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Abstract: With the rapid development of flexible electronics and low-dose medical imaging technologies, the
demand for novel ionizing radiation detection materials with lightweight characteristics, excellent processability,
and highly sensitive response has become increasingly significant. In this study, guided by rational crystal
engineering strategies, we successfully designed and synthesized a magnesium-based metal-organic complex
crystal, denoted as ADC-Mg. The crystal was prepared through a solvothermal reaction between 9, 10-
anthracenedicarboxylic acid and magnesium chloride in a mixed solvent system of N, N’-dimethylformamide
(DMF) and water. Detailed structural characterization reveals that the basic building unit of ADC-Mg is a [MgOg]
octahedron, which is bridged by organic ligands to form a well-defined one-dimensional chain structure. These
chains are further interconnected through hydrogen bonding interactions and n-n stacking. This forms a robust and
stable three-dimensional supramolecular network. Such a highly ordered network contributes to the structural
rigidity and stability of the crystal. ADC-Mg demonstrates excellent thermal stability, as evidenced by
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thermogravimetric analysis, and exhibits a high electrical resistivity of 1.03x10'>Q-cm along with a semiconductor-
like band gap of 2.84 eV. It’s a promising candidate for electronic applications. Under X-ray irradiation, ADC-Mg
shows a linear and reproducible photocurrent response, fast switching behavior between the on and off states, and a
substantial enhancement in signal-to-noise ratio. It is critical for precise radiation detection. Powdered pellet
devices measured at a bias voltage of 100 V display a sensitivity of 17.273 pC/(Gy-cm?) and a minimum detectable
dose rate as low as 1.27 pGy/s. Furthermore, flexible composite film devices fabricated by thermal-curing blending
of ADC-Mg with polymer matrices exhibit a remarkably enhanced sensitivity of 222.920 uC/(Gy-cm?®).This
demonstrates the material’s adaptability for flexible device architectures. Fitting with the Hecht equation reveals a
ut product of 1.02x10* cm?/V, and this value significantly surpasses that of commercially available o-Se detectors.
It confirms the exceptional charge transport capability and intrinsic electronic quality of the crystal. These results
clearly indicate that ADC-Mg not only possesses tunable crystalline structure and high thermal and electrical
stability, but also integrates superior optoelectronic performance with mechanical flexibility. Its well-defined three-
dimensional network ensures predictable and efficient charge transport pathways, while the high resistivity and
optimal bandgap allow for sensitive and low-noise X-ray detection. The successful fabrication of flexible films
incorporating ADC-Mg highlights its potential for next-generation radiation detection platforms, including
applications in medical imaging, security screening, and advanced flexible electronics. Overall, ADC-Mg stands
out as a versatile, high-performance material. It integrates structural design ability and device adaptability to lay a
promising foundation for developing compact, sensitive, and mechanically robust radiation detectors.

Key words: magnesium coordination polymer; X-ray detector; flexible electronics; radiation sensing; charge
transport
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Fig.1 Local coordination geometry(a), one-dimensional coordination chain formed along the crystallographic axis(b),

three-dimensional packing structure(c)of ADC-Mgcrystal
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Fig.2 Fourier-transform infrared (FTIR) spectra of ADC-Mg and its precursor ligand H,ADC(a), comparison between the simulatedand experimental
powder X-ray diffraction(PXRD) patterns of ADC-Mg(b), TGA curve of ADC-Mg(c), EDS-mapping of ADC-Mg(d), UV-vis absorption spectrum of ADC-Mg(e),

Tauc plot of ADC-Mg(f)
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Fig.3 Simulated X-ray absorption spectra of ADC-Mg and typical semiconductor materials as a function of X-ray energy, ranging from 1 to 300 keV(a),
attenuation efficiencies of ADC-Mg and typical semiconductor materials as a function of material thickness for 40 keV X-ray photons(b), /-¥ curves for ADC-

Mg-based detectors in both dark conditions and under X-ray exposure(c), current-voltage characteristics of ADC-Mg under different dose rates(d), photocurrent



response of ADC-Mg-based detectors to X-ray irradiation. /- curves were recorded under varying bias voltages with X-ray exposure switched on and off(e), X-

ray-induced photocurrent versus time plots for ADC-Mg-based detectors under different dose rates(f)
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