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Structural relationships among LiNaMg[PO4]F and Na2M[PO4]F (M = 
Mn-Ni, and Mg), and the magnetic structure of LiNaNi[PO4]F  
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The new compound LiNaMg[PO4]F has been synthesized by wet chemical reaction route. Its crystal 
structure was determined from single-crystal X-ray diffraction data. LiNaMg[PO4]F crystallizes with the 
monoclinic pseudomerohedrally twinned LiNaNi[PO4]F structure, space group P21/c, a = 6.772(4), b = 
11.154(6), c = 5.021(3) Å, β = 90.00(1) ° and Z = 4. The structure contains [MgO3F]n chains made up of 10 

zigzag edge-sharing MgO4F2 octahedra. These chains are interlinked by PO4 tetrahedra forming 2D-
Mg[PO4]F layers. The alkali metal atoms are well ordered in between these layers over two atomic 
positions. The use of group-subgroup transformation schemes in the Bärnighausen formalism enabled us 
to determine precise phase transition mechanisms from LiNaNi[PO4]F- to Na2M[PO4]F-type structures 
(M = Mn-Ni, and Mg) (see video clip1 and 2). The crystal and magnetic structure and properties of the 15 

parent LiNaNi[PO4]F phase were also studied by magnetometry and neutron powder diffraction. Despite 
rather long interlayer distance, dmin(Ni+2-Ni+2)~6.8 Å, the material develops long-range magnetic order 
below 5 K. The magnetic structure can be viewed as antiferromagnetically coupled ferromagnetic layers 
with moments parallel to the b-axis.  

1. Introduction 20 

There have been a number of studies on compounds of the 
formula AMPO4, where A is an alkali atom and M is a transition 
metal.1and ref. therein The crystal structures of AMPO4 depend 
strongly on the size of the monovalent A+ cation. With A = Li, the 
AMPO4 compounds adopt the olivine-type structure. Since the 25 

study of its electrochemical properties by Goodenough et al.,2 
LiFePO4 has been extensively studied among the olivine series 
LiMPO4. Several studies have shown that LiFePO4 is a promising 
high-potential cathode material for rechargeable Li-ion batteries.3-

5 With A = Na, the AMPO4 (M = Mn-Co) compounds have the 30 

maricite-type structure.6 
 When the LiMPO4 (M = Mg, Co, Ni) compounds are mixed 
with LiF, the Li2MPO4F fluorophosphates are formed and they 
crystallize with the 3D-Li2NiPO4F-type structure. 7-8 The 
Li2MPO4F (M = Mn, Fe) phases could not be synthesised using 35 

conventional synthesis routes. However, these phases could be  
 

*,aResearch Institute for Ubiquitous Energy Devices, National Institute of
Advanced Industrial Science and Technology (AIST), Midorigaoka 1-8-
31, Ikeda, Osaka 563-8577, Japan. Fax: +81-72-751-9609; Tel: +81-72-
751-7932;E-mail:benyahia.hamdi@voila.fr,shikano.masahiro@aist.go.jp.
bBragg Institute, B87, Australian Nuclear Science and Technology
Organisation, Locked Bag 2001 Kirrawee DC NSW 2232, Australia. 
c School of Chemistry, The University of Sydney, Sydney, NSW 2006,
Australia. 
† Electronic Supplementary Information (ESI) available: See
DOI: 10.1039/b000000x/ 

obtained by electrochemical ion exchange starting from the 
Na2MnPO4F and by lithium intercalation into the tavorite 
LiFePO4F.9-11 When the NaMPO4 (M = Mn-Ni and Mg) 
compounds are mixed with NaF, the Na2MPO4F fluorophosphates 40 

are formed and they crystallize with three different layered 
structures strongly related to each other. 12 and ref. therein 
 Since, the crystal structures of the A2MPO4F compounds are 
very sensitive to any volume change, related to the size of the 
alkali metal or the transition metal atoms, our research group has 45 

recently focused on the synthesis and the study of the physical 
properties of new compositions. Indeed, we succeeded to 
discover several phases (LiNaCo[PO4]F, Li2-xNaxFe[PO4]F, 
LiNaFe1-xMnx[PO4]F, and Li2Mg[PO4]F crystallizing with the 
Li2Ni[PO4]F-type structure and LiNaMg[PO4]F, LiNaNi[PO4]F, 50 

and Na2Ni[PO4]F crystallizing with two different layered 
structures).12-16 Furthermore, we discovered Li9Mg3[PO4]4F3 
which crystallizes with a new structure type closely related to 
Na2Mn[PO4]F and which exhibits a high ionic conductivity σ of 
10−4 S cm−1 at 300 °C.17   55 

 In this paper, we report the crystal structure study of the new 
compound LiNaMg[PO4]F and discuss in details its structural 
relationship to the Na2M[PO4]F (M = Mn-Ni, and Mg) 
compounds. We also characterized the parent LiNaNi[PO4]F 
phase by powder neutron diffraction and magnetic susceptibility 60 

measurements. This work is a complement to the previously 
studied Li2-xNaxNi[PO4]F system.  

Page 1 of 9 Dalton Transactions

D
al

to
n

 T
ra

n
sa

ct
io

n
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t



 
 

Th

Fi
LiN

2. 5 

2.1

A 
LiN
sto
ob10 

(N
LiN
mi
70
ba15 

slu
LiN
sto
Mg
de20 

ha
he
pro
am
pla25 

tem
dis
LiM
en
dif30 

2.2

Se
inc
ou
(JE35 

ob
to 
ins
    

his journal is © 

g. 1. Superpo
NaNi[PO4]F sa

Experimen

1. Synthesis 

polycrystallin
NaNi[PO4]F w
oichiometric m
btained by hea
NH4)H2PO4 at 3

Ni[PO4] (Fig. 
ixture of Li2CO

00 °C for 10 h a
all milled in eth
urries were dr
NaMg[PO4]F w
oichiometric m
g(NO3)2·6H2O.
ionized water t

ad evaporated. 
ated at 600 °C
oduced LiNaM

mount of non-id
atinum tube an
mperature at a 
stilled water, c
Mg[PO4] were 

nergy-dispersive
ffraction (XRD

2. Electron mic

emiquantitative 
cluding the one

ut with a Gene
EOL) scanning 
bserved compos

the ideal LiN
strument was no

The Royal Soc

osition of the 
amples.  

ntal Section 

ne (powder) s
were prepared b
mixture of NaF
ating a 1:2:2 
350 °C for 6 
1) (LiNi[PO4] 

O3, NiO, and (N
and at 850 °C f
hanol for 2 h in
ied, pelletized 

was also prepare
mixture of L
. The starting m
then left stirrin
The obtained 

C for 8 h in a p
Mg[PO4]F as a
dentified impuri
nd fired at 1000
rate of 15 °C/h

colorless single
identified in th

e X-ray (ED
) analyses.   

croprobe analy

EDX analys
es investigated o
esis (EDAX) a
electron micro

sitions of the c
NaMg[PO4]F (
ot sufficient to 

ciety of Chemis

theoretical and

amples of Li
by direct solid-s
F, LiMg[PO4] 
mixture of L
h and at 750 
was obtained b

NH4)H2PO4 at 
for 18 h). The m
n a planetary ba

and fired at 
ed by a wet che
LiF, NaNO3, 
materials were d
ng for a few ho

powder was th
platinum crucib
a major phase
ties. This mixtu

0 °C, then slow
h. After washin
e crystals of L
he sample using

DX) and sing

ysis 

es of differen
on the diffracto
analyzer install
scope (SEM). T
arbon coated m
(Fig. 2). The 
determine the l

stry [2011]

d experimenta

iNaMg[PO4]F 
state reaction f

(LiMg[PO4] 
i2CO3, MgO, 
°C for 24 h) 
by heating a 1
350 °C for 6 h
mixtures were w
all-mill. The mi

580 °C for 4
emical route fro

NH4H2PO4, 
dissolved in boi
ours until the w
hen pelletized 
ble under air. T

alongside a 
ure was placed 

wly cooled to ro
ng the mixture w

iNaMg[PO4]F 
g a combination

gle crystal X

nt single crys
ometer were car
led a JSM-500
The experiment
material were c

resolution of 
lithium content.

al powder XRD

and 
from 
was 
and 
and 
:2:2 

h, at 
wet-
ixed 
48h. 
om a 

and 
iling 

water 
and 

This 
tiny 
in a 

oom 
with 
and 
n of 

X-ray 

stals 
rried 
0LV 
tally 

close 
the 

. 

Fig.50 

single

2.3. X

To c
powd
at roo105 

a ste
diffra
match
progr
functi110 

S1).†
11.19
Å3, in
Table
 Sin95 

select
diffra
APEX
proce
progr100 

the sh
collec

2.4. M

Magn
carrie85 

Meas
magn

D (Cu-Kα1,α2

2. SEM image
e crystal used fo

X-Ray diffracti

check the puri
der XRD measu
om temperature
ep size of 0
actometer opera
hing refineme
ram.18 The bac
ion, and the pe
 The refined u

974(7), c = 5.0
n good agreem
e S1.  
ngle crystals o
ted on the ba
action spots. Da
X (Bruker) di
essing and all re
ram. A Gaussia
hape was deter
ction details, se

Magnetic susce

netic susceptib
ed out using 
surement Syst
netometer (VSM

Dalton Tra

radiation) pat

e and EDX an
or data collectio

ion 

ty of the LiN
urements were p

over the 2θ ang
.01 ° using 
ating with CuK
ent was perf
ckground was 
eak shape by a

unit cell parame
155(3) Å, β = 

ment with the si

of LiNaMg[PO
asis of the siz
ata collection w
iffractometer u
efinements were
n-type absorpti
rmined with th
e Table S1.    

eptibility measu

ility measurem
a Quantum 

tem (PPMS) 
M) probe. The 

rans., [2011], [v

tterns of LiNa

nalysis of the 
on. 

NaMg[PO4]F p
performed. Data

ngle range 10 ° 
a RINT2000-

Kα1,α2 radiatio
formed with 

modelled usi
a pseudo-Voig
eters were a =
90.00(1) ° and

ingle crystal da

O4]F suitable 
ze and the sh
was carried ou
using MoKα 
e performed wi
ion correction w
he video micro

urements 

ments of LiNa
Design Phys
with a vib

susceptibility w

vol], 00–00  |  2

aMg[PO4]F and

LiNaMg[PO4]F

powder, routin
a were collected
 2θ  80 ° with
-TTR (Rigaku
n. Full pattern
the Jana2006

ng a Legendr
gt function (Fig
 6.8144(4), b =

d V = 382.70(6
ata presented in

for XRD wer
harpness of th
ut on a SMART
radiation. Dat
ith the Jana2006
was applied and
scope. For dat

aNi[PO4]F wer
sical Propertie
brating sampl
was recorded in

2 

d  

F 

ne 
d 
h 

u) 
n-
6 

re 
g. 
= 

6) 
n 

re 
he 
T 
ta 
6 
d 
ta 

re 
es 
e 
n 

Page 2 of 9Dalton Transactions

D
al

to
n

 T
ra

n
sa

ct
io

n
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t



5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

 

This journal is 

the zero field-c
under the field 

2.5. Neutron p

Neutron powd
high-resolution
(Lucas Heights
Å. For the mea
into a 6 mm dia
between 3 and 
using a closed
was performed
scattering lengt

3. RESULT

3.1. Structure 

The cell para
orthorhombic 
absences were 
group. Therefo
space group P1
the sir2004 pro
difference-Four
(18 atoms). T
programs,20 we
monoclinic sp
structural mode
reduced the nu
of two. Using 
the residual fa
0.532 for 37 
residual factor
0.5116 for 82 
metal occupan
the expected va
were well-beh
factors and th
symmetry prob
suite program w
The two-fold 
twinning eleme
(-1 0 0, 0 -1 0,
residuals imme
Table S1. Th
consequence o
which lead to t
Inspection of 
LiNaNi[PO4]F.
ADP are given
on the struct
Fachinformatio
Leopoldshafen
 Crystallogra
monoclinic sp
extremely rare 
we have atte
examining the 
possible to us

© The Royal S

cooled mode o
of 100 Oe. 

powder diffrac

der diffraction 
n diffractomete
s, Australia) us
asurements, ~2 
ameter cylindri
6 K, i.e., above

d-cycle refriger
d using the Full
ths and Ni2+ ma

TS AND DIS

refinement 

ameters determ
symmetry; h

not consistent w
ore, we first s
1. Most of the 
ogram.19 After 
rier syntheses, 

Then, using th
e determined th
pace group P
el and changing

umber of indep
isotropic atom

actors converge
refined parame
s did not decre
refined param

ncies did not sh
alues. At this st
aved, although

he goodness-of
blem, most like
was used to tes
axis parallel t

ent, and on this 
, 0 0 1). By inc
ediately droppe
here are three 
f the coset dec
the same refine

databases rev
.12 The refined

n in Tables 1 an
ture refinemen
onszentrum K
, by quoting the

aphers and ot
pace group P2

and usually ind
empted to co
structure. Indee
e the Pnma sp

Society of Chem

ver the temper

tion  

(NPD) data w
er Echidna at 
sing neutrons o
g of the powde

ical vanadium c
e and below the
rator. Rietveld 
lprof Suite with
agnetic form-fa

SCUSSION 

mined for LiN
owever, the 
with any known
olved the stru
atomic position
few refinemen
the whole struc

he Platon suite
hat a higher sym
P21/c. Starting 
g the space gro
endent atomic 

mic displacemen
ed to R(F) = 0
eters. With an
ease, R(F) = 0

meters. The refi
how any signif
tage of the refin

h the high valu
f-fit (s = 7.6) 
ely twinning. T
st possible twin
to c was iden
basis we introd

corporating this
ed drastically to

other possibl
omposition) wh

ement result; 2[

vealed a struct
d atomic posit
nd S2,† respect
nts may be 

Karlsruhe, D-
e Registry No. C
thers will not
21/c with the β
dicates higher s
nfirm the sy
ed, in theoretic
pace group to 

mistry [year]

rature range 2–

were collected o
the OPAL f

of wavelength 2
er sample was l
can and data col
e magnetic tran
analysis of th

h the default n
ctor.  

NaMg[PO4]F su
apparent syste
n orthorhombic
cture in the tr
ns were located
nt cycles follow
cture was deter
e of crystallog
mmetry exists w

from the tr
oup from P1 to
positions by a 

nt parameters (A
0.2617 and wR
nisotropic ADP
0.2473 and wR
nement of the 

ficant deviation
nement, all the 
ues of the reli

clearly hinted
Therefore, the 
nning of the stru
ntified as a po
duced the twin m
s twinning optio
o the values lis
le twin matrix
hich can be use

100], m[100], and 
tural relationsh
ions and aniso
tively. Further d
obtained from

-76344 Eggen
CSD-426199.  
te that we u
β = 90 ° wh
symmetry. Ther
mmetry by c
al point of view
solve the stru

–300 K 

on the 
facility 
2.4395 
loaded 
llected 

nsition, 
he data 
neutron 

uggest 
ematic 

c space 
riclinic 
d using 
wed by 
rmined 
graphic 
with a 

riclinic 
o P21/c 

factor 
(ADP), 
(F2) = 

Ps, the 
(F2) = 
alkali 

n from 
atoms 

iability 
d at a 
Platon 
ucture. 
ossible 
matrix 
on, the 
sted in 
xes (a 
ed and 
m[001]. 

hip to 
otropic 
details 
m the 
nstein-
 

used a 
hich is 
refore, 
closely 
w, it is 
ucture, 

how
the
ord
Pnm95 

pos
the
of r
Ta
LiN75 

Ato
Li
Na
Mg
P 
O1
O2
O3
O4
F 

3.2

LiN
LiN
a m
Mg125 

the
coo
oct
run
tetr130 

lith
X, a

Fig
(00
(1095 

wever in this c
e 8d atomic pos
dered structure 
ma to P21/c. 
sition into 2 × 4
e ordered Mg a
ref. 12). 
ble 1. Atom

NaMg[PO4]F. 
om x

0.7408(5)
0.51155(1

g 0.01886(1
0.75454(9
0.5429(2)
0.8905(3)
0.8051(3)
0.7828(3)
0.1990(2)

2. Crystal struc

NaMg[PO4]F w
NaNi[PO4]F, w
monoclinic pseu
g[PO4]F layers 
e interlayer spac
ordinated to f
tahedra share e
nning along the
rahedra to form
hium and sodiu
and P-O are list

g. 3. Projection
01) plane (a) an
00) plane (b). 

Dalton 

ase a Na/Mg s
sition. Therefor
it is necessary
This induces 

4e (P21/c) atom
nd Na atoms (F

m positions a

y
) 0.9196(3) 
15) 0.83455(9)
12) 0.17115(7)
9) 0.08170(5)
) 0.12366(16
) 0.17177(16
) 0.07394(15
) 0.95910(14
) 0.28708(13

cture 

was thereby f
hich crystallize

udomerohedrall
with lithium an
ce (Fig. 3a). M
four oxygen an
dges (via 1F a
e c axis. Thes

m Mg[PO4]F lay
m atoms. The 
ted in Table 2.  

view of the st
nd projection vie

Trans., [2013]

statistical disor
re, in order to 

y to decrease th
the splitting o

mic positions, in
For more detai

and isotopic 

z 
0.7635(7) 

) 0.2530(2) 
) 0.76322(16
) 0.27092(12
6) 0.2405(3) 
6) 0.1317(4) 
5) 0.5700(4) 
4) 0.1428(3) 
3) 0.9647(3) 

found to be 
es with a layere
ly twinned struc
nd sodium atom

Magnesium atom
and two fluori
and 1O) and fo
se chains are c
yers (Fig. 3b) b
interatomic dis
 

tructure of LiN
iew of the Mg[P

, [vol], 00–00  

der is observed
obtain a perfec

he symmetry fr
of the 8d atom

n which are loca
ils see section 3

ADPs (Å2) 

Ueq (Å
2)

0.0068(12)
0.0199(4)

6) 0.0082(2)
2) 0.00751(1

0.0143(5)
0.0143(5)
0.0126(5)
0.0119(5)
0.0137(4)

isostructural w
ed structure.12 I
cture consisting
ms well-ordered

ms are octahedra
ine atoms. Th

orm infinite cha
connected by P
between which
stances Na-X, M

NaMg[PO4]F in 
PO4]F layer on 

|  3 

d at 
ctly 
rom 
mic 
ated 
3.4. 

for 

) 

9) 

with 
It is 
g of 
d in 
ally 

hese 
ains 
PO4 
h lie 
Mg-

the 
the 

Page 3 of 9 Dalton Transactions

D
al

to
n

 T
ra

n
sa

ct
io

n
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t



CREATED USING THE RSC ARTICLE TEMPLATE (VER. 3.0) - SEE WWW.RSC.ORG/ELECTRONICFILES FOR DETAILS 

ARTICLE TYPE www.rsc.org/xxxxxx  |  XXXXXXXX 

4  | Dalton Trans., [2013], [vol], 00–00 This journal is © The Royal Society of Chemistry [year] 

Table 2. Interatomic distances (in Å) and bond valence sums 
(BVS) for LiNaMg[PO4]F. Average distances are given in 
brackets. 
 distance BV  distance BV 
Li-F 1.922(4) 0.219 Na-O4 2.384(2) 0.208 
Li-O1 1.994(4) 0.240 Na-O1 2.396(2) 0.201 
Li-O4 1.977(4) 0.251 Na-F 2.4878(18) 0.112 
Li-O3 2.034(4) 0.215 Na-O3 2.550(2) 0.133 
Li-F 2.722(4) 0.025 Na-O1 2.550(2) 0.133 
Li-O2 2.766(4) 0.030 Na-O1 2.613(2) 0.112 
<Li-X> 1.982[4] 0.925[4] a Na-F 2.6372(18) 0.075 
Mg-F 1.9937(16) 0.390 <Na-X> 2.5168[7] 0.974[7] a 
Mg-O4 2.0464(19) 0.385    
Mg-O2 2.047(2) 0.384 P-O1 1.5252(18) 1.282 
Mg-F 2.0554(17) 0.330 P-O4 1.5313(17) 1.261 
Mg-O3 2.063(2) 0.368 P-O2 1.5393(19) 1.234 
Mg-O2 2.076(2) 0.355 P-O3 1.5438(19) 1.219 
<Mg-X> 2.0469[6] 2.212[6] a <P-O> 1.5349[4] 4.996[4] a 
a bond valence sum, BV = exp{(r0–r)/b} with the following parameters: b = 
0.37, r0 (LiI–O) = 1.466, r0 (LiI–F) = 1.36, r0 (NaI–O) = 1.803, r0 (NaI–F) = 
1.677, r0 (MgII–O) = 1.693, r0 (MgII–F) = 1.645 and r0 (P

V–O) = 1.617 Å.21, 22 

 
 In LiNaMg[PO4]F, the MgO4F2 octahedra are regular in shape 5 

with Mg-X distances ranging from 1.9937 to 2.076 Å and an 
average value of 2.0469 Å. No significant difference in Mg 
coordination is observed compared to Li2Mg[PO4]F and 
Na2Mg[PO4]F, although the latter structures belong to a different 
structure types.17, 23 The PO4 tetrahedra are also quite regular, 10 

with P-O distances ranging from 1.5252 to 1.5438 Å with an 
average value of 1.5349 Å, only slightly lower than the value of 
1.55 Å estimated from the effective ionic radii of the four-
coordinated P5+ and O2-.24 The sodium atoms are coordinated to 
five oxygen and two fluorine atoms (Fig. 4a). The Na-X distances 15 

range from 2.384 and 2.6372 Å with an average value of 2.5168 
Å. This sodium environment is similar to sodium polyhedra in 
LiNaNi[PO4]F (Fig. 4b). The lithium atoms are four coordinated 
to three oxygen and one fluorine atoms (Fig. 4a). The Li-X 
distances range from 1.922 and 2.034 Å with an average value of 20 

1.982 Å. The BVS of 0.925, 0.974, 2.212, and 4.996 are in very 
good agreement with the expected value of +1, +1, +2, and +5 for 
Li+, Na+, Mg2+, and P5+, respectively.    

Fig. 4. Surrounding of the sodium and lithium atoms in 
LiNaMg[PO4]F (a), and LiNaNi[PO4]F (b). 25 

3.3. Structural relationship of A2M[PO4]F (A = Li and Na; M 
= Mn-Ni, and Mg) to other known oxides. 

In the supplementary information section, we have demonstrated 
that each Na2M[PO4]F unit cell is a supercell of an orthorhombic 
subcell, similar to LiNaNi[PO4]F (Table S3).25-44 Consequently, 30 

starting from an orthorhombic subcell (ao1 ~ 6.75 Å, bo1 ~ 5 Å, 
and co1 ~ 11 Å) and using the geometric relationships given in Fig. 
5q, it is possible to build an orthorhombic supercell (ao2 = ~ 13.5 
Å, bo2 = bo1 ~ 5 Å, and co2 = co1 ~ 11 Å) (Fig. 5o) or a monoclinic 
supercell (am = ~ 13.5 Å, bm= bo1 ~ 5 Å, and cm= ~ 12.9Å) (Fig. 35 

5p) which are very similar to the Na2M[PO4]F unit cells Fig. 5a-c. 
  A projection view of the fluorophosphates along the short axis 
(~5 Å) shows the layered character of the structures (Fig. 5a-e). 
In all cases, the structures are built of M[PO4]F layers with the 
interlayer spaces filled by the alkali metal atoms. The only 40 

exception is the manganese phase, for which a mixture of 
manganese and sodium atoms is observed in and between the 
layers. A projection view perpendicular to the layers provide 
more structural details (Fig. 5f-j). LiNaM[PO4]F (M = Ni and 
Mg) contains infinite chains of edge-sharing octahedra (Fig. 5j), 45 

whereas Na2M[PO4]F (M = Mn-Ni, and Mg) contain infinite 
chains of dimer units (face-sharing octahedra) sharing corners 
(Fig. 5f-i). Depending on the size of the transition metal, the 
dimer units point to different directions (Fig. 5k-n). In 
Na2M[PO4]F(M = Fe, Co, and Mg) all the dimer units point to the 50 

same direction (Fig. 5k), whereas in Na2M[PO4]F(M = Ni and 
Mn), we observe an alternation of two chains with the dimer units 
pointing to the right and two chains with the dimer units pointing 
to the left (Fig. 5l, m). The structural transition from edge- to 
face-sharing octahedra is mainly due to the tilting of a few PO4 55 

tetrahedra. Furthermore, since the tilted tetrahedra are different 
from phase to phase, this induces different orientations for the 
dimer units built of face-sharing octahedra (Fig. 5k-n). From a 
theoretical point of view, it would also be possible to build a 
theoretical structure in which one chain with the dimer units 60 

pointing to the right alternates with one chain with the dimer 
units pointing to the left (Fig. 5d, i, n). The predicted 
crystallographic data of this theoretical phase are given in Table 3. 

Table 3. Crystallographic data of the A2M[PO4]F theoretical 
structure (P21212, Z = 4, a = 5.1991 Å, b = 11.6557 Å, c = 6.8489 65 

Å, and V = 415.04 Å3). 

Atom Wyck. x y z 
A1 4c 0.25367 0.83112 0.75500 
A2 4c 0.24405 0.57990 0.49245 
M 4c 0.78012 0.92680 0.97370 
P 4c 0.29525 0.83807 0.23435 
O1 4c 0.08875 0.64283 0.79617 
O2 4c 0.65387 0.59587 0.92930 
O3 4c 0.74525 0.79147 0.78667 
O4 4c 0.71836 0.61910 0.56725 
F1 2a 1/2 1/2 0.24880 
F2 2b 0 1/2 0.18910 
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