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ELEMENTARY, MY DEAR WATSON!
THE MAKING OF A COLLECTION OF THE NATURAL ELEMENTS
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Ss. Cyril and Methodius University in Skopje, Macedonia
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A unique collection of samples of the chemical elements has been created and displayed at our In-
stitute of Chemistry. Although whole collections are now commercially available, we decided to use, as
much as possible, samples from local resources. The general idea was for each item to have a story, mak-
ing it more interesting for the students and visitors. We were able to acquire elemental samples mined in
Macedonia. Other samples were from our student and research labs, as well as donations from colleagues,
and the rest were obtained from commercial sources. A web page was created with all the information on
each sample, some of them containing videos. Next to the noble gases, mini Tesla coils were mounted to
light up the gases.
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EJIEMEHTAPHO, IPAT' MOJ BOTCOH!
CO3JABABE 3BUPKA ITPUPO/IHU EJIEMEHTH

Bo MHcruryToT 3a XeMmHja € co3[ajeHa M M3JI0KEHAa eJIMHCTBeHa 30MpKa Ha NPHUMEpPOLH Ha
XEMHCKHTE eleMeHTH. lako JeHecka KOMEpLHjalHO ce IOCTallHU Lenu 30MpKH, OIydHBME Jia
KOPUCTUME, KOJIKY IITO € TOa MOXKHO, IPUMEPOLH O JIoKamHH u3Bopu. Ommitara uueja Oemie cexoj
MPUMEPOK Jia UMa CBOja IPHKa3Ha, CO Liell 1a TI0OYIU 1OrojieM UHTepeC Kaj CTYJICHTUTE U MOCETHTEIUTE.
Ycneasme a 1odremMe MpUMepOL Ha €JIEMEHTH LITO e HCKOIyBasle U JoOouBaie Bo Makenonuja. pyru
MIPUMEPOIH MOTEKHYBaaT O HAIIUTE CTYACHTCKH M HAyYHH JJAOOPATOPHH M KAKO JIOHAIMHU OJ KOJIETH,
JI0IeKa CUTe Ipyru Oea KoMeplyjaitHo HabaBeHn. HampaBeHa e BeO-CTpaHuIa co CHTE MOJaTONH 3a CEKOj
NIPUMEPOK, TPH LITO 3a HEKOM MMa M BHAEO 3amucu. Jo OraropomHuTe TacoBM ce MOCTAaBEHH MHUHHU
Tecnunu TpanchopMaTOpH ITO OBO3MOXKYBA CBETEH-E Ha TACOBUTE.

Kityunu 300poBM: IEpHOJIEH CHCTEM; TPUMEPOIIH Ha EJIEMEHTH; BUTPHUHA 32 €JIEMEHTH;
Tecaunau TpanchopmMaTopu; XEMUCKHU eIeMEHTH o] Makej0H]a

Usually, every chemistry lab or chemistry
lecture room has one or several of the forms of the
periodic table of the elements. However, not all
chemistry or science departments have a collection
of the chemical elements. Interestingly, the collec-
tion of chemical elements has become a popular
hobby even among non-chemists.>>® Besides the
individual elements,* ready-made sets are commer-

cially available — some as standardized collections
but others as very elaborate custom made collec-
tions with exceptional quality and prices.®

The idea of displaying a collection of the el-
ements has been brewing for years in both of us
individually, and only recently did we discover our
common interest. One of us (MN) had privately
bought some of the elements as well as a portable
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display for classroom use. Our initial dilemma was
finding a suitable place at the Institute of Chemis-
try for the collection. The first idea was to adapt a
glass wall, 2 m x 3 m, separating our library with
the main hall at the Institute. It is a perfect place
because it has a central position where all lecture
rooms are located and where students mainly con-
gregate. An unsurmountable obstacle was that it
would have required professional construction that
was beyond our means at this time.

A standalone bulletin board at our Institute
caught our eyes, especially given that in this digital
age, it is rarely being used anymore. It is located in
the hall in front of the inorganic and organic labs
and leads to our grand amphitheater. The dimen-
sions (130 cm x 80 cm x 4.5 cm) were small com-
pared to our initial idea but seemed to be an ac-
ceptable alternative for displaying the element col-
lection. It could accommodate a skeleton frame® in
the shape of the well-established form of the peri-
odic table with cells measuring 6 cm x 6 cm x
4cm. We found a local company specializing
mostly in neon signs that made it from transparent

3 mm thick acrylic glass. On the back of the cells,
the periodic table was printed with only the color-
coded symbol of the elements according to their
physical state at room temperature and their atomic
numbers. We were more than satisfied with the
quality of the workmanship because it was not in-
trusive and the elemental samples would not be
obscured by the frame. Furthermore, they also in-
stalled LED lights around the frame to enhance
their visibility. We added an infrared sensor that
turns on the lights as one approaches the display.
Initially, we planned to place each element
in a 10 ml vial, but after displaying the first sam-
ples, we decided to simply place the samples of
stable elements in the cells. The idea actually came
from a wall chart of the elements with such pic-
tures in our main amphitheater, which was pub-
lished by the Royal Society of Chemistry and
Time-Life in 1987. We decided to move this wall
chart next to our display for comparison but also to
complement the lack of the radioactive elements.
We feel that they do make a great combination

(Fig. 1).

Fig. 1. The elemental samples display with the picture of the periodic table published
by the Royal Society of Chemistry and Time-Life

However, unlike the pictures of the ele-
ments, we had to protect some of the elements
from oxidation in glass ampoules under an inert
atmosphere. Others, like iodine, also had to be en-
closed in an ampoule in order not to lose it to sub-
limation. On the other hand, bromine and mercury,

due to their high toxicity, had to also be embedded
in an acrylic block to protect the ampoules from
breaking. Initially, we even wanted to try to obtain
a sample of depleted uranium used in the NATO
bombing of Yugoslavia.” We are still debating the
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safety issues and whether we will be able to obtain
a sample for our collection.

To make the collection more interesting, we
wanted to give it a local flair so we decided to look
for elemental samples available in Macedonia. We
thought this is essential also from a pedagogical
point of view to teach our and other students about
the available natural resources and manufacturing
facilities in our country. For example, Macedonia
has several iron ore mines, and at one time, a steel
mill in Skopje produced steel from those mines.
Nowadays, the steel produced is from scrap metal,

A\ Live Periodic Table of the Elements

but after contacting some of our former students,
we were able to obtain an iron sample from the
time it was mainly produced from the Tajmiste ore
mine in Macedonia.

In order to give such information for the el-
emental samples, it was only natural to create a
web page with full information. A QR code on the
collection display leads to the web page (Fig. 2).
An active picture of each sample is given, which
makes it easy to locate the element information.
The page is bilingual, in Macedonian and in Eng-
lish.
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Fig. 2. Screenshot of the web page with information on each elemental sample

For each sample, besides the element name,
the picture of the sample, origin, and some basic
physical data are given (Fig. 3). Also, a link to the
WebElements™ page is available where extended
information for each element is available. It is prob-
ably the best online source for information on the
chemical elements, which is regularly updated.® We
are also considering adding the analysis of the puri-
ty of some of the samples, making the whole collec-
tion even more interesting for the students who have
had courses in instrumental methods of analysis.

Yugoslavia was a large producer of alumi-
num from bauxite; as a matter of fact, in 1984, it
had 3.6 % of the world’s production.® There was
an aluminum processing plant in Skopje for vari-
ous profiles from aluminum ingots. Unfortunately,
we have not been able to find a confirmed genuine
sample of aluminum from that time®. Because alu-

L After the manuscript was accepted for publication, we have
obtained an authentic sample and added it to the collection!
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minum is indefinitely recyclable and in order to
make the students aware of this fact, we decided to
make our own sample from a beer can. Naturally,
the beer can was from a beer produced in our home
town. A sequence of pictures showing the whole
procedure (without the step of drinking the beer)
was added to the web site.

Another element that was produced in-house
was chlorine. The method is exactly the one stu-
dents use in their first year general chemistry lab
course, from permanganate and hydrochloric acid.

We added two samples of carbon, the graph-
ite allotrope found in our country and also a sam-
ple of artificial diamond tips from a saw used in
one of our marble quarries.

Besides iron and carbon, the following ele-
mental samples were obtained from Macedonia:
copper, indium, lead, silicon, silver, sulfur, and
zinc.
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This sample of iron is for analysis from a local steel mill. It dates from the
time when the steel production was based on the ore from the Iron mine
Tajmiste. The ore contained 32-37 % iron in a silicate form. The mine

Tajmiste is situated on the east side of the mountain Bistra. Today, the
company Makstil is producing steel in a form of hot rolled plates.
Instead of ore, they use scrap metal which is melted and refined using
electrical energy In an electric arc furnace. This sample has been
donated by the chief engineer of chemical laboratory for spectral
analyslis Stanko Ilik Popov.

Fire — a documentary by Stole Popoy, filmed at the Mines and Iron &
Steel works Skopje in 1974.
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Fig. 3. The web page for the iron sample

A large number of chemical samples were
obtained from our student or research labs at the
Institute of Chemistry: bromine, cadmium, iodine,
mercury, phosphorus, platinum, potassium, sodi-
um, and tin. Even the ampoules of helium and ar-
gon were filled by the gases used in our gas chro-
matography and atomic absorption research labs.

Germanium and molybdenum were donated
by our colleague at the Institute of Physics.

Other samples were provided by our former
students and colleagues from abroad: antimony,
lutetium, nickel, niobium, rhenium, scandium, tel-
lurium, and tungsten.

The rest of the samples were bought from
commercial sources: arsenic, beryllium, bismuth,
boron, calcium, chromium, cobalt, dysprosium,
erbium, gadolinium, gallium, gold, hafnium, hol-
mium, hydrogen, krypton, lithium, manganese,
neodymium, neon, nitrogen, oXygen, samarium,
selenium, strontium, tantalum, terbium, thallium,
thulium, titanium, vanadium, xenon, ytterbium,
yttrium, and zirconium. We do hope that we will

be able to replace some of these samples with ones
that have a local story.

Another interesting and attractive feature of
the display is that there are mini Tesla coils beside
the noble gases. By pressing a button, the main
light is turned off and the coils are activated, which
in turn light up the noble gases (Fig. 4). The coils
are active for only 30 s and then cannot be activat-
ed for ~5 min in order to protect the transistors of
the Tesla coils from overheating. On the web page,
a video of the active Tesla coils is provided.

CONCLUSION

In less than six months, a display, frame, and
substantial collection of samples of the chemical
elements were created. Many have some local
provenance, making them more interesting to the
students and visitors. The stable ones are displayed
as they are, but others had to be protected in glass
ampoules. The noble gases glow initiated via min-
iature Tesla coils. A QR code on the display leads
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to a web page with information of each sample.
We have been considering adding an analysis of
the purity of some of the samples and including
this information, thus widening the instructive sig-
nificance of the collection. We encourage others to
make their own unique collection of samples of the
chemical elements.

It may sound simple, but many problems
with limited funds had to be solved in order to
make such an attractive and educational display.
We are proud that we have had more than 80 years
of experience between the two of us in many areas
of chemistry, including with various experimental
methods. So after all, we can proudly say: Elemen-
tary, my dear Watson!

Fig. 4. A picture of the noble gases with the Tesla coils

Maced. J. Chem. Chem. Eng. 41 (1), 139-143 (2022)

Acknowledgment: The collection was made possible
by the Institute of Chemistry, Faculty of Natural Sciences and
Mathematics, Ss. Cyril and Methodius University in Skopje
and the Society of Chemists and Technologists of Macedonia.
Our sincerest gratitude to the glass blower Sotir Pastenarov for
preparing the glass ampoules. Also, sincere appreciation to
Igor Mavromihajlov for his help and insightful suggestions
during the making of the collection. Also, we thank all col-
leagues who contributed samples and commented on this col-
lection. Their names are given on the web page.

REFERENCES

(1) Halford Bethany, Element collecting: A niche hobby
that connects people to chemistry, Chemical and Engi-
neering News, 97 (26), July 1, 2019, pp 20-21,
https://cen.acs.org/physical-chemistry/periodic-
table/1'YPT-Element-collecting-niche-hobby-connects-
people-to-chemistry/97/i26, accessed February 2022.

(2) Element collecting, Wikipedia, https://en.wikipedia.org/
wiki/Element_collecting, accessed February 2022.

(3) Field Matthew, A place for element collectors/chemical
enthusiasts!,
https://www.reddit.com/r/elementcollection/,  accessed
February 2022.

(4) Periodic Element Samples, https://peguys.com/collec—
tions/periodic-element-samples,  accessed  February
2022.

(5) How to Get Your Own Element Collection,
https://theodoregray.com/periodictable/HowToGetOne.h
tml, accessed February 2022.

(6) Sean Ragan Michael, Build a periodic table of elements
collection cabinet,
https://makezine.com/2010/01/21/make-projects-
periodic-table-elem/, accessed May 2022.

(7) NATO bombing of Yugoslavia, Wikipedia,
https://en.wikipedia.org/wiki/NATO_bombing_of _Yugo
slavia, accessed May 2022.

(8) Mark J Winter, The periodic table of the elements,
https://www.webelements.com/, accessed May 2022.

(9) World Trade Organization,
https://www.wto.org/gatt_docs/English/SULPDF/91200
082.pdf, 1984, accessed May 2022.


https://cen.acs.org/physical-chemistry/periodic-table/IYPT-Element-collecting-niche-hobby-connects-people-to-chemistry/97/i26
https://cen.acs.org/physical-chemistry/periodic-table/IYPT-Element-collecting-niche-hobby-connects-people-to-chemistry/97/i26
https://cen.acs.org/physical-chemistry/periodic-table/IYPT-Element-collecting-niche-hobby-connects-people-to-chemistry/97/i26
https://en.wikipedia.org/%20wiki/Element_collecting
https://en.wikipedia.org/%20wiki/Element_collecting
https://www.reddit.com/r/elementcollection/
https://peguys.com/collec–%20tions/periodic-element-samples
https://peguys.com/collec–%20tions/periodic-element-samples
https://theodoregray.com/periodictable/HowToGetOne.html
https://theodoregray.com/periodictable/HowToGetOne.html
https://makezine.com/2010/01/21/make-projects-periodic-table-elem/
https://makezine.com/2010/01/21/make-projects-periodic-table-elem/
https://en.wikipedia.org/wiki/NATO_bombing_of_Yugoslavia
https://en.wikipedia.org/wiki/NATO_bombing_of_Yugoslavia
https://www.webelements.com/
https://www.wto.org/gatt_docs/English/SULPDF/91200082.pdf
https://www.wto.org/gatt_docs/English/SULPDF/91200082.pdf

