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Abstract 

For the first time the structure and structure-group composition of light Surakhany 

petroleum have comprehensively been studied with ultraviolet, infrared and 

chromatography-mass spectroscopy methods and defined that its composition 

constitutes from naphthene-paraffin, benzene and alkyl derivatives of naphthalene, 

including organic compounds with heteroatom, ethers. It has been found out that the 

composition of aromatic hydrocarbons of I, II and III groups separated on ray 

refraction indexes by adsorption method of light Surakhany petroleum, properly, 

constitutes from mono- of 31.6; 19.6 and 20.6 % mass and bicyclic aromatic 

hydrocarbons of 19.5; 25.7 and 9.2% mass. It has been determined that hipsochrome 

and bathochrome shifts characteristic for hydrocarbon spectra with electronodonor 

substituent of absorption bands maxima occur in all 3 components after 

photoirradiation. In this petroleum the photooxidation process runs with two-quantum 

mechanism and polycyclic aromatic hydrocarbons in its composition plays a role of 

sensitizer for decomposition of compounds (for example, paraffin and etc.) with 

ionization potensial of ≥ 9 eV. Here the initial stage of photooxidation process occur 

in two mechanism at the same time: chain-radical with formation of peroxide and 

tetraoxides, also by molecular mechanism with formation of cycloperoxides  

Keywords:  light Surakhany petroleum, adsorption, UV-, IR-spectroscopy, chromatography-mass 

spectroscopy, aromatic hydrocarbons, optical density, photoirradiation, hipsochrome 

shift, bathochrome shift, chain-radical mechanism, molecular mechanism, two-

quantum mechanism 

Introduction  

 The impact of electromagnetic rays, ultrasonic waves and etc. on hydrocarbons are studied by 

world scientists for a long time [1-3]. Oxidation of petroleum and petroleum products that rich with 

these compounds may cause the formation of a series of stable and unstable compounds (oxides, 

quinones, complex esters). Thus, the physical-chemical characteristics of petroleum and petroleum 

products change in the result of the weakening of intermolecular bond in petroleum. The changing of 

petroleum composition during the oxidation is multistep, dynamic process, its characteristic 

indication is variety of conversional speeds of separate components in petroleum composition. But 

the study of the mechanisms of photochemical conversions leading to the formation of final products 

in the presence of active intermediate particles – ion (anion and cation radicals, carbanions, 

carbocations and etc.), electron (thermal, partially excited, solvated), free radicals and excited 

molecules in petroleum and petroleum products is quite difficult process, and it requires accurate 
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implementation of experimets and substantiated investigation of obtained results. But the pholysis 

process becomes also complicated with this, that generated some first stable products than the initial 

molecules are of high reactiveness against the active intermediate particles and cause the formation 

of new compounds by reacting with them. It must be taken into consideration that the composition of 

products formed during photochemical reactions depends on an incident ray, the composition of 

petroleum and petroleum products and their agregate states. Different type of products can be 

obtained by knowing the processing regime, i.e. photoirradiation spectrum and its intensity, 

continuous and impulsive nature of impact, the amount of oxidizer, etc. It’s important to note that the 

most of compounds obtained as a result of oxidation process in the composition of petroleum are 

toxic and ecologically dangerous.  

In our republic the most of scientific-research works conducting in this field are referring to the 

secondary oil-refining products [4-6]. It has been established that the photochemical processes in 

petroleum luminophores (PL) obtained from these products proceed on two mechanism: I – ion 

radical (-196÷20ºC) and II – molecular (>20ºC) mechanism. In I state as a result of the UV-light 

impact to petroleum luminophores at -196ºC in the presence of molecular oxygen the particles (

2 2, , , ,RO ,R H RO HO PAK     
, etc.) forming in the heating process participate in radical-ion 

recombination processes by continuation of substance heating and form molecular products; the 

compounds (tetraoxides, endoperoxides) formed in II state undergo the decomposition on molecular 

mechanism in heating process.  

It should be noted that unlike secondary oil-refining products, the amount of aromatic 

hydrocarbons (AH) in primary oil-refining products are small, condensation degree is low, and these 

products are stable and have a great source of raw material.  

 Because of the above mentioned reasons as a result of the impact of well petroleums, including 

light Surakhany petroleum (LSP) composition, photorays, as well sun rays and molecular oxygen the 

study of photophysical and photochemical conversions in this petroleum is of great importance in 

solution of environmental problems, defining its genesis, improving of petrochemical and oil-refining 

processes, effectively using it in different industrial areas (aviation, shipbuilding, pharmacology, etc), 

besides its storage [7, 8]. 

Experimental Part 

The physical and chemical indices of light Surakhany petroleum that we took as research 

object is as follows: density (at 200C )- 802,3 kg/m3, flash point –  + 400C, kinematic viscosity (at 

400C)- 1.22 mm2/s, acid number – 28.02 mgKOH/g, freezing temperature -200C, sulfur – mass of 

0.0301% , tar – mass of 0.95%. 

 LSP with complex hydrocarbon composition before being investigated by UV-spectral 

method, have been divided into separate narrow components – aromatic hydrocarbons as AH of I 

group, AH of II group, AH of III group, AH of IV group, naphthene-paraffin, tar for refractive 

indices by adsorption column (height of the column is 2.5 m, inner diameter is 5.5 cm, silica gel of 

АSК (GOST 11858-85) grade as an adsorbent, hexane, benzene-hexane, alcohol-benzene mixture as 

solvent are used). It should be noted that if the separation degree of petroloeum consisting of 

complex hydrocarbon mixture to the narrow fractions is higher, its spectroscopic analysis is more 

effective. The results of the refractive indices and outputs of the LSP components are given below 

(Tab.1).  
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Table 1. Hydrocarbon composition of light Surakhany petroleum and their physical-chemical 
indications   

Components 
Yield for 

petroleum, 
% mass. 

Refractive 

indices, n
20

D   

Kinematic 
viscosity at 

400C, mm2/s 

Density 
at 200C, 
kg/m3 

Molecular 
mass 

Paraffin-naphthene 
AH of I gr. 
AH of IIgr. 
AH of III gr. 
tar 
gases 

74 
3.9 
5.0 
1.3 

0.95 
14.8 

1.4463 
1.5134 
1.5558 
1.5860 

– 
– 

16 
28.1 
31.3 
33.6 

– 
– 

810.5 
820.5 
855.3 
886.7 
960.1 

 

167 
187 
236 
315 
510 

 

As seen from Tab. 1, the main part of LSP consists of naphthene-paraffin hydrocarbon (mass 
of 45 %) and gases (mass of 43.2 %). The other AHs constitute the composition of this petroleum, 
mass of 11.8 % only, tar component is quite less.  

In order to carry out the studies in this work UV- (device: 6850 “UV/Vis Spectrophotometr- 
JENWAY”, spectral range 190-1100 nm, quartz cell thickness is d=1cm, T=200C), IR (device: IR-
Alpha, Bruker, spectral range 600-4000 cm-1 and chromatography mass spectrometer (apparatus: 
“Thermo Electron GMS Trace DSQ”) methods have been used. It is possible to analyze the organic 
compounds with boiling point of 50-2800C (3300C) and their mixtures by this chromatography mass 
spectrometer. That is quadrupole chromatography mass spectrometer with mass range of 10-1050 
a.e.m., ionization method is an electron impact. It is possible to conduct measurements by changing 
temperature in programmed way in this device; GC 7890A gas chromatography is used in device.  

Results and Discussion 
UV-spectra of LSP and its hydrocarbons of aromatic group have been given in Fig. 1. 
If compare the absorption spectra of components of AH of I and II gr., it can be seen that 

optical density of bi- and tri-substituted alkylbenzenes in AH of II gr., properly, decreases ~5 and 8 
times. Absorption spectrum of AH of I gr. covers spectral field of 190-380 nm, and absorption 
spectrum of AH of II gr. covers spectral field of 190-430 nm. The amount [9] of AH according to 
UV-spectra was calculated on its method and shown in Tab. 2.  

 
Fig. 1.   Electron absorption spectra of light Surakhany petroleum and its hydrocarbons of 

aromatic group in variuos concentrations, %: Petroleum: с1= 0.75, с2= 0.21,               
c3= 0.01; AH of I gr.: с1=0.53, с2= 0.1, с3=0.01; AH of II gr.: с1=0.57, с2=0.21, 
с3=0.01; AH of III gr.: с1=0.6, с2=0.23; с3=0.01 

Oil 

I gr. AH 

II gr. AH 

III gr. AH 
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Table 2. The amount of AH of I–III gr. separated from LSP 

AH AH of I gr., % AH of II gr., % AH of III gr., % 

Monocyclic AH 31.6 (1.54) 19.6 (2.05) 20.6 (2.5) 

Bicyclic AH 19.5 (0.8) 25.7 (2.45) 28.8 (3.15) 

Phenanthrene - - 1.02 (0.29) 

Total 51.3 45.5 50.5 

* In brackets the optical density values have been given. 

But in order to clarify the type of luminescent AH in composition of LSP the researches 

have been conducted by chromatography mass spectrometer and established that the composition 

of this petroleum mainly consists of mono-, di-, tri- and tetra-substituted methyl, ethyl, 

methylethyl and propyl derivatives of benzene and also compounds as pentamethyl benzene, 

cyclohexyl benzene, 1-cyclohexyl-3-methyl and [(2,2-dimethylcyclopropyl) methyl] benzene 

[10-12]. The most of naphthalene hydrocarbons in composition of LSP consists of mono-, di- 

and tri-substituted methylnaphthalene compounds. Ethyl-substituted has been recored only in 1-

ethylnaphthalene and 2-ethylnaphthalene hydrocarbons, as well deca- and octahydronaphthalene. 

The change of intensity of absorption maxima belonging to benzene and naphthalene 

hydrocarbons and their shift to short and longwave field being hipsochrome and batachrome 

occur in case of impact with UV-rays at different times on LSP and the components of aromatic 

group separated from it. The sufficient change in place of absorption bands maxima depends 

rather on the connection of substituents (-OH, -OR, -C=C-, C=O, -NO2, etc) to the π-system of 

aromatic rings. 

Existense of such substituents causes the transitions with carrying charge in molecule, thus, 

as seen in UV-spectra, here, new absorption bands maxima (250 and 255nm) relating to carrying 

of charge (electron) are recorded. Also the polarity of substituent in α-condition causes the 

hipsochrome shift of absorption band of 266 nm (AH of I gr.) compatible to the transition of 

n→π*. Absorption maxima of AH component of II gr. before irradiation to UV-spectra (203.4 

nm, 226.3 nm and 256.7 nm) have been recorded, by increasing irradiation period the absorption 

band with maximum recorded at λ = 256.7 nm being hipsochrome shifts to the high-energy 

spectral field: 256.7 nm (without irradiation) →256.7 nm (15 min.)→ 252 nm (an hour)→251 

nm (2 hours)→250 nm (3 hour), also shifting of absorption band maxima as hipsochrome to such 

blue border proceeds on above mentioned reasons for AH of I gr.  

In this irradiation duration sequence the intensity of absorption band maximum belonging 

naphthalene hydrocarbons decreases and new absorption band is formed at λ = 200 nm. 

Hipsochrome shift recorded in these components is related to the entering of electron donor 

substituent to the polycyclic aromatic hydrocarbon molecule and decreasing of its polyarity in α-

condition.  

Absorption peaks have been observed at 203.4, 208, 226.3, 262, 285 and 295 nm in AH 

component of III group of light Surakhany petroleum before irradiation. After 15 min irradiation 

the shortwave boundary of absorption curve at 250-300 nm spectral field shifts towards high-

energy spectral field and optical density unit of the absorption band (0.74) at  =208 nm amounts 

to 0.89 after 45 min irradiation. In this case, intensity of absorption peak increases by 
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bathochromic shift of 2 nm and a new absorption band is formed at =250 nm. Absorption band 

is observed at =211 nm as a result of continuing bathochromic shift of absorption peak after 1 h 

60 min irradiation and its intensity increases much more than its irradiation-free state (Fig.2). It 

should be noted that the experimental fact taken after post-irradiation is characteristic one for 

electron donor-substituted hydrocarbon spectra. Thus, the specificity of these hydrocarbons is 

ortho-para-orienting effect of the substituent, decreasing in ionization potential and absorption 

band shift towards long-wave spectral field. 

As is evident from the Fig.2, LSP mostly contains naphthenic and paraffinic hydrocarbons. 

As a result of the studies, taken by chromatography-mass spectroscopy, it has been found out 

that paraffins consist of mono-, di-, tert- and tetramethyl-substituted decane, pentadecane, 

methyl, ethyl-substituted hexane and octane, butyl-substituted nonan hydrocarbons. This 

petroleum also contains spiro[4.5]decane; cis, trans-1,6-dimethylspiro[4.5]decane; trans, trans-

1,6-dimethylspiro [4.5] decane-type spiro compounds. Naphthenes mostly consist of methyl-, 

ethyl-, propyl- and butyl-substituted cyclohexane hydrocarbons and their different cis- and trans-

states. Naphthenic hydrocarbons contain mono-, di-, tert- and tetra-substituted cyclopentanes in a 

little amount. 

 
 

Fig. 2. UV absorption spectra of light Surakhany petroleum components before and after 

irradiation 

As is obvious from the studies, LSP contains naphthene-paraffinic, benzene and alkyl 

derivatives of naphthalene including heteroatom-containing organic compounds and ethers. 

Therefore while influencing LSP by photoirradiation, the aromatic hydrocarbons absorbs light 

quantum as photosensitizers in the initial stage and converts to excited singlet state (S*), but then 

– triplet state (T*) as a result of intercombination conversion. Consequently, excited molecule 

energy equals to the amount of two light energy quantum and transferring of this energy is 

considered enough for breaking C-H bonds and results in formation of alkyl radicals (R*). These 

I gr. AH 

II gr. AH 

III gr. AH 

200                                          300                              , nm 
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radicals are unstable in room-temperature and they easily undergo the reaction with oxygen that 

it causes formation of mono-, di- and tert-peroxide radicals. The further processes run on the 

radical chain mechanism. Alcohol, ketone (aldehyde) and singlet oxygen (
1
O2) are obtained as a 

result of decomposing the peroxides, formed by mono- and di-radicals and two alkoxy radicals 

and triplet oxygen (
3
O2) are obtained by decomposing of tert-peroxide radicals. Singlet oxygen 

state is formed by interaction of S* and T* states of Ahs with 
3
O2 and its interaction with AH 

causes the formation of cyclic peroxides. Oxygenous compounds are collected in the mixture 

obtained by decomposition of these compounds. The mechanisms for photooxidation processes 

occurring in LSP are given below.   

The reactions running on radical chain mechanism:  

 

3

1 2 1 2R O R O    

The reactions occurring with mono- and di-peroxide radicals:  

 
The reactions occurring with tert-peroxide radicals: 

 
The photooxidation process running on molecular mechanism: 

 
Formation of oxycompounds in LSP after photoirradiation has been proved by IR 

spectroscopy.  

Conclusion  

As a result of carried out contemporary UV, IR and chromatography mass spectroscopic 

analyses, for the first time it has been confirmed that LSP contains naphthene-paraffinic, benzene- 

and naphthalene alkyl derivatives, including heteroatomic organic compounds, ethers. It has been 

determined that photooxidation process occurs on two quantum mechanisms in this petroleum. 

Naphthalene and its alkyl derivatives are used as sensititizers in the process and initial stage of the 

photooxidation process occurs on two mechanisms simultaneously: on radical chain mechanism 
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resulting in formation of peroxide and tetraoxides, and on molecular mechanism resulting in 

formation of cycloperoxides. 
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