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INTRODUCTION

IT is now generally recognized that when cellulose is oxidized in presence
of another easily oxidizable substance, an accelerated oxidation takes place.*~®
This accelerated oxidation is comparable to the widely occurring auto-
oxidations well known both in inorganic and organic chemistry.™3

During their investigation of the accelerated oxidation of cellulose with
sodium hypochlorite solution in presence of leuco vat dyes, Turner, Nabar
and Scholefield® observed a close similarity between the pH-fluidity relation-
ship and the pH-oxidation potential relationship and hence concluded that
the mechanism of oxidation must be relatively simple and consistent over
the whole pH range. Later, choosing Cibanone Orange R in the leuco
form as the best example of the activation of the hypochlorite, unaccom-
panied by interference from any part of the dye molecule, the above authors?
have found that the hypochlorite oxidation of cellulose ..accelerated - by
a reduced vat.dye takes: a different course and gives -rise. to .products
distinctly different from those obtained with prolonged oxidation. The
important contribution of Nabar, Scholefield and Turner to the  study
of the mechanism of accelerated oxidation of cellulose is the constant
ratio obtained between the reducing and the acidic groups formed
in the products of accelerated oxidation as distinct from that ‘,obta‘ined. by
the slow normal oxidation of cellulose.* The conditions of oxidation such
as pH of the oxidising medium, its strength and the time .of treatment: did
not affect this ratio. | : S :

With a view to elucidate the mode of oxidation and examine the pos-
sibility of explaining the relationship between the various chemical proper-
ties of the oxycelluloses, the present investigation has been undertaken.

Leuco Cibanone Orange R dyed cotton has been oxidized using buffered
sodium hypochlorite solution and carefully washed and dried. The various
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chemical properties of the oxycelluloses have been examined before and
after treatment with chlorous acid.

Investigation into the mechanism of accelerated oxidation of cotton
cellulose by hypochlorite in presence of leuco compounds of vat dyes which
are affected by hypochlorite! is in progress.

General Details of Experimental Methods

Materials.—The cotton used for the experiments was 2/28’s gassed super-
combed fully bleached yarn. After thorough washing in hot and in cold
water, the cotton had the following properties: (a) Copper number
(Micro-Braidy method)® =0-015. (b) Cuprammonium fluidity (B.C.LR.A.
m:thod 0-5% solution)® =4-6. (c) Carboxyl content (Neale’s method)!?
per 100 g. of cellulose =1-Om.e.

The cotton is dyed with Cibanone Orange R by the method described
in the previous communication!® taking 2% of the solid commercial dye on
weight of the cotton. The dyeing and reoxidation, washing, drying and
conditioning of the dyed yarn is carried out in a dark room. The dyed yarn
had a slightly higher copper number, cuprammonium fluidity and carboxylic
acid content than the undyed cotton.

Reduction of the dyeing and its hypochlorite treatment.~The reduction
of the dyeing is carried out using 29 cold sodium hydrosulphite solution
followed by washing in air-free distilled water to remove the hydrosulphite.
The reduced washed dyeing is then treated for ten minutes with buffered
sodium hypochlorite solution as described in the previous communication.1®

Oxidation of the Cibanone Orange R oxycellulose with chlorus acid.—
10 Grams of the air-dry sample is oxidized by treatment with 0-IM
sodium chlorite in 0-5M phosphoric acid for 18 hours at room temperature.

The product thus obtained is washed thoroughly, rendered cation free, dried
and stored as before.

Determination of copper number—The copper number has been deter-
mined by Heyes’ micro method® modified as described in the earlier com-
munication.14

Determination of carboxyl content.—(a) Neale’s method' —QOrne grem
of the cation-free dry material is suspended in a mixture of 25 ml. of 0-02N
caustic soda (carbonate-free), 25 ml. of 59 sodium chloride and 25 ml. of
carbon dioxide-free distilled water. At the end of one hour the excess of
alkali is back titrated with 0-02N hydrochloric acid using Bromo-cresol-
Purple as indicator.
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(b) Iodimetric method®—This method has been described in detail
in a previous communication. In this method one gram of cation-free dry
material is suspended in a mixture of 25ml. of KI-KIO,;-NaCl solution
(83g., 21-4g., and 50 g. respectively/litre), 25ml. of 0:02N sodium thio-
sulphate and 25 ml. of carbon dioxide-free distilled water. At the end
of twenty-four hours the excess of thiosulphate is back titrated with 0-02N
iodine solution using starch as indicator.

Experimental Results and Discussion

Leuco-Cibanone Orange R impregnated cotton has been oxidized using
buffered hypochlorite solutions. About half of the oxycellulose sample
thus produced has been treated with chlorous acid as described earlier. The
various chemical properties of the oxycelluloses thus produced have been
examined and the results are summarized in Table I.

TABLE I

Effect of hypochlorite treatment followed by subsequent treatment with
chlorous acid on Leuco-Cibanon Orange R impregnated cotton cellulose

Carboxyl cci%itént Cgfrr ﬁc(t)?.d ai%r‘?gin’r,\a;s :ﬁine
in m.e. per g b
Satmo of sampfne (Mean (Chz];gﬁrvljﬁ'e case may be
determina- corrected Copper
tions) No.
corrected
Neale's {Lodimetry Neale's |Iodimetry ©
1 Tr%atgd_with hypochlorite | 284 2-51 2:96 1.63 1.21 2-89
pH 5-5
1A “l’:dtreated with chlorous 448 4.13 1:-42 3.09 273 1-36
aci
2 Tr«;;lt;dlwith hypochlorite 3-94 3.17 458 293 187 4.5}
p .
2A 49" treated with chlorous | 6.22 5443 224 4.83 403 2.18
acid
3 Trg}tgdov:ith hypochlorite |. 2-72 239 2485 1.51 1.09 2.78
P ‘Us
3A “3‘: dtrea,n:d with chlorous 4423 4-08 1.35 2:84 2+62 1-29
acl
0 Untreated dyeing 1.21 1.30 0-07
0A “0" treated with chlerouns 1:39 1.40 0-06 . .
acid

From this table it is seen that copper numbe rdecreases and the carboxyl
content increases on treatment of accelerated oxidation oxycelluloses with
chlorous acid. Further, it is noteworthy that even after all the free aldehydic
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group's hav«T: been  oxidized to carboxyl by treatment with chlorous acid,
the values for carboxyl content of the treated oxycelluloses as determined

b_y th.c Iodimetric method® are lower than those obtained by Neale’s alkali
titration method_ 17

It has now been established that accelerated oxidation oxycllulcses
show a constant ratjo,% between the copper number and carboxyl
content as determined by Neale’s method 1 This is interesting since it has
been §Ilown by Davidson?t that Neale’s method gives fictitious values for
reducing  oxycelluloses.  Further, it is interesting to note that when
the carboxyl content is determined by the Iodimetric method?® which
is independent of the presence of free aldehyde groups, even then a constant
ratio 1s obtained between copper number and carboxyl content as is clearly
indicated in Table II (columns J and K). This constant ratio with both
the methods is very striking and lends sufficient support to the validity of the
results obtained by previous workers342 in spite of the strong criticism

against Neale’s method? of carboxy! determination by Davidson,2! and
others. 22

If the constant ratio in the above two cases is to be accepted as an
indication of a definite mechanism of degradation independent of the pH
of the oxidizing medium then the results outlined in TableI have to be
analysed on the following basis:

(1) Relation between carboxyl content by Alkalimetry and Iodimetry.
(2) Effect of treatment with chlorous acid on copper number.
(3) Effect of treatment with chlorous acid on carboxyl content.

(4) Rclation between decrease in copper number on treatment with
chlorous acid and residual copper number.

(1) Relation between carboxyl content by Alkalimetry and Iodimetry.—
As has alrcady been pointed out, the values for carboxyl content for Cibanone
Orange R accelerated oxidation oxycelluloses as determined by Iodimetric
method are lower than those obtained by Neale’s alkali, titration method
even after the oxycelluloses have been treated with chlorous acid. It can be
seen from columns G and H of Table II that the difference between the
carboxyl content as determined by Alkalimetry and Iodimetry is practically
wnaffected by treatment with chlorous acid. This indicates that there is
some alkali-labile group present which is not affected by treatment with

chlorous acid.
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This is further borne out by the results shown in Table III.
TABLE [11

Effect of prolonged action of alkali on accelerated oxidation oxycelluloses

COOH content in mijlliequivalents per 100 g.
Sample Nt Copper
No. Material Time of contact in hours. number
1 ; 32 48 96 144

2 Cibanone Orange R oxyceliulose] 3:95 8:46 .. 14-05 16-36 4-58

2A Above treated with chlorous 6-16 8-46 .. 11-85 13.-65 224
acid

4 Dichromate oxalic acid oxycellu-| 858 | 20-2 24-9 33:78 33-04 | 20-2
lose

4 A Above treated with chlorous 24-4 24-4 26-36 .. 25-64 2:54
acid

5 Periodic acid oxycellulose 12.7 .. 25.16 29.50 34-35 | 10.2

5A Above treated with chlorcus 25.20 . 26-10 26-60 27-58 1-02
acid

In this table is shown the effect of treatment with chlorous acid on the
alkali lability of the oxycclliioses. While all the three oxycelluloses, viz.,
the Cibanone Orange R accelerated oxidation oxvcellulose, the periodic
acid oxycellulose and the dichromate oxalic acid oxycellulose exhibit alkali
1abilicy befora treatment with chlorous acid, only the Cibanone Orange R
accelerated oxidation oxycsllulose shows a much higher alkali lability after
treatment with chlorous acid than the other two.

(2) Effect of chlorous acid treatment on copper number.—It is extremely
interesting to find (¢f. columns F, F and L, Table II) that in the case of
Cibanone Orange R accelerated oxidation oxycellulose, the residual copper
number aft.r treatment with chlorous acid forms a substantial portion of the
original copper number. On the contrary the residual copper number is
only a small percentage of the original copper number with the periodic
acid and dichromate-oxalic acid oxycelluloses (¢f. TablesI and III). It may
be said that the alkali-labile group referred to above which affects the deter-
mination of carboxyl content by Alkalimetry on standing, also exhibits
raducing property under alkaline conditions, while in acidic medium is not
free to get oxidizvd by chlorous acid.

(3) Effect of chlorous acid treatment on carboxyl content.—It is evident
from columns M and N (Table II) that the carboxyl content before treat-
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ment with chlorous acid bears a definite ratio with the carboxyl content
after treatment with chlorous acid.

(4) Relation between fall in copper number on treatment with chlorous
acid and residual copper number.—Since only free aldehydic groups
are oxidized by chlorous acid to carboxyl,?®»2?% it may be safely assumed
that the decrease in copper number on treatment with chlorous acid may be
taken as a measure of the free aldehyde groups present in the oxycellulose.

That the ratio 1L 1 COpper number
residual copper number

oxycelluloses examined is clearly shown in Table II Column Q.

is more or less the same for the

From the foregoing analysis of the results it is clear that Cibanone
Orange R accelerated oxidation oxycelluloses possess the following chemicu!
properties :

() Free carboxylic acid groups as shown by the Iodimetric method.

(i) Free aldehyde groups as shown by, (a) the copper number and i#;
an increase in carboxyl content and a reduction in copper number on trea:
ment with chlorous acid.

(iif) An alkali-labile reducing group which is unaffected by aciis
oxidation with chlorous acid, but which is available for oxidation in i

alkaline Braidy solution, and also which influences the determination ¢
carboxyl content by Alkalimetry.

(iv) The free reducing groups and the alkali-labile reducing grow
are present in a constant ratio.

When these properties are taken together, it becomes quite evident b
complicated it is to assign a structural formula, to the oxycellulosys {
scribed above, which will explain all these properties.
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