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VI1I. lndppakuusi HCUTPOHOB U HAHOCTPYKTYPhI




HoBble TeMBbI 1J11 HEUTPOHOTPAPUUECCKHUX UCCIIET0BAHUMA

In characterization of nanostructures:

» Soft matter: structure & conformation:

/
*

lipid bi- and multilayers, copolymers, dendrimers, ...

< KFast transition phenomena in chemistry and biology:

hydration, sorption, isotope exchange, phase transitions, ...

» Local disorder in crystal structure

« Complex (magnetic) multilayer structures

In material science:

< Atomic and magnetic structures at very high pressure

< Internal stresses and complex textures in bulk materials




“X-ray and neutron techniques to advance nanoscale
science, engineering, and technology”

X-RAYS AND NEUTRONS

Roadmap for development of x-ray and neutron
Workshop has been organized by the techniques for use in nanoscience and nanotechnology.
National Nanotechnology Initiative (Courtesy of Oak Ridge National Laboratory).
(USA). Washington, DC, 15 — 18 June,

2005. National Nanotechnology Initiative (USA) 2



HaHOCprKTypI)I: HCKYCCTBCHHbLIC U €CCTCCTBCHHbDIC

Jlasa indbpakuuu
HEeMTPOHOB BAXKHDI:

JIMIUIHBIA MYJIbTHCIOU
MarauTHbIe MYJIbTHCIOH
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OaHoMepHBbIe JJIMHHONEPUOIHBbIC CTPYKTYPbI
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OnpeaesieHre pacceMBaIIed MJIOTHOCTH

_ Basic sample, T32°C, 60% humidity
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Stratum Corneum, d,= 45.63 + 0.04 A DMPC, d,=54.75+0.03 A



SANS: koH(popManusi Be3UKYJISAPHBIX NEPEHOCYUKOB JIEKAPCTB
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Ultradeformable, mixed lipid vesicle penetrating a narrow pore,
owing to the shape-induced demixing of bilayer components.



dddekT pazMepa B cTAOMIU3ANMN MATHUTHBIX HAHOKUIKOCTEH

Small-angle neutron scattering

Magnetic nanofluids
8 Magnetite in cyclohexane stabilized by oleic acid

Liquid carrier (OA) and myristic acid (MA) and mixtures
Magnetic 10 . OA
nanoparticles, 3 OAMA 1/1
radius 1-10 nm.
One-domain
magnetic state.
o 0,07
Surfactant shell = 1 006 ]
o ] ]
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= T 004
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Discovered effect allows one to regulate
characteristic magnetic particle radius in
organic nanofluids over interval of 2.5-5 nm by

using mixtures of different surfactants.
Specific properties in =
external magnetic field Wide range of technical applications:

vacuum sealing in spaceman’s helmet



dopmupoBanue 3D-CTPYKTYP B MUTOXOHAPHUSAX

The mitochondrion is the cell power plant which
produces the energy necessary to carry on all cellular
processes.

Modification of the mitochondria

packing under osmotic pressure.
| M \L

220 A
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Lamellar packing




SANS: BHYTpeHHSISI CTPYKTYpPA A€HIPUMEPOB
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SANS data approximated by analytical curve for
the model of spherical sectors. The inner volume
of dendrimer is permeable for water!
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da3zoBoe PaACCI0CHHUC B C/JI0O’KHBIX MAI'HUTHBIX OKCH/IAX

b) H=4kOe

AFMICD
W P
B AFMIFMI

3+ 2+
La’",_Ca*" MnO;,
La— Pr,Nd,...;, Ca— Sr,Ba,...;

Mn — Co
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KoJjioccajibHOe MArHETOCONIPOTUBJICHHE U TUTAHTCKUN U30TONMUYECKUI
3¢ PexT B Manranurax: high resolution neutron diffraction study.

Huge decrease of electrical resistivity Metal to insulator phase transition after
under the influence of magnetic field ! oxygen isotope 0 — 130 exchange.
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Diffraction pattern of (La,,.Pr..),,Ca,;MnO,

Percolation effect in manganites
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Me3ockonuueckoe (pazoBoe paccjiOeHNEe B MATHUTHBIX OKCHIAX

(él) T=133 ':K
La’*, Ca? (Mn3*, _Mn* )0, ’ |

-2 L] 2 4 6 8
B(mT)

[ e . ——

2 0 2 4 6 & 10 12
B(mT)

M. Tokunaga et al., PRL, 2004 (LPCM)

10 12 -

P. Littlewood, Nature, 1999:

Stress induced

A. Moreo et al., PRL, 2000:

M. Uehara et al., Nature, 1999 (LMO)
Quenched disorder




Intensity

Cmenannoe (FM + AFM) cocrosinne B LPCM-75 ¢ 1°0.
Yucroe AFM cocrossnue B LPCM-75 ¢ 1830.
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CrpykrypHble usmeHenus npu FM da3oBom nepexoae B
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La,CuQ,,; single crystals, 0.02 <6< 0.04
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Diffraction pattern of La,CuQO, , single crystal,
measured at HRFD. Each order of reflection is
splitted on two components because of
difference in lattice parameters P1 and P2
phases: ¢,=5.4149 A, ¢,=5.4029 A.

Xumunueckoe Gpa3oBoe paccioeHue

HeoxnopoaHoe pacupeneneHue
npupecH
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Bkiaa B unpuny 1u(p)pakiiuOHHBIX MHKOB,
CBSI3AHHBIN ¢ MAJILIMH pa3MepaMu 10MEHOB.
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AHHU30TPONHDbIE 00bEKTHI: YIIUPEHUE THPPAKIUOHHBIX TMKOB
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IInpunsl nukos ot B-Ni(OH),. JlaHHbIe e-MUKPOCKOIIHH:
KorepeHTHbIe 0JI0KH — JUCKH C: L, =1500 A, L. =200 A.
L,=350A,L =150 A.




V1la. BHyTpeHHue HANIPSIKEHUS B 00beMHBIX U31eJTUsAX

19




OCo00eHHOCTH M3JIYYCHHU IJIS AaHAJIU3A HANIPSIIKEHU U

N3ayyenue JlocrynHocth Pa3peumienue Paspemienue I['ayOuna I'eomerpus
o d o x CKAHMPOBAHUA JKCIIEPUMEHTA

Cunxporpon  ++ o+ -+ G
Heiitponbr e e ©) bt

10 3 CM B CTAJIAX,
1m0 6 cm B Al
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IloctanoBKa TMPPAKIMOHHOIO IKCIIEPUMEHTA M0 U3MEPEHUI0 BHYTPEHHMX
HANPSKeHUH B 00beMHOM MaTepuaJie Win U31eJTuu
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MakpoHanpsizkeHust — CABUT JU(PPAKIUOHHBIX MUKOB

I T T T T
fe-str

o-Fe

(110) (a-ay)/a,=0.001
Ap Y
d>d, (a-a,)/a,=0.0001 (200 MPa)
(20 MPa) :

>re-
d<d,
K
2.020 2.025 2.030 2.035
d,
c=F/S= E-Al/l = E-Ad/d
S O - nanpskxenne (stress)
AU/l — cxatue / pacTsizkeHue = gepopmanus (strain)
E — moayas IOHra

E =20-10!1° ITa =200 I'Ta (cTanas), o, < 20-101°-10-4 =20 MPa =200 xI'/cm?




YceranocTHas Jerpajanua U nNpeBpamnieHue ayCTeHUT - MAPTEHCHT
B Hep:xaBewmen craau Cri18Nil0Ti (AISI 321)
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VI1II. Heurponorpadust B Poccuu
(B lyone)
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UccaenoBarejibCKue HCTOYHUKHA HEUTPOHOB B Poccun

I. PHII KM, MockBa
HNP-8, 1981, 8 MBT

II. ITUSAAD, I'aTunHa
BBP-M, 1959, 16 MBT

1. U®M, ExaTepunoypr
NBB-2M, 1983, 15 MBT

IV. ®XHU, O0HMHCK
BBP-11, 1964, 13 MBT

V. OUSIU, Ty6ua
UBP-2M, 2010, 2 MBT

2 nu¢gp., 1 MYPH
A = const

3 nu¢p., 2 MYPH
A = const

4 nugp., 1 MYPH
A = const

2 mudp.
A = const

6 nudp., 1 MYPH, 2 ped.ekr.
TOF-meToa

VI. IIUK, I[IUAD, I'atunna, 100 MBT
VII. UH-0.6, USA D, Tpouuk, SNS, ~0.03 MBT
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PeaxkTop UP-8 B PHI| KU (KypuaTroBCKHH MHCTUTYT)

PaboTa peakTopa Ha SKCIIEPUMEHT
U IUIaH HA Oyayuiee

—
I

- —
L]

- e %
!agll“

RUE:: | |
. | ILEE\LAJ :
N

1985 1990 1995 2000 2005 2010
Ton

Beeaen B akcnayarauuio B 1957, pekoncrpyuposan B 1981.

12 nyukoB ¢ moTokoM HeilTpoHoB (0.6 — 1.2)-10* n/cm?/c



PeaxkTop UP-8 B PHI| KU (KypuaTroBCKHH MHCTUTYT)

1 — excitation state of nuclei

2 — nuclear spectroscopy

3 — internal stresses (proposal)

4 — single crystal diffraction (MOND)
5 — 3 axes INS spectrometer (ATOS)
6 — powder diffractometer (DISK)

7 — capillary optics
8 — neutron radiography

9 — small angle scattering (STOIK)

10 — neutron guide beam lines
11 — neutrino physics

12 — very cold neutrons

Line 10: SANS, reflectometry, diffraction with cold neutrons, ...



MmHuoroaerektopubiid Juppakromerp DISK

l N

-

S T g SRR

L% P
MAXIMAL LOAD, tonnes

HeiiTpoHHbIe TU(PPAKIUOHHBbIE IKCIIEPUMEHTHI C
canduposbiMu (up to 7 GPa) nu anmazubimMu (up to 30 GPa) kamepamu



High-pressure cells for neutron scattering

Single-crystal anvil cell

P_ .. = 7 GPa (sapphire)
P .. = 30 GPa (diamond)
T=0.1-300K
V,=0.5-5mm?

Piston-cvlinder cell

Paris — Edinburgh press

P...=1GPa

P_.. =3 GPa (with support)

T=2-300K

V,=100 - 500 mm?3 P_.. =10 GPa (WC)
P .. =30 GPa (diamond)
T=90-1000 K

V,=30-100 mm?



NmnyabcHbie ObicTpbie peakTopsbl UbP B IH®, OUSAN

1961 — 1968

1969 — 1980

1981 — 1983

1984 — 2006

2007 - 2010

2010 -2030

IBR-1 (1 — 6 kW)

IBR-30 (15 kW)

IBR-2 (100 — 1000 kW)

IBR-2 (1500 — 2000 kW)

IBR-2 reconstruction

IBR-2M (2000 kW)

T T
7 power

10 3

IBR-1

IBR-30

IBR-2

IBR-2M-

1 .
1960

1

970 1980

1990
Years

2

000

2

010
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NmnyabcHbie ObicTpbie peakTopsbl UbP B IH®, OUSAN

(TR

Paaom ¢ UBP-1:

B./l. AHaHbeB,
JI.A. BjoxuHIeB,
E.IL. [IIa0anuH.

Ha UBP-2 nepBbie HEMTPOHBI.
(1977 r.)

3a MOHTAaKOM aKTHBHOI 30HbI
HaOomoaartT U.M. @paHk u
J1.A.BJIoXuHIIEB.
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NmvnyabcHubiid peakTop UBP-2 (1984 — 2006)

AKTHUBHAasl 30HA M NOJABUKHbIN IMapamerpst UBP-2
orpaxareab UbBP-2
Tonuso PuO,
i O0beM aKTUBHOM 30HbI 22 ;1

OxJuraxaenue sKuakuii Na
Cpeansisst MOIIHOCTH 2 MB
NvnyabcHas momHocts 1500 MB
YacToTa MOBTOPEHUS 5c¢!
Cpennuii moTox 81012 n/cm?/c
IToTok B mMIyJbce 5-1015 w/em?/c
IIupuna nmnyJbca 215/ 320 mkc
Yuc/10 KaHATIOB 14

Scheme of the IBR-2M reactor
(central part)
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IHapamerpsl UBP-2 10 1 nmocjie MmogepHu3anumn

3aMeHa: MOABUKHOIO OTPAKATEsl, AKTUBHOU 30HbI (TB3JIOB), KOPILYCa U T.[.

IMHapamerp HUbP-2 | UBP-2M
Cpennsisi MOIIIHOCTb,
MBT 2 2
Tun TommBa PuO, PuO,
Kosmuecrso TBC 78 69
YacroTa MNyJIbCOB, 5/9 5/10
I'n
IIupuna umnyJsbca, 215 240
MKC
Yucj10 060poToB B 1500 600
MHUH. 300 300
Yucio careJJIMTOB 4 1

npu 5 I'

HoBblil NOABMIKHBINA 0TPaxKaTe/Ib
NBP-2M, 2004 — 2030 rr.
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AxTtuBHada 300a UBP-2 u UBP-2M

NbP-2 NbP-2M

()
/mqu KOMIIAKTHOCTH 30HbI

3aMemInTe I n HUBP-2M norTok yBeJIn4eH B
1.7 pasza
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water

N°1

N°9

300K

. Kamepa xoJ10aqH010

3aMeEaJINTEIIA.

. BoasiHoit npe-

3aMeEAJINTEIIb.

. BoasiHou

oTpaKaTeJib.

. BHeIIHMI KOHTYP

KOpIyca peakTopa.

KomOu-3amepures Ha peakrope UbP-2M
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Xo0/10AHBIN 3aMenuTe/ b Ha peakTope UbP-2

Scattering on V!

1 u\ 1 1
R e I
1 2 3 4 5 6 7
Wavelength (A)
MDaKTOp BHIMIPHIIIA KAK QYHKIMSA A
I L T T
300 K 30 K
2
B
c
2
o
= 60 K
. . . T . . . T . . . T -V—m
0 2 4 6 10

Wavelength (A)

IIoTOK HEMTPOHOB NMPH PA3HbIX TeMIIepaTypax

Intensity

— T T T T T T T T T T T T T T T T T T
y99-hc

YbFeO,

a=5.56 HRFD, D1
b=7.56 T, 30K
c=5.23

L.

HRFD, D1
T. =300 K

mod

D
S
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

'd(A)'

Juppakuuonnsie cnekrpsl TbFeO,,
u3mepennble npu 7, ;=30 Ku 300 K
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HeuTpoHHble crieKTpoMeTpbl HA peakTope UBP-2M

cOLp

STA TN
4 3
° 2 Diffraction (6):
° HRFD, DN-2, SKAT, EPSILON,
FSD, DN-6
KOLHIDA SANS (2)

YuMO, SANS-C

Reflectometry (3):
REMUR, REFLEX, GRAINS

Inelastic scattering (2):
NERA, DIN

Vo 13 spectrometers (3 new)
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JKCnepuMeHTAJIbHBIN 32)1 HA peakTope UBP-2. Konen 1970-x.

Y g =e= B’ d X 3 P 7
N apS P n‘\‘kmg S T 1A
"m“r < Shab A LY ¥
— Al
N e NL
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JKcIepuMeHTANbHBIN 3aJ1 HA peakTope UBP-2. Konen 1990-x.
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JIudpakromerpsl HAa peakTope UBP-2

1. ®IBP — ¢pypre-qudppakromerp BbICOKOro paspeumenus (1992)

CTPYKTYPA NOJUKPHUCTAJJIOB

2. IH-2 — mHoTOnIpopuabHbIN audpakromerp (1982)

MOHOKPHCTAJLJIbI, MATHUTHAAA CTPYKTYPAa, peajibHOEe BpeMs

3. IH-12 (IH-6) — nuppaxkTomMmeTp a1 MUKpoodpasuos (1993)

IRCIICPUMCEHTDLI IIPHU BBICOKOM AaBJICHHH

4. ®CI — pypbe-cTpecc-quppaxromerp (2002)

BHYTPCHHHUEC HAIIPAKCHUA B 00beMHBIX N31CJINAX

5. CKAT - rexkcrypusbiii nudppakromerp (1999)

TEKCTYPAa FOPHBIX MOPOJ M 00bEMHBIX H31eJInil

6. JIICUJIOH - crpecc-nudppaxromerp (2000)

BHYTPEHHME HANIPS)KEHUSI B TOPHBIX MOPOAAX
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Resolution, Ad/d

OnTumMusanus Iu@paxkTomMeTpoB no paspemenuro Ha UbP-2

0.1

0.01 3

=

S

S

[U—N
1

0.0001

1 1 <
TOF_Resolut_Conr]

DN-2/DN-6

FSD SKAT/EPSILON :

N

’

HRFD __

HRFD
FSD
DN-2
DN-6
Epsilon
SCAT

MOJTUKPHUCTAIIIBI
HANPSKEHU I
real-time, MemMOpaHbI
MHKPO0Opa3ubl
HANPSKEHU S

TEKCTYPbI
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Phase transformations of high pressure heavy ice VIII.
Time-resolved experiment with At = (1 — 5) min.

Ice VIII

=
=
Sl

QD
\‘»
S
&7" PO

N 350 40 TOF scale (d-spacings)

Time / temperature scale: T, =94 K, T,,=275 K. The heating rate is =1 deg/min.

Diffraction patterns have been measured each 5 min. Phase VIII is transformed into high

start

density amorphous phase hda, then into cubic phase Ic, and then into hexagonal ice Ih.



Temperature, °C

Phase transformations in BiSrCaCu,O, (melt-quenching, heating, melting, cooling down).

Diffraction intensity

First combined diffraction — SANS study (1988) with At=5 min.

Diffraction intensity. d,,, range is
10 — 18 A. (002) peaks for (2201)
and (2212) phases are seen.
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I'maparanust MemOpanbl JJITPX npu U3MEHEHUH BJIAKHOCTH
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High-resolution diffraction on HRFD (IBR-2, Dubna)

nac-1r

Na,Al,Ca,F,,
HRFD
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Diffraction pattern obtained with NAC-standard with Ad/d = 0.001
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HgBa,CuO,(O/F); studied with HRFD at the IBR-2

The T, value as a function
of O/ F content
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The temperature of phase
transition depends on charge!

The apical distances as a
function of O / F content

204 T+ 2.82
4 HgCuO2 [
oxygen - fluorine
2.02 1 . - 2.80
_ : :
2.00 1 | - 2.78
1.98—: :—2.76
1.96 - - 2.74
1.94 e e e 2,72

0.00 0.05 0.10 0.15 0.20 025 030 035 040
Extra oxygen / fluorine content

Apical distances depend on
the amount of anions!
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9.

10. Hayku o 3emuie

11. NnkeHepHbI aHAIN3

HccienoBanus B 00J1aCTH HOBBIX MaTepuasioB HA peakTope UbP-2M

YriepoaHble HAHOMATEPHAJIbI 7

CnuHTpOHUKA

O0beMHBIC HAHOCTPYKTYPUPOBAHHBIE
MaTepHuAJIbI

T T T T T
10 15 20 25 30

A A

Opranuyeckue u ruOpUIHbIC

HaHOMaTEpPHUaAJIbI o
PeduiekToMeTpruecKmii IKCIIEPUMEHT HA

Marepuaibl co crienuaabHLIMU MHOT'OC/I0HHOH HAHOCTPYKTYype

ceoiicrBamu: BTCII, cynepuonukmu, ...
MemOpaHBbI U KATAJIUTHYECKHE CHCTEMBI
IHommmepsl U dj1acTOMEPHI

KoMno3unuoHHbIe M KepaMHuUYeCcKue
MaTepuaJbl

Bricokue naBjienus

TBepaogaznass XumMmuyecKkas peakius B
peajibHOM BpeMeHH

0,2000
0.1401
008819
0,06880
004820
003377
002365
001658
001162
0008140
0,005703
0003996
0,002800
0001962
0001375
9,631E4
6,748E-4

2000
1800
1600
1400
1200
1000
800
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400
200
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User program at the IBR-2 spectrometers

International experts’

commissions:

I. Diffraction
I1. Inelastic Scattering

I11. Polarized neutrons

IV. SANS

Time-sharing (13 spectrometers)

FLNP (35%)

External
fast (10%)

External
regular (55%)

User statistics

Others, 19%
psie soy FLNP, 25%

France, 3%
Poland,
5%

Germany,

Russia, 31%
17%




HellTpoHHBIE CTPYKTYPHbIE UCCJIEA0BAHNUSA: UTO HAJA0 3HATH?

1. HeiitTtponHas ¢pusuka: CBolCTBAa HEUTPOHA, B3AUMOJACHCTBHE HETPOHOB €

BCIICCTBOM, 3AKOH PACCCHAHUA U KOPPECIAAINHNOHHDbIC (l)yHKIII/II/I, HCTOYHHUKM, ...

2. Merox nudppakuuu HedTpoHOB: A, — U TOF-1udpakromerpsrl, paspenmienue u

HHTEHCHUBHOCTD, (POKYCHPOBKH, 1€TEKTOPbI, CKAHMPOBAHME, ...

3. Kpucraaaorpadgusi: reomeTrpuueckasi Kpucrajjiorpadus, CHMMETPHUH,

TeOpPHUs TPy, KPUCTALIHYECKOE U 00PaTHOE MPOCTPAHCTBA, ...

4. luppakuus HA NEPUOAMIECKUX CTPYKTYpax: audpakuud - pypbe-npeodpazoBanue,

reomerpus 1upakuuu B 00paTHOM NPOCTPAHCTBE, (pa3oBasi nmpodJiema, ...

S. PellieHUe CTPYKTYPbI U YTOYHECHHE: CTPYKTYPHBIN (paKkTOP, Hepexo oT

HHTEHCUBHOCTH K CTPYKTYPHOMY (paKTOpPY, NPpsIMbI¢ MEeTObI, MeTOA PuTBeabaa, ...
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From White-Egelstatt law-book for thermal neutron scattering:

Law 1: All neutron spectra are similar.

Law 2: Neutrons are to be avoided where there is
an alternative!

Law 3: Neutron scattering experiments expand to
cover all problems.

New version of Law 2:

Neutrons can be applied everywhere, even if an
alternative there exists!

B TOM 4nc/ie ¥ IPU U3yYEeHUH HAHO-00bEeKTOB!
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Cnacu00 3a BHUMaHuUe.
/Kesaro ycnexoB B HeJIEIKOHM, HO 0UeHb UHTEPECHOH

KU3HU MOJIOJOT0 HAYYHOIr0 padOTHUKA!
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