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1. Introduction 

Pyrene is a polycyclic aromatic hydrocarbon. This substance is toxic because it forms 

carcinogenic and mutagenic metabolites which intercalate into DNA, interfering with transcription. 

Thus, pyrene can cause different forms of cancer, such as leukemia and lung cancer [1, 2].  

Great amounts of this substance are emitted into the environment when coal is processed. 

Every year, coal preparation plants burn up to 7 billion tons of coal, whereas 1 kilogram of coal 

contains approximately twenty grams of pyrene and its derivatives. And one of the most common 

derivatives is pyranine. These compounds are also found in coal tar, automobile exhaust fumes etc 

[3]. 

At this point, it might be really important to detect pyrene and its derivatives in the 

environment. For this purpose luminescence spectroscopy has been used by chemists for about 50 

years [4]. This method is a type of electromagnetic spectroscopy that analyzes fluorescence from a 

sample. It involves using a beam of light, usually ultraviolet light, that excites the electrons in 

molecules of certain compounds and causes them to emit light [4]. 

However, if the concentration of pyrene is too low, this substance might be concentrated on 

a sorbent’s surface before detection. For this purpose modified silica may be used [5]. 

The aim of this research was to analyze pyranine sorption regularities by the surface of 

modified silica. 

The IUPAC name of pyranine is 8-hydroxypyrene-1,3,6-trisulfonic acid. This substance 

consists of four fused benzene rings, resulting in a flat aromatic system [6]. 

Pyrene and its derivatives can be absorbed by surface of different sorbents. In this research 

we used silica modified by polyhexamethylene guanidine (PHMG). If such sorbent reacts with the 

solution which has pyrene in it, the luminescence spectrum of its surface changes because it forms 

excimers, excited dimers, that are made of two molecules, at least one of which is in an excited state 

[7]. 
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There are a lot of different factors that influence the absorption of pyranine and its quantum 

luminescence yield: pH, metal cations, ionic strength etc [4]. So it’s necessary to examine 

quantitative characteristics of this influence to achieve the most complete extraction of pyranine 

from solutions.   

2. Materials and methods  

In the practical part of our research we dwelt upon how the luminescence spectrum of 

pyranine solutions and modified silica surfaces change in different pH. A number of pyranine 

solutions with the concentration of 3,04 μmol/l were prepared using an autosampler (Biohit Proline, 

2010). For this purpose, eight aliquots of studied solution with the concentration of 509,17 μmol/l 

and the volume of 0,150 ml were sampled, dissolved in 15 ml H2O into the beakers and properly 

mixed. Then, pH of the solutions was changed to necessary values using a pH-meter (Ohaus 

ST3100-F, 2010). The content of beakers was quantitatively transferred to volumetric flasks and 

diluted with distilled water. After that, pH was measured again.  

The volumes of 2,5 ml from every pyranine solutions were taken, brought to quartz cuvettes 

for luminescence analysis with an autosampler. Then, luminescence intensity was measured using a 

spectrofluorimeter (Cary Eclipse Varian, 2008). The measurement was carried out with excitation 

wavelength λEx = 337 nm and slits 5 and 1,5 nm.  

The samples of sorbent with the mass of 100,0 mg were weighted using a digital analytical 

scales (Mettler Toledo XP 205 DR, 2010) and transferred to graduated tubes with the volumes of 20 

ml. Then, eight aliquots of prepared pyranine solutions with the volumes of 10,0 ml were put into 

the tubes. Tubes were closed and intensively shacked for 10 minutes. After that, the liquid phase 

was decanted and its luminescence intensity was measured. The same measurement was carried out 

with the sorbent’s surface in the same conditions.  

3. Results and discussion  

The results of measuring of pH before and after sorption are presented in Table 1 and 2. 

Table 1 – Luminescence intensity of pyranine solutions before sorption 

№  pH 
The solutions before sorption 

I, λ = 383,07 nm (Mon1) I, λ = 401,96 nm (Mon2) I, λ = 510 nm (Ex) 
1 2M HCl 237,004 143,762 0,3514544 
2 1M HCl 273,781 162,743 2,515211 
3 0,1M HCl 239,604 143,584 7,801576 
4 2,050 203,591 122,984 8,011247 
5 3,904 226,127 135,363 9,741538 
6 5,960 301,707 183,344 11,78603 
7 8,015 307,243 182,884 9,210274 
8 10,007 317,734 192,138 7,589884 

5



As shown in Table 1, monomer’s luminescence intensity has its highest quantum yield in 

alkali medium. However, luminescence intensity of the excimer reaches its maximum value in the 

solution with pH of 6. 

Table 2 – Luminescence intensity of pyranine solutions and sorbent’s surface after sorption  

№  pH' 
The solutions after sorption The surfaces 

I, λ = 383,07 
nm (Mon1) 

I, λ = 401,96 
nm (Mon2) 

I, λ = 510 
nm (Ex) 

I, λ = 383,07 
nm (Mon1) 

I, λ = 401,96 
nm (Mon2) 

I, λ = 510/499 
nm (Ex) 

1 0,244 107,091 63,49729 0,3586451 84,841 55,55404 0,3909486 
2 0,482 42,28685 25,487 0,07519772 130,646 90,90577 0,7441832 
3 1,134 22,81587 13,93385 1,568774 152,189 105,2877 11,99723 
4 2,008 77,565 46,29503 4,55837 104,851 68,9138 6,345476 
5 4,137 3,10664 1,785872 0,4538168 154,763 106,0278 10,43575 
6 3,994 2,982666 2,09301 0,4487809 137,739 92,6327 8,350315 
7 6,232 2,870975 1,73131 0,3367344 156,035 103,7618 8,350315 
8 6,747 1,977307 1,01181 0,1171182 159,101 108,9517 10,99503 

And Table 2 shows that the process of pyranine sorption proceeds better in alkali medium. 

The luminescence intensity of the monomer and the excimer of studied substance in solutions 5-8 is 

extremely low.  

While measuring luminescence intensity we noticed that the positions of the luminescence 

maximum of the excimer on the sorbent surface in the acidic and the alkali media were different. 

The maximum in the alkali medium displaced relative to the maximum in the acidic medium 

approximately by 11 nm. The spectra are presented in (Figure 1).  

 
Figure 1 – The luminescence spectra of sorbent surfaces after the reaction with pyranine solutions 
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We suppose this phenomenon is caused by pyranine’s dissociation. To excite the ionic form 

of this compound is harder than to do the same with uncharged molecules. A possible explanation 

for this might be that the first singlet level of ionized molecules is located higher than S1-level of 

the molecular form. 

However, we couldn’t find such obvious regularities for the surfaces of the sorbent: the 

luminescence intensity in Solution 3, 5, and 8 was highest. We consider that it can be caused by 

protonation and deprotonation of sulfonic and hydroxy groups of pyranine, siloxane groups of SiO2, 

and amino groups of polyhexamethylene guanidine. In this case, we assume that pyranine and 

PHMG react as acid and base. As a result, pyranine sorbability and its quantum yield change.  
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Introduction 

There is a wide class of semiconductors which is characterised by localizingmagnetic 

moments on the atoms. They are commonly known as semimagnetic semiconductors (SMSC) or 

diluted magnetic semiconductors (DMS). Dilute magnetic semiconductors are of great interest for 

fundamental science. They provide a great promise for spintronic applications in the future. 

Spintronics is a new science of computers and memory chips that are based on the electron spin 

rather than (or in addition to) the charge (used in electronics). Spintronics is an exciting field that 

holds promise to build faster and more efficient computers and other devices. 

 Materials and Methods 

All quantum chemical calculations were performed within the framework of density 

functional theory using the plane-wave basis set and the projector-augmented wave method [2,3] as 

implemented in Vienna Ab-initio Simulation Package [4,5]. We used general gradient 

approximation (GGA) andPerdew–Burke-Ernzerhof (PBE) functional (PBE) [6] and Grimme D3 

[7] correction for van-der-Waals interactions for electronic and structural optimization in all cases. 

Residual forces acting on atoms being less than 10-3 eV/Å were used as stopping criteria for cell 

vectors and geometry optimization. Monkhorst-Pack k-point first Brilloin zone sampling [8] was 

used with the k-point mesh containing 6x6x6 points along with translation vectors. 

Results 

First, unit cells of transition metal dihalides were optimized.Thin films of the 

monolayers(Fig. 1) have different configurations and they depend on the positions of iodine atoms 

and TM atoms: H (iodine atoms of two different layers are one above the other) and T (the iodine 

atoms in the second layer are deployed relative to the metal atoms at 60°). 
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Figure 1. Unit cells for transition metal halides (e.g. CoI2).  а) H -configuration b) T – configuration 

 

Then, the interface was generated on the basis of the monolayers. The T-configuration was 

found to be more energetically favorable. This configuration was then used for further calculations. 

The actual geometry of the interface is shown in Figure 2. 

 

 
Figure 2. The geometry structure of the interface 

 

Table 1. The magnetic moment and formation of energy ferro- and antiferromagnetic states  

Type ΔE, eV µ, µБ 

CoI2 (bilayer) Ferromagnetic 0 6.00 

Antiferromegnetic 0.047 0.00 

NiI2 (bilayer) Ferromagnetic 0.006 4.00 

Antiferromegnetic 0 0 

Ferrimagnetic Monolayers 0.109 - 

Interface 0 1.00 

Ferromagnetic Monolayers 0.0667 - 

Interface 0 5.00 
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As can be seen in Table 1, theantiferromagnetic ordering is ofa more energy-stable condition 

for NiI2, while ferromagnetic ordering is more beneficial for the CoI2 case.Energy formation was 

calculatedwith the formulae: ΔE=E0-E, where E0isthe energy of a more stable state. There are little 

differences betweenthe energies of the states with different magnetic ordering. Thus, itmight be 

possible to synthesize thin films in both conditions. The magnetic moment depends on the spin-

orientation on the atoms of metals (e.g. Co and Ni) and it changes from structure to structure. The 

maximal value of the magnetic moment is on the ferromagnetic bilayer of CoI2.  

The calculations of density of states (DOS) showed (see Figure 3)theinterface as a 

semiconductor, which has an indirect energetic gap on the Fermi level. The value of the optical 

band gap is about ~ 0.23 eV. Thecomparison of the TDOS of monolayers and the PDOS of the 

layers in the interface is shown in Figure 3. There are some differences between the PDOS and the 

TDOS that could signify the interaction of CoI2 and NiI2 monolayers.  

 

 
Figure 3. Total (DOS) and partial densities of states (POS) for ferromagnetic and 

ferromagnetic ground states. (a) black line corresponds to TDOS of interface, red line corresponds 

to PDOS of NiI2 layer, blue lines correspond to PDOS of CoI2, (b) black line correspond to TDOS 

NiI2monolayer, red line correspond to PDOS NiI2; (c) black line correspond to TDOS 

CoI2monolayer, red line correspond to PDOS CoI2. 

Conclusion 

By the DFT quantum chemical calculations the electronic structure and magnetic properties 

of the interface, based oncobalt iodide and nickel iodide,wereobserved in the article. It wasdefined 

that the interface based on CoI2 and NiI2 has a non-zero magnetic moment localized on the TM 

atoms which have d-orbitals.The total and partial densities of the states near the Fermi level were 

investigated with the quantum chemistry software.To sum up, the interface CoI2+NiI2, which is 

presented as the T-configuration composite,might be a magnetic semiconductor and it can be used 

for spintronics needs, i.e. manufacturing of computers in the near future. 
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One of the impairing factors, that influence Russian fuel and energy development, is 

deterioration of the raw material base. At present the share of viscous and high pour point paraffinic 

oils is a significant part in the total production.  

The problem of paraffin deposit is connected with the fact that oil is a very labile and mobile 

system that can be affected by changing environmental condition.[1]  

During longtime exploitation of floating-roof storage tanks, that are used in refineries and 

bulk petroleum tank farms, ARP deposit (asphalt resin paraffin deposit) accumulation takes place 

on the tank bottom.  

Tank cleaning is usually used immediately when it is necessary to repair fuel oil storage 

tanks.[2] High performance storage tank treatment methods would allow to clean storage tanks, 

perform an industrial safety examination and remove diagnosed punch list items. That is why the 

problem of ARP deposit removal from storage tanks is relevant at this time. 

The usage of the treatment method which is described in the work will let us create 

conditions for smaller bottom deposit accumulations that have a negative impact on storage tanks 

equipment and parts of crude distillation unit.[3]  

According to previous experience a usual treatment method, that consists in steam cleaning, 

sweeping, opening-out and hand-worked recovering of deposits, is quite inefficient and demands 

large energy and temporal consumptions. However the method cannot satisfy imposed requirements 

according to deadline and accomplish efficiency of given work type. Besides, the issue of extracted 

residue is not decided. 

The aim of the research is to raise operating integrity of oil storage tanks and refinery tanks 

equipment, to increase turnaround cycle of reservoir using, to reduce downtime, to keep operable 

costs down.  

The basic method, that provides best efficiency of deposit removal from oil storage tanks 

provided in lease automatic scheme, is thermal influence on ARP deposits with simultaneous 

dissolving, in which petroleum fractions are used as a heat conductor and solvent.    
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Delayed cooking gasoline was also offered as a solvent. It was synthesized from vacuum 

residue in laboratory conditions. Delayed cooking gasoline includes hydrocarbon compounds which 

are the closest to ARP deposits as well. Freezing point, kinematic viscosity, flash point of a 

mixture, which contained  delayed cooking gasoline, ARP deposits, burner fuel, were indicated. 

However the flash point of the mixture does not match  State Standard 32510-2013. [4]    

It is also important to solve the problem of hydrocarbon mixture recovery.[5] That is why 

the possibility of  mixture implication was considered as a residual oil component. 

Taking into consideration the disadvantages of different solvents and removers, and using 

analytical and patent review, it was determined that solvents based on oil and oil-products are the 

most appropriate removers of ARP deposits. Apart from this, ARP deposits aren't an inevitable 

waste of petroleum industry, they could be involved in production of bitumen, naphtha  residue, 

lubricants. 

 The method of the orthogonal planning of experiment was used to determine the influence 

of introduction of ARP deposits with low-viscosity marine fuel as the solvent in burner fuel 100.[6] 

Based on the made experiment it was specified that the optimal ratio of ARP deposits and 

low-viscosity marine fuel is in the range of (5÷6): (5÷6) for 100 weight parts of burner fuel 100. 

According to the obtained data it was diagnosed that the sample which contains 5:5:100 in the 

weight parts satisfies State Standard 10585-2013 for burner fuel 100. 

On the assumption of these data the oil storage tanks treatment method was appropriate. The 

method lies in implication of a heated to the boiling temperature oil-product in the reservoir that is 

to be cleaned. Feedstock supply stops when given level is achieved and uninterrupted circulation is 

provided until all oil storage tank contents slide into liquid phase. 

 
Figure 1 - The principle diagram of the process 
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The cleansing is comprised of the next steps. New marine fuel is moved from process line 

14 to the rotary vane pump P-1 through slide valves № 8, 7, 3 (s.v. № 6, 11, 12 are close). Then the 

fuel goes through the double pipe exchanger E-1 where it is maintained at 70-75 °C and gets 

through the open slide valves № 9 and 12.  

The fuel goes to the reservoir, then the fuel supply is stopped and the hot-feed circulation 

begins working according to the scheme: s.v. № 1, 2, 9 and 12 are open (№ 3 and 10 are closed).  

When all of oil storage tank contents slide liquid-phase circulation still works: s.v. № 1 - № 

2 – P-1 – E-1 – s.v. №13 and the mixture is moved to the rotary laminose nozzle separator S-1 

where it is separated from water and mechanical impurities.  

Then the steam goes to the buffer tank T-1, in which it is pumped by the gear pump P-2: s.v. 

№ 11, 4, 5, 6 are open, s.v. № 3 and 7 are closed. 

After the operations hot steam and water are supplied to the reservoir in order to warm the 

mixture of ARP deposits and marine fuel up. Addition of water provides the liquid level in the 

reservoir, the difference between density of water and hydrocarbons lets the mixture flake off. It 

gives the opportunity to pump residual deposit, draw water off, disclose the reservoir and do 

necessary work in a short period of time. 

  The raw material cost, excluding cleaning with the help of pumping machinery and other 

equipment, is calculated by the formula: 

𝐺𝐺А𝑅𝑅𝑅𝑅𝑅𝑅 · 𝐶𝐶А𝑅𝑅𝑅𝑅𝑅𝑅 + 𝐺𝐺𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 · 𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 + 𝐺𝐺𝑛𝑛𝑛𝑛𝑛𝑛 ℎ𝑡𝑡ℎ𝑛𝑛  𝑜𝑜𝑜𝑜𝑜𝑜 · 𝐶𝐶𝑛𝑛𝑛𝑛𝑛𝑛 ℎ𝑡𝑡ℎ𝑛𝑛  𝑜𝑜𝑜𝑜𝑜𝑜 − 𝐺𝐺𝑛𝑛𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝𝑝𝑝𝑡𝑡 · 𝐶𝐶𝑛𝑛𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝𝑝𝑝𝑡𝑡 = 𝐶𝐶`,  (1) 

where G – the mass of the component, tone;  

 C – the cost of the component, RUB/tone; 

 C'– the cost of the raw material of the experimental mixture counted up to the cost of burner fuel 

100. 

1 · 0 + 1 · 17454 + 20 · 6493 − 22 · 6493 = −4468
𝑅𝑅𝑅𝑅𝑅𝑅
𝑡𝑡𝑜𝑜𝑛𝑛𝑡𝑡

. 

Estimated cost of basic equipment that is needed for the oil storage tanks treatment 

implementation is given in Table 1.  

 

Table 1 – The equipment cost list 

Equipment Cost, mln. RUB 

Rotary vane pump  3,0 

Spiral-type heat exchanger 2,5 

Buffer tank 0,6 

Rotary laminose nozzle separator 4,0 
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Gear pump 0,4 

Sum-total 10,5 

  

Nowadays at the Achinsk refinery a treaty with subcontractors is concluded for reservoir 

treatment and utilization of ARP deposit. This work is expensive and it takes a long time.  

- Warming-up and pumping 1 m3 of ARP deposit from an oil storage tank. 

- Utilization of 1 tone of ARP deposit. 

- Cost of the reservoir treatment. 

8000 tons of ARP deposit were accepted to compare the cost of different methods. Based on 

the data estimated cost of treatment and utilization of ARP deposits by the oil storage tanks 

treatment method is 40 mln. RUB.  

Cost of pumping, treatment and utilization of ARP deposits by subcontractors is 60 mln. 

RUB. Economic benefit of usage the oil storage tanks treatment method is 20 mln. RUB a year. 

The whole range of advantages of this method helps increase inter-repair period of oil 

storage tanks usage and reduce equipment downtime.  

One of the most important facts is that the method gives the possibility to minimize gas-

dangerous work and at the same time  to use hard-to-utilize deposits.      

 

List of references 

 

1. Reis, John C. Environmental control in petroleum engineering. Houston, Gulf 

Publishing Company, 1996. Vol. 1. 172 p. 

2. Каменщиков Ф.А. Удаление асфальтосмолопарафинистых отложений 

растворителями. Ижевск, 2008, 72 c. [Kamenschikov F.A. Removing ARP deposits with 

solvents. Izhevsk, 2008, 72 p. (in Russian)] 

3. Bleier R., Leuterman A. J. J., and Stark C., Drilling Fluids: Making Peace with the 

Environment. J. Pet. Tech., Jan. 1993, 10 p.   

4. Fang C. S., Tong N. A. M., Lin J. H.Removal of Emulsified Crude Oil from Produced 

Water by Electrophoresis. Anaheim, CA, Feb. 1991, 21 p. 

5. Thurber N. E. Waste Minimization in E&P Operations. New Orleans, LA, 1990, 1039 p. 

6. Сюняев З.И., Сафиева Р.З., Сюняев Р.З. Нефтяные дисперсные системы. Москва, 

1990, 226 с. [Sunyaev Z.I., Safieva R.Z., Sunyaev R.Z. Oil dispersions. Moscow, 1990, 226 p. (in 

Russian)] 

15


	сборник титульник
	2Титульник текст
	Титульник Секции
	1Dorokhin, Lipaikin. USING FLUORESCENCE SPECTROSCOPY TO DEFINE PYRANINE SORPTION PROPERTIES
	2Мельчакова
	3Балаганская А.Г._0



