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Lithium-Ion	Battery	

Challenges:		
u  Insufficient	capacity	–	Li	adsorption	sites		

u  Slow	charging	rate	–	Li	diffusivity 

u  Cycling	stability	–	Structural	instability 
u  Energy	density	(Wh/Kg)	–	Light	weight	required		

Development	of	advanced	nanomaterials	is	required	to	overcome	these	challenges	

Solution:	Advanced	Nanomaterials		
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Graphene	Oxide	

Li	et	al.,	J.	Am.	Chem.	Soc.,	2010,	132,	5944.	

K.	Müllen,	Chem.	Rev.	2007,	107,	718;		
Graphene	

Exfoliation of Graphite 
Chemical Vapor Deposition 
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1	nm	 5	nm	

Precise	Bottom-Up	Synthesis	



6	Adv.	Mater.	DOI:	10.1002/adma.201603613		



7	Adv.	Mater.	DOI:	10.1002/adma.201603613		 TEM	courtesy	of	Aiping	Chen	
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•  These NG anode LIBs exhibiting stable cycle stability. 
•  Capacity: OMe > tBuOMe > H > OH > Br > F 
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Graphite: 377 at 5th; 330 at 50th. 



Excellent rate performance achieved on the NG HBC-OMe anode, 
evidenced by the high capacity at high charging-discharging current. 
 
Comparative study between HBC-OMe, HBC-tBuOMe and HBC-H 
reveals electron donating group enhance the rate performance. 
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Electrochromic theory  
J. R. Platt  

J. Chem. Phys. 1961, 34, 862 

Electrochromic devices  
S. K. Deb  

Appl. Optics, supp. 1969, 3, 192 
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U. Bach et al. Adv. Mater. 2002, 14, 845 



•  Metal	oxides	(WO3,	IrO2,	MoO3,	etc.)	

•  Mixed-valence	metal	oxides	complex	(Prussian	Blue;	
FeIII[FeII(CN)6]-K+)	

•  Small	organic	molecules	(Viologens	and	phthalocyanines)	

•  Electroactive	polymers	(PPy,	PT,	PEDOT,	etc.)	
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•  Hole	Transporting	Material	
•  High	Electron	Mobility	
•  Low	Ionization	Potential	
•  Electrochemical	Stability	

–  Reversible	Redox	Couple	
•  Processability	

–  Good	Solubility	
•  Thermal	Stability	

–  High	Glass	Transition	Temperature	(Tg)	
–  High	Thermal	Stability	(Td)	
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(1) Low	driving	voltage	(<	1.5	or	3.5	V)	

(2) Rapid	response	time	[second	(mirror)~	minute	(window)]	

(3) High	color	contrast	(transmittance	attenuation=ΔT>	30%	)		

(4) Long	cycle	life	(>10	yr	for	window,	>3yr	for	mirror)	

(5) Environmental	stability	(electrochemical,	thermal,	&	UV)									

(6) Low	cost,	easy	processing		

(7) Multiple	colors	with	the	same	material	

15	Polym.	Chem.	2012,	3,	255-264		
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Nucleophilic
Substitution

NaH, DMSO Pd/C (0.6 wt%), Hydrazine,
EtOH, reflux, 14h, 78%

Reduction Ullman Reaction
Cu, K2CO3, TEGDME,

150 oC, 72 h

IMeO

Bromination
NBS, DMF
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Nanoscale	(Under	revision)	



¡  This	 talk	 covered	my	 recent	 work	 in	 the	 synthesis	
and	structural	design	of	functional	materials,	which	
were	 further	 used	 for	 optoelectronic	 and	 energy	
applications,	such	as	lithium	ion	battery,	solar	cell,	
LED,	electrochromic,	and	fuel	cells.		
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