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Abstract 
Anil compounds are Schiff bases derived from aniline moiety containing phenyl or substituted 
phenyl group, which sometimes called Azo dyes. These Schiff bases can be directly prepared from 
aromatic amine with aromatic carbonyl groups, which are stable and can be manipulated under 
different and suitable conditions. The phenomena of coordination of Schiff bases with metal ions 
give the Schiff bases the good advantages to be introduced in the dyes synthesis. The classification 
of dyes is based on the chemical structure or on the basis of the chromophoric system. The metal 
complex dyes are combinations of dyestuff and metal ions, in which the coordination complex can 
be applied or used to be improvement factors in dye techniques. The investigation and the char- 
acterization of the resulted dyes were performed by using different physical techniques. The pro- 
duced dyes were applied to different fibres, such as sheep wool and goat hair with two Schiff bases 
synthesised from salicylaldehyde either with 2-aminophenol or 2-aminobenzyl alcohol. Also the 
investigation includes the effect of mordant type on the dyeing process. 
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1. Introduction 
1.1. Background of the Schiff Bases chemistry 
In spite of the fact that salicylaldehyde and substituted benzaldehyde compounds can react with substituted phe- 
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nol, such as 2-aminophenol or 2-aminobenzyl alcohol to form Schiff base which can be introduced to the transi- 
tion metal ions as coordination chemistry application. The formation of azomethine group and a large number of 
Schiff bases and their complexes, which have received considerable attention, and became an important subject 
in the areas of coordination chemistry, biology and pharmaceutical science, were synthesized and investigated. 
Most of substituted benzene and aromatic moiety were investigated to be antibacterial and anticancer agents. 
[1]-[3]. 

Numerous Schiff bases and complexes have been synthesized and studied for the interesting and important 
properties, such as biological activity, catalytic activity in hydrogenation of olefins, transfer of an amino group, 
photochromic properties and complexation ability towards some toxic metals. Most chemists and scientific re- 
searchers and authors have studied most of the applications in a matter of biological properties of the Schiff base 
and their metal complexes to guarantee the best to use. For example, the Cu(II) complexes with two Schiff bases 
derived from 4-aminoantipyrine and salicylaldehyde or 2-thiophencarboxaldehyde as well as 5-methyl-2-thio- 
phencarboxaldehyde, were found to be active against the strains of Staphylococcus aureus and Escherichia coli. 
The Schiff base, obtained from 2-thiophenecarboxaldehyde and 2-aminobenzoic acid and its metal complexes, 
shows antibacterial activity. N-Salicylideneanthranilic acid possesses antiulcer activity and the complexation 
with copper shows an increase in such activity [4]-[10]. 

Many transition metal complexes from this kind of Schiff bases have been synthesized, such as, Aluminum 
(III), Iron(III), Cobalt(II), Nickel(II) and Copper(II) complexes etc. These metal ions and others have been used 
as mordent in dyeing techniques. The principle of complexation and mordent has the same idea in coordination 
applications. The reaction of salicylaldehyde with anthranilic acid or o-aminophenol has been synthesized and 
investigated to justify the sites of coordination. This manor shows the engagement of the hydroxyl, amino and 
azomethine groups in the reaction [11], [12]. 

The aim of our present study is to synthesize and to introduce the Schiff base which engaged in the complexa- 
tion to see the usefulness in dyeing techniques, in which the phenolic and benzylic hydroxyl groups involve 
these reactions. Metal complexes with a newly prepared Schiff base derived from salicylaldehyde (or salicylal- 
dehyde derivatives) and 2-aminophenol or 2-aminobenzyl alcohol are the subjects of the comparison. The 
chemical structures of the Schiff bases were proposed in Figure 1. Different physiochemical techniques were 
used for the identification and study of the properties of such compounds. The most important factors account 
for being the planar chemical conformation which justifies the color and hard/soft properties of the sites of the 
reaction of Schiff bases [13], [14]. 

Despite their overall structural similarity, the type of the engagement of the hydroxyl groups and the metal 
ions in bonding facilitate the action that is required for the purpose of staining or dyeing. The directionality in 
the coordination justifies the sites, the parts and the groups that can be worked in bonding. The best sites of 
coordination in this manor are the hydroxyl groups rather than the azomethine group, as long as these groups in 
appropriate positions. The difference in the location and properties of the hydroxyl groups might give this Schiff 
bases advantages to be remarkable good agents for the assigned purposes. As the difference of hydroxyl groups 
work in certain fields, such as biological activities, they work in other fields. The analytical methods of charac- 
terization such as CHN percentage compositions of the Schiff bases and complexes were determined by using 
microchemical analytical methods on Perkin Elmer-240C (USA) elemental analyzer. Infrared spectra of this ligand 
was carried out by using KBr in the range (4000 - 400 cm−1) on Perkin Elmer Infrared model-337 [15], [16]. 

1.2. Background of the Synthetic Dyes 
The first recorded synthetic dye was picric acid, which was produced in the 1770’s from the interaction of in- 
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                            Figure 1. Chemical structures of the Schiff bases.     
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digo and nitric acid. The discovery of benzene by Faraday in 1824, and its discovery as a constituent of coal 
tarby Leigh in 1842, had passed largely unnoticed. It was really the work of A. W. Hofmann, from 1845 on- 
wards, that focused the attention of organic chemists on benzene and other such aromatic compounds obtained 
from coal tar. He had been able to isolate appreciable quantities of benzene and other interesting aromatic com- 
pounds from coal tar by fractional distillation. W. H. Perkins, a British Chemist, whilst working with Hofmann, 
discovered Mauveine, in 1856 at the age of 18, and thereby started the “dyestuff revolution”. However, he was 
not intentionally working towards preparing synthetic dyestuffs but towards quinine. Since then the significant 
dyes discovered were Azo dyes in 1858 by Griess, alizarin red, 1868, etc. A lot of applications of synthetic col- 
ors have been applied to natural products as we can see the following Scottish Blackface Sheep stained with 
orange colored or the other applications [17]. 

There are many synthetic dyes available now. Their tinctorial strength, concentration, color range and color 
fastness, particularly to light and detergents, make them superior to natural dyes for nearly all uses. They are 
relatively cheap and have other advantages, for example; mordants may not be necessary, and they can color 
synthetic fibres. Manufacturers and processors using dyes have to deal with potential health, effluent disposal 
and other environmental requirements, usually to statutory limits [18]. 

1.3. Classification of Synthetic Dyes 
This classification of dyes based on many ways such as according to the chemical structure, the chromophoric 
system or other systems. These systems of classification have many advantages. It readily identifies the dyes as 
belonging to a group, which has specific characteristic properties, and it is the classification used most widely by 
both the dye chemists and the dye manufacturers. There is another classification according to the applications 
[19]. The classes of dyes are defined by the application or end-use, and hence, the terms most applicable to tex- 
tile dyeing are: Acid dyes, Basic dyes, Direct (Substantive) dyes, Mordant dyes, Vat dyes, Reactive dyes, Dis- 
perse dyes, Azo dyes, Anthraquinone dyes, Ingrain dyes, Sulphur dyes, Solvent dyes, Metal-complex dyes, Food 
dyes. A number of other classes have also been established including oxidation bases (mainly hair and fur) and 
leather dyes etc. 

1.4. Chemistry of the Dyes 
Chemists have been intrigued by the relationship between the color of a dye and its molecular structure. Because 
of these early days, the subject has been of special academic interest to those fascinated by the origin of color in 
organic molecules. In addition, an understanding of color and constitution relationships has always been of 
critical importance in the design of new dyes, perhaps the most notable early contribution to the science of the 
color referred to as the chromophore and the auxochromes [20]. 

The theory built on the principle of chromophore is commonly an electron-withdrawing group. Auxochromes 
are usually electron-releasing groups and they are linked to one another through a conjugated system. In essence, 
the concept of the donor-acceptor chromogen was born. Furthermore, it was observed that a bathochromic-shift 
of the color, i.e. the absorption band shifted to longer wavelength, might be obtained by increasing the elec- 
tron-withdrawing power of the chromophore, by increasing the electron-releasing power of the auxochromes 
and by extending the length of the conjugation. The chromophore and auxochrome theory is proposed as a sim- 
ple method for explaining the origin of color in dye molecules, although it lacks rigorous theoretical justification. 
The most important chromophores, as defined in this way, are the carbonyl (C=O), diazo (-N=N-), azomethine 
(-CH=N) and nitro (NO2) groups. Other groups increase the intensity of the color and shift the absorption to 
longer wavelengths of light, including hydroxyl (OH) and amino (NR2) groups. The concept may be applied to 
most chemical classes of dye, including azo, carbonyl, azomethine and nitro dyes [21]. 

1.5. Methods of Colors and Types of Yarn Fibres 
The color change and the fastness properties of the dyed samples were determined using Standard Blue Scale 
and the Standard Gray Scale. Most fabrics are constructed from yarns, which in turn, are made from fibres. Over 
thousands of years, humans have learnt to twist fibres together to form yarns. Natural fibres come in various 
lengths, and this is often referred to as staple length. Synthetic fibres are manufactured, known as filaments [22]. 
The protein fibres have the fragments shown in Figure 2. 
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Figure 2. Chemical structure of protein fibre. 

1.6. Mordants 
Some dyes and pigments, requiring a mordant to fix to the fabric, prevent the color from either fading with ex- 
posure to light or washing out. These compounds bind the dyes to the fabric by forming a chemical bridge. Mor- 
dant can also determine how the dye reacts to the fibre, resulting in several colors. The chemical names of some 
mordants are the metal salts such as, ammonium aluminium sulphate, Potassium aluminium sulphate, Potassium 
dichromate, Copper(II) sulphate, Iron(II) sulphate etc. Mordant can be pre-mordant, one-bath method or post 
mordant. 

1.7. Mechanism of Bonding 
Dyeing in general is carried out in aqueous solution. The chemistry of bonding of dyes to fibres is a complexation 
reaction. The process of attachment of the dye molecule to the fibre is one of adsorptions. It involves direct 
bonding, by ionic forces (hydrophobic interactions), hydrogen bonds, covalent linkages and “Van der Waal” 
forces. The presence of certain functional groups in suitable positions in the dye molecule causes its coordination. 
Figure 3 shows the coordination complex between the fibre mordant and dye, when alizarin binds to cotton. 
Natural dyes work best with natural fibres such as cotton, linen, wool, silk, jute, ramie and sisal. Among these, 
wool takes up dyes most easily followed by cotton, linen, silk and then the coarse fibres such as sisal and jute. 
Nearly all of them require some sort of a mordant [23]. 

2. Materials and Methods 
2.1. Chemicals and Reagents 
All the chemicals used were of laboratory grade including absolute ethanol, salicylaldehyde, 2-aminophenol, 2- 
aminobenzyl alcohol and ammonium hydroxide. Aluminium ammonium sulphate (alum) [Al(NH4)(SO4)2∙12H2O], 
Tin chloride [SnCl2], Potassium dichromate [K2Cr2O7], Copper chloride [CuCl2∙2H2O], Nickel chloride [NiCl2∙6H2O], 
Iron chloride [FeCl3∙6H2O] and Iron sulphate [FeSO4∙7H2O], were used as mordants, soap powder. Ariel Gold 
plus (15% - 30% phosphate, 5% - 15% anionic surfactants, oxygen based bleaching agents, 5% cationic surfac- 
tants non-ionic surfactants), Polycarboxylates, Enzymes were used as a soap detergent. Distilled water was used 
in extraction and for preparation of all chemical solutions. Deionised water used for the dyeing process. 

2.2. Synthesis of the Schiff Bases 
Schiff base I: 0.02 mol (2.44 g) of salicylaldehyde in hot ethanolic solution (30 ml) was added to 0.02 mol (2.48 
g) of 2-aminobenzyl alcohol hot solution (30 ml) step-wise with stirring. Reflux the mixture for 2 hr period of 
time. Few drops of ammonium hydroxide may need to catalyse the reaction. A yellow solid Schiff base will pre- 
cipitated. 

Schiff base II: 0.02 mol (2.44 g) of salicylaldehyde in hot ethanolic solution (30 ml) was added to 0.02 mol 
(2.18 g) of 2-aminophenol hot solution (30 ml) step-wise with stirring. Reflux the mixture for 2 hr period of time. 
Few drops of ammonium hydroxide may need to catalyse the reaction. An orange solid Schiff base will precipi- 
tated. 

The obtained precipitates were collected by filtration through Buchner funnel, washed and recrystallized us- 
ing hot ethanol and then dried at room temperature, then putted in desiccator over anhydrous CaCl2. The yields 
recorded as 60% - 70%. The purity of the bases was checked by TLC using ethyl alcohol/benzene (1:3) as the 
solvent system. The dried Schiff bases are ready for the analysis. 

2.3. Fabric Materials 
Yarn fibres of wool, and hair threads of goat were used for each dyeing experiment. For display, fibre samples  
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Figure 3. Formation of a coordinate complex between the cotton fibre and alizarin. 

were cut into 4.5 × 2 cm strips. The wool and goat hair were obtained from local source in Tripoli-Libya. 

2.4. Dyeing Procedure 
The dyestuff was extracted with boiling water by applying a bath liquor ratio of (g/ml). The duration of the ex- 
traction was fixed at 60 minutes. 

2.4.1. Dyeing without Mordant 
Yarn samples (wool, goat hair), were placed in a glass beaker of 1 L capacity containing 500 ml of dyestuff and 
boiled for 60 minutes. The yarn samples were rinsed with distilled water and air dried.  

2.4.2. Dyeing after Treatment with a Mordant: 
Wool and goat hair samples were boiled with alum mordant in distilled water (5 g/l) for 20 minutes. Then, the 
mordanted fibres and the dyeing both solutions were putted together in the dyeing beaker for 60 minutes. After 
dyeing, the unfixed dyestuff was removed by rinsing with cold water, and then air dried as shown in Plate 1. 
The same procedure was followed for other mordant dyeing. 

3. Results and Discussion 
The obtained results in dyeing with the Schiff base-I is summarized in Table 1, shows the effects on wool and 
goat hair samples. The differences can be also seen in Table 2 for the differences on the wool and the goat hair 
samples in dyeing with Schiff base-II.  

3.1. Fastness Properties 
3.1.1. Hand Washing 
Dyed and undyed fabric samples in contact were agitated in a soap solution (Ariel, Egypt) (0.5 g/l) for 20 min- 
utes at 40˚C. After rinsing and drying, the change in color of the dyed samples and the bleeding to the white fab- 
ric (cotton, silk, satin) was determined visually and the test shown in Plate 2. The changes were graded with 
marks 1 - 5 (1 = poor, 5 = excellent). 

3.1.2. Light Fastness to Sun Daylight 
The test is used to determine wither a textile changes color or the color is destroyed by the action of daylight. 
The samples of the dyed fibres are exposed to daylight under standard conditions, including protection from rain, 
along with eight dyed wool standards according to BS EN ISO 105 B02. Change in color of the dyed samples 
related to standard scale of blue dyeing were assessed in the normal way visually by giving grade marks 1 - 8 (1 
= poor, 8 = excellent), that is shown in Plate 3. 

3.2. Effect of Mordants on Fastness Properties 

Wool yarn samples, with no mordant and which mordanted with SnCl2, FeSO4 and FeCl3 became darker after 
exposed to natural sunlight. In case of goat hair only FeCl3 mordanted became darker after exposed to natural 
sunlight. Wool yarn and goat hair samples dyed with Schiff bases-I and II without using mordants released color 



K. M. Abuamer et al. 
 

 
12 

Table 1. Wool and goat hair samples in dyeing with Schiff base-I with different mordants.                             

Mordant (wool) 
Color 

Wash  
fast* 

Light  
fast* Mordant (goat hair) 

Color 
Wash  
fast* 

Light 
fast* Score 

Nil Pale yellow 4-5 5 Nil Pale yellow - - 9.5 

SnCl2 Beige yellow 5 5 SnCl2 Beige yellow 5 5 20 

Alum Cream 5 5 Alum Cream 5 4 - 5 19.5 

K2Cr2O7 Olive green 5 5 K2Cr2O7 Olive green 5 5 20 

CuCl2 Lime green 5 5 CuCl2 Lime green 5 5 20 

NiCl2 Lemon yellow 5 5 NiCl2 Lemon yellow 5 5 20 

FeSO4 Pale brown 5 5 FeSO4 Pale brown 5 4 - 5 19.5 

FeCl3 Beige brown 5 5 FeCl3 Beige brown 5 5 20 

Total Scores = 148.5 
* = 1-very poor, 2-poor, 3-fair, 4-very fair, 5-good, 6-very good. 

Table 2. Wool and goat hair samples in dyeing with Schiff base-II with different mordants.                            

Mordant (wool) Color Wash fast* Light fast* Mordant (goat hair) Color Wash fast* Light fast* Score 

Nil Orange 4 - 5 5 Nil Orange - - 9.5 

SnCl2 Tan cream 5 4 - 5 SnCl2 Tan cream 5 5 19.5 

Alum Lemon yellow 5 5 Alum Lemon yellow 5 5 20 

K2Cr2O7 Chocolate brown 5 5 K2Cr2O7 Chocolate brown 5 4 - 5 19.5 

CuCl2 Olive 5 5 CuCl2 Olive 5 5 20 

NiCl2 Turmeric yellow 5 5 NiCl2 Turmeric yellow 5 5 20 

FeSO4 Cinnamon brown 5 5 FeSO4 Cinnamon brown 5 5 20 

FeCl3 Brown 5 4-5 FeCl3 Brown 5 5 19.5 

Total Scores = 148 
* = 1-very poor, 2-poor, 3-fair, 4-very fair, 5-good, 6-very good. 
 

 
              Plate 1. Wool samples dyed with Schiff base-I and II without mordants.                 
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Plate 2. Dyes samples of Schiff bases-I and II with metal mordants, prepared for light 
fastness.                                                                    

 

   
(a)                                     (b) 

              Plate 3. Samples exposed to natural sunlight for light fastness tests.                    

when washed with detergent soap. The effect of hand washing is shown in Plate 4. 

3.3. Dyeing Properties of Dyes 
The disperse dyes were applied to the mentioned fibers. The dyes gave excellent uniformity of coloration on fa- 
brics and the overall fastness properties of the dyes are shown in tables. These dyes gave these excellent results 
with respect to levelness on the fabric. The variation in the results from both the nature and position of the subs- 
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              Plate 4. Hand washing of dyed samples.                                         

tituent present on the diazotized compound. The results of the exhaustion of the dye bath and the fixation of the 
dyed fabric are given in the previous tables. 

4. Conclusion 
Hydroxyl or azomethine groups of Schiff bases can coordinate to metal ions, either by coordination or by form- 
ing ionic bonds. This interaction occurs with the metal ions either as free ions or as mordants in dye techniques. 
However, we believe that the directionality in the coordination limits the azomethine group to engage in the case 
of the dyes, since there are changes occuring in the comparison of the colors obtained, as well as its location 
which prevents it from doing so. As we can imagine, the phenolic hydroxyl group interacts rather better than the 
benzyl hydroxyl group from the color appearance. The light and wash fastness of all patterns dyed with dis- 
perses dyes show fairly very good fastness properties. The shades of the fabric given in the results are based on 
the standard Paint Shade Card as in Hue scale. 
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