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Some dyes containing a nickel sulphonate intramolecular
singlet-oxygen quenching group have been synthesised
and the influence of such a substituent on the photofading
of the dyes examined. Dyes containing this quenching
group showed improved resistance to photofading in the
adsorbed state in visible light.

INTRODUCTION

The contribution of singlet oxygen to the photofading of
some dyes has been examined recently. For exampie,
Griffiths and Hawkins have reported the photochemical
oxidation of 4-arylazo-1-naphthol and analogous dyes [1],
and Kuramoto and Kitao also showed that 1-arylazo-2-
naphthols [2], indigo [3], quinophthalone [4], aminoanthra-
quinones [5], triphenylmethanes [6] and acylamidostilbenes
[7] undergo self-sensitised or dye-sensitised photo-oxi-
dation in solution. The rates of photofading in most of
these dyes were retarded in solution by adding an efficient
singlet-oxygen quencher. However, there were some pro-
blems in the use of the more common quenchers, e.g.
instability to light (carotenes) [8], intrinsic colour (exten-
sive conjugated systems and nickel dialky| dithiocarbam-
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Figure 1 — Dyes used in the present study

ates) [6, 8], tendency to induce radicals (DABCOQ) [9] and
poor quenching efficiency in the adsorbed state. We have
investigated quenching groups as a means of improving
the light fastness of certain dyes, i.e. C.I. Acid Green 25
{dve 1; A %0 410, 605, 640 nm), C.I. Acid Blue 74 (dye 2;

max

A e 810 nm), C.I. Acid Blue 45 (dye 3; A ":0 595, 635 nm)
and 4,4’-bisacetamidostilbene-2,2'-disulphonic acid (dye 4;
A > 333 nm), in solution and adsorbed on silica gel. We

found that the nickel saits of these dyes, (2-Ni; A 'O
610 nm), {3-Ni; A ;g 595, 635 nm) and (4-Ni; A 13‘ 333 nm},
are stablised towards photofading in the adsorbed state

with visible light.

EXPERIMENTAL

Materials

The dyes used are shown in Figure 1. They were purified by
Soxhlet extraction and recrystallisation. Nickel saits of
these dyes {1-Ni—4-Ni) were formed with nickel {I1) chloride
in ethylene glycol, and purified by repeated recrystallisa-
tion from water. Nickel salts or complexes of
p-toluenesulphonic acid (NTS; A :?x 233 nm) used as an
intermolecutar quencher, o-hydroxybenzoic acid and
1-naphthol-8-sulphonic acid were prepared and purified in
a similar manner. Nickel dimethyldithiocarbamate {(NMC,
Tokyo Kasei) was recrystallised from ethanol.

Procedures for Photofading in Solution

A solution of dye 1 or 1-Ni (A2 410, 605, 640 nm) (3x 10
mol} and 10 mg Rose Bengal (C.|. Acid Red 94) in 300 ml of
acetonitrile—dimethyl sulphoxide (DMSO) {19:1 vol./vol.)
was prepared. This air-saturated solution was placed in a
300 mil flask equiped with a thermometer, condenser and
magnetic stirrer, and then irradiated at 23-25°C with fil-
tered radiation using an internaf high-pressure mercury
lamp (Ushio Electric Inc.,, UM-102 type). Undesirable
wavelengths were excluded using a filter solution of 1%
aqueous potassium dichrormate.

i 7

N c SO;Na
NaO,S ﬁ/ \rr

o H

Dye 2

NaO,S
ACHNQHC=CH©~NHAC

SO,N

Dye 4

JSDC Volume 101 May/June 1985 177




A simiiiar solution of dye 1 containing NTS (24.1 mg) was
also irradiated in a similar manner.

The absorption spectra of the dye solutions were meas-
ured before and after irradiation using a Shimadzu record-
ing spectrophotometer (UV-180 type) and relative percen-
tage fading (conversion) values were determined at the
absorption maximum of dye 1 or the 1-Ni sait.

Similar experiments for the solutions of dyes 2-4 and
nickel salts 2-Ni~4-Ni containing Rose Bengal (10 mg} in
300 ml of acetonitrile—-DMSQ were carried out. The
acetonitrile: DMSQO (vol./vol.) ratios were: 5:1 for dye 2 and
sait 2-Ni, and 2:1 for dye 3 and salt 3-Ni; for dye 4 and salt
4-Ni a 4:1 acetonitrile—ethylene glycol solution was used.

Photofading of Dyes and their Nickel Salts on Silica Gel
Solutions containing 2.0x10%,4.0x10* or8.0x 107 mol of
dyes 1-4 or nickel salts 1-Ni-4-Ni in aqgueous DMSC (10 ml)
were prepared. Portions of the solutions (20 ul) were spot-
ted on silica gel t.l.c. plates using a microcylinder, and
dried. The plates were exposed to air and light through the
dichromate filter solution from a 100 W mercury lamp
about 2.5 cm from the plate.

The apparatus was kept at 30£2°C. After irradiation for
several hours the plates were developed with a suitable
developing solvent. The concentration of the dyes remain-
ing were determined by scanning at the A, of each dye
using a thin layer chromatoscanner. The percentage con-
version was calculated by comparison with unirradiated
dye.

A similar procedure was used for dye solutions contain-
ing NTS or NMC as a quencher.

RESULTS AND DISCUSSION

Effect of Inter- and Intra-molecular Nickel {ll) Quenching
Groups on the Photofading of Dyes in Solution
Solutions of dye 4 in acetonitrile—ethyleneglyco! contain-
ing Rose Bengal (A .« 566 nm) faded in air on exposure to
filtered radiation (A>520 nm) from 100W high-pressure
mercury lamp. The addition of the nickel complexes of
o-hydroxybenzoic acid or 1-naphthol-8-sulphonic acid
afforded little protection against fading. However, the rate
of photofading was retarded remarkably in the presence of
the nickel salt of NTS (A "0 233 nm), and a similar effect was
achieved with NMC, a good singlet-oxygen quencher.
These results are shown in Figure 2.
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Figure 2 — Effect of irradiation time on photofading of dye
4 in acetonitrile—ethylene glycol (4:1 vol./vol. containing
Rase Bengal; initial concentration 1.0x10 * mol/l Rose
Bengal, 10 mg in 300 m/ of solvent; additive 2.0x10"*
maol/i)
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This behaviour suggests that nickel sulphonate groupsin
suitable dyes might have an intramolecular suppressing
effect on the photofading. This effect with the nickel salts
1-Ni—4-Ni was examined by comparison with the use of the
intermolecular quencher NTS in solution. These results are
shown in Table 1.

TABLE 1

Photofading of Dyes in Solution Containing Rose Bengal

Photofading (%] in visible light

Dye/salt Solvent 60min 90 min 180 min
1 Acetonitrile—-DMSO 93

1+NTSE {19:1 vol./vaol.) 3

1-Ni 3

2 Acetonitrile—-DMSO 71 98

2+NTS!@ {5:1 vol./val.) 1 20

2-Ni 30 52

3 Acetonitrile—DMSO 42 58 69
3+NTSHE (2:1 vol./vol.) 2 4 7
3-Ni 4 8 11
4 Acetonitrile—ethylene 15 23 37
44+NTS®  glycol (4:1 vol./vol.} 3 4 4
4-Ni 1] 0 0

{a) NTS (24.1 mg) added

The presence of both quenching functions afforded pro-
nounced protection against dye-sensitised photofading in
visible light. These results indicate that the photofading of
these dyes takes place predominantly via a singlet-oxygen
mechanism.

Photofading of Dyes Containing an Intramolecular
Quenching Group Adsorbed on Silica Gel

It has been found that photochemical fading of a dye
adsorbed on silica gel is an important guide to its behaviour
in use [1, 4]. The influence of inter- and intra-molecular
guenching groups on the photostability of dyes 1-4 in the
presence of Rose Bengal was examined with the dye
adsorbed on a silica gel plate. These results are summar-
ised in Table 2.

The rates of photofading in the absorbed state were
slightly retarded in the presence of the intermolecular
guenchers NTS and NMC, presumably because of
restricted diffusion of the dyes and quenchers. However,
some dyes containing the intramolecular nickel sulphonate
quenching groups 2-Ni—4-Ni showed enhanced photo-
chemical stability towards visible light even in the
adsorbed state. This suggests that the introduction of a
nickel sulphonate group in the vicinity of a singlet-oxygen
reactive position has a significant retarding effect on the
rate of photofading of the dyes. In the case of 4-Ni, contain-
ing two quenching groups on both sides of the reactive
ethylene centre, a high degree of protection against photo-
fading was observed, not only in a solution but also in the
adsorbed state (Table 2). The exceptional behaviour of salt
2-Ni may be related to the fact that indigo dyes tend to form
aggregates in the solid state.

CONCLUSIONS

Several authors have already reported the photochemical
oxidation of azo dyes, indigo, quinophthalone, amino-
anthraquinones, triphenylmethanes and acylamidostil-
benes [1-7]. However, there have been few experiments in
which the use of singlet-oxygen quenchers as a means of
improving light fastness has been examined in the



TABLE 2

Photostability of Dyes on Silica Gel

Dye concn irradiation Additive cohcn Conversion
Dye/salt (x107° mol./l} time {h) Additive {x10* mol/l) (%)
1al 4 27 54
8 27 42
4 27 NTS 8 51
8 27 NTS 16 a
1-Nite! 4 27 44
8 27 31
21} 2 3 50
4 3 48
2 3 NTS 4 35
4 3 NTS 8 33
2 3 NTS 40 18
2-Nit®) 2 3 8
4 3 5
3ie 2 50 57
4 50 55
2 50 NTS 4 51
4 50 NTS 8 45
2 50 NTS 10 45
3-Nitel 2 50 4
4 50 0
4ld) 2 7 4glel
2 7 NTS 4 41te
2 7 NTS 40 25te!
2 7 NMC 4 4gle)
2 7 NMC 20 23t
4-Nitd 2 7 ofel

(a) Developing solvent: 1-butanol—ethanol-28% ammonia/water (6:2:3 by volume)

(b} Developing solvent: 1-butanol—pyridine—28% ammonia/water--water (4:2:2;1 by volume)

{c} Developing solvent: dimethyl formamide—1-butanol-28% ammonia/water—water {1:2:1:2 by volume)
(d) Developing solvent: 1-butanoi—pyridine—28% ammonia/water--water {¢:4:2;1 by volume)

{e) Distance from light source approx. 4 cm

adsorbed state. In this paper we have reported the effect of
nickel sulphonate intramolecular singlet-oxygen quench-
ing groups on the photofading of some dyes.

Our results provide strong evidence for the involvement
of singlet oxygen in the sensitised photofading of dyes in
the adsorbed state, and suggest a novel approach for
improving the light fastness of dyes. While the situation on
fibres and resin materials is expected to be more compli-
cated, owing to specificinteractions between dye and subs-
trate, it appears reasonable to investigate the effects of
singlet-oxygen quenchers as means of improving tight
fastness in such systems.
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