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The stabilities, both on wool and in solution, of several
commercial fluorescent whitening agents (FWAs) were
examined. Stability in solution was found to vary
considerably. However, the photoyellowing rates of wool
whitened with these compounds were found to be similar,
suggesting that the photodegradation pathway in
solution is probably different to that on wool. The
stabilities of two pyrazolines were also examined, and in
accordance with previous results it was found that the
stabilities of these compounds in solution did not relate to
the photoyeflowing rates of wool whitened with themn.
The photoyellowing of whitened woaol was also followed
by diffuse reflectance spectroscopy. The sample was
illuminated by monochromatic light and the presence of
FWAs on the fabric detected by an increase in
transmission. This apparent increase is due to the
fluorescence contributing to the reflected light. Using
such a method the presence of an FWA can be easily
verified and its photodegradation followed.

INTRODUCTION

The colour of scoured wool is highly dependent upon the
source of the wool and can vary considerably in the area of
cream/yellowish-white [1-3). For many products white
waool is required, and as a consequence the scoured wool is
bleached and for a maximum whiteness a fluorescent
whitening agent (FWA) is applied. There are many types of
FWAs [4], but for wool the commonly used compounds are
either stilbenes, pyrazolines or coumarins, It has become
apparent that wool treated with these compounds is sub-
jected to photoyellowing caused by the wooi and the FWA
undergoing degradation [5,6]. There have been numerous
studies on the photodegradation of pyrazolines [6—10] but
fewer on the breakdown of stilbenes[11-13]. In many
cases these degradation studies have focussed upon the
photostabilities of the FWAs in solution, and in some cases
the stability was related to structure [7--12]. It has been
reported that some pyrazoline FWAs which show varying
degrees of photostability in aqueous solution also show a
similar structure—reactivity relationship when applied to
wool [6]. Surprisingly wool treated with pyrazolines (which
exhibit differing photostabilities) photoyellows at a rate
that is independent of the type of pyrazoline used. The
common photodegradative route for pyrazolines is oxida-
tion to pyrazoles (both in solution and on wool) [9], while
for stilbenes oxidative degradation occurs only in solu-
tion [11-13]; on wool the stilbenes appear to be photo-
reduced rather than photo-oxidised [11]. This particular
study [11] showed that many of the degradation products
became firmly attached to wool and perhaps, on the
evidence of earlier studies of the photoreactions of
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pyrazolines with proteins[14], this attachment is via
covalent bonds.

We now report the phetostabilities of a number of FWAs
in solution and compare these results with those obtained
for the FWAs applied to wool.

EXPERIMENTAL

FWA Stability in Solution

The various compounds were dissolved in the solvents to
give an absorbance of 1.0. They were then flushed with
oxygen for 1 min and irradiated in quartz cuvettes. The light
sources were fluorescent tubes, with a A, of 300 or
350 nm, arranged as a circular array of 16x8 W (RPR 3000
A) Rayonet tubes and 16x8 W (FT8TS/BLB) Sylvania black
light lamps respectively. The decrease in absorbance was
then measured at frequent intervals to ascertain the time
taken for 50% degradation to occur. The results were
expressed as relative stabilities compared with that of
compound |, which was taken as 1.0 in water illuminated
with 300 nm famps. Compounds | and Il are the tri- and
di-phenyi pyrazolines respectively. These were prepared as
described previously [6,14]. As most of the solutions dis-
coloured on irradiation the stabilities must be regarded as
apparent only.

5O;Na'

$O;Na*

Application of FWAs to Wool and Photoyellowing
Wool serge fabric (200 g/m?) was bleached and whitened as
follows.

Bleaching

— Stabiliser PC {Tubotex PC, Tubingen) 5 g/l
— Hydrogen peroxide (100 vol.} 35 ml/l
-~ Lissapol N (ICl) 0.6 ml/I

Bleaching was carried out at a liquor ratio of 30:1 and pH 8.
The temperature was raised to 40°C at 1°C/min and held at
40°C for 4 h, followed by rinsing in cold water and drying at
room temperature.

Brightening

— Blankit IN (BASF) 6 g/l
—Lissapol N 0.6 ml/l
- FWA 1% o.w.f.

Brightening was carried out at a liguor ratio of 60:1 and
pH 4. The temperature was raised to 80°C at 1°C/min and
held at 80°C for 1 h, followed by rinsing in cold water and
drying at room temperature. All the FWAs applied gave
exhaustion values above 80%.

The wool samples were exposed to long wavelength u.v.
fluorescent tubes with a A, at approximately 350 nm. The
samples were immersed under 5 mm water and irradiated
at room temperature. Each sample was divided into two
halves. One half was covered with foil whilst the other half
was exposed to the light for 24 h.

The FWAs were extracted from the wool using ammo-
nia [6] and the amount extracted determined by absorption
spectroscopy.
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Reflectance Measurements

A Zeiss RFC 3 reflectance spectrophotometer was used.
Measurements were taken at 20 nm intervals with barium
sulphate as a reference. A xenon ilamp was used as the light
source. This instrument was connected to a computer
programmed to give yellowness index (YI} values (ASTM D
1925) calculated from the CIE tristimulus values according
to Egn 1.

YI=100 (X;Z) (1)
Y

A Perkin—Elmer Lambda 5 recording spectrometer was
also used to obtain reflectance spectra of the fabric sam-
ples, with magnesium carbonate as a reference.

Fluorescence Spectra

Fluorescence spectra of fabric samples were obtained
using a Perkin—Elmer (MPF 4) fluorescence spectrometer.
The fitment for solids was designed and made at the City
University and is similar to that described by McKellar and
Allen [15]. The samples were placed at 40° to the incident
beam to avoid scattering.

RESULTS AND DISCUSSION

Degradation in Solution

The results obtained are shown in Table 1. It is clear that
structural features, solvent and wavelength distribution of
the illumination source affect the photostabilities of the
FWAs. The greater stability of the tripheny!pyrazoline {I)
compared with the diphenylpyrazoline (Il) is in accord with
previous work [6]. The commercial FWAs show a range of
reactivities, and due to lack of information concerning their
structure it is not clear whether stability is affected by the
presence or absence of particular groups. For most of the
compounds studied photodegradation occurs more rapidly
in methanol than in water (exceptions being Uvitex CF200
and Blankophor BA). The fact that the solubility of oxygen
in methanol is eight times greater than that in water [15]
may account, at least in part, for the greater photoreactivity
in methanol. Another feature that may be of some impor-
tance is the greater reducing ability of methanol. The effect
of the wavelength distribution of the illumination source
upon the relative stabilities is difficuit to rationalise. The
fact that the four commercial FWAs have prominent
absorption maxima close to 350 nmwould suggest that use
of the 350 nm lamps should lead to more degradation than
when the 300 nm lamps were used, since the number of
photons absorbed per unit time will be greater. Inspection
of Table 1 shows that although this was observed in some
cases, e.g. with Uvitex CF200 and Blankophor BA, this is
hardly the general trend. The results obtained with 350 nm
lamps should resemble normal daylight illumination more
closely than the 300 nm lamps, and therefore the order of
reactivity of the FWAs obtained with these lamps should
give some idea of the stability of the FWAs when applied to
wool and exposed to daylight.

The photodegradation of FWAs in solution is thought ta
involve singlet oxygen[7,16}. The ability of some
pyrazolines to sensitise singlet oxygen formation has been
clearly demaonstrated by the observation of fluorescence
due to singlet oxygen at 1.27 um from irradiated
methanolic solutions of pyrazolines {17). The degradation
products can also be accounted for by a mechanism involv-
ing singlet oxygen. That singlet oxygen is an intermediate
in the degradation of stilbenes has not been unequivocally
established [13]. It is a curious fact that stilbene is unreac-
tive towards singlet oxygen [18-20] and yet the FWAs con-
taining the stilbene chromophare are undoubtedly readily



TABLE 1

Relative Photostabilities of Some FWAs and the Extent to which they Photoyeliow Wool

Relative stability in solution

Amount of FWA
destroyed by
— irradiating

300 nm

350 nm treated wool (%) A{YI)

FWA Water Methanol Water Methanol 6 h 24 h 6h 24 h
Compound 1 1 0.25 1.2 0.35 21.8
Compound 2 0.86 0.20 0.94 0.26 22.8
Uvitex CF200 (CGY) <010 <010 <0.01 <0.056 22 45 8.2 35,5
Uvitex NFW {CGY) 0.60 <0.15 0.10 0.29 K1l 72 7.3 28.2
Blankophor BA (BAY) 010 <010 <0.01 0.03 15 a6 5.4 26.8
Hostalux PR (HOE} 0.70 0.25 1.08 0.38 45 83 6.8 30.9

photodegraded in both the presence and absence of added
singlet oxygen sensitisers.

The Yl values (Table 1) indicate that the irradiation leads
to extensive discoloration; the extent of discoloration
does not appear to be markedly affected by the type of
FWA. This is in accord with previous results obtained for
pyrazolines [6]. It is interesting to note that the extent of
vellowing of the wool treated with commercial FWAs is
similar even after as short an irradiation time as 6 h. If there
is any differentiation to be made between the FWAs, it
would have been expected that the differences would have
shown up when short irradiation times were used. From
fluorescence measurements {Figure 1) and earlier studies
using photoacoustic spectroscopy [5] it appears that the
FWAs photodegrade on the irradiated surface of the wool
very quickly {(>80% in 8 h). However, as can be seen from
Table 1, relatively small amounts of the FWAs are des-
troyed by 6 h irradiation, and in some cases substantial
amounts of undegraded FWAs are present after 24 hirradi-
ation. It therefore appears that most of the degradation is
confined to the FWA molecules sited at the surface facing
the source of illumination. Another surprising result is that
some of the FWAs that photodegrade rapidly in solution are
relatively stable on wool {e.g. Uvitex CF200), whereas
others that are relatively stable in agueous solution {e.g.
Uvitex NFW and Hostalux PR) are relatively unstable on
woo!. This effect is most likely to be due to the rapid surface
formation of a vellow screening layer in the case of the
solution-unstable FWAs, thus protecting the FWA within
the fibre, giving rise to the spurious indication of greater
overall stability when assessing by ammaonia extraction. A
question that should be considered is whether the photo-
degradation of FWAs on wool involves a direct reaction
between FWA and wool, or possibly a reaction between
FWA and wool degradation products.
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Figure 1 — Effect of photoyellowing on the fluorescence of
Uvitex CF200 on wool

Reflectance spectroscopy was also used to study the
degradation processes. The optical arrangement of the
instrument employed takes light from the source and pas-
ses it through a monochromator, the monochromatic light
so obtained being allowed to impinge on the sample, which
is contained within an integrating sphere. The intensity of
the reflected light, plus any fluorescence, is measured rela-
tive to magnesium carbonate using a photomultiplier tube.
As aresult of this particular optical configuration the reflec-
tance spectrum of wool carrying an FWA shows the absorp-
tion bands of the FWA (Figure 2) as apparent increases in
transmission {Figure 3). This is because, when
wavelengths are used that are absorbed by the FWA,
flucrescence is produced which increases the intensity of
the light falling upon the photomultiplier tube. As can be
seen from Figure 3, the presence of the FWA on the wool
can be readily detected, and with more spectroscopic detaii
than has been previcusly obtained by photoacoustic spec-
troscopy [5]. The use of reflectance spectroscopy in this
way enables the level of FWA applied to the wool to be
determined (Figure 4). The FWAs shown in Table 1 were
applied to wool and their photodegradation followed by
reflectance spectroscopy; representative results are shown
in Figures 5 and 6. These results show that in the early
stages degradation of the FNVA predominates over the yel-
lowing of the wool. Figure 6 shows, as expected, that the
degradation of the FWA on the directly illuminated surface
of the wool is faster than on the side furthest removed from
the irradiation source. This type of reflectance spectros-
copy can also be used to assess the efficiency of bleaching
and to follow the yellowing of wool [21]. The fact that the
photoyellowing of wool occurs concomittantly with degra-
dation of the FWAs makes it difficult to quantify the degra-
dation of the FWAs on wool.
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Figure 2 — Absorption spectrum of Uvitex CF200
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Figure 3 —Diffuse reflectance spectrum of Uvitex CF200 on
wool
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Figure 4 — Reflectance spectra of Blankophor BA applied ta
woo! at (a) 2%, (b} 0.75%, (c) 0.25% and (d} 0.05% o.w.f.
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Figure 6 — Degraded Uvitex CF200 on woo!
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