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Abstract: In this work, we explored the synthesis and characterization of Pt(II) complexes bearing
different tri- and tetradentate luminophores acting as CˆN*N- and CˆN*NˆC-chelators. Thus, we
investigated diverse substitution patterns in order to improve their processability and assessed
the effects of structural variations on their excited state properties. Hence, a detailed analysis of
the different synthetic pathways is presented; the photophysical properties were studied by using
steady-state and time-resolved photoluminescence spectroscopy. We determined the absorption
and emission spectra, the photoluminescence efficiencies, and the excited state lifetimes of the
complexes in fluid solutions at room temperature and frozen glassy matrices at 77 K. Finally, a
structure–property relationship was established, showing that the decoration of the bridging unit on
the tridentate luminophores only marginally affects the excited state properties, whereas the double
cyclometallation related to the tetradentate chelator prolongs the excited state lifetime and increases
the photoluminescence quantum yield.

Keywords: soluble triplet emitters; synthesis of Pt(II) complexes; (time-resolved)
photoluminescence spectroscopy

1. Introduction

In recent years, triplet emitters have received increasing attention due to their range
of different applications relying on their balance between solubility and tendency towards
aggregation [1–6]. Among organometallic compounds, Pt(II) complexes represent a special
case where the intrinsic high ligand field splitting (LFS) and strong spin-orbit coupling
(SOC) on the metal center lead to desirable photophysical properties, such as long excited
state lifetimes and high photoluminescence quantum yields [7–13]. In addition, the d8

configuration of the Pt(II) center leads to square planar coordination geometries, leav-
ing the dz

2 orbitals available for intermolecular coupling of the metal atoms. Hence, the
aggregation properties of these complexes can be exploited in the context of supramolecu-
lar approaches by harnessing the unique characteristics of triplet states delocalized over
dimeric species [14–16]. These concepts have been used for OLED fabrication [17–22], pho-
tocatalysis [7,23–26], bioimaging [27–29], and sensing technologies [30–33], among others.

As mentioned above, a high LFS plays an important role, as it increases the energy of
dissociative metal-centered (MC) excited states to prevent thermally activated deactivation
processes involving radiationless pathways that shorten the excited state lifetimes while
reducing the efficiency of more desirable mechanisms [34]. In this regard, phenide-based
σ-donors (cyclometalated aryl-functions) are widely used to increase the LFS due to their
negative charge [35]. In addition, the rigidity of the chromophoric ligand contributes
to the overall performance; hence, complexes bearing tri- and tetradentate chelators are
preferred [34]. While tetradentate ligands lead to highly stable complexes and show an
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overall better performance, complexes with tridentate ligands can show tunable proper-
ties depending on the monodentate co-ligand, which can be adjusted depending on the
intended outcome [14–16,36].

Huo et al. reported on studies focused on the optimization of the coordination en-
vironment derived from tri- and tetradentate ligands for Pt(II). Hence, they synthesized
complexes with a combination of five- and six-membered metalacycles (including bis-
cyclometalation for the tetradentate ligands) displaying interesting photophysical proper-
ties (Figure 1) [37,38]. Inspired by the work of Huo et al., we explored different alternative
concepts. For instance, we decorated the cyclometalating unit with fluorine atoms to adjust
the emission wavelength as well as the aggregation behavior (Figure 1) [39].
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Figure 1. Selected Pt(II) complexes from previous studies. Top: CˆN*NˆC-based complexes with
phenyl-amine (left) [37], 4-hexylphenyl-amine (center) [39], and secondary amine (right) [40] bridges.
Bottom: N*NˆC complexes with phenyl-amine (left) and [38] propyl-amine connectors (right;
[PtCl(L0)]) [41].

In 2019, we reported the synthesis of a bis-cyclometalated Pt(II) complex bearing a
tetradentate ligand with a secondary amine bridge (Figure 1) [40]. Additionally, in 2020,
the synthesis of Pt(II) complexes with CˆN*N luminophores based on thiazol moieties was
reported (Figure 1) [41]. In the present work, we aimed at an improvement of their rather
low solubility while maintaining the planar coordination environment, and we designed
a synthetic route to introduce a secondary amine that is subsequently functionalized by
an alkylation step. Since the range of commercially available alkyl-bromides is wide, the
alkylation reaction could provide a versatile tool to enable a vast range of decoration
patterns. In this report, the impact on the chemical and photophysical properties of the
resulting complexes was also investigated.

2. Experimental Section

General information about experimental procedures including instrumental and syn-
thetic methods, structural characterization of the ligand precursors and the complexes, as
well as photophysical measurements are provided in the Supplementary Materials.

Materials: All chemicals were used as purchased from commercially available sources.
For the photophysical measurements, spectroscopic-grade solvents (Uvasol®) were used.

Synthesis: The detailed synthetic procedures and analytical data are provided in
the Supplementary Materials. Each new compound was characterized by 1H, 13C, and
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2D nuclear magnetic resonance spectroscopies (NMR, see Figures S1–S106) as well as mass
spectrometry (EM-ESI-MS or MALDI-MS). The metal complexes were further analyzed by
steady-state and time-resolved photoluminescence spectroscopy.

X-ray diffractometry: Suitable single crystals for X-ray diffraction measurements were
obtained by slowly evaporating the solvent from a saturated DCM solution or by the
diffusion of cyclohexane into such a solution; in the case of [PtCl(L4)], the complex was
crystallized from diethylether. The full set of data is given in the Supplementary Materials
(Tables S1–S4; Figures S107–S114), as well as in the CCDC database (CCDC-Nr. 2252944
(I1), 2252945 (A4), 2252950 (A3), 2252953 ([PtL6]), 2252954 ([PtCl(L4)]), 2252967 ([PtCl(L2)]).
The graphical representation of the molecular structures was realized by using the Mercury
software package from CCDC [42].

3. Results and Discussion

With the selected precursors (A5, A6), we were able to establish a three-step syn-
thesis route, based on our previous report [41], yielding complexes bearing tri- and
tetradentate ligands.

3.1. Tridentate Coordination

The first step in the synthesis of the tridentate ligands involves the alkylation of the
secondary amine A5 by a previously described procedure [41]. Due to the tautomeric equilib-
rium involving the 2-amino thiazole unit, this reaction produces both an amine (Ax) and an
imine (Ix) [41,43,44]. The observed ratios of A/I yields suggest that the formation of imines is
favored when bulkier alkylbromides are employed. The molecular structures in the single
crystals of I1 and A3 are depicted in Figure 2; both show a coplanar orientation of the hete-
rocycles (for further information, see Figures S107–S108 and Table S1 in the Supplementary
Materials). The two isomers can be easily distinguished by the 3JHH-coupling constant in the
1H-NMR spectrum, as the amine has a value of 3JHH = 3.6 Hz, whereas the imine reaches
3JHH = 4.8 Hz. Interestingly, the coordination of the thiazole on the metal center leads to a
constant of around 3JHH = 4.1 Hz (vide infra). The formation of the two species was one of
the main drawbacks of these reactions, due to the loss of significant amounts of potential
products. Therefore, we explored the post-functionalization of the secondary amino group
by acylation. By dissolving A5 in hot valeric anhydride, the formation of the amide A4 was
achieved without the formation of the imine-like tautomer; the moderate yields are due to
the incomplete conversion of the precursor. The amide A4 is a crystalline white solid, its
molecular structure in the single crystal is shown in Figure 2 (see also Figure S109 in the
Supplementary Materials, as well as Table S1), and it is clear that the thiazolyl moiety is
coplanar with the amide, whereas the pyridine is bent out of plane. Subsequent attempts to
reduce the amide to yield an amine failed with various reagents (LiAH, NaBH4, BH3·THF,
SiEt3H), as only the secondary amine A5 was obtained. Nonetheless, with the four amine
precursors in hand, the versatile Suzuki–Miyaura coupling reactions with suitable boronic
acids led to the four tridentate ligand precursors (LxH). For the alkyl-substituted precursors
(L1H-L3H), the final cyclometallation step was carried out using well-established reaction
conditions (i.e., glacial acetic acid as a solvent at reflux paired with K2[PtCl4]), which suc-
cessfully yielded the complexes [PtCl(LX)]. The low yield of [PtCl(L1)] can be attributed to
the worse solubility and higher retention time during column chromatographic purification.
In the case of [PtCl(L3)], the low yield seems to originate from the acid-mediated lability of
the benzylic group [45]. On the other hand, the acylated ligand precursor L4H was unstable
under the cyclometallation conditions and only the complex [PtCl(L5)] was formed, as the
amide was cleaved towards the complex with a secondary amine. In order to obtain the
desired amide-substituted complex [PtCl(L4)], milder conditions were used (i.e., MeCN/H2O
at reflux). The synthesis scheme is summarized in Figure 2 [46]. Regarding the solubility of
these compounds, compared to the already published propyl-substituted complex [41], the
methyl-substituted species ([PtCl(L1)]) and the free secondary amine ([PtCl(L5)]) presented
poorer solubility; quite surprisingly, the 3,3-dimethyl-butyl complex ([PtCl(L2)]) is comparable
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to the already-reported compound. The last two complexes ([PtCl(L3)], [PtCl(L4)]) showed
better solubility than the other exemplars; unfortunately, they correspond to the least stable
ligands under the explored reaction conditions.
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Figure 2. Left—Reaction schemes for the synthesis of the complexes with tridentate ligands.
(I) Alkylation: bromoalkane, Cs2CO3, THF, reflux, 16 h, 18–51% yield. (II) Acylation: valeric an-
hydride, 170 ◦C, 3 h, 48%. (III) Suzuki–Miyaura cross-coupling: phenyl-boronic acid, K2CO3,
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glacial acetic acid, reflux, 16 h, 14–64% yield. (V) Cyclometallation: K2[PtCl4], MeCN/H2O, reflux,
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We were able to obtain the molecular structures of [PtCl(L2)] and [PtCl(L4)] in single
crystals by X-ray diffractometry, as shown in Figures 3 and 4, respectively (further details
are found in the Supplementary Materials, Figures S110–S113 and Tables S2 and S3). The
crystal structure of [PtCl(L2)] corresponds to the P21/c space group and confirms the
square planar coordination environment with a chlorido unit as the fourth ligand. The
overall coordination geometry is practically square planar, in agreement with the previously
reported propyl-substituted complex [PtCl(L0)]. Also in the present study, the formation
of head-to-tail dimers is apparent. However, in this case, the 3D packing arises from the
interactions between the π system and the hydrogen atoms, rather than being a chain
evolving from stacked dimers in one direction supported by H-π interactions [41].
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The crystal structure of the complex [PtCl(L4)] involves three distinguishable conform-
ers of the monomeric units, which crystallize in the P1 space group. The coordination of
the Pt(II) center in the case of [PtCl(L4)] (i.e., one tridentate chromophore and one chlorido
co-ligand) shows that the forced planarity of the amide bridge leads to an increased sterical
demand for the chain and results in the bending of the chelating ligand. To release the
sterical strain, the phenylpyridine and the thiazole moiety bend out of the coordination
plane, which is visible in the higher deviation of the bond angle (N20-Pt1-C32 = 168.36◦; for
[PtCl(L2)] = 175.97◦) from the optimal 180◦ coordination geometry. The main differences
between the three conformers are the placement and orientation of the alkyl group. The
main intermolecular interactions for the 3D structure are the π–π interactions from the
phenylpyrindine luminophores, combined with van der Waals interactions. Overall, no
significant Pt-Pt coupling can be traced. The higher sterical strain, if compared with the
alkyl-substituted analogs, in combination with the intrinsic reactivity of the amide in the
presence of acids, may lead to the lability of the ligand during the cyclometalating reaction.

3.2. Tetradentate Coordination

The remarkable photophysical properties of Pt(II) complexes with CˆN*NˆC-type
ligands are attributed to the large LFS and rigidity of the coordination environment [38].
For these luminophoric chelators, the Buchwald–Hartwig reaction limits the substitution
pattern to aryl-amines and restricts the potential of substituents to enhance the process-
ability of the complexes. In this sense, hexyl-phenyl substituents were necessary to attain
meaningful solubility in organic solvents [39,40].

We therefore developed a synthetic approach similar to the one used for the herein-
described tridentate thiazole-based compounds, but with a proper adaptation for tetraden-
tate bis-cyclometalating ligand precursors. In this way, the Buchwald–Hartwig cross-
coupling is avoided while giving access to alkyl-substitution on the bridging nitrogen atom.
The di(bromo-pyridine)amine precursor is known from the literature [40,47] and can be
modified as in the case of A5. The alkylation can be achieved by following the procedure re-
ported in the literature, using an alkylbromide and NaH in DMF at room temperature, thus
yielding A6 [47]. The second step again involves a Suzuki–Miyaura cross-coupling towards
the tetradentate ligand precursor L6H2. Unfortunately, the incomplete conversion leads
to a product mixture of the di-substituted L6H2 and the mono-substituted L6BrH species.
This explains the relatively low yields; nonetheless, the remaining bromine atom could
represent a versatile intermediate where a second functionalization step could provide an
asymmetric tetradentate chelator with interesting photophysical properties [48]. In the final
step, the cyclometalation yielded the complex [Pt(L6)]; due to the double cyclometalation,
the reaction time needs to be adjusted to ensure a reasonable yield (from 16 h to 48 h; the
synthesis is summarized in Figure 5). From pure DCM, we were able to obtain suitable
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crystals for X-ray diffractometry (the molecular structure in the crystal is shown in Figure 6;
more details can be found in the Supplementary Materials, see Figure S114 and Table S4).
The crystal structure shows a packing resembling [PtCl(L2)], as both crystalize in a P21/c
space group, forming head-to-tail-dimers where the 3D packing results from interactions
between the π systems and the hydrogen atoms.
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3.3. Photophysics

The photophysical properties of all the complexes are summarized in Table 1; the
absorption and photoluminescence spectra in fluid solutions at 298 K and in frozen glassy
matrices at 77 K are shown in Figure 7 (as representative examples including [PtCl(L5)]
and [Pt(L6)]; the complete set of spectra, photoluminescence decay plots, as well as the
uncertainties and the multiexponential lifetime components are found in the Supplementary
Materials, see Table S5 and Figures S115–S137).

The assignment of the absorption bands by comparison with related compounds [37–39]
indicates that the higher-energy bands with strong absorption coefficients below 350 nm
correspond to transitions into 1ππ* configurations (i.e., with ligand-centered character). The
lower-energy bands around 375 nm and above can be generally assigned to transitions into
mixed charge-transfer states. The UV/Vis spectra (Figure S115) for [PtCl(L1-3)] and [PtCl(L5)]
strongly resemble the reported profile of [PtCl(L0)], suggesting that the alkyl groups have
no significant effect on the optical transitions. However, for the amide-substituted com-
plex [PtCl(L4)], a small red shift (∆λ ≈ 8 nm) is observable, indicating that the electron-
withdrawing effect of the amide substituent affects the energy of the excited electronic
states. For complex [Pt(L6)], the bands have distinct features: they are more intense and a
low-energy band with an intense absorption at λabs = 404 nm becomes visible, suggesting
a higher charge-transfer character in the excited state. The complexes bearing tridentate
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ligands and a chlorido co-ligand exhibit very weak luminescence at room temperature, due
to the low LFS caused by the monodentate moiety that acts as an efficient π-donor. This
leads to emission spectra with poor signal-to-noise ratios for [PtCl(L4)] while impairing
the measurement of reliable photoluminescence data at room temperature. As a result of
the bis-cyclometalation with an intrinsically higher LFS and rigidity from the tetradentate
chromophore, [Pt(L6)] shows the best performance.

Table 1. Selected photophysical data for the complexes. A complete set of data is provided in the
Supplementary Materials (see Table S5).

Complex λabs / nm (ε / 103 M−1 cm−1) Medium (T / K) λem / nm τav
a ΦL ± 0.02 / ± 0.05 b

[PtCl(L0)] [40] 246 (12.5), 266 (20.1), 278 (18.1), 316 (8.1),
348 (8.3), 370 (5.2)

DCM, Ar (298) 496 19.1 ns <0.02
Glassy matrix (77) 487 31.8 µs 0.98

[PtCl(L1)] 266 (17.8), 279 (17.4), 314 (6.7), 348 (6.6),
370 (3.7)

DCM, Ar (298) 495 14.58 ns <0.02
Glassy matrix (77) 483 23.52 µs 0.98

[PtCl(L2)] 266 (19.9), 280 (17.4), 291 (13.5), 315 (8.2),
349 (8.3), 371 (5.0)

DCM, Ar (298) 495 15.94 ns <0.02
Glassy matrix (77) 487 32.86 µs 0.98

[PtCl(L3)] 267 (30.1), 267 (27.7), 316 (10.9), 348 (11.7),
368 (6.7)

DCM, Ar (298) 496 25.7 ns <0.02
Glassy matrix (77) 484 24.879 µs 0.98

[PtCl(L4)] 273 (17.7), 293 (15.0), 345 (5.4), 378 (3.3) DCM, Ar (298) 504 n.d. n.d.
Glassy matrix (77) 487 12.42 µs 0.98

[PtCl(L5)] 262 (22.6), 276 (20.9), 288 (16.1), 313 (9.0),
346 (8.6), 370 (5.1)

DCM, Ar (298) 493 0.2695 µs <0.02
Glassy matrix (77) 488 45.7 µs 0.98

[Pt(L6)] 274 (43.9), 290 (33.0), 318 (23.5), 334 (22.1),
366 (16.8), 404 (7.2)

DCM, Ar (298) 510 4.2035 µs 0.54
Glassy matrix (77) 500 11.436 µs 0.97

(a) λexc = 376 nm, expressed as amplitude-weighted averaged lifetimes according to the suggestions from the
relevant literature [49] (the single exponential components, relative amplitudes, and uncertainties are listed in the
Supplementary Materials, see Table S5). (b) The uncertainty for the glassy matrix is estimated as ± 0.05 due to the
measurement setup.

Figure 7. Selected normalized photoluminescence spectra (λexc ≈ 370 nm) for [PtCl(L5)] (black)
and [Pt(L6)] (red). Measured in Ar-purged fluid DCM at 298 K (left) or in frozen glassy matrices
(DCM/MeOH 1:1) at 77 K (right).

As the emission maxima peak at around λem = 495 nm, with a typical vibrational
progression, excited state lifetimes (τav) in the ns range, and photoluminescence quantum
yields (ΦL) below the detection limit of our equipment at room temperature, the com-
plexes [PtCl(L1-5)] reproduce the already-reported properties observed for [PtCl(L0)]. For
[PtCl(L0-4)], the deactivation of the luminescent triplet state is too fast to be affected by
oxygen. Only [PtCl(L5)] shows a longer lifetime (τav(Ar) = 0.2695 µs), but it is also not
affected by the presence of oxygen. Upon switching from fluid solution at RT to a glassy
matrix at 77 K (DCM:MeOH = 1:1), we observed a blue shift (∆λ ≈ 10 nm) of the emission
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maxima, due to the loss of solvent stabilization resulting in an enhanced ligand-centered
character for the excited state. The long excited state lifetimes also point to a primarily
ligand-centered character for the emissive states (τav = 23.5 µs–45.7 µs); only the amide-
substituted complex [PtCl(L4)] shows a faster decay of τav = 12.42 µs. We assume that the
bent coordination plane observed in the molecular structure causes a faster deactivation
of the excited state. At 77 K, all complexes show ΦL close to unity, meaning that the fast
relaxation at room temperature can be (mostly) attributed to the radiationless deactivation
via thermally accessible metal-centered states; in fact, our previous report showed that this
can be overcome by increasing the LFS with a suitable co-ligand, e.g., a cyanido unit acting
as a π acceptor. Nonetheless, the nearly invariant photophysical properties suggest that
the substitution pattern at the bridging amine group has a negligible effect on the excited
state character and the concomitant deactivation rates.

The complex with the tetradentate ligand, [Pt(L6)], shows a completely different
behavior at room temperature compared to the tridentate chelation pattern. The emission
maximum is red-shifted (∆λ ≈ 15 nm) and the vibrational progression is less pronounced.
Moreover, the excited state of this complex show a strong sensitivity to the presence
of oxygen with a prolonged lifetime (τav = 0.2354 µs to τav = 4.2035 µs) and enhanced
photoluminescence intensity (ΦL = 0.02 to ΦL = 0.53) upon deoxygenation of the solution.
This distinct behavior can be attributed to the higher LFS, in combination with a higher
degree of metal-to-ligand charge-transfer character in the excited state resulting from the
exchange of the thiazol and chlorido σ-donors by a second phenylpyridine arm. Still, in
the glassy matrix at 77 K, a blue shift (∆λ ≈ 10 nm) was observed compared to room
temperature. Due to the lack of thermally accessibly metal-centered states at 77 K, the ΦL
increases to almost unity with τav = 11.436 µs. These observations and values are in line
with other reports [38,40,50].

4. Conclusions

Five coordination compounds bearing tridentate cyclometallated CˆN*N ligands and
one Pt(II) complex with a tetradentate bis-cyclometalated CˆN*NˆC luminophore were
synthesized and characterized. In summary, we were able to modify the substitution
patterns and solubilities without affecting the excited state properties. The complexes
with a tridentate ligand show emission from mostly ligand-centered states, leading to
fast radiationless deactivation via thermally accessible metal-centered states due to the
low LFS resulting from the chlorido co-ligand; however, upon cooling down to 77 K,
unitary quantum yields were achieved. On the other hand, the complex [Pt(L6)] with the
tetradentate chelator displays higher efficiencies (ΦL = 0.53) and longer lifetimes in fluid
solutions at room temperature, mostly due to a higher rigidity and ligand field splitting
resulting from cyclometallation and enhanced metal participation in the excited state, which
in turn hampers radiationless deactivation pathways and improves the phosphorescence
rate, respectively.

The alkylation step constitutes a bottleneck due to the intrinsic amine–imine tau-
tomerism related to the 2-amino-thiazol moiety. However, the attempted acylation fol-
lowed by the reduction of the amide to the alkylamine failed due to the relatively high
lability of the acylated species. In the future, milder reducing will be explored, such
as diborane [51,52], as the product should be stable under acidic workup conditions. If
successful, the tautomerism-related limitation could be overcome. The synthetic strategy
will facilitate future efforts involving tailored substitution patterns for applications such
as bioimaging. In this sense, special attention will be devoted to the complex [PtCl(L5)].
Hence, the secondary amine bridge can be modified to avoid harsh reaction conditions
linked to cyclometallation.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/chemistry5020084/s1, Figure S1: 1H-NMR spectrum (400 MHz,
DCM-d2) of A1. Figure S2: 13C{1H}-NMR spectrum (101 MHz, DCM-d2) of A1. Figure S3: 1H/1H-COSY-
NMR spectrum (400 MHz/400 MHz, DCM-d2) of A1. Figure S4: 1H/13C-gHSQC-NMR spectrum (400

https://www.mdpi.com/article/10.3390/chemistry5020084/s1
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MHz/101 MHz, DCM-d2) of A1. Figure S5: 1H/13C-gHMBC-NMR spectrum (400 MHz/101 MHz, DCM-d2)
of A1. Figure S6: 1H-NMR spectrum (500 MHz, DCM-d2) of I1. Figure S7: 13C{1H}-NMR spectrum (101 MHz,
DCM-d2) of I1. Figure S8: 1H/1H-COSY-NMR spectrum (400 MHz/400 MHz, DCM-d2) of I1. Figure S9:
1H/13C-gHSQC-NMR spectrum (400 MHz/101 MHz, DCM-d2) of I1. Figure S10: 1H/13C-gHMBC-NMR
spectrum (400 MHz/101 MHz, DCM-d2) of I1. Figure S11: 1H-NMR spectrum (500 MHz, DCM-d2) of A2.
Figure S12: 13C{1H}-NMR spectrum (126 MHz, DCM-d2) of A2. Figure S13: 1H/1H-COSY-NMR spectrum
(500 MHz/500 MHz, DCM-d2) of A2. Figure S14: 1H/13C-gHSQC-NMR spectrum (500 MHz/126 MHz,
DCM-d2) of A2. Figure S15: 1H/13C-gHMBC-NMR spectrum (500 MHz/126 MHz, DCM-d2) of A2. Fig-
ure S16: 1H-NMR spectrum (400 MHz, DCM-d2) of I2. Figure S17: 13C{1H}-NMR spectrum (101 MHz,
DCM-d2) of I2. Figure S18: 1H/1H-COSY-NMR spectrum (400 MHz/400 MHz, DCM-d2) of I2. Figure
S19: 1H/13C-gHSQC-NMR spectrum (400 MHz/101 MHz, DCM-d2) of I2. Figure S20: 1H/13C-gHMBC-
NMR spectrum (400 MHz/101 MHz, DCM-d2) of I2. Figure S21: 1H-NMR spectrum (400 MHz, DCM-d2)
of A3. Figure S22: 13C{1H}-NMR spectrum (101 MHz, DCM-d2) of A3. Figure S23: 1H/1H-COSY-NMR
spectrum (400 MHz/400 MHz, DCM-d2) of A3. Figure S24: 1H/13C-gHSQC-NMR spectrum (400 MHz/101
MHz, DCM-d2) of A3. Figure S25: 1H/13C-gHMBC-NMR spectrum (400 MHz/101 MHz, DCM-d2) of A3.
Figure S26: 1H-NMR spectrum (400 MHz, DCM-d2) of I3. Figure S27: 13C{1H}-NMR spectrum (101 MHz,
DCM-d2) of I3. Figure S28: H/1H-COSY-NMR spectrum (400 MHz/400 MHz, DCM-d2) of I3. Figure S29:
1H/13C-gHSQC-NMR spectrum (400 MHz/101 MHz, DCM-d2) of I3. Figure S30: 1H/13C-gHMBC-NMR
spectrum (400 MHz/101 MHz, DCM-d2) of I3. Figure S31: 1H-NMR spectrum (400 MHz, DCM-d2) of A4.
Figure S32: 13C{1H}-NMR spectrum (101 MHz, DCM-d2) of A4. Figure S33: 1H/1H-COSY-NMR spectrum
(400 MHz/400 MHz, DCM-d2) of A4. Figure S34: 1H/13C-gHSQC-NMR spectrum (400 MHz/101 MHz,
DCM-d2) of A4. Figure S35: 1H/13C-gHMBC-NMR spectrum (400 MHz/101 MHz, DCM-d2) of A4. Figure
S36: 1H-NMR spectrum (500 MHz, DCM-d2) of L1H. Figure S37: 13C{1H}-NMR spectrum (126 MHz, DCM-
d2) of L1H. Figure S38: 1H/1H-COSY-NMR spectrum (500 MHz/500 MHz, DCM-d2) of L1H. Figure S39:
1H/13C-gHSQC-NMR spectrum (500 MHz/126 MHz, DCM-d2) of L1H. Figure S40: 1H/13C-gHMBC-NMR
spectrum (500 MHz/126 MHz, DCM-d2) of L1H. Figure S41: 1H-NMR spectrum (500 MHz, DCM-d2) of L2H.
Figure S42: 13C{1H}-NMR spectrum (101 MHz, DCM-d2) of L2H. Figure S43: 1H/1H-COSY-NMR spectrum
(400 MHz/400 MHz, DCM-d2) of L2H. Figure S44: 1H/13C-gHSQC-NMR spectrum (400 MHz/101 MHz,
DCM-d2) of L2H. Figure S45: 1H/13C-gHMBC-NMR spectrum (400 MHz/101 MHz, DCM-d2) of L2H.
Figure S46: 1H-NMR spectrum (400 MHz, DCM-d2) of L3H. Figure S47: 13C{1H}-NMR spectrum (101
MHz, DCM-d2) of L3H. Figure S48: 1H/1H-COSY-NMR spectrum (400 MHz/400 MHz, DCM-d2) of L3H.
Figure S49: 1H/13C-gHSQC-NMR spectrum (400 MHz/101 MHz, DCM-d2) of L3H. Figure S50: 1H/13C-
gHMBC-NMR spectrum (400 MHz/101 MHz, DCM-d2) of L3H. Figure S51: 1H-NMR spectrum (500 MHz,
CDCl3) of L4H. Figure S52: 13C{1H}-NMR spectrum (126 MHz, CDCl3) of L4H. Figure S53: 1H/1H-COSY-
NMR spectrum (500 MHz/500 MHz, CDCl3) of L4H. Figure S54: 1H/13C-gHSQC-NMR spectrum (500
MHz/126 MHz, CDCl3) of L4H. Figure S55: 1H/13C-gHMBC-NMR spectrum (500 MHz/126 MHz, CDCl3)
of L4H. Figure S56: 1H-NMR spectrum (500 MHz, DMSO-d6) of [PtCl(L1)]. Figure S57: 13C{1H}-NMR
spectrum (126 MHz, DMSO-d6) of [PtCl(L1)]. Figure S58: 195Pt-NMR spectrum (107 MHz, DMSO-d6)
of [PtCl(L1)]. Figure S59: 1H/1H-COSY-NMR spectrum (500 MHz/500 MHz, DMSO-d6) of [PtCl(L1)].
Figure S60: 1H/13C-gHSQC-NMR spectrum (500 MHz/126 MHz, DMSO-d6) of [PtCl(L1)]. Figure S61:
1H/13C-gHMBC-NMR spectrum (500 MHz/126 MHz, DMSO-d6) of [PtCl(L1)]. Figure S62: 1H-NMR
spectrum (400 MHz, DCM-d2/MeOD-d4) of [PtCl(L2)]. Figure S63: 13C{1H}-NMR spectrum (101 MHz, DCM-
d2/MeOD-d4) of [PtCl(L2)]. Figure S64: 195Pt-NMR spectrum (107 MHz, DCM-d2/MeOD-d4) of [PtCl(L2)].
Figure S65: 1H/1H-COSY-NMR spectrum (400 MHz/400 MHz, DCM-d2/MeOD-d4) of [PtCl(L2)]. Figure
S66: 1H/13C-gHSQC-NMR spectrum (400 MHz/101 MHz, DCM-d2/MeOD-d4) of [PtCl(L2)]. Figure S67:
1H/13C-gHMBC-NMR spectrum (400 MHz/101 MHz, DCM-d2/MeOD-d4) of [PtCl(L2)]. Figure S68: 1H-
NMR spectrum (500 MHz, DCM-d2) of [PtCl(L3)]. Figure S69: 13C{1H}-NMR spectrum (101 MHz, DCM-d2)
of [PtCl(L3)]. Figure S70: 195Pt-NMR spectrum (107 MHz, DCM-d2) of [PtCl(L3)]. Figure S71: 1H/1H-
COSY-NMR spectrum (400 MHz/400 MHz, DCM-d2) of [PtCl(L3)]. Figure S72: 1H/13C-gHSQC-NMR
spectrum (400 MHz/101 MHz, DCM-d2) of [PtCl(L3)]. Figure S73: 1H/13C-gHMBC-NMR spectrum (400
MHz/101 MHz, DCM-d2) of [PtCl(L3)]. Figure S74: 1H-NMR spectrum (400 MHz, DCM-d2) of [PtCl(L4)].
Figure S75: 13C{1H}-NMR spectrum (101 MHz, DCM-d2) of [PtCl(L4)]. Figure S76: 195Pt-NMR spectrum (86
MHz, DCM-d2) of [PtCl(L4)]. Figure S77: 1H/1H-COSY-NMR spectrum (400 MHz/400 MHz, DCM-d2) of
[PtCl(L4)]. Figure S78: 1H/13C-gHSQC-NMR spectrum (400 MHz/101 MHz, DCM-d2) of [PtCl(L4)]. Figure
S79: 1H/13C-gHMBC-NMR spectrum (400 MHz/101 MHz, DCM-d2) of [PtCl(L4)]. Figure S80: 1H-NMR
spectrum (400 MHz, DMSO-d6) of [PtCl(L5)]. Figure S81: 13C{1H}-NMR spectrum (101 MHz, DMSO-d6)
of [PtCl(L5)]. Figure S82: 195Pt-NMR spectrum (86 MHz, DMSO-d6) of [PtCl(L5)]. Figure S83: 1H/1H-
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COSY-NMR spectrum (400 MHz/400 MHz, DMSO-d6) of [PtCl(L5)]. Figure S84: 1H/13C-gHSQC-NMR
spectrum (400 MHz/101 MHz, DMSO-d6) of [PtCl(L5)]. Figure S85: 1H/13C-gHMBC-NMR spectrum
(400 MHz/101 MHz, DMSO-d6) of [PtCl(L5)]. Figure S86: 1H-NMR spectrum (400 MHz, DCM-d2) of A6.
Figure S87: 13C{1H}-NMR spectrum (101 MHz, DCM-d2) of A6. Figure S88: 1H/1H-COSY-NMR spec-
trum (400 MHz/400 MHz, DCM-d2) of A6. Figure S89: 1H/13C-gHSQC-NMR spectrum (400 MHz/101
MHz, DCM-d2) of A6. Figure S90: 1H/13C-gHMBC-NMR spectrum (400 MHz/101 MHz, DCM-d2) of
A6. Figure S91: 1H-NMR spectrum (500 MHz, CDCl3) of L6H2. Figure S92: 13C{1H}-NMR spectrum (126
MHz,CDCl3) of L6H2. Figure S93: 1H/1H-COSY-NMR spectrum (500 MHz/500 MHz, CDCl3) of L6H2.
Figure S94: 1H/13C-gHSQC-NMR spectrum (500 MHz/126 MHz, CDCl3) of L6H2. Figure S95: 1H/13C-
gHMBC-NMR spectrum (500 MHz/126 MHz, CDCl3) of L6H2. Figure S96: 1H-NMR spectrum (400 MHz,
DCM-d2) of L6BrH. Figure S97: 13C{1H}-NMR spectrum (101 MHz, DCM-d2) of L6BrH. Figure S98: 1H/1H-
COSY-NMR spectrum (400 MHz/400 MHz, DCM-d2) of L6BrH. Figure S99: 1H/13C-gHSQC-NMR spectrum
(400 MHz/101 MHz, DCM-d2) of L6BrH. Figure S100: 1H/13C-gHMBC-NMR spectrum (400 MHz/101
MHz, DCM-d2) of L6BrH. Figure S101: 1H-NMR spectrum (500 MHz, DCM-d2) of [PtL6]. Figure S102:
13C{1H}-NMR spectrum (101 MHz, DCM-d2) of [PtL6]. Figure S103: 195Pt-NMR spectrum (86 MHz, DCM-d2)
of [PtL6]. Figure S104: 1H/1H-COSY-NMR spectrum (400 MHz/400 MHz, DCM-d2) of [PtL6]. Figure S105:
1H/13C-gHSQC-NMR spectrum (400 MHz/101 MHz, DCM-d2) of [PtL6]. Figure S106: 1H/13C-gHMBC-
NMR spectrum (400 MHz/101 MHz, DCM-d2) of [PtL6]. Figure S107: Molecular structure of compound I1
in a single crystal and display of the packing. Figure S108: Molecular structure of compound A3 in a single
crystal and display of the packing. Figure S109: Molecular structure of compound A4 in a single crystal
and display of the packing. Figure S110: Molecular structure of compound [PtCl(L2)] in a single crystal and
display of the packing. Figure S111: Molecular structures of compound [PtCl(L4)] in a single crystal and the
display of the distortion of the coordination plane for all three different molecules. Figure S112: Asymetric
cell of the crystal structure of [PtCl(L4)]. Figure S113: Display of the crystal packing of [PtCl(L4)]. Figure
S114: Molecular structure of compound [Pt(L6)] in a single crystal and display of the packing. Figure S115:
Molar absorption coefficient of [PtCl(L1)], [PtCl(L2)], [PtCl(L3)], [PtCl(L4)], [PtCl(L5)] and [Pt(L6)]. Figure
S116: Excitation and emission spectra of [PtCl(L1)] at 298 K in fluid DCM and at 77 K in a frozen glassy
DCM/MeOH matrix. Figure S117: Left: Raw (experimental) time-resolved photoluminescence decay of
[PtCl(L1)] in fluid DCM at 298 K (air-equilibrated), including the residuals. Figure S118: Left: Raw (experi-
mental) time-resolved photoluminescence decay of [PtCl(L1)] in fluid DCM at 298 K (Ar-purged), including
the residuals. Figure S119: Left: Raw (experimental) time-resolved photoluminescence decay of [PtCl(L1)] in
a frozen glassy DCM/MeOH matrix at 77 K, including the residuals. Figure S120: Excitation and emission
spectra of [PtCl(L2)] at 298 K in fluid DCM as a solid and at 77 K in a frozen glassy DCM/MeOH matrix.
Figure S121: Left: Raw (experimental) time-resolved photoluminescence decay of [PtCl(L2)] in fluid DCM at
298 K (air-equilibrated), including the residuals. Figure S122: Left: Raw (experimental) time-resolved photolu-
minescence decay of [PtCl(L2)] in fluid DCM at 298 K (Ar-purged), including the residuals. Figure S123: Left:
Raw (experimental) time-resolved photoluminescence decay of [PtCl(L2)] in a frozen glassy DCM/MeOH
matrix at 77 K, including the residuals. Figure S124: Excitation and emission spectra of [PtCl(L3)] at 298
K in fluid DCM, at 77 K in a frozen glassy DCM/MeOH matrix and as a solid. Figure S125: Left: Raw
(experimental) time-resolved photoluminescence decay of [PtCl(L3)] in fluid DCM at 298 K (air-equilibrated),
including the residuals and IRF. Figure S126: Left: Raw (experimental) time-resolved photoluminescence
decay of [PtCl(L3)] in fluid DCM at 298 K (Ar-purged), including the residuals and IRF. Figure S127: Left: Raw
(experimental) time-resolved photoluminescence decay of [PtCl(L3)] in a frozen glassy DCM/MeOH matrix at
77 K, including the residuals. Figure S128: Excitation and emission spectra of [PtCl(L4)] at 298 K in fluid DCM
and at 77 K in a frozen glassy DCM/MeOH matrix. Figure S129: Left: Raw (experimental) time-resolved
photoluminescence decay of [PtCl(L4)] in a frozen glassy DCM/MeOH matrix at 77 K, including the residuals.
Figure S130: Excitation and emission spectra of [PtCl(L5)] at 298 K in fluid DCM, at 77 K in a frozen glassy
DCM/MeOH matrix and as a solid. Figure S131: Left: Raw (experimental) time-resolved photoluminescence
decay of [PtCl(L5)] in fluid DCM at 298 K (air-equilibrated), including the residuals. Figure S132: Left: Raw
(experimental) time-resolved photoluminescence decay of [PtCl(L5)] in fluid DCM at 298 K (Ar-purged),
including the residuals. Figure S133: Left: Raw (experimental) time-resolved photoluminescence decay of
[PtCl(L5)] in a frozen glassy DCM/MeOH matrix at 77 K, including the residuals. Figure S134: Excitation and
emission spectra of [Pt(L6)] at 298 K in fluid DCM, at 77 K in a frozen glassy DCM/MeOH matrix and as
a solid. Figure S135: Left: Raw (experimental) time-resolved photoluminescence decay of [Pt(L6)] in fluid
DCM at 298 K (air-equilibrated), including the residuals. Figure S136: Left: Raw (experimental) time-resolved
photoluminescence decay of [Pt(L6)] in fluid DCM at 298 K (Ar-purged), including the residuals. Figure S137:
Left: Raw (experimental) time-resolved photoluminescence decay of [Pt(L6)] in a frozen glassy DCM/MeOH
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matrix at 77 K, including the residuals. Table S1: Parameters and data from the single crystal measurements.
Table S2: Selected bond lengths and angles for [PtCl(L2)]. Table S3: Selected bond lengths and angles for
[PtCl(L4)]. Table S4: Selected bond lengths and angles for [Pt(L6)]. Table S5: Complete emission data and
ΦL, as well as exited state lifetime data for each complex in DCM at 298 K and in frozen glassy matrix of
DCM/MeOH at 77 K. References [41,47] are cited in the Supplementary Materials.
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