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High Field Magneto-Photoluminescence Studies of Organic and Hybrid Organic/Inorganic Perovskite Semiconductors with Tunable Spin-Orbit Coupling
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Introduction 
       The use of magneto-optic methods in semiconductors has been quite successful since these tools provide the means to study the characteristic properties of excitons in both classes of inorganic and organic semiconductors. Upon the application of an external magnetic field, B the exciton energy substantially increases and splits according to Eq. (1):

                                            [image: image2.png]=Et +¢oB?
3 B
E =Ey £ 0ur il



,                 [1]

where [image: image4.png]


 is the exciton energy at B=0, [image: image6.png]


 is the Bohr magneton, [image: image8.png]


 is the effective gyro-magnetic factor, and [image: image10.png]


 is the exciton diamagnetic coefficient. As a result the exciton photoluminescence (PL) intensity, polarization and spectrum, all change with the field strength, B [1,2], and may be readily measured by careful cw spectroscopy. Consequently the parameters geff and c0 in Eq. (1) can be experimentally determined; and, in turn, the excitonic Bohr radius [image: image12.png]
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, and reduced effective mass [image: image16.png]


 can be all estimated [1]. 
Experimental 
[image: image17.jpg]       We have embarked on measuring the PL spectrum and polarization properties upon application of strong magnetic field in several (-conjugated polymers (PCP) that contain intrachain Pt atoms, and 3D and 2D hybrid organic inorganic perovskites (HOIP) such as MAPbI3 and MAPbBr3, where MA is methyl-ammonium (CH3NH3), and 2D (C6H5C2H2NH3)2PbI4 using the NHMFL magnet up to 17.5 Tesla.
Results and Discussion


We have measured magnetic field splitting into right and left circularly polarized emission bands of the phosphorescence (PH) band in PCP due to triplet excitons, and PL in HOIP materials due to singlet excitons [Fig. 1a]. In addition, we also measured field-induced circularly polarized emission (FICPO, in %) at various emission bands [Fig. 1b], as a result of the magnetic field induced splitting [2]. From the FICPO and band splitting results we obtained geff and C0 of the excitons (Eq. (1) in various semiconductors, and thus assess their spin-orbit coupling strength.    
Conclusions

In conclusion the NHMFL has given us the opportunity to measure high field induced splitting and circular polarization of the PL and PH emission bands in a variety of organic polymers and hybrid organic-inorganic perovskites. We submitted an abstract to the 2017 APS March meeting on our results, and work towards our first manuscript to be submitted soon.  
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Fig.1 Emission spectra of MAPBI3 at high magnetic field. (a) Right (σ+) and left (σ-) circularly polarized PL emissions at field, B of -17.5 Tesla. Inset shows the field induced Zeeman splitting of the PL band as a function of B. (b) A contour plot that shows the FICPO (in %) field and wavelength responses at 4K. 















