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ABSTRACT 

A study of the thermal dccoi-.?osition, in air, of praseodymium and neo- 
dymium adipate and sebacate has suggested the decomposition pattern which fol!o-As 
(An represents either adipate or se’vntitz). The compounds were prepared by ‘~oJ,;o- 

geneous precipitation. 
For the adipates formed at pH greater than 5 as well as for the sebzcates 

precipitated at any pH: 

Ln,(An), - Ln,O(-4n), - I-r@, _S(An), .5 

Pr60r I+- 

I 

- Ln202AC03)0.5 

Nd203 + 

For the adipates formed at pH Iess than 5: 

- Ln,OJAn) 

1 
1 

t Ln,O,C03 

Ln2W-03 - Ln2%hW2.~ - Lnt%&WdAn)2 
+ 

Ln202C03 + Ln200.5(C03)2.5 - Ln200.5C03(An)l_5 
[ + Pr60tl 

I -+ Nd203 

The sebacates were precipitated quantitatively at pH greater than about 5.1; 
precipitation of the adipates was incomplete even at values of pH as high as 8.8_ 
The adipates were thermally stabIe up to 180°C whereas the sebacates underwent 
slow decomposition at temperatures ciose to 100°C. 

INTRODUCTION 

Thermal decomposition studies of Ianthanide dicarboxylic acid salts have 
focused chiefly on the oxalates *--I2 Investigations involving other lanthanidr: dicar- _ 

-is paper is based on a portion of the Ph.D. dissertation of A. M. Wynne, University of Massa- 
chusetts, Amherst, i970. 
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boxyhc saIts have been carried out however. These in&de the decomposition in air 

of the malonates, succinates, glutarates, adipates, pimelates, suberates, azelates, and 
sebacates of Cex3, Nd’“, and Eur’, the maIc?ates and succinates of ai1 the lantha- 
nidesr6, Dy sebacateii, and the fumarates znd succinates of Gd”, Dy and HOI’, 
and Yb”_ Decomposition in oxygen of the oxalates, mafonates, and succinates of 

La, Ce. Pr, Nd, and Sm has also been studied lo. 
In these investigations, al1 starting compounds were formed by heterogeneous 

precipitation_ The identification of intermediate solid residues, where made, has been 
based generahy on weight r4ationships taken from thermogravimetric curves obtained 
at a singIe heating rate. The latter has not always been specified. 

This work invoIves a thermogravimetric study of homogeneousIy precipitated 
praseodymium and neod_vmium adipates and sebacates. Thermogravimetric curves 

obtained at different heating rates as well as iscthermai decompositions, infrared 
absorption spectra, and eIementa1 analyses have been used to identify intermediate 
sohd residues_ Information thus obtained has been utilized in postuIating decom- 
position mechanisms_ 

Materials 

Praseodymium and neodymium solutions were prepared from the respective 
oxides. Both A. D. XcKay and private stock samples were used. The former were at 
least 99.9% pure and the Iatter were known to contain no more than traces of other 

elements. The oxides were dissolved in a small amount of 15 M Hi\i03. after which 
the solutions were diluted with water. 

The dicarboxyhc acids were Eastman White LabeI adipic and sebacic acids. 
Infrared spectra conformed to corresponding spectra in the SadtIer Index. 

Baker Reagent Grade urea was used in all experiments. 

The formarion of precipitates 
Precipitates were formed homogeneously by the hydroIysis of urea in 

25%3OO ml of aqueous soIution. Concentrations of Ianthanide ion were in the 

range 0.0141 M. The mole ratio of Ianthanide to dicarboxylic acid varied between 

1:3.5 and I:6. As IittIe as 2 g or as much as 12 g of urea was used. 
To neutralize any excess of HNOX used in dissolving the lanthanide oxide, the 

pH of the soiution was adjusted to 3-3.5 with aqueous NH3 prior to the hydroiysis 
of urea_ Sebacic acid, largely undissolved at this point, dissoived compIetely before 

any metai dicarboxyIate precipitate formed. 
Decomposition of urea and, hence, neutralization of the solution was effected 

by keeping the solution at 100°C. Precipitation was stopped simply by cooling the 
solution. Once the mixture cooled to room temperature, its pH was measured and 
this value has been designated as the pH of precipitation. The pH of precipitation was 
controlied by the length of time the hydro!ysis of urea was allowed to proceed after 
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the first appearance of metal dicarboxylate precipitate, although no attempt was 

made to develop a quantitative relationship. Values of pH greater than 6.5 required 
the use of aqueous NH, _ However. the Iatter was not added until urea hydrolysis had 
brought the pH to at least six. 

Each precipitate was collected by suction filtration and washed with large 

amounts of water to remove unreacted dicarbosylic acid. Since knowledge of the 
degree of hydration was not germane to this investigation, some precipitates were 
dried at I lOC, others were stored over Drierite, and still others were simply dried in 
air at ambient conditions. 

TG. Thermogravimetric anaIyses were done usins a Cahn RG Automatic 

EIectrobalance, Mode1 RG 2000. Samples were placed in a platinum boat suspended 
from a platinum wire in a Vycor tube. The latter was enclosed in a Marshall high 
temperature furnace. 

Temperature was controlled by an F & M model 240 Power Proportioning 
Temperature P*ogrammrr and measured usin, m a chrome!-alumel thermocoupIe. 
The latter was mocnted in a separate we11 within the Vycor tube cIose to the sampie. 
The difference in te.mperature between the we11 and the body of the tube was found 
to be insigmkant. Temperature and weight data were recorded on a. Gcuston 
Instrument Model HR-100 X-Y Recorder. 

All thermogravimetric curves were obtained in air at atmospheric pressure_ No 
effort was made to purge the system of evoIved _gases during a run. Since the Cahn 

electrobalance is characterized by sigificant electronic noise at atmospheric pressure. 
rather large sampIes (i.e., approximateIy 25 m,9 were decomposed in most cases and 
the instrument was operated at low sensitivity. 

For easier comparison, ali thermogavimetric curves have been reproduced in 
terms of relative weight. Relative wei_ght I.000 has been assigned to anhydrous 
starting material. 

IR. Infrared spectra were obtained with a Perkin-Elmer Model 137 NaCl 
Spectrophotometer. Decomposition residues were run in KBr discs. 

Henrental analyses. Analyses for meta1, carbon, hydrogen. and, in some cases, 
oxygen were provided by the Office of Research Services, University of Massachusetts, 
Amherst, Mass., under the direction of the late Mr. Charles F. Meade. 

RESULTS AND DISCUSSION 

As expected, the vaIue of pH at which precipitation started was a function of 
concentration. In seeneral, the sebacates first appeared at pH about 3.3; adipates at 
pH about 4. Precipitation of the lanthanide sebacates was complete at pH greater 
than abut 5.1. Quantitative precipitation of the Ianthanide adipates was never 
achieved, even at pH vaIues as high as 8.3. 
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Thermo@aGmetric curves for Pr,(C6HSOJ3 and Ndz(Cc;HsO&, shown in 
Figs. 14, indicate clearly that each decomposition involved a number of overlapping 
steps. Although the overall conversion was from Ln,(CeHs0J3 to the expected 
Pr60LL and Ndz03, the identification of intermediate forms can not be unequivocal. 

Fig. 1. Thermogra=Smctric cun-es for praseodymium adipate in air at atmospheric pressure. Curve 
I 422 @H of Pptn.); 23-S (weight at 1 SO’C, mg); 0.5 (heatingrate, ‘C min-I). Curve - - - - : 

6 (pH of Pptn.); 23-3 (u-eight at ISO’C. mg),; 0.5 (heating rate, “C rnin-‘). 

Fig_ 2. Thermogravimetric curves for praseodymium adipate in air at atmospheric pressure_ Curve 
- - - -I 4.22 (pH of Pptn.); 24.7 (weight at lSO”C, mg); 5 (heating rate ,“C min-‘). Curve 
6 (pH of Pptn.); 25.0 (weight at 180°C. mg); 5 (heating rate ,“C min-‘). Curve - X-X : 6 (PH of 
Pptn.); 24.2 (weight at 180°C. mg); 10 (heating rate, “C min-‘). 
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Fig. 3. T h c r m o g r a , A m e i r i c  c u r v e s  f o r  n e o d y m i u m  a d i p a t e  i n  a i r  a t  a t m o s p h e r i c  p r e s s u r e .  C u r v e  
. 4.02 (pH of  Pptn . ) ;  23.8 (weight at 180=C, rag); 0.5 (heat ing rate. °C n ' f in- t ) .  C u r v e  

- - =  5.36 (pFI o f  Pptn_); 26.0 (weight a t  180cC, rag); 0.5 (heat ing rate, *C rain-t). C u r v e  
o---o---o: 6.81 (pH  o f  Ppha.); 24.0 (v-eight at  180~C, rag); 0.5 (heat ing rate, =C m i n - ' ) .  
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Fip. 4. Thcrmogravimctric curves for neodymium adipatc in air at atmospheric pressure. C u r v e  
- -  4.02 (dOll o f  Pptn . ) ;  9_5.5 (weight a t  180 =C, rag);  5 (heat ing rate. °C r a i n -  ,). C u r v e  

5.36 (t)H o f  Pptn . ) ;  24.8 (weight at  180°C, mg);  S (heat ing rate, °C min -* ) .  

Such  ident i f icat ion o f  in termediate  f o r m s  is further c o m p l i c a t e d  by  the  presence  
o f  a black material ,  wh ich  appeared  at t emperatures  l ower  that,  200~C.  D e p e n d i n g  
o n  the  heat ing  rate, this  material  persisted to  temperatures  as  h igh as  500  ~C. WhiIe  
a t t empts  to  i so late  the  b lack s u b s t a n c e  in pure  f o r m  were  unsuccess fu l ,  there is little 
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doubt that it was carbon. The presence of carbon in the thermal decomposition of 

Ianthanide osalates has been reported ‘, its suggested source being the disproportiona- 

tion of CO. Moreover, in this study, infrared absorption spectra of intermediate 

solid residues in the 2CKL5OO’C range show peaks considerably more diffuse than 

those of starting materials and end products. Especially pronounced for the peaks 
at I l-4-1 I .9 p, this phenomenon could well be due to t&z scattering of radiation by 

matter such as carbon. FinaIIy, elemental analyses indicated the presence of free 

carbon. 

AI1 Pr,(C6HsO& and Nd2(C,Hs0,)s sampks included in this study were 

stabIe at temperatures up to 175°C. _4t 185’C. however. the same sampIes under- 
went slog decomposition_ Because of this_ aithoush somewhat arbitrariIyI ISO’C 
has been taken as the temperature at which decomposition starts. 

Several residues, reproduced at the heating rate of 5 ‘C min-‘, were studied by 
infrared spectrophotometv and by eIementa1 analysis. Numbers assigned to the 
sampIes are indicated in Figs. 2 and 4 at the pcints of coilection. 

Infrared curves for Pr&&O;), a re shown in Fie_ 5; a similar set for 

~d,(Cc&OJ, was virtually identica1. Special attention waz gven to absorption 
bands at wavelengths of about: (a) 3.4 p, resulting from the carbon-hydrogen stretch 
and indicative of the presence of organic matter; (b) 6-S and 7.1 jr, the carbon-oxygen 
stretch characteristic of Ianthanide dicarbosyktte compounds; (c) 6.7 and 7.4 11, the 
carbon-oxygen stretch characteristic of Ianthanide carbonate compounds; and 
(d) I I A-I I .3 jr, a series of medium intensity peaks exhibited by metal carbonates and 
said to arise from “internai“ vibrations or distortion of the carbonate ion. 

Fig. 5. Infraren absorption spectra for some residual decomposition products of praseodymium 
adipate precipitated at pH 47) LA-1 (205°C): PA-2 (365’C); PA-3 (38ST); PA-4 (W~C)_ 
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Apparently, the initial decomposition is to some oxygen-containing intermediate 
and carbonate begins to form in a step starting at about 36O’C. At the same time, 

the organic nature of the substance persists to temperatures greater than 4OO’C. 
at which point the material is compIeteIy converted to a carbonate form_ 

Elemental analyses, completely in keepin, 0 with these conclusions, suggested 
the following representations: PA-l y Pr,(C,H,0,j)3 : PA-2, Pr,0,_5(C,H,0J,_, - 

I .OC; PA4, Pr,02C0, - 0.6OC; XX-1 _ Nd,(C6H,0,), : XA-2, Nd,00_4(C6H,0,)z_6 - 

0_8OC; NA-4, Nd,O,CO, _ 

EIementaI analyses w,re not conclusive for sampIes PA-3 and XA-3; these 
samples were obviously non-uniform mixtures and consistent results could not be 

obtained_ A typical set of result; (for KA-tj follows: 

Calc. 49. 42.5 79.0 3.1 25.4 

Exp. as-7 42.3 29.0 3.3 25.4 

Esperimental vaIues for the percent residue were obtained from the thermo- 
gravimetric cume; most of those for percent oxygen were obtained by dirlference. Of 
interest is the fact that sampie NA-2 represented a point where the initial decomposi- 

tion step was about 80% complete, which is rehectrd by the empirical formuIa 
proposed_ Of further interest is the obsenation that carbon. decreased in amount 
at 440 ‘C (PA+, was eIiminated at 523 ‘C (NA-4). 

Combining the foregoing with relative u-eights, it is reasonable to postulate 

at least three steps: 

J.+K6H804)3 
ISO-36O’C 

- Ln200_5(C6Hs04)2.5 -C 
36 min 

360-335 l C 

L~2Oo_,(C,%O,), -C h Ln,00_5C03(C,Hs0,),_s -C 51 min 

385 A40 ‘C 

Ln20,.5CO,(C6H,O4),.5-C - Ln,0zC03 
52 min 

rn the decomposition of Nd2(CGHs0J3, the absence of a sharp change in slope 
between 360 and 407°C is not understood_ Therrnogravimerric curves for other 
Nd,(C6Hs04), sampies, obtained at the same heatins rate, show such a chan_ge in 
this temperature range. The form Ln,O,CO, has been observed in the decomposi- 
tion of many Ianthanide compounds, incIuding acetates”‘“, for-mates*, other mono- 
carboxylic acid saIts’r, carbonate~2’-‘6 and oxaIates4*6V’*‘0- ‘r. 

When heated at the rate of 0.5’C min-r, different intermediates were observed 

(Figs. 1 and 3). On the basis of relative weights, the following steps are inferred: 
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Ln2(C6bW3 
1 so-33O’C 

-3s Ln20,_5(C0,),.,~C,H,0,), . C 

b?00_5(c03)0 5K6~S01)2 -c 
330-3iO’C 

------+ Ln200.AC03L5 
380 min 

Thermogravimetric curves for LnJC,H,O,), sampIes precipitated at pH > 5 
(Figs. L-4) are quite different in shape. Relative weights suggest the following trans- 

formations at the heating rate of 5’C min-‘: 

-t70-480’C (Prj 

LnLOI.S(C6HsWI_S 

485-SOS’C (Sd) 
- Ln,01C03 

59 min (PC) 
6Jnin (Sd) 

and at the heating rate of O-5 C min- ’ : 

180-3lO’C (Pr) 
ISC-38O’C (Sd) 

320 min (Pr) 
* Ln,O(C&xO,), 

JO0 nin (Sd) 

L%O(Cd-b@& 
340-35o=c (Pr) 

- Ln10,(C,H,04) 
330min 

CIearIy, the nature of intermediates which show up (however transitory their 
existence) and, hence, the shape of thermogravimetric curves depends on the pH of 
precipitation. In general, sampIes precipitated at lower pH decomposed more readily, 
i.e. at lower temperatures. As noted earlier, the pH of precipitation was controhed 
by varying the time during which the hydrolysis of urea was continued after the 
appearance of precipitate. The attainment of pH values greater than 5.5, for exami>Ie, 
required I-2 hours of additional heating. One might be inclined to attribute the en- 
hanced stability of those precipitates formed at higher pH to the effect of digestion. 
However, for samples precipitated at pH greater than 5, the evidence suggests no 
carbonate-containing intermediate before Ln20,C03, whereas, for samples preci- 
pitated at pH less than 5, carbonate-containin, a intermediates are formed very early 

in the decomposition. In this respect, the former samples behave much like the 
corresponding sebacates (Figs. 6 and 7)_ In consequence, the possibility of fundamen- 
ta1 structural differences and a different decomposition mechanism must not be 
ignored- 

In addition, the nature of intermediates and thermogravimetric curve shape 
varies with heating raie, even for sampIes precipitated at the same pH. WhiIe this 
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Fig. 6. Tbermogravimetric curves for praseodymium sebacate in air at atmospheric pressure. Curve 
----- - 3.61 (pH of Pptn.); 26.1 (weight zt I50 ‘C, mg); 5 (Leating rate. “C min-I). Curve 
5.47 @H of Pptn.); 25.2 (weight at 150 ‘C, mg); 5 (heating rate. “C min-*). Curve -X - x I 5_$7 (pH 
of Pptn.); 25.2 (weight at 15O”C, mg); 0.5 (heating rate, ‘C rnix~-~). 

Fig. 7. Thermo_~vimetric curves for neodymium sebacate in air at atmospheric pressure. Curve 
: 3.80 (pHof Pptn.); 22.7 (weight at XSO’C, mg); 5 (heating rate, ‘C min-‘). Curve - - - - : 

5.37 (PH of Pptn.); 24.6 (weight at 150X?, mg); 5 (heating rate, “C min-*). 

phenomenon could refi ect an essentialIy different mechanism (e.g. rate of heat trar.sfer 
to the interface as opposed to the ra_e of interface nzovement, associated respectively 
with slow and rapid heatin rates), it is more likely a function of time and the fact 
that these are very slow decompositions. 
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Consider  Pr2(C6HsO4) 3 and Nd2(C6HsO4) 3 precipitated at  p H  greater  than 5. 
Several such samples decomposed  isothermally at 185°C at tained relative weights 
of  about  0.78 after one year. At this point,  observations were discontinued since the 
rate of  weight loss k;-d become extremely small. At  230 :C, Ndz(C6HsO-)3 decomposed  
to a product  o f  relati, 'e weight 0.731 after 38 days. The relative weight o f  Pr2Ot.5 
(C6HsO4)I.s is 0.731; that  o f  Nd2(C6HaO4) a is 0.733. It is very. likely then, that  
Ln2Ot.s(C6HsO~)~.5 is a p roduct  o f  both decomposit ions.  The same form showed up 
a t  abou t  470~C when Pr2(C6HsO-)3 was decomposed  at  heating rates o f  5~C min -~ 
and  10°C rain -z (Fig. 2), corresponding to 58 min and  29 min, respectively. At  
temperatures  greater  than 470~C, it decomposed  rapidly to Ln202CO 3. I f  Ln2Ot.  s 
(C6HaO4)I . s  is formed in decomposi t ions conducted  both isothermally and at hio~ 
heat ing rates, it was a lmost  certainly present in the decomposi t ion o f  the same 
Pr2(C6HsO4)3 sample at 0.5~C r a in - i  (Fig. 1) at about  350°C. The  absence o f  any 
abrupt  change in slope in the curve at that  point indicates that  L n 2 0  I.s(C6HsO.~)I.s 
is unstable at that  temperature  and that, unlike in the temperature  range 400-470 °C, its 
format ion  is so slow that  the t ransformation LnzOx .5(C6HsO4)t .s  --* Ln202(C6HaO~) 
occurs simultaneously.  

The  same a rgument  can be applied th roughout  all these decomposi t ions  Two 
conclusions result. First, only the durat ion o f  existence and  not  the nature  o f  inter- 
mediates depends on the heating rate. Hence,  the decomposi t ion mechanism is 
unchanged  by variat ions in the heating rate. Secondly,  the detection o f  intermediates 
is ameIiorated by observat/ons at at  least two ra ther  widely separated heating rates. 

Reasonable  mechanisms,  compris ing informat ion obtained at all heating rat~s. 
may be proposed.  Carbon  is not  included since the de~ree to which it is formed ",aries 
with temperature  which, in turn, depends on heating rate. Fo r  samples precipitated 
at  pH < 5: 

Ln2(C6HsO4)  3 -* L n z O o . s ( C 6 H s O . ~ ) 2 . s  ~ Ln2Oo.s (COa)q .s (C6H80.02  
+ 

L n 2 0 2 C O 3  *- Ln2Oo-s(COa)z-s *- Ln2Oo-5(COa)(C6H804)1.5 

[ -~ Pr601 t 

- -~Nd20  a 

For  samples precipitated at  pH > 5: 

Lnz(C6H804) 3 --~ Ln,O(C6HaO4)  2 - ,  Ln2Ot.s(C6HsO4)t .  5 

Pr.6011 ~ [ _ _  

N d 2 0 a  

Prz(CloH160~)3 and  

L n 2 0 2 C O  3 +-- L n 2 0 2 ( C 6 H s 0 4 )  

Ndz(CloH1604)a  samples studied differed f rom the 
corresponding adipates in a'. least three ways. First, isothermal  studies indicated that  
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decomposition starts at temperatures much lower than I75 ‘C. in fact, there may be no 

temperature greater than IOQ’C at which these compounds are thermally stable. 
Moreover, the thermal decomposition pattern, curves for which are shown in Figs. 6 
and 7, is independent of pH of precipitation. Finally-, and most confounding of all, it 

appears that normal sebacates were not formed. Such a conclusion results from 
consistently high relative weights of the products of igniticn as well as from elemental 

analyses. 
Possibly the preparation of only basic sebacates was due to the washing pro- 

cess. When the solutions from which the precipitates were formed were cooled, the 
precipitates became contaminated with rather large amounts of unreacted sebacic 
acid, virtually none of which couid be removed by washing with acetone. In addition, 
washing with ethanol and ether was not completely effectiv-e in this application_ As a 
result, the precipitates were washed with hot water and, because of the low solubility 
of sebacic acid, with copious quantities at that. 

The use of basic sebacates in thermal decomposition studies can provide worth- 

utile information. If, for the compounds represented in iigs_ 6 and 7. a constant 
mcle fraction of Lnz03, consistent with relative weights and elemental analyses, 

is assumed, it is possible to deduce a decomposition pattern. 
The results of elemental analyses suzzest the following forms: 

Sample Temp (‘c) Form 

PS-O 2.5 

x5-0 25 

PS-I 235 

NS-I 205 

PS-2 270 

NS-2 270 

PS-4 480 

NS4 -Ia 

0.943 Prr(CloHI~O~),-0.0571 Pr203 

0.9’6 ?*“dZ(CloH1601)~-0.0741 XdZ03 

0.943 Pr2(C*oH,,0~)~-0.0571 Prz03 

0.926 h’d2(CloHleO~)~-0.0741 Xd203 

0.943 Pr20f.~~C~OH1~0~)~_~-0_0S7i PrzOs-3C 

0.916 Nd,O,_~(CIoH,,O,),_,-0.0741 SdzOs-3C 

0.943 Pr202_5(C03,0.s-0_0571 PrzOx-0.349C 

0.926 Nd20~.S(CO~)o.~-0.0741 Kdz03-1.09C 

Note that carbon fomled at temperatures below 270°C is partially gone at 

44O’C and more extensively removed at 4SO’C. Note further that these forms are 
consistent with infrared absorption spectra, shown for Xd2(C10H,60Jj3 in Fi,o. S; 

those for Pr,C,,H,,O,), are nearIv identical. Carbonate does not show up at tem- 

peratures below 400 “C. 
On the basis of the foregoing and as a result of the formation of products 

corresponding to 0.943 Pr,02(_C,,H160~)-0.0571 Pr,O, and to 0.926 Nd,O, 
(C,,H,,O,) -0.0741 Ndz03 F the following decompositon path is proposed: 

15o-zso’c 

Ln2(CloH1604)3 - Ln20(C,oH,6G,)2-2C 20 min 
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Ln20(GoH,6W2-2C 

2SO’C 

20 ~n2O*.S(C,oHI60J)I.5-3C 

Ln~Ol.~(CloH160j)l.S-3C w Ln,O,(C,,H,,O,)-4C 

f- pr6011 

h202(C,0i-&604)‘4C 
JSO-65O’C 

100 min 
e Nd,O, 

_--- __-.._ .- I_ 

i i 

Fig 8. Infrared absorption spectra for some residual decomposition products of neodymium sebacate 
ptipitated at pH 3.80. X3-I (205°C)); NS-2 (270°C); NS-3 (390°C); NS4 (+lO’C). 

The intermediate Ln,O,CO, , which showed up at the heating rate of 0.5 “C 
min-’ did not appear at the higher heating rate. Clearly, in the latter case, it couId 
not have formed until temperatures greater than 450°C had been attained and at this 
temperature it is not stable. 

It would appear that,aMough both show the same intermediates, Ln,(C,H,O,), 
precipitated at pH>5 is more stable than Ln2(CloH160,j3 in that the latter decom- 
poses at somewhat lower temperatures. The fact that the same intermediates appear, 
however, indicates a similarity in structure. 
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