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Reaction Mechanism of Sulfatoethylsulfon Dye with Silk
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In order to elucidate the reaction mechanism between sulfatoethyl-sulfon dye and silk, the
reactions of sulfatoethylsulfon dye (Ester) and Vinylsulfon dye (Vinyl) of C. I. Reactive Blue
19 with silk and water were examined. At pH5 Vinyl reacted with silk more strongly than Es-
ter, and at pH 7 both dyes manifested the same reaction. At pH9 the amount of Ester reaced
with silk was approximately equal to that of Vinyl for the first two hours, and Ester reacted
somewhat more strongly than Vinyl, thereafter. The rate of the reaction of Ester with water

was almost the same as that of Vinyl. Also, Ester was converted completely to other components
(that is, to Vinyl, Hydoxyl and Ether) during the short time in alkaline solution. From these
results it was concluded that Ester was decomposed to Vinyl in the dyeing process, which was
then reacted with silk by means of the nucleophilic addition.

The reactive dye was at first marketed thirty
years ago. The studies on this dye was of a wi-
de range. Recently, the reports concerning the
synthesis of the new reactive dyes and the dye-
abilities of these dyes (Kamel et al., 1982 ; Sta-
pleton and Waters, 1981, and others) and the de-
composition behaviors (Kamel et al., 1982, and
others) are available. However, there are little
outstanding advances in regard to the reaction
mechanism. Thus far it has been presumed that
a sulfatoethylsulfon dye is converted into the
vinylsulfon dye, then the latter reacts with fiber
during the dyeing process (Bohnert, 1959 ; Von
der Eltz, 1959 ; Heynd, 1962 ; Rys and Stamm,
1966). On the other hand, Bhagwanth and his
associates (1970) have proposed the theory that
a sulfatoethylsulfon dye reacts directly with ce-
llulose by nucleophilic substitution. But, there
seems to be no paper dealing with these two

theories and examining such reaction mechani-

sms ‘with the protein fibers. Thus, in order to
elucidate the reaction mechanism of a sulfatoe-
thylsulfon dye with silk, either nucleophilic ad-
dition or nucleophilic substitution, we measured
the rate of reactions of sulfatoethylsulfon and
vinylsulfon dyes of C. I. Reactive Blue 19 with

silk and water.
Materials and Methods

The raw silk yarns were scoured in the solu-
tion containing both of sodium carbonate and
sodium hydrogencarbonate (overall concentration
was 0.01 mol dm~?) under boiling for 90 minu-
tes (liquor ratio 100 : 1). Degummed silk yarns
(termed silk) obtained were washed thoroughly
in water and acetic acid solution of 0.01 mol

dm-?

, and finally water, then, bone-dried.
Two reactive dyes, the sulfatoethylsulfon dye
(abbreviated Ester) and the vinylsulfon dye (Vi-

nyl) of C. L. Reactive Blue 19, were used. The:
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Ester was purified from Remazol Brilliant Blue
R by dimethylsulfoxide-acetone method (Shimi-
zu, 1972), and the Vinyl was synthesized from
the same marketed dye and then purified by re-
crystallization from water (Shimizu, 1975 a). The
purity of the sample was confirmed by paper-
chromatography. The chemical structures of the-

se dyes are shown below.

0 NH,

SO ;Na
» - @ Q0
0 NH

Ester . D—S0O,CH,CH;0SO;Na
Vinyl : D—S0,CH=CH,

Dyeing

The dyeings were conducted under the follo-

wing condition : Silk lg, concentration of dye

1.5x107% mol dm~3, pH 5, 7, 9, liquor ratio

50 : 1, temperature 80°C

After dyeing the silk was taken out and trea-
ted solution four times with the solution mixed
with 50% urea and 1% Nonypol 80 (liquor ra-
tio 50 : 1) under boiling for 3 min to extract
the unreacted dye. The amount of reacted dye
was determined by both the solubilization me-
thod (Shimizu, 1975b) and the following equa-
tion :

(@)=0b)—((c)+(d)
(a) : the amount of reacted dye, (b) : overall
amount of the dye in the system, (c) : the amount
of the dye remaining in the bath, (d) : the amount
of dye extracted.

Rate of hydrolysis

The dye (Ester or Vinyl) of 10 gmol was di-
ssolved in the buffer solution of 25 ml (the so-
lution mixed with 0.05 mol dm™* sodium carbo-

% sodium hydrogencarbo-

nate and 0.01 mol dm~
nate, pH 9) and kept at 80°C. After a certain

time 1 ml of the treated solution was pipetted

out, to which a few drops of acetic acid were
added, and used for paper chromatography.

n-Butanol/acetic acid/water (4/1/4, by volu-
me, upper layer), was used as the developing
agent. After the development for several hours,
the bands of the unaltered Vinyl (or resulting
one), hydrolyzed dye (Hydroxyl) and ether form
(Ether) (Rys and Stamm, 1966 ; Shimizu, 1977)
were cut off, extracted with 2.8 % ammonia
water. The amount of each compound was
deterniined by colorimetry (the absorbance was
measured at absorption maxmum, 595 nm).

The chemical structures of Hydroxyl and Eth-

er are shown below.
0 NH,
> - QLR
0 NH

Hydroxyl : D—SO,CH,CH,OH
Ether : D—S0,CH,CH,OCH,CH,SO,—D

S0 SNa

Results and Discussion

The silks were dyed by Ester and Vinyl at
80°C in the solution of pH5, 7 and 9, and the
results are shown in Fig. 1. At pH 5 the rate
of the reaction of Vinyl with silk was markedly
larger than that of Ester. At pH 7 the rates of
the reaction of Ester and Vinyl were nearly
equal to each other, and at pH9 both dyes had
the same rates for the first two hours, but the
reactivity of Ester was superior to Vinyl there-
after.

Thus, it seemed to be an evidence for the me-
chanism of nucleophilic addition that the rate of
the reaction of Vinyl with silk was larger than
that of Ester at pH 5. The lower reaction rate
of Ester was considered to be due to the fact
that Ester was converted to Vinyl slightly at
pH5. After Ester was boiled in the solution

of pH5 for four hours, the solution was analy-
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Fig. 1. The rate of the reaction of sulfatoethylsulfon and vinylsulfon dyes with silk at 80°C.
Starting pH
dye 5 7 9
Ester O O " A i
Vinyl [ ) |

zed by paperchromatography. The amout of each
component was estimated by the naked eyes,
and it was apparent that the about half the
amount of Ester was converted to Vinyl.

As mentioned above, the amount of Ester re-
acted increased beyond Vinyl at pH 9 after two-

hour reaction period. In ofder to clarify this re-

ason, the reactions of Ester and Vinyl with wa-
ter in the solution of pH9 at 80°C were exa-
mined. The results obtained are shown in Fig.
2. This represents the relationship between time
and the contents (%) of the components exi-
sting in the solution.

As the conversions of Ester or Vinyl to the
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Fig. 2. The conversions of sulfatoethylsulfon and vi-
nylsulfon dyes to other components in the buffer so-
lution of pH9 at 80°C.
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Hydroxyl and the Ether are the hydrolysis pro-
cesses, the rate of hydrolysis of Ester is almost
equal to that of Vinyl. Therefore, the differece
mentioned above cannot be explained by the ra-
te of hydrolysis. Furthermore, as shown in Fig.
2, Ether adsorbed by silk was larger in quantity
in the dyeing by the former than by the latter.
The Ether adsorbed decomposes gradually with
the lapse of time and forms Vinyl and Hydro-
xyl, then the Vinyl can react with silk (Shimizu,
1977). The difference of the amounts of Ester
and Vinyl reacted with silk during 4 to 24 ho-
urs at pH9 is due to the difference of the amou-

nts of Ether existing in the bulk solution (con-

sequently in the silk) during the dyeing with
both dyes.

It can also be seen from Fig. 2 that Ester is
converted completely to Vinyl, Hydroxyl and
Ether for the short time (even ten minutes).
As Ester does not exist in the solution, the di-
rect reaction of Ester with silk by the nucleo-
philic substitution is impossible. The unreacted
dyes were extracted by dimethylsulfoxide from
the dyed silk with Ester at 80°C for 20 min
and the extracted solution was analyzed by pa-
perchromatography. Thus, it became obvious th-
at Ester did not exist also in the unreacted dyes
adsorbed on silk.

From these results it was concluded that Ester
was decomposed to Vinyl in the dyeing process,
and the resulting Vinyl reacted with silk by the
nucleophilic addition.
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LR T - WKBEIR - ARRDERE D AL 7 5 b =T Ak v RUREYR & AR O BOC B

ANT 7 b=F AR RGO L B e ORIGCER 2 Y 3 5728, C. L. Reactive Blue 19 ® A
N7y bzFLALKRYR (mAFA) EE=AAAKRVE (E=1) #HVCTHEE LUK EDRIEH N
720 PH5 TRRE =A== AFA LD RIGLS L, pPHT TR UM TH -7z, pH I TIIH 2 B TiZ
FRLL, ZThLBR=AT AOHNE =4 L) ETFREFEELAKTH - 7ze KEDSIEEBLHEHE KR L
ThbH, =ATMIT AN ) WERBTRERED 5> biceTomS (FTiebb, E=4, et dy
BIW=—7A) KEELTLES ZEMHILMTIRoTe T, =AF ARPETRPC Y = LiIcE b
L, AURE = AR IS X D BERUST5 LKERT 5.



