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Redox and spectroscopic properties of the eight-coordination complexes of the transition
element Mo and lanthanide element Eu and Er with N, N-diethyldithiocarbamate (dtc) were
characterized by cyclic voltammetry and UV - Vis absorptive spectra. The complex cation
[Mo(dte), 1™ is more stable than the complex anions [Eu(dtc),]~ and [Er(dte), ]~ and pos-
sesses good redox reversibility. The electron exchange number, formal potential and rate
constants of redox reactions for the complex cation were obtained by in-situ spectrociec-

trochemistry .
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0 Introduction

The synthesis and structute related to the complexes containing molybdenum cation with dic
groups as well as lanthanide anion with dtc groups have been reported in our earlier paperi’l, In the
complexes. the dtc group is a two-chelate ligand which can form eight cocrdination and rich-sulfur
complexes with pentavalent molybdenum (Mo} and trivalent europium (Eu) and erbium (Er}. The
two kinds of metal-sulfur bonds, i. e. Mo-S bond and lanthanide-sulfur bond, appear larger difference
in respect of stability and redox properties. Since Eu and Er are light and heavy rare-earth elements re-
spectively , the so-called “lanthanide contraction” phenomenon may bring about some influences on the
properties of the complexes. The paper here will discuss their properties by electrochemical and spectro-
electrochemical measurements. The study will be beneficial to understanding tbe bonding features of

the type of complexes and applying them.,
2 Experiment

1.1 Reagents

[Mo{dte), J[Eu(dtc);]. [Mo{dtc), ][ Er(dtc),] and Na(dtc) were synthesised in our lab. ac-
cording to the previous repartsl!~?3, Their concentration were about 10~? mol/L. In electrochemical
measurement , sodium perchlorate was used as supporting electrolyte with its concentration about 0. 1
mol/L. Methanol ot dimethylformamide (DMF) were used as solvent, purified and dried before use.
1. 2 Instrument and test conditions

Cyclic voltammettic measurement was carried out by means of a multipurpose function poten-
tiostate (model DH-1) and a X-Y recorder {model 3086). The electrolytic cell was composed of three
electtodes. Two platinum plates were used as the working and auxiliary electrodes respectively and a
saturated calomel electrode (SCE) was served as the reference electrode which was conneted to the cell
with a salt bridge and the Luggin capillary.

UV-3100 spectrophotometer (Shimadzu, Japan) was used for measurements of UV-visible absorp-
ticn spectra and thin-layer spectroelectrochemistry. Speciral data were processed by a minicomputer
and plotted cn a recorder of the spectrophotometer.

Spectroelectrochemical experiment was carried out by an opticallytransparent thin-layer electrolyt-
it (OTTLE) cell with a platinum minigrid working electrode, a platinum plate auxiliary electrode, and
a SCE reference electrode. The electrolytic cell was placed in the sample compariment of the spec-
trophotometer , and connected to the potenticstat. The thichness of the OTTLE cell is 0. 20 mm. When
the complexes were reduced and oxidized at -0. 450V and -0. 350V, the change of their UV-Vis ab-

sarption peaks was determined. Thus the rate constants and reaction order of their redox reactions can
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be calculated. The absorption spectra after being equilibrium at different potentials for certain time
were aljo determined in order to calculate the exchange electron number and formal standard electrode
potential.

All electrochemical experiments were performed in the deoxygenated and anhydrous solutions at
room temperature. During the experiment, an atmosphere of nitrogen was maintained over the solu-

tion.
2 Results and discussion

2.1 Cyclic voltammetry

Fig. 1 shows the cyclic voltammograms of
[(Mo(dte), J[Euddte)s], [Mo(dte),][Er(dic),]
and Na (dtc) in DMF solutions containing (. 1
mol/L NaClO,. Their redox peak potentials are
listed in Table 1. Both [Mo (dte),][Eu(dic),]
and [Mo{dte), J[ Er(dic),] have a pair of redox
peaks. the former peak potentials are located at
-0. 375V and -0. 450V, the latter peak potentials
are at -(. 350V and -0. 425V. The differences of

6.8 0.6 0.4 0.2 0 -0.2 -0.4 -0.5 -0.8
BV

Fig. 1 Cyclic voltammogtams of [ Mo{dtc), J[Euddie),]
(a). [Mo(dec),J[Er(dtc),](b), and Na(dtc)

two pair of peak potentials are 75 mV. The cyclic (2) in DMF solution containing 0. 1 mol/L Na-
voltammograms of [Mo {dtc), J[Eu(dic},] with CIO,. The scan rate is 50 mV/s and the scan
different scan rates in DMF solution containing range Is from —0. 8Y 10 0. BV,

0. 1 mol/L NaClO, show that the peak potentiais only have a little shift in the range of 10-400 mV /s.
Experiment also shows that the current of anodic and cathodic peaks is proportional to the square root
of scan rate and the peak current ratic is close to 1. According to the results above, it is a reversible
electrode processes controlled by diffusion(*), and assigned preliminarily to the following reaction .
Mo(V){dtc)i +e=Mo(IV) (dtc),. After scanning multiple cycles, the cyclic voltammograms were
fixed in respect of peak potential and current. It indicates that the electroactive group is very stable.
Table 1 Cyclic Yolinmmetric Data of Compounds '
peak paaltons (ve, SCE)

compounds

. Epuz Epez Ep-l Enﬂ
[Mo(dte) J[Eu(de}.] 0. 075 -0, 375 —0. 450 —0. 640 —0. 740
[Ma(deedy J(Er(dic}.] 0. 088 —0. 350 — 0. 425
MNaddie) 0. 06E

The voltammetric behaviours of [Mo (dtc),]J[Eu (dtc),] are similar to those of [Mo (dtc), ]
[Er{dtc),] except that the former has an another pair of redox peaks at -0. 740V and -0. 640V while
the latter has not. The voltammetric behaviours of EuCly and ErCly were also determined and proved
that EuCly has a pair of redox peaks at the same potentials as Eu-containing complex while ErCl, does

not have any redox peaks under above conditions as Er-containing complex. 1t can be concluded that
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the valence of Eu in its complex is changeable as follows, Eu** 4+e=Eu"".

The peak potentials of the Er-containing complex are all more positive than those of the Eu-con-
taining complex. This Mmay be due to socalled “lanthanide contraction™. Since the jon radius of Er is
less than that of Eu, the bond action to outer electrons for Er is stronger than that of Eu, so the elec-
tron loss of Er(dtc)y is more difficult than that of Eu{dtc)i . According to the molar conductance mea-
surement’!!, the two complexes show the weak-electrolyte feature. The complex cation and anjon
mainly exist in the form of ion-pair association. So the drop of ion radius of lanthanides also affects
the charge distribution of Mo {(dtc)y cation. Although Mo{dtc)$ cation has the same electrechemical
properties in two complexes, ils redox potentials are different because of environmenial difference.

1t was known from Table | that thers is an irreversible oxidation peak in the positive potential re-
gion for all three compounds in the table. The paotentials of the two complexes are all more positive
than that of Na{dtc). This may be due to the combination energy of lanthanide ions with dic groups.
Morecover the currents of the irreversible oxidation peaks are much larger than those of the former pair
of peaks near -0. 40V which may be because electron loss in the irreversible peak is naot single. Accord-
ing to experimental observation, their current ratio is about 2. Thus it is possible to lose electrons on
two lanthanide-sulfur bond, i. e. relating to two dic groups.

In the two complexes, the irreversible oxidation is assigned to the electronic loss of Eu{dtc)i or
Er{dic);. After scanning multiple ¢ycles the peak current decrease a little., The reason may be that
the irreversible oxidation results in concenfration drop of the reactant near electrode surface.

1t can be concluded from the above results that in the complex compounds the Mo-S bond is stable
whereas the lanthanide-sulfur bond is not too stable. According to structural analysis, the combination
of central atom with dic groups is a covalent coordinatien link in Mo(dic)i complex cation while the
combination of central atoms with dt¢ groups is an electrostatic ¢oordination link in Eu{dtc); and
Er{dic)s complex anions'®l. The charge of pentavalent Mo atom is higher than that of trivalent lan-
thanide atom. and ion radius of Mo is smaller than that of lanthanide. Thus in regard to attraction of
the central atom to ligands, the former is much greater than the latter. The Mo atom holds outer elec-
trons more firmly than the Eu and Er atoms. This means that the complex ¢ation is more stable than
the complex anion. Additionally . reduction and oxidation of the cation are gain and loss of an, unbond-
ing electron on molybdenum atom whereas oxidation of the ahion is loss of bondihg electrons on lan-
thanide-sulfur bonds. The former process does not affect the combination of Mo-S bond. This means
that the complex cation is stable. But the [atter process destroys lanthanide-sulfur bond. It means thai
the complex anion can not be recovered after oxidized.

2.2 UV-visible abserption spectra

[Mo (dte), ][ Eu{dtc),] has similar UV-visible absorption spectra to [Mo{dtc), ]{ Er{dtc),] ex-
cept that the former has a f-f° transition absorption at 655 nm while the latter has not. The values of
peak wavelength are listed in Table 2. For the two complexes, the absarption peaks at 260 and 275
nm are assigned to »—=x* and w—x" electron transition in the dic groups. Absorption peaks at 396
and about 450 nm are assigned to charge transfer from ligand dtc to central molybdenum atom!®l, The

dic group is an electron donor while the central Mo atom possesses much positive charge and is an elec~


http://www.cqvip.com

« 172 2 #H ot F ¥ # S EE

tron acceptor. Therefore it easily accepts the electrons through charge transfer from die groups. The ab-
sorption peak at 525 nm is assigned to 4- electron transition due to the pentavalent molybdenum atom
under action of strong coordination field.

For Na(dtc), the absorption peaks at 257, 290 and 361 nm were observed. Similarly, the ab-
sorption peaks at 257 and 290 nm are assigned to »—>%" and x—>=" electron transition in drc group.
The peak wavelength difference between the two complexes and Na{dtc) may be explained by the con-
Jugation effect of the formers.

Table 2 UV-visible Absorption Peak Position of compounds

¢ompounda peak positions (am)
[Mu{die)J[Ee(die) ] 269, 275(sh. », 386, 450, 525, GS5(f-F*)
{Maotdte), J[Er(dted ] 259, 275(sh. }, 306, 448, 525

BMadied 257, 290, 36}

2.1 Spectroelectrochemistry

By OTTLE cell, in the DMF solution centaining 0. 1 mol/L NaCl0,, [Mo(dte), J[Er(dic), ] was
reduced and oxidized at a - 0. 450 and - 0. 350V (vs SCE} respectively. The change of absarption
peaks in UV-visible spectra with time was shown in Figure 2a and 2b. As seen in Figure 2a, when
electrotyzing at -0. 450V, the absorption peaks at 386 and 449 nmn decrease gradually with time. This

indicates that charge transfer from dtc group to central Mo atom decreases gradually . Since

'l.5~rlxrr:||.r|||. 1.5 T 7T 1 1 1T T T T ] 1T
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Figure 2 Change of UV-Vis absorption spectra with time for [Mo(dtc),J[Er¢dtc),] in
DMF solution containing 0. 1 mol/L NaClQ,.
Electrolysis potentials: a. -0. 450V{vs SCE), b. -0. 350{vs SCE)

£ OO0 http://www.cqvip.com|



http://www.cqvip.com

£ OO0 http://www.cqvip.com|

¥ 2 i + 173 »

pentavatent molybdenum was reduced 1o tetravalent one, the charge density around Mo arom increases
which results in the drop of charge Iransfer probability from dic group 1o Mo atom. But the absorption
shoulders at 525 and 580 nm increase gradually with time. This indicares that the d-d electron transi-
tion probability on the Mo atom increases apparently because Mo(¥) which has only one d-electron is
changed gradually into Mo{I¥) which has two ones.

When efectrolyzing ar -0. 350V, as shown in Figure 2b, the change of absorption peaks with
fime is just opposile to the above one. It follows that the redox processes of [Mo(dic),]™ is reversible
and the change of UV-visible spectra is also reversible. Figure 2a and 2b still show rhat there are isoab-
sorptive points at 495 nm for rhe reduction process and ar 492 nm for rhe oxidation process. This indi-
cates that both reductive and oxidative states of Mo(dic), group are siable and only the rwo species
take parl in the change.

According o rthe absorbance change with
time . the reaction rare constants for the elecirode of
processes, Mo (V) (dic)i +e=Mo{IV) (dic),,
can be obtained. At first. ir is assumed thar the
electrode processes are first-order reactions,. the in- -0. 5l
tegral rate equation In (C,/ C, =-k may be ap-
plied. where & is rate constant, . and (. are the
initia} concentrarion and the concentration at lime -1. EJJ
t for the reactant. ., may be expressed as ¢ .A,-
Ao ) fbe, O is (A-4..)/be, where 4, and A.. are

the absorbances of initial sclurion and the solulicn -1. b1

In (A-Ae)

on complete reduction or oxidation respectively, 4,
is the absorbance of the solurion at time {,b is opti-
cal distance., and ¢ is absorption coefficient. So -2. 04
the above rate eguation may be changed into In
(A A ) =-kt +In ( A,- A= ). According fo the
absorption peak at 396 nm, rhe change of In(A,- 2.5

500 1000 1500

A..) with rime is shown in Figure 3. Good lineari- /s

ty indicates that both reduction and oxidation are

Figure 3 Plot of In(A4-4.) with time according to the
peak absorbance at 296 nm under the same con-

by caleulating slope are listed in Table 3. Appar- ditions as Fig. 2. (a.b} [Mo(dte),][Eu

first-order reactions. The rale constants obtained

ently, the rare constants of the rwo complexes are {dtcy,]. (c.d) [Moldtc);][Er{dic),]. (a,

; . eduction , i .
close to egch other and the reduction rate is much ¢} reduction, (b,d) oxidation

smaller than the oxidation rare.
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Table 3 Rate constants of reduction and oxidation reactions for [Mo{dtc}, ][Eu{dtc),] and [Mo{dte},][Er{dtc},]

electrolytic isogbaorptive rate constant
campounds reartion Lype
palentinls [V} point nm ) w]04s~k
Eu Red. —D0. 500 495 7.
Ox. —D0.370 495 37.4
Er Red. —D. 450 495 7.24
Ox. —0. 350 492 21.5

The UV-visible spectra change in the range of

385-495 nm for [Mo{dtc}, ][ Er(dtc), ] was also 38

determined when it was electrolized under differ-

ent potentials in the reduction and oxidation pro- -0. 4071

cesses. When being equilibrium at each potential , 2042

the concentration ratio of oxidative to reductive

state should be fixed, and equal to (A, A )/ (4, -0. 44

A..) . where 4, and A.. are the absorbances of ini- 0. 45

tial solution and the solution in which the electroac- . . , r
-10 -D.5 0 0.5 1.o .

tive species were completely reduced or oxidized . log Ldy - Am )/ (Ao A}

A, is the absorbance of the solution when being
Fig. 4 Plot of F with log(Ae-4.. )/ { A-do ) [or the te-

equilibrium at a certain potential. Thus the Nernst
duction of [Mo(dtc),][Er{dec),]

equation £= £+ (R /nF)In{[0x]/[Re]) may

be replaced by E=E"+ RT/nFIn (4, -As./ As- A= 1111, where E and E° are the electrode potential and
formal standard electrode potential, [Ox ] and [£e] represent the concentrations of oxdative and reduc-
tive states respectively. The plot of £ verus log (A,- A/ A:- A ) for the reduction of [Mo{dic), ]
[Er(dic),] is shown in Figure 4. The exchange electron number and formal standard electrode poten-
tial were obtained by calculating slope and intercept, n=1. 10 , =-0. 400V. It proves again that
the electrode processes are all single electron exchange and the formal standard elecirode potentizal is a

little negative than the average value of anodic and cathodic potentials (E,,; =-0. 388).
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