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U2ACN2:  UNESCO UNISA ITLABS/NRF
AFRICA CHAIR IN NANOSCIENCES &
» NANOTECHNOLOGY

FIGURE 5: TOP COLLABORATING COUNTRIES FOR SIX AFRICAN COUNTRIES

0
gurkina F2°

Cameroon

ZimbabWe Congo

o\ Cog,
7™ €4 Voire

My

eidoiyia

Source: OECD, Nature Publishing, World Economic Forum 2012

Source: Web of Science™; Analysis: Wolfram Mathematica® 7
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journal homepage: www.elsevier.com/locate/apsusc

Structural and optical properties of nano-structured tungsten-doped
Zn0 thin films grown by pulsed laser deposition
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RESEARCH FOCUS:

*Nanomaterials for Energy

*Nanophotonics,

*Nanomaterials by green Processing,

*Nanomaterials & biomimics,

*Nanomaterials & Radiations:

I-Nanostructures for neutrons trapping & neutron life fime

I-H* induced magnetism in Carbon based nanosystems, i

II-H*induced Superconductivity in WO,  bronzes,

IV-Nano-suspensions by y-radiolysis,

V-IBA Radiations hardness of nanomaterials.

Maaza@tlabs.ac.za

Maazam@unisa.ac.za

UNISA ==
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NANO:BACKGROUND
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NANO-BACKGROUND: DATA STORAGE

4 589 844 "IBM"= 1 "6M” 1Tb= ¢ IBM

| Data S’roragle Capacity |

1970 1995 2010

UNESCO Africa Chair in Nano: Lecture 2015-3




-BACKGROUND:

Human hair

{ Optical Fiber Core
Housefly b diameter, 1.5 mm-3 pm
length, 11 mm

Eye of a Sewing Needle
width,

dchanical Systems
 width, 10350 ym

_ Human Hair
e e a diameter, 10-50 ym
> . . ooimm
- 10m

Mictochip Circuity Features

Wihite and Red Blood Cells widih, 05 ym

diameter, 2-5 um

ONA
width of strand, 2.5 nm
Carbon Nanotube
diameter, 1-2 nm
o.otum
100m

diameter of atom, 0.15 nm

The Enormous Little World of Nanotechnology

butolso below s n the small.—Ermst Emil Wiechert

P:=

comes from the Greck ord nanos, dvarl

~discovery”

Quantum Corral of 48 Fe
Atoms on a Copper Surface
width of corral, 14 nm

encrgy,and:

30 Model
of Nanogear

_ 21sc Century Challenge:

The International Sodety
for Optical Engineering




NANO-BACKGROUND: FUNDAMENTALS
SURFACE/VOLUME

A

I L/6 6Xx6xb6= 216

UNESCO Africa Chair in Nano: Lecture 2015-3
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NANO-BACKGROUND: FUNDAMENTALS
SURFACE/VOLUME

] kg of particles of 1 mm?
has the same surface area as
I mg of particles of 1 nm?

UNESCO Africa Chair in Nano: Lecture 2015-3




NANO-BACKGROUND: FUNDAMENTALS

-3-D Symmetry

Broken for Surface
Atoms,

-Localized States

Carriers/ phonons
confinement,

-High Surface/Volume
> 50% u-l/q)n




NANO-BACKGROUND: FUNDAMENTALS

ELECTRONIC CONFINEMENT
a e '_‘: ' d

: : Liz Marzin, Mater.Today.2004
UNESCO Africa Chair in Nano: Lecture 2015-3



NANO-BACKGROUND: FUNDAMENTALS
SURFACE COORDINATION

Tb/Tm = | +(2/LpsR) [YS_Y|(pS/p|)2/3)]

Buffat et al, Phys. Rev.A, 1976




NANO-BACKGROUND: FUNDAMENTALS
ELECTRONIC CONFINEMENT

E= n2%k2/8m |2

S8 (nanomele

0 n)rmht 2004, Renait Duberr




NANO-BACKGROUND: FUNDAMENTALS
ELECTRONIC CONFINEI\/\ENT

| : Piezoelectrics
7. Field emission
3

. Lasing u-cavity
4:Sunscreen

5: Gas sensing

6. Electro-screening

“InO”, Wang & al, Optics , Mater. Today, 2003

UNESCO Africa Chair in Nano: Lecture 2015-3




NANO-BACKGROUND: FUNDAMENTALS
ELECTRODYNAMICS/ METAMATERIALS

Electric permitivity: £ n=(e u)
Magnetic permeability:  u

Arectangularslab of negative-index materialforms a superlens. Light (yellow
Incident Normal Reflected lines) from an object (et} srefracted at the suface ofthe lens and comes
ray | ray Incident together again toform areversed image inside the slab. Thelightis refracted
) again on leaving the slab, producing a second image (ot right). For some
metamaterials, the image even includes details finerthan the wavelength of light
used, which isimpossible with positive-indexlenses.

.

, Refracted
B ray

Refracted
rayv

UNESCO Africa Chair in Nano: Lecture 2015-3




NANO-BACKGROUND: FUNDAMENTALS
ELECTRODYNAMICS/ METAMATERIALS

Electric permitivity: g <0 n=tV(e u)

Magnetic permeability: u <0 Nn<0O
(D. Veselago, 1963, J. Pendry, 2000) R CHEe¥ Wi acane oA e it

lines) from an object (at left) is refracted at the surface of the lens and comes
together again to form a reversed image inside the slab. The lightis refracted
again on leaving the slab, producing a second image (at right). For some
F P metamaterials, the image even includes details finer than the wavelength of light
TOZ

used, which isimpossible with positive-indexlenses.
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THIN LAYER OF SILVER acts like a superlens over very short a 35-nanometer layer of silverin place (right). Scale baris 2,000
distances. Here the word “NANO” is imaged with a focused ion beam nanometers long. With the superlens, the resolution is finer than the
(left), optically without a superlens (middle) and optically with 365-nanometer wavelength of the light used.
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NANO-BACKGROUND: FUNDAMENTALS
ADVANCED SYNTHESIS/CHARACT. TECHS.

Variety of cost effective/mass scale syntheis techs.
Fore front characterization teches.

3-axis spectrometer with ~
rot atable crystals and St

Ultrafast Electron Crystallography R

Changes inthe
) energy of the
Temporal Resolution analysed inan
p )Y Atomsin a analysed in an
crystalline sample analyser crystal...
”

When the neutrons
penetrate the sample
they start or cancel
oscillations in the
atoms. If the neutrons
create phonons or

Diffraction Patterns

Crystal that sorts and
forwards neutrons of
?cc:rtaxr; w:v‘/e:‘enq!h magnons they
chv::t?ay(-ud :esnons themselves lose the ..and the neutrons

energy these absorb then countedin a
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- inelastic scattering detector.
Initiating Pu/se>

Time 7 When the neutrons
collide with atoms inthe
sample material, they
change direction (are
scattered) - elastic
scattering.

Gedik & Zewail

Research reactor

A | Awomsina’
—_ aystalline sample
SNt y 5
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Surface Crystal that sorts and

Fig. 1: Yang, Gedik & Zewail

A
&,
|Al

Real Space

Detectors record the directions
of the neutrons and a diffraction
pattern is obtained.

The pattern shows the
positions of the atoms relative
to one another.

forwards neutrons of
a certain wavelength
(energy) -~ mono-

chromatized neutrons
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NANO: LOCALIZATION & CONFINEMENT
=Surface Tension Tunabillity

ASP-CERN Webinar 11-08-2020



NANO: LOCALIZATION & CONFINEMENT

eLiquid lens with tunable focus “f”

ASP-CERN Webinar 11-04§2020



NANQO:

Liquid lens with funable focus “f”
liquid lens

Optical axis

f Exemples de lentilles liquides
e23et3mm

www.bulletins-electroniques.com/ti/132_07.htm
- Credits : Varioptic
Suialo
insulator IF-2015 BRICS 3-5 March 2015
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SURFACE ROUGHNESS —noou-pp

-Wenzel, R.N. Industrial and Engeneering Chemistry, 1936, 28, 988-994.
-Cassie, A.B.D.; Baxter, S. Transactions of the Faraday Society, 1944, 40, 546-551

- Johnson R.E., Dettre R.H., Adv. Chem. Ser.43, 1964, 112-135




NANO:

- Wurtzite structure

O-lattice shifted by 0.382 fraction of cell unit
heigth from te Zn-latt.
Reference: Basal Hexagonal plane (00T)
(000) and (2/3, 1/3,1/2)
(0,0,0.382) and (2/3, 1/3,1/2+0.382)

or= SE1  27-May-2008
Photo No.=10

N1, 0:2,.Zn:,0,
/n,[‘('),_in_,()‘, v
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NANO:

Liquid lens with tunable focus “f”

1/f=(n-1)(1/Ry-1/




sa 1/A4 D< A

D= A, not
analytically solvable
for arbitrarily shapes

Random walk type




NANO-2:
MOTT-TRANSITION & MULTI-

FUNCTIONALITY




NANO: MOTT PHASE TRANSION

\0(

\‘
N )
i), SV

ﬂcosm G il
Technologies

ASP-CERN Webinar 11-08-2020



NANO: MOTT PHASE TRANSION
ano-scaled oxides
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NANO: MOTT PHASE TRANSION
VO, & bandgap funabillity

T< 68°C/
Semiconductor

'

T> 68°C
Metallic

;
S,
:
U
]

Temperature [C]

ASP-CERN Webinar 11-08-2020




NANO: MOTT PHASE TRANSION

VO, & bandgap funabillity
*Quality of_’rhe 15t order Moftt elefronic fransition

T < 68°C/
T
105:.\ .

‘)

8

Resistance [Ohms]

Q

Temperature [C]
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NANO: MOTT PHASE TRANSION
-Mo1t nano-scaled oxides

1959: F. J. Morin, Phys. Rev. Lett. 3, 34,

1968: Sir N. Moftt, various seminal contributions.

1968: D. Adler, Rev. Mod. Phys. 40 (4) 714.

1975: 15A. Zylbersztejn and N. F. Mott, Phys. Rev. B 11, 4383.

1994: Sella & Maaza, Maters. Coatings Tech., 23, 1750.

2000: M. Maaza et al, Optical Materials 15, 41-45 .

2005: S. Biermann et al, Phys. Rev. Lett. 94, 026404.

2004: A. Cavalleri, & al, PRB 70,161102. “Phase transition measurements: 150 fs
2005: D. Baum & A. Zewail. “Time resolved/4-D crystallography”

2007: M. M. Qazilbash et al, Science 318, 1750.

200/: D. Ruzmetov et al, Phys. Rev. B 75, 195102.

2007: K. Nagashima, T. Yanagida et al, J. Appl. Phys. 101, 026103.

2008: A. Sharoni, J. G. Ramirez, and I. K. Schuller, Phys. Rev. Lett. 101, 026404.
2008: G. Willinger et al, Nano Lett. 8, 4201.

2009: E. U. Doneyv, R. Lopez, L. C. Feldman, J. R. F. Haglund, Nano Leftt. 9, 702,
2010: A. C. Jones et al, Nano Lett. 10, 1574.

2011: A. Tselev, et al, Nano Leftt. 10, 2003.

2012: M. Maaza, T. Kerdja et al, Optics Comms, Vol. 285, Issue 6, 1190-1193.
2014:S. Biermann et al, Phys. Rev. Lett. 94, 026404.

7

ASP-CERN Webinar 11-08-2020




NANO: MOTT PHASE TRANSION

VO,: Mott type oxide/ Reversible MIT @ T=6/.8°C
VO, :Utrafast Reversible MIT transition T,,~,=120 fs

Whitelight probing of the VOI phase transition on a thin film pumped
in a40 um focal spot with a 3uJ, 120 fs, 800 nm pump.

*VO,(M]:insulator, IR transparent, monoclinic phase
*VO,(R): metallic, IR reflective, rutile phase

*AR electrical resistivity is 10~ below/above T,



NANO: MOTT PHASE TRANSION
—-Mott hano-scaled oxides  localized electrons

v4+

—_—3 l"“ J"“"-’ \ 2 A A e
PRI ‘9 a b )

; N~ 4
o e Ny ,_3"1_ i eJ 4" f 4) b

s et s

w“ C - 2im o

e’ 99 K
r-'i >,

Monoclinic structure Tetragonal structure

/ | . ‘j 1 ' " ‘
' ¥ Picosecond 101]. oy

' Ly L "
Femtosecond ~ process - ; —— - 7,1[38.14),

process

®".

V-V gigtation ~FEMIO (V-V: 2.88A) Free electrons
Lattice expansion: ~Pico (V-V: 2.65A, 3.12A)

ASP-CERN Webinar 11-08-2020 Baum, Zewail et al., Science 318 (5851), 788.




NANO: MOTT PHASE TRANSION
-Mo1t nano-scaled oxides

High T phase Low T phase
Tetragonal (P,,/mnm) Monoclinic (P,,/c)

ASP-CERN Webinar 11-08-2020



NANO: MOTT PHASE TRANSION
-Mo1t nano-scaled oxides

T >68°C T <68°C
Metallic (IR Opaque) Semicon (IR Transparent)

Eg:Eg((D, T) n = n(w, Temperature)

ASP-CERN Webinar 11-08-2020




NANO: MOTT PHASE TRANSION
-Mo1t nano-scaled oxides

(n(w) +jk(w))?=c, + £ (w) +&,(w) +e3(w)
l | | |

Lorentz comp. Drude comp
Semicon. state Metallic state

800 = "Cte contribution due to high freq. electronic transitions”

e(w)= [(esme,)0p?]/ [oop?-Jolo]

8 Static dielectric funct (0=0),

82((0) 2._"[f “)0;2]/[“) 2=w2 +jwy;]
" oy ; 0g;2: Reso ant freq. of oscillators who e energies correspond to abs. peaks

" f Oscﬂlator strength “multiple Lorenz oscillators”
1‘0 " v; - Broadening/ Damping factors

e5(0)= wy? [~o?+joly]

"Drude componént”

ICTP Buea-Cameroon 3-13/11/2015




NANO: MOTT PHASE TRANSION
-Mo1t nano-scaled oxides

n = n(w, Temperature)
|

I From Lorenz formula

[n? (T,w)-11/[n*(T,0)+2]=p(T)o,(p,T)/ 3¢

“P: Oscillator density”

2ng, dn/dT=-[(n2+2)(n2-1)]. Z(T)

Z(T)=a,[1-(V/,) (80,/8V);1+[ (5, /5T)y/3ct,]

ICTP Buea-Cameroon 3-13/11/2015



NANO: MOTT PHASE TRANSION
—Refractive index funabillity

2.4

t~180 fs

Whitelight probing of the VO, phase transition on a thin film pumped
ina40um focal spot with a 3uJ, 120 fs, 800 nm pump.

é
>
.ﬁ

07 o8

©f 050

200 400 600 800 1000 1200 1400 1600
Wavelength (nm)
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NANO: MOTT PHASE TRANSION

*VO, tunability & Smart Windows nano-Coatfings

4

©
=
s
=
=
w2
=
<
=
=

N
O

j | I L1 1 I 1

T<48°C 1/ . T>68°C
O_“"]..IlllllllTllllllll'Tlllllll

500 1000 1500 2000 2500
e —

-Smart windows/air condifioning sector
-Vacuum based processing: Sputtering

ASP-CERN Webinar 11-08-2020




NANO: MOTT PHASE TRANSION

*VO, tunability & Smart Windows nano-Coatfings

\ 7 \4

1.0 - UV visible near-infrared

Solar Energy Distribution

o
o

« 5% ultraviolet (300-400 nm)
« 43% visible (400-700 nm)
= 52% near-infrared (700-2500 nm)

o

| LN

Normalized Solar Intensity

750 1000 1250 1500 1750 2000 2250 2500

Wavelength (nanometers)

ASP-CERN Webinar 11-08-2020



NANQO:
VO, tunabillity &




NANO: MOTT PHASE TRANSION

*VO, tunability & Smart Windows nano-Coatings

Black
paints

SANAAAY
NNNAAY
SHAAAY
NANAAY

Fryys

Metallic

Solar absorptance (o)
o
(6)]

__Polished metals

5
:
&
8

Emittance (g)

Selective blacks @ Bulk metals
(solar absorbers) (unpolished)

Sandblasted metals and Ea Dielectric films on
conversion coatings polished metals

White paints and
Wavelength (nm) second-surface mirrors

e |
\' T e M

—1 a1
500 1000 1500 2000 2500 3000

VO, based coatings

-Tuning the Emissivity €(T): Space applications

ASP-CERN Webinar 11-08-2020




NANO: MOTT PHASE TRANSITION

*VO, tunabillity & Nanosatellites

*Multi-functionality: Heat control in small satelittes
*JAXA, ESA, Canadian Space Agency,
*SANSA: Sumbandilla: = 81 kg/ZACube = 1.175 kg

ASP-CERN Webinar 11-08-2020




NANO: MOTT PHASE TRANSITION
*VO, tunabillity & Nanosatellites

Cosmic Rays Latchap

Solar flare | | Interf.
particles T7-

Rad. Belt particles |
|

MeV Radiation
damage
degradation

Energetic
plasma

Low energy

olasma Leakage

sputtering

Neutral
O-atoms Erosion

Debris meteorites

Puncture




NANO: MOTT PHASE TRANSION
*VO, tunabillity & IR Optical Limiters

0.1

c
Q0
a4
£
:
=

T

10
Laser input energy (mJ)

ASP-CERN Webinar 11-08-2020
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NANO:
VO, tunabillity & Tunable Femto

Gonmrex Ixsxavaiiaat o ancal m o

Vacuum

Journal ho map age: www.al saviar.co mAo cate/ vacuum

Functional nanostructured oxides

M. Maaza **° B.D. Ngom *°, M. Achouri *°, K. Manikandan **
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NANO: MOTT PHASE TRANSION

—————

- ~
-
-

E 090% 9

s Granular VO, S&%08

= 10°} ~27.1 nm 9.3% Vv,
[ /4

€ S I

#

g

Float glass subs.

1: Height

*Thick VO, film *STM set up

*Mott phase transition in “Single nano-Grains”
*Possible Ultrafast & Tuneable VO, based gating

ICTP Buea-Cameroon 3-13/11/2015



NANO: MOTT PHASE TRANSION

VO, & Single nano-particle ultrafast gating

peoe 08005
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*Proof of Concepf: J. Nanoparticles Research (2014)
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VO, & Single nano-particle ultrafast gating

Metallic electrodes Tunable
Ultrafast

7S (carriers) .
\ Opto-electronic gate
\
\
\ “OFF”
\

Optically
\oc’rive oxide
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VO, & RT Hydrogen gas sensing

2000

2010

2020 2030 2040

Hydrogen Industry Segments Public Policy Framework

Public Policy
Framework

-

Production
Processes

Conversion

|Technologies

« Security
+ Climate
+ H2 safety

} Outreach and acceptance

Public confidence in hydro-
genasan
energy carrier

« Pipelines
« Trucks, rail,
garages

Pressurized tanks

Combustion

Reforming of natural gas/biomass

——
gasesancHiquids, thydrides) Solid state (carbon, glass structures)

— — — — — -

Gasification of coal

Biophotocatalysis
Photolytics to split water
— — — — —

Electrolysis using renewable and nuclear
Thermo-chemical splitting of water using nuclear

Integrated
central-distributed
networks

Onsite “distributed” facilities

-

Solid state Mature technologies for mass production

;uel cells
« Advanced

—

Mature technologies for mass production

End-Use
Energy Market

combustion J

« Fuel refining
+ Space shuttle
« Portable power

—

« Stationary distributed « Commercial fleets
power « Distributed CHP

+ Bus fleets « Market introduction of

« Government fleets personalvehicles |

« Utility systems

ASP-CERN Webinar 11-08-2020
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- n on, D1rectorate for Energy and Transport, “Clean Urban Transportation for Europe: Detailed
TTTary o 1 1ents,” http://ec.europa. eu/enerO\ [res/fp6_projects/doc/hydrogen/deliverables/summary .pdf.

(Last v 151ted December 6, 2007.)

46 Green Car Congress, “European Commission Adopts 940M Fuel Cells and Hydrogen Joint Technology
Initiative,” www.greencarcongress.con/2007/10/european-commis.html. (Last visited November 16, 2007.)

47 Green Car Congress, [Japan Plans to Spend $1.72 Billion Over 5 Years to Spur Development of Low-Carbon
Powertrains and Fuels,” s areencarcongress.com/2007/05/japan_plans_to_.html. (Last visited November 16,
2007.)

48 National Hydrogen Association, “Key Hydrogen Messages.” p. 2,

http://www hydrogenassociation.org/pdf/keyHydrogenMessages.pdf. (Last visited November 14, 2007.)

49U S. Department of Energy, “U.S. Department of Energy Hydrogen Program,”

http://www] eere.energy.gov/hydrogenandfuelcells/pdfs/doe_h2_program.pdf. (Last visited November 15, 2007.)

1 U.S. Department of Energy, Fuel Cells and Infrastructure Technologies: Transition Strategies, by Sig Gronich
(Washington, D.C., March 8, 2006),

http://www1 .eere.energy.gov/hydrogenandfuelcells/pdfs/transition_wkshp_strategies2.pdf. (Last visited December 6,
2007)

21U S. Department of|Energy, A National Vision of America’s Transition to A Hydrogen Economy—to 2030 and
Beéyend (Washingten D) .C. February 2002) p. 1ii,

http://www1 .eere.energy.gov/hydrogenandfuelcells/pdfs/vision_doc.pdf (last visited January 29, 2008.)

Transition to a Hydrogen Economy
Source: U.S. DoE 2006-8, FP5-6, MITI/MEXT-2007
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MAJOR REQUIREMENTS FOR A GAS SENSOR

Sensitivity: Chemical Surface activity

Operatfional Temperature: Low temp. functionality
Detection threshold: Low threshold of detection
Selectivity: Gas identification

e H,: One of most explosive/ignition mix range with air of all gases
with few exceptions; acetylene, silane, ethylene oxide.
oH,: Odorless and leaks cannot be detected by smell.

ASP-CERN Webinar 11-08-2020
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Materials Target Gas Lowest detection v Response Recovery
| || Concentration | |
Snl), Nanowhiskers Lthanol H, U ppm 300 C, 5=23) | N/A 1Umin
| | ]”‘l-‘l-:n -'llj’:,l. S ”.'t | NA
Single nanowire H, Humidity 100 ppm 2, 5=173 NA
RH:S0% (307C.5=1.25 120-170s20-60s
Nanorods | 1, | 100ppm (150 °C) | N/A
In.0) Nanowires | Ethar 10Gppm (370 "C, 5=1 105205
NO) lppm 230 "C, 8=2.57 NA
| H ; ._’i“::’ppil RT 2.3min'NA
Ethanol Sppm 330 "C, S=1.84 Ga'lls
Single \W THLS ppm 120 °C [ 48565

H,S 50ppb (RT, $=1.7 N/A
| Ethanol | 1ppb (300°C, $=10 NA
‘\lrl}::-.r:nl SUppm (300 "C, 5=15.2 NA

NA

| Ethanol 100ppm (325°C, 5=20

|
|
|
| | | | |
ZnQ) ‘ Nanorods | H SUGppm 25 °C 10min’ NVA
|
|
|
|

| Single \W | H, | 200ppm (KT, $=0.04, |
WO, nanowires H,S Ippm 250°C, S=48 N\

NH 10ppbroom temp. NA

I'e(), nanowires NO, Wppm 26 C [Omin
. NH Wppm 26 C - 30min
' NA
| nanowires () Sppm (300 "C, I'N/A
NO. S=0.07 NA

Zppm 33X C, 5= 15

.5 _',nH,u!-:n 26

‘ nanoribbons | Methanol | Sppm (100 C, 5=1.4
[ Ethanol Sppm 200°C, $=1.2
| CdO nanowires | NO, | Tppm (100 "C, 5=40).27
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® Nanobelts: 20-150 nm in the fransversal direction & a
length = 20 4 m with a thickness less than 10 nm.

® VO, (A): specific interspacing d )~ 0.600 nm.

ASP-CERN Webinar 11-08-2020
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-Mo1t nano-scaled oxides

@ Different H, partial pressures equivalent to 140, 90, 50, 14, 0.17 ppm of
H, (N, carrier): Standard gas sensing BUT at RT.

® Average response fime are ~840, 890, 1080, 1020, 1050s for 140, 90, 50,
14 and 0.17 ppm of Hrespectively.

nanorods sensing under H

40 8o 120
H, concentration (ppm)

-
g
[
Q,

Resistance (M2)

7
g
[
Q

00 5.o;l<1o3 ' 1.0;'<1o‘ ' 1.5;<10‘ ' 2.0>'<10‘ ' 2.5>'<1o'
Time (s)
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MULTI-VALENCE OXIDES: VO,

Phase Diagram

*V has abundant oxidation states: O
*Large binary : VO,,, (0.5 <x<0.5),
*V,O;, V50,5, VO, V,O,5 VO,, V,04,

VO.,:

* Polymorphic system

* VO, (A), VO, (B), VO, (M}, VO, (R)
* Active/non active phases.

* Stress conftrolled
e VO,(M-R)

ASP-CERN Webinar 11-08-2020
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—Mott nano-scaled oxighe

The O-V (Oxygen-Vanadium) System*

By H.A. Wriedt

Consuftant

Equilibrium Diagram

‘The equilibrium solid phases of the V-O system at 0.1
MPa hydrostatic pressure are (1) the bee terminal solid
solution, (V); (2) bet a'; (3) bet g; (4) bet p'; (5)
monoclinic y; (6) fce ; (7) bet §; (8) V203, with rhom-
bohedral and monoclinic forms above and below -112
°C; (9) V305, with different monoclinic forms above
and below +155 °C; (10) the triclinic V,O2n-1 Magnéli
series, with n = 4, 5, 6, 7, and 8; (11) VOg, with
tetragonal B and monoclinic « forms above and below
+ 68 °C; (12) V6013, with different monoclinic forms
above and below - 124 °C (13) monoclinic V307, and
(14) or
nauons to those adopted occur in the literature. Moet
solid p ranges, ex-
cept for V305, the Magnéli phases, V6013, and V307,
where the breadths are on the order of the experimen-
tal uncertainties. The ranges in VO2 and V205 are also
very narrow. Among the many alher phases reported

The pioneer draftings of the V-O phase diagram—
[53Sey) and [57Bur] below and above 60 at.% O,

bot and then
ncemly discovered pl (V) B. 8, V203, V305,
VnO2n-1 Magnéli, V02‘ V3013, and V205. Major
revisions followed. Phases were deleted (“y» of
[53Sey]) or added by [66R0s] (v), by [66Tod] (V307,
discovered by [65Tud)), by [70Hen] («’, discovered by
[69Cam]), by [71Bel] (', discovered by [42Kle]), and
by [74Hir] (|3 duscovered by [73H1r]) The phase
depicted in the
assessed dmgmm (Fig. 1), which incorporates all of
these phases, were derived primarily below 55 at.% O
from the diagram of [71Ale] (modified by detail from
[71Bel) and [76Hir2]) and above 67 at.% O from
[66Tod) (modified by detail from [80Vas]). Between 55
and 67 at.% O, the main influence was the [66Kac]
diagram. Table 1 lists the known phase transforma-
tions and invariant equilibria.

most are either
stable. The established phases Vo017 and V409 m.gm

“Unabridged version of this aseessment can be found in

be marginally stable, but they are omitted from theas-  Geres or e Bhooe bramance to i dlloys, Monograph
gessed V-0 phase diagram (Fig. 1). ASM INTERNATIONAL, July 1989.

Fig. 1 Assessed V-O Phase Diagram (Condensed System, 0.1 MPa)
Weight Percent Oxygen
10 »

Temperature °C

) %
v Atomic Percent Oxygen

H.A. Wriedt, 1989.

Temperature (°C)

0 02 04 0608 1012 14 16 18 2022 24

Bulletin of Alloy Phase Diagrams Vol. 10 No. 3 1989 27

*V-O has abundant crystallographic states

*VO,Narrow P-T-% range: Challenging synthesis
eTargeted VO, M-R active phase: PLD
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Photon Photo e-Transport Physiology
Absorption Chemistry Biochemistry
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jammond et al, MIT, Science, 2005
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cos® =f, cosO, +f, cosB,)

Barthlott, W., Neinhuis, C. Planta 1997, 202, 1-8.
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Macro Meso Micro Nanostructures
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