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Abstract-Dithiocarbamates react with excess 1,2-bis(dimethylphosphino)ethane (DMPE) 
in acid conditions in the presence of [Tc(OH)(O)(DMPE),]‘+ to generate the novel zwitter- 
ionic ligand SCH2P+(CH,),(CH2),P(S)(CH,), (abbreviated SCP). The technetium(II1) 
complex lTc(SCP) 2(DMPE)$PF6), has been isolated and characterized by elemental analy- 
sis, UV-vis spectroscopy and X-ray crystallography. Bond lengths around the octahedrally 
coordinated technetium(II1) ion are Tc-S = 2.299(2) and Tc-P (average) = 2.437(8) A. 
Electrochemical and spectroelectrochemical measurements are reported for the reversible 
technetium(III/II) couple ; E”’ has been determined to be -0.113 V vs Ag/AgCl (0.5 M 
TEAP/DMP). In addition, a chemically irreversible technetium(II/I) couple is observed at 
- 1.310 V. The properties of [Tc”‘~‘(SCP)2(DMPE)2]3+‘2+ are compared to those observed 
previously for the related cis- and tran,r-[Tc”‘i’L(SR)2(DMPE)2]+‘0 complexes. 

Welm4 and others5 are currently engaged in the 
exploration of six-coordinate cationic technetium- 
bis(thiolato) complexes with bidentate phosphine 
ligands. The technetium 3 + oxidation state is most 
stable in this series of compounds, although solids 
containing technetium in the 2 + oxidation state can 
be isolated. Technetium(III)/(II) redox potentials 
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span a range of values (N - 0.2 to -0.6 V vs 
Ag/AgCl) as a result of manipulation of the R group 
on the thiolato ligand. A study of cis vs tram isomer 
formation in these complexes has been evolving and 
a reasonable explanation for observed isomer ratios 
has recently been proposed.6 A number of crys- 
tallographic studies have shown little variability 
within a specific technetium oxidation state, i.e. all 
the technetium(II1) complexes tend to have ident- 
ical structural parameters and likewise for the tech- 
netium(H) complexes. The visible absorption spec- 
tra of these complexes contain sulphur-to-technetium 
charge-transfer bands and the energies of these 
bands can be related to their reduction potentials. 
In turn, the reduction potentials are related to the 
nucleophilicity of the thiolato ligand. 

Most recently, the tris chelate complex [Tc(tdt) 
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(DMW,I+ [ h w ere tdt is 3,4-toluenedithiolate 
and DMPE is 1,2-bis(dimethylphosphino)ethane] 
has been prepared and examined.7 The trigonal 
prismatic distortion induced by the tdt ligand is accom- 
panied by unusual properties which suggest that 
the technetium(II1) cengre in [Tc(tdt)(DMPE),]+ 
is displaying some “tqchnetium(I1) character”. 
This has encouraged urther studies of other 
complexes containing bi d entate sulphur ligands. 

Dithiocarbamates are, an interesting group of 
ligands that can stabilize1 unusual oxidation states, 
have multiple bonding ‘properties and bridging 
modes of coordination. 8 
of technetium complexes of dithiocarbamates, also 
known as l,l-dithiolat 1 

he preparation and study 

ligands,? would allow 
important comparisons to [Tc(tdt)(DMPE)J+ 
since tdt is a member of the class of 1,Zdithiolato 
ligands. The following is a preliminary report of 
our dithiocarbamate studies, wherein under the 
reaction conditions utilized the intact dithio- 
carbamate anion does not function as a ligand to 
technetium. Rather, a n ‘vel zwitter-ionic thiolato 
ligand is formed by the re 1 ction of dithiocarbamate 
with DMPE. Since the product so formed contains 
a new thiolato ligand, we have characterized it fully 
and have related it ~ to previously studied 
[Tc(SR),(DMPE),]+‘~ complexes. 

EXPERIMENTAL 

CAUTION! Technetium-99 emits a low energy 
(0.292 MeV) j3 particle with a half-life of 2.12 x lo5 
years. When handled in ‘lligram amounts “Tc 
does not present a serious ealth hazard since com- 

ing. Bremsstrahlung is n r 

mon laboratory materials provide adequate shield- 
t a significant problem 

due to the low energy of the j3 particle emission, but 
normal radiation safety pkcedures must be used at 
all times, especially when dealing with solid 
samples, to prevent contamination and inadvertent 
inhalation. In this paper the symbol Tc refers only 

t Acronyms and abbreviations : The following acro- 
nyms and abbreviations are used in this article: 
tdt = 3,4-toluenedithiolate; jdedc = diethyldithiocarba- 
mate ; DEPE = l,Zbis(dieth 
= dimethyldithiocarbamate; DMF = N,N-dimethylfor- 
mamide ; DMPE = 12-bis( imethylphosphino)ethane; 
DMSO = dimethylsulphoxid ; 
transparent thin-layer electr de; 

: 

1phosphino)ethane; dmdc 

OTTLE = optically 
PDE = platinum disk 

electrode ; Ph = phenyl ; pm c = pentamethylenedithio- 
carbamate ; ppmdc = 3-pipe dino-pentamethylenedithio- 
carbamate; SCP = SCH, ‘(CHJ,(CH&P(S)(CHJz; 
STTCT = sulphur-to-technet urn charge transfer ; TEAP 
= tetraethylammonium pert lorate. 

to technetium-99 ; the metastable isotope ggmT~ was 
not used in these studies. 

Reagents 

Unless otherwise noted, all chemicals were of 
reagent grade. Technetium-99, in the form of solid 
ammonium pertechnetate, was obtained from Oak 
Ridge National Laboratory and purified.g The 
DMPE ligand was purchased from Strem Chemical 
Co. and used without further purification. DMF 
and propylene carbonate were obtained from Bur- 
dick and Jackson Lab., Inc. Polarographic grade 
TEAP from G. F. Smith Chemicals was used in 
the electrochemical measurements. Prior to use the 
TEAP was dried at 60°C in 2racuo over PZ05. No 
significant electroactive impurities were detected in 
either the solvent or supporting electrolyte. Na 
(dedc) 0 3Hz0 was purchased from Fisher Scientific 
and Na(dmdc) * 2H20 from Aldrich Chemicals. 

Synthesis of [Tc(SCP),(DMPE),](PF,), 

The starting complex, trans-[Tc(OH)(O) 
(DMPE)&PF&, was prepared by a method similar 
to that described in a previous paper, ’ using 
NH4Tc04 (200 mg, 1.1 x 1O-3 mol) and DMPE 
(0.8 cm3, 4.8 x lop3 mol). To the orange-brown 
reaction mixture was added dropwise a solution of 
NH4PF6 (4 g) dissolved in a small amount of 1 : 1 
methanol-water (v/v). The brown precipitate which 
appeared was kept at room temperature for 1 h 
and then refrigerated overnight. The precipitate was 
collected by filtration, washed with a methanol- 
water (1 : 1) solution, washed with pure water and 
then dried in air. Yield : 1.34 g. This material is a 
mixture of trans-[Tc(OH)(O)(DMPE),](PF& and 
H,DMPE - 2PF,. 

To a suspension containing the above material 
(150 mg) in degassed ethanol (5 cm3) was added 
Na(dedc) -HZ0 (340 mg) in degassed ethanol (10 
cm’). This mixture was stirred at ca 50°C for 10 
min, whereupon it became deep brown in colour. 
To this solution was added concentrated CF3S03H 
(0.4 cm3). The solution was kept at 50°C and con- 
tinuously stirred for 40 min. The colour of the solu- 
tion changed gradually from deep brown to dark 
brown to dark yellowish green and then to deep 
bluish green. The solution was then cooled to ca 
30°C and solid NH4PFs (0.2 g) was added. After 
standing at room temperature for ca 30 min a blue 
precipitate appeared which was collected by fil- 
tration, washed with ethanol and dried in a vacuum 
desiccator. Yield : 15-17 mg. This blue product 
was recrystallized as a powder from propylene 
carbonate/ethanol. Found : C, 26.2 ; H, 5.4; N, 
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c 0.1; F, 24.2 ; P, 24.1; S, 7.7. Calc. for [Tc(SCH, 

P(CHWH~CH~P(CH~)&.,J~(DMPE)J(PF& - 
1.75(C&OJ = ~~~~~~~~~~~~~~~~~~~~~~~~~~ C, 
26.6; H, 5.4; F, 24.4; P, 24.4; S, 7.8%. The non- 
stoichiometric amount of sulphur in the for- 
mulation is discussed in the crystallography sections 
below. 

Single crystals suitable for X-ray analysis were 
obtained by dissolving the blue product at cu 38°C 
in a solution of 1 : 7 (v/v) propylene carbonate/ 
ethanol. The solution was filtered to remove in- 
soluble materials. The filtrate, which was pre- 
served under an argon atmosphere, was held at 
room temperature for 4 h and then placed in a 
refrigerator for 4 days. The deep blue-black, 
diamond-plate shaped crystals which appeared 
were collected by filtration, washed with ethanol 
and dried in air. 

Similar blue products were obtained by the above 
procedure using dmdc, pmdc and ppmdc instead 
of the dedc. The pmdc and ppmdc ligands were 
prepared by literature methods. lo 

Measurements 

Elemental analysis was performed by Galbraith 
Laboratories, Knoxville, TN, U.S.A. UV-vis spec- 
tra were recorded in acetonitrile on a Cary 210 
spectrophotometer (Varian) at ambient tempera- 
ture. Electrochemical measurements were made 
with a Bioanalytical Systems, Inc. (BAS) CV-1B 
voltammograph. Potentials were monitored with 
a Keithley 178 digital multimeter and voltam- 
mograms were recorded on a Hewlett-Packard 
7015B X-Yrecorder. The visible spectra in the spec- 
troelectrochemical experiment were also recorded 
on a Cat-y 210 spectrophotometer ; the cell com- 
partment was modified to accommodate electrical 
leads and an inert gas inlet. The working electrode 
for conventional cyclic voltammetry was a PDE 
(BAS). OTTLEs were constructed as previously 
described with 100 wires per inch gold minigrid. * ’ 
An aqueous Ag/AgC1(3 M NaCl) electrode (BAS) 
and a platinum wire were used as reference and 
auxiliary electrodes, respectively. The reference 
electrode was isolated from the solution by a porous 
Vycor plug. All potentials are reported vs the 
Ag/AgCl (3 M NaCI) electrode. ’ * In general, elec- 
trochemical experiments were performed as pre- 
viously described. ’ >’ 7 

Crystallography. Single-crystal X-ray diffraction 
experiments were performed on a Nicolet R3 auto- 
mated diffractometer with a graphite mono- 
chromator. Data are summarized in Table 1. All 
non-hydrogen atoms are refined anisotropically. 
Hydrogen atoms are placed in calculated positions 

Table 1. Crystallographic data for [Tc(SCP),(DMPE)J 

(PF,), * W&0,) 

Formula 

a (A) 
b (A) 
c (A) 
B (“) 
V(A3) 
z 
R" 
wR" 
Formula weight (amu) 
Space group 

T (“C) 
A (A) 
p(calc) (g cm- ‘) 

/* (cm- ‘) 
Transmission 

coefficients 

Tc,S~.~P,IF,@&~&, 

13.237(3) 
21.709(6) 
12.409(4) 
112.77(2) 
3288(2) 
-I 

G.056 
0.056 
1475.71 
P2Jc (No. 14) 
20 
0.71073 
1.490 
6.84 

l.OOWI.692 

with U defined as N 1.5 times the equivalent iso- 
tropic U of the carbon atom to which they are 
bound. Absorption corrections were empirical- 
ly derived from psi scans with the program 
SHELXTL. I8 Structure solutions by Patterson 
methods and refinements used the programs of 
SHELX-76. ” Neutral atom scattering factors and 
corrections for anomalous dispersion were from the 
International Tables for X-ray Crystallography, 
Vol. 4.20 

RESULTS AND DISCUSSION 

Synthesis 

Excess amounts of a dithiocarbamate, such as 
dmdc, dedc, pmdc or ppmdc, added to a suspension 
of trans-lTc(OH)(O)(DMPE)&PF,), and H2DMPE * 
2PF6 under anaerobic conditions yield deep 
brown solutions. Acidification of these solutions 
produces gradual colour changes through dark 
brown to dark yellowish green and finally to a 
deep bluish green, ultimately yielding the title 
complex. These reactions do not proceed without 
the dithiocarbamate. Dithiocarbamates are 
known8,‘0,2’ to undergo an acid induced C-N 
cleavage to produce an amine and carbon disul- 
phide. 

H+ +R2NCS2- e HNR2+CS2 

The carbon atom of CS2 is susceptible to nucleo- 
philic attack by the DMPE phosphorus lone pair, 
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yielding a positively charged phosphonium ion and 
a negatively charged thiol : 

S’ 9’ 
The final step in the fbrmation of SCP involves 
a two-equivalent oxid ion and the transfer of a 

b sulphido group to the te ‘nal phosphine. This pro- 
cess may or may not be Iassisted by coordination to 
technetium ; it is uncle+ at what stage in the reac- 
tion sequence the th$l ligates to technetium. 
Reduction of the te hnetium(V) ion can be 
accomplished by exces sc dithiocarbamate or excess 
DMPE. 

Under anaerobic conditions, a small amount of 
1 M NaOH aqueous so ution added to an aqueous 
solution of truns-[Tc( CP)2(DMPE)2]3+ yields a 

$ brown precipitate. Wh n dissolved in acetonitrile 
this brown precipitate ekhibits the identical absorp- 
tion spectrum as that obtained at -0.500 V in the 
spectroelectrochemist 

f 

experiment (vi& infra, 
spectrum B in Fig. 4). his suggests that the brown 
precipitate is the tee netium(I1) complex trans- 
[Tc(SCP),(DMPE)J2’j When a small amount of 
concentrated HCl is added to an acetonitrile solu- 
tion of the brown preci itate under an argon atmo- 
sphere, the colour oft I% solution changes to green- 
ish blue and its spect 

% 

coincides with that of the 
starting technetium(I1 ) complex. Apparently the 
pH controlled interco version between the tech- 
netium(II1) and (II) complexes tran,~-~c(SCP)~ 
(DMPE)J2+‘3+ under anaerobic conditions is 
reversible ; this pH induced redox interconversion is 
a general feature of ~$~~-[Tc”‘(SR),(DMPE)~]+‘~ 
(R = alkyl or benzyl) ‘omplexes. ‘*2 

The truns-[Tc(SCP) DMPE),](PF,), salt is sol- 
uble in water, methan 1, acetone, acetonitrile, pro- 
pylene carbonate, D F and DMSO, but is insol- 

I: 

uble in 2-propanol, di hloromethane, chloroform, 
carbon tetrachloride nd hexane. The complex is 
slightly soluble in et anol and p-dioxane. These 
observations are cons’ tent with the presence of a 
3+ charged cation. 

The synthesis of t 
$ 

novel ligand SCP has its 
basis in the acid indu d C-N cleavage of dithio- 
carbamates. Consequ ntly, reactions intending to 
preserve the dithiocar 

4 
amate ligand for intact coor- 

dination to technetiu must be conducted in alka- 
line conditions. Even ’ so, the zwitter-ionic ligand 
SCP is interesting in it s own right. For one thing, the 
negatively charged lig 

n! 
ting thiol is LX to a positively 

charged phosphoniu group and this is expected 

to significantly decrease the nucleophilicity of the 
thiol. Nucleophilicity, or a-donating ability, of the 
thiol has been one of the properties we have been 
tracking through a series of technetium and rhe- 
nium thiolato complexes, in order to explore how 
changes in R are expressed in the redox potentials 
and spectral energies of the complexes. ‘-4*6*22,23 
Further interest in SCP might come from its poten- 
tial use for bidentate coordination. In addition, 
modification of the terminal sulphido group could 
make SCP a valuable starting material. 

UV-vis spectrum 

The absorption spectrum of trans- 
~‘I’c(SCP),(DMPE),]~+ exhibits three bands at 
15.88 (E = 15.8 x lo3 M-’ cm-‘), 26.60 (E = 4.6 x 
lo3 M-’ cm-‘) and 36.90 kK (E = 7.2x lo3 M-’ 
cm-‘). The spectrum of the complex in aceto- 
nitrile is shown in Fig. 1. The absorption pattern 
over the entire region is similar to those of 
the corresponding bis-thiolato-DMPE complexes, 
frans-pc(SR),(DMPE)J+, where R = methyl, ethyl, 
n-propyl, benzyl and p-methoxybenzyl.’ By anal- 
~gy,~ the two lower energy bands are assigned to be 
sulphur (n) + Tc(x*) transitions. The higher energy 
UV absorption at 36.9 kK represents a P + Tc 
charge transfer band arising from the DMPE ligand. 

Crystallography of trans-[Tc(SCP),(DMPE),] 

(PF6)3-2(C4H603) 

The independent portion of the structure consists 
of a half-cation, half-anion, complete PF6 anion 
and a loosely held solvent molecule. The technetium 
atom and the phosphorus atom [p(S)] from the half- 
anion each occupy crystallographic inversion 

14 18 22 26 30 34 39 42 

V/lO~cm 

Fig. 1. The absorption spectrum of trutw[Tc(SCP), 
(DMPE)J’+ recorded in acetonitrile. 
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centres. The general position PF6 anion shows obvi- 
ous disorder, so the six fluorine atoms around P(6) 
are described by 12 partial iluorine atoms, F(4)- 
F(9) are at 0.65 occupancy and F~lO~F~l5~ are at 
0.35 occupancy. The assignment of these partial 
fluorine atoms makes little difference in the R value, 
but does improve the final AF map. Bond lengths 
and angles for the cation are presented in Table 
2, Figure 2 ~~J~trat~ the geomet~ and assigned 
Iabe#ing scheme for the cation. 

The technetium atom is coordinated in trapw‘ 
octahedral geometry, The DMPE ligand bite angle 
is the largest distortion from ideal geometry and 
is normal for this ligand ; P(3)--Tc-P(4) = 
80.8 l(7)“. The zwitter-ionic ligand SCP is formally 
neutral, carrying a formal negative charge on the 
coordinated sulphur atom [S(l)] and a formal: 
positive charge on the atom P(I). The terminal 
R,P=S fragment is neutral since the phosphorus- 
sulphur bond is best described as a double bond 
[S(2 )--P(Z) = 1.920(4) A]. For comparison, the 
molecule ~2,4,6-M~~C~~~PS~~* has a terminal 
P=Slengthof 1.917(l)~&.~~P-Slinkagesareoften 
found in dithiop~os~hate mule&es wherein 
the phosphors atom binds to two teeing sulph~ 

atoms, theoretically in one double bond and 
one single bond. In these di~iophospha~ mol- 
ecules there is some del~a~tion and the average 
P-S length is approximately 1.97 A,25 si~i~Gantly 
longer than that observed in the title complex. 

The terminal sulphur atom [S(Z)] has been 
assigned an occupancy factor less than unity (0.71) 
based on a corn~~son of thermal parameters with 
the other terminal atoms [C(S) and C(7}] and based 
on the knowledge that the element analysis 
implies the presence of a sulplmr atom in about 
71% of these sites in a buik sample. The remaining 
sites might be occupied by either the phosphorus 
lone pair electrons or possibly a doubly-bound oxy- 
gen atom, neither of which would disturb the overall 
charge of the complex or lead to serious Iattice 
disruptions. Disorders of the s~phido~oxo type 
have been noted in other s~~tu~s.~~ 

The solvated propylene carbonate molecule is 
disordered and probably exists at partial occupancy 
in the crystal lattice, although the solvent was 
assigned full occupancy in the model leading to a 
technetium/solvent ratio of l/2, In fact, the elemen- 
tal analysis results agree best with 1.75 solvent mol- 
ecules per te~hneti~ fuiae ~~~~~. 

Table 2, Bond lengths (s;> and angles (“) in the c~tio~~c(S~)~~MPE)~~* 

‘Wlk-WI 2.299(Z) 
-WI---P(3) 2.442(X) 
T~{J~P~4) 2.43 l(2) 
SW--W) 1.~42~7) 
WI--P(2) 1.920(4) 
P<JFfJ) I X09(7) 
P(JW(2) 1.787(7) 
PUFt3) 1.772(6) 
P(JI--w) 1.783(6) 
P(2I-w) 1. *SO@) 

T~(J~S~J~~J) x22.7(2) 
T~~J~~3~~~) 1 J&.1(2) 
Tc( J )--P(3)--c(9) 1 J9.9(3) 
T~(JI-“-P~3)--C(lO) 108,9(3) 
WJtiP(4)-wJ) 108.3(4} 
Tc(l)--P(4)---C(12) I J9*1(3) 
Tc(l)--P(4 jC(13) 12X7(4) 
S(l)_TW4(3) 8X73(6) 
S~l~T~l~P~4) ~3.2~(7) 
S(J)--c(J.I--PW JO9.3(4) 
S(?+P~2)--w) f 15.6(3) 
5%3--4V)--c(6) I 1.3.8(4) 
SW-P(2t-c(7) l14.a(3) 
P(JI--cx4I---C(5) 111.914) 
P(2W(5)--c(4) 115.7(4) 
P(3)--(rc(J t--p(4) 80*81(79 
P~3~(JO~~Jl) 1 f&0(9) 

J’CQ-G6t 1.82(J) 
PGW(7) 1.80(l) 
P(3tc@) 1*79(J) 
Pi3I--G9) I .805{7) 
P(3ww) 1.82(l) 
P(4wxJ J) 1.84(l) 
P(4t_c(J 2) 1.794(9} 
P(4wxJ 3) 1,82(l) 
C(4H(5) 1.55(l) 
CfJO)-w J) 1.37(l) 

P<4)-w JI-“wO) 117(l) 
w--Pw-C(2) JO7*7(3) 
WI--P(JI-+31 109.3(3) 
WI--P(J)--c(4) 110.8(J) 
c(2ww-~3) 109.1(3) 
c(wP(Jw(4) 108.7(3) 
C(3)--& J I--C(4) lJ1.2(3) 
c(%--P@_(6) JO2.3{4) 
c(5)_K&-w) J~‘~4) 
~(6~P~2~~7) JO%(S) 
w%-P~3)--cc9) fO3.6@) 
~(%-P(3I--~(JO) 103.4(s) 
C(9I--P(3I”-GJO) 100.5(5) 
c(J J+P(4)--c(J2) 103.0(S) 
et1 w-P(4)--w3) 102.6(6) 
CfJ2I--P(4)---QJ3) 98.664) 
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view of trans-[Tc(SCP),(DMPE)J3+ showing the assigned atom labels. The 
technetium atom o upies a crystallographic inversion centre. Ellipsoids represent 50% probability. 

Structural analyses ‘ave been published pre- 
viously for trans-[Tc”‘( s” ,CH,),(D),]+, where D = 
DMPE and DEPE, ’ and correspond closely with 
the structural parameters measured herein, cf. Tc- 
P = 2.428(6), Tc-S = 2.300(3) A, Tc-S-C = 
122.3(S)’ and S-C = 11.842(7) A for trans-[Tc”’ 

(SCHJz(DMPE)zl+ ; Tc-P = 2.45(l), Tc-S = 
2.3025(5) A, Tc-S--C= 121.2(1>0 and S-C = 
1.821(4) A for ~~Lww-[Tc~/‘(SCH~)~(DEPE)~]+ ; and 
Tc-P = 2.437(8), Tc-S = 2.299(2) A, Tc-S-C 
= 122.7(2>0 and S-C t= 1.842(7) A for truns- 
~]~c”‘(SCP),(DMPE)~~+I Both Tc-S and Tc-P 
lengths in these complexes are sensitive to the 
technetium oxidation st#te and support the as- 
signment of technetium(bI1) in the title complex. 
It should be noted that t re is a substantial formal 
charge difference w” bet ,een the + 1 complex 

‘CWSCH,hPMPEM+ 1and the +3 complex 

[TcWPWMf’EM3+, 
4 

ut the coordination dis- 
tances around techneti remain constant. A sum- 
mary table presented pr ’ 
-SR distances are rel x 

iously4 shows that Tc’r’ 
ively insensitive to the 

nature of the R group. 

Cyclic voltammetry 

Figure 3 shows the cyclic voltammogram at a 
PDE for a 0.6 mM solution of trans-[Tc(SCP), 
PMPEh13+, wherein tqo major redox couples 
are observed. A negative1 potential scan initiated 
at +0.400 V gives a reduction wave with a peak 
potential (E,,) at -0.156/ V, and upon switching 
the potential at -0.5001 V the coupled oxida- 
tion wave (,!&) is observed at -0.076 V on the 
positive scan. The separation between the cathodic 
and anodic peaks is 74 mV, which is typical for 
the one-electron reduc ‘on of trans-[Tc(SR), 
(DMPE),]+” “, complexes’ i TEAP/DMF. The ratio 
of the anodic/cathodic peak current is nearly 

unity. These facts indicate that the redox couple 
can be identified with the following one-electron 
reversible reaction : 

trans-[Tc”‘(SCP),(DMPE),13+ +e- e 

trans-[Tc”(SCP),(DMPE),1Zf. 

The formal reduction potential, E”, is determined 
to be -0.113 V and is recorded in Table 3. If the 
voltammogram is continued for a second cycle with 
an extension of the negative potential window to 
- 1.55 V, a second reduction wave is observed with 
Epc = - 1.345 V. On the subsequent positive scan 
the corresponding oxidation is observed at 
Epa = -1.275 V (E” = -1.310 V). The second 
process is attributed to the technetium(II/I) redox 
couple. A close examination of the second cyclic 
voltammogram indicates that ipa for the oxidation 
of technetium(I1) to technetium(II1) is reduced rela- 
tive to ipc for the reduction of technetium(II1) to 
technetium(U) (ipc/ipa is approximately 1.85) and ipa 
for the oxidation peak at +0.28 V is increased. 
This behaviour in the cyclic voltammogram can 

/ 

0.5 0 -0.5 -1.0 -1.5 

E / V vs Ag/AgCl 

Fig. 3. Cyclic voltatnmograms of 0.6 mM trans- 
[Tc(SCP),(DMPE),]~+ in 0.5 M TEAP/DMF at a PDE 

and room temperature ; scan rate = 100 mV s- ‘. 
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Table 3. Comparison redox potentiaWb 

Technetium(III/II), Technetium(II/I), 
EQ’ EC 

-0.113 - 1.31d 
-0.550 -1.72 
- 0.299 -l.lld 
-0.231 - I.41 
- 0.098 -1.27 

a 25°C ; PDE working electrode ; scan rate 100 mV s- ’ ; 0.5 M TEAP/DMF ; all values 
in V. 

b E”’ = (Em+ En,)/2 vs Ag/AgCl(3 M NaCl) from cyclic voltammetry. 
‘Either Ei or E”‘, as specified. 
d Irreversible at 25°C. 

be ascribed to the instability of the technetium(I) 
species on the cyclic voltammetry time-scale, which 
results in a chemically irreversible techneti~(II/I~ 
redox couple. 

Spectroelectrochemistry 

In the thin-layer cyclic voltammogram in pro- 
pylene carbonate trans-[Tc’u(SCP),(DMPE),13+ 
exhibits a reduction wave at -0.250 V and 
a coupled oxidation wave at -0.106 V 
(E*’ = -0.178 V). The large peak separation, 
EpC-E,,, = 0.144 V, is typical for OTTLEs used 
with non-aqueous solvents, because of the large 
solution resistance inherent to the cell arrange- 
ment. 14,’ ’ A similar thin-layer cyclic vol- 
tammogram was observed in DMF (E” = - 0.138 
V), but spectra could not be recorded because the 
complex decomposes in DMF on the time-scale of 
the OTTLE spectroelectrochemical experiment. 

The spectra recorded for the techneti~~II)/(II) 
couple during a potential step experiment are shown 
in Fig. 4. The initial spectrum recorded in the 
OTTLE after a potential application of + 0.400 or 
+ 0.075 V is identical with that of the conventional 
UVvis measurement for t~~~~-~c”‘(SCP)~ 
(DMPE)d3+ (vide supra). The potential was sub- 
sequently moved in the negative direction from 
+0.075 to -0.500 V. In the spectrum recorded at 
-0.500 V a new absorption band appears at 513 
nm and the band at 630 nm disappears, i.e. the 
reduction of technetium(II1) to technetium(I1) 
causes a large blue shift, consistent with its assign- 
ment as an S --, Tc CT band. The spectrum at 
-0.500 V does not change for 2 h in propylene 
carbonate under these conditions. This supports the 
synthetic observation that the brown technetium(I1) 
complex obtained from alkaline solution is stable 
over several hours in polar or non-polar solvents 

755 

under argon. Apparently the technetium(I1) com- 
plex is stable under anaerobic conditions. The 
potential was then moved in the positive direction 
from -0.500 to i-0.075 V and the spectrum was 
scanned again. In this spectrum, a new absorption 
band appears at 497 nm along with the original 
band of the t~hnetium(III) complex at 630 nm, 
although the band at 630 nm has only 30% of 
the initial absorbance. The spectrum at +0.400 V 
shows an increase in intensity of the band at 630 
nm and a decrease in intensity of the band at 497 
nm. 

Similar spectral changes were observed during 
aerobic oxidation of bulk amounts of the brown 
technetium(I1) complex obtained from the alkaline 
solution. That is, when the acetonitrile solution of 

Em 500 ‘m 

h/ml 

Fig. 4. The absorption spectra obtained during an 
OTTLE Potential step experiment of 0.6 mM trans- 
lTc(SCP),(DMPE)$+ in 0.5 M TEAP/propylene car- 
bonate. Applied potentials vs AgiAgCl are: original, 
-0.400 and + 0.075 V (- ); -o.soov(*~~~); +0.075 

V (----); and final scan +0.400 V (-a-.). 
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the technetium(I1) complex stands in air, it changes 
to the technetium(II1) ,complex plus some other 
species ; the spectrum of this solution is similar to 
that of the final scan in Fig. 4 in that it contains the 
additional peak at 497 nm which is not present in 
the original technetium(II1) solution. Taking the 
stability of the techne ‘urn(H) species into con- 
sideration, these facts su 

I 
gest that part of the trans- 

[Tc”(SCP),(DMPE),]~‘~ complex reverts to the 
original technetium(II1) bomplex, but another frac- 
tion converts to a differe 

The q 

t species during oxidation. 
technetium(III/I ) E”’ values are solvent 

dependent, uiz. the value obtained in propylene car- 
bonate is more negative t an that obtained in DMF. 
A similar trend was al o observed for the tech- 
netium(II/I) couple of 

‘: 

c(DMPE)~]~+/+.~~ These 
data suggest that the va iation of E”’ in DMF and 
propylene carbonate fol ows the basicity of these 
solvents. 

Electronic properties 

The bis(thiolato)-b’s(DMPE)-tcchnetium(II1) 
complexes hitherto exa 

a 

ined have naturally sep- 
arated into two classes. When the carbon atom 
bound to sulphur i saturated, [Tc”‘(SR), 
(DMPE)d+ (R = alkyl 

i 

r benzyl) complexes have 
the following characte tics : (1) their geometry 
tends to be trans, (2) reversible couples are ob- 
served at ca -0.5 to ~ -0.6 V for technetium 
(III/II) in TEAP/DMF s Ag/AgCl, and (3) there 
are two visible STTCT bands 

1 
ca 17 and 28 kK 

in acetonitrile. When the R group in [Tc”’ 
(SR),(DMPE),]+ is phe yl or a phenyl derivative 
the following characteri 4 its are observed : (1) the 
geometry tends to be wk, (2) reversible tech- 
netium(III/II) couples are in the range -0.19 to 
-0.38 V, and (3) there (are three visible STTCT 
bands at ca 17, 22 and 29 kK. The complex 
[Tc(SCP),(DMPE)d3+ presented here has 
properties that transce se of the two classes 
outlined above. As lkylthiolato complex 
it has trans geometry is expected since it is 
thought that the dri ce which determines 
cisjtrans isomerism i omplexes is primarily 

er alkylthiolato com- 
exhibits an uncom- 

e technetium(III/II) 
reduction potential of 
which is 437 mV more 

I’WSCH,),(DMP%l+ 
positive than that of 
Table 3). The tech 
strongly linked to t 
and as such is inver 

complex is -0.113 V, 
ive than that of trans- 

even 186 mV more 
Ph),(DMPE)d+ (see 
I) redox potential is 
the thiolato R group 
o the o-donor ability 
t the nucleophilicity 

5. 

6. 

7. 

8. 
9. 

10. 

11. 

12. 
13. 
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