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 Hydrogenation and fluorination can passivate the metallic edge states of zPNRs. 

 The bandgap of each type of zPNRs decreases as the ribbon's width increases duo to the 

quantum confinement effect. 

 Two local configurations of passivated atoms can coexist in nanoribbons and affect the 

bandgap of narrow nanoribbons. 

 New passivation configuration can effectively reduce the effective mass of electrons. 
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