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ABSTRACT. Voltammetric behavior of some light lanthanide ions (La3+, Prs+, Nd8+, Sm3+ and
Eus+) in various supporting electrolytes has been investigated by several electrochemical techniques. The
peak potentials and the peak currents, their dependency on the concentration, temperature and pH ef-
feets, the reversibility of the electrode reactions are deseribed. The reduction of La3+, Pré+ and Nds+
in 0.1 M lithium chloride proceeds by a three-electron change directly to the metallic state (Ln3+ + 3e-

- Ln°) and charge transfer is totally irreversible. However, the reduction of Sm3* in 0.1 M te-
tramethylammonium iodide and Eu®* in 0.1 M lithium chloride proceeds in two stages (Ln®* + e- -
Ln2+ and Ln%* + 2e- = Ln°®). At pH values lower than ca.4 the hydrated lanthanide species (Ln(OH)}**)
reduced before the lanthanide ions (Ln®+) due to the catalytic effect of hydrogen ions, and peak current
increase with in the order Eu¥* <« Sm#* < Nd¥* < Pré* < La?* in differential pulse polarography. Some
representative plots of i,,V -2 (proportional to current function) vs. V show considerable influence of
hydrogen ion/lanthanide ion concentration in cyclic voltammetry. It is shown that a reaction of lanthanide
ions with proton andfor water and catalytic reaction is enhanced at lower pH and at decreased lanthanide
ion concentration.
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Fig. 1. DC & DP polarograms of lanthanide ions. 0.1/

LiCl, 0.01% gelatine, scan rate=10 mV/sec,
[Pri+}=3.68 mM, [Eu3*]=1.72 mM.
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Fig. 2. Relationship between the limitting current and the concentration of lanthanide jons. 0.1 A¢ LiCL, 0.01%

gelatine, scan rate = 10 mV/sec.

table 1. Polarographic data for the reduction of light
lanthanides

mercury FRV2 (uAJcm b2}
height
hl¥%cm)  Lad+ Nd3+ Sm3+* Eu3+
6.32 1.84 1.00 082 0.39

6.72 1.82 1.00 0.82 0.39
7.07 1.85 1.03 0.85 0.41
7.42 1.8% 1.02 0.87 0.41
7.75 1.86 1.06 0.84 0.42

The solution was 1 mM Ln®* containing 0.1M LiCl
(*0.1 M(CHy),ND and 0.01% gelatine.
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Fig. 3. DP polarograms of Janthanide ions at different
pH. 0.1 M LiCKO.1M(CHZ)(NI), 0.01% gelatine, scan
rate = 10 mV/sec. [La3+)=9.89x 10-4Af at pH=3.46),
5.10(0), {(Pr3+]=8.94x 10-4A1 at pH = 3.46(I), 4.54(11),
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Fig. 4. Cyclic voltammograms of lanthanide ions. 0.1 M
LiCK0.1 M(ICH,NI), 0.01% gelatine, scan rate=100
mV/isec, HMDE=1.39 mm?2, [La3*]=3.95 mM at
pH =256, [Pr3+]=3.58 mM at pH =243, [Sm3+]=3.43
mM at pH=2.94, [Nd3+)=3.58 mM at pH =2.89.
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Fig. 5. Cyclic voltammograms of 1.72 mM Eud+, .1/
LiCl, 0.01% gelatine, scan rate =50 mV/sec. HMDE =
1.39 mm2, a) 1¢ reduction wave, b) 2% reduction wave,
¢) 1% oxidation wave.
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Table 2. Cyclic voltammetric data? for 1.72 mM Eu3+ at different concentration

[Eu] scan “Epe -Ep i ipa I,/ V12 ipal 4aEg,
rate (V vs. SSCE) {ud) wAM/VI2) Tpe (V)
103x M (mVisec) 1 2nd 15 28d s 2nd
0.86 20 0.760 2007 0392 0.31 1.45 0.14 0.07 0.32 0.45 0.37
30 0770 2,013 0.350 ¢.46 2.05 0.20 0.07 0.29 0.44 0.42
100 0.780 2.025 0.320 0.65 2.7¢ 0.29 0.07 0.27 0.45 0.46
200 0.790 2.034 0.295 0.84 3.35 0.37 0.06 0.24 0.44 0.50
2.58 20 0.790 2.014 0.350 0.90 2.90 0.39 0.20 0.65 0.43 .44
50 0.805 2.020 0.310 1.46 4.50 0.63 0.21 0.62 043 0.50
100 0.812 2.017 0.280 248 5.50 0.86 0.20 0.55 0.42 0.53
200 0.821 2.040 0.265 2.48 5.55 1.07 0.18 0.55 0.43 0.56
“Data for the first sweep. The solution containing 0.1 M LiCl. R
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Fig. 6. Plotof i, V- 2 yg, pH for lanthanide ions. 0.1 4/
LiCl{0.1M (CHp,ND. 0.01% gelatine, T=25°C,
HMDE=1.3Y mm?2, scan rate=20 mV/sec. I:
[La3+)=0.38 mM, [Pr3+]=0.92 mM, [Nd3+]=0.08 mM
(Sm3+)=0.95 mM. [l; [La3+]=3.95 mM, [Pr3+]=3.58
mM. [Nd3+]=3.58 mM, [Sm3+]=3.43 mM.
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(a), 2.94(b}, 3.27(c), 4.80(d).
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Fig. 9. Cyclic voltammograms of Pr3+ at different pH.
0.1 M LIiCl, 0.01% gelatine, HMDE = 1.39 mm?, scan
rate = 100 mV/sec, T=25°C, [Pr3+])=3.58 mM.
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