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Developments in dyestuff chemistry

Harold S Freeman and Jolanta Sokolowska

INTRODUCTION
The aim of this paper is to provide a summary of recent
developments in the design and synthesis of organic
colorants and to use that information to anticipate future
directions in this field. As expected, a review of the patent
literature published in Chemical Abstracts during the past
three years revealed a significantly higher proportion of
research activity pertaining to the development of
functional dyes as opposed to dyes for textiles. It is clear,
however, that the number of patents describing new
colorants for textiles is still growing. It is also clear that the
road ahead is characterised by opportunities for dyestuff
chemists to seize, if we look in the right places.

RECENT EVENTS
Although the textile industry still remains the largest
consumer of organic dyes, recent industrial research
activity has not led to ground-breaking new products for
use in this area. The majority of the research effort
continues to be concentrated on improving reactive dyes
for cotton. Table 1 summarises the number of industrial
patents awarded during the first 10 months of 1998 in
which new dye structures, rather than dye formulations,
were presented. Also shown is the distribution of patents
originating in Eastern and Western countries. It is
worthwhile to note that these patents include
contributions from China, serving as a friendly reminder
that basic research as well as manufacturing of existing
products is occurring there.

While the development of organic dyes for textiles and
related substrates remains important, an increasing
percentage of the colorants developed over the last
decade has been aimed at the electronic and reprographic

Table 1   Textile dye patents for early 1998

Dye Eastern Western
class countries countries Total

Acid   4   0   4
Direct   0   5   5
Disperse   3   2   5
Reactive 10 12 22
Vat   1   0   1
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industries. Examples are dyes for ink-jet printing,
thermally or pressure transferable dyes and pigments
used in toners for photocopiers and laser printers, and
dyes for liquid crystal displays. In other applications, the
dyes are not used for their ability to deliver colour. Instead,
they are used because of their electrical properties, such as
photoconduction and electrostatic charging of toners. In
some cases they are used because they absorb IR radiation,
which induces heating effects. The latter group of dyes is
employed in optical data recording.

Reactive dyes for textiles
Reactive dyes, known for over 40 years, are the object of
the majority of the research activity pertaining to textile
dyes. Their success can be attributed to the delivery of
bright wash-fast shades to cellulosic fibres and to fibres
such as nylon, wool and silk. Like previously reported
structures, reactive dyes described most recently are azo,
anthraquinone and formazan molecules, some of which
are metallised. Two important thrusts are evident from the
patent literature. The first relates to the synthesis of
reactive dyes giving high fixation levels, a property
normally achieved using two different types of reactive
systems. The combination of monochlorotriazine and
vinyl sulphone reactive groups remains the most often
employed system [1–5]. Examples of recent dyes are
monoazo yellow and red dyes 1–4.
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The second area extensively investigated involves the
development of dye compositions for blue, navy and
black shades. This problem is very important since
comparative dyeing properties are required from each dye
to ensure optimum dyeing performance. A combination
that is recommended for dyeing or printing cotton or
polyamides is derived from monoreactive dyes 5 and 6 [6].
For cases involving bifunctional reactive systems disazo
and trisazo dyes such as 7–9 have been developed [7–11].

N

N

O

SO2CH2CH2OSO3H

SO3H

Cu

L

N

N

CO2H

5

O

N

HO3S

N
N

O

MeO

HO3SCH2CH2O2S

N

N
N

CO2H

HO

SO3H

Cu

L

6

OH NH2

SO3HHO3S

N
N

OMe

HO3SOCH2CH2O2S
N

N SO2CH2CH2OSO3H

7

OH NH

SO3HHO3S

N
N

OMe

Me

N

N

SO3H

SO3H

SO2CH2CH2OSO3H

8

N
N

N
NH

Cl

HO3S

OH

N

HO3S SO3H

N

NH2

N N

HO3SOCH2CH2O2S

9

SO2CH2CH2OSO3H

SO2N N
HO3S

N

H2N
HO

SO3H

N N

To produce bright blue colours on cotton, reactive dyes
containing the triphenodioxazine chromophore are often
chosen. Improvements in the dyeing properties of this dye
type have been achieved by modification of substituents
rather than the parent chromophore. This work has led to
triphenodioxazine reactive dyes such as 10 [12–14]. Recent
work at DyStar led to the development of fast 4,5-
difluoropyrimidine-based red dyes (cf. 11) for cellulosic
and polyamide fibres that are reported to be superior to
reactive dyes containing 2,4-difluoro substitution [15].



10   REV. PROG. COLORATION  VOLUME 29  1999

N

O

O

NH2N

Cl

Cl

NHCO

10

SO2CH CH2

λmax = 532

OH NH

SO3HHO3S

N
N

SO3H
N

N

FF

11

N N
N

S

CN

O2N

Me

CH2CH2O

12

NN

Me

N NMe2

N

H2N
CN

13

NEt2

HO

N
N

S

CN

O2N

14

O

O

NH2

OH

O

OMe
NN

NO2N

Cl

AcHN

CH2CH2CN

CH2CH2OCH2CH2OEt

+

15

O

O
OO

S

Ph

16

O

OR

C

O

N
N HN O

O R

17

NH
C

O

R = H, CONHPh

Disperse dyes for textiles
Disperse dyes have experienced moderate patent activity
over the last three years. The structures of the new
examples reflect a continuation of a 20-year trend in this
area, namely the development of bright azo dyes
containing heterocyclic systems as potential alternatives to
fast anthraquinone dyes. The most often patented dyes
were based on heterocyclic amines such as 2-amino-
thiazole, 2-aminothiophene, and 2-aminopyrazole, and
were used separately or in combination [16–19]. Examples
are dyes 12–14 and the combination of red dyes 15. Other
recently patented disperse dyes are benzodifuranone

derivatives (e.g. 16) [18,19]. In this case the goal is
enhanced wash fastness and build-up properties.

Miscellaneous textile dyes
Mitsui reported a new method for preparing bright vat
yellow dyes of type 17. The synthesis employs the
azobiphenyldicarboxylic acid, which is converted in situ to
the corresponding diacid chloride and condensed with a 1-
aminoanthraquinone derivative [20]. A Chinese patent
described the synthesis of trisazo black dyes for nylon and
wool. An example is the CI Acid Black 1 analogue 18, where
the predominant (90%) component has R = 2,4-(NH2)2 [21].
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Liquid crystal dyes
The colorants that are used in this area must possess
nonionic character, high purity, solubility in and com-
patibility with the liquid crystal medium, a transition
dipole that is parallel with the alignment axis of the
molecule, and a high order parameter (close to unity). The
last of these properties indicates how well a dye molecule
aligns with the liquid crystal molecule. Recently
developed dyes in this area continue to take advantage of
the photostability of anthraquinone dyes and the colour
value of azo dyes. Examples include disazo dyes 19 and
20, both of which contain a biphenylazo moiety and
provide excellent contrast in a liquid crystal display
[22,23]. Most of the anthraquinones are 1,4-diamino-
anthraquinones (21 and 22) [24,25], 1,4-dihydroxyanthra-
quinones (23) [26] or 1,5-diamino-4,8-dihydroxyanthra-
quinone  (24) [27].

An interesting combination of the two chromophores
also provides colorants with a high order parameter. An
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example is dye 25 [28]. Other recently patented liquid
crystal dyes are coumarins 26 and perylenes 27 [29]. In the
latter structure, R is an alkyl group containing at least one
fluorine atom. The presence of fluorine or trifluoromethyl
groups enhances light fastness and improves solubility in
a fluorinated liquid crystal matrix. In addition, some of the
perylenes are of interest because of their fluorescent
behaviour.

Ink-jet dyes
Dyes are predominantly used for ink-jet printing, since
pigments have tended to block printer nozzles. While the
predominant colour under investigation is black, new
yellow, magenta and cyan dyes have also been developed.
Emphasis has been placed on improving brightness, and
photo-, thermal- and wet-stability. Moreover, con-
sideration has been given to designing dyes that are
nonmutagenic in the Ames test. The majority of the
recently patented black dyes contain one or more
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carboxylic acid groups [30–32] and fewer sulphonic acid
groups, to enhance wet fastness, examples of which are
28–30. Reportedly, all have good resistance to water and
light.

New water-soluble yellow dyes for ink-jet printing are
similar to the commonly used dye CI Direct Yellow 86 (31).
Recently patented dyes are 32-33 [33,34]. Most of the new

water-soluble magenta dyes are based on H-acid.
Examples include dyes developed by Zeneca that contain
a fluorocyanophenyl group (34) [35] and an indanyl
moiety (35) [36]. To improve the light fastness of magenta
dyes, γ-acid can be used as the coupling component [37].
An example is dye 36. Recently a water-soluble perylene
derivative (37) was also developed [38].
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Water-soluble cyan dyes continue to be based on the
copper phthalocyanine system. In this regard, an ink-jet
ink set recently patented by Canon contains dye 38 [39].

Thermal and pressure sensitive dyes
In direct thermal printing, the colour former and (acidic)
developer present in a thermally sensitive layer of paper
are brought into contact to produce colour. The most
important colour in thermal printing is black and the
majority of the colour formers are fluorans. Among the
relatively recently patented dyes is 39 [40,41]. Variations
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include colour formers 40 and 41, and sometimes they are
used in combination with compounds such as
azaphthalide (42) and phthalide (43) derivatives to
provide a recording material having good heat, light and
moisture resistance [42]. Another thermal printing
material with high heat and light stability contains
compound 44, which has a phenothiazine residue [43].

In pressure-sensitive printing technology the colour
former is dissolved in a solvent and placed in
microcapsules. The use of pressure (pen, typewriter key)
ruptures microcapsules containing a colour former that
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generates colour upon contacting a developer. Blacks are
usually obtained either from fluorans like 39 or from
colour former mixtures [44–46]. Compounds such as 45–47
are used in two- and three-component mixtures.

Organic photoconductors and toners
Photoconductors and toners are two key chemical
components that are used in photocopiers and laser
printers to produce images. Organic photoconductors are
composed of a charge-generating layer and a charge-
transporting layer. The charge-generating layer consists of
pigments and the charge transporting layer incorporates
electron-rich organic compounds that are usually
colourless. A variety of organic pigments are used for
charge generation, including azo pigments,
tetracarboxydiimides, polycyclic quinones, phthalo-
cyanines and squarylium compounds. Among the more
recent colorants are naphthol-based disazo pigments of

type 48 and related structures [47–49]. Among the closely
related compounds are nitrogen oxide resistant disazo
pigments containing a triazole moiety (cf. 49) [50–53] and
monoazo compounds containing vinyl residues (cf. 50)
[54–56].

Perylenes have been used as substrates for the charge-
generating layer [57–60]. Examples are dyes 51 and 52.
More recently titanium phthalocyanines have been
developed as analogues of widely used copper
phthalocyanines [61].

Colorants used in toners provide colour and control the
electrostatic charge on toner particles. Historically, the
yellow pigments used in coloured toners have been
diarylides or their monoarylide counterparts. The
magenta pigments are normally quinacridones and the
cyan pigments are copper phthalocyanines. Few patents
pertaining to the development of new toners have
appeared during the last three years. An example of a new
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yellow colorant that can be used is pigment 53, which is
based on 5-aminobenzimidazolone [62]. New magenta
toners involve azothiazoles (54), azobenzothiazoles (55)
and anthraquinones (56) [63–65].

Other colorants reported to be useful in toner/image
applications are azo compounds 57 and 58. Zeneca
developed the fluorosulphonylphenylazoanilines for ink
and toner compositions comprising solids having low
melting points [66], and Polaroid patented the
benzoisothiazole-naphtholazo dyes for imaging appli-
cations [67].

The type (negative or positive) of the toner depends on
the photoconductor used and whether it is employed in a
copying or laser printing process. The negative charge
control agents are basically 1:2 chromium or cobalt
complexes of azo dyes and they are used for black copies.
For colour copies, where coloured toners may destroy the
brightness of pigments, non-coloured charge control
agents are used. Nigrosine dyes are the most important

type of positive charge agent for black copies, while
pyridinium or picolinium salts are used for colour copies.
There is a very limited number of new patents in this area.
Recent patents describe 1:2 complexes of azo dyes [68,69],
such as 59 and 60 [70,71].

Infra-red absorbing dyes
Although the family of infra-red absorbing dyes is well
established, there is still growing patent activity providing
new structures. The largest group of new infra-red dyes
involves indoleninecyanines [72–75], which are re-
presented by 61 and azulenium compound 62 [76]. Both
types of compounds are used in optical recording
materials. As further examples, manganese, iron, cobalt,
cadmium, aluminium, copper and palladium phthalo-
cyanines were reported [77,78]. The silicon analogue was
also cited [79–82], along with quinones (63) [83],
quinonoids (64) [84], and imminium and diiminium
compounds (65 and 66) [85,86].
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FUTURE DIRECTIONS

Textile dyes
In a paper considering dyes for the next millennium,
Yadav points out that ‘environmental requirements and
related legislation’ will be the impetus for innovation in
the design, manufacture, and application of new dye
molecules [87]. We believe that this observation is
especially true for the development of dyes for textiles. In
this regard, there will be a continuing search for:
(a) Substitutes for currently used heavy metals in the

preparation of light-fast dyes for nylon, wool, and
cotton

(b) Improvements in the percentage fixation of reactive
dyes on textile fibres

(c) Low salt reactive dyes for cotton.

In addition to activity in the more traditional applications,
we believe that there are opportunities for advancements
in several other areas. Some of our ideas are summarised

below. This summary includes research opportunities
arising from developments in relatively new dye
application methods.
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Metallised dyes
We believe that the prolonged scrutiny of metallised dyes
by regulatory agencies such as the US Environmental
Protection Agency (EPA) will lead eventually to the
demise of metallised dyes that are based on priority
pollutants (e.g. copper, chromium and cobalt). In view of
this belief, we anticipate increased efforts to identify
environmentally friendly alternatives. Results of studies of
this type have emerged from at least three laboratories
[88–95]. These include the development of iron analogues
of commercial dyes containing azo [88,89] and formazan
[90,91] systems, and the use of iron salts as alternatives to
chromium salts in the post-metallisation of mordant dyes
[92,93]. These studies showed that red, blue, and light-fast
black iron-complexed dyes can be produced.

Recently 1:2 iron-complexed azo solvent dyes were
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patented by Clariant [94]. A representative structure is dye
67. Clariant has also reported aluminium-complexed
yellow azo solvent dyes (68) [95].

It remains to be demonstrated that bright iron and
aluminium complexes can be produced having light
fastness comparable to those of currently available
chromium- and cobalt-complexed dyes, and providing a
wide gamut of colours. We believe that this goal can be
achieved with iron complexes, provided the dyes are low-
spin complexes [96]. This area of research provides fertile
ground for the development of viable environmentally
friendly metallised dyes.

Reactive dyes
No doubt future developments in this area will lead to
incremental improvements in dye–fibre fixation that are
designed to reduce colour and electrolytes in dyehouse
effluents, to reduce wash-off times for high affinity dyes,
and to enhance light fastness in the absence of copper.
With regard to dye fixation, we believe that the
development of reagents to fix unfixed hydrolysed dye is
an opportunity in this area. Recent developments in an
academic laboratory suggest that judicious dye selection/
development could provide a system giving fixable
hydrolysed dyes [97]. Lewis and co-workers have
proposed the use of compound 69 (T-DAS). This
compound was used as a ‘bridging’ agent to link the
hydrolysed form of CI Reactive Black 5 (cf. 70) to cotton. A
limitation of T-DAS is its low affinity for cotton, requiring
high electrolyte (sodium sulphate) levels to give fixation
on the order of 80%. In addition, a sodium sulphate level
of 50 g/l was needed to fix a maximum of 85% of 70. While
there is room for improvement, these results provide a
potentially viable alternative to the destruction of
heretofore ‘waste’ colour following the application of
reactive dyes to cotton, meriting further exploration.

Dyes with dual properties
A recent paper has described the design of colorants
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possessing finishing properties. The researchers reported
results from the synthesis and evaluation of dyes of type
71, which were designed as water-repellent acid dyes for
nylon 6 fibres [98]. While the perflurorobutamido group
and higher alkyl groups reportedly lowered fibre affinity,
increasing the length of the alkyl group had the expected
beneficial effect on water repellency. It would be
interesting to determine whether oil-repellent dyes for
polyester fibres and dyes giving water repellency and
softening effects on cotton can be developed using this
approach. In addition, would it be possible to develop
bireactive dyes imparting wrinkle resistance to cotton, as
an alternative to using formaldehyde-based durable-press
agents?

Universal dyes
We are also intrigued by the idea of developing universal
dyes, as an approach to streamlining dye manufacturing
and contributing to quick response in textile operations.
Lewis and co-workers have suggested disperse dyes as
colorants for this purpose, with fibre modification as a key
requirement for success [99]. An alternative approach to
universal dyes would involve designing dyes that could
be transformed in the dyebath or on the fibre to give
properties with suitable affinity for different fibres. For
instance, dyes possessing structural features exhibited in
72 could be:
(a) Protonated at the alkyl/aryl amino group to give

affinity for anionic fibres
(b) Treated with a reagent to give a form of the reactive

group having affinity for hydrophobic fibres
(c) Used in the reactive form to dye polyamide, protein,

and cellulosic fibres.

One major challenge is to keep the molecular size suitable
for penetration of fibres such as polyester, while also
giving satisfactory affinity for cotton. Advantages to using
reactive dyes of smaller molecular size are shorter wash-
off times for any unfixed dye and brighter shades.
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NEW TECHNOLOGIES

Enzyme applications
Novo Nordisk has developed a process for producing
large quantities of laccase enzyme and for using it as an
alternative to peroxide in dyeing hair [100]. This new
oxidation process is suitable for substituted phenols and
apparently is much less damaging to hair than other
commericial hair colorants. It is only logical that
structurally related textile fibres have become a target for
this interesting chemistry. Also, one wonders whether
laccase can be used to effect molecular transformations of
interest to dye chemists, in the development of new dyes.
Interestingly, enzymes derived from Pseudomonas and
Moraxella bacteria have proved useful in desulphonation
reactions [101]. For example, α- or β-naphthalene
sulphonic acids and naphthalene disulphonic acids have
been readily converted to 1,2-naphthalene diols. In this
work naphthalene-2,6-disulphonic acid was converted to
1,2-dihydroxynaphthalene-6-sulphonic acid. Though not
covered in the study, this chemistry should be suitable for
the synthesis of compounds such as alizarin (1,2-
dihydroxyanthraquinone) from the corresponding
anthraquinone sulphonic acids. Could this process also
provide a mild, catalytic method for converting
hydrophilic textile dyes to less hydrophilic or hydrophobic
counterparts? Also of interest in this area would be the
identification of enzyme systems capable of aminating
aromatic rings in a single step.

Supercritical fluids
The use of supercritical carbon dioxide as a fluid medium
for dyeing textile fibres, especially polyester, has been
examined. This technology has become so promising that
it has provided new opportunities to develop dyes
possessing satisfactory solubility in supercritical carbon
dioxide. Studies conducted thus far indicate that dyes
such as 73 and 74 do not give acceptable dyeings on
polyester, while dyes 75 and 76 can give good results [102].
The suitability of a given dye is influenced by the order
with which the cooling and depressurisation steps are
conducted. Also, dyes having a mole fraction over 10–6 in
carbon dioxide at 30 MPa (300 atm) seem to work best.

In other studies supercritical carbon dioxide has been
used as a medium for dyeing textiles with dyes containing
sulphonylazide reactive groups [103]. It was reported that
polyester, cotton and polypropylene were dyed using azo,
anthraquinone, and coumarin derivatives, with better
fixation and lower explosive hazard than when water was
employed as the medium. Supercritical carbon dioxide has
also been used as a medium for applying disperse dyes to
cotton modified by benzoylation [104]. Dyes used in this
study were CI Disperse Yellow 82 and 1-(4-amino-
phenylazo)-2-naphthol.

In studies on the dismantlement of obsolete munitions
containing hydrophilic spotting dyes (CI Acid Yellow 23,
Red 1, Orange 10 and Blue 1), supercritical water was used
as a medium for decolourising organic dyes by oxidation
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[105]. The authors report greater than 99.5% colour
removal. Work in this area has led to the use of semi-
empirical molecular modelling methods as an approach to
predicting the solubility of disperse dyes in supercritical
carbon dioxide. Generally anthraquinone dyes were
found to have the best solubility [106]. Additional studies
of this type are needed to optimise dye selection for
supercritical fluid technology.

Electrochemistry
The utility of electrochemical methods for decolourising
dye waste water is well known. However, only recently
has the reduction/oxidation properties of electrochemical
processes been developed for the application of dyes to
textiles. For example, sulphur dyes have been applied to
cotton using this chemistry [107,108]. This is a logical
application of electrochemical methods, and further
studies of this type are expected, to perfect the technology.
Future investigations may include dye design studies that
take advantage of the electrochemical conversion of
aromatic amines to various chromogens.

Ultrasound
Ultrasound has been used as an energy source, to reduce
the level of energy required in the application of dyes to
textiles. Studies in this area have included the coloration of
cotton with direct dyes [109], and the determination of
dye uptake and diffusion on wool [110]. We anticipate that
future work in this area will provide opportunities to tailor
dyes for this technology.

Dyes for non-textile applications
It is clear that the development of dyes for ink-jet and
other printing technologies will continue. In view of past
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problems associated with attempts to use organic
pigments in ink-jet printing, we note with interest
developments relating to latent pigments [111]. This
approach to temporarily ‘solubilising’ organic pigments
may provide an opportunity to solve the problem of
pigment particle size and enhance the wet fastness of ink-
jet patterns.

Two other areas are likely to experience continued
research activity: hair dyes and biomedical dyes, the latter
of which is still a relatively new area for dye chemists.

Hair dyes
When we initially set out to write this section, it was
apparent that future developments in this area would
emphasise the need to design non-toxic alternatives to
colour-generating oxidisable bases. Therefore we
anticipated a continuation of recent work in this area [112–
116]. In those studies either ‘direct’ hair dyes such as
cationic azo [112] and anthraquinone [113] dyes (77 and
78) and aldehyde-based dyes (79) [114], or new oxidisable
hair dye intermediates such as N,N-diarylpiperazines (80)
[115], N,N-diarylhydrazines (81) [116] and dihydroxy-
indole (82) [117] were reported. Interestingly, results of
extensive safety assessments involving m-phenylene-
diamine (MPD) and 2-amino-6-chloro-4-nitrophenol
suggest that the former compound is safe to use in hair
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dye formulations at concentrations up to 10% [118], while
the latter compound can be safely used at concentrations
up to 2% [119]. These recommendations are based on an
examination of the parent compounds and hair dye
formulations in short-term (in vitro) and long-term (in
vivo) tests, including oral and dermal exposures and
mutagenicity testing. In the case of MPD, neither birth
defects nor foetal deaths were observed. These results
help pave the way for further development of hair dyes
and perhaps the cautious development of dyes for textiles
based on MPD.

Biomedical dyes
Historically, dye development for biomedical applications
has been largely the domain of medicinal chemists and
biologists. We believe that this need no longer hold true,
particularly for academic scientists who are intrigued by
the idea of designing molecules having biological
properties. This fertile area covers a broad range of
problems. Of particular interest at this time are fluorescent
dyes for labelling biomolecules [120–122] and efficient
photosensitisers for use in photodynamic therapy (PDT)
[123]. Dyes useful for the former purpose include near-
infra-red absorbing cyanine dyes such as 83 [120], solvent
sensitive dyes (84) for labelling bovine serum albumin
[121], and rhodamines (85) suitable for sequencing
nucleotides [122]. In a particularly interesting study, dyes
86 were found to induce ultrasonic action that lowers the
acoustic energy required to treat tumours and organ
stones [124]. This facilitates the safe treatment of both
types of medical problems when irradiating the associated
tissue with ultrasonic waves.

Clearly, the use of dyes for biomedical applications is
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still in its infancy and the field is ripe with opportunities.
With regard to PDT, researchers are trying to develop
sensitisers with higher cancer cell selectivity, combined
with rapid clearance from healthy skin tissue.

Other functional dyes
Although the potential toxicity of dyes containing heavy
metals is a matter of concern to the textile industry, there
seems to be continued interest in the development of such
dyes for non-textile use. Examples include a 1:2 chromium
complex (87) for electrophotographic toners [125], and a
1:2 nickel complex formazan dye (88) for optical recording
media [126]. We doubt whether this work will prove to be
feasible in the long term.

Also of interest are studies involving the development
of replacements for organic pigments derived from
genotoxic diamines. In this regard, Dainippon Ink recently
patented disazo pigments such as 89 and 90 for use in ink
formulations [127,128]. This invention takes advantage of
the absence of genotoxicity in type 91 benzidines [129]. It
will be interesting to see whether these ‘safe’ benzidines
are able to enjoy commercial success, in view of the
strongly negative light that has been cast on the parent
diamine, certain congeners and dyes derived therefrom.

OCONH

N
N

O

O CONH

N
N

O
Cr

O2N

O2N

NO2

NO2

87

H

–

NN
N

N N

N N
N

NN

Ni

88

R

R1

R2

R3

N

N
N

N N
N

N

OPr

PrO
O

O

OO

O

H

H

H

H

89

O

Me3CNH

Me
N

O

O

N

BuO
H

90

N

OBu
H O

N
Me

O
NHCMe3

H2N NH2

OR

RO

91

R ≥ C3

Modelling studies
Recent improvements in the computational power of
desktop computers have made possible the use of
sophisticated molecular modelling programs without the
need for expensive high-performance computers. This
allows the general chemist to take advantage of
computational tools previously accessible chiefly to
researchers involved with new drug discovery. These
developments are particularly important because they
provide:
(a) A good way for industrial and academic organisations

to retain expertise that would otherwise depart with
human experts upon retirement, relocation or
corporate reorganisation

(b) A way to reduce the number of experimental
compounds that are synthesised before a com-
mercially viable product is obtained.

This section provides a brief description of studies that
reflect some of the types of problems undertaken using
molecular modelling tools.

Commercial molecular modelling packages are
available that permit accurate calculation of excited-state
properties, including absorption maxima, molecular
conformations, the course of a chemical reaction and dye–
polymer interactions. These systems encompass a variety
of models that are based on molecular orbital theory.
Examples include the PiSystem program for calculating
excited state properties of π-systems. This program was
reviewed by Hutchings [130], who found this package to
be ‘user-friendly and foolproof ’. It was recommended
even for chemists who lack experience with computers. In
related studies, the applications and limitations of four
commercial molecular modelling packages to problems of
interest to dye chemists were assessed [131]. Results
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showed that PPP-based calculations were reliable for
predicting absorption maxima, but less useful for
calculations involving the structures of metallised dyes
and heats of formation.

Calculations involving multiple linear regression
(MLR), minimum steric difference, QSAR and neural
networks were used to characterise dye–fibre interactions
in a series of interesting papers [132–134]. Dyes such as 92
and 93 were used to model the adsorption of anionic dyes
on cellulosic fibres. In the former case, it was concluded
that steric effects are more important than electronic
interactions in dye–fibre binding. In the latter case (dyes
93), the authors used a three-layer neural network with
back propagation of errors in tandem with MLR and
found the neural network model to work better for data
interpretation, because of its ability to consider inter-
actions among molecular descriptors. The calculations
took into account dye affinity, length of the conjugated
system, van der Waals volumes, molecular orbital energy,
steric effects and hydrophobic effects. A neural network
approach was selected because of its ability to provide
non-linear and cross-product terms for QSAR modelling.
In the third paper, the affinity of disperse dyes for
cellulose was studied using molecular modelling and
QSAR methods [134]. Molecular features that could
improve the binding of azo disperse dyes to cellulose were
proposed. Studies such as this would certainly be of value
in the design of universal dyes for textile fibres.

Molecular orbital calculations were also used to account
for the cis and trans isomers of the ring-opened products
of spiropyran 94 [135]. This study involved PM3 geometry
optimisation of the transition state of the acid-induced
ring-opening reaction.
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Industry–academia partnership
We believe that the future also holds opportunities for
strengthening ties between the industrial and academic
communities. It is clear that the size of corporate research
groups has shrunk significantly in recent years, and that
emphasis has been placed on product improvement
rather than new product development. The high cost of
demonstrating safety in new products before they can be

marketed and the global competition for existing markets
have required companies to be very clear about their
current priorities. However, it is difficult to imagine that
the dyestuff industry can regain strength by operating in a
‘short-term’ mode.

It seems only logical, therefore, for academic
institutions to become stronger research arms for our
industry. Universities have the labour pool, infrastructure
and expertise needed to provide futuristic research
programmes in partnership with companies. It is unlikely
that either community will remain strong in the 21st
century without devoting attention to this critical
relationship.
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