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Abstract 
A Ilt.l\\' vll~nncies con t.a.in ing allotropic foi'In of cobalt and rna.gnoECi llm ortho . 

phosphate• hus been p repared l.Jy oolid-6ta te exchange :·cnction, Mcording to t.he 
modol : 

2CoLil'04 + Li,SO, ....,. [CooO J(PO, ), + CoSO, 
2MgL iPO, -" Li,SO, ....,. ["MgzO](P O,)-z + MgSO, . 

'l'he struct.urc of the new form wo.s inv~ti,era.tcd and is shown t o bo ,·cry 
clew!lv relatffi wit.h tlun one o f t be oliv in st-arting mnt.('..rio.Js: vacanc ie-8 ~nd 
bivul~nt cations are ord ered on octohedrel s il£8. The new phni!CS are metast-able 
and undergo irreversible t .r ttrlttfOrfi i(Lt.io n at ratlu:~r low-temperature into tho well 
known high-temperat ure phase. 

R6snm6 
'Gne nouvelle w tric t<5 a llotropique doo ort.hophosp hate• d~ cobalt, ot d~ ma

gne..~iuo1 u M<'~ preparee pa.r rUuc t.io n rl'OOhange a. l'Ct.at solide; 1~ ~cluhna d e. h1. 
rOOct.ion est. le auivunt ; 

2CoLiPO, ~· Li,SO,-+ [C<,.O](PO•l• +CoSO, 
2MgLiPO, 7 Li2SO, ...... [~1goC::: ](PO.). 7 MgSO,. 

La st ructure crista llogrophique " etC dctcnninee. Elle p0866do nne anologie 
etroite avec cclle des composes olivincs de d6part: une repartition o rdonnoo des 
to.ounes et des cat-ion.~ biva.lenta exiat.c sur les sit~ oct.a&lriques du compueO d~ 
dC!)t\tt,. Les nouvelles phases sont rnCt.asta.blcs et se transforment irreversible· 
ment pnr chnuffage en Ia variate stable b ien connue. 

In several recent papers, we des<Jribed a method 1- a which allowed 
u s to prepare numerous new metastable spinel compounds with ordered 

1 J . c. J~ummT and A. D uRrv , P•·eparation de spinclles laouns iras par roac
t.ion rl'echang" a 1'6mt solid e. O.R. Aca.d. Sc. [f 'aris] 256 (1963) 4403- 4405. 

: J . C. J O"OBRRT and A. Dt:ul¥, 1•re pa ra.tion do ctuelques spinollos ln.cunmres. 
Bull. Soc. franQ. Miner. Crist. 87 (1964) 617- 51Y. 

• J . C. J ouBERT. Etude des su mtrvcturcs dans les oxydP.s m ixt.es du type 
spiuello. These Crenoblt> (1965). 
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vacancies; starting with lithiutn containing compotmds, the non
stoichiometric phases were obtained by solid-state exchange reaction, 
according t o t he scheme below : 

where }12~ is a. bivalent cation and the -.ign lJ stand• for a vaeancy. 
In this exchange-reaction process, the basic structure of the starting 

oxide rema.ins unchanged; however in most ca.~es an order appears, 
between the vacaneics &nd the exchanged bivalent r,a.tions on the 
lithium sites. 

While th(> new vacancies containing compounds nre quite ~table a.t 
room temperature, they generally collapse when the temperature is 
raised at a few hundred degrees C. 

ln this paper, we describe two new metastable phases prllp11rod by 
thiB mothod: [Co. :=]P20 s and [l\fg30 ]Po0s . 

I . Experimental 

The solid state exehange process e,an be described by the r eaction: 

[Li~fgz]P,Os + i\-lgS 0 4 ~ [Mg3~1)P20s..!.. LiaS04 

in excess 

[Li2Co.]P20s + CoSO, ~- [CosCJ.]P 20s + LiaS04 . 

in excess 

2. Starting materials 

The lithium containing matcri&ls [Mg.Li2]P20 8 and I'C02Lh]P20 8 

belong to the olivin group (NEW.KHAM et al. 4). The orthorh ombic space 
group is Pmnb. The cell par~tmeters determined on a. 011inicr Camera 

Table I. Cella param&ers of ulivine orthot>lo<••pf.ates and oorrCIJr><m<i·ing meta.<table 
exr.hat«J~i cmnpounds 

I.Mgol "i' JP,Q, r!ltg,::JJI',o , rco,Llo]l',O, [Co,'] ]l'oOa 

" 5.87 +. o.o2 A r..tl1 1 ± 0.02 A ii.!lt - o.o2 A :i.9211 ± o.o2 A 
1 0 . 1 .~ .:.c O.O:l 10.214 ± 0.0~ 1(1. 20 :t: 0. O:l 10.334 ± 0.03 
4.68 + 0.02 4.n 4 ± o.o2 4.70 ± u.oz 4 .7~ .:: !).02 

I uo• 60' 9 1° 04' 

' H. NEWNHAM and :11. J . RED''-'"• Cryst...llographic data for LiMgl'O,, 
LtCoP(),, L il\iPO, " 'i Lb LiMnl'O, .. T. Amer. Ceram. So,•. 48 (1965) 547. 
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(CoK«1) are given in Tablo 1. The oxygen packing is hexagonal com

pact ; t here are two kinds of octahedral sites in the structure respectively 

occupied by Li+ and l\Ig2"'"(Co2+). 

3. Invest igation or the structure of these defect exehanged phases 

By analogy with the unit cells of the star ting materials, it was easy 

to determine t hose of the new compounds; the values are listed in 

1'able 1 along with those corresponding to the lit hium compounds. 

F igures 1 and 2 show the analogy between the x-ray diffractograms of 

t he star ting and the exchanged materials. Of course, due to the struc

t ural dillercncies, no direct analogy exists between t he diffractogra.ms 

corresponding to t he t wo allotropic forms of t he same compounds. ,. 

The structure is very close to tha t of the starting material: half of 

the lithium site..~ are occupied by new bivalent cations. Several back 

reflections arc split ted , indicating the symmetry cannot be orthorhom

bic anymoro, however the monoclinic distortion is very weak. Writing 

the full group symbol of the starting material P~ _!._ 
2
b' • The mono-

m n 

clinic space group of the defect compound could b e P 2!/tn, P 2t /n or 

P 2t/b, with three different v>toancies orderings. (1'hcse are subgroups 

of the former one.) 
Systematic x-ray extinctions show the space group to ue P 2I/b, 80 

that in the elementary cell, the vacancies are loca.ted on t he symmetry 

centers. 
Figure 3 repn:>.sents the projection of the structure on the (001 ) 

plane, in the defect form of cobalt or thophosphate. Starting with tho 

'l'able 2 

Poaitio1l parameters of the io1l8 in [Mg,O]P,O, and [CooO]PoOs •tructures 

Position 
in group P2t/b 

2 0 in 2a 
2M2+( II) in 2 b 
4 MI+(l) in 4 • 
4 P in •• 
40(1) in 4• 
40(II) in 4e 

4 0(III) in 4 • 
40(1V) in 4• 

(:I'Ig.O ]P,O, 

X I y I 
Standard deviation : 

:1: 0.008 

0.236 0.277 -0.023 
0.242 0.103 0.426 
0.266 0.079 0.306 
0.259 0.453 0.202. 
0.059 0.100 0.350 
0.439 0.145 0.272 

lCoaOJP,o, 

X I y I 
Slruula.rd dovio.tion: 

± 0.008 

0.227 0.278 - 0.017 
0.277 0.100 0.430 
0.279 0.081 - 0.268 
0.246 0.462 0.193 
0.006 0. 168 0.298 
0.493 0.139 0.268 
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Fig.!. Comparison between the x -ray diffractomotor diagram• [i.(CoKr.; )J of the 

compounds (L iCo]PO,, [Co,[l]P20,, Co3l'20 1 
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Fig. ~- C<>mpurison bct.wcrm th~ x-ray diffro~rometer diagr·oms (l(CuK :>)] of tho 
eompouud• [LiMg]PO,, [Mgs:~JP,o,, MgsP,O, 
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Fig. 3. Projection of t ho cations on (00 1) plane in [Co,[J]P , Os 

ava.ilable va.lues for t he p<.•sit ion parameters in the olivine MnLil'O. 3, 
which is isomorphous with MgLiP 0 4 and CoLiPO., ILml assuming t he 
positions of the ions do not move much during th e exchange proeco.~. 
we refined the poKit ion par~tmctcrl\ e<ll'respondinJ.( to the new laourmry 
compounds. The results a.rc l i~t.ed in Table 2. Tables 3 ~<nd 4 reproduce 
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ii S. Grn.t.t~::.u and J . L. Dt:J.tAND, RefiuL~mont of tbt:o s ti'Ucture o f T.i:\fnP04. 
Act.l\ Crysr.allvgr . 13 (1 960} 325- ~31. 
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Table ~ Rr~ord\"9 qf [Co•OJ<P04)a lot>e agaVul I ,...,., 
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the recordblg of the new lacunary olivine compounds. For the 70 first 
reflections, the agreement factor R was 1 OOfo for [Co3o )P20 8 and 12% 
for [llgaD]l'zOs; no t<Jmperature correction was a.ttempted. This 
rather high value can be due to the difficulty of measuring the inten
sities in monoclinic compounds using powder patterns. In an other 
way, it is possible tho exchange process was not taken into completion. 
Still the remaining lithium is probably less than 5°/0 . 

4. Thermal stability of the two lacunary olivine phsses 

The met.Mtable compounds transform into t he stable vacancy·freo 
forms, according to the two weakly exothermic reactions: 

[Mgso]PeOs ~ llfg:JP20 s 

[CasO]P20s ~~ CoaP20s . 

The temperatunls of the rapid transformation were determined by 
differential thermal analysis (heating speed 300 o /h). 

The reaction seems to be irreversible. In both cases, the transfor· 
mation produces an increase of the cell volume of about 100/0 • Thus 
in spite of the presence of vacancies, the defect forms have a higher 
density than the st able high-temperature forms, in which the oxygen 
packing is no more compact. This can bo understood easily from the 
structure of Co3P20s and llfg3P20 8, which was investigated by CaLvo G. 

• 0. CALVO, Tho cry•t.al structures of some divalent metal ion phosphates. 
Bull. Soc. Oh im. d~ Pra nce, n• sp<lcial (1968), 1744- 1747. 
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element ary cell contains two foruml>t units \Vith the p6rametors: 

CosP20 8 : a = 7.557; b = 8.3H5; c = 5.007; fJ ~ 94 " 05' 

Mg:JP 20 8 : a= 7.01; b = 8.21; c = 5.03 ; {J = 90° 2ii'. 

Among the six CQZ" ()f g2+) distributed over the unit cell, four havo 
a. tetra.hedral and two an octahedml oxygen environment. The PO. 
tetrahedra. do not share corners. The oxygen packing is tb.us rather 

loose . 
Remark 

It ha.s to b e n oted that in these t wo examples, the oxygen network 
is n ot affected by the exchange process, nnd that t he structure of the 
lacunary phase remains still very close to that one of original lithium 
compound. 




