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Abstract [Background] With the development of radiotherapy technology, new challenges have been posed for
radiation dose planning techniques. Liquid scintillators have been studied a lot for dose measurement, its luminous
intensity is proportional to the deposition energy, which can be used to measure the absorbed dose. [Purpose] This
study aimed to develop water-equivalent liquid scintillator materials for the measurement of absorbed dose in tumor
radiotherapy and radioprotection. [Methods] The liquid scintillator used in this experiment is composed of
dodecylbenzene, dimethyl sulfoxide (DMSO), Triton X-100, 2,5-diphenyloxazole (PPO) and 1,4-bis-
(5-phenyloxazol-2-yl)-benzene (POPOP). First, the best concentration ratio of the above materials with good
water-equivalence was calculated according to the effective atomic number, electron density formula and Monte
Carlo program GEANT4 (GEometry And Tracking 4). The liquid scintillator was prepared according to the optimal

concentration ratio, and its water-equivalence as well as radioluminescent properties were verified using the
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biological X-ray irradiance and multi-channel spectrometer respectively. [Results] The results showed that the
optimal component of 1 L liquid scintillator is 0.09 L of DMSO, 0.36 L of dodecylbenzene, 0.55 L of Triton-X,

4 gL' of PPO and 0.2 g-L ™" of POPOP. The as-prepared liquid scintillator material has good water-equivalence (the

ratio of absorbed dose to water is close to 1 with difference less than 0.1%) and retains radioluminescent property (its

luminous efficiency is 1/3 of that of a typical commercial liquid scintillator). [Conclusion] This new liquid scintillator

can be used as a phantom and dose detector in cancer radiotherapy and radioprotection.
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Table 1 Different compounds of detector materials in GEANT4 simulation

it 7 Formula DMSO / mL + e K Dodecylbenzene / mL Triton X-100 / mL PPO/g POPOP/g
A 8 36 56 0.4 0.02
B 9 36 55 0.4 0.02
C 10 36 54 0.4 0.02
D 12 36 52 0.4 0.02
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Fig.1 The ratio of the absorbed dose of A, B, C, D at different depths to the corresponding absorbed dose of water
(a) 50 keV, (b) 100 keV, (c) 150 keV, (d) 200 keV, (e) 500 keV, (f) 1 MeV, (g) 2 MeV, (h) 5 MeV
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Fig.2 Emission spectrum of liquid scintillators with different
compositions
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