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Several hydrated Ianthanide salts of heptafluorobutyric acid have been prepared 
and characterized_ 

Hydration studies have shown the compounds to exist in various hydration 
states across the series. Powder X-ray diffraction studies support the existence of 
variable hydration states in that three distinct cxystalline forms exist_ Snfrared anaIysis 

revealed two types of structures to be present Upon dehydration of the lighter rare 
earth hydrates to intermediate dihydrates, aI1 of the compounds showed simiiar 
structures Decomposition was found to be exothermic, The volatile decomposition 
products were identified by infrared analysis and found to consist of CO, COr, 

CF3CF2COF and CF,CF,CF,COF_ The amounts of each _eas were found to be 
dependent on the decomposition temperature_ The non-volatile decomposition 
products were identified by powder X-ray diffraction and found to consist of LnF3, 
LnOF and Ln,03_ 

INTRODUCTION 

The them& decomposition of Ianthanide trifiuoroacetates and pentafluoro- 
propionatcs has previously been reported’~ *_ The trends reveakd in the thermal 

decomposition of these saIts made it of interest to extend the study to salts of hepta- 
fiuorobutyric acid, 

To complete the study of this series, the present investigation is concerned with 
a thermal study of Pr, Sm, Eu, Gd, Ho, Er andYb heptafiuorobutyrates A comparison 
has been made regarding hydration states, modes of dehydration and voIatiIe and 
non-volatile decomposition products, Powder X-ray diffraction and infmred analyses 
have been used to identify and support the therma findings_ 



Heptafitxorobutyricacid (Matieson, Cdeman and Bell) was fractionalIydistikd 
twice over a coIumn packed with glass helices. The portion of the distiifatc cotkcted 
was that which d&i&d over at a temperature range of 1 I9-22Z “C. 7itration of the 
disti1W.c with sodium hydroxide reveakd a minimum purity of 99.6%. 

Lanthanide oxides, A. D. McKay or from private stock, were of 99.9% purity 
or better_ Prior to use, the oxides were freshly ignited at 800°C in platinum crucibles. 

Prepmalion of sah 
Excess Ianthanide oxide was added to a 50% aqueous so!ution of heptafiuoro- 

butyric acid and refiuxed The li&ter oxides required less time (approximately 1 h) 
to go into solution, while heavier oxides generally required 2 to 3 h. The solution was 
allowed to cool and stand for several hours after which the excess oxide was removed 
by filtration. Attempts to crystallize the salts by slow evaporation were unsuccessful; 
therefore, the solution was brought to dryness over a stezwn bath. The resulting 
compounds were dissolved in reagent grade diethy ether (approximately 5% H,O) 

and titered. Spectroscopic grade carbon tetrachloride was added until the c!oud point 

was reached. Diethyl ether was slowly added until the solution became ckar. Upon 
standing, the compounds crystaIIizcd from the solvent pair -as long needles. The 
crystak were separated by titration and air dried. 

Compounds for study were prepared by drying over ma.gnesium perchiorate 
under vacuum for several days. Rehydration in a hygrmt over deliquescent sodium 
bromide (58 % relative humidity] yielded the hydrates shown in Table I _ 

The &nthanide content of the respective compounds was determined by 
precipitation with oxalic acid and weighed as the oxide. Carbon analyses were provided 
by &e Ofike of Research services, University of Massachusetts, Amherst. In all cases 
the resuk of the metal and carbon analyses agreed to better than 2% of the theoretical 

TABLE 1 

851.9 
8524 
854-O 
8503 
&u).O 
8423 
84&O 
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TABLE2 

POWDER X-RAY RIlSRACTiOS DATA OF HyDRA7ER SALTS 

Rd! 
itudy Sm(C&Oih - 35&O EulC&~O2)3 - 35&O 

vs 
S 
m 
m 
m 
m 
m 
m 
s 
vs 
m 
m 
m 

1481 
797 
7.33 
6-61 
5sl 
5.09 
SD2 
494 
459 
435 
3.78 
3.02 
2s 

14.76 
8BO 
7-47 
6-S 

::: 
4.97 
491 
453 
430 
3.75 
3-W 
255 

14.85 
8.00 
7.46 
6-6-7 
5.83 
5.13 
4.97 
489 
453 
4s 
3-73 
3.04 
255 

vg 14.25 
vg 9.24 
vs 7.73 
vs 5-61 
v5 4.62 
m 439 
m 4.20 
m 4-01 

M 13.91 1391 13.87 
S 10.40 10.34 10.42 
m 895 ;z 8.97 
m 7.78 2-78 
m 621 a19 6.18 
m 498 436 4-97 
5 4s 459 458 
m 420 4.t9 4.18 

. 

m 4.15 4-13 4.14 
m 4.10 4so Q-11 
m 3.29 3L29 3.28 
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value_ In that the TG values listed in Table 3 support these findings, no specific 
eIemental dam are reported_ Further detaii can be found in ref. 6. 

ZiTrerrnaI analysis 

llxmnal methods were described in a previous paper’ with the following 
exception_ The high temperature DTA cell was rcpJaccd by the Dupont Model 
90 DSC ceII_ The DSC experiments were run in a qualitative sense to overcome 
baseline difficulties arising from the high temperature DTA ceII_ The heating mte 
was 10°C min” and except where indicated, the atmosphere was flowing dried air 

(60 ml mm-‘)_ The reference and sample pans were constructed of platinum and 
shaped like a shallow “cupcake” each weighing 0.10 g Sample sizes were approxi- 
mately 10 mg and were run against an air reference- Ordinate sensitivity varied and 
is indicated on all curves, The abscissa was displayed as degrees centigrade- 

Analytical, powder X-ray diffraction and infrared methods were described in a 

previous paper*_ 

RESLrJ-S AND DlSCUSION 

Results of the hydration studies reveahd the rare earth heptafiuorobutyrates 

to show several different hydration states (Table I)_ The extent of hydration for these 
compounds was found to decrease graduahy with an increase in atomic number. 
Powder X-ray diffraction data revealed the salts to exist in three different crystallice 

structures_ By virtue of simiIar d values and line intensities (TabIe 2), Pr, Sm and Eu 
are considered isomorphous and belon, 0 to the first crystal group, The Gd salt, 
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belonging to the second -“rysta! structure, is different from any of the other members 

in that the powder pattern contained five very strong lines having considerably 
different d values from the others_ Ho, Er and Yb were found to be isomorphous and 

belong to the third crystalline group_ The hydration data agree well with the X-ray 
results in that the reported hydration states fall into the same groupings as those 

suggested by diffraction data. 
Infrared spectra suegested two structural arrangements as shown by typical 

spectra for Eu(C,F,O& - 3.5 Hz0 and Gd(C,F,O,), - 3 Hz0 (Fig_ I). The spcctruni 

for the Eu compound is typical of the Pr and Sm compounds while the Gd spectrum 

is similar to the Ho, Er, Yb compounds_ These findings are in a_ereement with the 
above hydration data and X-ray results, the -nly exception being that two t$pes of 
structures are indicated by the infrared analysis while three distinct structures were 
observed by means of X-ray diffraction and hydration studies_ The major differences 

between the two infrared spectra lie in the splitting of the asym COO- band (approxi- 

mately 1655 cm”). Spectra for the Pr, Sm, and Eu compounds showed one broad 
asym. COO- band while those of Gd, Ho, Er and Yb revealed a distinct split&g of 

the asym. COO- band as shown in FI g_ I. Other diff&ences between the two groups 
are the intensity changes for the bands at 945, 1093 and 1279 cm-‘, 

Russian workers3 found similar splitting of both asym. and sym. COO- bands 

for a series of lanthanide ac&ates_ These workers suggested that the splitting resulted 
from the interaction of the anions coordinated with one and the same cation, Studies 

by KarraherS also reveaied COO- band splitting for rare earth acetates. Karraher 
suggested the band splitting to arise from complex metal acetate bonding of the 

polymeric type involvin g both metal-oxygen and metal-oxygen-metal interaction_ 

Upon partial dehydration of the Pr, Sm and Eu salts, the infrared spectra 
revealed the asym. COO’ band to split showing a close similarity to the heavier 
members, The Eu(C,FiOr)~ - 3.5 Hz0 compound was dehydrated to Eu(C~F,O& - 
2H,O by means of the thermal balzace and subjected to powder X-ray diffraction 

studies, Similar crystal structures were observed for the Eu(C,F,O,), - 2 H,O and 

the Ho, Er, Y b dihydrates Further dehydration of the Eu compound and a dihydrated 
Ho salt to the anhydrous state and subsequent X-my examination revealed no further 
structural changes- 

Nakamoto et al_’ were able to distinguish between monodentate and bidentate 
structures of Ni(ac), - 4 Hz0 and Cu,(ac), - 2 Hz0 by means of the frequency 

difference between the asym. and sym_ COO- stretching vibrations_ Application of 

this method revealed the frequency differences for the salts of this study to be 
217-220 cm- ’ for the Pr, Sm and Eu compounds and 2oo-205 cm- ’ for the Gd, 

Ho, Er, Yb salts_ These data suggest two types of coordination and agree well with 

previous findings_ Dehydration of the Eu and Pr compounds to the dihydrate revealed 
achangeofrhedyval~esfrom217-220cm-1t0205cm-’_ The latter value is identical 

to that found for the Gd, Ho, Er and Yb compounds_ It appears that the extra water 

molecules in the Pr, Sm and Eu compounds play a key role in the coordination and 
crystal structures of these compounds_ Upon removal of 2 and 1.5 moles of wa& to 
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o b t a i n  t h e d ~ y d r a t e s ,  t h e  c o m p o u n d s  g o  t h r o u g h  a s t ruc tu ra l  change  a n d  b e c o m e  

s imi la r  t o  t he  d i h y d r a t e s  o f  t h e  h e a v y  series. I t  seems r ea sonab le  t h a t  the  h igher  
h y d r a t i o n  s ta tes  o b t a i n e d  b y  t h e  l ighter  series m a y  reflect  t he  differences in t he  size 

o f  t he  ion ic  rad ius .  T h e  l i g h t e r  ser/es h a v i n g  the  l a r s e r  r ad ius  m a y  a c c o m m o d a t e  

t h e  ex t ra  w a t e r  molecu les  m o r e  easily.  

T h e r m o g r a v i m e t n c  s tudies  revealed  the  d e c o m p o s i t i o n  to  p roceed  in  a m a n n e r  

s imi lur  t o  t h a t  p rev ious ly  r epo r t ed  z f o r  t r i f luoroace ta tes  a n d  pen t a f l uo rop rop iona t e s .  
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The first stage of decomposition invofved a stepwise dehydration to the anhydrous 
state, followed by rapid decomposition of the salt to a stable product. Subsequent 
decomposition of this product comprised the final stage- In all cases the compounds 
decomposed to the LnF, product as shown in Fig_ Z Upon further heating in an air 
atmosphere, slow decomposition took place resulting in LnOF- Under hydrolyzing 
conditions (air atmosphere saturated with water) and aaditional heat Ln203 was 
formed. All of the above products were confirmed by powder X-ray diffraction studies. 
Further details can be found in refs. 2 and 6, 

Pr(C,F,OJ, - 4 II,0 (fig. 3) 
This compound began to lose hydrate water at 35°C giving two poorly defined 

breaks prior to reaching the anhydrous state_ The l&t break occured at 70°C and 

corresjqked to the dihydra+ The dihydrate immediately dehydrated to-the mono-. 
hydrate which appeaied as the second bk_ on the TG curve at 116°C Neither of 
the above intermediates showed any degree of stabiliti. Slow dehydration followed, 
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finally reaching the anhydrous state at 160°C. The anhydrous compound was stable 
from I6O*C to approximately 250°C after which decomposition took place resulting 
in PrF,_ 

The DSC curve (Figure 4) for this compound revealed a strong endotherm 
beginning at 30°C and peaking at 45°C which corresponded to the Ioss of two moles 

of water- A shoulder peak on this strong endotherm at 55°C and returning to the 
baseline at 75°C is most likely associated with the loss of an additionai mole of water 
to form the monohydrate_ A second endotherm beginning at 75°C and peaking at 

92°C followed by a very gtadual ntum to baseline corresponds to the gradual loss 

of the last mole of hydrate water- A hot stage microscopy study of this compound 
reveafed the crystals to go gradually into solution over a temperature range of I IO 
to IsO”C_ It is assumed that the solution, observed during the microscopy studies, 

is not a result of melting but a result of the anhydrous compound dissolving in its 
own evolved water of hydration. A lack of reversibility of the DSC endotherm 

supports this conclusion, The shallow endotherm at I25“C is probably associated with 
the observed solution effect_ Decomposition took place in what appeared to be a 
three step process_ No indication of a multistage decomposition was observed in the 
TG studies_ Most likely the multistage decomposition was not resolved in the TG 
curve due to the exothermic reaction taking place_ In most cases the large evolution 

of heat was enough to tempotariIy override the temperature programmer of the TG 
unit which resulted in a slightly skewed curve_ The peak temperature for the largest of 
the three exotherms appeared at 272”C_ The decomposition of this compound 

co,nsiderably less exothermic than the previously reported” trifimroaa%ates 
pentafluoropropionates, 

WZlS 

and 

Hydrate water began to evolve at 25°C giving two breaks before mrhing the 

anhydrous condition_ The first break at 45°C corresponded to the dihydrate- Further 

dehydration with the loss of 0.5 moles of water resulted in the second break at 60°C 

giving the I-5 hydrate. The anhydrous state was reached at 124°C with an additional 
loss of I.5 moles of water. The weight loss curve was not smooth and may indicate 
that another very unstable intermediate was formed prior to reac,hing the anhydrous 
condition_ The anhydrous compound was stable over a temperature range of IOOOC- 

The DSC curve (Fig- 4) revealed a strong endotherm with a peak temperature 
of 35°C which corresponds to the loss of 1.5 moIes of water_ A shoulder peak on the 
main endotherm appears at 45°C and is most likely the endothermic effect from the 
loss of OS motes of hydrate water_ Two additional endotherms appear at 90 and 
110°C with the former having approximately twice the intensity of the fatter_ It 

appears that these endotherms are a result of the dehydration of the remaining 

1.5 moles of water in which first one mole of water is lost followed immediately by 
loss of an additional O-5 mole of water. This two step process was not resolved 

adequateIy to be recognized in the TG curve, An ahemate explanation may &s&he 
the first large endotherm at 90°C to result from dissociation of I.5 moles of water 
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and then va*M&ation of the same at ilOT_ Electrical conductivity experiments 

described b: Wndfandt’ would be required to resolve this possibihty. Microscopic 
examination of this compound revealed the crystats to remain solid up to the decom- 
position temperature_ However, the crystals were observed to become wet in the 
temperature range of 75 to 100°C indicating some &sorption of evolved water_ The 
weak peak at 75°C might result from the absorption of the water_ The sharp endo- 

therm at 133°C was found to be reversible_ Microscopy studies did not reveal any 

obvious phase changes; however, many times phase changes are not detectable by 
this method. Heating the compound at temperatures of 125 to 150°C reveahzd the 

crystals to become tacky without any loss of shape. Upon cooling, the compound 
returned to its original state_ It appears that this reversrbIe peak is a temperature 
dependent pItace change which would be detectable by an elevated temperature X-ray 
study. Decomposition was exothermic and went through a three step process The 

peak temperature for the largest of the three exotherms appeared at 285°C. 

fi(C,F,OJs _ 35 H,O (Fig- 3) 
This compound was very similar thermahy to the samarium compound_ 

Hydrate water began to evolve at 25”Cgiving two breaks before reaching theanhydrous 
state_ The first break at 46°C corresponded to the dihydrate. I’be second break in the 

curve at 58°C was due to the loss of an additional 0.5 mole of water. Further dehydra- 
tion resuhed in the loss of l-5 moles of water and the formation of the anhydrous 
compound at 12O”C_ The anhydrous compound was stable over a 120°C temperature 

range. 
The DSC curve (Fi- 0 4) shows a large endotherm from the loss of IS moles of 

TEMPERATURE -C 

Fw 5. I)sCcunm for Eu (GF- - 3-2&O- (Al flowing air aW_; (B) static air armosphcrr- 
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water with a p&k tempem of 27OC and a shoulder peak from the Ioss of 0.5 mole 
ofwater~gat43°CAsinthecaseofthe samar&m compound the dehydration 

of the remaining 1.5 moles of water occurs in two steps which appear to go in steps 
of 1 molt of water and 0.5 mole of water- The aIternate explanation for the Sm com- 
pound given above may aIso apply, The above rezxdts were obtained in a flowing air 

atmosphere_ IQ an effort to rcsoIve the shoulder peaks more completely the sampIe 
was rerun under static conditions (I atm pressure). Figure 5 ilIustrat.es the effect of 
the..static atmosphere on the dehydration endotherms. The fact that t& shouIder 
peaks were shifted with increased resoIution adds support to the assignment of these 
peaks as dehydration endotherms- It was shown previousIy* that a wet atmosphere 
enhances the resolution of intermediate hydrates on the TG curve, The reversibIe 

peak was not shifted nearly as much, resulting in superposition of the last dehydration 
endotherm- Since the z-eve&We peak is not dependent on the vapor pressure of water, 
it is reasonabIe that a smaller temperature shift took pIace_ The reversibiIity of this 
tmnzition is aIso iiIustra& in the top curve of Fig- 5. The reversibIe peak appears 
at 123°C Decomposition took pIace in a three step process with the largest of the 

three exotberms appearing at 275OC 

The compound began to Iose hydrate water at 25°C giving two breaks in the 
TG curve prior to reaching the anhydrous state, The first break at 50°C corresponded 

to the loss of one mole of water with the resultant formation of the dihydrate The 
second break at 70°C corresponds to an additional Ioss of O-5 mole of water to give 
the 15 hydrate Further dehydration rcsuItcd in the loss of the remaining 1.5 moles 



419 

of water which appeared to take place in a one step process giving the anhydrous 
compound at a temperature of 124°C. The anhydrous compound was stable over a 

temperature range of K20°C. 

The DSC curve (F=ig 4) shows one strong endotherm at 45°C preceded by a 
yeak endotherm at approximately 20°C of unknown origin_ The strong endotherm is 
grobabty associated with the loss of one mole of water A second endotherm is 
complex and appears to have a shoulder peak on each side of the main endotherm. 
The tkt shouIder stilrting at approximateIy 65°C and ranging to I3OT is probably 
associated with the loss of the additional 0.5 moIe of water The main endotherm at 
90°C and its shoulder peak at 97°C may indicate that the loss of its ikall.5 moks of 
water takes pIace in a two step process of 1 mole af water immediately followed by 
loss of 0.5 mole of water_ As with the Sm and Eu compounds the shoulder at 97°C 
may also be vaporiz3tion of the &so&ted IS moles of water_ The reversiiIe peak 
noted in the previous compounds appears at 123°C. Decomposition takes place in a 
three step exothermic process with a peak temperature of 285°C; however, prior to 



the exothcrmic dazompositioa, a broad shallow endothermic peak appeared 
approximately 225°C. This was not found for the Pr, Sm, and En compoonds. 

at 

Ho(C,F,O3, - 2 Hz0 (fig. 6) 
Dehydration began at 30°C giving one break in the TG curve prior to reaching 

the anhydrous state. The first break at 60°C corresponded to the loss of 0.5 mole of 
water folIowed by dehydration of the remaining I.5 moles of water to the anhydrous 

state at 98°C. The anhydrous compound was stable over a temperature range of 

145=c. 
The DSC curve (Fig. 7) was much less complex than the lighter group compounds 

in that only three endotherms were present. The first endotherm reached a peak 
temperature at 47’C and corresponded to the loss of 0.5 mole of water. The second 
endotherm began at 60°C and reached a peak temperature at 80°C. Both the tempcra- 

ture and magnitude of this endotherm indicate it is due to the loss of 1.5 moles of 
water. The reversible peak is sharp and appears at a temperature of KW’C. The 

dccom_position took place in three stages with the maximum exothermic peak having 
a temperature of 285T. As noted in the curve for the Gd compound an endothermic 

peak at 265°C preceded the exotherm. 

Er(C,F,O& - 2 H,O [Fig. 6) 
The erbium compound was very similar to the hohnium compound in that 

hydration water began to evolve at 40°C giving one break in the TG curve prior to 
reaching the anhydrous compound. The first break at 64°C corresponded to the loss 
of 0.5 mole of water giving the 1.5 hydrate. The remaining f-5 moles of water were 
lost in a one step process resulting in the formation of the anhydrous compound at 
96’C The anhydrous compound was stable over a temperature range of 160°C. 

The DSC curve (Fig. 7) revealed three endothermic peaks having a pattern 

identical to the previousIy described holmium compound. The first endotherm had 
z peak temperature of 45°C and corresponded to the loss of 0.5 mole of water. The 

second endotherm corresponded to the loss of the remaining 1.5 moles of water. The 
reversible peak appeared at 120°C. The decomposition proceeded much the same 
way as the previous compound in that an endothe.mic peak at 260°C preceded a 

three step exothennic decomposition. The peak temperature of the largest exothem 
appeared at 290°C 

yb(C,F,OJ, - 2 H,O (fig. 6) 
This compound showed the Icast comp~cxity of all the compounds investigated. 

Hydrate water began to evolve at 25°C and continued, losing two moles of water in a 
one step process. T&e anhydrous compound was reached at 72°C and was found to be 
stable over a temperature range of 165T. 

The DSC curve (Figure 7) showed only one strong endotherm having a peak 
temperature of 50°C The peak corresponded to the one step Ioss of the two moles 



421 

of hydrate water. The reversible peak appeared at 1 IOT. A broad shallow endotherm 

at 255°C preceded the three step exothermic decomposition. 
Anhydrous praseodymium and erbium heptafluorobutyrates were heated in a 

vacuum (I-IO II Hg) at temperatures of 300,350 and 500°C. At a pyrolysis tempera- 
ture of 3OWC, the evolved gases were identified by infrared analysis and found to 

consist of carbon monoxide, carbon dioxide and a mixture of fluorinated compounds. 
The fluorinated mixture consisted of major amounts of pentafiuoropropionyl fluoride 

and heptafluorobutyryl fluoride. A possible trace of heptafluorobutyric anhydride 
was also indicated. At a pyroiysis temperature of 350°C the concentration of carbon 
dioxide and carbon monoxide diminished aloq with the concentration of hepta- 
fluorobutyryl fluoride. Finally, at !iOOT no significant amounts of carbon monoxide 
and carbon dioxide were present and only trace amounts of heptaffuorobutyryi 
fluoride were found. The major product was pcntaff uoropropionyl fluoride. It appears 

that a carbon-to-carbon cIeavage is taking place which is enhanced by higher tempera- 
tures. An interesting reaction reported by Steunenberg and Cady8 su:+ests that a 

number of saturated fluorocarbons may decompose by a process whereby a fluorine 
atom is transferred from one carbon to the next splittin_e off the remaining difluoro- 
methylcne group. Reactions such as the production of hurafluoroethane from oct&- 

fiuoropropane were reported in their study. The absence of carbonyl difluoride in the 
decomposition products of the heptafluorobutyrates suggests a different mechanism 
of decomposition from that previously reported2 for trifluoroacetates. In the latter 
case a considerabIe amount of carbony difluoride was found in the decomposition 
prO&JaS. 

PreviousIy reported2 thermal studies of pentiuoropropionates reveaied their 
dehydration to proceed to a I.5 hydrate intermediate before reaching *he anhydrous 
state. In this study, it appears that the 20 hydrate is preferred as the decomposition 

intermediate for the cerium group compounds while the yttrium series is s_pbIe at 
room temperature as the dihydratcs. Upon reaching the dihydrate intermediate, the 
cerium group compounds dehydrate to the anhydrous state in an identical manner 

to that revealed for the yttrium series compounds. These findings are supported by the 
infrared and X-ray studies in that the infrared spectra of the cerium group compounds 
became similar to the yttrium series upon dehydration to the dihydrate. ASso, the 

dihydrated c&urn compounds showed identical X-ray patterns to the yttrium 
dihydrates. 

AI1 of the anhydrous salts of the heptafiuorobutyrates were stable over a range 
of temperatures as indicated by a Ievei plateau on the TG curve. These findings differ 
slightly with the trifIuoroace%atcs and pentafluoropropionates in that the praseody- 
mium and samarium saIts of the trifluoroacetates and the praseodymium salt of the 
pentafluoropropionat were unstable. A trend was indicated in that the stability 
of the anhydrous compounds increased as the atomic number increased as shown by 

the increasing procedural decomposition temperatures in Table 3. This appears to be 
a direct r6uIt of the Ianthanide contraction if Iooked upon from an electrostatic 
viewpoint since as the cation radius dccreascs tte charge density increases, resuIting 
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- Wr%pf WI %as wr %as Tip. of LnOF 
a?amqwn= a7lhpbocu UJFS i%OF formaribn (“C) 

;e;;=“= X’iwq Fowui 7kmy Found Xheory Fomd 

PrtGF?o& - 4HzO 298 91.7 92.0 23.3 23.8 20.7 21.0 
Srn(GF?oth - 3.5HzO 303 925 922 24.3 24.5 21.7 21.8 
E4tLFzOzb - 3.5ao 304 925 92.5 24.5 25.0 21.9 2zo 
GdEiFAk)s - 3H20 309 93.7 94.0 2S.2 2S.5 226 229 
Ho(cI;ciOd~ - tHz0 314 95.7 95.6 26.4 26.6 23.8 24B 
MGF~h-2H~ 315 95.7 95.5 26.6 26.5 24.0 23.8 
YW.TZOZI~J - 2&O . 318 95.8 955 27.1 27.2 245 245 

670 
650 
630 

E 
600 
580 

in a greater attraction for the Iigands. Also, one couId interpret these resuIts from 

the base strengths of the respective elements with praseodymium being the most basic 

and ytterbium the least basic. It seems reasonable that a better ekctron acceptor 

would form a stronger bond with an electron donor, a situation which is found in the 

case of the heavier elements. 
In comparison, the stability of the anhydrous salts of the three chsses of 

compounds was observed to bc in order of the most stabIe to least stable to be 

heptafiuorobutyrates B penfafluoropropionates z- trifiuoroacetates. The order of 
stability appears to agree with the ,ctrengths of the three acids. AI1 three are considered 

strongg; however, trifluoroacetic is the strongest with a dissociation constant of 1.8 
and heptafkorobutyric (Kd = 1.1) the weakest Heptafluorobutyric acid being the 

weakest acid fbnns the most stable salts, while trifiuoroacetic, the strongest acid, 

forms the least stable sak 
_ Qualitative estimates~ from DSC measurements, revealed the triffuoroacetates 

to exh:%it the most exothermic decomposition while the heptafi uorobutyrates showed 
the Ieast exothermic decompositions. 
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