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Solar Enerqy

“ At some point, almost certainly
within this decade, we will peak
in the amount of oil that is
produced worldwide,”

Terawatts

4.52

World Energy Consumption
1998

07 296

ail Gas Coal HydroBiomass Renew Nuclear
A —F S & - —
E?){‘}\Q 9\ 5{( d//? e ﬁ\;'b}l\l “To give all 10 billion people on
PN o £ ,?a/,:ﬁ( 5 the planet the level of energy

prosperity we in the developed
world are used to, a couple of
kilowatt-hours per person, we
would need to generate 60
terawatts around the planet
the equivalent of 900 million
barrels of oil per day.”

Figure 3. Solar cell land area requirements in which the six boxes (100 km on a side), located in
areas of high solar radiation, can each provide 3.3 terawatts of electrical power to a total of ~20
terawatts of electrical power. Courtesy of Nate Lewis of the California Institute of Technology.
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Batteries, Supercaps & Fuel Cells
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Renewable Energy Cycle - Il

« solar energy Solar conversionf

 no extra carbon dioxide evolution ¢ Energy storage

 low temperature burning  Energy uses
1. Solar Cell

(b) electric current

2. Fuel cell combustion
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Electrochemical Cells

Charakteristics of electrochemical cells

Spezific Charge: Q =zF/ZM, [Ah/kg]
0,=0p [Ah/1] (p = Density in kg/l)

Spezific Energy: W =UQ = UZII%/I'F = _ZAI\(/? [Wh/kg]

n

Spezific Power:  P=_Y"_  |wikg]
ym

n
n
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Batteries Systems

Some important battery systems

Anode Elektrolyt Kathode
@ (Diaphragma)
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\ Pb H2SO4 PbO2 \
\ Cd KOH NiOOH |
12-2V | MeHx KOH NiOOH |
Systeme Zn KOH NiOOH \
wasserige { | Zn i(0is L) |
S | H2 KOH NiOOH |
\ Zn ZnBr, KBr Brz - Komplex |
| Zn KOH O2 |
2-4V \ Na b-Al203 Sx \
Systeme - i
\ N.a b AI%O?,, NaAICIO4 NiCl2 | R ——
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Battery with Porous Electrodes
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Lithium ion battery  (-)

Kupfer Alurnin urn
req. Kollektor L pos. Kollektar
(Anode) lithium storage (Kathade)
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Batteries & Potentials

electrochemical potentials of
different electrode materials

positive
Elektrode

+—ILIiF

e Li,NiVO,

.4eV

Li,[Mn].O
— Li,CoO, MnkO,

_3eV. lithium ion battery

2ev. U=AE ~ 4V

negative  HTi0s.
i 1 EV_ ] LiXMODz
Elektrode — L WO,
—— Lixcu Li.C
e |
0 BV.‘_ T e
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Lithium-lon Battery - Components

L A
B @ @ @ @ R R 0b 3

Cathode : Transition metal oxide T (Li,TO,) N
@ w*.f g8 % “ﬂ‘ =

Working x: 0<x<0.5 Ay YRR

O
Electrolyte: 1,3-Dioxolan-2-one (ethylen carbonate) / JL
LiClO, oder LiPF O 0
v/
Anode: Graphite (Li,Cy)
Working x: O0<x<l1
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1. Fast High Energy Li-lon Batteries

Why aren‘t there Li-lon batteries in handheld working tools ?
Why aren‘t there Li-lon batteries in electric cars?

Full Batteries:

1. Optimized for specific energy:
ca. 160 Wh/kg at C/3

2. Optimized for specific power:
ca. 60 Wh/kg at 20C

3. Optimization for
spec. energy & spec. power ???

Basically,the cathodes are kinetically slow at a reasonable reversible

capacity.

29.10.2008 Nanochemistry UIO
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Possible Electrodes

Anodes are not the fundamental problem

1. Optimal electro-active material : Anode

Graphite 1500 Wh/kg at 20C
Tetrel alloys (silicon, tin) ~2000 Wh/kg at 10C [1]
TiO, spinels 500 Wh/kg at 12C [2]

[1] Chen,Chevrier, Christensen, Dahn, Electrochem. Solid-State Lett., 2004, 7, A310-A314
[2] CHRISTENSEN, SRINIVASAN, NEWMAN, J. Electrochem. Soc. 2006, 153, A560

Presently cells suitable for hand-held machines and cars [3]

Lead 40 Wh/kg
Ni-Cd 50 Wh/kg
Ni-MH 70 Wh/kg

[3] Trueb, Rueschi, Batterien & Akkumulatoren, Springer 1998
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Nanocrystalline Anatase-Fibers

[ L
SAINE Ajraey S
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TiOz-Nano Fibers in Thin Film Electrodes

TiO, : Zr stabilised
® very cycling stable
® close to 200 Ah/kg

pm ) EHT = 0.50 kV
— WD= Zmm

Integral voltammetric charge from the anodic branch of cyclic
voltammograms is plotted as a function of scan rate. The charge
was normalized against the charge-capacity of the same
electrode at the slowest scan (0.1 mV/s). Open points: material
N11, squares: material N12, triangles: material N9. Full points +
dashed line: reference non-organized nanocrystalline anatase

C240

Kavan, L.; Kalbac, M.; Zukalova, M.; Exnar, 1.; Lorenzen, V.; Nesper, R.; Graetzel, M.;

Chem. Mater 2004; 16(3); 477-485

Signal A = InLens Date :28 Jun 2001 |
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Bean ratn, mie BE

T T T T
1.4 16 1.8 20 22 24
Potertial, V vs. LILi+

Figure 1

[

Integral voltammetric charge of the S-peaks (S1
referred to the total charge) from the anodic brg
of cyclic voltammograms (scan rate 0.2 mV/s)
plotted as a function of the concentration of “ .
amorphous” (XRA) phase in the material. DaJes |
line is a linear fit of experimental points. | 3

18




Possible Cathodes

1. Present electro-active cathode materials :
Li,CoO, 550 Wh/kg at C/3
Li,Mn,O, 450 Wh/kg at 1C

e Braes e aw g3 syatprigualpn
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Cathodes are too slow and/or too instable

1. New electro-active cathode materials :

Li,FePO, 550 Wh/kg at >1C
Li, V404 800 Wh/kg at >1C

[1] Spahr, Novak, Schnyder, Haas, Nesper, J. Electrochem. Soc. 1998, 145, 1113-1121
[2] Electrode material for positive electrodes of rechargeable lithium batteries, WO0141206 2002
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Specific Energy of VC)K Nano-Fibers
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Galvanostatic Investigations of
Samples with different morphologies
taken at C/2, between 1.5-4.3 V.

Losses by electric decoupling from
base electrode

= Requires new electrode binding
concepts

300h, ",

250}

150|

Specific charge (Anfkg)
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Li,FePO, Nanoparticles

LiFePO, particles

New binding concept

New Fe compound at 225 Ah/kg

160

theoretical capacity = 170 Ah/kg

140

‘“:;: ::::—‘ﬁ_—f“ﬁ

Both Samples running at 1C, with
the first sample having the specific
energy of approx. 550 Wh/kg for
the 2. cycle.

g

Specific charge (Ahfkg)
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LiFePO, nanoparticles and macrosized graphite as a ._* 'y

conductive additive ( including the inert binder)
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Criteria for
Advanced Battery
Technologies

29.10.2008

Table I: U.S. Advanced Battery Consortium (USABC) Primary Criteria for

Advanced Battery Technologies.

Power density (W/I)
Specific power, discharge
(W/kg, 80% DOD?/30 s)
Specific power, regeneration
(Wikg, 20% DOD/10 s)
Energy density
(Wh/l, C/3° discharge rate)
Specific energy
(Wh/kg, C/3 discharge rate)
Life (years)
Cycle life
(cycles, 80% DOD)
Power and capacity degradation
(% of rated spec.)
Ultimate price
($/kWh, 10,000 units @ 40 kWh)
Operating environment
Normal recharge time
Fast recharge time
Continuous discharge in 1 h
(no failure)
Efficiency
(C/3 discharge; 6-h charge)
Self-discharge
Maintenance
Abuse resistance
Other criteria

600
400

200
300
200

10
1000

20%
<$100

40 to 85°C
3-6h
40-80% SOC® in <15 min
75% (of rated energy capacity)

80%

<15% per month
No maintenance (service by qualified personnel only)
Tolerant (minimized by on-board controls)
Recyclability, 100%
Packaging constraints
Environmental compliance
(manufacturing process, transport, in use, and recycling)
Reliability (tie to warranty and cycle life)
Safety constraints
Vibration tolerance

Note: From Reference 54.
*DOD is depth of discharge.

" A discharge rate of C/3 means that the time for total discharge of the battery at constant current

is 3 h.
80 is state nf charna

g Ao |8 SIS Ry e
SINE ajraeoy SyrNRRaL yaGualp

Supercaps (double layer capacitors)

Aktivschicht

Elektrolyt, Separator

Kontaktelektroden

P

Kohlepartike!
mit Elektrolyt
e

/

o +F

Spannungsverlauf in der Zelle

Elektrochemischer Doppelschichtkondensator

Energiedichte Wy = 1/2 g9 ¢ E2

E 5x 107 V/icm

£0 8.8x10-14 F/cm
Epoppelschicht ca. 10

Doppelschicht Wy = 0.3 kWh/I
Kondensator mit 100 m2/cm3

- U=1V Wy = 1.5 Wh/l
- U=4V Wy = 24 Wh/I
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Fuel Cells

* Niedertemperatur-Brennstoffzellen (100 °C)
» Mitteltemperatur-Brennstoffzellen (200 - 400

°C)

» Hochtemperatur-Brennstoffzellen (500 - 1000

°C |
Oxidant Brennstoff

Luft : y Wasserstoff

* saure Brennstoffzellen
« alkalische
Brennstoffzellen

g A8y |8 SN S v
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Potymerelektrolyt BZ
Phosphorsiaure BZ

160 -200°C

Direkt Methanol BZ

Aikalische BZ | Wasserstoff 80 °C

© Kohlen-

Schmelzkarbonat BZ
¢ wasserstofe 6950 °C

Kohlen

Festoxid BZ wasser-stoffe 900 OC
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Light Emitting Devices - LEDsS

The Semiconductor p—n Junction

Relative Intensities

“Ultimate Lamp”

Nick Holonvak Jr.

Automobile Brake Lamps

667 nm
_ |647 nm

- [#5
m

) e

550 650 750 850 9850

Wavelength, nm

The p-n junction is in fact an “ultimate
lamp,”* by which I mean a lamp that can-
not be exceeded in efficiency of converting
electrical energy to optical energy. Also, as

gives orange

tail light lens

29.10.2008 Nanochemistry UIO
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LEDs - Principles

Figure 5. Photoexcitation switched off
and V, biasing the p—n junction with
forward current (1 # 0), thus preserving
the original flat-band configuration and

yielding recombination radiation hV gpss.

Er, andEg, are functions of the spatial
variable x due to doping and voltage
differences.
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L EDs — Materials and Development

Evolution of the visible-spectrum light-emitting diode

100l Low-pressure
F 34— sodium (18 W)
i1 Fluorescent
g AllnGaP/GaP (4ow)
- RED-ORANGE-YELLOW A1
% Holonyak's AllnGaP/GaAs {+Halogen (30 w)
first RED-ORANGE-YELLOW
8 | +—Tungsten (60
g 10F  commercial AlGaAs/AIGaAs ';“—Ysllgw- povd
3 LED RED 1 filtered
8 GaAsP: J+— Red-filtered
E RED-ORANGE-YELLOW
GaP:
s 1}k RE-N oRsEN . V Edison’s first
@ g F* light bulb
= GaAsP ;
RED 1
0.1 by '._|_|__| P U SR A RN PRI Y A AT
1960 1970 1980 1990 2000
Year

F.tgm_re 11. Dfagr_am showing the evolution over 40 years in the performance of LEDs, from
the time 0{ the first GaAsP laser and red light-emitting diode in 1962, to the Ili—V/ alloys now
prevailing in the approach to an “ultimate lamp.”
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L EDs — Colors and White Light
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L
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e s

General CRI

AL
¥

w & BEEEBEEZE B R £3§

| Al &}
: WE.._.
i : —— - i |.1 -

20 340 3ED L]

Lurminaus Efficacy (ImW)

= W 1. Generate three base colors

Figre 6. The envelope of mamimmm CRI and lnnunons efficacy
for multe- T ED white light sonugees with 30nm FWHRM Lne widths
and 2 4570 color temperature. After A Znkamskas, B

2. Generate UV and convert to
blue, green and red

Vaicelkaskas, F. Ivarauskas, B Gaska, and M. 5. Shu,

"Optimization of wlite polychromatic semicondnctor laaps,”

Applied Physies Letters 50 (2002) 234-6.
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Colors and White Light
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Figuare 7. The CIE 193] chromaticity diagram  The horseshoe
boundary, called the spectmm locus, represents monochromatic
Light. The ousve mn the center, called the Planclkean loons,
represents white light. This ourre teaces the chromaticsty
coordinates of blackbodies at temperatiures between 1,000 and
20,000F,, which are pesceived by the hnman visnal system to be
white. The vertices of the white triangle, at 460, 540 and 61 0nm,
are the centers of the target wavelength manges for tri-color solid-
state white lighting. The mtenor of the trangle is the “ganmt™ of
colors that would be available to such a hight source.
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Colors and White Light

There is provided a white light illumination system including a radiation

R e L

g Kojeagray |6 3N Epa s

source, a first luminescent material having a peak emission wavelength
of about 570 to about 620 nm, and a second luminescent material
having a peak emission wavelength of about 480 to about 500 nm,
which is different from the first luminescent material. The LED may be a
UV LED and the luminescent materials may be a blend of two
phosphors. The first phosphor may be an orange emitting Eu2+, Mn2+
doped strontium pyrophosphate, (Sr0.8Eu0.1Mn0.1)2P207. The
second phosphor may be a blue-green emitting Eu2+ doped SAE,
(Sr0.90-0.99 Eu0.01-0.1)4AI14025. A human observer perceives the
combination of the orange and the blue-green phosphor
emissions as white light.
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Year 2002 2007 2012
LEDs — Future Lominous | 25 75 150 i
Efficacy 4
POSS' bI|ItIeS Lifetime 20 =20 =100 i
(she) £
Fluzx 25 200 1,000 %E
(I lamp) 25
Lumens 200 a0 <5
Cost (3/klm)
Color 75 =80
Rendering
100,000 Index (CRI)
~«_ Fire Lighting Low-flux  Incande-  Fluorge-
10,000 | ><g Mackets scent scent
L F‘-.\ A Penetrated
- 1,']]:} -""h. &
E l."'l,“ A
'f\-n:"_ ~., Incandescence
= o
2E 10 sy’
zZE e
g = 1l Flucrre_sr.en ce My
W o= -
= SSL-LEDs
0.1 | |
1800 1850 1900 1950 2000 2050
Year
Figie 5. Estimated ownership costs of ight, in 1992 dollars.
Drara for Fire and Incandescence for operating cost ate from the
work of W. Nordhaus f to which estimates of eapital ost have
heen added. Drata for Fluogescence are from onr estimates. Dlata hemistry UIO

for 35L-LEDs are the target: of tlus Roadmap.

L EDs — Future Possibilities

80 T T T T
g L ]
)
o
e | == S5
k=]
@ > ¢
ol L
S| = 4
E o =5
- . -
5 [ ] flucrescent §,
Sn® ]
g e
E] = Py incandesceng
0
800 800 900
Peak Wavelength (nm)
Fignre & Power efficiency of
light sources at varioss '. LED
E-\-z-ie_ej:;'tfn. [Co'u??_-'.o:' 3 Vertical Cavity
LG Ceaford, Tumileds] Laser Diode
5= Edge-Emitting
Laser Diode

present power conversion efficiencies of infrared
(710-850 nm) lasers and red (650 nm) LEDs are in
the 40-60% range.

29.10.2008 Nanoch
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SSL-LED

targets are physically reasonable and consistent with
our knowledge of fundamental physics and with other,
more mature, semiconductor manufacturing
technologies.

Nevertheless, solid-state lighting is in its infancy, just as
silicon integrated circuits were in their infancy two
decades ago.

Hence, in order to meet the lighting targets and lamp  §
sub targets significant Challenges must be overcome i
a number of areas. We organize these areas into three Zi
overall building blocks: =

1. Substrates, Buffers and Epitaxy
2. Physics, Processing and Devices
3. Lamps, Luminaires and Systems

Jeff Y. Tsao, Light Emitting Diodes (LEDSs) for
General lllumination, AN OIDA TECHNOLOGY
ROADMAP UPDATE 200 2
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Fhatan Fot
Nitride LEDs
LN
™ oD 0
M-ypa gallium \\‘ 06.60 Q oy ii
riitrics ~. 2oh - E“%
“ 4 \‘g % S, Sold wire L
1. important new class of phosphor materials Cwantum wells 2 o
. . q anp - b = etal contad =
demonstrated their superior suitability for white 2-pc- T et
LEDs. e

2. alkaline earth cations of nitridosilicates and
3. oxonitridosilicates can be replaced by Eu2+, which emits
for all members of these classes in the visible MH ok
part of the spectrum;
Stokes’ shift is small enough to enable excitation by blue
InGaN/GaN LEDs.
6. The new phosphors lend themselves to use in 2-pc-LEDs
with excellent properties —a wide range of possible white
light with adjustable CCT and simultaneously retained
brilliant color rendering properties.

Gald wire Submount

I

7. CCT and CRI are very stable against temperature
changes and drive currents.

8. only chemically very stable materials with no
environmental hazards in service, production and
disposal are used.

9. Further studies to minimize photo-thermal degradation
and to select the most stable stoichiometries for long-life

10. operation are underway. White LEDs may well become
the next generation of general lighting sources.
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Searching New Materials for Energy Conversion and
Energy Storage

1. Renewable Energy

2. Solar Cells

3. Thermoelectricity

4. Fast High Energy Li-lon Batteries
5. Light Emitting Devices

6. Superconducting Wires

7. Hydrogen Storage

8. Luminescent Materials

9. New Materials
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Applicable Superconductors

‘\e‘g\l
1. Present HT, Materials : Cuprates \ $0°
(%) o
YBa,Cuz0, \i\‘ab ~es too expensive
Bi-based SC ot® _1UK, undergo phase
A\ o
e transition [1,2]
xe®
£ ©

[1] Mourachkine, High-Ter= ‘a\eg <onductivity in Cuprates, Springer 2002

[2] Bennemann, Kettert (_',\\Q O" “_s of Superconductors 1. Conventional and High-Tc-
Superconductors, Sprii “a“ z

2. New SC's:
MgB, T.= 39K, good current density,
H. ~ 12Tesla on C-doping
novel carbons ?? hyperbolic C's [5]

[3] Lee etal., Nature. 2001, 411, 558-60

[4] Fluekiger et al. , cond-mat/0608650 2006 & cond-mat/0607073 2006

[5] Nesper et al. Hypothetical Carbon modifications with zeolith-analog structures,
Angew.Chem. Int.Ed.Engl. 1993, 32, 701-703
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Mg Bz - Wires i
- MgB,
MgB,
MgB.,C,
LiBC
Li, sBC ,T.=90K"

T.= 39K, good current density, H. ~ 12 Tesla on C-doping

Reinoso, Ottinger, Worle, Nesper, Method for producing a super-conducting material made of MgB,,
Patent No WO0207149909 2002
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Morphology Preserving Transformation

182°C J—eiiciivncnicinanaccannenees i... Dissolving boron into molten ..
molten Litium  : lithium,  forming ~an  high
crystalline Boron malleable,metallic solid solution

300°C s ................................

wninz CRoye g 5 3anig ) gy v
DT PR a3y yrealpn

Li = Mg exchange under
preservation of morphology

- Sublimation of Mg / Mg, Li, under high vacuum

Reinoso, Ottinger, Worle, Nesper, Method for producing a super-conducting material made of
MgB,, Patent No WO0207149909/2002
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Searching New Materials for Energy Conversion and
Energy Storage

Renewable Energy

Solar Cells

Thermoelectricity

Fast High Energy Li-lon Batteries

Light Emitting Devices
Superconducting Wires
Hydrogen Storage

© N o 0k w0wDbdRE

New Materials
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Hydrogen and Energy Storage& Conversion

—

Comparison to worst carbohydride:

CH,+20, — CO, +2H,0 -803kJ/mol
2. Cold combustion => no NO,
3. No carbon burning =>no CO, production
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Hydrogen — How to Store ?7??

Storage Energy Density Refilling  Notes
(kWh/kg) Rel. to (kWhl) Rel.to  Lime (min)
Diesel (%) Diesel (%)
High pressure 1.00 9 0.55 7 10to 60  Cylinder storage
H, (300 bar)
Liquid 6.00 55 1-1.7 12-20 up to 60  Energy loss for
H, (<253 °C) liquification vapo-
risation loss
2%/day
Metal hydride 0.40 - 0.80 10 10 Recovery of heat
10%
Methylcyclo- 0.56 5 0.37 4 10 Additional H,
hexan needed for dehy-
dration
29.10.2008 Nanochemistry UIO
|deal Electric Car
1. Fuel cell => pasic power
2. Battery => acceleration
3. Super-capacitors => energy recoverage

(deacceleration / breaking energy)

4. Hydrogen as energy source
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Hvdrogen pressure storage Comparison of Hydrogen Storage Materials

nt.J.Hydrogen Energy 22, 601 (1997)

sl
L]

Future Carbons A

+ Compressed -
S9C e Advanced
f1w=.

o
T

Gravimetric Density (% H2)
Fig. 1. Summary of current and future hydrogen storage systema. 4

Figure 1Volume of 4 kg of
hydrogen compacted in different
ways, with size relative to the size of
acar. (Image of car courtesy of
Toyota press information, 33rd
Tokyo Motor Show, 1999.)

Hiliquich

29.10.2008 Nanochemist

Metallhydrides i
3
ES
Ll
i
Density: 5qecm? 2gem 1gcm3 0.7 gcm3 5
;2‘
160 g Ma.NiH £ : ;
gaNIH; i
@ (" nano K
140 -|  |EEEEL i : i
Al S LiBH,
NaBH, .~ dec. 553K
PUI 300 K. 2 bar 620 K, 5 bar - CoHygh . * H, chemisorbed
Y D Y on carbon
B KBH,
2100 dec 580K .7, LiAH, .-~
CN 300 K, 1.5 bar & dec. 409,,\" C4Hmliq.
z : a7 b.p. 272 K
= 80 : S NaAH, .-
= dec. =520°K
—> II- 'I- ‘_' '," .
= ; = = H, physisorbed
on carbon
0 5 10 15 20 25

P (Hal (masss)
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Hydrogen storage Iin

y b
= | 0.00
-0.05
1-0.10
045
Table 2 Intermetallic compounds and their hydrogen-storage properties®
Type Metal Hydride Structure massth P, T e
Elernental Pd PdH, 5 Fm3m 0.56 0.020 bar, 298 K = 5 o 5 %
AB. LaMi.  LaNi;H.  Polmmm  1.37 2 bar, 208 K [1230] —>
AB, I, IH.,  Fdim 3.01 10 bar, 323 K
AB FeTi FeliH, Pm3m 1.89 5 bar, 303 K
AR Mo,Ni Mg NiH,  P6222 3.59 1 bar, 555 K Sp(x)/A’
Body-centred  Tivy TiVaH, b.c.c. 26 10 bar, 313 K g0
cubic T I
i 0.05
g 0.00
sl
-0.05
1-0.10
[1230) —>
Fig. 5. Charge density differences in the (2010) plane. (a) 8p=
p(LaNi,)— p(La atoms)— p(Ni atoms) for LaNi,; (b) 8p = p(LaNi H,)—
29.10.2008 Nanochemis p(LaNisH,)=p(H atoms) for LaNi;H,.

Graphites & Heterographites ??7?

wang oy |0 JANiINU| PREpAy VW
AIDE P g yaa ayeualp

LiB MgB,

MgB,
_ MgB,C,
S LiBC

J \ Graphites
|

Idea:
replacing the bonds by

»EXpected advantages”:

» Cancel the large H-element binding energies

. M. J. Reinoso, Dissertation,
Preserye a st_able strgc_tural backbone TH-NF. 15781. 2004

» Potentially high specific H-storage up to 10 wt%

29.10.2008 Nanochemistry UIO




But, Reversible H-Storage in Silicides

M. J. Reinoso, Dissertation, ETH-Nr. 15781, 2004

YbSi, 4, — 0.1 Wt%

CaSi 1.6wt% =>CaSiH

2.0 wt% =>CaSiH, 43 Ohba et. al.; R&D Review of Toyota 39, 40 (2004)
SrSi 1.4wWt%
BaSi >2 wt%

&f e © FEf

Ef o ¢ Ef
& e © FFf
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Searching New Materials for Energy Conversion and
Energy Storage

Renewable Energy

. Solar Cells

. Thermoelectricity

Fast High Energy Li-lon Batteries
Light Emitting Devices

Superconducting Wires
Hydrogen Storage

o8 =y @l os e N =

New Materials
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High Temperature Polymer Si/B/C/N

M. Jansen, T. Jaeschke, B. Jaeschke, in High Performance Non-oxide Ceramics I, Vol. 101 (Ed.: M. Jansen),
Springer-Verlag, Berlin, Heidelberg, 2002, pp. 137.

Haberecht, Krumeich, Nesper, Chem. Mater. 16, 3, 418-423, 2004
@ DTA(uV/mg) TG(%)
LN, 1 exd
\ H\N /B \N/H
W A

HoSi FI

H SiH3

B-tris(E-silylvinyl)borazine
thermal decomp.: only H
— 94% ceramics yield

I
1500 2000

Advantages:

» High chemical & thermal stability
» Isotropic amorphous material

» Electric conductivity
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L otus effect

— BASF — Lotus Spray

-

UPERHYDROPHOBIA BASF's "Lotus Spray” —using principles involving surface contact and adhesion discovered in
1e leaves of the lotus plant, as well as a c ination of nanoparticles and very hydrophobic polymers—makes a wood
Jrface such as that shown here extremely water-repellent and self-cleaning.
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Lotus Effect by CNTs

i FEL

g dojouray 8 3N
w

um EHT = 1.00 KV Signal A=inkens  Date ;24 Agr 2003
— : e

donm EHT = 1.00 kV Signal & = InLens Date =24 Apr 2003
File Name = JH105 0201 o

H WD= 7 mm File Name = JH105_04.

= formation of spiral-like Lotuseffect

carbon nanotubes catalyzed

by Ni nano drops
= homogeneous distribution of Ni
in the ceramic material: Si/Ni

ratio 5.7 (= 7.5% Ni)
29.10.2008 Nanochemistry UIO

(A) Nitrides and Nitrido Compounds
Cage compounds & Optoelektronics

28

F. Ottinger, Dissertation, ETH- Nanochemistry UIO Ottinger, Nesper,
Nr. 15624, Zurich 2004 Z Anorg Allg Chem 2005, 9, 631, 1597-16




F. Ottinger, Dissertation,
ETH-Nr. 15624, Zirich 2004
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Searching New Materials for Energy Conversion and

Solar Cells

@ N O 0k WDNRE

o

Energy Storage

Renewable Energy

Thermoelectricity

Fast High Energy Li-lon Batteries
Light Emitting Devices
Superconducting Wires
Hydrogen Storage

New Materials

Divers Functions
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—_—— Fast
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Nano-ribbon Waveguides for
Subwavelength Photonics Integration

29.10.2008

Far-field optical image of a
GaN/AlGaN
core-sheath-based
quantum wire laser

(length, 4 um).
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g Ao 18 S| R v
SN2 ajrag oy ey syaucualp

Intensity (a.u.)

Intensity (a.u.)

350 360 370 380 390 400 410 420

3?0 380 390 400 i , Wlauinlanmeadlh fmmah

(a) Far-field optical image of patterned lasing in ZnO nanowire arrays. Each square pattern
unit is 20 um x 20 um. Inset shows a typical emission spectrum below and above the
lasing threshold. (b) Lasing spectrum from an individual ZnO nanoribbon. Inset shows a

far-field optical image of the waveguiding ZnO nanoribbon (length, 35 m).
29.10.2008 Nanochemistry UIO 59

Nanoribbon Waveguides for Subwavelength
Photonics Integration

Panchromatic waveguiding in a
425-m-long nanoribbon. (a) Dark-
field image; cross-sectional
dimensions are 520 nm 275 nm.
(b) Photoluminescent (PL) image
with the UV excitation spot
centered near the middle of the
nanoribbon, showing waveguided
emission from both ends.

(c) Magnified dark-field PL view of
the right end, with the laser
focused on the left end. A wide (1
m) ribbon lies across the ribbon of
interest.
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Gas Sensing

0F — 1/2 Oz + Vo
Vo— Vo +€
Vi— Vo' +e”
O)— 12 Oy + €

Fig. 2. Gas sensing tests on individual nanowires were carried out
as a function of temperature and (flowing) ambient gas composi-
tion in a 50 mL stainless steel gas cell designed for in-situ high
pressure and temperature impedance measurements. a) SnO; na-
nowires were deposited on SiO,/Si, outfitted with vapor-depos-
ited AwTi electrodes which were contacted by microscope-
guided, micropositioned contacting probes. I-V characteristics for
the nanowire measured in b) an inert, and c) an oxidizing envi-
ronment. Nanowires were preconditioned for 2 h at 525 K under
flowing dry N before each set of measurements. The results
shown were collected by first raising the nanowires to the highest
temperature indicated, then decreasing the temperature incre-
mentally and allowing thermal equilibrium to be established be-
fore the conductance was measured. d) The log of conductance
versus inverse temperature for an individual SnO; nanowire in
dry N and N;+10% O, atmospheres. Activation energies of
46 meV and 560 meV, respectively, are determined from the
slopes, the latter indicating that, in its non-conducting state, es-
sentially all of the shallow donor states have been depleted fol-
lawine nxveen chemisorotion,

Detection of CO and O, Using Tin Oxide

Nanowire Sensors**

By Andrei Kelmakov, Youxiang Zhang, Guosheng Cheng,

and Martin Moskovits*

Adv. Mater. 2003, 15, No. 12, June 17

a)

T | |=f(V.T, t, gas, P)

SIO ; 300 nm

p-Si

Nanochemistry UIO

1 A)

Conductance [uS]

I-V curves under N,

om-

negative bias (1V)
positive bias |
negative bias add O, |
positive bias

moe0O

&. N, flow +10% o,
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Detection of CO and O, Using Tin Oxide
Nanowire Sensors**

i
By Andrei Kelmakov, Youxiang Zhang, Guosheng Cheng, R
Gas Sensing 4
and Martin Moskovits* 3 :
Adv. Mater. 2003, 15, No. 12, June 17 i
5f
¥
2- L1
Of5) — 1/2 Ozg) + Vo a) o)
Oxygen 031" add 0, 10%
VO " Va +e” environment 17 !_ E% gno"
+ ok _ Depleted | é 02|
VO —> Vg + € region g
Combustible o (\r\
— ; = as addition  gCO ’\ a
O(s] 172 02(8) .0 g co é : SN 1 ¢o concantraon x 10" ppm
L 108 81 S8 44 30 18 12 & 8 BNE
/. 0 " Tlmieo?mln] L
Fig. 3. The sensing mechanism of a SnO; nanowire involves: a) a compiciely
depleted, hence non-conductive state under an oxidizing ambient and sharply  Conducting g
increased conductance due to electron transfer from a surface states back into ~ channel e ) En0. nanoein J :
the nanowire's interior when a reducing gas (CO) is admitted. b) The response ¢ { operating in air . I
of the nanowire toward O, and CO pulses. The CO concentration in the flowing - s B
gas was reduced from pulse to pulse. Before the experiment was begun the < | = 2s0c - Z ‘ .
nanowire was preconditioned in a constant N, flow. The operating voltage was c) = a4 wec . K % J
1 V. thus the ordinate corresponds to conductance in S. ¢) The conductance o Q ) -,
response time of the nanowire towards 0.6 % CO pulse introduced into @ back- 8 rgsponse . = =, >
ground Ny + 10 % Oy mixture. d) The change in conductance of individual $n0; = + time | e : A o
nanowires as a function of CO concentration at three values of the temperature. g 1 250C [ e «~0.48-0 58
The data was fit to AG = P%o The solid lines represent the best fit with expo- B - | s o -
nent values ranging between 0.48 and 0.58. 5 Time [sec] | : : T ; : p
O 0 20 40 60 80100 CO concentration [%)]
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Molecular Electronics

SageH 3yeya sy geale

Can we find molecular switches and memory elements that have a high on-off ratio and
that can be built from molecules in a reliable and reproducible way? Is it possible to
achieve a large transmission probability approaching unity in molecules? Is it possible to
go beyond single molecule junctions and to build networks of junctions with a multitude of
embedded functions?

> P9 lHl

electro- Ghiﬂ"li(:al electro- ¥ -:hnmlcal

| Rl (I 2 i

Possible mechanisms for reversible molecular swifches.
{a) Electrochemically controlled desarblion of an anchoring group (tnangle). This can be
envisioned for molecules with two distinct anchoning groups, e.g.- z.B. -5H (e} und —CN

=
Eb:ll Electrochemically induced swifching. The controlled charging of a redox active unit can
induce a conductance change.
(c) Light-induced switching. UV light will dnve the system from open to closed, while
visible light will drive the transition from closed to open.

[PUSTY. ST

ran
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Molecular Electronics

s s
AcS(CH), S—ES>:<S}S (CH2),SAC

Redox switchable TTF derivative.

Light-switchable 1, 2-bis-{3-thienyilethane denvative.
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Revealing Magnetic Interactions from
Single-Atom Magnetization Curves

Focko Meier,* Lihui Zhou, Jens Wiebe,t Roland Wiesendanger

wapny Sopagry

The miniaturization of magnetic devices toward the limit of single atoms calls for appropriate

tools to study their magnetic properties. We demonstrate the ability to measure magnetization curves of
individual magnetic atoms adsorbed on a nonmagnetic metallic substrate with use of a scanning
tunneling microscope with a spin-polarized tip. We can map out low-energy magnetic interactions on
the atomic scale as evidenced by the oscillating indirect exchange between a Co adatom and a
nanowire on Pt(111). These results are important for the understanding of variations that are feund in
the magnetic properties of apparently identical adatoms because of different local environments.

300

Fig. 4. Magnetic exchange between adatoms and ML stripe.
(A to €) Magnetization curves measured on the ML Gtraight
lines) and on the three adatoms (dots) A, B, and C visiblein the
inset topograph of (D). The blue wlor indicates the down sweep
from B =+1Tto—1T{and red, the up sweep from—-1Tto +1T)
{dldV signal on ML inverted for darity). The vertical arrows
indicate the exchange bias field, B.,, which is converted into
the exchange energy (using m = 3.7ug) for the correspending
magenta peints in the plot (D). Tunneling parameters are as
follows: /= 0.8 nA, V = 0.3V, Ve = 20mV, T= 0.3 K) (D)
Dots show measured exchange energy as a function of distance
from ML as indicated by the arrow in the inset (about 50° to
[112]). The black line is the dipolar interaction calculated
from the stray field of a 10-nm-wide stripe with saturation
magnetization 1.3 x 10° A/m. The red, blue, and green lines
are fits o 1D, 2D, and 3D range fundions for indirect ex-

200

100

=100

exchange energy J (ueV)
=

=200

=300 change. Horizontal error bars are due to the roughness of the
1.0 2.0 3.0 4.0 5.0 Co-ML-stripe edge, whereas the vertical ones are due to the
distance from monolayer (nm) uncertainty in Be..
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Monte Carlo simulation of a domain wall in an antiferromagnet.

A) Simulated vector field

B) Simulated SP-STM picture

C) measured SP-STM picture.

D) Comparison of theoretical and experimental line scans
(M.Bode et al. Nature Materials 5 477 (2006))
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Present Applicational Perspectives of
Nanotechnoloqy
Current 1-5 Years 6-10 Years 10- 30Years

+ Security application

applications -
'Cosmetics : @

'+ Self-
cleaning * Luminescent probes | g4 panel
windows in biological displays
screening
' Pigments applications s Solarcalls + light emitting
» Stained + Bar coding . Date storage diodes
glass _
windows + Chemical\biological * Single electron
sensors devices
» Sunscreen
+ Coloured lighting . quantutrp
computing
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Where to go ?

unknown

Humbper of possidle systems

kno'«'n
1 1

0 20 a0

9] 00

Number of components
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when Effectivity of energy conversion
fuel cells ? | 100%-
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Fuel Cell- What do natural laws say?

100 g : ; 1
— Fuel cells
\ |
BU— \\“K' —
E | '.'_r____,_.--""' i\__\
> 60f- | B
=
—
E 40 -
vy Combustion process
20 (Carnot process)
ny 2 |
X |
00 200 500 750 1000 1250 1500 1750 !
——= TEMPERATURI[®C ] (
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Catalyst Catalyst Oxygen
Proton Exchange ﬁm
Types of fuel cells o B
Erhaust
@
Anode Electrolyte Cathode o] |
| G
Tank
HE SOFC (500-1,000°Cj < Ofait
Internal 5[ CO, e —
rﬁfoggng —
¥ 1 Ho MCFC (850 °C) < Oglam
C%, -« o0t < C0, Electrical Circait
External
Fl_?zfﬂgggg _— PAFC (200 °C) _Hjo < 0, fair M ‘
¥ Figure 1 Summary of fugl-cell types. The axidation reaction takes place at the anode
coting 3. PeMFC @0°0) | ¥ o L) andinvolves the liberation of electrons for example, O™ +Hy=H,0+ 2" or
. - HoO = 0alail g ol 4 26, These electrons travel round the extemal circuit producing electrical
— o,y EMerdy by means of the externalload. and amive at the cathode () to participate in
a 2
Hy—>| Huo bl co, the reduction reaction (for example, 1/20, + 2e”= 0% or 1/20, + 2H' + 2e" = H0).
remevall 1t should be noted that as well as producing electrical energy and the reaction

products (for example, HO and CO), the fuel-cell reactions also produce heat. The
reaction products are formed at the anode for SOFC, MCFC and AFC types, and at the
cathode for PARC and PEMFC types. This difference has implications for the design of
the entire fuel-cell system, including pumps and heat exchangers. To maintain the
composition of the electrolyte componentin the MCFC system, CO, has to be
recirculated from the anode exhaust to the cathode input. Additionally, the
composition of the polymeric-membrane electrolyte has to be carefully controlled
during operation by an appropriate ‘water management” technology.
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PEMEC Fuel Cell

Minuspal

Wasserstoftf

=28

Membrane: transport of H* - transport of water
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working principle
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Fuel Cell — Working Principle

s i 2

C E\ ;'.'E}-‘V‘/// 7 ‘//’,‘7/////// _ cathode
% load l o l e l o l ol lc;?'l — electrolyte
L <0 e —anode
4 / T =
F_‘ Hy, CO H0.C07 T
@
from
BIPOIT:\I? PLATE Tank
ENDPLATE R %
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Problems — Electrolyte

Temperature (=)

BOOTO0 00 500 4060

Stainless steal  Bipolar
Cr-Fe (¥204). Inconsl - AlLD, plats
iy rmaterial
L300 UMy, eqif_sypported
= elactrolytes
g - 150 pm
W 15 pm
=] " Supported
jl’ } 0.5 pm lalacirolytas
-4 015 pm
0.8 1.0 1.2 1.4 1.6 1.8 2.0

1,000/ (K1)

Figure 4 Specific conductivity versus reciprocal temperature for selected solid-oxide
electrolytes. To ensure that the total internal resistance (that is, electrolyte +
electrodes) of a fuel cellis sufficiently small, the target value for the area specific
resistivity (ASR) of the electrolyte is set at 0.15 £2 cm? Films of oxide electrolytes can
be reliably produced using cheap, conventional ceramic fabrication routes at
thicknesses down to ~15 wm. It follows that the specific conductivity of the
electrolyte must exceed 107 S cm™. This is achieved at 500 °C for the electrolyte
Ce,46dy,0; o, and at 700 °C for the electrolyte (Zr0,), o(Y,04);, . Although the
electrolyte Bi,V, 4Cg; 05 55 exhibits higher conductivities, itis not stable in the
reducing environment imposed by the fuel in the anode compartment of a fuel cell.

29.10.2008 Nanochemistry UIO 75

Advantages&Disadvantages of Cell Types

Materials for fuel-cell technologies
Brian C. H. Steele, Angelika Heinzel
NATURE | VOL 414 | 15 NOVEMBER 2001

mary of future R&D requirements for fuel-cell materials

. SizelW) Fuelcell Fuel  Criical materialsissues =~
0.001-0.05 PEMFC  H; Mambranes exhibiting less
1 blz DMFC  CH,OH pameabiity to CH,OH, H,0
nic devices
SOFC  CH.OH Movel PEN structures
08 Micro-CHP 1410 PEMFC  CH,  CO-tolerant anodas, novel
= _ LPG mambranes, bipolar plates
= Er
w08 E SOFC  CH,  Morerobustthick-fim PENs
Z 04 wihout ©0 - AP, UPS, 1-10 SOFC  LPG  Marerobustthick-flm PENs
8 P z remota locations, Perol  operating at 500-700 *C; rapid
P m.G0, 2% alfized |n.2 o oo e e e P e
0.2 pusar: rformata without CO Distributed CHP  50-250 PEMFC  CH,  CO-tolerant anodes, novel
7 o Phwer: refofmate with meambranes, bipolar plates
00 p om0, 2%C0 alrblesd
0 0 MCFC  ©H,  Batter thermal cycling
0 200 400 GO0 BOD  1.000 1,200 1,400 Trmin e

Current dansity (maA cm-2)
gl SOFC CH, Cheaper fabrication processes;

redox-resistant anodes

Figure 3 CO tolerance on PURU anode electrodes. Active cell area, 50 o precious —w.0uses .. 200 FEMFC M .. Chespercomponents ...
Large powerunits — 10h-10* SOFCIGT CH, Cheapar fabrication processes

rmetal loadings, <0.4 mg cm; temperature, 80 °C; pressure, 3 bar; anode fuel for mibular SOFC systam

reformate, G0% HZ‘ 25% CDE' 15% Nz. cathode, air. {me ref. 55'] Abbreviations: UPS, uninterruptible power systems; LPG, liquid petroleum geas; GT, gas irbine.
Ctherabbreviations defined in the ket
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Verbrennungsmotor Brennstoffzelle

Ideal
. Was;%%r‘i;toﬂ Was:sotarulsatoﬁ
Electric Car "
40% Abwarme
70% Abwarme Elektrilsch
60%
25% Neben-
aggregate
1. Fuel cell => basic energy
2. Battery => acceleration
3. Super capacitor => energy recuperation

4. Hydrogen as primary energy source
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Electric Car

Disadvantages =>technological Solution
1. Tire Sound level => technological advance
2. fossile fuels =>renewable fuels
3. High temperatures => fuel cell
4. CO, emission => hydrogen
5. Emission of NO, => catalysis
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Luminescent
Systfems

hr dazu auf
folgenden
cn

Energietransfer

Anre ung der Anatas-Nanok
ndlilcke filhrt zu einem s
fer zu den Europium-lonen,

allinen und amorphen Bereiche platzie
29.10.2008 ~ wird eine Konzentrationsloschung der Europium-
5 Emission verhindert.

Photonic Systems

Light
Defect

2D photonic
crystal
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Calzaferri Antenna for Light Absorption
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Semicoductor

Micro-Laser

silit

b
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Positive 'hole’ / Negative electron A
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Quantum
Computing
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