
Celebrating the International Year of Crystallography with
a Wisconsin High School Crystal Growing Competition
Ilia A. Guzei*

Molecular Structure Laboratory, Chemistry Department, University of WisconsinMadison, Madison, Wisconsin 53558,
United States

ABSTRACT: In honor of the 2014 International Year of Crystallography, the first Wisconsin Crystal
Growing Competition was successfully organized and conducted. High school students from 26
schools across the state competed for prizes by growing large crystals of CuSO4·5(H2O). This paper
describes how the event was planned and carried out as well as looking at the scientific impact it had
on the participants. (Abstract graphic created by Kandis Elliot and Ilia Guzei and used with
permission.)
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■ INTRODUCTION

The United Nations has declared 2014 the International Year of
Crystallography (IYCr 2014).1 It commemorates a centennial
of Max von Laue’s 1914 Nobel Prize in physics “for his discovery
of the diffraction of X-rays by crystals” and the role that
crystallography and structural analysis have played in the fields of
chemistry, physics, biology, and mineralogy, to name a few. To
date, 28 Nobel Prizes have been awarded to projects related to
crystallography. To celebrate the IYCr 2014 the International
Union of Crystallography, American Crystallographic Associa-
tion, and many other national organizations have been planning
and conducting summits, open laboratory projects, conferences,
workshops, and competitions.2 Among the latter are 25 national
crystal-growing competitions around the globe. In the spirit
of the IYCr 2014, the Molecular Structure Laboratory at the
University of WisconsinMadison, in which I am the crystallo-
grapher, decided to organize the first Wisconsin statewide crystal
growing competition for high school and home-schooled youths
ages 14−18. This is an account of our event: how it was planned
and executed, what decisions and choices were made, how the
sponsors were attracted, and what scientific impact the contest
may have had at the participating schools.

■ CRYSTAL GROWING CONTEST ORGANIZATION

How Big Can You Go?

Once a commitment to organize a crystal-growing contest was
made, it was necessary to determine whether it should be at the
county, state, regional, or national level. Whereas other countries
such as Australia, Belgium, and Canada have organized similar
contests multiple times, there has been no national contest in the
United States and it was impossible to estimate the participation
accurately. Our projections varied from 5−50 schools per state to
up to 50−60 nationwide. A statewide event was determined to be

the proper size: it would be small enough to be manageable, and
large enough to be competitive. The contest could be centrally
coordinated by the Molecular Structure Laboratory at the
University of WisconsinMadison with no need for local
representatives; all schools in the state were within the driving
distance; and we could probably supply all participants with the
crystallization starting material. In the end we reached out to
∼500 high school teachers via mail and e-mail, and 26 schools
from the state ofWisconsin participated. In contrast, a regional or
national event would have required local representatives, more
funding, and a much larger organizational structure. Without
knowing what to expect at a state level, planning a larger event
seemed courageous yet injudicious. Our efforts have paved way
for the 2014 National Crystal Growing competition.3

Organization and Sponsorship

The contest was designed to run at no cost to the participants.
Our intention was to secure funding for the chemicals, generate
educational materials, promote the contest, and celebrate with
an award ceremony. First came support from Bruker AXS
(manufacturer of crystallographic equipment) who committed
to sponsor the award ceremony. Second, Sigma-Aldrich
(chemical manufacturer) was approached and their representa-
tives were quite receptive to the idea. The company specified
that they would rather provide supplies rather than funds, and
when assured that the contest would definitely take place, Sigma-
Aldrich supplied 25 kg of cupric sulfate pentahydrate for the
competition. Numerous funding requests to local and national
companies as well as grant proposals were unsuccessful.
Nonetheless, an international company, Rigaku, and the Interna-
tional Union of Crystallography provided unrestricted funds, the
AmericanCrystallographic Association became a sponsor, and the
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largest single source of support was the Evjue Foundation, Inc., in
Madison, Wisconsin. Several colleagues from the university and
chemical companies volunteered to be judges.
The support of the UWMadison Chemistry Department

was critical. The department allocated substantial funds for this
outreach activity; even more importantly, 30+ staff and faculty
members generously donated their time and expertise.
Contributions varied from giving advice to donating time and
materials. To begin the contest, we needed to alert high school and
home-schooled students about it. Finding contact information was
not trivial; however, more than 500 high school teachers were
informed about the contest via e-mail. How to effectively reach
home-schooled children statewide remains unclear. Paper contest
fliers were mailed to a number of local schools. Unexpectedly, I was
advised against personal visits to the schools with cupric sulfate in
hand: when “a guy with an accent and chemicals shows up
unannounced at a school” it can be a problematic situation.
The e-mail messages resulted in 13 positive responses, a

∼2.6% return on the 500 initial e-mails. Then the chemistry
department hosted a booth at the annual conference of the
Wisconsin Society of Science Teachers in part to promote the
contest. After the conference, the number of participating schools
doubled to 26, a 5% success rate; our efforts at the booth paid off.
Promotional materials included a Web site,4 fliers, and t-shirts

(see Figure 1). Ordering the latter required decisions on the

design and sizes, and permissions to print the sponsors’ logos
were needed. All sponsors were agreeable to having their logos
printed and they provided clear logo printing rules: color, sizes,
and letter spacing. Meeting these standards was not difficult.
A university graphics designer created the contest logo

(abstract graphic) based on my idea in exchange for getting
a contest t-shirt.
Selecting a Compound To Crystallize

As most any graduate student in the field of synthetic chemistry
can attest, crystal growing is both art and science. The spectrum
of experiences ranges from dealing with impossible-to-crystallize
compounds to materials that produce gorgeous crystals in no
time. Sources of useful and interesting information about crystal
growing include a remarkable example of growing and preserving
a 12-pound crystal of chrome alum KCr(SO4)2·12(H2O), which
was described by a high school teacher, Fliedner, in 1932!5 A
paperback by Holden and Morrison is an excellent introduction

to crystals, crystal formation, and the basics of symmetry,6 a brief
survey of laboratory methods for crystal growing was presented
by Fehlner,7 and a way to grow a large crystal is described by
Baer.8 An introduction to optical crystallography “Crystals and
light”9 by Wood or a way to monitor crystal growth by polarized
light10 is the logical step to examining crystals obtained after
reading Holden and Morrison’s book. At the advanced end of
the spectrum, dye inclusion crystals can be grown in academic
research laboratories.11

Copper sulfate pentahydrate CuSO4·5(H2O) was selected for
the first Wisconsin Crystal Growing Competition for a number
of reasons. It has historic significance as it was chosen for the first
successful diffraction experiment by Friedrich, Knipping, and Laue
in 1912,12 a discovery for which Laue received a Nobel Prize
in 1914. Thus, for the International Year of Crystallography
celebrating the centennial of the award, vitriol was a logical choice.
Large crystals of cupric sulfate are neither too difficult nor too easy
to grow, they are nicely shaped and they have an attractive blue
color. Cupric sulfate is also inexpensive, which is a consideration for
an event with many participants. Additionally, clear instructions on
how to grow large crystals of this and other materials for such
contests had been published by the Chemical Institute of Canada13

and our Canadian colleagues kindly granted us permission to use
any and all of their materials related to crystal-growing contest.

Guidelines for Growing Crystals

A handbook14 for our event was created based on the Canadian
event materials and placed on our contest Web site.4 Each
school was asked to complete the project within two months.
The rules stipulated that each participant (or individual team
formed by two or three students) should use no more than
100 g of CuSO4·5(H2O) per crystallization and the crystalliza-
tion process should last no more than 5 weeks. There was no
limit on the number of participants or teams from each school.
There was no limit on the number of crystallizations that
students could set up, but we provided no more than 1 kg of
CuSO4·5(H2O) to each school. Fortunately, it turned out that
many schools already had hefty supplies of CuSO4·5(H2O)
from years prior and could involve more than 10 students (see
Figure 2).

Crystal Judging

All submitted crystals were evaluated according to a set of well-
defined criteria by a panel of five judges each holding a Ph.D.Figure 1. Contest participants from Nekoosa High School (Nekoosa,

WI) wearing the contest t-shirts. Photograph by Pamela Walker and
used with permission.

Figure 2. Participants from F. J. Turner High School (Beloit, WI)
showing off their crystals. Photograph by Nicole Williams and used with
permission.
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in chemistry and a chemistry graduate student trained in
crystallography. The crystals were judged on these character-
istics: weight; match or mismatch with crystal type; presence or
absence of occlusions; intact or broken edges; well formed or
misformed faces; and clarity or muddiness. The judging criteria
were identical to those (borrowed) from the Canadian contest.13

The total crystal score was computed as [log(M + 1)]×Q, where
M is the crystal mass and Q is the crystal quality.
The crystals had to weigh between 0.5−100 g to be eligible for

ranking. No submitted crystal weighed less than 0.5 g, but a
number of crystals were heavier than 100 g. Because the contest
rules allowed the use of no more than 100 g of cupric sulfate per
crystallization, crystals with an apparent yield greater than 100%
were disqualified. It was unfortunate to eliminate submission
from enthusiastic school students, yet including themwould have
put the rule-abiding contestants at a disadvantage.
Each school was supposed to send only one crystal in each

category, but many schools sent all deserving crystals. A total of
78 crystals were submitted. The organizers certainly enjoyed looking
at all the crystals and all crystals were evaluated, but only one crystal
from each school was chosen for each contest category.
The six judges were experts in either synthetic chemistry

or crystallography or both. It took the group about 4 h to judge
the submitted specimens (see Figure 3). Interestingly, the

four judges with crystallographic experience, on average, ranked
the crystal quality higher than the two noncrystallographers.
One explanation is that noncrystallographers have a more
idealized view of a crystal (think diamond), whereas a crystallo-
grapher considers the possibility of conducting a single-crystal
X-ray diffraction experiment on a given crystal, for which a crystal
is not required to have a faceted shape.
Awards

The top crystals in the “best quality” and “best overall” categories
received cash prizes sponsored by the American Crystallographic
Association, and certificates. Prizes were for both students and
teachers. One of the submitted crystals met no judging criteria at
all, yet it was so beautiful that a new category “organizers’ favorite
crystal” was created (Figure 4) and the two-person team who
grew that crystal received a book by M.C. Escher. The award
ceremony took place at the University of WisconsinMadison
Chemistry Department. The ceremony included an introduction
by the department chair RobertMcMahon, a talk by Paula Piccoli
about the significance of crystallography, the award presentation,
an exhibit of all the submitted crystals, tours of the departmental
X-ray facility by Dan Frankel and Bruce Noll (both of Bruker
AXS), and a reception sponsored by Bruker AXS. Students,
teachers, parents, winners as well as nonwinners attended. There

was great interest in looking at the submitted crystals and in
fact all the crystals are currently on display in a glass case at the
UWMadison Chemistry Department.
Holding the award ceremony on campus achieved other vital

goals of the contest, providing the students with an opportunity to
tour a flagship university; a sense of what science looks like at a
chemistry department; a visit to an X-ray laboratory where expert
crystallographers demonstrated instruments and tools used by
researchers and undergraduate and graduate students to explore
molecular structure in depth. This year the organizers did not provide
any funding toward participant travel to the award ceremony.

■ TESTIMONIALS DEMONSTRATE EDUCATIONAL
IMPACT

The student response to the invitation to participate in the
contest was quite enthusiastic. The teachers recognized the
complementary nature of the contest to their courses and used
the event to enhance student learning about compound solubility
and concentration, purification, crystallization conditions, good
laboratory practices, and discipline. The teachers’ comments
speak for themselves:

The activity was a great way to reinforce our solution unit
in chemistry. Students were able to see the effects of an
unsaturated solution, saturated solution and supersaturated
solution. Students adopted the advanced vocabulary and even
took it upon themselves to research what a “perfect crystal”
might look like. It was a great cross-curriculum assignment as
we investigated the types of crystals produced using the earth
science teacher as our resource.
Before the start of class each day, students would attend to
their crystals and would even help others with the growing

Figure 3. Judges enjoy evaluating the submitted crystals. Left to right:
Paula Piccoli (former Argonne Intense Pulsed Neutron Source), Dan
Frankel (Bruker AXS), Sue Byram (Bruker AXS), Galina Bikzhanova
(Covance), Nathan Reynolds (Sigma-Aldrich).

Figure 4. Winning crystals. Top row, left to right, best crystals overall:
first place, Rainee Roger and Laura Smith (FlambeauHigh School, Tony,
WI); second place, Payton Goetz and Joseph Robl (Omro High School,
Omro, WI); third place, Cassidy Colby (Turner High School, Beloit,
WI). Second row, left to right, best quality crystals (a tie): Megan Jordan
(Clinton High School, Clinton, WI) and Clara Neeb (Montello High
School, Montello, WI). Third row, left: best teacher’s crystal by Jasmin
Gibson (Verona Area High School, Verona, WI); right, organizers’
favorite by Kyra and Krin (Blair−Taylor High School, Blair, WI).
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process. They learned quickly what worked well and also
learned how to fail. This activity brought out “true learning”
in the classroom. I did not assign a grade to this assignment
(but we did have a friendly competition) and these students
owned the project as though it was a final exam grade.
Students who are not always engaged in class quickly excelled
with this project offering their own special skillset to their
groups.
Many students chose to name their crystals: Jessie White,
Dusty, Adidas, DuWayne the Rock Crystal, DuWayne II,
and Lapis Lazuli (blue block from Minecraft game.)
As the June 1st deadline approached the biggest question
was “Will my crystal go to Madison?” I wanted to show
off all of the crystals so I am creating a display case with
a few art students to have in my classroom. Next year I
am going to incorporate this contest again in my own
classroom.

[Jamie Lauer, chemistry teacher, Hartford Union High School,

Hartford, WI]
I just wanted to thank you for the opportunity to enter my
students into the crystal growing contest. It is so fun to see
them excited about chemistry! In fact, I have had kids
coming in after school and in between classes to check on
their crystals. I’m pretty sure I have not had this many kids
in my room on a Friday after school in a long time.

[Lynn Dehnel, science teacher, Ashwaubenon High School,

Ashwaubenon, WI]
We had a unique group of kids this year who really enjoyed
the project. They, too, arrived early or checked in between
classes to monitor the process. Some also named their
crystals. A young lady wanted to make a necklace out of her
crystal - it looked so attractive to her. Unfortunately, I did
not capture photos of any of this but their engagement
levels in this far exceeded my expectations. Because of
their interest, we were able to examine X-ray crystallog-
raphy (I had some slides for projection demos from
Madison several years ago), the Bragg equation, colligative
properties and other topics that we would not do at such
depth in other years.

[Ron Cerveny, science teacher, Flambeau High School,

Tony, WI]
It was a great opportunity for both of my girls that worked
on the crystals. They learned how to work together and share
the responsibility of lab work because they worked on the
same crystals consecutive hours of the day. They had to leave
detailed instructions for each other and understood the
importance of meticulous records. They also had to discuss
variations in procedures to improve the crystals, making this
realistic research work. They enjoyed this experience very
much.
[Lynn Ponto, science teacher, Weyauwega-Fremont High School,

Weyauwega, WI]
Many students named their teams creatively: for example,

“In the woods”, “Anti-derivatives”, “Hero batman”, Qual,
“Heisenberg’s crystal”, and “The shockers” (probably not the
best name for a crystal growing experiment). One of the
students even submitted a drawing (Figure 5) and was awarded
a book for displaying initiative. According to her drawing,
if you are a crystal, after you are born, you grow in solution, and
if you graduate with a medal from high school you become a
super hero!

■ CONCLUSIONS
The first statewide Wisconsin Crystal Growing Contest was
successfully planned and conducted to celebrate the International
Year of Crystallography 2014. Twenty-six schools across the state
participated in the contest, and teachers used this event to expand or
broaden the coverage of the science class material related to solution
chemistry. The contest was an exciting and educational experience
for all participants and, by popular demand, it will be repeated next
year, which is a centennial of the Nobel Prize award bestowed upon
the Braggs “for their services in the analysis of crystal structure by
means of X-rays”.15
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