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Note 

Thermal analysis of lanthanide perchlorates 
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T h e  s tudy  o f  t he  l an than id¢  ions  in n o n - a q u e o u s  solvents  ~ v e s  a r emarkab l e  
con t r ibu t ion  to  the  unde r s t and ing  o f  the i r  coord ina t ive  behavi6ftr ,  since the  presence 
o f  water  tends  to  m a k e  the  characterist ics o f  the  different  ions  similar. However ,  the" 
p repara t ion  o f  soluble  dehydra ted  salts presents  s o m e  difficulty, owing  to  the  s t rong  
affinity o f  t h e ~  salts t owards  water .  In  par t icular ,  the  perchlora tes  axe salts  o f  
r emarkab le  interest  since t he  an ion ,  a m o n g  the  m o s t  c o m m o n  ones,  is that which has 
t h e  sl ightest  t endency  to  coord ina te .  T h e  fact  t ha t  the  "thermal stability" o f  these  
hydra ted  spcc/es is c o m p a r a b l e  ",o tha t  o f  t he  perehlor ic  a n i o n  has  led to  the  rc~car~h 
a n d  to  the  use  o f  non - the rma l  m e t h o d s  o f  dehydra t i on  in add i t i on  to  the rma l  
m e t h o d s  z-3, b u t  t he  r epor t ed  exper imenta l  cond i t ions  are  r a the r  gencrical a n d  
con t ro l  systems on  the  validi ty o f  these  m e t h o d s  have  n o t  been indicated.  We  have  
invest igated the  influence o f  physical  pa ramete r s  o n  the  the rmal  behav iour  o f  the  
hydra ted  l a m h a n i d e  pcrchiora tes  wi th  the  a im to  identify the  bes t  cond i t ions  for  the  
p repara t ion  o f  the  a n h y d r o u s  spec/es. 

T h e  invest igated h y d r a t e d  l an than idc  perchlorates  (all except  Pro,  Tb ,  a n d  Lu)  
were p repared  by t rea t ing  the  corresponding oxides with a 30% so lu t ion  o f p e r c h l o r i c  
acid a nd  then  evapora t ing  to  d r y n e s s L  T G ,  D T G  a n d  D T A  analyses were  carr ied 
o u t  with  a Met t ler  t he rmoana lyze r  a t  hea t ing  rates  o f  0.5, 2 a n d  4 ° C  m i n -  ~ in 
n i t rogen  a tmosphe re  a t  pressures  o f  0.01 a n d  1 m m  Hg.  O the r  experiments were 
carr ied o u t  a t  a pressure  o f  0.01 m m  Hg,  hea t ing  a t  0 . 5 °C  va in-  t a n d  successive!y 
ho ld ing  the  sys tem u n d e r  i so thermal  cond i t ions  a t  chosen  t empera tu res  be tween 
150 and  250°C;  hea t ing  was  s tar ted w h e n  the  sample  h a d  reached  weight  constnncy.  

T h e  th¢liJiogravimetric curves  ob ta ined  in the  exper iments  carr ied  o u t  a t  a 
hea t ing  rate o f 0 . 5 ° C  min  - t  a n d  a pressure  o f  0.01 m m  Fig axe r epo r t ed  in Fig.  I.  
T h e  separa t ion  o f  the  dehyd ra t i on  process  f r o m  the  decompos i t i on  o f  the  perchlor io  
g r o u p  appears  sat isfactory,  in regard  to  prepara t ive  purpose ,  for  t he  l ighter  lan-  
thanidcs .  In  every case, in the  t empera tu re  range  o f  existence o f  the  a n h y d r o u s  species, 
the  T G  curve  shows  a weight  loss, t h o u g h  very s low for  the  l ighter  lan thanides .  I t  
seems reasonable  tha t  the  s lope  o f  the  co r r e spond ing  l ine is associated to  the  dehydra -  
t io n degree  o f  the  invest igated sample .  In  Tab le  1 we r epo r t  t he  s lope  values for  T G  
curves  at  a hea t ing  ra te  o f  0.5 cC r a in -  t t oge the r  wi th  the  t empera tu re  ranges  o f  the  
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TABLE 1 

DATA CONCJZRNlNG THE MiNIMAL SLOPE LINE, 
FOLLOWMG THE DEHYDRATiON. OF THE TG CURVES OF Ln(aO&-n&o 

Heating atc=OS’C min-‘; g= beginning ccmpaaturc (-Q; rr = end temperatart CC); Am/Ar = 
sbpc (g ‘c- 1. 106). 

p=ImmHg p=flOI mm Hg 

rr rr am!& fs rr ami& 

206 274 16 186 312 4 
204 222 zs 130 I98 4 
2262908 2062829 20s I70 289 298 3 5 

206 250 16 148 280 2 
202 252 14 Is2 260 5 
202 254 13 I86 256 7 
I 1 . 190 246 I3 
I a a 218 248 33 
l 8 b 204 266 13 
I I * 188 252 16 
l b b ii4 250 46 

pafommLbTkTG CUIYC has an alma mnstant SIope until nearly umpIctc 
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minimal slope line for different pmssures. The pressure iufIuences the dehydration. 
process more than the decomposition of the perchloric group. Thus by decreasing 
the pressure, the formation of auhydrous perchlorates is favoured. It can be expected 
that aIso the anhydrous perchiorates of the heavier lanthanides can be obtained by 
thermaI methods under higher vacuum. 

The data of the TG curves at heating rates of 2 and 4°C min-’ were not 
reported because it was impossible to identify lines with minimal slope owing to the 
sharp overlapping of the decomposition to the dehydration. Although’ these results 
show that it is convenient to operate at lower heating rates, it has been impossible 
to obtain the anhydrous perchIorates.of the heavier Ianthanides, in the experiments 
carried out under isothermai conditions, in which we have observed two different 
behaviours depending on the temperature. At temperatures near the beginning of 
the minimal slope line, once obtained the weight constancy, raising the temperature 
at 0S”C min-‘, another step due to water release is observed before the decomposi- 
tion of the perchIoric group. At higher temperatures, after a few days the TG curves 
showed a total weight loss too great to be due only to the water Ioss and the velocity 
of the process was still sign&ax& indicating the overlapping of other proccsscs to 
the water reIease. 

The decomposition of the perchloric group, in the experiments. c&r&d out 
under non-isothermal conditions, gives rise to a definite reaction product that, when 
it has been possible to identify sharp steps of dehydration, corresponds stoichio- 
metri’cally to the Ianthanide chloride. The weight loss is comparatively fast and the 
start temperatures are remarkabIy higher than those used for the experiments carried 
out under isothermal conditions. The different behaviour observed at constant 
temperature can be explained by the occurrence of the perchlorates hydroIysis, due 
to the presence of unreleased water at higher temperature. The hydrolysis occurs also 
under non-isothermal conditions, but the process is slow and the amount of oxy- 
chloride formed, at OSOC min- ’ heating rate, in the time necessary to reduce the 
per-chlorate to chloride, is small. 

In order to obtain the auhydrous perchlorates, it seems convenient to operate 
at a very low pressure and at a heating rate that satisfies both the needs to finish the 
dehydration and to keep the formation of oxychlorides within au acceptable level. 
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