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Efficient color conversion in metal-organic frameworks boosts optical wireless
communication
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With the rapid development of digital society, the explosive growth of wireless communication devices
is creating unprecedented demands on data transmission speed and capacity. Traditional radio
frequency (RF)-based wireless networks are increasingly constrained by limited spectrum resources and
severe congestion, motivating the exploration of optical wireless communications (OWCs) as a promising
alternative. OWCs exploit the unlicensed optical spectrum to deliver high-speed, secure, and interference-free
data transmission, but their performance critically depends on the availability of efficient color converters. To
address this challenge, lanthanide-based metal-organic frameworks (MOFs) were integrated with an energy
transfer strategy by incorporating chromophores into the MOF cavities and surfaces. This design enabled a
substantial reduction in the photoluminescence (PL) lifetime, from 1.3 ms in pristine MOFs to 4.6 ns in the
MOFE-chromophore composite, achieved through efficient energy transfer processes occurring within the cavity
and at the surface of the frameworks. This significant reduction in PL lifetime led to a dramatic increase in the
-3-dB bandwidth, rising from less than 0.1 MHz to 65.7 MHz. Most importantly, a net data rate of 1.076 Gb/s
was achieved, marking the first successful demonstration of lanthanide-based MOFs as color converters that
facilitate data transmission rates exceeding 1 Gb/s. Notably, both the —-3-dB bandwidth and net data rate surpass
those of most reported organic and inorganic materials, underscoring the exceptional potential of lanthanide-
based MOFs when combined with an efficient energy transfer strategy. These findings provide a pathway for the
design of next-generation OWC technologies with Gb-level transmission, meeting the urgent demand for faster
and more reliable wireless communication systems.
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