
ELN/LIMS OR 
MATERIALS 
INFORMATICS (AI/ML)? 
CHOOSING THE RIGHT PATH FOR R&D DIGITAL 
TRANSFORMATION
Many R&D leaders embarking on a digital transformation journey face a common 
dilemma: should you implement an Electronic Lab Notebook (ELN), a Laboratory 
Information Management System (LIMS), or a Materials Informatics platform 3 and in 
which order? After more than a decade helping hundreds of companies navigate these 
questions, we've put together this guide to clarify the differences and recommend a 
strategy that maximizes value.



UNDERSTANDING THE 
THREE CORE 
TECHNOLOGIES

ELECTRONIC LAB NOTEBOOK (ELN)

A digital version of the traditional lab notebook designed 

for scientists to record experiments, observations, and 
notes. ELNs excel at capturing unstructured research 
data and facilitating collaboration through customizable 
workflows and searchable documentation.

LABORATORY INFORMATION MANAGEMENT 
SYSTEM (LIMS)

Sample-centric and process-centric systems that 
manage structured laboratory operations. LIMS help track 
samples and metadata, manage workflows and 
instrument data, enforce standard operating procedures, 

and route data for reporting.

MATERIALS INFORMATICS

Data-driven methods using AI and machine learning 
combined with materials expertise to accelerate 
discovery, development, and optimization of materials 

and chemicals. Goes beyond storage to leverage data for 
predictions and insights.
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THE CORE VALUE PROPOSITION

ELN/LIMS: DATA MANAGEMENT FOCUS

The core value of ELN/LIMS tools is to manage, organize, and 
store your experimental data in a structured way. They improve:

Data integrity and traceability

Collaboration in lab environments

Access to shared records

Prevention of data loss

MATERIALS INFORMATICS: DATA UTILIZATION FOCUS

Materials Informatics platforms don't just store data 3 they 
leverage it to find patterns and make predictions. The goal is to 
develop better, cheaper, greener products faster by using AI/ML 

to recommend promising experiments and formulations.

Studies show that using AI in 
materials R&D can reduce the 

number of experiments 
needed by 50380%, 
dramatically speeding up 
development cycles.
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STRATEGY 1: THE "ALL-IN-ONE" SOLUTION
Some companies consider an "all-in-one" platform that claims to handle ELN, LIMS, and AI/ML under one roof. 

While this sounds ideal on paper, we've seen this approach fall short in practice.

THE REALITY CHECK

Building a best-in-class materials AI platform is 
a massive undertaking. Many traditional lab 
software companies only began adding "AI/ML 

capabilities" in recent years 3 it's unrealistic for 
them to have achieved cutting-edge 
performance so quickly.

COMMON DISAPPOINTMENTS

We've spoken with dozens of R&D leaders who 
tried the all-in-one route and came away 
disappointed. The integrated solution often 

ends up doing many things poorly instead of 
excelling at anything.

COMMON PROBLEMS WITH ALL-IN-ONE SOLUTIONS

REQUIRES TOO MUCH DATA

Generic AI/ML models often lack domain-specific 
intelligence. They require vast amounts of data to 
find relevant patterns, making them impractical 
for materials science where experimental data 

can be scarce and expensive to generate.

NO INVERSE DESIGN CAPABILITY

Traditional "all-in-one" tools typically focus on 
predictive modeling (e.g., predicting properties 
from a given composition). They lack inverse 
design capabilities, meaning they cannot 

recommend *how* to achieve desired material 
properties or suggest new formulations based on 
target performance criteria.

NOT CHEMICALLY AWARE

Many general-purpose AI platforms don't 

inherently understand chemical structures, 
bonding, reactions, or the complex interplay of 
material properties. This severely limits their 
ability to provide meaningful insights or make 

chemically valid recommendations for new 
materials.

LIMITED CONSTRAINT HANDLING

Real-world materials development involves 

numerous constraints like cost, 
manufacturability, safety regulations, and raw 
material availability. All-in-one solutions often 
struggle to incorporate these complex, real-world 

constraints into their models, leading to 
impractical or unfeasible recommendations.
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STRATEGY 2: ELN/LIMS FIRST, THEN AI
Another common strategy is implementing an ELN/LIMS system first, then planning to layer AI/Materials 

Informatics later. Many organizations assume you must get all data perfectly organized before beginning AI 
work.

THE GARAGE ANALOGY

Imagine building a massive 
garage to store expensive cars 
without knowing where it 
should go or its ultimate 

purpose. You spend years 
constructing it, only to realize 
it's in the wrong location 3 
beautiful but unusable.

THE REALITY

Companies spend 1-2 years 
deploying ELN/LIMS enterprise-
wide, consuming significant 
resources, only for everyone to 

ask: "Remind me why we're 
doing this?" Scientists get 
burned out without seeing clear 
value.

THE BETTER WAY

You can begin extracting value 
from AI with much less data 
than people think. Start small, 
prove value, and learn what's 

actually needed rather than 
trying to organize everything 
upfront.

WHY THE SEQUENTIAL APPROACH OFTEN BACKFIRES

1

THE MISCONCEPTION

The idea that you must perfectly organize all 
data before using AI/ML is fundamentally flawed. 
Successful materials informatics projects have 
started with as few as 32 data points.

2

THE AGILE ALTERNATIVE

Start an AI pilot using whatever data you have 
on-hand, even if messy or incomplete. Iteratively 
improve your data infrastructure guided by that 
experience rather than theoretical needs.

Implementing ELN/LIMS as a prerequisite for AI can significantly delay or derail your AI initiative. It's 

like laying a perfect foundation but running out of budget to build the actual building.
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STRATEGY 3: MATERIALS INFORMATICS FIRST 
(RECOMMENDED)

The most effective strategy we've observed is to start with a Materials Informatics platform first, then decide 
on ELN/LIMS needs afterward. Lead with the tool that will directly accelerate R&D.

01

FASTER TIME TO VALUE

Materials informatics platforms can begin delivering 

insights in months, not years. Meaningful results 
typically emerge in a fraction of the time a full 
ELN/LIMS rollout would take.

02

LOWER UPFRONT EFFORT

Starting with AI doesn't require boiling the ocean. 

Often begins with limited datasets from Excel sheets 
or small database exports via basic CSV uploads.

03

TANGIBLE RESULTS

Direct, measurable outcomes like new product 
variants, cost reductions, or 50% fewer experiments 

needed to reach target performance.

04

SMARTER SUBSEQUENT CHOICES

AI implementation acts as a needs assessment for 
data infrastructure, preventing expensive missteps 

and over-engineering.
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THE AI-FIRST ADVANTAGE

IMMEDIATE IMPACT

Generate compelling success stories like "our AI 
model helped us create a 20% stronger material in 
half the development time" that build momentum and 

justify further investment.

POSITIVE FEEDBACK LOOP

Success creates motivation for better data practices. 
Scientists become more willing to enter and maintain 

data when they see it driving breakthroughs.

FOCUSED INFRASTRUCTURE

Many clients realize that after using AI platforms, a 
separate ELN/LIMS becomes optional or requires 

much smaller scope than originally anticipated.

This "AI-first" strategy flips the traditional script from "organize 
everything, then optimize" to "optimize now, then organize what 
proves useful."
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MAKING THE RIGHT CHOICE FOR YOUR 
ORGANIZATION

There is no one-size-fits-all answer, since every R&D organization has unique needs and constraints. However, 
don't let conventional wisdom delay the tangible benefits that AI-driven materials development can offer.

KEY PRINCIPLE

Digital transformation in R&D should be 
outcome-focused. Organizing data is a means to 
an end, not the end itself. Keep the goal in sight: 

better products, developed faster and more 
sustainably.

THE CITRINE ADVANTAGE

With 12+ years at the forefront of materials 
informatics and a team of experts in chemistry, 
materials science, AI, and change management, 

we can help chart a roadmap that fits your 
situation and maximizes value at each step.

By prioritizing the ability to learn from your data, you position your organization to make smarter choices 
about everything else. Here's to making better, greener, more innovative materials 3 and doing so in a way 
that empowers your R&D team with technology.

Learn More About Materials Informatics

WEBINAR
Join our webinar where you'll learn how 
to optimize your data strategies to 
harness the power of AI and see state-
of-the art data ingest tools.

Register now for hard-won insights
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https://citrine.io/
https://info.citrine.io/smart-data-practices-for-ai-driven-rd

