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Electrochemical behavior of Ln*-ALC complexes(Gd*, Tb*, Dy*, Ho*, Er*, Yb* and Lu®*-alizarin complex-
one) has been investgated by d.c polarography, differential pulse polarography and cyclic voltammetry. The
reduction mechanism of ALC comes to the conclusion that the two electron make one step of reversible
processes, and that there is few adsorption in the electrode reaction. The new complex is made from one
lanthanide ion and one ALC. This complex is proven to make an adsorptive complex wave, by the experi-
ments of differential pulse polarography and cyclic voltammetry. The reduction potential of complex wave(P,)
turns up more negatively than ligand wave(P,) does. Linear calibration curves of the decreasing P, and
increasing P, is obtained when the lanthanide concentration varys from 2.5 x10*M to 1 > 10*M.
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Fig.2 Relationship between the limitting
current and the concentration of

alizarin complexone,
0. 1M HOAc-NaOAc, pH=6.0+0.1
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Fig. 3 Plot of i,/C vs. log(ALC] for the wave
of alizarin complexone,
0. 1M HOAc-NaOAc, pH=6,0+0.1
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Fig. 4 DP Polarograms of alizarin complexone
at different temperature,
0.1M HOAc-NaOAc, 0.01% gelatine,
pH=6.0=0.1 scan rate=10mV/sec
a)10¢ b)15C ¢)20¢ d)25¢C e)30T f)35TC

Table 1. Polarographic data of alizarin
complexone at different temperature

c B, iy

(V vs. Ag/AgCl) (#A)
10 0.470 0.084
15 0.475 0.085
20 0.485 0.100
25 0.550 0.104
30 0.550 0.106
35 0. 540 0.120

[ALC)=1 10'M, pH=6.0=0.1
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Fig. 5 Plot of -E4, vs. log(i/ig-1) for alizarin
complexone, 0,1M HOAc-NaOAc, [ALC]
=] 10°M, pH=6.0+0.1

Table 2. Polarographic data for alizarine
complexone at different concentration

[ALC] E ip slope E3q14

P
(M) (V) (#A) (mV) (raV)
1x10° 0.500 0.060 25 23
2x10° 0.495 0.135 26 25
3x10° 0.495 0.185 30 28
4% 10° 0.490 0.240 38 35
0,285 28 29

5x10° 0.502
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Fig. 6 Dependence of peak potential(C} &
peak current(®) of alizarin complexone
at different pH.

0. 1M HOAc NaOAc, [ALC)=1x10'M

Table 3. Polarographic data for 1x10-4M
alizarin complexone at different pH

pH Ep(V vs. ip slope

Ag/AgCl (1A) imV)
1.4 0.270 0.425 36
2,23 0.342 0.346 25
3.25 0.382 0.286 27
4.10 0.450 0.245 34
4.70 0.473 0,255 31
5.95 0.490 0. 260 29
6.50 0.498 0.268 217
7.90 0.506 0.277 26
8.178 0.535 0.325 31
9.08 0.625 0.355 25
10.21 0.702 0.368 27

Table 4. Logarithmic analysis of the reduction
wave for alizarin complexone

pH rveciprocal pH reciprocel
slope stope
1,47 0.037 5.95 0.030
2.23 0.034 6.50 0. 028
3.25 0.034 7.90 0.028
4.10 0.034 8.78 0.028
4,70 0.032 9.08 0.025
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Fig. 7 Cyclic voltammograms of 1x10 M
alizarin complexone. 0.1M HOAc
NaOAe, pH= 6.0+0.1, T= 25, HMDE=
1. 10mm’
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Fig. 8 Cyclic voltammograms of alizarin
complexone at different scan rate, 0.1M
HOAc-NaOAc, [ALC]=1x10"M. pH=6.0+
0.1, T=25¢, HMDE=1, 10mm’

a) 10mv/sec
b) 20mv/sec
¢)50mv/sec
d) 100mv/sec
) 200mv/sec
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Fig. 9 Relationship between the peak current NaOAc, pH=6.0+0.1, [ALC]=1x10°M
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Table 5. Cyclic voltammetric data for alizarin complexone at different concentration and scan rate

[ALC] scan rate -Epc -Epa ipc ipa ipeV-1/2

ipa/ipc AEp

|
|
|
|
|
|
;
]
|

(M) (mV/sec) (Vvs. Ag/AgCl) (uA)

1x10° 10 0.570 0.530 0.026 0.030 0.008 1.154 0.04
20 0.580 0.530 0.244 0.060 0.009 1.364 0.05

50 0.590 0.530 0.068 (. 068 0.009 1.000 0.06

100 0.61. 0.530 0.092 0.144 0.009 1.565 0.08

200 0.620 0.525 0.118 0.154 0.008 1.305 0.99

2x10° 10 0.605 0. 550 0.046 0.048 0.015 1.043 0.96
20 0.600 0.550 0.068 0.078 0.017 1.147 0.05

50 0.600 0.550 0.120 0.142 0.016 0.350 0.05

100 0.605 0. 540 0.166 0.210 0.016 1.193 0.07

200 0.620 0.530 0.228 0.270 0.016 1.184 0.09

3x10° 10 0.612 0.550 0.062 0.058 0.020 0.935 0.06
20 0.613 0.550 0.960 0.094 0.020 0.922 0.06

50 0.615 0.547 0.160 0,170 0.021 1.049 0.07

100 0.618 0.540 0.220 0.268 0.021 10175 0.08

200 0.625 0.525 0.300 0,382 0.021 1.061 0.10

4x10° 10 0.622 0.580 0.082 0.076 0.026 0.927 0.04
20 0.628 0.575 0.124 0.128 0.028 1.032 0.05

50 0.630 0. 565 0.204 0.236 0.029 1.157 0.07

100 0.630 0.555 0.294 0.350 0.029 1.190 0.08

200 0.630 0.540 0.414 0.480 0.029 1.159 0.09

5x10° 10 0.628 0.575 0,088 0.076 0.028 0.864 0.05
20 0.630 0.572 0.126 0.136 0.028 1.079 0.06

50 0.630 0.562 0.200 0.216 0.028 1.080 07

100 0.638 0.566 0. 286 0.336 0,029 1.175 0.07

0.545 0.388 0.442 0.028 1.139 0.09

200 0.635
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Table 6. 1,/C* values at different alizarin

complexone concentration and scan rate
[ALC]  ipc/C*

o Mol
oo > i rjr (2
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M 100 20 50 100 200
(mV/sec)
1x10° 2.6 4.4 6.8 9.2 11.8
2x10° 2.3 3.4 6.0 8.3 11.4
3x10° 2.1 3.2 5.3 7.3 10.0
4x10° 2.1 3.1 5.1 7.4 10.4
5x10° 1.8 2.5 4.0 5.7 7.8
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Fig. 11 Plot of i,/V'* vs. V'* for alizarin
complexone. 0.1M HOAc-NaOAc, T=25
€, HMDE=1. 10mm’
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d)4x10™™ e)5x"""M
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Fig. 12 Dependence of peak current on
standing time before scanning., 0,1M
HOAc-NaOAc, pH=6.0 0.1, T=25T
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Fig. 14 Relationship between the peak
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Table.

complexone complexes

M} 1st wave 2nd wave

HOAc-NaOAc,
M

7 Polarographic data for Tb*-alizarin

Fig. BtV vs Ag AgCll 1pu’p:\ Epmc Ag AgCl iplgd
complexone complexes. 0.1M HOAc- Tb" 2.5x10° 0.500 0.160  0.760 0.035
NaOAc, pH=6.0+0.1, 0.01% gelatine, 5.0x10”  0.570 0.120  0.763  0.085
scan rate=10mV/sec, T=18¢, [ALC] 7.5x10 ‘ 0. ?85 0.060 ~ 0.765  0.150
g : s LOx10° 0,587 0025  0.765  0.210
—1le Ma)2.5><10 M b)5.0x10°M ¢)7.5 1 5x10" 0. 740 0 240
x10°M d)1.0x10°M ) 1.5x10'M £)2.0x 2.0x10" 0.740 0,255
10°M g)3.0x10'M 3.0x10 0.740  0.275

Table 8. Cyclic voltammetric data for Er(ll)-ALC complexes

Er scan rate Ep (Vvs. Ag/AgCl) 1p(u-’\i ipe (1) V ipe/C
M] (mV/sec) -Epc(I) -Epc(I]) -Epa(l) ipe(h) ipe (11) Ipa (1)

2.5x10° 10 0.595 0.648 0.560 0,065 0.035 0.120 0.011 1.4
20 0.598 0.650 0,555 0.090 0.040 0.190 0.010 1.6

50 0.590 0.650 0.555 0.125 0.060 0.360 0.008 2.4

100 0.595 0. 648 0.558 0.190 0.100 0.418 0.010 1.0

200 0.580 0.650 0.541 0,220 0.150 0.550 0.011 5.0

5.0x10" 10 0.595 0.648 0.572 0.045 0.040 0.090 0.013 0.8
20 0.590 0.645 0.562 0.055 0.080 0.145 0.018 1.6

50 0.590 0.648 0. 558 0.090 0.130 0.275 0.018 2.6

100 0.558 0.648 0.558 0.110 0.260 0.375 0.026 5.2

200 0.580 0.655 0.550 0.120 0.265 0.460 0.019 5.3

7.5%10° 10 0.642 0.790 0.572 0.060 0.125 0.060 0.039 1.6
20 0.640 0.790 0.570 0.075 0.190 0,080 0.042 2.5

50 0. 640 0.790 0.555 0.130 0.275 0.175 0.039 3.6

100 0.645 0.785 0. 56! 0.170 0. 380 0.265 0,038 5.1

200 0.560 0.790 0.545 0. 240 0.558 0.350 0.039 7.3

1.0x10° 10 0.645 0.768 0. 555 0.015 0.140 0. 040 0.044 4
20 0.635 0.765 0. 540 0.030 0.190 0.075 0,043 9

50 0.638 0.770 0. 52! 0.050 0. 300 0.135 0.042 3.0

100 0. 640 0.788 0.510 0.115 0.415 0.240 0,042 4.1

200 0.640 0. 800 0. 49! 0.240 0.605 0.360 0. 043 6_1

[ALCI=1x10° . pH=6.0, T=18C

H\IDE 1. 10mm*



Son et al : Electrochemical study on the Lanthanide-Alizarin Complexone Complexes 45

TEHYEETM vigd oS AR

sl AA A A2ZA 0.1M HOAc-

Abgsle) pH 6.094 4& n"-

ALCY ¢8#ALdAFIHo 3t BEAAnE
Fig. 15, Fig. 16 ¥ Table 8¢ e},

AR5 ALC EXolA] dk*w]i‘)l e}

RS ]
s7tdEs ALCY Sl dfG, e Ui
s W v ﬂ%wﬂ_v(p )& 37 H
slerng FiA gdart Ln"™-ALC#Ee] @
shel & 24 gk,

A9 FAEE -0.9VolA] vl g ubpegl e
W ALCREe] Abal &2 A 9] (-0, 44\/ vs.
Ag/AgCh 9t A9 2 A9ola] 2zEoax
A7t depgko 2HEe) Atglale ‘/}E}‘—V\] ¥t
. AEe] BYEFEAFE LUt s
%, FAEY St =kt e Ataiat

G2
L oehtA gene 4z Auss g

TYE &5 ANt

) A o] v]7}oluk

Cutrent

ey X1 B o7 X R

Porestial 14 o Agodee b

Fig. 15 Cyclic voltammogram of Dy*-ALC
complex at different scan rate. 0.1M
HOAc-NaOAc¢, pH=6.0+0.1, [ALC]
=1x10"M, T=18%¢, 0.01% gelatine,
HMDE=1. 10mm?2, [Tb"]=5x10°M
a)10mV/sec
b) 20mV/sec
¢)50mV/sec
d)100mV/sec
e) 200mV /sec

Ghxo) & ALCS
SenFol 49s Al

2 © O -

A ERBPE AL BADE AATh Aol
2(Gd”, Tb”, Dy”, Ho”, Er", Yb" #
Lu") el S4e 55 §A% 29 el
2ieh,

(13

04

/ —
03 R - //,//
/ s

o1

fpe (WA}

V {(mvssec)

Fig. 16 Plot I,.(1) vs. V for Er'-ALC
complexes. 0.1M HOAc-NaOAc, pH=6.0
+0.1 T=18¢C
a)2.5x10 ' Er”
b)5.0x10"M Er*
o7.5x10'M Er*
d)1.0x10'M Er"

HMIS olFUF ALCSH $AE erehzol
& Atolel FAE HELS pH=6.0, 0.1M
HOAc NaOAcI A dehdel 4 284 1544 2| u]
HHe gwgon Yot duoles)
ALCx 1:19] #EE ¥4
Qo) Belg weez tem po Ueus 3)
=

(IO s )2 (AT S i) ).

4 £

Alizarin complexone F&dolx] 22
N2 24 0.1M HOAc-NaOAcE A}&6lo
pHS. 001]*1 247 194 kg sl 3

9 Hazto] FepR el pH, vx 9 &
o og akg ZANEMAR shdAl 242 19HA] @

]

l

SWeATE AT or AHgst
of A2 cAPFFIAAM ALCY] d5ukg
2 shutel kel el gt ‘8?1%91 e R
UEbRTE FARRRES ALC FRRlgle] we ¥



46 J. Natural Science, Pai Chai Univ, vol 7, 1995

A715 43 47 g stke
o AFTdreE 9T @S Jehlol
Mapolgol gk M71848A whgol
. standing time®

o] dojibr] LS &<l

Ln"-ALC#EA 42 AHF ¢ H2o
Zel2ago e ALCY et o $3H9
oA shte] Syt Jebgdh FHA seda
of el 2Ee] Fxo wE FAAFHE M
g Ay FARFIE FEY FEo slHsER
g0 gelnkge A uiAolH Jogarithmic
analysis2 ¥hgol #oid Haee 29 oSk
th, €8 AYAFAMAAA FAEGE W3lel] w
gt FEgogd Feeldd, Beids 2 oA
F3+E A8l Ln3+-ALCEHE = vHg-E<
Zgo] Faste vrtgA AFNkgoly Ln*-
ALCEES e 23l ALCY #$dd &
a4 ATt

> A=)
05

%k

1. X.X. Gao and M.P. Zhang, Anal
Chem., 56, 1912 (1984).

2. M.P. Zhang and X.X. Gao, ibid, 56,
1917 (1984).

3. H.Yamana, et.al., Bull. Chem.Soc.Jpn.,
55, 2615 (1982).

4, F.L. Yee, et.al., J.Am.Chem.Soc., 102,

2278 (1980).

M.P. Zhang and X.X. Gao, Acta.Chim.Sin.,

41, 342 (1983).

s

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

K.N. Munshi, et.al., Micro.Chem.J., T,
473 (1963).

N.Q. Li and X.X. Gao, Acta.Chim.Sin.,
42, 1062 (1984).

K. Jino and X.X. Gao, ibid, 41, 351
(1983).

L.Q. Zhang and X.X. Gao, Sci. Sin. Ser.,
B(26), 351 (1983).
K. Jind and X.X. Gao, ibid, B(4). 306

(1985).

M. Veber and L.J. Csanyi,
J. Electroanal. Chem., 101, 419 (1979;.

X.X. Gao and M.P. Zhang,
Anal. Chem., 56, 1972 (1984).

B. Breyer, Australian J.Sci., 23, 225
(1961).

B. Breyer, T. Fujinaga and H.Sawamoto,
Bunseki Kogaku, 15, 487 (1966).

K.N. Munshi, et.al., Microchem. J., 1,
473 (1963).

B. Behr, Z. Borkowska and H.
Elzanowska, J. Electroanal. Chem., 100,
853 (1979). ‘

L. Meites, “Handbook of Analytical
Chemistry’, McGrow Hill Co., N.Y., (1983).

D. Ilkovic, Collect Czech, Chem.
Commun., 6, 498 (1934).
J. Tomes, Collect Czech, Chem.

Commun., 9, 12, 81, 150 (1937).

R.F. Large and A. Timnick, Anal
Chem., 36, 1258 (1964).

R.S. Nicholson and I. Shain, Anal
Chem., 36, 705 (1964).

A.M. Bond, "Modern Polarographic
Method in Analytic Chemistry’, Chap.5.
Marcel Dekker, Inc., New York, (1980).



