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Abstract 

The principles of the Natural System of Chemical Elements and of its graphical representations 

in the form of Periodic Tables are reviewed and updated. In the 1920s, A. von Antropoff com-

bined various ideas from previous authors into an impressive and colorful-mnemonic graphical 

design, to be applied as an ordering principle in both research and education. He emphasized the 

uninterrupted array of elements with nuclear charges from Z = 0 to 92, the pseudo-periodicity of 

2, 8, 18 and 32, the kinships of main-group and subgroup elements, and applied chemically 

meaningful colors to the groups of elements. His design was largely lost in Germany after the 

Second World War, partly due to his Nazi affiliation. However, his scientific legacy was trans-

ferred to Spain. The acceptance of the concepts of the Natural System in Catalonia is briefly 

reviewed. During his study trip through Europe in 1928, Antonio García-Banús, professor of 

Organic Chemistry at the University of Barcelona, probably visited von Antropoff in Germany. 

At his return to Barcelona, he proposed the creation of a lecture hall with references to chemi-

stry, with a wall painting of von Antropoffôs Periodic Table. It was accomplished in 1934. After 

the Spanish Civil War, the painting remained in the classroom, and was restored in 2008. We 

have yet not heard of any other still existing wall copies of von Antropoffôs design. 
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1. Outline  

 We will review the history and emergence of the principles behind the Natural System of 

Chemical elements (sect. 2.1) and the creation of various graphical representations in the form of 

Periodic Tables, highlighting different aspects of the Natural System (sect. 2.2). We refer to the 

classical literature of van Spronsen (1969), Mazurs (1974), Scerri (2007) and Leach (2010), and 

make use of more recent quantum chemical insights (Schwarz 2007, 2010; Schwarz and Rich 

2010; Schwarz and Wang 2010; Wang and Schwarz 2007, 2009).  

 On this background, we report on the history of one specific Periodic Table. In 1926, the 

professor of Physical Chemistry at the University of Bonn (Germany), von Antropoff, combined 

some of the ideas behind the published Tables, as explicated above, and colored his eclectic 

design in a quite impressive and satisfying balance (sect. 3.2). A short biography of von Antro-

poff is given before (sect. 3.1). Von Antropoffôs Periodic Table, painted in the chemistry lecture 

hall of the University of Bonn, was popularized in German chemistry education, but quickly 

disappeared after World War II.  

 Then we briefly review the acceptance of Periodic Tables in Catalonia, Spain (sect. 4.1). 

The professor of Organic Chemistry at the University of Barcelona, García-Banús, probably 

visited von Antropoff in 1928 and later reproduced his design at the wall of the lecture hall in the 

main building of the university of Barcelona (sect. 4.3). This mural of unique design has sur-

vived, and it has been restored in 2008. A short biography of García-Banús is given in-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 the Basic Principles of the Natural System of Chemical Elements 

 After Englishman Boyle (1661) had suggested an experimentally based definition of chem-

ical elements in the modern scientific sense, more than a century passed until Lavoisier and his 

companions in Paris (Guyton de Morveau et al. 1787; Lavoisier 1789; Fourcroy 1800) eventually 

identified the first few dozens of them. Soon, endeavors were initiated to arrange the growing 

number of elements in a systematic order, thereby displaying similarities and various trends of 



the chemical and physical properties of their compounds. Such endeavors were, and still are 

important for both the education and the daily research in chemistry.  

 German Gmelin (1817, 1843, 1852) for instance displayed, in two-dimensional arrange-

ments, groups of most similar elements (halogens, chalcogens, pnicogens, etc.; alkali metals, 

alkaline earth metals, earth metals, etc.) along one direction, and in the other direction the groups 

of elements with respect to systematic trends of their qualitative properties (concerning valence, 

electrochemical behavior etc.). On the basis of ample qualitative chemical experience, he placed 

the most different element-groups on the (upper) left and right margins, while the more similar 

groups were placed in the (lower) middle, see Fig. 1. The directions of these two basic trends 

have been preserved in many of the modern designs. 

 

Figure 1.  The graphic presentation of the System of Chemical Elements by Gmelin (1843), after 

Leach (2010) 

 

 Relations between the quantitative atomic or equivalence weights within groups of chemi-

cally similar elements were first discovered by German Döbereiner (1817) and then more rela-

tions were found by several scientists in subsequent decades, well explicated by van Spronsen 

(1969). But the real breakthrough came only after Italian Cannizzaroôs (1858) clarification of the 

difference of atoms and molecules and of the two different concepts of atomic and equivalence 

weights including reliable values for the atomic valence numbers. This was achieved during the 

first international congress of chemistry in Karlsruhe, Germany (Anonym 1860; Wurtz 1860). 

Now the chemical elements could be arranged on a (nearly) unique linear array, presented for 

the first time by Frenchman Béguyer de Chancourtois (1862).  



 The chemical properties of the elemental substances and of their compounds vary along 

that array in a wavelike manner. The respective periodicity is pinpointed by the repeated occur-

rence of two very different elements directly adjacent to each other on the array of elements, 

namely the halogens and the alkali metals. The chemically unique noble gasses discovered at the 

end of the 19
th
 century were later inserted in between. Schwarz et al. have called the triad of 

groups of the halogens, noble gasses and alkali metals the backbone of the Natural System  

(Wang and Schwarz 2009; Schwarz and Rich 2010). Period lengths of 2, 8, 8, 18, 18, 32 resulted. 

A particular aspect of the Natural System of 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 

transition groups (and the inner transition or f elements, found later), splitting up the periods of 

18 into two shorter ones of 8 and 10. The period of 32 possesses a comparable substructure of 

7+7, 8 and 10. I.e. the Fourier analysis of the periodicity yields a whole bunch of ófrequenciesô 

(Khramov et al. 2006). 

 Moseley (1913a,b, 1914) and Bohr (1913) replaced the original crude ordering principle of 

the numerical atomic masses by the unique integer values of the nuclear charges (in units of the 

negative electron charge), also named natural element numbers. They are equal to the numbers of 

atomic electrons, which move in the fields of the nuclear charges. Nowadays, quantum chemical 

theoreticians assume that chemical phenomena are reproducible or predictable quantum theoreti-

cally with sufficient accuracy, and no scientifically acceptable argument against this assumption 

is known to them. Accordingly, the electronic valence shell configurations of the atoms of the 

elements in chemical substances constitute the most important meta-parameters to be displayed 

versus the element number in Periodic Tables.
2
  

 The dominant meta-phenomenon of the elements varying over the element-array is the 

development of the types and values of the energetically-spatially characterized atomic core and 

valence shells. This causes the double-stepwise appearance of s-, p-, d- and f-blocks, the increase 

of the period lengths from 2 to 8, 8, 18, 18 and 32, and the bifurcating similarity relations. The 
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  It must be stressed that the ôchemical valence configurationsô are often not identical with the configura-

tions of the single unperturbed atoms of vacuum spectroscopy. Nonetheless, the latter ones are usually 

discussed in chemical textbooks in connection with teaching the Periodic Tables, thereby introducing 

problems and ónon-understandable exceptionsô, and so-called ófactsô into the community of ordinary 

chemists and philosophers of chemistry, in the sense of Ludwik Fleck (1935). 



latter leads to the sub-structure within the longer periods, for instance the occurrence of s
2
-

elements in columns 2 (Be, Mg, Ca, etc.) and 12 (Zn, Cd, etc.). (Wang and Schwarz 2009, 

Schwarz and Wang 2010) 

 In chemical reality, p-type atomic orbitals become populated, above a filled s-shell, first in 

group-13 compounds of elements B, Al, Ga, etc. D-type atomic orbitals become populated, 

below a hardly occupied s-shell, first in group-3 compounds of elements Sc, Y, La, Ac. And f-

type atomic orbitals become appreciably populated, also below a hardly occupied s-shell, first in 

compounds of group 4 or 5 (elements Ce and Pa). Akhumov (1946) has nicely displayed this 

stepwise shift of the beginning of p-, d- and f-blocks of elements, and suggested the beginning of 

a hypothetical g-block in a period of 50 superheavy elements after group 4 (see also Schwarz 

2010, Schwarz and Rich 2010, Schwarz and Wang 2009). Remarkably, the writings of physicists 

like Bohr (1922) and Madelung (1936) influenced the community of chemists towards modifying 

the Natural System and beginning with a new angular momentum shell always after the 2
nd

 

column, above a filled s-shell.
3
  

 

2.2. Construction of Various Types of Graphical Representations of the Natural System of Chem-

ical Elements: Periodic Tables  

 In this section we order the advances during the historical development according to scien-

tific hindsight. Big steps in the discovery of the features of the Natural System of elements had 

been initiated in the 1860s. Since then, researchers experimented with various graphical designs 

to represent some of the important aspects of the Natural System (as highlighted in the previous 

section) in the form of so-called Periodic Tables (Mazurs 1974; Leach 2010). Geologist Béguyer 

de Chancourtois (1862), hardly noticed by the community of chemists, had originally wound up 

the array of elements on a cylinder in such a manner that adjacent pairs of halogens and alkali 
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 The respective ñn+l,n ruleò of orbital occupation in a given transition element, as communicated in 

nearly all general chemistry textbooks, namely ns < (n-3)g < (n-2)f < (n-1)d < np, is nonrealistic, as all 

transition element chemists know. The right order, for a d-block element, for instance, is (n-1)d < ns < np. 

Yet, it became a óscientific fact in the community of chemical educatorsô, in the sense of Ludwik Fleck 

(1935). 

 



metals came one under the other. Thereby he created, in the mathematical sense, a doubly-

connected two-dimensional table on the cylinder surface. Chemists usually call it three-

dimensional, irrespective of the multiplicity of the connectedness.  

 

 

Figure 2.  A modern two-dimensional multi-connected Periodic Table (Alexander 1965), high-

lighting the continuity of the array of elements, the óverticalô 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 Chancourtoisô design emphasizes the continuity of the elemental array and 

allows to highlight the óverticalô similarities of the elements, main-group and respective transi-

tion elements being placed in the same column as two subgroups. The increasing lengths of the 

periods (2, 8, 8, 18, 18, 32, é) and the differences between the main and transition (and inner-

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; Stintzing 1916; Cour-



tines 1925). A modern design is shown in Fig. 2.
4
 These so-called three-dimensional designs are 

quite useful decorations on the chemistôs work table though less appropriate for graphic display 

in books or on the walls of lecture-halls.  

 Already Hinrichs (1867) and Baumhauer (1870) had shown how to obtain flat displays: 

They, so to say, point-projected the cylindrical or conical helices of the element-array onto a 

two-dimensional plane, obtaining flat spirals. Spirals with increasing radii (Emerson 1911; 

Hackh 1914, see Fig. 3; Clark 1921) or spirals with nooses (Janet 1928) seem particularly appro-

priate, see Fig. 4. Some authors added bifurcating arrows to highlight the relations between the 

main-group, transition and inner-transition elements. A rather sophisticated spiral, also account-

ing for the lanthanoids and actinoids, is displayed in Fig. 5. 

 

 

Figure 3. Flat spiral display with double-stepwise increasing radius, highlighting the continuity 

of the element-array, the backbone of the Natural System (the noble gasses), the similarity of 

elements from dyads of periods of same length, but without any indication of other similarity-

relations. Hackh (1914), reproduced in Mazurs (1974). 
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 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 singly-connected and more or less rectangular Tables are more 

appropriate for books and murals, in particular if additional information on the elements is to be 

communicated.
5
 They can be obtained, for instance, when one cuts the uninterrupted array of 

elements along the backbone of the System before the alkali metals, i.e. just before, through or 

after the originally unknown group of noble gasses. Additional cuts are necessary at non-unique 

positions, somewhere in the middle of the shorter and/or longer rows. Thus, many designs be-

come possible. Anyhow, some aspects of the Natural System get lost, while some restricting 

choices must be made, as described in the following Figure legends. 

 

Figure 4. Spiral display with nooses, highlighting the continuity of the element-array, the onset 

of the transition groups after main group 2 and of the f-groups after group 3 (the speculative 

onset of the g-elements after group 2 is nonrealistic, see Wang and Schwarz 2009), the similarity 

of elements in separated main-groups and transition groups, though not indicating the relations 

between them. It is the logo of the International Society for Philosophy of Chemistry ISPC 

(2010), the colored original being much more attractive and impressive.  
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 Element name, atomic number and mass, typical valence number(s), spectroscopically or chemically 

relevant electron configuration, electronegativity, effective atomic radii etc. 



 Buguyerôs cylindrical, doubly-connected design would then lead to the various versions of 

more or less exactly rectangular Periodic Tables of the so-called short form, independently sug-

gested by many authors already since the 1860s (L. Meyer 1864, 1872, 1870; Newlands 1865; 

Mendeleev 1869, 1870; and others, see Mazurs 1974). The combination of main-group and 

transition elements appears somewhat artificial. A modern, comparatively simple design, includ-

ing the atomic masses, and with a specific choice for the placement of hydrogen (i.e. above Li), 

is presented in Fig. 6. Cutting conical or spiral forms of increasing radius, or designs with nooses 

(as in Figs. 2 to 5) along the noble gas backbone leads to the medium or long forms of rectangu-

lar Tables (Mendeleev 1869; L. Meyer 1872; Bassett 1892, etc.). A modern version recommend-

ed by the IUPAC is displayed in Fig. 7.  

 

 

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, diagon-

al and bifurcating similarities between the elements. Clark (1950), his earlier beautifully colored 

design being more convincing. 



 

Figure 6. A modern singly-connected Table of the óshort formô (Leach 2010), cutting the array 

of elements into periods and highlighting the vertical similarities within columns of main-group 

and transition elements. 

 

 

Figure 7. IUPAC (2010) Periodic Table of the Elements in medium long form (i.e. long form, 

but the f-block is taken out as a ófootnoteô, for layout reasons), cutting the array of elements into 

periods and highlighting the vertical similarities within columns of main-group, and separately of 

the transition and of the inner-transition elements, respectively, and making the choices of H 

above Li, and of B,Al above Ga, while relating Sc,Y to both 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 periods end-

ing (or beginning) with a noble gas. No indications of the relations between main-group and 

transition elements were usually displayed. Designs like in Fig. 7 with broken periods provoke 

non-ending discussions about the placement of H (above Li or F), of Be, Mg (above Ca or Zn) 

and B, Al (above Sc or Ga), and of La, Ac and Lu, Lr (as d- or f-block elements). Some individ-

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 pre-

sented in Fig. 8. Another suggestion, due to Janet (1928), has recently received some attention in 

the historical-philosophical community and is presented in Fig. 9 and is commented in the legend.  

 

 

Figure 8. Medium long Periodic Table of S. Meyer (1918), interrupting the array of elements af-

ter the noble gasses, but without breaking up the periods in the middle. No similarity bifurcations 

are indicated. La, the 14 4f-elements from Ce to Lu (at that time denoted Cp) and Hf are treated 

as a ófootnoteô to the two 5d-elements La and Hf, keeping the Table printable on one page. 



 

Figure 9. A part of one of Jannetôs (1928) Periodic Tables. (For layout reasons, the f-block at the 

left bottom has been cut off; it may either be attached there, or added as a ófootnoteô below.) The 

noble-gas backbone is inside the Table, not at one of the margins. The elements are systematical-

ly arranged according to their assumed (not always correctly, see below) chemical valence confi-

gurations governing the elementsô chemistry. However, the array of elements is interrupted, 

namely after the alkaline earth metals; some disputable choices are made (H above F; Sc, Y 

above Lu, 103Lr and not above La, Ac); and relations between main-group and transition ele-

ments are missing. 

 

Suggestions to indicate the similarity-bifurcations, as in the spiral Tables with connecting lines 

(e.g. Fig. 5), were given since the late 19
th
 century by Bayley (1882), Thomsen (1895, see Fig. 

10), Carnelley (1886), Bohr (1922) and others. 

 

3. History and Significance of von Antropoffôs Periodic Table 

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

 Andreas von Antropoff was born on August 16, 1878, in a distinguished German-Baltic 

noble family in the Estonian capital Reval (now Tallinn) which then belonged to the Russian 

empire. Since 1897 he studied at the German-Lithuanian Polytechnic of Riga, which had become 



 

Figure 10. A Table in the long form with lines connecting related main-group, transition and 

inner-transition (f) elements. Thomsen (1895) had designed the pattern before the noble gasses 

had been confirmed. 

 

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 science of cataly-

sis) for his doctoral thesis on the pulsating mercury-H2O2 catalysis and on the formation of HgO2 

(Bredig and v.Antropoff 1906; v.Antropoff 1908). During his postdoctoral fellowship in London 

with Sir William Ramsey, he investigated the solubility of noble gases in water (v.Antropoff 

1910). He then obtained the position of an Assistant and later of a Docent at the Polytechnic of 

Riga, where he continued those researches (v.Antropoff 1919). 



 

Figure 11. Von Antropoffôs new Periodic Table in Zeitschrift f¿r angewandte Chemie (1926b), 

yet in black-and-white, but with suggestions for coloring it. 

 

 During World War I, he acted as a departmental chief at the Central Bureau of Standards in 

the Russian capital, then called Petrograd. Since he got involved with the liberation of the Baltic 

region and against Bolshevism (v.Antropoff 1935) and favored the German side, he run into 

troubles. Eventually, he emigrated to southwestern Germany, obtained the position of an Assis-

tant at the Karlsruhe Institute of Technology, and received German 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 

Germanyôs economic autarky (v.Antropoff 1941) and also entered a national-conservative politi-

cal party.  

 



 

Figure 12. Von Antropoff standing on a table in front of the university main building in Bonn, 

surrounded by militant Nazi party members andôprogressiveô students, 1933 

 

 He published various editions of his introductory study-book of experimental chemistry in 

German and in Spanish (v.Antropoff 1919, 1955; v.Antropoff 1945). He joined the group of 

authors preparing the 8
th
 edition of Gmelinôs handbook of inorganic chemistry and contributed to 

the Strontium and Barium volumes (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, 1932), a rich volume of numerical data tables in the format of his Periodic 

Table. Already in 1926, he had suggested a new design of the Periodic Table (v.Antropoff 1926b, 

Fig.11).  

 Besides these compilation and review works, he conducted various thermodynamic and 

kinetic research works, for instance on alkali and alkaline earth carbides, nitrides, halides etc. 

(e.g. v.Antropoff 1926a, 1932, 1933b) and on gas adsorption at wide ranges of pressure (a long 

series of papers by v.Antropoff from 1936 till 1955). It is a pity that his early speculations and 

possibly experimental proof of the existence of noble gas halides (e.g. v.Antropoff 1924a, 1933a) 

seem to have been nearly forgotten. 



 

Figure 13. Von Antropoffôs (1926b) new Periodic Table colored by Stewart (2006) according to 

his prescription (Leach 2010) 

 

 After the takeover of power in Germany by the National Socialists, von Antropoff became 

a member of Hitlerôs NSDAP party and of the paramilitary SS organization. He organized the 

raising of the NAZI swastika flag by radical students over Bonn University in 1933 (Fig. 12). 

Despite his explicit anti-Jewish attitude, he nevertheless supported Einsteinôs scientific theory of 

relativity, which was uncommon among the NAZIs. Because of his disputable NAZI activities, 

combined with medium scientific activities, he lost his professorship after World War II around 

the date of retirement, and then founded a small pharmaceutical and cosmetic enterprise. He died 

on June 02, 1956, in Bonn, at the age of 77.  (Bonn 2010; Wamhoff and Peter 2010; Leach 2010; 

Garleff 2008; Harten et al. 2006) 

 



3.2. Von Antropoffôs Eclectic Periodic Table of 1926 

 Von Antropoff obviously had achieved a broad chemical background knowledge. So it is 

not astonishing that he designed and promoted a periodic table that combined several important 

aspects of the previous designs in the literature. Von Antropoff recognized periodic tables as 

most fruitful ordering principles for both research and education in the proliferating field of 

chemistry. While nature gives us one system of chemical elements, the numerous relations be-

tween the elements can be represented more or less efficiently by various graphical designs. The 

main points he wanted to embody were the continuity of the elemental array, the growing lengths 

of the periods, and the more or less pronounced periodicities of the main, 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 between the main and transition groups 

(Bayley 1882; Thomsen 1895, who was explicitly acknowledged), he suggested the eclectic 

black-and-white design of Fig. 11 (v. Antropoff 1926b). In that set of two papers, he also sug-

gested a mnemonic and chemically meaningful coloring of the main groups and their related 

subgroups (Fig. 13). His tables are distinguished by two characteristics. i) The noble gas at the 

right end of each row is repeated at the left onset of the next row, thereby highlighting the conti-

nuity of the array 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 also indicated the extent of the 

kinships, for instance between O,S and Se,Te,Po, while Cr.Mo,W,U are less akin to O, S (see the 

yellow region ï symbolizing sulfur ï in Fig. 13). On the other hand, Be,Mg are nearly as similar 

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 generated with the help of Mg or Hg). 

 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 eventual-

ly followed the call to Berlin. So, the laboratory was finished by, and became the domain of 

Kekulé von Stradonitz. Von Antropoff managed to get his colorful design of the periodic table 

onto the wall of the large chemistry lecture hall, often called the Kekulé auditorium. His table 

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

NAZI era. Also von Antropoffôs wall chart disappeared during the renovation of the chemistry 

lecture hall years after the war.  On the other hand, Pauling (1949) seems to have óborrowedô von 



Antropoffôs design for his famous book.  

 Von Antropoffôs tables contained seven element symbols of the time that are no longer in 

use nowadays. For argon, both Ar and A were used, and for xenon X instead of Xe. Thulium was 

abbreviated by Tu instead of Tm, and iodine by the German J (Jod) instead of I. The old name 

emanation, Em, was still used for radon. In Germany, technetium and lutetium were at that time 

called masurium, Ma, and cassiopeium, Cp. The elements francium, astatine and promethium 

were only found in 1939, 1940 and 1945, respectively, and were still indicated by hyphens. The 

same was done for the entry Z=0, the neutron. Von Antropoff (1924b) had suggested the ele-

ment-name neutronium for it. Also, a few other authors included Z=0 or ónô on their tables, 

mostly for esthetic reasons, before and after von Antropoff, for instance Emerson (1911), Akhu-

mov (1946) or Longman (1951). He used Ln for the group of lanthanoids; for lack of space in the 

main table, he displayed them as a ófootnoteô. So he had to make a strict choice, namely the 14 

elements from Ce to Cp/Lu. 

 A particular aspect of von Antropoffôs table is the appearance of the noble gases at the end 

of one period and again at the beginning of the next one. He (1926b) stressed the periodic cha-

racter of the system as a ócylinder cut along the column of noble gasesô, so that the latter become 

the left and right ócorner-pillarsô of his PT (see also Wang and Schwarz 2009). He suggested to 

display (as bars, circles or values) the properties of the elements, such as atomic radii, various 

thermodynamic, mechanic and electric parameters of the elementôs compounds on this tabular 

construction. He even included in his paper an empty Periodic Table for copying as a worksheet. 

Eventually, a large number of such property displays were included the Atlas of 1929, published 

together with his colleague von Stackelberg. It has nowadays become rather standard to include 

at least numerical values of various chemical and physical properties of the elemental substances 

and their compounds, using the medium long rectangular form advocated for by the IUPAC 

(2010), see e.g. Lof (1987). 



4. Propagation of von Antropoffôs Design from Germany to Spain  

4.1. The Concept of Periodic Tables in Catalonia 

The classification of elements according to the Natural System, and the Periodic Tables 

had already arrived in the university textbooks of Barcelona, capital of Catalonia, in the 1880s. 

However, at the somewhat lower level of the undergraduate college, affiliated to this very uni-

versity, these concepts did not appear in the college textbooks until the first decade of the 20
th
 

century. 

 In 1868, the official year of birth of the Periodic Tables, the science studies at the Universi-

ty of Barcelona were split into Exact Sciences (Mathematics), Physical Sciences (Physics and 

Chemistry) and Natural Sciences (Biology and Geology). At that year, José Ramon de Luanco 

was appointed to the chair of General Chemistry (Mans 2006; Sales 2011). He taught that subject 

from 1868 through 1900. During this period he published three editions of his textbook of Gen-

eral Chemistry (de Luanco 1878, 1884, 1893). It was not until the 1890s that a reference ap-

peared about the classification of the elements according to the Natural System and to Mende-

leevôs ideas. In the edition of the program of the lessons taught during 1892 (de Luanco 1892), 

the periodic system of Mendeleev appears in the last lesson (number 100).  Concerning his text-

book, Luanco only introduced the periodic system in the third edition (1893) as a footnote, in-

cluded in the chapter devoted to platinum, with a quotation to the Journal of the Russian Chemi-

cal Society of 1869. Almost ten years before Luanco, Eugenio Mascareñas, professor of Inorgan-

ic Chemistry at the same university from 1879 and 1923, had already introduced the Periodic 

System. In his textbook (Mascareñas 1884), òthe periodic system of Mendeleev and Meyer based 

on the classification of the elements according to the increasing values of their atomic weights" 

was included in lesson XXI.  

 In the same university building, there was also housed an associated College for the intro-

ductory courses. The college teachers of Physics and Chemistry also wrote their own textbooks.  

Francisco Bonet y Bonfill (1869, 1871) published his ñCompendium of Elements of Physics and 

Rudiments of Inorganic Chemistry" too early for the inclusion of a Periodic Table, but men-

tioned only the division of elements into metals and metalloids, following some traditional ideas 

of Berzelius. Narcís Xifra substituted Bonet y Bonfill in 1889. He introduced a textbook from 

Eduardo Lozano y Ponce of León, where the metalloids were classified according to its ñdyna-



micityò, i.e. ñthe number of atoms of chlorine or other monodynamic element that needs the 

metalloid to form a saturated molecule: monodynamics (H, F, Cl, Br, I), didynamics (O, S, Se, 

Te). tridynamics (N, P, As, Sb, Bi)ò. The textbook classified the metals with the same criterion. 

A polifacetic teacher, Tomas Escriche y Mieg, joined the college in 1891, with his own manual. 

Its second edition (1891) classifies the metals and metalloids according to their quantivalence, a 

concept close to Lozano's dynamicity, and to the ñvalencyò. He had some knowledge of the 

European textbooks, including Mascareñas one, but in his two first editions of Elements of Che-

mistry (Escriche y Mieg 1905, 1912), he still used the traditional classification of Gerhardt for 

the analysis and description of the metals. 

 

4.2.  Antonio García-Banús, 1888 (València, Spain) ï 1955 (Caracas, Venezuela) 

 Until 1969, the Section of Chemistry of the Faculty of Sciences of the University of Barce-

lona (UB) was located in the historic building at the University Square of Barcelona, where all 

theoretical and practical chemistry classes were taught. Antonio García-Banús (Fig. 14), born 

1888, was a renowned professor and re-

searcher in Organic Chemistry since 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 Ger-

many, France and Switzerland, probably 

during the period from July to December 

1928. During this stay he must have seen 

various mural periodic tables at the visited 

schools. The formats of periodic tables so 

far released in Spain were the Mendeleev 

models in its various forms, as in the text-

books of de Luanco (1898) and Mascareñas 

(1921). 

 

      Figure 14. Antonio García-Banús, ~ 1930. 



 In 1933, García-Banús was appointed to the Board of the University, which had received 

the name óAutonomous University of Barcelonaô in accordance with the Statute of Autonomy 

passed in June 1933. From his position, and among many other tasks, García-Banús promoted 

several works of conditioning and improvement of the faculties. On 24 September 1933, the 

Board approved the òConstruction of an Auditorium for General Chemistryò on the ground floor 

of the cloister of Humanities (Actas 1933). The furniture was changed at the chosen site, and a 

periodic table was painted on the wall (Fig. 15). García-Banús was very proud of that perfor-

mance, as evidenced by his speech at a meeting of the Faculty Board in December 1934, with the 

statute of autonomy of the university suspended and some dismissed members of the board in 

prison (Actas 1933-1946). Because of alleged Republican militancy, García-Banús had to go into 

exile in 1938. He got a position at the National University of Colombia and then moved to Cara-

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 classroom became popularly known as the óAula Garc²a-Ban¼sô already 

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 possible to find information 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" without any further specification (Libro Mayor 1934).  

The mural is an oil painting, 2.720 × 2.175 m, painted directly on the wall ready and un-

framed. In 2008 its state was deplorable, still readable but very rough and eroded at many places. 

The restoration was led by 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 López Busquets, Marta Sánchez Natera and Mar Rodríguez 

García. 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, sampling for pigment analysis and process 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. Subsequently the wall has been retouched with Maimieri watercolor paints. Finally the 

wall has been covered with a protective layer of Paraloid B-72 (trade name of an acrylic resin, a 

copolymer of methyl acrylate and ethyl methacrylate). The work had been carried out between 

September and November 2008. We detected the interesting detail that element-entry hydrogen 

was originally painted in a different color and was later covered by the current navy blue. Also, 

there are several places with small incisions from 1934 on the plaster wall specifying the names 

of the colors that had to be painted at each division. These colors resemble the ones in von An-

tropoff and von Stackelbergôs Atlas of 1929, which is still available at several places.  

 

 

Figure 15. Von Antropoffôs colored Periodic Table, as restored in Barcelona in 2008. It includes atomic numbers 

and also atomic weights. Compare with Figures 11 and 13. 

 



 The periodic table in the classroom óAula Garc²a-Ban¼sô is probably the last visible vestige 

of the residence of the Section of Chemistry of the Faculty of Sciences at the historical Universi-

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

of. A commercial large periodic table made of fabric 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 

painted mural. It has a copyright of 1925 from Verlag Koehler & Volckman AG&Co, Leipzig. 

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 suggests that the materials designed 

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