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Abstract—Luminescence properties of thiadiazole-containing compounds of cyclic and acyclic structure have 
been investigated. All compounds are characterized by fluorescence in the region 500–600 nm. The highest 
quantum yield of luminescence in the studied series is exhibited by acyclic product of the ABA type (where A 
is thiadiazole cycle, В is isoindole cycle) with N-pentylthiadiazoline fragments. 
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Photoluminescence has found wide application in 
technique, analytical chemistry, photochemistry and 
chemical kinetics for investigation of excited states 
and fast chemical reactions, in photobiology and 
medicine for investigation of properties of biological 
objects [1]. From this point of view, phthalocyanines 
and porphyrins are the most studied compounds [2–
10]. 

Only limited number of publications concerns the 
luminescent properties of macroheterocyclic com-
pounds containing a system from substituted pyrrole 
and heterocycluc fragments and metal complexes 
based thereon [11–16].  

First results of investigation [13, 15] revealed that 
macroheterocycles showed moderate quantum yields 
of fluorescence (φ). For example, the fluorescence 
quantum yield of the solution of compound I in N,N-
dimethylformamide is 0.052 [13], which is slightly 
higher than that of the nonsubstituted porphyrin 
(0.043) [17] but by one order of magnitude lower than 
that of nonsubstituted phthalocycnine (0.546) in the 
presence of oxygen [18] (Scheme 1). 

Earlier [12, 15], it was shown that substituted 
macroheterocycles of the ABABAB type possessed 
fluorescence properties. For macroheterocycle II [15] 

and its complexes with lanthanum and neodymium, 
molecular fluorescence in the visible region extinguished 
due to the heavy atom effect [19]. 

In continuation of these studies, we have syn-
thesized three-link products of the ABA and macro-
heterocycles of the ABBB types by the reaction of the 
corresponding 3-alkyl-5-amino-2-imino-1,3,4-thiadi-
azolines with 1,1-dimethoxy-3-iminoisoindoline [20–
22]. The synthesized compounds contain the 1,3,4-
thiadiazole motif. It is known that some derivatives of 
2,5-diamino-1,3,4-thiadiazole are used as optical 
bleachers, scintillation activators and absorbents of UV 
light [23] (Scheme 2).  

Spectral fluorescence studies have shown that the 
solutions of 1,3,4-thiadiazole-containing three-link 
products of the ABA type and macroheterocycles of 
the ABBB type fluoresce under the action of UV light 
[19]. It prompted the beginning of the studies in this 
field [19, 24]. 

The investigation of the fluorescence properties of 
compounds III–VIII is of interest in two aspects. On 
the one hand, three-link products of the ABA type III–
V are acyclic analogs of macroheterocycles of the 
ABBB type VI–VIII, which allows the examination of 
the effect of cyclization on their emission properties. 
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On the other hand, all compounds have one or two 
sulfur atoms, which allows correlating the properties of 
the cyclic compounds with those of phthalocycnines 
that have no sulfur atom in the molecule. 

The spectral luminescence characteristics of the 
synthesized compounds are given in the table. From 
the data presented in the table and on Fig. 1 it is seen 
that the maxima in the absorption spectra of 
compounds III–VIII have close positions; the same is 
true for the emission spectra. All studied ligands are 
characterized by the fluorescence in the visible range 
of the spectrum, with the band maxima showing a red 
shift at the elongation of the hydrocarbon chain of the 
substituent in three-link products III–V (Δλ = 32 nm 

for V (Alk = C12H25) relative to III (Alk = C5H11). In 
contrast, the fluorescence bands of macroheterocycles 
VI–VIII suffer a blue shift: Δλ = 44 nm for VII (Alk = 
C15H31) as compared to its shorter-chain analog VI 
(Alk = C5H11). 

The obtained results are indicative of the fact that 
the increase in the number of methylene links in the 
alkyl substituents substantially affects the structure of 
acyclic compounds III–V leading to strong deviation 
of the molecule from planarity and, as a consequence, 
to red shift of the emission band. 

For the cyclic analogs, it is not easy to explain the 
blue shift in the emission spectrum only from the 
viewpoint of the structure of the molecule. Apparently, 
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in this case, intermolecular interactions and the solvation 
of compounds VI–VIII differing in lipophilicity play 
the role. 

We have determined the dependence of the value of 
the Stokes shift (Δλ) on the character and the degree of 
distortion of macrocycles and their acyclic analogs. On 
going from III to IV the shift is changed by 26 nm due 
to a larger distortion of planarity; with further 
elongation of the aliphatic chain, its value remains 
constant. 

In the case of macrocycles, the Stokes shift should 
be only slightly dependent on the peripheral sub-
stituents because of the absence of substantial con-
formational reorganization in the S1-state. Thus, on the 
similar transition from V to VI, the Stokes shift 
remains practically constant, although for the 
pentadecyl fragment in VIII the Stokes shift is 

changed by 20 nm as compared to the shortest amyl 
derivative V. In our opinion, as in the aforementioned 
case, this is due only to intermolecular interactions. 

With elongation of the hydrocarbon chain of the 
substituent the quantum yield of fluorescence of the 
three-link acyclic compounds III–V in solutions is 
reduced (see the table, Fig. 2). The maximum quantum 
yield was reached for compound III, the product of the 
ABA type with 3N-pentylthiadiazoline fragment (φх = 
0.180). For compounds characterized by a high degree 
of nonplanarity due to steric interactions of the 
macrocyclic fragments with bulky alkyl groups large 
variations in the spectral luminescence properties of 
the singlet states at 298 K in solutions are caused by 
dynamic relaxation of the macrocycle to the 
conformation most preferable by energy. Apparently, 
with elongation of the alkyl substituent, this effect is 

Ligand λQх(0,0), nm Fluorescence bands, λQх(0,0), nm Stokes shift, Δλ, nm φх 

АВА (III) 490 534   44 0.180 

АВА (IV) 494 564   70 0.025 

АВА (V) 496 566   70 0.026 

АВВВ (VI) 499 586   87 0.013 

АВВВ (VII) 499 582   83 0.016 

АВВВ (VIII) 475 542   67 0.021 

Compound I 350 [13] 675 [13] 325 0.052 [13] 

Phthalocyanine 698 [26] 704 [27]     6 0.546 [18] 
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Spectral luminescence characteristics of the solutions of the studied compounds in methanola 

a Т = 298 K, c = 10–5 mol/L; error of determination of quantum yields is 10%. 

Fig. 1. Electron absorption and emission spectra of com-
pound III (c = 10–5 mol/L, МеОН). 

Fig. 2. Dependence of quantum yield on the length of the 
aliphatic chain of substituents in compounds III–V.  
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superimposed with the increase of the number of 
vibrational states of the molecule, leading to further 
drop in intensity of radiation. 

This effect should be expected for the formation of 
cyclic structures of the ABBB type (macrocycles VI–
VIII). However, with elongation of the alkyl chain in 
the thiadiazoline fragments the value of φх increases, 
although not significantly. This is consistent with the 
published data on alkyl-substituted porphyrins [28]. 
Comparative analysis of the results obtained for 
macrocycles VI–VIII and the data for phthalocyanine 
(see the table) shows that, due to the presence of the 
1,3,4-thiadiazoline fragment in the macrocycle the 
maximum of emission of these compounds is suffers a 
blue shift by more than 100 nm. Such a sharp increase 
in the position of the excited singlet state level S1 is 
determined, most probably, by a significant reduction 
of the symmetry and planarity of the molecule. 

Therefore, we have first examined the lumine-
scence properties of the thiadiazole-containing com-
pounds of both cyclic and acyclic structure. The 
acyclic three-link product of the ABA type with N-
pentylthiadiazoline fragments was found to show the 
maximum quantum yield of luminescence at room 
temperature in the series of the studied compounds. 

EXPERIMENTAL 

Spectra of excitation and of molecular luminescence 
were recorded on a Fluorolog FL 3-22 and Horiba 
Jobin Yvon instruments (xenon lamp, 450 Wt) using 
quartz cells of 1 cm thickness. Methanol was used as a 
solvent. For calculations, the zinc complex of 
tetraphenylporphyrin was used as a standard [25]. 

Relative quantum yields of fluorescence were 
calculated by a standard formula  

φх = φ0× Iх/I0 × A0/Aх, 

where φх is the quantum yield of the studied sample;  
φ0 is quantum yield of the standard; Iх and I0 are 
integral intensities of fluorescence of the sample and 
the standard, respectively; Aх and A0 are optical 
densities in the maxima of the excitation bands of the 
sample and the standard, respectively. Processing of 
the spectra and calculations were performed using the 
OriginPro 7.5® program. 

ACKNOWLEDGMENTS 

Synthetic part of this work was performed thanks to 
the financial support from the Russian Scientific 
Foundation, grant 14-23-00204.  

The studies were carried out with the support of the 
base portion no 795.  

REFERENCES 
 1.  Mason, W.T., Fluorescent and Luminescent Probes for 
 Biological Activity. A Practical Guide to Technology for 
 Quantitative Real-Time Analysis (Biological Techniques 
 Series), Academic Press, 1999.  
 2.  Jux, N., Angew. Chem., Int. Ed., 2008, vol. 47, no. 14, 
 pp. 2543–2546. 
 3.  Vogel, E., Jux, N., Dorr, J., Pelster, T., Berg, T., Bohm, H.-S., 
 Behrens, F., Lex, J., Bremm, D., and Hohlneicher, G., 
 Angew. Chem. Int. Ed., 2000, vol. 39, no. 6, pp. 1101–
 1105.  
 4.  Jiménez, Á.J., Krick Calderón, R., Salomé Rodríguez-
 Morgade, M., Guldi, D.M., and Torres, T., Chem. Sci., 
 2013, vol. 4, no. 3, pp. 1064–1074. 
 5.  Rath, H., Sankar, J., Prabhu Raja, V., Chamdrashekar, T. K., 
 Nag, A., and Goswami, D., J. Am. Chem. Soc., 2005, 
 vol. 127, no. 33, pp. 11608–11609.  
 6.  de la Torre, G., Bottari, G., Sekita, M., Hausmann, A., 
 Guldi, D.M., and Torres, T., Chem. Soc. Rev., 2013,    
 vol. 42, no. 20, pp. 8049–8105. 
 7.  Rodríguez-Morgade, M.S. and Stuzhin, P.A., J. Por=
 phyrins Phthalocyanines, 2004, vol. 8, no. 9, pp. 1129–
 1165. 
 8.  Rodríguez-Morgade, M.S., Cabezón, B., Esperanza, S., 
 and Torres, T., Chem. Eur. J., 2001, vol. 7, no. 11,      
 pp. 2407–2413. 
 9.  Sánchez-Molina, I., Grimm, B., Krick Calderon, R.M., 
 Claessens, C.G., Guldi, D.M., and Torres, T., J. Am. 
 Chem. Soc., 2013, vol. 135, no. 28, pp. 10503–10511.  
10.  Adegoke, O.O., Ince, M., Mishra, A., Green, A., 
 Varnavskia, O., Martínez-Díaz, M.V., Bäuerle, P., 
 Torres, T., Goodson, T., J. Phys. Chem. C, 2013,         
 vol. 11, no. 40, pp. 20912–20918. 
11.  Ruf, M., Durfee, W.S., and Cortlandt, G., Chem. 
 Commun., 2004, no. 8, pp. 1022–1023. 
12.  Trukhina, O.N., Salome Rodríguez-Morgade, M., 
 Danilova, E.A., Islyaikin, M.K., and Torres, T., J. Por-
 phyrins Phthalocyanines, 2008, vol. 12, nos. 3–6,              
 p. 757. 
13.  Altucci, C., Borrelli, R., de Lisio, C., de Riccardis, F., 
 Persico, V., Porzio, A., and Peluso, A., Chem. Phys. 
 Lett., 2002, vol. 354, nos. 1–2, pp. 160–164. 
14.  Persico, V., Carotenuto, M., and Peluso, A., J. Phys. 
 Chem. A, 2004, vol. 108, no. 18, pp. 3926–3931. 
15.  Trukhina, O.N., Salomé Rodréguez-Morgade, M., 
 Wolfrum, S., Caballero, E., Snejko, N., Danilova, E.A., 
 Gutiérrez-Puebla, E., Islyaikin, M.K., Guldi, D.M., and 
 Torres, T., J. Am. Chem. Soc., 2010, vol. 132, no. 37, 
 pp. 12991–12999. 
16.  Dini, D., Calvete Mario, J.F., Hanack, M., Amendol, V., 



RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  84   No.  9   2014 

KUDAYAROVA et al. 1710 

 and Meneghetti, M., Chem. Commun., 2006, vol. 22,           
 p. 2394. 
17.  Porphirins: Excited States and Dynamics, Gouterman, M., 
 Rentzepis, P.M., and Straub, D., Eds., Washington, 
 D.C.: American Chemical Society, 1986.  
18.  Glenn, C.A. and Demas, J.N., J. Phys. Chem., 1971,    
 vol. 75, no. 8, pp. 991–1024. 
19.  Danilova, E.A., Doctoral (Chem.) Dissertation, 
 Ivanovo, 2011.  
20.  Danilova, Е.А., Melenchuk, T.V., Trukhina, O.N., 
 Zakharov, A.V., and Islyaikin, M.K., Macrohetero-
 cycl., 2010, vol. 3, no. 1, pp. 33–37. 
21. Danilova, E.A., Melenchuk, T.V., Melekhonova, E.E., 
 Tyutina, M.A., and Islyaikin, M.K., Macroheterocycl., 
 2009, vol. 2, no. 3, pp. 246–250. 
22.  Danilova, E.A., Melenchuk, T.V., Trukhina, O.N., and 

 Islyaikin, M.K., Macroheterocycl., 2010, vol. 3, no. 1, 
 pp. 68–81. 
23.  Siegrist, A., Maeder, E., Duennenberger, M., and 
 Liechti, P., Switzerland Patent 390924, 1965. 
24.  Melenchuk, T.V., Cans. Sci. (Chem.) Dissertation, 
 Ivanovo, 2009.  
25. Gurinovich, G.P., Sevchenko, A.N., and Solov’ev, K.N., 
 Usp. Fiz. Nauk, 1963, vol. 79, no. 2, pp. 173–234. 
26.  Kobayashi, N., Ogata, H., Nonaka, N., and Luk’ya-  
 nets, E.A., Chem. Eur. J., 2003, vol. 9, no. 20,                  
 pp. 5123–5134.  
27.  Kuz’mitskii, V.A., Solov’ev, K.N., and Tsvirko, M.P., 
 Porfiriny: spektroskopiya, elektrokhimiya, primenenie 
 (Poephirines: Spectroscopy, Electrochemistry, and 
 Application), Moscow: Nauka, 1987.  
28.  Rusakova, N.V. and Semenishin, N.N., Ukr. Khim. Zh., 
 2008, vol. 72, no. 7, pp. 3–7. 


