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Reactive dyes containing a sulphonylazide group can
undergo fixation on nylon substrates by two different
mechanisms. Under aqueous dyeing conditions, at or below
120°C, the free amino end-groups of the polymer attack
the sulphonylazide group with displacement of azide ion,
and results in attachment of the dye to the substrate by a
sulphonamide linkage. In contrast, if the dyed substrate is
subjected to dry heat fixation at 170°C, the azide group
decomposes to a sulphonyinifrene species which undergoes
insertion into C—-H bonds of the polymer. The dye is again
attached by a sulphonamide bridge, but in this case the
amount of dye that can be fixed is independent of the amino
end-group content of the polymer.

Introduction

Investigations into the possible value of the azide function
(—N3) as a reactive group in dyes followed two distinct
pathways. The earlier investigations [1] considered the azide
grouping as a stable anionic leaving group for nucleophilic
substitution reactions. Thus, when attached to a suitably
activated atom (as in the carbonylazides, —CON,, and
sulphonylazides, —SO, N3;), the azide ion can be displaced by
nucleophilic groups within the polymer, enabling the dye
chromogen to be grafted onto the polymer. In particular,
reactions with cellulosic substrates (e.g. Eqn 1) and nylon were
claimed [1].

Cellulose—O~ + Dye—SO, N, _
- Cellulose—0—80,Dye + N, (1)

Some years later, it was appreciated independently by
various workers [2,3] that the azide function could behave as
a reactive grouping in a different manner, if high temperatures
or u.v. irradiation were used to effect fixation. Under these
conditions most azides decompose to give nitrogen and a
nitrene species (RN:), the latter being a highly reactive
electron-deficient entity that can take part in various reactions
[4]. In this laboratory, sulphonylazide dyes (abbreviated to
D—-8O,;N;, where D represents a conventional dye chromo-
gen) were developed specifically as reactive dyes for poly-
propylene and polyester fibres [2]. At temperatures above
130°C or on irradiation with u.v. light, the nitrene is formed
(Egn 2), and undergoes one of three separate reactions. If the
nitrene is in a singlet state then one-step insertion into
carbon—hydrogen bonds occurs (Eqn 3), whereas the nitrene
in a triplet state can give pseudo-C—H insertion, by the
two-stage process shown in Eqn 4. Both processes lead to the

same product. A third pathway involves sequential abstraction
of two hydrogen atoms from the substrate, resulting in the
formation of a sulphonamide (Eqn 5). Obviously for fixation
of the dye on the substrate, C—H insertion is essential, whereas
hydrogen abstraction is ineffective. From solution studies,
sulphonylnitrenes appear to be particularly effective in taking
part in insertion reactions.

D-SO,N, %W‘L D-SO,N: + N, )
D--SO,N: + R—H —» D—SO,NH—R (3)

D--SO,N: + R—H - D-SO,N-H + R’
- D-SO,NH-R (4)

D--SO;N: + 2R-H - D-SO,NH, + 2R’ (5)

Fortunately, with dyes adsorbed on polymer substrates, the
degree of freedom of the molecules is greatly restricted, and
thus pseudo-insertion (Eqn 4) is greatly favoured over
hydrogen abstraction (Eqn 35), and grafting is far more
efficient than in fluid solution [2]. As all textile polymers
contain C—H bonds, the possible advantages of the azide group
over other conventional reactive systems are obvious.
Although the sulphonylazides have certain attractive appli-
cation advantages, not least of which are thermatl stability and
ease of synthesis, other azide-bearing functional groups have

been considered [2,3].
The mechanisms of the fixation processes occurring on

nylon with sulphonylazide dyes have not been investigated,
even though these substrates appear to offer the greatest
advantages for dyes of this type. Thus, the fixation of a model
sulphonylazide disperse dye on nylon 6 has been examined
under various conditions, and the relative importance of the
alternative azide-displacement and nitrene-insertion
mechanisms have been determined. For this study dye I was

used.
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(I) R=Ns; (ID R=0H; (IlI}) R=NH,
Experimental

MATERIALS
The substrate employed was a film of nylon 6 of thickness
754, supplied by ICI Plastics Division, Welwyn Garden City.
This was stored under distilled water to maintain a constant
amino end-group value. The fiim had an amino end-group
content of 13.5 meq/kg.

Methylene chloride was freshly distilled before use as
extraction solvent. This was essential for protection of the
amino end-group content of the nylon.
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Dye | was purified by recrystallization from ethanol, and
was found to be homogenous by t.l.c. and elemental analysis.

SYNTHESIS OF 2-HYDROXY-5-METHYL-4'-
SULPHONAZIDOAZOBENZENE (I)

{a) 4-Acetamidobenzenesulphonylazide

A solution of 4-acetamidobenzenesulphonyl chloride (80.5 g,
0.345 mol) in acetone (11) was treated with a solution of
sodium azide (50.0 g, 0.77 mol) in water {500 mi), and the
mix ture stirred at room temperature for 20 h. The acetone was
removed under reduced pressure, and the residual aqueous
suspension filtered. The solid was dried and recrystallized from
benzene, giving 4-acetamidobenzenesulphonylazide as white
crystals, m.p. 113°C (lit. [5] 113—114°C)in 60% yield.

(b) 4-Sulphonazidobenzenediazonium Chloride
4-Acetamidobenzenesulphonylazide (0.01 mol) was added to
concentrated hydrochloric acid (15 ml) and the mixture boiled
for 10 min to give a clear solution. The hot solution was
poured into ice water (100 ml), and when the temperature
reached 0—5°C, a solution of sodium nitrite (0.011 mol) in
water (30 ml) was added dropwise with stirring over 30 min.
The solution was stirred for a further hour, giving a clear
colourless solution of the diazonium salt.

(¢} 2-Hydroxy-S-methyl-4-sulphonazidoazobenzene (1)
p-Cresol (0.01 mol) was dissolved in a solution of sodium
hydroxide (0.01 mol) and sodium carbonate (0.01 mol) in
water (40 mi). The solution was cooled to 0—5°C in an ice
bath, and the diazo solution added dropwise over 1 h,
maintaining the pH at 8-10 by gradual addition of dilute
sodium hydroxide solution. After stirring for 3 h the solution
was adjusted to pH 6—7 with hydrochloric acid, and the
precipitated dye filtered off. Recrystallization from ethanol
gave orange needles, m.p. 120—122°C, in 68% vyield. (Found,
C 48.95%, H 3.55%, N 22.0%; C;3H;N5sO3S requires C
49.2%. H 3.5%, N 22.1%). The i.r. spectrum (KBr) showed an
intense azide peak at 2100 cm* A,y (EtOH) 415 nm, log €
3.87; Apay (CH,C1,) 420 nm, log € 3.91 Ap,x (PhOH--
MeOH, 4:1) 422 nm, log € 3.84.

DYEING PROCEDURE

A stock dispersion was prepared by milling a mixture of I
(1.0 g), Dispersol VL (1.0g) and distilled water (10 ml) for 24
h, followed by dilution to 100 ml with distilled water. The
dispersion was subjected to ultrasonic mixing before use.

Dyebaths were prepared by diluting the stock dispersion (20
ml) with distilled water (580 mi). Nylon 6 film (1.0 g) was
stretched over an aluminium frame and immersed in the
dispersion. The dyebath was then raised to the boil over 30
min, and maintained at 100°C for 90 min, with continuous
stirring. The dyed film was rinsed in cold water, dried between
two sheets of absorbent paper, and stored in a desiccator.

For dyeing at 120°C, the stock dispersion (10 ml) was
diluted to 100 ml with distilled water in a stainless steel pot,
and the film (0.15 g) was introduced. The pots were sealed and
enclosed in a heated bath at 100°C. The temperature was
raised to 120°C over 10 min, and the temperature maintained
at 120°C for 75 min. The dyebath was agitated throughout the
dyeing cycle. The film was removed and thoroughly rinsed in
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cold water to ensure removal of surface dye, and then dried in
a desiccator.

AMINO END-GROUP ANALYSES

Nylon 6 film (ca 1.0 g) was dissolved at room temperature in a
mixture of phenol (analytical grade, freshly distilled; 20 ml)
and methanol (analytical grade, 5 ml), and immediately
titrated against 0.01 M hydrochloric acid. The titrations were
followed by measuring the conductivity of the solutions after
each addition of 0.02 ml of acid, and the end-point was taken
as the point of discontinuity in the resultant curves. For every
titration, the solvent correction factor was determined
separately. These values were obtained by following the same
titration procedure using an identical volume of pure solvent.
The reproductibility of the titration procedure was checked
with a standard sample of nylon 6 film of known amino
end-group content (standard, 22—23 meq/kg; found, 22.9
meq/Kg).

THERMAL FIXATION
The dyed films were sealed in aluminium foil and held

between two heated thermostatically-controlled metal plates
at 170°C for 15 min.

SOLVENT EXTRACTION AND DYE ANALYSIS

Unfixed dye was removed by heating the films in the
appropriate boiling solvent for 1.5 h. Trial experiments
showed that with water all the sulphonic acid (II) could be
removed by such a treatment, and with methylene chloride all
the unreacted dye (I) and sulphonamide (III) were removed. It
was preferable to extract the films first with methylene
chioride and then with water. Control experiments showed
that provided distilled water and freshly distilled methylene
chloride were used, the extraction procedure had no effect on
the amino end-group content of the nylon. The extracts were
analysed spectrophotometrically using the appropriate extinc-
tion coefficients for the dye species in the solvent concerned.
(Amax (D in CH,Cl; = 420 nm,log € 3.91; A4 (II) in H,0=
390 nm, log € 3.75; Amax (III} in CH,Cl, = 410 nm, log ¢
3.84).

The total amount of dye applied to the film was determined
in two ways. In the first, freshly dyed film was dissolved in
PhOH—MeOH (4:1 vol./vol.) and the concentration of dye
determined spectrophotometrically, assuming an average log €
value of 3.80 at 415 nm for the various species present;
(examination of [ and II in this solvent showed that the
differences in €, were relatively small, and thus grafted dye
should have a reasonably similar value). In the second method,
the films were extracted and the amounts of sulphonic acid,
sulphonylazide (or sulphonamide) determined as described
above. The extracted film was then dissolved in PhOH-MeOH
(4.1 vol./vol} and the amount of grafted dye determined
spectrophotometrically. Summation of the various quantities
then gave the total amount of dye initially present. It should
be emphasized that the two procedures gave identical results,
showing that the various approximations made were reason-
able.

Results and Discussion

Preliminary Observations
Samples of nylon fabric or film, when disperse dyed with I at
100°C or at 120°C gave intense yellow dyeings, and it was



found that an appreciable proportion of the colour resisted
extraction with a wide range of solvents (e.g. refluxing
pyridine, acetone, or methylene chloride). If freshly dyed
samples were subjected to a secondary heat-fixation process at
170°C, then even more of the dye became permanently
attached to the substrate. Evidently grafting of the dye to the
polymer is occurring, both during aqueocus dyeing and, to a
greater extent, during dry heat fixation at a higher temper-
ature.

The sulphonylazide group present in I can be chemically
reactive in two distinct ways. At moderate temperatures, the
azide ion can be displaced by a sufficiently nucleophilic
species (e.g. Eqn 6), whereas at higher temperatures, thermal
cleavage of the azide groups can occur to give a reactive
nitrene (Eqn 2). Differential thermal analysis of dye I showed
that decomposition of the azide group to form a nitrene, with
simultaneous liberation of nitrogen, only occurred at a
significant rate at temperatures above 130°C. Thus a nitrene
mechanism is unlikely to be involved in dye fixation at 100°C
or at 120°C, unless some specific catalytic effect were
operating, whereas at 170°C, a nitrene mechanism is likely to
be predominant. Both fixation mechanisms would lead to the
formation of a sulphonamide bridging unit between the dye
and the nylon substrate.

D—S0,—Nj + H,N-Nylon -» D—SO, ~NH-Nylon + N3~ (6)

As nylon substrates are known to contain varying amounts
of peroxides, one possible route for fixation at low
temperatures could involve free-radical decomposition of the
azide group, where the peroxide species act as radical initiators
[6]. This possibility was ruled out by examining the efficiency
of dye—substrate grafting when the substrate was dyed in the
presence and absence of an efficient peroxide radical
scavenger. Thus nylon 6 films were dyed at 100°C in the
presence of 2.5% 2,6-di-t-butylphenol (based on weight of
film), and were rigorously extracted to remove unfixed dye.
Spectrophotometric analysis of the films showed an average of
10.3 milliequivalents of grafted dye per kilogram of polymer.
Films similarly dyed in the absence of the scavenger showed an
average of 10.2 meq/kg of dye fixed. Thus it can be concluded
that peroxide-initiated radical processes are not involved in
dye fixation, Similar conclusions were reached for dyeings
carried out at 120°C. The most probable fixation mechanism
at these temperatures is thus the nucleophilic displacement
process (Eqn 6).

Such a process involves consumption of the free amino
end-groups in the polymer, and thus end-group analysis affords
a direct means of studying this mechanism. Dye fixation in
excess of the available end-groups can only occur by the
alternative nitrene mechanism, and thus end-group analysis can
also provide information about this process.

Mechanism of Dve Fixation at 100°C

Three distinct dye species should be present on the nylon
substrate after dyeing under aqueous conditions at 100°C,
namely grafted dye, unreacted sulphonylazide (I), and the
sulphonic acid derivative (II). The last would arise by
hydrolysis of the sulphonylazide in the dyebath. Examination
of the extracts from samples of dyed film confirmed the
presence of dyes I and II (tlc. analysis). None of the
sulphonamide (IIT), which might have been formed if a nitrene

species were involved, was detectable. It was found that
extraction of unfixed dye was best carried out in two stages,
the first involving extraction with refluxing methylene
chloride to remove I, and the second using boiling water to
remove II. The amounts of I and I in the extracts were then
determined spectrophotometrically, using the appropriate
molar extinction coefficients. The amount of grafted dye
could then be measured spectrophotometrically by dissolving
the extracted film in phenol—methanol. A useful confirmation
of this figure was obtained by measuring the total amount of
dye initially applied to the film (see Experimental) and
subtracting from this the total amount of dye that could be
extracted from the film. Excellent agreement for the amount
of dye fixed was observed for the two methods of analysis.

Samples of fully extracted film were then analysed for
amino end-group content (see Experimental), and the values
obtained compared with the value for pure, undyed film. A
typical set of results is given in Table 1, where for convenience
the varicus quantities are expressed in milliequivalents per
kilogram of substrate.

TABLE 1

Analysis of Nylon 6 Dyed with I at 100°C

meq/kg
Amino end-groups before dyeing - 13.5
Amino end-groups after dyeing - 4.1
Amino groups consumed — 9.4
Total dye initially on film, {A) - 25.6
Unreacted I extracted, (B) — 12.3
Sulphonic acid 1T extracted, (C) - 4.1
Dye grafted to film, (A-B—C) — 9.0

It can be seen from Table 1 that the number of amino
end-groups consumed after dyeing at 100°C corresponds
closely to the amount of dye grafted to the substrate. This
parallel behaviour was observed irrespective of the amount of
dye applied to the polymer, and thus it can be concluded that
dye fixation occurs exclusively by the nucleophilic substi-
tution process (Eqn 6).

It was also found that the number of amino end-groups not
consumed was equal to the amount of sulphonic acid dye on
the substrate. Presumably the acid dye (1) competes with the
azide dye (I) for the end-groups during dyeing, the former dye
being loosely attached to the substrate by electrostatic
interactions with protonated amino groups. Although this may
be sufficient to retard reaction with the azide, the acid dye can
be removed efficiently with boiling water. The data of Table 1
show the degree of dye fixation, expressed as a percentage of
the total dye initially applied to the nylon, to be around 35%.

Mechanism of Dye Fixation at 120°C
Films of nylon 6 were dyed at 120°C for 75 min, and were
analysed as described previously. Again, the exact figures
depended on the amount of dye initially applied to the
substrate, which was a somewhat variable quantity. However,
the overall trends were the same in each case. A typical set of
resuits is given in Table 2.

It can be seen that all the amino end-groups are consumed,
and that the amount of dye covalently bound to the polymer
accounts for approximately 83% of these. Thus it can be
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TABLE 2

Analysis of Nylon 6 Dyed with I at 120°C

meq/kg
Amino end-groups before dyeing - 13.5
Amino end-groups after dyeing - 0.0
Amine groups consumed - 13.5
Total dye initially on film, (A) - 77.4
Unreacted I extracted, (B) - 46.0
Sulphonic acid IT extracted, (C) - 20.1
Dye grafted to film, (A—B—C) - 11.3

concluded that fixation at 120°C also occurs by nucleophilic
substitution. The absence of a nitrene mechanism was
confirmed by analysis of unfixed dye, which consisted only of
dyes 1 and II, and none of the possible nitrene product, dye
I, could be detected. The effect of dyeing at 120°C rather
than 100°C is primarily to put more dye on the substrate, but
in addition almost complete consumption of the amino
end-groups occurs. The higher temperature must facilitate
dissociation of the sulphonic acid dye that is electrostatically
bound to the substrate, and favour reaction of the amino
end-groups with the azide dye. It can also be seen from Table
2 that the amount of dye hydrolyzed to the sulphonic acid is
greatly increased.

It is interesting to note that the percentage of dye fixation
is actually lower than at 100°C, and is of the order of 15%.
This can be ascribed to the limited number of reactive sites in
the polymer, and the excessive amount of dye applied at
120°C. Clearly, dyeing at the higher temperature offers no
advantages as far as the efficiency of fixation is concerned.

Fixation Mechanism at 170°C

To examine the effect of dry heat fixation at temperatures
above the decomposition point of I, samples of nylon 6 film
were initially dyed at 100°C or at 120°C as described
previously, and then subjected to dry heat fixation at 170°C
for 15 min. The results obtained for both types of dyeing were
similar, but because of the larger quantity of dye applied, the
general mechanistic trends were clearer for films dyed at
120°C. Thus, the discussion of the results will be confined to
such films.

The heat-fixed samples were subjected to the same extrac-
tion and titration procedures as before, and a typical set of
results is given in Table 3. Qualitative analysis of the extracts
from the films showed that in addition to covalently-bound
dye, only the azide dye (I) and the derived sulphonic acid dye
(I) were present on the substrate before heat fixation,
whereas after heat fixation only dye 1I and the sulphonamide
dye III were present. The presence of sulphonamide confirms
that a nitrene mechanism has taken place during fixation.

The data of Table 3 show that heat fixation at 170°C
enables the amount of covalently-bound dye to exceed the
number of available amino end-groups by a substantial
amount, in this case by a factor of approximately 3. Thus a
nitrene mechanism for dye grafting occurs at this temperature.

The overall dyeing and fixing cycle will then involve the
following steps. Under aqueous dyeing conditions at 120°C a
nucleophilic reaction occurs with the azide dye (I), ail the
amino end-groups being consumed, and an equivalent number
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TABLE 3

Analysis of Nylon 6 initially Dyed at 120°C with I and
Heat-fixed at 170°C for 15 min

meq/kg
Amino end-groups before dyeing — 13.5
Amino end-groups after fixation at170°C — 0.0
Amine groups consumed - 13.5
Total dye initially on film, (A) — 77.4
Unreacted I extracted — 0.0
Sulphonic acid II extracted, (B) — 23.6
Sulphonamide III extracted, {C) - 16.0
Dye grafted to film, (A—B—C) 37.8

of dye molecules being grafted to the substrate. In addition, a
large excess of azide is distributed randomly within the
polymer, together with some of the hydrolyzed sulphonic acid
dye. When the temperature is raised to 170°C in the absence
of water, the azide molecules decompose to nitrenes and either
insert into the C—H bonds of the polymer or abstract
hydrogen to form the sulphonamide dye (III). If we assume
that 13.5 meq/kg of grafted dye arise from substitution
mechanism, then the data of Table 3 indicate that the nitrene
species undergoes 60% insertion and 40% hydrogen abstrac-
tion. The proportion of insertion is much higher than that
found in solution, and must reflect the influence of the
polymer matrix on the behaviour of the nitrene. ‘

If the degree of fibre grafting is expressed as a percentage of
the total amount of dye initially applied, then the figure is ca
49%. This figure is unfavourably low because of the relatively
high proportion of hydrolyzed dye on the substrate, Obviously
it would be more efficient to apply the minimum amount of
dye in as short a time as possible (to minimize sulphonic acid
formation), and to use a substrate with as high an amino
end-group content as possible. Such an improvement was
observed in the transfer printing of I at 200°C for 30 s on
nylon 6.6. A fixation of 80% was observed, principally because
of the elimination of dye hydrolysis.

Conclusions

The sulphonylazide group can play a dual role in covalent
bond formation with nylon substrates. At 120°C, or below,
reaction occurs under aqueous dyeing conditions with the
amino end-groups of the polymer, whereas at 170°C, under
anhydrous conditions, the azide group decomposes to a
nitrene species which inserts into carbon—hydrogen bonds of
the polymer. High fixations should be achieved if hydrolysis of
the azide dye to the sulphonic acid can be prevented, and if
the amino end-group content of the substrate is high. The
sulphonylazide dyes would thus appear to offer specific
advantages in the vapour-phase transfer printing of nylon
substrates.
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