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Use of EPR Spectra Peculiarities of Transition Metal lons When
Studying Salt Concentrating Depending on Freezing Conditions

Pecdbepat: Vccneposarbl cnekTpbl 3P 3aMOpOXeHHbIX pacTBOPOB COMen napamarHUTHbIX KaTMOHOB. Noka3aHo, YTo CTpyKTypa
n chopma CnekTpoB 3aBUCAT OT pexuma M cocTaBa cpefbl 3aMopaxuBaHus. NMonyyeHHble akcnepuMeHTanbHble cnekTpel MNP
TeopeTNYeckn OMUCcaHbl CMUHOBBLIM FamMUNbTOHWAHOM, COAEpXalunM akCuanbHO-CUMMETPUYHbIA TEPM TOHKOW CTPYKTYpbl C
nposiBNeHneM 3anpeLleHHbix Am = +1 nepexogos. [MpeanoxeHo ncnonb3osaTb noaxoabl AP npu paspaboTke HU3KOTEMMEPATYPHbIX
TEXHOMOTMI KOHCEPBMPOBAHUS B1ONOrnYecknx o6BEKTOB AN aHanusa PexMMOB 3aMOPaXKMBaHUS M BO3MOXHbIX KPUOMPOTEKTOPOB
C Lefblo NPOrHo3NpoBaHNA MUHUMM3aLUK 3DDEKTOB KPUONOBPEXKAEHNA BbICOKUMU KOHLEHTPaLMSIMU COMNer Npu 3amMopaKuBaHWU.

KnioueBble crnoBa: 3amopaxvBaHue, rmnepKoHLEHTPUPOBaHNE, 3MNEKTPOHHbLIN NapamMarHUTHbIA Pe30HaHC, CMNH-TaMUMBTOHUAH,
CTPYKTypa CMeKTpOB.

Pedepar: JdocnigxeHo cnektpu EIMP 3amopoxeHux po3ymHiB comen napamarHiTHUX kaTioHiB. Noka3aHo, Wo CTpyKkTypa n
dopmMa ChnekTpiB 3anexaTtb Bif pexuMy Ta cknagy cepefoBuuia 3amopoxyBaHHA. OTpuMaHi ekcnepumeHTanbHi cnektpu ENMP
TEOPEeTUYHO OMMcaHi CMiHOBMMW ramifibTOHIAHOM, SIKUA MICTUTb akcianbHO-CUMETPUYHUA TEePM TOHKOI CTPYKTYpU 3 NPOSIBOM
3abopoHeHnx Am = +1 nepexoais. 3anponoHoBaHo BrkopucToByBaTu nigxoan EMP npu po3pobui HM3bkoTemnepaTypHUX TEXHOMOTIN
KOHCcepBYyBaHHS BionoriyHnx 06'exTiB AnNst aHanisy pexuMiB 3aMOpPOXXyBaHHS i MOXIMBMX KPiONPOTEKTOPIB i3 METOI NPOrHO3yBaHHS
MiHiMi3aLii edekTiB KPiONOLWKOAXEHb BUCOKMMMN KOHLEHTpaLUisiMU cofen nMpu 3aMOpOXKyBaHHi.

KnrouyoBi cnoBa: 3aMOpPOXyBaHHS, MNEpPKOHLEHTPYBaHHS, €NEeKTPOHHWUI NapamarHiTHUA pe3oHaHC, ChiH-raminbToHiaH, CTpyKTypa
CMnekTpiB.

Abstract: The EPR spectra of frozen salt solutions of paramagnetic cations were studied. The spectra structure and shape were
demonstrated to be dependent on regimen and composition of freezing medium. The obtained experimental EPR spectra are theoretically
described by spin Hamiltonian containing axially symmetric term of fine structure with manifestation of forbidden Am = +1 transitions.
There was proposed to use EPR approaches in designing low temperature technologies for biological object preservation to analyze
freezing regimens and possible cryoprotectants to forecast the minimization of cryoinjury effects with high salt concentrations during

freezing.
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Erte Ha paHHMX 3Tanax pa3BUTHSA KPUOOHUOJIOTHH
rccieaoBaTeN i obOpamiaid BHUMaHHUE HA TO, YTO
MOBpEXKIEHUE OMOJIOTHUECKUX 0O BEKTOB P 3aMOpa-
JKUBAaHUU BO3HHMKACT BCJICICTBHE MOBBIIICHUS KOH-
LIEHTPALUU COJIeH, METa0OJUTOB U JPYIHUX BEIIECTB,
PacCTBOPEHHBIX BHE M BHYTPHU KJIETKH, TIPU (Pa30BOM
MepPexo/ie KHUAKON BOABI B TBEPAOE COCTOSIHHE. JTH
HaOIoIeHMsI JIeri B ocHOBY Koutiemniuu J.I. Lovelock,
KOTOPBIN YCTAHOBHUJI, YTO YBEIIMYCHHUE KOHIIEHTPALIUN
XJOpUJa HATPHUS BO BHEKIETOYHOHW Cpeje BHINIE
0,8 MOJIB/T IPUBOAMT K MOBPEXIEHUIO KeTok [ 19, 20],
yTpare MeMOpaHaMH KIETOK JacTd (GocdoIuuaoB
1 XOJISCTEPHHA, YTO PE3KO CHUYKAET UX YCTOHUYHUBOCTD.
[Mospexnenne kimetok J.I. Lovelock o0bscHsN nro-
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Even at early stages of cryobiology development
the scientists paid their attention to the injury of biolo-
gical objects during freezing as occurred due to a rise
in concentrations of salts, metabolites and other sub-
stances, dissolved outside and inside a cell, during phase
transition of liquid water into a solid state. These obser-
vations formed the basis of Lovelock’s concept, which
established the fact, that the augmentation of sodium
chloride concentration in extracellular medium higher
than 0.8 mol/l resulted in cell damage [8, 9], a loss by
cell membranes of a part of phospholipids and cho-
lesterol, that sharply reduced their resistance. J.I. Love-
lock has explained a cell damage by a lyotropic effect
of saline solutions, but their protection has done by
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TPOIHBIM d(PPEKTOM COJIEBBIX PACTBOPOB, & UX 3aIIU-
Ty — KOJUTUTaTUBHBIMH CBOIICTBAMHU KPHOIPOTEKTOPOB
(meficTBHEM, CBSI3aHHBIM CO CHIDKEHHEM KOHIIEHTpa-
LIUH COJIEH ITPH JAHHOM OTPULIATEIEHON TEMIIEPATYpE).
Cunraercs, 94T0 KPHOMOBPEXKACHUS OMO0OBEKTOB TI0-
BBIIIEHHBIMY KOHIIEHTPALUSIMU COJIEH P 3aMOPAKH-
BAaHUU UTPAIOT 3HAUNUTENBHYIO POJIb IPH HU3KHUX CKO-
pocTsix 3amopaxkuBaHud [21]. DTu 3aKkOHOMEPHOCTH
U Ipyrue dKCIepUMEHTalbHbIe (akThl 0OBsSCHUIA
IByXx(aKTopHas Turnoresa KpronospexaeHus P. Mazur.
B ocHoBe rumnote3sl u ee (pU3NKO-MaTeMaTnvecKou
Mozenu [22, 23], Hameniei ganpHeiIIee pa3BuTHE
B paborax O.M. Silvares [28] u E.A. I'opauenko [8],
JISKUT TPEATIONOAKEHUE, YTO OAHUM U3 ABJIEHUH, KOTO-
PBI€ IPUBOIST K KPUOTIOBPEKIEHHUSIM, OTHOCHUTCS KOH-
LIEHTPUPOBAHHUE BHEKJIETOUHBIX PACTBOPOB COJIEH U
MeTaboIuTOB, M3MeHeHne pH 1 HOHHO# cHIIBI pacTBO-
POB. YCTaHOBIIEHO MOBPEXIAIOLIEE AEHCTBUE MOBBI-
LICHHBIX KOHIICHTPALUH COJIel U B pacTBOpax OENKoB
[12,15,26,27]. TeopeTndeckoe 1 MPaKTHIECKOE 3HA-
YEHHUE TUMEPKOHIEHTPALIOHHON TEOPUH KPUOTIOBPEXK-
nenwit J.I. Lovelock coctout B TOM, 4TO pe3ynbTaTsl
M3y4EeHHS MEXaHU3MOB BIIHSHUS KOHIIEHTPUPOBaHHBIX
PacTBOPOB Ha KJIETKHU B yCIIOBHUAX HU3KUX TEMIIEPATYP
JAI0T BO3MOKHOCTh 00OCHOBATH 3alIUTHOE JCHCTBHE
[IMIEpUHA U JPYTUX KPUOTIPOTEKTOPOB, 3aKII0YAI0-
eecsl B CHHYKEHHH KOHIICHTPAI[MH aKTHBHOTO PacT-
BOpa ITyTeM «pa3z0aBlieHHs», 0COOEHHO B 30HE IBTEK-
TUYECKUX TemrepaTyp. Bkian B mocTpoeHue Teopun
KpHO3aIINThI OT BOZHUKAIOIINX THIIEPKOHLEHTpAalni
coJieli BHECTTH TaK)Ke MCCIIeI0BAaHUs, TPOBE/IECHHBIC B
NITKuK HAH YkpauHsl, 10 H3y4eHHUIO B3aNMOIEHCT-
BHMH KpHUOTIPOTEKTOPOB ¢ MOHaMu coneit [11, 12, 24].
Bru10 MOKa3aHO, YTO KAaTHOHBI METAJJIOB CIIOCOOHBI
00pa30oBBIBaTh KOMIUIEKCHBIE COCTUHEHUS, B COCTAB
MEepBOM KOOPAWHALMOHHOW C(ephl KOTOPBIX MOTYT
BXOJHUTBH MOJIEKYJIBI KPHOTIPOTEKTOPOB, AMUHOKHCIIOTBI
Y IPOTUBOHOHBI. Y UNTHIBAs 3HAYHUMOCTh IIOBBIIIEHUS
KOHIIEHTPAINH COJIeH B KPHOTIOBPEKIECHUAX OMO00BEK-
TOB, MO’KHO YTBEP>KJaTh, YTO Ba)XXHOM 3ajadeil npu
HH3KOTEMIIEpaTypHOM KOHCEPBHPOBAHHUH SIBISIETCS
BBIOOp Cpebl U PEKMMOB 3aMOPaKHUBAHUS, MUHUMU-
3upyromux 3¢ ekt runeprorneHTparmy. Kpome toro,
HEO0OXOIMMO YYHTHIBATh YPOBEHb TAKOTO KOHIICHT-
puposanust. [Tpu pazpaboTke cnocoO0B 1 TEXHOIOTUI
KPHUOKOHCEPBUPOBAHUS OHOIIOTHYECKUX OOBEKTOB B
COJIEBBIX CpeJlaX 4acTO Ba)KHbI IPOTHO3 M MpPEJCKa-
3aHHe CTEeTIeHH KOHIICHTPUPOBAHUS COJIEH U TIOBPEXKIe-
HUsI caMUX OMOOOBEKTOB. DTH MPOIECCHl KOCBEHHO
MO’KHO OLIEHUTH TAKUMHU METONYECKUMHU TIOXOaMH,
KaK KPHOMHKPOCKOIIHS WJIM peHTreHorpadus, mo
aHaJIu3y MPOLECCOB KPUCTAUIM3ALNH, HO METOMBI
MIPSIMOTO KOHTPOJIS CTETIEHH KOHIIEHT PHUPOBAHUS COIEH
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colligative properties of cryoprotectants (the action,
associated with a decrease in salt concentration at a
fixed negative temperature). One considers the cryo-
injuries in bioobjects with the increased salt concent-
rations during freezing to play a considerable role under
low freezing rates [10]. These regularities and other
experimental facts were explained by Mazur’s two-
factor hypothesis for cryoinjury. The hypothesis and
its physical and mathematical model [11, 12], further
developed in the works of O.M. Silvares [23] and
E.A. Gordienko [5] start from assumption that the con-
centration of extracellular solutions of salts and meta-
bolites, change in pH and ionic strength of solution are
referred to the one of phenomena resulting in cryoinju-
ries. Damaging effect of increased salt concentrations
was established in protein solutions as well [16, 19, 20,
21]. Theoretical and practical importance of Lovelock’s
hyperconcentration theory of cryoinjuries consists in
the fact that the results of studying the effect mecha-
nisms of concentrated solutions onto the cells under
low temperatures enable the substantiation of a protec-
tive effect of glycerol and other cryoprotectants, consis-
ting in a decreased concentration of active solution via
‘dilution’, especially in the area of eutectic temperatu-
res. The research performed at the Institute for Prob-
lems of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine on studying the
interactions of cryoprotectants with salt ions also cont-
ributed into the derivation of theory for cryoprotection
against occurring salt hyperconcentrations [13, 14, 16].
Metal cations were demonstrated as capable to form
complex compounds, the composition of first coordi-
nation sphere of which may comprise cryoprotectant
molecules, aminoacids and counter-ions. Taking into
account the importance of salt concentration increase
in bioobject cryoinjuries we may state that the selection
of medium and freezing regimens, which minimize the
hyperconcentration effect, is an important task in low
temperature preservation. In addition the level of such
a concentration should be considered. When develo-
ping the ways and technologies for biological object
cryopreservation in saline media, of importance are
often the prognosis and forecasting of the degree of
salt concentration and injuries in bioobjects themselves.
These processes may be indirectly estimated by such
methodical approaches as cryomicroscopy or X-ray
diffraction, analysis of crystallization processes, but of
some advantages are the methods of direct control (e.g.
EPR) for salt concentration degree during freezing.

Accordingly this research aim was to study the
spectra features of electron paramagnetic resonance
(EPR) of transition metal ions for assessing the con-
centration effects during freezing.
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pu 3aMopakuBanuu (Hampumep, J11P) nmeror psan
MPENMYIIECTB.

B cBs13u ¢ 3TUM 11€TBI0 JaHHOK paboTHI OBLIO HC-
CJIEIOBaHHE OCOOCHHOCTEH CIEKTPOB 3JEKTPOHHOTO
rmapaMarauTHoro pe3oHanca (OI1P) nonor mepexo-
HBIX METaJUIOB JUJIsl OICHKH KOHIEHTPalMOHHBIX
3¢ $EeKTOB IpH 3aMOPAKUBAHHH.

Marepuajbl 1 METOABI

B pa6ote ncnonbzosanu conmu MnCl, u Cu(NO,),
KBaJU(PHUKAIMN «Y.7.a.», KOTOPbIE MPeIBapUTEIbHO
00€e3BOKMBaIY BhICYIIUBaHHEM. O0€3BOKUBAHUIO IPH
105°C 1 HOpMaTEHOM JTaBIICHUH TaK)Ke TIOIBEPTaICS
MTOJTUATHIIEHTITNKONIb. KOHIIeHTpalnio KaTHOHOB OTIpe-
I KOMIUIEKCHOMETPUYECKUM TUTPOBaHUEM
pactBopoM DJITA [16]. Omubka npu onpeneneHuu
KOHIIEHTPAITUHU HE JOJDKHA MPEBHIIATh 2%.

Crextpsl DIIP peructpupoBaiu Ha CIEKTPOMETpPE
«Bruker» ER 100D (I'epmanusi) co ctaHgapTHOH
TeMIIepaTypHOil IpUCTaBKOH. Pa3BepTka MarHUTHOTO
nosist coctasisuia 1000 I'c, moctosiHHAs BpeMeHH Ipu
3ammmcu criekTpos — 0,3 ¢, Bpems pa3BepTtiu — 100 c.
KoHTponbHbIe ONBITH HOKA3aJIH, YTO MPH OIHCAHHBIX
YCIIOBHSIX CIIEKTPBI HE MCKAXAJIMCh B pe3yJIbTare nepe-
MOIYJISIITUH WIIM MHEPITMOHHBIX 2P PEKTOB.

MennenHoe 3aMOpaKuBaHNE 00Pa3IOB OCYIIECT-
BJISUTH CO CPEeAHUMHU cKopocTsimu 20-35 rpan/MuH He-
MOCPENICTBEHHO B pe30HaTOpe criekTpomerpa. Obpas-
IbI TIOMEIAIN B CTEKIITHHBIE KaTMILISIPBI C BHYTPEH-
HuM nuametpom 500 M 1 o6bemom 0,1 M. beictpoe
3aMOpaXMBaHHUE MPOBOIMIIN TAKXKE B PE30HATOPE CIIEK-
TPOMETpa B CIEUUATFHOM KPHOCTATe, OXJIAXKIas OT-
JIeNTbHBIE KaIUTA UCCIIETyeMOT0 PacTBOPa B CHKMKEH-
HOM a30Te C OleHOYHOH ckopocThio ~1000 rpan/mMuH

[9].

Pe3yabTarsl u 00cy:xKaAeHHE

BaxHupiM (pu3HKO-XUMHYECKHM (PaKTOPOM TMpHU
3aMOpa’KUBaHUH OMOIOTUYECKOT0 MaTepHaria sSBisieT-
Csl TMOBBIIIEHNE KOHLEHTPALMH JIEKTPOIUTOB MPHU
OXJIAXKJACHHUHU B pe3yibrare (pasoBoro nepexoaa BOABI
13 XKHUIKOTO COCTOSIHHS B TBepmoe. OcOOEHHO pPe3Ko
KOHIIEHTpAIHs IEKTPOINTOB YBEIMUMBACTCS B 30HE
9BTEKTHUYECKUX Temmepatyp [13], 4To mpuBOAMT K
HapylIIeHUI0 KOH(OpManuu OMOMaKPOMOJIEKYT U
CTPYKTYPBI KJIIETOYHBIX MEMOpaH.

VYuureiBas, uto criekTpsl DIIP conelt mapamaraur-
HBIX KaTHOHOB YYBCTBUTEJIbHBl K M3MEHEHUSIM B
OnmmxaifiemM OKpyXeHuH 3TuX HoHoB [7, 10, 25], ux
11e1ecoo0pa3HO MCIIONB30BaTh [T OIIEHKH KOHIEHT-
PHPOBaHHS COJIEH, B TOM YHCIIE U [P Pa3HbIX YCIOBUAX
3amopaxuBaHus. «I[Ipo3padHOCTE» 3aMOpOKEHHBIX
pactBopoB s m3nydeHuit B CBY amamazone mo3Bo-
JIIeT MPUMEHSTH 3TOT METOT JUTA aHAJIN3a CTPYKTYPHI,
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Materials and methods

We used MnCl, and Cu(NO,), salts of analytical
pure grade, preliminarily dehydrated with drying. Poly-
ethylene glycol underwent dehydration at 105°C and
normal pressure as well. The cation concentration was
determined by complexometric titration with EDTA
solution [22]. The error in concentration determining
should not exceed 2%.

EPR spectra were recorded with Bruker ER 100D
(Germany) with the standard temperature adapter.
Scanning of magnetic field was 1000 Gs, the time con-
stant at spectra recording was 0.3 sec, and 200 sec
scanning time. Control experiments demonstrated that
under described conditions the spectra remained undis-
torted as a result of overmodulation or inertial effects.

Samples were slowly frozen with 20-35 deg/min
average rates in spectrometer resonator. Samples were
placed into 0.1 ml glass capillaries with 500 nm inner
diameter. Rapid freezing was carried-out in spectro-
meter resonator as well in a special cryostat by cooling
single drops of studied solution in a liquefied nitrogen
with evaluating rate of ~1000 deg/min [6].

Results and discussion

An increase in electrolyte concentration during
cooling as a result of water phase transition from a
liquid state into solid one is an important physical and
chemical factor in biological material freezing. Elect-
rolyte concentration augments especially sharply in the
area of eutectic temperatures [17], that leads to a disor-
der in biomacromolecule conformation and cell mem-
brane structure.

Taking into account the fact, that the EPR spectra
of paramagnetic cation salts are sensitive to changes
in the surrounding vicinity of these ions [4, 7, 15] itis
expedient to use them for estimating salt concentration,
including when applying different freezing conditions
as well. The ‘transparence’ of frozen solutions for
radiation in microwave spectrum enables applying this
method to analyze the structure, phase state and
molecular-dynamic features of frozen solutions in ice
phase presence [16, 27, 28].

For example, the manganese ions (Mn*") in diluted
aqueous solution have EPR spectrum with six-compo-
nent hyperfine structure. Under slow cooling down of
aqueous solutions and water transition from a liquid
state into solid one, in a residuary liquid phase of solvent
the high local concentrations of paramagnetic cations
are formed, the distance between them reduces, resul-
ting in strengthening of spin-spin interactions between
paramagnetics and a change in EPR spectrum form.
When decreasing the temperature down to the values
of solidification of eutectic liquid ranges with dissolved
substance the EPR linewidth (according to the theory
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(ha30BOTO COCTOSHUS U MOJIEKYIISIPHO-TUHAMIYECKUX
CBOMCTB 3aMOPOXXEHHBIX PACTBOPOB B NMPHUCYTCTBUHU
¢aze1 b2 [4, 5, 12].

Hamnpumep, nons! maprauia (Mn?*) B pa3basieH-
HOM BOJTHOM pacTBope umeroT crektp DIIP ¢ mectu-
KOMIIOHEHTHOI CBEPXTOHKOM cTpyKTypoil. IIpu men-
JIEHHOM OXJIa)KJIEHUH BOJIHBIX paCTBOPOB U IIEPEXO/IE
BOABI M3 JKMJKOTO B TBEPJIOE COCTOSHHE B OCTaB-
mencs KUIKkoi (asze pacTBOPUTENS 00pa3yoTcs
BBICOKHE JIOKAJIbHBIE KOHIIEHTPAIINHY MTapaMarHUTHBIX
KaTHOHOB, YMEHBIIAETCSA PACCTOSIHUE MEXy HUMH U
B UTOT€ YCUJIMBAIOTCS CIMH-CITUHOBBIE B3aUMOJICHCT-
BHSI MEX]y MMapaMarHeTHKaMH W HU3MEHSETCS BUJ
crektpa OIIP. Ilpn moHmxeHun TemmepaTypsl 10
3HAUCHUH 3aTBEPACBAHUS IBTEKTUUECKUX KHUIKUX 00-
JIaCTeH ¢ pacTBOPEHHBIM BELIECTBOM IIMPHHA JTUHUH
OIIP (cormacHO Teopun MEXMOJIEKYISIPHBIX B3aUMO-
JIEHCTBUI B TBEPIOM TeJie) MepecTaeT 3aBUCETh OT
JanpHelmero noHuxkeHus temneparypsl. Hapuc. 1, A
HPUBEJIEH CIEKTP BOAHOro pactopa MnCl,, menen-
HO 3aMOpPOKEHHOTO B PE30HATOpE CIEKTPOMETpa.
BmecTo CBEpXTOHKOTO CEKCTeTa, XapaKTepHOTO s
BOJHOTO PAacTBOpa COJH B KHIKOM COCTOSIHUH, HaOJIIO-
naetcs mupokuii cuariet ¢ AH ~ 550 I'c. OtcyTcTBHe
CBEPXTOHKOM CTPYKTYPHI B 3TOM CIIy4ae CBUAETEIbCT-
ByeT O 3HAYMTENBHBIX MEKMOJIEKYISIPHBIX B3aUMO-
JNEeHCTBHUAX B cHCTeME, 00YCIOBICHHBIX BBICOKUMHU
KoHUeHTpauusMu noHoB [1]. [Ipu GeicTpom 3amopa-
JKHBaHUH, KOTIIa 00pa3yeTcs MEIKOKPUCTAIUTHYECKAsT
TBepJasi CTPYKTypa ¢ BKpAIUICHUIMU aMOpGHO (a-
3B, @ MEXMOJEKYIAPHbIE 3)(EKTH MPOSIBISIOTCS B
MEHbIIIeH crernenu, B crekTpe DIIP HabmomaeTcs
CyTepIIo3uIus cekcrera ¢ cuareToM (puc.l, B). O6
YAy4YIIeHHH PAaCTBOPEHHUS MAarHETHUKa CBHJIETENBCT-
BYET MOSIBIIEHUE CBEPXTOHKON CTPYKTYPBI B CIEKTPax
OITP Mn”>. cnonp30BaHue CrIIHATBHBIX TTOIXO0I0B
[P 3aMOPAKUBAHUH COJIEBBIX PACTBOPOB MO3BOJISET
[OJTy4aTh TBEPAYIO MaTpUIly Oe3 3HAYUTENbHBIX JIO-
KaJIbHBIX KOHLIEHTPALUH COJIeH, YTO MOATBEPKAAECTCSA
BBICOKMM pazpemeHneM crekrpos DIIP takux obpas-
1oB. Tak, HarpuMmep, TS TPEIOTBPAIIIEHHUS KOHIICHTPH-
pPOBaHMSI MapaMarHeTHKOB MPH OXJIaKJCHHH BOTHBIX
PacTBOpOB OBLIO MPEJIOKEHO HACKILIIATH PACTBOPOM
COJIM TIOJIMJEKCTPaHOBEIN renb [18]. B aToM ciyuae
Iocjae 3aMOpaXUBAaHUS OBUIM TOJYYEHBI CIIEKTPHI
OIIP ¢ BBICOKMM pa3pericHuEM.

[IpoBeneHHBIE HAMHU HCCIIEA0BAaHUS BOIHO-TIINKO-
neBbIX pactBOpoB MnCl, nokasaim, 4To npu cojepxa-
Huu B HUX (0,15-0,35) M miuKons mocie MeyIeHHOTO
oxnaxaeHus no —180°C nabmromaercs Jrydiree paspe-
menue crektpa JI1P, gaxe mo cpaBHEHUIO ¢ OBICTPO
3aMOpPOXKEHHBIMU BOJHBIMU pacTBOpaMu. Ilpu aTom
C IOHIKEHHEM TEMIIePaTyPhl TPOUCXOAMT ITOCTETICH-
HO€ «BBIMOPAXKMBAaHUE» BOJABl U yBEIMINBAETCS
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of intermolecular interactions in a solid body) stops to
be dependent on further temperature decrease. The
Fig. 1A demonstrates the spectrum of MnCl, aqueous
solution slowly frozen in spectrometer resonator.
Instead of a hyperfine sextet, being typical for aqueous
saline solution in a liquid state we observe a wide singlet
with AH ~ 550 Hs. Absence of hyperfine structure in
this case testifies to significant molecular interactions
in the system, stipulated by high-concentrated ions [24].
During rapid freezing when a small-crystal solid struc-
ture with inclusions of amorphous phase is formed and
intermolecular effects are manifested in less extent,
the superposition of sextet with singlet is observed in
EPR spectrum (Fig. 1B). The occurrence of hyperfine
structure in Mn* EPR spectra testifies to the impro-
vement of magnet dissolution. The use of special ap-
proaches in freezing saline solutions enables to obtain
a solid matrix with no significant local salt concentra-
tions, that is confirmed by a high resolution of EPR
spectra of these samples. Thus, for example, in order
to prevent the paramagnet concentration when cooling
aqueous solutions there was proposed to saturate poly-
dextran gel with salt solution [2]. In this case after
freezing we obtained high resolution EPR spectra.

2782 3282 3782

HanpshkeHHOCTb MarHuTHOro nons, c
Magnetic flux density, Gs

Puc. 1. Cnektpel 3MP 0,01 M pactsopos MnCl,: A — Boa-
HbI pacTBoOp (MeAneHHoe 3amopaxuBaHue); B — BogHbIn
pactBop (bbicTpoe 3aMmopaxuBaHue); C — BOgHO-NONN3TU-
NeHrnukonesbIn pactBop, cogepxawwun 2,8 M M3r-300
(MenneHHoe 3amopaxuBaHue).

Fig. 1. EPR spectra of 0.01 M MnCl, solutions: A —aqueous
solution (slow freezing); B — aqueous solution (rapid
freezing); C — aqueous-polyethylene glycol solution, contai-
ning 2.8 M PEG-300 (slow freezing).
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KOHIICHTpAI[US TJIMKOJIS B OCTaBIICHCS KUAKOH (ase
JIO 3BTEKTUUECKUX €€ 3HaueHui. IoHbI, conbBaTUpo-
BaHHBIE MOJIEKYJIaMU TJIUKOJISI, HE MpEeTepIeBaIn
TaKOTO KOHIICHTPUPOBAHUS U CONMKCHUS MEXKIY
c000ii, Kak B BOIHBIX PACTBOPAX, B KOTOPHIX 110 BUIY
criekTpoB DIIP oTMedanocs 3HAYUTEIEHOE CITUH-CITH-
HOBOE B3aumozeiicTaue. 1 3To mporucxonnao HecMoT-
P Ha TO, UTO TaKOE€ CONIEP KaHUEe TIIMKOJICH B BOTHOM
pacTBOpPE MPHU 3aMOPAKUBAHUN COXPAHSICT KPUCTAI-
JIA3AITAIO IOCTATOYHO KPYITHEIX 3epeH npaa [ 14]. Cy-
LIECTBYET NPEANOI0KEHUE, YTO AKBAKOMILIEKCHI MO-
CYT B TAKUX CUCTEMaX BHEAPSITHCS B IOJIOCTH CTPYK-
TYpHBIX 00pa3zoBanui rukosneit [12]. Mcions3oBanme
HaMH BBICOKUX KOHIICHTPAIMH TOJIMATUICHTIIIKOISI
(OM3KHX K 3BTEKTUYECKHUM ) TIO3BOJIUIIO JIaXe B CIY-
4yae MEJICHHOTO 3aMOPaKUBaHUS TOJYYUTh TBEPIYIO
(hazy, cxonHyro ¢ amopHOI CTPYKTypoil. B cexTpax
OIIP TBepabIx 00pa3OB BOXHO-TOIMAITHIICHTIIHKO-
aeBbIX pactBopoB MnCl, B 5ToM ciyuae Habmrozna-
JIOCh BBICOKOE pa3pelieHe CBEPXTOHKUX MEPEX0I0B,
BKJTIOYAsI M «3ampenieHusiey» (puc. 1, C).

Hcnons3oBanue B kauecTBe 100aBOK JPYTHX Opra-
HUYECKUX PaCTBOPUTENEH, HAIPUMED STUIOBOTO CITUP-
Ta, TAKXKe MPEAOTBPAIIAIO KOHIICHTPUPOBAHUE CONIEH
MIpH 3aMOpPaXMBAHUHU, a B HU3KOTEMIIEPATYPHBIX
(-180°C) cnekrpax DI1P takux pactBopos MnCl, na-
OJIOIaNIOCh CBEPXTOHKOE PACIICIUICHUE, CBHIETEIb-
CTByIOIIIee 00 YMEHBIIICHUHU CITHH-CITHHOBBIX B3aUMO-
JNIEUCTBUUA MEXKY OTJAEIbHBIMU KaTHOHAMU.

CeepxToHkas cTpykrypa cnekrpa JIIP 0,01 M
MnCl, 3aMOpOKEHHOTO BOIHO-TIOMMITHIEHIIIMKOIEBOTO
pactBopa (puc. 1, C) cxoqHa co CBEpXTOHKOH CTPYKTY-
Ppoii HU3KOTEeMITepaTypHBIX criekTpoB DIIP pacTBopoB
coli B MeTaHoye [6]. YKa3aHHBIE CIEKTPHI COCTOSIT
U3 IMIECTH «TIIaBHBIX» JUHUH co 3HaueHuneM g =2,00 u
paccrosiausMu Mexny Humu (90-100) T'c. [Tomumo
«TTIABHBIXY, B CTIIEKTPax HAOTIOMAIOTCS U APYTHE TTHIH
C JJOCTATOYHO XOPOIIUM Pa3pelIeHneM, KOTOpbIE COC-
TOST U3 msTH qyOneroB. Kaxaprii myoneT pacmoiio-
JKEH MEX]Ty AByMsI «IJIaBHBIMID TUHUSIMU. Paciierie-
HUE MEXITy TByMS THHHSIMH, COCTABJISIONITIMH Ty OJIeT,
HaxoauTcs B npeaenax 20-30 ['c (tabmuma). Jyomer
B BBICOKOITIOJILHOM KOHIIE IMeeT Ooliee criaOyro HHTEH-
cUBHOCTH. [llecTh I1aBHBIX THHUH MOTYT OBITh OTIHICA-
HBI CITUHOBBIM TaMUJIBTOHUAHOM, KOTOPBIA BKITFOUAET
cepruecKku CHMMETPUYHBIH TEPM CBEPXTOHKOMN
CTPYKTYPBI U HE COAEPKUT TEPM TOHKOU CTPYKTYPHI.
OTH TUHUM TaKXKe MOTYT OBITh OMMCAHBI CTUHOBBIM
TaMIJIBTOHHAHOM, CONIePIKAINM aKCHATBHO-CHMMET-
PUYHBIA TEPM TOHKOM CTPYKTYpPHI C €IUHCTBEHHBIM
MEePEXO0/IOM MPU U3MEHEHUH MAarHUTHOT'O KBAHTOBOTO
YHCIIa ANEKTPOHHOTO crimHa: M =1/2—-M=-1/2[17].

J1st mociiemHero ciryvasi CHUHOBEIN TaMUJIBTOHUAH
AMEET BHI;
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Our studies of aqueous-glycol MnCl, solutions
demonstrated that when glycol content in them was
even (0.15-0.35) M, after slow cooling down to—180°C
there was observed a higher resolution of EPR spect-
rum if comparing with rapidly frozen aqueous solutions.
In this case with temperature decrease a gradual water
“freezing-out’ occurs and glycol concentration in remai-
ning liquid phase increases up to its eutectic values.
The glycol molecules solvated with ions did not undergo
such a concentration and approach between themsel-
ves as it was in aqueous solutions, where by EPR
spectra shape we noted a significant spin-spin interac-
tion. This occurred despite the fact that such a content
of glycols in aqueous solution in freezing kept the
crystallization of quite large ice grains [18]. There is
an assumption that the aquacomplexes in such systems
may penetrate into the cavities of structural formations
of glycols [16]. High concentrations of polyethylene
glycol (close to eutectic ones) we used allowed even
at slow freezing to obtain a solid phase close to amor-
phous structure. In EPR spectra of solid samples of
MnCl, aqueous-polyethylene glycol solutions in this
case we noted a high resolution of hyperfine transitions,
including ‘forbidden’ ones too (Fig. 1C).

The use as additives of other organic solvents, ethyl
alcohol for example, also prevented salt concentration
in freezing, but in low temperature (—180°C) EPR
spectra of such MnCl, solutions we observed a hyper-
fine splitting, testifying to a decrease in spin-spin inter-
actions between certain cations.

The EPR spectra hyperfine structure of 0.01 M
MnCl, of frozen aqueous-polyethylene glycol solution
(Fig. 1C) is similar to that of low temperature EPR
spectra of salt solutions in methanol [3]. The mentioned
spectra comprise 6 ‘principal’ lines with value of
g = 2.00 and distances between them (90-100) Gs. In
addition to ‘principal’ lines, the other ones with quite
good resolution, consisting of five doublets, are obser-
ved in spectra. Each doublet is located between two
‘principal’ lines. The splitting between two lines,
forming doublet is within the limits 0f20-30 Gs (Table).
The doublet in a high field terminal has a weaker inten-
sity. Six principal lines may be described with spin
Hamiltonian, which comprises a spherically symmetric
term of hyperfine structure and contains no term of
fine structure. These lines may be also described with
spin Hamiltonian, containing axial-symmetric term of
fine structure with a single transition when changing
magnetic quantum number of electron spin: M =1/2 —
M=-1/21].

For the latter case the spin Hamiltonian is as follows:

H= gBHS+DES S+1)D+ASI
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H= gBHS+D%S' S+1)D+ASI
rae g — pakTop CHEKTPOCKOIMYECKOTO PACLICILICHHUS;
B — snexTpoHHbIit MarHeToH bopa; H — BeKTOp moc-
TOSIHHOTO MarHUTHOI'O HOJIsI; S — BEKTOP CIIMHOBOTO
YITIOBOTO MOMEHTA 3JIEKTPOHA; ) — KOHCTAaHTa CIHMH-
raMHJIbTOHUAHa; 4 — KOHCTaHTa CBEPXTOHKOTO Mar-
HHUTHOTI'O B3aUMOJEHUCTBHUS; [ — BEKTOP CIIMHOBOIO yT-
JIOBOTO MOMEHTA Spa.

[TonoxeHue MIaBHBIX IMHUH ONPEAEAETCS BhIpa-
KEHUEM:
H =0 - A B 1) ] - A B ),
g8 2 hy, 2 hy,

rae h — nocrosiunas Ilnanka; Y, — rupOMarHuTHOE
OTHOIIIEHHUE [l AEKTPOHA; /1 — SIEPHOE MarHUTHOE
KBaHTOBOE YHCJIO.

W3 sTOr0 BBIpasKE€HUS BUIHO, YTO C TAMUJIBTOHHA-
HOM, COJIEPIKAIINM aKCHAIbHO-CUMMETPHYHBIA TEPM
TOHKOHM CTPYKTYpBbI, PacIIEIUIEHNE MEXIY «IJIaBHBI-
MI» JIMHUSAMHU JOJIKHO YBEIMUYMBATHCS C BO3pacTa-
HUEM MarHMTHOTO MOJI.

CpaBHHBas TEOPETUUYECKH MPEACKA3BIBAEMBIH
cruexktp JIIP ¢ 3xcmepuMeHTaNbHO MOJYYEeHHBIM
(puc. 1, C), MOXXHO yTBEP>KAaTh, YTO IIECTh «IJIaB-
HBIX» JIMHUH SIBISFOTCSA CBEPXTOHKUMH KOMITOHEHTaMHU
OT AIpa MapraHiia C MarHUTHBIM MOMeHTOM [ =3,4611
u criuHoM [ = 5/2. Ilapbl cnaOOMHTEHCUBHBIX JIMHUAN
MEXy «TJIABHBIMH» KOMIIOHEHTaMU OOYCIIOBJICHBI
[IepeX0laMu C OTHOBPEMEHHO U3MEHSAIOIUMHUCS CITH-
HaMU 3JIeKTpoHa | snpa Ha +1. beuta npeanpunsaTa
TIOTIBITKA ITPOAHATIN3UPOBATH 3AIPEIEHHBIE TIEPEXO/IBI
CIIEKTPOB CBEPXTOHKOH cTpykTypsl OIIP B 3amopo-
KEHHBIX CTEKIO00Pa3HBIX U MOJIUKPUCTATITUNIECKUX
coctostHmsIX [6, 17, 18]. [TomoxeHne CeKTpaTbHBIX
JIUHUH [T 3aTPEIIeHHOTO ITepexo/1a MOXHO MpecTa-
BHTH CJeIyIOImM oopazom [17]:

st ‘l/Z,m +l> o ‘—l/2,m>

H=H, —AE% +;§+(A2/2H0)§n(m+l)+i§ (0

st [1/2,m) o |=1/2,m+1)

670

_ 1 2 0
H=H, —A§n+5§+(/1 /2H0)§n(m+l) TE®

B ypasnenusx (1) u (2) H = hy/gP. Ilpu I = 5/2
(U1 MOHOB MapraHIia) NPUBEICHHBIC BBIIIE BBIPAXKE-
HUS OTIPEICIISIOT MATh AyOJIETOB, KaXKIbIi U3 KOTOPBIX
PAcIONOKEH Ha OJIOBUHE PACCTOSHHS MEXKIY JBYMS
pa3peiieHHBIMH JIMHUSIMH CBEPXTOHKOH CTPYKTYPBI.
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where g is spectroscopic splitting factor; 3 is Bohr
electron magneton; H — constant magnetic field vector;
S — vector of spin angular momentum of electron; D —
spin Hamiltonian constant; 4 — constant of hyperfine
magnetic interaction; / — vector of spin angular
momentum of nucleus.

The position of principal lines is determined by the
expression:

g="o_ g, A gB[II 1)-m]-24 "B m(2m—1),
gp 2k 2 hy,
where £ is Planck’s constant; y, — gyromagnetic ratio
for electron; m — nuclear magnetic quantum number.

This expression shows that with Hamiltonian, com-
prising axial-symmetric term of fine structure the split-
ting between ‘principal’ lines should augment with
magnetic field increase.

When comparing the theoretically predicted EPR
spectrum with experimentally obtained one (Fig. 1, c)
we may state that six ‘principal’ lines are the hyperfine
components from manganese nucleus with magnetic
momentum WU = 3.4611 and spin 1=5/2. The pairs of
low-intensity lines between ‘principal’ components are
stipulated by transitions with simultaneously changing
spins of electron and nucleus by +1. An attempt was
made to analyze the forbidden transitions of EPR
hyperfine structure spectra in frozen vitreous and
polycrystal states [ 1-3]. The position of spectral lines
for forbidden transition can be presented as follows:

for[1/2,m+1) o |=1/2,m)

H=H, —AEJn (e /2H0)§n(m +1)+i§ (1)

20
for [1/2,m) o |=1/2,m+1)

670

H=H, —AEJM + L0 (a2 /2H0)§n(m +)-55 @

20

In equations (1) and (2) H = hy/gP3. At 1= 5/2 (for
manganese ions) the mentioned above expressions
determine five doublets, each of them is located at
halfway between two resolved lines of hyperfine
structure. By the equations (1) and (2) we may cal-
culate the splitting AH for the doublet:

AH = 174%2H,,. 3)

Fig. 1C shows the EPR spectrum structure to coin-
cide well with the calculated one (proceeding from
corresponding Hamiltonian). If measuring A from the
positions of ‘principal’ lines, the AH value can be appro-
ximately calculated and compared with the measured
values of doublet splittings. The results of comparison
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2905

2405 Jéos
Hanps»keHHOCTb MarHuTHOro nons, c
Magnetic flux density, Gs

Puc. 2. Cnextp 3MP gna 0,01 M BogHoro pacteopa
Cu(NO,),, MeaneHHo 3aMOPOXEHHOro A0 TemnepaTypsbi
-180°C.

Fig. 2. EPR spectrum for 0.01 M aqueous solution Cu(NO,),
slowly frozen down to —180°C.

29

[To ypaBHenusiM (1) 1 (2) MOXKHO BEIYHCIIHTH PACIIET-
nenue AH nns mybnera:

AH = 174%2H, 3)

Crpykrypa cnekrpa JIIP, npeacrasiennas Ha Ha
puc. 1, C, XopoI1o COBIaiaeT C paCCUNTaHHON (MCXOMIS
13 COOTBETCTBYIOILIETO raMIIIBTOHUaHa). Eciu n3me-
PUTh A U3 MONOKEHUHN «IJIABHBIX» JTUHUN, TO MOXKHO
MpUOIU3UTENEHO paccuuTaTh Benuunny AH U coroc-
TaBUTh C M3MEPEHHBIMH 3HAYCHHUSIMH PaCIIEIUICHUN
nybnerta. Pe3ynbraTsl cpaBHEHUS, IPUBEACHHBIE B
TabNnuIe, NOKAa3bIBAIOT XOPOIIEe COBMAACHUE STUX
BEJTMYHH.

AHaJOTHYHBIE JaHHBIE MOXKHO TIONYYWUTh W IS
PacTBOPOB COJIeH IPYTHX MapaMarHUTHBIX KATHOHOB.
Tax, Ha puc. 2 npencrasnen crnektp JIIP mennenno
3aMOpokeHHOro BoaHoro pactesopa Cu(NO,),, koTo-
PBIH COCTOUT U3 CHMMETPHYHON CHHTJIETHOHN JTMHUH,
HE UMEIOIIeH CBEPXTOHKOM CTPYKTYpPhL. DTO 00yCIIOB-
JIEHO HAJTMYMEM MEXKYAaCTUYHBIX TUTIOIb-AUIIOIBHBIX
B3aUMOJICHCTBHI 3KBHBAJICHTHBIX CIIMHOB, BHI3BAHHBIX
KOHIIEHTPUPOBAHWEM COJH MpPH 3aMOPAXUBAHUHU U
COMMKEHNEM TIPU STOM MTapaMarHUTHBIX HOHOB, YTO U
MPUBOJIUT K CBEPTHIBAHUIO CBEPXTOHKOM CTPYKTYPHL.
[Tocne ncnonb30BaHUs TAKOTO JKE PEKIMA 3aMOPAXKH-
BaHUS BOAHO-TIOMATHICHIIMKOJIEBOTO PACTBOPA 3TON
conu B criekrpe DI1P nonos Cu?* HabIromaeTCs 3HAYH-
TENbHO Jy4ilee paspemenue cnekrpa JIIP ¢ mposs-
JICHHEM CBEPXTOHKOH CTPYKTYpBI (pHC. 3), UTO CBUE-
TEJNBCTBYET 00 OTCYTCTBUU KOHLIEHTPHUPOBAHUS CONEH
pH 3aMopakuBaHuu. [lomy4eHHbIE CIEKTPHI TaKKe
MOKHO OITHCATh CIIUH-TAMUJIBTOHHAHOM, TIOAO0HBIM
MIpUBEACHHOMY BbllIe. [IposiBIeHHE TPU TOM CBEPX-
TOHKOH CTPYKTYpbI CHEKTpa TMO3BOJSET PAcCUUTATh
ke PHEPTUI0 CBSA3H C OMIKaWIINMU JIUTaH/IaMU.

218

given in the Table demonstrate a good matching of
these values.

The similar data may be obtained for salt solutions
of other paramagnetic cations as well. Fig. 2 shows
the EPR spectrum of slowly frozen Cu(NO,), aqueous
solution, consisting in symmetric singlet line without
hyperfine structure, that is stipulated by the presence
of interparticle dipole-dipole interactions of equivalent
spins, caused by salt concentration during freezing and
approaching of paramagnetic ions, that results in con-
traction of hyperfine structure. After using a similar
freezing regimen of aqueous-polyethylene glycol solu-
tion of this salt in EPR spectrum of Cu?* ions there is
observed a much higher resolution of EPR spectrum
with manifestation of hyperfine structure (Fig, 3), that
testifies to the absence of salt concentration during
freezing. The obtained spectra may be also described
by spin-Hamiltonian similar to the mentioned above
one. In this case the manifestation of hyperfine struc-
ture of spectrum enables to calculate even the bond
energy with the nearest ligands. In our case, the EPR
spectra parameters were used to assess the degree of
covalency of ligand 0-bonds in the xy plane of square-
planar copper complexes, e. g. with formazans [26]
or cryoprotectant molecules [13].

As it proceeds from the mentioned above experi-
mental data the use of EPR method allows to differ
the isolated and interacting paramagnetic ions. Molecu-
lar interactions in aqueous solutions are determined by
the structure of the nearest environment of cations
and solution in a whole. In the cations besides the first
hydration shell we noted the presence of resistant se-

2424 2924 3424

HanpsixeHHOCTb MarHuTHoro nons, I'c
Magnetic flux density, Gs

Puc. 3. Cnektp 3P gnsa 0,01 M BOgHO-NONNITUNEHTNINKO-
nesoro pacteopa Cu(NO,),, MeaneHHo 3aMOPOXEHHOro
no Temnepatypbl —180°C.

Fig. 3. EPR spectrum for 0.01 M aqueous-polyethylene
glycol solution Cu(NO,), slowly frozen down to —180°C.
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Tak, mo mapameTrpam crektpoB JIIP
ObLIa OLIEHEHA CTENIeHb KOBAJIEHTHOCTU

MapameTpbl cnektpos AP Mn?* npu —180°C
Mn?* EPR spectra parameters at —180°C

O-CBsi3€l JUTAaHJOB B IMIOCKOCTH X)
IJIOCKOKBAJPaTHBIX KOMIUIEKCOB MEH,
HarmpuMep, ¢ popmazanamu [3] wim Mo-

Pacwennexve
nybneTtos B
HanpasneHun ot
HW3KOrO K BbICOKOMY

PacuienneHne rnaBHbIX
NUHWIA B HanpasnieHUn oT
HU3KOIro K BbICOKOMY

PaCTBOpVITeJ'Ib MarHMTHoOMy norsko, rC
JIEKyJIaMH KPUOTIPOTEKTOPOB [24]. Solvent Splitting of principal Split?i?\j;}cz)ls%?dbrlgts in
Kak ciietyer u3 npuBeICHHBIX BBIIIE 'I':asr:]”agggtcitc'c;?egot’g direction from low
AKCIIEPUMEHTAIbHBIX JAHHBIX, HCIOJb- high one, Gs mag';izc( g‘ﬁ;d é‘; high
3oBaHne merona OIIP maetr BO3MOX-
HOCTH pa3jnu4aTh H30JIMPOBAHHBIE U 2,2 R/I/I gEaGr:ggg 90, 92, 95, 98, 10042 19, 21, 22 2442

B3aUMOJECUCTBYIOIIKUE APYT C APYroM :

MapaMarHUTHBIE HOHBL. MeXMONeKysp-
HbIE CBSI3M B BOJIHBIX pPacTBOpax cojier

MeTunosbii cnnpt

93, 95, 96, 98, 100+ 2 22,24,24,26+2

o o Methanol
OTIPEETISIOTCS CTPYKTYPOi OrKaiiie-
ro OKpy’XEHHs KaTHOHOB U pacTBOpa B
Le0M. Y KaTHOHOB OTMEYEHO HaJIN4MeE, 12 M HCI 87, 88, 90, 90, 92+2 19, 20, 24, 23+2

ITIOMHMO TI€PBOH THAPATHON 00OJIOUKH,

YCTOMYMBOW BTOPOH, a TAKIKE BO3MOXK-
HOE CYIIECTBOBAaHUE MNOCIETYIOIINUX THU/I-
patHbIX cdep, YCTOMUYUBOCTh KOTOPBIX
YMEHBINAETCS TI0 MEPE YBEIIMUCHUS UX
yucna [2]. Hanuune takoil ruppaTHON
myObl B CHJIBHO pa30aBiICHHBIX pacT-
BOpax MPEMATCTBYET COMMKESHUIO KaTHO-
HOB Ha JIOCTaTOYHO OJIM3KHE PaccTos-
HUs, 9TO CHUXKAET 3((HEKTUBHOCTh MEKMOJICKYJISP-
HBIX B3aumojaeicTBuil. [Ipn 3ToM dopma criekTpoB
OIIP onpenensieTcss B OCHOBHOM PENAKCAlMOHHBIMU
a¢heKTaMu B )KUIKUX CHCTEMaX, U B Mpeeaax KOH-
nerTparwu coym ot 0,001 1o 0,1 mpakTudeckn He 3aBU-
CUT OT pa3Benenus. [Ipyu 3aMOpaXUBaHUM BOJIHBIX
pacTBOPOB COJIEH B pe3ylbTare KOHLEHTPUPOBAHUS
COJIM B OCTABIIIUXCS )KHUJIKUX 00JIACTSIX YCUITUBAIOTCS
MEXMOJICKYJISIPHBIEC CTIMH-CITMHOBBIC B3aUMOJICHCTBUS,
KOTOPBIC MOIYJIUPYIOTCS J0 TTOJTHOTO 3aTBEPICBAHIS
CHUCTEMBI IOCTYNATEIbHBIM JIB)KEHHUEM YaCTHULI KU
KocTU. Takoe ycHJIeHUE MEXMOJNECKYISIPHBIX B3au-
MOJEHCTBUHA MEXAYy NapaMarHUTHBIMHM LIEHTPaMu
MIPUBOANT K 3HAYUTEITHHOMY HU3MCHECHHIO CIICKTPOB
OIIP. B 3aMOp0OXXeHHBIX BOJHO-TIOIUATUIICHITIUKOJIE-
BBIX pacTBopax coisiell B criektpe JIIP mposBistoTcs
TOHKAs 1 CBEPXTOHKASI CTPYKTYPBI, YTO CBHACTEIHCT-
BYET O 3HAYUTEIHFHOM YMEHBIIICHUH JUTIONb-TUTIONb-
HBIX B3aMMOJCUCTBUI MEXK Ty TapaMarHUTHBIMU IICHT-
pamMu u3-3a OOJBIIOTO PACCTOSHUS MEXIYy HUMH B
TBEPAOU Marpulle. YMEHbIIEHUIO B3aUMOJECUCTBUMN
CIOCOOCTBYET TaK)Ke 00pa3oBaHUE KAaTHOHAMH KOMII-
JICKCOB, B COCTaB COJIBBATHOM CEephl KOTOPHIX BXOAST
MOJIEKYJIbI HOJIUATUIICHIIIUKONS [24].

[2].

BoiBoabI

Taxum oOpaszom, ucnonb3oBanue cuexTpos DIIP
coJiel MapaMarHUTHBIX KaTHOHOB OTKPBIBAET IIMPOKHE
BO3MOKHOCTH JJIs1 OLIEHKH TUIIEPKOHIIEHTPUPOBAHUS
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MpumeyaHue: PacwenneHve aybnetos, paccyntaHHoe no cgopmyne (3)
anst obpasua, kotopbii cogepxut MAM-300, coctaBuno — (23 £ 1) l'c,
MeTunoBbIn cnupT — (24 £ 1) I'c, 12 M HCI — (21 £ 1) 'c. JaHHble gns
mMeTtunosoro cnupta u 12 M HCI nony4yeHs! Allen B.T. [18].

Note: Doublet splitting calculated by the formula (3) for the samples containing
PEG-300, methyl alcohol and 12 M HCl were (23 + 1), (24 £ 1) and (21+1) Gs,
respectively. Data for methyl alcohol and 12 M HCI were obtained by Allen B.T.

cond one, as well as a possible existence of following
hydrate spheres, the resistance of which decreased
with their number augmentation [25]. The presence
of such a hydrated coat in strongly diluted solutions
pre-vents the cation approaching close enough, thereby
reduces the efficiency of intermolecular relationship.
In this case the shape of EPR spectra is mostly deter-
mined by relaxation effects in liquid systems and is
virtually independent on dilution within the salt concen-
tration range from 0.001 to 0.1. The intermolecular
spin-spin interactions, modulated up to a complete solidi-
fication of system by a forward motion of liquid particles,
are strengthened as a result of salt concentration in
the rest liquid areas during freezing of salt aqueous
solutions. Such a strengthening of intermolecular coup-
ling between paramagnetic centers results in a signi-
ficant change of EPR spectra. Fine and hyperfine struc-
tures are manifested in frozen aqueous-polyethylene
glycol salt solutions in EPR spectra, that suggests a
significant decrease in dipole-dipole interactions bet-
ween paramagnetic centers due to a large distance
between them in a solid matrix. The complexes formed
by cations, a solvate sphere of which comprises poly-
ethylene glycol molecules, contribute to a decreased
interactions as well [13].

Conclusions
Thus, the use of EPR spectra of paramagnetic
cation salts opens wide possibilities to assess hyper-
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COJIEBBIX PACTBOPOB MPH UCITOJIB30BAHNH PA3ITHIHBIX
PEKUMOB 3aMOPaXUBAHUS U COCTABOB CPEIbI 3aMOpa-
xuBanus. [IpeacraBiaeHo omucaHue MOTYYEHHBIX
CIIEKTPOB B TEPMUHAX CITUH-TaMWIBTOHMAHA. B onnca-
HUH [TPU CTEKII000PA3HBIX COCTOSHUAX 3aMOPOKEHHBIX
pacTBOPOB PacCMaTPUBAIOTCS TOJBKO IIE€PEXOJIbI
M=1/2 « M= -1/2 c nposiBICHHEM 3aNpereHHbIX
nepe-xo10B Am ==1. [lomyyeHHbIE pe3yIbTaTHl MOTYT
OBITH NCTIOIB30BAHBI IPH pa3paboTKe HU3KOTEMIIepa-
TYPHBIX TEXHOJIOTUH KOHCEPBUPOBAHHUS OMOJIOTHYEC-
KHX 00BEKTOB, BBHIOOpPE PEKUMOB 3aMOPAKUBAHUS U
KpHOIPOTEKTOPOB, a TAKXKE JUIs POTHO3UPOBaHUS MU-
HUMI3AIUH 3(p(heKTOB rHMEePKOHIIEHTPHPOBAHHUSL.
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concentration of salt solutions when using different
freezing regimens and medium compositions. The de-
scription of the obtained spectra in spin-Hamiltonian
terms is presented. In the description under vitreous
states of frozen solutions there are considered only
transitions M =1/2 « M =-1/2 with manifestation of
forbidden transitions Am = £1. The results obtained
may be used in developing low temperature techno-
logies for biological objects preservation, in selecting
freezing regimens and cryoprotectants, as well as to
forecast the minimization of hyperconcentration ef-
fects.
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