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In the modern world, against the backdrop of 
new ecological standards, oil refining with minimal 
energy consumption and emissions into the atmo-

sphere comes to the fore. Zeolites have high activ-

ity, so they are used as catalysts, and by modifying 
zeolites, their properties can be changed to obtain 
the desired products.

This work, describes the process of modifying 
zeolite catalysts with nickel and zinc salts used for 
processing natural gas liquids to motor gasoline.

For modification zeolite catalyst was used that 
was previously dispersed to practical size of 0.5–1.0 
mm.

1. Modification zeolite catalyst 
with nickel salt Ni(NO

3
)
2

The ratio of zeolite catalyst and solution used 
in the work was: per 100 g of catalyst 170 ml of salt 
solution according to [1], the concentration of the 
salt solution is 1 wt. %. To process the solution, the 
zeolite was placed on a mixing device for 5 hours, 
after which it was filtered, washed with hot distilled 
water and left overnight. The next day, the zeolite 
was dried for 2 hours at a temperature of 80 °C, and 
calcined at a temperature of 350 °C for 4 hours.

The catalyst treated with nickel salt is most ac-

tive in the hydrogenation reactions of unsaturated, 
aromatic and carbonyl compounds. Nickel included 
in the impregnation increases the activity of the cat-
alyst in dewaxing reactions.

2. Modification of the zeolite 
catalyst with zinc salt ZnF

2

The ratio of zeolite catalyst and solution used 
in the work was: 100 g of catalyst per 500 ml of 
solution, according to [2].

At the first stage, the zeolite was treated for 1 
hour with an aqueous solution of Zn(NO

3
)2 salt with 

a concentration of 0.1 M at a temperature of 80 °C. 
At this stage, ion exchange takes place, during 
which the Zn2+ cation is incorporated into the zeolite 
crystal lattice. After ion exchange, the zeolite was 
washed and decanted.

At the second stage, the zinc form of the zeo-

lite was impregnated with a solution of NH4F salt, 
at a concentration of 1.0 M, the impregnation was 
carried out at a temperature of 80 °C for 1 hour. Flu-

orine ions contribute to the retention of zinc ions, 
forming an insoluble compound ZnF2 on the surface 
of the zeolite.

In the third step, the zeolite catalyst was decant-
ed and washed. Dried at a temperature of 120 °C for 
6 hours, then calcined at 600 °C for 6 hours.

The zeolite catalyst treated with ZnF2 salt does 
not require hydrogen treatment for the dewaxing 
process, which significantly reduces the hazard and 
production costs. The stability of the catalyst de-

pends primarily on the state of the zeolite crystals 
outer surface; the presence of an insoluble com-

pound on the surface reduces the rate of petroleum 
coke formation.

Summary, in the work, a zeolite catalyst was 
modified with Ni(NO

3
)2 and ZnF2 salts for process-

ing natural gas liquids in order to obtain compo-

nents of motor gasoline.
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The search of new drugs for oncotherapy re-

mains one of the main problems of modern medi-
cine. Since metal-based clinically approved drugs 
(cisplatin and its derivatives) possess severe side ef-
fects and chemotherapy resistance, the development 
of less toxic anticancer medications based on bio-

logically relevant metals is of great interest. Copper, 
one of the first-row transition metals, is involved in 
a variety of fundamental biological processes [1] 
and has been acknowledged as a limiting factor for 
multiple aspects of cancer progression (growth, an-

giogenesis, metastasis) [2]. Currently, many cyto-

toxic copper complexes with various N-, O-, S-do-

nor ligands have been synthesized, and one of the 
compounds (Casiopeína III ia – [Cu(4,4’-dimeth-

ylbipyridine)(acac)]NO
3
) registered as Mark Title 

Casiopeínas® has even reached the clinical phase 
I [3]. In view of this, the research into preparation 
and investigation of 1,10-phenanthroline / 2,2’-bi-
pyridine based copper (II) complexes has been quite 
active recently.

In the present study, six mixed-ligand cop-

per (II) complexes with diphenylphosphinic acid 
(HL) and 1,10-phenanthroline or 2,2’-bipyri-
dine derivatives (LN–N), namely, 1,10-phenanth-

roline (phen), 4,7-dimethyl-1,10-phenanthroline 
(dmphen), 5-chloro-1,10-phenanthroline (Cl-phen), 
2,2’-bipyridine (bipy) and 4,4’-dimethyl-2,2’-bi-
pyridine (dmbipy) were synthesized. The use of 

diphenylphosphinic acid, bioisostere of carboxylic 
acids, as a secondary ligand was supposed to alter 
physical properties of the complexes and improve 
their cytotoxic activity and selectivity. The basis of 
the synthesis method was to dissolve the sample of 
the corresponding phenanthroline or bipyridine de-

rivative in ethyl or isopropyl alcohol with the fur-
ther addition of copper (II) acetate monohydrate and 
HL samples.

The composition and structures of the com-

plexes were established using physicochemical 
methods: CHN, thermogravimetric, powder X-ray 
diffraction and single-crystal X-ray diffraction anal-
ysis, EPR and IR-spectroscopy. In most of the ex-

periments the composition of mixed-ligand copper 
(II) complexes can be described by the general for-
mula [Cu(LN–N)(H2O)L2]. Phenanthroline and bipyr-
idine derivatives have been shown to be chelating 
agents in these complexes, while anion of diphenyl-
phosphinic acid exhibits monodentate coordination.

The cytotoxicity of the complexes and ligands 
was investigated against cancer (Hep2, HepG2) 
and non-cancerous (MRC5) cell lines by Hoechst 
33342/propidium iodide fluorescent dyes staining 
in 0,1–100 µM concentration range. The complexes 
possess significant cytotoxic activity comparable to 
that of cisplatin.
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