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SYNTHESIS AND STUDY OF PEROXOSOLVATES OF SULFATES
OF ELEMENTS OF THE SECOND GROUP

A. 1. MARTIRYAN *, L. G. TADEVOSYAN **
Chair of Inorganic and Analytical Chemistry YSU, Armenia

Continuing previous similar research, the ability of sulfates of elements of the
second group — magnesium, calcium and zinc, to produce peroxosolvates, the
methods for their preparation, as well as their properties have been studied. It has
been shown that these sulfates are able to produce peroxosolvates with different
molar ratios: MgSO4- H202, CaSO4- 0.04H202, ZnSO4- 0.05H202. The authenticity,
composition and nature of the obtained peroxosolvates have been elucidated by the
methods of X-ray and IR spectroscopy. Quantitative data on the decomposition of
hydrogen peroxide in dry peroxosolvates of magnesium and zinc sulfates were
calculated.
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Introduction. The great interest in hydrogen peroxide in recent years is due
to the fact that as a result of easily decomposition of hydrogen peroxide in solutions
and in contact with solids water end oxygen are produced, which is very important
from an ecological point of view.

It is known from the literature that hydrogen peroxide can participate in
chemical transformations in whole molecular form, forming coordination compounds
— peroxosolvates. It was shown that hydrogen peroxide can combine with many
inorganic and some organic acids salts, a number of basic organic compounds, and
alkaline-earth metals peroxides without decomposition.

Note that another mechanism of the solvation of salts with H,O, is also
possible: by the formation of hydrogen bonds between salt ions and H.O-. In these
compounds, the coordination of H>O- as a ligand does not proceed in the same way
as in the case of water, based on the electron pair of oxygen atom. H,O, does not
coordinate with the salts cation, but through its positively charged hydrogen atoms
forms hydrogen bonds with the anion due to its unshared pair of electrons. This bond
is quite strong with an energy of 60-80 kJ/mol [1].

Under normal conditions, peroxosolvates are crystalline substances and can
be used as sources of anhydrous hydrogen peroxide, as they are readily soluble in
water, forming the initial salt and peroxide. This is the reason for the large use of
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peroxosolvats in various fields, in particular in medicine, in the production of bread,
various creams and toothpastes. Peroxosolvates have bactericidal, bleaching
properties, and less corrosive activity than other substances. Peroxosolvats have
important ecological significance, as they can be very effectively used for water
purification and neutralization.

It was revealed that the elements of the second group of the periodic table,
with the exception of Be, form peroxide compounds [2], whereby the peroxides of
Ca, Sr, Ba, and Hg belong to the Me?*O,?" type, and the peroxides of Mg, Zn and Cd
with a gross composition of MeO;-xH>0 belong to the HO-Me—OOH type. Due to
the variety of applied fields, peroxosolvates of sulfates of some elements of the
second group have recently gained great interest, the studies of which tend to create
new, more effective, and ecologically safe compounds.

It has been established, that alkaline-earth metal peroxides have greater
thermal stability and are less affected by humidity and carbon dioxide of atmosphere
than alkali metal peroxides. This allows their use in areas, where alkali metal
peroxides are not permissible such as metallurgy, pyrotechnics, polymer chemistry,
medicine and food industry, as well as sewage treatment [3]. Peroxide compounds
of some metals are widely used for medicinal purposes, for the treatment of
malignant tumors, for the treatment of poisoning, etc. [4].

In industry, peroxide compounds are used as catalysts, fillers and pigments.
Peroxosolvates purify water from heavy metals, phosphates, sulfates and bacteria.
Calcium and magnesium peroxide compounds are used as feed additives for farm
animals and birds.

A number of studies have been carried out to synthesize peroxosolvate
compounds of water-soluble salts. As a result, many of these compounds are
manufactured on an industrial scale [3, 4]. Research into the production of water-
insoluble peroxosolvats is still ongoing, as data on the latter are scarce.

It was shown that H,O; is completely transferred into liquid phase state during
the dissolution of water-soluble peroxosolvats. In the case of water-insoluble
peroxosolvats, the transition of H,O, from the solid phase to the liquid phase takes
place gradually, and in the case of different peroxosolvats with different rates,
which are quantitatively determined. The rate of the yield of H,O, from coordinated
compounds is quantified by controlling the amount of H,O- in the solution [5].

In our work we studied the ability of magnesium, zinc and calcium sulfates to
form peroxosolvates, the methods of their synthesis, as well as the properties of the
obtained peroxosolvates. It should be noted that the samples we have selected are
relatively cheap, environmentally friendly and safe from a medical point of view.

The synthesis of solid peroxosolvats was carried out by the interaction of
concentrated aqueous solutions of salts with anhydrous H,O; as a reliable method.
Such reactions take place in the absence of other diluents, which affect the
coordination bond formed between the ions and H>O,. In addition, the reaction of
salts with anhydrous hydrogen peroxide allows to determine the properties of
peroxosolvates with a higher content of H.O, at a given temperature.

We also studied the liquid-phase reactions of calcium, zinc, magnesium
sulfate, and hydrogen peroxide to find out their ability to form peroxosolvates, to
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determine the amount of solvated hydrogen peroxide, and the rate of its release from
peroxosolvate.

Experimental Part. Peroxosolvates of magnesium, zinc and calcium sulfates
(MgSQs, ZnS0O4, CaSO4) were obtained by slowly adding salt to 50% H,0; at 0°C
under constant stirring. After placing the solution in a refrigerator for 30 min, it was
filtered, then the filtrate was dried in a stream of hot air.

The presence of H,O- in the end product obtained was confirmed by perman-
ganate analysis. For this purpose, certain amount of formed peroxosolvate was
dissolved in distilled water and titrated with a 0.1 N KMnQ, solution. The molar
composition of H,O in peroxosolvate was determined by the reacted amount of
KMnO.. The titration results are shown in the Fig. 1.
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Result and Discussion. The purpose of the titration is to provide H.O- output
from different phases of peroxosolvates, and the determination of H,O. output
without titration was made only from the first phase. Taking into account that many
dry peroxosolvates readily excrete H.O, from their molecule in water [6], it can be
assumed that a similar process occurs in our case, as in the first step H20 is released
as a result of the decomposition of peroxosolvate. Studies have shown that there are
different phases of HO- release from peroxosolvate, which in turn indicates the
presence of different states of H,O; in the end products.

The fact that a new compound and not a mixture was obtained was
demonstrated by X-raydiffraction analysis of the resulting compound by comparing
the spectra with the standard X-ray spectra of MgSQ., ZnSO. and CaSO.. Fig. 2
shows the resulting spectra.
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The samples were also examined by IR-spectroscopy using a Nicolet/FTIR

NEXUS spectrometer. Figs. 3 and 4 show the infrared spectra of compounds derived
from MgSO4 and ZnSO; in the dry state, which confirm the presence of H,O.
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Fig. 3. FTIR spectra of magnesium sulfate (1) and its peroxosolvate (2).
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Fig. 4. FTIR spectrum of zinc sulfate peroxosolvate.

Quantitative evaluation of the stability of the obtained peroxosolvates was

performed, according to the degree of decomposition of hydrogen peroxide [7]. The
concentration of hydrogen peroxide in the solution was determined by permanganate
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titration method [8, 9], based on which the rate of active oxygen generation due to
the decomposition of hydrogen peroxide was determined. The experiments were
performed at room temperature (22 + 2°C).

The Table below shows the results of a study of the decomposition of
hydrogen peroxide in dry peroxosolvates of magnesium, calcium and zinc sulfates.

Stability of MgSO4, CaSO4 and ZnSO4 peroxosolvates at 22+2°C over time

7, days H202 content, %
g in_solvate of MgSO4 in solvate of CaSO4 in_solvate of ZnSO4
0 30.0 4.0 =5
10 284 3.74 45
20 28.0 3.28 41
30 21.7 31 3
40 27.2 23 5=
50 26.6 19 5t
60 26.1 16 33

Conclusion. Thus, studies have shown that in the systems described above,
magnesium, calcium and zinc sulfates form the corresponding crystalline
peroxosolvates, the composition and nature of which have been elucidated by X-ray
spectroscopic analysis.
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U. b. UUrShr3uy, L. Q. (GUFGINU3UL

cournNe} wURsh SUrCeMh UNFLSUSLENR
MGLoLUNUANLIUSLEMh UbLEE2L B NFUNFULUURLOFUL

GuipniLbwbny twhunpn idwbhwnhy htnmwgnunuijuit wyhawnwtipbitipp
nmunidbwuhpyty G Gpypnpn judph mupptph’ dwqbtighnidh, jughndh b
ghtijh unyduwnmbtiph whpopununyunbitip winwewgitint nibwnipnihitpp,
tpubg unwgdwb Enubwliutpp L hwnynignibdtpp: 8nyg £ wipyl), np wyn
unippwnbitipp nibwl G wnwewght hwiwwyumuuhiwd whpopununpjunbtin
wwppbip Unjuyhtt hwpuptipnienibitpny” MgS04-H20,, CaS04-0,04H,0,
ZnS040,05H,0;: Umnmwgywd whipopununpjunbdtiph hulnipynilip, pununpn-
pmiip U pnypep wyupqupuitdl o ipqud dhugnpgnibdtph®  ntbngbiw-
swthwljut b hYy uyytljunpuswthwljut whwhgh tqutwyiotpny: <wpduplyt Go
dwqbbtighnidh W ghtifjh unydwwmidtiph snp wtipopununpjunitipnid  9pwdth
whpopuhnh puypwyiwd pwbwuud njuybtipp:

A. 1. MAPTUPAH, JI.T. TAIEBOCSH

CUHTE3 U NCCIENJOBAHUME IIEPOKCOCOJIbBATOB CVYJIb®ATOB
OJIEMEHTOB BTOPOU T'PVYIIIIBI

B mpomomkeHue mNpeaplAyIIMX aHaJOTHMYHBIX HMCCIEOOBAHUM H3y4YCHBI
CHOCOOHOCTH CYJIb()ATOB 3I€MEHTOB BTOPOU TPYMIIBl — MarHHs, KaJblUs U [HHKA,
00pa30BBIBaTh MEPOKCOCONBBATHI, @ TAK)KE CHOCOOBI MX IOJYYeHHs M CBOICTBA.
ITokazaHo, 4T0 3TN CyNIB(AaTH CIIOCOOHBI 00PA30BBIBATE CIEAYIOIINE TEPOKCOCOb-
BaTbl C pa3HBIMH MOJApHbIMH cooTHommeHuAMU: MQSO4-H20,, CaS0O4-0,04H,0:,
ZnS040,05H,0,. Metonamu pentreHo- u HWK-creKTpocKomuu yCTaHOBJICHEI
HOAJIMHHOCTB, COCTaB M INPHUPOJA TOJNyYEHHBIX MEPOKCOCOTBBATOB. PaccunTaHbl
KOJINUECTBCHHBIC JaHHBIE TI0 Pa3JIOXKEHUIO IEPOKCHAA BOIOpPOJAa B CYXHX
MEPOKCOCOIbBaTax Cylb()aToB MarHus 1 LHHUHKA.



