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Researching complexation of cyclophosphate–metal systems  
by physico-chemical methods 

We carried out potentiometric and photometric research in the cyclophosphate-modifier system. We set 
composition of complex compounds formed in systems, show their relative stability. It was given an 
explanation of the results from the point of view of classical Inorganic Chemistry, theory of hard and soft 
acids and bases of Pearson and theory of Usanovich. 
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Nowadays problem of focused synthesis and control of individual and multicomponent phosphorus-

containing systems and polymers composition is very difficult and at the same time unsolved yet. Due to the 
lack of a fundamental approach to the selection of modifying components for the preparation of compounds 
with multifunctional properties, the synthesis of multicomponent modified phosphate systems, regardless of 
their area of use, is carried out by empirical way. In connection with this, it is necessary to have more 
knowledge on the mechanisms of the hydrolytic decomposition and complexation of polyphosphate — ions 
with various modifiers. 

The purpose of the work is research which enables scientifically justified selection of conditions for the 
synthesis of compounds and materials based on inorganic phosphorus-containing compounds with multifunc-
tional properties. In this connection, working on the establishment of the composition, properties and deter-
mining the conditions of existence of polyphosphate compounds will allow focused search for their practical 
use, in a particular, preparation of polymer compositions which can be used as highly effective corrosion 
inhibitors. 

Studies were carried out for systems cyclotri- (C3P, P3O9
3-), tetra- (C4P, P4O12

4-) and hexaphosphate- 
(C6P, P6O18

6-) with di- (Mn2+, Fe2+, Co2+, Ni2+, Cu2+, Zn2+) and trivalent (Al3+, Cr3+, Fe3+) cations of p- and 
d-elements under standard conditions. 

Synthesis of research subjects 

Synthesis of cyclophosphate was conducted by known methods [1–3]. 
Identification was performed by IR-spectroscopy by spectrometer UR-20 in the frequency range of 

400–3600 cm-1 in tablets with KBr. The identification data of the synthesized compounds are in full 
agreement with the reference data. 

Research methods 

To obtain the most reliable results, the research was carried out by two independent methods: 
potentiometric and photometric. 

Photometric study of the properties of model systems was carried out using the method of isomolar 
series and the method of mole ratios. 

According to the method of isomolar series solutions was prepared with varying concentrations of the 
metal СМ and ligand СL, herewith their total concentration in the solution remained the same, i.e. СМ + СL = 
= const = 0.01 mol/L. We measured optical densities of the prepared solutions and plotted the graph 
ofdependence of optical density on the molar proportion of the ligand in solution. Maximum absorption has 
the solution in which the concentration ratio of the components meets their stoichiometric ratio in the 
complex. The less stable complex, the more smoothed maximum on the curve [4, 5]. 

According to the method of mole ratios (saturation method) we prepared a series of solutions with a 
constant concentration СМ and a variable concentration СL. We measured the absorbance of the prepared 
solutions, plotted the graph of dependence of optical density from the molar ratio of the components in 
solution (saturation curve). The abscissa of the intersection point of the two tangents corresponds to a molar 
ratio of components in the complex. 
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The curves in Figure 6 show a regular change in the stability constants in the range of Zn2+ – Cu2+ – 
Co2+ – Al3+ – Fe2+ – Mn2+ – Ni2+ – Cr3+ – Fe3+ by increasing the ionization potentials and the corresponding 
decrease in ionic radii. Such a sequence of changes in the stability constants is in good agreement with the 
provisions of HSAB theory, Usanovich’s and positions of the classical theory of Inorganic Chemistry. 

Change in complexing ability of cyclophosphate is associated with the change in nature of the P–O 
bond, in big cyclesapproachingto the bond character inchained phosphates and removing voltage, existing in 
small rings. Cyclic phosphate anions withsmall size have a relatively high charges and their metal complexes 
are much less durable, that is explained by low mobility and difficult accessibility of the functional groups 
for interaction with cation-modifiers. As a result, bytransition to the big cycles the complexing ability 
increases dramatically. 

Conclusions 

By results of the research, the composition of the most stable complex compounds formed in these sys-
tems, was set with sufficient accuracy. 

The sequence of changes in the stability of cyclophosphate complexes is analogous to the change in the 
stability of diphosphates in water, which is obviously related to their structure and the prevalence of 
diphosphate-ion as the main product of the hydrolytic cleavage of the initial compounds. The above range of 
influence of cation-modifiers is related with change of the second ionization potentials of metals, which af-
fects the reduction of their acidic properties, reduction of compound strength and strengthening the hydrolyt-
ic processes. Increasing the strength of complex compounds in the transition from cyclo-tri- to cyclo-
hexaphosphates is related with increasing charge and mobility of the individual fragments of cyclo-
hexaphosphate anion due to removing voltage, whereby the latter becomes more hydrolytically stable. 
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А.Е.Нариманова, А.Б.Ниязбекова, Н.В.Акатьев, Т.А.Шакиров, Н.Х.Аймурзина 

Циклофосфат металл жүйесіндегі комплекс түзуді  
физика-химиялық əдіспен зерттеу 

Циклофосфат-модификатор жүйесінде потенциометрлік жəне фотометрлік зерттеу жүргізілді. 
Кешенді қосылыстардың жүйесінде салыстырмалы тұрақтылық көрсетілді. Берілген көзқарас — 
классикалық бейорганикалық химияның нəтижесі, қатты жəне жұмсақ қышқылдың, Пирсонның негізі 
мен Усановичтың қағидасы бойынша түсіндірілді. 
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Исследование комплексообразования в системах циклофосфат – металл  
физико-химическими методами 

Проведены потенциометрические и фотометрические исследования систем циклофосфат – модифи-
катор. Установлены составы образующихся в системах комплексных соединений, показана их 
относительная устойчивость. Даны объяснения полученных результатов с точки зрения классической 
неорганической химии, теории жестких и мягких кислот и оснований Пирсона и теории Усановича. 
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