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2 o FAL 99S FEolo] A7AHA AFE acetonitrile Sl AF R YiAje] FEE
s g eAtAFEes dFsigdo GE, Th®™, Dy®, Ho*t, EfY, Tm** ¥ Lu**& 0.1M TEAP
A2 AR Al 3Ha} Hulrtduie)g] oo Yt e A gduig ez velyol ¢3taF el A
Yot o] RwiA #FuHEe(Yb*t+e = Y0') A A ASS vepdan, FHA #die-e At
93 AEL veplich HP¥ddFe 2 FEWUNUA FARES ARdeE FAEEE ehich
E-acetonitrile EF-ZulelA] -2 Beto| & Fo| Fun)7} /A, E 4 olFIgle $UHF{E
Basigdo) o) VAL acetonitrilet} FAgrl & F9 403} 5o Frlsle AR 4uH
w3 Y(IDe Awts sl 2 Rou7l Zoigted ael H201" AEA Helvs |4k

ABSTRACT. Voltammetric behavior of heavy lanthanide ions has been investigated by the DC, DPP
and CV in acetonitrile solution. The reduction of Gd**, Tb**, Dy**, Ho**, Er**, Tm®* and Lu** proceed
by three-electron change to the metallic state with totally irreversibility in 0.1 M tetraethylammonium
perchlorate. However, the reduction of Yi(III) proceeds in two steps (Yb** +¢~ —> Yb** and Yb** +2¢~
— Yb®). The first reduction of Yb(III) showed quasi reversible behavior, but the second reduction was
irreversible in cyclic voltammetry. The cathodic peak current showed adsorptive properties in high conce-
ntration with lower sweep rate. The electroreduction of heavy lanthanides in water-acetonitrile mixture
has been studied. In water-acetonitrile mixture, the negative shift of the peak potential and the decrease
peak current were observed increasaing water concentration. Also the Yb(III) reduction to Yb(III) has
been deviated from quasi-reversible character with increase water amount. These results drive from
the high solvation abilities of water which has high donor number.
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Fig. 1. DC & DP polarograms of heavy lanthanide
ions. a) 1L5mM Th'*, b) 25mM Tm’*, ¢) 0.5 mM
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Fig. 2. Relationship between the limitting current
and the concentration of lanthanide ions. a) Gd®*,
b} Tm’*, ¢) Dy**.
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Fig. 3. Relationship between the limitting current
and the concentration of Yb** ion. a) 2nd wave of
Yb®*, b) 1st wave of Ybh®*.
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-
o

[mM], mM
Fig. 4. Plots of —E, vs. concentration of heavy lan-
thanide ions. a) 2nd wave of Yb’*, b) Gd**, c} 1st
wave of Yb**.

Table 1. Polarographic data for heavy lanthanide ions
in acetonitrile solution

3¢ D, t¢  Temp. coeff.
s Slobe 1079 WA (@0
Gd** 15.11 166 565 1.39
TH* 12.73 124.7 15.50 149
Dy“ 15.17 17 1.80 149
Ho®* 12.35 10.3 445 155
Er’* 1396 98 434 137
Tm?* 1546 6.4 3.50 1.57
Yo{Iny 45.02 25 2,20 1.34
Yb(ID 21.67 8.2 3988 1.32
Lu®* 12.77 42 2.86 142

0.1M TEAP, [Lo**]=0.3 mM, Yb(Ill}=1st wave, Yb

(IN=2nd wave.
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Fig. 5. Plots of —E, vs. temperature. [Ln**]=03

mM, 0.1M TEAP. a} 2nd wave of Tb**, b} Ho*, ¢)

1st wave of Yb*.
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Table 2. Value of K% at various temperature for 0.3 3
mM Gd** g
Temp. iy —-E» K (cm/sec) o
C) (uA)  (V us. Ag/AgCD {(X10°2)
5 5.20 1610 1.9901 SRS I el 0 IO O e P
10 5.36 1.600 2.9560 o4 2o e a N
15 541 1.595 3.1600 Patential (V vs, Ag/AgCl)
20 .65 1.580 5.1868 Fig. 6. Cyclic voltammograms of Yb** and Tm** ions.
25 5.70 1570 7.1921 sweep rate=100 mV/sec. a) 0.7 mM Yb**, b) 0.5 mM
30 578 1.560 9.7666

Lu3+

Table 3. Cyclic voltammetric data for heavy lanthanide ions in acetonitrile solution

. Sweep rate —Eg I Ypa . pal by
Lot (mV/sec) (V vs. AgCl) (uA) iV W AL,
Dy** 10 1514 0.75 0.237
20 1.530 0.95 0.201
50 1.565 1.34 0.190
100 1.600 164 0.164
200 1.640 2.04 0.144
Ef 10 1.490 0.80 0.253
20 1510 106 0.237
50 1542 148 0.209
100 1.575 2.84 0.284
200 1610 2.04 0.144
Yh(III) 10 1073 0.14 0.13 0.044 093 0.027
20 1.080 024 0.24 0.054 1.00 0.035
50 1.110 0.36 0.35. 0.050 097 0.050
100 1.132 0.44 043 0.044 0.98 0.082
200 1.180 0.60 058 0.042 0.98 0.140
YD) 10 1.55¢ 0.46 0.145
20 1573 0.56 0.125
50 1.640 0.92 0.130
100 1.678 1.08 0.108
200 1.734 134 0.095

[(Lp**]1=03mM, [Dy**]=05mM, Yb(ID=1st wave, Yb(I[)=2nd wave.

Vol. 37, No. 5, 1993



488

Table 4. i,/C,* values at differnet lanthanide concen-

tration and scan rate

FoNG - HNER - SR - AR - FER

1/C,

[Lnl, mM 20 50 100 200
mV/sec mV/sec mV/sec mV/sec

Ho?* 0.2 0.85 1.20 185 220
0.3 1.63 220 2.00 313

04 3.35 5.15 6.35 740

05 330 6.32 816 948

06 392 6.50 8.77 10.20
Yb(IIl) 0.3 0.28 068 0.90 1.20
05 040 0.83 0.94 1.30

0.7 100 175 230 2.86

09 104 1.75 2.30 2.86

11 1.06 1,82 233 297

Yb(l) 03 1.00 146 1.68 1.96
0.5 110 1.83 123 250

0.7 1.86 2,04 396 5.08

0.9 204 318 4.06 5.09

1.1 264 380 4.60 5.80
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Fig. 7. Plot of [¥(a$)),/0.4463 as a funtion of scan
rate. a) 0.3mM Tm®*, b} 1.1 mM Tmd*.
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Fig. 8. Plot of —E, vs. percentage of H:O for heavy
lanthanide ions. a} 0.2mM Tb®*, b} 0.3mM Gd**,
¢) 05mM Lu*.
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