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The transfer-printing properties of dyes containing
the sulphonylazide (—SO, N4 ) and arylazide (ArN, )
groups have beeir exgmined for nylon 6.6

substrates. After sublimation at 200°C the azide
group decomposes rapidly to a nitrene species which
reacts with the polymer. Dye fixation occurs by
insertion of the nitrene into the carbon - hydrogen
bonds of the polymer, thus forming a nitrogen bridge.
A competing reaction involves hydrogen abstraction
from the substrate to give an amino derivative of the
dye which is not covalently bound to the polymer.
Fibre-grafting occurs to the extent of about

60-75% for both series of dves., Unlike the sulphonyl
azides, the arvilazide dyes show a pronounced colour
change after transfer, as the thermally-generated
amino group is directly conjugated with the dyve
chromogen.

Introduction

The azide group offers many advantages in the field of
fibre-reactive dyes. Thus the azide ion can act as a leaving
group in nucleophilic substitution reactions, and has been used
in sulphonyl- and carbonyl-azide reactive dyes for cellulosic
and nylon substrates [1]. Alternatively, the azide group can be
thermolysed or photolysed to give a nitrene (D-N:} and
nitrogen (Eqn 1). The nitrenes have the interesting property of
high reactivity towards stable carbon-hydrogen bonds [2],
and, for exampie, can insert into these bonds to give covalent
attachment of the dye te the substrate (Eqn 2).

hv or -
D--N3 A > D-N: + N2 (1)
(>130°C)
D—N: + H-CHFibre - D.NH~-CHFibre (2)

Bond insertion can be a one-step concerted process as
shown, or, alternatively can involve initial hydrogen abstraction
to form two free radicals which recombine in a second step to
give overall insertion (Eqn 3). Unlike the concerted process,
the efficiency of the two-step reaction depends on the
inability of the free-radical intermediates to drift apart, and is
thus favoured in solid solution. Should the radicals separate,
then a second hydrogen abstraction reaction can occur (Eqn 4)
to give an amino compound.

D-N:+RH-D-NH + R- > D-NH R (3)

D--NH + RH = DNH, + R. (4)

As fibre grafting is favoured over hydrogen abstraction in a
polymer matrix, various azide groupings have been investigated
for use in fibre-reactive dyes [3,4,5]. For example, disperse
sulphonylazide dyes can be applied under aqueous dyeing
conditions to nylon [3] or polypropylene [4], and fixed by a
subsequent heat treatment. As temperatures in excess of ¢z
130°C are needed for thermolysis of the azide group, this
suggested that suitably-volatile dyes containing such groups
would be useful in transfer printing. At the temperatures
normally encountered in transfer printing (180—210°C)
thermolysis should be rapid, and should lead to prints with
improved wash- and sublimation-fastness properties. This
could be particularly useful with the problem fibres, e.g.
nylen and acrylic. We have now examined the transfer-
printing behaviour of various azide-containing volatile dyes,
and have looked at the most promising of the azide groups,
namely the sulphonyl- and aryl-azides, in some detail for use
on nylon 6.6 substrates.

Experimental

MATERIALS

Trilobal nylon 6.6 was used as the substrate for printing, and
wuas previously scoured and dried. Transfer paper was bleached
kraft of 57 g/m?, or filter paper (qualitative grade).

PRINTING INKS

The dye (1 g) was milled with ethyl cellulose (8 g) and ethanol
(82 g) to give a smooth paste. The inks were applied to
bleached kraft paper with standard K-bars, and dried at room
temperature. In some cases, the dye was dissolved in
methylene chloride to give a saturated solution, and the
solution was applied to filter paper. Excess solution was
expressed, and the papers were dried in air.

FASTNESS TESTS

1SO 2 Fastness to Washing Test was carried out in the standard
wash wheel at 50°C for 30 min in a 5 g/l soap solution.
Patterns were assessed against the Grey Scale.

TRANSFER PRINTING

The printing paper was placed in contact with the nylon
substrate, and sealed in an aluminium foil envelope. The
composite was placed between the heated plates(200°C) of a
Schroder heated press and was subjected to light pressure for
the appropriate length of time.

SYNTHESIS OF DYES

4-Sulphonazidoazobenzene (3}

Azobenzene-d4-sulphonyl chloride (commercial sample, 8.4 g,
0.03 mol) and sodium azide (3.9 g, 0.06 mol) were stirred at
room temperature in a mixture of acetone (400 mi) and water
(50 ml). After 2 h, the solvent was removed under reduced
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pressure, giving the sulphonylazide in quantitative yield, m.p.
115°C (lit. [6] 117-118°C); Apay (CH,Cly) 325 nm (log e
4.41)

4'-Sulphonazido-4-dimethyviaminoazobenzene (6

A solution of 4-sulphonazidobenzenediazonium chloride (0.01
mol} [3] was added slowly at 5°C to a solution of NA-
dimethylaniline (0.0! mol) in dil. hydrochloric acid, with
simultaneous adjustment of the pH to 4—5 with dil. sodium
hydroxide solution. After addition, the mixture was stirred for
several hours, and the precipitated dye filtered off. Recrystalli-
zation from ligroin (b.p. 80—100°C) gave lustrous orange-red
crystals in 44% yield, m.p. 162-163°C. (Found: C, 50.85%;
H, 4.3%:; N, 25.35%. C,4H;4Nz0,S requires C, 50.9%; H,
4.3%: N, 25.45%). Amax (CH2Cl;) 463 nm (log € 4.56).

4'-Sulphonazido-4-diethylaminoazobenzene ( 7)
4-Sulphonazidobenzenediazonium  chloride solution was
coupled to MNNV-diethylaniline as described for (6). The product
(75%) formed orange plate-like crystals from benzene, m.p.
128—130°C. (Found: C, 53.5%:; H, 5.0%; N, 23.5%.
Cl 6Hl 3N6028 requires C, 536%, H, Sl%, N, 2345%) hmax
(CH;Cl, ) 476 nm (log € 4.63).

4'-Sulphonazido-4-amino-2-methylazobenzene (8}
4-Sulphonazidobenzenediazonium  chloride  solution  was
coupled to toluidine in acetic acid, buffered with sodium
acetate. The product was recrystallized from ethanol in 98%
vield as orange plate-like crystals, m.p. 96-97°C. (Found: C,
49 6%; H, 3.85%; N, 26.45%. C,3H,;,N¢0;S requires C,
49 4%: H, 3.8%, N, 26.6%).

General Procedure for Arylazides

The appropriate amino dye (0.01 mol) was diazotized and the
selution adjusted to pH 7 with sodium carbonate solution. A
solution of sodium azide (0.03 mol) in water (15 mi) was
added slowly with vigorous stirring (fume cupboard!), and the
precipitated product filtered off or extracted into methylene
chloride. The azide dye was either chromatographed over
neutral alumina in methylene chioride, or recrystallized from
the appropriate solvent. The following dyes were prepared
(appearance, yield, m.p. and elemental analytical data).

4-Azidoazobenzene (4)
Orange crystals; 82%; 88-90°C. (Found: C, 64.20%;
H, 4.20%; N, 31.20%. C,.HoN; requires C, 64.57%;
H, 4.04%; N, 31.39%).

4'-Nitro-4azido-2-methylazobenzene {13a)
Red needles; 69%; m.p. 124°C. (Found: C, 55.7%; H,
3.6%; N, 29.85%. C,3H,4NgO, requires C, 55.32%;
H, 3.55%; N, 29.79%).

S-Nitro-2-(4'-azido-2-methyiphenylazo )thiazole (14a)
Orange needles; 2%; m.p. 158-160°C. (Found: C,
41.65%; H, 2.55%; N, 33.85%. C,oH,N;Q, S requires
C. 41.52%; H, 2.42%; N, 33.91%).

2(4"-Azido-2'-methylphenylazo J-1,2,4-triazole (1 5a)
Yellow solid; 57%; m.p. 176°C. (Found: C, 47.40%; H,
3.55%: N, 49.00%. CgHgNg requires C, 47.37%; H,
3.51%: N, 49.12%).
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2-Azidoanthraquinone (16a)
Pale yellow solid; 80%; m.p. 164-165°C. (Found: C,
67.30%; H, 2.75%;, N, 16.45%. C;4H;N50, requires
C,67.47%:H,2.81%; N, 16.87%.

Results and Discussion

PRELIMINARY INVESTIGATIONS

Four distinet types of azide group can be readily introduced
into dye structures, namely the sulphonylazide (-SO,N;),
arylazide (Ar—Nj), s-triazinylazide (1), and carbonylazide
(-CON3) groups. Triazinylazide dyes (e.g. la) have been
investigated as reactive dyes for polypropylene [4], and a
preliminary examination of these dyes showed that they were
generally unsuitable for use in transfer printing, because of the
low volatility conferred by the triazinyl residue. The simple
carbonylazide (2) was also investigated, and although this
sublimed readily and showed fibre-grafting on various hydro-
phobic substrates, the degree of fixation was relatively poor.
Thus attention was confined to the sulphonylazide and
arylazide dyes.

R? = 4-phenylazophenyl

{ S px

(2) X = CON3
(3) X =SO,N;
(4) X=N,

Trial experiments with 3 and 4 showed that intense prints
could be produced on polyester fabric at 200°C, with a
contact time of 30 s, although the arylazide (4) showed better
transferability than the sulphonylazide (3). Equal quantities of
the dyes were applied to filter paper and were transfer-printed
onto cotton, secondary cellulose acetate, nylon 6.6, poly-
(ethylene terephthalate), and wool. It was noted that cotton
and wool gave the weakest prints, whereas the remaining
hydrophobic polymers showed excellent dye uptake. The
samples were extracted with boiling ethanol untii no more of
the colour could be removed, and the intensities of the
resulting prints compared visually. Cotton and wool were
almost completely decolorized, whereas the acetate, nylon and
polyester fabrics showed a considerable retention of the
colour. Little difference between the two types of azide could
be detected visually. As the level of dye fixation was generally
good, the synthesis of other sulphonylazide and arylazide dyes
was undertaken, and the transfer-printing behaviour of these
examined.

DYE SYNTHESIS
The sulphonylazide group can be introduced into a dye



molecule by the reaction of sodium azide with the appropriate
sulphonyl chloride (Eqn 5), or alternatively by the action of
nitrous acid on the sulphonyl hydrazide (Eqn 6).

D.80,Cl + NaN; — D.SO,N; + NaCl (5)
D.SO,NHNH, + HNO, - D.SO,N; + N, + 2H,0  (6)

In general, it is preferable in the case of azo dyes to introduce
the sulphonylazide group into the diazo component, rather
than to attempt reactions shown in Eqn 5 or 6 on the final dye
molecule. The azide displacement procedure (Egn 5) is
generally better than Eqn 6, since the latter requires the
sulphonyl chloride for formation of the hydrazide, and thus
involves an additional step. The sulphonylazides are relatively
stable compounds, and appear to be resistant to shock and
heating. However, as with all azide derivatives, care should be
taken when large quantities of the dry material are being
handled.

The arylazides contain an azide group directly attached to
an aromatic ring, which, in the case of dyes, would normally
be part of the chromophoric system. In such cases, the azide
group is most conveniently introduced at the final stage of the
dye synthesis. Thus the dye should possess a primary amino
group, which is diazotized and the diazonium ion treated with
sodium azide (Eqn 7). Nitrogen is evolved, and the water-
insoluble azido dye generally precipitates in high yield.

Ar—NH, = AN, " 225 AN, +N, 7)

Whereas the azide group in the sulphonylazides is insulated
from the dye chromogen, and has little influence on the
colour, the azide group is an integral part of the chromogen in
the arylazide dyes. The azide group has very weak auxo-
chromic properties, and thus the dyes are much lighter in
colour than the precursor amino dyes. In general, the
arylazides show low polarity, and are very soluble in most
organic solvents.

TRANSFER-PRINTING PROPERTIES OF SULPHONYL-
AZIDE DYES

The yellow to orange sulphonylazide dyes (5 — 8) were
prepared and were transfer-printed onto nylon 6.6 fabric at
200°C for 30 s. The synthesis and dyeing properties of (5)
have been described in Part 1 of this series [3]. Transfer
efficiency was acceptable for all the dyes, and the prints
showed excellent wash-fastness properties (ISO 2). Extraction
of the prints with boiling ethanol showed that in each case an
appreciable amount of the dye could not be removed from the
polymer, whereas prints made from commercial papers were
completely decolorized under the same conditions.

The penetration of the dyes into the fabric was only
moderate however, illustrating the effect of the relatively
heavy and polar sulphonyl group on the volatility of these
simple dye structures. This suggested that attempts to extend
the colour range by using more complex chromogens would be
severely restricted by problems of inadequate volatility. In
confirmation, it was found that the red disazo dye (9) and the
blue anthraquinone dye (10) showed practically no transfer
after 30 s at 200°C [7]. Thus the sulphonylazide group would
appear to be of greatest value in relatively simple yellow or
orange dye structures.

OH
@——N:N@SOEN,

(5)

X -

72 NN AR
(6) R=Me, X=H
(7} R=Et, X=H

(8) R=H, X = Me
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(11)

The o-hydroxyazo-dye (5) showed the most promising
transfer properties on nylon 6.6, and thus its transfer
behaviour was examined quantitatively. The dye was applied
to paper as an ink, using ethyl cellulose as thickener, and the
papers were used to print nylon 6.6 fabric at 200°C for
varying lengths of time. At this temperature transfer was rapid
and after only 55 ca 60% of the dye had transferred to the
fabric. Transfer reached 93% after 15 s, but did not increase
beyond this point. The dye would thus appear to have
excellent transfer efficiency.

To establish the nature of the chemical reaction occurring
during the transfer process, samples of fabric printed with 5
for different lengths of time were rigorously extracted with
boiling ethanol, and the extracts were analysed by t.l.c. and by
visible absorption spectroscopy. After 5 s or longer at 200°C,
the only product detectable in the extracts was the sulphon-
amide dye (11). A sample of this was prepared for comparison
purposes by the reduction of 5 with sodium borohydride in
methanol- -methylene chloride, AFEOH of 5 =420 nm; A EFGH
of 11 = 405 nm). The formation of sulphonamide is strong
evidence for the intermediacy of a nitrene in the thermolysis
reaction, and 11 presumably arises by hydrogen abstraction
from the polymer.

The extent of fibre grafting (C—H insertion} relative to
sulphonamide formation (hydrogen abstraction) was deter-
mined as a function of time by measuring spectrophoto-
metrically the amount of sulphonamide extracted from the
fabric, where the samples were printed for varying lengths of
time. The total amount of dye transferred could be
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determined by extracting samples of the paper before amd
after transfer, and measuring the concentration of dye
spectrophotometrically. The degree of fibre reaction could
then be expressed as a percentage of total dye transferred. It
was found that the degree of fixation rose very rapidly and
reached its maximum value of ca 75% after only 10 s. This
value did not increase further, but of course the quantity of
dye on the fabric continued to increase with time. These
results suggest that nitrene formation and, subsequent nitrene
reactions, occur more rapidly on the fabric than the rate of
dye transfer from the paper, and thus in general none of the
unreacted azide (5} can be detected on the fabric. However,
because up to 90% or more of the dye can be transferred from
the paper, this also suggests that thermolysis of the azide
group does not significantly precede volatilization. Tests
showed that if the sulphonamide (11) were formed on the
paper, the efficiency of transfer would fall dramatically, and,
in agreement with this, only trace amounts of the sulphon-
amide could be detected on partly-printed papers. Possibly the
rate of thermolysis of the azide group increases significantly
when the dye is dissolved in the nylon substrate.

It is possible that a certain amount of dye fixation could
occur by a nucleophilic-displacement reaction involving amine
end-groups in the polymer (Eqn 8) [3]. However, in view of
the high rate of thermolysis of the azide group at the
temperatures used, it is doubtful if this could be significant.
Build-up experiments showed that dye fixation could be
continued well beyond the concentration of available amine
end-groups.

Nylon-NH, + D.SO,N; = Nylon-NH.S0O,D + HN; (8)

As rapid volatilization is essential to prevent premature
thermolysis of the azide on the paper, the correct choice of
dye structure is critical for efficient dye utilization. The
sulphonylazide dyes are thus likely to pose severe problems in
the establishment of a full colour range.

TRANSFER-PRINTING PROPERTIES OF THE ARYL
AZIDE DYES

The representative arylazide dyes (4 and 13a — 16a) were
prepared by the standard method described, and were yellow
to orange in colour. The precursar amino dyes (12 and 13b —
16b) were generally much deeper in colour, and, for example,
14b was blue, whereas the azide (14a) was orange. The dyes
were transfer printed from paper on to nylon 6.6 fabric at
200°C for 30 s, and all showed excellent transfer efficiency. A
pronounced colour change accompanied transfer in each case,
the colour of the printed fabric being very similar to that of
the parent amino dye. The most striking example was provided
by 14a (orange to blue).

(12)
(13)

68 |SDC February 1978

Me
(14)
N—NH
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(15)
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0
(16)
a: R=N3
b: R = NH,

Extraction of the printed fabrics with boiling ethanol
showed that a considerable portion of the dye was
permanently attached to the polymer, although slightly more
of the colour appeared to be lost in comparison with the
sulphonylazide dyes. T.l.c. analysis of the extracts revealed the
presence of the parent amino dye. Presumably this is formed
from the nitrene, which abstracts hydrogen from the substrate.
The fixed dye would result from C--H insertion by the nitrene,
and as the dye—fibre bond would be an amino group, the
colour of the extracted fabric should not differ greatly from
that of the extracted amino dye.

It is interesting that, although prints made from the pure
amino dyes (12 and 13b -~ 16b), had the same colour as prints
made from the corresponding azides, the latter prints were
more intense and showed much greater penetration of the dye
into the fabric. This reflects the lower polarity of the azide
dyes, and suggests that in addition to fibre grafting the azide
group can temporarily render a polar amino auxochrome
non-polar, and thus improve the transfer efficiency of a
particular amino dye. The wash-fastness properties of the
prints made with the azide dyes were assessed (ISO 2), but
these were only moderate, both with respect to colour loss and
staining of adjacent fabric. The effect of fibre grafting is thus
less beneficial than in the case of the sulphonylazides.
Presumably non-grafted sulphonamide dyes are less easily
removed from the fabric than non-grafted amino dyes, and do
not detract significantly from the wash-fastness properties.

The higher volatility of the arylazide dyes in comparison
with their amino analogues was confirmed by transfer-rate
studies. Thus, inks were prepared from standard amounts of
the azides (13a) and (14a) and of the amino dyes (13b) and
(14b) and were applied to paper. The dyes were printed onto
nylon 6.6 fabric at 200°C for varying lengths of time, and the
amount of dye transferred from the paper determined
spectrophotometrically after extraction. The % transfer-time
curves are compared in Figure 1. It can be seen that both azide
dyes transfer more rapidly than their amino counterparts, and
the difference is particularly pronounced for the heterocyclic
dyes (14a) and (14b).

In a similar series of experiments, samples of nylon 6.6,
printed for different lengths of time with the azides (13a) and
(14a), were extracted rigorously with boiling ethanol to
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Figure | — Percent rransfer-time curves for dves {13a) {0},
(13b)(A), (14a)(®) and (14b)(®)

remove unfixed dye, and the latter was determined
spectrophotometrically. In general the extracts contained both
the unreacted azide dye and the corresponding amino dye,
and, as these had well-separated absorption maxima, it was
possible to evaluate the amounts of both. From a knowledge
of the total dye transferred to the fabric (obtained from
analysis of the papers), the total amount of dye covalently
bound to the fabric could be obtained. The fixation—time
curves are shown in Figure 2 for dyes 13a and 14a, where the
degree of fixation is expressed as a percentage of total dye
transferred. Direct comparison of these curves is difficult,
since the two dyes have different transfer rates, and, in
contrast to the sulphonylazide dyes, the rate of transfer is of
the same order as the rate of thermolysis. However, it is clear
that both dyes approach a limiting fixation value of 60—-70%,
which is slightly lower than for the sulphonylazides, and
maximum fixation is not achieved at 200°C until after about
20--30 s, (¢f. 5—10 s for the sulphonylazide dye 5).

The dye—fibre reaction was investigated furtiher using the
dye 13a as a model compound. Printing papers prepared from
13a were placed in contact with nylon 6.6 fabric and heated at
200°C for 30 s. The printed fabrics were over-printed with
fresh papers under similar conditions, and this procedure
repeated several times, using fresh papers each time. The
samples were extracted with boiling ethanol to remove unfixed
dye, and visual inspection showed that the amount of dye
fixed increased progressively with the number of printing
cycles used, apparently without limit. Thus it can be
concluded that the grafting reaction does not involve terminal
amino or carboxylic acid-groups, which are limited in number,
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Figure 2 — Degree of fixation as a function of time for
arviazide dyes (13a)(®)and (14a)(0)

but must involve the more abundant carbon—hydrogen bonds
of the polymer.

The nature of the dye--fibre bond was also investigated
using 13a. This dye was printed in the usual way onto nylon 6
film, and unfixed dye was completely removed by solvent
extraction. The film was then dissolved in phenol-methanol
{4:1) and the abscrption spectrum of the solution measured. A
visible band at 416 nm was observed, and on acidification with
hydrochloric acid this was displaced to 521 nm, the process
being reversible. This positive halochromic effect is typical of
aminoazo dyes [8], and is strong evidence for the existence of
an amino bridge between the dye and the polymer (Eqn 9).

ON QR N: N@NH— CH Fibre
MET s
i) fou 9

@-rﬁw-@r@ H—CH Fibre
| l;
M

It is interesting that the grafted dye absorbs at shorter
wavelengths than the amino dye (13b) [A,x (PhOH—MeOH)
440 nm], whereas normally an alkylamino azo dye shows a
red shift relative to the amino dye. Presumably the bulky
polymer chain prevents the amino group lone pair elecirons
from achieving maximum overlap with the rest of the dye
chromogen.

Conclusion
The sulphonylazide and arylazide dyes show considerable
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potential as reactive transfer-printing dyes, particularly for
nylon substrates. The rate of thermolysis of the azide group is
sufficiently high at 200°C to ensure complete breakdown of
the azide group during the time normally used for printing
(2030 seconds). In addition, the thermolysis rate is not so
rapid that it precedes volatilization of the dye from the ink
medium. Thus the azide group achieves the fine balance of
reactivity necessary for efficient dye utilization under normal
printing conditions. The degree of dye fixation is only
moderate however (60—75%}), and pronounced improvements
in fastness to washing are only observed with the sulphonyl-
azide dyes. The arylazide dyes do show high transfer
efficiency, however, and thus provide a useful mcans of
temporarily increasing the volatility of primary amino-
substituted dyes. The major disadvantage with the sulphonyl-
azide dyes is the difficulty encountered in extending the
colour range, principally because of the heavy, polar sulphonyl
group, which detracts markedly from the volatility of the dye.
Thus only yellow to orange dyes are readily accessible.

We thank Kodak UK Ltd, for the award of a Research
Studentship (to R.IM.).
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