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Abstract

A new manganese (II) phosphite with the formula Mn(HPO;) has been synthesised under mild hydrothermal conditions and
autogenous pressure. Large pink coloured single crystals were obtained, allowing the resolution of the structure by x-ray diffraction.
Mn(HPO3) crystallises in the P2,/c monoclinic space group with a = 8.036(3) A, b = 8.240(3) A, ¢ = 10.4103) A, § = 124.73(3)° and
Z = 8. The structure consists of a three-dimensional, compact framework of edge sharing MnOg octahedra linked to phosphite
groups via oxygens. The presence of the phosphite anion has been confirmed by IR spectroscopy. Mn(HPO3) presents a high
thermal stability limit of 580 °C, before rapid transformation to Mn,P,0; occurs. Photoluminescence and diffuse reflectance
spectroscopy studies show the presence of high spin Mn(II) in significantly distorted octahedral coordination with Dq and Racah
parameters of Dq = 820, B =910 and C = 3135cm™'. The ESR spectra, performed at different temperatures, are isotropic with a
g-value of 2.00(1). Magnetic measurements indicate global antiferromagnetic interactions with a ferromagnetic transition at 15K,
attributed to a canting of the antiferromagneticaly aligned spins.

© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Materials science has been growing very fast in recent
decades, giving rise to an incredible number of new
phases with a non-less amazing chemical diversity. The
design of condensed phases which can give rise to
original physical properties, by making use of the great
number of different cations and arrangements that they
can exhibit, is an important area in this field [1].

Since Bonavia et al. obtained the first organically
templated phosphite with open framework [2], the
phosphite oxo-anion (HPO)*~, has been the source of
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many new hybrid inorganic—organic phosphites [3].
Condensed phosphites, however, are scarce compared
with the number of organically templated structures
containing this group. Cations used to synthesise
these compounds are diverse and go from alkali
metals to group 14 of the periodic table through
transition metals and there are even some examples
with rare earth elements. Most of these condensed
phases were reported in the 1980s and 1990s and were
only studied structurally [4]. The high versatility of the
phosphite group to form new structures is due to its
pyramidal morphology that allows it to display proper-
ties of both tetrahedral and triangular oxo-anionic
groups.

In this paper we present the hydrothermal synthesis,
crystal structure determination and the thermal, luminescent
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and magnetic behavior of a new condensed manganese (II)
phosphite, Mn(HPO3).

2. Experimental section
2.1. Synthesis and characterisation

Mn(HPOs3) has been synthesised under mild hydro-
thermal conditions and autogenous pressure. H3;PO;
(12.2mmol), MnCl,-4H,0O (1.0mmol) and ethanol
(87.4mmol) were dissolved in distilled water (20 mL)
whilst stirring. Tripropylamine (10.5 mmol) was added
prior to sealing the mixture in a PTFE-lined stainless
steel pressure vessel. The pH value could not be
determined due to the insolubility of the organic
molecule in water. The interphase formed between
tripropylamine and the aqueous solution presents the
ideal conditions where Mn(HPO3) crystallises. After 5
days at 170 °C, the vessel was slowly cooled to room
temperature. Large, light pink coloured crystals were
separated by filtration, washed with water and acetone
and dried in air, the yield being approximately 85%.

Density of a single crystal was measured by the
flotation [5] method using a mixture of bromoform
(Br;CH, p =2.82gcm™) and diiodomethane (CH,l,,
p =23.32gcm™), obtaining an experimental density
Pexp = 3.15(3)gecm 3. Manganese and phosphorus con-
tents were measured by inductively coupled plasma
atomic emission spectroscopy (ICP-AES) with values of
Mn: 40.2% and P: 22.6% (required Mn: 40.7% and P:
23%). The infrared spectrum shows bands correspond-
ing to the vibrational modes of the phosphite group.
Table 1 contains the values of the band assignation.
These values are similar to those found in the literature
for the (HPO5)*~ anion [2,3a,3b,3c,3g,3m6)].

2.2. Single crystal X-ray diffraction study

A prismatic single-crystal with dimensions 0.3 x
0.25 x 0.2mm, was selected under a polarising micro-
scope and mounted on a glass fibre. Single-crystal X-ray
diffraction data were collected at room temperature on

Table 1
Band assignment for the Mn(HPO3) infrared spectrum

Position (cm™") Assignment
2443, 2430 (m) v (P-H)
1155 (s) Vas (PO3)
1075, 1045 (m) 3 (P-H)
988, 970 (s) vs (PO3)
594,570 (m) 35 (PO3)
460, 485, 512 (m) 8as (PO3)

v = stretching; 6 = deformation; s = symmetric; as = asymmetric;
w = weak; m = medium; s = strong.

Table 2

Crystallographic data and details of crystal structure refinement
Chemical formula Mn H P O,

Formula weight (gmol™") 134.92

Crystal system Monoclinic

Space group P2,/c (no. 14)

a (A) 8.036(3)

b (A) 8.240(3)

c(A) 10.410(3)

B () 124.73(3)

V(A% 566.5(3)

z 8

Pexp (CM ™) 3.15(3)

Pcalc (g cm_3) 3.164

F 000) 520

T(K) 298

Radiation, A(Mo-Ku) (A) 0.71073

w(Mo-Kor) (mm ™) 4.982

Measured reflections 3993

Independent 1238 [R;y = 0.0281]
Observed [I>20(1)] 1086

R [I>26(1)] R1 = 0.022, wR2 = 0.0526
R [all data] R1 = 0.0266, wR2 = 0.0539
Goodness of fit 1.009

Largest diff. Peak and hole (e A’S) 0.751 and —0.410

Rl = [X(|Fy|—=|F))/ZIFol: WR2 = [Z[w(|Fo*~|FlY)/ZIW( Fo )]
w=1/c’Fo|*+ (xp)* +ypl: where p=[IF,*+2|F]/3; x=0.353;
y = 0.00.

an Oxford Diffraction XCALIBUR2 automated dif-
fractometer (Mo-Ka radiation) equipped with a CCD
detector. The Lorentz-Polarisation and absorption
corrections were made with the diffractometer software,
taking into account the size and shape of the crystal [7].
The structure was solved by direct methods (SIR 92) [8]
in the monoclinic P2;/c space group, and refined by full
matrix least-squares based on F*, using SHELXL 97 [9].
Scattering factors were taken from Ref. [10]. Table 2
contains details of crystal data, data collection process
and some features of structure refinement. The hydrogen
atoms belonging to the phosphite group were not
initially found but located in the difference Fourier
map. Anisotropic thermal parameters were refined for
all atoms except hydrogen, which were refined isotropi-
cally. All structure drawings were made using the
ATOMS program [11]. The crystallographic data have
been deposited at the Cambridge Structural Database
(CSD No. 414646).

2.3. Physicochemical characterisation techniques

Atomic emission spectroscopy measurements were
carried out on an ARL Fisons 3410+ ICP with a TH
minitorch. The IR spectrum (KBr pellets) was obtained
with a Nicolet FT-IR 740 spectrophotometer between
400 and 4000cm™'. Thermogravimetric analysis was
carried out in a SDC 2960 Simultaneous DSC-TGA
instrument, under synthetic air atmosphere. A crucible
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with 20 mg of sample was heated at a rate of 5°C/min
from room temperature to 800 °C. Temperature depen-
dent X-ray diffraction experiment has been carried out
on a Philips X’PERT automatic diffractometer (Cu-Ko
radiation) equipped with a variable-temperature Anton
Paar HTK16 Pt stage. Excitation and emission spectra
were recorded with a SPEX Fluorolog 212 spectro-
fluorometer. The excitation spectrum was corrected for
the variation of the incident flux and the emission
spectrum for the transmission of the monochromator
and the response of the photomultiplier. The reflectance
spectrum was obtained with the same equipment by
simultaneous rotation of the monochromators placed
before and after the sample. Decay time measurements
were performed with the SPEX Fluorolog-2 1934D
phosphorimeter. The excitation source was a xenon
lamp delivering microsecond pulses. ESR spectra were
recorded by a Bruker ESP 300 spectrometer, using an
Oxford Instrument (ITC 4) regulator to stabilise the
temperature. Magnetic susceptibility measurements in
the temperature range 5-300 K were performed on a
powdered sample using a Quantum Design MPMS-7
SQUID magnetometer, under applied fields of 1000, 500
and 250 G, values in the range of linear dependence of
magnetisation vs. magnetic field even at 5K.

3. Results and discussion
3.1. Crystal structure

The structure of Mn(HPO;) consists of a three-
dimensional compact framework formed by MnOg
octahedra and (HPOs)*~ trigonal pyramids (Fig. 1).
There are two crystallographically independent manga-
nese and phosphorus atoms that give rise to two
different octahedra and pyramids. Each Mn(1)Og
coordination polyhedron is linked to an equivalent, via
the edge formed by two O(4) atoms, and to two
Mn(2)O¢ octahedra by the edges formed by O(6)-O(3)
and O(1)-O(2) (Fig. 2a). Similarly, Mn(2)O¢ shares
edges with three other octahedra: two Mn(1)O¢ via
0(6)-0O(3) and O(1)-O(2) edges, and to another
Mn(2)Og via the edge formed by two O(2) atoms
(Fig. 2b). This connectivity gives rise to a three-
dimensional network of edge sharing octahedra in
which the [HP(1)O5)]*~ pyramids share the O(2)-O(6)
edge with the Mn(1)Og octahedra, and its third oxygen,
O(1), also linked to Mn(l) and Mn(2) (Fig. 3a).
[HP(2)O5]*~ pyramids therefore have a base formed by
0(3), O(4) and O(5) that connects the P(2) atom to three
Mn(1) and two Mn(2) atoms (Fig. 3b).

Table 3 gives atomic coordinates. Tables 4 and 5 show
the selected bond distances and angles, respectively. The
mean Mn—O distance for the Mn(1)O¢ octahedron is
2.2(2) A, the c¢is O-Mn-O angles vary from 60.86(6)° to

Fig. 1. Crystal structure of Mn(HPO;).

128.43(7)° and the O-Mn-O trans angles from
135.87(6)° to 168.17(6)°. Metal-oxygen distances for
the Mn(2)Og octahedron have the same mean value as
Mn(1)Og, but angles show less variation with cis angles
from 75.28(6)° to 104.26(7)° and trans angles from
155.88(6)° to 178.50(6)°. Both coordination polyhedra
are highly distorted from ideal octahedral towards
trigonal prismatic geometry [12]: 37.6% for Mn(1)Ogq
and 33.5% for Mn(2)Og. The greater value of 37.6% of
the Mn(1) octahedron is primarily due to the unusually
large bond distance of 2.654(2)A with O(2). Phosphite
groups present mean P-O bond lengths of 1.531(7) A for
P(1) and 1.52(2) A for P(2), and P-H bond distances of
1.35(3) and 1.29(3)1& respectively. Angles are between
108.0(1) and 114.27(9)° in the [HP(1)O5]*~ pyramid and
range from 110.6(1) to 113.3(1)° for [HP(2)O5]*".

Bond valence [13] calculations have been performed
for Mn?" cations and (PH)*" groups [14] obtaining
values of 2.01 and 1.97 v. u. for Mn(1) and Mn(2), and
3.88 and 3.99 for [P(1)H]*" and [PQQ)H]**, respectively.

3.2. Thermal study

The DTA curve shows a highly exothermic process at
580 °C coincident in temperature with a sharp peak in the
TG curve. This is due to the following oxidative reaction:
2 - Mn(HPO3) + O, —» Mn,P>,05+ H,0, in which one mo-
lecule of water per formula is formed and lost, and
manganese pyrophosphate crystallises. The total mass
loss during the reaction was approximately 1%.
The residue, characterized by X-ray powder diffraction,
showed Mn,P,0; (C2/m, a=6.636A, b=8.584A,
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Fig. 2. Connectivity of (a) the Mn(1) and (b) the Mn(2) coordination polyhedra.

Fig. 3. Connectivity of (a) the [HP(1)O5]*~ and (b) the [HP(2)O;]*~ phosphite groups.

Table 3
Fractional atomic coordinates and equivalent isotropic thermal
parameters, U (A*x 10 (e.s.d. in parentheses)

Atom x/A Y/B zZ/C Ueq

Mn(1) 0.8196(1) —0.3683(1) —0.1241(1) 13(1)
Mn(2) 0.4744(1) —0.7899(1) —0.5132(1) 11(1)
P(1) 0.4074(1) —0.5092(1) —0.3141(1) 10(1)
P(2) —0.0502(1) —0.8516(1) —0.7649(1) 11(1)
o(1) 0.3512(3) —0.6760(2) —0.3932(2) 14(1)
0o(2) 0.5175(3) —0.5153(2) —0.1355(2) 13(1)
0(3) 0.1528(2) —0.7890(2) —0.7268(2) 15(1)
0O(4) —0.0285(2) —0.9093(2) —0.6158(2) 17(1)
O(5) 0.7848(3) —0.7707(2) —0.3555(2) 21(1)
O(6) 0.5410(2) —0.4169(2) —0.3496(2) 14(1)

Ueq = (1/3)[Usz + 1/sin’f(Uy, + Usz+2U3.c0s B)).

¢=4.545A and f = 102.78°) [15] to be the only phase
present in it.

Temperature dependent X-ray diffraction studies
(Fig. 4) have also been performed to determine the
thermal stability of Mn(HPO;). Powder patterns were
recorded from 30 to 810°C every 15°C in the
5°<20<38.5° rangewith an integration time of 1s per
0.03° step. Mn(HPOs) is stable up to 580 °C, at which
temperature there is a rapid transition to Mn,P,05.

3.3. Luminescence and UV-vis spectroscopies
The photoluminescence studies of Mn(HPO;) have

shown that the luminescence of manganese is not totally
quenched at room temperature, there being a red
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Table 4 .
Selected bond distances (A) for Mn(HPO3)

Table 5
Selected bond angles (deg) of Mn(HPO3)

Mn(1)Og4 octahedron

Mn(1)Og¢ octahedra

Mn(1)-0(4)' 2.095(2)
Mn(1)-O(3)! 2.129(2)
Mn(1)-0(6) 2.1672)
Mn(1)-O(1)! 2.170(2)
Mn(1)-O(4) 2.176(2)
Mn(1)-0(2) 2.654(2)
Mn(2)O¢ octahedron
Mn(2)-O(5) 2.068(2)
Mn(2)-O(6) 2.181(2)
Mn(2)-O(1) 2.198(2)
Mn(2)-O(2)" 2.196(2)
Mn(2)-0(3) 2.253(2)
Mn(2)-0(2)" 2.395(2)
HP(1)O; trigonal pyramid
P(1)-0(6) 1.524(2)
P(1)-O(1) 1.532(2)
P(1)-0(2) 1.538(2)
P(1)-H(1) 1.35(3)
HP(2)O; trigonal pyramid
P(2)-0(5)" 1.496(2)
P(2)-0(3) 1.532(2)
P(2)-0(4) 1.535(2)
P(2)-H(2) 1.29(3)

Symmetry codes: i=—x+1, y+1/2, —z—1/2; ii=—x+1,—py—1,
—z—1; i =x+1,—y=3/2,z+1/2; iv=x,—y—3/2, z—1/2; v=—x+1,
y—1/2,—z—1/2; vi = x—1,—y-3/2, z—1/2.

emission associated to an octahedral coordination of the
Mn?* (d).

The excitation spectrum (Fig. 5) is constituted of
different groups of absorption bands. The band located
around 250 nm is associated with the charge transfer
state of Mn?*—O?". Those ranging from 300 to 580 nm
correspond to the forbidden 3d—3d transitions of
manganese, the bands located between 300 and 340 nm
being components of the *E(*D) levels and those
between 340 and 380 nm of the *T,(*D) level. The sharp
lines observed at 406 and 412 nm arise from the splitting
of the *A,*E(*G) levels. This splitting reflects the
reduction of the crystal field symmetry, with highly
distorted MnOg octahedra, as previously discussed.
Finally, two broad bands between 420 and 520 nm are
associated with components of the *T,(*G) and *T,(*G)
levels. All these bands can be identified on the diffuse
reflectance spectrum (Fig. 5) and are coincident with
those reported in the literature [1,3b,3c,16]. Racah
(B=910 and C=3135cm™') and Dq (820cm™')
parameters have been calculated showing a minimal
covalent character since the B-value is approximately
95% of the corresponding to the free Mn?" cation
(960cm™") [17].

The emission spectrum (Fig. 6), performed for an
excitation at 412 nm, shows a broad emission band with

0(4)~Mn(1)-0O(3)" 128.43(7)
0(4)'-Mn(1)-O(6) 153.27(7)
0(3)"Mn(1)-0(6) 78.17(7)
0O(4)-Mn(1)-O(1)! 97.72(7)
0(3)"“Mn(1)-O(1)’ 87.08(7)
0(6)-Mn(1)-O(1)! 84.99(7)
0O4)-Mn(1)-O(4) 76.50(7)
0(3)-Mn(1)-O(4)' 104.62(7)
0(6)-Mn(1)-O(4) 95.60(7)
0O(1)-Mn(1)-O(4)' 168.17(6)
04)-Mn(1)-0(2) 94.09(7)
0(3)"-Mn(1)-0(2) 135.87(6)
0(6)—Mn(1)-0(2) 60.86(6)
0O(1)Mn(1)-0(2) 74.43(6)
O "—Mn(1)-0(2) 95.50(6)
Mn(2)Og¢ octahedra
0(5)-Mn(2)-0(6)" 93.05(7)
0(5)-Mn(2)-O(1) 104.26(7)
0(6)"-Mn(2)-O(1) 99.38(6)
0(5)-Mn(2)-0(2)" 89.93(7)
0(6)'“Mn(2)-0(2)" 99.22(7)
0O(1)-Mn(2)-0(2)" 155.88(6)
0(5)-Mn(2)-0(3) 165.93(7)
0(6)"-“Mn(2)-0(3) 75.28(6)
0O(1)-Mn(2)-0(3) 85.68(7)
0(2)"-Mn(2)-0(3) 84.33(7)
0(5)-Mn(2)-0(2)" 88.25(7)
0(6)"-Mn(2)-0(2)" 178.50(6)
O(1)-Mn(2)-0(2)" 79.57(6)
0(2)"-Mn(2)-0(2)" 81.51(7)
0(3)-Mn(2)-0(2)" 103.525(6)
HP(1)O; trigonal pyramid
0(6)-P(1)-0(1) 110.49(9)
0(6)-P(1)-0(2) 108.04(10)
O(1)-P(1)-0(2) 114.27(9)
0(6)-P(1)-H(1) 109(1)
O(1)-P(1)-H(1) 108(1)
0(2)-P(1)-H(1) 107(1)
HP(2)O; trigonal pyramid
0(5)"-P(2)-0(3) 111.5(1)
0(5)"-P(2)-0(4) 113.3(1)
0(3)-P(2)-0(4) 110.6(1)
0O(5)"“P(2)-H(2) 111(1)
0(3)-P(2)-H(2) 104(1)
0O(4)-P(2)-H(2) 106(1)

Symmetry codes:i = —x+1,p+1/2,—z—1/2;ii = —x+1,—y—1,—z—1;
il=x+1,—y-3/2,z+1/2; iv=wx,—y-3/2,z—1/2; v=—-x+1,y-1/
2,—z—1/2; vi = x—1,—y—-3/2,z—1/2.

halfwidth of approximately 80nm, assigned to the
“T,(*G)—°®A(®S) transition at 650 nm. This red emis-
sion is as expected for the octahedral coordination of
manganese described previously. The associated trichro-
matic coordinates are x = 0.672 and y = 0.3, which
correspond to a red colour according to the Commission
Internationale de I’Eclairage chromaticity graph [18].
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Fig. 4. Temperature dependent X-ray diffraction study.
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Fig. 5. Excitation spectrum for an emission at 650nm (lower) and
diffuse reflectance spectrum (upper) of Mn(HPO3).

The Stokes shift, the difference between the maximum of
the emission and the corresponding excitation, is equal
to approximately 4400 cm ™.

The decay time, measured at Aee =412nm and
Jem = 650 nm, indicates the non-negligible contribution
of the non-radiative transitions in the de-excitation
process. The fit to the data shows an equivalent
contribution of two exponential components, corre-
sponding to first and second decay times, 1; and 1, of
556 and 125us. A significant part of the radiative
emission may be lost due to concentration quenching as
the concentration of manganese in this phase is equal to
1.4 x 10**ions/cm?>.

Intensity (a. u.)

Ao = 412nm

480

PO U TR T ST S U [T S SN T [N N SN S U 1
600 640 680 720 760
Alnm

520 560

Fig. 6. Emission band of Mn(HPOs) for an excitation at 412 nm.

3.4. ESR and magnetic behavior

ESR spectra were performed at the X-band on a
powdered sample at temperatures between 290 and
4.2K (Fig. 7). The spectra exhibit isotropic signals due
to the presence of coupled Mn(II) cations in octahedral
coordination with a g-value of 2.00(1). Below 20K the
signals broaden and lose intensity. The thermal depen-
dence of the linewidth and the intensity are shown in
Fig. 8. There is a slight increase of the linewidth from
290 to 100K, temperature from which the increase is
more rapid due to spin correlation [19]. The linewidth
reaches a maximum at 16 K and decreases until 10 K
where there is a minimum whereas the intensity
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Fig. 7. ESR signals for Mn(HPO;) at different temperatures
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Fig. 8. Thermal evolution of the intensity and linewidth for
Mn(HPOs).

increases continuously on lowering the temperature
until 20K, where there is a maximum. At 8K the
intensity reaches a minimum and increases again down
to 4.2K. The variation of the linewidth as well as the
sudden increase of the intensity can be attributed to a
ferromagnetic component probably associated with a
spin canting phenomenon below 8 K.

Magnetic measurements of Mn(HPOs) were per-
formed on a powdered sample from 5K to room
temperature. The thermal evolution of ¥, and y.,T
curves under an applied field of 1000 G, are shown in
Fig. 9. The thermal variation of the molar magnetic
susceptibility follows the Curie—Weiss law [}y, = Cp/
(T—0)] above ca. 30K with values of the Curie and
Curie-Weiss constants of 4.5cm® K mol~!' and —27.8 K,
respectively. At temperatures below 15K, a sudden
increase of both ¥, and y,,7T is observed, with ¥, T
reaching a maximum at 12 K. Zero field cooling and field
cooling magnetic susceptibility curves measured at

0157 .45
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RN 12 R
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Fig. 9. Thermal variation of y,, and y,,7 at 1000 G.
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Fig. 10. Irreversibility of ZFC and FC y,, curves at 500 and 250 G.

1000 G show irreversibility below 14 K. Lowering the
applied field to 500 and 250G produced a greater
separation between zero field cooling and field cooling
curves (Fig. 10).

Magnetisation vs magnetic field measurements
(Fig. 11) at 5K showed hysteresis corroborating a
ferromagnetic component at this temperature. The
values of the remanent magnetisation and coercive field
are 100cm®mol™" and 1300 G. There is no remanent
magnetisation observed at 15 K after cooling the sample
under a magnetic field of 250 G (Fig. 12).

These results confirm a significant ferromagnetic
component at low temperatures below 15K, attributed
to a canting of the antiferromagnetically aligned spins.

In the three-dimensional framework formed by
edge sharing MnOg octahedra and (HPO;)*~ pyramids
(Figs. 2 and 3), three different magnetic exchange
pathways can take place: (i) direct intermetallic interac-
tions between manganese (II) cations via d.,, d,. and d,.
orbitals that lead to antiferromagnetic couplings; (ii)
superexchange Mn—O—Mn interactions involving metal
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Fig. 12. Remanent magnetisation vs. temperature of Mn(HPO3).

d.2, d2-,2 orbitals between edge sharing octahedra.
Considering the angles shown in Table 6, both ferro-
and antiferromagnetic interactions can take place [20];
(iii) superexchange interactions through (HPOs)*~
groups contributing to the antiferromagnetic couplings.
The competition between these three magnetic exchange
pathways in Mn(HPOs) produce interactions that are of
antiferromagnetic nature with a remanent magnetic
moment below 15K due to spin canting.

The (NH4)[Mn(XO,)]- H,O (X = P and As) bidimen-
sional “dittmarite”-type compounds also show an
antiferromagnetic behavior with a spin canting phenom-
enon, observed from the thermal evolution of the molar
magnetic susceptibility at different values of magnetic
field. For the phosphate phase, the J-exchange para-
meter is J/k = —1.6K, whereas the J-value for the
arsenate-dittmarite was estimated as —0.9K by using
the molecular field theory [21].

Table 6
Intermetallic Mn—-Mn distances (A) and selected angles (deg) of the
possible magnetic exchange pathways for Mn(HPO3)

Mn—Mn distances

Mn(1)-Mn(1)" 3.355(1)
Mn(1)-Mn(2)" 3.373(1)
Mn(1)-Mn(2) 3.448(1)
Mn(2)-Mn(2)" 3.480(1)
Mn-O-Mn angles
Mn(1)*-O(1)-Mn(2) 104.25(7)
Mn(1):-0(3)-Mn(2) 100.61(7)
Mn(1)-O(6)-Mn(2)" 101.74(7)
Mn(1)'-O(4)-Mn(1)" 103.50(7)
Mn(2)""-O(2)-Mn(1) 138.59(8)
Mn(2)~0(2)-Mn(1) 85.97(5)
Mn(2)""-O(2)-Mn(2)! 98.49(7)
Symmetry codes: i = —x+ 1,y +1/2,—z—1/2; ii = —x+ 1,—y—1,—z—1;

v=—-x+1,y-1/2,—z—1/2; vi = x—1, —y—=3/2, z—1/2; vii = x,—y—3/2,
z+1/2.

4. Concluding remarks

A new manganese (II) phosphite has been synthesised
under mild hydrothermal conditions. The structure
consists of a three-dimensional, compact framework
formed by edge sharing MnOg octahedra linked by
oxygens to (HPO;)>~ phosphite groups. The presence of
two 8(P—H) bands in the IR spectrum is consistent with
the existence of two crystallographically independent
phosphite groups in the structure. This phase has a high
thermal stability, 580 °C, that leads to a transformation
by an oxidative reaction with the loss of one water
molecule per formula. Photoluminescence studies re-
vealed a red emission consistent with the octahedral
coordination of the manganese cations. ESR spectra are
isotropic with a g-value of 2.00(1). The magnetic
behavior of Mn(HPO3) appears to be antiferromagnetic
from room temperature to 15K, temperature at which a
ferromagnetic transition takes place due to a spin
canting.
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