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Abstract 

Copper(II) hydroxyphenyl phthalocyanine analogues function as organic semiconductors due to their 

extensive π-conjugated systems, which facilitate charge transport, and their electrical characteristics 

can be altered through chemical doping. 2,3-dicyano-5,6-bis(4-hydroxyphenyl)pyrazine (PHPN) was 

synthesized by refluxing 4,4′-dihydroxybenzil with diaminomaleonitrile in absolute ethanol. The 

resulting precursor was subsequently cyclotetramerized with copper(II) nitrate in quinoline-containing 

urea to yield the copper complex PHPZCu. The synthesized compounds were characterized using 

elemental analysis, FTIR, UV-Visible spectroscopy, 1H-NMR, X-ray diffraction, and scanning electron 

microscopy. Elemental analysis was generally compatible with both the calculated and experimental 

data, corroborating the postulated molecular compositions. FTIR spectra validated the characteristic 

vibrations of active groups, such as C=C, C=N, C-N, aromatic C-H, and O-H, together with the absence 

of the nitrile band in the complex, thereby substantiating the development of macrocycles. The 

electronic spectra of PHPZCu exhibited the B band at 356 nm and the Q band at 661 nm, signifying an 

extended phthalocyanine-type conjugated system. The determination of a crystal structure via X-ray 

diffraction yielded interplanar spacing measures of 6.04, 5.34, 4.54, and 3.30 Å, while the SEM 

pictures revealed aggregated nanoscale particles exhibiting porous surface characteristics. Direct-

current conductivity was measured between 303 and 403 K prior to and subsequent to iodine doping. 

The conductivity of 2.3 × 10-4 was augmented by iodine treatment as 7.40 × 10-4 Ω-1 cm-1, 0.44 eV 

activation energy, whereas the activation energy was reduced from 0.47 eV as a result of the treatment. 

The consistency of these analytical results indicates the successful preparation of the target complex. 

The results demonstrate that iodine doping enhances charge transport and the viability of PHPZCu for 

organic semiconductor applications. 

 
Keywords: azo phthalocyanine, copper, electrical conductivity, iodine doping 

 

Introduction 

Porphyrazines and porphyrines are considered as two main divisions from tetrapyrrolic 

macro cycles compounds which have a large cycle, but they differ essentially. Porphyrazine 

is of a large tetrapyrrolic cycle which differs from porphyrine [1]. porphyrazin have been 

widely used gas sensors, data storage and displyers solar cells,evaporated films of PcCu were 

used as organic semiconductors high technologies [2] for intence they are used as catalyst in 

the merox process and photoconductor xerographic doubic layers of laser printers and copy 

machines.  

The metallophthalocyanines and porphyrazines were prepared by many methods.The 

synthesis of Phthalocyanine is usually at a high temperature, cyclotetramerization of 

phthalonitrile or phthalic anhydride [3, 4]. 

The cyclotetramerization of phthalocyanines is a clear reaction and using phthalic anhydride 

or phthalonitrile is favored method in industry. Both reactions are assisted by temperature 

and with a suitable metal ion, such as Fe, Al, Cu, Ni, Co and Mn. It is known that Pc 

marcocyclic can be derived from more than 70 elements. However, metal-free 

phthalocyanine (Pc H2) can be prepared by the removal of metal ions such as Li± or Mg+2 

after cyclotetramerization. Metallophthalocyanine compounds containing different peripheral 

substituents on the aromatic rings, such as substituted phthalonitrile, phthalic acid, or  
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phthalic anhydride, were prepared [5,6]. For example, a 

metallophthalocyanine polymer is prepared as dihydroxy 

silicon phthalocyanine tetrasulfonic acid, as shown in 

structure (1), and converted to oligo-µ-oxo silicon 

phthalocyanine tetrasulfonic acid by methods. Also, some 

infrared-absorbing porphyrazins are suitable for printing and 

used as colorants 

 high technical application including the porphyrazin 

therapy for cancer [7], non-linear optical data storage and 

conducting films, catalysts, and industrial, also porphyrazin 

are found to have a commercial application of 

photocopying, laser printing, and computer disc writing and 

storable absorbs [8] porphyrazin rings may either be separate 

units, such as metal free or copper porphyrazin, or linked 

with other porphyrazin rings in the form of dimer, oligomers 

or polymers [9]. 

This study aimed to synthesize and characterize PHPZCu, a 

copper(II) hydroxyphenyl phthalocyanine complex, and 

evaluate its organic semiconductor potential. Elemental 

analysis, FTIR, UV-Visible spectroscopy, 1H-NMR, X-ray 

diffraction, and scanning electron microscopy were used to 

characterize the synthesized precursor and copper complex. 

This research also examined the complex's temperature-

dependent direct-current electrical conductivity and the 

influence of iodine doping on its conductivity and activation 

energy. 

 

Materials and Methodology 

Materials: All chemical materials that were used in this

research, such as 4,4′-Dihydroxybenzil, diaminomaleonitrile 

(DAMN), copper nitrate, urea, iodine, and quinoline, were 

obtained from CDH (India). Absolute ethanol, glacial acetic 

acid, acetone, and n-hexanol were obtained from Sigma 

Aldrich (Germany).  

 

Methodology 

Synthesis of 2,3-dicyano-5,6- bis (4-hydroxy phenyl) 

pyrazine (PHPN) 

A (1 g, 4.13×10-3 mol) of 4, 4- dihydroxy benzyl was 

dissolved in 25 ml ethanol and 28 drops of acetic acid, then 

added to a conical flask containing (0.5 g, 4.6×10-3 mol) of 

diamino malonetrile (DAMN) dissolved in 25 ml ethanol 

and refluxed for 4 h. The reaction product was then left for 

48 h and filtered, and the solid product was recrystallized 

from a mixture of hexanol and acetone (1:1). The product is 

red microcrystals, and the yield is (0.96 g, 74%) m.p (253-

255) [10,11]. 

 

The synthesis of octa (4-hydroxy phenyl) azo 

phthalocyanitocopper (II) (PHPZCU)  

A mixture of (0.148 g, 7.96×10-4 mol) of cupper nitrate, 

(1.12g, 4×10-3 mol) of PHPN, (1.5g, 2.5× 10-2 mol) of urea, 

and 8 ml quinoline was refluxed for 4 h, and the reaction 

mixture was then cooled .The crude reaction products were 

purified by dissolving them in chloroform, then adding the 

solution to a beaker containing ethanol. The solid product 

was then filtered and dried at 110 ℃. The product is a dark 

red powder, and the yield is 0.8 g, 70.2% [12]. 

 

 

 

Scheme 1: Routes of synthesis of PHPZCU 

 

Result and Dissection  

The C.H.N analysis is shown in Table 1, which shows that 

the calculated values are nearly similar. The little difference 

may be attributed to the general difficulty of the 

phthalocyanine purification and Tetea Pyrazino porphrazino 

(T.P porphyrazino) compounds, which is due to the difficult 

solubility. 

 
Table 1: Elemental analysis data of the studied compounds 

 

Compounds 
Calculated Found% 

C H N C H N 

PHPN 

C18H10N4O2 
48.40 1.34 37.64 48.90 1.68 37.08 

PHPzCu 

C72H40N16O8Cu 
65.47 3.05 16.97 64.60 2.8 16.53 
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Table 2 shows the main IR absorption frequencies for the 

prepared compounds, and the FTIR spectra show a strong 

sharp band in the range (1508-1544) cm-1 due to (C=C) 

stretching, while (C=N) peak appears in the range of (1614-

1620) cm-1, and the (C-N) peak appears in the range of 

(1382-1384) cm-1. 

The aromatic C-H stretching peak appeared in the range 

(3080-3085) cm-1, and all spectra of the prepared complexes 

show several bands in the range (700-1230) cm-1 assigned to 

the compounds skeletal vibrations, and the appearance in the 

range of (2235-2240) cm-1, which is the peak of the 

stretching of the (C≡N) band. The (O-H) peak appears in the 

range of (3309-3421) cm-1 [13]. 
 

Table 2: The IR absorption data for compounds. 
 

Compounds 
V(C=C) 

cm-1 

V(C-H) 

cm-1 

V(C=N) 

cm-1 

V(C-N) 

cm-1 

V(C≡N) 

cm-1 

V(O-H) 

cm-1 

PHPN (1530-1533)s (3080-3085)w (1600-1614)s (1380-1384)s (2235-2240)s (3348-3467)S 

PHPzCu (1508-1544)s (3085-3087)w (1600-1620)s (1380-1382)s - (3309-3412)S 

 

The UV-Visible prepared complex was measured in the 

range of (200-800nm), using DMSO as the solvent, showing 

electronic spectra, and the data taken from the spectra for 

compounds. 

All spectra show the general features of Schiff Base 

complexes, with two main peaks [14]. The first transition was 

observed in the range of (425-661nm), which can be 

attributed to a Q-band to (π-π*). The second band observed 

in the range (350-356nm) can be attributed to the B-band, 

assigned to the (π-π*) transition. 

 
Table 3: UV-Visible date for compounds. 

 

compounds B band (λmax nm) Q band (λmax nm) 

PHPN 250,300 425 

PHPZCu 356 661 

 

The 1H-NMR spectra of the prepared complex, Schiff Base 

complexes, are shown in Figure 5. The spectra are similar 

and consist of aromatic proton signals within the range 

(7.35-7.38) ppm, which peak the Meta, para, and ortho 

protons. The spectra showed a signal at 2.4-2.5 ppm for the 

DMSO solvent and showed a sharp signal at 3.1 ppm for 

water in DMSO [15], and peaks at (7.35, 7.38, 7.93), which 

could be related to aromatic protons. 

 

 
 

X-ray diffraction  
X-ray diffraction can be used to determine the degree of 

crystallization of the complex. The samples for XRD were 

prepared by impregnation. Table 4 shows that the 

interplanar spacing ranges are 3.30 and 6.04 Å. 

 
Table 4: Inter planner spacing of the PHPZCu. 

 

Compounds Values d in A 

PHPZCu 6.04, 5.34, 4.54, 3.30 
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Fig 1: SEM micrograph of the activated carbon. 

 

The before-and-after activation was examined by scanning 

electron microscopy. The PHPZCu image shows regular 

particle shapes and a size of about 24-35 nm, with large 

pores, and the surface was smooth. After activation, the 

surface area of PHPZCu was wide and had no sharp edges 

and a size of about 37.96 nm, as shown in Figure 1. 

The DC and AC conductivity measurements of the sample 

were carried out by the casting method, with a thickness of 

0.5mm measured by a Vime micrometer. A copper 

constantan thermocouple was positioned close to the sample 

and connected to a voltmeter, which measured the voltage, 

which was then converted to the corresponding temperature. 

The side arm tube allows the sample holder to be connected 

to a vacuum of pressure of (0.133 Nm-2). The resistance 

wire was held to the outer wall of the glass tube to heat the 

sample inside the tube by using a DC power supply type

(Liktiktar kub), as shown in Figure 2. 

The external measurement circuits are shown in Figure 2, 

digital voltmeter type multimeter (15B&178, Fluka) was 

used to measure the voltage and A meter for measuring the 

current passing in the circuit was also connected to the DC 

power supply type (Maroni)which controls the voltage 

passing across the circuit. The resistance and the conversion 

to electrical conductivity of the sample were obtained by the 

following equations: 

R=V/I……… (ohm) 

 ϱ=1/R *L/A………(ohm-1 cm-1) 

R=Sample resistance (ohm) 

V=Sample voltage (volt) 

L=Sample thickness (cm) 

A=the painted area of the sample surface (cm2) 

ϱ= the specific electrical conductivity (ohm-1 cm-1) 
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Fig 2: Schematic representation of an AC electrical measurement circuit. 

 

Preparation of samples for the measurement of electrical 

conductivity  

A high-purity (99.9%) glass slide was cleaned and dried, 

and copper wire of diameter (0.15mm) was winded on each 

slide to ensure the applicability of the metal wire on the 

surface of the glass slide, an Aluminum electrode is then 

evaporated by an evaporating system. After the completion 

of the process of evaporation, the metal wire was lifted to 

get a thin membrane of aluminum deposited on the glass 

slide, except for the areas that were covered with metal wire, 

with dimensions equal to the membrane of aluminum, 

making the spaces and lengths of the space all equal. The 

model prepared in this manner is shown in Figure 3. 

Then, a thick solution of the samples was carefully spread 

on the slides between the electrodes and dried. The 

concentrated solution of porphyrazines was prepared using 

DMSO as solvent, and then dried for 24 hours in the air, and 

placed in the oven at a temperature of 100 ℃ for 16 hours. 

There should be no contact between the two electrodes to 

guarantee the accuracy of the electrical measurements. To 

take the measurements, we can choose any pair of electrode 

poles between the two membranes on the glass slide and 

connect the electrical circuit (6). 

 

 
 

Fig 3: Preparation samples for measurements of electrical properties 

 

The DC electrical conductivity for surface film was 

measured for the studied Porphyrazines with central metal 

Cu at a temperature range (303-403 K). Doping of the 

complex Iodine was achieved by dissolving the complex in 

CCl4 and stirring at 79 °C for 72 h. After that, the complex 

doping was filtered and dried in a vacuum oven at 50 °C. 

The maximum conductivity of the doped complex samples 

is 3-52 × 10-4 1/ohm. It increases conductivity by the 

overlap of the Ʌ Porphyrazines orbitals of rings. A high 

electrical conductivity has been reported by Wohrle (16) for 

iodine-doped Complex, which was explained by assuming 

that the eclipsed ring structure persists in the partially 

oxidized Material, as shown in Table 5 and Figure 4. 

 
Table 5: ΔE and σº values of prepared sample 

 

Sample ΔE ev σº (ohm-1(cm-1) 

PHPZCu 0.47 2.3x10-4 

Iodine-doped PHPZCu 0.44 7.40x10-4 
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Fig 4: DC conductivity of Complex and doped Complex. 

 

Conclusion 

The copper(II) hydroxyphenyl phthalocyanine complex, 

PHPZCu, was cyclotetramerized from the pyrazine 

dicarbonitrile precursor, synthesized using copper(II) nitrate 

in quinoline and urea as a promoter. The suggested 

macrocyclic copper complex was validated by elemental 

and spectroscopic studies. The extended conjugated 

phthalocyanine-type system was verified by the 

disappearance of the C≡N absorption band after cyclization 

and the presence of the characteristic Q band at 661 nm. X-

ray diffraction, aggregated nanoscale particles, and SEM 

investigation indicated the solid's crystalline character and 

porous surface. The electrical experiments demonstrated 

semiconducting action and temperature-dependent 

conductivity. Additionally, iodine doping improved 

electrical performance greatly, and conductivity rose from 

2.3 × 10−4 to 7.40 × 10−4 Ω−1 cm−1, whereas activation 

energy reduced from 0.47 to 0.44 eV. Components with 

improved charge-carrier conduction in the overlapping π-

electron system are a result of partial oxidation of the 

conjugated macrocycle. Iodine-doped PHPZCu is a tunable 

organic semiconductor. Research should also examine film 

homogeneity, stability, carrier mobility, and device 

performance in sensors, optoelectronic systems, and other 

organic electronics. 
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