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ABSTRACT 

Excellent color fastness and dyeing properties were exhibited when fibers dyeing treating by 
these azo polymeric dyes. Further on, to gain insight the mode of action of the synthetic compounds 
as antibacterial agents, docking studies were performed for the synthetic compounds in order to 
evaluate their activity as anti-bacterial agents. Virtual screening of all the compounds was performed 
against 2 bacterial proteins (DNA gyrase subunit B, and penicillin binding protein 1a) that are known 
targets for some antibiotics. The fastness properties of dyed polyester, wool and its blend such as 
washing, rubbing, light and perspiration are study. 
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Introduction 

In the previous investigation the synthesized polyester and poly amide azo dyes showed a 
good film forming properties (Abdeen and Badr Eldin, 2015). Azo dye has received great attention 
due to its environmental stability, ease of preparation and its optical and electrical properties. Much 
work has been done on the molecular design, synthesis, and assembly of structures with desired 
properties (Ho et al., 1996; Yin et al., 2005; Nabeshima et al., 1997; Hallas and Towns, 1997; Towns, 
1999). The diazo compounds was discovered around the year 1858, which parallels the beginning of 
what is considered the starting point of modern organic chemistry (Mandel and Inber, 2004; Hasanain 
et al., 2011). Studies on polymers with different optical properties have attracted more attention due 
to their applications in the optical (Saion et al., 2005). We can classify The Novolac to two types of 
phenol resins: resold and Novolac. The first one is synthesized under basic pH conditions with excess 
formaldehyde, and the second is carried out at acidic pH (with an excess of phenol). They are widely 
used in industry because of their chemical resistance, electrical insulation, and dimensional stability 
(Gardziella et al., 2000). 

Traditionally, azo dyes are the most important class of commercial dyes, occupying more than 
half of the dye chemistry. Unlike most organic compounds, dyes possess color because they: 1) 
absorb light in the visible spectrum (400–700 nm), 2) have at least one chromophore (color-bearing 
group), 3) have a conjugated system, i.e. a structure with alternating double and single bonds, and 4) 
exhibit resonance of electrons, which is a stabilizing force in organic compounds. When any one of 
these features is lacking from the molecular structure the color is lost. In addition to chromophores, 
most dyes also contain groups known as auxochromes (color helpers), examples of which are 
carboxylic acid, sulfonic acid, amino, and hydroxyl groups. While these are not responsible for color 
their presence can shift the color of a colorant and they are most often used to influence dye solubility.  
In the field of dyestuff chemistry, there is a constant search for new class of dyes which have good 
fastness properties. Giles given some very useful information on the relationship between dye 
structure, fiber structure and external conditions and behavior of the colored fibers on exposure to 
light, heat, gaseous impurities and washing (Giles, 1974).  
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Polymeric dyes were synthesized by four methods: 1) radical polymerization; 2) modification 
of preformed polymers; 3) condensation polymerization; 4) metal complexing reaction. Polymeric 
dyes using in textile fields can be classified as crosslinking polymeric dyes, disperse polymeric dyes, 
“fiber-reactive” polymeric dyes and acidic polymeric dyes according to the methods of dyeing fiber 
(Jie-xiong et al., 2017). 

Molecular docking an in-silico approach that attempts to predict the binding of macromolecules 
(receptor) and a small molecule (ligand) efficiently. This computational procedure for prediction of 
binding of small molecules to proteins is a major practical significance because it is used to screen of 
drug-like molecules in order to get leads for extra drug development. In this aspect, we employed 
docking analysis to predict the docking models of the tested compounds in the binding pocket of two 
bacterial proteins (DNA gyrase subunit B, and penicillin binding protein 1a) that are known targets 
for some antibiotics. DNA gyrase is a major bacterial protein that is involved in replication and 
transcription and catalyzes the negative supercoiling of bacterial circular DNA. DNA gyrase is a 
known target for antibacterial agents since its blocking induces bacterial death. Quinolones, 
coumarins, and cyclothialidines have been designed to inhibit gyrase (Alves et al., 2014), while 
penicillin binding protein 1a is involved in bacterial cell wall synthesis (Pedretti et al., 2004).  

Polyester fabrics and its blend were treated with SiO2 nanoparticle increasing the color yield, 
compared with the control sample and decrease the temperature of steaming of printed polyester 
fabrics (from 180 ◦C to 110 ◦C) as well as the washing fastness for the colored samples of viscose and 
polyester are good to excellent (El-Gabry et al., 2013). The hydrolysis of polyester fibres using 
various bases in non-aqueous, aqueous media and alkoxide to imparted dyeability to cationic dyes (El-
Gabry and A. Bendak, 2006). 

Wool fibres were treated with enzymes as well as bio-carbonization to increased dyeability 
with acid dyestuffs (El-Gabry et al., 2008; El-Sayed et al., 2010). Kantouch et al. (2012) was study 
the effect of pretreatment of wool fabric with keratin on its dye ability with acid and reactive dyes. 

In part (1) we studied the synthesis, molecular docking and investigation of polyester and 
polyamide azo dyes. The part (2) approach of present paper is to study the dyeing with the prepared 
azo polymer dyes. Molecular docking of the azo polymer were investigated. The effect of azo 
polymer dyestuffs on fastness properties of dyed polyester, wool and its blend such as washing, 
rubbing, light and perspiration are study. 

 
2. Experimental 
 
 2.1 Materials 
 
New dyestuffs 

Synthesized 4-(2', 4’-dihydroxyphenylazo) phenol (I), 4, 4\-Bis(1"-azo-4" aminobenzene) 
biphenyl (II), diaminoazobenzene (III), p-aminoazobenzene (IV) ,  
4-methyl-2', 4’ – dihydroxyazobenzene (V), 4 – methyl - 4' – hydroxyazobenzene (VI), 4 – Methyl - 4' 
– hydroxyazobenzene acrylate (VII) are prepared according to the synthesized polyester and poly 
amide azo dyes (Abdeen  and Badr Eldin, 2015) 
 
2.2 Textile Materials  

Wool, polyester and polyester/wool (30/70) blend fabrics were supplied from Misr Spinning 
and Weaving Co., El Mehala El Kobra, Egypt.    Polyester 100 % (3.0 denier, 77 mm. Length) 0.5 % 
regain Humidity. 

Marino wool fabrics (100 %) twill 212, with the following parameters, Warp 2/45 metric, weft 
1/30 metric. Ends per inch is 77-78 picks per inch is 73 – 74. Weight of square meter is 220g. Weight 
of long meter is 300g. Weight of square yard is 190g. Weight of long yards 260g. 

  
2.2 Auxiliaries   
The following chemicals were used:  
i) Anhydrous sodium sulphate, pure, Na2SO4.  
ii) Pure acetic acid, 98%, CH3COOH.  



Middle East J. Appl. Sci., 8(4): 1393-1403, 2018 
ISSN 2077-4613 

1395 

iii) Levegal pt, from Bayer, Aromatic carboxylic acid ester. Anionic, carrier, for the dyeing of 
polyester and blend.  
 

2.3 Dyeing Methods  
All dyeing experiments was carried out in the Mini colour laboratory dyeing apparatus for 

textiles, type MC. 12.  
 

I) Dyeing of polyester fibre (100 % Disperse dyeing by Carries)  
The new dyestuffs were used as disperse dyes for polyester fiber in presence of carrier as 

catalyst at temperature of 95ºC.  
The dyestuffs were pasted with small amount of hot water (1gm). After that dilution is carried 

out with hot water at 70ºC to 100 ml. A sample of 5g of polyester fiber ( 100% ) was immersed in a 
bath of 60ºC with a liquor  ratio 1: 20 containing 4g / L Levegal PT from Bayer as carrier  and 
adjusted with acetic acid to pH4-5 , while continuous stirring for 15 minutes .  

After the time pass, 10 ml of the dispersed dyestuffs were added and the temperature is raised 
to 95ºC during 30 minutes. The dyeing process occurred for 60 minutes. After 60 minutes the dye 
molecules was approximately exhausted , then the sample was rinsed with cold then hot water , and 
specified with alkaline solution of ( 5g/L soap + 2 g/L soda Ash) to remove all the unreacted dyes on 
the sample.  

 
II) Dyeing of polyester / wool fiber (70 / 30).  

The new dyestuffs were pasted with small amount of warm water (1gm), then further dilution to 
100 ml with warm water at 60-70ºC. Sample of 5 g of polyester/ wool blend was immersed in bath of 
50 ºC with a liquor 1: 20 which adjusted with acetic acid to pH 4-5 and Levegal PT carrier from  
Bayer was added to the dye bath by 4g/ L at 50-60º C. The sample was allowed to run for about 15 
minutes, then the dyestuff was added to the liquor and the temperature was raised to 98ºC within 45 
minutes.  

At 98 ºC, dyeing was carried out for 60 – 90 minutes. After that the sample was taken, rinsed 
with cold water and was divided into four pieces some samples to use for the complex dyeing.  

 
III) Dyeing of wool fiber  

The new dyestuffs were used as acid dyes for wool fiber. The dyestuffs were dissolved by 
pasting in small amount of hot water (1 gm) at 70ºC.  And dilute with hot water to 100 ml. Take 20 ml 
to the dye bath. A sample of 5g of wool (100 %) fiber was immersed in the dye bath at 60ºC with a 
liquor ratio 1: 20 and adjusted by acetic acid to a pH 5 for 10 minutes, then 50 g/L of anhydrous 
sodium sulphate (Na2 SO4) was added, raised the temperature to 90ºC during 45 minutes, with 
continuous stirring and the dyeing was continued at 90ºC for one hour. 

 
2.4 Measurements 
 
2.4.1. Washing Fastness 
   Colour fastness dyed fabrics to washing was determined according to BS 1006: CO2 test 2 with the 
use of soap solution (5g/l, liquor ratio 1:50) for 45 minutes at 50ºC ± 2ºC.  

 
Apparatus  
 Suitable mechanical washing device like the launder.  
 Ometer sponsored by the AATCC.  
 Grey scales for assessing change in colour and staining.  

 
2.4.2. Colour fastness to light  

This method is intended for determining the resistance of the colour of textiles of all kinds and 
in all forms to the action of an artificial light source, as an attermative to day light for obtaining useful 
information on the possible of the coloured textile on exposure to day light.  
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Apparatus  
Xenon where the specimens are exposed in a well ventilated exposure chamber. Air 

temperature in the chamber is maintained at 30: 10 ºC. (86 = 18ºF). The effective humidity in the 
chamber is maintained at 45, 75 %. The variations of the light intensity over the area covered by 
specimens and standards should not exceed 20 %.  

 
Procedure  
1- Expose the specimens and the standards simultaneously under the same condition for the same 

time. 
2- The change in colour of the tested specimen was compared with those of standards. The light 

fastness of the specimen take the number of the standard which shows the similar changes in 
colour.  
 

2.4.3 Color fastness to perspiration   
This method is intended for determining the resistance of the colour of textiles of all kinds and 

in all forms to perspiration. ISO 105-EO4 (1989) for fastness to perspiration. 
 
Apparatus  
- AATCC perspiration tester or per spirometer.  
- Grey scale for staining.  
- Grey scale for colour change.  
- Oven to give 38 ± 1ºC (100 ± 2ºF).  
 
Perspiration solution   

A freshly prepared solution containing 10 g/L sodium chloride, 1 g/L lactic acid (USP 85 %) , 1 
g/L disodium hydrogen phosphate anhydrous (Na2HPO4) and 0.25 g/L histidine  monohydrochloride. 
This solution should give a pH of 3.5.  

 
Procedure  

Immersed the test specimens in the required freshly prepared solution at a liquor ratio of 20: 1 
for 15 to 30 minutes at room temperature with occasional agitation and squeezing to insure complete 
wetting. Pour the solution and place each of the test specimens between two glass plates measuring 
about 7.5cm × 6.5 cm under a force of about 4.536 kg (10 Ib) Heat the loaded specimen unit in an 
oven at 38 ± 1°( 100 ±2ºF) for at least 6 hours .  

 
2.4.4 Color fastness to Rubbing  

The specific standard tests was: ISO 105-X12 (1987) for rubbing fastness. 
 

Apparatus  
- Crockmeter set.  
 
Procedure   
 
Dry Rubbing test   
- Place a test specimen on the base of crokmeter so that it rests on the abrasive cloth with its long 

dimension in the direction of rubbing.  
- With  the square undyed cloth is place over the end of the crockmeter , lower the covered finger on 

to the test specimen and cause it to slide back and for the twenty times by making  ten complete 
turns of crank at the rate of turn / sec. Remove the square undyed  cloth and evaluate . 

 
Wet Rubbing test  

Thoroughly wet out undyed testing square in distilled water and squeeze between filter papers 
to take up 100 %. The rest of the procedure was the same as the dry crocking test. Dry the undyed test 
square before evaluating.  
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2.5 Molecular docking study  
The structures of all tested compounds were modeled using the Chemsketch software 

(http://www.acdlabs.com/resources/ freeware/). The structures were optimized and energy minimized 
using the VEGAZZ software (199). The optimized compounds were used to perform molecular 
docking. The three-dimensional structures of the molecular target were obtained from Protein Data 
Bank (PDB) (www.rcsb.org): DNA gyrase subunit b Center (DNAG) (PDB: 1KZN, 
https://www.rcsb.org/structure/1KZN), and penicillin binding protein 1a (PBP1a) (PDB: 3UDI, 
https://www.rcsb.org/structure/3UDI). The steps for receptor preparation included the removal of 
heteroatoms (water and ions), the addition of polar hydrogen, and the assignment of charge. The 
active sites were defined using grid boxes of appropriate sizes around the bound cocrystal ligands. 
The docking study was performed using Autodock vina (Trott and Olson, 2004) and Chimera for 
visualization (Pettersen et al., 2004). 
 
Results and Discussion 
 

From Figure 1 to 7 show the chemical structure of the new prepared dye stuffs  
(Polyamide azo dyes). 
 
3.1 Molecular docking  

To gain insights the mode of action of the tested compounds, molecular-docking study was 
employed to determine the binding modes against (DNAG), and (PBP1a) which are important targets 
to develop antibacterial agents. These targets were selected based on its key roles in bacterial cell 
formation, therefore, targeting of these proteins provides potential benefits in killing bacteria. The 
cocrystal ligand was redocked to assure the validity of the docking parameters and methods using 
Auto Dockvina to represent the position and orientation of the ligand detected in the crystal structure. 
The difference of RMSD value between cocrystal ligands to the original cocrystal ligand was <2Å 
which approved the accuracy of the docking protocols and parameters. 

Compound 2 gave the best molecular docking results, as it has the lowest free energy of 
binding (-6.9 Kcal/mol, and -7.0 Kcal/mol) against both DNAG, and PBP1a proteins respectively, 
compared to other tested compounds (Table 1). As depicted in (Table 2, and 3), and (Fig 8, and 9), 
Compound 2 formed 4 hydrogen bond interactions with the active site of both two proteins like the 
reference ligands. These results might explain the good activity of this compound (Tables 2 and 3), 
and (Fig 8). 
 
3.2. Fastness properties 
 
Washing fastness 

Table 5 shows the washing fastness of dyed polyester, polyester/wool and wool fabrics with 
new dyestuffs. It was found that the alteration value of the dyes (II, III, V and IV) were very good 
with all dyed fabrics, but the alteration value of the dyes (I, VI and VII) were very bade. The results of 
staining of both wool and polyester fabrics show little staining (II, III, V and IV) on polyester fabrics 
with (II, III, V and IV dyestuffs) than the wool fabrics. The color fastness of the colored fiber is 
related to the chemical structure, the molecular size of the dye molecule and the physical 
characteristics of the fiber itself (Jie-xiong et al., 2017). [12]. 
    Table 6 shows the rubbing fastness of dyed wool, polyester and its blend fabrics with the new 
prepared dyestuffs (II, III, IV, V, VI and VII). The data of rubbing fastness illustrate that the new dyes 
have good value in case dry than wet. The new prepared dyestuffs (II, IV, V, VI and VII) give good 
resistance to rubbing test than the new dyes (I and III). 

The results of perspiration fastness of both dyed wool and polyester fabrics with all new dyes 
reveal that better fastness than dyed polyester/wool fabrics. Also, dyed polyester/wool give staining 
on polyester and cotton samples with some new dyes (II, III and IV).  
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4-(2', 4'-dihydroxyphenylazo) phenol(I) 

Fig. 1: The structure of dye I 

 

 

aminobenzene) biphenyl(II)-"4-azo-"bis (1-\4, 4 

Fig. 2: The structure of dye II 

  

  
Diazoaminobenzene(III) 

Fig. 3: The structure of dye III 

 

 
p- aminoazobenzene (IV) 

Fig. 4: The structure of dye IV 

 

 
dihydroxyazobenzene (V)- \, 4\2-methyl -4 

Fig. 5: The structure of dye V 

 
hydroxyazobenzene (VI)- \4-methyl -4  

Fig. 6: The structure of dye VI 

  

  
roxyazobenzeneacrylate (VII)hyd-\4-methyl -4 

Fig. 7: The structure of dye VII 

 



Middle East J. Appl. Sci., 8(4): 1393-1403, 2018 
ISSN 2077-4613 

1399 

Table 1: The results of molecular docking of tested compounds against DNAG, and PBP1a receptors 

Drugs 
Free energy of binding (Kcal/mol) 

DNAG PBP1a 
Reference ligand -9.3 -7.2 

1 -5.9 -6.5 
2 -6.9 -7.0 
4 -5.4 -6.0 
5 -6.0 -6.8 
6 -5.8 -6.1 
7 -6.6 -6.3 
8 -6.1 -6.9 

Order 2<7<8<5<6<1<4 2<8<5<1<7<6<4 

 
Table 2: The results of hydrogen bond interaction of tested compounds against different receptors 

Compound Receptor No. of H- bonds Length of H-bonds 
Formed amino 

acids with H-bonds 

Reference ligand DNAG 4 

3.139 Å 
3.299 Å 
2.890 Å 
2.959 Å 

ASN46 
ARG136 
ARG136 
ARG136 

2 DNAG 4 

2.130 Å 
2.924 Å 
3.208 Å 
3.009 Å 

ILE90 
SER121 
ASN46 

THR165 

Reference ligand PBP1a 4 

2.945 Å 
3.157 Å 
3.193 Å 
3.349 Å 

THR670 
THR672 
SER487 
ASN489 

2 PBP1a 4 

2.889 Å 
2.977 Å 
3.286 Å 
2.777 Å 

ASN489 
SER434 
SER470 
THR670 

 

Table 3: The hydrophobic interactions of best conformer with DNAG receptor  
Compound Hydrophobic interactions 3D structure for pocket and Hydrophobic 

interactions 

Reference 
ligand 

VAL43, VAL71, VAL93, VAL118, 
VAL120, VAL167, VAL180, ILE90, 
ILE78, ILE82  

 

2 
VAL43, VAL71, VAL93, VAL118, 
VAL120, VAL167, ILE90, ILE78, 
ILE59 
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Table 4: The hydrophobic interactions of best conformer with PBP1a receptor  

Compound 
 

Hydrophobic interactions 
 

3D structure for pocket and Hydrophobic interactions 
 

Reference 
ligand 

ILE710, LEU486 

 

2 LEU486, LEU526, VAL649 

 
 

 
 

 
 

Fig. 8: 3D interaction, hydrogen bond formation, between tested compounds A) reference ligand. B) 
compound 2 with DNAG protein. 

A 

B 
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Fig.9: 3D interaction, hydrogen bond formation, between tested compounds A) reference ligand. B) 
compound 2 with PBP1a protein. 

 
Table 5: Washing fastness of dyed polyester, polyester/wool and wool fabrics with prepared dyestuffs 

Cod of 
new dyes 

Washing fastness of 
polyester fabric 

Washing fastness of 
polyester/wool fabric 

Washing fastness of wool 
fabric 

Alt Stp Stw Alt Stp Stw Alt Stp Stw 
I 2 3 4- 5 2 4 3 3-4 4- 5 4 
II 4- 5 4-5 4- 5 3- 4 4 3 4-5 4- 5 3- 4 
III 4- 5 4 4 2 4 4 2-3 4 4 
IV 4- 5 4 4- 5 4 4 4 2-3 4- 5 3- 4 
V 5 4 4- 5 3- 4 4 4 4-5 4- 5 3- 
VI 2 3-4 3- 4 4- 5 4 3- 4 5 3- 4 3- 4 
VII 3 3- 4 4- 5 4 4- 5 4- 5 5 4- 5 3- 4 

Alt: Alteration    StW: wool    StP: polyester         
Rate for different fastness: 4-5 (acceptable), 1-2 (not acceptable) and Rate for color 

 
 Table 6: Rubbing fastness of dyed polyester, polyester/wool and wool fabrics with prepared 

dyestuffs 

Cod of 
new dyes 

Rubbing fastness of 
polyester fabric 

Rubbing fastness of 
polyester/wool fabric 

Rubbing fastness of wool 
fabric 

Wet Dry Wet Dry wet dry 
I 3 3 3-4 2-3 2-3 4 
II 3 4- 5 3-4 3 3 4 
III 2-3 2-3 3-4 3 2-3 4-5 
IV 4 4- 5 3 2-3 4 4 
V 4 4 3 2-3 4 4-5 
VI 3-4 4 4 4 4 4 
VII 3- 4 4 4- 5 4 4- 5 4 

A 

B 
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Table 7: Perspiration fastness of dyed polyester, polyester/wool and wool fabrics with prepared 
dyestuffs 

Cod of 
new 
dyes 

Perspiration fastness of 
polyester fabric 

Perspiration fastness of 
polyester/wool fabric 

Perspiration fastness of wool 
fabric 

Cotton polyester cotton polyester cotton polyester 
I 5 5 5 4-5 4- 5 5 
II 4 5 3 3 4- 5 5 
III 4 4 2-3 3 4-5 4 
IV 4- 5 4 2-3 3 5 4-5 
V 4- 5 4- 5 4 4 4- 5 4- 5 
VI 4- 5 4- 5 5 4 5 4- 5 
VII 4- 5 4- 5 4- 5 4 4- 5 4- 5 

 
Table 8: Light fastness of dyed polyester, polyester/wool and wool fabrics with Prepared dyestuffs 

Cod of new 
dyes 

 
Light fastness of 
polyester fabric 

 
Light fastness of 

polyester/wool fabric 

 
Light fastness of wool fabric 

I 3-4 4 3-4 
II 6 6 6 
III 6 6 6-7 
IV 6-7 6 6-7 
V 3-4 4 3-4 
VI 4-5 5-6 4-5 
VII 4-5 5-6 6 

 
2.3 Description of dyed fabric  
        Table 9 illustrate the photography of new dyestuff (polyamide azo dyes) with both polyester and 
wool fabrics. It was found that dyes cod (II, IV, V and VI) gave brilliant yellow colors on both wool 
and polyester fabric. But the new dyes (polyamide azo dyes) with cod (I, III and VII) gave light 
brown with wool fabric. 
 

Table 9: The picture of dyed wool and polyester 

Dyes Color 
 W Ps 

II 

 
 

IV 

 
 

V 

  

I 
  

III 
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VII 

  

VI 

  
 

Conclusion 

      From the above it is clear that the best prepared azo dyes in all properties are dyes no. (I, V) 
with all fiber wool, polyester and its blend.   
            The results show that the washing , rubbing , perspiration and the light fastness of better with 
dyed wool and polyester than its blend fabrics with the new prepared dyestuffs ( II , III , IV,V,VI and 
VII ) overall .  
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