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THERMAL DECOMPOSITION OF RARE EARTH
PYROMUCATES IN AIR ATMOSPHERE
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The conditions of thermal decomposition of Y, La and lanthanide (from Ce(IlI) 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, Luand 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 Ln,0,CO,, whereas the anhydrous complexes of Ce(1I11), Eu, Gd,
Dy, Ho, Er, Tm, 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 [1]. The salts of pyromucic
acid are little known. Pyromucates of Na, K, NH,, Ca, Ba and Ag(I) have been
prepared as anhydrous salts, and those of Cu(II) and Pb(I) 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 of Y. La and lanthanides from Ce(I1I) 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. Caled. Found. Caled. Found.
YL,* 42.68 42.29 2.15 2.26 21.06 21.46
LaL,-2H,0 35.45 35.87 2.57 3.13 27.33 27.43
Cel,-2H,0 35.37 35.98 2.57 243 27.51 2747
PrL,-2H,0 35.31 34 81 2.57 2.73 27.62 27.99
NdL,-3H,0 33.90 34.91 2.65 2.05 © 2714 27.78
SmL, 3H,0 33.51 34.28 2.62 223 28.06 28.24
EuL,-3H,0 33.41 33.15 2.62 2,77 28.18 28.65
GdL,-3H,0 33.08 32.88 2.59 2.81 28.88 29.06
TbL,-3H,0 3298 32.83 2.58 2.83 29.09 29.73
DyL;-3H,0 32.77 32.40 2.57 3.07 29.56 29.38
HoL,-3H,0 32.63 32.63 2.56 313 29.87 29.57
ErL,-2H,0 33.58 33.06 2.44 243 31.17 30.96
TmL, 35.88 35.62 [.8] 2.04 33.64 34.16
YbL, 35.59 35.08 1.79 1.81 34.18 34.25
LuL, 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(1II), Sm, Eu(II), Tb(III, 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 Ln,O, (Ln = La, Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu or Y), CeO, or Pr,O,, 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 1:3. The pyromucates of
La, Ce(Ill), 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 4000400 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 lanthanide
complexes, X-ray measurements were made on a DRON-2 diffractometer, using
CukK, radiation, through powder and monocrystal methods.

J. Thermal Anal. 30, 1985
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Fig. 3 TG, DTG and DTA curves
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Fig. 4 TG, DTG and DTA curves
of To(C,H,0,),-3H,0

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(IIT) to Lu were studied by TG, DTA and DTG. The measurements were made

J. Thermal Anal. 30, 1985
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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~ 1.

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.
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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
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Fig. 8 Relationship between range of dehydration Fig. 9 Relationship between T, and
temperatures and 1/r,; (Goldschmidt’s value) 1/ry (Goldschmidt’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 (Ln,0, or Pr,O,,) with the intermediate formation of very unstable
oxypyromucates (LnOL) and oxycarbonates (Ln,0,CO,).

The anhydrous pyromucates of lanthanides from Gd to Lu, Ce(IIl) and Y
decompose to oxides (Ln,0, or CeO,) with the intermediate formation of very
unstable oxypyromucates (Figs 2-6). The oxypyromucates of rare earths from La
to Gd are formed-at 733 K, or those from Tb to Ho at 753 K, those of Er, Tmand Y
at 773 K, and those of Yb and Lu at 793 K.

During heating, terbium pyromucate decomposes at 1053 K to Tb,O,, which at
1213 K decomposes further to Tb,0, in an endothermic reaction. The rare earth
oxides are formed at 933-1073 K, except for Tb,0O;, 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 Y ,0, with intermediate formation of
the oxypyromucate (Fig. 6). Monocrystalline yttrium pyromucate was prepared as
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the trihydrate. On heating, the hydrate loses crystallization water to form the
anhydrous salt, which then decomposes to Y,O, as the polycrystalline complex
(Fig. 7).
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Zusammenfassung — Die Bedingungen der thermischen Zersetzung der Pyromucate von Y, La und den
Lanthaniden (Ce(IlI) bis Lu) wurden untersucht. Beim Erhitzen zersetzen sich die Komplexe auf
verschiedene Weise: die Pyromucate von La, Pr, Nd und Sm in 4 Schritten, die von Ce, Eu, Gd, Dy, Ho

d Erin 3 Schritten und die von Tm, Yb, Lu und Y in nur 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 von La, Pr, Nd und Sm zersetzen sich zu Oxiden iiber
instabile Oxypyromucate und Ln,0,CO, als Zwischenprodukte, bei der Zersetzung der wasserfreien
Komplexe von Ce(Ill), 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.

Pestome — M3yueHnl ycIOBHA TEPMHYECKOTO PA3IOKEHHS HTTPHI, TAHTAH M TAHTAHAAHBIX (OT HepUs
10 JnoTenns) cosieil mUpocan3éBoiil kMcnoThl. [Ipu HarpeBaHuMM COJIM pa3jlararorcs pas/IMMHBIMH
TYTAMH COJIA JIAHTaAHA, IPAa3e0AMMa, HEOTHMA H CAMAPHA Pa3JIaraloTCs B YeThIPE CTAIMH, COJIM LIEPHUS,
€BpOIHS, raJ0JIMHHA, [UCIPO3HA, TOJIbMHAS U >pOHA — B TPH CTaJMM, a CONM Tyjus, ATTEpOMH,
JIOTELUHSA ¥ MTTPHA — B IBE CTalMH C 00Pa30BAHHEM OKHCIIOB B K2YECTBE KOHEYHBIX [IPOAYKTOB
peakumn. Inmaparsi conell oT snaHTana n0 3pOMsA TEPAIOT KPHUCTA/UIM3AUMOHHYIO BOAy, Jdapas
6espopnbie comu. Bespoambie conm naHTasa, NpaseoAMMa, HEOAMMA H CAMAPHA Pa3araloTcs A0
OKHCJIOB “epe3 NMPOMEXYTOUHYIO CTafulo o6pa3’oBaHHA HEYCTOMYMBBIX COJICH OKCHIMPOCIH3EBOH
kicnotsl ¥ Ln,0,CO,. Be3poaHble CoNM OCTANBHBIX JIAHTAHHIOB PAa3JaraloTcs 0 OKHCIOB Yepes
NIPOMEXYTOYHYIO CTaIHIO 00Pa30BaHMA TOJNBKO COJIEH OKCHIHPOCIM3EBOH KHCIIOTH. TeMnepaTyphl
JETHApATALMH B 00pa30BAHHA OKHCIIOB H3MEHAIOTCH IIEPHOIMYECKH C YBEIMICHHEM aTOMHOTO YHCJIa B
pAJax JaHTAHHAOB.
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