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S1. Supported Publishers and Collection Methods

Full-text articles can be collected through an automated process for Elsevier, Springer Nature,
Wiley and IOP Publishing, obtaining content in XML format from most sources, with the exception
of Wiley, which provides articles exclusively in PDF format. The TDM API keys must be configured
in the Python environment to enable automated article collection. In contrast to the others, IOP
Publishing delivers XML articles as archived files (.zip) via SFTP server, and ComProScanner accepts
the parent folder path containing all extracted XML files. For processing manually collected PDF
files, the PDF folder path must be configured in the Python environment.

Figure S1: Agent-extracted JSON data for an article consisting of composition-property data and
synthesis data.
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S2. Detailed components of extracted data

As mentioned in the main text, the agent-extracted JSON data consists of two types of data: (a)
composition-property data, and (b) synthesis data. The composition-property data consist of three
data types: (a) composition (string) as key and corresponding property value (float), (b) property
unit (string), and (c) composition family (string). In contrast, the synthesis data are associated with
four types of data: (a) synthesis method (string), (b) used precursors (list of string), (c) brief outline
of the synthesis steps (list of strings), and (d) used characterisation techniques (list of strings). An
example of complete agent-extracted JSON data can be found in Figure S1.

S3. Ensuring constant RAG environment

To ensure fair evaluation across various models, along with the PhysBERT as text embedding
model, the RAG environment was maintained consistently with a chunk size of 1000, chunk overlap
of 25, top-k of 3, maximum token limit of 512, and GPT-4o-mini as the RAG chat model.

Figure S2: Arena-Price Plot1 representing the cost versus performance trade-offs for various open-
source and proprietary LLMs where models from popular organisations (Google, OpenAI, DeepSeek,
Anthropic, Meta, Alibaba, and Amazon) with Arena score exceeding 1250 and output costs below
than $1/1M tokens were considered for evaluation (pink-shaded region). For Google, the top 3
models out of 5 were selected based on Arena score, whilst for Alibaba, instead of Qwen2.5-Plus,
the Qwen3-235B-A22B Mixture-of-Experts (MoE) model, successor to Qwen2.5-Plus, was selected.
Similarly, for DeepSeek, DeepSeek-V3-0324 was selected instead of its predecessor DeepSeek-V3.
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Figure S3: Normalised classification metrics (Precision, Recall, and F1 Score) to showcase the
performance of ComProScanner’s performance capability for the considered models using: (a)
semantic evaluation through the PhysBERT model, and (b) agentic evaluation through the Gemini-
2.5-Pro reasoning model, where normalised metrics treat each article as an individual assessment
unit, with every extracted item within an article contributing proportional weight to the article’s
overall evaluation score.

S4. Choosing LLMs for evaluation

Both open-source models (Google’s Gemma-3-27B-Instruct, DeepSeek’s DeepSeek-V3-0324,
Meta’s Llama-3.3-70B-Instruct and Llama-4-Maverick-17B-Instruct, and Alibaba’s Qwen3-235-
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A22B-2507 and Qwen-2.5-72B-Instruct) and proprietary models (Google’s Gemini-2.0-Flash and
Gemini-2.5-Flash-Preview, and OpenAI’s GPT-4o-mini and GPT-4.1-nano) were selected at similar
price points, after analysing the cost-versus-accuracy ratio from the Chatbot Arena LLM Leaderboard,
where models had Arena scores exceeding 1250 and output costs below $1/1M tokens (pink-shaded
region in Figure S2 (cutoff date: 24 July, 2025)). However, Google’s selection involved choosing the
three highest-ranking models from five available options based on Arena scores, whereas for DeepSeek,
the DeepSeek-V3-0324 model was chosen as a replacement for DeepSeek-V3, given its status as the
successor to the latter model. Similarly, for Alibaba, the Qwen3-235B-A22B Mixture-of-Experts
(MoE) model was selected instead of its predecessor Qwen2.5-Plus. All Gemini, Gemma, Llama,
and Qwen models were accessed via the OpenRouter AI API2 with 16-bit (bf16) or 8-bit (fp8)
floating-point quantisation through the most cost-effective provider for each model, whilst other
models were accessed through their respective companies’ API providers: GPT models via OpenAI’s
API3 and the DeepSeek model via DeepSeek’s API4.

S5. Comparison between semantic and agentic evaluation

We evaluated 10 considered models’ performance both semantically and agentically which are
summarised in Figure S3. While the PhysBERT model5 has been used for semantic evaluation, the
Gemini-2.5-Pro reasoning model6 has been employed for agentic evaluation. Although normalised
classification metrics for both semantic and agentic evaluation show similar trends, the agentic
evaluation demonstrates superior performance accuracy compared to semantic evaluation, which is
understandable given that reasoning models such as Gemini-2.5-Pro possess greater capability to
compare sentence structures with equivalent meanings.

S5.1 Semantic evaluation

The semantic evaluation results demonstrate that Llama-3.3-70B-Instruct achieves the highest
performance across all three metrics, with particularly strong recall (0.78) and F1 score (0.70).
Qwen-2.5-72B-Instruct and Qwen3-235B-A22B also exhibit competitive performance, whilst lighter
models such as Gemini-2.0-Flash and DeepSeek-V3-0324 show more modest but consistent results
across the evaluation criteria. The performance distribution suggests a general correlation between
model size and extraction accuracy, with the larger instruction-tuned models demonstrating superior
capability for the task.

S5.2 Agentic evaluation

Llama-3.3-70B-Instruct outperforms all other models in normalised classification metrics with a
precision value of 0.80, recall value of 0.81, and F1-score of 0.80. Furthermore, DeepSeek-V3-0324,
Gemini-2.0-Flash, and both Qwen models also exhibited significant performance with over 75%
accuracy on average, whilst surprisingly, Gemini-2.5-Flash-Preview underperformed compared to its
predecessor model Gemini-2.0-Flash. Among all models, GPT-4.1-Nano performed poorest with only
56.33% average accuracy. Gemma-3-27B-Instruct and Llama-4-Maverick-17B-Instruct proved to be
the second and third worst-performing models with 61% and 63.33% average accuracy respectively.

S6. Comparing ComProScanner with existing frameworks

We compared our framework with two similar existing frameworks, Eunomia7 and the extraction
agent by CMEG-IITR8 using our agentic evaluation method where Gemini-3-Flash-Preview9 was
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Figure S4: Comparison of ComProScanner framework with existing two frameworks, Eunomia7 and
the extraction agent by CMEG-IITR8 based on various metrics.

used as the evaluator reasoning model provided its cost-effective high accuracy. By the time of
comparison (28 January, 2026), DeepSeek-V3-032410 had been replaced by DeepSeek-V3.211, which
is the successor model comprising of both a chat model and a reasoning model. While DeepSeek-V3.2
were used for both Eunomia and CMEG-IITR extraction agent, ComProScanner’s results from
DeepSeek-V3-0324 were taken for the comparison study, giving an edge to other two frameworks
provided DeepSeek-V3-0324 is only a Mixture-of-Experts (MoE) chat model. In-spite of the slight
disadvantage of having only a MoE-based chat model, ComProScanner outperformed both frameworks
in all metrics by significant values (Figure S4). Both Eunomia and CMEG-IITR extraction agent
frameworks’ code along with agents’ instructions were adjusted to extract piezoelectric materials
information from the articles in similar JSON output format. The complete comparison results along
with their scripts can be found on GitHub (see the comparing_existing_frameworks folder).
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Table S1.: Comparison of performance between all-mpnet-base-v2 and PhysBERT embedding models

Text 1 Text 2 all-mpnet-
base-v2 PhysBERT

Cosine
similarity
difference

DOS density of states 0.1046 0.9384 0.8338

CVD chemical vapor
deposition 0.1460 0.8543 0.7084

XRD X-ray diffraction 0.3512 0.9523 0.6012

DFT density functional
theory 0.3243 0.9008 0.5765

SEM scanning electron
microscopy 0.3401 0.8070 0.4669

ESP electrostatic
potential 0.2437 0.6299 0.3862

PMMA polymethyl
methacrylate 0.3639 0.7370 0.3731

C6H5OH phenol 0.3714 0.6070 0.2356

PVDF polyvinylidene
fluoride 0.5245 0.7582 0.2337

C6H12O6 glucose 0.3849 0.5444 0.1596

Zr(NO3)4·5H2O
zirconium(IV)

nitrate pentahydrate 0.6759 0.8140 0.1381

PVC polyvinyl chloride 0.6318 0.6883 0.0566
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Table S2.: Examples of incorrect and hallucinated information extracted by the best-performing
model DeepSeek-V3-0324.

Incorrect Extractions
DOI Type Key Extracted Value Ground Truth Value

10.1016/j.ceramint.
2025.01.250

Composition N/A Ca1Bi4Ti4O15
+ 0.2 wt% MnO2

Ca(Na0.5Pr0.25Ce0.25)
(Bi4Ti4O15) + 0.2 wt%
MnO2

10.1016/j.ceramint.
2024.11.360

Property Value Bi4Ti3O12 4.25 7.75

10.1016/j.ultsonch.
2024.107148

Property Unit property_unit eE-12 C/N pC/N

10.1016/j.ceramint.
2024.11.033

Family family BaTiO3 PEO

10.1016/j.jece.
2024.114304

Method method Heterojunction
formation

two-step
hydrothermal method

10.1016/j.jallcom.
2024.177342

Precursors precursors – Na2CO3,
K2CO3

10.1016/j.jeurceramsoc.
2024.116815

Characterisation
Technique

characterization
_techniques

– EDS

Hallucinated Extractions
DOI Type Hallucinated Data

10.1016/j.jeurceramsoc.
2024.116815

Composition-
Property Pair

“K0.5Na0.5NbO3”: 120

10.1016/j.ceramint.
2024.10.251

Composition-
Property Pair

“1-3 BaZrxTi1-xO3 cement composite 40 vol% BaZrxTi1-xO3 7 vol%
epoxy resin”: 76.2

Table S3.: Custom-schema based relationship graph node information generated from 100 test data
using ComProScanner

Node Count Used semantic
similarity threshold

Paper 100 –

Method 16 0.8

Step 92 –

Family 35 0.9

Composition 410 –

Precursor 120 0.9

Characterisation Technique 66 0.8

Keyword 205 0.85

Author 619 –

Affiliation 162 –
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