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Different chemically treated wools have been exposed to radiation in the presence of different aqueous reductive
bleaching agent solutions. It was observed that thiourea dioxide gave the best performance and, in the case of wool
serge, led to a fabric having a better light fastness. An interesting beneficial synergistic effect was uncovered when the
reducing agents were used in conjunction with formaldehyde. Biphenols (models for dityrosine) have also been
padded onto woo! and exposed to light in the wet state to mimic the photoyellowing of dityrosine. o,0’-Biphenol-
treated wool was exposed to light in the presence of the reducing agents and these were found to decrease the
amount of discoloration produced by degradation of o,0'-biphenol.

INTRODUCTION

The use of thiourea dioxide (TDQ) as a reducing agent in
the textile industry is well known [1,2]. Its mode of action is
thought to depend on its degradation to sulphir.ic acid
(H;S0O,). Such reducing agents can be used to bleach woo!l
but the whiteness attained is usually slightly inferior to that
obtained with hydrogen peroxide. Furthermore there have
been several reports [3,4] that the inclusion of reducing
agents such as thioglycollic acid and triarylphosphines
within the wool structure leads to some stabilisation of wool
towards photoyellowing. This effect is most likely due to an
increased level of photobleaching.

In order to design effective photobleachers it is necessary
to have some understanding of the mechanism of photo-
yellowing [5—7]. It is clear that tryptophyl residues play a
key role[89]. These are photodegraded to N-
formylkynurenine, which can act as a photosensitiser in
further photodegradation reactions either by producing
singlet oxygen [10] or by participating in hydrogen abstrac-
tion reactions giving radicals that in turn produce hydro-
peroxides by auto-oxidative processes. Also the generation
of tryptophyl radicals can lead to degradation of tyrosyl
residues by hydrogen abstraction of the phenoxyl hyd-
rogen [11]. The aryloxy radical generated by this process
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can trigger off the formation of di- [12], tri- and poly-
tyrosines. Such materials are suspected as being particularly
sensitive to photo-oxidative processes[13], leading to
quinones and highly coloured condensation products such
as melanin [14].

Our strateqy for minimising photo-oxidative degradation
was to irradiate the wools in the presence of oxygen and a
reducing agent. In this way it was hoped that carbonyl
compounds produced by degradation of tryptophyl
residues would be reduced, thereby diminishing the likeli-
hood that they will act as photosensitisers. The presence ofa
reducing agent will also transform any hydroperoxides into
innocuous alcohols and so minimise damage. The reducing
agent should also protect tyrosyl residues and related
species such as dityrosine by preventing radical-induced
phenolic oxidations that lead to the highly coloured and
reactive quinones.

A pronounced disadvantage of fluorescently whitened
wool is that all fluorescent whitening agents (FWAs) photo-
sensitise the photoyellowing of wool by both u.v. and
near-visible blue light [5]. In the case of stilbenes it has been
demonstrated that one of the FWA photodegradation pro-
ducts also photosensitises wool to photoyellowing [15].
The degradation products most likely to cause discoloration
are carbonyl compounds [7] and these have, as stated pre-
viously, the capacity to sensitise protein and lipid perox-
idation [10). As a consequence, a study has been under-



taken of the ability of TDO and some other reducing agents

to retard the photoyellowing of:

(a} Unmodified wool

{b) Wool pretreated with phenolic materials that mimic
tyrosine and dityrosine

(c) Wool to which FWAs have been applied.

EXPERIMENTAL

Materials
The following chemicals were used as supplied: Lissapol N
(Vickers Laboratories Ltd), o,0'-biphenol (I), p,p'-
biphenol (I}, B-dinaphthol  (2,2'-dihydroxy-1,1'-
binaphthol) (IlI}, and 2,4-dimethylphenol (all Aldrich),
non-ionic surfactant G1285 (Atlas), Photine-HV (HWL)
(V), thiourea dioxide (formamidine sulphinic acid),
thiourea, sodium benzene sulphinate and sodium hypo-
phosphite hydrate (all Aldrich), Rongalit C (BASF) and
aqueous formaldehyde solution (3.8 g/l, Fisons). Com-
pounds [-[ll and V are shown in Figure 1.

The wool fibre employed was a botany serge (2/2 twill of
weight 200 g/m?) supplied by Salts of Saltaire.
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Figure 1 — Compounds used in the present investigation

Methods
Synthesis of compound IV
Compound [V, 2,2'-dihydroxy-3,3',5,5'-tetramethyl-

biphenyl (Figure 1) was prepared from 2,4-dimethyl-
phenol according to the procedure described by Haynes,
Tumer and Waters [16]. The product was identified by
its elemental analysis (found: C 79.07, H 7.48: C,:H,:0,
requires C 79.30, H 7.48) and mass spectrum (M*=242).

Wool bleaching

Wool serge fabric was bleached overnight by a pad—batch
(room temperature) method, padding on (100% wet pick-
up) 80 g/l hydrogen peroxide (100 vol., about 3 g/l perox-
ide), 5 g/l formic acid (95-97%) and 10 g/l Lissapol N [8].
This was followed by rinsing in cold water and drying in air
at room temperature.

Wool chiorination

Wool was chlorinated in the continuous Kroy fabric
chlorinator at R Armitage Ltd (Bradford) using chlorine gas
to give approximately 2% o.w.f. active chlorine. Normal
‘antichlor’ conditions using 10 g/l sodium sulphite were
employed.

Method A

This is a pad—dry method used to apply compounds -1V to
wool serge fabric. Solutions of these phenols (approx.
0.054 mol/l) were made up in aqueous ammonia solution
(sp. gr. 0.91; the saturated solutions of compounds Il and [1l
were used after agitation of the corresponding suspensions
in an ultrasonic bath for 2 h at room temperature and
filtration). To these, Lissapol N (1 g per 100 ml ammonia
solution) was added (the suspensions formed on adding this
to solutions of compounds Il and [V were utilised for subse-
quent work). Each liquor was padded onto wool serge
fabric, achieving approximately 100% wet pick-up, and the
treated fabrics were allowed to dry in air overnight at room
temperature.

Method B

This is a method using an emulsifiable concentrate from
which compounds [ and IV were applied to the wool serge
fabric. Stock solutions comprising these biphenols (1 g/l in
the case of Iand 0.5 g/l for IV) and surfactant G1285 (1 g/l)
were made up in methanol. The appropriate volumes to
correspond with the required amount of biphenol (0.25,
0.50, 1.00 and 2.00% o.w.1.) were added to the baths; the
liquor ratio was 50:1 and the baths also contained 1% o.w.f.
glacial acetic acid and 5% o.w.f. anhydrous sodium sul-
phate. The baths were allowed to equilibrate in the pres-
ence of the wool at rcom temperature in a Jeffreys Dyemas-
ter before (10 min) and after (15 min) the addition of the
appropriate volumes of the stock solutions. The tempera-
ture was then raised at 1 degC/min to bring the baths to the
boil and maintained there for 1 h, followed by rinsingin cold
water and drying at room temperature.

Diffuse reflectance spectra

Reflectance spectra of fabric samples treated with the above
aromatic alcohols were obtained as described previous-
ly [171, except that barium sulphate was used as a reference
in this case.

Application of compound V to bleached wool

A pre-bleached wool sample was treated in a bath set at
pH 5 (4% o.w.f. sodium acetate plus required acetic acid),
at a liquor ratio of 30:1 in the presence of ethylenediamine
tetraacetic acid (disodium salt, dihydrate, 1% o.w.f.) and
Lissapol N {1% o.w.f.) with compound V (a commercial
fluorescent brightener) at 0.5% o.w.f. The temperature was
raised to 80°C at 1 degC/min and maintained for 1 h,
followed by cold water rinsing and drying at room tempera-
ture.

Irradiation of wool samples

The wool samples {20x5 cm, supported on rectangular
glass plates of similar dimensions) were exposed to
3x20 W long-wavelength u.v. fluorescent tubes with a
maximum output at approximately 350 nm, The samples
(after wetting with agueous Lissapol N and rinsing in cold
water) were immersed under different 2% aqueous reduc-
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tive bleaching agent solutions and/or water only (a net
volume of 2 | was used, which formed a depth of 20 mm).
These were irradiated at room temperature in a flat, open,
stainless steel tray (55x21.5x4.5 cm). The samples after
exposure with the bleaching agent solutions were also
irradiated (after rinsing with cold water) under water only
using similar conditions as above. Each sample was divided
into two halves. One half was covered with aluminium foil
whilst the other half was exposed to the light for 24 andfor
48 h. The exposed samples were then rinsed in cold water
and dried at room temperature.

Extractions [18]

A strip of fabric whitened with compound V and a strip
(same weight) of the same sample exposed under 2%
aqueous TDO solution (a reductive bleaching agent, see
above) were wetted with aqueous Lissapol N solution and
rinsed in cold water. Extraction of the brighteners and any
photodegradation products was achieved by boiling
{5 min) each strip in 25% aqueous pyridine (50 ml) three
times. The amount of brightener extracted from each
sample was determined by u.v. spectroscopy.

Yellowness index (YI) measurements
The yellowness index was determined according to Eqn 1:

100 (1.316X-1.1642)
(YD = v (1)

where X, Y and Z are the CIE tristimulus values obtained
from a Macbeth Micromatch reflectance spectrophoto-
meter. The lower the yellowness index value, the whiter is
the wool colour.

Light fastness measurements

Dry wool samples were exposed to Grey Scale 4 using the
Xenotest (original quartz Hanua) according to the ISO stan-
dard procedure (ISO 105-302: 1978},

TABLE 1

RESULTS

Irradiation of wool serge, bleached wool and chlorinated
wool in 2% aqueous TDO solution led to photobleaching as
shown by a decrease in yellowness index values (Table 1,
column A). Further irradiation of these treated wools in
water led to photoyellowing (Table 1, column B}. In the
case of wool serge this was not as marked as when un-
treated wool serge was irradiated in the absence of TDO.
The light fastness values {Table 1, columns C and D} show
that for wool serge the TDO treatment does produce some
photostability, in agreement with the results presented in
column A of Table 1. We have evidence to suggest that one
of the sources of photoyellowing in wool is dityrosine. In
order to mimic the effect of dityrosine, compound | was
padded onto wool serge. Exposure of the treated wool
under water to irradiation led to a marked vellowing
whereas exposure to irradiation in the presence of TDO
produced bleaching (Table 1, column A). However, as with
the untreated wools, the TDO-treated sample underwent
yellowing upon further irradiation in the presence of water
(Table 1, column B). Also exposure under TDO solution of
the irradiated (24 h under water only) sample of compound
[ led to some bleaching {Table 1, column A) and this TDO-
treated sample underwent yellowing upon further irradia-
tion under water (Table 1, column B). Similar experiments
were carried out with bleached wool treated with FWA
{(compound V). Irradiation of the sample under water led to
yellowing whereas irradiation in the presence of TDO pro-
duced some bleaching (Table 1, column A). The treatment,
however, does not provide a lasting effect since further
irradiation of the TDO-treated sample under water pro-
duced yellowing (Table 1, column B). As can be seen from
the light fastness values {Table 1, columns C and D), appli-
cation of the FWA decreases light fastness on both the
TDO-treated and untreated samples.

In order to further substantiate our claims that models for
dityrosine enhance photoyellowing, and thus by extrapola-
tion conclude that dityrosine and related compounds play
an important part in the photoyellowing of wool, various
biphenols were applied to wool (Table 2). That the applica-

Yellowness indices and light fastnesses of wool samples after irradiation under 2% aqueous TDO solution

and/or water only at 350 nm

(YT} Column A Column B Column C Column D

after
exposure
(Y1) (Y1) (YI) for24 h Light
after after after of TDO fastness
exposure exposure exposure treated Light after
(Y} for24h ford8h for24h  sample fastness  exposure
before under under under TDO  under before for 24 h
exposure  water water A(YI) A(YI} solution water A(Y]) A(YD) any under TDO
Sample (1) only (2) only {(3) (2-1) (3-2) (4) only (5) (4-1) (54} treatment  solution
Wool serge fabric 21.88 26.79 29.82 491 3.03 15.13 21.79 -6.75 6.66 4 4+
Bleached wool 19.55 2852 31.36 897 2.84 16.08 26.81 -3.47 10.73 q 4
Chlorinated wool 20.74 26.70 30.06 5.96 3.36 20.14 29.92 —0.60 9.78 4 4
Compound [ padded onto
wool serge fabric 22.87 4812 25.25 17.27 24.66 —5.60 7.39
Compound ! on wool serge
fabric irradiated for 24 h
under water only 4812 37.84 41.05 -10.28 321
Compound V, 5% o.w.{.
on bleached wool 9.34 30.23 36.68 2089 645 7.87 27.03 —1.47 16.16 3-4 34
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tions were successful was substantiated by diffuse reflec-
tance measurements outlined in the experimental section.
In all cases exposure of the samples under water to light led
to photoyellowing. Furthermore the results show that as the
loading of biphenol on the fibre is increased (using method
B), so an increase in photoyellowing is observed.

TABLE 2

Photoyellowing™ of phenols applied to wool

(Yl)

Before After
Compound irradiation irradiation A(Y])
I(b) 22.87 48.12 25.25
[Itb) 23.46 39.51 16.05
[II(b} 26,69 45.17 18.48
[Vi(b) 31.01 49.75 18.74
I, 1.00% o.w. 1.l 28.01 48.57 20.56
[, 2.00% o.w.f.lc) 2594 51.28 25.34
IV, 0.25% o.w.f.(c} 25.48 35.91 10.43
IV, 0.50% o.w.f.(c} 27.06 40.74 13.68
IV, 1.00% o.w.f.( 27.06 43.97 16.88
IV, 2.00% o.w.f.lc) 26.97 47.43 20.46

{a) Irradiated for 24 h under water
(b) Applied to wool using method A
{c) Applied to wool using method B

The behaviour of compound IV is interesting to note
since the positions ortho and para to the phenolic hydroxyl
groups are blocked, thereby preventing coupling in these
positions. Even so, yellowing is observed although it is not
as marked as with the less hindered compound [, 0,0'-
biphenol. Pheno! [V can still give rise to peroxy compounds,
as shown in Scheme 1. There should be a great advantage
in applying such phenols to wool; being substantially more
sterically hindered greater stabilisation will accrue by their
action as light screens and as chain reaction (auto-
oxidation) terminators.

TABLE 3

Me HO  Me Me QO Me
-
Me OH  ‘Me Me OH M
>
Me Q Me
Hydroperoxides, etc. «—— O O
M

e OH Qg Me

e

R =radical produced by light

Scheme 1

From Table 1 it is apparent that irradiation of different
samples of wool in the presence of TDO leads to photo-
bleaching which can be reversed upon further irradiation
under water. We therefore investigated the ability of a vari-
ety of compounds related to TDO to bring about photo-
bleaching (Table 3}. Thiourea retarded photoyellowing but
did not arrest it {column A}, although some stability to
further irradiation in water was imparted (column B). When
a mixture of thiourea and formaldehyde was used the
photoyellowing was retarded even more {column A}, but as
can be seen from column B the effect was not permanent.
Formaldehyde alone had a small effect on retarding photo-
yellowing, unlike the strong effect observed when it was
used in conjunction with thioruea. Rongalit C (sodium for-
maldehyde sulphoxylate, HOCH,SQ,Na) could be used to
achieve photobleaching (column A) and an increase in light
fastness.

Since simple sulphinic acids appear to be retarders of
photoyellowing we studied the effectiveness of sodium ben-
zene sulphinate (PhSO,Na). This material on its own had
little effect, but when used in conjunction with formal-
dehyde increased retardation of photoyellowing was
observed.

Yellowness indices and light fastnesses of wool serge fabrics after irradiation under 2% aqueous reducing

agents and water only at 350 nm

(Y1) after Column A Column B
exposure
for 24 h
Yn under water Light
after only of fastness
YD) (YI) exposure  wool serge after
after after for 24 h fabric exposure
exposure exposure under treated with for 24 h
(YD for24 h for48h reducing 2% aqueous under
before  under under agent reducing reducing
Reducing agent exposure  water water A(YD) A{Y)  solution agent AlYD) AlYD) agent
(2% aqueous solution) (1) only (2) only (3) {2-1) (3-2) {4) solution (5) {4--1) {5-4) solution
None ) 4
CS(NH,), 25.12 25.93 3.24 0.81 4
CS(NHjz); and equivalent
concentration of CHy=0
{0.26 mol/l) 22.24 23.55 0.36 1.31 4
CHyp=0 (0.26 mol/]) » 21.88 26.79 29.82 491 3.03 24.38 26.89 25 251 4
Rongalit C 16.74 18.19 -5.14 1.45 4+
PhSO;Na 28.14 31.42 6.26 3.28
PhSO;Na and equivalent
concentration of CHp=0
(0.12 mol/l) J 24.44 28.42 2.56 3.98 3-4
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TABLE 4

Yellowness indices of wool serge fabrics treated with compound I after irradiation under 2% aqueous

reducing agents and water only at 350 nm

(Y]) after
(Y1) after exposure for
(YD} exposure 24 h under
after for 24 h water only of
exposure under the wool
(YD) for 24 h reducing sample treated
before under agent with 2% aqueous
Reducing agent exposure water A(YD) solution reducing agent A(YD) A(Y])
{2% aqueous solution) (1) only {2) {(2-1) (3) solution (4) (3-1) (4-3)
None W
CS(NH,), 39.95 42.72 17.08 2.77
CS(NHj3); and equivalent
concentration of CHy;=0
(0.26 molfl) 27.94 3141 5.07 347
CHy=0 (0.26 mol/l) r 22.87 48.12 25.25 41.16 4417 18.29 3.01
Rongalit C 23.42 27.54 0.55 412
PhSOzNa 3792 41.72 15.05 3.80
PhSO,Na and equivalent
concentration of CHp=0
{0.12 mol/fl} ) 34.30 39.59 11.43 5.29

[n Table 4 the effectiveness of reducing agents other than
TDO to decrease the amount of discoloration produced by
degradation of compound | on wool during exposure to
light in the presence of the reducing agents is assessed.
None behaved as effectively as TDO.

DISCUSSION

The proposal that the photoyellowing of wool can be allevi-
ated by having a reducing agent such as TDO present in the
wool appears to be correct, on the evidence of the results
presented in Table 1. In addition TDO prevents the yellow-
ing of fabric treated with FWA, although it does not prevent
destruction of the FWA, as determined by extraction of
undegraded agent after irradiation. Some 33% of com-
pound V (applied to bleached wool at pH 5} was observed
to degrade whilst irradiating under 2% aqueous TDO solu-
tion, whereas 37% of compound V (applied to bleached
wool at pH 4) degraded during irradiation under water
only; similar extraction conditions were used for each case.
Thus it is clear that TDQ retards yellowing by reducing the
coloured products formed on photodegradation of amino
acids and the FWA. Furthermore compound I, which mim-
ics the action of dityrosine, undergoes extensive photo-
yellowing when applied to wool, but these yellow products
are then reduced by TDO.

The TDO is thought to be a source of sulphinic acid
{Scheme 2). This material is a powerful reducing agent
producing sulphur dioxide on oxidation, which in solution
also acts as a reducing agent. Sulphinic and sulphurous
acids should be able to act as excellent reducing agents for
excited states since they provide a source of readily ab-
stractable hydrogen atoms.

The finding that many biphenols undergo rapid photo-
degradation on the surface of wool (Table 2) shows that

H,N NH, HoN NH H,N NH,
\ﬁ/ - \Cl/ ° N ﬁ/ ! .50,
s T s
o/ \o o/ \OH
DO
Scheme 2
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much of the observed wool photoyellowing may be due to
dityrosine, which is present to a substantial extent in the
cuticle of wool [19]. Indeed dityrosine may be nature’s
‘light protector’ since, on oxidation, the products form a
highly effective light screen.

Thiourea can, under certain conditions, be photo-
oxidised to TDO [20,211. Whether this reaction occurs
upon photo-oxidation of thiourea applied to wool is not
known. The fact that thoiurea retards photoyellowing but
does not photobleach is probably due to either it being an
ineffective source of TDO and hence sulphinic acid or its
transformation to TDO being slow compared with the rate
of photoyellowing. The improved performance of thiourea
in admixture with formaldehyde is probably because of the
formation of thiourea—formaldehyde polymer [22], which
can photo-oxidise to the corresponding formamidinesul-
phinic acid polymer (Scheme 3).

S S
i [ u l
HN-C-NH-CH,~NH-C-NH

n

(0]

O\S/OH 0\\/0 i

S
I |
HN-C=N—~-CH,~NH-C=N

Scheme 3

Formaldehyde itself may also have a beneficial effect by
cross-linking ruptured disulphide linkages [23] but, from
the result obtained following irradiation of wool in the pres-
ence of this compound, this effect is not marked. Rongalit C,
a good source of sodium sulphinate and formaldehyde,



behaves like TDO by promoting photobleaching (Scheme
4),
HO—CH,~S0,Na

Il

H-CHO+HSO,Na

NaHS0,+2[H]

Scheme 4

Sodium benzenesulphinate cannot act as a source of
sodium sulphinate but it is a powerful reducing agent. The
results in Table 3 show that a combination of formaldehyde
and the sodium salt of the sulphinic acid gives a synergistic
effect.

From Table 4 it can be seen that none of the reducing
agents compare with TDO as far as efficiency in decreasing
the amount of discoloration produced by degradation of
compound [ is concerned. Rongalit C produces the next
best performance; whether this is due to the reducing agent
decreasing the yellowing of both wool and biphenol has not
been ascertained. As shown in the retarding of the photo-
yellowing of wool, there is an obvious beneficial synergistic
effect obtained by using the reducing agents in the presence
of formaldehyde.

CONCLUSION

The application of TDO to wool promotes photobleaching
of the fibre, but unfortunately the white produced is not
permanent to further irradiation in water. TDO also reduces

the yellow photodegradation products of o,0'-biphenol (a
model for dityrosine) and although it does not prevent the
photodestruction of Photine-HV (a commercial FWA), it
again reduces any coloured products formed. Other poten-
tial reducing agents were tried and all were less effective
photobleaching agents than TDO. However, an interesting
beneficial synergistic effect was uncovered when these
reagents were used in the presence of formaldehyde.
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