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A BSTRA CT 

A:o disperse dyes derived from 3- and 4.aminonaphthalimides show large 
differences in colour when dyed on polyester fibres. The electronic spectra of 
the dyes have been examined and compared with reference compoundv, vi=. 
derivatit, es of  phtnyla=onaphthalene. It was found that the 4.aminonaphth- 
alimide derivatives, in 'neutral' solution, can exist also in a polar configuration 
Io an extent dependent mainly on the O'Pe of  N,N-dialkyl suhstituent in the 
coupling component. 

I INTRODUCTION 

Monoazo dyes containing acetamide, benzamide, phthalimide and 
naphthalimide residues have been found to have good general properties, 
particularly with respect to thermal stability, t-4 We have previously 
reported s the effect of amide groups on the spectral properties of such dyes 
and found that the naphthalimide dyes exhibited, in solvents with various 
acid contents, spectral characteristics difficult to predict. 

The azo naphthalimide dyes (!, !!) have different physical and dyeing 
properties compared with related dyes containing acetamide, benzamide 
and phthalimide residues. The naphthalimide derivatives show exception- 
ally good thermal stability and their dyeings have good fastness 
properties, ~'4 but their water solubility is very poor and they have low 
diffusion coefficients and low values of the Nemst distribution constant (K. 
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Dyes IVa, IVb, and IVd were prepared by condensation of nitrosobenzene 
with 3- or 4-aminonaphthalimide. ~ The dyes were purified by prolonged 
washing with 5% HCI at 90°C and then with water until neutral. Dyes IVc 
were obtained by alkaline fusion of nitrobenzene and 4-aminophthalimide ~ 
and purification of the product by prolonged washing with 2% HCI 
followed by crystallization from 30% aqueous dioxan. 

l-Bcnzeneazonaphthalene (Va) was prepared by coupling diazotized 
aniline with l-naphthylamine followed by deamination through decompo- 
sition of the diazonium salt. s The product was purified by heating with 
boiling 5% NaOH (repeated five times) and twice with boiling 5% HCI. The 
product was then dissoh,ed in acetic acid at 50°C and poured into water. The 
precipitate was filtered and washed with water until neutral. 2-Benzeneazo- 
naphthalene (Vb) was prepared by condensation of nitrosobenzene and 
2-naphthylamine. 6 The product was extracted -ovith ether and crystallized 
from methanol. 

UV-VIS spectra ofdyes I-V were recorded at room temperature, using a 
SPECORD UV-VIS spectrophotometer (Zeiss-Jena), storing the samples 
before measurements for 24 h in darkness and those of dyes la-ld, l la-l ld 
for seven days. The spectra were taken for dyes la-Vb at the following dye 
concentrations: la, 1.74 × 10- 4 m din- 3; le, 1.61 x 10- 4 m dm- 3; hi, 1.55 × 
10-4mdm-3; lie, 2.23 × 10-4mdm-3; lid, 6.93 × 10-4mdm-3; Ilia, 
4-4 × 10-4mdm-3; lllb, 3.31 × 10-4mdm-3; Ille, 3.99 × 10-4mdm-3; llld, 
3.99 × 10- 4 m dm - 3; Va, 1.03 × 10- 4 m dm - 3. The spectra of the remaining 
dyes were recorded using saturated solutions in methanol, and the acidified 
methanol solutions were prepared by addition of a suitable amount of 
concentrated HzSO4. 

3 RESULTS AND DISCUSSION 

3.1 Spectral elmraeteristies of dyes lll-V 

3.1.1 Spectra in methanol 
The reference dyes IV and V show, over 300 nm, characteristic K absorption 
bands ascribed to a x--~ x* shift in the range 320-330 nm (2-isomers) or 360- 
390 nm (l-isomers, Figs 3 and 5). 9. ,o The presence of the electron-donating 
N.N.dialkylamino group in dyes Ill brings about a considerable 
bathozhromic effect. Corresponding values for ~ m  of the K absorption 
bands are in this case in the region of 420-445 nm. The R bands, in the form 
of points of  inflexion and corresponding to n--. n* shifts are bands of low 
intensity within the range 410-470 nm (dyes IV and V) and it is therefore not 
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possible to identify them in dyes Iii since they are submerged by the nore 
intense K bands 11 (Fig. 4). 

3.1.2 Spectra in IM and IOM-H2SO 4 in methanol 
Replacing the neutral methanolic solvent by solutions acidified with H 2 S O ~  " 

leads to significant changes in the spectrum and to the appearance of new 
absorption bands in both the UV and the visible range (see Table 1). The 
dyes studied have different proton-accepting centres, viz. azo, dialkylamino, 
and the carbonyl groups of a heterocyclic amide system. 

In IM-HeSO 4 the largest bathochromic shifts are observed with dyes Ill 
!Fig. 4). In these dyes, new, long-wavelength absorption bands at 
523-532 nm, and particularly for dyes Illa, and Ilk,  are observed at 
385-410 nm. These are associated with the existence of these dyes in the 
'azonium' B 2 and 'ammonium' C f o r m s .  5 ' 1 2 -  14 

On the other hand, the spectra of all the dyes in 10M-H2SO 4 show distinct 
changes. In this medium, the nitrogen atoms in the azo band in dyes IV and 
V also undergo protonation (Figs 3 and 5). New, intense absorption bands at 
425-525 nm, 440nm and 541 nm appear in these compounds, Analogous 
absorption bands for dyes II! are within the range 543-585nm and 
378-443 nm. Under these conditions, protonation of the azo band, as well as 
of N,N-dialkylamino groups or even of a carbonyl group, takes place (in 
dyes IVa-lVd), resulting in the above effect. 

... ~N--N~NR2 + H') 

H H 

These results are helpful in the analysis of the spectra of the 
naphthalimide dyes la-id (Fig. 1) and l la- l ld  (Fig. 2) (see Section 3.2). 

3.2 Spectral preperties of dyes ! and 11 

As noted above, the naphthalimide dyes I, Ii are characterized by very good 
properties and show significant differences in colour depending on the 
position of substitution of the azo group in the naphthalimide residue, i.e. 
the 3- and 4-isomers. 2 The differences in ~,~ values between methanol and 
dimethyiformamide solutions of 4- and 3-benzeneazonaphthalimide can be 
up to 60 nm in DMF (see Table 2) and in methanol some of the 4-substituted 
derivatives show a double absorption maximum in the long-wavelength 
region (dyes Ila-IId, Fig. 2). 

The present considerations are limited to a discussion of bands within 
270-600nm, where the known K and R bands appear and which show 
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characteristic changes depending on the solvent used.t4' ~ s In the UV range, 
there are only the'naphthalene' bands, characteristic for simple naphthalene 
derivatives (Fig. 3 and 5) and in the visible range bands characteristic for azo 
dyez 9, t o. ~ 6.1: in view of the insolubility of  some dyes, it was possible only to 
record their spectra in saturated solutiGns of  unknown concentration. This 
has no influence however on comparisons of  the spectra of  the dyes. 

TABLE I 
UV-VIS Electronic Spectral Data of Dyes IlI-V 

Dye X R MeOH IM.H2SO , IOM.H2SO,, 

;~,. (log IOE) ~,, (tog iOE) ~m,~ (tog/OE) 

l i b  - -  Me 323"4 (1.30) 409.8 (1.61) 348.6 (1.34) 
432-5 (I.92) 525.2 (I-20) 584.1 (1"73) 
565.6 (0.91)~ 

IIIb - -  Me 3034) (1.50) ~ 4314) (I.09) 443.2 (1.19) 
422.3 (I-82) 531.9 (I.50) 543.4 (!.35) 
454.5 (I-75)~ 5 6 8 . 1  (I.35)~ 576.0 (1.27)~ 
531.9 (I-19)~ 

nk - -  Et 3209 (I-19) 280-6 (24)0) 352.1 (!.31) 
444.8 (2-04) 385.8 (I-77) 555.5 (!.62) 

5234) (0.87) ~ 
Et 2 9 7 . 9  (!-64)~ 4 3 4 4 )  (I.34)~ 435.5 (1.23)~ 

435.5 (I-96) 492.1 (I.46) 543.4 (I.57) 
531.9 (I.35) ~ 5 2 3 4 )  (I.40)~ 568.2 (I.54)~ 
322.6 (!-43) 323.4 (I.51) 348"6 (I.49) 
345.8 (i-21)~ 3 4 7 . 7  (1.28)~ 436.3 (I.28) 
414.6 (0.61) 415.9 (@66) 

- -  324.2 (!-76) 324.2 (I.76) 339.2 (1'81) 
354'6 (I-52)~- 3M'6 (I.50)-, 425.9 (I.78) 
414.5 (0.89) 415.9 (0'87) 

- -  386.9 (!-30) 3034) (I-08) 353.1 (I.12) 
416'6 (0"98),,, 384.6 (I-32) 4902 (1.09) 

- -  363.3 (14)4) 352,1 (14)4) 337.4 (I,02) 
39~6 (0.98)-- 39@6 (0.95) ~ 525.2 (0.80) 
456.2 (0.73)-,, 4 6 8 . 1  (0"61)~ 

560'5 (0"36) ~ 
273.8 (I.49) 273.8 (I.52) 278"7 (i.26) 
291,7 (I.42) 291.7 (I.42) 3674 (I.37) 
3724) (1"51) 3724) (1"55) 541. t (I.74) 
456.2 (0.55)', 4 6 1 , 2  (0.47)~ 
333.8 (I.80) 2894) (I.54) 444) ! (i.69) 
382,2 (1"59),,~ 331.1 (!.56) 502.0 (I.60) 
471.7 (0'97).., 36~5 (I.40)~ 

5oe.i (0.84) 

IIId 

IVa H 

IVb Me 

IVc H 

IVd Me 

V8 

Vb 

~, Approximately estimated maxima or inflexions of absorption curve, 
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TABLE % 
W-WS Electronic Spectral Data of Dyes 1 and BII 

H Me 350-l 
457-8 

Me Me 349-l 
457-a 

H Et 319-3 
349.6 
4699 

Me Et 329.4 
348*6 
469-9 

(l-23 322.6 
(1.62) 353-I 

525-2 
538-5 

w25) 323-4 
(l-58) 349-l 

529.7 
(l-17) 323-4 
(l-13) 352-l 
(l-64) 523-O 

541-l 
[l-18) 325.1 
(1.15) 348-2 
(1-M) 523-o 

541.1 
(I-62) 345-s 
(1*13) 5274 
(WO) - 
(1.49) 348-2 
(R-37) 529-6 
(I-27)- 543.4 
(i-02) 3~8 
(n.78) 389-4 

538.8 
092) 3mG3 
(l+l) 393-l 

534-2 

(1-W 35@1 
(l-33) - SW1 
(l-76) 520-S 
(l-74)- 
(1.44) 352-l 
(l-32)- 523Q 
(l-74) 538.8 
(l-67) 339-2 
(l-43)- 418.1 
(l-38) 514-4 
g-37) 545.8 
(i-64) 338.3 
(l-45)- 420-8 
(1.35) 512.3 
(1*34)- 545.8 
(1.66) 354-l 
(@46) 

(l-28) 
(1*07)- 
(l-67) 

(l-29) 
(l-61) 
(l-59)- 
(1.37) 
(l-15) 
(l-23) 
(l-16) 
(1.36) 
(l-22) 
(1.17) 
(1=06)- 
(8.65) 

(l-51) 353.1 (1.41) 
(h-30) 518-6 (090) 
(l-27)+ 560-O (O-75) - 
(b25) 349-l (8-253 
(l-50) 405.8 (0.99) 
I@751 5365 (l-20) 
(kI4) 347-7 (l-09) 
(1-29)~ 400-5 (Q68) - 
(O-65) - 541-t (0-W 

- * Apprsximately estimdted maxima or inff exions of absorption curve. 

Dyes have severaa absorption maxima with poorly Qistinguishable 

shor%-waveteng%h region of the spectrum, (bqM-m%ene' bmds) 
n %he visible regiion [the pBzenylazsnaprnc:a~e~e cbromophore) (Fig. I). 

Tk e&c% of isda%ed subsaituants on %k absorptio as discussed in the 
inieial par% oTthe paper fix the wfere-ence compaunds -v. En the uv range, 

ShQW abssrption WiEb the Et 

l-r af the reference compounds 
bazk~chromic &if% is mbabfy Ate PO interaction between the diaikykmim 
and imide grarups. SimiIatly, there is a displacemen% of % ese bands to the 
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and IVb (Fig. 3), which suggests a simultaneous influence of the two forms 
A2 and [B~ ~ B2] on the spectrum. 

In methanolic 10M-H2SO 4 solution, there is an i n ~  of dye absorption 
wkhin 400-450 nm and its intensity is similar to that of the main band. Also 
the bands ascribed to the protonated form [At ~, A2] are slightly changed 
depending on the nature of the dialkylamino group. It is possible that dyes I 
produce, in this more strongly acidic medium, some of the doubly 
protonated structure C, ~ at the azo group and at the N,N-dialkylamino 
group, the extent of which varies where R = Me or R = Et. 

The changes taking place in the dye molecule depending on the proton 
concentration in solution can be illustrated by the general Scheme 1. 

X + ~  
I 

! 
N 

NR2 

X X 
i I 

NJH ' , ~ N / H  
" II U 
N N 

NR, NR, 

X X 

a B 
N N 

lit ~ liz 

NR2 NR2 

+ H  o 

X 
O I N O 

~ N / H  

N 

NR~ 
it ÷ 

Protonation of the terminal amino nitrogen atom of the coupler prevents 
delocalization of the nitrogen lone pair, t a.,4 leading to absorption at lower 
wavelength, and this is evident in the spectra of  the reference compounds 
iVa and IVb (Fig. 3j, in whkh protonation can only o~ur at the azo Voup 
(the imide group af fe~  the absorption mainly below 360 nm). The part 
played by the protonated imide group and its effect on the spectrum are not 
fully understood. This group is separated from the benzeneazonaphthalene 
system and its effect on the spectnnn may be only a result of  the inductive 
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effect. Studies of the acidified solutions allow also the determination of the 
effect of dialkylamino groups on the spectral properties of 3-benzeneazon- 
aphthalimide dyes. Dyes with the N,N-dimethylamino groups satisfy the 
general relationships discussed, but the nature of the observed changes is not 
so clear as in the case of the N,N-diethylamino derivatives. 

Unexpected differences in the thermal and the dyeing properties of 
various dyes depending on the nature of alkyl substituents in the amino 
group have been reported previously: 'Is 

Dyes with the N,N-dimethylamino group (la and Ib), compared with dyes 
containing the N,N-diethylamino groups (Is and ld), show a smaller increase 
in absorption within the 400-450nm range in 10M-H2SO4 compared with 
the spectra in IM-HaSO4. This is probably associated with the lower stability 

+ 

of the cation wNH(CH~)z. A similar behaviour was observed in the 
reference dyes Illb and Illd (Fig. 4). 

In the short.wavelength range, a hypsochromic shift ofabout 20-25 nm takes 
place, but only in IM-H2SO4 solutions. In 10M-HzSO4, this phenomenon is 
much weaker and it may be assumed that in 10M.HzSO, the pre,, ailing form 
C, with a protonated azo group, effectively protects against further 
protonation of the'inside group and formation of structures derived from 
IS, 

As has been previously noted, 2'to the azo derivatives of 4-aminonaphth- 
alimide (ll8~ild) show quite different physical, chemical and dyeing 
properties from the 3-substituted isomers (ia-ld). The presence of an azo 
group in the 4-position creates an additional possibility of electron 
interaction between the cyclic 6.membered amide system and the N,N. 
dialkylamino group. The acceptor and donor character of these substituents 
should bring about a considerable bathochromic effect compared with the 
isolnelk 3-arylazonaphthalimide dyes {la-ld). 2° Dyes Ila-IId in fact give 
blue or violet dyeings on polyester fibres, whilst the 3-isomers (la-ld) give 
orange hues. 

A study of the absorption spectra in neutral and acidic H2SO, solutions 
indicates the reasons for these results, Some dyes !1 show, in the visible 
ranlR, double maxima, one around 440-454 nm, in a similar region to the 
absorption of the 3-isomers (457-470 nm) and a second in the 520-525 nm 
region (dyes Elm and Oh). Dyes lie, and lid show essentially one long- 
wavelength band at about 530nm. In addition, the new bands are not 
observed in the Iong-wavelenilth range of the spectra recorded in the 
acidified solutions, in contrast to the dyes la-ld (Fig, I). 

Due to conjuption, dyes IHla-fld can exist in the 'neutral' (D'~) as well as in 
the polar forms (lYa~ t~' This is illustrated by the spectrum ofdye IIc and that 
composed of t ~  reference partial chromophores Ille and IVc (Fig. 6). Dye 
Sic shows absorption in the visible at about 530 rim, whilst the absorption of 
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FilF 6, Comparative sp~ra in methanol of dyes le and Ik  and that composed of partial 
chromophores. For clarification, it is assumed that for dye I¢: UV: Io8 10Em,(IVl) = Io8 
IOE.m (Ikk VI$: log IO£.,n (IlM)- log 10Enm(le)and for dye I1¢, respectively: UV: Io8 

lOEm, (IV¢)= log JOE,,,. (11¢); P/S: log JOE,... ( I l k ) :  Io8 10Era, (lk). 

the reference dye Ilk, which exists in the 'neutral' form, is at 445 nm. For 
comparison, the spectrum of dye le, a 3.arylazonaphthalimide derivative, is 
also shown. It consists of two partial chromophores of dialkylaminoazo- 
naphthalene (lid) and of benzenoazonaphthalimide (IVa), the slight 
deviation of absorption maxima being a result of the mutual interaction 
between substituents. In the range 344-355 rim, the absorption of the 
benzenoazonaphthalene chromophore is observed. 

Similarly to dyes la-ldk the isomeric derivatives of 4-benzenoazo- 
naphthalimides IIs-lld have 'basic' absorption bands within the range 
440454 nm (Fi& 2), and dyes lie-lid appear probably mainly in the polar 
form (D'a). The equilibria existing in 'neutral' and acidic solutions are 
illustrated in the general Scheme 2. 
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The results obtained in the above show that the coloat ° shifts observed in 
the 4-substituted isomers are due to the coexistence, even in unacidified 
solution, of the 'neutral' (D't) and polar (D~) forms which results in the 
bathochromic shift of the long-wavelength absorption bands. This can be 
attributed to the presence of an electron-donating substituent (N,N- 
dialkylamino) and an electron-accepting (cyclic amide) system in positions 
allowing mutual conjugation. This is not observed in the 3-isomers, where 
such interactions are not possible. 

Whilst the contribution of such polar forms is observed in the 
naphthalimide derivatives, they are not observed in similar azo derivatives 
of acetamide, benzamide and phthalimide. S 
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