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THEORETICAL AND EXPERIMENTAL STUDY OF ELASTIC WAVE
PROPAGATION IN ANISOTROPIC TEXURIZED ROCKS

A.N.Nikitin®, V.K.Ignatovich®, T.LIvankina®, A.A.Kruglov®, T.Lokajicek",
L.T.N.Phan‘ and R.N.Vasin*

“ Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, DubnaoRussia
b Institute of Geology, Academy of Sciences of the Czech Republic, Prague, Czech Republic
¢ Tula State University, Tula, Russia

Theoretical and experimental investigations of elastic wave propagation in a bilayer media have been provided. It
was shown that elastic waves of quasi-longitudinal and quasi-transverse polarizations propagate through axial anisotropic
media. Wave reflection from a free surface is in general accompanied by triple splitting and all the reflected waves are
nonspecular. The quasi-longitudinal and quasi-transverse elastic waves contain the both longitudinal and transverse
constituents. This fact may be a reason for the discrepancy which did not observed in the elasticity theory earlier.
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Fig 1. The map of the isoline disctribution of traveltimes of the quasi-longitudinal wave passed through the model —
“plexiglas — quartz”. The XZ plane of the single quartz coincides with the plexiglas surface. The transmitter is fixed on
the plexiglas face at the angle of 60° to the horizontal surface. a) ultrasounic frequency - 200 kHz; b) ultrasounic
frequency - 5 MHz.

For example, it was found out that even for isotropic medium the reflection of shear wave from an interface having the
polarization in the incidence plane can create non Rayleigh longitudinal surface wave which can accumulate devastating
amounts of energy at the critical grazing angle. Moreover, the energy density of surface wave may hundred times exceed
the energy density of the incident elastic wave. The observed result is very important for seismology.

To improve the considered model and to check the reliability of results we performed the study of elastic wave propagation
through model isotropic-anisotropic medium. A set of samples of different compositions were investigated («plexiglas +
single quartz oriented parallel to the optical axis», «plexiglas + single quartz oriented perpendicular to the optical axisy,
«plexiglas + polycrystalline graphite (with certain texture)», «epoxy + biotite»). Crystallographic texture of graphite was
determined by means of neutron diffraction.
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Fig. 2. The comparison of experimental values of arrival time of quasi-longitudinal wave reached the top quartz
surface with calculated values. The direction of incident longitudinal wave occurs (a, b) at the angle of 30° to
the quartz XZ plane; (c, d) at the angle of 60° to the quartz XY plane.

Flastic waves were generated by piezoelectric transmitters which are fixed in a certain point of the isotropic part of
the sample. The receiver was scanning the surface of the quartz bar (anisotropic part). We registered the wave patterns of
the mixed quasi-longitudinal and quasi-transverse elastic waves of different frequencies passing through the investigated
samples in depend on grazing angle of the propagating elastic wave in respect to the interface (or to the foliation) (Figure
1).

The comparison between calculated and measured data of quasi-longitudinal waves came to the satisfactory
agreement (Figure 2).
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CTPYKTYPHBIE AHOMAJINU PR-COJAEPKAIIIUX OKCHUIOB ITPU
HU3KUX TEMIIEPATYPAX

A.M. Banarypos®, H.A. Bo6pukos®, B.JO. omsikymun”, E.B. ITomsikymuna®,
JA.B. IlenTsikoB”, N.0.TpostHayk*
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B uccnenoBaHusaX CIOKHBIX OKCHIOB TIEPEXOTHBIX METALIOB (MAHTAaHUTOB M KOOANbTUTOB) THIA A A'\BO;, TIE
A - pemko3eMesbHBIA 3JeMeHT, A’ - IIeNOYHO3eMeNbHbIH 3MeMeHT, B = Mn wmu Co, BBIOOp TOrO WM HHOTO
PEIKO3EMENBHOTO DJIEeMEHTa MM KOMOWHAIIMM HECKONBKHX Pa3HBIX JJIEMEHTOB CBOIMTCS, KaK MPABHIO, K IKEIAHHIO
nofo0paTh HEOOXOAMMYIO BEIIMYMHY CPEIHEro paauyca A-KaTHoHa, <ra>, KOTOpas BO MHOTOM ONpEACseT (pH3UICCKHE
cBoiicTBa coenuHenus. Oanako emie B uccnenoBanusax BTCII Obu10 3aMedeHo, 4TO COSMHEHUS C TIPA3e0JUMOM BEIyT ceOs
WHaye, YeM C JAPYTMMHU PEIKO3eMETIbHBIMU JJIEMEHTaMH, MPUUEM aHOMaJbHOE MOBeAeHUe Pr-comepkamux MepoBCKUTOB,
OOBIYHO TIPOSIBJIACTCS MPH CPABHUTEIILHO HU3KHUX TeMIiepaTypax. Jis cloXHBIX OKCHIOB MapraHiia i KooajabpTa Ha 0coObIe
CBOICTBa cOCTaBOB ¢ Pr BHMMaHuWe ObIIIO 0OpaIIeHo CPaBHUTEIHHO HETAaBHO, HO YXKE HAKOIUICH HEOOXOMUMBIH JIIsl aHAIN3a
JKCIIEPUMEHTAIbHBIA MaTepua. Tak, MarHUTHBIC UCCIIeIOBaHUs cocTaBa Pry sSry sCo0Os, (nanee PSCO) nmokazanu [1], uyto B
HeM HaOmromatoTcst nBa (a3oBbix mepexona mpu Tc =~ 226 K u Ty = 120K, Torma xak B COSAWHEHUSX C JAPYTHMHU
PEIKO3eMENbHBIMI KaTHOHAMH €CTh TOJBKO OJUH BBICOKOTEMIEPATYPHBIH TEpPeXol, MPH KOTOPOM BO3HHUKAET
(dbeppomarauTHoe ymopspodeHue. B coctaBe PrysCagsCoOs; B pabote [2], mpu T ~ 75 K oOHapyxeHbl aHOMaJIUU
(usndecknx CBOMCTB (Mepexol MeTall — H30JIATOP) U 3aMETHAsI TIEPECTPOIKa CTPYKTYPBI, KOTOPhIE OTCYTCTBYIOT B COCTaBE
La;sNd;3CasCo0s, umeroniem Takoil xe cpenHuii paauyc A-katuona. B coenunennu PrAlO;, B KOTOPOM HET KaKuX-IuO0
MarHUTHBIX TMEPeXojoB, oOHapyxkeHa cxomHas ¢ PSCO mocnenoBaTenbHOCTh CTPYKTYPHBIX IMEPEXOJ0B W aHOMAJIHS B
ynpyrux coicrBax mpu 118 K [3].

Takum 00pa3oM, €cTh OCHOBAaHHUS CUHTATh, YTO HAOIIOJAIONIMECS B COCTUHEHHAX C Pr HU3KOTeMmeparypHBIC
aHOMAJIHMU B (PU3MUECKUX CBOMCTBAX CBS3aHBI ¢ OOUIeH NMPHYMHON, a UMEHHO, ¢ ()OPMHPOBAHHEM HOBBIX YCTOHYHBBIX
XIMHUYECKHX CBA3EH U CleAyeT UCKaTh CTPYKTYpHbIE MPOABIEHH 3Toro 3¢ dexra. B npunmune, oHu yxe ObUTH Hall/ICHEI B
Hamel HenmaBHell pabore [4], Tae OBLTO IMOKa3aHO, YTO JaHHBIE, MMOTYYEHHBIE C TOMOINBI0 AN(PPAKIMK CHHXPOTPOHHOTO
U3IIydeHUs] U OCOOCHHO HEHTPOHOB C OYEHb BBICOKMM pa3pelIeHHeM, IO3BOIAIOT yTBepxkaaTh, 9To B PSCO mpu T,
MPOMCXOAUT HM3MEHEHHE CHUMMETPUU KpUCTala. DKCIIEpUMEHTalbHBIE DPE3yNbTaThl, NpeAcTaBieHHbE B [4], HOCWIN
IpeBapUTENBHBII XapakTep M OTHOCHIHNCH TOJIBKO K T'€OMETPHH KPHUCTAIMYECKOW pemeTkd. B manpHedmmx Oornee
JIETABHBIX TU(PAKIHOHHBIX YKCIICPUMEHTAX HaM yAAlOCh MOJXYYUTh HH(POPMALUIO 00 aTOMHOW M MarHUTHOU CTPYKTYype
PSCO B 0o0OnacTi HU3KKUX TeMIepaTyp. AHAIN3 BCeX MMEIOIIMXCS TAHHBIX MTO3BOJISET YTBEPHKIATh, 4TO B Pry sSr) sCoOs npu
Temmeparypax Hmwke 170 K mpoucxoanT paccioeHne kpucrauia Ha JBe (a3bl ¢ pa3HON CHMMETpHEll U pa3sHbIMU (XOTS H
ONM3KMMH) aTOMHOM M MarHUTHOH CTpPyKTypamu. OCHOBHBIM CTPYKTYPHBIM DPa3iHYHeM MeXIy (azaMu sBISETCS
KoHpurypanust kyoooktadapa (Pr,Sr)Oy,, a HabmogaBmasics B npensiaynmx padorax npu 120 K marautHas aHoManus
SIBIISIETCS CJIEACTBUEM MEPECTPONRKU KUCIOPOAHOTO OKpykeHus (Pr,Sr) u, B HekoTopoit crenenu, Co.
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NUCLEATION THEORY MODELS FOR DESCRIBING KINETICS OF
CLUSTER GROWTH IN Cg4/NMP SOLUTIONS

T.V. Tropin®, M.V. Avdeev®, O.A. Kyzyma™®, V.L. Aksenov™*

“ Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia
b Kyiv Taras Shevchenko National University, Kyiv, Ukraine
¢ Russian Research Centre “Kurchatov Institute”, Moscow, Russia

In the given report, two kinetic models of cluster growth, based on nucleation theory approach are applied to
describe cluster growth in Cgy/N-methyl-pyrrolidone (NMP) solutions. As compared to low-polarity Cg solutions, where
fullerenes show a tendency towards aggregation under supersaturation as a result of non-equilibrium dissolution [1], in polar
solvents, like NMP, fullerenes Cg always form clusters. Particularly, in pyridine [2], NMP [3] and their mixtures with water
[1] clusters grow up to 500 nm in size during about one month after fullerene dissolution.

For the spectrum from the initial solution specific features of molecular state of Cqy can be seen (e.g. peak at
A=330nm). The UV-Vis spectrum from Cg/NMP changes with time (Fig. 1), which is known as temporal solvatochromism.
The absorption measurements can be used for determination of the free (non-aggregated) fullerene concentration in
Coso/NMP at different time after the solution preparation. For this purpose fullerene is extracted into a solvent, which
dissolves Cgy and is non-miscible with NMP. The good solvent for such procedure is hexane. The time dependence of free
monomer concentration in Cq/NMP found in this way is shown in Fig. 1. It decreases by more than three orders in
comparison with initial solution, which means that fullerene in the “old” NMP solution is mainly in cluster state (free
monomer concentration ¢me,<10> mg/ml). It is important to note that estimates of cluster density made by SANS at the
addition of water to C/NMP [6] indicate that clusters are fullerene molecular crystallites.
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Fig. 1. UV-Vis spectra of fresh and “old” C60/NMP solution (left). Time-dependence of free monomer
concentration in C¢/NMP solution obtained by following concentration of Cg extracted into hexane (right) [9].

Basics of aapplication of nucleation theory for describing fullerene cluster formation are described elsewhere [1,4].
Evolution of a system in frame of classical nucleation theory, described by liquid drop model, results in phase separation,
when all but ¢, of free molecules, transfer finally to the solid phase (infinite cluster). Because this is not the case for
fullerene polar solutions, where clusters stay stable for long periods of time, one should consider new models. Taking into
account a possible appearance of some new chemical bonds, which stabilize clusters in this type of solutions, the
corresponding modifications of kinetic equations can be done in two ways.

In the first case (model I), we introduce an additional function f"(n,£), which describes clusters excluded at the moment ¢
from the nucleation process (segregating phase). The size of these clusters is strongly stabilized and does not change
furthermore. It is clear that finally the segregating phase transfers completely into the stabilized phase. The basic equations
for this model take the form:




\@P Annual Report 2010

_t
TUD 2, =L+ W S 4 1.0~ W ) = O 1) )
T
! _ % .
%:iﬂ”’fl D on(f(n0)+ f'(n.1)) =, (1)
v n=1
f(n,t=0) :{0’ ”_> b nr=0)=0.

Where the additional term in the kinetic equations for f{n,?) corresponds to exponential depletion of the segregating phase.
The new model parameter, 7, is the characteristic time of cluster stabilization.

In the other case (model II), kinetic equations keep the classical form [1,4], but probabilities of cluster growth /
depletion w* are the functions of time:

m,n

W () = W e % | @)

m,n m,n

where the characteristic time 7 reflects a decrease in the nucleation rate.
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Fig. 2. (@) time evolution of monomer concentration for both models I (dashed lines) and II (solid line). For model I the
upper curve shows the sum f{1,£)+ f7(1,f); and the lower curve shows f{1,£); (b) evolution of mean cluster size for models I
(dashed line) and II (solid lines); curves for model II correspond to different t=10* 1.5%10°; 750 from up to bottom; (c)
dependence of model limiting <R> values on t (points) with corresponding power-law fit (solid line).

The proposed models are qualitatively compared (Fig. 2a) with respect to the time dependence of free monomer
concentration, c¢,,,, whose experimentally found behaviour is proportional to the graph given in Fig. 1. As one can see,
model I shows a significant increase in c,,, at a certain stage, which is in disagreement with the experiment. In contrast, for
model II the time evolution of both free monomer concentration (Fig. 2a) and mean cluster size (Fig. 2b) has a monotonous
character, which is close to the experimental one. This means that this model is a reasonable approach for describing cluster
growth in fullerene polar solutions.

The change in the time dependence of mean cluster size, <R>, with varying 7 is illustrated in Fig. 2b, where one
can see that its limit is determined by 7. The found limits of <R> in Fig. 2b are far from the real one, which means that
significantly larger 7-values should be used in calculations. However, the corresponding numerical solution requires too
much time resources, which are hardly available for the moment. The 7-value which fits experiment can be estimated from
dependence <R> vs. 7 obtained at smaller cluster sizes (Fig. 2c¢). It is of the power-law type, and the corresponding
extrapolation for <R>~100 nm gives 7~10® a.u.. Taking into account that initial supersaturation Cmon(0)/ceq can be higher,
one can conclude that to fit the experimentally observed cluster size, the approximate 7 estimate is within 10°-10% a.u. for
supersaturations of 10*-10°. Further work on the proposed models and their development is in progress.
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Solutions of fullerene Cg in nitrogen-containing solvents (pyridine, N-methyl-2-pyrrolidone (NMP), benzonitrile and
acetonitrile) and its mixtures are of current interest due to the time evolution of the electrooptical constant [1], as well as
photoluminescence [2], IR [3], Raman [2] and UV-Vis spectra [4] which correlate with cluster formation.

In the given experiments we study solvatochromic effects after dissolution of C¢/NMP system. Previously, time-
dependent solvatochromic effect (temporal solvatochromism) was observed in Cq/NMP solution [2]. Addition of polar
solvent (water, miscible with NMP) to this system leads to sharp solvatochromic effect (at negligible changes of system’s
composition) and increasing of absorbance at 450-550 nm [5,6]. Here, the changes in UV-Vis spectra of fullerene Cg in
mixture NMP/toluene at the solution polarity variation (¢ = 3,8 + 26,6) were investigated. Time-dependent study at
increasing as well as decreasing of solvent polarity was done. Smearing of absorbance spectra for fullerene solutions in
different polarity mixtures was observed. These solvatochromic effects are analyzed with respect to solvation processes.

Fullerenes (Fullerenovye Tekhnologii, purity > 99.5%) and solvents of different polarity: polar NMP (¢=32) (Merck,
purity > 99.5%) and low-polar toluene (e=2,4) (Merck, purity >99.5%) were used for samples preparation. The Cg/NMP
solution was prepared by adding 20 mg fullerene in 34 ml NMP with stirring for one hour at room temperature The solution
was stored in darkness at room temperature. To obtain the Cgp/toluene solution the fullerene was dissolved in toluene and
stirred for ten minutes. Ternary solutions Cs/NMP/toluene and Cgp/toluene/NMP were obtained in two ways: by addition of
toluene or NMP to initial C¢/NMP or Cgo/toluene solution, respectively. The volume fraction of toluene or NMP in the final
mixture was varied in the range of 20-95 % (¢ = 3,8 + 26,6). Absorption spectra were obtained using Hitachi U-2000
(wavelength range 200-1000 nm) UV-Vis spectrophotometer. Quartz cells with 2 mm path length were used. The spectra
were obtained right after the solution preparation, several days after preparation and one month later.

The UV-Vis spectra of fresh C¢/NMP and Cgg/toluene solutions are compared in fig.1. They both exhibit
characteristic peaks of molecular Cg, at about 330 and 410 nm with slight shifts, when comparing the two solutions,
determined by a difference in the fullerene-solvent interaction. Changes in UV-Vis absorption spectra of Cgo/toluene system
at NMP addition are presented in Fig. 2. It is clearly seen that the addition of NMP to the Cg/toluene system leads to a
smearing of specific peaks at A =330 nm and A = 410 nm and also an increase in absorption at A = 400 + 550 nm.

The cluster formation [4] and fullerene salvation by NMP molecules take place after addition of polar components
to solution (increase permittivity up to 26,6). New solvate Cq/NMP are formed and therefore absorbance spectra are
changed. It should be noted that change of solution color from purple specific for the system Cgo/toluene to yellow-brown
specific for the system Cq/NMP and hypsochromic effect (the shift of the absorption peak towards higher energy) are
observed (Fig. 3). There is indication about formation of donor-acceptor complexes between fullerene and solvent
molecules [2].

Addition of toluene to C4/NMP leads to decrease of solution polarity from 32 (Cg/NMP) to 3,8 (Cso/NMP/toluene
with 95 vol. % of toluene). The sharp solvatochromic effect was observed when volume fraction of toluene in the ternary
solution more than 80 vol. % (Fig. 4). In this case the spectrum of the system takes the form specific to the fullerene
solution in toluene. It should be noted, that increase of low-polar component in the Cs/NMP/toluene solution leads to
increase of selective salvation (considerable difference between composition of salvation shell and bulk solution) due to
greater salvation power of NMP in compare to toluene. When volume fraction of toluene in solution up to 80% fullerene
clusters are dissolve (transition from colloidal to molecular solutions) and UV-Vis spectrum takes form of molecular
Cgo/toluene solution.
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to fullerene concentration. Inset shows peak shift at
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Fig. 2. UV-Vis spectra of Cyp/toluene solution (dash) and
Ceo/toluene/NMP solutions at 50 vol. % (solid) and 80
vol. % (dot) of NMP. Inset: absorbance at wavelength of
310 nm versus dielectric constant (¢) and NMP vol.
fraction (20-90%). Absorbance normalized to fullerene
concentration

It should be noted that the addition of toluene to an old C¢/NMP system (with a smoothed spectrum) did not lead
to any changes in the absorption spectra. In this case considerable amount of added toluene leads to partial cluster
decomposition without complete transition to molecular solution. Similar effects were observed in Cq/NMP solution at

water addition [7, 8].
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Fig. 3. Hypsochromic effect for Cgp/toluene (solid) and
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Fig. 4. UV-Vis spectra of Cg/NMP solution (solid) and
Ceo/NMP/toluene at 90 vol. % (dot) and 95 vol. % (dash) of
toluene. Inset: absorbance at wavelength of 310 nm versus
dielectric constant (¢) and toluene vol. fraction (20-95%).
Absorbance normalized to fullerene concentration

It was shown [8], that Cq/NMP characterized by temporal solvatochromism (spectrum smearing with time).
Similar temporal smearing (during one month) was observed for all samples of both systems (Cg/NMP/toluene and
Cgo/toluene/NMP) regardless the ratio NMP/toluene. The reason of temporal solvatochromism is formation of donor-
acceptor complexes Cq/NMP due to high salvation power of NMP. Namely, selective salvation in ternary fullerene

solutions with low NMP content takes place.
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Sharp (change mixture composition) and temporal (with time) solvatochromism of fullerene solution in mixture N-
methyl-2-pyrrolidone (NMP)/toluene at the solution polarity variation (¢ = 3,8 + 26,6) were observed. Addition of polar
NMP to Cgp/toluene solution leads to clusterization and formation of donor-acceptor complexes between Cg, (acceptor) and
NMP molecules (donor), which accompanied by hypsochromic effect and smearing of specific peaks at 330 and 410 nm.
Decrease of fullerene solution polarity (toluene addition) leads to increase of selective salvation due to greater salvation
power of NMP in compare to toluene. When volume fraction of toluene in solution up to 80% fullerene clusters in ternary
solution are dissolve (transition from colloidal to molecular solution) and sharp solvatochromic effect are observed. In this
case the spectrum of the system takes the form specific to the fullerene solution in toluene. The temporal solvatochromism
occurred for all ternary fullerene solutions regardless the ratio NMP/toluene in mixtures. The reason of this effect is high
salvation power of NMP, which leads to formation of donor-acceptor complexes Cqo/NMP with time in all samples.
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Applications of magnetic nanoparticles for biomedical purposes were actively developed in the last decade [1]. As an
example, cancer treatment in what concerns controllable drug delivery [2], diagnostics (magnetic resonance imaging [3]),
and therapy (magnetic hyperthermia [4]) can be mentioned. This raises the problem of synthesizing biocompatible
ferrofluids or magnetic fluids (fine liquid suspensions of magnetic nanoparticles), which are stable and controllable in
biological media under different conditions.

Recently, some progress in the synthesis of concentrated water-based magnetic fluids (¢,, >10%) has been achieved
[5] for the double stabilization of nanomagnetite by saturated monocarboxylic acids with short carbon chains, such as lauric
acid (LA, C,H40,) and myristic acid (MA, C4H30,). In the present experiments, we study the concentrated samples with
one of the highest ¢,, values among those for available water-based ferrofluids with long-term stability (at least 1 year). The
key point is that a significant increase in the stabilized fraction of magnetite when using LA and MA indicates that there
should be specific structural peculiarities in these fluids as compared to other stabilization schemes.

The measurements were made on the SANS-1 instrument [6] at the GKSS Research Centre. A differential cross
section per sample volume (scattering intensity) that is isotropic over the momentum transfer vector ¢ was obtained as a
function of modulus g=(4w/A)sin(6/2), where A is the neutron wave length and 8 is the scattering angle. Experiments were
carried out in a standard way to cover a ¢ interval of 0.06-2.5 nm™. The contrast variation was achieved by diluting the
initial samples with different mixtures of light water (H,O) and heavy water (D,0) in a way, in which the D,O content, 7, in
the final sample is varied from 0 to 90%.

The presence of aggregates in bulk ferrofluids is clearly observed in the SANS curves corresponding to different
contents of D,0 in the carrier (Figure 1). The SLDs of the surfactants (about 0.10 x 10'® cm™) do not differ much from the
SLD of water (—0.56 x 10'° cm™), which means that in pure H,O the surfactant component in the fluid structures is almost
matched and the scattering comes mainly from magnetite with an SLD of about 6.90 x 10'° cm™. The addition of D,0 with
an SLD of 6.34 x 10" cm™ increases the contrast from surfactants against the carrier, so specific features appear in the
scattering curves as compared to the H,O case. We fail in fitting the experimental curves to the model of separate core-shell
particles imitating spherical magnetite cores coated with a surfactant shell. Hence, the data in Figure 1 are treated in terms
of the approach of modified basic functions [7], which was recently applied well [8] to aqueous magnetic fluids with charge
stabilization.

Resulting basic functions /.(¢) for the two ferrofluids are given in Figure 2, together with their indirect Fourier
transform (IFT) [9] in the form of the p(r) function. Because shape scattering function /.(g) describes the effective
homogeneous particles, the p(r) function is the pair distance distribution (PDD) averaged over the particle shapes. The
maximal values, where the p(r) functions approach zero, correspond to the maximal aggregate sizes, which are 49 and 33
nm for samples LA+LA and MA+MA, respectively. The obtained values are in agreement with the dynamic light scattering
data for similar samples [10] with reported average hydrodynamic sizes of 77 and 48 nm for fluids LA+LA and MA+MA,
respectively. In particular, the average size ratios between the two fluids are similar:1.5 (SANS) and 1.6 (DLS). The radius
of gyration, R,, calculated from the p(r) functions (15.2 £ 0.2 nm (LA) and 10.2 + 0.1 nm (MA)) is connected to the radius
of gyration of the particle shape, R., and volume, V,, as Rg2 = <RV, | <V,*>, where the brackets denote the averaging
over the particle radius distribution D,(R). Assuming the quasi-spherical shape of the aggregates, which allows one to use
the relation R.” = (3/5)R?, one obtains the characteristic radii of the particles (<R*V,>>/<V,>>)"?to be equal to 19.5 + 0.3 and
13.8 + 0.1 nm for fluids LA+LA and MA+MA, respectively. For comparison, the PDD functions calculated from the TEM
data of separate particles are also given in Figure 2b.
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Fig. 1. SANS contrast variation for samples (a) MA+MA and (b) LA+LA. Sample labels correspond to the
content of D,O in the carrier.

Taking into account the mentioned difference in the 7.(¢) function and the scattering intensity in the case of pure H,O
(n =0), we compare the corresponding PDD functions in Figure 2b. It is interesting that such a difference is clearly seen
only in the LA+LA sample. The maximal size from the /.(¢) function is shifted up to about 7 nm from that of the magnetite
component, which can be related well to the effective thickness (about 3.5 nm) of the surfactant shell around magnetite
nanoparticles. The obtained thickness exceeds the doubled length of the LA molecule, 1.4 nm, which points to the bulky
(nonoverlapped) structure of the stabilizing shell. In the MA+MA sample, both kinds of PDD functions are very similar, so
the surfactant shell does not have any effect.

The incorporation of magnetite particles into cancer cells as a result of endocytosis were observed in optical
microscope images of the samples stained with Berliner blue. The intensity of the absorbed magnetite correlates with the
amount of ferrofluids initially added to the cancer medium. The toxicity rate depends on the cancer cell line. In some cases,
the incorporation of magnetic particles slows the culture growth to 50-60%, but in other cases, such incorporation is almost
nontoxic. At the same time, on average one can conclude that the magnetic particles that are used have some selective toxic
effect with respect to the cancer cells. This follows from the fact that the cytotoxicity of the studied particles for astrocytes
is low and does not depend on the initial particle concentration.
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Fig. 2. (a) Experimentally obtained /.(g) basic functions for the two ferrofluids. The line shows IFT fits of the curves
with parameters of R,=15.1 = 0.2 nm, /(0) = (5.8 £ 0.1) x 10" cm® (LA+LA) and R, = 10.7 £ 0.1 nm, /(0) = (2.1 £ 0.1) x
10%° cm® (MA+MA). (b) Pair distance distribution functions of particles found from I.(g) basic functions () are
compared with the pair distance distribution functions from curves with 0% D,O content (---) and from the TEM
measurements of the individual particles ().

So, the structure of water-based ferrofluids with double-layer sterical stabilization by short monocarboxylic acids
(lauric and myristic acids) is described relative to their possible biomedical applications, in particular for cancer treatment.
It is shown that besides discrete particles coated with a surfactant shell, a significant part of the particles are bound into
aggregates. The inner structure of the aggregates differs for the two ferrofluids with respect to the relative content of
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magnetite and surfactant, showing that in the case of myristic acid stabilization the magnetite particles are not fully coated
with surfactant. Nevertheless, this factor does not have any significant effect on fluid stability in the absence of an external
magnetic field. Both fluids can be used well in cancer (glioblastoma) treatment. As a source of magnetic nanoparticles, they
show high stability in the cancer cell medium and provide a high incorporation of magnetic nanoparticles into cancer cells,
which is strongly dependent on the cancer cell line. The magnetic particles from the probed ferrofluids are characterized by
very low toxicity in human brain cells.
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OBSERVATION OF NON-SPECULAR NEUTRON REFLECTION FROM
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When the oscillating high frequency magnetic field is applied to the uniformly magnetized film, the neutron spin-
flip takes place inside the film at the resonance condition. This leads to non-specular reflection in glancing geometry. We
carried out an experiment to proof this phenomenon theoretically predicted in the articles [1-5].

The measurements were done at NReX' reflectometer (reactor FRM II, Garching, Germany). Fixed neutron
wavelength 0.426 nm (1% FWHM) is used. The sample is the film of permalloy (500 nm) on the Si substrate. The sample
sizes are 25x25x1 mm’. The geometry of the experiment is shown in Fig. 1. The glancing angle of the incident beam is 0.4°
and the angular divergence is 0.006°. The permanent magnetic field Hy= 20 Oe is applied in the sample plane along the

guide field. The oscillating magnetic filed with the amplitude H, = 10 Oe and the frequency about 30 MHz is applied in the
sample plane along the beam path.
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Fig. 1. Experimental setup.

At the resonant frequency non-specular reflection at 0.26° and 0.50° outgoing angles has been observed for both incident
polarization up and down (Fig. 2).
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Such big angular effect of beam-splitting corresponds to the energy changing in the internal magnetic induction 8.7
kG but not in the small external magnetic field 20 Oe. In Fig. 2 b one can see that there is no difference in reflected intensity
in the cases of out-of-resonance frequency 30.0 MHz and switched-off frequency =0 MHz.

In Fig. 3 the count of specularly reflected beam is shown in dependence on the frequency of the oscillating field (upper
panels are integrated intensity, bottom panels are maximum of the intensity). One can see the resonance at 26.2 MHz
(FWHM=1.2 MHz).
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The effect of the specular intensity decreasing in the resonance consists of about 25 % for the integral and 50 % for the
maximum. To define non-specular intensity effect we integrated intensity in two non-specular regions with frequency and
extracted the intensity in the same regions with switched-off frequency for spin UP (see Fig. 4 a) or out-of-resonance
frequency 28.0 MHz for spin DO (see Fig. 4 ¢c). We define non-specular reflection probability (see Fig. 4 b,d) as the

difference of non-specular intensity in Fig. 4 a normalized on out-of-resonance specular intensity integral in Fig. 3 (upper
panels). The effect of non-specular intensity consists of 12% for the interval of ¢, =0.455°+0.641° and 3% for the

outgoing angles & , = 0.199°+0.338°.
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In conclusion, we have observed experimentally non-specular neutron reflection from a uniformly magnetized film
in an applied high-frequency oscillating magnetic field. The non-specular reflection takes place at resonance frequency. The
resonance frequency corresponds to Larmor precession in the magnetic induction of the film. The value of angular beam-
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splitting is big and cannot be explained by spin-flip in the external small magnetic field. For correct determination of the
sign of spin-flip transitions, the following experiments with analyzer will be done.
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Introduction

Ferrihydrite is an iron oxyhydroxide given the molecular formula FesHOg4H,0, although 5Fe,0;-9H,0 and others
have been accepted. Ferrihydrite can show from two to six X-ray diffraction lines and nanoparticles are typically 2-10 nm in
size. Structurally, ferrihydrite is believed to be based on simple chains of iron octahedral, although tetrahedrally coordinated
iron has also been proposed. Ferrihydrite large surface area to volume ratio gives it high sorptive capabilities especially
towards the heavy and transition metals, which are of environmental and industrial importance [1].

The literature [2] gives several methods for synthesis and purification of ferrihydrite. Although ferrihydrite occurs
mainly in situations where Fe’" is oxidized rapidly and/or where crystallization inhibitors are present. Oxidation can
proceed via an inorganic pathway, but may also be assisted by micro-organisms.

In the present work methods to improve long-term stability of biogenic ferrihydrite nanoparticles produced by
Klebsiella oxytoca are investigated. Earlier, it was shown that ferrihydrite nanoparticles produced by bacteria Klebsiella
oxytoca in the course of biomineralization of iron salt solutions from natural medium [3] exhibit unique magnetic
properties: they are characterized by both the antiferromagnetic order inherent to a bulk ferrihydrite and spontaneous
magnetic moment due to the decompensation of spins in sublattices of nanoparticles [4]. Also, it was established that
bacterium Klebsiella oxytoca creates two types of ferrihydrite nanoparticles as a result of variation of the growth conditions
for the microorganisms, whose differences are accurately identified by means of Mossbauer spectroscopy [5, 6] static
magnetic measurements analysis [6, 7] scanning electron microscopy and small angle X-ray scattering methods [8] on dry
powder samples. The investigations in the direction of biomedical applications have revealed that the particles do not
present cytotoxity and when attached to specific drugs present a weak antitumor activity against Ehrlich ascites carcinoma
in mice [9].

Microstructure investigations of these biogenic nanoparticles by means of SAXS and SANS need special prepared
samples: ferrihydrite nanoparticles dispersed in aqueous solution. Preliminary particle size analysis using high-resolution
transmission electron microscopy images (HRTEM) combined with small angle X-ray scattering structure investigation of
biogenic ferrihydrite aqueous suspensions are reported in [10]. Characteristic size of the particles (1-2 nm) (Figure 1a)
estimated from HRTEM observations agrees with the height value of the objects identified by the small angle X- ray
scattering data fit. Also the presence of organic material is detected by means of HRTEM. The nanoparticles or clusters of
nanoparticles are withheld in the organic network (Figure 1b).

The low stability of the aqueous dispersions of the samples obtained from bacterial metabolism up to now made
difficult detailed methodological SAXS and SANS studies.

Thus, effective methods to improve the stability of the biogenic ferrihydrite liquid dispersions are needed. Here
results on the influence of ultrasonic treatment on the stability of before mentioned aqueous dispersions are reported.

Materials

Aqueous samples of biogenic particles of ferrihydrite were provided by Siberian Federal University, Krasnoyarsk, Russia.
Ferrihydrite particles were obtained from microorganism isolated from Lake Borove (Krasnoyarsk krai). Initial
concentration of magnetic nanoparticles in aqueous solution was 12.5g/1 (5g of ferrihydrite powder dissolved in 400 ml
double distilled water). From initial solution were prepared 4 samples of different concentration: 7.41-10°M, 5.54-10°M,
3.70-10°M, 1,85-10°M.
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Fig. 1. HRTEM images of a sample
of ferrihydrite nanoparticles dispersion in
water: (a) and (b).
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Prepared samples of different concentration of ferrihydrite were treated for two hours using a TRANSSONIC
310/H ultrasonic bath. Characterization of ultrasonic ferrihydrite samples in time consisted monitoring of visible spectra
analysis on spectrophotometer. The absorbtion spectra of the samples with different ferrihydrite concentrations are
presented in Figure 2.

= 1 2 4 3 »v 4
1,04
0,8
Fig. 2. Absorption spectrum vs
3 o5 concentration of ferrihydrite: (1) concentration
E of ferrihydrite 7.41-10°M; (2) concentration of
S 044 ferrihydrite 5.54-10°M; (3) concentration of
-ﬁ ferrihydrite 3.70-10°M; (4) concentration of
e \ ferrihydrite 1,85-10°M
0.0 T T T T T
400 450 500 550 600
Wavelength (nm)

Results and discussion

Due to its high sorptive properties, it is difficult to purify the biogenic ferrihydrite from organic matter and to
maintain it dispersed in aqueous solution for a long time. We attempted the ultrasonic treatment as a physical method to
disperse particle agglomerates without causing changes in chemical composition of the sample. The ferrihydrite
concentration varied in each sample ultrasonic treated. A spectrum of ferrihydrite solution before ultrasonic treatment is
shown in Figure 2.1. The spectrum is rather nondescript with gradual absorbance decline from 400 to 650 nm. For
comparison purposes, the spectrum of the same ferrihydrite sample after ultrasonic treatment is shown in Figure 2.2.
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Visible spectra of ferrihydrite samples have shown changes after ultrasonic treatment. Decrease of absorbance

values might be related to the reduction of the particles size. We also attempted to monitor the visible spectra of ultrasonic
treated samples of ferrihydrite after 24h, 36h, 72h, and one week. The obtained data show that the samples remain stable
during one week after ultrasonic treatment.

ferrihydrite aqueous dispersions of following particle

3
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Fig. 4. SAXS experimental curves from biogenic

In Figure 4 are presented SAXS experimental curves from biogenic ferrihydrite aqueous dispersions of four particle
concentrations (after ultrasonic treatment) measured at Rigaku spectrometer in function at IMC (Prague): (1) 7.41-10°M;
(2) 5.54:10°M; (3) 3.70-10°M; (4) 1,85-10°M. Further experimental data treatment is in progress.
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STRUCTURAL AND MAGNETIC PHASE TRANSITIONS IN MULTIFERROIC
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D.P.Kozlenko®, A.A.Belik”, S.E.Kichanov®, D.V.Sheptyakov®, Th.Straessle® and B.N.Savenko®

“Frank Laboratory of Neutron Physics, JINR, Dubna, Russia
®International Center for Materials Nanoarchitectonics, National Institute for Materials Science), Japan
‘Laboratory for Neutron Scattering, ETH Zurich and Paul Scherrer Institut, Villigen, Switzerland

A great attention has been given to multiferroic effects, observed in RMnO; (R = Tb, Dy, Gd, Bi) compounds. In
these materials ferroelectricity coexists with long range magnetically ordered ground state of incommensurate or
commensurate nature. This leads to quite interesting novel physics, such as possibility of switching of electric polarization
by magnetic field, very prospective for electronic devices, possible composite excitation of electromagnon, and promising
many more surprises awaiting to be unearthed. The multiferroic BiMnOs is a rare example of the compound with collinear
ferromagnetic ground state (7Try = 100 K), possessing orbital order at Trg= 500 K [1].

Our results [2] demonstrate that application of relatively moderate pressure (P ~ 1 GPa) leads to suppression of the
initial FM ground state and appearance of the AFM ground state with the propagation vector £ = (1/2 1/2 1/2) in BiMnO;.
The modification of the balance between FM and AFM superexchange interactions due to structural transformation is the
possible reason for the observed magnetic phase transition. However, the structural details of high pressure phase of
BiMnO;, important for further elucidation of the nature of its multiferroic properties, remain unexplored.

The crystal structure of BiMnO; was investigated using the HRPT diffractometer [3] at the SINQ neutron
spallation source (Paul Scherer Institute, Switzerland) at high pressures up to 10 GPa and ambient temperature. The incident
neutron wavelength was 1.494 A. The Paris-Edinburgh high pressure cell was used with a 4:1 volume mixture of fully
deuterated methanol-ethanol as a pressure transmitting medium. For the pressure determination, an equation of state of
NaCl, admixed to the sample in 1:2 volume proportions, was used.

The characteristic neutron diffraction patterns of BiMnO; measured at selected pressures up to 10 GPa and ambient
temperature are shown in fig. 1. At ambient conditions the monoclinic structure of C2/c symmetry was detected. At
pressures above 1 GPa, noticeable changes in diffraction data were observed, evidencing the structural phase transition.
From the data analysis it was found that the structure of the high pressure phase of BiMnO; can be also described as
monoclinic one with C2/c symmetry, but with different ratio of lattice parameters with respect to ambient pressure phase.
The pressure-induced structural phase transition causes an increase of the a lattice parameter and decrease of b and c lattice
parameters, while the unit cell volume decreases. The monoclinic angle S value is weakly affected.

At pressures above 8.5 GPa, appearance of another structural phase transition was observed in diffraction data (fig.
1). From the data treatment it was found that the crystal structure of the second high pressure phase has the Pbnm
orthorhombic symmetry. Comparison between structural parameters of BiMnO; and those of related orthorhombic RMnOj;
compounds implies that a magnetic state modification from commensurate to incommensurate AFM one is expected at
monoclinic-orthorhombic phase transition.

. . . . , , , . Fig. 1. Neutron diffraction patterns of
i BiMnO; measured at selected pressures
and ambient temperature for two
monoclinic (C2/c-LP and C2/c-HP) and
orthorhombic structural phases and
processed by the Rietveld method.
Experimental points and calculated
profiles are shown. Ticks below represent
calculated positions of nuclear peaks of

ambient pressure monoclinic phase (C2/c-
20 30 20 50 80 70 a0 90 LP) and NaCl, used for pressure
20 (deg.) calibration.
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Our results demonstrate that suppression of the initial FM ground state and appearance of the AFM ground state
accompanied by the structural phase transition between ambient pressure and high pressure monoclinic phases. The highly
competing character of these magnetic interactions, resulting in a coexistence of FM and AFM phases under pressure,
supports the mechanism of multiferroic phenomena in BiMnOs due to inversion symmetry breaking [2].

References

[1] T. Kimura, S. Kawamoto, I. Yamada, M. Azuma, M. Takano, and Y. Tokura, Phys. Rev. B 67, 180401(R) (2003).

[2] D. P. Kozlenko, A. A. Belik, S. E. Kichanov, I. Mirebeau, D. V. Sheptyakov, Th. Strissle, O. L. Makarova, A. V.
Belushkin, B. N. Savenko, and E. Takayama-Muromachi, Phys. Rev. B 82, 014401 (2010).

[3] S.Klotz, Th.Stréssle, G.Rousse, G. Hamel, and V. Pomjakushin, Appl. Phys. Lett. 86, 031917 (2005).




\@P Annual Report 2010

A STUDY OF CLUSTER FORMATION IN SILICON GLASSES DOPED BY
TiO,/CeO, OXIDES.
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The prospective material for optical filters is silicon glasses with doped oxides of the transition and rare earth
elements [1]. Such glasses are characterized by high ultraviolet radiation protection and thermal stability, and they are
suitable for numerous technological applications, including the development of novel modifications of laser glasses, light
filters and the imitation of gem production [2].

The glasses doped by cerium and titanium oxides are yellow—orange and the optical absorption edge can be shifted
significantly by varying the CeO2/TiO2 concentrations ratio [3]. It was assumed that the thermal stability of the yellow—
orange color in silicon glasses is a result of the formation of complex clusters Ce—Ti—O [3].

In order to study the structural characteristics of silicon glasses containing CeO2 and TiO2 oxides with different
concentration ratios, small-angle neutron scattering experiments were carried out with the spectrometer SANS-1 [4] on the
research reactor FRG-1 (GKSS, Germany).
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Fig 1. a) The small angle neutron scattering curves for pure silicon glass and glasses with a
concentration ratio of Ti02/CeO2 oxides 5.0/2.0 and 10.0/2.0. The solid lines are
calculated profiles. b) The calculated values of a gyration radius of the Ti-Ce-O clusters as
function of TiO2 relative concentration (the concentration x (Ce02)=2.0). The solid line is
polynomial fit.

The scattering curves for pure silicon glass and glasses with a molar concentration ratio of CeO2/Ti02 oxides 2.0/5.0
and 2.0/10.0 are shown in figure la. The curve for the pure glass indicates scattering from large objects - microscopic air
bubbles, which appeared in the manufacture of glass material. The SANS curves of silicon oxides doped with CeO2/TiO2
exhibit somewhat different behavior. This corresponds to scattering from two different types of object, one related to larger
air bubbles in the glass matrix and the other to smaller aggregates formed by Ce, Ti and O atoms. The experimental data
were fitted by a function [5]:

dZ(q)/dQ =Aq”“ +C exp(—%qu:) +D
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The calculated values of the gyration radius of those oxide clusters indicate weak nonlinear dependence of the cluster
size on titanium oxide concentration (fig. 1b).
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MORPHOLOGY OF THE PHOSPHOLIPID TRANSPORT NANOSYSTEM
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Phospholipid transport nanosystem (FTNS) has different applications. First, FTNS is nanodrug with application at
acute toxic exposure and at precomatose state. Second, FTNS is drug delivery system for 6 different antitumoral,
antiphlogistic, and antioxidant drugs. Third, FTNS could be used as carrier for chlorin E6 in the photodynamic therapy and
diagnostic. More important application of FTNS is drug delivery. A lot of studies have been carried out at the time of the
design and medical test of FTNS. Nevertheless, the morphology of FTNS nanopartricle is not clear (vesicles or micelles?).
Fig. 1 presents the vesicular morphology of FTNS with incorporated hydrophilic and hydrophobic drugs. Molecules of the
hydrophobic (nonsoluble in water) drugs localized in the phospholipids bilayer. Molecules of the hydrophilic (water
soluble) drugs locates inside of the vesicle.

The purpose of the presented experimental study was characterization of the FTNS morphology via small-angle X-
ray scattering at the station DIKSI of synchrotron ring «Sibirea 2». Methodological purpose of the experiment was the
development of the small-angle mode at the DIKSI beam line for the nanodiagnostic of nanodrugs. Data acquisition was
carried out at sample to detector distance L=30cm and 243.5cm, wavelength of the photons was A=1.625A. Samples were
prepared as 25% and 50% dilution in water (w/w) of lyophilizated drug. At 25% of delution the sample consist of (w/w)
75% of water, 20% of maltose, and 5% of phospholipids as shown at Fig. 2. From the medical point of view, 25%
concentration of drug corresponds to medical recipe for the intravenous injection. From physical point of view, 5% of
phospholipids and 20% of maltose in water corresponds to the good X-ray contrast between maltose solution in water and
phospholipids bilayer and not so strong intervesicle interaction [1-3]. It was shown in our previous study [1-3] that water
solutions of disaccharides (sucrose, trehalose, maltose) create best experimental conditions for the characterization of
phospholipid vesicular systems via X-ray small-angle scattering and allows to acquire the small-angle scattering curve in
the broad q range.
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Fig. 1. Vesicular phospholipids based Fig. 2. Component distribution (w/w) in the
drug delivery system with incorporated sample under investigation (25% of FTNS).
hydrophilic and hydrophobic drugs.

The small-angle scattering curve from the sample 25% of FTNS is presented at Fig. 3. The small-angle scattering
curve from extruded DMPC vesicles in 40% sucrose solution is presented for the comparison. This curve was obtained at
beam-line D24 of synchrotron DCI, LURE, France. The line 1/q” describes common law of scattering from the unilamellar
vesicles with high value of polydispersity. Common direction of scattering curve from FTNS corresponds to the 1/q*, which
is evidence of the vesicular morphology of FTNS nanoparticles after hydration. Comparison of scattering from extruded
DMPC vesicles in 40% sucrose solution shows that FTNS vesicles in 20% maltose solution have low polydispersity. The
polydispersity of FTNS vesicles is about 20-30%. The average vesicle radius 160A for FTNS was calculated from the
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position of first minimum in the form factor of the vesicle shape. DMPC vesicles after extrusion has larger radius - 210A.
FTNS consists from the unsaturated phospholipids — lecithin. Position of the first minimum in the form-factor of the bilayer
at Fig. 3 shows that thickness of the bilayer from the lecithin is different from the thickness of fully saturated DMPC
bilayer.
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Fig. 3. Small-angle X-ray scattering curves:

DMPC vesicles in 40% sucrose solution — red
(LURE, France), 25% solution of phospholipid
transport nanosystem (FTNS) in water — blue,
law 1/q* - black.
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Presented result was first experiment at DIKSI beam line in the small-angle mode. Creation of the best
experimental conditions for the investigation of lyophilizated nanodrugs has two contradictory requirements. Increasing of
nanodrug concentration (low value of dilution in water) increase the interparticle interaction and create problem of artifact
(form factor separation from the structure factor influence). Decreasing of nanodrug concentration decrease signal from
phospholipids, but increase contrast from maltose. Comparison of experimental results from samples with different FTNS
concentration shows that 25% FTNS in water (5% of lipid and 25% of maltose) create best experimental conditions for the
investigation of lyophilizated nanodrugs in maltose without essential distortion and with good contrast.

Our previous study of disaccharides application for contrast variation in the SAXS experiment [1-3] allows one to
start investigation the nanostructure of real drugs developed in the Institute of Biomedical Chemistry.
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METOA CJIEA-OTOBPAKEHUSA JJIA PEHHETKHA HHEJIJIA

DJibMap AckepoB

Jabopamopusn Heiimponozpagpuu um. ®panxa, OUAH, /Iyona, Poccuiickan Dedepayus
Hucmumym Paouayuonnvix Ilpoonem HAHA, baky, Azepoaiiorcan

IMocne SKCIEPUMEHTATBHOTO OTKPBITHS KBa3UKPHUCTAJUIOB [1], 3TH HOBBIE OOBEKTHl CTalM OIHOW W3 MEPCHEKTHBHBIX
HanpaBieHHH (U3UKH KOHACHCUPOBAHHOro cocTosiHus [2]. CymecTByeT 00JibLION MHTEpEC K OJAHOMEPHBIM KBa3MKpHCTaJLIaM,
TaK KaK UMEETCs Psili HepeIICHHBIX IPO0JIeM B 3TOH 00JAaCTH, B YHCIC KOTOPHIX M OIHA M3 CYIISCTBCHHBIX 3a/la4 MAaTEMaTHKH -
KI1acCU(UKAIHS OTHOMEPHBIX KBa3HKPUCTAILIIOB.

PaccmoTpum opHOMEpHYIO KBaszumnepuoaudeckyio pemierky Ilemna [3]. OgHoMepHBIE KBAa3UKPHUCTAUIBI OOBIYHO OIMCHIBAIOTCS
JIICKPETHBIM OJHOMEPHBIM ypaBHeHHeM lllpenuHrepa, Tak Kak raMIIBTOHHAH ypaBHEHHS JOCTATOYHO XOPOIIO XapaKTEepU3yeT

0COOEHHOCTH KBa3UNEPHOANYECKOH CTPYKTYPBI:
2 ,jtijl//j :El//i ,

e tj uHTerpansl nepexoca, ‘¥, - BoaHoBas QyHKIMA Ha i-OM y3JI€.

Crenys [4] nepermmmem ypasHenue lllpemuarepa B TepMuHax TpaHchep-MaTpun. HaxoxaeHne BOTHOBBIX (DYHKIIMH CBOAUTCS K
HAXO0XJCHUIO PEKyPPEHTHOH (OpMyIIBI AT ClIea MPOU3BEACHNUS MaTpuIl. JIaHHBIN METO HAa3bIBAIOT CIEA-OTOOPaKECHUEM.

B cayuae £, . =1, =1 wm NIOJyYMIM PEKYPPEHTHOE COOTHOILIEHHUE UL CJIE€[a IPOM3BEAEHHMS MAaTpUL Uil PELIETKH

[enna:
M, ) +TrM, ,TrM
TrM

rae M, - Tak Ha3bpIBaeMas TpaHc(ep-MaTpHLa Uil pEUIeTKH [UTHHOW n. B 3ToM citydae maHHOE cieI-0ToOpakeHnEe HMEET HHTeTpa
NIBHOKEHUSI (MHBApHAHT):

M, =TrM, (TrM )’ - ( -TrM .

n-1

2
+
[=—xz+| 7% + 7 e
Y
x=1TrM ,.,,y=1TrM ,,z=1TrM ,_, .

IMomyuennast dopMyna Ui ciea NPOM3BEACHUS TpaHC(hEpP-MaTPHUIl MOXET OBITh HCIOJIB30BaHA JUIS PAacdeTOB MHOTHX
(u3HuecKuX BEMTMYHMH, TAKUX KaK IUIOTHOCTb YPOBHEI! s3Heprun, Ko3GOHULUUEHT TPAaHCMUCCUH U T.J.
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RESULTS OF MEASUREMENT THE RESIDUAL STRAINS IN THE WWER-
1000 REACTOR VESSEL
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Introduction

Owing to a high penetrability of thermal neutrons, neutron diffraction can be used to measure the distributions of
residual stresses in a bulk of crystalline materials to depths of the order of several centimeters. The principle of the method
is the measurement of the shift of the position of the diffraction peaks from the positions determined by the unit cell
parameters of the undeformed material [1, 2]. Internal stresses existing in a material cause corresponding deformation of the
crystal lattice, which, in turn, is manifested in the shift of the Bragg peaks in the diffraction pattern. This gives direct
information on changes in the interplanar distances, from which the internal stresses can be easily calculated. At the present
time, the method is widely used to determine residual stresses in bulk products and composites, to test welds, and to study
complicatedly deformed products and behavior of materials during fatigue tests.

The strains due to internal stresses are usually of the order of 103-107*; because of this, in order to measure such
strains, a high resolution neutron diffractometer with Ad/d = (3-5) x 107 is used. In this case, the accuracy of determination
of residual stresses in steels is 20-40 MPa. In this work, we studied the residual stresses in the natural WWER-1000 reactor
vessel under stainless steel facing inside the vessel. The vessel base metal is the Grade 15 KhGMFAA ferrite. The sign of
the residual stresses in the direction parallel to the facing ferrite interface (tangential stress) is of great importance for the
vessel corrosion resistance. As the tangential stresses are positive (tensile stresses), any crack in the stainless steel facing
brings about cracking also in the ferrite. And vice versa, negative tangential stresses prevent the cracking.

Results

The view and scheme of measurements on the thick template are shown in Fig. 1. From the symmetry
considerations, one can assume that the strains in both the tangential directions are equal, i.e., €. = €,. Because of this, we
measured only one tangential component and also the normal component of the residual strains. The measurements were
performed on a E3 stress diffractometer of the Hahn—Meitner Institute. The results of the measurements are presented in
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Fig. 1 Sizes and scheme of
measurement of the
tangential residual strains in
the templet. Q is the
scattering vector of neutrons.
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Fig. 2. The measurements were performed in the normal direction from two sides of the specimen: on the side of the facing,
to a depth of 5 mm in the ferrite phase and, on the side opposite to the facing, from the coordinate 34 to 17 mm inside the
ferrite. We failed to measure the residual strains in the middle of the template because of the limitations in aperture ratio.
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The residual stresses in the thick template were calculated by known relationships [1, 2] with the assumption €, =g,.
As in the case of the thin template, the residual stresses under the facing in the ferrite phase remain negative, i.c., as
aforementioned, favorable regarding the corrosion cracking, and they are somewhat lower (—140 MPa) in the thick template
as compared to the thin template (220 MPa). A reason of such a disagreement is the underestimate of the normal residual
stresses (ex = 0) for the thin template which are not really small: in the thick template, studied early on FSD-spectrometer
the residual stresses are positive and are equal to 70 MPa .

The partial discrepancy between obtained neutron and cutting experimental results can be explained by the
methodological differences of applied experimental techniques. But all methods showed qualitative consent.

Fig. 2. Residual stresses in
studied template along phase
interface. Vertical line indicates
austenite-ferrite interface
position at Z = 8 mm. Points
represent  residual  stresses
measured by neutron
diffraction parallel to phase
interface (¢ - o, W - Oy = G,).
Dash curve represents stress
kinetic intensity value obtained
using  crack  propagation
method while solid curve
corresponds to the residual
stress value estimated by
cutting method.
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THE RESOLUTION FUNCTION OF A TOF REFLECTOMETER IN THE
GRAVITY FIELD
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The effect of gravity on neutron scattering is negligible if a thermal spectrum up of to 10 A is used. Modern cold
sources produce spectra with an ample quantity of cold neutrons. Gravity may have a crucial role for the cold part of the
spectrum in neutron scattering experiments demanding high angle resolution. It mainly concerns the reflectometry method
where a small deviation in the angle distribution may lead to visible effects.

Presently, the new multifunctional time-of-flight (TOF) reflectometer, GRAINS, is under construction at the
modernized high flux pulsed reactor with the new cold moderator, IBR-2M, in Dubna (Russia) [1]. It is necessary to study
the influence of gravity on the resolution function because the principal feature of this reflectometer is the horizontal sample
plane.

We consider the general configuration of elements, which defines the reflectometry mode including the source M,
two slits D/ and D2, sample S and a detector. The centers of the slits and the sample are on the line inclined at an angle
6 = 15 mrad to the horizontal plane. The angular resolution function for such reflectometer with parameters based on the
real beam line characteristics of the reflectometer GRAINS was deduced by extending the analytical beam-analysis method
[2], which took into account the influence of gravity. This function was obtained for the fixed neutron wavelength and then
convoluted with the wavelength resolution function.

To test the approach, reflectivity curves smeared by the derived resolution function were compared with the
reflectivity curves simulated by the VITESS Monte-Carlo software package [3]. A thin monolayer with a critical angle of
5.56x10™ rad/A and thickness of 1500 A on a substrate with a critical angle of 4.17x10™ rad/A was used as an idealized
sample. The wavelength dependence of reflectivity from such a monolayer consists of a sequence of narrow oscillations
whose positions and shapes are very sensitive to the resolution factor. An incident spectrum of constant intensity for all
wavelengths was used to exclude the factor of spectrum shape from consideration.

The dependence of the gravity effect on the distance between the second slit and the sample S,),; and on the
sample size Lg was analyzed. The reflectivities for two sample lengths, Ly =20 mm and Lg = /00 mm, and three
sample positions, S,,; =0.033 mor §,,; =0.05 m (the sample position right after the second slit for two sample
lengths correspondingly), S, = 0.5 mand S}, =/ mare shown on Fig. 1.

It can be seen that the agreement between the theoretical calculations in the frame of proposed approach and the
Monte-Carlo simulations by means of the VITESS package is very good. In all cases, the deviations of reflectivity with zero
and non-zero gravity can be observed. An increase in the distance between the second slit and the sample leads to higher
deviation. Two factors, both of which are due to the bending of neutron trajectories in the gravity field, contribute to the
deviation. The first factor is the increase in the grazing incidence angle, which leads to the shift of reflectivity fringes to
higher wavelengths. If the angular divergence increases, the fringes broaden, and the gravity shift becomes less
distinguishable. The second factor is that neutrons fall before the sample, which leads to the flux deficiency for longer
wavelengths. This effect is greater for a smaller sample length. In the case of non-zero gravity, each element of the
reflectometer acts as a wavelength and angular filter while in the case of zero gravity, each element only selects angles.
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Conclusions

The analytical beam-line analysis method for deriving of the resolution function for the neutron TOF reflectometer
accounting for effect of gravity was applied. The theoretical calculations are in good agreement with Monte-Carlo
simulations, which mimic the real measurements with idealized samples. The proposed theoretical approach makes it
possible to take the resolution into account correctly and allows one to carry out real measurements with a broad wavelength
band.

References

[1] M.V. Avdeev, V.I. Bodnarchuk, et al., J. Phys.: Conf. Ser. 251 (2010) 012060;
[2] J.S. Pedersen, C. Riekel, J. Appl. Cryst. 24 (1991) 893;

[3] VITESS web site: <http://www.hmi.de/projects/ess/vitess>.




\@P Annual Report 2010
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Hydrophilic poly(ethylene glycol) (PEG) is used for coating of colloidal particles for gaining biocompatibility. Its
introduction into magnetic fluids (liquid dispersions of magnetic nanoparticles) may increase the circulation time of
magnetic particles in organisms by hindering the action of the mononuclear phagocyte system (reticuloendothelial system),
which is a part of the immune system. This is because nanoparticles, or surfaces in general, coated with PEG show
enhanced resistance against protein adsorption, see e. g. [1] and references therein. An increase in biocompatibility of a
given magnetic fluid is expected even by the simple addition of PEG, i.e. without a covalent bond between PEG and the
magnetic particle. The goal of this study was to understand the structural characteristics of PEG molecules in water, which
give some basic knowledge useful for further investigations of complex systems comprising PEG. In the given work the
solutions of PEG in deuterated water (D,O) with different molecular weights in a range of M, = 400 — 20000 were
investigated using small-angle neutron scattering (SANS) technique. Recently [2, 3], SANS was successfully applied for
PEG in D,0 within a narrow range of M, = 2000 — 8000 at different solution ion strength. Together with the compressibility
and intermolecular distance as a function of PEG concentration [2], two possible structures (Gaussian coils and flat ‘plates’)
of PEG were discussed [3] with respect to the scaling in the scattering as a function of M,. Here, SANS characterization of
PEG covers wider M,-interval. Additionally, the measurements were performed at the physiological temperature of 37°C
taking into account a specific interest for using PEG in biocompatible ferrofluids.

PEG with four different molar masses was purchased from Sigma-Aldrich (‘average mol wt 400°, ‘typical M, 1000’,
and ‘16000 - 24000”) and Merck (‘9000 - 11250 g/mol’). PEG with M, = 400, 1000, 10000, 20000 was dissolved in pure
D,O (D-content 99.9%) with the mass fractions within an interval of 0.5-10%. D,O was used to achieve a sufficient
scattering contrast between PEG and the liquid carrier, as well as for reduction of the incoherent scattering background from
hydrogen. SANS experiments were performed using the SANS-1 instrument located at the Neutron Facility at GKSS
Research Centre, Geesthacht, Germany. Measurements were done at the temperature of 37 °C. For solutions of PEG with
M, = 400, the 5 mm thick quartz cells were used. In other cases the thickness of the cells was 2 mm. In all cases pure D,0O
was used as a buffer (blank, background sample). To obtain the differential cross-section per sample volume (hereafter
referred to as scattered intensity) in the absolute scale (cm™) the standard calibration [4] using the scattering from 1-mm
water sample was made after the background, buffer (D,0) and empty cell corrections.

Changes in the experimental SANS intensities are followed in Fig.1 (examples are given for PEG 1000 and
PEG 10000). One can see that at the PEG concentrations of less than 3% the scattering shows a pronounced Guinier-type
behaviour corresponding to a form-factor of the polymer coils. At higher concentrations the correlations between coils
results in the structure-factor effect at small g-values, which is rather different for masses below 1000 and above 10000.

8.0%)
4.0%
2.0%
1.0%
0.5%

(a) % 20.5% (b)
v 115%

& 25%

| o 10w

| o 0.6%

0o B> %

I(q), cm™

T T
0.1 1

Otl a, nm? i
Fig. 1. Changes in SANS intensity (dots) with variation in mass fraction of PEG dissolved in D,0, M,
is 1000 (a) and 10000 (b). Solid lines show fits in accordance with Debye formula (1) for non-

interacting Gaussian coils.
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Our interest in this study was the analysis of the coil form-factor. For this purpose the scattering data from low-concentrated
(< 3%) solutions were first approached by the Guinier law to reveal the radius of gyration of the coil, R,, at sufficiently
small g-values (gR, < 1). For low M, (400 and 1000) the Guinier approximation is valid over the whole g-range covered in
the experiments. This made possible to fit additionally the residual incoherent background caused by non-compensated
hydrogen in PEG.

Fig. 2. Guinier plots of SANS intensity (dots)
for 1% PEG solutions in D,O with different
M, and corresponding linier approximations
(lines) to regions gR, < 1. Non-compensated
incoherent background is subtracted. Several
points with very low statistics in beginning
parts of plots for M, = 400 and 1000 are
removed from treatment. Inset shows
dependence of obtained radius of gyration on
polymer molecular weight. Experimental
errors do not exceed the size of dots.

1] M,=20000

In(1(0))

-3

-4

It is important that this background was consistent for solutions with the same PEG concentrations independently
of M,,. The Guinier approximations for 1% solutions of PEG with different masses are shown in Fig.2. The dependence of
the obtained radius of gyration on the PEG molecular mass in this case (inset to Fig. 2) reveals a power-law behaviour (line
in the double logarithmic scale) with an exponent of 0.48+0.02. This corresponds well to Gaussian coils (exponent 1/2) and
coincides with the result for PEG with M,= 2000 - 8000 in ionic solutions [3]. Hence, the Debye formula for the scattering
from non-interacting Gaussian coils can be used at low PEG concentrations for any M,. This is demonstrated in Fig. 1,
where for diluted PEG solutions the fits are based on the formula:

I(q)=21[e —(1—-x)]/x* +B, x=(qR)" (1)

Here, Iy = I(q¢ — 0) is the forward scattering intensity and B is the residual background. The same fit quality takes place for
similar solutions with M, of 400 and 20000. It should be noted that the relative difference in the values of the radius of
gyration from the fit of the Debye formula (eq. 1) and from the Guinier appoximation is below 5%, and the Guinier
approximation almost coincides with (1) in the overlapping region (¢R, < 1). Additionally, dependence of 71(g) vs. q
reveals a typical behaviour for Gaussian polymer chains (not shown).

The observed scaling law R, ~ M,"? in a wide polymer mass interval (400 — 20000) strongly confirms the Gaussian
coil structure of PEG in water solutions. The scattering form-factor of the coils is well described by the Debye formula over
the whole measured g-interval at the PEG concentration below 2 %. High adsorption properties of PEG for various
substrates [5-7] and nanoparticles [8] also suggest a developed structure of this polymer.
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The structure description of complex (particularly polydisperse and multicomponent) systems is an important
problem in modern nanoscience. Ferrofluids or magnetic fluids (fine stable dispersions of magnetic nanoparticles in liquids)
belong to such a class of nanosystems. To ensure the long-term stability of ferrofluids in both unmagnetized and magnetized
states, the magnetic nanoparticles are coated with a chemical layer, which prevents particle coagulation by attractive van
derWaals and magnetic interactions. In biocompatible colloidal systems for medical applications, the chemical composition
of the particle surface is of particular importance to avoid the action of the reticuloendothelial system, which is part of the
immune system, in order to increase the lifetime of the magnetic nanoparticles in the blood stream. If magnetic particles in
ferrofluids are coated with neutral and hydrophilic compounds such as polyethylene glycol (PEG) [1-3], the lifetime
increases from minutes to hours or even days.

In present work, we investigate the above-mentioned water-based ferrofluid stabilized by sodium oleate, which is
then modified by introducing biocompatible PEG. Several types of aggregates revealed in both ferrofluids complicate their
reliable structure analysis. In this connection, we focus our investigation on the application of small-angle neutron scattering
(SANS), which is one of the most suitable methods for studying the inner structure of colloidal particles in complex
aggregate-containing systems. In particular, the contrast-variation technique (with H,O/D,0O mixtures in the solvent) is used
to reveal the scattering length density (SLD) distribution in various aggregates of non-magnetized samples at the scale of 1—
100 nm.

The preparation of the ferrofluids studied here was based on a co-precipitation method that involved mixing two
solutions (FeSO,47H,0 and FeCl;-6H,0) with an alkaline aqueous medium (25% NHj3). The stabilization of the magnetite
precipitate was achieved by the addition of sodium oleate (C;;H3;3COONa, theoretical ratio 0.73 g to 1 g of Fe;0,). The
system at this stage is discussed below as an initial ferrofluid and referred to as Sample 1. As a second stabilizer, PEG (M,,
= 1000 g mol™") was added to the system (2.5 g per 1 g of Fe;0,). The experiments were carried out on the SANS-1 small-
angle instrument at the FRG-1 steady-state reactor of the Helmholtz-Zentrum Geesthacht, Geesthacht, Germany (former
GKSS Research Centre) [4]. No external magnetic field was applied to the samples.

The experimental data were treated in terms of the approach of [5] which, in addition to the classical contrast-
variation technique [6], takes into account the polydispersity and magnetic scattering.

The experimental SANS curves for the two samples with different # are presented in Fig.1. The changes in the
character of the curves are similar in both cases. Fluids with a low D,0O content (below 30%) show mainly the signal from
magnetite. For higher D,O content the contribution from the H-containing components becomes significant, which explains
particularly the appearance of a broad peak (band) in the curves around g ~ 0.8 nm '. At the same time, some specific
differences can be emphasized. First, the scattering from Sample 1 is significantly larger on the absolute scale. It resembles
scattering from well defined particles, which is reflected in the existence of the Guinier regime at low ¢ values.

In Sample 2, a degree of aggregation affects the curves, comparable to what is observed in water-based ferrofluids
with double steric stabilization [7-10]. This is concluded from the power-law behavior of the scattering at low ¢ values,
which points to the fractal-type organization of the aggregates discussed below. The Guinier regime is not observed in the
initial parts of the curves for these aggregates, which means that the aggregate size is beyond the instrument limit D ~ 120
nm (the estimate is derived from the minimum measured ¢ value in accordance with the rule D ~ 21/g).
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Fig. 1. Changes in the SANS curves with contrast variation for

(a) Sample land (b) Sample 2. The percent volume fraction of D,0O in the solvent is
indicated.

From the whole set of scattering curves the modified basic functions were calculated. The basic
function /.(q) (Fig.2a) reflecting the average shape scattering differs greatly for the two samples in the
initial parts of the curve (¢ <0.4 nm™").
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Fig. 2. (a) Experimentally obtained /.(¢) basic functions (shape scattering) for Samples 1 and
2, compared with (b) the curves at 0% D,O (scattering from magnetite only). Solid lines for
Sample 1 correspond to IFT fits. Solid lines for Sample 2 show power-type scattering with the
indicated exponents. The dashed line for the curve at 0% D,O in (b) shows the scattering from
separate magnetite nanoparticles (Ry = 3.4 nm, S = 0.38).

It may be concluded that there is a transition from well defined particles in the case of Sample 1 to smaller particles and
large aggregates in Sample 2. The new aggregates can be associated with fractal structures, which determine scattering of a
power-law type with an exponent of about —2.5. This corresponds to a mass fractal dimension D =2.5 [11]. The behavior of
the curves at high ¢ values is similar and they show certain types of bands. For comparison, in Fig.2b the scattering curve
obtained at # = 0 (light water) is given. At low ¢ values, the character of the curves repeats those of the /.(¢) functions, thus
proving that magnetite particles mainly determine the shape scattering. At high ¢ values, the curves differ significantly from
the 1.(g) functions. In particular, the bands disappear, which means that their origin is connected with particles composed of
H-containing components.

We relate the bands above g ~ 0.3 nm ™" in the 7.(¢) functions to micelles of free sodium oleate in the solvent. At the
highest g values the two functions differ by only a factor showing that the micelle concentration is about 30% higher in
Sample 2 than in Sample 1. Additionally, the contribution from the micelles is more significant in the case of Sample 2,
when the scattering from the magnetite particles decreases. In this case, the Guinier region for the micelles is well resolved.
It was treated by indirect Fourier transform (IFT), taking into account the power-law scattering at low ¢ values. If a
spherical shape is assumed for the micelles, the resulting radius of gyration of the micelles, Rymic = 1.59(5) nm, gives R =
2.05 nm according to the well known equation R2gmic = (3/5)R*. The obtained value correlates well with the molecular length
of sodium oleate.

So, the structures of a water-based ferrofluid with magnetite stabilized by sodium oleate and its mixture with PEG
have been revealed by the contrast-variation technique in small-angle neutron scattering experiments. In particular, the
addition of PEG leads to reorganization of the aggregate structure compared with the initial ferrofluid. Notably, a type of
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exchange of packed and comparatively small aggregates (about 40 nm) with developed and large aggregates (above 120
nm) is observed, which is caused by the adsorption of PEG on the magnetite particles. Aggregates in both kinds of
ferrofluids are stable with respect to time and temperature increase (343K).
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Kpuorennslii 3amMelnuTeNlb Ha OCHOBE AapPOMATHUYECKUX  YIJEBOJOPOJOB Ha MOIIHOM  HMITyJIbCHOM
nccienoBarensckoM peaktope MBP-2 (K3) - Oymer yHUKadbHBIM HMMITYJIBCHBIM HMCTOYHHKOM XOJIOAHBIX HEHTPOHOB C
JUIHOM BonHBI Oonee 0.3 HM, oOecreunBarOLUIUM MPOBEAECHHE HA COBPEMEHHOM MHPOBOM YPOBHE HAYYHBIX M MPUKIAJIHBIX
paboT ¢ HCIOIB30BaHMEM METOINMK HEHTPOHHOrOo paccestHus. K3 Oyner BXOIUTh B COCTaB KOMIUIEKCA HEHTPOHHBIX
3ameutuTeneit Ha peakrope MBP-2 /1-8/.

VYcranoBka K3 Bkimowaer B ce0si COOCTBEHHO KPHOTE€HHBIH 3aMeIUIMTENb - Kamepy, 3alojHAeMylo pabouum
BEIIECTBOM B BHJE 3aMOPOXXEHHBIX IIAPUKOB M3 CMECH apOMATHYECKHX YTIEBOJIOPONOB (ME3HTHIICH + M-KCHIION),
CHCTeMy IPUTOTOBICHHUS NIAPUKOB U 3aIIOMHEHHMS MMM KaMepbl, 3aMeHBI pabodero BeIIecTBa IPH BEIPAOOTKE pecypca,
CHCTEMY OXJI)XACHMS KaMepbl M MOJJIEPKaHUsS TeMIepaTypsl apukoB Ha yposHe 30 K u npyrue, BcriomoraTenbHble
CUCTEMBI, 00eCIIeunBaroIIue HOpMaITbHYI0 padoTy K3.

K3 npeacraBnser co0oil BecbMa CIOXHYIO TEXHHYECKYIO CTPYKTYpY, CO3JaHHE KOTOPOH TpeOyeT MO3TAarmHOIo
pEIICHUS] KOHKPETHBIX METOJMYECKHX M KOHCTPYKTOPCKHUX 3a7a4. K IepBOCTENEHHBIM 3a7auaM OTHOCHTCS OOECIIeueHHUE
3arpy3Ky 3aMOPOXKEHHBIX IITAPUKOB B KaMepy 3aMeUINTeNst. BIOpaHHBIM MPUHITUIT 3aTPy3KU - TPAHCIIOPTUPOBKA MIAPUKOB
xononHbIM renveM (40K -80 K) o npoTshkeHHOH MHEBMOTpAcce OT CHEHAIbHOTO J03UPYIONIEr0 YCTPOMCTBA JI0 KaMEPHI.
[TpoGema TPaHCIIOPTUPOBKH COCTOUT B OTCYTCTBHHM KaK IKCIIEPUMEHTANBHBIX, TAK M TEOPETHUECKHUX JAHHBIX 00 yHpyro-
IUTACTUYECKUX, AITe3HOHHBIX M TPHOOIOTHYECKUX CBOWCTBAX TBEPJAOrO aMOP(HHOIO ME3UTHIECHA (KAKOBOH SIBISETCS €ro
70% cMmech ¢ M-KCHIIONIOM), a TakXKe O IBIDKCHHHM OJMHOYHOTO IIAPHKA MO IWIMHAPHIECKON IMPOKOH Tpybe ¢ yueTom
TpeHHs Ka4eHHS M CKOINBXKCHMS M OTKIOHEHHS OT cdepudHocTH. Bce 3TO 3aTpygHANIO pacueT mapameTpoB
[THEBMOTPAHCIIOPTHOM CHUCTEMBI U pa3pabOTKy JO3MPYIOIIETo yCTpoicTBa. [losToMy mpobieMy TpaHCIIOPTHPOBKH HaJl0
OBUIO pemaTh SKCIEePUMEHTAIbHO — CHAYaJIa Ha CHEIHATbHOM JIA00PaTOPHOM CTEHAE JUIS PEIICHUS MPOOJIEMBI IBHKCHUS
OMHOYHOTrO mrapuka /9-11/, u 3aTeM - MpU HMOMOIIU CTEHa C IMPOTOTHIIOM KPUOTCHHOIO 3aMeIuTeNsl HeliTpoHoB. B
JIaHHOW paboTe OH NPEJCTaBICH KaK UCIBITATENbHbBIA CTEH KPHOTCHHOTO 3aMEUIUTEIIS JUISl NCCIIEI0BAHNUS XapaKTEPUCTHK
XOJIOMHOM Tpacchl 3arpy3Kd IIAPHKOB TBEPHABIX 3aMOPOXKEHHBIX apOMaTHYECKUX YTIJIEBOJOPOIOB (ME3HWTHICHA, m-
KCHJIOJIA)».

Llens co3maHus CTEHOa W NPOBEJICHHS HAYYHO-HCCIEIOBATEIBCKUX PabOT HA HEM - OOOCHOBaHUE IIPUHSATOTO
NPUHIMIA JOCTAaBKM W 3arpy3ku pabodero BellecTBA B KaMepy XOJOIHOTO 3aMEIIMTENs HEWTPOHOB HA OCHOBE
apOMaTHYECKHX YIIIEBOJOPOAOB M IPOBEPKA pabOTOCIIOCOOHOCTH TEXHOJIOIMYECKUX CUCTEM.

B Hacrosiiee BpeMs Ha HCHBITATCIBHOM CTEHJE KPUOTEHHOTO 3aMe/UIHTeNsl HEeHTpoHOB peakropa MBP — 2M
BBIIIOJIHEHBI CIICAYOLIHE PaOOTHI:

® [IpOM3BE/ICHA 3arpy3Ka kamepbl-umutaropa Ha 30% (~300 mi mapukoB);

MIPOBE/ICHA OTJA/IKAa TEXHOIOTUIECKON CUCTEMBI YIIPABIICHUSI U KOHTPOJIS;

BBIOpaH ONTHMAJIBHBIA TEMIIEPaTyPHBIN PexXHM paboTHI CTCHAA;

ompeneneHa paboyast CKOPOCTh T'elIvsl BO BHYTPEHHEH TpyOe MHEBMOTPACCHI;
OIIpe/ielieHa ONITHMaJTbHAs! CKOPOCTH TI0JIa9H TAPUKOB U3 TO3UPYIOLIETO YCTPOICTRA;
OIPE/ICIICHO BPEMsI TIOJTHOI 3arpy3Ku KaMepbl-IMUTATOPA.

HcnbITaTe IbHBIA CTEH]T KPHOI'€HHOI'0 3aMEAJIUTEIA HeﬁTpOHOB

ITHeBMOTpacca CTeHAA 3aMEIHTEIS paspaboTrana ¥ BBeIEHAa B OKCIUIyaTalWMi0 Ha 3-M KaHaie
sKcnepuMenTanpHoro 3ana Ne2 peaktopa MBP-2. Ona npexacraBiseT co0oil MOBTOpEHHE OCHOBHBIX Y3JIOB U CHCTEMaM
[THEBMOTPACChl pealbHOro 3aMeurens (puc.l).
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Puc.1. TpexmepHbIii 3CKU3 CTEHAAa KPHOTEHHOTO 3aMEAJHMTENs HEUTpoHOB peakropa WBP — 2M: 1-
TpyoonpoBoj moasoaa reius k KI'Y-500, 2- tpy6onpoBox otBoaa reius ot KI'Y-500, 3-razomyBka, 4-kpuocrar, 5-
y3el ¢ TpyOxoit [Iuto 1 MaHOBaKyyMeTpoM, 6-TPOHHHUK, 7-703aTOp MOAAYHM IIAPUKOB B IMTHEBMOTPAKT; 8.1, 8.2, 8.3,
8.4-TBO; 9.1, 9.2 - dnanus! as otkauku Bakyyma; 10.1, 10.2 - BEIBOJBI TpyOOK K AaTYMKaM ABMXKCHUSI LIAPUKOB;
11- xamepa-UMHUTaTOp XOJOJHOIO 3ameuIuTens, 12 - cucreMa MNOANMTKUA renausi; 13-IHEBMOTPaHCIOPTHBIM
TPyOOIPOBOI.

[MpusHIun paboTH CTEHAA 3aKII0YaeTCsS B JOCTABKE 3aMOPOKEHHBIX IIAPUKOB M3 J103aTOpa K KaMepe-HMHTATOpy 110
ITHEBMOTpacce ¢ MOMOIIBIO X0IoAHOro renust mpu Temneparype 30-40K. {1 moAroToBKH cTeHAa K paboTe, B MEXXTPYyOHOM
MPOCTPAHCTBE MHEBMOTPACCHl (MIAPUKU TPAHCTIOPTUPYIOTCS 10 BHYTPEHHEH TpyOe) M B KpuocTtare (pHc.2) HEoOXOIUMO
CO311aTh BaKyyM IOpsAKa 10* — 10 Torr.

BuyTpenHuMit TpyOONpPOBOA OTKAYMBAIOT 4epe3 (aaHen no3aTopa MIAPUKOB A0 IONy4YeHUs (OpBaKyyMa, ¢ IHEIbIo
yJIaJICHUs] BO3JIyXa M OCTaTKOB Me3WTHJICHA. [locie momydeHus GopBakyyma TpyOOIPOBO 3aMOTHAIOT TeIMeM KOMHATHOM
Temneparypsl moja aasieHuem 1,03 aTtMm. w3 rasroibiaepa. Bo BpeMs paGOTHI ra3roiibiep MOCTOSHHO OTKPBIT, Oiaromaps
YeMy JaBJIC€HHE Tresidsi BO BHYTpPEHHEH TpyOe moanepkKuBaeTcs Ha OJHOM M TOM JK€ YpPOBHE. XOJOOHBIM renud mo
TpyOompoBoxy ero moaBoma OT KpuoreHHoi renmeBoit Mmammubl (KI'Y-500) moctymaer B KpHOCTaT, IOCIE YETO
MPOUCXOJNT 3aXOJIAXKUBAHUE €T0 IIEPBOTO KOHTYpa. 3HAUCHUS TEMIIEpaTypsl B KPUOCTaTe (DMKCHPYIOTCS JaTIMKAMU THIIA
TBO (T1-T5, puc.2) W KOHTpONHMPYIOTCS TPH IIOMONIM KoMmbioTepa. Ilociie 3amoiHEHWs HTHEBMOTPAHCIOPTHOTO
TpyOompoBoia remmeM, OH HAa4YWHAeT NUPKYIHNpPOBaTh IO IHEBMOTpacce (2-of KOHTyp Kpuoctarta). bmaromaps
TEII00OMEHHHKY, TeMIepaTypa reius 2-ro KOHTypa IMOHMXKAeTCsl, IOCTENEHHO 3aX0JIaXXHBasi BHYTPEHHIOO TPYOy.

Temreparypa Ha pasHBIX ydyacTKax MHEBMOTpacchl (ukcupyercs ¢ momompio TBO T6-T9. Tlocie momyueHus
pabounx Temmepatyp 30-40K, MOXXHO mepexomuTs K MPONEcCy 3arpy3Kd KaMephl-IMHTATOpa. 3aMOPOXKCHHBIC IIAPHKU,
MOMEIIAIOT B J03aTOP, KOTOPBIM JOCTAaBIsIET UX BO BHYTPEHHIOK TPyOy MHEBMOTpacchl. II0TOKOM XOJIOZHOTO TeHs
MIapUKH TPAHCHOPTHPYIOTCS K KaMepe-UMHUTaTopy, UX IOsABIEHHE B Kamepe ¢uxcupyrorcss Web-kamepoit. Ilocae
OKOHYAHUS YKCIIEPUMEHTA, JKUIKUI ME3UTHIICH yIalaeTcsa U3 KaMepbl-MMHUTATOpa Yepe3 CIeHaNlbHYI0 TPYOKy.
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Puc.2 TexHomornueckas cxema CT€HJa KPUOTEHHOTO 3aMEATMTENs] HEUTPOHOB:
TMH n ©®BH - typOomonekyispHble B (op-BakyyMHEIE Hacochl, SDP — marumkm
auddepeHnransHoro nasieHus, T — marumku Temmeparypbl tuma TBO, 201-204 —
BEHTWJIU, PETYIUPYIOIINE JBUKEHHE TeNUs B KPUOCTATE

TexHonormueckasi cucreMa ynpasjieHHs] H KOHTPOJISI HCIBITATEILHOT0 CTEHIAa KPHOT€HHOTO 3aMeTHTeJIs
Ha nmannplii MOMEHT pa3paboTKa CHCTEMBbl yNpaBlICHHS M KOHTPOJIS CTEHIa 3aBeplieHa (puc.3), IpOBOAUTCS ee

OTIaAKa W ONTHMH3amus paboTel. Bce Momynm cucTeMbl OOBEIMHEHBI B CIWHBIH OJIOK, PACIIONOKEHHBIH B
SKCTIEPUMEHTAIBHOM 3alle, a yIpaBJIeHHe U cOOp JAHHBIX OCYNIECTBIISETCS AUCTaHIMOHHO ¢ momomsio ITK u cnenuansHO
HAaITMCaHHOTO IIPOrPaMMHOT0 00eCIIEUEHHSI.
Cucrema ympaBlIeHHS ¥ KOHTPOJISA BKITIOYAET B Ce0s:

e  MOZYJH KOHTpOJIS TEMIIEPATyphl ¥ BaKyyMa,

e  MOZyJb yIpaBJIEHHs ra3o01yBKOH (LIMPKYIATOPOM Tenust),

e  MOMYJb YNPABJICHHS ABUTATEIIEM JIO3UPYIOIIETO YCTPOICTRa,

e  Moayib ynpasieHus Web-kamepoii.

Cucmema KOHMPOAS MeMnepamypbl

JUis KOHTPOMS TeMIIepaTyPhl HCIONIB3yeTCs KOMILIEKC U3 8-MH IOCIE0BATEIbHO COeANHEHHBIX AaTunkoB tuma TBO (T1-
T9, puc.1). Inanazon usmepsiembix temneparyp coctasisieT 15K-273K, yTo cOOTBETCTBYET U3MEHEHHIO CONMPOTHUBIICHUS
JATYUKOB B auamna3oHe - 1,8kOm — 8000M. 3aBHCHMOCTH COTIPOTUBIICHHSI OT TEMITEPATYPHI — OOpaTHAasI.

TpeOyemass TOUHOCTH M3MepeHus Temmepatypsl - 0,1rpan. JaTuuky MOAKIIOUEHH O 4-X MPOBOAHOU CXeMe, T.e. M0 2-M
IpoBOJaM MOABOAUTCS TIOCTOSHHBIM TOK, a dYepe3 2 JpYrMX IpOBOJA OCYILECTBIAETCS ChEM HANpPsHKEHUs,
MPOITOPIHNOHAIFHOTO N3MEPSIEMOH BEIIMYMHE — CONPOTHBIICHHUIO NaT4rKa. i1 perucTparuy HalpsHKEHUH ¢ TaTIMKOB OBLT
BBIOpaH 8-KaHaNbHBII M3MEPHUTENh AHANOrOBBIX CUrHanoB TM 5103, KOTOpPBIH HCHONB3YyeTCs B PEXXHUME LHUKIHYECKOTO
IPOCMOTpa U3MEPEHHH 10 BceM 8§ KaHaJlaM Ha OCHOBHOM 4-X paspsiaHoM Tabio. M3mepurens TM 5103 mveer naTepdeiic
ces3u ¢ IIK — RS232, uto memaeT BO3MOXKHBIM ero moakiarouenue K I1K mo nuauy cBsi3u JuHOM 10 15 M.
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Puc. 3 Apxutekrypa CUCTEMbI YIPaBJICHHs U KOHTPOJISE KPHOT€HHOTO 3aMEAIUTENS

Cucmema ynpaenenus 2a300y6KouU (YUPKYIAMOPOM 2enus)

lNazomyBKa (MUPKYISATOP T'eHsl) MpeAHa3HaYeHa JUIs MOTy4YeHHsT He0OOXOJMMON CKOPOCTH ABMKEHHS pabodero rasa
BO BHYTpeHHeH TpyOe. OT CKOPOCTH ABIDKEHUS Ta3a 3aBHCUT CKOPOCTDH IBIDKCHUS IIAPHKOB IO TPyOe, U, COOTBETCTBEHHO,
BpeMs 3amofHeHHs KaMmepbl makera. C OJHOH CTOPOHBI, CKOPOCTb JBIKEHHS IIAPUKOB HE MOJDKHA OBITH CIIMIIKOM
OoubION, MHAYE OHM OyAyT pa3pylIaThCsi, a C JAPYrod CTOPOHBI, — HE CIIMIIKOM MAJOW, TaK KaK B 3TOM CIydae Bpems
3arpy3kd OyJeT HEMO3BOJHTEIBHO OONbIIMM. XapaKTepHCTHKON LHPKYISATOpPA, 3aJafolieil CKOPOCTh ABM)KCHHS ra3a B
TpyOe SIBIISICTCS YacTOTa BpAlllCHHs JIBUTATeNs. B KadecTBe 4acTOTHOrO MpHBOjAa OBbLIO BhIOpaHO ycTporcTBO «VF-S11%»
¢upmer Toshiba st neurartenet MomHOCTHIO 10 400BT.

Cucmema ynpaenenus dgueamenem 003upyoue2o ycmpoucmed

Josupyromee ycrpoicTBo («/lo3arop») mpencrapiseT coOOH LUIMHIP C JUCKOM y OCHOBaHHMS, HA KOTOPOM
pacmomararoTcss  3aMOpOKeHHBIe — Imapuku  (pme.S). LlwmmHAp  OKpy)keH  BaKyyMHO-a30THOH  «pyOamikoii»,
NpeJOoTBpallaoIeil NPUTOK TeIula K AUCKY ¢ Inapukamu (puc.4). Bepxunii ¢uanen «pyOamkm» uMeer B BepXHEH yacTu
CHeLHaIbHOE OTBEPCTHE, Yepe3 KOTOPOE MPOUCXOJAUT 3arpy3ka. JIUCK COEIUMHEH IJIMHHBIM IITOKOM C IIaroBbIM
SNEKTPOJBUTATENEM.
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Puc.4 Jlo3upyromniee ycTpoicTBO Puc.5 Hununpap ¢ quckom

B kauecTBe OCHOBBI Uil CHCTEMBI YIPABICHHUS J03aTOPOM IIAPUKOB OBUIM BBIOPaHBI KOHTPOJUICPHI YIPABICHHS
maroBeiMu BuraressiMu upmber Standa: 8SMC1- USBh-B1. OHu TO3BOJSIOT B MIMPOKOM JHAaNa3oHe PeryIHpOBaTh
CKOpOCTh IIaroBoro asuratens. s obecriedeHrs IIAaBHOCTH X0/ 103aTOpa MIaroBbIi ABUraTedb BEIOpaH ¢ peAyKTOPOM
1:150, 9T0o OOecIeYrnBacT OT HECKOIBEKUX 000POTOB B MHHYTY 70 1 000poTa 32 HECKOJIBKO MUHYT. YTIpaBJIeHUE U KOHTPOJIb
mapamMeTpoB palOThl, TakUX KaK TIIOJIOKEHHE, YCKOpeHHe/3aMeJIeHHe, CKOPOCTh M HAalpaBJICHUE JBIKCHUS
OCYILIECTBIISIETCS C IEPCOHATIBHOrO KommbtoTepa uepe3 USB unrepdetic.

Cucmema ynpasnenusi Web-xamepotii

J7ist KOHTpOJISL 3alOTHEHHsI KaMepbl MaKeTa UCToNb3yeTcss Web-kamepa, KOTopasi B OH-JIAH pexuMe GUKCHPYET
MoNaaHue MIapUKOB BHYTPh KaMephl, 4epe3 ClIeHaNbHbIC CTEKISTHHBIC BCTaBKHU (pHC.6)

Puc. 6 Kamepa-nmurarop Makera Puc. 7 CHUMOK LIapuKoB, ceaaHHbil Web-kamepoit

Web-kamepa 3amuceiBaeT M Inepenaer u3oOpaxkeHue Ha Komnblotep uepe3 USB  ymmmnutens, Onaronmaps uemy,
MIOJTB30BATEIIF MOXKET a0JIF0IaTh 3 TIPOIIECCOM 3arpy3KH IIAPHKOB B PEXXUME PEabHOTO BpEeMEHH (pHc.7).

3akao4yenue

Ha naHHBIH MOMEHT Ha MakeTe KPHUOT€HHOIO 3aMEUIMTENst ObUI MPOBENCH pPsiJ 3KCIEPUMEHTOB IO 3arpyske
KaMephI-IMHTaTopa. B Xome JKCIepuMEHTOB B KaMmepy ObIo 3arpyxeHo okoiao 300 M mapukoB M3 HEOOXOXUMOTO
koinuectBa B 1000 mut (puc.7), Obul BHIOpAH ONTUMAIBHBIA TEMIIEPATyPHBIH PeXXUM paboThl, IPOBE/ICHA OTIaAKa CUCTEMBI
YIpaBICHUS W KOHTPOJIS, ONITUMHU3AIMS PESKUMOB 3arpy3KH, B YaCTHOCTH, BBIOOP CKOPOCTH TeHsA BO BHYTpPEeHHEH Tpyoe,
BBIOOP CKOPOCTH IOJIa4H IIAPUKOB U3 J103aTOpa, a TAKXKE ONPEACIICHO PUMEPHOE BpeMs 3arpy3KH Kamepsl. B Omkaiiinee
BpeMsI IIIAHUPYIOTCS 3KCIIEPUMEHTHI 10 TIOJIHOH 3arpy3Ke KaMepbl, pa3paboTKa CHCTEMBI MOACYETa KOJIMYECTBA IIAPUKOB U
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KOHTPOJISL BOSMOXKHBIX 3aTOpPOB IIAPUKOB B TPyOe, a TakkKe BHIPA0OTKA PEKOMEHJALMH 110 3KCIUIyaTallMd pPealtbHOro
KPHUOTEHHOTO 3aMEIUTEINsI HEHTPOHOB.
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EPITHERMAL NEUTRON ACTIVATION ANALYSIS
OF THE ASIAN HERBAL PLANTS

Baljinnyam N., Jugder B'., Norov N°., Frontasyeva M.V.,
Ostrovnaya T.M., S.S. Pavlov

Frank Laboratory of Neutron Physics, JINR, Dubna
'Medical college “Monos”, Ulaanbaatar, Mongolia
’Centre of Nuclear Research, NUM, Ulaanbaatar, Mongolia

Introduction

Herbal medicines are the staple of medical treatment in many civilizations including those of Africa, China, Egypt,
India, Latin America and others (Steiner., R. P. 1986). According to the World Health Organization (WHO) estimates, 70%
of the world population use herbal medicines and herbal products for primary health care (British Medical Association.,
1993). Thousands of plants are used for curing various diseases in Mongolia. The larger part of treatment in Mongolian
Traditional Medicine is medication. Mongolia has over 600 types of medical plants so far discovered. In addition Mongolia
imports more than 100 components of traditional medicine from China and the Russian Federation (Ligaa. U., et.al., 1997).

Neutron activation analysis is a very convenient method for analyzing trace elements in all types of samples,
including herbal medicine. Examples of recent work on the use of the technique are 28 elements in medicinal herbs
(Sarmani S., et.al., 1998), 6] 12 elements in Chinese medicinal herbs (Yamashita C. L. et.al., 2005).

The present study was undertaken to investigate the elemental contents in 2 types of medicinal herbs commonly
used in controlling and healing of different diseases.

Asian medicinal herbs Chrysanthemum (Spiraea aquilegifolia Pall.) and Red Sandalwood (Pterocarpus
Santalinus) are widely used in folk and Ayurvedic medicine for healing and preventing some diseases. The modern medical
science has proved that the Chrysanthemum (Spiraea aquilegifolia Pall.) possesses the following functions: reducing blood
press, dispelling cancer cell, coronary artery’s expanding and bacteriostating and Red Sandalwood (Pterocarpus Santalinus)
is recommended against headache, toothache, skin diseases, vomiting and sometimes it is taken for treatment of diabetes.
Species of Chrysanthemums were collected in the north-eastern and central Mongolia, and the Red Sandalwood powder was
imported from India. Samples of Chrysanthemums (branches, flowers and leaves) (0.5 g) and red sandalwood powder (0.5
g) were subjected to the multi-element instrumental neutron activation analysis using epithermal neutrons (ENAA) at the
IBR-2 reactor, Frank Laboratory of Neutron Physics (FLNP) JINR, Dubna. A total of 41 elements (Na, Mg, Al, Cl, K, Ca,
Sc, V, Cr, Mn, Fe, Co, Ni, Zn, As, Se, Br, Rb, Sr, Zr, Mo, Cd, Cs, Ba, La, Hf, Ta, W, Sb, Au, Hg, Ce, Nd, Sm, Eu, Tb, Dy,
Yb, Th, U, Lu) were determined. For the first time such a large group of elements was determined in the herbal plants used
in Mongolia. The quality control of the analytical results was provided by using certified reference material Bowen
Cabbage.

Experimental
Sample collection and preparation

Species of Chrysanthemums were collected in the north-eastern and central Mongolia, and the Red Sandalwood
powder was imported from India. In the laboratory the sample of Chrysanthemums was cleaned from extraneous plant
materials and dried to constant weight at 30°-40° for 48 hours. The samples were not washed and not homogenized.

Chrysanthemum (Spiraea aquilegifolia Pall.) Red Sandalwood (Pferocarpus Santalinus)
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Analysis

The concentration of elements in the herbal plant samples was determined by a multi-element instrumental neutron
activation analysis using epithermal neutrons (ENAA) at the IBR-2 reactor, FLNP JINR, Dubna (Frontasyeva M.V. et. al.,
2000). To carry out ENAA investigations, plant samples of 0.5 g were heat-seated in polyethylene foil bags and packed in
aluminum cups for short and long irradiation, respectively. The processing of the data and determination of the
concentrations of elements were performed using certified reference materials and flux comparators with the help of the
software developed in FLNP, JINR (Ostrovnaya T. M., et. Al., 1993)

Results and discussion

The concentrations of 41 elements were determined in 2 medicinal herbs samples using INAA. For the first time
such a large group of elements was determined in the herbal plants used in Mongolia. The quality control of the analytical
results was provided by using certified reference material Bowen Cabbage. The results obtained are compared to the
“Reference plant” (B. Markert, 1992) data and interpreted in terms of excess of such elements as Se, Cr, Ca, Fe, Ni, Mo,
and rare earth elements.

Conclusion

The data obtained in the present work are important for synthesis of new herbal drugs which can be used for the
control and cure of various diseases. In order to develop a stronger basis for appreciating the curative effects of medicinal
plants, there is a need to investigate their elemental content. It has been demonstrated that INAA with its multi-elemental
characterization over a wide range of concentrations, blank free-nature and minimum sample preparation is the ideal
analytical technique for such studies.

The authors acknowledge the financial assistance of the RFBR-Mongolia grant 08-05-90214-Mong_a.
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RADIOMETRY OF "'CS AND *'°PB IN MOSS FROM BELARUS
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Introduction

Mosses have been extensively used to study atmospheric deposition of trace metals on the European scale
(Harmens et al, 2010), and they are equally suitable indicators of airborne radionuclides (Mattson, 1972; Sumerling, 1984;
Barci-Funel, 1992; Steinnes and Njéstad, 1993; Nifontova, 1996, 1998; Sawidis, 1997; Florek, 2001; Popovic, 2008; Cevik
and Celik, 2009). The south-eastern part of Belarus was severely contaminated with fallout from the 1986 accident at the
Chernobyl nuclear power plant. About 70% of the total radioactive fallout occurred on Belarus territory (Kenik, 1995). Soil
contamination with "*’Cs, **Sr and **’Pu is still high, and eight years after the accident 2,640 km® of agricultural land was
still excluded from use. Within the 40-km radius of the power plant, 2,100 km® of land in the Poles'e state nature reserve has
been excluded from use for an indefinite period of time. Vast territories in the Gomel and Mahilyow regions were rendered
uninhabitable. Roughly 7,000 km? of soil were contaminated by "*’Cs to levels greater than 550 GBq/km?, i.e. inaccessible
for human usage for a very long time. In 1995 the areas contaminated to "*’Cs levels exceeding 37 GBq/km? (1 Ci/km?)
constituted about 23% of the country (IAEA, 2006) and in 2002 more than 1.5 million people still lived in this area.

Experimental

Sampling and sample preparation. Sixty-three samples of the moss species Hylocomium splendens and Pleurozium
schreberi were collected in Belarus (Fig. 1) in order to study deposition of airborne radionuclides.

Fig. 1. Map of "“'Cs contamination in
Belarus in 2004. with sampling sites.
Maximum concentrations (Bg/kg) in
different regions are given in squares

The sampling network in Belarus covers strongly contaminated (Gomel and Mahilyow) as well as relatively “clean” (Minsk,
Grodno, Vitebsk) regions. Samples were dried and then pelletized prior to activity measurements. Sample weight of sample
was typically around 17 gram, cylindrical geometry with height ca. 2-3 cm, and diameter about 7 cm.

Measurements. Gamma spectrometry on the moss samples was performed in the low-level background counting laboratory
of the Department of Nuclear Physics and Biophysics of the Comenius University in Bratislava, Slovakia, using a Canberra
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HPGe detector (177 cm’) with a carbon window, placed in a low-level background shield. The measuring time was 24 hours
or more. The counting statistics was less than 3%. The total uncertainty in determination of radionuclide activities was
estimated at 15% or less. A limited suite of samples was also measured at the South African Nuclear Energy Corporation
(SANEC) using an ultra low level background counting facility (160 cm3 n-type HPGe Canberra BE5030 detector mounted
in a lead shield of 13 cm lead of less than 50 Bq/kg and another layer of 2 cm less than 10 Bq/kg lined with 1 mm cadmium,
2 mm copper and 4 mm Perspex). Measuring time was one hour. Data obtained in the two laboratories for samples from two
localities in Belarus was compared and the results appear to be in agreement within experimental errors.

Results and Discussion

In Belarus the maximum activity of '*'Cs (6827 Bq/kg) was observed in the Gomel Region near the town Mazyr
and the minimum one (4,83 Bg/kg) in Vitebsyevskii Region near Luzhki-Yazno. “Hot spots” were observed near town of
Borisow and Yuratsishki. The *’Cs activity in the moss presumably reflects the initial deposition of '*’Cs fallout from the
Chernobyl accident. The obtained results support previous data showing particularly high deposition of "*’Cs in the Gomel
and Mahilyow Regions from the Chernobyl accident (IAEA, 2006). Most radionuclides, deposited on soil, are located in its
top layers. "*’Cs migration deep into the soil occurs very slowly. The median value of concentrations of '*’Cs in the samples
from Gomel and Mahilyow regions are in ten-twenty times higher compared to other Belarus regions. The main reason why
the moss samples still reflect the original distribution of Chernobyl fallout in Belarus is probably that Cs migrates
progressively from the older to the younger shoots, as shown in studies of moss samples exposed to Chernobyl fallout in
Norway (Gaare and Steinnes, 1996).

The results obtained in the present study confirm the spatial distribution of '’Cs in Belarus due to fallout from the
Chernobyl accident.

The median value of '*’Cs concentrations in moss samples from Gomel and Mahilyow regions are more ten times higher
than present values from other Belarus regions and literature values from the outside territories (see Fig. 2) where
corresponding studies have been carried out. The minimum concentrations in Belarus however are similar to those reported
from the other studies. The concentrations of *'’Pb in moss samples collected over the territory of Belarus vary within the
range 141-575 Bg/kg with a median value of 312 Bg/kg. In comparison with concentration of '*’Cs the range is narrow, and
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differences between regions are small from region to region.
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