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Fig. S1 Photo-images of the glass vials containing (a) PPyNPs and (b) DWNT-PEDOT:PSS solution and 

corresponding AFM ((c) and (d)) and SEM ((e) and (f)) images captured from Si-wafers of drop-cast each 

solution. 



Fig. S2 (a) Profilometer measured thickness on a Si-wafer and (b) mass of PPyNPs/PEDOT:PSS LbL thin 

films as a function of bilayers deposited. 

Fig. S3 (a) Sheet resistance (circle) and electrical conductivity (square) and (b) Seebeck coefficient 

(circle) and power factor (square) of PPyNPs/PEDOT:PSS LbL thin films deposited on PET substrates as 

a function of the number of deposition cycles. 

Table S1 Valence band edge and work function calculated for PPyNPs/DWNT-PEDOT:PSS LbL thin 

films with the number of layers deposited on Si-wafers. HOMO edges and work functions were  calculated 

 by using previously reported methods [1-3].



 

Fig. S4 Schematic of the layer-by-layer (LbL) assembly of stretchable thermoelectric quadlayer films 

composed of PPyNPs, DWNT-PEDOT:PSS, PEO, and PAA. PPyNPs act as p-type conducting 

nanoparticles, DWNT-PEDOT:PSS provides conjugated conductive pathways, and PEO/PAA serve as 

flexible binders, together forming robust and stretchable multilayer architectures. 



Fig. S5 Profilometer thickness of (a) PEO/PAA and (b) PPyNPs/DWNT-PEDOT:PSS/PEO/PAA films 

grown on Si-wafers as a function of cycles deposited. 

Fig. S6 SEM image of PEO/PAA films showing a featureless and smooth surface, characteristic of soft 

elastomeric morphology before strain.

Fig. S7 (a) AFM and (b) SEM images of PPyNPs/DWNT-PEDOT:PSS/PEO/PAA QL films, confirming 

that incorporation of PEO/PAA does not disrupt the conjugated nanostructure. 



Fig. S8 SEM images of PU rubber and PEO/PAA-coated PU before and after stretching, demonstrating 

crack-free morphology even beyond 100% strain.  



Fig. S9 Elastic modulus of 20 PEO/PAA, PPyNPs/DWNT-PEDOT:PSS BL and PPyNPs/DWNT-

PEDOT:PSS/PEO/PAA QL films deposited on a Si-wafer.

Fig. S10 (a) Sheet resistance (circle) and electrical conductivity (square) and (b) Seebeck coefficient 

(circle) and power factor (square) of PPyNPs/DWNT-PEDOT:PSS/PEO/PAA LbL thin films deposited 

on PET substrates as a function of the number of deposition cycles. 
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