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ABSTRACT: We report the synthesis of novel perhalophenyl 
three-coordinated gold(I) complexes using 1,2-bis(diphenyl-
phosphino)benzene (dppBz) as chelating ligand and [AuR(tht)] (R 
= C6F5, C6Cl2F3, C6Cl5) as the perhalophenyl-gold(I) source, 
leading to [AuR(dppBz)] (R = C6F5 (1), C6Cl2F3 (2), C6Cl5 (3)) 
complexes. The solid-state structures of compounds 2 and 3 
consists of discrete three-coordinated Au(I) complexes, which 
show a distorted trigonal planar geometry for the gold center with 
dissimilar Au-P distances. The distorted structural arrangement is 
closely related to its photophysical properties. The solid state of 
the studied complexes displays very intense emissions at room 
temperature (RT) and at 77 K. Studies of the emissive properties 
of the complexes at different temperatures suggest that the 
luminescence is phosphorescent at 77 K and exhibit thermally 
activated delayed fluorescence (TADF) at RT. First-principle 
calculations of the photophysical processes yielded rate constants 
for intersystem crossing and reverse intersystem crossing that are 
in excellent agreement with experimental data.   

INTRODUCTION 
The design and fabrication of organic light-emitting devices 
(OLEDs) is one of the most important applications of luminescent 
molecules with high quantum yields.1 One of the main goals in 
the development of novel materials for electroluminescent devices 
is the design of strategies for the preparation of molecules with 
the high efficiency. Most of the purely fluorescent organic 
emitters have a very low light-emission efficiency. Only 25% of 
the total number of excitons is converted to photons, because 25% 
of the excitons occupy the lowest singlet state, while the rest 
(75%) are in the triplet state. To avoid the loss of 75% of the 
excitons in fluorescent OLEDs, the second generation of 
phosphorescent organometallic emitters for OLEDs were 
designed such that the singlet excited states undergo fast 
intersystem crossing to the lowest triplet excited state due to the 
strong spin-orbit coupling (SOC) caused by the metal, leading to a 
light-emission efficiency of nearly 100% .However, the main 
problem of this type of emitters is the long radiative lifetimes, 
favouring quenching processes or bleaching reactions that reduce 
their applicability.2  

A sensible strategy is to harvest the generated triplet excitons and 
converting them into emissive singlet excitons, which improves 
the emission efficiency and solves the problems with the pure 
phosphorescent emitters. The third generation of light-emitting 
molecules are called Thermally Activated Delayed Fluorescence 
(TADF) emitters, which have extremely high efficiencies, since 
they are able to generate light from both singlet and triplet 
excitons, even at room temperature. The third generation of 
emitters must fulfil a number of criteria. They must have a small 
energy difference between the lowest excited singlet state and the 
lowest triplet state [ΔE(S1-T1)], allowing intersystem crossing 
(ISC) downwards from S1 to T1 to harvest triplet excitons. They 
must also have a temperature-dependent reverse ISC (RISC) from 
T1 to S1 rendering capturing of singlet excitons feasible. An 
additional requirement of TADF emitters is that they have a rigid 
molecular structure that avoids significant distortions of the 
molecular structure of the excited state, preventing non-radiative 
deactivation pathways. 
A common strategy to design TADF emitters consists of 
synthesizing rigid coordination or organometallic complexes 
bearing late transition metals and high-steric demand ligands. The 
first metal-containing compound described as a TADF material 
was reported by Blasse and McMillin.4 It consisted of a 
tetracoordinated copper(I) complex. It was more recently 
discovered that copper5,6 is not the only metal that is able to form 
complexes displaying TADF, which has also been observed in 
complexes containing other metal centres such as Ag, Pd, Sn or 
Zn.6,7  
Since the discovery of a luminescent gold(I) complex by Dori et 
al. in 1970,8 studies of  optical properties of gold complexes has 
made great progress. One has gathered a lot of new knowledge 
about the connection between structure, composition and 
properties, leading to a precise control of the optical properties 
that complexes are expected to have based on their molecular and 
even supramolecular structure.9 The acquired knowledge from a 
large number of profound experimental and computational studies 
has made it possible to tune the emission energies to meet the 
necessary conditions for the purposes or requirements of the 
molecules.10-12 



 

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 ΔE(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 ν = 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 ν = 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 π···π 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 π→π* or n→π* 
intraligand transitions for the free diphosphine ligand, or π→π* or 
σ→π* 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 (Φ = 0.29) (1), 545 nm (Φ = 
0.16) (2) and 555 nm (Φ = 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). 
 
  



 

 

 
Figure 5. Excitation and emission spectra in solid state of complexes [Au(C6F5)(dppBz)](1) (left), [Au(C6Cl2F3)(dppBz)](2) (center) and 
[Au(C6Cl5)(dppBz)](3) (right) at room temperature (black) and at 77K (red). 

 
Hence, the significant reduction in the emission lifetimes detected 
at room temperature, the blue-shift when the temperature 
increases from 77 K to 300 K, and the important SOC promoted 
by the gold(I) centers that makes the triplet excited states 
accessible are indicative of possible TADF emitters. 
 
THERMALLY ACTIVATED DELAYED FLUORESCENCE 
STUDIES 
In order to confirm the TADF emission mechanism, the emission 
spectra and the emission lifetimes were collected in a temperature 
range of 77 to 300 K for each complex. The three complexes 
display a similar photophysical behavior and, we observed a red-
shift in the emission spectra of 1-3 complexes by cooling.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. The temperature-dependent change of the corrected 
emission spectra (up) and the emission decay times (bottom) for 
complex 3. 

The temperature dependent changes of the emission spectra and 
the decay time measured for [Au(C6Cl5)(dppBz)](3) are shown  in 
the upper and lower graphs of Fig. 6, respectively.  The analogous 
results for complexes 1 and 2 are reported in Figs S17-S18 of the 

Supporting Information (SI). The profiles obtained for the 
emission decay lifetimes as a function of the temperature indicate 
a fast thermal equilibrium between the T1 and S1 states. The 
emission decay time τ can therefore be expressed by a Boltzmann-
type equation:23,29 

 

 
where kB denotes the Boltzmann constant. τT and τS represent the 
phosphorescence (T1→S0) and prompt fluorescence (S1→S0) 
decay times without thermal activation.28  
We obtained the ΔE(S1-T1) energy difference and the fluorescence 
decay times by fitting the equation to the measured emission 
decay times in Fig. 6 and in Figs S17, S18 of the SI and by using 
τT  values of 35, 73 and 58 µs for 1,  2 and 3, respectively, which 
were measured at T =77 K. The obtained ΔE(S1-T1) values for the 
three complexes are 656 (1), 966 (2), 1165 (3) cm-1.  
The fitted values for ΔE(S1-T1) agree well with the experimental 
ΔE(S1-T1) values of 466 (1), 805 (2), 925 (3) cm-1, which were 
deduced from the difference in the wave lengths of the peak 
maxima measured at 300 K (almost TADF) and 77 K (almost 
phosphorescence).23 The experimental data confirm that 
complexes 1-3 exhibit delayed fluorescence at room temperature. 

COMPUTATIONAL STUDIES 
In order to better understand the TADF properties of the studied 
complexes, we performed calculations at different levels of theory 
on a model system of the [Au(C6Cl2F3)(dppBz)](2) complex. The 
results of the calculations are summarized in Table 1.  
Table 1. The excitation energies (E in cm-1 and eV in parentheses) calculated at the 
XMC-QDPT2 level are compared to experimental data. Spin-orbit coupling matrix 
element (〈S1|HSO|T1〉in cm-1), the rate constants for intersystem crossing (kISC(S1→

T1)) and the rate constants for reversed intersystem crossing (kRISC(T1→S1)) are also 
reported.  

 E(Calcd) 〈S1|HSO|T1〉 kISC 

(S1→T1) 
kRISC 

(T1→S1) 

State S1 T1    

Value 11050 
(1.37) 

9840 
(1.22) 

4 7·109 s-1 2·107 s-1 

 E(Exp)    

State S1 T1    

Value 18309 
(2.27) 

17502 
(2.17) 

 1·1010 s-1 2.2·108 s-1 

 



 

The calculated and measured energy difference between the S1 
and T1 computed states in Table 1 is 1200 cm-1 (0.15 eV). Ther-
mally activated delayed fluorescence (TADF) occurs when the 
energy gap between the S1 and T1 states is about 1000 cm-1 ac-
cording to previous studies.30-33 The calculations yielded a rate 
constant for reverse intersystem crossing (kRISC(T1→S1)) of 
2.2·108 s-1 and a rate constant for intersystem crossing 
(kISC(T1→S0))  of 10 s-1. The calculated spin-orbit coupling matrix 
element (〈T1|HSO|S0〉) is 20 cm-1. The calculations strongly un-
derestimated the de-excitation energies from the S1 and T1 states 
to the ground state, because in the present optimization of the mo-
lecular structure of a single molecule, the molecular structure can 
freely relax, whereas in the solid state large structural changes are 
not possible due to the presence of the neighboring molecules. 
More accurate kRISC(T1→S1), kISC(S1→T1) and kISC(T1→S0) rate 
constants can be obtained by using experimental values for the 
excitation energies of the T1 and S1 states and calculated values 
for the spin-orbit coupling matrix elements (〈T1|HSO|S0〉 and〈
S1|HSO|T1〉). We obtained a kISC(T1→S0) <<  10-3 s-1

 when assum-
ing that the phosphorescence time constant t is 76  µs correspond-
ing to a rate constant of 13 s-1, and that the rate constant for inter-
nal conversion kIC(T1→S0) is about 2·103 s-1, which is typical for 
gold complexes.34 Internal conversion can occur from the T1 state 
to the singlet ground state, because the T1 state is a spin-mixed 
state consisting of a mixture of singlet and triplet wave functions 
due to spin-orbit coupling as discussed in ref. 35. Reversed inter-
system crossing kRISC(T1→S1) will then be the main intramolecu-
lar deactivation channel of the T1 state. Our calculations com-
bined with experimental data show that TADF occurs because of 
the small energy difference of between the S1 and T1 states of 
1200 cm-1. The rate constant of the reversed intersystem crossing 
kRISC(T1→S1) of about 108 s-1 is much larger than for the other 
intramolecular channels of the T1 deactivation.  
The S1 state is formed from the S0 state by a formal electronic 
transition from the highest occupied molecular orbital (HOMO) to 
the lowest unoccupied molecular orbital (LUMO) with a weight 
of 0.67. The HOMO→LUMO excitation occurs from the HOMO 
located on Au-P to the LUMO located on the ligand part. The T1 
is also mainly a HOMO→LUMO electronic transition with a 
weight of 0.69. Our calculation shows that the S0 is a closed-shell 
singlet reference state with a weight of 0.95 (see Fig. 7). 
 
 
 
 
 
 
 
 
 
 
 
Figure. 7. The frontier molecular orbitals HOMO (left) and 
LUMO (right) calculated at the CASSCF level of theory. 

CONCLUSIONS 
We have reported a new class of perhalophenyl-gold(I) 
diphoshine complexes with distorted structural arrangement in the 
solid state that precludes the emission from metal-centred (MC) 
excited states and strongly favors emission from metal-ligand-to-
ligand charge transfer (MLLCT) excited states. Due to the 
significant spin-orbit coupling (SOC) of the gold(I) centres, the 
structural rigidity of the 1-3 complexes and the small energy 
difference between the S1 and T1 states (ΔE(S1-T1)), which was 
obtained both experimentally and computationally, these 
complexes display very interesting TADF emitting properties. 

The rate constants for intersystem crossing (ISC) and reverse 
intersystem crossing (RISC) calculated at high level of theory 
agree well with experimental data. The calculations that provided 
important information for understanding the TADF mechanism of 
the studied complexes are a useful tool for the design of TADF 
molecular systems and studies of photophysical processes. The 
computational studies corroborate conclusions drawn in the 
experimental part of this work. Future ligand variations as well as 
synthesis of homo- and heteropolynuclear Au(I)-based systems 
will allow us to study in-depth the tuning of the TADF property of 
these molecular systems. 

EXPERIMENTAL SECTION 
General. The starting materials [AuR(tht)] (R= C6F5, C6Cl2F3, 

C6Cl5)36 were prepared as described in the literature. The ligand 
1,2-bis(diphenylphosphino)benzene was obtained from Sigma-
Aldrich and used as received. All solvents used for the synthesis 
of the new compounds were obtained from commercial sources 
and were used without further purification.  

Instrumentation. Infrared spectra were recorded in the 4000–
500 cm−1 range on a PerkinElmer FT-IR Spectrum Two with an 
ATR accessory. C and H analyses were carried out with a Perkin-
Elmer 240C microanalyzer. ESI-MS spectra were obtained with a 
Bruker MicroTOF-Q spectrometer with ESI ionization source. 
31P{1H}, 19F and 1H NMR experiments were recorded on a Bruker 
ARX 300 in d8-toluene. Chemical shifts are quoted relative to 
H3PO4 (31P, external), CFCl3 (19F, external) and SiMe4 (1H, 
external). Diffuse reflectance UV−vis spectra of pressed powder 
samples diluted with KBr were recorded on a Shimadzu (UV-
3600 spectrophotometer with a Harrick Praying Mantis accessory) 
and recalculated following the Kubelka−Munk function. 
Excitation and emission spectra in the solid state as well as 
lifetime measurements were recorded with a Jobin-Yvon Horiba 
Fluorolog 3–22 Tau-3 spectrofluorimeter.  

Synthesis Complexes [AuR(dppBz)] (R = C6F5 (1), C6Cl2F3 
(2) and C6Cl5 (3)). To a dichloromethane solution (20 ml) of 
[Au(C6F5)(tht)] (0.200 g, 0.442 mmol) (1), [Au(C6Cl2F3)(tht)] 
(0.200 g, 0.413 mmol) (2) or [Au(C6Cl5)(tht)] (0.200 g, 0.375 
mmol) (3) was added 1,2-Bis(diphenylphosphino)benzene 
(dppBz) (0.198 g, 0.442 mmol (1), 0.185 g, 0.413 mmol (2) and 
0.167 g, 0.375 mmol (3)) in a 1:1 molar ratio. After 30 minutes of 
stirring at room temperature the solvent was evaporated under 
vacuum to ca. 5ml. Finally, addition of n-hexane (15 mL) led to 
precipitation of products 1 (0.287 g, 0.354 mmol), 2 (0.237 g, 
0.281 mmol) and 3 (0.244 g, 0.273 mmol) all of them as yellow 
solids. Yield: 80% (1), 68% (2), 73% (3). 

Experimental data for 1: Elemental analysis (%) calcd for 1: 
(C36H24P2AuF5): C, 53.35; H, 2.98. Found: C,53.81; H, 2.98. 1H 
(298K, toluene-d8): δ 7.42-7.00 (m, 24H, HAr). 19F (298K, 
toluene-d8): δ -162.78 (m, 2F, Fm), δ -159.82 (t, 1F, Fp,), δ -
113.91 (m, 2F, Fo,). 31P{1H} (298K, toluene-d8): δ 15.32 (m, 2P). 
MS(ESI-): m/z 530.96 [Au(C6F5)2]-, ESI(+): m/z 811.09 
[C36H25P2AuF5]+; 1089.23 [C60H48P4Au]+. ATR-IR: ν 496, 512, 
543 cm-1 (dppBz); ν 798, 952, 1635 cm-1 (Au-(C6F5)). 

Experimental data for 2: Elemental analysis (%) calcd for 2: 
(C36H24P2AuCl2F3): C, 51.27; H, 2.87. Found: C, 51.31; H, 2.78. 
1H (298K, toluene-d8): δ 7.33-6.89 (m, 24H, HAr). 19F (298K, 
toluene-d8): δ -117.07 (s, 1F, Fp), δ -87.84 (m, 2F, Fo,,). 31P{1H} 
(298K, toluene-d8): δ 15.05 (m, 2P). MS(ESI-): m/z 596.83 
[Au(C6Cl2F3)2]-, ESI(+): m/z 843.03 [C36H25P2AuCl2F3]+; 1089.23 
[C60H48P4Au]+. ATR-IR: ν 490, 514, 533 cm-1 (dppBz); ν 771, 
1564, 1579, 1592 cm-1 (Au-(C6Cl2F3)). 

Experimental data for 3: Elemental analysis (%) calcd for 3: 
(C36H24P2AuCl5): C, 48.43; H, 2.71. Found: C,47.99; H, 3.04. 1H 
(298K, toluene-d8): δ 7.38-6.90 (m, 24H, HAr). 31P{1H} (298K, 
toluene-d8): δ 16.00 (s, 2P). MS(ESI-): m/z 694.64 [Au(C6Cl5)2]-, 
ESI(+): m/z 890.94 [C36H25P2AuCl5]+; 1089.23 [C60H48P4Au]+. 



 

ATR-IR: ν 491, 515, 530 cm-1 (dppBz); ν 620, 836 cm-1 (Au-
(C6Cl5)). 

Crystallography. Crystals were mounted in inert oil on glass 
fibers and transferred to the cold gas stream of a Bruker APEX-II 
CCD diffractometer equipped with an Oxford Instruments low-
temperature attachment. Data were collected using 
monochromated MoKa radiation (λ = 0.71073 Å). Scan type: ω 
and φ. Absorption corrections: semiempirical (multiple scans). 
The structures were solved by intrinsic fazing refined on F2 using 
the program SHELXLT.37 All non-hydrogen atoms were refined 
anisotropically. Hydrogen atoms were included using a riding 
model. 

Computational Details. The molecular structure of the 
lowest excited triplet state (T1) was optimized at the density 
functional theory (DFT) level using the B3LYP38 functional and 
the 6-31G(d,p)39 basis sets. The 60 core electrons of Au were 
replaced with an effective core potential (ECP).40 The spin–orbit 
coupling matrix elements 〈S1|HSO|T1〉 between the first excited 
singlet state (S1) and the lowest triplet state (T1) as well as 
between T1 and the ground state (S0) were calculated at the 
complete active space consistent self field (CASSCF) level using 
the GAMESS-US program.41,42 Excitation energies were 
calculated at the extended multi-configuration quasi-degenerate 
perturbation theory at the second order (XMC-QDPT2) level.43 
The XMC-QDPT2 calculations and the geometry optimization 
were performed using the Firefly software.44 The state-averaged 
CASSCF wave function was constructed from the four lowest 
electronic states obtained in a CASSCF calculation using an 
active space that consisted of four electrons in four molecular 
orbitals (MOs). We chose an active space with the 4 electrons in 4 
MOs based on preliminary TDDFT calculations, which showed 
that the S0→S1 and S0→T1 transitions are dominated by 
excitations from HOMO and HOMO-1 to LUMO and LUMO+1- 
HOMO is the highest occupied molecular orbital and LUMO is 
the lowest unoccupied molecular orbital. This active space is 
balanced based on the fast convergence of the optimization of the 
CASSCF wave function. 
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Perhalophenyl three-coordinate Au(I) complexes [AuR(dppBz)] displaying distorted trigona planar coordination environments show 
interesting thermally activated delayed fluorescence (TADF) emitting properties in solid state at RT. 

 

 

  
 


