
l 
'jr: ~ 

/. 

UCRL 3678 

UNIVERSITY OF 

CALIFORNIA 

TWO-WEEK LOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Diuision, Ext. 5545 

THE COMP[EXING -cERlTI II), 

lANTHANUM (Ill) AND GADOLINIUM (Ill} 

BY FlUORIDE IONS IN AQUEOUS SOlUTION 

BERKELEY. CALIFORNIA 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



··~ . 

UCRL-.3678 
Chemistry·Distribution 

UNIVERSITY OF CALIFORNIA 

Radiation laboratory · 
Berkeley, California 

Contract No. W-7405-eng-48 

THE COMPLEXING OF CERIUH (III), L.t'INTHANUM (III) AND 
GADOLINIUM (III) BY FLUORIDE IONS IN AQUEOUS SOLUTION 

J. w. Kury, z. z. Hugus, Jr., and W. M. latimer 

January Jl, 1957 

Printed for the U. s .. Atomic Energy Commission 

. . 



-2- UCRL-·3678 

THE COHPIEXIUG OF CERIUM (III) , LANTHA!lUl.f (III) A1ID 

GADOUNIU:-1 (III) BY FWORIDE IONS IN AQUEOUS SOLlJriOI:l 

. 2 . 3 
By J. w. Kury, Z. z. Hugus, Jr., and w. t-1. Latimer 

Contribution frorn the Ulivers1ty of Ca.li:tornia Radiation Laboratory, and 
· the Depart.nent of Chemistry and Chemical Engineering, 

;University of Ca.l1fornia.1 Berkeley, California 

January 31, 1957 

ABSTRACT 

. ·.The equilibriwn ~t1ents fo1~ the formation of CeJ'•2, _, 
+2 +2 ., .·· . . . . 

1AJ' and. OdJ' 1n aqueous solutioJl have boen determined at an 

ionic strength of. Q.50 mlct a temperature ot 25" by ~ana of the 

"terri n I'Q!':ft.hod. 

(1) This woz:k was performed under the auspices of' tb.e u. s .. 
; 

· :,\1;om1c Energy ComiasioD. 

(2) School of Chemistry, University ot )U,nneaota, Minneapolis 14, 
. . ' 

)U;Mesota. 

( 3) Deceased .. 
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THE COMPLEXIUG OF CERIUM (III) 1 LAlrJ:'FIANml (III) MID 

GADOLINitJr..J (III) BY FLUORIDE IONS IN AQUEOUS SOLUriON 

. By J o w. Kury, z z o Hugus, Jr. , and W. N.. Latimer 

Contribution from the. University of California Radiation Laboratory, and 
the Department ot' Chemistry and Chemical Engineering, 

University of California,· Berkeley, California 
( 

January 31, 1957 

During the course of experiments in this Laboratory on the 

solubilities of rare-earth fluorides, it became necesSary to meas\U1l 

the extent ot .complextng ot cerium (III), lanthanum (In) and p.dolinium 

(III) by tluaride ions.. The experim:!ntal. technique employed 1a based 

upon the COf4Pet1t1on between the rare-earth ion end iron (til) f'or 

fluoride ions 1n a terroue-terr1c concentration cell ("terri"' method). 4•5 

(4) c. Brasset and G .. On·tng, SVensk .. Kem._Jl~d., ~~ 101 (19 .. 3). 

(5) H .. W. Dodgen and G. K. Rolle.fson, J., Am. Chem. Soce, n 
26oo (19~9). 

~XRZrimental 

Cells.-Tbe two concentration cella, A•C and B.;.c, and the 

potentio~ter c1rcu1 t have been previously <:\escr1bed. 611 · 

(6) L. G. Hepler, J .. We. .ltury end Z z. Hugus, Jr., This 

Joumel, ~, 26 (1954). 

(7) J,. W .. Kury, University of Ca.U.fornie. :Radiation Laboratory 

lteport UCRL-2271, July, 1953. 

I 

Solutions.-The preparation of stock solutions of BOdiwn 

fluoride, sodium perchlorate, perchloric acid and ferrous perchlorate-
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. 6 7 
ferric percblorata•perchloric acid has also been preViously described. 1 

A stock Solution of cercus perchlorate in perchloric acid waa prepared ' 

1n the fo~loWi.ng w:mner. Analytical reagent "nmnonium ru!xan1tra.to 

cerate" vtns dissolved in distilled water~ This solution vas added 

Yith vigorouo stirrirtg to 2 M e..tJIDOnium hydroxides The light yellov 
. - · .. 

precipitat'e. was· tUtereci snd wo.ahed VIi th distilled water. . This- hydrous 

eerie hydroxide was dissolved 1n parchloric a.cid and reduced with· 

ana.lyti~al. grade 3~ hydrogen peroxide. The resulting solution was 

boiled and, after several ~s, was filtered through sintered glass. 

The cerium (III) concentration vas determined in a manner similar to 
. . 8 

that described by Smith~ 

(8) G. J'. smith, "Cerate OXidimetry," G. F. Smit~ Chemical Co., 
Columbus, Ohio, 1942, p. 49. 

Mter a~ an excess of sod1tw fluoride to precipitate all the cerium,. 

the percbloric acid concentration lias deterliiinad by titrating with·· 

carbonate-tree sodium hydrOXide to a phenol.phthalein' end point. A 

stock solution of lant~um perchlorate in perchloric acid was prepared 

b;y dissolVing a. known vcight of lanthanum oxide in standard perchloric 

acid. Spectrographic anslysis shelled that the lanthanum oxide 

contained no other rare earths and less than 0.01~ or Al, Ca., Fe or 

Si.. The gadolinium perchlorate .. perchloric acid stock solution was 

prepared by dissolVing a know weight of gadolinium oxide (Reooarch · 

Chemicals, Inc ..... 0 .. ~ Sm and 0.1~ Dy) in standard perchloric acid. 

Experimental. Procedure ··-All experiments were carried out 

at 25.00 t: o~o1°c and at an ionic strength ot 0 .. 50. Defore each run 

"the a.ssed>led cells and the stock solutions 'Jere brought to the tempera

ture of the experiment. 

One-hundred ml. al.iquota of stock eolution containing the 

desired conc~ntrations of ferrous perchlorate, ferric perchlorate 1 

perchloric acid and sodium perchlorate were pipetted in~o half-cells A, 

B, and C. . A kno..rn volume of' standard rare-earth perchlorate-perchl6ric 

acid solution was added to half-cell A. An equal vol~ ot sodium 

perchl.orate-perchloric acid solution, equivalent to the rare-earth 

'· 
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solution in total ionic strength and in acid concentration, ~aa 

added to half-cells B and c. 

Stirrers were activated and the p9te~tiala of half-cello A 

and B were ~easured with respect to reference half·cell c. After the 

small initial potentials (usually less than 0.3 mvo) had become 

constant, a.liquots of. standard sodium :fluoride solution were added 
·, . 

to hulf-ce.:tls A and BG . The potentials of the cells were .read after 
. . ' 

each addition. The stirrers were left on both while adding sodium 

:fluoride nnd whiie reading the potential. The .potential ~-C. became 

constant to a few hundredths of a millivolt within a. minute after 

each addition o This was also trite for E A-C. a.t low total tiuoride 

concentrations in hal:t'-cell A. At high tott>..l fluoride concentrations 

though, EA-C began to drift downward due to Blow precipitation of 

the rare~arth :f'luorldeo The noticeable oru:;et o:f this downward drift 

in E A...C approxir-..ately coincided '"i th the appearru1ce of a. ·Tyndall beam 

in haJ.f•cell A. 

E;-"'{perimente.l ~~sult.~. 9--In a.ll, :four runs were made for both 

(9) The data for all the runs m·e presented in Referenco (7). 

lanthanum a:ild cerium, and one run \'laS WAde :for gadolinium •. 

Table I 

Experimental Conditions and Results for Cerium Run IV 

(tce1+3)A = o.oo829 M , (r.F·) A (i:F .. ) 
B 

X 104 EA-C VA X 104 ~-c VB 
+ 

(!111 )A • 0.05£)14 M 
. - {ruolesL1l {mv~l . {nll.} {mo1eaL1l !mv•} {ml.} 

3.13 8.69 uo~o· 3.13 10.28 uo.o 
(Vi)A • 109-9. ml. 6.26 17.;8o 110.1 6.26 20.18 110.1 

9-39 25.70 
' T • 25.00 .!.; 

ll0.2 9·39 28.89 110.2 
0.01° 12.51 32 • .30 uo.2 12.51• 36.47 110.2 

J1 • 0.50 15.62 37.94 110.3 15.62- 43.05 ll0.3 
,·,· .. .· 1.8·.74 42.7i. 110.4' .. 
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Table I presents the data. for cerium nm IV. (rce
1

+3)A' (r.H1+)A 

end (V1)A are, reaFectiv€ly1 the initial total cerium (UI) concen• 

'tration, initial total hydrogen ion concentration, and init1o.l volume 

in half-cell A. (0'-)A end {tF-)B refer to tbc tote.l fluoride 

concentrations in half-cells A o.nd B. The tote.l initial iron (III) 

and iron (II) concentrations, (tFe
1 

+3) and (tFe
1 
+2). respectively., 

: -4· . 
were approximately 5 x 10 !! 1n all tbe·half'-celle. · · 

The initial conditions for all the runs are given in 

Table I-I. In each run anyvhere from 5 to 11 e .m.:f. deterininations 

were made. at d.1t1'erent fluoride concentrations .. 

Table II 

Initial Conditions for IndiVidual Experiments 

"' • 0.50 
0 

T • 25.,00 

(r.Fe
1 
+3) ~ 5 x 10 .. 4 !:! -. 

(EP'ei +
2) ~ 5 X 10•

4 !:! . 

·Run (r.Hi +) !1' (I:M +3) -~ 1o3 M 
1 -

Cerium I Oo0566. 4.21 

II Oo0967 4.34 
III . 0.0507 lo79 

IV 0 .. 0561 8 .. 29 

·. tsnthanum I 0.0545 8.88 

II o.Q996 8.88 
III 0.0562 1.28 
IV 0.0527 . 4.65 

Gadolinium· I 0~0498 .2.Tf 

" 
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Analysis of Results 

In Fig. 1, En-c r.nd E A-c, {up to the point of precipitation ) 

are plotted as a f~tion of the total rluoridc concentration for 

ceriUQ run IV. The fact tha.t the. t~.ro curves are not 1dent1co.l, end 

&.lao that one does not obse1·ve a Tyndall· effect in h;:.lf-cell A over 

this range, indicates the pr~sence of complex ·fluorides of cerium (ni). 

It is possible to interpret satisfactorily the experimental 

results by assuming the presence of only the simplest complexed species, 
+Z . . 

MF (M • cerium, J.s.nthanum or g.adolinium). The equilibria in question 

are: 

Fe+3 + BF • FeF+2 + H+ Kl {l) 

+2 + + FeF + BF • FeF3 + B · ~ .{2) 
r 

Fe +3 + ~0 • FeOH+
2 + H+ Ku (3) 

+ -HF•H +F KuF (4) 

M+ 3 + HF = MF+B + H+ K3 '(;) 

where the K's are equilibrium quotients, for example: 

(6) 

Concentration in rooles/1 in ho.l.i"·cell A .is represented by ( ) A. The 
0 

valuos of K1, Kg1 Ku and ~ e.t 25 used in these calculations. are 

given in Table III.!o · . 

. ( 10) R. E. Connick !!:. • !!. . , J. Am. Chem. Soc. 1 ]§., 1.827 ( 1956) • 
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Table In 

Values of Equilibrium Quotients Uood 1n Calculations 

~. 184 

~ D 10.3 

'. 

0 T a 25.0 

. Ku • 1.9 x 1o· 3 

~ • 1.23 X 10•3 

We shall nov detine A (I:P•) ast . 

at lA-c • Ea-c· Since ba.lt•ceUs A and B have the, same (m1 +), 

(7) 

3 ~ . 
(tFe1 + ) and (tre1 ) , and since VA • VB to. v1 thin a few tenths ot a 

percent, A (tF•) 1& a measure of the fluoride ions eomplexing M+3. 

Stoichiometric considerations give: 

(8) 

.(9) 

Combination of equations (6) 1 (8) and (9) yieldat 

A(r..F•) . + 
tnl3)A - A(I:F-) • K3('fJP/H ) A (lO) 

It ve plot (HF/B+)A vs. _A.._(;a.;;O';;;.· ,...·,...) ____ , ve should obtain a 

(ot3) • A {or•) 
. A .. 
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straight line of slcpe K
3 

and intercept zero (Fig. 2).
11 

(ll) Tho deviation of the experimental point from the straight 

line 1n Fig. 2 at the larger :fluoride ion cgncentrat1ons indicates 
. . + 

the presence of ~ small amount of a higher complex, such as CeF 2 • 

~ .(rJ'•) 'and (nt3} A· are. calculated directly from the experilxental 
. ~ + + 

data. Since (lfF/H ) A • (JIF/H >s when E A..C • ~-c' (lfF/H ) A can be 

calculated from equations (11) and (12).12 · 
• <··,r ' 

(12) 

The val.uee obtained to~ K
3 

are . pre sen ted. in Table III., 
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Table III 

Equilibr1Ull'l Quotients for the Fluoride Cowplexing of Cerium (III), 

Lant.~Ut'l (III) and Go.dolinium (III) 

I.L • 0.50 

Reaction Run K3 

I 1.5 

II 1.7 

III 1.4 

IV 1.] 
average 1.6 

I 0.62 

II o.6o 

III 0.55 

IV 0.57 L 

average 0.59 

I 

I 
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The following assumptions were mi.\de in the abova ctalcula

tions. The hydr~lyaia of the rare-earth ion and ferrous ion is 

negligible at the acidities uned. There is no fluoride complaxing 

of ferrous ion and the amount of bifluoride present in any of the 

solutiona ie negligible. Theru is no change in activity coetticients 

vhen rare-earth perchlorate 1e repld.ced by sodium perchlorate at 

constant total ionic strength. The perchlorate -COill,Plexing of the 

rare-earth ions bas been neglected.. Any such compl.exing would ho\olcver 

be absorbed 1n K
3
•13 

. ·. 14 
(13) Recently Heidt Md Berestecki haw gi~n a vulue for the 

(14) L. J .. Heidt and J. Berestecki, J. Am .. Chem. Soc .. , n, 
2<>49 (1955). 

~ 

(13) 

Usin3 this value or K 1 one obte.ins a K
3 

of 5.4 for the tollowiq 
oc . 

re.action at T • 25.0 and JJ. • 0,.5(): 

(14) 

Aclmowle4fx!nt.-Tbe authors vish to express tooir .. thanks. 

to Professor wren o. Hepler for help in C:a:rrying out some of the 

experiments. 


