
DMREF: Collaborative Research: HybriD3: Discovery, Design, Dissemination of Organic-Inorganic Hybrid 
Semiconductor Materials for Optoelectronic Applications
PIs: Volker Blum1, Kenan Gundogdu2, Yosuke Kanai3, David B. Mitzi1, Franky So2, Wei You3

Coauthors: Raul Laasner1, Xiaochen Du1, Aditya Tanikanti4, Marco Govoni4, Giulia Galli4, Sampreeti
Bhattacharya3, Connor Clayton5, Jun Hu3, Manoj K. Jana1, Svenja Janke1, Chi Liu1, Juliana Mendes2, Matti Ropo6, 
Dovletgeldi Seyitleyev2, Ruyi Song1
1Duke University, 2North Carolina State University, 3University of North Carolina-Chapel Hill,4University of Chicago, 5Carnegie Mellon University, 6University of Turku

Award #: 1729297, 
1728921, 1729383

NSF CSSI PI Meeting, Seattle, WA, Feb. 13-14, 2020

Functionality Demonstration 

Introduction HybriD3 Database  

This project, called "HybriD3", aims to accelerate the "Design,
Discovery, and Dissemination" (D3) of new crystalline organic-
inorganic hybrid semiconductors. This poster will focus on the
software and data related aspects of the project. We describe
a web facing data base infrastructure "MatD3“
(https://github.com/HybriD3-database/MatD3
and https://joss.theoj.org/papers/10.21105/joss.01945), a
database and online presentation package for research data
supporting materials discovery, design, and dissemination,
developed as a generic package allowing individual research
groups or projects to share materials data of any kind in a
reproducible, easily accessible way. The package can be
connected to the "Qresp" (“Curation and Exploration of
Reproducible Scientific Papers”) software
(http://www.qresp.org/), which facilitates the organization,
annotation and exploration of data presented in scientific
papers. We finally describe the use of this infrastructure and
our broader scientific activities as reflected in the open, hybrid
organic-inorganic materials database "HybriD3"

(https://materials.hybrid3.duke.edu/).

MatD3 Infrastructure

A MatD3 database is designed 
to store, curate and 
disseminate both 
experimental and theoretical 
materials data.

• Database structure: The 
web interface for the 
database is written in the 
Django web framework 
and the database itself is of 
the SQL type.

• Database features: Users 
can register, add data, 
verify submissions, and 
download data.

Interaction with Qresp database

The Qresp web application (Govoni et al., 201913) integrates
with MatD3 to enhance the capabilities and usability of both
tools.

Qresp consists of two parts:
• Curator: guides users in the creation of metadata for the data

that accompanies a publishable scientific work.
• Explorer: a GUI for accessing datasets, exploring workflows,

and downloading curated data, published in scientific papers.

[1] Du, K. Z.; Tu, Q.; Zhang, X.; Han, Q.; Liu, J.; Zauscher, S.; Mitzi, D. B.,
Inorg. Chem. 2017,56, 9291–9302. [2] Calabrese., J.; Jones., N. L.; Harlow.,
R. L.; Herron., N.; Thorn., D.; Wang, Y., J. Am. Chem. Soc. 1991,113, 2328–
2330. [3] Febriansyah, B.; Koh, T. M.; Lekina, Y.; Jamaludin, N. F.; Bruno, A.;
Ganguly, R.;Shen, Z. X.; Mhaisalkar, S. G.; England, J., Chemistry of Materials
2019, 31, 890–898. [4] Ma, D.; Fu, Y.; Dang, L.; Zhai, J.; Guzei, I. A.; Jin, S. S.,
Nano Research 2017, 10, 2117–2129. [5] Straus, D. B.; Iotov, N.; Gau, M. R.;
Zhao, Q.; Carroll, P. J.; Kagan, C. R., J. Phys. Chem. Lett. 2019, 10, 1198–
1205. [6] Braun, M.; Frey, W., Z. Kristallographie - New Crystal Structures
1999, 214, 335.

[7] C. Liu, Ph.D. thesis, Duke Univ. (2019). [8] D.B. Mitzi, J. Solid State Chemistry
1999, 145, 694–704. [9] Braun, M.; Frey, W., Z. Kristallographie - New Crystal
Structures 1999, 214, 331. [10] Braun, M.; Frey, W., Z. Kristallographie - New
Crystal Structures 1999, 214, 333. [11] Shibuya, K.; Koshimizu, M.; Nishikido, F.;
Saito, H.; Kishimoto, S., Acta Cryst. Sec. E 2009, 65, m1323–m1324. [12]
Papavassiliou, G. C.; Mousdis, G. A.; Raptopoulou, C. P.; Terzis, A. Z.
Naturforschung B 1999, 54, 1405. [13] Marco Govoni, Milson Munakami, Aditya
Tanikanti, Jonathan H. Skone, Hakizumwami B. Runesha, Federico Giberti, Juan de
Pablo, and Giulia Galli. Qresp, a tool for curating, discovering and exploring
reproducible scientific papers. Scientific Data, 6:190002, 2019.

References Acknowledgment

The HybriD3 database is a concrete usage of MatD3 infrastruc-
ture, predominantly for organic-inorganic hybrid perovskites.
Database features:
• Add data: Users can add

experimental, computational
data, synthesis method, and
define and add new properties
into the database

• Curate data: The data uploaded
can be verified by other users

• Access data: All curated data
sets are organized according to
hybrid perovskite compound
and can be searched by organic
and inorganic compound name,
formula, and authors, and can
be downloaded from GUI and
by RESTful API

• Metadata of phase transition temperature of MAPbI3

• Comprehensive data of 2D oligoacene compounds

• Curation data of the (PEA)2PbI4 structure
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• Several (PEA)2PI4 structures
with different unit cell size
and phase structure are
reported in literatures, as
shown in Table 1.

• The most stable (PEA)2PI4
structure is identified with
lowest energy after
structure relaxation and
uploaded as curated PEPI
structure data

Comprehensive and trustworthy
data help researchers map across
compounds from the same family
or compare the relative progress
in different perovskite families to
identify any knowledge gaps in
particular compounds, or any
unique challenges researchers
face in studying such compounds.

The metadata for the orthorhombic-tetragonal (O-T) phase
transition across powder, crystal, and thin-film samples using
a myriad of measurement techniques illustrates the
dependence of a phase transition temperature on sample
type and research interest evolution over time.

Figure 2: (a) MAPbI3 orthorhombic-
tetragonal phase transition
temperature data compared across
sample types. (b) MAPbI3
orthorhombic-tetragonal phase
transition temperature data taken
from literature spanning from
1980s to 2010s.

Figure 1. Relative total energy comparison between
different structures with the total energy of structure
from Ke-Zhao et al [1] as the reference point.
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