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It is well-known that the strong spin-orbit coupling (SOC) 
originating from the gold atom, makes the excited triplet states 
accessible.  However, in spite of the huge number of known 
luminescent gold(I) complexes, there are very few gold(I) 
containing TADF emitters, since large SOCs of gold(I) complexes 
were expected to exclusively lead to phosphorescent processes. 
The first gold(I) TADF emitter was reported in 2013 by Osawa.13-

15 Most of the gold(I) complexes displaying TADF contain 
phosphine13,16 or carbene ligands,17 and have a small !E(S1-T1), 
which favours the RISC that leads to TADF at room temperature.  
Gold(I) complexes exhibit interesting properties that can make 
them appropriate as TADF emitters: (i) They are expected to have 
very strong SOCs due to its heavy-metal nature. (ii) There is a 
possibility of synthesizing complexes with high structural rigidity, 
for instance three-coordinated gold(I) complexes, disfavouring 
non-radiative deactivation pathways. (iii) They are very stable and 
unreactive complexes towards oxidation, which make them 
appropriate for practical applications. 
We present here the synthesis of a new class of TADF emitters 
consisting of perhalophenyl three-coordinate 1,2-
bis(diphenylphosphino)benzene (dppBz) gold(I) complexes. The 
diphosphine was chosen as the rigid ligand that can prevent 
significant distortions of the molecular structure of  the excited 
states and fast non-radiative deactivation. 18 Perhalophenyl groups 
are chosen as the electron source that favours charge transfer 
processes needed for TADF. The presence of fluorinated ligands 
facilitates thin-film fabrication19 and can improve thermal and 
oxidative stability and also reduce concentration quenching.20,21 
These properties are  highly desirable in the design of emission 
devices for practical applications. First-principle computational 
studies provide, for the first time, the complete assignment of the 
TADF behaviour for the Au(I) complexes, including an accurate 
estimate of the kRISC(T1"S1), kISC(S1"T1) and kISC(T1"S0) rate 
constants, which are in an excellent agreement with experimental 
data. 

SYNTHESIS AND CHARACTERIZATION. 
In a typical reaction, to a solution of [AuR(tht)] (R = C6F5 (1), 
C6Cl2F3 (2), C6Cl5 (3); tht = tetrahydrothiophene) in 
dichloromethane, 1,2-Bis(diphenylphosphino)benzene (dppBz) 
was added in a 1:1 molar ratio (see Scheme 1). After 30 minutes 
of stirring, most of the solvent was evaporated under vacuum and 
the addition of n-hexane led to the precipitation of complexes 
[AuR(dppBz)] (R = C6F5 (1), C6Cl2F3 (2), C6Cl5 (3)) as yellow 
solids. The spectroscopic and analytical data agree with the 
proposed stoichiometries. The IR spectra for the three complexes 
show, among others, the absorption bands due to the presence of 
the [Au-R] fragments (R = C6F5 (1), C6Cl2F3 (2), C6Cl5 (3)) 
located at # = 798, 952, 1635 cm-1 (1), 771, 1564, 1579, 1592 cm-1 
(2) and 620, 836 cm-1 (3) and the corresponding bands associated 
to the dppBz ligand in the # = 543-490 cm-1 range (see SI). 
 

 
Scheme 1. Synthesis of complexes 1-3 

In the 1H NMR spectra in toluene-d8 of complexes 1-3, the 
aromatic protons of the dppBz ligand are observed in the 7.40-
6.89 ppm range. Their 31P{1H} NMR spectra, in the same solvent, 
display broad signals that appear at 15.32 (1), 15.05 (2) and 16.00 
(3) ppm related to both phosphorus atoms present in the 

diphosphine ligand. The fact that only one signal is detected from 
the two phosphorus atoms of the neutral three-coordinated gold(I) 
complex in solution instead of two, based on the presence of the 
different P-Au distances detected in the X-ray diffraction studies 
of the solid state (see Crystal structures), could be due to a rapid 
fluxional oscillation of the perhalophenyl-Au(I) groups between 
the two P centres in solution. In addition, a minor signal around 
21-22 ppm is observed in the 31P{1H} NMR spectra for all 
complexes. According to previous studies of perhalophenyl-
gold(I) complexes bearing diphosphine ligands, these signals 
could be assigned to bis chelating cationic species [Au(dppBz)2]+, 
in which two ligands are bonded to one gold(I) atom, that coexist 
with the neutral three-coordinated one in solution.22 However, the 
coexistence of the neutral and the ionic species can only take 
place in solution. In all cases, pure neutral three-coordinated Au(I) 
complexes 1-3 are obtained in the solid state when they are 
isolated. The presence of neutral [AuR(dppBz)] (neutral) and 
ionic [Au(dppBz)2][AuR2] was also confirmed for complexes 1 
and 2 through their 19F NMR spectra. Thus, there are two groups 
of signals, the main ones corresponding to the neutral gold(I) 
complexes, that appear at -113.91 (Forto), -159.82 (Fpara) and -
162.78 (Fmeta) ppm for complex 1 and at -87.84 (Forto) and -117.07 
(Fpara) ppm for complex 2. The signals related to the anionic 
fragments [AuR2]- (R = C6F5 (1), C6Cl2F3 (2)) appear, as weaker 
signals, at -113.91 (Forto), -159.82 (Fpara) and -162.78 (Fmeta) ppm 
(1) and -87.84 (Forto) and -117.07 (Fpara) ppm (2). 

CRYSTAL STRUCTURES 
The slow evaporation of a saturated solution of complexes 2 and 3 
in cyclohexane leads to the formation of single crystals, from 
which the crystal structures of [Au(C6Cl2F3)(dppBz)] (2) and 
[Au(C6Cl5)(dppBz)]$0.5 C6H12 (3$0.5 C6H12) have been 
determined by X-ray diffraction studies (see Figs 1 and 2).  
Complex 2 crystallizes in the C2/c space group of the monoclinic 
system whereas complex 3 crystallizes in the P-1 space group of 
the triclinic system with 0.5 molecules of cyclohexane per 
molecule of the compound. It is worth to note that the Au(I) atom 
in the structure of complex 2 exhibits static positional disorder 
(see SI). Therefore, the structure that will be described in this 
section and represented in Fig. 1 is the predominant one.  

 
Figure 1. Molecular structure of 2 with the labelling scheme 
adopted for the atom positions. Selected bond lengths (Å) and 
angles (º): Au-C(1) 2.071(5), Au-P(1) 2.7678(14), Au-P(2) 
2.2771(12), C(1)-Au-P(1) 118.13(14), C(1)-Au-P(2) 163.99(14), 
P(1)-Au-P(2) 77.63(4).   

The two complexes consist of discrete molecules of stoichiometry 
[AuR(dppBz)] (R = C6Cl2F3 (2), C6Cl5 (3)), in which the gold 
center displays a distorted trigonal planar geometry by 
coordination to the two phosphorus atoms of the bidentate ligand 
and to the perhalophenyl group. The aryl ligand bonded to gold is 



 

nearly orthogonal to the central aromatic ring of the diphosphine 
[dihedral angles 75.2º in 2 and 77.5º in 3$0.5 C6H12] (see Fig 
S12), and almost parallel to one phenyl ring of each PPh2 group of 
the diphosphine [dihedral angles 10.6 and 10.8º in 2 and 6.5 and 
15.5º in 3$0.5 C6H12.]  
A marked asymmetry in the C-Au-P angles [118.13(14) and 
163.99(14)º in 2 and 116.5(3) and 163.8(3)º in 3$0.5 C6H12] is 
evident. One of them closer to linearity than to a trigonal planar 
environment in both structures. This asymmetry also affects the 
Au-P distances [2.7678(14) and 2.2771(12) Å in 2, and 2.673(2) 
and 2.302(2) Å in 3$0.5 C6H12], leading to a non-equivalence of 
the phosphorus atoms of the dppBz ligand in the solid state. Thus, 
the phosphorus involved in the wider C-Au-P angle also displays 
the shortest Au-P distance as shown in Fig. 3, while the one with a 
narrower C-Au-P angle is further away from the gold atom. 
Similar distorted structures have been reported for three-
coordinated Au(I) complexes with rigid diphosphane ligands and 
halides,23 carbene ligands24, monoarylphosphane ligands25 or 
bipyridine ligand and aryl/alkylphosphane.26 The strong angle and 
bond length distortions observed for the complexes leading to 
deviations from the C2 symmetry do not arise from crystal 
packing effects. Full optimization of a single molecule of complex 
(2) also gives rise to a symmetry-broken coordination of the P-
donor ligands to Au(I) (see SI). Similar symmetry-broken 
structures have recently been reported by Balch and co-workers.26 
The symmetry-broken coordination of dppBz to Au(I) in the 
studied complexes most likely originates from the mismatch of 
the bite size of the ligands and lacking orbitals on gold to accept 
electrons. 

 
Figure 2. Molecular structure of 3$0.5C6H12 with the labelling 
scheme adopted for the atom positions. Selected bond lengths (Å) 
and angles (º): Au-C(1) 2.070(9), Au-P(1) 2.673(2), Au-P(2) 
2.302(2), C(1)-Au-P(1) 116.5(3), C(1)-Au-P(2) 163.8(3), P(1)-
Au-P(2) 79.53(8). 

However, the strongest distortion of the trigonal planar 
environment observed in the crystal structures of 2 and 3$0.5 
C6H12 arises from the small bite angle of the diphosphine (see Fig. 
3), with P-Au-P angles of 77.63(4) in 2 and 79.53(8)º in 3$0.5 
C6H12, which are narrower than those found in other three-
coordinate gold(I) complexes bearing two monodentate 
phosphane ligands.27  
 

 
 

Figure 3. Coordination environment for the gold(I) centres for 
complexes 2 (left) and 3 (right). 

The coordination of the gold centers does not cause a significant 
distortion of the ligand, since the distance between the phosphorus 
atoms in the free dppBz is 3.165 Å28, and only a slight 
lengthening is observed in 2 and 3$0.5 C6H12, showing P-P 
distances of 3.187 and 3.194 Å, respectively. However, a spatial 
reorganization in the ligand gives rise to the formation of an 
intramolecular %$$$% interaction between two phenyl rings (see 
SI), with distances between the centroids of 3.755 (2) and 3.811 
(3) Å, which is not present in the free ligand. 

PHOTOPHYSICAL PROPERTIES AT RT AND 77K  
The absorption spectra in solid state of the perhalophenylgold(I) 
complexes 1-3 are featureless and very similar. They exhibit 
intense absorption bands between 200 and 450 nm (see Fig. 4) 
and display two maxima at 290 and 330 nm involving the 
absorptions related to the metal precursors and the free dppBz 
ligand. These absorptions could be assigned to %"%* or n"%* 
intraligand transitions for the free diphosphine ligand, or %"%* or 
&"%* for the coordinated one, as well as charge transfer 
transitions involving the perhalophenyl rings and the metal center. 
The band edges of the new phosphine-gold complexes 1-3 appear 
at lower energies than the metal precursors (see SI) giving rise to 
new absorption regions between 370 and 450 nm. These 
absorptions could be due to charge transfer transitions involving 
the diphosphine ligand and the perhalophenyl gold groups.  

 
Figure 4. UV-vis absorption spectra in solid states of complexes 
[Au(C6F5)(dppBz)](1) (black), [Au(C6Cl2F3)(dppBz)](2) (red) 
[Au(C6Cl5)(dppBz)](3) (blue), and the free dppBz (green). 

The three complexes [AuR(dppBz)] (R = C6F5 (1), C6Cl2F3 (2), 
C6Cl5 (3)) display an intense luminescent yellow emission when 
they are irradiated with UV-vis light (see Fig. 5). Thus, one 
emission band located at 560 nm (' = 0.29) (1), 545 nm (' = 
0.16) (2) and 555 nm (' = 0.11) (3) is observed when the 
complexes are excited in the 300-400 nm range. The emission 
lifetimes obtained for complexes 1-3 (see SI) are in the 
microsecond range with values of 8.8 µs (1), 20.8 µs (2), 23.8 µs 
(3). When the temperature is lowered to 77K, the emission bands 
are red shifted for the three complexes, leading to new emission 
maxima centered at 575 (1), 570 (2) and 585 nm (3). However, 
this is not the only significant effect due to the lowering of the 
temperature, but a considerable increase in the lifetimes is also 
observed reaching values of 41.8 µs (1), 72.8 µs (2), 61.7 µs (3). 
With these data and the corresponding computational studies 
(vide infra) we can assign the origin of the emissive behavior to a 
metal-ligand to ligand charge transfer transition (MLLCT). 
 
  














