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The conditions of thermal decomposition of Y, La and lanthanide (from Ce(llI) to Lu) 
pyromucates have been studied. On heating, these complexes decompose in various ways: La, Pr, 
Nd and Sm pyromucates in four stages, Ce, Eu, Gd, Dy, Ho and Er pyromucates in three stages, 
and Tm, Yb, Lu and Y pyromucates in two stages, the oxides finally being formed. The hydrated 
complexes (from La to Er) lose crystallization water to form anhydrous salts. The anhydrous 
complexes of La, Pr, Nd and Sm decompose to oxides through the intermediate formation of 
unstable oxypyromucates and Ln202CO3, whereas the anhydrous complexes ofCe(lll), Eu, Gd, 
Dy, Ho, Er, Tin, Yb and Lu decompose to the oxides through the intermediate formation of 
oxypyromucates. The temperatures of dehydration and oxide formation change periodically 
with increasing atomic number in the lanthanide series. 

Furan-2-carboxylic acid, known as pyromucic acid, is a crystalline solid 
sparingly soluble in cold water and soluble in alcohols [i]. The salts of pyromucic 
acid are little known. Pyromucates of Na, K, NH 4, Ca, Ba and Ag(I) have been 
prepared as anhydrous salts, and those of Cu(II) and Pb(II) as hydrates [1]. 

Pyromucates of La and light lanthanides have been prepared [2] as crystalline 
solids soluble in water. As a continuation of our work on the thermal 
decomposition of rare earth carboxylates [3-7], we now report the thermal 
decomposition of Y, La and lanthanide pyromucates. 

Experimental 

The pyromucates ofY. La and ianthanides from Ce(III) to Lu were prepared by 
adding equivalent amounts of a 0.5 M solution of ammonium pyromucate (pH 
4.5-5.0) to a 0.1 M solution of rare earth nitrate and crystallizing in a water-bath at 
323 K. The precipitated pyromucates of Y, La and lanthanides were filtered off, 
washed with methanol to remove ammonium ions, and dried at 303 K to constant 
weight. 
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Table 1 Analytical data 

% C  % H  % M  
Complex 

Calcd. Found. Calcd. Found. Calcd. Found. 

YL3* 42.68 42.29 2.15 2.26 21.06 21,46 

LaL 3 ' 2H20 35.45 35.87 2.57 3.13 27.33 27.43 

CeL 3" 2H20 35.37 35,98 2.57 2.43 27,51 27.47 

PrL 3 �9 2H ~O 35.31 34,81 2.57 2.73 27.62 27.99 

NdL 3 " 3H20 33.90 34.91 2.65 2,05 27.14 27.78 

SmL 3 �9 3H20 33.51 34.28 2.62 2.23 28.06 28.24 

EuL 3 - 3HzO 33.41 33.15 2.62 2.77 28.18 28.65 

GdL,- 3H20 33.08 32.88 2.59 2.81 28.88 29.06 

TbL3"3H20 32.98 32.83 2.58 2.83 29.09 29.73 

DyL 3" 3HzO 32.77 32.40 2.57 3.07 29.56 29.38 

HoL3"3H20 32.63 32.63 2.56 3,13 29.87 29.57 

ErL 3 �9 2H ~O 33.58 33.06 2.44 2.43 31.17 30.96 

TmL 3 35.88 35.62 1.81 2.04 33.64 34.16 

YbL 3 35.59 35.08 1.79 1.81 34.18 34.25 

LuL 3 35.25 35.34 1.78 1.82 34.43 34,35 

The pyromucates of Y, La and lanthanides were prepared as crystalline solids 
soluble in water and sparingly soluble in methanol. The pyromucates of Y, La, 
Ce(IIl), Sm, Eu(III), Tb(llI, Dy, Ho, Tm, Yb and Lu are cream-coloured, that of Pr 
is greenish, that of Nd is pink, and that of Er is pale-pink. 

The carbon and hydrogen contents were determined by elemental analysis. The 
rare earth content was determined by ignition to the oxide Ln20 3 (Ln = La, Nd, 
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu or Y), CeO 2 or PrrO11 at 1173 K. The 
elemental analysis data are presented in Table 1. In most cases the experimental 
results approximate closely to the values required by theory. These pyromucates 
were hydrated complexes with a metal to ligand ratio of I : 3. The pyromucates of 
La, Ce(llI), Pr and Er were prepared as dihydrates, those of intermediate 
lanthanides from Nd to Ho as trihydrates, and those of Tm, Yb, Lu and Y as 
anhydrous salts. These pyromucates were also prepared as monocrystals. 
Monocrystals of La and all lanthanide pyromucates have the same composition as 
the polycrystals, but monocrystalline yttrium pyromucate was prepared as the 
trihydrate and the polycrystalline complex as the anhydrous salt. 

The IR spectra of pyromucic acid and the prepared rare earth pyromucates were 
recorded over the range 40(11)-400 cm -~ with a UR-20 spectrophotometer. 
Analysis of the IR spectra confirmed the data obtained from elemental analysis. 

In order to establish the crystalline structure of the Y, La and ianthanide 
complexes, X-ray measurements were made on a DRON-2 diffractometer, using 
CuK, radiation, through powder and monocrystal methods. 

J. Thermal Anal. 30, 1985 
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The recorded diffractograms showed that the Y, La and lanthanide complexes 
are crystalline. They are characterized by low symmetry and large unit cells. All 
prepared complexes crystallize in the monoclinic system. 

Next, the thermal stabilities of the pyromucates of Y, La and lanthanides from 
Ce(III) to Lu were studied by TG, DTA and DTG. The measurements were made 
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Fig. 7 TG, DTG and D T A  curves of Y(CsHaO3)s. 3H20 monocrystal  

with an OD-102  Paulik-Paulik-Erdey derivatograph. Alumina was used as 
reference materials. The samples were heated in ceramic crucibles in air at heating 
rates of  10 deg -min-  '. 

From the thermal curves, the data on the thermal decomposition of  the rare earth 
pyromucates were evaluated and are presented in Table 2 and Figs 1-7. 

8 * J. Thermal Anal. 30, 1985 
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Results and discussion 

The results indicate that the rare earth pyromucates decompose in various way 
(Figs 1-6). The hydrated pyromucates of the rare earths from La to Er undergo 
dehydration in one step, accompanied by a strong endothermic effect. Dehydration 
takes place at 343-393 K. The ranges of dehydration temperatures of rare earth 
Pyromucates are presented in Fig. 8. These were found to change periodically with 

k 

~: 523 - 

5 473 

423 - 

373 

323 I i 
0.912 1.005 

, ~I ~ I , , ,. 

1.066 1.101 

1/r Ln 3" 

Fig. 8 Relationship between range of dehydration 
temperatures and l /r  u (Goldschmidt's value) 

t Tb 

A ~ 1173 

0.942 1005 1.066 1.101 1.151 1.t99 

1/r Ln 3. 

Fig. 9 Relationship between T k and 
l /r M (Goldsehmidt's value) 

increasing atomic number, and for the light lanthanons they are higher than for the 
heavy ones. The anhydrous complexes of La, Pr, Nd and Sm (Fig. 1) decompose to 
oxides (Ln20 3 or Pr~Oll ) with the intermediate formation of very unstable 
oxypyromucates (LnOL) and oxycarbonates (Ln202CO3). 

The anhydrous pyromucates of lanthanides from Gd to Lu, Ce(IlI) and Y 
decompose to oxides (Ln20 3 or CeO2) with the intermediate formation of very 
unstable oxypyromucates (Figs 2-6). The oxypyromucates of rare earths from La 
to Gd are formedat 733 K, or those from Tb to Ho at 753 K, those ofEr, Tm and Y 
at 773 K, and those of Yb and Lu at 793 K. 

During heating, terbium pyromucate decomposes at 1053 K to Tb40 7, which at 
1213 K decomposes further to Tb20 3 in an endothermic reaction. The rare earth 
oxides are formed at 933-1073 K, except for Tb20 3, which is formed at 1213 K 
(Table 2, Fig. 9). The temperatures of oxide formation change periodically with 
increasing atomic number and decreasing ionic radius in the lanthanide series. The 
double-double effect has been observed. 

Polycrystalline yttrium pyromucate was prepared as the anhydrous salt stable to 
603 K. At higher temperatures it decomposes YzOa with intermediate formation of 
the oxypyromucate (Fig. 6). Monocrystalline yttrium pyromucate was prepared as 

J. Thermal Anal. 30, 1985 
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the trihydrate. On heating, the hydrate loses crystallization water to form the 
anhydrous salt, which then decomposes to YzO3 as the polycrystalline complex 
(Fig. 7). 
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Z ~ a m m e n f a s m n g  - -  Die Bedingungen der thermischen Zersetzung der Pyromucate von Y, La und den 

Lanthaniden (Ce(III) bis Lu) wurden untersucht. Beim Erhitzen zersetzen sich die Komplexe auf  

verschiedene Weise: die Pyromucate yon La, Pr, Nd und Sm in 4 Schritten, die von Ce, Eu, Gd, Dy, Ho 

d Er in 3 Schritten und die von Tm, Yb, Lu und Y in nut  2 Schritten. Endprodukte der Zersetzung sind 

die Oxide, Die hydratisierten Komplexe von La bis Er verlieren Kristallwasser unter Bildung der 

wasserfreien Salze. Die wasserfreien Komplexe yon La, Pr, Nd  und Sm zersetzen sich zu Oxiden iiber 

instabile Oxypyromucate und Ln2OzCO 3 als Zwischenprodukte,  bei der Zersetzung der wasserfreien 

Komplexe von Ce(IIl), Eu, Gd, Dy, Ho, Er, Tm, Yb und Lu werden Oxypyromucate als 

Zwischenprodukte gebildet. Die Temperaturen der Dehydratisierung und Oxidbildung schwanken 

periodisch mit ansteigender Atomzahl  in der Lanthanidenreihe. 

Pe3mMe - -  Id3yqenbI yc~onna TepMnqecroro pa3.qox~eHn~ HTTpH~, :IaHTaH 14 .rlaHTaHHjIHblX (OT uepu~ 

~O JllOTeIlllg) coaefi nnpocana/~sofi KHC.IIOTbl. Hpn narpeBanna CO~H paaJtararoTca pa3J1HqHblMlt 

nyTaMX : coan aanTaHa, npa3eo~aMa, neo2IaMa n caMapna pa3aararoTcs S qeTblpe cTagnn, coan Ilepna, 

eBponna, raaoannHs,  m~cnpoana, rOflbMn~l H ap6ns  - -  S Tpn CTa~IHH, a coan TyJIns, rlTTep6nfl, 

2~IOTeHHJi H HTTpHg - -  a ~Be c T a ~ n  c o6paBOBaHneM OKHC.]IOB B raqecTBe KOHeHHblX npo~lyKToa 

peaI(LlHH, FH~lpaTbl co.eft OT :laHTaHa ~O 3p6Hg TepglOT KpHCTadI.IIHBalIHOHHylO BO~y, 21aBag 
~--~3BOBJVlble CO21H. ~eBBO~iltble COflH s npaBeo,~lMa, HCO~HMa I4 caMapHg pa3.rlaFalOTr ~0 

OKHCJIOB qepe3 npoMe~l(yTOqHylO CTaj1HIO o6pa3OBaHHl~l HeycTO~HHBblX co.rlefi OKCHHHpOC.~HBeBOfi 

KHCJIOTbl H Ln202CO 3. ~eBBO2Lrlble CO21H OCTa.rlbHblX flaHTaHH~OB paBylaFalOTOl ,/10 OKHCYlOB qepe3 

npoMeXyTOqHylO CTa,/IHIO o6pa3OBaHH~i TOJIbKO co21efi OKCHRHpOCJIHBeBOfi KHCJIOTbI. TeMnepaTypbl 

~erI~paTallHH H O6pRBOBaHH~I OKHC.I1OB HBMeHR1OTC~I HepHo~IqeCKH C yBeYlHqeHHeM aTOMHOFO ~IHCYla B 
p ~ a x  YlaHTaHH~OB. 
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