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Figure 1 (Color online) Structure of complex 1. (a) Asymmetric unit; (b) 1D zinc phosphite chain; (c) 2D layer structure
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Figure 2 (Color online) Structure of complex 2. (a) Asymmetric unit; (b) 2D zinc phosphite layer; (¢) 3D pillar-layer structure
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Figure 3 (Color online) Spectroscopic characterization of complex 1. (a) 3D prompt spectra and (c) corresponding fluorescence emission spectra
under the marked excitation wavelengths. (b) 3D delayed spectra and (d) corresponding phosphorescence emission spectra under the marked excitation

wavelengths. The luminous intensity increases successively from blue to red
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Figure 4 (Color online) Phosphorescence decay curves of complexes 1 (a) and 2 (b) at denoted excitation wavelengths
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Table 1 Fitting parameters of time-resolved phosphorescence decay
traces of compounds 1 and 2

r(ms)  Bi(%) 1(ms)  By(%) Tue(ms) CHISQ
1@450 1.4 77 17.7 23 5.1 1.5
2@A450 24.1 42 360.8 58 219.4 1.4
1@520 1.4 27 21.6 73 16.1 1.4
2@520 19.0 35 317.4 65 213.0 1.4
1@550 1.4 23 18.5 77 14.6 1.3
2@550 18.2 35 239.7 65 162.2 1.1
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Figure 5 (Color online) Intramolecular and intermolecular forces of complexes 1 (a) and 2 (b)
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Over the past decade, room-temperature phosphorescent (RTP) materials have shown broad application prospects in
information storage, chemical sensing, bioimaging, and anti-counterfeiting encryption, owing to their luminescent
lifetimes ranging from microseconds to seconds. Phosphorescence arises from the radiative decay of triplet excited states
and is usually observed only at low temperatures (e.g., 77 K) or under inert atmospheres, which severely restricts its
practical applications. Early RTP research primarily focused on complexes of precious metals such as iridium and
platinum, which exhibit heavy-atom effects. However, such materials generally suffer from limitations including high cost,
short decay times (only tens of microseconds), and poor environmental compatibility. Therefore, developing low-cost,
long-lifetime, and environmentally friendly RTP materials is of great significance. Metal-organic coordination polymers
constructed from d'® configuration transition metals (e.g., Zn>*, Cd*", Cu’, Ag", etc.) have emerged as ideal platforms for
creating high-performance RTP materials. This is attributed to their distinct advantages, including high structural
tunability, diverse building units, facile introduction of heavy-atom effects, and suppression of nonradiative transitions
through rigid frameworks. The metal nodes in these polymers exert a heavy-atom effect, promoting the generation of triplet
excitons. Meanwhile, the rigid skeletons and abundant intermolecular interactions effectively stabilize these excitons,
providing a solid foundation for constructing RTP systems with long lifetimes and high quantum yields. In this study, two
novel coordination polymers (denoted as 1 and 2) were successfully synthesized via a solvothermal method under the
coexistence of Zn®" ions, the flexible ligand BIMB, and phosphorous acid. Structural analysis demonstrated that in
complex 1, the imidazole groups at both ends of the BIMB ligand bridge two separate zinc phosphite chains, forming a two-
dimensional (2D) layered network. In contrast, in complex 2, the BIMB ligand coordinates with Zn>" ions within the zinc
phosphite layers and acts as a “pillar” connecting adjacent 2D layers to assemble into a three-dimensional (3D) pillar-
layered framework. Under the spatial confinement of the zinc phosphite secondary framework, the BIMB ligand adopts
specific configurations and conformations, leading to intermolecular and intramolecular interactions of different strengths
in the two complexes; the interaction strength in the 3D structure is greater than that in the 2D structure. The
photoluminescence properties of these two compounds were systematically characterized, and the structure—activity
relationship was analyzed in combination with their single—crystal structures. The experimental results clearly show that
from 1D chains to 2D layers, the rigid zinc phosphite structural units more effectively suppress nonradiative decay of
BIMB, thereby significantly modulating the phosphorescence lifetime: the lifetime of complex 1 is approximately 10 ms,
while that of complex 2 extends to over 200 ms. This study not only reveals the key regulatory role of the dimension and
topological structure of inorganic building blocks on phosphorescence lifetime but also provides new insights and a solid
structural basis for the rational design of coordination polymer materials with long-lived phosphorescence through crystal
engineering strategies.
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