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Aqueous dispersions of manganese(ll) chloride with cysteine complexes are studied by dy-
namic light scattering and UV/Vis spectroscopy. The composition and structure of molecular and
supra-molecular complexes stabilized in these dispersions and the values of the hydrodynamic ra-
dius, diffusion coefficient, size distribution of the complexes as a function of pH, concentration and
ratio of the components of the dispersions are determined.
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Introduction

Over the past two decade the number of
papers on the role of biogenic macro- and mi-
croelements in the biochemical processes has
considerably increased. It is noted that the role
of macro- and microelements markedly en-
hanced when used in combination with amino
acids. Amino acids can act as chelating ligands
of metals that allows to create on this basis,
preparations that combine amino acids with mi-
croelements and ensure their efficient transporta-
tion inside the living environment. Among the
trace elements manganese occupies a special
place. Manganese is among the micronutrients
that are needed for the development of living
organisms, and therefore must be in a live envi-
ronment in the required quantities. Manganese is
actively involved in protein and carbohydrate
metabolism, stimulates the activity of enzymes
that affect the absorption of calcium and phos-
phorus [1-4].

Currently the actual scientific task is to as-
certain the composition and structure of the
compositions on the basis of macro, trace ele-
ments and amino acids at the molecular and su-
pramolecular levels and their mechanism of ac-
tion, finding ways to improve the effectiveness
of these compositions.

The aim of the present work is to study of
aqueous dispersions based on cysteine and
manganese chloride, the structure and composi-
tion of the complexes formed in these disper-
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sions by dynamic light scattering (DLS) and
UV /Vis spectroscopic methods.

Experimental

Preparation of the solutions. For physical-
chemical studies 4 types of solutions were pre-
pared. First solution. Weighed sample of 0.162¢
MnCl2-2H20 was dissolved in 20 ml of distilled
water. Second solution. 0,121g cysteine was dis-
solved in 20ml distilled water. Third solution
was a mixture of solutions 1 and 2 (a total of 20
ml + 20 ml = 40 ml). The pH of this solution is
equal to three- i.e. this solution is acidic. Next,
the mixture was heated with vigorous stirring for
30 min at 60°C. After cooling the electron ab-
sorption spectra (EAS) in UV/Vis region and
dynamic light scattering (DLS) spectra were
taken off. The fourth solution is a solution 3,
which treated with KOH solution to pH7. EAS
and DLS spectra of this solution were taken off
also. After addition of the KOH solution for 30
minutes, the solution became transparent with a
bluish tinge. When storing the solution brightens
and white crystals precipitate. The precipitate
was a polycrystalline powder which was charac-
terized by IR spectra. IR —spectra of powder cys-
teine and the powders obtained from the above
aqueous solutions were recorded on a FTIR Al-
fa, Bruker, Germany spectrometer.

Particle size and size distribution in the
aqueous dispersions was determined by dynamic
light scattering using analyzer LB-550, Horiba.
The method is based on measuring the average
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diffusion rate of the dispersed particles by re-
cording fluctuations in the intensity of the scat-
tered light; measurement of the spectral density
(the time correlation function) of the scattered
light. This method allows to measure directly
the diffusion coefficient of the particles dis-
persed in the liquid. Since the diffusion coeffi-
cient of the dispersed particles is uniquely asso-
ciated with the particle size, essentially DLS is
the method of measuring the size of such parti-
cles [5,6]. The used analyzer allows us to study
the processes of formation, transformation, de-
cay particles, aggregates, and complexes in the
temperature range 278-343K. The interval for
determination of the size of the particles of this
device 0,001-6 mm. The power of the radiation
source 5mW, wavelength - 650 nm. The used
calculation program allows to obtain more accu-
rate results for the mean particle size and size
distribution. Electronic absorption spectra (EAS)
of water solutions were recorded in the wave-
length range of 190-1100 nm at room tempera-
ture in quartz cuvettes with 1 cm in width using
a spectrophotometer Shimadzul800. The same
cuvette was used to determine particle size and
size distribution in the prepared solutions using
the above analyzer LB-550, Horiba.

Results and Discussion

According to DLS data the aqueous com-
positions of manganese chloride and cysteine

are aqueous dispersions. After neutralization
with KOH during the some time the precipitate
as a white powder was formed. The IR spectra
of this powder and cysteine powder are differ
greatly. There are the intense bands at 1790 and
3374 cm in the IR spectrum of cysteine, which
belong to the stretching vibration of the car-
boxyl and amine groups, respectively. These
bands in the IR spectrum of the complex are
almost absent. Instead of these bands in the IR
spectrum of the complex, the bands at 1582 and
3100 cm™ are detected (Fig.1). Note that the
band of medium intensity, which is characteris-
tic for stretching vibrations of -SH group, in the
spectrum of the free ligand appeares at 2552
cmL. In the spectrum of the complex, this band
appears at 2586 cm™. The intensity of this band
is considerably lower than in the spectrum of
the ligand, which apparently is due to the par-
ticipation of -SH groups in the intra- and / or
intermolecular hydrogen bonds [7-9]. Analysis
of the infrared spectra shows that the precipitate
obtained from the solution 3, by adding KOH,
likely is the complex of chelate structure of
cysteine with bivalent manganese. Note that the
presence of two - the carboxyl and amine donor
centers in the composition of this amino acid,
makes possible the chelation during the reac-
tion of cysteine with manganese ions.
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Fig. 1. IR spectra of MnCl,-2H,0+Cys+KOH (MnCl,-2H,0 /Cys=1:1) powder
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In fig.2, a-b the electronic absorption spec-
tra (EAS) of prepared aqueous solutions are
given. As seen from the fig.2 in the EAS the
absorption bands characteristic for complexes of
amino acids with divalent manganese are detect-
ed [10]. The study of optical density of the solu-
tion as a function of concentration of metal ions
allowed to conclude that the amino acid -metal
stoichiometry in the complexes is equal to 2:1.
The nature of coordination of the amino acids is
strongly dependent on pH, because protons are
able to compete with manganese ions for the
coordination with ligand. [11,12]. Therefore, in
an acidic medium, when the majority of the

the weak complexing between the amino acids
and manganese ions.

The results of DLS measurements are
shown in table and the DLS spectrum in fig.3.
As seen from the data in table and fig.3.1 and
fig.3.2, after adding of KOH to a solution, con-
sisting of manganese chloride(ll) and cysteine,
the DLS parameters dramatically changed,
there is a colloid having a particle size appre-
ciably smaller than that before the introduction
of the KOH into the solution. The observed
phenomenon likely is due to the change in the
composition and structure of supramolecular
structures as a result of changes in the pH of the

aforementioned groups is protonated, we have  solution.
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Fig. 2. UV/Vis. spectra of aqueous solutions of a) b) MnCl,-2H,0+Cys+KOH (MnCl,-2H,0 /Cys=1:1)

Table
Values of the DLS parameters of investigated aqueous dispersions
Ne Median, nm Median (Diameter on %), nm Mean, nm Mode, nm Span. D, EY
m2fs
10% 50% 90%

3.1
10.8 8.4 10.8 135 10.9 10.8 0.4727 4.0645

3.2
5.8 4.5 5.8 7.2 5.8 6.0 0,4780 3.8160

Here «Median» - average value of particle size, equal to 50% part of a total number of particles; «Mean» -
arithmetic average value of distribution density determined according to the equation: arithmetic average = £ {q(J)
XM} = Z {q()}, where J: number of divisions, q (J): the value of the distribution density (%), X(J) - typical size (in
microns) in «J» range of particle size; Mode - value of the particle size at the maximum of the distribution curve, Span -
amplitude, D-diffusion coefficient.
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Fig. 3.1. DLS histogram of aqueous solution of cysteine
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Fig. 3.2. DLS histogram of aqueous dispersion MnCl,-2H,0 + Cys + KOH, (MnCl;-2H,0/Cys = 1:1)
Conclusion REFERENCES

These techniques have allowed to establish
the formation of complexes of the ion man-
ganese(ll) with cysteine and determine the values
of the diffusion coefficient, the hydrodynamic ra-
dius of supramolecular structures, their size distri-
bution. Analysis of the dependence of the change
in optical density of the solution on the concentra-
tion of metal ions led to the conclusion on the for-
mation of complexes of amino acid-metal stoic-
hiometry of 2: 1. DLS data showed that agueous
solutions of cysteine with manganese chloride con-
tain supramolecular structure with the values of the
diffusion coefficient (3.82-4.06) E* (m?/s) and the
average size of the hydrodynamic radius of 5.8 nm
constituting likely cluster complexes aqueous ma-
nanese chloride with cysteine.

MBRUZSLOR =—<«p—

REPORTS

1. Underwood E. J., Suttle N. F. The Mineral Nutrition of
Livestock, 3rd Ed., 1999, CABI Publ., New York, USA.

2. McDowell L. R, Minerals in Animal and Human Nutri-
tion, 2nd Ed., 2003, Elsevier Science B.V. Publ., Am-
sterdam, The Netherlands.

3. Predieri G., Elviri L., Tegoni M., Zagnoni 1., Cinti E.,
Biagi G., Leonardi G., Ferruzza S. //Inorg J. Biochem.
99 (2005) p.627-636.

4. Cocchi M., Foca G., Lucisano M., Marchetti A., Pa-
gani M. A,, Tassi L., Ulrici A/l Agric J. Food Chem.
52,2004, p.1062-1067.

5. Berne B.J. Pecora R. Dynamic Light Scattering: With
Application to Chemistry, Biology and Physics. Dover
Publications, third edition, 2000, 376ps.

6. Wen J.H.. Dynamic light scattering: Principles, measu-
ments, and applications. Course onhttp://http://www.che.
ccu.edu.tw/rheology/DLS/outline3.htm, 9.4.2010.

—<»— [1OKJIAObI



AZORBAYCAN MiLLI ELMLOR AKADEMIYASININ MORUZSLORI, 2015, LXXI CILD, Nel 41

7. Panyushkin V.T., Marusov M.A., Vashuk 4.V. INMR
study of intramolecular processes in aminoacids //J. of
Struct. Chemistry (Russia), 1996, Ne2, p.390-393.

8. Socrates G. Infrared and Raman Characteristic Group
Frequencies: Tables and Charts, third edition, Wiley, Chich-
ester, 2001.

9. Bellamy L.J. The Infra-red Spectra of Complex Mole-
cules, Wiley, NF. Cottonew York (1975).

10. Albert , David M. L. Goodgame , Margaret. ~ Good-
game.Absorption Spectra and Electronic Structures of

Some Tetrahedral Manganese(lIl) Complexes//J. Am.
Chem. Soc., 1962, 84 (2), p.167-172.

11.Yesina N.Y., Molodkin A.K., Tarakanova E.V.Dif-
ferentLigands complexes of Cu(ll), Ni(IT) and Co(ll) with
L-asparatic acid and L-threonine // J.of Inorg.Chemistry.
1996. V. 41. Nel1.p. 1874-1879.

12.Mrozek R., Rzaczyriska Z., Sikorska-lwan M., Jaro-
niec M.. Gtowiak T. A new complex of manganese(ll)
with L-a-alanine:structure, spectroscopy and thermal
study//Polyhedron. 1999. V.18. P. 2321 -2326.

institute of Catalysis and Inorganic Chemistry
named after acad.F.M.Nagiyev

2Institute of Petrochemical Processes

named after acad.Yu.G.Mamedaliyev
0.sevinc1985@rambler.ru

MANQAN(I) XLORIDIN SiSTEINLO KOMPLEKSLORININ SU DIiSPERSIYALARININ
TORKIBi VO ELEKTRON SPEKTRLORI

S.N.Osmanova, 9.9.Macidov, N.S.Osmanov, E.H.Ismayilov,
0O.M.Giilalov, R.9.Xudaverdiyev

Manqgan(Il) xloridin sisteinlo komplekslorinin su dispersiyalar1 isigin dinamik sopilmesi vo ultrabondvsoyi
goriinon saho spektroskopiyasi metodlart ilo todqiq edilmisdir. Bu dispersiyalarda stabilloson molekulyar vo supra-
molekulyar komplekslorin torkibi vo qurulusu, hidrodinamik radiusunun, diffuziya omsalinin qiymstlori, 6l¢iilorine goroe
paylanmas1 maye miihitin pH-dan, qatiligindan vo komponentlarinin nisbatindon asili olaraq miioyyan edilmisdir.

Agar sozlor: su dispersiyalari, mangan(ll) xlorid, sistein, isigin dinamik sapilmasi, ultrabanovsayi/goriinan saha

spektroskopiyasi

COCTAB U DJIEKTPOHHBIE CHEKTPBI IOTJIOIEHMSI BOJAHBIX JUCHEPCHIL
KOMILJIEKCOB XJIOPHJA MAPTAHIIA(I1) C HUCTEUHOM

C.H.OcmanoBa, A.A.Memxunos, H.C.Ocmanos, J.I'.'Ucmansios,
O.M.I'vs1anos, P.A. Xynasepaues

HccrnenoBaHb! BOAHBIC UCTIEPCHN KOMIUTEKCOB Xnopusa Mapranua(ll) ¢ nucrenHoM MeTofamMu IMHAMHYECKOTO pacce-
siHust cBeta 1 Y®/Bun crekrpockonuu. OnpesieneHsl COCTaB U CTPOCHUE CTAOMIN3UPYIOLIMXCS B OTHX AUCTICPCHSIX MOJICKY-
JSIPHBIX ¥ HA/IMOJIEKYJISIPHBIX CTPYKTYp, 3HAUESHUS THUIPOIMHAMUYECKOTO pajuyca, koadduimenra muddysun, pactipeaeneHue
IO pa3MepaM MOCIEAHNX B 3aBUCHMOCTH OT PH, KOHIICHTpAIIK ¥ COOTHOIICHHUSI KOMITOHCHT JKHIKOH CPEJIBL.

Kntouesvie cnosa: eoonvie oucnepcuu, xaopud mapeanya(ll), yucmeun, ounamuueckoe paccesnue ceema,

Y@/Buo cnexmpockonus
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