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Abstract

Electrochemical and photochemical experiments in ethanol show that the tendency to the reduction of some azo dyes derived from 2-
aminobenzothiazole is parallel for both processes. This is attributed to the one-electron reduction of the dyes followed by a protonation of the
resulting radical anions. The primary transient products of the reduction process, i.e. the radical anions, and their reactivity are characterized
in solution at ambient temperature and under matrix conditions at 77 K by means of pulse radiolysis.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the same dye are obserdd]. Reduction processes play an
important role in the photofading of azo dyes and in case of
Heterocycles are mainly used in disperse dye chemistry nitro-substituted dyes, which show a strong decrease in the
as diazo or coupling components and numerous heterocycliclight stability, may involve both the azo and the nitro group.
colorants are widely marketed. In addition new application Inthis paper we investigate in details the effect of nitro substi-
appeared such as photodynamic therapy, laser industry or retution on the reduction process of the azo dyes derived from
prographic technologfi—4]. Although the heterocyclic azo  2-aminobenzothiazole.
dyes represent a large group of synthetic colorants their pho- The key objective of this study is to present the relation-
tochemistry has not been studied as well as other group ofship between photochemical, electrochemical and radiolytic
the dyes. reduction of dye4—3, since the photolytic reactions are often
The photolytic behaviour of the dye depends on many fac- associated with the tendency of the colorants to the chemical
tors such as its chemical structure and the external conditionsreduction/oxidation. The argument for this approach is the
[5-10] It is well known from open literature that depending Becquerel effecf1 2] observed for the irradiated solutions of
on the fibre photoreduction or photooxidation processes of some selected dyes.
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2. Experimental
2.1. The synthesis

The azo dye$—3were prepared by diazotisation of the ap-
propriate amine with nitrosyl sulphuric aditi3] followed by
coupling reaction and purified by recrystallisation (toluene).
The purity of the final compound was checked by TLC
[Merck Silica gel 60, eluent: toluene—ethyl acetate 3:1 (v/V)].
The chemical structures of the dyes were confirmedHy
NMR. The'H NMR spectra were recorded on Bruker Avance
DPX 250 spectrometer at 250.13 MHz in CRGolutions
using TMS as internal standard.

2.1.1. Preparation of the dyk

2-Aminobenzothiazole (3.0 g, 0.02 mol) was dissolved in
17 ml of acetic acid at 30C, diluted with 12 ml B O followed
by addition of 1.8 ml of conc. b50y. The reaction mixture
was cooled to OC and nitrosyl sulphuric acid [formed by dis-
solving 1.6 g (0.023 mol) of NaN£&£in 10 ml of conc. HSOy
at 70°C] was added over 1 h. After stirring for 1.5 h the mix-
ture was diluted with 60g of ice, followed by addition of
N,N-diethylaniline (3.2 ml, 0.02 mol) in 10 ml of acetic acid
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Table 2
Calculated electron affinities of the ground (EA) and triplet excitedy(BA
states of the dyes-3

Dye EA [eV] EAyip [eV]
1 1.23 1.90
2 1.16 1.82
3 1.91 2.56

continued for 1h. The reaction mixture was diluted with
609 of ice, the precipitated dye was filtered off, washed
with water and dried. 3.8 g of the dye was obtained; yield:
55%.

2.1.3. Preparation of the dy@

2-Amino-6-nitrobenzothiazole (3.9 g, 0.02 mol) was dis-
solved in 30 ml of 85% HPQOy. The reaction mixture was
cooled to—5°C and then NaN@(1.4 g, 0.02 mol) was added
over 1 h. Diazotisation was continued for 1 h. The resulting
diazonium salt was added dropwise at 0€5into the solu-
tion of N,N-diethylaniline (3.2 ml, 0.02 mol) in 1 ml of acetic
acid. The coupling was continued for 2 h. Then the reaction
mixture was diluted with 60 g of ice and the precipitated dye
was filtered off, washed with water and dried. Three grams
of the dye was obtained; yield: 46%.

TheH NMR data, mpimax, loge of dyes1-3 are pre-
sented inTable 1

2.2. Quantum chemical calculations

at a rate such that the reaction temperature did not exceed

2°C. After stirring for 2 h the precipitated dye was filtered
off, washed with water and dried. Three grams of the dye was
obtained; yield: 48%.

2.1.2. Preparation of the dy2
6-Methoxy-2-aminobenzothiazole (3.8¢g, 0.02 mol) was
added at 0-5C to the nitrosyl sulphuric acid solution which
was prepared by dissolving 1.5g (0.02 mol) of NaNi@
10 mlof conc. HSOy at 70°C, followed by addition of acetic
and propionic acids mixture [20ml, 17:3 (v/v)] at 16.
Then the additional 20 ml of the same mixture was added
and the diazotisation was carried out for 2.5h. The result-
ing diazonium salt was added dropwise at 650 the so-
lution of N,N-diethylaniline (3.2ml, 0.02mol) in 40 ml of
acetic and propionic acids mixture and the coupling was

Table 1
Melting points, visible spectral d&tand'H NMR spectral dataof dyes1-3

The geometries of all species were optimised by the
B3LYP density functional methofll4,15] as implemented
in the Gaussian 98 suite of prografd§]. The above calcu-
lations were done for the ground and triplet states of the dyes,
and neutral radicals with the standard 6-31G* basis set.

The calculations of electron affinities (EAs) were limited
only to the vertical EA, i.e. the difference in relative energies
of neutral parent dye and its radical anion obtained by sin-
gle point calculations at B3LYP/6-31 + G* level for the same

optimised geometry of neutral compouriable 2.
2.3. Electrochemical reduction

The electrochemical experiments were carried out in
EtOH and DMF solutions containing 0.1 mol/l of tetna-

mp[PC]  Amax[nm]  loge  1HNMR (CDCh), 5 (ppm),J (Hz)

1 160 513 468  1.27t(6HI=7.5), 3.50 q (4HJ=7.5), 6.74 d (2H)=10), 7.37-7.49m (2H), 7.83 d (1d=7.5), 7.98 d (2H,
J=10), 8.06 d (1HJ=7.5)

2 158 515 470  1.26t(6H1=7.5), 3.49 q (4H)=7.5), 3.90 s (3H), 6.75 d (2H,= 10), 7.06 dd (1H,) 2.5,J=10), 7.28 d (LH,
J=2.5), 7.94-7.97 d (3H] = 10)

3 177 549 444  1.30t(6H=7.5),3.54 q (4HJ=7.5), 6.77 d (2H)=10), 7.99 d (2H, = 10), 8.08 d (1H,)=7.5), 8.31 dd (1H,
J=2.5,J=10), 8.73d (1H]=2.5)

2 In EtOH.

b Abbreviations: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; b, broad.
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butylammonium perchlorate as a supporting electrolyte. All ELU-6 linear electron accelerator. The dose absorbed per
solutions were degassed prior to experiments by bubbling pulse was determined with J® saturated aqueous solu-
with argon. During each experiment, a blanket of argon was tion of KSCN (0.01 M), assumin@((SCN)*~)=6.0 and
maintained over the solution. The concentration of the dyes ¢((SCN)*~)=7600 M1 cm™! (G represents yield of radi-
was 103 mol/l. The staircase voltammetry technique (SCV) cals per 100 eV of energy absorbed anithe molar extinc-
[17] was used. The experiments were carried out with the usetion coefficient at 475 nm). The dose delivered per pulse was
of the potentiostat AUTOLAB (Ecochemie, Holland). Work-  within the range 5-80 Gy. The concentration of solute was
ing hanging mercury drop electrode, platinum auxiliary elec- kept in the range of (0.5-1&) 10-3 M. Details of the pulse
trode and ferrocene reference electr¢ti@, 19] were used. radiolysis system were described previoJ&y].

The current was measured at half width step aBdwés

2.0mV[17]. 2.7. Radiolysis of cryogenic glasses

2.4. Photochemical experiments The glassy samples of the 2-methyltetrahydrofuran
(MTHF) and alcohol solutions were prepared by immersing
Dye solutions (5< 10->mol/l) in freshly distilled EtOH  the room-temperature solutions in liquid nitrogen. The sam-
and DMF were faded in a Rayonet photolytic reactor RPR200 ples were 0.5-3 mm thick and were placed in a temperature
(Southern New England Ultraviolet Co) equipped with 14 controlled, liquid nitrogen-cooled cryostat (Oxford Instru-
300 nm lamps. Anaerobic conditions were achieved by bub- ments). The desired temperature (77—-150K) was achieved
bling with dry nitrogen into the solution for 30 min before  py qutomatically controlled heating. The optical absorption
irradiation. The extent of fading was determined according spectra were measured on Cary 5 (Varian) spectrophotome-
to the decrease in absorptiomafax of the dye. The concen-  ter. The samples mounted in a cryostat were irradiated with
tration of the remaining dye was determined spectrophoto- 4 ;s electron pulses from ELU-6 linear accelerator. Details

metrically. The spectra were recorded on Lambda 40 spec-qf the matrix isolation technique are given elsewHegj.
trophotometer (Perkin Elmer). The illumination intensity was

determined using uranyl oxalate actinomg]. The® val- _ _
ues were estimated from at least two determinations at 7%3. Results and discussion

extent of the reaction.
3.1. The electrochemical reduction

2.5. Distribution coefficient measurements
Although the electrochemical reduction of azobenzene

To a5 ml portion of the solvent (DMF, MeOH), 5mlofim-  and related compounds is the subject of many paj23k
misciblen-hexane and a known quantity of dyes were added. there is only a little information about the electrochemistry
The mixture was shaken and then thermostatted. After 12 hof heterocyclic azo dyes.
the concentration of the dye in equilibrium was determined  The aim of the electrochemical experiments is to study the
in both phases by measuring their absorbances. The distribureduction of the group of dyek-3 in EtOH and DMF solu-
tion coefficientsy were calculated directly from the ratio of tions in order to compare the obtained data with the results

the absorbances. of photochemical reduction. The detailed results of electro-
chemical experiments are presentedable 3 In addition,
2.6. Pulse radiolysis of room-temperature liquids the cyclic voltammograms of dydsand3 in both media are

presented irfrigs. 1 and 2
Pulse radiolysis experiments were carried out with In EtOH (Fig. 1A) two reduction peaks of the dykex-
high energy (6 MeV) 17 ns electron pulses generated from ist. The first one present at1.19V corresponds to the ir-

Table 3
Cyclic voltammetric datafor the reduction of dye$-3 in DMF and EtOH
Dye Ev2® Epcw)® Enc2) Enc3) Epc4) Epa() Epa(2) Epa@3) Epa(g)
EtOH
1 -1.16 —-1.19 —-2.20 — - - —-2.12 - -
2 -1.20 —1.24 —2.20 - - - —-2.12 - -
3 —-0.90 —-0.91 —1.30 —1.68 -2.21 -0.88 - - -2.12
DMF
1 -1.37 —1.40 —1.99 —2.43 —2.65 -1.34 - -2.37 —2.58
2 —1.45 —1.49 —-2.21 - - -1.39 - - -
3 -1.06 —-1.11 —1.53 —1.96 —2.44 —-1.05 - —-1.88 —-2.36

2 Alldata [V]; v=0.1V/s.
b Ey/, of the first electron transfer.
¢ (n) the number of the peak.
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Current [uA]
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Fig. 1. Cyclic voltammograms of dyk (A) and 3 (B) in EtOH; scan rate
(v)=0.1V/s.
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signed to the reduction of the azo and the nitro groups. The
lasttwo reduction peaks at2.21 and-2.40V (deformed due
to the electrolyte reduction) are responsible for the reversible
and irreversible processes, probably the reduction of the het-
erocyclic residue. It is apparent from the obtained data that
the presence of the nitro group lowers the reduction potential
of the dye in comparison with the unsubstituted analogue.

The voltammogram of the dykin DMF (Fig. 2A) shows
that its reduction proceeds in four steps. The first peak at
—1.40V (accompanied by an oxidation peak-at.34V)
characterizes the reversible process, whereas the second peak
at—1.99V is responsible for the irreversible process; both of
them are assigned to the reduction of the azo group. Two other
peaks located at-2.43 and—2.65V, accompanied by two
oxidation peaks at-2.37 and—2.58V, respectively, are as-
signed to the quasi-reversible steps of the heterocyclic moiety
reduction. The voltammogram of the d¥@ DMF shows two
reduction peaks located-atl.49 and-2.21 V. Thefirstoneis
accompanied by an oxidation peak located-at39V. The
obtained data indicate the quasi-reversible and irreversible
character of both processes, respectively. The peaks of the
reduction of heterocyclic residue are overlapped by peaks of
the reduction of the electrolyte.

Inthe voltammogram of dy&in DMF (Fig. 2B) four peaks

reversible one-step two-electron process responsible for thegirinuted to the reversible reductionx 5 V/s) appeared lo-
reduction of the azo group. The second reduction peak at.5ted at-1.11.—1.53.—1.96 and—2.44 V. The presence of

—2.20V is assigned to the quasi-reversible reduction of the
heterocyclic residue, by comparison to the voltammogram
of the 2-aminobenzothiazole. The d¥exhibits very similar
electrochemical behaviour in EtOH. On the other hand the re-
duction of the dy& in EtOH proceeds in five stepBi@. 1B).

The first three peaks present a0.91V (reversible), at
—1.30V (irreversible) and at1.68V (irreversible) are as-

Current [uA]

- (B)
0}
2L
4 L
1 1 1 i 1 i 1
-3.0 2.5 2.0 -1.5 -1.0
Potential [V]

Fig. 2. Cyclic voltammograms of dyk(A) and3 (B) in DMF; v=0.1VI/s.

the nitro group lowers the reduction potential of the analysed
compound in the comparison with its unsubstituted analogue.

In both solvents, the dy@8 is more readily reduced than
other dyes while the dy2is less readily reduced. This substi-
tution effect can be related to the decreased/increased electron
density at the azo group compared to the unsubstituted dye
what facilitates/makes more difficult its reduction.

The differences in electrochemical reduction of the in-
vestigated azo dyes in protic and aprotic solvents indicate
different mechanism of the processes following reduction of
the compound. In alcohol solution the attachment of an elec-
tron is accompanied by the protonation of the molecule (in
radical anion form) while in DMF only a reduction in two
one-electron steps enables protonation of the compound (in
dianion form). These different mechanisms of the electro-
chemical reduction should also be reflected in photochemical
reduction of the dyes in these solvents.

Ourresults indicate also that the dyle§ are more readily
reduced in EtOH than in DMF. In order to achieve the expla-
nation of this fact the free energy of solvation of the dyes
in both solvents was measured. MeOH was used instead of
EtOH because the latter mixed to some extent wittexane
used as immiscible solvent. Free energies of the transfer from
alcohol or DMF ton-hexane §Gy,) were determined by mea-
suring the distribution coefficient (Table 4 of each dye in
both phases at various temperaty@4. The other thermo-
dynamic data reported ifiable 5were calculated from Eq.

(2):

SGtr = SHtr — TSSU = —RTIn Y (1)
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Table 4

15} A
Distribution coefficients ¥ = Csol/ Cn-nexang Of dyes1-3 in solvents at dif- (A)
ferent temperatures
1 2 3
10 |
MeOH
20°C 4.68 2.71 5.46
25°C 2.99 2.65 3.14
30°C 2.20 2.50 1.98 05}
35°C 1.78 2.45 1.65 8
@ 1 i 1
DMF < B
20°C 5.22 3.88 7.81 2 ®)
25°C 4.26 2.99 5.90 <,
30°C 2.67 2.28 5.13 i
35°C 2.49 2.27 4.42
. . - 1}
The more negative values 86y, for dyes1-3 in DMF indi-
cate their stronger solvation in this medijb,26]. There-
fore an additional energy to reorganize the solvation shell ol
around the dye molecule is needed in the reduction process. 500 ' 700 : 800
Moreover, there is the stronger dependence of the solvation on A [nm]

the chemical structures of the dyes3in DMF (8Gyy = —2.71

to —4.39 kd/mol) in comparison with alcohd@ = —2.41 Fig. 3. Transient absorption spectra observed upon radiolysis ofL(A)
to —2.84 kJ/moI) (0.01 M) and (BB (0.01 M) in MTHF at 77 K; radiation dose 2.5 kGy; thick-

ness of the sample 2.5 mm.

3.2. Pulse radiolysis experiments ) ) i ) ,
tron withdrawing nitro group is reflected by the observation

The lowering of the reduction potential of the nitro- ©Of the reduction of3 by CH,OH® radicals, generated radi-
substituted dye3, which is confirmed by the results of olyticallyinliquid MeOH,whereas_; such r_eductlon is not ob-
electrochemical experiments and DFT calculations of elec- Served forl. We have found that this reaction, although much
tron affinities of substituted and unsubstituted species (see!€SS effective than the reaction with 2-propanol ketyl radicals,
Table 2, should be also reflected by the efficiency of the unambiguously leads to the formation of the radical anion of
electron attachment in reactions of the dyes with solvated 3 (3°")- In neutral solution, initially forme@®™ undergoes
electrons or other reducing species, as for example, ketyl rad_protonatlon.to th_e neutral radical on _the same time scale.
icals or acetone radical anions. However, by means of pulseThe CHOH® radicals are weak reducing species and react
radiolysis we have found that the rate constant for the re- With most of the azo dyes through adduct formation rather
action with solvated electrons is already diffusion controlled than the one-electron reduction of the azo bond. Only strong
for 1 (k~ 1 x 10°°M~1s~1), and therefore this reaction can- decrease in the reduction potential due to substitution with
not confirm the higher reactivity of the nitro-substituted dyes the electron-withdrawing group, like in 4-nitroazobenzene or
derived from 2-aminobenzothiazole. Also, only the approxi- Other nitro compounds, allows the one-electron reduction to
mate values of the rate constants for the reactions with otherP€ observe@7]. The presence of N&group has also a pro-
reducing species can be found due to superpositions of elec/tounced effect on the reactivity of the radical anions formed
tron transfer processes with the fast follow-up reactions of the in the reduction process. The changes in reactivity may not
radical anions formed. However, the decrease of the reductionP® limited only to the reactivity of the additional functional

potential of the molecule due to the substitution with an elec- 9roup- As pointed out by Neta and Mei$28] the ability of
the delocalization of an additional electron over the whole

Table 5 molecule, including the azo bond in the dyes, determines the
Thermodynamic quantities of transfer for dyle§ from solventstostandard  efficiency of the electron transfer processes to nitroaromatics
n-hexane at 25C and therefore the reactivity of the whole radical anion formed.
8Hy [kd/mol] 3Sy [I/mol K] 3Gy [kI/mol] The electronic absorption spectra of radical anions gen-

DMF erated radiolytically fronll and3 in MTHF matrix at 77 K

1 —4157 —12887 —-3.59 are presented iRig. 3. The shape of the band of radical an-

2 —-2771 —8591 —2.71 ion of 1 is very similar to the absorption of the radical anion

3 —2r71 —7760 —4.39 of 4-N,N-diethylaminoazobenzene (a strong low energy band
MeOH accompanied by a shoulder at shorter wavelengths) and there-

1 —4157 —13302 —2.71 fore may suggest similar negative charge distribution over the

2 —5.54 -11.08 —2.41

azo bond29]. Only the maximum of the absorption &f~

3 -83.14 —26605 —2.84 ; . X .
is red shifted by over 15 nm compared to the radical anion of
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4-N,N-diethylaminoazobenzene as a result of the substitution
of the phenyl ring with the heterocyclic benzothiazole ring.
If the heterocyclic ring is substituted with a strong electron-
withdrawing nitro group a further red shift of the absorption
band of the radical anion & compared with the absorption
band of1*~, is observed.

On replacement of the aprotic MTHF solvent with alco-
hols the spectra of radical anions change significantly. The
maxima of the absorption bands of both radical anions shift
by over 20 nm towards shorter wavelengths as a result of
hydrogen bonding. The maxima of the absorption bands of
radical anions ol and3in 2-propanol at 77 K lie at 640 and
672 nm, respectively. These observations originating from
experiments under cryogenic matrix conditions are confirmed
by the spectra of radical anions obtained under basic condi-
tions ([2-PrO"Na*]=0.2 M) in liquid 2-propanol solutions
(Fig. 4). Similar blue shift observed fat*~ and 3°*~ may
suggest similar hydrogen bonding in both radical anions and
may indicate an azeN=N— bond as a target for hydrogen
bond formation. In 4N,N-diethylaminoazobenzene, hydro-
gen bonding caused more substantial shift of the absorp-
tion band of radical anion (around 40 nm) what may indi-
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Fig. 5. Transient absorption spectra obtained by pulse radiolysi$©f N
saturated neutral solution of dye (<0.01M) in 2-propanol: (AXB) 3.

cate weaker delocalizaton of the negative charge over the azo>Pectra recorded s after the pulse. The samples were 1cm thick and

bond in the dyes derived from 2-aminobenzothiazole.

Upon softening of the alcoholic matrix on its annealing
or generation of the radical anions of the dyes directly in
alcoholic solution at lower pH, the radical anions undergo
protonation[29]. In case of radical anions df and 3 the
products with similar absorption are observed. It indicates a
formation of neutral radicals of similar structure. The spec-

04| . (A)
N\
A\
0.2 F // .\l\\.
3 LN
é 0.0 |- . , ~..f"'l~l-l-|
§ 0.6 | _ (B)
<C / .\l\
VAN
03} _/ '\
\\.
\..'“l~l~l---l-l
00F | . \

600

700

800

A [nm]

Fig. 4. Transient absorption spectra obtained by pulse radiolysi$©f N
saturated basic solutionigp-PrO~Na*]=0.2 M) of dye (<0.01 M) in 2-
propanol: (A)1, spectrum recorded s after the pulse; (BB, spectrum
recorded 4us after the pulse. The samples were 1 cm thick and received a
radiation dose of 50 Gy.

received a radiation dose of 50 Gy.

tra of the radicals formed in 2-propanol are presented in
Fig. 5

The protonation of the radical anions of the investigated
group of dyes can occur not only at th&l=N— azo bond,
but also at the benzothiazole heterocycling ring (at the het-
eroatom sites), especially in the presence of strong electron
withdrawing groups attached to the heterocycling moiety.
Moreover, in3*~ the nitro group can undergo protonation it-
self. Infact, although the protonation of the radical anion gen-
erated from 2-aminobenzothiazole in MTHF under cryogenic
conditions cannot be directly confirmed, the protonation pro-
cess is observed for the radical anion of nitro-substituted 2-
amino-6-nitrobenzothiazole upon matrix softening (data not
shown). Therefore, the identification of the nature of the neu-
tral radical formed on radical anion protonation is more dif-
ficult for the dyes derived from 2-aminobenzothiazole than
from azobenzeng®7,29]

The DFT calculations at the B3LYP/6-31G* level were
done to compare the relative stabilities of the possible struc-
tures of the neutral radicals. The calculation results presented
in Table 6indicate that the hydrazyl radical of the structure
1H* is the most stable. Therefore, we can assume that radical
anions undergo protonation at the azo bond leading to hy-
drazyl radical, all the more that in alcohols this bond seems
to be the primary target since it may be already hydrogen
bonded to alcohol neighbor molecules.

The presence of the nitro group does not change this sta-
bility order of radicals. The protonation of the dye at the
nitro group itself would lead to less stable product than the
hydrazyl radicals. Additionally, very similar acidic proper-
ties of the radicals formed on protonation ¥~ and3°—,
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Table 6
Relative energies of the dye radicals (in kcal/mol, relative to the most stable form)
Radical structures derived frofin AE Radical structures derived frogn AE
Benzth-N°-N-PhN(Et), O,N-Benzth-N*-N-PhN(Et),
| (1H") © | (3H") ©
H H
Benzth-N-N°-PhN(Et), O,N-Benzth-N-N*-PhN(Et),
| 115 | 116
H H
*Benzth-N=N-PhN(Et), O,N-"Benzth-N=N-PhN(Et),
7.2 | 8.2
H(at nitrogen) H(at nitrogen)
*Benzth-N=N-PhN(Et), O,N-*Benzth-N=N-PhN(Et),
35.6% | 39.72
H(at sulfur) H(at sulfur)
HO2N*-Benzth-N=N-PhN(Etp 199

2 Protonation of the radical anion of the dye at the sulphur atom leads to the scission efGl&r{d) bond.

as observed by pulse radiolysis experiments conducted un-We have previously shown that the influence of DMF can be
der different pH conditions, can be understood in terms of more comple}31,32]
a very modest effect of the stabilization of the anionic form It is apparent from the presented results that the tendency
by the contribution of the resonance structuf¢O, . This to the electrochemical reduction in EtOH remains similar on
further confirms the assignment of the spectra presented inphotoexcitation, resulting in close relation between electro-
Fig. 5to the species of similar radical structure. It is con- chemical reduction potentials and photochemical quantum
cluded that for the dyes derived from 2-aminobezothiazole, yields of degradation of the dyes (compdables 3 and )/
similar to the azobenzene dyes, the azo bond plays a key role
upon reduction of the molecule.
4. Conclusions

3.3. Photochemical experiments

The parallel tendency to the electrochemical and photo-

The results of the photochemical studies comprising the chemical reduction of some azo dyes in alcohol was found.
determination of the quantum yields of degradation of the This can be explained on the basis of quantum chemical cal-
examined dyes upon UV irradiation (300 nm) in EtOH and culations of the electron affinities in the ground and excited
DMF solutions under anaerobic conditions and estimation States. Although theNO; group can play the important role
of the light fastness on polyamide fibre are summarised in in the one-electron reduction process itis the central azo bond
Table 7 which accommodates mainly an additional electron and is

It is clear that the photodegradation of tested dye3 further protonated into the hydrazyl radical.
is strongly enhanced in DMF and retarded in alcohol. TLC
analysis revealed that the irradiation of investigated colorants
in these solvents generated both types of amines indicatingAcknowledgements
the photoreduction process.

Providing the first step of photodegradation in alcoholis ~ We thank Dr. Pawet Bednarek (University of Fribourg,
an electron transfer from the solvent to the excited molecule Switzerland) for helpful discussion. This work was supported
of the dye, followed by a fast protonation of the resulting by the Polish Committee of Scientific Research, project no.
dye radical anion, similar mechanism could be expected on4 T09B 11522.
polyamide, which is an electron donating environm&gj.

The light fastness on the fibre remains consistent with the
order of photostability of the dyds-3in ethanol (se@able 7). References
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