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3is-amine am colours have been p~~yrnep~ed to high molecular weight 
pigments by conden~~t~o~ with cyanuric chloride, or by conversion ta 
acryloylamido derivatives followed by free-radical induced poly- 
merisation. The products are of high colour value and have low solubility 
in solvents used in surface coatings. 

The fastness properties of a pigment are generally dependent on its 
chemical constitution, and the size of the molecule is of great importance. 
Amongst other considerations, a sufficiently high molecular weight is 
necessary to ensure resistance to sublimation and an acceptable degree of 
insolubility in dispersion media. Simple azo pigments are generally more 
susceptible to degrading influences such as sunlight and chemical attack, 
and to bleeding in commercial vehicles, than azo condensation’ and 
benzidine pigments. 

An attempt to improve the properties of simple azo pigments by 
Nejatpour 2 produced pigments of the general formula I for conversion 
into macromolecular structures. The functionality of products was a 
reference to the number of amino groups, which were used to react in 
various ways to increase the molecular weight of the pigment finally 
produced, e.g. by polymerisation. The mono-functionality of these 
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,RI OH, 

R2@N=N@ I: R,=NH,, R,=H or CH, 

compounds imposed limitations on the maximum molecular weight 
obt~nable. Thus condensation with compounds which readily take part 
in substitution reactions are limited by the functionality of the molecular 
taking part in the reactions and consequently the highest molecule 
weight product obtainable with cyanuric chloride was limited to tri- 
substitution products. 

Introduction of reactive polymerisable acryloylamido groups into the 
amino azo compounds produced monomers which would readily take 
part in polymerisation. However, if the reacting acryloylamido group was 
in the ortho position to the azo linkage, strong steric effects opposed the 
production of high molecular weight products. Copolymerisation with 
low molecular weight colourless compounds gave products of higher 
molecular weights but of low colour value, e.g. Nejatpour obtained 
products of the order, ratio of coloured pigment:colourless monomer 
(acrylonitrile), 1: 43. 

The compounds described in the present work are his-functional, with 
at least one amino or reactive group positioned on a pendant part of the 
molecular structure. This is not subject to such stringent spatial 
restrictions as those encountered with monofunctional compounds where 
the amino (or reactive) group is part of the chromophore. At least one 
amino or reactive group is not rigidly fixed to the planar trans-azo section 
of the pigment as in Nejatpour’s work. The compounds of this present 
study can be represented by the general formula II. 

Naphthol Reds, which form the basis of this work, possess good 
durability, good chemical resistance (including soap resistance) and 
better light fastness compared with simple azo pigments. This is 

HO COHN-R, 

R,--N==N 0 

g 
0 

Ii 
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attributed to the presence of the amide group, which gives the molecule 
more flexibility and increased intercrystalline bonding. 

The bis-functional compounds described are capable of readily 
reacting with cyanuric chloride to give, in addition to the tri-substitution 
products obtainable with monofu~ctional compounds, products which 
may be linear polymers of high molecular weight. The tri-functionality of 
cyanuric chloride should make possible crosslinking to give thermo- 
setting polymers, which are highly insoluble in organic media. 
Furthermore, because the colourless cyanuric chloride structure forms a 
relatively small proportion in the structure of such a highly crosslinked 
compound, a polymer is produced with high colour value. 

Bis-functional amino-azo compounds with addition-reactive poly- 
merisable groups such as acrytoylamido are capable of polymerising to 
very high molecular weights, with possible crosslinking taking place, This 
produces pigments which will not dissolve in most of the common 
solvents encountered in surface coatings. The solvent resistance of such 
pigments is very high, and there is an increase in all-round fastness 
properties. The colour value is at least as high as that of any conventional 
pigment.3 

2. EXPERIMENTAL 

2.1. Coupling com~nents 

Nitroarylamides of 2-hydroxy-3-naphthoic acid (BONA) were prepared 
as couplers by modifying the method first reported by Chemische Fabrik 
Griesheim-Elektron4 to give good yields and products which were easy to 
purify. A mixture of equimolar proportions of 2-hydroxy-3-naphthoic 
acid and a primary aromatic nitroamine (or amide such as p- 

aminobenzamide) were condensed in the presence of 2 moles of a 
condensing agent. The reaction took place in a boiling solvent such as 
chlorobenzene, ~-dichlorobenzene, toluene or xylene. The principal 
condensing agent was phosphorus trichloride; thionyl chloride and 
phosphorus pentachloride were also employed (see Table 1). 

2.2. Nitro-azo pigments 

The nitro-azo pigments were obtained by standard diazotisation and 
coupling methods. The diazo compounds were nitroarylamines with not 
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more than one methyl or methoxy group as an additional substituent on 
the phenyl structure. 

Because of the very low solubility of the products, the process of 
producing bis-nitro pigments is not always straightforward. A finely 
divided stable suspension of the coupler was used, prepared by acidif~ng 
an alkaline solution in the presence of a reaction product of 20 moles of 
ethylene oxide and 1 mole of octadecyl alcohol.5 

This was coupled with the diazo-nitro products selected and the end- 
point of coupling was assessed by spotting the reaction charge onto a filter 
paper and testing with a solution of R-acid (7-amino-1-naphthol-3,6- 
disulphonic acid). The nitro-azo pigments were recrystallised to constant 
melting point from o-dichlorobenzene, monochlorobenzene or glacial 
acetic acid. 

2.3. Reduction of nitro groups 

In the ‘partial’ reduction of nitro groups in the presence of azo groups, 
sulphides are often used as reducing agents. They must be used with care, 
particularly in the control of temperature and concentration, to avoid 
simultaneous reduction of the azo link and hydrolysis of the amide 
linkages in the compounds. Preliminary work using sodium hydrogen 
sulphide, sodium polysulphide and sodium sulphide showed that the last 
of these was the most effective reducing agent. 2-Ethoxyethanol was used 
to aid reduction of the bis-nitro-azo compounds. The reaction was 
accomplished in aqueous alcoholic solution by slow addition of 
approximately 3 moles of sodium sulphide per mole of pigment at 
75-95 “C. Heating was continued for 2 h. 

Completion of reduction was confirmed by thin layer chromatography. 
The products were filtered and recrystallised from ethanol to constant 
me1 ting point. 

2.4. Condensation of amino-azo compounds with cyanuric chloride 

A mixture of freshly distilled and desiccated 2-ethoxyethanol (75 ml), 
85 mg of cyanuric chloride and 2.5 ml of redistilled N,N-dimethyl- 
formamide was thermostatted at 25 “C. A finely divided suspension of 2 g 
of the amino-azo compound in 125 ml of distilled 2-ethoxyethanol was 
added dropwise over 30 min with stirring. The temperature was gradually 
raised to 65-70°C during addition of the amino-azo compound, then it 
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was raised to 125-l 30 “C and the reaction Iiquor allowed to reflux for 16 h. 
The absence of unchanged amino-azo compound was determined using 
thin layer chromatography. The residue was filtered, washed with 2- 
ethoxyethanof and dried at 60°C. 

The condensation of bis-amino-azo compounds with cyanuric chloride 
takes place in a stepwise fashion : 

H2N-P-N,H + Cl 

H,N-P-NH-@ N + H,N-P-NH, - 

N--_( 
Cl 

)-EN--P-NH, 

N--_( 
H,N-P-NH-( (-j N + HCI 

N-_( 

(3) 

HN-P-NH, 

Further reaction of the tri-substitution product ofeqn (3) with cyanuric 
chloride produces linear and (possibly) crosslinked polymers (eqns (4) 
and (5)). 
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H,N-P-NH 

HN-P-NH, 
t 

1 ‘(CNCO, 

HN-P-NH 

(4) 

H,N--P-NH, + (5) 

2.5. Preparation of acryloylamido monomers 

The condensation of acryloyl chloride with the amino groups of the 
amino-azo compounds produced addition-polymerisable monomers. 
Acryloyl chloride was itself prepared by the reaction between benzoyl 
chloride (b.p. 197 “C) and acrylic acid (b.p. 142 “C) in molar ratio 3: 2. The 
large difference in the boiling points of the reactants and acryloyl chloride 
(b.p. 72-76°C) enhanced the ease of recovery of the product (78 % yield). 
Hydroquinone was added as a polymerisation inhibitor. 

An excess of acryloyl chloride was diluted with redistilled acetone and 
reacted with the amino-azo compounds. Acryloyl chloride reacts more 
readily with amino groups than with hydroxyl groups also present in these 
compounds. The yield of the required acryloylamido products was 
generally high. 

2.6. Polymerisation of acryloylamido monomers 

Bulk addition polymerisation was used because of its simplicity and the 
ease with which the final products could be purified. Two initiators were 
used, namely benzoyl peroxide (BPO) and azobisisobutyronitrile 
(AIBN), in order to study the effect of different initiators. 
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2.6.1. Benzoyl peroxide (BPO) initiation 
In connection with bulk polymerisation, two types of reactions are 
distinguished with BPO: those mainly connected with the monomer, and 
others connected with the initiator. Under conventional conditions, as in 
the case of this work, propagation is the main reaction. Furthermore, the 
resulting benzoyl radical undergoes partial secondary decomposition to 
phenyl radicals which are themselves capable not only of starting kinetic 
chains but also of terminating the growing chains. Different steps of 
radical formation have to be considered: 

Decomposition: 

7 7 :: 
Ph-C-0-OX-Ph + 2Ph-4-0’ 

Primary decomposition QR;) 

r: 
Ph--C-0’ - Ph’ +CO, 

CR;) CR;) 

Initiation: 

R;+M - R,-M 

R;+M - R,-M 

Termination: 
Chain termination occurs by one of these conditions: 

(6) 

(7) 

@a) 

(gb) 

P,+P,+P,+P,or P,,, 
Polymer radical termination 

(9) 

R; + P’ ----+ R,-P (10) 
Primary radical termination 

The polymers had very high molecular weights 
therefore the ratio of polymerisation to termination 

(see Table 3) and 
was high. 

Polymerisation was achieved under anaerobic conditions by bubbling 
nitrogen through the reaction vessel which was immersed in an oil bath. A 
mixture of 2 g of the monomer, 20 ml of a 0.2 % stock solution of benzoyl 
peroxide in chloroform and 100 ml of dioxane was added to the vessel and 
the contents stirred at 90 “C for 12 h. The polymer was collected from an 
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excess of petroleum ether, filtered off, washed with 
40°C. 

ethanol and dried at 

2.6.2. Azobisisob~tyronitrile (AIBN) initiation 
The initiation of polymerisation is a two-step sequence. The first step is 
dissociation of the initiator, 

YH3 CH, YH3 

H&T-N=NT--CH, b 2H,C--C’ + N, (11) 
I 

CN CN 
(21; 

The second step is the addition of the initiator fragment radical (I‘) to 
the monomer molecule (CH~~HCOHNR) to give a radical: 

1. + CH,=CHCOHNR --f I--CH,--‘CHCOHNR (12) 

This new radical then adds further monomer molecules in rapid 
succession to form a polymer chain. In this propagation the active centre 
remains, being continuously relocated at the end of the chain: 

I--CH,---‘CHCOHNR CH,=CHCOHNRc 

I~H~-.CHCOHNR~H~~HCOHNR (13) 

Propagation continues until the growing chain radical becomes 
deactivated. Since the monomer contains two acryloylamido groups, 
reaction of both will necessarily lead to crosslinking. Such crosslinking 
renders the polymer thermosetting and gives greatly enhanced resistance 
to dissolution, etc. 

Pure AIBN (75mg), obtained by recrystallising twice from petroleum 
ether, was dissolved in 5 ml of ~,~-dimethylformamid~ and added to 
100 ml of freshly redistilled chlorobenzene contained in a reaction vessel 
which was fitted with a nitrogen inlet, a dropping funnel and a reflux 
condenser and was thermostatted in a water bath at 6570°C. A solution 
of 2 g of the monomer dissolved in 100 ml of chlorobenzene was added 
over 30min to the reaction vessel. The temperature was then raised to 
90-95 “C and the reaction proceeded at this temperature to an end-point, 
checked by thin layer chromatography (see Table 3). The reaction 
product was filtered cold and washed with ethanol. 
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2.7. Assessment of molecular weights by Rast’s camphor method 

If a compound has a definite melting point, this indicates lack of 
crosslinking and relatively low molecular weight. Such products were 
examined by Rast’s camphor method to determine molecular weight. 

The high freezing point depression of camphor6 permits the use of 
ordinary melting point apparatus to determine the molecular weight of an 
additive. A mixture of the sample under investigation and re-sublimed 
camphor was placed into a small loosely stoppered tube and the mixture 
melted by carefully heating for 30s; the mixture was stirred with a 
platinum wire and care was taken to avoid sublimation of the camphor. 

The melting point of the mixture was determined using a Mettler FPI 
melting and boiling point instrument. The difference between the melting 
point of camphor and that of the mixture gave the depression of the 
melting point of the camphor caused by the addition of the compound. 
The experiment was repeated until reproducible results were obtained. 

The molecular weight M was calculated from eqn (14) 

M= 1000kW 
AZ-W (14) 

where k is the molecular weight depression constant of camphor (49.7), w 
is the weight of the compound added, W is the weight of the camphor 
(generally 5-10 times the value of w) and AT is the depression of the 
melting point of camphor. 

2.8. Molecular weights of acryloyIamido-azo polymers from viscometry 

The viscosity of even dilute polymer solutions are appreciably greater 
than those of the pure solvent and this difference is related to a number of 
factors, principally the size, shape and number of polymer chains in 
solution. 

The relationship advanced by Staudinger’ between viscosities of dilute 
solutions of linear polymers and their molecular weights (eqn (I 5)) was 
used with modifications (16) to account for crosslinking in the polymers 
examined in this work: 

r/,/c = IL@ (15) 
?Q = K&i” (16) 

where the specific viscosity qsp equals qR - 1 (t;lR is the relative viscosity), c 
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is the concentration in moles of recurring unit per litre, $8 is the average 
molecular weight, and a is a constant. K and a values were 
2.43 x 10V2 in01 litre-’ and 0.75 respectively, as determined by Cleland 
and Stockmeyer a for calculating the molecular weights of poly- 
acrylonitrile in dimethylformamide at 25 “C. 

An Ubbelohde viscometer’ was used to measure the viscosities and 
intrinsic viscosities of the polymers. 

3. RESULTS AND DISCUSSION 

Macromolecular azo pigments have been produced by the condensation 
of bis-functional amino-azo compounds with cyanuric chloride, and also 
by free-radical addition polymerisation of bis-functional acryloylamido- 
azo monomers. 

The products resulting from the condensation of amino-azo com- 
pounds with cyanuric chloride are given in Table 2. They were examined 
by elemental analysis (C, H, N, Cl), infrared spectroscopy and molecular 
weight assessment using the freezing point depression of camphor and 
viscosity techniques. The reactions gave products with molecular weights 
higher than those for the tri-substitution products, thus confirming that 
polymeric compounds were produced. Being polymeric, some degree of 
crosslinking is present. Examination of the spectra in the region of free 
amino (NH,) groups confirmed that total reaction of the amino 
compounds had occurred. Chlorine analysis showed the extent to which 
cyanuric chloride had reacted. 

The products of the addition polymerisation of acryloylamido 
compounds are listed in Table 3. The results showed that the bis- 
functionality of the monomers enhanced the production of very high 
molecular weights. This confirms that polymerisation readily took place, 
leading to highly crosslinked polymers. The molecular weights were much 
higher than for products of cyanuric chloride condensation with amino- 
azo compounds. 

Preliminary experiments showed that BPO-initiated polymerisations 
proceeded best in dioxane, although halogenated solvents gave moderate 
yields. The main problem with BPO-initiated polymerisation reactions 
was the separation of unreacted and low molecular weight components 
from the final products. The polymers produced had molecular weights in 
the region 18 00&42 000. 
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AIBN-initiated polymerisation reactions gave better yields than BPO- 
initiated polymerisations for similar reaction times. Halogenated solvents 
gave the best results, although 2-ethoxyethanol was also employed. The 
products had molecular weights in the region of 12000-55 000. Thus 
BPO-initiated polymerisation reactions gave products with a small 
spread of molecular weights, but AIBN initiation gave products with 
relatively higher molecular weights spread over a wider range. 

Steric effects, although not very noticeable in the polymerisation 
reactions (since the polymers produced were generally of very high 
molecular weights), did have some effects, as is seen from Table 3. Steric 
effects would normally be expected to be most deleterious for groups 
ortho,to the azo linkage or pendant amide group: 

Strong steric effects 

I Weak steric hindrance 1 

where R,, R,, R, and R, are reactive groups. 
The methods investigated appear to be universally applicable in the 

production of high molecular weight pigments with high colour values. 
They are particularly applicable in the colouration of surface coatings, 
especially by such processes as block insertion polymerisation. 

REFERENCES 

1. H. Gaertner, J. Oil Colour Chem. Association, 46, 15 (1963). 
2. H. Nejatpour, Ph.D. Thesis, University of Bradford (1982). 
3. S. S. Achi, Ph.D. Thesis, University of Bradford (1985). 
4. Chemische Fabrik Griesheim-E~ektron, British Patent 13 127 (1913). 
5. Farbenwerke Hoechst, US Patent 3 113 938 (1963). 
6. A. Vogel, Textbook of practical organic chemistry, 4th edn, Harlow, Essex, 

Longman (1981). 
7. H. Staudinger, Die Lochmolekuleren Organischen Verbindungen, Berlin, 

Verlag von Julius Springer (1932). 
8. R. L. Cleland and W. H. Stockmeyer, Polym. Sci., 17, 473 (1955). 
9. L. Ubbelohde, Znd. Eng. Chem. (Anal. Ed.), 9, 85 (1937). 


