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ABSTRACT. Retention behavior of lanthanide- « HIBA complexes was studied on the cation ex-
changer (L.C-18 coated with CyH,,S0,-). An equation predicting retention of lanthanides in isocra-
tic or gradient elution with sodium jon and «- HiBA concentration was derived from ion exchange
equilibria of metal-ligand complex system, respectively. The relations between log k’ and log [Na*]
flog [2-HiBA] showed non-linearity in isocratic elution. In gradient elution a good linearity be-
tween log k' vs log R was obtained. The values of slopes (log k’/log R) gave good agreements be-
tween calculation and experiment. Individual capacity factors (k',3+, k' y2+, K'1a22*) and stability
constant { £1, B2, #3) of lanthanide- ¢ HiBA complexes were calculated by the non-linear least
square fittings using the retention equation. The correlation coefficients of lanthanides were shown
better than 0.9996 between experiment and caleulation.
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Fig. 1. Capacity factors of lanthanides in variation of
pushing ion concentration. column: CqHz,504Na coat-
ed, eluent: 0.01 M a-HiBA, NaClOy, pH 4.61, flow rate:
1.0 m¥/min., detection: Arsenazo IlIl, 651 nm
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Fig. 3. Capacity factors of Dy and La in NaClO, eluent

chromatographic conditions: same as in Fig. 1.
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Fig. 5. Capacity factors of lanthanide elements as a
function of e-HiBA eluents, 0.10M NaClO, medium

Table 1. Concentrations of lanthanide-aHiBA com-
plexes calculated® 9

a-HiBA [M3+] [ML2+] [MLy*} (MLy)
(M]  x106 x10%6 x106 x]106

Lu 0.0025 062 4.23 389 1.27
0005 0.17 2.39 447 2.94
0.009  0.05 1.16 3.97 4.82
0.012 0.02 0.77 3.51 5.70
0.050 0.00 0.07 1.26 8.67
0075 0.00 0.03 0.88 9.09
0.100  0.00 0.02 0.68 94.31
0.15¢  0.00 0.01 0.46 9.53
0.200  0.00 6.00 0.35 9.65
Yb 0.0025 0.69 4.40 3.86 1.03
0.005 020 2.59 4.64 2.57
00089  0.06 1.32 4.30 4.33
0012 0.03 0.09 3.87 5.22
0.050  0.00 0.10 1.48 8.44
0.075 .00 0.04 1.04 8.92
0100 000 0.02 0.80 9.18
0.150  0.00 0.10 0.55 9.44
0.200 0.00 0.06 0.42 9.58
La 0.0025 6.01 3.65 0.34 0.0t
0.005 4.03 5.00 0.94 0.00
0.009 245 5.53 1.89 0.13
0.012 1.81 5.46 2.50 0.24
0.050 0.21 2.64 5.12 2.03
0075 0.09 1.76 5.11 3.04
0:100 0.0 1.25 4.85 3.86
0.150  0.02 0.72 4.22 5.03
0200 0.01 0.47 3.67 5.84

condition: 0.10Mf NaClO,, pH 4.00
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Table 2. Capacity factors and gradient slopes of lanthanide e-HiBA complexes by Li* ion gradient elution

ramp slope (R} slope (-) average

Elements mM/m! valence
20 i0 6.7 5 charge

Lu 1.209 £.249 1.254 1.263 0.031 0.094 0.103
Yb 1.366 1.393 1.393 1.393 0.014 0.109 0.122
Tm 1.551 1.594 1.599 1.603 0.024 0.132 0.152
Er 1.913 1.930 1.930 1.926 0.005 0.151 0.177
Ho 2.328 2.388 2.395 2.407 0.024 0.180 0.219
Dy 2718 2.905 2.986 3.024 0.078 0.183 0.225
Tob 3.176 3549 3.728 3.859 0.141 0.236 0.309
Gd 3.922 4.563 4,974 5.257 0.213 0.277 0.382
Eu 4.342 5.184 5.736 6.141 0.251 0.246 0.326
Sm 4.947 6.134 6.957 7.555 0.307 0.363 0.570
Nd 6.007 8.009 9.493 10.632 0.414 0.408 0.690
Pr 6.419 8.728 10.468 11.876 0.449 0411 0.698
Ce 7.103 9.893 12.030 13.751 0.478 0.446 0.805
lLa 8.399 11.988 14.847 17.251 0.52 0.485 0.940

Initial conc.: 0.05M a-HiBA, 0M LiBr (pH 4.52), final conc.: 0.05M a-HiBA, 0.40M LiBr (pH 4.52), cal. slope: ~x/

(x+1) at 0.05M a-HiBA, 0.10 M NaClO; ,
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Fig. 5. Capacity factors of lanthanides in variation of
ramp slope(R) of pushing ion in gradient elution. col-
umn: same as in Fig. 1, eluent: 0.05M a-HiBA,
0M-0.40M LiBr, pH 4.52, other conditions: same as in
Fig. 1.
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Fig. 7. Capacity factors of fanthanides as a function of R

in gradient elution by a~HiBA eluent. initial conc.: 03,

pH 4.00, final conc.: 0.20M, pH 4.00, ionic strength:

0.10 4 NaClO,.

Table 3. Capacity factors and gradient slopes of lanthanides by a-HiBA gradient elution

R (Mim slope (-
clement 0.002 0.0025  oons 0.0067 exper. pe_( ) el
Lu 7.601 6.894 5.473 4.431 0.451 0.5
Yb 8.044 7.306 5.783 4.649 0.458 05
Tm 8.716 7.896 6.224 4.954 0.472 05
Er 9.479 8.569 6.711 5.311 0.484 05
Ho 10.384 9.366 7.284 5.732 0.496 05
Dy 11.354 10.207 7.910 6.188 0.507 05
b 12.750 11421 8.813 6.839 0.519 05
Gd 14.832 13.243 10.190 7.818 0.533 05
Eu 15.879 14.214 10.921 8.355 0.535 05
Sm 17.647 15.750 12.077 9.216 0.541 05
Nd 21598 19.239 14,684 11117 0.553 05
Pr 23.129 20.596 15.694 11.879 0.555 05
Ce 25.731 22,805 17.354 13.103 0.562 0.5
La 30.593 27.225 20.617 15.345 0.574 0.5

Gradient cond.: initial conc., 0.10 M NaClQOM a-HiBA, pH 4.0, final conc., 0.10M NaCl04-0.20M a-HiBA, pH 4.0
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Table 4. Capacity factors of lanthanide-@ HiBA complexes as a function of a-HiBA concentrations

elements

a-HiBA conc. [M]

0.0025 0.003 0.005 0.006 0.0075 0.009 0.01 0.012
Yb 15.119 12.748 7.145 5.764 5.148 3.437 3.188 2.649
Tm 14.260 8.520 6.738 5.264 4.204 3.739 3.076
Er 17.095 10.111 8.010 6.235 4967 4.418 3.604
Ho 24.198 20.433 12.051 9.692 8.460 5978 5.513 4.367
Dy 23.088 14.220 11.392 8.933 7.137 6.353 5.143
Th 28.510 18.213 14,672 11.590 9.281 8.249 6.558
Gd 41.102 36.048 23.385 19.212 18.664 12.620 11.499 9.224
Eu 39.959 27.876 24.281 19.519 15914 14457 12.616
Sm 49.300 44,132 30.626 25.377 24.218 17.244 15996 13.658
Nd 61.531 55.797 40.702 34.716 34.355 24.923 23.745 20.216
Ce 74.954 69.418 52.950 46.671 43.180 34.388 33.483 28.319
La 87.727 80.604 65.222 58.820 53.161 46.002 45.230 38.489

pushing ion: 0.10M NaClO,, pH 4.00, soln temp.: 20°C

Table 5. Capacity factors of individual lanthanide-¢HiBA complexes

Element R34 A'LaL2+ AL+ std.dev.*
Yb 114.46(0.02) 17.30(0.11) 3.93(2.16) 0.338(0.037)
Tm 115.68(0.004) 13.76(0.20) 3.01(1.39) 0.095(0.010)
Er 11.651(0.21) 12.23(0.08) 3.02(1.40) 0.272(0.150)
Ho 117.06(0.16) 15.43(0.71) 5.18(2.51) 0.533(0.125)
Dy 120.58(0.04) 15.88(0.16) 3.31(1.29) 0.295(0.057)
Tb 128.06(0.08) 11.78(0.95) 3.54(1.39 0.720(0.369)
Gd 133.40(0.48) 14.93(0.996) 2.17(1.23) 2.105(0.142)
Eu 135.38(0.21) 19.96(4.81) 6.97(2.14) 1.146(0.155)
Sm 138.52(0.75) 15.48(1.74) 4.53(0.53) 2.042(0.391)
Nd 142.4%(1.03) 18.20(8.33) 3.83(2.58) 2.922(0.560)
Ce 148.26(7.23) 20.54(6.71) 4.56(3.32) 2.956(0.689
La 152.15(3.55) 14.17(4.41) 2.43(1.39) 3.910(1.945)

Pushing ion: 0.10M NaC10,, pH 4.00, soln temp.: 20°C, @-HiBA conc.: 0-0.012M, *: std. dev. between expertment and

calculation, ( ): std. dev.
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BAL o) 4o Lejexs} 2o} Lol,' 7 F
HFo|mE (INAE TAMCE g o] B
A1g 5 slck
k =k Lo BLL IF/B[L-
2o} gales (L] WA RVE W71
R =k et BARVY/B(RV)?
=Bk’ L2 /Bs) (H/RV)
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aV/idr=Pzk’ La2*/(B:RV)
g AHRsle] Ae|six

Jindr=[{YoBRV/(Bok” Lz )V
R(E'®)=2/(aV,)
7| g B/ (B’ Lzt ) T
log% 33ty
2 log £ =—log R—log(V, a/2)
Z, log & vs log RE 7]&717} —1/2¢] A¥o)
—log(Va a/2)o)ck, Table 39 log &' vs log Rell
Wik 71€717F —045(Lw ol —057(La)yA=] v}
e A4agkel —059 A9 U glen
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Tuble 6. Comparison of 4,3+ of lanthanide- @ HiBA
complexes between the different experimental condi-

HIHE - A - RR7L - B¥C - 2084

tions
Elements k"‘a:; .

¢
Yb 114.46(+0.017) 136.63(+19.39) 114.44
Tm 115.68( 0} 115.08(+ 0.52) 115.68
Er 116.51{+0.18) 105.16(- 9.58) 116.3¢
Ho 117.06(+0.52) 116.2K- 0.59) 116.90
Dy 120.58(-0.03) 114.88(- 4.76) 120.62
Tb 128.06{- 0.06) 109.66(-14.42) 128.14
Gd 133.40(~0.36) 121.40(- 9.32) 133.88
Eu 135.38(-0.14) 135.54(- 0.02) 135.59
Sm 138.52(-0.54) 126.73(- 9.00) 139.27
Nd 142.49(-0.72) 133.48(- 6.99) 143.52
Ce 148.26{-3.56) 145.58(- 5.31) 153.74
La 152.15(-2.43) 151.56(- 2.81) 155.94

a: 0-0.012 M a-HiBA, 0.10M NaQO,, b: 0.0025-0.01241
a-HiBA, 0.10M NaClO,. ¢: 0.10Mf NaClOg { ): (a-c}
100/c or (b-c) 100/c, pH: 4.00, soln temp.: 20°C

FAE YEFYaE A 32 e 7R
7h e eRdie A4 Xo 22 g2 YE
Wiz gk olel 2L AL HEFUA-gHBA
48 F Lo, 98 o2 44 28 2312
AL}, algp ¥ 2lfte 7] &) e Az
¥ JERULE HE 3 F H¥Fo] Lnl, 2=
A A2 &Y £ ok 49 (12)Ae2
FE 27 Frwdle)] o b E 2A s ujAdy
HaAe00 = 2 o] o)A (R o+, k' Lz,
k' vat) & AAEIS Toble 49 o-HiBA ¥E&
0.0025 Mol A 0.012M7A] S84~ 425 AL o
EFUAY 274348 e o) Table 5ol
a-HiBA 5% 0~0012M712] H#9¢ o 7}
M AEEY 27 4AE e} 283 Te-
ble 6o 32 =74 o-HiBA FEaistel oial
T3 Ln*t 8] =27 Ade IAsge, a2 Ase
a-HiBA F5& 0~0012M74A N w2 3

Tahle 7. Capacity factors and stability constants of lanthanide-HiBA complexes measured by chromatographic method

Elements k'Lns + k,Lan + kll.uLz > log ﬂl lﬂg .82 log B3 std. dev.
Yb 114.44 1048 4.93 3.66 6.17 8.73 0.397
(3.64) (6.42) (8.69)
Tm 115.68 11.58 0.22 3.49 6.24 7.38 0.201
(3.515) {6.22) (8.3%
Er 116.30 10.2 0.97 3.42 6.03 7.79 0.152
{3.35) (6.04) 8.13)
Ho 116.91 9.30 1.30 3.39 5.76 7.77 0.494
(3.314) (5.98) (7.96)
Dy 120.32 14.8 0.46 3.33 5.88 7.55 0.306
2.727) (5.90) (7.87)
Th 128.13 12.46 0.29 3.25 5.65 7.18 0.400
(3.107) (5.65) (7.43)
Gd 133.83 9.2 3.15 3.18 5.27 712 1.68
(3.076) {5.51) (7.19)
Eu 130.69 8.61 0.56 3.15 4.53 7.10 0.682
(3.090) (5.54) {7.32)
Sm 139.22 11.06 1.82 3.08 5.14 5.79 1.884
{2.993) (5.39) 6.77)
Nd 143.59 8.40 2.98 4.08 6.66 0.855
{2.88) (5.02) 6.30)
Ce 153.60 14.58 0.86 2.90 3.797 6.40 1.84
{2.80} (4.74) (5.95)
La 155.57 10.08 2.74 342 2.052
(2.62) (4.42) (5.53)

condition: 0.1044 NaClO;, 0.0025-0.012 M a-HiBA, pH 4.00, { ): cited from ref. (8).
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Table 8. Comparison of capacity factors of lanthanides between experimental and calculation
Element . Yb Er
HL, M k,e:p‘ k'al k’exp, k'cal, k 'exp, k'cal.
0 114.440 114.438 116.300 11.300 155.94 155.569
0.0025 15.119 15.142 87.727 88.463
0.003 12.748 12.673 17.095 17.150 80.604 81.861
0.005 7.145 7.343 10.111 9.930 65.222 63.885
0.006 5.764 5.956 8.010 8.078 58.820 57.977
0.0075 5.148 4.574 6.235 6.239
0.00% 3437 3.671 4.967 5,033 46,002 46,378
0.010 3.188 3.230 4418 4.442 45,230 43.765
0.012 2.649 2.587 3.604 3.573 38.484% 39.662

slope(s) 0.99999 0.99998 1.0020

correlation

coefficient(r} 0.99997 0.99999 0.9996

condition: 0.10M NaClO,, pH 4.00, HL: a-HiBA

ol b8 A= 00025~0012M -7k A A

FHolrh, 22| 9} A5t a-HiBA §lo] 4]&])

Na‘*uhe] feldez F¥ k' s*9 Eelch col 160 -

W a9] s +3%IelY, 2|3 coll W 10,9556

b9 ZHEL +10% ©lRlA Mz sk Slc) 120 }

F NEFYA-oHiBA AFEE4E T 2009 3

o-HiBA §l¢] £5¢ Lod* gtogye] 284", 8 Yal s

NE vZE o o)1F Fol HE YAsDE 3 /

SRULCHBA 3B PREARE 47 Y /

FEE9 TS 289 Yo Ushdchs 2oy 40 /

2g Zoal 3 ol Tadle 59 AHZRE 4’

WHE 100~150, &' 2t € 10~15, Koo & 1~5 " " 20 16C

Aezd Yt=st ¢ A9 WA deie g Kexp.

27]A=E ghel 108 A= zhide Ao® e
Wt &, o-HiBA #i2t=2] IMET ] o3 §2Hy
R oA g uiel AR = 7t 3}
G55 &G 2 i de AeE A%
ot wziEst APHA G Fed T A
Zog P4& 3 o) 2w7e) Fid(er}
713t} gufiele] F3h3ge] FritEe e
AlZbel wepA= Ao A} €tEs) JE
FU2rl AEE g=e AS A= AR}
HEFUL B} A o] 283 2f7k=rt
¢l ALY AE 2 F U 2R HEY =2
Z14Re] 27 AR 2t | 0.65~458%, k' oz
DILT~72%)E AHHA @4 Loty kTt
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Fig. 8. Correlation coefficient of lanthanum between ex-
periment and calculation.

H2H0.003~4.9%) B} Ats] 2A Vel Te-
bie 7ol HNEFVL-aHIBA 2559 Y| AW
=t B, R i) R DHE BB By B S
vehiiicl k9] (12)48 o8-8l Table 49 3t
2.28e 6709 AeE Ay AR F
Aol FEGe}, Table 521 271443} Table 79
2719 A& vl &9 A9 A 3L gE
Bolx glar), &'t R R RES AR
Aol F Holi glor AFe MYx e BE
FEF Ui 24 AU Aol N 7+¢ B
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s} ME2 B Ut oeby AE Gl 29
50| vRE AFonye FEe 4E
o Y= ATE T 3 Urke Rl gu)g 1A
T Uk o) 2| AR Al 23ka)
AR REDA} 02~2022 F& AHE B
o|Z gle™ Table 8¢l Yb, Er, Laol wjzt 27)43
&) olg 27|49 AYGP ARgoz Ny
T} WA (correlation coefficient) R 7]-&7]
& 2 debiigith &, A3A$7)d 09999982
FE 09996747 o1z, 7]-87] Zko] 0.999999%-€] 1.
0002747 viehden ez LEL BE o|F
gk Alololl EA3tirk. 22} Fig 8ol Laol Wik
ol 2ol AVIVAF nlEHo 2 mA)stdc)

i =

FH-ANE ABANA ol wx B39
PR Y BB ASE FBE o FE o
AT 44 2 2 A AEEY 2AHAR)FH
A AR= FEste) Ble Uy BAE
debigich. @A o) BAE olesel 7 A
4859 2] 4YE AL 4 Y9 29w

& oleEs PN HEY VYT Y4E
T 4 Qe o) YR Phghe 2EekEIY
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