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ABSTRACT: Two new diimine-diselenolate PtII 
chromophores [Pt(bipy)(Me-dset)] (1) and 
[Pt(phen)(Me-dset)] (2) (Me-dset2- = N-methyl-2-
thioxo-thiazoline-4,5-diselenolate) were synthesized 
and characterized. The effect of replacing sulfur with 
selenium was investigated by comparing the UV/Vis 
spectroscopic and electrochemical properties of 1 
and 2 with those of the corresponding sulfur ana-
logues, [Pt(bipy)(Me-dmet)] (4) and [Pt(phen)(Me-
dmet)] (5), with a particular focus on their linear and 
nonlinear optical properties. 

Since the advent of the laser, the search for nonlin-
ear optical (NLO) chromophores has received con-
siderable attention.1,2 Among the coordination com-
pounds suitable as NLO materials,3,4,5 dimmine-
dithiolate platinum(II) complexes [Pt(N^N)(S^S)] 
6,7,8 have been exploited in applications as varied as 
dye-sensitized solar cells,9,10,11 light-to-chemical en-
ergy conversion,12,13 and DNA intercalation.14,15 In the 
search for structure-property relationships within 
this class of compounds, the effect of the substitu-
ents on both the diimine and the dithiolate ligands 
has been systematically investigated.16,17,18,19 In this 
context, we recently synthesized a series of platinum 
diimine-dithiolate systems bearing S^S ligands be-
longing to the class R-dmet2– (N-alkyl and aryl-
substituted 2-thioxo-thiazoline-4,5-dithiolate),20,21 

which showed promising second order NLO 
(SONLO) properties.22 

Surprisingly, little  attention has been paid toward 
the variation in the coordinating atoms of these 
compounds, and to date only a single example of a 
diimine-diselenolate PtII complex has been reported, 
namely [Pt(bipy)(bds)] (bipy = 2,2'-bipyridine, bds2– 
= benzene-1,2-diselenolate).23  

Scheme 1. Molecular scheme of complexes 1 and 2. 

 

 

Starting from the common precursor N-methyl-4,5-
bis-(2'-cyanoethylseleno)1-3-thioazol-2-thione, two 
novel diimine-diselenolate complexes, [Pt(bipy)(Me-
dset)] (1) and [Pt(phen)(Me-dset)] (2, phen = 1,10-
phenanthroline; Scheme 1), were synthesized 
(Scheme S1 in Supporting Information, SI).24,25 The 
single-crystal X-ray analysis of 1·1/2CH2Cl2 (Fig. 1; 
Fig. S1, Tables S1–S5 in SI)26 shows the complex is al-
most completely planar but for the methyl substitu-
ent at the diselenolate,27 the metal ion featuring a 
square planar coordination by the two chelate lig-
ands.28 Both the Pt–Se and, to a minor extent, the Pt–
N distances [2.3803(13)–2.3929(21) and 2.078(9)–
2.060(9) Å, respectively] are longer than the corre-
sponding mean bond lengths observed for 
[Pt(N^N)(S^S)] systems.29 A direct comparison of 
the Pt–E distances in 1 (E = Se) and the closely relat-



 

ed sulfur analogue [Pt(bipy)(Et-dmet)] (3; E = S)22 
shows that the lengthening (0.12 Å) is slightly small-
er than the covalent radius difference between the 
two chalcogen atoms (0.15 Å).30  

 

 

Figure 1. ORTEP drawing of complex 1 in 1·1/2CH2Cl2 
showing the atom-labeling scheme. Thermal ellipsoids 
are drawn at the 60% probability level. H atoms have 
been omitted for clarity. 

The crystal packing of 1·1/2CH2Cl2 (Fig. S1 in SI) 
mainly arises from two main different types of inter-
actions, both contributing to form stacks developing 

along the a direction: (i) slipped  stacking inter-
actions between the 2,2'-bipyridine rings of sym-
metry related molecules in head-to-head orientation 
(intercentroid distance 3.60 Å), and (ii) face-to-face 
interactions between the 2,2'-bipyridine and the 
C3NS heterocycle of the Me-dset2– ligand (intercen-
troid distance 3.50 Å).  

 

Table 1. Absorption maxima λmax (nm) and molar ex-

tinction coefficients  (M–1 cm–1) for the Vis absorp-
tion, half-wave potentials (V vs Fc+/Fc),a emission 

maxima em, and quantum yields b for 1, 2, 4 and 5 in 
dmso solution at 298 K. 

 1 2 4c 5 c 

λmax 569 570 581 581 

  3500 5000 4300 5000 

E1/2
I 0.044 –0.027 –0.004 –0.017 

E1/2
II –1.607 –1.620 –1.608 –1.620 

E1/2
III –2.245 / –2.270 / 

em 374, 394 373, 392 374, 395 372, 405 

 8.2·10–3 1.8·10–2 1.2·10–2 8.2·10–3 

a Supporting electrolyte 0.10 M TBAPF6, Ag/AgCl refer-
ence electrode, scan rate 50 mV s-1. b Quantum yields 
determined by using anthracene in ethyl alcohol solu-
tion as reference. c Taken from Ref. 22. 

Cyclic voltammetry measurements performed in 
dmso on 1 and 2 (Table 1; Table S6 and Fig. S2 in SI 
for 1) showed the presence of a quasi reversible oxi-
dation process (ipc/ipa = 0.5–0.9) falling at E1/2

I ≈ 0.0 V 
vs Fc+/Fc for both complexes, and a reversible reduc-
tion (ipc/ipa = 1.1–1.2) with E1/2

II at about –1.6 V vs 
Fc+/Fc. The two redox processes correspond to the 
conversion of the neutral complexes into their mon-
ocationic and monoanionic species, respectively.31 
Complex 1 features a further reversible monoelec-

tronic reduction (ipc/ipa = 0.8;Epc – Epa= 0.048 V) at 
E1/2

III = –2.245 V vs Fc+/Fc. Given the shift toward 
more negative values observed for the E1/2

II reduction 
upon passing from complex 1 to complex 2, 1,10-
phenanthroline in place of 2,2'-bipyridine possibly 
causes a slight destabilization of the LUMO, prevent-
ing the E1/2

III reduction to be observed for complex 2 
within the explored potential range. No significant 
changes can be observed in the potentials of the E1/2

II 
reduction of 1 and 2 as compared to those of the sul-
fur analogues [Pt(N^N)(Me-dmet)] [N^N = bipy (4) 
and phen (5)].22 On the other hand, the E1/2

I oxida-
tion potential is slightly shifted towards more posi-
tive potentials in the case of the selenated systems. 

 

Figure 2. Absorption and emission (inset; λexc = 341 
nm) UV/Vis spectra recorded for 1 in dmso. 

UV/Vis/NIR absorption spectra recorded for 1 and 
2 in dmso show a broad band with absorption maxi-

ma max at about 570 nm  (Table 2 and Fig. 2 for 1). 
Absorption spectra recorded in eight different sol-
vents (namely CH2Cl2, CHCl3, CH3CN, acetone, thf, 
dmf, dmso, and toluene), show a remarkable nega-

tive solvatochromic behavior (λmax ≈ 150 nm for 1) 
of the Vis band. A linear correlation was found be-
tween the experimentally measured λmax visible ab-
sorption maxima recorded for 1 and 2 and the empir-
ical parameters reported by Eisenberg and coworkers 
for diimine-dithiolate PtII systems (Fig. S3 in SI for 



 

1).6 A blue shift of this absorption band was found for 
1 and 2 as compared to 4 and 5.22 Fluorescence spec-
troscopy measurements performed on solutions of 1 
and 2 in dmso at room temperature (C = 3·10–7–3·10–5 
M; Fig. 2 for 1), showed an emission with maxima λem 

at about 370 and 390 nm, whose intensity tends to 
decrease upon increasing the concentration of the 
solution, possibly due to self-quenching processes.32 
The analogy with the emission properties of 4 and 5 
suggests a similar origin for the fluorescent emission 
of all of the complexes, which therefore should not 
involve the E^E ligand.22 

 

Table 2. Absorption maxima λmax (nm) and molar ex-

tinction coefficients  (M–1 cm–1) of the Vis absorption 
of 1 and 2 in different solvents. 

 1 2 

 λmax  a λmax  a 

CH2Cl2 622 5100 618 4300 

CHCl3 647 5400 644 3600 

CH3CN 578 3200 570 3400 

acetone 590 3500 601 / 

thf 635 4200 637 2800 

dmf 575 4600 577 5200 

dmso 569 3500 570 5000 

tolueneb 732 / / / 

a If not reported, the molar extinction coefficients were 
not determined for solubility reasons. b The spectrum 
of 2 in toluene could not be registered due to solubility 
reasons. 

 

The structure of 1 optimized at density functional 
theory (DFT)33 level (Table S7 in SI) shows a very 
good agreement with the corresponding structural 
data (the principal bond distances and angles being 
varied by less than 0.01 Å and 2°, respectively).34 As 
found experimentally, a strengthening of the Pt–E 
bonds and a concurrent lengthening of the Pt–N dis-
tances was computed on passing from sulfured to 
selenated complexes.35 Accordingly, the calculated 
values of Wiberg bond indices (WBIs)36 for Pt–E and 
Pt–N bonds are larger and smaller, respectively, for 1 
and 2 as compared to 4 and 5,37 and the second-order 
perturbation analysis of the Fock matrix in the NBO 
basis38 showed that in the selenated systems the the 
interaction between the N lone pairs and the Pt un-
filled natural orbitals is weaker than in the corre-
sponding sulfur complexes.39 The frontier Kohn-
Sham (KS) MO scheme calculated for 1 (Fig. 3) shows 

the KS-HOMO is centered on the Me-dset2– ligand 
and the KS-LUMO on the diimine (91 and 93%, re-
spectively, in CH2Cl2; Table S8 and Fig. S4 in SI for 1). 
In agreement with electrochemical data, a slight sta-
bilization of the KS-LUMO was calculated on pass-
ing from 1 to 2 (E = –2.69 and –2.65 eV, respectively, 
in CH2Cl2). A stabilization of the KS-HOMO of 1 and 
2 as compared to 4 and 5 was also computed (E = –
4.87 eV for both complexes in CH2Cl2), thus account-
ing for the shift of the oxidation potentials observed 
experimentally. A natural population analysis 
(NPA)38 shows that the Me-dset2– ligand carries a 
negative charge of about –0.6e in CH2Cl2 (Table S9 in 
SI), whilst the diimine bears a partial positive charge 
of about 0.5e, the remaining positive charge (0.1e) 
being carried by the metal. This results in a net 
charge separation of about 1.1e for both 1 and 2.  

 

Figure 3. KS-MO scheme and isosurface drawings cal-
culated for 1 in the gas phase (Cs point group; contour 
value = 0.05 e). 

Time-dependent (TD) DFT calculations carried out 
on complexes 1 and 2 in their ground states in the 
same solvents used for UV/Vis/NIR measurements 
provided simulated spectra in very good agreement 
with the experimental ones (Fig. S10 in SI for 1). The 
solvatochromic band is assigned to the S0→S1 verti-
cal transition, which in turn derives (99% for 1) from 
the KS-HOMO→KS-LUMO monoelectronic excita-
tion (Table S10 in SI for 1). This interligand charge-
transfer (ILCT) process from the Me-dset2– ligand to 
the diimine accounts for the negative solvatochrom-
ism of the corresponding absorption, and for the 
blue shift observed on passing from [Pt(N^N)(Me-
dmet)] to [Pt(N^N)(Me-dset)] complexes.22  

Finally, the values of static dipole moments () and 

first static hyperpolarizabilities (tot) were calculated 
(Table S11 in SI), showing no significant differences 



 

between [Pt(N^N)(Me-dset)] and [Pt(N^N)(R-

dmet)] systems, thus indicating that the value of tot 
is mostly influenced by the diimine.22 

In summary, the role played by the chalcogen donor 
atom on the properties of platinum diimine-
dichalcogenolate complexes [Pt(N^N)(Me-dmet/Me-
dset)] was elucidated, showing that selenium replac-
ing sulfur induces a strengthening in the Pt–E bonds 
and a weakening of the Pt–N ones, resulting in a sta-
bilization of the HOMO. This in turn causes a shift in 
the oxidation potentials toward more positive values, 
and a blue shift of the characteristic solvatochromic 
absorption band in the visible region. The hyperpo-

larizability (tot) calculations performed on the title 
complexes indicate diimine-dichalcogenolate PtII 
complexes as promising candidates for applications 
such as second harmonic generation (SHG), alt-
hough the replacement of sulfur with selenium does 

not influence their tot and thus the possibility for 
SONLO applications. 
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