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Dyeing of Silk Fabric with Aqueous Extract of Cassia tora L. Seed

-focusing on the mordanting and dyeing mechanisms-
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Abstract— Silk fabrics mordanted with Fe™, Ni*", and Cu®" were dyed with the aqueous extract of Cassia tora
L. seed which was known to include water soluble colorant kaempferol, one of flavonol compounds. Kaempferol
can react with free radicals and chelate transition metal ions, which is thought to catalyze processes leading to
the appearance of free radicals and have antioxidant activity. In relation to the coordinating and chelating
mechanism of the ions with the silk protein and kaempferol, reasonable conclusions should be made on the
colorant uptake and the water fastness of the fabric. The amount of the colorant on the fabric was in the order
of Fe’">Ni"">Cu®". In case of dyeing through coordinaiton bonds between transition metal ions and silk protein
and colorants, it was thought that the ions with the smaller secondary hydration shell, the higher preference to
the atoms of the ligand coordinated, and the suitable bonding stability for the substitution of primarily hydrated
water molecules for colorants led to the higher colorant uptake.

The water fastnsess of the fabric was in the order of Fe”>Cu’">Ni”". It should be reasonable to choose transition
metal ions with weak and strong tendency to the ionic and the coordination bond, respectively, to the carboxylate

anion of the silk protein.

Although further research needs to be done, the conclusions above may be generally applied to the natural dyeing

through the coordination bond mechanism between transition metal ions and colorants and substrates.

Keywords : Cassia tora L. seed, kaempferol, chelate transition metal ions, coordinaiton bonds, ligand

1.A E

AdAel EAlste 5o A% 9 FERE
A, A7, A, A Azel A
Gzl vlsle] QA 34, T, 9
A Fo) A9 gle] BAABHel). w o5

oA, 234, FdUErIA, ekl 58 ol

o 4y 1;& flo
11
Lir s

o.?,’i 5

lCorresponding author. Tel. : +82-51-200-7543 ; Fax. : +
+82-51-200-7335 ; e-mail : skdho@dau.ac.kr

74 / SR EI UREESE F1T4R 52952005, 4)

o} siAlE ol gste] ol S
ARAE Folz SR JATAL ZEHN]
$18 A7k e

#v30] Cassia tora L3l WA 82, 74
o o] olx o Mz} FYel L3}



W, obiz, AU, g, S0E Sl Ut 2
g g4Ik P A FE
449 o Zxl(emodin)¥} FLEE| ko] =AY T2
¥l(carotene) “e|il 48419 i AR FetR
rolx=Ae] 3, 5, 7, 4 -tetrahydroxyflavoneql 7§ 7| %
(kaempferol) So]c}.>

Fehuicolmiz @ /) F8 5 A olake) o]
5 7P, 2] bl 27 G AL ALE
‘%_}34 7 9lr}. C-58} C-7¢] -OH7|, C-29} C-34}0]<]
o] 73 ring Bo] C-3° mi= C39]#]2] -OH7|+=
hydroxyl radical, superoxide anion®} 722 uk-$-43 At
4%, peroxy nitrile®} 7242 WA A4 F, *)A
#F3} radical-2- ¥ ZHscavenge) dtol FHALEtA|E 2H4-
g% e ZelH o] 5= free radical Aol &
uHxL_Q__,. 6],1— X—]o] A -—o].S’_o] Mg“, Feb, Niz'
', Zn’ H3) Ao mE vhEe] 343t 2He-g
Foha okelA Qeb” P gelni £84 Hekn
ro]x=e] el#ql kaempherolo] T4 A H-0 % F
7(45:] uﬂz}- L’-oﬂoa éxﬂéﬂ- 7‘:111_5}_19‘_%%
A+3) &7 <Fe] &3t Y gaks) 243 A
43k Al 7 A dAkslan At
= zﬂx}‘;i oﬂxua-].oir/}
of wioll iz AAY T AR 34
kaempferol 2 7wl alst vl ]ﬂt@}g}oq 7] o]
# Yok PolTael B, N, Q') v

mechanism¥}  ¢x]o] FAAA, FAAHEE

zshedet.

_tJ‘

-

&2

o
il
e 32,

|
e

B

1:44 s lm e

2.4 H

2.1 Al B

Al AR % Crepe de Chine(CDC, 7 AF @ 2143
3, 4, 1204 finch, 21A} : 21dy3{y 2700 S/Z,
96 Afinch){r AH8-3FA )

22 MAFE

W77 #AE Feaa ol SR 2EE
98 T2 7hdgh F, o] Mo) Az AwAL o
W8 30g1e] TR e 303} FEeha o35
drk ol @ b ofz] Al WA, A 28
& e g0 3F g susln AEEY ¥
© HUHE ] Fad EYT S oY)

23 Mo Ix FF

KRS pelletel 2Rz} & 448 F44 =

ZZold] g ALw o 1

sl S A F oA 23BEA
(FT-IR  Spectrophotometer, Nicolet Impact 400D,
lapam) & ALgs}e] FEe] FrolE S4stech
2.4 OHEH|

19 A|2K(Yakuri Pure Chemicals)q] CuSO4 -
6H20, FeSO4 - TH20, NiSO4 - 6H20E 19| & A}
&3kl
25 M7 MEE

Zfael Aol F4A e Bl 24FER 2AT

3 Aeoa] AZAHEEA(YS] Model 35 Yellow
Springs Instrument Co., Inc. USA)Z ZA 33t}

26 Wi

2AFEZ ZAE HolFEyg FEHoR A
S 20} 1:1002.2 40T o)A 4087} =) 8holch

id

2.7 M

IR% 47| (BFA-12, Mathis Labomat, Swiss)S& Al-g-
slo] 44 A FEE Avide AXES £
A7y, 24 EEeA f9] 110022 Fskedc)

2.8 HEF
vlj < 2 zluﬂ-g—j@lrzgﬁ FeSO4, NiSO4, CuSO4
z}7} 395, 405, 400 nm ©| 1T °] & kel 419 K/S

e A F 3x103M.4 A% 97,74, T022
400nmel| A1) K/Szkal 9.5, 7.2, 7.05} o7} 72
Aedch Wb dAF Aol B HALEE BE
400nmel| & A A}Z2 7] (computer color measurement,
CCM, Gretag Macbath Color-Eye 7000A, USA)=®
#3ted oh-g-2) Kubelka-MunkA}olf o}s 7 K/Szk
& Fahedet.

(1-R?

K/S= SR

K : absorption coefficient of the dyed fabric
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(K/S) : value for the dyed fabric before washing
(K/S) " : value for the dyed fabric after washing
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Fig. 1. Flavone(a) and kaempferol(3,4,5,7tetrahydro
-xyflavone) (b).
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Fig, 2. IR spectrum of Cassia tora L. seed extract.
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Fig. 3. Relationship between K/S and dyelng
time. Fabricswere mordanted with 3x10°M
aqueous salt solutionsat 407 for 40min
and dyed with aqueous Cassia tora L.
seed extract at 40°C.
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Fig. 4. Relationship between K/S and dyeing tlme
Fabrics were mordanted with 3x10°M
aqueous salt solutions at 40°C for 40 min
and dyed with aqueous Cassia tora L. seed
extract at 607C.
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Table 2. Conductivities of aqueous salt solutions

Fig. 6. Relationship between K/S and concentrations Conductivities(mmbho)
of salts. Fabrics were mordanted at 40°C for Salts . -3
40 min and dyed with aqueous Cassia tora Concentrations of salts(x10"M)
L. seed extract at 40°C for 40min. 1 3 5 7 9
32.1 ©oj 252 gl FeSO, 138 3.12 481 6.18 7.38
Ho] o4& 23} o9le] A T2E F45)H] _
o] Zom 12 £HAAE) (i hydration NiSO, 127 305 4.50 6.09 6.93
shellof] 6749} 32017} A2 wh95}ot IMOH™ CusO, 124 293 438 533 656
He] BHAF AT el 62 AP L& 3
A= G A ek 28)2 27} Aol Fe]
Table 1. Characteristics of the transition metals and their divalent ions™
. . .. . . Electron Third ioniza-
Elements I?u:gg:fs Atorr(ug)radn Iomc(glghl(ﬂ) Ee;t\:ﬁxil:sga- affinities tion energies
(kJ/mol) (MJ/mol)
Fe 26 1.24 0.92 1.83 56.2 2.957
Ni 28 1.25 0.83 1.91 111 3.393
Cu 29 1.28 0.87 2.0 123 3.551
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