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Glass—Crystal Transformation of Na;MgTi(PO4); Phosphate
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Abstract

NasMgTi(POy)s phosphate exists in both crystalline and vitreous forms. The glass - crystal
transformation was investigated using DTA, XRD, Raman spectroscopy and ionic conductivity.
The crystalline phase which belongs to the Nasicon type family structure, space group R3,
contains isolated TiOs octahedra whereas the corresponding glass contains Ti-O-P and Ti-O-Ti
linkages. The Mg’* ions are located in the framework for the crystalline phase while in the glass
they are in the modifying network.

INTRODUCTION

Within a research program on the titanium phosphates we have isolated numerous
compounds which are promising materials in the field of solid state chemistry [1-5]. We have
recently initiated a survey of the Na,0 - MO - TiO, - P,0s system (M = Mg, Ca, Cd, Sr) [5].
Glass and crystalline phosphates of composition Nas.,MTi(POs); have been obtained. The
purpose of this paper is to describe the glass — crystal transformation of Na;MgTi(PO,)s.

EXPERIMENTAL

Colourless Na;MgTi(POs); phosphate glass was prepared in Pt crucible, from Na,COs, MgO,
TiO, and (NH4),HPO, as starting materials, by a conventional melt-quenching method as
described elsewhere[5].The powder crystalline samples of NasMgTi(PO,); was obtained by
heating the glass of identical composition at 650°C or by standard solid state preparation as
described elsewhere [1]. The X-ray diffraction (XRD) data were collected at room temperature
with a Philips PW1710 diffractometer (CuK,). Thermal properties were investigated by DTA
(SETARAM MDTA-85, 5°C/mn). The Raman spectra were recorded using the microprobe on
the XY Dilor Multichannel instrument. The conductivity measurements were carried out on
compact discs with ionically blocking gold electrodes using a frequency response analyser
Solartron FRA 1255 and a broadband dielectric converter BDC Novocontrol. The frequency
range was 10 Hz to 3 MHz and the temperature range was between 373K and 673K.

RESULTS AND DISCUSSION

The vitreous transition and recrystallization temperatures are 500°C and 522°C respectively.
The melting point is observed at about 800°C. Recrystallization of the glass leads to the
formation of a new crystalline phase of identical composition. The X-ray diffraction patterns
of glass and crystalline forms are given in figure 1. The XRD pattern of crystalline phase can
be indexed assuming a hexagonal cell a, = 8.792(2) A, ¢, = 22.039(3) A, Z = 6, dexp = 2.91(2)

Proceedings of IMPHOS-IWPPC Workshop - Jena 2002 155



Phosphorus Research Bulletin Vol. 15 (2004)

and dcal = 2.88. The single crystal X-ray analysis shows that the structure belongs to the
Nasicon - type family (S. G.: R3). It consists of three-dimensional network of PO, tetrahedra
and AQg octahedra ( A = Ti, Mg ) sharing corners. The TiOs octahedra are isolated from each
other and so are the PO, tetrahedra. Na* cations partially occupy the sites usually labelled M1
and M2. Details of the structure analysis will be published elsewhere [6].

PO,
[NaOs]m1
<+— MgOs
TiOs
D{—[— Na/[1O¢]mi
Figure 1: XRD of Na;MgTi(PO,); Figure 2: The structure of NasMgTi(PO,);

The Raman spectra, at 300 K, of Na;MgTi(PO,); in both crystalline and vitreous forms are
compared to that of the oxyphosphate Mg,sTiOPO, [7] (figure 3). The structure of the latter
belongs to the KTP family. The peaks observed at the high wave-numbers are attributed to the
vibration of P - O bonds. The strong peak observed between 700 and 800 cm™ in the
Na;MgTi(POy); glass is absent in the Nasicon titanium phosphates and is attributed to the
oxyphosphate titanium structure indicating the formation of -Ti-O-Ti-O- chains in the glass.
The broad peaks at high energy in glass form are sharp in the crystalline phases. The bands
observed between 400 and 700cm™ are attributed to O-P-O deformation and Ti-O vibrations.
Figure 4 shows diffuse reflectance spectra of Na;MgTi(POy); in both glassy and crystalline
forms. The strong absorption is due to the electronic transfer:

0% (2p%) + Ti** (3d") ———> O (2p%) + Ti** (3d)...

The values of the absorption threshold (Eg/eV) are 3.35 for the glass and 3.54 for the
crystalline phase. Those of TiO, and the oxyphosphate Mgy sTiO(PO,) are respectively 3.00eV
and 3.37eV [7]. The evolution of Eg observed for the three crystalline phases is related to the
environment of the TiOs octahedron which is linked to six other TiOs in TiO,, to two TiOs and
four PO, in MgysTiOP, and to six PO, in Na;MgTi(PO,); (Figure 5). The marked covalence of
the P-O bond makes the electronic transfer from oxygen to titanium difficult and explains the
high values obtained for the phosphates. For vitreous Na;MgTi(PO,); the value of Eg (3.35¢V)
is close to that obtained for MgysTiOP, (3.37eV) indicating that the glass contains distorted
TiOs octahedra which are linked to other TiOs octahedra and to PO, tetrahedra. In other
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words, the structure of the vitreous Na;MgTi(PO,); is based on -Ti-O-P- and -Ti-O-Ti-
linkages.

The curves logoT versus (10°/T) for the crystalline and vitreous forms of Na;MgTi(PO,); are
given in figure 6.The conductivity variation follows the Arrhenius law. The values of the
activation energy are 0.70 eV for the crystalline phase and 0.84 eV for the glass form. The high
value of the activation energy obtained for the vitreous phosphate imply that the Mg** ions are
located in the modifying network, unlike the crystalline phase where the divalent ions (Mg*")
are in the framework.
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Figure 3: Raman spectra of Figure 4: Diffuse reflectance spectra
Na;MgTi(PO,); and Mg, ;TiOPO, of Na;MgTi(PO,);

10°]

l\l

® Crystal
10°] T

10°)

10°] \.\
107

Log (cT)

Figure 5: Titanium environment in 0
Ti0, (a), Mg, sTiO(PO,) (b) and 107r
Nasicon NasMgTi(PO.); (c) Figure 6: Arrhenius plots of NasMgTi(PO.)s
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CONCLUSION

In this work we have investigated the glass-crystal transformation of NasMgTi(PO,)s. The
structure of the crystalline phases belongs to the Nasicon family. The divalent cations
participate to the framework which is formed by AOs octahedra (A = Ti, Mg) sharing their
corners only with PO, tetrahedra. The interstitial sites are partially occupied by sodium. The
structure of the glass is based on -Ti-O-P- and -Ti-O-Ti- linkages. The high values of
activation energy obtained for the glass indicate that the divalent ions are located in the
modifying network.
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