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ABSTRACT

Two famiries of pyrophosphates, narnely l,trllrrrrro, *a durrrro, have been syn-

thesized and investigated by IR spectroscopy, the emphasis being put on the anti-
symnretnic and syrnrretric fi:equencies of the P-o-P bridge. These bands ane still
present in the spectra of the glasses obtained by rapid quenching of the cor'res-
ponding me1ts. This strongly suggests that' contrarily to e:qpectationsr the pyro-
phosphate group is essentially consenved in the glassy structure. This interpne-
tation is supported by the investigation of glassy phases whose conposition ex-

tend fi:om meta- to ortho-phosphate.

I}IlRODUC'TION

The vibr:ational spectrum of the pyrophosphate grouP exhibits 2 bands, the so-

called itbnidge stretching frequencies", which at€ generally tocated in the 960-

900 and 8OO-7OO cm-1 n gion", fon the antisymmetr:ic and syrnmetnic strctching mo-

des, respectively (ref. 1). The simultaneous occurrence of these bands may be

consider.ed as a good indication of the existence of pyrophosphate groups in an

unknonn strarcture and accordingly, we have applied this nethod to the sear:ch of
pynophosphate groups in glassy structures.

E)(PERIUENTAL

Two farnilies ofpyrophosphates, narnely ulurlero, (üI=Na or x ; fr=ug, co,

izn...).r,a tfurrrrro, (ür=Li, Na...cs, eg, ir ' [rrr=6", Fe) were found to give

glasses by rnelting at an apprc,priate temperatune (between 8Oo and 12OOoC, depen-

ding on the chernical composition), followed by napid guenching. Fo!' the pulpose

of corpanison, we have also synthesized 2 series of glasses of variable composi-

tion, namely (NaFePr0r),r_*)(N.,*PZOZLin which the pyno,phosphate 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 negistered

on a Beckman 4250 spectrophotometer by the conventional KBr disc technique. We

have checked by X-nay diffractonetry that the glasses were fnee fi:on c4lstalline
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inclusions.

RESULTS AI.ID INTERPPSTATION

Pyno,phosphate grasses MIFeITTP zot
The IR spectra of crystalline and glassy NafePrO, êue rEpttsented in Fig. 1.
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Fig. 1. IR spectrurn of l.IaFePrOr, crystal (full line) and gIass.

Aften its X-ray powder diagnan, NaFeP207 is monoclinic, but its structure is
still unkno^rn (nef. 2), and a detailed interyretation of the spectrum is impossi-

ble. Nevertheless, a comparison with the spectra of simiLar f.CIIfrO, pynophos-

phates (MIII=AI, Ga, Cr, In) (nef. 3) leads to the following assignments :

125O-1OOO .r-1 ,r.gior, : stnetching vibrations of the tenminal PO3 groups

940 cm-1 : antisynmetric str€tch of the P-O-P br.idge

7SS cm-1 : symmetnic str€tch of the bridge
650-450 cm-1 : bending vibnations of the terminal PO3 groups

45O-25O cm-1 : the absorption in this region is due, at least in part, to trans-
lational motions of the Fe cation.

Nor, it is cLear from Fig. 1, that the same absorption r€gions are pnesent in
the IR spectrun of glassy NaFeP2o?, but we shaII restnict the discussion to the

most interesting point, namely the pneservation of the 2 bands chanacteristic of
the br:idge stretching mod.es, which are now obsenved at about 922 and 7S5 cm-1.

Similan !€sults have been obtained with the whole series of UIfePrO, pyr^ophos-

phates : al1 of them, either crystalline or: vitreous, exhibit the 2 bands charac-

teristic of the br.idge stretching modes. Thus, we have good rreasons to believe

that the pyncphosphate group has been pneserved when going fnom the crf/stal to
the corresponding gIass.

Pyr:ophosphate gLasses of var5ring conposition (NaPePror), 
r_*) 

(Na4P2o?)x

The composition of these glasses is interrnediate between NaFePrO, and NaUPrOr.
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Their P/O uatio is that of a pyroPhosphater but they do not necessarily corrres-

pond to a definite coupound. Theln IR spectra are somewhat rnodified acconding to
thein chemical colqrosition (Flg. 2) r but the 2 bands characteristic of the P-O-P

bridge are again observed in a nanror fnequency range : 922-895 .n-1 and 755-71+0

"rn-1 
fo, the antisyrnmetric and symmetric nndes, respectively.

I
z
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Eig. 2. (right). IR spectra of glasses in the NaFePrOr/NaUPrO, senies.

üolan conpositions : l,l/O ;2, \/1 ; 31 2/l ; 4, L/l i 51 2/3 ; 61 2/5.

Fig. 3. (feft). IR spectra of glasses in the ortho (NarFeZPOOtZ) - pyro

(Narep2o7) - meta (NaFePUOrr) phosphate senies. MoJ-ar corupositions : I, oxy-ortho

NauFerProrr.s i II-V, ortho/pyro with the following molar conPositions : rI, 1/o ;
TIl ,2/t i îY, L/t; Y, o/l; VI-VIII ! pyro/neta z W,2/L; VII' 1/1 ; VIII' o/1-

Glasses of orrtho- to meta-Phosphate composition (Fig. 3)

A glass (eontaining a snall quantity of a non-identified crystalline phase)

of oxy-orthophosphate composition N.4F"2P3012.U exhibits no bands in the 9O0 and

7SO cm-l negions. Such bands appea:1 as weak shoulder:s in the sPectrum of the glas-

sy orrthophosphate, 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 r€aIIy due to the pyrophosphate group.

The spectral changes in the pyro- to meta-phosphate series arre less clear-cut t

because both pyno- and meta-phosphate compositions give bands in the 9O0 and 750

.rn-1 regions ; but the metaphosphate glass is cha:racterized by a strong absorp-

tioD in the 13OO .n-1 ,egion ; this absorption is typical of metaphosphate chains,

and its lack in the spectrum of the pynophosphate glass is a good indication that

this latter does not contain iq)ortant amounts of chain structur€s.
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Glasses of the type ,l&,0,
These spectra will not be discussed and we shâIl just point out that, here

again, the anarogies between the spectra of the crystalLine and glassy phases
strongly suggest that the pynophosphate group is essentially pnesenved in the
glassy structure (nef. 4).

DISCT'SSION

rt is fair to consider: that, in a grass corresponding to a pyr:ophosphate compo-

sition, the POu tetrahedna ar:e distr:ibuted into isolated po4, p2o? gnor.ps and
(POo)n chains of vaniabre length. The results presented in this paper strongry
suggest that the pyrophosphate grûqp is the predominant structuraL unit in these
glasses.

This conclusion brings up the pnoblem of the stability of such glasses : sone

of then ane fairly stable, a pro,perty which is generarly obsenved for: chain or"

tridirnensional structures. This condition rnay be fulfirled, at least in par:t, if
sore of the trivarent cations a:ne l"ocated on tetrahednal sites in the glassy
structure (against an octahedrar coondination in the crystat). so fan, we have no

proof of this tetrahedral coordination ; but it is probabty significant that
rfr'fllrro, glasses can be obtained only with trivalent cations which have a strong
tendencÿ to fonn tetrahedral gnoups, namery Ga and Fe ; no glass was obtained with
In on Cn, whose tendency to form tetrahednal groups is small to negligible.
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