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(1) The overall purpose of the research was to develop heterojunction (semiconductor—plasmonic gold, Au)
nanomaterials and generate hot electrons assisted by the surface plasmon for photocatalytic activities. The
research exchange was implemented only in 2022 due to the pandemic, with one visit by the Japanese PI to
IIT Hyderabad to study the photocatalytic activities of quantum dot (QD)-based electrodes and one visit by
the Indian PI to Hokkaido University to study the plasmonic effects on QDs. Also, a former student from the
laboratory of the Indian PI joined as an assistant professor in the Japanese PI’s laboratory at Hokkaido
University, who supported the project by synthesizing copper—indium—sulfide (CIS) and CIS-ZnS QDs.
Furthermore, two doctoral course students from the laboratory of the India PI visited Hokkaido University
through institutional support from IIT Hyderabad, which was in March 2023 to investigate the plasmonic
effects of Au and bismuth (Bi) nanoparticles on CIS QD-based photoelectrodes. Under this scenario, the
research was initially focused independently at Hokkaido University (achieved the synthesis of QDs,
preparation of plasmonic Au substrates, and clarification of the optical properties of QDs with and without
plasmonic substrates) and [IT Hyderabad (achieved the development of photoanodes with QDs and evaluation
of the photocatalytic activities of the photoanodes). Therefore, the main results are the development of
various semiconductor QDs, including CdSe, halide perovskite, CIS, and CIS-ZnS, preparation of Au thin
film—, Au nanoparticle, and silica—Au—based plasmonic substrates. Further, various QD-based photoanodes
with or without plasmonic Au nanoparticles were prepared. Although COZ2 reduction was not noticed in the
photochemical reactions, the key achievement is the generation of hot electrons by plasmon—assisted QDs,
which enhanced photoluminescence (PL), and the light absorption efficiency of QDs was increased by 7—fold.
The plasmonic effects on hot electron generation were also investigated in collaboration with Prof. Hiroshi
Miyasaka at Osaka University and with Prof. Naoto Tamai at Kwansei Gakuin University through domestic
research collaborations on time-resolved PL and transient absorption measurements of QD and QD-Au

systems.

() FITEIMAE (AR FEASHEN KOG DAV T2 70 0 RS O R BRSE | "Il RY)
This research helped us to develop a new—type whispering gallery mode plasmonic Au substrate on silica
microparticles. Also, the plasmonic—coupling—induced enhanced emission and light absorption of QDs is
another key piece of information. Although the results related to quantum dot preparation and photoanode
preparation are published, the plasmon—assisted enhanced emission and light absorption are under publication,

which is expected to impact the plasmonic and nanomaterials fields —from fundamental scientific points.

FEFEED AR (ME O FEE D3 1L THN R T HZ LI ko THLITZAUR)
The following research exchanges were implemented: (i) the joint preparation of photoanodes at IIT Hyderabad,
(i) the joint evaluation of the photocatalytic activities of the electrodes at IIT Hyderabad, (iii) the joint
preparation of QDs and plasmon—QD heterojunction samples at Hokkaido University, and (iv) joint—evaluation
of the plasmon—assisted PL intensity enhancement and light absorption enhancement for the Au—-QD

heterojunction samples. These exchanges and joint investigations became possible with the visit of the



Japanese PI to IIT Hyderabad (2022), the Indian PI to Hokkaido University (2022), the joining of an assistant
professor from the Indian PI’s laboratory to the Japanese PI’s laboratory (12/2020 to 11/2022), and the
visit of two doctor course students from IIT Hyderabad to Hokkaido University (3/2023).

DHESAEBR FER O IR L2 Db DMK L B | AR OE O, BRI RO FE AR EAFRIZE
TLHEDHEMEBRIZEDIDNZH-T20)
Acknowledgments in published papers and academic conference presentations about this bilateral project
helped disseminate the collaboration, the new research aspects, and the DST—JSPS program to many diverse
audiences. Also, this research attracted many Indian researchers to join the project. As a result, many other
requests emerged for further collaborations with other laboratories at IIT Hyderabad and other institutions
in India. Also, the collaboration aspects were networked with researchers at Osaka University and Kwansei
Gakuin University. Overall, the plasmon—assisted enhanced light absorption for photocatalytic activities using

quantum dot electrodes is expected to contribute to society’s increasing carbon—neutral energy needs.

(B)FF FAIFTEHE F A~ D E R CE FFIEE A~ DB, AR
Many young researchers were attracted to and included in the project, including an assistant professor at
Hokkaido University, two doctoral course students at Hokkaido University, a postdoctoral fellow at Hokkaido
University, two doctoral course students at IIT Hyderabad, a postdoctoral fellow at Kwansei Gakuin
University, and as an associate professor at Osaka University. Also, many young Indian researchers were
attracted to collaborate with Hokkaido University, which is based on acknowledging the project in academic

conferences.

(B)FFAe T R ATREME (R HEL LB L2828, 5% E DRRBIBRO FREMENFRO HILDHDY)
This research is expected to develop new plasmon—assisted energy harvesting technology using quantum dot—

plasmonic substrates as the light—harvesting medium.

(DDA (LR ~@OLISMIGLN TR HAUTFER L TTESWY)
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This bilateral project became a key point of discussion and presentation by the Hokkaido University president
during the Japan—India academic forum in Tokyo, where the presidents of all top universities in Japan and the
directors of several [ITs and Indian universities were present, along with the presence of the MEXT deputy
minister, the JST president, and JICA officials. Also, the project was discussed with the director of IIT
Hyderabad during the academic forum, which helps advanced Hokkaido University—IIT Hyderabad academic
exchanges through JICA. This project helped to obtain a doctoral course student from the Indian PI’s
laboratory through the JICA Friendship—2 program.



