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The conditions of thermal decomposition of the 3-chlorobenzoates of Y, La and the 
lanthanides from Ce(lll) to Lu have been studied. The complexes of La, Pr(lll), Sm, Eu, Gd, 
Tb(l II) and Dy were prepared as heptahydrates, those of Ce(lll) and Y as pentahydrates, that of 
Nd as the tetrahydrate, that of Ho as the dihydrate and those of Er, Tm, Yb and Lu as anhydrous 
salts. On heating, these complexes decompose in three or two stages. They first lose some water 
molecules and then decompose to oxides through the intermediate formation of LnOC1. 
Cerium(Ill) 3-chlorobenzoate loses its crystallization water in two stages and yields the 
anhydrous salt, which is then transformed directly into CeO 2 . All these complexes melt before 
decomposition ~n the temperature range 441 513 K. 

Much work is currently being done on the thermal decomposition of rare earth 
complexes with organic compounds [1~,], to elucidate the mechanisms of  
decomposition and the natures of  the decomposition products. The rare earth salts 
of 3-chlorobenzoic acid are known. Kedrovskaya et al. [5] determined the stability 
constants of La, Nd and Yb 3-chlorobenzoates. Biryuline and Chikunova [6] 
prepared Tb and Eu(Ill) 3-chlorobenzoates as trihydrated salts and determined 
their solubilities in water. Scandium(Ill) 3-chlorobenzoate has been prepared and 
its thermal stability determined [7]. The salts of  the remaining rare earths with 3- 
chlorobenzoic acid have not been prepared and studied. 

As a continuation of our work on the thermal decomposition of  rare earth salts of 
aromatic acids [8 10], we now report the thermal decomposition of  the 3- 
chlorobenzoates of Y, La and lanthanides. 

2* John Wiley & Sons, Limited, Chichester 
Akad~miai Kiad6, Budapest 
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Experimental 

The 3-chlorobenzoates of Y, La and the lanthanides from Ce(III) to Lu were 
prepared by adding equivalent quantities of  a 0.5 M solution of  ammonium 3- 
chlorobenzoate (pH 4.5-5.0) to a hot 0.1 M solution of Y, La or lanthanide 
chloride (cerium(Ill) was used as nitrate), followed by crystallization on a water- 
bath at 333 K. The precipitate formed was filtered off, washed with methanol to 
remove NH~ ions dried at 303 K to constant weight. The 3-chlorobenzoates of  Y, 
La and the lanthanides were prepared as crystalline solids sparingly soluble in 
water. The salts of Y, La, Ce(III), Sm, Eu(Ill), Gd, Tb(III), Dy, Tm and Lu were 
white, that of  Pr green, those of  Nd and Er pink, that of  r io  cream, and that of  Yb 
slightly pink. 

The carbon and hydrogen contents of  the complexes were determined by 
elemental analysis with V20 5 as oxidizing agent. T h e  chlorine contents were 
determined by the Schrniger method [9]. The rare earth contents were determined 
by using oxalic acid, and from the T G  curves. The water contents were determined 
from the TG curves and by isothermal heating at a definite temperature. The results 
obtained are given in Table 1. 

The results show that the 3-chlorobenzoates of  Y, La and the lanthanides were 
prepared as compounds with a metal to ligand ratio ot" 1 : 3. The 3-chlorobenzoates 
of  La, Pr, Sm, Eu(III), Gd, Tb(III) and Dy were prepared as heptahydrates, those of  

Tablel  Analytical data 

Complex 
M,% C,% H,% C1,% 

calcd, found calcd, found calcd, found calcd, found 

Y(CTH402C1)3.5H20 13.77 14.02 39.07 39.04 3 . 4 3  3.40 16.47 16.53 
La(CTH,O2C1)3.7H20 18.98 19.18 34.47 34.50 3 . 5 8  3.50 14.54 14.54 
Ce(CTH,O2CI)3.5H20 20.11 19.21 36.19 36.30 3 . 1 8  3 . 0 8  15.26 15.76 
Pr(C7H402C1)3.7H20 19.21 19.37 34.38 34.80 3.57 3 .31  14.50 14.48 
Nd(C7H402CI)3.4H20 21.12 20.58 36.93 37.03 2 . 9 5  2.43 15.57 15.67 
Sm(C7H,O2CI)3.7H20 20.29 20.42 33.92 34.02 3.52 3.54 14.30 14.35 
Eu(CTH402CI)a.7H20 20.40 19.86 33.87 33.97 3.52 3 . 4 8  14.28 14.27 
Gd(C7H,O2CI)~-7H20 20.97 20.65 33.63 33.72 3.49 3.36 14.18 14.33 
Tb(CTHaO2CI)3.7H20 21.14 21.20 33.55 33.17 3.49 3 . 5 5  14.15 14.36 
Dy(C7H402C1)3-7H20 21.52 21.26 33.40 33.39 3 . 4 7  3 . 2 9  14.08 14.14 
HO(CTH402CI)3.2H20 24.70 24.27 37.78 37.24 2 .41  2.44 15.93 16.10 
Er(CTH402C1)3 26.38 26.23 39.79 39..50 1 .91 2.04 16.78 16.68 
Tm(CTH402CI)3 26.58 25.64 39.68 39.44 1.90 1.87 16.73 16.46 
Yb(C7H,O2C1)3 27.05 26.35 39.43 39.20 1.89 1.79 16.63 16.61 
Lu(C7H402CI)3 27.2"/ 26.73 39.31 39.26 1.89 1.80 16.58 16.60 

J. Thermal Anal. 32, 1987 
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Y and Ce(III) as pentahydrates, that of Nd as the tetrahydrate, that of Ho as the 
dihydrate and those of Er, Tm, Yb and Lu as anhydrous salts. 

The IR spectra of the prepared complexes were recorded over the range 
4000-400 cm-1. They are similar to one another. Analysis of the IR spectra 
confirmed the compositions of the complexes. The X-ray spectra revealed that the 
prepared complexes are crystalline compounds with large unit  cells. They are 
characterized by low symmetry. The thermal stabilities of La and the light 
lanthanide 3-chlorobenzoates were studied by heating these complexes in air 
atmosphere to 1773 K, whereas the complexes of Y and the heavy lanthanides 
(which are less stable) were heated to 1273 K. The measurements were made on a 
Q-1500 D derivatograph. The TG, DTG and DTA curves were recorded. The 
samples were heated in platinum crucibles at heating rates of 5 and 15 deg. min- 1 

for Y and the heavy lanthanide complexes and at heating rates of 7.5 and 
15 deg. min- 1 for La and the light lanthanide complexes. Alumina was used as a 
reference material. From the thermal curves of La and lanthanide 3-chloro- 
benzoates, the temperatures of thermal decomposition were evaluated and are 
presented in Tables 2 and 3. As examples, the TG, DTG and DTA curves of Y, La 
and Ho 3-chlorobenzoates, recorded at a heating rate of 15 deg" min- 1, are given in 
Figs 1-3. The natures of the solid decomposition products were calculated from the 
weight losses in the TG curves and were confirmed by recording IR spectra and on 
the basis of chemical analysis. 

Results and discussion 

When heated, the 3-chlorobenzoates of Y, La and the lanthanides decompose in 
different ways (Tables 2 and 3, Figs 1-3). The hydrated complexes of Y, La, 
Pr(III), Nd, Sm, Gd, Tb(III) and Dy decompose in three steps. They are stable up to 
323 348 K, but then lose some water molecules in the range 343-453 K, this step 
being accompanied by a strong endothermic effect. 

The hydrates of La and Pr(III) lose three water molecules in the first step, those of 
Nd and Sm two, those of Eu and Y four, and those ofGd, Tb(III) and Dy five water 
molecules. The hydrates obtained next melt, this process involving a strong 
endothermic effect, and then decompose in the temperature range 455-1008 K to 
the oxychlorides LnOCI, which are converted to the oxides Ln2Oa, Pr6Oxl and 
Tb407 at 863-1663 K. The burning of the organic ligand is accompanied by an 
exothermic effect at 833-873 K. The pentahydrate of Ce(III) 3-chlorobenzoate is 
stable up to 343 K, buth then loses its crystalline water in two steps to yield the 
anhydrous salt, which melts at 583 K. This salt is stable up to 583 K and then 
decomposes directly to CeO z in the temperature range 583-948 K. The dihydrate of 

J. Thermal Anal. 32, 1987 
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[ |  [ I 
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Temperature , K 

Fig. 1 TG, D T G  and DTA curves of  

Y(CvH402C1)3" 5H20 

Exo 
,t 

T/ ! ~ 
Endo 
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4o 

~ 60 

~ 8o 

lO0 I 
373 573 

L, 

,, 
I| 

| 

I I I I 
773 973 1173 1373 1573 

Temperoture, K 

Fig. 2 TG, D T G  and DTA curves of  

La(CvH402CI)3 -7H20  

T a b l e  4 Temperature of  rare earth oxide formation 

Tk, K La Ce Pr Nd Sm Eu Gd 
V 

7.5 deg/min 1663 948 1551 1485 1401 1353 1308 

15 deg/min 1603 883 1538 1456 1381 1293 1273 

A T k 60 65 13 29 20 60 35 

Tk, K Tb Dy Ho Er Tm Yb Lu Y 
V 

5 deg/min 1193 1193 1161 1118 1093 1088 1 0 9 3  ,1143 

15 deg/min 1223 1173 1173 1138 1133 1138 1118 1158 
AT~ 30 20 12 20 60 50 . 25 15 

J. Thermal Anal 32, 1987 
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Exo 

l 
&T 
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EnOo 
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373 573 773 973 1173 1373 

Temperature, K 

Fig. 3 TG, DTG and DTA curves of Ho(C7H402C1) 3 �9 2H20 

of the Ho complex decomposes in two steps. In the first step it loses two water 
molecules and then decomposes m the temperature range 441-873 K to HoOCI, 
which is converted to the oxide Ho203 ate73-1161 K. The anhydrous complexes of 
Er, Tm, Yb and Lu decompose in two steps when heated. In the temperature range 
460-933 K they decompose to LnOC1, which are converted to the oxides Ln20 a at 
885-1118 K. The melting temperatures of the prepared complexes were determined 
at heating rates of 15, 7.5 and 5 deg-min -1 (Table 5). The obtained results are 
consistent. Anhydrous Ce(III) 3-chlorobenzoate has the highest melting point, and 
the holmium salt the lowest one. The complexes of the heavy lanthanides melt at 
lower temperatures than the complexes of the light lanthanides. The melting 
temr eratures of the 3-chlorobenzoates vary periodically with increasing atomic 
numk~er of the metal in the lanthanide series. 

The temperatures of oxide formation depend on the rate of heating of the sample. 
At a heating rate of 15 deg- min- 1 the temperatures of oxide formation are lower 
than those at heating rates 7.5 or 5 deg. min- ~ (Table 4). The temperatures of rare 
earth oxide formation decrease with increasing atomic number and ionic potential 
in the lanthanide series (Table 4) and for the heavy lanthanides are markedly lower 

J, Thermal Anal. 32, 1987 
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I I t I I I I 1 1 l I 
16 

'Y 14- 

12 - ! I  

1 0 -  

8 I I 4 I I I p 
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xu l/rM ~ A 

Fig. 4 Relationship between T k and l / r~  (Goldschidt's value) 

Table 5 Melting points of Y, La and lanthanide 3-chlorobenzoates 

V 

Melting point 
T,,K 

La Ce Pr Nd Sm Eu Gd 

7.5 deg/min 513 583 491 525 508 513 498 
15 deg/min 513 580 488 525 505 510 496 
3T, 0 3 3 0 3 3 2 

V 

Melting point 
T . K  

Tb Dy Ho Er Tm Yb Lu Y 

5 deg/min 469 455 441 463 473 483 483 465 
15 deg/min 471 458 444 465 475 483 485 468 
A T  t 2 3 3 2 2 0 2 3 

than for the light lanthanides, except cerium (Fig. 4). CeO 2 has the lowest 
temperature of formation and the anhydrous complex decomposes directly to the 
oxide. Analogous findings are very often observed during studies of comp exes in 
the lanthanide series. 

J. Thermal Anal. 32, 1987 
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Zusa ramenfassung- -  Die Bedingungen der thermischen Zersetzung der 3-Chlorobenzoate yon Y und La 

sowie die der Lanthanide  von Ce(III) bis Lu wurden untersucht.  Die Kgmplexe von La, Pr(llI), Sm, Eu, 

Gd, Tb(II1) und Dy warden als Heptahydrate ,  die von Ce(ll l)  und Y als Pentahydrate,  der von Nd als 

Tetrahydrat, der von Ho als Dihydrat und die von Er, Tm, Yb und Lu als wasserfreie Salze dargestellt. 
Beim Erhitzen zersetzen sich diese Komplexe in drei oder zwei Schritten. Sie verlieren zuniichst einige 

Wassermolekiile und zersetzen sich dann zu den Oxiden, wobei intermedi/ir LnOCI gebildet wird. 

Cer(l I I)-3-chlorobenzoat gibt das Kristallwasser in zwei Schritten unter  Bildung des wasserfreien Salzes 

ab, welches sich dann  direkt in CeO 2 umwandelt .  Alle diese Komplexe schmelzen vor der Zersetzung im 
Temperaturbereich von 441-513 K. 

ee31m~e lel3ytleHb~ ycaoBna TepMHqecKoFo pa3.JIO)KeHHfl 3-X21op6eH3OaTOB ItTTpHil, JIaHTaHa H 

.JIaHTaHOH~tOB. KOMII.JIeKCbl .aaHTaaa, ripa3eo~tHMa, caMapHa, eBpOHH~, ra.ao.aHnxx, Tep6r~a H 

JIHCHpO3H~ 6bLaH noYiyqeHbl B BH,Ke FeHTaFH~IpaTOB, cepHg H HTTpHfl - -  B Bitgle HeHTaF1,LapaTOB, 

HeO,aHMHg - -  TeTparH~paTa, FOJIbMHII - -  JlarnapaTa, a KOMnaeKc~ 3p6Ha, TyJIHg, HTTep6I, Ig H 

JIIOTelLHfl - -  B BHIle 6e3BO2/UblX COJle~. Bce yKa3aHHl~e KOMnaeKCta upa  HarpenaHHH paaalarmoTca a ABe 

H2aH Tpn cTaaHn. CHaqa.aa OHH TepmoT HecKoabxo MOaeKya so)Ira, a 3aTeM pa3aarmoTca ao OXHCJIOB 
qepe3 npoMeXXyToqnylO cTaanlO o6paaoaaHna LnOCI. 3-x.rIop6eHaoaT Tpexaa_aenTnoro uepaa TepaeT 

l~pncTa.aa3atmoHHyro sony 8 ~ae CTa~HH, aaaa~[ 6e3Boanyro co Jib, KoTopag 3aTeM pa3haraeTca npaMo 
4o ~aayoracn uepna. 1-Iepe~ pa3JtoxenHeM ace gOMn.qercm n~aaaTCa B nnTepBa.ae TeMnepaTyp 
441-513 K. 
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