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Abstract
Chemistry and related areas of science have a strong background in Wrocław with 3 Nobel laureates.
The aim of this study was to assess the evolution of scientific excellence and productivity after the Second 
World War, when Polish scientists rebuilt academic life in these important areas.
The present approach used the established platform of the New Quality and Quantity Indicators in Science 
(NewQIS) project and density-equalizing mapping calculations.
In total, 15,267 original research articles related to chemistry published by Wrocław scientists were identified 
in the Web of Science between 1972 and 2016. They were cited 170,606 times. The highest citation numbers 
were reached in the years 2001 and 2004. In total, 4,362 research collaborations were performed with 83 
different countries, leading to a percentage of 28.6%. Wrocław chemistry institutions established a vast 
international network with the USA (688 articles), France (658 articles) and Germany (679 articles) as their 
main partner countries. Besides chemistry, the main research fields are biochemistry and molecular biology, 
as well as physics, with 2,177 and 2,007 articles, respectively.
This study visualized the great success and virtue by which Polish scientists rebuilt a scientific community 
in the area of chemistry in Wrocław after the Second World War. Wrocław is now a key Central European 
player in chemistry and related areas, which serves as a nodal point between Eastern and Western countries.
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Introduction

Chemistry and related areas of science has represented 
the cornerstone of the academic life in Wrocław for cen-
turies. Here, 3 Nobel laureates in chemistry lived, studied 
or worked. Eduard Buchner (1860–1917) was awarded the 
Nobel Prize in chemistry in 1907. He is also called the father 
of biochemistry in a test tube and the father of experimen-
tal molecular bioscience.1,2 Fritz Haber (1868–1934) was 
awarded the Nobel Prize in 1918 for his studies on the fixa-
tion of nitrogen from the air. Haber was the first scientist 
to introduce poison gas to warfare. As stated by his nephew 
Fritz Stern and others, Haber’s life encompassed triumph 
and tragedy.3–5 Lastly, Friedrich Bergius (1884–1949) was 
awarded the Nobel Prize in 1931 for his contributions to the 
invention and development of  chemical high-pressure 
methods. This fruitful academic life was destroyed by Nazi 
Germany. The former University of Wrocław ceased to ex-
ist in 1945. In the Nazi period, more than 250 doctorate 
degrees of the scientists in Wrocław were nullified. Directly 
after the war, thanks to the scientists from the University 
of Lviv, a new Polish state university was established.6,7 
Today, research related to academic chemistry is conducted 
at the University of Wroclaw, sister universities such as 
Wroclaw University of Science and Technology, Wroclaw 
Medical University or Wrocław University of Environmen-
tal and Life Sciences, and other research institutions.

While there are numerous excellent historical articles 
about the development of Wrocław academic chemistry 
after 1945, a concise scientometric study that addresses 
the evolution of postwar chemical research activities is still 
missing. Therefore, the aim of the present study was to as-
sess the scientific evolution, using the New Quality and 
Quantity Indicators in Science (NewQIS) methodology.8,9

Material and methods

New Quality and Quantity Indicators  
in Science platform

The NewQIS studies were established in 2008 and 2009 
at the Charité – Universitätsmedizin Berlin, Germany, 
by an interdisciplinary team, consisting of computational 
science, economy, engineering, and medical experts.8,9 
Since then, more than 50 studies have used this method-
ology, which combines advanced visualization techniques 
with scientometric approaches.10–14 One key technology are 
the density-equalizing mapping procedures (DEMP) devel-
oped by Gastner and Newman.15 Recently, the platform has 
been used to assess various areas of science in Wrocław.16

Search strategy

The present study is part of the NewQIS-Wrocław proj-
ect of NewQIS. Data was retrieved from the Web of Science 

database as carried out in former NewQIS studies: “Wro-
claw” was entered as the target parameter in the address 
field.17 As the next step, the search was restricted to pub-
lication type “articles” in order to focus solely on origi-
nal research. Then, the data set was scanned for research 
categories that are linked only to the fields of chemistry. 
The search was carried out on August 26, 2016.

Density-equalizing mapping

In 2004, Gastner and Newman published an algorithm 
for density-equalizing mapping.15 This approach was used 
in the present study and DEMP was integrated as described 
in previous NewQIS studies, with the territories of the 
countries being re-distributed according to the chosen 
variable, e.g., the number of joint research articles with 
Wrocław institutions.18–24

International collaborations

International research collaborations in the field of chem-
istry were analyzed in order to depict a sketch of the global 
research network that has been built by Wrocław scientists 
over the past decades. All affiliations of foreign scientists 
who jointly published original research contributions to-
gether with the scientists from Wrocław were analyzed as 
previously described.25,26 Bilateral collaborations between 
Poland and another country were defined as at least 1 au-
thor originating from Wrocław affiliations and at least 1 
other co-author originating from an affiliation outside 
of Poland. After the total numbers were assessed, a spe-
cial matrix with all networking countries was computed 
to visualize scientific networking activities.

Results

Wrocław research activity

In total, a number of 15,267 original articles were iden-
tified from 1972 to 2016 in chemistry and related fields 
(Fig. 1). Regression analysis demonstrated a significant 
increase in research activity (correlation coefficient (r2) 
= 0.9237) with a maximum yearly output of 727 articles 
in 2014. Density-equalizing mapping of Wrocław chem-
istry research output with the cooperating foreign sci-
entists led to a research architecture depicted in Fig. 1, 
with Poland in the center, accompanied by strong partners, 
including the USA, France and Germany. When the num-
bers of institutions were analyzed, more than 300 institu-
tions were devoted to research in the areas of chemistry 
in Poland, followed by more than 200 different American 
institutions and more than 150 French and German insti-
tutions (Fig. 2A,B).
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Network analysis of Wrocław  
chemical research in cooperation  
with other countries 

In the next step, the proportion of cooperation research 
was analyzed and a total of 4,362 research collaborations 
were found. These collaborations of Wrocław scientists 

encompassed a  total of  83 different countries, leading 
to a percentage of 28.6% of all research activities. When 
the international research collaborations were further 
analyzed, 3,246 were found to be bilateral between one 
of Wrocław institutions and a foreign institution. There 
were also 888 collaborations between Wrocław and 2 other 
countries, and 175 with 3 other countries. The analysis 

Fig. 1. Publication output

A – density-equalizing map projection of the number of articles per country; B – number of articles per year.
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of time evolution demonstrates that there has been an in-
crease in international research collaborations since 1972. 
Especially after 1990 there is a strong increase in these 
numbers with the year 2015 exhibiting a record number 
of 254 collaborations.

Network analysis diagrams were then used to visual-
ize the global Wrocław research network with contribu-
tions from the USA (688 articles), France (658 articles) 
and Germany (679 articles). One can also observe strong 
bonds with Russia (409 articles) and Ukraine (406 articles), 

followed by Italy (373 articles) and the UK (322 articles). 
Network diagrams also illustrated frequent collabora-
tions with Sweden (152 articles) and Spain (161 articles) 
(Fig. 3A,B).

Semi-qualitative indicators:  
citations and Hirsch index

Surrogate parameters of quality were based on cita-
tion analysis and the semi-qualitative markers of total 

Fig. 2. Number of institutions

A – all countries; B – cooperation countries.
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Fig. 3. International collaborations

A – international network; B – density-equalizing map of the number of articles per partner country.
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citations, Hirsch index (h-index) and citation rate per 
article were calculated. In total, the 15,267 original ar-
ticles from Wrocław were cited 170,606 times (Fig. 4). 
The articles with cooperating American institutions were 
cited 16,304 times. Maxima were observed for the articles 
from the years 2001 (8,568 citations) and 2004 (9,438 ci-
tations). The increase from 1972 to 2007 was significant 
with r2 = 0.8455. Density-equalizing mapping for h-indices 

illustrated h-indices for Poland (h-index = 96), followed 
by those for the USA (h-index = 56), France (h-index = 45) 
and Germany (h-index = 44) (Fig. 4).

Research areas

Among different fields of science related to chemistry, 
the subject area “chemistry” dominated by far with 11,516 

Fig. 4. Density-equalizing maps of the country-specific (modified) Hirsch index (h-index)

A – all countries; B – partner countries.
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articles. It was followed by the field of “biochemistry & 
molecular biology” and the field of “physics” with 2,177 and 
2,007 articles, respectively (Fig. 5A). The analysis of cita-
tion trends in the different research areas revealed a relative 

homologous citation rate (cr): cr = 10.94 for “chemistry”; 
cr = 13.12 for “biochemistry & molecular biology”; and 
cr = 12.40 for “physics”. The highest cr of the most assigned 
subject areas was noted for the articles published in the 

Fig. 5. Research areas

A – number of articles and citations of the most assigned subject areas; B – number of articles and citation rate of the most assigned subject areas.
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field of “biophysics” with cr = 15.52, whereas the lowest cr 
was found for the articles which were related to “engineer-
ing” (cr = 4.74) (Fig. 5B).

When the relative proportion of subject areas was as-
sessed, a clear dominance of the area „chemistry” was pres-
ent, beginning with more than 74% of all articles in the 
period 1972–1976 to about 50% currently, in the period 
2012–2016 (Fig. 6A).

When the subject nature of the international collabo-
rations was analyzed for the top cooperating countries, 
it became evident that “chemistry” dominated all col-
laborations with the proportion of over 60%. However, 
some countries have special subject area links to Wrocław 
scientists, i.e., “metallurgy & metallurgical engineering” 
is related to research collaborations of Wrocław scientists 
with Russia and Ukraine (Fig. 6B).

Fig. 6. Proportions of the most assigned subject areas

A – relative distribution in 5-year intervals (1972–2016); B – distribution of the countries publishing the most.
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Discussion

A large number of excellent articles have described the 
historical background of Wrocław academic life over the 
past centuries,with a special focus on the time after 1945, 
when primarily the scientists from the Jan Kazimierz Uni-
versity of Lviv established new universities in Wrocław.27–31 
Basing on these historical facts, the present study incor-
porates scientometric approaches, together with novel 
visualization techniques, in order to illustrate the evalu-
ation of chemistry and related areas in Wrocław. Sciento-
metrics is a field of science, also termed as meta-science, 
that was propagated by key researchers such as Garfield 
or de Solla Price decades ago in world-renowned journals 
such as “Science” or “Nature”.32–36 The present approach 
uses established scientometric instruments such as the 
citation indexing,the Web of Science databank or Hirsch 
indices to illustrate the scientific advances in Wrocław 
chemistry research in the postwar time, reaching to the 
end of 2016.37–39 It does not stop here, but extends the 
approach, using a combination with the so-called density-
equalizing mapping visualization technique, which was 
established by Gastner and Newman in 2004 in the “Pro-
ceedings of the National Academy of Sciences of the USA” 

and incorporated to NewQIS in 2009.8,15

The density-equalizing maps related to Wrocław re-
search in the areas of chemistry, including biochemis-
try and molecular biology, point to a strong development 
of these areas of science after the war. This is paralleled 
by a similar increase in other biomedical areas as shown 
recently.16 Thus, the heritage of 3 Nobel Prize laureates 
in chemistry, linked to Wrocław, has been transformed 
into a vivid scientific community in the field of chemistry, 
although Nazi Germany completely destroyed academic 
life in Wrocław. This reconstructive work has its founda-
tion on the shoulders of a few scientists who came from 
Lviv, i.e., professors Bogusława Jeżowska-Trzebiatowska, 
Wanda L. Mejbaum-Katzenellebogen, Henryk Kuczyński, 
and Lucjan Sobczyk. They lost their home universities and 
were thrown many years back in their scientific work due 
to the Second World War and repressions by Nazi Ger-
many, but managed to rebuild their own scientific capabili-
ties in Wrocław. Their former students now represent the 
diverse faculties in Wrocław universities and research in-
stitutions, and authored more than 15,000 original articles 
in the period 1972–2016. Within this vast amount of sci-
entific works, also 4,362 international research collabora-
tions with a total of 83 different countries were published 
by Wrocław scientists. This is nearly 1/3 of all Wrocław 
chemistry-related publications, symbolizing that Wrocław 
scientists function as ambassadors of Poland to the world. 
Especially after 1990 there has been an increase in inter-
national collaborations with western countries such as the 
USA or France. This shows how important the new politi-
cal area was for the fields of science with Wrocław scien-
tists being able again to carry out any scientific cooperation 

– not limited to communist countries, but directed toward 
the scientific background of the collaborating institutions.

The analysis of research areas demonstrated that re-
search in Wrocław is not narrow-focused, but open to all 
aspects of chemistry. With the core chemistry areas in the 
center, areas such as biochemistry also gained more and 
more attention. From a historical perspective, this is ex-
tremely fortunate, since the Wrocław 1907 Nobel laureate 
Eduard Buchner (1860–1917) is also known as the father 
of biochemistry in a test tube or the father of experimen-
tal molecular bioscience – this legacy was continued at 
the Polish state university of Wrocław half a century later 
by professors such as Wanda Mejbaum-Katzenellenbogen, 
who published articles on biochemistry between the 1940s 
and the end of the 1980s. With regard to the prominent 
role of  Mejbaum-Katzenellenbogen and other female 
scientists from Wrocław, it  is enticing to speculate that 
Wrocław scientific community can be characterized as 
more gender-balanced than other scientometric commu-
nities. This needs to be studied in further projects with 
a focus on gender issues.

To conclude, this study is the first combined density-
equalizing and scientometric analysis that visualizes the 
great success of Polish scientists who rebuilt academic 
life in the area of chemistry after the Second World War. 
With the heritage of 3 Nobel Prizes for chemistry and the 
scientific field completely destroyed by Nazi Germany, 
they succeeded and regained scientific power in the follow-
ing 50 years. The chemistry research of Wrocław is again 
a leading Central European player with a fruitful inter-
national network to both Western and Eastern countries.

References
1. Jaenicke L. Centenary of the award of a Nobel prize to Eduard Buch-

ner, the father of biochemistry in a test tube and thus of experi-
mental molecular bioscience. Angew Chem Int Ed Engl. 2007;46(36): 
6776–6782.

2. Kisielow P. Proceedings of the conference “Lymphocyte develop-
ment, tolerance and autoimmunity: Solved and open questions”, 
held at the Ludwik Hirszfeld Institute of Immunology and Exper-
imental Therapy, Polish Academy of  Sciences, on  May 12, 2011 
(Wrocław, Poland): Lymphocyte development, tolerance and auto-
immunity: A personal perspective. Arch Immunol Ther Exp (Warsz). 
2011;59(5):327–330.

3. Dunikowska M, Turko L. Fritz Haber: The damned scientist. Angew 
Chem Int Ed Engl. 2011;50(43):10050–10062.

4. Manchester KL. Man of destiny: The life and work of Fritz Haber. 
Endeavour. 2002;26(2):64–69.

5. Stern F. Fritz Haber: Flawed greatness of person and country. Angew 
Chem Int Ed Engl. 2012;51(1):50–56.

6. Ogorzalek A. Embryology at the Universities of Lviv and Wroclaw. 
Int J Dev Biol. 2008;52(2–3):135–139.

7. Kierzek A, Kuciel-Lewandowska J, Paprocka-Borowicz M, Pozowski A. 
Professor Ludwik Hirszfeld in his relations with students and junior 
researchers. Adv Clin Exp Med. 2013;22(6):909–914.

8. Groneberg-Kloft B, Quarcoo D, Scutaru  C. Quality and quantity 
indices in science: Use of visualization tools. EMBO Rep. 2009;10(8): 
800–803.

9. Groneberg-Kloft B, Fischer TC, Quarcoo D, Scutaru C. New quality and 
quantity indices in science (NewQIS): The study protocol of an inter-
national project. J Occup Med Toxicol. 2009;4:16.



D. Groneberg. Density-equalizing map of Wrocław research146

10. Kusma B, Scutaru C, Quarcoo D, Welte T, Fischer TC, Groneberg-
Kloft B. Tobacco control: Visualisation of research activity using den-
sity-equalizing mapping and scientometric benchmarking proce-
dures. Int J Environ Res Public Health. 2009;6(6):1856–1869.

11. Bundschuh M, Groneberg DA, Klingelhofer D, Gerber A. Yellow fever 
disease: Density-equalizing mapping and gender analysis of inter-
national research output. Parasit Vectors. 2013;6:331.

12. Healy NA, Glynn RW, Scutaru C, Groneberg D, Kerin MJ, Sweeney KJ. 
The h-index and the identification of global benchmarks for breast 
cancer research output. Breast Cancer Res Treat. 2011;127(3):845–851.

13. Geaney F, Scutaru C, Kelly C, Glynn RW, Perry IJ. Type 2 diabetes 
research yield, 1951–2012: Bibliometrics analysis and density-equal-
izing mapping. PLoS ONE. 2015;10(7):e0133009.

14. Gotting M, Schwarzer M, Gerber A, Klingelhofer D, Groneberg DA. 
Pulmonary hypertension: Scientometric analysis and density-equal-
izing mapping. PLoS ONE. 2017;12(1):e0169238.

15. Gastner MT, Newman ME. Diffusion-based method for producing 
density-equalizing maps. Proc Natl Acad Sci U S A. 2004;101(20):7499–
7504.

16. Groneberg DA. Biomedical research in Wroclaw: A combined den-
sity-equalizing mapping and scientometric analysis. Arch Immunol 
Ther Exp (Warsz). 2018;66(1):1–9.

17. Bruggmann D, Maule LS, Klingelhofer D, et al. World-wide architec-
ture of osteoporosis research: Density-equalizing mapping studies 
and gender analysis. Climacteric. 2016;19(5):463–470.

18. Schoffel N, Gfroerer S, Rolle U, Bendels MH, Klingelhofer D, Grone-
berg-Kloft B. Hirschsprung disease: Critical evaluation of the global 
research architecture employing scientometrics and density-equal-
izing mapping. Eur J Pediatr Surg. 2017;27(2):185–191.

19. Bruggmann D, Wagner C, Klingelhofer D, et al. Maternal depres-
sion research: Socioeconomic analysis and density-equalizing map-
ping of the global research architecture. Arch Womens Ment Health. 
2017;20(1):25–37.

20. Schoffel N, Krempel M, Bundschuh M, Bendels MH, Bruggmann D, 
Groneberg DA. Pancreatic cancer: Critical examination of the global 
research architecture and recent scientific developments. Pancreas. 
2016;45(10):1378–1385.

21. Bruggmann D, Pulch K, Klingelhofer D, Pearce CL, Groneberg DA. 
Ovarian cancer: Density-equalizing mapping of the global research 
architecture. Int J Health Geogr. 2017;16(1):3.

22. Bruggmann D, Lohlein LK, Louwen F, et al. Caesarean section: A den-
sity-equalizing mapping study to depict its global research architec-
ture. Int J Environ Res Public Health. 2015;12(11):14690–14708.

23. Groneberg DA, Rahimian S, Bundschuh M, Schwarzer M, Gerber A, 
Kloft B. Telemedicine: A scientometric and density-equalizing anal-
ysis. J Occup Med Toxicol. 2015;10:38.

24. Bruggmann D, Handl V, Klingelhofer D, Jaque J, Groneberg DA. Con-
genital toxoplasmosis: An  in-depth density-equalizing mapping 
analysis to explore its global research architecture. Parasit Vector. 
2015;8:646.

25. Carl J, Schwarzer M, Klingelhoefer D, Ohlendorf D, Groneberg DA. 
Curare – a curative poison: A scientometric analysis. PLoS ONE. 2014; 
9(11):e112026.

26. Groneberg DA, Weber E, Gerber A, Fischer A, Klingelhofer D, Bruegg-
mann D. Density-equalizing mapping of the global tuberculosis 
research architecture. Tuberculosis (Edinb). 2015;95(4):515–522.

27. Zajaczkowski T. History of medicine, surgery and urology in Breslau/
Wroclaw. Ann Acad Med Stetin. 2014;60(2):113–126.

28. Kustrzycki WA. J. Mikulicz-Radecki, K. H. Bauer, and W. Bross: Three 
great surgeons, three different epochs, one clinic in Wroclaw. Tho-
rac Cardiovasc Surg. 2013;61(6):464–469.

29. Kacała RR, Woźniak S, Porwolik M, et al. Remembrance of profes-
sor Tadeusz Marciniak: Lviv tradition in Wroclaw. Adv Clin Exp Med. 
2015;24(1):173–178.

30. Zarsky V. Jan Evangelista Purkyne/Purkinje (1787–1869) and the estab-
lishment of cellular physiology: Wroclaw/Breslau as a central Euro-
pean cradle for a new science. Protoplasma. 2012;249(4):1173–1179.

31. Wojtkiewicz-Rok W. The effect of Lviv medical tradition on develop-
ment of medical sciences in postwar Wroclaw [in Polish]. Wiad Lek. 
2002;55(5-6):354–359.

32. Schoenbach UH, Garfield E. Citation indexes for science. Science. 
1956;123(3185):61–62.

33. de Solla Price DJ. Little Science, Big Science. New York, NY: Columbia 
University Press; 1963.

34. Garfield E. Science citation index: A new dimension in indexing.  
Science. 1964;144(3619):649–654.

35. Garfield E. Information retrieval. Science. 1967;156(780):1398–1401.
36. Garfield E. Significant journals of science. Nature. 1976;264(5587): 

609–615.
37. Garfield E. Citation indexes for science: A new dimension in doc-

umentation through association of ideas. Science. 1955;122(3159): 
108–111.

38. Sevinc A. Web of science: A unique method of cited reference search-
ing. J Natl Med Assoc. 2004;96(7):980–983.

39. Hirsch JE. An index to quantify an individual’s scientific research out-
put. Proc Natl Acad Sci U S A. 2005;102(46):16569–16572.


