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The cyclic voltammetric oxidation, of heteroleptic and homoleptic lanthanide porphyrin 
double-deckers demonstrates the presence of equilibrium protonated/deprotonated species 
present in CH,Cl,, DMF, and THF. 

Keywords: porphyrins; metalloporphyrins; lanthanide porphyrins; electrochemistry; cyclic 
voltammetry 

Lanthanide "sandwich"-type porphyrins are those with double- 
decker'-l3 or t r i p l e -de~ker~?~* '~ - '~  structures of the form M(por), or 
M2(por),, where (por) is the dianion of the porphyrin ring. The redox 
properties of both homoleptic and heteroleptic complexes are 
known.3,4,6,7,12,15-I 7 There are no reports, however, in the literature on 
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90 G. A. SPYROULIAS et a[. 

the electrochemistry of the two forms, protonated and deprotonated, 
respectively, that exist for these double-decker complexes. The only 
example is for the case of Pr("')H(oep),,' an homoleptic compound with 
octaethylporphyrin (oep) rings. We have now been able to confirm by 
using electrochemical methods the presence of two forms of an heterolep- 
tic complex, which are in equilibrium with each other, as was previously 
shown by other methods. ' , I9  Evidence for the aforementioned equilib- 
rium is reported in the present communication. The investigated hetero- 
leptic compounds in the present study include Eu("')H(oep)(tpp), 
Dy(I")H(oep)(tpp) and the corresponding homoleptic species with tetra- 
phenylporphyrin (tpp) rings. Experiments were performed following pro- 
cedures already describe.,' 

We have found that the deprotonation process is solvent-dependent,',' 
in CH2C12 the protonated form A of the complex is present, while in basic 
solvents such as DMF or pyridine the deprotonated form B becomes dom- 
inant. The latter form can be described as [Ln('")(por)(por')]- (por = por' 
for the homoleptic ones). It should also be noted that in THF, which 
possesses almost the same basicity as DMF, ' the deprotonation process 
occurs at a slower rate. For reasons stated above, we decided to examine the 
electrochemical properties of the title complexes by cyclic voltammetry in 
three solvents, namely, CH2CI2, DMF, and THF. 

Considering the solvent-dependent nature of the proton in question for 
the examined double-deckers, it was appropriate to start by investigating 
cyclic voltammetry in CH2C12, followed by the addition of a strong base, 
such as Et3N. Figure l a  shows the CV Eu("')H(oep)(tpp) complex in 
CH2C1, and Figure lb  shows the CV of the same complex in CH2C12 
after the addition of Et3N. In the latter cyclic voltammogram only the 
reversible oxidations El, E2, E5 and E, are observed. These correspond to 
one electron transfer processes, exhibit values for I Epa-Epc I = 60 f 5 
mV and have a peak current which is proportional to v",. The same 
experiment (in Et3N) carrietl 'out with a rotating disk electrode confirms 
that these waves correspond to one electron oxidations processes for the 
title complex. We can deduce a priori after comparison of the above two 
CV traces the mixture in Figure l a  gives rise to one porphyrinic species 
which gives common electrochemical behaviour, Figure 1 b. Similar re- 
sults were obtained when the same initial solution of A stays for a long 
time in the presence of the supporting electrolyte (see Figure 2). It is thus 
obvious that we can also follow this transformation, even in the absence 
of triethylamine, except that this process occurs slowly (supporting 
electrolyte play the base role). Due to the described behaviour it is very 
likely that initially we have an equilibrium mixture, composed of the 
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t 

FIGURE 1 a) Cyclic voltammogram of Eu('")H(oep)(tpp) in CH,C12; 0.1M NBu4C104; 
scan rate 0.1 Vs-'; b) after addition of 60bL Et3N in CH,CI,; 0.1M NBuBF,; scan rate 
O.lVs-'. 

protonated A and deprotonated B forms of the title complexes, Conse- 
quently, addition of Et,N or even the mere presence of the supporting 
electrolyte may shift the equilibrium to the left, towards the deprotonated 
form B, as follows. 

-H+ Ln("')H(por)(por') e [Ln("')(por)(por')]- 

por = or # por' 
A B 
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FIGURE 2 Cyclic voltammograms versus time at 30, 60, 90, and 120 min of Eu("')H 
(oep)(tpp) in CH2Cl,; O.1M NBu,BF,; scan rate O.lVs-'. 
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TABLE I Half-wave (E, and E,) and pcak potentials (E, and E6) (V vs SCE) for oxidation 
of [Ln"'(Por)(Por')], (Ln = Eu, Dy and Por = or # Por'). 

Complex E2 E, E6 Solvent 

0.19 
0.13 

0.09 
[Dy(oep)(tpp)l- -0.1 1 

0.11 
0.13 
0.20 
0.33 
0.36 
0.07 
0.34 
0.32 

0.36 
0.44 
0.58 
0.47 
0.33 
0.52 
0.45 
0.45 
0.54 
0.72 
0.60 
0.39 
0.75 
0.57 

1.17 
d 

1.29 
1.19 
1.18 
1.28 
1.19 
1.29 

d 
e 

1.31 
1.27 

e 
1.32 

1.51 
d 
e 
e 

1.55 
e 
e 

1.59 
d 
e 
e 

1.62 
e 
e 

CH,C12" 
CH,Cl2/Et3Nb 

THFb 
DMFb 

CH,Cl," 
THFb 
DMF' 

CH2C12' 
CH2C12/Et3Nb 

THFb 

CH,Cl,c 
THFb 
DMF' 

D M F ~  

Tolvent containing 0. IM NBu4C10, 
NBu,BF, Not measured Not measured or reaction occurs beyond the limit of the solvent. 

Solvent containing 0.1 M NBu,BF, Solvent containing 0. I M 

Table I presents half-wave potentials of the deprotonated double- 
deckers and data in Table I1 refers to the corresponding protonated 
species. In the case of the europium heteroleptic derivative, the proto- 
nated form A of the complex is in equilibrium with the corresponding 
deprotonated one B. E, = -0.08 and E, = 0.50V are the half-wave 
potentials (El,,) of the first oxidation, and E, = 0.36, E, = 0.88V the 
halfwave potentials for the second oxidation of the deprotonated and 
protonated forms, respectively. Beyond E,, there is no other eiectrochem- 
ical process detected for the protonated species and the equilibrium 
is shifted to the deprotonated species [Ln(III)(por)(por')] + which exhi- 
bits two more resolved oxidations waves with potentials E, and E,, 
respectively. 

Figure 3 illustrates cyclic voltammograms of the complex 
[Eu("')(oep)(tpp)]- in THF (3a) and DMF(3b) containing 0.1M tetrabutyl 

TABLE I1 Half-wave and peak potentials (V vs SCE) for the oxidation of 
Ln"'H(Por)(Por'),(Ln = Eu,Dy and Por = or # Por'). 

Complex E,  E4 Solvent 

0.50 
0.49 
0.63 
0.60 

0.88 
0.84 
0.97 
0.9 1 

CH2C1," 
CH2C12= 
CH,Cl," 
CH2Clzb 

Solvent containing 0.1M NBu,CIO, Solvent containing 0.1M NBu,PF,. 
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A I IVA 

1 - -  

El mV 0 1000 

FIGURE 3 Cyclic voltammograms illustrating the oxidation of the complex 
[Eu~")(oep)(tpp)]- a) in THF, and b) in DMF, containing 0.1M NBu4BF,; scan rate 0.1 
vs- . 

ammonium tetrafluoroborate. Closer examination of Figure 3a reveals 
the existence of a small quantity of the protonated form A for which the 
wave is not clearly defined under the present conditions of the CV run. 
As far as concerns the third oxidation in THF (that observed in the case 
of heteroleptic double-deckers), it should be noted that it is not observed 
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in the case of the corresponding homoleptic complexes (see Table I). In 
the latter case the oxidation may take place beyond the limits of this 
solvent. 

From the complexes examined herein, as well as the total number of 
heteroleptic and homoleptic lanthanide double-deckers investigated, the 
same behaviour was observed by cyclic voltammetry upon oxidation. All 
the steps described by potentials El, E,, E,, E, and E,, are quusi- 
reversible, electrochemically. The processes that take place correspond to 
oxidation reactions on the porphyrin rings with no evidence for metal 
participation with respect to literature data. ”J Finally, the protonated 
form A of the complexes can only be observed in CH,Cl, and it exhibits 
quasi-reversible behavior (E4). The data presented herein support the use 
of cyclic voltammetry in clearly describing complex deprotonation of the 
title compounds in solution. Complete study of homoleptic complexes 
(with tpp, oep rings, and other non planar rings) and heteroleptic com- 
pounds from Nd to Lu is under way. 
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