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resistance towards photodegradation.

The effect of some added antioxidants on the photostabilisation of a quinophthalone dye (C.I. Solvent
Yellow 33) and C.I. Pigment Red 38 in polymeric media such as chlorosulphonated polyethylene (CSM
rubber), poly(vinyl chioride) (PVC) and polyethylene has been examined. The effects varied according to
the type of antioxidant used. For example, the addition of 2.6-di-t-butyl-4-methylphenol, an effective
radical scavenger, afforded little protection against photodegradation, whilst the singlet oxygen quenching
of antioxidants such as bis(1,2-diaryl or dialkyl-1,2-ethylenedithiolato} nickel, nicke! dialkyldithiocar-
bamate, nickel bis(mesitylenesulphonate). and nickel (N-n-dodecylsalicylaldimine) conferred improved

INTRODUCTION

There are numerous studies on the photodegradation or
photostabilisation of plastic polymers and synthetic rub-
bers [1-5]. Many of these studies have dealt with the
photostabilisation of polymer substrates by antioxidants
(hindered phenols and amines) [5-9], u.v. absorbers
[4.10-13] and singlet oxygen quenchers [9,14-18].
However. little attention has been paid to the action of
singlet oxygen quenchers on the photostabilisation of
organic dyes and pigments in polymeric media[15.19-21].
In this paper the effects of additions of antioxidants on the
photostability of C.I. Solvent Yellow 33 and C 1. Pigment
Red 38 (Figure 1) incorporated in some polymeric sub-
strates are reported, as interpreted by changes in colour-
difference vaiues.
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Figure 1 - Colorants used in the present study

EXPERIMENTAL

Materials
Quinophthalone (C.I. Solvent Yellow 33, A... 414 and
437 nm) was synthesised according to the method de-
scribed previously [22,23]. Pyrazolone Red B (C.1. Pig-
ment Red 38) was obtained from a commercial source.
Nickel(ll) dibutyldithiocarbamate (NBC, Figure 2) was
supplied by Oouchi-sinko Chemical Co. Ltd {Japan) and
was used without further purification. Nickel(ll) bis(IN-n-
dodecylsalicylaidimine) BDSAN, Figure 2) was synthesised
from salicylaldehyde and n-dodecylamine according to the
literature method [24]; m.p. 96-97°C. Nickel
bis(mesitylenesulphonate) (NMS, Figure 2} was prepared
from mesitylene sulphonic acid and nickel chloride. The
nickel salt of 4-phenolsulphonic acid (NHTS, Figure 2) was
synthesised from corresponding aromatic sulphonic acid
and nickel chloride. Bis(1.2-diaryl or diatkyl-1,2-
ethylenedithiolato)nickels (compound 1. Figure 2) were
used the same compounds synthesised in previous paper
[25]. 2.6-Dit-butyl-4-methylphenol (BHT, Figure 2) was
purchased from Tokyo Chemical Industry Co. Ltd.

Preparation of CSM rubber sheets

As the resin for CSM rubber material. chlorosulphonated
polyethylene (Hyparon 40, Du Pont Co. Ltd) was used.
The vulcanised rubber sheets (150 x 150 x 2 mm) were
prepared using the components listed in Table 1, rolling
for 20 min at 160°C. The CSM rubber sheets coloured
using C.1. Pigment Red 38 (6 parts) were alsc prepared by
the same method.
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Figure 2 — Antioxidants used in the present study

TABLE 1

Components used for preparing CSM rubber sheets

Amount

Component (parts by wi)

Clear chlorosulphonated polyethyiene 100
C.1. Solvent Yellow 33 4

Calcium carbonate 50
Titanium oxide 15
Magnesium oxide 4
Pentaerythritol 3
Dipentamethyleniethioram tetrasulphide® 2

(a) Nocceler TRA. Oouchi-sinko Chemical Co. Ltd

Preparation of coloured PVC and polyethylene
sheets

Poly(vinyl chloride) (Vinicron 4000 M) containing no
commercial additives was supplied by Mitsui-toatsu Chemi-
cal Co. Ltd. PVC sheets (150 x 150 x 2 mm) were
prepared from a mixture of 100 parts Vinicron 4000M, 6
parts C.I. Pigment Red 38 and various additives (0.5-1.0
parts).

Polyethylene sheets (150 x 150 x 2 mm) were also
prepared from a mixture of 100 parts NUC polyethylene
(Nippon Unicar Co. Ltd), 6 parts C.1. Pigment Red 38 and
0.5 parts additives, by a press-molding for 5 min at 150°C.

Light exposure and determination of colour differ-
ence
The polymer sheets were exposed for approx. 300 hina
sunlight carbon arc type weather meter (Suga Test Instru-
ments Co. Ltd) employing a Pyrex filter envelope (60°C,
40% r.h.): a water spray was not run.

The photodegradation behaviour of the dye and the
pigment in the polymeric media were monitored by
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changes of CIELAB colour-difference (AE") values, using a
colour-difference meter (Nippoen Densyoku Co. Ltd, 280
apparatus).

RESULTS AND DISCUSSION

In previous papers [26-28] it has been reported that
quinophthalone and 1-arylazo-2 (or 4)-naphthols undergo
self-sensitised or rose bengal-sensitised photc-oxidation in
solution, giving hydroperoxide intermediates formed by a
singlet oxygen mechanism. The coloured materials used in
this work are identical or analogous to those studied
previously (Figure 1), Coloured CSM rubbers derived from
chlorosulphonated polyethylene were exposed under a
carbon arc light for approx. 200 h in the colour-difference
meter and the results for CSM rubber containing C.1.
Solvent Yellow 33 (quinophthalone) are shown in Figure
3. The rubbers with 0.5% NBC, NMS or NHTS showed a
colour difference some 50-75% less than that obtained
with the standard rubber with no additives, which indicates
that the addition of these compounds to the rubber confers
a considerable enhancement in the photostability of the
dye. Photodegradation, however, was only slightly accel-
erated by the addition of BHT (1.0 parts by wt). an effective
radical scavenger.

Similar experiments on CSM rubber using 0.15 parts of
compounds 1 as additives were also carried out and the
results are shown in Figure 4. The rubbers containing
these added nickel complexes (with the exception of
complex 1d, incorporating four furan rings in the symmet-
ric ligand) had excellent light fastness compared with the
standard sample containing no additive. The addition of
compound le gave a remarkable enhancement of the
photostability of the dye, but the reason for the further
decrease in the AE® values after the longer period of
exposure was not studied. The photostabilising efficiency
of the additives was in the order: le > la>1c >1b>> 1d.

The use of C.1. Pigment Red 38 was also examined. The
vulcanised CSM rubber sheets containing this pigment (6
parts) and various additives (0.5 parts) were exposed for
approx. 300 h in a similar manner to that described above.
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Figure 3 —Effect of various additives on the photostabilisation
of C.I. Solvent Yellow 33 in CSM rubber sheets; exposure
with carbon arc lamp in a sunlight weather meter without
water spray: initial concn of dye was 4 parts by wt: concn of
additive was at 0.5 parts by wt, except for BHT at 1.0 parts
by wt
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Figure 4 — Effect of bis(1,2-diaryl or dialkyl-1.2-ethylene-
dithiolato)nicke! complexes on the photostabilisation of C.1.
Solvent Yeilow 33 in CSM rubber sheets; exposure conditions
were identical to those quoted in Figure 3: the additive concn
was 0.15 parts by wt

In this case the addition of BDSAN, NHS and NHTS also
resulted in enhanced light stability of the pigment {Figure
5). On the other hand, the addition of BHT adversely
affected the photostabilising effect. C.1. Pigment Red 38
has an arylazo—pyrazolone structure, and it is known that
this type of colorant undergoes photo-oxidation via a
singlet oxygen mechanism in solution {20,27]. The above
results obtained in polymeric media also indicate that the
antioxidants such as the dithiolato nickel complexes BDSAN
and NMS have an inhibiting effect on the photoreactions
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Figure 5 - Effect of various additives on the photostabilisation
of C.I. Pigment Red 38 in CSM rubber sheets; exposure
conditions were identical to those quoted in Figure 3: initial
concentration of pigment was 6 parts by wt; concn of additive
was 0.15 by wt. except for BHT at 1.0 parts by wt

of the colorants, and that the reactions may involve
oxidation by singlet oxygen.

It is known that titanium dioxide. used as an additive in
CSM rubber, has a significant effect on the photodegrada-
tion of polymeric substrates and colorants in them [5.15].
The polymer oxidation is related to the formation of
superoxide ion. singlet oxygen, hydroxy radical and other
active species via photoexcited titanium dioxide [15,29,30).
However, the reaction mechanism has still not been
completely elucidated.

Figures 6 and 7 show the results for PVC and polyeth-
ylene sheets containing C.1. Pigment Red 38 and additives.
From these figures it can be concluded that the light
stabilising effect resulting from the additives such as
BDSAN. NBC, NMS and compound 1a was also obtained
in the case of PVC and polyethylene containing the red
pigment. The addition of BHT was not effective. The use
of a combination of BDSAN (0.5 parts) and BHT (1.0
parts) was reasonably effective in improving the light
restance. but the efficiency was slight when compared to
that in the case of BDSAN alone.

In general the bis(ethylenedithiolato) complexes used in
this work are dark green in colour. For example. com-
pound le has absorption bands at 273. 298 and 762 nm
in acetonitrile solution and does not absorb light in the
range of about 330-730 nm. NBC occurs in solid form as
vellow-green crystals, and it has absorption bands at 303
nm (main peak)} and 380 nm. On the other hand, NMS and
NHTS are colourless crystals, and do not absorb u.v.
radiation and visible light beyond a wavelength of 280 nm
in solution or in the solid state. These absorption proper-
ties suggest that the photostabilising effect conferred by
the additives may not be based on them acting as u.v.
absorbers.
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Figure 6 —Effect of various additives on the photostabilisation
of C.I. Pigment Red 38 in PVC: exposure conditions were
identical to those quoted in Figure 3; initial concn of pigment
was 6 parts by wt; concn of BDSAN and NMC was 0.5 parts
by wt and concn of compound 1a was 0.15 parts by wt: for the
combination of BDSAN and BHT the compounds were added
at 0.5 and 1.0 parts by wt respectively
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Figure 7 — Effect of additives on the photostabilisation of C.1.
Pigment Red 38 in polyethylene sheets; exposure conditions
and concentrations of the pigment and additives were identi-
cal to those quoted in Figure 6

Furthermore, dialkyldithocarbamate compounds are
peroxide radical decomposers, as well as being singlet
oxygen quenchers [18.31]. However, it has been reported
that the former action is mainly recognised with copper
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and iron complexes, and with nickel complex the effect is
small [32,33]. This observation supports the thesis that the
photostabilising effect is based on the complexes acting as
singlet oxygen quenchers, More detailed investigations are
necessary to provide a fuller understanding of the interac-
tions between colorant and substrate. However, a novel
approach for improving the light fastness of organic
colorants in polymeric systems has been indicated by the
results obtained in the present work.
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