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Abstract: Simple one-step synthesis has been optimized to prepare heterocyclic azo dyes using silica-

supported boron tri-fluoride (BF3.SiO2) as a catalyst to promote diazotization and combination of 

heterocyclic amines with different heterocyclic couplers at room temperature. The structure of the 

synthesized compounds was proved using different techniques. Nano inks were prepared by 

microencapsulation technique using these synthesized dyes under ultra-sonication for 10 min. The inks 

were used in digital printing techniques for cotton and polyamide fabrics. The fastness properties of the 

prints were measured. The printed fabrics have an excellent washing fastness and good light fastness 

values. 
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1. Introduction 

Azo dyes are organic compounds consisting of two organic groups bonded together via 

coupling reactions to give colored compounds [1]. Azo dyes may contain one or more azo 

groups. They constitute more than half of the dyes used today. They differ in the degree of their 

complexity, according to the number of the azo groups and the number and nature of the 

oxochrome groups found there [2,3]. 

Most of the commercial dyes belong to azo dyes due to the flexibility in their 

preparation, use, and possession of various properties [4]. Azo dyes are very important 

compounds because of their various applications; they are widely used in many different fields 

such as medical, pharmaceutical, food, cosmetic textile, and leather industries [5-7]. Moreover, 

these dyes are used are in other applications such as heat transfer printing [8], Ink Jet Printing, 

lasers [9], and fuel cells [10], sensitized solar cell dyes [11], and indicators [12]. 

A diazotization process usually prepares azo dyes, and the aromatic or heterocyclic 

amine is initially converted to a diazonium salt [13]. The reaction occurs at a low temperature 

(0-5°C) in the presence of sodium nitrite (NaNO2) and an acid such as HCl and H2SO4. The 

resulting diazonium complex can interact with different compounds such as phenol, naphthol, 

or amine, forming the azo dye at the end [14]. 
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The conventual methodology for preparing azo dyes has many drawbacks, such as the 

use of significant quantities of acids, toxic, costly solvents, and environmentally hazardous 

preparation methods [15]. Therefore, new studies have tended to introduce grinding techniques 

as eco-friendly and safe methods [12,16]. The grinding technique gives cunning simplicity, 

major selectivity, plain work, lower reaction times, and better yields. Nowadays, heterogeneous 

solid acids and their nanostructure have been used to prepare azo dyes using the grinding 

method. Previous studies represented that boron trifluoride diethyl etherate (BF3.OEt2) is used 

as a catalyst in the synthesis of many organic materials through the reaction of its fumes with 

the moisture of the air to form hydrofluoric acid. Therefore, using this catalyst in a liquid state 

is onerous, and the solid-state is required.  

Furthermore, Aromatic diazonium salts, in comparison, are hazardous, lacking 

solubility and/or costly. Filimonov et al. have shown that in the presence of 

trifluoromethanesulfonic acid, several stable and healthy arene arenas of ArN2+TfO can easily 

and at high yields be obtained diazotization of Tertbutyl nitrite anilines. Arene diazonium 

triflates in dry conditions are relatively stable in the dry state. [17].  

In the textile industry, silicone production is revolutionizing. It plays an important part 

in the manufacturing process, such as water repellent [18], flame retardant [19], antibacterial 

[20,21], pH-temperature thermosensitive [21,22], and improving dyeing properties [23-26]. 

Silica supported boron tri-fluoride (BF3.SiO2) is a reusable and most effective catalyst 

for promoting the synthesis of azo dyes from aromatic amines at a very short time, with 

excellent stability and high yield. However, no reaction takes place when using BF3 etherate 

[27-29].  

This study represents a solvent-free, rapid one-pot method, an efficacious path for 

preparing heterocyclic azo dyes. The process of diazotization and coupling is carried out at 

room temperature in the presence of nano BF3.SiO2 as an acidic catalyst. The dye’s structures 

are confirmed using spectral analysis. The synthesized dyes are used as inkjet printing of cotton 

and polyamide fabrics. 

2. Materials and Methods 

 2.1. Materials and reagents. 

Fabrics: nonwoven Egyptian cotton and polyamide fabrics were supplied by Misr El-

Mahalla Co., Egypt.  

Chemicals: Heterocyclic coupler (benzothiazole-2-amine and 5-phenyl-thiazole-2-

amine, 5-methyl-thiazole-2-amine), silica-supported boron trifluoride (BF3.SiO2), 2,2'-

oxydiethanol, propane-1,2,3-triol, urea, polyvinyl alcohol (PVA) sodium hydroxide and 

deionized distilled water. All chemicals are laboratory grade and supplied by Sigma-Aldrich 

Company. 

2.2. Synthesis of dyes. 

According to Filimonov and co-workers, [30] the free grinding diazotization process 

was applied to synthesis the new dyes. The mixture of a heterocyclic amine (0.01 mol), silica-

supported boron tri-fluoride (BF3.SiO2; 0.15 mol), and sodium nitrite (0.01 mol) was ground 

for three min, at room temperature. Then 1 ml deionized water was added and under stirring 

for 2 mins. A heterocyclic coupler (0.01 mol) was added to the mixture under stirring for 2 

mins to obtain the dyes (see Scheme 1). The prepared dyes are dissolved in 20 ml chloroform 
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and filtrated to isolate the catalyst. The products were recrystallized from 20 – 50 ml ethanol. 

The completion of diazotization was verified via IR spectra. The final product was 

characterized using elemental analysis, 1H-NMR, 13C-NMR, and Mass spectra. 

2.3. Preparation of inks. 

The microencapsulation technique is used to convert the prepared dyes to inks. A dye-

to-polymer ratio of 2:1 was prepared for six inks. The ink was prepared by this formulation: 

Dye dispersion  8 %, 2,2'-Oxydiethanol 10 %, Propane-1,2,3-triol 10 %, Urea 5 %, Polyvinyl 

alcohol (PVA) 4 % and deionized distilled water 63 %. 

The polymer which contains the COOH group surrounds the dye particle (shell-core). 

The attraction force between the dye molecule and the polymer dominates the dispersion; the 

particle stability is achieved by repulsion force between the particles in water and the polymer-

polymer entropic effect [31]. 

The ink components were mixed by ultrasonic (Sonics and materials INC model VCX 

750 volts 230 vac) at 100 rpm for 30 minutes until a homogeneous solution was obtained. Then, 

sodium hydroxide (10% by weight) was added to control the ink pH to a range of 7–9. The inks 

were later filtered through a filtering sieve with 8 μm pore size. After the inks had been 

prepared, they were stored in capped glass vessels and placed in a desiccator to avoid 

absorption of moisture from the air [31-34]. Then the inks were loaded into the inking unit of 

the inkjet printer (hong Jet-8420). 

2.4. Measurements. 

Melting points were taken on Electro-thermal IA 9000 series digital melting point 

apparatus. A Varian Mercury VX-300 NMR spectrometer was used for NMR measurements. 

Dimethyl sulphoxide was run on NMR spectra at 300 MHz (DMSO-d6). 

Transmission Electron Microscopy (TEM) JEOL JEM – 2100 (200 KV) instrument was 

used for obtaining the TEM images. Samples are planned to be tested by dissolving a drop of 

dyes or inks of an amorphous carbon film protected by a 400 mesh copper grid and by 

evaporating solvent at room air temperature. The average diameter of the current dyes or inks 

was estimated from the average diameter of 100 nanoparticles in the microphotographs in many 

randomly chosen regions [35-37]. 

The Ultrasonic Processor used in this work is (SONICS&MATERIALS, INC), Model: 

VCX750, Volts: 230VAC 50/60 HZNOM, U.S.A), (The Probe is turning to resonate at a 

specific frequency, 20 KHz + 100 HZ).  

For the estimation of the element percent, the samples were investigated using AXIOS 

advanced, Sequential WD-XRF Spectrometer, Panalytical, 2005. The Axios is a linear 

instrument with a measurement channel centered on a single goniometer, spanning the whole 

measurement spectrum. The instrument is managed from an external computer by a 

microprocessor, running an analytical software program. 

The color strength and whiteness degrees of the printed samples were evaluated by 

Hunter Lab Ultra Scan PRO, USA [38-42]. 
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Scheme 1. Suggested mechanism for azo dyes synthesis. 

The colorfastness to washing was determined according to the AATCC Test method 

61- 2013 using Launder-Ometer [43]. The specimens (5 × 10 cm) were sewed between two 

similar bleached cotton fabric and wool fabric pieces. The composite specimen was immersed 

into an aqueous solution containing 5 g/1 soap and 2 g/l sodium carbonate using a material to 

liquor ratio of 1:50. The bath was thermostatically adjusted to 95oC. The test was run for 45 

min at 42 rpm. The samples were then removed, rinsed twice in 100 ml bath of water at 40oC 

for one minute with occasional stirring or hand squeezing, souring in 100 ml of 0.014% solution 
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of acetic acid for one minute at 27oC, rinsing again for one minute in 100 ml water at 27oC 

followed by drying [44,45]. Evaluation of the wash fastness was established using the Gray 

Scale reference for color change. 

The colorfastness to crocking was determined according to the AATCC test method 8 

- 2016 [46]. This test is designated for determining the degree of color, which may be 

transferred from the surface of the colored fabric to another surface by rubbing. A colored test 

specimen fastened to the base of a Crock Meter was rubbed with a white crock test cloth under 

controlled conditions.  

Dry Rubbing Test: The test specimen was placed flat on the base of the Crock Meter. 

A white testing cloth was mounted on the finger of the crock meter. The covered finger was 

lowered onto the test specimen and caused to slide back and forth 20 times by making ten 

complete turns at a rate of one turn/second. The evaluation was done using the Gray Scale for 

staining.  

Wet Rubbing test: The white test sample was thoroughly wetted out in distilled water 

to a 65% wet pick up. The procedure was run as before. The white test samples were then air-

dried before evaluation. 

The colorfastness to perspiration was determined according to the AATCC test method 

15 - 2013 [47]. Two artificial perspiration solutions were prepared as follows: Acidic solution: 

L. Histidine mono-hydrochloride monohydrate 0.5 g, sodium chloride 5.0 g, sodium 

dihydrogen orthophosphate 2.2 g, were dissolved in 1L distilled water. Finally, the pH was 

adjusted to pH 5.5 by NaOH solution 0.1 N. Alkaline solution: L. Histidine mono-

hydrochloride monohydrate 0.5 g, sodium chloride 5.0 g di-sodium hydrogen orthophosphate 

2.5 g, was dissolved in 1L distilled water. Finally, the pH was adjusted to pH 8 by NaOH 

solution 0.1 N.  

The colorfastness to light was determined according to the AATCC test method 16.1 - 

2014 [48]. 

3. Results and Discussion 

3.1. Synthesis of azo dyes. 

The diazotization process typically happens below 0°C, and when this process occurs 

at 0-10°C, diazonium salts are formed with reduced thermal stability. In this study, the 

produced heteroaryl diazonium salts using nano BF3.SiO2. It was observed to be stable enough 

to be kept at a normal temperature in the dry grinding method. Amine (benzo[d]thiazole-2-

amine, 5-methyl thiazole-2-amine, and 5-phenylthiazole-2-amine,), were rapidly reacted with 

heterocyclic couplers to produce the azo dyes in the existence of NaNO2 and BF3.SiO2 (Scheme 

1 and Table 1).  

Table 1. Average molecular size of origin synthesized dyes and nano – inks. 

Ink no. 
The average molecular size of origin 

synthesized dyes (nanoscale) 

The average molecular size of 

microencapsulated inks (nanoscale) 

a 305.87 18.33 

b 205.79 20.35 

c 218.01 14.55 

d 102.61 46.12 

e 355 60.75 

f 500 45.66 

Figure 1 and Figure 2 show Transmission electron microscopy (TEM) images of 

synthesized dyes and nano-inks morphology. It’s clear from images that the synthesized dyes' 
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average particle diameter is greater than 100 nm. But nano ink average particle diameter 

ranging from 14 to 60 nm. 

 
Figure 1. TEM image of synthesized dyes (a-d) respectively. 

 
Figure 2. TEM images of microencapsulation inks (a-d), respectively. 

Table 2. Colour assessment for inkjet-printed samples. 

Ink No. 
max 

(nm) 
K/S (cotton) 

K/S 

(polyamide) 
L* a* b* 

a 445 19.2 19.2 77.23 5.82 32.34 

b 477 18.34 20.24 78.2 6.77 43.21 

c 483 16.1 18.1 67.72 6.42 42.51 

d 512 25.2 27.2 81.23 6.56 32.78 

e 495 24.2 26.2 79.3 4.21 45.23 

f 475 23.4 24.2 69.45 5.13 39.21 

 

Table 2 represents the color assessments of prepared inks that showed positive values 

for a* “red-green axis” on cotton and polyamide fabrics that is pointed to the reddish direction 
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and positive values for b* “yellow-blue axis” on cotton and polyamide fabrics that is pointed 

to the yellow direction. 

It can also be seen that the inks no. (d and e possess) the highest values of color strength 

are the molecular structure of the two inks containing phenyl groups (electron-donating) bound 

to the first thiazole ring and the methyl group (electron-withdrawing) on the other thiazole ring, 

which result in the bathochromic shift.  

Table 3 and Table 4 represent the fastness properties of inkjet-printed samples using 

the newly synthesized inks. The data show that excellent fastness due to the smaller particle 

size of inks. Figure 3 shows digital photographs for digital and brush printed cotton and 

polyamide fabrics using nano inks. 

 
Figure 3. Digital photographs for digital and brush printed cotton fabrics using nano inks. 

Table 3. Fastness Properties of Inkjet Printing cotton Fabric Using the Newly Synthesized inks (a - f). 

Ink 

No. 

Rubbing Washing Perspiration 
Light-

fastness Dry Wet Alt. St. 
Alkali Acid 

Alt St. Alt. St. 

a 4-5 4 4-5 4 4-5 4 4 4 5 

b 5 4-5 5 5 5 5 5 5 5 

c 4-5 4-5 5 5 5 5 5 5 5-6 

d 4-5 4 5 5 5 5 5 5 5-6 

e 4-5 4 5 5 5 5 5 5 5-6 

f 4-5 4-5 5 5 5 5 5 5 5-6 

Table 4. Fastness properties of inkjet printing polyamide fabric using the newly synthesized inks (a - f). 

Ink 

No. 

Rubbing Washing Perspiration 
Light-

fastness Dry Wet Alt. St. 
Alkali Acid 

Alt St. Alt. St. 

a 4-5 4 4-5 4 5 5 5 5 5 

b 4-5 4-5 5 4-5 5 5 5 5 5-6 

c 5 4-5 5 5 5 5 5 5 5-6 

d 5 4-5 5 5 5 5 5 5 5-6 

e 5 4-5 4-5 4-5 5 5 5 5 5-6 

f 5 4-5 5 5 5 5 5 5 5 
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Figure 4 and Figure 5 show the effect of fixation time (1-5 min) at 150°C on the brush 

printed cotton and polyamide using the synthesized inks. The highest values of color strength 

are acquired at a fixation time of 5 min. 

 
Figure 4. Fixation time effect on the K/S of digitally printed cotton. 

 
Figure 5. Fixation time effect on the K/S of digitally printed polyamide. 

4. Conclusions 

 BF3.SiO2 is used as an acid catalyst, which promotes the diazotization and coupling of 

heterocyclic compounds at room temperature. This process saves time, energy and reduces the 

operation cost because the reaction takes place at room temperature without the addition of 

solvents. The produced compounds are used as inks in printing cotton and polyamide fabrics; 

the prints have very good fastness properties. 
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