
15.09 : торнадо

14.09 : землетрясение

16.09 : ????







Поиски физики в нанофизике и нанофизики в физике:
неупорядоченные системы, квантовые спиновые

цепочки и наноматериалы на основе оксида
ванадия

С.В.Демишев

XI Конференция молодых ученых

"Проблемы физики твердого тела и высоких давлений"

г. Сочи, пансионат "Буревестник" 10-19 сентября 2008г

Отдел низких температур и криогенной техники,

Институт общей физики им. А.М.Прохорова РАН

ул. Вавилова, 38, 119991 Москва, Россия

http://www.lt.gpi.ru
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НАНО ФИЗИКА

Наличие нанометрового масштаба в системе.

Наномасштаб играет существенную роль,

определяя физические процессы. 

Хорошо известные наносистемы:
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B12Zr

a=0.75 nm

Додекаборид циркония, ZrB12:

сверхпроводник с нанокластерами бора.

Переход в сверхпроводящее состояние 

при TC=6.1K

B.T.Matthias et al., 

Science, 159, 530 (1968)

Эйнштейновская (локальная) мода

R.Lortz et al., 

Phys. Rev. B, 72, 024547 (2005)

Широкий спектр (модель Дебая)

V.A.Gasparov et al., 

Phys. Rev. B, 73, 094510 (2006)

?

Каков механизм электрон-фононного

взаимодействия?

НАНОФИЗИКА в КРИСТАЛЛАХ



Термоэдс в ZrB12 определяется электрон-фононным 

взаимодействием (эффект фононного увлечения).



N()

0

Модель

Эйнштейна



N()

D

Модель

Дебая

Исследование термоэлектрических эффектов в  сверхпроводнике

ZrB12 позволило установить, что электрон-фононное 

взаимодействие и сверхпроводимость в этом соединении 

определяются эйнштейновской локальной модой.
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кластеров бора B6 и B12
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M – валентность =3 ((Zr)=4)
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TN – АФМ порядок

MB12

Додекабориды редкоземельных и переходных металлов

Роль локальных мод (обусловленных нанокластерами) в RB12?



Физика 

неупорядоченных

сред

Неравновесные 

фазовые

превращения

ЧТО ТАКОЕ НАНОФИЗИКА?

Nanophysics = very small physics

http://en.wikipedia.org/wiki/File:Nobel_Prize.png
http://en.wikipedia.org/wiki/File:Nobel_Prize.png


НАНОФИЗИКА В ДОИСТОРИЧЕСКИЕ ВРЕМЕНА



с-GaSb

(кристалл)

a-GaSb

(аморф)

a-GaxSb1-x x>0.5

(сверхпроводник)

20 нм

25 нм

Аморфные полупроводники



Определение критического

поведения в системе со

сверхпроводящими 

включениями

q

q=1

Сверхпроводимость

кластеров

наномерового 

размера

GaxSb1-x (x >0.5)

Tc=Tc(x)



PHASE TRANSFORMATIONS



Simulated waves of non-equlibrium phase transformations

The case of solid-state amorphization

The case of explosive crystallization



НАНО

ТРАНСПОРТ
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expected and therefore 

should be Ropt~3-10 nm.

How about finding 

localization length?
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Spin-polarization mechanism

D0 and D- centers exist in the vicinity of the Fermi level 

and form common MA network. Polarization of the spin 

part of the wave function “switch” different types of 
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Easy accounting of both spin-polarization and shrinkage mechanisms :



Conductivity and magnetoresistance data analysis.

Disordered nanomaterial 

Obtained by modification 

of SWNT under high pressure 

and temperature.
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«НАНО»,

магнетизм 

и 

квантовая критичность

…The magnetic properties on a very small scale are not 

the same as on a large scale; there is the 

``domain'' problem involved.

…In the year 2000, when they look back at this age, 

they will wonder…

“Plenty of Room at the Bottom”

1959 

Richard P. Feynman,

The Nano Prophet 



Skyrmion =

Magnetic analog

of an Abrikosov 

vortex in a type-II

superconductor

Nanoscale magnetism can really provide new physics!



Cu2+



R.B.Griffiths. Phys. Rev. Lett., 23, 17 (1969); A.J.Bray, Phys. Rev. Lett., 59, 586 (1987)

DISORDER DRIVEN QUANTUM CRITICAL PHENOMENA

In a disordered magnet

dispersion of the exchange

constants J exists




T

C

Uncorrelared  spins.

Curie-Weiss law for

susceptibility

High

temperatures

1

1
~




T

Correlated spin clusters.

Power law for susceptibility.

Lowering

temperature

Low

temperarures
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Practical realization: CuGeO3 doped with magnetic impurities.

Cu1-xMxGeO3 (x=0.02 M=Co; x=0.01 M=Fe, x=0.009 M=Mn)

Magnetic 

impurity Staggered magnetic 

moment (field and

impurity induced)

Cu2+

S=1/2 intrinsic magnetic 

momentsB

Cu2+

chain

Cu2+

chain

Cu2+

Quantum critical behavior in a

wide temperature range

(at least 1<T<TG~30 K)!

 ~0.3



The model:
S.V.Demishev, Phys.Sol.St., 51(3), 514 (2009)

S.V.Demishev, Phys. Stat. Sol. B, 247(3), 676 (2010) 
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Estimate of the characteristic cluster size

Lowering temperature results in freezing of the magnetic contribution of the spin clusters

for which condition TN>T holds.

A two-phase model (“frozen” and “non-frozen clusters”) 

may by introduced. The probability W(TN) defines 

“frozen” part of the sample volume.
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КВАНТОВАЯ КРИТИЧНОСТЬ И НАНОМАСШТАБ





VOx multiwall nanotubes: what for?

Applications:

•Solid-state batteries

•Chemical sensors

•Catalysts

•Non-linear optics

Fundamental interest:

•Structural studies

•Magnetic properties (nanoscale magnets etc.)

V2O5
V2O5 nH2O gel

Zn4V21O58

VO5

VO6

VO4

Different V charge states…



VOx multiwall nanotubes: TEM images



Precursor Outer

diameter, D

(nm)

Inner

diameter

(nm)

Number

of layers

Length, L

(m)

VO(PrOi)3 15 – 150 5 – 50 2 – 30 1 – 15 

VOCl3 50 - 100 15 - 35 10 – 20 1,5 – 5 

75 - 100 20 – 35 11 – 14 0,8 – 1,5

V2O5

crystal

70 - 140 20 – 35 9 – 13 2 – 12 

50 – 90 15 – 35 7 – 13 1 – 3 

70 – 100 20 – 45 6 – 11 1 – 2 

30 – 100 ~ 45 3 – 10 1 – 10 

60 – 90 20 – 45 6 – 10 1 – 3 

V2O5 gel 50 – 130 30 – 40 5 – 25 1 – 10 

VOx multiwall nanotubes: Structure

L/D ~ 102



1. Scrolling of one or two VOx layers (“spiral”) (Nesper et all., Advanced 

Materials – 2000)

2. Scrolling of the stack of VOx layers (“concentric”) (Serdiri et all., Materials 

letters – 2007)

3. 1D motive (zigzag chain…). Anisotropy in the VOx layer, several non-

equivalent V sites (Vaviolova et al., Phys.Rev. B, 73, 144417 (2006)

VOx multiwall nanotubes: Structural models

V.Petkov et al., PRB, 69, 085410 (2004)



UNDOPED VOx-NTs ARE 

ANTIFERROMAGNETS

Magnetism of VOx multiwall nanotubes: introduction

DOPED VOx-NTs ARE 

FERROMAGNETS

Ferromagnetism at room temperature 

In Li and I doped samples

L.Krushin-Elbaum et al. 

Nature, 431, 672 (2004)

Magnetism=Free spins(AF) + AF dimers

V5+ S=0 – non-magnetic ion

V4+ S=1/2 – magnetic ion

E.Vavilova, I.Hellmann et al., Phys.Rev. B, 73, 144417 (2006)



Problems with various spin species

(E.Vavilova, I.Hellmann et al., 

Phys.Rev. B, 73, 144417 (2006))

VOx multiwall nanotubes: anomalous magnetism
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Free spins + AF dimers model

17% of V sites possess

the quasi-free spins

3% of V sites possess

the quasi-free spins
710 K



VOx nanomaterials: synthesis

2 h 24 h 7 d

Precursor

Rhombic V2O5

Homogenization

with C16H33NH2

(Dodecylamine)

Hydrothermal treatment (150-180 oC)

Hydrothermal treatment

C2H5OH
7 d

VOx nanorods

Drying of the product

VOx nano

layers

VOx multiwall 

nanotubes

Stacks of 4-8

disordered

VOx planes 

with incomplete 

scrolling.

(pre-VOx-

nanotubes)



VOx nanorods

VOx nanolayers

(pre-VOx-nanotubes)

400 nm

VOx multiwall

nanotubes

VOx nanomaterials: different morphological forms.

V oxidation rate +4.2

V oxidation rate +4.2

V oxidation rate +4.8



Questions remaining from the previous research of VOx-NTs:

Indirect evidence for AF dimers

Concentration estimates

What happens at low temperatures?

Several contributions to susceptibility,

thus the ESR is an adequate tool 

(+ comparison with the static susceptibility data).

Avaliable ESR data for VOx-NTs:

X-band 77-300 K

High frequency low temperature ESR

experiment is required

IDEA: Understanding of the magnetism of VOx-NTs in wider context of 

different morfological forms of VOx nanomaterials as long as synthesis 

schema is essentially the same.

VOx nanomaterials magnetism: basic idea of research.

Is not

studied

up to

now



ESR in VOx nanomaterials: spectra.
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ESR in VOx nanomaterials: spectroscopic parameters.

ESR in VOx nano: Precession of the V4+

Magnetic moment in magnetic field
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Curie-Weiss constants and g-factors give 

•T >100 K: ~ 1.3% V 4+ FM spins and ~ 98.7% V 4+ AF dimers

• T <100 K: ~ 8.6% V 4+ AF spins and ~ 91.4% V 4+ AF dimers 

Magnetic subsystem in VOx nanorods is diluted with respect to 

magnetic subsystem in VOx nanolayers. 

FM interaction for diluted system and AFM interaction for concentrated 

system (agrees with the susceptibility temperature dependence for

VOx nanorods).

How about nanotubes? The V4+ concentration is the same as in nanolayers…

But there are dimers, which are missing in nanolayers. This make magnetic 

subsystem of VOx nanotubes diluted.

Suggested idea works! FM-AFM crossover : e + V5+V4+ at Tc

A kind of electron localization effect?

~
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The nature of FM-AFM crossover.



FM-AFM crossover in the VOx nanomaterials.
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QC phenomena in VOx nanomaterials: theory vs. experiment.
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of the experiment 

and quantum 

critical model.

Low temperature
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QC phenomena in VOx nanomaterials: theory vs. experiment.
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VOx nanomaterials: static and dynamic magnetic properties.
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Mystery of the VOx nanorods: static vs. dynamic magnetisation. 
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Conclusions.

Results:
Ferromagnetic – antiferromagnetic crossover in variuos 

VOx nano-materials.

Observation of the disorder driven quantum critical phenomena

in VOx nano-materials, including VOx multiwall nanotubes.

Direct ESR evidence of the presence of the V4+ S=1/2 AF dimers in

VOx multiwall nanotubes.

Strange behavior of static magnetisation in VOx nanorods. Effects of 

spin fluctuations ? 

Type of magnetic interactions may be controlled by concentration of 

V4+ ions.  FM interactions correspond to diluted case and AFM interactions

correspond to concentrated case.
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