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Rare earth cobaitites, LnCo03. can be wnvenien~y prepared by the thermal 
decomposition of the precmso rs LnCo(C#J3~nH20 (4 Ce, n =9; Pr, Nd, 
n = 8)). CeCo(C20&-8H20, unlike the other oxaiato compounds therma.iIy de&m- 

posttoa inixmre of Ce02 and c0304. Although LnCoOs are formed from the 
precursors at a temperature lower than soO”C, thermal analysis of a mixtureP of 
Ta,(~O,),- lOH,O and CoG04,-2H,0- at !JOO”C shows the residue coutainiug 
maiuIy I-+0, and Co,O, with a small amount of LaCo03. 

INTRODUCUON 

Rare earth ccitaftites; LnCoO,-, manif& interesting electronic and magnetic 
behavior as evident from the facts that at low temperatures cobah ions are 
present mainly in the low-spin stat% at higher temperatures they transfork to the 
high-spin state, whereas at high temperatures the eobaltites show localized-itinerant 
elechn knsition’_-R&&y, it has been r&&ted2 th& this-class of compounds 
act as active catalysts for the oxidation of carbdnrnonoxide &r auto exhaust at ti 
2OO”C, aud the catalytic performance~of PrCoOi has been found to be better than 
the comqen+ PtX cataIyst_ Further-investigations on the catalytic. activity .of 
rare earth Cobaltites have been made more recently”’ and one such study showed3 
that NdCoO, and HoCoO, are -tiperior..catalysts than LaCo03 which has been 
reIated with the’ spin-state pro~rties in the wbakites. In NdCoO, and HocoO,, 
the relative proportion of highspiu Co3T reaches unity at a fairIy low temperature_ 
Rare earth cobaltites are~commonly prepared by prolonged heating (ca. 96 h) of a 
mixture of the individual oxides or the carbonatesat high temperature (ca 1 100°C)6. 
It appears to us that to be commercially. useful as catalysts for automotive emissions a 
simpler Fad expedient route for LnCoO, formation is needed, Moreover, the catalysts 
should have a-huge surface area since oxidations occur, for the most part, at the 
surface of the catalysts. In this respeict tie&l oxalates are extensively used for preparing 
oxides having a large surf&e area Lne03 could be generated in principle by ther- 
mally decomposing -a precursor which contams &III) r&d Co(III) ions in the 
r&o IA. Heqs _we- v&h to report that ~L~co(c,~&~nIizO ideally serves as the 
precursor for LnCoO~~ .- __ 

. 
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The procedure for prepaxing di%rent rare earth compounds is similar. The 

Lao, ce(lII), WI) and Naom) compounds are described h&e_ The preparations 
were performed in the dark as much as possiile. since the compounds are photo- 
sensitive_ IS g of hydrated potassium trisoxalatocobaItate@I) and 2 g of the hydrated 
rare earth nitrate were dissolved separately in 5 and 3 ml of 1JM nitric acid. The 
solutions were cooled to about 10°C and then mixed together with stirriug. After 
stirriug the mixture vigorously for 2-3 min, the slurry was filtered, washed-with 
small portions ofchilkd 1.2M nitric acid, and my with acetone_ The compound 
was dried at room temperature over caicium cbIoride in the absence of light. 

Rare eattbs were estimated as oxide after double precipitation of their oxaIates_ 
cobalt Was determined in-the form of CoSO, after precipitating with a-nitrose j3- 
nztphthol- Oxabte was determined volumetricaliy by permanganate_ 

Thermal analyses were tied out in a MOM derivatograph in an air atmos- 
phere using t pIatinum crucible- X-ray powder patterns were obtained using a 
1148 cm diameter Debye-Schcrrcr camera with nickel littered CuK, radiation, 

REWIZS ANi DlSCUSlON 

Tht?rareeazthtriso~ ixiltates(m) are of composition LnCo(&O&- 
nH,O_ The Lz@Ii) and the Ce@R) cor&ounds contain n&e water molecules but in 
the Pr(iIl) &d the Nd@I) coinpotids eight water moIecu.l@ are p&nL In tabie 1 
the a+yt.&d data of the ~mpounc@ are shown. 

In.order to prepare the precursor compound of the proper stoicbiqmetr$, 
concentrated solutions of b&h the reacta&needtobeused,sinaztheu&ofm~re 
dilute solution yields a product that is con tam&&i with rare earth oxa&&. MO&~- 
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vet, it is found that an optimum concentration of nitric acid (K&l) in the reaction 
medium is needed; whiie in acid of Iower concentration, there is a chance of forma- 
tion of a minor amount of rare earth oxalates, in higher acid concentration the yield 

is reduced. The ease of formation of these compounds and their yields a& apparently 
related with the ionic radii of the lanthanide ions, the Nd(III) complex is obtained 
in a lower yield. An aqueous suspension of these compounds is readily decomposed 
to their indiiduaI oxaMes. 

In general, all trisoxdatocobaltates are photosensitive but the rare earth 
compounds are found to be more photosensitive. On exposure to light the bright 
green compounds become pink. The compounds may be preserved unchanged in 
composition for about a week by keeping them in a dark vial in a refrigerator. A 
sample ofthe Ianthauum compouud was kept for about a month in light ( occu5onaiIy 
crushed during this period) which on analysis gave a composition JL~GB(~O&~ - 

7&O. The presence of Co(U) in this product was conErmed from its visible spectrum 
(mulled with NujoI) and magnetic moment measurement. The photoreduced product 
is actually a mixture of I&GO,),-IOH, and Co&Oa.2Hz0 in the molar ratio 
X:2. This was proved by thermai anaIysis. The product is identical to that of a mechan- 
ical mixture of the two components combined in 12 molar proportion. The thermal 
decomposition of the above mixture takes place in the foIlowing manners 

~WGWZ.5 -7H,O I&+(cOJ,- 1OH,O+2Co~O~.2H,O1 6o-**o-c+ 

Laa,(GO,),-nH,O+CoC,O, x8‘=‘o-c~ Laz(GO&-nH20+Co,0, 

La~o3-2co,ico3o, 2p~3so-c> La~(C~O& -I- co304 -=-3°~*. 
430400*c *=-c, Lacoo, ) La#~-co,+co,o, 646T80T* La20~+Coco,o, 

The above decomposition scheme is consistent with the decomposition behavior 
reported for Laz(Cz04)3 - 10 H207.e and CoC,O,-2H,0q. The X-ray powder 
pattern of the Ulerxnolysis product at 920°C showed the presence of lines mainly 
due to ]La203 and Co,O,, and some lines due to LaCoO, formation. In addition 
there are several more lines which could not be identified. 

Figure 1 shows the thermal decomposition of IaCo(GOJ,-9H20 and 
CeCo(GO,),-9H,O. It may be seen that the decomposition behavior of these two 
compounds is entireIy dif&rent. The Ce(III) compound decomposes in an ill-de6ncd 
way, the final decomposition of the compound takes place at 42OOC and the composi- 
tion of the residue remains unchanged tiIl9OO”C:The residue has been identi@d 
from X-ray data to be a mixture of CeO, and Co,O,. The Ianthanum compound on 
the other hand decomposes in ti stepwise manner. The first stage of decomposition 
takes: place between.60-300°C. The observed -weight Ioss 31% is qnite near to the 
c&x&ted weight Ioss 33% for-the reaction 

WX~W,-=W + 4@+~%W&+Co,+=W 

It is w~llknb~ t&t during thermolysis Co@‘) in K3Co(~O& aIso undergoes 
reduction to a Co@) complex accompanied by the loss of carbomiioxide’“. It will 



. 

be-evident f&m subsequent d iscussioh.&at ihe thermally reduced linthaniin complex 
is diierent-from the photor&uce&products. From slightly above 3OOoC Go con- 
iecutive Uothezmic z&ions take p& (also evident frog thii DTG curve) with 
a toial kiss is weight of 51i5%_ The product at this stage ziim_well .titbthe forma- 
iion.of:a compound having the empirical formula L&o03-2CO_ Thecakulated 
weight Ioss for the form&on df this sup@sed:compound from the precursoicom- 
pound is 51.6%:Froin 48&54O”C this ;cbmpo+d sufks fiuther chqgeinmass and . . 
the total yeight ioss at the end of this reackon is 56% which is in good agkment with 
+e c&ulat& we&t fess 56:1%.for the formatioi~bf LaCb03-CO_= Another decom- 
position l-caction Jxlween 560-64U”C lea& tii+e foima.tidn of IaCo03 (total w&&t 
loss, cik 6OS%, ok (X&2%)_ It may be not@ tl@ during the last twq decomposition 
&&. two @ =do&&& &- && wj&- sn;onla &“&i- & if aem 
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the residue at 800°C showed the absence of any line due to Laa,O, or Co,O,.and 
the d spacings are in exc$Ient .agreeqcznt with t@ose reported in_ literature’ f: The 

Pr(IlI) tid the Nd(IIl) trisoxalatocobaIt decompose-almost in a similar way 
as the La(III) compound. In these curses-also the Snal decomposition products have 
been identikd to be pure PrCoOB and NdCoOj by comparing the d spacings reported 
in literatu&. Table 2 compares the X-ray diEaction data of LaCo03 and NdC603 
obtained by cakination of the oxalato prezurso rsat800°Cfor2hinairwiththose 
reported in literature. 

TABLE2 
-. 

X-RAY POWDER DATA OF IaChO, AND NiCiaO, 

4 vd.3 _ *l 

NdcbO, 

4.w _&DL=c& . 

3.832(m) 
2.721 (vs) 
2693(vs) 

222Xm) 
2182(w) 
1916(s) 
1.711(w) 
1.706(vw) 
1.567(s) 
1547(m) 
1363h) 
==cm) 
1284(Yw) - 
lJn<w) 
1.216(m) 
1Soxm) 
1.162(w) 
I.l57(ww) 
1.146(wJ) 

271 I (vs) 264<=) 
2-679<trs) 2163<W) 2.17z(w~ 

2.213(m) 1.872(s) 1.884(s) 
2173(w) 1.686(w) 
1-9@m) ?~Wm) . - L54O(m) - 
1.719(ww) 1328(m) 1.333 (m) 
1.701 (ww) 1.188(m) 1.193(m) 
1563(s) 1.179(m) 
1542(m) 
1356(m) -, 
1-3Wm) 
1.275(ww) -- 

1213(m) . : 
.f-20+3 

I-143 (vi) 
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