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During the last decade, the (Li,NBI[PO,]F (M= Mn-
Ni) fluorophosphates have attracted much atterdigasto
their potential use as positive electrode maténiadither
Li-ion or Na-ion cells.Recently, our research group
started systematic studies on the crystal/eleatroni
structures and the magnetic/electrochemical prigsedf
the intermediate phases LiIMEPO,]F (Fig. 1)1°

Table |. Crystallographic data of our new compounds

Formule S.G.ad bA cA BE) VA Ref
Li1 sNag /Ni[PO4)F Pnma 10.7874 6.2196 11.1780 749.97 1
LiNaCo[PC,]F Pnma 10.9334 6.2934 11.3556 781.36 2
LiNaFe[PC,]F Pnma 10.9851 6.3686 11.4343 799.94 3
Li1 e:Nay z:Fe[PQ]F Pnma 10.5108 6.4996 11.0504 75492 4
LiNaFeg 7:Mng 2[PO,JF Pnma 10.9719 6.3528 11.4532 798.31 5
Li,Mg[PO,JF Pnma 10.5773 6.2378 10.9297 721.10 *
LiNaMg[PO,]F P2)/c 6.8179 11.22345.0222 90.00 384.30 *
LiNaNi[PO,]F P2;/c 6.7720 11.154(6.0210 90.00 379.26 1
NaMn[PO,]F-new P2;/c 6.8654 11.8753%.30702 90.00 432.70 *
NaNi[PO,F P2;/c 13.4581 5.1991 13.697BR20.58 825.14 1
*: to be published
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Fig. 1. Crystal structures of th&M[PO4]F compounds
(A= Li, Na andM= Mn-Ni, Mg). Those highlighted in red
have been discovered in our research group [1-5].

LiNaFe[PQ]F (M = Fe), is the most attractive because
of its electrochemical activity as an electrodeariat. As
shown in Fig. 2, three oxidation peaks at 3.6 V9 3,
and 4.37 V appear on the cycle voltammogram ang the
correspond to F&Fe** redox couples because the alkali
metal atoms occupy three different crystallograysiies.

To our knowledge, the 4.37 V is the highest value
observed for F&/Fe’* redox couple. It does not
correspond to P&Fe™ redox couple, since théFe
Méossbauer data collected at 4.5 V shows the presgince
90% of F€" and 10% of F&.

-0.004 1 LiNaFe[PO,|F
— 1st cycle
-+-=--=2nd cycle
— 0,002 LiNaFe Mn_  [PO,|F
< —— st cycle
: ---=--=2nd cycle
=
o
= |
E 0.000
3
0.002
0.004 — T T T T

3, 4 5
V (Vs. Li/Li)
Fig. 2. Cyclic voltammogram curves of LiNaFe[R©
and LiNaFgJMng [PO4]F recorded at room temperature,
between 1.0 V and 5.1 or 5.5%. Li*/Li, with a scanning
rate of 5 mV/s.

The new compounds LiNaEgMn,JPOy]F (x < 1/4,M
= Fe,Mn,) synthesized by solid state reaction route are
isostructural to  LiNaFe[PgF however, strong
differences in the electrochemical behaviors hagenb
observed. Indeed, the substitution of Mn for Feuges a
severe decrease of the electrochemical performafogs
2), that is, three peaks of ¥# e redox couple
drastically decrease. This behavior is attributedthe
electrochemically inactive manganese.
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