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THE	SEVEN	WEDGES

Robert	Socolow,	Princeton	University	
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ENERGY	CONVERSION ENERGY	SAVING
ENERGY	STORAGE

Solar	Cells

PEC	cells/Electrolyzers

Batteries

Electrochromic	
Windows

Briefly	discussed	 in	Module	 5	
but	we	will	not	go	into	the	
details



6.0.	Introduction	and	motivation
Many	similarities	among	optoelectronic	end	electrochemical	devices:	
NANOSCIENCE	IS	CRUCIAL!

Nanostructured (to facilitate carrier and mass transport) composite (one single
component cannot do it all!)materials, stable under operatingconditions.

THE	NEED:

e- X
(Li+,	I3	,	H2O)	

electrolyte

Y	(H2)
+ _

To synthesize complex nanomaterialswith tunable composition and morphology.
THE	CHALLENGE:

_



6Kagan,	Liftshitz,	Sargent,	Talapin,	Science (2018)

Colloidal	Nanocrystals:

• Model	Systems

• Practical	Solutions

• Novel	Concepts

6.0.	Introduction	and	motivation
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6.1.	Impact	of	ligands	on	properties

Kagan,	Liftshitz,	Sargent,	Talapin,	Science (2017)

OPTICAL	PROPERTIES
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6.1.	Impact	of	ligands	on	properties

Talapin,	Nature	Mater (2016)

OPTICAL	PROPERTIES
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CATALYTIC	PROPERTIES

6.1.	Impact	of	ligands	on	properties

Zheng	et	al,	JACS	(2017)
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TRANSPORT	PROPERTIES

6.1.	Impact	of	ligands	on	properties

e-
+

Long	aliphatic	chains	impede	charge	transport	between	quantum	dots!
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6.2.	Surface	chemistry	of	nanocystals

Kovalenko et	al,	Science	(2009)

EXCHANGE	OF	ORGANIC	LIGANDS	WITH	INORGANIC	CLUSTERS
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6.2.	Surface	chemistry	of	nanocystals

Llordes et	al,	Nature		(2013)

EXCHANGE	OF	ORGANIC	LIGANDS	WITH	INORGANIC	CLUSTERS

Indium-tin oxide NCs were first stabilized with niobium-based
polyoxometallates, which were subsequently transformed into a
niobium oxide matrix. These nanocomposites were the active
material for dynamically switchable vis-NIR electrochromic
windows.
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6.2.	Surface	chemistry	of	nanocystals

LIGAND	STRIPPING

Rosen	et	al,	Angew.Chemie Int Ed		(2011)
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6.2.	Surface	chemistry	of	nanocystals

MANY	MANY	LIGAND	EXCHANGES

Talapin,	Nature	Mater (2016)
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6.2.	Surface	chemistry	of	nanocystals

THERMAL	DECOMPOSITION

T=450C

air

T=250C

Argon
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6.2.	Surface	chemistry	of	nanocystals

LIGANDS	CHARACTERIZATION

Talapin,	Nature	Mater (2016)
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6.2.	Surface	chemistry	of	nanocystals

LIGANDS	CHARACTERIZATION

Emsley,	Basset	et	al.	Nature	Chem. (2017)
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6.2.	Surface	chemistry	of	nanocystals

LIGANDS	CHARACTERIZATION

Emsley,	Basset	et	al.	Nature	Chem. (2017)
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6.2.	Surface	chemistry	of	nanocystals

LIGANDS	CHARACTERIZATION

Lin-Wang	Wang	et	al.	Science (2014)
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X-Ray	Photoemission	Spectroscopy	(XPS)

𝐸"#$%#$& = 	𝐸)*+,+$- − 	 𝐸/#$0,#1 + 	𝜙

𝜙 is the work function (minimum energy to extract an
electron from the material surface to the vacuum)
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6.2.	Surface	chemistry	of	nanocystals

LIGANDS	CHARACTERIZATION

Ong,	Luo,	Stellacci Acc.	Chem.	Res.	(2017)
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6.3.	Deposition	techniques

Hyeon et	al.	Adv.	Mater. (2016)
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6.3.	Deposition	techniques

DROP	CASTING

Hyeon et	al.	Adv.	Mater. (2016)
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6.3.	Deposition	techniques

SPIN	COATING

100 nm 200 nm Substrate

ITO Nano

Garcia	et	al.	Nano	Lett.	(2011)
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LANGMUIR	BLODGET	and	DIP-COATING	

6.3.	Deposition	techniques

Hyeon et	al.	Adv.	Mater. (2016)
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DOCTOR	BLADING	and	KNIFE-OVER	EDGE	PROCESSES

6.3.	Deposition	techniques

Hyeon et	al.	Adv.	Mater. (2016)
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6.3.	Deposition	techniques

Hyeon et	al.	Adv.	Mater. (2016)

INK-JET	PRINTING	
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6.3.	Deposition	techniques

Hyeon et	al.	Adv.	Mater. (2016)

NANO-IMPRINT	LITOGRAPHY

QD-PMMA	are	typically	patterned	through	 NIL
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6.3.	Deposition	techniques

MICRO-CONTACT	PRINTING

Hyeon et	al.	Adv.	Mater. (2016)
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6.3.	Deposition	techniques

MICRO-CONTACT	PRINTING

Hyeon et	al.	Adv.	Mater. (2016)
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6.3.	Deposition	techniques

3D	PRINTING

Hyeon et	al.	Adv.	Mater. (2016)

photo-polymerizable polymer	+	nanoparticles
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6.4.	Nanocrystal	ASSEMBLIES

Talapin et	al.	Chem.	Rev.	(2016)

NANOCRYSTALS	BEHAVE	LIKE	ATOMS	IN	A	SOLID!



33

6.4.	Nanocrystal	ASSEMBLIES

Talapin et	al.	Chem.	Rev.	(2016)

BINARY	SUPERLATTICES
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6.4.	Nanocrystal	ASSEMBLIES

Talapin et	al.	Chem.	Rev.	(2016)

SUPER-CRYSTALS



35Talapin et	al.	Chem.	Rev.	(2016)

EXPERIMENTAL	APPROACHES

6.4.	Nanocrystal	ASSEMBLIES
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6.4.	Nanocrystal	ASSEMBLIES

NC	SUPERLATTICES	TO	ENGINEER	CATALYTIC	CONTACTS

Murray	et	al.	JACS	(2013)
K	is	the	reaction	rate	of	CO	oxidation	expressed	as	
rate	of	CO2 production
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6.4.	Nanocrystal	ASSEMBLIES

AEREOGELS

Eychmuller et	al.	Chem.	Comm (2017)
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6.4.	Nanocrystal	ASSEMBLIES

AEREOGELS

Niederberger et	al.	Nanoscale	Horiz.	(2017)

QDs-based	gels

TiO2 TiO2	+	Au TiO2	+	WO3 TiO2	+	Fe2O3

Cu	NWs-PVA	composite	aereogels
(conductive	 rubber)
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6.4.	Nanocrystal	ASSEMBLIES

AEREOGELS
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6.4.	Nanocrystal	ASSEMBLIES

Buonsanti et	al.	Nano	Lett	(2012)
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NANOCRYSTALS	+	POLYMERS

6.4.	Nanocrystal	ASSEMBLIES

10nm

Buonsanti et	al.	Nano	Lett	(2012)
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NANOCRYSTALS	+	POLYMERS

6.4.	Nanocrystal	ASSEMBLIES
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