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THE INFLUENCE OF POSITION ISOMERISM IN AZO DYES 
UPON THEIR FASTNESS TO LIGHT AND WASHING 

MARION E. GRIFFITH AND WALLACE R. BRODE 

INTRODUCTION 

The color fastness of dyed fabrics is a problem which has received consider­
able attention during the past few years with the increasing trend toward con­
»umer education. To be satisfactory, a dye must be fast to both light and 
washing. Many factors determine the fastness of a dyestuff. It is generally 
understood that the fiber content of the fabric, the method of application of the 
dyestuff, the type of dyestuff, and the conditions of wear, use, and care influence 
fastness properties. The extent to which variations among the dyes in any one 
particular class or of any one particular type affect these properties has not 
been widely studied. In any class of dyestuffs there are almost unlimited 
possibilities of arrangement of elements or groups of elements. These almost 
unlimited possibilities may account for variations in the fastness properties of 
different dyes in one class or type. The work described here is part of a gen­
eral problem dealing with the relationship between the chemical constitution, 
especially the arrangement of certain groups in the dye molecule, and the prop­
erties of the dyestuffs. The properties studied were color, the degree of exhaus­
tion, and the fastness to light and washing. 

In a previous publication' such a study of a series of sulfonated phenylazo­
alpha-and beta-naphthol dyes was reported. The dyes in the series reported 
here are sulfonated phenylazo-alpha-and beta-naphthylamine dyes (see table 1). 
In each series of dyes one object was to determine the influence of the position 
of the sulfonic acid group in both the benzene and the naphthalene nucleus. In 
addition, it was also possible to study the comparative effects of the presence 
and the position of the hydroxyl and amino groups in the naphthalene ring. 

EXPERIMENTAL 

DYES AND PREPARATION 

The dyes in this series were prepared by the diazotization of ortho-sulfanilic 
acid, metanilic acid, or para-sulfanilic acid and coupling to form the monoazo 
dyes with the available naphthylamines and their monosulfonated derivatives. 
Thirty-six of these dyes were prepared and used. This series of dyes was pre­
pared, purified, and analyzed by Dr. D. R. Eberhart of the Calco Chemical Com­
pany." 

The alpha-naphthylamine series included isomeric sulfonic acids in which 
the sulfonic acid group occupied the 2, 3, 4, 5, 6, 7, or 8 position. The beta 
series included the 5, 6, and 7 naphthylaminesulfonic acids and beta-naphthy­
lamine (see table 1). The method of purification was improved through the 
use of the diphenylguanidine method.' 

1 Gr1ffith, M. E. and W. R. Brode. 1936. Ohio Agr. Exp. Sta. Bull. 565. 
2Eberhart, D. R and W. R. Brode. 1936 Docto1s' Dissertations 18: 123. The Ohio 

Rtate University Press. 
3Rose, R. E. 1933. Ind and Eng Chem. 25: 1028. 
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The dyes were analyzed by the titanous trichloride method! The prepara­
tion and analysis of these dyes have been described in part in a previous pub­
lication.' 

DYEING AND EXHAUSTIVE PROPERTmS 

Duplicate samples of scoured white wool cashmere were dyed according to 
the procedure previously described.' The degree of exhaustion of the dye bath 
was determined by spectrophotometric analysis of the original and exhausted 
dye solutions. 

LIGHT AND WASHING TESTS 

The light fastness test was made by exposing duplicate samples for 120 
hours to the light of the Fade-Ometer (Type LV). The washing test was made 
in a Launder-Ometer using a temperature of 49° C. and 100 cubic centimeters 
of a 0.5 per cent solution of neutral soap. The samples were washed for 30 
minutes; rinsed in warm water; squeezed; and dried in a current of air at room 
temperature, as recommended by the American Association of Textile Chemists 
and Colorists." 

COLOR ANALYSIS 

The loss of color due to washing or exposure to light may be expressed 
numerically in terms of the percentage difference in re:flectance of the original 
and faded fabrics at any wave length. The amount of fading was determined 
from the relative drop of the extinction coefficient at the maximum of the 
absorption band. Light fading often involves a change in hue as well as a loss 
in intensity and produces a darkening of the color. The darkening was deter­
mined from the relative increase in extinction of the :flat portion of the absorp­
tion curve (usually between 610-630 m,u). 

DISCUSSION OF RESULTS 

The data obtained from this study are indicated in tabular form in tables 
1 and 2 and examples are given of individual dyes in :figures 2 and 3. In order 
to permit better observation and comparison, a portion of these data has been 
arranged in graphic form in :figures 4, 5, 6, and 7. The data in the tables were 
obtained from spectrophotometric observations on the original dye solution, the 
exhausted dye solution, the dyed fabric, the washed fabric, and the light-faded 
fabric. These five sets of observations are represented by curves of typical 
dyes in figures 2 and 3. From a study of these data and an examination of the 
dyed and treated samples (:figure 8) it has been possible to draw certain 
conclusions. 

Absorption spectra.-In the alpha-naphthylamine series the position of the 
maximum absorption band (:figure 1) shifts toward the red as the position of 
the sulfonic acid groups goes from the 2 to the 8 position. The least absorption 
of red occurs in the para-substituted dyes. Less absorption of red is evident 
with the beta-naphthylamine dyes than with those of the alpha-naphthylamine 
series. 

•Kalthoff, I. 11. and Conmar Robinson. 1926. Rec. Trav. Chim. 45: 169; Calcott, W. S. 
and F. L. English. 1923. Ind. and Eng. Chern. 15: 1042. 

•American Association of Textile Chemists and Colorists. 1933. 1932 Yearbook. Howes 
Publishing Co., New York, N. Y. 
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TABLE I.-Absorption spectra and exhaustive properties of the dye solutions 

No. 

1. •......•......•...........••......•...... 
2 .•....•.....•...•.•••••• ·•·•····•• ..••..• 
3 .................•.•..................... 

4 ....... ·········· .•.............. ········ 
5 ....................................... .. 
6 ..................................... . 

7 ........................................ . 
8 ....................................... . 
9 ..................................... .. 

10 ....................................... .. 
11 ....................................... . 
12 ........................................ . 

13 ........................................ . 
14 ........................................ . 
15 ... ................................... . 

16 ..• ..................................... 
17 ....................................... .. 
18 .... .................................. . 

19 ....................................... .. 
20 ........................................ . 
21. ...................................... . 

22 ..................................... .. 
23 ...................................... . 
24 ...................................... . 

25 ....................................... . 
26 ....................................... .. 
27 ....................................... . 

28 ..................................... . 
29 ........................................ . 
30 ................................... .. 

31 ....................................... .. 
32 ..................................... .. 
33 ...................................... . 

O-a2 
M-a2 
P-aZ 

O-a3 
M-a3 
P-a3 

O-a4 
M-a4 
P-a4 

O-a5 
M-a5 
P-aS 

0-a6 
M-a6 
P-a6 

O-a7 
M-a7 
P-a7 

0-aS 
M-aS 
P-aS 

0-(3 
M-(3 
P-fl 

0-(35 
M-(35 
P-(35 

0-(36 
M-(36 
P-(36 

0-(37 
M-(37 
P-(37 

E=Jog Io/I for 
2.7 cg. per liter 

C:T=1cm. 

1. 75 
0.92 
0.88 

1.10 
0.70 
0.84 

0.80 
0.80 
0.76 

1.01 
0.66 
0.74 

1.76 
3.68 
1.58 

1.52 
1.80 
2.10 

1.42 
2.00 
2.92 

0.91 
1.18 
1.25 

0.78 
0.70 
0.54 

0.76 
2.80 
0.84 

0.97 
0.66 
0.82 

X=position 
of band in 

spectra 

460 
450 
500 

465 
460 
480 

470 
470 
480 

480 
480 
490 

480 
500 
500 

510 
500 
500 

510 
520 
520 

480 
460 
470 

460 
440 
460 

465 
460 
460 

460 
460 
460 

Ex=percent 
of dye absorb­
ed by fabric 

89.1 
75.0 
82.8 

90.8 
96.1 
95.4 

81.9 
89.3 
82.3 

79.9 
88.2 
91.5 

82.7 
97.8 
84.3 

78.0 
85.6 
86.1 

83.1 
94.1 
96.3 

76.0 
92.5 
93.1 

94.1 
70.8 
91.6 

91.5 
92.6 
87.4 

95.0 
70.0 
90.3 

0, M, and P indicate ortho·, meta-, and para·sulfanilic acids, respectively. a and /3 indi· 
cate position of NH2 ; and 2, 3, 4, etc., indicate position of sulfonic acid group in the naphtha­
lene nucleus. 

E=log Io/I (2.7 cg. per liter; 1-cm. cell). 
X Position or band in spectra. 
Ex=per cent of dye abSorbed by fabric. 

Exhaustive properties.-The lowest degree of exhaustion is shown by the 
dyes of the ortho-sulfanilic acid series. The ortho-substituted dyes are most 
consistent, with very little difference in the 1-3, 1-4, 1-5, 1-7, 1-8, 2-6, and 2-7 
dyes. The greatest degree of exhaustion is evident in the meta-sulfanilic-1-
naphthylamine-7-sulfonic acid; whereas the meta-sulfanilic-2-naphthylamine-5-
sulfonic acid and ortho-sulfanilic-beta-naphthylamine are the poorest in exhaus­
tive properties. In the beta-naphthylamine series less difference is shown 
among the dyes of para-sulfanilic acid than those of ortho- and meta-sulfanilic 
acid. 

Washing fastness properties.-In general the fastness of these three series 
of dyestuffs to washing (figure 4) increases as the sulfonic acid group moves 
from the 2 to the 8 position. The para-substituted dyes are the poorest. Those 
of the alpha-naphthylamine series are better than those of the beta-naphthyla­
mine series. 
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TABLE 2.-Washing and light fastness properties 

w W=100-w f F=100-f a L=HF 

O-a.2 .......... 20.9 79.1 74.6 25.4 5 30.4 
M-a.2 .......... 3.3 96.7 90.2 9.8 15 24.8 
P-a.2 .......... 7. 7 92.3 79.5 20.5 14 34.5 

O-a.3 .......... 35.0 65.0 74.0 26.0 13 39.0 
M-.,.3 ......... 12.5 87.5 49.0 51.0 14 65.0 
P-a.3 .......... 6.7 93.3 66.7 33.3 12 45.3 

O-a.4 .......... 4.7 95.3 74.7 25.3 12 37.3 
M-a.4 .......... 1.9 98.1 63.2 36.8 14 50.8 
P-a.4 ......... 15.6 84.4 68.2 31.8 12 43.8 

0-a.S ......... 20.9 79.1 70.0 30.0 15 45.0 
M-.. 5 .......... 28.8 71.2 58.8 41.2 7 48.2 
P-a.5 ........ 5.9 94.0 63.7 36.3 12 48.3 

O-a.6 .......... 37.1 62.9 65.5 34.5 8 42.5 
M-a.6 ......... 36.1 63.9 78.8 21.2 12 33.2 
P-a.6 ........ 52.6 47.4 73.8 26.2 13 39.2 

O-a.7 ........ 29.5 70.5 65.0 35.0 10 45.0 
M-a.7 ......... 20.6 79.4 90.5 9.5 15 24.5 
p-.. 7 ......... 41.2 58.8 81.2 18.8 20 38.8 

o-.. s ......... 39.3 60.7 6!.5 38.5 9 47.5 
M-a.S .......... 50.0 50.0 70.0 30.0 10 40.0 
P-aS .......... 40.5 59.5 75.5 24.5 4 28.5 

0-ll .......... 18.7 81.3 65.5 34.5 10 44.5 
M-Il .......... 47.0 53.0 41.0 59.0 10 69.0 
P-IJ .......... 62.0 38.0 46.2 53.8 11 64.8 

O-IlS .......... 11.0 89.0 82.0 18.0 6 24.0 
M-IlS .......... 10.0 90.0 68.7 31.3 11 42.3 
P-ll5 ......... 52.0 48.0 66.2 33.8 8 41.8 

O-IJ6 .......... 10.2 89.8 78.5 21.5 8 29.5 
M-ll6 .......... 7.2 92.8 62.5 37.5 6 43.5 
P-IJ6 .......... 17.0 83.0 70.0 30.0 12 42.0 

O-ll7 .......... 24.0 76.0 82.0 18.0 9 27.0 
M-ll7 ... 28.4 71.6 60.0 40.0 11 51.0 
P-IJ7 .... :::::· 28.0 72.0 72.0 28.0 12 40.0 

w=per cent of dye retained by fabric after washing. 
W=per cent of dye removed from fabric by washing==lOo--w. 
f=per cent of dye retained by fabric after light exposure. 
F=Der cent of dye removed from fabric after light exposure=lOD--f. 
6=darkening. 
L===B+F. 
U Utility factor W +2L. 

U=W+2L 

140.4 
146.4 
171.3 

143.0 
217.5 
183.6 

170.0 
199.7 
172.1 

169.1 
167.6 
190.6 

147.9 
130.3 
123.8 

161.0 
129.0 
136.6 

156.(} 
130.0 
117.0 

170.3 
191.0 
164.6 

137.0 
174.6 
131.6 

148.8 
177.7 
167.0 

130.0 
173.6 
112.0 

Darkening.-There is a great similarity in the amount of darkening shown 
by these dyes. The least darkening occurs in the ortho-sulfanilic acid series. 

Light fading.-The effect of light on the intensity of these dyes is least 
with the alpha-naphthylamine-2-sulfonic acid dyes. In the meta-sulfanilic acid 
series light fastness increases in the group from alpha-naphthylamine-3-sulfonic 
acid to alpha-naphthylamine-7-sulfonic acid. With the ortho series the alpha­
naphthylamine 6-, 7-, or 8-sulfonic acid dyes are the best. A very high degree 
of fading is evident in the beta-naphthylamine series; the ortho-substituted 
dyes are the most fast to light. 

When the amount of darkening and of light fading is treated as one factor, 
a decrease in fastness from the 1-2 to the 1-8 dyes of the ortho series is 
observed. The para series decreases in fastness to the 1-5 dye, after which 
there is an increase in fastness. With the exception of metanilic-2-naphthyla­
mine-7-sulfonic acid there is an increase in fastness as the position of the sul­
fonic acid group moves from the 5 to the 7 position. 
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Fig. 1.-Shift of position of principal band (in m.u) with a change in position of 
substituents of sulfonated phenylazonaphthols and naphthylamines 

Utility factor.-The combined effect of washing and light fastness proper­
ties has been used as an arbitrary index of the value of the dyestuff when 
applied to wool fabrics. The fastness of the ortho series decreases as the sul­
fonic acid group goes from the 2 to the 8 position, with the exception of the dye 
where the sulfonic acid group occupies the 6 position. This series of dyes is 
more nearly uniform in fastness properties than those of the meta- and para­
sulfanilic acid series. With the beta-naphthylamine dyes of the ortho series 
the fastness increases as the sulfonic acid group goes from the 5 to the 7 posi­
tion. In both the meta- and para-substituted sulfanilic acids a shift of the sul­
fonic acid group increases the fastness properties with the exception of the 
para-sulfanilic acid 1-naphthylamine-5-sulfonic acid and 2-naphthylamine-6-
sulfonic acid dyes. The meta-sulfanilic acid 1-naphthylamine-3-sulfonic acid 
and the meta-sulfanilic acid coupled to beta-naphthylamine-sulfonic acids are 
extremely fugitive as measured by the utility factor. 



8 

I QQ. 

400 

OHIO EXPERIMENT STATION: BULLETIN 601 

500 600 

0 

C lrt c~ r•r L 

27 

I 4 

T 
15 .. , 

0 5em 

o~ Of'&'""' d,- aolutiCM <l•l•t•.l 1-lo 
Q-Uh•us+ool. 4'1o. solution 

()- or•g,•l\al "'1'"1 .fabr-1<:. 
1)-:l)~•d ·hlor1c a.rftr- was I""& 
•- lJ,d ~alor•c. a.ft.r \to ho•r'!> 

e"posure;, .-ada-o .. ~r h~h"t-

700 

Fig. 2.-Spectrophotometrrc measure of washing and fading properties 
of the mdicated dyestuffs 



INFLUENCE OF POSITION ISOMERISM IN DYES 

500 E'DO 

0 

(i 

c. '" <& p<v L 1" 

2 'IO 

1 a!l 

l De."' 

O.So~-. 

o- or•gu•al d'(£ selotao" ~.lutc4 1-10 

Q- E.vhauatU 4'1.• Solv"tlctM 

CJ- or•s.•nal .. ,.... fa ln-•c. 
., - ':D'I'"' ., .. .,..,., lli'-t.l" ............ & 
e-:D~·~ -Fame: avte-y 111.11 hou.-s 

"'"rn~re-to .... .~ .... ...,..,..,. ••e,J,r 

700 

Fig. 2.-(Continued) Spectrophotometric measure of washing and fadmg 
properties of the indicated dyestuffs 

9 



10 

.coo 

OHIO EXPERIMENT STATION: BULLETIN 601 

500 

0 1.5 em 

'2 0 em 

0- O<>gonol d,e aolu"to•• dolut.,d 1-10 

0-hheuoted cl~e &olut, • ., 

o- or'S"'"' ~~ed .f•broe. 
C>-:P1"d f'abroc: af't'el' waal.'"!i!. •- ::D~·· .fabric. ..,,..,. Ito hours 

e'l:po••re -to Fatlo-a.....,.,. "%"+ 

600 700 -• 'fAVt LEN'G'l"R = (1%f19!'1111limioronsanatare)(.].O ) 

Fig. 2.-(Continued) Spectrophotometric measure of washing and fading 
properties of the indicated dyestuffs 



400 

INFLUENCE OF POSITION ISOMERISM IN DYES 

500 600 

0 

Q 

e ill. e. par l. 

t.'l 

e.l 

T 

I 5<10 

O.li<WI 

.O-Or~.gon'll d~e soluhoN .!oluicJ 1-10 

0-EJhaust..d d~e sol~+oo" 

O-e>rogonal cl~e.l f'aloroe. 

f)-:1>1•.1-fabru: ef+•r "'"'""'".!. 
e-:D~ecl -l'abroe •fwr 1'1110 ho~.-s 

a" posvre 't"o Pw .... o,. .. -t.:r ht,h+ 

700 
= (•....Ut:bdor-tenxto·•) 

Fig. 3.-Spectrophotometric measure of washing and fading properties 
of the indicated dyestu1fs 

11 



12 

400 

OHIO EXPERIMENT STATION: BULLETIN 601 

500 600 

C ,.,cg p•rL T 

0 2.70 (. 0 ~"' 

\. 5 c.,., 

o- o~.6 .. ,.l d'l" ... 1.+ •• ~ .J,I.t..J 1-10 

e-£~\,austd d'1 .. sol .. +••n 

o- o"'l!."'•l d~e.l fa br•e 
()-l>~o.l f'abr1c:. af'+cr WB11h1"~ 

•- :P~o:.l fal:>r•<. af't<:r l".lo noorS 
e¥ poeurt 'to Facle-ome.tar l'e."'+ 

700 
WJ.VZ LENGrH: (~illbd.cr01111il'll:lotoraXl.0-9) 

Fig. 3.-(Continued) Spectrophotometric measure of washing and fading 
properties of the indicated dyestuffs 



2.00 

400 

INFLUENCE OF POSITION ISOMERISM TN DYES 

500 600 

t .0•111 

t.OUI 

o- o".l!.'"•l .. ,. aolut .. ,. d•lvteJ 1-•o 
Q S •hau11ted d~a aolu+tofl 

() or181nal d'fU 4"abrre. 

tl :P'Ied febru: aoft<!'l" was\\"'& 
• :~~,...I fa""" utcr 1&0 ho•ra 

<'tl"os .. ·c 'to Facle-Oftlo.+n he,l.-t" 

700 

Fig. 3.-(Continued) Spectrophotometric measure of washing and fading 
properties of the indicated dyestuffs 

13 



l4 

0 

E)(p 

m 

w 

2 

OHIO EXPERIMENT STATION: BULLETIN 601 

3 4 
alpha 

5 6 7 

0 

m 

8 5 
p 

6 

beta 

Fig. 4.-Graphical indication of per cent of dye absorbed by fiber 
(E x) and per cent of dye• removed by washing (W) 
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o, m, and p indicate position of SO,H group in phenyl rings; a, /3, 1, 2, 3, etc., 
indicate position of NH, and SOaR groups in naphthyl rings. 
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Fig. 5.-Darkening (B), fading (F), and light fastness factor (L) 

(See figure 4 and table 2 for explanation of ordinates and factors.) 
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UTILITY FPCTOR 
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Fig. 6.-Utility factor (U) for the dye series 

(See figure 4 and table 2 for explanation of ordinates and factors.) 
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(See figure 4 and table 2 for explanation of ordinates and factors.) 
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Fig. 8.-Sample card of the ortho 
(o) sulfonated phenylazonaph­
thylamines. (The first number 
indicates the position of NH, 
groups, the second number the 
posi1tion of SO,H groups.) 

The left-hand column represent;; 
the faded sample, the center the 
original dyed fabric, and the 
right-hand column the washed 
sample. (See figures 2 and 3 
and table 2 for numerical data on 
these samples.) 
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Fig. 8.-(Continued) Sample card 
of the meta (m) sulfonated 
phenylazonaphthylamines. (The 
first number indicates the posi­
tion of NH, groups, the second 
number the position of SO.H 
groups.) 

The left-hand column represents 
the faded sample, the center the 
original dyed fabric, and the 
right-hand column the washed 
sample. (See figures 2 and 3 
and table 2 for numerical data on 
these samples.) 
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Fig. 8.-(Continued) Sample card 
of the para (p) sulfonated phenyl­
azonaphthylamines. (The first 
number indicates the position of 
NH, groups, the second number 
the position of SO,H groups.) 

The left-hand column represents 
the faded sample, the center the 
original dyed fabric, and the 
right-hand column the waRhed 
sample. (See figures 2 and 3 
and table 2 for numerical data on 
these samples.) 
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SUMMARY 

The effect of the position of the sulfonic acid group in the benzene and 
naphthalene nucleus in a series of 36 monoazo dyes has been studied. Conclu­
sions have been drawn concerning the effect of these changes in position on the 
color, exhaustion, and washing and light fastness. It has been possible also to 
show the comparative effect of the presence of the amino and the hydroxyl 
group in the naphthalene ring upon the properties listed. 
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