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Abstract 
The new symmetrically tetra substituted metallophthalocyanines (MPc) [MPc1-3, M = Co(II), Ni(II) and Cu(II)] bearing 
pyridyl moieties on peripheral positions have been synthesized via 1,3,4-oxadiazole bridge. The newly prepared 
compounds have been characterized by elemental analysis, FTIR, Solid State 

13
C NMR, Solid State UV–Vis, 

Thermogravimetric Analysis (TGA) and XRD analysis, the complexes are in good consistency with the experimental results. 
All the newly synthesized compounds exhibited good optical property showing the red shift of Q-band position and TGA 
results show admirable thermal stability (>400 

°
C). The MPc2 and 3 show high dielectric constant (ɛ′), 9800 and 11150 

respectively, at 50 Hz. The ensuing MPc1-3 show low dielectric loss (tanδ) in the frequency range of 50 Hz to 5 MHz at 
room temperature. The shoulder nature is observed in the variation of tanδ with frequency for MPc2 and MPc3, which is 
understood on the basis of resonance between hopping frequencies of charge carriers and applied frequency. The 
variation of AC conductivity with frequency was explained by electron hopping model and values are in the range of 4.0x10

-

5
–1.6x10

-4
 (S/m) at 5 MHz measured at 20 

°
C.  
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1. Introduction 
Phthalocyanines (Pcs) have attracted considerable interest due to their unique optical and electrical 
properties. Recently, much attention has been focused on substituted Pcs because their properties can be 
extensively modified by varying the metal and peripheral substituents. Metallophthalocyanines (MPc) are 
organic materials with semiconducting properties. Therefore, the study of these compounds is very essential 
to understand the behaviour of their electronic and physical properties under various conditions such as 
changes in frequency, temperature, pressure, ambient gases, etc. [1, 2]. The electronic properties of MPc have 
received increasing attention because of their importance as prototype semiconductors and their uses in 
technological applications such as solar cells, gas sensors [3] and to generate various types of switching devices 
[4]. It also finds applications in nonlinear optical (NLO) devices [5], liquid crystals, Langmuir–Blodgett films, 
electrochromic devices [6, 7], photodynamic therapy of cancer (PDT) [8] and catalysis [9]. The high dielectric 
constant materials have possible application in electromechanical fields such as high performance sensors, 
actuators as well as bypass capacitors in microelectronics and energy-storage devices [10, 11]. The growing use 
of Pcs as advanced materials during the last decade has encouraged research on the synthesis of new 
derivatized materials.  

The aromatic heterocyclic moieties like oxadiazole, pyridine, quinoline, thiadiazoles and triazoles, have 
been suggested as good electron transport and hole blocking materials for electroluminescent devices [12-14]. 
And on the whole 1,3,4-oxadiazole derivatives are important organic semiconducting materials and widely 
used in photo-electronic devices [15]. Our recent contributions describing a series of Pcs with aryl and alkyl-
[1,3,4]-oxadiazole subunits which exhibited admirable optical, thermal and electrical properties [16, 17]. To 
the best of our knowledge, very few reports are available on tetra and octa substituted pyridine on Pc 
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periphery via ether (O) and thiaether (S) linkage and suit for PDT, electrochemical and photochemical studies 
[18-20]. 

Therefore, in this contribution, we inserted the pyrido-[1,3,4]-oxadiazole moieties onto electron-rich MPc 
periphery (Scheme 1) (MPc1-3, M = Co(II), Ni(II) and Cu(II)). The resulting complexes were characterized by 
elemental analysis, FTIR, Solid state 

13
C NMR, Solid state UV–Vis, TGA, XRD analysis and further subjected to 

electrical studies. Measurements of AC conductivity of semiconductors have been extensively used to 
understand the conduction mechanisms in these materials [21]. In the present work, the frequency 
dependence of AC conductivity, dielectric constant and dielectric loss studies have been performed for MPc1-3 
in bulk form. The measurements have been carried out in the frequency range of 50Hz to 5 MHz at room 
temperature.  
 
 
2. Methods 
 
2.1. Materials 
1,2,4-Benzene tricarboxylic anhydride and Isoniazide were purchased from Sigma Aldrich and Polyphosphoric 
acid (PPA) was purchased from Himedia Chemicals Ltd. India. All the other chemicals were procured from SD-
Fine Chemicals, and used as received. Tetracarboxy metal phthalocyanines (TCMPc) [M = Co, Ni and Cu] were 
prepared according to the described procedure [22]. 
 
2.2. Instrumentation 
Elemental analysis was obtained from a Carlo-Erba 1106 instrument. FTIR spectra were recorded on a FT-IR 
8400s Shimadzu spectrometer in KBr pellets. Solid state electronic absorption spectra were recorded on a UV-
Vis NIR spectrometer, model USD 4000. Solid-state 

13
C-NMR spectra were recorded on a Bruker DSX-300 solid-

state NMR spectrometer with a magnetic field of 7.04 T and carbon frequency of 75.47 MHz (internal standard 
was glycine). Perkin-Elmer Thermal analyzer was used for TGA.  Powdered XRD measurements were carried 
out on a Bruker D8 Advance X-ray diffractrometer. The dielectric and AC conductivity measurements were 
carried out using impedance analyzer model HIOKI 3352-50 HiTESTER Version 2.3.  
 
2.3. Synthesis 
General procedure for Tetra-pyrido-[1,3,4]-oxadiazole substituted MPc complexes (MPc1–3) [Scheme 1] 
Tetra-pyrido-[1,3,4]-oxadiazole substituted MPc1-3 were synthesized by adopting the procedure earlier 
reported by us [16, 17]. In brief, TCMPc (0.001 mol) and Isoniazide (pyridine-4-carbohydrazide) (0.006 mol) 
were stirred in preheated 100 g polyphosphoric acid (PPA) containing 10g P2O5 and the reaction mixture was 
maintained at 150 

°
C for 20h. The product obtained was repeatedly treated with 0.1 N sodium hydroxide 

followed by water to remove unreacted TCMPc and unreacted isoniazide was removed by washing several 
times with hot water and acetone to get pure tetra-pyrido-[1,3,4]-oxadiazole substituted MPc complexes 
(MPc1–3). 
 
Tetra-{pyrido-[1,3,4]-oxadiazole}-cobalt phthalocyanine (MPc1) 
Yield: 92%. Calcd: C (62.57), H (2.45), N (24.32), O (5.56). Found: C (62.19), H (2.09), N (24.04), O (5.38). IR 
[(KBr) υ max/cm

-1
]: 2934 (Ar–CH), 1609 (C=N), 1518 (C=C), 1141 (-C-O), 1096, 925, 831, 765 (Pc skeleton 

vibration). UV-Vis (solid state)λmax/nm 432, 579, 795. 
 
Tetra-{pyrido-[1,3,4]-oxadiazole}-nickel phthalocyanine (MPc2) 
Yield: 90%. Calcd: C (62.57), H (2.45), N (24.32), O (5.56). Found: C (62.12), H (2.11), N (24.09), O (5.17). IR 
[(KBr) υ max/cm

-1
]: 2926 (Ar–CH), 1610 (C=N), 1531 (C=C), 1141 (-C-O), 1091, 926, 831, 766 (Pc skeleton 

vibration). 
13

C-NMR (solid state) δ ppm 164, 150, 144, 132, 122. UV-Vis (solid state) λmax/nm 433, 587, 835. 
 
Tetra-{pyrido-[1,3,4]-oxadiazole}-copper phthalocyanine (MPc3) 
Yield: 89%. Calcd: C (62.57), H (2.45), N (24.32), O (5.56). Found: C (62.08), H (2.01), N (24.04), O (5.19). IR 
[(KBr) υ max/cm

-1
]: 2932 (Ar–CH), 1610 (C=N), 1541 (C=C), 1140 (-C-O), 1093, 913, 832, 764 (Pc skeleton 

vibration). UV-Vis (solid state)λmax/nm 435, 577, 814. 
 
2.4. Electrical measurements 
Devices were fabricated in a sandwich configuration Ag/MPc/Ag with powdered MPc(1-3), samples were 
compressed into pellets and conducting silver paint (ELTECKS preparation No. 1228-C) was coated on both flat 
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surfaces of the pellets and the electrical contacts to the samples were made using the same silver paint to the 
electrodes. The electrical contacts were checked to verify the ohmic connection. The dielectric and AC 
conductivity measurements were carried out using impedance analyzer model HIOKI 3352-50 HiTESTER 
Version 2.3. The measurements were carried out at room temperature in between the 50Hz–5MHz. The 
capacitance value (C), and AC conductance (G) were directly obtained from the instrument. The dielectric 
constant (ɛ′) and AC conductivity (σac) values are calculated using the relations ɛ′=Cpd/ɛoA and σac=Gd/A 
respectively, where ‘d’ is the thickness of the sample and ‘A’ is the cross-section area and ɛo is the permittivity 
of the free space. 
 
 
3. Results and Discussion 
Melt condensation of tetracarboxy transition metal phthalocyanines with pyridine-4-carbohydrazide resulted 
in the formation of 2,9,16,23-tetra-pyrido-[1,3,4]-oxadiazole-substituted metal phthalocyanines (MPc1-3) (M = 
Co, Ni and Cu). The condensation was realized in the presence of PPA at 150-160 

°
C. All the new Pc complexes 

were characterized by elemental analysis, FT-IR, solid-state UV-Vis, solid-state 
13

C-NMR spectroscopy, TGA and 
XRD studies. 
 

Scheme 1: Synthesis of tetra-pyrido-[1,3,4]-oxadiazole substituted MPcs1-3 (M= Co, Ni and Cu) complexes. 

 
 
 
 
 

 

 

FT-IR spectra of complexes MPc1-3 exhibited a series of absorptions at 764–766, 831–832, 913–926 and 
1091–1096 cm

-1
 which can be attributed to the Pc skeleton. Peaks at 1609–1610 and 1514–1541 cm

-1
 for 

MPc1-3 are assigned to aromatic –C=N– and –C=C– in plane skeletal vibrations of the Pc core. Peaks at 2926–
2933 cm

-1
 and 1091–1096 cm

-1
 are associated with aromatic –C–H stretching and aromatic –C–H bending 

vibrations respectively. Comparison of FT-IR spectra of basic TCMPc and ensuing MPc1-3 reveals some marked 
differences; the characteristic intense absorption due to –C=O (–COOH) of TCMPc (M = Co, Ni and Cu) at ~1700 
cm

-1
 disappear in the IR spectra of MPc1-3 indicating the involvement of carboxyl group in condensation 

followed by cyclization with pyridine-4-carbohydrazide. The characteristic stretching vibrations due to -C=N- 
and -C-O- for oxadiazole and -C=N- for pyridine rings are found to be coupled with skeletal vibrational peaks of 
–C=N–, –C=C– and of the Pc core. 

Solid-state 
13

C-NMR spectra of complex MPc2 are present in Figure 1. The MPc2 exhibit the expected broad 
signal at 122-132 ppm for aromatic carbons assigned as ‘d’ and ‘e’ in Figure 1. The peak at 144 ppm for 
oxadiazole moiety attached to aromatic carbons assigned as ‘c’ and carbons attached to nitrogen shows signal 
at 150 ppm named as ‘b’ respectively. Peaks at 164 ppm were assigned to oxadiazole carbon named as ‘a’ in 
Figure 1. Unfortunately, NMR spectroscopy is uniformative in case of cobalt and copper metal centres, 
because the paramagnetic character prevents the resolution of the signals [23]. 

Electronic absorption spectra are fruitful to establish the structure of phthalocyanines. Solid-state 
electronic absorption spectra of compounds MPc1-3 are presented in Figure 2. Pc have two allowed electronic 
transitions leading to two characteristic absorption bands in the UV–Vis spectrum: the Soret band (B bands), 
which appears at near-UV region and Q-band, both bands correspond to π–π* transitions. The location of the 
Soret bands (B bands) is quite similar for all MPc1-3 in range 432-435 nm and the characteristic Q-band 
appeared in the range 577-587 nm with marginal splitting along with an additional band of considerable 
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intensity in near-IR region at ≈ 800 nm. The presence of heteroaromatic ring systems (oxygen and nitrogen) in 
the MPc1-3 periphery lead to immense extension of π-conjugation inducing red shift and splitting of the Q-
band, which may be attributed to a2u-eg and b2u-eg transitions [24] indicating effective electronic communiqué 
between the two different ring systems with Pc core. Further, the peak broadening is due to aggregation of Pc 
molecules owing to extended conjugation [25]. 

 
 

Figure 1: Solid-state C
13

 spectra of NiPc2. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 

Figure 2: Solid-state electronic absorption spectra of MPc1-3 complexes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Optical band gaps of complexes MPc1-3 were determined by the absorption lower edge of the absorption 

spectrum of each compound in the solid state and the data are summarized in Table 1. Interactions of MPc 
molecules are of Van Der Waals type and the presence of heteroaromatic ring systems in the MPc periphery 
results in rearrangements of molecule and alter the energy band gap between valence and conduction bands. 
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Table 1: Optical band gap data of MPc1-3. 

Samples Peaks λmax (nm) Band gap (eV) 

MPc1 
 

432 
579 
795 

2.87 
2.14 
1.55 

MPc2 
 

433 
587 
835 

2.86 
2.11 
1.48 

MPc3 
 

435 
577 
814 

2.85 
2.14 
1.52 

 
Thermo gravimetric investigation of MPc1-3 complexes presented in Figure 3 indicates that the complexes 

undergo decomposition in two steps. The first step of the degradation in the temperature region around 110 
°
C may be accounted for the loss of moisture. The second step decomposition of MPc-1 observed in the 
temperature range of 412-520 

°
C and for MPc2 and 3 shows second step decomposition almost in the same 

temperature range of 460-570 
°
C. Among these, MPc-1 show early decomposition and MPc2 and 3 are almost 

same stability. The thermal analysis yields the stability of MPc1-3 complexes, all shows stability > 400 
°
C. 

 
 

Figure 3: TGA graphs of MPc1-3 complexes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Kinetic and thermodynamic parameters were computed using Broido’s method [26]. Plots of -Ln(ln(-1/Y)) 

versus 1/T (Figure 4) (where Y is the fraction of the compound undecomposed) were developed for the 
decomposition segment. From the plots, the activation energy (Ea) and frequency factor (ln A) were evaluated. 
The enthalpy (∆H), entropy (∆S) and free energy (∆G) have been computed using standard equations and are 
summarized in Table 2. 

The powdered XRD patterns of MPc1-3 are presented in Figure 5. The diffraction pattern exhibited 
characteristic broad peaks. The heteroaromatic pyrido-[1,3,4]-oxadiazole moieties in the Pc periphery result in 
extended conjugation and the greater π-electron region influences the stacking of the Pcs in parallel molecules 
and the ensuing compounds were amorphous in nature. 

The AC electrical studies has been measured for bulk MPc in the form of compressed pellet Ag/MPc/Ag 
(M= Co, Ni and Cu) in the frequency range of 50 Hz to 5 MHz utilizing an oscillating voltage with amplitude 1V 
peak-to-peak. Results have been reported for pellets of MPc1-3 maintained under vacuum. Figure 6 shows 
variation of dielectric constant (ε′) with frequency for the complexes MPc1-3 at room temperature. Initially, ε′ 
decreases with increase in frequency and finally at higher frequencies reaching a constant value for all the 
complexes MPc1-3. The observed large values of ε′ at lower frequencies are attributed to the charge carriers 
present in the material (MPc), which migrate upon the application of the field. The decrease in ε′ may be due 
to the decrease in space charge carries or interfacial polarization in the Pc material [27]. At low frequencies, 
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the dipoles align themselves along the field and contribute fully to the total polarization. At higher frequencies, 
variation in the field is too rapid for the dipoles to align themselves. So, ε′ variation is small, becomes nearly 
frequency independent and approaches a constant value as can be seen clearly in Figure 4. This can be 
attributed to rapid polarization process [28]. The high dielectric constant revealed MPc2 and 3 (9800 and 
11500 at 50 Hz) finds the place in the field of sensors, actuators as well as bypass capacitors in 
microelectronics and energy-storage devices. 

 
 

Figure 4: Plots of -Ln(ln(-1/y)) vs 1/T x 10
-3

 for the decomposition of MPc1-3 complexes. 

 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

 

Table 2: Kinetic and thermodynamic parameters of MPc1-3. 

Samples Decomposition 
Range (

°
C) 

Ea 
(kJ/mol) 

lnA ∆H 
(kJ/mol) 

∆S 
(kJ/K) 

∆G 
(kJ/mol) 

MPc1 412-520 0.020721 -5.58312 -6.22309 -160.512 120.53 

MPc2 459-561 0.016762 -6.07138 -6.53467 -160.058 126.11 

MPc3 460-584 0.011295 -7.01458 -6.63159 -161.544 129.06 

 
 

 

Figure 5: XRD graphs of MPc1-3 complexes. 
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Figure 6: Variation of dielectric constant with frequency of MPc1-3 complexes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Figure 7 shows the variation of dielectric loss tangent (tanδ) with frequency for the complexes MPc1-3 
at room temperature. It is observed from the Figure 7 that the tanδ decreases with increasing frequency with 
shoulder nature for MPc2 and 3. The observation of shoulder in the MPc2 and 3 indicates the presence of 
resonance between the hopping frequency of the charge carriers and applied frequency. For MPc1 complex 
the shoulder behaviour is not observed in the measured frequency range. This is due to the resonance 
frequency for the MPc1 complex lie behind the frequency range of measurement [29]. All the resulting Pcs 
show low dielectric loss values in the measured frequency range and loss results supports to exploit these 
materials in the applications of high dielectric constant materials. 
 

Figure 7: Variation of dielectric loss with frequency of MPc1-3 complexes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8 displays the frequency dependence of AC conductivity for MPc1-3 complexes at room temperature 
revealing an increasing trend in the conductivity with the increase of frequency, which is due to an increased 
density of charge carriers for conduction. In particular, the AC conductivity of the complex MPc1 is found to 
remain constant for increase in the frequency from 50 Hz to 1 MHz and found to increase suddenly for further 
increase in the frequency up to 5 MHz, whereas for the complexes MPc2 and 3, the AC conductivity is found to 
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increase with the increase in frequency from 50 Hz to 5 MHz. The observed trends in frequency dependence of 
AC conductivity can be explained on the basis of electron hopping model, that is, increase of conductivity with 
the increasing frequency [30] and the AC conductivity values are in the range of 4.0x10

-5
–1.6x10

-4
 (S/m) at 5 

MHz measured at 20 
°
C.  

 
Figure 8: Variation of AC conductivity with frequency of MPc1-3 complexes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusion 
The metal phthalocyanine complexes embedded pyrido-[1,3,4]-oxadiazole moieties on peripheral position 
(MPc1-3) have been prepared and characterized. The ensuing complexes show admirable thermal stability 
(>400 

°
C) and exhibited maximum visible window absorption from 400 to 800 nm with decreased optical band 

gap. The AC conductivity for the MPc1-3 was explained by electron hopping model and the measured values 
are in the range of 4.0x10

-5
–1.6x10

-4
 (S/m) at 5 MHz. However, in the MPc2 and MPc3, a shoulder nature is 

observed in the variation of tanδ with frequency, which is understood on the basis of resonance between 
hopping frequencies of charge carriers and applied frequency. The high dielectric constant (ε′) (9800–11500 at 
50 Hz) and low dielectric loss (tanδ) revealed by the MPc2 and 3 address its function in the field of sensors, 
actuators as well as bypass capacitors in microelectronics and energy-storage devices. 
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