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The Study on the Behavior of Dye Transfer from Dye Solution into
Soft Segments of Polymeric Materials

Abstract

A white synthetic leather sofa may be stained by the colour of jeans transferred to it, or a
vinyl bag may be stained by the colour transferred from other clothing during storage. The
phenomenon of dye transfer from other fabrics to resin products is thought to be influenced
by temperature, humidity, and water exposure during storage and use. This phenomenon is
called "colour migration", and is a difficult-to-remove stain in which the dye has seeped into
the synthetic resin. Such colour migration is thought to be caused by the transfer of dyes
from clothes to the resin when the resin comes into contact with clothes in the air. This
phenomenon is similar to dyeing, in which the resin is dyed.

In this study, the effects of various factors such as temperature, humidity, and molecular
structure on "colour migration" were examined. As a result, the following points became

clear.

(1) Amount of dye adhered to the surface of polymer materials using several types of
polymer materials of different hardness were measured. The effects of the type of polymer
material, the contact time between the dye and the polymer material, and the temperature
and humidity at the time of testing on the dye deposition phenomenon were examined. As a
result, it was found that colour transfer was more likely to occur when humidity was high
and when temperature was applied than when room temperature was applied.

It was also found that when the contact time is long, the dye adheres more intensely. It
was found that the dye tended to dye more easily when the viscoelasticity of the polymeric
material was high. The ease of colour migration was found to be related to the amount of soft

segments.

(2) Dye penetration into the amorphous parts of plastics was investigated by contacting
agar gel with dye solution. Agar gel was used as a model for the soft segments of the
polymeric material. The colour values, a* and b*, of the agar gel that were penetrated by the
dye solution were measured using a spectrophotometer. The concentration of dye in the agar
gel was determined from the relationship of dye concentration vs. colour values. The
penetration amount of dye decreased with increasing concentration of the agar gel, and

increased with increasing concentration of the dye solution. In addition, the penetration depth



of dye increased with increasing contact time between the agar gel and dye solution. In
conclusion, the factors affecting dye penetration in plastics were determined via

spectrophotometry using agar gel as a model for the amorphous parts of polymers.

(3) Dye penetration into the amorphous parts of polymeric materials was investigated by
contacting agar gel with a dye solution. Three dyes with similar chemical structures but
different molecular sizes and substituents were used to evaluate the dye penetration into the
agar gel. As a result, in order to determine the amount of dye penetration into the agar gel, it
was better to use the colour difference (AE*.,) which is calculated by colour value (a*, b*
and L*) of the agar gel penetrated.

The solubility parameter was used to study the relationship between penetration into agar
gels and chemical structure. The results show that the amount of penetration correlates with
the SP value. It was also found that not only the molecular weight and size of the dye

molecules, but also the number of hydrophilic groups they have affect the ease of penetration.

(4) The influence of surfactant on the dye transfer into the agar gel was examined when
surfactant coexists in the agar gel. Two conditions were examined a case in which the dye
solution contacted the gel after the surfactant solution contacted the gel in advance, and
another case in which a mixed solution of dye and surfactant contacted the gel.

It was found that the surfactant that penetrated into the agar gel beforehand prevented the
dye from migrating into the gel when the concentration of the surfactant was high. When a
mixed solution of surfactant and dye was brought into contact with the gel, it was found that
the hydrophilic groups of the surfactant are thought to increase the SP value of the dye,

making it easier to penetrate.

From this study, it was clarified that the phenomenon of "colour migration" to polymeric
materials is more likely to occur when the target polymeric material has high viscoelasticity
and is soft, when the temperature and humidity are high, and when the contact time between
the dyed material and the polymeric material is long.

By using agar gel as a model for the amorphous part in the polymeric material, we were
able to quantitatively determine the amount of dye migration not only to the surface of the

polymeric material but also to its interior.
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Investigations using agar gels as a model for the soft segment of polymeric materials show
that colour migration can be regarded as a dissolution phenomenon. It was then revealed that
the SP value, which represents solubility, plays a major role.

The factors involved in this phenomenon were ascertained to be viscoelasticity, which
represents the soft segment of the polymeric material, humidity, temperature, which is related

to molecular motion, and time for physical transfer.
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Lambert O7EHNZ, WEOIEX LD E DBIRE R T HDTH %, Fig. 2.5
DRI LI, RE (o) DEREBKZIEAR (b) DR VICAN, OFEHIHEED
B L 72 L 2o ASEH (incident beam) DI % lo, Bl L 725 0EEGH
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Fig. 2.5 Incident and reflected light

2T WE (b) ZEUES DG OO ABIC T TEZS L. AR
D—TH 5% 613, oddEl L 2R IS TR CHIEG7Z DRI AT 5 &
EZHIEDTEDL, DFD EIETHER /21U LETEE, FH2ETIRE
SIZZD1/2 %D, WIODHD 1/4 L7 b, DT, HRICHE 3ETIX 1/8, % 4
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B, 7TVXIVRIVAFLF L UBRBEZ O)BHITons,

- BEHETZILFILRE Y LRV EE(LAS)
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Fig. 2.6 The Structure of sodium linear alkyl benzene sulfonate
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Fig. 2.7 The Structure of sodium lauryl sulfate
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3.1 B®Y

Rl DE S T BN DS ) DBIRICOWT, IR, KO 52 % 5.
ABTENEZ NG, Pt B, PRARP OIS V7 rRe SR
F DEIG DR 2 EEOBHEEL (ABS, 77 VILEHE, 247%E) OEmMADY
ARAET 2 2 LT, R L IRE, MEOMBRMIT T2 LEHNE L,

3.2 RERFEH
AREBCHEA L 7 TR 2 DUR IR,

Table 3.1 Samples used in this experiment

g SE %5 =5
77N Ac
RYSarL v PP
ABS g ABS . )
. WE A » Hany X (Bl v R)
rYxZFL v PE L )
- - Ik > — Rk
Yayvah SiR
/3= A NR
BERYEe =1 h-Vc

RSt F v A TMONOy
B Rk = v s-Ve Ay iR e = v, Al
EEA] (REEAH LT 7 L)

eI — ISR D Yt I Z 103 SOBEER 2B IR L. @@ LR 3wk
tio ") 7wy 7Ly N3G (HPERENE) ) b0z,
Pt 13 DUF O FIECERR L 72,

A %2 bemxbem ICEMWT L, Rk e LT 5,

7k 500ml (2 4ekt 0.5g, BilET bV v L 25g ZiEH L, AR EZERT %,
fithz R L, 20 Ry 3,

T2 B D L 228, WS e 3,

> W=

E7o, W E LT 2BEORERARDOBRLIL 0.1% & L7,
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3.3 REBRITE
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TTFYH — % — NIz 28 HREIEHE L 72, FrE HEUE 2 B RAE %2 5 e et
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5.0cmx2.0cm DK E SV ) 3 - SHlE D M (T 7 U v Ry JaEer v,
ABS Bifl5. BRE A V=L, BV ZF Ly, YY) aryah, RRTL) 2
L. i F 7213 40°C, 50°CICHAE L 72 225 ElE N © 7 HREHE L . &0 R
DA Z 53 G THIE L e,

nE. BB IR ERT 2 720, JIEMEZE S 5 HIYTHIERIC Y
FHOPEHCZ B THIE L 72,

3.3.3 FRBRFBICKE T 2ENFHRRANDOREE

YORNREE 0.1%ICFH%8E L 72 34RNAR 2 477 AR P VISEE AL, Z 212 5.0cmx
2.0ecm Y1 O 3\ =@ MEE (727U v, KUY 7a L v ABS R, R AR Y
fifte =, RYZFL v, ¥Varas RKRITL) ZREL, EiiT 28 HH
FHEL L 72, PTE HERGE T 2 181 et CaREOME 211> 7,

3.34 BRFEEBOREBROBIEINRY NLEL

BT TR RNAT D> & YRl E) L 725 O YebAR O IR D 2 Iz DW» T,
WGHEERIE & DR T 2 2 E T EBITOVTHE L 72,

Jukhicy) 7y 7 Ly F 3G (HPEREDE) 2 v, GuRhAii 100ml (e skt
DESTTHEL SE R VL =)L (2.3cmx1.8cmx1.1cm) Z2E#E L, 25°CIc#H
L 7 RAEIRE N IS 14 HIEEHE L 72, BHEIHRI OISR OB IC DWW T, 48
AR G EEEHSPECTROPHOTOMETER UV-2500PC, &t Bk FT) %2 F v C
WIE &2 TR o7, 72, HlKE LT 100ml 12 &S Tk 2 B L 22854 b Ak
IR E TR o 72,
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34 BRRUOZE

341 ZKPRICK T D RERD SEDFHERANDEE

HAREEEZ 75% %7213 100% MEREEICEEE L 72 7> 7 — % —NIZ, | H
BIOMRE R ) b e =)L L Qe adi 2 A b CifiE L 7o, e iiflees i i)e
R VAL E =)L DAl & OEfifin o i S 2 W 5E L 72 #5282 DU o Fig. 3.1
(N7 S
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(@] 1 OI |O

0 5 10 15 20 25 30
Elapsed time since the start of the experiment(days)

075% @100%

Fig. 3.1 Dye transfer from dyed fabric to polymeric material surface in air

TREE 100% DIBRETIZ . T 75% D4 & Hilk L THIEME D Aa*DSE %
ML T3, RIMPCHEOMER R, ffE» S 7 HIEFSERFOMLEE 75%B5 T
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BHIE L 3o 72 2 ED3b 5,
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342 ZRBRFICKE T 2EDFMERRENDOREEOLEE

YOBRHREE 0.1%ICFTHHE U 72 Qe BNA % /77 AR FVICHEE AN, SfE s 7R
PZNFNREL, BiIRT7 HHEEHE L 72, 2o ICED RO GEAE Aa* % Hl
EL. ZOfE%% Fig.3.2 1Tm L7,
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*
<
<
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0 L—m - S - =T im
Ac PP ABS  h-Vc PE SiR NR
Sample

room temperature m40°C m50°C

Fig. 3.2 Surface colour value of dye on polymeric material surface immersed in dye solution
for 7days

FhICHHE L 76 LBV A 75 E D ERAE 2 S % & Bve Il A 72 IRf I
KoL E < oo Te, Eo MR L THEEZ § 2 & FFICRAR T Lot
e H U CIER ISR WEZ R Lz, 7 7 ) OVRE O LY =)L 72 E DRV &)
THERHIBERRTR D Aa*DZALAVNE K| TR G I3FEAE L el o 7e,

IER CHE Z L 72356, ESR WA I3y HEBDSTERLT 270, XD
RARF L EEZNS, L L, 40°COGE L 50°COYE2IKT 5 &, K'Y
7a L vy UANDEEHE 50°C L D b 40°COGAITHV Aa* Dz /R L 7z,

RIRT b DRI 2 BI% T 5 & WIS S g Ic Rebbs & s g 9 5k
T, ZNSDBRHDBNIES DT DBIE I N, 2O X ) ITHRINEICRIN S g
ISR LT BBt —H23, IEDOFZEIC L W HPNELLT 5570
2. RY 7L yPADOREITIE 50°C K D b 40°COG AT Aa* Dz R L
rtEI6NS,
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3.4.3 FERARPICHE T 2EDTFHRERENDLEROLEE
B 0.1%DYRHAR 2 T AR FVICIHEE AN, Z 2K EET TR 225
L iR 28 HIMEHE L. e HEoliE Ic S5m0 el o gt 2 JlE L 7,
ZDOfEH % Fig. 3.3 I8 7,
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25 b u
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LB 8. 8 . g N B
0 5 10 15 20 25 30
Elapsed time since the start of the experiment(days)

OAc APP OABS ©h-Vc ®PE ASiR ENR

Fig. 3.3 Surface colour value of dye on polymeric material surface immersed in dye solution

BRI RE A R 2 It TRART LD Aa*iZEm o7, L L, 2D
BT TMEIOEGEITIE, FeRNAIC 28 HIERE L 25&ICb B D 3R ER 6
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3.4.4 Z2EBOERIBRDOENEANRY ML
KIZK DI OWTHER T 2 720, KISETFMEIOIEILE =)V 1 2 REX
., 14 HEHE L 72 DK ZJE L 72, Z DfEHE% Fig. 3.4 127,
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==REE
=R
0050
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Rt T
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nm

Fig. 3.4 Results of absorbance measurement (Water)

BT ME RS 14 HROER LK (0HE) ZHEd 5 L, 14 HigIRw
TNOPR TO WIS 23> TE D | FRIEEIMEIED 280nm (123> T
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I, ekl M Z 7 m i b e = 1 2R L. BHE L 7258 DO YRNER O
W GEE % Fig. 3.5 12T,

0.137

[—] oBE
[—] 1B

0100

Abs.

0.050

0.000 -

012 & & &
280.0 3000 4000 Am 5000 600.0

Fig. 3.5 Results of absorbance measurement (Dye solution)

YeRPAW ISR L 72554, 14 HE813 400nm LU ECIEWSEREEASBEM L 7223, %44
FEIg D 300nm-~380nm DT YRRATR DWRICEEMME T L 72,

fIE, B R VI =L 2 KICRE L7 L &, KRORBICE>TRY v —¢
YR & MBS Kb, BV ~v—han 4 FIRICEFITHET 2 2 L2885 LT
W3 U, REBRCIIEAINSG  GENSMERVEEZ V2L TS 2 &
D6 [FRRICATAIDTH LWOGEEINE IS8 2 5 2 - LB 2 65,

INETOMEHER LD R ) HLE Vs § 2 HED S L IR
T 5% LEZTWD Fig. 3.5 TIXHITWOREEDSHEM L T 5, 2 OIS VI
KICEVE eV Z2RE LRI D B REL, HIb, ZORRIZERORE - 2
BRI 5T BED, ZIUT K> TAMEFIDFEHR DL B> Twb I EZRLTY
%, fit> T, FRNARICE D B2 R L. JoRiAR o2 L (ot EZb)
Do EDTMRNORBoRERZ KD B Z L id, IBHBRIEZ 2720128 L »
&AL 72,
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ARETIT > BB T, o2 OMEITH 5 KA Licxf L Tafsh 354
LT, BOMETH 2HEEE =L ABS B LC@Bh a5z b ic
(o2 86, maTMERRI~NOERD K ) O L3 312, G0k o ki
Wb TWBE I ENEZL SN,

REBE &0, BPEEHS ERGEIC X 2B E 2 o THN B BIR, £ 7213k & i
Mol OWE Z RO OWED Z L TH B, D X ) Ik & B0 F oM
ZOREFRFO 7T AT v 7 % EOES RN R G L iREn s, Y

ARIR T L 7280 R 2 2okt o e ki sz . BUF o Table 3.2
IS, F7e. 3.4.3 ICHERZ R L 2 R ic 28 HHEHE L 72 &3 Tkt
A Aa* L OBIfR%Z Fig. 3.6 TR d, KilitkoMlE iz L 4+ X —% (MCR102,7
v b vot—uth) Tfro 7,

Table 3.2 Viscoelasticity Measurement Results

okt elastic modulus tan 0 DAIRE (°C)
E’(MPa/25°C)
-87
ABS 972
116
PE 565
PP 546 -0.8
h-Vc 1393 75
SiR 2.4 -50
NR 13.8 -40
30 ¢
25 | N
20
515
10
5
SiR PE ABS
0 e { e. ., ) h-V¢ )
1 10 100 PP 1000 10000

Elastic modulus E’ (MPa/25°C)

Fig. 3.6 Relationship between the colour value of samples and its viscoelasticity
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ol iU, YV avBBKkEOEOMEITH LD EEZ NS,

ZDZEDS, Y DFED LT ZIEE T THRIORENE LBIRT 2 v
EWbholk, BATHMEHEY 7 b XV OBRDL L %5 EREBIEDE L 7
ZUWEEROZ L6, OB DFED LT IITIZY 7 b7 XY FOEDBER
LTwaEEZLND,

<&%E - 5IAXE>
1) fRIIE, rt, 32(3), 1959 pl102-106
2) WESCH: PyEiEEd RS IH
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E4E BRXTIANDOEERBE
4.1 BW

% 3 B E TOMGHIB W T3 L DR M2 BURHAIRIIRIE L . 34+ o
BHE~DOBEN OV T, Ea T BRI O EEEOMER K2 6 BET L7z, Z D
R BOTMEANORED L2 I 3Ea Bt o Rk LBIR L T 0y 235
T MBI QIR S BB T 2 BIRTH 5 T LR TE 2,

Ll ZORADEEMEOREIC X 2Tl ma BRI B T % 4kt
DIFAEIIMER T E 203, MO FMEIONTICRE L o RZHET 2 2 £ 23C
ot

Z 20, mad TR O JERER T OO TV E L TIER IV ZMEH LTl
ExfTl o, Jebte F V23 3 HIEEHE L . Z ORLH D & —7E O Pl
G L 72 7 VoA Z TIE T 5 & T, mad FMEINERNIC A DIAA 23Rt D lE
Z ATz,

ARIHH TIEFERT )V E QR DR D & 7 VNN O Rt OB B %2 E 5 L, Jukl
DIERT NADRBIZ AT T IER TNV DIREE, FRHRIZE, KO O FEICOW»T
Bt 2 7o DFEEETo 2,

4.2 KERFE

(1) LRIFHEH (EL74 Vs ADEHME) bz, ZOREIZEHD
BrofEHEE (0.66%) ZZEI1c,. 2D 0.51% (0.33%). 1.5f% (0.99%) & 3 P
DILETHERT IV EIER L 72,

(2) B3 ETITR o 7 FBROMR L D . BRI E TR BB § % 7012
KRB TH 2 LS Ik o 7 2 &5 REBRTIIKAEEOREIELR 2 50k
ELTHWwWBZEE L,

FEPESRNE, A F 5 - AV R X IOV - 2Lk Vg EoitEEE Rib | F
T -l 0B, FA v DR 7S FRARHECE T 2R TH
%, ZDAAREEIZZIICIED . = b aguRl, YRRl 7T v R 7 X 7 Rk
GEND, T, BUEREHIESELEL L R TFRONDIVLHDOHNLREVDLD
FThs,

AEBTIE, RVEVE (1), F72L VB (1), o7 VRS (1), e Faexy
WA (1), RVB v (1) ORI Lo —y TS 115 Acid Orange?
CREAL T3E) 2L 72, 2oL EiEE %2 X @ Fig. 4.1 ITR-7,
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HO

2055w
CisH11N2NaOsS (MW:350.32)
Fig. 4.1 Molecular structure of Acid Orange7

4.3 R

431 BERXTILHFOEMBELEBREE DFER (REBROIERK)

FER % Wl S 9 7 AKICTED L, REE 0.66% DFERIEW # B L 72, & DFERIAW
12, BEHEEDITERE (0.0~1.0mmol) & 7% X ) Ykl A L T I1cEt
L7,

EEE 22mm OARY A —F 2 — O (L7725 v 78) o Mizsr7 2
BCEOLLESDICEN L FERERZ 20mLES AN, BEich 7 2%z L, 7°C
DEREHEN T 24 R DL EFHE LTV 2B L 7o, [ F - 2 FER7 L % Ero 2 i
LL., EE 5mm D] b iz Lz b oz lEitel s L,

HElo IR, et El (Spectrophotometer SE6000, HA® ) Tk -
fi@%i’%’?‘ a*, - HxRT b2 WEL 72, bz EEhWEXRT LV OOEAE

ebbodt L Aot E af, b*2ME L, ZNZND#ETH 5 Aa*, Ab*%
*@ko»Wﬁ\ﬂ%ﬁﬂﬁ%%%fﬁwi%%ém?é% . HPERHC I RIS
HW7? 7 UUIRZES, EEETOMEMEPLET 5 L) I Lk,

Aa*, Ab*OfiL . FeRHRIE & ORIRZ NE 7 7127 a v b L TEEED 55

KN DOGRNREE 2 R 2 7- & ORI 2 /K L 72,

432 BEICKIFIEXRTIOEEDSE

JE 0.33%, 0.66%, 0.99%2 308 L 7= FEREWE 20mL % 75 AF v 78IS
AL, BERICA I Atz L, T°COmeli < 24 R DL EHE L TR 7 V2R L
72,

Fig. 42 IR T X HICT 7 AF v 7EDOH T FE > R VD R, JebhEE
2mmol/L OYRRAR 10mL % §io 12 E AL, 25°CICHE L 7 E5EIE (v
F R IK41) NI 3 HIEEME L, R IVINIC Ykl 2 2iE S ¥ 7,
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Aqueous
Solution

Aqueous
Solution

of dyes of dyes

ﬂ

Leave it standing for
certain period of time

Agar gel Agar gel

Fig. 4.2 Contacting agar gel with dye solution

PR ERGESE ., LEOYRARZRE L, 2 ROK Ty IVEED & 57 7% 4kt
ZWE, TIRF v IEDLSTVERLTL 2,

Ykl & 7V D FLHI %2 5 & LT Fig. 4.3 @ X 912 5mm R Ofiat] v 12 L 7
bz OEMEAEDRELE L, RME (a*, b*) Z s TllE L 7.

Interface between gel and dye solution

éegeco

Fig. 4.3 Agar gel cut into rings at Smm intervals for measurement

PuBlNEE L 2R VOB L Jebl 2 B £ 2 WERT VD a*, b* L DAETH
% Aa*, Ab*» 6, 4.3.1 TER L 2BEREZ H T VNICRE L 7o JobHRE
(mol/L) ZRD7-,

433 BEICKIZTEHEEDFE

HLFE 0.66%DERF N ZMER L., 2O IR 0.5, 1, 2, 4mmol/L D 3eRRATR
10mL % § i & A4, 25°CICEEE L 72 225 HIRAE NI 3 HEEHE L . R L
WICYekl 2 2B S ¥ 7z,

4.3.2 L FRRICTEIMEES . JeblaNEE L 2R VO AE & btz & %
BRWERTILOD a¥, b*EDEAa*, Ab*5 4.3.1 TERL REMRZ HwTriL
WITIRIE L 2 3Bt (mmol/L) %R 7,
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434 BBEICKIFTHEOFE

B 0.66%DIERF N ZIERK L. Z D EIZ 2mmol/L O3LERAR 10mL %2 #h 1
HEEAN, 25°CITEGE L 7 225 5IRmAE N I 1, 3, 7 HIEIF#E L2ER 7 VNI Yukl %
BEXET,

FTE R EE . YeRRIE L 23Rl il & Ykl 2 & £ R WX LD a¥,
b*& D7 Aa*, Ab*H» 6, 4.3.1 TIER L Z2BER%E T/ OVNICIRE L 72 4ukt
DIEE (mmol/L) %K/,

44 ERROEE

441 BRTIHOLREELERMELE DFER (BREEDIER)
HOLLZBRTINVICEEZN I RBOREE, 2D Aa*, Ab*L DBIRZ T D
Fig. 4.4 12777,

60

>0 o Aa* °

40 o Ab* o

[ J
0 8 Q@ ° 1 )

0.001 0.01 0.1 1

Dye concentration (mmol/L)

Fig. 4.4 Relationship between Aa*, Ab* and the concentration of Acid Orange7 in Ager Gel
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FERTNVACE N RRIOBEDY 0.1mmol/L % Tid Aa* & Ab*i3#N% 5= LT
w3, ZNULEORETIF Aa* iz Z D F ML 7225, Ab*iZ 0.1mmol/L Z5ilc
WAMEIT A S 17z,

HERERD S | BRIV OMKERT Aa*t Ab*L . Z 2 Ic& TN 2 YRR D
BIRZHUE T 2 2 &N TEL, INElmERE L THWT, DBEDOFEETIX Aa,
Ab*DfliD> 5 ekl (mmol/L) ~DOE 2175 72,

442 BEICRIFIERRTIDREEDFE

75 AF v ZEDHIZ 0.33%, 0.66%, 0.99%0 3 FREHD I DFER I %2 /K
L. ZO EICHEREE 2mmol/L OYRHAR %2 1 & Ad 3 HIEEHE L 72,

PRLNRE LRI NE 77 ATy 7EDP S LML, @ v 2 L72iElo
FAE (Aa*, Ab*) Z4PGEFEENCHIE L %,

it 12 U 72 BalBHC & £ 10 2 JeRHREE % A & R, 7V O RH 2> & D
Bt L, BURAE Aa*, KOVAD*2 63k 7- JekbHREE & OBY{R % Fig. 4.5 & Fig. 4.6 I
N,

mE. ERI0.33%, KO 0.99%EEDLEIZE VT 0.66%EEDEA L
FIZFE R TH 5 2 EDHERTE 720, FERLF )L 0.33%, KON 0.99% 1
DA S Fig. 4.4 OEREZ O TERED S TIVIREZ RO, £, TN
NYRERIIRERI EOBUE & 2o 7HEMEIZ 7 ey P64 L 72,

10 ¢
08 |
06 | 5
04 |

02

molar concentration (mmol/L)
o

0.0 1 1 1 1 1 1 1 ﬂ m
00 05 1.0 15 20 25 3.0 35 40 45 50

Distance from interface (cm)

00.33% 20.66% ©00.99%

Fig. 4.5 Concentration of Acid Orange 7 in agar gel estimated from Aa* at the distance from
the interface of agar/dye stuff solution.
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= 8 A

° 8

S 0.05 A

o . B

g

Q =]
B 0.00 ! ! ! ! ! ! ! Q@ o) ¥

00 05 10 15 20 25 3.0 35 40 45 5.0

Distance from interface (cm)
00.33% 20.66% 00.99%

Fig. 4.6 Concentration of Acid Orange 7 in agar gel estimated from Ab* at the
distance from the interface of agar/dye stuff solution.

Fig. 4.5 IR L7z Aa*icdED S bR E 0 Z2{bZ2 /2 £, BHEfhL (0.5cm) <
EFERIRIE 0.33%, 0.66%DEE12, kR T 1.0mmol/L, 0.99%DH 4121
0.8mmol/L FEEZ R L7z, 2 L T, FLfid 6 #in 2 1I2hE> TR IR L, A
25 4.5cm THEHREEIZIZIZ0 Lo 7,

—77, Fig. 4.6 D Ab*IZEB W TIEFRMHD SN % & YebREE2 ER L, 2.5cm ff
MTE =V %R LT, Z D% HOENREIFET L, Aa* & FRICH T2 5 4.5cm
HEN 7o CHURHEES IZIZIT 0 & o 7,

RICFERIREDENC X 2578 2 [[ Ui & OEEECHIEL T 2 &, FERIRED
R\ 0.33%DEGE I HEHRED =V & W) fiRIC > 72,
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SR NVH O ARG DBRIE 50~200nm?THh b  Geklayo- L R 3 47
REWV, UL, VBB TERBOBEICECHENLFERKE LT, LT
Fig. 4.7 OB 2 TR T X 9 RERBEIC X 2RO K E X DEWDE X
Hbs,

1/6 1/23 1/56
0.33% 0. 66% 0. 99%

Fig. 4.7 Schematic diagram of the gel

MRz R 7V, 2zl 2MEMGE2 B IETE L LTERL 2, %
KILFE 0.33%DEAICIESE 3 & L. 0.66%% 6 ff, 0.99%% 9 & L TMD
iz 7 v MFRIBLE L 7,

CnLE MHORESIZ 1 LT 2L FREDHBEDTHIZIRE 0.33% DI
1/6. 0.66%DHA1Z 1/23, 0.99%TiE 1/56 £ 74, BREO P HEE IZFERS v
REDREL 22X/ TP T2 8D 5,

X Fig. 4.5, Fig. 4.6 I2H>T, 0.33%, 0.66%, 0.99%DIEDFERK S L Z i
ZIUERBE L R ofREE2Z KD B £ XD Tablel 4.1 D Xk H 2o 7,

Tablel 4.1 Penetration amount of dye and gap size in agar gel

Penetration amount Gap size in structure of
Aa* Ab* agar gel
0,
0.33% 0.00543mmol 0.00142mmol 1/6
Agar gel
0,
0.66% 0.00485mmol 0.00122mmol 1/23
Agar gel
0,
0.99% 0.00438mmol 0.00112mmol 1/56
Agar gel

BRARNT R D BRE DR E S DZAL L B OBBIREDOZLZ RS & 7 IVIRE
DHINZ X > THRED/NS K20, RBoBERIZEDI LI w5, Ll %
DRI IR TIZ R (. MO T2 B0 M S 2DBEIC 2 % LbNn s,
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443 BEICKRIZFTRREEDEE

77 AF v VEOHITIREE 0.66% DRIV EZER L, 2D EICHEE 0.5, 1, 2,
Ammol/L D YRNAR % 13 E A4 3 HIEEHE L 72,

YRIIEE LRI N % 7T AF v 7EP ST LI L, il b ic L7zl o
Al (Aa*, Ab*) ZNEOFECTHIEL 2, Z DRDOJRIORERDIC DWW T,
QubhAW & 7 VO FHD 6 DEFEE L | AR A", MO AD*D 5 K& 7 YR &
DR % 2N ZF 4 Fig. 4.8 & Fig. 4.9 ITRT,

1.0 X

2

S 08

g

\:

= 06 | ]

% x

B o

§ 04 r

g A *

2 02 f o a

E T0 e 8 g x
OO 1 1 1 1 1 8 § ﬁ B .

00 05 10 15 20 25 3.0 35 40 45 50

Distance from interface (cm)
00.5mmol/L A Immol/L ©2mmol/L X 4mmol/L

Fig. 4.8 Concentration of Acid Orange 7 in agar gel estimated from Aa* at the distance from
the interface of agar/dye stuff solution.
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B a X A x

g N X o

2 x

S 0.05 - A o %

ks °

o a X
9)

A
g Q

0.00 1 1 1 1 1 1 1 ﬂ ﬁ
00 05 1.0 15 20 25 30 35 40 45 50

Distance from interface (cm)

00.5mmol/L 4 Ilmmol/L 02mmol/L X 4mmol/L

Fig. 49 Concentration of Acid Orange 7 in agar gel estimated from Ab* at the distance from
the interface of agar/dye stuff solution.

Fig. 4.8 IZ/R L7z Aa*IT D { QbR D2 L2 [H 5 & . FUHAIE CRBLOIFIR
I=EE 0.56mmol/L OHEICFER 7 NVHOGERHREE X 0. 1mmol/L FEEE, ISR DS
Immol/L D&z iZ 7 IV INIEEE 0.4mmol/L. B IEE 2 2mmol/L ¥ 7213
4mmol/L DEATIE, ZOVINEEIX Tmmol/L BLE & v I fEREZR L 72, R )L
D BERHRIE I S22 S BN 5 ICHE VAR L, SfiA 5 4.5cm CTHEHREIZIZ 0
Eirolz,

—J7. Fig. 4.9 19 Ab*IZHED {FERICE W TIE, BIRIREE 0.5mmol/L O
AR D © DEFEEDNEEN 2 1266 > TP VINIREEIZ R IR T L 72,

AD*IZHED K FVNIRE D B — 7 OFANE X, ISRIREE Ilmmol/L OFf, Ff
25 lem, 2mmol/L TlF 2.5cm. 4mmol/L Tl 3cm BN 72 7B CBIZ X Lz,
DF D, E— 7 OFEANEIZERIREDNE % 5 125> TR D S B 2 & v 9§
BTl ot, £, AbMCED R CIRIRIEEMNEVIZE, Xt
T IV ANGERIORZEDIL Z > T 2R T & 7,
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444 ZBEICKIFTREORE

FERFIVNITIRZE L 72 30kHE, Aa*icHED B IR FLRID & DRI E 72 512
FEVIEA L7zl L, AbMIcH-D CIREEGAHIA 6 2.5cm B 77Tt — 72
ZRLT. SO =7 OMEPEHERIC X > TBHIT 2 2 L 21D B0
FRrERAZ 1, 3, 7 HE & L. 4.4.3 L RAtkOREEZ 1T 72,

77 AFy 7EDOHRITIRE 0.66%DFERT VA ER L. %O EIZHRE 2mmol/L
DRI % 1 E ANITEIRIERE U 7o, YeblN2E L R V% 77 AF v 7
EPOHLUML, W0 iIcLsRlotaME (Aa*, AbMH) Z oGt shcllE
L7,

Z DR DGR DRTFEIRDLIC DV T, JebHAIR & 7 0V O FLHI D © DR & U fE A
a*, MOVAb*2 6 R 77 VINIEEE & DBIfR % Fig. 4.10, KU Fig. 4.11 I2£7,

1.0 o)

d

[=) L

g 0.8

é O

< 06 | 2

o

g=| o

g o

2 04 | a0

54 m]

5 02 A o

8 7 I o A O O

g o A A o ]
00 1 1 1 1 Q Fary a é @ r:)

00 05 10 15 20 25 30 35 40 45 50

Distance from interface (cm)

Olday ~a3days [7days

Fig. 4.10 Effect of the standing time on the concentration of Acid Orange 7 estimated from
Aa*
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%5 o) A o
E 000 1 1 1 1 1 0] e} a A 17,)]
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Distance from interface (cm)

Olday ~a3days [7days

Fig. 4.11 Effect of the standing time on the concentration of Acid Orange 7 estimated from
Ab*

Fig. 4.10 1277 L7 Aa*ic D < LI, BHEIRIAEC 222 itk -
T AP HIFRDOE X IIFZL I D R ORBEDPKH & & HI2% > Tws 2
L% Fig. 4111078 L7 Ab* 0 € — 2 OB BRI 1 0Tl 1.5cm.
3 HTIE 2.0cm, 7 HTIZ 3.5cm &% 0 IR & IS H D & B 7o A7 iE IS4 E)
THI Db,

445 AP ICEDCEEEY—/VOHERERERA

Aa* & Ab*IZHD CIREAD R 7 - 2 KNI DWW T, O & D3RR & #Hk %R
T2O0WHEDIET 5. ThbLBMBEEROFLENEZ 5N D,

L2 L, BRI s AR T 9 v 2RO B DBRETH D, £ AT
DEMETIE T VIEGHHHE L T AMEZIPRT 2 2 L HE 21T\, 207D, Jukt
DIRENF TV AETH B EEZ LGNS, fit> T, RMEMEEOHFEIFEECE 2%
WwWEEZ 5,

Z 2T, ADMITHEDCEEAICE = BFET 2 2 LITOWTHETT 27290,
YobNAW ORI Z X & ITIAT TR 2T - 72,

Fig. 4.8, Fig. 4.9 OfEHIC, YbRHEEA 0.05, 0.1, 0.2mmol/L &K\ 34, 2k
X RRHREE 8mmol/L & EWE DM ZEM L, BIREDOJRRAR 2 /EL L <
EE A To 72, ZOfEH% Fig. 4.12, Fig. 4.13 1277,
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Fig. 4.12 Concentration of Acid Orange 7 in agar gel estimated from Aa* at the distance from
the interface of agar/dye stuff solution

0.2 -
2
= 015 X
=)
E
= X
S X o
g 0l 8 o) K Q f o
3 o A o o o A e
2 8 °
8 < X
=005 | 8 o @ - o a B
5 A
g 4 ° B
0 2 a 8
¢ H X o o
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Distance from interface (cm)
0 0.05mmol/L A 0.1mmol m0.2mmol/L % 0.5mmol/L
O Immol/L A2mmol/L o4mmol/L © 8mmol

Fig. 4.13 Concentration of Acid Orange 7 in agar gel estimated from Ab* at the distance
from the interface of agar/dye stuff solution

Aa*iF =7 2R3, JubHRE IR S0V EEOIREZ /R L, Rl o
iz iz o T, ZOMEIMES o7, Fo, PRHRENSRETH 12E4 D
QublongiZ L. 7 VN OGRHRE S\ EZ R L 7z,

—Ji. Ab*OBAIZHRHEESY 1.0mmol/L M EDOEAICE — 7 R 61,
0.5mmol/L L TFDGEICIZE— 7 2R & hhrotz, MEMES—EDEBEMEI Lo
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CADORRAE =2 #FT 2 Eh S, ZOBRRRABME OO MBI

&“75’&%2.7’:0

Al a*. RO b IR AD@EIcE S 3 filiiEx HouCiHEsnTtEh, 20 3
FREE 2 i 2 AR L TSRO 5l b D TH 5,

2O at, bIED VT, P LN YRHRIE DS ¢ 723 L Aa* DR TARIKDHR S 72 3
Z DR AD*HURTERAMIE X U2 (D, ADMEAHAT 2 L v HIED
WEICK D, BEZLD VI 7IcE—r Aokt ELO6ND,

D% D, AbNCHED S PR OREZND 77 7I2B T E— 2 235 5 fu - B 1%
B 5 £ — 7 £ CORRDTRRIE T B 50 1< R DT A I 5
Nt tEZIHN5,

<5% - 5|BAXE>
1) MHET BEARE B I OV FER, SRR, 2013 BEHRAE B2 K V92083 p. 70
2) EH#Z, K. 7T aky 7, $lFeih, MiEhs 7 v ok, fiked, 2020
p.81, 82
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B 5E BEXTILANOEBRBHICRED FOBENSZ 2HE

5.1 B

%4 #cld, Acid Orange7 &\ 9 PeRHI R L, Z DYRIDBFER S NVINNEE T
ZHGRIZOWTHYek) - BRZNZNDRED G- 2 52, D5 2 25812
DWTHERT L 72,

Z DR, BROIREDFE G IR OBEINE Z ) 23 (| ERTFILVOFEXR
REDRCIE E PR OB DR T W b ot, 7, FHERRZE <
B IHEVWRERORBHEEIZ RS 5 2 b o 7z,

ARETIE, FLREGEZ FF ORI TRORL 2 L 02 EEERY, oy 75
DRE IR, HTHEEDBPRBELFE)CH 2 5B OWTHET L 7%,

5.2 REHF
(1) FEREFFEN (EL7A0 L AEHEE) Obozilv, 2 DRERREMD

BERoOFEHEIEEE (0.66%) & L 72,

(2)  HebhIARFEETIX, 4 B O L 2 KEtmE ekl Acid Orange7 (2l
ST-EDE 7 2 Acid Red18, Acid Blue92 o 4&rif 3 flisH D Yuk) % i F

2\
L7,

ZNFNDyFREE % DUN o Fig.5.1, Fig.5.2, Fig.5.3 l[2/8d, 20 3 DY
FHES 7 VA - KIRIE - 2V R V25D L ) Ll D 5,

Acid Orange7 (HEUbKT2)

HO

20,5 ()n=n-)
W

Fig. 5.1 Molecular structure of Acid Orange7

CisH11N2NaOsS (MW:350.32)
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Acid Red18 (HsiftiRT )
HO

NaOsS Q N=—N Q
Q NGOgS O

SO 3 Na
C20H11N2Na3O10S3 (MW2604.46)
Fig. 5.2 Molecular structure of Acid Red18
Acid Blue92 (CHELELT3)
NaO 3 S
Y n=n- ()
Tiron Csoana
NaO 3 S

CasH16N3Naz010S; (MW:695.57)
Fig. 5.3 Molecular structure of Acid Blue92

5.3 Xk

53.1 EXTILHOENBEE L BHELE DBER (RERDOIER)
FER 2 Wl S & 7 KITIED L, 0.66%IREEDFERIE 2 B L 72, T DFERIAW
12, FTEIRE (0.0~1.0mmol) DORklZzNZhziffiE L <H—IT5EL 7,
EE22mm D 77 A F v 7O FlE AT A THE LD DI 20mLEE A,
B AT A% L, TCOWBIEN T 24 KL EEHE L. S V2B L 72, [ F
STFERPN I U LLEE 5mm Olatl ) i L7 b oz fllEiikl e L,
ABIOTEEIZ, K- HOMIZ2RT a*, ¥ HFOMIZ2ET b* 2o
(Spectrophotometer SE6000)THIE L 7z, BeblE & F 2 WEERS L O OEAE & Y
Bt L 2Bl el a*, b* 2l IE L, Z2NnZ o Aa*, Ab*zRo 7,
Aa*, Ab*DfiL . FRRRE & OBIRZNE S 7 717 ay b L TEEAHED 58
RIIZNHORRRREE 2 R § 2 7- © O EMR 2 R L 72,
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5.3.2 ZRARNSERT ILANDRE

HIE 0.66%DFERIER ZFHELL | 5.3.1 LFEMKICZNFN 20mL 77 2 F v /&
ICHEE AN, 206 % T°COBHIT 24 R FEHE L CTHERS LV Z2ER L 7=,

TS5 AF v 7EOHTREE > 7-ERKS LD iz, 0.5mmol/L DYRHER 10mL
ZERPICEE AN, 25°CICREE L - 225 HIRME NI 3 HIEEHE L . R VNI G
B2 RZEI T,

3 HiMERER IC BEORRNER 2 FRE L, DEOKRTT IVERID & R34k %
BE, T7I7AF v 78S NVEMR UM U, JobRAR & 82l L w22 B 2 L
&L T5h.3.1 LHERICZNVZES Smm [BFEOWY D 1 U7 JEstel 2 /E L, @
FAE (a*,b*) Z s THlE L 72,

QublongiE L 7zl ot E & Rl 2 G £ B WERTSVOBEME DAETH %
Aa*, Ab*» 6, 5.3.1 TIER L 7 MEMHEZ T\ TrFVNITRIE L 7 JeRHR B
(mmol/L) ZRD7-,

5.4 BERRUER

54.1 BEXTILHOREREE & BB & DBfR
RRT N2 EHOLRERORE L EEMHAaY Ab* L DBfRICOW T, Acid
Orange7 % Fig. 5.4, Acid Red18 #% Fig. 5.5, Acid Blue92 # Fig. 5.6 IZ/R L 7z,

80
« 60 F ®Aa* aAb*
QO
<
*«;40 B ° ¢
< ° N
20 ¢ A
° A
O x A| 4 1 )
0.001 0.01 0.1 1

Dye Concentration (mmol/L)

Fig. 5.4 Relationship between Aa*, Ab* and the concentration of Acid Orange7 in 0.66%
Ager Gel
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Dye Concentration (mmol/L)

Fig. 5.5 Relationship between Aa*, Ab* and the concentration of Acid Red18 in 0.66% Ager

Gel
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Fig. 5.6 Relationship between Aa*, Ab* and the concentration of Acid Blue92 in 0.66% Ager
Gel

Acid Orange7 D¥EITIZYRHRENE %2 2 12w Aa*, Ab*OfEdbE < %o
7=&bh %, Acid Red18 D413 Aa*fifilx Acid Orange7 & [AlBRICHRHREE DY
B BRIt TEL o705, Ab*HIZ 0.1lmmol/L M ECTH#ici>7-, I
BHECHO IR o7 X 91T, Aa* DD R %5 & ADMEICEEZ 525 L \»
FEEHEDR Ik b tEZ NG, T, BHEVHEFOTH S Acid
Blue92 DA 13 kR 2 0. lmmol/L 28 A % & Aa*fEhsifid L, Ab b < A
T AEA U 7z, AU Acid Blue92 O Ml ek R TR TH 5 720,
BH2 I LIzl-otEZoNn5,

PLETRENAIER T VD Aa*, Ab O & BFhREE (mmol/L) DBRIfR% i
FRICH T,
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542 AR SEXYT ILANDRE

7T AFy 7EORITIEE 0.66%DIER V2 ERK L. D _EiZ Acid Orange?,
Acid Red18, Acid Blue92 o Z #1241 0.5mmol/L ® $ekhAk 21 X A, 25°CT
3 HMEEHE L 7218, ZERTZVNICIRE L 72 RhRE 2 1lE L 72,

Z OfER % . GRHAI L 7 VST D & ORRRE & RhREE & OBIfR & L T Fig. 5.7
L Fig. 5.8 1o F, Fig. 5.7 (& Aa*fili% il 7= 854, Fig. 5.8 13 Ab*iti% filv» 728
HThH 5,

025
:*-\’ o Acid Orange7 a Acid Red18
S 020 F © .
g o Acid Blue92
E
.5 0.15 + o
g
= 0.10 o
O 005 *t .
3 5
o
= 0.00 ' ' 8 8 @& a o

0.0 1.0 2.0 3.0 4.0 5.0
Distance From Interface (cm)

Fig. 5.7 Concentration of dye in agar gel estimated from Aa* at the distance from the
interface of agar/dye stuff solution
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5 o Acid Orange7

= 020 | a Acid Red18

g ) o Acid Blue92
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.9

g

= 0.10 r m] A
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g A

(i 0.05 - o)

2 0 o

= 0.00 ' L o B 8 & & 94
0.0 1.0 2.0 3.0 4.0 5.0

Distance From Interface (cm)

Fig. 5.8 Concentration of dye in agar gel estimated from Ab* at the distance from the
interface of agar/dye stuff solution
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Fig. 5.7 178 L 7- Aa* & HHE I ko 7 bR EE 0 2 b2 B3 & FlhafE oGy
BloigiZ =k Acid Orange7 25 3 O RBOH TR D % . KIZ Acid Redl18,
Acid Blue92 DIHIZ A% 2 ) | B FEDOREZE IDKRE L 251Xt TRERD I
P,

L2 L. Fig. 5.8 IZ/R L 72 Ab*i2 30 { PebhR o 21kix, Hifid> 5 1.0cm O
#ETlZ Acid Orange7 D1 0.10mmol/L, Acid Red18 @& X 0.15mmol/L
ThHYH., TTFEDOKE W Acid Red18 DRZERED /i)Y Acid Orangel8 X h %< &
D, Aa*ZREMEIRD 7 FER LI o7, ZHUIRTETHS o 7-0D 3
FREiE D> & FI S N A ERAE (Aa*, Ab*) O Aa*DED E WA I Ab*OfE I 522
52 EDWEPSHOMETHIENT L LEER S,

fEoT, K- FMOBMS ZET a*fi, KO - HOBREE R T b3 A2
LdHI) DI RHREOERICH VR IIEZ 3, 72, A TH Wz X 9 Ic )y
Ko @R, 77, 5 & B 2583 ROREHEICE O THRDOFEL B Z
JTLE) 2 L6, a'fi. Kbz H W TOERIFEI LW EEZ LGNS,

Z 2T, RO RL 2 3EEOYRE T % 72012, a*fl, b*EIiciH % 3 2R
FTLMEZMZ, ()R TRINE2 "AE*, ZH Wiz, ZEAE* 122 DDDiE
WA a*il, b, LMED 2 NFNDED R ThoEVWERTHDTH 5,

AE*, =/(AL**+(Aa**+(Ab*? e e e . (1)

HiJE 5.4.1 T 607 a*ii, b, LD 6., R IV O Rl % Fhie 12 4y
BIDSENE L 7270 £ Dtaze AE, Z B L7z, 7 OGS N ta7E AE*, & ekl
TaE L OBfR % Fig. 5.9 127,

80 T o Acid Orange7 | .
60 4 Acid Red18
o | = Acid Blue92 - $
i 2
E 40 B ®
|
A
20 ¢ °
:
4
0
0.001 0.01 0.1 1

Dye Concentration (mmol/L)

Fig. 5.9 Relationship between AE*. and the concentration of dye in Ager Gel
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QeRHREEDBEMNHE > TAE*, IZHM L, #Ee0 2dhfiBfR 2 R Lz, Z Olif
ZRERE LTHO, BRI LVD AE*, 6 6 FBR 7P VNOREHRE 2 ko 72, H
L. Acid Blue92 122wl 0.1lmmol/L DL ETld AE*, DEDSHIETE %o 72
720, FeRHREEE 0.1mmol/L LU N o gl sy 2 HvTsko 7z, T o Fig. 5.9 TfF
SNBEREERE L THY, HFROERTFVHANRE L 'z ROl 20k
H% Fig. 5.10 [ZR T,

0.25
A o Acid Orange7

4 020 ¢ & Acid Red18
g o Acid Blue92
£ 015 ¢
[ o A
2
s 0.10 |
o O
g 005 f o
S . 5
— [m}
-C—és 0.00 I I I I 0 S & 0] o] i)
= 0.0 05 1.0 1.5 20 25 3.0 3.5 40 45 5.0

Distance from interface (cm)
Fig. 5.10 Concentration of dye in agar gel estimated from AE*a at the distance from the
interface of agar/dye stuff solution

FERTN~ADEZERIZ, Acid Red18 23 b % { . XK\>T Acid Orange7, Acid
Blue92 Dt % >7, ZNIETFERORKEIDIAE 1FH% D Acid Orange7 &
Acid Red18 23R L T\ 5, ZDZ EDSIERTIVADRBIZTFEHDORKE I
W BEZ 52T RRTBH L EEZ LGNS,

SFH DG Z T 2 L, T TORUAITHDREINEE>T0S, 22
T Table 5.1 TR $&AEEEER > " 6 3 FORIAFNDORESZHE L, ZOf
H7% Table 5.2 12/R T, &H., BHICBW TR VL VERMADFEEHEICOWTIE
R TICHEMICE S 2B L 72, 7. Table 5.2 IZIZFERFIVINICESE L 724§
Blofes b Hfad L 72,
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Table 5.1 Bond distance (pm)?-

c-s 182.0
C—N 147.0
N=N 122.8
0-5 142.7
gifyﬁ@ 140.0

Table 5.2 Amount of penetrated dye and molecular size

Penetration amount Molecular Weight Molecular Length
(umol) (pm)

Acid Orange7 0.0006181 350.32 1301.5

Acid Red18 0.0009549 604.46 1626.2

Acid Blue92 0.0002795 695.57 1875.5

Table 5.2 TR7 & 912, Febor D& X3 Acid Orange7, Acid Red18, Acid
Blue92 DL 7 1 | FERT NVNNDLGRIOREERICE VT Acid Orange7 £ D b
Acid Red18 D 7%\ »Z & L IZBHRD o 72,

FERIF 222 TRLIK I, EROIREDL SIHANC X D 70U T 2881, 74
0—2AEP—EHE LI TEHONY v 7 ZAREZER L, S S5ITHTICELE D AS T
LE~NY v 7 ZADELRIRELE 22, Zok, ERFVIZMEOERS 50nm~
200nm D =XJiEEE RO Y COMHDORE IR TORE I LHKT S
E20 BEL ERZ Wb DTH D Bkl DORE I DGRy ORER ICTHESY
32 LizEZI Vv,

Z 20 99% A B3R D & R B FER T N~ DYRLDIRE IZIAMRHR TH % L&
A\ IR R Z X =85 DB 2 AT, IBRE/NF X —4% 1% van Krevelen and
Hoftyzer i ¥ % F\»C, Table 5.3 |27 L 7z Hansen OIEfRIE ST X =% ¥ D%
HEREHL TRD %,

ZDfERZ RO 7-HEHR %2 T D Table 5.4 123 d, 7. BEER & SPAEORIR
% Fig. 5.11 127",
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Table 5.3 Group parameters of van Krevelen and Hoftyzer for estimation of Hansen

solubility parameter®

Fai Fpi Ebj
Structual group (Mj/m?) 2 « mol (Mj/m?) 2« mol | j/mol
—CH;3 420 0 0
—CHz— 270 0 0
>CH- 80 0 0
>C< -70 0 0
=CH:z 400 0 0
=CH- 200 0 0
=C< 70 0 0
_<:> 1620 0 0
—) 1430 110 0
_@NOV m, p) 1270 110 0
F (220) - -
—Cl 450 550 400
“Br (550) - -
—CN 430 1,100 2,500
—OH 210 500 20,000
-O- 100 400 3,000
—COH 470 800 4,500
—-CO- 290 770 2,000
—COOH 530 420 10,000
—COO—- 390 490 7,000
HCOO—- 530 - -
—NH2 280 - 8,400
—NH- 160 210 3,100
>N— 20 800 5,000
—NO2 500 1,070 1,500
—S—- 440 - -
=P0O4 740 1,890 13,000
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Ring 190 - -

One plane of
- 0.50x% -
symmetry

Two planes of
- 0.25x -
symmetry

More planes of

symmetry

Table 5.4 Relationship between penetration volume (nmol) and SP value®

Penetration amount Sp
(nmol)
Acid Orange7 0.6181 21.2
Acid Red18 0.9549 22.0
Acid Blue92 0.2795 21.0
222 -
220
21.8
2216 |
<
>
% 214
212 °
21.0 °
20.8 : : : :
0 0.2 0.4 0.6 0.8

Penetration amount (nmol)

Fig. 5.11 Relationship between penetration volume (nmol) and SP value
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BRIV VEL, F 75 L UBL 7 VREG, OH AL SO.Na BT X
NTW5, 206 D5EIKSr 0 d, By 0 p. KERBEET oh 1, ROfE%E
HwT, UTFoX)ickot,

NV VERIZA N FMLUCEIED & 2 iz Vi, 7787 L VEBRIER VL VED
fiiz 2 fFic LT w7z, OH XK OfEE 2 D F FHV, ALK VBT i
ROV VB OEZ 72, 8. Acid Red18 & Acid Blue92 o Z )L & ik
EF 78 L VB ECHIREZINSNEICH % 70, M aEHOfEE 1/2 L L7,

RNy VERAST A= 0d, dp, 0hZTFTRD X HIc FEH LT,
BRI A =8 ZRDT,

SP = J(dd)*+ (0 p)’+(dh)y

K7z SPED S, BERIZE NI & ZBBEBR NG, BT A —% (SP
i) EHBEDRSNS &) T EWbhot, BRI A —5 DO TKERA Y
DR B o, Bl emiERsy & OBRIER S N o7z,

77 706z SP il E MBI A S 4, RO FER S VN DK DRGNS
BEREFECEDOTVDE EW) I Ehbhrot:, ZOFEENLS ., ERKTZILVNAND
B ORBIIERTVHNO 7 AT —ABHD 3 v b7 — 7 NITKEITAET 57K~
DIFRDBIRTH D . Z DRBEEDEAGIT IZ YR DL EREE I FED VAR5 X —
% (SPf) WRERZET-ERDZ I EBbroT,

5.5 i

=Y #E”%ﬁ«@é%@ﬁﬁmomf\%f?w&%ﬂ%ﬁ%%%wmm

. BB KUTTRE TGO B 2 R L 7o, Z OfEH. ERT7 VIND GelhR
ﬁ%ﬂﬁ?%% B D AR D B e 2 YelshA 4 & R T 2 541X, 4 o geklo
Fo MR P OEIC G 2 2 B2 R 2o, ¥fiAa*, Ab*, AL*»5%HMH
SNDEAEAE,ZHVD 2 EDYRHRE L OBREZIET 201 LTw5 L b
Hot,

F 7o, ERTZVOMEBERENICGRINEE T 2 BRI L, Rl OB 8T
LD EL ST,
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F£6E EXTIANOBRBHICRIZTREEEFIOZE

6.1 BW

HiEE £ COFEED S . YobhATIZIER S L O FiH & WEBICEE T 2 B, TS
SRA—IDER L BT OET 5 AN K VB OBDIHET 2 2 L b o T,
UG VERIDSIAE L A ICAREDE DL 2 L2 6N 2 6, 6 T,
PV D Rt D2 BB TG E A DS YRR I I FE L 72 56, ROV ER
VNI IR ERIDAE L T2 &Ic D n»TET L 72,

6.2 SRERER

(1) FERIIEH 4 T L FRRICERIGEAIEM (B L7 A v s ADEMEE) 2o, BREE
0.66% & L 7z,

(2) YekEHZ Acid Orange7 Z i L. Z DX 0.5mmol/L & L 72,

(3) FLEVEMHANZ., EET L F AR Z LA U Na (LAS). 77V Vil F
FVU A (SLS) ZHva7z, ¥EEEIZ 0.5mmol/L, 5mmol/L, 50mmol/L & 3 B
fE & L7z,

(4) HIEEEE T, BiE L EBRICOYEEEE (Spectrophotometer SE6000, H
AEM) 2HVT,

6.3 £k

6.3.1 REEHFAREREICE T 2EREBEH

0.66% CHBL L 72 9ERER % 77 A F v 7812 20mL EE A4, WIEJH T 24 K
ML EEE LT V2R L 720 SO LD FIZRD 2 DD 5Eogekl, MO S
TEVEAIOVEWR 10mL Z2 3¢ )L L il X ¥, 25°CO 225 HImA N THiE L 72,

Z 1 3k 0.5mmol/L i L. FHmnEtEAl 0.5mmol/L, 5mmol/L,
50mmol/L ZiRE L 7wl & FER 7 WA Ei X & 72,

Setk 2 0 RUREMEFAWE 0.5mmol/L, 5mmol/L, 50mmol/L ® % 112 1o Higl
TR % FER 7 VA &, 3 HIRIEHER [ FUm G EANAR 2 R A L.
TS TYLRHAR 0.5mmol/L %2 Bl X %72,
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6.4 HWRRUOZE

6.4.1 EXTILANOERBEICRIFTREEEHFIOEZE

LAS Z 72560 1, KOt 2 (O, A, O) 2B 2FERFIVINANEE L 724
BRI % Fig. 6.1 O Fig. 6.2 19, F72, [FEkIC SLS D&% Fig. 6.3 &
O'Fig. 6.4 ICR L7z, £/, 2NFND 77 713 FREEEAZ W2 WG E 0k
BifsRe Tx) TR L7,

LAS %111
=02 1 . o (1) 0.5mmol
S 020 L . 5 (1) 5mmol
g o o (1) 50mmol
=0.15 | x No Surfactant
S x
o010 | =
= 2
2005 | 2 o
£ 0.
@) ® .
8 0.00 ' . L B ® =
o
< 0 1 2 3 4 5

Distance From Interface (cm)

Fig. 6.1 Concentration of dye in agar gel estimated from AE*a, at the distance from the
interface of agar/dye stuff solution (Condition 1)
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LAS 4fF 2

= 025 0 (2) 0.5mmol
3 020 L A (2) Smmol
: A

E 0 (2)50mmol

.§ 0.15 Z x No Surfactant

g

£0.10 | o 8

> al

3005 | 2

g " q

§ 0.00 ' ' L& 5—08&
0 1 2 3 4 5

Distance From Interface (cm)

Fig. 6.2 Concentration of dye in agar gel estimated from AE*a, at the distance from the
interface of agar/dye stuff solution (Condition 2)

SLS %&f 1
025 - O
= s o (1) 0.5mmol
'g 020 L a (1) 5Smmol
g o (1) 50mmol
5 015 x No Surfactant
= X A
£o0.10 | 0
: < g
£005 | g
S ¥ g
8 0.00 | | L8 2@
)
s 0 1 2 3 4 5

Distance From Interface (cm)

Fig. 6.3 Concentration of dye in agar gel estimated from AE*a at the distance from the
interface of agar/dye stuff solution (Condition 1)
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72!
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95]
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o

Y

(Y
1

= o (2) 0.5mmol

g 020 | o A (2) 5mmol

‘g’ 015 | A 0 (2)50mmol

g X x No Surfactant

B

0.10

8005 | o 4

5 .

20.00 ' - ® & & =
0 1 2 3 4 5

Distance From Interface (cm)

Fig. 6.4 Concentration of dye in agar gel estimated from AE*a, at the distance from the
interface of agar/dye stuff solution (Condition 2)

Fig. 6.2 XU\ Fig .6.4 ISR 2 ICiEH T % £, LAS, SLS DWW TNDOHAICE
Wb, 50mmol/L R O FRG A% Sl RS VNICENE S ¢ 75, R
HEVER Z & £ 2 WBBHAR Z 7 VI S € 72354 L L T iRIER D 7 <
55 EVHFERICR ST, DF D EIREOFEIGEATAR 2 I 5 2 & o
TG ERIDNRE L 7RSI, Z OBRICE S - fbonigiE Licd (&
> Tz,

F7o, RAEERIOREIC X 238 0E 2 & 502 054, UG
BiEL TWw3 & LAS 8413 5mmol/L DEEDR G IEERI% >, SLS DA,
FURARE Tl AL IS A EE 23 0.5mmol/L D40 EER %\ DD, Filid:
5 DOEHEEDS 1.5cm DL BN 2 & 0.5mmol/L & 5mmol/L DBAICIZ R E 2 iEv I
Wiz mro e,

ZDOTEDS, RTINS L BE L R EANE 7 VNGB8 § 5
ZEERBFTwL EEZLND,

—77, Fig. 6.1 JX O Fig. 6.3 1R T4 1| OYRRAR & FURTEERID L L T v
BIRATAIR & FER I S F 2550213, LT NOSEMFIC B T H S A
DIFEE L R WA LR TPOVAANEE L 2 R oRE X E < 2 0 | RGO
IREEDSR D =i\ 50mmol/L D& ICRIC RO RZER DS o T,
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IS R EMA] & ekl 2 IBAEI & L2500, FUIE RIS eRl 235 % (¢
HELTWa I EEZoNS, 22T, FEHAOECICHERT % &, SLS XD
b LAS DD L I DRB RN % o T 3,

S, FATEEA L RO ST EEM LA, Gekto SPED MBI 3
ML77-dThsEZOND, ZOHA, LAS IXVEVERZ AT 2L AHET
HHTEDPS, Yt OMAFEHPKE L, SLS XD b LAS OEAICEEENS
(BN EtEZ 5,
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ETE BRXTILANOERDZEANZX L\

KL DF 4 B 55 6 HE M2 o BRI T 24kl BB
RIZOWT, HERIZR 57U T D REIC O WTRZ W TR L 72,

@O SPELHHRET 2 &
@ TNVEEICkoTERBLICS RS L
@ FEIEMESIC L > CEER T 5 2 &

7.1 SPIEERBEENHEET S EICDONT

FERSNVOMERE X, fig. 7.1 2R3 T LI —HDEZIF 50,000pm~
200,000pm TH 2, ZHEARRLHCHEALE 3 DOLERITORIDES
(1301pm, 1626pm, 1875pm) & Hilkd 3 & #0125 f5~150 [5ORITH Y . 4
FTORESI LD B ITTHTICREOHBEZ R > T 5,

50,000~200,000pm

Acid Orange?7
J 1,301pm

Acid Red18
1,626pm

Acid Blue92
1,875pm

Fig. 7.1 Comparison of the mesh structure of agar gels and the size of dye molecules

7z LC. AWFFEOfif L 72%ER7 03 0.33%~0.99%DFER £ 99.01~99.67%
DKTTECVZ, D% 0. Fig. 7.2 LR T X 5 ICER P VI A S A ERED b
WHEDOKEZRFFL TV EEETH S, TDEEDKDOHFIZGER T FHNRE L T
ST LIF RELS AL ERRIDIKITIER - T L T BIREEZ L I ENTE S,
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Fig. 7.2 Model of the agarose chains and water molecules in agar gels

fit> T, KD SP D&, 7 NVNNDYRIDRFE R ENAREL YR D RIATT
DY A R EIFERBRSNT, SP i HEBR LN, FRDIERT AN DK~
DIRfRENRIER LELBEboTw3 tE 2 LN,

HIG | R IVHANDORBIDRIBE IR T IVNDO 7 H 1 — AHOHEE NI KEIC
FET 2KNDRBOBIRTH D . 2 DRFERE PR O AHEE (RVEVER,
7HV VB TR AV E VR 1T RS A —% (SPAH) IR E L
HTFThHs I ERDLIoT,

TlE, EDRRICHRIDAIR L TV B3 DI DO WTEZ 5, K5 F1E LT o Fig. 7.3
DEHZHMLTED, BIERTIZ~A F ADEM, KB F1E 77 A DELM % &
PC03, Z20kd, Y E ) KRS THEEIIKEEAEZBRL T0 5, eI
IZH e, K TIZEGEE) L 2280 HHICEIC 2 L3 TE B,

o- _0O°
/O\
51 N

Fig. 7.3 Water molecules and electric charge
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Acid Orange7 ZH#lIcHL % &, GekHizKHT Fig. 7.4 D X 5124 F VEEEL T
%o

O

HO H
NaO3S— y-N=N-{ ) == Na* SOz~ »-N=N~ )
W \J

Fig. 7.4 lon dissociation (Acid Orange7)

KA TDeA FADERZH DT OB Fg 75Dk HICF F U AL 4 v D
DIZHIEZFE 5, Na'lZ/kKMLTw3,

Fig. 7.5 Water molecules attracted to sodium ions

—J5. fREEL TR ALK VEBIEA T AL AV ER D, 7 RADE M2
H°3Fig. 7.6 DX HICANVT VBA A VORI 0I5 EFFE STUKRIL Tw b,

HO o/\l O\\:t HO
NaO?,S—@—NzN Yy Y\O\\A 038~ _YN=N-{)
o7 %
oI Tl o

Fig. 7.6 Water molecules attracted to Acid Orange7
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C DRRISARANIGeRL LK E DBIRINEZ LT S DTH %205, Acid Redl8, Acid
Blue92 013 3 # IO AN K VBEZ AT 5720, 216 D D ITIEAKTTFH
#£%0), DUTFDFig. 7.7, Fig. 7.8 lZmm L7k H ek 3 L2 6N 5,

Wit SO 1 & D b 3EFF OB ICEMREDE 2D, 2D SO, % 31
5> Acid Red18 OFER TSN ANRBEDNS L o T\ 5,

p 2
o X
HO ~ b HO
naossn=nd) | F 0ssfyn—nd )
ONa0ss) o T F () o5y L 2
N de 1032 T H
SO:;Na z kS o\/ < e 'OgSH
\r o/\a i

Fig. 7.7 Water molecules attracted to Acid Red18

{ o—
o (@)
/\\-\\I ~\2‘
T -0,S
o 3
NaO3S \ *
x|/ _ ‘
N=N NH o3 { N=N NH@ o
N OH { WoH
§ )OH { )SOsNa S\ W 0sS 7
NaOsS (\)//vt-ogs o)
O\/ ¢/;, H M by \IO\»;
r O —«

Fig. 7.8 Water molecules attracted to Acid Blue92

Zi 7z 513, Acid Blue92 1 Acid Orage7 X D 2@ E03% < %5133 TH %25,
FEHZ Acid Orange7? D% L 2> T3, Blb, SPAitin6Hhh 5 X I icfbaE
R 12 D C VAMREE & L TiE Acid Orange7 DESBENRI% L k5 LW 2 5,

57



7.2 BERTIVEENEL B2 EEHOREENRIT B LICDNT

TH U —AICIE OH EBL L HFELTED, ZNo3KALTWwE, ZDZk
BEZDE, BRTIVORENE VI, Fig. 7.9 10737 X 9 ICBREIZ/ NS 7%
5, 7AB—ZAIKML T EKRGTFBL 2D FeRtEAKRTE 2K T ORIZ
XIS T 5, ZD7d, BRI NVNNDORROZEREV T2 EE2 52

EVTE S,

Fig. 7.9 When agar gel concentration is high
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7.3 REEMAINER EHEFIT B ERBENBMI DI EICDOVT
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Fig. 7.10 LAS attracted to Acid Orange7
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Fig. 7.11 SLS attracted to Acid Orange?7
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Fig. 7.12 Dye solution and agar gel in contact
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Fig. 7.13 Number of dye molecules and number of meshes in the agar gel
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