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A	promising	conversion-type	anode	
material	for	LIB.	
Sn4P3	+	9Li+	+	9e-										4Sn	+	3Li3P;		
Sn	+4.4Li+	+4.4e-										Li4.4Sn.	

Advantages:		
• High	theoreKcal	capacity:	1255	
mAh/g;		

• High	volumetric	density;	
• Low	cost;	
!

Challenges:	
• More	than	200%	volume	change	
during	charge/discharge;	

• Phase	segregaKon	during	lithiaKon

High	energy	ball	milling	for	
6	hours	under	N2	(1400rpm)

Sn Red	phosphorus	

Ball	milling	Sn4P3	and	
graphite	for	4	hours Weight	raKo	7:3

Molar	raKo	4:3	

Electrodes	composition	
Sn4P3:	50%	acKve	materials,	10%	CMC	binder,	40%	SuperP	
Sn4P3/Graphite:	80%	active	materials,	10%	CMC	binder,	10%	SuperP

Electrolyte:	
1.2	M	LiPF6	in	EC/EMC	3:7	with/without	10%	FEC

Sn4P3/Graphite	anodes	
exhibit	excellent	
electrochemical	
performance	compared	to	
pure	Sn4P3	
!
Possible	ExplanaMon:	
Sn4P3	is	uniformed	
distributed	within	graphite	
matrix.	During	the	discharge	
process,	the	formed	Li3P	and	
LixSn	phases	are	Kghtly	
confined	in	the	conducKve	
graphite	matrix.	

Add	10%	FEC	into	electrolyte	
!
• Form	a	stable	SEI	layer;	
• Improve	cycle	life	and	
coulombic	efficiency.

Sn4P3 Synthesis Electrochemistry

CHAPTER 2. X-RAY ABSORPTION AND FLUORESCENCE 4

Figure 2.1: The photoelectric effect, in which an x-ray is absorbed and a core-
level electron is promoted out of the atom.

nearly any sample thickness and concentrations by adjusting the x-ray energy. Fig 2.3
shows the energy-dependence of µ/⇢ for O, Fe, Cd, and Pb.

When the incident x-ray has an energy equal to that

Figure 2.2: x-ray absorption
measurements: An incident
beam of monochromatic x-
rays of intensity I

0

passes
through a sample of thickness
t, and the transmitted beam
has intensity I .

of the binding energy of a core-level electron, there is
a sharp rise in absorption: an absorption edge corre-
sponding to the promotion of this core level to the con-
tinuum. For XAFS, we are concerned with the inten-
sity of µ as a function of energy, near and at energies
just above these absorption edges. An XAFS measure-
ment is simply a measure of the energy dependence of
µ at and above the binding energy of a known core
level of a known atomic species. Since every atom
has core-level electrons with well-defined binding en-
ergies, we can select the element to probe by tuning the
x-ray energy to an appropriate absorption edge. These
absorption edge energies are well-known (usually to within a tenth of percent), and
tabulated. The edge energies vary with atomic number approximately as Z2, but both
K and L levels can be used in the hard x-ray regime (in addition, M edges can be for
heavy elements in the soft x-ray regime), which allows most elements to be probed by
XAFS with x-ray energies between 5 and 35 keV, as shown in Fig 2.4. Because the
element of interest is chosen in the experiment, XAFS is element-specific.

Following an absorption event, the atom is said to be in an excited state, with one of
the core electron levels left empty (a so-called core hole), and a photo-electron. The ex-

hν

Sourse:	Ma>hew	Newville’s	
“Fundamentals	of	XAFS”		

An	atom	absorbing	an	X-ray	with	the	
resultant	ejecKon	of	a	core	electron	
into	the	conKnuum.

XANES	and	EXAFS:	
(X-ray	AbsorpKon	Near	Edge	Structure	
and	Extended	X-ray	AbsorpKon	Fine	
Structure)	
!
Interference	pa>erns	created	
by	the	ejected	photoelectron	
expands	as	a	spherical	wave,	
reaches	the	neighboring	
electron	clouds,	and	sca>ers	
back	to	the	core	hole.

X-ray	absorpMon	fine	structure	Fundamentals

Analysis	Steps:	
• Remove	background	
• Apply	k-weighKng	
• Fourier	transform	into	

R	space	
• Fit	with	a	structural	

model	
• Extract	local	structural	

parameters:	Number	
of	near	neighbors	and	
atomic	distance.

Advantages:	
• Does	not	depend	on	long	range	crystalline	order;	
• A	powerful	technique	to	study	mechanism	of	lithiaKon	
and	delithiaKon	process	in	situ.

Study	the	mechanism	of	improved	performance	of	Sn4P3/Graphite	by	in	situ	EXAFS
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EXAFS	data	was	collected	at	the	Sn	K-edge	in	fluorescence;	Measurements	were	taken	from	a	kapton	window	on	the	in	situ	
coin	cell,	during	the	cell	is	operaKng.	

• Select	3rd	cycle	of	Sn4P3/Graphite	
and	1st	cycle	of	Sn4P3	as	
representaKves.	Because	these	
cycles	have	the	highest	capaciKes	
and	have	the	most	lithiated	data	
and	the	most	delithiated	data.		
!

• Performance	of	in	situ	cells	are	
not	as	good	as	normal	coin	cells.	
The	sample	in	the	window	area	
may	show	worse	reversibility	than	
the	rest	of	cell,	because	of	the	
lower	pressure.	

EXAFS	as	a	funcKon	of	capacity	shows	the	process	
of	lithiaKon	and	delithiaKon	of	3rd	cycle.

Black:	crystal	structure	of	Sn4P3,	and	
higher	Sn-O	generated	by	ball	milling.	
Red:	converted	to	LixSn	alloy,	and	no	
Sn-P	path	let.	
Blue:	Sn-P	and	Sn-Sn	paths	reappear,	
and	no	Li	let.		
Tin	phosphide	is	generated	in	a	
different	amorphous	structure	rather	
than	the	original	crystal	structure.

Dashed	curves:		
slight	changes	in	all	paths.

• The	origin	represent	the	center	Sn	atoms.	The	peaks	
represent	paths	between	center	Sn	atoms	and	their	
near	neighbors.

In	Sn4P3/Graphite,	no	P	near	neighbors	let	in	charge	data	and	no	Li	near	
neighbors	let	in	discharge	data.	In	contrast,	Sn-P	and	Sn-Li	exists	in	both	charge	
and	discharge	data	of	pure	Sn4P3.		
These	results	demonstrate	Sn4P3/Graphite	has	much	be?er	reversibility	
than	pure	Sn4P3.	

Near	Neighbors	

Paths	 Sn-O	 Sn-P	 Sn-Sn	 Sn-Li	

Sn4P3/Graphite	3rd	Charge	 0.3	±	0.1	 1.5	±	0.2	 7.6	±	0.7	

Sn4P3/Graphite	3rd	Discharge	 0.8	±	0.2	 1.4	±	0.2	 1.3	±	0.3	

Sn4P3	1st	Charge	 0.3	±	0.1	 0.5	±	0.1	 1.9	±	0.3	 4.4	±	0.5	

Sn4P3	1st	Discharge	 0.3	±	0.1	 0.5	±	0.2	 2.3	±	0.3	 2.6	±	0.7	

R

3rd	Discharge

2nd	Discharge

3rd	Charge
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