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SUMMARY 

Dara on a series of 40 monosubstrtured derrvatmes of 4-N-8-llydro_~_~~erh~~l-N_B- 

c~~aanoer~l_~l~anllnoazoberl=ene are reported. Srructure-property relallonshlps IVII~ 

respect to elecrronlc spectra of rhe dyes, colorarlon and fasrness properrres on 

cellulose secondary acerare and polyester jibres are mvesrlgored. Reasons for rhe 

anomalous properties of Ihe 2’-mrro derlvalwe 111 exhzbltmg low !tghtfasrness on 

synlhetlc poi_rmzer jibres are presented. The coloratron of polyesrer fibres IS 
addlrlonafly assessed m terms of dara derwedfrom rrrsrrrnufus values of dyedjibres, 

and the eflect of substmrents on such data IS dzscussed. 

1. :NTRODUCTlON 

Some informauon has been reported on substituent effects m ammoazobenzene 
disperse dyes, partrcularly wrth respect to the influence of drazo or coupling 
components on the visible absorptron maximarm and to general relationships 
between the colour, fastness properties and substituent effects m both ammoazo- 
benzenes’ 6 and related benzothiazolylazo dyes ‘A In some ammoazobenzenes, 
relationships between the Hammett a-constants of the substrtuents, electronic 
spectra data m neutral and acidic media, and pK, values of the dyes have been 
observed .g 

Many of these investigations have been made on lirmted ranges of dyes and few 
data have been reported relating substltuent effects and coloration properties. We 
report here some data pertment to a senes of dyes of general formula I, particularly 
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C,H,OH 

Q-N=N-(-J-N< 
X C,H,CN 

(0 

wrth respect to the mfluence of the nature and orientation of substituent X on the 
colour. dyeing and fastness propertres of these dyes. 

2 EXPERIMENTAL 

All I were obtained by conventional drazotrsation and couplmg techmques,‘.’ using 
technical grade N-#?-cyanoethyl-/V-P-hydroxyethylanillne as coupling component 
Gas-hquid chromatographic analysts at 220 “C on a 5 ft column packed with 20 0A 
Slhcone E301 In Embacol 100-200, injecting from a loo/, solutton m chloroform, 
showed the presence of 18 “/A N-&cyanoethylarulme, 1-7 y0 N, N-bis-ficyanoethyl- 
amhne and 0 8 % iV,N-his-&hydroxyethylamline Purification of crude dyes was 
therefore effected by preparative layer chromatography on 2mm-thick plates of 
slhca gel, applymg the dyes from acetone solution and developing the plates by a 
multiple-run technique usmg toluene.acetone (9.5-5) as eluent unttl the princtpal 
band had fully separated from other contammants, extraction of this band wrth 
boilmg ethanol or acetone afforded pure I WIulst most 1 were readrly obtained 
analytically pure by thus method, modtficatlons were necessary with certain dyes.‘O 

Electromc spectra in absolute ethanol, dyeings of I on cellulose secondur_r acetate 
and on Trevrra 505 1 polyester cloth (FI-I), lightfastness and fastness to subiimation 
were carried out using the procedures previously descnbed.‘*s 

Dyeings on polyester were measured on a Kollmorgan KCS 18 Automatic Color 
Eye Calorimeter interfaced with a PDP 8 Digttal Computer The computer was 
programmed tocalculate, for Illummant C. 2” observer, X, Yand Zvalues. together 
with dominant wavelength and excitation purity. 

Mass spectra of selected dyes were recorded, usmg a direct mseruon probe, on an 
AEI MS 902 mstrument, source 25O”C, 70eV tomsing energy, 200,~A emtssron 
Spectra were normahsed for measurements of relative abundance. 

3. DlSCUSSlON 

The mfluence of polar charactensttcs (usually expressed m terms of Hammett cr- 
constants) of substituent groups on changes m the vtstble absorption maxima of 
ammoazobenzene disperse dyes has been discussed for ltmited ranges of dyes.ib3 The 
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visible absorptive band, which has been assocrated with photoexcited structures 
involving x-x* intramolecular charge transfer between conjugated donor and 
acceptor substituents in a II electron system, contains also a hidden n--x* transition, 
symmetry forbidden for the frurzs-isomer, which obtains its high intensity from the 
neighbouring rr-z* transition.’ ’ In terms of valence bond resonance theory, when 
the conjugated system may be regarded as a resonance hybrid of two extreme 
canonical forms, substituent effects which tend to result in the two forms being closer 
in energy will brmg about a bathochromic shift of the long wavelength band. In I, 
where the dyes can be regarded as a hybrid of I and II, the latter form is stabilised 
where X is an electron attracting group, and hence such substrtuents exert a 
bathochromic shift. 

C,H,OH 

xDN_N=Q=&< 

C,H,CN 
(II) 

When the shifts m &.,,, resulting fromthe introduction of substituent X (A& Table 
1) were plotted against Hammett o-constants, good relationships were observed 
Hammett a-constants were taken from Barhn and Perrins,i2 data being available 
For nze/a substltuents F, Cl, Br, CF,, SO,CH,, SO,NH,. CONH,, COOC,H,, 
COCH,. CN, NO?. CHO and -N= (14 dyes, mcludmg X = H), and for para 
substituents F, Cl, Br, CF,, SO&H,, S02NH,, CONH,, COOC,H,, COCH,, 
NO, and CHO (13 dyes, including R = II) Least squares analysis of the relevant 
data gave the relationships 

A)_ = 39 7505~ + l-8649 (nm) (1) 

for substitution at the para position, with a correlation coefficient r = 0 9869, and 

A). = 3 I 52680 + 0 2028 (nm) (2) 

for substitution at the ttzera position, with a correlation coefficient r = 0 9973. 
Correlations at both positions thus have an acceptably high value for predictive use 

Within the range of dyes synthesised in this current work, colour shifts for 
substrtution at the ttzefa position extended over the range 9nm (CONH, and 
NHCOCH,) to 23 nm (NOJ, and for para substitution from 3 nm (F) to 54 nm 
(NO,), confit-mmg the value of paw substitutron for maximum colour shift, and, 
additionally, the unique value of the 4’-nitro group.’ 

The relationships in eqn 1 and eqn 2 may be vahd where the substltuent X is an 
electron acceptor, but they are not generally apphcable to substituents with negative 
Hammett o-constants Whilst such substituents can give the expected hypsochromrc 
shifts m &=,l in some cases their presence in dyes related to I can result in 
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L 

TABLE I 
COLOUR DATA FOR DYES I 

hfP 
(“0 

A_, (eritunol) 
km) 

c_. x 10m4 AJ km) 

H - 397 2 69 - 

Y-Cl a 414 2 59 16 
3 -Cl 66-67 409 2 89 12 
#-Cl 154-15s 408 2 95 11 

2’-Br 56-57 415 2 55 3’-Br 81-83 410 2 87 t: 
155-156 410 2 96 13 4’-Br 

2 -F 
3’-F 
4-F 
2 -CF. 
3 -CF; 
4’~CF, 

5:57 
19-120 

Zf’ 
21-122 
30-131 
47-148 

1 

156-1.57 
160-161 
IS&l81 

I 

198-199 
161-162 

162-163 

182-183 
93-94 

143-144 

l&29 
134-136 
164-166 
124-!25 
184-185 
128-130 

86-87 
49-101 

1X-125 
110-111 
161-162 
117-118 
121-1’2 
179-180 
166-167 

410 
408 
400 
416 
412 
418 
433 
417 
435 
411 
321 
406 
409 
406 
417 
409 
438 
405 

2 57 13 
2 6i 11 
264 3 
2 77 19 
2 90 15 
2 95 21 
2 86 36 
2 91 ‘0 

3 -SO;NH; 
4 -SO,NH, 

2 -SO&H, 
3’-SO,CH, 

3 -NHCOCH, 
4 -NHCOCt-i, 

4’-SOKH. 

3’-CONH, 
4 -CONH, 
3’-CHO 
-I’-CHO 
2’-COOC,H, 
3’-COOC,H, 
4 -COOC,H, 
2’-COCH 3 
3’-COCH, 
4’-COCH, 
2 -COC,HS 
3’-CO&H, 
4’-CO&H, 
2 -CN 
3’-CN 
4’-CN 
2 -NO, 
3’-NO, 
4’-N O2 
3’-aza 

409 
422 
415 
409 
429 
419 
412 
432 
433 
417 
433 
424 
420 
451 
416 

300 
291 
2 96 
2 85 
2 98 
2 71 
2 87 
2 $2 
2 81 
2 72 
2 88 
7 90 
2 56 
2 88 
2 91 
2 56 
2 80 15 
2 88 
3 09 
3 00 
3 16 
2 76 
2 85 
3 16 
2 67 

38 
14 
24 

1: 
9 

20 

:: 
8 

12 
25 
18 
12 

20 

:!: 
23 
54 
19 

a Compound not sohd at amblent temperature 

bathochronuc shtfts.13 In 1. constdermg substltutlon by such groups in the para 
positton. the methoxy group (Hammett o-constant -0.27)r2 should, by 
substitution into eqn. 1, result m a hypsochromic shift of approximately 9 run 
Syntheses of I (X = 4’-RICH,) showed the dye to have A,_ at 398 nm, t e. a 
bathochromic smft of 1 nm. Snnilar deviatrons were observed where X was 4’- 
N(CH& (o-constant -0-83, predicted hypsochromic shrft from eqn. 1 approx. 
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31 nm, observed &_ 396nm, a hypsochromic shift of 1 nm) and where X was 4’- 
OC,H, (oconstant -Q-32, predicted hypsochromic shift approx. 11 nm, observed 
J.,,,, 402nm, a bathochromic shift of 5nm). 

Such deviations with electron donor substituents presumably arise by 
mtroductton into the dye molecule of groups contammg an extra p-orbital and two 
electrons, thus raismg the energy of the highest z-orbital relattve to that of the lowest 
ann-bonding rr-orbital.‘d 

Wbere X is substituted orrlzo to the azo group, predlctlon of colour shifts is not 
possible in view of the superpositton of electronic and stenc factors Thus, on the 
basis of the Inductive effect of the CF, group, bathochromicity should Increase in the 
order o > 1~1~ p, whereas the observed shifts arep > o > m. Steric factors have been 
observed on Introducing the --CH, group into azobenzenes i5*16 

A reversal of shifts in L,,._ which may be anticipated solely on the basis of the 
electronic effects of the mtro and cyano groups occurs when these subsutuents are in 
the 2’-position. Thus, whereas the nitro group is the more strongly electron 
attractmg, the dye I where X = 2’-NO2 has &,,, 424 nm, but where X = 2’-CN, A,,,,, IS 
433 nm This may result from some steric inlubiuon of resonance m the 2’-nitro 
derivative, absent on introduction of the planar rod-like 2’-cyano group. The cyano 
group gives similar bathochromlc shifts when present in the 2’- and 4’-positions; 
whereas the mesomeric effect for this group is In the order 4’ > 2’, the Inductive effect 
IS the reverse, and the two combined effects thus result m simrlar overall electronic 
effects in both positions. Similar results have been observed m dyes related to I, but 
using coupling components other than that employed m this current work ’ 

Conclusions derived solely from &,,_ values can, however, be misleading, and 
such data are preferably consrdered in conjunction with G, values. In dyes I, the 
molar extmction coefficient generally increases with substitution by X. Steric 
hindrance factors for substitution of the 2’ position, whilst usually more apparent 
when two posttions orrho to the azo linkage are substituted,” are indicated m some 
instances in Table 1. 

It has been concluded” that the more planar substrtuents, such as mtro or 
carbonyl, when substituted or010 to the azo group, tend to relinquish coplanarity 
with the phenyl rmgs, thus obviating steric effects. In such cases, srgmficant 
differences m &.,,= can result when these substituencs are present m the 2’- and 4’- 
positions. Tlus is apparent in dyes I (Table l), e.g 2’-NO, and 4’-NO,, AJ 27 nm, 2’- 
COC,H, and 4’-COCsHs, AA 13nm; 2’-COCH, and 4’-COCH,, A?. 14nm; 2’- 
COOC,H, and 4’-COOC,H,, A;I 17 nm 

In the case of spherxal or tetrahedral substituents, there is little difference 

between substitution at the 2’- or 4’-positions, e.g. Cl, Ai. 5 nm; Br, A% 5 nm; 
COCF,, A1.2nm; SO&H,, A.1 2nm 

The steric factors operative for substitution at the 2’-position are however 
indicated in the lower E, values for substitution at this position. The values in Table 
1 indicate a 13-85 “I/, differential m q_ values between the dyes where X = 4’-Br and 
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2’-Br. and an 8 5 y0 differential for the chloro analogues (2-65 y0 for the spatially 
smaller fluorme substituent). In the case of other more strongly polar subsutuents 
which show httle difference in j.,,,,_ when substituted at the 2’- or 4’-positions. e.g 
methylsulphonyl. absence of significant steric effects is indicated m the much lower 
differential In &,,,,, values (4 7 %): the rod-like shape of the cyan0 group results in a 
minimum of sterrc interaction. and with this substituent the e,_ differential IS only 
2 2 “b Thus. with substituents X which give similar i_,,,_ values when substituted at 
the 2’- and 4’-positions (typified by halogens. alkyl sulphone and cyano). the 
presence of stenc factors is readily indicated by a comparison of their .s,,,, values. 

The color.ltlon of cellulose sccondur> acetate was excellent with all I, the dyes 
buildmg up to Intense yellow to orange shades with almost complete dyebath 
exhaustionat 2-5 “/,depthofshade Neither thenaturenoronentation ofsubstituent 
X had a sigmficant effect on dyeing properties. 

On Trevira 5051 polyester. differences m dyeing properties were more 
pronounced Dyes m which X = SO,NH,. CONH,. NHCOCH,, SO,CH, in all 
orientations, and in which X = 2’-COCH, and 3’-N= had poor coloratton 
properties. these dyes not building up to deep shades The substituents which 
resulted in poor dyeing properties tended to be of a type which increased aqueous 
solublhty. nnd at 100°C and abole. the dye hquors of the above dyes showed 
comptete dye soIubMy Some relation between aqueous solubthty and dyeing 
properties IS thus Indicated. although many other dyeswhich showed h!gh solubihty 
In dyebaths used for 0 1 u/o and 0 5 y0 dyeings gave good coloration of polyester 

The use of data derived from tnstimulus values of dyes samples before and after a 
fastness test can be used to assess whether the dyeing loses colour ‘on-tone’ or ‘off- 
tone’. 1-e whether the dominant wavelength remains constant or varies l8 In a 
similar m<mner. assessment of samples dyed at different strengths can Indicate 
whether the dye builds up ‘on-tone‘ or not Few data of this nature have been 
previously reported for disperse dyes on polyester_ 

The values of the dominant wavelengths (Table 1) clearly express in more 
quantitative ways the visual colour of the dyemgs on poiyester and indicate that all 
dyes 1 tend to butld-up to d more orange tone at heavter depths of shade Increases m 
dommant wavelength between 0- 1 “//, and 2 5 7; dyeings vary from 18 nm for the 4’- 
mtro denvdtlve to 3 nm for the 3’-sulphonamido dye. The halogen containing dyes 
show <u-i orange build-up m R general area of 8 nm, differences resulting from the 
nature and onentation of the halogen atom being relatively Insignificant. With some 
substituents, e g -COMe, -COPh. +OOEt, --CHO, an enhanced orange 
build-up occurs with pnra-substitution, and this is especially marked with the 4’- 
nitro derivative Dommant waveIengths for dyeings of this dye clearly show the 
intense colour value imparted by thts subsutuent when para to the azo linkage; the 
dominant wavelength of 2 5 y0 dyeings IS 15 nm higher than that of the closest dyes, 
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vrz. the 4’cyano and 4’-formyl derrvatrves, although at 0 1 o/0 dyemgs, differences are 
less marked _ 

3.3. Llghifaslness 
The hghtfastness of all dyeings on cellulose secondary acetate (Table 2) was, wrth 

the exception of the 2’-nrtro dertvatrve, good, and generally of a higher order than on 
polyester. 

In terms of the well documented generahsatron that the introductron of electron 
attrachng substrtuents decreases hghtfastness on non-protein substrates,r9-” or 
that hghtfastness may be related to n-electron delocallsatton,22 an increase m overall 
electron mobility, vrz mtroductron of electron attracting substttuents X m dyes I, 
would be expected to result m a decrease u-r lightfastness. In certam media, fading 
has been related to Hammett o-constants of substttuent groups’9-2’*‘3 2-a and the 
srgruficance of the basicrty of the amino group m the coupling component has been 
indicated ” - 27 

In the context of electron delocahsatron, the advantage of substrtutron nma to the 
azo group has been mdrcated, 2s 2g but the data m Table 2 indicate that such 
advantages, whilst possibly acceptable on a theoretrcal basis, are not vrsually 
apparent m dyes I The presence of electron acceptor groups rn the para position 
results m a lrghtfastness not significantly different from that observed wrth simrlar 
substrtutton at the rnera posrtron. 

The drmunshecf fastness of substrtuents contammg ammo groups, e-g -CONH,, 
-SO,NH,, seems most likely to be due to preferentral initiation of photo- 
degradation at the ammo group. The relatively hrgh fastness of 4’-mtro4-IV-& 
cyanoethyl-M-j?-hydroxyethylammoazobenzene may be considered unusual in 
terms of the above conclusrons pertammg to electron mobtltty in the dyes, since m 
thus dye. electron mobrhty is most facile; it 1s addrtronally unusual u-r vrew of the 
known instabthty of other srmtlar mtro contaming dyes, e.g. Q-nitrodrphenyl- 
amme,30.31 unless the mtro group 1s m a stabihsed hydrogen-bonded envrronment. 
The very poor stability of the 2’-mtro isomer IS anomalous, and may be compared 
with the low vrsrble absorption maxima of this dye (mentioned prevrously) 

The high fastness of the 4’-nrtro isomer must anse from a strong resonance 
stabrhsatton of the photoexctted state. The low lightfastness of 2’-nitro-4- 
ammoazobenzenes has been associated I9 with a preferential photoreductron of the 
mtro group rather than the azo nitrogen atoms, but we have more recently 
demonstrated the relationship between the rate of photofadmg of some 4- 
ammoazobenzenes and the electronegatrvity of the $-nitrogen atom on the azo 
group32 and also between the lightfastness of these dyes and electron-impact 
Induced fragmentation pertinent to electron locahsatron on the azo nitrogen 
atoms 33 

Consrdenng possrble electron delocalisatron m the 2’-mtro compound, it is 
feasible to envrsage charge repulsion m structure I16 rnhrbiting further electron 
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TABLE 2 
COLOUR AND FASThESS DATA ON DYES 1 

X iDa on pelt ester Llghtjkstness Sublrmotron 
fastness 

Secondary acetate Poll ester (“Cl 

01:; 05~/~r~~~oI~~05~~z5~~oIJ/O05~~259b 

H 
2 -Cl 
3’42 
4’-Cl 
2’-Br 
3’-Br 
4’-Br 
T-F 
3’-F 
4’-F 
2 -CF, 
3’-CF, 
4 -CF, 
2 -SO,CH, 
3 -SO,CH, 
4 -SO,CH, 
3 -SO,NH, 
-I’-SO,NH, 
3 -NHCOCH, 
4 -NHCOCH, 
3 -CONH, 
4’-CONH; 
3 -CHO 
I’-CHO 
7’-COOC, H, 
3’-COOCZH, 
3 -COOC,H, 
2’-COCH, 
3 -COCH, 
-1 KOCH, 
2 -COC,H, 
3’-COC,H 5 
-1 -COC,H, 
2’-CN 
3 -CN 
4’-CN 
T-NO, 
3’-NOZ 
3’-NO, 
3-n2.s 

573 575 578 
574 578 583 
575 577 582 
573 578 582 
575 578 583 
574 577 581 
574 577 582 
573 576 579 
574 576 581 
574 576 580 
574 578 585 
573 577 581 
576 580 585 
573 576 579 
571 574 577 
575 576 579 
572 573 575 
573 575 577 
572 574 576 
572 574 576 
572 573 576 
572 574 577 
574 576 579 
577 582 588 
573 575 578 
574 576 580 
S76 580 58-t 
574 576 579 
574 576 581 
575 SSI 585 
572 575 579 
572 574 576 
578 581 5S6 
576 580 585 
574 577 581 
578 582 588 
S76 580 585 
575 579 583 
585 593 603 
577 574 576 

4 
4-5 

4 
5 

z 
4 
5 

z 
5-6 
4-5 

5 

; 
5 

4-5 
4 
4 

3-4 
4 
4 
5 
4 
5 

4-5 
4-S 

-I 
4-5 

4 
4-5 
-2-5 

I 
5 

4-5 
4-5 

2 
5 

4-5 
4 

4-5 
5 

4-5 
5 

2 
5 
5 

z 
6 

5-6 

536 
5 

: 
4-5 
4-5 
4-5 
4-S 

s5 
4-5 
5-6 

5 
4-s 

4 
4-5 

4 
4-S 

5 
4 
5 

:S 
2-3 

5 
4-5 
4-5 

4-5 
5 
4 

z 

z 
5 
S 

2 
6 

5-6 
6 

2 

: 

5’ 
S 

4-5 
5 

5’6 
5-6 

4 
4 

4-5 

%5 
5 

4-S 
5 
5 

3: 
5 
5 
5 

4 
4 
4 
5 

z 
4-5 

4 
4 
4 

4-5 
4 

4-5 
3 

z 
3 
3 
4 
4 

2-3 
2-3 
4-5 
3-4 

4 
4-5 

f 

2 
4 

4-5 
3-4 

4 
4 
4 

1-2 
4 
4 
4 

4-S 
5 
4 
5 

5’ 
5 
5 

:5 
5 
5 

4-5 
34 

4 
34 

3 
3 
4 
4 

3% 
5 
4 

4-5 
4-5 
4-S 

3 
5 

;: 
4-5 
3-4 
4-5 

4 
4-5 

2 
5 

4-5 
4 

5 
4 
5 

z 
5 
5 
S 

4-5 
5 
S 

4-5 
4-5 
&5 
4-5 

4 
3-4 
4-5 
4-5 

333 
5 
4 

4-5 
4-5 
4-5 

4 

: 
4 

4-5 
3-4 

5 

ZS 
2 
5 

4-5 
5 

150 
160 
150 
160 
160 
150 
150 
IS0 
140 
140 
140 
140 
140 
200 
210 
220 
220 
220 
200 
110 
220 
220 
160 
170 
170 
170 
170 
180 
170 
160 
180 
180 
180 
160 
160 
160 
160 
160 
170 
160 

o Domananr wavelength 
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delocalisation to IV. If this were so and the photoexcited state received a significant 
contnbution from Iii rather than the fully delocalised IV, the bathochromic shift in 
the dye would be lower than expected, as is observed (see above), and the charge 
locahsation on the azo nttrogen atom would also result in a higher susceptibility to 
photodegradation, as 1s also observed. 

O- 

+N 
/ 

+'N \ 
0- 

N-N= 
+/ 

=N 
\ 

(W WI 

In electron-impact induced fragmentations of ammoazobenzene disperse dyes, 
we have related33 fragmentations due to charge locahsation on the azo nitrogen 
atoms to lightfastness. In the case of dyes I, such fragmentation may be expressed m 
terms of the relative abundance of the fragment tons at ~n/e 189 and m/e 217 
compared to that of the molecular ion (Fig 1). Ratios of such fragments were 
measured, and found to be, for the dye where X = 2’-NO,, r?z/e 217(M’) = 0 07 and 
tu/e 189(M ‘) = O-44, for the dye where X = 4’-NO,, m/e 217(M ‘) = 0 02 and In/e 
189(M ‘) = 0 15, and for the dye where X = H, nr/e 217(M ‘) = 0 02 and tn/e 
189( M ‘) = O-23 These ratios clearly show the higher abundance of the fragments, 
relative to that of the molecular ion, for the dye where X = 2’-NO,, compared to the 
dyes m which X = H or 4’-NO,. Thus, the relative abundance of daughter ions 
resulting from fragmentation at the azo nitrogen atoms is greatest with the 2’-NO, 
compound, confirmmg the greater charge localisatton on the azo nitrogen atoms m 
this dye Whilst dye degradations proceeding through a photoexcited dye molecule 
or an excited molecular ion occur through fundamentally different species, 
analoges may be made between the two modes of fragrnentation.33 Data denved 
from the mass spectra of the 2’-NO, and 4’-NO, isomers are however in accord with 
our earlier observations relating light stability and mass spectra data on 
ammoazobenzenes33 and nltrodlpheiiylamine disperse dyes 34 

{t7r/e 189 

Fig 1 Fragmentauon of dyes I 
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3 4 Sublrnzarron fasrness 

The subhmatlon fastness of I was generally of a moderate order only. The 
apparently high fastness of dyes contamrng sulphonamide, carboxamlde, 
methylsulphonyl and acetamido substltuents (Table 2) must be consldered in terms 
of their poor dyeing properties. For dyes which exhibited good coloration, the 
highest fastness. m the repon of 180°C mitral mark-off, IS of an acceptable standard 
The malorlty of dyes exhibited initial mark-off m the 160-I 80°C region. although 
the presence offluoro and trlfluoromethyl groups was disadvantageous. Attempted 
correlations between molecular weight of I and mark-off temperature gave only 
random relatlonshlps. in general. the more polar substltuents resulted In higher 
fastness, but correlations of Hammett o-constants and mark-or temperature were 
only of d generally qualitative nature. 

Both mdss and polarity factors are conJointly relevant to sublrmatlon 
,-dStneSS’2 35 36 and predlctlons of fastness based on either factor alone are not 
possible Thus. Introduction of the bromo substrtuent grves no slgmficant 
Improvement. The benzoyl group. \\lth a slightly higher mass and significantly 
larger polar effect than the bromine group, IS particularly advantageous. although 
polar f‘lctors dlone. expressed m terms of orientation effects, are not apparent, the 
3’-benzoyl derlvatlve haking slmllar fastness to that of the 4’-benzoyl denvatlve 
Slmllarly. ,111 three isomers where X = carboethoxy show fastness of a slmllar order. 
but some polar effect IS apparent with the strongly electron acceptor mtro group, 
u hlch gives highest fastness when subbtltuted In the 4’-posltlon 

4 CO? cLIJslo~s 

Whilst all monosubstltuted I show e\ci* ‘2nt coloration properties on cellulose 
sccontl~~_~ acetate. substantlvltj on polyester fibrcs IS more dependent on the nature 
of the substltuent Companson of the hues of dyeings resultant from lntroductlon of 
different substltuents Into the dye molecule can be crltlcally made on a consideration 
of dominant wavelengths. and the effect of subsutuents In impartmg’off-tone’ build- 
up assessed 

The lightfastness of I on polyesters IS not slgmficantly influenced by electron 
moblhty within the range of dyes studied. The 2’-nrtro derivative exhlblts both poor 
hghtfastness and a colour development less than that anuclpated from the polar 
propertIes of this substltuent These anomalies may be explained m terms of a 
preferential charge locdhsatlon on the azo nitrogen atoms This factor IS confirmed 
by electron-impact Induced fragmentation data 

To extend the colour range of I from the predommantly yellow to orange of the 
dyes studled m this current work, and to assess the lrmlts to which the colour may be 
developed without detrimental loss of coloration and/or fastness properties, an 
investigation of polysubstltuted analogues of I 1s necessary_ Results of such studies 
wrll be reported separately 
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