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INFRARED SPECTRUM OF CRYSTALLINE AND GLASSY PYROPHOSPHATES : PRESERVATION OF THE
PYROPHOSPHATE GROUP IN THE GLASSY STRUCTURE
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ABSTRACT

Two families of pyrophosphates, namely MIMIHP2O7 and M;MHP2O7 have been syn-
thesized and investigated by IR spectroscopy, the emphasis being put on the anti-
symmetric and symmetric frequencies of the P-0-P bridge. These bands are still
present in the spectra of the glasses obtained by rapid quenching of the corres-
ponding melts. This strongly suggests that, contrarily to expectations, the pyro-
phosphate group is essentially conserved in the glassy structure. This interpre-
tation is supported by the investigation of glassy phases whose composition ex-

tend from meta- to ortho-phosphate.

INTRODUCTION

The vibrational spectrum of the pyrophosphate group exhibits 2 bands, the so-
called "bridge stretching frequencies", which are generally located in the 960-
900 and 800-700 cm-'1 regions, for the antisymmetric and symmetric stretching mo-
des, respectively (ref. 1). The simultaneous occurrence of these bands may be
considered as a good indication of the existence of pyrophosphate groups in an
unknown structure and accordingly, we have applied this method to the search of

pyrophosphate groups in glassy structures.

EXPERIMENTAL
Ay I.1I L. MII-

Two families of pyrophosphates, namely M2M P207 (M =Na or K 3 =Mg, Co,
Zn...) and M TP 0 (M'=Li, Na...Cs, Ag, T1 ; MIII=Ga, Fe) were found to give
glasses by melting at an appropriate temperature (between 800 and 1200°C, depen-
ding on the chemical composition), followed by rapid quenching. For the purpose
of comparison, we have also synthesized 2 series of glasses of variable composi-

s 0 . ¢ s :
tion, namely (NaFeP2 7)(1-x)(Nal+P2o7)x in which the pyrophosphate composition is
maintained throughout, and glasses whose composition is going progressively from
an ortho- to a pyro- and then to a metaphosphate. The IR spectra were registered
on a Beckman 4250 spectrophotometer by the conventional KBr disc technique. We

have checked by X-ray diffractometry that the glasses were free from crystalline
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inclusions.

RESULTS AND INTERPRETATION

Pyrophosphate glasses MIFeIIIP207

The IR spectra of crystalline and glassy NaFeP2O7 are represented in Fig. 1.
NaFeP,04

1200 800 400 cm-'
Fig. 1. IR spectrum of NaFeP2O7, crystal (full line) and glass.

After its X-ray powder diagram, NaFeP is monoclinic, but its structure is

0,
still unknown (ref. 2), and a detailed iiterretation of the spectrum is impossi-
ble. Nevertheless, a comparison with the spectra of similar NaMIIIP2O7 pyrophos-
phates (MIII=A1, Ga, Cr, In) (ref. 3) leads to the following assignments :
1250-1000 cm-_1 region : stretching vibrations of the terminal PO3 groups
940 cm'-1 : antisymmetric stretch of the P-0-P bridge
735 cm--1 : symmetric stretch of the bridge
650-450 cm-l : bending vibrations of the terminal PO3 groups
450-250 cm_l : the absorption in this region is due, at least in part, to trans-
lational motions of the Fe cation.

Now, it is clear from Fig. 1, that the same absorption regions are present in

the IR spectrum of glassy NaFeP207, but we shall restrict the discussion to the
most interesting point, namely the preservation of the 2 bands characteristic of
1

the bridge stretching modes, which are now observed at about 922 and 755 em .
Similar results have been obtained with the whole series of MIFeP207 pyrophos-
phates : all of them, either crystalline or vitreous, exhibit the 2 bands charac-
teristic of the bridge stretching modes. Thus, we have good reasons to believe
that the pyrophosphate group has been preserved when going from the crystal to

the corresponding glass.

Pyrophosphate glasses of varying composition (NaFeP207)(1_x)(NauP207)x

O7 and NauP207.

The composition of these glasses is intermediate between NaFeP2
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Their P/0 ratio is that of a pyrophosphate, but they do not necessarily corres-

pond to a definite compound. Their IR spectra are somewhat modified according to
their chemical composition (Fig. 2), but the 2 bands characteristic of the P-0-P
bridge are again observed in a narrow frequency range : 922-895 <:m_l and 755-740

=] . s s .
cm © for the antisymmetric and symmetric modes, respectively.

Fig. 2. (right). IR spectra of glasses in the NaFeP2O7/NauP207 series.

Molar compositions : 1,1/0 ; 2, 4/1 ;3 3, 2/1 ; 4, 1/1 ; 5, 2/3 ; 6, 2/5.

Fig. 3. (left). IR spectra of glasses in the ortho (NaSFeZPSOlZ) - pyro
(NaFeP207) - meta (NaFePuolz) phosphate series. Molar compositions : I, oxy-ortho
NauFe2P3012.5 3 II-V, ortho/pyro with the following molar compositions : II, 1/0 j
111, 2/1 3 IV, 1/1 3 V, 0/1 ;3 VI-VIII : pyro/meta : VI, 2/1 ; VII, 1/1 ; VIII, O/1.

Glasses of ortho- to meta-phosphate composition (Fig. 3)

A glass (containing a small quantity of a non-identified crystalline phase)
of oxy-orthophosphate composition NauFe2P3012.5 exhibits no bands in the 900 and
750 cm-1 regions. Such bands appear as weak shoulders in the spectrum of the glas-
sy orthophosphate, and increase in intensity when going from the ortho- to the
pyro-phosphate composition (spectra II-V of fig. 3). This evolution adds support
to the statement that these bands are really due to the pyrophosphate group.

The spectral changes in the pyro- to meta-phosphate series are less clear-cut,
because both pyro- and meta-phosphate compositions give bands in the 900 and 750
cm_1 regions ; but the metaphosphate glass is characterized by a strong absorp-
tion in the 1300 cm'-l region ; this absorption is typical of metaphosphate chains,
and its lack in the spectrum of the pyrophosphate glass is a good indication that

this latter does not contain important amounts of chain structures.
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Glasses of the type M;MIIP207

These spectra will not be discussed and we shall just point out that, here

again, the analogies between the spectra of the crystalline and glassy phases
strongly suggest that the pyrophosphate group is essentially preserved in the

glassy structure (ref. 4).

DISCUSSION

It is fair to consider that, in a glass corresponding to a pyrophosphate compo-
sition, the POL+ tetrahedra are distributed into isolated POu, P207 groups and
(P03)n chains of variable length. The results presented in this paper strongly
suggest that the pyrophosphate group is the predominant structural unit in these
glasses.

This conclusion brings up the problem of the stability of such glasses : some
of them are fairly stable, a property which is generally observed for chain or
tridimensional structures. This condition may be fulfilled, at least in part, if
some of the trivalent cations are located on tetrahedral sites in the glassy
structure (against an octahedral coordination in the crystal). So far, we have no
proof of this tetrahedral coordination ; but it is probably significant that
MIMIIIP207 glasses can be obtained only with trivalent cations which have a strong
tendency to form tetrahedral groups, namely Ga and Fe ; no glass was obtained with

In or Cr, whose tendency to form tetrahedral groups is small to negligible.
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