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Abstract: Photoswitching of photoluminescence has sparked tremendous research 

interests for super-resolution imaging, high-security-level anti-counterfeiting, and other 

high-tech applications. However, the excitation of photoluminescence is usually ready 

to trigger the photoswitching process, making the photoluminescence readout 

unreliable. Herein, we report a new photoswitch by the marriage of spiropyran with 

platinum(II) coordination complex. Viable photoluminescence can be achieved upon 

excitation by 480 nm visible light while the photoswitching can be easily triggered by 

365 nm UV light. The feasible photoswitching may be benefited from the formed liquid 

crystalline phase of the designed photoswitch as a crystalline spiropyran is normally 

unable to implement photoswitching. Compared to the counterparts, this LC 

photoswitch can show distinct and reliable apparent colors and emission colors before 

and after photoswitching, which may promise the utility in high-security-level anti-

counterfeiting and other advanced information technologies.  

Keywords: Photoswitching, photochromism, photoluminescence, liquid crystal, 

platinum(II) complex, spiropyran   
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Introduction 

Photoswitches normally represent molecules that can reversibly change their 

structural geometries in response to light, which have been of immense utility in a 

myriad of information technologies ranging from super-resolution bioimaging to 

molecule-scale magnetics, electronics and optoelectronics.[1] However, it is normally 

difficult to enable multi-mode photoswitching in a single component.[2] To tackle this 

difficulty, spiropyran (SP) derived photoswitches have been extensively studied in 

recent years as dual-mode photoswitching can be easily realized.[3] Their 

transformation from the unconjugated SP form to the conjugated merocyanine (MC) 

form would lead to distinct spectral changes in both the absorption and 

photoluminescence.[4] More excitingly, apart from fluorescence-type 

photoluminescence, room-temperature phosphorescence can be also afforded through 

molecular engineering,[5] which would provide added degrees of freedom to expand the 

switching capabilities. Nevertheless, the excitation of photoluminescence in those 

photoswitches is ready to trigger the photoisomerization simultaneously, and the 

consequent molecular transformation would make the photoluminescence readout 

unreliable.  

To provide an effective solution to this issue, it would be rational to separate the 

excitation wavelength of photoluminescence and photoisomerization via molecular 

engineering. One viable example was demonstrated by Xu and co-workers in 2022.[3b] 

In this work, they designed a new photoswitch termed BOSA-SP, in which the 

photoluminescence was excited at a longer wavelength (e.g., 488 nm) while the 
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photoisomerization was triggered at a shorter wavelength (e.g., 365 nm). Thanks to the 

design, stable and programmable triple fluorescence switching was demonstrated in a 

single-molecule system.  

With inspiration from Xu’s work, we envisaged an alternative approach via the 

marriage of SP with supramolecular platinum(II) coordination complexes. These 

complexes with d8 electron configuration and square-planar geometry have generated 

enormous attention in recent years.[6] This is not only because of their attractive 

photoluminescence properties given by spin-orbit coupling between the metal center 

and peripheral ligands,[7] but also due to the ease of spectral modulation in both 

absorption and emission through the manipulation of intermolecular π-π and Pt···Pt 

interactions.[8] As such, the excitation of photoluminescence would be possibly isolated 

from photoisomerization with careful molecular design, providing a new way to ensure 

nondestructive photoluminescence readouts in SP derivatives. In addition, the square-

planer geometry makes Pt(II) complexes promising to be adapted for liquid crystal (LC) 

designs,[9] an important pursuit as LC materials are fluidic smart soft matter with 

physical property anisotropy.[10] They often exhibit appealing capabilities of delivering 

facile reversible and programmable responses to light or thermal stimuli.[11] 

Nevertheless, despite the extensive exploration of LC Pt(II) complexes by anchoring 

flexible long alkyl chains that often aid to weaken the strong intermolecular stacking,[9] 

photoswitchable LC Pt(II) complexes have been barely reported.  

With the envision in mind, we herein reported an new example of photoswitchable 

LC Pt(II) complexes, namely Pt-SP (Figure 1), which was synthesized via coordination 
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reaction of the Pt(II) center with one primary N,N,N-tridentate ligand and another 

ancillary SP-functionalized pyridine ligand. This achievement can be ascribed to the 

beneficial chemical design: (1) The design provided an alternative route to imparting 

LC functions to metal coordination complexes other than alkylation with long alkyl 

chains.[9] (2) Liquid crystallization made the intermolecular stacking less tight and thus 

facilitated the photoisomerization that was commonly difficult to take place in solid-

state SP.[3a] (3) Reliable nondestructive photoluminescence readouts were achieved due 

to the significant redshift of the “pump” wavelength from 365 to 480 nm while the 

“trigger” wavelength remained at 365 nm. This our work not only provides a viable 

paradigm to design multi-mode photoswitches but also showcases a novel approach to 

imparting LC functions to metal coordination complexes.  

 

Figure 1. Schematic illustration of photoswitching in the designed LC Pt(II) 

coordination complex.  
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Results and Discussion  

Synthesis of Pt-SP. Despite the unexpected LC characteristics afforded by the self-

assembly of Pt-SP, the chemical design and synthesis began with the idea of 

spatiotemporal modulation of the photoluminescence of Pt(II) complexes by a 

photoswitchable unit. To this end, Pt-SP was synthesized via the efficient coordination 

reaction of PtCl2(DMSO)2 with one primary N,N,N-tridentate ligand and another 

ancillary pyridyl ligand, based on the method pioneered by De Cola and co-workers.[12] 

To reach the target product with the SP moiety, four-step separate reactions were 

implemented with varied yields from 55% to 90% (Scheme S1, Supporting 

Information). After purification, the target compound was identified by nuclear 

magnetic resonance (NMR) spectroscopy (e.g., 1H NMR, 13C NMR and 19F NMR) and 

high-resolution mass spectrometry (HR-MS), following procedures as implemented in 

previous work.[9d,12b] 

Photophysical Properties. Once the target compound was ready, we evaluated its 

photophysical properties to lay the foundation for studying its photochemical 

performance. An intense absorption in the ultraviolet (UV) region was noted when Pt-

SP was dissolved in dichloromethane (DCM, 0.01 mM, Figure S17), which could be 

attributed to the intraligand (1IL) and metal-perturbed interligand charge transfer 

(1ILCT), as displayed in other typical Pt(II) complexes.[9d,12a] Interestingly, the 

absorption band was extended up to 450 nm in the visible region, primarily due to the 

admixture of spin-allowed intramolecular metal-to-ligand charge transfer (1MLCT) and 

spin-forbidden 3MLCT transitions.[9d,12a] Upon photoexcitation at 420 nm, the solution 
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produced emissions at 464, 492, 525 and 568 nm, respectively, mainly assigned to the 

ligand-centered triplet excited state (3LC) involving the tridentate chelate.[9d,13] Besides, 

a significantly redshifted and increased emission was observed at 580 nm when the Pt-

SP concentration was increased (Figure S17), which was attributed to metal-to-metal-

to-ligand charge transfer (3MMLCT) occurred in aggregated Pt(II) complexes.[12b] 

Photochemical Performance. Pt-SP underwent reversible photochemical reactions via 

photoisomerization. Under continuous UV light irradiation (365 nm, 0.5 mW/cm2), a 

new absorption band peaked at 592 nm gradually intensified for the Pt-SP solution in 

DCM (Figure 2a), giving origins to the generation of apparent color in light blue. The 

absorption change was attributed to transformation from the SP form to the MC form, 

and the latter possessed a more extended π-conjugation than the former.[4b] The MC 

isomer seemed unstable in DCM and ready to undergo reverse transformation in dark, 

leading to quick absorption decay within 120 s (Figure 2b). At the same time, the 

apparent color was faded off. By contrast, such transformation was slowed down in 

bulk due to the tightened intermolecular stacking and restricted molecular motions.[3a,14] 

As shown in Figure 2c, for the Pt-SP powder its transformation to the Pt-MC form was 

even incomplete after 420 s UV irradiation (365 nm, 0.5 mW/cm2). After 

transformation, the apparent color turned from dark yellow to dark brown associated 

with the significant increase of the absorption peak at 582 nm. This absorption was 10 

nm blue-shifted and dramatically broadened compared to the absorption in DCM. 

Nevertheless, despite the reversibility of the transformation, the reverse transformation 

in powder was extremely slow under visible light illumination. Alternatively, the 
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reverse transformation could be complete in nearly 360 s upon heating to 100 °C 

(Figure 2d).  

 

Figure 2. Absorption changes by transformation of Pt-SP. Absorption change of Pt-

SP in DCM: (a) upon 365 nm light irradiation and (b) upon reversion in dark. 

Concentration: 0.01 mM. Absorption changes of Pt-SP powder: (c) upon 365 nm light 

irradiation and (d) upon heating. Insets: photographs taken under room light. UV-vis 

absorption for the Pt-SP powder was conducted by spectrophotometer with an 

integrating sphere. 

The broad range of Pt-SP absorption in the visible region provided us the valuable 

opportunity to isolate the photoexcitation of photoluminescence from 

photoisomerization. For instance, a 480 nm light could be used to excite the 

photoluminescence at which the photoisomerization would not occur. As displayed in 
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Figure 3a, upon irradiation by 480 nm light the Pt-SP powder exhibited great emission 

band from 500 to 800 nm with two peaks at 585 and 645 nm, respectively. The former 

peak was ascribed to the pyridine-dominated 3MMLCT of Pt(II) complexes in 

aggregation,[9d,12b] while the latter was attributed to the SP-functionalized pyridine-

dominated 3MMLCT. When lowering down the temperature from 298 to 78 K, the latter 

emission peak could be significantly intensified while the former was decayed (Figure 

S18), which was ascribed to tighter molecular stacking and Pt···Pt interactions. 

However, these emission peaks of Pt-SP were difficult to measure upon 365 nm light 

irradiation. Instead, a much weaker emission peaked at 680 nm was given due to the 

transformation from Pt-SP to Pt-MC via rapid photoisomerization. Figure 3b displays 

a further comparison. As clearly shown, the emission intensity at 585 nm was basically 

stable upon 480 nm light irradiation while sharply decreasing to zero upon 365 nm light 

irradiation, implying that nondestructive photoluminescence readouts could be 

achieved upon 480 nm light irradiation while photoswitching could be accomplished 

by 365 nm illumination. The photoswitching process could be timely monitored. As 

shown in Figure 3c, when irradiating the Pt-SP powder with UV light (365 nm, 0.5 

mW/cm2), the original emission at 585 nm gradually diminished and the emission at 

645 nm eventually redshifted to 685 nm, accompanied by intensity decrease. 

Interestingly, these emissions could recover upon heating the sample to 100 °C and 

keeping isothermal at this elevated temperature for 6 min, with good reversibility and 

high fatigue resistance (Figure 3d and S19).  
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Figure 3. Nondestructive photoluminescence before and after photoisomerization. 

(a) Emission spectra of the Pt-SP powders when excited by 480 and 365 nm, 

respectively. (b) Time-dependent emission of the Pt-SP powder under different 

excitation wavelengths. (c) Time-dependent emission spectra of the Pt-SP powder 

when irradiated by 365 nm light irradiation (0.5 mW/cm2), and (d) emission recovery 

upon heating (100 °C). Excitation wavelength: 480 nm.  

Mechanism of Switchable Photoluminescence. We suspected that the switchable 

intramolecular energy transfer was responsible for the switchable photoluminescence 

(Figure 4a), and then synthesized another Pt(II) complex without the SP moiety, namely, 

Pt-hexyl possessing a flexible hexyl chain (Figure 4b). As clearly shown, Pt-hexyl 

exhibited a single peak emission at 585 nm in powder, which was ascribed to the 

3MMLCT of aggregated Pt(II) complexes.[9d] This emission peak showed a significant 
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overlap with the absorption of MC rather than SP, implying possible intramolecular 

energy transfer from Pt center to the MC moiety. The condition for energy transfer was 

also satisfied by the small distance (Figure S20) between the Pt center and MC 

moiety.[15] Lifetime measurements showed that during the transformation from the SP 

to MC form, the emission at 585 nm due to 3MMLCT was decreased by 16.3%, i.e., 

from 147 to 123 ns (Figure 4c), confirming efficient intramolecular energy transfer 

from the Pt center to the MC moiety.[3b,14] Apart from the reversible change of emission 

spectra as aforementioned, the quantum yield (QY) also decreased due to the 

transformation. As illustrated in Figure 4d, the QY was decreased from 11% to 5% after 

transformation from the SP to MC form, indicating that an energy-transfer pathway can 

lead to a partial emission quenching.[16] It is worth noting that the intramolecular 

electron transfer from the ancillary ligand to the Pt center could also lead to a decrease 

of QY. To show a clear picture, we implemented density functional theory (DFT) 

calculations. As shown in the bottom panel of Figure 4d, with respect to Pt-hexyl, both 

the lowest unoccupied molecular orbitals (LUMO) and highest occupied molecular 

orbitals (HOMO) were significantly contributed by orbitals of Pt centered moieties, 

indicting few chances for intramolecular electron transfer from the ancillary ligand to 

the Pt center and thus providing a high QY of 87%. In sharp contrast, the HOMO for 

both Pt-SP and Pt-MC was dominated by orbitals of the SP or MC moiety while the 

LUMO was governed by the Pt centered moieties, indicating a large probability of 

intermolecular electron transfer and resulting in relatively lower emission QY for both 

Pt-SP and Pt-MC.[17]  
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Figure 4. Photoswitching of Energy transfer. (a) Schematic illustration of energy 

transfer in Pt-SP and Pt-MC. (b) Spectra overlap between the SP and MC absorption 

and Pt-hexyl emission (λex = 480 nm). Nor. stands for normalized. The absorption was 

characterized in DCM solution (10-5 mol/L) while the emission was obtained in powder. 

(c) Emission decays of Pt-SP and Pt-MC powders (Excitation source: 450 nm laser). (d) 
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Calculated structures and orbitals, as well as QYs in powder for SP, MC, Pt-hexyl, Pt-

SP and Pt-MC, respectively. Orbitals were calculated through the PBE1PBE1 

functional in the DFT calculation. The alkyl chain in Pt-hexyl was simplified to methyl 

to save computation sources. 

Photoswitching of LC textures. Unexpectedly, room-temperature LC phase rather 

than crystal phase was generated by supramolecular self-assembly of Pt-SP. 

Thermogravimetric analysis (TGA) proved a high thermal resistance of Pt-SP up to 

300 °C under nitrogen atmosphere (Figure S21). The LC phase was characterized by 

combining polarized optical microscopy (POM), differential scanning calorimetry 

(DCS) and X-ray diffraction (XRD). POM images showed that the birefringence texture 

turned brighter upon heating and eventually disappeared at 160 °C (Figure S22), 

implying thermotropic phase transitions. Pt-SP was prone to flow upon heating, 

associated with the change of apparent color from dark yellow to bright green (Insets 

of Figure S22). The apparent color could be reversibly changed via alternate heating 

and cooling schemes. When cooled to room temperature from 160 °C, the complex 

changed from soft to rigid and harden into glassy state[18] although no glass transition 

was observed in the DSC curves, and weak birefringence was observed in POM upon 

pressing (Figure S22). DCM vapor fuming promoted molecular orientation due to the 

perturbing effect of solvent molecules, resulting in a rapid generation of colored 

birefringence texture as observed from the POM. Since then, the color of textures could 

be reversibly switched upon alternate UV irradiation (365 nm, 0.5 mW/cm2) and 100 °C 

heating (Figure 5a). DCS curves only exhibited a very small or broad exothermic 
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transitions at 143 °C (enthalpy: 0.94 J/g) during the cooling process and a broad 

endothermic transition at 140 °C (enthalpy: 1.21 J/g) in the heating process (Figure 5b), 

which might be ascribed to the isotropic-mesophase transition. XRD results 

demonstrated the reversible switching of Pt-SP could be implemented within the same 

mesophase, and the Pt···Pt interaction distance[8a,20] remained at 0.34 nm (Figure 5c). 

UV irradiation and thermal treatment under the temperature below the clearing point 

did not risk the molecular ordering according to unchanged sharp diffraction peaks in 

the small angle region. However, annealing from the isotropic phase substantially 

ruined the molecular ordering by weakening the intermolecular interactions, as 

evidenced by the broadened diffraction peaks and the shift of diffraction peak to small 

diffraction angles (Figure S23). These observations suggested that a metastable phase 

might emerge at low temperatures.[19] These two separate diffraction peaks of Pt-

SP/MC at the 2θ values of 5.50° and 9.16° and a broad peak at the wide angle range 

(25° ~ 29°) were distinct from those of SP crystal (Figure 5c and S23), implying the 

formation LC phase rather than soft crystal phase.[19,21] According to the Bragg law,[11e] 

the d-spacing was calculated to be 1.60 and 0.96 nm, respectively.  

The LC phase was further identified by small-angle X-ray scattering (SAXS) 

analysis. As depicted in Figure 5d, three primary diffraction peaks were clear at the q 

values of 2.90, 3.92 and 6.54 nm-1, respectively, giving rise to a q ratio of 1 : √2 : √5 

and thus confirming the formation of rectangular columnar (Colr)  phase. A Colr phase 

is normally produced by distortion of hexagonal columnar (Colh) phase. The three 

diffraction peaks with the d-spacing of 2.16, 1.60 and 0.96 nm could be indexed to the 
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(110), (200) and (130) facets of the Colr phase whose lattice parameters were calculated 

to be a = 3.20 nm and b = 2.93 nm, respectively, according to the equation 1,[10,22]  

1 𝑑ℎ𝑘𝑙
2⁄ = ℎ2 𝑎2⁄ + 𝑘2 𝑏2⁄                                        (1) 

where, ℎ, 𝑘 and 𝑙 denote the Miller indices.  

The LC phase of the Pt-SP was unexpected as both the N,N,N-tridentate ligand and 

SP were crystalline (Figures S24 and S25). It also seemed that the chemical linking of 

the SP moiety is of essential significance for achieving the LC phase as the counterpart 

Pt-hexyl was also crystalline at room temperature (Figure S26). The partly twisted 

geometry of Pt-SP would account for the formation of the LC phase by loosing the 

molecular stacking (Figure S27). In other words, ordered stacking emerged due to the 

intermolecular Pt···Pt and π-π interactions while the twisted structure of SP prevent 

tightened stacking and crystallization. Since the fully extended conformation of Pt-SP 

exhibited smaller dimension (2.27 nm × 1.53 nm, Figure S28) than the rectangular 

lattice parameters (3.20 nm × 2.93 nm), around two molecules were included in one 

cell (see Section 1.5 in the Supporting Information). Therefore, we could imagine that 

Pt-SP/MC appears to be an atypical discoidal molecule, with the square-planar Pt(II) 

acting as a rigid central core providing intense Pt···Pt and π-π interactions while outside 

SP/MC moieties preventing crystallization (Figure 5e).[9c] This type of molecular 

arrangement was the reason why facile photoswitching could be achieved with 

negligible change of the LC phase. As aforementioned, LC phases in Pt(II) complexes 

were basically obtained by anchoring flexible alkyl chains in previous work, the 
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marriage with SP moieties in this work could provide an alternative paradigm to impart 

LC functions to the complexes. 

 

Figure 5. Thermotropic LC behaviors of the Pt-SP. (a) POM images of Pt-SP upon 

alternate UV irradiation and heating. A: analyzer, P: polarizer, λ: phase retardation plate. 

Insets of are images showing the change of apparent color and fluidity. (b) DSC curves 

of Pt-SP during the first cooling and second heating at ramp rate of 5 °C/min. (c) XRD 

patterns of Pt-SP at room temperature before and after different treatments. (d) SAXS 

pattern of as-prepared Pt-SP at room temperature. (e) Schematic illustration of the 

reasonable molecular self-assembly of Pt-SP/MC into the Colr LC phase. 
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Photoswitchable Patterns. Thanks to the nondestructive readout of apparent color 

and photoluminescence in the LC phase, photoswitcahble patterns could be achieved. 

As a proof-of-concept, patterns of “HG” were created by pouring the Pt-SP solution (50 

mg/mL) into a mold and then removing the DCM solvent via volatilization in a hood 

(Figure 6a). As counterparts, Pt-hexyl and Py-SP (i.e., the ancillary ligand) were also 

shaped to “HG” patterns in a similar way. As illustrated in Figure 6b, when irradiating 

Pt-SP by 0.5 mW/cm2 of 365 nm light, the apparent color changed from yellow to dark 

brown, the photoluminescence under 480 nm excitation changed from orange to red, 

and the color of LC texture changed from yellow to cyan-blue, due to the 

photoisomerization from the Pt-SP form to the Pt-MC form. All colors were reversible 

upon heating at 100 °C. In sharp contrast, no photoswitching could be achieved in Pt-

hexyl, and no distinguishable photoluminescence could be produced at the same 

condition (Figure 6c). With respect to the counterpart Py-SP, insignificant 

photoluminescence can be achieved (Figure 6d). These results suggest the exclusive 

advantage of Pt-SP for high-security-level anti-counterfeiting and other high-tech 

applications in the information technology era.  
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Figure 6. Photoswitching in the LC Pt(II) coordination complex. (a) Schematic 

illustration of the fabrication of message redout patterns. Photographs of pattern “HG” 

for: (b) Pt-SP, (c) Pt-hexyl and (d) Py-SP under room light, 480 nm light and POM, 

respectively. Symbols on arrows signified 365 nm irradiation (0.5 mW/cm2) and the 

heating treatment (100 °C). 

Conclusions  

In summary, we have demonstrated an example of single-component photoswitch 

in Colr LC phase, namely, the spiropyran decorated Pt(II) coordination complex Pt-SP. 

The spiropyran decoration provided an effective route to impart LC functions to metal 

coordination complexes other than previously common alkylation with long alkyl 

chains. Excitingly, the Pt-SP could display reversibly tunable apparent colors and 

photoluminescent colors via noninterference photoisomerization. The apparent color 
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changed from dark yellow to dark brown under 365 nm light irradiation. At the same 

time, the photoluminescent color under upon excitation of 480 nm changed from orange 

to red due to the “turn on” of intramolecular energy transfer. The displayed 

photoluminescent colors were reliable for both the open- and closed-isomers as the 

excitation wavelength was largely redshifted from 365 to 480 nm to eliminate side 

photoreactions. The photoswitching by Pt-SP can be easily recognized, which may 

promise immense technological utility in advanced anti-counterfeiting by eliminating 

illegal copy or imitation. 
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simulations; calculation of molecule number in a rectangular cell; absorption and 

emission spectra; photo-fatigue resistance; TGA curves; POM images; WAXS patterns; 

DSC curves; XRD patterns. 
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ToC figure 

  

An example of single-component multimode photoswitch was demonstrated by 

designing a novel Pt(II) coordination complex decorated with spiropyran, which can 

deliver distinct apparent colors, photoluminescent colors and liquid crystal textures in 

response to light.  
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