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Polyaromatic anthracene, which contains a bent polyaromatic group on one end and a 
functional group on the other end, has been reported to clench SWNTs. While the 
polyaromatic end induces strong π-π interaction with the SWNTs, the functional end can 
easily be modified chemically. In our group, the modified polyaromatic anthracenes were 
used as charge-transporting layers in optoelectronics, harnessing their bandgaps and high 
mobility arising from the conjugated sp2 bonds. Hence, we designed and synthesized 
4,6-di(anthracen-9-yl)-1,3-phenylene bis(dimethylcarbamate) (DPB), which is essentially 
polyaromatic anthracene with two urea-analogues functional groups. Subsequently, we used 
them as new surfactants for s-SWNTs in the PSC application. DPB successfully attached to 
s-SWNTs and replaced DOC surfactants as confirmed by photoluminescence (PL) and 
UV-visible absorption spectroscopy (UV-Vis). DPB-attached s-SWNTs showed much higher 
solubility in both DMF and dimethyl sulfoxide (DMSO) than the DOC-attached s-SWNTs. 
Accordingly, higher concentration of s-SWNTs could be added to the perovskite precursor 
solution. The DPB on SWNTs expectedly manifested a stronger interaction on Pb2+ than DOC 
owing to the strongly electron donating nature of the lone pair electrons on the carbamate 
group enhanced by its configurational orientation facing outwards. DPB-attached 
s-SWNT-added perovskite films exhibited excellent charge-selectivity and reduced charge 
trap density. The suitable molecular energy levels and higher mobility of DPB compared with 
DOC led to higher device performance. DPB-attached s-SWNTs-added PSCs exhibited a PCE 
of 20.7%, which is higher than those of DOC-attached s-SWNT-added PSCs (19.7%) and 
pristine PSCs (18.4%). All of the three photovoltaic parameters, namely, high short-circuit 
current density (JSC), open-circuit voltage (VOC), and filling factor (FF) contributed to the high 
power conversion efficiency (PCE) of the DPB-attached s-SWNTs-added PSCs. The high JSC 
came from the large perovskite crystal size of over 500 nm. The high VOC came from strong 
passivation effect of the DPB-attached s-SWNTs. The high FF came from the improved 
carrier mobility and charge selectivity of DPBs on s-SWNTs. 
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