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The Geometry of the Invisible: Drawing as a Bridge 
between Chemistry and Design

Putri Anggita G., Huda M. Mahfuzh

Introduction: from the abstract to the tangible

Chemistry, unlike many other disciplines, engages with 
structures that are literally invisible to the human eye. 
Molecules, atomic bonds, and crystal lattices exist only 
through inference, measured behavior, and represen-
tation. Chemists rely on symbolic languages –such as 
molecular formulas, Lewis structures, or curved-arrow 
mechanisms– to translate the unseen molecular world 
into something communicable. As Kozma and Russell 
[Kozma 2000] argue, much of what constitutes chemistry 
exists at a molecular level inaccessible to direct percep-
tion, requiring inference through models, spectroscopic 
evidence, or computational visualization. This reliance on 
representation creates unique cognitive challenges for 

learners, who often reproduce drawings without con-
necting them to underlying processes. In this context, 
drawing is not simply a tool for visualization, but an epis-
temological necessity. It allows chemists and students to 
render intelligible the invisible order of matter, to reason 
about causal mechanisms, and to communicate complex 
ideas with precision and clarity [Bhattacharyya, Bodner 
2005]. As Graulich [Graulich 2015] notes, the symbolic 
drawings used in organic chemistry are only the ‘tip of 
the iceberg’, encoding hidden layers of electron move-
ment, energy change, and reactivity. Thus, drawings in 
chemistry function simultaneously as cognitive scaffolds, 
explanatory models, and communicative devices that 
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This paper investigates drawing as the critical epistemological bridge between the invisible laws of chemistry and the material re-
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bridge the gap between visible symbols and invisible 
chemical reality. Through lines, angles, and spatial ar-
rangements, drawing makes abstract scientific models 
explicit. This paper will demonstrate how drawing acts as 
a critical bridge between chemistry and design, connect-
ing the invisible architecture of matter with its spatial and 
formal potential.

The historical and philosophical context of drawing 
and measurement

The exploration of geometry has long served as an im-
partial lens through which humanity observes and com-
prehends reality, transcending cultural or subjective bias. 
At the heart of this inquiry lies the philosophical distinc-
tion between intangible concepts and physical existence. 
Ancient thinkers such as Plato emphasized abstract, im-
mutable forms, Aristotle sought to reconcile form and 
matter within a unified reality. Drawing presents a unique 
resolution to this enduring challenge by establishing a di-
rect and privileged connection to physical objects –one 
that surpasses the descriptive capacities of words or nu-
merical data.
A profound early influence on this way of knowing came 
from the Pythagoreans, who regarded mathematical prin-
ciples not as detached abstractions but as inherent qual-
ities of things themselves. For them, numbers mapped 
directly to geometric constructs: sequences defined 
lines, products defined planes, and triples defined vol-
umes, imagined as arrangements of fundamental points. 
This conviction –that hidden mathematical harmony, ex-
pressed through simple ratios, reveals the intrinsic order 
of the universe– shaped later architectural, artistic, and 
scientific approaches to proportion and measure. Thus, 
measurement became not only a technical practice but 
also a knowledge defining act: the first step in under-
standing the invisible structures.
Beyond chemistry, the science of representation has his-
torically grappled with the challenge of visualizing what 
cannot be directly perceived. Drawing operates as a 
materialized mediator for intellectualized ideals and ab-
stract concepts, making them attainable and manage-
able [Cachão 2015]. In mathematics, diagrams serve 
as epistemic gateways to imaginary entities, in physics, 
schematic drawings convey hidden forces [Magnani 2013] 
and in the life sciences, drawing organizes knowledge of 

invisible subcellular processes [Tytler et al. 2020]. This 
epistemic role positions drawing at the intersection of 
observation, measurement, and imagination. It disciplines 
subjective creativity through conventions of rigor while 
enabling speculative reasoning. Historically, scientific il-
lustration evolved from idealized, mythological images to 
modern demands for precision and objectivity, reflecting 
a shift from decorative representation to primary means 
of investigation grounded in geometric measurement 
[Cachão 2015].
This mathematical reasoning is vividly echoed in the way 
X-ray diffraction (XRD) patterns are read and trans-
formed into images of crystalline lattices. The scattered 
rays, recorded as abstract peaks and lines, become intel-
ligible only when interpreted as relations of symmetry, 
proportion, and repetition –concepts central not only to 
science but also to design. Bragg’s Law itself, which links 
wavelength, distance, and angle through whole-number 
ratios, can be understood as an expression of harmony: 
invisible vibrations rendered as geometric order. What 
begins as a flat diagram of intensities on paper is ultimate-
ly redrawn into the three-dimensional architecture of 
matter, a process that closely parallels the work of archi-
tects who translate proportions and measurements into 
the spatial logic of buildings. In both cases, drawing me-
diates between the invisible and the visible, transforming 
hidden harmonies into structured forms. Reading diffrac-
tion patterns, then, is not merely a technical task but also 
an aesthetic act –an extension of the Pythagorean con-
viction that unseen harmonies give shape to the world.
This principle underpins modern chemistry and materials 
science, where invisible entities –such as bond lengths or 
crystal lattices– first appear as quantified measurements 
before being transformed into drawings that approximate 
reality. For instance, while the formula C6H6 provides nu-
merical information about benzene, its stability is only 
understood through its resonance structure, rendered as 
alternating double bonds in a hexagon. This visual model, 
long inferred through drawing, was ultimately confirmed 
when atomic force microscopy produced images of ben-
zene rings, presenting a literal depiction of the diagram’s 
material existence.
Spectroscopy and crystallography extend this logic. 
X-ray diffraction measures the scattering of invisible rays 
through a crystal lattice, generating abstract numerical 
patterns that can be transformed into (fig. 1) the visual 
model of DNA’s double helix [Watson, Crick 1953] or 



231

17 / 2025    

the intricate folds of proteins. Nuclear magnetic reso-
nance (NMR) translates the magnetic behavior of nuclei 
into spectra that chemists redraw as structural formulas, 
enabling reasoning about molecular connectivity. In each 
case, measurement captures the invisible, while draw-
ing renders it explicit, bridging abstract quantification 
and material reality. Drawing, therefore, is not a mere 
supplement to scientific discourse but an epistemologi-
cal necessity: the medium through which numbers and 
symbols are transmuted into knowledge of the world’s 
hidden order.

Translating the invisible architecture of ice

The intricate geometry of ice’s crystalline lattice is invisible 
to the naked eye. Its structure is revealed only through 
methods that translate the unseen into patterns of mea-
sure, most notably X-ray diffraction (XRD). When Sir 
William Henry Bragg (1862-1942) and his son Lawrence 
(1890-1971) pioneered the interpretation of diffraction in 
the early twentieth century, they gave scientists a way to 
‘see’ into crystalline matter without direct vision. In 1921, 
W. H. Bragg hypothesized that ice possessed a hexagonal 
structure –akin to diamond, yet with a more open ar-
rangement to account for its surprising lightness. Unlike 
denser crystals, the lattice of ice contains empty space, 
a property that explains why frozen water floats rather 
than sinks. Bragg calculated that each oxygen atom sat at 
the center of a tetrahedral arrangement (fig. 2), connect-
ed through hydrogen bonds to its neighbors. This repre-
sentation, supported by Dennison’s X-ray measurements, 
transformed ice from a familiar everyday substance into 
an object of geometric beauty and scientific wonder.
What is striking in Bragg’s early work is that drawing func-
tioned not merely as a final visualization step, but as a 
central engine of discovery. The process advanced from 
hypothesis to measurement –collecting abstract diffrac-
tion data of angles, intensities, and wavelengths– before 
culminating in the act of sketching. By translating these nu-
merical values into lattice diagrams, Bragg enacted a kind 
of ‘epistemic alchemy’; the drawing was not a decorative 
supplement, but the requisite medium that transformed 
scattered signals into a definitive, structural form.

Fig. 1. Molecular structure of nucleic acids (Watson, 1953).
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Fig. 2. Annotated pencil sketch of the structure of ice. 1964. (Hayward, 1964).
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Fig. 3. Hydrogen atoms and oxygen atoms (Bragg, 1921). Fig. 4. Ice polymorphs (Himoto, 2022).

The discovery of ice polymorphs and clathrate hydrate

Bragg’s hexagonal lattice was only the beginning. As crys-
tallographic techniques advanced, scientists discovered 
that water could solidify into a bewildering variety of 
crystalline forms depending on temperature and pres-
sure. These are the polymorphs of ice –multiple struc-
tures of the same chemical substance. The ordinary hex-
agonal form that covers lakes and snowfields is known 
as Ice Ih (fig. 3), but it is only one member of a growing 
family. To date, more than twenty distinct phases of ice 
have been identified, each with unique symmetry and 
packing. The first new polymorph to be discovered after 
Ice Ih was Ice II, a denser and more ordered structure 
found under pressure. Soon after, others followed: Ice III, 
Ice V, Ice VI, and so forth, each corresponding to specif-
ic thermodynamic conditions (fig. 4). These polymorphs 
are not mere curiosities; their study revealed that the 
hydrogen-bond network of water is astonishingly versa-
tile, able to rearrange itself into geometries ranging from 
open hexagonal channels to tightly packed cubic grids. 
Each form holds different densities, refractive properties, 
and stabilities [Salzmann 2011].
For scientists, the polymorphs of ice became both a chal-
lenge and a key. They challenged experimental technique, 
because producing and preserving these exotic forms 

required high-pressure chambers and cryogenic controls. 
At the same time, they became a key to understanding 
water’s anomalous properties: its density maximum at 
4°C, its high heat capacity, and its central role in climate 
and biology [Huda 2019]. By cataloguing the polymorphs, 
researchers began to see water not as a simple liquid but 
as a substance with a rich inner architecture, unfolding 
across multiple dimensions of phase space. On Earth, the 
high-pressure polymorphs play a role deep within gla-
ciers and the icy crusts of polar regions. Beyond Earth, 
they are critical for understanding the geology of icy 
moons and planets. Jupiter’s moon Europa, Saturn’s Ence-
ladus, and distant trans-Neptunian bodies all contain ice 
phases that never occur naturally on the Earth’s surface 
[Fortes 2013]. By knowing the polymorphs, scientists can 
infer the internal dynamics of distant worlds, estimating 
whether their icy shells hide liquid oceans beneath. Here 
again, drawing is central: planetary models often begin 
as lattice diagrams, scaled upward to the size of moons, 
translating microscopic structures into macroscopic geol-
ogy [Ball 2001].
Out of this expanding knowledge emerged one of the 
most intriguing discoveries: the existence of clathrate 
hydrates. Unlike ordinary ice, which bonds only water 
molecules together, clathrate hydrates form cage-like 
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Fig. 5. Molecule of Fullerene, C60 created by Michael Ströck <https://
id.wikipedia.org/wiki/Fulerena#/media/Berkas:C60a.png> (accessed 2025, 
October 21)

Fig. 6 Prof. Bando Takaaki collaborative project to make bamboo shelter that 
shapes in inspired by Buckminster Fuller’s dome [Larasati 2012] <https://
investor.id/property/32710/takaaki-bando-jadikan-bambu-hunian-masa-
depan> (accessed 2025, October 21)

turning point. The drawing was no longer just about the 
solid frame, but about the void inside it. By visualizing 
this emptiness, scientists could finally see how a solid 
crystal could act as a container.

From drawing to generative knowledge

The advance of computing transformed the study of 
ice once again. Where Bragg sketched static lattices, 
modern scientists now construct digital simulations that 
capture the dynamic vibration of molecules. A pivotal 
advancement in this field emerged from Matsumoto’s 
paper, which showed that water’s strange behavior–
such as expanding upon freezing–arises not from a mix-
ture of two distinct components but from continuous 

frameworks that enclose ‘guest’ molecules such as 
methane, carbon dioxide, or hydrogen [Sloan 2007]. 
First observed in the nineteenth century but only sys-
tematically studied in the twentieth, these hydrates 
represented a radical extension of water’s versatility. 
Clathrate hydrates revealed that ice is not just a crys-
talline solid but also a potential storehouse of gases and 
energy. Vast deposits of methane hydrates have been 
found under ocean floors and in permafrost, estimated 
to contain more carbon than all known fossil fuel re-
serves combined.
Beyond their practical value, these hydrates fundamen-
tally changed how chemists visualized matter. Unlike 
standard ice, which repeats a simple pattern, clathrate 
structures are complex, multi-sided cages–often shaped 
like twelve-sided balls (dodecahedra). To understand 
them, scientists had to shift their focus: they stopped 
drawing mere ‘connections’ between atoms and began 
drawing ‘volumes’ of empty space. This was a crucial 
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adjustments in a single hydrogen-bond network [Mat-
sumoto 2002].
Matsumoto’s models revealed the subtle interplay of 
geometric parameters: hydrogen bond extension drives 
expansion, while angular distortion produces contrac-
tion. These processes, invisible to experiment alone, 
became visible through molecular animation. The simu-
lation, like the drawing before it, turned abstract mea-
surements into a picture of reality, demonstrating that 
representation is not only explanatory but generative.
This generative capacity now informs fields far beyond 
chemistry. In climate science, modeling ice pressure is 
critical for understanding glacier dynamics; in energy re-
search, hydrates guide the exploration of methane and 
hydrogen storage; and in planetary science, polymorphs 
serve as diagnostic markers for subsurface oceans on 
distant moons [Fortes 2010]. Even in materials science, 
the cage-like structures of hydrates have inspired the 
design of porous frameworks such as zeolites and met-
al-organic frameworks (MOFs). This trajectory –from 
Bragg’s static sketches to Matsumoto’s dynamic simu-
lations– proves that drawing functions as a method of 
inquiry. It transforms abstract patterns into intelligible 
structures, bridging the gap between the invisible laws 
of matter and the visible world of design.

From molecular structure to architectural form

The relationship between chemical structure and architec-
tural drawings is made visible through their shared depen-
dence on polyhedral geometry. By translating these crys-
talline diagrams into design principles, architects can move 
beyond mere mimicry of shape to apply the performance 
logic of molecules. This translation is evident in a progres-
sion from simple artistic displays to complex structural sys-
tems and, ultimately, to metabolic environments.
A particularly illustrative case is the truncated icosahe-
dron, whose geometry underlies the molecular structure 
of fullerene (C60) (fig. 5). The molecule, commonly known 
as the Buckyball, was predicted and later synthesized in 
1985 by chemists analyzing stellar carbon formations. In 
architecture, this form has largely been explored through 
temporary or artistic applications. A prominent exam-
ple is the Bamboo Shelter Project by Professor Takaaki 
Bando, which reinterprets the C60 form to create a light-
weight, renewable enclosure (fig. 6). While structurally 
efficient, the application here remains primarily an artis-
tic display –a pavilion that mimics the molecule’s closed-
cage simplicity rather than its complex interconnectivity. 
It demonstrates the potential of molecular form but re-
mains at the scale of the object.

Fig. 7 Views of the compressed Ice VI structure along different crystallographic axes. (a) View along the x-axis. (b) View along the y-axis. (c) View along the z-axis. The 
light blue framework represents the network of hydrogen-bonded water molecules [1].
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Fig. 8 Views of the CS1 clathrate hydrate crystal structure along different crystallographic axes. (a) View along the x-axis. (b) View along the y-axis. (c) View along 
the z-axis. The light blue framework represents the host water lattice, and the red spheres indicate the guest molecules encapsulated within the cages. [1]

To move from artistic pavilions to functional infrastruc-
ture, we look to the polymorphs of ice. Unlike the sim-
ple cage of a fullerene, the high-pressure phases of Ice 
IV and Ice VI (fig. 7) consist of self-interlocking, catenat-
ed networks. These dense lattices offer a blueprint for 
high-compressive strength modules, making them ideal 
inspirations for vertical load-bearing systems in skyscrap-
ers. Yet, their intricate, non-repetitive symmetries also 
hold immense aesthetic potential, suggesting a dual ap-
plication: they can serve as the engineering logic for a 
tower’s core or as the expressive geometry of its façade. 
Here, the lattice evolves from a simple shell into a com-
plex, load-bearing framework.
Finally, the chemical structure of Clathrate Hydrates ex-
tends this logic into the realm of inhabitation. Scientifical-
ly, clathrates (fig. 8) are ‘guest-host’ structures where a 
rigid water lattice cages a volatile gas molecule. This mo-
lecular architecture mirrors the Metabolist vision of the 
1960s, notably realized in Kisho Kurokawa’s Nakagin Cap-
sule Tower (1972). Just as the clathrate lattice provides a 
stable framework for guest molecules, Kurokawa’s design 
distinguishes between a “permanent element” (the con-
crete shafts) and a “transient element” (the removable 
capsules) [Lin 2007, p. 515]. This separation allows the 
building to function as an organic process, theoretically 

enabling the “metabolic” replacement of units. While 
clathrate hydrates store methane, these architectural 
cages store the urban nomad, providing a compact in-
terface that mediates between the individual and the city 
[Šenk 2019].
Such structural parallels reveal drawing’s dual nature as 
both an epistemic and a generative tool. It visualizes the 
hidden laws of matter while simultaneously providing a 
system of constraints that can produce new forms. By 
translating the structural clarity of crystalline geometry 
into design parameters, architects adapt the same mathe-
matical discipline that chemists use to describe molecular 
organization. In this way, the crystalline diagram becomes 
a shared language of discovery and creation, bridging 
scales from the molecular to the architectural [Katz 2011; 
Leonova 2025].

Drawing as an operative tool for design

The act of drawing has long operated at the threshold 
between knowledge and imagination, serving both sci-
ence and design as a means of translating invisible struc-
tures into visible form. As Rohr [Rohr 2012] observes, 
drawing is never merely representational, it is a way of 
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Notes

[1] The image of clathrate hydrate was generated using the molecular simulation software GenIce [Matsumoto 2018].
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knowing, a process that organizes and makes sense of 
complexity [Watson 1953]. From botanical illustrations 
to technical diagrams, drawings have historically func-
tioned as epistemic tools, transforming quantitative data 
into understandable images. This epistemological dimen-
sion resonates with contemporary design, where draw-
ing mediates between molecular geometries and archi-
tectural possibilities, revealing unseen orders of matter 
and offering new models for creative practice.
This bridging role is historically evident in the evolution 
of technical drawing. Leonardo’s anatomical sketches and 
Monge’s descriptive geometry each illustrate how scien-
tific measurement was converted into universal codes 
for spatial reasoning. Such methods established a lineage 
in which drawing became a structured methodology: a 
practice capable of translating invisible structures into 
workable forms for engineers, architects, and designers. 
Today’s computational environments extend this trajec-
tory, offering parametric and generative systems that 
allow designers to manipulate geometries inspired by 
scientific discoveries, integrating empirical precision with 
formal invention [Carpo 2011].
The study of ice polymorphism demonstrates this bridge 
in a striking way. Bragg’s lattice diagrams, once intended 
to explain why ice floats, now serve as exemplary models 
of how molecular order can inspire structural and spatial 
thinking. The discovery that water solidifies into multiple 
crystalline polymorphs, each with distinct symmetries 
and densities, suggests a repertoire of geometrical arche-
types. Salzmann’s review of the 19 known polymorphs 
of ice reveals a library of structures –hexagonal, cubic, 
tetragonal– that can be reinterpreted not only as scientif-
ic data but also as design grammars. For designers, these 
crystalline patterns provide a kind of “material logic” 
[Oxman 2010, p. 102], an abstract rule-set through which 
new formal and structural possibilities can be generated.
This approach reflects a broader theoretical shift in 

design thinking, in which geometry is no longer seen only 
as a representational device but as generative logic. As 
Pérez-Gómez argues, architectural drawing has always 
embodied a ‘poetic disclosure’ of hidden order, bridging 
abstract ratios with material presence [Pérez-Gómez, 
2006]. Similarly, the translation of crystallographic data 
into design language is not simply imitation but interpre-
tation: an act of discovering new spatial logics through 
molecular analogies. Here, drawing becomes a medium 
of dialogue between chemistry and design, opening pos-
sibilities for biomimetic materials, adaptive structures, 
and architectural systems rooted in the architectures of 
matter itself. 
In this way, the invisible geometries of ice polymorphs 
do more than explain water’s physical behavior –they 
expand the imagination of design. Through drawing, mo-
lecular architectures are made perceptible and operative, 
transforming scientific discovery into a source of formal 
invention. The epistemic bridge that drawing builds be-
tween chemistry and design thus affirms its dual role: as a 
method of inquiry into hidden orders of nature, and as a 
generative practice for shaping new cultural and material 
realities.

Conclusion

Drawing serves as a critical epistemological tool that 
bridges the abstract, invisible world of chemistry with the 
tangible realm of design. By translating data from tools 
like X-ray diffraction and computational models into ap-
prehensible forms, it renders the ‘invisible architecture of 
matter’ operative for scientist and designers. Ultimately, 
drawing allows us not only to visualize hidden geometries 
but to harness their potential as knowledge-inducing pat-
terns, creating new spatial logics rooted in the fundamen-
tal laws of matter.
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