Printing 3D Models for Chemistry: A Step-by-Step Open-Source Guide for Hobbyists, Corporate
Professionals, and Educators and Students in K-12 and Higher Education
Elisabeth Grace Billman-Benveniste+, Jacob Franz++, Loredana Valenzano-Slough+,*
+Department

of Chemistry, Michigan Technological University, ++ Department of Mechanical Engineering, Michigan Technological University
*Corresponding Author (lvalenza@mtu.edu)

Stepwise Procedure for Pin-and-hole Models

Cura

MolPrint

g-code

Hardware

Software

Contributions by the Authors

• Software
• Developed a complete open-source stepwise procedure for the conversion of virtual
• Hardware and
programs used
molecular structures to 3D-printable pin-and-hole style physical molecular models.
materials used
include:
include:
• Provided a simple guide for model improvement.
Guassview 16,2
A Lulzbot Taz 5 3DChimera,3 Blender,4
• Revealed unique insights into the limitless number of possibilities for 3Dprinter1, 3.0 mm
MolPrint,5 Slic3r Prusa
printing in educational model creation.
polylactic acid (PLA)
Edition,6 Cura Lulzbot,7
and Fusion 360.8
• Offered practical recommendations for how to approach
filament, a paint scraper,
troubleshooting the cause of failed prints and implementing
clam knife, flush cutters,
• With the exception of
potential solutions.
Gaussview 16 and Fusion
pliers, a hobby knife, acetone,
360, all software programs
isopropyl alcohol, sandpaper,
• Co-authored a book detailing all procedures, materials,
used are open-source.
etc. used in this work on Digital Commons, an openfiller-primer spray paint, acrylic
• While not open-source, Fusion 360 is
source platform.
paints, and various metal
freely available to hobbyists, students,
hardware components.
• Provided open accessibility of all .stl files outlined in
and educators. FreeCAD is a suitable
• Lulzbot is an open-source 3D-printer
the book.
9
open-source
substitute.
manufacturer. All designs for their 3D• Gaussview 16 is not free or open-source.
printers are made publicly and freely
Several free molecular graphical interfaces
available online.
may be used instead including Moldraw,10
• Almost all other materials were
Avogadro,11 Vesta,12 Molekel,13 Gabedit,14
sourced from local hardware stores.
Jmol,15 and Molden.16

Open-Source
Philosophy

Accessibility

Vector Model Representation of the Angular
Momentum in Atoms
• Motivation: Create chemical models allowing students to visualize the
connection between abstract 3D mathematical concepts and more easily
conceptualized geometric outcomes representing physical-chemical theories.
• The 3D-printed vector model representation of the angular momentum in
atoms shows how 3D-printing may be useful for creating visual
representations of abstract topics.
• Models were used as educational aids in an upper-division undergraduate
quantum chemistry course.
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Figure 1a: The standard 2dimensional vector model
representation of the
angular momentum in
atoms.

The use of open-source
hardware and software
allows for a greater degree of
accessibility in the following
ways:
•

•

Figure 1b: The vector
model representation of
the angular momentum in
atoms as displayed in
Fusion 360.
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Figure 2a: The FCC unit
cell as designed in Fusion
360.
Figure 2b: The rock salt unit
cell after post-processing.
The two halves of this
model are held together by
magnets.

•

Unit Cell Models
• Motivation: Understanding the concept of unit cells
requires spatial-visualization skills. The
arrangement of atoms in 3D-space is inherently
difficult to teach/visualize using 2D representations.
• General question-based procedure for introducing
design-enhancing features in chemical models:
1. Are there weak points in the current design?
2. Can the model be broken down to enhance
its capabilities as an educational tool? What
method would be optimal for rebuilding the
model?
3. Is there anything that could make this model
better-suited for its intended purposes?
What design elements could yield such
improvements?
• Models were used as educational aids in a lowerdivision undergraduate chemistry courses.

With the exception of
Gaussview 16 (for
which several other
options have been
suggested), all
software programs
used are available
online free of cost.

The use of open-source
hardware and software allows
for full customization of
chemical models at every step
of the manufacturing process
without increasing costs.
• Design – given enough
time and creativity,
virtually any chemical
model can be created.
Engineering concepts and
design-enhancing
features may be
introduced to models to
increase functionality and
effectiveness.

1. The free flow of information and
ideas resulting from the open-source
movement has allowed 3D-printing to
grow at an unprecedented rate.
2. The methods proposed throughout
this work rely on open-source
The Lulzbot Taz 5 3D-printer
used is relatively inexpensive
resources.
and the proposed methods
3. The authors truly believe as an openmay be adapted to other
source
resource,
this
work
will
offer
even more affordable FFFa meaningful contribution to the 3Dstyle 3D-printers.
printing
community
and
to
No specialized lab or manufacturing
educators/student.
equipment is needed for any of the proposed

•

It is possible to carry out all procedures in a classroom,
office, or household environment.
No formal education in any STEM field is necessary for
carrying out the proposed methods.

• Printing – added specifications in
the 3D-printable g-code file and
physical tuning of the 3D-printer
itself may allow for further
customization during the printing
process.

• Post-processing – 3D-printed models may be sanded, painted,
and even smoothed with acetone (if using ABS filament) to
achieve the desired look.
4a

Figure 3: The Lulzbot
Taz 5 3D-printer is
shown. Magnified
features of this
machine (important for
calibration) are: A) The
extruder assembly, B)
The heated borosilicate
glass bed with a stock
PEI surface, C) The
extruder, and D) One of
four corner screws
used for manual bedleveling.

4b

Figure 4a: This
molecular model of Cl20 was painted with
filler-primer, sanded, and
painted following IUPAC
conventions.

•
•
•
•
•

Figure 4b: Neodymium
magnets embedded in the rock
salt unit cell. A manual pause
command was introduced into
the g-code allowing for
insertion of magnets.

4c

Figure 4c: This
molecule has been
split into five planar
components, allowing
for efficient printing.

Chemical: 3D-printers should be operated in well-ventilated
areas, especially when printing in ABS.
Thermal: the hot end of a Lulzbot Taz 5 3D-printer can reach
up to 305°C.
Mechanical: exposed moving parts create potentially
hazardous pinch points.
Other: Children under 13 should not operate a 3D-printer
without adult supervision.
Recommended PPE: Wear safety goggles and cut-resistant
gloves when removing prints from the print bed and removing
support material.

Engineering Concepts
•

•

Customizability

Within the past decade, the open-source
philosophy has been largely adopted by
the 3D-printing community. The authors
have chosen to uphold open-source
ideologies in this work for the following
important reasons:

procedures.
•

Safety

•

Using Fusion 360, the
possibilities for additional
engineering elements are
endless.
Reinforced areas (100% infill)
were added to strengthen the
rock salt unit cell model along
low surface area contact
points (where the cubes are
touching).
Metal components may be
embedded in 3D-printed
objects using several
methods to produce stronger,
more durable, and more
functional chemical models.

5a

Figure 5a: The maroon areas
show the reinforcements in the
rock salt unit cell.
5b

Figure 5b: An assembled screwand-nut mechanism used to hold
together one of the FCC unit cells.
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