
PACS: 81.05.-t 

Conjuncted diamagnetic-paramagnetic and dielectric-semiconductor phase  
transitions in multicomponent amorphous hydrocarbon media 

M. Y. Dolomatov1, S. A. Shutkova2, A. А. Rodionov3, R. Z. Bakhtizin4 and K. A. Gilmanshina5

1 Laboratory of the Centre for Carbon Technologies  
of the Ufa Interuniversity Campus of Eurasian Noz.  

32/2, Zaki Validi st., Ufa, 450074 Republic of Bashkortostan, Russia 

2 Bashkir State Agrarian University 
34, 50-letiya Oktyabrya st., Ufa, 450001 Republic of Bashkortostan, Russia 

3 Institute of Physics Kazan (Volga Region) Federal University’ 
 18, Kremlevskaya st., Kazan, 420008 Republic of Tatarstan, Russia 

4 Ufa University of Science and Technology 
32, Z. Validi st., Ufa, 450074 Republic of Bashkortostan, Russia 

Uspekhi Prikladnoi Fiziki (Advances in Applied Physics), 2025, vol. 13, № 2 

5 Ufa State Oil Technical University 

1, Kosmonavtov st., Ufa, 450062 Republic of Bashkortostan, Russia 

Received 17.01.2025; revised 13.03.2025; accepted 26.03.2025 

It is shown that high-molecular oil materials, which include concentrates of asphalt-
resinous substances – bituminous substances, asphalts, oil resins, pecks, etc. have special 
properties. Such materials are characterised by conjugate phase transitions ‘dielectric-
semiconductor’ and ‘diamagnetic-paramagnetic’ at temperatures above the softening point 
(glass transition). According to the totality of magnetoelectric and rheological properties, it 
can be assumed that the systems under consideration are frustrated paramagnetic organic 
spin glasses. The results of the experiment carried out with a sample of petroleum asphalt 
are proof of such effects. EPR data show that when heating asphalt there is an increase in 
the amount of PMC: with a simultaneous increase in electrical conductivity, which indicates 
a phase transition ‘dielectric-semiconductor’, which is associated with an increase in the 
amount of phase paramagnetic. The conduction activation energy (2.56 eV) and viscosity 
activation energy of the asphalt sample (0.95 eV) were calculated. Such a change in the 
electrophysical and magnetic properties of the investigated materials indicate the possibility 
of their application as materials with a wide range of electrically conductive and magnetic 
properties. 
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