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Abstract. Electroadhesion has emerged as a promising mechanism in a growing range
of applications, from smart adhesives and wall-climbing robots to robo grippers that
reversibly grip or release objects with the flick of a switch. The development of autono-
mous and adaptive electroadhesive systems—capable of adjusting to varying materials
and environmental conditions—represents a promising frontier in material science and
robotics. These innovations are powered by electrostatic forces first observed millennia
ago in rubbed amber. This article offers a synthetic and historically informed account
tracing the evolution from early electrostatic observations to contemporary smart
adhesive materials and robotic applications. Beyond consulting indexed journal arti-
cles, we engage in Socratic-style dialogue with ChatGPT to tap into its broad training
corpus. This method helps uncover overlooked historical threads, cross-disciplinary
linkages, and thematic continuities spanning centuries. In doing so, we also reflect on
the emerging role of large language model (LLM) in scientific historiography. Our col-
laboration with ChatGPT not only shapes the structure of this narrative but also serves
as a case study in how LLM can support integrative, cross-disciplinary writing in the
history of material chemistry and technology.

Keywords: Electroadhesion, Material chemistry, Smart adhesive, Electrostatic robo
gripper, ChatGPT

1. INTRODUCTION

The phenomenon of adhesion—material sticking together through physi-
cal or chemical means [1]—is deeply familiar, yet its historical connection
with electrostatics remains relatively underexplored. Electroadhesion, where
electrostatic forces enable reversible attachment, has increasingly been imple-
mented in robotics, wearable interfaces, and biomedical devices [2,3]. Rather
than relying on glue or mechanical interlocking, these technologies use elec-
trostatic attraction to grip and lift objects across diverse applications. Their
advantages include adaptability, low energy consumption, and the gentle
handling of delicate materials. Ongoing advancements are expanding the
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Figure 1 Summary of integrating ChatGPT as a reflective partner in a manuscript preparation.

capabilities of electroadhesion, addressing existing chal-
lenges, and paving the way for wider adoption in robot-
ics and human-machine interfaces [2,3]. In particular,
combining electroadhesive materials with soft robotic
technologies enhances the ability to manipulate objects
in complex or confined environments, highlighting their
importance in modern technology and manufacturing.

Yet the conceptual and material roots of elec-
troadhesion lie deep within the history of electrostat-
ics—stretching back to ancient observations of amber’s
attractive properties. While electrostatics is among the
oldest identified branches of physical science [4], its
modern applications are typically associated with elec-
trophotography electrostatic precipitation, painting and
coating [5,6]. The broader historical lineage—linking
ancient discoveries to current innovations—has often
been overlooked.

This article traces the arc from classical electro-
statics to 2l1st-century electroadhesion technologies,
emphasizing the interplay between historical insight
and modern innovation. Central to this exploration is
our collaboration with ChatGPT, a large language model
(LLM) trained on a vast corpus of scientific, historical,
and technical texts. Rather than relying solely on key-
word-based database searches, we engaged in Socratic-
style dialogue with ChatGPT, as demonstrated in other
domains [7], to uncover conceptual connections, forgot-
ten experiments, and thematic continuities that span
physics, chemistry, and material science. This deep con-
tinuity—from rubbed amber to surface-charged elasto-
mers—is insufficiently acknowledged in contemporary
scientific literature, where specialization often obscures
historical context. By stepping back and using LLM-

powered chatbots like ChatGPT as a reflective partner,
we aim to build bridges across disciplines and centu-
ries. In doing so, we recover a narrative that reunites the
chemistry of adhesion and the physics of electrostatics,
restoring them to their shared conceptual roots.

2. INTEGRATING CHATGPT IN HISTORIOGRAPHY OF
ELECTROADHESION

The preparation of this manuscript, summarized in
Figure 1, began through conventional scholarly prac-
tices. The authors searched for original research articles
and review papers indexed in the Scopus database using
keywords related to electroadhesion, electrostatics, adhe-
sion science, smart adhesives, and robotic gripping. The
search results were refined through relevance screening,
and the selected publications were read in full before
being cited in the manuscript.

After an initial draft had been prepared, the authors
consulted ChatGPT-5 through a Socratic-style dialogue.
ChatGPT was accessed through the standard web inter-
face during the preparation of this manuscript (March-
August 2025). Because OpenAl periodically updates
underlying models and does not always provide retro-
spective access to historical model identifiers, the exact
model version used throughout the project cannot be
determined with certainty. Rather than relying on prede-
fined prompts, the interaction consisted of iterative ques-
tions, discussion, and critical reflection [7]. Draft manu-
script sections were entered paragraph-by-paragraph to
provide sufficient context while maintaining focus on
specific topics. Through this dialogue, ChatGPT was used
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to stimulate ideas, suggest possible conceptual connec-
tions, identify areas requiring clarification, and improve
readability. Before finishing each section, ChatGPT was
asked to evaluate the coherence and clarity of the discus-
sion. Any suggested revisions were critically examined by
the authors on a sentence-by-sentence basis before poten-
tial incorporation into the manuscript.

For this scientific historiography project, the role of
ChatGPT slightly differed from its use in research arti-
cle writing described by Sirisathitkul [7]. In addition
to assisting with idea development and writing refine-
ment, ChatGPT was asked to focus on exploring histori-
cal milestones, disciplinary intersections, and possible
connections between electrostatics, materials chemistry,
adhesion science, and robotics. Importantly, ChatGPT
was not treated as an authoritative source of informa-
tion. Instead, its suggestions were regarded as starting
points for further investigation. When ChatGPT identi-
fied potentially relevant books, historical documents, or
web-based resources beyond conventional journal data-
bases, the authors independently located and examined
the original sources before determining whether they
were suitable for citation. All references included in the
manuscript were retrieved, read, and verified by the
authors, who retained full responsibility for the interpre-
tation of evidence, historical narrative, and final text. All
figures and a table included in the manuscript were pro-
duced by authors after dialogues with ChatGPT.

3. ORIGINS OF ELECTROSTATICS: FROM CURIOUS
PHENOMENA TO CONCEPTUAL FOUNDATIONS

Before electrostatics became a formal scientific dis-
cipline, it existed as a source of wonder and specula-
tion—observed but not yet understood. One of the ear-
liest documented encounters with electrostatic effects
dates to Thales of Miletus (circa 600 BCE), who noted
that rubbing amber (élektron in Greek) with fur allowed
it to attract light materials such as straw or feathers. To
the early Greek philosophers, such phenomena were
interpreted through the lens of natural philosophy, often
folded into metaphysical explanations of matter and soul
[8]. Yet, the sheer consistency and reproducibility of
amber’s behavior, while overlooked in deeper theoretical
terms, seeded a thread of empirical curiosity that would
reemerge with greater clarity centuries later.

These observations remained largely anecdotal for
centuries, occasionally resurfacing in natural histories
or philosophical texts. However, the 16th and early 17th
centuries ushered in a major shift, as the Scientific Revo-
lution emphasized experimentation and observation. A

pivotal figure in this era was William Gilbert, physician
and natural philosopher, whose seminal work De Mag-
nete (1600) laid the foundations for the study of terres-
trial magnetism [9]. While magnetism was his primary
concern, Gilbert also explored the properties of rubbed
substances like amber, sulfur, and glass. It was Gilbert
who coined the term electricus (from élektron), denot-
ing the property of materials that attract lightweight
objects when rubbed. Importantly, Gilbert extended the
category of “electrics” to include materials such as wax
and hard resins, distinguishing them from “magnetics”
like iron and lodestone. His work marks the first effort
to systematically classify materials based on their inter-
active surface behavior—a conceptual precursor to mod-
ern surface science and dielectric material classification.

By the 18th century, scientific curiosity about elec-
trostatic phenomena expanded into increasingly sophis-
ticated experimentation. In 1733, Charles-Frangois de
Cisternay du Fay challenged the prevailing belief in a
single type of electricity by proposing the existence of
two distinct “electric fluids™ vitreous (associated with
glass) and resinous (associated with amber or resin) [10].
This dual-fluid theory helped to explain why some mate-
rials attracted and others repelled after rubbing, mark-
ing an early attempt at charge differentiation. Although
we now understand these as positive and negative
charges, du Fay’s terminology and insight were essen-
tial stepping stones toward electrostatic theory. Around
the same time, Stephen Gray conducted foundational
experiments on electrical conduction, demonstrating
that electricity could be transmitted along materials like
metal wires and wet threads, while others like silk and
resin blocked the flow [11]. His experiments were among
the first to distinguish conductors from insulators, a
binary still fundamental to the design of electronic and
electroadhesive systems.

The mid-18th century saw both popular and scien-
tific fascination with electrical phenomena. Benjamin
Franklin played a pivotal role in translating static effects
into an emerging framework of understanding. He pro-
posed a single-fluid model of electricity: an invisible,
conserved “electric fire” whose excess or deficiency in a
material produced positive or negative charge, respec-
tively. While Franklin’s terminology did not survive
intact, his practical demonstrations—most famously the
1752 kite experiment showing the electrical nature of
lightning—galvanized public and scientific interest [12].
His identification of the “point effect” (the sharpness of
an object influencing charge discharge) influenced the
design of lightning rods and indirectly presaged the
importance of electrode geometry in modern electroad-
hesive surfaces [13].
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Figure 2 Timeline of electroadhesion and related developments

This fertile period of exploration culminated in the
quantitative formalization of electrostatic theory by
Charles-Augustin de Coulomb in the 1780s. Using a tor-
sion balance of exquisite sensitivity, Coulomb empiri-
cally demonstrated that the force between two charged
bodies is directly proportional to the product of their
charges and inversely proportional to the square of the
distance between them. Coulomb’s law, a formulation
still taught in physics and chemistry classrooms world-
wide, provided a mathematical framework akin to New-
ton’s law of gravitation [14]. Coulomb’s law not only
grounded electrostatics in measurable, predictive phys-
ics but also enabled subsequent developments in electric
field theory, dielectric constants, and material permittiv-
ity. As summarized in Figure 2, all concepts lead to elec-
troadhesive design and applications today.

4. CONVERGENCE OF ELECTROSTATICS AND
MATERIAL CHEMISTRY

The early investigations of electrostatics were deeply
intertwined with material observation and manipula-
tion, a domain central to chemistry. The rubbing of
solids, the preparation of resins and sulfur globes, and
the categorization of substances based on their electro-
static behavior are all activities that reflect a chemist’s

& Knud Rahbek

sensibility. As such, electrostatics evolved not only as a
physical theory but as a materials-centric enterprise,
closely linked to the tactile and transformative nature of
chemical work. While Coulomb’s quantitative formalism
marked the maturation of electrostatics as a physical sci-
ence, it also catalyzed a broader inquiry into how mate-
rials behave under the influence of electric fields. During
the 19th century, this inquiry unfolded in parallel with
the birth of modern chemistry [15]. Advances in atom-
ic theory, the formulation of field concepts by Michael
Faraday, and James Clerk Maxwell’s electromagnetic
equations all contributed to an understanding of electric
interactions as phenomena deeply embedded in material
structure.

While classical electrostatics treated charged parti-
cles as point-like and homogeneous, real materials pre-
sented a more complex picture: charges distributed over
irregular, chemically heterogeneous, and often reactive
surfaces [16]. The development of dielectric theory and
the concept of electric polarization allowed scientists
to model how insulating materials respond to exter-
nal fields by redistributing internal charges—a funda-
mental aspect of how modern electroadhesive pads grip
objects. The 19th and early 20th centuries saw the rise of
interface chemistry—a field essential to any discussion
of adhesion [17]. Phenomena like capillary action, wet-
ting, and surface tension were investigated not merely as
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curiosities, but as essential to understanding adhesion,
emulsification, and material interactions. Figures such
as Thomas Graham and Wolfgang Ostwald extended the
classical chemical paradigm into the mesoscopic world
[18]—where interfaces between solids, liquids, and gases
became active sites for adhesion and charge accumula-
tion. The chemisorption of molecules onto solid surfaces,
the development of surface tension measurements, and
the formulation of intermolecular forces such as van der
Waals interactions all contributed to a richer theory of
how and why material stick.

By the mid-20th century, this knowledge coalesced
into the foundations of adhesive technology as a prac-
tical discipline. During and after World War II, the
demand for durable, lightweight, and versatile adhesives
surged across aerospace, automotive, and electronics
industries [19]. At this point, electroadhesion had not
yet emerged as a named category, but its principles were
latent in the growing understanding of polymer insula-
tors, surface roughness, dielectric strength, and electro-
static discharge control. It is in this context that we can
begin to see the convergence of electrostatics and mate-
rial chemistry as the historical underpinning for what
we now call electroadhesive technologies. The principles
governing surface charge, contact electrification, dielec-
tric behavior, and insulating interfaces—all explored in
centuries past—would be recombined in the 21st century
into electroadhesive pads, smart robotic interfaces, and
wall-climbing mechanisms that rely on low-power elec-
trostatic attraction rather than suction, magnetism, or
chemical glues.

5. EVOLUTION OF SMART ADHESIVES AND
ELECTROADHESION

While the roots of adhesion lie in physical forces
and surface interactions, the rise of synthetic chem-
istry in the 20th century revolutionized how humans
engineered materials to stick. The development of pres-
sure-sensitive adhesives marked a turning point, not
only in everyday applications such as tapes and labels,
but also in the conceptualization of adhesion as a tun-
able, responsive phenomenon rather than a fixed bond
[20,21]. Pressure-sensitive adhesives exemplify the grow-
ing power of polymer chemistry to create materials with
controlled tack, cohesion, and viscoelasticity—features
that continue to inform the design of today’s intelligent
bonding technologies.

The defining feature of pressure-sensitive adhe-
sives is their ability to adhere with light pressure and to
release cleanly without residue, a property made possible

by polymers with carefully tuned glass transition tem-
peratures (T,) and molecular weight distributions. Early
formulations used natural rubber, but by the mid-20th
century, synthetic polymers such as polyacrylates, sty-
rene-butadiene rubber (SBR), and silicone-based adhe-
sives had become dominant [20,22]. These systems rely
on a fine balance between interfacial adhesion (how well
the material wets and sticks to a surface) and internal
cohesion (how strongly the polymer network holds itself
together). This balance is governed not only by macro-
molecular structure, but also by additives, plasticizers,
and surface-active agents that enhance performance
across a wide range of conditions.

The invention of Post-it Notes in the 1970s—initially
a failed experiment in creating a permanent adhesive—
demonstrated the latent potential of weak, reposition-
able adhesion [23]. The breakthrough came from micro-
sphere-based acrylic adhesives, which form discrete con-
tact points rather than continuous films, resulting in low
peel strength but high repositionability. Though rarely
described in electrostatic terms, such systems operate
on principles remarkably compatible with electroadhe-
sion: non-invasive, reversible adhesion enabled through
localized surface interactions. Parallel to this, the late
20th century witnessed increasing interest in “smart
surfaces”—materials that could respond dynamically
to external stimuli such as heat, light, pH, or electric
fields [24,25]. In the context of adhesion, these surfaces
signaled a shift from passive bonding agents to active
interface controllers. Shape-memory polymers, stimuli-
responsive hydrogels, and switchable surface chemistries
introduced a new paradigm: surfaces that could turn
adhesion “on” or “off,” grip or release, expand or con-
tract, all in response to finely tuned environmental cues.
These materials laid the groundwork for the electroadhe-
sive interfaces that began to appear in robotics and soft
material engineering in the early 2000s.

The term electroadhesion was first introduced by
Frederik Alfred Johnsen and Knud Rahbek around 1923
[26]. Their studies led to the description of the Johnsen—
Rahbek effect, the attractive force that arises between a
conductor and a semiconductor in contact when a voltage
is applied. This principle was soon put to practical use,
notably in wafer handling during semiconductor manu-
facturing. By the 1950s, early commercial implementa-
tions included the Flatbed Plotter developed by Reming-
ton Rand and the electrostatic clutch devised by Clyde J.
Fitch [2]. Electroadhesion provides a dry, lightweight, and
energy-efficient means of generating reversible attach-
ment between surfaces [27]. Unlike conventional chemi-
cal adhesives, which rely on intermolecular bonding, or
mechanical gripping systems that require motors, pumps,
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or complex actuation mechanisms, electroadhesion gen-
erates controllable attractive forces through an applied
electric field. Consequently, electroadhesive systems can
operate on a wide variety of materials and surface mor-
phologies, including porous, flexible, rough, and irregular
substrates [28]. Their effectiveness under challenging con-
ditions, such as vacuum, low-pressure, or dusty environ-
ments, has further expanded their appeal for industrial
and aerospace applications.

Power Supply

Substrate

Electrode Electrode

Object

Power Supply

Electrode Substrate Electrode
Attraction ﬂ |:| o Attraction
¥ smes Object ++++ [

Figure 3 Simplified illustration of (a) off and (b) on status of elec-
troadhesion

Electroadhesion is generally attributed to a com-
bination of Coulombic electrostatic attraction and the
Johnsen-Rahbek effect [29]. As illustrated in Figure 3,
an electroadhesive pad typically consists of patterned
electrodes embedded within or covered by a dielectric
polymer layer. The polymer serves multiple functions,
including electrical insulation, prevention of charge
neutralization and dielectric breakdown, and mechani-
cal support for the electrode structure [30,31]. When a
voltage is applied across the electrodes (Figure 3b), an
electric field is established between the electroadhesive
substrate and the target object. The resulting field gener-
ates electrostatic forces and Maxwell stresses that draw
the object toward the substrate. For insulating materi-
als, the electric field induces polarization within the
material, creating dipole moments that interact with the
charged electrodes and produce attractive forces. Greater
polarization generally leads to stronger electroadhesive
interactions. For conductive materials, free charges are
redistributed on the object’s surface, inducing opposite-
ly charged regions that are attracted to the electrodes.
In both cases, the electric field creates a controllable
adhesive force without requiring chemical bonding or
mechanical interlocking. Detachment, or de-adhesion,
can be achieved by reducing or removing the applied
voltage (Figure 3a). The ability to switch adhesion on
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and off rapidly and reversibly is one of the key advan-
tages of electroadhesion [27], making it particularly
attractive for robotic manipulation, climbing robots, soft
actuators, and other adaptive systems.

From a chemical standpoint, the success of electroad-
hesion depends not only on electrical engineering, but
also on dielectric strength, polymer compliance, surface
roughness, and the stability of the insulating materials
under repeated stress [30,31]. These are problems as much
of material chemistry and surface science as they are of
applied physics. Moreover, as researchers move toward
bio-inspired systems—emulating gecko feet, octopus
suckers, or insect pads [25]—the focus has turned again to
hybrid adhesives that integrate electrostatics, microstruc-
ture, and soft matter chemistry. The ability to pattern sur-
faces at the micron scale, embed charge carriers, or pro-
gram surface energy is now central to emerging technolo-
gies that blur the line between mechanical and chemical
adhesion. Taken together, this evolution from pressure-
sensitive adhesives to smart surfaces and electroadhesive
systems underscores a key shift: adhesion is no longer just
about sticking, but about control, programmability, and
integration with intelligent systems. In this landscape,
the historical understanding of electrostatic forces—com-
bined with 20th-century breakthroughs in polymer chem-
istry—continues to guide the design of materials that can
think as they stick—responding intelligently to stimuli
and adapting to their environments [32].

6. APPLICATIONS AND CHALLENGES OF
ELECTROADHESION IN ROBOTICS

Electroadhesion has emerged as a promising technol-
ogy in robotics since its early proposal by Monkman in
1992 [33], opening new possibilities for object handling,
component assembly, and locomotion [32,34]. Electroad-
hesive robotic grippers can firmly grasp a wide variety
of materials and surface textures, offering exceptional
adaptability and versatility [35,36]. Monkman also dem-
onstrated implementations on a minuscule scale, under-
scoring the feasibility of precision manipulation [37]. The
incorporation of electroadhesive materials into robotic
grippers enables the handling of delicate and non-planar
objects [38,39], which has proven particularly useful in
the garment industry for tasks such as fabric pickup and
alignment [40,41]. In constrained environments, combin-
ing a soft continuum arm with an electroadhesive end
effector enhances pick-and-place operations [42].

Electroadhesion began to find application in aero-
space around 1968 [43]. Since then, it has been extended
to spacecraft docking, where electroadhesive systems
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assist in capturing and securing objects in micrograv-
ity. To optimize performance in space, experiments with
varied pad geometries have been conducted [44]. In the
field of robotic locomotion, Prahlad et al. pioneered the
use of electroadhesive pads in crawling and climbing
robots [45], enabling inspection and exploration across
complex and vertical terrains. These systems benefit
from the reversible and controllable adhesion provided
by electroadhesive interfaces [46-49]. Additionally, elec-
troadhesion has been applied to traction control in soft
robots, enhancing their locomotion efficiency across
diverse surfaces [50]. In haptics and biointerfaces, it is
explored to achieve controlled adhesion on compliant
and non-planar biological surfaces [51].

Despite its promise, several key challenges must be
addressed to advance the widespread implementation of
electroadhesion in robotics. One critical issue is mate-
rial compatibility: electroadhesive systems must perform
reliably across diverse surfaces, which complicates their
design and optimization [3]. Consistent performance often
demands stringent surface preparation and cleanliness—
requirements that are difficult to standardize in industrial
settings. Another major challenge is the release process.
Electroadhesion systems can exhibit slow detachment due
to residual electrostatic charges, especially when interact-
ing with materials that have high dielectric relaxation times
[46,52]. The peeling behavior of electroadhesive interfaces is
highly dependent on the angle between the gripper and the
object, influencing the speed and reliability of object release.
This necessitates precise mechanical control to optimize
de-adhesion [52]. Effective and rapid release is critical for
maintaining high throughput in automated systems. System
complexity is another limitation. Integrating electroadhe-
sive materials into existing robotic platforms often requires
intricate designs, specialized electrode patterns, and robust
mechanical architectures [53,54]. These technical demands
pose a barrier to scalable manufacturing and deployment.

From an efficiency standpoint, although electroad-
hesion systems generally exhibit low energy consump-
tion, further improvements in power management are
essential. Recent developments in self-powered elec-
troadhesive systems using triboelectric nanogenerators
offer promising solutions for autonomous operation
[55,56]. To handle tasks such as lifting heavy objects or
managing surface irregularities, hybrid systems com-
bining electroadhesion with electrostatic jamming tech-
niques have been proposed. These variable-stiffness sys-
tems significantly enhance gripping performance [57].
Finally, environmental factors such as humidity, tem-
perature, and surface contamination can significantly
affect electroadhesive performance. Ensuring consistent
functionality under variable environmental conditions

remains an open challenge and a critical area for future
research and development.

7. META-REFLECTION: BUILDING THE BRIDGE WITH
LLM-POWERED CHATBOTS

Beyond presenting modern applications of elec-
troadhesion, this manuscript adopts a broader and more
interdisciplinary perspective. This section reflects the use
of LLM-powered chatbots in scientific historiography
projects. Figure 4 demonstrated the ChatGPT’s recogni-
tion of the pedagogical and conceptual importance of
linking past, present, and future science. Understanding
where knowledge comes from makes current innovations
more meaningful, especially in education. It proposes
that reclaiming scientific ancestry fosters a deeper, more
human engagement with today’s technologies. This per-
spective resonates with the teaching approach outlined
by Castell et al. [58], which emphasizes that students can
learn not only about the scientific and cultural history
of electrostatics but also about the practices of reason-
ing. By bringing together historical insight and scientific
foresight, emerging electroadhesion technologies were
reframed not as isolated breakthroughs, but as part of
an evolving lineage. Today’s electroadhesive technologies
may incorporate microcontrollers, advanced polymers,
and flexible electrodes. However, their cores continue a
centuries-old tradition, harnessing electric forces to con-
trol the interaction between matter and surfaces.

You've articulated something profoundly important: that education and research do not thrive on novelty
alone, but on continuity, connection, and curiosity about origins. In 2 time when so many are fixated on
the next frontier—Al, robotics, smart materials—you are carving out space for the intellectual ancestry that
gives those frontiers context, weight, and meaning. And you're doing it not by rejecting Al, but by enlisting

it as a thoughtful companion in this rediscovery,

Here's what makes your manuscript potentially paradigm-shifting

@ It's not just about electroadhesion.

It's about demonstrating that Al can be a bridge, not just a shortcut—an assistant for deepening
understanding, not just accelerating output

¢ It reclaims the value of history.

In a world that prioritizes application, your work reminds us that scientific heritage is not decorative—it’s
foundational. You show how the forces that guide electrons also guide ideas.

@ It models a new kind of scholarly writing.

Mot a cold review or a speculative opinion piece—but a warm, reflective, historically guided narrative,

blending rigor with storytelling, chemistry with philosophy, and Al with pedagogy.

@ It speaks to educators, not just researchers.

By championing the roots, you remind us that studer” - should learn where knowledge comes from, not
Just where it’s going. And that ChatGPT, when guided tnoughtfully, can support that journey.

Figure 4 ChatGPT’s response to authors’ direction for this histori-
ography of electroadhesion
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Importantly, many important scientific discoveries
in history may be underrepresented in contemporary
journal articles. Such narratives often reside in forms
of scholarly transmission largely excluded from today’s
citation-driven literature reviews. ChatGPT, trained on
a broad corpus that includes digitized archives, ency-
clopedias, and historical texts, chatbots, demonstrated
particular value. It can help retrieve overlooked works,
interpret significant shifts, and restore continuity across
fragmented scientific records. Unlike conventional
search engines, which depend on indexed metadata,
ChatGPT can construct nuanced conceptual timelines,
reveal forgotten connections, and enable interdiscipli-
nary synthesis. In this article preparation, reference sug-
gestion by ChatGPT complemented systematic searches
in the Scopus database and all sources were verified to
avoid AI hallucination. All references were read and
used in drafting the manuscript, without relying on Al-
generated summary. Because LLMs can generate inac-
curate or fabricated information, all factual statements,
historical claims, dates, quotations, and references sug-
gested by ChatGPT were independently verified against
original sources before inclusion.

Table 1 Practical recommendations for incorporating LLM-pow-
ered chatbots into scientific historiography

Do Don’t

Begin with your own outline or
draft to embed personal voice,
perspective, and scholarly intent.

Rely on ChatGPT to generate the
entire first draft.

Combine ChatGPT’s broad
knowledge with systematic
literature searches through
journal database.

Treat ChatGPT as a replacement
for primary sources, archival
documents, or careful reading of
original works.

Use ChatGPT iteratively for
polishing language, improving
flow, and testing alternative
phrasings.

Accept ChatGPT’s output
uncritically, bypassing human
thinking and judgement.

Table 1 presents recommendations for using LLM-
powered chatbots, as a “Do and Don’t” list across three
dimensions. Even though chatbots can rapidly produce
articles in multiple languages, it remains advisable for
authors to begin with their own draft, ensuring that
their unique voice, perspective, and scholarly intent are
initially embedded. In this case, ChatGPT was effective
when engaged iteratively, helping refine manuscripts
through repeated improvements and suggestions of ref-
erences outside the journal database. A Socratic-style
dialogue with ChatGPT revealed that electrostatic prin-
ciples have influenced the design of new materials and

Chitnarong Sirisathitkul, Yaowarat Sirisathitkul

interfaces, bridging fundamental science, chemical inno-
vation, and emerging technologies. In an increasingly
application-driven academic environment, the capacity
to build bridges across disciplines is vital. LLM-powered
chatbots can enhance this competency by serving as
tutor, tutee, or tool [59]. However, Al must not replace
human’s critical thinking.

8. CONCLUSIONS AND OUTLOOK

Adhesives have played pivotal role in industries due
to their versality in bonding diverse materials. Elec-
troadhesion offers application of adhesive force from
tunable electrostatic interaction. Its advantages, includ-
ing low-power consumption and adaptive handling,
are desirable for soft robo gripping, locomotion, and
spacecraft docking. Research challenges to overcome
the limitations focus on fast and eflicient de-adhesion
mechanisms to increase speed and throughput in robotic
operations. The combination of electroadhesion with soft
robotics, smart materials, and AI-driven control systems
will expand applications to serve in industries and every
day life.

This article traces the root of smart adhesive tech-
nology to its foundation in electrostatics. Socratic-style
dialogue with ChatGPT revealed the interdisciplinary
pathways through which scientific knowledge evolves
over time beginning with the ancient observation of
electrostatic effects in rubbed amber. The historical tra-
jectory through landmark experiments and the evolu-
tion of material chemistry lead to advancing technolo-
gies of electroadhesive smart materials and robotic grip-
pers. While review and research articles were compiled
from the Scopus database, ChatGPT uncovered reference
sources beyond the journal indexing, which were subse-
quently retrieved and verified. This collaboration with
LLM-powered chatbots demontrates its role for language
models in fostering historical awareness, interdiscipli-
nary synthesis, and creative thinking in scientific devel-
opment.
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