.292 560 0.272




19611 NER G HIIEMET LR R AR

#¥E D a-Band, f~Band K1 u-Band OEERIIEE R L,

Toluidine Blue /Ki&#kiE, TJEHIZ 640 mu (e-Band) & 610mu (B-Band) & D 2 -DDOWRIHHRK
PHEF LM, TAEYORMCEOT, T#HD a-Band KU f-Band (TEREEIIHEH L, £LT
550 mu BT E L\~ #-Band 245 705 Y 7 aMEC L OTET D, KBEOBHEZ, KR
Tik Blue ThBN T X VBB HTiE Purple (%407 %o

1. 7AXYBY FULER

21 KX VHELARIS, TAEVEY F Y ARKORE 0.7617 g/dl (ZHT, 555 ma (ZH L\
Ay yuaesv7is u-Band #5445, fhfF 610mp @ f-Band iZHTX, 1/2 2R L, 640mu
@ a-Band \ZEHSTIL 1/3 1284 LT\ %, 0.213x10' g/dl Tix p-Band i& 575 mu iZ¥4T¥ %
LIITHIZO L Y B ER T T AL, FRICHEA->T B-Band 33E% L, «-Band (ZEALY DB
Hohb, BE 0.46X10°2g/dl 2T, #-Band 1230k dEHEMD 550 mp (24U, Optical
Density (1B E\MERH T . a-Band KU 8-Band IZFHITHE LTV 5. Zhid, 7TAX¥ VB
) F 7 L4 T & a3t Toluidine Blue 43 F & AIREIHEE LdDEF 2 b D,

FAEVERY F U AKBEOBENTBHEC/AL D LT, #-Band 13, RPRHERMCTNDS
& 47 Optical Density (2R3> L, 610ms ¢ f-Band KX 640my @ a-Band 0)' Optical Den-
sity 12#7% Lo, Toluidine Blue /KA OBIRBHITITI< o

2. TAXVERF MY ULEHR

FAEVEEF I Y LW E Toluidine Blue & MW 2 ME VHA X3, TAXF VB
N F Y ARE TR~ MEEREY R i, MOTAXVEBY Y YL, T¥EZYLEERIZD
WCHRAETH D,

FAEVEEF MY U LEEOBE 0.46x10-2g/dl (AT, #-Band 135 EFEMO 550 mpy iR,
Optical Density (3B b E\MELZ R L TR 53, MihD B-Band [ZiHHE LT\ 245, 640 mu D #-Band
b ShZR BN B,

3. FAXCEAY T LER

HEEE 0.47x102g/dl OF X EH Y Y LA (B 8 M) iR T, «-Band i 550 me DEH
E@lz4 U, Optical Density (ZE DB EEL T LTV 32, e-Band EHEDOTAX VBT LV T4
¥ Optical Density & ¥ HRREVELR LTV 5, 8-Band 135 £ITHBL T 2o

4 TAUFVEBBTVETLER

PAEVEBT Y ESTLREIRT, Ay 7uwry 2B L OoTETS «-Band 3, BE
0.38x102 g/dl iz, Optical Density \IB&EE R L, MkEM, b 548mu TAET D, e
Band (Z31E OHEIEWF—%FE\ > Optical Density %7K LT\5, B-Band iZMHH L T %,

S SEEOKBRCRT, AF7uvTF Y 7 RHRICIOTEY S, HLWEIRH #Band O
Optical Density (X, 7L XY F7 2ZRTERDEL, T VY4, HITL, FrE=LE
ONEIZHIR LT Do X @, B-Band X7 L X v B F 7 2WKICR TEFBAERLRT, T HI Y
Ly, UL, TYEZYLAEOECRRSRECKEL ), TOMEIFEML TS,

% ]
D EOREENS, AF7ueF Y 7 i BEIC X O THEY D #-Band 13, FHIEERIC 0.46X107% g/d]
~0.48%10-2 g/dl ORFILHEBISITET 5o '
Toluidine Blue » Algin & DUEIHEEIIIERICHBEDH 2ME ¥R LTI Y, «-Band % §-Band
ERB L, FLTH L #-Band 23 HE ¥ %, o-Band (% 640my, A-Band (% 590~610mp T, £
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yruwF YT MEIC X O THET S #-Band i3 548~575 mu IZENENDOBEERIE RT .

—HT T X RS, BEOEINT & B 72T, w-Band A4k, Optical Density 3E5< /s
%o FHUZHEDT, e-Band, f-Band HIHHEL, BIME L TLE I, MBI Ay 7u=P 70
MO A BRI, SHENERRICRTRRSS, TAFCEBY F74KKETIE 0.46X10%g/dl, 74 ¥ >
B LU AR TIE 0.46X102g/dl, TAX S Y U AEKTIZ 0.47X10%g/dl T, 7L XY
B7 VT2 LBBIIRTIE 0.88x1072g/dl Thb, BLTHERBRINRTAY 7a<7y 7isk
BERELS RO T 5,

B, B2X, S3F, H4XMIVHZML, A¥vavry 7EMEIZLDTET S #-Band
@ Optical Density (X, 7L ¥ > B F7LEARDEL, FrIVA, #)VTL, TrE=VLE
OIEITAEL 12D T he X, RILEHOERE, 7AL¥ YBY F U LR T, SflhtBe2L
THBOIZREL, FrY DL, #VYA, 7reovLEONED, $RlXaR<mY, Fhiixo
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Fig. 5. The Variations in Intensities of Absorption Maxima of Toluidine
Blue in water and in Lithium Alginate Solution
® —@ aBand 640 mpy
A —— -  f-Band 600~610 mu
O—0O uBand 550~575mu
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THR2, 5 X, 88 6 X, 5 7 KLUH 8 Xit «-Band, f-Band K1 p-Band FDORAD
Optical Density & EE L DBBRERLADDTHD, INHORMBHISMARL 3T, 7TALFVE
HEEOWENE L 25122 T p-Band @ Optical Density (3#md 575, 7AX VB Fv 4
CRTUIRD BT, 0.46X102g/dl THREMERT, 7PV UL, AVT L, FYEZTL
iz OVTiZ, #-Band @ Optical Density O#§imY, 7A ¥ VB F 7 2 A SN & 287
IE7e <, REIZ, DBHRnlclEing &, Optical Density DESMEIL, S MV wa, #Uvas, 7
= LEOMEZEL 722 T B,

Optical Density

0 1 10 100 1000

0.1
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Fig. 6. The Variations in Intensities of Absorption Maxima of Toluidine
Blue in water and in Sodium Alginate Solution
@® —@® «-Band 640 my
A —~—— A B-Band 590~610 mp:
O~——0O wu-Band 550~560 mu
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M, O e-Band ® Optical Density ITEFZHI L, 0.46Xx102g/dl BEDT L X L #Y
F 7 TR TR A L T\v%, wu-Band & «-Band & ® Optical Density MRS HE& BALEE
DER, TAXVE)FVLIRTROIKREL, FHYVTVL HVTL TrE2VLEDIRCAS
{78%,

BEDEMND, FAXFVBYFTLCECTE, TAXFY ATV EBRELFT V ENBETREE LR
DT, AZ7u=w7Y 7Bz >THT S #-Band ® Optical Density 3B IEVEERL,
a-Band R(F f-Band 12 MRB LD DEEL LD, OBBIZKRTUL, TAXF Y AR
VEDREEENIL, H, FrUTLA, HUTL, TrI=ULEOMBEICKRS LTS DI,
#-Band @ Optical Density ®3¥%4>, «-Band K1t f-Band ¢ Optical Density DO#nd 22 &
LLTH 3 hbhbiEs 5,

0.4(

Optical Densiiy

0.1 A A vl I
0 1 10 100 1000

Conc. (mg/dl)

Fig. 7. The Variation in Intensities of Absorption Maxima of Toluidine
Blue in water and in Potassium Alginate Solution
® —@ ~Band 640 mu
A——oa  B-Band 595~610 mu
O——(Q u#-Band  550~560 mu
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Fig. 8. The Variation in Intensities of Absorption Maxima of Toluidine
Blue in water and in Ammonium Alginate Solution
®—@® «-Band 240 mu
AH——a B-Band 598~610 mu
O—0O wuBand 548~570 my

ZhiE, TAXYEY FULARBERCRT, FOSFABOEOLTETHRL, BRELTWEOD
T, REED, MOBBIIBNTEWEBEELOND, X, T MV YL, HVTLA, Tre=ULsik
TiE, ZOMZ, ZRbLOFTFIIEHEIZE L, SRRIZEZEEDREL Y, HOTHBERLRE

L nr B EBbh 3,
N oW, TAX Y E@ARBBEIZLID Ay 7u=P—%RET 22212, BHOTFEREORYE

L e IR ORI EE R LD THA I EE L D,

= #9

Fl—~D7 V¥ SRR TRERB LA, VY FYa, FLVT4, AVY4A, Frezvsik
22T, Toluidine Blue %% Hiv, A ¥ 7 o<y~ 2T, B~y 7<vm DU B4y
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JERNT T, 400 mu~T700 mp (ZE-2C 10 me BfET Optical Density 2 BIFE L, ROBELEL,

TAECBY)FULBRIZINTIE, BIBEERAZ 7u=S—Akl, FALEYA A v eaEl L
VENRERIHEEG L EELLND, Zhud, BRPICRT, TAXVEY FUL0TE, B
TETHBRRMEL T 50T, BERIMOEBRIZBENTE D THS 5,

FAXVBF NI T L, HUVTL, TUvETLETE, TAXYERES 4V EORSHENL,
FEITL, HVTL, TrE2YLEOMEIZEIT 252, v-Band @ Optical Density (3 < 73
Y, e-Band RU* f-Band A¥iNY %, ST &L, FTAXVEFFNIT A, AL, TYESY
LD, BHEFCRTHFRREICE L, SERIRCAZEELKELREDT, AF4F v
ET AL DL IBETHA 3 EBbhD,

BoTEMRE L 6FEND Toluidine Blue ¢ DAy 7uvwy—%HlET B2 &2, SO TERLD
FEE AL 7o IR O TR I IERIC BB E T hH AHEL R L7,

3 Bt
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