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The surface functionalization with PBSE before the pDNA immobilization step showed new 
peaks as compared to the bare graphene and Au contacts blocking with DDT, namely D´and D 
peaks. The PBSE does not alter the intrinsic properties of the graphene since the pyrene group 
constituting PBSE π-π stacks with graphene to form the self-assembled monolayer with uniform 
coverage, whereas, the  N-hydroxysuccinimide (NHS) binds the amine groups tagging the DNA [1]. 
The homogenous coverage of the PBSE linker is observed from different spots of measurement 
(Figure S1 a) in the following Raman spectra taken (Figure S1 b).   

 
Figure S1. The reproducibility of the PBSE modified surface shown by the average over 3 
repetitions measured on (a) different sites of the graphene channel recorded by an optical 
microscope and (b) the collected Raman spectra. 
 

Figure S2 represents the surface functionalization effects on graphene transfer curves. The 
initial stage of surface functionalization was the blocking of Au contact surface with DDT, which 
governs the dipole formation on the interface. The DDT contributes to a sum of positive charge onto 
the interface and was likely cleaning the graphene surface from impurities and thus, generates a shift 
towards lower gate voltage. Subsequently, the addition of PBSE linker enhances the p-doping on 
the graphene due to the π-π interaction [2], [3]. Hence, a positive shift in the transfer curves was 
observed. In the pDNA immobilization, successful confinement of net negative charge from the 
phosphate backbone DNA results in the acquisition of higher voltage, which shifts the curves in the 
right direction. In the last functionalization stage, ETA was added to eliminate the non-reactive 
NHS-ester ligands as well as the weakly immobilized pDNA on the PBSE. Therefore, a shift 
towards lower gate voltage in the transfer curves was recorded to compensate for the reduction of 
net negative charge on the interface. The trends of the transfer curves shift are identical in both PB 
(Figure S2 a-c) and PBS groups (Figure S2 d-f). Contrasts are seen in the higher electron mobility 
in the PBS than in the PB group implying the role of the crowded counterions from salts in PBS 
speeding up the molecular interfacial interaction. We also observed that in the surface 
functionalization with PBS, the lower ionic strength demonstrates more facile electron mobility as 
depicted in the sharpness of the transfer curves.  
 



 
Figure S2. IDSVGS curves of each stage of surface functionalization on the GFET sensors measured 
using background solution of PB of (a). 10 mM, (b). 1 mM and (c) 0.1 mM and PBS (d). 1×, (e). 
0.1×, and (f). 0.01×. 
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