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Abstract:	Sodium	and	sulfur	are	globally	abundant,	inexpensive	materials	with	high	
theoretical	 energy	 density	 (3X	 Li-ion	 by	 mass	 and	 4X	 by	 volume).	 However,	
operation	of	sodium-sulfur	batteries	in	ambient	conditions	is	not	realized	due	to	its	
complex,	 multistep	 conversion	 reaction.	 In	 order	 to	 better	 understand	 the	
fundamental	mechanisms	of	the	reaction,	we	utilize	unique	in-situ	spectroscopy	and	
optical	 microscopy.	 Next,	 to	 identify	 the	 proper	 media	 for	 the	 reaction	 to	 occur	
reliably	 in	 ambient	 conditions,	 we	 isolate	 the	 cathode	 and	 anode	 reactions,	 to	
simplify	the	system	complexity	and	stabilize	each	component.	On	the	sulfur	cathode	
side,	we	investigate	highly	tailorable	carbon	nanofoam	papers	(CNFPs)	to	(1)	host	
active	 sulfur	 material,	 (2)	 transport	 electrical	 current	 and	 (3)	 accommodate	 the	
volume	expansion	of	the	conversion	reaction.1	We	also	explore	selenium	doping	to	

enhance	electrical	conductivity	while	participating	in	electrochemical	conversion.	At	the	sodium	anode,	we	
investigate	 plating	 and	 stripping	 behaviors2	 and	 identify	 distinct	 behaviors	 from	 its	 alkaline	 neighbor,	
lithium.	 Based	 on	 these	 observations	 we	 are	 using	 DFT	 calculations,	 cyclic	 voltammetry,	 Ultrafast	
spectroscopy,	 and	 NMR	 examine	 sodium	 deposition	 at	 various	 length	 and	 time	 scales.	 	 Building	 on	 our	
findings	at	each	electrode,	we	hope	to	enable	a	functioning	ambient	sodium-sulfur	battery.	
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