
Rational Engineering of Cu-BTC/Al2S3@PPy with Improved Charge Transport and 

Interfacial Properties for Energy Storage and Hydrogen Evolution Reaction

Muhammad Ashraf 1, Afaf Khadr Alqorashi2, M. Waqas Iqbal1, Muhammad Arslan Sunny*1, 

Summaira khan 1, Abhinav Kumar3, Nermin A4, Ankit Dilipkumar Oza5 , Heba A. El-Sabban6*, M. 

A. Diab6*, Tahmina Yaseen1

1Department of Physics, Riphah International University, Lahore Campus, Pakistan

2 Department of Physics, College of Science, Taif University, Taif, 21944, Saudi Arabia

3Department of Nuclear and Renewable Energy, Ural Federal University Named after the First 

President of Russia Boris Yeltsin, Ekaterinburg 620002, Russia

4Institute of Physics Ministry of Science and Education Republic of Azerbaijan, Baku, AZ-1143, 

Azerbaijan

5University Centre for Research and Development, Chandigarh University, Mohali, Punjab, 

140413, India

6School of Chemical Engineering, Yeungnam University, 280 Daehak-ro, Gyeongsan, 

Gyeongsangbuk-do 38541, Republic of Korea

E-mail: energy2d.lab@gmail.com 

Supplementary Data

Supplementary Information (SI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2026

mailto:energy2d.lab@gmail.com


Fig. S1. SEM micrographs of (a) Cu-BTC, (b) Al₂S₃, and (c) Cu-BTC/Al₂S₃@PPy composite 

illustrating the surface morphology and structural integration of the individual components and 

the hybrid material (scale bar: 200 nm).

Fig. S2. BJH pore size distribution curve (desorption branch) of Cu-BTC/Al₂S₃@PPy composite 

confirming mesoporous diffusion pathways.


