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ABSTRACT 
 

 Copper phthalocyanine blue pigment was synthesized by using urea, 
phthalic anhydride and copper chloride in the presence of ammonium molybdate as 
a catalyst under microwave irradiation. The pigment was prepared at different time 
intervals i,e. 3, 4, 5, 6, 7 & 8 minute using medium power (400-500)W of 
microwave oven. The maximum yield was observed at 6 minute. Moreover, colour 
strength was improved by changing the synthesis process and by increasing the 
grinding time of reactants. Copper phthalocyanine blue pigment was further treated 
with water and chlorobenzene resulting in the formation of dark blue and greenish 
blue colored shades respectively. The solvents were used to enhance the yield of 
Copper phthalocyanine in terms of shade intensity. The prepared samples were 
evaluated by UV-Vis spectrophotometer and FT-IR spectroscopy. 
 

Keywords: Copper phthalocyanine, Urea, Phthalic anhydride, Ammonium 
molybdate, Chlorobenzene. 

 

1.  INTRODUCTION 
 

Phthalocyanines are aromatic macrocyclic tetrabenzo tetra-azaporphyrins 
compounds used considerably as blue and green dyes1-2. Phthalocyanine compounds consist 
of four N-fused isoindole units that possess interesting chemical and physical properties. 
They are pigment dyes that contain л-electron system in the molecular structure and due to 
large π-conjugated system, they absorb strongly in the red visible region, giving a characteristic 
blue-green colour3. They are nitrogen containing planar 18 л-electron heterocyclic 
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conjugated compounds4. Among all phthalocyanines, Copper phthalocyanine (CuPc) is one 
of the most important colorant and has superior properties such as light fastness, resistance to 
alkalies and acids with tinting strength5. 

Copper phthalocyanine (CuPc) is a macrocyclic molecule consists of four isoindole 
units linked by four nitrogen atoms to form a conjugate structure with copper (II) ion in 
centre. It illustrated good overall stability to organic solvents and used for the production of 
blue shades in most pigment consuming industries6. Copper phthalocyanine (CuPc) exist in 
many polymorphic forms but the commonly studied phases are alpha (α) and beta (β) forms7-8. 
Phthalocyanines and their derivatives are extensively used in non-linear optics, in laser-beam 
printers and photocopiers, as liquid crystals, as gas sensors, as electronic substances, in optical 
data storage, as photosensitizers and as catalyst for oxidative degradation of pollutants etc.9-10. 

In conventional synthesis of phthalocyanine yield is often low and a mixture of 
product is often generated11. The major problems in the classical method of synthesis are 
production of high amount of acidic waste-water, large thermal energy consumption. 
Moreover, it requires high temperature and longer reaction time and therefore pure 
phthalocyanines are difficult to obtain under these conditions12-14. 

The versatile features of phthalocyanine blue have stimulated attempts on its 
synthesis by new methods. Toru has reported an appropriate route for the synthesis of metal-
free phthalocyanine15. C. H. Yang et al. prepared phthalocyanines by using metal salts as a 
source for the central atom16. Combination of electrochemical and hydrothermal assisted by 
microwave was used for the preparation of Copper phthalocyanine (CuPc) blue17-18. B. I. 
Kharisov compared the conventional and direct electrochemical synthesis of copper 
phthalocyanine using different solvents in order to obtain phthalocyanine in one step19. 
Copper phthalocyanine (CuPc) can also be synthesized by fusion process20.  

In introduction to green chemistry into the curriculum, synthesis of an inorganic 
complex, Cu(II) phthalocyanine was modified by (i) replacing a hazardous solvent pyridine 
with an eco-friendlier solvent N-methyl-2-pyrolidinone (ii) switching from conventional 
thermal heating to microwave heating in order to reduce reaction time21-22.  

Microwave assisted reactions are greener as these reactions are conducted in the 
absence of solvent. Microwave processes has attracted potential as an alternative to classical 
thermal processes because of the inherent advantage of microwave heating, which is 
selective, rapid, direct, internal, and controllable23-25. The present work is devoted to 
synthesize the Copper phthalocyanine (CuPc) blue pigment by using cheapest precursors 
under microwave heating process at different time intervals to decrease the reaction time as 
well as the temperature and to improve its yield and colour strength. 
 
2. MATERIALS AND METHODS 
 

2.1 Reagents/Chemicals 
All the reagents used during the study program were analytical grade. The reagents 

used include distilled water, urea, phthalic anhydride, ammonium molybdate, copper chloride, 
sodium hydroxide, hydrochloric acid, sulphuric acid, chlorobenzene, thickener, binder etc.  
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2.2 Grinding 
Urea (8.1 g), Phthalic anhydride (3.99 g) and 0.5% Ammonium molybdate were 

mixed and grinded for 10 minutes. Then the material was heated for one minute in 
microwave oven to mix it well. After heating, copper chloride was measured according to 
the balanced chemical equation that is 0.67 g. Then copper chloride was added in that 
material and grinded it for 5 minutes for efficient mixing of reactants26.   

2.3 Microwave Heating 
The whole material was weighed and placed into the beaker by setting the power of 

microwave oven at medium (400-500) W and heated it for different time intervals for one-
minute cycle. Six such samples were prepared. First sample was heated for 3 minutes. The 
crude of blue colour was formed after heating for 3 minutes. Similarly, other samples were 
heated for 4, 5, 6, 7 and 8 minutes with the same procedure. By heating the sample, blue 
colour crude of copper phthalocyanine (CuPc) was formed27. 
 

2.4 Washing 
All the samples were weighed again after heating, grinded and then weighed before 

washing. The grinded material was added into 50 mL distilled water for washing of samples, 
stirred it and added into sintered glass crucible. The material was washed with 5% NaOH 
solution and 10% HCl solution. After that the material was washed with 100 mL distilled 
water and left it for 24 hours. Then 20 mL sulphuric acid was added into material in two 
portions to dissolve the samples. The product of green colour in flask and the material of 
black colour as impurity on glass crucible were obtained by dissolving in sulphuric acid. The 
filtrate was poured into 200 mL distilled water and passed it through glass crucible for 
filtration28.  After that samples were dried and weighed and yield was calculated as shown in 
Table No. 1. 
 

 
Table No. 1 Yield of samples after heating and washing 

 
 

Samples Time  Power Weight 
before     
heating 

Weight 
after 
heating 

Weight 
before 
washing 

Weight 
after 
washing 

%age 
yield 

1 3min Medium 13.32 6.56 6.35 1.287 32.25% 
2 4min Medium 12.64 6.54 6.25 1.49 37.3% 
3 5min Medium 12.80 5.98 5.86 1.66 41.7% 
4 6min Medium 12.85 5.85 5.63 2.42 62.37% 
5 7min Medium 12.82 5.92 5.68 2.41 62.24% 
6 8min Medium 12.85 5.82 5.67 2.415 62.11% 

 
The %age yield of samples was calculated at 3, 4, 5, 6, 7 and 8 minute after washing 

and drying the products. The yield obtained at 6 minute was maximum. So, sample prepared 
at 6 minute was further treated with different solvents for enhancing yield of copper 
phthalocyanine (CuPc) blues in terms of shade depth. 
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2.6 Acid Pasting 
 
The crude synthesized at six minute was added into sulphuric acid for acid 

treatment. The crude Copper phthalocyanine (CuPc) 5g was added into 100mL conc. 
sulphuric acid and stirred it at magnetic stirrer for 20 minutes. Then this solution was poured 
into sintered glass crucible and washed by 100mL distilled water. 
 
2.7 Solvent Treatment 

 
The pigment after acid pasting was further treated with water and chlorobenzene to 

get different shades of copper phthalocyanine (CuPc) blues. The pigment prepared by acid 
pasting was added into 100 mL distilled water, stirred the solution by centrifuge machine to 
get the pigment paste. The paste of dark blue colour was appeared. Then the pigment 
prepared by acid pasting was added into 100mL chlorobenzene, stirred the solution and 
passed it through sintered glass crucible by vacuum pump. Then pour water on it to 
neutralize the material. The paste of greenish blue colour was appeared. 
 
2.8 Observation of Colour Shades 

 

Changes in colour shades were observed at room temperature, by heating sample in 
oven at different temperatures and under UV light. Then compared the changes in colour 
shades with original samples prepared in solvents.  
 
2.9 Printing Paste  

 
Printing paste was prepared by using thickener, binder and sample paste. In 100 g 

thickener, 1 g binder and 1 g sample paste were added, mixed it well and then used on cotton 
fabric to check the intensity of blue colour for each sample.  
 
3. RESULTS AND DISCUSSION 

 
The synthesis of Copper phthalocyanines (CuPc) pigment was accomplished by 

using urea, phthalic anhydride, copper chloride and ammonium molybdate as a catalyst. The 
reaction was carried out under microwave irradiation at different time intervals in order to 
find out the maximum yield and excellent colour strength of Copper phthalocyanine (CuPc) 
blue pigment. It was found that the maximum yield was observed at 6 minute as shown in 
Fig. 1. The FT-IR of product showed that Copper phthalocyanine (CuPc) was not formed at 
3, 4 and 5 minute. So it was found that the minimum time required for synthesis of Copper 
phthalocyanine (CuPc) is 6 minute. 
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Fig No. 1 %age yield of Copper phthalocyanine at different time intervals 
 
3.1 Effect of synthesis process 

The mode of synthesis of copper phthalocyanines (CuPc) greatly effects the colour 
intensity and other properties of pigment29. The yield of reaction was improved by changing 
the synthesis process and by increasing the grinding time of reactants. Copper 
phthalocyanine synthesized by microwave method showed good yield, excellent shade and 
colour strength. 
 
3.2 Effect of Different Temperatures and UV Light on Copper phthalocyanine pigment 

Copper phthalocyanines (CuPc) was further treated with different solvents for 
enhancing yield  in terms of shade depth. The change in colour shades were observed under 
different temperatures and under UV light to compare the changes in colour shades with 
original samples prepared in solvents. There is no change in colour shades under room 
temperature but these samples showed variation in colour shades at 50ºC, 100ºC and under 
UV-Light as shown in Table no. 2. So these samples are stable at room temperature but not 
at high temperatures and under UV-Light. 
 
Table No. 2 Effect of different Temperatures and UV Light on Copper phthalocyanine pigment 
 

Samples Reaction of CuPc with 
Water 

Reaction of CuPc with Chlorobenzene 

Color shade Dark blue Greenish blue 
Color at Room Temp Dark blue Greenish blue 
Color at 500C Greenish blue Green 
Color at 1000C Dark green Blue 
Color under UV Light Blue Light blue 

 
3.3 Printing Paste  

Different shades of blue colour appeared which indicate the colour intensity of 
sample as shown in Table No. 3.  
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Sr. No Samples Printing Paste 
1  Copper phthalocyanine 

 
2  Copper phthalocyanine treated with Water 

 
3  Water treated Copper phthalocyanine heated at 1000C 

 
4  Water treated Copper phthalocyanine heated at 500C 

 
5  Water treated Copper phthalocyanine under UV Light 

 
6  Copper phthalocyanine treated with Chlorobenzene 

 
7 Chlorobenzene  treated Copper phthalocyanine   heated 

at 1000C 
 

8  Chlorobenzene treated Copper phthalocyanine     heated 

at 500C 
 

9  Chlorobenzene treated Copper phthalocyanine   under 

UV Light 
 

 
3.4 UV-Visible Results 

Absorption spectrum or transmission spectrum in the wavelength range of 380 nm to 
780 nm was measured with UV visible spectrophotometer. The phthalocyanine compounds 
show two main electronic transitions named as Q band (600–700 nm in the visible region) 
and B band (300-350 nm in the UV region)30. According to literature, the main absorption 
occurs between 600 and 700 nm31. The absorption spectrum of α- type Copper phthalocyanine 
(CuPc) has its peak in the range of 600±15 nm to 680±15 nm. The absorption spectrum of 
Copper phthalocyanine (CuPc) in water shows peak at 610 nm32. 
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Fig No. 2 UV- Visible spectra of Copper phthalocyanine      Fig No. 3 UV- Visible spectra of Water treated 
Copper        Phthalocyanine 
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Fig No. 4 UV- Visible spectra of Chlorobenzene treated Copper phthalocyanine 
 

UV-Visible spectrum of Copper phthalocyanine (CuPc) prepared at 6minute display 
Q band at 670 nm as shown in Fig. 2. UV-Visible spectrum of water treated Copper 
phthalocyanine (CuPc) shows significant peak at approximately 614 nm as shown in Fig. 3. 
UV-Visible spectrum of chlorobenzene treated Copper phthalocyanine (CuPc) shows 
significant peak at approximately 437 nm as shown in Fig. 4. 
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3.5 FT-IR Results 
 

3.5.1 FT- IR of samples prepared at different time intervals 
Fig. 5 shows the FT−IR spectra of Copper phthalocyanine (CuPc) prepared at 

different time intervals i.e. 3, 4, 5 and 6 minute. The IR absorption bands at 1710, 1607-1635, 
1462, 1328-1329, 1160,1033,1062-1086, 862-864 and 715cm-1 were due to phthalocyanine 
skeletal vibrations33.  

The peak at 2857 cm-1 is due to alkane (C−H) bond, 862, 863 cm-1 is due to alkene 
(C−H) bending, 1160, 1190, 1328 cm-1 are due to amine bonds, 1607 cm-1 is due to amine 
(N−H) bond, 1462 cm-1is due to (C=C) stretching. But the sample prepared at 6 minute also 
gave sharp peak at 864cm-1 and 715cm-1. The absorption at 715 cm-1 is ascribed to the 
vibrational mode of the central part of Copper phthalocyanine (CuPc). So the sample 
prepared at 6 minute is pure Copper phthalocyanine (CuPc) as it is confirmed by comparison 
with literature34. 

  
Fig No. 5 FT-IR of Copper phthalocyanine at 3 min    Fig No. 6 FT-IR of Copper phthalocyanine at 4 min 
 

  
Fig No. 7 FT-IR of Copper phthalocyanine at 5 min       Fig No. 8 FT-IR of Copper phthalocyanine at 6 min    
 
3.5.2 FT−IR of Water and Chlorobenzene treated samples 

The peak at 3362 cm-1 is due to (N−H) stretching, 1625 cm-1 is due to (C=C) 
stretching, 1488 cm-1 is due to aromatic (C=C) stretching, 1334 cm-1 is due to amine (C−N) 
stretching, 1170 cm-1is due to (C−N) stretching, 834 cm-1 and 723 cm-1 are due to C−H out 
of plane bending as shown in Fig. 9. The peak at 3347 cm-1 is due to (N−H) stretching, 1632 
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cm-1 is due to (C=C) stretching, 2117 cm-1 is due to alkyne stretching, 1148 cm-1 is due to 
amine (C−N) stretching, 1028 cm-1is due to ether (C−O) stretching and 879 cm-1 is due to 
(C−H) bending as shown in Fig. 10. 
 

  
Fig No. 9 FT-IR of Copper phthalocyanine treated Fig No. 10 FT-IR of Copper phthalocyanine  
with Chlorobenzene     treated  with Water   
    
CONCLUSION 
 

Copper phthalocyanine (CuPc) synthesized by microwave method showed 
maximum yield at 6 minute. It showed excellent colour strength under microwave heating 
process. The yield of Copper phthalocyanine was improved by changing synthesis process 
and by increasing grinding time. Different shades of blue colour were observed under 
treatment with water and chlorobenzene solvent.  
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