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Abstract

The principles of the Natural System of Chemictanients and of its graphical representations
in the form of Periodic Tables are reviewaadd updatedin the 1920sA. von Antropoff cam-
bined variousideasfrom previous authors into an impressive and colerfulemonic graphical
design, to be appliedls anordering principle in both research and educationemphasized the
uninterruptedarrayof elementswith nuclear charges from Z = 0 to 92, the pseymdwiodicity of

2, 8, 18 and 32the kinship of maingroup and subgrouplemens, and applied chemically
meanigful colors to the groups of elementsis design was largely lost in Germany aftee
SecondWorld War, partly due to his Nazi affiliation. However, his scientific legacy wasstran
ferred to SpainThe acceptance of the concepts of the Naturale®ysh Cataloniais briefly
reviewed.During his study trip trough Europein 1928 Antonio GarciaBanus, professor of
Organic Chemistry at the Wrersity of Barcelonaprobablyvisited von Antropoff inGermany.

At his returnto Barcelonahe proposed thereation of a lecture hall with references to chem
stry, with a wall paintingpf vonA n't r o peoiddit Talsde ItRvas accomplisheth 1934. After
the Spaish Civil War, the painting remained in the classroom, and was restored in 2008. We

have yet not hedrof any other still existing wall gies ofv on Ant design.of f 6 s
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1. Outline

We will review the historyand emergencef the principles behind t Natural Systenof
Chemical elements (sect. 24nd the creation ofarious grapical represetions in the form of
Periodic Tableshighlighting different aspectsf the Natural System (sect. 2.2Ve refer to the
classcal literature ofvan Spronse(1969, Mazurs(1974), Scerri(2007) andLeach(2010) and
make use of more recent quantum chemical insighttiwarz 2007, 2010; Schwarz and Rich
2010; Schwarz and Wang 2010; Wang and Schwarz 2007, 2009).

On this background, we report on the history né gpecific Periodic Tablén 1926 the
professor of Physal Chemstry atthe University of Bonn (Germanyypn Antropoff,combined
someof the ideasbehindthe puliished Tables as explicated abovend colored his eclectic
designin a quite impressiveand satisfying bance (sect. 3)2 A short biography of von Anbr
poff is givenbefore (sect3.1).Von Ant r o p o fabledpainteld e the chemistry leTture
hall of the University of Bonn,was popularizedn Germanchemistry educatignbut quickly

disgopeared after World War II.

Thenwe briefly review the acceptance &fkriodic Tables inCatalonia Spain(sect. 41).
The professorof Organic Giemistryat the University of Barcelona;arciaBanus probably
visited von Antropoff in 1928and latereproducechis desigrat the wall of the lecture hait the
main buildingof the universty of Barcelona(sect. 43). This mural of unique desigrhas st
vived, and it has been restored in 20@8short biogaphy of GarciaBanus is givenn-between
(sect 4.2).

2. Principles of the Natural System of Chemical Elements and of Its

Graphical Representations by Periodic Tables

2.1. Discovery of thBasicPrinciples of theNatural System of Chemical &hents

After EnglishmarBoyle (1661)had suggested an experimelly based definition ofhem-
ical elementsn the modern scientific sensemorethana centurypassed untiLavoisier and his
companionsin Paris(Guyton de Morveau et al. 1787; Lavoisier 1789; Fourcroy 1800) eventually
identified the first few dozens dhem. Soon, endeavors were initiated to arrathgegrowing

number ofelementsin a sytematic order, thereby displaying similarities and various trends of



the chemical and physical properties of their compour@lech endeavors were, and still are
important for both the eduation and the daily research in chemistry.

GermanGmelin (1817, 1843, 1852) for instandesplayed in two-dimensional arrares
ments groups ofmost similar elements (halogens, chalcogens,ogeics, etc.; alkali metals,
alkaline earthmetals, earth metals, etalpng one direction, and the other direction the groups
of elements with respect gystematidrendsof their qualitative properties ¢oncerningvalerce,
electiochemical behavior etc.Dn the basis of amplgualitativechamical experience, he placed
the most different elememgroups on the (upper) left and right rgims, while the more similar
groups were placed in the (lower) middgeeFig. 1 The directions of these two basic trends

have been mserved in many of the ndern designs.
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Figure 1. The graphigresentation of th8ystem ofChemical Elementby Gmelin (1843, after
Leach (2010)

Relations between thguantitativeatomic or equivalence weightgthin groups of chein
cally similarelements werdirst discoverd by GermanDdbereiner (1817) and then morearel
tions were foundby several scientists in subsequent decade$i, explicatedby van Spronsen
(1969). But theealbreakthrough came only aftéalianC a n n i z(%8&8)ctardication of the
difference of ;oms and molecules and of theo different conceptsf atomic and equivalence
weights including reliable valuesfor the atomicvalence numbersThis was achieveduring the
first international congress of chemistry in KarlsrufBermany(Anonym 1860 Wurtz 1860.
Now the chenrtal elements could be arranged on a (nearly) urligear array, presentedor
the first time byFrenchmarBéguyer de Chancotois (1862).



The chemical properties of the elemental substanceoftiteir compounds varglong
that aray in a wavelike manner. The respectperiodicity is pinpointed by the repeated occu
rence of two very different elements directly adjacent to each other on the array of elements,
namely the halogens and the alkalited® Thechemically unique nobleagses discovered at the
end of the 19 centurywere later insertedin between Schwarz et al. have called thdad of
groups ofthe halogens, noble gasses and alkali metlads backboneof the Natural System
(Wang and Schwarz 2009; Schwarz &idh 2010. Period lengths of 2, 8, 8, 18, 18, 32 resulted.
A particular apect of the Natural Systeof elements is the occurrence of bifurcating similarity
relations, such as Mg < Ca,Zn or Al < Sc,Ga or Y < La,Lu, between the main groups and the
transtion grougs (and the inner transition or f elements, found latep)itting up the periods of
18 into two shorter ones of 8 and. lthe period of 32 possesses a comparabhestructureof
7+7, 8 and 10l.e. the Fourier analysis of the periodicity yields a whole buh of oOf r eque
(Khramovet al. 2006).

Moseley (1913, 1914 and Bohr (1913) replaced tbeiginal crudeordering principleof
the numerical atomic masskyg theuniqueintegervalues of thenuclear charge(in units of the
negtive electron chargealso nameaaturalelementnumbersTheyare equal tahe numbes of
atomic electronswhich move in the fields of the nuclear chargéswadays quantum chemical
theoreticiansassume that chemical phenomena are reproducible or predictable quantwet theor
cally with suficient accuracyand no scientifically acceptable argument against this assumption
is known to them. Acaalingly, theelectronic valence shell configurations of the atoms of the
elementsn chemical substancenstitute the most importametaparametesto bedisplayed

versus the element number in Periodic Tables.

The dominant metphenomenorof the elements varying over the elemantay is the
development of the typesnd value®f the energeticallyspatially characterized atomicoce and
valence shells. This causes tiheublestepwise appearance of p-, d and fblocks, theincrease
of the period lengthfom 2 to 8, 8, 18, 18 and 32, atitk bifurcating similarity retions. The

]t must be stressed that t he nbtidéntcaliwithahe configd-ence ¢
tions of the single unperturbed atoms of vacuum spectroscopy. Nonetheless, the latter ones are usually
discussed in chemical textbooks innnection with teaching the Periodic Tables, thereby introducing
problems-uaddr mamdabl e -ecxlclewd i 6hadét s@nidntsm t he ¢
chemists and philosophers of chemistry, in the sensedvikuFleck (1935.



latter leads tothe substructure within the longeperiods, for instance the occurrence of s
elementsin columns 2 (BeMg, Ca, etc.) andl2 (Zn, Cd, etc). (Wang and Schwa 2009,
Schwarz and Wang 2010)

In chemical reality, fiype atomic orbitals become populatathove a filled shell, first in
groy>-13 compounds otlements B, Al, Ga, etd-type atomic orbitals become populated
belowa hardly occupied-shell, first in group3 compounds otlements Sc, Y, La, AAAnd +
type atomic orbitals become appreciably populated, lzdowa hardly occupied-shell, first in
compounds of group 4 or 5 (elements Ce and Rehumov (1946) has nicely displayetis
stepwise shift of the beginning of, @ and tblocks of elementsandsuggested the beginning of
a hypothetical gblock in a period of 50 superheay elementsafter group 4(see also Schwarz
2010,Schwarz and Rich 201&chwarzand Wang2009) Remarkably, the writings of physsts
like Bohr (1922) and Madelung (1936) influenced the community of chemstsdsmodifying
the Natural System andegiming with a new angular momentum shell always after thfe 2
column abovea filled sshell®

2.2. Construction of Various Types of Graphical Representations of the Natural 8$f€laan-

ical ElementsPeriodic Tables

In this section we order the advasaduring the historical development accordingdien-
tific hindsight Big steps in the discovery of the features of the Natural System of elehaghts
been initiatedn the 1860s. Since theresearchers experimented with various graphiesligns
to repesent some of the important aspects of the Natural Systeimghlighted in the previous
section in the form of secalledPeriodic TablegMazurs 1974; Leach 2010keologistBéguyer
de Chacourtois (1862)hardly noticed by the community of chemidtad originally wound up

the array of elements on gliader in such a manner that adjacent pairs of halogens and alkali

The r esmploctuiled ff orbital occupation in a given
nearly all general chemistrgxtbooks, namely ns <@)g < (r2)f < (n-1)d < np, is nonrealistic, as all

transition element chemists knowhe right order, for a-thlock element, for instance, is-1)d <ns <np.

Yet , it became a 6 s c iokchdnicaf aducatof sabc,t iinn tthhee sceonnsneu nao ft
(1935).



metals came one under the oth&hereby he creaed in the mathematical sense, a doubly
connected twalimensional table on the cylindesurface. Chemists usually call it three

dimensionalirrespective of the multiplicity of the conttedness.
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Figure 2. A modern twaedimensional multconnected Periodic Tab(@lexander 1965), lgh-

lighting the continuity of the array of elements, theerticab similarities of the elements in a
column, and the looser relations between rows 1 and 2, 3 and 4, and 5 and 6, where the period
lengths jump, respectively, from 2 to 8, from 8 to 18, and from 8 to 32.

B®guyer de Chancour the costibuitydktkei etemental arppph @and | z e s
allows to highlight the 0vegmoupamlreSpective mand ar i t i
tion elements being placed in the same column as two subgroups. The increasing lengths of the
periods (2, 8, 8, 18, 8 , 32, €) and the differences-bet wee
transition) groups are better represented, if the array of elements is wound up as a helix with

increasing radius, on a cone, or on a cylinder with bulges (Emerson 1911; StintkéhdCb9r-



tines 1925). A modern design is shown in Fid.These secalled threedimensional designs are
guite useful decorations on the chemistds wor

in books or on the walls of lectutalls.

Already Hnrichs (1867) andBaumhauer (1870had showrhow to obtainflat displays:
They, so to saypoint-projectedthe cylindrical or conicahelices of the elemerdrrayonto a
two-dimensional plane, obtaining flapirak. Sirals with increasing radii (Emersoi911;
Hackh 1914seeFig. 3;Clark 1921) or spirals with nooses (Janet 1928m particularly appr
priate see Fig. 4Some authors added bifurcating arrows to highlight thetioeks betweerthe
main-group, transition and inngransition elements. A ther sophisticated spiral, also acctun
ing for the lanthaoids and actinoids, is displayed in Fig. 5.

Ingo Waldemar Dagobert Hackh, 1914

Figure 3. Flat giral display with doublestepwise increasing radiusighlighting the continuity
of the elemenarray, the backbone of the Natural ®ys (the noble gasses)he similarity of
elemens from dyads of periods of santength but without any indication of other similarity
relations.Hackh (1914), remduced in Mazurs (1974).

*In this article, we skip most historical versions, since more modern ones display the relevant aspects
more clearly. However, for practical printing reasons, we yet abandon the presentation of the preferable
colored designs.



Flat two-dimensional singhconnected and more or lessctangula Tables are more
appropriate for books and murals, in particular if additional information on the elements is to be
commuricated® They can be obtainedor instance when one cuts the uninterrupted array of
elements along the backbone of the Sysbeffore the alkalimetals,i.e. just before, through or
after the originally unknown group obble gases Additional cuts are necessary at aamque
positions, somewhere in the middle of the shorter and/or longer rows. Thus, many designs b
come possibleAnyhow, some aspects of the Natural System get lost, while some restricting
choices must be made, as described in thewallg Figure legends.

Figure 4. Spiraldisplay withnooses highlighting the continuity of the elemeatray,the onset
of the transitim groups after main group 2 and of thgrébups after group &he speculative
onset of the gelements after group 2 is nonrealistic, see Wang and Sc2@@dy, thesimilarity

of elementsn separatednaingroupsandtransition groupsthoughnot indicaing the relations
between them. It is the logo of theternational Society for Philosophy of Chemistry ISPC
(2010) the colored original being much more attractive and impressive

® Elementname, atomic number and mass, typical valence number(s), spectroscopically or lghemica
relevant electron configuration, electronegativity, effective atomic radii etc.



Bugwe r 6 s c¢ ydoublgabnneéctedadesign would then lead to theowsiversions of
more or less exactlyectangular Briodic Tablesof the secalled short form, independentlygsu
gested by many authors already since the 1860Meyer 1864, 1872, 1870; Mdands 1865;
Mendeleev 1869, 1870; and others, see Mazurs 19MB combination of makgroup and
transition elements appears somewhat artificial. A modern, comparatively simple desigh, inclu
ing the atomic masses, and with a specific choice for the placement of hydregabove Li)
is presented in Fig. 6Cutting conical or spiral forms of increasing radius, or designs with nooses
(as in Figs. 2 to 53long the noble gasackbondeads to the medium or long forms of rectang
lar Tables (Mendeleev 1869; Meyer 1872; Bassett 1892tc). A modern version recommen
ed by the IUPAC is displayed in Fig. 7.

Vla Va Via lla b
Pb

Wiy

¢ SUBPERIOD TRANSITION

Figure 5. A modern Periodic Table in the spiral form, displaying both, the continuity of the
uninterrupted array of elements without breaks after the noble gasses, as well as vertical, diago
al and bifurcating similaties between the elementSlark (1950), his earlier beautifully colmt
designbeing more convincing.
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the transition and of the innémransition elements, respectively, and making the choices of H
above Li, and of B,Al above Ga, while rétey Sc,Y toboth La,Ac and Lu,Lr.



Any of these designs have some disadvantages. For instance, the rectangular Tables of
(medium or) long form display the array of elements in an interrupted manner, the pedods en
ing (or beginning) with a noble gas. No indicationstiod relations between magroup and
transition elements were usually displayed. Designs like in Fig. 7 with broken periods provoke
nonending discussions about the placement of H (above Li or F), of Be, Mg (above Ca or Zn)
and B, Al (above Sc or Ga), anfiLa, Ac and Lu, Lr (as-dor f-block elements). Some inddA
ual disadvantages were already solved rather early. For instance, S. Meyer (1918) avoided the
breaking up of the shorter periods at somewhat arbitrary intermediate points by the design pr
sente in Fig. 8. Another suggestion, due to Janet (1928), has recently received some attention in

the historicalphilosophical communitgndis presented in Fig. 9 ansilcommented in the legend.

Tabelle I. Periodisches System der Elemente.
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Figure 8. Medium longPeriodicTableof S. Meyer (1918), imrrupting the array of elements af

ter the noble gasses, but withdueaking upghe periods in the middi®&o similarity bifurations

are indicated. La, the 14-étements from Ce to Lu (at that time denoted Cp) and Hf are treated
as a o0f ooworbddeménts LacandtHkeepngthe Table printable oonepage.
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ly arranged according to their assumed (not always correctly, see below) chemical valeince conf
guratiors governing the @me nt s 6 ¢ h e mi, shé arnay of dleonanes iseimterrupted

namely after the alkaline earth metad®me diputable choies are made (H above F; Sc, Y

above Lu,10ir and not above La, Ac); and relations between agaoup and transition e}

ments are msng.

Suggestions tandicate the similaritybifurcations, as in the spiral Tables with connecting lines
(e.g. Fig. 5), were given since the laté"t@ntury by Bayley (1882), Thomsen (1895, see Fig.
10), Carnelley (1886), Bohr (1922) and others.

3. History and Significance of von Antropof f 6s Peri odi c Tabl

3.1. Andreas von Antropoff, 1878 (Reval, Estonia) i 1956 (Bonn, Germany)

Andreas von Antropoff was born on August 16, 1878, in a distinguished Gd3attamn
noble family in the Estonian capital Reval (now Tallinn) whibkrt belonged to the Russian

empire. Since 1897 he studied at the Gertigtltuanian Polytechnic of Rigavhich had lecome



Elektropositive Klemente.

K 89.85Rb
Ca 40.87Sr
Sc 44.890Y
Ti 48.917%r
V 51.94Nb
Li 7.28 Na Cr 52.96 Mo
Be 9.24 Mg Mn 65.— —
B11.27 Al Fe 56.102 Ru
H1{C12.288i Co 59.103 Rh
N14.81P . Ni 59.107 Pd
016.328 “Cu 68.108 Ag \
F 19.85, Cl Nz 65.112Cd
Ga 69.114In \
Gr 72.1198n \ \.
As 75.1208b <\
Se 79.125Te
Br 80.127J <

N

Elektronegative Elemente.

Figure 10. A Table in the long form with lines connecting related rgroup, transition and
innertransition (f) elements. Thomseh895) had designed the pattern before the noble gasses
had been adfirmed.

russified at the time In 1904 he moved to Heidelberg in southwestern Germany, where he
worked under the guidance of Professor G. Bredig (one of the founders of the sciench-of cata
sis) for his doctoral thesis on the pulsating merdts., catalysis and on the formation of HgO
(Bredig and v.Antropoff 1906; v.Antpmff 1908). During his postdoctoral fellowship in London
with Sir William Ramsey, he investigated the solubility obleogases in water (v.Antropoff
1910). He then ltained the position of an Assistant and later of a Docent at the Polytechnic of

Riga, where he continued those researches (v.Antropoff 1919).
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Figure11.Von Antropoffés new P eaangewahdteChdmaedl9z6b),i n Ze
yet in blackandwhite, but with suggestions for coloring it.

During World War |, he acted as a departmental chief at the Central Bureau of Standards in
the Russian capital, then called Petrograd. Since he got involvedheitibération of the Baltic
region and against Bolshevism (v.Antropoff 1935) and favored then&@eside, he run into
troubles. Eventually, he emigrated to southwestern Germany, obtained the position ofsan Assi
tant at the Karlsruhe Institute of Technolp@gnd receivedGerman citizenship in 1921. He
achieved his habilitation, and in 1925 was appointed as Professor of the new division of Physical
Chemistry at the University of Bonn. There he cooperated with the chemical industry, supported

Ger ma ny 0 £ autadyo(wmAntopoff 1941) and also entered a natiopakervative polit

cal party.



Figure 12 Von Antropoff standing on a table in front of the university main building in Bonn
surrounded by militant Nazi p83ty members and

He published various editions of his introductory stbdpk of experimental chemistry in
German and in Spanish (v.Antropoff 1919, 1955; v.Antropoff 1945). He joined the group of
authors preparingthé"®@ di t i on of Gmel i n 6 s mistrgand domiribdéed ®f i no
the Strontium and Bariumolumes (Gmelin 1931, 1932). In 1929 he published, in cooperation
with his Assistant von Stackelberg the Atlas of Physical and Inorganic Chemistry (v.Antropoff,
v.Stackelberg 1929, 19323, rich volume ohumerical data tables in the format of his Periodic
Table Already in 1926he had suggested a new design of the Periodic Taiatropoff 1926b,
Fig.11).

Besides these compilation and review works, he conducted various tlysanud and
kinetic reseasth works, for instance on alkali and alkaline earttbickes, nitrides, halides etc.
(e.g. v.Antropoff 1926a, 1932, 1933hhdon gas adsorption at wide ranges ofspuee (a long
series of papers by v.Antropoff from 1936 till 1955). It is a pity thatehidy spealations and
possibly experimentadroof of the existence of noble gas halides (e.g. v.Antropoff 1924a, 1933a)

seem to have been nearlydotten.



Design by Andreas von AntropofT, 1926, restored by P J Stewart, 2006.
Note element zero. for which he coined the name ‘neutronium’,

Figure 13.Von Ant ¢1e2pbinéw P@reodic Table colored by Stewart (BP&ccording to
his prescription(Leach 2010)

After the takeover of power in Germany by the National Socialists, von Antropoff became
a member of Hitlerds NSDAP party and té the
raising of the NAZI swastikdlag by radical studentever Baan University in 1933Fig. 12.
Despite his explicitarti e wi sh attitude, he nevertheless su
relativity, which was ncommon among the NAZIs. Because of his disputable NAZI activities,
combined with medium scientifiactivities, he lost his professorship after World War Il around
the date of retirement, and then founded a small pharmaceutical and cosmepitsentde died
on June 02, 1956, in Bonn, at the age of (Bonn 2010; Wamhoff anddier 2010 Leach 2010
Garleff 2008;Harten et al. 2006



32Von Antropoffodos Eclectic Periodic Table of

Von Antropoff obviously hadichieved éroad chemical background knowledge. So it is
not asbnishing that he designed and promoted a periodic table that combinedl senxsrtant
aspects of the previous designs in the literature. Von Antropoff recognized periodic tables as
most fruiful ordering principles for both research and education in the proliferating field of
chemistry.While nature gives us one system of cheahelements, the numerous relatiors b
tween the elements can be represented more or less efficiently by various graphical @iesigns.
main points he wanted to embody were ¢batinuity of the elemental arrathegrowing lengths
of the periodsand themore or less pronounced periodicities of thain, transition and inner
transition groups(v.Antropoff 1926b)

In order to obtain some optimal compromise between the short and medium rectangular
and pyramidal forms and to account for the kinships betweenmain and transition groups
(Bayley 1882;Thomsen 1895who was explicitly acknowledggdhe suggested the eclectic
black-andwhite design of Figll (v. Antropoff 1926b). In that set of two papers, he alsp su
gested a mnemoniand chenically meaningfulcoloring of the main groups and their related
subgroups (Figl3). His tables are distinguished by two charasties. i) The noble gas at the
right end of each row is repeated at the left onset of the next row, thereby highlighting the cont
nuity of thearray of elements. ii) Each of the 8 main groups of the upper periods bifurcates into
two groups of the lower periods. This was no new idea, but he alsmted the extent of the
kinships, for instance between O,S and Se,Te,Po, while Cr.Mo,W,U aakir$s O, S(see the
yellow regioni symbolizing sulfuri in Fig. 13). On the other hand, Be,Mg are nearly asilgsim
to Ca,Sr,Ba,Ra as to Zn,Cd,Hg and are both uninterruptedly connected by the violet region

(symbolizing the UV light that can be generatéth the help of Mg or HQg)

The impressive chemical laboratory building of the University of Bonn had been designed
by A. W. von Hoffmann in the 1860s when he was to move from London to Bonn, but éventua
ly followed the callto Berlin. So, the laboratorwas finished by, and became the domain of
Kekulé von Stradonitz. Von Antropoff anaged to get his colorful design of the periodic table
onto the wall of the large chemistry lecture haftea called the Kekulé auditorium. His table

became quite common iGBerman chemistry textbooks, but disappeared after the end of the

NAZI er a. Al so von Antropoff és wal |Ichenisteyr t di

lecture hall years after the war. On the other hand, Pauling ($8d8)stohavé b or r o we d 6
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Ant ropoffdés design for his famous book.

Von Antropoffdos tables contained seven el er
use nowadays. For argon, both Ar and A were used, and for xenon X instead of Xe. Thulium was
abbreviated by Tunstead of Tmand iodine by the German J (Jod) instead of I. The old name
emanation, Em, was still used for radon. Inri@a&ny, technetium and lutetium were at that time
called masurium, Ma, and cassiopeium, Cp. The elements francium, astatine and promethium
were onlyfound in 1939, 1940 and 1945, resipeely, and were still indicated by hyphens. The
same was done for the entry Z=0, the neutron. Von Antropoff (1924b) had suggestes the el
mentname neubn i um f or it Al so, a few ot heables;aut hor
mostly for esthetic reasons, before and after von Antropoff, for instance Emerson (191t), Akh
mov (1946) or Longman (1951hle used Ln for the group of lanthanoids; for lack of space in the
main tabl e, he di spl ay e dontake a sirictackoicea namdlyadhe 14dn ot e 6

elements from Ce to Cp/Lu.

A particular aspect of von Antropoffds tabl
of one period and again at the beginning of the next one. He (1926b) stressed the pexiodic ch
ract er of the system as a oO0cylinder cut along t
the |l eft awdldiaghtt 0comner PT (see also Wang
display (as bars, circles or values) the properties of #megits, such as atomic radii, various
thermodynamic, mechanic and electric paggme r s of t he el ement 6s ¢ o0 mg
construction He even included in his paper an empty Periodic Table for copying as a worksheet.
Eventually, a large number ofichpropertydisplays were included th&tlas of 1929 published
together with his colleagweon Stackelberglt hasnowadays becomeatherstandardo include
at least numerical values of various chemical and physical properties of the elentesttadca
and their compoundsusing the medium long rectangular form advocated for by the IUPAC
(2010), see e.g. Lof (1987).



4. Propagation of von Antropoffods Desi
4.1.The Concept of Periodic TablesCatalonia

The classification otlements according to the Natural System, and the Periodic Tables
had already arriveth the university textbooks of Barcelgneapital of Cataloniain the 1880s.
However, at the somewhat lower level of the undergraduate college, affiliated to this wery un
versity, these concepts ditbt appeain the college textbooks until the first dade of the2d"

century.

In 1868 the official year of birth of the Periodic Tabléise sciencestudiesat the Univers
ty of Barcelonawere split ino Exact SciencegMathematics) Physical Science@hysics and
Chemistry)and Natural Scienceg®iology and Geology)At thatyear, José Ramon de Loeo
was appointed tche chair of Generalhemistry(Mans 2006; Sales 2011he taughthat subject
from 1868through1900. Durimg this period he published three editionshsftextbookof Gen-
eral Chemistry(de Luancol878, 184, 1893. It was notuntil the 1890s thata reference &
peaed about the classification of the elements accordinthéoNatural Systerand toMende-
leev 6 sasilndhe edition of the program of the lessons taught during ({@®2uanco1892,
the periodic system of Mendeleev appears in the last lesson (number 100). Concernirtg his tex
book, Luanco only introduced the periodic system in the third ediiBB3 as a footnotein-
cluded n the chapter devoted to platinum, with a quotation to the Journal of the Russian Chem
cal Societyof 1869.Almost ten years before Luandéugenio Mascarefiagrofessor of Inorga
ic Chemstry at the same universitfom 1879 and1923, had alreadyintroduced thePeriodic
System In his textbook Mascarefiag884) dthe periodic system dflendele® and Meyer based
on the classification of the eshents according to the increasimglues of their atomic weights”

wasincludedin lessonXXl.

In the samauniversitybuilding, there was also housath associated Colleder the intro-
ductory coursesThe college teachers of Physics and Chemistry also wrote their othod&s.
Francisco Boney Bonfill (1869, 1871publishedh i s fi C onmgd Elemeéntswof Rysics and
Rudiments of Inorganic Remistry"too early for the inclusion of a Periodic Table, butnme
tioned onlythe division of elements into metals and metalloids, folloveame traditionaideas
of Berzelius.Narcis Xifra substitutedonety Bonfill in 1889. He introduced a textbook from

Eduardo Lozano y Ponce of Ledn, where the metalloids were classified accordingdndts

g |



micityo, . e. ithe number of atoms of <chlorine

metalloid to form asaturatedmolecule: monodynamics (H, F, Cl, Br, 1), didynamics (O, S, Se,
Te). tridynamics (N, P, ified the metalb with tBd spme. critefidn.e
A polifacetic teacher, Tomas Escrichéieg, joinedthe college in 1891, with hiswn manual.

Its second edition (1891) classifies the metals and metalloids according to their alelactiva
concept close to Lozano's dynamicignd tothe fivaleney 5He had some knowledge of the
European textbooks, including Mascarefas one, but itwoidirst editions of Elements of @h
mistry (Escrichey Mieg 1905 1912, hestill usal the traditional classification of Gerhardt for

the analysis and desption of the metals.

4.2 Antonio GarciaBanus, 1888\(aléencia, Spair) i 1955 (Caracas, VeneZag

Until 1969, the Section of Chemistry of the Faculty of Sciences of the University cd-Barc
lona (UB) was located ithe historic building at the University Square of Barcelona, where all
theoretical and practical chemistry classes were taught. Antonio GRarias (Fig.14), born
1888, was a renowned professor amd r
searcher in Organic Chemmgtsince 1915
(Nieto-Galan 2004). In 1928 the university
granted him a stipend of 6000 pesetas to go
on a study trip and scientific stay in 1Ge
many, France and Switdend, probably
during the period from July to December
1928. During this stay he must ageen
various mural peodic tables at the visited
schools. The formats of periodic tables so
far released in Spain were the Melegv
models in its various forms, as in the ttex
books ofde Luanco (1898) and Mascarefias
(1921).

Figure 14. Antonio GaciaBanus ~ 1930.
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In 1933 GarciaBanus was appointed to the Board of thaversity, which had received
the namedAutonomous University of Barcelo6@n accordance with the Statute ofitAnomy
passed in June 1933. From his position, and among many taths, Garci®Banus pomoted
several works of conditioning and improvement of the faculties. On 24 September 1933, the
Board approved the oConstruction of an Audito
of the cloister of HumanitieActas 1933) The furniture was changed at the chosen site, and a
periodic table was painted on the wgig. 15) GarciaBanus was very proud of that perfo
mance, as evidenced by his speech at a meeting of the Faculty Board in December 1934, with the
statute of autoomy of the university suspended and some dismissed members of the board in
prison (Actas 19331946). Because of alleged Republican militancy, GaBeials had to go into
exile in 1938. He got a position at the National University of Colombia and therdrno@aa-

cas (Venezuela), where he created a school of organic chemistry. There he died in 1955.

4.3.The Periodic Table Mural of the University of Barcelona and its Restauration

The Barcelona <c¢classroom becameBapno/paadyaall v Kk
before the Spanish Civil War, but obviously this name never became official. All Barcelona
students of chemistry between 1934 through 1969 have received some lessons in this room at
some point of their studies. Unfortunately, it was not possiblantb ihformation about the
designer or the professional painter of the mural Periodic Table. It is known that on 31 May
1934, the Faculty paid a bill for 3248 pesetas to Fernando Blasi, and therein was only a note for

"Auditorium General Chemistry" withowainy further specification (Libro Mayor 1934).

The mural is an oil painting, 2.720 x 2.175 m, painted directly on the wall readynand u
framed. In 2008 its state was deyable, still readable but very rough and eroded at many places.
The restoration was deby Maria Antonia Heredero, professor at the Restoration Unit of the
Department of Painting at the Faculty of Fine Arts of the University of Barcelona. The work
team had been in charge of Sara Lopez Busquets, Marta Sanchez Natera and Mar Rodriguez
Garcia.They have followed the current criteria for restoration, using little invasive and reversible

procedures when possible.

The task of restoration began with a careful examination of the mural, painting solubility

tests, sapling for pigment analysis and guess photography. The paint layer has been set with



Japan paper and Tylose (3% polycarboxymethylcellulose sodium in distilled water). A careful
process of cleaning with a concentrated solution of anionic detergent has been carried out in
advance. Subseqguoly the wall has been retouched with Maimieri watercolor paints. Finally the
wall has been covered with a protective layer of Paralef® Btrade name of an acrylic resin, a
copolymer of methyl acrylate and ethyl methacrylate). The work had been cautdzketween
September and &Wember 2008. We detected the interesting detail that eleemnt hydrogen

was originally painted in a different color and was later covered by the current navy blue. Also,
there are seval places with small incisions from 19%n the plaster wall specifying the names

of the colors that had to be painted at each division. These colors resemble the onesnn von A
tropoff and von Stackelbergbdés Atlas of 1929,
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Figure 15.Vo n A n ts cotopea Refiodic Table, as restored in Barcelona in.200&ludes atomic nmbers
and also atomic weights. Compare with Figures 11 and 13.



The periodic table i-Bah¥Webdcisasprobadiggutl he C

of the residencef the Section of Chemistry of the Faculty of Sciences at the historical Univers

ty building that was left in 1969. And is the only existing mural of this design we have heard

of. A commercial large periodic table magkfabric and stamped rubber, in not very good state,

is kept at the middle school IES Maragall in Barcelona. It has exactly the same design as the
painied mural. It has a copyright of 1925 from Verlag Koehler & Volckman AG&Copdigi

At the library of the school, they have a copy of the Atlas already mentioned. No information is
available on how or when this material was acquired, but it suggesthehaiaterials esigned

by von Antropoff were quite widespread among teachers at such levels in those times.
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