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Visible-Light-Induced Chlorine Photoelimination from Acridinium-
Phosphine Gold(III) Complexes 
Shantabh Bedajnaa, Kristopher G. Reynoldsb, Mohammadjavad Karimia, Elishua Litlea, Daniel G. 
Nocera*b, and François P. Gabbaï*a

With the objective of developing transition metal complexes that undergo visible-light-induced halogen photoelimination, 
we have successfully synthesized trivalent gold trichloride complexes featuring an acridinium unit.  Photoexcitation of the 
acridinium π+ system with green light allows for facile photoreduction to the corresponding AuI complexes, highlighting the 
photolability imparted by this moiety onto the AuIII center.  The photolysis is remarkably clean, particularly in the solid state 
where the photodechlorination is essentially trap-free.  Transient absorption spectroscopic studies reveal that the 
photochemistry is derived from a pathway whereby the S1 excited state of the acridinium undergoes energy transfer to the 
AuIII center to prompt the photogeneration of Cl radicals.

Introduction
In the past two decades, light-induced processes have found 
increasing importance in the production of fuels as well as 
organic synthesis.1  Photoinduced halogen evolution in 
particular has been rigorously investigated as an appealing 
approach to close the oxidative side of HX splitting cycles.2  
Often referred to as the bottleneck of this energy conversion 
scheme,3  Cl2 elimination has enjoyed much attention from the 
scientific community.  A number of strategies have thus 
emerged to investigate this process, with the simplest being 
exemplified by transition metal complexes, such as A and B 
(Figure 1), which undergo net Cl2 loss upon photoexcitation to 
3LMCT states with weakened M–Cl bonds.4  High valent gold 
complexes have also been considered for such processes as 
described in some of our earlier contributions.4c, 5  For example, 
(Ph3P)AuCl3 C undergoes photoreduction to its gold 
monochloride counterpart with quantum yields in the 11-13% 
range when irradiated at 320 nm.4c  Based on the notion that 
such chemistry could, in principle, be driven from an organic 
chromophore that absorbs near or in the visible range, 
additional strategies have been considered as in the case of 
systems of type D in which ambient light harvested by the 
diphenylanthracene chromophore induces photoreduction, 
even though this process is more efficient upon irradiation at 
365 nm.6
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Figure 1 Top: General photoreductive chlorine elimination and relevant examples of 
systems that support this transformation. Bottom: Structure of a relevant phosphine-
acridinium gold complex and graphical representation of the idea explored in this paper.

Building on these precedents, we have started to target 
platforms that incorporate cationic heteroanthracene moieties.  
Our strategy rests on the notion that the visible absorption 
profile of such chromophores would provide a low-energy 
entrance channel for the targeted photoreductive process.  We 
also speculated that, if placed near the metal centre, such 
cationic aromatic moieties would preferentially stabilize the low 
valent form of the metal via [M]⋯+ interactions, providing an 
impetus for the reduction.  In a first implementation of this idea, 
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we recently reported E, a gold(III) complex decorated with an 
adjacent xanthylium unit.7  We showed that excitation of this 
derivative, using green light, results in both a xanthylium-
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Scheme 1 Synthesis of [1b][OTf].

centred π→π* excitation and an intramolecular charge transfer 
excitation from the indazole backbone to the xanthylium π* 
orbital.  Access to these two excited states was correlated to the 
clean dechlorination that ensues at the gold centre.

Aiming to test whether such a strategy could also be 
implemented in phosphine-based platforms, we have now 
decided to target phosphine gold(III) complexes that 
incorporate the N-methylacridinium chromophore.  This 
chromophore, which is found in several photocatalysts as 
originally described by Fukuzumi,8 is appealing because of its 
chemical resilience to both reductive9 and oxidative 
processes.10  Moreover, we have already shown that it could be 
incorporated in phosphine gold(I) derivatives such as [1a]+,11 
providing a logical starting point for this investigation.  In this 
contribution, we describe our efforts towards the synthesis and 
photochemistry of trivalent analogs of gold complexes such as 
[1a]+ along with an investigation of relevant excited states 
dynamics using transient absorption techniques.

Results and discussion
Synthesis and structural analyses of the complexes

In addition to using complex [1a]+ as a starting point for these 
studies, we also considered its diisopropyl analog [1b]+, which 
was prepared for the purpose of this study (Scheme 1).  This 
new derivative was accessed from (2-lithiophenylene) 
diisopropylphosphine which was quenched with N-
methylacridone to afford a carbinol (L) that was aurated with 
AuCl(tht) (tht = tetrahydrothiophene) and dehydroxylated using 
TMSOTf (Scheme 1).  Unlike its diphenylphosphino analog, 
[1b][OTf] is a mildly air-sensitive salt that displays a single 
resonance in the 31P12 NMR spectrum at 48.4 ppm, similar to the 
chemical shift of 51.8 ppm reported for [(PhiPr2P)AuCl],13 
suggesting the formation of the desired cationic gold(I) complex 
[1b][OTf].  Indeed, 13C{1H} NMR spectroscopy provided 
confirmation of the cationic nature of this molecule, showing 
the carbenium resonance at 160.6 ppm, similar to the 159.7 
ppm reported for [1a]+.11a  Single crystal X-ray diffraction 
analysis of this complex verified the structure of this derivative 
(Figure 2), revealing that the AuCl unit is oriented toward the 
cationic π+ surface of acridinium, similar to that observed for 
[1a]+.11a  The Au–mplnacr and Cl–mplnacr (mplnacr = acridinium 

moiety mean plane) distances in [1b]+ at 3.154(4) Å and 3.508(6) 
Å, respectively, are slightly longer than the analogous distances 
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Figure 2 Solid state structure of [1b][OTf].  Thermal ellipsoids are drawn at the 50% 
probability level and hydrogen atoms and counterions are omitted for clarity. Relevant 
metrical parame-ters are in the main text
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Scheme 2 Synthesis of the gold(III) derivatives.

in [1a]+ at 3.043(4) Å and 3.318(5) Å.  The Au–C1 distance at 
3.141(11) Å is slightly shorter than the analogous distance in 
[1a]+ at 3.168(9) Å. However, NBO analysis on the optimized 
structure of this derivative did not identify any significant 
interactions between the Au atom and C1.  The observed 
orientation, with the AuCl moiety upright with respect to the 
acridinium unit, is most likely the result of favorable 
electrostatic AuCl⋯π+ interactions as described previously in 
the case of [1a]+ 11band related complexes.11d

The target gold(III) complexes could be conveniently obtained 
by chlorination of [1a]+ and [1b]+ using PhICl2 (Scheme 2).  
31P{1H} NMR analysis of these reaction mixtures shows 
quantitative conversion of the gold(I) species and the 
appearance of new signals downfield shifted from the starting 
materials at 42.7 ppm and 63.0 ppm for [2a]+ and [2b]+, 
respectively.  The chemical shift of [2a]+ is reminiscent of that 
reported for [Ph3PAuCl3] at 43.9 ppm,4c suggesting successful 
oxidation to the gold centre.  13C{1H} NMR analysis of these 
products indicated the retention of the acridinium unit, noted 
by a characteristic carbenium signal at 157.3 ppm for both 
derivatives.  Diffusion of Et2O into concentrated solutions of 
these salts in MeCN afforded single crystals suitable for X-ray 
analysis.  In the solid state, both complexes show square planar 
geometry around the gold atom and have similar bond 
distances (Figure 3).  For [2a]+, The Au–Cl2 bond distance of 
2.3320(12) Å is slightly longer than the Au–Cl1 and Au–Cl3 
distances of 2.2723(13) Å and 2.2956(13) Å respectively, 
consistent with the more substantial trans influence of the 
phosphine ligand.  These structures, however, differ 
significantly in the orientation of the AuCl3 moiety relative to 
the acridinium π+ surface.  While the AuCl3 moiety in [2a]+ is 
positioned away from the π+ system (Cl1–mplnacr distance = 
5.625(6) Å, Au–mplnacr distance = 3.991(6) Å), the same 
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Figure 3 a) Solid state structure of [2a][BF4]  b) Crystal structure of [2b][OTf] Thermal ellipsoids are drawn at the 50% probability level and hydrogen atoms and counterions are 
omitted for clarity.  c) “In/out” equilibrium and optimized structures of the two conformers of [2b]+ obtained from DFT calculations at the MPW1PW91/mixed basis set level of 
theory.

fragment in [2b]+ retains its upright orientation and remains in 
contact with the acridinium unit, as indicated by the Au–mplnacr 
and Cl1–mplnacr distances of 3.2182(19) Å and 3.6525(19) Å, 
respectively.

This conformational difference urged us to explore the 
conformations of these gold(III) complexes computationally.  
Density Functional Theory (DFT) calculations carried out using 
the MPW1PW91 functional and a mixed basis set (cc-pVTZ-PP 
for Au; 6-31G(d’,p’) for P/Cl; 6-31G(d’) for C/N; 6-31G for H) 
unveiled two local minima corresponding to two conformers 
with the AuCl3 moiety drawn inward [2bin]+ or oriented away 
[2bout]+ from the acridinium surface (Figure 3c).  Interestingly, 
the inward conformer [2bin]+ is 92.5 kJ mol–1 lower in Gibbs free 
energy than the outward conformer [2bout]+.  Similar 
calculations on [2a]+ also revealed two conformers, with the 
inward conformer [2ain]+ lying 42.7 kJ mol–1 lower in Gibbs free 
energy than [2aout]+.  These calculations suggest that the smaller 
energy difference between the two conformers of [2a]+ may be 
more easily overcome by energetically favorable lattice effects, 
which are elevated by the fact that these complexes are isolated 
as salts.  In either case, the global minimum on the energy 
surface is the inward conformer with the AuCl3 core situated in 
the proximity of the acridinium chromophore.  This 
arrangement, which we thought might elevate the photolability 
of the chloride ligands,14 is much like the gold-based systems 
featuring ambiphilic ligands that interact with the AuCl 
moiety.15

Photophysical properties and photochemistry

Eager to investigate this possibility, we decided first to study 
these complexes by UV-vis spectroscopy.  The most salient 
feature of the spectra of these gold derivatives is the presence 
of broad low-energy absorption bands in the 390-490 nm region 
(Figure 4a, Figure S10-S12).  These bands closely resemble those 
of simple 9-aryl-N-methylacridinium compounds,11b, 16 
indicating the unambiguous contribution of the acridnium-
centred π→π* excitation to this feature.  To support this 
assumption and identify other possible contributors, we carried 
out Time Dependent (TD) DFT using the “in” conformers of [2a]+ 

and [2b]+.  These calculations reveal the primary contributions 
of two excitations, which both involve the HOMO, LUMO and 
LUMO+1 (Figure S30-S32, Table S3-S5).  Because the LUMO and 
LUMO+1 show dominant acridinium * and Au–Cl σ* (dx2-y2) 
character, respectively, the first excitation (Ea) has dominant 
π→π* excitation character, while the second one (Eb) has 
mainly π→Au–Cl σ* (dx2–y2) character (Figure 4b).  Carrying out 
these calculations on the “out” conformers affords very similar 
results, with two low-energy excitations of analogous orbital 
parentage. These computational findings pose the possibility of 
Cl• dissociation either by weakened Au–Cl bonds in the excited 
state due to population of the Au–Cl σ* orbital or by direct 
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shows the experimental (solid) and predicted (dashed) UV-vis spectra of [2bin]+ overlaid 
with the TD-DFT calculated vertical excitations (yellow bars).  b) Orbitals in-volved in the 
vertical excitations (drawn at 0.05 isosurface value).

Page 3 of 10 Chemical Science

C
he

m
ic

al
S

ci
en

ce
A

cc
ep

te
d

M
an

us
cr

ip
t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

0 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 4

/1
0/

20
26

 1
0:

51
:5

2 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
DOI: 10.1039/D6SC01586G

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6sc01586g


ARTICLE Journal Name

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

520 nm Green LEDs
CD3CN, 2.5 equiv cyclohexene

R = Ph[2a]+

t = 10 min

t = 30 min

t = 0 min

R = iPr

t = 0 min

t = 5 min

[1a]+ [2b]+ [1b]+

R = Ph [2a]+

R = iPr [2b]+
R = Ph [1a]+

R = iPr [1b]+

t = 20 min t = 10 min

t = 20 min

t = 0 hrs

t = 3 hrs

t = 6 hrs

[2a]+ [1a]+ R = Ph

30 20 10405060
 (ppm)

50 45 40556065
 (ppm)  (ppm)

P

N

R
R

Au
Cl

Me

Cl
Cl

P

N

R
R

Au
Cl

Me

30 20 1040506070

Figure 5 31P NMR monitored photoreductive elimination of chlorine from a 0.02 M solution of [2a]+ (left) and [2b]+ (middle), both in the presence of 0.05 M cyclohexene as a chlorine 
trap and H3PO4 in a sealed capillary as an internal standard, using 5 W green LEDs as the light source.  The right panel shows the 31P NMR monitored photoreductive elimination of 
chlorine from [2a]+ in the solid state.

energy transfer from the excited acridinium chromophore to 
the trivalent gold moiety.  Targeting reductive elimination from 
gold(III),17 such a possibility has recently been taken advantage 
of to afford fluoroarenes.18

We next turned our attention to the photochemistry of [2a]+ 
and [2b]+ using a commercial green light source characterized 
by a relatively broad illumination spectrum , similar to previous 
work on hydrohalic acid splitting using non-monochromatic 
light.19  The full width at half maximum (30 nm) of this light 
source, centred at 520 nm, is sufficiently broad to overlap with 
the low-energy tail of the acridinium absorption envelope of 
these two compounds (Figure S13).  Irradiation of [2a]+ and 
[2b]+ in MeCN in the presence of 2.5 equiv. of cyclohexene as a 
chlorine trap resulted in the rapid photoreduction of the gold 
centre, as indicated by 31P NMR spectroscopy which showed the 
progressive disappearance of the gold(III) complexes [2a]+ and 
[2b]+ in concert with the emergence of their gold(I) 
counterparts [1a]+ and [1b]+ (Figure 5, Figure S16-S17).  The 
photolysis was complete after 20 minutes, and integration of 
the peaks with respect to the internal standard H3PO4, 
implemented as a sealed capillary in the NMR tube, showed 
negligible loss of material, indicating that the photoreduction of 
these complexes is not significantly affected by decomposition 
of these systems through side reactions.  Interestingly, the 
photolysis of both compounds without a trap proceeds in a 
clean fashion as well, albeit at a slower rate (Figure S14-S15).  
Encouraged by the resilience of these systems, we selected 
[2a]+ for further investigation in the solid state.  To this end, 
[2a][BF4] was dissolved in MeCN and drop-cast on a glass slide.  

While irradiating this compound in air for 60 min followed by 
dissolution in CD3CN showed conversion into [1a][BF4], signs of 
photodecomposition were also present.  Carrying out the same 
reaction in a N2-filled glovebox circumvented this issue, 
furnishing much cleaner conversion of [2a]+ and [2b]+ into [1a]+ 
and [1b]+ respectively (Figure 5, Figure S19-S20), further 
documenting the remarkable resilience of the platform.  This 
experiment provides a rare example of solid-state 
photoreductive elimination of a halogen, with other examples 
seen in the FeIII complex B,4f the dimeric PtIII–PtIII complex F,20 
the heterobimetallic [PtSb]VII molecule G,21 the dinuclear gold 
derivative H,4c and the NiIII system I (Figure 6).22  These
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Scheme 3 Gold-catalysed hydroarylation of alkynes turned on by the photolysis of 
[2a][BF4].

complexes photoeliminate halogen equivalents upon 
irradiation with higher energy UV light, leading to the formation 
of undesired decomposition products.  Such side reactions 
appear to be much less prevalent in the case of [2a][BF4], which, 
incidentally, might be the only metal platform known to this day 
to photoeliminate chlorine in the solid state using visible light.
The clean photoinduced dechlorination of [2a]+ into [1a]+ led us 
to consider whether the scope of this photolysis reaction could 
be expanded to application in organometallic catalysis.23  The 
photoevolution of chlorine radicals should produce HCl via C-H 
bond activation a suitable trap as previously proposed for 
similar complexes.7  We questioned whether the released acid 
and the formation of [1a]+ by irradiation of [2a]+ would produce 
a catalytically competent system in which the Au-Cl bond of 
[1a]+ is activated by hydrogen bonding with the released acid.24 
We decided to test this idea using the known intramolecular 
hydroarylation of 3 as a test reaction.25  When this compound 
was irradiated in the presence of [2a]+ (5%) and cyclohexene 
(20%) as a chlorine trap using the above mentioned 520 nm LED 
light, 47% conversion to the hydroarylation product 4 was 
observed by 1H NMR after 30 minutes (Scheme 3, Figure S26).  
No catalysis was observed in the absence of light.  This simple 
experiment shows that carbophilic catalysis can be activated by 
in situ photoreduction of [2a]+.  These results parallel those 
obtained with complexes such as D, which also afford 
catalytically active systems that readily promote the 
isomerization of propargyl amides.6 

Quantum yield measurements with azobenzene as the 
chemical actinometer26 and monitored by 1H and 31P NMR 
spectroscopy (Figure S21) show that the photoreduction of 
[2a]+ and [2b]+ proceeds with quantum yields of 6.1 % and 7.9 
%, respectively, when 2.5 equiv. of cyclohexene is employed.  
These quantum yields increase to 18.9 % and 20.5 % when the 
trap concentration is raised to 25 equiv. (Table S1-S2).  The 
elevated magnitude of these quantum yields shows that these 
systems are among the most active platforms for light-induced 
chlorine evolution.

These unique photochemical features spark questions about 
the mechanism of chlorine elimination from the Au(III) 
platform.  There are two possible pathways for net Cl2 
elimination: (i) concerted reductive elimination of a Cl2 
molecule, and (ii) stepwise dissociation of two Cl• radicals.  Our 
TD-DFT analyses indicate that the radical mechanism is favored 
(vide supra).  GC-MS analysis of an irradiated solution of [2a]+ in 
the presence of 10 equiv. of cyclohexene showed formation of 
3-chlorocyclohexene along with other unidentified products 
(Figure S18).  These results suggest the involvement of Cl• 
radicals, although the concerted formation of Cl2 cannot be 
entirely ruled out, given the complex mixture of products 
suggested by the gas chromatogram.  To delineate the 

underlying photophysical process leading to chlorine 
elimination, we examined [2a]+ and its photoproduct [1a]+ via 
transient absorption spectroscopy (TA) on both femto- and 
nanosecond timescales. 

Transient absorption spectroscopy

For context, the photophysics and photochemistry of 
acridinium dyes have been extensively investigated.27  The 
excited state dynamics in acridinium dyes substituted at the 9 
position are generally governed by two pathways arising from 
whether substituents on the dye are able to be oxidized by the 
acridinium singlet excited state (charge transfer in nature) or 
not (π localized in nature).  The latter exhibits relatively simple 
photophysics;28 population of the acridinium-centred singlet 
excited state is followed by direct return to the ground state, 
typically by radiative relaxation.27b  When substituents of the 
dye are able to be oxidized, rapid charge transfer occurs from 
the singlet excited state, leading to the formation of the 
acridinyl radical and the radical cation on the substituent.  The 
absorption spectrum of the resulting acridinyl radical is marked 
by a characteristic broad band between 500-550 nm.  To our 
knowledge, in all cases where intramolecular charge transfer is 
observed, charge recombination occurs on the nanosecond 
timescale to form the acridinium triplet excited state with its 
subsequent relaxation to the ground state.27b, 28 

To elucidate the excited state dynamics governing the 
photochemical conversion of [2a]+ to [1a]+, we first established 
the photophysics of the [1a]+ photoproduct.  Figure S22a shows 
the femtosecond TA (fsTA) profile of [1a]+.  Immediately upon 
excitation (λexc = 420 nm, 60 nJ), two prominent Excited State 
Absorptions (ESAs) of the singlet excited state are observed at 
395 nm and 480 nm, in addition to a broad ESA extending from 
650 nm to the edge of our probe region in the near-infrared 
(NIR).  The bleach feature at 550 nm is attributable to 
stimulated emission from the singlet excited state.  This singlet 
excited state evolves with a time- constant of 54 ps (Figure 
S22b) to the characteristic acridinium triplet excited state, 
which persists longer than our 6 ns delay line.  This localized 
triplet excited state is captured on our nanosecond TA (nsTA) 
system (Figure S22c), and it decays to baseline with a time-
constant of 408 ns (Figure S22d).  These data establish that the 
singlet state of [1a]+ undergoes rapid intersystem crossing to 
the localized acridinium triplet state, mediated by the large 
spin-orbit coupling induced by the Au(I) centre, followed by 
straightforward decay to the ground state.

The coordination of P to the gold centre prevents its oxidation 
by the acridinium singlet excited state.  Figure S23 shows the 
fsTA spectrum of the ligand species [(o-Ph2P(C6H4)Acr)]+ ([Acr = 
9-N-methylacridinium) also referred to as EliPhos.29  Laser 
excitation at λexc = 425 nm produces a prompt TA spectrum that 
is dominated by the intense absorption signal at λ > 475 nm that 
is characteristic of the acridinyl radical.11b  Unbound to gold, the 
lone pair of P is readily photooxidized by intramolecular 
electron transfer. We note that the acridinyl radical absorption 
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spectrum is absent in the TA spectroscopy of [1a]+, thus 
establishing that CT does not occur between the singlet excited 
state and the Au(I) centre. 

Femtosecond TA experiments on [2a]+ are very similar to 
those of [1a]+.  The singlet excited state forms immediately 
upon excitation (λexc = 420 nm, 115 nJ) with the same 

Figure 7 a) Femtosecond TA spectra of 114 µM [2a]+ in MeCN.  b) Femtosecond TA kinetics of [2a]+ in MeCN.  c) Nanosecond TA spectra of 114 µM [2a]+ in MeCN .  d) Nanosecond 
TA kinetics of [2a]+ in MeCN.

characteristic ESAs at 395 nm and 480 nm and a broad ESA 
extending from 650 nm, along with a stimulated emission 
feature from the singlet excited state at 550 nm (Figure 7a).  The 
52-ps time evolution of the singlet in [2a]+ (Figure 7b) is also the 
same as [1a]+.  However, the fsTA spectra of [2a]+ notably differ 
from [1a]+ in that the 395-nm feature of [2a]+ is roughly half the 
intensity of that observed in the TA spectrum of [1a]+.  The 
spectrum decays with a time constant of 10.5 ns to reveal the 
triplet excited state, which then decays with its characteristic 
long lifetime of 346 ns.  In contrast to [1a]+, the nsTA thus 
establishes the generation of an additional intermediate from 
the singlet excited state of [2a]+. The nanosecond TA spectrum 
of [2a]+ (Figure 7c), as in [1a]+, is that of the localized triplet 
excited state of acridinium and decays with a time-constant of 
345 ns leaving a low intensity permanent bleaching feature 
between 380-500 nm that resembles the difference absorption 
spectrum of [2a]+ and [1a]+ (Figure S24), consistent with the 
photochemical conversion of [2a]+ into [1a]+.  As was the case 
in [1a]+, spectral features of the acridinyl radical, which would 
result from charge transfer, are absent throughout the entire 
dataset. Inasmuch as CT is not observed for the more easily 

oxidized Au(I) centre in [1a]+, the lack of CT involving the Au(III) 
centre in [2a]+ is unsurprising.  Focusing on the intermediate 
uncovered in the 390-nm spectral region, the TA signal at 390 
nm is quenched by cyclohexene with a diffusion limited 
quenching rate constant of kq = 1.1 × 109 M–1s–1 (Figure S25).  
Conversely, the lifetime of the triplet excited state, monitored 
at 483 nm, is unaffected by the presence of cyclohexene.  This 
observation supports the TD-DFT and photochemical analyses 
(vide supra) that Cl• is produced as a primary photoproduct, as 
cyclohexene is a known trap of Cl•.  Accordingly, we believe that 
the unique intermediate produced from the singlet of [2a]+, is a 
dissociated Cl• residing in a solvent cage of the gold complex.30 
The decay time constant of 10.5 ns for this species is consistent 
with observed recombination rates of solvent-caged radicals in 
polar, organic solvents.31

Taken together, our data suggest the Jablonski diagrams shown in 
Figure 8 for [1a]+ and [2a]+.  [1a]+ shows simple photophysics of 
acridinium dyes in the presence of a heavy atom to induce 
intersystem crossing from the excited state singlet to triplet.  
Excitation of [2a]+ leads to the population of an acridinium-centred 
singlet excited state with a rate constant for intersystem crossing 
that is similar to [1a]+, as Au(I) and Au(III) are expected to have similar 
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spin-orbit coupling constants.  Unlike [1a]+, however, the singlet 
decays along a bifurcated pathway in which intramolecular energy 
transfer from the acridinium triplet to the Au(III)Cl3 centre is 
competitive with intersystem crossing to lead to the generation of 
Cl• within a solvent cage. We envision the generation of Cl• to occur 
by energy transfer according to two possible pathways:  (1) energy 
transfer into a dissociative d-d state to produce Au(III) and Cl–, which 
is then subsequently oxidized within the solvent cage to produce 
[Au(II)Cl2---Cl•] or alternatively energy transfer to a Au(III)---Cl– LMCT 
state to produce [Au(II)Cl2---Cl•]. Given that neither acridinium or the 
Au(III) center is sufficiently oxidizing to produce Cl• from Cl–, we 
believe relaxation through a LMCT state is the most likely pathway 
along which [Au(II)Cl2---Cl•] forms. As shown in Figure 7c, this 

photoproduct dominates the initial nsTA spectrum at early times.  
Recombination of the radical within the solvent cage pair with a time 
constant of 10.5 ns reveals the underlying TA spectrum of the triplet 
excited state.  Minor amounts of cage escape leads ultimately to the 
conversion of [2a]+ into [1a]+ via the loss of an additional Cl• to result 
in the complete photochemical transformation. 
Identification of energy transfer in [2a]+ as the prevailing 
mechanism for the photochemical production of Cl• is 
supported by the lack of a similar reactivity of [1a]+.  The Au(I) 
centre of [1a]+ obviates energy transfer from the acridinium 
singlet to the gold centre, as d-d states are not present for a d10 
electronic configuration.  Thus, the Au(I) centre induces 
intersystem crossing to the triplet state of acridinium as the

Figure 8 a) Jablonski diagrams depicting the excited state dynamics of [1a]+ b) Jablonski diagrams depicting the excited state dynamics of [2a]+.

dominant pathway for the decay of the singlet excited state In 
contrast, the d8 electronic configuration of Au(III) enables 
energy transfer from the acridinium singlet excited state to 
available d-d states of the Au(III) centre.

Conclusions
In summary, we describe a novel mechanism for the visible 
light-induced photoelimination of chlorine.  Our approach relies 
on the integration of an acridinium chromophore into the 
photoredox gold platform, enabling electronic excitation of this 
π+ system with green light.  Although previous work on 
acridinium derivatives is centred on their photoredox 
characteristics leading to electron transfer from the excited 
state,8, 10 our TA spectroscopic measurements show that direct 
energy transfer from the excited state of the acridinium moiety 
to the trivalent gold trichloride facilitates Cl• elimination as the 
key photochemical step.  Remarkably, our platform is also well-
suited for chlorine elimination in the solid state, with negligible 
deleterious side reactions during photolysis, highlighting the 
robustness of the system.  Finally, the overall reaction can be 
leveraged to turn on catalysis at gold, as shown for the 
hydroarylation of alkynes, via photogeneration of the 
catalytically active mixture.
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Data availability 

Supporting Information Additional experimental and computational details, crystallographic data for all 
compounds, and xyz coordinates of the optimized structures are provided in the ESI. Accession Codes 
Deposition numbers 2521156-2521158 contain the supplementary crystallographic data for this paper. 
The data can be obtained free of charge via the Cambridge Crystallographic Data Centre (CCDC).

Page 10 of 10Chemical Science

C
he

m
ic

al
S

ci
en

ce
A

cc
ep

te
d

M
an

us
cr

ip
t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

0 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 4

/1
0/

20
26

 1
0:

51
:5

2 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
DOI: 10.1039/D6SC01586G

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6sc01586g

