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Abstract: Electronic structures of a series of three homodinuclear platinum(II), palladium(II) and 
gold(I) complexes featuring Janus-type benzoxazolin-2-ylidene bridges and N,N-diisopropyl 
benzimidazolin-2-ylidene auxiliary ligands have been investigated. The gas-phase molecular 
structures of all compounds were first optimized using B3PW91 functional and SDD/6-31G(d) 
combination of basis sets. The nature of their frontier orbitals were then examined. The higher 
energy occupied molecular orbitals are predominantly d orbital of the metal in combination with  
orbital of N,N-diisopropyl benzimidazolin-2-ylidene. On the other hand, the lower energy 
unoccupied molecular orbitals are  orbitals of the benzoxazolin-2-ylidene. TD-DFT calculations 
reveal that all the complexes require high energy ultraviolet photon for excitation and 
photoexcitations form excited state with decreased electron density on metal centers. 

Keywords: Platinum(II), palladium(II), gold(I) complex, N-heterocyclic carbene, electronic 
structures,_benzoxazolin-2-ylidene. 

1. Introduction1 

N-hetero cyclic carbene (NHC) has 
attracted a great deals of attention in the past 
few decades due to their potential application in 
organic catalysis and organometallic chemistry 
[1-6]. The success of NHC can be attributed to 
their excellent turnability of steric and 
electronic properties owing to their very 
diverted structures [7,8]. The four common 
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carbene backbones include imidazole, 
benzimidazole, triazole and imidazoline. 
Substitution of N-R group from such backbone, 
for example, imidazole and benzimidazole, an 
oxygen atom would lead to the formation of 
oxazolin-2-ylidene and benzoxazolin-2-ylidene, 
respectively (Figure 1). 

It is clear from chemical intuition that 
oxazole and benzoxazole-derived carbenes are 
weaker donor NHC compared to the respective 
parents as N-R group is replaced by a more 
electron negative oxygen atom. However, the 
absence of substituent on the oxygen atom 
would also suggest N,O-heterocyclic carbenes 
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exert a lesser steric hindrance toward the metal 
coordination sphere. 

 

 
Figure 1. Generic structures of the N-

heterocyclic carbenes derived from imidazole (a), 
benzimidazole (b), oxazole (c), and benzoxazole (d). 

When R1 substituent is simple hydrogen 
atom, transition metal complexes of this 
benzoxazolin-2-ylidene can be generated from 
2- trimethylsiloxyphenyl isocyanide by an 
elegant two steps process, including (i) 
isocyanide coordination to a suitable metal 
center followed by (ii) cleavage of the oxygen-
silicon bond. In case, a diisocyanide compound 
is used as starting material, the Janus-type N,O-
heterocyclic carbene can be resulted (Scheme 
1). [9,10] 

Complexes of transition metals play 
essential roles in chemistry with potential 
application in various fields, such as metal-
based drugs [11], catalysts [12] and photoactive 
compounds [13] for photocatalysts and 
luminescent materials. The design of metal 
complexes for the latter application often 
require a good understanding of electronic 
structures of the compounds. 

Inspired by a current work on dinuclear 
gold(I) complex, and as part of our ongoing 
effort to investigate electronic structures of 
transition metal-N-heterocyclic carbenes and 
explore their potential application. 

Scheme 1. Synthetic pathway to complexes 
featuring Janus-type benzoxazolin-2-ylidene (bozy) 
linkers 

 

In this manuscript, we present our work on 
electronic structures of homodinuclear 
platinum(II), palladium(II) and gold(I) 
benzimidazolin-2-ylidene (bimy) complexes 
featuring Janus-type benzoxazolin-2-ylidene 
linkers. Structures of the compounds in this 
work is presented in Figure 2. 

2. Methodology 

All the complexes under studied were first 
optimized using Gaussian® 16 at B3PW91 level 
[14]. The 6-31G(d) basis set were employed for 
all the light atoms [15], whereas SDD basis set 
applied for Pt, Pd, Au and Br [16,17]. The 
nature of the stationary optimized points was 
confirmed to represent minima on energy 
potential surface by frequency analysis. Kohn-
Sham orbitals were obtained directly from these 
calculations. TD-DFT calculations were carried 
out to calculate vertical excitation energy for all 
the complexes using optimized geometries at 
the same level of functional and basis set. 
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Figure 2. Structures of the compounds in this work 

3. Results and Discussion 

3.1. Geometry of the carbenes  

Singlet-state gas-phased optimized 
geometries of Pt2, Pd2 and Au2 are shown in 
Figure 3. Selected bond lengths and bond 
angles are listed in Table 1. 

 
Figure 3. Optimized geometries for Pt2, Pd2 and Au2 

The optimized structures of the dinuclear 
complexes show highly symmetrical molecules. 
The platinum(II) center in Pt2 and palladium(II) 
in Pd2 complexes adapt square planar 

geometries, which a linear coordination is 
observed for the two gold(I) center in Au2. The 
Pt–C, Pd–C and Au–C distances are closed to 
experimentally determined distance for reported 
complexes [10,18,19]. 

The metal carbene carbon (M–C1 and M–
C2) distances slightly increase from Pd (2.021, 
2.028 Å) to Pt (2.036, 2.009 Å) and Au (2.048, 
2.026 Å). It is noted that, in Pt2 and Au2 
structures, the M–CBozy bonds are longer than 
the respective M–Cbimy ones. On the other hand, 
Pd–Cbimy distance in Pd2 is longer than its Pd–
Cbozy. It is probably due the interaction between 
the N3 proton with the larger Br1 compared to 
Cl1 (Figure 4). 

Table 1. Selected bond length (Å) and bond angle (°) 

Paramete
rs 

Pt2 Pd2 Au2 

M–C1 2.036 2.021 2.048 

M–C2 2.009 2.028 2.026 

M–X1 2.550 2.532 - 

M–X2 2.513 2.491 - 

C1–N1 1.354 1.352 1.354 

C1–N2 1.354 1.352 1.354 

C2–N3 1.343 1.339 1.341 

C2–O1 1.350 1.347 1.344 

C1–M–
C2 

179.3 179.3 179.4 

C1–M–
X1 

88.7 88.5 - 

X1–M–
X2 

176.5 175.7 - 

N1–C1–
N2 

107.5 107.8 107.8 

O1–C2–
N3 

106.8 106.9 107.1 
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Figure 4. Interaction between proton in N–H and 

halide atoms. 

Notably, while the benzoxazolin-2-ylidene 
(bozy) are coplanar with the coordination 
planes, the bimy carbenes in Pt2 and Pd2 are in 
exactly perpendicular, leading to orthogonal 

arrangement between bozy and bimy 
heterocycle. Such orientation would limit the 
delocalization of  conjugation system through 
out the entire molecules and the consequence 
will be discussed in the next session. On the 
other hand, alignment between bozy and two 
bimy planes are observed for Au2 structures. 
The two bimy heterocycles are coplanar, and 
twisted from the bozy plane, forming dihedral 
angle of 35.2°.  

3.2. Electronic structures of the compounds 

Surface of frontier orbitals for the 
molecules are plotted in Figure 5 and their 
relative energy level are presented in Figure 6. 
For better description of molecular orbital, the 
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Figure 5. Frontier orbital surfaces of complex Pt2, Pd2 and Au2. 
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Figure 6. Frontier orbital surfaces of complex Pt2, 
Pd2 and Au2. 
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Figure 7. Definition of Cartesian coordinate. 

coordinates are defined as presented in Figure 
7. The frontier orbitals of Pt2 and Pd2 
complexes are relatively similar in term of their 
nature and energy. the highest occupied 
molecular orbital (HOMO) and HOMO-1 
orbitals for Pt2 and Pd2 are degenerate, and are 
basically combinations of metal dxz orbital and 
the pz orbitals of the halides. 

The lower energy, HOMO-2 and HOMO-3 
orbitals are largely  orbitals of the iPr2-bimy 
with small contribution from both platinum dxy 
and the chloride px (in Pt2) or bromide px (in 
Pd2). The HOMO-4 and HOMO-5 of Pt2 are p 
orbital of chloride and d orbital of platinum in 
principle. On the other hand, those orbitals in 
Pd2 are predominantly delocalize on the pi 
orbital of bimy carbene. The ��� orbitals of 
platinum(II) and palladium(II) lie much lower 
in energy, and correspond to HOMO-8 with E =       
-6.80 eV (for Pt2) and -6.96 eV (Pd2). Lowest 
energy unoccupied molecular orbital (LUMO) 
for Pt2 are  orbital of the bozy carbene. The 
LUMO+1 and LUMO+2 are basically 
combinations of ������ of platinum(II) and py 

orbitals of chloride. On other hand, the LUMO 
and LUMO+1 for Pd2 are ������(��) + ��(��) 

in nature. The LUMO+2 orbital is then the bozy 
-orbital. The LUMO+3 for Pt2 is localized on 
bozy fragment of the molecules, while its 
LUMO+4 are  orbital of bimy. In addition, 
both LUMO+3 and LUMO+4 for Pd2 are  
orbital of bimy. The nature of frontier orbitals 
in Au2 quite differ from that of Pt2 and Pd2. All 
the HOMO, HOMO-1, HOMO-2, HOMO-3 
orbitals are pi orbital of bimy in nature with 
negligible contribution from d orbital of gold(I). 
The LUMO and LUMO+4 are  orbital of 
bozy, while the LUMO+1, LUMO+2, 
LUMO+3 are delocalized over the entire 
molecules. In general, only in Au2, where the 
three carbene plane (bozy, bimy) are in near 
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coplanar that the   can delocalized over the 
entire molecules. 

3.3. Vertical excitation energy of the molecules 

To gain insight into interaction between 
complexes and light photon, TD-DFT 
calculation have been carried out. Results from 
the calculations, vertical excitation energy and 
oscillator strengths of the corresponding 
excitation are listed in Table 2. 

Despite the presence of extended  
conjugation system in the three complexes, the 
lowest energy excitations for all the three 
complexes are 358 nm (Pt2) and 330 nm (Pd2 
and Au2), indicating that the three compounds 
can only be excited using ultraviolet photons. 
This characters limit the application of such 
compounds as potential photocatalysts. Lowest 

energy excitation of Pt2 lead to a charge 
transfer from dPt to dPt and pCl, which is 
assignable to d-d transition and metal-to-ligand 
charge transfer (MLCT). Higher energy 
transitions correspond to charge transfer from d 
orbital of the platinum(II) center to the  system 
of the bozy moiety. Electronic transitions in Pd2 
and Au2 appears to be more blue shifted, 
showing absorption centered at 330 and 300 nm 
for Pd2 and Au2, respectively. Lowest energy 
excitation in Pd2, i.e 330 nm absorption, is 
assignable to the charge transfer from the d 
orbital of palladium(II) to  orbital of bozy or 
MLCT in nature. The transition of moderate 
intensity at 305 nm is also MLCT band, which 
promote electron from ��� orbital to bozy 
orbital. Much more intense transition is 
expected for d-d charge transfer for Pd2 
compound at 310 nm.

Table 2. Selected vertical transitions and assignment for Pt2, Pd2 and Au2 

Comp
ound 

Excitati
on 

energy 
(nm) 

Oscil
lator 

stren
gth 

Transiti
on 

Contrib
ution 

Assignment 

Pt2 358 0.00
5 

H-8  
L+1  

(40%) dPtdPt + pCl 

   H-9  
L+2  

(39%) dPtdPt + pCl 

 346 0.01
1 

H  L (77%) dPt + pClbozy 

 317 0.01
3 

H-9  
L 

(30%) dPt bozy 

   H-2  
L  

(27%) bimy + dPt  bozy 

   H-5  
L 

(27%) pCl+dPt+bimybozy 

 312 0.00
4 

H-5  
L+2  

(60%) pCl+dPt+bimy  dPt 
+ pCl 

 302 1.32
9 

H-10  
L  

(62%) dPt+bozy bozy 

Pd2 330 0.04
3 

H  
L+2  

(67%) pBr+dPdbozy 

 310 0.22
1 

H-12  
L+1  

(44%) pBr+dPddPd+pBr 
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   H-11  
L   

(41%) pBr+dPd  dPd+pBr 

 305 0.01
7 

H-9  
L+2  

(90%) dPd bozy 

Au2 330 0.62
3 

H  L  (95%) bimybozy 

 292 0.03
0 

H-5  
L  

(87%) dAubozy 

In the Au2 complex, the only transition above 
300 nm is HOMO  LUMO transition, which 
are basically inter ligand charge transfer 
LLCT. Population of  bozy orbital by 
excitation from d orbital of gold(I) can also 
occur while using higher energy excitation 
(292 nm). In summary, most the excitations 
require ultraviolet photon and accompany with 
those photo excitation, decrease in the electron 
density from the Pt(II), Pd(II) and Au(I) metal 
centers are predicted. 

4. Conclusion 

Electronic structures of three 
homodinuclear complexes of platinum(II), 
palladium(II) and gold(I) complexes featuring 
Janus-type benzoxazolin-2-ylidene bridge and 
N,N-diisopropyl benzimidazolin-2-ylidene 
auxiliary ligands have been investigated. The 
results show that the benzoxazolin-2-ylidene 
linker are coplanar with coordination planes of 
Pt(II) and Pd(II) and are in perpendicular 
orientation with respect to the benzimidazolin-
2-ylidene planes. In the gold(II) complexes, 
the three planes are in near coplanar. The 
frontier orbitals of the higher energy occupied 
molecular orbitals are predominantly d orbital 
of the metal in combination with  orbital of 
bimy carbene while the lower energy 
unoccupied molecular orbitals are  orbitals of 
the benzoxazolin-2-ylidene. TD-DFT 
calculations reveal that all the complexes 
require high energy ultraviolet photon for 
excitation in processes which lead to electron 
deficient metal centers. 
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