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SVMhfARY 

Tbeplzoiofadrng of t\ro anrlzraqumone dyes has been srudred rn aqzdeous solurzorz usrng 
zrlrravrolet-vurbte absorptron specrrowopy and flaslz pizoroiysrs. The znfjl~ence of 
alcolzcf conccnlration. pff, atnzospher e. photosensrtisers atzd srabzfzsers izaz,e been 
esamzned atzd tlzese lead to some mporranr concIz~s~ons on rhe nzeclzamsm of dj e 
fadrrzg Essenrrafly. the resztlrs nzdrcare the phoroexczted ti zplc! stale of the dj.e 
undergoesa process of clrher rlecrron or fzj*drogen-aronz absrracrron dependmg on rlze 
narul e of tlze env~ronnzent. Ofherfacrors such as aggr egalron andsmgiei osygen also 
appear 10 pfa>l an mzpor rant role 111 sol~rr~on plzotqfadazg. Tlze relevance of Ilzese 
resulrs IO phorofadrng VI a pof_\wzerrc phase iF drscussed 

1 INTRODUCTION 

Anthraqumone denvatlves are a commercially important class of compounds used 
as dyes for synthetic fibres 1-Z One of the most important criteria used m assessing 
the commercial use of a dye IS its stablllty to llght.3 4 The photofadmg of 
anthraqumone dyes has been widely studled and through the use of modem 
photochemical techniques their behavlour IS reasonably well understood.’ 
However. the relative Importance of various mecharnsms that have been put forward 
over the years IS still a topic of wide Interest. For example, vanous workers have 
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argued the contrtbutton of aggregatton.5-7 singlet oxygens-‘o and electron or 
hydrogen-atom abstractton.3 L 9 I1 The nature of the polymer and the structure of 
the dye are probably the two most important factors tn controlhng the relative 
contrtbutton of these processes tn photofadtng.s 

To examtne the contribution of the above processes we have studied the influence 
of alcohol concentration, atmosphere, pH. senstttsers and stabilisers on the 
photofadtng of two commerctal anthraqutnone dyes, namely I-amino4(3’-amino- 
4-sulphonyl)dntltno-9.10-anthraqutnone-2 -sulphontc acid dtsodlum salt and l- 
amino-4-antltno-9,IO-anthraquinone-2-sulphontc actd of the structures I and 11. 
respectively 

NH, 
(1) (11) 

In thts case photof.tdtng was carried out tn aqueous solutton stnce many of the 
dbove condttt0r.s cannot be conventently studted In d polymertc phase Irradtatton 
of the dye soluttons was carried out ustng repettttve flash photolysts on a 
con\etittonal appdrntus 

2 E’.PERlhlENTAL 

The dyes used tn thts study of structures 1 and II were supplied by the Ftne 
Chemtcals Servtce of ICI Ltd Both dyes were purtfied by dtssolutton tn 
d~n~ethylforn~~n~tdr. filtrutton. and finally prectpttatton by addttton of chloroform 

All the reagents used were of AN 4LAR grade, ‘tnd water dtsttlled from alkaline 
perm,tngannte was used throughout 

The dye soluttons were lrradtated ustn g repettttve flash photolysts The lamps 
were lenon filled. each flash havtng dn energy of 450 J The reactton vessel used was 
‘1 modified 1 cm path-length rectangular fluortmeter cuvette. The top of the cell was 
fitted with d T-shaped neck havtn g a ‘Rotaflow’ PTFE tap. The ceil was suspended tn 
the flash chamber by trapping its neck tn the chamber ltd. 



PHOTOFADING OF ANTHRAQUINONE DYES 221 

Dye solutions were m the range 10d4- lo- ‘M Deoxygenation was performed by 
bubbhng the solution with nitrogen (-z 5 ppm oxygen). 

Ultraviolet-visible absorption spectra were recorded using a Perkm-Elmer 
Model 554 spectrophotometer. Relative percentage fading was determined by 
monitoring the changes in absorbance of the longest wavelength absorption band of 
the dye after exposure to a suitable number of photoflashes. 

Relative y0 fadmg = A,--, 
A 

0 

where A, = absorbance at Am= before flashing and A, = absorbance at L,.,,, after 
flashing 

3 _. RESULTS AND DISCUSSION 

3 1 Effececl of Alcohol Concentrarlon 

In this study we carried out an examination on the effect of prcpan-2-01 
concentratton on the photofadtng of the dyes I and Ii m the presence of oxygen. The 
results are summarised in Table 1 where it is seen that with increasmg alcohol 
concentration there IS an Increase in the percentage fading of the dyes after five 
photoflashes On the basis of earlier work this effect would be expected stnce m 

TABLE 1 
EFFECT OF PROPAN-?-OL COhCENTRATlON ON PHOTOFADING 

Conccnrrorron “/, Fadmg ofrer 5 pho1oJ7ashes 
of propan-l-01 (v) D\e 1 DJC II 

0 10 5 36 
0 654 36 5 II z 
3 27 52 7 24 2 

alcohols anthraquinone dyes are highly susceptible to photoreductlon 4 ” 
However, one of the most interesting features of the results obtained here was the 
observation of an increase in the rmtlal absorbance of the dyes with increasing 
alcohol concentration This effect IS shown in Fig I and could be associated with 
dlsaggregatron of the dyes ’ ’ The unusual behavtour wrth dye I is probably due 
to the formatton and breaktng of aggregates Thus, apart from an Increase rn 
photoreductton. dlsaggregatton of the dyes may also contribute to their increased 
rate of photofading Thts effect would be consistent with the earher findings of Giles 
and coworkers 5 - ’ 

3.2. Ejrecr of pff 

Figure 2 shows the effect of ten photoflashes on the absorption spectra of air- 
saturated and nitrogen-saturated solutions of dye I in aqueous 1 Sh+sodium 
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0 

EROPAN-2-03 

Fig I Effect of propan-2-01 concentration (mole dm -‘)on theabsorbanceofo dye I and 0 dye II III 
water 

t 

--- 

I I 
460 560 660 

WAVELENGTH,nm 

Absorption spectra of dye 1 m I 5wNaOH (3) ( 
(“-‘“- -“, nluogen-saturated after 10 photoflashes.(c) (--) 

-) mtrogen-saturated before Aashmg. (b) 
m a con-espondmg au-saturated soluUon after 

10 photoflashes 
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hydroxide. It IS seen that in de-oxygenated solution the dye 1s much more stable to 
light than m a corresponding air-saturated solution. Also, m the absence of oxygen a 
new absorption peak appears at CQ 505nm which is associated with the 
hydroquinone form of the dye formed by hydrogen-atom abstraction On shaking 
with oxygen thts absorption, asexpected, disappears and thedye is regenerated This 
is a well-known phenomenon with anthraquinone dyes4*’ ’ The same results were 
obtained with dye II. 

In a further set of experiments, the effect of mcreasmg alkali concentratton on dye 
fadtng was examined Air-saturated soluttons containmg between 0 Oh+ and 4-Oh!- 
sodium hydroxide were exposed to a series of photoflashes and the absorbance was 
recorded after two photoflashes. All the solutions had an initial absorbance of 0 33 1 _ 
Ftgure 3 shows a plot of the fraction of dye remammg after each double flash against 
the total number of flashes. It IS seen that the fraction of dye remainmg after ten 
photoflashes decreases as the alkali concentration IS increased. The initial rates of 
fading also followed this pattern. 

It is apparent from these results that the ltght stability of the dye is markedly 
influenced by the alkalinity of its environment Under these condttions 
photoreductton through electron abstractton would be tncreased.5*’ ’ However. the 

PHOTOFLASHES 

F1g 3 Photofadrng ofdye I m aw-saturated aqueous solutaon contamng(a) 0 OM, (b) 0 005~: (c) 0 5hl. 
(d) 1 SW, and (e) 4 OwNaOH. 
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above results also mdlcate that smgiet oxygen plays an Important role in dye fading 
m solution In a polymeric phase, oxygen diffusion IS minimal and under these 
condltlons the photostabllity of the dye would be enhanced. This IS exactly what 1s 
observed m solution (Fig 2) 

Figure 4 shows the effect of ten photoflashes on the absorption spectrum of dye I 
in aqueous solutions of 0 005x+ and 4 Or+hydrochlonc acid It IS seen that for each 

WAVELENGTH nm 

FIN .I 4hsorpIlon specIra of dye I In -?hI-I-ICI ( -) nitrogen-saturated before photoflashIng, (-- -) 
nlrrogcn-sarurnlrd after 10 phoroflashcs (-x--x )atr-saturated dfter 10 photoflashes and In 0 OOShr-HCI 

(- - -) nllrogcn-saturated before photoflashmg. ( ) nltrogen-wtur6ited after 10 photoflashes. and 
(- - ) .Ilr-saturated afrcr 10 photoflashes 

acid concentration the dye fades faster m air-saturated solution than in a 
deolygenated one Dye fading also Increases with increasing protonatlon although 
the effect 1s not so marked ds with sodium hydrowde 

The effect of pH was also examined on dye I1 and the results are summarlsed m 
Fig 5 Here the relative percentage fading IS plotted agamst pH. It IS seen that in 
strongly acid or alkah solutions the rate of fadmg of the dye is slgmficantly greater 
than m neutral or weakly acid solutions From these results It would also appear that 
protonatlon of the dye 1s Important in photofadmg 
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PH 
FIN 5 Effect of pH on the photofadmg of dye II In ax-saturated aqueous solution 

WAVELE’JGTH,nm 

6 AbsorpUon spectra o’dye II I= the presence of benzophenone (10m3~) m nitrogen-saturated 3-2 
propan-2-ol-water (a) before photoflashmg, (b), (c). (d). (e), (f) and (g) after each successwe flash 
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3.3. Eflect of sens~tisers and stahlrsers 
The effect of a well-known trrplet se&user, benzophenone. on the photofading of 

dye II IS shown in Fig. 6. The dye was dissolved in a 3.2 v/v propan-2-ol:water 
mixture to give an mitral absorbance of 0 12. Aliquots of 0 1 RI-benzophenone in 
propan-2-01 were added to give an effectrve benzophenone concentration of 1 O- 3hr. 
The Figure shows that 1x-r nitrogen-saturated solutron fading cf the dye occurs 
rapidly after each successrve photoflash compared with the dye alone (see Fig. 7). 
The fading 1s also accompamed by the appearance of a new absorption peak at 
410nm which IS associated with the hydroqumone form of the dye. Thus was 
confirmed for the control fading experrment shown in Fig 7 where It IS seen that 
anthra-hydroqurnone, chemrcally produced using sodmm dtthtonate as a reducing 
agent.’ showed an rdentrcal peak at ca 410 nm Thus. It is apparent from these results 
that the triplet state of the dye IS important in photofadmg A chemical Interactron 
between the benzophenone ketyl radical and the dye would appear under these 
condttrons to be ummportant ” This conclusron IS supported by the effects of 
another triplet sensttrser (see Table 2). 

Table 2 summarrses the results of a serves of experrments carried out to observe the 

WAVELENGTH 

Fig 7 Absorption spectra ofd>e II in nnrogcn-s.\cur.wzd aqueous soluuon (a) before photoflashlng. 
(b) alrcr 7 phoroflashcs (c) afrcr 5 photoflashes and (d) (- - - -) after reduction with sodium dlthlonnrc 
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TABLE 2 
mECT OF SENSITISERS AND STABIUSERS ON THE PHOTOFADING OF DYE 11 IN 

N2-SATbRATED 3 ?VjV PROPAN-2-OL WATER MIXTURES 

Addrrnti % Fadrng afvr IO pAoroJlarlw.s 

Control 
DABCO 
Ethylenedlamme 
Potassmm thmcyanate 
Beruophenone 
o-phenylphenol 
p-phenylphenol 
Dlphenyl 
Tetracyanoethylene 
4-hydroxy-2.2.6.6-tetramethyl 

Woxypipenciinc 

30 
29 3 
22 4 
23 6 
99 2 
19 5 
23 0 
78 3 

46 

29 

a I x IO-“M concenlratlon 

effect of various sensltlsers and stablllsers on the extent of fadmg of dye II In 
nitrogen-saturated solutton after ten photoflashes The dye solutrons had an imttal 
absorbance of 0 85 and all the reagents were 10-3~r. 

It IS seen from the results that another trtplet sensrttser apart from benzophenone 
IS dtphenyl. The senstttsmg effect of thts compound may also be due to tnplet ener,T 
transfer from the diphenyl to the dye For this process to occur the trtplet 
energy of dtphenyl must he above that of the dye Drphenyl has a trrplet energy of 
270 kJ mole- ‘.I3 Although the triplet energy level of the dye IS not hnown. It can 
safely be assumed to he below that of its first excited stnglet state. The energy of the 
first excited slnglet state of the dye for a wavelength of ma\tmum absorption of 
632 nm was calculated to be 189 52 kJ mole- ’ The correspondtng trtplet energy 
would be lower than thts Since thts ites below the triplet energy level of dlphenyl, 
energy transfer from the latter to the former IS very likely 

All the other chemtcal compounds ltsted m Table 2 acted as stablhsers to varytng 
extents The influence of DABCO, a well-known singlet oxygen quencher.” was at 
first very surprrslng srnce the fading expertments were carned out in de-oxygenated 
solutions. DABCO. however, 1s an amine and the rnhrbrtrng effect tn thus case IS 
most likely to be due to its ability to quench the excited states of the dye either 
through electron transfer’* or colltstonal quenchtng Thts would appear to be 
confirmed by the stablhsing effect of ethylene dramrne also shown tn the Table 

The effects of o- and p-phenylphenol are rnterestrng stnce these compounds are 
used as carrters tn the dyeing of polyester fibres ’ Some drsperse dyes have thetr 
ltghtfastness impatred by carrters. 3*3*7 but in thts case they are protective_ These 
carriers have high absorbances in the ultravtolet regton of the spectrum and thetr 
actton here may be due to a screening effect Their ability to act as radical traps 
would be expected to be low stnce they are not htndered phenols 

The stabllrsmg effect of potassrum throcyanate IS interesting stnce thts seems to 
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suggest that the photofading of the dye m alcohol/water mrxture mvolves hydroxyl 
radtcals. Potassium thiocyanate IS a well-known hydroxyl radical trap” and in this 
experiment the degree of photofading was reduced by CQ 50%. 

Frnally. the powerful stabrlrsrng effects of tetracyanoethylene and the IV-oxy 
radical compounds are worthy of some detailed dtscusston The former IS a well- 
known electron trapI and the latter is an efficient radical trap.” Both stabihsing 
mechanisms are consistent with the photofadmg mechanisms of anthraqutnone 
dyes.& The powerful electron-trapping abtltty of the tetracyanoethylene clearly 
suggests that electron transfer. to _g~ve the radical amon (A-). IS Important tn the 
photofading of anthraqutnone dyes The powerful stabilistng effect of the Iv-o~y 
radtc.\l IS clearly due to Its efficient radtcal trapping ability Previous work by one of 
the authors with anthraqumone’s has shown that the IV-oxy radtcal tnhtbtts 
tr‘tnstent formation on flash photolysrs due to the scmrqutnone radical (AH ) 
lnhlbltron \\a~ <tttrrbuted to two posstble mechantsms The first tnvolves dtrect 
trnpprng of the semrqulnone rCtdtcal (AH ) by the IV-o~y r‘rdtcal to gave an unstable 
molecule The semtqurnone r‘ldtcal 1s formed by hydrogen-atom abstractton by the 
photoe\ctted triplet state of the ~~nthraqutnone 

A h\ ‘A 193 
--_-> ~ s/4, R--H> AH- + R 

Lvhere R--H IS solvent 

AH- +;N-O- -*- AH-O-N, 

unsr.lblc 

(1) 

(2) 

The second mech,tntsm involves ‘1 hydrogen dtom transfer from the semlqutnone 
rCtdtcC\l to the W-o\y rndlc.tl regenerating the anthraqurnone and producing a 
hydroly Ltmtne 

AH + 
\ 

/ 
N-O +A+ 

\ 

/ 
N-OH (3) 

Of the two mechantsms it would appe,tr th.tt the second IS more tmportant for the 
dye since it involves <t regeneratton process ‘tnd would therefore act In a protective 
rmtnner In the cnse of anthraqutnone the first mechanism 1s important smce the 
presence of the ,V-oxy radtcdl did not tnhlbtt the photolysts of the anthraqutnone I9 
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4. CONCLUSIONS 

It may be concluded from the above that a number of factors are important m the 
photofading of anthraqumone dyes. The presence of dye aggregates would almost 
certamly result in some enhancement of lrght stability. The nature of the 
environment however, would appear to play a maJor role m controlling light 
stability and from the above results pH has a powerful Influence on photofadmg 
Thus, the washmg of fibres to remove residual acid or alkah could be important 
Regarding the photofading mechamsm it would appear that electron and/or 
hydrogen-atom abstractlon are Important processes On a more technological note, 
the powerful stabilising effects of tetracyanoet!-.Slm .._3e and the N-oxy radical would 
seem to suggest that they could be useful as postdyeing treatments to enhance the 
lightfastness of dyed fabrics 
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