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Abstract Two-dimensional transition metal dichalcogenides (TMDs) exhibit valley-selective 

optical transitions which are promising for valleytronic applications [1,2]. Controlling and 

manipulating the valley degree of freedom in TMDs is essential for the development of valley-

based electronics and optoelectronics [3]. Beyond the well-studied TMDs such as MoX2 and 

WX2 (where X = S, Se, Te), substitutional doping has gained significant interest due to the 

unique features that arise from structural modifications [4]. Here, we explore the valley 

physics in vanadium doped MoS2 (V-MoS2) using helicity-resolved transient absorption (HRTA) 

spectroscopy (Figure 1(a)). Our results reveal that defect states induced by vanadium show 

spin-polarized behaviour making this a three-valley like system (Figure 1(b)). Compared to 

pristine MoS2, which exhibits a very fast valley depolarization time of ~0.5 ps, V-MoS2 

demonstrates an enhanced valley retention with an extended valley lifetime of ~12 ps. 

Additionally, intervalley scattering dynamics exhibit an energy transfer effect. When the B-

exciton is pumped, excitons redistribute into the A-exciton valley while preserving spin 

polarization, yielding an enhanced degree of valley polarization of ~20% at room 

temperature. This behaviour emphasizes the role of vanadium doping in modifying intervalley 

coupling and exciton dynamics. The findings provide an effective strategy for governing 

valley lifetimes and intervalley dynamics, advancing spin-valleytronic applications. 
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Figure 1: (a) HRTA kinetics of V-MoS2 with excitation wavelength corresponding to B band, probed 

at A band with same (SCP) and opposite circular polarizations of the pump and probe lights. (b) 

Schematic representation of band alignment in V-MoS2. 


