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Rechargeable lithium-ion cells are currently considered the most Figure 1. Structures of (a) li{Li;—xFe)N (space groug*6/mmn) and
promising energy storage systems. The process in the cell involves(b) LisFeN,, or “Lix(CosFes)N” (space groupimmn), with unit cell
simultaneous intercalatierdeintercalation of Li ions in two outlined. Nitrogen atoms are drawn as large spheres, iron as small dark
electrode host materials, one at low potential (anode) and one atspheres, and lithium as small pale spheres.
high potential (cathode). The commercial cell is composed of a
carbon-based anode, a layered transition metal oxide as the T ' ' ' '
cathode, and a nonaqueous electrolytde limited gravimetric
capacity <370 mAh/g) of carbon, however, has prompted an
intensive search for alternative materials that can intercalate
lithium ions at low potentiat. Among the few candidates under i 8
consideration, lithiated transition metal nitrides have recently
emerged as one of the most promisinghe first studied was oL i
LiMoN »,* but the material capturing current interest isddoy 4N, X
which exhibits reversible capacity between 480 and 760 o i F
mA-h/g 3 Cells utilizing it as an anode material are currently under i . .
exploratory developmeftlts layered morphology is advanta- " A
geous, supporting fast Li-ion conduction and low transition metal
oxidation statedThere are few other reported nitrides that display e T o o @ oo w0
excellent behavior at low potential; even the Ni and Cu members 2-Theta, deg
of the Liy(Li, xM,)N series have been shown to be infefibAn Figure 2. Powder XRD pattern of LiFe)sN. Observed data are indicated
ideal material, however, would be based on Fe or Mn, owing to by (+) marks, and the calculated pattern and difference curves are shown
the high cost and toxicity of cobalt compounds, but their with solid lines. The top row of tick marks indicates positions ofQ.i
preparation is difficult. Here we report the synthesis and reflections, while the bottom row are those calculated for e sN.
electrochemical performance of the new Fe compoundHei 3N.
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Its reversible capacity (550 mA/g) compares well with that of We devised a novel synthesis route to the layeregLLj~

Li».¢Cop.4N, and preliminary results indicate good rate capability Fe,s)N compound that provides a higher (100%) yield in a much

over repeated cycling. shorter time than the Li flux method. The process is simple and
The structures exhibited by the tM—N (M = first-row is capable of providing gram-scale quantities within 1 Hay.

transition metal) system follow a predictable trend. For Ti through Powder X-ray diffraction (XRD) of the products shows that the
Fe, an antifluorite structure is favored with Li and M in the composition is virtually independent of firing temperature. As

tetrahedral sites; M being present in a high oxidation Stétex. the melt is in contact with an excess source of iron, it reaches a
Co, Ni, and Cu, a structure based @+Li3N is formed, with M “saturation point” in a process that parallels dissolution. The level
substituting for lithium between the hexagonaMLilayers. Iron of substitutionx = 0.3 was determined by Rietveld refinement

is unique in forming a “metastable” layered phasg-e\, which of the powder XRD pattern (Figure 2313
displays ordering of P& with vacancies between the layers  while a thermal quenching technique was previously used to
(Figure 1)? Recently, crystals of LiLiosFe&e)N have been  isolate the ordered LiTosFe )N crystals from a mixture, only
isolated from a mixture formed from decomposition of the the disordered L{Lio#&3)N compound is obtained using the
antifluorite phase in a lithium flux? synthesis reported here. As observed for the othgt LiM,)N

- — compounds, there is an expansion in thenit cell parameter
20(%) é%) ggéflgf ﬁg‘zgf; [’f"F_T;hg’;‘V"’V‘;;j; 8;’,%’%3%%2??%%%2532; .. and a contraction it asx increases. Our values form a linear
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Figure 3. Galvanostatic charge/discharge of Hren N at C/10 in the 16 H' '261 o '30 40 50 60
potential window 0.051.3 V. Arrows indicate the two two-phase 20

transitions discussed in the text.
Figure 4. Ex situ powder XRD patterns of LiFeysN on charge

relationship with those of the end membexrs=t 0 andx = dischar_ge: (a) stgrting materi_al, (b) after extraction of Q.5 Li, (c) after
0.639), as expected for solid solutions. extraction of 1.1 Li, (d) after dlscharge to 0.05 V. Reflections due to the
Interest in layered lithium iron nitride arises from the fact that 2luminum sample holder and the nickel current collector are marked by
Li* ions may be intercalated and extracted reversibly over a wide 3Stérisks and circles, respectively.
range of Li composition at low potential. The electrochemical
properties of Li /e aN were investigated using standard cells ©0f 1.1 Li), the broad feature is retained. That the first step
with a metallic lithium counter-electrode serving as the Li-ion corresponding to the formal partial oxidation ofFé an order-
source'® Unlike the isostructural Ni and Cu compounds, the disorder transition is suggested by the appearance of the broad
material shows high specific capacity, even when cycled at current peak. It is likely the lithium is first extracted from between the
densities of 0.16 mAm™2 (equivalent to C/10 for one Li). The  LizN layers on this first step and then from within them, resulting
potential curve of the chargalischarge-charge sequence is in structural collapse in two stages. The first extraction of 0.5 Li
shown in Figure 3. Up to 1.1 Li per formula unit can be extracted would leave the interlayer region void of lithium, in a highly
on initial charging to 1.3 V, which occurs in two separate steps, disordered, iron-deficient variant of (0, sFeys)N (Figure 1b).
indicating two transitions. Curiously, this is different from the Further extraction of 0.6 Li from the kN layer may leave some
layered cobalt compound, which only exhibits a single plateau at interlayer structural coherence, evidenced by the broad reflection

~1 V.5 in Figure 4c.

The formation of an amorphous compound foj &30,.4N on More lithium can be inserted in the quasi-amorphous material
electrochemical oxidation is thought to be critical to its perfor-  on the following discharge (1.3 Li) than was extracted on charge,
mance. Ex situ powder XRD studies show that Fiey:N also yielding an amorphous material (Figure 4d). On the following

transforms to an amorphous material after one chadigcharge charge sweep, 1.04 Li can be extracted, giving a reversible
cycle, but by a more complex route. Figure 4 illustrates the capacity of 550 mAh/g. Together with the attractive average
changes that occur. After extraction of 0.5 Li, the reflections of oqox potential of 0.6 V versus Li/tj these properties demon-
the starting phase disappear and are replaced by a very broadyrate that this compound is both chemically intriguing and
feature spanning the region 15 20 < 30° (Figure 4b). This  yengially attractive as an anode material for rechargeable lithium-
reflection has a maximum in intensity smﬂamfspzcmg tothe  jon patteries. Current work is focused on optimizing this material
(001) reflection of the LiLi1-xMyN structure at 3.9 A, butalmost  5n4 gptaining a precise understanding of the Li (de)insertion
zero intensity in Lj /e 3N. Upon charging to 1.3 V (extraction mechanism for this class of compounds.
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