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a b s t r a c t

A new member of the A2MP2O7 diphosphate family, Li2MnP2O7, has been synthesized by solid-state

reaction and characterized using single-crystal X-ray diffraction. Li2MnP2O7 crystallizes in the

monoclinic space group P21/a (#14) with the cell parameters a ¼ 9.9158(6) Å, b ¼ 9.8289(6) Å,

c ¼ 11.1800(7) Å, b ¼ 102.466(5)1, Z ¼ 8 and V ¼ 1063.9(1) Å3. Its mixed framework exhibits an

original Mn2O9 unit, built up of one MnO5 trigonal bipyramid sharing one edge with one MnO6

octahedron. These Mn2O9 units are sharing corners with P2O7 diphosphate groups, forming the

undulating [Mn4P8O32]N layers. The [MnP2O7]N 3D framework, resulting from the interconnection

of the undulating [Mn4P8O32]N layers, exhibits different kinds of intersecting tunnels containing the

Li cations.

& 2008 Elsevier Inc. All rights reserved.
1. Introduction

The search for new cathode materials for rechargeable lithium
batteries makes that mixed frameworks built up of transition
metal polyhedra and PO4 tetrahedra are of great interest, as
shown from the discovery of the performances of the famous
olivine phosphate LiFePO4 [1–3]. Besides iron, other elements
such as manganese, nickel or cobalt have been investigated in
view of understanding the influence of the structure on the
electrochemical performances of these LiMPO4 oxides as cathodic
materials [4,5].

Thus, it appears that the lithium transition metal phosphates
can be considered as having a potential for the generation of new
cathode materials. In this respect, the lithium manganese
phosphates are very interesting, due to the fact that manganese
can exhibit several oxidation states, Mn(II), Mn(III) and Mn(IV). In
fact, a very limited number of lithium manganese phosphates
have been synthesized to date. Besides the two forms of LiMnPO4

[6] only two other anhydrous manganese phosphates are actually
known: the Mn(II) phosphate LiMn(PO3)3 [7] and the Mn(III)
diphosphate LiMnP2O7 [8]. The chemistry of the lithium manga-
nese phosphate hydrates and hydroxyphosphates is still more
restricted, since only two compounds have been synthesized to
date to our knowledge, the Mn(II) cyclohexaphosphate decahy-
drate Li2MnP6O18 �10H2O [9] and the Mn(III) hydroxide monopho-
ll rights reserved.

esdon).
sphate LiMn(OH)PO4 [10]. We have thus revisited the system
Li–Mn–P–O and we report herein on a new diphosphate
Li2MnP2O7, with an original tunnel structure. The [MnP2O7]N
framework is unique, compared to all the other A2MP2O7

phosphates, due to the presence of Mn2O9 units built up of one
MnO6 octahedron and one MnO5 polyhedron sharing one edge
and interconnected through P2O7 groups.
2. Experimental

2.1. Synthesis

The single crystal used for the structure determination of
Li2MnP2O7 was extracted from a preparation of nominal composi-
tion Li2MnP2O7 synthesized in two steps. First Li2CO3 (Prolabo,
99.9%), Mn2O3 (Alfa Aesar, 98%) and (NH4)2HPO4 (Prolabo
Normapur, 99.5%) were mixed in an agate mortar. The mixture
was placed in a platinum crucible and heated in air at about
600 1C for a few hours until the correct weight loss was reached,
i.e. when Li2CO3 and (NH4)2HPO4 had decomposed. In a second
step, metallic Mn (Acros Organics, 99%) was added to the resulting
powder and the new mixture was finely ground in an agate mortar
and then placed in a silica tube, which was evacuated and sealed.
The silica tube was heated at 800 1C for 15 h before being slowly
cooled at a rate of 2 1C h�1 to 700 1C and then brought back to
room temperature. A grey solid-like powder containing a mixture
of LiMnPO4 [6], Li2Mn(PO3)4 [11] and colourless crystals of the
title compound was thus obtained.

www.sciencedirect.com/science/journal/yjssc
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Table 1
Data collection cell and refinement parameters for single-crystal X-ray diffraction

study

Crystal data

Chemical formula Li2MnP2O7

M (g mol�1) 242.76

Cell setting, space group Monoclinic, P21/a

Atomic parameters a ¼ 9.9158 (6) Å

b ¼ 9.8289 (6) Å

c ¼ 11.1800 (7) Å

b ¼ 102.466 (5)1

V (Å3) 1063.9 (1)

Z 8

rcalc (g cm�3) 3.0301

Crystal size (mm3) 0.103�0.052�0.026
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A single-phased sample has been synthesized in a similar way
as described above, i.e. in two steps, starting from a mixture of
MnO (Alpha Aesar, 99.99%), Li2CO3 and (NH4)2HPO4. The mixture
was first heated in air at about 600 1C for a few hours, and then
placed in an evacuated silica tube which was heated at 650 1C
for 15 h, cooled to 550 1C at a rate of 2 1C h�1, and then brought
back to room temperature. The sample was confirmed to be
monophasic by using X-ray powder diffraction. All diffraction
peaks could indeed be indexed in a monoclinic cell (P21/a space
group) with the following cell parameters: a ¼ 9.8945(1) Å,
b ¼ 9.8113(1) Å, c ¼ 11.1596(1) Å, b ¼ 102.485(1)1 (refinement
performed using the program JANA 2006 [12] in the pattern
matching mode).
Data collection

l (MoKa) 0.71069 Å

Scan strategy j and o scans; 0.51 frame�1;

100 s/1; two iterations

Dx ¼ 34 mm

y range and limiting indices 5.761pyp401; 0php17,

0pkp17,�20plp20

Measured reflections 20499

Independent reflections 6021

m (mm�1) 3.062

Structure solution and refinement

Parameters refined 217

Agreement factors R ¼ 3.63%; Rw ¼ 3.87%

Weighting scheme w ¼ 1/s(F)2

Table 2
Refined atomic parameters and their estimated standard deviations for Li2MnP2O7

Atoms x y z Ueq
a (Å2)

Mn1 0.24502(3) 0.71349(3) 0.17850(3) 0.01010(8)

Mn2 0.29847(3) 0.41987(3) 0.32451(3) 0.00971(8)

P1 0.37664(5) 0.65002(5) 0.57237(5) 0.00680(11)

P2 0.05902(5) 0.93196(5) 0.24432(5) 0.00726(12)

P3 0.02599(5) 0.45499(5) 0.76037(5) 0.00712(11)

P4 0.61877(5) 0.79625(5) �0.10854(5) 0.00746(12)

O1 0.16246(14) 0.82821(14) 0.31350(14) 0.0114(4)

O2 0.48113(14) 0.77732(15) �0.07557(14) 0.0129(4)

O3 0.38378(14) 0.86486(14) 0.14432(13) 0.0121(4)

O4 0.02156(13) 0.84084(14) 0.55022(13) 0.0108(4)

O5 0.43627(15) 0.43440(15) �0.11127(13) 0.0129(4)

O6 0.18198(14) 0.83005(14) �0.15145(13) 0.0110(4)

O7 0.02235(15) 0.41597(15) 0.62905(13) 0.0128(4)

O8 0.18629(15) 0.28940(14) 0.41843(13) 0.0114(4)

O9 0.09527(14) 0.60349(14) 0.77455(13) 0.0094(3)

O10 0.38830(14) 0.58020(14) 0.70422(13) 0.0093(3)

O11 0.41492(13) 0.58835(14) 0.26962(13) 0.0103(4)

O12 0.27481(14) 0.56376(14) 0.48188(13) 0.0116(4)

O13 0.37991(13) 1.03269(14) �0.21286(13) 0.0096(3)

O14 0.22241(14) 0.63316(15) �0.00380(13) 0.0112(4)

Li1 0.6548(3) 0.0866(4) 0.0422(3) 0.0114(9)

Li2 0.0855(4) 0.1081(4) 0.0288(4) 0.0141(10)

Li3 0.6654(6) 0.0748(5) 0.5423(5) 0.0397(19)

Li4 0.3898(4) 0.2223(4) 0.5523(4) 0.0161(11)

a The atomic displacement parameters of all atoms were refined anisotropi-

cally and are given in the form of an equivalent isotropic displacement parameter

defined by Ueq ¼
1
3

P3
i¼1

P3
j¼1Uija

�ia�j~ai~aj.
2.2. Crystal studies: EDX analysis and X-ray diffraction

Semi-quantitative analyses of some colourless crystals
extracted from the preparation were performed with an
EDAX microprobe mounted on a ZEISS Supra 55 scanning
electron microscope. They revealed the presence of Mn and P
elements in the approximative ratio 1–2 in the crystals, in
agreement with the composition deduced from the single-
crystal X-ray diffraction study. Several crystals were then
optically selected to be tested. A single crystal, with dimensions
0.103�0.052�0.026 mm3, was chosen for the structure
determination and refinement. The data were collected with a
Bruker–Nonius Kappa CCD four-circle diffractometer equipped
with a bidimensional CCD detector and using the Mo-Ka
radiation. Strategy using j and o scans with 0.51 frame�1,
100 s/1, two iterations, was determined. The crystal–detector
distance was fixed at Dx ¼ 34 mm. Data were reduced and
corrected for Lorentz and polarization effects with the EvalCCD
[13] package. The observed reflection conditions h 0 l: h ¼ 2n,
0 k 0: k ¼ 2n, h 0 0: h ¼ 2n were compatible with the P21/a
space group (#14). The data were corrected from absorption
effects using SADABS (Bruker–Nonius area detector scaling
and absorption correction version 2.10). The structure was
solved and refined in this centrosymmetric space group, using
the JANA2006 program [12]. The structure of Li2MnP2O7

was determined using the heavy atom method and successive
difference synthesis and Fourier synthesis. First Mn, P and O
atoms were located. The refinement of their atomic coordi-
nates and anisotropic thermal parameters led to the reliability
factors R ¼ 0.0733 and Rw ¼ 0.1048. The maximum of
residual electronic densities observed on Fourier difference was
8.31 e Å�3. At this step of the refinement, four independent
lithium atoms could be located using the distances between
Fourier maxima and oxygen atoms. Li atomic coordinates
and anisotropic thermal parameters were refined and secondary
extinction effect corrections were applied, leading to the relia-
bility factors R ¼ 0.0363 and Rw ¼ 0.0387. The maximum of
residual electronic densities was 0.62 e Å�3. Table 1 gives the
data collection, cell and refinement parameters for single-crystal
X-ray diffraction study. The resulting atomic parameters are
listed in Table 2. Bond valence sum (BVS) calculations [14]
performed for lithium, manganese and phosphorus cations
and oxygen anions lead to the expected values of 1, 2, 5 and 2,
respectively. Tables of the anisotropic displacement parameters
for all atoms and detail of the bond valence calculations
are available as Supplementary material.

Further details of the crystal structure investigation can be
obtained from the Fachinformationszentrum Karlsruha, 76344
Eggenstein-Leopoldshafen, Germany (fax: +49 7247 808 666;
e-mail: crysdata@fiz.karlsruhe.de) on quoting the deposit number
CSD 419562.
2.3. Magnetic characterization

Magnetic susceptibility data were collected on a 65.86 mg
powder sample of Li2MnP2O7, from 5 to 400 K in a 0.3 T field, using
a Quantum Design SQUID magnetometer.

3. Results and discussion

In this new structure, the manganese polyhedra and phosphate
tetrahedra form a 3D [MnP2O7]N framework built up of MnO5

mailto:crysdata@fiz.karlsruhe.de
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trigonal bipyramids (Mn1), MnO6 octahedra (Mn2) and dipho-
sphate groups P2O7 (P1–P2 and P3–P4) (Fig. 1). The great
originality of this manganese diphosphate deals with the fact
that one MnO5 bipyramid and one MnO6 octahedron share one
edge (O11–O13) to form Mn2O9 units (Figs. 1a and 2), inter-
connected through P2O7 groups. It results in the formation of two
sorts of tunnels running along a (Fig. 1a) and a third sort of
tunnels running along b (Fig. 1b). The lithium cations are sitting in
these different tunnels.

In fact, the entire [MnP2O7]N framework can be described by
the stacking along c of identical [Mn4P8O32]N undulating layers
parallel to (0 0 1) (Fig. 1). In each layer (Fig. 2), one Mn2O9 unit
alternates with two P2O7 units along b forming undulating
[Mn2P4O19]N chains running along that direction. In such chains
(Fig. 2b), each Mn1 bipyramid is linked to two diphosphate
groups: it shares one apex (O3) with the P3 tetrahedron of a
‘‘P3–P4’’ group and one apex (O1) with the P2 tetrahedron of a
‘‘P1–P2’’ diphosphate group. The P1 and P4 tetrahedra of these
two diphosphate groups are linked to the Mn2 octahedron of the
next Mn2O9 unit of the [Mn2P4O19]N chain through two apices
(O8 and O6, respectively). Along a, two successive chains are
deduced one from the other by a 21 axis and are connected
b

c

[Mn4P8O32]∞ layer 

P1O4

P2O4

P3O4

P4O4

Mn1O5

Mn2O6

O12 

O14 

Mn2O9 uni

Fig. 1. Projections of the 3D structure of Li2MnP2O7 along [100] (a) and along [010] (b

showing the different types of tunnels containing the lithium cations.

[Mn2P4O19]∞
chain

Mn(1

Mn(2

MO12

O14

Fig. 2. (a) Projection of one [Mn4P8O32]N layer on the (0 0 1) plane. The polyhedra of o

showing the connections between the different polyhedra and the six-sided windows.
through the corners of their polyhedra, the diphosphate groups of
one chain being linked to the Mn2O9 units of the next chain
(Fig. 2a). More precisely, the P1–P2 diphosphate groups of one
chain share two apices (O4 for P1 and O11 for P2) with one Mn2O9

unit, P1 being connected to the Mn2 octahedron through O4 and
P2 being linked both to Mn1 bipyramid and Mn2 octahedron
through their common oxygen atom O11. The P3–P4 diphosphate
groups are only sharing one apex with the Mn2O9 units, P3 being
connected to the O13 oxygen atom common to the Mn1 bipyramid
and Mn2 octahedron. The [Mn4P8O32]N undulating layer resulting
from this assembly of [Mn2P4O19]N chains presents six-sided
windows (Fig. 2).

Finally, each [Mn4P8O32]N layer shares the apices of its Mn
polyhedra in two different ways with the next layers along c, to
form the 3D [MnP2O7]N framework (Fig. 1). On the one side,
this layer shares one apex (O12) of its P1–P2 group with the
Mn2 octahedron of the next layer, forming rows of five-sided
[10 0] tunnels undulating along b. On the other side, it shares
one apex (O14) of its P3–P4 group with the Mn1 trigonal
bipyramid of the next layer, forming rows of six-sided [10 0]
tunnels running along b, and rows of [0 10] Z-like tunnels running
along a.
t 

Mn1O5

[Mn4P8O32]∞ layer 

a

c
P1O4

P2O4P3O4

P4O4

Mn2O6

Li1 
Li2 
Li3 
Li4 

), evidencing the stacking of the [Mn4P8O32] undulating planes along [0 0 1] and

b

c a

)O5

)O6

n2O9 unit 

Six-sided 
window 

O11

Mn2 

Mn1 

P2

P1

P3

P4

O1

O13

O8O6

O11
O3

O4
O13

ne [Mn2P4O18]N chain have been underlined. (b) View of one [Mn2P4O18]N chain,
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The lithium cations are displayed in undulating layers parallel
to (0 0 1) (Fig. 1) with various coordinations (Fig. 3). Li1 and Li2,
which sit in the six-sided tunnels, exhibit a distorted square
pyramidal and an almost regular tetrahedral coordination,
respectively. The Li–O distances (Table 3) are comprised between
1.98 and 2.35 Å in the Li1 pyramids, and between 1.90 and 2.00 Å
in the Li2 tetrahedra. Note that the Li1 and Li2 polyhedra share
their edges and corners, forming [Li2O6]N layers parallel to (001).
More precisely, each Li2 is linked to two different Li1 through its
O14 and O2 corners and shares its O5–O5 edge with an other Li2.

Li3 and Li4, which sit in the five-sided tunnels, exhibit a
distorted tetrahedral and a pseudo-square pyramidal coordina-
tion, respectively. The Li3 tetrahedra are indeed very distorted
with Li–O distances ranging from 1.89 to 2.29 Å, whereas in the
Li4 pyramids one observes Li–O distances ranging from 1.96 to
2.33 Å (Table 3). The Li3 and Li4 polyhedra share corners and
edges, forming [Li2O5]N layers parallel to (001). In these layers,
each Li4 pyramid is linked through O7 and O12 to two different
Li3 tetrahedra and shares its O1–O8 edge with a third Li3
tetrahedron.

The P–O bond distances observed in the PO4 tetrahedra are
ranging from 1.50 to 1.61 Å (Table 3). As expected, each PO4

tetrahedron presents a larger P–O bond corresponding to the
P–O–P bond of the P2O7 diphosphate group. We can note here that
P2, P3 and P4 tetrahedra exhibit one free apex, whereas P1 shares
all its corners (one with P2 to form a diphosphate group and the
three others with Mn polyhedra).

The MnO5 bipyramids are quite distorted, as shown from
the examination of the O–Mn1–O angles. The Mn1–O distances
are comprised between 2.12 and 2.25 Å. The Mn2 octahedra
exhibit a more regular geometry with Mn2–O distances ranging
from 2.12 to 2.31 Å (Table 3). The magnetic susceptibility w versus
temperature and the corresponding w�1 versus T for Li2MnP2O7

are presented in Fig. 4. Li2MnP2O7 exhibits a paramagnetic
behaviour. The susceptibility follows a Curie–Weiss law with
C ¼ 4.43 emu K mol�1 and y ¼ �13.9(1) K. The effective magnetic
moment meff calculated from the Curie constant is equal to 5.95mB,
this value being very close to the spin value of 5.92mB expected
for a high-spin Mn2+ (d5) ion. These results are thus in agreement
O14 
O3

Li1

O6 

O13O2 

O12 

O8 

Li3

O1 

O7

Fig. 3. Environment of the lithium cations in Li2MnP2O7. Disp
with the bond valence calculation, since they confirm the divalent
state of manganese in this compound.

Li2MnP2O7, with its original structure, represents a new
member of the large family of A2MP2O7 diphosphates. In this
series, Li2MnP2O7 is the only framework involving Mn2O9 units
built up of one MnO6 octahedron and one MnO5 trigonal
bipyramid sharing one edge. The various frameworks encountered
in this large family of diphosphates consist indeed of isolated
MO6 octahedra interconnected through diphosphates groups, as
observed for A ¼ Na, K, Rb, Cs, Ag and M ¼ Ca, Mn, Cd, Sr [15–19]
or of isolated MO4 polyhedra interconnected through P2O7 groups,
as shown for A ¼ Ag, Na, K, Li and M ¼ Co, Cu, Pd, Zn [20–30].
Dimeric M2O10 units (built up of two edge-sharing MO6

octahedra) interconnected through P2O7 groups are observed only
in some A2MP2O7 phosphates for A ¼ Na, K and M ¼Mn, Ni
[31,32], whereas dimeric Mn2O11 units (built up of corner-sharing
MO6 octahedra) seem to be still more rare, since the only example
is to our knowledge Na2CoP2O7 [20].

From a more general point of view, these Mn2O9 units are
rarely observed in manganese(II) phosphates. To our knowledge,
Mn2O9 units have only been observed in quite condensed phases
which do not contain any template or counter-cation. They can
indeed be encountered in Mn6(PO4)4(H2O) [33], Mn7(HPO4)2

(PO4)2 [34] and (Fe4.94Mn2.06)(PO4)6 [35]. One can however notice
that, in these compounds, the Mn2O9 units are linked via two
edges of their MnO5 polyhedron to two Mn2O10 dioctahedral
units. The Mn2O9 unit has also been reported as the unique
manganese structural unit of the structure in Mn3(PO4)2 [36], but
not as an isolated dimer since these Mn2O9 units share corners to
form the 3D framework. The presence of Mn2O9 mixed units has
thus never been observed in manganese(II) phosphates up to now,
moreover, it is observed for the first time in a Mn(II) phosphate
involving a counter-cation. The small size of the Li+ cation may
explain the existence of the Mn2O9 unit in Li2MnP2O7.

Li cations environment also contributes to make Li2MnP2O7 an
original framework. As a matter of fact, in lithium manganese
phosphates, the more currently observed coordination for lithium
is the octahedral one. Only a few compounds present a different Li
coordination: Li2Mn2(P6O18)(H2O)10 [9] exhibits LiO4 polyhedra,
O4 

O8

O12 

Li4

O1

O7 

O5 

O2 

Li2

O14

O5

lacement ellipsoids are drawn at a 80% probability level.
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Table 3
Selected bond distances (Å) and angles (1) in the coordination polyhedra of

Li2MnP2O7

Mn1 O1 O3 O11 O13 O14

O1 2.1802(16) 3.212(2) 2.5334(19) 3.110 (2) 4.186(2)

O3 96.73(6) 2.1165(15) 3.043(2) 2.5133(18) 3.0570(19)

O11 109.87(6) 90.81(5) 2.1559(13) 2.9065(18) 3.2654(18)

O13 89.28(6) 172.31(5) 82.61(5) 2.2462(14) 2.989(2)

O14 150.18(5) 91.48(6) 98.58(6) 85.60(6) 2.1518(15)

Mn2 O4 O6 O8 O11 O12 O13

O4 2.1611(13) 3.3727(19) 2.8866(19) 3.134 (2) 3.053(2) 4.3743(18)

O6 102.19(5) 2.1730(15) 3.530(2) 2.9267(19) 4.449(2) 2.979(2)

O8 84.82(5) 110.65(6) 2.1187(16) 4.311(2) 2.8770(19) 3.283 (2)

O11 92.40(5) 84.46(6) 164.88(6) 2.1813(15) 3.007(2) 2.9065(18)

O12 86.09(5) 166.11(5) 80.94(6) 84.05(6) 2.3086(15) 3.0823(19)

O13 170.64(5) 85.18(5) 98.09(5) 82.47(5) 85.58(5) 2.2278(13)

P1 O4 O8 O10 O12

O4 1.5126(15) 2.514(2) 2.509(2) 2.5773(19)

O8 112.11(8) 1.5180(15) 2.4934(19) 2.475(2)

O10 107.02(8) 105.81(8) 1.6073(15) 2.5027(19)

O12 116.19(9) 108.90(8) 106.12(8) 1.5234(14)

P2 O1 O5 O10 O11

O1 1.5322(14) 2.491(2) 2.5267(19) 2.5334(19)

O5 110.53(9) 1.4985(16) 2.472(2) 2.547(2)

O10 106.94(7) 105.23(8) 1.6116(14) 2.5280(19)

O11 111.74(8) 114.61(8) 107.22(8) 1.5283(15)

P3 O3 O7 O9 O13

O3 1.5195(14) 2.5526(19) 2.5072(19) 2.5127(18)

O7 114.87(9) 1.5103(16) 2.4609(19) 2.539(2)

O9 106.62(7) 104.28(8) 1.6064(14) 2.5500(19)

O13 110.15(8) 112.41(8) 107.96(8) 1.5458(15)

P4 O2 O6 O9 O14

O2 1.5002(16) 2.553(2) 2.507(2) 2.5133(18)

O6 115.90(8) 1.5146(15) 2.461(2) 2.540(2)

O9 107.15(8) 103.96(8) 1.6132(15) 2.550(2)

O14 111.16(9) 110.79(8) 107.21(8) 1.5456(14)

Li1–O2 ¼ 1.991(4) Li2–O2 ¼ 1.904(4)

Li1–O3 ¼ 2.092(4) Li2–O5 ¼ 1.974(4)

Li1–O6 ¼ 1.982(3) Li2–O5 ¼ 1.954(4)

Li1–O13 ¼ 2.328(4) Li2–O14 ¼ 1.999(4)

Li1–O14 ¼ 2.351(4)

Li3–O1 ¼ 2.288(5) Li4–O1 ¼1.984(5)

Li3–O7 ¼ 1.886(7) Li4–O4 ¼ 1.970(5)

Li3–O8 ¼ 1.966(6) Li4–O7 ¼ 1.956(4)

Li3–O12 ¼ 1.951(6) Li4–O8 ¼ 2.333(4)

Li4–O12 ¼ 2.229(4)

Bold numbers are indicates they correspond to the Oi-Oi distances in the

polyhedra.
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Ca9MnLi(PO4)7 [37] exhibits LiO3 polyhedra and LiMn(PO4)
((OD)0.442(OH)0.558) [38] exhibits LiO5 polyhedra. For the first
time, a lithium manganese(II) phosphate exhibits two different
kind of coordination polyhedra, LiO4 and LiO5, in the same
framework. Moreover, among the manganese phosphates, to
our knowledge, a five-fold coordination of lithium has only
been observed in the manganese(III) phosphate LiMn(PO4)
((OD)0.442(OH)0.558) [38] up to now.
4. Conclusion

A new lithium manganese diphosphate, Li2MnP2O7, has been
synthesized. It exhibits a very original tunnel structure, chara-
cterized by the presence of Mn2O9 units, rarely observed for other
manganese oxides. The arrangement of the lithium cations in the
form of [Li2O5]N and [Li2O6]N layers is also quite original. It
suggested us the possibility of cationic conductivity, eventually
induced by Li deficiency. Unfortunately, the measurements
performed on a sample of Li2MnP2O7 did not revealed any ionic
conductivity property. However, the above reported results
illustrate the great structural diversity of the A2MP2O7 family of
compounds and suggest that other phases, with original topolo-
gies, could be isolated in the Li–Mn–P–O system.
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