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Abstract

Metal-organic polyhedra (MOPs) are discrete, porous metal-organic assemblies known
for their wide-ranging applications in separation, drug delivery, and catalysis. As
part ofThe World Avatar(TWA) project – a universal and interoperable knowledge
model – we have previously systematised known MOPs and expanded the explorable
MOP space with novel targets. Although this data is available via a complex query
language, a more user-friendly interface is desirable to enhance accessibility. To ad-
dress a similar challenge in other chemistry domains, the natural language question-
answering system `Marie' has been developed; however, its scalability is limited due
to its reliance on supervised �ne-tuning, which hinders its adaptability to new knowl-
edge domains. In this paper, we introduce an enhanced database of MOPs and a �rst-
of-its-kind question-answering system tailored for MOP chemistry. By augmenting
TWA's MOP database with geometry data, we enable the visualisation of not just
empirically veri�ed MOP structures but also machine-predicted ones. In addition,
we renovated Marie's semantic parser to adopt in-context few-shot learning, allow-
ing seamless interaction with TWA's extensive MOP repository. These advancements
signi�cantly improve the accessibility and versatility of TWA, marking an important
step toward accelerating and automating the development of reticular materials with
the aid of digital assistants.

Highlights

• Metal-organic polyhedron (MOP) data made accessible via natural language.

• Visualisation of MOP geometries, including empirically veri�ed and machine-
predicted structures.

• Accelerated adaptation of the QA system to new data and domains using few-
shot learning methods.
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1 Introduction

Metal-organic polyhedra (MOPs) represent a class of materials characterised by their self-
assembled, cage-like discrete nanomolecular architecture constructed from metal-based
and organic building blocks [17, 33]. Considering their network-like discrete assembly
topologies combining internal cavitation and a plethora of organic and inorganic cluster
functionalities, MOPs are typically considered a subset of reticular materials with promis-
ing applications in catalysis, separation, and energy technologies [49, 60]. However, con-
sidering the chemical space that emerges by a brute combinatorial derivation of new hy-
pothetical reticular structures, past years in these domains have noted increased interest
in the development of data-driven technologies for new material discovery [11, 26, 55],
selection [20, 36] and synthesis [38], as well as the development of data infrastructures to
support these tasks, including data cataloguing [41], mining [5], and accessing [26].

Considering the relatively lower sample size of MOPs in comparison to its extended
metal-organic framework analogues, the development of data-driven digital tools for MOP
discovery has remained challenging. This is simple because big data-driven that �ts MOFs
cannot be easily extended to to MOPs. In this regard, our group has developed new formal
and semantic approaches to describe MOPs, including custom-designed inductive reason-
ing algorithms for new structure discovery. Thus, following a careful development of a
knowledge model for MOP chemistry (i.e. a “OntoMOP” (KG)), we have instantiated
151 MOPs experimentally described MOPs, and based on them, our reasoning algorithm
designed new 1,418 MOP instances that are rationally designed based on existing building
units, following expert-like patterns of molecular engineering [29]. The overall research
has been originally contextualised within our The World Avatar (TWA) digital infrastruc-
ture, which adopts Semantic Web principles to bridge the gap between digital and physical
realms.

Access to chemical information for a very long time came with the requirement of some
forms of cheminformatics knowledge [15]. In a similar line, acquiring chemical informa-
tion instantiated in the form of a knowledge graph typically requires the use of querying
tools such as SPARQL [48, 50], which may appear unintuitive and even cumbersome to
operate by new users, thus, unfortunately, limiting the accessibility to chemical informa-
tion. Despite our original success in describing MOP chemistry via a knowledge graph
model and in developing agents for digital exploration of its chemical space, semantic
query tools often appeared as a barrier for experimental chemists who may want to use
the insights from our work towards the development of new materials. By noticing similar
experiences along different chemistry domains, we were motivated to develop tools that
integrate semantic querying with natural language processing, enabling virtually any user
with access to the internet to be able to query veri�ed and expert-derived knowledge mod-
els simply via prompting. In this regard, we have developed dedicated easy-to-use tools to
navigate complex ideas and concepts that are either niche in nature or not fully public do-
main and therefore not accessiblevia traditional search engines or general-purpose large
language models (LLMs) . One of TWA's core goals is to develop user-friendly interfaces
that enable researchers and industry practitioners to ef�ciently interact with TWA's ex-
tensive data and leverage its powerful modelling and problem-solving capabilities. One
such interface is Marie, a natural language question-answering (QA) system for chemistry.
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Previously designed to facilitate access to data in the domains of combustion kinetics and
crystalline zeolitic materials, Marie has demonstrated the potential of NLP-driven tools to
help human users navigate complex knowledge bases [32, 47]. However, Marie's reliance
on supervised �ne-tuning in the development of its semantic parser curtails its scalability.
In TWA's dynamic environment, new knowledge domains are continually introduced and
extended, making repeated retraining of Marie's semantic parser necessary, which is not
only resource-costly but also risks catastrophic forgetting [23]. Lastly, speci�c to reticu-
lar chemistry is the problem of understanding complex information and structures, which
calls for visualization.

The purpose of this paperis to present an enriched knowledge base and an enhanced
QA system tailored for digital engagement with MOP chemistry. TWA's MOP domain is
restructured and augmented with geometry data for new MOP instances deduced in our
previous work, allowing the visualisation of not just empirically veri�ed MOP structures
but also those predicted by our “MOP Discovery” agent. Additionally, we update Marie's
semantic parser to adopt the approach of few-shot in-context learning with demonstration
retrieval, which enables more agile incorporation of new domains and acceleration of
development cycles.

Figure 1: Illustration of TWA's digital infrastructure that enables the retrieval of struc-
tured and validated MOP data via natural language requests.

2 Background

In this section, we �rst introduce the TWA knowledge ecosystem and its application to the
chemistry domain, particularly MOPs. We then give a short overview of current trends in
QA systems in related domains.
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