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Solid state luminescence of phosphine-EWO
ligands with fluorinated chalcone skeletons and
their PdX2 complexes: metal-promoted phosphor-
escence enhancement†

Jaime Ponce-de-León, a Marconi N. Peñas-Defrutos, *a Andrea Vélez, a

Gabriel Aullón b and Pablo Espinet *a

Complexes trans-[PdX2L2] (X = Cl and Br), where L is 1-(PR2),2-

(CHvCH–C(O)Ph)-C6F4 (R = Ph, Cy, and iPr), display phosphores-

cent emission in the solid state, whereas due to their substantially

lower lifetimes, the free ligands exhibit fluorescent behaviour.

Alternatively, structurally identical derivatives with halide replaced

by CN− or Pd replaced by Pt are non-emissive. DFT calculations

explain this diverse behaviour, showing that the hybridization of

orbitals of the MX2 moiety with those of the chalcone fragment of

ligands is significant only for the LUMO of the emissive com-

pounds. In other words, in our complexes, only MLMCT processes

(LM = Metal-perturbed Ligand-centered orbital) lead to observable

luminescence.

Chalcone derivatives (Ar–CHvCH–CO–Ar’) are mainly known
for their biological activity and pharmacological applications,1

but some of them also display interesting photophysical pro-
perties.2 These compounds typically exhibit aggregation-
induced emission due to lack of planarity that hinders
π-stacking interactions and push–pull conjugation effects at the
enone moiety,3 which are the subject of very recent studies. Two
reviews3,4 and three relevant reports have been published in the
last two years. Thus, the rare crystal jumping behaviour has
been found for a highly luminescent chalcone derivative due to
a reversible intermolecular [2 + 2] cycloaddition process in the
solid state.5 Moreover, chemosensors with chalcone-based
chromophores have been applied for the selective detection of
Cu2+ in aqueous media.6 Besides, there is a report on the appli-
cation of chalcone-derived liquid crystals for NH3(g) sensing.

7

Our pursuit of hemilabile ligands able to promote challen-
ging Pd-catalysed C–C couplings (e.g. ArF–ArF’, ArF = fluori-
nated aryl) led us to develop the family of fluorinated PEWO
ligands shown in Fig. 1A (PEWO = Phosphine bearing
Electron-Withdrawing Olefins). The previously synthesized L1,8

L2,9 and L3, reported herein for the first time, differ in the PR2

substituents (R = Ph, Cy, and iPr respectively), while the ana-
logue of L1 labelled as L4, reported by Lei et al., (Fig. 1B), lacks
fluorine substitution.10 All these PEWO ligands have a chal-
cone skeleton highlighted in red in Fig. 1. The hybrid chelat-
ing ligand L1 is extremely efficient in lowering the C–C reduc-
tive elimination barriers and allows for oxidative addition
under catalytic conditions with either Ar–I or Ar–Br (Ar–Cl
cannot be used).11,12 Particularly, the Z-chelated complex
[PdCl2L

1] (2L1) is an active catalyst for the Negishi heterocou-
pling of perhaloaryls.13

The remarkably low activation barrier for E/Z olefin-isomeri-
zation (it occurs at room temperature) supports the extraordi-
nary electronic delocalization of the double bond into both
extremes (C6F4 and COPh) of our fluorinated chalcone phos-
phines (Scheme 1).9,14 The latter confirms the special pull–pull
conjugation in our R-PEWO-F4 ligands, which is presumably
related to the solid-state luminescence reported herein, dis-
played by the free ligands and some of their metal complexes,
clearly enhanced by fluorination in the EWO.

Fig. 1 Hybrid phosphine-EWO ligands used in this work with the chal-
cone group highlighted in red. A) Fluorinated derivatives (*L3 has not
been previously reported). B) Non-fluorinated Ph analogue.

†Electronic supplementary information (ESI) available: Synthesis and character-
ization of the complexes including NMR spectra, computational details and
X-ray data. CCDC 2205013–2205017. For ESI and crystallographic data in CIF or
other electronic format see DOI: https://doi.org/10.1039/d3dt00408b

aIU CINQUIMA/Química Inorgánica, Facultad de Ciencias, Universidad de

Valladolid, 47071-Valladolid, Spain. E-mail: marconi_44@hotmail.com,

espinet@qi.uva.es
bSecció de Química Inorgànica (Departament de Química Inorgànica i Orgànica),

Institut de Química Teòrica i Computacional, Universitat de Barcelona, 08028

Barcelona, Spain

This journal is © The Royal Society of Chemistry 2023 Dalton Trans., 2023, 52, 3265–3269 | 3265

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

7 
Fe

br
ua

ry
 2

02
3.

 D
ow

nl
oa

de
d 

on
 5

/1
5/

20
24

 1
2:

37
:2

5 
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 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue

http://rsc.li/dalton
http://orcid.org/0000-0001-7464-2469
http://orcid.org/0000-0003-4804-8751
http://orcid.org/0000-0003-1974-5507
http://orcid.org/0000-0001-7519-4522
http://orcid.org/0000-0001-8649-239X
https://doi.org/10.1039/d3dt00408b
https://doi.org/10.1039/d3dt00408b
http://crossmark.crossref.org/dialog/?doi=10.1039/d3dt00408b&domain=pdf&date_stamp=2023-03-09
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3dt00408b
https://pubs.rsc.org/en/journals/journal/DT
https://pubs.rsc.org/en/journals/journal/DT?issueid=DT052011


Complexes trans-[PdCl2(L
n)2] (1L1–4) show monodentate

P-coordination and E configuration of the non-coordinated
olefin, similar to the free ligands (Fig. 1). These compounds
were selectively prepared by the reaction of trans-
[PdCl2(NCMe)2] with the appropriate PEWO in a Pd : Ln = 1 : 2
ratio (Scheme 2). Conversely, the reaction using a Pd : L1 = 1 : 1
ratio eventually leads to the formation of an E-chelated inter-
mediate (E-2L1), which subsequently isomerizes to the
Z-chelated complex cis-[PdCl2(L

1)] (Z-2L1). The Z-configuration
of Z-2L1 eventually triggers a C–F activation process, which
opens the gate to new reactivity.15

Treatment of 1L1 with KBr or AgCN yields trans-[PdBr2(L
1)2]

(3L1) and trans-[Pd(CN)2(L
1)2] (4L

1), respectively. The platinum
compound trans-[PtCl2(L

1)2] (5L
1) was synthesized analogously

to 1L1 (Scheme 2). In all compounds (free ligands and trans-
[MX2(L

n)2] complexes), the uncoordinated olefin group has the
E-EWO configuration. The only exception is the chelate
complex [PdCl2(Z-L

1)] (Z-2L1), which is coordinated by the P
atom and the double bond, which display a Z-EWO confor-
mation. The X-ray structures of 1L1 (Fig. 2),8 Z-2L1,8 L2,9 and
1L4,16 are available in the literature, whereas those of ligand
Ph-PEWO-F4 (L

1) and complexes 1L2 and 1L3 (Fig. S1, ESI†) are
first reported herein.

Neither the free ligands nor their complexes display emit-
ting behaviour in solution,17 whereas Table 1 presents the
experimental data (excitation and emission maxima, average
lifetimes, and quantum yield percentages) measured for the
crystalline solids, where some remarkably intense emissions
are observed. The emission spectra as well as the decay profiles
are given in the ESI (Fig. S4–S13†).

The fluorinated ligands L1 and L2 show yellow emission in
the solid state upon UV irradiation, while the E-complexes
1L1–3 and 3L1 show eye-catching orange luminescence under
similar conditions (vide infra, Fig. 3). However, the chelated
Z-complex 2L1, showing a drastic structural divergence, does

not exhibit emissive properties. The lack of fluorination is
clearly detrimental to the luminescence (see quantum yield
percentages of L4 and 1L4 presented in Table 1), and more
interestingly, both 4L1 and 5L1 complexes, which do not show
any remarkable structural differences with 1L1, are not lumi-
nescent. Fig. 2 compares those three X-ray structures, includ-
ing relevant distances within the chalcone ring (i.e. –CvC–)
and involving the metal centres.

In the free phosphine ligands, the chalcone moiety is
clearly affected by the orbital influence of the R substituents at
the P atom, as supported by the variations in their λemis values
(Table 1, entries 1–3). In the complexes, additional depen-
dence on the MX2 metal fragment at which phosphine is co-
ordinated is obvious (Table 1, entries 4–11).

Concerning the free ligands, the emissive transitions are
necessarily intraligand. The effect of R substituents at P, with
different electronic and steric features, is appreciable. The
highest maximum wavelength (λemis = 606 nm) is found for the
fluorinated L1 (R = Ph, entry 1). Note that the emission bands
given in Table 1 are very broad and λemis is not enough to

Scheme 1 Resonance forms contributing to the electron deficiency of
the CvC double bond of the chalcone fragment.

Scheme 2 Synthesis of trans-[MX2(L
n)2] complexes 1Ln (n = 1–4), Z-2L1,

3L1, 4L1 and 5L1.

Fig. 2 X-ray structures of 1L1, 4L1 and 5L1. H atoms omitted for clarity.
Relevant distances in Å: 1L1 : Pd–Cl = 2.2903(7), Pd–P = 2.3231(7), CvC
(olefin) = 1.314(4). 4L1 : Pd–C = 1.990(4), Pd–P = 2.3388(10), CvC
(olefin) = 1.320(6). 5L1 : Pt-Cl = 2.3029(11), Pt–P = 2.3241(11), CvC
(olefin) = 1.303(7).

Table 1 Excitation and emission data of ligands and complexes in the
solid state. Instability of L3 under air (when non-coordinated) precludes
its corresponding luminescence analyses

Entry/Comp. λexc (nm)18 λemis (nm)a Φ (%) τav (ns)
b

1/L1 413 606 10.1 2.5
2/L2 460 530 4.1 3.5
3/L4 472 552 <3 3.0
4/1L1 405 649 28.0 1.3 × 103

5/1L2 412 676 21.8 1.6 × 103

6/1L3 405 643 15.6 1.4 × 103

7/1L4 469 680 <3 6.4 × 102

8/Z-2L1 Undetected emission
9/3L1 415 666 15.7 5.1 × 103

10/4L1 Undetected emission
11/5L1 Undetected emission

a Very broad emission bands. b τav = (A1τ1
2 + A2τ2

2 + ⋯)/(A1τ1 + A2τ2 +
⋯).

Communication Dalton Transactions

3266 | Dalton Trans., 2023, 52, 3265–3269 This journal is © The Royal Society of Chemistry 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

7 
Fe

br
ua

ry
 2

02
3.

 D
ow

nl
oa

de
d 

on
 5

/1
5/

20
24

 1
2:

37
:2

5 
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 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3dt00408b


guess the colour (L1 is yellowish upon irradiation too, see
Fig. S3, ESI†). For the fluorinated L2 (R = Cy, λemis = 530 nm,
Fig. 3), the wavelength is closer to the value obtained for the
non-fluorinated Ph-PEWO-H4 ligand L4 (entry 3) than for L1, as
if the higher inductive effect of Cy acting as a σ-donor towards
the P atom was compensating the electron-withdrawing effect
of fluorination at the chalcone aryl group. Apparently, the two
effects that should increase the σ-electron density at the chal-
cone ring (non-fluorination and inductive effect from R)
diminish the quantum yield Φ values noticeably, to almost
extinction in L4.

Remarkably, the colour change upon ligand coordination
(yellow to orange) is linked to a substantially higher νexc − νemis

difference (i.e. 9.5 × 103 cm−1 vs. 2.9 × 103 cm−1 for L2 and 1L2

respectively) and longer lifetimes (in the order of µs for the com-
plexes and ns for the ligands). Fig. 3 shows the comparison
between 1L2 and L2. These observations suggest a luminescence
switch upon coordination to PdCl2, from fluorescence in the free
ligands to phosphorescence in the complexes.19

Considering now the metal compounds, a remarkable
increase in the quantum yield percentages (Φ > 15%, up to
28% for 1L1), compared to the free ligands (Φ < 10%), is
observed upon complexation to PdCl2 in 1L1–3 (Table 1, entries
4–6) or to PdBr2 in the case of 3L1 (Table 1, entry 9). In con-
trast, the non-fluorinated 1L4 complex (Table 1, entry 7) is scar-
cely luminescent. This observation supports the important
effect of the fluorine substituents of the chalcone ring on the
emissive properties.20

In the case of the non-luminescent complexes 4L1 and 5L1,
obviously their structural similarity with 1L1 (Fig. 2) does not
impede significant orbital differences when Pd or the halides
are replaced by Pt or CN. The PdCl2 (1L

1–3) and the PdBr2 (3L
1)

complexes have two medium-strength σ-donor and slightly
π-donor halo ligands, and show similar λemis (nm) and Φ (%)

values, as given in Table 1. Complex 4L1 (Table 1, entry 10) has
more σ-donor and very strongly π-acceptor cyano ligands.
However, 5L1 (Table 1, entry 11) has Pt replacing Pd, and the
lanthanide contraction plus the relativistic effects in Pt
produce large orbital energy differences between the Pd and Pt
isoelectronic metal centres. Qualitatively, these two cases (4L1

and 5L1) are roughly similar, because both compounds are
expected to have a metal centre greedier of electron density
and, consequently, less prone to be polarized by π back-
donation towards the phosphine ligand.

In order to identify the orbitals involved in the absorption
and emission, as well as to support our qualitative hypotheses,
DFT and TD-DFT calculations were carried out (see ESI for
details†). We focused the analysis on the ligand L1 and the
complexes 1L1, 4L1, and 5L1. As the emissions of L1 and 1L1

are only observed in the solid state, their X-ray structures are
used as initial guesses for geometry optimizations in the gas
phase, which led to minimal modifications of the solid
structures.

The computed HOMO–LUMO gap fits well the experimental
λexc measured for L1 (λcalc = 402 nm; λexp = 413 nm). The
HOMO orbital is mainly located in the Ph2P moiety and the
LUMO is a chalcone orbital with high participation of fluori-
nated C atoms and those of the double bond (Fig. S17, ESI†).
However, the computed wavelengths of the deexcitations from
triplet states are far from the experimentally observed emission
(L1, λexp = 606 nm), discarding them to assign a phosphores-
cent behaviour. There is, however, a S1 → S0 transition from a
singlet state, where slight structural bending of the chalcone
group is suggestive of loss of sp2 character of the double bond,
which predicts an emission from π*(EWO) at λcalc = 580 nm,
much closer to the experimental value. Its fluorescent nature
is strongly supported by the short lifetime of ca. 2 ns. In this
transition, the participation of the R2P fragment in the orbitals
involved is significant (Table S12†). This is consistent with the
experimentally observed effect of the R substituents at P.

The simulation of the absorption spectra allows us to
assign the electronic transition from HOMO-2 to the LUMO
orbital as responsible for the excitation maxima observed for
1L1. The calculated transition (λcalc = 395 nm) matches reason-
ably well the experimentally observed λexc maximum (405 nm,
Table 1, entry 4). The contribution of the different molecular
moieties is 58% Ph2P + 22% PdCl2 + 20% EWO for HOMO-2
(Fig. S18†) and 42% PdCl2 + 38% EWO + 20% Ph2P for LUMO
(Fig. 4). Both orbitals are symmetrical, with equal contribution
of the two ligands. Remarkably, similar transitions (HOMO-2
to LUMO) are computed to be markedly more energetic either
in the Pt analogue 5L1 (λcalc = 349 nm) or in the Pd(CN)2
complex 4L1 (λcalc = 333 nm), confirming the qualitative
interpretation of similar behaviour of these two complexes (see
Fig. S19 and S20 for MOs†).

Using TD-DFT calculations, the experimentally observed
emission for 1L1 (λemis = 649 nm, Table 1, entry 4) is assigned
to the computed monodeexcitation from the first triplet state
(T1), with a much similar wavelength (λcalc = 667 nm, Table S9,
ESI†). This emission band mainly involves the LUMO →

Fig. 3 Emission spectra, with normalised intensity, of the fluorinated
ligand L2 (yellow line) and its PdCl2 complex 1L2 (red line); dashed lines
represent the maximum of excitation (λexc in Table 1).18 Photographs of a
sample in a mortar, taken upon UV irradiation, are also shown.
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HOMO phosphorescent transition. This is perfectly consistent
with the high νexc − νemis difference and the long lifetime
values provided in Table 1 and commented previously. It is
worth remarking that geometry relaxation was discarded due
to the very limited deformability allowed in the solid state.21

Moreover, the fluorescent emissions as well as other poten-
tially phosphorescent ones were also computed and then dis-
carded because of numerical results far from the experimental
data (details in ESI†).

Fig. 4 gathers the frontier molecular orbitals (FMOs) of 1L1,
4L1 and 5L1 for comparison. Evidently, deexcitation from the
LUMO (42% PdCl2, 38% EWO, 20% Ph2P) to the PdCl2 HOMO
(Fig. 4, top), responsible for the orange-emitting behaviour of
1L1, is drastically affected either in the PtCl2 or in the Pd(CN)2
analogues. The computed phosphorescent emissions (decay
from triplet states) become experimentally unobservable for
4L1 and 5L1 (Tables S10 and S11 respectively†), as a direct con-
sequence of the changes in the FMOs. For 5L1 (Fig. 4, middle),
the PtCl2 HOMO resembles its PdCl2 analogue but the contri-
bution of the PtCl2 fragment in the LUMO drops to 7%

(vs. 42% for 1L1) and the deexcitation from the first triplet is
computed to be much more energetic (i.e. 555 nm). The effect
of Cl by CN substitution in 4L1 FMOs is also clear (Fig. 4,
bottom), with reduced participation of the Pd(CN)2 fragment
in the LUMO of 4L1 (casually almost identical to the PtCl2
compound) and negligible in the HOMO.

After the identification of the key orbitals involved in the
luminescent behaviour (with relevant participation of the PdCl2
fragment), the data provided in Table 1 can be better rational-
ized: (i) both the PdBr2 substitution in 3L1 (Br is electronically
quite similar to Cl) or the R2P modification in 1L2 and 1L3 move
in the range of variations of orbital polarization; (ii) totally
different emission wavelengths must be expected from the Pd
(CN)2 (4L

1) or PtCl2 (5L
1) congeners, with negligible contribution

of the MX2 moieties in their LUMOs. In fact, these happen not to
be experimentally detectable. While many examples of either
MLCT (MLCT = Metal to Ligand Charge Transfer) or ILCT (IL =
Intra-Ligand Charge Transfer) emitting metal compounds can be
found in the literature; in our system, only MLMCT processes (LM
= Metal-perturbed Ligand-centered LUMO)22 lead to observable
phosphorescence.

In summary, we reported herein a family of yellow fluo-
rescent 1-(PR2),2-(CHvCH–C(O)Ph)-C6F4 chalcone-derived
phosphines (Ln) and some intensely orange phosphorescent
trans-[PdX2L

n
2] palladium(II) complexes (X = Cl and Br) with

them displaying quantum yields (Φ) above 15%. The lumine-
scence is only observed in the solid state and is enhanced by
the fluorination in chalcone, both in the ligand and in the
PdCl2 complex. Using TD-DFT calculations, the emission of
the free Ph-PEWO-F4 ligand (L1) is assigned to the S1 → S0
transition presumably associated with a loss of sp2 character
of the olefinic C atoms. Computational studies reproduce the
excitation and emission data of the PdCl2 compound 1L1 satis-
factorily and reveal the decisive involvement of the LUMO
orbital, which features a clear metal/chalcone connection, in
the luminescent behaviour. Conversely, the non-emitting Pd
(CN)2 and PtCl2 analogues, structurally identical to 1L1,
display LUMO orbitals with scarce participation of the metal
centres, supporting the synergistic contributions of both the
MX2 core and the chalcone skeleton in the emissive properties.
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10%) are also shown.
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