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The extraction constants represented by K., = [I,nAg]o[H+]3[Ln3+]_S[HA]O_?’ were deter-
mined across the lanthanoid series, in the extraction of lanthanoids(III) with acetylacetone
(Haa), benzoylacetone (Hbza), benzoyltrifluoroacetone (Hbfa), and hexafluoroacetylacetone
(Hhfa) from 0.1 mol dm * NaClO, into CHCl; at 25C. The extraction constants increased
along with increasing the lanthanoid atomic number. However, the degree of the variation of
the extraction between adjacent lanthanoids decreased in the sequence of Haa =~ Hbza >
Hbfa > Hhfa, i.e., the extraction constants with S-diketones, possessing a smaller number of F
atoms, showed the larger variation for the lanthanoid. In addition, when the stability constants
of the aqueous chelates of lanthanoids(III) with Hhfa and Haa were determined by potentiomet-
ric titration and the solvent-extraction technique, the constants of the aa chelates increased
along with the atomic number, while those of the hfa chelates did not change over the series.
Accordingly, it was concluded that the increase of K. with Haa for the lanthanoid series
depends on the change in the stability constants as well as the distribution constants of the
extracted species, while the similar values of K.. with Hhfa across the series was contributed by
similar stability constants.

Keywords : lanthanoids(III); extraction constants; stability constants; B-diketones; distribution
constants of the extracted chelates.
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Fig. 1 The distribution ratio of several lanthanoids(IIT) between 0.1 M NaClO, and
CHCIs containing a f-diketone as a function of the hydrogen ion concentration

a: extraction of Nd'" with 0.1 M Hbfa(4) and 1.4 X 10™"M Hhfa(O) in CHCl; at
equilibrium; b: extraction of Nd"((J) and Gd"' () with 0.1 M Hbza
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Fig. 2 The dependence of the distribution ratio of Nd" on f-diketone concentration

The distribution ratio normalized for hydrogen ion concentration is given as a function of

[HAT..
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The B-diketones are Hhfa(a), Hbfa(b), and Hbza(c).
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Table 1 The extraction constants, log K., when lanthanoids(III) were extracted with B-diketones from
0.1M NaClO, into CHCls
Hhfa Hbfa Hbza Haa
La —4.04 = 0.1 —12.08 £0.05 —19.84 = 0.1,
Pr —3.65*0.4; —10.77 £ 0.04 —18.1; £ 0.2
Nd =3.16 = 0.06 —10.48 £ 0.03 —182%0.2 -19.3
Sm —2.69 = 0.06 —9.65 = 0.03 -17.2+0.2
Eu —2.66 £ 0.2 —9.44 = 0.1 —-16.7 £ 0.1 —18.2
Gd —-2.7,%0.15 —9.58 = 0.04 -17.0%x0.1 —184
Tb —24;*0.1 —16.2x0.1 —-17.8
Dy —2.29 +0.04 = 15.85 = 0.0
Ho —2.33+0.09 —15.9¢ = 0.2 —-17.3
Er —2.18+0.03 —154 % 0.1
Tm -21%0.13 —8.61 £0.04 =151, £ 0.3 —16.6
Yb —1.97 £ 0.06 —833*0.04 —14.7, £ 0.1
Lu =2.14 £0.06 —8.4, 0.2 —14.7, 0.1, -15.7

Ko = [LnAs] [H" 1"/ ([Ln* 1 [HAL)

logD

log[A™]

Fig. 3 The distribution ratio of lanthanoids(HI) as a
function of B-diketonate anion concentration

a: the extraction of Nd"(O), Tb™(2), and Lu"'((7))
with Haa; b: the extraction of La" (), Eu™(V), and
Lu""([(J) with Hhfa
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Table 2 Stability constants of B-diketonato lanthanoids(III) in 0.1 M NaClO; determined by solvent extraction

Haa Hhfa

Ln" log B log B log B3 log Kam log B log B2 log Bs log Kam
La 1.74 £ 0.12 3.49 = 0.06 4.1+0.23 0.08s
Pr 1.7, £ 0.3 3.76 = 0.06 4.2; £ 0.56 0.03
Nd 4.7: % 0.1 8.81 = 0.0¢ 11.94 £ 0.09 —-1.2 2.3, £0.16 3.43 = (.24 51043 -—0.06
Eu 5.5 = 0.1 9.6; = 0.1 13.0 = 0.1, - 1.17%0.0, 1.8;0.13 3.5, £0.12 4.4+0.24 0.83
Gd 5.06 £ 0.69 9.45 = 0.55 12,5 £ 0.5 —1.28 £ 0.0, 2.02 = 0.08 3.3 £0.12 4.3 (.22 1.034
Tb 52, % 0.1y 9.94 £ 0.05 13.26 % 0.0; =0.92 £ 0.0,

Ho 5.615 = 0.09 9.79 £ 0.0, 13.8, = 0.0, —0.48 £ 0.0, 2.15 % 0.05 3.82; = 0.05 4.2 *£0.35 1.815
Tm 5.324 = 0.0; 9.91; £ 0.05 13.41 = 0.0, 0.13 £ 0.0, 1.8+ 0.2 3.7 0.13 4.4 %048 1.63
Lu 5.80 = 0.0s 10.06 = 0.05 14.01 = 0.0,4 0.38 £ 0.04 1.99 = 0.07 3.74 £0.05 4.4%0.18 1.66

The values of pK, and log Kq are 8.67 and 1.36 for Haa, and 4.46 and —1.75 for Hhfa.
[LnAs]o[LnAs] '

4 n | 4|||||||\‘
0 1 1 2 3 4 5 6

(2-n)[A J(1=n) /107 -n)[A)(1-ny 1107

Fig. 4 Typical data in the potentiometric titration of
europium (III) with acetylacetone (a) and hexafluoro-
acetylacetone (b)

The different symbols mean different runs.
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Table 3 Stability constants of S-diketonato lanthanoids(III) in 0.1 M NaClO, determined by potentiomet-
ric titration
Haa Hhfa
log B log B log B log B2

La 49 x04; 10204 2.45 = 0.01 5.568 = 0.01

Pr 511 +0.01 10.2; = 0.1, 2.53 £ 0.01 5.65 = 0.01

Nd 5.23 £ 0.09 10.52 £ 0.06 2.60 = 0.06 5.72 £ 0.01

Sm 2.57 £0.01 5.80 £ 0.01

Eu 5.61 £ 0.04 10.86 = 0.09 2.57 £0.01 5.84 = 0.01

Gd 5.67 = 0.03 11.04 £ 0.01 2.62; = 0.01 5.82 = 0.01

Dy 2.63; £ 0.00, 5.85 = 0.00,
Ho 5.81 £0.03 11.13 £ 0.05 2.65, £ 0.00; 5.83 £ 0.01

Er 2.665 £ 0.00; 5.83 £0.01
Tm 5.8 £0.15 114+ 0.1, 2.74; = 0.00, 5.82 £0.01

Lu 5.88 £ 0.03 11.2, £ 0.1y 2.76, £ 0.00, 5.79 £0.01

The value of pK, is 8.67 for Haa', and 4.27 for Hhfa, respectively.
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KEBWZ 01M (f=0.97 - 1.10) OKEELF b7 LK
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BOBETHESLLEDIIKRELADBLETHETES, LA
A5, Hhia TX 9 v ¥ /4 FRINI b7z THULORE
BEEMEZRLZ. ZOMMOEN pK, DEVIZL T
HHTE L., BFEORY, BEFHFFOKREVTI Y IAF
£ F K GTELRME DL VRVEEL T 525, pkK,
DONZXVHRRE 7T MV, T4 R4 bR
CEALEVWOT, BTERORIVTI V¥ )4 FL4F >
PORSTE#HEES 22 A TERV. —7, BEMTIEE
WMEEDE T V¥ /4 A4 L NEVREGZT 5.
CHODOFHEIZL o TRBRMIZTRTOT ¥ /4 FITH
LT, HUOREEER: ZozEZ2bNS. FFE, I
WAZRER A EESD EDTA & X3, BETEFH o
PRVREETHOLWRT LA, £ hHNVK B R L,
REEORVEARIELS ¥ /4 FRINIDb - THEUO%E
EEEHATTI LB LIELIEBIESh S,

5574 KD BRIV b ilEoTHiliaNs &
X, Sy /4 FMD KBV NS ST LS
TEY, FLOT ¥ /4 4G O A XDENLTF
BICKRERAEZSZHVEIICEZLNDLDS, aa W IZ
hfa $fk& & B DR EZDEALL D Kuo DEALDITH B
KEVHMID B, BE S L HEBEMHEEEKOHEMHE~DREY
TR, BAEEERLTLABBREL TV KTTO
BMHAKELHEETAZELEERBETHOTHA .

Ner Sh
4 7ﬁn ng

Sy 4 FAUD 28D B-T7 b THET 5L &,

HERE, WM, AREF, BB BV b HICEAT Ly A4 D) O E KN F L — N AR 1205

BT 5508 /4 FHOSHRE, BT britds
TRLEAH. TMEpK.DPNEVBEI b 3725 /4
M LoELE<, BWIKMLTWEENT V¥ )/
A RAF DO RAGFABRBETE LW ERDBREL
B Th S,
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= 5

—HOFyH A4 F) 27EFATELY (Haa), XYY ANTE Y (Hbza), XV ALY 7
Viua 7t by (Hbfa) EANFHTIN0Fa7EF V7MY (Hhfa) THHL, MEEH (K=
(LAl [H 1 [Ln* 1 7' [HAL ™) 2#BHLA. WFho U7 b ik alicho THMLERIZT v ¥
A FOEFHFTOEME-> THWMT 2205, Z2OELOE A Haa =~ Hbza > Hbfa > Hhfa DJETH -
72, %D, FRERFEZECATD BV b EBEHEERD S v ¥ 7 4 FEOEZ/NS W, BIZKISHETR
TV Haa & Hhfa IZDOWTIEW ATRIEHFIC D> THEILLEHEL, KHNSSEOREEEH & &
D2 BB ERE, FLEVERTETOE IR QREBROGEEEHZEB L. KANEROR
EEEHIT aa ik TIET v 5 /4 FRVIOFETHESORME & H IS 575, hfa KO REE ST
BEFHFESVPELLTHDIFLAEE Lo/, ZRISH L, HlSEE LnA, © 2 MBI ERIE, aa 85K
b hfa RS ETFHEBSOMME L DITWMLz. L7z > T, Haa X Z2HBERD T V% /4 FORETF
GOWME & BIZHWIMT2DIE, B3 & Kin DAV KE BT 570D THHH, Hhfa 2 & BHIHEHA
HEVEALEVDIR, BB L AN ERKRELEFST LTS LRSI,
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