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Abstract. Thiadiazole substituted phthalonitrile 1 was prepared by a nucleophilic displacement reaction of 4-

nitrophthalonitrile with 5-Amino-1,3,4-thiadiazole-2-thiole. Thiadiazole tetrasubstituted zinc(II) 

monophthalocyanine 2 was synthesized by tetramerization of compound 1. The new compounds were 

characterized by 1H-NMR, UV-vis and IR spectra. Aggregation behavior of compound 2 was investigated 

both in different solvents (CHCl3, DMF, DMSO) and in different concentrations. The fluorescence properties 

of compound 2 were also studied. 

Keywords: Phthalocyanine, thiadiazole, aggregation, zinc. 

5-Amino-1,3,4-Tiyadiazol Sübstitüye Çinko(II) Ftalosiyanin Bileşiğinin 

Sentezi ve Spektroskopik Özellikleri 
Özet. Tiyadiazol sübstitüye ftalonitril 1, 5-Amino-l, 3,4-tiyadiazol-2-tiyol ile 4-nitroftalonitrilin nükleofilik 

yer değiştirme reaksiyonu ile hazırlandı. Bileşik 1’in tetramerizasyonu ile tiyadiazol tetrasübstitüye çinko(II) 

monoftalosiyanin 2 sentezlendi. Yeni bileşikler, 1H-NMR, UV-vis ve IR spektrumları ile karakterize edildi. 

Bileşik 2'nin agregasyon davranışı hem farklı çözücülerde (CHCl3, DMF, DMSO) hem de farklı 

konsantrasyonlarda araştırılmıştır. Bileşik 2'nin floresans özellikleri de incelenmiştir. 

Anahtar Kelimeler: Ftalosiyanin, tiyadiazol, agregasyon, çinko. 

 

1. INTRODUCTION 

Organic solar cells, which are clean and 

renewable energy sources, have attracted attention 

as a promising technology in many areas. In 

recent years, academic studies have been intensely 

continuing to produce new organic molecules that 

may be active in this area. It is very important to 

achieve high energy efficiency in organic solar 

cells [1-4]. For this reason, the organic material to 

be used must be highly active in this area.  

Metal phthalocyanines are organic materials of p-

type semiconductors and have been widely 

preferred in applications such as gas sensing, non-

linear optic, OFET. Phthalocyanines are also 

attention in organic solar cell applications due to 

their photo- and thermal stabilities, the 

controllable redox potentials, intense absorption at 

high wavelength in UV-visible and near IR region 

and semiconducting properties [5,6]. These 

properties of phthalocyanines were strongly 

affected by the metal ion in the cavity and by the 

nature, number and position of substituent [4,7,8]. 

It is desirable that phthalocyanines do not 
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aggregation as they will degrade energy efficiency 

in organic solar cell applications [4]. In addition, 

it is important to examine the fluorescence 

properties of phthalocyanines in order to explain 

the energy and electron transfer processes. In 

these applications, it is desirable to be high of 

fluorescence quantum yield calculated from the 

fluorescence emission spectra of the compounds 

[9,10]. It has been observed in the literature that 

perovskite organic solar cells using 

phthalocyanine derivatives have reached energy 

efficiency of up to 17.5% [11]. 

On the other hand, 1,3,4-thiadiazoles being 

chemically and biologically active molecules, are 

on important classes of heterocyclic compounds. 

1,3,4-Thiadiazole has electron poor nature and 

good electron-accepting ability. In this respect, 

they show interesting optical, electronic and 

chemical properties [12]. Many studies have 

shown that 1,3,4-thiadiazole derivatives have a 

very high potential for use in organic solar cell 

applications [1,13-15]. It has been observed in the 

literature that in the organic solar cell applications 

of 1,3,4-thiadiazole derivative compounds can 

reach up to 13% energy efficiency [1].  

It is believed that the new organic compound 

obtained as a result of the combination of these 

two active groups is expected to have a high 

usability potential for organic solar cell 

applications. 

2. EXPERIMENTAL 

2.1. Materials and instruments 

All reactions were carried out under argon 

atmosphere. All solvents were dried by molecular 

sieves or proper methods [16]. 4-

nitrophthalonitrile was prepared according to the 

literature [17]. IR spectra were recorded on a 

PerkinElmer Spectrum100 FT-IR Spectrometer 

using ATR. UV-vis spectra were recorded on a 

Shimadzu UV-1800 UV-vis spectrophotometer. 
1H-NMR spectra were obtained by using JEOL 

Resonance ECZ400S 400 MHz spectrometer. 

Melting points are determined with an 

Electrothermal 9100 digital melting point 

apparatus. 

2.2. Synthesis of compounds 

4-(5-amino-1,3,4-thiadiazole-2-thio)phthalonitrile 

(1) 

4-nitrophthalonitrile (1000 mg, 5.8 mmol) and 5-

Amino-1,3,4-thiadiazole-2-thiole (773 mg, 5.8 

mmol) were dissolved in anhydrous DMF (30 

mL) at room temperature. To the solution in DMF 

was added the anhydrous potassium carbonate 

(2400 mg, 17.4 mmol) over period of 2h with 

efficient stirring. The reaction mixture was stirred 

at 60oC for 72h. The reaction was controlled by 

TLC. Then the mixture was poured into water 

(300 mL) and the precipitate was filtered off, 

washed with water and dried. The crude product 

was purified by column chromatography on silica 

gel using CHCl3 and diethyl ether (30:10). The 

yellow solid was soluble in acetone, CHCl3, THF, 

DMF and DMSO. Yield 550 mg (37%). Mp: 

197oC. 1H-NMR (400 MHz, CDCl3, 25oC): δ= 9.8 

(s, 2H, N-H); 8.8 (d, 1H, Ar-H); 8.6 (d, 1H, Ar-

H); 8.5 (d, 1H, Ar-H). IR (ATR) υ (cm-1) 2973; 

2848; 2234; 1582; 1507; 1480; 1385; 1276; 1073; 

762.  

Thiadiazole tetrasubstituted zinc(II) 

phthalocyanine (2) 

Mixtures of 1 (100.0 mg, 0.38 mmol) and 

Zn(OAc)2 (5.4 mg, 0.10 mmol) in pentanol (3 mL) 

was heated at 180oC at the presence of 1,8-

diazabicyclo [5.4.0] undec-7-ene (DBU) for 24h. 

After cooling, the green product mixture was 

precipitated by MeOH and filtered off. The green 

solid was washed with MeOH and dried. The 

crude product was purified by column 

chromatography on silica gel using CHCl3. The 

dark green solid was soluble in CHCl3, THF, 

DMF and DMSO. Yield 35.0 mg (32%). Mp: 

300oC. 1H-NMR (400 MHz, CDCl3, 25 oC): δ= 

10.2 (s, 8H, N-H); 9.1-8.7 (br m, 12H, Pc Ar-H).  

UV-Vis (CHCl3) λmax/nm (log ε, dm3 mol-1 cm-1) 

681 (5.15), 618 (4.55), 352 (4.84). IR (ATR) υ 

(cm-1) 3024; 2928; 2865; 1643; 1584; 1489; 1443; 

1320; 1205; 1063; 767.  
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3. RESULTS AND DISCUSSIONS 

3.1. Synthesis and characterization 

The synthesis route for the compounds 1, 2 are 

shown in Figure 1. The compound 1 was 

synthesized by the reaction of 4-nitrophthalonitrile 

and 5-Amino-1,3,4-thiadiazole-2-thiole in the 

presence of K2CO3. The zinc(II) phthalocyanine 2 

was synthesized by heating of compound 1 with 

Zn(OAc)2 in pentanol at the presence DBU, 

respectively. UV-vis, 1H-NMR, IR spectra results 

of starting compound 1 and phthalocyanine 

compound 2 were confirmed the proposed 

structure of the new compounds.  
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Figure 1. Synthesis of compounds 1, 2. (i) K2CO3, DMF; (ii) Zn(OAc)2, DBU, pentanol. 

The characteristic vibration band of the -C≡N 

group appeared at 2234 cm-1 in the IR spectra of 

1, it disappeared after conversion to zinc(II) 

phthalocyanine 2. In the 1H-NMR spectrum of 

compound 1 which was taken in CDCl3 at room 

temperature, the aromatic protons appeared at 

between 8.8 ppm-8.5 ppm, and -NH2 proton 

appeared at 9.8 ppm. -NH2 peak disappeared with 

D2O exchange. The spectrum of the compound 2 

was showed phthalocyanine aromatic protons at 

between 9.1 ppm-8.7 ppm. The -NH2 protons at 

compound 2 appeared at 10.2 ppm which 

disappeared with D2O exchange. The UV-vis 

spectra of compound 2 in CHCl3 showed typical 

absorptions between 600-700 nm in the Q band 

region. The UV-Vis spectra of compound 2 give 

characteristic Q-band absorption for the 

metallophthalocyanines a peak at 681 nm. In 

addition, B-band of compound 2 appeared at 352 

nm [18,19]. 

3.2. Aggregation behaviors 

Phthalocyanines aggregate due to electronic 

interactions between rings of two or more 

molecules [20]. Aggregation is dependent on the 

concentration, metal ions, nature of the solvent, 

nature of substituent and temperature. In many 

cases, the spectra in the Q-band region show the 

effects of aggregation, typically a blue shift and 

broadening of the maximum absorbance [20-22]. 

In this study, the aggregation behaviors of 

compound 2 were investigated in CHCl3, DMF 

and DMSO. Compound 2 did not show an 
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aggregation in these solvents (Figure 2). The 

aggregation behavior of compound 2 was also 

investigated at different concentration in DMSO, 

DMF and CHCl3 (Figure 3). There is no 

aggregation of compound 2 at different 

concentrations. 

 

  
Figure 2. UV-Vis spectra of compound 2 in CHCl3 (-), DMF 

(-), DMSO (-). 

Figure 3. UV-Vis spectra of compound 2 in different 

concentrations at DMSO (the concentration is decreasing at 

from top to bottom). 

 

3.3. Fluorescence properties 

Figure 4 shows the fluorescence emission and 

excitation spectra for compound 2. In DMSO, the 

excitation and the absorption spectrum of 

compound 2 are similar and these spectra are 

mirror images of the emission spectrum [23].  

 
Figure 4. Excitation (▲) and emission (■) spectra of 

compound 2 in DMSO.  

 

Table 1. Spectral data for compound 2 in DMSO. 

Compound 
Q-band          

λ (nm) 

Excitation 

λ (nm) 

Emission 

λ (nm) 

Stokes shift 

∆stokes (nm) 
ФF 

2 681 682 692 11 0.24 

* ФF of unsubstituted ZnPc is 0.18 in DMSO [23,24]. 

 

The fluorescence quantum yield of compound 2 

was determined by a comparative method in 

equation 1 [23,25,26].  

                 (1) 

Where, F and FStd are the areas under the 

fluorescence emission curves of the compound 2 

and the standard, respectively. A and AStd are the 

absorbance of the samples and standard at the 

excitation wavelength, respectively, η and ηStd are 

nm.
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the refractive indexes of solvents used for 

compound 2 and standard, respectively. 

Unsubstituted ZnPc was used as standard (ΦF = 

0.18 in DMSO) [23,27]. 

The stokes shift and fluorescence quantum yield 

for compound 2 are similar to that of typical 

metallophthalocyanines [28]. The fluorescence 

quantum yield for compound 2 is higher than the 

fluorescence quantum yield of unsubstituted ZnPc 

(Table 1). 

4. CONCLUSIONS 

Thiadiazole tetrasubstituted zinc(II) 

monophthalocyanine 2 synthesized and 

characterized. The effect of solvent and 

concentration on the aggregation behavior of 

compound 2 were investigated. It did not show 

aggregation. The fluorescence properties of 

compound 2 were also studied and the 

fluorescence quantum yield calculated. The 

fluorescence quantum yield (0.24 in DMSO) of 

thiadiazole substituted zinc(II) phthalocyanine 2 

was observed to be higher than the fluorescence 

quantum yield (0.18 in DMSO) of the 

unsubstituted zinc(II) phthalocyanine used as 

standard. It can be said that the substituted group 

contributes to the energy and electron transfer. 

According to the results obtained, it can be said 

that compound 2 has the potential to be used in 

organic solar cells. 
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