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Abstract 

The structural and photophysical properties of Cu
I
 

mixed-ligand complexes with thiosemicarbazides 
have been studied.  

Introduction 

Cu
I 

complexes with thione-containing ligands in 

combination with aryl-phosphines or phenanthroline 

have revealed interesting photophysical properties.
1
 

In the same context, the emission energy of such 

systems can be tuned through a thione-alteration 

related to the strength of the Cu–S bond since their 

emitting state is assigned as MLCT.
1
 Furthermore, 

cupper complexes containing thione-ligands and/or 

phosphines have also presented antimicrobial 

activity.
 
In the present work, we have explored the 

chemistry, structural and photophysical properties of 

two Cu
I 

heteroleptic compounds containing 

thiosemicarbazides derived from a sulfohydrazide 

(Scheme 1) in combination with PPh3 as co-ligands.
 

Results and Discussion 

The ligands H2L1
Ch

 and H2L1
Ph 

(Scheme 1) were 

prepared by mixing p-toluenesulfohydrazide with the 

desired aryl-isothiocyanate. The new complexes 

[CuCl(PPh3)2(H2L1
Ch

)] and [CuCl(PPh3)2(H2L2
Ph

)]  

were synthesized by reaction of [CuCl(PPh3)3] with 

the respective ligand (Scheme 1).   

 
Scheme 1. Synthesis of the complexes. 
 

The new compounds have been characterized on 
the basis of FTIR, 

1
H and 

31
P NMR, elemental 

analysis, UV-vis and fluorescence spectroscopies. 
The FTIR and 

1
H NMR spectra of the complexes 

indicated no deprotonation for the H2L
R
 ligands upon 

coordination. The presence of the phosphine ligands 
was confirmed in the 

31
P NMR by signals at -4.72 

and -4.43 ppm for 1 and 2, respectively. All the 
compounds were further studied by X-ray diffraction 
on single crystal, exemplarily shown in Fig. 1 by the 
crystal structures of H2L1

Ch
 and of the complex 1. As 

expected from the spectroscopic data, H2L
R 

binds 
the Cu

I
 center as a neutral monodentate ligand 

through sulfur atom with the Cu–S2 bond around 
2.38 Å. A Cl

–
 and two PPh3 ligands complete the 

coordination sphere, forming tetrahedral complexes. 
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Fig. 1. Crystal structures of H2L1

Ch
 (left) and 

[CuCl(PPh3)2(H2L1
Ch

)]∙EtOH (1∙EtOH, right). 
  

The electronic absorption spectra of the colorless 

compounds show a strong band in the UV region, 

where the λmax for the complexes are found in a 

lower energy region than those of the respective 

ligands (Fig. 2). The fluorescence spectra of H2L
R
 in 

MeOH show only weak emissions, while both 1 and 

2 exhibit intense fluorescence bands (Fig. 2).  
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Fig. 2. Absorption (left) and emission spectra (right) 

of H2L2
Ph

 (red line) and of the complex 2 (black line).  

Conclusions 

The interaction of the ligands with Cu
I 

ion has 

significantly enhanced the fluorescence intensity and 

thus the origin of the fluorescence appears to be 

based on a MLCT excited state. Computational 

studies are underway in order to fully understand the 

photophysical properties of the present complexes. 
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