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Introduction

Although automation via computer-aided re-
search techniques is growing more promi-
nent in materials science, its incorporation
in (specifically) polymer science remains lim-
ited [1]. The field currently relies largely on
manually controlled experimentation, which
can lead to bias and introduce human er-
ror [2]. This, in turn, induces difficulties
in reproducibility and replicability (e.g., re-
cently as reported by Garisto [3]). Addition-
ally, the slower nature of manual experimen-
tation protracts the discovery of new poly-
mers. Furthermore, it results in polymer sci-
entists’ workload being repetitive, with exper-
iments often needing to be executed several
times sequentially with minute modifications
until the desired result is achieved [4].

To address these shortcomings, we have be-
gun work on a Knowledge Graph-poWered
Research Assistant for Polymer Science (KG-
WRAPS), an artificial intelligence (AI) agent
outfitted with large language models (LLMs)
and knowledge graphs (KGs) to support do-
main experts in the design and execution of
polymer experiments. By combining con-
versational capabilities with complex domain
knowledge, this research assistant will ex-
pedite work in polymer science as a part
of the movement towards self-driving labo-
ratories [5] and ultimately catalyse the dig-
ital transformation of the polymer science re-
search landscape. In this work, we focus on
the domain KG providing KGWRAPS with
its polymer knowledge.

Objective

The domain KG is a foundational aspect of
KGWRAPS; and thus, the design of the un-

derlying schema or ontology is critical. We

account for such polymer science concepts as
materials, properties, processes, conditions,
and so on and capture the semantics of the
domain so as to provide an Al agent with the
knowledge necessary to assist scientists in de-
signing and executing experiments. Further-
more, we intend for this KG to act as a uni-
fied repository of knowledge that incorporates
diverse and expansive polymer data from ex-
isting sources and new experiments to enable
more convenient access and retrieval of in-
formation. In future work, we will expand
the current representation, which focuses on
more concrete characteristics, to incorporate
factors like equipment capability and experi-
mental protocols (e.g., incorporation into an
electronic lab notebook).

Methods

Our approach to developing this schema pri-
marily relied on identifying existing resources
for the structural modelling of polymer con-
cepts and then selecting and arranging the
concepts most suitable to our use case. The
two resources we initially prioritised are the
Community Resource for Innovation in Poly-
mer Technology (CRIPT)! and NanoMine?
due to their comprehensive coverage of ma-
terials concepts and particular focus on poly-
mers. In laying the foundations, we used
the main CRIPT Nodes [6] to define the pri-
mary modules of our schema. Specifically,
we adapted the Modular Ontology Model-
ing (MOMo) methodology [7] to develop the
schema modularly, so that specific compo-
nents could be considered independently of
each other. Then, we incorporated more
granular detail through the use of NanoMine
concepts [8]. In particular, we use the struc-
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ture of NanoMine as a template rather than
the graph itself, which allows for better flex-
ibility. Thus, we expanded the modules we
defined to contain adequate detail.

Results

In the end, we designed a modular ontol-
ogy for polymer science concepts. It contains
19 modules concerning the following top-
ics: Node, Project, Collection, Experiment, In-
ventory, Material, Property, Mechanical Prop-
erty, Viscoelastic Property, Electrical Prop-
erty, Process, Physical Process, Characteriza-
tion Method, Data, Computation, Computa-
tional Process, Reference, Citation, and Soft-
ware. Figure 1 provides an example of the
schema diagram for the Mechanical Property
module. The rest of the modules can be found
in the publicly available GitHub repository.>

)

Figure 1: Schema Module for Mechanical
Property
Discussion

In this brief work, we have detailed our
schema that captures polymer concepts, with
the goal of acting as a curated store of do-
main data and enabling an Al agent to assist
in experimental design and execution. Having
been constructed modularly, it will be adapt-
able and extensible as the domain evolves.
Some considerations of the ontology’s utilisa-
tion and improvement follow.

Since most polymer science data remains
siloed, it is prudent to explore methods of
obtaining and combining the data contained
within them. In our case, this entails au-

Shttps://github.com/kastle-1lab/KGWRAPS/
tree/master/schema/diagrams/domain_schemas

tomating population of a KG using the con-
structed domain ontology with the objective
of establishing a consolidated infrastructure,
as manual approaches are time-consuming
and unscalable. In related work [9], we have
constructed an Al agent pipeline, the purpose
of which is to populate the KG given a tex-
tual representation of the schema and a pub-
lication. While much work remains to perfect
the pipeline, we have evaluated various pa-
rameter configurations for comparatively im-
proved KG population. A potential avenue to
improve results even further involves refining
the schema to more closely resemble the map-
ping of data to ontology concepts, as this may
reduce the liberty taken by an LLM and the
ensuing hallucinations.

Furthermore, formalisation of the ontology in
Web Ontology Language remains to be com-
pleted. By defining axioms for each of the
modules, we aim to paint a more semantically
clear picture of the ontology and limit ambi-
guity. This would prove beneficial not only in
ensuring the accurate modelling of data but
also in allowing for formal reasoning over the
ontology [10]. It has been shown that in some
cases, an axiomatised representation of an on-
tology yields better results for inference of Al
agents due to heightened coverage [11]. Thus,
we must determine if including axioms in the
representation of a schema, either separately
or in addition to textual triples, would im-
prove LLM inference in the case of Saini et
al. [9] and similar studies.

In the broader construction of KGWRAPS,
this ontology will allow the research assis-
tant to draw key insights necessary to pre-
dict experimental results. Specifically, by em-
bedding the KG developed from it in a vec-
tor space, we will be able to make corre-
lations among aspects like polymer proper-
ties and structures, along with experimental
conditions, via link prediction and cluster-
ing tasks. These correlations will be crucial
both in the reproducibility of existing and dis-
covery of new polymers, as particular known
characteristics are used to yield desired qual-
ities in polymers. Thus, KGWRAPS will also
be able to identify knowledge gaps and use the
underlying repository of knowledge contained
within the KG to fill them.
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