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INFLUENCE OF POLY(ETHYLENE GLYCOL) WITH DIFFERENT MOLECULAR WEIGHT
ON THE ESR SPECTRA OF Mn** IONS IN THE SYSTEM
Mn(NO3),-6H,0/H,O/POLY(ETHYLENE GLYCOL)
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The structure of the local arrangement of Mn®* ions in the system PEG/H,0/Mn(NQs),-6H,0 with the PEG of different molecular
weights (200, 300, 400, 1500) in the temperature range 293-363 K was investigated using ESR spectroscopy. It was shown that connection of
PEG with Mn?®* ions is as in the case of H,0 and has nonvalent character and at higher temperature ( T>343 K for PEG-200 and T>315 K for
PEG-1500) the local arrangement of Mn®* ions in this system consists of only the water molecules.

1. INTRODUCTION from impurities by their distribution between phases [3,4]. In
the present work the structure of local arrangement of transi-
The structure and thermodynamic characteristics of  tion metal ions in the system PEG/H,0/Mn(NO;),-6H,0 for
Poly(ethylene glycol) (PEG) and its water solutions were PEG with different molecular weight and changes in the sys-
widely investigated and are investigated nowadays. It is re-  tem at the temperature range 293-363 K using ESR spectros-
lated both to practical application of PEG and with impor-  copy are investigated.
tance of research of its properties for the decision of funda-

mental tasks of the theory of solutions of water-soluble 2. EXPERIMENTAL
polymers. The interest to PEG is stimulated also by its appli-
cation in molecular biology and biochemistry, where this In this work PEG HO(-CH,;-CH,-O-),H with molecular

polymer is widely used in various researches. There are a weights 200, 300, 400, 1500 from Loba-Chemie (Austria),
number of researches on influence of PEG on some processes  the salt Mn(NO;),-6H,0 qualified as "chemically clear" and
proceeding in alive objects. It in turn puts a question on study  distilled water as a solvent were used.

of molecular mechanisms of such influences and opens new ESR spectra were registered using JES-PE-3X radiospec-
prospects in study of physical ard chemical properties of  trometer (JEOL, Japan) with the working frequency
PEG and in possibilities of its applications [1,2]. There are 9300 MHz. The temperature dependence of the ESR spectra
data on systems Polymer/Water/Inorganic Salt in the litera-  was studied in the range 293-363 K using temperature varia-
ture in present. Such systems find an application in pharma-  tor JES-VT-3A.

ceutics, medicine, etc. Among these systems, the systems Theoretical spectga were built using Pentium!I-300 MHz
PEG/Water/ Inorganic Salt are interesting also that they are computer. Program, }évhich is written by us for this purpose,
capable to division into twg liquid phases under certain con-  allows fitting the theeretical spectra to experimental by opti-
ditions (temperature, concentrations of components). These mization of parameters using the method of least squares.
biphase systems are used for division of biomacromolecules, The derivative spectra were calculated using the formula [5}:
cell particles, viruses and membranes for cleaning substances |
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where all notions are generally ones and these are described l spin-spin relaxation time; consequently and C — constant. The
in previous paper [6]. The width of ESR line was determined  following expressions [7,8]

as AH=C (1/T;+1/T,), where T; and T, are spin-lattice andl

1 32 T, . dr, 1 ‘16 57, 2r, YV
—, = 47 —= 5 2 TR & 37, + 72z T 2,2 "
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where 7, — rotational correlation time, @, — electron spin- lwhich are very sensitive to changes of geometry and structpre
resonance frequency, A — zero field splitting, were used in of a local environment of an Mn(11) ion [8].The introduction
written program for calculating the width of the Mn** ESR  at room temperature of PEG in a solution Mn(NO;),-6H,0/H,0

lines. results in distortion of an initial spectrum. The spectrum, -
: measured at room temperature, is not described satisfactorily
3. RESULTS AND THEIR DISCUSSION by uniform set of magnetic-resonance parameters (MRP) and
represents, at least, superposition of two signals concerning

The water solutions of salts Mn(II) characterized by well-  to various paramagnetic centres of the ions Mn?**. These

described sextet of ESR lines, width and relative intensity =~ paramagnetic centres represent ions Mn®" with a various local
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environment, i.e. complexes [Mn(H,0)]** and complexes of
a kind [Mn(H;0)6..(PEG)a]*", where n=1;2. It is clear, that
the percentage of these complexes variously and depends on
the contents in system of PEG, H,O and Mn(NO;),-6H,0.
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Fig.1. Temperature dependence of ESR spectra of the system
Mn(NO;),-6H,0/H,0/PEG-200:
continuous line - experimental spectra measured at tem-
perature range 293-363 K and Cy,=0.2 mol/l,
Cpec=0.1 mol/l;
dashed line — calculated with Lorenz type of individual
line shape and with magnetic-resonance parameters given
in table.

The analysis of ESR spectra of system Mn(NOs),-6H,O/H,O/PEG
shows, that at room temperature these spectra for PEG of
various molecular weights are practically identical. The dis-
tinction in influence of PEG with different molecular weights
is precisely traced with increase of measurement temperature
of ESR signals of these systems.

At fig.1 and fig.2 the experimental ESR spectra of sys-
tems Mn(NO;),-6H,0/H,O/PEG are given for various tem-
peratures of measurement and their theoretically designed
variants in the assumption of Lorenz type of line form. The
analysis of the signal form from PEG-200 (fig.1) and PEG-
1500 (fig.2) at various temperatures shows the following: for
ESR spectra registered at low temperatures (293-343 K for
PEG-200 and 293-315 K for PEG-1500) it fails to pick up
uniform MRP, with which the designed spectrum coincides
with experimental. It means, that for these temperatures the
spectrum of system is a superposition of several spectra.
Nevertheless we for each temperature have tried to pick up
uniform values of magnetic-resonance parameters (see table)
and to calculate these spectra as single, so that to give the
nearest by the form of theoretical to experimental spectrum.
As it is visible from figures | and 2, as the temperature is

12

Table. Magnetic-resonance parameters obtained by computer simu-
lation of ESR spectra at Cy,;=0.2 mol/l, Cpgg=0.1 mol/l

Mn(NO;)z'6H20/H20/P EG-200
T,K | ¢,£0.001 | A, +0.5Gs | 4H, +1 Gs
293 1.995 95.5 90
315 1.995 95.5 70
343 1.999 95.5 . 47
363 1.999 95.5 40

Mn(NO,) 6H,0/H,0/PEG-1500
T,K | ¢,#0.001 | A,40.5Gs | 4H, +1 Gs
303 -1.998 95.5 84
315 2.000 95.5 66
325 2.000 95.5 54
335 2.000 95.5 46
345 1.998 95.5 44
363 1.998 95.5 42

higher the coincidence of experimental and designed with
uniform set of MRP theoretical spectra is better. At tempera-
tures 343-363 K for PEG-200 and 315-363 K for PEG-1500
the theoretical and experimental spectra completely coincide.
Such behaviour of system Mn(NO;),-6H,0/H,O/PEG is pos-
sible to explain as follows. From the literature it is known
[8], that the time of life of a water molecule in the coordina-
tion sphere of an Mn?* ion is equal to 107 s. Means, in pure
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Fig.2. Temperature dependence of ESR spectra of the system
Mn(NO;),-6H,0/H,0/PEG-1500:
continuous line — experimental spectra measured at tem-
perature range 293-363 K and Cy,= 0.2 mol/l,
Cpgc=0.1 mol/l;
dashed line — calculated with Lorenz type of individual
line shape and with magnetic-resonance parameters given
in table.
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water solution aquacomplexes of an Mn®" ion have the not
rigidly connected structure, and there is a continuous fast
exchange between the water molecules of aquacomplexes and
volumetric water. In the presence of PEG in solution, there is
the exchange process with participation also of PEG mole-
cules. Thus, in this case we have also the PEG-containing
complexes, where the connection of PEG molecules to Mn**
ion is carried out through oxygen atoms of a PEG molecule.
However mobility of PEG molecules owing to their large
sizes is much less than mobility of water molecules. There-
fore PEG molecules first participate in an exchange less ef-
fectively, than the molecules of water, secondly, having built
in the first coordination sphere of metal ion, cannot long
move with a complex at high temperatures. From told fol-
lows, that at low temperatures, formation of complexes of
PEG molecules with Mn*" ion is facilitated in comparison
with high temperatures. At low temperatures there are com-
plexes of various structures (Mn(H,0)]** and [Mn(H,0)(PEG),J*",
where n=1;2), giving various ESR spectra. With increase of
temperature the probability of the formation of complexes of

PEG with Mn?" decreases, and the formation of water com-
plex [Mn(H,0)]** is more probably. It explains the complete
coincidence between experimental and designed with a uni-
form set of MRP spectra at high temperatures. Furthermore,
we take into account the lower temperature limit of existence
of various complexes for PEG-1500 (315 K) in comparison
with PEG-200 (343 K), as PEG-1500 is much more heavy
and has the large geometrical size, than PEG-200. At the
fixed contents of the initial components the percentage of
complexes with different number of PEG molecules in the
coordination sphere of a metal ion and of pure water com-
plexes depends on temperature. With increase of temperature
the equilibrium is displaced in the direction of formation of
pure water complexes. With return cooling of system
Mn(NO;),-6H,O/H,©O/PEG down to room temperature, its
ESR spectrum accepts an initial kind. From here follows that
with the formation of complexes in the investigated system
the connection of Mn*" ions with PEG as with H,O has non-
valent character.
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MUXTOLIF MOLEKULYAR KUTLOLI POLIETILENQLIKOLUN Mn(NOs},-6H,0/H,0/ POLIETILENQLIKOL
SISTEMIND® Mn** IONLARININ EPR SPEKTRLORIND TO'SiRI

EPR  spektroskopiyasinin  tetbigi ile, terkibinde mixtelif molekulyar kiitlei PEQ (200,300,400,1500) olan,
Mn(NO3)2-6H20/H20/PEQ sisteminde 293-363 K temperatur intervahinda Mn2* jonlarimn lokal strafinin qurulusu tedqiq edilimis-
dir. Gésterilmigdir ki, PEQ Mn?* ile H20 molekullar kimi rabitelenir, ve bu rabite geyri valent xarakteri dagiyr. Yiiksek temperatur-
larda (T>343 K PEQ-200 igiin ve T>315 K PEQ-1500 iigiin) bu sisteminde Mn?* ionlarimin lokal atrafi yalniz su molekullarindan
ibaratdir.

9.A. Macumos, 3.I'. Uemanios, B.H. Tyceiinos

BJIHAHHNE NOJUITUJIEHTJIMKOJIS C PA3JIMUHBIMH MOJIEKYJIIPHBIMH MACCAMM HA DIIP
CIIEKTPbI HOHOB Mn** B CHCTEME Mn(NO3),-6H,0/H,0/MIOJUATUJIEHTJINKOJIb

C ncnonesosannem DIIP cnextpockonuu B TeMnepatypHom uHTepRane 293-363 K uccnegoBaHa CTPYKTYpa JOKaIbHOTO OKPYXKEHHS HO-
HoB Mn*" B cucteme IIAI/H,0/Mn(NO,),-6H,0 ¢ [TOT pasinyHbIX MosleKyiapHbIx Mace (200, 300, 400, 1500). [okasauo, uro [131" caa3bi-
saetcs ¢ Mn?* nono6ro H,0, 1 9Ta cBA3b MMeeT HeBaneHTHbIM xapaktep. T1pu BBICOKMX Temneparypax (72343 K ana [19I-200 u 7315 K
ana [IOT-1500) noxansHoe okpykeHue HoHOB Mn®* B 3TOH cHCTEME COCTOUT TONBKO K3 MOJIEKY 1 BOJbI.
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