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The modes of decomposit ion of a few rare ear th metal  formates and benzoates were 
studied by the use of DTA,  DSC, T G  and  D T G  techniques in air, ni trogen and  
vacuum. The volatile products and residues were identified. The activation energies 
of decomposit ions and  the heat  of reaction for transit ions were calculated. 

The decomposit ion of the rare earth metal formates gave carbon dioxide and water 
as their volatile products  and  the benzoates gave benzil and probably  benzophenone  
in the case of l an thanum benzoate  and  biphenyl in the case of  other  rare ear th metal 
benzoates, as their main volatile products,  leaving the corresponding trioxides as 
their final residues. 

Although the formates of rare earth metals have been prepared by a number of 
workers [ 1 -5] ,  the systematic study of their thermal decomposition has not been 
done. Deshpande and Mizra [4] have studied the decomposition in air and 
nitrogen but not in vacuum. We have studied the thermal behavior of the formates 
in air, nitrogen and vacuum. We have also prepared and studied some rare earth 
metal benzoates under the same conditions. This paper describes the mode of de- 
composition of these compounds in different media, gives the heat of reaction for 
phase transitions of rare earth metal benzoates, and the activation energies for the 
decomposition of formates and benzoates. 

Considerable interest exists in the study of changes which occur in solid in- 
organic compounds as they are uniformly heated. By studying such changes much 
information can be gained concerning the mode of decomposition, phase changes, 
energies of transition, heats of decomposition and similar properties. Also one 
often discovers novel methods of preparing compounds. 

In this study we have examined the thermal behaviour of rare earth metal 
formates and benzoates by differential scanning, differential thermal and thermo- 
gravimetric techniques. The differential scanning technique yielded information 
which enabled us to identify transitions and compute enthalpies of transition. The 
thermogravimetric technique enabled us to determine modes of decomposition 
and compute activation energies. 

* Abstracted in par t  f rom a thesis submit ted by R. Panayappan to the Graduate  School 
of  Howard University in partial  fulfillment of  the requirement  for the degree of P h . D .  
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Experimental 

Starting materials. The source of the lanthanide materials was lanthanide 
oxides 99.99 percent pure. They were purchased either from Research Chemicals, 
Inc., Burbank, California, or Lindsay Chemical Division, West Chicago, Illinois. 
Formic acid and sodium benzoates were reagent grade. 

Preparation. All the formates were prepared by the method described by 
Ambrozhii and Osipova [6]. The rare earth metal benzoates were prepared by the 
method published by Taylor, Carter and Wynter [7]. 

Apparatus and procedure. Measurements were made with the Du Pont Differential 
Thermal Analyzer (DTA), differential scanning calorimeter (DSC), models 900 
and 990, and the thermogravimetric analyser (TGA), models 950 and 951. The 
TGA, model 951, possesses derivative thermogravimetric (DTG) capability. The 
infrared 621 Perk in -Elmer  spectrophotometer was used for obtaining IR spectra 
of TG residues and volatile products. A Coleman-33 carbon hydrogen analyzer 
was used for the determination of carbon and hydrogen. 

Differential thermal studies were performed by placing about 3.0 nag of the 
sample in a quartz tube, 4.0 mm deep. Alumina was used as the reference. In all 
cases the thermocouples were immersed inside the sample and reference. 

Differential scanning studies were performed by placing 5.0 to 15.0 mg of the 
sample in an aluminum sample pan and using an empty aluminum pan for a 
reference. Both pans were covered by a bell Jar which permitted the use of various 
atmospheres. Data for thermal curves were plotted as Aqs (the difference between 
the heat energy absorbed by the sample and reference) versus temperature or time 
as required. 

Thermogravimetric analysis was performed on 5.0 to 20.0 mg samples in 
various atmospheres usually at a heating rate of 20~ The TG  results were 
plotted as weight lost against temperature. D T G  curves were obtained as the rate 
of  weight lost against temperature. 

The sample holder was a small platinum boat (about 0.5 cm in depth), opened 
at both ends, attached to a quartz rod. The thermocouple was adjacent to the boat 
but not touching it. The samples were loaded by means of  a microspatula. A 
stream of dry air, ultrapure nitrogen or CO 2 was passed around the samples. 

Results and discussion 

Rare earth metal formates 

The composition of the formates was verified by analysis for  carbon and 
hydrogen. The data for the analyses are given in Table 1. In most cases the ex- 
perimental result approximates closely the values required by theory. The agree- 
ment for Sm(OOCH)3 is poor but the thermogravimetric analytical data indicated 
a pure compound. The benzoates were analyzed in a similar manner. The data 
are given in Table 2 where again the agreement is seen to be quite good. 

3-. Thermal  Anal .  6, 1974 
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Differential thermal analysis 

DTA data obtained for the formates of  La, Sin, Eu, Tb and Er are summarized 
in Table 3. The formates of  La, Sm and Er exhibited a broad endothermic tran- 
sition in the vicinity of  160 ~ Eu and Tb formates exhibited a sharp exothermic 

Table 1 

Carbon-hydrogen analysis of rare earth metal formates 

Compound 

La(OOCH) 3 
Sm(OOCH)3 
Eu(OOCH) 3 
Tb(OOCH)3 
Er(OOCH) 3 

carbon 

found calc. 

hydrogen 

Table 2 

13.2 
13.3 
12.1 
12.1 
11.9 

13.1 
12.9 
12.6 
12.2 
11.9 

Carbon-hydrogen analysis 

found 

1.13 
1.07 
1.28 
1.05 
0.99 

talc. 

1.10 
1.19 
1.05 
1 .02  
0.99 

of rare earth metal benzoates 

Compound 

La(BZ) 3* 
Nd(BZ) z 
Eu(BZ)~ 
Tb(BZ) 3 
Er(BZ) z 

* BZ = C6H5CO- ~ 

% 

calc. 

hydrogen 

found 

49.90 
49.36 
48.87 
48.40 
47.87 

carbon 

50.20 
49.96 
48.93 
48.28 
47.53 

found 

3.19 
3.04 
2.83 
2.91 
2.98 

calc. 

2.98 
2.96 
2.90 
2.87 
2.83 

Table 3 

DTA data for rare earth metal formates in air (Temperature, ~ 

La(OOCH)3 S m ( O O C H ) 3  E u ( O O C H ) ~  T b ( O O C H ) a  Er(OOCH)z 

160 - 200, 
Endo (b) 

420, Endo 
(s, sp), d 

450, Endo 
(m, sp) 

770, Endo (sp) 

155--195, 
Endo (b) 

420, Endo 
(s, sp), d 

749, Endo (s, sp) 

275, Exo (sp) 
405, Endo 

(s, sp), d 
455, Endo 

(w, sp) 

720, Endo (w) 

265, Exo (s, sp) 
405, Endo 

(s, sp), d 

715, Endo 
(m, b) 

130 - 170 ,  
Endo (b) 

310, Endo 
(s, sp) (d) 

345, Endo (w) 

380, Endo (w) 
500, Exo (m) 

b = broad, d = decomposition, m = medium, s = strong, sp = sharp, w = weak 
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t r ans i t ion  in the  n e i g h b o r h o o d  o f  270 ~ All  c ompounds ,  except  Er  fo rmate ,  
s ta r ted  decompos ing  above  400 ~ , the  la t te r  s ta r ted  decompos ing  above  300 ~ . 

The  decompos i t i on  p r o d u c t  appea r s  to be a bas ic  ca rbona te .  The  decompos i t i on  
t empera tu res  a p p e a r  to decrease wi th  increas ing a tomic  number  o f  the metal .  The 
final decompos i t i on  occur red  above  700 ~ and  was endothermic .  The  final decom-  
pos i t ion  t empera tu re  o f  Er  formate ,  which  exhib i ted  an  exothermic  peak  at  500 ~ 
was indefinite.  

Thermogravirnetric analysis 

Thermograv ime t r i c  analyses  da t a  ob ta ined  for  the  same c o m p o u n d s  are sum-  
mar ized  in Table  4. The symbols  are  defined as fo l lows:  Ti is for  the t empera tu re  
o f  incept ion ,  Ts for  the t empera tu re  at  which the reac t ion  is m a x i m u m  and  Tr for  
the t empera tu re  a t  which the reac t ion  ends.  In  mos t  cases the  decompos i t i on  
occur red  in two stages in accordance  wi th  the  equa t ion  

2Ln(OOCH)3  ~ Ln202 �9 COa ~ Ln2Og. 

Table 4 

Procedural decomposition temperatures (~ for rare earth metal formates 

Compound  

La(OOCH) 3 
Vacuum 
N~ 
Air 

Sm(OOCH) 3 
Vacuum 
N~ 
Air 

Eu(OOCH) 3 
Vacuum 
N2 
Air 

Tb(OOCH), 
Vacuum 
N2 
Air 

Er(OOCH) 8 
Vacuum 
N2 
Air 

Tj 

350 
310 
350 

310 
280 
305 

320 
310 
310 

380 
210 
320 

280 
230 
280 

1st stage 

Ts 

400 
395 
430 

Tf 

450 
470 
480 

440 480 
420 480 
420 470 

380 440 
405 470 
390 405 

445 
420 
410 

360 
315 
350 

560 
460 
430 

420 
370 
400 

Ti 

m 

670 
740 

600 
650 

530 
610 

540 
535 

59O 

2nd stage 

Ts 

m 

74O 
815 

680 
690 

590 
650 

610 
565 

Tf 

950 
780 
880 

700 
720 
740 

700 
690 
680 

880 
660 
600 

950 
920 
650 
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TAYLOR,  P A N A Y A P P A N :  RARE E A R T H  FORMATES A N D  BENZOATES 677 

The DTA data for the lanthanide formates (Table 3) indicate a more complex 
mode of decomposition than the one shown above. A monoxycarbonate, 
Ln20(CO~) 2, may be formed in the case of Eu(OOCH)3 and Tb(OOCH)3, as has 
been suggested by Kavadia and Mathur [5]. 

t 

,..,-12 

,o I- ,,,._ 
8 -- 

6 - -  

4 . - -  

2 -  

600 700 800 

Ternperature~ *C 

Fig. 1. TG and DTG curves of lanthanum formate in vacuum 

Data in Table 4 indicate that the oxycarbonates usually decompose below 950 ~ 
However, the dioxycarbonate can exist at temperatures higher than 1000 ~ in an 
atmosphere of CO 2. 

Observation of Table 4 indicates no appreciable variation in decomposition 
temperatures with the nature of the medium for the first stage of decomposition, 
except in nitrogen where the decomposition temperatures were usually slightly 
lower. In vacuum no clear cut indication of the second stage decomposition was 
obtained other than the final decomposition temperatures. 

The second stage of the decomposition, just as the first stage, showed very little 
variation of decomposition temperature with the nature of the media. In general 
the characteristic temperatures appear to decrease with increasing atomic number 
but there are exceptions. 

J.  Thermal Anal.  6, 1974 
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Table 5 

Data for the composition of the decomposition products of rare earth metal formates 

Mole wt. Mole wt. 
Wt. o f  sample of  first residue of  second residue 

Compound  

Exp. Calc. 

La(OOCH) 3 
Sm(OOCH) 3 
Eu(OOCH) 
Tb(OOCH)8 
Er(OOCH) 3 

mg mmole  

13.9 0.0507 
12.0 0.0420 
10.8 0.0376 
11.65 0.0396 
13.8 0.0457 

Exp. Calc.* 

186.4 185.0 
193.0 196.0 
199.6 198.0 
202 205 
210.2 213 

163.7 163 
175.8 174 
t71.0 176 
188 187 (Tb4OT) 
192.6 191.0 

* Assuming 1/2 Ln~02CO 3. 

I 
~' ,2 L'--- 
g 
"& 
3: 

10 

0 ~ 500 600 

_ T e m p e r a t u r e j  ~ 

Y 
Fig. 2. TO and DTG curves of lanthanum formate in air 

Some typical thermal  curves for the decomposi t ion of rare earth metal  formates 
are given in Figs 1, 2, 3 and  4. Data  support ing the mode of decomposi t ion  are 
recorded in Table 5. One sees that  the agreement  between the experimental  results 

and  the calculated results is quite good. 

d. Thermal Anal. 6, 1974 
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Fig .  3.  T O  a n d  D T G  c u r v e s  o f  l a n t h a n u m  f o r m a t e  in n i t r o g e n  

o 
Ud 

l 

z~T 

I 
o 

t~ 

J c----" 

~ 5 ~ 

r f _[ f r r 
~oo 30o t.oo 5o0 60o 7oo soo 

Temperoture ~ ~ 

Fig. 4. DTA curves of samar ium formate in air  
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In addition to mole weight, infrared spectra were also used to identify the 
decomposition products of neodymium formate. 

Infrared spectral data are listed in Tables 6 and 7. The band agreement supports 
the identification of the compounds. The bands observed agree with the bands 
reported by Goldsmith and Ross [9] for neodymium oxycarbonate. The final 
decomposition product, Nd~O3, yielded the infrared bands 675, 410 and 235 cm -1. 
Goldsmith and Ross gave the bands 440, 320 and 285 cm -1 and McDevitt and 
Baun [10] listed the band, 655 cm -1. 

Activation energies 

The activation energies for these decompositions were calculated by the method 
of Horowitz and Metzger [11 ] with the modification given by Dharwadkar and 
Karkhanavala [12]. The equation used for the calculation is: 

Ea = Slope �9 Tf - Ti RTi2 (T = degrees Kelvin) 
100 

W -  W~ 
A typical slope obtained by plotting In In Wo - W~f vs. O is given in Fig. 5. 

Here O - - T -  Ts, W = weight remaining at a given temperature, W0 = 
initial weight and W[ is the final weight for that particular decomposition step. 
Obtaining the slope by actually plotting the data proved rather tedious. It was 
more conveniently obtained with the use of a computer programme written with 
the help of Professor Elton Price of the Chemistry Department and Mr. Charles 
Moore of the Computer Center. 

. . . r  I 
- 6 0  - 4 0  / o  / - 20  

.oJ 
Fig. 5. Typical In In 
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20 40 
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TAYLOR, PANAYAPPAN: RARE EARTH FORMATES AND BENZOATES 681 

T a b l e  8 g ives  t he  a c t i v a t i o n  energ ies  c a l cu l a t ed  fo r  the  first  s tep o f  d e c o m p o s i t i o n  

in air,  n i t r o g e n  a n d  v a c u u m .  T h e  a c t i v a t i o n  energ ies  a p p e a r  to  dec rease  w i t h  in-  

c reas ing  a t o m i c  n u m b e r  in a i r  a n d  n i t rogen ,  excep t  fo r  t e r b i u m .  T h e  va lues  in  

Table 6 

Data for infrared spectrum of neodymium formate 

Frequencies in cm -x 

Observed 

2945 
1570-1610 

1440 
1352 
1080 
780 

Reported [8] 

2930 
1587 
1401 
1353 
1080 
783 

Band assignment [8] 

C--  H stretch 
Asym. C - - O  stretch 
In-plane C - - H  bend 
Sym. C - - O  stretch 
Out of plane C - - H  bend 
Sym. C - - O  bend 

Table 7 

Data for the infrared spectrum of the intermediate decomposition product 
of neodymium formate 

Frequencies in em -1 

Observed 

1460 
1365 
1060 

830 
350-- 390 (bd) 

Reported for 
Nd202CO ~ [9] 

Baud assignment [9] 

1470 
1365 
1060 

830 
360 (bd) 

Assymmetric stretching 
Symmetric stretching 
Out of plane bending 

Table 8 

Activation energy data for the decomposition 
of rare earth metal formates 

Activation energies (keal]mole) in 

Compound air nitrogen vacuum 

La(OOCH) 8 

Sm(OOCH)a 
Eu(OOCH)~ 
Tb(OOCH)~ 
Er(OOCH) 3 

67.3 
68.6 
44.9 
39.4 
49.6 
33.4 

59.3 
60.1 
38.6 
43.3 
37.0 
29.5 

32.1 

36.6 

45.2 
36.0 

3". Thermal Anal. 6, 1974 
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vacuum are essentially the same with terbium deviating from the trend. The 
stability for the rare earth formate appears to decrease with increasing atomic 
number. Data for the second step of decomposition were not suitable for the 
calculation of activation energies. 

Rare earth metal benzoates 

Elemental analyses for carbon and hydrogen have been given in Table 2. 

Differential thermal analyses 

Differential thermal analytical data were obtained for the benzoates of La, Nd, 
Eu, Tb and Er. These data are summarized in Table 9. All these benzoates except 
erbium exhibited a sharp endothermic peak in the neighborhood of 250 ~ erbium 
benzoate exhibited the transition at 290 ~ The first endothermic transition was re- 
versible in all cases. However the cooling exotherm was not identical to the heating 
endotherm; these two temperatures approached each other more closely as the 
rate of cooling decreased, but as expected, never became identical. These peaks 
apparently represent transition temperatures. The final decomposition occurring 
around 600 ~ was endothermic. 

Table 9 

DTA temperatures (~ for rare earth metal benzoates in air 

Lanthanum Neodymium I Europium Terbium Erbium 

245, Endo 
(w, sp) 

565, Endo 
(w, b) 

620, Endo (w) 

630, Endo 
(w, sp) 

240, Endo 
(m, sp) 

580, Endo 
(m, sp) 

590, Endo 
(m, sp) 

250, Endo 
(w, sp) 

545, 555, Endo 
(m, sp) 

235, 250, Endo 
(s, sp) 

570, Endo 
(s, sp) 

500, Endo 
(w, sp) 

b = broad, m = medium, s = strong, sp ----- sharp, w = weak 

290, Endo 
(m, sp) 

590, Endo 
(s, sp) 

618, Endo 
(s, sp) 

Differential scanning calorimetry 

Differential scanning calorimetric data of  the first transition for La, Nd, Eu, Tb 
and Er benzoates were obtained. Observe that the DSC temperatures are quite 
close to the DTA temperatures listed in Table 9. The values of AH (kcal/mole) 
and the transition temperatures are summarized in Table 10. 

The values for AH are calculated using the equation given in the Du Pont 990 

ft. Thermal  AnaL  6, 1974 
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instruction manual [13]. The basic equation is AH (mcal/mg) = A (60 BEAq~), 
m 

where A = peak area (sq. in.), m = sample mass (mg), B = time base setting 
(min/inch), E = cell calibration coefficient at the temperature of  transition (di- 
mensionless) and Aqs = Y axis range (mcal/sec/in). The quantity (60 BEAq~) in 

Table 10 

Differential scanning calorimetric data 
for the rare earth metal benzoates 

Transition 
Compound temp., AH(kca l /mole )  

~ 

La(OOC �9 CGHs) z 
Nd(OOC �9 C6H5) a 
Eu(OOC �9 C6H5) z 
Tb(OOC �9 C6H5) * 
Er(OOC �9 C6H5) z 

252 
240 
247 
250 
285 

4.4 
8.7 

11.7 
12.9 
12.6 

mcal/sq, in. is constant for any given set o f  instrument settings. It can be used to 
convert area directly into heats o f  reaction. 

From Table 10 it is seen that the heat o f  transition gradually increases as the 
atomic number increases. 

Thermogravimetric analysis 

Thermogravimetric analysis data were obtained for these same compounds.  The 
results are summarized in Table 11 and 12. In most  cases the decomposit ion 
occurred in three stages in accordance with the equation, 

2Ln(OOC.C6Hs)3 

0 ~ O 0  

O = C  / ~ L n - O - L n  / ~ C = O  "~t~- - / "  ~ -  A + C.I_Is_~_C[ C6i_i5 

~ 0 /  Ln,03 + 2C0e~ 

0 0  
II II 

,- (C6HsCOO)2-Ln-0-Ln-(COOC6Hs)2 + CBHs-C-C-C6H5 + 0e 

+ C~H~-CsH~ 

Support for this mechanism is given by the data in Tables 11 and 12. Pro- 
cedural decomposit ion temperatures in Table 1 t support a three step mechanism 
and mole weight data in Table 12 support the decomposit ion products postulated. 

Y. Thermal Anal. 6, 1974 
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DSC,  T G  and D T G  curves obtained for  neodymium benzoate are given in Figs 6 
and 7. The three steps mode  o f  decomposi t ion is clearly indicated in the T G  curve 
in Fig. 7. 

i ) 
Aqs 

! 
I 0.2 rnca[/sec 

S 

2z,5 ~ 

I ~ I [ . . L  I i _i 
180 190 200 210 220 230 2Z, O 250 260 

Temperoturej ~ 

Fig. 6. DSC curves (heating and cooling) of neodymium benzoate in air 

I 

~5 

z, 

3 

2 

] 

0 
t00 

2 I o o ~ o  ~ I I 40O 500 60O 

Ternperctture~ ~ 

- I  - -  

Fig. 7. TG and DTG curves of neodymium benzoate in vacuum 
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Table 11 

Procedural decomposition temperatures (~ for rare earth metal benzoates 

685 

C o m p o u n d  

La(COOC6H~)3 
Vacuum 
N2 
Air 

Nd(COOC6Hs) 3 
Vacuum 
N2 
Air 

Eu(COOC6Hs) 3 
Vacuum 
N2 
Air 

Tb(COOC~Hs) 3 
Vacuum 
N2 
Air 

Er(COOC6Hs)3 
Vacuum 
N2 
Air 

Tt 

250 

300 

220 

1st stage 

390 450 

3 4 0 3 7 0  

365 

460 
440 
470 

2nd stage 

T~ Ts 

530 550 
515 580 
495 510 

485 505 
570, 585 (620) 
430 ] 465 

I 
420 [ 465 
550, 585 (610) 
445 E 450 

510 [ 520 
540, 580 (640) 

- -  [ - -  

(610) 

ri 

55O 
58O 
765 

505 

470 

465 

460 

3rd stage 

550 ] 
560, 570 
470 I 

Ts 

640 -- -- 
490 490 510 

650 
(720) 
810 

510 

500 

510 

610 

520 

520 

520 

Table 12 

Data for the composition of the decomposition products of rare earth metal benzoates 
in vacuum 

Com ,ound 
Mole wt. of Mole wt. of Mole wt. of 

Wt. of samples first residue second residue third residue 

116.814"9nag5.65"0 [ mmoles0.010730.03270.009860.02973390'5exp'__9__5.5 [ calc' i exp'__3__94389213186"8 ] S  J'i 212"185+calc'__ 17211~443167exp" [ eale.180174168163 

(Tb~O 7) 
5.6 0.01060 -- -- 196 191 

La(CoHsCOO) 3 
Nd(C6HsCOO) 
Eu(CoH5 COO) 3 
Tb(C6H~COO) a 

Er(C6HzCOO) 3 

+ 1/2 La20~CO 3 
* 1/2 Ln20(CO3) ~ 

J. Thermal Anal. 6, 1974 
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Further support for the mode of decomposition proposed was obtained by 
analysing the volatile decomposition product coming out of the furnace. This 
product condensed as yellow needles which melted at 94 -95  ~ the melting point 
of benzil. An infrared spectrum of the compound also proved to be identical with 
that of benzil. 

By holding the temperature at 420 ~ it was possible to isolate the first decom- 
position product which proved to be benzil. By heating the residue to a higher 
temperature a second decomposition product was obtained which proved to be 
benzil also. We were unable to isolate the product assumed to be biphenyl. 

The examination of Table 11 reveals no appreciable variation in decomposition 
temperatures in vacuum and air except for La and Eu benzoates. In nitrogen only 
one stage of decomposition is clearly indicated in the TG curves. The residues, in 
nitrogen, were contaminated with carbon and hence an attempt to get an IR 
spectra was unsuccessful. 

The benzoates of Eu, Tb and Er also decomposed to yield benzil, thus it is 
assumed that their mechanism of decomposition is essentially the same as that of 
neodymium even though the three distinct steps of decomposition were not 
clearly indicated in their thermal curves. 

The mode of decomposition of lanthanum benzoate is believed to differ from 
that of neodymium benzoate in that the decomposition product, lanthanum- 
oxybenzoate, decomposes first to lanthanum dioxymonocarbonate and then to 
lanthanum trioxide and carbon dioxide in accordance with the equation 

O O 
[] II 

2La(OOC.C6Hs)3 ~ (C6H~COO)2-La-O-La-(COOC6Hs)2 +C6Hs-C-C-C6H~ + 02 

o o 
If 

La202.CO3 + CSHs-C-C-C6H5 + C6H~-C-O6H5 + 1/202 ,~ 

- ' ~  La2Oa + CO_- 

Table 13 

Da ta  for  the infrared spec t rum of l a n t h a n u m  d ioxymonoca rbona te  

Frec uencies in cm-1 

Observed Reported [9] Band assignment [9] 

1460-- 1480 
1390 
1050 

845 
350 

1448 
1360 
1048 

844 
360 

Asymmetr ic  stretching 

Symmetric  stretching 
out-of-plane bending 
oxide 
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We were unable  to isolate the product  assumed to be benzophenone .  
The second residue ob ta ined  from a T G  curve of l a n t h a n u m  benzoate,  in 

vacuum,  is used to obta in  an  I R  spectrum which supports  the fo rmat ion  of  
La202 �9 CO3 intermediate.  The data  are summarized  in Table 13. 

A c t i v a t i o n  e n e r g i e s  

The act ivat ion energies calculated for these decomposi t ions  in air and  vacuum 
are summarized  in  Table 14. 

Table 14 

Activation energies (kcal/mole) for the decomposition 
of rare earth metal benzoates 

Compound Vacuum Air 

La(COOCGHs) 
Nd(COOC6Hs), 
Eu(COOC6Hs) a 
Tb(COOC6Hs), 
Er(COOC6Hz) 3 

30.1 
21.7 
25.0 
33.0 
32.2 

37.3 
19.9 
26.6 
29.3 
23.3 

It may be stated that  the act ivat ion energies of decomposi t ion  of  La, Tb  and  Er 
benzoates  seems to increase in vacuum and  decrease in air as the a tomic n u m b e r  
increases. The exceptions are Nd  and  Eu benzoates.  It  also appears that  the acti- 
va t ion  energies of decomposi t ion of Eu benzoate,  bo th  in vacuum and  air, seem 
to be higher than  those of N d  benzoate.  
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R ~ S U M ~  - -  On a 6tudi6 la d6compos i t i on  des fo rmia t e s  et benzoa tes  de que lques  terres  razes 
pa r  A T D ,  D S C ,  T G  et T G D .  On  a identifi6 les p rodu i t s  volat i ls  a ins i  que  les rdsidus.  On  a 
calcul6 les 6nergies  d ' ac t iva t ion  des d6compos i t i ons  et la cha leur  des r6ac t ions  de t rans i t ion .  

Les  fo rmia t e s  des terres  rares  d o n n e n t  c o m m e  p rodu i t s  de d6compos i t i on  volat i les  de 
l ' a n h y d r i d e  c a r b o n i q u e  et de l ' eau ,  t and i s  que,  dans  le cas  du  benzoa t e  de l a n t h a n e ,  on  
ob t i en t  du  benzyle  et, p r o b a b l e m e n t ,  du  b e n z o p h 6 n o n e .  Les au t res  benzoa t e s  de terres  
ra res  f o u r n i s s e n t  du  d iph6nyle  e o m m e  pr inc ipa l  p r o d u i t  volat i l .  Les  t r ioxydes  respect i fs  
f o r m e n t  le r6s idu  final. 

Z U S A M M E N F A S S U N G  - -  Der  Ver l au f  der  t h e r m i s c h e n  Ze r se t zung  einiger se l tener  E rdme ta l l -  
F o r m i a t e  u n d  -Benzoa te  wurde  un t e r  A n w e n d u n g  der  D T A ,  D S C ,  T G  u n d  D T G - T e c h -  
n iken  s tudier t .  D ie  fl i ichtigen P r o d u k t e  u n d  die Rt icks t / inde  wurden  identifiziert .  Die  Akt i -  
v i e rungsene rg i en  der Ze r se t zungsvorg / inge  u n d  die Reak t i onswf i rmen  der 0berg~inge  wur-  
den  ermit te l t .  

D ie  Z e r s e t z u n g  der  se l tenen  E r d m e t a l l - F o r m i a t e  e rgab  K o h l e n d i o x i d  u n d  W a s s e r  als 
fl t ichtige P roduk t e ,  w h h r e n d  die B enzoa t e  - -  i m  Fal le  yon  L a n t h a n - b e n z o a t  Benzyl  u n d  wah r -  
sche in l ich  B e n z o p h e n o n ,  i m  Fal le  ande re r  se l tener  E r d m e t a l l - b e n z o a t e  B ipheny l  als fltichtige 
H a u p t p r o d u k t e  e rgaben .  Die  e n t s p r e c h e n d e n  Tr ioxide  verb l ieben  als  R t i cks t and .  

PearoMe - -  MeTodlaMrI )~TA, ,~CK,  T Y '  ~I ~ T F  ncczte~loBarlra Tnm,1 p a c n a ~ a  n e c r o m ,  I~nX 
~OpMHaTOB I,I 6eH3oaTOB. I/I/leHTI, IqbtlI~!,IpOBaHbI 3ieTy,tne Ilpo~yKT/~I II OCTaTI<I,I. ]2[Yl~ na631m- 
~aeM~,ix npeBpamenH~ paccm~TaHt, i 3Heprnri agTnBaIInH pacna~a  n Ten.riOBO/~ ~3~eKT pearIIm~. 

I I p~  pacna~e  ~0OpMrlaTOB pe/lKO3eMenbH•IX MeTaJ~JIOB 06pa3ylOTC~, B ga~eeTBe JIeTyqHx 
npo~lyI~TOB, ~ByOKI~ICb yrnepo~la r~ BoJla, a npri pacnaj le  6eH3OaTOB - -  6eHar~n I~, BO3MO)Kno~ 
6ei~30~berion, B cay~ae  6eH30aTa aariTaHa, H JlnqbeHnY~, B cnyqae  6eH3oaTOB JlpyrHx peAKo- 
3eMe.rlt,HBIX MeTaJ/JIOB, - -  xaK Hx OCtIOBI-IbIe ~eTyqIIe Hpo/lyKTI,I. }(oHe~IHI,IMH IIpojIyKTaMn B 
OCTaTI~e aBn~mTcz COOTBeTCTByIOIalIeIe TpI,IOK/cICI,I. 
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