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Abstract 

Rhenium phthalocyanine was synthesized by the reaction of tert-

butylphthalodinitrile with ammonium perrhenate and the structural features of the 

obtained complexes were investigated using the IR, UV/Vis.. and EPR spectroscopy 

methods. It was shown that, although the IR spectra indicate the presence of a highly 

covalent Re = O group in the complexes (band at 945 cm
–1

), the EPR spectra didn’t 

show the signals typical for paramagnetic rhenium complexes with a renyl bond. 

This circumstance may be due to the structural features of these complexes and the 

charge state of the rhenium 

Keywords: phthalocyanine, rhenium, complexes, synthesis, structure 

Introduction 

Applications of phthalocyanines (Pc) and metal phthalocyanines (PcM) in industrial 

technologies are connected with their functions as catalysts, dyes. They are promising materials 

for gas sensing and electronics,  for solar-cell applications,  photovoltaic materials, molecular 

semiconductors etc. [1-3]. Metal ions, placed at the centre of the phthalocyanine ligands effect 

significantly on physical and chemical properties of the whole complexe. Introduction of bulky 

ring substituents in planar phthalocyanines which characterized with  π-π stacks, strongly affect 

to  the electronic properties of the phthalocyanines and can reduce this stacking (due to steric 

hindrance), change the  solubility and single site accessibility,  which is  necessary for catalysis. 

Electron withdrawing substitutents lead to easily reducible Pc complexes.  All these uniqueness  

physical, chemical properties of phthalo- cyanines due to the structural features of their 

molecules [4,5].  

To the date, a large number of substituted Pc have been obtained and characterized. 

Among them phthalocyanines containing 4-tert-Bu substituent characterized with specific 

properties [6].  It has been determined that the introduction  of  bulky tert-butyl groups into the 

phthalocyanine ring significantly increases the solubility of the complexes in organic solvents, as 

well as, for example, their thermal stability when heated in air [7]. The well solubility of the 

phthalocyanine complexes with 4-tert-Bu substituent in polar and non-polar solvents makes them 

also very convenient compounds for research. 

 In the present work, the synthesis of rhenium phthalocyanines by the reaction of  tert-

butylphthalodinitrile with ammonium perrhenate were carried out  and the structural peculiarities 

of the obtained complexes were studied.  
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Synthesis and methods for characterization of PcRe. Ammonium perrhenate 

(NH4ReO4) and 4-tert-butylphthalodinitrile has been used as the primary reagent for the 

synthesis of PcRe complexes. All solvents and primary materials were purified before the use 

them for synthesis of PcRe.  

A mixture of 0.3350 g (1.8 mmol) of 4-tert-butylphthalodinitrile and 0.2412 g (0.9 mmol) 

of ammonium perrhenate was heated in a sealed ampoule for 1 hour at 200°C. The product was 

crushed, washed on the filter with hot water and hexane, and chromatographed on a column of 

alumina. The yield was 49.6% of the theoretical. 

Infra-red (IR) spectra were recorded on UR-20, electronic absorption spectra (EAS) of 

PcRe solutions in various solvents were obtained on a Specord UV VIS, Germany 

spectrophotometers. The EPR spectra were recorded on a “Radiopan” SE/X-2547  Poland  radio-

spectrometer. 

Results and Discussion 

Rhenium phthalocyanine were isolated by elution from the solution in benzene and were 

subjected to chromatography on a column of alumina oxide Al2O3. 

UV/VIS spectra of the prepared complexes show the absorption bands characteristic to 

metalphthalocyanine complexes. The electronic absorption spectra  of  benzene solutions of the 

isolated products were characterized with the two main bands at ~370 and ~700 nm The 

satellites at 630 and 670 nm are well resolved, which is typical for monomeric forms of 

phthalocyanines. The Q band at   max. ~ 700 nm is attributed to an allowed π-π* transition. A 

second allowed π-π* transition (B band), near 340 nm, extending to the blue area of the visible 

spectrum is also observed. The shoulders at   max ~ 670 nm and 630 nm are vibronic transitions. 

The intense Q band arises from the doubly degenerated transition between the A1g  ground state 

to the first excited singlet state which has Eu  symmetry [8,9]. The splitting of the Q-band may be 

attributed to the lower molecular symmetry in the complexes. This may result in different dipole 

moment for interactions between the Pc macrocycle and the axial Re=O  ligand and 

consequently lower degeneration of the first excited state.  It is well known from literature that 

the absorption lines  arise mainly from the phthalocyanine basic moiety and their positions are 

only slightly affected by the nature of the axial ligands [10].  

The vibration spectra of the synthesized compound are dominantly internal vibrations of 

the phthalocyanine  ligand. The IR absorptions common to the spectra of the basic Pc moiety 

were observed. New bands, which are not observed in the spectra of  PcH2  were observed in the 

spectra of  PcReO. These new vibrations, underlined in IR data of obtained complexes  include 

the (Re=O) vibrations at 945 cm
-1

 [11].  Note that in the IR spectra of a rather large number of 

rhenium complex compounds, the frequency of stretching vibrations of the renyl group appears 

in the range from 913 to 980 cm
-1

 [12]. There were also noticeable differences in the IR 

frequencies of the renyl bond from the acidity of the medium. Thus, for example, during the 

synthesis of rhenium complexes of mercaptobenzoxazole in strongly acidic media, the 

mercaptobenzoxazole molecule was destroyed and the formation of the complex was not 

observed. A slight change in the acidity of the medium stabilized the mercaptobenzoxazole 

molecule, which led to the formation of complexes of different structures. The complexation of 
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rhenium with mercaptobenzoxazole leads to the formation of a molecular compound with an IR 

band of Re = O stretching vibrations at 937 cm 
– 1

. This band in the spectrum of the monomer 

complex shifts to 900 cm 
– 1

 in the spectrum of the dimeric complex. Along with this, at 680 cm
-

1
, a band of deformation vibrations of the Re-O-Re group appears. Studies by the same authors 

show that the stretching vibration band Re = O appears at 913 cm
-1

, which corresponds to the 

renyl group, in the trans position to which the bridging oxygen is located [13]. Other new signals 

at different values along the finger print region of the spectra (800-1400 cm
-1

) are also observed 

[14]. It has been shown that most metal phthalocyanines have similar IR spectra, a decrease in 

the phthalocyanine symmetry is accompanied by a complication of the spectrum [15, 16]. Bands 

sensitive to metal are observed at 1490 and 1410 cm
-1

, depending on the metal, they shift within 

10 cm
-1

. For example, in PcSn, bands are observed at 1493 and 1416 cm
-1

, and in the spectrum of  

PcPb, at 1484 and 1404 cm
-1

 [17].The band at 3030 cm
-1

 refers to the aromatic stretching 

vibrations of  the C – H bond, the bands at 1610 and 1475 cm
-1

 belong to the stretching 

vibrations of the carbon skeleton, and at 720 cm
– 1

 to the flat transverse vibrations of the C – H 

bond [18]. Metal-free phthalocyanine has a band at 3290 cm
-1

, characteristic of stretching 

vibrations of the N –H bond [19]. 

For the EPR spectra of complexes isolated from benzene solutions, a narrow, slightly 

asymmetric signal was observed with the g factor equal to 2.004 and a width of ∆H ~ 0.8 mT, 

characteristic of phthalocyanine molecules. Any signals characteristic of the separated powders 

of paramagnetic complexes with the Re = O bond, and their benzene solutions were not detected. 

The absence of EPR signals for rhenium complexes with a Re = O bond indicates, first of all, 

that the resulting complexes are diamagnetic. Since the EPR spectra of paramagnetic rhenium 

complexes with a Re = O bond are easily observed even at room temperature [20,21].  

Thus, it can be assumed that the reaction of 4-tert-butylphthalodinitrile with ammonium 

perrhenate under the conditions described above leads to the formation of a diamagnetic complex 

containing the renyl Re = O bond. At the same time, it should be noted that the mechanism of 

formation of 4- (t-Bu) 4PcReO in the reaction of 4-tert-butylphthalodinitrile with NH4ReO4 is 

unclear and requires precise studies. There are questions about reducing the charge state of 

rhenium from +7 to a lower oxidation state. Regarding the literature on phthalocyanine and 

related compounds of rhenium, we have to state that there is very little spectroscopic data for 

rhenium-tetrapyrrole complexes, both for phthalocyanines and rhenium-porphyrins. 

Conclusion 
Synthesis of rhenium phthalocyanines was carried out by the reaction of  tert-

butylphthalodinitrile  with ammonium perrhenate and the structural peculiarities of the obtained 

complexes had been studied by IR, UV/Vis and EPR spectra. It was established  that the 

obtained complexes have  a band at 945 cm
–1 

in IR spectra due to  highly covalent Re=O bond 

and don’t show the EPR spectra which is characteristic for paramagnetic rhenium complexes 

with  renyl  bonding. We have to  note that  the  axial accessibility of the renyl  center combined 

with the high solubility of the complex in different polar and non-polar solvents make  4-(t-

Bu)4PcReO complex an interesting molecule for catalytic applications. Rhenium ions 

coordinated to tetrapyrrole ligands can exhibit a variety of oxidation and spin states  and the 
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background information on the relationship between their electronic configurations and ligand 

structures can be helpful for prediction of more extended applications of these complexes in the 

chemical synthesis.  
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