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Two kinds of perovskite-like MA3Sb2Br9 detectors were studied in this work. One is MA3Sb2Br9 MSM-type visible 

photodetector prepared by inverse temperature crystallization method. The other one is MA3Sb2Br9 transistor-type alcohol 

detector prepared by spin coating method. 

 

Abstract 

In this work, we studied a lead-free perovskite-like material (CH3NH3)3Sb2Br9 (MA3Sb2Br9) in bulk 

and film and applications for photodetector and alcohol detector, respectively. The MA3Sb2Br9 bulk 

visible photodetector is prepared by inverse temperature crystallization method and the MA3Sb2Br9 

film alcohol detector is prepared by spin coating method. First of all, we have fabricated a 

photodetector based on MA3Sb2Br9 perovskite-like single crystal, which as a perovskite-like 

photosensitive layers play an important role in the photoelectric properties of photodetectors. Here, 

MA3Sb2Br9 single crystals were synthesized by inverse temperature crystallization process with 

precursor solution at three different growth temperatures at 60, 80, and 100 °C. According to 

photoluminescence (PL), it could be seen that the three kinds of MA3Sb2Br9 single crystals with 

different growth temperatures have a very narrow PL emission peak at the wavelength of 523-527 nm, 

and FWHMs of 39.9, 42.4, 47.9 nm. The PL intensities of single crystals at the three growth 

temperatures were different. Among them, the MA3Sb2Br9 single crystal grown at 60 °C has a highest 
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 PL intensity, followed by 80 °C, and 100 °C was the lowest. MA3Sb2Br9 single crystal with an 

optimum growth temperature of 60 °C present a low trap density of 2.63 × 1011 cm−3, high charge 

carrier mobility of 0.75 cm2 V–1 s–1, and excellent crystal structure and optical absorption properties. 

This MA3Sb2Br9 perovskite-like photodetector exhibits low dark current of 8.09 × 10−9 A, high 

responsivity of 0.113 A W–1, and high detectivity of 4.32 × 1011 Jones. On the other hand, recently, 

we also have fabricated an alcohol detector based on the MA3Sb2Br9 film with transistor type. Here, 

MA3Sb2Br9 films were spin-coated on the glass substrates with ITO pattern. X-ray diffraction (XRD) 

patterns, absorbance, and current voltage were employed to examine the characterizations of the 

MA3Sb2Br9 films and devices. One diffraction peak at 29.9o corresponding to the cubic crystal (022) 

phase was observed. The position of absorption edge of MA3Sb2Br9 film is around 500 nm. It is 

corresponding to the band gap of MA3Sb2Br9 crystal. This MA3Sb2Br9 perovskite-like alcohol detector 

exhibits high responsivity of 1.5 and 19.9 A W–1 for 0.01% and 5 % alcohol, respectively.  
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