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“It’s been a wonderful party!” is a quote from the sketch “Dinner for One, or: The 90th
Birthday”1 (almost at the end) in which Miss Sophie celebrates her 90th birthday with her
friends Mr. Winterbottom, Sir Toby, Admiral von Schneider and Mr. Pomeroy who have
unfortunately passed and butler James has to stand in for them.
This quote also holds for this year’s 29th Tage der Seltenen Erden – Terrae Rarae 2019,
at least in my opinion. 225 years after Johan Gadolin’s seminal paper on the investigation of
a “svart tung” (black stone)2 during which he had found the first rare earth, yttria, it appeared
to be the right time to have a rare-earth meeting in Stockholm. In hindsight, it seems perfect
to celebrate Terrae Rarae 2019 on the way from Stockholm to Helsinki and back on a cruise
ship, as Gadolin was a Finnish chemist from Åbo (Turku). The idea was actually born after
Anja, our Conference Chair, decided to follow an
offer from Stockholms universitet and move from
Ames, Iowa, to Stockholm, Sweden.
A total of 80 people, only a few
accompanying, obviously did not find the idea too
crazy and followed our invitation for a two-day
journey on board of Viking Line M/S Mariella and
actually survived the oral presentations’ marathon
with 60 minus 5 talks (for the five from the host
institution Stockholm we just ran out of time – sorry guys!), also the light storm Thursday
night. We again experienced a fantastic scientific breadth of rare-earth science and joked
about the uselessness or usefulness of one’s interests. It is certainly fun to sneak through the
electronic “Book of Abstracts”3 during a fika (Swedish for coffee break, a national institution)
or even with a glass of …
1

https://www.bing.com/videos/search?q=dinner+for+one+you+tube&view=detail&mid=0C03E3C06
E4D649B05970C03E3C06E4D649B0597&FORM=VIRE
2
Gadolin, Johan (1794). "Undersökning af en svart tung Stenart ifrån Ytterby Stenbrott i Roslagen".
Kongl. Vetenskaps Academiens Nya Handlingar. 15: 137–155.
3
http://www.terrae-rarae.org/wp-content/uploads/2019/05/Terrae-Rarae-2019-Book-ofAbstracts.pdf
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The highlight of the “Tage”
(as our Nestor4 Glen Deacon
baptized the series of meetings) is
the bestowal of the Terrae Rarae
Award. The 15th TRA went to

Professor Reiner Anwander
from Universität Tübingen “in
besonderer Anerkennung seiner
herausragenden Arbeiten über
Organometallverbindungen der
Selten-Erd-Elemente“.
Reiner appeared to be taken completely by surprise and that‘s how it should be.
Congratulations again!

Upper left: The Conference Chair
(middle) announcing the bestowal of
the 2019 Terrae Rarae Award and the
laudator (right); Upper right: A
surprised Reiner Anwander; Low left:
The actual and former Terrae Rarae
awardees present at the Conference.

Expect for the dinners and bar-time, we had three hours of leisure, sight-seeing time in
Helsingfors/Helsinki (May 31) and an excursion to Ytterby gruva (June 1).
This is the place where the famous svart tung named ytterbite or, from 1800,
gadolinite was found by Carl Axel Arrhenius in 1787.5 A total of eight new (rare) earths were

4

”One who is a patriarch or leader in a field”;
https://www.merriam-webster.com/dictionary/Nestor
5

Carl Axel Arrhenius (1757-1824) was a lieutenant at the Svea Artillery Regiment stationed in Vaxholm. He
seems not to be related to Svante August Arrhenius (1859-1927), one of the founders of physical chemistry who
won the (first Swedish) Nobel Prize in Chemistry in 1903.
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extracted from that mineral, yttria, erbia, terbia, ytterbia (all named after the “outer town”
Ytterby on the island Resarö), thulia, holmia, scandia and tantala. As all of these have high
melting points and exorbitant enthalpies of formation it took quite some time to produce the
metals Y, Er, Tb, Yb, Tm, Ho, Sc, and Ta for the first time. Generally, a procedure initiated by
Jöns Jacob Berzelius and perfected by Friedrich Wöhler, the Metallothermic Reduction, was
applied.6
One of Professor Mudring’s colleagues,
Prof. em. Sven Hovmöller (red sweatshirt) was kind enough to join us at
Ytterby gruva and told us about the
mine and its importance in the past.
Ilya brought a pocket Geiger counter
and Sven brought a professional one,
and quite a number of the crowd
enjoyed
discovering
radioactive
minerals in the rocks.

After a little reception with
water, wine and chips at the top of
the quarry, the XXIX. Tage der
Seltenen Erden – Terrae Rare
2019 found their official end. The
buses brought the excursioneers
back to the City of Stockholm, at
Danderyd’s sjukhus, for another
night in Stockholm or travel back
home.

Anja and I are grateful that you attended, lived through the talk marathon, survived sea
sickness or the visit to the bar, and we wish you all the best. Next year in Leipzig!
Thanks also for all the photos I have received so far, some of which found their way into this
circular. More will be on our homepage: www.terrae-rarae.org in a couple days.
GHM

6

G. Meyer, The Reduction of Rare-Earth Metal Halides with Unlike Metals – Wöhler’s “Metallothermic
Reduction”, Z. Anorg. Allg. Chem. 2007, 633, 2537-2552.
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A glimpse of the beauty of Stockholms skärgården.
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Appendix 1: Ytterby gruva
Ytterby is located on the eastern part of the island
Resarö in Vaxholms kommun, Stockholms län, in
Stockholms skärgården.
The bedrock in the area of Resarö contains
significant deposits of pegmatite, both in the
Ytterby gruva and in other areas.
A pegmatite is an igneous (volcanic) rock
formed underground. Most pegmatites are
composed of quartz, feldspar and mica, having a
similar silicic composition as granite. Crystal sizes
are usually over 5 cm. Individual crystals of over 10
meters (33 ft) long have been found, and many of
the world's largest crystals were found within pegmatites. These include spodumene,
LiAl(SiO3)2, microcline, beryl, and tourmaline.
There are also rare minerals that paved the way for the discoveries of new elements,
mainly gadolinite and fergusonite, also yttrotantalite, and xenotime.
Gadolinite
Fergusonite
Yttrotantalite
Xenotime

(Ce,La,Nd,Y)2FeBe2Si2O10
(Y,R)NbO4
[(Fe,Mn)Ta2O6]
YPO4

Mining at Ytterby gruva goes way back in time, perhaps
already to the 17th century. Then it was about quartz mainly for the
Uppland ironworks. Feldspar was used for porcelain production.
From the end of the 1850’s and until 1926 Rörstrand Porslinsfabrik
was the owner of the mine and both quartz and feldspar were
shipped on barges into Stockholm. Rörstrand was established in
1726 and became the first Swedish ceramic factory.
The actual deep mining began around the 1860‘s and was related to the increasing
needs of feldspar for the production of Flintgods and Fältspatporslin. Initially,
Fältspatporslinet consisted mostly of ornaments and lyxserviser, but production grew sharply
and new products such as hygiene items, household goods and electrical porcelain saw the
light of day. The high demand led to a short but sharp increase in the fältspatbrytningen. The
production was at its peak around the turn of 1900 when 47 man worked in the mine. In 1908
the work crowd had shrunk to six men. 1926 the pipe strand down its production in Stockholm
and the bailiff was handed over to the then mining industry instead of a pension. Mining was
terminated in 1933.
After the closure of mining operations, the plant was abandoned and deserted for a
number of years. Towards the end of the 1940’s, the state began to take an interest in the
mine. 1953 the mine was rebuilt into a plant for the storage of jet fuel; long-term storage of
aviation fuel lasted until 1978. The plant was then used for storage of diesel. In 1995 the mine
was emptied of its contents. After that the area has undergone a clean-up process.
It may appear to be an inconspicuous place. At a closer look, it shows itself to hold a
variety of exciting stories and appears instead as unique. The very high chemistry historical
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value in the perspective of chemists and mineralogists all over the
world makes it a sacred place. 1989 it was honored with a
nomination for "Historical Landmark" by ASM (American Society
for Metals) International.
After the closure of both mineralbrytning and oil storage,
the current position is now in a kind of Sleeping Beauty sleep and
it is discussed what will happen to the area in the future.

Appendix 2: The discovery of new elements; some Swedish chemical history
Carl Axel Arrhenius (1757-1824) was a Svante August Arrhenius (1859–1927) was a
lieutenant at the Svea Artillery Regiment Swedish scientist, one of the founders of
stationed in Vaxholm.
physical chemistry. He received the Nobel Prize
for Chemistry in 1903, becoming the first
Swedish Nobel laureate, and in 1905 became
director of the Nobel Institute where he
remained until his death.
Carl Axel Arrhenius and Svante August Arrhenius seem not to be family related.

During Carl Axel Arrhenius’ time in Vaxholm, he visited the feldspar mine in the village of
Ytterby on the island of Resarön, near Vaxholm. In 1787, he found a dark mineral which he
named ytterbite and sent it to the chemist Johan Gadolin (1760-1852), a Finnish chemist at
the University of Åbo (finska: Turku) for further analysis.
By careful experiments, Gadolin determined that approximately 38% of the sample
was a previously unknown "earth", an oxide which was named yttria by Anders Gustaf
Ekeberg. Yttria, i.e. yttrium oxide, was the first known rare-earth metal compound. Gadolin’s
work was published in 1794 in the Proceedings of the Royal Academy of Sweden entitled
”Undersökning af en svart tung stenart ifrån Ytterby stenbrott i Roslagen".
Elemental yttrium was first isolated in 1828 by Friedrich Wöhler.7 Davy, Ørsted, and
Berzelius attempted the extraction of aluminium, but failed. Wöhler then worked on the same
subject, and discovered the metal aluminium in 1827. To him also is due the isolation of the
elements yttrium, beryllium, and titanium, and the observation that "silicium" (silicon) can be
obtained as crystals.
Gadolinite was named in 1800 for Johan Gadolin, The rare-earth element gadolinium
was also named for him. However, gadolinite does not contain more than trace amounts of
gadolinium.
In addition to yttrium, erbium, terbium, ytterbium, thulium, holmium, scandium and
tantalum have been found in the minerals discovered in Ytterby’s gruva.
The rare earth metals are given their name because they were very rarely
encountered. The rare-earth elements are evenly dispersed in the Earth's crust. However,
there are places in the world where they have locally been enriched to higher levels than
usual.

7

F. Wöhler, Ueber das Beryllium und Yttrium, Poggendorﬀs Ann. 1828, 13, 577–582.
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Swedes are frequently represented when it comes to discoveries of elements. The
number varies slightly depending on the reference point, but 23 are often mentioned, i.e.
about every fourth element. The findings occurred between 1735 (cobalt) and 1895 (helium).
Chemists and scientists linked to the country were among others: Carl Axel Arrhenius, Johan
Gadolin, Anders Gustaf Eagle, Jöns Jacob Berzelius, Carl Gustaf Mosander, Per Teodor Cleve
and Lars Fredrik Nilson.
Atomic
number
27
28
25
8
17
42
39
73
58
3
34
14
90
57
68
65
21
69
2

Name&
Kobolt, Co
Nickel, Ni
Mangan, Mn
Syre, O
Klor, Cl
Molybden, Mo
Yttrium, Y (Yt)
Tantal, Ta
Cerium, Ce
Litium, Li
Selen, Se
Kisel, Si
Torium, Th
Lantan, La
Erbium, Er
Terbium, Tb
Skandium, Sc
Tulium, Tm
Helium, He

Year of
discovery
1735
1751
1774
1774
1774
1778
1794
1802
1803
1817
1817
1824
1829
1839
1842
1843
1879
1879
1895

Discoverer (Country)
Brandt (S)
Cronstedt (S)
Gahn (S)
Scheele (S), Priestley (GB), Lavoisier (F)
Scheele (S)
Scheele (S)
Gadolin (FIN)
Ekeberg (S)
Berzelius (S), von Hisinger (D)
Arfvedson (S)
Berzelius (S)
Berzelius (S)
Berzelius (S)
Mosander (S)
Mosander (S)
Mosander (S)
Nilson (S)
Cleve (S)
Ramsay (GB), Cleve (S)

&Swedish name of the element

Baron Jöns Jacob Berzelius (1779 – 1848), known throughout his life as Jacob Berzelius, was
a Swedish chemist. Berzelius is considered, along with Robert Boyle, John Dalton, and Antoine
Lavoisier, to be one of the founders of modern chemistry.
Berzelius began his career as a physician but his researches in physical chemistry were
of lasting significance in the development of the subject. He is especially noted for his
determination of atomic weights; his experiments led to a more complete depiction of the
principles of stoichiometry, or the field of chemical combining proportions. In 1803 Berzelius
demonstrated the power of an electrochemical cell to decompose chemicals into pairs of
electrically opposite constituents.
Berzelius's work with atomic weights and his theory of electrochemical dualism led to
his development of a modern system of chemical formula notation that could portray the
composition of many compounds both qualitatively (by showing its electrochemically
opposing ingredients) and quantitatively (by showing the proportions in which the ingredients
were united). His system abbreviated the Latin names of the elements with one or two
letters and applied subscripts to designate the number of atoms of each element present in
both the acidic and basic ingredients.
Berzelius is credited with identifying the chemical elements silicon, selenium,
thorium, and cerium. Students working in Berzelius's laboratory also discovered lithium and
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vanadium. Berzelius discovered silicon by repeating an experiment performed by Gay-Lussac
and Thénard. In the experiment, Berzelius reacted silicon tetrafluoride with potassium metal
and then purified its product by washing it until it became a brown powder. Berzelius
recognized this brown powder as the new element of silicon, which he called silicium, a name
proposed earlier by Davy.
Berzelius himself discovered and isolated several new elements, including cerium
(1803) and thorium (1828). Berzelius's interest in mineralogy also fostered his analysis and
preparation of new compounds of these and other elements. The mineral berzelianite, Cu2Se,
was discovered in 1850 and named after him. He was a strict empiricist and insisted that any
new theory be consistent with the sum of chemical knowledge. He developed classical
analytical techniques, and investigated isomerism and catalysis, phenomena that owe their
names to him.
Berzelius became a member of the Royal Swedish Academy of Sciences in 1808 and
served from 1818 as its principal functionary, the perpetual secretary. He is known in Sweden
as "the Father of Swedish Chemistry". Berzelius Day is celebrated on August 20 in honour of
him.
Carl Gustaf Mosander (1797 –1858): Born in Kalmar, Mosander attended school there until
he moved to Stockholm with his mother at age 12. In Stockholm, he became an apprentice at
the Ugglan pharmacy. He took his pharmacy examination in 1817, but had an interest in
medicine and matriculated as a student in the Karolinska Institute in 1820 and graduated with
his Master of Surgery degree in 1824.
Mosander worked teaching chemistry at the Institute and as an assistant in the
mineralogical collection of the Swedish Museum of Natural History. In 1836 he succeeded
his professor of chemistry during his medical studies, Jöns Jacob Berzelius, as professor of
chemistry and pharmacy in the Karolinska Institute. Mosander discovered lanthanum in
1839 when he partially decomposed a sample of cerium nitrate by heating and treating the
resulting salt with dilute nitric acid. In 1843 he discovered terbium and erbium.
Mosander was elected a member of the Royal Swedish Academy of Sciences in 1833.
Lars Fredrik Nilson (1840 – 1899) was a Swedish chemist who discovered scandium in 1879.
Nilson was born in Skönberga parish in Östergötland, Sweden. His father, Nikolaus, was a
farmer. The family moved to Gotland when Lars Fredrik was young. After graduating from
school, Lars Fredrik enrolled at Uppsala University, and there he studied the natural sciences.
His talent for chemistry drew attention from chemistry professor Lars Fredrik Svanberg, who
was a former student of Jöns Jacob Berzelius.
In 1874 Nilson became associate professor of chemistry, and from then on he could
devote more time to research. While working on rare earths, in 1879 he discovered scandium.
During this time he also studied the gas density of metals which made it possible to determine
the valence of various metals.
In 1882 he became director of the chemistry research department of the Royal
Swedish Academy of Agriculture and Forestry. His research partially took a new direction from
then on. He conducted studies on cow milk and various fodder plants.
Nilson was a member of several academies and got several awards, including the
Order of the Polar Star.
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Per Teodor Cleve (1840 – 1905) was a Swedish chemist, biologist, mineralogist and
oceanographer. He is best known for his discovery of the chemical elements holmium and
thulium. Born in Stockholm in 1840, Cleve earned his BSc and PhD from Uppsala University in
1863 and 1868, respectively. After receiving his PhD, he became an assistant professor of
chemistry at the university. He later became professor of general and agricultural chemistry.
In 1874 he theorized that didymium was in fact two elements; this theory was confirmed in
1885 when Carl Auer von Welsbach discovered neodymium and praseodymium.
In 1879, Cleve separated from the rare earth oxide erbia another two previously
unknown components, which he called holmia and thulia; these were the oxides of holmium
and thulium, respectively. A relatively pure sample of thulium metal was first obtained in
1911.
Thule is the farthest northern location mentioned in ancient Greek and Roman literature and
cartography. Modern interpretations have included Orkney, Shetland, the island of Saaremaa
(Ösel) in Estonia, and the Norwegian island of Smøla.
In classical and medieval literature, ultima Thule (Latin "farthermost Thule") acquired
a metaphorical meaning of any distant place located beyond the "borders of the known
world".
By the Late Middle Ages and early modern period, the Greco-Roman Thule was often
identified with the real Iceland or Greenland. Sometimes Ultima Thule was a Latin name for
Greenland, when Thule was used for Iceland. By the late 19th century, however, Thule was
frequently identified with Norway.
In 1910, the explorer Knud Rasmussen established a missionary and trading post in
north-western Greenland, which he named "Thule" (later Qaanaaq).
Thule has given its name to the northernmost United States Air Force airfield, Thule
Air Base in northwest Greenland, and to the smaller lobe of Kuiper belt object (486958) 2014
MU69, visited by the New Horizons spacecraft.
In 1774, Johann Wolfgang Goethe wrote the precursor to the poem Der König in
Thule when he visited Burg Lahneck close to Koblenz, Germany. It found its way into Goethe’s
magnum opus Faust, already in the Urfaust and fragment editions. In Faust I, it serves for
Margarete’s (Gretchen’s) introduction in which she recites/sings it at night before she goes
to bed.

Burg Lahneck (Lahneck Castle)

Pierre Jean Van der Ouderaa, The King of
Thule, 1896
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#

Johann Wolfgang von Goethe, 1774
Der König in Thule
Es war ein König in Thule,
Gar treu bis an das Grab,
Dem sterbend seine Buhle
einen goldnen Becher gab.

The King of Thule#
There was a king in Thule,
Was faithful till the grave,
To whom his mistress, dying,
A golden goblet gave.

Es ging ihm nichts darüber,
Er leert' ihn jeden Schmaus;
Die Augen gingen ihm über,
So oft er trank daraus.

Nought was to him more precious;
He drained it at every bout;
His eyes with tears ran over,
As oft as he drank thereout.

Und als er kam zu sterben,
Zählt' er seine Städt' im Reich,
Gönnt' alles seinen Erben,
Den Becher nicht zugleich.

When came his time of dying,
The towns in his land he told,
Nought else to his heir denying
Except the goblet of gold.

Er saß beim Königsmahle,
Die Ritter um ihn her,
Auf hohem Vätersaale,
Dort auf dem Schloß am Meer.

He sat at the royal banquet
With his knights of high degree,
In the lofty hall of his fathers
In the castle by the sea.

Dort stand der alte Zecher,
Trank letzte Lebensglut,
Und warf den heiligen Becher
Hinunter in die Flut.

There stood the old carouser,
And drank the last life-glow;
And hurled the hallowed goblet
Into the tide below.

Er sah ihn stürzen, trinken
Und sinken tief ins Meer,
die Augen täten ihm sinken,
Trank nie einen Tropfen mehr

He saw it plunging and filling,
And sinking deep in the sea:
Then fell his eyelids for ever,
And never more drank he!

Translation by Bayard Taylor in The Works of J. W. von Goethe, vol. 9, p. 130.
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