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The conditions of thermal decomposition of Y, La and light lanthanide ferulates 
have been studied. On heating, these complexes decomposed in various ways; lantha- 
num ferulate in four stages, Ce(III) ferulate in three stages, and the ferulates of Y, 
Pr(III), Nd, Sm, Eu(III) and Gd in two stages, the oxides finally being formed. The com- 
plexes lose crystallization water to form anhydrous or hydrated salts, and are then de- 
composed directly to oxides. Only lanthanum ferulate decomposes to the oxide with 
intermediate formation of LazO2COa. The temperatures of oxide formation change 
periodically with the decrease in the ionic potential in the lanthanide series. 

In  recent years several studies have been made on rare earth complexes with car- 
boxylic acids and their thermal decomposition [1 - 8]. The aim was the understand- 
ing of  the decomposition mechanism and the nature & t h e  decomposition products. 
The salts of  ferulic acid have received little attention. Hlasewitz and Barth [9] pre- 
pared the ferulates of  potassium and silver(I) as anhydrous salts and that of  am- 
monium as the monohydrate,  with a yellow colour. A search of  the available litera- 
ture showed that ferulates of  rare earth have not been studied so far. As a continua- 
tion of  our work on the thermal decomposition of rare earth carboxylates [10-14] ,  
we now report the thermal decomposition of Y, La and light lanthanide ferulates. 

Experimental 

Ferulates of  Y, La, Ce0II) ,  Pr(III),  Nd, Sm, Eu(III)  and Gd were prepared by 
double decomposition, equivalent amounts of  a 0.1 M solution of ammonium 
ferulate (pH 5) being added to a hot solution containing the rare earth nitrate. The 
precipitate formed was heated in the mother liquor for 0.5 h at 333-343  K, and 
was then filtered off, washed with hot water to remove nitrate ions and dried at 
303 K to constant mass. The ferulates of  Y, La, Ce(iII), Sm, Eu(III)  were obtained 
as yellow microcrystals; the Pr salt was green, and the Nd salt pink. 

The contents of  carbon and hydrogen were determined by elemental analysis. 
The rare earth content was determined by ignition to the oxides Ln2Oa (Ln = La, 
Nd, Sm, Eu, Gd), CeO~ or Pr6Ol~ at 1173 K. The elemental analysis data are pre- 
sented in Table 1. In most cases the experimental results approximate losely to the 
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Table 1 

Analytical data 

Complex 
Metal % Carbon ~ Hydrogen 

Found Calcd. Found Calcd. Found Calcd. 

Y(C1oHgO4)3 ~ 4.5 H~O 11.86 11.81 48.07 48.07 4.84 4.11 
La(CloH90~)a " 3 H20 17.98 18.08 46.60 46.60 4.56 4.62 
Ce(CloH904)a �9 5.5 H~O 17.10 17.10 44.01 43.36 4.64 4.37 
Pr(CIoHgO4)3 " 3 H20 18.91 18.90 46.53 48.03 4.56 4.96 
Nd(CloHsOa) ~ �9 4 H20 18.15 18.10 45.28 45.44 4.43 4.30 
Sm(CioHgO~) ~ - 5.5 H~O 18.39 18.40 43.46 44.08 4.62 4.82 
Eu(CloHgOd)3 " 6 H20 18.10 18.00 42.88 42.47 4.68 4.40 
Gd(CloHgO4)~ " 2 H20 20.30 19.93 44.63 44.80 4.95 4.90 

values required by theory. The ferulates of  Y, La and light lanthanides were pre- 
pared as hydrated salts with general formula 

Ln(CloHgOa)~ �9 n H20, where n = 2 - 6 .  

The I R  spectra of  ferulic acid and the obtained ferulates were recorded over the 
range 4000-400  cm -1 with an OD-102 spectrophotometer. Analysis of  the IR  
spectra confirmed the data obtained f rom elemental analysis. 

In order to establish the crystalline structures of  the complexes of  Y, La and light 
lanthanides, X-ray measurements were taken on a DRON-2 diffractometer, using 
Ni-fittered CuKe radiation, by means of  the powder Debye -Sche r r e r  method. 
The recorded diffractograms showed that La, Ce(III), Pr(III),  Nd and Sm ferulates 
are crystalline. They are characterized by low symmetry and large unit cells. The 
ferulates of  La and Ce(III) are isostructural. The ferulates of  Pr(III),  Nd and Sm 
have various structures. The complexes of  Y, Eu and Gd are amorphous. 

Next, the thermal stabilities of  the ferulates of  Y, La and light lanthanides were 
studied by using TG,  D T A  and D T G  techniques. The measurements were made 
with an OD-102 P a u l i k - P a u l i k - E r d e y  derivatograph (MOM, Hungary) with 
sensitivities T G  - 200 mg, D T A  - 1/20, D T G  - 1/10. Alumina was used as refer- 
ence material. Two series of  measurements were made. The samples were heated 
in ceramic crucibles in air at heating rates of  9 and 5.5 deg �9 m i n -  1. 

From the thermal curves, the data on the thermal decomposition of  the ferulates 
were evaluated and are presented in Table 2, where AT1 is the temperature range 
corresponding to the endothermic loss of  some molecules of  crystallization water, 
AT~ is the temperature range corresponding to decomposition of  the complex 
and deflagration of the carbon residue until the formation of  oxide and Tp is the 
temperature of  the peak in the D T A  curve. 
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Table 2 

Data on decomposition of Y, La and light lanthanide ferulates 

Loss of weight Loss of weight 
% Loss of % 

Complex* AT1, K Tp, K H20, ATe, K 
mole 

Caled. Found Caled, Found 

YL8 " 5 HzO 313-- 383 373 8.4 8.0 2.5 463-- 928 84.4 85.0 
LaLz " 3 H~O 333-- 373 373 2.3 2.5 1 573-- 1043 78.9 79.0 

373-- 573 433 7.0 7.0 2 
CeLa " 5.5 H20 333-- 363 363 3.3 3.0 1.5 533-- 883 77.0 78.0 

373-- 523 423 6.6 6.5 3 
PrL 3 �9 3 H~O 353-- 533 433 7.0 6.5 2 533-- 948 78.0 78.0 
NdL3 �9 4 H20 333-- 533 433 4.4 5.0 2 533-- 1033 74.5 75.5 
SmL3 " 5.5 H20 373-- 533 433 5.4 5.5 2.5 503-- 873 79.0 79.0 
EuL3 �9 6 H20 323-- 513 373 6.4 6.0 3 533-- 938 79.0 79.0 
GdL3 �9 2 H20 333-- 513 373 4.7 5.0 2 553-- 973 77.0 77.0 

* L -  = C10H90~- 

R e s u l t s  

The results  demons t r a t ed  that  the  ferulates  o f  ra re  earths decompose  in var ious  
ways (Figs  1 - 4 .  These curves were t aken  using 5.5 deg �9 rain -1  hea t ing  rate).  
L a n t h a n u m  ferula te  decomposes  in four  stages. I ts  hydra t ed  complex  undergoes  
d e h y d r a t i o n  in two stages, these processes being connected  with two endothermic  
effects. Next ,  the  hea ted  complex  decomposes  to  the  oxide,  with the in te rmedia te  
f o r m a t i o n  o f  La2OzCO3. 

Ce(II I )  ferula te  decomposes  in three  stages. The dehydra t ed  c o m p o u n d  is de-  
hydra t ed  in two stages and then,  dur ing  heat ing,  the  anhydrous  salt  decomposes  
di rect ly  to CeO2. The  ferulates  o f  Y, Pr(I I I ) ,  Nd,  Sm and  Eu(I I I )  first lose some 
molecules  o f  crys ta l l iza t ion water ,  and  next the  hydra ted  salts decompose  to  oxides. 
Dur ing  heat ing the  hydra te  o f  gado l inum ferula te  loses crys ta l l iza t ion water  to 
fo rm  the anhydrous  salt,  which then decomposes  to Gd203. 

F r o m  the T G  curve the  t empera tu res  o f  oxide  f o r m a t i o n  (Tk) were de te rmined  
at  heat ing rates o f  9 and 5.5 K �9 min  -1. The  results  ob ta ined  are  presented  in 
Tab le  3. 

Table 3 

Temperature of rare earth oxide formation 

La Ce Pr Nd Sm Eu Gd Y 

9~ 1173 1063 1113 1153 1083 1133 1133 993 
5.5~ 1043 883 948 1033 823 958 973 928 
A T  k 130 180 165 120 150 175 160 65 
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Fig. 1. TG,  D T G  and D T A  curves o f  La(C10H904) 3 �9 3 H~O 
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Fig. 2. TG,  D T G  and  D T A  curves of  Ce(CloHgO4)~ �9 5.5 H20  
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Fig. 3. TG, D T G  and DTA curves of Eu(C1oHgO~)~ " 6 H20 
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Fig. 4. TG,  D T G  and DTA curves of Gd(CloHgO4)3 " 2 H20 
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Fig. 5. Relat ionship  between T k and 1/rM (Goldschmidt ' s  value) 

From these data it was found that La203 has the highest temperature of forma- 
tion while CeO2 has the lowest one. The temperature of oxide formation depends 
on the rate of  heating of the sample. At the heating rate of  9 K �9 rain- 1 the tem- 
peratures of  oxide formation are lower than those at the heating rate of 5.5 
K �9 rain -1. 

It can be seen from Fig. 5 that the temperatures of  oxide formation change 
periodically. 

The double - double effect has been observed; this is very often found in the 
lanthanide series, and is connected with the periodic change of  the quantum num- 
ber L and with the magnitude of  the splitting term. 
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ZUSAMMENI~ASSUNG - -  Es wurden die Bedingungen der Zersetzung der Y-, La- und leichten 
Lanthanidferulate untersucht. Die erhaltenen Komplexe werden beim Erhitzen auf ver- 
schiedene Weise zersetzt. Lanthanferulat wird tiber vier, Ce(III)-Ferulat tiber drei und die 
Ferulate yon Y, Pr(III), Nd, Sm, Eu(III) und Gd tiber zwei Zwischenstufen in das entspre- 
chende Oxid tiberffihrt. Aus den Komplexen entstehen zun/ichst unter Verlust von Kristall- 
wasser wasserfreie oder hydratisierte Salze, die dann direkt zu den Oxiden abgebaut werden. 
Nur Lanthanferulat wird tiber eine intermedi/ire Verbindung des Typs MzO~COs zum Oxid 
abgebaut. Die Bildungstemperaturen der Oxide /indern sich periodisch mit abnehmenden 
Ionenpotential in der Lanthanidenreihe. 

Pe3toMe - -  ]/I3y~eHbI yCJIOBHfl TepM•qeCKOFO pa3Jio~ceH~ln qbepyJIaTOB Y, La rt nerrax ~aHTatttI- 
~OB. Ilprt narpeBanaa axrt coati pa3naramTcn pa3Jmam, tM 06paaoM. dPepynaT nariTann~a pa3- 
naraeTcn B neTJ,~pe cTa;lrm, qbepynaT TpexBaneHTHOrO uepnn - -  ~ Tpa cTa)am~, a qbepyaaT~,i Y, 
Pr(III) Nd, Sin, Eu(III) a Gd - -  B /IBe cTa)Irm c 06pa30Banr~eu OrnCJIOB. KoMnnercI, i TepnroT 
rprIcTa~3attaoHnyIo Bojly, 05pa3y~ 6e3Bo~Inr~ie i~J~ rrI~IpaTm, Ie conic, KOTOp~,~e 3aTeM y~e 
pa3JIararoTcn )I0 orrICaOB. TOnbKO qbepynaT nauTai~a pa3siaraeTc~t do oimczia c 06pa30BaHrIeM 
npoMe~r~y~ osrioro upo~IyrTa L a~O2CO3. TervmepaTypr~i 06pa30Barran OIO~C~OB II3MetDltOTClt nepr~- 
o~r~nec~r~ c yMeItbineHi~ieM ~ioHrt3aIlrIoHnt,ix noTentII, IaJIoB ~aaTan-anrm~x 3~ieMenTOB. 
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