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Introduction	

In	 spite	of	 the	highly	 ionic	 character	of	most	 lithium-element	bonds,	 the	bonding	within	 the	Li2X2	
rings	 presents	 similarities	with	 that	 found	 in	 similar	 transition	metal	 systems,	which	 obey	 simple	
framework	electron	counting	rules	 (FEC)	that	allow	us	to	predict	whether	they	will	 form	a	regular	
ring	or	a	squeezed	one	with	short	Li-Li	or	X-X	distance	(1a-c)1-3.	The	goal	of	this	study	is	to	disclose,	
through	 a	 combined	 structural	 and	 computational	 analysis,	 the	 orbital	 conditions	 that	 determine	
the	 framework	 electron	 counting	 rules.	 Therefore,	 we	 have	 studied	 the	 electronic	 structure	 of	
model	 compounds	 of	 the	 type	 [LmLi2(μ-XRn)2]	 by	 performing	molecular	 orbital	 calculations	 of	 the	
Extended	Hückel	and	DFT	3-21G	type	for	m	=	0-2	and	n	=	1-3.		
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Methodology	

Molecular	orbital	calculations	of	the	extended	Hückel	type4	were	carried	out	using	the	modified	
Wolfsberg-Helmholz	formula5	on	the	models	compound	with	different	net	charges	corresponding	
to	 FEC’s	 of	 8,	 6	 and	 4.	 Standard	 atomic	 parameters4,6	 were	 used	 for	 the	 Extended	 Hückel	
calculations.	 The	 search	 for	 experimental	 structural	 data	 was	 carried	 out	 with	 the	 help	 of	 the	
Cambridge	Structural	Database.7	Searches	were	performed	for	Li	with	XRn	bridges	(n=	1-3),	being	
X	any	group	14,	15	or	16	element.	The	terminal	ligands	were	allowed	to	be	any	group	linked	to	Li	
through	a	donor	atom	of	groups	14-16.		
	
Density	 functional	 calculations	 were	 carried	 out	 using	 the	 GAUSSIAN09	 package.	 The	 hybrid	
(U)MO6-2X-DFT	 functional	was	 applied	with	AUG-cc-pVTZ/TZVP	basis	 set.	 The	 geometries	were	
fully	optimized	using	gradient	 techniques	and	were	oriented	preserving	a	C2h	 symmetry	 for	 the	
Li2(μ-XRn)2	 core.	 The	 “atoms	 in	 molecules”	 (AIM)8	 analysis	 of	 the	 electron	 density	 has	 been	
performed	at	the	same	level	of	the	theory	using	the	AIMAII	program.9	

Framework	Electron	Count	Scheme	

• 	R2P-,	R2N-,	R2S,	RS-,	RO-,	RN2-,	
		CI-,	I-,	S2-,	O2-,	R2C=C2-,	
		R2C=N-,	...		
• 	2	Li+:	2	empty	orbitals	
• 	μ-XR2	=	4	electrons	donors	
• 	8	skeleton	electrons	
		=	regular	ring	/	FEC	=	8	
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Emptying	of	ϕ	orbitals	
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• 	C-(Ar),	py,	H-,	R3C-,	R3P,	CO,		
			NO+,	...	
• 	Only	2	orbitals	by	skeleton	
• 	μ-XR3	=	2	electrons	donors	
• 	4	skeleton	electrons=		
		squeezed	ring,	short	Li-Li/		
		FEC=4	
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• 		FEC=6	 • 		FEC=8	

Summary	
• 	FEC	=	4	(One-lobe	bridging	donor	orbital)	
																	d(Li-Li)	<	3.0	Å;	α(X-Li-X)	>	110°	
																	Squeezed	ring/	short	Li-Li	
• FEC	=	6	(Two-lobes	bridging	donor	orbital)	
																	d(Li-Li)	>	3.8	Å;	α(X-Li-X)	<	60°	
																	Squeezed	ring/	short	X-X		
• FEC	=	8	(Two-lobes	bridging	donor	orbital)	
																	d(Li-Li)	=	2.2-3.8	Å;	α(X-Li-X)	=	90°-110°	
																	If	X	=	atom	of	2nd	period,	d(Li-Li)	<	3.0	Å		
																	Regular	ring	
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