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We have gathered, critically evaluated, caIculated, and tabuIated thermo- 
dynamic properties and related equilibrium constants and standard potentials for 
inor,nanic compounds and aqueous species of lanthanum. We have been explicit 
about sources of data and our calculations so that interested readers can check the 
steps Ieading to tabuiated thermodynamic quantities and thus form their own 
opinions about reIiabiIity and accuracy- 

In this paper we are concerned with the thermodynamic properties of lanthanum, 
its compounds, and various aqueous species derived from Ianthanum. Thermo- 
dynamic data for al1 of these are useful in several areas of chemistry and also for 
applications of chemical principles to other disciplines such as metalIur_q. Because 
many of these thermodynamic data are most useful when presented in the form of 
equiIibrium constants or standard potentials, we have listed some of these quantities 
that are related to our tabuIated free ener&s. 

We have been critical in our evaIuations and have recaIcu!ated many of the 
published rcsu!ts cited here, When data from several sources are in poor agreement, 
we have attempted to justify our choices. We have been expIicit about the sources and 
treatment of data so that interested readers can check the steps Ieading to tabulated 
thermodynamic properties (ako related equilibrium constants and standard poten- 
tials) and form their own opinions about reliability and accuracy. 

in several cases we have combined experimental data from a cited source with 
an estimate of some thermodynamic property. Numerical raIues of estimates are gicen 
in parenrheses. Except where explicitly stated otherwise, we have used auxiliary data 
[such as AH,” for CI- (aq)] from the Nationai Bi;reau of Standards Technica1 Notes’ 
270-3 and 270-4. 

*On I’ve from Department of Chemistry and Biochemistry; Punjab AgricuIturaI University. 
Ludhiana, India. 
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In spite of considerabfe discussion, general a,oreement is still lacking on “sign 
conventionsY for potentials. Confusion arises because -sign” can be eitller e!ectrical 
or al~ebrriic_ AI1 potentials listed here are reduction potentials with aisebraic s&s, 
and may also be taken to be electrode potentials with electrical si_gns relative to the 
standard hydrogen electrode. 

The symboJs E’ and K are ordinarily used for potentials and equilibrium 
constan*& that have been determined in very dilute solutions or in such ways that 
activity coefficients could be considered in treatin? the experimental data_ Similarly. 
we use AG”, AH’: and S” to indicate quantities that refer to the usual standard 
states’. Other useful investiations have been carried out with solutions maintained 

at some constant ionic strength by means of an “inert” supporting electrolyte. In 

some such cases, it has been possible to make reasonable adjustments to obtain 
values that refer to the usual standard states. In other cases, we refer to properties 
based on “uncorrected” data and call attention to the fact that the cited properties 
refer to solutions having some stated composition_ 

Except where explicitly stated otherwise, al! thermodynamic properties cited 
here refer to 298-15 K (25’C). 

GEXERAL CHEMISTRY OF LASTHAXUY 

Only the 3+ oxidation state (_ __5s’5p’) is of zenera! importance in the 
chemistry of lanthanum, although there is some evidence for lower oxidation states. 
The La3’ ion (r = 1-I A) is Iarser than the Y3+ ion (r = 0.9 A) and many of the 
differences in their chemical properties can be accounted for on this basis_ The 
La3’ (aq) ion is less hydrolyzed in weakly acidic solution than most M 3t (aq) ions, 
which makes it a convenient choice for some kinds of investigations of solutions. 

Some s!i:ht!y soluble (in water) compounds of lanthanum include the hydroxide, 
phosphate, carbonate. fluoride, and various double salts such as La[Ag(CN)& - 
3 H,O (c)e 

Because of widespread use of organic complexing agents in separation of the 
rare earths, and aiso because of theoretical interests, there have been many investi- 
gations of the association of La3’ (aq) with various organic Iigands. In this paper we 
limit our attention to the inorganic compounds and compIexes of lanthanum. 

THERMODYNAMIC DATA 

Our best general source of thermodynamic data for eIementa1 lanthanum, its 
compounds, and its aqueous species is the National Bureau of Standards Technical 
Note 270-7’, to which we frequently refer as NBS 270-7. Because references have not 
been included in NBS 270-7, we are unable to compare their sources of data with our 
sources_ 

We follow KBS 270-7 in adopting AH,” = 0, AGF E 0, and S” = 13.6 cal K- I 

mol- ’ for La(c) at 295 K. This entropy is in a,oreement with heat capacity results 
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cited by Kelley and Kin_g3. High temperature cakximetric measurements have been 
made by Stretz and Bautista3’. 

On the basis of two investigations”-’ of the vapor pressure at high temperature, 
we adopt AH,” = 103.0 kcal mol- ’ for La(g), as Iisted in NBS 270-7. Combination of 
this quantity with S’ = 43.563 cal K- ’ mol- ’ for La(g) as listed in NBS 270-7 
(good agreement with value calcuiated by Kelley and King3) leads to the tab&ted 
AC;. 

Our adopted properties for La&) are consistent with the results that have been 
reviewed by Drowart6 and also with properties listed in NBS 270-7_ 

Our adopted properties (TabIe 1) for Lao&) are consistent with the results of 
a variety of high temperature measurements reported by Drowart et al.‘-* and 

Ackermann and Rauh9, and are in agreement with properties listed in 270-7. Our 
AH,’ values for La,0 (8) and La,02 (g) are based on the results reported by Smoes 
et al.*. 

TABLE I 

THERMODYNAMIC PROPERTIES OF LANTHANUM AT 29s K= 

Subsrance AH,’ A& 
(kcai nroi- ‘) Uxat mol- ‘) 

S’ 
t Cal K- I mol- ‘) 

La(c) 
~(I3 
La’(g) 
La=+ (g) 
La3 + (s) 
La3* (aq; 
La2 (9) 
Lao(g) 
La20 (g) 
La=Or(F) 
La:03 (c) 
LaH, W 
La& ic) 
La(OH)” ktq) 
LaiOH),(aged ppt) 
La(OH),Ct(fresh ppt) 
La(OH)ZCI(aged ppt) 
La2(OH)KI(aged ppt) 
LaF(g) 
LaF2+ (aq) 
LaFr (s, 
La Fs (s) 
LaF,-fH,O(~pt) 
J-am (cl 
Lack (El 
LaC13-7HzO(cj 
LaOCl k) 
Cs~NaLaCi~tc) 

0 
103.0-‘-’ 
Z3_33. J 
490 
933. 

-J69_-)‘6.1’: 

1476 
- _79_0’-9 
-_28 

- 146s 
-_#28_7’0-‘1 
- 48.~‘~36 
--CL, 

- 337.03’ 

-441 
- J.&j_01 6.8 7 

- 173”6.“7 

- 759.7’6 
_-j&j’%%’ 

-571.666 

0 13.63 
94-J :3.5633 

- 163-J 
I35 

- 34.7 

-407.7 
- 35.5 

-208.z’R 
-307_*3’ 
--291Q” 
--g1_?31 
- 594.0 31 

34 

-417 
-238 
-172 
- 6485 
- 230 

70.,48 
788.7 

(32) 
(32) 
(gw 
110.6=3 
(22) 

(Table continued on p_ 98) 
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